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Abstract—The research work is devoted to the creation of a
protection system for electric motors used in industry and
transport, based on modern and traditional sensors. In the
course of operation, the malfunctions of electric motors were
investigated and it was found that the emergency modes occur
mainly as a result of exceeding the permissible values of the
current, voltage and temperature parameters. Modern sensors
of current, voltage, and temperature were compared and the
most effective ones were selected for use in electric motors. On
the basis of these sensors, a protection system for a low-power
electric motor was built in the laboratory. Also in the Multisim
application software package, a simulation of the operation of
the protection system at different voltage and current values is
performed, a circuit of the sensor control unit and the power
source for powering the protection system is constructed. It is
proposed to apply such a multi-parametric complex protection
system for electric motors specially in transport.

Keywords—electric motor, short circuit, overload, current
sensors, relay control, protection system

I. INTRODUCTION

In industry, transport and various fields of technique
asynchronous, synchronous and collector alternating current
machines are widely used. Currently, it is used more than
asynchronous machines that work in motor mode.

In connection with the development of static converters,
the capabilities of induction motors have significantly
increased. In this regard, the possibilities of using these motor
in electric transport are considered more effective. Modern
vehicles mainly use a short-circuit rotor asynchronous motor
as an electric motor.

As in all electrical machines, there is always a high
probability of occurrence of abnormal and accidental
regimes, injuries on induction motors. Therefore, the working
process and operating parameters of induction motors
especially in railway transport, operating in difficult working
conditions should be constantly monitored.

One of the most important issues to increase the efficiency
and durability of vehicles, power supply system is to provide
reliable and accurate control of its electrical parameters,
optimal protection against voltage, current and other
parameters in case of emergency operation.

Thus, as a result of the research, it was determined that
the application of modern electronic sensors to control the
technical condition of electric motors can provide a more
reliable mode of operation.
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It is known that the increase in load for one reason or
another during the use of electrical equipment leads to the
failure of the device, and at best, to the damage to the
elements of the electrical circuit of the device. Faults of
electrical origin occur as a result of the effects of short-circuit
currents, electric arcs and sparks, reduced insulation
resistance and other causes. This shortcoming requires more
funding and worker from operating companies.

In recent years, significant research has been conducted
to develop new methods to monitor the technical condition of
electric motors, to overcome the shortcomings of traditional
methods. The incidence of motor failures or abnormal modes
increases with the complexity of its operating mode, and
therefore there is a need to create more sensitive and modern
protection systems based on the results of additional failures
and the results obtained.

Only the temperature parameter is used to conduct
diagnostic monitoring of traction electric motors operating in
railway transport, produced by a number of leading
companies in the world. The results of the research show that
the temperature parameter alone does not provide complete
and perfect information about the technical condition of the
motors and a number of parametrs need to be added to these
parameters in row in order to obtain more accurate results.
For this reason, complex diagnostic monitoring of electric
motor and the creation of multi-parameter proection systems
based on it is actual [1].

II. STATEMENT OF THE PROBLEM AND SELECTION
SUBSTANTIATE OF SENSORS FOR MULTI-
PARAMETER PROTECTION SYSTEM

The technical condition of electrical equipment is carried
out primarily by checking the level of reliability and
parameters. It is possible to create more reliable and sensitive
protection systems due to the information obtained as a result
of diagnostic monitoring of the technical condition.

In order to ensure more stable working conditions, it is
necessary to take into account the characteristics of the effect
of caution and reliability indicators in the motors on the
uninterrupted operation of the power supply system
associated with this unit.

Suppose two identical motors are used as a backup in a
system. If one of them fails, the other motor will run at full
system load. The breakdown intensities of the motors are the
same and constant, A= A; =A, = 0,0005 1/s. In this case, it is
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necessary to determine the exponential law of the probability
of proper operation of the motor at t =400 hours.

