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Abstract. Production of green and sustainable energy from renewable sources is a
worldwide demand for future generation energy-based technologies. The paucity of
natural fossil fuels stocks and burning of carbon-containing fuels are continuously
rising global warming and air pollution. Therefore, the necessity for clean energies
generation and its storage in portable devices to meet the on-demand utilization.
However, the efficiency of energy storage materials is still inadequate for widespread
real-world applications because of their sluggish kinetics of ion diffusion, lack of
efficiency in incompatible weather conditions and poor chemical stability. Thusly, it
is highly necessary to investigate new advanced functional materials for energy
storage applications. In this minireview, authors are specifically discussing the
decoration, designing and synthesis, basic fundamental chemistry, and
physicochemical properties of metal-organic frameworks (MOFs) utilized as
efficient electrode materials for various energy storage systems such as batteries and
supercapacitors. Generally, MOFs are the combination of inorganic metal ions and
organic ligands/linkers possessing unique properties like high porosity and electrical
conductivity, large surface area, more redox active sites and stability due to their
structural engineering and compositional modifications. In the recent past, MOFs-
based electrode materials have confronted so many challenges in terms of flexibility
to select suitable metals ions and organic ligand moieties, ease of composite
preparation, rich host-guest interactions, desired morphology and properties, process
scalability and many more which needs to be discussed thoroughly for its full-proof
use in the real-time application as energy storage materials.

Keywords: MOFs, Compositional flexibility, Conductivity, Energy storage, Batteries,
Supercapacitors.
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Introduction. Clean energy is extensively demanding in the current modern world, to
develop next generation energy storage devices. In this context, a new class of porous
crystalline materials namely: metal-organic frameworks (MOFs) become potential
candidates and also drawing the attention of researchers and academicians to fulfill
the necessity for next-energy storage devices. MOFs also known as metal-organic
materials, porous coordination polymers, porous coordination network materials and
metal-organic coordination network comprises with inorganic metal clusters/ions and
flexible multidentate organic ligands/linkers, have emerged as a most encouraging
class of solid porous materials since last two decades with state-of-the-art chemistry.
A pioneering work of three scientists Omar M. Yaghi, G. Ferey and S. Kitagawa born
this term “MOF” [1]. Nowadays, these multifunctional materials have proved
themselves by contributing for the benefits of society in different sectors like health,
energy, and environmental issues. Generally, MOFs have possible connectivity of
organic ligands with different metal nodes, known as supra-molecular building blocks
(SBBs) or secondary building units (SBUs) leads to the synthesis of predictable
MOFs with different architectures and structural engineering by virtue of reticular
chemistry. Importantly, the topology and SBUs are the only criteria to produce
application-specific framework materials along with anticipated characteristics. The
ultrahigh porosity, huge internal surface area and an infinite number of choices of
inorganic and organic components, make MOFs excellent candidates for large
number of tremendous applications in different fields such as adsorption, biomedical
imaging and drug delivery, magnetism, catalysis, clean energy, sensors, gas storage
and gas/vapor separation, thin-film and membrane devices, luminescence,
conductors, pharmaceuticals, spintronics, dielectric and ferroelectricity, energy
generation, conversion and energy storage devices [2].

Notably, the available functional groups, geometry and flexibility organic
ligands are responsible factors to vary the coordination, structural engineering and
functionality of targeted framework materials along with targeted topologies. By this
fact, several aromatic and aliphatic functional groups such as benzene di-, tri, tetra-
and hexa-carboxylates, thiolates, azolates, peptides, amino acids and their related
moieties are commonly utilized as organic building units to construct a series of
MOFs with exciting features [3]. Nonetheless, the poor chemical stability of some
MOFs limits their applicability up to an extent. Therefore, it is highly desirable to
investigate more to improve and enhance activities, physicochemical properties and
incorporate new functionalities. In literature, plethora of research is available
regarding doping, assisting or composite making with a variety of active, energetic
and efficient functional materials like graphene, phosphides, sulfides, metal oxides,
carbon black, MXenes and carbon nanotubes to overcome the weaknesses of pristine
MOFs. These kind of new approaches provide a new path with numerous
opportunities for academicians, chemists and researchers to do innovations with
amazing multidimensional properties and technologically important industrial

applications. MOFs-based composites are unswervingly used as precursors for
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inorganic solids/advanced materials with large number of potential practical
applications in coatings, sensing, catalysis, separation, bio-medical as well as energy
generation, conversion and storage [4]. This review article focused on the recent
noteworthy progress of MOFs, their classification, synthesis and properties along
with their performance in energy storage applications. A pictorial representation of
MOF synthesis and utilization for energy storage application has been displayed in
Figure 1. The synergistic effects of metal ions and organic ligands along with
responsible key factors have also been discussed in details.
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Figure 1 - Pictorial representation of MOFs for energy storage applications

Chemistry of MOFs: Classification, Synthesis and Properties. MOFs are a
diversified family of porous solid crystalline polymeric materials composed of metal
ions mutually connected by organic bridging ligands. Ordinarily, the ligands are an
organic moiety/molecule that contains any of the functional groups like amine,
pyridine, carboxylic acid and others, present in their structure. The length, size,
geometry and dimensionality of the ligand and metal ions of different groups (alkali,
alkaline earth metals or s-block, p-block, d-block or transition metals, and f-block or
rare earth metals) are main responsible factors for the pore size of the framework.
Different oxidation state and geometries of metal ions decide the structural
transformation of the framework. The dimensionality and crystal structure topology
based classification of MOFs are as one-dimensional (1D), two-dimensional (2D),
and three-dimensional (3D) infinite networks [13]. In addition to this, the most
noticeable issue to investigate is the method or technique used to produce the MOFs
that involve a number of parameters such as molar ratio of solvent/solvent mixture,
temperature, volume, pH value, pressure, and many others that obstructs the
formation of targeted materials. In the last two decades, various synthetic methods
have been employed for the synthesis of MOFs such as hydrothermal, solvothermal,
diffusion, layering or slow evaporation, conventional electric heating, microwave
synthesis, electrochemical, sonochemical and mechanochemistry [5]. There are some
more high-throughput methods also available in literature such as conventional step-
by-step methods for different thin films, membranes and composites.

Transition, Inner transition and Mixed metal-based MOFs. The literature on s-
block and p-block metals-based MOFs is very less in basic and applied chemistry due
to their inflexible features and low stability. These MOFs also have very limited
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crystal structures and complications in the structural formations which restrict their
applicability in a broader context. Sc and Ti-based MOFs are often employed for
highly selective H, evolution and storage, CO, capture, sorption, catalysis, and more
[6]. Vanadium and Manganese (Il) ions/clusters-based MOFs are rarely found but
mostly applicable in catalytic transformation, oxidation and ozone decomposition,
magnetism, and separation of CO,, CH,4, N, and electrode materials for batteries and
supercapacitors (SCs) [2]. Cr-based MOFs are less investigated but still exhibits
environmental remediation and carrier systems applications [18]. Fe-based MOFs
have shown good biomedical applications such as drug delivery, glucose biosensing
and degradation of volatile compound [2]. Co and Ni-based MOFs are cheap and
cost-effective state-of-the-art electrocatalysts for energy generation (OER, ORR,
HER), fuel cewll, batteries, supercapacitors. Several reports are available on Cu and
Zn-based MOFs used as sensors, conductors, gas separators, catalysis, fluorescent
and colorimetric detectors [7]. There are a large number of Cd, Ag and In-based
MOFs are also reported for catalysis, dye adsorption and supercapacitors.

Presently, Inner transition metal or f-block elements or rare earth (RE) metals
renowned as an alternate optimal for next generation technologies because of their
unique electronic properties specified by electronic configuration of 4f and 5f sub
shell. A careful tuning of metal node and organic ligand units, RE metal-based MOFs
can be accumulated into fascinating network structures partaking diverse and
multifaceted topologies, owing infinite possibilities for the development of new
functional materials. These unique characteristics of RE-MOFs (La** to Lu®")
prolonging their applicability in diversified field of sensing such as cations, anions,
small molecule, nitro-aromatic or explosives, gases, vapor, solvents, pH, temperature,
bio-sensing and so on. In addition to this, they also showing large scale applications
in white light emission, medical/biological markers, drug delivery, near Infrared
(NIR) ray emission, CO,valorization, catalysis like carbon-carbon bond formation,
gas adsorption and separation [7]. Substantially, Actinide-based (An-MOFs)
framework materials are comprising of actinide nodes and organic linkers are
underexplored and still facing challenges in their synthesis, characterization and
properties measurements. After all, An-MOFs especially thorium and uranium are
used as scintillators, selective adsorbents, nuclear targets, luminescent sensors,
heterogeneous catalysts, conductors and semiconductors.

Mixed-metal MOFs (MM-MOFs) resulted in high performance with more
stability in comparison to single-metal based MOFs due to the occurrence of two or
more metal nodes in the same structure. Interestingly, more than one metal in the
structure offers infinite opportunities in terms of properties and multifunctionality of
framework material towards a targeted application. The synergistic effects of two or
more different metals possesses better performance than single-metal based MOFs
mostly in gas separation and storage, catalysis, photoactive materials, thermochromic
thermometers, and sensing. MM-MOFs have shown better thermal, chemical and
water stability. The advantages of bimetallic or mixed metallic MOFs are their
improved adsorption capacity and electrical conductivity, selective adsorption
capacity or good catalytic activity due to integrating metal ions with distinct open

metal sites, intriguing luminescence properties by following energy transfer
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mechanisms namely MMCT, MLCT, LMCT and d-d transitions amongst the
bimetals [8].

Brief Description of Energy Storage Systems. Nowadays, world is looking for
energy storage and related technologies for the advancement of our day to day life.
There are a lot of devices available in the market such as smart watches, mobile
phones, headphones, electric vehicles, power banks, batteries, SCs and many more
[9]. In general, there are mainly two types of energy storage devices: batteries and
capacitors. Furthermore, the battery technologies include different type of batteries
(lithium-ion (Li-ion) batteries, lead-acid (LA) batteries, sodium-sulfur (SS) batteries,
Zn-air batteries, redox flow batteries), which works upon different electrochemical
reactions to store charge/electricity. There are a large number of electrode materials
already reported in literature are any inorganic or organic nonporous solids made up
of simple constituent or porous materials (metal oxides, conductive polymers, and
porous carbons). But, these materials have drawback of poor structural,
compositional and chemical accuracy. Henceforward, a class of crystalline porous
materials (MOFs, COFs or hybrid frameworks) have good combination of high
porosity, tenability, structural precision, and versatility.

Batteries. A combined pack of one or more cells called battery, comprising a
positively charged electrode termed as cathode, and a negatively charged electrode
called anode, separated by a separator and an electrolyte (solid or liquid). In recent
past, batteries emerged as most promising and emerging energy storage devices
possessing their high energy and power density, stable output voltage, improved
safety performance, easily movable, and long cycle life which all allow mature
modern industrialized technology and large-scale applicability. Here, some brief
classifications of some main batteries are: Lithium Batteries (LIBs, LSBs, LABS),
Sodium-ion Batteries (SIBs), ZincBatteries (ZABs, ZN/CBs, ZIBs) and Ni—Fe
Batteries (NFBs).

In this context, a lithium-based Li-ion battery (LIB) works on the movement of
Li-ions from the positive electrode to the negative electrode through the electrolyte.
LIBs are considered “workhorses™ for electric vehicles and portable electronics. In
contrast, they still face several challenges: large volume variation in the ion
intercalation and deintercalation resulting in capacity fading, low power density due
to sluggish kinetics of ion diffusion, and transmission of reactive sites. LSBs are
based on sulphur as a cathode due to the easy abundance of low-cost sulphur
resources as well as its exceptionally high theoretical power/energy density (approx.
2600 WhKg™). There are several limitations of LSBs such as sluggish
electrochemical Kkinetics at sulphur-based cathode, severe polarization, poor cycle
stability due to solubility of intermediate polysulfides (LiPSs) in several organic
electrolytes, capacity fading because of huge change in volume of cathode throughout
charging/discharging process. LABs are the combination of metal Li anode and
oxygen cathode show excellent performance but on the other hand, their applicability
also hampers due to extra product (like Li,COs) formed by side reactions, poor rate
performance and large over potential, low power densities because of less electron
transport and sluggish ion diffusion.



SIBs came into existence and become the center of attraction for researchers
due to abundancy and low cost of sodium metal. Interestingly, sodium shows similar
physical and chemical properties to Li. Due to this, SIBs turn out to be an alternate
potential contender to LIBs for industrial scale energy storage. Zn-based batteries are
broadly investigated owing to their low cost, abundance of Zn source, high safety and
outstanding compatibility of aqueous electrolyte. On contrary, they are also facing a
number of challenges including low power density and high polarization, inadequate
reactant diffusion and slow-moving Kinetics. The rechargeable ZABs involve air
cathodes followed by electrochemical OER and ORR occurs at the time of the
charging/discharging process. In assessment to ZABs, zinc-nickel/cobalt batteries
(ZN/CBs) are capable to deliver excellent discharging voltages with lesser
polarization. ZIBs prefers weak acid or neutral aqueous solutions as electrolytes
while ZABs and ZN/CBs adopted alkaline electrolytes. There are very less chances to
spoil the electrolyte by corroding the packaging material or current collectors and
also avoiding injuries or accidents from electrolyte leakage. Significantly, Ni—Fe
batteries (NFBs) have emerged and secured a prominent place in a group of aqueous
alkaline (OH") batteries due to the plentiful Ni/Fe source, stable output voltage, low
cost and excellent electrochemical properties. The slow electron and ion transport are
responsible factors for poor life cycle and low rate capability which further limits the
production of NFBs [10].

Supercapacitors (SCs). Supercapacitors or ultracapacitors are well known energy
storage devices but these have different features than conventional capacitors and
traditional batteries because of their ultrafast charge/discharge rates, longer cycle life,
excellent power, and high energy density. They are mainly classified into three types
of SCs depends on their charge storage mechanism: electric double-layer capacitor
(EDLC), pseudocapacitors (PCs) and hybrid supercapacitors (HSCs). This HSCs is
an upright combination of both EDLC and PC. The performance of any
supercapacitor is fully depends on the preparation method, large surface area,
porosity, fast electron transfer ability and abundant redox active sites of electrodes
used for achieving high energy densities along with excellent power densities. In
addition to this, high conductivity along with more number of active metal sites are
recognized as basic requisite feature of a MOF towards electrochemical energy
applications. All the three types of SCs (EDLCs, PCs and HSCs) are briefly
discussed here.

Electric double layer capacitor, Pseudocapacitor and Hybrid SCs. EDLCs are the
systems, which works to store electrical energy engendered at the electrode—
electrolyte interface by intercalating charges of double layers. The deposition of
charges is the main responsible factor for its high-power density, fast charge—
discharge kinetics, durable-life cycling ability (<10° cycles). A negligible degradation
take place because of the absentia of any chemical reaction or side reaction in the
process. EDLC follow non-faradaic electrical mechanism which results into its highly
reversible charging-discharging cycles. Unfortunately, the limited number of choices
for electrode materials is the main shortcoming of EDLCs because EDLC-based
devices needs extremely high conductive material-based electrodes. At present, ionic

conductive electrolytes and carbon-based materials such as graphene, MXenes,
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carbon nanotubes (CNTS), activated carbon, graphite and many more are recognized
as most studied charge storage electrode materials for EDLCs [2].

PCs came into existence in 1997 follows faradaic mechanisms to store energy
by charge transfer and fast redox reactions between electrolyte and electrode surface.
These capacitors also known as faradaic SCs. A variety of methods such as
electrospinning, intercalation, and redox processes are available to prepare electrodes
for PCs. EDLC and PCs both follow faradaic process, which is the reason of their
similar electrochemical performance but PCs exhibits higher energy densities than
EDLCs. Interestingly, the power density, cycle life stability, and durability of PCs are
lesser than EDLCs as of the involvement of chemical reactions. The electrode
materials of PCs include metal oxides (RuO, MnQO,), conductive polymers
(polypyrroles, polythiophenes, and polyanilines) and metal-doped carbon shows
excellent specific capacitance [10]. In addition to this, the new type of capacitor
includes polarizable as well as non-polarizable electrode materials for storing charge
by following both faradaic and non-faradaic processes. This interesting characteristic
makes them well suitable candidates for high energy storage capacity with a
combination of battery as well as Supercapacitors-type electrodes reflecting superior
cycling stability and cost-effective than traditional EDLCs. HSCs are an advanced
version of conventional symmetric SCs exhibit upper operating voltage, high energy
density (up to 10 times) and superior capacitance with a negligible self-discharge
capacity. The only unique characteristic of HSCs is that they will never fully
discharged whereas traditional SCs discharged to zero volts easily. HSCs are proved
themselves as the most desirable and efficient energy storage devices with flexible
performance for power and energy densities. The upcoming technological
development and innovations expose that hybrid ion based capacitors are the main
key segments not only in HSCs but also for the overall energy storage field.
Researchers also put their efforts to overcome the challenges of HSCs not only for
sodium-ion, lithium-ion, and zinc-ion capacitors but also for calcium-ion,
magnesium-ion, aluminum-ion, and potassium-ion based capacitors.

Key Factors in MOFs for Energy Storage

A family of framework materials including MOFs, COFs, HOFs or open frameworks
are comprehensively hired for the development of efficient energy storage systems
and future energy technologies. Here authors have discussed main features of MOFs
makes them a novel electrode material are their highly porous framework which can
easily accommodate more number of ions via a multi-electron redox reaction process
and successfully contribute towards high capacity. The second important feature is
the ordering of open channels which allows to rapid ionic transport for bulky anions
and complex multivalent cations. Substantially, there are some more notable factors
responsible for energy storage through MOFs are fast electronic transmission,
abundant active sites, large specific surface area, seamless contact, and more tunable
porosities. To improve electrode kinetics and reaction pathway is an important
parameter in electrochemical-mediated processes employed in batteries and SCs. The
lethargic electrode kinetics at the electrode surface or poor charge transfer limits
energy efficiency, capacity, and electrode passivation related to energy applications.

MOFs are the remarkable electrode materials among all emerging porous materials
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families due to the strong absorbability and tenable affinity to the reactant, large
numbers of active catalytic sites and metal centres throughout the porous framework
for synergistic interactions.

Summary and Future Perspectives

Herein, authors have summarized the ongoing research progress in the design,
syntheses, physicochemical properties and electrochemical energy storage
applications of MOFs. This mini review includes various synthetic strategies,
advantages and responsible factors for making high performance electrodes for next
generation energy storage devices like batteries and supercapacitors. Literature
reveals that MOF-based/derived electrodes are more efficient owing to their
conductive substrates, high mechanical stability and fast ions and electron transport
pathway than conventional electrodes. The only weakness of poor conductivity
pristine MOFs has also overcome by using MOF composites-based electrodes. The
great combination with flexible crystal structure, large specific surface area, more
number of active sites and high porosity with tenability, MOF-based/derived
electrodes shown innumerable unique advantages for energy storage applications
including sodium-ion batteries, lithium-ion, lithium sulphur or lithium air batteries,
zinc-ion, zinc air and zinc nickel-cobalt batteries, nickel-iron batteries and
supercapacitors including EDLCs, PCs and HSCs. Authors believed that the present
mini review will inspire and motivate the readers to adopt sustainable way for
making industrially active MOF composites employed for decorating new energy
storage devices for future generations.
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Abstract. The paper presents an analysis of the prospects for the development of
small-scale power generation in Russia, especially in remote regions due to the
transition to renewable energy sources and hydrogen technologies. The high
flexibility of electrochemical power sources in the case of use in areas with different
climatic conditions and electricity needs is noted. The advantages of using proton-
exchange membrane fuel cells as current sources for low-power generation are
shown. The proton-exchange membrane fuel cell stack with a rated power of 150 W
developed at the National Research Center "Kurchatov Institute" is presented.
Keywords: hydrogen technology, electrochemical devices, fuel cell, proton exchange
membrane
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Introduction. Global trends [1-6] toward decentralization in energy production and
the use of small-scale distributed energy approaches have an impact on the
development of the energy market in Russia.

According to the estimates of the Ministry of Energy of the Russian
Federation, the potential for small-scale generation is about 100 thousand small
isolated settlements throughout Russia, including the northern territories, where it is
expensive and impractical to provide a centralized energy supply and small-scale
energy can be considered as an economically efficient source of energy supply.

The prospect of distributed energy is most noticeable in remote areas of Russia,
where it is impossible to use centralized systems. Currently, about 65% of the
territory of Russia (Figure 1) is in the zone of isolated (autonomous) energy supply
[2, 3, 5] and is mainly provided with electricity from diesel power plants (DPP)
operating on imported fuel with electricity generation of about 3000 billion
kWh/year. At the same time, the main problems are the low efficiency and reliability
of their operation due to the depreciation of equipment, in which the cost of energy
produced is in the range of 15-150 rubles/kWh.

Figure 1

Figure 1. (A) Centralized and decentralized (yellow and green sectors,
respectively) power energy supply in Russia. (B) Visualization of the power network
for the highest voltage level (=220 kV) for India [6].

There is also a great potential for the development of small-scale generation at
the infrastructure facilities of the Northern Sea Route, and facilities of the Ministry of
Natural Resources. This is the power supply of meteorological stations, lighthouses,
aircraft, ship equipment, cellular communication facilities, fishing farms, campsites,
and field development fossil fuel.

Meeting the needs of domestic energy consumption of still un-gasified

households also deserves special attention. The constant increase in the needs of
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households expands the list of targeted applications of small-scale generation: now it
Is not only the provision of household appliances, heating, and lighting but also
irrigation systems, pumping stations, and fire and security systems.

In Russia, distributed energy already accounts for 5-10% of the total volume
[3]. The total installed capacity of small power plants is 12-17 GW. Diesel generation
Is widely used in remote areas. However, the vector of development is aimed at the
creation of renewable energy sources, including solar power plants (for example, in
Yakutia - solar power plants in the village of Batagai, Yuchyugei, Dulgalakh.). The
main stimulus for their construction was the desire to minimize costs. Energy from
diesel power plants is very expensive since the main component of the price is the
cost of delivering fuel to remote areas. The installation of renewable energy
generation allows you to achieve significant savings. The development of distributed
generation in isolated areas can be considered an extremely promising direction.

Distributed energy in Russia has significant potential, the assessment of which
in [2,3,5] was based on the country's need for generating capacity, as well as the
potential for energy efficiency improvement, demand management, development of
distributed cogeneration, own generation of consumers, and distributed RES. Even in
the scenario of partial use of this potential, it is cover more than half of the demand
for generating capacities using various distributed energy technologies (about 36 GW
by 2035). At the same time, distributed cogeneration (a technology that shows high
efficiency in the northern countries of Europe [1,4]) has the greatest prospects in
Russia - according to the most conservative estimates, its potential is about 17 GW.
Own generation of consumers can provide an additional 13 GW, demand
management - up to 4 GW, energy efficiency - 1.5 GW, and microgeneration on RES
- 0.6 GW. The scenario of the full use of the potential of distributed energy shows the
possibility of covering the entire forecasted need for generating capacities with its
help.

Also are noted the capacities that will appear in connection with the need to
decommission thermal power plants, which by 2020-2025 will have exhausted their
resources. The increase in the capacity of distributed energy facilities to replace large
thermal power plants will be about 30 GW (base scenario) [5].

The total potential of microgeneration on RES is about 86.5 GW (installed
capacity). The maximum potential is concentrated in the Central, Southern, and
Volga Federal Districts (67% of the total potential), the North Caucasus, Southern,
and Far Eastern Federal Districts are also in the lead.

The aggravating geopolitical situation and environmental problems associated
with the uneven production and use of fossil fuels in the short term create an energy
niche for the development of hydrogen technologies, namely the production and use
of hydrogen as environmentally friendly energy for various fields of human life. All
this forms certain country-specific areas of research in the field of fuel cells and
hydrogen energy in general.

The major device in all hydrogen energy is the fuel cell. Fuel cells with proton
exchange membranes (PEMFC) are considered the most promising and reliable
power energy source for vehicles and various areas of human life. Due to the

flexibility and wide range of parameters of power plants, hydrogen technology makes
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solve a wide range of autonomous generation tasks to create a highly efficient
distributed energy network. The use of electrolyzers for the accumulation of excess
RES power into hydrogen as an energy carrier is a universal solution for a wide range
of primary energy sources (from nuclear power plants to RES, including wind
turbines and solar panels).

Among developing countries, India is a good example, currently focusing on
the development of a renewable energy market. With a population of 1.3 billion,
India has a massive demand for energy to fuel its rapidly growing economy. From a
power deficit nation, nowadays India is a power surplus nation with a total installed
electricity capacity of over Four lakh MW (see Figure 1B). Keeping in mind the
sustainable development goals, India's power generation mix is rapidly shifting
towards a more significant share of renewable energy. Today, India is the world's
third largest producer of renewable energy, with 40% of its installed electricity
capacity coming from non-fossil fuel sources. The government has set an ambitious
target of having 500 GW of installed renewable energy by 2030, which includes the
installation of 280 GW of solar power and 140 GW of wind power.

