UNIVERSUM:
ТЕХНИЧЕСКИЕ НАУКИ

Научный журнал
Издается ежемесячно с декабря 2013 года
Является печатной версией сетевого журнала
Universum: технические науки

Выпуск: 9(102)
Сентябрь 2022
Часть 5

Москва
2022

УДК 62/64+66/69
ББК 3
U55
Главный редактор:
Ахметов Сайранбек Махсутович, д-р техн. наук;
Заместитель главного редактора:
Ахмеднабиев Расул Магомедович, канд. техн. наук;
Члены редакционной коллегии:
Горбачевский Евгений Викторович, канд. техн. наук;
Демин Анатолий Владимирович, д-р техн. наук;
Звездина Марина Юрьевна, д-р. физ.-мат. наук;
Ким Алексей Юрьевич, д-р техн. наук;
Козьминых Владислав Олегович, д-р хим. наук;
Ларионов Максим Викторович, д-р биол. наук;
Манасян Сергей Керопович, д-р техн. наук;
Мажидов Кахрамон Халимович, д-р наук, проф;
Мартышкин Алексей Иванович, канд.техн. наук;
Мерганов Аваз Мирсултанович, канд.техн. наук;
Пайзуллаханов Мухаммад-Султанхан Саидвалиханович, д-р техн. наук;
Радкевич Мария Викторовна, д-р техн наук;
Серегин Андрей Алексеевич, канд. техн. наук;
Старченко Ирина Борисовна, д-р техн. наук;
Усманов Хайрулла Сайдуллаевич, д-р техн. наук;
Юденков Алексей Витальевич, д-р физ.-мат. наук;
Tengiz Magradze, PhD in Power Engineering and Electrical Engineering.
U55 Universum: технические науки: научный журнал. – № 9(102). Часть 5.
М., Изд. «МЦНО», 2022. – 68 с. – Электрон. версия печ. публ. –
http://7universum.com/ru/tech/archive/category/9102

ISSN : 2311-5122
DOI: 10.32743/UniTech.2022.102.9
Учредитель и издатель: ООО «МЦНО»
ББК 3
© ООО «МЦНО», 2022 г.

№ 9 (102)

сентябрь, 2022 г.

Содержание
Papers in English
Computer science, computer engineering and management

5
5

DEVELOPMENT OF HARDWARE AND SOFTWARE COMPLEX FOR MONITORING SYSTEM
OF AGRICULTURAL CROPS
Khalima Abaskhanova
Markhamat Khaydarova
Malika Mirzaeva

5

ABOUT THE PROGRAM FOR TEACHING MULTIPLICATION TABLE TO PRIMARY SCHOOL
STUDENTS
Ilkhom Togaev

8

Mechanical engineering and machine science
ACHIEVING THE PRESERVATION OF FIBRE PROPERTIES BY IMPROVING
THE WORKING PARTS OF THE FIBRE CLEANER IN SPINNING ENTERPRISES
Jamoliddin Mirzaboev

Civil engineering and architecture
EVALUATION OF THE INFLUENCE OF THE PHYSICAL PROPERTIES OF BOUND SOILS
ON THE WASHING PROCESS
Eshev Sobir
Furkat Bobomurodov
Alisher Isakov
Nurbek Mamatov

Civil engineering and architecture

13
13

18
18

23

METHOD OF OPERATIONAL COUNTING OF PARAMETERS WINING FOR A FAMILY
OF TRIPS
Oleg Ablyalimov
Otabek Khamidov
Jasurbek Yakubov
Anna Avdeyeva
Кhusan Kosimov
Utkir Safarov

23

ON THE EFFICIENCY OF SOLUTION OF THE OPTIMIZATION PROBLEM
Oleg Ablyalimov
Jasurbek Yakubov
Anna Avdeyeva
Кhusan Кosimov
Utkir Safarov

27

ALGORITHM FOR SUBSTANTIATION OF DYNAMICS OF CHANGE WEIGHTS
AND NUMBER OF AXLES OF COMPOSITIONS OF TRAIN
Oleg Ablyalimov
Jasurbek Yakubov
Anna N. Avdeyeva
Khusan Кosimov
Utkir Safarov

30

ABOUT THE EFFICIENCY OF 3VL80S ELECTRIC LOCOMOTIVES ON THE PLOT
TASHGUZAR - ACROBAT OF THE UZBEK RAILWAY
Oleg Ablyalimov
Otabek Khamidov
Jasurbek Yakubov
Anna Avdeyeva
Кhusan Kosimov
Utkir Safarov

34

EVALUATION OF THE EFFICIENCY OF THE USE DIESEL LOCOMOTIVES 4TE10M
IN OPERATION
Oleg Ablyalimov
Otabek Khamidov
Jasurbek Yakubov
Anna Avdeyeva
Кhusan Kosimov
Utkir Safarov

38

ECONOMIC INDICATORS OF THE EFFICIENCY OF LOCOMOTIVES UNDER OPERATION
CONDITIONS
Oleg Ablyalimov
Otabek Khamidov
Jasurbek Yakubov
Anna Avdeyeva
Кhusan Kosimov
Utkir Safarov

42

FINITE ELEMENT ANALYSIS OF TRACK STRUCTURE
Nodirbek Kodirov
Ozoda Mirzahidova

46

THE INFLUENCE OF FREIGHT TRAIN DELAYS ON THE SPEED OF TRAINS AT RAILWAY
STATIONS
Sardor Abdukodirov
Dilmurod Butunov
Muslima Ahmedova

50

TO THE SUBSTANTIATION OF THE OPTIMAL TIME OF THE TRAVEL AND TRAIN
CONTROL MODE ON THE RAILWAY SECTION
Oleg Ablyalimov
Otabek Khamidov
Jasurbek Yakubov
Anna Avdeyeva
Кhusan Kosimov
Utkir Safarov

54

Transport, mining and construction engineering
STUDY OF INDICATORS TO QUANTIFY THE RELIABILITY OF MINING EQUIPMENT
COMPONENTS
Sherzod Makhmudov
Behruz Rashidov

Chemical engineering
ABSORPTION AND ADSORPTION METHODS FOR NATURAL GAS PURIFICATION FROM
HYDROGEN SULFIDE AND MERCAPTANS
Mukhtor Makhmudov
Salohiddin Azimov

Energy industry
SELECTION OF THE TYPE OF ELECTRIC GENERATORS FOR A WIND ELECTRIC
INSTALLATION
Nijat Mammadov

59
59

62
62

65
65

№ 9 (102)

сентябрь, 2022 г.
PAPERS IN ENGLISH

COMPUTER SCIENCE, COMPUTER ENGINEERING AND MANAGEMENT

DEVELOPMENT OF HARDWARE AND SOFTWARE COMPLEX FOR MONITORING SYSTEM
OF AGRICULTURAL CROPS
Khalima Abaskhanova
Associate Professor,
Tashkent University of Information Technologies
named after Muhammad Al-Khwarizmi,
Republic of Uzbekistan, Tashkent
E-mail: halimaabasxanova@gmail.com
Markhamat Khaydarova
Associate Professor,
Tashkent University of Information Technologies
named after Muhammad Al-Khwarizmi,
Republic of Uzbekistan, Tashkent
Malika Mirzaeva
Associate Professor,
Tashkent University of Information Technologies
named after Muhammad Al-Khwarizmi,
Republic of Uzbekistan, Tashkent

РАЗРАБОТКА АППАРАТНО ПРОГРАММНОГО КОМПЛЕКСА
ДЛЯ МОНИТОРИНГА СЕЛЬСКОХОЗЯЙСТВЕННЫХ КУЛЬТУР
Абасханова Халима Юнусовна
доц.,
Ташкентский университет информационных
технологий имени Мухаммада аль-Хорезми,
Республика Узбекистан, Ташкент
Хайдарова Мархамат Юнусовна
доц.,
Ташкентский университет информационных
технологий имени Мухаммада аль-Хорезми,
Республика Узбекистан, Ташкент
Мирзаева Малика Бахадировна
доц.,
Ташкентский университет информационных
технологий имени Мухаммада аль-Хорезми,
Республика Узбекистан, Ташкент
ABSTRACT
The study will develop software and hardware for remote system of monitoring and management of crop production.
For farmers, clusters working in the agricultural sector, technologies to monitor their agricultural production in greenhouse farm land, automatic irrigation, fertilization and soil-based control systems for each crop will be developed.
__________________________
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АННОТАЦИЯ
Будет разработано программное и аппаратное обеспечение для дистанционного мониторинга и управления
сельскохозяйственных культур. Для фермеров, кластеров, работающих в сельскохозяйственном секторе, будут
разработаны технологии для мониторинга их сельскохозяйственного производства в парниковых земельных
участках фермерских хозяйств, автоматического орошения, удобрения и систем контроля на основе почвы для
каждой культуры.
Keywords: sensors, M2M technology, automatic detection and execution of work.
Ключевые слова: Датчики, технология М2М, автоматическое определение и выполнения работы.
________________________________________________________________________________________________
Introduction
The rapid development of modern information and
communication technologies is the reason for the largescale development of all fields in our country, which in
turn creates the possibility of carrying out this work
through the types and directions. As an example, the
rapid development of M2M services, namely the production of products for irrigation and collector-drainage
networks and the use of lightweight, low-cost equipment
and sensors, their remote control, automatic determination of soil composition without excessive labor, and the
creation of an automatic irrigation system. It makes
things easier and more comfortable in our daily life.
Among the scientists from Uzbekistan are D.
Akobirova, B. Goyibnazarov, M.A. Ikramov, A. Kadirov, N.M. Makhmudov, M. Mahkamova, S. Nasretdinov, B.T. Salimov, B. Samarkhodjaev, A. Sobirov,
M.L. Scientists such as Tursunkhozhaev, A.S.Turdiev,
B.Yu.Khodiev, N.A. Khashimova, increasing the investment attractiveness of enterprises and attracting investments, reserves of natural resources in the regions,
benefits created for investors, the state of infrastructure,
investment and innovative activities of business entities
who conducted scientific research to identify problems
related to development.
Research methods and objects
M2M denotes "Machine to machine", from device
to device, i.e. remote device, control of automatic system through a single system, monitoring of processes.
These include wired or wireless data transmission technologies, sensor monitoring systems, or similar parametric condition detection devices. For example, in the
development and implementation of a remote control
system for the products grown in the field of products,
in accordance with the requirements of the present time,
in order to increase the volume of productivity with innovative methods and increase the efficiency of labor, to
determine the state of development of plants and to automatically control it and organize automatic irrigation.
data can be transmitted via the GSM network.
Research result
The connection of M2M devices through the mobile
network is actually carried out through the base station
of the mobile operator. Such connection has the following advantages: high reliability, adaptability to the geographical environment, security, etc. One of the other

conveniences is that M2M devices can be connected to
fixed or mobile devices and provide different types of
M2M services to users. When using the mobile type of
M2M, the user is given a SIM card with a special module. This type of SIM card is connected to the base station with the 3G or 4G system of the mobile network,
depending on its geographical location. Providing M2M
services through the above-mentioned mobile network
is not expensive from the economic point of view, and
the ease of connecting new M2M devices to the network
ensures the popularity of this type.
The sequence of operation of the above-mentioned
architecture is as follows:
M2M Device: This section provides quick access to
M2M services and functions in the domain network. An
M2M device can connect to the access network directly,
via an M2M local area network, or via an M2M gateway.
M2M LAN: This section enables M2M devices to connect to a peer network or M2M gateway.
M2M Gateway: Ensures inter-network communication of M2M devices. M2M gateway M2M devices can
work with different applications. In practice, the M2M
gateway is included in the overall structure of the M2M
device modules. Access network: this part implements
the communication of M2M domain devices with the
M2M core. It determines the possibility of expanding
the types of services in the future depending on the available technologies of M2M access network functionality,
thereby determining the level and quality of M2M features. Network Transport: This part performs data
"transport" between the network domain and the application domain. This M2M transport network depends on
the existing transport network, similar to the access network mentioned above. The M2M transport network depends on the possibility of expanding the types of
services in the future, thereby determining the level and
quality of M2M services.
Network core: this part consists of a set of base networks and their functional characteristics. M2M core
network: This part creates the functionality of M2M network elements over IP links, as an example, service
management or network management functions, internetwork data exchange, roaming and security. M2M
core network functionality depends on the core network
technology in use.
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Figure 1. The monitoring process
Conclusion
By putting this system into practice, an automatic
system with high efficiency in the field of technology
will be established in the indicated area. The monitoring
and control device is created through the platform and
managed using a web page. In this case, it will be possible to properly feed products and farm crops in an effective way. In addition, improved systems will be

introduced in the production and marketing chains of agricultural products, and eventually the possibility of collecting large amounts of electronic data will be created.
As a result of their storage and analysis, it is possible to
effectively use water, land and other limited resources,
and ensure the quality and safety of food.
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О ПРОГРАММЕ ДЛЯ ОБУЧЕНИЯ МЛАДШИХ ШКОЛЬНИКОВ ТАБЛИЦЕ УМНОЖЕНИЯ
Тогаев Ильхом Бахтиёрович
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ABSTRACT
The article contains the author's opinions about the program “Karra jadvali” (“Multiplication Table”), created in the
Python environment and its functionality. “Karra jadvali” (“Multiplication Table”) is a software tool that introduces
elementary students to the rules of multiplication, mathematical knowledge, and also serves to strengthen students'
memory.
АННОТАЦИЯ
Статья содержит мнения автора о программе “Karra jadvali” (“Таблица умножения”), созданный в среде
Python и ее функциональности. “Karra jadvali” (“Таблица умножения”) — это программный инструмент, который
знакомит учащихся начальных классов с правилами умножения, математическими знаниями, а также служит для
укрепления памяти учащихся.
Keywords: Multiplication table, Python, tkinter, pygame, speech, PIL, ImageTk, Image, filedialog, mixer, os, sys,
argv.
Ключевые слова: Таблица умножения, Python, tkinter, pygame, speech, PIL, ImageTk, Image, filedialog, mixer,
os, sys, argv.
________________________________________________________________________________________________
Introduction
methods, the creation of a new generation of educational
Today, much attention is paid to the quality of
and educational literature, fundamental and applied
education of the younger generation. Reforms in the
scientific research” is determined as the main task.
system of general secondary education, which is the
In addition, secondary schools in our country are
second stage of continuous education, are important for
equipped with modern information and communication
the future young generation. At the initial stage,
technologies. This enables teachers to use modern
teachers-programmers develop and implement various
information technologies in the educational process to
multimedia computer programs to strengthen the
conduct lessons through various animated game
continuity of knowledge given to students.
programs for primary school students.
At present, teachers face important tasks in shaping
The purpose of the work
the rising young generation mentally fresh, physically
The game is one of the important conditions in the
strong, comprehensively intellectual, moral, aesthetic
social development of the student. A well-chosen game
and spiritual. This, in turn, requires deep knowledge and
has a psychotherapeutic effect. Thanks to the game, the
great responsibility from teachers in general education
student develops all mental processes, mental operations,
schools.
modeling and design skills, masters mathematical
The relevance of the work
concepts, and successfully prepares for high school. In
Decree of the President of the Republic of
order for the student to boldly enter the future life and
Uzbekistan dated September 5, 2018 "On additional
successfully socialize in it, it is necessary to introduce
measures to improve the public education management
him to the computer and show the possibilities of its use
system" Decree No. PF-5538 “... the introduction of
in elementary school.
advanced foreign experience in the system of public
The main goal of developing the computer program
education, modern pedagogical technologies in the
considered in the article is to further increase the
educational process, including innovative teaching
__________________________
Библиографическое описание: Togaev I.B. ABOUT THE PROGRAM FOR TEACHING MULTIPLICATION TABLE TO PRIMARY SCHOOL STUDENTS // Universum: технические науки : электрон. научн. журн. 2022.
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motivation and competence of students in a general
education school.
Scientific works of other scientists on the topic
In the works of K.A. Torakulova, I. Kh. the use of
computer training programs leads to good results.
Methods used in the development of the program
a) design method;
b) methods of pedagogical approach that take into
account the mental abilities of young students;
c) methods of intellectual approach to writing
programs.
The main content of the article
Usually, with the help of information and
communication technologies, it is carried out in the
traditional way, that is, in the Microsoft Office
PowerPoint application program, through various slides.
Because this method reflects uniformity, it will be of less
interest to elementary students. The program “Karra
jadvali” (“Multiplication Table”) is considered an
exception and serves to develop the following qualities
in younger students:
• an interest in mathematics is formed;
• thinking increases;
• understands mathematical concepts.
• This not only increases their interest through
various animated films for their spiritual nourishment,
but also helps to stay in their memory for a long time.
When using the program “Karra jadvali” (“Multiplication table”) in the process of consolidating the
knowledge of younger students in general secondary
schools, it is necessary to take into account the age of
younger students, the preparedness of younger students,
and the interest of the class in the lesson.
The beginning of the program code looks like this:
from tkinter import*
from pygame import mixer
import time
from PIL import ImageTk, Image
import os
import tkinter as tk
from tkinter import messagebox
…
root=Tk()
root.title ("Kara jadvali")

root.geometry ("600x670+350+20")
…
mixer.init()
mixer.music.load('../Timer\music/sound5.mp3')
mixer.music.play()
def Exitapp():
root.title("Xabar")
root.geometry("600x650+350+20")
MsgBox=tk.messagebox.askquestion('Xabar
',"SANAMAY SAKKIZ DEMA!\ nSiz bu bosqichni
tamomlaganingiz yo'q !\ nBoshqichga qaytish uchun '
yes ' tugmasini bosing.")
if MsgBox=='yes':
root.title("2x2 jadvali")
root.geometry("600x650+350+20")
Label(root, bg ="light yellow").place(x=0,
y=0, width=600, height=650)
Label(root, text="2x2 KARRA-JADVALI",
bg="light yellow", fg="blue", font="arial 25
bold").place(x=70, y=5, width=480, height=30)
…
mixer.init()
mixer.music.load('../Timer\music/sound3.mp3')
mixer.music.play()
root.resizable(False, False)
…
root.mainloop ()
(note: the code consists of 5946 lines).
To create “Karra jadvali” (“Multiplication table”)
programs were used by several libraries of the
programming language Python.
students aged 6, 7 and 8 at set times (different for
each age).
The main page of the program is mainly organized
by two organizational objects: “Menu Bar” and “Start”
(Figure 1).
There are 3 menus in the menu bar: “Home”, “Sections” and “Help”.
The “Help” menu contains 2 items: “AUTHOR”
and “USE OF THE PROGRAM”.
The “AUTHOR” section contains information
about the author of the program, and the “USING THE
PROGRAM” section contains instructions for using the
program.

