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OVERVIEW

Graduate qualification work contains 106 p., 21 figures, 26 tables, 34 sources,
1 appendix.

Key words: liquid atmospheric precipitation, degree of atmospheric
purification from radionuclides, degree of volume activity decrease, volume activity
of radionuclides, radon daughter decay products, surface atmosphere, gamma
background, intensity of liquid atmospheric precipitation.

The object of the study is liquid atmospheric precipitation and its influence on
gamma-background in the atmosphere depending on the type of precipitation and
their characteristics.

The aim of the work is to study the degree of purification of the atmosphere
from radionuclides depending on the characteristics of liquid atmospheric
precipitation.

The study of time dynamics of ?22Rn reduced activity during precipitation
periods in the atmosphere and on the ground surface was carried out, the degrees of
activity decrease for 28Po, 214Pb, 224Bi depending on the duration, intensity and type
of liquid precipitation was determined and the conclusions from the performed work
were made.

Relevance of the topic is associated with the importance of controlling the
radiation background of the near-surface atmosphere in the conditions of the
development of nuclear power engineering and the difficult geopolitical situation in
the world. Given above, it is necessary to identify the exact causes of the registered
gamma background bursts.

In contrast to the control of gamma background on the Earth's surface,
monitoring of radiation background by instrumental methods in the atmosphere is
complicated, since the existing instruments are difficult to use at altitude, their error
is large enough and it is also impossible to respond promptly to the outburst of

gamma background.
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Development of the methodology of predicting the degree of purification of
the atmosphere from radionuclides is of interest for research institutes, as well as for
operational radiological services performing radiation monitoring.

As a result of the conducted study, the economic efficiency of the work was

proved.
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Introduction

Monitoring of the dose rate of y-radiation around the world for a long time
has unambiguously revealed that the atmospheric y-background is never constant;
its magnitude varies depending on turbulence, geopolis, season, time of day, and
other factors. Also the y-background fluctuations are related to atmospheric radon,
atmospheric turbulence, and daily temperature dynamics.

In all regions of the globe, fluctuations, or rather bursts of various duration
and form of radiation gamma background of surface atmosphere related to liquid
atmospheric precipitation (rain, heavy rain, drizzle), were registered.

Control of the radiation background of the near ground atmosphere is relevant
nowadays because of the development of nuclear power engineering. Besides there
Is a certain probability, connected first of all with geopolitical problems, of
application of radioactive isotopes for terrorist purposes. Therefore we can conclude
that the main task of radiation monitoring is as accurate as possible identification of
causes and nature of the registered gamma background bursts.

Radon and thoron present in the ground in certain quantities are released from
the ground through such processes as turbulent diffusion and wind flow, propagate
in the atmosphere to high heights, where they decay into daughter decay products
[13], which in turn increases the total y background of the surface atmosphere.

Precipitation (both liquid and solid) plays the most important role in the
formation of bursts of the atmospheric y-background level, observed when recording
the characteristics of the radiation fields. In foreign sources one can find such term
as "radon washout™" used to describe the mentioned phenomenon - washout of y-
emitting radon and thoron by precipitation to the earth surface, respectively,
cleansing the atmosphere from radionuclides. However, there is still no clear
understanding of the relationships between the intensity, types of precipitation (we
consider liquid atmospheric precipitation) and gamma-radiation dose rate of the
surface atmosphere. In addition, very few works have been carried out to study

exactly the degree of purification of the atmosphere from radionuclides, as
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measurements of gamma-background parameters at high altitudes using
instrumental methods are hardly feasible due to the complexity of operating devices
at altitude, a fairly large error of these devices and the difficulty of organizing
operational measurements of the responses in the form of gamma-background
bursts.

In connection with the above, the purpose of this master's thesis is to study the
degree of atmospheric clearance from radionuclides depending on the characteristics
of rains and showers.

According to the purpose of the work, we outlined the following tasks to be
solved:

- to analyze the data of long-term monitoring of gamma-background at the
experimental site of TPU- IMCES SB RAS;

- to study the temporal dynamics of the volumetric activity of 2Rn daughter
decay products during precipitation periods in the atmosphere and on the earth
surface;

- to determine the degree of decrease of volumetric activity of 28Po, 24pb,

214Bj depending on duration, intensity, and type of liquid atmospheric precipitation.
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1 Literature review

1.1 Natural Atmospheric Radiation Background

Radioactivity of the atmosphere depends on the surface layer of air, which
contains radionuclides of cosmogenic and terrestrial origin and in which various
processes of radionuclide migration to ground, to water, and to plants and animals
take place.

A large number of radionuclides are in the ground, the most significant in the
matter of radionuclides migration into the atmosphere are radon, thoron and their
daughter decay products. Their movement into the atmosphere is associated with
molecular and turbulent diffusion, by which these radionuclides enter the
atmosphere, and it is mainly the daughter decay products of radon and thoron
(thoron to a much lesser extent) that determine the dose of background radiation in
the atmosphere. In general, the natural background atmosphere is determined by
cosmic radiation and radiation of radioactive substances in the air and soil [3].
Sources of radon and thoron are radionuclides 28U and #2?Th, which undergo

radioactive transformations (Figure 1.1).
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Figure 1.1 - Rows of natural radioactive families before the formation of radon,
thoron and actinon [4]

20



We consider radon as the most significant radionuclide for the formation of
the atmospheric gamma background; it is almost all dispersed in the strata of the
earth and water. According to a rough estimate, there are almost 115 tons of radon
in the upper layer of the earth's crust at a depth of 1.6 kilometers.

The content of radon in the atmosphere is much lower compared to the
earth's crust, only 4.6 kilograms. Radon is found in almost everything around us:
the waters of oceans and rivers, the depths of the earth's crust, soil, natural gases,
and even in humans. The only place practically devoid of radon is the air and the
glaciers of Antarctica.

Thoron, in turn, is found in small amounts in atmospheric air [4].

Radon daughter products 2**Pb and 2*Bi make a decisive contribution to the
total gamma background of the near-ground atmosphere, because the activity of
these isotopes in the atmosphere considerably exceeds the activity of short-lived
thoron daughter products (2*2Pb, 22Bi and 28TI) in the case when specific activities
of 28U (?*°Ra) and #2Th in soil differ insignificantly. However, there are regions
where the 232Th content in soil or elements of buildings and structures is significant,
then an increase in the activity of thoron decay products in the atmosphere and the

radiation background is generally observed [13].

1.2 Leaching of radon, thoron and their daughter decay products by

rainfall

Figure 1.2 illustrates the process of radon and thoron leaching by rainfall.

Radioactive radon and thoron gases enter the atmosphere from the soil by
molecular and turbulent diffusion. Being in the atmosphere they undergo
radioactive decay and their daughter decay products are released into the air. As a
consequence, radioactive aerosols are formed, that is, aerosols which consist of
particles composed in whole or in part of radionuclides that are either incorporated

into the particle material or are attached to inactive particles. During rainfall,
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radioactive aerosols are deposited on the surface of the ground along with droplets

of water.
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Figure 1.2 - Illustration of radon and thoron leaching by rainfall

It was revealed that physical state of radon and thoron decay products first of
all influences the processes of their transfer from atmosphere to soil, i.e. radioactive
aerosols are easier captured by drops of liquid atmospheric precipitation and wind
streams. In addition, the transfer processes are also significantly affected by the
state and alterations of surface atmosphere, lithosphere. The factors of space
weather should not be excluded, either.

Process of daughter decay products of radon and thoron washout causes
anomalous bursts of gamma-radiation dose rate, with long-lasting precipitation
leading to prolonged response, and short-lived very intensive precipitation - to
abrupt bursts of dose rate [5].

Let us highlight the main points from all of the above.

218p, the first decay product of ??2Rn, is a-active, so it does not affect the y-

background of the near ground atmosphere. During periods of liquid precipitation,
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the increase in dose rate of y-radiation on the ground is associated with the washout
from the atmosphere onto the ground of y-radon short-lived decay products ?*4Pb
and 21“Bi, contained in the atmosphere as aerosols. Other natural radionuclides such
as y-emitting thoron decay products practically do not influence the dose rate value
of y-radiation due to their considerably lower activity in the near ground
atmosphere as compared to 2%4Pb and 2Bi [14].

The influence of atmospheric precipitation, both liquid and solid, on the
surface atmosphere radiation background is studied by scientists from different
countries. Dependence of y-background increase on different precipitation was
found in low latitudes of tropical zone [6].

At the famous Ranger uranium mine in Australia, for example, soil moisture
and porosity play a decisive role in the formation of the surface atmosphere vy-
background. When soil moisture increases due to liquid precipitation, radon yield
from the soil increases significantly, which in turn contributes to an increase in the
surface atmosphere gamma-background [7]. Observations of y-background in the
surface atmosphere of Arctic regions also confirm the influence of precipitation,
such as rain or snowfall, on the increase of y. The reason for this effect in these
regions is the braking X-ray emission of energetic electrons accelerated by electric
fields inside rain (snow) clouds, since no characteristic lines of any radionuclides
were detected in the y-background during the increase and no radionuclides were
present in the rainwater. Meanwhile, we should not forget about short-lived
atmospheric radionuclides, which are difficult to detect, as they can decay
significantly during sample preparation [8].

For example, the Oak Ridge Laboratory found that it is short-lived
radionuclides that make a decisive contribution to the bursts of the y-background
atmosphere [9].

The connection between precipitation and an increase in the radiation
background in the atmosphere was questioned by scientists from Great Britain,
who, after studying this relationship at various stations, could not determine

whether it was the precipitation that influenced the increase in the background or
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the air masses carrying radon fluxes. Moreover, after 1 — 2 hours the radiation
background of the surface atmosphere decreased again [10]. Most likely, short-
lived daughter decay products of radon were not taken into account, since the half-
life of such nuclei is less than one hour. Cosmogenic radionuclides, such as "Be,
also increase on the ground surface during liquid precipitation, which can
contribute to increasing the radioactivity of the surface atmosphere. In Japan, the
increase of 'Be and #*Pb on the earth's surface has been investigated since 1991.
This occurs during winter and summer precipitation. It was found that this
phenomenon has not temporary but stationary character [11].

Similar studies carried out in Spain also confirm an increase in the guantity
of these radionuclides during precipitation. It should be noted that cosmogenic
component of radiation also depends on precipitation and increases y-background
atmosphere [6].

TPU scientists also conducted seasonal studies of this effect and observed
bursts of y-radiation during precipitation. Measurements were taken at different
heights from 10 cm to 25 m. The time of existence of the effect lasted from a few
hours to half a day. A detailed review and analysis of 2009-2019 data for the
presence of bursts during precipitation was also conducted.

Analysis of long-term data on gamma-background responses to liquid
atmospheric precipitation and the developed databases already make it possible to
interpret in detail the form and duration of the recorded y-background burst by
characteristic signs of change in intensity and type of precipitation.

The point at which the level of y-background begins to rise fixes the time of
the beginning of liquid precipitation (point 1 in Figure 1.3); the precipitation
intensity is characterized by the slope of the growth curve, with inflection points,
that is, changes in the slope angle indicating changes in the intensity of
precipitation; the maximum point (in case of several maxima we consider the first
of them) indicates the time of the end of precipitation (points 7 in Figure 1.3 (a) and
4 in Figure 1.3 (b)).
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Figure 1.3 - Dynamics of y-background in the surface atmosphere depending on
the intensity and duration of liquid precipitation [14]

The exponential decrease in y-background after the maximum that we can
observe in the graph indicates that the radioactive decay of the radon decay products
214Bj and 24Pb deposited on the ground has begun. As a rule, after about 3 hours
the activity of these radionuclides in the near ground atmosphere decreases by more
than two orders of magnitude.

If after reaching the maximum we observe some plateau or a weakly
undulating shape, this indicates that liquid atmospheric precipitation continues with
constant or slightly variable intensity.
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Liquid atmospheric precipitation of short duration (about half an hour),
according to the observations, leads to sharp bursts in y-background. For series of
successive short-term heavy rainfalls with duration of series of more than 3 hours,
the notched form of gamma-background dependence is characteristic. [14].

