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DEVELOPMENT OF A WEB APPLICATION FOR DATA ANALYSIS
AND VISUALIZATION TO ENSURE THE SAFETY
OF TECHNOLOGICAL PROCESSES

Abstract

Modern technologies have developed quite well lately, and in addition to the banal data collection and
processing, modern algorithms are able to predict the behavior of equipment and prevent the occurrence of
malfunctions and failures in advance and take actions to reduce the likelihood of an accident and warn the relevant
employees. Within the framework of this study, the authors proposed the development of a web-application for the
analysis and visualization of data from UK-TPP to ensure the safety of technological processes. Ust-Kamenogorsk
TPP is a regional thermal power plant, heat and electricity generation covers 80% of the load of the housing and
communal sector of the city and industrial enterprises. The TPP is part of the unified energy system of Kazakhstan.
The application being developed has a web interface that will display and visualize data from the main sensors and
instruments of the UK TPP, as well as prevent equipment malfunctions and analyze the behavior of sensors using
machine learning. Node.js was chosen as the main software platform used, built on the java script programming
language, using additional modules that expand the capabilities of this programming language, written in ¢ ++,
which speeds up working with data arrays, receiving, and sending them.

Key words: data analysis, visualization, safety of technological processes, UK-TPP, device, Web-application,
monitoring, node.js, java script.

Introduction

Analysis and visualization of large data arrays is a topical issue in many areas of activity that
use data arrays in their work. The issue of automation of work with data is an important aspect in
the modern world, the arrays of data used are only increasing every year and there are not enough
human resources for a one-time continuous analysis and monitoring of indicators [1]. The issue of
automation is extremely acute in such enterprises as a combined heat and power plant since the issue
of analyzing and tracking data in such enterprises is the most important aspect of work. Analysis and
timely search for critical indicators can prevent equipment breakdown and emergency situations.
Monitoring the behavior of equipment, timely transmission of data, the use of visualization modules,
ensuring the safety of technological processes by means of alerting users are key in terms of solving
this issue [2].
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Among the latest modern tools, advanced technologies based on machine learning are used,
which, with the help of machine code learning, are able to solve the problems of analyzing and
predicting the behavior of large data sets at a level close to human thinking, but at the same time,
many times higher than the performance and speed of human thinking, which is many times more
effective than an ordinary employee [3].

In addition, the program can independently analyze critical data and inform the relevant
employees about the behavior of faulty equipment, visualize the change in sensors over time [4].
To analyze the emergencies that have occurred, the arrays of processed data are recorded in various
databases, using backup, so that even in the event of global emergencies, the picture of the events
that have occurred can be restored.

To optimize the analysis of indications of various equipment, web interfaces are created so that
employees can analyze the behavior of the equipment they need live. Modern interfaces can be
viewed using mobile devices, thanks to which employees are not “tied” to the workplace because of
the computer, which greatly optimizes the work with data [5]. For the same purpose, to alert about
the occurrence of emergencies, bots are used that send alerts in various popular social networks.
This is an effective solution, since every modern person has a mobile device at hand, which will
significantly speed up the notification of the relevant employees and taking measures to eliminate
existing problems.

The aim of the study is to develop a web-application for the analysis and visualization of data
from UK-TPP to ensure the safety of technological processes. The application being developed has
a web interface that will display and visualize the data of the main sensors and instruments of the
UK TPP [6], prevent the occurrence of equipment malfunctions, and analyze the behavior of sensors
using machine learning.

The main task of the thermal power plant is to provide hot water and electricity supply services
for consumers. Node.js was chosen as the main software platform used [7], built on the java script
programming language, using additional modules that expand the capabilities of this programming
language, written in C ++ [8], which speeds up working with data arrays, receiving, and sending
them.

As part of the study, the node-red visual programming interface was chosen [9], since it is quite
easy to use and configure, which does not require great programming skills and work with other
software, therefore, to work with this web interface, you do not need to have great skills in working
with programs, which will simplify the introduction of a new program. Java Script is the main
programming language of this platform [10], and all the code of each module is written in it, also,
using additional nodes, you can connect third-party libraries of other programming languages, such
as python [11].