Since the motors are of the same type, the probability of
a malfunction is as follows:

P. (t) — 26—/11-! _e—Z-AQ-I — 2 ~e—0,0005~400 _6—0.0005400 — 0 9671 (1)
According to the data, the average operating time of the
system is calculated as follows:
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In order to increase the probability of proper operation of
the electric motor, it is necessary to ensure that it is switched
on and off and that the operating modes are protected from
leaps in transition process and possible accidents.

Acute voltage fluctuations, current overloads, short
circuits, temperature changes, etc. in such cases, the
establishment and application of a multi-parameter protection
system to prevent equipment, source and loads failures is of
particular importance.

During operation of electric motors, non-standard and
possible emergency cases can be divided into the following
groups:

. Abnormal and accident modes occurring in the
network (voltage above and below the nominal value,
frequency change, etc.)

*  Non-standard and accident situations related to the
current (interphase short circuits in three-phase motors;
breaks in the stator or rotor windings; overload or short-
circuit currents etc. perforation of insulation due to
temperature rise caused by)

Special protection devices are developed and applied to
protect motors from damage in unacceptable and emergency
modes. As it is known, a short-term decrease in voltage leads
to a decrease in the torque of electric motors used in transport.
After the voltage is restored, the motor restores its torque and
returns to the nominal operating mode. In this case, the value
of the current required by the motor increases sharply, which,
in turn, can lead to the activation of the protection. The setting
parameters of the protection installed in the electric motor
should be selected so that the protection does not start and
turn on the motor circuit when the short-term voltage drops.
For this, special attention should be paid to the selectivity of
the security system.

In addition to the current and voltage parameters, one of
the other main parameters that must be protected is the
operating temperature of the windings. It is unacceptable to
increase the temperature in the windings. If the operating
temperature of the motor windings exceeds the +10°C heat
limit for any period of time, the insulation of the stator and
rotor windings is reduced by half the service life.

It is known that, there are plenty of sensors based on
various physical effects to control the values of current and
voltage: resistive, inductive and capacitive sensors based on
Ohm's law; transformer sensors based on Faraday's
electromagnetic induction law; voltage and current sensors
based on the Holl’s effect, and traditional voltage and current
sensors based on other effects [2-5].

At the same time, there are modern sensors based on the
application of Rogovsky winding, electro-optical and
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magnetic-optical effects for non-contact measurement of
high voltages and currents.

Resistors, transformers and Holl-effect sensors are mainly
used to measure the electrical parameters of modern
locomotives used in railway transport.

Resistive sensors are simpl and economical, the principle
of operation is based on the direct proportion of the voltage
across the reference resistor connected in series with the load
in the current circuit (Ohm's law), can be used to measure
direct and alternating currents.

The external appearance and connection diagram of the
widely used different types of current sensors are shown in
Fig.1, and the constructive and principle diagram of the
voltage sensors are shown in Fig. 2.
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b) Inductive sensors
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Fig. 1. Constructive and principle scheme of current sensors

In the laboratory, a current transformer was used to
control the current value in protection system designed for a
low-power asynchronous motor. In high-power motors, the
introduction of the Ragowsky windings is considered to be
more promising than the current sensors [6].

Voltage sensors based on electrical, electro-magnetic,
electromechanical, electro-thermal, electro-optical and other
similar physical effects are widely used in theoretical and
practical researches.

The measurement procedure, the selection of the
appropriate type of sensors is determined by the type and
level of voltage. It is important to amplify the signals in order
to record low voltages in the measurement circuit, and to
reduce the received signals to an acceptable level at high
voltages [7-9].

Voltage dividers (resistive, capacitive and inductive),
voltage transformers, electronic voltage sensors, etc. are
more widely used as voltage sensors (Figure 2).
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Fig. 2. Constructive and principle scheme of voltage sensors

The use of voltage transformers for measuring high
voltages is considered more expedient.

A resistive divider was used to control the voltage value
in the protection system designed for the low-power electric
motor. The resistive divider is considered simpler and
technically more economical.

Voltage transformers are often used as voltage sensors in
high power motors. Due to the large dimensions of voltage
transformers, it is more expedient to use a resistive shunt and
a resistive divider as a voltage sensors, where possible [10,
11].

