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SECTION 6. Metallurgy and energy.

DEVELOPMENT OF A FLOW RATE MODEL FOR RETROFITTING OF
DAM FOR HYDROELECTRIC POWER GENERATION

Abstract: Retrofitting is the addition of an existing dam with hydroelectric power generation capabilities. It is
a cost- effective way of increasing electricity production. Hydroelectric power generation is the electricity
generated by hydropower and the production of electrical power through the use of the gravitational force of
falling or flowing water. The cost of hydroelectricity is very low, making it competitive. A dam is used to collect
water or for storage of water which can be evenly distributed between locations. Dam serves the purpose of
retaining water, while other structures such as floodgates are used to manage or prevent water flow into specific
land regions. The acute power outage in llorin, the capital city of Kwara state makes most organizations to
produce below the optimal level. This research paper develops a flow rate model for retrofitting of ASA dam in
llorin, Kwara state for hydroelectric power generation. The available theoretical powers, kinetic energy, potential
theoretical energy as well as the weekly water levels of Asa Dam were used as input parameters for the
development of the flow rate model. The flow rate model is then simulated in MATLAB environment to establish the
linear relationship between the power and the falling height of the dam. The result of the model shows that the
theoretical power varies linearly as the falling height of water in the dam while maintaining a constant flow rate of
about 50m?%/s.

Key words: Flow Rate, Retrofitting, Dams, Hydroelectric Generation, Water Turbine Generators, Theoretical
Power, Penstock, Falling Height.

Language: English

Citation: Ajenikoko GA, Ashafa OA (2017) DEVELOPMENT OF A FLOW RATE MODEL FOR
RETROFITTING OF DAM FOR HYDROELECTRIC POWER GENERATION. ISJ Theoretical & Applied
Science, 06 (50): 1-13.

Soi: http://s-0-i.org/1.1/TAS-06-50-1

1.0 Introduction

Hydro-electric power plants convert the kinetic
energy contained in falling water into electricity
[[21], [22], [26], [27], [31]]. The energy in flowing
water is ultimately derived from the sun and is
therefore  constantly being renewed. Energy
contained in sunlight evaporates water from the
ocean and deposits it on land in form of rain.
Differences in land elevation result in rainfall runoff
and allow some of the original solar energy to be
captured as hydro-electric power [[28], [29], [30],
[32]].

Most hydroelectric power comes from the
potential energy of dammed water driving a water
turbine and generator. In this case, the energy
extracted from the water depends on the volume and
on the difference in height between the source and
the water's outflow. This height difference is called
the head ‘h’. The amount of potential energy in

Doi: &os¥ef https://dx.doi.org/10.15863/TAS.2017.06.50.1

water is proportional to the head. To obtain very
high head, water for a hydraulic turbine may be run
through a large pipe called a penstock [[5], [9], [12],
[16], [25]].

1.1 Advantages of hydropower

Hydropower has the following advantages over
other forms of energy production in terms of
economics, social and environmental impacts [[1],
[3] (2], [7], [8], [20], [23]]:

. Hydropower is a form of clean renewable and
sustainable energy as it makes use of the energy
in water due to flow and available head without
actually consuming the water itself. Unlike the
burning of coal, oil and natural gas, it does not
emit any atmospheric pollutants such as carbon
dioxide, sulphur oxides, nitrous oxides or
particulates such as ash.
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Hydropower schemes often have very long
lifetimes and high efficiency levels. Operating
costs per annum can be as low as 1% of the
initial investment costs.

Hydropower schemes often have more than one
purpose. Hydropower through water storage can
be used for flood control and can supply water
for irrigation or consumption and dams
constructed for hydropower can also be used for
recreational purposes. Different forms of
hydropower including reservoir, pumped
storage and run-of-river systems of various
sizes are available and can be used for different
forms of electricity generation.

1.2 Reasons for Retrofitting

Some of the reasons for retrofitting are [[4], [6],

[10], [11]]:

New operation purpose:- Dams could play a
major role as storage for electricity generated
from variable renewable energies (wind, solar,

etc.). Economic benefits of this purpose were
not considered adequately when assessing the
viability..

Mitigation: As climate change has become a
major issue, electricity generated from
hydropower can be a means of achieving
emission reduction goals.

Need for power generation: As some reservoirs
are prone to sedimentation and contamination
due to extensive use of fertilizers upstream,
energy could also directly be used for the
cleaning of the dam.

Change in political priorities: With respect to
altered political constellations, economic
development status or other factors affecting the
policy priorities might have changed.

Hydro schemes can be classified according to

the level of power output. A summary of scheme
classification is given in Table 1 below [[13], [14],
[15], [17], [18], [19]].

Table 1
Classifications of Hydro schemes
Classification Range Purpose
(i) Pico Up to 5 kW Small Local Generation-Simple off
Grid Domicile.
(ii) Micro 5 kW to 100 kW Small Community off Grid
Generation.
(iii) Mini 100 kW to 1 MW Community Generation-either off or
On-Grid.
(iv) Small 1 MW to 10 MW Commercial Scale Generation
(v) Medium 10 MW to 100 MW Feeding Grid
(vi) Large 100 Mw +

2.0 Materials and Method.

2.1 Development of Flow Rate Model
Basic Assumptions in the development of flow

rate model:

A set amount of flow is drawn off constantly to
produce a constant amount of power

Peak power is produced during the peak times
of the day by considering daily releases into the
peak values.

A variable amount of flow is drawn off up to a
maximum that the turbine can handle.

Water is directed from the river to the intake.
The flow of water is decelerated by entering a
settling tank or forebay in which particles

Vi.

Vii.

suspended in high velocity flows can come to
rest. The intake and forebay are often protected
by a trash rack which does not allow large
floating debris to pass into the penstock and
turbine.

The penstock carries the water at pressure to the
turbine which is situated in the power house
containing generation and control equipment.
The water flow then exits the power house
through the tailrace and back into the main
water course.

Consider Figure 1 and 2 below:
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Figure 1 - Variable Pressure by water height.
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Figure 2 - Hydroelectric Power Generation.

For a volume of fluid which is not in motion or
is in a state of constant motion, Newton's Laws states
that it must have zero net force on it i.e. the forces
going up must equal the forces going down. This
force balance is called the hydrostatic balance. The
net force over one point is due to the fluid weight.
The linear variation of pressure by water height is
given by.

P= P, + yh 1)

Where y = Specific Weight of the fluid

Po,= Atmospheric pressure

h= Height

The velocity at the intake of the system point 1
is the same as the velocity in point 2, but not

necessarily the same at the turbine input. This is due
to the use of nozzles at the pipe end in some cases.
The continuity equation states that for steady flow in
a pipeline, the weight flow rate (weight of fluid
passing a given station per unit time) is the same for
all locations of the pipe.

The law of conservation of energy states that
energy can neither be created nor destroyed. This
means that the total energy of a system remains
constant. The total energy includes potential energy
due to elevation and pressure and also Kinetic energy
due to velocity. Considering the system, the total
energy is

E, = WH, + W%+ %%Uf = Constant  (2)
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WH, + W24 2802 —whH, + w4 122 (3)
14 249 y 29

Where V1, V, = velocities at the two points
Hi= Losses in pipe
Equation (3) is known as Bernoulli’s Equation.
For a pipe in which fluid is flowing with a
weight flow rate, W that has units of weight per unit
time, the pipe has two different-size cross-sectional
areas identified by stations 1 and 2. The continuity
equation states that if no fluid is added or withdrawn
from the pipeline between stations 1 and 2, then the
weight flow rate at stations 1 and 2 must be equal,
ie.
W, =W, 4)
YAV: = YAV, ®)
The power available from falling water can be
expressed as
P = pqgh (6)
where
P = available theoretical power
p = density (kg/m®) (~ 1000 kg/m? for water)
q = water flow (m®/s)
g = acceleration due to gravity (9.81 ms?)
h = falling height, head (m)

Efficiency

Due to energy loss, the available power will be
less than the theoretically available power. The
practically available power is expressed as:

P, = upqgh (7
where
Pa = power available (W)
u = efficiency (in general in the range 0.75 to
0.95)
g = acceleration due to gravity (9.81 m/s?)
h = falling height, head (m)

Energy from Hydropower

The potential theoretical energy in a volume of
elevated water can be expressed as:
W = pVgh (8)
Where
W = energy (J)
V = volume of water (m®)
g = acceleration due to gravity (9.81 m/s?)
h = falling height, head (m)

Capacity Factor

Capacitor factor (CF) is the ratio of actual output
to its potential output over a period of time.

kWh
CF <Energy Generated per year (year)>

(10)

(Installed Capacity kW) ><8760h0ur/year

Potential energy of water
PE=MxgxH (11)

Kinetic energy of water
K.E=1/,xMxc? (12)
where:
g is the acceleration due to gravity (9.81 m/s?),
H is the Effective Pressure Head of water across
the turbine (m).
C is the jet velocity of water at the intake of the
turbine blade (m/s).
and:
jet velocityC = /2gH, (13)
The weekly water level reading of Asa Dam
collated over a period of thirty-six weeks were used.
The discharge over the dam can be calculated from:
Q = 1.8(L — 0.2h)h*® (14)
where Q is the discharge in m3/h.
L is the length of the water in ‘m’.
H is the height of the level of water flowing over
the veir.
The amount of water flow rate is expressed as:

_ 2
.F.R— 4.d. 297 o (15)
Where: Z is the specific head height in meters, d
is distance between dams.

Simulation

The weekly water level readings of the dam over
a period of thirty six weeks were used as simulation
parameters for the development of the flow rate
model for Asa Dam using MATLAB codes.

3.0 Results and Discussions

The measured water level in the dam within the
thirty six weeks study period is illustrated in Figure
1. Figure 2 shows the variation of the time and the
date for the dam for the study period.

On April 15, 2016, the measured water level was
1.1 cm at 15.20 hours of the day while the measured
water level at 14.10 hours on April 22, 2016 was 1.8
cm. The monthly flow rate of the dam in April 2016
was 1.511 m®/s with a percentage flow rate of 5%.
The percentage flow rate varied inversely as the
monthly flow rate throughout the month of April
2016. The least and highest percentage flow rate of
5% and 95% gave corresponding flow rates of 1.511
m3/s and 0.29 m%/s respectively as illustrated in
Figure 3.

The measured water level fluctuates between 2.1
cm and 2.6 cm in the month of May 2016. In this
month, the least water level of 2.0 cm was measured
on the dam on May 16, 2016 at exactly 15.05 hours
of the day while the highest water level of 2.6 cm
was measured on the dam on May 21, 2016 at 14.34
hours of that day. Figure 4 shows the relationship
between the percentage flow rate and the monthly
flow rate for May 2016. In this year, a least
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percentage flow rate of 5% gave a monthly flow rate
of 1.236 m%/s while the highest percentage flow rate
of 99% gave a monthly flow rate of 0.09 m3s
indicating an inverse relationship between the time
parameters.

In the month of June, 2016, the measured water
level of the dam fluctuated between 2.1 cm on June
17, 2016 at 14.13 hours of the day to 2.9 cm on June
21, 2016 at exactly 14.23 hours of the day. This is
because appreciable level of rainfall was recorded
and experienced during this month of June, 2016. In
June 2016, a percentage flow rate of 25% gave a
monthly flow rate of 1.21 m%s with an inverse
correlation between the two parameters as shown in
Figure 5.

On July 6, 2016, 2.8 cm was recorded as the
measured water level of the dam during the 12.35
hours of the day. The water level fluctuated
throughout this month between 2.7 cm and 3.2 cm on
July 10, 2016 and July 21, 2016 during the 13.43
hours and 14.37 hours of those days respectively.
This is because more rainfalls were experienced
during this month as well. Figure 6 shows the flow
rate for the month of July, 2016. In this month, a
percentage flow rate of 75% corresponds to a flow
rate of 0.16m%s even though, the percentage flow
rate increases as the monthly flow rate decreases.

The least measured water level of 2.9 cm was
recorded on August 13, 2016 during the 15.39 hours
of the day while the highest water level of 10.3 cm
was measured on August 24, 2016 during the 17.25
hours of the day. This is because this month of
August marked a month of continuous rainfall during
the year. The rainfalls experienced during this month
lasted for a longer period of time and it was
consistent. The percentage flow rates of 20%, 30%
and 40% gave corresponding monthly flow rates of
1.91 m¥s, 1.74 m?/s and 1.51 m%/s respectively for
August, 2016 thus showing an inverse relationship
between the two parameters as shown in Figure 7.

The month of September 2016 witnessed or
experienced a reduction in level of rainfall compared
to the previous months . On September 3, 2016, the
measured water level of the dam was 2.4 cm. the
least measured water level was 1.7 cm on September
12, 2016 during the 15.27 hours of the day while the
15.23 hours of September 29, 2016 witnessed the
highest measured water level of 6.8 cm even though,
the measured water levels fluctuated throughout this
month. Figure 8 illustrates the flow rate for
September 2016. The percentage flow rate and the
monthly flow rates are inversely related as seen in
Figure 8.

October 2016 witnessed a prolonged shortage of
rainfall because the least measured water level of the
dam was 1.1 cm on October 27, 2016 during the
20..33 hours of the day while the highest measured
water level of 4.2 cm was recorded on October 4,
2016 during the 18.26 hours of the day.. The
correlation between the percentage flow rate and the
monthly flow rate for the month of October 2016 is
shown in Figure 9.

The measured water levels in the dam during the
month of November reduced appreciably probably
because this month marked an acute shortage of
rainfall. The least water level measured on the dam
was 0.7 cm on November 5, 2016 during the 16.36
hours of the day while the highest measured water
level of the dam was 1.3 cm on November 9, 2016
during the 17.20 hours of that day simply because
this month marked a period of regular rainfall. Figure
10 illustrates the relationship between the percentage
flow rate and the monthly flow rate for the month of
November 2016. In this month, the least monthly
flow rate of 1.43 m3/s was recorded while the highest
monthly flow rate of 0.87 m%/s was recorded with
percentage flow rate of 5% and 99% respectively. An
inverse correspondence exists between the two
parameters as well.

Figure 11 shows the total monthly flow rate for
the dam. The percentage flow rates also vary
inversely as the total monthly flow rate for the dam
for the study period. The least total monthly flow rate
is 4.06 mds which corresponds to a highest
percentage flow rate of 99%.

Figure 12 shows the variation of the power with
the falling heights. The height undergoes variations
as the flow rate remains approximately constant. The
falling height of the water dam was 2m at a
theoretical power of 100W. The power in this case
varies linearly as the falling height. Thus, at a power
of 600W, the falling height was 12m. Figure 13
shows variation of the flow rate with the falling
height of the water dam. The flow rate varies
inversely as the height of the falling water.. A linear
flow rate model of the form y = 0.3014x + 0.1032
was developed for retrofitting of dam for
hydroelectric power generation.

y =0.3014x + 0.1032
p=qh+c
Where:

y = flow rate model

x = falling height of water in the dam

The model will read the input parameters and
calculate the flow rate of the system.
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Figure 1 - Measured Water Level versus Date.
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Figure 3 - Flow rate for April.
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Figure 4 - Flow rate for May.
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Figure 5 - Flow rate for June.
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Figure 6 - Flow rate for July.
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Figure 8 - Flow rate for September.
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Figure 9 - Flow rate for October.
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Figure 10 - Flow rate for November.
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Figure 12 - Variation of the power with the falling height h.
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Figure 13 - Variation of flow rate with the falling height h.

4.0 Conclusion

A linear flow rate model for retrofitting of dam
for hydroelectric power generation has been
developed.

The model development started with the use of
power available from falling water as input
parameter with simulation carried out and coded in
MATLAB.
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Introduction

Today JSC «Vladimir electromotive plant»
(Russia) carries out the manufacturing of accessories
and the assembly of the low voltage electric motors
by power from 0.75 to 315 kW [1]. The main
products of the enterprise are the three-phase
asynchronous motors for the general industrial use.
The motors of the special modification (explosion-
proof, single-phase, for the drive elevators, for the
electric hoists and etc.) are produced also.

Doi: &os¥ https://dx.doi.org/10.15863/TAS.2017.06.50.2

In addition to mechanical and assembly shops
in the structure of JSC «Vladimir electromotive
plant» includes the foundry shop and a number of the
auxiliary productions which constitute LLS «Lit-
VEMP». The nomenclature of LLC «Lit-VEMP» is
400 castings of gray cast iron GG10 (DIN), EN-GJL-
150 (EN), EN-GJL-200 (EN), CGI35 (I1SO), CIB2
and aluminium ENAC-44200 (EN), G-AlSil0Mg
(DIN) for the different modification of the electric
motors. The dimensions accuracy and the geometry
correctness of the castings are ensured by means of
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the designing of the gated pattern in the computer
program Pro/Engineer.

Grey iron has good casting properties. At high
castability and low shrinkage of the material, it is
possible to perform precision casting of the thin-
walled castings. However, casting in the production
conditions maybe accompanied by the dimensions
change and (hidden) defects in the casting structure.
This occurs during the deviation from the
technological process of casting (particularly the
massive iron casting). The poor quality casting will
have mechanical, operational and other properties
which don't correspond by the technical
requirements. The risk of the partial fracture of the
part/casting material (in depending purpose and
operation mode of the assembly unit) is increased.

The computer simulation, which is as close as
possible to the real technological process of casting,
will allow to determine the possible defects in the
casting structure and to perform corrective actions
for their elimination.

Materials and methods

The technological process of casting of frame
of the terminal box of the electric motor in the sand
mould [2] is simulated.

The case-shaped part is intended for protection
of the terminal box of the electric motor from ingress
of dust and chip during the operation. The part
«Frame of the terminal box» is the part of the three-
phase asynchronous motor with the squirrel-cage
rotor (series 5AMN). The electric motor of this series
is modernized and protected with the height of the
rotation axis of 315 mm. The configuration and the

dimensions of the part «Frame of the terminal box
5AMN 315 are presented in Fig. 1 — 6.

The  technical  requirements for  the
manufacturing of the part «Frame of the terminal box
SAMN 315»:

1. Accuracy of the casting 9-0-9-6 GOST
26645-85 [3].

2. Limit deviations 3.2 10 cl. GOST 26645-85.

3. The casting must comply by the factory
standard 520011.014-99.

4. The pattern tapers by GOST 3212-92 [4] in
the direction of increasing of the body casting.

5. Not specified foundry radii up to 3 mm.

6. Coating of the casting in accordance with a
climatic design.

7. * The dimensions for reference.

The main technological data for the
implementation of the casting process are presented
in the map of the technological information [5] (table
1). The basic technological process of the
manufacturing casting with indication of the special
equipment and the piece time on the performing of
the each operation is presented in table 2.

On the drilling machine the processing of ten
through-holes by a diameter of 8 mm and four
through-holes by a diameter of 12 mm is done.

The operation of chipping and finishing consists
of six technological steps.

Chipping of the (gates) feeders is occurred on
the first step. The cross sectional area of the (gates)
feeders is 5.6 cm?,

On the second step, chipping of the flashes at
the parting line of the sand mould is exercised. A
length of the flash up to 1500 mm at a thickness of 2
mm.
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Figure 1 — The drawing of the part «Frame of the terminal box 5AMN 315». Top view.
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Figure 3 — The drawing of the part «Frame of the terminal box 5AMN 315». View A.
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Figure 4 — The drawing of the part «Frame of the terminal box 5AMN 315». Cross section G-G (rotated).
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Figure 5 — The drawing of the part «Frame of the terminal box 5AMN 315». View C (rotated), longitudinal
section D-D (rotated).
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Figure 6 — The drawing of the part «Frame of the terminal box 5AMN 315». Removal element F, cross

section E-E.
Table 1
The technological information of the casting process.
Number of the complex_ity criterion according to the 110
price list Ne25-01
The complexity group of t_he ca_stin_g on the basis 1-3,2-1, 3-1, 4-5, 5-2, 6-1, 7-1, 8-3, 9-3, 10-4
of the complexity criterion
Adopted by the complexity group of the casting 2
The complexity group by assignment, responsibility 3
and requirements
The accuracy class of cast iron and steel
castings according to GOST 26645, 9
or other classifiers for non-ferrous casting
The unit of rationing, which is set 1
the consumption rate of the material
Shrinkage 1%
The quantity of castings in the mould 1
A length of the flask in the light 650 mm
A width of the flask in the light 540 mm
A height of the flask in the light 350 mm
Mass 110 kg
Mass of moulding sand 370 kg
The type of the sand mould Sand-and-clay
The melting unit Cupola, Q =5 t/hr
The temperature of metal during filling of the mould 1320 - 1330 °C
The bucket capacity 500 kg
The exposure time of the casting in the mould 24 min
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Table 2
The technological process of the manufacturing casting by casting in the sand mould.
Operation Operation name Equipment Piece time, min
010 Preparation of charge material Gantry crane (2 pieces) 0.4
Beam crane (1 piece);
020 Charge drawing and bulk charging Weighing cart; 1.447
Tipping bucket
030 Melting of metal Cupola, Q =5 t/hr (1 piece) 0.483
040 Preparation of moulding materials Rotary o!ner (1 p!ece), 0.4122
Clay mixer (1 piece)
050 Preparation of moulding sand Mixers (2 pieces) 2.8855
060 Moulding Moulding machine (2 pieces) 2.69
070 Material han:)%ltl T)% tohr; %)gﬂlré% and knock Floor conveyor (1 piece)
080 Pouring Mechanical hanger (1 piece); 0.957
Ladle
090 Release of the flasks 0.2061
Mechanical eccentric vibrating
grid (1 piece);
100 Knock-out of the castings Jib crane; 1.253
Sledgehammer;
Hook
Reweighting of the castings from the Cag;;;gef%g(l)eﬁgl(clh&féé)_
110 overhead conveyor-3 tp the overhead Hook: ! 0.244
conveyor shot-blasting chamber Hook for shot-blasting chamber
Shot-blasting chamber (1
Finishing of the castings from the ground piece);
120 and burn on, reweighting them on the Overhead electric hoist, 0.58
overhead conveyor-5 capacity — 250 kg (1 piece);
Hook
. Overhead electric hoist,
130 Removal of the castings from the capacity — 250 kg (1 piece); 0.244
overhead conveyor-5
Hook
Tool-and-cutter grinding
machine (1 piece);
140 Chipping and finishing Pneumatic grinder;
Forging chipper;
Sledgehammer
150 The inspection of the castings
Overhead electric hoist,
160 Hanging of casting on the conveyor of capacity — 250 kg (1 piece); 0.206
priming chamber Hook; '
Hanger
170 Priming of casting Priming chamber (1 piece); 0.206
Hanger
Removal of casting from the priming Ove_rhead electric hO.'St’
180 capacity — 250 kg (1 piece); 0.206
conveyor
Hook
190 The inspection of casting after priming
Beam crane, capacity — 2.0 t (1
200 Transporting of casting in the machine pie(_:e); . 0.489
shop Battery-driven truck;
Bank
Total time: 12.9088
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On the third step, chipping of metal penetration
and sand fusion, scabs, surface contaminations,
knobs as needed on internal and external surfaces of
the casting is performed. The chipping area up to 600
cm?,

On the fourth step, finishing of the traces of the
feeders is produced. The cross sectional area of the
(gates) feeders is 5.6 cm? As a cutting tool the
grinding wheel 1. 600x80%306 14A F22 N 7 V 35
m/s 1 cl. A GOST 2424-83 [6] is used.

On the fifth step, chipping of the flash at the
parting line of the sand mould is performed. A length
of the flash up to 1500 mm at a thickness of 0.5 — 2
mm.

On the sixth step, finishing of metal penetration
and sand fusion, scabs and knobs in places where
available by sharpening of the grinder is performed.
The finishing area up to 600 cm?. As a cutting tool
the grinding wheel 1. 150x10x32 14A F40 N 7 B 40
m/s 1 cl. A GOST 2424-83 is used.

The inspection operation is performed after
casting and priming of the casting. The inspection is
subjected the appearance of the casting for the
detection of blowholes, cracks and other defects. The
inspection is subjected the dimensions of the casting
according to the drawing and the sketch of the
casting. The inspection is 2 %. The inspection is
subjected the mechanical properties, chemical

AN

—

composition and the structure of an alloy. The
appearance of the casting (the inspection is 100 %) is
inspected after priming visually.

The gated pattern consists of the model plates
top and bottom. The elements of the gating system
are:

- the pouring basin and the sprue, which are
used for reception of the stream and supply of melt at
the height of the sand mould respectively;

- the dirt trap, located in the cope and used for
capture of the various inclusions in melt;

- four (gates) feeders, used for supply melt
directly in the mould cavity.

The configuration of the sand mould and
dimensions of the elements of the gating system are
presented in Fig. 7.

The three-dimensional solid model of the
casting (without elements of the gating system) was
created through the tools of the computer program
KOMPAS-3D (Fig. 8 - 9).

The percentage of the chemical elements in the
alloy EN-GJL-150 is presented in table 3. The
percentage of the chemical elements in the table was
determined for the alloy in the liquid state.

Thermophysical conditions of the casting
process of grey cast iron in the sand mould are
presented in table 4.

The elemenf cross sechon
of the qating system

Sprue B-8

\J Fs=71cm?
230

Gate (-

‘ The sectional area

8 Fg =14 cm?
/ \ | Total quantity 4
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Ort trap -0
2
’ _
] Fdt = 7 cm?
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Figure 7 — The configuration of the sand mould and dimensions of the elements of the gating system.
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Figure 8 — The solid model of the casting (top view).