Methology

The role of machine learning in the technological process of ensuring security

Machine learning plays a key role in the creation of intelligent monitoring and control systems
that help prevent equipment failures and ensure the continuous and safe operation of production
processes, such as:

+ Anomaly detection: Machine learning allows you to create models that can analyze data from
sensors and identify abnormal behavior of equipment that may indicate a potential malfunction. This
may be a deviation from normal operating parameters, as well as the appearance of specific signals
or patterns preceding a malfunction.

¢ Predicting the probability of failure: Machine learning models can be used to predict the
probability of equipment failure in the future based on its current state and already existing data.
This helps to take proactive measures to prevent breakdowns and plan maintenance.
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+ Adaptive Hardware Management: Machine learning models can be integrated into hardware
management systems for real-time decision making. For example, based on the analysis of sensor
data, the model can automatically adjust the operating parameters of the equipment to minimize the
risk of malfunctions.

¢ Maintenance optimization: Machine learning helps to optimize the maintenance schedule of
equipment. Based on predicting the probability of failure and analyzing data on the condition of
equipment, optimal maintenance strategies can be developed, for example, to carry out maintenance
when it is really necessary, and not according to a strict schedule.

¢ Improving production efficiency: Fault prevention using machine learning helps to reduce
equipment downtime and avoid loss of production capacity due to unexpected failures. This helps to
increase the efficiency and cost-effectiveness of production processes.

The process of preventing equipment malfunction using machine learning and analyzing sensor
behavior can be described as follows:

1) Sensor selection and equipment installation. At the beginning of the process, the necessary
sensors are determined to monitor various equipment parameters. These include: temperature,
vibration, pressure, liquid level sensors and others, depending on the type of equipment.

2) Data collection. Sensors are installed on the equipment, and data collection on its operation
begins.

3) Data preprocessing. In order for the data to be ready for analysis, it must be preprocessed.
This includes noise filtering, elimination of outliers, normalization of values.

4) Modeling and training. At this stage, machine learning methods are used to create a model
capable of predicting possible malfunctions. Classification and regression algorithms are used,
depending on the specific task. The model is trained on existing data that contains information about
the condition of the equipment and actual malfunctions.

5) Model implementation. After training the model, it is ready for use in real time. The model
can be integrated with an equipment monitoring system for continuous analysis of data coming from
Sensors.

6) Anomaly detection and warning. When the equipment is in operation, the model analyzes
data from sensors in real time and identifies abnormal or unusual indicators that may indicate a
potential malfunction. If such anomalies are detected, a warning or an automatic signal is generated
to the operator or control system to take the necessary measures.

7) Model update. New data on the operation of the equipment is constantly being collected,
and this data can be used to continuously improve the model. The model is periodically updated and
retrained on new data, which improves its accuracy and efficiency.

This process allows you to quickly detect potential problems with the equipment, minimizing the
risk of accidents and increasing the efficiency of its operation.

Technological processes of UK TPP

Ust-Kamenogorsk TPP is a regional thermal power plant, in which the generation of heat and
electricity covers 80% of the load of the housing and communal sector of the city and industrial
enterprises. The TPP is part of the unified energy system of Kazakhstan [12].

Ust-Kamenogorsk TPP was launched in 1947, for the first time in Kazakhstan, high-pressure
equipment was installed on it. In Soviet times, it was part of the regional energy management
department, covering the territories of the East Kazakhstan and Semipalatinsk regions [13]. In 1997,
it was among the six power plants transferred to the American energy corporation AES. In April
2017, AES sold the Ust-Kamenogorsk and Sogrinsk TPPs to the Kazakh company Kazakhstan
Utility Systems [14].

The main purpose of the combined heat and power plant, as the name suggests, is the generation
of electricity and hot water to cover the needs of consumers.

