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INTRODUCTION

The International Journal of Professional Science, Issue Ne2(2), 2025, continues its
mission of providing a platform for presenting cutting-edge research and analysis from diverse
scientific fields. This issue features articles authored by students, graduate students,
postdoctoral researchers, doctoral candidates, and scientists from Russia, the countries of the
FSU, Europe, and beyond. The journal reflects the dynamic processes and transformations in
contemporary knowledge, making it an essential resource for educators, graduate students,
and anyone passionate about modern science.

We are confident that the multidisciplinary approach and the breadth of topics presented
in this issue will spark new ideas, foster academic discussions, and inspire further exploration
in the realm of professional science.

Sincerely,

Krasnova N.

Editor-in-Chief

International Journal Of Professional Science
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CHEMISTRY AND MATERIALS SCIENCE

UDC 547.992.2

Piletskaya A.S. Chemical composition and sorption
characteristics of moss and peat

Piletskaya Anastasia Sergeevna
3nd year student

St. Petersburg State University

Industrial technology and design

(Higher School of Technology and Energy)

Abstract. Currently, moss and peat, which are natural ion exchange and sorption materials, are of increased interest
in the field of environmental protection from various pollutants. The high ability to ion exchange and the developed capillary-
porous structure determine the ability of these natural materials to absorb various substances. The relevance of using moss
and peat lies in the fact that they are environmentally friendly materials due to the high adsorption properties of humic
substances found in moss and peat. Humic acids, which are products of the transformation of organic residues, differ in a
wide range of physico-chemical properties, such as ion exchange, sorption and surface-active properties. These substances
differ in their elemental composition, number of functional groups, degree of condensation of molecules and molecular weight,
which affects their physico-chemical characteristics. Humic substances are used in various fields, including the production of
surfactants and biologically active substances, sorbents, corrosion inhibitors, antioxidants and medicines. Despite the
importance of the theory of the production of humic substances from natural raw materials, this area remains relatively poorly
understood, due to the lack of development of the theoretical foundations of the chemical technology of processing moss and
peat.

Keywords: Moss, peat, humic substances, sorbents, ionites, natural materials.

PeueHzeHT: Toponues Bacunuin Bnagummposuy - KaHANOAT TEXHUYECKNX HAYK, OOLEHT.
OIre0Y BO «PTAY-MCXA nm. K.A. Tumnpsisesa»

Humic substances in nature are represented as products of the transformation of
organic residues and are the most stable form of organic carbon compounds outside of living
organisms. Humic acids formed from different natural sources may differ in their elemental
composition, the number of functional ionic groups, the degree of condensation of molecules,
the ratio of hydrophobic and hydrophilic fragments, and molecular weight, which affects their
physico-chemical properties. Humic compounds have a number of useful properties: ion-
exchange, sorption, and surfactant, which is why humic substances are currently recognized
as one of the promising areas of "green" chemistry. Humic substances are used as renewable,
economically profitable and environmentally friendly sources of raw materials for the
production of chemically important products such as surfactants and biologically active
substances, sorbents, metal corrosion inhibitors, antioxidants, the basis for the production of
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medicines, biologically active additives. The theory of industrial methods for the production of
humic substances from natural raw materials is an important branch of plant chemistry.
However, the theoretical foundations of the chemical technology of processing moss and peat
can be attributed to a relatively little-studied area. One of the reasons for this is the lack of
elaboration of theoretical concepts about the chemical nature of the transformation of
individual components of plant raw materials into humic substances. Therefore, reliable
determination of the number of functional groups in the structure of macromolecules of humic
substances found in moss and peat is an urgent task in order to study the mechanism of
transformation of moss into peat and, as a result, to study the reactivity of these natural
materials.

The use of natural materials capable of ion exchange is economically more profitable
than the use of synthetic substances, which explains the increased interest in natural ion
exchange and sorption materials [1].

Substances that exhibit the ability to ion exchange are called ionites. lonites are divided
into mineral (inorganic) and organic.

Inorganic natural ionites include zeolites, clay minerals, feldspar, and various micas.
Inorganic synthetic materials include silica gels, permutites, and insoluble oxides and
hydroxides of certain metals (aluminum, chromium, and zirconium).

Organic natural ionites are obtained by chemical treatment of coal, cellulose and lignin.
Organic natural ionites are humic acids of soils and coals.

Organic and inorganic ionites are a three-dimensional framework that includes charge-
bearing groups of atoms called potential-determining ions. The frame has a positive or
negative charge, compensated by the opposite charge of mobile ions — counterions, which
can be replaced by other ions with a charge of the same sign.

The exchange capacity of ionites of any structure does not depend on the size of their
grains, since the entire grain volume is more or less accessible for ion exchange reaction.
However, in many cases porous ionites have significant advantages over massive gel ones.
Since the porosity of ionites is an important factor that helps accelerate the ion exchange
process, it is advantageous to use moss and peat as ion exchange materials [1,2].

Sphagnum or peat moss is a greenish-white spore-bearing perennial plant from the
family of sphagnum mosses. The structure of moss consists of cellulose, humic acids,
triterpene compounds (sitosterol, sitostanol), protein substances, lignin, hemicellulose
(hydrophilic part), mineral components and sphagnol [1]. The bactericidal properties of
sphagnum are due to the presence in the moss of a special phenol-like substance sphagnol,
which inhibits the growth and vital activity of pathological microflora: E. coli, vibrio cholerae,
staphylococcus aureus, salmonella.
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The structural substances of moss contain large amounts of hydrophilic groups. The
hydrophilicity of sorbents contributes to the fact that water is easily sorbed in the structure of
the material, which can reduce the buoyancy of the sorbent.

The hydrophobic components of sorbents are lipids, moss bitumen. A significant
number and variety of functional active groups (-OH, -COOH) in the solid components of moss
(mainly in humic substances) determine its high ion exchange and sorption capacity [2].

Sphagnum moss has high gas and moisture absorbing properties, as well as
bacteriostatic and bactericidal effects. In this regard, moss is used in many countries as a
substitute for cotton wool, as well as an independent remedy for the treatment of infected
(purulent) wounds.

Sphagnum is used in horticulture, indoor floriculture. It gives the soil the necessary
lightness, hygroscopicity and friability. Sphagnum retains moisture well in the earthen coma,
prevents the drying of the upper soil layer during prolonged drought. Possessing bactericidal
medicinal properties, sphagnum prevents rotting of the root system.

Peat moss is widely used in many branches of the national economy. Sphagnum is used
as a packaging material during transportation, for storing vegetables and fruits, as bedding
and feed for livestock, in powder form it is used for filling sewage, cesspools. It is a valuable
raw material for the production of ammonia, wax, paraffin, alcohol. Sphagnum moss is a
sought-after thermal insulation and insulation material that is widely used in construction.
Hygroscopic properties of moss make it possible to neutralize humidity fluctuations.

Sphagnum is the main producer of peat, the deposits of which are formed due to the
death of stems: sphagnum grows in the upper part, while the stems of the plant gradually die
off annually, forming a significant layer of brown peat [2,3].

Peat is a weakly acidic multifunctional ion exchanger consisting of various chemical
components of organic and inorganic nature. It is formed as a result of plant decomposition
due to the death and incomplete decomposition of marsh plants in conditions of increased
moisture with a lack of oxygen [3]. Peat occupies an intermediate position between vegetable
raw materials and solid fuels.

The organic part of peat is conventionally divided into several groups:

¢ substances extracted by organic solvents; they consist of waxes, paraffins and resins
(bitumen);

¢ substances extracted from peat with cold and hot water, as well as those that dissolve
in water after hydrolysis in the presence of mineral acids; this group of compounds includes
sugars, pectin substances and polyuronides, semi-cellular and cellulose;

¢ humic substances extracted from peat with an alkali solution (humic and fulvic acids);

¢ Non-hydrolyzable substances (lignin).
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Peat-forming plants include (Table.1) [4]:

Table 1
Composition of peat-forming plants
Squirrels 1-30%
Fats, waxes, and oils 1-30%
Cellulose and encrusting substances 10-50%
Lignin 10-30%

In contrast to the component composition, the elemental composition of peat-forming
plants is more constant (Table 2):

Table 2
The elemental composition of peat-forming plants
Carbon 50-53%
Hydrogen 5,5-6,5%
Nitrogen 0,8-1,9%

The composition of peat includes the same groups of substances characteristic of peat-
forming plants, as well as humic substances formed during the humification of plants.

The carbohydrate complex of peat consists of water-soluble and easily hydrolyzable
substances (pentoses, uronic acids, hexoses), contained in amounts from 6.9 to 63%. The
hard-to-hydrolyze substances of peat include cellulose (0.2-20%), and non-hydrolyzable
substances include lignin (26%). Humic substances make up up to 70% of the organic part of
peat [5].

Unlike other solid combustible fossils (lignites, brown coals, coal), peat contains a whole
range of biologically active compounds found in wildlife. Being a product of partial
decomposition of dead plants, peat can retain biologically active compounds of plant origin,
as well as accumulate organic compounds of various classes resistant to microbiological
degradation. From this point of view, peat can be considered not only as a source of
biologically active substances, but also as their accumulator [6].

Density and porosity are the main physical characteristics of peat and moss that
determine the condition of materials. The main characteristics of the porous structure of moss
and peat include total porosity, pore size, kinetic specific surface area, active porosity, and
the content of still water. At low density, peat has high porosity, which also depends on
humidity and degree of decomposition. Slightly decomposed normalized peat has a porosity
of 90-95%, and this indicator decreases with the decomposition of organic matter. The
composition of peat also affects the amount of porosity and the nature of pores: the presence
of clay and colloidal particles in peat determines very small pores, while poorly decomposed
plant residues provide very large pores [6,7]. The porosity of the adsorbent is of great
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importance for adsorption: the higher it is (that is, the smaller the pores), the greater the
specific surface area of the sorbent and the greater its adsorption activity. Porosity and density
are determined by such a value as strength [7].

Peat in its natural state is characterized by high water saturation. To assess the water
properties of peat, full moisture capacity is used, that is, the ability of peat to retain moisture
under the influence of molecular, capillary and other bonds. This concept is applicable to peat
at its maximum saturation with water in conditions of free filtration and in the complete
absence of evaporation [8].

The diagnostic characteristic of peat is acidity (pH), which plays an important role in the
formation of peat properties. The term "acidity" refers to the reaction of the aquatic
environment of peat, which is determined by the activity of hydrogen ions (H+) and is
numerically equal to the negative decimal logarithm of the activity of H+. The acidity is due to
the presence of free acids (acetic, formic, oxalic, lactic). The more free acids there are in peat,
the higher its acidity. There are more free acids in upland peat than in lowland peat, which has
less acidity. The high content of cations in these peats contributes to the formation of salts
(humates) [8,9].

Due to the variety of the above properties, peat is widely used in a wide variety of fields
of activity.

Peat is used as a fuel in the energy industry. In its pure, unprocessed form, peat has
lower energy efficiency than coal, but it also has a number of advantages: peat contains less
sulfur and harmful impurities and its use is less harmful to the environment; it is also much
cheaper. By exposing peat to high temperatures, peat coke is obtained from peat, and
activated carbons are obtained from them. [10].

Peat is widely used in agriculture. In its pure form, peat is an excellent environment for
the growth of any plants. Peat is rich in humic acids, which are plant growth stimulants. Due
to the fact that peat retains harmful substances, it heals the soil and reduces the nitrate content
in plants.

The structure of peat allows it to be used as an excellent filter and sorbent for industrial
wastewater.

Peat is an excellent adsorbent, filter and gas absorber, therefore it is indispensable in
the elimination of various environmental accidents [11]. Moss and peat, which are natural ion-
exchange and sorption materials due to the presence of humic substances in them, are of
great interest in ecology.

Humic substances are natural compounds formed during the decomposition of
biological residues under the influence of microorganisms and abiotic environmental factors
[12].
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The process of formation of humic substances is commonly referred to as humification.
In natural conditions, the process of humification proceeds with the active participation of
fungi, microorganisms and invertebrates in the soil, peat deposits, and natural waters. In a
simplified way, humification can be described as a set of complex chemical and biochemical
reactions, the product of which is the formation of organic compounds resistant to further
transformation — humic substances. The process of humification is catalyzed by enzymes
formed during the vital activity of the consults. The resulting humic substances are sorbed on
decomposing plant material, thereby blocking further humification. The structure of the humic
substances formed is determined by the hydrothermal conditions of the process. For example,
the "loose" structure of humic substances occurs in the case of anaerobic humification
conditions, i.e. in conditions of excessive moisture [12, 13].

Humification is the second largest process of transformation of organic matter after
photosynthesis. Some of the dead remains are mineralized to CO2 and H2O, the rest is
converted into humic substances [13]. Unlike synthesis in a living organism, the formation of
humic substances is not guided by the genetic code, but follows the principle of natural
selection — the most biodegradable structures remain. The result is a stochastic, probabilistic
mixture of molecules in which none of the compounds is identical to the other. Thus, humic
substances are a very complex mixture of natural compounds that do not exist in living
organisms. Humic substances are the connecting link between living and inanimate matter.
Being the end product of the transformation of plant cell wall components, humic substances
accumulate in soils (up to 90% of soil organic matter), peat (up to 50%), brown coals (up to
60%), and mosses [13].

Humic substances contain three fractions:

* humin is insoluble in neither acids nor alkalis;

* humic acids - soluble in alkalis and insoluble in acids (at pH < 2);

¢ fulvic acids are soluble in both alkalis and acids [14].

Humin is an organic substance that is part of bio-bony bodies and is a combination of
humic acids and fulvic acids that are strongly bound to minerals, as well as some non-specific
organic compounds (cellulose, chitin, lignin). Humin is the starting material for the formation
of humic acids [15,16].

The sum of humic and fulvic acids is called "humic acids". Humic acids are actively
involved in natural chemical processes, as they are the most mobile and reactive part of humic
substances. Humic acids perform a set of important biospheric functions: structuring,
accumulation of nutrients, regulation of geochemical metal fluxes in aquatic and soil
ecosystems [15, 16].
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Humic acids present in moss and peat are among the most important natural ion
exchangers and sorbents with significant applied importance in environmental protection. The
unique physico-chemical properties of these substances, such as their high ion exchange and
sorption capacity, make them an indispensable tool in combating air, water and soil pollution.
Due to the presence of a large number of functional groups, humic acids are able to effectively
bind and remove various pollutants, which makes their use extremely relevant in modern
environmental technologies.

The high economic feasibility of using moss and peat in comparison with synthetic
analogues further emphasizes their importance. A wide range of possible applications, from
medical purposes to waste disposal, demonstrates the versatility of these natural materials.
Nevertheless, in order to fully unlock the potential of moss and peat, additional research is
needed aimed at in-depth assessment of their reactivity and transformations during the
transition from moss to peat.
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Abstract. Currently, there is a growing interest in implementing the concept of a closed economy as a tool for
greening production cycles with efficient and rational use of both primary and secondary resources. The paper considers
possible ways to dispose of ash and slag waste, namely fly ash, formed in the technology of wood biomass processing, both at
the site of pulp and paper mills and in other industries.
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To date, no quantitative analysis of the waste generated at the sites of pulp and paper
mills has been carried out, in general, only a small percentage of wood is used for the
production of pulp and paper. The rest is disposed of as solid and liquid waste. Moreover,
there is almost no trend towards recycling waste into valuable materials in developing
countries.

The application of energy-saving technologies is a priority as countries progress
towards sustainable development. Recently, the global problem has been to eliminate factors
that hinder environmental sustainability, such as climate change, depletion of natural
resources, prevention of ecosystem destruction and environmental degradation [1, 2]. Waste
from pulp and paper mills strongly affects these factors, therefore, in order to preserve
favorable environmental conditions, it is necessary to develop and implement in production
energy-saving technologies. Waste water from the pulp and paper industry (CBP) is generated
from several sources, such as washing of untreated wood before and after cooking, bleaching
of pulp, and, finally, a chemical regeneration system. Solid waste is formed mainly after
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debarking of wood, due to defects during sorting, primary and secondary sewage sludge, as
well as lime sludge from the chemical regeneration system [3]. Currently, pulp and paper mills
produce large amounts of solid and liquid waste, and environmental aspects are becoming a
serious problem that needs to be addressed.

From an environmental and socio-economic point of view, it is extremely important to
use appropriate technologies to process waste from pulp and paper mills into high-value
products that will affect everyday life. This requires careful quantitative and qualitative analysis
of the resulting biomass. This paper considers only a part of the current issues related to the
use of waste generated in the pulp and paper industry, namely ash and slag wastm an
environmental and socio-economic point of view, it is extremely important to use appropriate
technologies to process waste from pulp and paper mills into high-valuts that will affect
everyday life. This requires careful quantitative and qualitative analysis of the resulting
biomass. This paper considers only a part of the current issues related to the use of waste
generated in the pulp and paper industry, namely ash and slag waste. In addit ash (Fig. 1).
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Fig. 1. Average comparative chemical composition of ash from waste incineration: 1 —
bark; 2 — sewage sludge; 3 — bark + sewage sludge

Ash from the combustion of sewage sludge mixed with wood waste can be used at the
enterprise as an alternative coagulant-flocculant (CCF) for wastewater treatment in the
industry. The use of specially prepared ash as a reagent is due to the content of aluminum
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compounds (694 mg/dma3), silicon (909 mg/dma3), iron (80 mg/dm3) and other elements with
coagulating properties.

According to the results of the study, the coagulating ability of the ash coagulant
depends on the process conditions and the dose of the reagent. As an example, Figure 2
shows the dependence of the efficiency of water purification at the stage of water treatment
for production in comparison with the traditional commercial coagulant (aluminum sulfate).

Effectivenes, 7.

50 1

Dose, mq/dm’

Fig. 2. Dependence of the effectiveness of reducing the color of natural water using various
reagents on the dose of active aluminum in their composition at pH =6.2 + 0.2. Reagents
used: 1 — ZKKF; 2 — Al2(SO4)3

According to the data obtained, the cleaning efficiency when using two types of
coagulants is commensurate, however, the advantage of ash coagulant-flocculant is that it is
a secondary product and it is most advisable to use it directly at enterprises of the pulp and
paper industry, where it is formed, thereby solving the problem of closed nature management
[4].

In addition, consumers of this prepared product, as an alternative to traditional
reagents, may be utilities that use physico-chemical water treatment processes of various
origins.

It has been established that the ash in its chemical composition, as a rule, contains
compounds such as SiO2, CaO, MgO, Al2083 and Fe203 in different amounts depending on
the nature of the materials being burned (Fig. 1). The potential mineral content in the ash after
burning precipitation can contribute to the formation of spatial structures that give strength to
cement. Therefore, a promising area of use of high-quality concrete is the production of
concrete in accordance with the requirements of GOST 31108-2020 "General construction
cements" as a mineral component [5, 6]. However, it must be borne in mind that different
ashes from the combustion of various types of waste can be used as a mineral component,
which may require significant adjustments to create an original composition of the cement
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mixture. Based on the literature data and experimental studies, the table provides generalized
information on the composition of the mineral part of the ash from the incineration of waste
from CBP enterprises.

The use of ash in the construction industry solves several problems at once - the
disposal of a large amount of accumulated ash in ash dumps throughout Russia and reducing
the cost of the final product. A positive technological effect is achieved by maintaining the
strength and shrinkage of the cement-concrete mixture when adding ash and slag, which
allows them to be introduced into modern cement production technologies.

Thus, the potential use of fly ash as a secondary raw material in industrial wastewater
treatment technology and in the production of building materials and cement products is a
promising direction in solving waste disposal problems, and also requires a more detailed
study of the composition compositions for targeted use.
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®epopyk Codbsa CepreesHa,

MarunctpaHT Kacdegpbl TennocunnoBbiX YCTAHOBOK U TEMOBbLIX ABUraTenen,
CaHkT-lNeTepbyprckuii rocyaapCTBEHHbIN YHUBEPCUTET MPOMbILLIEHHBIX TEXHOMOMMIA U OU3ainHa.
Bbicwas wkona TeEXHONornn N aHepreTukn

Kawees Kupnnn Onerosuy,

MarunctpaHT Kacdegpbl TennocunnoBbiX YCTAHOBOK U TEMOBbLIX ABUraTenen,
CaHkT-lNeTepbyprckuii rocyaapCTBEHHbIN YHUBEPCUTET MPOMbILLIEHHBIX TEXHOMOMMIA U OU3ainHa.
Bbicwas wkona TeEXHONornn N aHepreTukn

LLinpses AnekcaHgp Omutpuesnd,

AccucteHT Kadegpbl TennocunosbiX YCTAaHOBOK U TEMOBLIX ABUraTenen,
CaHkT-lNeTepbyprckuii rocyaapCTBEHHbIN YHUBEPCUTET MPOMbILLIEHHBIX TEXHOMOMMIA U OU3ainHa.
Bbiclias wkona TeXHONOrnn 1 3HepPreTnkn

Abstract. The article discusses the problem of ensuring efficient energy supply in the Leningrad region. The analysis
of the current state of the region's electric power system has been carried out, and the factors determining the feasibility of
developing distributed generation have been identified. The necessity of developing distributed energy in the Leningrad region
to increase energy security and reduce grid losses is substantiated. Specific recommendations are proposed for the
implementation of distributed generation projects in the region.

Keywords: distributed enerqy supply, capacity, electricity supply, reliability, forecast of enerqy consumption,
Leningrad region.
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Annomayua. B cmamve paccmampuBaemca npobaema obecneuenus 3gppexmubBroeo 3HepeocHab}eHUA
Jlenunepadcxoi odaacmu. [1poBeden aHasu3 mexyujeeo COCMOAHUA IAeKMPOIHEPeEMUUECKOU CUCTHEMbL peeuoHa, BuiabaeHbl
axmopsl, onpedessioujue yesecoobpasnocmy pasbumus  pacnpedesenton eenepayuu. ObocHoBana HeodX00UMOCHD
pasbumus pacnpedesennoil suepeemuxu 6 Jlenunepackoi obaacmu 045 noBviuienus dHepeode30NnacHoCmu U CHUKeHUS
nomept 6 cemsx. ITpedsoxers. KOHKpenHble peKOMeHOAYUY 110 Pealt3ayul npoexmol pacnpedesennoil eeHepayu 6 peeiote.

KatoueBuie caoBa: pacnpedesentoe sHepeocHabieH1e, MOUWHOCTY, 3AEKMPOCHADNKEHUE, HAOLHKHOCTHb, NPOSHO3
aHepeonompebenus, Jlenunepadckas obaacmse.

PeueHseHT: Toponues Bacunuin BnagnmmnpoBny - kKaHaNOAaT TEXHUYECKUX HayK, AOLEHT.
OIre0OY BO «PTAY-MCXA nm. K.A. Tumnpsisesa»

Manas pacnpegeneHHaa asHepretnka B Poccum npenctaBnser cobon BaXkHOe
Hanpas/fieHne pPas3BUTUS TOMJIMBHO-3HEPreTUYeCcKOro Kommnjekca CcTpaHbl. Ha Tekywmn
MOMEHT [ONs Manon pacnpepfeneHHon aHepreTnkn B Poccum coctaBnseT okono 7% oT
obLero o6bema BblpabaTbiBaEMON INEKTPUYECKON SHEPTUN, YTO B Ba pa3a HUXXe MUPOBOIro
nokazatens. OCHOBHasi 4acTb OOBLEKTOB Masnol 3HepretTuknm B Poccum — 3TO Tensosble
CTaHuMW, Ha KoTopble npuxoantca okono 92% Bcex MowHocTen. OcTtaBwmecs 8%
COCTaBNAT COJSIHEYHbIE, BETPSHbIE N Opyrne ctaHumn, paboTalowme Ha anbTepHaATUBHbIX
NCTO4YHMKax aHeprum [1].

B HacToawmnm MoOMeHT pgna  obecneyeHns HagexHoro u  adeKTUBHOro
9HeprocHab)XeHna CTpaHbl Ha OnvKanwylo nepcnekTney cdopmMmpoBaHa cxema U
nporpamMmma passuUTus ANEKTPOIHepreTndeckux cnctem Poccum Ha 2024-2029 roabl, KOTOpble
paspaboTaHbl B cooTBeTCcTBUM C [lpaBunamm paspaboTku U YTBEPXKAEHUS LOOKYMEHTOB
NepCrneKTMBHOrO  PasBUTUSA  3NIEKTPOIHEPreTUKN, YTBEPXXAEHHbIMA  MOCTaHOBJIEHNEM
MpaBuTtenbctea Poccurnckon ®egepaunn ot 30.12.2022 Ne 2556.

OCHOBHbIMW LEeNsMM 3TOr0 JOKYMEHTa ABASAIOTCA YAOBETBOPEHME MPOrHO3NPYEMON
NOTPEBHOCTU B SNIEKTPOIHEPINN N MOLLHOCTU, NpefoTBpaLLeHne aeuunToB 1 onpeaeneHme
ONTUMASIbHbIX PELLEeHUI MO Pa3BUTUIO NIEKTPOCETEBON MH(PPACTPYKTYPbI, 8 UMEHHO:

1) bopmupoBaHne coctaBa OO6BLEKTOB MO MPOU3BOACTBY 3SIEKTPUYECKON IHEPrun 1
MOLWWHOCTN Ons  obecneyeHus yaoBNETBOPEHUS MPOrHO3MPYEMON MOTPEBHOCTM B
9NEKTPUYECKON SHEPrum U MOLWHOCTN B EOMHON SHepreTnyeckom cucteme Poccun (nanee —
ESC Poccum) Ha nepuopg, 2024-2029 ronos;

2) npepoTBpalleHne MPOrHO3UPYEMbIX OePUUNTOB INEKTPUHECKON 3HEPrn U
MOLLHOCTN C Y4E€TOM MNPOrHO3MpyeMbIX PexXuUMoB paboTbl SHeprocucTem npu paboTte B
CXEMHO-PEXNMHbBIX U PEeXUMHO-0anaHCoBbIX YCNOBUSAX, onpefefieHHblx MeTtogndeckummn
yKasaHusMn ro MpOeKTUPOBaHUIO PasBUTUSA 3HEProCUCTEM, YTBEPXAEHHbIMU MPUKa3oMm
MuHucTepcTBa aHepreTuku Poccunckonm ®epgepaumm ot 06.12.2022 Ne 1286;

3) onpepeneHne peLleHnin No pasMeLLeHnIo JIMHUIA aneKTpornepenadn u NogcTaHumm
knaccom Hanps>xeHnss 110 KB un Bbiwe, HeobxoanMbIxX Onsi obecnevyeHns yooBeTBOPEHUS
NPOrHosnpyemom  noTpebHOCTM B 3JIEKTPUYECKOM  3HEPrM U MOLWHOCTU  NO
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9NEKTPO3HEPreTNYECKMM cnuctemam Ha nepuopg 2024-2029 rogos, a Takxke obecnedveHns
HaxXoXXOeHNsA MapamMeTpPoB SNEKTPOSHEpPreTnyeckoro pexumma pabotel ESC  Poccun,
OTAEeNbHbIX ee YacTeil B 061acTu AONYyCTUMbIX 3Ha4YeHun [2].

B KOHTeKCTe OOWEPOCCUACKMX TEeHOEHUUN N 3afad, JHepreTuyeckas cutyauusi B
JleHnHrpagckon obnactu npeacTtaBnseT ocobbll UHTepec. JTOT pernoH, obnapas
3HaYUTENIbHbIM  MPOMBILUSIEHHBIM  MOTEHUMANIOM U CTpaTerm4yeckmm reorpau4eckmm
NONOXXEHVEM, CTaSIKUBAETCS C BbI30BAMU U BO3MOXXHOCTAMU B chepe SHeprocHabXeHus.

JleHynHrpagckaa obnactb SBASETCA OOHUM U3 BaKHEWLLMX 3KOHOMUYECKUX LIEHTPOB
Poccun. Ha eé Tepputopum HaxopAaTCsA MasioHacesfleHHble ropofa, OCHOBY KOTOPbIX
COCTaBfIAOT rpagoobpasyolme MpoMbIlLieHHble npeanpusatus. CymmapHas MOLHOCTb
9NEKTPOCTaHUMn B pernoHe npesbiwaeT 8500 MBT 1 npeactaesfneHa pasnnyHbIMA BUgaMun
9HEepreTUYeCKon reHepaunn: aTOMHOWM, TENI0BOW 1 rMapoaHepreTukon. Ocobyto ponb urpaet
JleHnHrpagckasa atoMHas 9neKTpocTaHuus, pacnonoxeHHas B ropoge CocHosbll Bop,
KoTopas obecneynmBaeT NoJsIoBMHY BCEro aHepronoTpebneHns obnactu n coctasnset 27% B
aHepreTnyeckom banaHce CeBepo-3anagHoro pernoHa. E€ cymmapHasa MOLWHOCTbL gocTuraeT
4200 MBT, 4TO genaet eé KpyrnHenwmnm oObEKTOM 3NEKTPO3HepPreTnkn B JleHNHrpagckom
obnactn. OgHako 3aBUCUMOCTb OT paboTbl JIADC cos3paét pucku: nobble nepebon B eé
(PYHKUMOHNPOBaHNN  MOFYT MMETb KaTacTpouyeckme MOCNeAcTsna Ans  pervoHa.
Ctatuctuka notpebneHna MowHOCTN B JIEHMHrpaackom obnacTtu, a TakKe 3NeKTPUYecKomn
SHeprnn, npencTaBneHbl Ha pucyHkax 1-2 [3].
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PucyHok 1. NoTpebneHne MowHocTn JIeHnHrpagckom obnactn n rogosble TeMmbl NPUpPoCcTa
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PucyHok 2. NoTpebneHune aneKTpuyeckom aHeprm no Tepputopun J1IeHnHrpaackom obnactn
1 rogoBble TEMMbI NPUPOCTa

TennoBasa reHepauusi TakXe WrpaeT 3HAYUTENIbHYIO PONb B 3HEProcHab>keHun
JleHnHrpapckon obnactn. O6wasn MOLHOCTb BCEX TEMOBbIX 3/IEKTPUYECKNX CTAHUMIA paBHa
npumMmepHo 4000 MBT. Kupuwckas NP3C — oguH 13 KpynHenwmx o6beKToB AaHHOro tmna —
Oblna BBegeHa B akcnnyataumo B 1965 rogy. OHa ncnonb3yeT ra3oBoe TOMAMBO ANs
NPOU3BOACTBA 3HEpPrun, BblpabaTbiBass OKoso 2695 MBT 351eKTpo3Heprun, KOTOpou
cHabxxatoTcs ropog, Kupuwm n 3asop, rno nepepabotke HedTenponyKToB. TakMm obpasom,
TENOoBble 3IEKTPOCTaHUMN 06ecne4vmBatoT CYLLECTBEHHYIO A0S0 KaK 3/IEKTPUYECKON, Tak 1
TENSOBON SHEPIM B PEMMOHE, NPU 3TOM NX MOLLLHOCTU BapbMpPYIOTCA B LUMPOKOM Auana3oHe.

BosobHoBnsiemasn aHepreTuka B JleHMHrpagckon obnact passBmBaeTCsl, HO NokKa He
urpaeT OOMUHUPYOLWEN ponn B 3HeprobanaHce pernoHa. OCHOBHbIMA TeHAEHUUAMU
BO30OHOBSAIEMON 3HEPreTUKN B JIEHNHrpaackom obnacTtn ABMASKTCA MMOPO3NEKTPOCTAHUMN
(Fr2C). 3pecb pencteytoT wectb DC ¢ MowHoCTbiO 6onee 25 MBT kaxpas. BepxHe-
Csupckasa ['OC aBnseTcsa KpynHenwen cpean H1UX, eé MOLHOCTb cocTasnseT okono 160 MBT.
CoBokynHas reHepauus Bcex '2C B obnactn pasHa npumepHo 600 MBT, 4To nossonsaeTt
NCNONb30BaTb 3HEPrn0 pek AN YOOBETBOPEHMA HacTW 3HepreTuyeckux notpebHocTen
pernoHa [4].

