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Abbreviations

IAEA — International Atomic Energy Agency;

ICRP — International Commission on Radiological Protection;
GSR — General Safety Requirements;

HEC — Horizontal Experimental Channel;

FA — Fuel assemblies;

CPS — Control and protection system rods;

EP — Emergency protection;

SR — Shim rods;

CR — Control rods

SWOT - Strong, weaknesses, opportunities, threats;
RSS — Radiation Safety Standards.
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1 Neutron spectrometry

1.1 Requirements for measuring the neutron spectrum at a research

reactor

A research nuclear reactor has a number of specific features (the size of the
reactor core, the energy of neutron fluxes, etc.), unlike other sources of neutron
radiation. An important difference is the presence of experimental channels that are
conductors of ionizing radiation from the core to the irradiated sample. Although
these experimental channels have special design solutions for protection from
direct radiation (protective gates), they are nevertheless the most "weak™ point in
the biological protection of the reactor. In the case of ensuring radiation safety and
protection from ionizing radiation and, above all, neutron radiation, such places at
the research reactor cause special attention.

The number and location of experimental channels varies for different
research reactors, but is usually quite large. The IRT-T reactor has 10 experimental
channels located around the reactor in the horizontal plane of its section. There are
a large number of vertical experimental channels, the number of which can change
as needed [1].

Therefore, the first requirement for a neutron spectrometer used to study
neutron fields near a research nuclear reactor is its mobility — the ability to carry
out spectral measurements in various places of the physical hall.

The energy range of neutrons measured by the spectrometer must
correspond to the spectrum of the reactor. Thus, it is desirable to have a device that
allows measuring neutrons from the thermal neutron region to maximum energies -
the fission spectrum (about 10 MeV).

The intensity of neutron fluxes in a research reactor usually varies in a wide
range, ranging from the value characteristic of the maximum power inside its core
(about 10 cm2st for thermal neutrons for the IRT-T reactor) to almost zero
values. The ideal would be a neutron spectrometer that functions efficiently in the

entire specified range. However, simultaneous measurement of both small and
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large neutron fluxes is a task for which a full-fledged technical solution has not yet
been found.

During the operation of the research reactor, there is a change in power,
which entails a change in the neutron flux. Compared to a nuclear power plant,
changes in the neutron flux at a research reactor occur very often. Therefore, the
efficiency of measurements is an additional requirement. Direct measurements,
control of the spectrum and neutron flux characterize ideal research conditions [1].

There are several methods of neutron spectrum measurement were
developed and implemented:

— methods by which the energies of charged particles are measured, which
are obtained in nuclear reactions produced by neutrons;

— methods in which the neutron velocity is measured;

— threshold methods, in which the minimum neutron energy is a
consequence of the effects produced by neutrons, such as radioactivity, gamma
radiation;

— methods in which the neutron energy is distributed according to data from
detectors (or detector configurations) that have different energy dependences of
their sensitivity to neutrons.

This chapter describes the existing methods of neutron spectrometry.
1.2 Activation method

This method has found wide application in measuring constant neutron
fluxes. Indicator substances are bombarded with neutrons with a certain flux for
some time. New radioactive isotopes appear, which later decay and emit radiation
quanta and charged particles.

The activity is proportional to the number of new nuclei formed, and it is the
neutron flux that affects the activity. By measuring the activity formed in the
indicator substances using radiometers and gamma spectrometers, the density of

the neutron flux under study is calculated.
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The indicators correspond to the general requirement for an acceptable half-
life of the formed radioactive nuclei. If the half-life is too short, the activity of the
substance decreases greatly during the time between irradiation and measurement
and during measurement, and if the half-life is too long, the time to reach the
saturating activity of the substance and the time to measure the activity itself
becomes quite long. The substance must be free of admixtures of other isotopes in
order to avoid distortion of indicators due to impurities [2].

For the spectral analysis of neutron radiation by the activation method,
special sets of isotope indicators are recommended, which, in addition to the
spectral-sensitive indicators, necessarily include l/v indicators, in which the
reaction cross-section monotonically decreases with increasing neutron energy

without resonant emissions.

Prompt ® Beta
Gamma ray / Particle
Target
Mucleus
Incident % “-—=—-.__N_h
Meutron e %
Product
Mucleus

Figure 1.1 — The process of neutron capture by a target nucleus with the emission
of gamma quanta

The activation method has advantages and disadvantages in comparison with
other methods of neutron spectrometry. By choosing an indicator substance, it is
possible to change the sensitivity of the activation method to different spectral
energies in a wide range. The indicator substance can be made of small sizes. Due
to its small size, the indicator substance does not affect the neutron flux. The
indicators are not sensitive to gamma quanta and can be used for large gamma

radiation fluxes. However, activation methods are very long and do not give results
17



instantly. This method cannot be used with a rapidly changing neutron flux, for
example, when the reactor power rises or decreases. Ultimately, activation methods
are not suitable for measuring the neutron spectrum in real reactor operating

conditions [3].
1.3 Methods using recoil protons

This method is based on the collision of neutrons with protons, followed by
the registration of recoil protons. Since a neutron and a proton have approximately
the same properties, a neutron transfers all its kinetic energy to a proton in a single
collision. However, there is a possibility that the recoil proton can have any energy
from zero to the maximum possible, as a result of which the relationship between
the neutron energy spectrum and the recoil proton pulse height distribution is not
simple.

Suppose that a neutron with kinetic energy E, colliding with a proton at rest
(Figure 1.2). To calculate the proton kinetic energy after the collision, one must
apply the equations of conservation of energy and linear momentum using Q=0
and M,=M,. The result for Ep, the proton kinetic energy as a function of the recoil
angle @, is

E, = E,cos*6 (1.1)

In a neutron-proton collision, the maximum value of angle 8 is 90°, and the
minimum 0°; therefore, the limits of the proton energy are 0 < E, < E,,. For
neutron energies up to about 14 MeV, the (n — p) collision is isotropic in the
center-of-mass system; as a consequence, there is an equal probability for the
proton to have any energy between zero and E,, in the laboratory system. That is, if
p(E) dE is the probability that the proton energy is between E and E + dE, after

the collision, then

dE

p(E)dE == (1.2)
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Before collision : After collision
Figure 1.2 — Neutron-proton collision kinematics
1/EH
)
o,

E E

n

Figure 1.3 — Distribution of proton energy after collision (n, p), isotropic in the

system of centers of mass of two particles

The function p(E) is shown in Figure 1.3. What is important for the observer
is not p(E) but the proton pulse-height distribution produced by the detector. The
relationship between the pulse-height distribution and the neutron spectrum is
derived as follows.

Let

¢(E,)dE, = neutron energy spectrum = flux of neutrons with energy
between En and E,, + dE,,

N(E,) dE, = proton recoil energy spectrum = number of protons produced

(by collisions with neutrons) with energy between E, and E,, + dE,
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R(E,E,) dE = response function of the detector = probability that a proton
of energy E, will be recorded as having energy between E and E + dE

M (E) dE = measured spectrum = number of protons measured with energy
between E and E + dE

The measured spectrum M(E) is the pulse-height distribution in energy
scale. The response function R(E,E,) takes into account the finite energy
resolution of the detector and the relationship between energy deposition and pulse
height [4].

Assuming isotropic scattering in the center-of-mass system, the proton

energy spectrum is

N(E,)dE, = NuT [ 0(Ey)$(Er)dE, dE—ipH(En —E,) (1.3)
Where Ny = number of hydrogen atoms exposed to the neutron beam
T = time of measurement of the recoil protons
H(E, — E,) = step function; H(E, — E,) = 1|E, = E,,, zero otherwise
o(E,,) = elastic scattering cross section for (n, p) collisions
The measured energy spectrum is then given by

M(E)dE = [;™* dER(E,E,)N(E,)dE, (1.4)

In Egs. 3 and 4, the energy E,, . is the upper limit of the neutron energy

spectrum. Equation 4 may be rewritten in the form

M(E) = [, dE,k(E, E.)p(Ey) (L5)
where
K(E,Ey) = [F" dE,R(E, Ep)NHT%i”)H(En —E,) (1.6)

Equation 1.5 has the form of the folding integral, while Eq. 1.6 gives the
«composite» response function for the proton recoil spectrometer.

The main difficulty of spectrometric measurements using these detectors is
the fact that if the measured flux contains neutrons of different energies, then the
amplitude spectrum will be an overlay of these distributions from neutrons of

different energies.
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It is quite difficult to restore the original spectrum of the measured neutron
flux from them, given that the instrument spectrum in addition to the neutron
energy, a number of factors that are difficult to take into account also affect, such
as the nonlinearity of the light output due to multiple scattering of neutrons in the
scintillator and the edge effect due to the exit of the formed protons outside the
scintillator, the dependence of the light output on the angle of motion of the recoil
proton in the crystal relative to its main axis, the dependence of the light output on
the temperature of the scintillator and many others [4].

If we talk about the hardware spectrum of a neutron flux with a continuous
by the distribution of neutrons by energy in a sufficiently wide range, it is also
necessary to take into account the dependence of the cross section (n, p) of the
reaction on the energy neutrons, as well as the dependence of the efficiency of the
detector of finite dimensions on the energy of neutrons.

Therefore, the restoration of the neutron spectrum from the hardware
spectrum of recoil protons is a rather difficult task, as a result of which these
devices could not be brought to commercial implementation.

Processing of experimental amplitude distributions of recoil protons in such
spectrometers is carried out on a computer. But it is quite obvious that it is
impossible to accurately take into account all these effects on the measured
instrument spectrum by calculation. Therefore, in these programs it is necessary to
use a priori information about the shape of the recovered spectrum and iterative

procedures for approximating the calculated models to the measurement results [5].
1.4 Multi-ball method using neutron moderators

This method is based on the forced deformation of the spectrum of the
measured flux using neutron moderators of various thicknesses with the
measurement of the resulting integral density of the neutron flux. The
measurement results obtained with a detector and with a detector sequentially
placed in a cavity of moderators of various diameters are processed on a computer

for the purpose of computational restoration of the spectrum the initial flow. For
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the first time, a spectrometer implementing this method was proposed back in 1960
and was called the Bonner spectrometer. In Europe and America, Bonner
spectrometers have become very widespread. Many variants of its design have
been developed, differing from each other both in the number of neutron moderator
balls used (from 4 to 12) and the detectors used, and in the methods for obtaining
spectral sensitivity functions and algorithms for computational reconstruction of
the spectrum of the measured flux by the results of measurements using a complete
set of neutron moderator balls (Figure 1.4).

The principle of operation of Banner spectrometers is that neutrons of the
measured flux passing through a moderator (spheres) with different wall
thicknesses are slowed down, scattered and partially absorbed by the moderator
substance. All these processes lead to the transformation of the energy spectrum of
the flow entering the detector. Thus, for each i-th sphere, the spectral sensitivity

functions R;(E) differ from each other.

Figure 1.4 — Neutron moderator balls

In the small sphere, the deceleration is not as strong as the capture of thermal
neutrons in the moderator. Low-energy neutrons are more likely to hit the thermal
sensor and be detected while fast neutrons increase. Larger spheres have a greater

degree of deceleration. Neutrons with low energy are absorbed by polyethylene
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and neutron capture occurs. The sensor detects high-energy neutrons. Figure 1.5
illustrates the response functions constructed for a range of different sizes of
spheres, showing how the peak of the response function shifts to higher energies as

the size of the sphere increases.
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Figure 1.5 — Response functions for a Bonner sphere set

If sphere i has response function Ri(E), and is exposed in a neutron field with
spectral fluence ¢(E), then the sphere reading M; is obtained mathematically by
folding Ri(E) with ¢(E), i.e.:

M; = [ R{(E)p(E)dE (1.7)

The integral, formally a Fredholm integral, extends over the range of neutron
energies present in the field. Good approximations to Ri(E) can be obtained from
simulation calculations supported by measurements with well characterised
monoenergetic and radionuclide source neutrons. Using these data, measurements
with a BS set in an unknown field will allow information on ¢(E) to be extracted.

Neutron spectra are usually represented as an array, where element g; is the
fluence in group j extending from energy E; to Ej.1, and the measured reading is

then given by
M; = ¥, Rijo;, (1.8)
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where Rjj represents R;i(E) averaged over group j. The above equation is an
approximation to Eq. (1.7), the degree of approximation decreasing as the number
of groups, n, increases. If there are m spheres, Eq. (1.8) represents a set of m linear
equations, and if m>n they can be solved, using least-squares methods, to provide
values of ¢;. However, because m is usually small, of the order of 10, the solution
may provide a poor representation of the spectrum with important features
‘washed’ out by the broad energy groups. Spectra are therefore usually represented
by an array with n>m, which means that Eq. (1.8) can only be solved for g; either
by a trial-and-error process, or by using additional a priori information [6].

Most often, a certain program is used to calculate the sensitivity matrix
based on experimental measurement data of reference neutron fields. However, the
absence of strictly monoenergetic neutron reference fields makes it difficult to
reliably determine the sensitivities for various spheres in the specified energy
ranges. A comparison of the results of using different methods for determining the
sensitivity matrix to the same Bonner systems shows certain differences between
them, which confirms the existence of uncertainty in the methods themselves for
obtaining these matrices.

A large number of spectra have been measured with BSs. Those made prior
to the mid-1990s. Fluence rates have varied from very low, i.e. natural background
(about 102cm2s1), to the high intensities (up to 10* cm™2st) found within the
containment of reactors. The spectra vary in hardness from mean energies of less
than 10 keV around reactors, to about 50 MeV at high-energy accelerators.
Measurement sites have ranged from the very harsh conditions within PWR
containment to green-field sites. They have also included aircraft interiors, fuel
reprocessing plants, mountain tops, areas around nuclear fuel transport flasks, and
radionuclide source fabrication plants. For all of these a BS set has been found
well suited to measure the spectrum. The preceding sections have noted some
advantages and disadvantages of BS systems. These are summarised in Table 1.
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Table 1 — Summary of the advantageous features and drawbacks of BS systems

Characteristico Verdicto Comment
Energy: Poorc Restricted by similarity-of response-functions:
resolution= availablec
The- only- spectrometer- presently- available-
Energy rangec Excellent= | which- will- cover- the- energy- range: from-
thermal-to-the-GeV region=
High- sensitivity- by- comparison- with- other-
Sensitivityd Goodc neutron-spectrometers,-and- can- be- varied- by-
changing the-thermal-sensorc
: Making- measurements- is- simple,- with- no-
. Simple-but- : . :
Operations lenethva really-complex-electronics,-but-it-can-be-time-
gty consumingc
Do- not- need- to- know- the- direction- of- the-
Angular : neutron-field. Ideal -for-deriving-ambient-dose-
Isotropict . . _
responsec equivalent,- but- provides- no-angular- data- for-
deriving-effective-dosec
Complex- unfolding- code- required,- and- the-
Spectrum- Potential-for- | under-determined- problem- means- that- any-
unfoldingz errorsc solution' is* not- unique;- significant errors- are-
possiblec
By- the' choice' of* an' appropriate: sensor:
Photon- , .
L Goodc systems- can' be- made- insensitive,- even- to-
discriminationc .~
intense-photon-fieldsc

1.5 Time-of-flight and gravimetric methods

The techniques proposed to detect the neutrons usually require the detection

of a secondary recoiling nucleus in a scintillator (or other type of detector) to

indicate the rare collision of a neutron with a nucleus. This is the same basic

technique, in this case detection of a recoil proton that was used by Chadwick in

the 1930 s to discover and identify the neutron and determine it is mass. It is

primary technique still used today for detection of fast neutron, which typically

involves the use of a hydrogen based organic plastic or liquid scintillator coupled

to a photo-multiplier tube. The light output from such scintillators is a function of

the cross section and nuclear kinematics of the n + nucleus collision. With the

exception of deuterated scintillators, the scintillator signal does not necessarily

produce a distinct peak in the scintillator spectrum directly related to the incident
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neutron energy. Instead neutron time-of-flight (TOF) often must be utilized to
determine the neutron energy, which requires generation of a prompt start signal
from the nuclear source emitting the neutrons.

This method is based on measuring the time t required for a neutron to
overcome the distance L from the source to the detector. Here L is called the flight
base of the spectrometer. It is already easy to find the kinetic energy of a neutron
by speed. To measure time t with a known flight base L, it is necessary to know the
moment of the neutron's exit from the source (the moment of start) and the moment
of its arrival at the detector (the moment of finish). The schematic diagram of the

time-of-flight method is shown in the figure 8.

Acceleration area
|

[onization Distance and time of flicht
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Entering the
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- Heavy Light
ions jons
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Figure 1.6 — Time-of-flight mass spectrometer diagram
The time t it takes the ions to travel the distance L determines their speed
V' = L/t. This information, combined with the measurement of the energy of the

particle, gives the mass (nonrelativistically):

2Et?2

M = =

(1.9)

The errors in determining the mass come from uncertainty in energy, AE, in

time, At, and in length of the flight path, AL. The mass resolution is then given by

e e 22 (1.10)
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Usually, the system is designed in such a way that AL/L is negligible
compared to the other two terms of Eq. 1.10. Assuming that this is the case,
consider the sources of uncertainty in energy and time.

The time t it takes the particle to travel the distance L is the difference
between a START and a STOP signal (Figure 1.7). The STOP signal is generated
by the detector, which measures the energy of the ion. This detector is usually a
surface-barrier detector. The START signal is generated by a transmission counter,
also called the SE detector. The ion loses a tiny fraction of its energy going through
the START detector [7].

t=0 t:-; t
Ion beam :_' OE detector : o F detector
I < ’@
I L :
START STOP
signal signal

Figure 1.7 — The principle of time-of-flight for the determination of the mass of
heavy ions
The mass of the neutron is known (to within 3 keV), and energy resolution
as good as 0.1% has been achieved.
In a TOF measurement, one determines the speed of the neutron u from the

time t it takes to travel a flight path of length L. The Kinetic energy of the neutron

is given by
— 2t 4\ = 2 1 _
E = Mc (W 1) = Mc ( — 1), (1.11)

where Mc? = 939552 MeV = rest mass energy of the neutron.

The nonrelativistic equation is the familiar one,

iz =1y
Eng = 2Mv = thz (1.12)
The moment of the finish coincides with the moment of detection of the
neutron, and it is easy to determine, while the moment of the start of the neutron

remains unknown. To get around this difficulty, a pulsed neutron source is used, in
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which neutrons are emitted for a very short moment of time, which is clearly fixed.
A pulsed neutron source is created by two methods. In the first of them, the
neutron flux from a continuous source (which serves as a nuclear reactor) is
interrupted by a high-speed mechanical shutter.

The second method consists in the fact that a beam of accelerated charged
particles is deflected for a short time to a specific target, during the bombardment
of which nuclear reactions occur, as a result of which neutrons are emitted. These
secondary neutrons are used.

A third method of obtaining powerful pulsed neutron sources is also known
— using pulsed nuclear reactors. One of these reactors, the IBR-30 (pulse fast
reactor), was built in Dubna.

An example of a time—of-flight spectrometer is the TOF-spectrometer Gneis.

There is another direct method of measuring the neutron velocity — the
gravitational method, which uses a source of continuous neutron radiation (nuclear
reactor). Its essence consists in using the curvature of the trajectories of neutrons in
a long vacuumed channel under the influence of gravity of the Earth (Figure 1.8).
Since neutrons flying out of the source, under the influence of gravity, move along
parabolic trajectories corresponding to certain energies, the creation of conditions
for the separation of one trajectory will lead to monochromatization of neutrons.
To implement this condition, three collimators with narrow horizontal slits are

installed on the path of neutron movement (the first near the neutron source, the

second at the apogee of the trajectory and the third at the end of the flight base) [8].

Collimator
Variable height
Neutron absorber I il 9
UCN path UCN Detector
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Gravity Surface e —
R e

Reflecting mirror

Figure 1.8 — Scheme of an experiment to observe the quantum energy levels of

neutrons in the gravitational field of the Earth
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Neutrons fly out into the narrow gap between the plate and the absorber and,
jumping up several times, reach the neutron counter. If the height of the jumps is a
fraction of a millimeter, these jumps are no longer described by classical, but by
quantum physics. By measuring the neutron flux depending on the gap width, it is
possible to detect the quantization of the neutron motion vertically.

Methods for measuring the neutron velocity are very expensive, and the
equipment used for these methods is quite cumbersome and would not fit in the
physical hall of the reactor. Moreover, a point source is needed to measure the

neutron velocity, and a reactor is not one.

