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Systems and control processes

Diffraction of sound waves on a metal ring

page 4–8

As the object of research, sensor unit as a multiphase mechanical 
construction in the operating conditions of hypersonic aircraft flight 
is exposed to actions of powerful external disturbances such as: ultra-
high temperature — more than 2000 °C, vibration, shock N-wave, 
acoustic penetrating radiation. Less harmful disturbances cause ad-
ditional measurement errors of characteristics of the flight product. 
Clarification of the nature and origin in time and space of these errors 
is one of the most important tasks of navigation.

Precisely delineated investigated phenomenon enables combat 
the negative influence of external disturbing factors by passive, ac-
tive or autocompensation methods depending on character of the 
sensor error — methodological or instrumental.

The obtained result confirms the presence of powerful and fluid 
motive flow with a spatial structure in a liquid-phase components of 
component base, which, in combination with generated sound waves 
form a zone of concentration of sound energy and, in accordance, de-
velopment of three-dimensional turbulent fluid, and explains the emer-
gence of areas of passive energy, in which is virtually absent turbulence.

The expected effect of an efficient fight against the negative im-
pact of penetrating sound radiation is based on eliminating an effect 
of aberrations and forming a powerful energy zones (zones of caustic 
surfaces), technical implementation of which in each case may have 
its advantages and disadvantages.

Keywords: caustic, aberration, wave size, concentration of sound 
waves, motive flow, diffraction.

References

1.	 Gladkiy, V. F. (1969). The dynamics of the aircraft structure. Moscow: 
Nauka, 496.

2.	 Mel’nick, V., Karachun, V. (2016). The emergence of resonance 
within acoustic fields of the float gyroscope suspension. Eastern- 
European Journal Of Enterprise Technologies, 1(7(79)), 39–44. 
doi:10.15587/1729-4061.2016.59892

3.	 Karachun, V., Mel’nick, V., Korobiichuk, I., Nowicki, M., Szewc-
zyk, R., Kobzar, S. (2016, February 26). The Additional Error of 
Inertial Sensors Induced by Hypersonic Flight Conditions. Sensors, 
16 (3), 299. doi:10.3390/s16030299

4.	 Mel’nick, V. N. (2007). Stress-strain state of suspension of floating 
gyroscope under acoustic loading. Problemi prochnosti, 1, 39–54.

5.	 Pavlovskiy, M. A. (1986). The theory of gyroscopes. Kyiv: High 
School, 303.

6.	 Fesenko, S. V., Shybetskiy, V. Y. (2016). The study of the behavior 
of cylindrical shell in the ultrasonic field. Intehrovani intelektualni 
roboto-tekhnichni kompleksy, 3, 61.

7.	 Leporinskaya, L. P. (1967). Endurance aircraft structures with acous-
tic loads. Vynoslivost’ aviatsionnyh konstruktsii pri akusticheskih 
nagruzkah, 218, 317–325.

8.	 Vyaltsev, V. V., Horguan, V. G. (1961). Powerful low-frequency 
sound alarm. Journal of Acoustic Technologies, 3 (7), 377–378.

9.	 Beliy, N. G., Pachando, A. V. (1965). On the acoustic loading of the 
fuselage of the aircraft IL-18 and its endurance cladding elements. 
Prochnost’ i dolgovechnost’ aviatsionnyh konstruktsii, 11, 4–57.

10.	 Dayer, I.; In: Krendel, S. (1967). The vibrations of the spacecraft 
under the action of the rocket engine noise housing. Accidental fluc-
tuations. Moscow: Mir, 192–211.

11.	 Fox Williams, D. E.; In: Krendel, S. (1967). The noise of high-speed 
missiles. Accidental fluctuations. Moscow: Mir, 45–49.

12.	 Grinchenko, V. T., Meleshko, V. V. (1981). Harmonic waves in elastic 
bodies. Kyiv: Naukova dumka, 283.

13.	 Valeev, K. G., Kvitka, V. E. (1970). Determination of the stress state 
of the flat panels in the acoustic field of the exhaust jet. Prikladnaya 
mekhanika, VI (4), 39–43.

14.	 Pavlovskiy, M. A., Petrenko, V. E. (1977). On the self-compensation 
girotahometrov errors in angular vibration base. Reports of the Aca
demy of Sciences USSR. Series А, 8, 81–84.

15.	 Nwe, T. T. et al. (2008). Application of an Inertial Navigation System 
to the Quad-rotor UAV using MEMS Sensors. Engineering and Tech-
nology, 42, 578–582.