9
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Figure 1. Main page
When you click the “Start” button, the following
window will open (Figure 2):
After launching in a new window, the program
"greets" the user and asks for his age. The user sets their
age using the buttons labeled 6, 7 and 8. When the user

selects their age, a timer of 4 minutes for 6 years old, 3
minutes for 7 years old and 2 minutes for 8 years old will
be written in the upper right corner. After the user
presses the start button, the timer starts and can run the
condition 10 times.

Figure 2. First stage
The user clicks the “Check” button to see their
answers. If the user makes 6 or more correct answers
within the specified time period, the muscles are

activated as a stimulus and proceed to the next stage
(Figure 3).

10
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Figure 3. The first stage is an incentive
If the user answered correctly to 5 or less within the
specified time, then a sad emoticon is displayed, a moti-

vational phrase is read out for processing, and processing of this stage is allowed without proceeding to
the next stage (Figure 4).

Figure 4. Second stage - low result
When the user successfully completes all the specified steps, he will be presented with a mixed option from
1x1 to 10x10 10 times for reinforcement.

11
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Figure 5. Fixing
The results of the practical application of the
developed program
With the help of this program, test processes were
carried out to consolidate the knowledge given in the
classroom in different (1-2) grades of the secondary
school No. 5 in Karshi. In the process of testing, it was
found that the skill of primary school students was high,
i.e. 25%, in classes where the software tool was used.
In conclusion, we can say that the application of the
“Karra jadvali” (“Multiplication Table”) in secondary
schools teaches students to think creatively, promotes
the development of skills and competencies in “Karra
jadvali” (“Multiplication table”). As a result, the
effectiveness of the knowledge gained is increased,
which in turn serves to ensure an educated, moral and
qualified workforce for the future. Since the program is

simple and straightforward, the student can use the
program on their own in their free time. In general, the
program gives a positive result.
Offers
Although scientific research on the use of software
in the educational system has been carried out, work on
the use of pedagogical software in teaching elementary
school students has not been studied enough.
The developed software tool is recommended to be
used mainly by students of primary school age at home
or in secondary schools. This program “Karra jadvali”
(“Multiplication Table”) serves to effectively use the
modern possibilities of information and communication
technologies in relearning lessons and activating the
intellectual abilities of primary school students.
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ABSTRACT
This article analyzes the working parts of the fibre cleaning machine used in yarn-spinning enterprises. In order to
determine the number of spinnable fibres in the fibrous waste, the fibres were cleaned using a new perforated surface.
The number of fibres suitable for spinning in the separated fibre waste and their properties is described. According to the
results of the experiments conducted under production conditions, the conclusions are given on the situation where the
amount of spinnable fibres in the fibrous waste has reached the minimum index in relation to the total mass.
АННОТАЦИЯ
В данной статье проведен анализ рабочих органов волокноочистительной машины, применяемой на
пряжепрядильных предприятиях. Для определения количества пряденых волокон в волокнистых отходах
волокна очищали с помощью новой перфорированной поверхности. Описано количество волокон, пригодных
для прядения в сепарированных волокнистых отходах, и их свойства. По результатам опытов, проведенных в
производственных условиях, сделаны выводы о ситуации, когда количество прядильных волокон в волокнистых
отходах достигло минимального показателя по отношению к общей массе.
Keywords: cleaning machine, perforated surface, working parts, combing waste, fluff.
Ключевые слова: очистительная машина, перфорированная поверхность, рабочие органы, отходы, орешка,
пух.
________________________________________________________________________________________________
Introduction
Today, the textile industry of our country stands out
not only as a rapidly developing sector, but also as a
sector that steadily increases exports, attracts foreign
investments, modernizes production processes, and
undergoes radical technical-technological renewal. The
light industry, including the textile industry, is a
strategically important and rapidly developing branch of
the national economy. One of the main tasks facing the
light industry is the production of textile fabrics and
their delivery to the finished product, the introduction of
new techniques and technologies, and the

comprehensive solution to the issues of using local raw
materials [1,2,3].
In recent years, comprehensive measures have been
implemented in the Republic to develop the textile,
sewing-knitting, leather-shoe and fur sectors of the light
industry, to expand the types and assortment of
manufactured products, as well as to comprehensively
support the investment and export activities of the
branch enterprises. The measures taken made it possible
to create capacities for processing more than 80 per cent
of cotton fibre and more than 45% of cotton yarn
produced in the Republic, as well as to increase the
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export volume of finished products to 2.0 billion US
dollars in 2020 [2].
It is known that the factors influencing the level of
grinding and cleaning of raw materials depend on the
speed of the cleaning working parts, the shape of the
colossal grids, the types of cleaning working parts, the
distance between the cleaning drum and the colossal
grids, and the shape and location of the coatings of the
cleaning working parts. Summing up according to the
results of the experiment carried out in scientific
research, it should be noted that when spinning yarns
with a linear density of 29-tex and higher, it is
recommended to add 10-12 per cent of carding and
combing waste to the mixture. As a result of adding 1012 per cent of carding and combing waste to the mixture,
the use of raw materials has a good effect, and the yarns
being spun meet the standard requirements [4].
As a result of the conducted research, it was
determined that the use of Truetzschler carding
machines is appropriate because the amount of fibres
suitable for spinning in the carding is the least, the
product output is higher than other types of carding
machines, and it was found that the quality of the comb
fully meets the standard requirements [5].
In the research conducted by the authors [6,7],
reduction of the number of impurities and foreign bodies
in the raw material was achieved by about 50%, that is,
13 impurities in the sorting were 8 after purification. It
is concluded that this leads to improvement of the
quality yarn spinning process. From the conclusions of
the conducted research, it was stated that the cleaningcleaning and combing machines produced by the
company "Truetzschler" are more effective compared to
the machines recommended by other companies [8].
To prevent the inclusion of spinnable fibres in the
waste, a perforated surface of a new shape was used
instead of the colossal grid. It is known that in the
process of cleaning covered with a sawtooth coating, it
is possible to separate the incoming fibre product into
small bundles and separate fibres as much as possible.
As a result, the ability to clean various debris and foreign
bodies from the fibre product is improved. Because the
forces of friction and interaction between the fibres in
the product are sharply reduced.
Experimental part
The CL-C3 cleaning machine of the German
company "Truetzschler" was used as a basis for
conducting scientific research experiments. This
machine consists of three drums, and the whole drum
surface is equipped with a saw-tooth coating. Based on
the operation of these machines, a single-drum device

with a sawtooth coating was prepared. The prepared
device was equipped with a perforated surface and
tested. Samples for the experiment were taken from the
"Kosonsoy cotton ginning plant" in the Kosonsoy
district and "Namangan textile" LLC enterprise located
in Namangan city. The enterprise produces yarns with a
linear density of 20 tex from 4-type 1 cotton fibres of the
selection variety Namangan-34 and their mixtures.
Samples were taken from the machines (sorted, rate,
grinding, mixing) in the grinding-cleaning unit available
at the enterprise. The CL-C3 cleaning machine of the
German company "Truetzshler" was used as a basis for
scientific research [9].
This machine consists of three drums, and the whole
drum surface is equipped with a saw-tooth coating.
Although this machine has a good cleaning
performance, the saw teeth on the drum surface can
damage the fibres that are suitable for spinning and
cutting the damaged fibres, increasing the proportion of
short fibres. This, in turn, causes an increase in short
fibres and fluff. Defects in the fibre are cleaned with the
help of a separating knife and an opening and closing
barrier located under the drums. In the recommended
device, instead of the dividing blade and the opening and
closing barrier, a perforated grid (perforated) surface
with a diameter of 6 mm, 9 mm and 12 mm was
installed.
The length of short fibres was taken as the basis for
choosing the diameter of such a perforation surface.
Because fibres up to 12 mm in length are considered
short fibres and fluff. If the holes in the perforated
surface are larger than 12 mm in diameter, the
probability of spinning fibres falling into the waste
chamber increases. If the diameter of the holes on the
perforated surface is less than 6 mm, the number of short
fibres in the cleaned fibres may increase, that is, it will
be difficult to separate the short fibres in the product
during the cleaning process. The difference between the
recommended perforated surface and the colossal grids
of cleaning machines used in modern plants is that the
incoming fibres, even if they remain transverse, have a
very low probability of falling into the waste chamber.
The sample of the cotton ginning plant, the sample of
the yarn spinning enterprise and the properties of the
samples passed through the recommended device are the
results of testing in the HVI-900 SA (High Volume
Instruments - Uster HVI 900 SA tm. USDA) model
laboratory system available at the "Sifat" scientific
centre located in the city of Namangan. was obtained
[10].
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Figure 1. A drawing of the recommended perforated surface on the fiber cleaner
1-providing rollers; 2- sawtooth drum; 3- newly designed grid surface; 4- waste chamber; 5, 7-separating knife;
6-string drum; 8-refined fiber chamber
Results and discussion
The obtained results are shown in table 1 below.
Table 1.

Str (relative
strength gr/tex)

Elg (elongation at
break, %)

Len (fiber length,
mm)

SFI (amount of
short fibers, %)

Area (foreign body
area)

Cnt (number of foreign bodies, pcs.)

Cleaning machine control option
cleaning option 1 (6mm)
cleaning option 2 (9mm)
cleaning option 3 (12mm)

Mic (microner
indicator)

Samples

Results of laboratory testing of the properties of the recommended samples

4.3
4.3
4.3
4.3

33.6
33.4
35.7
33.3

8.2
8.0
8.3
7.7

29.2
30.2
30.0
29.5

11.0
8.3
6.0
8.1

0.5
0.5
0.5
0.5

12
8
6
8

Using the obtained results, we will consider the
interrelationship of some fiber parameters. As can be
seen from the table above, although the parameters of
the fiber in the product such as micronaire (Mic),
relative strength (Str), fiber length (Len) and uniformity
index (Unf) have not changed much, the amount of short
fibers in the product (SFI) in the recommended option

compared to other options ) can be seen to be reduced
by 22-28%. The relative strength of the fiber and the
elongation at break are evaluated by the strength of one
of the main indicators that determine the quality of the
manufactured finished product, that is, the yarn. The
graph below shows the relationship between the relative
strength of a fiber and its elongation at break.
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Figure 2. Graph of the relationship between the relative strength (Str) and the elongation at break (Elg) of the fiber
Here: 1 – a sample taken from a cleaning machine
at the enterprise;
2 – a sample taken from the first variant cleaning
machine;
3 – a sample taken from the second option cleaning
machine;
4 – a sample taken from the third option cleaning
machine.
From the graph above, it can be seen that the relative
strength of the fibers obtained from the cleaning
machine of variant 1 is 6% higher than that of variants 2
and 3. That is, it increased from 33.4 gr/tex to 35.7
gr/tex. Because in the recommended option, after the

cleaning process, the percentage of short fibers in the
product is reduced. This directly affects the quality of
yarn spun from this raw material. It is known that the
lower the proportion of short fibers in raw materials, the
more thorough and high-quality the yarn being spun
from it.
From the analysis of the effect of the proportion of
short fibers in the raw material on the average length of
the fiber, it was found that the higher the proportion of
short fibers, the lower the average length of the fiber.
The graph below shows the relationship between the
average fiber length and the amount of short fibers.

Figure 3. Plot of fiber length (Len) versus short fiber content (SFI)
From the graph above, we can see that the amount
of short fibers increased after the second and third option
cleaning machines compared to the recommended
option. Therefore, it can be seen that the average length
of the fibers in the product obtained in these options is
less than the average length of the fiber in the
recommended option. Because the lower the percentage

of short fibers in the product, the higher the average
length of the fiber and the higher the possibility of
spinning high-quality yarn. To determine the number of
impurities in the raw material, the impurities and foreign
bodies per unit area were determined using the
laboratory equipment of the HVI system. The obtained
results are reflected in the following histogram.
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Figure 4. Histogram representing the number of specific foreign objects (Cnt) per unit of area (Area)
As can be seen from the histogram, it can be seen
that the number of impurities and foreign bodies in the
recommended version of the product has been
drastically reduced. That is, the amount of waste and
foreign bodies in the sorting was reduced by more than
40%.

Conclusion
Based on the conducted experiments, the use of a
perforated surface of a new design has resulted in a
reduction of the amount of spinable fibers in the fibrous
waste released from the cleaning machine. It was
achieved that the percentage of spinnable fibers in the
fiber waste produced by the newly constructed
perforated surface cleaning machine does not exceed
10.0–12.5 percent.
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ABSTRACT
On the basis of laboratory studies, the physical properties of the studied soils for erosion were established. The resistance of these soil properties is shown with the eroding ability of the water flow. A relationship has been established
between the eroding flow rates and the intensity of erosion of cohesive soils.
АННОТАЦИЯ
На основе лабораторных исследований установлены физические свойства исследуемых грунтов на размыв.
Показаны сопротивляемость этих свойств грунтов при размывающей способности водного потока. Установлена
зависимость между размывающей скоростей потока и интенсивности размыва связных грунтов.
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________________________________________________________________________________________________
As we know, the research of soil connected in
hydrotechnical structures and underground canals has its
own characteristics. Soils are used as building materials
for foundations, structures and canals. In order to ensure
the durability and safety of hydraulic structures, it is
important to evaluate the strength and deformation
indicators of the soils used, as well as their leaching
indicators. Therefore, in order to determine soil
leaching, together with the study of flow kinematic
factors, it is necessary to carry out laboratory studies on
establishing their physical and mechanical parameters [4].
According to the physico-mechanical properties of
bound soils, only a few scientists have conducted
research with issues related to the washing process [ 1,
2, 3, 5]. Acad. Effect of physico-mechanical properties
of bonded primers on washing. Ts.E. Mirtskhulava [2]
studied in depth.
In this work, it was aimed to establish the physicomechanical properties of soil samples taken to determine
the rate of leaching of bound soil and to use them in the
future.
In order to evaluate the washing of bound soils
under the influence of flow in the channel model, the
bound soils with broken structure were prepared in iron
boxes in laboratory conditions and they were designated
in the following order: 1- light sand from the natural
channel; 2- medium sandy soil; 3- light large sandy soil;
4- light sandy soil; 5- light sandy soil; 6-heavy dusty
sandy soil. Also, the 6th light kumoq (lyog.suglinok)
soil was brought from the "Dostlik" canal in

Kashkadarya region, where field experiments were
conducted. In the following, these primers are briefly
referred to as primer 1, primer 2, etc. we call it.
After conducting experiments on the speed of soil
washing by the flow, samples of each soil were taken
and experiments were conducted to establish their
physical properties.
In order to establish the physical properties of the
soil samples prepared for the study of leaching of
bonded soils under the influence of stream flow, we We
conducted experiments in the laboratory of
"UzGAShKLITI" LLC (State Project-Research Institute
of Construction, Geoinformatics and Urban Planning
Cadastre) . Table 1 lists the physical and mechanical
parameters of the bonded soil samples used in the
experiments.
In this work, we look at the physical properties of
bonded soils established in laboratory experiments,
which directly affect the process of channel washing.
From the analysis of the established physical
properties of the soil used in the experiment, it can be
noted that until now, the physical properties of the soil
are considered to be the main factors in the processes of
washing in the connected channels, and no general laws
have been found that connect them with the flow
parameters. The properties of bonded soils established
in this work correspond to the limits of the range of
experiments conducted to study the washing process in
channels.
Table 1.