TpaHCnopT 3NEeKTPO- M TEMAOBOW SHEPrUN OCYLLECTBNAETCA Yepe3 ABE KpPYMHble
opraHmsauun: «JleHaHepro» n «JIO3CK». [NepBas obcnyxuBaet 2953 nyHKTa, BTOpas
obecneunBaeT anekTpocHabXeHne okono 150 HacenéHHbiX MyHKTOB JleHNHrpaackom
obnacTu. MNPOTAXKEHHOCTb ANEKTPOCETEN «JIeH3HEepPro» B permoHe coctaBnsaeT 18,8 ThiC. KM,
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N3 KoTopblx 11,6 TbIC. KM NPOXOAAT Yepes NTIECHY MeCTHOCTb. O6LLas NPOTAXXEHHOCTb CETEN
«JleHaHepro» n «JI0O3CK» paBHa 31 TbIC. KM, N3 KOTOpPbIX 29 TbIC. KM MNpeacTaBfieHbl
BO3AYLHbIMM MHNAMWN. Hanpsi>keHne GonblUMHCTBA anekTpoceTen coctaensaeT 330 B. Ona
pacnpegeneHns Hanps>KeHNsa NCNoAb3YTCA NOACTAHLMN U TpaHCopMaTopsbl.

OpHako CTOUT OTMETUTb, YTO (PUINYECKUA WNIHOC INEKTPOCETEN KOMMaHUN
«JleHaHepro» oueHnBaeTca Ha ypoBHe 30-47%, a noTepn aNeKTpoaHeprun B ropope CaHKT-
MeTepbypre n JIeHnHrpaackon obnacTtn cocTasnaoT cooTBETCTBEHHO 12,13% 1 9,43%, 4TO
CBAA3aHO C 6OoNbWMM MNPOU3BOACTBOM 3MIEKTPUYECKON SHEPrUM B PEeruoHe, CTPYKTypa
NPON3BOACTBA KOTOPOW NpefcTaBfieHa Ha pucyHke 3.

NHdpopmauma o6 nsHoce n NoTepsax NeKTPUYECKON SHeprum co CTOpoHbl «JIO3CK:»
HeOOCTynHa, OfHAakKO W3BECTHO, YTO W3HOC MNOACTaHUMA W pacnpepenuTenbHOro
obopynoBaHua BeCbMa BESIMK. DTO NOATBEP)KAAETCA MaCLUTABHON PEMOHTHON NporpaMmmon
«J1eHaHepro», HanpaBfeHHON Ha BOCCTAHOB/IEHNE N MOAEPHU3ALMIO NHPPACTPYKTYPSI.

ADC .
67.54% raC

880 %

TaC
2306 %

PucyHok 3. CTpykTypa NponsBOLCTBa 3SIEKTPUYECKON aHeprum B JIeHMHrpagckom obnactu

YTO KacaeTcs TPaHCNOPTUPOBKM TEMSIOBOWN 3HEPIN, TO COrNAcHO PEMOHTHbIM NiaHam
AO «Tennocetb CaHkT-leTepbypra» n Yl «T9K Cl6» Ha nepuop 2021-2033 ropnos,
TpebyeTcs 3amMeHa WM CTPOUTENbCTBO HOBbIX TEMJIOBbIX CETeN O0Len MPOTAXKEHHOCTLIO
okono 300 KM s ynyyweHnsa kavecTtsa TennocHabxxeHnsa. OgHako peanbHbli 06bEM paboT
coctasndaeT nuwb 170 KM B ogHOTPYOHOM ncnonHeHun [5]. OgHom 13 akTyasnbHbIX Npob6iem
ocTaétca obecneveHne 9NEKTPO3Heprnen manbix nocesnikoB JleHMHrpagackon obnacTu.
Hanpumep, B JIOMOHOCOBCKOM pailoHe B Mocenke JlarooBO N ero OKPEeCTHOCTSX
Habnmoganuce npobnemMbl C  3neKTpocHabxeHneMm. B nocenke [logconHyxu  Obnn
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3apmkcupoBaHbl nepebon 1 OTKIIIOYEHUA SNIEKTPOIHEPIrUN, BbI3BAHHbIE MOBbLILLEHHOWN
Harpyskom Ha pacnpegpenutenbHyto anekTpocetb 0,4 kKB. [JaHHas ceTb He HaxoamMTcsa Ha
6anaHce KoMnaHun «J1eH3aHepro» n cyutTaeTcs 6eCxXo3HON, XoTa cbon B €€ paboTe NpuBoasaT
K NofioMKam obopyaoBaHus «J1eHaHepro».

Mcxopga wv3 BbILWENSNIOXKEHHOrO, BHedpeHne OObLEeKTOB Masion pacnpepefnieHHon
SHEepreTMKN MOXXET 3HaYUTESNIbHO MOBLICUTL Ka4yeCTBO TEMso- U 3NIEKTPOCHAOXKEHUS
JleHnHrpaackon obnactu. JononHUTeIbHblE MOLLHOCTN NOMOrYT KOMNEHCUPOBATb Harpy3Ky
Ha CyWeCTBYylOLIME CeTU, KOTOpble YXe He CrnocobHbl 3PPeKTUBHO nNepenasaTb
9NEKTPO3HEPIMIO N3-3a BLICOKOro npoueHTa naHoca. OCOBEHHO 3TO Ba)XKHO AN MasibiX
HaceneHHbIX MYHKTOB, rae HabngaeTcs AeuunT HagEXHOro a1IeKTPOCHabXXeHNA.

CornacHo akTyasibHbIM CXemMaMm anekTpudukaumn JleHnHrpagckom obnacTtu, B panoHe
nocenka Jlaronoso n BonocoBO OTCYTCTBYIOT OOO3HAYEHUS SNEKTPUHECKUX CeTeN. ITO
yKasbiBaeT Mbo Ha TO, YTO pacrnpefenuTesibHble CETU 3TUX HACENEHHbIX MYHKTOB ABAAOTCA
6ecxo3HbiMN, MO0 Ha TO, YTO OHW HaxoAsATCA B MJIOXOM COCTOSIHMMW, XapaKTepusysacb
60/bWMM (PUBNYECKMM N3HOCOM M NOTEPSMU IHEPrMU. TEM HE MeHee, COrflacHO CXemam
rasudurkaumm permonHa, B AaHHbIX panoHax NpoxogaT rasocHabxarowme Tpybonposopl, YTO
CO30aéT NPEeAnoChINIKU AN BHEAPEHUA aBTOHOMHbIX MUICTOYHUKOB 3Hepruu [6].

YuntbiBass KAMMaTUYECKME OCOOEHHOCTM KOXKHOM YacTu JlagoXXckoro o3epa u
OunHCKOro 3anvea, 3TN TeppuTopUN MOoNy4YarT Hanbosbllee KOJIMYEeCTBO COJSIHEYHOMO
N3nyyYeHNsa B pernoHe. MoaToMy ONTUMAanbHON TEXHONOMNMYECKON cxemMon MUHU-TIC ans
OAaHHbIX PaoOHOB MOXET CTaTb rmépuaHas MUHU-TIC C COTHEYHbIM BO34YyXOHArpeBaTeneM.

Mpepnaraemaa cuctema, OCHOBaHHassh Ha 3PEEKTUBHOM COYETAHUM ra3oBOM
reHepauum n BO30OHOBASAEMbIX WCTOYHUKOB JHEPrAn, SABASETCA HE MPOCTO pPeLUeHnEM
TEKYLUMX MpobnemMm, a CcTpaTermyecKMM LIaroM K CO30aHUK YCTONYMBOM W HaOEXXHOW
SHEPreTn4eckon cuctemol JleHnHrpagckonm obnactu, CrnocobHoin obecnevnTb pPeruoH
3Hepruen B AONrocpoyHon nepcnektuse [7]. Takum obpa3om, BHEOPEHME LOaHHbIX CUCTEM
CTaHeT Ba)KHbIM LLUAroM Ha nyTu K NOBbILLEHNIO HAOEXHOCTN U YCTONYNBOCTN S3HEPrOCUCTEMBI
pernoHa.
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Abstract. This article provides a comparative analysis of various versions of heat supply systems for private homes
used in Russia. Traditional heating methods such as gas, electric and solid fuel are considered, as well as modern alternative
technologies, including heat pumps. The analysis covers the technical characteristics, economic aspects and regional specifics
of the application of each of the proposed solutions.

Keywords: heat supply systems, thermal load, gas heating, economic assessment, heat pump, electric boiler, solid
fuel heating.

Annomayua. B oannon cmamove npoBooumcs cpaBHumMesvHuiil AHAAUS PASAUNHLIX BApuanmol UCnoAHeHUA
CUCTHEMbL MEeNAOCHADNKEHUA HACHHbIX 00MOB, npumensemuix 6 Poccuu. Paccmampubaromea mpaouyuoxHsie Memoobsl
omonaenus, maxue kax easoBoe, siexkmpuueckoe u mbepdomoniubroe, a maxxe coBpemeHHvie AAGIMEPHAMUBHbIE
mexHoa02uu, Grarouas menioBuie Hacocsl. Anaisus oxBamvibaem mexHudeckue XapaKmepucmuxy, IKOHOMUHECKUE ACHEKIbl
U PeUOHAABHYIO CNEUUUKY NPUMEHEHUS KAX0020 U3 NPEOAOKEHHBIX PeUleHUTl.

KatoueBvore caoba: cucmemst mensocnabxenus, menio6as naepyska, easoboe omonienue, IKOHOMUUECKAA OYeHKa,
mena060i Hacoc, 3aexmpuyeckuil komen, mbepdomoniubHoe omonienue.
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PeueH3eHT: Toponues Bacunuin BnagnuMmpoBuy - KaHANOAT TEXHUYECKNX HAYK, OOLEHT.
OIre0OY BO «PTAY-MCXA nm. K.A. Tumnpsisesa»

B coBpeMeHHbIX yCcnoBusax Bbl6Op CUCTEMbI OTOMSIEHNA ANs YacTHOro goma B Poccun
npencTasnsieT coboi CAOXKHYIO 3aaavy, TPEOYOLLYIO TLATENIbHOro 9KOHOMUYECKOro aHannsa
pasnn4yHbiXx BapuaHToB. CyLleCTBYEeT HECKOJSIbKO OCHOBHbIX CMOCOO0B oborpeBa >XWUMbiX
NOMELLIEHNI, KaXKObI N3 KOTOPbIX UMEET CBOU NPenMyLLecTBa N HeJOCTaTKN C TOYKN 3peHnst
CTOMMOCTW YCTAHOBKU, 3KCMAyaTaumm n gonrocpoYHon a(ppekTUBHOCTH.

[nsi SKOHOMNYECKON OLEHKN Pa3finyHbIX BAPUAHTOB OTOMJIEHUS NPOaHanM3npyem oM
nnowaabto 100 m?, otonuTenbHbln nepuog — 180 gHen, cpegHaAs Temnepatypa Hapy>XXHOro
Bo3ayxa — 5°C. YcpeaHeHHasa noTpebHOCTb B TENIOBOWN SHeprmn gnsa goma nnowaabto 100 m?
cocTtasnseT npumepHo 1 KBT Ha 10 M? npn xopoLuen TeNA0M30AALMUN.

PaccmoTpuyM ra3oBoe oTonsieHne, KOTopoe ABMsieTCA OAHNM N3 Hanbonee nonynsapHbIX
peweHun B Poccun. OCHOBHbIM MPenMyLLECTBOM JAHHOro MeToda SABASETCA OTHOCUTESNIbHO
HU3Kas CTOMMOCTb QHEProHOCUTENS MPU HaUYUN LEHTPanM30BaHHOIO rasocHab>XXeHus.
OpHako nogkstoyeHne K MarmcTpasibHOMY rady 4acTo CBA3aHO C CYLLECTBEHHbIMY Pa30BbIMU
3aTparamMum Ha nposefeHne Tpybonposoga M ycTaHoBKY obopypoBaHus. B cpegHem, atn
pacxogbl MmoryT coctaenate ot 200 go 500 Thicay pybnein B 3aBUCUMOCTU OT YOANIEHHOCTU
noma ot rasoson maructpanu [1]. [NMpu 9TOM CTOMMOCTb CaMOro KOTna U MOHTaXKHbIX paboT
TakxKe TpebyeT 3HaunTenNbHbIX nHBecTUumin — ot 100 go 300 Thicay pybnen. HecmoTps Ha 3To,
ecnm [OOM Haxoautca BOMM3M rasoBOW CeTW, TO OSTOT BapuaHT MOXET oKa3aTbCsH
9KOHOMNYECKUN BbIrogHbIM 6narogaps OelleBU3He rasa no CPaBHEHUIO C OpyrMMun Bugamu
Tonnmea (pucyHok 1). Mpu ctoumocTn 20 py6neit 3a M3 NPUPOAHOro rasa u pacxope 25,4 m3
B CYTKW, 32 CE30H AN MOKPbITUS TEMAOBOW OTONUTESIBHON Harpy3kn Heobxogumo 91 Thica4a
pyb6nein.
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PucyHok 1. Tapud Ha npupogHbiin ras

BolwecTosawmin rpacuk otobpaxkaeT guHamMuky TapudoB Ha NPUPOLHbIN ra3 B Nepuos
¢ 2017 no 2030 ropga. Ha ocu abcuucc otobparkaeTcs rof, Ha OCu OpauHaT — LieHa Ha ras B
pyb6nsax 3a equHULY U3MEPEHUS.

DNIEKTPMYECKOE OTOMMEHNE OCOBEHHO NpUBEKATENIbHO ANs 3aropofHbiX LOMOB,
PacrnofiOXXEHHbIX BOANM OT rasoBblX CeTeill. [NaBHOE NPeuMyLLeCTBO INEKTPUYECKOro
OTOMJMIEHNSA 3aK/K4YaeTCa B MPOCTOTE MOHTaXa W OTCYTCTBUM HeobxoaumocTn B
obcnyxneaHmn. Tem He MeHee, BbICOKasA CTOMMOCTb 3NEKTPOIHEPIUN AeNaeT 3TOT BapuaHT
MEHEee SKOHOMMYECKN IP(PEKTUBHBIM L1 MOCTOAHHOrO nNpoXuBaHus. [Ons npumepa,
noTpebneHne anNeKTPUYECKON SHeprum Ha otonneHne goma nnowaabio 100 m? coctaBnser
240 kBTe4 B cyTKU, 43200 KBT*4 3a ce30H. [Npun Tapude 5 pybnen 3a KBTey aHeprum (pCcyHOK
2), pacxogpl cocTaBAT 216 Thica4 pybnein 3a CE30H.
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PrucyHok 2. Tapud Ha anekTpoaHepruno
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Ha rpaduke Bbilwe npeacTaBfieHa guHamMuka TapndgoB Ha 3N1IEKTPOIHEPINIO 3a NepUoL
¢ 2017 no 2030 roga. Abcumncca otobpaxkaeT rof, opanHaTa — CTOMMOCTb 9/IEKTPO3HEPIrn B
pybnsx 3a KBT1eu.

[poBa, nennetbl U TOMAWBHbIE OGPUKETbI OCTAOTCA TPAAUUMOHHBIMU UCTOYHUKaAMWN
TENJIOBON SHEPIN B HEKOTOPbLIX pernoHax Poccun. Vicnonb3oBaHne apeBeChHbl Kak Tonamea
MOXET ObITb S3KOHOMUYECKN BbIrOOAHbIM A/15 BNagenbLeB SIMYHbIX JIECHbIX Yroaui Un TeX, KTO
XKMBET BONN3N MeCT BblpyOKM aepeBbeB. [1enneTbl 1 ToNnBHbIE BPUKETLI, MPON3BOANMBIE U3
OTXOAOB AepeBo0OpPaboTKU, TaKKe ABAAIOTCA UHTEPECHON anbTepHaTuBOW. [MAOTHOCTL U
BbICOKas TennooTAaya 4aHHoro Tonamea No3BoNSOT 3HAYNTENIbHO CHU3UTbL 00beM XpaHeHus
N yrnpoCTUTb Mpouecc ero ucnonb3oBaHusa [2]. OpHako HeobXxoaMMO Yy4YUTbIBaTb
nepBoHavasnbHble 3aTpaTtbl HA NOKYMKY. [s pacCMOTPEHHOro oMa B OTOMUTESIbHbIA CE30H
notpebyetca nNpuMepHO 3-4 TOHHbLI Nennet, ctoumocTbio 21-60 Thicay pybnen, ecnm
ncrnonb3oBatb 6pukeTbl — 30-72 ThicaY pybnein 3a 3-4 TOHHbI.

Tennosble HacoCbl NPEACTaBNAT COOON NHHOBAUMOHHOE peLueHne Afs OTOMJIeHns
YacTHbIX OMOB B Poccun. 9TOT MeTof UCMONb3YeT SHEPru oKpyXxarLwlen cpepl (Bo03ayXx,
3eMna UM BoAa) onsa Harpesa NnoMeLleHns. XoTa nepBoHavasibHble UHBECTULUN B YCTAHOBKY
TENIOBOro Hacoca [ocTaTto4yHO Benukn — ot 600 go 1200 Teicay pybnein, aKOHOMUYECKas
9(PPEKTUBHOCTb TAKOro PELLEHN NPOSABASETCA B OOAMOCPOYHON nepcnekTnee Gnaropgaps
MVH/MaNbHbIM OnepauynoHHbiM 3atpaTtam. [lpn KoadduuneHTe npeobpasoBaHua Tenna
(COP) 3-4, To ecTb Ha 1 KBT anekTpoaHeprun soipabatbiBaeTca 3-4 KBT TennoBon aHepruu,
hakTnyeckoe notpebneHne anekTpoaHeprum coctasut 14400 kBTey 3a ce3oH [3]. CToumMocTb
npv Tapude 5 pybnein 3a KBTey 3a CE30H COCTaBUT 72 TbICAYN pPyOnen.

Mpn BbIGOPE CUCTEMBI OTOMJSIEHNA A1 YaCTHOro goma B Poccumn cnepyet yunTbiBaTb
MHOXEeCTBO (PakTOpPOB: [AOCTYMHOCTb PasfiMyHbIX BMAOB TOMMMBA, KiMMaTUyeckune
OCOBEHHOCTN pernoHa, pasmMep pA[oma, ¢UHaAHCOBbIE BO3MOXHOCTW Bnagefbla WU
NniaHNpyeMblil CPOK 3Kcnyataumm cuctembl. Hanpumep, B KpynHbIX ropogax, rae passura
cucTtemMa rasocHab»keHusi, ra3osoe OTornjieHne obblMHO OCTaeTcs Hanbonee 3KOHOMUYECKU
060CHOBaHHbIM BbIGOPOM. B CenlbCKON MECTHOCTU UM YAANEHHbLIX PEMMOHAX 3NEKTpUYecKoe
oTonJIeHNne WM WNCNONb30BaHME [OPEBECUMHbl MOryT okasaTbCs 0ofiee npakTUYHbIMU
peweHuamn [4]. TennoBble HacocCbl MPeAcTaBASAOT COOOM MEepPCNEeKTUBHbIE TEXHOSOrM,
KOTOpPbIE MOMYT OKYNUTLCA B AOSITOCPOYHON NepCneKTnBe, HO TPebyoT Cepbe3HOro aHannsa
LenecoobpasHoOCT NX MPUMEHEHNS B KAXXKAOM KOHKPETHOM Crly4ae.

Kpome Toro, Heo6xogumo y4nTbiBaTb Cneunguky KOHKPETHOro permoHa Poccun, roe
OydeT aKcnyaTMpoBaTbCa cUCTeMa TennocHabXeHus. B ceBepHbIx 06nacTax CTpaHbl, rae
31UMbl OCOBEHHO CYypPOBbI, TPebyeTCs NOBbILLEHHAA MOLLHOCTb OTONUTENbHOro 060pyA0oBaHUA
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N AONOJSIHUTESbHbIE MEPbI MO TEMAON3OAAUNN NOMELLEHN. B 10XKHbBIX pernoHax, HanpoTus,
MOXXHO paccMoTpeTb 6osiee 9KOHOMUYHbIE PELLUEHUS, TakMe KakK BO3AylUHble TennoBble
HaCOCbl UM COJSIHEYHbIE KOJSIIEKTOPLI. TakXXe BaXHbIM MOMEHTOM SBASETCA OOCTYMHOCTb
TONAMBa N CEPBUCHOro OBCAY>XMBAHUSA B KOHKPETHOM parioHe. Hanpumep, B yaaneHHbIX
OEPEBHAX MOXET OblTb C/IOXKHO OpPraHW30BaTb PErynspHyr0 AOCTaBKy rasa wuav TBepporo
TOMNANBA, YTO AenaeT ANEeKTPUYeCKe CUCTeMbl bonee NpegnoYTUTENbHBIMU.

Ocoboe BHUMaHne CTOUT YAENNTb BOMPOCY SHEProa(P(PEKTUBHOCTM CaMoro noma, Tak
KaK KayeCTBEeHHasi TENIon30asLmMs NO3BOSSET 3HAYNTESIBHO CHU3UTbL 3aTpaThl Ha OTOMNJIEHME
He3aBNCUMO OT BblbpaHHOro cnocoba. CoBpeMeHHble MaTepuasnbl U TEXHOOMMN NO3BONAIOT
co3faTb BbICOKOI((EKTUBHYIO O0OOOMIOYKY 3AaHUsA, YTO B COYeTaHUM C NpaBUSIbHO
nogobpaHHoON cucTemMon oOTonfaeHns obecneynBaeTr KOMGMOPTHOE MPOXUBAHME NpU
MUHUManbHbIX pacxopax [5].

Takum 06pas3oM, 3KOHOMUYECKOE CpaBHEHME PasfinyHbIX BapUaHTOB OTOMMEHUS
YacTHoro goma B Poccun nokasbiBaeT, YTO ONTMMasbHbIA BbIOGOP 3aBUCUT OT MHOXECTBa
hakTopOB, BK/OHYas reorpadunyeckoe nonoXKeHne, 4OCTYNHOCTb PeCcCypCcoB N (hMHAHCOBbIE
BO3MOXHOCTM noTpedbutenda. Kaxablh UuU3 pacCMOTPEHHbIX METOAOB WMEET CBOU
npevmyLiecTBa M HegoCTaTKW, U OKOHYaTeNbHOe pelleHne [[O/MKHO OCHOBbLIBATbCA Ha
BCECTOPOHHEM aHanm3e BCEX BO3MOXXHbIX BapuWaHTOB C YYETOM KOHKPETHbIX YCNOBUN
aKcnayaTauum n OAroCPoYHbIX NEPCNEKTUB.
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Abstract. This article examines current trends and potential directions for the development of small-scale energy in
the Russian Federation. The main factors influencing the growth of this sector are analyzed, including the rising cost of
electricity, high transmission costs, and the need to replace worn-out capacities. Special attention is given to the role of
cogeneration as a cost-effective method for producing electric and thermal energy.

Keywords: small-scale energy, distributed generation, cogeneration, alternative energy sources, heat and power
plant.

Annomayusa. B 0anHotl cmamve aHAAUSUPYIOMCA AKmMYaibHble eHOeHYUU U 603MOxXcHble HANpabaeHus pasbumus
Mmanou snepeemuxy 6 Poccutickoii @edepayuu. Anarusupytomcea ocHoBHbie hakmopsl, Baustoujie HA pocm SMOLL OMpacA,
makue xax ybesuvenue CHIOUMOCTHU 2AeKMPUHECKOT IHepeuu, Bvicokue Us0epku npu mpancnopmupobke sHepeuu u
Heo0X00UMOCHIL 3AMeHbl USHOueHHbX MouHocmeil. Ocoboe Brumanue yoeasemca poiu KoeeHepauuu Kax SKOHOMUHecku
apcpexmubroeo cnocoda Bvipadomxu s1exmpo- u menio6ot sHepeul.

KaroueBvre cao08a: maras snepeemuka, pacnpedeieHHAs 2eHepayus, KoeeHepayls, aAvmepHamubHvie UCMouHUKY
SHepeUU, MenA03AeKMPOCIIAHY UL
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PeueH3eHT: Toponues Bacunuin BnagnuMmpoBuy - KaHANOAT TEXHUYECKNX HAYK, OOLEHT.
OIre0OY BO «PTAY-MCXA nm. K.A. Tumnpsisesa»

Manass pacnpepeneHHass aHepreTuka B Poccun npepctasBnsier cobon BaXKHOe
HanpasfieHWe pPasBUTUA  TOMJIMBHO-3HEPreTMYECKOro KOMMJlekca CTpaHbl, KOTopoe
cTpeMuTenbHO HabupaeT 060opoThbl. Ha Tekywmin MOMEHT [0S Masion pacnpepeneHHon
9HepreTukn B Poccun cocTtaBnsieT okofno 7% oT obuwero obbema BblpabaTbiBaeMon
9NEeKTPUYECKON 3HepPrum, YTo B ABa pasa Hmxe MUPOBOro rnokasarens. OgHako HeCMOTpS Ha
9TO, AaHHasi oTpac/b YyXXe 3apeKkoMeHfoBana cebs KakK MepcrneKkTMBHOE HanpassieHue U
NPOoOO/HKaET pas3BMBaTbCA AOCTATOYHO akTUBHO. 1o aaHHbIM PoccTaTa, B 2016 rogy B Poccun
dPYHKUNOHNPOBaNO OKOoMo 36 ThbiCAY CTaHUMN MOLLUHOCTbO He 6Gonee 25 MBT, obwen
cymMmapHon mowHoctelo 13 BT, n3 kotopbix okono 8,5 BT ucnonb3yloTcsa B 30HE
OeueHTpanM3oBaHHOro aHeprocHabxeHusa. CpaBHmBasa ¢ gaHHbiMu 3a 2006 rog, MOXXHO
OTMETUTb, YTO YBENNYEHME MOLLHOCTeN cocTtasuno 3 BT.

OcHoOBHas 4YacTb OOBLEKTOB Masion SHepreTnkn B Poccumn — aTo Tennosble CTaHUUK, Ha
KOTOpble npuxoguTca okono 92% Bcex MowHocTen. OcTasBwunecs 8% cocTasnsioT
COJIHEYHble, BETPSIHbIE U Apyrve cTaHumu, paboTtawwpme Ha anbTepHaTMBHbLIX UCTOYHUKAX
3Hepruu (pucyHok 1) [1].

K 2017 rogy oOLlyt0 MOLLHOCTb OOBLEKTOB Masiom 3HepreTnkn B Poccum MOXXHO
OLEeHUTb Ha ypoBHe 23-24 BT, npnyem gonsa Manon pacnpepeneHHon aHepreTukn B obLem
obbemMe BbIPabOTKN 9SNEKTPUYECKOW I3HEPrun B CTpaHe pocturna npumepHo 9-9,5%.
[MpoekTbl B AaHHOW 06/1acT B OCHOBHOM peanu3yloTcs C UCMOSIb30BaHNEM KoreHepauuu,
npeacTaensowen coboin Npouecc COBMELWEHUS BbIPabOTKN 3NEKTPUYECKON N TEMIOBOMN
SHepruun. MNaBHbIM NPEMMYLLECTBOM KOreHepaunn siBAsSeTCa BOSMOXXHOCTb YTUIN3MPOBaTb
TENJIOBYIO 3HEPIUIO, BblOeNsAoLWeecs Npu NPON3BOACTBE NEKTPOIHEPrumn, YTo genaeT aToT
NPOLECC 3KOHOMUYECKN IP(PEKTUBHBIM U NO3BOAAET NOBLICUTb KOA(PPUUMEHT MONE3HOIro
aencTens yctaHoBok o 85-90% [2].
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PucyHok 1. Pecypchbl n coCTaB TEXHOMOrMN pacnpenenéHHoOn reHepauum aHeprum

PocT uHTepeca K manon pacnpepeneHHon aHepreTnke B Poccun obycnosneH psaom
pakTopoB. OOHUM U3 KJIOYEBBLIX SABASAETCA ObICTPbIA POCT CTOMMOCTU 3SIEKTPUYHECKON
9Heprun. Opyrnm BaXKHbIM (DaKTOPOM SABAIOTCSA BbICOKUE USAEPXKKN NPU TPaHCMOPTUPOBKE
SHepruun, MoOCKOJbKY CeTeBble 3HeprocHabXkawowme KOMMaHuM MOCTOAHHO YBENNYMBAKOT
Tapudbl Ha Nepegadvy 3Heprum No MarnuctTpasbHbIM U pacnpepenmnTefisHbiM ceTaMm. Kpome
TOro, CyWeCTBYHOT NPO6SIEMbI C TEXHONOMNMYECKUMU NPUCOEOMHEHNSMN: NPOJOIIKNTENBHbIE
CPOKM NOAKIOYEHNS, BbICOKAA CTOMMOCTb, CIOXKHOCTU COrnacoBaHna mexpy cybbekramu
9NIEKTPOIHEPreTUKN U [axe OTCYTCTBME TEXHUYECKON BO3MOXHOCTU OCYLECTBUTb
NOAKJ/OYEHNE B HEKOTOPBIX Cly4asX.

Ocoboe BHUMaHME TakXe yOoenseTcs pasBUTUIO HOBbIX MPOMbILLIEHHbLIX O6BLEKTOB U
MECTOPOXXAEHUI, PACNONIOXKEHHbIX BAANN OT LLEHTPaNM30BaHHbIX CUCTEM 3HEProCHabXeHNs,
Takux Kak Kamyatckuin kpan, Akytna n CaxanmHckasa obnacTb.

HeobxoguMoOCTb 3aMeHbl W3HOLLEHHbIX MOLLWHOCTEN W MOBbIWEHNE HaAeXHOCTU
9HeprocHabxeHnsa aBnATCA nNpobnemamn B SHepreTnke P®. BbICOKUIN ypoBEHb W3HOCA
OCHOBHOro obopyaoBaHusi, 4acTble aBapun N NaaHoBble OCTaHOBbI 060PYyAOBaHUSA TPebyroT
MOAepHM3aUuMn N BHEOPEHUss COBPEMEHHbIX  TexHonorni. [loTeHuman pasBuTUA
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pacnpepgeneHHon kKoreHepauun B Poccun onpepenseTcs psagoM  (pakTopos, BKIKOYas
yBenuyeHne noTpebHOCTM B TEMSIOBOM 3HEPrnn OT LEHTPann3OBaHHbIX WCTOYHUKOB [3].
Hanpvmep, NporHo3mpyeTcs, YTO ecnv BeCb MPUPOCT 4ucna HOBbIX NoTpebutenen bypet
obecneyeH ToNbKO O6beKTaMu Masion pacnpenesieHHoN 3HEPreTUKN, TO UX MOLLHOCTb MOXKET
poctnyb 18 'BT K 2035 rogy. AnbTepHaTUBHBIM BapUaHTOM SIBIIETCS 3aMeHa CYLLECTBYOLLMX
KOTEsIbHbIX HOBbIMA OOBbEeKTaMy Masioil SHEepreTMkKM, YTO MOXKET MOJSIHOCTLIO 3aKpbITb
NOTPEOHOCTb B AOMOJSIHUTENbHBIX FEHEPUPYIOLMX MOLLHOCTAX U MPUBECTU K CHUXEHUIO
BblpabOTKN TEensoBOM 3SHeprum, a 9NeKTpUYeckKass MOLLUHOCTb TaKuUX OOBLEKTOB MOXXET
cocTasuTb okosio 30 BT k 2035 rogy (PMCYHOK 2).

o0
40
20

O

2025 ' 2030 ' 2035

EEE 3aMeHa 4acTu KoTenbHbix Ha PKI
mEmE [JoKkpbITUe POCTa CNPOCca Ha TeNNoBYyIO aHepruio ot PKI
Em PKI BMecTo BbiObIBaOWMX KPYMHbIX T3,

PucyHok 2. ®akTopbl passuTtus Mason pacnpeaenieHHon aHepreTukn Poccun

OHepreTudyeckaa cTpaterms Poccum po 2035 ropma onpepensier  obwme
XapakKTEPUCTUKN N YCNOBUSA ONS Pa3BUTUS pacrnpefeneHHon reHepaumm aHeprn, BKIKYas
nyTV ONTUMN3ALUN U MOLEPHUIALMN UCTONb30BAHNA albTEPHATUBHBLIX NCTOYHUKOB SHEPIUM
[4]. B pamkax aTon cTpaTerum npegnonaraeTcsa peanmsaumns ycTonunBon CMCTEMbl MHHOBaLWIA
N HOBOBBEOEHNIN B SHEPreTuke, MogepHn3aunsa obopyaoBaHma N TEXHONOMA, CBA3aHHbIX C
TPaHCNOPTUPOBKON, Nepefaden n pacnpegeneHnem aHeprun. Ocoboe BHUMaHNe yoensieTcs
6anaHCMpPOBaHMIO 3SHEPreTUYEeCKON MONUTUKN OTAENbHbIX PEermoHoB Poccun, 4To AOSHKHO
obecneynTb YyCTONYNBOE SKOHOMUYECKOE Pa3BUTNE IHEPreTUYECKON OTpacsn NyTeMm BBOAA B
aKcnnyaTauuio o6bekToB, paboTalolmx Ha MECTHbIX TOMMBHO-SHEPreTUYECKNX pecypcax.
OTO NOBLICUT 06ECNEYEHHOCTb U SHEPreTUYECKYHO HE3aBUCUMOCTb PEMNMOHOB.
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YTO KacaeTcs aKonormyeckom 6e30nacHOCTM U KNnmMaTa, HepreTndeckasa crparerms
npegycMatpmBaeT MNPUHATUE Mep MO YMEHbLUEHUKO KOSIMYecTBa BpeAHblIX BblOPOCOB
YrNeKUCcnoro rasa B aTMocepy C y4eTOM MOCTOAHHOro pocTta aHepronoTpebnenuns. Ons
OOCTUMXXKEHNSI MOCTaBJfIEHHbIX 3a4ay HeobXoAMMO YBENNYUTb OO0 dHepronoTpebnieHns B
NONb3Y HN3KOYrNepoOHbIX TOMINB U anbTePHATUBHbLIX UCTOYHUKOB 3Heprun ¢ 13% po 16%,
coxpaHsis noTpebneHne npupoaHOro rasa Ha ypoBHe 52-53%. Takxke nnaHupyeTcs
YMEHbLLUEHNE [ONN MUCNONb30BaHNA HeMTAHbIX TONMUBHLIX pecypcoB ¢ 19,4% po 17% n
CHWXEHNe aonn TBepapblX TOMMBHO-aHepreTn4ecknx pecypcos ¢ 15,3% po 13% [5].