The main direction in the development of hydrogen technologies for distributed
small-scale energy in Russia is the need to develop and create our own highly
efficient technologies for creating electrolyzers and fuel cells and support the
scientific and technical potential of domestic hydrogen development centers,
including highly efficient technologies for the production, storage, transportation, and
use of hydrogen in power plants. A domestic fuel cell stack with PEM made at the
National Research Center "Kurchatov Institute™ is presented in this paper.

Materials and methods. A PEMFC stack was manufactured. In the process, the
methods previously developed at the National Research Center "Kurchatov Institute"
were used [7-10].

Each cell of the fuel cell stack is an integrated structure (block), where the
membrane-electrode assembly (MEA) and bipolar plates are combined by gluing into
a sealed unit. The design of this unit includes a membrane (up to 50 pum thick)
sandwiched between two porous carbon graphite current collectors coated with
electrocatalytic layers. The anode (hydrogen) current collector is pressed against the
membrane with a titanium mesh insert, and the cathode (air) collector is pressed
against the membrane with a corrugated titanium plate with a titanium mesh welded
onto it. Bipolar plates are titanium sheets with slotted channels for hydrogen supply.
The block is completely sealed.

14



Figure 2 - PEMFC block unit

Such a block (Figure 2) is an independent assembly unit. This makes to
perform a preliminary check of each MEA for tightness, electrical parameters, and
their sorting by performance and greatly simplifies the formation of the MEAs into a
stack. In the event of failure, it is possible to replace the MEA without significant
deterioration in stack performance.

Blocks are clamped between the end plates and tightened with six studs. The
purpose of the end plates is to maintain compressive stresses in the stack to ensure
contact between the electrodes and the membrane, as well as to pressurize the
adhesive layers of the frames. In addition, the end plate serves to fasten the hydrogen
supply fittings. The stack is shown in Figure 3.

XN 4 e ————————————

S

Figure 3 — PEMFC stack

The 1-V curves of the stack were recorded in the potentiodynamic mode in the
voltage range from 54 to 9 V at 35°C. Hydrogen was humidified to saturation by
bubbling through the water at 50 °C. Air was supplied by a compressor without
preliminary preparation.

Results. i-V curves of the stack presented on Figure 4.
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Figure 4 - i-V curves of the stack

This PEMFC stack (NRC «Kurchatov Institute», Russia) with air-cooling
(open cathode) provides 150W of electrical power. It can be operated with dry and
ambient media. The stack can be used in e-mobility applications or testing
environments.

Output Performance:
- Nominal Power: 150 W
Nominal Current: 5+1 A (at nominal power)
Operational Voltage: 36+1.5 V (at nominal power)
Number of cells in the stack: 60
Operational Voltage Range: 36-54 V
Efficiency: ~40-45%
Hydrogen Fuel Requirement:
- Hydrogen Purity: >99.99% (CO content being <1 ppm)
- Hydrogen Pressure: 0.1 MPa
- Hydrogen Consumption: ~2.0 - 2.2 L/min (at nominal power)
Environmental Characteristics:
- Ambient Temperature: -15 to 55 °C
Physical Characteristics:
- Stack Size (mm): 63 x 193 x 110 mm
- Stack Weight: 1.5kg

The performance of the manufactured stack corresponds to world analogs, this
device can be used in the systems of small-scale energy generation as part of
distributed power energy networks.

Conclusion. Distributed energy generation has the potential for cost reduction and
high innovations. Placing generation facilities near consumption points reduces
transmission and distribution losses, responds more flexibly to changes in demand,
and in many cases increases system reliability. The introduction of distributed energy
systems based on the latest technologies in the modern energy market will
significantly improve the energy supply to remote and hard-to-reach regions of
Russia while reducing the cost of energy for the consumer and increasing its
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availability and reliability of energy supply, as well as increasing the market
orientation towards the consumer.

The use of fuel cells allows creating of remote autonomous systems based on
nature-like technologies, increasing environmental friendliness and market
orientation to consumer needs, especially with relatively low power consumption and
consumer isolation, characterized by reliability and independence from the central
power supply.

The main direction in the development of hydrogen technologies for small-
scale distributed energy in Russia should be to develop and create our own highly
efficient technologies for creating electrolyzers and fuel cells and support the
scientific and technical potential of domestic hydrogen development centers,
including highly efficient technologies for the production, storage, transportation, and
use of hydrogen.

This paper presented the PEMFC stack (NRC «Kurchatov Institute», Russia)
with air-cooling (open cathode) that provides 150W of electrical power. It can be
operated with dry and ambient media. The stack can be used in e-mobility
applications or testing environments.

The work was carried out at the National Research Center "Kurchatov
Institute” in the framework of Order No. 83 dated January 20, 2023, according to
section 11, section 2.1. "Research of mobile power plants (including for transport)
based on a fuel cell with a solid polymer electrolyte".
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Annomayus. IlpoBeneH aHanu3 pa3IMYHbIX UCTOYHUKOB CBETA, TPUMEHSEMBIX IS
OCBEIICHUs] PAaCTEHUM B TEIUIMIAX 3aKpbITOro rpyHra. Jlana moapoOHast OleHKa
BO3JICMCTBUSI KOHKPETHBIX JIJIMH BOJIH BUJUMOTO CIIEKTpa U3JIy4EHHUs Ha MPOIIECCHI,
MPOTEKaEMbl€ B JIUCThSIX pacTeHuid. lIpenokeHo HCmonb30BaTh CBETOAMOIHBIC
CUCTEMBbI OCBEIICHHUS C PEryJUpOBaHUEM CIEKTpa H3Iy4YEHUs MJis CTUMYJSLUUU
€CTECTBEHHBIX MPOIECCOB PACTEHHI, BBIPAIMBAEMBIX B TEIUIMIAX 3aKPBITOrO
TPYHTA.

Knwuegvie cnoea. CBETONWONHBIM HUCTOYHUK CBETA, CIIEKTOP M3JIyYECHHS,
CTUMYJISILUSL POCTAa W PAa3BUTHSL PACTCHUM, PETYJIMPOBAHUE CHEKTpa H3IYUYCHHS,
sHeprust PoTOHOB

JIna yumuposanusa: AnamkuH A.A. IlepcnieKTUBBI TMPHUMEHEHMSI CBETOJMOJIHBIX
CBETUJILHUKOB B CUCTEMaxX OCBEIICHUS TEIUIUI] 3aKphITOTO rpyHTa / A.A. AHaIIKuH,
C. M. bakupos, I'.I". Yrapos, A.A. Bep3unut // AkTyanbHbIE IPOOIEMbI SHEPTCTUKU
AIIK: marepuanst XIV HanumoHanbHOW HayYHO-IPAKTHUECKOW KOH(MEpPEHIUU C
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Annotation. The analysis of various light sources used to illuminate plants in
greenhouses was carried out. A detailed assessment of the impact of specific
wavelengths of the visible spectrum of radiation on the processes occurring in plant
leaves is given. It is proposed to use LED lighting systems with radiation spectrum
control to stimulate the natural processes of plants grown in greenhouses.
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Beeoenue. ]Jlna oCBELIEHUWS TEIUIMYHBIX PACTEHUN AKTUBHO MCIIOJB3YIOT JIAMIIBI
BoIcOKOro namieHus JJHAT wunu cxoxue ¢ aumu JJHA3. D10 CBA3aHO C TeM, 4TO
JAHHBIA THUM JaMIl 00€CIIEYMBAET BBICOKYIO OCBEIIEHHOCTh M BBICOKUH YACIbHBIN
cBeTOBOM MOTOK [1]. OgHako eciv CpaBHUTH BCE JIAMITbI IO YAEIbHBIM MMOKA3aTEIsAM,
a TakKe OLEHUTh MX 3(PPEKTUBHOCTb C TOUKHU 3pEHHUs (POTOCHMHTE3a pacTeHUH, TO
MOXHO YOEIUThCSI B HECOBEPIICHCTBE KOHCTPYKTUBHBIX PEIICHUNA 3aBOJIOB

u3rotoputenei samn. CpaBHUM pa3jNvHbIE HCKYCCTBEHHBIE WMCTOYHHKH CBETa B
tabmure 1 [1, 2].

Ta6n1z1ua 1 — KonmnuecTBeHHBIE XapaKTCPUCTUKU HanboJIee YacTo HCIIOJIb3YECMBbIX
HCTOYHHUKOB CBE€TA

XapakTepucTHKa / THII CBeTHJIbHUKA JH |JUIHA| APU | IPJ | JHAT | CJ

1. CHCKTp I/I3J'IyT-IeHI/IH/ I'paHUYHBIC 3HAYCHUS

600-900 | 450-650 | 400-600 | 400-600 | 500-800 | 440-740
JUTMHBI BOJIH (HM)

2. [InaBHOE ynpaBieHUE SIPKOCTBIO U
CIIEKTPOM CBETOBOI'0 MOTOKA

HET HECT HECT HET HET aa

3. ®oTtoCuHTETHYECKUH TOTOK (hoToHOB PPF - 678 706 560 608 1800
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XapakTepucTHKA / THII CBETHWIbHUKA JH |(JUIHA| APA | APJ | AHAT | C]
(MKMOJIB/CEK)
4. Nnnpekc nseronepenayu (%) 100 90 98 45 25 90
5. DHeproapGHeKTUBHOCTH / CBETOBAs OTJa4a 10 % % 60 120 130
(im/BrT)
6. KITL, (%) 10 60 50 95
7. Cpok ciyx05l (dac) 1000 15000 | 10000 | 20000 | 15000 | 100000
8. KxomruiekcHbIl okasarens J 15 102 56 76 107 394
(xnmm*uac/Br)

[Tpumeuanue: Jlamnbl HakanuBanus oOmero HazHadeHus (JIHO); JlromuHecneHTHBIE (Ta30pa3psiAHbIE) JIaMITbl HU3KOTO
nasnenus (JIJIHM); Merannoranorennsie namis (JIP1); Jyrossie prytable gamnsl (JPJI); Hatpuesbie nammsl
BbIcOKoro namienus tuna (JIHaT); Mcrounnku cBeta Ha ocHOBE cBeToanonoB (CJI).

[To OonbIIMHCTBY TMOKa3aTese TaOnuilbl 1 CBETOJUO/HbIE UCTOYHUKH CBETa
ABIISIIOTCSL Hanbosee s pextuBHbIMU. Hike mpuBeaeHsl rpaduueckie n300paskeHus
CHEKTPOB M3JIYyUYEHUSI PA3IMUYHBIX MCTOUYHUKOB CBETa, MEPEUUCICHHBIX B Tabmuie 1
[1, 2, 3], KOTOpBIE XapaKTEPU3YIOTCS PA3HBIM CIIEKTPAIbLHBIM COCTAaBOM (PUCYHOK 1).

[HEeBHOW CONHEeuHbIn CBET JlaMnbi HakanuBaHw\ @nyopecueHTHbIe Namnsl
100 100 1007
80 ! 80 80
60 60 60 1
40 40 40
20 20 201
0 0 0 -t
400 500 600 700 400 500 600 700 400 500 600 700
LOnuHa BONHLE (HM) LOnvHa Bontibl (HM) Onvna BONHLl (HM)
[anorexHbie namn Ceeroanonp X0N0oAHbA Csetoavoan: T€NNbiA
100 100 - enbii CBeT 100 benwi caer
801 80
60 60
40 40
20 1 20
CNeKTp usnyyeHns UCTOYHKKOB CBETa
400 500 600 700 400 500 600 700 400 500 600 700
LnwvHa BONHbI (HM) AnuHa sonHbl (HM) [nnHa BONHLI (HM)

Cnextp namnbl AHaT CnekTp namnbi AP/

(oTH.en)

80nm 380 430 480 530 580 630 680 730 780
[nnHa BonHbI [AnuHa sonbl, HM

PI/IcyHOK 1- CHeKTpaJIBHLIﬁ COCTaB U3JIy4YCHHA UCTOYHHUKOB CBCTA

Mamepuansl u memoosl. AHAIN3 YCTPONCTBA CBETOJIMOJHBIX UCTOYHUKOB CBETA B
€IMHOM KOHCTPYKIIMU CBETUJILHUKOB IMOKA3bIBAET, YTO CHEKTP KOMOMHHUPOBAHHOTO
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CBETOJMOHOTO CBETHJILHUKA MOXKET ObITh COOpaH M3 Pa3HBIX CIIEKTPOB H3ITyUCHHUS
(puCyHOK 2).

100 %

20%

0% A J
380 430 480 530 580 830 680 730 780
ﬂﬁl!Ha BOMHbLI, HM

MOLWHOCTb M3NYHEHURA, OTHOCHTENbHbIE EAMHNLbI

1 — TEMHO-CWHWA, 2 — CUHWA, 3 — 3eNeHblii; 4 — XenTbii; § — KPaCHO-OPaHKeBbIN,
6 — KpacHbIn, 7 — TEMHO-KpacHbIl, 8 — 6opAoBbLIN

P HCYHOK 2 - CeHeKTpLI HSJ’Iy‘ICHHﬁ, cOo3a4aBacMbIC CAMHNYHBIMHU CBETOAMOJaMH

Ha pucynke 3 mnpuBeIeHO HU300paKEHUE CIEKTpa, HEOOXOAUMOIo IS
KU3HEHHOTO IIMKJIa PACTeHWsA, TaK Ha3biBaeMas o00JacTh (POTOCHHTETUYECKON
akTuBHOM paauarnmu PAR [4].
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Pucynoxk 3 — CniekTpsl u3nydeHuid, He0OXOAUMbIE ISl )KU3HEHHOTO ITUKJIA PACTCHHI

OpHako MHOTOYHUCIEHHBIE SKCIEPUMEHTHI MOKA3bIBAIOT, YTO MPU OOMIBHOM
COCTaB€ CIEKTpa HW3JIY4YEHHUS pACTeHUs OTKIMKAIOTCS TOJIBKO JIMIb Ha
OIpEeJIeICHHBIC, COOTBETCTBYIOIINE PA3IMIHBIM CTAIHSIM KHU3HCHHOTO 1uKia [3].

CrnenyeTr OTMETUTh, YTO HapsAy ¢ TpeOOBaHHEM K CHEKTPY MCTOYHHKA CBETa,
00J1acTh aKTUBHOTO M3JIYYEHHsI KOTOPOTO JOJIKHA COBMAIATh C 00JACThIO U3ITyUYEHUS
PAR, Heob0xoaumo oOecneduTh AOCTATOYHYIO ISl JKU3HENEATEIbHOCTH PACTCHHUS
SHEpPruto (GOTOHOB, U3ITyYaEMbIX UCTOYHUKOM cBeTa. J[aHHBIN MmapameTp BhIpaXEH B
Busie (hoToCHHTETHYECKOTO MmoToka (hoToHOB PPF (MKMOIB/CEK), SKBHBAJIECHTHOTO
CBETOBOMY IIOTOKY, BBIP@KEHHOMY B JIFOMEHAX, BOCIIPUHUMAEMOMY YEJIOBEYECKUM
IJ1a30M.

Jlnst pacTeHus, B OTJIMYME OT YEJIIOBEKAa, HE UMEET 3HAYEHUs, KaKOW YpPOBEHb
OCBEIIEHHOCTH, CO3JA€TCsi Ha TIOBEPXHOCTH €ro JIMCThEB HCTOYHHKOM CBETA.
I'maBubiii  (akrop, oOecneunBaIOMMM €ro J>KMU3HEHHBIA IUKJ, OMNpeaAesieTCs
KOJIMYECTBOM JHEPruu morjiomaeMeix UM QotoHoB (mapamerp PPF) B emunuiy
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BpPEMEHH, MO0 KOJIMYSCTBOM SHEPruu (POTOHOB B CEKYHIy Ha KBaJpaTHBIA METp
(mapametp PPFD) [5].

660 700
H3HOMETPOB, ANMHA BONHbI CBETa

Pucynoxk 4 — CiekTpsl U31y4eHUs1, IOTIIAIIAeMbIe PACTEHUSIMU HA Pa3HBIX
CTaJMsIX )XU3HEHHOI'0 LUKJIA

Pe3ynomamul uccinedosanusn. BpiBoJ MaTeMaTUUYECKOTO BBIPAXKEHUS IS MEpEXojia
OT SHEPrHH OOIY4eHHS MOBEPXHOCTH, BBIPAKECHHOH B BT/M°, K OCBEIEHHOCTH
JTAHHOH MOBEPXHOCTH, BRIPAKCHHOMN B JIM/M°, IPHBE/ICH [5].

[Tpu >TOM, KOMMYECTBO PHEPTUU (POTOHOB M3IIYUYCHHUS «CHUHEH YacTU CIEKTpa
400-500 HM oTaMuaeTcss OT KOJIMYECTBA SHEPTUU (HOTOHOB H3IIYUCHHS «KpPACHOU
yacTtu criektpa 600-700 HM, 4YTO OTpakK€HO Ha PUCYHKE 5.

User AnanasoH ANWUH BONH, AwnanasoH vacror, AvanasoH sHeprumn
Try dortoHos, 3B

KpacHbin

Opanmessin

HénTbin

3enénbin

ronytos s sw |

Cunmn 440—485 2,56—2,82

ProneTosbin 380—440 680—790 2,82—3,26
Pucynok 5 - Pactipenenenue sHepruv (POTOHOB B 3aBUCUMOCTH OT JTHHBI BOJTHBI U3ITy4SHUS

JlanHO€ 00CTOATENHCTBO HEOOXOIUMO YUYHUTHIBATH MPHU MOCTPOCHUHM CHUCTEMBI
VIOpaBIEHUSI OCBEIICHUEM, alNTOpPUTM pabOThl KOTOPOM Takke HEOOXOIUMO
HACTpaWBaTh Ha aJalTUBHOE W3MEHEHWE I[apaMeTpOB CBETOBOIO TOTOKa B
HATPABIICHUU KOMIICHCAIIMK U3MEHEHUS SHepruu (POTOHOB MPU U3MEHEHUH CIIEKTpa
W3ITyYeHUSs], YIPABIIEMbIX CUCTEMON CBETHJIBHUKOB. JTO JOCTUTAETCSA TEM, YTO TpHU
CMEILICHUH CIEKTpa M3JIy4YEeHHUS B OOJACTh KOPOTKUX BOJH (CHHSS YacTh CIIEKTpa)
SAPKOCTh CBETHUJIBHHKOB aBTOMATHUYECKH CHIDKAETCS, a TMPU CMEUICHHH CIEKTpa
M3IIy4eHHUs] B 00JAaCTh NJIWHHBIX BOJH (KpacHas dYacTh CIEKTpPa) aBTOMATUYECKH
yBenuunBaeTcs. ONMUCaHHBIM anTOpUTM pabOTHl TO3BOJISIET CHU3UTH 3aTpaThl Ha
AIIEKTPOIHEPTHUIO, TOTPEOIIIEMYIO CUCTEMOM YIIPaBICHHUSL.
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Cnengyer 0co00 OTMETHTBH, YTO yKa3aHHass B M. 2 TaOMUIkl | BO3MOXHOCTH
TUTABHOTO YTPABJICHHSI CBETOBBIM TMIOTOKOM, peayin3yeMasi TOJbKO TMPUMEHUTEIBHO K
CBETOJIMO/IHBIM CBETWJIBHHKAM, TaKXXE IIO3BOJISIET CHH3UTh DJHEPromoTpeOIeHHe
CUCTEMBI yTpaBleHUs ocBemeHueM. lloaTBepkiaeHne 3ToMy MpuBeIeHO B [4], a
TaK)Ke Ha PUCYHKE 0.

700,00

600,00
o000 W
400,00
300,00

200,00 W

100,00

ZHepronoTpebnedue, kBT

0,00
| Il 1] IV v vl Wil Vil X X X Xl

Mecay —ACYD —BesACYOD
PI/ICYHOK 6 - KOJII/I‘-IGCTBGHH&?I OIICHKAa 3HCpFOHOTpG6JI€HI/I$I HpI/I HUCIIOJIB30BAHUU ITJIABHOT'O
ABTOMATHUYECKOTO YIPABJICHUS OCBEILIEHUEM (CUHSAS JTUHU) U 03 Hero (KpacHasi JIMHUS)

3axknwuenue. AHaTIM3 CHEKTPOB W3IYUYCHHUS paA3IWYHBIX MCTOYHUKOB CBETa,
MPUBEJCHHBIX HAa PHUCYHKE |, ¢ W300paKeHHWEM CHEKTpa, HEOOXOJAMMOTO IS
KU3HCHHOTO ITMKJIA PACTCHUS, M300paKEHHOTO HA PHUCYHKE 3, IMOKA3bIBACT, YTO
HaUMEHEee MPUTOJIHBIMU JUIsl TPUMEHEHUSI B CUCTEME OCBEILECHUS TEIUIUIL SIBISIOTCS
JIAMIIbl HAKaJIMBaHUSl U TaJOTEHHBIC JIaMITbl. JIFOMUHECIIEHTHBIE JIaMIIbl U PTYTHBIC
JaMIIbl UMEIOT 0oJiee MIMPOKUMA CHEKTpP HM3JIY4YeHHUs, HO UX CIEKTp uMeeT (popmy
y3KHX JIOKQJIbHBIX YYaCTKOB, YTO CYIIECTBEHHO CHIXAeT 3S()PEKTUBHOCTh UX
UCIIOJIb30BaHUsI, OCOOCHHO TpPU HEOOXOJUMOCTH HCIIOJIb30BAaHUS CBETUIILHUKA
6onpioit mMomuoctu. B cmekrpe nmamn J[HaT otcyTcTByeT BBICOKOYACTOTHAS
obnacte crnektpa (380-450 HM), KOTOpass OOECHEYMBAET IOJHOIICHHBIA CHHTE3
xjopoduina (niuHa BoJiHbl 445 HM, pucyHok 4). Hanbosiee mpuemiaeMbIM U3 BCEX
PACCMOTPEHHBIX HCTOYHUKOB CBETa SBISETCS CBETOAUOMHBIH  CBETHJIBHUK,
MTO3BOJISIONMINN TIPY KOMOWHAIIMKA CBETWJILHHUKA XOJIOJHOTO CBETa W TEIJIOTO CBETA,
WM KOMOWHAIMS CBETOJIMOJOB PA3UYHOTO CIEKTpa O0ECIeYUuTh HEOOXOIUMYIO
SHEprur0 (oToHOB BO Bced o00macTH (HOTOCMHTETHMUECKOW AaKTUBHOW paaualuu
(FAR).

Kak BugHo w3 TaOmmibl 1, CBETOAMONHBIA CBETHIBHHK HMEET BBICOKHH
doTtocunTeTnuecknii motok (otonoB PPF (1800 mKMoOmb/cek), BBICOKHI HWHIEKC
nseronepenaun (90 %), Bricokyio cBetoByto oTmady (130 am/Bt), Beicokuit KIIJ,
(95 %), MakcUMaJIbHBIA M3 BCEX PACCMOTPEHHBIX MCTOYHUKOB CBETA CPOK CITYXKOBI
(100000 4yac). Kpome 3TOro, CBETOAUMOAHBIM  CBETUJIBHUK  SIBJISICTCS
B3pbIBOOE30MACHBIM, HE TpedyeT OcCOObIX YCIOBUH  YTWIM3ALUH, HMEET
HE3HAUYUTETBHBIN HArpeB KOpIyca.

Hapsiny ¢ 3TuM, NpUMEHEHHE CBETOJHMOIHOTO OCBEIICHUS CYIICCTBEHHO
pacHMpsieT BO3MOKHOCTH CUCTEMBI YIIPaBICHUS OCBEIIICHHEM, 2 HMCHHO:
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- 00ecIeunTh MIABHOE H3MEHEHHE SIPKOCTH CBETOBOT'O MTOTOKA CBETUILHUKOB B
3aBHCHMOCTH OT YPOBHS €CTECTBEHHOTO (JOHOBOTO OCBEIICHHS, YTO CHIKAET OOIIYIO
NOTPeOIIEMYIO CHCTEMOM OCBEIICHHSI MOIITHOCTH;

- OCYIICCTBIIATH YMPABICHUE CIEKTPAIBHBIM COCTABOM H3IIYUYCHHUS C yUETOM
U3MCHEHUsl SHEeprud (POTOHOB B 3aBUCUMOCTH OT JJIMHBI BOJHBI H3Ty4aeMOTO
CIIEKTpa;

- aBTOMAaTHYECKH HM3MEHSTh B COOTBETCTBUU C MPEIBAPUTEIHLHO 3aJaHHBIM
rpadUKOM IMapaMeTphl OCBEIICHUS B 3aBUCHMOCTH OT CTaJWH >KH3HCHHOTO IIHKJIA
pacTeHus.
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Beeoenue. Dnextpuyeckas SHEPrus SBIACTCS HauOoJiee YHUBEPCAIbHBIM BUIIOM
SHEPIruM, UCIOJIB3YEMBIX YEJIOBEUECTBOM.