In conclusion, we note that the best dependence of gamma-radiation dose

rate bursts with precipitation time is observed in summer season.
1.3 Degree of atmospheric purification from radionuclides

In [5] it was reliably established that the activity of radon daughter decay
products in the air column changes inversely symmetrically to the activity of these
daughter radon decay products that get to the soil surface under this air column in

the process of aerosol washout of these radionuclides by liquid atmospheric

precipitation.
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Figure 1.4 - Dynamics of activity of daughter radon decay products in the
atmospheric column and on the surface of the soil under the considered air column
during liquid atmospheric precipitation

It is obvious that y-background atmosphere during liquid precipitation
increases, while y-background in the atmospheric column above the site in question
decreases. The atmospheric column is cleared of radionuclides.

As applied to this work, the degree of radionuclide clearance of the

atmosphere is the fraction (percentage) of reduction in natural radionuclide activity
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in the atmosphere during the rainfall relative to the maximum activity at the

beginning of the rainfall.

1.4 Conclusion of Chapter One

The main contribution to the radiation gamma background of the surface
layer of atmosphere is made by the natural background, which contains soil and
atmospheric radionuclides. The increase in the y-background of the atmospheric
surface layer takes place at the time of rainfall, which is explained by the washout
of daughter decay products of radon and thoron. At the same time, natural
radionuclides and their decay products, being in the form of aerosols in the air, are
washed out of the atmospheric column, therefore, the atmosphere is liberated.

It should be understood that instrumental measurements of radionuclide
activity and y-background on the height of the air column is complicated due to the
difficulty of using devices at heights, their inaccuracy, the difficulty of fixing by
measured points, the impossibility of conducting prompt measurements. Therefore,
the topic under consideration concerning the degree of atmospheric purification is

of interest, first of all, for radiation monitoring.
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2 Methods for determining the intensity of rainfall

Currently, there are a large number of different methods and instruments to

measure rainfall intensity.

2.1 Determination of rainfall intensity with the pluviograph

3 4 5 6 7 8 9 19 Il
T T T ¥
et T T ]
— 1 - mn
T 1 - iU
! h
I 1
e ) O
o o
I T
T A
8 ¥ 38 =
R
< !} ;, .
' iy } ]
{ {
I 1
"\ } .
- 6 SEEEE
T
T > 1 = o
9 293 T
= b P S
- . +
- - " 4 - Pl .
T , ' + -
4 3 i -
R S =
™+t 1 -
5 ) T
2 M -4 -
++7 3
3 S ) - e
T 1 3
-~ -t - .
I 1 3 -]
n N
T+ b2 = LT SeE ERNEEE

Figure 2.1 - Pluviograph and rainfall intensity data recorded by the pluviograph
recorder

The pluviograph consists of a chamber designed for the collection of
precipitation, equipped with a funnel for water intake, a siphon and a float, which is
connected to the writing device and a drainage unit. The drain node, in turn, is
designed as a tipping tank on a rotary axis and is rigidly connected with the chamber
stop, the float is attached to the bottom of the tipping tank, with the center of gravity
of the float and the stop located on opposite sides of the rotary axis.

Each tipping of the tank is recorded by a writing device. And as a result, the
amount and intensity of liquid precipitation is judged by the water entering the
receiving funnel, or rather, by the density of the chart made by the writing device for

a certain time.
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However, as it is known, the presence of mechanical and kinematic links in
measuring instruments leads to the reduction in reliability of the measurement
method. Besides, mechanical parts of the instrument can fail reducing the service
life of this instrument.

The disadvantages of pluviograph can also include the probability of
decreasing reliability of measurement results due to a rather high inaccuracy caused
by the fact that this device does not record the very fact of the beginning of the
tipping tank; this moment is not recorded by the writing device, thus, the time of the

rain start is unknown.

2.2 Determination of the intensity of liquid precipitation by means of a

precipitation gauge

The method indicated is based on a change in the capacitance of a capacitor,
representing a sectional winding formed by two insulated conductors whose
resistance is dependent on temperature, under the action of liquid precipitation that
falls within the winding of the gauge, resulting in a sequence of electrical impulses
whose frequency is proportional to the intensity of the liquid precipitation in
question. The device includes a signal processing unit and a recording device.

The method is simple enough, however, there is a sufficiently large error in
measuring the intensity of precipitation, as it is determined only by the variable
frequency of electrical impulses of equal duration and does not depend on the size

of the drops.

2.3 Method for determining the intensity of liquid precipitation based on
the use of an optical-acoustic-electronic device

This method of determining the intensity is based on the transformation of the
number of liquid drops and the sound signal into electrical pulses inside the optical-

acoustic-electronic device, a laser is used to convert the number of drops into pulses,
29



this is done by interrupting the laser beam by drops, and the sound signal is converted
into electrical signal by using a microphone and a membrane.

The disadvantages of using the device include:
- in case of prolonged contact of liquid with the optics of the device, there is a
possibility of its clouding, which in turn reduces the reliability of the entire device
as a whole;
- influence of extraneous noise leads to increased inaccuracy of determining the
intensity of precipitation;

- complexity of measuring units and power consumption with different voltages.
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3 Precipitation, classification, main characteristics

3.1 Classification of precipitation

Precipitation is water droplets or crystals falling out of clouds for whatever
reason that prevents them from remaining suspended in the atmosphere.

Classification of precipitation by genetic feature (depending on the physical
conditions of formation):

1) Cloudy precipitation falls from layered and highly layered clouds
associated with fronts. The distinctive feature of these precipitation is the coverage
of large territories, long duration, which can reach tens of hours, and such
precipitation can fall both continuously and with some interruptions, medium or
moderate intensity [16]. Such precipitation is most typical for temperate latitudes
[15].

Cloudy precipitation can be weak, close to drizzle, moderate, and heavy [17].

2) Stormy precipitation is intense, and its intensity varies greatly even during
a single rainfall, but it is short in duration and is the main type of precipitation in
low tropical and equatorial latitudes. Such precipitation falls from cumulonimbus
clouds associated with convection. The duration of their fall is usually always short,
but in special conditions with the passage of fronts, sometimes there are cases of
very long showers of up to several hours. Short showers have the greatest intensity
[15]. Rain showers cover a relatively small territory, often occur in "streaks™ and are
accompanied by strong winds [16].

Storms can be weak, moderate, and heavy (sometimes catastrophic), but they
are always short-lived and sudden, although they can fall repeatedly at short intervals
[17].

3) Drizzling precipitation - precipitation that does not produce significant
daily amounts of moisture within a mass, falling from layered and layered-cumulus
clouds, which usually have a small vertical extent. Precipitation from such clouds at
plus temperature is usually due to the merging of droplets in them. Drizzle consists

of very small droplets, drizzle droplets do not form circles when falling on the water
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surface. It should be noted that drizzle can be more intense and abundant, but only
in special conditions, such as in the mountains [15].

Translated with www.DeepL.com/Translator (free version)Drizzle is
sometimes the result of enlargement of fog particles. In some cases, at warm fronts
and warm occlusion fronts, drizzle precipitation is formed as a result of degeneration
of cover precipitation, even more rarely (in autumn) as a result of degeneration of
storm precipitation; such precipitation can fall for a long time (several hours) [17].

In [15] definitions of the main types of precipitation depending on their form
are given: drizzle is defined as liquid precipitation, which includes small drops
ranging in size from 0.05 mm to 0.5 mm, the rate of deposition of drops of this size
in the atmosphere is very low, so such precipitation is easily transported in the
horizontal direction under the influence of the wind; rains are characterized by larger
droplets, on the order of 0.5 to 6 mm, such droplets may break into several pieces
when falling to the ground; heavy showers are characterized by even larger droplet

sizes, and at the beginning of heavy rainfall the droplet sizes may be even larger.

3.2 Precipitation characteristics

Precipitation categories according to the amount and duration are given below
in Table 3.1 according to one of the classifications [16].

Table 3.1 - Categories of liquid precipitation depending on the amount and
duration of precipitation (by W. Zoufal)

Precipitation duration, h
Category 1 | 2 | 3
Precipitation, mm
Faint rain 1.0 1.5 2.0
Moderate rain 1.1-5.0 1.6-7.5 2.1-9.0
Heavy rain 5.1-10.0 7.6-14.0 9.1-11.0
Very heavy rain 10.1-15.0 14.1-21.0 11.1-23.5
Drench 15.1-23.0 21.1-30.5 23.6-33.0
Downpour 23.1-58.0 30.6-64.0 33.1-72.0
Heavy downpour >58.1 =064.1 =72.1




Further, the basic characteristics of liquid precipitation in warm seasons for
the West Siberian region are summarized in Table 3.2 [18].

Table 3.2 - List and main characteristics of liquid precipitation in the warm
season for the West Siberian region

Type of precipitation | Characteristics
Droplet radms -

intensity - less than 0.25 mm'h; duration

Frost no more than
- several hours
0.25 mm
mtensity - from 025 to 2.5 mm'h;
Faint rain duration - from a few hours to a day or
more

mntensity - from 2.6 to 8 mm'h; duration
- from a few hours to a day or more
intensity - more than 8 mm/'h; number -
Heavy rain at least 35 mm 1n a period not exceeding
12 hours; duration - several hours
ntensity - more than 8 mm/'h; number -
at least 50 mm 1n a period not exceeding
12 hours; duration - several hours

Moderate rain

Very heavy rain Droplet radius -

0.2510 3.2 mm rain with short interruptions (not more

than 1 hour) with at least 100 mm of

Prolonged heavy rainfall over a period of time greater
rain than 12 hours, but less than or equal to

48 hours, or 120 mm over a period of
time greater than 2 days.

amount - at least 20 mm for a period of
not more than 1 hour

amount - not less than 30 mm for a
pertod not exceeding 1 hour

Downpour

Heavy downpour|

3.3 Conclusion of the section

This section presents the main types, their classification and characteristics,
and lists the sediments typical of the West Siberian region.
Having analyzed the basic characteristics of liquid atmospheric precipitation,

their types have been selected, which will be considered further.
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4 Mathematical modeling of activity dynamics of radon and its daughter
decay products, which have the greatest influence on gamma background, in
the atmosphere and on the surface of the ground, using Wolfram Mathematica.

Investigation of the degree of radionuclide release from the atmosphere

To solve our problems, we consider the transfer of radon, thoron, and short-
lived BWR isotopes only in the vertical direction, along the z axis, taking into
account the processes of radionuclide generation, transfer in the atmosphere and the
ground, and atmospheric liberation from them:

1) migration of radioactive gases from the earth's strata into the atmosphere;

2) radioactive transformations;

3) molecular and turbulent diffusion;

4) wind transport;

5) sedimentation (settling by gravity);

6) release of radionuclides from the atmosphere in the form of aerosols under
the influence of liquid atmospheric precipitation.

Using a system of differential equations, we represent the change by height
and time of volumetric activity of radon and thoron, as well as their DPR in surface
atmosphere; this system for description of mathematical model of transfer includes
11 differential equations, general view of the system is presented below:

BA,
ct

O;i =V((Dy +D;)VA,) — V(¥ + v, + V3)A, + LA —A A, i=2-5711
4.1)

When considering the above case of transport in the vertical direction only,

=v((Dl[ +DT)vAi) - v?wﬁi _li‘a“-i:l'i =1.,6

the system takes the following form:
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Then we denote the initial A, (z,0) =0 and boundary conditions:

O +D. @) PED) v oA @], =a@iiz1s
(D, +D.(z.1) 0A,(z.9 — (Ve @)+ v, +v (DA (D) =0;i=2-57-11
. ) 5

’ (4.3)

Here A(z,t) isthe volumetric activity function of the i-th radionuclide, Bg/m?;

indices i=1-5 correspond to radon ???Rn and its decay products, respectively: 2:8Po
(RaA), 2¥Pb (RaB), 2**Bi (RaC) and ?*Po (RaC"); indices i=6-11 correspond to
thoron 22°Rn and its decay products, respectively: 2°Po (ThA), #2Pb (ThB), %'?Bi
(ThC), 2P0 (ThC'), and 2T (ThC");

gi(t) - radon (i=1) and thoron (i=6) flux density function from the ground

surface, Bq/m2-c-1;

Dw - molecular diffusion coefficient, m?/s;

D+(z,t) - atmospheric turbulence coefficient function, m?/s;
vw(z,t) - function of the vertical component of wind speed, m/s;
Ve- velocity of deposition under the action of gravity, m/s;

Vr(t) - function of the velocity of aerosol particles washing out of the

atmosphere by precipitation, m/s;

i - decay constant of the i-th radionuclide, s™.

The component vy is positive when the wind is upward away from the ground,

and negative when the wind is toward the ground. In contrast to the transport in the
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air of the premises, the deposition velocity on the surface is not taken into account

here.