The full cycle of operation of the UK TPP is shown in Figure 1 (p. 68).
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Figure 1 — Operation cycle of Ust-Kamenogorsk TPP

Simplistically, the operation of a combined heat and power plant can be described as follows —
the cycle begins with the operation of a pumping station that pumps water from the Ulba River and
also takes water from the return flow of hot water, then the process of distillation of the resulting
water takes place using chemical water treatment, the resulting distilled water enters the boiler,
where the water is heated with the help of coal obtained by conveyors, then the water is heated and
converted into steam, the high-pressure steam is conveyed through the pipeline to the turbine, where,
using steam pressure, turbines rotate, the turbines, in turn, rotate generators that convert mechanical
energy into electricity, after which the generated electricity is passed through transformers, a stable
alternating voltage is created and transmitted to the consumer [15]. The resulting steam passes further
through the pipes and is transferred to the condensate, where the steam is converted into water and re-
filtered, then the resulting water is mixed with that which has not evaporated in the boiler and enters
the heat units for the final preparation of the coolant for supply to the consumer. Further, by means of
pipes and thermal wells, hot water is transferred to the consumer. Unused hot water, having passed
through the consumer, returns to the TPP, and repeats the entire chain again.

Within the framework of this work study, only the aspect of thermal generation of a combined
heat and power plant will be used.

Results and Discussion

The main requirement for the functioning of the web interface is the presence of its software
platform, namely, the key element of the application is Node.js [16]. This platform is installed using
the usual installer of the latest stable version of the program. It is also necessary to install all the
required software packages and libraries. The next condition is to install the main extension, which
acts as the web interface itself, namely node-red. This extension will act as the main editor of various
chains of nodes and program code, will act as a link for all elements. This extension is installed using
the package installation manager — NPM, using the appropriate command (Figure 2, p. 69).
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Figure 2 — Launching the node red package installation manager using the command line

To start working with the web interface, you need to run the executable module on the command
line using the appropriate command (Figure 3).

Figure 3 — Running node-red using the command line

The editing menu of this web interface (Figure 4, p. 70) is launched on the local host using
port 1880 (http://127.0.0.1:1880). You can open this menu in any browser, but it is preferable to
use the Google Chrome browser, as some functions may not be supported in other browsers, or the
displayed information may not be correct. As mentioned earlier, using this interface, you can create
a sequence of nodes that will execute the program code sequentially, according to the location of the
nodes in the chain. For each block of this chain (node), you can prescribe certain parameters, set your
own program code, customize the appearance of the displayed element, and specify the behavior
algorithm. Program code is written primarily in the java script programming language.
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Figure 4 — Node-red interface window

For all aspects of the program to function correctly, it is necessary to install all the main node
libraries (Figure 5).

The chains of program nodes are built from the nodes listed by the libraries. Nodes can act
as various structural blocks responsible for various tasks: receiving and outputting information,
outputting data of various formats to a web page, executing special program code, processing
data, interacting with programs and servers using various data transfer protocols, interacting with
databases, etc.

The web interface is a tool for providing a user interface, by means of dynamic web pages, for
the purpose of managing the program, by means of the http protocol [17]. In this case, node-red is
selected as the web interface (Figure 6). Node-red is a web interface that acts as a visual programming
tool that uses various libraries and extensions, of which there are a huge number of variations, which
greatly simplifies the development of various programs [18]. This web interface was chosen because
it does not require much knowledge in programming and any employee can easily interact with this
interface. Working with the interface, as the name says, is carried out by means of working with a
dynamic web page that acts as a web interface.

The Node-red web interface consists of several parts. On the left side is a list of all installed
nodes that can be used as modules to create node chains. In the center is located directly the
workspace for the location of these very nodes, called the flow. For the convenience of debugging
and load distribution, several threads should be used, so that in the event of a malfunction, a qualified
employee can turn off a certain thread so that the program can continue its work, and the employee
can fix the malfunction without harm to users.

Customizable web interface tabs:

1. The “Info” tab is used to display detailed information about streams and the global node
configuration.

2. The “Help” tab displays brief information about the selected node.

3. The “Debug” tab is used for debugging and troubleshooting.

4. The “Configuration” tab is used to display information about the elements used (the number
of elements used on streams).
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“MSSQL”
*node used to connect to the database, create and receive SQL queries using the TDS protocol.
“Dashboard”

* a dashboard used to display information in the form of various graphs, instrument indicators, tables and
diagrams. Also. with the help of this node. tools for interaction are used: buttons. sliders. inout fields. etc.