Several methods are used to measure temperature. These
include fiber-optic temperature sensors, electrical resistance
thermometers, thermographic methods, thermocouple-based
temperature sensors, etc. (Fig. 3).

As a contact temperature sensor for determining the
temperature value in high-powered motors, the thermocouple
is considered more suitable.

The main advantage of a thermocouple-based module
sensor is the transmission of a signal with a direct relay
output. Based on the signal received from the sensor, it is
possible to both protect the motor and perform diagnostic
analysis of the recorded data, as well as set up special alarm
systems by displaying the data on special displays. Thanks to
this, it is possible to ensure more reliable and stable operation
of the motor.
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Fig. 3. Constructive and principle scheme of temperature sensors

Experiments were carried out on the electric motor
according the three important parameters mentioned above
and a protection system based on automatic control with relay
output was installed. The operation of the relay is determined
by the electrical signal received from the sensors. Based on
the electrical signals, in any abnormal and emergency
situation the relay motor which is controlled by the protection
system is disconnected from the mains. MLEOO137 of type
relay was used to protect the motor (Fig. 4).

This type of relay is distinguished by its compactness,
large process switching capabilities, start-up speed, etc. This
relay is able to provide normal operation when the supply
voltage of the working winding is in the range of 6-15V.

III. MAGNETIC FIELD MEASUREMENT AND OUTPUT
SIGNAL ANALYSIS

In laboratory conditions, an experimental stand on the
basis of a low powerful motor has been developed to simulate
malfunctions that may occur in motors and control the
changes that occur in electrical parameters.

One of the most modern and promising methods for
diagnosing motor malfunctions and building a protection-
warning system based on this, is the measurement and
spectral analysis of the magnetic field.

The results of the analysis show that the defects and
malfunctions in the electric motor have a significant effect on
the spectrum of the electromagnetic field generated outside
it. By continuously monitoring the magnetic aura of the motor
in working condition, it is possible to determine the change
of a number of parameters and create special protection and
warning systems based on the results obtained. For example:
overload, increase and decrease of voltage, change of current
frequency, etc.

In researchs, the use of a Hall sensor as a sensor that
allows non-contact diagnostics without interfering with
motor design has been preferred. Thus, this sensor can be
considered one of the most informative sensors that allows
you to assess the condition of the motor by monitoring the
electromagnetic spectrum.

In experimental research, the use of KY-024 Hall sensor,
which is less sensitive to external influences, was preferred.
The connection scheme and design structure of these types of
sensors are given in Figure 4.
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Fig. 4. Traditional connection scheme and constructive descriptions of
Hall sensors

The recorded oscillograms of the magnetic field change
in different modes of the electric motor studied using the K'Y-
024 sensors are given in Figure 5.

Fig. 5. Oscillograms of the motor magnetic field: a) at
standstill; b) in normal operation; c) in overload
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As can be seen from the analysis of oscillograms, in
normal, failures or defects, overload and etc. conditions, the
magnetic field around the electric motor changes with big
difference. Thus, on the basis of the recorded data, it is
possible to create a modern protection-warning system by
diagnosing the motor and at the same time analyzing the
signals at the output of the sensor [1].

IV. MODELING OF MULTI-PARAMETER
PROTECTION SYSTEM

In reality, the development and implementation of a
working version of the system that can perform the above
functions is accompanied by many technical problems.
Therefore, since modern applications are more accessible for
individual and complex simulation of functions, it is more
expedient to develop an imitation model of the system
through these programs. This, in turn, allows the creation of
a working model based on an imitation model of the system
in research and production facilities, which allows you to
design a real prototype of the system. In our research, based
on the Multisim program, an imitation model of the device
was developed, which provides protection against short
circuits, overloads, as well as drop of voltage and overvoltage
in the phase of the motor powered by an electric power
source.