Ha Bcex sranax [IpousBoactBo — Ilepenaua — Pacnipenenenue - [lotpednenue
AJIEKTPOIHEPTUH, B DJIEMEHTaX JTHUX CHUCTEM, HEHU30€KHO MPOUCXOIAT TOTEPU
3JIEKTPOIHEPTUU.

AKTyaJIbHOCTh MCCJICOBAHUS CBsi3aHa C OJHOM M3 3a]lay YHEProcOEPEKEHUS -
CHIDKEHHE MOTEPh B PACIPEICIUTEIbHBIX CETAX MPEANPUITHH.

Tpanchopmarop sBISETCS OJHUM W3 BaKHEHIIUX 3BEHBEB AJICKTPUUYECKOM
ceTu. bosble 4eTBepTH MOTEPh B AJICKTPUUECKUX CETSAX MPUXOAUTCS Ha MOTEPU B
TpaHchopmaTopax

[Toctanosnennem IlpaButensctBa P® ot 16 utons 2015 roma Ne 600 [1]
VTBEPXKIICH TepeueHb OOBEKTOB W TEXHOJIOTHMM BBICOKOM JHEPrEeTHYECKOM
3¢ (PEeKTUBHOCTH, B KOTOPBHIM BOLUIM M pacHpenenuTeNbHbie TpaHchOpMaTopsl 6
(10)/0,4 kB co CHIKEHHBIMU TTOTEPSIMH.
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Mamepuanvt u memoovt. DHEProdPHEKTUBHOCTH CHIOBOTO TpaHchopmaTopa
OTpeeNsieTCs CleyoIUMU (hakTopaMu:
- ko3¢ duimeHToM 3arpy3ku Tpanchopmatopa (Kp);
- BEJIMYMHOM mOoTeph xosioctoro xoza (Py);
- BCJIMYMHOM MOTEPh KOPOTKOTO 3aMbIkaHus (Py).
[ToTepu xosocToro xoaa st TpancGopMaTopa ¢ BUTHIM MAarHUTONPOBOIOM:
Py = kpykrapsMs

rne K.,=1,33 xoddpdunment yuurbBarommii uckaxeHue (HOpMbI KPHBOKH
MarHUTHOTO TIOTOKA U UHIYKITUU;

K..=1,06 - ko3duIHMEHT YYUTHIBAIOIIKN 100aBOYHBIC IMOTEPU B CTEPIKHE
MarHUTOINPOBO/Ia OT BHJIa TEXHOJIOTHYECKOTO Ipoliecca ero u3rotonnenus; [lotepu
XOJIOCTOT'O X0J1a PACCUUTHIBAIOTCS IO BBIpAKEHUIO [2].

Ps — yA€JIbHBIC TOTEPU B CTAJIM MAarHUTONPOBOJA, BT/KT;

M; — Macca MarHUTONPOBO/IA, KT.

Wnm yepes o6bem

Py = kpykraksyspsLsSs

V- YICIbHAS IIOTHOCTD MaTEpPHalla MATHUTOIIPOBO/A, KI/M°;

Ls— myMHa cpeTHe# TMHUY MarHUTOIIPOBO/IA, M;

S, — CedeHne MarHUTOIPOBO/A, M°.

Pe3ynomamor  ucciedosanusn. BennunHa — 1OTEph  XOJOCTOrO  XOJa B
TpaHchopMaTope, ONpeesieTCs] MaTepUaioM MarHUTOIIPOBOJIA U TEXHOJIOTUEH €ro
U3TOTOBJICHUS.

[Ipumenenue amopdHOM cTanu NIl U3TOTOBJICHUSI MArHUTOIIPOBO/IA, SIBIISACTCS
NEPCIEKTUBHBIM HAMPABIEHUEM 1O TYTH CHIDKEHHS TOTEPb XOJOCTOTO XOJa.
[ToTepu Ha BHXpEeBblE TOKHM U THUCTEPE3UC, B aMOpP(HOW CTaJiM B HECKOJIBKO pa3
MEHBIIIE TIOTEPh B DJICKTPOTEXHUYECKON CTaJIH.

Tax yaenbubie motrepu amopduoit cramu (AC) mapku 2605SA1 p,s = 0,17
Br/kr wu anexrporexuudeckoit cramm (OTC) mapku 30P140 Fe97Sil3 pes = 0,86
Bt/kr [3]. Takum obpazom yaenbHbie oTepu AC B 5 pa3 MeHbIE, YeM YACIbHBIC
norepu OTC.

Bapuanum 1. (pazmepvt maznumonpoeooos uz AC u ITC pagnul)

B cnyuae, ecniu Tpancdopmatop ¢ MarHUTONpoBo1oM u3 AC mpOeKTHUPYETCS B
rabapurax ananora u3 ITC (ceueHHuss MarHUTOIIPOBOJIa Ss U OKHA O] OOMOTKY Sp
OCTarOTCs O€3 U3MEHEHUS) 33 CYET MEHBIIIEH MIIOTHOCTU MaTepuaia u KodphuiiueHTa
3al0JIHEHUS, TOTEPH XOJIOCTOr0 X0Ja YMEHbIIAThCS B 6 pa3 [4].

Crnenyer y4yuThIBaTh, YTO MPH TAaKOW 3aMEHE MaTepuajia MarHUTOMPOBOJA U3
OTC na marautonpoBoa u3 AC, npou30iAeT YMEHbIIEHHE MarHUTHOTO MOTOKAa Dy,
CBA3aHHOE C YMEHbIIEHHEM I0nycTUMOW MHIYKUHH B AC (Bgys), IO CPaBHEHUIO C
uaaykauen B OTC (Be). K ymenbmienuto @, mnpuBeneT W yMEHbBIICHHE
ko3 duruenTa 3anonHeHuss AC (Kas) O OTHOIICHHIO K KO((UIIMEHTY 3aIOTHCHHUS
OTC (Kes).

OTHOIIIEHUE MAarHUTHOTO NMOTOKa Py B DTC Kk MarHutHOMY TOTOKY Dy B AC
IIPY PABHBIX CEUCHUSIX MAarHUTOIPOBOJIOB.
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k — q)em — Beskes
ma Dym Bgskas
Hcnonb3ys naHHbIE TPUBEAEHHBIE B [3]:
Kas=0,8 Vas= 1,18  Pas=0,17 Bas=1,56
Kes=0,94  9=7,65 Pes=0,86 Be=2,03
Ves U Vas — COOTBETCTBEHHO MIOTHOCTH DTC u AC.
OTHOLIEHHE TMOTEPh XOJOCTOro Xoxa B MarHaronposoge u3z AC 1o
OTHOLIEHUIO K MOTepsIM B MarHuTonposoze u3 OTC
I kosPasVas 08x%x0,17 X 7,18
=

kosDesVes 0,94 X 0,86 X 7,65

YMeHbIIIeHHe MarHUTHOTO MOTOKa B MarHuTonpoBojie u3 AC 1o OTHOLIEHUIO K
MarHuTHOMY MOTOKY B MarHuronposoje u3 9TC B:

" _ Beskes  2,03%x0,94
M9 Bikes 1,56 %0,8

YMEHbIIEHUE MarHUTHOTO TOTOKAa B Kpag IPHBENET K YBEIMYEHUIO UHCIA
BUTKOB B TpaHcopmaTope ¢ AC B Kpag. IIpu HEM3MEHHOM CEUEHUM OKHA IO
o0MOTKY (Sp), yBENIMYECHHE 4YHCIA BHUTKOB MPHUBENET K YMEHBIICHUIO CCUCHHUS
MPOBOAHUKOB B Kpag ¥ COOTBETCTBEHHO K YBEJIMUCHHUIO IUIOTHOCTH TOKA B Kpag U
norepsiM B oOMoTkax tpancdopmatopa (Py) B K zmag.

[Torepu B 0OMOTKax TpaHchopmaropa.

0,16

1,52

Pk = kmlwmj2
Mp- Macca Mmeau OOMOTKH, KT
j — IIOTHOCTB TOKa, A/MM
Pm10°
k,, =2
VYm

Pm — YACTBHOE COMPOTHUBIICHUE MaTepraga 0OMOTKH, BT/Kr;
Ym — YAEJIbHAS INIOTHOCTh MaTepHaa OOMOTKH, KI/M"

DddexTuBHOCTH 3aMeHbl MarauTonporoaa n3 9TC Ha AC, B 3aBUCHMOCTH OT
ko3 durrenTa Harpy3kH (Kp), OpeeuTCs BHIPAKESHHEM:

AP = Py (ky — 1) + k7 Pye (krznag —-1) <0 1)

W3 nepasenctsa (1) ompenensem 3HaueHue K,, Ipu KOTOPOM IOJHBIE MMOTEPH
TpaHcHOPMATOPOB PaBHBI

1—k,

xk 1.2
KZiag — 1

k,= |k
FI[e kxk:kxe/kke.
3nadeHue Ky cyxux tpanchopmaTopoB MoinHocTel ot 250 mo 2500 kBA, u3
KaTaJOXKHBIX JaHHBIX [5], HaxoauTcs B nuana3one 0,1 — 0,2.
['pannunbie 3HaUYeHUsT Kod(PduimenTa Harpy3Kku, JUIsl YKa3aHHOTO JMara3oHa

kai
ke = 0,1 k, = 0,19
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k.. =0,2 k, =0,27

Takum 00pa3oM MpU COXpPAaHEHUH TabapUTHBIX pa3MepoB, 3PHEKTUBHOCTH
3aMeHbl Marepuana marauronpoBoja u3z OTC, nHa Maruutonposon u3z AC Oyner
s dexTuBHO TIpH Harpy3ke 27% u MeHsbIe s TpanchopmaropoB S =2500 kBA, u <
19 % nna S =250 kBA.

Bapuanm 2. (macnummnule nomoku 6 MQZHUMONPOEOOAxX PAGHbLL)

B BapuanTe 1, npu coxpaHeHUN HEM3MEHHBIMH CEYCHHS MarHUTONPOBOAA Ss U
OKHA TIOJT OOMOTKY Sp,, IPUBEIO K YMEHBIICHHIO MAarHUTHOTO TIOTOKA, YMEHBITICHUIO
CEUYEHHUs TMPOBOJA U YBEJIMYCHUIO IJIOTHOCTH TOKa. B pe3ynpTare 3TO MpUBENO K
YMEHBIICHUIO TMOTEPh XOJIOCTOTO XOJla, HO OJHOBPEMEHHO PE3KO YBEIMYMIIUCH
NOTEpU KOPOTKOTO 3aMbIKAHMUS.

PaccMoTpuM BapuaHT NMpU HEU3MEHHOM IMOTOKe @, M CEYEHUM OKHa MOJ
O0OMOTKY Sp.

[TockonbKy momycTuMast HHIYKIHS Bas 1 KOO(DOUIUCHT 3aN0JHCHUS CTaTH Ky
B MaraurtonpoBojge u3 AC MeHbIIe, YeM B COOTBETCTBEHHO Bes U Kes TpH
ucnonibzoBanuu  OTC. To HeoOXOAMMO  yBEJIMYEHHUE CEYCHHUS  CTEpPIKHS
MAarHUTIIPOBOJA B Knag.

YBenuuarcsi MpUMEpHO B Kpag M MOTEPU XOJOCTOTO XOAa, IO CPABHEHUIO C
BAPHUAHTOM 1.

[170THOCTH TOKA M CYMMapHOE CEYCHHE OOMOTKH OCTaHYTCS HEMMEHHBIMU, KaK
B Bapuante ¢ OTC. OnHako yBEIMYEHUE CEUEHMS CTEPKHS MATHUTOINPOBOAA
MPUBEAET K YBEIMYCHHIO JUTMHBI OOMOTKH ¥ TIOTEPh KOPOTKOTO 3aMBIKAHHUS.

B oOmem cnyudae orHomieHue Pg (motepu B oOMoTke TpaHchopmaTtopa ¢
marautonpoBogoM u3 OTC) k Py (morepu B 00MOTKe TpaHchopmaropa c
MarHuTornpoBoaoM u3 AC npu MOCTOSTHHOM CEUYE€HUH OKHA OOMOTKH )

kmpy kmag + 1
kpp +1
rze Kyp — OTHOIIIEHUE IUPUHBI OKHA OOMOTKH K PaHyCy CTEPKHSL.

Pa3HOCTh cyMMapHBIX OTEPH B TpaHC(hoOpMaTOpax ¢ MarHUTONPoBo oM u3 AC
(Bapuant2) u OTC:

AP = Pyo(kykmag — 1) + kzPre(kay — 1) <0 (2)
13 HepaBeHcTBa (2) ompeneiniseM 3Ha4YeHUE Kp, IPH KOTOPOM IOJIHBIC MMOTEPH
TpaHchOpPMaTOPOB PaBHBI

kaz =

1- kkaag
k.= |k, —————=
n xk kaz -1

[Tpu
kxk == 0,1 kmb == 0,5

Koaddunuent nHarpysku k, = 0,98 = 1.

B stom ciiydae nonyuaercst TpancdopmaTop, 1o cBoe 3HeprodpHEeKTUBHOCTH,
aHAJIOTUYHBIA HcXomHoMmy. ClleqyeT y4ecTh, YTO B JIAHHOM BapUaHTE yBEIMYCHA
Macca MarHUTONPOoBOJA B Kmag=1,5 pa3a, 1 Macca MpoBOAHHUKOB B Ky pas.
3axknrouenue. B pabore paccMOTpeHBI MPOOJIEMBI, CBSI3aHHBIE C TMPUMEHEHUEM
MarHATOMPOBO 1A TpaHchopMaTopa U3 aMopdHOM cTamm.
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[TokazaHo, 4TO MpUMEHEHHE aMOP(PHOU CTaaH, ACUCTBUTEIHHO MPUBOAMUT K
CHIDKEHHUIO MOTEPh XOJIOCTOTO X0Ja B TpaHc(opmarope, HO MPU ITOM 3HAUUTEIBHO
YBEIIMYMBACTCS PACXOJl MaTepUajiOB Ha AaKTHUBHYIO 4YacTb M COOTBETCTBEHHO
raGaputsl. [Ipu 3TOM yBEnTMUMBaIOTCS Macca MarHUTONPOBO/AAa U OOMOTKH.

bonee BbicOKas CTOMMOCTh aMOpP(HOM CTald U YCIOKHEHUE TEXHOJIOTUU
cOoopku TpaHcopmaropa, NPUBOAAT K 3HAYUTEIBHOMY YIOPOKAHUIO CaMOI0
TpaHcpopmaropa.
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Annomayun. B cratbe paccMaTpUBaIOTCsS PE3yJIbTAaThl Ja0OPATOPHBIX HCHBITAHUN
MHAYKIHOHHOTO HarpeBareisl MaJloil MOUIHOCTM C aBTOHOMHBIM HCTOYHHUKOM
nutanus. HaOmogeHust mpoBefeHsl JUIsl pa3HbIX (OPM HHAYKTOPOB H3BECTHOM
anekTpudeckol cxembl. HauOonbiieil >@Q¢ekTuBHOCTBIO 00JaAaeT HUHIYKTOP,
KOTOPBI BBINIOJHEH C HAWMEHBIIMM BO3AYIIHBIM 3330pOM K CEpICYHUKY —
CTaJIbHOMY TpyOorpoBoay. KoHTponb TeMIepaTypHbIX MapamMeTpOB BbINOJIHEH
TEIUIOBU30POM.

Kniouegvle cnosa. NHIyKUUOHHBIN HarpeBareib, HUHAYKTOP, HHAYKIMOHHBIA KOTEI,
TEIUIOBU3HOHHBIM KOHTPOJIb, SHEPT03(PPEKTUBHOCTH KOTIIA

na yumuposanusa: bakupos C.M. AHanu3 pe3ysIbTaTOB HMCCIIECIOBAHUS BIIHMSHUS
r€OMETPUYECKUX IMapaMeTpPOB MHAYKTOpPAa Ha MapaMeTpbl HarpeBa MHAYKIMOHHOIO
koTiia manoit Mmomuoctu / C.M. bakupos, P.K. Kapnyxun // AxtyanbHbie mpo0OiemMbl
sHepretukn  AIIK: wmarepuansr  XIV  HamumonanpHONM  HAy4YHO-TIPAKTHYECKOU
KoH(epeHuuu ¢ MexxayHapoaaeiM yuactueM / Ilox pea. C.M. bakuposa — Capatos:
OI'bOY BO Basunosckuii yausepcutet, 2023.

Original article

ANALYSIS OF THE RESULTS OF THE STUDY OF THE INFLUENCE OF
THE GEOMETRIC PARAMETERS OF THE INDUCTOR ON THE
HEATING PARAMETERS OF A LOW-POWER INDUCTION BOILER
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Saratov, Russia
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Annotation. The article discusses the results of laboratory tests of a low-power
induction heater with an autonomous power source. Observations were made for
various forms of inductors of a known electrical circuit. The inductor, which is made
with the smallest air gap to the core - a steel pipeline, has the highest efficiency. The
temperature parameters were controlled by a thermal imager.

Keywords: induction heater, inductor, induction boiler, thermal imaging control,
boiler energy efficiency

For citation: Bakirov S.M. Analysis of the results of the study of the influence of the
geometric parameters of the inductor on the heating parameters of the induction
boiler of low power / S.M. Bakirov, R.K. Karpukhin // Actual problems of energy in
the agro-industrial complex: materials of the XIV National scientific and practical
conference with international participation / Ed. C.M. Bakirova - Saratov: Vavilov
University, 2023.

Beeoenue. ]Ins cenbCKOTO XO3SMCTBA XapaKTEPHBI HU3KAs TUIOTHOCTH TEIJIOBBIX
Harpy3ok © OojbImas paccpenoToueHHOCTh moTpedutenet [1]. ITloatomy
JEIEHTPAIN30BAaHHBIC CUCTEMBI TEIIJIOCHA0XKEHUS SBJISIOTCS 00Jiee MePCIEeKTUBHBIMU

JJI CEIBCKOXO03S1CTBEHHOTO IMpOMU3BOACTBA.
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VY nanenssie U MaJble 1o IJI0IA1 CEJIbCKOXO3SIIICTBEHHBIE
IPOU3BOJICTBEHHBIE YYACTKU B 3UMHUU MEPUO]T 3aTPYIHUTEIBHO U HEIEIECO00pa3HO
NOJKJIIOYAaTh K MCTOYHUKY Ta30- WU TemiocHaOkeHus. [{ns pemieHus »Toi
npo0eMbl MPEJIOKEHO HCIOIb30BaTh MHAYKIIMOHHBIA HArpeBaTEIbHBIA DJIEMEHT,
KaK OJIMH U3 CIIOCOOOB OMEPaTUBHOTO MOJYyYEHHUs TEIJIOThl. MIHAYKIIMOHHBIA Harpes
— OJIUH U3 BUJOB AJIEKTPOHArPEBa, KOTPBIM COCTOUT B HAIPEBE IJIEKTPOIPOBOIAIINX
MaTepUaioB B IEPEMEHHOM AJIEKTPOMArHUTHOM o€ [2].

B kauecTBe AMEKTPUUECKON CXeMbl MHAYKIIMOHHOTO HarpeBaTelisd UCIOJIb3YIOT
paziuuHble ycTpoiicTBa, Hampumep ZVC-apaiiBepbl, KOTOpbI€ MOAKIIOYAIOTCA K
nctouHuky nocrossHHoro Toka (VDC) ¢ nanpsbxkenuem 12-30 B [3]. B cxeme
npeoOpa3yeTcsi MOCTOSSHHOE HANPSKEHWE B UMITYJIbCHOE NEPEMEHHOE C YaCTOTOM
nopsaka 2 kl'n. B Hamem ciryyae, HCTOJIb3ysl TaHHBIE APANBEPBl B KOHCTPYKTUBHBIX
pELIEHUSX WHAYKIUMOHHBIX KOTJIOB MAJIO MOIIHOCTH, MOXHO JOOUTHCA PEIICHUS
npo0JieM OTOIUIEHHUSI MaJIbIX YAAJEHHBIX POU3BOICTBEHHBIX YYACTKOB.

OpHako Uil JaHHBIX CXEM HET PEKOMEHAALMI IO U3rOTOBJIECHUIO HHIYKTOPOB.
Kak u3BectHO, opmMa MHAYKTOpa CYIIECTBEHHO BIMSET Ha MPOJOJIKHTEIBHOCTD
HarpeBa, NoTpedIieMy0 MOIIHOCTh, a TakKe Ha 3(PPeKTUBHOCTH cxeMbl. [loaTomy
1eJbI0 PadoThl SIBIETCA MCCIEA0BATh paziudHble (OpMbI HHAYKTOpOB aisi ZVC-
npaiieepa ¢ VDC 12-30 B 151 ycTaHOBJIEHUS ONTHUMAJIBHBIX IMapaMEeTPOB HarpeBa
IPU HAMMEHBIIINX dHEPro3arparTax.

Mamepuaner u memoodvi. B KayecTBE MATEPHAIOB HCIOJIb30BAHBl TEOPUS
MHIYKIMOHHOTO HarpeBa, pe3ysibTaThl UCCIEIOBAHUIM OTEYECTBEHHBIX U 3apyOEKHbIX
aBTOPOB, MHCTPYKLMH MO SKCIUTyaTallMd CYIIECTBYIOIIMX KOTJIOB WHAYKIIMOHHOIO
HarpeBa SAV, BUH, BUK. B kauecTBe METO0OB HAYYHOTO ITO3HAHUS UCIIOJIb30BAHBI:
HaOII0ICHUE, SKCIIEPUMEHT, aHAJIU3 U CUCTEMHBIN MOIXO/.

Pezynomamut uccnedosanusn. [Ins oueHku >PPeKTUHOCTH (POPM HUHAYKTOPOB
paccmoTpum cxemy ZVC-apaiisepa ¢ VDC 12-30 B ¢ akkymMyIaTOpHBIM HCTOYHUKOM
nuTaHusi HampsbkeHueM 12 B u emkocteio 55 A*u. [loTpeGmsiemass MOIIHOCTH
HanpsIMyK0 3aBUCUT OT IapaMeTpoB cepiaeuyHuka. lloaromy s mpoBeneHHs
UCCJICIOBAHUN CJIENyeT MPUHATH TPYOONpPOBOA C MaJOW TOJIIMHOW CTEHKU MJIs
YCTAHOBJIEHHMSI OCHOBHOM 3aBUCHMOCTH (OpMBI HMHAYKTOpa U MOTpeOiasieMoin
MOIIIHOCTU. BHenHu#t BU 1a00paTopHOi YCTAaHOBKU MPEACTABICH HA PUCYHKE 1.
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Pucynok 1 — JIabopatopHasi ycTaHOBKa MHAYKILIMOHHOT'O Harpesa i IpoBepKu (GopM MHIYKTOpa
(1 - Tepmomnapa; 2 — YacToTHbIi MOIYIb; 3 — BeiKiTtOuaTens; 4 — AMIepMeTp NOCTOSTHHOTO TOKa
0...20 A; 5 — AkkymynsaropHas 6atapes 12 B 55 A*y; 6 — unaykTop; 7 - cepJeuHUK)

B kauecTBe MHIYKTOPOB HMCIOJB3YEeM MEIHBIA MPOBOJHHUK B H3OJISIHH, TaK
KaK MeIb MMeEeT 0oJiee BBICOKYIO TEMIIepaTypy IIABJICHUS W TEILIONPOBOIHOCTH B
CpPaBHEHUU C ATIOMHHHEBBIMHU MPOBOAHUKAaMH. [I[puHMMas BO BHUMaHHE HapaOOTKH
aBTOPOB, HCCIEAYEMbIX HHAYKIIMOHHBIH HarpeB [4, 5], B dKCIEpUMEHTE MpUMEM
HECKOJIbKO pa3MEpPOB CEYCHHWIl TMPOBOJHUKA C Pa3HbIMH T'€OMETPUUYECKUMU
napameTpamu (PUCYHOK 2).

Pucynok 2 — ®opMbl HHIYKTOPOB, UCIIOJIB3YEMBIX B OKCIIEPUMEHTE

Onucanue MHIYKTOPOB HAa PUCYHKE 2 TPEICTABJICHO B TAaOJHIIE PE3yIhbTaTOB
sKcriepuMenTa (Tabnmma 1).
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Tabmuua 1 — Pe3ynpTaThl H3MEpeHH HHAYKIIHOHHOTO HArpeBa NPy Pa3HbIX T€OMETPUUYECKUX
napaMeTpax UHIYKTOPOB

Ne
ombita| U, Bllex, Al Iy A | t,¢ | t,°C | t,°C | Dgar, MM | W, miT | S, MM? |Lyar, MM

Jnuna npoBoaa 1 metp.

1,1 {12,8| 2,25 9 40 30 180 45 5 4 20

12 |128) 2 7 40 30 175 50 5 2,5 18

1,3 [12,8| 2,25 ) 40 30 125 45 5 15 15
JnuHa npoBoja 3 metpa.