Physico-mechanical parameters of bonded soils
Parameters
W, 0%
V gr , g/cm 3
V sk, g/cm 3
r , g/cm 3
n, %
e
Iw
Wmax, %
W T ,%
W P ,%
IP
IL
vp

Soil sample 1 Soil sample 2 Soil sample 3 Soil sample 3 Soil sample 4 Soil sample 5
14.2
33.6
27.4
24.4
21.8
21.9
1.58
1.66
1.73
1.77
1.83
1.82
1.38
1.24
1.36
1.42
1.50
1.49
2.69
2.70
2.68
2.67
2.66
2.65
48.7
54.1
49.3
46.8
43.6
43.8
0.949
1.177
0.971
0.880
0.773
0.779
0.40
0.77
0.76
0.74
0.75
0.75
35.5
43.6
36.05
32.97
29.06
29.2
32.8
28.1
22.3
19.5
16.1
24.4
20.0
16.0
13.6
13.5
8.4
8.1
6.3
5.9
2.9
1.68
1.81
1.83
2.86
1.52
1.44
1.41
1.2 8
0.9
0.7

From the analysis of the established physical
properties of the soil used in the experiment, it can be
noted that until now, the physical properties of the soil
are considered to be the main factors in the processes of
washing in the connected channels, and no general laws
have been found that connect them with the flow
parameters. The properties of bonded soils established

in this work correspond to the limits of the range of
experiments conducted to study the washing process in
channels.
It is known that the granulometric composition of
soils determines their strength index. Until now, no
clearly reflected functional relationship between the
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flow rate and the granulometric composition of the soil
has been obtained.
The specific gravity of bound soils was 2.65-2.75
g/cm 3 on average.

The bulk density of the soil skeleton is one of the
main properties of the soil, and it changes according to
the swelling or shrinkage of the associated soils, but it
changes little compared to the bulk density (Table 1).
Table 2.

Granulometric composition of bonded soil samples

0.10-0.05 mm

0.05-0.01 mm

0.01-0.005 mm

<0.005 mm

Sample 2
Sample 3
Sample 4
Sample 5
Sample 6

0.25-0.10 mm

1
2
3
4
5

0.5-0.25 mm _

Soil sample

1 , 0-0 , 5mm

№

>1 , 0mm

Granulometric composition of the soil , %

59.54
73.12
32.17
56.48
41.90

8.43
4.58
18.22
10.46
14.42

20.37
18.15
30.78
22.32
25.69

7.38
2.79
10.29
6.53
9.51

2.78
0.87
5.14
3.18
4.37

0.94
0.31
2.03
0.76
2.41

0.33
0.13
1.03
0.21
1.26

0.22
0.05
0.33
0.05
0.44

When the bound soil pore medium is completely
filled with water, the friction between the soil particles
is greatly reduced and the volume also increases. In this
case, the films of water under the influence of the mutual
molecular attraction of the connected soil particles
smooth out the roughness of the individual aggregate
particles. Therefore, friction in wet clay soils is very
low.
Porosity of new sediments in clay deposits is high
(45...90%). Porosity of plastic clays varies from 3% to
6%.
In the experiments, there was no obvious
relationship between the porosity coefficient values
obtained for the soil samples in relation to the washing
rate of the stream. But from the experiments conducted
on setting the washing rate of the flow, it was observed
that with the decrease in the porosity of the bound soil,
their resistance to washing increased. This factor was
not taken into account when estimating the leaching rate
of the stream because no clear functional relationship
was obtained between these.
We also look at the plasticity of soil samples and
their resistance to washing. A moisture content between
the upper and lower limits of plasticity corresponds to
very loosely bound water. Bound soils have plasticity at
a certain thickness of the loosely bound water film.
Most researchers believe that the plasticity of bound
soils is manifested only when there are water shells
(veils) of a certain thickness around the particles. In this
case, during the wetting of clay particles with water,
loosening of connections between particles, due to the
strong development of diffusion shells on the surface of
the particles causes bulging of the bonded soils and
manifestation of crack movement by the particles. In
such conditions, the particles move easily relative to
each other under external influence.
The degree of demonstration of plasticity by the
bound soils is determined by their specific properties,
i.e., their composition (granulometric, mineral,
exchangeable base composition) and shape, and the
specific properties of the steam solution interacting with

Sum of
Fractions
%

100.0
100.0
100.0
100.0
100.0

them, i.e., their chemical composition and
concentration.
The upper limit of soil plasticity is one of the
indicators of bound soil, which determines the general
understanding of the composition of clay particles in
cracks and the level of hydrophilicity that makes up its
minerals.
The amount and hydrophilicity of the clay particles
determine the cohesive forces in the soil and
subsequently leaching.
From the experiments, it was not possible to
establish a functional dependence of the flow rate on the
upper limit of soil plasticity.
From Table 1, as the plasticity of bound soils
increases, their resistance to leaching increases.
Moisture content, or water saturation coefficient,
relative humidity is an important characteristic that
indicates the relative amount of gaseous phase in soil
pores.
The composition of clay minerals has the most
significant effect on the maximum molecular moisture
capacity. For clays with montmorillonite, it is equal to
50...100%; for hydromica, kaolinite and polymineral
clays - equal to 12...40%. Organic matter increases the
value of the maximum molecular moisture capacity.
Since the maximum molecular moisture capacity
depends on the surface (surface) of microstructural
elements, it is possible to make an approximate opinion
about the composition of soil microaggregates
depending on its size. The maximum molecular
moisture content (in %) is greater than 24% for clays;
for heavy sandy loams it is 24...16, for medium ones 16...12, for light ones - 12...8, for heavy sandy loams 8...5, for light loams and sand - less than 5 does.
Another feature of Grunt is its squeak. Shrinkage is
the reduction of soil volume during construction. In the
plastic state of bound soils, aqueous-colloidal
membranes are much stronger and particles can easily
move (migrate) relative to each other. Evaporation of
moisture during contraction is accompanied by an
increase in surface tension forces and the approximation
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of particles, where intermolecular forces are
significantly manifested. Shrinkage continues until the
soil changes from a two-phase system to a three-phase
system, and its upper layer dries to a hygroscopic
moisture state.
Shrinkage events are often accompanied by the
formation of cracks, which reduce the stiffness of the
soil in the massif. Montmorillonite clays have the
maximum shrinkage, while hydromica, polymineral and
kaolinite clays shrink significantly less. The smaller the
amount of clay-colloidal (clay-colloid) particles, the
greater the shrinkage.
Intensity of channel washing was observed in
periodically operated channels compared to continuously
operated channels. The main reason for this will depend on
the moisture content of the bonded soil. In continuously
operating ducts, humidity is high, while in intermittent
ducts, moisture is almost absent when the duct is not in
operation, and cracks appear in the duct. Due to the lack
of moisture in the cracks due to the impact of water on
the soil, there are no cohesive forces and it causes the

soil to wash out. This situation was observed on the
periodical "Dostlik" channel. At the end of the irrigation
season, the canal was washed so much that, as a result,
they reduced the possibility of supplying water to the
irrigated area.
Field and laboratory experiments were conducted to
study the effect of specific humidity on channel
washing. For this, research was conducted on the
"Dostlik" channel located in the Kashkadarya region.
Physical parameters of the soils obtained from the
laboratory samples and from the channel are included in
Table 1.
We used the first sample of canal connected soil and
laboratory soil to study the dependence of channel
washing rate on soil moisture. The soil brought from the
canal at 5-10%, 16-20%, 28-35% and 39-50% moisture,
and the soil from the laboratory at 7-10%, 13-22%, 2835% and 41-53% moisture in the canal model research
was carried out to establish their washout rates.
Experimental data are included in Table 3.
Table 3.

Dependence of soil moisture on the rate of flow washing
Linked grunt

Suglinok
(kind)

Suglinok
(laboratory)

Experience
No

humidity,

W, %

t,
min

1
2
3
4
5
6
7
8

5-10
16-20
28-35
39-50
7-10
13-22
28-35
41-53

60
60
60
60
60
60
60
60

In the experiments, the washing time was
determined. Also, the concept of washing intensity was
introduced when expressing the character of washing. It
shows the ratio of washing intensity to the washing
depth for a specified time, i.e. V = hp / t , mm / min .

р ,

hp ,

m/s

н ,
m/s

0.21 _
0.32
0.53
0.72
0.28
0.40
0.64
0.80

0.15
0.23
0.38
0.51
0.20
0.29
0.46
0.57

8
6
5
2
7
5
4
2

Washing
intensity, V
mm/min 0 , 13
0.10
0.08
0.03
0.12
0.08
0.07
0.03

mm

Deformation rates were determined for the studied
bonded soils with different moisture content. The results
of the experiment are included in Table 3, and a

 р = f ( H ) connection

graph

was

constructed

according to them (Figure 1).

Figure 1. The graph of the dependence of the intensity of soil washing on the washing speed
1- soil of disturbed structure; 2- soil of undisturbed structure
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The average non-wash critical velocity for bonded
soil in a channel with dry air (5-10%) is 0.13 m/s, and
for soil with natural moisture (16-20%) it is 0.23 m/s,
natural moisture ( 0.38 m/s for soil with 28-35%) and
0.51 m/s for soil with moisture content (39-50%).
From the comparison of these obtained results, it
can be seen that soils with greater values of natural
moisture, compared to soils in dry air conditions, are
more able to withstand the washing rate of the flow
(Figure 2).
As a result of the impact of the current on soils with
a dry air condition, the pore medium layer is quickly
occupied and the internal bonding between the particles

is weakened. In addition, the compressed air bubbles
weaken the interrelationship of the particles by causing
a process of mechanical breakdown. When wet soils
with maximum molecular moisture capacity are exposed
to water, the soil is protected from various forms of
deterioration because absorption occurs very slowly. It
can be explained differently. If the bound soil moisture
is greater than the maximum molecular moisture
capacity, then depending on the moisture content, a
certain number of capillaries (pores) will be filled with
water, and water will enter only the unfilled capillary,
and as a result, the possibility of its deterioration will
decrease.

Figure 2. Dependence of flow rate on soil moisture  р

= f (W )

1- soil of disturbed structure; 2- soil of undisturbed structure
Conclusions
1. The conducted studies show that for all the
studied soil samples, both disturbed and undisturbed
structures, having different moisture content, the deformation rates were determined. The erosion of cohesive
soils largely depends on their moisture content.
2. For the studied soils, which are in an air-dry state,
non-erosion rates are much less than for soils that are in
a wet state.

3. For all soils, there is a certain limiting value of
erosion velocities, above which a slight increase in
velocity causes a sharp increase in erosion.
4. For all studied soil samples with different
moisture content, the intensity of erosion was
determined.
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ABSTRACT
A simplified structure with a constant material and technical base and a changing mode of the technological process
is proposed for the development (calculation) of generalized tables of a variant of work.
АННОТАЦИЯ
Предложена упрощённая структура с постоянной материально - технической базой и изменяющимся режимом технологического процесса для разработки (расчёта) обобщённых таблиц варианта работы.
Keywords: payoff parameter, work option, generalized table, optimal trajectory, mode characteristics, choice.
Ключевые слова: параметр выигрыша, вариант работы, обобщённая таблица, оптимальная траектория, характеристика режима, выбор.
________________________________________________________________________________________________
The rationale for choosing the gain parameter in the
problems of optimizing the transportation process for
diesel and electric locomotives in operation is indicated
in the study [1], which did not study the issues of an integrated approach to organizing the operational calculation of the optimal gain for a family of trips.
In production conditions, it is often necessary to
make mass calculations of the magnitude of one or another possible optimal gain for a wide variety of cases
of the process.
Such calculations are necessary to identify the normalized value of the payoff parameter B, which makes
it possible to evaluate the results of the work of individual locomotive crews and performers, to spend money
correctly, and to finance production. As a result, production efficiency will increase.
Thus, the identification of ways convenient for determining the results of work on the accepted payoff,
taking into account the possibilities for the best conduct

of the process, or, more precisely, normalized results, is
of great practical importance.
In production conditions, where the number of different processes is large, it is not always possible to
make the appropriate calculations of the gain parameter
B for each case of the process with the choice of the optimal solution, even using a computer, due to the complexity and the need for large expenditures of time and
money.
At present, for example, in locomotive depots, it is
necessary to identify the normalized value of energy
consumed for 300–400 or more routes, which will require a lot of time to prepare the initial information and
computer calculations [2].
Apparently, it is expedient to carry out in advance
the corresponding calculations on a computer to identify
additional dependencies, using which it will be possible
to compile the corresponding tables for calculating the
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gain parameter B for trips with sufficient accuracy for
practice.
The foregoing raises the question of creating simplified methods for calculating the values of the payoff parameter B for a particular family of processes. All the
number of processes of a particular production can be
divided into work options (VR), for which the elements
of the material technical base of the MB remain unchanged in the process of work, and only the elements
of the organization of the work of the OP change and,
accordingly, the technology or mode of conducting the
process itself. If for each variant of VR operation we
find the average values of the coordinates of the organization of work Op (for example, for each variant of the
VR operation of the transportation work of depot locomotives - the average weight of the train Qp, the average
number of axles in the composition m p, the average
travel time on the section tp, the average number of stops
on intermediate stations zp, etc., and then perform detailed traction and economic calculations for Computer
with the optimization of the locomotive transportation
process for average conditions, as well as additionally
for three to four trips, covering the entire range of possible changes in the coordinates of the operation option
к

dВк = 
i =1

Op, it is possible to obtain data that allow expressing the
patterns of changes in the optimal trajectory (optimal
control) Рт* for the family work variant processes depending on the change in the coordinates of the work
variant Op. The resulting optimal trajectory Р т* of each
case of the work option must be expressed through some
of its characteristics, which we propose for trips: 𝜂в =
𝑎в∙𝐴к
is the average value of the efficiency of the conver𝐵к

sion of the term Вк into mechanical tangential work Ak;
α is an indicator of the perfection of the speed trajectory
from the path along the main resistance and β is an indicator of the cost of the tangential mechanical work of the
locomotive Ak for the work of the brake forces of the
train.
In view of what has been said, for a family of trips
at t = post, the value of the term of the payoff parameter
Bk can be expressed by a complex dependence on several variables, namely:
Вк=f{Op, ηp (Op), α(Op), β(Op)}

where Op is the object's operation organization vector.
The total differential Bk will be

Вк i к Вк  в i к Вк  i к Вк 
do p +
do p +
do p +
doip
i
i
i
Oi







o

o

o
i =1
i =1
i =1
в
p
p
p

where i is the number of coordinates of the work organization vector Op of the object, while i = 1, 2,...,k.
The solution of system (2) gives integral dependences of the form

Having

o , d o ,
i
p

i
p

i =1

i
p

1
p

However, the tables compiled according to these dependencies will be very complex and of little use for
practical use.
In order to simplify the calculations of Bk, the following simplification methods can be recommended:
1. Take in (1) the values of the characteristics P т*
depending on only one coordinate of the operation variant Op, the most important for the given gain parameter
of the Bk term, which are revealed when analyzing the
structure of Bk in order to divide it into a number of
terms.