Relay control is applied at both high and low voltage
limits at specified values. In the Multisim program, the
protection circuits are built and modeled according to the
voltage limit. Schematics of protection activation at normal,
high and low voltage values are shown in Figure 6, Figure 7
and Figure 8. When the green LED is turning on indicates that
the voltage is within the normal range. In abnormal modes,
red LED in turning on and indicates that the mains voltage
has exceeded the allowable limit.
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Fig. 6. Electrical circuit of the protection device at the range of normal
operating voltages (168-260V)
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Fig. 8. Electrical circuit of the protection device at a voltage low the
nominal value (Ui, <168V)

The current protection ensures the opening of the motor
from the food source by activating the relay at the limits of
the current above the specified values. To simulate the current
protection in Multisim, a resistive shunt-based protection
scheme was used and the change of the current in the intended
range was immobilized, giving an adjustable voltage to the
input of the scheme.The simulation results for the current
performed in Multisim are given in Fig 9 and Fig 10.
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Fig. 9. Electrical circuit of the protection device at the nominal value of
current

The rated motor current is 0.55A at 220V. In our case, the
critical value of overloading, the minimum value of the
current required for the protection of operation, is 0.9A.
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Fig. 10. Electrical circuit of the protection device during emergency
operation (short circuit or allowable price overload)

Built on the logic elements of the protection system, a
second transformless unit was developed to provide the
nominal 5V and 9V supply voltages required to power the
electronic control unit for voltage limits, transistor control
unit for current limits, temperature protection unit and output
relay unit.

An autotransformer was used to obtain a controlled
voltage value in laboratory conditions.

As mentioned, the second power supply of the unit is for
power supply of voltage and current, as well as the control
unit of temperature control sensors and the protection system
according to these parameters. On the basis of the
transformerless power supply circuit for power supply of the
protection system, the input voltage is 170 - 275V, the output
voltage is 5.1V, the relay circuit is 7.5 - 12V, the total current
required by the parametric stabilized power supply is 40-
65mA. Since there is no autotransformer in the MultiSim
software base, the regulated voltage is supplied to the circuit
via a potentiometer.

For sufficient load capacity of the power supply, it is
possible to use a transistor in the output circuit of the
stabilizer as an amplifier. Since the base-emitter junction of
the transistor has a voltage drop of 0.7 - 0.8V, a stabilitron
with a stabilization voltage of 5.6 - 5.7V should be selected
to provide 5V at the output. For the selected stabilitron to
operate in stabilization mode, its current in the range Ist =3 -
50mA, as well as the current of the base circuit and stabilitron
together can be selected 10 - 15 mA, taking into account that
the rated voltage of the transistor is higher than 50 and the
current at the output of the transistor is less than 100 - 200mA.

The type of relay, designed to replace the power chains of
the selected relays and powerful analog motors, can normally
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operate at wide voltages (in this case 7 - 15V), the
stabilization is not required for the relay power circuit. If
necessary, the same stabilization scheme can be applied.

Fig. 11. Electrical circuit of the second power supply of the protection
device

A protection system based on relay control was installed
and experiments were performed on the motor to control the
temperature parameter. The normal temperature of the motor
windings is determined by the insulation class. Traction
electric motors operated in the most modern locomotives
used in railway transport are equipped with C-class insulation
(200°C and above).

Topen = +38,5°C;
Thorm = 0 + 38.4°C;
Trect = 35.7°C 1)
Topen — oOperating temperature of the protection
system,;
Thorm — normal motor operating temperature;
° Tyec.t — reconnection temperature;

In order to connect the protection system (opening the
motor) in motor, which is the object of study, the temperature
of the windings should reach Ty, . These temperature values
were conditionally taken for the experiments. To restore the
operation mode of the motor started by means of protection,
the temperature of the windings must be conditionally
lowered to the reconnection temperature value Ty, .. When
the winding temperature cools down to normal operating
temperature (that is, reconnection temperature), the relay
restarts the motor.