2,11 |12,8| 05 6 40 30 176 45 20 4 90

2,12 |12,8| 0,5 6 60 30 228 45 20 4 90

2,21 1128| 05 | 425 | 40 30 164 45 20 15 65

2,22 |128| 05 | 425 | 60 30 206 45 20 1,5 65

[Mpumeuanue: Dipye,; = 20 MM, TommuHa TpyOs! 0,5 MM, MaTepuai — cTallb

U — nanpsokenue Ha 3axkumax ZVC-gpaiieepa; Ix.x. — Tok xojoctoro xona (6e3
CEp/ICUHUKA);

I1 — moTpebnsieMblit TOK C CEpACYHUKOM; t — TPOIOJDKATEILHOCTh BKIIFOUCHHUS;

tH — TeMrmeparypa Cep/ieyHrKa Mepe/l HarpeBoM; tk — TeMIlepaTypa CepJeyHuKa mocie
HarpeBa; DkaT — nuamerpa MHAYKTOpa; W — YUCIO BUTKOB MHIYKTOPA; S — CEYCHHE
MPOBOJAHMKA HHIYKTOpA; LKaT — mMpuHA CIIMHKU UHIYKTOpa

AHanu3 pe3yJbTaTOB SKCIEPUMEHTA IMOKa3ajl, 4TO HauOOoJbllIee KOJIMYECTBO
TEIJIOTHI TTOIYYE€HO C MHAYKTOPOM OOJIBIIIETO YKCiia BUTKOB (To3uumu 2,12 u 2,22 B
Tabsmiie 1). To cBsi3aHO ¢ OOJIBIIEH TUIONIA/IbI0 OXBaTa MHAYKTOpa. BmecTe ¢ atum
WHAYKTOPHI C YHCIOM BHUTKOB 20 HMEIOT MEHbIEe HHEPronoTpedsieHre, uYeM
UHAYKTOpPBI C 5-pt0 BuTkamu. I[lpuuem mist cxembl ZVC-mpaiiBepa HamTydIIHiz
3¢ heKT TOCTUraeTcs PU HHAYKTOpE cedenueM 1,5 Mu®.

B cpaBuenun ¢ TOHoM uWHAyKIIMOHHBIM HarpeB B 2,5 pasza ObIcTpee
npeodpa3yeT 3JIEKTPUUECKYIO DHEPTUI0 B TEIUIOBYIO MPU OJMHAKOBBIX YCIOBUSIX
TeriooOMeHa. CpaBHUM XapaKTEPUCTUKHM HarpeBa pacCMaTpUBAEMOM CXEMbI C

xapakrepructukamu HarpeBa TOHa Ha pucynke 3.
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Pucynok 3 — Pe3ynbTaThl CpaBHEHHUSI CKOPOCTH HArpeBa TEIIOOOMEHHUKA WHYKIIMOHHOTO HapreBa
(Ne omipita 1,15 1,2; 1,3) u TOHa

AHanu3upys MOJYYEHHbIE PE3YJbTAaThl CPABHEHUS, MOKHO CHIEJIaTh BBIBOJ O
TOM, YTO MUHIYKIIMOHHBIA HarpeB cepJeUHHKa (TEMI000OMEHHON CTEHKH) MPOUCXOAUT
3HAUUTENTHHO ObICTpee, ueM HarpeB noepxHocTu TOHa. [Ipudyem ckopocTs Harpesa
MMeEEeT SKCIOHECHIMAbHBIN xapakTtep. Torma mis peryaupoBaHus pekuma padoThl
WHIYKIIMOHHOTO  HAarpeBarelis  HEOOXOJUMO  UCCIIEeNOBaThb  KayeCTBEHHO-
KOJINYECTBEHHBIE XAPAKTEPUCTUKHU CEPACYHUKOB. JlJIsI OLEHKM KauecTBa Harpesa
MPOBEJICH TEINIOBU3MOHHBIN KOHTPOJIb B XOJI€ IKCIIEPUMEHTA (PUCYHOK 4).
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Pucynok 4 — Pe3ynpTarhl TEINIOBU3UOHHOTO KOHTPOJISI SKCIIEPUMEHTAIIBHBIX UCCIICIOBAHUI

[To pucynky 4 BUJIHO, YTO UHAYKIIMOHHBIA HAarpeB BBISBISAET IIEPOXOBATOCTH
M3TOTOBJICHUS TPYOOIIPOBO/Ia, UCIOIB3YEeMOro B dKcriepuMenTe. OT/ieIbHbIC YYaCTKU
TpyOomnpoBoaa HarpeBatorcs B 1,2...1,8 pa3 Bblllle cpeaHelt TemnepaTypbl OCHOBHOM
IJIOIIAM OXBaTa MHAYKTOPOM Tejla CcepACUMHUKA. Takue MOCHeACTBUS MPUBOIAT K
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PE3KUM HM3MEHEHMSIM BJIEKTPUUYECKHUX I1apaMeTPOB MHIYKIMOHHOTO Harpesa, a
UMEHHO, IOTPEOIIIEMOr0 TOKa, MOLTHOCTH.

3akniouenue. Takum oOpa3oM, pazpaboTka UHAYKIIMOHHOIO KOTJIa MaJIO MOIIIHOCTH
C ABTOHOMHBIM HMCTOYHMKOM IHMTaHUS II03BOJISIET OINEPaTHUBHO IPOU3BOJIUTH
TEIUIOBYIO SHEPIHI0. DTO HEOOXOJUMO Ul OTAAJCHHBIX MAJIbIX MPOU3BOACTBEHHBIX
ydyacTkoB. OpHako u3-3a MHOroo0Opasusi IpOLECCOB, MNPOUCXOAUMBIX IpU
MHAYKIMOHHOM HarpeBe, JaHHbIA CHOco0 TpeOyeT AalbHEHIIEero HCCael0BaHUsS
3aKOHOMEPHOCTH M3MEHEHHUs MapaMeTpoB KAK MHAYKTOpA, CEpACYHHKA, HCTOYHHKA
MATaHUA TaK U CHCTEMbI aBTOMAaTUYECKOTO YIIPABIICHHUS.

B xoze npoBeneHus HCCIeI0BaHUI YCTaHOBIICHO:

1. ®opma cepaeyHMKa OKa3bIBaeT BIUSHUE Ha MOTPEOISIEMYI0 MOIIHOCTh
MHIYKIMOHHOTO KoTia. JlaHHoe wuccienoBaHue TpeOyeTcssi MPOBECTH C y4eTOM
MaTe€MaTUYECKOro IJITAHUPOBAHUS JKCIIEPUMEHTAa C BapbUPOBAHHEM (PAKTOPOB
(opMBI cepieyHHKA.

2. Uucno BHUTKOB IPU OJMHAKOBOM HAINPSDKEHWUM Ha 3aXHMaX CXEMBI
HaNpsAMYIO 3aBUCUT OT MOTPEOISIEMON MOIIHOCTH. Y CTAaHOBJIEHO, YTO MPHU JUAMETPE
UHAYKTOpa 45 MM ¢ pa3HbIM 4HUCJIOM BUTKOB 5 u 20 moTpebisiemMas MOIIHOCTh
MHAYKIMOHHOW 3KCIIEPUMEHTAIBHOW YCTaHOBKM B 1,5 pa3a Hmxke y MHIyKTOpa C
OOJIBIIMM YHCIIOM BUTKOB.

3. CkopocTh HarpeBa TEIJIOOOMEHHOI'O arperara MHAYKLHOHHOIO crocoda
Bbllle cKopocTu HarpeBa TOHoBoro cmocoba wnarpea B 2,0...2,8 pa3 B
npopopkuTensHocty ot 0 1o 100 c.

4. JledeKThl MOBEPXHOCTU CEpJICUYHUKA (METaNIMYECKOW TPYObl) MPUBOAAT K
JIOKaJIBHOMY IIEPETPEBY TEINIOOOMEHHOM MOBEPXHOCTH.
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Annotation. The paper presents an analysis of the features of heat exchangers used in
agricultural production. The features of the heat transfer device and options for
improving heat exchangers are given.
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Beeoenue. TermmooOMeHHBIE allriapaTtbl ABJIAIOTCA BaXKHBIM KOMIIOHCHTOM MHOI'MX
TCXHOJOIMYCCKHUX IPOLCCCOB MU CHUCTCM, HUCIIOJIIB3YCMbIX B MPOMBIINIJIICHHOCTH,

OHCPICTUKE, CTPOUTCIILCTBE U APYIUX OTPACIIAX HAYKH U TCXHHUKH. OHU NO3BOJISIOT
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a¢(exTuBHO TEepemaBaTh TEIUIO MEXAY pa3IWYHBIMH CPEIaMH, 4YTO WIPaeT
KITFOUEBYIO POJIb B MOBBIIIEHUHU YHEPTrodPHEKTUBHOCTH.

CymiecTByeT HECKOJbKO BHJIOB TEIJIOOOMEHHBIX ammnapaTroB, KaXKIbld U3
KOTOPBIX HMMEET CBOM OCOOCHHOCTH M YCIOBUS UCIHOJIb30BaHUS. TpyOyaThiii
TEIJIOOOMEHHBIN ammapaT caMblii pacnpocTpaHeHHBIM Buj (pucyHok 1). Takoi
TEMI000MEHHUK HIUPOKO UCIIOJIb3YyeTCS B cucreMax OTOIUJICHMUS,
KOHJIMIIMOHUPOBAHUS, a TAK)KE B IPOMBILUIEHHOCTH [1].

a)
Pucynok 1 — TpyOuarslii TeryiooOMeHHBbIH anmnapar
a) yCTpoicTBO: 1 — HApy>KHUI KOHTYp, 2 — BHYTPEHHUN KOHTYp, 3 — KOJIEHO
0) TOTOBOE U3JICHHE almapara

TpyOuareiii  TeriooOMennbiit  ammapat (TA) xapakTtepusyercs HU3KOM
3¢ (HEKTUBHOCTHIO U3-3a JAMUHAPHOTO TE€UEHUS JKUIKOCTH BHYTPH MEPBOrO KOHTYPA,
BCJIC/ICTBME€ HU3KUM TEIUIOOOMEHOM, TO €CTh TEIUIOHOCHUTEIbh HE YCIEBAET OTAATH
TEIUIO IPU MPOXOKEHUH Yepe3 MepBbI KOHTYp. Takoro ke Thma KoxKyXOTpyOHBIH
TA, xotopsiii HemMHOTOo 3(¢eKTUBHEH 3a CUeT KOHCTPYKTHBHBIX OCOOEHHOCTEU
(pucynox 2) [2].

Pucynoxk 2 — KoxxyxoTpyOHBIH TEMI000MEHHBIH anmapar
a) yCTpPOMCTBO: 1 — KOpPITyC WM KOXKYX, 2 — TpYOHBIE peleTkH, 3 — TpyObl, 4 — aHuUIIe, S — (hIaHLb;
0) rOTOBOE M3/IENKE armapara
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bonee sddexTuBHBIN cunTaeTcs TIACTHHYATHIA TA, KOTOPBIM COCTOUT W3
IUTACTHH, pa3/ieNIeHHBIX Ha JIBe MOJOCTH (pucyHOK 3). TernmoHocuTenu HupKyJIUupyoT
4yepes AT MOJI0CTH, o0ecrieunBas 6oiiee 3phekTuBHBIN TertooomeH [3].
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a)
Pucynok 3 — [TnactuHUaThIi TEMII000MEHHBIH armapaT
a) YCTPOMCTBO U MPUHIIUI ACUCTBUS
0) TOTOBOE M3JICHUE armapaTa

[Tnactunuareie TA TakXke HNIMPOKO PACPOCTPAHEHBI U UMEIOT 00Jiee BHICOKHUI
KIIJI mo cpaBuenuto ¢ TpyduatsiMm TA. DTO CBsI3aHO C T€M, UYTO TETUIMHOCUTENH TIO
mactuHYatoro TA pa3BoauTcs MO KaHajdaMm HeOOJbIION (OpMbI, TEM cCambIM
oOecrnieunBast 0osiee BHICOKYIO 3(h(PEKTUBHOCTD TEMI00OMEHA.

[Ipn TennooOMeHe W mnpoekTHupoBaHMM TA cCTpeMsTcs COo34aTh TaKylo
KOHCTPYKIIUIO, YTOOBI KaK MOKHO JIy4Ille TPOXOAMII Ipoliecc Teraooomena. Ha psny
C OTUM CYHIECTBYIOT TakKXe pa3z0pbI3rUBAIONINN TEMI00OMEHHUK, B KOTOPOM
KUJKOCTh pacrnbuisieTcss B (opMe Karesb WIK CTPYH, YTO YBEIUYUBAET TOBEPXHOCTh
KOHTAaKTa U yJIy4llIaeT TeI000MEH.

KIIJI TeruiooOMEeHHMKA 3aBHCHT OT MHOXXECTBa (DAKTOPOB, TaKUX KaK €ro
KOHCTPYKTHUBHBIE OCOOCHHOCTH, TapaMeTpbl TEIUIOHOCHUTENEH, XapaKTePUCTUKH
Teryionepenay W T.J. Pa3nuuHble BUIBI  TEMJIOOOMEHHUKOB HMMEIOT CBOH
YHUKaJIbHbIE 0COOEHHOCTH, KOTOpbIe BiusitoT Ha ux KII/ [4].

TpyOuatsie TEMJI000OMEHHUKH o0namaroT OOJBITION MPOMYCKHON
criocoOHOCThI0O M BbicokuM KIIJl mpu pabore ¢ XKUAKOCTSAMHU, HO TIpH paboTe ¢
razamu oHu uMeroT Hu3kui KIIJ[ u3-3a 1moteppr B ONTHYECKOW MNPO3PAYHOCTH.
[InacTuHYaThIe TETNIOOOMEHHUKH, B CBOIO OYEpE/ib, UMEIOT YBEIMUYCHHYIO TLIOIIAb
nepenayu Temiaa, Ho oHu umeroT Huzkui KIIJ[ mpu pabore ¢ BBICOKOBSI3KUMH
KHUJKOCTSIMU.

Kak wu3BecTHO, BBHIOOp ONTHUMAIBLHOIO THMA TEIUIOOOMEHHHUKA 3aBUCHUT OT
MOTPEOHOCTE ~ KOHKPETHOTO  MpoIecca,  XapaKTePUCTHUK  TEIJIOHOCUTENEH,
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MPOIYCKHOM crnocoOHOCTH ceTu. Kak MMEHHO MNpOXOAMT MpoIEecCe TermiooOMeHa
MO>KHO TOJIBKO IMpeAnoiarath (pPUCyHOK 4).

Pucynok 4 — [IpuMepHBIii Tporiece TEmI000MEHTa B KOXKYXOTpyOHOM TeTII00OMEHHOM arapare,
MOKa3aHHBIN ¢ moMotibio mporpammbl COMSOL Multiphysics

Opnako eguHCTBEHHBIM MokazareneMm sddexktuBHoct TA saBusierca KIIJI.
OueBUIHO, YTO 3a CYET YBEIMYEHHUs IUIOUIAJM TEIUIoOOOMEHa, WM 3a CYeT
WCIIOJIb30BAHUSl CIIELUAJIBHBIX MaTEPUAJIOB C BBICOKOW TEIUIONPOBOJHOCTBIO, WM
MCIIOJIb30BaHUsl peOpPUCTHIX (HPOPM, UITU JIONACTHBIX HacaJoK MOXkKHO noBbicuTh KIT/I.
Opnaxo st xkaxnaoro konkpetHoro TA KIIJ[ Oyaer otinuuaThCcsi B 3aBUCUMOCTH OT
KOHKPETHOI'O CII0C00a UCIOJIb30BAHUS B KOHCTPYKLUU U YCIOBUAX SKCIUTyaTal[UH.

[Tosromy meab padoTbl — TPOBECTH aHajIU3 CIOCOOOB TOBBIIICHUS
3 PEKTUBHOCTH TEIJIOOOMEHHBIX aNMapaToB.

Memoouka uccnedosanus. AHanu3 NpoBeJeH Ha 0aze TEOPUU OCHOB TEXHUYECKOU
TEPMOJIMHAMUKMA M TEIUIOTEXHUKH, a HWMEHHO Kputepuu mnooobuss Hycenbra,
[Ipankis, Herorona-Puxmana. [{ns aHanusa npoieccoB TEMI000MeHa MCIOIb30BaHa
oubnmoreka mporpamMmmuaoro npojaykra COMSOL Multiphysics.

Pezynomamul ananuza. Ananu3 pa3auyHbIX TEIUIOOOMEHHBIX allapaToB MOKa3all,
yro Ha KI1]] cymecTBeHHO BIMseT KOHCTPYKIHs 1 Matepuan TA (tabmmna 1).

Tabmuua 1 — KI1/I TeruiooOMEeHHBIX anmnaparoB B 3aBUCUMOCTH OT pa3IMYHbIX MaTepHalOB

Marepuan KITJ

HOBerHOCTH o o o o
TeM00BMeHa TpyGuarsrii Koxyxorpy6usiit | Ilnactuayateii | Pa3Gpbi3ruBaromuii
Hepxaseromas 62,1 80,2 92,5 60,5

CTaJIb

Mens 873 928 9.8 934
AJTFOMUHUN 80,4 90,4 94,7 80,1
YrIepoHCTast 68,4 84,2 93,9 723

CcTalb ' ! ! '

[Ipumeuanue: 3nauenue KIIJ[ momydeHsl pacueTHbBIM IyTeM Ha MaKCUMalbHOM rabapuUTHON
MOIITHOCTH C ONTHUMAaJbHOM SHTAJIbIHUEH TeriooOMeHHoro ammapara B mporpamme COMSOL
Multiphysics
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Kak BugHo w3 TaOmmiel 1, IDIaCTUHYATHIE TEIJIOOOMEHHHMKH 00J1aJaroT
Hauy4iied 3(hPEeKTUBHOCTHIO U3 BCEX HCIOJIB30BAaHHBIX THUIIOB TEIJIOOOMEHHHUKOB.
B ycioBusix cenbCKOXO3SMCTBEHHBIX MOTpeOuTeNneld BBIOOP ONTHUMAIBLHOIO THIIA
TEIJIOOOMEHHUKA 3aBUCHT TakKe OT XapaKTePUCTUK KOHKPETHOM CHCTEMBbI
TeIJIOCHAOXKEHUS U YCIIOBUM dKCIUTyaTamuu [5].

Maxkcumaneapii  KIIJ] TemrooOMeHa OYeBHICH [IJI1 MEIHBIX IIJIACTHH C
teronpoBoaHOCThiI0 Meau 350-410 Bt/m/K. Ilpu strom KIIJ[ mumactunuatoro TA ¢
AJTIOMUHUEBBIMHA  IUIACTUHAMM  OTJIMYaeTcs Bcero Jmmb Ha 2,1 %, Xorsa
TETUIONPOBOAHOCTh ATFOMUHUS MOYTH B JIBA pa3a HUXKE YEM Y MEIU U COCTABIISIET
170-230 Bt/m/K.

Opaum 3 croco6oB noBeimenus KIIJ[ Temmonepenayun siBiasieTcs: HAHECCHHE
CJIOSI METM Ha CTANBHYIO CTEHKY TEIJIOOOMEHHOTO armapaTa. Tak Kak MeIb SBIISETCS
JYYIIIAM TTPOBOJIHUKOM TEILIa, YEM CTaJb - 3TO MO3BOJIAET MOBBICUTH A(h(PEKTUBHOCTH
Iepeaayr TeIia 4epe3 CTEHKY almapara v yJay4dlluTh €ro TEeIooTiaady. BennunHa
KII B 3TOM ciiydae 3aBUCHT OT TOJIIMHBI U CIOCO0Aa HAHECEHHUS MEIHOTO CJIOS.
Takue cmocoObl clieyeT OIEHUBATh C SKOHOMUYECKON 11e71ec000pa3HOCTH Mpoliecca
HAHECCHMS CJIOSI MEIH.

Bmecre ¢ atum Teopermueckas orenka KIIJI TermmooOMmeHHOro ammaparta
IIPOBOJIUTCS 110 KPUTEPHUSAM TOJIO0MS CIIOKHOTO pacuera IMokazaTeseil TeXHUYeCKOM
TepMoauHaMHUKH. OCHOBHOE BBIpaKEHHE, OMHMCHIBAIOIIECE IPOIECC TEII00OMEeHa B
TA, sBigercs ypaBHeHne Pypbe U 3aBUCUT OT KOHKPETHBIX YCIIOBHM M IAPAMETPOB
CHUCTEMBI:  TEIUIOHOCHUTENb, TEMIEpaTypa Cpedbl, IUIOMAAb I[OBEPXHOCTHU
TeII00OMEHHUKA U T.11. PacnipocTpanenue teria u(t) B Matepuaie U KIMEET BU/I:

ol o’u ou
:, (1)

5 =A 5 S+ A,
X, X,
rae U(X, t) — yHkuus TemmepaTypsl, 3aBHCSIIAs OT KOOPAWHATHI X U BpeMeHH t; Ay,
A2 — KOd(pIULIMEHTHI TEMIOMPOBOJHOCTH MaTEPUATIOB, COOTBETCTBEHHO, CTAlld M
HaHECECHHOU Ha HEE MEIU.

DT0 ypaBHEHHE OIMCHIBAET U3MEHEHHUE TEMIIEPATYPhl B MaTepraje C TCUCHUEM
BpEMEHM W Ha IJomaau TeriooomMeHa. OHO TMOKAa3bIBAET CKOPOCTh H3MEHEHHUS
TeMIIepaTypbl OT KOI(P(GUIMEHTOB TEIJIOMPOBOAHOCTH KM BTOPOW MPOU3BOIHON
TEMIIepaTyphl MO KOOPIMHATAM IIJIOMIAIU TETUIO0OMEHaA.
3axnwuenue. Takum 00pa3oM, aHau3 pa3nTuIHbIX TA TOKa3al, 4To JJisl OBBITIICHUS
3¢ (PeKTUBHOCTH TmpoIecca TemIooOMeHa B TEINIOOOMEHHUKE HCTIOIB3YIOTCS
CHeIMaIbHbIe TTOBEPXHOCTH C YBEJIMUYECHHOM TUIONIA/IbIO, IEPETOPOJIKH JUIsl CO3/IaHus
TypOyJICHTHOCTH IOTOKA, MaTEPHUaJIbl C BHICOKOM TEIIONPOBOIHOCTRIO U T.11. Kpome
TOTO, MOXHO VIYYIIUTh TIPOIECC TEIUIOOOMEHa B TEIIOOOMEHHUKE IyTeM
ONITHMH3AIINN TTaPaMETPOB CHCTEMBI.

Takum oOpazom, IS yIydllIeHUs Tpoliecca TeII000MeHa B TEIJI000MEHHUKE
ClIeAyeT WCIOJIb30BaTh B KAadyeCTBE IMOBEPXHOCTH TEIUIOOOMEHA MEIHYI0 WIH
0OMETHEHHYIO TTOBEPXHOCTh MarepHuaia, 4To Mmo3BojsieT nmoeicuTh KIIJl anmapara
70 MaKCHUMaJIbHO BO3MOXKHOTO 3HaueHus. BwiOop konkperHoro TA TpeOyer
WHIUBUyaAIbHOTO TOJAXOJa W  pacdera, dToObl JOCTHYh MaKCHUMaJIbHOU
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3¢ (HEKTUBHOCTH ¥ IKOHOMHYECKOM 11e7IeCO00Pa3HOCTH, UTO MPE/IaraeTcs OleHNBATh
¢ omolkko nporpammuoro pemenus COMSOL Multiphysics.
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Annomayun. OnpeneneHue napaMeTpoB BOAbI B PEKE WM BOJAOEME B PEKUME
peaIbHOTO BPEMEHU SIBIIICTCS aKTyaIbHOW HaydHOU 3anadeii. B pabote nmpencraBieH
BAPHUAHT KOHCTPYKIIMM aBTOHOMHOM CTaHIIMM U3MEPEHUS MMapaMeTPOB BOJIbI B PEKE
ANEeKTpUUeckuM criocooom. Mudopmarus o HakTUIECKOM COCTOSIHUM BOJIBI B PEKE
COXpaHsieTCsl ISl JaJdbHEWIIEero HCCICIOBAHUS C BO3MOXXHOCTHIO JlalIbHEUIIICH
KOppeJSIUMY  KJIMMaTa pPsAIOM C HCCIEIYEMBIM BOJOEMOM. Takke MpeaIoKeHa
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JJEKTPUYECKAsl CXE€Ma COBEPLICHCTBOBAHUSA HEKOTOPBIX OTAEIBHBIX YCTPOMCTB
U3MEpPEHHUS [MapaMeTPOB BOJIbI JIEKTPUUECKUM CIIOCOOOM.