Figure 9 — The solid model of the casting (bottom view).

Table 3
The chemical composition of the alloy EN-GJL-150 in percentage.
Fe C|lSi|Mn]Cr | P S Ni
92.85]136)]22]07]015]0.2]0.15] 0.15
Phase transformations during cooling of melt
are accompanied by the change of heat of
crystallization, grain growth and nucleation/growth
ratio.
Table 4
Thermophysical conditions of the casting process of grey cast iron.
Liquid alloy Austenite | Cementite | Graphite
Heat of crystallization of the primary phase, kJ/kg Heat of crystallization, ki/kg
160 130 | 330 | 5900
CLF up, % Growth coefficient, mm/°C x s
70 02 | 01 ]| 0.001
CLF down, % Nucleation/growth ratio
30 01 | 001 | o0.001
Total emissivity
0.1 [ o011 | o1 | o053
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CLF up in percentage is the fraction of the
liqguid phase of the alloy. Free flow of melt is
occurred up to 70 %.

CLF down in percentage is the critical fraction
of the liquid phase of the alloy. Risering by melt
between two liquid zones is impossible up to 30 %.

On the basis of the chemical composition of the
alloy class and the basic constitution diagram «iron —
carbon» is built the modified constitution diagram
«iron — carbon» [7]. According to the modified

Temperature, °C
1600.0

1400.0

constitution diagram there are calculated the liquidus
temperature and the solidus temperature, the
parameters of phase equilibria, which are determined
the phase transitions during the crystallization
simulation of the alloy.

The temperature ranges for the liquid alloy,
austenite, cementite and graphite during cooling of
grey cast iron are presented on the modified
constitution diagram «iron — carbony (Fig. 10).

Modified constitution diagram Fe -C

Figure 10 — The modified constitution diagram «iron — carbon».

The red dotted vertical line on the diagram is
the concentration of the second main element of the
alloy. In accordance with the modified constitution
diagram «iron — carbony, gray cast iron is in the
liquid state in the temperature range from 1150 to
1600 °C. In the temperature range from 1150 to 1113
°C it is formed graphite eutectic. The saturation of
austenite by carbon is occurred in the temperature
range from 1150 to 732 °C. Below of the temperature
of 732 °C carbon is dissolved and graphite begins to
reject from ferrite.

The values of density, heat conduction, specific
heat and viscosity of gray cast iron were obtained by
extrapolation. The blue dotted vertical line on the
charts is the solidus temperature of the alloy, the
green dotted vertical line is the temperature of the
estimated kinetic solidus of the alloy. Properties
change of grey cast iron during the temperature
change is presented in Fig. 11 — 14.

With decreasing of the temperature, density of
the alloy increases slightly. The least density occurs
in the graphite phase of the alloy, the highest is in the
cementite phase.
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Figure 11 — Density during the change of the structural-phase state of gray cast iron.

In grey cast iron at the temperatures close to the
equilibrium eutectic is observed preshrinkage
expansion, for this reason the dependencies of
density from the temperature for melt and for the
solid phase must be formed so that density of melt
near eutectic was higher than density of the solid
phase.

Density calibration of the alloy was performed
at setting of the following parameters: CEL (carbon
equivalent) is 4.25 %, volume change of the casting
material from the solidus temperature (1137.49 °C)
till the ambient temperature (20 °C) is 1.12 %, the
mould hardness (+GF+) is 80, liquid shrinkage is

%
0.65 ———, Tp is 1600 °C (ATAS is a modular
100°C

process control system for analyzing, optimizing and
stabilizing the foundry process), Teiow IS 1147.49 °C
(ATAS), GRF 2 is 25, eutectic graphite is 6.5 g,
proeutectic is 20 %, eutectic 1 is 50 %, eutectic 2 is
30 %, primary austenite is 15 %.

The highest heat conduction has gray cast iron
saturated by graphite. Cooling of the alloy from 1200
°C to 22 °C with formation of the graphite phase is
characterized by increase of heat conduction in three
times. The value of heat conduction in the cementite
phase doesn't change and amounts about 20 W/m x
°C.

Simultaneously ~ with  increase of heat
conduction in the graphite phase of the alloy, specific
heat is decreased. In the cementite phase of grey cast
iron, cooling occurs with constant expended energy.

The change of the value of viscosity of gray
cast iron occurs above the solidus temperature, i.e.
the alloy is in the liquid state. The decrease of
viscosity of the alloy is observed in the temperature
range from 2000 to 1300 °C.

High-silica sand was used as the mould
material. The dependencies of density, heat
conduction and specific heat of the mould material
from the temperature are presented in Fig. 15 — 17.
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Figure 12 — Heat conduction during the change of the structural-phase state of gray cast iron.
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Figure 13 — Specific heat during the change of the structural-phase state of gray cast iron.
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Figure 14 — Viscosity of gray cast iron during the change of the temperature.
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Figure 15 — The change of density of the mould material (high-silica sand) from the temperature.
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Density of high-silica sand at the ambient
temperature is 1519.5 kg/m®. After filling of the
mould by melt it is observed the decrease of density
of the some volume of high-silica sand up to 1487.5

Heat conduction. W/m/*C

0.800

kg/m? at the temperature of 1600 °C. Change rate of
density of high-silica sand in the crystallization phase

is the least.

0.750

0.700

0.650
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1500.000

1000.000

0.000
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Figure 16 — The change of heat conduction of the mould material (high-silica sand) from the
temperature.

The decrease and the subsequent increase of
heat conduction of high-silica sand during cooling of
gray cast iron occur after the solidus temperature.

The maximal value of heat conduction of the mould
material at the temperature of 22 °C is 0.732 W/m x

°C.
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Figure 17 — The change of specific heat of the mould material (high-silica sand) from the temperature.

The decrease in two times of the value of
quantity of heat during cooling of the mould material
occurs in the temperature range from 1319 to 22 °C.

The main properties of the mould material were
taken total emissivity, gas-permeability and rigidity.

The set value of gas-permeability it is necessary
during the process simulation of the mould filling by
melt given of gas (from the mould cavity). The
values of these parameters are shown in table 5.

Table 5

The properties of the mould material.

Parameter

Value

Total emissivity

0.93

Gas-permeability

1.53 x 10 m#/Pa x s

Rigidity

1

The created solid model was saved in a file with
STL extension for the subsequent import to the
program LVMFlow [8]. Into the module «3D
Import» it was provided the information about the
dimensions of the model and the number of the faces
(16562). The number of the faces is set by Step

accuracy (1). The model was oriented in the space in
accordance with the technological process of casting.
Fixation of the model was carried out during pressing
of the buttons «Aligny» for 3 axes.

The fixed model of the casting is presented in
Fig. 18.
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Figure 18 — The uploaded casting and the gating system into the module «3D Import».

After determining of the orientation and fixing
of the model, the appropriate information was saved
in a file with CVG extension. This file was imported
into the module «Initial settings».

For the reduction of the calculation time, the
gated pattern was created incompletely. The model
casting was inscribed in the calculated field. The
dimensions of the field: 693.878 mm (X-axis),
383.16 mm (Y-axis) and 275.978 mm (Z-axis). The
position of the model casting in the calculated field
according to the corresponding coordinate axes is
346.939 mm, 191.58 mm and 137.375 mm. The

dimension of a cell was adopted by the value of
5.307 mm (the number of the cells along X-axis was
131, along Y-axis was 72 and along Z-axis was 52).
After generating of a mesh, the total number of the
cells was 490464, the casting cells was 41810. For
the calculation it was required amount of memory of
413.5 Mb. The lower and higher thickness of the
mould according to the coordinate axes was set to the
default by the value of 10 mm. The ambient
temperature didn't differ from the initial temperature
of the mould.
The generated mesh is presented in Fig. 19.

Figure 19 — The mesh creation.

For the alloy it was set the initial temperature of
1325 °C, the liquidus temperature is 1147.608 °C and
the solidus temperature is 1147.495 °C. CLF Niyama
was adopted of 3 % [9; 10]. The calculated volume
of the alloy in the sand mould was amounted to
3964.747 cm3, the calculated mass of the casting was
amounted to 26.169 kg.

The initial temperature of the mould material
was taken of 20 °C. The calculated volume of high-
silica sand was amounted to 69354.921 cm?®, the
calculated mass of the mould material was amounted
to 105.399 kg.

The mould cavity was filled by air (at the initial
temperature of 20 °C and radiolucency of 1.0).

The contact gap was absent. Upper, lateral and
lower coefficients, taking into account the contact
properties respectively of top, side and bottom
surfaces of the sand mould, were taken of 100 %.
The coefficients are used for the fit of forming the air
gaps.

The calculated field with the display of the
casting material, the mould material and the cavity
medium is presented in Fig. 20.
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Figure 20 — The calculated field with the display of the casting material, the mould material and the cavity
medium.

In the cross section of the pouring basin (XY
plane) it was set one gating point. The coordinates of
the gating point and direction of melt flow are
presented in Fig. 21.

X mm Y.mm | 2.mm | Direction...
649.031 42011 265417 -z

Figure 21 — The set of the gating point.

For measuring of flow of the poured alloy it presented in Fig. 22. The calculation of flow was
was set the flowmeter. The dialog window with carried out on the plane of setting of the gating point.
coordinates of the location of the flowmeter is
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Figure 22 — The set of the flowmeter.

By means of the sensors it is possible to control
the change of the some parameters of the casting
process. The location of six sensors in the mould
cavity is presented in Fig. 23.

Figure 23 — The set of the sensors.

In the dialog window «Filling parameters» it gating system), where it is set the gating point, is
was set the pouring type — lip pouring. The section called by pressure height. In the dialog window,
area of the gate was amounted to 3726.555 mm?. pressure height PH by the dimension of 85.254 mm
Effective pressure head (used for the calculation of will be the distance from which the filling process
initial metal flow through the cross section of the occurs.
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Pouring type Lip pouring

Pressure height, mm

Friction factor
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v  100.000
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3726.555

D- stream diameter
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Flow. kg/s
22000 291

Stream area, mm"2
380133

(o]

Figure 24 — The filling parameters of the sand mould by melt.

The friction factor characterizes the resistance
in the gating system. The friction factor was taken of
0.9. The projection angle of the stream of metal on
the plane with X-axis (Teta) was taken by the value
of 1°. The stream diameter (22 mm) of melt was set
given of the dimensions of the sprue (in the cross
section it is displayed by the red color). The values of
the stream area and melt flow are calculated
automatically and are amounted to 380.133 mm? and

2.921 kgl/s respectively. The established filling
parameters of the sand mould by melt are presented
in Fig. 24.

The information with the initial settings was
saved in a file with SIM extension. The descriptor (a
file with PSP extension) was created automatically.

The simulation parameters are presented in
table 6.

Table 6

The simulation parameters.

Type of cycling

Without cycling

Calculation model

Quasi-equilibrium, without segregation, without taking gas into account at filling,

without convection.

Aggressive AMG, The Gauss-Seidel method [11]

Coefficient of turbulence 0
Gravity influence coefficient, % 50 (medium gravity)
Interfacial heat transfer model Air gap
Number of start up thread 4

Physical properties for
simulation

Calculated by phases

Ratio volume/surface area, %

1

Maximal step for solid, s

7.98

Filling stop criteria

Volume of mould filled 100 %

Time intervals, s

From 0O to 100, step 10

Filed volume intervals, %

From 0O to 100, step 10

Liquid phase intervals, %

From 100 to 80, step 5

Maximum temperature
intervals, °C

From 1500 to 20, step 100
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The wire model of the casting and the gating
system in Fig. 25 are the channels for filling of melt.
The calculation time of the casting process was
amounted to 2010 seconds.

Figure 25 — The wire model of the casting and the gating system before the calculation process.

Results and discussion

The work [12] presents the analysis of the
solidification process of non-alloy cast steel with the
different wall thickness of the casting. On the basis
of the derived dependence it was received the
coefficient for definition of the solidification time of
the casting.

The results of this research are the calculated
fields on the model of the iron casting, characterizing
the change of the casting parameters in the sand
mould in accordance with the color scale. The
simulation of the casting process in the sand mould

of the case-shaped casting is described in the work
[13].

The calculated fields of the temperature change
of melt during the mould filling and subsequent
cooling are presented in table 7.

The calculated time of the mould filling by melt
was amounted to 9.106 s. The calculated time of
cooling (solidification) of melt in the sand mould
was amounted to 396.185 s. The total time of casting
in the sand mould was amounted to 405.291 s. The
step of storing of the calculated field for the mould
filling by melt was amounted to 0.9 s.

Table 7

The temperature of melt (filling and cooling).

09s

The temperature of melt during the mould filling

Temperature, °C

1305.000
1280.400
1255.800
1231.200
1206.600
1182.000
1169.500
1157.000
1144500
1132.000
909.800
687.600
465.400
243200
21.000
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1305.000
1280.400
1255.800
1231.200
1206.600
1182.000
1169.500
1157.000
1144.500
1132.000
909.800
687.600
465.400
243.200
21.000

2.7s Temperature, °C 3.604 s

1305.000
1280.400
1255.800
1231.200
1206.600
1182.000
1169.500
1157.000
1144.500
1132.000
909.800
687.600
465.400
243.200
21.000

Temperature, °C 5411s

1305.000
1280.400
1255.800
1231.200
1206.600
1182.000
1169.500
1157.000
1144.500
1132.000
909.800
687.600
465.400
243.200
21.000

Temperature, °C 7.225s

1305.000
1280.400
1255.800
1231.200
1206.600
1182.000
1169.500
1157.000
1144.500
1132.000
909.800
687.600
465.400
243.200
21.000

8.133s Temperature, °C 9.106 s
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The temperature of melt during cooling

1305.000
" 1280.400
8 1255800
1231200
1206.600
1182.000
1169.500
1157.000
1144 500
1132.000
909.800
687.600
465.400
243.200
21.000

Temperature, °C

1305.000
" 1280.400
8 1255800
1231200
1206.600
1182.000
1169.500
1157.000
1144 500
1132.000
909.800
687.600
465.400
243.200
21.000

Temperature, °C

1305.000

Temperature, °C

54.691 s

33.581s

" 942395
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s 1280.400
g 1255.800

Temperature, °C

y 1280.400
8 1255.800

Temperature, °C

y 1280.400
8 1255.800

Temperature, °C

1305.000

1231.200
1206.600
1182.000
1169.500
1157.000
1144500
1132.000
909.800
687.600
465.400
243200
21.000

" 1261425

1305.000

1231.200
1206.600
1182.000
1169.500
1157.000
1144500
1132.000
909.800
687.600
465.400
243.200
21.000

" 173.996's

1305.000

1231.200
1206.600
1182.000
1169.500
1157.000
1144500
1132.000
909.800
687.600
465.400
243.200
21.000

" 405.201's

The analysis of the calculated fields of the
temperature change of melt during the mould filling
shows that during the first 3.604 s the temperature
decreases in relation to the initial temperature by
about 9 %. Melt, which is more distantly from the
(gates) feeders, has the temperature close to the
liquidus temperature. Cooled of the casting is slower
than during filling, because there is only the heat

transfer process. During filling, energy is expended
on the motion of melt in the channels of the mould.
The temperature during solidification of grey cast
iron was about 450 °C.

The calculated fields of ratio of the temperature
change of melt during the mould filling and
subsequent cooling to change the time of casting are
presented in table 8.
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Table 8

Ratio of the temperature change of melt to change the time of casting.

1.000
0.000
-1.000
-2.000
-3.000
-4.000
-5.000
-6.000
-7.000
-8.000
-9.000
-10.000
-12.000
-13.000
-14.000

dT/dt, °C/s

1.000
0.000
-1.000
-2.000
-3.000
-4.000
-5.000
-6.000
-7.000
-8.000
-9.000
-10.000
-12.000
-13.000
-14.000

2.7s dT/dt, °C/s

1.000
0.000
-1.000
-2.000
-3.000
-4.000
-5.000
-6.000
-7.000
-8.000
-9.000
-10.000
-12.000
-13.000
-14.000

dT/dt, °C/s

-10.000
-12.000
-13.000
-14.000

6.318 s dT/dt, °C/s

7.225s
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=0.912 | ICV (Poland)

{ 1SI (Dubai, UAE) = 0.829 | PHHII (Russia) = 0.234 | PIF (India)

Impact Factor: GIF (Australia)

=0.564 | ESJI (K2)

=3.860 | IBI (India)

L JIF =1.500 | SJIF (Morocco) = 2.031

=6.630
=1.940
=4.260

1.000
0.000
-1.000
-2.000
-3.000
-4.000
-5.000
-6.000
-7.000
-8.000
-9.000
-10.000
-12.000
-13.000
-14.000

dT/dt, °C/s

1.000
0.000
-1.000
-2.000
-3.000
-4.000
-5.000
-6.000
-7.000
-8.000
-9.000
-10.000
-12.000
-13.000
-14.000

10.367 s dT/dt, °C/s

1.000
0.000
-1.000
-2.000
-3.000
-4.000
-5.000
-6.000
-7.000
-8.000
-9.000
-10.000
-12.000
-13.000
-14.000

42522 s dT/dt, °C/s

1.000
0.000
-1.000
-2.000
-3.000
-4.000
-5.000
-6.000
-7.000
-8.000
-9.000
-10.000
-12.000
-13.000
-14.000

62.336 s dT/dt, °C/s

33.581s

54.691 s

70.312s
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Impact Factor:

| SIS (USA)
{ PHHII (Russia) = 0.234
i ESJI (K2)
=1.500 |

=0.912 | ICV (Poland)
i PIF (India)

| 1BI (India)

=6.630
=1.940
=3.860 =4.260

SJIF (Morocco) = 2.031

@'\

78.287 s dT/dt,

@'\

110.190 s dT/dt,

@'\

150.069 s dT/dt,

o'|

221.850s dT/dt,

10000
-12.000
-13.000
-14.000

°C/s

94.239 s

10000
-12.000
-13.000
-14.000

°C/s

126.142 s

10000
-12.000
-13.000
-14.000

°C/s

173.996 s

10000
-12.000
-13.000
-14.000

°C/s

405.291 s

The first 3.604 s of the process of the mould

solidification time, energy of the inner layers of the

filling are characterized by almost same cooling rate
of melt. On the next 3.621 s of the mould filling it is
observed the deceleration of cooling rate of melt. The
process of melt solidification is occurred with
uniform cooling rate. On the finite interval of the

casting material is transferred by the outer layers,
therefore, there is the increase of cooling rate.

The calculated fields of the fraction of the
liquid phase of the alloy during filling of the mould
and subsequent cooling are presented in table 9.
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Table 9

The fraction of the liquid phase of the alloy (filling and cooling).

: 95,000
‘ 90,000
85,000
80000
75,000
0000
60,000
50,000
/(/ 40000
: 30,000
25000
20000
15,000
10000
5.000

Liquid phase, % 1.801s

» 95.000
: 90.000
85.000
80.000
75.000
70000
60.000 s
AN =
40.000 =
30.000
25.000
15.000
10000
5.000

Liquid phase, % 3.604 s

a 95.000
90000
85.000
80.000
75.000
70000
60.000 N
o 50000
40000 =
30.000
25.000
5 20000
15000
10000
5.000

4.509 s Liquid phase, % 5411s

“

20.000
15.000
10.000
5.000

6.318 s Liquid phase, % 7.2255
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{ 1SI (Dubai, UAE) = 0.829
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Impact Factor:

= 1.500 |

| SIS (USA) =0.912
{ PHHII (Russia) = 0.234
{ ESJI (K2) =3.860
SJIF (Morocco) = 2.031

{ ICV (Poland)
{ PIF (India)
| 1BI (India)

=6.630
=1.940
=4.260

8.133s

o

10.367 s

&

425225

62.336 s

@

Liquid phase, %

78.287 s

9.106 s

33.581s

54.691 s

70.312s

94.239 s
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[ ISRA (India) = 1.344

.| ISI (Dubai, UAE) = 0.829
Impact Factor: | GIF (Australia) =0.564 |
L JIF =1.500 |

| SIS (USA) =0.912
{ PHHII (Russia) = 0.234
{ ESJI (K2) = 3.860
SJIF (Morocco) = 2.031

{ ICV (Poland)
{ PIF (India)
| 1BI (India)

=6.630
=1.940
=4.260

110.190s

221.850s

Liquid phase, %

Liquid phase, %

Liquid phase, %

30.000
25.000
20.000
15.000
10.000
5.000

126.142 s

95.000
90,000
85.000
80.000
75.000
70.000
60.000
50.000
40,000
30.000
25.000
20,000
15.000
10.000
5,000

173.996 s

95.000
90.000
85.000
80.000
75.000
70.000
60.000
50.000
40.000
30.000
25.000
20.000
15.000
10.000
5.000

405.291 s

In accordance with the calculated fields, it is
possible to observe that to complete filling of the
channels of the mould, the alloy is in the liquid state.
The exceptions are the some volumes of the alloy
(approximately 5 %) at the bottom part and the side
window of the casting. The volume of the alloy
poured into the mould is solidified unevenly. The
crystallization process is slower on the angular bends
of the casting. This may affect on its quality, because
in these places there are residual deformations of the

material. The forecast of the formation of residual
deformations is correct and for the bottom of the
casting.

The calculated fields of pressure in melt during
filling of the mould are presented in table 10.

During the mould filling, pressure in melt is
changed in the range from 0.02 to 0.05 bar. The side
surfaces of the casting are exposed by variable
pressure.
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= 1.344 | SIS (USA) =0.912 | ICV (Poland) =6.630

PUHII (Russia) = 0.234 | PIF (India) =1.940
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Pressure in melt during filling of the mould.

Table 10

09s

2.7s

4509 s

0027

0.247
0219
0.192
0.164
0.137
—

0110

Pressure, Bar

0247
0219
0192
0.164
0137
o

0.082

0.247
0219
0.192
0.164
0.137
0.110
0.082

Pressure, Bar

0247
0219
0192
0.164
0137
B ono

0027

0110

Pressure, Bar

1.801s

3.604 s

5.411s
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Impact Factor:

= 1.500 |

| SIS (USA) =0.912
i PUHII (Russia) = 0.234
i ESJI (KZ) =3.860

SJIF (Morocco) = 2.031

| ICV (Poland)  =6.630
i PIF (India) =1.940
=4.260

| 1BI (India)

8.133 s

Pressure, Bar

The least pressure is concentrated at the bottom
part of the -casting, the highest pressure is
concentrated on the top part of the casting. The
calculated fields of the velocities of melt during
filling of the mould are presented in table 11.

The velocity of melt flow doesn't change
throughout of the mould filling because casting
occurs without the application of external pressure,
but only under the action of the gravitational forces.
It speaks about a uniform distribution of melt
throughout the volume of the mould.

Table 11

The velocities of melt during filling of the mould.

I

I

2.7s

4.509 s

Velocity, m/s

3535
3283
3.030
2778
2525
2273
2.020
1.768
1515

Velocity, m/s

3535
3283
3.030
2778
2525
2273
2020
1.768
1515

Velocity, m/s

1.801s

\\“

3.604 s
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| ISRA (India) = 1.344
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i PUHII (Russia) = 0.234

| ICV (Poland)
{ PIF (India)

=6.630
=1.940

ImpaCt Factor: GIF (Australia) =0.564

. | ESJI (K2) =3.860
LJIF =1.500 |

SJIF (Morocco) = 2.031

| 1BI (India) =4.260

Velocity, m/s

3535
3283
3.030
t 2778
2525
2273
2,020
1.768
1515

8.133s

Velocity, m/s 9.106 s

minimal contact with the walls of the channels of the
sand mould.

The calculated field of work effectiveness of
the gating-feeding system is presented in table 13.

The calculated fields of the contact time of melt
with the walls of the mould are presented in table 12.
The contact time of melt with the walls of the
mould is less the filling time. This is due to the fact
that liquid alloy flows from layer to layer and has the

Table 12
The contact time of melt with the walls of the sand mould.

8.960

. 8.320
S 7.680
7.040

6.400

5.760

5.120

4480

3.840

3200

2560

1920

1280

0.640

0.000

Wall contact time, s

8.960

. 8.320
S 7.680
7.040

6.400

5.760

5.120

4480

3.840

3200

2560

1920

1280

0.640

0.000

Wall contact time, s

2.7s
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Impact Factor:
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=6.630
=1.940
=4.260

| SIS (USA) =0.912
{ PHHII (Russia) = 0.234
{ ESJI (K2) = 3.860
SJIF (Morocco) = 2.031

{ ICV (Poland)
{ PIF (India)
| 1BI (India)

4.509 s

6.318 s

8.133s

Wall contact time, s

S—

Wall contact time, s

S—

Wall contact time, s

5411s

8.960
8.320
7.680
7.040
6.400
5.760

7.225s

8.960
8.320
7.680
7.040
6.400
5.760

9.106 s

Table 13

The assessment of effectiveness of the gating-feeding system.

405.291 s

Thermal modulus, cm

The calculated field of volumetric shrinkage of
the casting material is presented in table 14. As a
result of the occurrence of shrinkage, the casting

volume after solidification in the sand mould was
amounted to 98 %.
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Table 14

Volumetric shrinkage of the casting material.