“Bool-gate”
¢ a node that 1s a switch using boolean values.

“Date-converter”

«a node used to convert time from various formats.
“Modbus”

* anode used to connect to a server built on OPC technology that transmits and receives information via the
modbus protocol.
“OPC-DA”
* node used to connect and interact with servers that work according to the OPC-DA standard. This standard
is used for real-time data exchange.
“Time”
+the node used to get the current date and time.
“Telegrambot”

*host used to manage the telegram bot.

“Random”

enode used to generate random numbers.
“PythonShell”
*node used to connect third-party libraries built in the python programming language.

Figure 5 — Main node libraries
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Figure 6 — Node-red web interface window

The main node used to display information from the sensors and devices of the UK TPP is the
Dashboard node. This node is a graphical panel consisting of several elements that can be used to
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display sensor data in the form of various diagrams, graphs, tables, etc. The main elements of this
node are: “Text” (output of static and dynamic text), “Graph” (output of graphs), “Audio” (audio
output), “Dashboard” (output of sensor readings in the form of a dashboard), “Alert” (display an
alert), “Number” (select numerical values using the interface arrows), “Dropdown Menu” (select
from multiple pop-up panels, when clicked), “Select Color” (select a color from the color palette),
“Switch ” (boolean switch), “Slider” (horizontal slider with which you can adjust the transmitted
value), “Form” (fillable form), “Text” (text input), “Date” (date selection).

This dashboard will be displayed on the local host by the link http://localhost:1880/ui . It is
this page that all users will use to display information and interact with the interface, except that to
connect, users will need to specify the IP address of the server instead of the “localhost” value. You
can automate this process using the local DNS of the current server by creating a record of the ratio
of the IP address of the dashboard [19] and, for example, the name of the page “UkTPPDashboard”.
Thus, when entering this combination of words in the browser, the server will find the ratio of the
record and open the dashboard page.

To display indicators, it is necessary to create sections with information output and display them
according to special templates. The templates should also be optimized for mobile devices. The main
sections are:

1. “Generation” — This section is used to display basic data on heat generation at the UK-TPP,
namely indicators of total generation, loss and net return to consumers. Basic graphs and data from
the database.

2. “Ta” The main indications of all heat units and a general graph of all indicators.

3. “Water” — Readings of all pipes and jumpers, such as: flow rate, pressure, temperature, etc.

4. “Water (graphs)” — Displaying pipe indicators on general graphs.

5. “Table” — Output of any indicators from the database for a certain period using the selection
drop-down menu.

6. “Graph” — Displays graphs for any indicators for a certain period using the drop-down menu
of choice.

Main modules of the web application

a) Module “Ta”

This section is used to display the performance of all heat units. The heat unit is a key link in
the heat supply system, designed to prepare the heat carrier in accordance with consumer demand.
This heating system is centralized and has a high efficiency. The heat carrier in this case is hot water,
with the necessary indication of temperature and pressure. If the values of the unit heat indicators are
equal to 0, this means that this heat unit is turned off due to repair or another reason. General readings
of all heat units go to the “Generation” section.

Nodes used in this chain:

1. Injector — a node used to launch a chain of actions, it initializes the launch of the chain with
the required interval and action parameters.

2. Change — a node used to write data to local and global variables for further use in other chains
of nodes.

3. Function — a node used to execute program code written in the java script programming
language.

4. Dashboard — elements of this node are used to visualize information in the form of various
graphs, tables, dashboards, text, etc. To use them, certain parameters of input data and displayed
elements are filled. The dashboard itself with graphs and indicators “Dashboard” will be a dynamic
web page that opens at the link http://127.0.0.1:1880/ui.

