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ABSTRACT

Final qualifying work includes: 107 pages, 22 tables, 34 figures, 68
references.

Key words: simulation analysis, desublimation, uranium hexafluoride,
refrigerant, non-stationary process.

The object of the study are vertical submersible tanks of various sizes with
and without vertical fins.

Purpose of work: numerical study of the process of desublimation of gaseous
UFs into vertical submersible tanks with a volume of 2.0 ... 4.0 m® without fins and
with vertical fins to determine the effect of the degree of filling of containers on
the dynamics of the process of desublimation of uranium hexafluoride in them.

In the course of the study, the following was carried out: numerical
determination of the effect of the degree of filling of containers on the dynamics of
desublimation of dump UFg in vertical submersible tanks without fins and with
vertical fins with a volume of 2.0 ... 4.0 m3. It is shown that the filling time of
tanks with and without fins of the same volume with desublimated UFg is much
shorter for tanks with fins (by 1.73-2.15 times), which is explained by the larger
area of their heat exchange surface.

It is shown that the desublimation process is non-stationary. With an
increase in the thickness of the desublimate layer, its thermal resistance increases,
which leads to a slowdown in the desublimation process.

It is shown that the average productivity of tanks without fins decreases
much faster than in tanks of the same volume with fins. The average performance
of tanks with and without fins at 10% filling of the tanks is almost the same. With
a further increase in the degree of filling, the average productivity becomes higher
for tanks with vertical fins (1.71-2.06 times) due to the larger area of the heat
exchange surface. The calculation showed that for tanks with a volume of 2.0, 2.5,
3.0 m® with fins, the maximum degree of filling is not achieved, due to "freezing"
on the ribs.

The results can be used to improve the technology of desublimation of
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uranium hexafluoride in JSC "PA ECP" and other separating enterprises in the

industry.
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Abbreviations
NPP - nuclear power plant;
KIU - condensation-evaporation unit;
NFC - nuclear fuel cycle;
R&D - research and development work;
PC - personal electronic computer;

EMF - electromagnetic field;
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Introduction

Desublimation is the process of transition of a substance from the gaseous
phase to the solid phase, bypassing the liquid state [1].

The desublimation process has found wide application in various fields of
human activity, it is used in a number of chemical industries (for example, in the
production of iodine, phthalic anhydride, maleic anhydride, anthraquinone,
phthalonitrile, aluminum chloride [1], etc.), in metallurgy (for example , in the
production of zirconium [2,3], hafnium [3], titanium [3, 4], molybdenum [4],
arsenic [5-8] and other metals) to obtain substances and/or separate them. Also,
this process is used in light and food industries [9, 10], medicine [11], in the
separation of vapor-gas mixtures [12], etc.

In the nuclear fuel cycle, gaseous uranium hexafluoride UFg is used as a
working substance for the separation of “*U and **®U isotopes by centrifugation
[13]. The process of desublimation of uranium hexafluoride is an important step in
the production of enriched uranium. At the outlet of the cascade of gas centrifuges,
the UFs flows enriched and depleted in the **U isotope are desublimated into
transport tanks. In practice, vertical submersible transport tanks without internal
finning, with horizontal and vertical finning, as well as horizontal transport tanks
without internal finning, which are used mainly for import/export of UF¢ [14, 15],
are most widely used.

Construction and commissioning of new nuclear power plants in the world
(currently, construction is underway in such countries as Turkey, Belarus, Finland,
India, China, Russia). It leads to the fact that an increasing number of countries are
striving to master the technology of uranium isotope enrichment (for example, Iran,
China), as well as increasing competition between existing nuclear fuel producers
for markets for their products.

Such work is important and necessary for the efficient and safe enrichment
of uranium. Intensification of the UF¢ desublimation process will increase the
productivity of the plants and improve the quality of the resulting product. The

design of UFg desublimation collectors with increased productivity and the
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improvement of tank designs will improve the technological parameters of the
process and ensure safer operation of the equipment.

In addition, upgrading separation equipment and increasing its separation
capacity also requires increased control over the enrichment process, including
control over the quality and safety of the resulting product, as well as waste
management and environmental protection measures. All these measures will help
ensure the safety and efficiency of the uranium enrichment process in Russia and
contribute to the development of nuclear energy in the world.

It is possible to increase the performance of the CIU in the following ways:
develop and design the CIU with increased productivity; optimize the operating
modes of the plants used, ensuring the maximum rate of desublimation
(sublimation) of UF4 and the most complete filling of transport containers; improve
the design of transport tanks.

The most promising way to solve problems of this kind is to use
mathematical modeling of nonstationary processes of heat and mass transfer that
occur during the desublimation of UFg, since the experimental approach is
expensive and takes a lot of time [1-7].

In this regard, the creation of such models and, with their help, research and
optimization of the processes under consideration, as well as improving the design

of equipment, become relevant.

1 BASES OF THE PROCESS OF UFs DESUBLIMATION AND
APPROACHES TO ITS SIMULATION ANALYSIS

1.1 Physicochemical characteristics UFg

1.1.1 Physical properties UFg

UF¢ at nuclear fuel cycle enterprises can be in three states of aggregation,
each of which has its own characteristics and requires special storage and

transportation conditions.
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Gaseous UFg is used in a gas centrifuge cascade to enrich the light isotope. It
iIs compressed and stored in special pressurized containers, which ensures safety
during transportation and storage.

Solid UF¢ enriched in the light isotope is transported between industry
enterprises. For storage and transportation, special containers are used that provide
protection against radiation and mechanical stress.

Liquid UFg is used in the transfer operation and requires special storage and
transportation conditions. For the safe storage and transportation of liquid UFg,
stainless steel containers are used, equipped with valves and mechanisms that
ensure tightness and safety during transportation.

Thus, proper storage and transportation of UFg is a key element in the safety
of nuclear fuel cycle facilities.

Uranium hexafluoride, which is in the solid state, is a colorless crystalline
substance, liquid is colorless, gas is colorless. The evaporation process proceeds
with the absorption of heat. At T = 64.05 °C (melting point) and a pressure of 1134
mm Hg. Art. Uranium hexafluoride exists in solid, liquid and gaseous states (triple
point). [16-18]. The critical point of UFg is characterized by the following
parameters: temperature 245°C, pressure 47876.6 mm Hg. Art. (6383 kPa or 45.5
atm.) Density 1.39 g/cm®. When the critical temperature is exceeded, UFg
decomposes [18].

sublimation of uranium hexafluoride from a solid to a gaseous state can
occur over a wide range of pressures. In this case, the reverse process -
desublimation of uranium hexafluoride from a gaseous state to a solid crystalline
state - occurs with the appropriate maintenance of temperature and pressure.
Desublimation makes it possible to transfer uranium hexafluoride from the gaseous
state to the solid phase without the participation of the liquid phase, which
improves the quality of the resulting product and increases the productivity of the
equipment.

For desublimation of uranium hexafluoride from a gaseous state to a solid

state, specialized desublimation collectors are used. They are containers with heat

20



exchange elements, where the condensation of UFg vapors and the formation of
solid phase crystals take place. When using desublimation collectors, it is possible
to completely convert a gaseous product into a solid state.

The reverse process - the transformation of the solid phase of uranium
hexafluoride into a gaseous one - occurs by heating at reduced pressure, which
makes it possible to transfer the solid phase back to the gaseous state. This process

can be used to reprocess enriched uranium.
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Figure 1.1 - UF4 phase diagram

It should be noted that the transition from the solid phase to the liquid phase
Is accompanied by an increase in volume by 1/3.

The physical properties of uranium hexafluoride make it possible to create a
simple, convenient, and compact technology for handling it.

The low vapor pressure of UFg at a temperature of 50...60 °C makes it
possible to organize its safe and long-term storage in warehouses in sealed

containers in the solid state.
1.1.2 Chemical properties UFg

Due to such properties of uranium hexafluoride, its use requires special
technical solutions and equipment, which makes its industrial application difficult
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and makes its production more difficult and expensive, so uranium hexafluoride is
mainly used in the nuclear industry.

Uranium hexafluoride is highly reactive. It smokes in air, instantly interacts
with water and water vapor, hydrolyzes, forming a non-volatile compound uranyl
fluoride (UO,F,) and very aggressive hydrofluoric acid (HF):

UFg+2H,0 — UO,F,{ +4HF,
Upon further interaction with water, uranyl fluoride (UO,F,) dissociates, forming
Uo, " uF:
UO,F,— UO, " +2F 7,
UF¢ interacts with organic compounds, forming non-volatile UF4 tetrafluoride and
a number of intermediate compounds:
UF¢+2CCl;— UF,+Cl,+2CClI3F.

In addition, uranium hexafluoride is highly corrosive, which means that it
can attack a variety of materials, including metals, plastics, and ceramics. Thus, to
create equipment used in the production and processing of uranium hexafluoride, it
IS necessary to use materials that can withstand its high aggressiveness and not be
subjected to corrosion or other destructive effects.

Losses (corrosion) of UFg when interacting with the surfaces of some metals
and their oxides are large, especially with zinc, silicon, lead, tin, iron:

UF¢+Me — MeF,+UF,

1
UF6+MeO—) MEF2+UF4+E 02.

Due to the reactions of UFg with organic compounds, metals and their
oxides, UF4 is deposited on the walls of process equipment. The resulting losses of
the working gas lead to the fact that the target isotopes of uranium are removed
from the technological process, which leads to a decrease in the productivity of
individual centrifuges, and, consequently, to a decrease in the separation capacity
of the entire cascade.

In addition, gaseous uranium hexafluoride reacted with moisture, organic

substances and metals, giving up part of its fluorine, turns into a non-volatile
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compound (powder) - tetrafluoride and, deposited on the internal cavities of
separating machines, is removed from the technological process. The resulting
corrosive losses of the working gas disturb its balance, the separating power of
individual machines and the plant as a whole decreases. The most stable materials
when interacting with UFg are nickel, aluminium, magnesium, copper and their
alloys. The stability of these metals is explained by the formation of surface films
of metal fluorides, and in aluminum, by aluminum oxide [19-20].

In addition, a number of synthetic materials, such as Teflon, fluoride grease,
etc., show sufficient stability.

Despite the rather specific physical and chemical properties of UFg, exact
observance of the requirements for the operation of the equipment makes it

possible to avoid their negative impact on the technological process [18].

1.2 Methods for obtaining UF¢ in industries

Raw materials obtained at ore factories in the form of U3Og for its further
participation in the nuclear fuel cycle (NFC) are converted into UFg, which is used
as a working substance at separation enterprises. This is explained by the possibility
of organizing the process of uranium enrichment in the gas phase and the
monoisotopic nature of natural fluorine (the mixture consists of two uranium
isotopes) [21, 22].

There are known methods for obtaining UF¢ without the use of fluorine [23,
24], such as the disproportionation of UFs and the interaction of dry oxygen with
UF4 at a temperature of 800 °C, which are used only on a laboratory and semi-
industrial scale and have not found wide application due to the formation of side
compounds of uranium . They need to be removed from the system and recycled
[24]. The use of halide fluorides (CIF, CIF;, BrF;, and others) and metal fluorides
(AgF,, CoF;, HgF,), in addition to the above problems with the separation of
reaction products from UFg, leads to difficulties in the selection of structural
materials due to the high corrosivity of the reagents [24].

In connection with the improvement of the process of electrolytic production
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of fluorine, the main industrial method for obtaining UF¢ has become the
fluorination of uranium in an atmosphere of HF and F, gases [23-26].

The fluorination operation can be implemented on apparatuses of several
types [25]: in screw reactors (Figure 1.2), which are currently not used due to low
productivity, in fluidized bed apparatuses (Figure 1.3) and in flame reactors (Figure
1.5) according to the following reactions:

Ui0g + 8HF — 2UOF: + UFy + 4H20.
Uz 0s+4HF+F; — UO2F2+2H:0.
UO2F2 +2F2 — UFs + Oa,
UFs4+F: — UFs.

When obtaining UF¢ in fluidized bed apparatus (Figure 2), UF, is used as a
feedstock. A permanent fluidized bed is created by the CaF2 pellets. To reduce the
combustion temperature, fluorine is diluted with nitrogen, and at a temperature of
450-500 ° C, as a result of the last given reaction, gasecous UFg is formed.
Advantages of this type of apparatus: no local overheating, good thermal control of
the fluorination reaction. The disadvantages of this method can be considered
small losses (1-2%) of uranium, which can not be extracted from the fluidized bed.
The requirement for a high degree of uniformity of UF, and CaF, particles in terms
of size and density, as well as the formation of difficult-to-open non-volatile
complex compounds such as CaUFs, NasUF, etc., which must be extracted from
the fluidized bed and reprocessed [26].

The technology for obtaining UFs in flame reactors (Figure 1.4) is more
sensitive to the morphology and particle size than to the chemical formula of the
initial uranium compound, therefore, both uranium oxide compounds and UF, can
be used as raw materials [26]. The advantage of oxide raw materials is the
simplification of the technological scheme for obtaining UF¢ (the stages of
reduction of higher oxides to dioxides and hydrofluorination of dioxide to uranium
tetrafluoride are excluded), as well as the absence of intermediate uranium
fluorides in the system [25, 26]. The use of UF, significantly increases the

concentration of uranium hexafluoride at the reactor outlet, reduces the amount of
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heat released during fluorination, which facilitates reactor cooling, and also
reduces the specific consumption of fluorine [25, 26]. Abroad, schemes for
obtaining UF¢ using uranium tetrafluoride are more common; in Russia, both types
of feedstock are used [25].
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Fig. 1.2. screw reactor

Fig. 1.3. Fluidized bed reacto
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Fig. 1.4. flame reactor

In flame reactors, fluorination is carried out at a temperature of 900-1100
°C, while the temperature of the reactor walls must be maintained in the range
of 450-500 °C. A decrease in the temperature of the walls leads to the formation
of intermediate fluorides and their sticking to the walls, which is accompanied
by a sharp deterioration in the heat transfer conditions, and an increase in the
temperature of the walls can lead to the destruction of the reactor. Advantages of
flame reactors: the maximum degree of fluorine reaction and high productivity,
disadvantages: strict requirements for the purity of raw materials and the need
for strict control over process parameters [24, 25].

Depending on the type of feedstock used, the concentration of UFg in the
composition of fluorination products varies from 45% (when using UF,) to 75%
(when using uranium oxides), and the concentration of impurities changes
accordingly [24, 25].

The resulting gas-vapor mixture for cleaning from dust and solid particles
is filtered and sent to the desublimator in a heated state, where it is cooled and
desublimated on the walls of the apparatus, and then placed in transport
containers and sent to separation plants. To minimize the effect of volumetric
desublimation, devices with a renewing or developed surface are used [27].

The following types of desublimators are known [28]: scraper (with a
renewing surface); with thermal reset (with a renewing surface); with a
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developed surface (with U-shaped tubes); multi-chamber with one warm wall;
multi-chamber with two warm walls; combined type desublimators.

In vertical scraper-type desublimators (Figure 1.5), mechanical renewal of
heat exchange surfaces is implemented. Vapor-gas mixture | enters a cooled
cylindrical apparatus 1. Gaseous UFg is desublimated on the inner surface of the
apparatus, cut off by scrapers 2 located on a continuously rotating shaft, after
which UFg and gaseous impurities are removed from the apparatus (flows Il and
I11, respectively). Currently, due to the complexity of ensuring the tightness of the
apparatus body and the increased wear of the scrapers and the body, structures of

this type are not used in sublimation production of UF.
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Fig. 1.5. Scraper desublimator

The desublimator with thermal release (Figure 1.6) consists of a cylindrical
body 1 heated by a jacket 2. Cooling elements 3 (Field tubes) are mounted in
several rows on the cover of the body, into which a refrigerant (streams A, B) or a
coolant is supplied. Desublimation of UFg occurs on the outer surface of the tubes
when a refrigerant is supplied to them, as the thickness of the desublimate layer
increases, a coolant is supplied to one of the rows of tubes instead of a refrigerant,
after which UFg is discharged into the transport containers and from the surface of
the tubes of this row (flow Il1). Thus, a continuous renewal of the entire heat
exchange surface of the apparatus is gradually carried out. Desublimators with
thermal release are used in large-scale production [27, 28]. Their disadvantages

are: a high degree of breakthrough of the target product at the time of
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desublimation discharge and increased energy consumption due to the frequency of

heating and cooling processes.

‘ll

Fig. 1.6. Heat Reset Desublimator

The diagram of a desublimator with a developed surface is shown in Figure
1.7. It can be used in various industrial facilities such as oil and gas wells, gas
processing plants, etc. For efficient operation, it is necessary to ensure the supply
of refrigerant and the removal of condensate.

The advantages are its mobility and the ability to quickly transport to the
desired object. It can also be used for desublimation of various types of vapor-gas
mixtures, which makes it a versatile tool for various production tasks.

However, the disadvantage is its limited performance compared to stationary
desublimators. It also requires the installation of a cooling system and a condensate
removal system, which can further complicate the operation and use of this type of

desublimator.

Fig. 1.7. Desublimator with developed surface
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A diagram of a vertical multi-chamber desublimator with one warm wall is
shown in Figure 1.8. Vapor-gas mixture | is supplied to the refrigerating chamber
placed in the housing 1. From the outside, the housing is heated by electric heaters
2 to a temperature exceeding the sublimation temperature of the target product.
The refrigerant enters the cooling elements 3 on the outer surface, which are ribs
forming desublimation chambers 4 (view E). UF; is desublimated in the chambers
sequentially from the inlet of the gas-vapor mixture to the outlet, while the
resulting aerosols pass through the gap 5 with a width & between the heated body
and the fin, and re-sublimate upon contact with the heated wall, after which the
newly formed vapors of the product are desublimated in the next chamber. When
the apparatus is filled with desublimate, the supply of the vapor-gas mixture and
refrigerant is stopped, the electric heaters increase the temperature in the apparatus
to the melting point of UFs and the molten desublimate is removed from the
apparatus through a branch pipe in the bottom part (flow II) [28]. Such
desublimators are reliable in operation and make it possible to increase the
efficiency of UFg capture due to more complete and uniform filling of the

apparatus.
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Fig. 1.8. Multi-chamber desublimator with one thermal wall

A multi-chamber apparatus with two warm walls (Figure 1.9) consists of an

annular body 1, in which a desublimation chamber 2 is located, inside coaxially
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with the body there is an annular cooling chamber 3, divided by partitions 4, which
have holes 5 for circulation of the refrigerant. Heaters 6 are located on the inner
and outer walls of the annular body.
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Fig. 1.9. Multi-chamber desublimator with two warm walls

For the separation of UFg from the gas-vapor mixture at sublimation plants.
Combined type desublimators (Figure 1.10) have found the greatest industrial
application, consisting of an apparatus with a thermal release and a vertical
submersible transport tank with smooth inner walls connected to the bottom of the

desublimator.
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Fig. 1.10. Combined type desublimator
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The vertical immersion tank is placed in a thermostat, fixed in it, without the
possibility of floating, after which the thermostat is filled with a saturated CaCl,
solution with a temperature of minus 20 °C (flows C, D). After filling the tank to
54%, the use of a desublimator with thermal release becomes ineffective, so the
supply of refrigerant to the desublimator is stopped and further filling of the tank
occurs due to the desublimation of UFg on the inner walls of the immersion tank.
Non-desublimated impurities entering the apparatus as part of a gas-vapor mixture
are removed from the desublimator.

Combined type desublimators have the same advantages and disadvantages
as devices with thermal release. In addition, their disadvantages include the
impossibility of filling vertical transport containers only in bulk (using a
desublimator with thermal release), as well as the possibility of part of the
desublimated UF4 getting into the production room when replacing filled transport

containers with empty ones.

1.3 Desublimation of uranium hexafluoride at separation plants

Separation plants use a special desublimation system to remove these light
impurities from gaseous UFs. In this desublimation system, UF¢ passes through a
series of condensers that cool it down to a temperature at which the impurities
desublimate. The resulting solid desublimate and impurities are removed from the
system, and pure gaseous UFg is returned to the uranium isotope separation
process.

Thus, the specificity of the desublimation process in separation plants is that
it is necessary to remove light impurities from gaseous UFg which can
significantly reduce the separation capacity of gas centrifuges. In this case,
desublimation is carried out at lower temperatures than in sublimation production,
but the principle and operation of the desublimation system are similar: the
resulting desublimate is removed from the system, and pure gaseous UFg is used in

the further process of separating uranium isotopes.
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In the flow of the fraction depleted in the light isotope, the content of light
impurities is minimal [29, 30]. Despite this, the waste collector tanks are
periodically (2 times per filling cycle) pumped into the suction system to extract
light impurities from them.

The flow of the fraction enriched in 235U at the selective end of the cascade
Is purified from impurities in purification cascades before desublimation [31]. As a
result, the total content of all impurities in the stream enriched in 235U fraction in
accordance with the requirements of the technical specifications does not exceed
5-10-3% vol. [32, 33].

These features greatly simplify the implementation of the desublimation
process by transferring UFg from the gaseous phase to the solid phase directly in
transport containers (without the use of special desublimators).