The nuclear-physical characteristics used in the calculations are given in Table
4.1.

Table 4.1 — Nuclear-physical characteristics of nuclides

Index Decay constant, s* Dy, m?/s
222Rn 1 2.100E-06 1.20E-05
218pg 2 3.790E-03 1.00E-06
214pp 3 4.310E-04 1.20E-05
214Bj 4 5.860E-04 1.20E-05
214pg 5 4.230E+03 1.20E-05

Tn (?*Rn) 6 1.250E-02 1.20E-05
216pg 7 4.780E+00 1.20E-05
212pp 8 1.810E-05 1.20E-05
212Bj 9 1.910E-04 1.20E-05
212pg 10 2.320E+06 1.20E-05
2087 11 3.790E-03 1.20E-05

During the precipitation period, the integral values of radionuclide activity

(column height h) are expressed using the following system of equations [5]:

(dA® (& )
;t(j =Gy — A Agy (D
dAE'. .t . h
%0 =hpo " An (O~ Ay, +L(D) - Az (D)
4
dAL, (t e E
;:( ) e AL = (L + L(D) - AL
dﬂh. t f t n
20 3 AT (-0 + L) AL (0.
[ dt (4.4)
where A, _.h,.A,.A; -radioactive decay constants of the corresponding

isotopes, s*; L - washout constant, s.
The washout constant (s**) depends on the type of precipitation, the spectrum

of rain drops, and the intensity of precipitation. It is calculated by the formula:

L= k:l'k 315 (45)
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where | - precipitation intensity, mm/h; k; - is the standard value of the
absolute leaching capacity of rain (for all nuclides except noble gases it is taken
equal to 10° h/(mm-c)); Ko - relative leaching capacity of other types of precipitation,
given in Table 4.2.

Table 4.2 — Relative leaching capacity for different types of sediments

Type of precipitation Ko
Rain 1.0
Rain and Thunderstorms 1.1
Snow and rain 2.4
Downpour 2.8
Snhow 3.0
Frost 4.5
Fog 5.0

Equations (4.4) and (4.6), whose solution makes it possible to determine the
activity of radionuclides deposited during liquid atmospheric precipitation in the
atmosphere and on the ground surface, take into account the processes of radioactive
transformations of short-lived radon DPR in the atmosphere and on the ground
surface as well as the atmospheric clearance of radionuclides.

We assume that at the moment of the beginning of atmospheric precipitation

Ap=Ag=Ay=0 )

The logic in system (4.6) is that it describes the increase of activity at the soil
surface. Therefore, the washout constant in the system (4.6) in the right part of the
equation has a positive sign because it reflects the increase of activity on the soil

surface due to the washout of substances from the air environment.

¥= L -AL®D - Ay, - AL
12O 1 ()AL O+ hon ARO AR
dﬁ(i‘;ﬁﬁj =L{O- A;i (B + ;'“Bi ' A;b (H - }‘Bi ' ‘q‘;i (©-

(4.6)
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Let's imagine AL (D) and Al (1) inthe following way:

Pb214 Pb214

A=A . (t=0)-A_.()= )LR” —A. (1)

Rn

AsBizu (t) = A;izu (t = O) - A;izu (t) = ?\‘Rn - A;izu (t)

Rn

The activity of radon daughter decay products precipitated by liquid
precipitation from the atmosphere onto the ground surface changes symmetrically
and mirror-like in the atmosphere with respect to the activity of these daughter radon

decay products on the ground surface, which can be observed in Figure 4.1 [5].

Activity in air column Activity deposited on the soil
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Figure 4.1 — Dynamics of activity of daughter radon decay products in the
atmosphere and on the soil surface during precipitation

The system of equations (4) is solved with constant coefficients and initial

conditions:

P0218 Pb214 BiZl

A" L (t=0)=A" ,(t=0)=A"_ (t=0)=A" (t:O):gR“. (4.7)

Rn
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As part of the simulation in Wolfram Mathematica, the following

dependencies were plotted:

1) frost

For the analysis we model the case of drizzle with intensities of 0.1 and 0.25
mm/h. To compare the degrees of decrease in the volumetric activity of 2'8Po, 214Pb,
214Bj depending on the time of precipitation, we consider the duration of 3 and 6
hours.

The results of modeling are shown in Figures 4.2-4.5.

The results of determining the degrees of decrease in volumetric activity of

218pg 214pp 214Bj gre summarized in Table 4.3.
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Figure 4.2 - Dynamics of temporal activity of 222Rn daughter decay products in the atmosphere, at different drizzle intensities,
precipitation time - 3 h (1a, 1b, 1c¢) with corresponding degrees of decrease in volumetric activity of 2'8Po, 214Ph, 214Bi (2a, 2b, 2¢)
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2) rain

For the analysis, we model the case of rain with intensities of 2.5, 5, and 10
mm/h. To compare the degrees of decrease in volumetric activity of 2'8Po, 24P,
214Bj depending on the time of precipitation we consider the duration of 1, 3 and 6
hours.

The results of modeling are shown in Figures 4.6 - 4.9.

The results of determining the degrees of decrease in volumetric activity of

218pg, 214pp, 214Bj are summarized in the general Table 4.3.

3) downpour

For the analysis, we simulate the following cases of a downpour: downpour
intensity 120 mm/h, duration 10 min; downpour intensity 40 mm/h, duration 30 min;
downpour intensity 20 mm/h, duration 60 min.

Simulation results are presented in Figures 4.10 to 4.13.

The results of determining the degrees of #8Pho, #'%Pb, 2Bi volumetric

activity decrease are summarized in the general Table 4.3.
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Table 4.3 - Summary table of the obtained results on determining the degrees of reduction of volumetric activity of 2'8Po,
214pp, 214Bj depending on the type of liquid precipitation, its duration and intensity

P_recipit_ation Radon — Premp:g?tnlon intensity, mm/h downnot

time, min DPR 0.1 0.25 25 5 10 20 40 120
218pg 3.6

10 214pp 8.5
2l4Bj 7.5
218pg 5.1

30 214pp 22
214Bj 23
218pg 0.25 0.5 1 5.6

60 214pp 1.6 3 6.2 35
2l4Bj 1.5 3.2 6.3 35
218pg 0.14 0.35 0.8 1.6 3.2

180 214pp 1.3 3.4 8 15 30
214Bj 1.3 3.1 7 14 28
218pg 0.28 0.7 1.6 3.2 6.3

360 214pp 3 7.5 16 34 68
214Bj 2.6 6.6 15 30 60

53



3AJJAHUE JJIS PA

3IEJA

«®UHAHCOBBII MEHEKMEHT, PECYPCO3®PEKTUBHOCTbH

PECYPCOCBEPEXEHUE
Crygnenry:
I'pynna PO
0AMI13 Uynpuna Anacracuu BragumupoBHe
IIxoaa NIIAT Otaenenune mkouabl (HOII) OATL
Yposenn Marucrparypa | HanpasJieHue/cneniuajbHOCTh 14.04.02 Slnepuie: pusuia
o0pa3oBaHus 1 TEXHOJIOTUU

pecypcocoepeskeHue»:

Hcxonnblie nannble K pa3neay « DHHAHCOBBIA MeHeIKMEHT, pecypco3¢PpeKTHBHOCTD H

Cmoumocmu pecypcos HayuHozo uccredosanus (HH):
MAmMepuarbHO-MeXHUeCKUx, SHepeemu4eckux,
PUHAHCOBBIX, UHPOPMAYUOHHBIX U YETOBEYUECKUX

bromxker mpoekra — He Oonee 426220,4 pyo6., B
T.4. 3aTpaThl [0 OIUIaTe Tpyaa — He Oonee
198933,5 py6.

Hopmvt u nopmamuguvl pacxodosanus pecypcos

3HaueHue MoKa3aTess MHTErpajbHON
pecypcoaddhekTuBHOCTH — He MeHee 4,25 6aioB
u3 5

HCI’!O]le’yeMClﬂ cucmema HCUlOZOO6]lOJfC€HLlﬂ, cmaesKu

HTHU

o OtuucieHus BO  BHEOIO/DKETHBIC  (DOHJBI
HAN0208, OMUUCTEHUL, OUCKOHMUPOBAHUSL U o
cocraBiaroT 30%
KPeOUmoBaHus.
[lepevyeHb BONPOCOB, MOMJIEKAIAX UCCIET0BAHNIY, IPOEKTHPOBAHMUIO U Pa3padoTKe:
TeXHUKO-29KOHOMUUYECKOE 000CHOBaHHE
Oyernka KomMmep1ecko20 U UHHOBAYUOHHO20 NOMEHYUALA
MPOCKTA, omnpeJeneHue IMOTEHINAIBHEIX

OTpebuTeNel pe3yIbTaToOB

Inanuposanue npoyecca ynpasenenus HTH: cmpykmypa u
epaguk npogederus, 6r00xHcem.

ITnanupoBanue pabor mno mpoekty. Pacuer
OroJKeTa 3aTpaT, B TOM YHCIIE MaTepUabHBIX
3aTpart, 3aTpaT Ha 000pylOBaHUE U 3apabOTHYIO
UIATy COTPYTHUKOB

Onpeoenenue pecypcHol, (PuHAHCOB0, IKOHOMUULECKOU
aghgpexmusnocmu

Onpejenenne  pecypcHoOM, (UHAHCOBOW U
9KOHOMHYECKOH 3 (DEKTUBHOCTH MCCIICOBAHMS

Ilepeyenb rpapuyeckoro marepuaa;

CermMeHTHpOBaHHUE PHIHKA

OreHKa KOHKYPEHTOCTIOCOOHOCTH TEXHUYECKHMX PEIICHUN
Martpumia SWOT

Huarpamma ["anTa

CeteBoii man-rpaduk

I'paduk nposenenus u 6romxer HTU

OneHka pecypcHoi, GUHAHCOBOH U SKOHOMHYecKoH 3¢ pextusHoct HTU

| JlaTa BbIxaum 3a1anust [UIsl pasjieia 1o JTMHeiHOMY rpaduKy | 13.03.2023
3agaHue BbI1aJ KOHCYJIbTAHT:
Yuenas
JloaxkHocTh DdOHUO CTelneHb, IMoanucey Jara
3BaHHUe
nouedt OCI'H HIBUIT Crourpiga JIro00Bb
TITY IOppeBHa K20
3agaHue NPUHAJ K MCNIOJHEHUIO CTYIeHT:
I'pynna PHUO Hoanuce Hara
0AM13 Yynpuna Anactacust BinagumuposHa 13.03.2023

54




ASSIGNMENT FOR THE SECTION
"FINANCIAL MANAGEMENT, RESOURCE EFFICIENCY AND RESOURCE

SAVING"
To the Student:
Group FULL NAME
0AM13 Chuprina Anastasia Vladimirovna
School SNSE Research and Education Centr DNFC
Level of Master's Direction/ specialt 14.04.02 Nuclear physics and
education Degree P y technology

Input data for the section "'Financial Management, Resource Efficiency and Resource Saving"':

1. The cost of scientific research (SR) resources: material
and technical, energy, financial, information and human

Project budget - not more than 426220 rubles,
including labor costs - not more than 198934
rubles.

2. Norms and standards of resource consumption

The value of the integral resource efficiency
indicator - at least 4.25 points out of 5

3. the taxation system used, tax rates, deductions,
discounting and lending

Contributions to non-budgetary funds are 30%

List of issues to be researched, designed and developed:

1. Assessment of the commercial and innovative potential
of STI

Feasibility study of the project, identifying
potential consumers of the results

2. Planning the STI management process: structure and
schedule, budget.

Planning work on the project. Calculation of the
cost budget, including material costs, equipment
costs, and employee salaries

3. Determination of resource, financial, and economic Determination of resource, financial and
efficiency economic efficiency of the study
A list of graphic material:
Market segmentation
Assessing the competitiveness of technical solutions
SWOT matrix
Gantt chart
Network plan schedule
STI timeline and budget
Assessment of resource, financial and economic efficiency of STI
| Assignment date for the line graph section | 13.03.2023
The assignment was given by a consultant:
Position FULL NAME Academic Signature Date
degree, rank
Assistant professor of Lyubov Yuryevna PhD in
SSHD of SCEE Spitsyna Economics
The assignment was accepted for execution by the student:
Group FULL NAME Signature Date
0AM13 Chuprina Anastasia Vladimirovna 7 13.03.2023

55




5. Financial Management, Resource Efficiency and Resource Saving

Introduction

The purpose of this section is to assess the prospects of scientific research,
planning the financial and commercial value of the research project, the development
of a management mechanism. Commercial attractiveness of scientific research is
determined by how quickly and successfully the developer will answer the following
questions: whether the product will be in demand in the market, what will be its
price, what is the budget of the scientific project, what time will be required to
promote the product in the market, etc.