" 405.291 s

90.000
70.000
50.000
45.000
40.000
30.000
25.000
20.000
15.000
10.000
5.000
4.000
3.000
2.000
1.000

Shrinkage, %

The thermal modulus is ratio of the casting
volume to its surface (V/s). For determination of the
thermal modulus it is used the following formula:

m:k\/f, where k=i

Yo
proportionality, t — the solidification time of the
casting (in seconds), to — the crystallization time of
the material by a diameter of 1 cm (in seconds).
Insufficient risering is observed on the most
darkened areas of the model.

— the coefficient of

In accordance with the basic technological
process, calculated volumetric shrinkage of the
casting material doesn't exceed the permissible value
of shrinkage. However, in the bottom part of the
casting, volumetric shrinkage was amounted to 10 %.
This defect is the result of uneven solidification of
the casting in the sand mould. For elimination of this
defect it is necessary to perform the calculation of the
dimensions of the (gates) feeders of the gating
system.

The calculated field of the Niyama criterion for
the casting material is presented in table 15.

Table 15

The Niyama criterion for the casting.

405.291 s

Niyama,

1.800
1.671
1.543
1414
1.286
1.157
1.029
0.900
0.771
0.643
0514
0.386
0.257
0.129
0.000

gradT

VV cool

, where Vo — cooling rate

The Niyama criterion allows to predict the
forecast of the formation of microporosity and
shrinkage porosity in the casting material. The
criterion is determined from ratio of the temperature
gradient to cooling rate of the casting. The values of
the both parameters are taken at the end of
solidification of the casting. Then the less value of
the Niyama criterion, that there is the more

probability of the formation of shrinkage porosity. In
accordance with the calculated field, shrinkage
porosity is formed in the bottom part and on two
symmetrical side walls of the casting.

The calculated values of parameters of the
casting process in the sand mould are presented in
the summary table 16.
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Table 16
The parameters of the casting process.
Time, s | Filled volume, % | Mass, kg | Liquid phase, % | Volume shrinkage, % | Tmax, °C
0.004 0.1 0.02 100 0 1325
0.9 10 2.63 100 0 1325
1.801 20 5.26 99.9 0 1325
2.7 30 7.89 99.9 0 1325
3.604 40 10.53 99.9 0 1325
4.509 50 13.17 99.8 0 1325
5.411 60 15.8 99.8 0 1325
6.318 70.1 18.46 99.8 0 1325
7.225 80.1 21.1 99.7 0 1325
8.133 90 23.76 99.7 0 1325
9.106 100 26.53 99.6 0 1325
10.367 100 26.53 99.5 0 1324.2
33.581 99.3 26.53 94.2 0.65 1286.3
42.522 99.2 26.53 89.4 0.83 1263.6
54.691 99 26.53 81.7 0.96 12354
62.336 99 26.53 76.6 1 1219.2
70.312 99 26.53 71.3 1.03 1203.5
78.287 98.9 26.53 66 1.06 1189
94.239 98.9 26.53 56 1.08 1163.4
110.190 98.9 26.53 46.9 1.1 1147.3
126.142 98.9 26.53 38.6 1.11 1146.5
150.069 98.8 26.53 27.7 1.12 1145.7
173.996 98.8 26.53 18.9 1.13 1145.1
221.850 98.6 26.53 8.9 1.14 1144
405.291 98 26.53 0 1.14 1106.8

For the feeder size calculation it was used the
algorithm NovaCast Foundry Solutions AB [14]. The
required quantity of the feeders was determined on
the basis of the calculated fields of the casting with
shrinkage. Ratios feeder/casting and neck/casting
depend on the grade of the alloy and the peculiar

properties of the solidification process. For gray cast
iron ratios were taken by the values of 1 and 0.7
respectively.

The feeder size calculation for reduce of
shrinkage in the bottom part of the casting is given in
table 17.

Table 17

The feeder size calculation.

Selection of the casting node

Input data
Alloy density, kg/m?® 6761.017
Casting modulus, cm 0.84
Casting weight to be fed, kg 26.806
Minimum feed metal requirement, % 2.374
Minimum modulus ratio feeder/casting 1
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Feeder ratio height/diameter 1.5
Modulus ratio neck/casting 0.7
Feeder type Cylinder
Mould hardness 80
Location Top
Result
Minimum feeder modulus, cm 1.422
Actual modulus ratio feeder/casting 1.692
Feed metal requirement, cm® 131.781
Feeder weight, kg 3.472
Modulus feeder neck, cm 0.588
Feeder neck dimension square, mm 23.531
Minimum feeder diameter, mm 75.821
Minimum feeder height, mm 113.731

Thus, for supply of the alloy it is necessary the
feeder with a minimum diameter of 75.821 mm.

The readings of the temperature, cooling rate,
the fraction of the liquid phase, the velocity,

Temperature, ‘C

pressure, flow and quantity of heat of the alloy from
the time of the casting process, obtained from six
sensors are presented in Fig. 26 — 32.

...................................................................................................................................................

00

Figure 26 — The dependencies of the temperature of melt from the time of the casting process.

200.0 3000
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00 100.0 20;).0 30;).0 400.0 Time. s
Figure 27 — The dependence of cooling rate of melt from the time of the casting process.

00 100.0 200.0 300.0 400.0 Time, s

Figure 28 — The dependencies of the phase fraction of melt from the time of the casting process.

00 20 40 60 80

Figure 29 — The dependencies of the flow velocity of mélt from the time of the mould filling.

Time, s
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Figure 30 — The dependencies of pressure in melt from the time of the mould filling.

00 20 40 60 80 Time, s
Figure 31 — The change of melt flow from the time of the mould filling.
Quantity of heat, MJ
B0 L R
-16.00 : : : ;
00 100.0 200.0 300.0 400.0 Time, s

| Figure 32 — The change of the quanfity of heat of melt'from the time of fhe mould filling.
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The fluctuations of cooling rate of melt were
determined at the stage of the mould filling. The
solidification process occurs with a constant rate of
cooling of the inner layers of the alloy.

On the chart of flow, the upper dependence is
melt flow on the sprue, the lower dependence is melt
flow on the flowmeter.

The chart of the quantity of heat determines the
change of the quantity of heat in the alloy and

moulding sand since the beginning of the simulation
of the casting process. The colors of the
dependencies correspond to the colors of the models
of materials. The casting gives off heat (negative
values), moulding sand takes heat (positive values).
The process of heat transfer is uniform.

The general view of the casting, manufactured
under production conditions, is presented in Fig. 33.

Figure 33 — The casting of frame of the terminal box.

The results of the computer simulation will be
useful in the selection of the foundry equipment and
the implementation of the optimization of the casting
process.

Conclusion

The performed analysis of the results of the
finite element simulation of the casting process of
grey cast iron in the sand mould allows to draw the
following conclusions:

1. The time of casting, when melt flow is 2.921
kgls, was amounted to 405291 s. This is
approximately on 17 minutes less than exposure time
of the casting in the sand mould in accordance with
the basic technological process.

2. The casting in the sand mould is cooled
unevenly. It leads to the formation of local residual
stresses in the casting material. Such deformations
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MMPOLECCHI, MPOUCXOJAIIHUE ITPU OBE3BOKUBAHUH BJJAT'OHACBIINEHHOT'O
MATEPHUAJIA

Annomayun. B cmamve paccmampusaemcs co8pemenHoe COCMOAHUe UCCIe008AHUL U CYUeCmEyoujue
MOOenU OBUINCEHUSL BNIALOHACBIUEHHO20 MAMEPUATA, 3ANCANO20 MENCOY BPAUATOUSUMUCS BATIKAMU.

Knrouesvie cnosa: yoanenue snazu, euOpoOUHAMUKA, 0epopMayus, 61a20HACIUEHHbLI MAMEPUAIL, BANKOGbLE
MEXAHUIMBL.

Introduction Materials and Methods

Mexanuueckas TEXHOJIOT U 00paboTku BrepBble KOHTaKTHas 3ajlada B3aUMOJEHUCTBUS
Ppa3IMYHbIX MATEPUAJIOB C IMPUMEHCHUEM BAJIKOBBIX KaTKOB WM HWJIHMHAPOB U HUJIMHAPA C IIJIOCKOCTBIO
MEXaHU3MOB MIMPOKO IPUMEHSIOTCS BO MHOTUX pemena ['.I'epuem B cratuke. Ilpu pemenun
oTpacisix MPOMBIIIICHHOCTH. B JIETKO11, MIPUHUMAIIUCH yCIIOBHS, 4TO0, MaTepHabl
TEKCTHJIBHOM, XJIONKOOYHCTUTENIbHOM, MHIIEBOH, KOHTAKTHPYIOIIMXCS T€Jl OAHOPOIHBI M M30TPOIIHBI,
METAJUTypru4ecKod,  Pe3HMHOBOH,  XMMHUYECKOI, nepopmanmu  Tenm  abCONIOTHO — yNpyru |
LEJUTIOJIO3HO-0yMakHOM M JpYyrHX  OTpacisx MOJYMHAIOTCS 3akoHy ['yka, BenMuMHA IUIOINAAKH
IMPOMBIINIJICEHHOCTH, BAJIKOBBIC MEXAHU3MBI ABJIAIOTCA KOHTaKTa MaJia 1o CpaBHCHHIO C pasMepaMiu BaJIKOB.
OCHOBHBIMU pabounmu opraHaMu psna IIpu 53TuUX YCIOBHAX HOPMAJbHBIE HANPSKEHUS
TEXHOJIOTHUECKUX obopymoBanuii [1, c. 8-9; 2, c. 3; paclpenensoTcss MO0 TIOBEPXHOCTH KOHTAaKTa IO
3, c. 47]. SIUTUNTHYECKOMY 3aKoHy. OnmHako, B OOJBIIMHCTBE
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MPaKTUYEeCKAX 3a/ad, CBS3aHHBIX C OOpabOTKON TOKPBITHAMH, KOTOPBIC MOT'YyT OBITH

BAJIKOBBIMH  IapaMH  Pa3lHYHBIX  MaTepHAJIOB,
MIPUHATHIE TPEANIOCHUIKA TIPH PEIICHIH KOHTAKTHOM
3a/laud HE BBIMOJIHAIOTCS. Marepuan nojgydyaeTr He
TOJIKO YHPYTYIO, HO U TIACTHYECKYIO JIeopMallHtIo,
3aBHCUMOCTh KOTOPOHM OT HaIpsOKEHUS HMEeT He
JUHEHHBI XapakTep M He MOJYMHAETCS 3aKOHY
I'yka. B cB3m ¢ 3THM, JeHCTBHUTENBHBIE
3aKOHOMEPHOCTH  pacHpefeliecHHs  KOHTaKTHBIX
HaNpSDKEHUH B BAJKOBBIX ITapax C DJIACTUYHBIMH
MOKPBITUSIMH ~ OTIIMYAIOTCSI  OT  AIUIMITHYECKOTO
3aKkoHa [4, c. 241].

OCHOBHBIM  PabOYNM
MaIIuH SIBIISICTCA
KOHTaKTUPYIOIIAsACS c o0OpabaTbIBaeMbIM
MaTepuagoM. TeXHOJOrMYecKHe  IPOLECCHl B
BaJIKOBBIX MAaIllMHAX OCYILIECTBIIIOTCS B pe3ynbTaTe
KOHTaKTHOTO B3aUMOJIeHCTBUA BaJIKOB c
oOpabaTbiBa€MBIM  MaTepHalioM.  B0O3MOXKHOCTB
MHTEHCUBHOTO BO3JEICTBUS BAJIKOB Ha MaTepHal B
30HC  KOHTaKTa  CIOCOOCTBYEeT  MOBBIIICHHIO
3((HheKTUBHOCTH TEXHOJIOTHUECKUX MPOIIECCOB.

Hayuno-uccnenoBatensckue pabOTH B 00IACTH
BaJIKOBOTO 00OPYAOBaHMS B OCHOBHOM IPOBOIFIINCEH
B HampaBiICHWH  pa3pabOTKH  METOOWK  €ro
MIPOSKTHPOBAHUS WIIM COBEPIICHCTBOBAHUSA C IIENBIO
CO3/IaHUS BBICOKOTIPOU3BOIUTEIIEHBIX,
3G (GEeKTUBHBIX W 3KOHOMHUYHBIX MamuH. OHH
UCCIIEJIOBAIIUCH C YYETOM OCOOCHHOCTEH pa3sInuHbIX
JUCTOBBIX  MaTepHajoB, a TakXke IMPOIECCOB
00paboTKM JINCTOBBIX MAaTEpUaliOB C BaJKOBBIMH
YCTPONCTBAMH NMPUMEHUTEIHHO K Pa3IMIHBIM BHIAM
obopynoBanus [5, c. 48; 6, ¢.3; 7, c. 6].

Hns  BeiOOpa  ONTHMANBHBIX  [ApaMETpPOB
MPOCKTHPYEMOH MAIIUHBI HEOOXOIMMBI PacUCTHEIC
(hopMyTBI WM TOTOBas MPOTrpamMma, OIHCHIBAIOIIAS
MOBEJICHUE HCCIEAYEeMOTr0 OOBEKTa H ITO3BOJISIOMIAS
qia  ro0oro  3aJaHHOTO  Habopa — MapaMeTpoB
paccuMThIBaTh  MPOCKTHPYEMYIO  CHCTEMY |
BBIUUCIIATH BCE KPUTEPHUU KaueCTBa.

IIpn UCCJIEIOBAaHUU BAJIKOBOM napbl
HEOOXO/MMO HWCXOAWTh M3 CHJI, ICHUCTBYIOLIMX Ha
BaIKM B mpomecce paborel. Bemuumna wu
HampaBJICHUE JACUCTBYIONIMX CHJI, TPH 3axBaTe
00pabaThIBaCMOTO MaTepHanta U B YCTAHOBHBIIUMCS
peKHUME pasIUYHBl, W OHH 3aBHCAT OT MHOTUX
mapamerpoB u (akropoB. K »tEHM (akTopam
OTHOCATCS: TUAMETPHI BaJKOB, KOTOPHIE MOTYT OBITH
PaBHBIMH WJIM Pa3JIMYHBIMH; KHHEMaTHYeCKas CBSI3b
MEXIy BaJIKaMH, MOXET OBITh JKECTKON HITH JK€ OJTUH
13 BaJKOB CBOOOIHBIA, KOTOPBIH OyJeT BpamaTbCs
3a cueT (PUKIMH; YCTAaHOBKA BAJIKOB, KOTODEIC
MOTYT OBITh YCTAQHOBJICHBI TOPHU3OHTAIBHO WIH
HaKJIOHHO, OJIMH HAaJ[ JPYTUM C PACIIONIOKCHHEM HX
oceil BpallleHUss Ha BEPTUKAJIBHOM WM Ha
HaKJIOHHOHM IUIOCKOCTH, a TaKX€ BEPTUKAIBHO; TPH
9TOM JUIsl CO3J[aHUsl NMPHXKHUMa MEXKIY BaJKaMH, OHH
MOT'YT OBITH ITOJBM>KHBIM BEPXHHH, HIKHUH WK 002
BaJIKa; BAJIKH MOTYT OBITh TBEPABIMH M YIPYTUMH

OpPraHOM  BaJIKOBBIX
BAJIKOBAs napa,

BIIarOIPOHHUIIAEMBIMH HJIM HE BIAarONpOHHIACMbIMH,
B 3aBUCHMOCTH OT TEXHOJOTHH MOTYT BBIOMPATHCS
nx komOuHanuu. Kpome TOro, onuH 13 BalKOB HJIH
oba Banka MOTYT OBITh COCTaBHBIMH. Banku moryr
ObITh 00OrpeBacMbIMHM WM HE 00OTpeBacMbIMHU,
MOryT OBITh WX KoMOuMHanmu. I[lommmo ToOrO,
oOpabaThIBaeMBbIil MaTepual Ha BBIXOJE M3 BaJIKOB
MOJKET MOABEPraTbCsl PACTSHKEHHIO C HEKOTOPOi
CHJION WIIM 3aTaJKMBAHHUIO TP 3aXBaTe B BAJIKH, 3TO
HMEET MECTO JJIsSl TBEPBIX MaTepHaios [2, c. 84].
ITpoGemsr COBEPIICHCTBOBAHUS
CYIIECTBYIOIINX u pa3paboTku HOBBIX
TEXHOJIOTHYECKUX IPOIeccOoB 00pabOTKK MaTepuaia
U CO3JaHHs ONTHUMAaIbHBIX KOHCTPYKLHUI BaJIKOBBIX
MallMH TECHO CBSI3aHBl C T'EOMETPUYECKHMH,
KHHEMAaTU4YCCKHUMHU )44 JUHAMHWYCCKUMHU
3aKOHOMEPHOCTSIMHU Npolecca. ITH 3aKOHOMEPHOCTH
JIeTau B ocHOBY HccnenoBanuit A.Il. I'pynesa, B.M.
Knumenko, A.M. Onumenko, 1.J[. Kyrymesa, I'.A.
Mirosnnepa, H.E. HoBukoBa, A. Huccana, JI. Cura u

ap. [2, c. 6].
Kunemartnueckue 15§ JMHAMHYECKUE
OCOOEHHOCTH Tpollecca MPOKATKA MeTamia B

Pa3IMYHBIX BalKaX ITOCTATOYHO XOPOIIO M3YYCHHI B
MIPEIOTI0KEHNH, YTO CHpPaBEIJIUB 3aKOH CYXOTO
TpeHus AMOHTOHa, COTIJIaCHO KOTOPOMY
KOX(PHUIMEHT TPEHUS SIBJIICTCS KOHCTAHTOM.

Ilpn wuccrenoBaHWM JABWXKEHHS MaTepHaa,
3a)KaTOro MEXIy BpaIlAIOIIUMUCS BaJKaMH |
COZIepIKaIero JKHJIKOCTHBIC KOMIIOHCHTHI,
CYIIECTBYIOT pa3IuyHbIe TTOTXOJTBL. B.N.
CmupHOBbIM U A.D.HOBUKOBBIM  HCCJEIOBAHO
JIBIDKCHUE MIPOIYKTa, 32)KaToro MEXTY
BpAIJAIOIIAMUCS ~ BajKaMH, TIPH  ITOCTOSTHHOM
Kod(pduIreHTe TpeHus B odare aedopmanuu u 0e3
M3MEHEHHS MACChl PacCMaTPHBAaEMOTO MaTepUAIIBI
[8,c. 15].

I'.K.Ky3HenoBsim paccMoTpeHa
THIPOJAMHAMKKA MPOIecCa OTKAMA TEKCTHIBHBIX
MarepuaoB C HCHOJIb30BAHUEM H30TPONHOH U
CJIOMCTOM MOJIEINICH, TPUYEM [IPHUHSATO, YTO JABHIKCHHE
JKUJIKOCTH B HUX TMOAuuHsieTcs 3akony Jlapcu. Ipu
MPOIMyCKEe MEXIYy BalKaMH, TOJ Harpy3Kou
OTXKIMAaeMBIH MaTepHuan nepopMupyercs,
OTJCIBHBIC €r0 SJIEMEHTHI COJIMKAIOTCS, BO3HHUKAET
THIIPABINYECKOE ABJICHUE, W BHKCHUE YKHUIKOCTH.
YTBepKIaeTcs, UYTO MABIDKCHHE JKUIKOCTH IIPH
OTXKUME OCYLIECTBIISIETCS 3a cuer
THJPOJMHAMHUYECKOTO JaBJICHUs, BO3HUKAIOIIETO B
cimoe 00pabaTeIBA€MOro MaTepuana, BCIEICTBHUE
nedopMaliy ero BajJKaMH. 3aKOH pacIpeaeieHHs
THJPOJMHAMUYECKOTO MAaBJICHUS 10 JUIMHE 3O0HBI
neopManuy MPaKTHYECKH HE 3aBHCHUT OT BHIA W
CBOJCTB OTKMMaeMoro mMarepuana [9, c. 4;10, 19].

HemnocpencreeHHoe  MCHONB30BaHUE — ITHUX
TEOpH TpU U3yYCHHH Tpolrecca o0padoTKu
Pa3IHYHBIX IUIOCKUX BJIATOCO/ICPKAIINX
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MaTepHagoB, MEXKAy JOBYMs  BaJKaMH =~ JAroT VYCTaHOBIIEHO YTO MpPU  CPEOHEM  YACIBHOM

3HAYNUTEIIbHYIO OIPEITHOCTb.

3HaUNTEIbHBIE TCOPETHUECKNE U NPHUKIIAJHBIC
pa3pabOTKK M3BECTHBI IO BOIPOCAM OTIEIKH Oymaru
B KanaHapax. Ilo teopun Huccana B 30He KOHTakTa
pabo4nx BaJKOB, KOTOPYIO OH JIEJIMT Ha JIBE YacTH:
BXOJHYI0O M BBIXOJHYIO, BJlara H3 MaTepHaia
yIaIseTcsi B BBIXOJHYIO 4acTb. JTO OOBSCHSETCS
TEM, UTO yJaJICHHUE BT U3 MaTepuaia MPOHCXOANUT
MO JCHCTBMEM KaNmMULIPHBIX CHJI B BBIXOJHOM
YacTH 30HBI KOHTAaKTa, TA€ YHPYTHE ITOKPBHITHS
BaJIKOB TPH PACHIMPEHUH BIHUTHIBAIOT Biary [11, c.
605].

Pesympratel gpyrux wuccrmemoBaTeneit [12, c.
367], mnoka3pIBalOT OOpaTHyl KapTHHY: Biara
yIaseTcss U3 BXOJHOM 4YacTH 30HBI KOHTaKTa W B
BLIXOHHOﬁ 4qacTu, npu 9TOM HUMCCT MCCTO
BIOUTBIBAHUC BJIaru MarepuajioM U3 HOKpLITI/Iﬁ
BankoB. CnemxyeT UMETh B BHIY, UYTO XapakTep
yaajceHusd BJlark W3 MaTCpuajloB M BIUTBIBAHUC
BJIarM MaTephajioM IOKPHITHH BaJKOB 3aBHCHUT OT
CBOHCTB MaTepuaioB M MEXaHHYECKHX IapaMeTpOB
BaJIKOBOM Mapsbl.

Ha ocHoBe ypaBHeHwmit ¢unbrpammu Kozenu-
Kapmana u runpocratndeckoro nasiaeHus ['ackenna,
paspaborana ¢uznveckast MOIEIb Mpolecca OTRKUMA
Ha BaJKOBBIX YCTpPOMCTBAaX, B OCHOBY KOTOpOM
MOJIOXKEHAa  TUIOoTe3a O TOM, YTO  JIaHHBIH
TEXHOJIOTHUECKUH MPOLECC PAcCMAaTPUBACTCS Kak
COYETaHHE JABYX OJHOBPEMEHHO IPOTEKAIOIUX U
B3aUMOCBA3aHHBIX MCXaHHU3MOB, q)HHLTpaHI/II/I
KUJKOCTH W JBIDKCHHS OKMIOKOH IUICHKH TIO
marepuany. Ha ocHOBe aHamm3a IOJIY4YEHHOTO
ypaBHEHHS ClieJIaH NPAKTUYECKUH BBIBOA O TOM, YTO
rryonHa (wIbTpannu KUAKOCTH B Marepuaie

YBEJIMYUBAETCS IIPONIOPIUOHAIBHO JR (R — pammyc
BQJIKOB), T.€. YBEJIMUEHHE JMaMeTpa BaJKOBOMW Iapsbl
CrocoOCTByeT 0ojiee MOTHOMY yIaJICHHUIO KUAKOCTH
U3 BOJIOKHHCTOTO MaTepuaa.

Jl1s  HOpPManbHOTO TPOTEKaHMS HPOLECCOB
MEXaHH4YeCKOil  00pabOTKH  BIIArOCOACPIKAIINX
JIMCTOBBIX MAaTEPHANIOB, Ba)XKHOEC 3HAYCHHE HMeEET
coziepKaHue B HeM Biiard. Hampumep, KO)KeBEHHBII
nonyhabpukaT OOBIMHO TMOcie AyOJeHHA W
MPOJIEXKKH a TAKXKE I0CIIe KPacHIbHO-)KUPOBAIBHBIX
mporeccoB coaepkut okoimo 70% Bmarm. Takoe
BBICOKOE COJIEp)KaHHE BJIarM OTPHULATENILHO BIIUSET

Ha TIPOBEJIEHHE TIOCIEAYIOIMIMX IIPOIECCOB, B
YaCTHOCTH CTpPOTaHUs, JBOCHHUA H CYIIKH B
Hakneiiky. ConepkaHue BIard B KOXKEBEHHOM

nonyhabpukaTe Imocie OTKUMa JIOJDKHO OBITH 55-
60%. Huzkas, meree 50% BIaXXHOCTb KOXEBEHHOTO
noydadpukara pe3ko CHIDKAET ekt
MOCJICIYIONINX MeXaHW4YecKnux orepannii. Ckianky,
oOpa3oBaBIIMecs Ha  HEM  IOCI€  OTXKHMMAa,
MPaKTHYECKU HE Pa3TiIaXMBAIOTCA.

AHanmM3 TONYyYeHHBIX pPEe3ylIbTaTOB IIOKa3al,
YTO 3aBUCHMOCTh OCTATOYHOH BIAXHOCTH OT
JTaMeTpa BaJIKOB MIPU Pa3HBIX JABICHHUAX Pa3IUYHA.

