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INTRODUCTION

Dear readers!

We present the latest issue of the International Journal of Professional Science, No. 12(2).
This issue continues the tradition of interdisciplinary analysis of current scientific problems,
combining approaches from engineering, medical, environmental, and socioeconomic
disciplines. In the context of rapid digitalization and global challenges to sustainable
development, the professional community requires verified methods for optimizing production
processes and preserving human capital.

This issue focuses on three key areas: technological modernization of industry,
environmental safety, and maintaining the health of specialists under increased stress. The
authors explore the potential of digital twins in packaging production, the implementation of
ESG tools in the banking sector, and present an in-depth analysis of the adaptation
mechanisms of students and employees in stressful environments. Particular attention is given
to works devoted to risk auditing in the extractive industry and the automation of
measurements, emphasizing the practical significance of the published research for the
development of the real sector of the economy. We hope that the materials presented will
provide a solid foundation for further discussions and the implementation of innovative
solutions in professional practice.

Sincerely,

Krasnova N.

Editor-in-Chief

International Journal Of Professional Science
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Ne12(2) - 2025
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ENERGY AND ENVIRONMENTAL TECHNOLOGIES

UDC 621.577

Kozlov V.V., Lipatov M.S. Analysis of types of heat pumps and their
efficiency in various climatic conditions

Kozl ov Valery Vyagches| ¢
Student of the Department of Industrial Thermal Power Engineering,
St. Petersburg State University of Industrial Technologies and Design.
Higher School of Technology and Energy

Li patov Maxim Sergee
Senior Lecturer of the Department of Heat Power Installations and Heat Engines,
St. Petersburg State University of Industrial Technologies and Design.
Higher School of Technology and Energy

Abstract. The article is dedicated to heat pumps as a modedneaefriendly solution for heating and air
conditioning systems. Various types of heat pumpst(aiwater, airto-air, etc.) are analyzed, along with their operating
principles and application features in different climatic conditions. The advantathgs technology are described in detalil,
including high energy efficiency, cesffectiveness, and environmental safety. Special attention is given to technical
characteristics, installation specifics, and operation of various systems. Data on thecefiifi@eising heat pumps in
residential and commercial buildings are provided.

Keywords: Heat pump, heating systems, renewable energy sources, heat exchange, compression pumps, alternative
heating.

PeueH3zeHT: Toponues Bacunuin BnagnMmmpoBny - KaHANOAT TEXHNYECKNX HAYK, OOLEHT.
OIre0Y BO «PTAY-MCXA nm. K.A. Tumnpsisesa»

Today, heat pumps (HPs) occupy an important place in heating systems all over the
planet, which provides an efficient and environmentally friendly solution to meet the needs for
heat and cold. HP uses millions of installations in various parts of the world, including Japan
and Europe, where heat pumps play a key role in ensuring a comfortable climate in residential
and commercial buildings.

The variety of types of HPs allows their effective use in various climatic conditions and
for a variety of tasks. HP production is closely related to the needs of each country's domestic
market, with large industrial manufacturers in the United States producing hundreds of
thousands of pieces of equipment annually. In Germany and other parts of the world, the
emphasis is on the development of large thermal pumping plants that provide large areas and
facilities with significant capacity and efficiency.

Heating systems based on HP are distinguished by their environmental safety, since
their operation is not associated with the combustion of fuel resources and, therefore, is not

Il nternational journal 0 6
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accompanied by the release of harmful substances into the atmosphere.

These systems are also noted for their high efficiency: investing 1 kW of electricity can
lead to the production of 3 to 5 kW of thermal energy, depending on the operating conditions
and the selected operating mode. The main advantages of using HPs include reducing initial
investments due to the absence of the need for gas connections, improving housing safety by
eliminating the risk of a gas explosion [1].

The use of heat within the recycling circuit in systems with heat pumps makes it possible
to further increase energy and economic efficiency by integrating cooling, heating and water
heating into one system. Such installations are suitable for a wide range of applications from
private to pre-industrial construction.

The use of alternative and environmentally friendly energy sources is a key solution to
prevent a possible energy crisis. In addition to developing traditional energy resources such
as gas and oil, there is great potential in using energy from natural sources such as reservoirs,
soil, geothermal sources, as well as technological waste including air, water and wastewater.

The energy generated by the heat pump is extracted from sources with low
temperatures, as well as from the additional power required to operate the compressor.