Achievement of the goal is ensured by solving the following tasks:

- assessment of commercial potential and prospects for research;

- planning of research work;

- calculation of the budget of research work;

- Determination of resource, financial, social efficiency of research.

5.1 Assessment of commercial potential and prospects of scientific
research in terms of resource efficiency and resource conservation

5.1.1 Potential consumers of the research results

This master's thesis examines the relationship between gamma ray bursts and
the characteristics of rains and showers.

Increased radiation gamma background in the form of bursts of various shapes
and durations observed during periods of liquid precipitation, this is confirmed by
the data obtained during the study.

The data on gamma-background obtained at the experimental site of the
geophysical observatory IMKES SB RAS through the use of gamma-radiation
detectors BDKG-03 were used for the study.

Conducting instrumental measurements of radionuclide activity, [I-

background by air column height is difficult due to the complexity of using devices
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at height, their inaccuracy, difficulty in fixing by points the measured values,
impossibility to perform measurements promptly. In this case, it is realistic to use
exactly the results of modeling. The considered topic, concerning the degree of
atmospheric purification, is of interest, first of all, for radiation monitoring.

The main task of radiation monitoring is to identify as accurately as possible
the causes, the nature of the registered gamma background bursts.

Various research institutes and operational radiological services may be
interested in this research.

Based on all of the above, a map of service market segmentation is
constructed.

Table 5.1 - Service market segmentation map

Organization

o Operational
Scientific research p_ ;
o radiological
Institutes :

services

Results of research work
Ability to assess and predict
the degree of purification of
the atmosphere from
radionuclides

Area of
application

In this paragraph, the main potential consumers of the study under
consideration were analyzed, these are research institutes and operational

radiological services.

5.1.2 Analysis of competitive technical solutions

The analysis of competitive technical solutions from the position of resource
efficiency and resource conservation allows us to evaluate the comparative
effectiveness of scientific development.

For the analysis of competitive technical solutions, the data on experimental
measurements by detectors are used. The position of the development and

competitive method is evaluated for each indicator by expert way on a five-point
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scale, with 1 point denoting the weakest position, 5 points - respectively, the
strongest position. The weights of the indicators, determined by the expert way, in
the sum should be unity [19].

The analysis of competitive technical solutions is determined by the formula:

K=>B -5, (3.1)

where K - competitiveness of the scientific development or competitor; B;- weight
of the indicator (share); b; - weighted average value of the i-th indicator; By, -
measurements by detectors.

It is reasonable to carry out this analysis with the help of the scorecard below.

Table 5.2 - Scorecard for comparison of competitive technical solutions
(developments)

Weight of | Points Competitiveness
Evaluation Criteria the
criterion | P2 | B Ko K
1 2 3 4 5 6

Technical criteria for evaluating resource efficiency

1. Reliability of the data obtained | 0.30 4 4 1.20 1.20
2. Nq !nfluence of atmos_pherlc 0.15 4 0.60 0.45
conditions on the eusperiment

3. Ease of experimentation 0.12 5 4 0.60 0.48
4. Safety of the experiment 0.10 4 3 0.40 0.30
5. Data runtime 0.10 3 3 0.30 0.30
6. Avallablllty of expensive 0.05 5 3 0.95 0.15
equipment

—+

Economic criteria for evaluating efficiency

1. The cost of materials 0.10 5 2 0.50 0.20
2. Financing of scientific 0.05 5 5 0.95 0.10
development

3. Competitiveness 0.03 4 4 0.12 0.12
Total 1 4,22 3.30

Note: in Table 5.2 the indicators with index "¢" characterize the development under
consideration, and index "k1" corresponds to the method of monitoring the surface
atmosphere by alpha- and beta-detectors.

The results of the table show that the considered scientific development is able
to interest partners and investors due to its resource efficiency, different from

experimental measurements with detectors.
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5.1.3 SWOT Analysis

The SWOT analysis (Strengths; Weaknesses; Opportunities; Threats) is a
comprehensive analysis of a research project. This type of analysis is used to study
the external and internal environment of the project as a whole.

SWOT-analysis is to describe the strengths and weaknesses of the project, to
identify opportunities and threats to the project that have appeared or may appear in
its external environment [19].

Strengths are factors that characterize the competitiveness of the research
project. Strengths indicate that the project has a certain advantage or resources that
are special in terms of competition. Thus, strengths are resources or opportunities
that are available to the project management and can be effectively used to achieve
the goals.

Weaknesses are shortcomings, omissions, limitations of the research project
that prevent the achievement of the goals.

Opportunities include some preferable present or future situations arising in
the environment of the project, for example, trends, changes, needs that can support
the demand for the project results and help the project management to improve its
competitive position.

Threats are any undesirable situations, trends, changes in environmental
conditions that are destructive or threatening to the competitiveness of the project in
the present or future. A threat can be a barrier, constraint, or anything else that can
cause problems, destruction, harm, or damage to the project.

Table 5.3 presents the SWOT analysis of the research work.
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Table 5.3 - SWOT Analysis

Strengths of the research
project:

C1. Reliability of the data
obtained,;

C2. Novelty of scientific
research;

C3. Extension of the
boundaries of applicability;
C4. Safety of the research;
CS5. Qualified personnel.

Weaknesses of the
research project:

SI1. Lack of funding;
SI2. Significant time for
processing the results;
SI3. Lack of information
about the results of this
type of research.

Capabilities:

Bl. Use of TPU'
innovative
infrastructure;

B2. Novelty of the
research will lead to
the emergence of
stakeholders.

The results of the analysis
of the interactive matrix of
the draft fields "Strengths
and Opportunities":

1) increase in demand for
such research due to
distribution among various
organizations and
universities;

2) the priority of research in
comparison with
competitors due to proper
reliability and security.

The results of the analysis
of the interactive matrix of
the field project
"Weaknesses and
Opportunities™:

1) lack of a large number
of research orders;

2) improvement of gamma
detectors in the future will
reduce their measurement
error.

Threats:

V1. High competition
due to modernization
of other devices;

VY2. Lack of funding
or untimely funding
from the university
and the state.

1) high reliability and low
cost of data increases
competitiveness;

2) the novelty of the idea
gives an advantage over
competitors.

1) stagnation of research
due to lack of funding;

2) a decrease in the cost of
gamma detectors  will
make it possible to
purchase an additional
number of them to expand
the field of dose rate
measurement, which in
turn will lead to an
increase in demand for the
methodology

In order to identify the extent of the need for strategic change, an interactive

matrix is built, as shown below. Its use helps to understand the various combinations

of interrelationships of the SWOT matrix areas.
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Table 5.4 - Interactive project matrix

Strengths of the research project

Cl1 C2 C3 C4 C5
Features | Bl + + 0 + +
B2 - + + - +

Note: "+" - significant compliance of the strengths with the opportunities; "-" -
insignificant compliance; "0" - doubt in the choice.

Based on the data of the interactive matrix, we can conclude that the strengths
of the project are related to the opportunities of the external environment, due to
them the project with a high probability can be implemented and be in demand in

the market.

5.2 Project initiation

5.2.1 Project Goals and Outcome

This section provides information about the project stakeholders, the
hierarchy of project goals, and the criteria for achieving the goals.

Project stakeholders are defined as individuals or organizations that are
actively involved in the project or whose interests may be affected either positively
or negatively in the course of implementation or as a result of project completion.
Information on project stakeholders is presented in Table 5.5.

Table 5.5 - Project Stakeholders

Project :
stakeholders Stakeholder expectations
Adequate interpretation of gamma-background bursts,
Enaineer identification of the reasons that caused them. Determination and
g prediction of the degree of purification of the atmosphere from
radionuclides by rainfall through mathematical modeling
Scientific Development of a method for determining and predicting the
research degree of atmospheric radionuclide clearance from rainfall
institutes through mathematical modeling
: Using a reliable method of determining the degree of purification
Operational : . :
. . of the atmosphere from radionuclides by rainfall, prompt and
radiological . .
; adequate response to gamma background bursts, and identifying
services :
the causes of gamma background fluctuations
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Table 5.6 provides information about the hierarchy of project goals and

criteria for achieving the goals.

Table 5.6 - Project goals and results

Conduct experimental studies of changes in gamma-radiation
dose rate at the experimental site

Identify the relationship between gamma-radiation power bursts
and the characteristics of liquid precipitation

Determine the degree of purification of the atmosphere from
radionuclides depending on the characteristics of liquid
atmospheric precipitation

Reliable results of experimental studies of changes in gamma
radiation dose rate at the experimental site

The adequacy of the identified relationship between gamma-
radiation power bursts and the characteristics of liquid
atmospheric

Comparison of the effect on the gamma background of rainfall
with different characteristics

Obtaining adequate values of the degree of purification of the
atmosphere from radionuclides depending on the characteristics
of liquid atmospheric precipitation

Project
Objectives:

Requirements
for the result of
the project

5.2.2 Project Organizational Structure

The following questions must be solved: who will be in the working group of
this project, define the role of each participant in this project, as well as describe the
functions performed by each of the participants and their labor costs. The data is

summarized in Table 5.7.
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Table 5.7 - Project Working Group

) Role in Labor

Full name, main place :

No .. the Functions COStS,
of work, position :

project days.
Vale_ntlna Development of terms of
Stanislavovna i
} reference, selection of research

Yakovleva, Professor | Project . S

1 direction, coordination of 27

of NFCD of SNSE, Manager
Doctor of technical
sciences

developer's activities,
evaluation of obtained results

Theoretical and experimental
research, mathematical
modeling as part of the project
objectives

Chuprina Anastasia
2. | Vladimirovna, student | Engineer
of 0AM13

78

Total: | 105

5.3 Planning the research work

5.3.1 Structure of research work

Planning of a set of research work is carried out in the following order:

- determination of the structure of works within the framework of scientific research;
- defining the number of performers for each activity;

- definition of duration of works;

- construction of the schedule of scientific research.

To optimize the process it is convenient to use the classical method of linear
planning and control. The result of such planning is a linear schedule of all types of
work.

To carry out scientific research, a work group is formed, consisting, if
necessary, of scientific staff and teachers, engineers, technicians and laboratory
assistants, the number of groups can vary. For each type of planned work, an
appropriate position of performers is established. In this study, a working group was
formed, consisting of a manager and an engineer.

The order of stages and types of work in the performance of the EWC, as well

as the distribution of performers by type of work is shown in the table below.
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Table 5.8 - List of stages, works and distribution of performers

The main stages | Job number | Content of work Position of the
Performer
Development of Drawing up, approval of the
terms of reference | 1 g up. app Manager
terms of reference
for research work
Choosing the direction of the
2 Manager
. study
Choosing the
o Development of research
direction of the 3 Manager
methodology
study Manager
4 Planning work schedules ag
Engineer
Theoretical and 5 Literature analysis Engineer
experimental 5 Conducting a practical Enaineer
research calculation g
Evaluating the effectiveness of | Manager
7 :
Summary and the results Engineer
evaluation of 8 Settlement processing Engineer
results 9 Writing an explanatory note Engineer
10 Preparing to defend your work | Engineer

5.3.2 Determination of labor input of research

The labor costs in most cases form the main part of the development cost,
therefore, the important point is to determine the labor intensity of the work of each
of the participants of scientific research.

The labor intensity of scientific research is estimated by expert way, it has a
probabilistic character. For calculation we use the formula:

3t T2t

mini

L (5.1)

ooici

where t - expected labor intensity of the implementation of the i-th work, man-

ooici

days; t_. .- minimum possible labor intensity of the implementation of the given i-

th work (optimistic estimate assuming the most favorable set of circumstances),

man-days; t__. - maximum possible labor intensity of the implementation of the

max i

given i-th work (pessimistic estimate assuming the most unfavorable set of

circumstances), man-days.
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Based on the expected labor intensity of operations, the duration of each job

is determined in working days T, , taking into account the parallel nature of

operations performed by several performers. Such calculation is necessary for
reasonable calculation of wages, since the share of wages in the total estimated cost
of scientific research is about 65%.

