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The object of research is the process of performing a fire
mission by employees of the security forces in the presence
of unauthorized persons in the direction of fire. The paper
investigates the influence of the ballistic characteristics of
weapons on the effectiveness of performing fire missions by
security forces, taking into account the security of the use of
weapons. The purpose of the use of weapons by security for-
ces is usually the cessation of the offender or its detention. In
this case, the deaths or injuries of a hostage or an unauthor-
ized person as a result of the use of weapons should qualify
as failure to fulfill the assigned fire mission. An analysis of
the tactics of actions and features of the use of weapons by
security forces indicates that the main reason for the danger
of the use of small arms for unauthorized persons is the exces-
sive distance of the bullet’s flight, at which it maintains lethal
action. At the same time, with this the distance of the lethal
action of a bullet is one of the factors that can be corrected.
It depends on a combination of the ballistic characteristics
of the weapon, namely the muzzle speed and the ballistic
coefficient of the bullet. The analysis of known studies shows
that the existing scientific and methodological apparatus
for determining the effectiveness of firing does not allow to
determine the effectiveness of the execution of the fire mis-
sion, taking into account the safety of the use of small arms
due to the imperfection of the corresponding models. The
model of the process of performing the fire mission has been
improved by taking into account the influence of the ballistic
characteristics of the weapon on the probability of hitting
unauthorized persons, which makes it possible to assess the
safety of the use of weapons. As a result of the study of the
influence of ballistic characteristics of weapons on firing ef-
ficiency, taking into account the safety of the use of weapons,
it was found that there is a need to minimize the difference
between the aiming range of the weapon and the range at

which the bullet maintains lethal action. Excessive energy of
a bullet increases the likelihood of hitting an outsider due to
an increase in the area of the danger zone of its destruction as
a result of through penetration of the target. The probability
of performing a fire mission with a limitation on the safety of
using weapons is positively affected by increasing the stabi-
lity of the muzzle speed of a bullet.

Keywords: firing efficiency, ballistic characteristics, small
arms, fire tasks, security forces.

References

1. Ventcel, E. S., Ovcharov, L. A. (2000). Teoriia veroiatnostei i ee
inzhenernye prilozheniia. Moscow: Vysshaia shkola, 480.

2. Chernyshev, V. L. (2006). Pokazateli effektionosti ispolzovaniia
vooruzheniia. Moscow: MAI, 87.

3. Shereshevskii, M. S., Gontarev, A. N., Minaev, Tu. V. (1979).
Effektivnost strelby iz avtomaticheskogo oruzhiia. Moscow: CNTI
informacii, 328.

4. Kyrychenko, 1. O., Raskin, L. H. (2005). Matematychni os-
novy teorii vohnevykh duelei. Kharkiv: Viisk. in-t VV MVS
Ukrainy, 300.

5. Chervonii, A. A, Shvarc, V. A., Kozlovcev, A. P, Chobanian, V. A.;
Chervonii, A. A. (Ed.) (1979). Veroiatnostnye metody ocenki ef-
Jektivnosti vooruzheniia. Moscow: Voenizdat, 95.

8. Shipunov, A. G., Griazev, V. P, Berezin, S. M., Emec, A. L, Ig-
natov, A. V., Matasov, V. F (2002). Effektionost i nadezhnost
strelkovo-pushechnogo vooruzheniia. Tula, 124.

7. Hu, C., Zhang, X. (2019). Influence of multiple structural
parameters on interior ballistics based on orthogonal test me-
thods. Defence Technology, 15 (5), 690—-697. doi: http://doi.org/
10.1016/j.dt.2019.06.014

8. Forrestal, M. J., Altman, B. S., Cargile, J. D., Hanchak, S. J.
(1994). An empirical equation for penetration depth of ogive-
nose projectiles into concrete targets. International Journal
of Impact Engineering, 15 (4), 395-405. doi: http://doi.org/
10.1016/0734-743x(94)80024-4

9. Li Piani, T., Weerheijm, J., Sluys, L. J. (2018). Ballistic model for

the prediction of penetration depth and residual velocity in adobe:

A new interpretation of the ballistic resistance of earthen ma-

sonry. Defence Technology, 14 (5), 607—611. doi: http://doi.org/

10.1016/.dt.2018.07.017

Bilenko, O. I. (2015). Osoblyvosti otsiniuvannia efektyvnosti

strilby pry vykonanni spetsyfichnykh zavdan sylamy bezpeky.