Indeed, after the closure of gas diffusion separation plants in the USA and
France, the world positions in the enriched uranium market were redistributed.
Now the main producers of enriched uranium are Russia, which uses centrifugal
separation technology, and the URENCO consortium, which also owns centrifuge
plants.

In turn, Japan and China have also become significant players in the
enriched uranium market and seek to increase the share of their production in the
domestic market as well as in foreign markets.

However, it is worth noting that enriched uranium is a strategic resource, and
many countries, including the US and France, maintain their own production
facilities. In addition, there are various projects in the field of developing new
technologies for uranium enrichment, such as laser technologies, which can change
the global positions that Russia and the URENCO consortium currently occupy.

In Russia, there are four enterprises for the separation of uranium isotopes
by the gas centrifuge method. The distribution of the total separation capacity of
the industry for these enterprises [34] is presented in Table 1.2,

Table 1.2. Distribution of the total separation power of Russian enterprises

32



Company Contribution to

total power, %
JSC "Ural Electrochemical Plant" (JSC "UEIP"), Novouralsk 49,0
JSC PO Electrochemical Plant (JSC PA ECP), Zelenogorsk 29,0
JSC "Siberian Chemical Combine" (JSC "SKhK"),Seversk 14,0
JSC "Angarsk electrolysis chemical plant” (JSC "AECC"),Angarsk 8,0

1.4 Desublimation of uranium hexafluoride into vertical containers

At the two largest enterprises JSC Ural Electrochemical Plant, Novouralsk
and JSC PO Electrochemical Plant, Zelenogorsk, for desublimation of enriched
and depleted UFg, vertical submersible transport tanks are used [35, 36], which
have a smooth inner surface or an inner horizontal , or vertical finning (Figure
1.11). Vertical ribs of a rectangular shape are used in dump tanks, horizontal ones -
in some selective ones. The advantage of this method is the simplicity of the
device, the convenience and cost-effectiveness of its operation [37, 38]. The
disadvantage of desublimation into vertical submersible tanks is a decrease in its
productivity as the tank is filled, which occurs due to the low thermal conductivity
of the desublimated UFg¢ layer. In this regard, to ensure the necessary performance
of the desublimation sections, it is necessary to use several containers connected to

a manifold and operating in parallel.
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Fig. 1.11. Vertical immersion tank

a - smooth inner walls, b - vertical finning, ¢ - horizontal finning

(1 - suction pipe)

Vertical submersible transport tanks (Figure 1.11) (1) are placed in a
thermostat (2), fixed in it, without the possibility of floating, after which the
thermostat is filled with a saturated CaCl, solution (streams I, Il), which is cooled
with liquid nitrogen (3) to a temperature of minus 20°C. Then, gaseous UF4 (flow
A) is fed into the transport tanks, and as a result of heat and mass transfer

processes, it is desublimated.
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Fig. 1.12. Vertical tank immersed in refrigerant

The advantage of desublimation into vertical submersible containers is the

convenience and economy of its operation [37, 38]. The disadvantage is a sharp
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decrease in productivity as the tank is filled, due to the relatively low heat transfer
coefficient from the tank walls to the refrigerant and the low thermal conductivity
of the desublimated UFg layer. In this regard, to ensure the required performance of
the desublimation sections, it is necessary to use several containers connected to a

manifold and operating in parallel.

1.5 Desublimation of uranium hexafluoride into horizontal tanks

At JSC AECC, desublimation of UFg is also carried out in horizontal
containers [39]. Gaseous UFg is supplied to the container through pipe 2. The
containers are cooled by spraying their outer surface with a refrigerant. Water
(temperature 3°C) or saturated aqueous solution of CaCl, (temperature minus
20°C) can be used as a refrigerant. The refrigerant (stream I) in the form of a thin
film is irrigated from the device 1, flows down the side walls of the container,
while partially evaporating. As a result of evaporation, the heat transfer coefficient
of the tank wall is somewhat higher than that of submersible tanks [30]. A tray (3)
is installed under the tank to collect the flowing refrigerant (flow I1).

The disadvantage of this method of cooling is the uneven wetting of the
outer surface of the side walls of the containers, when the coolant flows over them,
and also the fact that the end surfaces of the containers practically do not

participate in the heat transfer process [38, 40, 41-44].
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Fig. 1.13. Horizontal transport tank
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The use of the UFg desublimation method in horizontal containers is of
interest in connection with an increase in the number of foreign-made horizontal

containers.

2 SIMULATION ANALYSIS OF THE PROCESS OF UFs
DESUBLIMATION IN VERTICAL SUBMERSIBLE TANK WITH AND
WITHOUT FIN

2.1 Simulation analysis

The UFg desublimation process is non-stationary and its rate depends on
several factors. The first of these is the supply of gaseous UFg to the heat exchange
surface, which determines the total volume of the treated gas. The second factor is
the rate of heat exchange between UFg and the refrigerant. The greater the heat
flux, the faster the desublimation occurs.

However, when the container is filled, the thickness of the desublimate layer
on the inner surface increases, which worsens the heat transfer conditions and leads
to a decrease in the heat flux and desublimation rate. In this case, the decrease in
the desublimation rate occurs non-linearly, that is, the rate decreases faster than the
thickness of the desublimate layer changes. This is due to the fact that with an
increase in the thickness of the desublimate layer, an increase in the resistance to
heat transfer occurs, which leads to a slowdown in the desublimation process.
Internal finning increases the area of the heat exchange surface, as a result,
increases the capacity of the tank.

The model is based on the following assumptions:

1. The process of desublimation of UFg takes place on the cylindrical surface
of the vessel cooled by the refrigerant.

2. Desublimated UF¢ at each moment of time is a cylinder with axial
symmetry, which is due to the uniform distribution of the pressure of gaseous UFg
inside the container.

3. The temperature of the outer surface of the cylindrical wall of the

container is constant and equal to the temperature of the refrigerant at the
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considered moment of time. The temperature of the phase boundary is equal to the
temperature of the phase transition (desublimation) UF¢ for the current pressure in
the vessel.

4. The process of desublimation of UF¢ in the tank is quasi-stationary, i.e.
the temperature distribution is linear and practically does not change with time.

When constructing a mathematical model of the UF¢ desublimation process,
the following assumptions were made:

1. the process of desublimation occurs only on the side and on the bottom of
the tank, the upper part of the tank with a pipe protrudes from the thermostat filled
with refrigerant and practically does not participate in heat exchange;

2. the temperature of the side and bottom surfaces of the walls of the
container is constant and equal to the temperature of the refrigerant, the
temperature of the outer surface of the upper part of the container is equal to the air
temperature in the CMU shop;

3. The process of desublimation of the gas phase is determined by heat
removal through the container wall and the desublimate layer; the heat released
during the phase transition is removed by the refrigerant;

4. the phase transition temperature is equal to the equilibrium temperature
and is determined by the pressure above the desublimate layer;

5. the change in the enthalpy of the gas mixture when it is cooled to the
phase transition temperature is negligible compared to the heat of desublimation;

6. the hypothesis of local thermodynamic equilibrium is fulfilled within each
of the phases;

7. only surface desublimation of UFg occurs on the heat exchange walls of
the vessel, there is no desublimation in the gas volume;

8. chemical reactions do not occur in the system under consideration;

9. thermal diffusion, barrodiffusion and diffusion thermal effect are second-
order effects, their influence on the desublimation process is not taken into

account.
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2.2 Object of study

The object of the study was vertical submersible tanks with vertical fins and
without fins (Figure 2.1) with a volume of 2.0-4.0 m®. The vertical edge is given
by three dimensions: length, width, thickness. The number of ribs is 12. The
thickness of all ribs is 4.0 mm. The thickness of the walls of the containers is 8

mm. Tanks are made of steel 16 GS.

Fig. 2.1. Tank with vertical fins for desublimation of UFg

2.3 Two-dimensional simulation analysis of the UFg desublimation
process

Due to the fact that the rate of the UF¢ desublimation process depends not
only on the conditions of heat exchange of gaseous UFg with the refrigerant, but
also on the conditions of mass supply to the heat exchange surface, to take into
account the gas-dynamic component, the UFgs desublimation process was
considered in a two-dimensional formulation.

The container was presented as a cylinder, into which gaseous UFg enters
through the inlet in the upper part. The axis of symmetry of the branch pipe
coincides with the axis of symmetry of the cylinder. The calculation was carried
out in a cylindrical coordinate system, the origin of which is in the section of the
inlet of the container on the axis of symmetry of the cylinder. The computational

domain is shown in fig. 2.2.
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Fig. 2.2 - Calculation area for a cylindrical container

To take into account the lower elliptical part of the container, it was
presented in the form of a cylinder, while the volume of the container remained
unchanged, the lower wall has a rounding in the form of an ellipse, made in
accordance with GOST 6533-78 (Fig. 2.2). Equations describing the dependences

z(r) and r(z) were introduced:

where R is the radius of the tank, Rel is the rounding radius of the bottom of the
tank, r, z are the variables of the cylindrical coordinate system.

The computational domain was divided by a non-orthogonal grid into
control volumes (CV), which complicated the solution of differential equations on
it due to the need to introduce Lame coefficients into the system of equations to
take into account the change in the angle between the normal to the CV and the
coordinate lines, as well as the need to take into account mixed derivatives at
writing equations of gas dynamics and heat conduction. In order to prevent the
transition to a curvilinear coordinate system, discretization of the computational
domain was carried out, which was not structured by a rectangular difference grid,

which simplified the solution of differential equations.
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2) ey 5)
Fig. 2.3 - Calculation area, taking into account the ellipticity of the bottom wall of
the tank

a) the computational domain before the discretization of the computational grid,

b) computational domain after discretization of the computational grid

Similarly, the ellipticity of both end walls of the container was taken into
account. First, the computational domain was divided by a structured uniform grid,

after which it was also discretized (Fig. 2.4).

) HETH 5

Fig. 2.4 - Calculation area, taking into account the ellipticity of both walls of the
tank
a) the computational domain before the discretization of the computational grid,
b) computational domain after discretization of the computational grid
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The gas was considered inviscid, polytropic, two-component with a constant
adiabatic index. At the initial moment of time, it completely fills the container with
a pressure equal to the pressure in the collector.

Source terms were introduced into the equations of gas dynamics, taking into
account the deposition of UFg on the horizontal end surfaces of the fins, as well as
the parameter f, the clearance (the fraction of the area permeable to the gas mixture

in the plane perpendicular to the r axis):

d
. ﬂ- rpfdzdr + ¢ rc; (pudr — pvfdz) = ﬂ‘ rmdzdr,
5 r 5
d
E”‘ rpc;fdzdr + ¢ rc; (pudr — pvfdz) = ﬂ‘ c;rmdzdr,
5 r 5
d 2
Eﬂ-'rpufdzdr+ 3€ r[(pv* — P)dr — puvfdz] = 0,
§ r
d
Eﬂ- rpvfdzdr + ¢ rc; [puvdr — (pv? — P)dz] = ﬂ‘ Pdzdr,
d
Eﬂ‘ rEfdzdr + ﬂgﬁ:f [(E + P)vdr — (E + P)ufdz] = ﬂ‘ remdzdr,
5 r 5

where cyr is the mass concentration of UFg, e is the specific internal energy, E is
the total energy, v, Yur, Yur, Mur, My are the adiabatic exponents and molar
masses of the mixture of UF¢ and HF, respectively.

The system of equations (2.1) was solved by the Godunov method [45] using
moving grids [46, 47]. In this case, the assumption was made that there are no
shock-wave processes; therefore, the acoustic approximation was used to solve the
Riemann problem on the decay of an arbitrary discontinuity [45]. This assumption
IS based on the fact that at the initial time the container was considered to be filled
with a UFg—HF gas mixture, so the solution of the gas dynamics equations was of a
quasi-stationary nature.

The calculation area is limited by the outer surface of the container, the
surface of the desublimate layer adjoining gaseous UFg, the axis of symmetry of

the container, and the upper wall of the container, on which the thermal insulation
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condition is met. The pressure and stagnation temperature were set as boundary
conditions at the vessel inlet, the symmetry conditions were set on the axis of
symmetry of the vessel, and the velocity of the phase transition front on the side
and bottom surfaces of the vessel, which was calculated from the solution of the
Stefan problem describing the desublimation process.

It was believed that the UFg desublimation process proceeds in an
equilibrium mode. The temperatures of the UF¢—HF gas mixture in contact with the
heat exchange surface and the heat exchange surface are equal to the UF¢ phase
transition temperature determined by the vessel pressure.

At the interface, the Stefan condition is satisfied:

gr  dr
Vo (DpyLyr = hyr an_ UF 3

T, =T, = T(p).

Solving the heat conduction equation in the main coordinate system, we
determined the heat transfer in the desublimate layer and in the tank wall, taking
into account the presence of vertical fins in the tank.

The phase separation surface is not linear, so the formulation of the problem
in the general case requires the use of a moving non-orthogonal grid.

There is currently no generally accepted approach to solving such problems
[46, 47]. This is due to the fact that the equations written in the moving grid
coordinate system contain terms with mixed derivatives. The interface was
constructed using the Huygens principle [48]. It was an envelope curve, the
movement speed of which obeys equation (2.2).

The process of heat exchange of the UFs-HF gas mixture with the refrigerant
through the tank wall and the desublimate layer was described by the heat
conduction equation written in a cylindrical coordinate system:

dpc,T 0 oT d aT 5
= —_— '-.J B — —_— --_, — . “-3
ar ﬂr(”é‘r)—i_ﬂz(wﬂz) 23)
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2.4 Simplified 3D Model

To take into account the presence of vertical ribs on the inner walls of
vertical submersible tanks in the mathematical model, the unsteady process of UFg
desublimation was considered as a simplified three-dimensional problem. The
computational domain was presented as an object, which is divided into several
subdomains, each of which is considered separately. When partitioning the
computational domain with a grid, the multiblock method was used [49-51]. In
each subdomain, a joint (taking into account neighboring subdomains) solution of
the equations of heat and mass transfer was found. The scheme of dividing the tank
with vertical ribbing into sub-regions is shown in Figure 2.5. Subregion |
corresponds to the volume of the tank between its upper wall and the upper edge of
the vertical rib, subregion Il corresponds to the volume of the tank with ribs,
subregion 11 corresponds to the volume between the lower edge of the vertical rib

and the bottom wall of the tank.

SONANY

Fig. 2.5. Scheme of dividing a container with vertical ribs into subdomains (the
shaded area corresponds to a vertical rib)
dir - inlet diameter
43



Thus, a three-dimensional object was represented as a set of subdomains
considered in a one-dimensional or two-dimensional formulation with common

boundary conditions at the junctions.

2.5 Formulation of the problem

When constructing a simplified three-dimensional mathematical model of
the unsteady UFg desublimation process, the following assumptions were made
[50-52]:

1. The UFg desublimation process occurs only on the side and bottom parts
of the tank. The upper part of the container with a pipe protrudes from the
thermostat filled with refrigerant and does not participate in heat exchange.

2. The temperature of the outer surfaces of the side and bottom walls of the
container is considered constant and equal to the temperature of the refrigerant.
The temperature of the outer surface of the upper part of the tank is equal to the air
temperature in the CIU workshop.

3. The UFg desublimation process is determined by heat removal through the
container wall and the desublimate layer. All the heat released during the phase
transition is removed by the refrigerant.

4. The UFg phase transition temperature is equal to the equilibrium
temperature and is determined from the pressure of gaseous UFg above the
desublimate layer.

5. The change in the enthalpy of gaseous UFg¢ upon cooling to the phase
transition temperature is negligible compared to the heat of desublimation.

6. The hypothesis of local thermodynamic equilibrium is fulfilled within
each of the phases.

7. Only surface desublimation of UFg occurs on the side and bottom walls of
the container. There is no desublimation in the volume of gaseous UFg.

8. It was considered that the light impurity is gaseous HF, since its

concentration, according to the analysis of the composition of light impurities, is
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90%. The components of the UFe—HF gas mixture were considered ideal gases. In
the process of filling the containers with desublimated UFs HF remains gaseous.

9. In the presence of a light impurity (HF) in UFs, thermal diffusion,
barrodiffusion, and diffusion thermal effect were considered second-order effects;
their influence on the process of UF¢ desublimation was not taken into account.

10. Chemical reactions do not occur in the system under consideration..

2.6 Solution Method

In order to describe the solution for a tank with vertical fins, we must first
describe the solution for a tank with smooth walls. For containers with smooth
inner walls, the calculation area, its division into zones, the main coordinate system
and the calculation grid are schematically shown in Fig. 2.3.

The moving boundaries of the growing layer of desublimated UFg are
marked with a thick line. The arrows show the direction of their movement. Along
with moving boundaries, the computational grid moves. The computational domain
(the tank wall and the layer of desublimated UF¢) was divided into eight zones,
each of which was transformed into a square [0, 1] x [0, 1] in new dimensionless

coordinates: r,z — &, 1.

0 r

|
|
|
|
i .
|
|
|
|

| | |
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Fig.e 2.6. Difference grid and partitioning of the computational domain for tanks
with smooth inner walls

zones 1, 3, 4 - desublimate layer, zones 2, 5, 6, 7, 8 - container wall

Consider the transformation of zone No. 4 with two movable curvilinear
boundaries (left and upper) into a square. Let the speeds on the faces uy(t), vy (1)
be constant at each moment of time (Fig. 2.8), then:

dz d¢ 03Z,(1) d0
z= Zw(T)ﬂ,E = 7 = p = an'% = Zy(7)

0 9] 0T,y
r=n@eg == Taf)a— (D5 50 = ®

g 1 90 9 1 00 wy,(t)n 0 +vw(r)§6 (2.4)
0z z,(t)0n’or 1,(1)0& 0t ar z,(1) an  T,(1) O& '
oT v, (t)pcéra w,,(t)pcnradT
pcr — + =+ =
ot r,(t) 0 z,(t) On
16(M6T) 1 G(XraT)

T @\, (0 08) T 2,0\, (0 a0

I 2

N

¢ <

v

<

w(®)

I

I

]

1 0

Fig. 2.7. Coordinate transformation

When deriving this equation, we did not take into account the dependence of
the change in the speed of movement of the boundaries on the coordinates. In fact,
equation (2.7) describes thermal processes in an expanding rectangular region.

Accounting for the curvilinearity of the boundary leads to the appearance in

the equation of terms with mixed derivatives responsible for heat transfer in
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directions that do not coincide with n and &, which significantly complicates the
algorithm. In particular, it is required to use a non-orthogonal grid in the
calculation, which entails the solution of nonlinear Laplace equations. Similar
approaches are used for problems with a rapidly changing phase boundary (for
example, in the problem of laser penetration of a material) [53]. It was considered
that these heat fluxes were insignificant, and the nonlinearity of the boundary was
taken into account by introducing the dependence for changing the velocity of the

boundary movement on the coordinates:
oT u, (& 1)pckra v, (n,t)pcnr dT

Tt @ 2 z,mo on .
1 a/ w oT 1 9/ A QT &9
"1, (& 1) 08 <rw<a, 7) a_a) Tz (zwm, 7) %)

Next, a differential analog was derived. To do this, we integrated equation
(2.5) over the control volume, assuming the values of all variables in the control
volume (Fig. 2.8) and on its faces to be constant and equal to their average values.

Introduced designations:

h- —h} hy — hf ht h_ hi
__n n _ € g L . n £ _
hy = 2o by = =5 Sy = hehy 67 = 2L, 8y ==L 6F ==, &
_he
2
_ ~ _ + _ s - _ o= o+
Sialjel T 8y Oz, Sialjel T 8y 6%, 5i-1j-1 % Oy Og Si-Lj-1 = On Of
(pcS), 1+ (pc) 1 + (pc) j 1 +(pc). 1.1
1+ ] 2 , l+§]——

(pc)ij = S- _
L

(pcS); = (pcS)H% Iy (pC)l._%, it (pC)i_%' it (pC)H% j L

2

47



Fig. 2.8. Control volume

Next, the heat balance for the control volume was compiled:

(pcS)i T = (peS)yriTi; —

+ [ + )
L i—1, T;V;
7“1-_1']41511 T\, Tl — 1y TV (PC)i_llj_15n +|7i jii_l
2772 LJj -1j 2772 2
B S NPT r, ihs - ot +(pc). 1. 167 | Ty Tij +
i=5j-35 " W | i+5j-3 V| W
+ [ + 4]
i+1,] i j c o) T;iV;
}\'i+%,j+%6n T\ rypy T — 1 T (p )H%_H% h T ,&H%
tT +A. 1. 16, Ty iR +ot +(pc). 1. 16| 1, W
i+5j-5 1 w.J'te p i+5,j-5 w.J
I 2772 |
A1, 168 + i, j ij—1 [(pc). 1. 165 +]riwm, 1
i+1j-1% 1y T =1y 4 T (p )”’EJ_E 3 i m]_i
-7 ey 5= Z ht — 0T +( C) 5 —Z Ti,j +
1.1 ; 1.1 i
i-5j-3 & w,i’tn i P i-5j-3 g_ w,i
+ +
i,j i,j c o T;Wim.
}L”%'f*%(ga * 1 T =1y T (v )i+%.j+% e T Myl
T +A S hi - ot +(pc) o L
i—3j+a Zw,iftn PC)i Ly 10 | Fwi

Reducing like terms, we write the difference analogue in the form [54]:
QT = qi—LiTi=LJ 4 gi+LiTi+L) 4 qii-1Tij-1 4 glj+1TLi+1 4 (2.6)
where
b =T;;(pcS);m;,

a =a, = (pcS); i+ a" +a*t 4 a7t 4 gt 4
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+ i . .
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272
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Equation (2.6) was solved using the Gauss-Seidel method [55] together with
the under-relaxation method [48] (relaxation coefficient a=0.8):

(al_l'JTl_l'] + it LiTi+L] + qbi-1Tij-1 + al,}+1Ti,j+1 + b) Tl]
abJ .