( )

( )

identified
the
characteristics
 i , you can write the partial derivative
op

в к  (Bк1 + Вк2 + ... + Вкh )
=
О pi
О pi

(3)

к
p

2
p

p

p

Вкi
= 0, , that is, the partial derivative of this term of
О ip
the payoff parameter Bk with respect to the coordinate
of the work option Op is equal to zero).
Having carried out such an analysis, instead of (1)
we can obtain

( )



integral dependencies, which will be of the form

Вк  ВO1 + ВO2 + ... + ВOк
1
p

Terms

ВO1 , ВO2
1
p

2
p

2
p

к
p

(4)

Here, based on the nature of the process, it may turn
out that some of the components fall out, when (

( )

( )

( )

Вк  f1 O1p ,O1 O1p , O1 O1p ,  O1 O1p + ... + f к O pк ,Oк O pк , Oк O pк ,  Oк O pк
p

(2)

in terms of its terms

к

Вк =  Вo = Вo1 + Вo2 + ... + Вoк

(1)

p

p

p

(5)

of process (for all processes of a given production) are
the same, which is of great convenience.
Such tables will be called generalized tables (OT).
The deviations of the results obtained from the OT
data will depend only on the difference in changes in the
characteristics of the control mode for the adopted order,
in comparison with its exact dependence on all coordinates of the operation variant Op. In many cases, the proposed simplifications make it possible to obtain results

(6)

, … depend on only one coor-

dinate and the tables will be quite simple and convenient, and also for all options for conducting a given type

25

№ 9 (102)

сентябрь, 2022 г.

that are quite acceptable for practical use, allowing you
to find the necessary data with minimal time.
2. If we take in expression (1) the characteristics of
the optimal control Р∗т (we denote them by ηп, αn и βп),
depending on two coordinates at once (for example,

from

O1p

и O p2 ) provided that they are independ-

ent of the other remaining coordinates of the Op option
- in this case, instead of expression (1), taking into account the possibility of splitting the total differential (2),
we have

Вк  f п O1p , O p2 п (O1p , O p2 ),  п (O1p , O p2 ),  п (O1p , O p2 )+ В1 + В2 + ... + Вп
This leads to a certain increase in the volume and
number of tables for calculating the gain parameter B in
all variants of the production process, with a corresponding refinement of the results of calculating Bk according
to such tables and maintaining the simplicity of calculations.
Such tables are called work variant tables (TVR).
With the accepted simplification, the integral dependences will be of the following form

Вк  Вкп + ВО + ВО + ... + ВО
3
р

two values at once В

1

О1р

и ВО

2
р

(8)

combines

и is expressed by the

(9)

The resulting structure of expression (9) is very simple and convenient for compiling an algorithm for calculating work option tables, and will be used in
subsequent studies related to the forecasting and normalization of energy consumption for train traction by diesel and electric traction locomotives, along with the
development of an algorithm for calculating data for
generalized job tables.

Ор

correction values that refine the values Вк when deviat-

О р3 , О р4

2

В кп

п
р

following dependence

with identified dependencies ηn, αn, и βn, based on
the production (execution) of traction - economic calculations (TER).
Terms В 3 , В 4 … in expression (8) are some
ing

4
р

Unlike expression (3), here the term

Вкп = f n О1р , О р2 , n (О1р , О р2 ),  n (О1р , О р2 ) +  n (О1р , О р2 )

Ор

(7)

.... from their average (calculated) values

for a given work option.
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ABSTRACT
A methodology for calculating the indicators of the payoff parameter for strategic optimization problems for railway
transportation of different structure, type and type of cargo on railway sections is proposed.
АННОТАЦИЯ
Предложена методика расчёта показателей параметра выигрыша для задач оптимизации стратегического
типа при железнодорожных перевозках различных по структуре, типу и виду грузов на участках железных дорог.
Keywords: algorithm, solution, freight traffic, locomotive, payoff parameter, carriage, optimization problem, haul,
parking, efficiency.
Ключевые слова: алгоритм, решение, грузопоток, локомотив, параметр выигрыша, вагон, задача оптимизации, перегон, стоянки, эффективность.
________________________________________________________________________________________________
Strategic-type optimization tasks for the locomotive
complex of railways, including Uzbek ones, are aimed
at achieving the greatest efficiency in the use of the locomotive fleet in real conditions for organizing the
transportation of goods and passengers by rail.
In [1] it is shown that for railway transport in general and its individual sectors (services, departments),
the criterion for evaluating the effectiveness of work can
and should be taken as the gain parameter B - annual
reduced national economic costs.
The payoff parameter B should be taken (accepted)
for a given freight traffic G t net, which can be written
as follows [2]:
Эг = Э + Э1 + Э4 + Эк

(∑ 𝑡с + ∑ ∆𝑡рз )i =

𝑡п𝑖
𝛽у

− 𝑡п𝑖

(2)

The idle time of the train at the precinct stations, referred to the haul length 𝑋𝑖 xi, km with the length of the
counting section Lc, km can be taken
𝑡у𝑖 =

𝑋𝑖 ∙𝑡у

(3)

𝐿с

and the corresponding time for acceptance - delivery of a locomotive (diesel locomotive, electric locomotive) by locomotive crews
𝑡б𝑖 =

(1)

where Э - annual operating costs; Э1 - the share of annual deductions for capital costs for rolling stock with
an appropriate payback period; Э4 - reduced costs associated with the cost of cargo on wheels, the speed of its
delivery and the standard payback period; Эк is the annual present share of capital investments on the site (excluding rolling stock) to improve working conditions or
expand the volume of rail traffic.
We believe it is necessary to dwell on the accepted
order of counting some values necessary for calculating
the mentioned gain parameter for strategic-type tasks the annual reduced national economic costs for hauling
the railway section.
With the net travel time specified in the initial data
along the considered stage - 𝑡п𝑖 and the coefficient of sectional speed in relation to the running - βу the sum of the
total idle time of the train at intermediate stations and
additional time for acceleration - deceleration related to
the i - th stage will be

𝑋𝑖 ∙𝑡б

(4)

𝐿с

where ty - total stop time at local stations of the account section under consideration, h; tб - total time spent
by locomotive crews for acceptance - delivery at the account section, h
If, based on the experience of work or the train
schedule, to reveal the average idle time of trains at inср
termediate stations 𝑡с , as well as acceleration – decelср
eration ∆𝑡рз , then the stops assigned к i - mu haul will
be
𝑧𝑖 =

(∑ 𝑡с + ∑ ∆𝑡рз )𝑖
ср

ср

𝑡с +∆ 𝑡рз

, stops

(5)

Given the known average total idle time of the locomotive in the main and circulating depots per revolution
𝑡ло , the value of this time, related to the i -th stage will be
𝑡л𝑖 =

28

𝑋𝑖 ∙𝑡ло
2𝐿п

(6)
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where Ln - arm length of the chainless operation of the
locomotive, km.
Locomotive turnaround time, referred to к i - mu
haul, assuming 𝑡у𝑖 = 𝑡б𝑖 will be
𝑡о𝑖 = 𝑡п𝑖 + 𝑡в𝑖 + 𝑡л𝑖
𝑡в𝑖

М𝒊вх =

(7)

М𝒊вх = 0,0415 ∙ М𝑖вх ∙ 𝑡в𝑖

where
= (∑ 𝑡с + ∑ ∆𝑡рз ) +
- additional time related to the haul, hours
The corresponding cost of locomotives on the haul
will be
𝑡о𝑖
24

∙ 𝑛с ∙ 𝐾л

(10)

(11)

where пв - number of cars on the train; Кв - coefficient for converting the operated fleet into inven𝑋
tory; 𝑉уч𝑖 = 𝑖 𝑖 𝑖 - average sectional speed related to the
𝑡п +𝑡в

i-th stage, km/h; 0.0415 is the share of car-hours of
movement, taking into account the number of cars in
trains located at the stations of the section [3].
Thus, the values will be obtained М𝑖л и М𝒊в , which
are necessary for calculating the reduced costs for capital investments in rolling stock and its renovation.
The value of stops zi is used to determine the cost
of parking associated with the time and energy costs of
funds.
As a result of the foregoing, the calculation of the
value of the annual reduced national economic costs for
the haul is carried out on the basis of expression (1), attributing all calculations of its terms to the haul.

(8)

where пс - daily number of trains in the considered direction; 𝐾л - coefficient of conversion of the operating
fleet into inventory.
The required number of cars of the inventory fleet,
assigned to the i-th haul will be
М𝒊в = М𝒊вх + М𝒊вс

𝟐𝟒∙𝑽𝒊уч

and their number, depending on the parking at the
stations

𝑡у𝑖

М𝑖л =

𝑿𝒊 ∙𝒏в ∙𝒏с ∙𝑲в

(9)

Number of wagons depending on traffic conditions
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ABSTRACT
The choice of the gradations of the dynamics of changes in the weight and the number of axles of the trains, adopted
when solving the optimization problem for the transportation work of locomotives for a given time of the train running
is indicated.
АННОТАЦИЯ
Обозначен выбор градаций динамики изменения веса и числа осей составов, принятых при решении задачи
оптимизации для перевозочной работы локомотивов при заданном времени хода поезда по перегонам.
Keywords: payoff parameter, work option, control mode, gradation, travel time, selection, composition, train.
Ключевые слова: параметр выигрыша, вариант работы, режим управления, градация, время хода, выбор,
состав, поезд.
________________________________________________________________________________________________
weight or mass of the composition, m – number of axles
in the composition, t – train running time, z – number of
train stops). Characteristic here is the presence of a given
travel time 𝑡п = 𝑐𝑜𝑛𝑠𝑡. trains on hauls and the need to
have an optimal control mode Р∗т for any combination of
weight (mass) Q of the train and the number (number)
of axles m in the train.
2. Choosing the optimal control mode Р∗т and optimal travel time 𝑡п∗ trains on hauls for the conditions of
one or another variant of VR operation. A feature of this
optimization problem is the need to identify the optimal
travel time 𝑡п∗ trains on hauls for the most typical (average) conditions for organizing the work of the Op of
each variant of the work of VR. The resulting travel time
for hauls is then used to draw up and develop a train
schedule.
3. Development of energy consumption standards
for trips of the VR operation option. Obviously, differentiated norms should be expressed by dependencies
that take into account the influence of all factors on energy consumption, including the train driving mode,
which should be the most profitable. The solution of this
optimization problem is connected with finding a technically justified energy consumption for all possible options for changing the coordinates of the organization of
work Op. The issues of regulation of energy consumption by diesel and electric traction locomotives are of
paramount importance for railway transport and are considered in [5-7 and others].

Based on the theory of optimal control, it is possible
to solve a number of important practical optimization
problems in order to achieve high efficiency of the transportation work of locomotives in certain specific conditions of the operational activities of railways, including
Uzbek ones.
Some examples of solving specific practical problems confirm the practical value of the theoretical conclusions of works [1-4].
In practical conditions, one has to deal with problems that are solved in order to optimize the control
mode Рт (all the coordinates of the material and technical base of the Mб and the organization of the work of
the Oр are known), optimization of the control mode Рт
and running time 𝑡п trains on hauls (all coordinates of
the material and technical base of the Mб and the organization of the work of the Oр are known, with the exception of the mentioned time 𝑡п ), as well as optimization
𝑂𝑦𝑖 , that is, individual coordinates of the material and
technical base Mб and organization of work Op with appropriate optimization of the control mode Pт and travel
time tп of the train along the hauls. Considering all of the
above, we can outline the following specific tasks that
are expedient in practical conditions for optimizing the
transportation work of locomotives:
1. The choice of optimal modes, both for individual
specific trips, and for their family of one or another variant of VR operation. Received recommendations for
choosing the optimal control mode Р∗т should be expressed depending on specific quantities Q, m, t, z (Q –
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4. Similar to the rationing of energy consumption,
the question of the rationing of funds for trains, which is
still put as a proposal for further research. For trips of
the BP work option, you can set the rate of expenditure
of funds for movement and compare it with the actual
expenses determined from the reporting data, according
to the documents. For each trip of the VR operation option, you can calculate the cost rate of funds, and then
take into account the actual costs, which will facilitate
more accurate analyzes of the cost of funds and facilitate
the solution of the optimization problem to improve the
efficiency of the transportation work of locomotives.
This kind of rationing can be carried out for regional
railway junctions (NOD) and locomotive depots.
5. The choice of the optimal elements of the material and technical base of the Mб and the organization of
the work of the Op, with the appropriate selected optimal values (values) Р∗т and 𝑡п∗ , is the most complex practical optimization problem, the solution of which will
allow choosing the most advantageous series of locomotives, type of cars, section track profile, speed limit, etc.
Characteristic for this kind of optimization problems
will be the changing above-mentioned elements Mб, Op
and
𝑡п , from which it is necessary to identify the appropriate, optimal coordinates of the material and technical
base Mб* and the organization of work Ор∗ , and optimal
control modesРт∗ .
For all cases of optimization given above, the solutions include calculations to optimize the trip for certain
specific coordinates of the material and technical base of
the Mb and the organization of the work of the Op.
Next, consider the question concerning the choice
of gradations of the dynamics of changes in the weight
(mass) and the number (quantity) of the axes of the
trains.
In most cases, solving problems of optimizing the
transportation work of locomotives has to deal with a

family of trips. At the same time, performing full traction and energy calculations (TER) with optimization
for each trip is inexpedient, as mentioned above. In addition, provide recommendations on management
modes Рт for each combination of Q, m, t, z, is also practically impossible. All this raises the question of choosing the appropriate gradations of the dynamics of
changes in weight (mass) and the number of axles of
trains in order to facilitate the practical solution of the
problem.
We present a variant of the choice of gradations
adopted by the authors when solving the problem of
choosing Р*т for the variant of the operation of the VR,
bearing in mind the fairly stable values of the estimated
travel time 𝑡р = ∑ 𝑡п haul trains.
The value 𝑊𝑘 at a given travel time 𝑡р = ∑ 𝑡п trains
on hauls are calculated according to the analytical dependence (1) for different values of Q and m, and we
build the dependence 𝑊к = 𝑓(𝑄, 𝑚), shown in fig. 1.
Recommendations for choosing the optimal control
mode Р∗т should cover all possible cases of combinations
of Q and m values of this variant of BP operation, while
we have 𝑡п = 𝑐𝑜𝑛𝑠𝑡, that is, given according to the train
schedule. For the accepted variant of the BP operation,
the entire zone (range of change) of the values 𝑄н −
𝑄к , 𝑚н − 𝑚к is divided by gradations, based on the condition of accepting approximately constant, the total total resistance to movement 𝑊к train, the value of which
will be
𝑊𝑘 = 𝑃0 (𝛼𝑤0′ + 𝑖𝑘𝑐 ) + 𝑄(𝛼𝑐 + 𝑖𝑘𝑐 ) + 𝛼𝑐𝑣 𝑚 (1)
Therefore, choosing the oscillation limit ∆𝑊𝑘 =
5000 − 10000 𝑁, it is possible to outline gradations of
change in the weight (mass) Q and the number of axles
m of the composition for a given variant of the VR operation, within which we will approximately consider it
possible to adopt the average optimal control mode Рт∗ .
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Figure 1. To the choice of gradations of weight (mass) of trains with 𝑾𝒌 = 𝒄𝒐𝒏𝒔𝒕
mode Р∗т are found on the basis of traction and energy
calculations with optimization on electronic computers
(computers).

Thus, for each combination of Q and m values there
will be its own optimal control mode Р∗т , which will
greatly facilitate the choice of modes for all possible
cases of train driving on sections. For each gradation,
specific data on the positions of the optimal control
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ABSTRACT
The kinematic parameters of the movement of freight trains of various masses of trains without stops at intermediate
separate points and the energy indicators of the use of 3VL80 S electric locomotives in the implementation of rail transportation of goods on a mountainous section of the railway are substantiated. It has been established that the increase in
the energy efficiency of the studied electric locomotives 3VL80 S directly depends on the increase in the volume of transportation work of locomotives.
АННОТАЦИЯ
Обоснованы кинематические параметры движения грузовых поездов различной массы составов без остановок на промежуточных раздельных пунктах и энергетические показатели использования электровозов 3ВЛ80 С
при реализации железнодорожных перевозок грузов на горном участке железной дороги. Установлено, что повышение энергетической эффективности исследуемых электровозов 3ВЛ80С напрямую зависит от увеличения
объёма перевозочной работы локомотивов.
Keywords: study, freight train, electric locomotive, railroad, parameter, way, station, time, speed, mountainlaly.
Ключевые слова: исследование, грузовой поезд, электровоз, железная дорога, параметр, дорога, станция,
время, скорость, горный.
________________________________________________________________________________________________
Recently, there has been a growing need to solve logistics problems aimed at improving the efficiency of
using locomotives of various types of traction in the areas of their circulation. Especially, it concerns the electrified railway sections: Marakand - Karshi, Karshi Termez and Marakand-Bukhara and, first of all, the railway line Tashguzar - Boysun - Kumkurgan, which has
been in operation for fifteen years.
This article is devoted to the study of some issues
related to the problem of energy efficiency of the use of
an electric traction locomotive fleet under operating
conditions.