1.6 Registration method based on elastic neutron scattering on
hydrogen nuclei

Some methods of fast neutron detection are based on elastic neutron

scattering, since neutron deceleration mainly occurs through elastic scattering.

PrA
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\\
nucleus \. =

Figure 1.9 — Elastic neutron scattering kinematics: E and p are the energy and
momentum of the neutron before the collision; E' and p' are the energy and
momentum of the neutron after the collision; E,, and py, are the energy and

momentum of the nucleus after the collision; @ is the angle of neutron scattering; ¢

is the recoil angle of the nucleus with mass M

There is a registration method based on elastic neutron scattering on

hydrogen nuclei.
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The method uses a detector on an organic scintillator with a photoelectronic
multiplier. It uses special filtering organisms for mathematical processing of
incoming signals.

To separate the detector signals generated as a result of neutron registration,
the method of digital identification by the shape of the pulse is used. The
continuous (analog) signal coming from the detector is subjected to time sampling
and level quantization (digitization), i.e. it is presented in digital form and stored.
The resulting data array is processed according to a special algorithm, the result of
which is to determine the type of particle that has entered the detector. Further
analysis can be performed an unlimited number of times using various algorithms.

The spectrometer measures the energy distribution of the neutron radiation
flux density in the energy range of 0.1-15 MeV.

The SDFM-1608SN dosimeter spectrometer, which works according to the
described method, is at the certification stage.

In order to use this dosimeter in industry, it must be certified. For this
purpose, measurements were carried out in the fields of the PIAF laser accelerator
at certain neutron energies [6].

The measurement results confirm the ability of the dosimeter spectrometer
to measure the energy dependences of the absolute neutron flux density in a wide

energy range.
1.7  Analysis of neutron spectrometry methods

The descriptions given in sections 2.2 — 2.6 allow us to conclude that none
of the modern methods of neutron spectrometry can meet all the requirements of
measurements at a research nuclear reactor.

Activation analysis method: limited in the set of available and easy-to-use
indicators; limited when used in both small and large radiation fluxes; not
operational.

Recoil proton registration (with the exception of the method mentioned in

clause 2.6, based on the analysis of the recoil proton pulse shape) does not have a
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direct relationship between the amplitude of the signal recorded by the detector and
the neutron energy. Therefore, it is used mainly in dosimetry, to compare the
incoming signal with the signal from an exemplary neutron source, which usually
has a different (different from the measured) spectrum [10].

Time-of-flight and gravimetric methods are expensive and cumbersome.
They are usually applicable only to pulsed neutron sources.

The Banner method (multi-ball) does not show the spectrum immediately.
The restoration of the spectrum requires a lot of time to process the initial
experimental data.

The method of peak shape analysis in elastic scattering is applicable in the
neutron energy range from 100 keV. The permissible load of the measuring
channel is not large (within 105 imp/s). In addition, the method is not certified and
is under experimental verification [9].

As a result of the analysis of the advantages and disadvantages of various
methods of measuring neutron spectra, it was decided to use the Bonner method
and the analysis of the waveform with elastic neutron scattering for experimental
work at the IRT-T reactor. The main advantage of both methods is the mobility of

the equipment used in them.
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4 Financial management, resource efficiency and resource saving

The purpose of this section discusses the issues of competitiveness, resource
efficiency and resource saving, as well as financial costs regarding the object to
study of Master’s thesis. Competitiveness analysis is carried out for this purpose.
SWOT analysis helps to identify strengths, weaknesses, opportunities and threats
associated with the project, and give an idea of working with them in each
particular case. For the development of the project requires funds that go to the
salaries of project participants andnecessary equipment, a complete list is given in
the relevant section. The calculation of resource efficiency indicator helps to make

a final assessment of the technical decision onindividual criteria and in general.

In this work, the study of neutron radiation fields behind the protection of
the IRT-T reactor is carried out. The article presents the results of measuring the
spectral characteristics of the neutron fields of the reactor's physical hall using two
instruments.

This work is practical and requires large expenditures on spectrometric

equipment.
4.1 Potential consumers of the research results

To analyze the consumers of the research results, it is necessary to segment
the market.

The target market of the studied spectrometric devices is the market,
commercial and budget enterprises using nuclear energy, since managers are
interested in radiation safety, and therefore they will be interested in these
spectrometric devices. The category of consumers for spectrometric devices are
commercial enterprises. In accordance with the segmentation criteria, it can be said
that the location of consumers are enterprises with neutron sources. These are
research nuclear reactors, nuclear power plants, accelerator installations, medical

institutions using neutron fluxes in their practice, educational institutions
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containing neutron sources. It is possible to segment the market to improve
radiation safety using new spectrometric devices (Table 4.1).

Table 4.1 — A market segmentation map showing ways to improve radiation safety.

Types of ways to improve radiation safety

Neutron Education Providing the | Development| Code of
dosimetric | and methodology | of protection | Conduct
equipment | professional of the research | against in the
training in the | program neutron field of
use of neutron radiation Radiatio
dosimetric n Safety
equipment
Nuclear
installations
el
S |Radiological
£ ffacility
@]
© Educational
institutions
Firm A

The segmentation map shows which niches in the radiation safety market are
not occupied by competitors or where the level of competition is low. As a rule,
two or three segments are selected, to which the maximum efforts and resources of
the enterprise are directed. As a rule, segments with similar characteristics are

selected, which form the target market.

4.2 Competitiveness analysis of technical solutions

Analysis of competitive technical solutions in terms of resource efficiency
and resource saving allows to evaluate the comparative effectiveness of scientific
developmental model. A scorecard is used to conduct this analysis. First of all,
it is necessary to analyze possible technical solutions and choose the best one
based on the considered technical and economic criteria.

Evaluation map analysis presented in Table 7. The position of research and
competitors is evaluated for each indicator by five-point scale, where 1 is the

weakest position and 5 is the strongest.
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To date, there are a number of known methods of neutron spectrometry that
somehow do not meet all the requirements of radiation safety or are not suitable for
measurements at a research reactor. Each method is good in one or two aspects.
Therefore, it is proposed to compare the method studied in this work with other

known methods of neutron spectrometry:

1) methods based on measuring the energy of charged particles obtained in
neutron-induced nuclear reactions;

2) methods in which the neutron velocity is measured;

3) threshold methods in which the minimum neutron energy is shown as the
appearance of neutron-induced effects, such as radioactivity, gamma radiation;

4) methods in which the energy distribution of neutrons is determined from
data from detectors (or detector configurations) that differ in the energy
dependence of their sensitivity to neutrons.

The weights of indicators determined in the amount should be 1. Analysis of

competitive technical solutions is determined by the formula:
C=YP;i Wi, (4.1)
where C — the competitiveness of research or a competitor;
Wi, — criterion weight;

Pi — point of i-th criteria.

Evaluation map analysis presented in Table 4.2 will be used to assess the
competitiveness of the study, where C, is new developed method of neutron
spectrometry, C, is cumulative neutron spectrometry methods that have been used
in the past.

Table 4.2 — Evaluation card for comparison of competitive technical solutions

Competitiveness

. o Criterion Points Taking into account
Evaluation criteria weight weight coefficients
Pn Pp Cn Cp
1 2 3 4 6 7

Technical criteria for evaluating resource efficiency

1. Increasing radiation protection 0.1 5 4 0.5 0.4
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2. Ease of use of the method 0.1 5 3 0.5 0.3
3. The quality of the results

obtained 0.1 5 4 0.5 0.4
4. Measurement time 0.1 5 3 0.5 0.3
5. Easy of calculation 0.1 5 3 0.5 0.2

Economic criteria for performance evaluation

1. Development cost 0.1 3 4 0.3 0.4
2. Market penetration rate 0.1 4 3 0.4 0.3
3. Equipment price 0.2 2 3 0.4 0.6
4. Estimated life-time 0.1 5 5 0.5 0.5
Total 1 39 32 4,1 3.4

Analyzing the results, we can conclude that the new method of neutron
spectrometry by technical criteria is much superior to the old methods of neutron
spectrometry. However, the new method is quite expensive and insufficiently
adapted to all market segments, since it is only at the stage of certification and

experiments.
4.3 SWOT analysis

Complex analysis solution with the greatest competitiveness is carried out
with the method of the SWOT analysis: Strengths, Weaknesses, Opportunities and
Threats (Table 4.3). The analysis has several stages. The first stage consists of
describing the strengths and weaknesses of the project, identifying opportunities and
threats to the project that have emerged or may appear in it is external environment.
The second stage consist of identifying the compatibility of the strengths and
weaknesses of the project with the external environmental conditions. This
compatibility or incompatibility should help to identify what strategic changes are

needed.

The SWOT analysis has shown that the most profitable strategy is based on
weaknesses and opportunities, where the neutron spectrometry method should be
registered and tested for widespread use at nuclear facilities, but at the same time

do not forget about weaknesses and take actions that eliminate them [13].
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Table 4.3 — SWOT analysis

Strengths:

S1. Mobility of neutron
spectrometry equipment;
S2. Shows the neutron
spectrum in real time, no
need to waste time
restoring the spectrum;

S3. Suitable energy
spectrum for many nuclear
installations.

Weaknesses:

W1. The UNSD-15
dosimeter spectrometer is
not yet a certified
spectrometric device;
W2. Expensive
spectrometric equipment;
Wa3. Limited number of
spectrometers (several
pieces throughout
Russia).

Opportunities:

O1. Certification of the
method and
implementation at the
international industrial
level,

O2. Expansion of
production of a new
neutron spectrometer;
O3. Financing the
development and creation
of new neutron
spectrometers at the
international level.

Development of a neutron
spectrometry method that
can be used in relation to
nuclear installations and
accepted by governing
bodies as recommended for
use.

The developed method of
neutron spectrometry
should be registered
before use on real
facilities using atomic
energy and tested on
hypothetical facilities.

Threats:

T1. Inability to pass the
certification of the device;
T2. Impossibility of
financing scientific
research by the state;

T3. Restrictions on
technology exports

Development of guidelines
for measuring neutron
spectra by a new method
and improvement of
radiation safety culture.

To develop a neutron
spectrometry method that
can be used in relation to
real nuclear power
facilities, which has the
potential for international
Implementation and long-
term research due to
timely updating.

4.4 Assessment of the project's readiness for commercialization

To assess the degree of

readiness of scientific development for

commercialization, a special form was set (Table 4.4), taking into account the

degree of development of the project for commercialization and the competence of

the developer of the scientific project.
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Table 4.4 — Assessment from for the degree of readiness of a scientific project for

commercialization

The level of
The degree of the
Ne Description the project’s | researcher’
elaboration S
knowledge
1 | The existing scientific and technical reserve 4 5
Is determined
2 Promising areas of commercialization of the 5 5
scientific and technical reserve are identified
Industries and technologies (goods,
3| services) to be offered on the market are 5 5
identified
The commodity form of the scientific and
4 | technical reserve for supply at the market is 5 5
defined
5 Authors have been identified and their rights 5 5
have been protected
6 | An assessment of the value of intellectual 4 4
property was carried out
- | Marketing research of sales markets was 4 4
carried out
A Dbusiness plan for the commercialization o
8 | scientific development has been 4 3
developed
9 The ways of promoting scientific _ 5 5
development to the market are determined
10| A strategy for the implementation of 5 4
scientific development has been developed
11/ The questions of international cooperation 5 9
and access to the foreign market areinvestigated
12 The ways to receive state support and 3 3
benefits are analyzed
The sources of financing the commercialization
13| of scientific development 3 3
are found
14| The team for the commercialization of 5 5
scientific development is formed
15/ The mechanism of implementation of the 4 4
scientific project has been worked out
TOTAL SUM OF POINTS 63 62

When analyzing the table above, each indicator is evaluated on a five-point

scale. At the same time, the measurement system for each direction (the degree of

elaboration of the scientific project, the level of available knowledge of the

developer) is different. So, when assessing the degree of elaboration of a scientific

project, 1 point means not the elaboration of the project, 2 points. a-weak

elaboration, 3 points-performed, but not sure of the quality, 4 points — performed
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qualitatively, 5 points-there is a positive opinion of an independent expert. To
assess the level of knowledge available to the developer, the points system takes
the following form: 1 — | do not know or know little, 2 — in the scopeof theoretical
knowledge, 3 — | know the theory and practical examples of application, 4 —I know
the theory and independently perform, 5 — | know the theory, perform and can

advise.

The assessment of the readiness of a scientific project for
commercialization (or the level of existing knowledge of the developer) is

determined by the formula:

Psum = X Pi, (4.2)

where Psum IS the total number of points for each direction;
Pi, — the score on the i-th indicator.

The value of Pgn allows us to speak about the degree of readiness of
scientificdevelopment and its developer for commercialization. So, the Sum value
iIs 63 and 62, the development of a new method of neutron spectrometry to
improve the culture of radiation safety is considered promising, and the developer's

knowledge is sufficient for its successful commercialization.

Readiness for implementation and commercialization of the developed is at
a fairly high level. To increase this level, it is necessary to register the rights of
authors and more precisely work out a plan to attract investment in scientific

development.
45 Methods of commercialization

The goal of this section of the master's thesis is to choose the method of
commercialization of the object of research and to justify its feasibility. In order to
do this,it is necessary to navigate in the possible options.

The following methods of commercialization of scientific developments
have been selected for the introduction of a new method of spectrometry.

1. Trade in patent licenses, i.e. the transfer to third parties of the right to
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use intellectual property objects on a license basis. At the same time, the patent
legislation distinguishes the types of licenses: non-exclusive (simple), exclusive,
full licenses, sub- licenses, options. It is much cheaper and easier to obtain a
license or a patent for a developed model than to organize your own commercial
enterprise. Implementation of usage models in identified enterprises is available
through patent license trading.

2. Transfer of know-how, i.e. the provision by the owner of the know-how
of theopportunity to use it by another person, carried out by disclosing the know-
how. It is alsoeasier and cheaper to commercialize than franchising or engineering.
Does not require theinvolvement of large human resources, can be implemented in
a short time.

3. Transfer of intellectual property to the authorized capital of the
enterprise.

The registered intellectual property can be easily transferred to an interested
client, without the need to organize the accompanying process of using the
spectrometer. However, for such a method, it is necessary to bring the use of the
spectrometer into an understandable and accessible form for use by a person who is
not familiar with the spectrometer. It can be software or program code.

The selected commercialization methods will help to promote the developed

method of neutron spectrometry to improve the culture of radiation safety.
4.6  Project Initiation

The initiation progress group consists of processes that are performed to
define a new project or a new phase of an existing one. In the initiation processes,
the initial purpose and content are determined and the initial financial resource are
fixed. The internal and external stakeholders of the project who will interact and

influence the overall result of the research project and determined (Table 4.5).

54



Table 4.5 — Stakeholders of the project

Project stakeholders Stakeholder expectations

Nuclear industry facilities] A new method of neutron spectrometry, which
research  reactors, nuclear will

power plants increase the level of radiation safety culture at
nuclear facilities.

Table 4.6 shows the goals and results that will be set and achieved during the

workon this project.

Table 4.6 — Purpose and results of the project

To conduct research and testing of new spectrometric
Purpose of project: equipment, followed by certification, to improve the

culture of radiation safety.

The result of this project was the study and testing of
Expectgd results of the mobile equipment for neutron spectrometry for further
project: use on an industrial scale.

The speed of the dosimetric equipment, the accuracy
of the results obtained, the energy range and the

mobility of the equipment are evaluated.

Structured guidelines that provide all the information
_ necessary for conducting and required for the use of
Requirements ~ for  the| spectrometric equipment on real facilities.

Criteria for acceptance of
theproject results:

projectresults: Spectrometric equipment must be certified
according to all requirements.

4.6.1 The organizational structure of the project

It is necessary to solve some questions: who will be part of the working
group of this project, determine the role of each participant in this project, and
prescribe the functions of the participants and their number of labor hours in the
project. This information is presented in Table 4.7.

Table 4.7 — Structure of the project

Ne Participant Role in Functions Labor time, hours
project
Maxim E. Silaev, | Supervisor | Creation of a work and 132
1 | Associate Professor management of the
research process.
2 | Ekaterina 1. Engineer | Calculations, 546
Serebryakova, graphing,
Student analysis of the results.
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4.6.2

Project limitation

Project limitations are all factors that can be as a restriction on the degree of

freedom of the project team members. This information is presented in Table 4.8.

Table 4.8 — Project limitations

Factors

Limitations / Assumptions

3.1. Project’s budget, rub

6699925

3.1.1. Source of financing

Tomsk Polytechnic University

3.2. Project timeline

15.03.2023-06.06.2023

3.2.1. Date of approval of plan of project

25.03.2023

3.2.2. Completion date

06.06.2023

4.6.3

As part of planning a science project,

Project Schedule

and aGantt Chart (Table 4.10).

Table 4.9 — Project Schedule

it is needed to build a project timeline

Duration, Date of
Job title working Start date | completion Particip
days ants
Goal and objectives 3 15.03.2023 | 17.03.2023 S
setting
Special literature 5 17.03.2023 | 23.03.2023 E
selection and studying
Literature discussion 2 27.03.2023 28.03.2023 S, E
Conducting dosimetric
measurements in the
physical hall of the 3 28.03.2023 | 30.03.2023 S E
research reactor by
method No. 1
Conducting dosimetric
measurements in the 5 31.03.2023 | 06.04.2023 S, E
physical hall of the
research reactor by
method No. 2
Construction of neutron
radiation spectra 11 07.04.2023 | 21.04.2023 E
Analysis of methods 6 21.04.2023 | 01.05.2023 E
Writing a research
program 11 02.05.2023 12.05.2023 E
Preparing an 11 15.05.2023 | 29.05.2023 E
explanatory note
Summarizing 5 30.05.2023 [ 06.06.2023 S,E
Total sum: 62
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A Gantt chart, or harmonogram, is a type of bar chart that illustrates a

project schedule. This chart lists the tasks to be performed on the vertical axis, and

time intervalson the horizontal axis. The width of the horizontal bars in the graph

shows the duration ofeach activity.

Table 4.10 — A Gantt chart

No

Activities

Participa
nts

Duration of project

March

April May

June

112

3 111231

2

Goal and
objectives
setting

Special literature
selection and
studying

Literature
discussion

S E

Conducting
dosimetric
measurements in
the physical hall
of the research
reactor by
method No. 1

S E

[

Conducting
dosimetric
measurements in
the physical hall
of the research
reactor by
method No. 2

S E

Construction of
neutron radiation
spectra

11

Analysis of
methods

Writing a
researc
program

11

Preparing an
explanatory note

11

10

Summarizing

Hnnandaear

e

SUIJCIV;DUI \S) \_@ ;
Engineer (E) — - ;
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4.7 Scientific and technical research budget

The amount of costs associated with the implementation of this work is the
basis for the formation of the project budget. This budget will be presented as the
lower limit of project costs when forming a contract with the customer.

To form the final cost value, all calculated costs for individual items related
to themanager and the student summed.

In the process of budgeting, the following grouping of costs by items is used:

— Material costs of scientific and technical research;

— Costs of special equipment for scientific work (Depreciation of
equipment usedfor design);

— Basic salary;

— Additional salary;
— Labor tax;

— Overhead.

4.7.1 Costs of special equipment

This point includes the costs associated with the acquirement of special
equipment (instruments, stands, devices and mechanisms) necessary to carry out
work on a specific topic.

Calculation of the depreciation. Depreciation is not charged if an equipment
cost is less than 40 thousand rubles, its cost is taken into account in full.

It is needed to calculate depreciation:
__ CinitXHg

A = SnicXHa (4.3)

100
where A — annual amount of depreciation;
Cinit — Initial cost of the equipment;
H, = % X 100% — rate of depreciation;
Tex — life expectancy.

Calculate depreciation on used equipment.

The life expectancy (T) of the dosimeters is 7 years (2555 working days).
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Initial cost (Cini) of the Neutron and gamma radiation spectrometer-
dosimeter UNSD-15 is 6000000 rub.

Initial cost (Ciniry Of the Dosimeter-radiometer AT1117M is 450000 rub.

Depreciation for UNSD-15:

6000000x0,0391

A= = 2346, (4.4)
100
Depreciation for AT1117M:
A= 450000x0,0391 — 17595’ (45)

100

The dosimetric equipment was used for 3 working days.
The life expectancy (T) of the personal computer is 5 years (1825 days).

Depreciation for Personal computer:

50000x0,0548
100

A= =274, (4.6)

The personal computer was used for 84 days.