Zbirnyk naukoovykh prats Natsionalnoi akademii NHU, 1 (25),

40-46.

Dmitrievskii, A. A. (1972). Vneshniaia ballistika. Moscow: Ma-

shinostroenie, 584.

Kukhling, Kh. (1982). Spravochnik po fizike. Kharkiv-Moscow:

Mir, 520.

Nastavlenie po strelkovomu delu. 9-mm avtomaticheskii pistolet

Stechkina (APS) (1968). Moscow: Voenizdat, 126.

Rukovodstvo po 5,45-mm avtomatu Kalashnikova (AK74, AKC74,

AK74N, AKC74N) i 5,45-mm ruchnomu pulemetu Kalashnikova

(RPK74, RPKS74, RPK74N, RPKS74N) (1982). Moscow: Voen-

izdat, 216.

Nastavlenie po strelkovomu delu. 7,62-mm snaiperskaia vintooka

Dragunova (SVD) (1971). Moscow: Voenizdat, 175.

Bilenko, O. I. (2013). Formuvannia vymoh do rozkydu dulnykh

shvydkostei metalnykh elementiv kinetychnoi zbroi. Zbirnyk

naukovykh prats Akademii VV MVS Ukrainy, 1 (21), 16—20.

10.

11.

12.

13.

14.

15.

16.

4

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 3/1(53), 2020



I55N 2664-93969

ABSTRACTS AND REFERENCES: MECHANICS ﬁ

17. Bilenko, O. I. (2014). Rehlamentatsiia rozkydu znachen ba-
listychnoho koefitsiientu porazhaiuchykh elementiv kinetychnoi
zbroi dlia syl bezpeky. Zbirnyk naukooykh prats Natsionalnoi
akademii NHU, 2 (24), 9-14.

18. Kolomyitsev, A. V., Sobokar, Y. S., Lavryk, V. A. et. al. (2008).
Perspektyvi razvytyia porazhaiuchykh elementov travmatyches-
koho deistvyia y medyko-krymynalystycheskaia otsenka nane-
sennikh ymy telesnikh povrezhdenyi. Teoriia i praktyka sudovoi
ekspertyzy i kryminalistyky, 8, 225—234.

19. Schipin, A. 1., Kovshov, N. V., Shestopalova, E. V., Diakova, E. Tu.
(2006). Ognevaia podgotovka v organakh vnutrennikh del. Mos-
cow: SCHit-M, 238.

20. Nastavlenie po strelkovomu delu. 9-mm pistolet Makarova (PM)
(1968). Moscow: Voenizdat, 103.

21. Gubin, S. G. (2012). Effektivnost strelby iz vooruzheniia boevykh
mashin i strelkovogo oruzhiia. Novosibirsk: SGGA, 158.

22. Nastavleniia po strelkovomu delu. Osnovy strelby iz strelkovogo
oruzhiia (1987). Moscow: Voenizdat, 540.

23. Bylenko, A. Y., Afanasev, V. V. (2007). Vplyv parametriv zari-
adzhannia na pochatkovu shvydkist kuli. Vestnyk natsyonalnoho
tekhnycheskoho unyversyteta «KhPY», 11, 33-37.

24. Bilenko, O. 1., Pashchenko, V. V. (2010). Pidvyshchennia stabil-
nosti dulnoi shvydkosti porazhaiuchykh elementiv kinetychnoi
zbroi nesmertelnoi dii. Zbirnyk naukovykh prats Akademii onu-
trishnikh viisk MVS Ukrainy, 2, 5-10.