Lj _ plj
T =T ta k

This approach was used to calculate the parameters of heat and mass transfer
processes on the side and bottom walls of the tank.

In the case of calculating tanks with vertical ribs, area Il of Fig. 2.2 was also
divided into sub-areas, each of which corresponded to a part of the tank volume
located between two adjacent ribs. The computational subdomain was similarly
divided into zones, each of which was transformed into a square [0, 1] x [0, 1] in
new dimensionless coordinates: r, z — &, n. After dividing the calculated regions
of the capacitance with a difference grid, equation (2.6) was adapted and written
down for all regions and subregions.

To consider thermal processes in the rib and the layer of solid UFs growing
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on it, an auxiliary Cartesian coordinate system was used (projections of the vertical

rib on the z and r axes are shown in Fig. 2.9, 2.10).

Fig. 2.9. Partitioning of a container with vertical fins and a layer of UFg

desublimated in it with a difference grid (side view)

Fig. 2.10. Division of the computational domain into subdomains by a difference

grid for a container with vertical ribs (subdomain top view)
The x axis is directed along the rib from the vessel wall to the symmetry

axis, the y axis is perpendicular to the rib plane, and the z axis coincides in the

main and auxiliary coordinate systems. The three-dimensional heat equation was

dpc,T 0 (ﬂaT)_l_ 0 <16T>+ d (laT)
ot ox\"ox) oay\"ay) az\"az/)

written as:
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The transformation formulas and the derivation of the difference analogue

are presented below:
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The heat balance was compiled for the control volume:
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The discrete analogue was finally written in the form:
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The developed simplified three-dimensional simulation analysis of the non-
stationary process of UFg desublimation into vertical immersion tanks for dump

uranium hexafluoride was programmatically implemented in the FORTRAN-90

53




programming language in the Microsoft Developer Visual Studio environment
[56].

3 INFLUENCE OF THE DEGREE OF CAPACITY LOADING ON
THE DYNAMICS OF THE PROCESS OF UFs DESUBLITATION

To calculate the dynamics of the UF¢ desublimation process in vertical
submersible tanks without fins with a change in the degree of their loading, a two-
dimensional model was used, since the tanks are axisymmetric, and for tanks with
fins, a simplified three-dimensional model was used. All tanks with ribs had 12
symmetrically located ribs at an equidistant distance from the bottom and top of
the tank.

The calculation was carried out for tanks filled with waste UFg, with a
volume of 2.0-4.0 m*. The dimensions of these containers are presented in Table
3.1

Table 3.1. Tank sizes with and without fins

Volume | Diameter | Height | Thickness | Riblength | Ribwidth | Rib height

2,0 1,100 2,122 0,008

2,5 1,200 2,212 0,008

3,0 1,300 2,280 0,008 B

3,5 1,400 2,290 0,008

4.0 1,500 2,300 0,008

2,0 1,100 2,122 0,008 1,408 0,352 0,004
2,5 1,200 2,212 0,008 1,444 0,384 0,004
3,0 1,300 2,280 0,008 1,460 0,416 0,004
3,5 1,400 2,290 0,008 1,424 0,447 0,004
4.0 1,500 2,300 0,008 1,388 0,479 0,004

Steel 16GS-4 was chosen as the material for the containers. Its
thermophysical properties: thermal conductivity coefficient 49 W/(m*K), density
7850 kg/m®, heat capacity 470 J/(K*kg).

Thermophysical properties of solid UFg: thermal conductivity 0.6643 W/(m
K), density 5091.37 kg/m®, heat capacity 457.201 J/(K*kg), desublimation heat
142.596 KJ/kg.

The calculations were carried out at a temperature of the refrigerant
(saturated solution of CaCl,) of minus 20 °C, and an operating pressure in the
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collector of 80 mm Hg. Art., pressure in an empty container 4.0 mm Hg. Art. The

degree of filling was changed from 10 % to the maximum possible value.

For vertical immersion tanks, the upper elliptical part is located above the

refrigerant level and the desublimation process does not occur in it, therefore, this

volume of the tank was not taken into account in our calculations. The free volume

of the tanks and the area of their heat exchange surface were calculated taking into

account the absence of desublimation in the volume of the upper elliptical cover of

the tanks. The calculation results are presented in Table 3.2.

Table 3.2. Calculated free volumes of containers and areas of their heat exchange

surface
Tanks without fins Tanks with fins
Volume Heat
m3 ' | Heat exchange Free exchange
surface area, m? | volume, m® surface
area, m?
2,0 6,602 1,61 18,598 1,586
2,5 7,487 1,983 20,901 1,956
3,0 8,364 2,377 23,051 2,348
3,5 8,959 2,727 24,348 2,696
4,0 9,85 3,095 25,65 3,063

Knowing the free volume of containers, we calculated the maximum

possible degree of filling for all types of containers. The calculation results are

presented in Table 3.3.

Table 3.3. Maximum possible degree of filling

Volume, Maximum possible degree of filling, %
m? Tanks without fins Tanks with fins
2,0 80,5 79,3
2,5 79,32 78,24
3,0 79,23 77,27
3,5 77,914 77,04
4,0 77,38 76,58

The results of calculations of the dynamics of the mass of desublimated UFg

in containers without fins and with fins of various sizes are shown in Fig. 3.1 and

3.2.
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Fig. 3.1. Dynamics of the mass of desublimated UF¢ in tanks without fins of

various volumes: 1 -2.0m®% 2-25m% 3-3.0m% 4-3.5m> 5-4.0 m* (further in

the text, the designations of the curves in the figures are the same)
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Fig. 3.2. Dynamics of the mass of desublimated UF¢ in containers with fins of

various volumes
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From Fig. 3.1 and 3.2 it can be seen that the filling time for containers with
and without fins of the same volume with desublimated UF4 differs significantly.
For tanks with fins, it is 1.73-2.15 times less.

To explain this, calculations were made of the dependence of the heat
exchange surface area on the volume of tanks with and without fins. The

calculation results are shown in Fig. 3.3.
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Fig. 3.3. Dependence of the area of the heat exchange surface on the volume of

tanks: 1 - without fins, 2 - with fins

Fig. 3.3 shows that the area of the heat exchange surface for tanks with fins
Is 2.7-2.8 times larger, so the process of UFg desublimation in these tanks proceeds
more efficiently and quickly.

Then, the dynamics of the average productivity was calculated for tanks with

and without fins. The calculation results are presented in Fig. 3.4 and 3.5.
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Fig. 3.4. Dynamics of the average performance of the desublimation process for

ribless containers
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Fig. 3.5. Dynamics of the average productivity of the desublimation process for

containers with fins
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Fig. 3.4 and 3.5 show that the desublimation process is non-stationary. With
an increase in the thickness of the desublimate layer, its thermal resistance
increases, which leads to a slowdown in the desublimation process.

In conclusion, the dependence of the average capacity of tanks with and
without fins on the degree of their loading was calculated. The results are

presented in Fig. 3.6 and 3.7.
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Fig. 3.6. The dependence of the average performance of tanks without fins on the

degree of their loading
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Fig. 3.7. The dependence of the average performance of tanks with fins on the

degree of loading

Fig. 3.6 and 3.7 show that the average productivity of tanks without fins

decreases much faster than in tanks of the same volume with fins. The average

performance of tanks with and without fins at 10% filling of the tanks is almost the

same. With a further increase in the degree of filling, the average productivity

becomes higher for tanks with vertical fins (by 1.71-2.06 times) due to the larger

area of the heat exchange surface. The calculation showed that for tanks with a

volume of 2.0, 2.5, 3.0 m® with fins, the maximum degree of filling is not

achieved, due to "freezing" on the ribs (Fig. 3.8). When touching the desublimate

layer formed on the neighboring edges of the container, the calculation was

stopped.
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15. 5.2023

BpeMA fecyonumMaimn =  382.70tu
ODbeM eMKOCTH = 2,42 M3
Ob0bem TRepaore UF6 =  1.8633 m3

MpOLEHT 3anorfHeHUA eMKOCTU =  77.072 %
Macca fecy6numupoBaHHoro UFG = 9487.0 kT
Pacxograza B eMKkoCcTb = 2.3513 ric
WHTerpanbHbli TeNnoBor NOTOK B eMkocTb = 20,117 kx

Cp. 3Hau.
6.8856 ric

60.390 KK

Fig. 3.8 Screenshot of the program demonstrating "freezing" on the ribs of the tank
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4 ®UHAHCOBBIA MEHEJIKMEHT, PECYPCOCBEPEXKEHUE "
PECYPCOD®®EKTUBHOCTDb

[lenpto maHHOTO pasjiena SIBISETCS  OMpEACIICHHE HIKOHOMHUYECKOU
I1E€JIECO00Pa3HOCTH HWCCIICOBAHMS B BIUSHUE CTCTICHW 3alOJHEHUS €MKOCTH Ha
JUHAMHKY Tporecca JIecyOinuMmanuu B HeW rekcadropuia ypaHa C TIOMOIIBIO
paHee pa3pabOTaHHOW MAaTeMaTHYECKOW MOJEIH HECTAIlMOHAPHOTO IIpoliecca
necyonmuManuu TrekcadTopusia ypaHa B BEpPTHUKAIBHBIE TOTPY)XKHBIE EMKOCTH C
BEPTUKAJILHBIM OpeOpeHueM u 6e3 opeOpeHus.

B nannoMm pazzaene HeOOXOAUMO PEUIUThH CIAEAYIONINE 3a/1a4H:

— O1eHUTh KOHKYPEHTOCIIOCOOHOCTh TEXHHUECKUX PEIICHHMA

— IIpoBectu SWOT-ananus;

— BBIMOTHUTE TUTAHUPOBAHNE HAYYHO-UCCIICIOBATEIHCKON PAOOTHI;

— IIpoBectu pacyeTt OroKeTa HAyYHO-UCCIIEA0BATEIbCKOM PabOTHI;

[IpoBecTn pacyeT U OIEHKY CpaBHUTENbHOU (prHAHCOBOU 3(h()EKTUBHOCTH
UCCIICTOBAHMSI.

JlocTikeHue 1ean 00ecrieunBaeTCs peleHueM 3a/1ay:

— Pazpabotka 001eld HSKOHOMHYECKOW uHIeu MpoekTa, (HOpMHPOBAHUE
KOHIICTIIIUUTI POCKTA;

— opra"u3anus padboT Mo HayYHO-UCCIIEI0BATEILCKOMY MPOEKTY;

—  OmpenelieHHE BO3MOXKHBIX  QJIbTCPHATUB  TMPOBEACHUS  HAYIHBIX
HCCIICIOBAHUN;

— TUTAHUPOBAHNE HAYYHO-MCCIICIOBATEIBCKUX padoT;

— OIICHKM KOMMEPYECKOTO TOTCHIMAJa W TIEPCIICKTUBHOCTH TPOBEACHUS
Hay4YHBIX HCCIIeTIOBAHUI c MO3ULINHU pecypcodhHeKTUBHOCTH u
pecypcocOepeKeHHUS;

— OMpeJIeieHne  pecypcHoil (pecypcocOeperarolieil), GuHaHCOBOIA,
OIOHKETHOM, COIMATTEHON ¥ DKOHOMUYECKON A(h(PEKTUBHOCTH UCCIICIOBAHUS.

B nmannoi#t pabote paspaboraHa pacueTHas MOJAETh AWHAMHUKH TpoIecca
necyonmuManuu rexkcadTopuia ypaHa ¢ y4eTOM reOMETPUM €eMKOCTeH W HaTHM4ueM

B HUX pedep.
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4.1 OueHka KOMMEPYeCKOro IMOTEHHHAJNa M MNEePCHeKTUBHOCTH
NPOBEJACHUS HAYYHBIX MCCJIEJI0OBAHUM € MO3ULMHU pecypcod(PpPexkTUBHOCTH U
pecypcocoepeskeHust

Pe3ynbraTomM wnccneaoBaHUs SBISIETCS COBEPIICHCTBOBAHME KOHCTPYKIIUHU
E€MKOCTEH pa3MyHOro oObema (M3MEHEHHE J[UIMHBI M IIMPUHBI UX peodep),
CIOCOOCTBYIOIIEE YBETUUEHUIO UX POU3BOAUTEIBHOCTH.

LleneBbIM  pBIHKOM  JTaHHOTO  HCCJIEIOBAaHHUS OyayT  SBISTBHCS
rOCyAapCTBEHHBIE KOPIOPALMKA I10 aTOMHOW JHEPreTHKE, aTOMHAs M CMEXHBIC
OTpaciu HayYHOW NPOMBIIUICHHOCTH, OOJacTH MPOU3BOJICTBA, OCHOBHAs IIEJb
KOTOPBIX, 3TO HCIOJIb30BAHUE EMKOCTEH C BBICOKMMH (PUIUKO-XMMUYECKUMU
IIOKa3aTeJIsIMU, HallpUMEpP, XPaHWINILA YPAaHOBOTO TOILINBA.

CerMeHTHpOBaTh PBIHOK YCIYI MOXHO IO CTENEHU NOTPEOHOCTH
VCITOJIB30BAHUS JAHHOW METOJMKU. Pe3ylbTaTsel CErMEHTHPOBAHNUS IIPEACTABICHBI

B pucyHnke 4.1.

Pacgernas MOIETE JHHAMHAKH ;IEC}'SIIHI\J.EJ.IHH TEeKCcad@TO VpaHa C VIETOM
Te0METPHH EMEOCTH

ATonHas Havawas | [gpre mpomspogcreenmme — JXCHODTHEIA
IPOMBINIIEHHOCTE OTpacie KOHTDOJIE

CHinHan

ehHOCTE

Ilo

PI/ICYHOI( 4.1. KapTa CCTMCHTUPOBAHMUS PbIHKA YCIIYT IO UCITOJIb30BAHUTO

OINTHUMAaJIbHOM MCTOAUKHU U3MCPCHUSA

4.1.1 AHaaIM3 KOHKYPEHTHBIX TeXHUYECKHUX pelleHuii

['maBHOE NpEeuMyIIECTBO — 3TO OIpEJeIeHUe ONTHUMAJIbHBIX pPa3MepoB
BEPTHUKAJIBHBIX pedep BEPTUKAIbHBIX MOTPYKHBIX €MKOCTEH pa3iIMyHOro o0bema,
MO3BOJIIOIINX MaKCHUMaJIbHO YBEJIUYUTH ux POU3BOJAUTENBHOCTb.

MartemMaTuueckas MOJCIIb IMO3BOJIACT HEC IMPOBOJAUTL MHOT'OYHMCJIICHHBIC
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DKCIIEPUMEHTHI U M30€XKaTh KPYIHBIX (DMHAHCOBBIX 3aTpaT HA WX PEaTH3AIUIO.
KoHKypeHTHBIE METOIbI HCCIICIOBAHUS:

—  DKCIIepUMEHTaJbHBIE  HMCCJICJAOBAaHUSA  JUHAMUKH  JIeCyOJIMMAaIliH
rekcaTopuga ypaHa B 3aBUCHMOCTH OT TE€OMETPHUH BEpPTUKAIBHBIX pedep B
BEPTUKAJILHOH €MKOCTH;

— TeopeTudeckuii pacyeT mapaMeTpoB JiecyoJuManuu rekcapropuaa ypaHa
B 3aBUCUMOCTH OT T€OMETPUHU BEPTUKAIBHBIX peOep B BEPTUKAILHON €MKOCTH.

OueHouHas kapTa aHaim3a mnpexacraBieHa B Tabmune 4.1, Ilo3urus
pa3pabOTKN W KOHKYPEHTOB OIICHUBACTCS IO KaKIOMY IOKA3aTeN0 IKCIIEPTHBIM
nyTeM MO NATHOAIBLHOM MiKaie, rae 1 — HauOosiee ciabas mo3unus, a 5 —
HauOosee cmibHas. Beca mokaszareneid, ompenenseMble SKCIEPTHBIM ITyTEM, B

CyYMMC HOOJIKHBI COCTaBJIATH 1. Anpamms KOHKYPCHTHBIX TCXHHYCCKHX peH_IeHI/Iﬁ

K=zBi.Bi'

rae K — KoHKypeHTOCIIOCOOHOCTh HayqHOU pa3pabOTKU WM KOHKYpeHTa; B — Bec

orpeaensieTcs mo hopMmyiie:

nokasatels (B JoJAX eauHuIb); b; — 0amn i-ro mokaszaress [58].
Tabmuna 4.1. OueHouyHass KapTa JUisi CPAaBHEHUS KOHKYPEHTHBIX TEXHHYECKHX

penieHuit (pa3padoTokK)

Bec Bamsr KonkypeHTocmocoOHOCTh
Kpurepuu onerku kpurepus | bgy | bx] | byo K¢ Kx1 Ky2
1 2 3 4 5 6 7 8
TexHu4eckue KpUTEPUH OIEHKH pecypcoddHEKTUBHOCTH
1. IToBrItIeHNEe
MIPOU3BOIUTEIILHOCTH TPY/1a 0,1 5 4 3 0,5 0,4 0,3
IMOJIL30BaTEIIS
2. Y100CTBO dKCIUTYaTallH 0,15 5 4 3 0,75 0,6 0,45
3. DKOHOMHUYHOCTb 0,03 5 2 3 0,15 0,06 0,09
4. HagexxHocth 0,1 5 4 3 0,5 0,4 0,3
5. 3aKpBITOCTh MOTYyYaeMBIX 0,05 5 5 5 0,25 0,25 0,25
JTAHHBIX
6. Torpebuocs B 0,05 5 | 1] 4| 025 | 005 | 02
MaTepUaIbHBIX pecypcax
7. CTaOUIBbHOCTH 0,06 5 3 3 0,3 0,18 0,18
8. JlocTymmHOCTh 0,1 5 4 4 0,5 0,4 0,4
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DKOHOMUYECKHE KPUTEPUU OLICHKH 3 (HEKTUBHOCTH

1. KoHKypeHTOCTIOCOOHOCTh 0,04 5 4 3 0.2 0,16 0,12
MeTo/a

2. 3aTpathl Ha pa3pabOTKy 0,12 5 1 3 0,6 0,12 0,36

3. [Ipearnonaraemsiii Cpok 01 5 5 3 0.5 0.2 0.3

AKCIUTyaTaI[H
4. duHaHCUPOBaHUE 01 5 1 3 0.5 0.1 0.3
pa3pabOTaHHOTO METOJIa
Hroro 1 5 2,92 3,25

4.1.2 SWOT-ananau3

SWOT - Strengths (cuibHble cToponbl), Weaknesses (ciabbie CTOPOHBI),
Opportunities (Bo3mokHOCTH) ® Threats (yrpo3sl) — TpeaCTaBIsIET COOOMU
KOMIUJIEKCHBIA aHAJIM3 Hay4YHO-UccaeaoBarenbekoro rmpoekta. SWOT-ananus
PUMEHSIOT JUTS KCCIICIOBAaHUS BHEIIIHEH U BHYTPEHHEH cpeibl mpoekTa [57, 58].

CuibHBIE CTOPOHBI — 9TO (hakTopkI, XapaKTEPHUIYIOITHE
KOHKYPEHTOCTIOCOOHYIO CTOPOHY HayYHO-HCCIIEI0OBATEIBCKOTO MpoekTa. CuibHbIC
CTOPOHBI CBHJICTECIBCTBYIOT O TOM, YTO Y TPOEKTa €CTh OTIWYUTEIHHOE
MPEUMYIIECTBO HIIK 0COOBIE PECYPCHI, SIBISIONIUECS OCOOCHHBIMH C TOYKU 3PEHUS
KOHKYpeHIIMU. JI[pyrumu cioBaMu, CHIbHBIE CTOPOHBI — JTO PECYpChl WU
BO3MOYKHOCTH, KOTOPBIMH PacCIojlaraeT PyKOBOJCTBO MPOEKTa M KOTOPHIE MOTYT
OBITH 9P (HEKTUBHO HUCIIOIB30BAHBI IS TIOCTHIKESHUS TIOCTABICHHBIX IICJICH.