T, =t (52)

Pi_qi’

where T - the duration of the i-th job, working days; t,, - expected labor intensity

of the i-th job, man-days; Y. - the number of performers performing simultaneous i-

th job at this stage, man.
5.3.3 Development of the schedule of scientific research

The calendar plan of research work execution is developed with the
construction of the schedule of research work execution in the form of Gantt
diagrams. The Gantt chart is a horizontal ribbon diagram, on which the works are
represented by stretched in time segments, characterized by the dates of the
beginning and end of the works.

To build a Gantt chart, the duration of work in working days should be
converted into calendar days:

Ty =T, -k, (5.3)

where T, - duration of the i-th job, calendar days; T, - duration of the i-th job,

working days; k - calendar coefficient to convert working time into calendar time.

TK'Z

- e (54
sz_Tga_T;m (5 )

where T, - number of calendar days per year (in 2022 and 2023 is 365 days); T, -
number of days off per year; T,, - number of holidays per year (in 2022 and 2023
the number of non-working days, that is, days off and holidays, is 118 days).
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Based on the 2022 and 2023 data, the calendar factor is:

k= __q48
365-118

Based on all of the above, the table reflecting the temporal indicators is filled

out.
Table 5.9 - Temporal indicators of scientific research
tmini ' tmaxi too/ci q Tpi ! Tki ' day
Performer ! man- | man- ) man- man worklng calculation | rounded
days |days |days day.
Manager 1 1 2 1.4 1 1.4 2.07 2
Manager 2 1 2 1.4 1 1.4 2.07 2
Manager 3 2 4 2.8 1 2.8 4.14 4
Manager 4 2 4 2.8 1 2.8 4.14 4
Engineer 5 4 6 4.8 1 4.8 7.10 7
Engineer 6 14 30 264 |1 26.4 39.07 |39
Engineer 7 4 6 4.8 1 4.8 7.10 7
Manager 8 7 14 9.8 1 9.8 1450 |15
Engineer 9 4 6 4.8 1 4.8 7.10 7
Engineer 10 4 6 4.8 1 4.8 7.10 7
Engineer 11 4 6 4.8 1 4.8 7.10 7
Engineer 12 2 4 2.8 1 2.8 4.14 4
Total - 49 90 714 |- 71.4 - 105

5.3.4 Developing a schedule for the research project

As part of the planning of the research project it is necessary to build a
calendar and a network schedule of the project.

The calendar schedule is presented in the form of a table with a breakdown by
months and decades, the so-called Gantt chart. The activities on the schedule are
highlighted with different shading to indicate the responsible performer.

Parameters of the network schedule are calculated graphically.
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Table 5.10 - Schedule of scientific research

Tyi, The duration of the work
i Type of work Performer |calendar March April May June
days 2 | 3 2 2 2 | 3
1 drafting, approval of the terms Manager )
of reference
2|choice of research area Manager 2
developmen_t of a methodology Manager 4
for conducting research
4 Manager 4
time scheduling
5 Engineer 7
6|literature analysis Engineer 39
7|practical calculation Engineer 7
8 Manager 15
performance measurement
9 Engineer 7
10| payment processing Engineer 7
11|notes drafting Engineer 7
12|paper preparation Engineer 4
105 H
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Figure 5.1 - Network plan-schedule of scientific research

1. drafting, approval of the terms of reference (manager)

early start 0 early end 2
late start 0| duration late end 2
2. choice of research direction (manager) 3. development of research methodology (manager)
early start 2 early end 4 _|early start 2 early end 6)
late start 2| duration 2 late end 4 “iate start 4| duration 4 late end 8|
4. planning work schedule (manager) 5. planning work scheduling (engineer) 6. literature analysis (engineer)
early start 6 early end 10, early start 6 early end 13| early start 6 early end 45
late start 8| duration 4 late end 12 “|late start 12| duration 7 late end 19 late start 19[ duration 39 late end 58
7. conducting a practical calculation (engineer)
early start 45 early end 52
late start 58| duration 7 late end 65
9. performance evaluation (engineer) 8. performance evaluation (manager)
early start 52 early end 59 early start 52 early end 67|
late start 80| duration 7 late end 87 late start 65| duration 15 late end 80
10. calculation processing (engineer) 11. drafting an explanatory note (engineer
early start 80 early end 87 early start 80 early end 87
late start 87| duration 7 late end 94 late start 94( duration 7 late end 101
'
12. preparation for defense (engineer)

early start 87 early end 91
late start 101| duration 4 late end 105
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5.3.5 The budget of scientific research

When planning the budget of scientific and technical research, it is necessary
to fully and accurately reflect all types of costs associated with its implementation.

Costs by item:

- material costs;

- costs of special equipment;

- basic salaries of employees;

- additional wages and salaries of employees;

- contributions to non-budgetary funds;

- overhead costs.

5.3.5.1 Calculation of material costs

Data on this type of costs are summarized in the table below.

Table 5.11 - Material costs

: Price per unit, | Number of | Amount,
Name of materials :
rubles. units. rubles.

A4 office paper 300 2 600
Pr_lnter cartridge for HP laser 1000 1 1000
printer
Office supplies set 350 2 700

Total | 2300

5.3.5.2 Calculation of costs for special equipment

Calculation in our case comes down to determining the depreciation charges,
since the equipment was purchased before the start of work on the topic and used
before, so when calculating the cost of equipment, we consider only the working

days on which the work was carried out.
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The rate of depreciation is calculated by the formula:
H, =1, (55)
n

where n - useful life, years.
A PC Asus was used during the project. Useful life of the laptop according to
the technical certificate is 3 years. The cost of the laptop is 64000 rubles.

H =1-033
3

Depreciation is determined as follows:
S H, -H.

m, (5.6
1 (5.6)
where U - total amount, rubles; m - time of use, months.

_0,33-64000

A -3,5=6160 rubles.

5.3.5.3 Basic salaries

This expense item includes the basic salary of scientific and engineering
employees directly engaged in the execution of work on the subject. The amount of
salary expenses is determined on the basis of labor intensity of the work performed
and the existing system of labor remuneration. The basic salary includes a bonus
paid monthly from the wage fund.

The item includes the basic salary of employees (including bonuses,

additional payments) 3 and additional salary 3

don "

C;m = 3ocn + 300}1 ' (57)

The employee's basic salary is calculated according to the formula:
3.=3,T,(58)

OCH

where 3,, - average daily salary of the employee, rubles; T, - duration of the work

performed by the scientific and technical employee, working days.
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The average daily wage is determined by the formul:
3 -M

oH

3 (5.9)

0

where 3, - monthly official salary of the employee, rubles; M - number of months

of work without leave during the year (at the leave of 24 working days, 5-day week

of the M =11,2 month); F, - actual annual fund of working time of the scientific

and technical employee, working days.

Table 5.12 - Balance of working time

Working time indicators Manager Engineer
Calendar number of days 365 365
Number of days off
Weekends | 92 92
Holidays | 26 26
Loss of working time
Vacation | 24 24
Absences due to illness | 12 12
Actual annual working time fund 211 211

Monthly salary of the employee:
3,=3,-(k,+k,)-k, (510)
where 3. - base salary of an employee (in the calculation we take equal for a

manager and an engineer 30,000 and 15,000 respectively), rubles; k- bonus

coefficient, defined by the Payroll Regulations (in the calculation we take equal to

0.65); k, - coefficient of additional payments and bonuses, defined by the Payroll

Regulations (in the calculation we take equal to 0.65); k, - regional coefficient (for

Tomsk it is 1.3).

Basic pay is calculated on the basis of industry pay. The branch payroll system
in TPU assumes the composition of wages: 1) salary, which is determined by the
enterprise, in TPU the salaries are distributed in accordance with the positions
occupied; 2) incentive payments, which are set by the head of the unit for effective

work, performance of additional duties, etc.; 3) other payments, district coefficient.
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The results of calculations are summarized in the table below.

Table 5.13 - Calculation of basic salary

Performer | > k, |k |k, o N Foo
rubles. rubles. | rubles. | working day. | rubles.
Manager | 30000 | 0.65 |0.65 | 1.3 | 50700 | 2691.2 | 27 72662.4
Engineer | 15000 | 0.65 | 0.65 | 1.3 | 25350 | 1345.6 | 78 104956.8
Total 3, | 177619.2

5.3.5.4 Additional wages of research and production personnel

The item includes the amount of payments stipulated by labor legislation, such
as payment for regular and additional vacations; payment for the time of
performance of state and public duties; payment of compensation for length of
service, etc. As arule, the average value of these payments is 12% of the basic salary.

Additional wages are calculated according to the formula:

3,,=k,, -3, (5.11)

where Kk, , - coefficient of additional wages (in the calculation we take 0.12); 3, -

basic salary, rubles.
The results of the calculations are summarized in the table.

Table 5.14 - Salaries of scientific and technical research executors

Wages Manager Engineer Total
Basic salary 72662.4 104956.8 177619.2
Extra pay 8719.5 12594.8 21314.3
Employee Salary 81381.9 117551.6 198933.5

5.3.5.5 Social contributions

This item includes contributions to non-budgetary funds (pension fund,

compulsory health insurance fund, etc.).

where k

6Hed

C

6Hed

- kene6 ) (3

OCH
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Contributions to non-budgetary funds are 30%, including: 22% to the Russian
Federation Pension Fund, 2.9% to the Federal Social Insurance Fund, and 5.1% to
the Federal Compulsory Medical Insurance Fund.

Table 5.15 - Contributions to non-budgetary funds

Employee Value of deductions, rubles.
Manager 24414.6
Engineer 35265.5

Total | 59680.1

5.3.5.6 Overhead costs

This item includes the costs of management and housekeeping services
attributed to the study in question. In addition, they include the cost of maintenance,
operation and repair of equipment, buildings, structures, etc. As arule in calculations
these expenses are accepted at a rate of 70-90% of the sum of the basic salary or 80-
100% of the sum of the basic and additional salaries of employees participating in
work.

c.=k_ (3.+3,.) (513)

HAaKi HaxK OCH

where K - the coefficient of overhead costs (in the calculation we take 0.8).

C =k _(3.+3, )=08-1989335=1591468 rubles.

HaKj HAaKj OCH

On the basis of the obtained data on the individual cost items a calculation of
the planned cost of scientific research is made.

Table 5.16 - Calculation of costs

Avrticle name Amount, rubles.
Material costs 2300
Costs of special equipment 6160
Basic salary of employees 177619
Additional employee salaries 21314
Contributions to non-budgetary funds 59680
Overhead costs 159147

426220
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5.4 Determination of Project Efficiency

The effectiveness of a scientific project includes social, economic and
budgetary efficiency. In addition, it is possible to distinguish the resource effect,
scientific and technical, etc.

As part of the work under consideration, we will determine the effectiveness
by calculating the integral indicator of scientific research efficiency. Its value is the
sum of financial efficiency and resource efficiency coefficients.

The integral index of financial effectiveness of scientific research, as a rule,
IS obtained in the course of evaluation of the cost budget of several options of
scientific research implementation. Thus the greatest integral indicator of realization
of a technical problem is accepted as a base of calculation (denominator) with which
financial values on all variants of execution are correlated.

The formula for determining the integral financial indicator of development:

1= P (510
47_@ ! ’

max

where @ - the cost of the i-th execution variant; @, - the maximum cost of

execution of the research project.

The resulting value of the integral financial indicator of development reflects
the corresponding numerical increase in the budget of development costs in times
(in the case of a value greater than unity), or the corresponding numerical decrease
in the cost of development in times (in the case of a value less than unity, but greater
than zero).

The development has one execution, so |; =1.

The integral index of resource efficiency (for the i-th version) is determined

by the formula:

1”=Ya b, (5.15)
i=1
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where a, - weight coefficient of the i-th development option; b, - point estimate of
the i-th development option, which is set by expert method according to the selected
evaluation scale.

Table 5.17 - Assessment of the characteristics of project implementation

Parameter
Criteria weighting Evaluation
factor
1. Promotes productivity 0.10 5
2. Ease of use 0.15 4
3. Interference resistance 0.15 5
4. Energy Conservation 0.20 4
5. Reliability 0.25 4
6. Material capacity 0.15 4
Total | 1.00

The integral index of resource efficiency in our case is:
1”=010-5+0,15-4+015-5+0,20-4+0,25-4+0,15-4=4,25.

Integral performance indicator:

p Ilf:
17 = i (5.16)

425

dunp

=4,25.