5. Debug — this node is used to debug the input data and indicate the operation of the node.

6. Delay — a node used to create a delay before transmitting data to the next node.
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Figure 7 — Scheme of the “TA” module

For data visualization nodes to work, they need to set: a navigation bar tab and a group (where
the element will be displayed on the dashboard), set the size corresponding to the size of the average
screen of a mobile device, the input data format (values that will be transferred from the local array),
set units of measurement, set the color of the dashboard to change when it goes beyond the norm
(Figures 8).

In addition, this chain of nodes uses the delay node, this node sets the delay before executing
the next node. The node was added in order to sequentially update the dashboard data, to optimize
the updated data, since with a one-time update of all dashboard sensors, on weak devices, the load
increases at that moment, as a result of which the browser freezes slightly, sequential data updating
solves this problem.

MIMeHHTL yIen gauge — Omaema m
YaanuTe [:? COmaena m @ CeoicTea - AT |

£ CeolcTea . o @ = BB Group [TA] G4 - | #
H Size Bxg
B Group [Ta] G3 v |
I Label ALLTA
HE Size 2x2
e~ Type L Line chart w O enlarge points
= Type Gauge ~
X-quds last| 1 dal,{b ~ OR 1000 | points
I Label TA1
X-axis Label » HH:mm:ss O asuUTC
I Value format | {{payload[38] value}} B i3 o
I Units MVA, Legend Show w  Interpolate bezier b
Range min 0 max 150 Series Colours - -
Sectors 0 110 125 . 150
Blank labal display this text before valid data arrives
¥ Mame % i

Figure 8 — Dashboard Gauge Setting Window and Graph Setting Window
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The display of the section on the computer and mobile devices can be seen in Figure 9 and
Figure 10.

Figure 10 — Display window of the “TA” module on the smartphone

b) “Generation” module

This section (Figure 11) is used to display the main statistics for warm water. The main calculation
indicators are derived: losses, given to consumers and generation. These readings are also displayed
in a schematic circular graph.
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Figure 11 — Scheme of the “Generation” module
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The display of the “Generation” section on a computer and mobile devices can be seen in Figures
12 and 13.
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Figure 12 — Display window of the “Generation” module on the computer
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Figure 13 — Display window of the “Generation” module on mobile devices

¢) “Water” module
This section (Figures 14 and 15, p. 76) displays the indicators of the main pipes responsible

for supplying hot water to the consumer, various jumpers, and collectors. The section displays pipe
indicators, namely: temperature, density, and water flow rate. A feature of this section is that for data
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visualization, in addition to the dashboard node, the “Charts” node is used, which is responsible for
temperature visualization.
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Figure 15 — Scheme of the “Water” module, part 2
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The chain of this node begins by running the loop along with the program and then polling the
chain once every ten seconds. Next comes the process of obtaining an array of machine learning
data and writing to a local one, to further process the data. With the help of functions, the node
analyzes the received data and compares them with the corresponding sensors, creates local arrays to
configure each sensor and graph. The resulting data is passed to the dashboard and ladder nodes to
visualize the corresponding values. Values such as: the name of the current sensor, its value, critical
data ranges, maximum sensor ranges, whether the value is critical, etc. After visualizing the data,
debug nodes follow, displaying the correctness of the transmitted data and signaling the operation of
the node. Further, if necessary, a more precise name is specified for the sensor, to correctly display it
on the chart. The last element in the chain is the dashboard node responsible for plotting the graph.

For the data visualization nodes to work, they need to set: a navigation panel tab and a group,
set the size corresponding to the size of the average screen of a mobile device, the input data format,
set the units of measurement, set the dashboard color to change when it goes beyond the norm. In
addition, this chain of nodes uses the delay node, the node sets the delay before executing the next
node. This node was added to sequentially update the dashboard data, to optimize the updated data,
since with a one-time update of all dashboard sensors, the load on weak devices increases at this
moment, because of which the browser freezes slightly, sequential data updating solves this problem.

The readings of one pipe are a block [20] consisting of the name of this pipe and its indicators
(temperature, pressure, flow rate), this block can be seen in Figure 16.