Cnabbie CTOPOHBI — 3TO HEIOCTATOK, YIYIICHWE WM OTPAaHUICHHOCTH
HAyYHO-UCCIICI0BATEIBCKOTO MPOEKTa, KOTOPHIE MPEMATCTBYIOT JTOCTH)KCHHUIO €T0
1eseil. 3To To, YTO MIIOXO MOTYYaeTCsl B paMKaxX MPOEKTa WY TJe OH paciojiaraet
HEJOCTAaTOYHBIMA  BO3MOXXHOCTSMH WJIM  pEeCypcaMH [0 CPaBHEHUIO C
KOHKYPEHTaMHU.

Bo3mokHOCTH BKIIOYAIOT B ce0s JHO0YIO MPEATOYTUTENHHYIO CUTYAIHIO B
HACTOSIIIEM WM OyAyIieM, BO3HUKAIONIYI0 B YCJIOBHSAX OKPYXKAIOIICH cpeipl
MPOEKTa, HAIPUMEDP, TCHICHIIUIO, N3MEHEHHE WIIH TPE/IIOJIaraeMyto MOTPEOHOCTS,
KOTOpas TOJICPKUBACT CIPOC HA Pe3yJIbTaThl IPOCKTa U TIO3BOJISIET PYKOBOJICTBY
MPOEKTA YIYUIIUTh CBOIO KOHKYPEHTHYIO TTO3HUIIUIO.

VYrpo3a mpencraBiasier coOoil  JOOYH0  HEXKENATeNbHYI0  CHUTYalHIo,
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TCHACHIUIO WJIN M3MCHCHHC B YCJIIOBHAX Oprma}omeﬁ cpeabl MPOCKTA, KOTOPHIC

HUMCIOT

pa3pyLIUTENbHBIN

HJIN

YIPOKAIOIIMI

Xapakrep A €ro

KOHKYPEHTOCIIOCOOHOCTH B HACTOSAIIEM MK Oyaymiem [58].

Ha Bropom 3tane Ha ocHoBaHuu Matpuibl SWOT cTposATcS HHTEpaKTUBHBIE

MaTpHUIbI BO3MOXXHOCTEH U YIrpo3, IO3BOJIAOIIUC OICHUTDL 3(1)(1)€KTI/IBHOCTL

IIPOCKTA, a TaKiKC Haﬂé)KHOCTB Cro pcaain3anuu. CooTHOIIeHUS [mapaMCcTpOB

MpeIcTaBiIeHbl B Tabmumax 4.3—4.7.

Taomnura 4.2 - SWOT-ananus

CubHbIE CTOPOHBI IPOEKTA:

C1. AKTyanbHOCTh BEIOpAaHHOM
tembl. C2. [Ipumenenue
COBPEMEHHOr0 000pYyI0BaHUS U
nporpaMMmHoro kona.C3.
bropxeTHoe hmHaHCHPOBaHMUE.
C4. [lonyueHnue pe3yabTaToB
BBICOKOMTOYHOCTH.

CS. Bo3MOXHOCTb ONTUMU3AINH
pacueTHOI MoJEH.

Crnabble CTOPOHBI IPOEKTA!

Cal. OrpanuueHHOE IPUMEHEHNE
KOHKPETHOW MOJIEJIH.

Cn2. Tpebyercs
HKCIIEPUMEHTATBHOE
HOATBEPIKACHHE PE3yIbTATOB.
Cn3. 3aKpbITOCTh IPOrPAMMHOTO
KoJa.

Cn4. OrpanvueHHBINH Kpyr
nmoTpeOuTenei.

Cn5. OrpannyeHHbIE BO3MOXKHO
CTH pacueTa (TOIBKO ISt
OTIpPEIeIICHHBIX KOMIIOHEHTOB).

BosmoxHocTH:

B1. Ucnons3oBanue
MOJICJIN

I UccnenoBannii. B2.
Pa3pabotka
PEKOMEH AL 110
MIPUMEHEHHUIO MOICITU IS
NepcoHaa.

B3. Paciupenue
BO3MOKHOCTEH
pacueTHOU Mozenu. B4.
Bo3MoxHOCTB
HCCIIEIOBAHUS
Pa3IMYHBIX EMKOCTEH.
B5. JlonoaHUTeIbHBIM
CIIPOC Ha Pe3yJIbTaThl
HCCICI0BaHUA.

Pesynprare! ananmsa
MHTEPaKTUBHOMMATPUIIbI IPOEKTA
noJsielt «CHIIbHbIE CTOPOHBI U
BO3MOYKHOCTHY:

1. TlomHoe obecrieueHre YCIOBUIA
JUISICO3/1aHUS M TPUMEHEHUS
MOJIENN TSI PACUYETOB.

2. TlosiBneHHE TOMOIHUTEIBHOTO
cripoca ¥ (pMHAHCHPOBAHUS,
00€eCIe4YEeHHBIX aKTyaJIbHOCTBIO
TEMAaTUKU U UCIIOJIb30BaHUEM
COBPEMEHHBIX PaCUeTHBIX
MOJEIIEH.

3. BeIcokast TOUHOCTB
MOJTy4aeMbIXPe3yIbTaToB
MO3BOJISIET MTOBBICUTH CIIPOC HA
PacyeTHYIO MOJIeNb

Pesynprarel ananusa
MHTEPAaKTUBHON MaTpPHULIBI
npoekta nosuei «Cnadbie
CTOPOHBI ¥ BO3MOKHOCTH»:

1. Heob6xomumo
AKCIIEPUMEHTAIILHOE
MOJITBEPKJIEHUE, YTO BOZMOXKHO
pean30BaTh B yCIOBUAX BY3a.
2. 3aKpbITOCTh paCUeTHOM
MOJIETIN HE OTpa)kaeTcs Ha
TOYHOCTH PE3YJIBTATOB.

3. Kpyr norpebureneit MoKHO
YBEJIHMUYUTH C IIOMOIIBIO
YBEIIMYEHUS BO3MOXKHOCTEN
pacueTHOM MOAEIH.

Yrpo3sl:

V1. Huszkuii cripoc co
CTOPOHBI PEIPUITUH.
V2. BepoatHocTh
pa3paboTKH MO0OHBIX
pacyeTHBIX MOJEIEH

JIPYTUMH
OpraHu3aIUsIMU.

Pe3ynbrare ananuza
MHTEPAKTUBHOMMATPHUIIBI TPOEKTA
nosneit «CuiibHbIE CTOPOHBI U
YTPO3BD»:

1. Bmaromapsi BO3SMOXXHOCTSM
pacyeTHOW MOJIENN U
CBOEBPEMEHHOMY
(bMHAHCUPOBAHUIO MTPOJIBUKECHHE

Pe3ynbrarel ananusa
MHTEPAKTUBHOW MaTPHUIbI
npoekTa noneit «Cnadbie
CTOPOHBI M YTPO3BI»:

1. Coszpmanue nomoOHBIX
MOJEIIEH IPYTrUMHU
OpraHU3aIsIMU MOXKHO PEIIUTHC
IIOMOIIBIO BO3MOKHOCTEH
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V3.CnoxHOCTh B
MPOJIBH>KEHUH MOJIEIH.
V4. IlonHoe oTCyTCTBUE
crpoca.

VY5. Pazpabotka
HOBEUIINX MOJEIIECH
pacuera.

Ha PBIHOK MOKET CTaThyCHEIIHbIM.
2. Tak Kak cymecTByeT
BO3MOKHOCTHONITUMH3ALIUU
pacyeTHOM MOJIENN, TOSTO
[I03BOJIUT KOHKYPHPOBATH C
HOBEHIINMHU pa3pabOTKaMHU.

3. JlomonHutensHOE
(uHAHCHPOBAHHETIO3BOJIUT
IPOABUHYTH PACUETHYIO MOJEIb
Ha PBIHOK.

pacyeTHOM MOJIENH, KOTOPHIX HET
y KOHKYPCHTOB.

2. Hecosepmiencrsa
pa3paboTaHHON MOJIEITH MOKHO
PELIUTh C TIOMOIIBIO
ONTHMH3AIMHA MOJIEIH TIO]
TpeOyeMbIe TapamMeTphbl

B Tabnuie 4.3 npencraBieHa UHTEPAKTUBHAS MaTpHUIlA MPOEKTA, B KOTOPOM

IMOKa3aHO COOTHOHICHHUC CHJIBHBIX CTOPOH C BO3MOKHOCTAMH, YTO IIO3BOJIACT

0osee mopoOHO PacCCMOTPETh MEPCIIEKTUBBI Pa3padOTKH.

Tabnuna 4.3. IHTepakTiBHAs MaTpHIla IPOEKTa

BosmoxHoctu CuiibHBIE CTOPOHBI IIPOEKTA
IIPOEKTA Cl C2 C3 C4 C5
B1 + + + + +
B2 + + + + +
B3 + + + + +
B4 + + + + +
B5 + + + + +

B Marpune mnepeceyeHHs CHIBHBIX CTOPOH W BO3MOYKHOCTEU

HUMECT

onpeneneHHHﬁ PE3YJIbTAaT: «ILJIKOC» — CHUJIIBHOC COOTBCTCTBHUC CUJIbHOM CTOPOHBI U

BO3MOXHOCTHU, «\MHHYC» — ci1a0oe COOTHOIIIEHHE.

Takum o6pazom, BeimoaHUB SWOT-aHann3 MOXKHO cliefaTh BBIBOJ, YTO HA

JAHHBII  MOMEHT

KOPPEKTHOCTb, TOYHOCTBL IIOJIYUYAa€CMBIX HAddHHBIX, BO3MOXHOCTbH

MPEUMYIIECTBA

pa3paboTaHHOU

MOICIIN TaKHueC Kak

OIITUMM3aAITUHN

MOACIIN, DKOHOMHUYHOCTD, CTa6I/IJ'II>HOCTB, AOCTYIIHOCTbD, y,[[O6CTBO 9KCILIyaTalluu,

BO3MOKHOCTDB IIOJTYYCHUA JaHHBIX «3€Ch U cergacy

3HAYUTENILHO MPeo0JIaiatoT

HaJ| ee HemocTaTKamMu (HeOOJbIIOW Kpyr HNOTpeOuTeNnel, 3aKkpbhITocTh). Bce

HMCHOIIUCCA HCCOBCPIICHCTBA MOXKHO JICTKO YCTPaHWUTL, BOCIIOJIB30BABIINCH

NEPCUNCIICHHBIMHA BBIIIIC BO3ZMOKXHOCTIAMMU.
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4.2 Tl.ianHnpoBaHue HAYYHO-HCCJIe0BATEIbCKOI0 MPOEKTA

4.2.1 CTpykTypa padoT B paMKax HaAy4YHOI'0 UCCJIeJOBAHMSA

Jliis BeINOJIHEHUS paboTHl (hopMUpyeTcs: paboydast Tpymna, B COCTaB KOTOPOU
BXOJIUT Hay4YHbI PYKOBOJUTEb POEKTA U UCIIOJIHUTEIND - CTyAeHT. [locne vero, B
paMKax IpPOBEIEHUS HAYYHOI'O HCCIIEJOBAHUS BBIIOJIHACTCS PSA  OCHOBHBIX
3TAIoB, IPEICTaBICHHbIX B Tabuue 4.4.

Tabmuma 4.4 — Ilepeuens 3TanoB, paboT U pacnpeneIeHUe UCTTOTHUTEIIEH

OCHOBHBIE 3TaIbl No Coneprxanue padboT JomkHOoCTh
VICIIOJIHUTEIS
Pa3zpaboTtka 1 CocTaBieHUE U YTBEPKICHUE PykoBoautenn
TEXHUYECKOT'0 3aJJaHUsI TEXHUYECKOTO 3aJaHus
Br16op HamnpaBienus 2 | Ilogbop u n3ydyeHue MaTepuasioB MO TeMe CryneHt
HCCIeA0BaHUN 3 Kanennapnoe nianupoBanue padboT PykoBonurens,
CTYJEHT
4 N3yuenne BO3MOKHOCTEN pacUETHON CryneHt
MOJIEIH
OcBoeHHEe METOIUKH 5 [IpoBenenue pacyéroB Crynent
pacuéra Ha IPAKTUKE
6 AHanu3 N0JyYeHHBIX TaHHBIX PykoBonurens,
CTYIEHT
O6001eHue u ouenka | 7/ CocTaBiieHH€ NOSICHUTEIbHON 3aIIUCKH CryneHt
pE3yJIBTaTOB 8 PykoBonurens,
[IpoBepka mpaBUIIBHOCTH BBIIIOJHEHUS CTY/eHT
I'OCTa nosicHUTENbHOM 3alUCKU
9 [TonroToBka Kk 3ammre Crynent

4.2.2 Onpeaesnenne TPyA0EMKOCTH BbINIOJTHEHUSI padoT

TpynoBble 3arpaTbl B OOJBIIMHCTBE Clydyasx O0Opa3ylOT OCHOBHYIO 4YacTh
CTOMMOCTU pPa3pabOTKH, MO3TOMY Ba)XHbIM MOMEHTOM SIBJISIETCS ONpEIEICHHUE
TPYJOEMKOCTH pabOT KaXJA0ro U3 YYaCTHUKOB HAYYHOT'O UCCIIEIOBAHUSI.

TpyaoeMKOCTh  BBINOJHEHHWS HAYYHOTO HCCIEAOBAHMS  OLICHUBAETCS
HKCIIEPTHBIM MYTEM B YEJOBEKO-AHSIX M HOCUT BEPOSITHOCTHBIM XapakTep, T.K.
3aBHCUT OT MHOXKECTBAa TPYAHO Y4YUThIBaeMbIX (pakTopoB. lyis ompezeneHus,

0KHJIA€MOTO (CPEHEr0) 3HAYCHUSI TPYJOEMKOCTH t,ui UCIOIB3YETCA CIEAYIoIIas

dbopmyna:
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_ 3tmini + 2tmaxi
Cowi = 5 .

Ucxoms w3  oxummaemMon  TPyAOEMKOCTH  paboT,  ONpeaessieTcs
IPOJOJUKUTENIBHOCTh KaKJOM paboTel B paboumx nHsax T, yduTeIBaromas
MapaJJIeIbHOCTh  BBITIOJIHEHHUSI PAa00T HECKOJIBKUMH HCIIOJHUTEISIMHA. Takoe
BBIUKCJICHHE HEOOXOIMMO NJisi 0OOCHOBAHHOTO pacyera 3apa0OTHOM IJIaThl, TaK
KaK yJeJIbHBIM BeC 3apmuiatbl B OOIIEH CMETHOM CTOMMOCTH HAay4YHBIX

HUCCJIEIOBAHUN COCTAaBIISIET OKOJIO 65 %.

—

ki
T,; =

pi '
4;

4.2.3 Pa3paboTka rpadguka npoBejaeHnsi HAYYHOT0 UCCJIeI0BAHUSA

[Ipy BBINOJIHEHUU NUIUIOMHBIX PabOT CTYJAEHTHI B OCHOBHOM CTaHOBSITCS
YYaCTHUKAMU CPAaBHUTEJIBHO HEOOJBIIMX N0 00beMy HaydHbIX Tem. [loaTomy
HauOoJiee yIOOHBIM W HArJIAIHBIM SIBJISETCS MOCTPOEHHUE JIEGHTOYHOIO Tpaduka
MPOBENCHUS HAYUHBIX paboT B hopme nuarpammsl ['aHTa.

HuarpamMmma ['aHTa — TOpPU3OHTAJIBHBIM JIGHTOUYHBIA TpauK, Ha KOTOPOM
paboThl MO TEMEe MPEACTABISIIOTCA MPOTSKEHHBIMU BO BPEMEHU OTPE3KaMU,
XapaKTEPU3YIOMIMMUCS JTaTaMH Havyajda U OKOHYAHUS BBHITIOJHEHUS JaHHBIX PadoT.
st ynoOcTBa mocTpoeHus rpaduka, JIUTETbHOCTh KaXA0ro U3 3TAroB paboT u3
pabouyux AHEH cieayeT MmepeBecTH B KajeHAapHble AHU. i 3Toro HeoOX0auMo

BOCITIOJIb30BATLCA CIICAyIOMeH popMyIoi:

Ty = Tpi * Kyan
KoaddurmenT kanenaapHoCcTu onpeaensiercs no ciaeayroimiei Gopmyre:
T 365
Kyan = = = = 1,48;
Txan = Topx — Tnp 365 — 104 — 14

BCC paCCUNTAHHBIC 3HAYCHHA CBCIACHEI B Ta6J'II/II_Iy HUKC.
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Ta6nuna 4.5 — Bpemennslie nmokazarenu nposeaenus HP

Tpynoémkocts padoT JAHTeIbHOCTS JinTeabHOCTD
tmin, 9€TT- | Tmax, €~ | 1oy, U€T- | paGoOT B padouux pador B
Ha3zBanue padoThbl THA THA ITHHA AHAX Ty KaICHAAPHBIX
auax Ty
f‘i’ f{lg f‘i’ ?; rlfj rI:I; Henl | Men2 | Meml | Hen2
Cocrasnenue u
YTBEPKJICHUE - 1 - 1 - 1 - 1 - 1
TEXHUYECKOTO 3aJJaHus
[Ton6op u u3ydeHue 1 ) 3 ~ 1] - 1 i 1 i
MaTEpUajIoB M0 TEMe
Kanennapuoe 55|77 |58|58| 6 6 9 9
IUTAHUPOBAHHUE PadOT
N3yuenue
BO3MOKHOCTE 1 - 2 - 114 - 1 - 2 -
pacuéTHOI Moaenu
IIpoBenenue pacuétoB | 25 | - | 40| - | 31 | - 16 - 23 -
AHanu3 noJxy4YeHHbIX
JTAHHBIX 1 1 3 3 118|1.8 2 2 3 3
CocraBnenue
MOSICHUTEITLHOU 20| - [ 30| - | 24| - 24 - 35 -
3aMHUCKH
IIpoBepka npaBUIBHOCTH
BoinosiHeruss 'OCTa 1 1 2 2 14|14 1 1 1 1
ITIOSICHUTCIIbHOU 3aIlCKHU
IToxaroroska K 3arure 7 - 14 - 9,8 - 10 - 14 -

Ha ocHoBe nanHO# TabIUIIbI CTPOUTCS KaJeHAApHBIN TutaH-Tpaduk. ['paduk

CTPOUTCA JII MAKCUMAJIIBHOI'O 11O UIMTCIIBHOCTU HCIIOJIHCHUA pa60T B paMKax

HAy4YHO-UCCIIEI0BATEIHLCKOTO MPOEKTa Ha OCHOBE TaOiMILl 4.5 ¢ pa3OuBKOM MO

MecsaiaMm u aekanaMm (10 mHeit) 3a mepuoj BpeMEHU AUIUIOMHUpOBaHUs (Tabmuia

4.6).

Tabnuna 4.6 — Kanengapusiit mian-rpaduk nposeaenuss HUOKP no teme

Ne | Bug pabotsl Hcnonaurenun | Ty, [Tpog0IKUTETHLHOCTD BBITOJIHEHUS paboT
kai | dep Mapt Anpenb Maii Hronp
m. | 213111213123 [1]2]3[1]2
1 | CocraBnenue | PykoBogutens | 1
u (KpacHblif)
YTBEPXKICHUE
TEXHUYECKOTO
3aJIaHUS
2 [Ton6op u CryneHr 9
U3y4eHue (cunnit)
MaTepUajIoB
10 TEMeE
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Kanennapnoe | PykoBoautens, | 1
IJITAHUPOBaHUE CTYIEHT
pabor (>KeITBhIiN)
N3yuenne CryneHt 2
BO3MOKHOCTEH
pacuérHou
MOJIENIN
[IpoBenenue CryneHt 23
pacu€ToB
Ananus PykoBonurens, | 3
MOJTYYCHHBIX CTYJICHT
MaHHBIX
CocraBiieHue Crynent 35
MTOSICHUTEILHO
W 3aI1CKU
IIpoBepka PykoBonurens, | 1
MPaBUIILHOCTH CTYJEHT
BBITIOJTHEHUS
I'OCTa
MTOSICHUTEILHO
W 3aI1CKU
IToaroroBka k Crynent 14
3aIIUATE

4.3 brogxker HAYYHO-TEXHHYECCKOI0 HCCJICAOBAHUA

[Ipy mnmanupoBaHuu OOJKETa HAYYHOTO MCCIEAOBAHUSA YUYHUTHIBAETCS
IIOJJHOE M JIOCTOBEPHOE OTPAKEHUE BCEX BUAOB IUIAHUPYEMBIX PACXOJOB,
HEOOXOAMMBIX JJis ero BbloiHeHus. B nponecce dpopmupoBanus Oromxera HTU
UCITOJIB3YETCS CIEAyIoNasi TPYIIUPOBKA 3aTpaT MO CTAThsIM:

1. matepuanshsbie 3aTpaTel HTU;

3aTpaThl Ha clielraibHOe 000pyI0BaHUE;

AMOPTHU3aIUOHHBIC OTUMCICHU A,

JOITOJIHUTCJIbHAA 3apa60THa${ Iiara I/ICHOJ'IHI/ITCJ'IGI\/JI;

2.

3.

4. ocHOBHas 3apab0THAs IUIaTa UCIIOJIHUTENEH;

5.

6. oTUMCIIEHUSI BO BHEOIOIKETHBIE POHIBI (CTPAXOBbIE OTUUCIICHU);
7.