CornacHo nporHosam, B aHepretuke Poccun nponsongyT 3Ha4YnTESIbHble N3MEHEHNS,
CBSiI3aHHble C BHeOpEeHWEM MNepefoBblX TEXHOMOMMIA He TOMbKO B MPOU3BOACTBO, HO N B
noTtpebneHne n TPaHCNOPTUPOBKY TEMSIOBON W 23fieKTpuyeckonm 3SHeprun [6]. Ocoboe
BHUMaHue yaensieTcs onTuMmaauumn U pasBuTUO Masioil pacnpepeneHHon 3HepreTukn npu
NCMNONBb30BaHUN  HU3KOYrNepoaHbIX WM 6e3yrnepogHbiX  TOMSIMBHO-3HEPreTUYECKNX
pecypcoB M aBTOMaTU3auMu 3HEepPreTu4ecKux cuctem. [lepCnekTUBHbIA NAaH pasBuTUA
TOM/IMBHO-3HEPreTMYeCcKOro Kommnnekca Poccun npepgnonaraet pocT MNpOov3BOACTBA
anekTpuyeckon aHeprum K 2035 rogy, 4To obecneunT yBennYeHUe MOLLHOCTEN TEMOBbIX
anektpocTtaHumn (TSC). Mpn atom gons TOC B NPOM3BOACTBE INEKTPUYHECKON N TEMIOBOMN
SHEpruv CHU3NTCA He3Ha4yuTenbHO, BCcero Ha 2%, HO OCTaHEeTCA Ha TOM >Xe YPOBHe.
MopepHusauua TOC 6yaeT HanpassfieHa Ha MOBbLILWEHVE YPOBHA N KavyecTBa Tenaodukauum
NnocpeacTBOM BBeLEHNA aBTOHOMHOW pacrnpeneneHHon KoreHepauum.

YOenbeHbln pacxopn, Tonnamea, Tpebyemblin Ans BblpabOTKN SNEKTPUYHECKON U TEMIOBOWN
9HEeprun, cornacHo 6naronpuUATHOMY CLEHapuilo pPasBUTUS SHEPreTUKK, CHU3NTCA Ha 12%.
OTO NpMBEOET K YMEHBLUEHNIO A0NN NOTPEBNEeHNa TPaaULMOHHbLIX NCKOoNaemMblx Toname. Ha
CTaHUMAX, NPUMEHSAIOWMX aNbTEPHATUBHbLIE UCTOYHUKN SHEPrun, OXXupgaeTca macwTtabHoe
pasBuUTUEe, HanpasfieHHOE Ha YCOBEPLUEHCTBOBAHUE TEXHOMOIMNNA, CHUXKEHME BpPeOHbIX
BbI6pOCOB B aTtMocdepy 1 orpaHn4yeHne pocta noTpedbneHns TpaamumoHHOro NCKonaemoro
Tonnuea. OpHaKO WCMONb30BaHNE anbTepHaTMBHbLIX WCTOYHMKOB 3Heprum B Poccun
CTaJIKUBAETCS C 9KOHOMUYECKUMM TPYOAHOCTAMN, OCOBEHHO B PErMOHax ¢ XOPOLLO PasBuUTbIM
LEeHTPanN30BaHHbIM 9HEeprocHab>XxeHnem. CebecTOMMOCTb 3NEKTPO3HEPIUM,
BblpabaTbiBaeMOl Ha CTaHUMAX C aflbTePHaTUBHBIMU NCTOYHMKAMWN SHEPrn, B CPeOHEM B 3-
5 pa3 Bbllle, 4eM Ha NaporasoBbiX TennoanekTpoueHTpanax [8]. [NpenckasbiBaeMmoe
yOelleBleHe  OfIeKTPO-reHepaun Ha BEeTPOBbIX  3JIEKTPOCTAHUUAX W COJSIHEYHbIX
9NEKTPOCTaHUMAX COKPATUT 9TO COOTHOLLEHNE [0 2-2,5 pas, HO ANna 60blUMHCTBA PEMMOHOB
Poccun aneKTpoaHepruss OT afbTePHATUBHbIX WCTOYHWKOB OCTaHETCs [OpOron mn3-3a
HebNaronpUATHbLIX NPUPOAHO-KIMMATUYECKMX YCNIOBUA U CPAaBHUTESIbHO HU3KUX LUEH Ha
TONANBO.
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3aTpaTbl Ha BHEAPEHNE anbTePHATUBHbLIX UCTOYHUKOB SHEPrun B LIEHTPaIM30BaHHYO
9HEPreTUYECKyrd CUCTEMY OCTalTCA BbICOKMMW, 4YTO TpebyeT BBOAA LOMOSHUTENbHbIX
Ay6nMpyowmx MOLLHOCTEN, TaKNX KaK ra3oTypOuHHbIE NN ra30NOpPLUHEBbLIE YCTAaHOBKM, 15
obecneyeHnss 6ecnepeboONHOro aHeprocHabXXeHus. YunmtbiBaad 3TN akTopbl, CTOUMOCTb
SNEKTPUYECKON 3JHepruuv, nosiy4yaeMom OT CTaHuMA C MNPUMEHEHNEM  TEeXHOOruin
anbTepHaTUBHbIX UCTOYHUKOB, BypeT pacTtu. IHBeCcTULUMM B CUCTEMY LIEHTPaIM30BaHHOMO
TENMOCHABXEHNA OCTaHYTCA Ha YPOBHe Mpoweawnx nATW feT, Torga Kak 3aTpaTbl Ha
pacnpefeneHHyto aBTOHOMHYIO 3HepreTuky Bo3pacTyT Ha 20%, a Ha cuctemsl,
ncnonb3ylowme anbTepPHaTUBHbIE NCTOYHMKN 3Heprun, - Ha 30%. TeM He MeHee B o6LEeMm
TOMJINBHO-3HEPreTU4ECKOM BanaHce CTpaHbl AaHHble 3aTpaTbl COCTaBAT okono 12-13% ot
OBLUNX MHBECTULMNIN B 3HEpProcHab>xeHune.

B Oygywem sHepretuyeckas cuctema Poccun OygeT  XapakTepu3oBaTbCs
NPUMEHEHNEM TPaAMLMNOHHbBIX NCKONAeMbIX BUAOB TOMNBA, XOTS LeHbl Ha ra3 6yayT pacTu,
a 6e3yrnepogHble pecypchbl CTaHyT 6onee akTyanbHbIMU MPY CHUXXEHUWN 0N NCNONb30BaHNSA
Xngknx Tonnme. Manas pacnpefefieHHas 3HepreTvka OCTaeTCsl aKTyaslbHOM OTpacibio
aHepreTnyeckoro banaHca Poccun 6narogaps CBOUM NpenMyLlecTBam, TakKUM Kak MeHbLUas
CTOMMOCTb MPOEKTHO-U3bICKaTENbHbIX PaboT N 6osiee KOPOTKMIA CPOK OKYyrnaemoCTu, 4YTO
aenaet MuHn-TOC 6onee npuBnekaTebHbIMU NO CPaBHEHUIO C KPYMHbIMU CTaHUUSMUA.
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Abstract. The Kaliningrad Region, being an exclave region of Russia, is facing a number of serious environmental
problems that require an integrated approach to their solution. This study provides an analysis of the environmental situation
in the region, as well as suggests ways to solve existing problems.

Keywords: ecology, soil pollution, water pollution, air pollution, Kaliningrad region

Annomayua. Karununepadckas obaacme, A645ce 3xckaabuvim peeuorom Poccuu, cmarkubaemces c psadom
CepLesHbIX IK0A0UHECKUX NpoDAeM, KOmOopbie mpedyom KOMNAeKCH020 100x00a K ux peuwienuio. B dannom uccaedoBanuu
npubooumcs aHaAu3 3K010eUuteckotl cumyayuy 6 peeuoHe, a Maxxe npedAoXeHsl Cnocodbl peuents UMEU4UXCA npobaeM.

KaroueBvre croBa: sxono0eus, 3aepasienus noubui, saepasnenus 600ul, saepsastenue 6o30yxa, Kasununepackas
obaacmy

PeueHzeHT: Toponues Bacunuin BnagnuMmposuy - KaHANOAT TEXHNYECKNX HaYK, OOLEHT.
Ore0Y BO «PTAY-MCXA nm. KA. Tumnpsazesa»

KannHuHrpagckas obnacTtb, SBAASCb 9KCKI1aBHbIM PErMoHOM Poccuun, cTanknesaeTtcs
C PAOOM CePbE3HbIX IKOSIOrMYECKNX NMPobneM, KOTopble TPeOyoT KOMMIIEKCHOro noaxona K
NX PELLEHNIO.

K 4yncny 3Ha4nMbIX permoHasnbHbIX 9KOOMMYECKNX NPO6AEM OTHOCATCS 3arpsA3HEHUS
BOAbl, BO34yXa, NO4BbI, a TakKe NpobseMbl C BbIBO3OM MycOpa Ha MOSAUroHbl — BbIBO3 3a
rpaHnLy 3anpeLleH, a TeppuToprst HENOCPEACTBEHHO 061acTN He NO3BONSET B AOCTATOYHOM
obbeMe Mycop 3axopaHumBaTb. ITU NPOOSIEMbI HE TOMbKO YrpoXKakwT 3KOCUCTEME, HO U
HeraTMBHO CKa3blBalOTCS Ha 300POBbEe HaCeNeHNsa N SKOHOMUYECKOM Pa3BUTUMN.

OpHol 13 Hanbonee ocTpbIX NPOBEM ABNAETCA 3arpA3HEHNe pek, 03ep 1 3aMBOB.
PervoH Bbixognt K nobepexxbio banTunckoro Mopsi, Ha TeEppPUTOPUN PErmoHa PacnonoXeHbl
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38 03ep, 339 pek, a TakKe PyKOTBOPHbIE Kapbepbl U MHble BogoeMbl. Peka Nperons, kotopas
NpoTeKaeT HenocpeacTBeHHO B KanuHuHrpage, exepgHeBHO nony4vaet okono 200,000
KyOM4YeCcKNX METPOB CTOYHbIX BOf, COAEPXXaWMX 3HAYUTENIbHOE KONMYECTBO OpPraHN4eCcKnx
BELEeCTB 1 B3BELUEHHbIX YacTuy, [1]. 3TO NPMBOAUT K CHUXKEHUIO KOHLEHTPpaUMn Kncnopopa B
Booe u obegHeHMto dnopbl N ayHbl. [Ona pelweHns 3To nNpobnembl HeobxoomMmo
MOAEPHU3NPOBATbL OYUCTHbIE COOPYXXEHUA U BHEAPATb COBPEMEHHbBIE TEXHOMOMMN OYUCTKU
CTOYHbIX BOA.

Mo gaHHbIM MuHNCTEPCTBA NPUPOAHBLIX PECYPCOB N 3Konornm Tonbko 14% otxonos,
KOTOpble NponsBoanT obnacTtb, copTupytoTcs (70 Thicsd TOHH U3 500 TbIC.TOHH. [1naHupyeTcs,
yTo K 2030 rogy Bce 100% oTxogos 6yayT COPTUPOBATLCA, MPY 3TOM MAaHUpyeTcs, 4To 25%
Mycopa byfeT Bo3BpawaTbcs nocne nepepaboTku B MPOU3BOACTBO PasNYHOro npoduns.
OpHako, yunTbiBas TEKYyLLEE COCTOSAHNE BOMpPOCa B PErMOHe, AaHHble MAaHbl BbIMMAOAT KpanHe
ONTUMUCTUYHBIMU. 1PN 3TOM HECaHKUMOHNPOBaHHbIE CBasNKN TBEPAbIX ObITOBbIX OTXOAOB U
HepaunoHasibHOE UCMONb30BaHNe YyoobpeHNN B CENMTbCKOM XO3ANCTBE HAHOCAT 3HAYNTENbHBbIN
ywepb aKkocucTeme permoHa [2].

3arpsisHeHne Bo3ayxa B KannHuHrpagckom obnactn nponcxoanuTt B OCHOBHOM U3-3a
BbIOpPOCOB aBTOTPAHCNOPTa W MPOMBbIWAEHHBIX NpegnpusaTuin. HecMoTpsa Ha CHUXKeHue
Bbl6pocoB Ha 25,6% 3a nocnegHun rog [3], npobnema ocraetcs akTyasnbHOW. 1o gaHHbIM Ha
21 ceHTabpsa 2024 roga, KannHWHrpag 3aHan nepBoe MecTo B PeNTUHre ropogos Poccumn no
YPOBHIO 3arpsisHeHusi Bosayxa [4]. Heobxogmmbl Mepbl NO YNyYLLEHUIO KadecTBa BO3AyXxa,
Takne Kak nepexop Ha 3KONIOrMYecKn YACTbIA TPAHCNOPT N BHEAPEHNE CUCTEM uUnbTpaumn
Ha NpegnpuaATUSX.

I3meHeHne npupogHbIX NaHawadToB Takxke Bbi3biBaeT 6ecnokoncTteso. M 3aTo
CBSAA3aHO, B TOM 4Yu1Ce, C POCTOM TYPUCTMHYECKOrO MOTOKA B pernoHe. Mo gaHHbIM CTaTUCTUKKN
yncno Typuctos B 2024 rogy COCTaBUAO He MeHee 2 MiH.4enoBek. CpegHuin Bo3pacT TypucTa
B TEKYLLEM rogy cocTtaBun 41 rog, npuyem My>X4mHbl cOoCcTaBnsatoT okono 40 %, a >XeHLWMHbI —
60 % oT obLiero yncna nyTewecTBEHHNKOB. bonblasa 4acTb rocten npues)aet ns Mockssl,
MockoBckoin obnactn n CaHkT-lNeTepbypra, a Takxe u3 JleHnHrpagckon, benropoackon,
Capatosckoir, CBepanosckon obnacten n KpacHogapckoro Kpas [5]. PacTylwiee Konny4ectso
TYPUCTOB, OYEBUOHO, BEOET K OOMOMHUTENbHOW Harpyske He MpUpPOoOHble U ropoAacKue
06BbEKTbI, AOMNONHNTENBHO YBENMYNBAS PUCKN 3KOMOMMK B pernoHe. Kpome Toro, akTuBHas
Ao6bl4a NoNe3HbIX MCKOMaeMblX, SleCHble NoXKapbl N HE3((EKTNBHOE NCMOb30BaHNE 3eMeSb
NnpPUBOAAT K yTpaTe 6uopasHoobpasus [3]. BaxxHO npoBoauTb peKynbTMBaumio HapyLUEHHbIX
3eMenb 1 co3haBaTb OXPaHseMble NMPUPOLHbIE TEPPUTOPUN.

Cnocobbl peLLeHns 9KoNornveckmx npobnem

1. Co3paHne coBpPEMEHHBIX OYNCTHBIX CUCTEM 1 COOPY>KEHWU.
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2. PasBuTne cuctem COpTUPOBKN N NepepaboTKn OTXOAOB.

3. PekynbtuBaumsa semenb, B TOM YNCHIE paHee OCYLLEHHbIX nog 6onotamu.

4. AndpdepeHumaums TPaHCMOPTHLIX CUCTEM, Nepexon Ha 9KOTPaHCMopPT.

Taknm 06pasoM, pelleHne 3Konormyeckux npobnem KanvHuHrpagckom obnactu
TpebyeT KOMNSIEKCHOro nogxoga. Peanusaums npeanoXXeHHbIX Mep NO3BOMUT 3HAYUTENBHO
YNyHLWNTb SKOMOMMYECKY0 CUTyaumio B PermoHe U cosfaartb 300POBYIO cpeny Ans byayLmx
NMOKONEHNNA.
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Hawyk Omutpuin Cepreesuny,

C1ypeHT Kadenpbl TENMOCUNOBLIX YCTAHOBOK U TEMJIOBLIX ABUraTenen,
CaHkT-leTepbyprckunin rocynapCTBEHHbIN YHUBEPCUTET MPOMbILLSIEHHBIX TEXHOOMIA 1
OnsanHa. Beiclwias wkona TEXHONOrMnN N SHEPreTUKN

MockaneHko lNaBen AHaToONbLEBUY,

MarucTtpaHT Kadenpbl MHHOPMALNOHHO-N3MEPUTENBHbBIX

TEXHOMOMN N CUCTEM YNpPaBEHNS,

CaHkT-leTepbyprckunin rocynapCTBEHHbIN YHUBEPCUTET MPOMbILLSIEHHBIX TEXHOOMIA 1
OnsannHa. Bbiclwias wkona TEXHONOrMnN N SHEPreTUKN

Jlunatos Makcum Cepreesuy,

CT. npenopaeaTenb Kacenpbl TEMIOCUNIOBbIX YCTAHOBOK U TenNoBbIxX asurarenen, CaHkT-
MeTepbyprcknini rocyaapCTBEHHbIN YHUBEPCUTET NPOMbILLMIEHHbIX TEXHOSIOMMI 1 An3ainHa. Beiclias
LLIKOJS1a TEXHONOMNN N BHEPreETUKIN

Abstract. The paper examines modern technologies for decarbonization of thermal energy, which is a key sector for
achieving sustainable development goals, reducing greenhouse gas emissions and improving energy efficiency.

Keywords: energy, decarbonization, energy efficiency, energy conservation, cogeneration.

Annomayua. B pabome paccmampubatomcs cobpementvie mexHosoeutl 0exapdOHU3AyUY 1MenA0IHepemuKi,
Abasoulenica Ka0uebbiM cexmopom 045 00CHUXNeHUA yeaetl Ycmotiuuboeo pasbumus, cHuxenus 6vi0pocod napHuKobix
2a306 u nobviuienue sHepeo3pdexmubrocmu.

KaroueBuie caobBa: snepeemuxa, dexapbonusayus, snepeoddppexmubrocnms, sHepeocdepexeniie, Ko2eHepayus.

PeueH3eHT: MapTexa AnekcaHap Hukonaeesny — KaHaMOaT TEXHUHYECKNX HAyK, OAOLEHT.
HoueHT ®IB0OY BO «PITAY-MCXA um. K.A. Tummnpssesar»
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B ycnoBusix rnobanbHOro W3MEHeHUs1 KaumaTta W pacTywein noTpebHoCTn B
YCTOMYMBOM PasBuTUM, feKapboHN3aumnsa TEMIOIHEPreTUKN CTAHOBUTCA OAHUM N3 KITHOYEBbIX
NPUOPUTETOB COBPEMEHHON 3HEPreTUKU. TennoaHepreTnka, obecrneymnsaroias Hawm goma,
ouChbl N NPegnNpUATASA TENSIOM, UrPaeT 3HAYNTESIBHYIO POJib B BbIOPOCax NapHNKOBbLIX ra3os,
B YacTHocTu, yrnekncnoro rasa (CO2). CHuXXeHne 3TuUxX BbIOPOCOB, AN geKkapboHu3aums,
TpebyeT KOMMMEKCHOro noaxona, BKIOYaLWEero BHegpeHne VHHOBALMOHHBIX TEXHOJOMI,
ONTUMU3ALUNIO CYLLECTBYIOLNX CUCTEM U N3MEHEHNE NMOLXOO0B K YNpasBfieHUO TenjaoBbiMU
pecypcamu. HacTtoswas ctatbs paccMaTpyuBaeT COBPEMEHHbIE TEXHONOMMUN, Hanpas/ieHHbIEe
Ha OeKapObOoHU3auMIO TEMNNO3HEPreTUKN, OLUeHMBAeT MUX MOTeHUMan, orpaHuyeHns, a Takxe
obcyxpgaeT nepcnekTuBbl BHegpeHua B Poccun, yunTbiBas OCOOBEHHOCTUM KvMmara,
9KOHOMUKIN 1 AOCTYMHbIX PECYPCOB.

CyTb pOekapboHM3auMy 3akioyaeTCs B CHUXXEHUW YriepogHoro crnepa npoueccoB
npou3BOACTBa, nepefayn u noTpebneHus Tenna. OTO [OCTUraeTCs 3a CYET 3aMeHbl
TPaANLUMOHHbBIX NCTOYHUKOB SHEPrn, paboTalowmx Ha NCKONaeMoM TOMINBE: Yrofb, MasyT,
NPUPOAHbIN ra3 — Ha 6onee 3KONOrnYHble anbTepHaTUBbI, @ TakKXXe 3a CHET MOBbILIEHWUS
9(PPEKTMBHOCTN NCMOMBL3OBAHUA 3HEPIrNN Ha BCEX aTanax — OT reHepaumy A0 KOHEYHOro
noTpebutensa. HeobxoguMo NOHMMAaTbL, YTO NEPEXO, K HU3KOYrIepOAHON TEMIO3HepreTke —
9TO He TOJIbKO TexXHMYeckas, HO M SKOHOMUYecKas 3apada, TpebyloLllas 3HavuTeSbHbIX
WHBECTULMIA,  rocyfapCTBEHHOW  MNOOOEPXKW M aKTUBHOIO  BOBJIEYEHMS  BCEX
3anHTEepeCcoBaHHbIX CTOPOH.

OOHMM 13 OCHOBHbIX HanpasneHun pekapboHn3auumn ABNSETCA  MOBbILLEHNE
9HEProa(PEKTUBHOCTN. DTO O3HAYAET CHUXKEHME NOTPEeONEHNS SHeprun Ans Npon3BoaCTBa
eanHuubl Tenna. CywecTByeT MHOXXECTBO CNOCOO0B JOCTVXKEHNSA 3TON Lenn: MoaepHU3auns
ycTapesllero obopygoBaHus Ha 6onee adeKTuBHoOE, onTMMmn3aumst paboTbl TENsOBbIX
ceTell ANA CHWKEHWS MoTepb Tenna, BHeOPEeHUe COBPEMEHHBbIX CUCTEM YMpaBfieHus u
MOHUTOPUHIra SHepronoTpebieHns, a Takxe yny4lleHne Tennonsonsaumm sgadui. lNpuvepom
MOXKET CNY>XUTb 3aMeHa CTapblX KOT/IOB Ha COBPEMEHHblEe KOreHepauoHHble YCTaHOBKM,
KOTOpPbIE OOHOBPEMEHHO MPON3BOLAT TEMJO U SNEKTPOIHEPIUID, YTO NO3BONSET 3HAYNTESIBHO
nosblicUTb obwwmin KM ncnonb3oBaHnsa Tornamea [1]. 3To 0COGEHHO aKTyaslbHO A1 KPYMHbIX
rOpoAOB N NPOMBbILAEHHBIX LEHTPOB, rAe NOTPEOHOCTL B TEMME N SNIEKTPOIHEPT N BbICOKA.

KoreHepauusi, Kak y>xe yrnomMumHanocb, npeacraBnaeT cobon apdeKTUBHbIN cnocob
NOBbIWEHNSA 3OHEProaeKTUBHOCTN U CHUXeHus BblbpocoB CO2. OHa nosBonser
3HAYNTENIBHO COKPaTUTb MOTEPU 3HEPIUN MO CPAaBHEHUIO C pasfesibHbIM MPOVU3BOLACTBOM
Tenna v 3NeKTPosHeprun. KoreHepauMoOHHble YCTaHOBKM WCMNOMb3YIOT pPasfinyHble BUObI
TonavBa: NPUPOAHbIA ras, buoras, 6uomacca - onNs OOHOBPEMEHHON BbIpaboTKM Tenna u
anekTpoaHeprun. OTxogsawee Tensao OT TypOuHbl WAW gBUraTtens ucnonb3yeTcs Ona
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OTOMMNEHUSA, rOpPSYEro BOOOCHAGXKEHNA WM  TEXHOMOrM4Yeckmx Hyxa. [lpenmywiecTtsa
KoreHepauun BknoYatoT Bbicokun obwwmin KM, oo 85-90% wu Bbilwe, CHU>XXEHNE BbIGPOCOB
CO2 no cpaBHeEHNIO C pasfefibHbIM NPOU3BOACTBOM Terna N 371EKTPOIHEPrnn, NOBbILLEHNE
HaOEXXHOCTN SHEProCHaAGXEHUA W CHUXKEHME 3SKCiyaTaunoHHbIX 3atpart. KoreHepauums
HaxXoAuT LUMPOKOE MNPUMEHEHUE B CUCTEMaxX LEHTPanM30BaHHOro TensiocHabXeHus, Ha
NPOMbILAEHHbBIX NPEANPUATUSX, B 30AHUSAX U COOPY>XEHUSIX PasfN4HOro HasHadeHus [2].
Ba)xHO OTMeTUTb, YTO BbIGOP TUMNA KOreHepaumMoHHOW YCTaHOBKM (Maposas TypbuHa, rasoBas
TypOuHa, MOPLUHEBON ABUratesnb) 3aBUCUT OT KOHKPETHbIX YCOBWW 3Kchyatauum wu
pocTtynHocTn Tonnmea (Puc. 1).

OTOMNAEHHUE
BbIXIOMHbIE
A3bI
['opsvas Boga
U nap K
MoTpebuTtento
KoTribl
~ TennoobMeHHUK
HATYPAAbHbIU yTUNM3aTopa TenmnoTh!
A3 BopgonposoaHble °Tpar6:;::Hb'x
w (ﬁm @
TOMNMBO
Katanutuyeckui
& HeitTpanusatop (¢
= e , 3AEKTPHYECTBO
Bo3apgyxosabopHuk
XonoaHas sojaa
ot MoTpeburens =
la30BbIK ABHTaTeAb leHepatop

L ] L ]

PucyHok. 1. KoreHepaunoHHas yCTaHOBKa C ra3oBbIM fABUratesiem

Bo3obHoBnssieMble NCTOYHUKN SHeprum (BUS) nrpatoT BaXkHYIO posb B AekapboHm3aumnm
TennoaHepreTnkn. CofiHeYyHas TennoBas SHeprus, reotepmasibHas sHeprus n bGuomacca
NPeAcTaBnsaioT COBON 3KOMOMMYECKM YUCTble anbTepHaTBbl WUCKOMaeMoMy TOMuBY.
ConHeYHble KONNEKTOPbI, YCTAHOBSIEHHbIE HA KpbIlWax 34aHui, MOryT UCMNONb30BaTbCA ONA
Harpesa Bopl 1 obecneyeHns ropsiyero BOAOCHabXKeHns1, YTO CHUXXKaeT NoTPebHOCTL B rase
NN ANEKTPO3Heprun. eoTepmanbHble TENSOBble HACOCHI, UCMOMb3YIOLWME Tenso 3emu,
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MOryT obecrnevnTb 3(pheKTUBHOE OTOMEHNE 1 oXNaxkaeHve 3gaHnin. Biomacca, nonyyaemas
N3 OTXOO0B CEJSIbCKOro XO3ANCTBA U IECHON NPOMBILLIIEHHOCTU, MOXET UCMOb30BaTbLCA AN
NPON3BOACTBA Tensa N 3NIEKTPO3HEPrun Ha BrnoanekTpocTaHuuax. Vicnonb3osaHne BND B
TENNO3HEPreTke CrnocobCTBYET CHUKEHUIO BbIOPOCOB MApPHUKOBBLIX ra3oB W yMEHbLUAeT
3aBMCUMOCTb OT MMMNOPTa UCKOMaeMoro TOMnsnBa, YTO OCOBEHHO aKTyaslbHO ANsi PErMOHOB,
6oraTtblx BO30OHOBSIEMbIMI pecypcamu.

TennoBble HacoCbl, Kak 3(P(PEKTUBHOE CPEACTBO MNCMNOMAB30BaHMUS BO30OHOBSIEMOMN
9HEeprun, 3acny>XmBarT OTAENbHOrO BHUMaHuA. OHW  MO3BONSAOT  UCMOSb30BaTb
HNU3KOMOTEeHLMasIbHoe TErs0 OKpY>XXaroLlen cpefbl: BO3ayxa, BoAbl, 3eMM - 7151 OTOMNEHNS 1
ropsiyero BOAOCHabXeHudA. TennoBble HacocCbl pPaboTalT MO NPUHUMAIY  XONOAUSIbHON
MalLLUWHbI, NepeHocAa Tenno oT 6oee XoN0gHOrO NCTOYHUKA K Bonee TensioMy notpebutento
(Puc. 2). Xota TennoBble HaACOCbl MNOTPEGAAT INEKTPOIHEPIUKD, OHU MNPONIBOAAT
3HaUYUTENbHO OosblUe Tenna, Yem MoTpebnAlT dHeprun, YTo aenaeTt ux 3PPEeKTUBHLIM U
9KOJIOMMYHBIM pPELLUEHNEM LS OTOMeHNs. VX LWMpOKoe NPUMEHEHNE OrpaHnyYnBaeTcs
CTOMMOCTbIO 000PYAOBaHNA, KIUMATUYECKUMU YCNOBUSAMU, I(PPEKTUBHOCTL TEMOBbIX
HaCOCOB CHXXaeTCsa NP HN3KNX TeMnepaTtypax, 1 Heo6XoaUMOCTLIO B KBanMUUMpPOBaHHOM
obcnyXnBaHun, HO C pPas3BUTMEM TEXHONOMMA U CHUXKEHUEM LEH, TennoBble HacOoChl
CTaHOBATCA BCe 6onee npusnekatenbHbiMK [3]. Pa3sBntne TeXHONOrMin TeN0BbIX HACOCOB, B
YacTHOCTU, paspaboTka 6onee ahHEKTUBHbLIX KOMMNPECCOPOB U TENTOOOMEHHNKOB, a TakxXe
NCMNONb30BaHME HU3KOTEMMNepaTypHbIX UCTOYHWKOB Tenna, OygeTr cnocobcTBoBaTtbh
pacLNPEHNIO NX NPUMEHEHNS B ByayLUEM.

Hapy»Hbiii 610K TEN0BOro Hacoca TapoboKe nnn 6ak-akkyMynaTop

Bopaa 35-60C

PVICyHOK. 2. Cxema TennoBoro Hacoca «BO30yX-BoOa»
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[Mepexon Ha HU3KOYrnepoaHoe TOMNBO TaKXKe SBMSETCA BaXXHbIM LLAroM Ha nyTn K
AekapboHusaumn. [pupogHbIl ras, XOTa U SABASETCA WCKONaembiM TOMMBOM, UMeeT
MEHbLUVIN YriepoaHbIi cied no CPaBHEHMIO C YriieM 1 MasyToM. Vicnonb3oBaHve NpupoaHoro
rasa B Ka4eCcTBe Nepexo4Horo Tonanmea No3sBofasAeT CHU3NTL BblIbpockbl CO2 B KpaTKOCPOYHOMN
nepcnektnee. B Oyaywiem, Bogopond MOXET CTaTb MNEePCneKTUBHBIM HU3KOYrNepOLHbIM
TOMMBOM [/11 TEMNSIO3HEPreTUKN, OCOBEHHO eCnn OH MPOU3BOOUTCSA C WUCMNOJSIb30BaHMEM
BO30OHOB/SIEMbIX  UCTOYHMKOB  9Hepruu. Bopgopoa MOXeT ucnonb3oBatbCa  ANS
NpPou3BOACTBa Ternna N 3MEKTPOSHEPrMM B KOreHepauMOHHbIX YCTaHOBKax, TypOuHax wu
TONNNBHbLIX 3nieMeHTax. OgHako, nepexon Ha BooopoL TpebyeT pa3BuTs COOTBETCTBYIOLLEN
NHPPaCTPYKTYpbl O NPOU3BOACTBA, TPAHCMOPTUPOBKN U XpaHeHUs BOOOPOAA, a Takxke
Mogudmkaumm cyulecTteyowero obopynosaHua. [lpom3BoacTBo “3eneHoro” Bogopoaa,
OCHOBaHHOEe Ha 3rnekTponm3e BoOAbl C ucnonb3oBaHnem BW3, sasnsetcsa Hanbonee
NepcneKTUBHBLIM CMOCOOOM CHUXXEHUS YINIEPOAHOro cinefa npu ero NCnonb30BaHuN.