The HP consists of three main circuits: an internal circuit that returns heat to the heating
system or three circuits: the building's hot water supply; an external circuit that evaporates
and absorbs heat from the refrigerant before condensation; and a second circuit that uses the
refrigerant liquid coolant before condensation (Fig. 1).
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Figure 1. The principle of operation of the heat pump
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The external circuit is an underground or submerged pipeline that is used to circulate
antifreeze. The second circuit, which uses the refrigerant, includes an evaporator and
condenser heat exchangers, a compressor and a throttle that controls the refrigerant pressure.
The expansion of the compressor causes the pressure of the refrigerant to drop when it
reaches the evaporator, where it boils and absorbs heat from the refrigerant to start a duty
cycle. The compressor then sucks in the refrigerant gas, compresses it, heats it, and passes
it into the condenser. Where it gives off heat to the water in the heating system. After
condensation, the refrigerant re-enters the throttle, and the cycle repeats [2].

One of the outstanding features of the heat pump is the possibility of using it for air
conditioning in the summer, when the system operates in the opposite direction: heat is taken
from the building and transferred back to the ground, water or air.

This technology is gaining popularity due to its ability to provide economical heat supply
with minimal environmental impact.

For a 300-square-meter apartment building with effective insulation and a need for hot
water for four people, the annual thermal energy requirement is estimated at approximately
50,000 kWh.

When using natural gas for heating, about 8 kWh of thermal energy can be extracted
from one cubic meter of gas. Given the efficiency of the gas boiler at 90%, the actual amount
of heat generated is reduced to 7.2 kWh per cubic meter. Thus, about 7,000 cubic meters of
natural gas per year will be required to meet the specified heat demand.

HP air-water — This type of system extracts energy from the outside air. The heat is then
transferred to a refrigerant, usually freon, which begins to boil and turn into steam. Next, the
gaseous refrigerant is sent to the compressor, where its pressure and temperature increase.
At the end of this process, the freon condenses, giving off heat to the heating system of the
house [3].

HP air-to-air — operate similarly to air conditioners, but in reverse mode (Fig. 2). These
devices capture air from the outside and supply it to a heated room already in a heated state.
Guiding channels and ventilation systems are used to ensure uniform distribution of warm air
throughout the building.

A special feature of air HPs is their ability to function effectively even at very low outdoor
temperatures, up to -25 °C. This means that they can independently provide indoor heating in
winter until the air temperature drops below the specified threshold [3]. At lower temperatures,
the efficiency of the device decreases, and in regions with particularly cold winters it is
recommended to use alternative solutions or additional sources of heating.

Il nternational journal 0
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Figure 2. Air-to-air heat pump

HP is considered the most productive, which uses energy from the soil, making it
possible to completely abandon traditional energy sources such as gas and coal. Even in
conditions of severe frosts, it is able to provide reliable heating and hot water supply. This
category also includes heat pumps that use groundwater as a source of low-potential energy,
which are described in detail in the section on wastewater.

Such geothermal equipment extracts heat directly from the soil. The earth at a depth
exceeding the freezing level maintains a stable temperature throughout the year, making it an
ideal source of heat. The energy received from the ground is accumulated and transferred
further to the evaporator, where the refrigerant, a non-freezing liquid, is heated.

The choice of the collector type depends on the characteristics of the site. Horizontal
systems are more economical to install, but require significant space. Vertical systems, in turn,
are suitable for areas with a limited area, but their installation is associated with higher costs
due to the need for drilling operations.

Water-to-water heat pumps use thermal energy contained in groundwater or water
bodies directly near the house (Fig. 3). Their attractiveness lies in the stability of groundwater
temperature, which ranges from 12-17 °C throughout the year. To access this energy, drilling
of a pair of wells for water inlet and outlet is required, while the drilling depth can exceed one
hundred meters, which implies significant financial investments [4].

An alternative and more economical option is to install a collector at the bottom of a
nearby reservoir, provided it is deep enough to prevent water from freezing in winter. In regions

Il nternational journal 0
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with a cold climate, the depth of the reservoir should be at least three meters, and the water
level should remain constant.

The choice of a specific type of heat pump depends on several factors, including the
geolocation of the house, the climatic conditions of the area, the proximity of water sources
and the availability of sufficient free space on the site, as well as the overall budget and specific
requirements for heating and hot water supply of the facility.

e -

Figure 3. Water-to-water heat pump

Heat pumps are classified according to the principle of their operation into compression
and absorption pumps. Compression pumps operate using mechanical energy, usually derived
from electricity, whereas absorption models can operate from thermal energy, using both
electricity and fuel.

