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| NTRODUCTI| ON

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
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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 afgjlity 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 auket 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 physiechemical properties, such as ion exchange, sorption and sactac=properties. These substances
differ in their elemental composition, number of functional groups, degree of condensation of molecules and molecular weight,
which affects their physiechemical characteristics. Humic substances are used in various fieldslimg 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 areaetatiaeiyg poorly
understood, due to the lack of development of the theoretical foundations of the chemical technology of processing moss an
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 secoadawces. The paper considers
possible ways to dispose of ash and slag waste, namely fly ash, formed in the technology of wood biomass processing, both :
the site of pulp and paper mills and in other industries.

Keywords: energysaving technologies, aglecycled materials, waste, pulp and paper industry.

PeueHzeHT: Toponues Bacunuin BnagnuMmposuy - KaHANOAT TEXHUYECKNX HaYK, OOLEHT.
OIreoQy BO «PTAY-MCXA nMm. KA. Tummnpsasesa»

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.
Bbiclwias WwKona TeXHONOrnn N SHEPreTukn

Abstract. The article discusses the problerarafuring 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 theofeasibility
developing distributed generation have been identified riEcessity 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 energy supply, capacity, electricity supply, reliability, forecast of energy consumption,
Leningrad region.
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Ooo2a6RcO*t .38Rgi a 3R339RB32YRag 3t es3oafrdaosR >f 03eayas
Jasoay3Rezxdaes oRdRdsb. c€dplfapasszraszreatoaot Ldades3al aa3yaed
dRde a3 f, ae3arvadtIiyoa cadasz>aar 3Rbaa3zai 3RbYogot 3R3e3a
3RbYogot 3R3zes3avadaooeasae L 8a3y¥yas8o9dd2 Y | aossoPyxaResxsodas 29 dmR
cea6803+ Y 30a68tg. €3acgedepnash desadsaeaha 3acadesaaeRGI0 e 30

tdiyaYha 3RB&EBRieadaossaaa L 2a3ya3aRfDOBDA, sayaaszaei, L
Loa3yacoae30f daRIt pridRaBdY 3 Res3(d

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
NOTPEBHOCTUN B ANIEKTPOIHEPINN N MOLLHOCTU, NpefoTBpaLleHne aeuumToB 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,

n

Il nt ernat ioofn aPlr ojfoeusrsniaoln a | 91
Ne2(2) - 2

025


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

Professional science applies the Creative Commons Attri bt
https://creativecommons.org/licenses/ by/4.0/4d

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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Kawees Kupnnn Onerosuy,
MaructpaHT Kacdegpbl TennocunnoBbiX YCTAHOBOK U TEMOBbLIX ABUraTenen,
CaHkT-lNeTepbyprckuii rocyaapCTBEHHbIN YHUBEPCUTET MPOMbILLIEHHBIX TEXHOMOMMIA U OU3ainHa.
Bbicwas WwkKona TeEXHON0rnn N 3HepreTukn
®epopyk Codbsa CepreesHa,
MaructpaHT Kacdegpbl TennocunnoBbiX YCTAHOBOK U TEMOBbLIX ABUraTenen,
CaHkT-lNeTepbyprckuii rocyaapCTBEHHbIN YHUBEPCUTET MPOMbILLIEHHBIX TEXHOMOMMIA U OU3ainHa.
Bbicwas wkona TeEXHONornn N aHepreTukn
LLinpsies Anekcangp OMuTpuesny,
AccucteHT Kadenpbl TennocunoebiX YCTaHOBOK U TEMOBbLIX ABUratenen,
CaHkT-lNeTepbyprckuii rocyaapCTBEHHbIN YHUBEPCUTET MPOMbILLIEHHBIX TEXHOMOMMIA U OU3ainHa.
Bbicwas wkona TeEXHONornn N aHepreTukn

Abstract. This article provides a comparative analysis of various versions dupay systems for private homes
used in Russia. Traditional heating methods such as gas, electric and solid fuel are considered, as well as modeen alternativ
technologies, including heat pumps. The analysis covers the technical characteristics, espamtsiand 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.
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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
nnowaneso 100 my otonuTeneHbln nepuof — 180 aHen, cpegHAs Temnepartypa Hapy>XHOro
Bo3fayxa — 5°C. YcpeaHeHHast noTpebHOCTb B TENJIOBOW SHEpPrumn gnsa goma nnowanbio 100 My
cocTasnseT npumepHo 1 KBT Ha 10 munpwu xopoLuen Tennon3onsaunn.

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,
noTpebfieHne 3NEKTPUYECKON SHeprum Ha otonneHne goma nnowanso 100 My coctaBnsaeT
240 kBTe4 B cyTKU, 43200 KBT*4 32 ce30H. [Npun Tapude 5 pybnen 3a kKBTe4 aHeprum (pMCyHOK
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
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