JIABJICHUH, PAaBHOM l,5~106 H/M2 U BHIIE, 3QHEKT

00pabOTKN C yBETMUCHHEM JHAMETpa ITOBBIIIACTCS.
Jlyqmne mokasaTeny OBIIM TOJyYEHBI IPH OTKUME
BJard W3 TKaHW IIKypHl Bajkamu aunamerpoB 0,30-
0,35 m.

B pabore yrtBepxmaercsi, 4TO YEM MEHBIIE
quameTp pabodMX BajlKoB, TeM OOJblLIE yIeTbHOE
JIaBJICHUE CKaTUsl JINCTOBOTO MaTepHasa MEXAy
HUMH U, CJIeIOoBaTeNbHO, 3((deKkTHBHEe KauecTBO
00paboTKH.

Psan uccienoBaHUM 30HBI KOHTAKTa BaJKOBBIX
map ObIT HaNpaBIeH Ha CO3[aHHE MAaTEMAaTHUECKHX
Mozeneit mporeccoB. AHaM3 paboThl 000PyAOBaHHS
TIOKa3bIBAET, YTO TOJNBKO ITOBBIIIEHHE CKOPOCTU €T0
paboTsl KaK HCTOYHHK MOBBILICHUS
MIPOM3BOJIMTEIBHOCTH OOOpPYAOBaHUS M Tpyda B
OCHOBHOM ce0s1 ucuepnaji. AKLIEHT OUCKa Pe3epBOB

pocTa  NPOU3BOAMTENBHOCTH  Tpynda,  ceddac
CMECTHIICS B o0nacTpb MeXaHU3aluu u
aBTOMAaTM3allMd  PYYHBIX M BCIHOMOTAaTEIbHBIX
onepanui.

OmnpenencHuIo BIUAHUS ANAaMETPOB BAJKOB HA
3¢ (eKTUBHOCTh OOpabOTKH U OIPEICIICHUIO €ro
IIapaMeTpoB IIOCBAIIEHO MHOTO padoOT, TaKk Kak
JUaMeTp BAJIKOB OIPEAETIET T'EOMETPUIO 30HBI
KOHTaKkTa. Pe3ynbTaTel HCCIENOBaHMHA O BIHSHUH
JUaMeTpoB  pabouuMxX BajJKOB Ha OCTAaTOYHYIO
BO)XHOCTh BechbMa HpoTuBOpeurBbl. OT auamerpa
BAJIKOB 3aBHCUT IIMPHHA 30HBI KOHTAKTa, BpPEMs
00paboTKM, YCIOBHMS 3axBaTa W  BTATHBaHUS
MaTepuala ¥  COOTBETCTBEHHO Ka4yeCTBO  €ro
00paboTKH, OCTaTOYHAs Ba)KHOCTh MaTepHasia U JIp.
[13, c.231; 14,¢c. 119]

Ha OCHOBaHHMH 9KCTIEPUMEHTAIIBHBIX
uccinenoBanuii B.A.Ky3nenosem [15, c. 15] co3nana
MaTeMaTH4ecKasi perpecCHOHHas MOJIeNb BaJIKOBOTO

OTXXHMa, CBA3BIBArOmas q)aKTOpBIZ JIaBJICHUC,
JAaMETPbl BaJIKOB, CKOPOCTb TKaHU U OCTAaTOYHYIO
BJIAXKHOCTbD. Hp CIJIOKCHHass MOJCJIb  IMO3BOJIACT

paccuntath 3hdexT 00e3BOKMBAHUS U OCHOBHBIE
napaMeTpsl BaJIKOBOIO MOIYNA. YCTaHOBJIEHO, UYTO
3aBUCUMOCTh W3MEHEHHUs TONIIUHBI TKAHH OT
JABJICHUS] WJCHTUYHA JUI1 BCEr0 HCCIIEIOBAHHOTO
ACCOPTUMEHTA U XapaKTepPHU3yeTCs HanOOJbIINM
U3MEHEHHEM TOJIIIMHEI B JUAa30He JaBiIeHUN 10 15
MlIla, oTHOCcHTeNBHAS NedopManus TKaHESH TIPU 3TOM
cocraBisieT 56-72%. JlanbHelliee yBeIUYEHHUE
nmaBieHust 10 25 Mlla crmocoOCTBYeT W3MEHEHHIO
OTHOCHUTENLHOU Aedopmanmu Bcero Ha 2-4%, Takxke,
YBEIMUYEHUE CKOPOCTHU JIBWXEHHS TKaHu ¢ 2,5 1o 4,2
M/c yxymmaer oTxKuUMHON 3¢pdexkr Ha 10%. Ha
OCHOBAHWH UCCIICIOBAHNHN, aBTOP JEJIAeT BBIBOJI, UTO
JUTST MHTEHCH(DUKAIIMK OT)KMMa TKAaHU HEO0OXOIHNMO
YBEIMYUTh HATPY3Ky W YMEHBIIUTH JHAMETPHI
BajkoB. Jlnmsg oOecredeHUs] YCHICHHOTO OTXKHUMa
TKaHU ONTHMAJIBHBIM SIBJSICTCS JUAMETP padbodnx
BankoB 0,21-0,25 m npu Harpyske 30-50 kH/m.
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i JIF =1.500 { SJIF (Morocco) =2.031 |

TexHuueckuil ypOBHb BAJIKOBBIX MOAYJEH MalmiiH W TpeoXKeHa UX  Kiaccuukamus,

TEKCTHIBHOTO OTZEJIOYHOTO MPOU3BOACTBA
HOBBIIIACTCSA MYTEM CO3/aHMS KauyeCTBEHHO HOBBIX
METOJIUK MPOEKTUPOBAHMUS, YUYHUTBIBAIOIINX
KOHCTPYKTUBHBIC 0COOCHHOCTH BAJIKOB,
XapaKTEepUCTUKU 00pabaThIBaEMOro Marepuaia |
napaMeTpbl TEXHOJIOTUYECKOTo Iporecca 00paboTKH
TKaHu. Ha ocHOBe CHJIOBOrO aHajM3a BaJIKOBOTO
MOmyds pa3paboTaH  aNroOpUTM HUX  pacyeTa.
VYCTaHOBJIEHO, YTO MEXIy COJIIDKCHHEM BalKOB U
MHTCHCHBHOCTBIO HAarpy3kdH B 30HE KOHTaKTa
CYIECTBYET HEIHWHEHHAs 3aBUCHMOCTB, XapakKTep
KOTOPOI1 3aBUCUT OT paJuyCOB B3aUMOAEHCTBYIOLIUX
BAJIKOB, TOJILMHBI U MOAYJS YIPYTOCTH IIEPBOTO
POZa 3aCTHYHOTO TOKPHITHSI.

I K.Ky3HenoBbIM U psiioM aBTopoM [7, c. 6, 9,

c. 13] BbINOJHEHBl HCCIEAOBaHUS B 00JacTH
MEXaHUKH BaJKOBBIX MEXaHHM3MOB. BEIABIEHBI
CUJIOBBIE PEXHUMBI PabOThl 3TUX MEXAHU3MOB IS
HECKOJIbKHX CXeM KHHEMaTHYECKOTO
B3aUMOJICHICTBHAS BaJIKOB W  00padaThiBaeéMOro
MaTepuana, H3JI0KEHBI BOTIPOCEI TEOpUH
pacmpenielieHUsl  HalpsHKCHHH TI0  TIOBEPXHOCTH
KOHTAaKTOB BAJIKOB TIPH  PA3IMYHOW  CTEICHH
MOJATIMBOCTA  MOKPBITUH. CuyioBoii  aHanm3

BaJIKOBBIX MEXAHH3MOB C Y4€TOM CTallMOHAPHOCTH
ux paboThl YpaBHOBEIIEHHOCTH 3BEHBEB IPOBOIUIICS
CTAaTUCTHUYECKUMM METOJaMH M 3aKiiouanci B
ONpeNeNeHU: TIJIABHOIO BEKTOpa U TJIaBHOTO
MOMEHTa HOPMAaJbHBIX M  KacaTelbHBIX CHIL
HopmaneHbple M KacaTelbHblE — HANPsDKEHHS
paclpenenstorcss  BAOAb ~ AYTM  KOHTAaKTa B
COOTBETCTBUM C 3aKOHOMEPHOCTSMH, KOTOPEIE
OINPENENAIOTCS. CXEMOM IEHCTBHA CHII, YOPYTUMH H
(OpUKIMOHHBIMH ~ CBOWCTBAMH  00padaThIBAEMOTO
MaTepuana M TOKPBITHS BalkoB. PaccMoTpeHsI
BapUaHTBl BO3MOXHBIX 3aKOHOB pacHpeieleHus
HOPMAaJIbHBIX HaIPSKEHUN: 3JUIANTUYECKUH,
napaboNu9IecKui, TrapMOHUYECKHI "
MOKa3aTeabHbIM. YCTaHOBJIEHO, UTO paclpeesieHue
HOPMAJIBHBIX M KacaTelIbHbIX HANPSKEHUH IS 30HBI
KOHTaKTa BaJKOBOH Maphl B JUHAMUKE OTIHUYACTCS
OT CTaTUYECKOTO U CTAHOBHUTCS HECUMMETPUYHBIM.
Taxxe ['.K.Ky3nenos [9, c. 56] ycraHoBui1, 4TO
KacaTeIbHbIE  KOHTAaKTHBIE  HANpSDKEHUS  IpH
CTaTU4YEeCKOM KOHTAaKT€ W IpPH BpaIlEHHUH C
HE3HAUUTEIbHBIM MOMEHTOM CONPOTUBIICHUS Ha
BEJOMOM BaJIKe, MEHsET 3HaK IpU MepexXole uepes
OCEBYIO TUIOCKOCTh BaJIKOB. AOCOJIOTHBIE BEIMUNHBI

Hanp;mcel-mﬁ l'lpaKTI/I‘-IeCKI/I CI/IMMCTpI/I‘-IHBI
OTHOCHUTEIBHO 3TOU TJIOCKOCTH. Taxxke
PaccMOTpEeHBI MIePEXOTHbIC TIPOIIECCHI,

BO3HUKAIOIME IIpU IPOKATKE BAJIKOBOM Hapoil
HEPAaBHOMEPHOI'O CJIO MaTepuana. Y CTaHOBIEHO,
YTO HArpy3ku, AEHCTBYIOLIME Ha HPOKATHIBAEMBII
Marepual, npu OOJBLIMX CKOPOCTSAX BO3pactaioT. B

MO3BOJIAIOIIAsT CHCTEMAaTH3UPOBATh HCCICIOBAHUS B
O0NIaCTH MEXaHMKH BAJIKOBBIX MAIIMH W METOIOB
pacyera uX pabouuX OpraHoB.

OKCHEpUMEHTANBHO — UCCJIEJOBAaHO  BIUSHHE
MOKPBITUH pabounx BalkoB Ha 3()(PEKTHBHOCTDH
yIaJIeHNUs] BJIard M YCTAHOBJIEHO, YTO IPH IIPOYUX

PaBHBIX  YCIIOBHSIX  IIPUMEHEHHME  HEXKECTKHX
MOKPHITUH  CHIKaeT dddext o0paboTku, HO
COXpaHseT (bM3HKO-MEeXaHHICCKHE cBoifcTBa

BOJIOKOH Martepuaia. IT0 OOBSICHACTCS YBETUICHUEM
pasMepa IUIONIaIKA KOHTAKTOB BAJIKOB M CHU)KEHUEM
YIEIBHOTO JAaBJICHHs HA MAaTEPHa.

B Hacrosdmiee Bpems BeIMYMHA HArpy3KH Ha
BaJIKU yCTaHaBIHUBaeTCA Ha OCHOBaHMHU
SKCHEPUMEHTANBHBIX JAHHBIX U3-32 OTCYTCTBHS
COBPEMEHHBIX METO/I0B UX pacueTa. COBEpIICHCTBYA
METOJBI pacdyeTa BBITSHKHBIX MEXaHU3MOB JUIA
MOKpOTO mpsiaeHus abHa B.B.@apykimu [16, c. 16]
PEKOMEHAyeT OonpefeleHue Harpy3ku Ha HaKUMHOMN
BaJMK C HCHONB30BAHUEM JUCKPETHOH MOAEIH
CHIIOBOTO B3aMMOJEHCTBHS 3JEMEHTOB BBIITYCKHOU
mapel. Ilpuy  ycioBuM, 4YTO Harpy3ka BIOJb
oOpasyrolieil BaJKa pacHpeaenseTcs paBHOMEPHO,
33[1aBasCh 3aKOHOM DPAacIpelesIeHHs] HUHTEHCUBHOCTH
HArpy3KH BJOJIb OCH Ha)KHMHOTO BajlKa M MPOBEPSs
BBITIIOJIHEHUE YCJIOBUM CHJIOBOTO B3aUMOJACUCTBHUSA
3JIEMEHTOB BBIITYCKHOM Mapbl, MOJyYeHHBIX aBTOPOM,
MOYKHO HalTH HEOOXOJMMYIO Harpy3Ky Ha BaJIOK.

Ha ocHoBe ruIoOTe3sl O HEPaCTIKUMOCTH
KOHTaKTHPYIOILEH TOBEPXHOCTH, O€3 ydeTa BIMSHHS
obpabareBaemoro Mmatepuana K.J.Bymanos [17, c.

154], mnpoBOAWN CHIIOBOW aHANU3 DIACTHIHBIX
MOKPBITUH BaJIKOBOHM mapsl. MM mosiy4yeHsl ynpyrue
XapaKTepUCTUKH  TPY30BUKOB  TKaHEINEYaTHBIX

MallliH B BHJE CTENEHHOW (YHKIHH, OCHOBHbBIC
MoKa3zaTenu Ipolecca Me4yaTH, MaKCHMallbHOe |
cpeiHee  JaBlieHME B KOHTakTHOH  mooce,
HCCJICIOBAH MPOIIECC CKOJIbKCHHUS MMEYATHBIX BAJIKOB
10 TPY30BHKY.

Jlonoitn YnaBan [18, c. 162] uccnemys nporiecc
TPaHCIIOPTUPOBKU TKaHEW BaJIKOBBIMU MOOYJIAMH,
YCTaHOBUIJI, qTO OTHOCHUTCIIbHAA I[e(bOpMaHI/IH
MOKPBITHSL BAJKOB MOJYJS IO JUIMHE IyTH WX
KOHTaKTa M3MEHSETCS [0 MapaboInuecKoMy 3aKOHY.
JluHaMudeckass Harpy3ka oOT IBA Ha BaJOK
MPOTMOPIMOHANFHA €r0 Macce, KBaJpary CKOPOCTH
JIBIDKCHUS] TKaHH U 3aBUCUT OT [ApaMeTpOB IIBOB.
Jnsg  cHuXKEeHMsT UMHAMUYECKMX Harpys3ok IIpu
MPOXOXKACHUN IMBOB PEKOMCHAYETCA CHHKCHUEC

MacChl BAJKOB W B TpPEX BaJKOBBIX MOIYIISAX
pPEKOMEHIYEeTCSI TPUMEHEHHUE CHUCTEM BAJIKOBBIX
MOJyJier c JIBYyMS CTENEeHSIMH  CBOOOJBI
TepeMeIIeHus.

B TexHomOrMM MeXaHMYECKOW 00pabOTKH
pa3MUHBIX ~ MaTepualoB  OTXKUM  BJIard U3

pe3yiabTaTe OOJIBIIIOTO o0bemMa I/ICCHGILOBaHI/Iﬁ BJIarocoJicpikaliero Marepuajla HUrpacT BaXHYIO
F.K.KYSHGIIOBI)IM pa3pa60TaHa MCTOJHUKA POJIb. KOTOpaﬂ BBITIOJIHACTCA NPEHUMYIICCTBEHHO Ha
MMPOCKTUPOBAHUS BAJIKOBBIX yc’[‘pOﬁCTB TEKCTHUJIbHbBIX BaJIMYHBIX MalllMHax. Ocobennocrtu mpounecca
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BAJIMYHOTO OTXKMMa HM3y4eHBI HemocTaTouHo [19, c.
15].

HenocpencrsenHoe HCTIONE30BaHUE
BBIIICTIEPEUUCIICHHBIX ~ TEOpPUH MNPH  U3yYEHHUH
mpoliecca OTXKHMA BJIArOCOJEpIKaIIero Marepuana
MEXIy JByMs BaJKaMH JAlOT 3HAYUTENIbHYIO
norpemHocTts. OHa BO3HUKAET, B 4aCTHOCTH, M3-3a
TOT0, YTO 3aKOH CYXOro TpeHUs AMOHTOHA 37€Ch HE
OpUMEHUM, T.K. TPH OTKUME BIIAroCOJEPIKAIIETO
MaTepHala MPUXOIUTCS YIUTHIBATh €T0 CIIOCOOHOCTD
OPWIAIAHUS K TIOBEPXHOCTSIM  BajKOB B
3aBUCUMOCTH OT COJAEpXaHMd B HeW Biarun. B
pe3ynpTaTe  NPH  HANWYAA ~ JBYX  BaJKOB
Kod(pPHUIMEeHTH TpeHus: OymyT 3aBHCETH TaKXkKe OT
MPOJIOIBHON KOOP/AMHATHI B o4are JieopMarum.

MexaHnuueckoe 00€3BOXHMBaHHE MaTepHajia B
MIPOMBIIIJICHHOCTH 3KOHOMHUYECKH I[eJIeco00pasHo,
TaK Kak ropasfo feuenne cymku. Ho Mexanudeckoe
obe3BoxkMBaHMe He OecrpenenbHo. Kakue Ob
COBEpILICHHbIE  KOHCTPYKIIMM HE  CO3JaBaJIUCh,
CHU3UTH BJIATOCOJICPIKAHHE MaTepuaa
MEXaHHYECKUM MyTéM  HIKE  ONPEACIICHHOTO
mpelena,  3aBHCAOICTO  OT  psAga  (akTopos,
HEBO3MOJXKHO.

Takum 00pa3oM, Hay4YHBIE OCHOBHI JBIDKCHHS
BJIATOHACHIIIIEHHOTO  YIPYTOIUTACTHYECKOTO  Teia
NEPEMEHHOM  Macchl  MEXAYy  BpalaroIIMMUCS
IMHAPAMHA ~ MMEIOIIMMHU  YIPYrHe  O00OJO0YKH
MOJTHOCTBIO HE PEIlIEHBI.

UroObl MOJHEE OIpPEACIUTh BO3MOXKHOCTH
OTXXUMHBIX MallllH, BKPATLC PACCMOTPHUM SABJICHUA
BJIATOIIOTJIOMICHUSI U COOTBETCTBEHHO BJIATOOTIAYH
MaTepHaa.

Brarocopeprkamiye MaTepuaibl, UCTIOIB3YEMBIX
MPOMBIIIICHHOCTEIO, JIOCTaTOYHO Benuko. OHH
OTIIMYAIOTCS JPYT OT JApyra HE TOJBKO IO CBOCH
CTPYKTYpe W  XHMHYECKOMY  COCTaBy, HO
CIOCOOHOCTH TIOTJIONIATH BOAY.

IIpy morpyxeHHM NOPHCTOTO MaTepuaja B
JKHIKOCTH OHa B OOJIBIION MM MEHBIIEH CTENEHH
YBEJIUYNUBACTCSA B CBOEM 061)6Me, YTO U SABJISICTCA
Ha6yxaHI/IeM, CTCIICHb KOTOpOro HU3MCHSCTCA
KOJIMYCCTBOM XHUAKOCTH, HOFHOMEHHLIﬁ CIAUHUYHOM
o0peMe MaTepmaia. OITOT TpOIecC HIET [0
HEKOTOPOTO TIpeNeNa W 3aBHCHUT OT TEMIEpaTyphl, C
MOBEIIIICHIEM KOTOPOH CKOPOCTh HAOyXaHUs pacTerT,
HO a0COJNIOTHAas BEJIMYMHA €ro IOHIKaercs. Yepes
OTpeNeICHHOE BpeMs 3aMadylBaHUE JIOCTUTACTCS
npenensHelii  00beM  HaOyxanus.  KommdecTBo
MOTJIONIEHHOM JKUJIKOCTH 3aBUCHUT OT BHJIa U CBOMCTB
MaTepuaia. HekoToprle ecTecTBEHHBIE MaTepHalIbI
SIBIISIFOTCA FI/I}];pO(i)I/IHI)HBIMI/I, T.€. MOJICKYJIbI BOJBI
HCHBITBIBAIOT TPUTKCHUEC K HUM U O6J'IallaIOT
CIOCOOHOCTBIO CMA4YMBATH €TO0.

Takum oOpa3om, dYeM BbIIE CIOCOOHOCTH

Matepuajlia K Ha6yxaHI/IIO, TeM OoJblie OHAa
norjomacT Bjaru.
HGOHI/IHaKOBaﬂ CIIOCOOHOCTH Matepuala K

ajicopOIMu  mpenonpeneNseT W pasIM4YHyI0 HX

BIIArooTAavy NpH OTXXHME. B Marepmanax mocne ux
CMa4YMBaHWUA COJCPXKUTCA BIara TPEX BHUIOB:
cBOOOMHAs (IOBEPXHOCTHO — OOBOJIAKMBAIOIMIAs ),
KanuusipHas U aJcopOLMoHHas (Biara HabyxaHus).

Ilpu  00e3BOKMBAaHMM  BJIAroCOAEPIKALIETO
Marepuallia HpPOUCXOIAT cilenylomue Qu3ndeckue
nporeccel. B mepBelii nmepuox oTKUMa yaanseTcs
MOBEPXHOCTHO ~ —  OOBOJIaKMBaIOLIas  BJara,
ylepKuBacMasi Ha MOBEPXHOCTH MaTepHaja WiIn B €€
mopax. 3aTeM yAamseTcs KanmULIpHas —Biara
CHaJaja n3 rpyObIX KaMMUIIPOB, IIOTOM W3 MEJKHX
yneTpanop. [lpm nampHeilmeM 00e3BOKHBAHUH
OCTaeTCs JINIIb aJCOpONPOBaHHAS BOJA.

ITpn HCCIIEJOBAaHUU BJIaroOTAa4n
BJIaroCOAEpIKallero MaTeprana OblIo 3aMe4eHO, YTO
CHayaja oTJa4ya BOJIBI HWJET JOBOJILHO OBICTpO, a
3aTeM, KOIJla OCTaeTcsi HeOOJBIIOE KOJINYECTBO
BJIar, 00€3BOYKMBAaHUE CHIBHO 3aMeJUISCTCS.

IIpencraBum oOmuii 06beM BIarocoaepHKaIiero
MaTepuaina V paBHBIM CyMMe:

V=Vi+Vy,
rae Vi — 00bpemM mop;
Vi — 00beM 3aHMMaEeMbIil YaCTUIIAMH MaTepUaa.

BBezem takke 0003HAYCHUS:
Qk — Macca matepuaia;

Qn — Macca BOJbI B ITOpax.

AGCom0THas BIaXXHOCTh MaTepuasia MaTepuasa

w = 1000,
Qk
OO6meHHast Macca MaTepuana
_

Yk _W KZ/Mg]

[opucroctp N=—.

BrnaronpoBogHOCTE B TpoIlecC OTKHMa HE
OCTaeTCsl BEIMYMHOM HEU3MEHHOW, TaK Kak IIpH
CKaTHU TIPECCyeMOil Macchl MaTrepuasia o0beM Mop
COKpamaeTcs M pe3Ko MEHSETCS COIPOTHBIICHHE
JIBUXKEHHIO SKUJKOCTH. Bennuuna n,
XapaKTepU3yromas MOPHCTOCTh MaTepHaa,
npejcTaBisieT co0oi OTHOMICHHE 00beMa MOJIOCTEH,
MpUXOAAIIUXCA Ha MYCTOTBI, 3aHATHE KUIKOCTBIO, K
06bpeMy cyxoit maccel Mmatepuana. O4eBHIHO, YTO

n=f(Pr)
Tae PT - qacThb BHCHIHECTO JaBJICHUS,
BOCIIPHHHMAaeMast BIarocoAep KaliiM MaTepruaioM.
[Ipu TIOBBILIEHUU JIaBJICHUSA Macca
BJIarOCOAEPIKAILIETO  MaTepHana  CXKHMAeTcs U
MTOPUCTOCTh €ro CHIKaeTrcs. Mepoil CcrmocoOHOCTH
ne(OpMUPOBATHCS SBIISIETCSI OTHOIIICHUE

dn

npuiaemM JUJIs Pa3JIMIHBIX BJIArocoA€piKallero
Marepuajia BEJINIUHA «a» 6y,Z[CT pa3janvHa.
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| ISRA (India) = 1.344 | SIS (USA) =0912 | ICV (Poland)  =6.630
.| ISI (Dubai, UAE) = 0.829 | PMHII (Russia) = 0.234 | PIF (India) =1.940
Impact Factor: | g ¢ (australia) = 0564 | ESJI (KZ)  =3.860 | IBI (india) = 4.260
L JIF =1.500 { SJIF (Morocco) =2.031 |
Conclusion npelenbHOe 3HAYCHHE MABJICHUS, HPU KOTOPOM
Hrak, BIarompoBOJZHOCTH U  IOPUCTOCTh MOPUCTOCTh Y)KE€ HE M3MEHSIETCA, a MaTepHal
3aBHUCAT OT JABJICHHA. U ramn Apyras BEJINYHWHBI C CTaHOBUTCA IPAKTUYICCKU BOAOHETTPOHNITAEMBIM.