TexHonormnm ynaeBaMBaHWA N XPaHeHuUst yrnepoga npeactaBnawoT  cobon
NepcrneKkTMBHOE, XOTA U AOPOroCcTosLee peLlleHne ona gekapoboHn3aumm KpyrnHbiX TENNOBbIX
9NEKTPOCTAHUMA U1 MNPOMbIWIEHHBIX NPeanpuATUA. Takue TEeXHONOornM Mo3BOSET
ynasnmeate CO2 wn3 AObIMOBbIX ras3oB, TPAHCNOPTMPOBAaTb €ro u 3axopaHueBaTb B
reofslorn4ecknx popmaumsax, npegorTepalias ero nonagaHne B atmocdepy [4]. lNpouecc
BKJIIOYAET B cebs HECKONIbKO 3TanoB: ynaenusaHne CO2 n3 abIMOBbIX rasosB. Hanpumep, ¢
ncnonb3oBaHnem abcopbunn, agcopoumm nnm MemOpaHHbIX TEXHONOMMIA. TPAHCMOPTUPOBKA
CO2 no TpybonpoBogam unan gpyrumm crocobamu, n 3axopoHeHne CO2 B nogxopawmx
reoniorndecknx opmauusax, Hanpumep, WUCTOWEHHbIE He(dTAHbIE MEeCTOPOXKAEHNS,
rnybokosogHble conesble nnactel (Puc. 3). OgHako, WMPOKOE BHEAPEHUE TEXHOMOruMn
ynaBnMBaHNAa N XpaHeHus yranepopa TpebyeT 3Ha4YUTENbHbIX MHBECTULA B NH(PPACTPYKTYPY,
BKJIOYasi co3fiaHune crneumasbHblX YCTaHOBOK Afs ynasnmsaHma CO2, TpybonpoBoaoB A8 ero
TPAHCNOPTUPOBKN N XPaHWUL, O1A 3aXOpPOHeHUs. Kpome Toro, BbI3blIBaeT OMaceHusi no
nosogy 6e30MacHOCTM 3axopoHeHns CO2, XOTA UCCnefoBaHUs MOKasbiBaKT, YTO MNpU
NpPaBuiIbHOM MOAXOAE PUCK yTeYeK MUHUMASEH. Ba)kKHbIM acrneKkToM TEXHONOrnn ABNASETCS
OLUEHKa SKOHOMWYECKUX 3aTpaT W 3KOJOIMMYEeCKMX PUCKOB, a Takxke paspaboTka
3 PEKTUBHON CUCTEMBI MOHUTOPUHIa 3aXOpOHeHHoro CO2.
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PucyHok. 3. Cxema TeXHOJIOrUM yNaBnnBaHns 1 XpaHeHns yrnepoaa

B Poccumn BHegpeHne TexHonornm gekapboHnsauum ctanknBaeTcsa ¢ pagom npobnem.
BbicOKass CTOMMOCTb HOBbIX TEXHOJIOMMN, HEeAOCTaTOK KBaMUUMPOBAHHbBIX Kagpos,
OTCYTCTBME YETKON HOopMaTUBHOM 6asbl U CTUMYNUPYIOLLMX Mep, a TakXe COnpoTUBIIEHUE
TPagULUMOHHbBIX UMPOKOB PbIHKA CAEPXXMBAKOT Nepexo K HU3KOYrnepoaHom TENIO3HepPreTnke
[5]. Heobxogmmo BkNagblBaTb CpeAcTBa B MEPenofroToBKy Kagpos, pa3paboTKy
OTEeYEeCTBEHHOrO 00OpPYyAOBaHNA W CTUMYIMPOBAaTb WHTEPEC YacTHbIX WHBECTOPOB.
MopepHusauus CYLLIECTBYIOLLEN NHPPaCTPYKTYpPHI, OrpaHNYeHHbIN [ocTyn K
(PMHaHCUPOBAHUNIO N HU3KAsA OCBEAOMIIEHHOCTb HaCeNeHNs TakxXe ABMAI0TCA NPEnATCTBUAMM.
BaXHO yuuTbiBaTh permoHanbHble OCOOEHHOCTU, Takme Kak Knnumar, Hanmyve pecypcos U
pPasBUTOCTb NH(PPACTPYKTYPbI NPU BbIOOPE TEXHONOMNIN N CTpaTernin gekapoboHnsaumn.

[ocypapcTBeHHas nNoOAAep)XKa SABASAETCA KJOYEBbIM  (PaKTOPOM 1S YCMeLHOWn
AekapboHusauun TennoaHepreTnkn. PaspaboTtka u  peanusauus  UeneBbiX Nporpamm
NoAAEP>KKKM, BKAOYAKOLWMX CcybCcuann, Hanoroeble NbroTbl, SIbFOTHblE KpeauTbl U gpyrue
CTUMYJIbl ANA BHEOPEHUA TEXHOMOMMIN fekapboHn3aummn, MOXKET 3Ha4YUTESNTbHO YCKOPUTb 3TOT
npouecc. Heobxoanmo cosgaHne 6naronpusTHOro MHBECTULMOHHOIO KNuMaTta, NpuBfieyYeHmne
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YaCTHbIX WMHBECTULMI M NOJAEp)XKa OTeYeCTBEHHbIX Mpou3BoauTenen obopynoBaHus U
TexHonornn. Kpome TOro, TpebylTCs WHBECTULMU B MNOOFOTOBKY W MNepenofroToBKY
KBanM(UUNPOBaHHbIX KaapoB, CMOCOOHbLIX MPOEKTMPOBATb, CTPOUTb W 3KCMyaTMpoBaTb
COBpPEMEHHbIe 3HEProaeKTUBHbIE CUCTEMDI. [[OCY[apCTBEHHOE perynnposaHne Tapudgos,
CTUMYJINPYIOLLIEE CHUXKEHME BbIOPOCOB, TakXXe MOXET CrnocobCcTBOBaTh AeKapboHnzsaunn.

B 3aknioyeHue, pekapboHM3auusi TEnsO3HEPreTUKU SBASETCSA  CHIOXKHOW, HO
HeobxoguMmon 3agaden Ons OOCTKEHUA uUenen YyCTONYMBOro paseutuss n 6opbObl C
N3MeHeHneM Knmmarta. BHegpeHne MHHOBAUMOHHbIX TEXHOMOMMIN, TakMX Kak KoreHepauus,
TensioBble HAaCOChI, COSIHEYHAsA TenoBasa aHeprus, buomacca n TexHONorum ynasamBaHus n
XpaHeHnss  yrnepoga, B COYeTaHMM C  MOBbIWEHWEM  3HEProadeKTUBHOCTU U
rocygapCTBEHHON NOAOEPXXKOW, MO3BONUT co3faTb Oonee yCTOMYMBYHO U 3KOSIOMMYEecKun
YACTYKO TEMMOJHEPreTUYECKYIO OTpacnb. AKTMBHOE Yy4yacTMe B 3TOM [pouecce Kak
roCyAapCTBEHHbIX, TaK M YaCTHbIX KOMMaHUN, a TakxkXe OCO3HaHHOE MoTpebneHne aHepruu
KaXkObIM rpaXkaHHOM, SBJISIOTCA 3a510rOM yCNeLHON AeKkapboHn3aLmm TENNO3HEPreTUKN B
Poccun. YcnewHaa pekapboHm3saumsi TpebyeT KOMMANEKCHOrO nogxopa, BKJOYaloLero
TEXHONOMMYECKME WHHOBAUMN, 3KOHOMUYECKUE CTUMYSbl U  U3MEHEHME MeHTanuTeTa
notpebutene.
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ConosbeB MeaH Cepreesuy,

CtypeHT Kadenpbl NPOMbILLSIEHHOW TEMNO3HEPrETUKMN,

CaHkT-leTepbyprcknin rocyaapCTBEHHbI YHUBEPCUTET MPOMbILLSIEHHBLIX TEXHOOMIA 1
OnsanHa. Beiclwias wkona TEXHONOrMnN N SHEPreTUKN

Jlunatos Makcum Cepreesuy,

CT. npenopaeaTtenb Kacenpbl TENIOCUNOBLIX YCTAHOBOK U TenNoBblx asurarenen, CaHkT-
MeTepbyprcknin rocyaapCTBEHHbIV YHUBEPCUTET NPOMBILLIEHHBIX TEXHONOMMIN U an3ariHa. Beicwas
LUKONA TEXHOJSIOMMN N BHEPreTUKN

Abstract. This paper discusses innovative approaches to improving the efficiency of cooling of electric generators
using heat pumps. The main attention is paid to analyzing the principles of heat pumps operation and their integration into
generator cooling systems. The advantages of heat pumps application are described, such as reduction of energy costs,
improvement of equipment reliability and durability, as well as reduction of environmental impact. The article also includes
an overview of modern technologies and practical examples of heat pump implementation in the energy sector.

Keywords: energy efficiency, industry, heat power, modernization, system integration.

Annomayusa. B dannoi cmamve paccmampubaromca unHobayuoHHble no0xo0s. k noBuiuienuto agppexmubrocmu
oxAax0eHUsA 3AeKmpozenepamopod c ucnosv3ofanuem menaobuix Hacocob. OcHoBHoe Brumanue Yydessemcs aHAAU3Y
npuHyUnob pabonvt men06bix HACOCOE U UX UHMepAUUY 6 cliCTeMbl 0OXAMKOeHUSA eeHepamopol. Onucanvl npeumyujecmba
npuMeHeHUs meni06bix HACOCOB, maxue KAK CHUXeHUue 3Hepeosampam, noBviuieHue HadexHocmu u 0o1208euHocmu
00opyoobanua, a makxe ymeHvuieHue 6030eiicmbus Ha oxpyxaiousyio cpedy. Cmamoa marxoke Gxaiouaem 0030p cobpemenHbix
MexHOA02UTl U NpaKmuveckux npumepob Brnedpenus menioBuix Hacocod 8 snepeemuyeckom cexmope.

KaroueBuie caoBa: snepeosdppexmubrocniv, npomMuiuiAeHHOCY, HenA03HepeemuKa, MOOePHU3AYUA, UHIMeepayus
cucmem.

PeueH3eHT: MapTexa AnekcaHap Hukonaesn4 — KaHaMOaT TEXHUHYECKNX HayK, OAOLEHT.
HoueHT ®IB0OY BO «PITAY-MCXA um. K.A. Tummnpssesar»

Tennosble 3NEKTPOCTAHUMM MNPUHUMNUANBHO [AENATCA Ha  KOHAEHCAUWOHHbIe
anektpocTaHumn (KOC) mn Tennosble anekTpocTaHumn (T3C), B 3aBUCUMOCTU OT UX
HasHadeHnsi. KOC npegHasHavyeHa TONbKO AN BblpaboTKN 3NMEKTPUYECKON 3HEPrn, B TO
BpemMs Kak TOC cneunanmsnpyeTcs Ha BbIpaboTKe He TOSIbKO 3NEKTPUYECKON SHEPTUN, HO U
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TENnsIOBON, B BuAe ropsdvent Bogbl u/mnn napa. Ha poccuncknx TOC npeumyLecTBEHHO
NCNONb3YyeTCs OpraHMyeckoe TOMJMBO, KOTOPOE MWMEET YCTOMYMBYKO TEHOEHUMIO K
YOOPOXXaHuo, MO3TOMY BaXXHbIM HarpasBflIeHNEM PasBUTUA OTEYECTBEHHOW 3HEpPreTukin
ABNAETCA NOBbILWEHNe 3(PPeKTUBHOCTM Tonnmesoncnonb3osaHnsa T3C. OgHumM n3 cnocobos
peannsaunmn AaHHOro HanpaefeHNsa ABNAETCA BHeAPEHME TEMNOBbIX HAacocoB Ha TAC.

B 2022 rogy B Poccum 6610 BeipaboTaHo anekTpoaHeprun 1170 mnpa. KBT -4, n3 Hux
738 mnpa. kBT-4 Ha TAC, 199 mnpa. kBT-4 Ha 3C, 224 mnpg. KBT-4 Ha ASC n 9 mnpga.
KBT-4 Cc wucnonb3oBaHneM BO30OHOBASEMbIX WCTOYHUKOB SHeprun. B npouecce
NPON3BOACTBA 3NIEKTPOIHEPIUN KONOCCAIbHOE KOSIMYECTBO HU3KOMOTEHUNANBHON 3HEpPruu
He NCNonNb3yeTcs N BblObpachiBaeTCA B OKPYXXalOLLYyKO cpefy, NO3TOMYy CriefyeT COKpaTuTb
BbIOPOCHlI  HU3KOMOTEHUMASIbHON 3QHEpruu, MNyTEM UCMONb30BaHMS BCMOMOraTeslbHOro
obopynoBaHus, YTO Kak MUHMMYM NPUBEOET K YMEHbLUEHMIO BbIBPOCOB Tenna, a B Jy4wem
cny4dae N K yBeMYeHNo NPON3BOACTBA JNIEKTPUYECKON W/ Mnn TensoBoin aHeprun. B xope
paboTbl cTaHuMKM obpasyeTcsa 6oNbLLIOE KOMNYECTBO BTOPUYHBIX SHEPreTUYECKUX PECYPCOB
(BIP), aKceprus KOTOPbIX TepsaeTcs. BeiBatoT BbICOKOMOTEHUMANbHbIE "
HU3KoNoTeHUnanbHble BOP, K BbICOKOMOTEHUMANbHbIM OTHOCATCA MNOTEPU C YXOAALWMMMU
rasamu, K HU3KONoTeHUManbHbIM NOTEPU C OXNaXKAaroLLen BOAOM Npu KoHAeHcaumm paboyero
Tena B KOHAeHcaTope.

Mcnonb3oBaHne BOP BO3MOXHO C MNOMOLUBK CheunanbHOro  yTuam3aumoHHOro
obopyaoBaHus, HaNnpuUMep, 4Na yTuamsaumm BblICOKONoTeHUManbHbiX BOP ncnonb3yoT KOTbI
YyTUAN3ATOPbI, a A8 HU3KONOTeHUManbHbIXx BOP — Tennosble Hacockl. B cucteme oxnaxkgeHus
9NIEKTPOreHepaTopoB HU3KOMOTEHUMaNbHaa TenaoTa OTBOAUTCS B OKPYXXKawLly cpepny C
oxnaxkgarLlen BOAON N3 CUCTEMbI TEXHUYECKOIo BOAOCHabXeHNs. B AaHHOM ciyyae, MOXXHO
pPaccMOTPETb NOOKIIIOYEHNE KOHTYpPa C TEMJSIOBbIM HACOCOM, KOTOPbIN ByAeT rpeTb CETEBYIO
BOAY, 3a CYET ucnonb3oBaHna BIOP nocne cuctemMbl OXNaXKOeHUA SNeKTPOreHepaTopoB.
[aHHbIn cnocob He TONMbKO MO3BOSINT CHU3UTb TEMJI0BblE BbIOPOCHI B OKPY>KAaKLLYK cpeay,
HO 1 yBenn4uT TennooTnyck ot T3AL, [1].

TennoBon Hacoc - 9TO YCTPONCTBO, KOTOPOE UrpaeT KIKYEBYO POfb B yrpaBieHumn
TENJIOBOWN SHeprunen Ha npegnpuatTnn. Ero ocHoBHasa yHKUMA 3aKN0YaeTCa B NeEpPEMELLLEHNN
TENJOBON SHEPrun N3 ogHon obnactn B APYryk, YTO NMO3BOMSET ONTMMU3NPOBaTb paboTy
pasnn4yHbIX cuctem Ha TOL, Takux Kak CUCTEMbI OTOMEHUS U OXJIXKAEHUSA. DTO AOCTUraeTCs
3a CYeT WCMOJIb30BaHUSA MNPUHLMNOB TEepMOANHAMUKK, KOTOpPble MNO3BOMAKT TEMniIoBOMY
Hacocy a(PeKTUBHO N3BMEKaTb TEMO U3 OAHOIO UCTOYHNKA U NepefaBaTb ero Apyromy.

TennoBble HACOCHI MOrYT NCMNOJSIb30BaTbCA A1 OTOMMEHNSA N OXNAXKOEHNSA PA3/INYHbIX
KOMMNoOHeHTOB TOL, BKNOYass anekTporeHepatopbl. B npouecce oTonneHns Tennosble
HacoCbl MOryT M3BfiekaTb U3BObITOYHOE Tenso, KOTopoe OObIMHO TepsieTcs B npouecce
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NPON3BOACTBA 3IEKTPOIHEPINN, N NCNONBL30BaTL €ro A/1s oborpesa 30aHUN, NOMELLLEHUIA UK
TEXHONOMMYecknx npoueccoB Ha TOLL. 3TO NO3BONSAET 3HAYUTENIBHO CHU3UTL NOTPebneHne
AOMONHNTENIBHOrO TOMAMBA W YMEHbLUUTb 3SKCMyaTaumoHHble pacxogpl. Kpome Toro,
TENMOBble HACOCbl MOryT 3(MMEKTUBHO LMPKYIMPOBaTb TEnjo B CUCTEME OTOMMEHUS,
obecneymBas paBHOMEPHOEe pacnpefefnieHne TernjoBON SHeprum no Bcemy o6bekTy. B
npouecce OXnaXAeHNs TEennaoBble HACOCbl UrpaldT BaXKHYIO POJSib B MNpeaoTBpalleHun
neperpesa 3N1EKTPOreHepaTopoB, YTO ABMASETCSA OAHOW U3 KM4YeBbiX 3adad Ha TOL. OHu
MOryT UCMNOMIb30BaTbCA A1 0TBOAA M3ObITOYHOrO Tensa OT reHepaTopoB, NOAOEPXMBAA UX
onTuManbHyro paboyyto TemnepaTypy 1 npegoTepaLlas BO3SMOXKHbIE MOSIOMKU UN CHUXXEHWE
a(ppekTMBHOCTN. Takxe TennoBble HACOCbl MOMyT WUCMNONb30BaTbCA LA OXNaKOEHUSA
NOMELLEHNA, TAE HaxoOATCA BadKHble 3JIEKTPOHHbIE U 3SIEKTPUYECKNE KOMMOHEHTbI, YTO
nomMoraeT nogaepxusatb cTabunbHyto paboTy Bcero obopynosanus [2].

PucyHok 1. Cxema TennoBoro Hacoca Ha TOL|,

Vicnonb3oBaHue TenNoBbIX HACOCOB Ha TOL, NPUHOCKUT MHOXXECTBO NpenmyLecTs. Bo-
NepBbIX, OHN NO3BONSKT S3HAYNTENBHO MOBLICUTL 0O KOS PULUNEHT NONESHOIO AENCTBUA
(KML) TennoanekTpoueHTpanu 3a CYET ONTUMAaJIbHOrO MCMOJSIb30BaHUA TEMSIOBOW 3HEPIUMN.
Bo-BTOpbIX, WMCNONbL30BaHME TEMMOBbIX HACOCOB CHMXXAeT noTpebfieHne TonavMeBa W
SNEKTPOIHEPTUNN, YTO MPUBOOUT K CHUDKEHUIKO 3KCMAyaTaUMOHHbIX 3aTpaT U YMEHbLUEHUIO
BO3AENCTBUS Ha OKpyXXawlyl cpeny. B-Tpetbux, 6Gnarogaps 6onee 3hdeKTUBHOMY
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NCNOSIb30BaHNIO SHEPTUN N CHUXKEHUIO NOTPEebNeHns Tonanea, TeNOBble HACOChl MOMOratT
YMEHbLUNTb BbIOPOCHI MAPHUKOBBLIX ra3oB W APYrUX BpeOHbIX BellecTs, CnocobCcTBys
9KONOrM4YeCcKom yCTONYNMBOCTN NpeanpuaTtus [3].

CucTtema oxnaxKaeHnsa aneKTporeHepaTopa NnpeacTasnsieT CoO0oM HECKOSIbKO KOHTYPOB
oxnaxpawowmx cpep. [lepBbli KOHTYP OXNaXkgaeT HEenoCpenCcTBEHHO 3EeKTPOoreHepaTop,
OTBOAUT TENJIOTY OT HarpeBaloLLMXCA 3/IEMEHTOB, BTOPOW XKe KOHTYP Heobxoaum s oteoaa
TENMOTbl OT OXNaXAAKLEero areHTa, ecnm He OTBOAUTb TEMJSIOTY U3 MEepBOro KOHTypa, TO
OXJIXXOAOLWMIA areHT NepBOro KOHTypa CO BPEMEHEM HarpeeTcsl U NepecTaHeT oxnaxaaTb,
YTO NPUBEOET K MeperpeBy 3NeKTporeHeparopa 1 Kak CrefacTeue K HepaboTocrnocobHOMY
COCTOSHMIO. B KavecTBe oxnaxpawwmx areHToB B 3MeKTporeHepaTopax npUMeEHSeTCs
BO34yX, BOOOPOL, OUCTUNNPOBaHHas Boga 1 TpaHcopmMaTopHOE Macho.

B OCHOBHOM NPUMEHSIOT XXUAKOCTHOE MY ra3oBOe oxnaxaeHue. [[a30Boe BKIIKOYAET B
cebs NCnonb3oBaHWe BO3Oyxa WM BOAOPOAa B KayecTBe oxnagutens. Tak Kak BOAOPOL
B3PbIBOOMNACEH U A8 XPaHEHUS HEOOXOANMO NOAAEPKNBATL B CXKATOM COCTOSAHUU, MO3TOMY
ncxoga ns TpebosaHum 6€30MacHOCTM U NPOCTOTbl UCMOB30BAHNA, MPUMEHSIOT BO3YX.

OxnaxxgeHne aNeKTporeHepaTopoB MOXXET OCYLLECTBAATLCA NyTEM OTBOAA TEMOThI
OT NPOBOAHNKOB OOMOTKM MO KaHanam UM KOCBEHHO OT MOBEPXHOCTU poTopa 1 ctatopa. B
npouecce oxnaxaeHns Bo3ayx 3abupaeT TeNOTY C 3/IEMEHTOB reHepaTopa U Kak cneacrene
HarpeBaeTcs. TennoTy Heob6XxoaMMo OTBOOUTb, A5 3TOro Ha TAC Ncnonb3yT BOAO-BOAAHbIE
TENSI00OMEHHNKN, KOTOpble 3abunpatoT TeNNOTy U3 BO3dyXa, U 3aTeEM Aanblle 3Ta TennoTa
cbpacbiBaeTCs B rpaMpHN, TEM CaMbiM BO34yX B TEMNOOOMEHHMKAX OXNaXXAAeTCs, U 3aTeEM
Aanblle UCNonb3yeTcs ONA OXNaXAEHUA 3neKTporeHepaTopa. Vicnonb3yembll BO3ayX Ois
oXnaXkaeHns [O/MmKeH OblTb O06ecCrnbifieH, MO3TOMY Henb3s WCMofib30BaTb BO3OyX U3
NOMELLIEHNS, TaK KaK Aa)ke Hebosbloe KOMYECTBO MNblN, CNOCOOHO 3a KOPOTKOE BPeEMS
BbIBECTW CUCTEMY OXJIXKOEHNA U3 CTPOS.
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PucyHok 2. 'eHepaTop C BO3AYLLUHON CUCTEMON OXNaXKOEHWS.

Y10 KacaeTcs XMUAKOCTHOIrO OXIaXKOEHUS, TO UCNONb3YIOT OUCTUNIMPOBAHHYIO BOAY
nnn TpaHchopmMmaTopHoe Macno. Cuctema BOOSHONO OXNaXAeHns [o/mkHa ObiTb
obopyposaHa: TpybonposofamMu nogayn v cnuea AUCTUNIATA, OCHOBHbIMU pPe3epBHbIMU
Hacocamu QUCTUNNATA, MEXaHUYECKUMU, MarHUTHBIMU U MOHUTHBIMU pUSIbTPamMu gUCTUNNATa
OT rasoBblX NPUMECEN, paclWNpPUTENbHbBIM 6akoM C 3aWuTon OUCTUNNATA OT BHELLHEN
cpefpbl, OCHOBHbIMA N Pe3epBHbIMU  TEMOOOMEHHNKaMN O OXNaXKAeHUs AUCTUNATa,
npepynpeauTenbHON curHanuaaumen n 3aWwmTon, KOHTPOSTbHO-U3MepPUTESIbHbIMU Nprbopamu
N pefne aBTOMATUKM O KOHTPONS W yNpasBfleHUss CUCTEMON BOOAHOINO OXNaXKOEHUA W
ynpaBfieHUs1 CUCTEMOWN BOASHOIO OXJAXAEHUS, YCTPONCTBaMU OBHapyXXeHUs YyTeyku
BOOOPOAa B TPakKT BOASAHONo OXnaXkaeHusi oOMOTOK cTaTtopa, KOHTPOJSIbHbIMU Tpybkamu C
KpaHamn (BNa yaaneHnsa Bo3gyxa U3 CUCTEMbl BOOASHOIO OXNaXXAeHns obMOTKM cTaTopa BO
BPEMS 3anoSIHEHUSA €€ OUCTUNNIATOM) [4].
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PucyHok 3. MNMpuHuun paboTbl reHepaTopa Ha XXNOKOCTHOM OXIaXKAEeHUMN

[MapOKOMMPECCUOHHLIA  TENIOBOW  HacoCc SABASETCA  OAHoOM U3 Hambonee
pPacnpoOCTPaHEHHbIX N 3(PEKTUBHBIX CUCTEM ANS OXNaXKOEHUA aneKTporeHepaTopos. Ero
paboTa OCHOBaHa Ha WCMONb30BaHUN XnagareHTa, KOTOPbIA LUPKYNMpyeT B 3aMKHYTOM
KOHTYPE 1 NPOXOAUT Yepes3 YETbIpe OCHOBHbIX 3Tana: nucrnapeHne, cxxatme, KoHOeHcauus u
pacLinpeHme.
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PucyHok 4. Cxema paboTbl NapoOKOMMPECCMOHHOIO TEMNIOBOro Hacoca
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Ha aTane ucnapeHuss xnagareHT B >XWUAKOM COCTOSIHUM MOCTynaeT B UCNapuTesb,
PacrnonoOXEHHbI PSAOM C 3neKTporeHepaTtopoMm. B ucnaputene xnagareHT nornowgaet
N36bITOYHOE TenJso, BblAensiemMoe reHepaTtopoM, U NCrapsieTcs, nepexoas B razoobpasHoe
COCTOSIHME. DTOT MPOLECC CONPOBOXOAETCA NOrfaoLleHnemM 60MbLIOro KoandecTsa Tenna,
YTO nossonsieT APPEKTUBHO OXNaxKAaTb reHepatop. 3ateM raszoobpasHbll xnagareHT
HanpaefsieTCA B KOMMPECCOopP, rAe OH CXUMaeTcs, 4YTO NpuMBOAUT K 3HAYUTESIbHOMY
NOBbILLEHNIO ero AaBneHns u Temnepatypbl. CXaTbil U HarpeTbii XnagareHT BbIXoouT U3
KoMnpeccopa N HanpaeBaseTca K KoHAeHcaTtopy. B KoHOeHcaTope ropsayun razoobpasHbii
xnagareHT oTOoaeT Ternso OKpyXKawLlein cpefe unn Opyron cucteme, rae 3To Tenno MOXeT
ObITb MOJSIE3HO MCNOMb30BaHO. B npouecce oTpadn Tennaa xnagareHT OoxnaxpaeTcs U
KOHOEHCMpPYeTCs, Nepexona o6paTHO B XXNOKOe COCTosIHNE. KoHAeHcaums CoOnpoBOXXaaeTcs
BblOeNeHneM Tenna, KoTopoe MOXXeT ObITb MCMOIb30BaHO A8 oborpesa NoMeLLeHn nnn ans
Apyrnx Hypg. lNocne aToro XXngKuin xnagareHT NpoxoanT Yepes pacLUMpUTENbHbIN KianaH,
rae ero AaerieHne 1 TemnepaTypa CHuKaroTcsa. OXnaXKAeHHbIN XxnagareHT CHoBa NOCTyrnaeT B
ncnapuTenbs, N UMK noBTopsieTcs [5].

ABCOPOUNOHHBIA TENIOBON HACOC ABMSIETCS aNbTEPHATMBHON CUCTEMON OXNaXKOEHWS,
ncnonb3yLwen Tenno Ans npuBedeHns B AeNCTBUE LMKIA OXNaXKOeHUsl, YTO OCOOGeHHO
NoNe3Ho B YCNOBUAX, rAe AOCTYMNHO N36bITo4HOE Tenso. Pabota abcopOLMOHHOro Ten08Oro
Hacoca BKJIIOYAET YeTblpe OCHOBHbIX 3Tana: ucnapeHune, abcopbuus, pecopbuus wn
KOHOEeHcauus.