Comparison of integral indicators of project efficiency and analogues allows
you to choose a more effective option to solve the technical problem from the
position of financial and resource efficiency. In our case, there is only one variant of
the project, so it is assumed that it is the most effective.

Table 5.18 - Efficiency of development

Indicators Evaluation
1 | Integral financial indicator 1
2 | Integral resource efficiency indicator 4.25
3 | Integral performance indicator 4.25

In the course of this section, the financial development indicator, the resource

efficiency indicator, and the integral efficiency indicator were determined.
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5.5 Chapter Conclusion

As a result, the following conclusions can be drawn:
- the result of the analysis of competitive technical research is to choose the most
appropriate and optimal in comparison with others;
- this paper considers the only option for the implementation of scientific research,
and we consider it to be the most appropriate and optimal;
- in the course of planning, schedules were developed for the manager and the
engineer to implement the stages of work, which made it possible to evaluate and
plan the working time of the employees;
- the expenses for the project realization were estimated; the budget of the project
was 426220 rubles;
- as a result of the efficiency evaluation the following indicators were determined:

1) the value of the integral financial indicator 1, the advantages or
disadvantages of the considered option of execution are not identified, as the
effectiveness of the only option is considered,;

2) the value of the integral index of resource efficiency is 4.25, which is a
good indicator, the considered option of execution is resource-efficient;

3) the value of the integral efficiency indicator is 4.25, the considered

execution variant is effective.
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3AJJAHME K PA3JIEJTY

«COIUAJIBHASA OTBETCTBEHHOCTDb»

OO6yyaroneMycsi:
I'pynna DPUO
0AM13 Yynpuna Anactacuu BiagumupoBHe
IkoJ1a NIIAT Otaenenue mkoasl (HOLY) OsTL]
YpoBeHb 14.04.02 Snepubie
Maructparypa | HanpaBienue/cnenuajbHOCTh
o0pa3oBaHusi ¢u3uKa M TEXHOJIOTUU

Hcxoanblie JaHHbIE K pasaeny «ConuajibHasl OTBETCTBEHHOCTh):

1. Onucanue
OP2aAHU3AYUOHHBIX
VCI08ULL peanu3ayuu
COUUANBHOU
omeemcmeeHHOCmu

OOBEeKTOM UCCIIeIOBAHUS SBJISIETCS CTENICHb OUHUILICHUSI aTMOC(hEphI OT
PaTMOHYKITHIOB JIOKIEBBIMU OCAIKAMH.

PaGouas 30Ha — mabopaTtopusi, pacnonoxkenHas B 118 aynuropuu 10
kopnyca TIIY

OO6nacTh NpUMEHEHUS - HAyYHO-UCCIIEeI0BATEIbCKIE HHCTUTYTHI,
olepaTHBHBIC PATUOIIOTUUECKHUE CITY>KOBI

2. 3akonooamenvhvie
U HOpMAMuUBHbvle
OOKYMeHmbl

[Ipu BbINOJIHEHNH HAyYHO-HCCIIEI0BATEIbCKON pabOThI

HE00XOAUMO CIIEIOBATh TPEOOBAHMSIM:

Tpynosoii konekc Poccuiickoit @enepaunn ot 30.12.2011 Nel197-03
(pen. ot 19.12.2022, ¢ u3m. ot 11.04.2023);

I'OCT 12.2.032-78 Cucrema crannaptoB 6e3omacHocTH Tpyaa. PaGouee
MECTO TIPH BBIMOJIHEHUU padoT cuast. OO1me )proHOMHIECKUE
TpeOoBaHuS;

I'OCT P 50923-96 Mucnnen. O6mue sproHoMuYeckue TpedoBaHus u
TpeOOBaHUS K MPOU3BOJCTBEHHOMN cpezie. MeTo1bl H3MEpEHNs;

I'OCT 21889-76 Cucrema «4enoBek-MamrHa». Kpecio yenoBeka-
orneparopa. O61ue 3proHoMHYecKue TpeOOBAHNUS;

I'OCT 12.1.005-88 Cucrema crangapToB Oe3omacHocTy Tpyaa. Oomue
CaHUTapHO-TUTMEHUYECKHE TPeOOBaHUS K BO31yXy paboueil 30HbI;
I'OCT 12.1.003-83 Cucrema crangapToB 0e3omacHocty Tpyaa. [lym.
Oo6mue TpeboBaHus 0€30MaCHOCTH;

CHulI 23-05-95* EcTecTBeHHOE M HCKYCCTBEHHOE OCBEIICHHUE;
CanlluH 2.2.2/2.4.1340-03. CanuTapHO-31H11€MHOJIOTHYECKHE MTPaBUIIa
u HopMaTuBHI «I urnennuyeckue Tpedoanus k [IIDBM u opranuzanmu
paboThI»;

CHull 21-01-97* IloxapHast 6€301MacHOCTh 3IaHUI U COOPYKEHHIA;
CII 12.13130.2009 Onpenenenue KaTeropuil NOMEIEHUH, 30aHUN 1
Hapy’KHBIX YCTAaHOBOK ITO B3PBIBOIIOKAPHOM M IMOXKAPHOW ONIACHOCTH;
[To>xapo-B3pbIBOOE30MIACHOCTH MPOMBINILIEHHBIX 00beKTOB. [[OCT
P12.1.004-85 CCBT Iloxapnas 6€30macHOCTb;

CanlluH 2.2.1/2.1.1.1278-03. I'uruenndeckue TpeOOBaHUS K
€CTECTBEHHOMY, UCKYCCTBEHHOMY U COBMEIIEHHOMY OCBEILIEHUIO
KHUJIBIX U OOIIECTBEHHBIX 3JJaHUI;

I'OCT 12.1.038-82. CCBT. Dnektpobe30macHOCTb;

CanlluH 2.6.1.2523-09 Hopwms! paauaimonHoii 6e3onacuoctu (HPB-
99/2009).
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Ilepeyennb BONMpocoB, MOIJIEKANMX HCCIET0BAHIIO, TPOEKTHPOBAHMIO U pa3padoTKe:

1. Ilpoussoocmeennas
besonacHocmov npu
nposedeHuu
UCCNe008aHUsL:

Bpennbie 1 onacHbie TPOU3BOACTBEHHBIE (PAKTOPBI:
- IOBBIIIEHHBIA YPOBEHB IIyMa;

- MapaMeTpbl MUKPOKIMMATA;

- OCBslIlIeHHE PaboUyero MecTa;

- icuxopu3nIecKue GaKTopsl;

- HOHM3MPYIOLIee U3ITYyUECHUE;

- DJIEKTPUYECKUM TOK;

- 3JIEKTPOOE30MaCHOCTb;

- I0XkAapOo- U B3PbIBOONIACHOCTb paboueil 30HbI.

2. besonacnocmo 6
aBapuiiHbIX U
upe38bIUAHbIX

cumyayusx (AC u 4C)
npu

Bo3MoskHbIE aBapuiiHbIe U Ype3BbIUANHBIC CUTYAIlUU: TIOBPEXKACHUS /
MIepesIoM MPH MaJIEHUU C BBICOTHI COOCTBEHHOI'O POCTA, MOPAKEHUE
ANEKTPUYECKUM TOKOM, TIOXKap.

Haub6onee BepositHoit AC u UC saBnseTcss BOSHUKHOBEHHUE MOXKapa Ha

npogedeHuu paboyem MecTe BCIIEICTBUE BO3rOpaHus 000py10BaHUS.
UCCIe008aHUs:
I[aTa BbIJAa4YU4 3aJaHUS K pa3aejy B COOTBETCTBUU C 13.03.2023
KaJIeHIAPHBIM Y4e0HbIM rpaQuKoOM T
3amanue BbIIAJ KOHCYJIbTAHT:
Yuenas
J10JIKHOCTD OUO CTeNeHb, Hoanuck Mara
3BaHMe
Houent OATLL
ITepenepun IO.B. | K.T.H.
VSITI TITY PEACp
3aaHue NPUHAJ K HCIIOJTHEHUIO CTYJAEHT:
I'pynna dPUO IMoanucoh Jlara
0AMI13 Uynpuna Annacracus BragumupoBHa
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0AM13 Chuprina Anastasia Vladimirovna
School SNSE Research and Education Centr DNFC
Level of Master's o . 14.04.02 Nuclear physics and
. Direction/ specialty
education Degree technology

Input data for the **Social Responsibility** section:

1. Description of
organizational
conditions for
implementing social
responsibility

The object of the study is the degree of purification of the atmosphere
from radionuclides by rainfall.

Working area - laboratory, located in classroom 118 of TPU building 10
Scope - research institutes, operational radiological services

When performing research work

it is necessary to follow the requirements:

Labor Code of the Russian Federation from 30.12.2011 Ne197-FZ (ed.
from 19.12.2022, amended from 11.04.2023);

GOST 12.2.032-78 Occupational Safety Standards System. Workplace
for working while sitting. General ergonomic requirements;

GOST R 50923-96 Displays. General ergonomic requirements and
requirements for working environment. Methods of measurement;
GOST 21889-76 Human-machine system. Human operator's armchair.
General ergonomic requirements;

GOST 12.1.005-88 Occupational safety standards system. General
sanitary and hygienic requirements for the air in the working area;
GOST 12.1.003-83 System of Standards on Occupational Safety. Noise.
General safety requirements;

SNiP 23-05-95* Natural and artificial lighting;

SanPiN 2.2.2/2.4.1340-03. Sanitary and Epidemiological Rules and
Norms "Hygienic Requirements to Personal Computer and Work
Organisation™;

SNiP 21-01-97* Fire safety of buildings and constructions;

SP 12.13130.2009 Determination of explosion and fire hazard categories
of buildings and outdoor installation;

Fire and explosion safety of industrial facilities. GOST R12.1.004-85
SSBT Fire safety;

SanPiN 2.2.1/2.1.1.1278-03. Hygienic requirements for natural, artificial
and combined lighting of residential and public buildings;

GOST 12.1.038-82. SSBT electrical safety;

SanPiN 2.6.1.2523-09 Radiation Safety Standards (NRB-99/2009).
List of issues to be researched, designed and developed:

Harmful and hazardous production factors:

- increased noise level;

1. Occupational safety | - microclimate parameters;

when conducting - lighting of the workplace;

research: - psychophysical factors;

- ionising radiation;

- electric current;

2. Legislative and
regulatory documents
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- electrical safety;

- fire and explosion hazards of the work area.

Safety in emergencies
and
emergency situations

Possible accidents and emergencies: injuries/fractures from falling from

one's own height, electric shock, fire.

The most probable accident and emergency is a fire at the workplace due

(AS & ES) when . .
. to equipment fire.
research:
Date of assignment to the section in accordance with the academic 13.03.2023
calendar
The assignment was given by a consultant:
Position FULL NAME Academic Signature Date
degree, rank
Assistant professor of .
NECD of SNSE Y. V. Perederin PhD
The assignment was accepted for execution by the student:
Group FULL NAME Signature Date
0AM13 Chuprina Anastasia Vladimirovna "L nk 13.03.2023
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6 Social Responsibility

The widespread introduction of an integrated occupational safety management
system, combining various measures into a single system of purposeful actions at all
stages of the production process is one of the key directions of improving the work
to reduce the occupational injuries and occupational disease rate.

A hazardous production factor is such a production factor, the effect of which
on an employee under certain conditions leads either to a disease or to a decrease in
the employee's ability to work.

A hazardous production factor is a production factor, the impact of which in
some conditions can lead to injury of an employee or other sudden deterioration of
health.

When working at a PC, the employee is exposed to harmful factors:

- physical - temperature and humidity of the ambient air, workplace
illumination, noise, static electricity, presence of radiation, low frequency
electromagnetic field;

- psychophysical - physical static and dynamic overload, nervous and mental
overload (mental overload, emotional overload, monotony of work).

When working on a computer one can single out a hazardous production factor
- electric shock.

When working with a computer, it is also necessary to observe a rational
regime of work and rest, because otherwise employees have significant visual strain,
headaches, pain in the lower back, neck and arms, sleep disorders, fatigue, in turn,
it leads to dissatisfaction at work and reduced efficiency.

The section deals with hazardous and harmful factors affecting the employee
in the 118 classroom of TPU building 10, factors affecting the research process, legal
and organizational issues, as well as activities in emergency and extraordinary

situations.
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6.1 Legal and organizational issues of safety

The key provisions on labor protection are presented in the Labor Code of the
Russian Federation [20]. Protecting workers' health, ensuring safe working
conditions, preventing occupational diseases and injuries at work are priority tasks
of the state.