In the general case, the purpose of theoretical research is to carry out traction calculations on the Tashguzar - Kumkurgan section when driving freight trains
with 3VL80S electric locomotives. Here, the research
methodology, which includes the compilation of mathematical models for the conduct of a freight train by
3VL80S electric locomotives, taking into account the
characteristics of the material and technical base and the
conditions for organizing their transportation work, in
the solution of which the graphical method was used
[1,3], provides for a local solution of the task at hand.
difficult section Tashguzar - Acrobat JSC "O'zbekiston
temir yo'llari".
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This section of the railway with a length of 109.05
kilometers belongs to type IV of the track profile and is
classified as “mountainous”, which contains 162 elements and is characterized by a change in the steepness
of the elements from 0 to +25 ‰ (116 elements), as well
as from 0 to -12 .8 ‰ (45 elements). Moreover, most of
them (~66.5%) fall on the share of conditionally "difficult" elements.
As a criterion for assessing the energy efficiency of
the use of 3VL80S electric locomotives on the Tashguzar-Acrobat railway section, one of the logistic parameters of the transportation process is taken to be the
consumption of electricity for train traction, which is
justified by the results of the analysis of our research,
taking into account the optimization of train driving
modes [1,2,4].
The calculation of the electric power consumption
for the movement of the train in the absence of recuperation is performed based on the constructed curves of
speed V(S), time t(S) and load current I da(V) for alternating current electric locomotives.
The total energy consumption is calculated by the
formula:
A = AД + AС, kW-h

On the stages Tashguzar - Dekhkanabad and
Dekhkanabad - Karadakhna there are five speed limits
in Vlim = 40 km/h, and the sections Karadakhna Chashmaikhafizon and Chashmaikhafizon - Acrobat
have, respectively, one speed limit in Vlim = 60 km/h and
seven restrictions on speeds in Vlim = 40 km/h and Vlim
= 55 km/h, and the maximum speed of a freight train is
Vlim = 90 km/h.
The movement of freight trains of different masses
of trains (Q1 = 2500 t, Q2 = 2500 t and Q3 = 3500 t) with
a constant number of axles m = 200 axles in roller bearing trains is organized by 3VL80S electric locomotives
in traction mode at the nominal 33-rd position of the
main controller at the second stage of weakening the
field of traction motors in combination with idling and
service braking modes.
The results of traction calculations for three options
for driving freight trains by 3VL80S electric locomotives
along the Tashguzar-Acrobat section of the track without stopping at intermediate stations are shown in Table
1, which shows the dynamics of changes in the indicators of the transportation process depending on the mass
of the freight train.
Analysis of the results of the mentioned traction calculations for a freight train with a mass of Q 2 = 3000
tons, conditionally accepted by the authors as a scheduled (unified) train, made it possible to draw the following conclusions.
1. The average total train travel time is 2.28 hours,
however, a decrease in the train mass by 20% leads to a
decrease in the total train travel time by 0.73%, and with
an increase in train mass by ~ 20%, this time increases
by 1,4%.
2. The technical speed of the train, on the contrary,
with a similar change in the mass of the train, tends, respectively, to increase and decrease within the same limits, and, on average, it is 47.8 km / h.
3. An increase in the mass of the composition by ~
20% contributes to an increase in the total power consumption by 11% (1730 kWh), however, the specific
power consumption is reduced by 4.82%, and a reduction in the mass of the composition by 20% provides a
reduction in the total power consumption by 14% (2199
kWh) and an increase in the specific electricity consumption by 3.15%.

(1)

where АД - consumption of electrical energy spent by an
electric locomotive for the movement of a freight train
along the section in traction mode, kW- h;
АС - consumption of electrical energy for own needs
of an electric locomotive, kW- h.
The specific power consumption is determined by
the formula:
W-h/t km

(2)

where Q - weight of train (train), t;
L - length of the count section, km.
Traction calculations on the section Tashguzar - Acrobat are carried out based on the algorithm for their implementation [1], for the following initial data: the
mentioned section of the track has five intermediate stations, at which the speed limit is Vlim = 40 km/h and Vlim
= 60 km/h .
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Table 1.

general tх

in traction mode tт

in idling and braking
mode tхх,т

full A,
kW-h

specific a,
W-h/t km gross

Electrical energy
consumption

technical speed, Vt, km/h

Train running time, min

number of axes m, axes

1
1
2
3

Conditions of transportation work

composition mass Q,т

Traction calculation option

Parameters of transportation operation of electric locomotives 3VL80S on the section Tashguzar - Acrobat

2
2500
3000
3500

3
200
200
200

4
48,25
47,90
47,24

5
135,6
136,6
138,5

6
69,08
81,10
91,35

7
66,52
55,50
47,15

8
13471
15670
17400

9
49,41
47,90
45,59

4. Total and specific average electricity consumption for train traction is 15514 kWh and 47.63 Wh/tkm,
respectively.
5. The travel time of the train in the idling and braking mode, as well as in the traction mode, varies, respectively, from 1.109 h to 0.786 h and from 1.151 h to 1.522
h. Moreover, with an increase in the mass of the train by
~ 20%, there is a decrease in the travel time of the train
in the idling and braking modes, as well as its increase
in the traction mode, respectively, by 0.139 h and 0.171
h. The travel time of the train in the idling and braking
mode increases, and in the traction mode it decreases by
0.184 h and 0.188 h, respectively, with a decrease in the
mass of the train by 20%.
6. Reducing the mass of the composition by 20%
leads to an increase in the use of idle and braking modes

[2] by 8.43%, and with an increase in the mass of the
composition by ~ 20%, this indicator decreases by
6.59%.
7. The indicator of the use of the traction mode (that
is, the ratio of the travel time of the train in the traction
mode to the total travel time of the train) in the process
of a similar change in the mass of the train increases or
decreases, also within the same parameters.
Thus, the present studies have established that the
increase in the energy efficiency of the use of 3VL80S
electric locomotives on the Tashguzar-Acrobat section
of Uzbekistan Temir Yollari JSC will undoubtedly be
ensured by increasing the volume of transportation work
performed by the mentioned electric locomotives on this
section of the railway.
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ABSTRACT
The kinematic parameters of the movement of freight trains and indicators of the energy efficiency of the use of diesel
locomotives 4TE10M on a real, mountainous section of the railway are obtained in the form of tabular data, and regression
equations are compiled to determine the main indicators of the transportation work of these diesel locomotives on this
section. The results of the study are recommended for implementation in the practice of the specialists of the operation
shop of the locomotive depot Karshi of the Uzbek railway.
АННОТАЦИЯ
Получены кинематические параметры движения грузовых поездов и показатели энергетической эффективности использования тепловозов 4ТЭ10М на реальном, горном участке железной дороги в виде табличных данных, а также составлены уравнения регрессии по определению основных показателей перевозочной работы
указанных тепловозов на этом участке. Результаты исследования рекомендуются для внедрения в практику работы специалистов цеха эксплуатации локомотивного депо Карши Узбекской железной дороги.
Keywords: study, freight train, diesel locomotive, railroad, parameter, way, station, time, speed, mountainlaly.
Ключевые слова: исследование, грузовой поезд, тепловоз, железная дорога, параметр, дорога, станция,
время, скорость, горный.
________________________________________________________________________________________________
With in the framework of the program for the development and modernization of the enterprises of the locomotive complex of the Uzbek railways, an important
place is occupied by the solution of specialized specialized tasks related to the issues of increasing the efficiency of using diesel traction in non-electrified sections
of JSC "O'zbekiston temir yo'llari".
At the Department of Locomotives and Locomotive
Economy of the Tashkent State Transport University,
research is being carried out to optimize the transportation work of locomotives in order to ensure the transportation of goods and passengers at the lowest cost of fuel

and energy resources for train traction, based on the theoretical foundations of mathematical methods of optimal control and locomotive traction.
A prerequisite for the implementation of the above
was the traction calculations carried out for the most difficult section of the railway company - Tashguzar - Acrobat [1,2], where freight trains of various mass trains
(Q1=2500 t, Q2=3000 t and Q3=3500 t) are serviced diesel locomotives 4TE10M, which were based on the
equation of train motion of the form

(1)
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of trains by diesel locomotives 4TE10M on the Tashguzar-Acrobat section are shown in table 1.
Based on the analysis of the results of the mentioned
traction calculations in relation to a scheduled (unified)
freight train with a train mass of Q2 = 3000 tons, the following was obtained.
1. The average total train travel time is 2.75 hours,
however, a decrease in the mass of the train by ΔQ= 500t
(by 20%) leads to a decrease in the total train travel time
by 8.05%, and with an increase in the mass of the train
by ΔQ= 500t ( ~ 20%) there is an increase in this time
by 8.24%.
2. The technical speed of the train, on the contrary,
with a similar change in the mass of the train, tends, respectively, to increase and decrease within the same limits, and on average, it is 39.79 km / h.

where v is the speed of movement, m/s; t - train travel
time, s; u - specific resultant force of the train, N/kN; ζ
is the actual (actual) acceleration of the train, kNm/Ns2.
The solution of the differential equation (1) was carried out by a graphical method, taking into account the
principle of maximum use of power and traction and
performance qualities (properties) of the locomotive [4],
which for a diesel locomotive 4TE10M, in the traction
mode, corresponds to the 15th nominal position of the
driver's controller in the full field of PP, the first (OP1)
and second (OP2) stages of weakening the magnetic
field of traction motors [3], in the speed range from 19
km/h to 60 km/h according to the locomotive traction
characteristic. In addition, idle and braking modes are
used.
The results of traction calculations for three different modes of driving a freight train with different masses

Table 1.

general tх

in traction
mode tт

in idling and
braking
mode,tхх,т

total per trip E,
kg

specific per trip
e, kt/104tkm
gross

reduced cash
costs C',
som/km

Consumption and cost of diesel fuel

technical speed
Vт, км/ч

Train running time, min

number of axles
m, axes

1
1
2
3

Conditions of transportation
work

composition
mass Q, т

Traction calculation
option

Efficiency parameters of diesel locomotives 4TE10M on the mountain section Tashguzar Acrobat of the Uzbek Railway

2
2500
3000
3500

3
200
200
200

4
43,11
39,64
36,63

5
151,76
165,04
178,64

6
104,05
120,31
137,94

7
47,71
44,73
40,70

8
3621,7
4167,3
4772,6

9
132,846
127,381
125,043

10
36699
42227
48361

3. The total and specific average consumption of
diesel fuel for traction and maintenance of a freight train
on the entire section is 4187.2 kg and 128.423 kg/104
tkm gross, respectively.
4. An increase in the mass of the composition by ~
20% contributes to an increase in the total consumption
of diesel fuel by 14.53%, however, the specific consumption of diesel fuel decreases by 1.84%, and a decrease in the mass of the composition by 20% provides
a decrease in the total consumption of diesel fuel by 13
.09% and an increase in the specific consumption of diesel fuel by 4.29%.
5. The travel time of the train in the modes of idling,
braking and traction varies, respectively, from 0.80 h to
0.68 h and from 1.73 h to 2.30 h. With an increase in the
mass of the train by ~ 20%, the train travel time in the
idling and braking mode decreases, as well as its increase in the traction mode, respectively, by 0.067 h and
0.294 h. With a decrease in the mass of the train by 20%,
the time of the train in the idling and braking mode increases, and in the traction mode it decreases by 0.050 h
and 0.271 h, respectively.
6. A decrease in the mass of the composition by
20% leads to a decrease in the use of the traction mode
and an increase in the use of the idling and braking mode
[1] by 4.34%, and with an increase in the mass of the

composition by ~ 20%, these indicators increase and decrease by 4 .32%.
7. A decrease in the mass of the composition by
20% leads to a decrease in the total and specific cost by
13.09%, and with an increase in the mass of the composition by ~ 20%, these indicators increase by 14.52%.
Using the standard program of the Microsoft Office
Excel series, we have obtained concise formulas that allow, with a sufficient value of the approximation reliability R2 (the necessary reliability condition is R2≥0.8),
to accurately calculate the main performance indicators
of diesel locomotives of the 4TE10M series on the Tashguzar-Acrobat section for any i th mass of the composition Q of the freight train.
Technical speed of the train, km/h
Vт= – 0,0065Q+59,207, R2=0,9985

(2)

Total train travel time, min
tx=0,0269Q+84,653, R2=0,9999

(3)

Train travel time in traction mode, min
tт=0,0339Q+19,097, R2=0,9995

40
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Train travel time in idling and braking mode, min
tхх,т= – 0,007Q+65,41, R2=0,9926

such changes are described by a power function. At the
same time, the absolute error in the calculations of the
mentioned indicators for various conditions for organizing the transportation work of diesel locomotives
4TE10M on the Tashguzar - Acrobat section is 0.08 ...
0.72%, which ensures the calculation accuracy of 99.92
... 99.28 percent.
The conducted studies also found that an increase in
the consumption of full-scale diesel fuel for a trip on the
Tashguzar-Acrobat section is closely related, first of all,
to an increase in the travel time of a freight train in traction mode, and as a result, this leads to an increase in the
mechanical work of forces acting to the specified train
in this mode.
Thus, the use of mathematical models for driving a
freight train by diesel locomotives 4TE10M and the
main indicators of the transportation process on the section Tashguzar - Acrobat of the Uzbek railway provide
the necessary conditions for predicting the consumption
of full-scale diesel fuel and the efficiency of these locomotives on this section in various operating conditions.

(5)

Total diesel fuel consumption per trip, kg
Е=1,1509Q+734,5, R2=0,9991

(6)

Specific consumption of diesel fuel per trip, kg/104
t km gross
е=547,79Q–0,1814, R2=0,9707

(7)

Reduced cash costs, som/km
С'=11,662Q+7443, R2=0,9991

(8)

The obtained analytical expressions (2) - (8) indicate that the nature of the change in the main indicators
of the transportation process, depending on the mass of
the freight train, obeys a linear law, with the exception
of the specific consumption of diesel fuel, for which
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ABSTRACT
The economic indicators of the transportation work of locomotives in operation are proposed, which can be used to
analyze and evaluate the efficiency of locomotives on various sections of railways.
АННОТАЦИЯ
Предложены экономические показатели перевозочной работы локомотивов в эксплуатации, которые можно
использовать для анализа и оценки эффективности локомотивов на различных участках железных дорог.
Keywords: economic indicators, cost, indicator, performance, locomotive, transportation work, coefficient.
Ключевые слова: экономические показатели, себестоимость, показатель, производительность, локомотив,
перевозочная работа, коэффициент.
________________________________________________________________________________________________
Economic indicators in the form of a monetary unit
are generalizing parameters for the analysis and evaluation of the performance of locomotives in the conditions
of operational activities of railways.
Calculations of the cost of conditional t km gross
reflect the actual energy consumption and the mechanical work performed, which makes it possible to more
specifically and purposefully find ways to reduce the
cost of rail transportation and increase the efficiency of
using locomotives in the process of organizing transportation work. The cash productivity indicator is a criterion for the use of locomotives, the calculations of which
are related to the determination of the cost of funds for
a trip, or for any period of operation (usually taking into
account annual present costs for calculations).
The costs of moving a train on the Эх section can be
divided into time-dependent (time) Эхв and proportional
to energy consumption (energy) Эхк. In addition to these

components, there is also a third component of costs associated with the volume of transportation train work
and the costs of technical inspection of cars, as well as
depreciation of ballast, sleepers, protection of the track
and structures, and others, which we will designate Эхн.
Thus, the cost per train section will be
Эх = Эхк + Эхв + Эхн

(1)

In turn, we express all the terms Эx of equality (1)
as follows
Эхк = lтэк·E + j·Aк + Мав·Ас

(2)

Эхв = aэ·j·gх·t + lh·t

(3)