IIOBBIIICHUEM  JaBJICHUA  CHHMIXKAKOTCA. Ho »tot

npouecc He OeckoHeueH. CylecTByeT —Takoe
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Introduction There is a large number of users that have

In nowadays more and more people are difficulties installing a set of mobile
using messengers. Messenger is a desktop, web, applications for every company. Analyzing this
or mobile application for communication over situation, many companies come to the
the internet. It must be said that the concept of conclusion that such users are more likely to use
communication over the internet does not imply one messenger with several chatbots that replace
only text messaging. Modern messengers in multiple applications. Because each person uses
addition to messaging implement voice and what is more suitable for him, companies need
video, file sharing, web conferencing. [1] to support as many platforms as possible,

Today companies are paying special thereby increase the number of clients.
attention to instant messengers, which are Therefore, it would be simpler to be able to
becoming serious competitors to other mobile communicate with users on multiple platforms
applications. This is facilitated by chatbots - without developing for each platform. Hence,
conversational-program, which are already near there is a demand for existing libraries for fast
to become full-fledged interlocutors and and simple chatbots development. Therefore, the
assistants. They help to learn a news, exchange main task for us was the creation of the library
rates, order goods, pick up a suitable flight, that supports Slack, Facebook Messenger,
music, book, and even can act as a distance Telegram platforms. [8]
teacher.

Implementation

Motivation Chat bots can be developed in any

The purpose of this work is to develop a programming language with which you can
library that will allow developers to create bots create a web API. The back-end receives the
for instant messengers such as Slack, Facebook message, thinks what to answer, and returns the
Messenger, Telegram in Java. response to the user.
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For the library that must run on multiple
platforms, we need to choose appropriate
language. Java is one of most popular language
that can run on a huge number platforms. (By
Tiobe, PyPl and IEEE Spectrum)

API (application programming interface) is
set of classes, procedures, functions, structures
and constant provided by application, library,
service or operation system for use in external
software. In this case, the API is provided to
developers in the public domain.

Your web server will install so-called
webhooks - URL-based connections between

your bot and the chat platform. There are two
mutually exclusive ways of receiving updates
for bot — the getUpdates method on one hand
and Webhooks on the other. Incoming updates
are stored on the server until the bot receives
them either way, but they will not be kept longer
than 24 hours. Webhooks will allow you to
safely send and receive messages through
simple HTTP requests. [5, 6]

Our library will allow developers to call
Java methods to send and receive data from
messengers.

Figure 1 - Sending message demonstration.

Platforms features

Each platform has its own individual
characteristics and features, which must be
taken into account. Examples of features:

1. Telegram support new types of input,
keyboards that integrated into a message.

Unlike the regular keyboard, clicking on
the button of the integrated keyboard will not
send messages to the bot - instead, the data will
be transferred in the background, which mirrors
the interaction with a normal application. [2]

2. Facebook messages can be either just
text or Structured Text, which are divided into:

1 button:

This type is used to send messages, which
require user response.

Buttons can be one of two types:

o Sending response to bot;

o Redirecting to internet address;

[l generic:

Elements are intended to send cards of
goods or other items having a similar structure.

Each member may have title, subtitle,
description, image and buttons.

[l receipt:

A receipt may contain information about
goods, cost, delivery address, discounts. [3]

3. Slack allows you to use additional types
of keyboards and mark individual user
messages. [4]

Overview of existing libraries

Already exist a sufficient number of
libraries that implement the integration of
messenger APIs to create bots on various
programming languages. But we did not find
any that would unite these popular platforms in
one, with full functionality, and would be
implemented in the Java language. (Table 1)
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Table 1
Compare existing and existing libraries.
Libraries
Our library | BotKit | Claudia Bot Builder |  Universal Bot Framework
Programming languages
Java | Java-Script | Java-Script | JavaScript
Supported systems
Slack, Facebook Mes-
Face- senger, Slack, Skype,
Slack, book Mes- Viber, Telegram, Facebook .
Face-book Mes-senger, senger, Twilio Twilio. Amazon Messenger, Telegram, Kik,
Tele-gram Micro-soft Bot Alexa, Line, Kik, Skype
Frame-work GroupMe
Targeted
Develo-pers %ﬁgi}!gfjﬁszrﬁ Develo-pers Developers
O0benunenue nuTepeiicoB
No support for No support for additional
Full support Full support additional features features
Full functionality support
No support for additional
Full support Full support Full support features.

It should be noted that in this table there is
no comparison with open-source projects that
implement the work in the java language
separately for single platforms. Since they have
a different task.

Testing

After the library was implemented, testing
was performed on supported platforms. (Fig.2)
For the tests, it was decided to create a bot that
audits user actions in the PostgreSQL DBMS
using created library [7].

The server was implemented through the
Open Server with the PostgreSQL module. To
work directly with the DBMS was used
PgAdmin. [9]

The test bot responds to commands entered
by the user.

After starting the bot, it connects to the
server log file and starts tracking changes. Once
a new entry is added to the log file and the
administrator  enters command the bot
immediately send the message with event
description.

With the command "/find_action™ you can
tell the bot what events you want to find in logs.
For example, the command "/find_action select"

tells the bot to send data about the select
requests being executed.

For example "/find_composite userl select"
- will output of select operations performed by a
specific user (userl).

Also, it is possible to receive error
notifications. Displaying of the necessary errors
occurs through the command "/find_warning".

If you need to use a different log location
you can specify it using the command "/setlog"
followed by the path to the server. The path can
be specified in Windows style (with
backslashes) and in Unix style (with regular
slashes). The path will be converted to the paths
on which OS the PostgreSQL server is located.
Also, the "/find" command is available for the
database administrator, which is an extremely
flexible way of finding specific records in the
log. As arguments in this command you can use
time intervals, types of records (select, insert,
start, stop, etc.), the duration of the action. In the
further development, additional opportunities
will be added to this search.

With the development of the library, the
bot will get a more user-friendly interface using
buttons and lists.
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2016-12-20 21:04:24.208 GMT:
user: Julia

message: the database system is starting up

2016-12-21 01:46:47.326 GMT:
user: user1

query: SELECT count(*) AS rows FROM ONLY hr.departments

2016-12-21 13:38:03.472 GMT:
user: postgres
query: select * from employees;

ffind_warning fatal

/find_actionselect 5.5, o B

Figure 2 - Demonstration the work one of the test bots on the Telegram platform.

Practical significance

Created library is aimed at developers, who
need frequent dispatches for messengers various
platforms. Because, using the library, they have
the opportunity not to create a separate program
for each platform, but make the dispatch
immediately to selected platforms, through
several lines of code.

Companies that need such mailing fair
amount, reiterate the importance of the
development using this or similar libraries.
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UDC 535.1
I. Introduction in the brightness of the subjects are estimated in this
Correctly selected lighting allows to fully way [1].
convey the emotional character of the scene, aspects This means that a logarithmic change, or a
of the characters in action, their environment. Due to logarithmic  progression, occurs when each
the lighting we perceive space and objects as three subsequent number in a series of numbers is a
dimensional on a flat screen. Specialists who ensure multiple of the previous number.
illumination for filming the video and television, Returning to the human perception, it should be
play an important role as an audio operator in the noted that our eye and brain have a different
preparation of radio programs, since it is their skill sensitivity to changes in the level of influence (from
that determines the quality of the image. areas with different brightness). They are more
The artistic expressiveness of video production sensitive to changes in a weakly lighted scene than in
(especially in HDTV/DTV technologies) and films a brightly lighted one. Another way to deal with this
that shot on film is considerably determined by the issue is to evaluate this phenomenon with reference
creative attitude to the formulation of lighting. In to the conditions for the reproduction of brightness in
order to learn correctly control the light, knowing its a television process. The control and management of
main characteristics, quality, color temperature and the level of black, which is installed on the camera,
light intensity is needed. are arranged in such way that they are extremely
In lighting on television, in the cinema or in the sensitive to setup, and even a small error in the video
theatre, one should consider how people see changes signal level will result in either too dark images, with
in brightness on the scene, which is called the "notches" in the shadows, or with "thin", low-
logarithmic law of perception of the image by our saturated images without black tones. While at the
eye and brain, conditioned by nature itself. white level, in the peaks of the television dynamic
range, the same percentage change in the signal level
Il. Main part will not have a noticeable effect on the tonality of the
According to the Weber-Fechner law, the image.
intensity of the sensation is proportional to the Whenever trying to evaluate the uniformity of lighting,
logarithm of stimulus intensity, in most cases the it is easier to use a "monochrome” glass with a
human  perception  of  brightness  occurs transmittance coefficient of 1%, which is an optical filter for
logarithmically; for example, changes in the pitch of viewing, as it were, "compressing the maximum
the sound tone, in the volume level, and also changes brightness", which are visible to the eye, so that in the scene
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it can be seen with a significant decrease in its brightness. In
this case, the differences in brightness between light and dark
objects will be seen most clearly.

The purpose of logarithmic control over exposure is
that when the aperture of the lens opens or closes on f-stop
values, the brightness of the image will change equally
between the two neighboring values of an aperture, i.e., this
will create the same increment when perceiving such image.
The increase in brightness of the image in logarithmic
dependence is used in the tables of gray scales, which are
used to adjust the television path. For our eye and brain, to

see changes in the brightness of adjacent gray fields in equal
amounts of increments, the changes in the reflection
coefficients of these fields must follow the logarithmic law.

Light is a part of the spectrum of electromagnetic
oscillations, inclusively to microwaves and radio waves,
which limits the visible spectrum of waves on the right.
Figure 1 illustrates the state of the visible part of the
spectrum within the full electromagnetic spectrum and its
color, perceived differentially by our vision, depending on
the wavelength of the radiation.

400 500 600 700 nm
[— | ——pl¢——— P>l ¢ >
Violet Blue Green Yellow Red
< Orange P
~ g " r 5 -~
~ -
- s i -~
~ i - - -
~ 2, _ - i
X~-ray
Ultraviolet Infrared
Gamma ray Microwave Radio and TV
I5I I3I I1I I1I 3I I5I I7I I9I I11
10° 10° 10° 10 10 10 10 10 10

Figure 1 - State of the visible spectrum.

Light is usually characterized by a wavelength
(do not confuse with frequency) and expressed in
nanometers (nm), where 1 nm = 10°°m. The visible
spectrum ranges from about 400 nm (blue) to about
700 nm (red). The reaction of the human eye and
brain is inhomogeneous, falling to any direction from
the maximum sensitivity at a wavelength of 555 nm.

Relative value

The average response of the eye and brain is
called the photopic curve (or the visibility curve)
(Figure 2). It is important that any measurements of
light are consistent with the way we see, that is, all
instruments that measure lighting should have a
corresponding photopic characteristic [2].

| |
400 500

600

| |
700 nm

Wave length (A) nanometer resolution

Figure 2 - Visibility curve — average value of eye reaction to the light.
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Light units are based on comparison with the
visual standard. Figure 3 illustrates the various
lighting parameters that we must and can measure.

BRIGHTNESS
estimated reflected
light

Light source‘k
-—>

lluminated surface

N

LIGHT FLUX
associated with light energy
corresponding with quantity of light which emitting per seconds

ILLUMINANCE
estimating incident light

LIGHT POWER

and its intensity ability ~
to emitting light
Figure 3 - Light. Estimated parameters.

Luminous intensity (I) - evaluates the source's translated into russian in the same way as the term
ability to emit light, expressed in candela (formerly "brightness” [3]. In the SI system, the brightness is
called candlepower). estimated in cd [4-10].

Luminous flux (F) - estimates the light energy m?
emitted by the source in every second, expressed in Light intensity (I). This is the estimation of
lumens. light energy based on a visual comparison with

Illuminance (E) - estimates the light energy known standard sources. Originally it was a standard
falling on the surface, expressed in lux (lumen) or candle, which was called the candlepower. For

m? example, the light intensity of 15,000 candles has a
foot - (lumen). 1-kilowatt spotlight with a Fresnel lens in the
candela it operating mode. Subsequently, in the international Sl

system, the candlepower standard was replaced by a
modern candela standard, which is scientifically a

Luminance (L) - estimates the light energy . .
reflected from the surface, expressed in apostilb more precisely established standard. However, for
practical purposes, the terms candlepower and

(reflected _Ium;e N) or foot/lambert (reflected umen ), candela can be evaluated as similar.

m fit? Light flux (F). This is an estimate of the light
energy, expressed in lumens and can be determined,
as shown in Figure 4. This is the amount of light
energy emitted per unit solid angle from a point
source by the light intensity into one candle. Clearly,

Note. There is a term - "brightness”, which an element of time should be introduced here, and in
refers to how brightly we see the objects. This is a this case the definition will be: a light flux is the
subjective effect that depends on the environment amount of light energy emitted every second in a unit
and the background. Our eyes and brain adapt to the solid angle from a point source by the light intensity
prevalent visual lighting conditions. In everyday into one candela. The light flux is the energy seen by
practice, the term "brightness” is often used when the the human eye, that is, its magnitude is determined
term "luminance"” has to be used. through the visibility curve (photopic curve).

In the dictionary, the term "luminance" is
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.
| Candela

| Lumen/per seconds

Figure 4 - Light flow is determined in lumens.

IHlumination. This is a measure of the light flux
falling to the surface, measured in lumens per unit
area, that is, in lumen or lumen (see Table 1).

mz ftZ

Figure 5 illustrates the relationship of basic units.

Table 1

Typical values of illuminance

Illuminance, Ix.
Sun light with bright sunny day. Cloudless 100 000
Day light. Cloudy 6500 (2000-10 000)
Day light. Cloudy. Winter 500
Interior with natural lighting. Day 400
Interior with artificial lighting. 200-300
Illuminance of an office (horizontal side of the table) 300-500
Office with computer 300
Drawing department 750
Typical Supermarket 600-700
Sunrise/Sunset <200
Street lighting 4-20
Moon light in full moon position 0,1

Lux - is the most preferable term for the world
television (except for the US), but the term foot-
candela has been in use since the very first filming
and is still used by many cinematographers.

As a result, many light meters that measure
falling light are calibrated in foot-candelas.

Ratio of units: To convert foot-candelas into

lux, multiply the numerical value of foot-candelas by
10.76, that is, 1 foot-candela = 10.76 lux (10.76 is
the number of square foots in square meters).

For most practical purposes, it is quite simple:
the original number must be multiplied by 10 (when
converting foot-candelas into lux) or divided by 10
(when converting lux into foot-candelas).
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1 Lumen

| Candela
point source

1 Lumen/ft2=
1 foot in candela

1 Lumen/mé
1 Lux

Figure 5 - Determining the units of illuminance.

Exponometers, measuring falling light usually
have a very wide coverage angle. To measure the
illumination, it is necessary to put a diffusion disk
(lumidisk) on the photocell. However, it is more
common to use a diffuse hemisphere mounted on the
photoexponometer before the photocell. This
hemisphere integrates all the light that illuminates the
subject, and gives a better result than the lumidisk
when measuring the total light on the subject.

Brightness (L). This is a measure of light
energy, estimates the amount of light reflected from
the surface. When the surface reflects the total light
flux of 1 lumen it is said that this surface has a

m2
brightness of 1 apostilb. (Similarly, if the surface
reflects the total light flux of 1 Iumen, then it is
ft?

about the brightness in 1 foot-lambert). These terms
are not generally accepted, and therefore the
brightness on the sienna is ultimately "measured"” by
the television camera.

The amount of light reflected from the surface

depends on the coefficient of its reflection or on its
reflectivity.
Brightness = (pilluminance) = apostilb.

For example, if the illuminance is 600 lux, then
what is the brightness of the peak for the TV white
surface with ¢ = 0.6 (60% reflectivity)?

Brightness = (p-illuminance) = 0.6 - 100 apostilb.

The brightness meters have very narrow
measuring angles, usually 1°, for example, such as
the "Pentax" spot meter or "Minolta". Most spot
meters are calibrated in exposure values (EV), where
the exposure value increases by one value when the
brightness is doubled. Often the exposure numbers
are expressed in terms of f-stop. For example, if the
peak white indicates 9 EV and black indicates 4 EV
(see Table 2), then this is the contrast in 5 EV or 5 f-
stops, or the contrast between these surfaces is 251 =
32:1.

The ratio of units: 1 apostilo =0.318 ¢d / m?; 1
cd / m®> = 3.14 apostilb; 1 foot-lambert = 10.76
apostilb; 1 apostilb = 0.0929 foot-lambert.

Table 2
Typical EV (Expositional values)

EV
Blue 13-14
White clouds 15-16
Continuous cloudiness 10-11
Typical tone of the face in sunny day (Caucasian skin) 14-15
Typical tone of the face in overcast day 8-9
Typical tone of the face in the room (day) 7
Typical tone of the face in the room (artificial light) 6
TV monitor peak 7,0
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Inverse square law. The light from the point
source will be distributed by a divergent beam of
rays, and consequently, the farther from the light

1/4 Lumen/m?

-
\ )
-~ - i
- .
-

1 Lumen/m?

1 Candela

—TMm—-e s

source, the larger the area will be illuminated (Fig.
6), and the illuminance level will correspondingly
decrease.

1/9 Lumen/m? \

™ [2mx2m't> 3mx3m

-—2m

-—3m

Figure 6 - Inverse square law.

In 1 m distance from the light source with 1
lumen it creates 1 lux illuminance on 1m? surface. In
2 m from the light source this light flux creates the Y4
lux illuminance on the 4m? surface. In 3 m from the
light source it creates 1/9 illuminance on 9m?.

When the distance is doubled the illuminance
does not decrease for % lux, it decreases for Y4, just
illuminance decreases proportionally (1/2)2.

1

Iluminance(E)a ————— lux
distance

When the distance is tripled, then
illuminance decreases not for 1/3 times, it decreases
for 1/9 times, or (1/3)2. If light intensity is doubled
then the illuminance will also be doubled. Similarly,
if we had a light source of 1000 candelas, then the
illuminance would be x1000. Therefore the general
equation for the values of illuminance will be:

LightintesityI

[lluminance(E) = — 3
distance

Example:

1) What illuminance will be at a distance of 5m
from a 1.2-kilowatt HMI=spotlight with a Fresnel
lens with a light intensity of 50,000 candelas?

lightintensity _ 50 000

- > >— =2000 lux
distance 5

Illuminance(E)=

2) What kind of illuminance will be from a 650-
watt spotlight with a Fresnel lens with a light
intensity of 9000 candelas at a distance of 3 m?

lightintensity _ 9000
distance? 3

[lluminance(E)= =1000 lux

3) What is the maximum distance to install a 5-
kilowatt spotlight with a Fresnel lens of 100,000
candelas, if it is necessary to get an illuminance of
500 lux?
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. candela .
ITluminance(E)= distance? I11. Conclusion
Thus Thus, in this article we have considered the
' basic concepts of light, the representation of light
Distance? = candela _100 000=200 flows and units of measurement. The main laws

llluminance(E) 500

Distance = /200 =14,14 m, i.e. about 14
metres.

These examples illustrate how easy to
determine illumination at any distance if the effective
luminous intensity is known (the effective luminous
intensity usually refers to the central ray).
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Abstract: This article is dedicated to apply methodological approach related to the criteria clarifying
effectiveness of innovative marketing practices in the system of road transport. The main reason of investigating the
measures which associated with effectiveness of innovative marketing practices in road transport system is to select
effectiveness indicators and apply them into practice. Research results enable criteria related to effectiveness of
innovative marketing practices in the system of road transport and its evaluation steps to be applied into practice,
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INTRODUCTION establishing prospective long term strategic plans,
It is true that in this contemporary conditions of first of all, it is essential to create methodological
marketing reformations methodological basics play bases of assessing the effectiveness of innovative
crucial role in implementing deep modifications, marketing or commercialization of industry services.
consolidating financial situation of manufacturing Thus, in any kind of organization
and service organizations and evaluating methodological bases of assessing the effectiveness
effectiveness of product quality and volume as well of innovative marketing requires generating aspects
as the policy of innovation and investment. of its definition and the urgency of systematization of
Nowadays we can see an inadequacy of its results.
methodological base in  establishment and The main reason of investigating detailed
monitoring, as well as evaluation and assessment of criteria of effectiveness of innovative marketing
marketing activities of automobile industry system. activities in industry of automobiles consists of
Especially we can consider that in the market of choosing indicators underlying and measuring
automobile industry service it is impossible to effectiveness and applying them in evaluation
achieve potential outcomes in efficient development process.
of marketing activities without applying certain Relying on the objective of this research special
methods for evaluating its effectiveness. criteria is chosen in assessing the effectiveness of
innovative marketing .These criteria play important
IMPORTANCE OF THE TOPIC role in shaping the provision of contemporary
Apparently,today there are several methodological basics in evaluating effectiveness of
disproportions between theory and practice. For innovative marketing in the system of automobile
example even though there is a need to create industries.
methodological bases of assessing the effectiveness
of innovative marketing, there has been a lack of LITERATURE REVIEW

initiative to create and indicator it. For this reason, in
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Nowadays research works of foreign scientists effectiveness all phases utilized in innovative

related to showing criteria regarding the
effectiveness of innovations as well as innovative
marketing practices and creating assessment
methods, are of high importance.

Generally speaking, special researches of
Michael Porter play important role in the areas
associated with choosing any kind of activity in
business, from the source of raw materials to
analyzing and valuation of a chain of activities such
as creating innovative product, its pricing and
delivering it to final customer [1].

According to T. Ambler marketing
effectiveness of an organization encompasses three
components. First one is to evaluate effectiveness of
marketing in increasing the diversity of products for
developing the entity and increasing the profit
holding the market share upwards.

Second component consists of the process of
evaluating effectiveness in the case of functional
marketing. In this case the purpose is to acquire
different marketing-mix results by applying various
innovative technologies in moving any kind of
product. Third one deals with evaluation of different
expenses allocated for marketing practices such as
the measurements related to marketing budget. For
the expenditures incurred for production of
innovative product or service the “marketing budget”
office which is contained in management and
financial expenses department of the organization
takes the responsibility [2].

In modern scientific literatures there is
different perspective to be applied in evaluating
effectiveness of innovative practices [3]:

- the position of evaluating
effectiveness of innovative practices

- evaluation position of investment efficiencies
according to acquiring results

-Evaluation process of implementation of
innovative practices in each phase and different
directions and others.

According to the researches of A. Barisheva
effectiveness of innovative practices are evaluated
according to their economical and scientific criteria
[4]. In addition, C. Dedkov [5] indicates that
effectiveness of innovative practices are assessed by
the results of scientific and social effectiveness.
Medinskiy [6] believe that it would be correct to
relate effectiveness of innovative practice with

investment

activities.

German scientists 1.V.Babin and Y.A.Mellers
notified that in evaluating effectiveness of innovative
practices ,first of all, criteria in commercialization
and producing innovative products should be
systemized and measurements related to successful
commercialization movement should be evaluated. In
this case methodological bases of assessing the
effectiveness of innovative marketing is mentioned
and other effectiveness measurement criteria ranging
from economic, financial, social resources to
ecologic and collaborative scientific-technological
are investigated [3].

There are several scientists who have done a
range of researches in evaluating effectiveness of
commercialization and creating innovative products.
For example, A.A. Stepano, l.Yu.Evgrafova, Ya.
Sobon, M. Rogozinsk and other scientists have taken
investigation of innovative marketing effectiveness
into consideration in their research works.

Some of the scientist in Uzbekistan in the
sphere of economics such as SH.N. Zaynutdinov and
N.M. Rasulov have prepared scientific-
methodological guidance related to evaluating
innovative effectiveness of the practices in the
entities which make big difference among students
learning this sphere.

Some of the specialists in road construction
industry Ravshanov who used evaluation methods in
assessing capabilities of road and transportation
complexes and T.U. Qodirov who used this system in
assessing effectiveness of competitiveness of road
transport system has managed to evaluate
effectiveness criteria in using social and economic
resources.

For this reason, due to absence of research
papers associated with methodological bases of
assessing the effectiveness of innovative marketing
in road transport industry among the works of
scientists whose works have been analyzed we
decided to systemize evaluation criteria.

MAIN PART OF THE RESEARCH

In order to investigate the criteria clarifying
effectiveness of innovative marketing practices in the
market of road transport services, first of all, those
criteria are selected according to their features and
then their results are systemized.

Table 1

The system of the indicators and criteria which clarify effectiveness of innovative marketing practices in
road transports.

Criteria

Content of criteria

1 Economic

This criteria provides the capacity associated with the provision of transportation and
logistics services as well as economic productivity of road transport organizations by
using existing fund and turnover finance appropriately.

2 Social

Social factors clarify the provision of qualitative and reasonable transportation services
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to community, convenience of transportation modes as well as the importance of level
of such kind of amenities to society.

3 Financial This criterion defines the capabilities of road transport organizations in terms of

and is able to pay its debts.

financing their operations and clarifies financial sustainability of the organization,
whether the entity possesses financial resources which are essential for its operations

4 Marketing and It defines the effectiveness of managements decisions in marketing as well as

management transportation service practices related to satisfying the demand of society to
transportation services by innovative ways.

5 | Technical- This criteria, which illustrates technical, technological and economic features of road

operational transport organizations, clarifies the ways of choosing appropriate transportation

modes and utilizing them efficiently.

6 Ecologic It explains ecologic cleanliness and negative effect of transporting to people and

environment during the process of providing transportation services.