Table 4.11 — Depreciation of special equipment and software

Equipment | Quantity of| Total cost Life Time of| Depreciation
Ne| identification | equipment | of expectancy, | usage, | of the duration
equipment, | year days of the project,
rub. rub.
1 | Personal 1 50000 5 62 1698.8
computer
2 | UNSD-15 1 6000000 |7 3 7038
3 |ATIII7M 1 450000 7 3 527.85
Total 9264.65

4.7.2 Basic salary

The point includes the basic salary of participants directly involved in the
implementation of work on this research. The value of salary costs is determined
based on the labor intensity of the work performed and the current salary system.

The basic salary is calculated according to the formula:

S, =Sy xXT,, (4.7)
where Sy — basic salary per participant;
Tw — the duration of the work performed by the scientific and technical
worker,working days;

Sq — the average daily salary is calculated by the formula:
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_ SpxM
E,

S (4.8)

where Sy, — monthly salary of a participant, rub.;

M — the number of months of work without leave during the year: at
holiday in 48days, M = 11.2 month, 6 days per week;

F, — valid annual fund of working time of scientific and technical
personnel(251 days).

Table 4.12 — The valid annual fund of working time
Working time indicators

Days
Calendar number of days 365
The number of non-working days
—_ weekends ?i
——holidays
Loss of working time 48
—-Vvacation
——isolation period
—-sick absence
The valid annual fund of working time 251

Monthly salary is calculated by formula:

Smonth = Sbase X (kpremium + kbonus) X kreg’

(4.9)

where Spase — base salary, rubles;

Kopremium — premium rate; Kyonus — bONUS rate;

Kreg — regional rate.
Table 4.13 — Calculation of the base salaries
Performers | Sbase, Kpremium | Kbonus | Kreg | Smonth, Sq, Tp, WOrkl Whase,

rub. rub. rub. days | rub.
(from
table 6)

Supervisor | 39300 — - 113 51090 | 2280.8| 18 41(3154
Engineer 20004 26083.2| 1164.4| 59 68'%99

4.7.3 Labor tax

Tax to extra-budgetary funds are compulsory according to the norms
established by the legislation of the Russian Federation to the state insurance (SIF),
pension fund (PF)and medical insurance (FCMIF) from the cost of workers.

Payment to extra-budgetary funds is determined of the formula:
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Poociat = kp X Whgse + Wadd)’ (4,10)

where kj, — coefficient of deductions for labor tax.

In accordance with Federal law of July 24, 2009 Ne 212-FL, the amount of
insurance contributions is set at 30 %. Institutions conducting educational and
scientific activities have rate — 27.1 %.

Table 4.14 — Labor tax

Project leader Engineer
Coefficient of deductions 0.271
Salary (basic and additional), 41054 4 68699.6
rubles
Labor tax, rubles 11125.7 18617.6

4.7.4 Overhead costs

Overhead costs include other management and maintenance costs that can
be allocated directly to the project. In addition, this includes expenses for the
maintenance, operation and repair of equipment, production tools and equipment,
buildings, structures,etc.

Overhead costs account from 30 % to 90 % of the amount of base and
additionalsalary of employees.

Overhead is calculated according to the formula:
Cov = kov - Whase + Wadd), (4.11)
where ko, — overhead rate.
Table 4.15 — Overhead

Project leader | Engineer

Overhead rate 0.7
Salary, rubles 41054.4 68699.6
Overhead, rubles 28738.1 48089.7

4.7.5 Other direct costs
Energy costs for equipment are calculated by the formula:
C =Pel P Feq, (4.12)
where Pe; — power rates (5.8 rubles per 1 kWh);
P — power of equipment, kW,
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Feq — equipment usage time, hours.
Table 4.16 — Other direct costs

Name \_Nork Electric Prl_ce per | Energy costs,
time, h unit, rub rub
1. Computer 400 0.045 kWh 104.4
2. UNSD-15 8 0.045 kWh 2.1
5.8
3. AT1117M 8 0.045 kWh 2.1
Total: 108.6

Table 4.17 — Items expenses grouping

4.7.6 Formation of budget costs

Determining the budget for the scientific research is given in table 4.17.

Name Cost, rubles
1. Material costs 0
2. Equipment costs 9264.65
3. Basic salary 109754
4. Additional salary 0
5. Labor tax 29743.3
6. Overhead 76827.8
7. Other direct costs 108.6
Total planned costs 225698.35

4.8 Evaluation of the comparative effectiveness of the project

Determination of efficiency is based on the calculation of the integral

indicator ofthe efficiency of scientific research. Its finding is associated with the

determination of two weighted averages: financial efficiency and resource

efficiency.

An integral indicator of the financial efficiency of a scientific research is

obtained in assessing the budget of costs of three (or more) variants of the

implementation of a scientific research (Table 4.18). For this, the largest integral

indicator of the implementationof a technical problem is taken as the basis of the

calculation (as the denominator), with which the financial values for all execution

options are correlated.
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Integral financial indicator is determined in the formula:

, (4.13)

where Ifd— integral financial indicator of current project;

Fmax — maximum cost of execution of a research project (including analogs).
The resulting value of the integral financial indicator of development reflects
the corresponding numerical increase in the budget of development costs in times
(a value greater than one), or the corresponding numerical reduction in the cost of
development intimes (a value less than one, but higher than zero).
The integral indicator of the resource efficiency of the variants of the object
of research can be defined as follows:
I = Xy aibf'; I = XLy aiby, (4.14)
where 2 is an integral indicator of resource efficiency of options;
a; — the weight coefficient of the i-th parameter;
b, bip — the score of the i-th parameter for the analog and development, set
by an expert method on the selected rating scale;
n — the number of comparison parameters.
The calculation of the integral resource efficiency indicator is presented
in theform of table 4.18.

Table 4.18 — Evaluation of the performance of the project.

o Points
Evaluation criteria Criterion
weight
Developed Available self-
predictive model | assessment
process
Technical criteria for evaluating resource efficiency
1. Increasing radiation protection 0.1 5 4
2. Ease of use of the method 0.1 5 3
3. The quality of the results obtained 0.1 5 4
4. Measurement time 0.1 5 3
5. Easy of calculation 0.1 5 3
Economic criteria for performance evaluation
1. Development cost 0.1 3 4
2. Market penetration rate 0.1 4 3
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3. Equipment price 0.2 2 3
4. Estimated life-time 0.1 5 5
Total 1 39 32

The integral indicator of the development efficiency (I¢) is determined on
the basis of the integral indicator of resource efficiency and the integral financial

indicator using the formula:

P %
Ilg =018 =7 (4.15)
7 7

Comparison of the integral indicator of the efficiency of the current project
and analogs will determine the comparative efficiency the project. Comparative
projectefficiency:

_ L

E, =% =21 165, (4.16)

187 29
where Ec is the comparative project efficiency;
I? — integral indicator of project;
1g — integral indicator of the analog.

Table 4.19 — Comparative project efficiency

Ne Indic Developed Available self-
ator predictive model assessment
process
1 | Integral financial indicator 1 0.5
2 | Integral resource efficienc
indigator / 4.0 2.1
3 | Integral efficiency indicator 4.5 2.9

Comparison of the values of integral performance indicators allows us to
understandand choose a more effective solution to the technical problem from the

standpoint of financial and resource efficiency.
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4.9  Financial management conclusion

In this section was developed stages for design and create competitive
development that meet the requirements in the field of resource efficiency and
resource saving.

These stages include:

—  development of a common economic project idea, formation of a
projectconcept;

— organization of work on a research project;

— identification of possible research alternatives;

— research planning;

— assessing the commercial potential and prospects of scientific research
from thestandpoint of resource efficiency and resource saving;

—  determination of resource (resource saving), financial, budget, social
andeconomic efficiency of the project.

The competitiveness analysis was also carried out, which showed that the
developed method of neutron spectrometry has a number of advantages over
existing methods.

The readiness for the implementation and commercialization of the
developed is at a fairly high level. To increase this level, it is necessary to register
the rights of authors and more precisely develop a plan to attract investment in
scientific research. Possible ways of commercialization of scientific developments

were also chosen.
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5 Social responsibility
5.1 Introduction

In this research work, new methods for measuring neutron field spectra near
the IRT-T reactor are being developed. The testing was carried out on the basis of
the experimental device Horizontal experimental channel Nel.

This section discusses the dangerous and harmful factors possible during
research, legal and organizational issues, as well as emergency measures.

Labor protection and safety regulations are introduced in order to prevent
accidents, ensure safe working conditions for workers and are mandatory for
workers, managers, engineering and technical workers.

A dangerous production factor is a production factor, the impact of which,
under certain conditions, leads to injury or other sudden, sharp deterioration of
health.

A harmful production factor is a production factor, the impact of which on
the worker, under certain conditions, leads to illness or a decrease in working
capacity.

In the room of the horizontal experimental channel, the following harmful
factors were identified:

— electromagnetic radiation;

— insufficient illumination;

— Noise;

— microclimate;

— psychophysical factors;

— radiation;

— harmful substances.
5.2 Legal and organization items in providing safety

According to the Labor Code of the Russian Federation [17], every
employee has the right to:

— workplace that meets the requirements of labor protection;
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— obtaining reliable information from the employer, relevant state bodies and
public organizations about the conditions and labor protection at the workplace, the
existing risk of health damage, as well as measures to protect against the effects of
harmful and (or) hazardous production factors;

— refusal to perform work in case of danger to his life and health due to
violation of labor protection requirements, except for the following cases;

— provision of means of individual and collective protection;

— training in safe methods and techniques of work at the expense of the
employer;

— an extraordinary medical examination in accordance with medical
recommendations with the preservation of his place of work and average earnings
during the examination;

— guarantees and compensations established in accordance with this Code, a
collective agreement, an agreement, a local regulatory act, an employment
contract, if he is engaged in work with harmful and (or) dangerous working

conditions.
5.3 Increased level of electromagnetic radiation

Electromagnetic radiation is a significant danger to humans compared to
other harmful factors. In this case, the source of electromagnetic radiation is
computer equipment (monitor and system unit). Prolonged exposure to intense
electromagnetic radiation can cause increased fatigue, the appearance of heart pain,
and disruption of the functions of the central nervous system. It should be noted
that the heating of the processor during operation causes the production of some
harmful compounds, which in turn lead to deionization of the surrounding space.
The norms of electromagnetic fields generated by a PC are given in Table 5.1, in

accordance with [15].
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Table 5.1 — Permissible EMF levels created by PCs in the workplace

Harmful permissible
Name of parameters Frequency range levels of
P 9 y rang electromagnetic
field

- 5Hz -2 kHz 25V/m

Electric field strength 5 kHz — 200 kbz 2 5Vim

. : 5Hz-2kHz 250 nT

Magnetic flux density 5 KHz — 400 kHz 55 T
Electrostatic potential of the video monitor screen 500 V

There are a number of recommendations, following which you can reduce
the negative impact of computer technology:

1. If several computers or laptops are constantly in the same room, then they
should be placed around the perimeter of the room, leaving the center free, since
the sides and back of the monitor generate much more harmful radiation.

2. Turn off the computer after the end of work: the longer it works, the more
radiation it generates, and releases a significant amount of harmful substances into
the environment.

3. The use of a special protective film.

4. Systematic dusting, wet cleaning and the use of ionizers [15].

5.4 Insufficient illumination of the working area

Three different types of lighting are used in industrial premises [15]: natural,
artificial and mixed.

Artificial lighting is used in the experimental device room. Wall lamps are
used for protected incandescent lamps, designed for general or auxiliary lighting of
industrial and utility rooms with the following characteristics:

— Rated voltage: 220 V, 50 Hz;

— Number and power of lamps: 1x100 W;

— Cartridge type: E27;

— Base: Plastic;

— Diffuser: silicate glass, transparent;

— Overall dimensions: 179x130x106 mm:;

— Degree of protection: IP53.

70



A certain amount of dust may get inside the device, but this does not disrupt
the operation of the device. Moisture protection ensures operation in rain
conditions, splashes fall at an angle of up to 60 ° to the vertical.

To create favorable working conditions, the degree of illumination in
industrial premises is normalized, the lighting norm is 300 lux [15]. The plot area
IS 24 m2, length 8 m, width 3 m, height 2.5 m.

The number of lamps for the workshop is determined by the formula:

E-S'K
N = Uno, (1)

where E — required illumination;

E =75 lux;
S —room area;
S=24m?

K — the margin factor, which takes into account the decrease in illumination
during operation, K = 1,5;

F— luminous flux of one lamp, Suitable standard lamp — LTB 40 Wt,
F = 1400 Im;

U — utilization factor, U = 0,55;

m — number of lamps in the lamp, m = 1.

752415 ,

= m = 3,5 pleces. (52)
The estimated number of LTB 40 lamps was 3.5 pieces. In reality, the design
requirements are met, 4 lamps are installed in the room of the horizontal

experimental channel [15].

5.5 Noise
During the work on the experimental devices of the IRT-T, such devices and
devices as gate mechanisms, as well as supply and exhaust ventilation are used,
during the operation of which noise occurs. As a consequence, the constant
operation of this equipment negatively affects the workers in the production room
and, consequently, reduces their productivity.
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The human ear recognizes mechanical vibrations with a frequency of 16 to
20,000 vibrations per second as noise. Vibrations with a frequency above 20,000
per second are in the ultrasonic region and are not perceived by the hearing organs
[32].

Table 5.2 shows the permissible noise levels according to [15].

Table 5.2 — Values of the noise control unit

Sound pressure levels (Db) in octave bands with average Maximum
geometric frequencies, Hz sound level,
315 | 63| 125 | 250 | 500| 1000 | 2000 | 4000 | 8000 Db
79 63| 52 | 45 39| 35 32 30 28 55

To protect an employee from the effects of noise, it is necessary to eliminate
their source or reduce its impact on people. To do this, it is necessary to carry out
organizational and technical measures to protect personnel from noise:

— elimination of the cause of noise;

— rational planning of the premises;

— use of personal protective equipment (PPE) [33].

Conclusion: the influence of noise has a general negative impact on the
employee, increasing his fatigue and leads to an increase in the number of mistakes
made by the employee, as well as contributes to the occurrence of dangerous and
potentially dangerous accidents.

The noise level in the room of the horizontal experimental device meets the
requirements [15].

5.6 Deviations of microclimate indicators

The microclimate of industrial premises is the conditions of the indoor
environment of the premises (combinations of temperature, humidity, air velocity)
that affect the thermal state of a person and determine working capacity, health and
labor productivity. To ensure the safe production of work, it is necessary to comply
with the requirements of the microclimate of the working area, defined by [15].
Table 5.3 shows the optimal parameters of the microclimate of the room in which

people are engaged in mental labor.
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Table 5.3 — Optimal microclimate parameters in the work area

Period of the | Ajr temperature, °C |Relative humidity of the Air velocity, m/s

year no more air, %
Cold 22-24 15-75 no more 0,1
Warm 23-25 15-75 0-0,2

In computer rooms, daily wet cleaning and systematic ventilation should be
carried out after each hour of work. To maintain the normal parameters of the
microclimate in the working area, devices of ventilation, air conditioning and
heating systems are used [15].

It is necessary to provide the room with supply and exhaust ventilation in
order to reduce the content of harmful substances in the air of the working area
below the maximum permissible concentration (MPC), and to organize
comfortable work in the cold season, it is necessary to provide the room with a
heating system.

For this purpose, the IRT-T reactor has implemented a ventilation scheme
consisting of several systems: exhaust and supply, in turn, exhaust is divided into
general exchange and special ventilation.

General exchange ventilation extracts air from the reactor rooms and the
laboratory annex.

Special ventilation is designed to remove air from places (horizontal
channels, a «hot chamber», a radiation pavilion, and others) where radioactive
gases and aerosols may appear, purify polluted air and release it through a
ventilation pipe.

The performance of the multiplicity of air exchange for the experimental
device room is calculated according to the formula [24]:

L=n-S'H, (5.3

where n — the multiplicity of air exchange for the room, for industrial premises
n = 3[22];

S — room area, m?;
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H — room height, m.
Calculate the performance using the formula:
L=3-242,5 =180 m*/u. (5.4)

The special ventilation system removes air from horizontal channels with a
capacity of 500 m3h, which is realized with the help of a centrifugal fan CV-5
with an air flow of 6300 m3/h.

The supply ventilation ensures the supply of heated air up to +18 °C in the
cold season in the volume of 60000 m3/h to the entire reactor building.

Conclusion: for the organization of high-quality air exchange in the room in
which the irradiation process is organized, supply and exhaust ventilation with an
air exchange of 180 m%h is organized on an experimental device. The
implemented system of supply and special ventilation is suitable for this, which

meets the requirements [22].

5.7 Psychophysiological factors

Neuropsychiatric overload is divided into:

— mental overstrain, including caused by information load;

— overvoltage of analyzers, including caused by information load;

— monotony of work - emotional overload.

Overstrain of the visual analyzers can lead to fatigue and disruption of the
contractile function of the eye muscles. Nervous and emotional stress can be
caused by responsibility for the work performed, high requirements for the quality
of the work performed, the complexity of the work, especially in conditions of
time shortage. Nervous and emotional stress can disrupt the functional state of the
cardiovascular and central nervous system [15].

To reduce the impact of harmful factors, the limits of the duration of breaks
are established. Table 5.4 shows the total rest time for each category of work [25].

Table 5.4 — Total time of breaks depending on the category of work and load

Total time of
The level of workload ﬁer shift for types of regulated
Group A, GroupB, : .
Job categoryl  number of number of | Group C, | at 8-hour shift, min
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characters characters hours
I 10 20 000 o 15000 7o 2 50
I 1o 40 000 1o 30 000 10 4 70
i 110 60 000 10 40 000 10 6 90

In this case, the load level belongs to group B, work category I11. According
to the table, it is required to set breaks in the HEC premises, the amount of which
for working time will be at least 90 minutes, i.e. breaks of 15 minutes each

working hour [25].
5.8 Electrical safety

Electrical safety is achieved by carrying out organizational and technical
measures.

Protection against electric shock is achieved by isolating current-carrying
parts, blocking equipment and inaccessible location of nodes and mechanisms of
devices under voltage. A variety of materials from dielectrics are used for
insulation. Blocking provides for disconnecting the supply elements from the
devices in case of violation of the integrity of protective devices and fences. The
equipment in the HEC room operates from 220 and 380 V and belongs to low-
voltage equipment. The site has class I electrical safety up to 1000 V [26].

Depending on the conditions in the room, the risk of electric shock increases
or decreases. It is not necessary to work with a computer in conditions of high
humidity (relative humidity exceeds 75% for a long time), high temperature (more
than 35 °C), the presence of conductive dust, conductive floors and the possibility
of simultaneous contact with metal elements connected to the ground and the metal
housing of electrical equipment. The computer operator works with electrical
appliances: a computer and peripheral devices. There is a risk of electric shock in
the following cases:

— when directly touching live parts during computer repair;

— when touching non-current-carrying parts that are energized (in case of a
violation of the insulation of the current-carrying parts of the computer);

— when touching the floor, walls that have been energized;
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— in case of a short circuit in high-voltage units: the power supply unit and
the display scan unit.

Measures to ensure electrical safety of electrical installations:

— disconnecting the voltage from the live parts on which or near which the
work will be carried out, and taking measures to ensure that it is impossible to
supply voltage to the place of work;

— posting posters indicating the place of work;

— grounding of the housings of all installations through the zero wire;

— coating of metal surfaces of tools with reliable insulation;

— unavailability of current-carrying parts of the equipment (enclosure of

electric-reflecting elements, current-carrying parts) [26].
5.9 Fire and explosion safety

Depending on the characteristics of the substances used in the production
and their quantity, according to fire and explosion hazard, the premises are divided
into categories A, B, C, D, E. Categorization is based according to [27]. Since the
room, according to the degree of fire and explosion hazard, belongs to category C,
I.e. to rooms with solid combustible substances, it is necessary to provide a number
of preventive measures.

Possible causes of fire:

— malfunction of current-carrying parts of installations;

— working with open electrical equipment;

— short circuits in the power supply;

— non-compliance with fire safety regulations;

— the presence of combustible components: documents, doors, tables, cable
insulation, etc.

Fire prevention measures are divided into: organizational, technical,
operational and regime.

Organizational measures provide for proper operation of equipment, proper

maintenance of buildings and territories, fire-fighting instruction of workers and
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employees, training of production personnel in fire safety rules, publication of
instructions, posters, availability of an evacuation plan.

Technical measures include: compliance with fire safety rules, norms in the
design of buildings, when installing electrical wires and equipment, heating,
ventilation, lighting, proper placement of equipment.