HaKJIaaHBbIC paCXOAbI.
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4.3.1 Pacuétr maTepuaJIbHbIX 3aTPAT

B naHHYIO0 cTaTpl0 BKIIIOYAKOTCS 3aTpaThl Ha MPUOOPETEHUE BCEX BUIOB
MaTEepUajIoB, KOMIUIEKTYIOIUX M3AeIui U 1ony(dadpukaToB, HEOOXOJUMBIX IS
BBITMIOJTHEHHSI pabOT MO JaHHOW TeMe.

Pacuer MaTepualibHBIX 3aTPAT OCYIIECTBIACTCA MO cienytouei hopmye:

m
3m = (1 + kr)- Z L; - Npacxir
i=1

rae M — KOJUYECTBO BHJIOB MATCpHAIBHBIX PECYypCOB, HOTp€6JISICMI>IX IIpu

BBIIIOJIHCHUM HAY4YHOT'O MCCJICAOBAHUAA, Npacxi — KOJMYCCTBO MATCPHAJIbHBIX

PECYPCOB I-ro BHUA4, INIAHUPYCMBIX K HCIIOJIb30BAHHWIO IIPHU BBIIIOJHCHHUH HAYYHOI'O

> n T.1.); Ll; — 1ieHa mpruoOpeTeHns eqUHHIIBI I-T0 BHUa

uccienoBanus (IT., KT, M, M
MOTPe6IAEMBIX MATEPHATBHEIX pecypcoB (py0./mrt., pyb./kr, py6./m, py6./mM° u
T.4.); Ky — KO3QQUIMEHT, YYUTHIBAIOIIUNA TPAHCIIOPTHO-3aTOTOBUTEIHHBIC
pacxobl (3-5% oT croumoctu MaTepuanos) [57, 58].

OCHOBHBIMHM 3aTpaTaMu B JaHHOM HCCIIEIOBATEIBCKON pabOTe SBISIOTCS
3aTpaThl HA DOJEKTPOIHEPTHI0O W TPHOOPETCHHE KaHIEIIPCKUX TOBApOB.
Pe3ynpTaThl pacyeToB Mo 3aTpaTaM Ha MaTepHalIbl MPUBEICHBI B Tabiuiie 4.7.

3arpaThl Ha AJIEKTpodHEpruro s padorsl [IDBM paccuuthiBatoTcs 1o
bopmyie:

C=Il,, P-F,s=58-0,5-960 =2784,
rie 11,, — Tapud Ha mpoMBIIIICHHYIO 31ekTposHepruio (5,8 py0. 3a 1 kBT u);

P — momHOCT 060pynoBanus, KBT; F s — BpeMs ucrnonb3zoBanus o00py10BaHus, Y.

3arpaThl Ha AIEKTPOIHEPTHIO cOCcTaBmU 2784 pyOis.

4.3.2 Pacuér 3aTpar Ha cnenuajJbHOe 00OpPYI0BaHUE /JIsi HAYYHBIX
paodor

Pacuer cBOAMTCS K ONMpEeICHUI0 aMOPTHU3AIIMOHHBIX OTYUCIICHHH, TaK Kak
o0opyaoBaHue OBLJIO MPUOOPETEHO 0 Hauyaja BBIMOJHEHUS AAaHHOW pabOTHI H
OKCIUTYaTUPOBAJIOCh paHHEEe, MOATOMY MpPH pacueTe 3aTpaT Ha 00OpyJAOBaHUU

YUUTBIBACM TOJIBKO paGoqI/Ie JHH I10 I[aHHOﬁ TEMC.
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Pacuer amopTu3anuu npoBOAUTCS CIEAYIOLIMM 00pa3oM:

Hopma amopTu3anuu: paccuuThIBaeTcs o popmysie:

1€ N— CPOK MOJIC3HOI'O UCIIOJIB30BAHU B KOJIMYCCTBE JICT.

AMopTH3anus 000py10BaHUS PACCUUTHIBAETCS 1O (HOpMYJIE:

HAH
A=A,
12 ™

rae U — uroroBast cymma, ThIC. py0.; m — BpeMs UCITOJIb30BaHUs, MEC.
3arpaThl HA aMOPTHU3ALIUIO 000PYAOBaHUS MPUBEICHBI B Ta0uiie 4.7.

Ta6nuna 4.7 — 3atparsl Ha 000pyAOBaHUE

O6mmas
CpoOK 10JIe3HOT0 LleHb! equHULIBI

HaunmenoBanue Kon- CTOMMOCTH
Ne HCIIOJIb30BaHNUs, o0opynoBaHus,

o0opynoBaHus BO, IIIT. o0opynoBaHus,

JeT THIC. PYO.
THIC. pYO.

IlepconanbHEII

1 p 1 4 30 30
KOMITBIOTED
Hroro 30 TBIC. pYO.

PaccuuthiBaeTcs HOpMa aMOpPTHU3alIuN JJIA HOYT6YKa, C y‘léTOM TOIro, 4To

CPOK IIOJIC3HOTO MCIIOJb30BaAHUS COCTABIIACT 4 rona:

1 1
HA:HZZZO'ZS'
OO6mras cyMMa aMOpTU3AlMOHHBIX oTuucieHui (1o gopmye 4.7):
a= Dl 02530000 5 200 pys.
12 12

4.3.3 OcHoBHas1 32apadoTHAs MJIATA UCHIOJHUTEEH TeMbI

B nacTosimyto cTaThio BKIIIOUAETCS OCHOBHAS 3apabO0THAs TUIaTa HAyYHBIX U
WHXCHEPHO-TEXHUYECKUX pPaOOTHUKOB, HEMOCPEJACTBEHHO YYacTBYIOIIUX B
BBITIOJIHGHUHU Pa0OT MO JAaHHOW TeMe M JOTOJHUTEIbHas 3apaboTHas 1uiaTa
HAYYHO-TTPOU3BOJICTBEHHOTO MEPCOHAA.

Tab6nuua 4.8 — bananc pabodero BpeMeHH

IToxa3zatenu pabouero PyKOBOJMTEN Cryient
BpEMEHU
KanengapHoe uncio nuen 365 365
KonnyecTBo HEpabounx gHEH 66 1118
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ITorepu pabouero BpeMeHH 56 28

JleicTBUTEIbHBIN TOA0BOM 043 219
dbonx paboyero BpeMeHH

OcHoBHas 3apaboTHas MiiaTa HAYYHOTO PYKOBOJMTENSI pACCUUTHIBACTCS Ha
OCHOBAaHMU OTpacieBOM oraTel Tpyaa. OTpacieBas cucTeMa OIUIaThl TpyJa B
TITY npenmnonaraeT cleyOMNN cOCTaB 3apaO0THOM TJIAThI:

oxiag — onpenensiercs npeanpustueM. B TIIY oxmaaesl pacnpenesieHsl B
COOTBETCTBHM C 3aHUMAEMbIMH JOJDKHOCTSMH, HAlpuUMeEp, aCCHUCTEHT, CT.
IpenojiaBaresp, AOLUEHT, Ipodeccop.

CTUMYJUPYIOIIME  BBIJIATBI —  YCTAHABIMBAIOTCSA  PYKOBOJIUTEIEM
noApazaeiaeHuid 32  APGEKTUBHBIM TPy, BBIINOJHEHHE JOMOJTHUTEIBHBIX
00s13aHHOCTEH U T.J. UHbIE BHITUIATHI: PAOHHBIN KOA(hOUITMEHT.

PykoBoauTenem paHHOW Hay4YHO-MCCIIEIOBATENIbCKOW pPabOThI SIBISETCA
COTPYIHUK C JIOJDKHOCTBIO mpodeccop U CTENeHblo JOKTop Hayk. Oxian
npodeccopa cocrapiser 32566 pyodieit (6e3 yuera PK).

Ucnonuutenem sBsieTCs WHXeHep-uccnenoBarens Jleitba E.B., okian
WHXKeHepa coctaBisgeT 13786 py0. (6e3 yueta PK).

Jlns pacuera MECSAYHOTO JOJKHOCTHOIO OKJIaja pabOTHUKA MPUMEHSIETCS
dbopmyna:

3M:3Tc'(1+knp+k;[)'k )
rae 3,— 3apaboTHas miaTa no TapudHoi cTaBke, pyod.; K., — mpemuanbHbIi
ko3 durnment, paBusbiii 0,3; K, — koahduireHT qomaar 1 HoJ0aBOK, COCTABIISACT
npumepro 0,2-0,5; k, — paiionnsiii ko3¢dunuent, paBuelit 1,3 (a11 Tomcka).
PesynbTaThl npeacTaieHs! B Tabnuie 4.9.

Tab6nuia 4.9 — Pacy€tr ocHOBHOI 3apabOTHO# TUTaThHI

Ucnonaurenu e Kip | Ko | Ko | 34 pYO. pg;%’ Ty ;:(E?a 30en PYO.
PykoBouTenb 32566 | 0,3 |0,2|1,3| 63503,7 | 2717,9 6 16307,4
Jleii6a E.B. 13786 | - - 11,3 ] 18070 11915 88 104852
Wroro no cratbe 121159,4
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4.3.4 lonoJiHUTeIbHAA 3apa00THAS MJIATA UCTIOJHHUTEJIeil TeMbl

3arpaThl MO JIONOJHHUTEILHOW 3apa0OTHOW IUIaTe HCIOTHHUTENICH TEMBbI
YUUTBHIBAIOT BEIMYMHY MPEAYCMOTPEHHBIX TpynoBeIM KojaekcoM P® pommar 3a
OTKJIOHCHHE OT HOPMAJbHBIX YCJIOBHHM TpyJaa, a TakKe BBIIUIAT, CBS3aHHBIX C
o0ecrieueHrneM TapaHTHil U KOMIICHcauid (IIpH MCIIOJTHEHUH TOCYIapCTBEHHBIX U
OOIIIECTBEHHBIX O00s13aHHOCTEH, MPU COBMEIIEHWU PaOOTHI C OOy4YCHHEM, IpH
IIPEIOCTABIICHUH €KET'OTHOTO OIUIAYMBAEMOTO OTITYCKA U T.JI.).

3 oon :kdon 3 ocH

rae 3,,, — IOIOJHHUTEIbHAs 3apaboTHas Iuiara, pyod.; Ky, — KodpduiueHt
JOTOTHATEIbHOU 3apruiatel (Ky,, = 0,14); 3,., — OCHOBHas 3apaboTHas IIata, pyo.

B tabmune 4.10 mnpuBeneH pacyeT OCHOBHOM H  JIONMOJHUTEIHHOM
3apa0OTHOM TJIATHI.

Tab6nuna 4.10 — 3apaboTHas miata ucnoaHuteneir BKP

3apaboTHas 1uiata PykoBoauTens Jleii6a E.B.
OcHoBHast 3apriaTa 3oy, pyoO. 16307,4 104852
JlomoJIHATEIbHAS 3apIliaTa
2283 14679,7
30m> PYO.
Htoro 1o craree 3, pyo 18590,4 119531,3
Htoro 138121,7

4.3.5 OTuncienus BO BHeOIOIKeTHbIE (POH/IBI (CTPAXOBbIE OTYMCIICHHUS)

Pa3mep otuucnenuit Bo BHeOoKeTHBIE POHIBI cocTaBisieT 30 % OT CyMMBbI
3aTpar Ha OIIATy TpyJa paOOTHUKOB, HEMOCPEACTBEHHO 3aHSITHIX BBIITOJIHEHUEM
HCCJIeI0BATENHCKON PabOTHI.

Benuuuna oTuncienuii BO BHEOOKETHBIE (DOHIIBI OTIPEACIISIETCS UCXOS U3
cieayronieit GopmyIb:

Bane6 = kBHeG ) (300H + 3;1011),

e Kyues — KOI(DPHUIMEHT OTYMCIACHWA HA YIUIATy BO BHEOIOKETHBIC (DOHIBI
(merncuonnbId HoHA, HOH 003aTEITHPHOTO METUIIMHCKOTO CTPAXOBAHUS U TIP.).

Benuuuna otuncnenuit Bo BHEOIOKETHBIE (DOHIBI COCTABIISET:

3anes = 0,3 - 138121,7=41436,5 py6.
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4.3.6. HakaaHble pacxoabl

HakmagHele pacxoapl YYHMTBIBAIOT IIPOYME 3aTpaThl OpraHU3AIMH, HE
MOTIABIIIE B TPEIBIAYIIME CTATbU pPACXOJOB: TE4YaTh W KCEPOKOIMUPOBAHUE
MaTepHaOB UCCIEAOBaHUS, OILIaTa yYCIyT CBSA3H, SJICKTPOIHEPTHH, PA3MHOKEHUE
MaTepHayoB U T.A. VIX BeIu4rHa onpeaessseTcs 1Mo cieayronei hopmysie:

3haxn :ka (3,0 3mme6 T 30cn)-

mar

Bennmuuny kosddunnenta HakmagHbIX pacxoloB Ky, MOXHO B3STh B
pazmepe 16%.
Char = 0,16 - (1264+41436,5+121159,4) = 26217,6 pyo.

4.3.7 M®opmupoBaHue OIOMKeTa 3aTPAT HAYYHO-HCCJIEI0BATEIbCKOIO
npoeKTa

PaccuntanHas BenuuMHA 3aTpaT HAyYHO-HCCIENOBATENBCKOW pPabOThI
SIBIIIETCS. OCHOBOM 11 (POPMUPOBAHUS OFOJKETA 3aTpaT MPOCKTa, KOTOPBIA TpH
(dbopMUpOBaHNUN JOTOBOpA C 3aKa34MKOM 3aIUIIACTCA HAYYHOW OpraHU3aIlucil B
KauecTBE HIKHETO TIpelesia 3arpaT Ha pa3pabOTKy HaydYHO-TEXHUYECKOU
TIPOTYKITHH.

Omnpenenenne OromKeTa 3aTpaT Ha HAYYHO-HCCIIENOBATEILCKUNA MPOEKT I10
KaKJIOMY BapUaHTy UCIIOJIHEHUS MTpUBe/eH B Taduuiie 4.11.

Omnpenenennas cebecronmocts mpoekta coctaBmsger 207039,8 py6., a
BpEMsi, HEOOXOIMMOE IS €€ BBITIOJTHEHUS 89 KaJeHIapHBIX THEH.

Tabnuma 4.11 — Pacuér 6ro/pkeTa 3aTpat UCCIEA0BATEIbCKOTO MPOEKTa

HaumeHnoBanue cratbu Cymma, py6

1. MaTepuaiibHbI€ 3aTpaThl UCCIIEIOBAHUS 1264

2. 3arpaThl 10 OCHOBHOI 3apabOTHOM TIJIaTe 121150,4
VCTIOJTHUTENICH TEMBI

3. 3arpaThl 110 JIOTIOTHUTEIHLHON 3apaboTHOM TUT1aTe 16962 3
VCTIOJTHUTENICH TEMBI ’

4. OturcneHus: BO BHEOIOKETHBIE (DOHTBI 41436,5
5. Hakmanueie pacxopl 26217,6
OO61me 3aTpaThl HCIOTHUTEIS 205775,8
OO0muii OrOPKET 3aTpaT UCCIICTOBAHMS 207039,8
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4.4 OnpenesieHne pecypcHoil (pecypcocoOeperawineii), (puHaAHCOBOW,
OIO/1KETHOM, COLHAIBLHON U IKOHOMHYECKOH 3(PPeKTHBHOCTH UCCJIeI0BAHUS

Onpenenenve  3(PQGEKTUBHOCTH  MPOUCXOJUT HA  OCHOBE  pacueTa
UHTETPAIILHOTO ToKa3aTens dS()PEeKTUBHOCTH HAydyHOro wuccienoBanusa. Ero
HaxXOXKJEHUE CBA3aHO C OINPEIEICHUEM J[IBYX CpPEIHEB3BCLICHHBIX BEJIMYMH:
dbunaHcoBOM 3 (HEKTUBHOCTH U pecypcodrhPEeKTUBHOCTH.

NuTerpanbHbiii ((MHAHCOBBIN TTOKA3aTeNb Pa3pabOTKH OMPEACIICTCS KakK:

II/ICI‘I.i — pi
¢unp T ’
(Dmax
HCIL1 o o .
rac dunp HHTCTPAJIbHBIN (1)I/IHaHCOBI>II/I II0Ka3aTeib pa3pa60TI<H, qui —
CTOUMOCTDb i'FO BapI/IaHTa HUCIIOJTHCHUA, (Dmax — MaKCuMaJibHas CTOHUMOCTb

HCIIOJIHCHUA HAYUYHO-HUCCICA0BATCIBCKOI'O ITPOCKTA.

IHCH.1:207039,8: Al
¢urp 500000
ey 3605654

lowp= 500000 72

Hcnonnenne 1 COOTBETCTBYET AaHHOW pa3pabOTKe, HUCHOJHEHHE 2 —
aHAJIOTUYHOU. 3a MaKCUMAaJIbHYI0 CTOMMOCTh MCHOJHEHMS B3ATa FMIOTETHYECKas
CTOMMOCTH MPOEKTA MPU MAKCHUMAJIbHBIX IIEHaX Ha BCE COCTABIISIFOIINE OIOKETA.

[TomyueHnHass BeIMYMHA MHTETPAIbHOTO (PMHAHCOBOTO TOKA3aTeNs MPOeKTa
OTpa)kaeT COOTBETCTBYIOILLEE UMCICHHOE YACIIEBICHHUE CTOMMOCTH pa3paboTKH,
T.K. TIOJy4YEHHOE 3HAaYCHHE ISl PA3HBIX UCTIOTHUTENCH HE MPEBBIIIACT €TUHUIIBI.

NHurterpanbHbIii MOKa3aTesb pecypcodhHeKTUBHOCTH BApUAHTOB

HCIIOJTHEHUS 00BEKTa UCCIICAOBAaHUS MOYKHO OTIPEICIIUTh CJICTYIOIMHUM 00pa3oMm:

Ipi: z ai°bi,

rae I, — MHTEerpajbHBIi TOoKa3aTeldb pecypcodPEeKTHBHOCTH A I-r0 BapHaHTa
UCIIOJTHCHUS pa3pabOTKH; a; — BECOBOH KOI(PPUIMEHT I-T0 BapHaHTa UCIIOTHCHHUS
pa3pabotku; b?, b — OanbHas OLIEHKA I-r0 BapHaHTa HMCIOJHEHHS Pa3pabOTKH,
YCTaHABJIMBACTCSA IKCIIEPTHBIM ITyTEM IO BBIOpAHHOW IKajieé OICHWUBAHUSA, N —

YHUCIIO MapaMeTPOB CPABHEHHSL.
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B Tabmuue 4.12 npencraBieHa CpaBHUTENbHAs OLEHKA XapaKTEPUCTHUK
BAapUAHTOB UCIOJIHEHUS ITPOEKTA

Tabnuua 4.12 — CpaBHUTENbHAS OLIEHKA XapaKTEPUCTUK BAPUAHTOB HUCIIOTHEHUS

IIPOEKTa
OOBEKT UcciIen0OBaHU BecoBoii
koaurmeHt Hcem. 1 Ucm. 2

Kpurepuu rapaMmerpa

TOYHOCTE BEIYHCIIEHUI 0,25 5 4
CKOpOCTb MPOU3BEJICHUS PACUECTOB 0,1 4 3
Y 100CTBO B AKCILTyaTaIlluu 0,15 5 5
Busyanmzanus pe3ynbTaToB 0,2 5 5
DKOHOMHSI CPEJICTB 0,3 5 5

Hroro 1 4.8 4.4
[ e = 570254501 +5-0,15+5-0,2+50,3 =5;
[ e =47025+3-0,1+5-0,15+5-0,2+50,3 = 4,55.

WNurterpanbHbiii  mokazareiab 3(PQGEKTUBHOCTH BAapUAHTOB  HCIIOJHEHHUS
pa3paboTKH:
_ Ip—ch.i

II/ICH.i - UCIL.L
dunp

5
Lien=—==12,2;
uc. 1 0,41 >

4,55

IHCH'2:_0,72 =6,32.
C uenplo ompeaeneHus HauOoyiee I1eIecoOO0pa3HOTO BapuaHTa U3
MPEIIOKEHHBIX CPAaBHUM HMHTETpabHbIC TIOKazaTtenu 3(PGEeKTUBHOCTH BapUAHTOB

WCITOJIHEHHSI pa3pabOTKHU U ONPEIEINM CPAaBHUTENbHYIO 3(h(PEKTUBHOCTD MPOEKTA!

9 _Incn.l

cp_l_'

ucm.2
rae 9, — cpaBHHUTENbHAd D(P(OEKTUBHOCTH IIPOEKTA; IgHHp— MHTETPaIbHbII
nokasarenb pa3paboTku; Ig,., — WHTErPalbHBIA TEXHUKO-IKOHOMHYCCKHI

MoKa3aTeNb aHajora.
B tabnuie 4.13 npencrasieHa cpaBHUTENIbHAS 3HPEKTUBHOCTH Pa3pabOTKHU.