7 Ergonomic It clarifies ergonomic, physiological ,psychological and health requirements while

providing transportation services.

8 Safety It provides ecologic, conveying, mobility safeties of transportation modes and

commuters when performing transportation services.

The following are the measurement groups of
the criteria that clarify the effectiveness of innovative
marketing practices in road transport:

1. Economic indicators defining the
effectiveness of innovative marketing practices:
the capacity of carrying commuters and load;
turnover of load and commuters; the park of
transportation modes and their infrastructures;
conveying area and its utilization level; provision of
technical service and repairing to transportation
modes and their quality measures; revenue and profit
of an entity; rate of revenue; overall and conveying
profitability cost of transporting and others

2. Social indicators defining the
effectiveness of innovative marketing practices:
satisfaction level of customers in transportation
service system; availability of transportation modes
in the area; opportunities of using transportation
services; comfort ability of transportation modes and
the importance of its functions to society.

3. Financial indicators defining the
effectiveness of innovative marketing practices:
financial capacity; liquidity ratio; ratio of
effectiveness;  financial  sustainability  ratio;
profitability ratio; indicators of its attractiveness to
provide investment.

4. Marketing and management indicators
defining the effectiveness of innovative marketing
practices: share in the market of transportation
services; brand of transportation organization and its
popularity; tariff policy and its flexibility;
technology, technical tools and organizational
mobility of service; advertising practices; news
related to market of transportation services, its
acquisition and recycling quality; tariff of
transporting; discounts; capabilities of management
and engineering staff; structure of management;
quality communication technologies wused in

management; strategic level of implementing
management decisions.

5. Technical-operational indicators defining
the effectiveness of innovative marketing
practices: number of automobiles in the list of
vehicles in automobile transport organizations;
overall carrying capability of automobile transport
organizations (overall passenger capacity); average
daily distance of an automobile; annual distance of
automobiles; overall distance of automobile with
load; overall number of movements; ratio of
technical readiness of automobiles; operational ratio
of automobiles; average operational speed; capacities
of loading; economization; reliability, utilization of
weight and size.

6. Ecologic indicators  defining  the
effectiveness of innovative marketing practices:
ecologic cleanliness of carrying during transportation
services; negative effect to environment and human
health; ecological level of fuel; ecological impact of
road and infrastructure facilities.

7. Operational indicators defining the
effectiveness of innovative marketing practices:
health requirements; anthropometric requirements;
physiological requirements; psychological
requirements; cultural-ethical requirements and
others.

8. Safety indicators defining the
effectiveness of innovative marketing practices:
safety of passengers while providing transportation
services; safety of the movement of transportation
modes; labor safety; ecological safety; carrying
safety; safety of drivers and technic staff. Our
research results related to the effectiveness of
innovative marketing practices in road transport
system show that organizations should rely on a
methodology based on the features of chosen criteria.
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RESULTS OF THE RESEARCH

The methodology of evaluating effectiveness
enables to make appropriate decisions in innovative
development of road transport organization’s
practices, complex investigation of transportation
service markets and determining innovative practice
areas, issuing measures related to increasing
marketing and  innovative  capabilities  in
transportation organizations and future prosperities
of transportation service systems in the country.

All above mentioned processes will be united
and it will be used in systemizing criteria in
evaluating effectiveness of innovative marketing
practices in road transport system and selecting
indicators. After that appropriate method of
evaluation will be created evaluations will be
implemented. After that results will be analyzed for
making correct decision.

In global practices innovative marketing
practices are directed to forming the strategy of
corporate competition and its effectiveness is
evaluated for satisfying customers completely,
gaining new markets and increasing sales volumes.
During penetration into new markets, forming
competition and pricing strategies show effectiveness
of innovative marketing practices in life expectancy
and brand of products.
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PECULIAR WAYS OF ADEQUATE APPROACH IN POETIC
INTERPRETATION

Abstract: The article is dedicated to questions of approach on the basis of adequate and equivalent norms in
poetic translation. With this view, it is analyzed as example of translation, translated into Russian by N.Tixonov, of
poems titled “Na’matak” (“The sweetbrier”), “Yor ko zlarining ishqini, xumorini yod et” (“Remember love,
intense of sweetheart’s eyes”’) by Oybek.
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Introduction translation of an original leads to hesitation of the

Ability to come near to an adequate or translator, that is, naturally the questions arise that
equivalent degree to a form (metre, rhythm, foot, adequation and equivalent can bear their fruit without
syllable, melodiousness, musical) and meaning transformations and losses on condition that the
(embodiment, lexical resures, stylistic figures) translator has not recreated a translation of a poet.
considered poetic parameters of an original in poetic Meanwhile, adequation is an “exact” result of
translation provides reflection of an author’s thought adequate original and translation which they are
and feeling, purpose and idea. equal to each other. Equalization of original and text

While preserving all poetic elements incarnated to a repeated text in the adequate translation is
in the original text, creation of an equivalent or recreated without changes in content, aesthetically
adequate variant of a translation is too complicated and functionally and it is translated as much as
process. That complicacy is that those functional possible. Notion of the adequation is to replace mark
units in the original text such as poetic works, of equalibrium between original and translation, that
expressive elements are not able to equalize to exact is, two texts generate formal, semantic, literal
alternative degree within the bounds of other closeness to each other and an exact aspect of the
language. Deformation of original and also definition text is created pragmatically, methodically.
are allowed in order to avoid from those
complicacies in translation of a poet, that is, a poetic Materials and methods
translation requires that some kind of categories One of main conditions of such translation is
above mentioned is changed. Taking notice of these, that some liberties — author’s words and liquidations
the translation can choose a way of free approach in are not allowed. Though linguists, translators and
order to recreate a poetic form and meaning. This specialists in literature have elaborated some
condition gives a free creation an opportunity in the conceptions of notions of equivalent and adequation,
theory of translation and it is required to keep norms these important two categories of translation theory
of possibility like that in its turn. “Especially the still remain within the scientific discussions. When
archaic words translation we should more paid Russian methodologist, specialist in translation,
attention in classical literature. ’[7,44]. When a way professor Lev Nelyubin began to introduce
of free approach was chosen to recreate a poetic equivalent and adequate terms into “the explanatory
meaning and form by the translator in the text of dictionary of the terms of study of translation” [2,78]
translation, realization of equivalent and adequate which he has compiled himself, he cites general
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description of equivalent and adequate notions in
interpretations on some variants, receiving main
thoughts of conceptions elaborated by scientists. It is
pointed out that “ad equation has three components
at the bottom” in one of those descriptions: they are
1) to be reach meaning of original precision, exact,
complete; 2) to be reach linguistic categories of
original in nicety; 3) to be recreated in detail a
language of primary text in language which is
translated. The equivalent is conformity, equality,
mutual semantic identity in the highest possible
degree of meaning of original and translation. The
equivalent translation is to be recreated meaning of
original in one of kind of the equivalent. One can see
that essence of the ad equation described by
L.Nelyubin corresponds with essence of the
equivalent in general sense, that is, precision, exact,
complete statement of meaning of original requires to
conform meaning of original of equivalent in the
highest possible degree with translation. Sometimes
there’s some translating problems in translation
process. Especially, the translation of person’s name
is difficult to translate it into foreign languages. It is
used to be a reasonable manner for describing
exactly and understanding clearly which the events
in “Baburname” [8,1022].

In view of the fact that if approach requires
without any changes in accordance with
requirements of the absolute equivalent and ad
equation, in this case, how is translation of a poem
realized? In our opinion, thought which has been told
that “it is not possible to approach to adequation and
complete equivalent in interpretation” leads to one-
sided view. So, work of any translation gives evident
theoretical thought and conclusions by coming of its
analyse.

So long as, it is not always possible to be
absolutized thoughts within translation because
changes of thoughts can occur as a result of analyze
of work of any translation. The critique of translation
differs from the other branches of the philology in
this respect. As a argument of our opinion, we can
give as an example of functional appearance of
adequate and egivalent approach which meet with
translation of poems titled “Xayr, Chimyon”
(“Goodbye ~ Chimyon”),  “Na’matak”  (“The
sweetbrier”) concerning the group of “Chimyon
daftari” (“Chimyon notebook™) by Oybek, especially,
in N.Tixonov’s translation activity. If responsibility
of the translator of poetry in guaranty of adequation
is to show the making finest points of original
pleasure, becoming a person of a poet the original, on
the one hand, it is to understand in mental as a
creator who interprites a purpose and ideas of the
author under these poetic features, on the other hand.
As a result, these two tasks are combined and
distance between the original and translation is
obtain to be approached as far as possible. For this
reason, adequating the original shows that the

translator has a high skill. Dildora Khoshimova
wrote in her doctoral dissertation work about the
functions of translator [6, p.191].

The poem “Na’matak” (“The sweetbrier”) by
the Uzbek poet Oybek is valued as one of unmatched
lyric patterns which are reflecting artistically in the
Uzbek poetry of the XX century. Ideal purpose of
that poem which means that beauty is able to create
good deed, is incarnated in the author’s artistic aim.
The figurative-expressive means, games of words
which serve to be incarnated the poet’s artistic aim
repeat Oybek precisely not only thought with
thought, phrase with phrase, form with form and also
an order of metre, melodiousness of poem in its
Russian translation. It is necessary to be mentioned,
if relative equivalent operates in order to “be
identified” a form of the original and its meaning, it
is required to approach to the text of the original
dynamically and formally. But each of both “are
identified” to the original in adequation and complete
equivalent as well. We can see that the exactness has
been provided in formal and dynamic look as well in
the Russian translation of N.Tixonov’s the poem
“Na’matak” (“The sweetbrier”).

The structure of formalism comes of skill that it
could reflect methodical features and author
language in degree of the natural possibiblities but
not with any copying out the methodical
characteritics and grammatic peculiarities of the
original in N.Tixonov’s creative work:

Oybek:

Hadwuc gaiikanaan Oup Ty HabMaTax,

ITOkcakna, mamMoaHUHT OejlaHYarua,

Kyé€mra kyTapud 6up caBaT oK ryin!

Bukop-na yurmaiiran Kos aduna —

Haduc yaiikanaau 6up Tyn Habmarak... [3,182]

N.Tixonov:
YynHO KauaeTcsi KycT HaMaTaka

Tam, HaBepXy B BETPOBOH KOJIBIOENH,
ConHily — KOp3uHa IIBETOB OEJIOCHEKHBIX.
T'opnio Hax Kpaem yrecucTol 1ienu
YyaHo KauaeTcs KycT Hamaraka... [1,285]

Podstrochnik:

The branch of hamatak shakes wonderfully,

There, above in the wind cradle.

To the sun — in too white basket, majestic
[3,182]

The original The translation
The hemistishes twenty twenty

The rhythm metre metre

The number of ten eleven syllables
The order of metre
abvba, abbba
abvba, abbvva

abvba, abvba
abvba, abvba

ISPC Technology and Education,
Philadelphia, USA

75

§ THOMSON REUTERS

Indexed in Thomson Reuters




| ISRA (India) = 1.344
{ 1SI (Dubai, UAE) = 0.829

Impact Factor: | g (australia) = 0564 | ESJI (KZ) = 3.860 | 1BI (India) = 4,260

L JIF = 1.500 |

| SIS (USA) =0912 | ICV (Poland)  =6.630
{ PUHIL (Russia) = 0.234 | PIF (India) =1.940

SJIF (Morocco) = 2.031

We can be witness of that the order of metre
was more perfect than the original. The poet who
was influenced on condition “galikamagun’
“kyrapamu”’, “pycyH  Oepagu”,  “cyHmaian”,
“Tytamu”, “camoM Oepamu”’, “‘ToBraHagM’ “paxc
sragu’ - “shaken in the wind cradle fine” of
namatak, brightens this image in actions such as “it

EEINT3

shakes”, “it raises”, “it fascinates”, “it does not go
out”, “it holds”, “it greets”, “it plays”, “it dances” in
the poem. Whole allegorical phrases appeare in
influence of those words and phrases which explicate
action. The peak of that skill peculiar to Oybek’s
poetry is repeated in N.Tixonov”s translation
identically. Namely, “kauaetcss” (aymHO Kauaercs
KyCT Hamaraka), “3apjenu’” ( a Ha IIeKax IMOLeIyH
3aprenu), “muiimer”’  (cmyTtaB 1mo0eru, ILBETaMH
cusist), “mimer”  (IUIAIIET  CO3JaHMe  CKall
omuuaBmmx) - “it shakes” (the bush of namatak
shakes wonderfully) “they reddened” (the kisses
reddened in the cheeks), “it dances” (entangling
sprouts, beaming with flowers), “it dances” (it dances
creation of the wild rocks).

It is necessary to pay attention to that, too,
though the translator has translated sentences and
phrases in the original felitously, he did not cite
synonymic alternative of “Ho3uk”, “maitun”,
“Haduc” - “graceful”, “soft”, “fine” epithets in the
structure of the allegorical phrases from Russian
word for word. The figurative-expressive means such
as “graceful” “soft” “fine” which Oybek has created,
are translated as a form of “aynHo” (uymHO KadaeTcs
KyCcT HaMmaTaka), “HeKHO  (MHE HE HACBITUTHCS
TUIACKOM TOW HEXHOMN), “daymH0” (4yqHO KUBaeT MHE
B ckamax m3 Mpaka) - “wonderful” (the bush of
namatak shakes wonderful), “fine” (I do not satiate
with dancing of that fine), “wondweful” (the rocks of
darkness nod me wonderful) in the translation of the
translator. Reason of that approach which was a
symbol of beuaty is that the author preserves his
feelings who recognized that the namatak has
fascinated to grandeur of rocks frowned with its
graceful,soft, fine a ctions. So epithet of “HexHO” in
Russian can not present aethtitic magnificance of the
word of “graceful” in the poem, that is, “shaking
finely” of namatak in Oybek’s poem does not mean
that tenderness action exactly, but it means that
action is charming. The translator cites an analogy of
“qymao” (“wonderful”) as equivalent and achives his
aim while noticing meaning of “wonderful”,
“charming” hiden in the base of this word.

It is clean that each creator has peculiar feature
of poetic creative work whose whole creation is
different from other creators. That charactiristics
wins raders’ endless confidence when he creates
patterns of too attractive, influence poems which
were fomaus for readers and glorified the author to
people. Sirdaryokhon Utanova is emphasized about
the features of attractive and literary poems in her
work. “Attractive poem is called the mark of

person’s spiritual and aks attiruvchi mood of
character position “speech”[9,64]. Those poems
celebrate names of their authors to people and their
translation into other languages are realized more
fast. Namely, the poems such as “Urik gullaganda”
(“When the apricot bloosoms”) by Hamid Olimjon,
“Sen yetim emassan” (“You are not orphan”) by
Gafur Gulom, “Go'zal” (“The beuaty”) by Chulpon,
“O’zbegim” (“My Uzbek”) by Erkin Vokhidov made
a poet famous. Including, ‘Namatak (“The
sweetbrier”) is a pattern with high price in Oybek’s
lyric creative work, too. Their qualities increase
much more that national traditions could be seen in
patterns of that poetry. One of features peculiar to
charactiristics of Uzbek people is that events and
phenomena in their imajinations occur not
separating from flower and the sun. Symbols of the
sun and the flower incornate a spirit of national
tradations in Oybek’s lyrics that they are in leading
place in his poetry. N.Tixonov reexpresses the
author’s Uzbek romantic sense by feeling that the
poetic symbol — namatak (“The sweetbrier”) was
able to create beauty and the poet astonished beauty
like that. For this reason, the title “Na'matak” of the
poem is not as “ [llumoBHUK” in Russian alternative
in translation, on the contrary, it was remained the
title of “Na’matak”.

Creation of complete equivalent or adequate
tanslation of poetic work is aethetic phenomina
coming of skill of the translator and mutual harmony
of poetic view of point and of spiritual incornation,
of creative closeness, of collaboration in styles of
two persons — the author and the translator serve as a
main factor. Professor G.Salomov thinks aptly that
“it is confidence in mirakle that you have translated
writer’s work or author’s well who you did not love
and whose works you did not like youself” in his
monograph [5,128]. N.Tixonov and Oybek are two
leaders: the first is of Russian literature and the
second is well-known poet, writer, translator and
specialist in literature of Uzbek literature. They were
poets whose ideological view of points conform to
each other as resourceful publists in the social-
political life. It is clear in broad sections of the
readers that each both of creators were skillful to
write their feelings in the poetic lines, too, who have
created in the same literatural, political condition.
As Oybek was himself a skilful translator, he
considered N.Tixonov his close creator friend and he
satisfied Russian translation of the poem ‘“Na’matak
(“The sweetbrier”) by N.Tixonov, the memories
were recorded that he has told positive opinion about
its translation [4,50]. So there are lyric poems by
Oybek such as “Xayr, Chimyon!” (“Goodbay
Chimyon”), “Ilk qor” (“The early snow”), “Yor
ko'zlarining ishqini, xumorini yod et” (“Remember
love, intense of sweetheart’s eyes”) in activity of
N.Tixonov’s translation that translation of this poem
is worthy of estimating as perfect translation, too.
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Translation of this poem can meet to requirement of
complete equivalent and adequation which we have
mantioned above. For this reason, if the periods pass,
these poems do not need to be retranslated by other
translators. Namely, when the poem “Yor
ko'zlarining ishqini, xumorini yod et” (“Remember
love, intense of sweetheart’s eyes”) is compared with
its translation, it is difficult to realize who the author
of the original is and who the author of translation is.
Therefore, interpretation of the original in
comprision with Russian translation on condition of

extraordinary identity is like “miracle”, as
G.Salomov affirmed:
Oybek:

Ep x¥3mapuHUHT UIIKUHU, XyMOPUHHU €11 3T!

Kykx rymmanu nypiaap kabu mnopnaidanm Oy
OKUIOM.

Xap Tofaa Ba Kupja ETap HO3JIH OHp OpoM,

Jynénarun ky3map apo IIaxJIOCUHM &7 OT.
[3,184]

N.Tixonov:

Munoii ri1a3a, 9To BIEKYT TaK Oe3ynepKHO,

Heba BeuepHHMii IBETHUK - CIIOBHO KEMTY)KHHA
Kpaca,

Ha paBHuHax, B ropax Bc€ HE)XHee IOKOM,BCE
YKPOMHEH,

Cpenu ria3a Bcero mmupa
rnasa. [1,307]

BCIIOMHM MHJIOH

Podstrochniy:
One can not stop lover’s drowing eyes.
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Introduction

Tasks, based on actions on the most acceptable
and rational use of reserves, while maintaining a
certain degree of comfort of the existing (for a man)
or a certain degree of existing production appear
relevant to virtually every country.

It is permissible to create projects for clients
systems and electric drives based on the established
comfort level or order production.

Exceptionally claimed there is a problem with
the requirements of the free market trade resource in
which 1) there are options for the delivery of
electricity and other resources, 2) in the presence of a
variety of flexible tariffs, related to the period of the
day, 3) the existence of variants of the origin of
electricity. When such coincidence, there is a number
of problems that need to be addressed.

One of the first problems is a clear prediction of
power consumption. The next task may include a
task related to the subject of the quality of
information: how are true and correct all the data? In
the case of information authentication problems
occur, and suspicions about the correctness of the
result. Another problem - the problem of energy
conservation reserves detection - electricity used per
day (a week), which can be saved under the specified
conditions. Also among the important issues that
today there are many power transmission and
distribution organizations (including organization of
water supply, gas transmission and gas distribution)
are problems such as outdated network infrastructure,
increasing the maximum loads, wide promotion of
new power Generation technologies (renewable

Doi: &Gos¥ef https://dx.doi.org/10.15863/TAS.2017.06.50.8

energy sources) the need to improve the quality of
customer service, the need to maintain network
security. Consequently, the problem of planning and
development of "smart" energy-saving automation of
procedures and structures are modern crisis in the
application of information standards (technologies)
in resource conservation.

Micro Network or system-micro grid

Micro grid Complex ("micro-network") it
encompasses, typically one or a number of
distribution substations and systems savings system
that allows it to operate as a stand-alone or be
combined with an external power system. Micro grid
Network have different sizes, from small networks to
provide power a small number of residential units to
large energy supply systems of business
organizations and institutions. [1]

Usually micro grids are erected for a small
period of time to meet the local needs in electric
power and do not carry out the provision of
electricity over long distances. [2]

Complex micro grid with renewable energy
sources (for example, the use of hubs and solar,
vertically positioned wind turbine and hydrogen
stand-alone installation), as part of the power system
Smart Grid provide an opportunity to create a full
range of acquisition, use and conservation of
electricity. All this is quite in demand for staying
areas, work or life without complex approach to the
central power.

The concept of ""'smart grid"
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Intelligent "smart" electricity grid - a fresh set
of visions of the importance of technology to
modernize energy infrastructure, to review our
obligations both energy consumers and, ultimately,
in the issue of preservation and protection of nature
and the much-needed energy.

The formulation of the concept of "smart grid"
US Department of Energy as follows: "Smart Grid -
a method of producing electricity from energy
companies to customers, combined with a variety of
technologies and an improved power system
activities explicitness, efficient customer service and
presenting the environmental dignity>>.Despite the
different interpretations of the concept of the smart
grid is no doubt that communication network appears
the foundation of intellectual power. Companies in
the electricity sector are investing in communications
networks to improve the situational awareness of the

reserves of the energy system with the desire for
automation, control systems and unite them. The
advantage of the intellectual energy is that electricity
companies will be able to "soften" the need for
electricity during peak periods, to renounce the use
of hot resources, and reduce the need for long-term
capital investments in the development of additional
generating associations also reduce the need for other
investments, for example, modification to the system
to enhance the productivity. The existence of the four
properties of the "smart™ network combined to make
intelligent power grid (Figure 1).
The foundation of a modernized power grid are
intelligent components, staying at the level of digital
technology, which is connected to the electric power
company  established and current  analog
infrastructure of the energy system. [3]

Complete impression of transfer power system
the status of the power  at any desired status
system - data transfer

counters and measuring

instruments and control

commands

rapid adaptation to
changing conditions
without user
intervention

connection systems and
power generation
processes of the
enterprise - high
intelligence and
efficiency of the power
system

Figure 1- Smart Grid-element.

The advantages of the intelligent network are:

« Effectiveness in operations - reduce power
embezzlement - and improving interminableness
payments through automated complexes reading data
recording devices;

* Perfect reaction - to minimize the maximum
possible load with smart fixtures accounting allows
you to enter the rates associated with the use of time;

» Network security - forming predictions of
resource use to improve the set of network settings in
real time, which will contribute to the art work in full
force its actual capacity;

* Actual current communication standards - the
ability to integrate the intelligent options in all
electrical infrastructure, from power substation to
customer equipment.

Intelligent network device can be described by
the following categories:

« intelligent grid includes options for monitoring
and observation of mains producing capacities in
order to diminish the load, measurement of
protection also supports reliable and productive
energy delivery.

* Renewable energy;

* Intelligent transfer of information covers and
sharing current data devices and counters located
throughout the country;

 Intelligent control spending and ensure
increased efficiency, reliability and security of the
network by automating the supply and control the
reaction to unforeseen circumstances.

One of the main components of the smart grid
appear on the digital substation, in which embodied
urgent solutions and standards to monitor the power
grid equipment.

Economic circumstances and the business
advantages of digital substation automation:

* Reducing the current embezzlement.

Modern substation make it possible to reduce
the current embezzlement due to the merger of a
number of control and monitoring into a single IP-
based network. This fact provides the highest degree
of importance for traffic control and operational data.

* Reduction of capital embezzlement. Due to the
fact that the demand for electricity is growing
electric power companies need to find methods of
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generating power to meet these needs during peak
periods. One method is the use of the automation
station techniques for large-scale reduction of the
maximum load and demand management, which will
enable to reduce the number of additional power
plants to provide power during periods of peak
demand on the electricity grid.

* providing a distributed intelligence. Because
intelligent network control options within reach, not
only in terms of limited control center, but also for
sub-stations, there is a possibility of designing new
applications that allow to distribute options
protection, control and automation technology.[4]

* Increased security of the power system.
Question to guarantee power system information
security covers not only the protection of the
substation borders, but also the formation of an
absolutely secure architecture that allows to find the
maximum plausible concept of the entire network,
mechanisms and accidents.

Renewable energy sources

Many Russian regions have all the requirements
for the formation of distributed generation, we are
talking about the possibilities of solar energy and
wind energy. Renewable energy sources have great
importance in solving the issues of energy security,
the environment and corruption of climate change.
[5. 6]

To motivate electricity generation production
facilities, operating on the basis of renewable energy
sources is required to adopt manuals calculation of
tariffs for electricity created in renewable energy
facilities. [7, 8]

Intelligent data exchange

Without reliable and accurate communications
grid - this is nothing more than 'deliver.' Power. To
make it "smart" is necessary to ensure the exchange
of information in both directions.

Sharing information allows energy production
to solve several major problems: intelligent
surveillance,  protection and  guarantee  of
"smoothing” the load. Through the exchange of
information in both directions, and the readings of
meters located throughout the network, accumulate
and are available directly to the network controller to
the operator.

The communication structure of intelligent
networks have identified a number of sections:

» Regional - WAN. It includes a large territory
and connects the control center with local networks.

It can be created using fiber or wireless
communication method in accordance with the
Ethernet or cellular protocols.