Regime measures include the establishment of rules for the organization of
work, and compliance with fire protection measures. To prevent the occurrence of
fire from short circuits, overloads, etc., it is necessary to comply with the following
fire safety rules:

— exclusion of the formation of a combustible environment (equipment
sealing, air control, working and emergency ventilation);

— application of non-combustible or hard-to-burn materials in the
construction and decoration of buildings;

— proper operation of the equipment (proper connection of the equipment to
the power supply network, control of heating of the equipment);

proper maintenance of buildings and territories (exclusion of ignition source
formation — prevention of spontaneous combustion of substances, restriction of fire
works);

— training of production personnel in fire safety rules;

— compliance with fire safety rules, norms in the design of buildings, in the
installation of electrical wires and equipment, heating, ventilation, lighting;

— correct placement of equipment;

timely preventive inspection, repair and testing of equipment.

In case of an emergency, it is necessary to:

— inform the management (on duty);

— call the emergency service or the Ministry of Emergency Situations — tel.
112;

— take measures to eliminate the accident in accordance with the instructions
[27].
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5.10 Radiation safety

The main goal of radiation safety is to protect human health from the
harmful effects of ionizing radiation by observing the basic principles and
standards of radiation safety.

The main document on radiation safety in the organization of work with
sources of ionizing radiation is the «Basic sanitary rules for working with
radioactive substances and other sources of ionizing radiationy.

Sources of ionizing radiation (Il1) include any substances or objects,
including devices that emit or under certain conditions are capable of emitting
ionizing radiation. Al is classified by origin as natural and artificial (man-made).
The IRT-T reactor and the substances obtained by irradiation are technogenic I11.

The IRT-T reactor devices capable of emitting ionizing radiation and
irradiated objects were used in the work.

Open sources of ionizing radiation are radionuclide Al, with the use of
which there is a possibility of radioactive substances (contained in them) entering
the environment. When working with open Al, environmental pollution is possible,
and a person is exposed to internal and external radiation.

Under the influence of ionizing radiation in the body, inhibition of the
function of hematopoietic organs, violation of normal blood clotting and an
increase in the fragility of blood vessels, a decrease in the body's resistance to
infectious diseases, etc. can occur. In case of damage to the sealed shell of the
radionuclide, protective measures must be taken to prevent radioactive
contamination of the air, the surface of the working premises, the skin and clothing
of personnel.

There are acceptable levels of doses that a person can receive when working
with ionizing radiation sources. The levels are divided according to the category of
radiation safety standards.

Personnel (group A) — persons working with man-made sources, ionizing
radiation, or who are in the sphere of their influence under working conditions

(group B). Population — all persons, including staff outside of work. The limits of
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permissible doses for Group A personnel and the population are given in Table 5.5

[34].
Table 5.5 — Limits of permissible doses
Normalized Dose limits
values Personnel (Group A) Population
20 mSv per year on average 1 mSv per year on
_ for any consecutive 5 years, average for any
Effective dose but no more than 50 mSv consecutive 5 years,
per year but no more than 5
mSV per year
Equivalent dose per year: 150 mSv 15 mSv
In the lens In the skin 500 mSv 50 mSv
In the hands and feet 500 mSv 50 mSv
Dose limits and permissible levels for Group B personnel are equal to % of
Group A.

In order to ensure conditions under which the radiation exposure will be
lower than permissible, taking into account the achieved level in radiation safety,
control levels of some radiation factors are additionally established. Table 5.6
shows the control levels set for Group A personnel at the IRT-T reactor [35].

Table 5.6 — Control levels of radiation exposure

Allowed
Controlled value Maximum Control levels
permissible values
Average annual permissible (RSS 99/2009)
neutron flux density under
external irradiation of the
whole body, n/cm?-s
Thermal 990 400
Intermediate 580-250 250
- s Quick 14-9,5 9
The limit of the effective
individual dose, 2%%980%1))]3 15000
mSv/year
Permissible equivalent dose 12,0 (Basic sanitary
rate, for permanent rules for radiation 3,0
residence premises, mSv/h safety 99/2010)

When performing work on the IRT-T installation, the dose load mode is
determined based on the control levels established by the radiation safety service.

Ensuring radiation safety when working with ionizing radiation sources is
achieved by a complex of sanitary, engineering, technical and organizational
measures, the list of which depends on the activity of the emitter, the type of

radiation, technology and methods of using sources. At the same time, all
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protective measures are based on the main requirement that the radiation doses of
both personnel and persons of other categories do not exceed permissible values.

Protective measures to ensure radiation safety conditions at closed sources
are based on knowledge of the laws of ionizing radiation propagation and the
nature of its interaction with the substance. The main ones are the following:

— the dose of external radiation is proportional to the intensity of radiation
and the time of exposure;

— the intensity of radiation from a point source is proportional to the number
of quanta or particles arising in it per unit of time, and inversely proportional to the
square of the distance (for extended sources, this dependence is more complex);

— the radiation intensity can be reduced by using screens. From these
patterns, the basic principles of radiation safety follow:

— reducing the power of sources to minimum values («protection by
quantity»);

— reducing the time spent working with sources («protection by timey);

— increasing the distance from sources to workers («protection by distancey);

— shielding radiation sources with materials that absorb ionizing radiation
(«screen protection»).

According to the measurements of the gamma radiation dose rate, it can be
concluded that there was no excess of the equivalent dose rate in the territory
where the work was carried out, which means that these measurements were

carried out in a radiation environment safe for humans [36].
511 Harmful substances

A person at rest inhales 6-8 liters of air in 1 minute, while working, this
volume increases and can reach 100-120 liters/min. Therefore, the presence of
even small amounts of harmful substances in the air of the working area can lead to
poisoning and diseases. Vapors and gases arising in the production process and

during the storage of chemicals can enter the human body through the respiratory
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organs, gastrointestinal tract, intact skin and at the same time affect its tissues and
biochemical systems, causing disruption of normal life processes.

Harmful substances are substances that, upon contact with the human body,
can cause occupational diseases or health abnormalities detected by modern
methods, both during exposure to the substance and in the long—term life of the
present and subsequent generations.

All radiation-hazardous rooms at the reactor are equipped with a special
ventilation system. The gas activity of the emitted air is conditioned by the isotope
Art,

Ar*l is formed from Ar‘® when irradiated with thermal neutrons by the
reaction Ar®(n,g)Ar*. The atmospheric air contains 0.9 wt. % argon, which
consists of 99.5% Ar*, 0.063% — Ar® and 0.337% — Ar®. The emission power
depends on the design and technological features of the reactors.

Permissible concentrations of Ar* in the air of working rooms are
determined by the recommendations of the ICRP [37]. Table 31 shows the limit
values of the concentration of Ar*! in the air, which determine the permissible dose
rates of external radiation for personnel during a 36-hour working week, depending
on the volume of premises, as well as for open areas.

Table 5.7 — Permissible concentrations of Ar* in the air of working rooms

Minimal Minlima
signific

Maximum
permissible levels
of activity in nt
aroom e ant
with a volume of Sgﬁiﬁ'c activity,
50 mé, Bg/m? Y| " Bq

significa
Radionuclide| Half-life, h | Critical organ

Ba/g
Skin 7610°
Art 1,827 | Subcutaneous: g 3405 1107 | 1.10°
Gonads 2,4-10°

Production premises should be equipped with supply and exhaust
ventilation, as well as in places of release and formation of harmful substances -

local suction from the production equipment of the technological scheme is placed.
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Conclusion: work in the HEC premises is carried out only when special
ventilation is turned on, there is no excess dose due to harmful substances, which

meets the requirements [37].
5.12 Emergency and emergency situations

All emergency situations are divided into radiation related to radioactive
contamination and personnel exposure, and non-radiation.

Radiation emergencies at the reactor include:

— irradiation or radioactive contamination of personnel above the values
established by Radiation Safety Standards -99/20009;

— radioactive contamination of industrial premises, equipment, and the
environment above the values established by Radiation Safety Standards-99/2009;

— loss of radioactive substances or their presence in an amount that does not
correspond to the documents on their receipt;

— the use of RV for other purposes, posing a threat to human health;

— triggering of the «self-sustaining chain reaction» signal.

Non- radiation emergencies include:

— short circuit in power supply systems;

— mechanical breakdown of equipment elements, premises;

— fire;

— natural disaster.

If non-radiation emergencies lead or may lead to radioactive contamination
of premises and equipment, irradiation of personnel, then they are considered as
radiation emergencies. Table 32 below shows some of the possible accidents and
pre-emergency situations, as well as measures to prevent or eliminate them.

Table 5.8 — Emergency and emergency situations and measures to prevent and

eliminate their consequences

Emergency/ Measures to prevent .
. Measures to eliminate the consequences of
Ne emergency accidents and L
2 ! emergency and emergency situations
situation emergencies
1 Injury due to 1. Maintenance of 1. Examine or interview the victim;
falling from a the premises in 2. If necessary, call an ambulance (112, 103);
height proper order. 3. Stop the bleeding, if there is any;
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of appropriate
height

2. Limitation of the
workspace.

3. Timely
instruction.

4. If there is a suspicion that the victim has a
broken spine, it is necessary to provide the
victim with complete rest in the supine position
until qualified medical care is provided.

Injury due to
falling down
stairs

1. Installation of
handrails on the
stairs.

2. Covering the
stairs with an anti-
slip coating.

3. Timely
instruction.

1. Call an ambulance (112, 103);

2. Stop the bleeding, if there is any;

3. If there is a suspicion that the victim's spine
is broken (sharp pain in the spine at the
slightest movement), it is necessary to provide
the victim with complete rest in the supine
position until qualified medical care is
provided.

Injury due to
electric shock

Injury due to falling
down stairs 1.
Grounding of all
electrical
installations.

2. Limitation of the
workspace.

3. Ensuring the
unavailability of live
parts of the
equipment.

4. Timely
instruction.

1. Quickly release the victim from the action of
electric current [9];

2. Call an ambulance (112, 103);

3. If the victim has lost consciousness, but his
breathing has been preserved, he should be
comfortably laid down, unbutton the
restraining clothes, create an influx of fresh air
and ensure complete rest;

4. The victim should be given ammonia to
smell, sprinkle his face with water, rub and
warm the body;

5. In the absence of breathing, artificial
respiration and heart massage should be
performed immediately.

Fire

1. Timely briefing.
2. Installation of
automatic fire
extinguishing
equipment in the
premises.

3. Installation of
smoke and fire
Sensors.

4. Providing escape
routes and
maintaining them in
proper condition.

4. Control of
electrical appliances.

1. De-energize the room, stop the air supply;

2. Call firefighters or call emergency services
(112, 103, 101);

3. Immediately report the fire to the shift
supervisor;

4. If possible, take measures to evacuate
people, extinguish a fire and save material
assets.

Depressurization
of the HEC

1. Emergency
protection.

2. Installation of
water level sensors
in the reactor tank.
3. Installation of
surveillance cameras
in the HEC
premises.

4. Periodic
monitoring of the

1. Shut down the reactor by pressing the
Emergency Protection Button ;

2. ldentify the damaged channel;

3. Closing the channel gate manually;

4. All primary circuit pumps are switched off,
except for the emergency cooling pump, which
runs for 2.5 minutes and turns off with the
subsequent opening of the natural circulation
valves;

5. The dosimetrist, at the direction of the shift
supervisor, monitors the air in the physical hall
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water level in the for the possible appearance of radioactive
reactor tank, as well | gases and aerosols in it.

as in the HEC room. | In case of their occurrence - instructs to leave
the physical hall and laboratory premises, with
the exception of personnel who will be
engaged in the elimination of the consequences
of this accident.

6. Protection and equipment are disassembled,
the gate is opened, the collimator is removed
from the channel.

7. Installation of a shut-off device in the
damaged HEC, closing of the valve for the
supply of process water to the reactor tank;

8. Further filling of the reactor tank with
demineralized water.

6 The fall of a 1. To ensure the 1. The head of work or a mechanic who is on
man into the closed state of the the upper platform at this time is obliged to
reactor tank reactor tank. take measures to extract the fallen person using

2. Installation of a a rope, a rod and other means.;

barrier around the 2. If necessary, the head of work involves
reactor tank. people in the control room (shift supervisor,
3. Instructing the control engineer, dosimetrist) to assist the
staff. victim.;

4. The use of safety | 3. Closing the channel gate manually;

belts when working | 4. After removing the fallen person, his
with an open reactor | overalls must be replaced in the airlock. The
tank. washing of the body should be carried out in a
sanitary inspection. In case of ingestion of
water into the body, it is necessary to wash the
stomach of the victim;

5. Call an ambulance (103, 112).

5.13 Conclusions on the section

The section identifies dangerous and harmful factors to which an employee
may be exposed during research work:

— electromagnetic radiation [15];

— insufficient illumination [19];

— noise [15];

— microclimate [22];

— psychophysical factors [25];

— harmful substances [37].

It is determined that the experimental device relates to:

— to the 1st category of electrical safety [26];
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— category B for fire and explosion safety [27].

The room is equipped according to the requirements of electrical safety [26]
and fire and explosion safety [27]. If all the rules established by the radiation safety
service are observed, retraining does not occur. Based on the above, it follows that
the workplace meets the standards for protection from harmful and dangerous
factors.

In the final part of the section, measures are considered to prevent the most
likely accidents and emergencies at the workplace, as well as measures in case of
their occurrence [31].
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Appendix

Appendix 1 — Ambient dose equivalent power values for different dosimetric

equipment

Ambient dose equivalent power neutrons, mSv/h

Location of the Pelican Yekaterinburg

control point AT1117M* UNSD-15 x AT1117M
2022%**

3 floor 6 channel 8 12.6 - 0.58

2 floor 6 channel 13.5 29.6 - 17.2

1 floor 8 channel 115 43.6 - 68

1 floor 5.6 channel 15 10.2 5.6 1.22

*) — the values obtained by the AT1117M dosimeter-radiometer with the BDKN-

03 detector;

**) — values obtained using the standard stationary radiation monitoring system
"Pelican” of the IRT-T reactor;

***) — dosimeter-radiometer AT1117M of Yekaterinburg University with a set of

spheres for the Bonner method.

Appendix 2 — Data on the dependences of neutron energy on the neutron flux

density at the measurement points by the UNSD-15 dosimeter spectrometer

Measuring point Measuring point Measuring point Measuring point
1.6 1.8 2.6 3.6
Neutro | Neutron | Neutro | Neutron | Neutro | Neutron | Neutro | Neutron
n flux n flux n flux n flux
energy, | density, | energy, | density, | energy, | density, | energy, | density,
MeV cm?st MeV cm?st MeV cm?st MeV cm?st
0.144 4.662675 0.144 22.%682 0.144 10.(1833 0.144 1.445043
0.228 7.33902 0.228 35.77330 0.228 15.3652 0.228 2.23068
0.298 8'6%653 0.298 43'%420 0.298 | 18.4605 | 0.298 2'92864
0.361 9.315199 0.361 48.113494 0.361 19.71503 0.361 3.53003
0.419 9.489238 0.419 51.%610 0.419 20.%939 0.419 4.056633
0.473 9'5%743 0.473 53.16571 0.473 | 19.7539 | 0.473 4'43;106
0.524 9.2617 0.524 | 54.0039 | 0.524 | 19.6159 | 0.524 | 4.74429
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6 4 6
0573 | P19 0573 | 550504 | 0573 | 1992% | os73 | SOU
0619 | P9 0619 | 2792 | 0619 | 18.4821 | 0619 | 5.28626
0.664 | 007 | 066 | M| 0gea | | 0664 | 554772
0708 | 832324 | q70g | 545308 | o 70q | 168TST | g 1og | 572701
075 | 8001 | 075 | 53835 | 0.75 | 16362 | 0.75 | 5874
0791 | 10202 ] g7er | 3021 g7er | 19O | g 79y | BO9I0
0831 | PP | ogar | % | g3 | 149924 | ogay | 049
087 | 700698 | 087 | *¢t0 | g7 | MIO7 | 087 | 621267
0.908 | O 1 0908 | 4927 | 0008 | 937 | 0008 | 6.1063
oas | 043630 | g5 | 47363 | g | 13437 | g, | 623416
0.982 | 5.68087 | 0982 | 790 | 0082 | MO | 0082 | 6.63832
1018 | > | 1018 | O] 1018 | P02 qopg | 1O
1053 | #0901 | fogy | 43277 | oy | B0L6B3 |y ocy | 716461
1088 | “97P%0 | 1oss | “09%%0 | 1088 | 895424 | 1088 | S
1122 | 519486 | 1122 | 0007 | 119p | O g qgp | IO
1156 | >900% | 1ass | O g5 | TR 145 | TO7I
150 | 546107 | | o [ 281424 | | o | 6.62867 | | oo | 575238

7 4 5 2

1222 | 5499 | 1222 | Z900 | 1200 | 686153 | 1222 | 4.14869
1254 | S400I8 |y o5, | 163283 |y pey | TO2AL | oo, | 273407
1286 | >O0N0 | 1286 | 12009 | 10gp | 11259 08 | 202N
1317 | SO0 | gy 34070 | gy [ 735262 |y gy | 24208
1348 | 012 | 1348 | 14123 | 13ag | 1001 | 134 | 20900
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1379 | 280969 | | g [ 147980 [y g7 [ 657458 [y | 283660
141 | 1.89222 | 141 | 154254 | 141 | 7.08384 | 141 | 2.78757
144 | 193824 | 144 | 0P| 144 | 628272 | Las | 270288
1469 | 1OTP0 | 1ap0 | 109000 g 4p9 | 492900 | g ggg | 20520
1499 | 19010 | 1409 | 16.9387 | 1499 | P3P | 1499 | 242
125 | 2O0T3 || g | TTS03 |y g | 21LZ2 | gy | 224187
g5y | 2000 | gy | TTSI46 |y ooy | 212500 | o | 202008
1586 | 1900 | 1sgs | MO g 5gg | 212200 | g 5gg | 17000
eis | 195132 | | . 167323 | || 210304 | ., | 148003
6 4 2 8
1642 | 190472 | 1642 | 0957 | 1642 | 206802 | 1642 | 116582
167 | 184535 | 167 | '*3°% | 167 | 201003 | 167 | 0.82665
1608 | 17| 1608 | V2N | 1608 | 10527 | 1608 | 04950
1725 | 109921 705 | HTO9S2 1y 7on | 1geee | 1725 | V02
175 | VST | gy | TTETAL| ey [ LT yagy |
1770 | L4TB || g | 180989 |y prg LGSR |y g |
1806 | M| 1806 | 1920221 1g06 | MO39 1g06 | 0
1833 | 12PM | 1g33 | 193700 | 1gay | 11 qgss | o
1850 | T19%% | 1gsg | 040 | 1gse | HO% | 1gs0 | 0
1885 | V00| 1gg5 | 109990 | 1gg5 | POV | 1885 | 0
rorn | 0838 | qonn | 1830T 1 any | 09T e | o
Log7 | 0893 | gy | 181942 |y g5 | 0TI | oy |
1.963 | OO0 | 1063 | U190 | 1063 | OB | 1063 | 0
1988 | 0.44133 | 1.988 | 17.7846 | 1.988 | 0.38368 | 1.988 | O
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6 5 4
2.014 0'3%626 2.014 17'57177 2.014 0'22744 2.014 0
2.039 0'23632 2.039 17'i°3° 2.039 0'02670 2.039 0
2.064 0'11622 2.064 16'2546 2.064 0 2,064 0
2.089 0'02684 2.089 16'1759 2.089 0 2.089 0
2113 0'01690 2113 16'3651 2113 0 2113 0
2.138 0 2.138 15'65437 2.138 0 2.138 0
2163 0 2163 15'22102 2163 0 2.163 0
2.187 0 2.187 14'2600 2187 0 2187 0
2211 0 2211 14'3;3073 2211 0 2211 0
2235 0 2235 | 13.857 | 2.235 0 2.235 0
2,259 0 2,259 13";116 2,259 0 2.259 0
2283 0 2,283 13%025 2283 0 2283 0
2.306 0 2306 | 12.4132 | 2.306 0 2.306 0
2.33 0 2.33 11'?;3610 2.33 0 2.33 0
2.353 0 2.353 | 103132 | 2.353 0 2.353 0
2377 0 2377 | 953177 | 2.377 0 2377 0
2.4 0 24 | 96192 | 24 0 2.4 0
2.423 0 2423 | 9692 | 2.423 0 2.423 0
2.446 0 2.446 9'752220 2.446 0'016467 2.446 | 0.03669
2.469 0 2.469 9'72946 2.469 0'02629 2.469 | 0.17283
2.491 0 2.491 9'82699 2.491 0'1%184 2.491 0'317635
2,514 0 2,514 9'81482 2514 0'272151 2514 | 0.46509
2,537 0 2,537 9'81863 2537 0.3%532 2,537 0'6%3902
2,559 0 2.559 9'8%167 2559 | 0.46062 | 2.559 0'785049
2581 0 2581 | 9.80263 | 2.581 | 0.56007 | 2.581 | 0.94206
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8 7 5
2.604 0 2.604 9'7%239 2.604 0'6%141 2.604 1'13930
2.626 0 2626 | 9.70307 | 2.626 0'7%416 2.626 1'272886
2.648 0 2.648 9'63(’5077 2.648 0'83854 2.648 1'4‘580
267 0 267 | 954792 | 2.67 | 097455 | 2.67 | 1.61268
2.692 0 2.602 | 9.44892 | 2.692 | 1.0768 | 2.692 | 1.77672
) 715 0.012085 > 713 9.3?(;3814 )13 1.172744 )13 1.9?5708
2.735 0'0%461 2735 | 9.21695 | 2.735 1'22724 2.735 2'0%227
- 0.0:;859 . 9.085431 . 1.32574 > 77 2.2%419
- 0.052278 - 8.94;238 - 1.4621678 - 2.33352