A modular thermocouple based on a was used to
determine the temperature of the motor windings. The input
of the module is supplied with a constant supply voltage of
9V. The output terminals are similarly connected to the motor
and relay. The thermocouple transmits the signal to the
module, where it compares the opening temperature with the
normal temperature and sends a pulse to the relay. The relay
turns on the motor according to the received impulse or
restarts the motor with protection.

A model of the complex protection system for voltage,
current and temperature, developed in laboratory conditions,
is shown in Fig. 12.
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Fig. 12. Multi-parameter protection device developed in the laboratory
V. CONCLUSION

Thus, in the research, the faults of the electric motor were
investigated and it was determined that the emergency modes
occur mainly as a result of exceeding the permissible values
of current, voltage and temperature parameters. Also, modern
current, voltage, temperature sensors were compared and
those with the best performance for use in electric motors
were selected. According to the mentioned main parameters,
the main control and power supply blocks of the protection
system were analyzed in the Multisim application program
and a model of the system providing complex protection in
the laboratory was practically established.

At the same time, the use of LEDs as a signaling element,
as well as limit elements in the control circuits of the lower
and upper current limits, or as a component of the logic "OR"
element in the proposed device has been found to have
different advantages over other such devices.

Thus, based on theoretical and practical research, it can
be said that it is possible to show the warning signals on the
appropriate display by protecting the temperature, voltage
and current of electric motors used in transportation and
industry and transmitting also the results send to the relay
control circuit and the central control station.

Using the modern sensors we offer, it is possible to ensure
a stable operating mode of electric motors with the help of a
complete multi-parameter protection system.

REFERENCES

[1] isgondorov 1.8, Manafov E.K, Hiiseynov F.H. “Elektrik miihorrikinin
elektrik parametrlorina kompleks nozarot iigiin iisul vo vasitalor”.
Azarbaycan  Texniki ~ Univerisiteti, “Azorbaycan vo Tiirkiyo
univerisitetlori: tohsil, elm, texnologiya” I Beynolxalq elmi-praktiki
konfransin materiallari, Baki-2019, soh. 252-255. [In Azerbaijan:
Isgandarov IA, Manafov EK, Huseynov F.H. "Methods and tools for
complex monitoring of electrical parameters of the electric motor."
Azerbaijan Technical University, Materials of the I International
scientific-practical conference “Universities of Azerbaijan and Turkey:
education, science, technology”, Baku-2019, p. 252-255].

[2] Isgonderov.i.®., Manafov.E K, Hiiseynov.F.H. “Miiasir gorginlik vo
coroyan  vericilorinin  elektrik  tochizat  sistemindo  totbiqi
perspektivlori”. Respublikanin 100 illiyine hosr olunmus “Fizika vo
Energetikanin aktual mosalolori” konfrans materiallar toplusu. Baki-
2018, soh.248-250. [In Azerbaijan: Isgandarov.l.A, Manafov.E.K,
Huseynov.F.H. "Prospects for the application of modern voltage and
current sensors in the power supply system." Collection of conference
materials "Actual issues of Physics and Energy" dedicated to the 100th
anniversary of the Republic. Baku-2018, p. 248-250].

[3] Fernando J. T. E. Ferreira. Single-Phasing Protection of Line-Operated

Motors of Different Efficiency Classes. Ieee transactions on industry
applications, 2018.

171 Baku, Azerbaijan



[10]

[11]

R.Dickinson, S.Milano. Izolated Open Loop Current Sensing Using
Hall Effect Techn. in Optimized Magnetic Circuit. Allegro
MicroSystems, Inc.C.NH, USA, 2002, p. 1-12.

Jianghua Feng , Junfeng Xu, Wu Liao and Yong Liu. Review on the
Traction System Sensor Technology of a Rail Transit Train. Sensors
2017, p. 13-26.

JaunnoB  A.b. CoBpeMeHHBIC MPOMBILNIICHHBIC [JaTYMKH TOKA.
CoBpemenHast diaekTponuka. M., 2004, Nel0, c.26-28. [In Russian:
Danilov A.B. Modern industrial current sensors. Modern electronics.
M., 2004, Nel0, p. 26-28.