Tabnuma 4.13 — CpaBautenbHas 3PGEeKTUBHOCTH pa3pabOTKU
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Ne ITokasarenn Hcen.1 Hcn.2
1 | UnTerpanbHblii pMHAHCOBBIN MMOKa3aTelb pa3pabOTKH 0,41 0,72
5 WuTerpanbHblil MOKa3aTelb pecypcodPPeKTHBHOCTH 5 455

pa3paboTku ’
3 | MHTerpanpHbIii mokazaTtennb 3PGEeKTUBHOCTH 12,2 6,32

4 | CpaBHutenpHas 3)()EeKTHBHOCTH BApUAHTOB UCTIOIHEHUS 1,93

CpaBHMB 3HAY€HMsI WHTETPAJIbHBIX MOKazareneld 3PEGEeKTUBHOCTH MOKHO
caenarb BbIBoJ, uTo peanuzanus HWP B mepBoM ucnoiiHeHuu siBisieTcs Oosee
3¢ ()EKTUBHBIM BapUAHTOM PEIIEHUS 3a/Jadd, MOCTABICHHOW B JTaHHOW paboTe C
no3uiuu GUHAHCOBOM U pecypcHOM 3((PEKTUBHOCTH, T.K B MEPBOM HCIOJHEHUU
TpeOyeTcss MEHbIle BPEMEHHU JUIsl MPOBEACHUS HCCIEAOBAHUA, a CIEAOBATEIHHO

MCHBIIIC 3aTpaT Ha 3apa60THon IJ1aTy UCIIOJIHUTCIIA.

BriBoa no pasaeny ”PUHAHCOBBIN MEHEIKMEHT,
pecypcodddeKTUBHOCTD U pecypcocOepeskenne”

Ha ocHOBE NpOBEIEHHOTO aHAIN3a CACIIAEM CIEAYIOIINE BBIBOJBI:

1. CornacHo aHanM3y KOHKYPEHTHBIX TEXHUYECKUX PEIICHUN yCTaHOBJICHO,
YTO KOHKYPEHTHBIE METOJbl HMEIOT P  HEIOCTAaTKOB, HCKIIOYAaEMbIX
pa3paboTaHHOM Mojenblo. Panee paspaboranHas corpyanukamu OSTL monens
MO3BOJISIET CYIIECTBEHHO CHU3UTH (DMHAHCOBBIE 3aTpaThl, 00ECIIEYNBAET BBHICOKYIO
TOYHOCTh PACUETHBIX 3HAYEHUH M UMEET BBICOKHM NOTEHIMANl pa3BUTHUS B
JAJIbHEHIIIEM.

2. B xone miaHWpoBaHMS HAay4YHO-HUCCIEAOBATEIbCKUX PabOT ompesescH
nepedyeHb paldoT, BBINOJHSAEMbIM pabouel rpynmnod. B ganHom ciywae pabouas
rpyIina COCTOUT U3 JABYX YEJIOBEK: pyKoBoJaUTENb (Tipodeccop) u ctyneHt (Jleiida
E.B.). Ha ocHOoBe BpeMEHHBIX MOKa3aTesiel Mo KaXJI0W U3 MPOU3BEIEHHBIX paboT
OBLT TOCTPOEH KaJEHIAAPHBIN MIaH-TpaduK, TOCTPOCHHBIM HA OCHOBE JIHAarpaMMBbl
["anTa, MO KOTOPOMY MOKHO YBHJIETh, UTO Camasi MPOJOKUTEIbHAS 0 BPEMEHU
paboTa — 3TO COCTaBJICHUE MOSICHUTEIHLHOM 3aITUCKH.

3. bromxer wuccnemoBanusi coctaBun 207039,8 py6. OH coctout wu3

MaTepuanbHbIX 3aTpar (1264 py6.), 3arpat Ha omuiatel Tpyna (1381217 py6.),
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oTuucieHuil Bo BHeOOKeTHBIC (PoHIbl (41436,5 py0.) W HAKIIAIHBIX PACXO0B
(26217,6 pyo.).

4. [IpousBeneHa cpaBHUTEIbHAS XapaKTEPUCTHKA SPPEKTUBHOCTH
pa3pabOTKM Ha OCHOBAaHMHM WHTETPAILHOTO TMoOKa3aTens dA()QPEKTUBHOCTH.
Peanm3amus mpoekTa B TIEPBOM HCIIOJIHEHUHW sBIsETCS Ooliee 3¢ (HEeKTHUBHBIM

BapHUaHTOM.

5 COHUAJIBHAA OTBETCTBEHHOCTbD

OmHO W3 OCHOBHBIX HAMpaBIICHUH MPOPUIAKTUYECKOH padOTHl  TI0
CHW)KEHUIO  TMPOM3BOJACTBEHHOIO  TpaBMaThu3Ma U NPOPECCHOHAIBHOU
3a00JIeBAEMOCTH SIBJISIETCS MMOBCEMECTHOE BHEIPEHUE KOMIUIEKCHOM CHCTEMBbI
YIIPaBJICHUS OXPAHOU TPyJa.

OnacHbIil TPOU3BOACTBEHHBIN (AKTOp — NPOU3BOJICTBEHHBIA (HaKTOp,
BO3JIEUCTBHE KOTOPOTO B ONPEIEIECHHBIX YCIOBHSIX MPUBOJAT K TpaBME WU
JIPYroMy BHE3aITHOMY, PE3KOMY YXYAIIECHUIO 3/I0POBbSL.

Bpenusiit npor3BoACTBEHHBINH (pakTop — (PakTop, BO3ACHCTBHE KOTOPOTO Ha
paboTaroIero B OMNPEIEIEHHBIX YCIOBUSIX MPUBOAUT K 3a00JEBAHUIO WIH
CHUKEHUIO TPYJIOCIIOCOOHOCTH.

B pabGore mnpoBomurcs wu3ydeHue tmporiecca gecyonmumaruu  UFg B
BEPTUKAJbHBIE TIOTPYKHBIE EMKOCTH C BEpTUKaJIbHBIM oOpeOpeHuemM u 0e3.
Pe3ynpTaThl MOTYT OBITH MCIIOJIB30BAaHBI JUISI COBEPIICHCTBOBAHMS TEXHOJOTHUHU
necyonumanuu rekcapropuaa ypaHa B AO «II0 3X3» u Ha npyrux
Pa3IeIUTEIbHBIX IPEANPUITHS OTPACIH.

HUccnegoBanuss MNpOBOAWIMCH € TMOMOIIBIO JABYX UM TPEXMEPHOMU
MaTeMaTHYECKUX MOJICJICH, pealu30BaHHbICE B BHJIE TMPOrPAMMbI Ha S3bIKE
FORTRAN-90 B cpene Microsoft Developer Visual Studio. HccrmemoBanus
npoBoauianch B mabopatopun Ne 246 10 kopmyca ToMCKOTo MOIMTEXHUYECKOTO
YHUBEPCUTETa, NpU ITOM  HCIOJIb30BaJacCh IEPCOHAIbHAS  JJIEKTPOHHO-
BbluMcIuTENbHas MamunHa ([I9BM).

B pasnene paccMOTpeHBl OnacHble U BpEAHBbIE (PAKTOPBI, OKa3bIBAIOIIME
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BIIMSIHUE HA MPOIECC HUCCIEAOBAHUSA, PACCMOTPEHBI BO3JICUCTBUSA UCCIETYEMOTO
00BEKTa Ha OKPYXKAIOUIYI0 Cpeay, MPaBOBbIE U OPraHU3AI[MOHHBIC BOIPOCHI, a

TAKIKC MCPOIIPUATHA B QPCSBBIqaﬁHBIX CUTyaluax.

5.1 IlpaBoBble U OpPraHuU3allMOHHbIE BONPOCHI  oOOecrevYeHus!
0e30macHOCTH

5.1.1 IIpaBoBbIe HOPMBI TPYAOBOI'0 3aKOHOAATEILCTBA

OcHOBHBIE TMOJIOKEHUSI TI0O OXpaHe TpyAa U3JokKeHbl B TpymoBoM Kojekce
Poccuiickoii ®@enepannu [59]. B aToM AOKyMEHTE yKa3aHO, 4TO OXpaHa 3/10pOBbs
TpyAsAmMxcsi, oOecreueHne Oe30MacHBIX  YCIOBUH  Tpynda, JIMKBHAALUA
podecCHOHANIbHBIX 3a00JIEBAaHUIM M TIPOU3BOJICTBEHHOTO TpaBMaTH3Ma SBIISIFOTCS
OJTHOM W3 TJIaBHBIX 3a00T rOCyAapCcTBa.

CoracHO KaXX/blii paOOTHUK UMEET MPaBO Ha:

— paboudee MecTO, COOTBETCTBYIOIEE TPEOOBAHUSIM OXpaHbl TPYAQ;

— 00s13aTeNIbHOE COIMATbHOE CTPAaxOBaHHME OT HECYACTHBIX CIy4yaeB Ha
IIPOU3BOJICTBE U MPO(hecCHOHAIBHBIX 3a00JI€BaHUM;

—  TMOJy4YeHWE  JIOCTOBepHOW  uHPopmanuu  oT  paboTojarerss,
COOTBETCTBYIOLIUX IOCYIapCTBEHHBIX OPraHOB M OOILECTBEHHBIX OpraHu3alui 0o
YCIOBUSIX W OXpaHe TpyAa Ha paboyeM MecTe, O CYIIECTBYIOLEM pHUCKE
MOBPEXKACHUS 3[I0OPOBBS, & TAKXKE O MEpax IO 3alIUTe OT BO3ICHCTBHUS BPEIHBIX U
(WJIM) OTTACHBIX MPOU3BOJICTBEHHBIX (PAKTOPOB;

— OTKa3 OT BBINIOJIHEHUS pabOT B Cllyuyae BOZHUKHOBEHUS OTIACHOCTH JIJISl €T0
KU3HU U 370POBbsI BCIEACTBUE HAPYIIIEHUSI TPEOOBAHUN OXpaHbI TPYIa;

— obecreueHre CpeICTBAMHU WHIWBUIYAITBHOW W KOJUIEKTUBHOW 3alllUTHI B
COOTBETCTBHUH C TPEOOBAaHUSAMH OXpaHbI TPy 3a CUET CPEACTB paboToAaTeNs,

— o0yueHue O€30MacHbIM METOJaM W IMpHEMaM TpyAa 3a CYET CPEICTB
paboronarens;

— JUYHOE YyYacTHe WM Yy4YacTHE 4Yepe3 CBOUX TMpEACTaBHTENCH B

pPacCMOTPEHUU BOMPOCOB, CBSI3aHHBIX C OOecredeHrueM Oe30IacHbIX YCIOBUMN
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Tpyda Ha ero pabouyeM MecTe, U B paCCICIOBAHHM MPOUCIIEAIIETO C HUM
HECYaCTHOTO CTy4yasi Ha MPOU3BOICTBE WJIH MPO(ECCHOHANTBHOTO 3a00JIEBaHUS;

— BHEOUEPETHOW MEIUIMHCKUNA OCMOTP B COOTBETCTBUHU C METUITMTHCKUMU
PEKOMEHIAIUSAMHA C COXPAaHEHUEM 3a HUM MeCTa paboThl (JOHKHOCTH) U CPETHETO
3apaboTKa BO BPEeMsI MPOXOKICHHS YKa3aHHOTO MEIUIIMHCKOTO OCMOTPA;

— rapaHTUU U KOMIICHCAIIUH, YCTAHOBJICHHBIC B COOTBETCTBUU C HACTOSIIUM
KonekcoM, KOJIJIEKTUBHBIM JIOTOBOPOM, COTJIAIICHUEM, JTOKAITHbHBIM HOPMATHBHBIM
aKTOM, TPYAOBBIM JIOTOBOPOM, €CJIM OH 3aHIT Ha paboTax ¢ BPEAHBIMHU U (WIIN)
OITACHBIMHU YCIIOBHUSIMH TPY/a.

B [59] romoputrcs, uTto HOpMaigbHas IMPOIOJDKATEILHOCTh pPabodero
BPEMEHHU HE MOKET IpeBbImath 40 yacoB B Henelnto, paboToaarens 00sa3aH BECTH

y4eT BPEMEHH, OTPaOOTaHHOTO KaXAbIM PAOOTHUKOM.

5.1.2 OpraHu3auMoHHbIe MEpPONPHUATHS MPH KOMIIOHOBKe padoueil
30HBI HCCJIeA0BATEIS

PanmonanpHas miaHupoBKa paboyero Mecra MpeaycMaTpUBaeT YETKUIH
MOPSIOK W TOCTOSHCTBO  Pa3MEIICHUS TPEAMETOB, CPEACTB Tpylda U
nokymenrtanuu [60]. To, uyto TpeOyeTcst [T BBINOJIHEHHS PAa0bOT dYalle TOJHKHO
pacroyiaraTbCs B 30HE JIETKOM JOCSITaeMOCTH pabodero MpOCTPAaHCTBA, Kak

MOKa3aHo Ha pUCYHKe 9.1.
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Pucynok 5.1. 30HbI 10CSITaEMOCTH PYK B TOPU30OHTAIBHOM TJIOCKOCTH:

a - 30Ha MaKCUMaJbHOM A0CATAaCMOCTH PYK;
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0 - 30Ha TOCSIraeéMOCTH TaJbIEB MPHU BBITSIHYTOU PYKE;
B - 30HA JIETKOM J0CATaEMOCTH JIaJIOHHU;
I - ONTUMAJIbHOE MTPOCTPAHCTBO JJIsl TPpyOOl pyuHOI pabOoThI;

71 - ONITUMAJIbHOE TIPOCTPAHCTBO VISl TOHKOM py4yHOM paboTh

OnTuManpHOE pa3MelIeHUe MPeIMETOB Tpyda M JOKYMEHTallud B 30HaX
JOCITaeMOCTH PYK: JHUCIUICH pa3MeniaeTcs B 30HE a (B IIEHTpE); KJIaBHaTypa — B
30HE I/1; CUCTeMHBIM OJIOK pa3Melnaercs B 30He O (ciieBa); MPUHTEP HAXOAUTCS B
30HE a (crpaBa); JOKYMEHTALIUS:

— B 30HE JIETKOM JOCSATaeMOCTH JaJOHM — B (ClieBa) — JuUTEpaTypa H
JOKyMEHTaIus1, HeoOxoaumasi mpu padore;

— B BBIIBMKHBIX SAIIAKAaX CTOJIA — JIATEPATypa, HEe UCIOIb3yeMast TIOCTOSTHHO
[60].

[Ipu mnpoeKkTHpOBaHWU MHUCBMEHHOTO CTOJa JIOJDKHBI OBITh  yUTEHBI
CeAyIoIIe TpPeOOBaHUS.

IIpenen BeIcOTHI paboueirt moBepxHOCcTH ctoja 680 — 800 mm. Bricora
paboueil MOBEPXHOCTH, HA KOTOPYIO YCTAaHABIMBAECTCS KJIaBUATypa, NOKHA OBITH
650 mm. PabGounii cron momkeH ObITh mUpuHON He MeHee 700 MM W JUTMHOM He
menee 1400 mm. [[oKHO UMEThCSI IPOCTPAHCTBO JIJIsi HOT BBICOTOM He MeHee 600
MM, mupuHON — He MeHee 500 mMwm, rIyOMHON Ha ypoBHE KoJeH — He MeHee 450
MM ¥ Ha YPOBHE BBITAHYTHIX HOI — HE MeHee 650 MM.

Pabouee kpecio AOMKHO OBITh MOABEMHO-TIOBOPOTHBIM U PETYIHPYEMBIM
0 BBICOTE M yTJIaM HaKJIOHA CUJICHBS M CITUHKH.

MonuTtop J0/KeH OBITH pACMoOJIOKEH Ha ypOBHE TIJa3 omeparopa Ha
paccrosaun 500600 wmm. CorjmacHo HoOpmaM, yroia HaOMOJEHUS B
TOPU30HTAJIBLHOM TIJIOCKOCTU JOJDKEH OBITh He Oosiee 45° k HOpManmu SKpaHa.
Jlyuiie — ecniu yroa o63opa Oyner coctaBisaTh 30°.

JlomkHa perycMaTpUBaTHCS BO3MOKHOCTD PETYJITUPOBAHMS dKpaHa:

— II0 BBICOTE + 3 CM;

— o HakJIoHy oT 10 1o 20 rpasycoB OTHOCUTEIHLHO BEPTUKAIIH;
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— B JICBOM W MPABOM HaIPaBJICHUSX.

KnaBuatypy cienyeT pacmojarath Ha IMOBEPXHOCTH CTOJIa Ha PACCTOSHUU
100300 MM oT kpas. HopManbHBIM IOJIO)KEHHEM KIIABHATYphI SIBISETCS €&
pa3MelieHre Ha ypOBHE JIOKTS orepaTopa C YIJIOM HAaKJIOHA K TOPU30HTaIbHOU
mwiockocTu 15 © [60].

B naGopatopuu Ne 246 10 xopmyca TIIY MNOTHOCTBIO BBIOJHSAIOTCS

yCTaHOBJICHHBIC HOpMBI [60].

5.2 IlpousBoacTBEHHAN H€30MACHOCTD

5.2.1 AHa/u3 BpeAHbIX U ONACHBIX (haKTOpPOB

[Ipou3BOACTBEHHBIE YCIOBHS Ha paboyeM MeCTe XapaKTepU3YIOTCs
HAJMYMEM OIACHBIX W BPEIHBIX (hAaKTOPOB, KOTOPHIC KIACCHU(PHIMPYIOTCS TIO
rpynmnam AJIEMEHTOB: busnueckue, XUMHUYECKHE, OuosoruyecKkue,
CUX0(U3HOIOTHUECKHUE.

Ha pabGotHuka mnaboparopuu, MPOBOMSIIETO  AKCIEPUMEHTAJIbHbBIC
UCCJIEIOBAHUSI, MOTYT BO3/ICMCTBOBATH CIIEAYIOMINE (PAKTOPHI:

— (¢usuveckue;

— XHUMHYECKHUE;

— TICUXO(U3NOIOTHUECKUE;

— Owuosorudeckue [61].

OnacHble W BpenHble (AKTOPHI, KOTOpPHIE BO3JCHCTBYIOT Ha MEPCOHAT

npu paborte Ha [I9BM, npusenens! B Tadnuie 5.1.
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Tabnuna 5.1. Onacuelie u Bpeansie Gpaktopsl momerieHus Ne 246 10 kopmyca TITY

HanmenoBanue Bua0B DakTopsl HopmatuBHBIE TOKYMEHTBI
paboT u nmapameTpoB
MIPOU3BO/ICTBEHHOTO Bpenusie OmnacHeie
nporecca
Pa6ora ¢ xumuyeckumu | XHUMHUYECKUE — I'OCT 12.1.007-76 CCBT.
peaKTHBaMu. BpEIIHbIC Bpenubie Bemectpa [62].
BeEIECTBA. MY 2.6.5.033-2017

Opranu3anys BEHTHISIMA Ha
panuaIOHHO OMAaCHBIX
OPEIPUATHIX
(mpoun3BoOACTBAX)
rockopnoparuu "Pocarom” [67]

Pabora na miiasmenHoii | BosgpeiictBue | Onexrpuyeckuit Tok| ['OCT 12.1.038-82 CCBT.
YCTaHOBKE. pamuaruu (BY, DnekrpobesomacHocTh [63],
VBY, CBU u CanlluH 2.2.4/2.1.8.055-96.
T.IL.). DJIEeKTPOMAarHUTHBIC U3TY4ICHUS
paznoYacTOTHOTOMana3oHa

[64].

[loxapHas I'OCT 12.1.004-91 CCBT.
OIACHOCTh [Moxapnas 6e3omacHOCTB[65].

Pacuér nanubix HaOBM.| lllym, BuOpanus, | 9neKTpuuecKuil TOK CanlluH 2.2.4.3359-16

MUKPOKITMAT; «CanurtapHo-
BO3JICHCTBHUE AMUIEMHOJIOTHYSCKHC
pamuaruu (BY, TpeOOBaHMS K (PU3NYECKUM
VYBY, CBY u (hakTOopaM Ha pabOUYNX MECTaxX)»
T.01.). [66],

I'OCT 12.1.038-82 CCBT.
Drextpobe3onacHocTs [63].

K ncuxosnornyecku BpeaHbIM (hakTOpaM, BO3IEHUCTBYIOIIMM Ha MEPCOHA,
MOYXHO OTHECTH:

— YMCTBEHHOE HaIIPSKEHUE;

— (pusuIecKue neperpys3KH.

buonoruueckue W XUMHUECKHE BpEAHbIE NPOU3BOACTBEHHbIE (DAKTOPHI B

nabopatopuu Ne 246 10 kopryca TIIY oTcyTCcTBYIOT.