28 | 00672 | 28 | 8792 | 28 | 1554 | 28 | 25172
2.821 0'02898 2821 | 8.63226 | 2.821 | 1.63618 | 2.821 2'635763
> oo 0.03094 oo 8.4%347 > oo 1.7%372 > oo 2.72821
2.864 0'13310 2864 | 8.29128 | 2.864 1'788140 2.864 | 2.84968
2885 | 01154 | 2.885 | 8.11262 | 2.885 1'8‘:3351 2.885 2'9%404
2.906 0'1%495 2.906 7'9?;047 2.906 1'82471 2.906 | 3.00771
. 0.1:;464 . 7.74:3191 . 1.91060 . 3.0%456
2.948 0'11150 2.948 7'5%277 2048 | 1.97516 | 2.948 | 3.11014
2 068 0.1%136 2 068 7.352767 068 2.0(;043 068 3.1211014
065 0.1%542 2 065 7.1(:33463 2 060 2.0}3757 060 3.1%937
301 | 016254 | 3.01 | 6.97116 | 301 | 202272 | 3.01 | 3.16351
3.03 | 0.16665 | 3.03 | 6.77811 | 3.03 | 202101 | 3.03 | 3.15423
051 0.12085 051 6.589710 051 2.0(;755 2051 3.13;337
3.071 0'12197 3.071 6'3%689 3.071 1'95;693 3.071 | 3.10171
3.092 0'172315 3.092 6'213182 3.092 1'9%723 3.092 | 3.06108
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3112 | 0.17116 | 3.112 6'022483 3.112 1'912699 3.112 3'0%241
aga | OL691Z | gpgp | SBMSL | gy, | LEOOR0 | 5y, | 205660
153 | 016710 | g qoq | 586908 | gy | LBIGL2 | 5yqq | 289445
a7 | 016999 | g y7q | 549880 | gy 175060 | 5 | 282714
3193 | 015065 | 3193 | 533231 | 3103 | "0 | 3103 | 27014
3213 | P12 | 3213 | 517203 | 3213 1'6%9613 3213 | “O0%%
3233 | OUBTL | gppq | SOLTOL | gpp | 153090 | 5 pqy | 262519
253 | 013987 | .. | 486648 | .. | 145734 | ... | 256336
9 8 4 4
3272 | 013088 | 3272 | 72| 3572 | 137424 | 3272 | 250308
3202 | D109 309 | 4O90Y | 5007 | 1900 | 3002 | 245054
3312 | 011502 | 3312 | “7° | 331 | 10| 531y | 240702
agan | 010859 | gpy | 433303 | ggy | LIIO2L | ggq | 237500
agst | OOUTIT | gy | 421890 | gy | 103545 | 5o, | 235240
3371 0.02(33764 31371 4.1%924 31371 0.92399 3371 2.34:5284
3.39 | 007797 | 3.39 | 400698 | 3.39 | 0.87123 | 3.39 | 2.34588
3400 | 006818 | 3400 | S92 | 3400 | 0731|3409 | 230
3429 | 005829 | g 1pq | 382338 | g g | 0T2L | 55 | 239667
3448 | 005172 | 3448 | 7319 | 3448 | 065512 | 3448 | 2435
3467 | P00 | 3467 | SOUOL | 3467 | 058030 | 3467 | 2O
3487 | 0.03487 | 3487 | SO0 | 3487 | 93P 3457 | 2090
as06 | 002454 | ggoq | 353054 | g | 048082 | 5 cng | 268559
3525 | 007 | 3525 | 347565 | 3525 | VNPT | g5 | 219
3544 | 0.01063 | 3.544 | 3.42350 | 3544 | 0.39692 | 3.544 | 2.9238
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2 4 8
3.563 0'0?5712 3.563 3'35;128 3.563 0'3%342 3563 | 3.06418
3.582 0 3.582 3'3‘(‘5200 3.582 0'3:;670 3.582 3'216663
3.601 0 3.601 3'3%931 3.601 0'3%3688 3.601 3'389133
3.619 0 3.619 3'2%243 3.619 0'32037 3.619 3'557747
o3 ) o3 3.2%964 63 0.2%467 - o3 3.74;350
3.657 0 3.657 3'2‘;010 3.657 | 0.29256 | 3.657 3'9%858
3.676 0 3.676 3'2%752 3.676 | 0.20408 | 3.676 | 4.1355
3.694 0 3.694 3'2%116 3.604 0'3%290 3.604 | 4.34045
3.713 0 3.713 3'2%3545 3.713 0'3}5560 3.713 4'5‘;471
3.731 0 3.731 3'211239 3.731 0'3%205 3.731 4'7‘3329
3.75 0 375 | 32175 | 375 | 03525 | 3.75 | 4.9575
3.768 0 3.768 | 3.22164 | 3.768 | 0.3768 | 3.768 5'12839
3.787 0 3.787 3'2?1031 3.787 0'4%142 3.787 5'3%481
3.805 0 3.805 | 3.24186 | 3.805 0'4%996 3.805 5'5‘;388
3.823 0'02382 3.823 3'2%337 3.823 | 0.45876 | 3.823 5'72685
3.842 0'03768 3.842 3'22954 3.842 0'43793 3.842 | 5.89747
3.86 | 0.01158 | 3.86 | 3.28486 | 3.86 | 05211 | 3.86 | 6.05634
3.878 | 0.01939 | 3.878 3'3%017 3.878 0'556067 3.878 6'2%092
- 506 0.0%)337 - 606 3.312939 - 606 0.53050 - 606 6.3?;5489
3.914 0'02739 3.914 3'32864 3.914 | 0.60667 | 3.914 6'42027
3.932 0'02538 3.932 3'3%792 3.932 0'63698 3.932 | 6.54678
395 | 00395 | 3.95 | 33733 | 3.95 | 0.65965 | 3.95 | 6.6281
3.968 0'0‘?64 3.068 | 3.39264 | 3.968 0'6i646 3.968 6'6%004
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086 0.04;783 086 3.4%201 - 086 0.7%552 . 6.73;235
Joon | 005605 | o 342742 |, | 072472 | , o0, | 6.75474
6 4 4 8
4.022 | 0.06033 | 4.022 3'4‘;283 4.022 | 074407 | 4.022 | 6.75696
404 | 0.06464 | 404 | 345824 | 404 | 075952 | 4.04 | 6.73872
4.058 0'0%898 4.058 | 3.46959 | 4.058 | 0.77102 | 4.058 6'7%381
4.075 0'0?5927 4075 | 3.48005 | 4.075 | 0.7824 | 4.075 | 6.64225
1003 0.01367 1093 3.4%132 1093 0.7%994 1093 6.565926
111 0.02810 111 3.491846 111 0.7%342 111 6.4;482
4.128 0'072843 4.128 3'53054 4.128 0'73670 4128 | 6.35712
4146 | 0.08292 | 4146 | 3.50337 | 4.146 0'8%017 4.146 6'222729
4163 | 0.08326 | 4.163 3'5%524 4.163 0'7%929 4163 | 6.07798
4181 | 008362 | 4.181 3'5%785 4181 | 079439 | 4.181 5'9}3611
4198 | 0.08396 | 4.198 3'5%113 4.198 0'72342 4.198 5'7%866
4216 | 0.08432 | 4216 | 3.49928 | 4.216 0'782839 4.216 5'5‘;5825
4233 | 0.08466 | 4.233 3'495222 4.233 0'785310 4.233 5'3‘;627
4251 | 008502 | 4251 | 348582 | 4.251 0'72793 4.251 5'13;095
4.268 0'02109 4.268 3'472415 4.268 0'72250 4268 | 4.9082
4.285 0'085141 4285 | 3.46228 | 4.285 | 0.76273 | 4.285 4'6;493
1300 0.02743 1300 3.43020 1300 0.752715 1300 4.4?:1966
432 | 007776 | 432 | 343872 | 432 | 0.75168 | 4.32 | 4.19472
4.337 0'02372 4.337 3'42189 4.337 0'7‘}1596 4337 | 3.94667
4.354 0'03966 4.354 3'4%918 4354 | 074018 | 4.354 3'6%654
a1 0.066993 a1 3.3%189 a1 0.7%432 a1 3.44;871
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4388 | 0.06582 | 4.388 | 3.3/876 | 4.388 0'7%840 4.388 3'192885
4.405 | 0.06167 | 4.405 3'3%101 4405 | 0.72242 | 4.405 2'94é694
4.499 0.056748 4.499 3.34;303 4.499 0.7%078 4.499 2.7(;184
4.439 0.0%326 4439 | 3.32925 | 4.439 0'7:}3911 4.439 2'465364
4.456 0'0%901 4.456 3'32080 4.456 0'7%741 4.456 2.228
4473 | 0.04473 | 4.473 3'22660 4473 | 0.71568 | 4.473 1'991943
4.49 0.0449 449 | 328219 | 449 | 0.71391 | 449 | 1.77804
4507 0.04:1))056 4507 3.272208 4507 0.7%661 4507 1.5%392
4.524 0'02619 4524 | 3.25728 | 4.524 0'7:;479 4.524 1'33172
454 | 0.03178 | 454 3.2461 454 1071732 | 454 | 1.17132
4.557 0'022734 4557 | 3.23547 | 4.557 0.726000 4.557 0'9%886
4574 | 0.02287 | 4.574 3'22924 4574 0'7%811 4574 | 0.82332
4591 0.0]21836 4591 3.21829 4591 0.727078 4591 0.665569
4.607 0.02842 4.607 3.216568 4.607 0.7%329 4.607 0.5%519
4.624 0.012387 4.624 3.2%905 4.624 0.731134 4.624 0.33766
4641 0.0(;928 4641 3.2(1693 4641 0.726399 4641 0.2?310
4,657 0.03931 4,657 3.2%401 4657 0.7%183 4657 0.1%162
4674 0.03467 4674 3.23636 4674 0.72([3979 4674 0.03815
4.69 0 469 | 3.20796 | 4.69 | 0.71757 | 4.69 | 0.02814
4.707 0 4.707 3'2i017 4.707 0'731546 4.707 0
4.723 0 4723 | 3.21164 | 4.723 0'7::[3317 4.723 0
4.74 0 4.74 | 3.21846 | 4.74 0.711 4.74 0
4.756 0 4.756 3'2%456 4.756 0'7%388 4.756 0
4.772 0 4.772 3'23064 4.772 0'692671 4.772 0
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4.789 4.789 3'2‘;215 4.789 0'686961 4.789 0