Bayrak, M. A New Digital Relay for Generator Protection Against
Asymmetrical Faults, IEEE Trans. On Power Delivery, 2002, p. 54-59
Jose, E.D., Roy, T.B., Chai, C., Yu, L. Stall Protection of Large
Induction Motors, IEEE Transactions on Industry Applications, 1995,
p. 1159-1166.

Novak, T., Morley, A.L., Frederick, C.T., Sensitive Ground-Fault
Relaying, IEEE Transactions on Industry Applications, 1988, p. 853-
861.

Paoletti, G.J., Rose, A., Improving Existing Motor Protection for
Medium Voltage Motors, IEEE Transactions on Industry Applications,
1989, p. 456-464.

Zocholl, S.E., Integrated and Protective Relay Systems, IEEE
Transactions on Industry Applications, 1989, p. 889-893.

& IEEE

172

Baku, Azerbaijan



	0-00a
	0-00b
	0-00c
	0-00d
	0-01
	0-02
	1-00
	1-01
	I. Introduction
	II. Problem statement
	III. Main Components of Creating a Railroad Operation Safety System in Seismically Active Regions
	IV. The Structural Principle of a Seismic Acoustic Noise Monitoring Station
	V. Correlation technology for Noise control of the beginning and dynamics of development of the latent period of accidents in rail transport
	VI. Conclusion
	References


	1-02
	I. Introduction
	II. Fatigue failure of the axles of railway wheelsets
	III. MAXIMUM PERMISSIBLE STRESSES OF AXLES
	IV. Probable causes of fatigue cracking of railway axles
	V. EXAMPLES OF FATIGUE CRACKING                        OF RAILWAY AXLES
	VI. CONCLUSIONS
	References


	1-03
	1-04
	1-05
	I. Introduction
	II. Start-up stages of a diesel engine
	III. Analysis of the duration of individual stages of the diesel engine start-up
	IV. Conclusions
	References


	1-06
	I. Introduction
	II. Procedures for interception of civil aircraft by military aircraft in VMC (Visual Meteorological Conditions)
	III. Intercept without visibility (IMC - IFR Meteorological Conditions)
	IV. Other methods of influencing the flight course of a commercial aircraft
	V. Cases of forcing a commercial airplane to land by military aircraft in the 20th century
	VI. Ryanair flight on May 23, 2021
	VII. Is it possible to legally shoot down a civil plane?
	Summary
	References


	1-07
	I. Introduction
	A. Useful Software
	B. Machine Learning Models
	C. Metrics

	II. Demand prediction
	A. Bilateral Relation Demand Transport Poland and other countries
	B. Data Preparing
	C. Training and Testing
	D. Validation

	III. implementation
	IV. Conclusions
	References


	1-08
	References

	1-09
	Conclusion
	References

	1-10
	1-11
	I. Introduction
	II. Middle Corridor
	Conclusion
	References


	1-12
	1-13
	I. Introduction
	II. Technologies that form the digital economy
	A. Selecting a Template (Heading 2)

	III. How does digital economy differ from traditional economy, and what are its advantages?
	A) The digital economy increases efficiency
	B)  Ensures the access to new markets
	C)  Social aspects of the digitalization

	IV. The role of a state in the development of digital economy
	V.  Development of digital economy in Azerbaijan and future prospects
	D)  The level of economy digitalization in Azerbaijan
	E)  Reforms in the field of digital development of Azerbaijan’s economy
	F) The position of a country in international digital assessment rankings
	G) Development prospects for the digital economy
	Conclusion
	References



	1-14
	I. Introduction
	II. Problem statement
	III. Possibility of Control of the Beginning of the Latent Period of Malfunctions Using the Position-Binary Technology
	IV. Adaptive Technology for Determining the Sampling Interval of Vibration Signals
	V. Conclusion
	References


	1-15
	1-16
	I. Introduction
	II. Theoretical framework
	III. International experience
	IV. Methods
	A. Positive environmental impact
	B. Direct and indirect effects on human health
	C. Road density as a leverage