5.2.2000cHOBaHue MEPONPUATHH MO  3alIMTe UCCJIe0BaTe/IA
OTAefICTBHSA BPEAHBIX U ONIACHBIX (PAaKTOPOB
B cooTBeTcTBUU C OCHOBHBIMU TPEOOBaHUSIMM K TMOMEIICHUSM  JJis

skcriryatauu [I9BM OHM HOJDKHBI MMETh €CTECTBEHHOE W HCKYCCTBEHHOE
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ocemienne. [Lmomane Ha ogHO pabodee Mecto moib3oBarenein [[9BM momkHa

2
COCTaBJISITh HE MeHee 6 M~ [63].

5.2.3 OTkJIOHeHHEe MoKa3aTe/ el MUKPOKJINMAaTa

Bo3nyx paboueii 30HBI (MHKPOKIMMAT) IMPOU3BOJACTBEHHBIX MMOMEIICHHH
OIPEACIAIOT CICAYIONINE IMapaMeTphl: TeMIIEpaTypa, OTHOCHTEIbHAS BIIAXKHOCTD,
CKOPOCTh JIBIDKCHHS Bo3ayxa. OnTuMajibHBIC 3HAYCHUS  XapaKTCPUCTHK
MHUKPOKJIMMATa YCTaHABJIMBAIOTCS B COOTBETCTBHU C HOPMAMH M IIPHBEICHBI B
Tabaume 5.2.

Tabnuma 5.2. OnTuManeHbIe TapaMeTPbl MUKPOKIIIMATa

Ckopoctb
Ilepuon rona Temmeparypa, °C Ornocutenpias JBUKECHUSBO3yXa
’ BJIQXKHOCTB, %0 ’
Mm/c
X OJIOTHBII 23-25 40-60 0,1
Tennbrii 22-24 40 0,1

K  MepompusiTusiM 1O  O3JOPOBJIECHHIO  BO3AYIIHOM  Cpeisl B
MPOU3BOJICTBEHHOM  TOMEIIEHUH  OTHOCATCS:  MpaBWIbHAas  OpraHU3allus
BEHTWISIIIUU Y KOHJAUIITMOHUPOBAHUS BO3/IyXa, OTOTJICHUE TTOMEIICHUM.

Bentunsanus — mpoliiece yaaneHus oTpaboTaHHOTO BO3AyXa M3 MOMEIICHUS
U 3aMeHa ero HapyXHbIM. CucTeMa BEHTWISIMU 0OECIEYMBAECT OTTOK U MPUTOK
BO3/lyXa B TOMeEIICHUU. BeHTussus o0ecrneuynBaeT CaHUTAapPHO- THTUEHUYECKUE
yCJIOBUS (TeMIEpaTypy, OTHOCUTEIIbHYIO BJIAXKHOCTb, CKOPOCThIBHXKEHUS BO3TyXa
U YUCTOTY BO3/yXa) BO3AYIIHOW Cpellbl B TMOMEIICHUHU, OJaronpusiTHbIC Jis
3I0POBbsl U CAaMOUYYBCTBUSI YEJIOBEKAa, OTBEYAIONIUE TPEOOBAHMSAM CAHUTAPHBIX
HOPM, TEXHOJIOTHYECKUX TMPOLECCOB, CTPOUTEIBHBIX KOHCTPYKUIMM 3/IaHUM,
TEXHOJIOTUW XpaHEHUS U T. 1.

BeHTunsiuust MOXET OCYHIECTBIATHCS €CTECTBEHHBIM U MEXaHMYECKUM
nytéM. OnTumanbHasi KpPaTHOCTh BO3AyXOOOMEHAa B  IMPOU3BOJICTBEHHBIX
MOMEIICHUSX HAXOAUTCS B JOCTATOYHO MIMPOKUX mpeenax: o 3 go 40 ¢ ™ [61].

Takum 00pa3oM, YCTaHOBJEHO, YTO MHUKPOKJIMMAT B HCIOJIb3yeMOM

naboparopun Ne 246 10 yuebHoro xopmyca TIIY cooTBeTCTByeT ONTHMAIbHBIM
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ycIoBusiM paboThl [61, 67].

5.2.4 IlpeBblllIeHNE YPOBHS IIyMa

lym wu BuOpamusi yXyAIIAIOT YCIOBHUS TpPyda, OKAa3bIBAIOT BPEIHOE
BO3/ICHICTBIC Ha OpPraHM3M YelIOBEeKa, a WMECHHO, Ha OpraHbl CllyXa U Ha BeECh
OpraHM3M 4Yepe3 [EHTPaTbHYI0 HEPBHYIO CHCTeMy. B pesynprare 3TOro
ocrma0ysieTcss  BHUMaHWE,  YXYIOIIaeTcs  MaMmsaTh, CHIDKAGTCA  peaKIus,
YBEJIMYUBACTCS 4YHMCIO oOmubok mpu padore. Illym wmoxker co3mgaBaThes
paboTaroliuM 00OpYJOBAaHUEM, YCTAaHOBKAMHM KOHJUIIMOHUPOBAHMS BO3/yXa,
OCBETHTCIIBHBIMA TpHOOpaMH THEBHOTO CBETa, a Tak)Ke MPOHUKATh W3BHE. B
HaIllEeM CJlydae MCTOYHMKOM IITyma SBJISIETCS OTKauuBarouuii kommpeccop. Lllym
KOMIIpeccopa BBICOKOYACTOTHOTO TEHEpaTopa MCHOJIb3yeMOW YCTAaHOBKM HE
npeBbimmaeT 75 Ab, 4To Tak ke COOTBETCTBYET CAHUTAPHBIM HOpMaMm [66].

B Tabnuue 5.3 npuBeieHbl HOPMBI YPOBHS IIyMa IMPU Pa3TUYHBIX BHJIAX

pabor.
Tabnuna 5.3. HopMaTuBbl ypoBHS LTyMa MPHU Pa3INYHbIX BUIAX padOT
. DKBUBAJICHTHBI
MaxkcruMaabHO JOMYCTUMBIN ypoBeHb yMa (1b), Bmonocax
crenyromux okras (I'm) © YPOBHHIIYMA,
nBbA
Hayunas paora,
pacuersi, 86 | 71 | 61 | 54 | 49 | 45 | 42 | 40 | 38 50
KOHCTPYHPOBAaHHUE
Ocpmcr 93 | 79 | 70 | 68 | 58 | 55 | 52 | 52 | 49 55
nabopaTopuu

B naGopartopun Ne 246 10 yuebGuoro kopmyca TIIY ypoBenp mryma

COOTBETCTBYET CAaHMUTAPHBIM HOpMaM [66].

5.2.5 lloBbIlLIEHHBIH YPOBEHb 3JI€KTPOMATHUTHOTO U3JTyYeHU S

Okpan u cuctemHbie Onoku [I9BM mpou3BOAAT AIEKTPOMAarHUTHOE
uznyyeHue. OCHOBHasi €ro 4YacThb HPOUCXOAMT OT CHUCTEMHOTro OJioka u
BUJIeoKa0enss. HanpspkeHHOCTh 3JIEKTPOMAarHMTHOTO TOJIs Ha pacctosHuud 50 cM
BOKPYT 3KpaHa M0 JIEKTPUUYECKOM COCTaBIIAOIIEH JOKHA ObITh HE OoJiee:

— B quana3one yacTtoT SI'n — 2kl — 25B/m;
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— B quana3one yactot 2KI 11 — 400k ' — 2,5B/m.

— IJIOTHOCTh MAarHUTHOTO MOTOKA JOJKHA OBITH HE Oojee:

— B quamna3oHe JyactoT SI'm — 2kl — 250uTn;

— B auana3one yactot 2kt — 400kl 'y — 25uTn [64].

Cy1iecTByoT CIeAYIOIINE CITOCOOBI 3aIIUTHI OT JICUCTBUS
AIIEKTPOMArHUTHOT'O U3JTyUYEHUS:

— YBEJIIMYEHUE PACCTOSHUS OT MCTOYHWKA (9KpaH JOHKEH HAXOIWUTCS Ha
paccTossHuu He MeHee 50 ¢cM oT moJib3oBatesis) [64].

YcranoBneHo, yto B jaboparopun Ne 246 10 ywyedbnoro kopmyca TIIY

YPOBCHBb JJICKTPOMAIrHUTHOI'O H3JIYUYCHHA COOTBETCTBYCT CAHUTAPHBIM HOpMaM

[64].

5.2.6 HepocTarouHasi 0CBelIEHHOCTH padoyeii 30HbI

YToMIIs1eMOCTh OpraHOB 3pEHUS MOKET OBITh CBsI3aHA KaK C HEJOCTATOYHOM
OCBEIICHHOCTBIO, TAK U C YPE3MEPHOI OCBEIICHHOCTHIO, a TAKXKE C HEMPABUIbHBIM
HaIpaBJICHUEM CBETA.

ITo HOpMaTHBaM OCBEILIEHHOCTh Ha MOBEPXHOCTH CTOJIA B 30HE Pa3MEILCHHUS
pabouero mokymeHTta goibkHa ObITh 300-500 nk. OcBemieHwe HE JIODKHO
co3aBaTh OJIMKOB Ha MOBEPXHOCTH dKpaHa. OCBEIIEHHOCTh MOBEPXHOCTH HKpaHa
He J1oJpkHa ObITh Ootee 300 nk [61].

SIpKOCTh CBETHJILHUKOB OOIIIETO OCBEIICHHS B 30HE YII0OB U3Iy4eHHUs oT 50
a0 90° ¢ BepTUKAIbID B MPOJOJIBHOW M TMOMNEPEYHOM IUIOCKOCTAX JOJIKHA
cocTaBlisiTh He OoJiee 200 K1/M, 3alUTHBIN Yyroil CBETWJIBHUKOB JIOJIKEH OBITh HE
menee 40°. Koaddumment 3amaca (K3) m1s oCBETUTENBHBIX YCTAHOBOK OOIIETO
OCBEIICHUS JOJKEH npuHuMarbes paBHbIM 1,4. KoadduumeHTt mnynbcanuu He
JTOJDKEH TIPeBBImAaTh 5 %.

M cKycCTBEHHOE OCBELIEHHE B IMOMENIEHUSAX I 3Kciuryaraunn [1OBM
JOJKHO OCYIIECTBIISTHCS:

— CHCTEMOM 00IIer0 PaBHOMEPHOTO OCBEIICHHS.
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- B MIPOU3BOACTBEHHBIX U aJIMMHHUCTPATUBHO-00IIECTBEHHBIX
MOMEIICHHX, B CIy4asX MNPEUMYIIECTBEHHOW pabdOThl C JOKYMEHTAMH, CIIEIYET
MPUMEHSITH CUCTEMBI:

— KOMOMHHPOBAHHOTO  OCBelIeHUs (K o0memy OCBELICHUIO
JOTIOJTHUTENIBHO YCTAHABIMBAIOTCS CBETUIILHUKH;

— MECTHOT'O OCBEILEHUS, PeTHA3HAUCHHBIE JJIs OCBEIICHUS 30HBI
pacIoIoXKeHHS TOKyMeHTOB) [61].

[1nomans nomMemeHus:

S=a-b,
rae A — quHa, M; B — mmpuna, M.
S=4M-5M= 20 M?,

Koaddumment orpakeHusi cBeXenoOEIEHHBIX CTEH C OKHaMHu, 0€3 ILITOp
p. = 50 %, cBexenobeneHHoro moroika p, = 70 %.

Bribupaem cBerommonsr Varton 9w, cBeTOBOW IMOTOK KOTOPHIX paBEH
Dy = 2900 JIm,

BriGupaem cBeTwibHUKM €O cBerogauojgamu Tuna Diora LPO. Otor
CBETWJIbHUK MMEET JIBE€ CBETOJMOJHbBIC JIEHTHI MOILIHOCTBIO 9 BT kaxknas, niauHa
CBETHJIbHUKA paBHa 1260 MM, mmpuHa — 124 mwm.

WNHTerpanbHbIM KpUTEPUEM ONTHUMAIBLHOCTH PACIHOJIOKEHUSI CBETUIILHUKOB
SBJIICTCSI BEJIMUMHA A, KOTOpasi Il CBETOJAMOJHBIX CBETUIILHUKOB C 3aIlIUTHBHIM
paccenBaTeneM JeXHT B auanazone 1,1 — 1,3. Ilpuaumaem A=1,1 paccrosHme
CBETHJILHUKOB OT nepekpsiTus (csec) h, = 0,5 m.

Bricota cBeTunbHUKA HaJ paboueil MOBEPXHOCTHIO OMpEAeiseTcs Mo
dbopmye:

h=h, —h,,
rze h;, — BeicoTa CBETUIIBHUKA Hajl MIOJIOM, BBICOTA MOJBECA, hy, — BBICOTA pabouei
NOBEPXHOCTHU HaJ MOJIOM.
Haumenbiast tonyctumasi BbICOTa MOABECA HAJ MOJIOM JIS JIBYXJICHTOBBIX

ceeTmibHEKOB Diora: h,= 3,5 m.
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Bricota cBeTmnbHHMKa HajJ paboyell MOBEPXHOCTHIO OIPEAEsSeTCs IO

dbopmye:
h=H-h,=35-1-05=2wm.
N3 popmymsi
_(ES-KyZ)
1T TN

rae ko3 PHUIMEHT 3amaca, YYHMTHIBAIOIIMKA 3arpsA3HCHUC CBETHIIBHHMKA, JUJIS
MOMCIICHUH C MajbIM BbIIeleHHeM mbUIM paBeH K, = 1.5, koaddunmeHt
HEPaBHOMEPHOCTH I CBETOAMOMHBIX JIeHT Z = 1,1, N — 9uciIo CBETOMMOIHBIX
JIEHT, T — KO3(PHUIIMEHT MCTOJb30BaHUS CBETOBOTO IMOTOKa, P, — MOTPEOHBIM
CBETOBOM ITOTOK CBETOAHOIHBIX JIAMII.
Haxomaum uuncio cBeroanoaHeix jgeHT N
(E-S'K,-Z)
N=——;
o,
1 ompenenseM 4epe3 MHICKC TOMEIIEeHUS 1Mo hopMyIie:
. (@b 45
'"TG@+b) 2-(4+5

KoaddummeHnT ucnonp30BaHus CBETOBOIO IMOTOKA, MOKA3bIBAIOIIMN Kakas

1,1.

YacTh CBETOBOTO IIOTOKA JIaMM TIOMajgaeT Ha pabo4yyrd MOBEPXHOCTh, IS
CBETHJILHUKOB THma Diora co cBeroanomHbIMHU JeHTamMu mpu p. = 50 %, p, =
70 % wm uHIekce momerenus 1 = 1,1 pasen n = 0,45.

Torma

N = (E-S'K,Z) _ 300-20-1,5-1,1 — 7E0 menT
(OJS ) 2900- 0,45 ’
[IpuHrMaeM KOJWYECTBO CBETONMOAHBIX JieHT 8. Ilpu 3ToM momyuaercs 4
CBETUJIbHHKA, T.€. 2 PsAJia 1O 2 CBETUIILHUKA.
IToTpeOHBIN CBETOBOM IMTOTOK CBETOIMOIHBIX JIAMIT:
_ (E-S'K,Z) ~300-20-1,5-11
g N1 8-0,45

= 2750 JIm.
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N3 ycnoBuil paBHOMEPHOCTH OCBEILECHUS OmpeaelisieM paccrosinus Ly u %,
Lou ]“3—2 O CIEAYIOIIUM YPaBHEHUSIM:
2 Ly
4000 =L; + 3 L +2-124; L, = 2251MM,? = 750MM;

2 L
5000 = L, + 5L, +2 - 1260; L, = 1488MM,?2 = 496MM;

Ha PUCYHKC 5.2 I/I306pa)KeH IUIaH ITIOMCIICHU U Pa3MCIICHNA CBCTUIbHUKOB

CO CBETOAMOIHBIMU JeHTamu B aynuropun Ne 246 10 xopnyca HU TITY.

A

5000

Y

A

4000
Pucynok 5.2. [1nan nomenieHus U pa3MeIleHus: CBETUJIBHUKOB CO CBETOAMOHBIMU

JCHTaMH

Jlemaem IpOBEPKY BBIIIOJIHEHHS YCIOBUS:
—10% < (@, — D,)
D,

(@, —P,) (2900 — 2750)
®,,-100% 2900

+100% < 20%,

+100% = 5,71%.
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Takum 00pa3om, MBI MOJYYHJIM, YTO HEOOXOIUMBIM CBETOBOW IMOTOK HE
BBIXOJUT 3a TMpeAensl TpedyeMoro nuamnazoHa. MOIIMHOCTh OCBETUTEIHHON
YCTAHOBKH TOTYYNJIIACH:

P=8:-9=728Br.
PacuéTtHoe KONIMYECTBO  CBETHJIBHHUKOB  COOTBETCTBYET  (DaKTHUECKU

ycTaHoBieHHOMY B aynutopun Ne 246 10 kopnyca HU TITY.

5.2.7 DnekTpode30nacHOCTb

DneKTpoOEe30MacHOCTh — 3TO CHUCTEMAa OPTraHU3ALMOHHBIX W TEXHUYECKHX
MEpONPUSITUA U CPEJICTB, OOECIEUMBAIOUIMX 3alUTy JIOJAEH OT BPEAHOTO H
OIMACHOIO  BO3JCHCTBUS  DJEKTPUYECKOTO  TOKA,  DJJIEKTPUYECKOM  JyTH,
AIEKTPOMATrHUTHOTO TOJISL U CTATUYECKOTO AJIEKTPUYECTBA.

B 3aBHCHMOCTH OT YCJIOBHUI B IOMEIIEHUH OITACHOCTh MOPAXEHUS YeJIOBEKa
AIEKTPUYECKUM TOKOM YBEIMYMBAETCs WM ymMeHbluaercs. He cienyer paborats ¢
[I9BM wunu apyrumMu 3JIEKTPUYECKHMMH MPUOOpaMU M YCTAaHOBKaMHU B YCIIOBHSIX
NOBBIUICHHON BJIQXXHOCTU (OTHOCHUTENbHAS BIAXHOCTh BO3JyXa [JIMTEIBHO
npeBbimaer /5 %), Bbicokoi Temmepatypsl  (Oosee  35°C), Hammuuu
TOKONPOBOJSAIIEH  MbUIM,  TOKONPOBOJSIIMX  IOJOB W BO3MOXHOCTH
OJTHOBPEMEHHOTO IPUKOCHOBEHUS K HMEIOUIMM COEIMHEHHE C 3eMIIEH
METaJUIMYECKUM 3JIEMEHTAM U METATTMYECKUM KOPITYCOM JIEKTPOOOOPYI0OBAHUS.

CymiecTByeT 0acCHOCTb 3JEKTPONOPAKEHUS B CICIYIOLINX CIyYasx:

— NpU HENOCPEACTBEHHOM MPUKOCHOBEHHWU K TOKOBEAYIIMM YacCTSIM BO
BpEMsI PEMOHTA JIEKTPUUYECKUX TPUOOPOB;

— IpU TNPUKOCHOBEHWH K HETOKOBEAYIIMM 4YacTSAM, OKAa3aBIIMMCS IOJ
HaNpsHDKCHUEM (B CiIydae HapylIeHus u3omsiun) [63];

Meponpusrtus mo o0ecreueHnto dIeKTPoOe30MacHOCTH YCTAHOBOK:

— OTKJIIOYEHUE HANpPsDKEHHsS C TOKOBEIYIIMX YacTe, Ha KOTOPBIX WIIU
BOJIM3U KOTOPBIX OYJET MPOBOJIUTHCA padOTa, U MPUHATHE MEP MO 0OECIEUECHUIO
HEBO3MOKHOCTH I0/IaYU HAMPSIKEHUS K MECTY PaOOThI;

— BBIBCIIMBAHMC IJIAKATOB, YKA3bIBAIOIUX MECTO pa6OTBI;
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— 3a3eMJICHHE KOPITYCOB BCEX YCTAHOBOK YEPE3 HYJIEBOU MPOBOJ; MOKPHITHE
METAJUINYECKUX IOBEPXHOCTEW HHCTPYMEHTOB HAJIEKHOMN U30JIALMEN;

— HEJIOCTYIMHOCTh TOKOBEIYIIUX YacTel amnmaparypbl (3aKiIO4eHHE B
KOPITYC TOKOBEIYIIUX M JICKTPOTIOPaKAIONMINX JacTer) [63].

DNEeKTPO3alUTHBIE CPEICTBA — ATO MEPEHOCUMbBIEC U MEPEBO3UMbIC H3JIEIIHS,
cCilyXalllie Ui 3alluThl JIoJed, paboTaloluX C 3JIEKTPOYCTAaHOBKAMH, OT
MOPAKEHUS DJIEKTPUYECKHUM TOKOM, OT BO3JCHUCTBHUS 3JEKTPUUYECKON Iyru. DTU
CpEelICTBAa JIOJDKHBI 00€CIeYMBaTh BBICOKYIO CTEMEHb 3alUThl U YAOOCTBO MpH
sKCIUTyaTau. VX BRIOMPAIOT ¢ y4eToM TpeOOBaHUN OE30MaCHOCTH ISl TaHHOTO
BUa paboT. B mepByro ouepear 0€30MacHOCTh O0ECIEUMBACTCA MPUMEHEHUEM
CPEICTB KOJIJIEKTUBHOM 3aIllUThI, a 3aT€M, €CJIM OHA HE MOXKET ObITh OOecIeyueHa,
NPUMEHSIOT CPEACTBA MHANBUAYAJTBbHOMN 3alIUTHI.