4.805 4.805 | 3.24818 | 4.805 0'62750 4.805 0

4.821 4.821 3'2%899 4.821 0'62011 4.821 0

4.838 4.838 3'278048 4.838 0'6%796 4.838 | 0.04838
4.854 4.854 | 3.27645 | 4.854 0'6‘;558 4.854 | 0.12135
487 487 | 328725 | 487 | 06331 | 48 | 019967
4.886 4.886 | 3.20805 | 4.886 0'62563 4.886 | 0.29316
4.902 4902 | 3.30885 | 4.902 0'6%294 4.902 0'392706
4.918 4918 | 3.31965 | 4.918 0'582524 4.918 0'53655
4.935 4035 | 3.32619 | 4.935 | 057246 | 4.935 | 0.63168
1051 1051 3.33697 1051 0.52451 1051 o.7g750
4.967 4.967 3'3‘1279 4.967 0'5%643 4.967 0'8%902
4.983 4.983 3'3‘25857 4.983 0'512823 4.933 1'0‘;144
4.999 4.999 3'3%432 4.999 | 04999 | 4.999 1'182976
5.015 5.015 | 3.36005 | 5015 | 048144 | 5.015 | 1.34402
- 031 - 031 3.3%573 - 031 0.4(;788 : 031 1.5%426
5.046 5.046 3'32568 5.046 0'4‘;909 5.046 | 1.66518
5.062 5.062 | 3.36623 | 5.062 0'42533 5.062 1'85;244
5.078 5.078 3'33671 5.078 0'416639 5.078 2'0%073
5.094 5.094 3'33713 5.094 0'4%242 5.094 | 2.16495
511 511 | 3.36749 | 511 | 0.38836 | 511 | 2.33527
5.126 5.126 3'3%265 5.126 0'32419 5.126 2'5%148
5.141 5.141 3'3%707 5141 | 0.35087 | 5.141 2'6%817
5.157 5157 | 3.35205 | 5.157 0'32067 5.157 | 2.83635
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5.173 5173 | 390 | 573 | O | 573 | 290
5.189 5180 | P9 | 5189 | 99200 | 5189 | S
5 204 204 | 333570 | g0, | 032204 | g5, | 330074
5.22 522 | 333036 | 522 | 03132 | 522 | 3.45564
5.236 5236 | 3.32486 | 5236 | U000 | 5236 | >
5.251 5251 | 39090 | 5omy | 0905 | 505y | 3790
5.267 5.267 | 30707 | 5067 | 90021 | 5067 | SO
5.282 5.282 | 3.30125 | 5.282 0'2%579 5.282 3'988262
5.298 5208 | %)% | 5208 | 020130 | 5208 | “7°F
5.313 5313 | 320406 | 5313 | V20%%1 | 5313 | 4202
5.329 5329 3.2%332 5 329 0.2%309 £ 309 4.23517
5.344 5344 | 9010 | 53ag | 02907 5349 | 45107
5.36 536 | 3.29104 | 536 | 0.28944 | 536 | 4.4488
5.375 5375 | 32895 | 5375 | 020025 | 5375 | +O0%
£ 301 ssar | 323390 | o) | OZ9IL| gy | 450078
5.406 5406 | 0% | 5.406 | 020733 | 5406 | “O7
5.421 5421 | 330681 | 5421 | V20N | sap1 | 402
5.437 5437 | 331657 | 5437 | V200 | 5437 | 403770
5.452 5452 | 30| 5452 | 029986 | 5452 | 4.6342
5.467 5467 | SO0 | sae7 | 0900 | sap7 | 4000
5.482 5482 | S99 | 5482 | 030151 | 5482 | 4O
5.498 5498 | 338127 | 5498 | 030239 | 5498 | V%%
5.513 5.513 3'43703 5.513 0'3%321 5.513 4'495309
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ss2 | 0 | se2s | 9% | sepp | OB 5o | qanna
s5i3 | 0 | ssas | S48 | gggg | 02992 | gogp | 434006
a5 | 0 | sose | U092 | sgsp | 029457 | gogy | 420601
s51a | 0 | ss7a | SSUI9 | ggyy | 02| ooy | 41350
559 | 0 | 5589 | 55500 | sogg | 029062 | gy | 401200
5604 | 0 | 5604 | 358656 | 5604 | 2> | 5604 | SO770
5619 | 0 | 5619 | *°2%° | 5619 | 0.28005 | 5619 | >3O
5634 | *0°%% | 5634 | 36621 | 5638 | 7% | 5634 | 357750
siag | OOLLZ9 | gggq | 70003 | gy | 020550 | gy | 340631
5664 | 020 | 5664 | 373824 | 5664 | 0.25488 | 5.664 | SO0
79 | OU2ZTL | g g7q | STTOS3 | g | 02467 | g gpq | 04304
5604 | “02%77 | 5604 | 381408 | 5604 | WPV | 5o | 209209
5700 | V0290 5700 | 3997 5709 | 0.22836 | 5709 | ZOY
5724 | V0% | 5724 | 380232 | 5720 | V2L | 57ag | 24T
739 | O0W0IT | 5759 | S9ZSHT | g 7q | 020660 | g7 | 22430
5754 | 004003 | g5, | 3IBTS | g7, | 019663 | g7, | 203601
5769 | OUSI92 | 5769 | 398637 | g 7q | OATBE3 | g7 | 12677
5783 | 0.05783 | 5783 | “723% | 5783 | %1070 | 5783 | 161024
5798 | 0.05798 | 5798 | "0 | 5708 | V1 | 57gg | 1A
so13 | 00094 | gg1g | AUSTAT | gpy | O1SSZ | gy | 121401
5.828 0'0%993 5.828 4'072377 5.828 0'1%821 5828 | 1.0199
5843 | 07 | 5843 | M990 | 5843 | 0.11686 | 5843 | 0927
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557 | VUM | sgsy | 40904 sg5y | 01042 | 5 g5y | D055
72 | 008220 | gy | 409218 | gy | 009395 | oy | 048737
g7 | 00080 | gy | 409L0 | g pp | 008241 | gy, | 034144
5902 | 0.08853 | 5902 | “O19%% | 5902 | V07072 | 50 | 0400
5016 | V09 | 5016 | 40589 | 5916 | V00T | 5916 | 000202
5031 | 71002 | 53 | A0 5031 | 005031 | 931 | 0
5006 | 101 | 54s | “0970 | 5046 | 9010 saas | 0
506 | 0.10728 | 596 | 397532 | 596 | 0.04172 | 596 0
5.975 | 0.10755 | 5.975 | 3.93155 | 5.975 0'045182 5.975 0
5080 | 1070 | 5089 | 39907 5089 | 909 | 5089 | 0
6.004 | 71907 | 6004 | 3930 | 00a | O00% | 6004 | 0
6.019 | P10 | go19 | 3O | 019 | OO0 6019 | 0
6.033 | 1021 6033 | 3092 | 033 | OO0 | 6033 | 0
6048 | P11 | 6oas | 36288 | e0as | OO0 | e0as | V0T
6.062 | OTM | eos2 | 3092 | eos2 | OO | e062 | 0.21217
6.077 | O10% | 6077 | 346380 | 077 | OV | eo77 | O30
oor | O1LST2 | ooy | 338050 | oy | 00481 | g, | 057004
6.006 | 10N | 6106 | 4% | 6106 | 0.06106 | 6106 | O
612 | 011016 | 6.12 | 318852 | 6.12 | 0.06732 | 612 | 1.07712
aa | G104 | gy | 08540 | g gy | D0TSTA | g gy | 137401
ouag | 1108 | g1 | 20884L | gy pq | 000223 | oy | 169712
o163 | 010477 | g1g3 | 287812 | g 1q | 010477 | g gy | 205227
78 | 010502 | g1z | 271392 | g y7g | OILT3B | g g | 243413
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6.192 0'0%907 6.192 2'62875 6.192 0'1‘2622 6.192 | 2.84832
5 206 0.096929 5 206 2.55;687 5 20 0.12894 5 206 3.23297
5 o1 0.095331 5 o1 2.43107 5 21 0.167796 5 o1 3.74;504
6.235 0'095352 6.235 | 2.34436 | 6.235 0'185081 6.235 | 4.22733
oo 0.0%748 oo 2.295714 5 21 0.1%996 5 010 4.7%049
6.264 0'086769 6.264 | 2.12976 | 6.264 | 021924 | 6.264 5'2‘;923
5078 0.0ilGl 5078 2.02779 5076 0.23856 5076 5.7%203
5 200 0.01550 5 200 1.9::,1164 5 200 0.252797 5 200 6.322975
206 0.0%936 206 1.8?(;3504 206 0.22115 - 206 6.898245
632 | 006952 | 6.32 | 174432 | 632 | 029072 | 6.32 | 7.4576
6.335 | 0.06335 | 6.335 | 1.65977 | 6.335 0'3}3041 6.335 8'025644
5 oo 0.051714 5 oo 1.581090 5 oo 0.3:;014 5 ag 8.596654
6.363 0'057726 6.363 1'5(1803 6.363 0'3‘;360 6.363 | 9.16272
- 0.02101 - 1.44;120 o7 0.3%348 A 9.725492
- 201 0.04;473 - 201 1.375406 s 201 0.32706 5201 10.22831
6.405 | 0.03843 | 6.405 | 1.31943 | 6.405 0'32070 6.405 10'85244
ca1g | 003851 | o, | 127096 | ., | 040430 | . | 113487
4 2 7 9
6.434 | 0.03217 | 6.434 1'231889 6.434 | 0.41821 | 6.434 | 11.8643
6.448 | 0.03224 | 6.448 1'198932 6.448 0'4%201 6.448 12'3;543
5 160 0.0%584 5 160 1.162962 o 160 0.438941 5 160 12.81206
ca7e | 001942 | 114625 | | 044684 | . | 13.2563
3 2 4 7
6.49 | 001947 | 6.49 | 1.13575 | 649 | 04543 | 6.49 13'3679
6.504 | 0.01300 | 6.504 | 1.12519 | 6.504 | 0.46178 | 6.504 | 14.0486
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6 518 0.01:303 6518 1.1{761 6518 o.4§929 6518 14.%917
sz | 00106 | ooy | LT3656 | g oq | 047030 | g gy | 147035
6546 | "0 | 6546 | 114555 | 6546 | VU7 | 6546 | 149707
6.56 | 0.00656 | 6.56 | 116768 | 656 | 047833 | 656 | 0o
574 | 000857 | g ggy | 118989 | g o7y | 047090 | g 7| 15.3963
6567 | 0 | esa7 | 89 | gogy | 04740 | qopy | 155063
6601 | 0 | 6601 | 125419 | 6601 | 427 | geor | PO
6615 | 0 | o615 | 12992 | g | 04096 | gog | 1STIT2
6629 | 0 | 6629 | "% 6629 | 0.46403 | 6620 | 72
663 | 0 | 6oz | LB | gy | 045830 | gy | ISTITS
6657 | 0 | 6657 | M| geny | OO | gesy | 1000
6671 | 0 | eort | L8096 | gy | 044028 | oy | 155434
6684 | 0 | 6684 | 153732 | 6684 | 7o''T | epma | OB
6698 | 0 | 6698 | 51| egos | 0297 | pgeg | 1020
6712 | 0 | 671z | YOOI | g7qp | 040343 | o7y, | 149744
6726 | 0 | 6726 | 1700 | gp | 039683 | g | 147030
674 | 0 | 674 | 176588 | 674 | 038418 | 674 |+
6753 | 0 | 6753 | 18I0 | gogg | 03TIAL | ey | 140507
6767 | 0 | 6767 | OIS | gogy | 03065 | g, | 136628
6781 | 0 | 6781 | W0 7gy | OO | e7gy | 1925
674 | 0 | 6704 | L9834 | grqy | 036IL | g, | 128474
6808 | 0 | 6.808 | 2.03559 | 6.808 | 0.31316 | 6.808 | 12.3973
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2 8 7
6.822 6.822 2'02753 6.822 0'3%016 6.822 11'%180
6.835 6.835 | 2.13252 | 6835 | 0.28707 | 6835 | g
5.849 a9 | 217798 | gpgq | O27LL | g | 109030
5 863 63 | 221674 | gggy | 025993 | g gy | 103690
6.876 6.876 | “22°%2 | 6876 | 0.24066 | 6876 | 9.83268
6.89 6.89 | 2.29437 | 6.89 | 022737 | 6.89 | 9.28083
5.904 o0 | 232064 | gopy | 021402 | g n, | 872665
5917 o1y | 239969 | oy | 020050 | g, | 816857
5.931 st | 238426 | gogy | OITI3 | g | 761023
6.944 6.044 | ZH0 1 poag | 01| 6940 | 7.04816
5 958 o5 | 242834 | gogg | 010699 | g ocy | 49677
5971 o7y | 24082 | g7y | 010033 | g7y | 596020
6.985 6.985 | 245872 | 6.985 | V1% | pogs | VM7
6.998 6.008 | “*"7% | 6998 | 0.13006 | 6998 | %
2 oLo ro12 | 24T | 7oy | 013922 | 4y, | 440353
7.025 7005 | *40%2 ] 7025 | 012645 | 7025 | SO
7.039 7.039 2'4&;476 7.039 0'122670 7039 | 3.44911
7.052 7052 | 24201 7052 | ST 1 7052 | 20071
7 066 rog6 | 248723 | 7066 | 012082 | 4 ggq | 257202
7.079 7079 | 247765 | 7079 | V1| 7079 | 2100
2 092 rosp | 247510 | 709y | 012056 | 4 o0, | 176718
2106 7106 | 246578 | 7106 | 012080 | 4 1oq | 142830
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19 7119 | 248307 [ 7139 | 01202 [ 7y [ 106632
a3 135 | 295575 | 7155 | 012839 | g | 079688
7.146 7046 | “Y0 | 7a4e | 01802 1 7406 | 00210
7.159 7159 | 2.43406 | 7159 | 19007 | 7159 | 02720
7.173 7473 | #0471 7173 | 014346 | 7473 | 900
7.186 7186 | 240731 | 7.186 | 0100 7186 | 0
7.199 7099 | #3720 | 7109 | 01T 7499 | o
7.212 7212 | #7212 | 01991 701 | o
7.226 7226 | #3070 | 726 | 0S¥ 1 7206 | o
7.239 7230 | 2595 | 7039 | 010921 7539 | 0
7.252 7252 | 23569 | 7252 | V10 7am2 | 0
7.266 7266 | P00 | 7286 | 050 | 7266 | 0
7.279 7219 | 299 | 7279 | 021837 | 7279 | 0
7.292 7292 | 233344 | 7202 | 023 7002 | o
7.305 7305 | 232200 | 7.305 | V2P 7305 | 0
7318 7.318 2'3%980 7318 | 0.25613 | 7.318 0
7.332 7332 | #7330 | 025 733 | o
7.345 7345 | #5007 | 7345 | 027011 | 7345 | 0
7.358 7358 | 29D | 7asg | 40 | 7asg | o
7.371 7311 | #9912 7371 020484 | 7371 | 0
7.384 7384 | S| 73ge | OS2 738 | 0
7.397 7307 | #0790 | 7307 | 0907 7397 | o
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741 741 | 231192 | 741 | 032604 | 741 | 0.02964
1o 1o 2.3%597 2 0.3:;403 o 0.172815
7.437 7.437 2'331034 7.437 0'3‘;210 7.437 0'3%466
7.45 745 | 23244 | 745 | 03427 | 7.45 | 049915
7.463 7.463 2'326845 7.463 0'351076 7.463 0'667420
76 e 2.395251 By 0.32137 e 0.895731
160 165 2.34;405 18 0.3%198 15 1.015101
7.502 7.502 2'3‘25812 7.502 0'33259 7.502 1.1%531
7515 7515 | 2.35971 | 7.515 0'3%320 7515 1'3%021
7.528 7528 | 2.37132 | 7.528 0'3‘;628 7.528 1'531818
S ent S en 2.32541 en 0.34é688 ent 1.695672
7.554 7.554 2'3i706 7554 | 0.33993 | 7.554 1'83828
7.567 7.567 2'3%873 7.567 0'3%294 7.567 2'012282
758 758 | 2.40286 | 758 | 032594 | 7.58 | 2.16788
- e o 2.41457 o3 0.3%890 o 2.3%827
7.606 7.606 2'42631 7.606 | 0.30424 | 7.606 2'4‘;913
7.619 7.619 2'4?1046 7.619 0'291714 7.619 2'572522
7.632 7.632 | 2.44224 | 7.632 0'23238 7.632 2'6%409
7.644 7.644 2'431372 7.644 | 0.26754 | 7.644 2'73770
7.657 7.657 2'457789 7.657 0'251268 7.657 2'896434
767 767 | 246207 | 7.67 | 023777 | 7.67 | 2.98363
7.683 7.683 2'42392 7.683 0'227280 7.683 3'051015
7.696 7.696 2'472811 7.696 0'2%779 7.696 | 3.11688
7.709 7.709 2'488229 7.709 0'1%272 7.709 | 3.16069
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7.722 0 7.722 2'472876 7.722 0'13988 7.722 3'198690
7.734 0 7.734 2'43261 7.734 | 0.15468 | 7.734 3'21734
7.747 0 7.747 2'4§678 7.747 0'1%944 7.747 3'222275
776 | 000776 | 7.76 | 2.4832 | 7.76 | 01164 | 7.76 | 3.2204
- 0.0%554 - 2.477958 - 0.1%104 - 3.2%247
. 0.02335 . 2.42594 . 0.0%564 . 3.1(:;890
7.798 0'02119 7.798 2'468416 7.798 0'0i238 7798 | 3.1192
a1 0.0:2905 a1 2.465046 a1 0.04é686 a1t 3.02191
7.824 | 003912 | 7.824 2'4‘;891 7.824 0'0%129 7.824 2'9%876
. 0.04;702 . 2.49;730 . o.oi567 . 2.9(;752
785 | 0.05495 | 7.85 | 2.42565 | 7.85 0 785 | 2.8103
7.862 0'03503 7.862 2'4%577 7.862 0 7.862 2'7%452
7.875 0'02512 7.875 2'385612 7.875 0 7.875 2'5%087
7.888 0'0%521 7.888 | 2.3664 | 7.888 0 7.888 2'4%105

79 | 00632 | 79 | 23463 | 79 0 79 | 2.3305
013 0.051539 013 2.3%850 013 . 013 2.188398
7.926 0'052548 7.926 2'23061 7.926 0 7.926 2'02698
7.938 0'05(’5556 7.938 | 2.26233 | 7.938 0 7.938 1'82336
7.951 0'057565 7.951 2'231423 7.951 0 7.951 1'7%946
7.964 0'01778 7.964 2'181806 7.964 0 7.964 1'5%501
7.976 | 0.03988 | 7.976 2'1%149 7.976 0 7.976 1'372187
7.939 0'03;994 7.989 2'11507 7.989 0 7.089 | 1.19835
8.002 0'03;3200 8.002 2'02852 8.002 0 8.002 1'0%425
8.014 | 0.02404 | 8.014 | 2.04357 | 8.014 0 8.014 | 0.84948
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2 4
5 097 0.01605 5 097 1.9%872 5 007 . 5 007 0.678426
8.039 °'°%8°3 8.039 1'9‘;543 8.039 0 8.039 O'5g645
8.052 0 8.052 1'9(;027 8.052 0 8.052 0'32013
8.064 0 8.064 1'8‘(‘3665 8.064 0 8.064 0'13934
8.077 0 8.077 1'75;501 8.077 0 8.077 0'02807
8.0 0 8.00 | 173126 | 8.09 0 8.00 0
8.102 0 8.102 1'62901 8.102 0 8.102 0
8.115 0 8.115 | 1.60677 | 8.115 0 8.115 0
8.127 0 8.127 1'595600 8.127 0 8.127 0
8.14 0 814 | 1.4652 | 8.14 0 8.14 0
8.152 0 8.152 1'3%399 8.152 0 8.152 0
8.165 0 8.165 1'315456 8.165 0 8.165 0
8.177 0 8.177 1'2?;472 8.177 0 8.177 0
8.10 0 810 | 1.15479 | 8.19 0 8.19 0
8.202 0 8.202 | 1.06626 | 8.202 0 8.202 0
8.214 0 8.214 0'92746 8.214 0 8.214 0
8.027 0 8.027 0'83028 8.027 0 8.227 0
8.239 0 8.239 0'785270 8.239 0 8.239 0
8.252 0 8.252 0'686491 8.252 0 8.252 0
8.064 0 8.264 | 057848 | 8.264 0 8.264 0
8.277 0 8.277 0'42351 8.277 0 8.277 0
8.289 0 8.289 0'35;642 8.289 0 8.289 0
8.301 0 8.301 0'23072 8.301 0 8.301 0
8.314 0 8.314 0'1%639 8.314 0 8.314 0
8.326 0 8.326 0 8.326 0 8.326 0
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0.01667

8338 | 0 | 8338 8azg | OO0 | 833 | o
8351 | 0 | 8351 gas1 | 00530 | gam1 | 0
8363 | 0 | 8363 8363 | U1t | 8363 | 0
8375 | 0 | 8375 8375 | V%% | 8375 | 0
8388 | 0 | 8388 gags | 007 | s3ss | 0
84 | 00168 | 84 84 | 00924 | 84 0
8412 | O02% | ga12 8412 | 01 1 a2 | o
8425 | 0P| gazs 8425 | 01348 | 8425 | VOD%
8437 | 090 | g3y 8437 | V1O | g gy | 021092
g.ad9 | 0070 | gaa 8.449 | 016898 | 8449 | O
8461 | 0.08461 | 8.461 gas1 | 01940 | gapy | M0
8474 | 01010 | garg 8474 | 0.21185 | 8.474 | 0.63555
8486 | 0% | 8486 8486 | 23" | 8486 | 0.76374
8498 | 0139 | 5408 8.498 | 0.25494 | 8498 | 070
851 | 0.14467 | 851 851 | 0.28083 | 851 | 1.02971
8523 | 191 | 8523 8523 | 90097 | g5y | 100
8535 | O10% | 8535 8535 | 033%0 | 8535 | 126318
8547 | 1 | gsa7 8547 | 9% | 8547 | 1.36752
8559 | 20 | 8550 8559 | 97 | gssg | 100
8571 | O4x*T | 8571 gs71 | 40P | gsyy | OIS
gses | 02210 | gses gsea | O421 | 8584 | 163006
as96 | 029068 | g cos as96 | 044099 | gggp | 170200
8.608 | 2% | 8608 8608 | 5% | geog | 11O
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862 | 0.2586 | 8.62 0 862 | 049134 | 862 | 180158
8632 | 025806 | 8632 | 0 | 8632 | 00| ge3p | MO
8.644 0-23796 8.644 0 8 644 0.524728 8 644 1.83710
aoso | 0283 | gesg | o | sess | 059532 | gege | 1673
ao69 | 02740 | gogo | o | seso | C508 | gegy | LOELLT
8.681 0-272779 8,681 0 8 681 0.5%162 8 681 1.82509
8.693 0-22817 8,603 0 8603 0.53112 8 693 1.86;030
8705 | 0.27856 | 8705 | 0 | 8705 | *ON%% | g75 | 1O
8717 | 727 717 | o | 8717 | 061000 | B717 | MO
8729 | 02T g7 | 0 | 720 | 00U | gra9 | HITI
8741 | V2197 grar | 0 | s7ar | 099 grar | 7T
8753 | 0.26250 | 8753 | 0 | 8753 | *O00% | g7sy | LU
8765 | “¥"'% | 8765 | 0 | 8765 | 0.63108 | 8765 | 1O
8.777 0-22453 8.777 0 8777 0.6?:1194 8777 1.55;863
8780 | V2% a7go | 0 | 78y | V0201 g7gg | 1007
ssor | 02792 | gany | o | ssor | OO2E7 | gagy | L4ET3S
8813 | V227 | 8813 | 0 | 8813 | 061601 | 8813 | O
8.825 | 02118 | 8825 | 0 | 8.825 | 0.600L | 8.825 | 1.39435
sor | 02095 | a3y | o | pswy | 059207 | gagy | 135206
asa9 | O197 | gaig | o | gaag | 05T | gagg | 1316S0
8861 | 017722 | 8861 | V11| sser | OO0 | geer | M7
ca73 | 016858 | oo o | 041708 | oo | 054125 | oo | 127771
7 1 3 2
8.885 | 0.15093 | 8885 | /10 | 8885 | 051533 | 8.885 | 1.27944
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8.ao7 | V170 | gor | P50 | ggay | 049920 | gggy | 1290
oo | 013303 | gopg | 134525 | ggq | 047217 | gng | 1300TL
go21 | D7 | gozn | 10922 | gop1 | 0.a4605 | Bo21 | 192
gy | 010719 | gogg | 199205 | g qqy | 041085 | goqy | 136674
8045 | V09| goss | 230781 | 8945 | 030358 | 8945 | UL
8.957 | 008957 | 8.957 | “02%0 | go57 | 0307 | g5y | LA
8069 | OOTLTS | gogg | 294183 | gogy | 034082 | goq | 157854
gy | 006280 | gopy | 324214 | gog | 03143 | gop | 167044
8.993 0'0%395 8.993 | 7% | 8903 0'22878 8993 | 1.7986
0.004 | 004502 | 9.004 | 38267 | 9.004 | 72| gopg | HI20%
0.016 | P95 | 9016 | 410228 | 9016 | 0225 | 9016 | Z0%
o028 | 002708 | g | 430052 | g opg | OASBL | g oy | 222088
904 | 002712 | 904 | 46104 | 904 | 017176 | 9.04 | 23956
05 | OOIBL0 | oy | 483376 | g e | 014483 | g ey | 257076
0.064 | 7090 | 9064 | 2038 | g0ps | V11703 | 9064 | 2.76452
076 | 000907 | g7 | S2TTT | g 7g | 009983 | g 7 | 296765
o087 | 000908 | g7 | S3OTET | g oq; | D0BLTE | g g, | BATI36
0099 | 0 | o0%0 | S5 | gogg | 00639 | g ey | 330482
o111 | 0 | oar | ST | gy |00 | gy | 260705
0123 | 0 | 9123 | 574749 | 9123 | %27 | 9123 | 383166
0135 | 0 | 9135 | >%%9 ] 9135 | 001827 | 9135 | 4.05504
9.146 0 9.146 5'8%258 9.146 0'0%914 9.146 4'23947
9158 | 0 | 9158 | 588859 | 9158 | 0 | 9.158 | 451489
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9.17 o Tsarer | o 0 o1 | a7a172
9.182 0182 | O848 | 9159 | 0 | g1sp | 494909
9.194 0194 | 579222 | 9194 | 0 | 9104 | >0
9.205 0205 | %% | 9205 | 0 | 9205 | 535731
9.217 9.217 5'613315 9.217 0'0%921 9.217 5'5i863
9929 0229 | 49125 | g9 | 001845 | g 5pg | 573120
0041 201 | 54120 | gppy | 002772 | g5y | 58965
9.252 0252 | 1710 | 9252 | 0.04626 | 9.252 | %P
9.264 0.064 | *99 | 906y | OO g p6q | OLT00
9.276 0.276 | +7° | 9276 | 0055 | g 76 | O340
9087 0287 | 457849 | o7 | O102IS | g 5 | 630674
0,999 0209 | 434263 | g | 012088 | g pqq | 647210
9.311 0311 | 11O 931y | 01T g3yy | OS2
0 30 as22 | 38990 | gy | OITTLL | g 55y | G026
9.334 0334 | 350350 | 9334 | U209 9334 | 658047
9.346 0346 | P37 | 9346 | 023365 | 9.346 | 0P
9.357 9.357 3'02909 9.357 0'2%199 9.357 6'53;118
9.369 0369 | “0 | 9369 | 04 | 9369 | 04T
9.381 0.381 | 2.53287 | 9.381 0'31895 9.381 6'3%784
9.392 0302 | #2720 | 930p | 099999 | 9397 | 6.20264
0,404 aoa | 2015 | g oy | 038556 | g 4, | 616002
9.416 0416 | 7'V | oa16 | O9*0 | 9416 | 6.02624
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0 477 azr | VST ] g iy [ 044306 [ g 1y [ 586359
9.439 0430 | M2%570 1 9439 | 0.47105 | 9439 | SO
9.45 945 | 1.06785 | 9.45 | 0.50085 | 9.45 | 5.47155
0460 gz | OB6104 | g g5y | OS27 | g 4y | 520104
9.474 0474 | 066318 | 9.474 | VOO0 | ga7q | SO0
9.485 0485 | 049322 | 9.485 | O°TO%% | gags | 4TI
0497 g7 | 033 | g g7 | 059831 | g 4oy | 446258
9.508 0.508 | 0.19016 | 9.508 | 061802 | 9.508 | “1°%
9.52 9052 | 0.06664 | 9.52 | 0.63784 | 952 | 3.9032
9.531 9.531 0 9.531 0-655763 9531 3.5%318
9.543 0543 | 0 | 9543 | 066801 | 9.543 | 20T
9.554 9.554 0 9.554 0'61833 9.554 | 2.96174
9.566 9.566 0 9.566 0-682875 0566 2.64(15021
9.578 o578 | 0 | 9578 | V19| o578 | 209
9.589 0580 | 0 | 958 | V0P| g5gg | 1IN
9.601 9.601 0 9.601 0-7%087 9 601 1.652137
9.612 9612 | 0 | 9612 0-7%167 0612 1.3%645
9.624 0624 | 0 | 9624 0-6%292 0 624 1.0%089
9.635 9635 | 0 | 9.635 | 0.69372 | 9.635 | 0.67445
9.646 9.646 0 9.646 0-686486 0646 0.352690
9.658 0658 | 0 | 9658 | “°9P% | 9658 | 0.04829
9.669 0669 | 70070 | aeee | O™ | aee | 0