Heat pumps are also divided into types depending on the heat source. Among them
are:

Geothermal pumps that extract heat from soil, surface, or groundwater. They can be [5]:

a) Closed type:

Horizontal collectors are laid in horizontal trenches at a depth exceeding the depth of
soil freezing (usually more than 1.2 meters). This option is economically advantageous for
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residential areas where there is enough space to accommodate the contour.

Vertical collectors are placed in wells that can reach up to 200 meters deep. This method
is chosen in conditions of limited area or when it is important to keep the landscape
unchanged.

Heat pumps can use different sources to extract heat, which divides them into several
categories. Water-based geothermal pumps, for example, install winding or ring collectors in
reservoirs (lakes, rivers, ponds) at depths exceeding the freezing level. This method is
economical, but requires compliance with certain conditions, such as the minimum depth and
volume of the reservoir, which vary depending on the region.

Direct heat transfer, in which the refrigerant is transferred through copper tubes installed
in different configurations — vertically in wells with a depth of 30 meters and a diameter of 80
mm, at an angle in wells with a length of 15 meters or horizontally in the ground below the
freezing depth — is a unique feature of the following type of geothermal pumps. Due to the
direct heat exchange between the refrigerant and the ambient air through copper pipes with
excellent thermal conductivity, this method provides greater efficiency and reliability. It also
reduces the overall length of wells, which minimizes installation costs.

Water acts as a heat carrier in open-cycle systems, where it is sent back to the ground
after passing through a heat pump system. This method is limited to areas with an abundance
of relatively clean water and no regulatory restrictions on the use of groundwater.

In contrast, air heat pumps extract heat from the surrounding air, making them a
versatile choice in many places where there are not many alternative heat sources.

Finally, some heat pumps use other heat sources, such as waste heat from pipes used
in industry. This strategy is particularly relevant for industrial facilities with easily accessible
and efficiently used sources of parasitic heat.

Depending on the type of coolant that passes between the inlet and outlet circuits, heat
pumps can be divided into eight main groups: ground-water, water-water, air-water, ground-
air, water-air, air-air, freon-water and freon-air. These devices can also act as heat recuperators,
transferring heat from the pumped air to the incoming air. The choice and efficiency of a heat
pump is mainly determined by the local climate, especially with regard to systems that use
atmospheric air as a heat source. There are millions of such devices operating on the principle
of air conditioning in hot regions [6]. Whereas in cold climates they are.

Even at temperatures down to minus 25 degrees Celsius, some versions of the air-to-
air and air-to-water systems can operate up to minus 40 degrees Celsius. However, they still
have low thermal efficiency, only 1.5 times higher than conventional electric heaters, with an
average increase of 2.2 times for each heating season. In conditions of extreme cold,
additional heating is often required, since the main power of the fuel pump may be insufficient,
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which leads to the inclusion of alternative heat sources.

Wells must be drilled at a depth of 100-200 meters to extract heat from rocks. A U-
shaped collector made of two plastic pipes filled with a 30% solution of ethyl alcohol supplies
antifreeze to these wells. The environment has a big influence on the reaction. Groundwater
naturally transfers heat from rocks to the coolant that fills wells. If the well is overloaded or too
short, the water and antifreeze may freeze, which will reduce the maximum heat output of the
system. For control systems, the temperature of the antifreeze at the return is crucial. A 10 kW
heat pump requires a well with a depth of about 170 meters, since it generates an average of
50-60 watts of heat per running meter. Digging several shallow wells is more financially
profitable than a single well with a depth of more than 200 meters.

For a small 110-120 square meter house with low energy consumption, the time
required to pay off the initial investment is only 10-15 years. In addition, most systems operate
during the summer months because they facilitate the movement of heat, which is essentially
solar energy, from the interior to either groundwater or rock formations. Granite acts as an
essential conductor of heat in mountainous regions such as Scandinavia, effectively storing
thermal energy in summer and giving it away at night or in winter. The bowels of the Earth and
groundwater are sources of heat. Extracting heat from the ground is one of the most effective
methods, despite its significant cost. Since the temperature of the earth at a depth of several
meters is constant throughout the year, the effectiveness of this technology does not depend
on the weather. By 2013, only 500,000 systems were installed in Sweden, compared with
50,000 in Finland and 70,000 in Norway annually. The installation of antifreeze underground
often takes place at a depth of 0.7 to 1.2 meters, 30-50 centimeters below the freezing point
of the earth. The heat source for this project comes from the ground. Manufacturers
recommend placing collector pipes at a distance of at least 1.2 meters from each other and
no more than 1.5 meters. Drilling is not required at this location, but a significant amount of
excavation work is required over a vast area.