DOI: 10.15587/2312-8372.2020.206018

IMPROVEMENT OF THE EFFICIENCY OF NOISE
PROTECTIVE SCREENS DUE TO SOUND ABSORPTION

page 11-15

Didkovskyi Vitalii, Doctor of Technical Sciences, Professor,
Department of Acoustic and Multimedia Electronic Systems,
National Technical University of Ukraine <Igor Sikorsky Kyiv
Polytechnic Institutes, Ukraine, e-mail: v.didkovskyi@gmail.com,
ORCID: http://orcid.org/0000-0002-0807-822X

Zaets Vitaly, PhD, Associate Professor, Department of Acoustic
and Multimedia Electronic Systems, National Technical Uni-
versity of Ukraine <Igor Sikorsky Kyiv Polytechnic Institutes,
Ukraine, e-mail: zaetsv@i.ua, ORCID: hitp://orcid.org/0000-
0002-2232-9187

Kotenko Svetlana, PhD, Junior Researcher, Department of
Building Physics and Energy Efficiency, State Enterprise «State
Research Institute of Building Constructions», Kyiv, Ukraine,
e-mail: catdontlike@gmail.com, ORCID: http://orcid.org/0000-
0001-6804-1413

The object of research is the sound field from linear sound
sources around noise screens. The decrease in sound levels
with the screen is primarily due to the geometric dimensions
of the screen and the relative position of the screen and the
sound source. The influence of these factors has been given
a large number of scientific publications. However, the prob-
lematic point of such studies is that screens were considered
either completely acoustically rigid or sound-absorbing.

In this paper, the situation of the impedance screen is
considered, quite often applied in practice. The calculation
of the field around such a screen is carried out by computer
simulation, which makes it easy to change the value of the
acoustic impedance of the screen surface.

To calculate the sound field around the screen, the finite
element method is chosen. Sound-absorbing properties of the
screen were determined by changing the acoustic impedance
of the front side of the screen. At the same time, the screen
remained acoustically opaque. Thus, an analysis is made of
the influence of the sound absorption coefficient on the sound
field around the screen from different heights of the screen
and the distance of sound sources to the screen. This makes
it possible to obtain results of sound pressure levels around
screens encountered in engineering activities. Studies have
shown that the use of sound-absorbing cladding for noise
screens can increase their effectiveness. It is revealed that the
closer the screen is located to the sound source, the greater
the influence of its sound-absorbing properties. It is shown
that for low frequencies the increase in screen efficiency due
to sound absorption can reach 5 dB.

The obtained results during the study can be used in the
design of noise protective shields to reduce noise levels from
traffic flows. The results obtained will be especially useful
when designing screens with heights of more than 4 m.

Keywords: noise protective shield, sound diffraction, sound
level reduction, impedance properties, sound-absorbing screen.
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The object of research is the milling process with the
crossed axes of the cylindrical surface and the tool. During
the research, general modular three-dimensional models of
the tool surface, the processes of removing the allowance and
the shaping of the cylindrical surface are used on the basis of
three unified modules: tool, shaping and orientation. Com-
puter simulation is also used to build a three-dimensional
model of the milling process of a cylindrical surface with

an oriented tool. A graphic scheme of milling a cylindrical
surface with an oriented tool has been created. The deve-
loped cylindrical module for shaping the tool surface, which
is described by the product of the displacement matrices
along the corresponding axes and the surface of the machined
part, is represented by the product of the radius of the tool
vector and its orientation module in the shaft coordinate
system. The resulting graph of the distribution of the specific
productivity of the milling process along the tooth profile
of the tool during processing with crossed axes of the cutter
and part. An analysis of this graph shows that the milling
method with an oriented tool makes it possible to increase
the accuracy of the shaping process due to uniform wear of
the tool. The intersection angle of the cylindrical surface and
the tool is also determined, the value of which is taken from
the condition of ensuring the maximum removal of the mate-
rial layer with uniform loading of the end part of the cutter.
For this, a three-dimensional model of the process of milling
a cylindrical surface with crossed axes of the tool and the
part is developed, in which rough milling is carried out by
the end part of the tool, and the finish — by the peripheral.
In the course of the research, it is found that when finishing
milling, the value of the rotation angle of the cutter is taken
from the condition that the peripheral part of the cutter is
fully loaded. Improving the processing efficiency is achieved
by crossing the axes of the tool and the part, which allows to
program the intersection point, and uniform wear of the cut-
ter, which improves the quality of the machined surface. It is
also possible to use high-speed milling to provide increased
processing productivity.