Knwuesvie cnrosa. ABTOHOMHAS DJIIEKTPUYECKAs CTaHLMS, NTapaMeTpPbl BOABI B PEKE,
ANEKTPONPOBOAHOCTH BOJBI, pH-U3MeEpeHne BOIbI, XpaHEHHE U MEpeIada JaHHbIX
Jna yumuposanusa. bakupos C.M. Pa3paboTka aBTOHOMHOM IJIaBAIOIIEH CTaHIIMU
u3MepeHus napameTpoB Bojabl B peke / C.M. bakupos, J.A. Illamos, B.K.
AmaceeBa // AxrtyanbHble mpoOnembl dsHepretukud AlIK: wmartepuansr X1V
HarmonanpHol Hay4HO-TIPAKTHYECKONH KOH(PEPEHIIUU ¢ MEXKTyHAPOIHBIM yU4aCTHEM
/ Tlom pen. C.M. bakupoBa — CaparoB: ®I'BOY BO BapwmioBckuii yHUBEpPCHUTET,
2023.
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Annotation. Determining the parameters of water in a river or reservoir in real time is
an urgent scientific task. The paper presents a variant of the design of an autonomous
station for measuring water parameters in a river by an electric method. Information
about the actual state of the water in the river is stored for further research with the
possibility of further climate correlation near the studied water body. An electrical
circuit for improving some individual devices for measuring water parameters in an
electrical way is also proposed.

Keywords: Autonomous power plant, river water parameters, water electrical
conductivity, water pH measurement, data storage and transmission

For citation: Bakirov S. M. Development of an autonomous floating station for
measuring water parameters in the river / S. M. Bakirov, D. A. Shashlov, V. K.
Apaseeva // Actual problems of energy in the agro-industrial complex: materials of
the XIV National scientific and practical conference with international participation /
Ed. C.M. Bakirova - Saratov: Vavilov University, 2023.

Beeoenue. B cBA3M C aKTHBHOM AHTHUPOCCHUMCKOM MOJIMTHKOM 3alaJHbIX CTPaH U
00OCTpEeHHOW BOEHHOI OOCTAaHOBKOW Halla CTpaHa HYXAAeTcd B OOBEKTHBHOM
MOHUTOPUHIE COCTOSIHUSL OKPYXKAIOLIEW Cpedbl, a UMEHHO BOJOEMOB. BoaHbIN
pecypc ABIISETCS BaXHBIM )KM3HEOOECIIEUNBAIOIIMM PECYPCOM HACEICHUS U B TO K€
BpEMsI MHCTPYMEHTOM BO3JECHUCTBUS Ha 3J0POBbE YEIIOBEKA, YE€PE3 KOTOPBIM MOXKHO
BHECTHU JIIO0YI0 «3apa3y» B obmecTBo (pucynok 1) [1,2].
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Pucynok 1 — Xumuueckoe 3apakeHue BObI B peKe nmputoka p. Boira

[ToBbllIaeTcst 3HaYUMMOCTh HEMPEPHIBHOTO KOHTPOJISI COCTOSIHUSI KAU€CTBA BOJIbI
B BOJIOEMAx, peKax Kak HJii Iejed MUThs, TaK W JPYrux IeJed MPOU3BOJACTBA U
CEIIbCKOr0 XO35IMCTBA. B CBA3M ¢ 3TUM WedbI Haleil padoTbl SBISIETCA
MPEUIOKUTh BapUAHT ABTOHOMHOM IUIABAIOIIEH CTaHIIUM W3MEPEHHsS TapaMeTpoB
OBJIbl B PEKE WJIM BOJOEME JIJIsi 00ecTieueHusl HeMPEPHIBHOTO MOHUTOPUHTA U aHAIN3a
M3MEHEHUS TapaMETPOB BOIBI U B LIETIOM KJIMMaTa BOKPYT BOJHOTO OOBEKTA.
Mamepuanovt u memoovl uccinedosanus. [{ns WccreqOBaHUSA HCIOJIb30BAINCH
o0Iiue METOJIbl HAYYHOTO MO3HAHUS: aHaIu3, HAOJI0JIeHWe, CUCTEMHBIM MOAXOM; a
TaK>X€ METOJbI TEOPUU ANEKTPOTEXHUKH U CXEMOTEXHHKHU.
Pesynomamul uccoenosanuii. O6ecieunTb HEMPEPHIBHBIA KOHTPOJIb MapamMeTpOB
BOJbI B PEKE BO3MOXKHO IyTeM pa3pabOTKM aBTOHOMHOMW IUTaBAIOUIEH CTaHIIUH,
KOTOpasi MPeACTaBIIsieT cOOOM MIIaBAIOIINI HA MOBEPXHOCTH BojoeMa (peKku) npudop
JUISL U3MEPEHUST TTapaMeTPOB BOJBI TE€X TEPPUTOPHANBHBIX BOJ, B KOTOPBIX MPUOOP
MOXeT Tu1aBath (pucyHok 2). COOp HaHHBIX CTaHIMENW OCYIIECTBISIETCS IS
JajabHenIe o0IIeil OlleHKH U3MEHEHUSI COCTOSTHUS BOJIbI, OKPY>KAIOIIEH Cpelibl U B
eaoM u3MeHeHus kiauMmarta. llpemnaraercss mpubOp OCHACTUTh ABTOHOMHOM
CHUCTEMOM PHEpProcHabKeHus i cOopa U mepeadyu TaHHBIX O MECTOHAXO0XKJICHUU U
MMOKAa3aHHUI BOJBI B PEKE, U JI SJIEKTPOIPUBOIa MOTOPA J1JIs IEPEIBUKECHUSI.

PucyHoxk 2 — BHemHui B/ IUIaBaromel aBTOHOMHOM CTaHIIMM U3MEPEHUS TapaMeTPOB BOJIbI B
peke (Bogoeme)
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ABTOHOMHAsI CTaHIIHMS UMeEET 00TeKkaemMyto (OpMy M OCHAIIICHA COJTHEYHBIMUA U
aKKyMYJISITOPHBIMU OaTapesiMu, SJEKTPONPUBOJOM U H3MEPUTEIBHOW CHUCTEMOM,
KoTopas 1 pa3 B yac nepeaaet AaHHble (7 mapamMeTpoB) MapaMeTpPOB BOJbI B BOJOEME
(pexe) Ha cepBep 3alUUIIEHHOTO POCCUIICKOTO XOCTHHTA.

HaydHo-TexHuueckue peiieHus, TpeOyrolue ucciae10BaHmA:

- 3aBHCUMOCTM M3MEHEHHUs IOKa3aHWl B CTAaTUYECKOM M JUHAMHUYECKOM
MIOJIO’KEHUH CEHCOPHBIX JATYUKOB CTAHIINH;

- pabOTOCIIOCOOHOCTh JJEKTPUYECKOW CXEMBl COSAMHEHUN DJICMEHTOB
M3MEPUTETHHO-BBIYUCIUTENIBHON CUCTEMBI MUKPOIIPOIECCOPA;

- OTJaJKa U MpOBEpKa MPOrpamMMbl pabOThl H3MEPUTEIBHOW CHUCTEMBI C
nepenayei, XxpaHeHueM U 00pabOTKOM TaHHBIX;

- 000CHOBaHWE MapaMeTPOB BO300HOBISIEMOTO WCTOYHWKA DHEPTUH, MeECTa
YCTAHOBKH U MapaMeTPOB AJIEKTPOIPUBO/IA ISl IEPEMEIIECHUSI CTaHIUU;

- 000CHOBaHHE FeOMETPUUYECKON (HOPMBI CTAHIIUU.

[IpenmyniecTBa aBTOHOMHOM CTaHLIMKM U3MEPEHHS TapaMeTPOB BOJbI B PEKE:

- YHUKQJIBHOCTh HAy4YHOH Pa3pabOTKU U TEXHUYECKOTO PEIICHUsT aBTOHOMHOM
CTaHIINY;

- HEMPEPBIBHBIM JIOKAJIBHBIM KOHTPOJIb MapamMeTPOB BOJBI M OKpYKarolleu
cpeabl paliloHa, PETHOHA U TEPPUTOPHUATBHBIX BOJI;

- ONEpPaTUBHOCTb M3MEpPEHUN B JIOOOM TOUKE BOJOEMa OTHOCHUTEIHHO
CTallUOHAPHBIX METEOCTAHIIUM;

- BO3MOXXHOCTb YIIPaBJIEHUS MEPEMENICHUEM CTAHIIMU 10 BOJIOEMY B HYXXHYIO
TOYKY BOJHOTO MPOCTPAHCTBA;

- aBTOHOMHAsl CUCTEMa SHEProCHAOXKEeHUSsI, MO3BOJISIONIAs JIUTEIbHOE BpeMs
BBITIOJTHSITh OCHOBHBIE (DYHKIMHU (OT 2 10 6 MeCSIIEB);

- BO3BMOXKHOCTh U3MEPEHUS 7 MapaMeTpoB BOJbBI (3JIEKTPOMPOBOAHOCTH BOJIBI,
pH-ypoBeHb BOJBI, TemIeparypa BOJbI, OKHCIHTEIbHO-BOCCTAHOBUTEIHHBIN
NOTEHIMAJl BOJbI, YPOBEHb PACTBOPEHHOIO0 KHUCIOpPOJa B BOJIE, YPOBEHb
pPacCTBOPEHHBIX Ta30B B BOJIE, YPOBEHb TOKCHUYHBIX METAJUIOB WU JPYrux
3arpsi3HUTENICH B BOJE), a TaKXKe paciiupeHue (PYHKIIMOHAIBHBIX BO3MOXKHOCTEH
(cocTosiHMe aKTUBHOCTHU PBIO, XMMHUYECKHUI COCTAaB BOJIBI U T.I1.).

KauecTtBo BoabI ompezensercss pajoM TPymnn Iokazaresieil: oomme (Gusuko-
XUMUYECKHME TIOKazarenu (BOJOPOJHBIN MOKa3areiab, OOIIas MHUHEepaTu3als,
KECTKOCTh  00Iasi, OKHUC/ISIEMOCTh  IE€pMaHTaHaTHas, dJEKTPOINPOBOIHOCTD,
TeMIeparypa, OKHUCIUTEIbHO-BOCCTAHOBUTENBHBIM  TMOTEHIMAN, KHUCJIOTHOCTb,
IEJIOYHOCTh, CTETNIEHb HACBIIMICHUS KUCIOPOJOM); OPTaHOJICITUUECKUE MOKa3aTeu
(3amax, MpPUBKYC, IIBETHOCTh, MYTHOCTb, MPO3PAYHOCTh); HEOPTraHUYECKHUE BEIIECTBA
(amroMuHUMM, MeIb, PTYTh, a30T aMMOHUMHHBIN, acOect, Oapuii, Oepwuid, OO0p,
BaHa/IMK, BUCMYT, BOJIb)paM, €BPOIUH, JKeJIe30, KaIMUN, KaJIUi, KalbIlui, KOOAJbT,
KPEMHHI ¥ T.II.); OAKTEPHOJIOTUYECKUE W TApPa3UTOJIOTHUECKUE MoKazaTenu (oo1iee
MUKpOOHOE  YHCIio, OO0mme KOMM(POPMHBIE OaKTepuu, TEPMOTOJICPAHTHBIC
konupopMHbIe  OakTepuu, (QexkambHble CTpenTOKOKkH, Komudaru, crops
kioctpunuid, Lluctel namOmuit w T.0.); paguosiormueckue mokazarenu (Pamwid,
Tputuii, Ypas, paluoakTUBHOCTH) [3].
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DNEKTPUUYECKUM CIIOCOOOM U3MEPHUTH OOJIBIITMHCTBO MAPaMETPOB BOJBI HENb3SI.
B Hacrosiiiee Bpemsi U3BECTHO OKOJIO 14 yCTpONCTB M3MEpEHUs MapamMeTpOB BOJbI
aNeKTpuueckuM  crocobom  [4].  IlosTtoMy  wu3MmepurenbHas ~ cucTeMa B
NEePBOHAYAIILHOM MCIIOJIHEHUU MOYKET BKJIIIOYATh B c€0s 2 BUIa U3MEPEHHIA.

PaccmoTpum  cOOpKy cXeM U3MEpEeHUH MPOBOJUMOCTH BOJIbI, TO €CTh
onpeeneHusl KoJu4ecTBa MUHEpAIbHBIX BEIIECTB B Boje, U pH Boabl Ha OCHOBE
M3BECTHBIX cxeM [3-5].

JI71s1 KOMITAaHOBKHM M3MEPUTENILHON CUCTEMBI COBMECTUM JIBE U3BECTHBIE CXEMBbI
TDS-natunka (pucyHok 3) m pH-Merpa (pucyHok 4), ucmons3ysi 1 ceHcop B BHJE
JBYX 3JEKTPOJIOB, PA3MELIEHHBIX B HUKHEH YaCTH CTAHLIUH.
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Pucynok 3 — Dnekrpudeckast mpuHIunuanpHas cxema T DS-natanka (LCMS55 - renepatop
umnynscoB, TPS73030 - monmxkarormmii perynsarop, TPS60400 - nuHBepTHPYIOIIMIA PETyIATOD,
LM324Q — BeIBOIBI OTIepaliHOHHOTO yeruuTens TSX564)
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Pucynoxk 4 - IpunnunuansHas snekrpadeckas cxema pH-metpa (CA3140AMZ — unTeTpHpyrOmumit
ornepaunoHHbIi yeunurens, TLO81BCD — onepaunonsslii ycunutens, TPS60403 -

HWHBEPTUPYIOIIUIN PETYIIATOP)
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Jlns n300pakeHHBIX CXEM Ha PUCYHKax 3 u 4 mpejaraercsi MCIOJIb30BaTh
OJIMH JABYXAJIEKTPOJHBIM NaTYMK, YCTAaHABIMBAEMBbI B pa3beM X2 KaK IOKa3aHO Ha
pucyHkax. B atom cinyuyae TpeOyeTcst KauOpoBKa 3TUX CXEM IO YPOBHIO CUTHaja S
pazbema X2.
3akniouenue. Taxum o0pa3oMm, pa3pabOTKa aBTOHOMHOHM IUIaBAIOIIEH CTaHIUU
U3MEpPEHMs] TapaMeTpoB BOJbl B peKe (BOJAOEME) IMO3BOJIMT HENPEPHIBHO
KOHTPOJIMPOBATh NTapaMeTpbl BOJbI, COOMpaTh 0a3y JaHHBIX JUIsl aHAIW3a U3MEHEHUs
MapaMeTpOB OKPYXkAIOLIEH Cpebl U B LIEJIOM KIMMAaTa, pa3BUTh 3JEKTPOTEXHOIOTHIO
M3MEpPEHUs] TapaMeTpOB BOJBI JJIEKTpUUECKHM crocoOom. JlanHas pa3paboTka
HaIlpaBJjeHa Ha 00ECIEUYEeHHUE 3KOJOTHYECKON O€30MaCHOCTU CTPaHbl U MOYKET OBITh
HCIIOJIb30BaHA KaK rOCYJIapCTBEHHBIMU OpraHu3anusMu: MunHnpuponsl, Pocatowm,
Pocruapo, Bogokanan, Bomoctok ©  T.aI; a TaKKe KOMMEPYECKUMU
MIPOU3BOACTBEHHBIMH U CEIIbCKOXO3AMCTBEHHBIMH MPEAPUITHIMMU.

[Tpu pa3paboTke U3MEPUTENBHON CUCTEMBI CIENYET YUUTHIBATH rabapuUTHBIE
pa3Mepbl CTAHIMK U IIPU 00bETMHEHUH SJIEKTPUUECKUX CXeM n3MepeHust pH-merpa u
TDS-natunka y4uTHIBaTh KaJIMOPOBKY BBIXOJHOTO CHUTHAJAa JIBYX3JEKTPOJHOTO
ceHcopa.
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Annomayusn. B 1nocnenHee  BpeMs  pacTeT  OCO3HAHME  3KOHOMMYECKOU
IeJIECOO0PA3HOCTH BHEJIPEHHS] COBPEMEHHBIX METOJOB U CPEACTB TEXHUYECKOU
JUAarHOCTUKM, B TOM YHUCJIE IO MPUYMHE TOTO, YTO B IIOJABIIIIOLIEM YHUCIIE
HSHEPrOKOMIIAaHUWA JOJsl CHJIOBOIO 00OpYJIOBaHUs, BbIPAOOTABIIETO pPacyYETHBIN
pecypc, npesbiaet 50%, a TeMibl cTapeHus mapka ooopyaoBanus Ha 3-5% Oouibiie
TEMIIOB ero oOHOBJeHHUs. [loCTOSIHHO mOBBIIAIOTCA TpeOOBaHUA K TOYHOCTH
JUArHOCTUPOBAHUS, BHENPSIOTCS HOBBIE METOJbl JUArHOCTUKH B CBSI3U C
TEHJEHIUSAMU KOHOMHH CPEJICTB Ha AKCILTyaTalilo 00OpYyJOBaHMS U MEpexoja Ha
00CTy’)KUBaHUE MO TEXHUYECKOMY COCTOSTHUIO.

Pa3BuTne 3JIEKTpPOCETEBOrO0 KOMILIEKCA B IOCIEAHEE BPEMS MPEIIIOJIaraet
YCTaHOBKY MHHOBAllMOHHOTO OOOpY/IOBaHUS HA MOJCTAHIMUAX, BO3AYIIHBIX JTMHHIX
aNIeKTporepenad M HCIOJIb30BAaHME  TOCHEAHHUX  pa3paboTok  KabenbHO-
OPOBOJHUKOBOM  MPOAYKUHMU. AKTHBHOE HCIOJIb30BaHUWE HMH(POPMAIMOHHBIX
TEXHOJIOTUHA B TMPOIECCe OHKCIUTyaTalliyd TO3BOJUT Oosiee A()PEKTUBHO pemiarh
BO3HUKAIOIIUE TIPOOIEMBI.

Kntouesvie cnosea: WHPOPMAIMOHHBIE TEXHOJOTUH, 3JEKTPOOOOpPYAOBaHUE,
JUAarHOCTUPOBAHUE, BBICOKOBOJIBTHOE 000PY/I0BAHUE, IKCILTyaTaLIHs.

Jna yumupoeanun: baxrees, C.B. Ucnonb3oBanrue nHOOpMAMOHHBIX TEXHOJIOTHI
B MPOIIECCE IKCILTYaTAIMKM BEICOKOBOJIBTHOTO 3JiekTpoobopyaosanus / C.B. baxrees,
C.A. Kudapak, M.A. MeaenueB // Axtyanbhble mpoOnembl sHepretuku AlIK:
matepuaibl XIV HanuonansHoN KOHPEpEHIIMN ¢ MEXIyHapoIHbIM ydacTueM / [lox
pen. C.M. bakuposa — CapatoB: ®I'bOY BO Basuiosckuii yauusepcutet, 2023.

Original article

USE OF INFORMATION TECHNOLOGIES DURING OPERATION OF
HIGH-VOLTAGE ELECTRICAL EQUIPMENT
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Annotation. Recently, there has been a growing awareness of the economic
feasibility of introducing modern methods and means of technical diagnostics,
including due to the fact that in the vast majority of energy companies the share of
power equipment that has exhausted its estimated resource exceeds 50%, and the
aging rate of the equipment fleet is 3-5% higher. the pace of its renewal. The
requirements for the accuracy of diagnostics are constantly increasing, new
diagnostic methods are being introduced in connection with the trends in saving
money on the operation of equipment and the transition to maintenance based on
technical condition.

The development of the power grid complex in recent years involves the
installation of innovative equipment at substations, overhead power lines and the use
of the latest developments in cable and wire products. The active use of information
technology in the process of operation will more effectively solve emerging
problems.

Keywords: information technology, electrical equipment, diagnostics, high-voltage
equipment, operation.

For citation: Bakhteev, S.V. Use of information technologies during operation of
high-voltage electrical equipment / S.V. Bakhteev, S.A. Kifarak, M.A. Medentsev //
Actual problems of Energy Agro-industrial complex: materials of the XIV National
Conference with international participation / Ed. C.M. Bakirov — Saratov: Vavilov
University, 2023

Beeoenue. Heo6xo1MMOCTh aKTUBHOTO BHEIPEHUSI MHPOPMAIMOHHO-aHATUTUYECKUX
CUCTEeM [UIsl OIEHKA COCTOSHUSI  BBICOKOBOJIBTHOTO  DJIEKTPOTEXHHUECKOTO
o0Opy/moBaHUsI B DHEPreTHKE BbI3BaHA psAIOM NpW4MH. Bo3pociam TpeboBaHus K
OTIEPaTHUBHOCTH YIIPABJICHUS, OPTaHU3AIMH MTPOIIecca dKCIUTyaTallii 000pyI0BaHUS,
BbIsIBJIEHUE J1€()EKTOB 000PYIOBAHMS 10 PA3BUTHSI aBapUMHOTO JlepeKTa, yCcTpaHEeHUs
IIOCJICACTBUN aBapui U Ap. B yCIOBHUAX KOHKYPEHLHU MEXIAY dHEPrOKOMIIAHUSIMU
CTaHOBUTCSI HanboJjee BocTpeOOBaHA YIKOHOMUYECKAs OlEHKA TAKTUKH dKCILTyaTalluu
AIEKTPOOOOPYIOBAHUS.

B cBs3u ¢ yBennueHuem napka 060pyaoBaHus 1 00bEMOB OTYETHOCTH 10 HEMY
obocTpuiiach HEOOXOJAMMOCTh aBTOMATH3AIMK TMPOIECCOB cOopa u 00paboTKU
unpopmaruu. HudopmarmonHbsie XpaHWINIA TTO3BOJISIOT H30€kKaTh MOTEPU U
HMCKOKEHHSI BAXXHOW TUAarHOCTHYECKOW HH(popManuu o0 000pyq0BaHUHU, KOTOPHIC

MOT'yT HPOUCXOANUTH IIPH HGpHOI[PI‘-ICCKOﬁ CMCHC, BOBHUKHOBCHHUHN, BUAONU3MCHCHHUH,
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(YHKIMI U CTPYKTYpPBl SHEPTOKOMIIAHUNA M UX MOJpa3AesieHuil, a Takke npu padote
Ha OJIHUX OOBEKTAX CHEIUATUCTOB PA3HBIX MOIPa3ICICHHM.

Hcnone3yemas HOPMaTHUBHO-TEXHUYECKAs 0aza JTMarHOCTUPOBAHUS
OXBaThIBAECT HEMOJIHBI HA0Op KOHTPOJUPYEMBIX MapaMEeTpPOB U HE B MOJIHON Mepe
OTBEYAET COBPEMEHHOMY ITOHMMAHHUIO BONPOCOB JAUArHOCTUPOBAHUSI CHIIOBOTO
o0opyoBaHus. Y 4acTH Ba)XHBIX JUIsl IMATHOCTUPOBAHUS MapaMeTPOB U3MEPSIEMbIC
3HAUYEHUS HE HOPMHpPYIOTCS JeicTByromuMu PJI, mubo 3TH 3HayeHUsT HE UMEIOT
rpaHull oOOJacTM pPHUCKa M HE BCErJa pasrpaHUdyeHbl [0 KOHCTPYKTHUBHBIM
ocoOeHHOCTSM. [IpakTUYecKn HE YYHMTBIBAIOTCS MOCTOSHHO HWIYIIHWE MPOLIECCHI
cTrapeHusi wu3oisinuu. He BplpaboTaHa ToOuYHAs METOAOJOTHS TPOU3BOJICTBA
WCTIBITAaHUI/U3MEPEHUN 1 aHATIM30B HOBEHIIINX CUCTEM U 000PYI0BaHUS.
Mamepuanst u memoowt. Buenpenns nHOOPMAITMOHHBIX TEXHOJOTUH B TIpOIlecce
JKCIUTyaTalliM  CHJIOBOTO  3JIEKTPOOOOpYAOBaHUS, B TOM YHCIE€ TPH  €ro
IMarHOCTUPOBAaHUM, O3TO NPEXKIE BCEro HEOOXOIWMOCTb, OOYCIIOBJIEHHAs Kak
COBPEMEHHBIMM TEHACHLIMSAMU Pa3BUTHS OJHEPreTUYECKOHW OTpacid, TaK U
HEOOXOAUMOCTBIO 3¢ deKTUBHON paboThI JHEPreTUYECKUX KOMITaHHH.
Hcnonp3oBanne HHOOPMALMOHHBIX TEXHOJIOTMHA MOBBIIAIONIEH ONEpaTUBHOCTD
IOPUHATHS PEILEHUM, TOCTOBEPHOCTh JAHHBIX U CIOCOOCTBYIOT IMOJIyYEHHIO HOBBIX
3HAHUM.

[TpumeHneHre nHGOPMAITMOHHBIX aHATUTUYECKUX CUCTEM B 3HepreTuke Poccun
Hayanoch B KOHLE 90-x ToAoB M cBsi3aHO ObUIO ¢ pacnpocTpanennem [IOBM u
pPa3BUTHEM HOBBIX CPEACTB CO3JaHusi MNporpaMMmHoOro ooOecneueHus. llosiBienue
JUArHOCTUYECKUX CHUCTEM Ha 0a3e 3KCHEPTHBIX cucTeM Hadanoch 10-15 mer Hazan.
CerogHss DKCHEPTHBIE CHCTEMBI NPUMEHSIOT MPAKTUYECKH BCE  KPYIHBIE
SHEPrOKOMITaHHH.