In addition, the water supply in this area is more susceptible to damage. It does not
require additional soil preparation and is just as effective as using a well to extract heat. The
ideal location is moist soil; otherwise, a larger circle will be required. In clay, it is estimated that
50-60 watts of heat is generated per meter of pipe; in sand 30-40 watts. These figures are
lower in the northern regions in temperate latitudes. As a result, the construction of a 10 kW
heat pump requires 400 m2 (20 x 20 m) of land, which requires a ground loop length of 350-
450 m. Well-designed contours have little effect on the green environment.

It is advisable to reduce the required depth to 50-70 meters, while increasing the heat
output to 700 watts per meter in wells with a larger diameter (218-324 mm).This is achieved
by including the active circuit of the main converter of the heat pump in the well. This method
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is especially effective in wells equipped with submersible pumps and tubeless water lifting
systems. These systems generate a stream of water, which actively increases the performance
of the main circuit of the converter. As a result, more heat can be extracted not only from the
surrounding ground, but also from the circulating liquid.

When using nearby bodies of water as a heat source, the contour should be located at
the bottom of the reservoir, making sure that it is at least two meters below the surface. The
energy conversion efficiency of a heat pump is comparable to that obtained by extracting
energy from the ground. Since a meter of pipe can withstand about 30 watts of heat output,
300 meters of pipeline must be laid in the tank to support a 10 kW heat pump. To avoid
buoyancy in the pipeline, a weight of approximately 5 kg is applied to each running meter.
Commercial versions can have annual energy consumption in the range of 70 to 80 kilowatt-
hours per square meter. To provide heating during severe frosts, when there is not enough heat
from the external circuit, a bivalent heating scheme can be used. This means that when the
temperature drops below a set threshold (bivalent temperature), an auxiliary heat source is
automatically activated, usually a small electric heater, which compensates for the lack of
thermal energy.

Since it takes only 0.2-0.35 kWh of electricity to transport 1 kWh of thermal energy to
the heating system, heat pumps provide significant energy savings. Compared to traditional
power plants, where the efficiency is close to 50%, this significantly improves fuel economy.
In addition, the use of closed circuits, which have virtually no operating costs other than
energy, can improve fire safety and optimize ventilation systems.

Moreover, fan coils or ceiling cooling systems can be switched from heating mode to
cooling mode in summer, connected to an external collector. HPs are easy to use because
they are reliable. They work very quietly and are about the same size as a regular refrigerator.
Since the system is configured according to the unique requirements of the user, it becomes
possible to evaluate the economic efficiency and optimal choice of energy sources.
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Abstract. Electromagnetic pollution is the result of the development of human civilization, which harms the
environment. This type of pollution began to occur after Nikola Tesla invented devices that operate on alternating current.
As a result, electronic devicegldavision lines, radio stations, power lines, technological equipmergy Ynd laser
installations, and other sources of pollution have a negative impact on the environment.

Humans cannot see or feel electromagnetic fields, which is why they are na alveae of the dangerous effects of
these fields. My work confirms the existence of their negative impact on living organisms.

Keywords: electromagnetic pollution, electromagnetic fields, electromagnetic smog, electromagnetic ecology,
membrane, bioindicin.

PeueH3eHT: Toponues Bacunuin BnagnMmpoBny - KaHANOAT TEXHUYECKNX HayK, OOLEHT.
Oreoy BO «PTAY-MCXA nm. K.A. Tummpsisesa»

Substance and field are two forms of existence of matter. And if a person encounters a
substance every moment and feels it, then the field is not perceived by the human senses.
Electromagnetic fields are invisible, inaudible, tasteless and not perceived by the sense of
touch. They spread with a huge speed. This is the insidiousness of electromagnetic fields and
their environmental danger — they are not perceived by the senses, but they can cause
irreparable harm to living organisms.

From a scientific point of view, the relevance of this work lies in the fact that studying the
effects of electromagnetic pollution caused by electromagnetic radiation will allow us to
develop effective methods for protecting the environment and all living organisms from this
danger.

The electromagnetic background has always been present on the planet. It contributes
to the development of life, but its natural influence does not harm the environment. However,
as electrical devices and appliances began to be used in industrial and domestic settings, the
intensity of radiation increased. This led to the emergence of wavelengths that were previously
non-existent in nature.
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With the emergence of anthropogenic pollution sources, electromagnetic fields began to
have a negative impact on both human health and the environment. This led to the
phenomenon of electromagnetic smog, which can occur both outdoors and indoors.