Эхн = [lns·m + lтк·(P0 + Q)]·S

43
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where lтэк - the cost of energy, including equipment
costs, rub./t or rub. / kW-h; j, Мав – expenditure rates for
the repair of power units of the locomotive proportional
to its mechanical work Ak and for the repair of running
parts of the rolling stock and the superstructure of the
track, proportional to the mechanical work of harmful
resistance forces Ac, rub./kgskm; t is the travel (movement) time of the train on the section, h; gх - energy consumption for service needs t/h or kW-h/h; ae conversion factor of consumed energy into equivalent
tangential work; lh = lмн+lмх+lNh+lnн m+lх - the total cost
rate of the cost of a train hour, rub./h; l мн - expenditure
rate for the maintenance of the locomotive, rub./h; l мх expenditure rate of locomotive crews, rub./brigade-h; lNh
- expenditure rate of train crews, rub./brigade-h; lnн - the
cost rate for the wagon - axle-hour, rub./car. axles -h; m
is the number (number) of axles in the train, axles; lx is
the cost of energy consumed per hour for service needs,
rub./t or rub./kW-h; lns - cost rate for the maintenance of
wagons, rub./car. axles -km; lтк - expenditure rate per 1

tkm gross, rub./tkm gross; S is the distance traveled by
the train, km.
For cases of train movement on the section, when
Vн = Vк = 0, the value Аc of the mechanical work of
harmful resistance forces will be
Ас = Aк – (Р0 + Q)·Н0

where H0 is the excess of the end station over the initial
station, m.
From (5) it can be seen that Ac in a particular section
will differ from Ak by a constant value, therefore, the
costs proportional to Ac will be also proportional to Ak.
Эхк, Эхв and Эхн values can be calculated using data
about spending rates [3] and experience on the road.
For a comprehensive analysis of the use of locomotives, one should use the value of the annual reduced national economic costs Эг, the general procedure for
determining which is given in [3,4].
The value of Эг can be expressed as follows

Эг = (Эх +Эсв +Эсэн )·365·nс+Э1+Э2+Э3+Э4+Э5+Э6+Э7
where Эсв, Эсэн - costs during stops at intermediate stations, proportional to the time of energy consumption for
the period of stops, rub./train section;
nс - number of trains per day for the considered type
of work on the direction, trains/day;
Э1 - the share of annual deductions for capital costs
for rolling stock with an appropriate payback period,
rub./year;
Э2, Э3 - the share of annual deductions for the renovation of locomotives and wagons, rub./year;
Э4 - reduced costs associated with the cost of cargo
on wheels, the speed of its delivery and the standard payback period of rubles / year;
Э5 - expenses associated with the accumulation of
cars at the train formation station, rub./year;
Э6 - expenses associated with the reserve mileage of
locomotives in the direction under consideration,
rub./year;
Э7 - costs associated with the maintenance of the
station economy, taken proportional to the number of
cars at the station, rub./year.
The necessary recommendations on the terms listed
above are given in [3,4].
The value of Эг can also be represented by the following sum
Эг = Эгк + Эгв + Эгн

(5)

(6)

The reduced monetary productivity of locomotives
when performing a given volume of transportation will
be
γп =

0,434∙∑ A′′
г
Эг + Эк

, (conditional tkm gross)/ruble

(8)

where ∑A''г is the total amount of mechanical work
used to move trains per year, kgcm;
Эк is the annual present share of capital investments
in the section (excluding rolling stock) to improve working conditions or expand the volume of rail traffic,
rub./year.
In order to identify the influence of the dependence
of the components on the conditions of the transportation operation of locomotives, calculations were carried
out on the computer using a special program, in which
the amount of annual costs for the movement of trains
on the section was also determined according to the formula
Эгх = 365·nc·Эх, rub./year

(9)

In table. 2.1 [1] shows the distribution of components for some sections of the Central Asian (now Uzbek
and Turkmen) railways.
According to the data analysis of the specified table.
2.1 it can be seen that the costs of moving trains are: for
loaded trains 73 - 77 percent, and for empty trains they
are reduced to 60 percent, for passenger trains this share
is 74 - 75 percent.
Thus, the main part of the given annual national economic transportation costs are the costs of moving
trains, and therefore, the study of factors affecting these
costs is especially important. Note that the value of Эгx
changes with changes in operating conditions approximately in the same proportions as the value of Эг.
Having the values of mechanical work, the forces
acting on the train and the value of the corresponding

(7)

where Эгк·365·ns·Эхк - part of the annual reduced national - economic costs proportional to energy consumption and mechanical work, rub. / year;
Эгв = (Эхв + Эв + Ээн)·365·nc + Э1 + Э2 + Э3 + Э4 part of the annual reduced national and economic costs
proportional to the time spent by the train on the section
and the turnover of the locomotive, rubles / year;
Эгн = 365·ns·Эхн+Э5+Э6+Э7 – part independent of
energy consumption and time, rub./year.
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costs that are associated with the process of transportation work of locomotives, it is possible to determine the
indicators of the use of locomotives. Such indicators are
performance indicators of locomotives (𝜇х′′ , 𝜂х′′ , 𝛾х and
γп) [2] and economic efficiency indicators of locomotives' transportation operation, which characterize the
results of locomotives' work in fulfilling a given cargo
flow.
With a known ratio of the net weight Qн of the cargo
𝑄
to the gross weight Q of the train, that is 𝛿 = н . It is

εп =

0,434∙𝐴к ∙𝛿

𝛾х ∙𝛿

, kop / (10 conventional tkm net)

(11)

and εх =

103 ∙(Эг +Эк )
2,3∙Г∙𝐿∙𝛼н

, where αn is the conversion

factor for operating tkm net in conditional [5] ton-kilometers.
The indicators εх and εп will reflect the influence of
all factors of the operating
conditions on the sections, which will make it possible to obtain comparable data on the efficiency of the
use of locomotives for any cases.
Thus, the considered (proposed) economic indicators of the efficiency of locomotives transportation work
together with power and energy indicators [2,6] are recommended for practical use in the locomotive economy
of railways, since they are the most complete criteria for
assessing the perfection of the use of diesel and electric
traction locomotives in operation in the implementation
of rail transportation of goods and passengers.

𝑄

103

, kop / (10 conventional tkm net)

Instead of these expressions, you can also use εх =
103 ∙Эх

proposed to evaluate the efficiency of locomotives transportation work on the basis of running efficiency indicators εх of locomotives transportation work, taking into
account the costs of moving the train on the site, as well
as indicators of the reduced efficiency εп, taking into account the annual reduced national economic costs, that
is:
εх =

103
𝛾п ∙𝛿

(10)
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АННОТАЦИЯ
Целью данной работы было изучение моделирования компонентов железнодорожного пути на основе трехмерных методов конечных элементов. Учитывая сложность, была создана модель. Выводы о методе и результатах представлены ниже. Предложения для будущих исследований также были представлены.
ABSTRACT
The purpose of this thesis was to study the modelling of railway track components based on three dimensional finite
element methods. Considering the complexity, model was created. Conclusions about the method and results are presented
below. Suggestions for future study also have been proposed.
Ключевые слова: ABAQUS,модель; напряжения, Фон Мизеса.
Keywords: ABAQUS, model; stress, Von Mises.
________________________________________________________________________________________________
The purpose of the modeling is to study the static
and dynamic properties of the railway track under the
load. Several simulation calculations were conducted
through commercial software ABAQUS/CAE to investigate the behaviors. The results from the finite element
modeling in ABAQUS are presented in the below[1].
For studying purposes and analyzing, was chosen
the point between two sleepers which coincides with increment number 17 and at the time t=0.658s.

Von Mises stress distribution
The fig.1 below shows stress components at integration points, Stress Mises. The von Mises stress is often
used in determining whether an isotropic and ductile
metal will yield when subjected to a complex loading
condition. By using software ABAQUS, it is easy to
identify the value of von Mises stresses at the necessary
points and at each increment.

__________________________
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Figure 1. Von Mises stress distribution

Figure 2. Von Mises stress distribution (without wheel)

Graph 1. Max and min Von Mises stress for increment number 17 at the t=0,658s
σ=4.40E+03 N/cm2. However, the node N483 gains the
max stress value at the time t=0.7585s and equals to
σ=22.9E+03 N/cm2[2].
In the below figure is shown location of nodes with
max and min stresses.

Calculations show that the max Von Mises stress for
the increment number 17 is coinciding for node N483
and the min Von Mises stress for the increment number
17 is node N492. By the graph it possible to observe the
changing of Von Mises stress distribution. Stresses
equal to σ=21.3E+03 N/cm2 for node N483 N/cm2 and
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Figure 3. Location of nodes with max and min Von Mises stresses
Maximum principal stress distribution
Von Mises is a theoretical measure of stress used to
estimate yield failure criteria in ductile materials and is
also popular in fatigue strength calculations (where it is

signed positive or negative according to the dominant
Principal stress), whilst Principal stress is a more "real"
and directly measurable stress[3].

Figure 4. Maximum principal stress distribution
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Graph 2. Max and min Von Mises stress for increment number 17 at the t=0,658s
The values of the principle stress: for node N483
σ=21.27E+03 N/cm2 and for node N1537 σ=0.175E+03 N/cm2.
Comparing the stress values of Von Mises and maximal principal at the nodes N483, we can find that the
values are different.

Conclusion
During process were analyzed Von Mises stress,
Maximum principal stress, Spatial displacement at
nodes of rail and sleepers, contact forces between wheel
and rail surfaces, contact normal forces and reaction
forces arising at sleepers.
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ABSTRACT
The level of railway indicators performance reflects the technology implementation degree of the transportation process and the operational work quality, the performance of train schedule indicators, the rolling stock efficiency and the
capacity of railways. The time spent by trains on the section has a significant impact on the speed value– one of the most
important quality indicators of railways. The article analyzes the delay causes in freight trains, which affect the speed of
freight trains.
АННОТАЦИЯ
Уровень выполнения показателей железных дорог отражает степень реализации технологии перевозочного
процесса и качество эксплуатационной работы, выполнения показатели графика движения поездов, эффективность использования подвижного состава и пропускной способности железных дорог. Время нахождения поездов
на участке оказывает существенное влияние на значение скорости – одного из важнейших качественных показателей железних дорог. В статье анализируются причины задержек грузовых поездов, которые влияют скорости
движения грузовых поездов.
Keyword: railway section, section speed, technical speed, traffic schedule, delays, losses.
Ключевые слова: железнодорожный участок, участковая скорость, техническая скорость, график движения,
задержки, потерь.
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The main purpose of railway transport is to deliver
cargo and passengers to their destination safely and on
time [1-3]. An important role is played by the proper
construction of the standard train movement schedule
and the appropriate management of the daily schedule
based on the standard schedule requirements.
Timely determination and elimination of the technical and technological condition of railway sections
and the factors that have a negative effect on the speed
of movement is important in ensuring the movement of
trains at the specified speeds [2-4]. In particular, it is urgent to develop measures to eliminate the causes of
cargo train delays.
The total running time of freight trains on railway
sections depends on the length of locomotives movement, the operation duration of locomotive crews, the
railway tracks condition of, the stations working technology, the types of trains (passenger, thermal, recovery,
fire-fighting, etc.), the type of train (electric locomotive
or electric locomotive), graphic type, etc. and ineffective
time losses caused by random factors along the way
have a significant impact [1, 4-7]. This, in turn, has a
negative impact on the “Speed of Trains”, one of the
most important indicators that determine the level of effective implementation of the railway transport work
and the schedule of trains.
Adecrease in the “Speed of movement of trains”
from the specified norm will cause delays in the arrival
of goods and passengers to their destinations and will
cause a decrease in the share of railway transport in the
transport market. Therefore, improving accounting
methods and analysis of inefficient time losses in railway sections is one of the urgent issues.
Reference analysis and methodology
The process of train movement along the section is
affected by a large number of negative factors that cause
train delays on the hauls and associated unproductive
time losses and, consequently, a decrease in the speed of
movement [4-6]. To identify shortcomings caused by
organizational reasons, deviations from the standards of
technological processes, failures of technical means and
commercial marriages on the roads, the schedule
analysis of the completed movement of freight trains
(SCMFT) is carried out.

Primary accounting for the implementation of the
SCMFT is maintained by the DSC for the departure of
trains from the stations of their formation, for the passage of transit trains through technical stations and for
the passage of trains through dispatching sections. Each
train delay must be reflected in the SCMFT with specific
reasons for each service that caused it. DSC is responsible for the accuracy of this information.
The daily analysis of the SCMFT compiled by the
DSC is carried out by the analysis engineers of the statistics service (“NC”) of the railway. Primary accounting data are reflected in the SCMFT analysis books form
DU-26.
The investigation of the train delay causes is carried
out by analyzer engineers of the ”NC” service together
with subdivisions of the railway department (locomotive
and car depots, power supply and contact network distances, tracks, signaling and communications, stations,
etc.).
The results of the analysis are reviewed daily by the
management of the services to which the train delays
were attributed in order to take prompt measures to prevent the identified violations in the future.
Engineers-analyzers of the “NC” service, based on
the departure data, passage and arrival of trains, as well
as the time of train delays during the passage, indicating
the guilty railway services, generate daily and monthly
reports. In general, for the month, the statistics service
compiles DO-12 (report on the implementation of the
SCMFT form) [8]. For freight trains, the DO-12 form is
compiled by summing up the data on dispatching sections.
The transportation service “D” of the railway uses
the data of the form DO-2 to record and analyze the indicators of its work. Engineers of service “D” can specify them according to the SCMFT. The tables for
calculating indicators are compiled by each engineer independently.
The service speed analysis engineer “D” compiles a
daily table of economic losses from train-hours of train
downtime for each section and the road as a whole
(table 1) [8].

Table 1.
Freight trains delays certificate
Surrender, arrival in
disbandment

Train №

Train index

Departure
station

Date, time

Late

Pub. service

Arrival
stations

Date, time

Late

Delay

Reason for being
late

Public service

Arrival, departure of the formed train

1

2

3

4

5

6

7

8

9

10

11

12

Based on the results of a decade or a month, summary tables of economic losses of train-hours of train
downtime are compiled for services, directions, dispatch
circles and the road as a whole.

According to [1-6, 9], traffic service includes delays
due to:
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• untimely formation of trains and preparation of
transportation documents by employees of railway stations;
• collision of trains with foreign objects and materials not related to the economic activity of railways
within the stations;
• train delays due to non-acceptance by railway
stations;
• erroneous trains movement regulation by the dispatcher;
• failure to ensure the sending of locomotives and
crews under the formed train sets if they are available in
accordance with the shift work plan;
• improper use of technical means of transportation management, etc.

As a result of the pivot table analysis, a series of data
on the daily distribution of the number of delays and the
time of train delays by month and the reasons for delays
can be obtained in accordance with the notes on the traffic schedules for the department.
Results and discussion
For a detailed study of reasons for the delays of
freight trains, the railway sections of JSC “Uzbekistan
temir yullari” “Uzbekistan-Khavast” were used to record the implementation and analysis of the SCMFT, operating in different periods, as well as materials on the
analysis of the reasons for non-fulfillment of the
SCMFT.
First of all, the number of trains on this section and
technical and section speeds were analyzed (Fig. 1).

Figure 1. The dynamics of changes in the speed and number of freight trains on the “Uzbekistan-Khovost” section
in December 2021
• reduction in the travel time of freight trains due
to the failure of the driving time for the driver, repair and
track work, non-scheduled warnings about speed limits,
and others.
Obviously, the delays that occur on the section
cause an increase in the time spent by trains on the section and thereby lead to a decrease in the average speed.
II group:
• delays that occur when departing from technical
stations, i.е. untimely departure of trains, it would seem,
does not affect the value of speed, because do not directly affect the time spent by trains on the section.
Thus, the analysis of train delays influence on the
change in average speed (Fig. 2) showed that its value is
influenced by both delays that occur on the section and
delays that occur when departing from technical stations.

According to the analysis results (Fig. 1), all delays
of freight trains can be divided into two groups, they are
as follows:
1. delays that occur on the section;
2. delays that occur when departing from technical
stations.
I group:
• additional forced stops of trains on sections due
to malfunction of the locomotive or wagons, operation
of automatic control of the rolling stock technical condition, blockage of crossings and track sections, disruption of track circuits, signaling devices, floor safety
devices, non-reception by stations or neighboring roads,
self-uncoupling or breakage of the automatic coupler,
collapse of cargo along the route, overexposure of
“okno” for infrastructure repairs, untimely cleaning of
tracks and arrows from snow and pollution, etc .;
• increase in the duration of scheduled stops at intermediate stations due to the passage of late trains;
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Figure 2. Analysis of freight train delays influence of on the change in the average technical and sectional speed
Khavast”, the unsatisfactory maintenance of the fleet of
train locomotives is the cause of 30-40% of speed loss
of freight trains in the sections;
3) damage, malfunctioning of devices and infrastructure facilities. This entails train delays and the introduction of non-scheduled (not scheduled) warnings
about lower train speeds.
The above reasons also do not allow to maintain the
scheduled haul times and speeds of freight trains.