16.	 Woodman, O. J. (2007). An introduction to inertial navigation. Cam-
bridge, 37.

17.	 Le Manh Hung, V. (2009). Indoor Navigation System for Handheld 
Devices. Worcester, 198.

18.	 Nasiri, S. A. (2004). Critical Review of MEMS Gyroscopes Technology 
and Commercialization Status. California, 8.

Calculation and analysis of static errors of two-
gyro sensor
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New two-gyro sensor is considered. It can be used both in auto
mated aviation gravimetric systems, and as the basic measuring 
device of weapons stabilizer. The object of research is new two-
gyro unit (TGU) on the basis of gyro integrator of linear accelera-
tion (GILA). New TGU consists of free gyroscope located in the in-
ner and outer frames with interframe correction systems containing 
angle sensor on the axis of inner frame of the gyroscope and torque 
sensor connected to its output. In addition, free gyroscope that iden-
tical to the first is included in the design. Rotor of this gyroscope 
rotates in the opposite direction from the main gyroscope. Additional 
gyroscope is also provided by similar correction systems. Two output 
signals of linear acceleration are formed in TGU as the sum of signals 
from angle sensors of two gyroscopes. Considered TGU provides 
higher accuracy than single-gyro sensor due to compensation of the 
errors because of the impact of cross angular velocity and the angular 
velocity of the Earth.

Keywords: gyroscope, gravimeter, aviation gravimetric system, 
stabilizer, sensor.
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Synthesis of graphitization control system of 
carbon products
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Current global trends in ferrous and nonferrous metallurgy, 
machine building, chemical and other industries cause a permanent 
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increase of production of carbon graphite products. Production of 
graphite products is complex, multistage and very energy-intensive. 
The analysis of existing graphitization control systems of carbon 
products has shown that these systems are the systems of program 
control that do not take into account the current state of the control 
object, which affects their performance.

A new control system provides graphitization furnace control 
in two modes of operation - heating and graphitization. The frame-
work of control system in heating mode is based on the use of fuzzy 
controller, which inputs are calculated using a simplified model of 
graphitization. The control algorithm in graphitization mode for the 
purpose of determining in advance the time of power outage of the 
furnace uses prediction of graphitization degree of carbon products.

Keywords: carbon products, graphitization, control system, fuzzy 
controller.
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Analysis of noise-protective properties of sheet 
material composite structures
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The object of this research is sound insulation properties of sheet 
material composite structures. The basis of the working hypothesis is 
the fact that particular importance has the minimum gap between the 
layers for the theoretical insulation calculations of the double sheet 
material structure.

Dependence observation of the air gap size between the two 
layers of interior walls suggests that for maximum sound insulation 
ability the air gap size should be no less than five times greater than 
the maximum thickness of one of them.

Comparison of the estimated sound insulation characteristics RN 
with the measured frequency response of air sound insulation R 
shows that the actual sound insulation of two sheet structure is sig-
nificantly lower than estimated. This difference is between 3 to 5 dB 
over the entire frequency range. It also confirms the low acoustic 
efficiency of modern plastic windows.

The results of this work will allow as a promising direction for 
further research to identify the program to adjust the sound insula-
tion properties of any translucent walling (including window fil
lings), also consisting of sheet materials.

Keywords: sound insulation, sheet materials, workspaces, accom-
modations, reverberation chamber, sound level meter.
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Analysis of ambient temperature change on 
depletion intensity of powder charges during 
long-term storage of ammunition
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Changes in physical properties of the powder charges during 
their long-term storage are a negative effect on the ballistic charac-
teristics of ammunition: the longer the ammunition storage period — 
the more the negative impact of this phenomenon. One of the main 
parameters that determine the storage of powder charges, and the 
most influential factor in determining the rate of molecular diffusion 
is the ambient temperature.

We propose a method of forecasting changes in ambient tem-
perature. The temperature difference and the accuracy of the forecast 
annual average temperature were 0,58 °С and 5,6 % respectively. It 
is proved that these predicted results 2,9 and 3,7 times, respectively, 
closer to real than the most recent official table data.

Molecular diffusion coefficient is predicted on the basis of this 
methodology. The error in this case is 3 times less than using the last 
temperature table values and there is 0,4 % vs. 1,2 %, respectively.