	V. Results
	VI. Discussion
	VII. Conclusion
	References


	1-17
	1-18
	1-19
	I. Introduction
	II. Digital Platform
	A. Physical object
	B. Virtual counterpart
	C. Connection
	D. Data
	E. Services

	III. Achivements and Future Work
	IV. Conclusions
	Acknowledgment
	References


	1-20
	I. Introduction
	II. Method
	III. Results and discussion
	IV. Results and discussion
	Based on the above, to make changes to the elevation standards based on the study of their strength and current density and to implement them in practice, the construction of saline soils in different territorial conditions of Uzbekistan, including th...
	The main factors in the formation of saline soils are mineralized groundwater and saline rocks lying close to the surface. The main condition of salinization is the impossibility of water flow in places and the fact that the evaporation process exceed...
	References


	1-21
	I. introduction
	II. Causes of Damage to Pavement
	III. How do we prevent road damage
	References


	1-22
	Introduction
	Mathematical statement of the problem
	solution of the problem
	Gravitational  force acting on the hexacopter.
	Thrust force of the rotors.
	Aerodynamic forces acting on hexacopter.

	Conclusion
	References


	1-23
	I. Introduction
	II. Core Participants of East-West Transport Corridors in GUAM Countries
	III. Collaborative Blockchain Solution for Guam Corridor Data Pipeline
	IV. Core Functional Features and Requirements for Guam Corridor Data Pipeline
	References


	2-00
	2-01
	I. Introduction
	II. Requirement
	III. Technologıes
	A. AForge
	B. Tesseract Engine
	C. OpenCV

	IV. Project
	V. Conclusion
	References


	2-02
	I. Introduction
	II. Analysis of Existing Methods for Determining Indicators of Vertical and Horizontal Dynamics of a Subway Car
	III. Development of a New Method for Measuring Vertical and Lateral Forces Acting on the Bogie Frame of a Subway Car
	IV. Testing of a New Measuring Scheme for Determining the Vertical and Lateral Forces Acting on the Bogie Frame of a Subway Car
	V. Conclusion
	References


	2-03
	References

	2-04
	References

	2-05
	I. INTRODUCTION
	II. STATEMENT OF THE PROBLEM AND SELECTION SUBSTANTIATE OF SENSORS FOR MULTI-PARAMETER PROTECTION SYSTEM
	III. MAGNETIC FIELD MEASUREMENT AND OUTPUT SIGNAL ANALYSIS
	IV. MODELING OF MULTI-PARAMETER PROTECTION SYSTEM
	V. CONCLUSION
	REFERENCES

	2-06
	I. Introduction
	II. Electronic solutions available for non-oil export in Azerbaijan
	III. Automation of information exchange in postal services.
	IV. The problem of integration into international payment systems.
	V. Results and suggestions:
	References


	2-07
	I. INTRODUCTION
	II. PROBLEM STATEMENT
	III. PROBLEM SOLUTION
	CONCLUSION


	2-08
	I. Introduction
	II. Statement of the problem
	III. Numerical solution to the problem
	IV. The results of numerical experiments
	V.  Conclusion
	References


	2-09
	I. Introduction
	II. Problem Statement
	III. Numerical Solution of the Problem
	IV. Result of Numerical Experiments
	Table 1. Optimal and obtained values of the parameters of the hydraulic resistance functions under 0%, 0.5% and 1% noise levels for test problem 1.
	Table 2. Obtained values of the ends of the subsections and of the functional under 0%, 0.5% and 1% noise levels for test problem 1.
	Table 3. Optimal and obtained values of the parameters of the hydraulic resistance functions under 0%, 0.5% and 1% noise levels for test problem 2.
	Table 4. The obtained values of the ends of the subsections and of the functional under 0%, 0.5% and 1% noise levels for test problem 2.