* Local - NAN. This network manages all data
transmitted between the regional and domestic
network of high-voltage rails. In this case, used or
wireless communication, or communication power

supply rails.
« Home - HAN. It creates conditions for an
extreme objects - residential buildings or

organizations.

All of these sections are interconnected via
devices - hubs, set between the regional and local
network, or electronic devices between the home and
the local network. [9]

"Smart" Energy consumption and control

It is significant to modernize the management
and control of energy consumption, this requires a
complex aggregate measurements. Communication,
broadcasting and returns information about how to
use energy, creates advantages and helps to reduce
the loss. While more distinct and clear data for power
consumption allows users to master their indifference
to energy issues. [10]

These error-free measurements are needed in
order to investigate, approve or modify one of the
samples of energy wastage. It is essential to realize
the management of the use of energy and to receive
data service systems and recognition of deviations.

Conclusion

In the complexes of "smart" accounting be
applied one or multi-phase modular instruments.
"Smart" sensors can check the relationship of power
usage by time and allow the utility companies to
provide discount system for customers to change the
structure of energy consumption. For the unlimited
introduction of automation, we need to provide
customers with an alternative to the admissibility and
the increased range of services.

Client due to smart metering is always on time
gets through, which clearly expresses the information
on consumption. This helps the client time to pay the
bills and, as a result, favorable to conquer much of
the honest taxpayers in each consumer structure.

Moreover, information about consumers can
easily combine data from external systems check the
solvency of consumers to improve risk assessment.
This is the most significant in cooperation with
corporate customers.
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i JIF =1.500 i SJIF (Morocco) =2.031 i
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IPOBJEMA UCCJIEJOBAHMS BBIPAJKEHUS CBOMCTB JUYHOCTHU B AKYCTHUYECKHX
XAPAKTEPUCTHUKAX PEYHN

Annomayusn: B pabome npoaHAnU3UpOSAHbL PE3yIbMamvl UCCLe008AHUN  AKYCMUYECKUX KOPPENsimos
UHOUBUOYALHO-NCUXON02UYECKUX ocobenHocmeti auynocmu. QOCyxcoaromes IKCHepUMeHmMAlbHble 3a0ayll,
Komopwle HeoOX00UuMO pewums OJisi Mo2o, Ymobvl HOCMPOUMb UHMESPALLHYIO MOOCLb GbIPANCEHUSL TULHOCHIHBIX
CBOUCME 8 aKyCMmu4ecKux XxXapakmepucmuxax peuu. Paccmompenvl 603MOJCHblE NCUXOQDUUOIOSUUECKUE
MEXAHUMbL NPOSIGNECHUSL TULHOCIHBIX 0CODEHHOCMEl 8 PeuedoM CUusHae.

Knrouesvte cnosa: akycmuueckue xapakmepucmuk, 20J10C, IUHHOCMb, TUYHOCTIHbIE CEOUCMEA, PeUb, PEUe6oll
cueHai.

Introduction Materials and Methods

MHorounciIeHHbIe 9KCTIEpUMEHTAIIbHbIE [IpoOmembl BBIpaXXEHUSI B PEUM PA3ITMUHBIX
WCCIIE/IOBaHMS,  BBINOJHEHHBIE B  KOHTEKCTE (YHKIIMOHANBHBIX M OMOLMOHAIBHBIX COCTOSTHUH
M3ydeHUS MICUXO0(PHU3HOIOTHIECKHX n JaBHO  MHTEpECyoT y4yeHbIX. (OCHOBBI  3TOTO
TICHXOJIOTHYECKUX OCHOB HEBEpOAIbHOTO OOILICHUS, HalpaBJIeHUs] MCCIIEAOBaHUH, MO-BUANMOMY, OBLTH
MOKAa3bIBAIOT,  YTO  KPOME  JMHTBHCTUYECKOM sanoxkensl Y. Jlapsunom (1872) B pabore «O
MHQOPMALMU PEUeBON CHUTHAJ SBISETCS HOCUTEIEM BBIPQKCHUH SMOIMH Y YemoBeKa U XUBOTHBIX» [10].
camMoro  pasHooOpazHOro conepxkanus. Yepes OKCIIepUMEHTAJIbHOE  Pa3BUTHE  aKyCTHYECKHH
CIIyXOBOHM KaHaJI MOXHO HOJYYHUTh SMOLMOHAIBHYIO, HOAX0JX K  M3YYCHHIO  IICHXO3MOIIMOHAIBHBIX
ACTETHUYECKYIO, HWHANBHIYaTbHO-TMYHOCTHYIO, COCTOSHHH TIONY4WI B CBSBH C Pa3pabOTKOH
O6rodu3NIecKyIo, COLIMATEHO-TUIIOIOTHIECKYIO, aKyCTHYeCKOi Teopuu pedeoOpasoBanus [11; 13]. B
IPOCTPAHCTBEHHYIO, NICUXOJIOTHYECKYIO u Poccun IpaKTH4ecKas BOCTPEOOBaHHOCTH
MEIUIMHCKYI0 ~ MHGOpPMAlMI0 O  TOBOPSIIEM, HCCIIEIOBAaHUN PEUY CTalld MNPUYUHON NPOBEACHUS
nHpopmanuio 0 ¢br3nyecKnx rnomexax, cumnoznymoB «Peup u smormn» (1974) u «Peus,
CONMYTCTByIOLIMX  pedyenopoxaeuuto  [16]. B sMoumuu u JUYHOCTH» (1978) ™ coBemanwii 1o
HacTosiliell paboTe MBI  IOMBITAEMCSI  TIOHSATH, akyctuke peun u ciyxa (APCO). bouto o6HapyskeHo,
CYIIECTBYIOT JIM  OOBEKTHBHBIE  aKyCTHYECKHE 4TO nH(pOpMaTUBHBIMU AKyCTHYECKUMHU
KOpPPEATHI YCTONYMBBIX WHINBUAYAIBHO- KOppeNAiTAMA ~ TICHXOSMOLMOHANBHBIX  COCTOSHHH
TICHXOJIOTMYECKUX 0COOEHHOCTEH JINTHOCTH? ABTISIOTCS: TIOKa3aTenu (CpegHee, MaKCHUMalbHOE |
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MUHUMaJIbHOEC 3HAYeHHWEe, MAHCIEePCHs, IUAIa30H) HWHTETPAIbHON MOAeTH TpeOyeTcs pemnThb s 3a1aq

4acTOTHl OCHOBHOTO TOHA (Fo), pOpMaHTHBIX 4acTOT
(F1, F2,.. Fn) u mmpusasr popmanTHbix 30H (Bi, By,..
Bn), orubatorueii criektpa, uaTeHCHBHOCTH peun (1),
pacnpeieneHus HU3KO0- M BBICOKOYaCTOTHOM SHEPTUU
B cCIekTpe, (opMBI HMHTOHALMOHHOTO KOHTYpa
BBICKA3bIBaHHA.  BocTpeOOBaHHBIMHM  OKa3aJnCh
BPEMEHHBIC XapaKTEPUCTHKU: JIATEHTHOE BpeMs
OTBETHOW pEaKINH, AJIUTEIBHOCTE W TEMI peuH,
JUUTeNnbHOCTH (1) may3, yJapHbBIX IVIACHBIX, CJIOTOB U
¢pas. B nemom, uccnenoBaHusl AEMOHCTPUPYIOT, UTO
CTEHHUYECKHE COCTOSIHUS BEAyT K BO3PACTAHHUIO, a
aCTEHHMYECKHE — K MOHWKEHNIO IToKa3areineit Fo, Fn 1
I. Dra cBa3p 00yclnoOBICHAa WHIUBHUIYAITHHBIMHI
0COOCHHOCTSIMU TOBOPSILIHX: TIOJIOBBIMH
pasNUuMsIMH,  CTEHEHBIO  IKCTPAa/MHTPOBEPCHH,
YPOBHEM HEHPOTH3Ma W TOPMO3HBIM/BO30YAUMBIM
TUnoM pearupoBaHus [l]. Bwmecte c Tewm,
00OHapy)XeHO, YTO NMPHU BOZHHUKHOBEHHH Pa3JIMUHBIX
MICUXO0IMOIIMOHAILHBIX COCTOSHMM moka3atenu Fo, |
U TeMIIa peYd H3MEHSIOTCS B3aUMOCBS3aHO. bBpuro
Ob1 HeBepHO 0O€3 THIATENLHOM SKCIIEPUMEHTAIbHOU
MPOBEPKH OMNMPAThCA HA KAXKIYI0 W3 YKa3aHHBIX
BBIIIE XapaKTEPHUCTHK T0JI0Ca B OTJACIBHOCTH KaK Ha
MoKaszareib, oONamaromuid  IuddepeHIupyoIeH
cuoii [4].

W3y4eHHI0 aKkyCTUYECKUX KOPPENIATOB CBOMCTB
TEMIIEpaMEHTa U JINYHOCTH MOCBSILECHBI €ANHUYHbIC
uccienoBanus. Hanpumep, Ha  pYCCKOS3BIYHOM
BeIOOpKE MyxxunH A.B. Hukonoseim 1 E.B. BenoBon
(2000) oOHapyKeHO, 4YTO JIUIA, OTHOCAIIMECH K
pa3HBIM THUIAM TEMIIEPaMEHTa, OTINdaroTcs o Fo u
ee TPOU3BOAHBIM; SMOIMOHAILHOCTH IIPSIMO, a
SPrUYHOCTH (XKEJTaHHE YMCTBEHHOTO M (DPU3MUECKOTO
HanpsDKeHWs,  W30BITOK  CcmiI) —  0OpaTHO
MPOTMOPIIMOHANILHO CBSI3aHbI ¢ moka3zarensmu Fo [17].
Bonpoc 0 MexaHm3Max oOHapy>XEHHBIX CBs3€H, Kak
NpaBWJIO, OCTaeTcs 3a paMKaMH  MOJOOHBIX
uccnegoBaHuii. Bompoc o co3maHuM  11€10CTHOM
KOHLIETIIINU IIPOSIBICHUI IICUXOJIOrMYECKOU
MHIMBHIYaJIbHOCTH B MapaMeTpax rojoca Ha
CerOJHAIIHUI  JIeHb  MO-TIPEKHEMY  OTKPBIT.
PazpaboTka MoJenaM JAMArHOCTHKU Pa3sHOYPOBHEBBIX
TICHXOJIOTHYECKUX OCOOCHHOCTEH MO0 aKyCTHYECKUM

napamMeTpaMm pceud 103BOJIWIIA ObI: MNpOBOAUTH
KOMIIJICKCHYTO NCUXOAUATrHOCTUKY
HHAWBUAYAJIbHOCTH, COKpAaTUTh BPEMCHHBIC u
OHEPIreTUYCCKUC 3aTparbl Ha OCYILIECTBJICHUC
MHAUBUAYAJTBbHO-IICUXOJIOTHUIECCKOTO 06CJ'IGI[OB8.HI/IH;
pacuimpuThb JHaIa3oH IIPUMECHCHUA

MICHXOJIOTHYECKOT0 TECTHPOBAHUS (PaclpoCTPaHUTh
Ha CHTyallid, KOTJa WCIIOIb30BaHWE OJIAHKOBBIX
MICUXOIUArHOCTHYECKUX METOAMK HE BO3MOYKHO HIIH
HE pEKOMEHAyeTCs, HalpuMep, B KIMHHYECKOH
NpaKkTHKe: TpM  OTCYTCTBUM  MOTHBAaLlUM K
00cCIIeI0BaHHIO, BBHICOKON BEPOSITHOCTH TPOSIBICHHS
COLIMAIBHOM JKEJATENIbHOCTU B OTBeTax
obcnenryemoro u T.a1.). s mOCTpoeHMs TakoM

[6].

Bo-nepevix, HEOOXOAUMO ONPENEIHUTHCA C
AKyCTHYECKUMH XapaKTepPUCTHKaMH peuu, KOTOpPbIC
JOJDKHBI OBITH BBIJICNICHBI W3 PEYEBOTO CHIHAIA,
obecrieynTh WX aJEKBAaTHYIO PErUCTPAaLUIO |
00pabotky. Jrta mpobieMa Xopouio pazpaboraHa B
KOHTEKCTE aKyCTHYeCKOW TEOpHH peueo0pazoBaHUs
[11; 13] v mpuknagHoit poHeTHkH [22].

Bo-emopbix, HE0OXOJUMO YCTaHOBHUTH CTCIICHB
MEXHHANBHAYAJIbHON BapUaTHBHOCTH aKyCTHYECKUX
XapaKTepUCTUK rojioca. Mamnas M3MEHYUBOCTH TOT'O
WM UHOTO aKyCTHYECKOro IapameTpa He IO3BOJISeT
paccMaTpuBaTh €ro B KadeCTBE HMHAWBHIYaJIbHON
XapaKTEepPUCTUKHU T0OJIoca YelloBeKa. JTOMY BOIPOCY
yIEISIOCh  3HAYUTENBHO  MEHBIIE  BHHMAaHUS.
[lokazaHo, 4TO psii aKyCTHYECKUX XapaKTEPHCTHK
obJlaaeT  CYIIECTBEHHOW  MEKHHIMBUAYAJIbHOM
m3MeHunBocThio [5; 7; 8; 9; 12]. Bo3moxHO
BBIJICJIICHUC TUIIOJIOTHYCCKUX AKYCTHYCCKUX
0COOCHHOCTEH B 3aBUCHMOCTH OT XapaKTepa peueBoil
nesitenpHOCTH [15].

B-mpemuvux, HE00X0IMMO BBISICHUTB
BHYTPHUHIHBUIYaIbHYIO CTaOUIIBHOCTb
BBIZICIICHHBIX IApaMeTpoB. DTOT BOMPOC OKa3ajcs
HauMeHee paspaboTaHHBIM. B psme wmcciemoBaHHit
oOHapyKeHa BHYTPUHHIUBUIyaIbHas CTAOUIBHOCTD
nokasatened Fo mpu npousHeceHHHM pa3HOPOIHOTO
A3BIKOBOTO MaTepuana [2], mokazareneit Fo—F4 u Bi—
B4 mpu npousHecenuu cnoros [7; 8], yteHun TekcTa
[91 u cBoGomHoM pacckaze [5]. CraGHIBHOCTH
aKyCTHYECKUX XapaKTePUCTUK NPH  H3JI0XKCHUH
SI3BIKOBOTO MaTepHana B HHBIX (9KCIICPHMEHTAIBHBIX
U MPUOMKEHHBIX K PEATBHON JKU3HEACSATSILHOCTH)
KOHTEKCTaX TpeOyeT IKCIIepUMEHTAIbHON TPOBEPKU.

Yemeepmuim BOIIPOCOM, JAOTOIHUTEIBHBIM IS
pelieHnsi paccMaTpuBaeMoil NpoOJIEeMbl, SBISETCS
U3y4YeHHe BKJIaJa HACJIEACTBEHHBIX M CpPEIOBBIX
¢dakTopoB B  (opmMHpOBaHME HHAWBUIYaJbHBIX
ocobeHHocTe romoca. Ha ceromHsmHuii aeHp B
CHUIy PpasjiyHbIX MCTOJUYCCKHUX TIPUYHUH OTOT
Bonpoc OTKpHIT [3]. Ha pycckosi3biuHOM BBIOOpKE

OMU3HEIIOB  II0KAa3aHO, 4YTO  WHIMBHIyaJbHbIC
nmokazateru  Fo wm Fi—F3  wHaxomarcs  mon
BO3ICHCTBHEM (DAaKTOPOB  HACICICTBCHHOCTH |
WHAWBUAIYaTEHOM Cpensl; YMEpEeHHEIC
oOmiecpeioBple  BIMAHUS Ha  (OpPMHUPOBaHUE
WHAWBHAIYATBGHBIX PA3TUYU MO CPEIHUM 3HAUCHUSIM
F2 " Fs OOBSICHSIOTCS (hoHeTHuEeCKUMU

0COOCHHOCTSMH  TIPOM3HOCHMMOTO Martepuana [8].
OCHOBBIBasICh Ha 3HAHUU O TCHOTUII-CPEIOBBIX
COOTHOIICHUAX Pa3INIHBIX WHAWBUIYaJIbHO-
IICHXOJIOTUYECKUX  OCOOCHHOCTEH  4YeslioBeKa U
AKYCTHYCCKUX rnmapamMeTpoB peun, OKaXCETCA
BO3MOXXHBIM ~ OIIPEJEIIUTh IpEIebl KOPPEesLuii
MEXAY IICHXOJOTMYECKUMH W  aKyCTHYECKHMH
MOKa3aTeJsIMA M BBIIBUHYTH IPEAINOJIOKEHHUS O
MEXaHHM3ME THX CBSI3EH.

ISPC Technology and Education,
Philadelphia, USA

83

THOMSON REUTERS

Indexed in Thomson Reuters




ISRA (India)
ISI (Dubai, UAE)
GIF (Australia)

Impact Factor:

= 1.344
0.829
0.564
JIF =1.500

SIS(USA)  =0912 | ICV (Poland)  =6.630
PUHIL (Russia) = 0.234 | PIF (India) =1.940
ESJI (KZ) =3.860 | IBI (India) = 4.260

SJIF (Morocco) = 2.031

Tonpko mocie pemeHus 3THX 3a7ad MOXKHO
HNEPEXOANTh K U3YUYCHHUIO nAmMo20 BOIpoca
BBIIBJICHHIO aKyCTHYECKUX KOPPEISTOB yCTOHYMBBIX
JMYHOCTHBIX XapaKTepUCTUK. Takux HccieaoBaHuil
— enpuaunbl. Kpome yrnoMsiHyTOH BhIle paboTsl A.B.
Hukonoa u E.B. Bbemomon (2000), Ha BBIOOpKE
PYCCKOSI3BBIYHBIX ~HCIIBITYEMBIX, C YYETOM BCEX
oOCyXIaeMbIX B JaHHOM pasjeie IpoOJem,
BBIIIOJTHEHO €IE€ HECKOJbKO HcciaenoBaHuid. OHH
MOKAa3aJId, YTO HEKOTOPBIE CPEJHHE W IOKa3aTeIIH
BHYTPUHHANBHAYaJIbHOI BapuaTuBHOCTH Fo, F2, F3,
B: u Bz MoryT OBITE MapkepaMu IpeACTAaBICHHOCTH
B CTPYKType JMYHOCTH (IO [aHHBIM OIPOCHHKA
MMPI) KOMIIOHEHTOB: MY>KECTBEHHOCTB-
JKCHCTBEHHOCTB, NICUXOMNAaTus, THIIOMaHMS,
NICUXACTCHUsI, HIIOXOHAPHS U uctepus [5; 9].

Brisinenue MCUXO(HU3HOIOTHIESCKOTO
MEXaHHu3Ma pcaimsann MHAUBUAYAJIbHO-
IICUXOJIOTHYCCKHUX CBOICTB JIMYHOCTHU B

AKYCTUYECKHUX XapaKTEPUCTHKAX TO0JI0Ca SIBIIACTCS
wecmoti (M HambOoIlee CIOXKHOM!) 3amadeid, KoTopas
JIOJDKHA OBITh H3yueHa B KOHTEKCTE
paccMmarpuBaeMoi TeMbl. PaccCMOTpPHUM 3TOT BOMPOC
noapobuee. CyIIECTBYET HECKOJBKO BO3MOXKHBIX
NCUXO(PHU3HOIOTMIECKUX MEXaHU3MOB BBIPAKCHHUSI

JMYHOCTHBIX ~ OCOOEHHOCTEH B aKyCTHYECKHX
MOKA3aTelsIX PEUH.

1) HawuGomnee OYeBUIHAS CBSI3b
[ICUXOJIOTHYECKHX XapaKTePUCTHK MOKET
HaOmromateest ¢ Fo.  Cpemuss Fo  00bI4HO

COOTBETCTBYCT HpPIBI;I‘IHOfI JJIA UHAWBHUAA YaCTOTC

KoJicOaHUs TOJOCOBBIX CBS30K. I/ICCHGI[OBEIHI/ISI,
MNPpOBCACHHBIC B PYCJIC TCHCTUKHU [OBCACHUA,
HarjasaJHo JACMOHCTPUPYIOT, qTOo BKJIag

HAcJIEJCTBEHHBIX (DaKTOpPOB B WHIWBHIYyaJIbHbBIE
pasmmunst mo Fo cocraBmster mpumepHo 50%. A
3HAYUT, OCTaJNbHAs  4YacTb  (PCHOTHIMYECKOH
JIICTIEPCHU TI0 CpeTHUM 3HadeHusM Fg o0yciioBneHa
CUTYaTHBHBIMH WJIM JOJNTOBPEMEHHBIMU CPEIOBBIMH
BiausHusAMU [8]. B KauecTBe OOHOrO M3 TaKUX
CpPEIOBBIX (axTopoB, Hampumep, MO>KHO
paccMaTpuBaTh HETUIMYHBIHN JUII HHAMBUIA YPOBEHb
HaIpsKEHUS TOJIOCOBBIX CBA30K BCIIEACTBHE KAaKOTO-
100 TEepPEeXNBACMOTO NICUXHIECKOTO COCTOSHUS, UTO
MPUBOAMT K MOBBINIEHHIO «0a3oBoi» Fo. Hampuwmep,
MPEAIoarajgoch, 9YTo0 y ACMPECCUBHBIX OONBHBIX Fo
HIDKE, YeM Y 3J0pOBBIX WHAWBUIOB. OIHAKO
00HapyXeHo, 4To B cpenHeM Fo y Takmx OONBHBIX HE
OoTiM4yaeTcs OT HOpMBL IIpum 3TOM nenpeccuBHBIE
0OJNBHBIE TOBOPAT THXO B CHIIy HHM3KOTO YPOBHS
MOATIOTTaNFHOTO  JaBieHHsA. MHBIME  cioBamy,
4TOOBI COXPAHHTH CPENHIOI Fo Ha ypOoBHE HOPMBEI,
OONBHBIM ~ TPUXOAWTCS  YPE3MEPHO  HAIpPATaTh
rosocosblie cBsa3ku [18]. K coxanennto, Fo sBisiercs
HE JYYIITAM aKyCTUYECKUM oKas3aTeneM
YCTOWYHBBIX VHAUBUYaIbHO-TICUXOJIOTHUECKUX
0COOCHHOCTEH  YelnoBeKa, IOCKOJIBKY  MOXHO
HPETION0XKUTb, 4TO JUKTOPBI CIIOCOOHBI

MPOU3BOJIFHO KOHTPOJIUPOBATH WM3MEHEHHS 3TOU
XapaKTEPUCTHKH B TIPOIIECCE PEUEHPON3BOCTBA.

2) WHmuBHayatbHO-THIHOCTHBIE 0COOCHHOCTH
MOTYT BBIPAXKAThCSA B YCTOMYUBBIX XapaKTEPUCTUKAX
F-xapTuHEIL. OTHOCHUTEBHOE pacrnosyioxxeHue
SHEPreTUUECKUX MHUKOB, COOTBETCTBYIOIIUX YacTOTE
OCHOBHOTO TOHa M (hopMaHTHBIM 4acToTaMm (Fi1—Fo,
F>—F1,... FiFn1), mo3Bonsier HaMm, HE3aBUCHMO OT
MIPUCYIIINX peun JTUKTOpa YCTOMYUBBIX
0CcOoOEHHOCTEH pacmonokeHus (OpMaHT, OTI03HABATh
ornensHBle  (oHEeMBL. Fn ¢ Takol (yHKIHMEH
BblAaroIMiica poccuiickuil yueneld H.M. JKunkun
(1958) wHa3pBam pedeBBIMH (OPMAHTAMH; OHH
OTIpeNleNIeHl HOpMaMH SI3bIKa. DU3NOJIOTHYECKUM
obecrieyeHreM caBura Fn OTHOCHTENBHO JOpYyT Ipyra
SIBIISIIOTCS. ~ CUTYaTHBHbIC ~ M3MCHCHUS  JTHHBI
BOKAJILHOTO TpakTa. AOCOJIOTHBIC YCTOWYHBHIC
4acTOTHbIe  xapaktepucTukd  ¢dopmant  (Fn)
KOHKPETHOT'O JTUKTOPA, 3aBUCSIINE oT
KOH(HUrypaluu €ro TOJIOCOBOTO TPaKTa, CO3ar0T
cnenu(UIecKyro  TeMOpPOBYIO  OKpacKy  pedd
WHAWBHA W, COOTBETCTBEHHO, MO3BOJIAIOT OTIO3HATH
ero mo ronocy. Takme Fp, KoTOpele MOTYT OBITH
BBIUMCIICHBI TIOCPECTBOM YCPETHECHUS 3HAUCHUH 110
Kaxmoil u3 (opMaHT, MOIYICHHBIX B 3aBHCHUMOCTH
OT CIIEIU(HUKN KOHKPETHHIX 3BYKOB, OBLIH HAa3BaHBI
rojgocoBeiMu  popmantamu  [21].  TomocoBbie
(dhopMaHTHI 00yCIIOBJICHBI aHATOMHYCCKUMHU
OCOOCHHOCTSIMH  CTPOCHHSI TOJOCOBOTO  TpakKTa.
OpnHako JaHHBIE HCCJIENOBaHUM, TMPOBEICHHBIX B
pyciie TEeHEeTHKH TOBEICHMs, YKa3blBalOT Ha
CYIIECTBEHHYIO CPEIOBYIO 00yCIIOBICHHOCTh
WHIUBHIYyaIbHBIX ocobeHHocteit Fn [7; 8]. Tak, B
KauecTBe  (akTopa,  CO3AAIOMIETO  CPEIOBYIO
BapHAaTUBHOCTh Fn, MOJKHO pacieHuBaTh
MIPOU3BOJIbHBIE U3MEHEHHsI F-KapTHHBI TIOCPEICTBOM
MaHUMYIBIOUH ¢ apTUKYIBSIIAOHHBIM  aIliapaToM:
HapUMep, MPOJIBHKEHUE S3bIKa BIEPENd, MOIbEM
HIWOKHEW YeNIOCTH M TOpPTaHH  CIOCOOCTBYeT
YMEHBIIICHUIO [UIMHBI BOKAJIBHOIO TpaKTa H, Kak
CJICZICTBUE, BEICT K IOBBINICHUIO (DOpPMAHT. OTH
NPUEMBI UCIIOJB3YIOTCS CIICIHAINCTaMU B padoTe ¢
MYKYUHAMH, MEHSIOIIUMHU CEKCYAIIbHYIO
OpHCHTAIIMI0O B MEISIX MPHONIMKCHUS B pPEYd K
cTaHIapTaM >keHcTBeHHOocTH [19]. OueBmmnO, dTO
WMEHHO  OCOOEHHOCTH  TOJOCOBBIX  (POpPMAaHT
YelmoBeKa ~ MOTYT  OBITB  KOppeniaTaMH  €ro
IICUXOJIOTHYECKUX XapaKTepUCTHK. TeM He MeHee,
pasHoctd Fp—Fn1 Taxke MOTyT HeECTH BaXkKHYIO
MICUXOJIOTHYECKYI0 Harpy3ky. [Ipum OTKIOHEHUH
pasHocTel MeXy (popMaHTaMH OT MPEAIoJIaraeMbIX
B (oHETHKE KAHOHWYECKUX BEIUYMUH, (HOHEMBI
CTaHOBATCA Maj0 pPa3IMYMMbl HA CIyX, TJIACHBIC
3BYKH HAUMHAIOT CIUBaThCs. Takue yCTOWYUBBHIE
O0COOCHHOCTH TOBOPCHHS («BsUIasD» aPTUKYIISIH)
MOTYT BBHIpAXaTh OTCYTCTBHE KOMMYHHKATHBHOM
e OBITh MOHATHIM OKPY)KAIOUIMMH, YTO, B CBOKO
ouepelb, MOKET OTPaKaTh YCTOMYUBBIC THYHOCTHEIC
0COOEHHOCTH MHIUBH/IA.