According to the Labor Code of the Russian Federation [20], every worker
has the right to:

- a workplace that meets the labour safety requirements;

- mandatory social insurance against occupational diseases and accidents at
work;

- reliable information about the conditions and labor protection at the
workplace, health risks, measures of protection against harmful and hazardous
production factors, this information must be provided in full by the employer,
relevant state authorities and public organizations;

- refusal to perform work that poses a risk to his or her life and health,
including as a result of violations of occupational health and safety requirements;

- provision, at the employer's expense, of personal and collective protective
equipment in accordance with the requirements of occupational safety and health

- training in safe working methods and techniques at the employer's expense;

- personal participation or participation through representatives in reviews of
safe working conditions at the workplace and in the investigation of industrial
accidents or occupational diseases

- unscheduled medical examinations for medical reasons, while retaining
his/her job and average earnings during the medical examination;

- guarantees and compensations established in accordance with the Labor
Code of the Russian Federation, collective agreement, employment contract, if the

work performed has harmful and hazardous working conditions.
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According to the Labor Code of the Russian Federation [1], the normal
working hours must not exceed 40 hours per week, and the employer is obliged to
keep records of working hours for each employee.

All employees must know and strictly comply with safety and sanitary
regulations, the training for which consists of introductory and on-the-job briefings
by a responsible person.

The knowledge of an employee on safety rules is checked by a commission
after the training at the workplace, and the inspected person, upon positive outcome
of the check, is assigned a qualification group on safety engineering corresponding
to his knowledge and work experience and is issued a special certificate.

Persons operating electrical installations must not have any diseases that
interfere with production work.

Their state of health is determined by a medical examination.

6.2 Ergonomic requirements for the workplace

The workplace, as well as the mutual arrangement of workplace elements,
must comply with anthropometric and physical as well as psychological
requirements.

The workplace must be rationally planned, this implies an order and
consistency in the placement of documentation, tools, objects. Frequently used in
the performance of work should be placed, if possible, in the area of the so-called
easy reach of the workspace, the scheme is shown in Figure 6.1.

The ergonomic aspects of workplace organization include the height of the
work surface, the size of the free legroom, the location of documents at the
workplace (distance from the employee's eyes to the screen, keyboard, document,
document stand size, etc.), and the surface of the desk, adjustability of workplace

elements, and characteristics of the work chair.
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Figure 6.1 - Hand reach zones in the horizontal plane
a - maximum hand reach zone; 6 - finger reach zone with outstretched hand;
B - light palm reach zone; r - optimal space for coarse manual work; i - optimal
space for fine manual work

Figure 6.2 shows an example of the basic and peripheral components of a PC

on an employee's desk.
1 2 3

\ \\\:EI:

Figure 6.2 - Example of arrangement of the main and peripheral components of the
PC
1 - scanner (or system unit); 2 - monitor; 3 - printer (or printer-scanner); 4 - table
top; 5 - keyboard; 6 - manipulator "mouse

Accordingly: the display is in zone a (center); the keyboard is in zone r or x;

the system unit (or scanner) is in zone 6 (left); the printer or multifunction
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printer/scanner is in zone a (right); the mouse is in zone B (right); the documentation
needed in work) is in easy reach of the palm, and the documentation not used
constantly is in the drawers of the desk.

According to [22] the adjustable height of the working surface of the table
should vary between 680-800 mm, and in the absence of regulation the height of the
working surface of the table should be 725 mm. The dimensions of the working
surface of the table should be: depth - not less than 600 mm, width - not less than
1200 mm; and the preferred dimensions are 800 mm and 1600 mm respectively. In
addition, the work table should have a leg space of at least 600 mm high, at least 500
mm wide, at least 450 mm deep at knee level and at least 650 mm deep at foot level.

The same document regulates the requirements for a work chair. Basic
provisions: the working chair must be adjustable in height and angles of inclination
of the seat and back as well as the distance of the backrest from the front edge of the
seat; the seat surface must have a width and depth of at least 400 mm and the height
of the seat surface must be adjustable within the range of 400 to 550 mm.

The monitor shall be positioned at eye level of the operator at a distance of
500-600 mm. The display should be positioned so that the image in any part of it can
be seen without having to raise or lower the head.

The keyboard should be positioned 100-300 mm from the edge of the table,
and it should be possible to move it freely.

With monotonous mental work, requiring considerable nervous and visual
tension, concentration, it is recommended to choose dim shades of low-contrast, not
scattering the attention. Shades of warm tones that excite human activity are
recommended.

Classroom 118 of TPU 10 meets all the necessary requirements [21,22,23].

6.3 Occupational safety

A hazardous industrial factor is an industrial factor, the effect of which on the

employee under certain conditions leads to illness or reduced ability to work. A
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hazardous production factor is such a production factor, the impact of which under
certain conditions leads to injury or other sudden, sharp deterioration of health.

When working at a PC, the employee is exposed to hazardous factors:
- physical - temperature and humidity of the ambient air, workplace illumination,
noise, static electricity, presence of radiation, low frequency electromagnetic field,;
- psychophysical - physical static and dynamic overload, nervous and mental
overload (mental overload, emotional overload, monotony of work).

When working at a PC, one may single out a hazardous production factor -
electric shock.

Below are the identified harmful and hazardous factors are presented
hazardous and harmful factors occurring while working with a PC in the TPU

building's room 118, as well as measures to protect employees from their effects.

6.3.1 Microclimate

The parameters of the microclimate can vary widely, while a necessary
condition for human activity is to maintain a constant body temperature through
thermoregulation, i.e. the body's ability to regulate the release of heat into the
environment. The principle of microclimate regulation is the creation of optimal
conditions for the heat exchange of the human body with the environment.

Indicators which characterize the microclimate are: air temperature, relative
humidity, air speed, the intensity of thermal radiation.

Computer equipment is the source of considerable heat emission, which may
lead to increased temperature and decreased relative humidity in the room.

The optimum and permissible values of air temperature, humidity and air
velocity for work category 1a, which is the work of an operator, an employee
conducting research using a PC, are given below in Table 6.1 [Table 1, 24].
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Table 6.1 Optimal and permissible norms of temperature, relative humidity
and air velocity in the working zone of industrial premises

o Relative :
Temperature, °C humidity, % Air speed, m/s
admissible “
Upper | Lower S 2
limit limit = ¢ ° &
_ In the workplace X e35 o | &<
g S2E| 5 |82
2 > S 2 sc2S| B |®S
= S gl 8lg| g SEE| S |egE
- > _ S g S g _ 5 S @ — o o o
5 % B|5|%|&|&8| 2 |2E5| E |S&¢&
g S |E|E|T|E| 2| E|EgE| £E BEE
—_ 0 4 — — 4+ b — _— A A
& S |g8|g|e|&|g| 8|88 & |<&8
Not
cold Easy—122- 155 196 |21 |18 |49 |75 0.1 |more
la 24 60
than 0.1
Easy — | 23- 40- |55 (at
warm la o5 28 |30 |22 |20 60 | 28°C) 0.1 0.1-0.2

Measures to improve the air environment in the production area include: the
organization of ventilation and air conditioning, heating. Ventilation can be carried
out both naturally and mechanically. The room shall receive the following volumes
of air: when the volume of space up to 20 m3 per person - at least 30 m3/h per person;
when the volume of space over 40 m? per person and the absence of allocation of
harmful substances allowed to use only natural ventilation.

The heating system must provide sufficient, constant and even heating of the
air. In rooms with increased requirements for clean air, water heating should be used.

The microclimate parameters in the room in question are regulated by the
central heating system as well as the air humidifier and have the following values:
humidity - 50%, summer temperature - 20-28°C, winter temperature - 18-26°C.
Natural ventilation is used in the room, the air comes in through the windows, doors,
window slits. The main disadvantage of this type of ventilation is that the air enters
the room without pre-cleaning and heating.

Auditorium 118 of the 10 building of TPU meets the requirements [24].
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6.3.2 Noise level

Noise worsens working conditions by having a harmful effect on the human
body. Employees under prolonged noise exposure experience irritability, headaches,
dizziness, memory loss, increased fatigue, decreased appetite, tinnitus, etc. Such
disorders in a number of human organs and systems can cause negative changes in
a person's emotional state, up to and including stress. All this reduces human
performance and productivity, quality and safety of work. Prolonged exposure to
intense noise (more than 80 dBA) on human hearing leads to its partial or complete
loss. [25]

The noise level at the workplace of programmers and operators should not
exceed 50dBA, and in the information processing rooms of computing machines -
65dBA. To reduce the noise level, the walls and ceiling of the rooms where
computers are installed can be lined with sound-absorbing materials. The vibration
level in the computing rooms can be reduced by installing the equipment on special
vibration isolators.

Noise levels do not exceed the limit values in Room 10 of the building [25].

6.3.3 Lighting

Properly designed and executed industrial lighting improves the conditions of
visual work, reduces fatigue, contributes to increased productivity, has a positive
effect on the working environment, has a positive psychological impact on the
employee, increases work safety and reduces injuries.

Insufficient lighting leads to visual strain, weakens attention, leads to the onset
of premature fatigue. Excessively bright lighting causes dazzle, irritation, and eye
irritation. Incorrect light direction in the workplace can create harsh shadows, glare,
and disorient the employee. All of these causes can lead to accidents or occupational
diseases, which is why proper lighting calculations are so important.

There are three types of lighting - natural, artificial and combined.
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Natural lighting is lighting of premises with daylight penetrating through
openings in the external envelope of premises. This type of lighting is characterized
by the fact that it varies widely depending on the time of day, time of year, the nature
of the area and a number of other factors.

Artificial lighting is used when working at night and during the day if the
normal values of the coefficient of natural light cannot be provided. Lighting, in
which inadequate by the standards of natural light is supplemented by artificial
lighting, called combined coverage.

Atrtificial lighting is divided into working, emergency, evacuation, security.
Working lighting, in turn, may be general or combined. General lighting is lighting,
in which lighting fixtures are located in the upper zone of the room evenly or in
relation to the location of the equipment. Combined lighting is lighting, in which the
general lighting is added to the local lighting.

According to [26] in the premises of computer centers it is necessary to use a
system of combined lighting. When performing the category of high visual accuracy
work the value of the coefficient of natural light (DO) must be at least 1.5%, and the
visual work of medium accuracy DO should not be less than 1.0%. The sources of
artificial lighting are fluorescent lamps such as LB or DRL, which are combined in
pairs in the lighting fixtures located above the working surfaces evenly.

In addition, the entire field of view should be illuminated fairly evenly - this
is a basic hygiene requirement. In other words, the degree of room lighting and the
brightness of the computer screen should be approximately the same, because bright
light in the peripheral vision area significantly increases eye strain and, as a
consequence, leads to their rapid fatigue.

According to the regulations [32], the illumination on the surface of the table
in the area of placement of the working document should be 300-500 lux. Lighting
should not create glare on the screen surface. Illumination of the screen surface
should not be more than 300 lux.

The brightness of the general lighting fixtures in the area of the radiation

angles from 50 to 90° with vertical in longitudinal and transverse planes should not
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be more than 200 cd/m, the protective angle of the fixtures should be at least 40°.
The safety factor (Kz) for general lighting installations shall be 1.4. The coefficient
of pulsation should not exceed 5%.

Acrtificial lighting in the rooms for the operation of PCs shall be provided by
a system of general uniform lighting. In production and administrative and public
spaces, in cases of predominant work with documents, the following systems should
be used: combined lighting (general lighting is installed in addition to general
lighting fixtures; local lighting designed to illuminate the area where documents are
located).

The main way to protect against insufficient lighting is to comply with lighting
standards. In the room with Grade 111 visual work with high accuracy should be 200
lux, and a ripple factor of 15%. Pulsation of the illumination is due to the low inertia
of the emission of discharge lamps, the luminous flux from which pulsates with
alternating current of industrial frequency.

The number of luminaires (n) for the room is calculated:

n:E-S-Z-K
F-U-m

where E - the standard illumination, E = 300 lux;

, (6.1)

S - area of the room, S = 22 m?;

Z - correction factor of the luminaire, Z = 1.2;

K - safety factor, taking into account decrease of illumination during
operation, K=1.4;

F - luminous flux of one lamp, F=1300 Im;

U - utilization factor, U=0.6;

m - number of lamps in the luminaire, m=4.