Keywords: cross axis milling, oriented cutter, modular
three-dimensional modeling, cross angle, cylindrical part.
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The object of research is gas-dynamic vortex processes
in heterogeneous polydisperse flows. One of the most prob-
lematic issues is the determination of the aerodynamic cha-
racteristics of the components of a heterogeneous polydis-
perse medium, which are necessary to create a mathematical
model of the separation process. The study used methods of
mathematical modeling based on the theory of similarity.
A technique has been developed for assessing the aero-
dynamic parameters of mixture components, on the basis
of which a number of aerodynamic similarities have been
compiled. The coefficients of lift, aerodynamic drag, lateral
force, longitudinal, transverse and rotational moments of

the components of the grain mixture are obtained. This is
necessary for theoretical studies of gas-dynamic processes in
vortex separators in unsteady three-dimensional flow with
variable flow density, concentration and flow rate of the se-
parated mixture components and the carried fractions. The
Reynolds vibration criterion is obtained, based on which the
trajectories and energy of the vortex motion of individual
components and the separation degree of heterogeneous
mixtures are determined. This allows to improve the ma-
thematical model of the distribution process of heteroge-
neous polydisperse mixtures in the proposed energy-saving
vortex separators. The obtained results provide the basis for
improving the general theory of heterogeneous vortex flows
by introducing an external disturbance criterion that takes
into account the drag of the vortex force field and the am-
plitude-frequency energy level. Thanks to this, it is possible
to evaluate the influence of any argument in the desired
function. The research results make it possible to automate
the analysis of process characteristics and compare them by
parameters with experimental data. And also to evaluate
the correspondence of dynamic, kinematic and gas-dynamic
functions calculated from the given geometric parameters
of the vortex devices with the functions obtained from the
averaged values. These data makes it possible to work out
a range of variations in the parameters of the geometric
design of vortex apparatuses by zones, parameters at the
inlet, outlet, and degrees of separation, minimize the num-
ber of manufactured laboratory and semi-industrial vortex
apparatuses, and unify a number of units. Compared with
similar known separators, vortex apparatuses are proposed
that reduce the cost of preparing raw materials in the grain
mill area by a factor of tens due to the elimination of moving
working parts, assemblies and screens.

Keywords: aerodynamic parameters, vortex separator,
heterogeneous mixture, redistribution speed, drag coefficient.

References

1. Knaub, L., Maslich, N., Rabochaya, T. (2018). Constructing
a mathematical model of the gas-dynamic separation for design-
ing energy-saving vortex separators. Eastern-European Journal
of Enterprise Technologies, 4 (8 (94)), 32—39. doi: http://doi.org/
10.15587/1729-4061.2018.139399

2. Knaub, L. V. (2017). Low power vortex separator heterogeneous
mixtures. Ahrarnyi Visnyk Prychornomoria, 80, 128—137.

3. Tan, F, Karagoz, 1., Avci, A. (2016). The Effects of Vortex
Finder Dimensions on the Natural Vortex Length in a New
Cyclone Separator. Chemical Engineering Communications,
203 (9), 1216-1221. doi: http://doi.org/10.1080,/00986445.
2016.1160228

4. Ellis, M., Kurwitz, C., Best, F. (2005). Development of a Unique,
Passive, Microgravity Vortex Separator. International Mechani-
cal Engineering Congress and Exposition. Orlando, 763-770.
doi: http://doi.org/10.1115/imece2005-81616

5. Sharma, R. (2000). Experimental aerodynamic characteristics
of elliptical bodies with variation in ellipticity ratio. 18th Ap-
plied Aerodynamics Conference. Denver. doi: http://doi.org/
10.2514/6.2000-4505

6. Hu, J. C., Zhou, Y. (2008). Aerodynamic Characteristics of
Asymmetric Bluff Bodies. Journal of Fluids Engineering, 131 (1).
doi: http://doi.org/10.1115/1.2979229

7. Desai, R., Sajjan, P. (2019). Spiral grain separator: A post
harvest technology in soybean production. Asian Journal of
Home Science, 14 (1), 72-75. doi: http://doi.org/10.15740 /has/
ajhs/14.1/72-75