ISPC Technology and Education,
Philadelphia, USA

84

THOMSON REUTERS

Indexed in Thomson Reuters




| ISRA (India) = 1.344 | SIS (USA) =0912 | ICV (Poland)  =6.630
. | ISl (Dubai, UAE) = 0.829 { PUHII (Russia) =0.234 | PIF (India) =1.940
Impact Factor: | g ¢ (australia) = 0564 | ESJI (KZ)  =3.860 | IBI (india) = 4.260

L JIF =1.500 { SJIF (Morocco) =2.031 |
3) B kadecTBe OFHOTO W3  KOPPEISTOB NICHX09MOIMOHAIEHBIX COCTOSIHUM, OKa3bIBACT, YTO
WHIVMBUIYaJIbHO-TICUXOJIOTHYECKHX ~ OCOOCHHOCTEH NP BO3HUKHOBCHHHM TEX MJIM WHBIX COCTOSHHH
YeJloBeKa  MOXKET  BBICTYyNaTh  OTHOCHTENbHAs HaOJIIOAfOTCS B3aUMOCBS3aHHBIC H3MEHEeHus Bn u
KOHIICHTpalMs dHepruu B Husko- (Lower Frequency Jonu criekTpaibHoit sHeprun B LFR wnn HFR [4].
Region, LFR) wu BeicokouactotHorr (Higher Takum o0Opa3om, B ocHOBe cBsizeil Bi co 1mkanoii
Frequency Region, HFR) o6nactsax cmoekrpa. ncuxacTeHuu U Bz co mikamod rumomanuu (Imo
VBenuueHue SHEepruu B LFR (oOb1yHO naHHbIM  ompocHuka MMPI), oOHapyXeHHBIX B
paccunthiBaeTcss 1o obmactu  Hmwke 1000 [y) uccnenoBanuu JI.H. UepnoBa ¢ coasrt. (2008), moryT

HaOmogaeTcs NpH OOIIEM CHIKCHHUH MBIIIEYHOTO
HaNpsOKEHUs, 49TO JOJDKHO OTpakaTbCsl W Ha
pacciabJIeHIH MBI, 33/ICHICTBOBAHHBIX B MPOIIECCE
pedenpom3BoAcTBa. [laHHEI (eHOMEH OOHapyKeH
NPY M3YYCHHUHU BIIMSIHUS IICHXOTEPAIIeBTHUECKHX (Ha
npumepe TICHXUYECKUX 3a00JeBaHMIA) u
MEIMKaMEHTO3HBIX  BO3JeHCcTBUH (Ha mpuMepe
TpyInbl HOPMBI) Ha MBIIIEYHOE HAIpsOHKEHUE, 4TO
OJTHOBPEMEHHO KOPPEIMPOBAIO C YBEIHYCHHUEM
JoNMM crekTpanbHOM sHepruu B LFR. Hamporus,
KOHIIEHTpAIs 3HepreTudeckoro makcumyma B HFR,
OTMEYaeTcsl MpH OOLIEM MOBBINICHUH MBIIIECYHOTO
Hanpsokenust [14; 20]. Torma ycToW4mMBO BbICOKas
monst sHeprun B HFR Oyner ykaseiBaTh Ha TO, 4TO
WHIVBHJ HaXOJHUTCS B COCTOSHHM IIOCTOSHHOTO
MICHX03MOIMOHAIBHOTO U (PU3NYECKOTO HAIPSIKECHUS
1 Hao00poT. O030p paboT, KacaAIOMIMXCS BRIPAKEHHS
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YCAJKA HEKOTOPBIX METAJNIMUECKHUX CIINTABOB ITOCJIE TIPOIIECCA 3ATBEPJEBAHMUS

Annomauuﬂ: B cmamve npe()cmaeﬂenbl pacdyemmnvle 3HAYEHUS yca()Ku MemaliudecKux CJaumiKoe Kpyeioco

ceuenusi nocie 3ameepoesanis 8 IUMmenHol ghopme.

Knrouesvie cnosa: ycaoka, sameepoesanue, Cmaib, YyeyH, OMIUGKA.

Beenenne

VYcanka Bo3HHKaeT BO Bcex (azax Marepuaia (B
JKUJIKOM COCTOSHHH, TPH OXJ@KICHHH U TMocie
3aTBEp/IEBAaHMsI) W3 KOTOPOTO  H3TOTaBIHMBACTCS
OTJIIMBKA. YcaJKa TPEICTaBIsIET cO00i M3MECHEHUE
(ymeHbIeHHE) TabapUTHBIX pa3MEpOB OTIMBOK IPH
ux oxnaxnenuu [1]. Ha Benuuwmny nunHeiiHO# wiu
00BEMHOW yCamKh OTIMBOK, H3TOTOBICHHBIX W3
Pa3IMYHBIX METAJUIMYEeCKUX CIDIABOB, BIHSACT PSI
(hakTOpOB, B TOM YHCIIC M MPOLEHTHOE COACPIKAHUE
JIETUPYIOIIUX JIEMEHTOB.

KomnbroTepHoe MOAEIHPOBAaHHE IO3BOJISET
UMHTHPOBATh  pEAJbHBIH  MpPOIECC JIMThS  OT
3allOJIHEHHUs PACIUIaBOM  JIMTEHHOH QopMbl 10
MOJTHOTO  3aTBEPJCBaHMUA OTIUBKU C PACUETOM
BEJIMYMHBI ycaakd. [IpeMMyInecTBOM IpUMEHEHHUS
CHEIHANEHBIX KOMITBIOTEPHBIX TIPOTPAMM SIBIISCTCS
BBICOKasT TOYHOCTH pPAacdeToB H  BO3MOXHOCTP
MOJICITUPOBAHMSA MIPOIIecca JINThsI TF0O0TO CIUIaBa.

MaTtepuaabl H METOABI HCCICJOBAHUSA

MogenupoBaHue mpolecca JIUThsI CIUTKOB U
MOCJIEAYIONINH PacueT yCaAKH Pa3IUdYHBIX CIIIaBOB
OCYIIECTBISUINCH B  KOMIBIOTEPHOH IIporpamMme
LVMFlow. TIporiecc JUTBS CIHUTKOB M3 Pa3sIHIHBIX
METAJUIMYECKUX  CIUIaBOB  BBIIONHSUICS  IIpH
OIMHAKOBBIX YCJIOBUAX. B KauecTBe MaTepHayioB
OTIMBOK NPUHUMAIHUCH CIEAYIOUINE CIIaBhI:

1. JlerupoBaHHasi cTailb A OTJIMBOK MapKu
20I'TJI [2]. Xumuueckuit cocTaB CIUIaBa: Xene3o —
97.18 %, yrnepon — 0.22 %, xpemuuii — 0.4 %,
maprasuer; — 1.2 %, xpom — 0.2 %, docdop u cepa —
0.04 %, menp — 0.5 %, aukens — 0.2 %, Turan — 0.02
%. Ilopor Ttekydectu cmmaBa — 70 %, mopor
mpotekanus — 30 %.

2. VYrmepomucrtas cramp wmapku  SS1505.
XuMuueckuil cocrtaB cruiaBa: xeme3o — 98.7 %,
yrirepon — 0.25 %, xpemnuwnii — 0.3 %, mapranen — 0.6
%, xpom — 0.01 %, dochop — 0.03 %, cepa — 0.02 %,
Mene — 0.07 %, momubnen u mHmkenr — 0.01 %.
[Mopor Texkyuectn u nopor nporekanus criasa — 70
%.

3. KopposuonHo-croiikas crans mapku 321 [3].
XUMHUUYEeCKUl cocTaB cIniaBa: xemne3o — 69.75 %,
HUKenb — 9 %, xpom — 18 %, kpemuuii — 0.5 %,
Mapranen — 1.5 %, yraepon — 0.12 %, mens — 0.1 %,
tatad — 1 %, dochop — 0.02 %, cepa — 0.01 %.
[opor Texydectu crnasa — 70 %, mopor NpoTeKaHus
- 30 %.

4. Ceppiit uyryn wmapku EN-GJL-350 [4].
Xumudeckuit cocraB cruiaBa: ikeneso — 94.7 %,
yriepon — 3 %, kpemuunii — 1.3 %, mapranen — 0.9 %,
tdhocdop u cepa — 0.05 %. ITopor TekydecTH criaBa —
50 %, mopor npotekanus — 30 %.

5. KoBkuit 4yryH ¢ ImapoBUAHBIM TrpaduTOM
mapku EN-GJS-500 [5]. Xwumunueckuit cocraB
crumaBa: xeneso — 93.83 %, yraepon — 3.4 %,
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kpemHui — 2.4 %, mapranen — 0.3 %, ¢ochop — 0.02
%, cepa — 0.01 %, marmmit — 0.04 %. Ilopor
TeKydecTr cmaBa — 70 %, mopor nporekanus — 30
%.

6. BesonossinHas Oponsa mapku CC330G [6].
Xumnueckuii cocras cruiaBa: meab — 90 %,
amroMuuuit — 9 %, xene3o — 0.5 %, mapraner; — 0.1
%, Hukens — 0.4 %. ITopor TexyuecTu U NPOTEKaHUS
crasa — 30 %.

7. CeunroBas natyHs Mmapku C85700 [7].
XuMHUeCcKHi cocTaB ciuiaBa: Meab — 61.7 %, IMHK —
35 %, amromunnii — 0.4 %, xxene3o — 0.3 %, HUKEIb —
0.6 %, onoBo u cBuneny — 1 %. ITopor Tekyuectu u
npotekanus cioiasa — 30 %.

8. ANIOMUHHEBBIA JUTEWHBIH CIUTAaB MapKd
AISi12 [8]. Xumudeckuii cocTap CIIjIaBa: allOMHHUIA
— 88.4 %, xpemunii — 11.2 %, mapranen — 0.08 %,
mens — 0.03 %, xemezo — 0.15 %, uuax — 0.05 %,
tutad — 0.09 %. [opor Tekyuyectu crumaBa — 70 %,
nopor nporexanus — 30 %.

9. UunkoBeii crmaB wMapku ZA-27 [9].
XuMHUeCKHI cOCTaB cIulaBa: LHUHK — 72.65 %,
amroMuHHE — 25 %, marauii — 0.01 %, megs — 2.25
%, xene3o — 0.07 %, ceunen u kagmuii — 0.01 %.
[opor tekydectn 1 nporekanus crorasa — 30 %.

HauanbHble TeMIeparypbl KaxIoro ciuiaBa a0
MO/JICITMPOBAHUS NIPOLIECCA JIUThS CIIUTKOB KPYTJIOTO
CEeUYeHMsI MTPEICTAaBIICHEI B Ta0M. 1.

Taoauna 1

HavajbHble TeMInepaTypsbl pacijiaBoB.

HaumeHoBaHue criaBa

Temmnepatypa, °C

20I'TJI

1600

SS§1505

1610

321

1540

EN-GJL-350

1340

EN-GJS-500

1290

CC330G

1130

C85700

1010

AlSil12

690

ZA-27

580

Bonee TouHBIE pe3ynbTaTEl KOMIBIOTEPHOTO
MOJICTIMPOBaHMS  OBUIM  TOJyYeHbI TIPH  y4deTe
KOHBEKIIMM U Ta3a BO BPEMsI 3allOJHEHUs JUTECHHON
¢opmbl pacruiaBom. HauwanpHoe naBiieHue rasa B
ouTeiiHOW QopMe W JaBleHHWE Ta3a CHApYXH
JUTEHHOW (OPMBI IPUHATHI BeJIMYMHOMU 1 Gap.

Pe3yabTaThl 1 UX 00CyKIEHHE

B COOTBEeTCTBMM C BBIMOJHEHHBIM PAaCYCTOM
OTJIMBKA M3 JIUTEHHOTo crutaBa Mapku AlSil2 umeer
HaWMEHBIIyI0 Maccy. OO003HauMM Maccy ITaHHOM
OTJIUBKU Mg, (kr). Toraa pacyeTHbIe MACChl OTIMBOK
M3 JPYrHX CIUIABOB MOXHO TMPEACTABUTH B
CIIE/IyIOIIEM BUJIE:

2.9431mga. — ansa crraBa mapku 200 TIT;

2.9431mga. — ans croraBa mapku SS1505;

2.9649mg), — s criiaBa Mapku 321;

2.9934mg. — as crtaBa mapku EN-GJL-350;

2.8884m,. — ms cruraBa mapku EN-GJS-500;

3.1903ma. — as crraBa mapku CC330G;

3.3238mg. — mus crutaBa mapku C85700;

2.3041my. — ms crutaBa mapku ZA-27.

HaumeHbliee BpeMsi OXJaXICHUS OIPEIEICHO

A CJIMTKA, MU3rOTOBJICHHOI'O0 U3 CTaJIM MapKu

SS1505. O6o3HauUM BpeMs OXJaKICHUS ITaHHOU
ommmBkd  tas  (C). Torma pacueTHOoe BpeMms
OXJIKACHHUS OTIMBOK W3 JIPYTMX CIUIABOB MOXHO
MPE/ICTABUTH B CIIEIYIONIEM BH/IE:

1.1851tyst. — s crutaBa Mapku 200 TJT;

1.2119ty.st — aust crtaBa mapku 321;

2.7668tc st — s crmaBa mapku EN-GJL-350;

2.642t¢.st. — nost crutasa mapku EN-GJS-500;

2.2272tq & — s criaBa mapku CC330G;
1.2971ty st — as crtaBa mapku C85700;
2.2113te15t. — st cruiaBa Mapku AlSil2;

4.4114%c & — i crmaBa Mapku ZA-27.

Takum 00pa3oM, MOKHO CKa3aTh, YTO MPOIIECC
OXJIKACHHS CIIUTKA U3 IIMHKOBOTO CIUIaBa MapKH
ZA-27 nanboree TPOMOIDKUATEIICH 10 CPaBHEHUIO C
OXJIKJACHHEM CIIMTKOB K3 JPYyrHUX CIUIaBoB (C
YYETOM OJIMHAKOBOW KOH(MUTYpaIlMK BBUIMBAEMBIX
OTJIMBOK).

VYcanka Hambojee BbIpaKEHA B TEX CJOAX
MaTepuajia OTJIMBOK, KOTOPBIC 3aTBEPICBAIOT B
MOCJICTHIOK0 OYepe/ib.

PacuerHble 3HAYEHHS YCAIKH CIIMUTKOB IOCTE
3aTBepICBaHUs MIPEJCTABICHEI B Ta0M. 2.
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Ta6auna 2

Ycaaka CJIMTKOB mocJie 3aTBepaeBaHUusA.

HaumeHoBaHue ciiaBa | Ycaaka, %
20I'TJI 3.37
S5S1505 2.28
321 3.19
EN-GJL-350 2.98
EN-GJS-500 1.82
CC330G 2.61
C85700 3.23
AlSi12 6.25
ZA-27 5.09

MuHHMaNbHOE yYMEHBIICHHE O0BbeMa MOCie
mpoliecca 3aTBEpJCBaHUs HAOIIOAACTCS Y OTIHUBOK,
M3rOTOBJICHHBIX M3 CIUIABOB HAa OCHOBE JKene3a (B
YacTHOCTH KOBKMH uyryH Mmapku EN-GJS-500 wu
KaueCTBEHHAs yraepomucTas ctans mapku SS1505).
MaxkcumanbHOe yMeHbIIIEHHEe 00BeMa HaOIomaeTCs
Yy OTJINBOK, M3TOTOBJICHHBIX U3 IBETHHIX CIUIABOB (B
YAaCTHOCTH aJIOMUHUEBBIM JHUTEHHBIN CIUIaB MapKu
AISil2 u nuHKOBBI# criaB Mapku ZA-27).

YMeHbIICHHE YCaaKd B UYT'YHAaX INOCTHTACTCS
IpY W3MCHEHUH COJCpPKAHUS TaKUX JICTHPYIOIIUX
3JIEMEHTOB KaK YTJICpPOJ W MapraHell. YMEHBIICHUE
ycamikd B  CTalsaX OOYC/IaBIMBAaeTCS  MaJbIM
MPOLIEHTHBIM coJiepkanueM yriepona (mo 0.25 %).
CHW)KEHHEC COJACpXKaHMsI MapraHia, Xxpoma H
0COOCHHO cepsl  (BpemHas TMPHUMECh)  TaKXKe
CHOCOOCTBYET YMEHBIICHHUIO YCAJOYHOTO SBIICHUS.
Bricokoe comepkaHHWE aNIOMHHHA B  IIBETHBIX
CIUIaBaX MPHUBOAMT K YBEIMUYCHHUIO YCAIKUA OTIHBKH.
[Ipn yBenwdeHWW CoNepXKaHUSA MEAH B CIDIaBe
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Abstract: Hysterectomy is a complete one (extirpation) or partial removal of the uterus (amputation). This
operation is performed in malignant tumors of the uterus, cervix or ovary and in some cases with such diseases like an
uterine myoma, endometriosis, etc. Hysterectomy is indicated for benign and malignant tumors of the uterus, cervix and
ovaries. This article considers the influence of age, concomitant pathology, timely diagnosis and treatment on the
incidence of postoperative complications after hysterectomy in patients with oncopathology. The study was conducted
on the basis of the Regional Oncology Dispensary No. 1 in Krasnodar. The age of the patients varied from 24 to 80
years. Patients underwent extirpation of the uterus and appendages or Wertheim surgery. A histological study was
performed. The diagnosis was based on the received histogram.
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Introduction benign and hormone-dependent tumor [2,9]. According

Endometrium is the internal mucosa of the uterus to Kichigin O.V. Et al. (2013) the main risk factors for
body. Hyperplasia of the endometrium is characterized the development of uterine fibroids are: early age of 1
by an overgrowth of this envelope. Nowadays this birth, abortion, arterial hypertension and hereditary
pathology is very common and occurs in all age predisposition [3]. Cervical cancer is a malignant
categories [1]. Myoma is the next most common neoplasm that occurs in the cervix. The main factors of
disease among women. Myoma of the uterus is a its development include early onset of sexual activity,
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early pregnancy, frequent change of sexual partners,
smoking, infectious diseases, sexually transmitted
diseases. However, undoubtedly the most important
etiologic factor is the papilloma virus infection. In the
structure of female oncology the cancer of the cervix
takes the leading position. According to WHO, the
human virus causes up to 500,000 new cases of
cervical cancer every year in the world of papilloma
and about 240,000 women die each year from this
disease. The prevalence of cervical cancer ranks second
after breast cancer [4, 10]. Cancer of the uterus body is
also called endometrial carcinoma because the
pathological process develops in the epithelial layer of
the uterus. In the opinion of Yu.S. Sidorenko and
colleagues (2004), the incidence of uterine body cancer
is progressively increasing every year [5]. Atypical
hyperplasia is a fairly broad concept that includes the
entire variety of forms of the hyperplastic mucous
membrane of the uterus, located in the middle between
carcinoma and benign endometrial hyperplasia.
Atypical hyperplasia recognition is possible only on the
basis of histo-response [6, 11]. The glandular
hyperplasia of the endometrium is called too strong,
excessive proliferation of glandular tissue of the
endometrium. It is important to differentiate it from
glandular-cystic hyperplasia, containing razor-widened
glands [7, 12].

Hysterectomy is used in the case of benign and
malignant tumors of the uterus, cervix and ovaries. The
number of hysterectomies has recently increased by =
5.7% [8].

Object

Studying the influence of age and concomitant
pathology on the incidence of postoperative
hysterectomy's complications

Materials and methods

The study was carried out on the basis of State
budgetary healthcare institution regional oncology
clinic No.1. We analyzed 3160 case histories of the
gynecological department from 2016 and selected 73
ones.

Results and discussion

Age varies from 24 to 80 years (median is 53.0).
The uterus extirpation or the Wertheim surgery were
done to the patients. The diagnosis was made on the
basis of the received histo-response - 1. The
endometrial hyperplasia was observed only in two age
groups, namely 60-69 (2.74%) and 50-59 (1.37%)
years; 2. Uterine fibroids were presented in almost all
age groups: 60-69 years (1.37%), 40-49 years (6.85%),
70-79 (4.11%), 50-59 (9.59 %), 30-39 (5.48%),
excepting the patients entering the age group of the
youngest in this sample age (20-29) and patients whose
age was between 80 and 89 years, 3. cervical cancer

was encountered in all age groups excepting the
patients aged from 70 to 89 years: 60 - 69 (5.48%), 40 -
49 (2.74%), 50 - 59 (6.85%), 30 - 39 (15.07 %), 20-29
(2.74%), 4. Uterine cancer was presented in all age
groups, excepting 20-29 years: 60-69 (17.81%), 40-49
(6.85%), 70-79 (4.1 1%), 50-59 (9.59%), 30-39
(5.48%), 80-89 (1.37%); 5. Atypical endometrial
hyperplasia was noted in the only one case (the patient
is 70 - 79 years old- 1.37%). 6. Adenomatous polyps of
the endometrium occurred in a single case in the age
category 40-49 (1.37%); 8. The glandular hyperplasia
of the endometrium was also noted in a single case at
the age of 40 - 49 (1.37%) years; 9. Cervical dysplasia
in 1.3% of cases at the age of 50 - 59 years; 10. Uterine
fibroids of large size: were presented by the single case
at the age of 30-39 years (1.37%) 11. Uterine
leiomyoma: 40-49 years old (1.37%). The treatment
was carried out by primary tension. The patients were
discharged on the 10th -  14th  day.
Complications after hysterectomy: the greatest
number of complications (12, 43%) was observed in
patients belonging to the age group 60 - 69 years (14).
Complications after extirpation of the uterus and
appendages were presented in 15.71% (11) cases and
after the Wertheim surgery in 1.37% (1) cases. The
presence of postoperative complications of patients
after hysterectomy in all the observations combined
with the presence of some concomitant extragenital
pathology: diabetes mellitus - 21, 43% (3),
hypertension - 28, 57% (4), diabetes mellitus in
combination with hypertension - 21, 43% (3), there
were also some isolated cases of a combination of
disorders of carbohydrate metabolism and disorders of
the gastrointestinal tract and the cardiovascular system.
The volume of postoperative complications presented
5.5% (4) in the group of patients from 60 to 69 years
and 4.1% (3) in the group of 70-79 years. The
overwhelming number of patients had postoperative
complications in the age group from 60 to 69 years.
The patients of the group of 70-79 years old had the
complications in 6.81% of cases (5), at the age of 50-
59 years- in 9.59% of cases (7) and in the age group
from 80-89 in 1, 37% of cases (1) . Concomitant
pathology was combined with the presence of
postoperative complications in 85.71% (12) cases

Conclusions
1) The highest age leads the higher number of
postoperative complications.

2) Some comorbid conditions in the anamnesis cause
the increase of postoperative complications.
3) The proper and timely detection and treatment of
neoplasms allows to avoid a lot of postoperative
complications and improve the women's quality of life.
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