PaznuualoT nATh XapaKTEpHBIX BUAOB HCIHOJb30BaHUS WH(OPMAIMOHHBIX
TEXHOJIOTUH B YHEPTECTUKE:

— 0a3bl JAHHBIX JUIA YHIOPSA0OYEHHOTO XpaHEeHUs] HHPOpMaIHH;

— MPOrpaMMBbl, MO3BOJISAIONIME aBTOMATU3UPOBaTh padbodyee mecto (APM) s
aBTOMAaTHU3ALMH IPOCTHIX JIEUCTBUI NIEpCOHANA U AHAJIM3Y ONEPATUBHBIX JAHHBIX;

— cucTeMbl UCKyccTBeHHOro uHremiekra (MW) ans pemieHuss TaKTUYECKUX
3aJjad B YacTU COCTaBJICHHs IUJaHAa JAMAarHOCTUPOBAHUA  OOOpYJIOBaHMS,
IJIJAHUPOBAHUS JIEVUCTBUM MEPCOHAJA MO JaJbHEUIIEH IKCIUTyaTalluu, POTHO3a X012
cOOBITHI 1 00yUY€HHUs IEPCOHAA;

— cucreMbl MW s pelieHuss CcTpareruyeckux 3ajad B YacTH aHAJIM3a
CTPYKTYpBI 3KCIUTyaTallMOHHBIX 3aTpaT, COCTaBAa M TEXHUYECKOTO COCTOSIHUS INapKa
0o00OpyOBaHUSI ~ JHEPrOKOMMAHWM,  aBTOMATU3alMs  AJIEMEHTOB  HAy4YHBIX
VCCIIENOBAHUM JIJIS TTOYYEHHS] HOBBIX 3HAHUN;

— CHUCTEMbI MAIIMHHOTO 3PEHUS] B YACTH CJICKEHUSI 32 COCTOSIHHUEM O0BEKTa U
ONEPATUBHOIO MPUHATHS PELICHUS.

Pezynomamot  uccnedosanus. VI3 Bcex  BHAOB  DIEKTPOOOOPYIOBaHUS,
OTIPE/ICIISIONIEr0 HAZCKHOCTh YHEPrOCUCTEM, CHIIOBBIE TpaHC(HOPMATOPHI SBISIOTCS
ONHUMM U3 BAXKHBIX M JOpPOrUX 3jeMeHTOB. [lodTOMy wuMEHHO Ui HHX
pa3pabaThIBAJIMCh JUATHOCTHYECKHUE CUCTEMbl U B HACTOSILEE BPEMs MPEICTABICHBI

Oojee MIUPOKO, YeM Juis Jpyroro Buaa obOopyaoBaHusa. OlEHKa TEXHHYECKOTrO
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COCTOSIHMSI HAa OCHOBaHUHM aHAJIM3a COCTOSIHUSI MAacia WUrPaceT KIIOYEBYIO POJib IS
O0oJpIION 4YacTh OOOpYAOBaHHS W HUMEET OOIIMEe MOAXO/bl, MOATOMY Hauboiee
NEepeioBblE  OTEYECTBEHHbIE  MH(GOPMAIIMOHHBIE  AHAIUTUYECKUE  CHUCTEMBI
JTUArHOCTUPYIOT BCE BUJIbI MACIOHATIONHEHHOTO 000PYI0BaHUS.

[IpuBenem kpatkue cBefeHUss O POCCHHCKMX 3KCHEPTHBIX AUArHOCTUYECKUX
CUCTEMaxX MacJIOHAMIOJIHEHHOTO AJIEKTPOOOOPYI0BAHHUS:

1. Unpopmayuonnas cucmema Hopunbckoco undycmpuanono2o uncmumyma.
Nudopmarnmonnas cucrema, coctosmas u3 6a3 ganaeix (b/[) u 6a3 3nanwmii (b3). B
BJl comepxutcs wHpOpMANMs TACHOPTOB  AJIEKTPOOOOPYIOBAaHUS, JTaHHBIX
MEPUOANYECKUX HCIBITAHUM, TEXHOJIOTUYECKUE KApThl PEMOHTA, CTAaTUCTUUYECKHE
JAHHBIE O BBIBISEMBIX nedexrtax. J[aHHBIE O MPEACIbHO TOMYCTUMBIX HOpPMax M
UCTIBITATENIbHbIC KPUTEPUU, PYKOBOJsIIME NOKyMeHTHl (PJ), HUHCTpyKIMu 3aBOJOB
m3roroButenel. b3 mpencrasiser coOoi MHMOPMAINMOHHYIO CUCTEMY, B KOTOPOM
HAXOJISATCS COBETHI M TMOSICHEHUS B YAaCTH OIbITa IKCIUTyaTallud, KOHCTPYKTUBHBIM
nedekTam U 1p.

2. Ungopmayuonno-ananumuuecxkas cucmema «/uanay. Komrmiekc mporpamm
JUIST BEJCHUS W aHamu3a MHQPOPMAIMU IO 3JIEKTpooOOopymoBaHuio. B yacTtHOCTH,
OCYIIECTBJISICT MIMPOKUM OXBaT pPa3HBIX BHJIOB 3JeKTpooOopynoBanus B bJ[. B
KauyecTBE JOMOJHUTEIbHOW BO3MOXHOCTH HWMeeT Tpaduyueckuil peaakrtop,
NO3BOJIIIOIIMNA  PUCOBATH  DJIEKTPUYECKHE  CXEMBI, YMEET ONTUMH3UPOBATH
MEePUOJUYHOCTH PEMOHTOB.

3. Unghopmayuonno-ouacnocmuueckuii komniekc «Inekmpo®@axmopy. baza
JAHHBIX KOMIUIEKCA COAEPXKHUT ILIMPOKUNM CIEKTpP BHUAOB oOopynoBanus. Nmeet
OMONMOTEKY WHCTPYKIUMA, PYKOBOJAIIME JTOKYMEHTBI, WHCTPYKIIMU 3aBOJIOB
M3TOTOBUTEIICH.

4. «Aemomamusuposannas cucmema Oas OYEHKU MEXHUYECKO20 COCMOAHUS
anexkmpoobopyoosanusiy. Pazpadborana JIoHOPI'POC n OAO «Kybanssnepro». B B/
BKJIFOUEHO BCE AJIEKTpooOopynoBanue u ero uamepenus mno PJ[. Cucrtema coctout us
psina nHOOPMAIMOHHBIX U SKCIEPTHBIX CUCTEM: HOPMATHUBHO-CIIPABOYHAS CHUCTEMA;
PEMOHTHBIC  TACIOpTa;  peKMMHas  WHPOpPMALMS;  OLEHKH  COCTOSHHUS
AIEKTPOOOOPYIOBAHUS DJIEKTPUUYECKONM CETH M0 OTKa3aM; OIleHKa OCTaTOYHOIO
pecypca; omeHka pgedopmanuu o0MoTok mo omnbity K3; koHtpons UYP wm
TETJIOBU3UOHHBIM. [[71s1 OIIEHKHM COCTOSIHMSL OOOpYJOBaHUS IO pe3yJbTaTam
XpoMaTtorpaduueckoro ¥ XMMHYECKOI0 aHajih3a macia, CoAep)KaHuio (PypaHOBBIX
COCAMHEHWA W AaHTUOKUCIUTENbHOM mnpucaaku. HMcnonszyercs b3 OAUC
«AnpbaTpocy.

5. Unumennexmyanvuasn ungopmayuonno-ouacnocmuuecxkas cucmema (MHUJC)
onsi  anekmpoobopyoosanus dnexkmpocmanyuti. Co3gaHa Ha 0aze pa3paboOTOK
BHUUND. B cucremy BxoauT: obmectanimonHas bJl Ha 3jeKkTpooOopyI0BaHME
(macmopTta, pPEeMOHTBI, OTKa3bl, AE(HEKThl, W3MEPEHHs); CHUCTEMa MOHUTOPWHTA C
MOJIHBIM ITUKIIOM HW3MEpEeHui, o0pabOTKH, CPaBHEHUSI C YCTaBKaMHU WM apXUBaIlUd
AIEKTPUYECKUX, TEIUIOBBIX M TEXHOJOTHMYECKHUX [apaMEeTpOB TI'E€HEPATOPOB;
AKCHEPTHAasi CUCTEMa OMNEPAaTUBHOW JMArHOCTUKH TE€HEPATOPOB IO BBISBICHUIO
ne(heKTOB U BHIpaOOTKE PEKOMEH AU TT0 YCTpaHEHHUIO Me(hEeKTOB.
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6. «MultiTesty — npoepammmuasn cucmema ons KOHmMpos pabomocnocooHocmu
91eKmpo06OPYO0BAHUSL. Cucrema KOHTPOJIS paboTOCIIOCOOHOCTH
ANEeKTpooOOpynoBaHus. baza JaHHBIX CHUCTEMBl OXBAaThIBAET HauOoJiee TOIHBINA
COCTaB  BHUJOB  OOOpYAOBaHMS,  pe3yJbTaThbl  HU3MEPEHHUS  DIIEKTPUUECKHUX
XapaKTEPUCTHUK, XpoMaTorpauyeckoro u (PU3MKO-XMMHUYECKOTO aHAJIM30B Macla.
[IpoBoUT OIIEHKY U3MEPSIEMBIX TTapaMeTpOB Ha ocHoBaHUU PJI B 3-X kaTeropusix: «B
HOPME», «BBIIIE JOMYCTUMOTO», «BBIIIE MPEAETbHO-I0MyCTUMOro». CocTaBiser
miaH-TpaduK TPOBEICHUS W3MEPEHUH W KOHTPOJUPYET €ro BBINOJTHEHHE,
dbopMupyeT BEIOOPKH 1O MACTIOPTHBIM XapaKTEPUCTUKAM, pe3yJIbTaTaM U3MEPEHUN U
OpakoBkam ob6opynoBanus. Buenpena B sHeprocetsx r. Baagumup.

7. Kopnopamuenas sxcnepmuo-ouacHocmudeckas U UHDOPMAYUOHHASA
cucmema  YNpaeieHus — MeXHUYecKumM  OOCHYIHCUBAHUEM  BbICOKOBONbMHO20
anekmpoobopyoosanus IUC «Anvbampocy. Pazpaborana crnennanuctamu YITY-
VIINA nu OAO «CBepanoBrHepro». JaeT olleHKY TEXHUYECKOTO COCTOSIHUS CHIJIOBBIX
tpanchopmaropoB (10-750 kB), BBICOKOBOJBTHBIX BBOJIOB TpaHC(HOPMATOPOB H
MACJISHBIX  BBIKJIIOYATENICH,  MacisSHBIX  PEaKTOPOB U HU3MEPUTEIbHBIX
TpaHcHOPMATOPOB Ha OCHOBAHUU: XPOMATOrpaUUecKoro aHajiu3a PacTBOPEHHBIX B
Macje ra3oB; (U3UKO-XMMHUYECKOTO aHalh3a Macla; XapaKTepUCTUK H3OJSIINN;
OMbITa  XOJIOCTOTO  XOJIa; CONPOTHUBJICHUS OOMOTOK IOCTOSSHHOMY  TOKY;
COTIPOTUBJICHUS KOPOTKOTO 3aMbIKAHUS, YIEIHbHOMY OOBEMHOMY AJIEKTPUUYECKOMY
cCOnpoTUBJIEHUIO Macia. b3 mocrapisieTca 3aMoIHEHHON, COACPKUT 3HAHUS MHOTHX
AKCIIEPTOB, AaBTOPCKHE pa3pabOTKH, 3apyOekHbl omnbIT (Mertoauku Pomxepca,
HioBamsa, TCG, pacuer Biarocomepkanusi TBEpAOH wu3oisnuu). b3 BEIOTHSIET
JMAarHOCTUKY IO BCEM IMEPEUUCICHHBIM BUJAaM U3MEPEHUM M TUTaM 00OpYIOBaHMS,
OMpeNeNsieT XapakTep, CTEeNeHb ONACHOCTU JAe(eKTa, BbIAAET PEKOMEHJaluu
MepcoHaay MO JaJbHEHIIUM  HKCIUTyaTallMOHHBIM ~ MEpPONPUSATUSIM, O00BEMY
u3mepeHuit. [IpenycMoTpeHa BO3MOKHOCTh peTaKTUPOBAHUS 2 OMOIMOTEK 3HAUYCHHMA
KpUTEpPUAIBbHBIX MapaMeTpoB (Ha ocHoBe PJI um pacmupennoii). Hampumep,
dKCTIEpTHasE OMOIMOTEeKa rPaHUYHBIX 3HAaUeHUN KoHIeHTpaluii razoB TT, TH u 1.1. B
b/l BXomaT macnopra BBIKJIIOUATENEN BCEX TUIIOB, OTPAHUYUTENECH IEPEHANIPSKEHNM,
uHbopmarsi 1o B3aumMmoszameHsieMocTd BBOJOB. C momomipio DJIMC MoxkHO
npoBecTd (aKTOPHBIA aHAIM3 IKCILTyaTAI[MOHHBIX MEPONPUATUA IO CTOUMOCTH U
Tpyao3aTpaTaM C LETbI0 OINPECICHHs] CTPATeTMH WHBECTHIIMM B 00OpYyJOBaHHE,
ABTOMATHUYECKYI0 BEPCTKY M MOHUTOPUHI IUIaHOB wu3Mmepenuil. J/IUC wumeer
COBPEMEHHBIE CPEJCTBA CTATUCTUYECKOTO aHaliM3a 000pyAOBaHMs, HAXOASIIErocs Ha
KOHTPOJIC; XapaKTEPUCTUK IMapka OOOPYJIOBaHMS; 3HAYCHUN KOHTPOJIUPYEMBIX
napameTpoB.

8. Aemomamusuposannas — cucmema  OYEHKU  COCMOSAHUS — CUTOBbIX
mpancgopmamopos u 660008 «/{uacnocmuxa +». Pa3paborana HMBaHoBckuUM
rOCyJIapCTBEHHBIM ~ JHEPreTUYECKUM YHUBEPCUTETOM. B cuctemMe 3anoxkeHa
BO3MOXXHOCTh TPOTHO3UPOBAHUS CKOPOCTH pa3BUTHA JAcedeKTa U OIpeAcIICHUE
OCTaTOYHOTO CpOKa cIIy>kO0bI Tparnchopmaropa. b/l cuctembr oOecrieunBaeT BHECEHUE
U XpaHeHHe WHOOPMAIMU MO XpomaTorpaduyecKoMy aHalM3y pPACTBOPEHHBIX B
Macje Tra3oB, (U3UKO-XMMHUYECKOMY aHajJu3y Macia, pe3yJibTaraM HW3MEPECHHUS
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TUAJEKTPUYECKUX  MApaMETPOB  M3OJISIIMU, TOTEPSIM  XOJOCTOrO  XOoJa |
CONPOTHUBJIECHUIO 0OMOTOK. JlnarnoctupoBanue BeAeTcs B pamkax PJI.

9. Okcnepmnas cucmema ouacnocmuxu «Ipancpopmamopy. Pazpabortana
BOW. Ilpennaznauena Juisi paHHEW AMArHOCTUKUA M3O0JALMH TPaHCHOPMATOPOB U
peakTopoB 1o pesyapraram XAPI'. /lnarHoctuka nmpoBoautcs no meroaukam BOU,
Pomxepca, JroBans, TCG, pexomennanusam MOK, PJI. JlanpHelee pa3BuTue 3Ta
pa3paboTka MOJy4yuiaa B cCUCTeME «JIXpPOM», KOTOpas MPOBOIAUT TUATHOCTUKY
CUJIOBBIX TPaHC(OPMaTOPOB, BHICOKOBOJIBTHBIX BBOJOB, KOHAEHCATOPOB. B cucreme
JIOTIOJIHUTEIHHO HCIIONIb3YIOTCS 3HAUEHHUs BIArocoAepkaHus Macia, (pypaHOBBIX
COCIMHEHMI, AaHTHOKCHJIAHTa, TaHr€Hca yria JAUDJIEKTPUYECKUX  IOTEPb,
COTIPOTUBJICHUSI M3OJSIIMM W KOPOTKOTO 3aMblkaHws. b3 Bbimaer Ttum aedekra,
pPEKOMEHJAaIMU MO AalibHeHIel skcruryaraiuu. CucreMa JaeT MOsSCHEHUE MPUHSITHIX
pELIEHNUN.

10. «uaXpom-2000»/«quaXpomy/«llonuxpom» — asmomamusupo8aHHasl
cucmema Ouaenocmuxu. Pa3pabotana Bcecoro3HbIM HaydHO-UCCIIEI0BATEIHCKUM
UHCTUTYTOM  Xpomatorpabum u  MOU.  JluarHocTHpOBaHHME  CHJIOBBIX
TpaHCHOPMATOPOB M BBOJOB HA OCHOBAaHUHM XpomaTorpaduyecKkoro aHaiu3a
pPacTBOPEHHBIX B Maciie ra3oB B coorBeTcTBuM ¢ PJ[ m pekomenpanuii BHUUND,
OPI'POC, «Mocuzonsatop». OcCylIeCTBISIET MPUEM M 0O0pabOTKYy XpOMAaTOTPaMM,
xpanenne ux B BJl, a Takke 3HAUCHUU BIArocojAepKaHus TpaHCHOPMATOPHOTO
Macia. Bener onepatuBHBIN KOHTPOJIb Ipadrika 0TOOpa MpoOd pacTBOPEHHBIX T'a30B U
BBIJIAET PEKOMEH/IAllUHU 0 SKCIUTyaTallUu.

11. Cucmema Ouacnocmupoganus mpaHcghopmamopos u 6blCOKOBOIbINHBIX
660008 «Xpomamak Ananumuxy u «Xpomamsxk nepeemuky. «XpoMaTIK AHAUTUTHK
BBINIOJIHAET 00paboTKy XpomartorpamM. B BJl cuctembl XpaHSATCS pe3yiabTaThl
XxpoMarorpauyeckoro  aHaiaM3a,  BJArOCOAEp)KaHWE  Macia W HMOHOJIA
TpaHCHOPMATOPOB M BBOJOB. «XPOMATIK DHEPreTUK» MPOBOJIUT JTUATHOCTUKY
CUJIOBBIX TpaHchopmaTopoB Ha ocHoBe P/I.

12. Cucmema ouacnocmuyecko2o MOHUMOPUH2A CULOBBIX MPAHCHOPMAmMOpos
110-330 kB «TDM-My. Craumonapnas cuctema mapku TDM-M (Transformer
Diagnostics Monitor) mnpeaHazHaueHa IS OpraHU3allMd  JUATHOCTUYECKOTO
MOHHUTOpPUHTAa CUJIOBBIX TpaHchopmaropoB 110-330 kB. /lannsie TpanchopmaTopsl
SBJISIFOTCSI HAaMOOJIee MAaCCOBBIMU B CETEBBIX MPEINPHUATHUSAX, HO B CUITY psifia IPUIHH
OHU OOBIYHO HE MMEIOT CPEJICTB ONEPATUBHOTO KOHTPOJS U AUATrHOCTHKU Je(PEKTOB
nox pabounMm HanpsbkeHueMm. Cucrema TDM-M  coueraer B cebe cpencrtsa
3(PEKTUBHOTO MOHUTOPUHTA W KOMIUIEKCHBIA TOJAXOJ K JHUArHOCTUKE COCTOSIHUS
CUJIOBBIX TpaHC()OpPMATOpPOB. SIBIISIETCS CPABHUTEIBHO MPOCTHIM U (YHKIIMOHATBHO
3aKOHYEHHBIM MMPOTPAMMHO-TEXHUYECKUM KOMIIJIEKCOM.
3aknwuenue. DKCNEPTHBIE JUATHOCTHYECKHE CHUCTEMbl OTHOCATCS K HOBBIM
MH()OPMAITMOHHBIM TEXHOJIOTHUSAM, OHHM pa3padaThIBAIOTCA W HCIOJB3YIOTCS B
DHEPTreTUKE MHOTUX CTpaH. VX mpuMeHeHne onpeaenser 5JKOHOMUIECKui 2P HeKT 1o
JIBYM OCHOBHBIM HAIpaBJICHUSAM: 3a CYET paHHETO OOHapyXeHus AedeKTOB u
MPEAYNPEKICHUS PA3BUTUS aBApPUM U 32 CUET BO3MOXKHOCTU OTKa3a OT KECTKOTrO
periiaMeHTUPOBaHUS MPOPUIAKTHIECKUX PabOT, B TOM YHUCIIE TEKYIIMX PEMOHTOB, H

nepexoja Ha MPOBEJCHHUE 10 COCTOSIHUIO IUAarHOCTUpyeMoro oobekra. Hanbosnpmmii
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s dexT gocturaercs, Koraa nHOOPMAITMOHHAS CUCTEMA CJICTUT 32 COCTOSTHUEM BCETO
000pyIOBaHUsI YHEPTOKOMITAHUH.

KpynHble  2HEPrOKOMIIAHUM B  BHIYy HAJIWYUS  JOPOTOCTOSINETO U
OTBETCTBEHHOTO  00OpyZOBaHHS  MOTyT ce0e  TIO3BOJUTh  HCIIOJIb30BAaHUE
UH(OPMAIIMOHHBIX CHCTEM, U OHHU TOJHOCTBHIO C€0sl ONpaBlbIBAIOT. DTOT OMbBIT
CIIEIYIOT W TICPEHOCHTh W Ha pPACIpPEACITUTENbHBIC MOJCTAaHIIMU. B COBpeMeHHBIX
YCIIOBUSIX UX HAJICKHOCTh TAKXKE TOJDKHA OBITh BHICOKOM.

Cnmcok HCTOYHUKOB
. IlmonukoB, C.B. IlpuunHBl OTKa30B  CHUJIOBBIX  MACJIOHAMOJEHHBIX
TpanchopmaTopoB B pacupenenutenbHbix ceTsax / C.B. llmronukos, C.M. bakupos,
A.Il. Konbanos, C.A. Kudapak // B kuure: AxTyajabHble MpoOIEMBbl SHEPTETUKU
AIIK. Marepuansl XII HanuuoHanbHOM HAyYHO-NPAKTHUYECKOW KOH(PEPEHIMH C
MeXayHapoiHbIM yuactueM. Capatos, 2021. C. 266-269.
2. Tpywkun, B.A. HccrmemoBaHwe 3aBUCUMOCTH SJIEKTPHUYECKOHM MPOYHOCTH
TpaHC(HOPMATOPHOTO Macja OT BJIAKHOCTH W HAJIMYHMS MEXaHWYCCKHX Mpumecen /
B.A. Tpymkun, C.B. Hlmonuxos, O.H. Yypnsesa, A.A. Bep3uwiun // Texunuka u
obopynoBanue aisa cena. 2022. Ne® (302). C. 35-38.
3. Tpymikun, B.A. /lnarHoctka M 3KCIuTyaTanys TpaHCc(hOpMaTOPOB C JITTUTEIbHBIM
cpokoMm ciyx0s1 // B.A. Tpymxkun, C.B. Hlmtonukos, O.A. Cokoinos, C.A. Kudapak
B cOopnuke: AxrtyansHbie mnpoOnemsl 3Hepretuku AlIIK. Marepuanst X1
HallMOHAJIBHOW HAayYHO-NIPAKTUYECKON KOH(PEPEHLIUH ¢ MEKIYHAPOAHBIM YYACTHEM.
[Tox o6mieit pegaknueii B.A. Tpymkuna. Caparos, 2020. C. 123-125.
4. PoibakoB, JI.M. OG30p CylIEeCTBYIOIIUX CPEACTB JAMArHOCTUPOBAHUSI CHIJIOBBIX
TpaHC(OPMATOPOB BBICOKOro HampsbkeHus / PeibakoB JI.M., Makapoa H.JL
Bectauk Mapuiickoro rocymaapctsenHoro yauBepcurera. 2011, Ne6. C. 137-140.
5. Tpymikun, B.A. Konnenius pazsutus 1iudpoBoit anektposHepretuku B PO / B.A.
Tpymkun, C.B. monuxos, [.C. Kykun, A.B. Tpymkuna // B cOopHuke:
Axtyanpubie mipoOnembl sHepretuku AIIK. Matepuanst XIII HanmnonansHoit

HAyYHO-TIPAKTUYECKON KOH(PEPEHIINMH ¢ MeXTyHapoaHbIM yuactueM. Capatos, 2022.
C. 165-168.

© baxrees C.B., Kudapax C.A., Menennes M.A., 2023

53


https://elibrary.ru/item.asp?id=46604292
https://elibrary.ru/item.asp?id=46604292
https://elibrary.ru/item.asp?id=49555054
https://elibrary.ru/item.asp?id=49555054
https://elibrary.ru/contents.asp?id=49555042
https://elibrary.ru/contents.asp?id=49555042
https://elibrary.ru/contents.asp?id=49555042&selid=49555054
https://elibrary.ru/item.asp?id=46120173
https://elibrary.ru/item.asp?id=46120173
https://elibrary.ru/item.asp?id=20340051
https://elibrary.ru/item.asp?id=20340051
https://elibrary.ru/contents.asp?id=33848839
https://elibrary.ru/contents.asp?id=33848839&selid=20340051
https://elibrary.ru/item.asp?id=49461027

Hayunas crares
YIAK 621.365.61:631.227

UCCJIEIOBAHUE IAPAMETPOB BOJIOPOJHON YCTAHOBKH IS
MPUMEHEHUSI B KAUECTBE MMOJYUYEHUSI BOJOPOJA 1 TEILIOBOW
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Annomayun. PaccMOTpeHHbIE (PU3UKO-XUMUYECKHE TMapaMeTphl BOJOPOIHOTO
HarpeBaTessl MO3BOJIIIOT JE€TAJbHO MOJONTH B UCCIEIOBAHUM €T0 3HEPreTHYECKUX
XapaKTEPUCTHUK.