Electromagnetic smog is the superposition of electromagnetic fields in the human
environment caused by electromagnetic radiation of all kinds (Figure 1).

7 @\
i \\

mw.

Figure 1.

Various household appliances can serve as sources of electromagnetic "pollution" in
homes and apartments, such as refrigerators, irons, electric stoves, televisions, computers,
vacuum cleaners, hair dryers, electric kettles, and others.

Measures to protect against the effects of electromagnetic smog:

¢ Time protection - reducing the time spent near working electrical appliances, near high-
voltage lines, and so on.

¢ Distance protection - moving away from working appliances.

¢ Do not concentrate several devices in one place, overlapping electromagnetic fields
are much more dangerous.

Electromagnetic pollution is dangerous for the environment, as it has a negative impact
on the environment. The exact mechanism of this type of radiation on a living organism is
unknown.

At the cellular level, the membrane is the most sensitive to various physical and chemical
stimuli and effects. Even minor electromagnetic radiation can cause morphological and
functional disturbances in the membrane. As a result, the cell's field energy is converted into
other forms, and the cell may increase in size (Figure 2).
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Figure 2
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Bioindication of electromagnetic fields is a comprehensive assessment of the impact of
EMFs on the environment using living organisms as bioindicators.

Bioindicators are living organisms that have a pronounced reaction to external influences.
They include various species of plants, fungi, algae, and animals. Bioindication is an integral
part of biological monitoring, a system of observation and control over the state of the
environment in a specific area, aimed at the rational use of natural resources and the protection
of nature.

Studying the consequences of anthropogenic impact on the environment is impossible
without using biological indicators, which provide direct information about the organisms'
response to stress factors.

The main objective of bioindication is to develop methods and criteria that can
adequately reflect the level of anthropogenic impact, taking into account the complex nature
of pollution.

As an example of bioindication, | grew single-celled organisms called ciliates (Figure 3).

Figure 3

The movement of the infusoria - slipper is carried out with the help of cilia. They cover
the entire body of a unicellular and there are a very large number of them. All cilia are arranged
in regular longitudinal rows, making them undulate. The velocity of the ciliate is 2-2.5 mm per
second, which is a very high speed. The sizes of different types of shoes range from 0.1 t0 0.5
millimeters.

In today's society, the emergence of new types of vehicles, such as electric cars, has
increased the level of electromagnetic pollution. Since electric cars are not widely available, |
have chosen to focus on another type of electric vehicle: the trolleybus.

To determine the intensity of electromagnetic fields in the trolleybus cabin that affect
people, measurements were taken at a height of 1 meter above the floor. All areas of the
trolleybus cabin were examined.
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The maximum value of the electric radiation is 90 V/m - this is the driver's cabin (Figure
4). With an increase in the distance, there is a decrease in the electric radiation. This value
does not exceed the maximum permissible levels of electromagnetic fields. The electric
component of the trolleybus's electromagnetic field does not exceed 500 V/m in all controlled
areas.

Figure 4
We conclude that the object under study can be considered relatively safe at any point
in the cabin, meaning that it is safe for both passengers and staff. The largest fluctuations in
the magnetic field occur in the subway.
What should a person do, how should he behave, how should he protect the environment
in the face of an increasing number of technical devices that emit electromagnetic energy?

(Figure 5).
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Figure 5
Place the equipment in the house correctly.

When you have finished working with household appliances, immediately disconnect
them from the electrical outlet.
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Do not place a TV, computer, or other appliances in the bedroom, as it is the most
radiation-protected area in the apartment. The nightlight outlet should be at least one meter
away from the bed.

Do not turn on multiple sources of electromagnetic field at the same time. Use household
appliances separately whenever possible.

Do not leave your computer or monitor on for long periods of time. If you are not using
your computer, turn it off.

When waiting for a mobile phone connection, do not hold the phone close to your ear
and monitor the signals on the display. Keep your cell phone conversations as short as
possible.

Electromagnetic pollution of the environment is one of the most pressing problems for
humanity. Every day, we turn on our microwave ovens, talk on our mobile phones, drive in our
cars, and work on our computers, without realizing that each of these technological inventions
has its own negative effects on us. A powerful source of harmful radiation is the computer,
which many people spend most of their day in front of. In this case, both the processor and
the monitor are sources of radiation. Another major contributor is the mobile phone. When
exposed to this device, it is customary to distinguish two effects: thermal and non-thermal. Of
course, it is not worth giving up on inventions that make life easier. However, in order to
prevent technological progress from becoming an enemy instead of a helper, it is important to
follow certain rules and use technological innovations wisely.