We obtain:

300-22.1214 ..
"="300.06.4 0%

Thus, the minimum number of lighting fixtures for classroom 118 in Building
10 is 4.
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There are 10 lights in classroom 118, which fully meets the requirements of
lighting standards [27].

6.3.4 Electromagnetic and ionizing radiation

It is believed that short-term as well as long-term exposure to all kinds of
radiation from the monitor screen is not harmful to the health of the personnel
working with the computer. However, there are no comprehensive data regarding
the danger of exposure to radiation from monitors, and research in this direction is
ongoing.

The permissible values of parameters of non-ionizing electromagnetic
radiation from computer monitors are presented below in Table 6.2. [27]

Table 6.2 - Temporary permissible levels of electromagnetic fields generated
by PCs in workplaces

Temporary

Parameter Name .
permissible levels

in the frequency range 5 Hz - 2 kHz 25 VIm

Electric field strength 5o frequency range 2 kHz - 400 kHz | 2.5 V/m

in the frequency range 5 Hz - 2 kHz | 250 nTI

Magnetic flux density

in the frequency range 2 kHz - 400 kHz | 25 nTI

Electrostatic field strength 15 kV/m

To protect against electromagnetic fields, increase the distance from the
source, i.e., the screen should be at least 50 cm from the user. Filters and other
personal protective equipment should also be used.

You can select the following types of filters from electromagnetic fields: glass
filters full protection, providing lowering power of electromagnetic radiation, such
as filters produced in Russia by "Russian Shield" and "CINCQO"; spectral computer
glasses, special headband for partial shielding of negative energy-information
interaction of computer radiation in the frequency range of 5 Hz - 400 kHz.

When working with a computer, the source of ionizing radiation is the display.
Under the influence of ionizing radiation in the body may occur disturbance of

normal blood clotting, increased fragility of blood vessels, decreased immunity, etc.
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The radiation dose at a distance of 20 cm to the display is 50 puR/h. In accordance
with the norms the design of PCs shall ensure that the exposure dose at a distance of
50 cm from the screen is not more than 100 uR/h.

To reduce exposure to radiation it is recommended to use monitors with
reduced radiation levels, install protective screens, as well as follow the regulated
modes of work and rest.

All rules and norms of radiation safety are observed in the process of research
[34].

6.3.5 Psychophysical factors

Psychophysiological hazardous and harmful factors of production are divided
into: physical overload (static, dynamic) and neuropsychiatric overload (mental
overload, monotony of work, emotional overload).

Labor activity of employees in the non-productive sphere refers to the
category of work associated with the use of large amounts of information, with the
use of computerized jobs, with the frequent adoption of critical decisions in
conditions of lack of time, direct contact with people of different types of
temperament, etc. This causes a high level of neuro-psychological overload, reduces
the functional on the activity of the central nervous system, leads to disorders in its
activity, the development of fatigue, overwork, stress.

The most effective means of preventing fatigue at work are means of
normalizing the active work activity of the person. Against the background of the
normal course of production processes, one of the important physiological measures
against fatigue is a proper mode of work and rest [27].

In the course of work the correct regime of work and rest is observed and
overfatigue and stress do not occur.
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6.3.6 Electrical Safety

The workplace according to the danger of electric shock is class 1, i.e. itis a
room without an increased risk due to the possibility of simultaneous human contact
with the metal structures of buildings, technological devices, mechanisms, etc.
having a connection with the ground, on the one hand, and with the metal housings
of electrical equipment, on the other hand [33].

There is a danger of electrocution in the following cases:

- by direct contact with live parts during repairs;

- by touching live, non-current carrying parts that have been energized (in the event
of a fault in the insulation of live parts)

- by touching the floor or walls with live parts;

- in case of a short circuit in the high-voltage blocks: power supply unit and the
display unit.

The degree of hazardous effects of electric current on the human body depends
on:

- the type and magnitude of the voltage and current;
- the frequency of the electric current;

- the path of current through the human body;

- the duration of exposure to the human body;

- environmental conditions.

Electric current has thermal, electrolytic, mechanical and biological effects on
humans.

Thermal effects of current is manifested in burns, heating blood vessels and
other organs, as a result of which they arise functional disorders.

Electrolytic effect of current is characterized by decomposition of blood and
other organic fluids, which causes violations of their physicochemical composition.

The mechanical effect of current is manifested in damage (tearing, splitting,

etc.) of various body tissues as a result of the electrodynamic effect.
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Biological effect of current on living tissue is expressed in a dangerous
excitation of cells and tissues of the body, accompanied by involuntary convulsive
muscle contractions. As a result of such excitation there can be a disturbance and
even complete cessation of respiratory and circulatory organs activity [33].

The main measures to protect against electric shock are:

- ensuring inaccessibility of live parts by using insulation in equipment enclosures;
- application of means of collective protection against electric shock;

- use of protective earthing, protective disconnection

- use of uninterruptible power supply devices.

Technical methods and means are used separately or in combination with each
other so as to ensure optimal protection.

Organizational measures for electrical safety are periodic and unscheduled
briefings. Periodic briefings are held for all non-electrotechnical personnel
performing the following work: switching on and off electrical appliances, cleaning
rooms near electric boards, sockets and switches, etc. All non-electrotechnical
personnel must be certified to the first qualification group for electrical safety.
Periodic briefings shall be conducted at least once a year.

Unscheduled briefing shall be carried out by the head of the subdivision when

new technical electrical equipment is put into operation [33].

6.4 Fire and explosion safety

According to fire and explosion hazard the buildings are divided into A, b, B1
- B4, T" and /I categories and the buildings are divided into A, b, B, I' and /|
categories [28]. The categories of rooms and buildings are determined on the basis
of the type of combustible substances and materials present in the rooms, their
quantity and fire hazardous properties as well as on the basis of the space planning
solutions of the rooms and the characteristics of the technological processes carried

out in them.
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The room in which this work is carried out, according to the degree of
explosion and fire hazard is a category B (moderate fire hazard) [29].

Possible causes of fire:

- short circuits in the power supply;

- working with open electrical equipment;

- faulty current-carrying parts of the units;

- failure to comply with fire safety rules;

- presence of combustible components including doors, tables, cable insulation, etc.

Measures for fire prevention are divided into technical, operational,
organizational, and regime.

The technical measures include: compliance with fire regulations, standards
in the design of buildings, construction of electrical wiring and equipment, heating,
ventilation, lighting, proper placement of equipment, etc.

Operational measures include timely preventive inspections, repairs and
testing of process equipment, etc.

Organizational measures include proper operation of equipment, proper
maintenance of buildings and territories, fire instruction of workers and employees,
training of production personnel in fire safety rules, publication of instructions,
posters, availability of an evacuation plan, etc.

Regulated activities include establishing work organization rules and
compliance with fire safety measures.

In the event of an emergency situation it is necessary to:

- notify the management (duty officer);
- Call the respective emergency service or the emergency ministry - tel. 112;

- take measures to eliminate the accident in accordance with the instructions [30].

6.5 Emergency and Disaster Situations (AS and ES)

An emergency situation is a situation in a certain area resulting from an

accident, natural hazard, catastrophe, the spread of a disease that is dangerous to
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others, natural or other disasters, which may cause or have caused human casualties,
damage to human health or the environment, significant material losses and
disruption of people's livelihoods. There are two types of emergencies: man-made
and natural.

Fires, explosions, sabotage, releases of toxic substances can be attributed to
man-made emergencies. Natural emergencies include natural disasters. Fires are the
most probable man-made ES.

Accident hazards include a sudden and uncontrollable source of energy: a
moving object, uncontrollable movement or energy [31].

Consider possible accidents and emergencies in the laboratory, viz:

- falling from one's own height;

- electric shock;

- fire.

The accidents and emergencies are presented in Table 6.3.
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Table 6.3 - AS and ES

Ne| AS and ES Measures to prevent AS and ES Measures to eliminate the consequences of the AS and ES
1. examine or question the victim;
Damage / 2. If necessary, call an ambulance (112);
fracture of a 1.Timely briefing. 3. stop bleeding, if any;
1 | limbina fall 2.Keeping the room in proper order. 4. If there is a suspicion that the victim has a broken spine (sharp
from a height 3.Restriction of working space. pain in the spine at the slightest movement), it is necessary to
own height provide the victim complete rest in the supine position until

qualified medical assistance is provided.

Electric shock

1. Timely briefing.
2. Grounding all electrical installations.

1. quickly free the victim from the action of the electric current;
2. Call an ambulance (112);
If the victim has lost consciousness but is still breathing, lie him/her

2 3.Restriction of work area down comfortably, undo any restrictive clothing, get fresh air and
4.Ensuring that live parts of the equipment are | ensure complete rest;
not accessible. 4. 4. The victim should be given smelling ammonia, splashing his
face with water, rubbing and warming the body;
1.Timely briefing.
2.In_sta||at|qn of automatic fire extinguishing 1. de-energize the room, cut off the air supply:
equipment in the premises. : :
) . 2. Immediately report the fire to the person on duty or to the guard
) 3.Installation of smoke and fire detectors. _
3 | Fire post (112);

4.Providing evacuation routes and keeping
them in proper condition.

5. Monitoring the operation of electrical
appliances.

3. If possible, take measures to evacuate people, extinguish the fire
and save material assets.
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6.6 Conclusions of the section

In this chapter, harmful and hazardous factors formed during the analysis of
gamma-background measurement data on the PC were identified, among which we
can single out
- noise [25];

- microclimate [21,22,23,24];
- electrical safety [33];
- ionizing radiation [34];
- illumination [27];
- fire and explosion hazards [30].
It was found that the laboratory in question:
- belongs to electrical safety class 1 (up to 1000 V) [33];
- belongs to the class B "moderately flammable" on fire and explosion safety [29].

The methods of reducing the impact of harmful and hazardous factors on the
researcher are described. The last subsection analyzes possible accidents and
emergencies. The measures to prevent them and measures to eliminate the
consequences of the AS and ES are also considered. The most probable AS and ES

is the occurrence of fire in the workplace due to equipment fire.
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Conclusion

1. The drizzle, which has the highest relative leaching capacity as compared
to other types of precipitation under consideration, liberates the atmosphere from the
daughter products of radon decay to a lesser extent, which is confirmed by certain
degrees of decrease in volumetric activity of 2*8Po, 214Pb, 21“Bi, because of low
intensity of this type of precipitation. For the West Siberian region the maximum
intensity of drizzle is 0.25 mm/h.

When the duration of drizzle or its intensity increases, the degree of decrease
in volumetric activity of 28Po, 214Pb, and 2*Bi increases multiply.

2. Degree of decrease in volumetric activity of 28Po, 214Pb, 214Bi grows at
transition from weak rain (intensity of 2.5 mm/h) to moderate rain (intensity of 5
mm/h) and further to strong rain (intensity of 10 mm/h). At the same time when
precipitation time remains the same, a 2-fold increase in intensity leads to a 2-fold
increase in degree of decrease in the volumetric activity of radon daughter decay
products.

A 3-fold increase in rain duration (from 1 to 3 hours) at constant precipitation
intensity leads to a 5-fold average decrease in volumetric activity of 214Pb, 21Bi, and
a 3-fold increase for 2'8po.

When rain duration increases by a factor of 2 (from 3 to 6 hours) with constant
intensity of precipitation, the degree of decrease in volumetric activity of 2'8Po,
214pp, 214Bj grows on average by a factor of 2.

3. A shower of moderate intensity (20 mm/h) with a duration of rainfall close
to the maximum possible for showers in the West Siberian region (1 h) causes the
greatest values of the degrees of reduction of volumetric activity 2'8Po, 214Pb, 214Bi
compared to showers of more intensity (40 mm/h), but less long (30 min.), i.e. during
2 times more intensive downpour and 2 times less long duration, the degree of 24Pb,
214Bj volumetric activity decrease is 1.5 times lower on the average, while the degree

of 218Po volumetric activity decrease practically does not change.

99



In comparison with downpours of very high intensity (120 mm/h) but very
short duration (10 min), a moderate intensity downpour (20 mm/h) with precipitation
duration close to maximum possible for downpours in West Siberian region (1 h)
causes greater degrees of 28Po, 2P, 21*Bi volumetric activity decrease 1.5 times, 4
times and 4.5 times respectively.

4. Strong long rains and showers of moderate intensity with a duration close
to the maximum value for showers for the West Siberian region (1 h) most

effectively clean the atmosphere from the daughter products of radon decay.
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