9.681 o681 | O1OP7 | ges1 | 0999 | gger | 0

9.602 0.692 | 0.28106 | 9.692 | 0.62028 | 9.692 | 0
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8 8
9.704 9.704 0'33786 9.704 0'6%164 9.704
9.715 0.715 | 052461 | 9.715 | 05829 | 9.715
9.727 9.727 0'659170 9.727 0'5%416 9.727
9.738 0.738 | 0.77904 | 9.738 0'5‘:3532 0.738
9.75 975 | 09165 | 975 | 051675 | 9.75
9.761 9.761 1'0‘;442 0.761 | 0.48805 | 9.761
9.772 0.772 | 1.17264 | 9.772 0'4%905 9.772
9.784 9.784 1'3(;127 0.784 | 0.44028 | 9.784
9.795 0.795 | 1.43007 | 9.795 | 041139 | 9.795
9.806 9.806 1'5‘;3934 9.806 0'33243 9.806
9.818 9.818 1'652924 0.818 0'3“:’3344 0.818
9.829 0.829 | 1.76922 | 9.829 0'327435 9.829
0.841 0.841 1'8%994 0.841 0'32507 0.841
9.852 9.852 1'92069 9.852 0'22585 9.852
9.863 9.863 2'025191 9.863 0'2‘;657 9.863
9.875 0.875 | 2.0935 | 9.875 | 021725 | 9.875
9.886 9.886 2'1%514 0.886 0'13783 0.886
9.897 9.897 2'13713 9.897 0'1%824 9.897
9.909 9.909 2'2%952 9.909 0'1%872 9.909
9.9 002 | 226176 | 9.92 | 011904 | 9.92
9.931 9.931 2'2;419 9.931 0'0%937 9.931
9.943 9.943 2'277694 9.943 O'Oi%o 9.943
9.954 9.954 2'258955 0.954 | 0.04977 | 9.954
9.965 9.965 2'21212 9.965 0'0%989 9.965
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9.976 0 9.976 2'212467 9.976 0'0%997 9.976 0
9.988 0 9.988 2'11738 0.988 0 9.988 0
9.999 0 9.999 2'1%978 9.999 0 9.999 0
10.01 0 1001 | 2.08208 | 10.01 0 10.01 0
10022 | 0 | 10022 2'03444 10022 | 0 | 10022 | 0
10033 | 0 | 10.033 1'92643 10033 | 0 |10033| o
10044 | 0 | 10.044 1'882827 10044 | 0 | 10044 | 0
10055 | 0 | 10.055 | 1.8099 | 10.055 | 0 | 10055 | 0
10067 | 0 | 10.067 1'7::’1152 10067 | 0 | 10067 | 0
10078 | 0 | 10078 1'652279 10078 | o | 10078 | o
10089 | 0 | 10.089 1'5%379 10089 | 0 | 1008 | o
101 0 101 | 14847 | 101 0 101 0
10111 | o | 10111 1'398531 10111 | 0 | 10111 | 0
10123 | 0 | 10123 | 131599 | 10123 | 0 | 10123 | 0
10134 | 0 | 10134 1'2?;3634 10134 | 0o | 10134| o
10145 | 0 | 10145 | 115653 | 10145 | 0 | 10145 | 0
10156 | O | 10.156 1'02669 10156 | 0 | 10156 | 0
10167 | 0 | 10167 | 10167 | 10167 | 0 | 10167 0
10179 | 0 | 10179 0'9‘;664 10179 | 0 | 10179 | 0
10.19 0 1019 | 0.88653 | 10.10 0 10.19 0
10201 | 0 | 10201 0'835648 10201 | 0 | 10201 | O
10212 | 0 | 10212 0'7&31632 10212 | 0 | 10212 | 0.05106
10223 | 0 | 10223 0'7%605 10223 | 0 | 10223 0'2%557
10234 | o | 10234 0'7%614 10234 | 0 | 10234 0'4%029
10245 | 0 | 10245 | 0.67617 | 10245 | 0 | 10.245 | 0.65568
10257 | 0 | 10257 0'658644 10257 | 0 | 10.257 0'851133
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10.268 10268 | 3% | 10.268 10268 | 203706
10.279 10279 | %27 | 10279 10279 | 122520
10.29 10.29 | 0.62769 | 10.29 1029 | 1.40973
10.301 10301 | 6283 | 10301 10301 | L5955
10.312 10.312 0'6::’1934 10312 10.312 1.762335
10.323 10323 | Y0 | 10323 10303 | L4072
10.334 10.334 | 0.67171 | 10.334 10334 | #0070
10.345 10.345 | 0.70346 | 10.345 10345 | 2.25521
10.356 10.356 | 0.72492 | 10.356 10.356 2'4%259
10.368 10368 | 75/ | 10368 10365 | 259052
10.379 10379 | 721 | 10379 10379 | 268816
10.39 10.39 | 0.84159 | 10.39 1039 | 2.81560
10.401 10.401 0'885408 10.401 10.401 2.94:13348
10.412 10412 | #9296 1 10412 10412 | 300112
10.423 10.423 | %9770 | 10423 10,423 | 316858
10.434 10.434 | 20225 | 10.434 10.434 | 32955
10.445 10.445 | 2075 | 10.445 10.445 | 3.36329
10.456 10.456 1'112879 10.456 10.456 | 3.45048
10.467 10467 | 11183 | 10467 10467 | 350764
10.478 10.478 | 1.20497 | 10.478 10478 | 500
10.489 10489 | 129319 | 10480 10480 | 366163
10.5 105 | 1.2915 | 105 105 | 3738
10.511 10511 1-3%438 10.511 10511 3.751447
10,522 10.522 1-358733 10522 10.522 3.852105
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1.39035

10533 | 0 | 10533 | % 10538 | 0 | 10533 | 3.89721
10544 | 0 | 10544 | 142344 | 10544 | O | 10544 | SO0
10555 | 0 | 10555 | "% 10855 | 0 | 10885 | S9D%
10566 | 0 | 10566 | % | 10866 | 0 | 10566 | +02°
0577 | 0 | 10577 | MO0 | 1qg7y | 008230 | yg oy | 405006
10588 | 0 | 10588 | 148232 | 10588 | Vo0 | 10588 | “O00°
10509 | 0 | 10509 | M| 10509 | %1218 | 10509 | 4112H
1061 | 0 | 10.61 | 1.4854 | 10.61 | 0.18037 | 1061 | 4.12729
10621 | 0 | 10621 | 148694 | 10621 | 220 | 10621 | 41020
063 | 0 | 1061 | M0 | 1ges | 027640 | 1 g | 416735
10642 | 0 | 10642 | Z 10642 | 031026 | 10642 | FHP
10653 | 0 | 10653 | | 1063 | 99970 | 10653 | 41970
10664 | 0 | 10664 | N | 1066a | ©900 | 10664 | 4201
10675 | 0 | 10675 | 138775 | 10675 | 507 | 10675 | M40
10686 | 0 | 10686 | >0 | 10,686 | 0.48087 | 10686 | 4.22007
10607 | 0 | 10697 | 7% 1007 | S0P | 0607 | A0
10708 | 0 | 10708 | 1.28496 | 10708 | 20 | 10708 | H4LP
10719 | 0 | 10719 | M3 [ 10719 | O90P0 1 g0709 | 41500
1073 | 0 | 10.73 | 1.20176 | 10.73 | 0.60088 | 10.73 | 4.20616
1074 | 0 | 10.74 | 1.14918 | 10.74 | 0.62292 | 10.74 | 4.1886
10751 | 0| 10751 | “00% 10751 | 064506 | 10751 | HH
10762 | 0 | 10762 | "0 10762 | %92 | 10762 | 414337
10773 | 0 | 10773 | OBV 110773 | 90789 | 40773 | 411520
10.784 | 0 | 10.784 | 0.93820 | 10.784 | 0.69017 | 10.784 | 4.07635
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8 6 2
10795 | 0 | 10795 | *°7"° | 10795 | 0.69088 | 10.795 | 403733
10806 | 0 | 10.806 | O | 10,806 | 0.70239 | 10806 | >V
10816 | O | 10.816 | 0.75712 | 10.816 | 0.70304 | 10.816 3'9%620
10827 | 0 | 10827 0'698292 10.827 0'7%375 10.827 3'852441
10838 | 0 | 10838 | 002860 | 1ggg | 089363 | 1 gy | 376246
10849 | 0 | 10849 | *O7"° 10,840 | %93 | 10840 | 368366
1086 | 0 | 10.86 | 051042 | 10.86 | 0.67332 | 10.86 | 3.59466
1087 | 0 | 10.87 | 0.44567 | 10.87 | 0.66307 | 10.87 | 3.48927
10881 | 0 | 10881 | 0% | 10,881 | 0.65286 | 10.881 | 3.37311
10892 | 0 | 10892 | 032676 | 10.892 | %% | 10802 | 42070
10303 | 0 | 10803 | 020167 | 1gop5 | 081056 | 1ggpg | 311625
10014 | 0 | 10014 | PP 10014 | OO0 | 10914 | #9050
10924 | 0 | 10924 | “10N 10904 | OO0 0,920 | 2804
10935 | 0 | 10.935 | 0.08748 | 10.935 | 0.54675 | 10.935 | ~°2°%
10046 | 0 | 10046 | "5 10,046 | OO0 10,046 | 2.46285
10957 | 0 | 10957 | 0 | 10957 | %P [a0es7 | 220
10968 | 0 | 10968 | 0 | 10968 | **V% | 10068 | 207
10978 | 0 | 10978 | 0 | 10078 | C42M | 10978 | 1OV
10989 | 0 | 10089 | 0 | 10989 | “40° | 10089 | 1037

11 0 11 0 11| 0374 | 11 | 1.408

1011 | o 1101 o | 1voan | 3 fagenn | MY
oot | o | 1wo21| o | 11021 | 03058 |4y g | 093678
1oz | o |10s| o | 1108 | 0288 |1y qg | 06838
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11.043 0 11.043 0 11.043 0'23398 11.043 0'45;067
11.053 0 11.053 0 11.053 0'2%211 11.053 0'12684
11.064 0 11.064 0 11.064 0'1%915 11.064 0
11.075 0 11.075 0 11.0/5 | 0.1772 | 11.075 0
0.15520

11.086 0 11.086 0 11.086 4 11.086 0
11.096 0 11.096 0 11.096 0'12315 11.096

11.107 0 11.107 0 11.107 | 0.11107 | 11.107 0
11.118 0 11.118 0 11.118 0'03894 11.118 0
11.128 0 11.128 0 11.128 0'068676 11.128 0
11.139 0 11.139 0 11.139 0'02569 11.139 0
11.15 0 11.15 0 11.15 | 0.0446 | 11.15 0
11.16 0 11.16 0 11.16 | 0.03348 | 11.16 0
11.171 0 11.171 0 11.171 0'022234 11.171 0
11.182 0 11.182 0 11.182 0'0:;118 11.182 0
11.192 0 11.192 0 11.192 0'012119 11.192 0
11.203 0 11.203 0 11.203 0 11.203 0
11.214 0 11.214 0 11.214 0 11.214 0
11.224 0 11.224 0 11.224 0 11.224 0
11.235 0 11.235 0 11.235 0 11.235 0
11.245 0 11.245 0 11.245 0 11.245 0
11.256 0 11.256 0 11.256 0 11.256 0
11.267 0 11.267 0 11.267 0 11.267 0
11.277 0 11.277 0 11.277 0 11.277 0
11.288 0 11.288 0 11.288 0 11.288 0
11.298 0 11.298 0 11.298 0 11.298 0
11.309 0 11.309 0 11.309 0 11.309 0
11.32 0 11.32 0 11.32 0 11.32 0
11.33 0 11.33 0 11.33 0 11.33 0
11.341 0 11.341 0 11.341 0 11.341 0
11.351 0 11.351 0'077945 11.351 0 11.351 0
11.362 0 11.362 | 0.17043 | 11.362 0 11.362 0
11.373 0 11.373 | 0.27295 | 11.373 0 11.373 0
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11383 | 0 | 11.383 0'32702 11383 | 0 | 11383 o0
11394 | o | 11304 0'5%133 11394 | 0 | 11394 | 0
11404 | 0 | 11404 | 0.62722 | 11.404 | 0 | 11404 | 0
11415 | 0 | 11415 | 0.75339 | 11.415 | 0 | 11415 | 0
11425 | 0 | 11.425 0'82972 11425 | 0 | 11425 | o
1143 | 0 | 11.436 1'0i78° 1143 | 0 | 11436 | 0
11446 | 0 | 11446 1'1%604 11446 | 0 | 11446 | 0
11457 | 0 | 11457 1'3%609 11457 | 0 | 11457 | 0
11467 | 0 | 11.467 1'4%630 11467 | 0 | 11467 | 0
11.478 11478 | 1.60692 | 11478 | 0 | 11478
1.75766

11488 | 0 | 11488 | 757 11488 | 0 | 11488 | 0
11499 | 0 | 11.499 1'93883 11499 | 0 | 11499 | 0
11500 | 0 | 11509 | 207162 | 11.509 | 0 | 11509 | 0
115 0 1152 | 2.02336 | 1152 0 11.52 0
11.53 0 1153 | 2.38671 | 1153 0 11.53 0
11541 | 0 | 11541 | 253902 | 11541 | 0 | 11541 | 0
1551 | o0 | 11551 2'6%138 11551 | 0 | 11851 | O
1562 | 0 | 11562 2'8‘;425 11562 | 0 | 11562 | 0
us72 | o | 11572 2'986557 11572 | 0 | 11572 0
11583 | 0 | 11.583 3'1:;899 11583 | 0 | 11583 | 0
11593 | 0 | 11.593 3'23081 11593 | 0 | 11503 | 0
11604 | 0 | 11604 3'4%157 11604 | 0 | 11604 | 0
11614 | 0 | 11614 | 354227 | 11614 | 0 | 11614 | 0
11625 | 0 | 11625 3'665187 11625 | 0 | 11625 | O
11635 | 0 | 11635 | 3.76974 | 11.635 | 0 | 11635 | 0
11646 | 0 | 11.646 3'82811 11646 | 0 | 11646 | 0
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3.97469

11656 | 0 | 11656 | SOL'° | 11656 | 0 | 11656 | 0
11666 | O | 11.666 4'01143 11666 | 0 | 11666 | 0
1677 | o | 11677 4'1‘33533 11677 | 0 | 11677 | 0
11687 | 0 | 11687 | 420732 | 11.687 | 0 | 11687 | 0
11698 | 0 | 11698 | 426977 | 11.698 | 0 | 11698 | 0
4.32025
11708 | 0 | 11708 | *%0% l11708 | 0 | 11708 | 0
11718 | 0 | 11718 4'3‘;3737 11718 o | 11718| 0
11729 | 0 | 11729 4'377491 11729 | 0 | 11729 | 0
11739 | o | 11739 4'377864 11739 | 0 | 11739 | 0
11.75 0 1175 | 4.38275 | 11..75 0 11.75 0
11.76 0 11.76 | 4.36296 | 11.76 0 11.76 0
1177 0 1177 | 434313 | 1..77 0 11.77 0
171 | o | 11781 4'3(23006 11781 | 0 | 11781 | 0
11791 | 0 | 10791 | 424476 | 11791 | 0 | 11791 | 0
11802 | 0 | 11.802 | 4.18071 | 1.802 | 0 | 11802 | 0
4.11057
11812 | 0 | 11812 | Y usi2 | o 11812 | o0
1182 | 0 | 11822 4'02130 1182 | o | 1182 o
11833 | 0 | 11.833 3'9‘;038 11.833 | 0 | 11.833 0'0%366
11843 | 0 | 11843 3'8‘;713 11843 | 0 | 11.843 0'4%634
11853 | 0 | 11.853 3'72;84 11.853 | 0 | 11.853 0'8%341
11864 | o0 | 11864 3'6%665 11864 | 0 | 11.864 | 1.30504
11874 | o | 11874 3'472908 11874 | 0 | 11.874 1'72735
11884 | o | 11884 3'3%128 11884 | 0 | 11.884 2'2‘;5607
11895 | 0 | 11.895 | 3.21165 | 1.895 | 0 | 11.895 | 2.73585
11905 | 0 | 11.905 | 3.07149 | 11.905 | 0 | 11.905 | 3.23816
11915 | 0 | 11.915 | 2.93109 | 11.915 | 0 | 11.915 3'755322
11926 | 0 | 11.926 | 2.77875 | 11.926 | 0 | 11.926 | 4.26950
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8 8

11.936 11.936 | “%7% | 11036 11.936 | 47905
11.946 11.946 2'488476 11.946 11.946 | 5.31597
11.957 11.957 | 3337 | 11,957 11957 | >0
11.967 11.967 | #2017 | 11.967 11967 | O34T
11.977 11977 | 2999 | 11077 11977 | 086282
11.987 11.987 | 29270 | 11087 11987 | "0
11.998 11.998 | 1.7997 | 11.998 11.908 | "3
12.008 12.008 | M9 | 12,008 12.008 | 53993
12.018 12.018 | 1.56234 | 12.018 12.018 8'7i910
12.029 12.029 | 25| 12,020 12.009 | P12
12.039 12.039 | 999 1 12,030 12.039 | 0%
12.049 12.049 | MM | 12,049 12.049 | 992337
12.059 12.059 | 113 | 12,050 12.059 | 1%5%%
12.07 12.07 | 1.12251 | 12.07 12.07 10'55612
12.08 12.08 | 1.06304 | 12.08 12.08 10'%236
12.09 12.09 | 1.02765 | 12.09 12.09 11'%502
12.1 121 | 09922 | 12.1 121 | 11.2288
12.111 12.111 | 0.96888 | 12.111 12111 | HH37%
12.121 12.121 0'9%755 12121 19121 11.4;785
12.131 12131 | PR | 12131 12131 | 3
12.141 12.141 | 0.97128 | 12.141 12.141 | 0
12.151 12051 | %034 | 12151 12151 | MOt
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1.00944

12.162 12.162 | TO0 | 12.162 12.162 | 11.4566
12.172 12472 | MO0 | 12172 12172 | 11.3443
12.182 12.182 | 1.09638 | 12.182 12.182 | 1P
12.192 12002 | M1 | 12102 12002 | 1907
12.202 12202 | 2207 | 12,200 12.002 | 1017
12.213 12213 | 12105 1 12013 12215 | 105158
12.223 12203 | 19379 | 12,923 12.203 | 102194
12.233 12233 | 190 | 12,233 12.233 | 900
12.243 12.243 | M| 12,243 12243 | 953728
12.253 12.253 | 1O07 | 12,253 12.053 | 2100
12.264 12264 | 2%2% | 1264 12.064 | 570102
12.274 12274 | VL 12074 12274 | 837086
12.284 12.284 | MO0 | 12,284 12.284 | "9
12.294 12.004 | 1793 1 12 904 12.004 | 152592
12.304 12304 | VT 12,304 12304 | 709940
12.314 12314 | M1 12314 12314 | *991%7
12.325 12.325 1'8?77 12.325 12.325 | 6.23645
12.335 12.335 1'82324 12.335 12.335 | 5.82212
12.345 12345 | MO 12,345 12.345 | 5.40711
12.355 12.355 1'7%147 12.355 12.355 | 5.01613
12.365 12365 | 7% | 12365 12.365 | 4.64924
12.375 12375 | MOP%7 | 12,375 12375 | “42H
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12.385 12385 | 700" | 12385 | 0 | 12385 | 7D
12.395 12305 | 707 | 12305 | 0 | 12.395 | 3.66892
12.406 12.406 | 2479 | 12.406 | 0.12406 | 12.406 | 341165
12.416 12416 | 199 | 12416 | 02T | 12,416 | 31O
12.426 12.426 | 212 | 12,406 | 492 | 12406 | 2991
19436 12436 | L0902 | 15 45 | 057205 | 1 1o | 261053
12.446 12.446 | 0% | 12446 | O721%0 | 12,406 | 2.67580
12.456 12.456 | 0% | 12456 | 0.87102 | 12.456 | #°T0
12.466 12.466 0'5%110 12.466 1'0%974 12.466 2'5%059
12.476 12.476 0.23942 12.476 1.14;779 12.476 2.5%767
12.486 12.486 | *07%0 | 12486 | 1T | 12486 | 207
12.496 1249 | 0 | 12.49 1'32955 12.496 2'52417
12.506 12506 | 0 | 12506 | 0P | 12506 | 2007
12,516 2516 | 0 | 12516 | MO0 | g | 277855
12,527 2527 | 0 | 1oser | LGS | ppgpy | 28303
12,537 1537 | 0 | 12se7 | 1052 | gpgay | 340017
12,547 12547 | 0 | 12547 1'8%459 12,547 3'3%240
12.557 12557 | 0 | 12557 1'92144 12.557 3'527851
12.567 12567 | 0 | 12567 | Z05°%° | 12567 | 37701
12,577 12577 | 0 | 12577 | “%77 | 12577 | 402464
12587 1557 | 0 | 12567 | 212720 | ppggy | 429216
12,597 12507 | 0 | 12507 | #1090 | 507 | A57EM