Anyone can contribute to saving the planet, as long as they start.
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Abstract. The article provides a comprehensive analysis of the system for organizing the maintenance, storage,
and testing of personal protective equipment (PPE) at an industrial enterprise in the -opgichinical industry. The key
elements of the PPE managemegstem are examined, including warehouse storage conditions with climate control,
principles of segregated storage by type, electronic rkeeping, and the FIFO system. The paper also covers daily and
periodic maintenance procedures, as well as a-tiemetesting system. Responsible departments and document flow are
described. Problem areas are identified, such as insufficient automation, variability in operating conditions, and @he need f
enhanced personnel training. Optimization pathways are megoincluding the implementation of RFID tags, integration
with digital occupational health and safety platforms, and adaptation of regulations for specific work areas. The study
concludes that the current model demonstrates a high level of systematiizatign and outlines prospects for its
development within the context of digital transformation.

Keywords: personal protective equipment (PPE), occupational safety, PPE storage, PPE testing, PPE
maintenance, industrial safety, PPE management system.
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PeueH3eHT: Toponues Bacunuin BnagnMmpoBmy - KaHANOAT TEXHUYECKNX HAYK, OOLEHT.
OIre0Y BO «PTAY-MCXA nm. KA. Tumnpsazesa»

B COBpeMeHHbIX YCNnoBUAX MPOMBIWAEHHOrO MNPOU3BOACTBa  obecneyeHne
6e30nacHOCTN pPaboOTHUKOB BbLICTYNAeT OOHUM U3 Kho4eBbiX NpuoputetoB [1]. Ocoboe
3Ha4eHne aTa 3agadva NpPuobpeTaeT Ha NPeanpPUATUSAX ONTUKO-MEXaHNYeCKOro npoduns, rae
TEXHONOMMYECKNE MPOLIECChl COMPSXKEHbI C MHOXECTBOM MOTEHUMANbHbIX OMacHOCTEN:
paboTta C BbICOKOTOYHbIM OO6OPYAOBaHNEM, XUMUYECKUMU peareHTamun, abpasvBHbIMU
MaTtepuanamm, UICTOYHUKaMU MHTEHCUBHOIO CBETOBOIO U3ny4eHnsa. B aTon cBA3n cucteMHas
opraHmnsaumsa paboTbl CO cpeacTBaMmn nHameuayansHon 3awmtel (CUI3) — OT nx xpaHeHus n
yxofa OO PerynapHoOro KOHTPONA — CTAHOBUTCSA KPUTUYECKN BaXKHbIM 3J1IEMEHTOM OXpPaHbl
Tpyga. CpeactBa vHAMBMAYaNbHON 3awmTbl NPEACcTaBnsAoT cobon  nocnegHuin, Ho
He3aMeHUMbIN Gapbep Mexay PaboTHMKOM U MPOU3BOACTBEHHbIMU puckamu [7], U nx
9(PPEKTMBHOCTb HaNpPsIMyKO 3aBUCUT OT COXPaHEHUs 3alUTHbIX CBOWCTB Ha BCEX aTanax
YKN3HEHHOrO UMKna.