Ha oaTane wcnapeHus xnagareHT, OObIMHO BOAa WM aMMuak, ucnapsieTca B
ncnaputene, NOrnowas Tenso OT AfIeKTporeHeparopa. OTOT NPOoLECC OXNaXkaaeT reHepartop,
Tak Kak Tenno, BblOensieMoe WM, WUCMONb3yeTcs AN WUCNapeHus XxnagareHta. 3arem
rasoobpasHblil xnagareHT HanpaenaeTcs B abcopbep, roe oH cMeLwmBaeTcsa ¢ abCcopbeHTOM,
Hanpumep, pPacTBOpPOM BoAbl M 6pomMuaa IUTUS WM PacTBOPOM amMmMuaka u Boabl. B
abcopbepe npoucxoguT npouecc abcopbuun, Npu KOTOPOM XfagareHT noraowaeTcs
abcopbeHTOM, 06pasyss pacTBop. IDTOT MNPOLECC COMPOBOXAAETCA BblAeNeHMeM Tenna,
KOTOpPOE OTBOAUTCA C MOMOLLBKD CUCTEMbI oxnaxaeHns. Ob6pasoBaBLUMNCA pPacTBOP
HanpaBnseTCA B reHepaTop, rge OH HarpeBaeTCs BHELUHUM MCTOYHMKOM Tenna, Hanpumep,
napom unu rops4ven sogoi. Npu Harpese xnagareHT BblOeNseTCA U3 pacTeopa B BMUAE napa,
OCTaBNAA KOHLEHTPUPOBaHHbIN abcopbeHT. DTOT NpoLecC HasblBaeTcs aecopbumein. MNapbl
xnagareHTa 3aTteM HanpasnslTCcA B KoHOeHcaTop. B koHaeHcaTtope napbl xnagareHTa
OXNaXX[ATCA UM KOHOEHCUMPYIOTCHA, nepexoga obpaTHO B XXWOKOE  COCTOSHUE.
KoHpeHcpoBaHHas XUAKOCTb 3aTeM BO3BPALLAETCS B UCNapUTESb Yepes pacLUMpPUTENbHbIN
KnanaH unm gpoccerb, rae e€ aasneHne n Temnepartypa CHUXarTCs, U LUK noBTopseTcs [6].
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PucyHok 5. Cxema abcopObUMOHHOro TEMOBOro Hacoca

MpyMeHeHe TensIoBbIX HACOCOB AN OXNaXKOEHUS SNIEKTPOreHepaTtopoB MOXET
3HAYUTENBHO YAYyYWUTb UX paboTy n obLyo adpdeKTUBHOCTb. VIcnonb3oBaHMe TENOBbIX
HAcOCOB MO3BOMISET MOBLICUTL OOLWY 3HEPro3EKTUBHOCTL CUCTEMbI, TaK Kak OHU
NCNoNb3yT N3BbITOYHOE TEMSO, KOTOPOE B NPOTUBHOM ciny4ae 6bi1o 6bl NOTEPSAHO. DTO
Takxe NPUBOAMT K COKPALLEHMIO 3KCMJlyaTauuMoOHHbIX 3aTpaT Ha OXJlaXAeHne 3a cyeT
YMEHbLIEHNA NOTPEOHOCTN B SNEKTPOIHEPrUN ONS TPAOULMOHHBIX CUCTEM OXJaXXKOEHUA ”
NCNONb30BaHMA  OOCTYNHOro  mM3bbiTodHOro  Tenna. [lopaepxaHne  ONTUMasbHbIX
TeMNepaTypHbIX YCNOBUI NO3BOSSET YBENNYUTL CPOK CY>XObl 9/IEKTPOreHepaTopoB, CHMXKas
TENOBON N3HOC U Neperpes KOMMOHEHTOB. BHegpeHne TennoBbIX HACOCOB CNOCOOCTBYET
CHU>KEHNIO BbIOPOCOB Yrfiekncsioro rasa énarogaps 6onee appeKTMBHOMY NCMONb30BaHUIO
SHEpPrMn N YMEHbLUEHUIO MNOTPEOHOCTN B [OOMNOSIHUTENbHLIX WCTOYHUKAxX 3Hepruv ons
oxnaxgeHns. Kpome Toro, 3a cHeT CTabuibHOrO 1 3(P(PeKTUBHOIro OXNaXkKaeHUst HageXXHOCTb
paboTbl 3NMEKTPOreHepPaToOpPOB MOXET MOBbLICUTBCA, YTO CHUWKAET BEPOATHOCTb aBapuii U
He3annaHMPOBaHHbIX NPOCTOEB. DTN JaHHbIE AEMOHCTPUPYIOT 3HAYUTESIbHbIE NPENMYLLECTBA
NCNOMb30BaHNS TEMJSIOBbIX HAaCOCOB OIS OXNaXAEHUA B SHEPreTM4eckKom OoTpacsiuv, XOTS
KOHKPETHbIE pe3ynbTaTbl MOIyT BapbUPOBaTbCA B 3aBMCUMOCTU OT YCNOBUIA 3KCMJlyaTaumu,
THna TenJoBOro Hacoca 1 XxapakTepPUCTUK 31IEKTPOreHepaTopos [7].

cnonb3oBaHne TennoBbiX HACOCOB [N OXNaXAEHUs 3NeKTporeHepaTopoB
npepactaenser cobonl aPPeKTMBHOE U MHHOBAUMOHHOE pelleHne, obecnednBaroLLlee
onTuMarbHble paboyne ycrnosusa ans o6opyfoBaHNs 1 cnocobCTBYOLLEE NOBbLILLEHNIO OOLLEl
9HepProaeKTNBHOCTM TENNOBbLIX SN1EKTPOCTaHUNn. BHegpeHne kak NapoKOMMNPECCUOHHbIX,
Tak N abCopbUMOHHbIX TEMMOBbIX HACOCOB MO3BOMSET A(PPEKTUBHO yaanaTb U30ObITOYHOE
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Tenso, npegoTBpawias neperpes UM nNpogsieBas CPOK  CAYyXObl  reHepaTopoB.
[MapOKOMMNPEeCCHOHHbIE TEMOBbIE HACOCHI PaboTalT Yepes UMK/ UCNapeHns, KoMnpeccuu,
KOHOeHcauun W paclwmpeHusi, obecnedmBasi HafeXHoe Wu CTabunbHOe OXNaXXaeHue.
ABCOpPOUNOHHBIE TEMJIOBble HACOCLI, NCNOML3YKOWME Tenno Ans NpuUBeOeHUs B OeNCTBue
UMK oxXnaxkaeHus, SBRstoTCsA OCOBEHHO MNONE3HbIMY B YCIIOBUSAX, FAE AOCTYMNHO N36bITOYHOE
Tenso, YTO [OMOJSIHUTENBHO CHWXXKAET JKChjlyaTauuoHHble 3aTpaTtbl W yCuUnvMBaeT
9HEProaP(eKTNBHOCTb. B KOHEYHOM uTore, UCMONb3OBaHME TEMNOBbIX HACOCOB A4
OXNIKOEHNS 3MEKTPOreHepaTopoB He TOJSIbKO nopaepXXmBaeT UX (OYHKUMOHASIbHOCTb U
OONroBEe4YHOCTb, HO N crnocobcTeByeT 6onee pauMoHasbHOMY WCMOIb30BaHUID TEM0BOW
SHEPrv N CHWKEHNIO NOTPebIeHNss peCypCoB ANA OXNaXAEHUs, YTO AenaeT 3TOT NoAaxoA
Ba>KHbIM 3/IEMEHTOM B COBPEMEHHbIX 9HEPrOoCMCTEMAX.
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REVIEWS AND ANALYSIS
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Kochnev V.V. Effective company management strategies in the
field of food additives production
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Abstract. The article is devoted to the features of strategic management of companies engaged in the production of
food additives in the context of a dynamically changing market and high level of competition. In the course of the study, the
methodological base of strategic management was systematized, the food additives market was characterized, the most effective
types of company management strategies in the industry under consideration were identified and substantiated. The
possibilities of introducing innovative solutions in the production of additives, improving quality indicators and
environmental responsibility, developing digital channels, strategic partnerships and analytics were considered. The strategic
potential of using marketplaces as a channel for promoting and selling products was highlighted.

Keywords: economic development, company management, production of food additives, using marketplaces,
product promotion.

Annomayua. Cmamos nocaujena 0cobeHHOCAM CHIpame2utecko2o Ynpadaens KOMNAnUIMU, SAHUMAIOUSUMUCS
npousBodcmbom nuueboix 000abox, 8 ycrobuax OUHAMUUHO MEHAIOULE20CA PbiHKka U BbicOK020 YpPoBHA KOHKYpeHyuu. B xode
uccaedobanus  cucmemamusupobana memooueckas 0asa cmpameeuueckozo Ynpabaenus, o0xapaxkmepusobaH puIHOK
nueBuix 000abox, Bvidesenvt u obocHobanbi Haubosee dppexmubrvle munvl cmpameeuii ynpabienus KOMHNAHUAMU 6
paccmampubaemoi ompacau. Paccmompenst 603moxrocmu Bredpenus unHoBayuoHHbLX peuienuil 6 pamkax npousboocmba
006abox, yayuwienua nokasameteil kauecmba U 3K0A0eUHecKOU ombemcmbennocmu, pasumus yugpobuix Kanaiob,
cmpameeuyeckux napmuepcmb u anasumuxy. Buidesen cmpameeuneckutl nomenyuas ucnoivobanus mapkemnaeticof 6
Kauecmbe kanasa npooBuxkeHUs 1 Npooax: npooyKyUuuL.

KatoueBvie caoBa: pasbumue sxonomuxu, ynpabaenue komnauuen, npousboocmbo nuujebuix 006abok,
ucnoav3obanue mapkemmnaieico, npodbuxerue npooyKyuL.

PeueHseHT: Bronnep EneHa AnekcaHapoBHa — KaHOUAAT 9KOHOMUYECKNX HAYK, OOLEHT.
OIrb0OY BO «AabIreCKnin rocyaapCTBEHHbIN YHUBEPCUTET»
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OCHOBbI COBPEMEHHOIO CTPATErMYeCKOro MeHe)KMEHTa 3as10XKEHbl B METOONYECKO-
npuKNagHoM annaparte, KOTOPbIA OPUEHTMPYETCA Ha [AOAroCpOYHOEe MniaHNpoBaHue,
ajanTaumio K USMEHEHNAM BHELUHeW cpefbl U OOCTUMXKEHUE YCTONYMBOro KOHKYPEHTHOro
npeumyLiecTsa. Cpeau y4eHblx, OKasaBLUMX 3HAYNTENTbHOE BAIMSIHNE Ha PasBUTUE KOHLEMNLMNA
CTpaTEerm4eckoro MeHempKMeHTa, MOXHO Bblioenutb M. [Moptepa, A.A. TomncoHa, O.C.
BuxaHckoro v agp.

CTpaTternyeckoe ynpasfieHVe NpeacTaBnseT npouecc paspaboTkm u peanusayum
OOJITOCPOYHBLIX  HanpaBfleHWA  pasBUTUS  OpraHu3aumu, OCHOBaHHbIN Ha  aHanmse
9KOHOMWNYECKON Cpeabl, WUMEKWUA Uenb [OCTUXKEHUS YCTONYMBOrO KOHKYPEHTHOro
npenMyLLecTsa, agantaunmn K USMeHeHUaM 1 aheKTUBHOIO NCNOIb30BaHUA pecypcos. [Npu
9TOM, B Ka4yecTBe (pyHAameHTa ctpaternyeckoro ynpasneHuss O.C. BuxaHCKuin BblaenseTt
Yyenosedeckun noteHuman [1, c. 13].

OCHOBHbIe 3aa4n CTPaTeErnvyecKoro ynpasneHns B LESIOM TUNNYHbI 415 60NbLWNHCTBA
cthep peATenbHOCTW, B T.4.,, ON9 NPOM3BOACTBA MNULEBbLIX [06aBOK, M MOryT ObiTb
npeacTasneHbl B Buge pucyHka 1 [5, c. 14].

@opMHpO- PazpaboTtka
BaHHE CTpaTerk-
6a3zoBoro YecKOro ruiaHa

Beimon- OreHxa
HEHHE atdek-
CTpAaTerH- THBHOCTH
4ecKoro CTPaTErHH,

IuIaHa ee

KOpp €K1 THA

CTPATErH-
4ECKOT0

BHJI€HH

*ITsmeHe- *ITsmeHe- *Koppexipia
HIA Hiie IITaHa
BHJIeHHA Lemneii

*Koppek- *BosppaTtk
A pe7ibI-
neficTBHI Iy IIHM
3a7a1aM

PucyHok 1. OcHOBHbIe 3afa4u npolecca cTpaTerm4eckoro ynpasneHus

Takum o6pasom, B NpoLECC CTpaTernvyeckoro ynpasneHns TPaauuMOHHO BKIHOHAKOTCS
hopmMupoBaHne MMccumn, BUOEHNA, CTpaTerm4ecknx Lenen, BbiIoop onTuMasbHbIX CTpaTerumn,
NX peann3aumsi 1 NPoLEeCcChbl MOHUTOPUHIa C NOcneayoLLen BO3MOXXHOCTEN KOPPEKTUPOBKON
OTAENbHbIX COCTaBASALLNX.

AKTyanbHOCTb CTpaTermyeckoro ynpasfieHUsi KOMMNaHuaMu, crneunaanavnpyrommMmncs
Ha NMPOM3BOACTBE MULLEBbLIX A06aBOK OOYCnoOBMEHa POCTOM CMpoCa Ha Ka4YeCTBEHHbIE U
6esonacHble NPOAYKTbl, YCUNEHNEM KOHKYPEHTHOW 60opbbbl B OTpacniu, Heo6XoAMMOCTbIO
cobnaeHNs CTPOrnxX PerynsaTopHbiX TpeboBaHnin 1 BHEQPEHWS NHHOBAUVNOHHBIX TEXHOMOMN.
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Kpome TOro, cneumnuka pasButa TEKyLLel PbIHOYHOW cuTyaumuu TpebyeT OT KOMMaHun
rMOKOCTN, AOSIFOCPOYHOro BUAEHUA W CMOCOBHOCTM OnepaTMBHO afanTMpoBaTbCs K
OCOBEHHOCTAM 3KOHOMUYECKOM cpedpl. [6, c. 103]

BmecTe ¢ TeM, MHOrne coBpeMeHHble KOMNaHuy NMbo He NCNoMb3YIT cTpaTern4yeckmne
nogxogbl npwu ynpasfaeHun, nmMbo WUCNOMAb3YKT UX orpaHnyeHo. [aHHyo npobnemy
KOMMEeKCHO paccMaTpusaeT M. NopTep. Y4yeHbln oTMeYaeT, YTO KITIoHEeBbIMU NPEnATCTBUAMU
BHeOpeHus cTpaTerum ABnstTCS BbICOKAA KOHKYPEHLMS, CTpeMsieHe pyKOBOACTBa AOCTUYb
ObICTPbLIX pe3ynbTaToB, a TakXe HeXenaHne wuatu Ha KOMMPOMUCChbI U y4uTbiBaTb
orpaHn4eHusi, Heobxoaumble AN MOJlyYeHUs AONITOCPOYHbIX pe3ynbTaToB. 10 MHEHUo
lMopTepa, AOCTUXKEHME AONrOCPOYHON N MakKcumanbHOW Npubblaiv, BOSMOXHO TOMBKO Mpu
HaM4Mn TwaTeslbHO npopaboTaHHON U 3PPEKTUBHO (PYHKUMOHUPYIOLWEN CTpaTeruu,
CNocobBHOoN obecne4ynTb KOMMNaHn yCTOMYMBOE KOHKYPEHTHOE npenmyLecTso [3, c. 96-100].

OueBngHO, 4YTO BbIGOP YCMELUHOW CTpaTermm HarnpsaMyr 3aBUCUT OT OCOBEHHOCTEN
LeneBoro pbiHKa N BHyTPEHHEro noTeHuynana KoMnaHum.

PbiHOK nuweBbiXx Ao6aBOK nopapasfenseTcs Ha Takue CerMeHTbl, Kak gobaBku Ans
CNOPTCMEHOB, BUTAMUHbI N MWHepasbl, CPeAcTBa ONs YKPenneHuss uMMyHuTeTa. [daHHbIn
PbIHOK OTHOCUTCS K TUMNYy pacTywmx PbIHKOB W XapakTepu3yeTcs cleaylowmmm
OCOBEHHOCTAMM:

POCT MHTEepeca HacesneHus K 30opoBOMY 006pasy XXU3HW;

yBeNMYeHne Ymucna iofgen ¢ XpoHn4ecknmn 3abonesaHnaMmn n BocTpeboBaHHOCTb
nuLLEeBbIX 406aBOK B Ka4eCTBe CPEeACTB NOAAEPKKN 300PO0BbS;

rnobannsauns pbiHka — nuiiesble Ao6aBky BOCTPebOBaHbl He TONIbKO B Pa3BUTbIX
CTpaHax, HO 1 B Pa3BUBAIOLLNXCA permoHax;

3HaUYNTESNIbHbIN YPOBEHb KOHKYPEHUMW, UMEKoLWen TeHOeHUMI0 K pocTy. Kak
cnepcrteme — ycuneHHasa pabota B ob6nacT acCoOpTUMEHTa CO CTOPOHbI
KOMMNaHW oTpacnu, akTMBHOE UCMOJIb30BaHNE MapKETUHIOBbIX UHCTPYMEHTOB
(B TOM uucne, B OHMNanMH cpefde), NPUMEHEHNe pPe3ySIbTaToB Hay4YHbIX
NccnefoBaHNn N HOBbIX TEXHOJIOMNN C LieSIblO YIy4LLEeHUS KavyecTBa NpoayKuun.

Ncxoga w3 Komnnekca cTpaTermyeckux anbTepHaTusB, npeacTaBneHHbix AA.
ToMNCOHOM, [ KOMMNaHwn, MNpPou3BOAANX NuWeBble A[006aBKW, MOXXHO BblOENUTb
NPUOPUTETHbLIE CTPAaTErnn ynpaefeHns, NpeacTaBieHHble B Tabnuue 1.
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Tabnuua 1

AP PeKTUBHbIE CTPATENMN YNpasBieHNa KOMNaHNAMN, NPOU3BOAALLMMY NULLEBbLIE [OOaBKN

HacTynneHne Ha
HECKOJIbKNX hpoHTax

HavnmeHoBaHwme O6ocHoBaHNe 3(hHEKTUBHOCTY CTpPATENMUN A8 KOMMNaHUA, NPOU3BOAALLNX
cTparernm nuuiesble gobaBkKu
1 O6wme cTpaTeruu
KOHKYpeHL
CTtpaterus AKTyanbHOCTb NpeasioxXeHnsi pasHoobpasHbIX NPOAYKTOB, OTINYAOLNXCA
andepeHumaLmm Ka4yeCcTBOM, MHHOBaUMSAMU N NO3ULNOHNPOBAHEM
CTtpaterus MpennoxeHve Leneson ayautopumn fy4LLlero COOTHOLIEHME LeHbl U KadecTBa.
ONTUMasbHbIX CTtpaterus o0cob6eHHO a(pheKTUBHA B CErMEHTE, rie BaXKeH LLleHOBOW (hakTop, HO
n3JepXeK KJ1K04EBbIM (haKTOPOM BbiGOpa NpoAyKTa OCTAETCH Ka4eCcTBo.
CcokycupoBaHHble MpumeHMBbI Ana paboTbl ¢ onpeaeneHHbIMM CErMEHTaMN PbIHKA — CIOPTCMEHD!,
cTpaTermm HU3KNxX MOXXWAble AN WU CTOPOHHUKN 3KOOMMYECKN YNCTbIX MPOLAYKTOB.
N3JepXXeK un
onddepeHumnaymnm
2 HacTtynatenbHble
cTparerum
3axBaT He3aHATbIX CTpaTterns ontumasnbHO NooXoanT Ans paspaboTKM MHHOBALMOHHbBIX UK
NMPOCTPaHCTB HULLEBbLIX NPOAYKTOB (Hanpumep, YHUKasnbHbIX 406aBOK 015 HOBbIX KaTeropui
noTpebutenen).

OpHoBpemeHHoe AKTyanbHO ANns KOMNaHuiA, OCYLLECTBAAIOLMNX pacLUpeHne acCoOPTUMEHTA,

BbIXOALLMX HA HOBbl€ PbIHKN N pa3BMBaOLLNX HOBble KaHaslbl NpOo4ax.

MapTusaHckas BoiHa

MogxoanT ans HeboNbLLUMX KOMMNaHWMA, KOTOpPbl€ MOr'yT 6bICTpO aganTnpoBaTbCA
K USBMEHEHUAM N BHEOPATb OpUrnHasibHble MapKeTUHIroBble NpueMbl.

3 O6opoHUTENbHbIE
cTpaTeruu

Db heKTMBHDI A5t KPYMHLIX KOMMaHWUIA, YXKe 3aHSIBLUNX 3HAYMTENbHYIO A0S0
pblHKa. PeannsyoTcst nyTem 3alyTbl KIIMEHTCKON 6a3bl MW YCUNEHUS NMO3ULIA
bpeHpaa.

4 Ctpaterun
BepPTUKaNbHOW 1

rOPU30OHTasIbHOMN

VHTErpaumu

BepTukanbHas Co3spgaHne cO6CTBEHHOIO NPOM3BOACTBA ChIPbS WAN PACLUMPEHNE LIEMOYKM
VHTerpauus anctpnbyuun. OCHOBHOM 3P EKT — BO3SMOXXHOCTb CHU3UTb U3OEPXKKUN U

YAIYHLINTb KOHTPOJIb Ka4ecTBa.

3 npepcTaBneHHOro nepeyHs ctparternin, Hanbonee apHeKTUBHLIMU 1S PaCTYLLErO
pPblHKa nuweBbiX [006aBOK MpeacTaBnsaloTCca cTpaternm anddepeHunaumn, 3axeaTta
HE3aHATbIX MPOCTPAHCTB U BEPTUKAsbHASA UHTErpauus.

[MpuMeHeHne gpyrux cTpaTermi Ha pbiHKE NMLWEBbLIX 406aBOK NM60 ByaeT 3HAYNTENBHO
6onee puUCKoBaHHbIM, MO0 HEI((PEKTUBHBIM, B 3aBUCUMOCTM OT YCSIOBUIN SKOHOMNYECKON
cpeppl. Takne cTpaTermn MoryT NPUBECTUN K PacrblfIEHNIO PECYPCOB, NOTEPE KOHKYPEHTHbIX
NPENMYyLLLECTB M HECNOCOBHOCTM YAOBMETBOPUTL KIMEHTCKUA cnpoc. K HeaddeKTNBHbIM
cTparternam oTHocAaTcs: [2, ¢. 388]

e cTpaTterus HU3KNX WU3JEPXKEK — cTpaterns MeHee addeKTUBHa,
NMOCKOSIbKY  MnoTpebutenn nuweBblx [o6aBOK B  CBOeM  OOMbLUMHCTBE
OPUEHTMPOBAHbI HE CTOMIbKO Ha LEHY, CKOJIbKO Ha KaveCTBO M HaTypasibHOCTb
NPOAYKTOB. TaknMMm 006pa3oM, KOHLEHTPauusi WUCKIKYUTESNIbHO Ha CHUWXXEHUU
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N3JepXXeK  MOXET MNpuBEeCTM K  YXyAWeHUo  KadectBa U rnoTepe
KOHKYPEHTOCNOCOBHOCTY;

e CTpaTerus ynpexgawowux yaapos — TpebyeT 3Ha4UTENbHbIX PECYPCOB
npn npeackasaHum OeNCTBUA KOHKYPEHTOB U obecnevyeHun onepaTuBHOCTU
pearnpoBaHus. Peanusaunsa TaKTUHECKUX Mep B paMKax cTpaTernm MOXXeT ObiTb
YCNOXHEHa B YCJ/IOBUSX OUHAMU4YHO pPacTyLero pblHKa, Ha KOTOPOM BaXkHee
COCPEefAoTOUNTLCSH Ha CO3[0aHUM YHUKASIbHOrO NpensioXKeHns;

e oObopoHuUTENbHBIE CTpaTtermm (onNa CybbeKToB Manoro u cpegHero
On3Heca) — MeHee akTyalibHbl, TaK KaK HauefeHbl Ha yaep)XaHne CyLeCcTBYHOLLMX
nosnuun. B ycnoBmnsax pocTta pbiHKa BaXKHee pacLumpsaTb NPUCYTCTBUE N pa3BuBaThb
HOBble HanpaBfeHns, a He TOMbKO 3aWmLLaTb NMeloLmecs OoNu;

e CTpaTterusi ropusoHTasIbHOM MHTerpauMm — npepgnonaraeT CrvsiHue C
KOHKYpeHTaMn Unn norioweHne nx gonen pbiHka. OgHako Ha pbliHKE MULLEBbIX
0o6aBOK Takme OencTtsusi MOryT OblTb MEHee NPUOPUTETHLIMW, YEM pPas3BUTUE
cob6CTBEHHOrO 6uM3Heca M MPOHWKHOBEHMWE B HOBblE CErmMeHTbl. Kpome Toro,
WHTerpauusi, Kak npaeBuio, TpebyeT 3HauuTeslbHbIX  (PUHAHCOBLIX U
ynpasJieHYeCKMX PeCypcoB, a 3TO He Bceraa onpasnaHo B YCI0BUSAX pOCTa.

B kayecTBe Hanbonee a(pPeKTUBHbBIX CTPATEMNMYECKNX OENCTBUIN HA PbIHKE MULLIEBbIX
[06aBOK MOXXHO BbloennTb: [4, c. 25]

1. BHegpeHne WHHOBAUMOHHBIX peweHnin B obnacTu npou3BofcTBa A006aBOK:
BblBEAEHNE HOBbIX (DOPMYJ, CO3AaHMNE MPOLYKTOB, OPUEHTUPOBAHHbBIX HA Y3KUE CErMEHTDI
notpebutenein, NCNONb3OBaHNE HaTypasibHbIX VMHIMPEANEHTOB N WHHOBALMOHHbLIX MeTOO0B
06paboTku 1 T.4.

2. YnydweHne nokasaTtenen KadectBa U 9KONOMMYECKOW  OTBETCTBEHHOCTU:
NCNOSb30BaHNE  3KOJIOMMYECKN HYUCTOrO  Cbipbsl, MPOM3BOACTBO C  MUHUMASIbHbIM
BO3AENCTBMEM Ha OKpy>KawLy cpepy, obecneveHne NpOo3padvyHOCTM WHgopmMauumn o
COCTaBe nNPOOYKTOB U WX NPOUCXOXOEHUW, BHeApeHue nepepabaTbiBaeMoin unm
6rnopasnaraeMon ynakoBKu.

3. CTparternyeckune napTHepCTBa: COTPYAHNYECTBO C MEQNLVNHCKUMMN YYPEXXOEHNAMU,
pUTHeC-LeHTpamu 1 antTekamu, NapTHEPCTBO C NOCTaBLUNKAMUN CbIPbS.

4. Pa3ButTne aHanutuku n paboTbl C AaHHbIMWU: UCMONb30BaHME OONbLUMX OAHHbIX,
NPOrHo3npoBaHne crpoca Ha OCHOBE CE30HHbIX (PaKTOPOB, AeMOorpauyecKnx NSMeHeHNn n
Opyrux napameTpoB, ajanTtaums cTpaTern4eckux MeponpusaTusi B 3aBUCUMOCTU  OT
pe3ynbTaToB aHan3a KOHKYPEHTOB.
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5. Pa3Bntre undpoBbIX KaHanoB MPOABVKEHUA U Npofaxk: cospaHne VIHTepHeT-
MarasmHoOB, UCMONb30BaHNE LeneBoro MapKeTuHra B coypnarnbHbix ceTsax, SEO n KOHTEKCTHOM
peknamsbl, paspaboTka MOOUbHBLIX MPUSTOXXEHUIA NN OHMaNH-CEPBUCOB.

OToenbHO  CTOMT  BbIOENUTb  CTpaTerMyecKnin - noTeHUMan  MapKeTnaencos.
MapKeTnnenc — aTo AN1EeKTPOHHAsA Toproeas naatgopma, KoTopas BbICTyrnaeT NOCPESHNKOM,
obbegMHAWNM Ha OAHON nowaaKe MHOXECTBO MpPoAaBLOB U MNoKynaTtenen. Takas
niowanka npepocTaBnseT BO3MOXHOCTb — B3auMOAENCTBOBATb Mpu  MNpogaxe U
npuobpeTeHnn TOBApPOB UN YCAYT.

[aHHbIN KaHan npoaak MO3BOSSIET KOMMaHUAM OXBaTUTb MakCUMasibHO LUMPOKYHO
ayoutopuio 1 Haubonee apeKTMBHO MaclutabupoBaTb cCBOW 6usHec. [MlomMumo 3Toro,
MapKeTnencbl ynpoLwaT NPOLECC BXOAa Ha PbIHOK, CMOCOBCTBYIOT CHUDKEHUMIO 3aTpaTt Ha
co3faHne COOBCTBEHHbIX KaHanoB MNpPOJaX W NPefocTaBAsAlOT KOMMJEKC aKTyasbHbIX
CEPBUCHBIX YCNyr (noructuka, obpaboTka 3akasoB, MNMaTeEXHble CUCTEMbl, aHanuTuka
NPOAaX, MapPKETUHIOBblE NHCTPYMEHTbLI MO NPOABVKEHNIO Npoaykumm). OgHako, paboTta Ha
Takux nnatgopmax, Npu KaxkyLencs npocTtoTe, TpebyeT TwatebHOM NpopaboTky cTpaTernm
ynpaBfieH1s1 aCCOPTUMEHTOM U LLeHOOOpPa30BaHMEM.

B 3aknio4yeHne, MOXHO OTMETUTb BaXKHOCTb OTKasa OT >XEeCTKO 3afaHHbIX
AONrOCPOYHbLIX MIAHOB B MONb3y CTpaTerum, CroCOOHbIX MEHATbCA B 3aBUCUMOCTU OT
OVHaMNKN BHELLHEN cpefpbl, a TakXe MO3ULMOHMPOBaHME CTPaTernn He Kak CTaTuy4ecKoro
nnaHa, a Kak HenpepbIBHOIO npouecca aHannsa, 9KCNepMEHTOB, TECTUPOBaHUS MMNoTe3 U
BHeOpEHNs1 UBMEHEHWN.
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MockaneHko lNaBen AHaToONbLEBUY,

MarnctpaHT Kadegpbl MHHOPMALNOHHO-N3MEPUTESIBHBIX

TEXHOJSIOMNI N CUCTEM yNpaBeHNs,

CaHkT-leTepbyprckunin rocynapCTBEHHbIN YHUBEPCUTET MPOMbILLSIEHHBIX TEXHOOMIA 1
AmnsanHa. Bbicluas wkona TEXHONOrnn N 3HEPreTUKI

MabpynnuH Onbaap Xangaposud,

MaruncTpaHT Kadegpbl MHHOPMALNOHHO-N3MEPUTESIBHBIX TEXHOOMMIN CUCTEM YNpaBfieHus,
CaHkT-lNeTepbyprcknin rocyaapCTBEHHbIV YHUBEPCUTET NPOMbILLUAEHHBIX TEXHOIOMMIA 1
AmnsanHa. Bbiclias wkona TeEXHONOrnn N 3HEPreTUKIA

Abstract. The paper presents a conceptual approach to the control of distributed energy networks based on
neuromorphic computing. A multilevel hierarchical architecture including local, regional and central controllers is proposed.
The principles of system operation, control algorithms and advantages of using neuromorphic technologies to create an
adaptive and energy-efficient control system are described.

Keywords: neuromorphic computing, distributed energy networks, spike neural networks, hierarchical architecture,
control algorithms, adaptive control, energy efficiency.

Annomayua. B cmamve npedcmabren  xoHmyenmyasvHuii  n00x00 Kk ynpabaenurn  pacnpedeseHHbIMU
IHepeemu4eckuMuy cemamu Ha 0cHoBe HeipomopgHuix Bviucaenuil. Ilpedioxena uepapxuveckas apxumexmypa,
Brarouaowas AOKAAbHbIE, PESUOHAAbHbIE U UEHIMpAAbHble KoHmpoaiepsl. Onucans. Npuxyuns. pabomsi CUCMeEMBL,
a120pumMmsl ynpabienus u npeumyujecmba ucnoab30Banus HellpoMOpHBIX MexXHOA0UN 045 CO30AHUA A0ANMUBHOL U
SHepeoshpexmubHo cucmemsl YynpabieHus.

KaroueBore croBa: neiipomopgprvle Buivucienus, pacnpedesennvie InepeemuyecKue cemu, cnaixobvie HellpoHHble
cemul, UepapxXu€eckas apxXumexmypa, a120pummsl ynpabaenus, adanmubroe ynpabienue, 3uepeoddpgexmubHocme.

PeueH3eHT: MapTexa AnekcaHgp HukonaeBny — KaHOMOAT TEXHUYECKUX HAYK, OOLIEHT.
HoueHT ®IB0OY BO «PITAY-MCXA um. K.A. Tummnpssesar»
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CoBpeMeHHble pacrnpepeneHHble aHepreTudeckue cetn (POC) npenctaBnsaoT cobon
CNOXKHYIO 1 OMHaMNYHYIO NH(PPACTPYKTYPY, XapakTepusyoLyocs 60MbWNM KOMYeCTBOM
pacnpefeneHHblX reHepaTtopoB, noTpebutene n Hakonutenem asHeprun. IPGPeKTUBHOE
ynpasJrieHne TakKnMu CeTaMn TpebyeT UHTEeNNEKTYasbHbIX U afanTUBHbBIX CUCTEM, CMOCOOHbIX
ObICTPO pearnpoBaTb Ha WU3MeHsWMeca Yycnosuda, obecnedmBaTb CTabUNbHOCTL W
HaOEeXXHOCTb 3HeprocHabXXeHnsa, a Takke 3PPEKTUBHO MHTErpupoBaTb BO30OHOBASEMblE
NCTO4YHNKN aHeprum (BUI) [1]. TpaguumoHHble nogxoabl K ynpasneHntio PAOC, oCHOBaHHbIE Ha
LEeHTPasIN30BaHHOM KOHTPOJIe U KJITaCCUYECKUX anropuTMmax, oKasblBaldTCHA HegOoCTaTO4YHO
9(P(PEKTUBHbIMM 011  peleHna 3TuUX 3agad, 4YTo OOYC/IOBNIEHO WX HegoCTaTO4YHOM
afanTUBHOCTbLIO, BbICOKOW BbIYMCINTESNTIbHOMN CNO>XXHOCTbIO " orpaHn4eHHomn
MacwutabupyemocTtblo. C uenbio nosbllWeHNa 3(HEKTUBHOCTN paccMaTpmuBaeTCsA HOBbIN,
KOHLeNTyasbHbI NoaxoA K ynpasneHnio POC, 0CHOBaHHbIN Ha NPUMEHEHN HEMPOMOPMHbIX
BblYMC/IEHUN. JTOT MoAaxo[ MOo3BOSISET COo30aTb [AeLeHTPanM30BaHHYO, aaanTUBHYIO,
9HEProaP(eKTNBHYIO U pPOBACTHYIO CUCTEMY YNpPaBfeHUs, CNOCOOHYI 3P dPeKTUBHO
(PYHKLMOHNPOBATL B YCNOBUAX BICOKON AUHAMUYHOCTU N HEOMPEAENEHHOCTN.