Conclusion
During the study, it was found that the main reasons
for the decrease in the value of the average speed relative
to the planned one are:
1) non-reception of trains by stations and neighboring roads;
2) malfunctions of the rolling stock along the route
and at the formation stations due to the unsatisfactory
maintenance of the fleet of locomotives and wagons. In
addition, according to the reporting materials on the performance of the speed on the section “Uzbekistan-
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ABSTRACT
The order is indicated for calculating the travel time of a train along a track and an example of calculating the optimal
travel time of a train on separate hauls of a section of a railway is given.
АННОТАЦИЯ
Обозначен порядок расчёта времени хода поезда по перегону и приведён пример расчёта оптимального времени хода поезда на отдельных перегонах участка железной дороги.
Keywords: optimization, analysis, driving mode, diesel locomotive, running time, selection, haul, section, composition, train.
Ключевые слова: оптимизация, анализ, режим вождения, тепловоз, время хода, выбор, перегон, участок,
состав, поезд.
_______________________________________________________________________________________________
The present research is a continuation of the work
[1] and is devoted to substantiating the efficiency of the
transportation work of locomotives by optimizing the
running time and mode of driving a train in the real conditions of the organization of railway transportation.
Optimization calculations for a section (direction)
include optimizing travel times for all hauls, taking into
account the required throughput and choosing the final
version of the optimal travel time and train driving mode
at the minimum of annual reduced national economic
costs.
In table 1 and in fig. 1 shows the calculation results
for sections U - Ch and U - X, indicating the expediency

of introducing into practice the operation of railways of
optimal travel times for hauls. To substantiate what was
said by the authors, the following initial data were taken:
Diesel locomotive 2TE10M. Odd direction: Г = 13.6
million net tons/year Qр = 2300 t, mр = 192 axles; direction is even: Г = 19 million net tons/year, Qр = 2800 t,
mр = 192 axles.
The results of the calculations and the above recommendations to some extent contradict the well-known
direction in the work of railway transport - the speedy
delivery of goods. But this will be the case if we proceed
from the payoff parameter B - delivery time.
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Table 1.

The results of optimizing the transportation work of locomotives with the choice of the optimal travel time
for hauls in the sections U - Ch and U – X
Plots
U - Ch
U-Х

Direction
odd
couple
in both directions
odd
couple
in both directions

Schedule option
𝒕х , min
Эг , rub/year
109
2195560
103
2050850
212
4246410
117
2515777
115
2617225
232
5133002

The best option
𝒕х , min
Эг , rub/year
119
2183750
118
1820608
237
4004358
141
2314382
136
2476026
277
4790408

Savings ∆Эг
rub/year
%
242052
5,7
342594
6,7

Figure 1. Changing the values of Eg, Egn and Ex depending on the mode of movement and the time of movement
of the train on sections U - Ch and U – X
If, however, we take for the gain parameter B - a
generalizing indicator - the annual reduced national economic costs Эг, then it will be appropriate to introduce
optimal train travel times. Of course, the use of optimal
train driving modes is very important in this case.
An example can be given - for passenger trains of
the direction T - A with a diesel locomotive TE3, one
section, for Q = 1000t and 10 pairs per day, according to
the schedule standards, tг = 194 min., Fuel consumption
at the same time Ег = 630 kg. The calculation of the
value of the annual reduced national economic costs Эг
for scheduling working conditions gave the value Эгг =
1126700 rubles in year.

The calculations carried out with the choice of the
optimal travel time and train driving mode made it possible to obtain the total travel time of the train t х = 198
min., the consumption of full-scale diesel fuel by the
diesel locomotive E = 598 kg and, accordingly, the value
of Э*г = 1084400 rubles per year, that is, less by 3.8 percent.
In sections where there are sections that are difficult
in terms of the track profile, taken according to the
schedule of an excessively long travel time, it leads to a
shift in the values of Эг on these sections "to the right"
(see Fig. 1) from the optimal train travel time t*п, which
confirms the need to identify optimal travel time by calculations with optimization.
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These practices, as well as the examples given,
show that, as a rule, the driving time of the course is
taken for the traffic schedule somewhat longer than the
time obtained by traction calculations according to the
recommendations [2,3], which is associated with the desire to obtain a lower cost of transportation and ensure a
certain reliability of performance. train schedule.
However, these changes in train times are made
mainly on the basis of experience without appropriate
feasibility studies.
The above methodology allows us to present economically feasible limits for changing the running times
of a train for specific conditions that ensure the lowest
transportation costs. It is possible to perform traction
calculations in the Railway Administration using the
most probable determining position n ск_ for each stage
with an average train weight Qp and an average number
of axles mp in the train, which will bring their results
closer to real conditions and optimal solutions.
Identification of the determining position of the
driver's controller is carried out according to work experience and according to the data of traction and economic calculations carried out on a computer. With
Q≠Qр, it will be possible to complete the given time by
changing the positions of the locomotive driver's controller accordingly.
When developing a train schedule, it is possible to
set not a rigidly fixed time for the train to run along the
hauls, but the limits of its change from the smallest value
tпmin, obtained at the calculated position of the driver's
controller, to the optimal train travel time t*п. Then the
quality of the train schedule will not deteriorate and
there will be no difficulties in laying train lines or reducing capacity, that is, the optimal or close to it train time
should be used.
This will make it possible to obtain the greatest economic effect by providing a given volume of transportation with the work of locomotives. When scheduling
trains, all possibilities should be used to bring the accepted traffic modes closer to their optimal values.

For example, let the estimated travel time of the
train along the haul in an even direction is tпmin=12 min,
and the optimal train travel time is t*п=16 min. When
drawing up a timetable, an arriving train has a stop and
must stand for 8 minutes waiting for an oncoming, odd
train. In this case, it is advisable to take the travel time
of an even train not as calculated, but as optimal, and
significant money savings will be obtained without any
damage to the quality of the train schedule. The parking
time should already take not 8 minutes, but only 4
minutes, which will not cause difficulties in work. The
presence of a possible fluctuation of the driving time
ranging from the minimum tminр to the optimal t*р facilitates the construction of a traffic schedule and increases
the efficiency of transportation work. It is desirable to
carry out appropriate experimental calculations and
practical verification of these proposals.
The traction calculations currently being carried out
by the road authorities provide for the identification of
the maximum carrying capacity of the sections, without
reflecting the actual average conditions for the fulfillment of a given freight traffic. The actual organization
of the transportation work of locomotives can be reflected in traction calculations, provided that they are
carried out according to the average actual prevailing
conditions for the transportation work of locomotives in
the sections and taking into account the prospects for
their improvement.
Carrying out calculations for Qp, mp, zp and ncк will
allow taking into account specific opportunities for improving them due to the organization and technology of
the transportation work of locomotives. It is necessary
to separate the calculations related to the carrying capacity on the sections from the calculations related to the
identification of the most profitable organization of the
transportation work of locomotives, which will significantly increase its efficiency.
To illustrate the above, traction and energy calculations were carried out on one of the sections U-X of the
Uzbek railway, the results of which are presented in table 2.
Table 2.

Indicators of the transportation work of diesel locomotives 2TE10M with different organization and technology
of its implementation. L=127.1 km, Г=19 million net tons per year
𝐐,
𝐭 , min Е, кg
𝐦 , 𝒂𝒙𝒍𝒆𝒔 х

Options Qr and Tr
𝑝

Real options

Not real
options

1. Calculated according to ПTР [1] (𝑛к ,
𝑞0 = 17t/axles, 𝛿 = 0,675)
2. Accepted for chart
𝑞0 = 16,7,
𝛿 = 0,67
3. Average actual conditions
𝑞0 = 14,55,
𝛿 = 0,62
4. Optimal for medium conditions: 𝑃т∗ ,
𝑡п∗ ,𝑞0 = 14,55,
𝛿 = 0,62

𝐧с
𝐭𝐫𝐚𝐢𝐧𝐬/𝐝𝐚𝐲

Эх ,
Эг ,
rub/train
rub/year
participation

3400
200

112

940

22,8

187,5

200050

3200
192

115

910

24,3

186,0

2180225

2800
192

115

870

30,1

177,5

2617225

2800
192

136

770

30,1

155,0

2476026
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As can be seen from these data, the first two work
options are the most profitable, but at the same time they
are practically impracticable. Run all the given freight
traffic by trains weighing 3400 tons and 3200 tons is almost impossible.
In practice, this given cargo flow will be carried out
by trains with an average weight of 2800 tons, which
significantly reduces the efficiency of the transportation
work of locomotives (option 3). But this practically possible variant of work can also be optimized by choosing
the optimal Р*т and t*п and reduce the cost of funds to
fulfill a given cargo flow by almost 6-7 percent.

All of the above confirms the need for calculations
with the optimization of the process of transportation
work of locomotives and in this regard, studies to study
the possibilities of reducing the consumption of fuel and
energy resources for train traction through the use of optimal modes of driving a train on sections of railways,
including Uzbek ones, are timely and relevant.
These studies should be continued, taking into account the subsequent implementation of their results into
the practice of the enterprises of the locomotive complex
of railway transport, based on existing and newly developed mathematical methods of optimal control theory.
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ABSTRACT
The paper outlines reliability indicators of mining equipment such as "MTBF" (mean time between failures) and
"MTTR" (mean time to repair). Formulas for determination of probability, mean time between failures, availability factor
of mining equipment, parameters of flow of failures which influence indicators for quantitative estimation of reliability
of operation of components of mining equipment are given.
АННОТАЦИЯ
В работе изложены показатели надежности горного оборудования такие как, “MTBF” (среднее время между
отказами) и “MTTR” (среднее время ремонта). Приведены формулы для определения вероятности, средней наработки на отказ, коэффициента готовности горного оборудования, параметры потока отказов, которые влияют на
показатели для количественной оценки надежности работы компонентов горного оборудования.
Keywords: indicator, reliability, failure, operating time, system.
Ключевые слова: показатель, надежность, отказ, наработка, система.
________________________________________________________________________________________________
Mining equipment at mining enterprises is operated
in conditions determined by non-stationary modes of its
loading, gas contamination and sometimes high air humidity, sharp temperature fluctuations, atmospheric precipitation, instability of physical and mechanical
properties of rocks, etc.

It is known that the initial reliability of a product is
formed at the stage of its design, is ensured by the level
of production and installation technology, and is realized in the process of operation. The reliability of the
product is constantly decreasing in the process of operation, but can be restored after repair operations.

__________________________
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In order to ensure that mining equipment operates
reliably and perform its intended function, all components must work reliably, and the greatest attention must
be paid to the power equipment. The power equipment
used in mining machines differs in purpose, operating
principle, power, operating mode and other parameters.
The efficiency of equipment operation largely depends on its reliability and, therefore, it makes sense to
refer to canonical definitions of its essence and terminology accepted in the world practice of machine and
equipment engineering [1,2,3], which we applied in our
research.
Reliability is the ability of a system or component
of a system to perform the required functions under certain circumstances for a given period of time.
Readiness is the degree to which a system or component is available to operate when needed. It can be
thought of as the probability that a system or component
is capable of performing the required functions under
specified conditions at a given point in time. Readiness
is defined by the reliability of the system and the amount
of time it takes to recover in the event of failure.
The MTBF, or mean time between failures, is a
basic indicator of system reliability. It is usually expressed in hours. The higher the MTBF value, the higher
the reliability of the product. The MTBF affects both reliability and availability. Often more attention is paid to
availability, because in the event of a failure the most
important parameter is how quickly the system can be
restored to working order [4,5,6].
The reliability of equipment, aka the probability of
its failure-free operation, is defined as
P(t) = е -t/T,

In order for Equations 1 and 2 to be applicable, a
precise definition of failure and stipulation of assumptions must be made when analysing the MTBF value of
the system. In our case, failure is the inability of the excavator as a whole to perform the required functions, and
the assumptions are a group of conventions that limit the
range of failures that, for one reason or another, should
not be considered when assessing the MTBF of a particular system and machine. For example, failure resulting
from lack of power or transport, consumables, improper
use of equipment, damage to the machine by external
influences, failure of the diesel, etc. may not be taken
into account. All these conditions are usually stipulated
in the equipment's operating contract between the manufacturer and the user. For irreplaceable elements and
systems the main quantitative characteristics are: mean
time between failures (mathematical expectation of time
between failures) - T1, intensity of failures - λ(t) and
probability of no-failure operation (probability that
within a given time t no failure occurs) - P(t).
If each of the N objects of the same type has failed,
and the time to failure of an object is defined as t1, t2,...tN,
then
𝑡𝑖
Т1 = ∑𝑁
𝑖=1 ⁄𝑁 ,

Failure rate λ(t) is a conditional density of probability of occurrence of the object failure, determined under
the condition that up to the considered moment of time
the failure did not occur. To estimate the reliability of
the reconstructed elements and systems we use the mean
time between failures (reconstructed system) - T; the parameter of the flow of failures - ω(t) and the probability
of no-failure operation - P(t).
MTBF T is the ratio of the total operating time tsum
of the reconstructed object to the mathematical expectation of the number of its failures n during the time of this
operating time, which is

(1)

where T - is the MTBF equivalent, h; t - is the number
of engine hours worked.
MTTR, or the average time to recover from a failure, which can include the time required to diagnose a
fault, to call a technician on site, and the time required
to physically repair the system. In the event of a failure,
the amount of time required to bring equipment and production processes back into operation in order to minimize downtime as much as possible becomes the
deciding factor.
In practice, however, in the "wear and tear" operating mode, the MTBF is much shorter than the MTBF.
Therefore, there can be no direct correlation between
product lifetime and MTBF (or MTBF). It is quite possible to have a product with a high MTBF and yet a short
MTBF. MTTR affects availability, but does not affect
reliability. The higher the MTTR value, the worse the
system condition, i.e. the longer it takes for the system
to recover, the lower the system availability [4,7].
The availability factor KA is the ratio of the number
of engine hours worked TW to the sum of the number of
engine hours worked and the recovery time of the component TR

Т = tсум /n ,

(4)

If N facilities of the same type are observed, operating under the same conditions, it is permissible to combine the observations into a single statistical array
𝑇 = ∑𝑁
𝑖

𝑡𝑠𝑢𝑚𝑖
⁄𝑛
𝑖
𝑛

,

(5)

where tsumi and ni are, respectively, the total operating
time and the corresponding number of failures of the ith object (i = 1, 2...N).
The failure rate parameter ω(t) as the ratio of the
mathematical expectation of the number of failures of
the reconstructed object in a sufficiently small operating
time Δt to the value of this operating time, is determined
by the formula
𝜔(𝑡) = lim{𝑀[𝑛(𝑡 + ∆𝑡) − 𝑛(𝑡)]}/∆𝑡,
∆𝑡

КA = ТW/(ТW + ТR),

(3)

(2)

(6)

where the difference n(t +Δt) - n(t) is the number of failures over the operating time Δt. In practical reliability
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calculations, it is sometimes more convenient to use the
"probability of failure" of an object q(t), and since "nofailure" and object failure are opposite events,
P(t)+q(t)=1.
For the simplest failure rate, the value of the failure
rate parameter ω(t)=ω=const and is equal to the inverse
of the average MTBF of the object, i.e. ω =1/T. If the
object is non-recoverable, the failure rate λ(t)=λ = const
and λ = t/T1. The failure rates ω and λ are inverse dimensionality to the mean time to failure T1 or mean time to
failure T. For T1 and T, with the dimensions hours, tons
or cubic metres, the dimensions ω and λ are h-1, t-1 or
(m3) respectively.