Ha nccnegyemom npegnpustui peann3oBaH MHOMOYPOBHEBBIM MOAXOL K XPaHEeHUIo
CU3, yuntbiBaowmin cneunguky pasnmnyHbiX KaTeropuin 3awmTHON aKunupoBku. Cknagckoe
XpaHeHne HoBblXx CU3 ocylwecTBNAEeTCS B CrNeunanusnpoBaHHbIX MNOMELLEHUSAX C
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KOHTPOMMPYEMBIMN  MapamMeTpaMmn MUKPOKIUMaTa: TemnepaTtypa nogaepXmnBaetcsa B
ananazoHe 18-22°C, oTHocuTenbHas BnaxHocTb — 40-60% [5]. D10 npepoTtBpawaer
npeXxgeBpeMeHHyl0 gerpagaumio MatepuanoB W3-3a MNeperpeBa, MNepeyBAaXXHEHUS WUn
nepecywmsanna. [puMeHaeTca MNpUHUMN pasfgenbHOro pasMeLlleHns no Tunam, 4To
NCK/IOYAET KOHTaKT HECOBMECTMMbIX MaTepuanoB W ynpowaeT JorncTuky. Kaxpas
kateropuss CU3, Takas Kak 3awmTHble OYKMK, PEecnupaTtopsbl, nepyaTtku n creuopexpaa,
XPaHUTCA B OTOENbHbIX CEKUMSAX C YETKON MapkKuMpoBkon. Cuctema ydéta bGasmpyetcsa Ha
9/IEKTPOHHOM peecTpe, rae oA Kaxxaoro nsgenus UKCUpyroTcsa aata NocTynieHns, napTns,
CPOK roOgHOCTU M HOPMATUBHbIN AOKYMEHT. OTO MO3BOMASAET MPUMEHATb NPUHUUMN «MepBbIM
NOCTYNWA — MepPBbIM BbIObI1» U UCKAKYaTb UCMNOMb30BaHMe nNpocpoyveHHbix CU3. [Ona
3aWmnTbl OT BHELHWX BO3OENCTBMA  UCMOSBb3YIOTCA rEPMETUYHbIE  YMAaKOBKU  ON1s
YYBCTBUTESNIbHbLIX U3OeNUin, a Takxke obecne4vmBaeTcs 3awmTta OT  yAbTpadmnoneToBoro
N3NYYEHNSA N MEXAHNYECKMX NOBPEXAEHNIA.

PerynapHbeln yxopn SBRASieTCA 3a5lofOM COXpPaHeHus 3awmTHbIX cBoncte CU3 Ha
NPOTSXKEHNN BCEro cpoka cnyx6bl. Ha npegnpusatn BHEAPEH pernameHT, BKIH0YatoLmin
eXEeOHEBHYI OYNCTKY paboTHMKaMUN NOCHEe KaXXAOMW CMeHbI. 115 O4KOB U NINLUEBLIX LLMTKOB
NPUMEHSAIOTCA cneynanbHble pacTBopbl 6e3 abpasnBHbIX YacTul, a cneyoaexaa o4nWaeTcs
OT NbIM W 3arpsA3HEHUn COrnacHo WHCTPYKUMaM npoussoantens. [lepuognyeckas
nesnHdekumna obasatenoHa onsg CU3, KOHTaKTUPYOWMX C KOXKEN, AN Yero UCnonb3ykTcs
cepTUdUUMPOBaHHbIE aHTUCENTUKKU, He paspywakmwme matepuanbl. PeMOHT n 3ameHa
KOMMAEKTYIOWMNX MNPOBOAATCA LUEHTPASM30OBAaHHO B PEMOHTHON MacTepckon. KOHTposb
COCTOSIHUS BO3JIOKEH Ha pyKoBoAuTeNen noppasfaeneHnin, KoTopble eXxeHepesbHO
NPOBEPSAIOT HaNM4Me NOBPEXAEHN N PYHKUNOHANBHOCTb PErYIMPOBOYHbIX MEXaHU3MOB [9].
Ocoboe BHUMaHVe ypensietcsa cneundguydeckum CU3, mncnonb3yembiM B ONTUHECKOM
NPOW3BOACTBE: 3aWNTHBIE OYKN C UHTEPEPEHLMOHHBIMI MOKPLITUSMW OYMLLAIOTCA TOSIbKO
MArKUMK 6e3BOPCOBbIMN  candeTkaMmn U CcreumanbHbIMU XXUAKOCTAMU, pecnmpaTopbl C
aKTUBNPOBAHHbLIM YINEM MPOBEPSIOTCA HA FEPMETUYHOCTbL Nepen, KaXKabIM NPUMEHEHNEM, a
aHTUCTaTU4ecKas cneuogexaa obpabaTbiBaeTcsa NPOBOSALLVIMN COCTaBaMU O COXPaHEHNS
9KPaHUPYIOLLMX CBONCTB.