	V. Conclusion
	References


	2-10
	I.  Introduction
	III.  Qualimetry
	IV. Road Safety and Explanatıon of Road Parameters
	VI. WınQSB Package Program
	VII. Conclusion
	In this study, integer programming models of the planning of measures to increase road safety have been prepared. Qualimeter methods were used while preparing the models. The prepared model variables are expressed as the Knapsack Problem, which is li...
	Calculation experiments were made on the test problems with the prepared program and the LP-ILP program of the WinQSB system was compared. According to this comparison, the results found by DSKP were always the same as those found by the LP-ILP progr...
	Prepared Mathematical Model and Program System was applied on Izmir's Aliaga highway data and the results are presented in [6].
	References


	2-11
	I. Introduction
	II. Literature Review
	III. Analysis of Important Current Indicators in the Transport Sector
	IV. Environmental Impact Assessment of Cargo Transportation
	As can be seen from Figure 3, only the amount of waste emitted by the train to the environment within the selected technical parameters is low, fuel consumption is low, in this regard, it is more appropriate to deliver the selected cargo by train to t...
	With the help of Eco Transit World  software, it is very convenient to calculate the cost of transporting goods from one point to another anywhere in the world, as well as in the case of a chain route.

	V. Conclusion
	References


	2-12
	References

	2-13
	2-14
	I. Introduction
	II. ORMULATION OF THE OPERATIONAL AND ORGANIZATIONAL CONTROL PROBLEM
	IV. Operational and organizational control systems operating on the principle of approximation to a given program
	VI. OPTIMIZATION METHODS USED IN OPERATIONAL AND ORGANIZATIONAL CONTROL SYSTEMS AND THE REQUIREMENTS FOR THEM
	References


	2-15
	References

	2-16
	References

	2-17
	I. Introduction
	II. Optimality principle. Bellman equation
	a) for all possible values of ,𝑥-𝑁−1., the corresponding values of ,𝑢-𝑁−2. from the formula
	References



	2-18
	I. Introduction
	II. Analysis of the specific features of crew’s professional activity in marine transport from the perspective of human health ensuring
	III. The study of the human factor in maritime logistics and the problem statement
	IV. Problem solving
	A. Systematic monitoring of employees and identification of psychological health conditions and deviations

	Table 1. Linguistic variables of the Cattell test and their term-sets
	B. Assessment of compatibility of the ship crew members with their positions based on fuzzy patterns recognition

	V. Conclusion
	References


	2-19
	I. INTRODUCTION
	II. PURPOSE OF THE RESEARCH
	III. SOLUTION OF THE PROBLEM
	IV. CONCLUSION
	References


	2-20
	2-21
	I. Introduction
	II. Problem statement
	III. Developing algorithms for calculating the probability of admissible and critical values of the noise
	IV. Algorithms and technologies for calculating the relay cross-correlation function and the coefficient of correlation between the useful signal and the noise
	V. Technologies for monitoring the technical condition of tunnels by critical values of the noise and its correlation with the useful signal of the noisy signal
	VI. Conclusion
	Acknowledgment
	References


	2-22
	I. Introduction
	II. Formulation and proof of the main results
	III. Prepare Your Paper Before Styling
	Acknowledgment
	References


	2-23
	I. Introduction
	II. Problem statement
	III. Problem solving
	A. Application of B-spline method
	B. Image processing
	C. Thinning

	IV. CONCLUSION
	References


	3-00
	3-01
	I. INTRODUCTION
	II. PROBLEM STATEMENT
	III. PROBLEM SOLUTION
	CONCLUSION


	3-02
	CONCLUSION
	References

	3-03
	I. Introduction
	II. Experimental technique
	III. Experimental part
	IV. Conclusion
	References


	3-04
	References

	3-05
	I. Introduction
	References


	3-06
	References

	3-07
	3-08
	I. INTRODUCTION
	II. PROBLEM STATEMENT
	III. PROBLEM SOLUTION
	CONCLUSION
	References



	3-09
	I. Introduction
	II. THE MODEL OF THE DESIRED LEVEL OF GDP
	III. CONCLUSION
	References