Conclusion
Thus, the main functional groups of sequentially interacting elements of mining equipment have been identified, which allows to organize the reception of
statistical data on the reliability of all main systems of
machines under specific conditions of their operation, to
assess promptly and perform a comparative analysis of
the reliability of various components and the readiness
of equipment in general, and to define the nomenclature
of indicators for quantitative assessment of various
properties of the reliability of mining equipment in accordance with the existing standarts.
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ABSTRACT
This article presents the results of various proposed new compositions of absorbents in the purification of gases from
acidic components. At the same time, the corrosive effect of these absorbents on gas cleaning devices was studied,
methods for reducing this corrosive activity were developed and proposed.
АННОТАЦИЯ
В данной статье представлены результаты различных предлагаемых новых композиций абсорбентов в
очистке газов от кислых компонентов. В то же время было изучено коррозионное воздействие этих абсорбентов
на устройства газоочистки, разработаны и предложены методы снижения этой коррозионной активности.
Keywords: amines, absorbent, carbon dioxide, sulfur, gas purification
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________________________________________________________________________________________________
When RSH mercaptans interact with alkalis in the
purification. The methods are also inefficient for purifipresence of O2 and CO2, which are always, albeit in
cation from thiophene C4H4S and its derivatives [1].
small quantities, in gases, di- and polysulfide’s are
Solutions of mono- and diethanolamine with variformed, which are poorly soluble in the absorbent. Carous activating additives, such as N-methylpyrrolidonebon supplied, organic sulfides RSR' (and a number of
2, dipropanolamine, etc., are also widely used to remove
other compounds) are neutral in nature and dissolve in
acidic sulfurous substances [2].
these absorbents, although their sorption capacity is
Adsorption methods have become widely used.
much less than that of RSH. The presence of CO 2 in
They are based on the selective absorption (adsorption)
gases above 0.1–0.3% leads to its preferential dissoluof sulfur compounds by solid sorbents. As a rule, adtion, significantly reducing the absorption of RSH. In
sorption is carried out at a temperature of 20–50 °C and
natural gases, the CO2 content is usually above 0.7%,
elevated pressure, and regeneration (desorption) of an
which makes it difficult to use these methods for fine
adsorbent saturated with sulfurous substances is carried
__________________________
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out at low pressure and a temperature of 100–350 °C.
For regeneration, any of the inert gases, low-sulfur natural or petroleum gas, water vapor, etc. are passed
through the adsorbent layer [3].
In a number of cases, catalytic reactions proceed
simultaneously with adsorption, as a result of which sulfurous substances are converted into elemental sulfur,
which is extracted during regeneration and then used.
As an adsorbent, activated carbon of the AR-3,
SKT-1 and other brands, as well as coal with alkali additions, is used. At the same time, along with purification from sulfurous substances, benzene and toluene are
also extracted from gases, which are then released during regeneration.
For the purification of polysulfurous natural and petroleum gases, molecular sieves (zeolites) of the CaA
and, especially, NaX brands have become widely used
as adsorbents. Their adsorption capacity largely depends
on the content of H2O, CO2 and higher hydrocarbons in
gases, operating conditions and the degree of purification and ranges from 2 to 18% [4].
The presence of heavy hydrocarbon vapors in the
gas has a significant effect on the capacity of zeolites for
sulfur compounds. According to the degree of sorption
on zeolites, the compounds that are part of natural gas
can be arranged in a row:

(adsorption stage), and on others, adsorbents are regenerated.
Chemisorption and catalytic methods
The disadvantages inherent in absorption and adsorption methods force the use of more universal catalytic and chemisorption methods.
They can be divided into the following groups:
a) catalytic: organosulfur substances undergo hydrogenolysis to saturated hydrocarbons CnH2n + 2 and
H2S, destruction (cracking) with the formation of unsaturated hydrocarbons CnH2n and H2S, hydrolysis with
elimination of H2S and its oxidation to SO2;
b) chemisorption: interaction of sulfurous substances with metals or their oxides occurs with the formation of metal sulfides;
c) chemisorption-catalytic: in its first stage, chemisorption processes occur, in the second, after partial sulfidation of the contact, simultaneously chemisorption
and catalytic processes on the formed metal sulfides as
catalysts, and in the third, after complete sulphurization,
only catalytic processes.
Among the catalytic methods, the methods of hydrogenolysis of organosulfur substances are the most
widely used [3]. For this purpose, catalysts based on Ni,
Mo, Co, W, etc. are widely used. At the same time, the
following reactions can occur in the temperature range
of 300–450 °C:

H2O>RSH>H2S>COS>CO2.
RSH + H2 → RH + H2S,
The main problem of adsorption purification of gas
on zeolites from hydrogen sulfide in the presence of CO2
is that during the adsorption of CO2 and H2S, carbon sulfide (COS) is formed according to the reaction:

RSR' + 2H2 → RH + R'H + H2S,
C4H4S + 4H2 → C4H10 + H2S,

CO2 + H2S → COS + H2O.

COS + H2 → CO + H2S,

Although the equilibrium constant of this reaction is
small and amounts to 6.6∙10-6 at 298 K, however, the
almost complete removal of H2O vapors in the frontal
layer of the zeolite shifts the equilibrium to the right, and
this leads to the formation of significant concentrations
of COS. The regeneration of zeolites is carried out with
nitrogen, low-sulfur natural or petroleum gas, and in the
regeneration gases (regenerators) the content of sulfurous substances increases by 5–10 times compared to the
initial one. In addition to coals and zeolites, aluminum
oxide, bauxites, aluminosilicates, etc. are also used in
the purification process. The advantage of adsorption
methods is the possibility of carrying out the process at
low temperatures, as well as fine purification of gases
not only from hydrogen sulfide, mercaptans, organic
sulfides, but also from substances that are difficult to remove by other means, such as thiophene and its derivatives.
This method also has a number of significant drawbacks. Almost all gases contain a certain amount of H2O,
CO2 vapors, higher hydrocarbons, which are well adsorbed by coals and zeolites, which reduces the sulfur
capacity of adsorbents. The periodic purification process
requires the installation of several columns operating in
parallel: on some, sulfurous substances are absorbed

COS + 4H2 → CH4 + H2O + H2S,
CS2 + 2H2 → C + 2H2S,
CS2 + 4H2 → CH4 + 2H2S.
Catalysts based on elements of groups VI and VIII
are widely used for hydrodesulfurization. Basically, Co
or cheaper Ni (3–5%) and Mo (10–15%) deposited on
active γ-Al2O3 are used. For stable operation of catalysts, it is necessary that the gas contains at least 5%
(preferably 9–11%) hydrogen. The presence of CO and
CO2 in the purified gas in the amount of 1–2% does not
affect the purification process.
A simplified approach to the calculation of the hydrogenation stage is as follows [5]. Assuming that: a) the
reaction order in terms of organic total sulfur is the first;
b) the temperature along the gas is constant; c) ideal displacement occurs in the catalyst layer, we get
V = k/ln(cin/cout),
where V is the volumetric velocity of the gas flow; k is
the rate constant; cin and cout are the input and output
contents of organic total sulfur, respectively.
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With different input contents c1in and c2in for the corresponding volumetric velocities V1 and V2, at which the
values of cout are the same, we have:

ratus), we obtain for the maximum allowable hydrogenation volumetric rate at the actual sulfur content V 2
» 3000 h-1. A more active catalyst, with a higher k value,
can be loaded even less.
In gas and petrochemistry, desulphurization masses
based on oxides of zinc, copper, chromium are mainly
used, which have received significant distribution.
Chemisorbents can also be used for single-stage purification, if the source gas contains practically only H2S or
organic sulfur substances in an amount of not more than
5–7 mg/m.

V2 / V1 = ln(c1in /cout)/ ln(c2in /cout).
With an allowable content of organic sulfur after the
hydrogenation stage of 1 mg/m3, nominal value c1in = 80
mg/nm3, actual maximum single content (JSC Metafrax,
Gubakha, Perm region, see section 3) c2in = 11.1 mg/m3,
V1 = 1650 h-1 (nominal load of the hydrogenation appa-
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ABSTRACT
The generator is the main element of the electrical equipment of the wind electric installation. In addition to the main
purpose, the generator must perform certain functions for stabilizing and regulating parameters that characterize the quality of the generated electrical energy. Therefore, the choice of a generator is the main condition for a wind turbine. This
paper presents comparisons of electrical generators used for wind turbines. The advantages and disadvantages of electric
generators are indicated, which simplifies the choice of the type of generator for a wind electric installation.
АННОТАЦИЯ
Генератор является главным элементом электрического оборудования ветроэлектрической установки. Кроме
главного назначения генератор должен выполнить определенные функции по стабилизации и регулировании параметров, которые характеризуют качество выработанной электрической энергии. Поэтому выбор генератора является главным условием для ВЭУ. В этой работе представлены сравнения электрических генераторов
применяемый для ветроэлектрической установки. Указаны преимущества и недостатки электрогенераторов, благодаря которому упрощается выбор типа генератора для ветроэлектрической установки.
Keywords: WEI, synchronous generator, asynchronous generator, two-speed asynchronous generator, renewable
energy.
Ключевые слова: ВЭУ, синхронный генератор, асинхронный генератор, двухскоростной асинхронный генератор, возобновляемая энергия.
________________________________________________________________________________________________
Introduction
Currently, in the development of the energy sector,
much attention is paid to renewable (non-traditional) energy sources. The local placement of wind installation,
ease of installation of the mechanism and application are
clear advantages relative to conventional energy sources
[1]. A wind electric installation (WEI) or a wind generator is installation that converts the kinetic energy of the
wind flow into the mechanical energy of the rotor rotation with further conversion into electrical energy. The
development of various types of generators for wind
electric installations currently plays a very important

role. It is necessary to systematize data on the use of different types of generators for wind turbines of different
capacities, depending on the operating conditions and
the type of load [2]. This will allow the maximum use of
the potential of the wind flow. It is necessary to analyze
and establish the dependence of the influence of wind
speed on the amount of electricity generated by various
types of generators and to establish which type of generators has more stable energy characteristics at low
wind speeds. Three main factors influence the choice of
a generator for wind electric installation:
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1) Output power (kW), determined only by the
power of the converter (inverter) and independent of
wind speed, battery capacity. This parameter defines the
maximum number of electrical appliances that can be
connected to the electrical supply system at the same
time. It is not possible to simultaneously consume more
electrical energy than the power of the converter allows.
Several inverters can be connected at the same time to
increase the output power.
2) The time of continuous operation in the absence
of wind or in light wind is determined by the capacity of
the battery and depends on the power and duration of
consumption.
3) The battery charge rate depends on the power of
the generator itself. Also, this speed is found depending
on the wind speed, mast height. The more powerful the
generator, the faster the battery will be charged, which
means that electrical energy from the battery will be
consumed faster [3]. For wind electric installations, the
following types of generators are used:
1. Asynchronous generators with short circuit rotor
2. Asynchronous generators with a phase rotor
3. Two-speed asynchronous generators
4. Synchronous generators with magnetoelectric
excitation
5. Synchronous generators with electromagnetic
excitation
6. Asynchronous synchronous generators, etc.
Currently, in the development of the energy sector,
much attention is paid to renewable (non-traditional) energy sources. It is necessary to systematize data on the
use of different types of generators for wind turbines of
different capacities, depending on the operating conditions and the type of load. This will allow the maximum
use of the potential of the wind flow. It is necessary to
analyze and establish the dependence of the influence of
wind speed on the volume of electricity generated by
various types of generators and to establish which type
of generators has more stable energy characteristics at
low wind speeds.
Synchronous generators with magnetoelectric
excitation and with electromagnetic excitation used
in WEI
Synchronous generator with magnetoelectric
excitation. This generator has a simple design, is easy
to maintain, reliable and has a high efficiency. Thanks
to the use of high-ercivity permanent magnets, the characteristics of this generator are improved. At the same
time, there is a difficulty in regulating and stabilizing the
voltage. Therefore, it is also called a permanent magnet
synchronous generator.
Thanks to the regulation of reactive power, which
enters the generators from the capacitor, voltage stabilization is carried out. In SG with magnetoelectric excitation, a gearbox is important, which means additional
losses. Despite this, this synchronous generator is the
most common wind turbine generator. Today, various
studies are being carried out to improve the design and
performance of a permanent magnet synchronous generator.
Advantages:
1) Elimination of sliding contact,

2) Great work reliability,
3) High efficiency
Flaws:
1) The importance of acquiring expensive permanent magnets,
2) The invariance of the magnetic flux, the impossibility of its regulation,
3) Big cost,
4) Lack of domestic production base.
Synchronous generator with electromagnetic
excitation
Advantages:
1) Possibility of reactive power regulation by the
generator
2) When using a direct current converter with an explicit link and a voltage inverter with pulse-width control, it becomes possible to obtain low harmonic content
in currents.
Flaws:
1) High cost, complex device, less reliable compared to AM
2) Complicated design, increased weight and cost
due to the importance of gearless installation,
3) Scheme of the rigid dependence of the EMF frequency on the rotation speed, etc. As a result, it is limited, and in places with a sharp gust of wind makes it
impossible, the use of a synchronous generator for direct
connection to the network without a PFC.
4) It is necessary to use converters with an explicit
DC link and a voltage inverter in order to provide current
and voltage parameters with acceptable technical characteristics.
Asynchronous generators used for WEI
The asynchronous generator has the simplest design, is reliable in maintenance and has a lower cost
compared to the permanent magnet synchronous generator. The use of this generator in off-grid wind turbines
has not been widely used before. This was due to the
absence of small-sized capacitors, due to which the generator is excited and the reactive power of the load is
compensated, and it was also due to the difficulty of stabilizing the output voltage. But when more compact capacitors and new voltage stabilization systems appeared,
these problems were solved. AG is more often used as a
wind generator of small and medium power, since it is
cheaper than a permanent magnet synchronous generator [4]. As a result, it can be said that due to many properties, an asynchronous generator, especially due to its
low cost, is widely used in wind electric installations.
Basically, two-speed asynchronous generators are
widely used.
Asynchronous generator with a phase rotor
Advantages:
1) Possibility of cascade connection of two asynchronous generators or connection of an asynchronous
generator and DCT of parallel excitation,
2) Easy maintenance,
3) Reliability,
4) Small fluctuations in power output.
Flaws:
1) The importance of installing gearboxes,
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2) Impossible control of regime parameters, which
is very important in gusty winds,
3) In autonomous modes, an autonomous source of
reactive power is important,
4) The presence of a sliding contact, which leads to
a decrease in reliability.
Asynchronous generator with short circuit rotor.
This generator has the same disadvantages as the AG
with a phase rotor. Consider the advantages of this generator:
1) Easy and reliable in maintenance,
2) Low cost,
3) It has very low fluctuations in power output, electromagnetic torque and current in parallel operation and
variable wind speed.
Two-speed asynchronous generators. A twospeed asynchronous generator is an asynchronous generator that operates in two speed modes. Step adjustment
is provided by series-parallel switching of the stator
windings. Unlike standard asynchronous machines,
these machines have additional rotational speed designations. With this design of a two-speed generator, the
overall and connecting dimensions are identical to
standard electric motors. These generators are used to
drive gearboxes, geared motors, fans and other applications that require a change in speed. The main of these
installations is the wind electric installation [5].
As previously stated, in order to increase the efficiency of wind application, stepwise speed control began to be used. For this, two windings with a different
number of pole pairs are placed in the generator stator.
At the lowest wind speed, in order to maintain optimal
speed, a low speed of rotation of the wind wheel is used
and the winding with the largest number of pole pairs is
included in the generator. When the wind speed rises
above a certain limit, it switches to the lowest value of

the number of pole pairs and an increase in rotation
speed is allowed.
Consider the advantages of a two-speed generator
used for wind electric installation
1) Low noise level
2) Minimum vibration
3) High performance
4) High starting torque
5) Simplicity and reliability of design
6) Ability to work at two speeds
Conclusion
Thanks to all the advantages and disadvantages we
have considered, we can come to the following conclusions. In autonomous electrical networks, when using
wind turbines with a power of up to 200 kW, it is recommended to use synchronous generators (SG) with
permanent magnets (SGPM), which have advantages in
terms of power, economic indicators, low losses and efficiency. The SG has a rigid dependence of the frequency of the generated EMF on the shaft speed. If the
wind is gusty, then high values of variable components
in the regime parameters are formed in the generator
and, together with the network, the operation of such
generators deteriorates. This limits, and in regions with
sharp variable winds, makes it impossible to use the SG
for direct connection to the network. With such work, a
semiconductor frequency converter is installed between
the generator and the network. Two-speed wind electric
installations are widely used because their circuit is
quite simpler than circuits with converters. The use of a
two-speed asynchronous generator makes it possible to
increase the generation of electrical energy at low wind
speeds from 3.5 to 5 m/s. Therefore, at present, in wind
electric installations, the use of two-speed asynchronous
generators is the best.
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