Kniouegvie cnoea: Bopnopon, Harpesarenb, 3JEKTPOJIN3, 3SJIEKTPOJIUTHYECKAN
IPOLIECC, TEIUIOBASI SHEPIUSL.

Jna wumuposanua: bebko J[.A. MHccnenoBanue mapamMeTpoB BOJOPOJIHOMN
YCTaHOBKH JUJIsl IPUMEHEHUS B KaueCTBE MOJyUYEHHUs1 BOAOPOa U TEIIOBOU 3HEpruu /
H.A. bebko // Axtyanbnbie mpoOnembl sHepretuku AlIK: wmatepuansr XIV
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Abstract: The considered physicochemical parameters of a hydrogen heater allow a
detailed approach to the study of its energy characteristics.
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Beeoenue. B Poccunm cCyliecTByeT UIMPOKUMWA CHEKTP Pa3IMYHOrO  BHJA
HarpeBaTelIbHbIX YCTAHOBOK, MPUMEHSEMBIX B MPOMBIIIJIEHHOCTH W arpapHoM
CEKTOpEe, KOTOpbIE MNPHUMEHSIOTCA MJI1 OTOIUICHHS M HarpeBa pa3M4HOr0 BHUAA
MPOU3BOACTBA. B OOJBIIMHCTBE clydyaeB W MPUMEHEHHE OCHOBAHO HA TPSIMOM WJIH

54


mailto:bebko.d1978@mail.ru
mailto:bebko.d1978@mail.ru

KOCBEHHOM HarpeBe pa3jnyHOro Buja oObekToB. Ho He Bcerma ux mpuUMEHEHHE
YJIOBJIETBOPSIET COBPEMEHHOMY TEXHOJIOTMYECKOMY Pa3BUTHIO U SHEPTOCOEPEKEHUIO.
Hamu npemsaraeTcst HCIOIb30BaTh HArpEBATEIbHYIO BOJOPOAHYIO YCTaHOBKY,
OCHOBOM KOTOpO# Oy/I€T NCIOJIb30BaHNE XUMUKO-(DU3UUECKOT0 IpoIiecca MOJIyYeHHE
BOJOPO/Ia U UCIIOJIB30BAHUE €r0 KAK UICTOYHUKA TEIJIOBOM SHEPIUM.
Mamepuanvr u memoowvi. VI3BECTHO, YTO MCIOJIB30BAHUE TAKOIO IIpolecca Kak
AJIEKTPOJIN3 BOJBI MO3BOJIIET PEaIn30BaTh MOIYYEHUE BOAOPOAa, ITpu 3TOM H3 800-
1000 rpamMmM BOABI MOXKHO ITOITY4YHUTH | M Bojiopona [2]. Iy moBBIIIEHUSI CHHTE3a
BOJOPO/Ia W3 BOJbl OOBIYHO HCIOJB3YIOT B IPOLECCE 3JIEKTPOJu3a J00aBIICHHE
menodeit KOH, NaOH xonmientparueit ot 10-30 % B Boze [1]. Beibop ontumansHOM
KOHLIEHTpalUu IIEJI0YM IPOU3BOAUTBHCS HCXOAd M3 YACIbHOM MPOBOJUMOCTH
ANEKTPOIUTUUECKOTO PACTBOpPA MPH Pa3IMYHBIX TeMmiepaTrypax. C MOBBILIEHHEM
TEMIIEpaTypbl KOHIIEHTpAlUs LIEJIOYH CIIBUTaeTcsi B CTOPOHY MakcUMymoB. Boga,
OpUMEHseMasl B DJIEKTPOJUTHUECKOM IMPOIecce JOKHA ObITh JOCTATOYHO YUCTOH,

TO CCTh MIPCABAPUTCIIBHO JJICKTPOAaX MOKHO BOCIIOJIb30BATLCA (bOpMYJIOﬁ
l

AU=i-R=i-p-; 1)
e | — cuia TOKa MPOXOSIIasi MKy dJEKTPoIaMu, A; p —yIeIbHOE IJIEKTPHICCKOE
CONPOTHUBJICHUE 3JCKTPOJIMTA (C YY4ETOM Ta30HAMONHEeHUs pactBopa), Om'M; | —
pacCTOsSIHUE MEXIY AJIEKTPOJAAMHU, M; S —CEUEHHUE AIIEKTPOIUTA MEXKTY IIIEKTPOIaMH,
M,

[Ipy mpoTekaHUM SNEKTPOJUTHUYECKON pEeakuuy B BOAOPOJHOM HarpeBaTese
o0Opa3yroTcs rassl MpU 3TOM MbI JOJDKHBI Y4€CThb, 3TO NpPHU pacyeTax MaJeHus
HarnpspkeHus: BBelsd Kod(dduimeHT razonanonHenuss K, oH moka3piBaeT BO CKOJIBKO
pa3 yAelbHOE CONPOTHUBIICHHE B3JIEKTPOJUTA C Ta30BBIMU MYy3bIpbKaMu p, OOJbIIE
4YeM, YIEeIbHOE CONPOTUBIIEHHE 0€3 ra30BbIX My3bIPHKOB

K=> 2)

C ydetoM razoHamnosiHeHus no gopmyie 2, torga popmyna 1 Oyner BbIIIISIIECTD
CIEAYIOIIUM 00pa3oMm.
AU=i-K-p-= ©)
Yro kacaeTcs mapaMeTpoB BOJOPOIHON YCTAHOBKH UMITYJIbCHOTO HANPSHKEHUS
220 B n yactotbl 500 ['y JaHHBIE TapaMeTphl MO3BOJSIOT OCYLIECTBUTh PE30HAHCHBIN
pexum [3], TIpU KOTOPOM MPOUCXOAUT MAKCHMAJIbHOE BBIACICHHE BOJOPOAA Ha
KaToJI€ U KUCIIOPOJia HA aHOJE C MOCJIECAYIOIIUM CTOPAHUEM M CUHTE30M TEIlIa, MpU
onTHUMaJIbHOM 3HeprocOepexenuu. Ecnu paccMoTpers Omrkaiimue gactotel 400 u
600 I'm, ToO Ha TakWX YacTOTax PE30HAHC HE HAOIIOMAETCS M COOTBETCTBEHHO HE
MPOUCXOJIUT MAKCUMAJIBHOTO BBIICJICHHS] BOJAOPOAA U KUCJIOPOAA C MOCIETYIOLUUM
cuHTe30M Tera. [[ns pacdera TEmIOBOM MOUIHOCTH MCHOJB3YETCS CTaHAAapTHas
dbopmyia pacuera
Q,=c-At-m 4)
/i€ ¢ — TETIOEMKOCTh pacTBopa, 4,19 kJIx/kr; At —pa3Huiia TemriepaTyp Ha BBIXOJE U
Ha BXOJI€ yCTpocTBa, °C; M — Macca mpoXOASIIEro pacTBopa, Kr.
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Pe3ynomamul uccneoosanusn. llpumep KOHKPETHOTO OCYILIECTBICHHS 3asBIISIEMOrO
o 3 v
ycrpoiictBa. PactBop mienoun miuotHocteio 1030 kr/M™ momaeTcst B yCTPOMCTBO,

NOKa3aHHOE Ha PUCYHKE 1.

8
‘\ | |

- T

v -

PucyHok 1 — BonopoaHas ycraHOBKa

VYerpoiicTBO cocToWT H3  AWdNIeKTpuueckoro koprmyca (1), karoma (2)
COCTOSINIETO W3  METAJUIMYECKOrO0 CTEPXKHS W CMEHHBIM  METaJUIMYECKUM
HAKOHEYHUKOM C PETYJIUPYEMbIM MO BEPTHUKAIU 32 CUET Pe3bOOBOTO COCAMHEHUS C
TUAJIEKTPUYECKUM JiepxkateneM (7), KOTOPBIM MO3BOJISET PETryIUpOBaTh PACCTOSHUE
MEXIy KaToAOM U aHOJ0oM (3) aHOAHBIMU KperuieHUsIMU (4). Y cTpoilCTBO CHA0XKEHO
BXOAHBIM (5) U BBIXOJHBIM MaTtpyokamu (6) JJs MPOTEKaHUs LIEIOYHOTO PacTBOpa,
OTBOJHBIMH KaHAJIaM MpeIHA3HAYCHHBIMU JIJI1 OTBOJIA U Kuciopoaa (8).

B nanHOW ycTaHOBKE MHPOUCXOAUT pa3ioKEHUE BOJIbI Ha KHUCIOPOJI U
BOJIOPOJ, C MOCJIEAYIOIIMM KX CropaHueM H BbiaesieHneM Temna 233,80 k/[x.
JITATENBHOCTh OMBITA 5 MUH.

Jns nokazatenbcTBa A(G(PEKTUBHOCTH  yCTPOMCTBA OBUIM  MPOBEICHBI
IPOU3BOJICTBEHHBIE OIBITHI C PACCTOSIHUEM MEXKIIEKTPOAHOro npoctpanctsa 20, 30
u 40 MM 1 yactotoit ummyascHoro Toka 500 I'p (Tabmumal).

Tabnuma 1 - TexHuyeckne JaHHBIE OMBITOB C BAPHbUPOBAHUEM MEXKIIICKTPOTHOTO
paccrostHus 20, 30 u 40 MM

o Pa3zuuna TennoBast sHeprus Q;
o E _ | Temnieparyp Ha kJx
q z Tok, A ©°% *| BXOJ€ M Ha
aUMEHOBaHHE %A g gg BBIXOJIE I3 20 30 40
IOKa3aTejie é;) 3 = %g yerpoiictea At | MM MM MM
2 20 [ 30 [ 40 [SEBE[ 20 30 [40
MM | MM | MM [S B2 8/ MM | MM | MM
IImoTHOCTH
HICTIOMHOTO 220 |05(0,81]045| 09 |23 | 32 |25|86,73 |120,67| 94,27
pacTtBopa
p=10101<r/M3
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° Pazauna Tennosas sueprus Q;
) 5 . | Temmeparyp Ha kJx
HaumeHnoBanue 5 m Tox, A g’% ~| Bxoaei ma 20 30 40
. -t S EE| BeIxOzE M3
I1IOKA3aTcCJICU é: B § &% YCTpOﬁCTBa At MM MM MM
S 20 [ 30 [ 40 [SEBE[ 20 30 [40
MM | MM | MM [S B2 8/ MM | MM | MM
[ImoTHOCTE
;ﬂ‘;‘;‘;ﬁm 220 |0,63/0,92(0,53| 0,9 |26 | 41 | 27 |98,046|154,61| 101,81
p=10201<r/M3
[InotHOCTE
;‘g‘;‘;ﬁgm 220 (0,78/0,98|0,7| 0,9 |40 | 62 |39 |150,84|233,80| 147,07
p=10301<r/M3
IIitoTHOCTE
gﬂ‘;‘;ﬁgm 220 (0,76|/0,93(0,65| 0,9 |34 | 58 | 33 |128,21|226,26| 124,44
p=10401<r/M3
IIimoTHOCTE
gﬂ‘;‘;ﬁgm 220 0,75/ 09|06 | 09 |32 (57,631 |120,67|222,49| 116,90
p=1050xr/m°

3akntouenue. 1lpoBeneHHBIE UCCIENOBAaHUS IMOKA3aJd, YTO HPU BapbHUPOBAHUHU
MEXIJIEKTpOoIHOTO paccTosiHuss oT 20 mpo 40 mMm Haumbosiee 3¢d@ekTuBHAS
ILIOTHOCTH pacTBOpa cocraBmiaa 1030 Kkr/M°, mpH KOTOPOil BBIXOJ TEIIOBOIL
sHepruu coctaBun (B kJ[x) 150,84, 233,8 u 147,07 COOTBETCTBEHHO, 4YTO
noaTBepxkaaeT 3PPEeKTUBHOCTh pabOThl YCTAHOBKM Ha PACCTOSHUU MEXKIY
katogoM u aHomoMm 30mM. Jlamee mokazaHa 3aBUCUMOCTh Kod(dduimenta
SHEPreTU4YecKo A(PHEKTUBHOCTH OT MJIOTHOCTU M YACTOTHl UMMYJIHLCHOTO TOKa
Ha PUCYHKE 2.

Pucynoxk 2 - 3aBucumocts K03 puiinenTa snepreTuueckoi 3PPEeKTUBHOCTH OT YaCTOTHI
HMIIYJIbCHOT'O TOKa U INIOTHOCTH PacTBOpa
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JlaHHbBIE TIOKA3aTeNnu BIUSAIOT HA PHEPreTUYECKUue MOKa3aTeau BOAOPOIHOTO
HarpeBarelis, KOTOpbIE Mbl B JlaJbHEHIIIEM OyJeM yYUTHIBATh IIPU HCclieoBaHuU. B
HAIIEM CJIy4ae SHEPreTHUecKHe MOKa3aTeld 10 3aTpataM Ha momydeHnme | wm°
Bojioposia OynyT coctaBisaTh B mpenenax 0,8-1,2kBt-u, a BblIeIeHUE TEMJIOBOU
SHeprum coctaBmio 233,8 k/[x.
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Beeoenue. 1IpropUTeTHBIM HANPABICHUEM Pa3BUTHUS arpapHOrO CEKTOpa 3KOHOMUKHU
ABisieTcs (OPMUPOBAHHE KOMIUIEKCA WHHOBALIMOHHBIX KOHKYPEHTHOCIOCOOHBIX
TEXHOJIOTMI Ha 0a3e pa3pabOTOK OTEUECTBEHHBIX BEAYLIMX HAyUHBIX LIKOJI YUEHBIX
npo¢uiabHbIX crneuuaibHocTell. C  menblo  obecrneueHus MpOJOBOJIbCTBEHHON
0€30MacHOCTH B YCIOBUSAX (HOPMHUPOBAHMS TEXHOJIOIMUYECKOTO cyBepeHurera PD
OPEANPUATHS OTPACIN BBIHYXKJIEHBI aJalTHPOBAaTh BBIITYCK CBOEH HPOIYKLHUH C
YY4ETOM JIOKAIBHOIO PBIHKA KaK CBIPHEBBIX MAaTE€pUalOB, TaK W aCCOPTUMEHTA
BBIITYCKAE€MbIX TOTOBBIX U3/EIIUN.

K wmHorooOemarommM OTHOCITCS TEXHOJOTMHM KOPMOIPOU3BOJCTBA C
pelieHrueM mnpoosieM peanu3aluy MPOJOBOJBCTBEHHBIX OTXOJI0B B KOHJIUTEPCKUX,
BUHOZEJIbUECKHUX, phIOHBIX U Apyrux oTpacisax AIIK. K takoii pecypcocOeperatroieit
TE€XHOJIOTUA MOXHO OTHECTH TEXHOJOTHIO MPOU3BOJCTBA OMOJIOTUYECKH AKTHBHOM
100aBKM U3 KaKaoBeJUIbl — 000JI0YKH Kakao 0000B, UCIOJIb3yEMbIX B IIPOU3BOJICTBE
HIOKOJaAHbIX u3Aenuil. [lo muTarenpHOMY COCTaBy KakaoBessla COACPKHUT OENKH,
KJIETYaTKy, MEHTO3aHbl, BUTaMHHBL. [Ipuyem maccoBas J0Ji1 3THUX BELIECTB B
KaKaoBeJUIC B JIBa pasa BHIIIE, UeM B sJIpe Kakao 6000B.

B »9T0if cBsI3M WHTEHCUGUKANMS ammapaTypHO-TEXHOJOTUIECKON CXEMBbI
IIPOMU3BOJCTBA KOpPMa I CEJIbCKOXO3AMCTBEHHBIX MUBOTHBIX C HCIIOJIb30BaHUEM

3TOr0 KOMIIOHEHTA SIBJISIETCS] JOCTATOYHO aKTyajlbHOU 3amadei. [Ipu sToM crtaBsTcs
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3a/laya CHHMKEHUS DSHEPrO€MKOCTH TOTOBOM MPOAYKLHMH IIyTEM BHEIPEHUS B
TEXHOJIOTUIO TPOU3BOJACTBA KOHKYPEHTOCHOCOOHOTO U  3HEProcOEeperaroiiero
000pyI0BaHUsI OTE€UECTBEHHON pa3pabOTKH.
Mamepuanvt u memoowi. Ilpy poBeICHUN UCCIIEI0BAHUNA UCTIOIB30BAHbI METOAUKHU
pacyeTa W TPOEKTUPOBAHUA DIIEKTPOMEXaHWYECKUX nucrepraropos (2M).
JIucnepcHOHHBIN aHaJIU3 MPOBEJEH CTAaHAAPTHBIMH METOJAMH C HCIOJIb30BaHHUEM
BBICOKOTOUYHBIX aHanu3atopoB Jlacka TJI. Ilpu o00paboTke sKCIIEpUMEHTAIBHBIX
JAHHBIX TPUMEHEH 3KCIEPUMEHTAIBHO-CTATUCTUYECKUN METO/] aHAIIM3A.
TexHonornyeckas cxeMa NPOU3BOJACTBA BBICOKOIUTATEIBHON KOPMOBOM
100aBKH C BKIIFOUEHUEM KaKaOBEJUIbI IIPEICTAaBIIeHA HA PUCYHKE 1.

Kaxaobesna Apaxvcobag wenyxa

[mewubanue
b pabuex yacmax

%

Mexanuyeckag
akmubayug
(GucnepcHocmes 10-30 mkr/

:

Bilcokonumamenskhag koprobag dodabka
(6AL-K] € nponokzupobankbiv Beicbo00xGeHuem
a30mucmey COLOUHEHUU

Kapoamug | s

Pucynok 1 — TexHonoruueckas cxema Ipou3BO/ICTBA BEICOKOIIUTATEILHON KOPMOBOM 100aBKH
BAJI-K

CampIM 3HEPTOEMKMM B IPEACTABICHHOM Ha pUC.] TEXHOJIOTMYECKOU CXEMeE
ABJSIETCA TPOLIECC M3MENbUYEHUS M MEXaHOakTMBauMM. Kak mokaszama npakTHhka
pou3BOACTBa [1, 2, 3], U3BECTHBIC B HACTOSIIEE BPEMS U3MEIBYUTEINA HE OTBEUAIOT
COBPEMEHHBIM TpeOOBaHUSM MPOU3BOJCTBA KaK IO IOKA3aTEN0 CEJIEKTUBHOCTU
JIWCTIEPCHOCTU YacTUI] momoia [4, 5], Tak U BBICOKUM SHEPTreTUUYECKUM 3aTpaTaM [6,
7]. B »TOil CBA3M B ammapaTypHO TEXHOJOTMYECKYIO JIMHUIO MPOMU3BOJICTBA KOpMa
ObLT BHEAPEH amnmapar HOBOTO TMPUHIMAIMA JEHCTBUS — DJICKTPOMEXaHUYECKHM
nucniepratop (OM/I) [8]. KonctpykTuBHas cxema DM/ npeacTaBieHa Ha puc.2.
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Bxod npodykma 7

Buixod npodyxma

\"‘. 4‘,‘ ‘ f“]

PucyHok 2 — DkcniepuMeHTaNIbHBIN CTEH]] IPOU3BOACTBA KOpMa JJIs CEJIbCKOX03IMCTBEHHBIX
JKUBOTHBIX ¢ ucnoyib3oBanuem OM]] (marent PD 8§4263)
1 — xopnyc OM/I; 2 — nucK NOABUKHBIN; 3 — 3JIEKTPOABUTaTENb; 4 — AUCK HEMOABUXHBIN; 5 —
OJIOK YIIpaBIICHUS JIEKTPOMArHUTHBIM PEXKUMOM paboThl ycTpoiicTBa DM/I; 6 — OG0k ynpaBieHus
CKOPOCTHBIM PeXUMOM paboTsl DM/]

Pezynomamut uccnedosanus. OTHOCUTENIbHAS CKOPOCTh CMEIIECHUS MOBEPXHOCTEH,
OorpaHUYMBaIOIUX padounii oobeM DMJI (ckopocTHOUM pexum) [9], onpenenstomas
WHTEHCHUBHOCTh MPEOOpPa30BaHMs JIIEKTPOMATHUTHONH HHEPTUM B KHHETHUYECKYIO
SHEPTUIO ABMXKCEHUS (heppoTen (pa3MOJBHBIX 3JIEMEHTOB) B X MarHUTOOKIKEHHOM
CJI0€ BBIYMCIIEHA 110 6a30BOM (POPMYJIE CKOPOCTH Mo BPALIEHHS [IMCKa
K, Fy

nﬂOl’[ = 0,16 m, (1)
rne K; — xoaddunment, onpenenseMplii OTHOIIICHUEM BapbHUPOBAHUS JOMYCTHMOTO
Jrarna3oHa dIeKTPOMAarHUTHOW MHAYKIIMN K €€ HOMUHAJILHOMY 3HAYCHHUIO B pabodem
ooseme OMJl; F, — cuigoBoe B3aMMOACHCTBUE (eppomapoB B  HX

MarHuTOOKMKEHHOM CJIO€; G,, — Macca pasMOJIbHOTO JJIEMEHTa; R — CpeaHui

paauyc cMmenieHus ¢pepporel B paboueMm oobeme DM/,
Cuna KOHTaKTHOTO B3aUMOJIEHCTBUS (PeppoIlapoB B MX MArHUTOOKMKEHHOM
cinoe (Fr) onpenenena Beipaskenuem [9, 10]:

(L)
Fr = —u*H?RE 22— (5£+7), )

rne H — HampsH KEHHOCTh MAarHUTHOTO TIOJISI B 30HAaX KOHTaKTa (eppoInapos.
3amaHHbIi  yCIOBUSAMH 00paboTKH KOA(D(HUIIMEHT 3amojHeHUus paboyero

obvema ¢epporrapamMmu K yCTaHABIMBAETCS W3MEHEHHEM COOTHOIICHUS MAarHUTHOU

MIPOHUIIAEMOCTH (DEPPOIIAPOB £ K MATHUTHOM MPOHULIAEMOCTH CPENbl L,

M < /<1, (3)
3aBUCUMOCTh JUCHEPCHOCTH dYacTull momoia Do30 OT 3IeKTpOMarHUTHOMN
WHIYKIIUU B 1 CKOPOCTHBIX peKUMOB paboTel DMJI n mpencrasieHa Ha puc.3.
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Pucynok 3 — Pe3ynbrarsl SKCIIEPUMEHTAITBHBIX UCCIIEIOBAHUH MPOIecca MEXaHOAKTUBAIIUN CMECH
KOMITOHEHTOB koMOukopma B OJIMA: 1...4 — D630 = ¢ (n) npu B;=0,2 Tn; B, = 0,25 Tn; B; =0,3
Tn; B4=0,4Tn; 5 - Fr= ¢ (B); 6- D630= ¢ (K)
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AHanu3 TONYYEHHBIX JIaHHBIX MOJITBEPAUI 3aBUCUMOCTh JIUCIEPCHOCTHU
YacTHUI[ MOMOJa OT BEJIWYUHBI BJICKTPOMArHUTHOM WHIYKIHMH B pabodyemM oObeme
OMJI u ckopocTu cMmelieHus pabouyux JUCKOB arapara U TMO3BOJMJ BBISIBUTH
peXUMBbl PabOTHI Jisi TOJYYECHHUS YacCTHUI[ MPOJAYKTa C 3aJaHHOM TEXHOJOTHEH
MIPOU3BOJICTBA TOHUHOM MTOMOJIA.
3axnwuenue. B pesynbrare NMpOBEICHHBIX HMCCICIOBAHUM BBISBIIEHA BO3MOXHOCTH
MOJTyYEHUs TTPOJYKTa C POBHBIM TPAHYJIOMETPUUYECKUM COCTAaBOM B YCTAHOBJICHHOM
TEXHOJIOTUEHN Tuana3oHe TUCIIEPCHOCTH (MaccoBasi Jodist yacTull nmomosna ot 10 mo 30
MKM cocTaBisgeT 76 %) mpu 3HAYUTEIBHOM COKPAIICHUH SHEPTeTUYECKHX 3arpar
(mpumepHO B 2 pa3a) 3a cueT (OPMUPOBAHUS 3aTaHHBIX SHEPTETUUECKUX M CUIIOBBIX
ycioBuii B pabouem obbeme DOMJI, a Takke COBMEIICHUS CTaauid TepepadoTKH
U3MEJBYCHUE-MEXaHOaKTUBAIUS-TIEPEMEIINBAHNE.
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Annotation. The article presents the results of research on the development of a
computerized system for monitoring and controlling microclimate parameters at meat
processing enterprises.