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 3/1(53), 2020

47 — )



(— ABSTRACTS AND REFERENCES: REPORTS DN RESEARCH PROJECTS

I55N 2664-9969

8. Hubenia, O. O., Sukhenko, Yu. H., Bondareneko, O. A., Step-
chenko, V. V. (2012). Efektyvne separuvannia zerna pered lush-
chenniam. Udoskonalennia protsesiv i obladnannia — zaporuka
innovatsiinoho rozoytku kharchoovoi promyslovosti. Kyiv: NUKhT,
87-89.

9. Pyven, M. V. (2017). Efficiency of the grain mixtures separation
performed by flat vibration sieves with looseners. Engineering of
nature management, 2 (8), 38—44.

10. Knaub, L. V. (2003). Hazodynamycheskye protsessi v vykhrevykh
apparatakh. Odessa: Astroprynt, 276.

DOI: 10.15587/2312-8372.2020.206009

SUBSTANTIATION OF CONDITIONS OF MAINTAINING
STABILITY OF HAULAGE DRIFTS DURING
DEVELOPMENT OF STEEP SEAMS

page 23-26

Tordanov Igor, PhD, General Director, Limited Liability Com-
pany Manufacturing Company ELTEKO, Kostiantynivka, Donetsk
region, Ukraine, e-mail: gendir@eme.kiev.ua, ORCID: hitp://
orcid.org/0000-0001-9991-781X

Simonova Yuliia, Postgraduate Student, Department of Min-
ing of Mineral Deposits, State Higher Education Establishment
«Donetsk National Technical University», Pokrovsk, Ukraine,
e-mail: yuliia.simonova@donntu.edu.ua, ORCID: http.//orcid.org/
0000-0002-9192-7850

Novikova Yuliia, PhD, Associate Professor, Department of
Higher Mathematics and Physics, State Higher Education Es-
tablishment «Donetsk National Technical University», Pokrousk,
Ukraine, e-mail: yuliia.novikova@donntu.edu.ua, ORCID: http;//
orcid.org/0000-0002-3530-0420

Korol Anton, Postgraduate Student, Department of Mining
of Mineral Deposits, State Higher Education Establishment
«Donetsk National Technical Universitys, Pokrovsk, Ukraine,
e-mail: akorolo2017@gmail.com, ORCID: http.//orcid.org/0000-
0001-6667-425X

Podkopayev Yevgen, Postgraduate Student, Department of
Mining of Mineral Deposits, State Higher Education Estab-
lishment <«Donetsk National Technical University», Pokroovsk,
Ukraine, e-mail: podkopayev96@gmail.com, ORCID: http.//
orcid.org/0000-0002-5010-8349

Kayun Oleksiy, Postgraduate Student, Department of Min-
ing of Mineral Deposits, State Higher Education Establishment
«Donetsk National Technical University», Pokrovsk, Ukraine,
e-mail: a.p.kayun@ukrnet, ORCID: hitp.//orcid.org/0000-0003-
1404-6096

The object of research is the processes of ensuring the
stability of lateral rocks in haulage drifts during the deve-
lopment of steep coal seams. With an increase in the depth
of mining, the applied methods of protecting local prepara-
tory excavations should ensure their operational condition
in the excavated areas and correspond to changing mining
and geological conditions within the mine field. Investiga-