127




12.607 12.607 12.607 2.181101 12 607 4.85;369
12,617 19617 12617 | 2195% | 1517 | SI4TT3
12.627 12.627 12627 | 2101 | 12627 | 5.42061
12,637 12 637 12637 | 219883 | 1557 | 509928
12.647 12.647 12.647 2.11528 12 647 5.9(:;:1938
12.657 12.657 12,657 | 2.15169 | 12657 | *2°7%
12.667 12.667 12667 | 210 | 12667 | 0472
12,677 19 677 12677 | 207902 | 15677 | 6:69345
12.687 12.687 12,687 | 202992 | 12687 | ©%%
12.697 12.697 12.697 1.9(;803 12 697 7.02222
12.707 12.707 12.707 | 1.90605 | 12.707 | 2300
12.717 19717 12717 | 189 | 1y 717 | 735042
12.797 19797 12727 | 170905 | 1757 | 744529
12.737 12.737 12737 | 18128 | 12737 | 751483
12.747 19747 12747 | PO0OIZ | 1577 | 75807
12.757 19757 12757 | FSL808 | 15 75y | 756400
12.767 12767 12767 | 242990 | 15 767 | 754529
12.777 19777 12777 | 23458 | 15 777 | 750008
12.787 12.787 12787 | 1490 | 12787 | 1420
12.797 12.797 12.797 | 115173 | 12797 | 132390
12.807 12807 12807 | 106298 | 1707 | 718472
12,817 10817 1217 | 097409 | 157 | 703653
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12827 | 0 | 12827 | 0 | 12827 | %% | yagpy | OO
1283 | 0 | 1283 | 0 | 12836 | 1°% | 12835 | OO0
12846 | 0 | 12846 | 0 | 12846 | 0.70653 | 12846 | O
12856 | 0 | 1285 | 0 | 12856 | COL/° | 12856 | 0200
12866 | 0 | 12866 | 0 | 12866 | 50 | 12866 | >900%7
12876 | 0 | 12876 | 0 | 12876 | "0 | 1ag76 | >
12886 | 0 | 12886 0 | 12886 | 0% | 12886 | >0
12806 | 0 | 12896 0 | 12806 | 0% | 12806 | >200%
12906 | O | 12906 | O | 12.906 0'22102 12.906 4'93590
12016 | 0 | 12016| 0 | 12916 | 02957 | o016 | 470142
12026 | 0 12026 | 0 | 12026 | 210 | 12,026 | 4.45047
12036 | 0 | 1293 | 0°2% | 12.036 | 0.12036 | 12936 | +4LH
12046 | 0 | 12946 | V5% | 12046 | 9000 | 10946 | OO0
120955 | 0 | 12.955 0'9‘?71 12.955 0'0%477 12.955 3'7%581
12065 | 0 | 12965 |~ | 12065 | %00 | 12,065 | 3.60427
12975 | 0 | 12975 | 1557 | 12.975 0'0%5297 12.975 3'45;837
12985 | 0 | 12985 | "% | 12085 | %01 | 12085 | 320819
12005 | 0 | 12995 | “MHMT 112005 | 0 | 12905 | S
13005 | 0 | 13.005 | 2.41893 | 13.005 | 0 | 13.005 | 3.09519
13015 | 0| 13015 | “000 [13015 | o | 13015 | O
13.025 | 0 | 13.025 | 2.94365 | 13.025 | 0 | 13.025 | 2.99575
13034 | 0 | 13034 310333 13034 | 0 | 13034 7070
13044 | 0 | 13044 | 2452 13004 | 0 | 13.0a4 | 301316

129




13054 | 0 | 13.054 3'6‘(‘3206 13054 | o | 13054 3.0%463
13064 | 0 | 13064 | %% 13064 | 0 | 13064 | 1
13074 | 0 | 13074 | *03% 13074 | 0 | 13074 | 32554
13084 | 0 | 13084 | 2% | 13084 | 0 | 13084 337
13004 | 0| 13004 | *7% l13004 | 0 | 13008 | >0
13203 | 0| 131203 | %9 [13203 | 0 | 13208 | >3
13113 | 0 | 13113 %% la3mz | o | sz | S
13123 | 0 | 13123 | ' 131031 0 | 13123 | M
13133 | 0 | 13133 | *9P% 13033 | 0 | 13133 | H4F
13143 | 0 | 13243 | 20U 13143 | 0 | 13243 | 467E0
13153 | 0 | 13153 | °00% l131s3 | o | 13153 | M0
13162 | 0 | 13162 | >17%%° uzae2 | 0 | 13162 | 228V
13072 | 0| 13172 | >%P% l13a72 | 0 | 13172 | 553224
13182 | 0 | 13182 | >2™° 13180 | 0 | 13182 | %M
13102 | 0 | 13192 | >3% | 13000 | 0 | 13202 | 812108
13202 | 0| 13202 | 9% 13202 | 0 | 13202 | 4D
13211 | 0 | 1321 | M2 fusan | 0 | 1zam | 69
13221 | 0 | 13221 | 247349 Ju3z01 | 0| 13221 | B98068
13231 | 0| 13231 | 080 1 agom | 0 | 130m | T
13241 | 0 | 13241 | P50 | zoa | 0| 1zom | 430
13251 | 0 | 13250 | >5% |1305 | 0 | 1z2s1 | 17259
1326 | 0 | 1326 | 554268 | 1326 | 0 | 13.26 | 7.92948
1327 | 0 | 1327 | 554686 | 1327 | 0 | 1327 | 8.12124
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1328 | 0 | 1328 | 555104 | 1328 | 0 | 13.28 | 8.28672
1329 | 0 | 13.29 | 555522 | 1329 | 0 | 13.29 | 8.42586
13200 | 0 | 13299 | >0 | 13209 | 0 | 13200 | B537%°
13300 | 0 | 13300 | >%4%5 | 13300 | o | 13300 | 861097
13319 | 0 | 13319 | >>P7 13310 | 0 | 13319 | 865735
13329 | 0| 13329 | °3 l13300 | 0 | 13320 | 8.66385
13338 | 0 | 13338 | %219 | 13338 | o | 13338 | 64302
13348 | 0 | 13348 | >°227% 13348 | 0 | 13348 | OOPH
13358 | 0 | 13358 | >0 13388 | 0 | 13388 | OO0
13368 | 0 | 13368 | %51 | 13368 | o | 13368 2173
13377 | o | 13377 | P43 | zam | 0| 1zarr | 822569
13387 | 0 | 13387 | >%'7° | 13387 | 0 | 13387 | 80322
13307 | 0 | 13307 | >3 | 13507 | 0 | 13307 | 7810
13407 | 0 | 13407 | 53628 | 13407 | 0 | 13407 | ">7%M
13416 | 0| 13416 | >0 [13416 | 0 | 13416 | (2P
13426 | 0 | 13426 | 229" 13406 | 0 | 13426 | 0971
13436 | 0| 13436 | 2 13436 | 0 | 13436 | %)Y
13445 | 0| 13445 | 0% 13445 | 0 | 134s5 | 720
13455 | 0 | 13.455 | 513981 | 13.45 | 0 | 13.455 | 583947
13465 | 0 | 13465 | 508977 | 13465 | 0 | 13.465 5'4%639
13475 | 0 | 13475 | 50127 | 13475 | 0 | 13.475 | 4.98575
13484 | 0| 13484 | *70%% 13484 | 0 | 13488 U
13494 | 0 | 13404 | "9 la3400 | 0 | 13404 | 40D
13504 | 0 | 13.504 4'786041 13504 | o | 13504 3.6%556
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13513 | 0 | 13513 4'681901 13513 | 0 | 13513 3'1%150
13523 | 0 | 13523 | 450782 | 13523 | 0 | 13.523 2'622346
13533 | 0 | 13533 4'4%295 13533 | 0 | 13533 2'121:468
13542 | 0 | 13542 4'388760 13542 | 0 | 13542 1'6?5858
13552 | 0 | 13552 | 426888 | 13552 | 0 | 13.552 1'1%836
13562 | 0 | 13562 | 413641 | 13562 | 0 | 13.562 0'6%097
13571 | 0 | 13571 4'0%701 13571 | 0 | 13571 0'12642
13581 | 0 | 13581 3'886416 13581 | 0 | 13581 | O
13501 | 0 | 13591 3'7%752 13501 | 0 | 13501 | o
13.6 0 136 | 35904 | 136 0 13.6 0
13.61 0 13.61 | 3.44333 | 1361 0 13.61 0
13.62 0 13.62 | 3.29604 | 13.62 0 13.62 0
13620 | 0 | 13629 | 3.13467 | 13629 | 0 | 13629 | 0
13639 | 0 | 13.639 2'972330 13639 | 0 | 13639 | 0
13648 | 0 | 13.648 2'8}3148 13648 | 0 | 13648 | 0
13658 | 0 | 13.658 2'6‘;965 13658 | 0 | 13658 | O
13668 | 0 | 13.668 2'486757 13668 | 0 | 13668 | O
13677 | 0 | 13677 | 232500 | 13677 | 0 | 13677 | 0
13687 | 0 | 13.687 2'1%254 13687 | 0 | 13687 | O
13697 | 0 | 13.697 1'9%976 13697 | 0 | 13697 | O
13706 | O | 13.706 | 1.85031 | 13.706 | 0 | 13706 | 0
13716 | 0 | 13716 1'688706 13716 | 0 | 13716 | 0
13725 | 0 | 13725 | 15372 | 13725 | 0 | 13725 | 0
1.38723
13735 | 013735 | 79 113735 | 0 13735 | 0
13745 | 0 | 13.745 1'255079 13745 | 0 | 13745 | 0
13754 | 0 | 13.754 | 111407 | 13754 | 0 | 13754 | 0
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4

13764 | 0 | 13.764 0'91724 13764 | 0 | 13764 | 0
13773 | 0 | 13773 0'856392 13773 | 0 | 13773 | 0
13783 | 0 | 13.783 0'735049 13783 | 0 | 13783 | 0
13793 | 0 | 13.793 0'62068 13793 | 0 | 13793 | 0
13802 | 0 | 13.802 0'5%447 13802 | o | 13802| o
13812 | 0 | 13812 0'422817 13812 | 0 | 13812| o0
13821 | 0 | 13821 0'3‘513552 13821 | 0 | 13821 0
13831 | 0 | 13.831 0'2%278 13831 | 0 | 13831 O
13841 | 0 | 13841 0'13377 13841 | 0 | 13841 0
13.85 0 13.85 | 01385 | 13.85 0 13.85 0
13.86 0 13.86 | 0.09702 | 13.86 0 13.86 0
13869 | 0 | 13.869 0'0‘2547 13869 | 0 | 13869 | O
13879 | 0 | 13.879 0.0%775 13879 | 0 | 13879 | 0
13888 | 0 | 13.888 0'0%388 13888 | 0 | 13888 | 0
13898 | 0 | 13898 | 0 | 13898 | 0 | 13898 | O
13907 | 0 | 13907 | 0 | 13907 | 0 | 13907 | 0
13917 | 0 | 13917 | o0 | 18917 | 0 13917 0
13926 | 0 | 13926 | 0 | 13926 | 0 | 13926 | 0
13936 | 0 | 13936 | 0 | 13936 | 0 | 13936 | 0
13.946 | 0 | 13946 | 0 | 13946 | 0 | 13946 | 0
13955 | 0 | 13955 | O | 13955 | 0 | 13.955 | 0.16746
13965 | 0 | 13965 | 0 | 13965 | 0 | 13.965 | 0.53067
13974 | 0 |13974| o |13974| o | 13974 0'8%433
13984 | 0 | 13984 | 0 | 13984 | 0 | 13.984 | 1.25856
13993 | 0 | 13993| 0 | 13993| 0 | 13.993 1'5%520
14003 | o | 14003| o |14003| 0 | 14.003 1'9‘;641
14012 0 |14012| o |14012| o0 | 14012 2'23994
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14022 | 0 |14022| o |14022| o |14022 | >
14031 | 0 |14031| o |14031| o | 14031 0%
14041 | 0 |14041| 0 |14041| 0 | 14041 3'12326
1405 | 0 | 1405 | 0 | 1405 | 0 | 1405 | 3.44225
1406 | 0 | 1406 | 0 | 1406 | 0 | 1406 | 3.69778
14060 | 0 | 14069 | 0 | 14069 | 0 | 14069 | 394
14079 | 0 | 14079 | 0 |14079| 0 | 14079 TP
14088 | 0 | 14088 0 | 14088 | 0 | 14088 | 32
14008 | 0 | 14008 | 0 | 14008 | 0 |14008 | %7
14207 | 0 | 14207 | o |14207 | o | 14107 Y
14117 | 0 14117 | 0 14117 | o | 14117  H
14126 | 0 | 14126 | 0 | 14126 | 0 | 14126 | 4.87347
14136 | 0 | 14136 | 0 | 14136 | 0 | 14136 | 4.9476
14145 | 0 | 14145 | 0 | 14145 | 0 | 14.145 | 500733
14154 | 0 | 14154 | 0 | 14154 | 0 | 14154 | >0
14164 | 0 14164 | 0 |14164 | 0 | 1464 | >
14173 | 0 | 14173 | 0 | 14173 | 0 | 14173 | >OP
14183 | 0 | 14183 0 |14183| o0 | 14183 | >0
14192 | 0 | 14192 | 0 | 14192 | 0 | 14192 | 4.9672
1.88548
14202 | 0 |14202| 0 |14202| 0 |14202 | *%
14211 | 0 14211 0 |14211| o | 14211 | 49O
14221 | 0 | 14221 | 0 | 14221 | 0 | 14221 | 4.69293
1423 | 0 | 1423 | 0 | 1423 | 0 | 1423 | 456783
14239 | 0 | 14239 | 0 14239 | 0 | 14230 4%
14249 | 0 | 14249 | 0 | 14249 | 0 | 14249 | ¥2P®
14258 | 0 | 14258 | 0 |14258 | o0 | 14258  “0
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14268 | 0 | 14268 0 | 14268 | 0 | 14268 | SO0
14277 | 0 1427 | o |1427| o |27 | SO
14287 | 0 | 14287 | 0 | 14287 | 0 | 14287 | S%%
14206 | 0 | 14206 0 | 14206 | 0 | 14206 | >27°°
14305 | 0 | 14305| O | 14305 | 0 | 14.305 | 3.03266
14315 | 0 | 14315 | 0 |14315| o0 | 14315 7%
14324 | 0 | 14324 | 0 |1434| o0 | 14324 D%
14334 | 0 | 14334 | 0 | 14334 | 0 | 14.334 | 2.29344
14343 | 0 | 14343 0 | 14343 | 0 | 14343 | “02F
14352 | 0 |14382| 0 |13 | o0 | w432 NO¥
1432 | 0 |14362| o0 |14362| o0 |14362 | W
14371 | 0 | 14371 0 | 14371 | o0 | 14371 | "M
14381 | 0 | 14381 0 |14381| o0 |14381 | 0%
1439 | 0 | 1439 | 0 | 1489 | 0 | 1439 | 066194
14309 | 0 | 14399 | 0 | 14309 | 0 | 14309 | 037
14409 | 0 | 14400 | 0 | 14400 | 0 | 14400 | 2%
14418 | 0 | 14418 | 0 |14418| o0 | 14418 O%0%

Appendix 3 — Data on the dependences of neutron energy on the density of the

neutron flux at the measurement points with the dosimeter-radiometer AT-1117M

Measuring point 1.6 | Measuring point Measuring point Measuring point
1.8 2.6 3.6

Neutron | Neutron | Neutron | Neutron | Neutron | Neutron | Neutron | Neutron
energy. | flux energy. | flux energy. | flux energy. | flux

MeV density. | MeV density. | MeV density. | MeV density.

cms?t cms?t cms?t cms?t

1.00-10° | 0.005572 | 1.00-10°| 0.041303 |1.00-10° | 0.009799 | 1.00-10°| 0.002598
2.15-10° | 0.024641 | 2.15-10°| 0.182945 |2.15-10° | 0.043356 | 2.15-10° 0.011485
4.64-10° | 0.104307 |4.64-10°| 0.777083 [4.64-10°| 0.183623 | 4.64-10° 0.048567
1.00-10® | 0.394729 | 1.00-10®| 2.964948 |1.00-10® | 0.695408 | 1.00-10% 0.183339
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2.15-10°®

1.180861

2.15-10°®

9.06798

2.15-10°®

2.083755

2.15-10°®

0.544757

4.64-10®

2.202948

4.64-10°®

18.17815

4.64-10°8

3.908515

4.64-10°®

0.992599

1.00-10”

1.732751

1.00-10”

18.31904

1.00-10”

3.149041

1.00-10”7

0.705464

2.15-10”

0.804227

2.15-10”

12.59619

2.15-10”

1.552966

2.15-10”

0.251151

4.64-107

0.751102

4.64-107

12.23133

4.64-107

1.481357

4.64-107

0.226337

1.00-10°

0.751025

1.00-10°

12.24625

1.00-10°

1.503334

1.00-10°

0.226511

2.15-10°®

0.750955

2.15-10°

12.26122

2.15-10°

1.525588

2.15-10°

0.226678

4.64-10°

0.750868

4.64-10°

12.27624

4.64-10°

1.548281

4.64-10°

0.226819

1.00-10°

0.750749

1.00-10°

12.29115

1.00-10°

1.571263

1.00-10°

0.226901

2.15-10°

0.75056

2.15-10°

12.30582

2.15-10°

1.594496

2.15-10°

0.226857

4.64-10°

0.750217

4.64-10°

12.32014

4.64-10°

1.618155

4.64-10°

0.22654

1.00-10*

0.749546

1.00-10*

12.33348

1.00-10*

1.642044

1.00-10*

0.22564

2.15-10*

0.748174

2.15-10*

12.3447

2.15-10*

1.66604

2.15-10*

0.223502

4.64-10*

0.745278

4.64-10*

12.35149

4.64-10

1.690138

4.64-10*

0.218729

1.00-10°3

0.739147

1.00-10°3

12.34855

1.00-10°

1.713731

1.00-10°

0.208594

2.15-10°3

0.726227

2.15-10°3

12.32484

2.15-10°3

1.735825

2.15-10°3

0.188224

4.64-10°

0.699085

4.64-10°3

12.25627

4.64-10°3

1.754478

4.64-10°3

0.150531

1.00-102

0.644108

1.00-102

12.09291

1.00-10°

1.765012

1.00-10

0.092965

1.99-102

0.553726

1.99-102

11.78363

1.99-10°

1.759959

1.99-10%

0.038164

3.16-10?

0.463145

3.16-102

11.42277

3.16-10%

1.742511

3.16-10?

0.013376

5.01-10?

0.349218

5.01-102

10.87193

5.01-10

1.707012

5.01-102

0.002694

1.00-10*

0.163259

1.00-10*

9.519396

1.00-10"

1.601556

1.00-10*

0.000639

1.99-10

0.037023

1.99-10

7.364018

1.99-10*

1.409021

1.99-10*

0.002

3.16-10*

0.008582

3.16-10*

5.548837

3.16-10"

1.231918

3.16-10*

0.004324

5.01-10*

0.006219

5.01-10*

3.829391

5.01-10"

1.055885

5.01-10*

0.00901

1.00

0.018196

1.00

2.842949

1.00

1.00955

1.00

0.024255

1.99

0.043924

1.99

4.955561

1.99

1.57042

1.99

0.0508

3.16

0.061704

3.16

6.884507

3.16

2.085505

3.16

0.064859

5.01

0.061502

5.01

6.856676

5.01

2.042562

5.01

0.058765

10.0

0.020214

10.0

2.252021

10.0

0.658377

10.0

0.01673

15.8

0.002777

15.8

0.309196

15.8

0.089236

15.8

0.002088
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