Keywords: meat processing plant, microclimate, monitoring, management.

For citation: Bondarenko A.A. Development of a functional diagram of a system for
monitoring and controlling the microclimate at meat processing enterprises / A.A.
Bondarenko, S.V. Vendin // Actual problems of Energy Agro-industrial complex:
materials of the XTV National Conference with international participation / Ed. C.M.
Bakirova - Saratov: Vavilov University, 2023.

Beeoenue. B coBpeMEHHOM CEIBCKOXO3SIIICTBEHHOM MTPOU3BOJICTBE AKUBOTHOBOJICTBO
ABJSIETCA OOHUM W3 JIUJIEPOB IO CpaBHEHHIO ¢ Apyrumu otpacisimu AIIK [1].
CoryiacHO CTaTUCTUYECKUM JAHHBIM B ITOCJIETHEE BPEMSI OTMEYAETCS CYIIECTBEHHBIN
pocT moTpedsieHUs] MSICHOW MPOAYKIIMM Ha BHYTPEHHEM DPBIHKE IMPOJOBOJILCTBUS.
IIpu sTOM BO3pacTaer M0js TMOTPEOJICHHS TApHON, OCTBIBIIEH W OXJIAXKJICHHOU
MsiCHOM mpoaykuuu. OJHAKO TOJIHAA peaju3alus MPOU3BEACHHOW MPOIYKIUU
BO3MOXHA MPU YMEPEHHON CTOMMOCTHU, KOTOpPAasi 3aBUCHUT OT €€ cebecTouMocTu [2].
CoXpaHHOCTh MPOAYKIMU TAaKXKe SBIAECTCA BaXXHBIM (pakTopoM 3(PPeKTUBHOCTU
POU3BOJICTBA, KOTOpasi TakKe BIUSET Ha CEOECTOMMOCTh MPOAYKIUHU. YKa3aHHbIC
o0OcTosITENbCTBA [JIAIOT OCHOBAHME TMoJjlaraTh, 4YTO pa3padoTKa U BHEAPEHUE
KOMITBIOTEPU30BAaHHON CHCTEMbl MOHMTOPUHIA IapaMeTpamMyd MHUKpPOKJIMMAaTa Ha
o0BbeKTEe  MscolepepadaThIBAIOIIETO0  MPOU3BOACTBA  sBiIsgeTCd  (hakTOpami,
MO3BOJIAIOIIMMU  OOECHEUNUTh CAHUTapHYI0 O€30MacHOCTh MNPOAYKLHH, €€
COXPaHHOCTh M CHU3UTh ce0eCTOMMOCTD [3-4].

Mamepuaner u  memoods.. MeTONONOTUS  WCCIEAOBAHUM  MpeEaroJarasia

HCIIOJIb30BaHNE METOJOB aHAIM3a HAYYHOM JINTEPATYPhl U MTAaTEHTHOrO Noucka. Ilpu
64



ATOM 3aJa4¥ UCCIEIOBAHUM BKJIIOYAIU: aHAJIN3 W3BECTHBIX TEXHUYECKUX PEIICHUH,
pa3paboTKy (GYHKIHMOHAJIBHOM CXEMbl MPUTOYHOW BEHTWISLIMOHHOW YCTAHOBKH C
y4e€TOM BO3MOXHOCTM MOHMTOPHHIA TEMIEpaTyphl M BIIAXKHOCTH Ha OOBEKTE, a
Takke aHaiau3 3(QPEKTUBHOCTH METO/I0B 3aMOPO3KH CBUHBIX TYIIL.

Pezynomamuvt  uccneoosanua. llpu  pa3paboTke  CUCTEMbl  MOHUTOpPHUHIA
napamMeTpaMu MUKpPOKJIMMaTa Ha 00OBbEKTe MsiconepepadaThIBAIONIEIO MPOU3BO/ICTBA
HE0OXOIUMO OCYIIECTBISATH HECKOJIBKO ATANOB WK YPOBHEH.

Ha mepBoM HW)XHEM YpOBHE OMPEACNAIOTCS KOJIMYECTBO MpeoOpazoBaTeieid
BJIQYKHOCTH M TEMIIEpAaTypbl BO3/yXa, BHICOTA MX PACIOJIOKEHUS OT YpOBHS MOJA,
paccTOsTHUE OT MECTa YCTAHOBKM JI0 BXOJHOW JBEPH.

Cnenytomuii  (cpeqHUil) YpOBEHb pealu3allMd POEKTa Mpeanoyaraet
ONpeaeeHNe KOJIMYECTBA TOUEK B 00BEME MOMENIEHUS ISl pa3MELIEHUs TaTYUKOB
(mpeoOpazoBareneit).

[IpaBunbHBIN BHIOOP TO3WIMKA HIKHETO W CPEAHET0 YPOBHS TIO3BOJISIET
ONTUMH3UPOBATH MEPEUYCHB YIS 3aKYNKHW HEOOXOJUMOTO 000PYI0BAHUS aHATIOTOBBIX
U JTUCKPETHBIX MOJYJICH, CIYKaIlUX JIJIs YTCHUSI U apXUBAIlMK 3HAUYCHUN [TapaMeTpoB
MUKPOKJIMMATa, KOTOPbIE HEOOXOIUMBI MPU YIPABJICHUH CUCTEMOW BEHTUJISIIUU.

JI1st uconp30BaHMsl pa3padaThIBAEMON CHCTEMbl MOHUTOPUHTA HEOOXOIUMOM
COCTABJISIIOIICH SIBISIETCS CHUCTEMa MPUTOYHO-BBITSDKHOM —BEHTWISIIIMU. Takas
CUCTEMa BEHTWISIIMK OOBIYHO (PYHKIMOHUPYET 10 TMPHUHIHUIY CO3JaHUs
OTPULIATEIILHOTO  JABJEHUS  I[yTEM  PEryJupOBaHUs  MPOU3BOAUTEIBHOCTU
BEHTWJIATOPOB [4-7].

BapuanT QyHKIMOHATBHOW CXEMbI MPUTOYHON BEHTUJISILIUOHHOW YCTaHOBKH
MPEJICTABIICH HA PUCYHKE 1.

OCHOBHBIE 3JE€MEHThl (PYHKIMOHAIBHOM CXEMbl BKJIOYAIOT: JBUraTeNb
BeHTHIIsITOpa noTtoka (M1); anekrponpuBox xamo3u (M2); K3P narpesatens (M3);
UpKyJIauoHHbii  Hacoc (M4); mnpeccocrar ¢umbtpa 1 (SP1); mpeccocrar
BeHTuisiTopa (SP2); mpeccocrar ¢unbrpa 2 (SP3); Tepmoctar HarpeBarens (SK2); T
kan (RK1); T map (RK2); T 06p (RK3).

Jnst  obOecrieueHrss TOYHOCTH TIApaMeTPOB TEMIIEPATypbl U BIAKHOCTH
HEOOXOAMMO HMETh JOCTaTOYHOE KOJIMYECTBO IpeoOpa3oBareneil, a Takxke
OTpEeNeINTh MECTa MX YCTAaHOBKHU. B yCTpoOiicTBe BBIBOJA CHUCTEMBI JOJHKHA OBITH
IpeayCMOTPEHA BO3MOXHOCTH IpocMoTpa Web-Bu3syanu3aiuy.
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Pucynok 1 — @yHk1moHagbHas cxeMa IPUTOYHON BEHTUIIIHUOHHON YCTaHOBKHU

Jlns  KOHTpOJUIEpHOro  00OpyAOBaHUS  HEOOXOAMMO  IPHOOpPETCHHE
unrepdeiicoB RS-485, RS-232, USB, LAN.

OO6puHO cucTeMa paboTaeT B aBTOMATHYECKOM peXHUME. PydHolt pexum
MIPUMEHSCTCS B YCIOBHSIX HAJAIKU WM aBapHH.

Ha wsicomepepabaTpiBafOIMX MPEANPHUATHAX TP TEepepadOTKe CBUHEH
peaM3yoT JBa OCHOBHBIX METOJA 3aMOPO3KH. PeXUMHBIC mapaMeTphl I ITHX
METOJIOB MPEJICTaBICHBI B Ta0IHIIE 1.

Tabnuma 1 — PexxumHble napaMeTpsl METOJIOB 3aMOPO3KH TYII CBUHEN

Haspanue Cramnsa Nel Cramnsa Ne2 Cramnsa Ne3
METOJIa Bpems T (;I:)(;I;O;? Bpems T (;I;(;I;[Oi? Bpewms T CBI;(;I;[O;:;B
3aMOPO3KH ) | o /Z) () | €O | "l /Z) 1) | ©C) v /Z)
JlaTckuii 15 -25 4-10 16 +2 0,5-2 - - -
Tommanncknit | 0,5 -22 8-10 2 -6 4-6 15 +2 0,5-1

HecmoTpss Ha TO, YTO METOIbI SBISIOTCS CXOKUMU OHU OTJIUYAIOTCS TIO
CKOPOCTH BO3/lyXa U TEMIIEpAType B Kamepe.

[TepBbiii (JlaTckuii) METOA UCTOIB3YET MEHBIIINE MOIIHOCTHA BEHTUISIIMOHHOM
CHUCTEME 3a paBHOE KOJMUeCTBO BpeMeHU. Kpome Toro, TpedyeTcs MeHbIIe BpEMEHU
Ha TIEPEABMKEHUE TTOTYTYIT BHYTPHU MPOU3BOJACTBEHHBIX KaMep. ITOT METO/ MOXKHO
CUUTATh HauOoJIee ONTUMAIBLHBIM.

[Ipu BTOpOoM MeTone (I"ommaHaCKuil) sl COKpaIeHus MOTEPh BIaru U3 TYIIU
00s13aTeIbHO MPUMEHEHHE BO3YIIHO-KanenpHON TexHomorun oxnaxaenus (BKO), a
ATO NPUBOAUT K YBEITUUYEHUIO 3aTparT.
3axknwuenue. llpencraBneHbl  pe3yiabTaThl  HUCCIACAOBAaHWM 1O  pa3paboOTKe
(GYHKIIMOHATBHOM CXEMBbl CHUCTEMbl MOHHUTOPHUHTA W YIpaBIEHUS IapaMeTpamMu
MUKpPOKJIIMATa ISl MsicomiepepadaThIBAIOIIET0 MPEeAnpusTus. BHenpeHue cucTeMsl
MOHUTOPUHTA  SIBJISIETCS  BaXHBIM  (DAKTOpOM,  TMO3BOJIAIONIMM  OOECIEYHTH
CaHUTAPHYIO 0€30MACHOCTh MPOAYKIUHU, €€ COXPAHHOCTh U CHU3UTh CE0ECTOMMOCTD.
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aKkops, GopMupyromuii HE0OXOAUMbIE ISl HOPMaJIbHOM paboThl HMIYJIBCHOTO
JUHEHHOTO 3JIEKTPOMArHUTHOTO JBHUTATENsl YHUIIOJSPHBIE IMUTAIONIME HWMITYJIbChI
HaMpPsDKEHUS U TOKA.
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Annotation. The paper proposes an electric converter with control of an
electromagnetic shock machine in the function of armature movement, which forms
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Beeoenue. B Hacrosiiee BpemMsi [PUMEHEHUE  MMITYJIbCHBIX  JIMHEMHBIX
anekTpoMarHuTHbIX aABuratened (JIDMJ]) B mnpuBome yOapHbIX MalIuH IS
MOTPY>KEHUSI CTEP)KHEBBIX JJIEMEHTOB B TPYHT, YAApPHOTO OypeHHs HETrTyOOKHX
CKBaXXHH, JUHAMUYECKOTO 30HUPOBAHUS TPYHTOB MPU3HAHO BIOIHE 3P(HEKTUBHBIM
[1, 2].

OtnmumuutensHOM 0COOCHHOCTRIO JIODMJI M cHCTeM ¢ UX HCIOJIh30BaHHEM
SIBJISIETCS LMKJIUYHBIN XapakTep AJEKTPOMEXaHUUECKOTO MpeoOpa3zoBaHUs DHEPTUH,
Ipyd KOTOPOM PETyJISIpHO TMOJiaBaeMble B OOMOTKY JIBUTATeNIsl HMITYJIbCHI
AJIEKTPUYECKOM  MOIIMHOCTH TPeoOpa3yroTcss B  MEXaHWYECKyl0 paboTy 1o
MEePEMEINICHHUIO SKOPSl U COYWICHEHHOTo ¢ HUM pabouero oprana [1, 3]. JuckpeTHbIi
XapakTep DHEPromnpeoOpa3oBaHus JENaeT HEBO3MOXHBIM  HEMOCPEICTBEHHOE,
HampsiMylo TojkiIodeHne oomotkn JIDMJ[ k HWCTOYHWKY, Kak, Hampumep, Y
TPAJAUIIMOHHOTO AaCUHXPOHHOTO JIBUTATENsl, W OOYCIOBIMBAaEeT HEOOXOIUMOCTh
BKJIFOUEHHUSI MEXIY 3aKMMaMH UCTOYHUKA U JIDM/] crienralbHOTO 3JIEKTPUYECKOTO
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npeobpasosarens (JI1), hopMupyroIero NUTAIIME UMITYJIbChl HAPSDKEHUS U TOKA
B KaXXJIOM 3HepromnpeodpazoBaTenbHoM nukiie JIDM/] [3].

[luTanne MamMHBI YOAPHOTO JAEHUCTBUS C uUMIyJIbCHbBIM JIDMJ[ npu
OTCYTCTBUU DJIGKTPUUECKUX CETEH TMEePEeMEHHOIr0 TOKa OOIero Ha3HAuYeHUs,
OCYIIECTBIIACTCS OT aKKyMYJIATOPHOTO UCTOYHHMKA MUuTaHus [1].

Mamepuanvt u memoost. B paboTe npejioxkeH IEKTPUIECKU mpeodpa3oBaTelib ¢
yhpaBlieHUEM B QYHKIIUU TiepemelieHus sikopst JIDOMJI.

AHanus OIMyOJIMKOBaHHBIX JAHHBIX, pEe3yIbTaThI 71a00paTOPHBIX
WCCJIEIOBAaHMUM, TMPOU3BOJICTBEHHBIX HWCIBITAHUN MOKA3bIBAIOT, YTO HAMOOJbINIAs
4acToTa XOJO0B pabodero opraHa 3JEKTPOMArHUTHBIX MAallWH, UX MaKCHMaJIbHAas
MOIIIHOCTh ¥ TPOU3BOIAUTEIHLHOCTh OOECIEUMBAIOTCS B  aBTOKOJIEOATEIHHOM,
OJIM3KOM K PE30HAHCHOMY, pexXuMe paboThl C yIpaBlieHUEM B (DYHKLIHUU MOJOKEHUS
pabouero oprana [3, 4]. B ornuume oT pa30MKHYTBIX CHCTEM YIIpaBJIEHUS B (PYHKIIMU
BPEMEHHU, Takas CHCTeMa SBJSIETCS 3aMKHYTOM M HMeeT OOpaTHYyI0 CBSI3b IO
MOJIOKEHUIO0 OolKka, KoTopas oOecreyuBaeTcs JaTdydKamMH, pa3MEIIEHHBIMU Ha
nBuratene. JOCTOMHCTBOM 3TOTO Croco0a yMNpaBlICHUs SBISETCS aBTOMAaTHYECKas
camoHacTpoiika JIDMJI yaapHOW MalllMHBI Ha ONTHUMAJIbHBIA PEXUM palbOTHl MpHU
U3MEHEHUH YCIIOBUW COYyAApEHUS IKOPS. 1 HHCTPYMEHTA, pa3psiKEHHOCTH UCTOYHUKA,
YCJIOBUM OKPYKAOIIEN CPEJIBL.

AHanu3 mokasajl, 4TO B 3TOM cllydae OOeCrneyrMBaeTCs TUHAMUYECKHM ITUKII

umnyibcHoro JIDMJ ¢ 6osiee BBICOKUM KO3(PHUIIMEHTOM MOJIE3HOTO JIEUCTBUS; 3TO
MO3BOJISIET YBEIUYUTD MPOJOJLKUTEIIBHOCTh HENIPEPHIBHON Pa0OTHI MAIIUHBI NPU TOU
&Ke eMKOCTH Oarapeil ncrouHuka. Ciegyer OTMETHTb, YTO HpPH TaKOM croco0e
VIOPABJICHUS] CXEMa 3JIEKTPUYECKOro MpeoOpa3oBaTessi MOXKET ObITh MaKCUMAIbHO
YIOPOLIEHA U COJIepPKaTh TOJIbKO AATUYUKHU MPEAEIbHBIX MOJIOKEHUI OO0MKa MAaIlMHBI,
Hanpumep, KOHTAaKTHOTO THUTIA.
Pezyniomamor  ucciedoosanus. [IpyHuunuaneHast  SJIGKTpUYECKass  Cxema
AKKyMYJISITOPHOTO JJICKTPUYECKOTO MpeoOpa3oBaTeNs ¢ yHpaBieHHEM B (YHKIUU
NOJIOKEHUSI sAKOpsl uMIyJdbcHoro JIOMJI ynapHOW MamuHbBI TpEACTaBlieHA Ha
pucyHke 1.
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Pucynok 1 — UMnynbcHBIM npeoOpa3oBatens ¢ yrpaBieHueM B QyHKIIUU
nojoxxeHus sikopst JIDM /|
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Cxema comepxut 0ok 3amuThl (Al) ¥ HUMIYJIbCHBIN TpephIBaTeNb C
ycrpoiictBoM ymopasienuss (A2). Cunosbsie 1menu OIl mokazansl Ha cxeme
YTOJIICHHBIMU JIMHUSMH.

CunoBas nenb 61oka Al comep>XuT riaBHbIE KOHTakThl KOHTakTopa KM u
U3MEPUTEIbHOE compoTuBieHue (myHt) R2. Bxitouenne  mpou3BOIUTCS
KpaTKOBpEMEHHbIM HakaTheM KHomku "Ilyck" SB2, OTKIIOYEHHE M0 OKOHYAHUH
paboThl yCTpOMCTBa — KpaTKOBpeMEHHbIM HaxkaTtuem kHonku "Crom" SBI1.
Bxmtouenne w  Beikmouenme  JIOMJ] ocymectBisiercst  TymOnepoMm  SA,
YCTaHOBJICHHBIM Ha MammHe. Pesuctop R1 orpanmumBaeT TOK B IENMH KaTyIIKH
MajorabapuTHOrO KOHTAKTOpa IOCJIE 3aMbIKAHUS €ro TJIaBHBIX KOHTakToB KM u
OTIyCKaHMs KHOTTKH SB2.

Jist otxomrouernst DIl o mctounmka G mpu BO3HUKHOBEHHM aBapHITHBIX
PEXKHUMOB CITY’)KUT TOKOBAsI 3aI[UTa, YyBCTBUTEIHHBIM 3JIEMEHTOM KOTOPOH SIBISIETCS
myHT R2. YcraBka Toka perynupyercs pesuctopom R3. briaronapst neiicTBuio 3Toro
pe3ucTOpa OCYIIECTBIIICTCS TAKXKE TEMIepaTypHasi CTaOUIM3aIus Kackaa.

[loBbIlIeHHE TOKa B CHJIOBOM IIEMKA CBEPX JOMYCTUMOIO OTKPBHIBACT
Tpanzuctop VT u B 1enu ymnpasieHus Tupuctopa VS4 HaumHaeT MpoOTEKaTh TOK,
oTnuparomuii ero. Bo3Hukaer u3inydeHuE CBETOAMOJOB ONTpoHHBIX map V1, V2,
ornuparoiiee (GpOTOTUPUCTOPHI, BKIIOUEHHBbIC B IIEMU yMpaBiieHUs BeHTHieH VS2,
VS3. B pesynbrare mociieoBaTeIbHO MPOUCXOAT 3alTUPAHUE CHUIIOBOIO THPUCTOPA
VS2 (u mpepwiBaHME TOKa OT WCTOYHWKA) — Omaromaps otnupanuio VI, u
MEXaHUYECKOE pa3MblKaHUE CHIOBOM 1enu koHTakTopoM KM — Onarogaps
Bmouennto VS3. Jlmon VD2 u pesucrop R10 moBbimamoT ObICTpOaCiiCTBHE
KoHTakTopa. B nensix 0moka A2 311 moka3aHbl BKJIIOYEHHBIMU 3ieMeHThl JIDMJI —
obmotka M, matumku BepxHero SQI1 m HmwxkHero SQ2 momoxeHus sikopsi. CUIOBBIC
nenu 9Toro Oioka coxepkar cuimoBo VSl w 3ammpatomuit VS2 THUPHCTOpHI,
aBrotpancpopmarop 7, muom VDI, xommytupyromyro emkocts Cl, a Ttaxxke
anemeHTsl VD4, C2, R15, oOpa3yrolue KOHTYp TalieHus] SHEPTUH MarHUTHOTO TTOJIS
JIBUTATEJS.

[Tocne Haxkatusa kHOMKK SB2 W 3ambikaHusi KOHTakToB KM mipu BKITFOUEHHOM
TymOJiepe SA Ha ympaBIIsIoneM IeKTpoie Tuprctopa VS1 nosisieTcs oTnuparoriee
HampsDKeHWE, TaKk Kak KOHTakT SQLl naTymka BEpXHETO TMOJIOKEHUS 3aMKHYT.
Tupucrop VS1 ornupaercs u 1o o0MOoTke M HayuHAET TMPOTEKaTh TOK.
OnHOBpEMEHHO uepe3 BTOPHUHYIO OOMOTKY aBTOoTpaHchopmaTopa 1 3apspkaercs
koMMmyTupyromuii  konznencarop Cl. Tok B oOMOTKe cO3[a€T MarHUTHOE TIOJIE,
pasronsitoiee sikopb JIDMJI. Ilepen ynapom sikops MO0 MHCTPYMEHTY KOHTakT SQ2
JaTYMKa HUKHETO TOJI0KEHUS SIKOPS 3aMbIKaeTCs, (GOPMUPYETCSl CUTHAT YITPABJICHUS
TUpUCTOPOM VS2, KOTOpBIA OTHHPACTCS U 3a CUET paspsAla KOMMYTHPYIOLIETO
koHaeHcaTopa C1 obecnieunBaet 3anupanue VS1.

OcraTouHas OdHEpPrusi MarHUTHOTO TIONIA JIBUTaTensi mpeoOpasyercs B
ANEKTPUYECKYI0, YACTHYHO PEKyNEpUPyeMyld B HCTOYHUK, a YaCTUYHO
pacceuBaemyto B kouType VD4, C2, R15. fkops Bo3Bpamaercs MpYy>KUHOH B
HCXOJTHOE TIOJIO’KEeHHE, KOHTAKT SQI1 gaTdnka 3aMbIKaeTCsl U UK IOBTOPSIETCS.

KOHCTpYKTHBHO AJIEKTpUUECKH TpeoOpa3oBaTeldbh BBHIMIOJHEH B  BUJC

NEPEHOCHOr0 MKada, KOPIyC KOTOPOrO CBapeH W3 JIMCTOBOTO AIIFOMUHUEBOTO
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crutaBa. Ha TopueBoii ctopone mikada 3akperuieHbl JIB€ PYUYKH AJIs €ro mepeHoca,
CUJIOBBIE 3@XMMBbI JJIsl TOJKIIOYEHUS HCTOYHUKA M YyIapHOM MAaIIuHBI, KaOes
yIOpaBJIeHUs] OT JAaTYMKOB mojoxkenus saxops JIDMJI. Ha kopmyce snekTpuyeckoro
npeobOpazoBatens pasMenieHsl kHonku "Ilyck", "Cron" BKIIIOUEHHS M OTKITFOUYEHUS
ycrpoiictBa. OpHa U3 OOKOBBIX CTEHOK KOpIlyca, Ha KOTOpPOH 3aKperieHbl
tupuctopel VS1, VS2 wumeer BHemHee opeOpeHue I YIYYIICHHUS YCJIOBHUIH
TEIJI00TBO/A.

3akniouenue. llpennoxkeH >IeKTpUUECKUd TmpeoOpa3zoBaTelib C  yINpaBICHHEM
AJIIEKTPOMArHUTHOW  yAapHOW MamMHOW B (DYHKIMHM TEpPEeMELICHHUS  SKOPA,
dopmupytomuii  HeoOXoaUMBIE s HOpMaidbHOW paboTel JIDMJ[ yHunosmspHbie
MUTAIOINE UMITYJIbChI HAMIPSHKEHUS U TOKA.

DnexTpuueckuid mpeoOpa3oBaTenb cTabmieH B paboTe, peaqn3yeT HEeOOXOAUMBII
JMama3oH pEeryjInupoBaHUS BBIXOAHBIX TIOKa3aTelied, OMpeAeNseMbIX YCIOBUSIMU
TEXHOJIOTMUECKOT0 Ipolecca, 00J1aaeT MoMeX0yCTONYUBOCTBIO U aBTOMaTHYECKUM
OTKJIFOUEHUEM MCTOYHMKA MUTAHUS IpU noBpexaeHuu JIDOM/I.
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