[Mpepnaraembln  NOOXO[, OCHOBLIBAETCA HA MHOMOYPOBHEBOW UEPapXUYEeCKOMn
apXUTEKType, COCTOSALWEN N3 TPex OCHOBHbIX YPOBHEN YNpaBfieHUsa: JIoKasbHOro,
pernoHanbHOro u ueHTpanbHoro. Kaxgpll ypoBeHb obnapgaeT COO6CTBEHHbIM HabopoMm
dYHKLUNN, 3a8a4 1 anropuTMOB, B3aUMOLENCTBYIOLLNX MexXay cob0M Ans AOCTUXKEHUS obLuein
uenn — ontuMmmnadauun pabotbl Bcern PAC [2]. HUXHMIA ypoBeHb NpeacTaBsieH NIoKanbHbIMU
HepoMopdHbIMK KOHTposepamm (LNC), HTErpMpoBaHHbIMUY B KaXXKAbIN y3en CeTU, BKIOYas
noAacTaHuuMn, pacnpegenuTesibHble MYHKTbIl, MPOMBbILWIEHHbIE NOTPebuTenu, pomailHue
COJSIHeYHble NaHenu, BeTporeHepaTopbl 1 HakonuTenu aHeprun. LNC BbINOMHAIOT foKanbHoe
ynpasfieH1e 1 ONTUMN3aunio pexXnMoB paboTbl 060pyaoBaHMs, OCYLLECTBAAIOT COOP AaHHbIX
C JNOKanbHbIX [AaTYMKOB (TOK, HanpsbkeHwe, Temrepatypa, COCTOosiIHMEe obopynoBaHus),
npoBoaAaT 06paboTKy MHpOPMauUM C MOMOLLBI CNanlkoBbiX HEeNpOHHbIX ceTen (SNN),
BblpabaTbIBalOT JIOKasbHble YNpaBAsoLWmMe CUrHasbl U aganTupyrTCA K MECTHBIM YC/TOBUSIM.
MpuHuunuaneHeiM oTiandmnem LNC aBnseTca ncnonb3oBaHne cobbITUNHO-OPUEHTUPOBAHHbIX
BbluMcNeHnn, Npu Kotopblx SNN pearnpytoT TONbKO Ha 3HaYNMble UBMEHEHUS, YTO NO3BONSAET
3HAYNTENIBHO CHU3NTb BbIYUCAUTESNIBHYIO Harpy3Ky 1 aHepronoTpebneHne. LNC ncnonbsytot
MeToabl 00ydeHns Ha mMecTtax (on-device learning), 4TO NO3BONASET UM adanTUPOBATLCA K
JIOKanbHbIM YCJIOBUSIM U U3MEHEHMAM B noBefeHun notpebutenen 6e3 HeobXxoaMMOCTH
NOAKJ/IIOYEHUS K LEeHTPasn30BaHHbIM cuctemam. Hanpumep, LNC Ha gomallHein CofHeYHON
naHenn Gyget CcaMOCTOATESIbHO ONTUMU3NPOBATb ee PaboTy B 3aBUCUMOCTU OT MOrOOHbIX
YyCNOBUI 1 YPOBHSA aHepronoTpebneHns goma, a LNC Ha nogctaHuum 6ygeTt pearmpoBaTb Ha
neperpyskun n nepeHanps>xeHusl, nepepacnpenenss Harpysky Mexxay coceaHMU IMHUSIMA.
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Ha cpepgHeM ypoBHe HaxogsaTcsa pernoHasnbHble HeipoMopgHble KoHTponnepsbl (RNC),
KoTopble KoopauHupytoT paboty rpynnbl LNC B npepenax pernoHanbHonm cetun. RNC
arpervpyloT pAaHHble, noctynawowme oT LNC, npoBogaAT wux aHanus, OCYLUEeCTBASKOT
ynpasJfieHMe NOTOKaM1 3HePrnm, oNTUMU3NPYIOT paboTy pernoHanbHON CeTN U MPOrHO3NPYIOT
KpaTKOCpPOYHble u3MeHeHus B Harpys3ke [2]. RNC ncnonb3yloT anropuTMbl KOHCEHCYca,
KOTOpble obecrneynmBalOT COrfiacoBaHHOE [ENCTBME JIOKalbHbIX KOHTPOSIEPOB, a Takxke
MeTOoObl MHOroareHTHOro ycuneHHoro obydeHus, nosponswowme RNC agantupoBaTtbca K
N3MEHAIOLMMCS YCIOBUSAM U JOCTUraTb ONTMMAasbHbIX pelleHuin. Bsaumopenctene mexay
LNC 1 RNC ocyLecTBnsieTcs ¢ NOMOLLbIO CNankoBbIX CUrHANO0B, YTO obecrneynBaeT BbICTpoe
n 3dpdeKTMBHOE pearnpoBaHne Ha wusMeHeHna B cetun. RNC, Hanpumep, mMoryTt
nepepacnpenensaTb SHEPrui0 MexXxay panoHamu B Criydae neperpysku OfHOro M3 HUX Uaun
KOOpANHNPOBAaTb paboTy HaKONUTENEN IHEPIUM 1S CraXnBaHus Nukos noTpebneHns. RNC
NCMONb3YT anropuUTMbl MNPOrHosnpoBaHus Ha ocHoBe SNN v MeTogoB MalUMHHOMO
00y4eHuns, KOTopble NOMOratoT UM NpeacKasblBaTb U3MEHEHNS B NOTPebneHnn n BbipaboTke
SHEeprun B KPaTKOCPOYHOWN NEPCNEKTUBE, YTO NO3BOMSIET UM NPUHUMATb NPOAKTUBHbIE MEPbI
Ona nopaep>XaHnsa ctabunbHOCTU permoHansHon cetu [3].

LleHTpanbHbI HenpomopdHbIn KoHTponnep (CNC) pacnonaraeTcs Ha BEPXHEM YPOBHE
N oTBeYvaeT 3a rnobanbHoe ynpasneHve Bceit POC. CNC npuHMMaeT peLleHns Ha OCHOBe
OaHHbIX, arpernposaHHblXx RNC, BbINOAHAET OONrOCPOYHOE MNPOrHO3MpOBaHME cnpoca u
reHepauun, onTUMU3NPYET NNaHbl NPOWU3BOACTBA W pachnpefeneHns 3Hepruu, a Takxke
OCYLLECTBNSET B3aMMOLENCTBUE C BHELUHUMN CUCTEMAMMU, BKJIHOHAS PbIHOK 3NIEKTPO3HEPI UM,
onepatopa cetn n meteoponormndeckme cnyxool. CNC ncnonb3yeTt HelnpoceTn (Hanpumep,
Transformer) ans 4OArOCPOYHOro NPOrHO3NPOBaHNA U anropuTMbl FobanbHOM ONTUMU3aLnn
ONA pacnpeneneHnsa pecypcoB Mexxay pernoHanbHbiMy ceTamu. BaxkHbIM acnekTom paboThl
CNC saBnsieTca ynpasneHue pyckamu, BKIKOHYasa BbiiBNEHNE 1 yNpasieHne NnoTeHuanbHbIMu
cbossMn n aHomMmanuamMn Ha yposHe Bcen cetu. CNC Takxke oTBevaeT 3a MHTerpaumio HOBbIX
06bekToB B POC 1 obecnevnsaeT ee MmacwTabupyemMocTb. Hanpumep, ecnu B SHEProcnucTemy
nobaenaetca HoBasdA BeTpoanekTpocTaHumsi, CNC [o/mkeH CKoopavHupoBaTb ee
NOAKJ/IKOYEHME K CETU N ONTUMN3NPOBaTb €€ PaboTy C YHETOM TEKYLLMX YCIOBUN.

Ona  nyywero  MNOHMMaHWSA  MexaHuku  paboTbl  CTOUT  CMOAENMPOBaTb
NPOM3BOACTBEHHYKD CUTyauuio, Korga B pPervoHe MpOUCXOQUT BHe3arnHoe YBennyeHue
NOTPEBNEHNA INEKTPOIHEPIUM N3-3a aHOMaSIbHOM >Xapbl [4]. JToKanbHble HENPOMOPMHbIE
KOHTPONNEPbl Ha KaXXAOM OOME U Npeanpuatun GbICTPO pearupyroT Ha 3TO U3MEHEHNE,
KOPPEeEKTMpPYys NnoTpebneHne n obecne4vnsasi cCTabusbHy0 paboTy NoKanbHOro 06opyaoBaHuS.
PernoHanbHble HeNpoMOpHbIE  KOHTPOMNepbl, nonyy4asas wuHdopmauuio oT  LNC,
nepeHanpasnsioT SHEPTUIO N3 PAiOHOB C MEHbLUMM NOTPEBIEHNEM B PANOHbI C MOBbILLIEHHbIM
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cnpocoM. RNC Takxe KOOpAMHUPYIOT paboTy HakonuTenen aHeprumn, 4Tobbl crnaguTb NNKK
notpebnenHuns. LieHTpanbHbIn HENPOMOPMHBLIA KOHTPOJIIEP, aHaNN3NPysa BCKO CUTyauuo Ha
YpOBHE CeTW, MNpenckasbiBaeT pAajibHelee yBenndeHne cnpoca W AaeT UHCTPYKumn
pernoHanbHbIM KoHTposniepaM. CNC Takxe NPOrHO3MpyeT NOTEHUMANbHYIO Harpy3Ky Ha CeTb
B Oyaywem n KoopauvHupyeT paboTy 9NeKTpOoCTaHUuMA ONA YOOBNETBOPEHUA pacTyLlero
cnpoca. B pesynbtate, 6narogaps CKOOPAVMHMPOBAHHbLIM OENCTBUAM BCEX YPOBHEN
ynpaeneHusi, POC ycnewHo crnpaBnsieTcs ¢ cuTyaumen aHoManbHOro pocta notpebneHus,
obecneynBas CTabnnbHOCTb n HaEe>XXHOCTb 9HEepProcHab>XeHus. CpaBHUTbL
NPON3BOANTENIBHOCTE N 3HEProaEKTUBHOCTL HEMPOMOPMHLIX CUCTEM YMNpPaBfieHUs C

Knaccuyecknmu npeactaefieHd B Tabnuue 1.

Tabnuua 1

CpaBHUTESbHBIN aHann3 3MdOEKTUBHOCTN CUCTEM YNpaBieHust

Knaccuieckue cuctembl

HelipomopdHble cuctemsl

XapakrtepucTtuka
p p ynpasfieHusi ynpaBfieHusi
LleHTpannm3oBaHHas, OCHOBaHHas Ha [eueHTpann3oBaHHas, OCHOBaHHas
ApxuTtekTypa npoueccopax obLero Ha3Ha4eHus Ha cneunann3npoBaHHbIX

(CPU/GPU)

HEelpPOMOPMHbIX Yunax

O6paboTka AaHHbIX

[NocnegoBartenbHas, nowarosas

MapannenbHas, aCUHXPOHHAsA,
OCHOBaHHas Ha CoBbITUSAX
(cnarikoBsas)

I'IpeACTaBneHue AaHHbIX

YucneHHble 3Ha4YeHus (LmdpoBon
curHan)

Cnarikn (BUHapHble UMMYbCbI)

MaTtemarndeckue mogenu,

HewponHbie cetn (SNN, spiking neural

Anroputmsl aHanuTu4eckne pewenns, NMANO- networks), oby4eHne Ha ocHoBe
perynaTopsl CcobbITUN
To4Has, npegckasyemas, HO MOXET Bbicokas ckopocTb 06paboTku B
MponsBognTENbHOCTL ObITb OrpaHNYeHa ans CNoXHbIX peanbHOM BPEMEHU, XOpoLLUas
cucTem afanTMBHOCTb, YCTONYMBOCTb K LUYMY
DHEProahhEKTUBHOCTE Hn3kas, 0co6eHHO NPU CAOXHbIX Bbicokas, ocobeHHo npu
P 3agadax pPas3peXXeHHbIX AaHHbIX 1 COBbITUSAX
OrpaHunyeHHas, TpebyeT yBennyeHnss | Xopoluasi, MOXXET MacLuTabupoBaTbes
MacwTtabupyemocTb BbI4YNCANTENBHOM MOLLHOCTU 1 nytem gob6aeneHns 60bLEro
3HepronoTpebneHns KONMYeCTBa HEVNPOHOB 1 CBA3ENA
TpebyeTcs nepeHacTporika npu Bbicokas, cnocobHa aganTrupoBaTbCs
ApanTuBHOCTb pedy P povika np ’ A P
N3MEHEHWW YCNOBUIA K UBMEHEHVAM B peasibHOM BPEMEHN
OdcbnariH, Ha ocHoBe OHnaiiH, Ha ocHoBe
O6yueHue npenonpeaeneHHbIX AaHHbIX Uan HEenocpencTBEHHOro B3aMMOAENCTBNS

mogaenen

C OKpy>XaroLeln cpegoi

Mpumepbl NpuMeHeHns

[poMblWneHHan asTomaTmnsayus,
POBOTOTEXHUNKA, yNpaBieHne
TPaHCNopTOM

PoboToTexHuka, 3peHue, cnyx,
ynpasneHne MobuibHbIM1
yCcTpolricTBamMu

CnoXXHOCTb peanusaymm

OTHOCUTENBHO NPOCTas, XOPOLUO
n3y4vyeHa

CnoxHas, TpebytoTcsa HOBble
anropuTMbel N annapartHoe
obecneyeHune

CToumocTb

Hnskas go cpegHsas

Bbicokasi, HO CTOMMOCTb CHUXXAETCS
no Mepe PasBUTUS TEXHOIOMN
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BHepgpeHne HepomMopdHbIX cuctem yrnpasneHns B P3C nossonuT cos3patb
afanTUBHYKO, 9SHEeproaeKTUBHYIO U pPoBaCTHYHO CUCTEMY, CMOCOOHYHO 39(P(PEKTUBHO
NHTErpupoBatb BO30OHOBASAEMbIE WCTOYHUKWA SHEPrUn, OMTUMU3NPOBATb YrpasfieHne
HaKOMUTENAMN  3HEPrun, CHU3UTb MNOTEPU B CETAX U MOBbLICUTb  HAAEXHOCTb
aneKkTpocHabxeHna. Kpome TOro, paHHbli nogxon obecneymBaeTr MOKOCTbL U
MacwTabupyeMoCcTb CUCTEMbI yrNpaefeHusi, MNO3BONAASA afanTupoBaTb €€ K HOBbIM
TpeboBaHNAM 1 YCIOBUSIM.
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Abstract. The development of the system of performance metrics in Agile is objectively determined by the progress
of the concept itself, taking into account the complexity of projects (and project management approaches) and the spread of
Agile to many areas of activity (initially, the concept was developed for the software development sphere). This work is devoted
to the features of measuring performance in Agile. The purpose of the work is to characterize the main stages of the evolution
of performance metrics within the framework of this project management concept. The work provides a periodization of the
development of the Agile concept and the features of the application of performance metrics within each of the stages.

Keywords: economic development, project management, performance metrics in Agile.

Annomauusa. Pazgumue cucmemst Mempuxk sgpgpexmubrocmu 8 Agile obsexmubro 06yca064eHo npoepeccom camos
KOHYeNnyuu ¢ Yyuemom YcAoKHeHUs npoexmol (u nodxo008 npoexmnoeo ynpabienus) u pacnpocmpanenuem Agile Ha mroaue
cgpepni desimenvHocmy (USHAUAABHO KOHYeNYUsA paspadamsibalace 044 cghepbl paspabomku npoepammHoeo obecneuenus).
Hannas paboma nocBawena ocobenrocmam usmeperus sgpgpexmubrocmu 8 Agile. Lleavio pabomwvl  aBasemcs
Xapaxmepucmuka ocHoBHbx amano8 sBooyuu Mempuk dpexmubrocmu 6 pamkax O0anHou KOHYenyuu ynpabaenus
npoexmamu. B pabome npubodumcs nepuodusayus paséumus xonyenyuu Agile u ocobeHHOCU NpUMEHEHUS MeMpux
agppexmubrocmu 6 pamxax kaxooeo u3 3manob.

KaroueBoie caoBa: pasBumue sxoHomuku, ynpabaerue npoexmamu, mempuxu s¢pgpexmubrocmu 8 Agile.

PeueHseHT: bronnep EneHa AnekcaHgpoBHa — KaHOAaT SKOHOMUYECKNX HayK, OOLEHT.
OIrb0Y BO «AgpirecKuin rocyaapCTBEHHbI YHUBEPCUTET>»

OpraHusauus ynpaBfeHna nNpPOEeKTaMy BbICTYNaeT OQAHOW U3 KJYEBbLIX 3aaad
COBPEMEHHbIX opraHusauun. [OaHHblil  (akT oObACHSAETCSA, C OOHOW  CTOPOHbI,
HEeOOXOOMMOCTBIO  aKTMBHOW  MPOEKTHOW  AeATESIbHOCTM B YC/IOBUSIX  BbICOKOWN
HeonpeneneHHoOCTU N rnobanbHON KOHKYPEHUNN, C APYIroil CTOPOHbI — B LEEJSIOM YCNOXHEHNEM
6unsHec-npoueccos. OTBETOM Ha YKasaHHble TeHAEHUMM cTana KoHuenuust rmbkoro
ynpaefneHusa npoektammn Agile, KoTopasa no3BonseT afanTupoBaTb MPOLECCHl YNpaBieHns
npoeKTaMn Nog 0COBEHHOCTN TEKYLLMX peasnni.

N3HayanbHO AaHHasa KOHUenuua npeanonarana npMMeHeHne TobKO Af1 NPOEKTOB B
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obnactn paspaboTkM MporpaMMHOro obecneyeHns, OAHaKO C TeYeHWEM BpPEMEHU, ee
NPUHUMNLI 1 MeTogonormn (B aAanTMPOBaHHOM BUAE) CTanu MCMNOMb30BaTbCA B Pa3HbIX
cepax — B MapKeTUHre, NPOU3BOACTBE, 06pa3oBaHn, rOCyfapCTBEHHOM yrpaBaeHnn n gp.

C paseutnem Agile-meTogonormn M WX WHTeErpaumin B pasnuyHble cdepsbl
OEeATEeNbHOCTU, BO3HMK BOMPOC, KaK afeKBaTHO U3MEPATb U oueHuBaTb 3(PPEKTUBHOCTb
paboTbl KOMaHpA, NPoLEeCCOoB U NPOLYKTOB.

Ba)HO OTMETUTb, YTO KOMMEKC MeTpPUK apdeKkTmBHoCcTU B Agile n ero asponoums,
HaxoauMTCa BO B3aMMOCBSA3M He TOJSIbKO C pasBUTMEM CaMuX METOAOSIONMI, BXOAALMX B
KOHLENUMIO, HO N C N3MEHEHNEM MOOXOO0B K NMOHMMaHNIO CaMoro ycrnexa npoeKTa B LieSIOM.
CoBpeMeHHbIE  KOMMaHUM  BbIHY>XOEHbl MOCTOSAHHO UCKaTb U COBEPLUEHCTBOBATb
WHCTPYMEHTbI, KOTOPbIE OTOBpaXKatoT pesyfibTaTbl BbINOSIHEHNS MPOEKTOB.

Takke HeoOXOoOMMO BbIOENUTbL  HaMyne [OCTaTOYHOrO BHUMAHUS HAay4HOro wu
9KCNepTHOro coobulecTsa K npobnemMe TeKyLLEeNn cncteMmaTndaunm MeTpuK apPeKTUBHOCTH.
B TO Xe BpeMms, Kak aHann3 peTpOCNEKTUBHON COCTaBMAIOLLEN BaXXEH BBUAOY aKTyallbHOCTU
BbISIBJIEHNS 3aKOHOMEPHOCTENM B pPas3BUTUM NOAXOAOB K oueHKe 3PPEKTUBHOCTA U
BO3MOXXHOCTEN WX MOTEHUManbHOW apantaumm K MNepcneKkTUBHbIM (CPEAHECPOYHBIM 1
AONroCpOYHbIM) ycnoBuam. [aHHOMY BONPOCY yAeNAeTCsa HeAOCTaTO4YHO BHUMaHMS.

Cucrtematmsaumsa nNepuopoB passuTUSa KoHuenuumn Agile Ha OcCHOBe uccnefoBaHusA
Hay4HbIX paboT [2], [3], [4] cxemaTn4HO NokasaHa Ha pUcyHke 1.

3ap o:xaeHHe
KOHLICTILIHH 1990-eroawl ITosABIeHHe Mep BEIX THOKIIK METOOIOTHI
Agile
OdopmneHie
Agilekak 2001 rog IIpieramie Marnipecta Agile
KOHLIETTLHH
Pacump erie TlornynApH3aLA OTAENbHBIX METOONOTTHE
TP IMEHEHT LA 2000-eromp! YIAPHALY Ae y OO §
Aaile pacmmp eHrie cdep mprMeHeHa Agile
. - B0O3HIKHOB€eHHE THOPIHIHBIX MOAX 0108,
Macumtadiposa " . P
e Aoile 2010-erogel COBMEIAIOINIX JeMeHTRI Agile ¢
= TP aAHLHOHHBIMI METO OO THAMH
CoBp eMeHHBIIT 2020-erogpi TIpiveHeHe Agile AMA yIIp aBIeHIT
3Tal N ‘ H3MEHEHIIMH B O FAHH3aLLLAX

PucyHok 1. Cuctematmnsaumsa nepmonoB passutus KoHuenumn Agile

Takum 06pa3om, Ha PUCYHKe MNPeAcTaBfieHbl MATb KOYEBbLIX MEpUOAOB pPasBUTUA
Agile. CnegyeT OTMETUTbL, YTO B psALe UCTOYHUKOB NCNONb3YyeTcs bonee getann3npoBaHHas
nepmnognsauns (C NATUAeTHUM warom) [2]. OgHako, NpeaioXXeHHbIN BapuaHT NpeacTaBnaeTcA
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LuenecoobpasHbiM, NMOCKOJIbKY MO3BOSISET BbIOENUTL KIKOYeBble aTanbl aBonoumn Agile, ¢
y4eToM Haubosee 3HaYMMbIX U3MEHEHUI B XOAe Pas3BUTUS MeTogosiorum u ¢ usberaHmem
N3NULWHeNn QparMeHTaunmn aHannsa. [pefnoXKeHHbIn noaxofd ynpoLlaeT BOCNpuUATUE U
obecneunBaeT 6onee YETKYIO CBA3b MeXXay cneunuKon aTanoB pasBUTUA KOHLENLMN.

Hwmxe, Ha ocHoBe 0600LLeHNnsa paboT, Kacatowmxcs adpdekTusHoctTn Agile [1], [5], [4],
[5], npuBognTCs XxapakTepucTuka ocobeHHocTen Agile n MeTpuk ee 3ah(PeKTUBHOCTH,
NPUCYTCTBYIOLLMX HA KaXKOOW U3 cTaguin pasBuTNSA KOHLUEMNLUN.

1. 3apoxpgeHue KoHuenuuu Agile. OO6ycnoBneHo HeyOoBNETBOPEHHOCTLIO
TPaANUMOHHBIMI (KackagHbiMK) NoAxofamMu K yrnpasfieHUo npoektamu, Kotopble B 1990-e
rogpl CTasn XapakTepuaoBaTbCA CHMKEHMEM 3(PPeKTUBHOCTN. KpoMe Toro, aktnsmaauus
pa3paboTku nporpamMmmHoro obecneyeHus Tpebosana Hann4dne 6osee aganTUBHbIX NOAXOO0B
K ynpasneHuto npoekTamu. B aToT nepuog 6b1am paspaboTaHbl NnepsBble rMbKmue MeTogos1orum
— Scrum, XP, n Crystal.

Ha paHHOM aTane Agile, Kak KOHUeNUus, eLle TonbKo hopMmnpoBanach, B CBA3U C YEM,
OCHOBHblE METPUKM IPPEKTUBHOCTM ObINN 3aUMCTBOBaHbI N3 TPAAULMOHHOIO NPOEKTHOMO
ynpasrieHus. Hanbonee 4acTto NpUMEHANNCL NoKasaTe v BbIMOSIHEHNS CPOKOB 1 cObntofeHns
OroKeTa, y4MTbiBasIoCb KONMMYECTBO 3aBEPLUEHHBIX 3adad B pamMKax utepaumn. YpoBeEHb
NPON3BOANTENIBHOCTN KOMaHAbl N3MEPSICA B pamMKax MEXaHUCTUYECKUX MoaxonoB —YYET
Tpyposatpat (man-hours) n CKOPOCTb BbINOSIHEHUS 3a4av.

2. OdopmneHne Agile Kak KoHuenumu. dtan cumsonnsupyet npuHatne B 2001 rogy
MaHndgpecta Agile B KayecTBe OCHOBbl 00begnHeHUs1 paHee pas3paboTaHHbIX MOKKUX
MeTogonornin. B gaHHOM aokymMmeHTe 6bisin CHOopMYIMPOBaHbI YeTbIPe KITo4YeBble LLEHHOCTUN U
ABeHaguaTb 6a30BbIX NpuHUMNOB. Agile 6611 3aayMaH Kak yHUBepCasbHbI NOLAXO0A, KOTOPbII
nossonseT 6onee ahPeKTUBHO YyNpaBisaTb NPOEKTaMn B YCNOBUAX HEONPEAENEHHOCTN.

C nosisneHnem MaHudecta Agile cuctema meTpuk apeKTUBHOCTN, B COOTBETCTBUM C
OpMEHTaAUUN Ha LEHHOCTU METOAONOrnn, Havana cMewaTbCa OT TPaguuMoOHHbIX K 6onee
rMb6knM. OCHOBHOE BHMMaHWE CTano yaenaTbCs:

CKOPOCTHbIM  MoKasaTensgsM —  KOJIMYECTBY  BbIMOJSIHEHHbIX  3aja4y  Wuau
NONb30BATENbCKUX UCTOPUIA 32 CMPUHT;

YOOB/IETBOPEHHOCTUN 3aKas4nka — B Ka4eCTBe OCHOBHOIO MHCTPYMEHTA BbICTynanu
Ornpocskl, OT3bIBbI U T.4,;

YPOBHIO KayecTBa MNpoAyKTa — CHWXEHUO Konu4yectBa [AedeKToB B
paspabaTbiBaeMOM MPOEKTE.

3. PacwmpeHne npumeHeHus Agile. Dtan xapakTepusyeTcs pOCTOM MOMNYyAAPHOCTU
Agile (MHOrme komnaHuM OCO3HaNM UEHHOCTb WUTepaTMBHOIO Mpouecca), LanbHenwnm
passutemM metogosnormn (B T.4., Kanban n Lean Software) n Bbixogom ngen KoHuenuumn 3a
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npepensl IT-ciepbl. Bvxke K KOHUY neproga NosiBUAMCL MacluTabupyemble (periMBOPKMU,
KOTOpble NOo3BONUAN NPUMEHATL Agile ons ynpasneHnsa 60nbLWNMN MPOeKTaMn C MHOXXECTBOM
komaHpg. Agile ctana nHTerpnpoBaTbCs B KOPropaTuBHblE CTPYKTYpPbl, NONYyYUIN pasBuTme
crneunannsnpoBaHHble MHCTPYMEHTHI (Jira, Trello, n aHanornyHble nnaTtopMel, ynpoLllaroLumne
KoopaMHauuo KoMaHg).

PasButne mMeTpuk 3d@EKTMBHOCTM HA [aHHOM 3Tane B OCHOBHOM OOYyCNOBNEHO
pacnpoctpaHeHnem Agile 3a npepgenbl IT. Ctana 3ameTHa TeHOEHUUS MOBbILEHNSA
YHUBEPCanbHOCTN U afanTUPOBaHUA METPUKU K pasnuyHbiM oTpacnam. [lapannefnbHo C
NCMNOMIb30BaHNEM YXXe WMEIOLLErocs KOMMJeKca, OTMe4YaeTcsl BBefdeHNe MeTpuK OusHec-
LEeHHOCTM (BKNag npoAyKTa B AOCTMKEHUE CcTpaTernveckux uenen KOMMnaHun), BpeMeHwU,
HeobxooMMoro s BblBOOA MNPOAYKTa WAM HOBOM (OYHKUUM Ha PbIHOK, AOJrOCPOYHOMN
LEeHHOCTN KNneHTa, BoBne4YeHHOCTN komaHapbl (Employee Satisfaction Index).

4. MacwTabuposaHue n nHterpaumsa Agile. B 2010-e rogpl rmbkue nogxogbl ctanu
BHeOPSATbCA HE TONbKO Ha YPOBHE OTAESIbHbIX KOMaH[, HO 1 Ha YPOBHE OpraHn3auuii B LIESIOM.
B Havyane nepmopa, C Uenblo YAyylWeHUs B3auMOOENCTBUSA Mexay pas3paboTkon,
TeCcTUpoBaHMEM U akcnnyataumen, Agile Ha4an uHTerpmpoBaTbCsa C APYrMMu noaxonamu,
passuBaetca Metoponorma DevOps (MeTogonorusi, HanpasfieHHass Ha  ynydlleHue
B3aMOAENCTBUS MeXay KoMaHaamMu pa3paboTku C Lenbto MOBbILLEHNA CKOPOCTU 1 KayecTsa
NOCTaBKN NporpamMMHoOro obecnedeHunsl). [epnop xapakrepusyeTcsl CTPEMIEHNEM KPYMHbIX
KoMnaHui apanTuposatb Agile ona paboTbl B MacuTabHbIX MPOEKTax C y4acTNeM MHOXEeCTBa
nogpasgeneHnn un kKomaHg. OTmevalTca npPakTUKu npuMeHeHuss Agile B KPYMHbIX
kopnopauuax (Microsoft, Google, Spaotify).

B ycnoeusix macwtabuposaHusa Agile Ha ypoBHe opraHusauuim MeTpuKn ctann 6onee
CNOXHbIMU U MHOrorpaHHbiMu. [losiBnnacb HeO6XOAMMOCTb OLEHKM CMOCOBHOCTN KOMaHAbl
npenckasbiBaTh pesynbTaThl paboThl (Predictability), BpemeHn, 3aTpadeHHOro Ha BbINOSIHEHNE
3aga4u, no cpasBHEHUIO co BpemeHeM oxxnpanus (Flow Efficiency), pmHaHcoBbIX NoTepb N3-3a
3apgepxek B peanusaumn 3apad (Cost of Delay), B3anmogencTems mexagy KomaHgamm u
appekTnBHOCTN KoopamHauumn (Dependency Management Metrics).

Onsa 6onbwnx opraHnsaunin, BHegpswowmx Agile Ha MacwTabnpyemMomMm YpOoBHe,
CTaHOBATCH aKTyasibHbl METPUKU, CBA3aHHbIE C KOOpAuHaumen mexany komaHgamm — Cross-
Functional Team Efficiency (adpdpekTnBHOCTb MexXdyHKUMOHaNbHbIX KoMang), Collaborative
Metrics (METPUKK COBMECTHOIN pPaboThl).

TakXe B AaHHbIN nepuopf HabnpaeTca 6onee akTUBHas UHTerpaums MeTpuk Agile ¢
DevOps-nokasatensaMu: 4acTtoTa pasBepTbiBaHUA, CcpegHee BpeMsi BOCCTaHOBJIIEHUS,
ypoBeHb CO0EB MpU U3MEHEHUAX U pAL OPYrMX. BaxHbIM anemeHTOM cTaHoBsATcA Automation
Metrics, KOTOpble WU3MepPSsIT CTeneHb asToMaTM3auun MpoLecCcoB TeCTUPOBaHUS,
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pasBepTbiBaHUSA N OPYrnxX onepauuin, BAUSAIOWMUX HA CKOPOCTb U HAOeXHOCTb MOCTaBKU
npoaykTa.