Cuctema ucnbitaHum CN3 Ha npeanpuaTumn npoBoanTca B TPEX hopmaTax. BxogHon
KOHTPOJSIb HOBbIX NapPTUA BKJIIOYAET MNPOBEPKY COMPOBOOUTENBbHON [OKYMEHTauum Ha
cooTBeTcTBME TpebosaHusaM TexHuveckoro pernameHta TP TC 019/2011 [2], Bu3yanbHbIn
OCMOTP Ha Hann4me gedeKToB 1 BbIGOPOYHYHO MPOBEPKY KIHOYEBBLIX NapaMeTpOB, Hanpumep,
OMTUYECKON MNOTHOCTU CBETOMUILTPOB C MOMOLLBIO CrieKTpodoToMeTpa. lNepunognyeckne
NCNbITaHNS BbIMOIHAOTCA COrNacHo rpadunkam, yTBepXXaEHHbIM Cy>X00M oxpaHbl Tpyaa B
cootBeTcTBMN C [lpnkazom MwuHTpyaa Poccum Ne 766H [4]: Kacku TeCcTUpyroTCcs Ha
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yOAPONPOYHOCTb M yCTONYMBOCTL K mnpokonam no NOCT 12.4.207-99 [3], pecnupartopsbl
NPOBEPSAIOTCA HA KOI(PDULUNEHT 3aLLUMTLI U FEPMETUHHOCTb COEANHEHMS, 3alLUUTHbIE OYKN —
Ha YCTOMYMBOCTb K YAAPHbIM Harpy3kam 1 ONTUYECKYHK YNCTOTY. BHeo4epeaHble ncnbitTaHms
Ha3Ha4alTCA NOCe aBapUNHbIX CUTYaUnin, OAUTENBHONO XPaHeHUs uan xanob paboTHUKOB
Ha [AONCKOMMOPT WAN CHWKEHME 3awuTHbIX CBOWCTB. [ns npoBeAeHus UCnbITaHUI
NCNONb3YyeTCA aTTecToBaHHOe obopyaoBaHWe: CTeHO O MPOBEPKN KaCOK C MnagaroLlym
rpy3oM, Kamepa C KOHTPO/MPYEMOW KOHUEHTpauuen TeCcT-BELEeCTB [N  OUEHKM
9(PEKTUBHOCTN pPecnnpaTopoB N OMNTUYECKUN CTeHO ONA U3MepeHus KoadpduumeHTa
nponyckaHnsa cBeTounbTPoB. Pe3ynbtatel BCEX UCMbITAHUA  OOKYMEHTUMPYKOTCA B
npotokonax, a CW3, He COOTBETCTBYKOLUME HOPMaM, He3aMeOMTENbHO U3bIMATCA U3
aKcnayaTaumn.

HecMoTps Ha OTNaXXEHHYK CUCTEMY, BbIBAAOTCS 30HbI 4151 COBEPLUEHCTBOBAHUS [6].
K HMM OTHOCATCA HepocTaToyHas aBToMatu3aums yYéTta, BapuaTUBHOCTb  YCOBUN
aKcnyatauum Ha pasHbIX ydacTKax M HeobxoanMMocCTb YriybnéHHoro obyyeHuns nepcoHana,
OCOBEHHO B 4acCTu nNpaBuibHOro yxopa 3a creundpunyeckummn CU3 [8]. lNepcneKTnBHbIM
HanpaefeHneM BUONTCA BHEQPEHUE PagnodaCTOTHBIX METOK OJ1 OTCAEXNBAHUA )XN3HEHHOMO
LUUKNa KaxXaoro nsaenusi, 4To no3BonnT aBToMaTn3npoBaTb YHET Y KOHTPOSIb CPOKOB 3aMeEHb!.
NHTerpaums cuctemsl ynpaenedns CU3 ¢ unposbiMu nnatgopmamm oxpaHbl Tpyaa Aact
BO3MOXXHOCTb B PEXMME peasibHOro BPEMEHN MOHUTOPUTbL COCTOSIHUE CPencTB 3aluThl,
NPOrHO3MpPOBaTb CPOKM WX 3aMeHbl Ha OCHOBE fAaHHblX 006 u3HOCe u opMUPOBaTb
aHanUTUYecKne OTYETbI ANa onTUMM3auumn 3akynok. Takke Tpebyetca panbHenwas
apantaums pernaMeHToB MO yxody WM XPaHeHuo Ansa cneumuyecknx Npon3BOLCTBEHHbIX
y4aCTKOB, Hanpumep, LExXoB C arpecCnBHbIMN cpegamMmn NN NoBbILLEHHBbIMU TPeboBaHNAMUN K
yncToTe.

Taknm 06pasom, opraHusaums yxoaa, XpaHeHus n ncnoitaHnin CN3 Ha aHanu3npyemom
npeanpuaATUN  AEMOHCTPUPYET  BLICOKMIA  YPOBEHb CUCTEMHOCTM W COOTBETCTBUSA
HOpPMaTUBHbLIM TpeboBaHusaM. Kro4yeBbiMM  akTopamMu ycnexa BbICTYNawT >XECTKUN
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