During the calculation and analysis of the impact of the daily, 
monthly and seasonal temperature changes in the intensity of mass 
transfer, as the main factor of the powder charge depletion, average 
error is calculated and there is 8,6 %.

Thus, the total error in the calculations of the total nitrogen re-
moval from the powder components is 15,2 %, which for the warranty 
period of ammunition storage in 30 years makes the difference at the 
time of 4,6 years, and in fact is 25,4 years. And, taking into account 
the «global warming» effect, this term will only decrease later.

Keywords: ambient temperature, depletion of powder charges, 
long-term storage of ammunition.
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Model predictive control of distillation column 
in the carbon dioxide recycling in methanol 
technological process
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The distillation column (DC) was taken as the research object. 
A homogeneous catalyst is necessary for continuous operation of the 
column. Considered object is promising for carbon dioxide recycling 
in the methanol production enterprises, power plants, boiler stations. 
Modern high-quality model predictive control system is developed 
for the column. It is a basic unit of the latest technological process 
of carbon dioxide recycling in the methanol production. Its feature is 
the ability to take into account the non-linearity and the use of op-
timization procedure. The controller settings are calculated for DC:  
P controllers to stabilize levels (for channel D-MD Kp = –2; for chan-
nel B-MB Kp = 0,2) and the PI controllers for stabilization of con-
centrations (for channel L-y D Kp = 2 and Ti = 0,01, for channel V-xB 
Kp = –30, Ti = 0,1). For a system with MPC were calculated: discrete 
step (c) = 0,5; prediction horizon = 500; control horizon = 2; balance 
of stability and speed = 0,8; observer sensitivity = 0,5. Methanol 
production process was simulated with 2 systems. The comparison 
results show that the quality of transients in a system with model-
predictive control higher when all perturbations, except perturbation 
over the phase state of the input stream. However, the latter in the 
above technological process practically does not occur. Use of MPC 
algorithm can significantly improve the effectiveness of the control 
system. The developed control system is very good meeting the major 
perturbation to change the product concentration, which enters the 
column from the synthesis reactor. System with MPC controller has 
more quality than a system with PI controller. When implement-
ing the distillation column, an amount of emitted CO2 and use of 
methanol as a finished product, and as a raw material will by reduced. 
In the future there is the possibility of applying a model predictive 
system for other objects and processes to improve the quality of  
transients.

Keywords: model predictive control, distillation column, techno-
logical process, recycling, carbon dioxide, methanol.
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Synchronization of the dynamics of similar boilers 
working for a common line
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The object of research is the system of the three boilers 
ПТВМ-50. With a system of three or more boilers it can ensure the 
normal operation of thermal power facilities, i. e. the uninterrupted 
supply of hot water and constant heating the coolant to the desired 
temperature. When receive a perturbation signal, load on the system 
is changed, but while having three boilers, it can provide the new load 
parameters and the system will not operate at maximum capacity.

The operation algorithm of similar objects on the common 
system with maintaining a given load was used in order to ensure 
synchronous operation.

The result is the reaction of the whole system with a deviation of 
the average temperature that issued by the boilers in the network in 
an amount equal to 0,14 °C. This result was achieved through the use 
of the chosen control system to synchronization and stabilization of 
operation of the boilers.

Keywords: synchronization, similar boilers, control system, stabi-
lization, line, perturbation.
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Optimization of arc ignition process for machines 
of arc dimensional machining

page 44–51

The article examines the arc ignition at the arc dimensional ma-
chining (ADM). The audit found that:

—	 This process not paying attention in scientific literature.
—	 Feed rate of the electrode-tool with no arc combustion is set 

non-optimal.
The main aim of research is to optimize the process of electrode-

tool feed rate at the arc ignition and, thus, reduce shock loads to the 
electrode-tool.

The nature of the change of the working fluid pressure in the 
electric erosion chamber at arc ignition is given. The pressure value 
is experimentally determined at which the automatic change of the 
maximum rate to working is ensured by the system of automatic feed 
of the electrode-tool to the workpiece. A functional of optimal arc ig-
nition process of arc dimensional machining is proposed. It is possible 
to determine the maximum permissible rate of electrode-tool feed 
and reduce the likelihood of tool failure during the arc ignition. Thus, 
during machining due to rapid electrode-tool feed in the machining 
area, the technological operation time is decreased.

Research results can be used by designers that create an automa
tic system of electrode-tool feed at dimensional (ADM), arc (EAM), 
blasting (BEAM) and other related electric erosion methods of metal 
machining.