5. CoBpeMeHHbIN aTan xapakTepusyeTcsa nHTerpauyunen Agile ¢ HoBbIMU TEXHONOMNAMM,
a TakXe pacluMpeHneM MpUMEHEHUs B HeCTaHOapTHbIX cdepax. B ycnoBmuax rnobanbHom
umMcpoBon TpaHchopMaununm u nepexoga K yaaneHHom pabote Agile cTtan BaXXHbIM
WHCTPYMEHTOM Mpu yrnpaesfeHnn nameHeHnamu. HabnogaeTcsa passutne B3aMOAENCTBUS
Agile ¢ DevOps, Data Science n npuHuMnamm ycTomymBoro passutus. Nepunon oTmeyeH
POCTOM BHUMaHNS K METPUKaM MOHUTOPMHIa rmbKoCT npoueccoB. B Lenom, coBpeMeHHbIN
aTan geMOoHCTpupyeT, 4To Agile Bbiwen 3a npegenbl KOHUENUUN NPOEKTHOrO MEHEI)KMEHTA U
cTas 4acTblO KOPropaTuBHOM Ky/bTypbl.

Ha coBpemMeHHOM 9aTane HabnwopgaeTcsa TeHOEeHUWs CMeLLeHUs akueHTa Ha
KOMMMAEKCHbIE W TMOpuaHble METPUKN, OTPaXKEHUEe TEXHUYECKUX U  coumnanbHo-
9KOHOMUYECKNX COCTaBAAKOLLMX:

Outcome Metrics — n3MepeHne KOHEeYHbIX pe3ynbTaToB (HanpuMep, YPOBEHb
OOCTWKEHUS CTPaTErMYecKnx Lenen KoMmnaHumy;

Sustainability Metrics — y4é€T yCTOMYMBOCTM MPOLECCOB W WX BAUAHUS Ha
OKpy>KatoLyto cpegny; Innovation Rate — pons HOBbIX vaen, BHEAPEHHbIX B
NPOEKT;

Agility Health Metrics — meTpukn rmbkocTn, KOTopble OLEHMBAOT afanTUBHOCTb
KOMaHAabl K n3amMeHeHuaM. MoxxHo Bblgenutb Cycle Time (Bpemsi, Heobxoanmoe
ANA BbINOJSIHEHNA 3afa4n OT €€ Havyana o 3asepueHns) n Lead Time (Bpems oT
Havana paboTbl 40 MOCTaBKN B MPOAAKLLH).

Takke HeobxoaMMoO OTMETUTb MOBbLILWEHNE aKTUBHOCTU B o6nactu mHTerpauumn Al-
anropuTMOB MNPWU aHann3e [aHHbIX U MNPOrHo3npoBaHUn 3MEMEKTUBHOCTA PE3YNLTATOB
NpPoekToB. [logobHblIEe anropuTMbl MOMYT aHanM3MpoBaTb PETPOCMEKTUBHbIE [AaHHble O
CKOPOCTU BbIMOSIHEHNA 3a[ad, BPEMEHUN OTK/IMKa KJIMEHTOB, Y4YUTbIBaTb CoOLMasbHble
hakTopsbl.

B 3akno4eHne MOXXKHO KOHCTaTUpoOBaTb, YTO pasBuTuE METPUK apdeKkTUBHOCTI B Agile
HaxoguTCSA BO B3aMMOCBSA3N HE TOSIbKO C AMHaMNKOWN CaMUX METOLONOMMIA B paMKax AaHHOMN
KOHUEeNnuMM, HO M C N3MEHEHWEM MOAXOOO0B K MOHMMAHUIO ycnexa MpoeKTa B LEesoM.
IBoNOUNA MeTPUK a(peKTNBHOCTN B Agile xapaKTepusyeTcs CMeLLeHNEM OT TPaANLMNOHHbIX
napameTpoB (cobnopgeHne CpoKoB U OomkeTa) K 0Oonee CNoOXHbIM - NoKasaTensm,
YYUTbIBAIOLWLMM YOOBNETBOPEHHOCTb KJ/IMEHTOB, KAa4eCTBO KOHEYHOro MpoaykTa, YPOBEHb
BOB/IEYEHHOCTN KOMaHAbl, OTPaXeHMWe TEXHUYECKMX WU  CouManibHO-9KOHOMMUYECKUX
COCTaBNALMX, NPUMeHeHne Al-anropuTMoB Npu aHanuse OaHHbIX.
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TECHNOLOGICAL DEVELOPMENTS
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Blazhkovskii A. Developing user interfaces with a focus on
inclusivity

Blazhkovskii Anatolii
Specialist degree, Tver State University, Tver, Russia

Abstract. The article explores practices for developing inclusive user interfaces for mobile applications (MA), aimed
at meeting the needs of users with diverse physical, cognitive, and cultural characteristics. Key principles of inclusive design
are presented, including accessibility, flexibility, simplicity, and interface personalization. The study examines international
accessibility standards (WCAG, ARIA) and tools for their implementation. Examples of successful solutions, such as Google
Maps, Amazon Alexa, Apple, Duolingo, and Microsoft Teams, demonstrate the effectiveness of an inclusive approach. The
article concludes with the importance of inclusive design in improving usability, expanding the audience, and enhancing user
interaction with digital technologies.

Keywords: inclusive design, accessibility, user interface, mobile applications (MA), WCAG standards, ARIA,
development tools.

PeueH3eHT: MapTexa AnekcaHap Hukonaesny — kaHaNOAT TEXHUYECKMX HAYK, OOLEHT.
HoueHT ®IBEOY BO «PTAY-MCXA um. K.A. Tummnpsasesar»

Introduction

During this period of time, the demand has continuously grown to make it more
accessible to the widest range of users in the context of a fast dissemination process of mobile
applications (MA) along with the rapid development of mobile technologies. Inclusive design
concerning the users of diversified physical and cognitive capabilities has turned into an
integral component of mobile interface development. It should be convenient and functional
for the use of all categories of citizens, including persons with disabilities, elderly people, and
people of different cultural and linguistic backgrounds. Making a product inclusive in the
context of globalization and corporate social responsibility has acquired a particular
significance.

The present research study develops the best practices for creating user interfaces with
regard to inclusiveness. Much attention is given to such main principles of inclusive design as
content accessibility, simplicity, and clarity of the interface, or use of technologies that improve
application interaction for users with various needs.
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Main part. The concept of inclusive design

Inclusive design is a philosophy and an approach to product development in order to
meet the diverse needs of the user, ranging from people with disabilities to elderly citizens,
including those who may face barriers for cultural or linguistic reasons [1]. Other than universal
design, which is oriented toward the creation of products for the majority, at least the inclusive
design philosophy drafts solutions that might be used by as many users as possible from a
very large perspective, regardless of their physical or cognitive or even social characteristics.

Inclusive design treats the needs of people with disabilities as part and parcel of the
general audience and not as exceptional cases. Users are experiencing various forms of
impairments related to vision, hearing, mobility, or cognitive. According to estimates by the
World Health Organization, 1,3 billion people in the whole world live with significant health
impairments, constituting 16% of the population in the whole world.

However, inclusive design does not stop at providing solutions for users with disabilities.
It also involves creating universal solutions that are convenient and effective for all categories
of users. It is important to underline that inclusive design, based on the principles of
accessibility, flexibility, and simplicity, allows improving the interaction with applications for
people of all ages and social backgrounds.

Key principles of inclusive design in MA

The principles of inclusive design are actively implemented in MA to eliminate barriers
that may arise due to users' physical conditions or varying levels of proficiency with
technological products (fig. 1).

Principles of inclusive design
Accessibility for people Flexibility and personalization Simplicity and clarity
with disabilities of the Interface of the interface
Cultural and linguistic adaptation Testing with real users

Figure 1. Principles of inclusive design

For visually impaired users, applications should use text alternatives for images and
make strong contrast between the text and its background to promote better visibility.

Applications can, where possible, include font size adjustment options and maybe
incorporate voice commands as well. Such applications must support subtitling of video
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clippings with text notifications about other alternative visual signals that also provide critical
information without relying on sounds for hard-of-hearing users.

The interfaces should support a range of input devices, such as touchscreens,
keyboards, mice, or voice commands for those people who cannot navigate well. Large control
elements should be used along with providing alternative ways to interact with the application.
In turn, the interface for cognitively impaired users needs to be very simple and intuitive: no
complicated visual elements. The structure of the program should be straightforward, and
clear requests will enable these users to easily find what they need faster.

Flexibility and personalization of the interface also play a critical role in inclusive
design. Applications should allow users to customize settings according to their needs [2]. As
mentioned earlier, these include font size adjustments or the choice of fonts that are easier to
read for users with visual impairments or text perception difficulties, as well as options for color
themes and contrast. Applications should also be adaptive, meaning they must display
correctly and function efficiently on various devices with different screen sizes — from
smartphones to tablets and wearable devices [3].

Another key principle of inclusive design is simplicity and clarity of the interface. This
involves minimizing visual clutter and organizing elements in a logical sequence, enabling
users to navigate and perform tasks quickly without unnecessary effort [4]. Clear instructions,
helpful prompts, and clearly labeled buttons and controls are essential to reduce the likelihood
of errors during use.

Cultural and linguistic adaptation is an integral part of inclusive design, especially for
global markets. Applications should support multilingual interfaces, allowing users to select
their preferred language. It is vital that translations are accurate, culturally appropriate, and
free of stereotypes to ensure the application resonates with users from diverse backgrounds.

Inclusive design cannot be achieved without regular testing with real users, including
those with disabilities. Feedback from users with diverse limitations helps identify potential
accessibility issues and refine the interface. Testing on various devices and under different
conditions is essential to ensure that the application remains accessible to all user groups.

Such aspects make principles of inclusive design in MA be enabled for developing
universal, accessible products featuring qualitative interaction for all their users. By keeping
these, a range of audience is increased; with its corresponding expanding of the app success
issue within the market context.

Use of accessibility standards

The application of international accessibility standards, such as WCAG (Web Content
Accessibility Guidelines), ARIA (Accessible Rich Internet Applications), and others, plays a
crucial role in the development of inclusive interfaces. These standards provide guidelines for
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designing interfaces that ensure equal interaction opportunities for all user categories,
including people with disabilities. Their implementation not only helps comply with legal
regulations in various countries but also enhances the usability and efficiency of interfaces
(table 1).

Table 1
Key accessibility standards and their purpose [5]
Standard Description Application

WCAG (Web  Content | A set of recommendations for | Ensures accessibility for users

Accessibility Guidelines) improving web content accessibility. with visual, auditory, motor, and

cognitive impairments.

ARIA  (Accessible Rich | Attributes to enhance the accessibility | Simplifies the perception of

Internet Applications) of dynamic interface elements. interactive components by screen

readers.

Section 508 (US | US law regulating the accessibility of | Requires compliance with federal

Rehabilitation Act) digital products for government | accessibility standards.
agencies.

EN 301 549 European accessibility standard for | Governs the development of web
digital technologies. and mobile interfaces for the

public sector.

ISO 9241-171 International standard covering | Provides guidelines for designing
ergonomic interaction with assistive | interfaces for people with
technologies. disabilities.

ATAG (Authoring  Tool | Recommendations for creating | Ensures the accessibility of

Accessibility Guidelines) accessible authoring tools and content. | authoring tools for developers

and users.

Meeting the accessibility standards will not only provide room for developers to make
their interfaces inclusive but also provide means of meeting international and regional
regulations. It forms the basis for designing an interface that takes into consideration the
different users' needs and enhances interaction with digital products. Such standards allow
gaining more trust on the part of users and widening the circle of potential users to include
people with disabilities. This approach makes development more ethical, technologically
advanced, and human-centered.

Tools and resources for developing inclusive interfaces

The development of inclusive interfaces requires the use of specialized tools and
resources that enable developers to adhere to accessibility standards and test applications at
various stages of development. These tools help identify accessibility issues, optimize user
experience, and create products that cater to diverse needs (table 2).
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Table 2

Tools and resources for inclusive design

Tool/Resource

Purpose

Features

axe DevTools

Automated accessibility testing for
web pages and applications.

Supports integration with browsers and
Cl/CD systems.

WAVE (Web
accessibility evaluation
tool)

Evaluates web content accessibility
based on WCAG standards.

Highlights problematic interface elements
with recommendations for fixes.

Color contrast analyzer

Analyzes color contrast to ensure
compliance  with  accessibility
standards.

Allows testing text and background
contrast for users with visual impairments.

React Accessibility
Developer Tools

Accessibility checking tool for React
components.

Helps developers test accessibility in
dynamic components.

ARIA Developer Tools

Tests the proper use of ARIA

attributes.

Highlights ARIA implementation errors and
provides recommendations.

Accessibility Scanner
(Google)

Accessibility testing tool for Android
applications.

Analyzes apps and suggests
improvements for the user interface.

Lighthouse

Automated tool for performance
and accessibility testing of web
pages.

Includes a module for evaluating
accessibility according to WCAG
standards.

Deque University

Resource for learning accessibility
principles.

Offers educational materials and courses
for developers.

The integration of specialized tools and resources into the development process
ensures a systematic approach to creating inclusive interfaces. These tools not only help
identify accessibility issues but also promote a culture of inclusivity by providing developers
with practical insights and solutions. By leveraging these resources, development teams can
streamline their workflows, reduce compliance risks, and enhance user experiences for diverse
audiences. Ultimately, the adoption of such tools fosters innovation while aligning applications
with global accessibility standards and user-centric design principles.

Best practices for developing inclusive interfaces

Inclusive interface design for MA needs to be informed through the adoption of proven
practices, ensuring usability for the widest range of users. Fortunately, many of the most
popular US-based applications lead by example through high standards of inclusive design
and may be valuable sources of study and implementation within this industry.

One example of an adaptive interface is Google Maps. In 2023, it was the most
downloaded mapping and navigation app in the United States, despite being a default pre-
installed app on Android smartphones (fig. 2).
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Google Maps 21,012,746

Waze Navigation & Live Traffic 9,892,661

GPS, Maps, Voice Navigation 1,390,398

Citymapper: All Live Transit 887,506

Figure 2. The most popular mapping applications in the US in 2023 by the number of
downloads [6]

The wheelchair-accessible route feature by Google Maps enables people with problems
in mobility to move around on sidewalks, elevators, and accessible stops of public transport.
Secondly, Google Maps offers voice guidance to its visually impaired users. By this feature,
users can orient themselves without focusing on the screen of the device, which seriously
improves usability.

Among voice assistants, Amazon Alexa is the most available. It is an application for
visually or motor impaired users to make devices on/off reminders and do much more-just with
their voices. For instance, users may ask Alexa to light up the space or read out news
headlines. It's an extremely convenient piece of technology that struggles to interact with more
conventional interfaces. Alexa also has a «<Show and tell» mode that allows users to show an
object and ask, «Alexa, what is this?» Alexa identifies the item and describes it.

Apple has implemented the operating system of iOS with the feature VoiceOver, by
which all applications on the Apple ecosystem are readable to people who can't see. This
feature gives the audio description of the interface elements and allows users to manage the
device by performing gestures. For example, using applications like WhatsApp, users can
send messages and hear text spoken loud, thus making this application accessible to people
unable to see the screen.

Duolingo is a language learning application that is designed to be inclusive. In the third
quarter of 2024, Duolingo reported an MAU of approximately 113 million users, up 10% from
the second quarter of the same year. This shows how accessible and usable the app is for a
wide range of users, including those with diverse needs and preferences (fig. 3).

International journal of Professional Science
Ne2(2) — 2025

78


https://creativecommons.org/licenses/by/4.0/deed.ru|

Professional science applies the Creative Commons Attribution (CC BY 4.0) license to the materials published-
https:/creativecommons.org/licenses/by/4.0/deed.ru|

100

B0

60

40

20

0

Qci'} Q‘d" *\’o“ '\,d" '»& Ne?‘ ,}d\’ q’d" ,Ld” (Lc?‘ n}o? ﬂ)d" ﬂ)o'? rbo?‘ W& lp‘oi" ':_d”
I VAT O P nal L s L S i e . v R S|
,]'Q ) ] ,LQ nyﬁ ,.E:I ] ] '}G ’1—0 ,.LQ ,1'0 n] ) ) n] ,.9

T ¥ W WV v v v W

Figure 3. Number of active Duolingo users worldwide, millions [7]

The application supports more than 30 languages and is adapted for users at different
levels of proficiency. A distinctive peculiarity of the interface is its gamification: it simplifies the
learning process to such an extent that even people who have very minimal experience in
using digital technologies can access it. For example, tasks are followed by visual cues and
sounds, allowing the process to be understandable for users with limited cognitive abilities.

Microsoft Teams actively applies user testing with persons with disabilities. For
example, the interface of the application was tested on users using screen readers and Braille
keyboards, which allowed developers to make some necessary adjustments toward their
needs. In regard to these studies, keyboard shortcuts and screen reader navigation
enhancements were added, making Microsoft Teams accessible for all kinds of user
categories. In 2024, daily active users in Microsoft Teams didn't change for 2023 when about
320 million users were hosted [8]. These cases illustrate not just the implementation of an
inclusive approach, but also at least some features of how applications are adapted to different
user groups. Each of those shows how these practices, when integrated into the development
flow, result in enhanced usability with a wider audience.

Conclusion

Developing user-centered, inclusive interfaces is already not only an ethical requirement
but also one of the important strategies to provide more accessibility to digital products. The
inclusion of principles of inclusive design, such as accessibility, flexibility, simplicity, and
sensitivity to the peculiarities of culture, in the development allows the creation of applications
that guarantee the usability of all categories of users, including those with disabilities. It serves
to reduce various barriers and improve the quality of interaction with digital technologies.
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Examples of applications like Google Maps, Amazon Alexa, and Microsoft Teams prove that
inclusive approaches develop not only the user experience but also widen the circle of
consumers of digital products.

By adopting international accessibility standards and specialized tools, developers can
create interfaces that meet today's requirements and significantly improve user experiences.
Testing on a regular basis with a wide range of disabilities helps transform applications to
actually respond to the users' needs and ensure their functionality and ease of use. This is the
key step toward making technologies inclusive by catering to diversity and equal opportunities.
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MabpynnvH Onbpap Xanpaposuy,

MaructpaHT Kadegpbl MHPOPMALNOHHO-N3MEPUTESIBHBIX

TEXHOJSIOMNN 1N CUCTEM yNpaBeHNs,

CaHkT-lNeTepbyprcknin rocyaapCTBEHHbIV YHUBEPCUTET NPOMbILUAEHHbBIX TEXHOIOMMIA 1
AnsariHa. Beiclwas wkona TEXHONOrMN N 3HEePreTuKn

MockaneHko NaBen AHaTonbeBnY,

MarunctpaHT Kadenpbl MHPOPMALNOHHO-N3MEPUTENBHBIX

TEXHOJIOMMIN N CUCTEM YNPaBNeHNs,

CaHkT-lNeTepbyprcknin rocyaapCTBEHHbIV YHUBEPCUTET NPOMbILUAEHHbBIX TEXHOIOMMIA 1
AnsariHa. Beiclwas wkona TEXHONOrMN N 3HEePreTuKn

Hay4Hbin pykoBoguTens: KoHoBanosa Bepa KoHCTaHTUHOBHA,

aCCUCTEHT Kadeopbl MEHEMXXMEHTA U Npaga,

CaHkT-leTepbyprckunin rocynapCTBEHHbIN YHUBEPCUTET MPOMbILLSIEHHBIX TEXHOOMIA 1
OnsanHa. Bbiclwas wkona TEXHONOrnnN N SHEPreTUKIN

Abstract. This paper examines the option of integrating Oracle NetSuite and Infor CloudSuite ERP systems in
mechanical engineering, provides their functional overview, the implementation and operation costs of each system, and
calculates the cost-effectiveness of implementation using key metrics such as total cost of ownership (TCO) and return on
investment (ROI).

Keywords: ERP system, Oracle NetSuite, Infor CloudSuite, engineering, TCO, ROL

Annomayusa. B dannoti cmamve paccmampubaemcs 6apuanm unmeepayuu ERP-cucmem Oracle NetSuite u Infor
CloudSuite 6 mawunocmpoenuy, npobodumca ux GyHKYUOHAAbHLIL 0030p, 3ampamsl HA BHedpeHue U IKCNAYAMAYUIO
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KAKO0T U3 cucmem, paccuumviBaemcs 3KoHOMuueckyw sgpgpexmubrocms BHedpenus c ucnoavobanuem KA0UeBbIX
nokasameietl, makux xak cobokynnasa cmoumocms baadenus (TCO) u Bosbpam na unbecmuyuu (ROI).
Karoueboie cro6a: ERP-cucmema, Oracle NetSuite, Infor CloudSuite, mawiunocmpoenue, TCO, ROI.

PeueH3eHT: MapTexa AnekcaHap Hukonaesny — kaHaNOAT TEXHUYECKMX HAYK, OOLEHT.
HoueHT ®IBEOY BO «PTAY-MCXA um. K.A. Tummnpsasesar»

B ycnosuax rnobanusaummn 1 umdppoBu3aLMM  SKOHOMUKU  NpeanpuaTus
MaLUMHOCTPOUTENBbHOW OTPAaC/IN CTaNIKUBAOTCA C HEOOXOOVMMOCTBIO ONTUMM3aumum busHec-
NPOLECCOB [/ MOBbIWEHNS KOHKYPEHTOCMOCOBHOCTU U 3(PPEKTUBHOCTU YNpaBieHus
pecypcamu. OOHMM W3 KJ/IKOYEBbIX WHCTPYMEHTOB, CMOCOOCTBYIOLLUMX LOCTVDKEHUO 3TUX
uenen, asnswTtca ERP-cuctembl (Enterprise Resource Planning), kotopble obecneymnBaroT
NHTErpauuio n asToMaTu3aumio OCHOBHbIX NPOLECCOB NPeanpusaTis, TakKnxX Kak ynpasneHme
uHaHcamu, npPoOu3BOACTBOM, JIOTMCTUKOM WU nepcoHanoMm. BHeppeHne ERP-cuctem
NO3BONISIET HE TOMIbKO COKPaTUTb OnepaunoHHbIE U3LEPXKKU, HO 1N MNOBbLICUTb NPO3PaYHOCTb
Ou3Heca, yny4YwuTb KayeCcTBO MPUHUMAEMbIX YMPaBfIEHYECKNX PELUEHUA W YCKOPUTb
aganTauuio K USMeHEHUsIM pblIHOYHOM cpeapl [1 - 3].

Cpeon MHOXecTBa pelleHun, MpencTaBfeHHbIX Ha pPblHKE, 0COb60e BHUMaHue
npuenekatoT Oracle NetSuite n Infor CloudSuite, KOoTOpble 3apekomeHOooBann cebsa Kak
3(pPeKTMBHbIE NHCTPYMEHTbLI 015 YNPaBeHNa pecypcamMm B passiMyHbIX OTPaCnsaX, BKAKYasa
MawmHocTpoeHne. OgHako BbIGOp MexXay 3TMMK cUcTeMamn TpebyeT TLaTebHOro aHannsa
NX PYHKLUMOHANBHBIX BO3MOXXHOCTEN, 9KOHOMNYECKNX aCNEKTOB BHEAPEHUSA U [OTOCPOYHON
ahPeKTUBHOCTN. B yCnoBusix orpaHN4eHHOCTN PECYPCOB N BbICOKON CTOMMOCTUN BHEOPEHNSA
ERP-cuctem, Bonpoc Bbibopa onTManbHOro peLeHns CTaHOBUTCS KPUTUYECKN BaXKHbIM L4151
npeanpuaTUN.

Llenbto aaHHOM cTaTbi SBASAETCA NPOBEAEHME CPaBHUTENIbHOrO aHanu3a BHEeApPEHUS
ERP-cuctem Oracle NetSuite n Infor CloudSuite B MalwMHOCTPOEHUM C aKUEHTOM Ha
9KOHOMUNYECKMNE acMeKTbl U OLLEHKY 3(P(PEKTUBHOCTH.

Oracle NetSuite npepctaBnser cobon o6nayHyio ERP-nnatgopmy, kotopas
OXBaTbIBAET LUMPOKUN CREKTP OU3HeC-NpoLeccoB, BKYas ynpasneHne ¢uHaHcamu,
NPON3BOACTBOM, LENOYKaMn MOCTaBOK, MpoeKkTamu 1 rnepcoHanom. Cuctema otTnmnvaeTcs
BbICOKOW CTEMEHbIO MHTErpauMM MogyJsien, YTo NO3BONAET NPEeaNPUATUAM LEHTPaNIN30BaHHO
ynpaBnsaTb BCEMWU acrnekramm CBOer fAesaTenbHocTW. [Ona  MawnHOCTPOUTENbHbIX
npegnpuatun  Oracle NetSuite npepgnaraeT cneunann3npPoOBaHHbIE  pPeLUeHus  Ans
NAaHNPOBaHNA NPOU3BOACTBA, YNpPaBfieHUs 3aKa3aMu U KOHTPONs KadecTtBal[4]. BaXkHbIM
NPEeNMyLLLIECTBOM CUCTEMBI ABSIETCA €€ MacLLUTabupyemMocTb, YTO AeNnaeT ee NPUMEHNMON Kak
AN CcpepHuX, Tak W Ons  KpynHblx npegnpusatuin. OgHako BbICOKasi CTOUMMOCTb
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JINLUEH3MPOBAHNA N BHEOPEHUS MOXET CTaTb OrpaHnYmBaromnmM (GakTopom Ans HebonbLUMX
KOMIMaHuM.

Infor CloudSuite, B cBOO o4epenb, npencrtaBnseT cobON OTpacieBOe peLleHune,
pa3paboTaHHoe C y4eTOM cneunduku MawmnHocTpoeHus. Cuctema 6asunpyetcs Ha ob6ayvyHomn
nnatopmMe 1 npegnaraeT rayboKy nHTerpaunio ¢ TexHonoruammn ViIntepHeta sewen (loT),
YTO NO3BONSET NPELNPUATUAM B peaslbHOM BPEMEHM OTCEXMBaTb COCTOSAHME 060pPYyAOBaHNS
N ONTUMU3NPOBaTb NPON3BOACTBEHHBbIE Npouecchl. Infor CloudSuite Takxe BKAoyaeT Mmoaynm
ANs ynpasfieHus (pyHaHcamm, IOrMCTUKOM 1 MEPCOHANoM, HO akKLEHT caenaH Ha OTpacreBblX
PELleHnaX, TakMX Kak YynpasfieHne npOn3BOACTBEHHBIMU akTMBaMn W MNnNaHNpoBaHue
pecypcoB [5]. 9To genaeT cMcteMy 0OCOOBEHHO NpuBAEKaTENbHON AN MALNHOCTPOUTESbHbIX
npeonpuaTUA, OPUEHTUPOBAHHbIX HA MHHOBaLUUK N LMdPOoBYIO TpaHcdhopMauuio. Kpome Toro,
Infor CloudSuite oTnnyaeTca 6onee rMbKom LEHOBOW MOAUTUKOM NO cpaBHeHuto ¢ Oracle
NetSuite, 4TO genaeT ee QOCTYNHOW ANA cpepgHero 6usHeca. [ns HarnsgHoOro CpaBHEHUs
dyHKUMOoHanbHbIX BO3MoOXHocTen Oracle NetSuite n Infor CloudSuite B KOHTeKcTe
MaLUMHOCTPOEHUN npeacTasnieHa Tabnmua 1.

Tabnuua 1
CpaBHeHune dyHKumMoHanbHbIX Bo3MoxkHocTeln Oracle NetSuite n Infor CloudSuite.
XapakTepucTtuka Oracle NetSuite Infor CloudSuite
YnpaeneHvne omHaHcamm [MonHbIN HAGOP NHCTPYMEHTOB [MonHbIN HA6OP NHCTPYMEHTOB
YrpassieHie NpoM3soaCTEOM [MnaHnpoBaHue, KOHTPOJIb [MnaHnpoBaHue, HTerpayus c
KayecTsa loT
YnpasneHue Lenoykamm BbiCcOKuin ypoBeHb CpepHuin ypoBeHb
NocTaBoK asBToMaTnsaumu aBToMaTnsaumu
BcTpoeHHble aHanuTnyeckne PacLumpeHHble BO3MOXXHOCTH
AHanMTuKa n 0TYETHOCTb
WHCTPYMEHTbI aHaNMUTUKN
NHTterpaums c loT OrpaHnyeHHas nogaep>xka [ny6okas uHTerpauus
CTOMMOCTb BHEOPEHNS Bbicokas CpepHas

Kak BngHo 13 tabnuupl, 06e cuctemMbl 06nagatoT LWMPOKNUM DYHKLMOHANIOM, HO UMEOT
CBOM YHUKanbHble ocobeHHocTn. Oracle NetSuite npepgnaraeT yHuBepcasnbHOE pelleHne C
BbICOKOW CTeneHbo WHTerpauuu, B To Bpems Kak Infor CloudSuite opueHTMpoBaHa Ha
oTpacneBble NOTPEOHOCTN MaLIMHOCTPOEHUA 1 obecrnednBaeT 6onee rnyboKy UHTErpauuo
C COBPEMEHHbIMN TEXHONOMNAMMU, TaKUMK Kak |oT.

Taknm obpazom, Bblbop Mexpy Oracle NetSuite u Infor CloudSuite 3aBucut oT
cneunukn NpegnpuaTns, ero MacluTabos 1 CTpaTermyeckux Lenen.

BHepgpeHne ERP-cuctem TpebyeT 3HaYnTENbHbIX (QUHAHCOBbLIX BJIOXKEHUW, N ONKA
OLUEHKN NX  3KOHOMUYECKOW  LenecoobpasHOCTU  HeobXxogumMo  yunTbiBaTb  Kak
€[VHOBPEMEHHbIE 3aTpaTtbl HA BHeAPEHWE, Tak 1 MOCTOSAHHbIE 3KCIlyaTalMOHHbIE pacxofbl.

3aTpaTtbl Ha BHegpeHne ERP-cnctem BkOYaOT HECKOMIBKO KJTHOYEBBIX KOMMNOHEHTOB:
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1. JINUEH3MOHHbIE OTYUCNIEHNA — CTOMMOCTb MNPUOBPETEHUs NINLUEH3MU  Ha
ncnonb3oBaHve rnporpaMmmHoro obecneveHus. CornacHo wuccnegosaHuio Panorama
Consulting Group (2022), cpegHas cTtouMmocTb nmueHanpoBaHusa Oracle NetSuite pns
cpepHero npegnpuaTtua coctasnseT ot 500 000 go 1 000 000 py6. B rog, B TO Bpems Kak Infor
CloudSuite, no gaHHbIM TOro Xe nccnegosaHua, ooxogntcsa B 400 000-800 000 py6. B rop [6].

2. Hactpoiika n kactomusauus — 3aTpartbl Ha aganTaumio CUCTEMbI Mo, crneumnuky
npegnpuaTtus. No aaHHeiMm Gartner (2021), kactomndaumsa Oracle NetSuite MoxxeT cocTaBnATb
o1 200 000 po 500 000 py6., Torga kak agna Infor CloudSuite atn 3atpaTbl HWXKe — oT 150 000
00 300 000 py6., 4TO CBA3AHO C ee OpUEeHTaUMEN Ha OTPaceBbIE PELLEHNS.

3. Oby4yeHne nepcoHana — 3aTtpaTtbl HA OOy4YeHne COTpPyAHWKOB paboTe C HOBOWN
cuctemon. CornacHo otdeTy ERP Focus (2023), cpegHne 3aTpaTbl Ha 0by4vyeHne gns obeunx
cuctem coctasnaT okono 100 000 py6., Ho gnsa Infor CloudSuite oHM MOryT 6bITb HUXE
6naropaps 6onee NHTYUTUBHO NOHATHOMY NHTepPeENcy.

Mocne BHeppeHus ERP-cuctembl npegnpuaTne CTankMBaeTCcA C  MNOCTOSAHHbIMU
aKcnayaTaunMoHHbIMI pacxofamMun, KOTopble BKJIKOYaKoT:

1. MNMoppep>xka N 0BHOBNEHUS — PEryNsipPHbIE NNATEXMN 32 TEXHUYECKYO NOAOEPXKKY U
obHOBMeHNsA nporpamMmmHoro obecriedeHus. Mo paHHbIM mnccneposaHusa Forrester (2022),
exerogHole 3atpatbl Ha nopaepXxky Oracle NetSuite coctaBnawT okono 20-25% ot
CTOMMOCTW NIULLEH3UN, YTO NS cpefHero npeanpusatna Moxet gocturatse 200 000-250 000
py6. B roa. Ona Infor CloudSuite aTu 3aTpatbl HUXe — 15-20% OT CTOUMOCTN NNLEH3NN, U
150 000-200 000 py6. B rog.