K cpencrBaM MHAMBHIyalIbHOM 3alllUTBl OT MOPAXKEHHUS SJIEKTPUUECKUM
TOKOM OTHOCSATCS:

— OrpaguTelbHbIE YCTPOMCTBA, KOTOPHIE MOTYT OBITh CTALIMOHAPHBIMH U
nepeHocuMbIMU. OrpaxieHuss MOTyT ObITh COJOKHMpPOBaHbBl C YCTpPOMCTBaMH,
OTKJIFOYAIOUIMMU padodee HANpsSKEHUE MPU CHATUU;

— W30JIMPYIOIINE YCTPONCTBA U OKPBITHUS;

— YCTPOMCTBAa 3alIUTHOIO 3a3€MJICHUS, 3aHYJEHHS UM  3aLIUTHOIO
OTKJIIOYEHUS;

— YCTPOMCTBA JUCTAHIIMOHHOIO YIIPABJICHHUSI;

— MpeAOXPaHUTENIbHbIE YCTPOMCTBA U JP.

Tabnuua 5.4. Knaccudukanuys noMeneHuit no 31eKTpo0e30nacHOCTH

Kputepun
Kareropus PactmmdpoBka pHTep
- Bmaxnocts He 60m1ee 75 %
[Tomemenus 6e3 - PaboTaromas mpuTOYHO-BHITSXKHAS BEHTHIISIIHS
1 MOBBIIICHHOMN - Temniepatypa He Bbie 35 °C
OMacHOCTH - Marepuan nokpsITUs 10ja HE MPOBOAUT

OJICKTPHUYIECCTBO

- Baaxxnocts 6onee 75 %
- B Bo31yX€ BO3MOXKHO HAJTU4KE TOKOIPOBOISIIECH
IIBIJIN
- Beicokoe cosiepskanue B BO3JyXe XMMUYCCKHX
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COCTUHEHUN
- Matepuan mosa crnoco0eH MpoBOIUTh
3JEKTPUYECTBO
- Beicokas Temrieparypa

- Oco60 ceipbie, BIakHOCTh Bo3yxa 100 %

- [TomenieHus ¢ akTUBHOM XMMHUYECKON WU

3 Oco60 omacHbIe OpraHU4eCcKOu cpeon

- Hanuuawue cpaszy nByx (akTopoB, OTHOCSIIHXCS K

YCJIOBHSIM MOBBIIIEHHOM OITACHOCTH

Teppuropuu ¢
4 OTKPBITHIMU
AIIEKTPOYCTAaHOBKAMU

N3 tabmumer 5.4 MOXHO BHAETh, uTO Jjaboparopuss Ne 246 10

- Hannure oTKpHITOTO pactpeeuTeIbHOTO
yctpoiictea (OPY)

yueOHoro kopnyca TIIY oTHocutcs ko 1-0if KaTeropum.

Opranu3aimoOHHBIMU MEPOTPHUATHIMH o AJIEKTP0OE30MacHOCTH
SBIIIOTCS
NEPUOANYECKAEe W BHEIUIAHOBBIE HHCTPYKTaXHU. llepromanyeckuii HHCTPYKTaX
NEPCOHANY,  BBIIOJHAIOUIEMY CIEIYIOIINE paboThl: BKIIOUEHUE U OTKIIOUYEHUE
ANEKTPONPUOOPOB, YOOpKa TMOMENICHUNA BOJIU3H JJIEKTPOIIUTOB, PO3ETOK U
BBIKJIFOUaTeael u T. . Bech He 3lEKTPOTEXHUYECKUH TEPCOHAN JIOJKEH OBbITh
aTTECTOBAaH Ha MEPBYI KBAIU(PUKALMOHHYIO TPYIIY IO 3JIEKTPOOE30MaCHOCTH.

[Teproaruecknii MHCTPYKTaX MPOBOJUTCS HE MEHEE OJIHOTO pa3a B roj [61].

5.2.8 llcuxopusnosoruyeckne GakTopbl

[lcuxodusuonoruueckue omacHble UM BPEAHBIE  MPOU3BOACTBEHHBIC
dakTopsl, nenaTcs Ha: GU3NUECKHE MEperpy3Ku (CTaTUYecKue, TMHAMUYECKHUE) U
HEPBHO- MICUXUYECKHE TIEPETPY3KH (YMCTBEHHOE TIEPEHANPSIKEHUE, MOHOTOHHOCTh
TPy, SMOLIMOHAJIBHBIC TEPETPY3KH).

TpynoBasi nedarenbHOCT, PaOOTHHUKOB  HEMPOU3BOJCTBEHHOW  cdepbl
OTHOCHUTCSI K KaTeropuu padoT, CBA3AHHBIX C UCIIOJIb30BaHUEM OOJIBIIUX 00BEMOB
uH(dOpMaIUK, C TPUMEHEHUEM KOMITHIOTEPU3NPOBAHHBIX PAOOYNX MECT, C YaCThIM
NPUHATHEM OTBETCTBEHHBIX pEUICHWH B  YCJIOBHSAX JAePHUIIMTa BpPEMCHH,
HEIOCPEICTBEHHBIM KOHTAKTOM C JIFOJABMH Pa3HBIX THIIOB TEMIICPAMEHTA W T.I.
OT0 00yCNOBIMBAET BBICOKHMH YPOBEHb HEPBHO-TICUXUYECKON TMEPErpy3KH,

CHMXKACT (byHKI_II/IOHaJIBHBIX Ha AaKTHBHOCTb HCHTp&IIBHOfI HCpBHOfI CUCTEMBI,
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NPUBOJUT K PacCTpoOMCTBaM B €€ JIeSITEIbHOCTH, Pa3BUTUA YTOMIICHUS,
NEepPEeyTOMIIEHUS, CTPECCY.

Haubonee »sddekTrBHBIE CpencTBa MNPEIyNpeKICHUS YTOMIICHHS MIPH
paboTe Ha MPOU3BOJICTBE — ATO CPEACTBA, HOPMATU3YIOLUIUE aKTUBHYIO TPYIOBYIO
JesATeIbHOCTh uenoBeka. Ha one HopMalibHOTO MpOTEKaHUsl MTPOU3BOACTBEHHBIX
MPOLIECCOB OJIHUM M3 B&XHBIX (PU3MOJIOTMUECKUX MEPOIPUSATUN MPOTUB
YTOMJICHHSI SIBJISICTCSI IPABHIILHBIA PEKHUM TPyAa U OTIbIxa [61].

B xozxe BeimonHenus padorta B nadoparopun Ne 246 10 yue6HOro Kopmyca
TIIY pykoBoaMTENEM OpPraHU30BaHbl BCE HEOOXOIMMBIC MEPONPUATUS IS

HUBEJIMPOBAHUS NCUXO(DHU3NYECKUX (PAKTOPOB.

5.2.9 lloxkapHas ¥ B3pbIBHAsA 0€30IIACHOCTD

CoriacHo HOpMaM TOXapHOM OE€30MacCHOCTH, B 3aBUCUMOCTH  OT
XapaKTePUCTUKU UCIIOJIb3YEMBIX B MPOU3BOICTBE BEIIECTB M MX KOJHWYECTBA, IO
MOYKAaPHOW U B3PBIBHOW OMACHOCTH MOMEIICHUS MTOAPA3ICIISIIOTCS HAa KAaTErOpuu A,
b, B, I', /1 [68]. Tak kak momemieHue JaOOpaTOPHH 1O CTEIICHU MOXKAPOOACHOCTH
OTHOCHUTCS K Kateropuu B, T.e. k moOMemeHUsiM C TBEPJAbIMU CrOpaOIIUMU
BEILECTBAMH, HEOOXOMUMO  TPEAYCMOTPETh Pl MPOPHIAKTHYECKUX
MEPOIPHUSITUH.
Bo3MoskHBIE TPUYMHBI BO3ropanus [65]:

— paboTa C OTKPBITON AJIEKTPOAIapaTypoil;

— KOPOTKHUE 3aMbIKaHUs B 0JIOKE MMUTAHMUS;

— HEecoOJII0ICHUE MPABUII MOXKAPHOI 0€30MaCHOCTH;

— HAJINYKE FTOPIOYMX KOMIIOHEHTOB.

— Haubonee onacHbIM C TOYKM 3pEHUS TMOXKApHOW OE30MacCHOCTH
BEII[ECTBOM, IPUMEHSIEMBIM B PabOTeE, SBISETCS STAHOIL.

Bce pabGoTel ¢ 3TaHOIOM JOMKHBI TMPOBOAHWTHCS C HCIOIH30BAHUEM
MPUTOYHO-BBITSDKHOM ~ BEHTWISILIMM  BAQJIM OT OTHA U HCTOYHHKOB
nckpooOpazoBanusa. Ilpu oTOGope mpoO, NMpoBeaeHMHM aHAIM3a U OOpAIICHUU B

MPOLECCE TPAHCIOPTHBIX M  MPOU3BOACTBEHHBIX OMNEpPaldid C 3TAHOJIOM
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MPUMEHSIOTCST MHAWBUAYAIbHBIE CPEICTBA 3allUThl IO HOPMaMm BbIAAYU
CHCIMATBFHON OACKIBI, CHEIHATbHOM OOYyBM U JAPYTUX CPEACTB 3alllUTHI,
YTBEPKJICHHBIM B YCTAHOBJICHHOM IOPSIJIKE.

JIJIst TyIIeHus TOPSAIIETO dTaHOJIa PUMEHSIIOT MTOPOIIKOBBIC OTHETYITUTEIH,
cCpelcTBa OOBEMHOrO TYIICHHS MHUHHMAallbHAas OTHETyIlanas KOHIEHTPAIUs:
yriaekuciaoro raza — 29 % (mo oOGwveMy), azora — 43 % (1o o0Bemy),
nuopomrerpadTopatana — 2,1 % (mo oObeMy), IECOK, acOECTOBOE OSSO U TICHY
[65].

MeponpusiTuss 1m0 TOXapHOW  NpOoQUIAKTHKE  pa3Aensiorcs — Ha:
OpraHH3aIMOHHBIC, TCXHUYCCKUE, IKCIUTyaTallHOHHBIC U peXXKUMHBIC [65].

OpranuzaluoHHbIE ~ MEPONPUATHS  NPEAyCMaTpPUBAIOT  MPABHIBHYIO
IKCIUTyaTaIlMi0 00OpYyIOBaHUS, MPABUIBHOE COJIEp)KaHUE 3aHUM U TEPPUTOPHIA,
MPOTUBOIIOKAPHBIA ~ WHCTPYKTAX  pabouyux HM  CIOyXKalux, oOydeHue
MPOU3BOJICTBEHHOT0 TMEpCOHaNa MpaBUiaM MPOTHUBOIOKAPHONH OE30MacHOCTH,
W3J]aHie MHCTPYKIINH, IJIAaKaTOB, HATMYKE TUIaHa dBaKyarun [65].

K TEXHUYECKUM MEPOTIPUATUIM OTHOCSITCSL: coOroieHHe
MIPOTHUBOIIOKAPHBIX TTPABUJI, HOPM TIPH MTPOCKTUPOBAHUY 3IaHUMA, TIPU YCTPOHCTBE
AJIEKTPOIIPOBOJIOB M O0OPYIOBaHUsS, OTOIUICHHS, BEHTWJISIIUU, OCBEIICHUS,
npaBUJIbHOE pa3MelieHne ooopyaoBanus [65].

K pexuMHBIM  MEpONPHUATHSAM  OTHOCSATCS, YCTAHOBJCHUE  IPaBUI
opraHuzanud  paboT, ©  COONIOACHHE  MPOTHUBOMOXKApHBIX  Mep. s
MPEAYNPESKICHUS BOZHUKHOBEHUS IMOXapa OT KOPOTKHUX 3aMBbIKaHUH, TIEPETPy30K
U T. . HECOOXOAUMO COOIIOJICHUE CIEAYIOIIUX MpaBUJl MOKAPHOU OE30MacHOCTH
[65]:

—  UCKIIOYeHWe  o0pa3oBaHus  TOproYel  cpembl  (TepMeTu3alus
000py0BaHUs, KOHTPOJIb BO3YIITHOM Cpe/ibl, paboyasi U aBapuitHast BEHTUIISINSA );

— MpaBUJibHASA DKCIUTyaTalus oO0OpyAOBaHMs (MPaBWIBHOE BKIIOYCHHUE
0o0OpylOBaHUSI B CETh DJJIEKTPUYECKOTO TMHTaHWs, KOHTPOJIh Harpesa

000pyI0BaHU);
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— TpaBWIbHOE COJIEpKAHHUE 3JIaHUM W TEeppUTOpUM  (UCKIIOUYEHHE
o0pa3oBaHMsI HWCTOYHMKA BOCIUIAMEHEHHUS - MPEAyNpekIACHHE CaMOBO3TOPaHUs
BEI[ECTB, OTPAHUYCHUE OTHEBBIX PadoT);

— W3/1aHME UHCTPYKUUH, MJIAKaTOB, HAJTMYKE IJIaHA 3BaKyalluu;

— COOJIOJIEHNE TMPOTUBOMOXKAPHBIX TMPABUI, HOPM MPH MPOCKTUPOBAHUU
3laHUM, TPU YCTPOWMCTBE DIEKTPONPOBOJAOB M OOOPYIOBaHMS, OTOIICHUS,
BEHTWJISILUU, OCBELICHUS;

— MPaBUJIILHOE pa3MellleHue 000PyI0BaHUS;

— CBOCBPEMEHHBIN MPOPMIAKTUUECKANA OCMOTP, PEMOHT M HCIBITAHHUE
o0opy10BaHUsI.

[Ipy BO3HUMKHOBEHUHM IIOKapa COOOIIUTh PYKOBOJUTENIO, OpraHaM
IIPOTHUBOIIOKAPHOM O€30MacHOCTH MPEANPUATHS W NPUCTYNUTh K TYIICHUIO
I10’Kapa OTHETYIIHUTEIIEM.

[Tpy BOBHUKHOBEHUH aBapUITHOM CHTyaluu HeoOxomumo [65]:

— COOOILIUTH PYKOBOJACTBY (A€XKYPHOMY);

— TIO3BOHUTHh B COOTBETCTBYIOLIYIO aBapuiiHyto cinyx0y wuimu MYC no
Tenedony — 112;

— NPHUHATH MEPHl IO JUKBUAALMHU IOCIEACTBUNA aBapud B COOTBETCTBUM C

MHCTPYKLHEH.

5.3 be3onacHOCTH B aBAPUIHBIX U YPe3BbIYANHBIX CUTYAIUIX

UpesBbruaitnass  curyamuss  (UC) — oOcTaHOBKa, CIOXHUBIIASACA Ha
OIPEETICHHONW TEPPUTOPHUH B pE3yJIbTaTE aBAPUH, OMMACHOTO MIPUPOJHOTO SIBJICHUS,
KaTtacTpodbl, CTUXUHHOTO WM MHOTO O€JICTBUS, KOTOPast MOXKET TOBJICUb 32 COOOM
YeJIOBEUECKHUE KEPTBBI, yIIepO 30POBBIO JIOJAEH WM OKPYXKaIOIIEeH MPUPOAHON
cpene, 3HAYUTEIbHbIE MaTepuajbHbIE TOTEPH U  HAPYUIEHHWE  YCJIOBUH
KU3HEICSATEIIbHOCTH JIHOJIEU.

Apapuitnas cutyanuss (AC) — coderaHue YCJIOBUUA U OOCTOSITENBCTB,

CO3JAOIIMX YI'PO3y BO3HUKHOBEHHsI aBapud M APYTMX IPOUCIIECTBUN, KOTOPBIE
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MOTYT MPUBECTH K B3PbIBY, MOXKapy, OTPABIEHUIO, THOEIN WA TPABMUPOBAHUIO

(3aboeBaHMIO) JIO/EH, JKUBOTHBIX, TOTEPSIM MaTepUaTbHBIX LIEHHOCTEH.

[Ipu npoBeaenun ucciaenaoBanus Hauboiee BepoaTHor UC sBusieTcs moxap.

H0>I<ap B pa60qu IMOMCIICHUHU MOXCT BO3HHKHYTH BCICACTBUC IIPUYINH

HCIOJICKTPHUUCCKOI'O H IJJICKTPHYCCKOI'O XapaKTepa. B Ta6HI/IH€ 6 PaCCMOTPCHLI

BO3MOJKXHBIC

aBapuiiHbIC U

qp€3BLIqaﬁHBIC

NpCaA0TBPAICHUIO U JIMKBUIAINH UX HOCHCHCTBHﬁ.

CUTyalluu,

MCTOAbI IIO HX

Tabnuna 5.5 — ApapuitHble U YpE3BbIUAMHBIC CUTYAIIMH, METObI MPEIOTBPAIICHHUS

U JUKBUOAIIHUHN HOCJ'IGI[CTBI/Iﬁ

UpesBbluaitHas u

JInkBumanus mociaeacTBUN

No aBapuiiHas Metonsl npenorspanienus UC u AC
CUTYaIus
[IpoBeneHne BBOAHOTO ¥ TOBTOPHOTO
(uepe3 6 Mec.)UHCTPYKTaxka; Bb130B nokapHO# Ci1yXObI 1
Cobiro/1eHue TEXHOJIOTHYECKUX crniacarenei (ten. 112);
1 [Toxap

peKUMOB ITpou3BoacTBa; Coznanue
YCIIOBHM U1 dBAKyalluu
nepcoHasia

Br130B ckopoii
MeEIUIMHCKONUIIOMOIIH

2 VY nap Tokom

[TpoBeneHue BBOAHOTO M TOBTOPHOTO
(uepe3 6 Mec.)MHCTPYKTaXa,
CogepxaHue SHEPreTUYECKHUX CETel B
WCIIPABHOM COCTOSIHHH

Br130B ckopoii
MEIUITMHCKOUTIOMOIITH (TeT.
030, 112); Oka3anue nepBoii

TTOMOIIIH

TpaBmupoBaHnue B
pe3ynbrare
NaJIcHUs C
BBICOTBI

[TpoBeneHne BBOAHOTO M TOBTOPHOTO
(uepe3 6 Mec.)UHCTPYKTaxa,
Coznanue cucteM npeaynpeskaeHus
MaJCHU;

CobmronaTts TpeOoBaHUs 0€30MMaCHOCTH
MIPY BBITIOJTHEHUH
paboT Ha BHICOTE

Br130B ckopoi
MEUIIMHCKONTIOMOIIIHN (TeJl.
030, 112); Oka3anue mepBoii

TTOMOIIIH

BI)IBOJII)I Mo pasaejy «comuajlbHasg OTBETCTBCHHOCTDb»

B nanHOI T7aBe mpoBeNEeH aHANMM3 BPEIHBIX M OMACHBIX (PaKTOPOB Ha

pabouem mecte B mabopatopuu Ne 246 10 xopmyca TIIY mnpu mpoBenenun

HUCCJICIOBAHUM:

— MUKpOKmuMar [61, 67];

— myM [66];

— DJIEKTPOMArHUTHOE H3lTyueHue [64];
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— OCBEIIECHHOCTh [61];

— ncuxodusuonornyeckue hakrops [61];

— anekTpode3onacHocTh [63];

— TI0’Kapo-B3pbIBOOE30IIaCHOCTS [65].

[Tomemenue Ne 246 10 xopmyca TIIY oTHeceno:

— 110 3JeKTpobe3omacHocT — K 1 kiaccy [63];

— TI0 TI0apO-B3pPhIBOOE30MIACHOCTH — K Kateropuu B [68].

Taxxe paccMOTpeHBI BO3MOXHBIC aBAPUIMHBIC U UpE3BbIUAHBIC CHUTYaIIUH,

MCTO/JIbl X IIPCAOTBpPAIICHUS U JIUKBUAAIUN HOCHGHCTBHﬁ.
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Conclusions

1. Numerical studies of the influence of the degree of filling of tanks on the
dynamics of desublimation of dump UFg in vertical submersible tanks without fins
and with vertical fins with a volume of 2.0-4.0 m® were carried out. It is shown
that the filling time of tanks with and without fins of the same volume with
desublimated UFg is much shorter for tanks with fins (by 1.73-2.15 times), which
is explained by the larger area of their heat exchange surface.

2. It is shown that the desublimation process is non-stationary. With an
increase in the thickness of the desublimate layer, its thermal resistance increases,
which leads to a slowdown in the desublimation process.

3. It is shown that the average productivity of tanks without fins decreases
much faster than in tanks of the same volume with fins. The average performance
of tanks with and without fins at 10% filling of the tanks is almost the same. With
a further increase in the degree of filling, the average productivity becomes higher
for tanks with vertical finning (by a factor of 1.71-2.06) due to the larger area of
the heat exchange surface. The calculation showed that for tanks with a volume of
2.0, 2.5, 3.0 m® with fins, the maximum degree of filling is not reached, due to

"freezing" on the ribs.
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