Keywords: automatic system, arc dimensional machining, work-
ing fluid pressure, feed rate, electrode-tool, arc ignition.
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Improvement of the management of material and 
technical resources of water cleaning projects 
from explosive objects
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The object of research in the article is the management of 
material and technical resources of water cleaning projects from 
explosive objects in Ukraine. At this time, these projects are per-
formed by State Emergency Service of Ukraine (SES) using diving  
technologies that endanger human life and health and has low 
productivity.

Implementation of robotic technology for water cleaning 
from explosive objects in Ukraine is proposed using integrated 
involvement of marine robotics tools in SES expeditionary 
units consisting towed, self-propelled autonomous and remote-
controlled underwater vehicles-robots, unmanned surface vessels 
and aircrafts.

Project management process model of robotics of water cleaning 
from explosive objects is obtained as the component of manage-
ment submodel of basic robotic underwater tasks and management 

submodel of the basic tasks on the effective use of special means of 
marine robotics. The obtained process model forms the theoretical 
basis for improving the management of material and technical of 
water cleaning projects through the use of safe and highly efficient 
robotic technologies for water cleaning.

As a result of equipment of SES expeditionary units by specially 
developed or procured means of marine robotics will increase pro-
ductivity and quality of marine operations as the tasks of national 
importance, and significantly decrease risks to life and health of 
people involved in such operations.

Keywords: marine water area, explosive object, underwater robot, 
management of material and technical resources of the projects.
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State and prospects of development of tire 
recycling technologies and their environmental 
impact

page 57–63

Because of rapid increase in the number of cars, there is an actual 
problem of warehousing, storage, transportation and recycling of 
dozen million tires annually. On the one hand, scrap tire is a waste, 
on the other — a valuable recyclable material.

In this article the most common recycling technologies for tires 
are investigated. There are recovery, incineration, mechanical cru
shing and pyrolysis.

Shredding of rubber wastes is recognized as the simplest and 
most rational way of recycling because it allows to preserve physical, 
mechanical and chemical properties of the material. However, the 
final stage of use of the resulting crumbs is a stumbling block of cost-
effective solution to the problem of full recycling of rubber wastes.

Incineration of tires leads to significant pollution with heavy 
metals (cadmium, nickel), sulfur oxides and carbon compounds.

Pyrolysis of tire recycling provides the lowest level of emissions 
and complete recycling of tires.

The study shows that typical pyrolysis plant with four waste-
heat boilers does not result in the emission of heavy metals and sulfur. 
As a result of pyrolysis with an average load — 850–1000 tons/year  
of rubber wastes there are produced: the liquid fraction — 500 li- 
ters/day (500 m3/year), high-carbon residue — 1 ton/day 
(1,000 tons/year), metal — 0,2 tons/day (200 tons/year), gas — 
200 m3/day (200,000 m3/year). Surface concentrations of pollutants 
is calculated using «EOL+». A map of the MPC levels of certain 
contaminants in nine areas is developed depending on the distance 
to the source of the emission.

The research confirms the environmental safety tire pyrolysis 
recycling.

Keywords: technology, tire recycling, environment, waste, emis-
sions, pyrolysis.
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Service and resource parameters of urban public passenger trans-
port operation are dominant for formation of its sustainability from 
the standpoint of internal and external processes. The sustainability 
of urban public passenger transport reflects its properties to keep un-
der the influence of internal and external influences for a long time, 
which is correlated with time and changing the system, processes of 
its homeostatic equilibrium state, structure, nature of operation and 
to ensure the effective functioning of the urban environment. Its 
sustainability is achieved by forming reaction responses to influence, 
which aims to compensate their negative impact. The source of the 
formation of such compensatory actions is reserves of its internal 
(transport resources) and external resources (transport network 
resources). Formation of compensatory actions to influence must 
provide the appropriate level of its operation results of urban public 

passenger transport. Synthesis of the requirement to provide com-
pensation of resource needs and performance characteristics helps 
to define the conditions for achieving sustainability of functional 
processes of urban public passenger transport.

The form of the boundaries of acceptable sustainability param-
eters of urban public passenger transport is revealed from the stand-
point of service and resource characteristics of its operation. The 
sustainability scheme of functional processes of urban public passen-
ger transport is reflected conditions and principles of sustainable de-
velopment of urban environments and allows to assess sustainability 
degree using an available form of their accounting.

Keywords: sustainability, urban public passenger transport, sus-
tainability area, service and resource conditions.
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