2. NIHTerpauna ¢ gpyrumm cuctemamn — 3atpatbl Ha obecnevyeHne COBMECTUMOCTU
ERP-cuctembl ¢ gpyrumn nporpammHbiMu npogyktamu. CornacHo ot4ety Deloitte (2021),
NHTerpaunoHHble 3aTtpaTtbl ans Oracle NetSuite moryT gocturate 100 000-200 000 py6., Torga
kak gns Infor CloudSuite oHn cocTtasnsaoT 50 000-150 000 pyo6.

3. AnnapaTHble N MHPPaACTPYKTYPHbIE 3aTpaTbl — B Clydae 06nayHbIX peLleHnin, Taknx
kak Oracle NetSuite n Infor CloudSuite, aTn 3aTpaTbl MUHUMaSIbHbI, HO MOryT BKJIOYaTb
pacxofpl Ha obecneyeHne CTabunbHOro NHTEPHET-COEaUHEHNA N KNGepbe3onacHOCTH.

CoBokynHass ctoumocTb BnageHus (TCO) aBnaeTcs KOYEBbIM MokKasaTenem Ons
OLIEHKN 9KOHOMMYECKON LenecoobpasHocTn BHegpeHnsa ERP-cuctembl. TCO BkIOYaeT Bce
3atpaTtbl, CBSI3aHHble C BHEAPEHWEM W JSKCnayaTaumenn CUCTEMbl Ha NPOTSIKEHUN ee
XN3HeHHoro uukna. ®opmyna pacdeta TCO mMoxeT ObITb MpeAacTaBiieHa Chneaylowmm
obpasom:
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TCO = Cypepp + Coxenn + Cosya + Cropaeprcxa »

rpe:

o Cyuenp — 3aTPaTbl HA BHEAPEHME (IMLEH3VPOBaHNE, HACTPONKa, KacToMI3aLys);

e Copenn — OKCONyaTaUNOHHBbIE pacxodpl (noaaep>kka, 0OHOBNEHNSA, UHTErpauus);

o Copyy — 3aTpaThbl Ha 00y4eHVie NepcoHana;

o Chopnepwra — 3@TPATHI HA TEXHUYECKYIO MOALAEPXKKY.

Ona pacdeta TCO ncnonb3yeMm AaHHble U3 nccnegosaHnin Panorama Consulting Group
(2022), Gartner (2021) n Forrester (2022). NpennonoXXunm, 4To CPOK aKcnayaTaunum CUCTEMBbI
cocTaBndeT 5 ner.

[nsa Oracle NetSuite:

o JlnuensnposaHune: 750 000 py6. B rof (CpegHee 3Ha4YeHne).

o HacTtpoiika n kactommusaums: 350 000 py6.

o O6y4eHune nepconana: 100 000 py6.

o Moppep>xka n obHoeneHns: 225 000 py6. B rofg, (22.5% oOT nnueHsnn).

o WNHTterpauyms: 150 000 py6.
TCO=(750000x5)+350000+100000+(225000x5)+150000=3750000+350000+
+100000+1125000+150000=5475000 py6.

Onsa Infor CloudSuite:

o JlnuensnposaHme: 600 000 py6. B rof (CpegHee 3HaYEHME).

o HacTpoiika n kactommusaums: 225 000 py6.

o O6y4yeHune nepcoHana: 80 000 py6.

o Moppepxxka n obHoeneHus: 180 000 py6. B rog, (20% oOT nnueH3un).

o NHTerpauyms: 100 000 py6.
TCO=(600000x5)+225000+80000-+(180000x5)+100000=3000000+225000+
+80000+900000+100000=4305000 py6.

[Ons HarnsgHoOro CcpaBHEHMSI COBOKYMHOW CTOMMOCTW BRafeHus npeacTaBiieHa
Tabnuuya 2.

Kak BugHo n3 tabnuusl, Infor CloudSuite gemoHCcTpupyeT 6051ee HU3KYIO COBOKYIMHYHIO
CTOMMOCTb BnageHuss no cpasHeHuto ¢ Oracle NetSuite, 4tO penaet ee 6onee
npmBneKkaTenbHOM C TOYKN 3PEHNS SKOHOMUYECKON 3heKTUBHOCTN [7].

Taknm o06pa3oM, aHanmM3 3KOHOMUYECKMX acnekTtoB BHegpeHusa ERP-cuctem
nossonsieT cpenatb BbiBOA O ToMm, 4T1o Infor CloudSuite MoxeT ©ObiITb 06onee
NPeanoYTUTENIbHBIM  PEeLUeHNEM AN MalMHOCTPOUTENbHbIX MNPeanpuaTuii, OCOBEHHO B
YCNOBUAX OrpaHnyeHHoro GrogxeTa.
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Tabnuua 2
CpaBHeHune TCO gna Oracle NetSuite n Infor CloudSuite (py6.).
Kateropwus satpar Oracle NetSuite Infor CloudSuite

JlnuyeHsnposaHue (5 ner) 3 750 000 3 000 000
HacTpolika 1 kKactoMmusaums 350 000 225 000
O6y4eHne nepcoHana 100 000 80 000
Mopaep>xka n 06HOBAEHUS 1125 000 900 000
NHTerpaums 150 000 100 000

Ntoro TCO 3a 5 net 5475 000 4 305 000

AddekTnBHOCTL  BHegpeHuss  ERP-cuctem  oueHuBaeTcss  4epe3s  npusmy
9KOHOMWNYECKOWM BbIrOAbl, KOTOPYIKO NONyYaeT nNnpeanpuaTue B pesynbtarte aBToMatusauum u
ontuMmndaummn  bGusHec-npoueccoB. Kro4veBbIM  MNoKasaTefsieM O  TakoW  OLEHKN
aBnaeTca Bo3spar Ha mHeecTuumn (ROI), KOTopbIn OTpakaeT COOTHOLWIEHWe npubbinn oT
BHeOpeHNs1 CUCTEMbI K 3aTpaTam Ha ee peanusaumio.

Bosspat Ha uHsecTnuum (ROI) paccunTbiBaeTca no cnenyrowlen opmyne:
RO] = [TIpu6eLIb OT BHEJpeHUsI—3aTPaThl HA BHEApeHUE % 100%,

3aTpaThl Ha BHeJ[peHUe

roe:

. Mpnbbinb OT BHEOPEHUA — SKOHOMUYECKAs Bbiroga, NojlydeHHas B pesyfbraTe
BHeOpeHus ERP-cuctembl (CHWXEeHne onepauynoHHbIX 3arpar, yBenmyeHne
NPON3BOANTENIBHOCTN, COKPAaLLEHNE BPEMEHM BbINOMHEHNS 3aKa30B U T.4.);

. 3aTpaTbl Ha BHeOpeHuWe — COBOKynMHas cTouMmocTb BrageHus (TCO),
paccynTaHHas BbiLLe.

Ona pacyeta nNpubbIM OT BHEOPEHUS MWCMNOMb3YKTCA [AaHHble U3 OTpacfieBbIX
nccnepgosaHunn. CornacHo ot4ety McKinsey (2021), BHegpeHne ERP-cuctem B
MaLUMHOCTPOEHNN NO3BONSET COKPaTUTb OnepaunoHHble 3aTtpatbl Ha 15-20% un yBennuntb
npounssoanTenbHocTb Ha 10-15% [8].

Mpeanonoxum, 4yTO cpepHue ropoBble onepaumoHHble 3aTparthbl
MawmHocTpouTeneHoro npeanpuatTus coctasnaotT 10 000 000 py6. BHeppenve ERP-
CUCTEMbI NO3BOASET COKPaTUTb 3TU 3aTpaTbl Ha 15%, 4To akeBuBaneHTHo 1 500 000 py6. B
rog. Takke BHegpeHue CUCTEMbl YBENNYMBAET MNPOU3BOAUTENIbBHOCTb, YTO MNPUHOCUT
AONONHUTENBHYO NpubbIb B pasmepe 500 000 py6. B roa. Taknm obpasom, obuiasa rogosas
NpnbbINb OT BHegpeHus coctaensaeT 2 000 000 py6.

ROI pna Oracle NetSuite:

10000000 — 5 475 000
ko= 5475000

X 100% = 82.6%
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ROI pgns Infor CloudSuite:
10 000 000 — 4 305 000
Ror= 4305 000
Ons HarnagHoro cpasHeHns ROl npeactasneHa Tabnuua 3.

X 100% = 132.3%

Tabnuua 3
CpasHeHue ROI gna Oracle NetSuite u Infor CloudSuite.

[NokasaTtenb

Oracle NetSuite

Infor CloudSuite

3atpatbl Ha BHegpeHne (TCO)

5475 000 py6.

4305 000 py6.

Mpnbbiib 3a 5 net

10 000 000 pyé.

10 000 000 py6.

ROI

82.6%

132.3%

Kak BugHO 13 Ttabnuubl, Infor CloudSuite gemoHcTpupyet 6onee Bbicoknin ROI no

cpaBHeHuntio ¢ Oracle NetSuite, 4TO cBUgeTenbCcTByeT O ee O6OMbLIEN SKOHOMUYECKOW
9(pPEKTMBHOCTN ONA MALLMHOCTPOUTENbHBIX NPEeanPUSaTUR.
Cpok oKynaemMoCT! — repuopf, 3a KOTOpbIA 3aTpaTtbl Ha BHeOpEeHWe OKynalTCs 3a cyeT
nonyyeHHon npubbinu. Ana Oracle NetSuite cpok okyrnaemMocTn coctasnseT okono 3.5 ner,
Torga kak gna Infor CloudSuite — 2.5 ropga. Yny4weHvne ynpasnsemMoctn 6usHeca — ERP-
CUCTEeMbI MO3BOSSIOT MOBLICUTL MPO3Pa4YHOCTb BU3HEC-NPOLIECCOB U Ka4eCTBO NMPUHUMAaEMbIX
peleHnin, YTO CNOXHO OLEHUTb B AEHEXHOM BbIPaXXEHUN, HO YTO MMEET 3HauUTEesIbHYo
LeHHoCTb ans npegnpuatns. CHXKeHne pucKoB — aBToMaTtun3aumsi NpoLeccoB MUHUMU3NPYET
YyenioBeYecKne ownbKN N CHUXKAET PUCKU CO0EB B NPON3BOACTBE.

Ha ocHoBe NpoBefeHHOro aHann3a MOXKHO caenaTb crnefyoLme BbiBOabl:

o Infor CloudSuite aBnsieTcsa 6onee 3KOHOMUYECKN 3PP EKTUBHBLIM PELLEHNEM ANKA
MaLLUMHOCTPOUTESNbHBIX NPEeAnPUSATNn, OCOBEHHO ANA cpeaHero busHeca.

o Oracle NetSuite MoxeT 6bITb NPeANnOYTUTENIBHON ONA KPYMHbLIX NPeanpusaTuin,
KOTOpbIM TpebyeTcs BbICOKas CTEMEHb MHTerpaumn 1 MaclutabnpyemMocTu.

o Mpu BbIGOpe ERP-cuctembl Heobxognmo yumnTbiBaTb He Tonbko ROI, HO n
OOJIFOCPOYHbIE CTpaTernyeckme uenn npegnpuaTtus.
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Abstract. In the dynamic landscape of business analysis, selecting the appropriate requirements prioritisation technique
is pivotal to project success. This article introduces a novel framework designed to empower business analysts (BAs) with a
systematic approach for choosing the most suitable prioritisation method tailored to their specific project needs and situational
variables. By evaluating key factors such as stakeholder dynamics, project complexity, and resource constraints, the proposed
approach bridges the gap between traditional prioritisation methods and the nuanced demands of modern projects. Through
practical examples and actionable insights, BAs will gain the tools necessary to enhance decision-making processes, optimise
requirement alignment, and drive project outcomes that resonate with organisational objectives.

Keywords: business analysis, requirements prioritisation, prioritisation techniques, prioritisation framework, decision
tree

PeueHseHT: Bronnep EneHa AnekcaHapoBHa — KaHOUAAT SKOHOMUYECKNX HAYK, OOLEHT.
OIrb0OY BO «AgpirecKum rocyaapCTBEHHbIN YHUBEPCUTET»

Introduction

Effective prioritisation of requirements is crucial for the success of business analysis
projects. It ensures that the most valuable features are delivered first, aligns outcomes with
business objectives, optimises resource allocation, and enhances stakeholder satisfaction. As
projects grow more complex and involve a wider range of stakeholders, the ability to prioritise
accurately becomes increasingly important for business analysts (BAs).

Business Analysts have traditionally used various prioritisation techniques, each with its
own strengths and limitations. Common methods include MoSCoW, the Kano Model, and
Weighted Scoring, which are widely adopted in the industry. However, selecting the right
technique for a specific project can be challenging due to differing project dynamics and the
diverse needs of stakeholders.

To address these challenges, a new framework has been developed to help BAs
systematically assess their project environments and situational factors. This framework
simplifies the selection of the most effective prioritisation method, enhances decision-making
processes, ensures requirements align with business goals, and ultimately leads to more
successful project outcomes.
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New Framework Overview

Traditionally, BAs select prioritisation techniques based on intuition, past experiences, or
organisational preferences. This ad-hoc approach often leads to inconsistent outcomes and
may not adequately address the unique needs of each project. Commonly, BAs might default
to familiar methods like MoSCoW or Weighted Scoring without a systematic evaluation of their
suitability for the current project context.

Limitations of the traditional framework applied by BAs or product owners (POs) include

[11:

Lack of structure: Absence of a standardised process for evaluating and selecting
techniques.

Inflexibility: Tendency to stick to familiar methods regardless of project-specific
requirements.

Stakeholder misalignment: Potential failure to engage stakeholders effectively in the
prioritisation process.

Scalability issues: Difficulty in adapting techniques to varying project sizes and
complexities.

The new requirements prioritisation framework addresses the shortcomings of the
traditional approach by providing a structured, adaptable, and comprehensive methodology
for selecting the most appropriate requirements prioritisation technique. It integrates both
traditional and innovative methods, allowing BAs to make informed decisions based on a
thorough evaluation of project-specific factors.

The proposed framework is built on the following core principles:

1.

Adaptability: The ability to adjust prioritisation techniques based on project-specific
factors.

. Comprehensive evaluation: Considering a wide range of criteria to ensure the selected

method aligns with project needs.

. Stakeholder-centric: Prioritizing techniques that facilitate stakeholder engagement and

consensus.

4. Scalability: Ensuring the method can scale with project size and complexity.

. Practicality: Focusing on techniques that are easy to implement and understand within

the project context.

To effectively select a prioritisation technique, BAs should evaluate their projects against
several key criteria:

1.
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o Agile, Waterfall, or Hybrid: Determine the predominant project methodology to

align with suitable prioritisation techniques.
2. Project size and complexity:

o Small vs. Large projects: Smaller projects may benefit from simpler methods like
MoSCoW, while larger projects might require more robust techniques like
Weighted Scoring.

o Technical complexity: Highly technical projects may need methods that can
incorporate technical dependencies and constraints.

o Number of requirements: Consider whether the project has few (<20), moderate
(20-50), or many (>50) requirements.

3. Stakeholder involvement and dynamics:

o Number of stakeholders: Projects with numerous stakeholders may require
collaborative techniques like the 100-Point Method.

o Stakeholder influence: Techniques that account for varying levels of stakeholder
influence can help manage conflicting priorities.

4. Resource availability and constraints:

o Time constraints: Methods that are quick to implement, such as Value vs. Effort
Matrix, are suitable for projects with tight deadlines.

o Resource allocation: Techniques that consider resource limitations, ensuring that
high-priority requirements are achievable within available resources.

o Financial impact: Assess if the project requires a detailed financial evaluation,
making techniques like Cost-Benefit Analysis relevant.

5. Time sensitivity and flexibility:

o Project timelines: Agile projects may prefer flexible methods that allow for
iterative prioritisation, whereas fixed-scope projects might need more definitive
techniques.

o Change management: Techniques that accommodate changes in requirements
and priorities as the project evolves.

o Flexibility for iterative prioritisation: Ensure the technique allows for continuous
reassessment and adjustment of priorities, especially in iterative processes.

6. Documentation and transparency needs:

o Transparency: The need for clear documentation and transparent decision-
making processes can influence the choice of technique.

The new framework enhances the traditional approach by introducing a systematic
process that evaluates prioritisation techniques against specific project criteria. This ensures
that the selected method is not only suitable but also optimised for the project's unique
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environment and constraints. By incorporating a comprehensive evaluation, the framework
promotes informed decision-making, reduces the risk of misalignment, and fosters greater
stakeholder satisfaction.

Implementation Guide

Implementing the new framework involves a systematic process that guides BAs through
assessing project parameters, mapping requirements to suitable techniques, evaluating
potential methods, and ultimately selecting and tailoring the optimal technique.

Step 1: Assess project and situational parameters

BAs should begin by conducting a thorough assessment of the project’s characteristics
and situational variables. This includes understanding the project scope, complexity,
stakeholder landscape, resource availability, and any constraints that may impact
prioritisation.

Table 1
Project assessment checklist
Parameter Description Considerations
Project size Scale and scope of the project Number of requirements, team size
Complexity Technical and operational complexity Dependencies, integration needs
Stakeholder count Number and diversity of stakeholders Roles, influence, expectations
Resource availability Budget, personnel, and technological Constraints and limitations
resources
Timeline Project deadlines and milestones Flexibility for iterative prioritisation
Change frequency Expected changes in requirements Adaﬁt%bility of the prioritisation
metho

Step 2: Map requirements to prioritisation techniques

Using the decision tree, BAs can align project parameters with the most suitable
prioritisation techniques. This involves a thorough analysis of how each method corresponds
to the specific needs and constraints of the project environment. By carefully matching the
project's unique characteristics with the strengths of various prioritisation methods, the
chosen technique effectively addresses the project's challenges and objectives.

Step 3: Evaluate potential techniques against the criteria

After identifying a shortlist of potential techniques, BAs employ the evaluation matrix to
assess each one based on key factors such as project size, complexity, stakeholder
involvement, resource constraints, and flexibility. This systematic evaluation measures how
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well each technique meets the established criteria, providing a clear understanding of their
overall suitability for the project. By objectively comparing the techniques against these critical
aspects, BAs can identify which method offers the best fit for the specific project
circumstances.

Step 4: Select and tailor the most appropriate technique

Once the potential techniques have been evaluated, BAs select the one that best aligns
with the project's criteria. However, the selection process does not end there. It is essential to
customize the chosen method to accommodate the unique nuances of the project. For
instance, if Weighted Scoring is selected, the scoring criteria might be adjusted to better reflect
the project's priorities. Similarly, with the MoSCoW method, defining specific categories that
resonate with the project's context can enhance its effectiveness. Tailoring the technique
ensures that it not only fits the project’s needs but also maximizes its potential to deliver
successful outcomes.

Figures 1-3 present a comprehensive decision tree designed to guide business analysts,
product owners, and project managers through selecting an appropriate requirements
prioritisation technique.

Once the BA or PO arrives at a recommended technique via the decision tree, they should
tailor it to the project’s unique context. In some complex scenarios, a hybrid approach (e.g.,
starting with MoSCoW for initial categorization, then applying Weighted Scoring for fine-
grained priorities) can be beneficial.
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approaches)

To effectively implement the framework, BAs should ensure that all team members are
familiar with the prioritisation techniques and the framework itself. Training sessions can help
in understanding how to apply the framework in various project scenarios. Additionally,
integrating the framework with project management tools like Jira or Trello can streamline the
prioritisation process. Maintaining detailed documentation of the prioritisation decisions and
regularly reviewing the framework's effectiveness based on project feedback are also crucial
steps for continuous improvement.

Implementing a new framework can come with its own set of challenges. Resistance to
change can be mitigated by demonstrating the framework’s benefits through pilot projects and
sharing success stories. Ensuring stakeholder engagement is essential, which can be achieved
by involving stakeholders early in the prioritisation process and fostering a collaborative
environment. Resource limitations should be addressed by selecting prioritisation techniques
that match available resources and providing adequate training to maximize efficiency.
Maintaining flexibility is key, so regularly reviewing and adjusting the chosen technique to
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accommodate changes in project scope or stakeholder priorities is recommended. Ensuring
consistency can be achieved by developing standardized templates and guidelines while
managing complexity involves focusing on key criteria and avoiding overcomplication to keep
the framework user-friendly.
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Comparative Analysis and Benefits of the New Framework
Understanding how the new framework stands against traditional approaches highlights

its unique advantages and the value it brings to projects. Traditional prioritisation methods
each have their own merits but also face specific limitations (Table 2) [2] [3] [4].

Table 2

Advantages and disadvantages of traditional prioritisation techniques
Technique Strengths Weaknesses
MoSCoW Simple, easy to understand May oversimplify complex
requirements
Kano Model Focuses on customer satisfaction Requires detailed customer insights

Weighted Scoring

Comprehensive, considers multiple
criteria

Can be time-consuming and complex

100-Point Method

Encourages stakeholder participation
and consensus

May lead to point inflation or strategic
voting

Value vs. Effort
Matrix

Quick, visual prioritisation

May lack depth for highly technical
projects

Bubble Sort

Simple and straightforward

Not suitable for large sets of
requirements

Pairwise Comparison

Detailed and thorough

Time-consuming for large numbers of
requirements

Eisenhower Matrix

Helps in categorising tasks effectively

May not capture all nuances of
project requirements

Cost-Benefit
Analysis

Quantifies financial impact

May overlook non-financial benefits

The new framework builds on traditional techniques by introducing a structured, adaptable

approach that addresses their limitations:

e Comprehensive evaluation: The framework ensures that all relevant project and
situational factors are considered, leading to a more informed selection of prioritisation

techniques.

e Enhanced flexibility: It allows BAs to adapt prioritisation methods as project conditions
evolve, ensuring sustained alignment with project goals.
e Facilitated stakeholder engagement: By promoting techniques that encourage active
participation and consensus-building, the framework enhances stakeholder satisfaction

and buy-in.

e Improved scalability: The framework supports the selection of techniques that can scale
with the project’s complexity and size, making it suitable for a wide range of projects.
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Conclusion

Selecting the right requirements prioritisation technique is a vital step in ensuring the
success of any business analysis project. The new framework provides BAs with a structured,
adaptable approach to evaluate their project environments and choose the most effective
prioritisation method. This not only improves decision-making processes but also ensures that
requirements align seamlessly with business objectives, leading to more successful project
outcomes.

Looking ahead, the field of business analysis continues to evolve, with advancements like
artificial intelligence and machine learning poised to further refine prioritisation techniques.
The framework can be expanded to incorporate these emerging methods, maintaining its
relevance and effectiveness in a changing landscape.

For the framework to reach its full potential, ongoing adoption and continuous
improvement are essential. BAs should embrace a culture of learning and adaptation, regularly
refining the framework based on project experiences and feedback. By doing so, the
framework will remain a valuable tool in navigating the complexities of requirements
prioritisation, driving projects toward greater success and delivering maximum value to
stakeholders and the organization as a whole.
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Abstract. The article provides a comparative analysis of R-CNN and YOLO family models widely used for object
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DoueHT OIrBOY BO «PTAY-MCXA nm. KA. Tumnpsasesa»

Object detection or recognition is one of the key challenges in computer vision with a
wide range of applications including industrial automation, security systems, autonomous
vehicles and medical diagnostics. Current methods for this task are based on deep learning,
which can significantly improve the accuracy and efficiency of image processing.

Neural network-based recognition methods are widely used in machine learning
models. For this purpose, a training database is collected, from which a dataset is formed.
Features and their combinations are extracted to identify similar objects. The machine learning
model is trained to recognise the right types of patterns. Even after loading several datasets,
the model may not recognise some objects correctly. If this happens, the model continues to
be trained on new datasets until it reaches the desired detection accuracy. In addition, neural
networks are extremely demanding to the size and quality of the dataset that will be presented
as a training sample. The number of examples in this sample can reach tens and hundreds of
thousands, and all of them must be prepared for training, which is a labour-intensive task.
Therefore, there are a lot of open prepared datasets. However, they are more often used as
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test cases of network performance, because a specific dataset is required for a particular
application task.

In practice, this means that up to a certain limit, the more hidden layers in the neural
network, the more accurately the image will be recognised, and this number is increased until
the onset of overtraining [1]. The input of the neural network is a picture, which is divided into
small areas, up to several pixels, each of which will be an input neuron. During this process,
hundreds of thousands of neurons with millions of weight coefficients compare the received
signals with already processed data and make adjustments to the weight values.

Object detection methods are typically based on either machine learning or deep
learning. Methods based on deep learning are characterised by the use of convolutional neural
networks, which enable object detection without using a list of specific features of a given
object [1].

There are many different approaches and architectures of neural networks, each with
its own advantages and disadvantages:

- Region Proposals (c ncrnonb3oBaHneM pasfnyHbIX PErmoHasibHbIX CBEPTOYHbIX
HenpoHHbIX ceTen: R-CNN, Fast R-CNN, Faster R-CNN) [2]:

— Single-Shot MultiBox Detector;

— You Only Look Once (YOLO);

— RetinaNet;

— Single-Shot Refinement Neural Network for Object Detection (RefineDet);

— Deformable convolutional networks.

One of the best known families of models for object detection is R-CNN, which includes
variations such as Fast R-CNN and Faster R-CNN. These models use a region-based
approach that can efficiently extract objects in an image and classify them. Another popular
architecture is YOLO (You Only Look Once), which is characterised by high speed
performance due to viewing the image once and classifying and localising objects
simultaneously. Each of these models has unique characteristics, making their selection
critical to successfully solving a particular object detection problem. Let's take a closer look
at these two architectures and analyse them comparatively.

The R-CNN or regional convolutional neural network model is a selective search
method, is an alternative to full image search for fixing the location of an object [3]. It combines
small regions of an image into a hierarchical group. Thus, the last group is a block containing
the entire image. The model starts by searching the region and then performs classification.
Thus, the last group represents a block containing the entire image. The detected regions are
combined according to different colour spaces and similarity scores. The result is a number of
region suggestions that may contain the object.
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The size of each region suggestion is resized to match the input from the CNN
(convolutional neural network) from which a feature vector is extracted [2]. The feature vector
is classified to obtain the probabilities of belonging to each class. Each class has an SVM
classifier that uses the support vector methods [4], inferring the detection probability of that
object for a given feature vector. This vector also feeds a linear regressor to adapt the shapes
of the bounding box to suggest the region and thus reduce localisation errors.

Each region sentence feeds a CNN to extract a feature vector, possible objects are
detected using multiple SVM classifiers, and a linear regressor modifies the coordinates of the
bounding box.

The disadvantages of R-CNN include:

- training the network takes a huge amount of time, we have to classify several thousand
region sentences for each image;

- cannot be used in real time, it takes about 50 seconds for each test image;

- the sampling search algorithm is a fixed algorithm, so there is no training for it, this
may lead to the creation of bad candidate region suggestions.

The goal of the Fast R-CNN region-based convolutional network Fast R-CNN is to
reduce the time cost associated with the large number of models required to analyse all region
proposals.

A basic CNN with multiple convolutional layers processes the whole image as input, in
contrast to the R-CNN approach where the CNN is applied separately to each region proposal
[4]. The regions of interest are identified by a sampling method which is applied to the
generated feature maps. Each region of interest is then fed into fully connected layers that
form a feature vector. This vector is used to predict the object class using a softmax classifier,
a normalised exponential function that converts a vector of real numbers into a probability
distribution of possible classes, and to refine the coordinates of the bounding box through a
linear regressor.

The Faster R CNN is an improved version of the R CNN (Regions with CNN features)
introduced in 2015. This architecture addresses the original R CNN's problems of slow speed
and high resource consumption by introducing the Region Proposal Network (RPN). The
Region Proposal Network, otherwise Region Proposal Network or RPN (see Fig. 2.1) for direct
region proposal generation presents bounding box prediction and object detection. RPN uses
a pre-trained ImageNet dataset model for classification and fine-tunes the PASCAL VOC
dataset [3]. A faster region-based convolutional network Faster R-CNN is a combination
between RPN and the Fast R-CNN model.
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Figure 1. Region proposal network

In this case, the CNN takes the entire image as input and creates feature maps. The
defining window slides over all feature maps and outputs the feature vector associated with
two fully connected layers, one for block regression and one for block classification.
Suggestions of multiple regions are predicted by the fully connected layers. If k regions are
detected, the output of block regression layer is of size 47k, the coordinates of the blocks, their
height and width, and the output of block classification layer is of size 2*k to detect the object
or not in the region. The region suggestions detected by the sliding window are called anchors.
When anchors are detected, they are selected by applying a threshold to the objectivity score
to leave only relevant blocks. These anchor blocks and object maps computed by the original
CNN model correspond to the Fast R-CNN model.

Faster R-CNN uses RPN to avoid the selective search method, speed up the training
and testing processes, and improve performance.

The You Only Look Once (YOLO) method is less accurate than regional convolutional
neural networks, but it is much faster, allowing real-time object detection [5]. The essence of
this method is to initially divide the image into a grid of cells. Each cell is responsible for the
location of an object region in the image, if the centre of this region is within the cell. For each
region, the x and y coordinates, the width and height of the region, and a confidence factor
are determined, which indicates the probability that an object is present in that region. This
confidence is simply the probability of detecting an object multiplied by the IoU (or intersection
by union) between the predicted and actual values. The simplicity of the YOLO model allows
real-time predictions to be made. The network has 24 convolutional layers followed by 2 fully
connected layers (Figure 2).
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Figure 2. YOLO archicture

The basic principles of YOLO:

1. Single-stage detection. YOLO solves the problem of object detection in a single
network access. It is a one-stage architecture, which is in stark contrast to traditional two-
stage methods such as R CNNs or Faster R CNNs, where candidate regions are first generated
and then classified. The YOLO approach significantly speeds up image processing, making it
ideal for real-time tasks.

2. Fixed size grid. The image is divided into a grid where each cell is responsible for
predicting the bounding boxes and the probabilities of the classes of objects within that cell
[5]. This simplifies the processing of complex scenes with multiple objects.

3. Prediction of bounding boxes. For each cell, YOLO predicts a fixed number of
bounding boxes. Each box is described by the centre coordinates, width, height and
probability of containing an object.

4. Object classification. In addition to predicting frames, YOLO also determines the
probability of an object belonging to a particular class. This allows us to identify which object
is within each frame.

The advantages of the YOLO model include speed as the algorithm is able to recognise
objects in real time, high accuracy, and the ability to generalise the image without burdening
memory with processing. However, this algorithm has problems in identifying close objects.

Table 1.
Comparative analysis of R-CNN and YOLO class models
Model Advantages Disadvantages Application
R-CNN (Fast R- | Highly accurate | Slow output and high | Tumour detection;
CNN, Faster R- | localisation of objects; computational load; Detection of objects on
CNN) Flexibility =~ to  atypical | Not suitable in tasks | the road;
objects and conditions; involving video analysis; Retail.
Increased efficiency with | Difficult to train.
pre-trained models.
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Model Advantages Disadvantages Application
YOLO High processing speed in | Has difficulty detecting | Customer behaviour
tasks requiring | small objects or objects that | analysis;
instantaneous response; are far away; CCTV systems;
Balance between precision | Limited flexibility in | Tasks requiring rapid
and recall; customisation; analysis and anomaly
Relatively simple | Highly dependent on the | detection;
architecture; variety of training data. Autonomous vehicles.
Good at generalising
common features.

This study found that the R-CNN and YOLO family models have different advantages
and disadvantages that make them suitable for different applications. The R-CNN models
exhibit higher object detection accuracy but require significant computational resources and
are slower. In contrast, YOLO models provide high processing speed, which makes them
attractive for real-time tasks, although their accuracy may be lower.

The choice between these two groups of models depends on the specific requirements
of the project. If accuracy is a priority, R-CNN models should be favoured. If speed of
processing is more important, then YOLO will be a better choice. It is important to note that
both approaches continue to evolve and new versions of the models seek to combine the best
features of both groups, providing both high accuracy and speed.
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CONCLUSION

The International Journal of Professional Science, Issue Ne2(2), 2025, offers a
comprehensive exploration of contemporary scientific advancements, reflecting the diverse
challenges and innovations shaping our understanding of the world.

As this edition concludes, we hope it serves as an inspiration for future studies and a
catalyst for continued growth in professional science. We extend our gratitude to the authors,
whose works form the foundation of this journal, as well as to the reviewers and readers who
contribute to its ongoing success. Together, we advance the frontiers of knowledge and create
a meaningful impact on society.

Warm regards,

Krasnova N.

Editor-in-Chief
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