tions of the manifestations of rock pressure in haulage drifts
along the length of the excavation section are performed
under field conditions. At specially equipped metering sta-
tions, the displacement of the lateral rocks on the prepara-
tory excavation circuit is determined. The haulage drift is
protected by rolling bonfires made of wooden sleepers or
coal pillars. In the course of research, the influence of the
stiffness of protection structures on the stability of lateral
rocks in the haulage drift is established. A linear relation-
ship is recorded between the displacements of the roof
rocks and the load on the lining in the excavation along
the length of the excavation section while protecting the
haulage drift by the coal pillars. At the same time, with
a decrease in the stiffness of the pillars by 80 %, the section
of the haulage drift decreases by 50 % from the initial one.
It is noted that the use of wooden structures for protection
structures allows to limit the displacement of rocks on the
contour of the haulage drift. As a result of the interaction
of lateral rocks with wooden protection structures, with
a decrease in their stiffness by 80 %, the section of the
haulage drift decreases by 30-35 % from the initial one.
Studies have shown that the reduction in the stiffness of
wooden structures occurs due to their compression, and
the coal pillars — as a result of destruction. It is noted that
the most difficult conditions for maintaining haulage drifts
are formed when using coal pillars. It is recommended,
to ensure the stability of local preparatory workings, the
use of compliant protection structures or the laying of ex-
cavated space. The obtained research results can be used
when choosing a method for protecting haulage drifts
on steep coal seams.

Keywords: rock pressure, haulage drift, protection me-
thods, treatment works, rolling bonfires, coal pillars.
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The object of research is the processes for producing
modified adhesive compositions based on PVA (polyvinyl
acetate) dispersions for use in technological processes for the
manufacture of semi-rigid book and magazine covers. The
conducted experimental studies are based on the application
of a comparative method for determining the tensile strength
of glued, without bias, samples of binding materials using
modified adhesive compositions and identical compositions
without modification. The main assumption of the study is
that the use of polymer thickeners and emulsifiers compatible
with latex PVA, which are actively used in the technological
processes of the paper and printing industries, contribute to
the formation of additional strength of semi-rigid covers. This
can be achieved without analysis and the selection of possible
components, taking into account the mechanical properties
that arise after the use of such modifiers that substantially
depend on the adhesive strength between the material of the
outer part of the cover and the adhesive binder. It is proposed
for an experimental study of the use of substances with high
adhesive properties to thick coated papers and thin binding
boards, from which semi-rigid book and magazine covers
are made. The structural features of adhesive films obtained
from polyvinyl acetate latex were determined, which have

improved flexibility, elasticity, high adhesion and water
resistance when water-soluble modifiers are added to them.
An experimental determination was made of the possibilities
of increasing the structural strength of semi-rigid book and
magazine covers after gluing with modified binding adhe-
sives, which did not significantly increase the thickness of
the adhesive layer and did not change the contour geometry
of the manufactured covers. It was proved that the adhesive
mixtures used to modify the PVA dispersion did not affect
the structural homogeneity of the glued spatial structure
of the semi-rigid covers, and did not affect the appearance
of external defects in the form of plane inhomogeneity, or
point thickenings of the surface of the covers. The results of
studies on the gluing of structural parts of reamers of semi-
rigid covers with modified adhesive compositions create ad-
ditional opportunities in planning the use of consumables in
the manufacture of covers for strength indicators, predefined
dimensional conditions for the use of modifier substances.
Experimental studies have shown discreteness — growth, de-
crease in dimensional indicators of the strength of semi-rigid
covers glued with modified adhesive compositions, contri-
butes to the practical application of the results, both in the
planning of technological processes and in the calculation of
the cost of book production.

Keywords: PVA (polyvinyl acetate) dispersions, semi-
rigid covers, adhesive compositions, strength indicators.
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The object of research is a promising structural mate-
rial — modified wood. Extending the use of wood while
maintaining structural characteristics is a promising area of
research. Modification of wood in accordance with struc-
tural requirements, taking into account sanitary and other
requirements, is an important task. The most common modi-
fication technologies are impregnation. Pressure autoclaving
wood requires sophisticated equipment to create unprofitable
pressure. Impregnation by the condensation method or the
method of «cold and hot baths» significantly reduces the cost
of obtaining modified wood. The study of the stability of the

geometric dimensions of modified wood under the moisture
influence makes it possible to evaluate the effectiveness of
the modification (impregnation) process and, as a result,
evaluate the service life. Samples from pine timber (DSTU
ISO 738:2018) with a size of 300—-70—15 mm are used. For
research, three groups of samples are selected with radial (R),
tangential (T) and mixed (M) direction of wood fibers. For
impregnation modification, linseed oil and drying oil were
used at a concentration of 25g/l. In accordance with the
modification technology, the samples are soaked in an aque-
ous solution with a desiccant, then immersed in linseed oil
heated to 130£10 °C, and then immersed in linseed oil at
a temperature of 20 °C. The obtained samples are dried under
atmospheric conditions and soaked in water for 24 hours to
study the stability of geometric dimensions. As a result of
studies, it is found that the optimal temperature for heating
the samples is the range 120—140 °C. It is also found that the
most resistant to changes in geometric dimensions are sam-
ples with a mixed direction of the fibers (M), in which size
changes are 0.5 % compared to dry samples. Regardless of the
direction of the fibers, the moisture absorption of the modi-
fied samples is 0.07 vol. %, which is of great practical interest.

Keywords: wood impregnation, condensation method, lin-
seed oil, aqueous solution with desiccant, wood modification,
geometric dimensions.
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The object of research is the circuit diagram of a broad-
band capacitive-resistive voltage divider with a series-paral-
lel connection of its resistive and capacitive components. For
many years, the use of voltage dividers was limited to measur-
ing various voltages in high-voltage laboratories. However,
voltage dividers, compared to voltage transformers, are cha-
racterized by a wider bandwidth, therefore they began to be
considered as one of the main means of measuring voltages in
high-voltage electric networks. One of the catalysts for the
implementation of this solution may be the intensive devel-
opment of the Smart Grid concept, which requires new, more
advanced means of monitoring the quality of electric power.
Therefore, experimental and theoretical studies aimed at re-
ducing the error of broadband voltage dividers are important.

The task of optimally adjusting the low voltage arm of
the voltage divider is solved by using linear programming
elements to study the systematic error function.

This article presents the results of the study of adjusting
the amplitude-frequency characteristics of the voltage divi-
der, which are aimed at reducing its error. For this purpose,
a parameter for optimizing the capacitance value of low-
voltage arm at which the absolute value of the positive and
negative maximum of the systematic error of the capacitive-
resistive voltage divider will be the same was found. The
calculations are performed for different values of the division
ratio of the voltage divider. The resulting data sets are gene-
ralized in the form of three-dimensional graphs.

The work contributes to the further development of the
theory of high-voltage voltage dividers. As a result of the
studies, the possibility of optimizing the amplitude-frequency
characteristics of a broadband capacitive-resistive voltage di-
vider by varying the capacitance value of its low-voltage arm
is shown. The studies are relevant due to the fact that this
category of high-voltage scale transducers has the potential
to become mandatory for determining the quality of electric
energy directly in high-voltage networks.

Keywords: voltage divider, amplitude-frequency charac-
teristic, electric power quality, high-voltage scale transducer.
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A characteristic problem of the operation of tunnel kilns
with high overlap is the output of products with low quality
and a decrease in the energy efficiency of the burning process
as a whole. Therefore, the object of research is the process of
the flow of kiln gases through the channel of the tunnel kiln,
the change in velocity of which was studied depending on the
geometric parameters of the tunnel.

In the course of studies of the dependence of the velocity
distribution of the flow of kiln gases along the channel of the
kiln on its geometric characteristics, a numerical simulation
method in a simplified 2D formulation using the OpenFoam
open code using the k—w shear stress turbulence model is used.
The velocity fields of kiln gases are obtained for three options
for the height of the channel: the base with a vault height of 2 m,
with a reduced vault height along the entire length of the tun-
nel and with a reduced tunnel height only in the burning zone.
Analysis of changes in flow rates shows that the most effective
would be to reduce the height along the entire kiln length,
while changing the arch height in the burning zone will hardly
affect the uniformity of velocities in the heating zone. Reducing
the arch height also minimizes the likelihood of a return air flow
in the cooling zone in the area from burning to the place of air
extraction for drying. A lower overlap in the cooling section will
increase the intensity of heat removal and, accordingly, reduce
its loss with the product in order to use it for drying products.

The presented simulation results make it possible to note
that a change in the height of the overlap will lead to an
increase in aerodynamic drag and, consequently, a pressure
drop. This will require additional energy costs for driving
draft engines and the possibility of increasing temperatures
in the space under the cars.

Keywords: tunnel kiln, kiln gases, channel height, velocity
distribution simulation, velocity field.
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