Figure 16 — Example of a block of one pipe in the dashboard

The display of the section on a computer and mobile devices is shown in Figures 17 and
18 (p. 78).
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Figure 17 — The window for displaying indicators on computers.
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Figure 18 — The window for displaying indicators on mobile devices

d) Web application navigation bar

“Header” — is the top strip of the dashboard, in which you can display any dynamic and static
information. The dashboard header contains the name of the selected section, time, and outdoor
temperature. The operation of this section is based on the chain of nodes that form the circuit shown
in Figure 19.

This scheme consists of:

1. An injector that is set to launch along with node-red with a certain frequency of polling a
chain of nodes.

2. A time converter that converts the time to a standard format and transfers it to the original
array.

3. The change node, which receives the air temperature from the sensor from the global OPC-
DA array.

4. A function node that rounds the data and writes it in t°C format.

5. The join node, which combines time and temperature into a single array to output data through
the template node.

6. The template node, with a customized html template specifically for the header, to correctly
display the text.

7. Debug — this node is used for debugging input data and indicating node operation.
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Figure 19 — Time and temperature display diagram
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The chain of this node begins by running the loop along with the program and then polling the
chain once every ten seconds. Next comes the process of obtaining an array of machine learning
data and writing this array to a local one, to further process the data. There is also a conversion of
time from UNIX format to standard [21], for the correct display of data. Further, the initial data
is combined into a single data array and transferred to the node for data substitution in the html
template to display data in the header (Figure 20) of the dashboard.

£n Template
1= <s5tyle>
2. gheaderstatus {
2 - -~
4 H
5 - }
G- #headerstatus.online {
7 lor: H
8- }
g - #headerstatus.offline {
18 ;
11 - )

12 = <fstyles

14 = <script id="titlescript™ type="text/javascript™>
15 = S{function() {

16 = if{%("' .md-toolbar-tools"}. "1

17 initHeader();

18 - b else setTimeout(initHeader, V)

19 = }};

28

21 = function initseader()

22 - if (!%("#headerstatus'). {

23 var toolbar = $(".md-toolbar-tools');

24 var div = ${ "<div/>");

25 var p = £('<p id="headerstatus T -

26 div[@].st Lmargin = '5px 5px Spx auto';
27 div.append(p);

28 toolbar. append(div);

29 - }

Figure 20 — Html “template” containing java script code

Sections of the navigation bar are created using, setting in the settings of group nodes and
sections of the navigation bar.

Conclusion

The created application is an effective tool for solving the tasks set by the UK TPP. All
requirements were met, threats to information security were foreseen, issues of optimization,
machine learning and data analysis were resolved. All the main aspects of the functioning of this
application were considered and analyzed. This work is an effective tool for optimizing the work of
various departments and workshops of the UK TPP. One of the main tasks was to prevent critical
situations related to the equipment of the workshops, analyze the behavior of the equipment, and
increase the efficiency of the devices, thanks to the timely replacement of the necessary equipment.
If the indicators of the devices go beyond their norm, the relevant employees will be immediately
informed, in addition, thanks to the database used. The database is systematically backed up, which
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in the event of a hardware breakdown or other malfunction will save data from loss. Also, the
application optimizes the visualization of key indicators for employees of various workshops to
increase labor productivity. The software used is clear and intuitive for all employees, so there should
be no problems using the dashboard and interface.
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TEXHOJOTHUSIIIBIK YPAICTEPAIH KAYINCI3AITTH KAMTAMACHI3
ETY YIITH AEPEKTEPII TAJIJIAY MEH BU3YAJIN3ALIMSIJIAVFA
APHAJIFAH WEB-KOJIJAHBA O3IPJIEY

Anjiarna

CoHFBl yaKpITTa 3aMaHayd TEXHOJOTHSIAP KApPKBIHIBI TYpAC JaMyla J>KOHE KapamaibiM JepeKkTepii
JKUHAII, OHICT KaHa KOoHMal, Kasipri aaropuTMiep KaOAbIKTHIH opeKeTiH OoJpKayFa, TYpPJi aKayJapAblH alablH
aJlyFa, alaTThlH BIKTHMAJIBIFBIH a3aiTy VIOIH Inapanap KaObUigayFa, THICTI KbI3METKEpJIepre €CKepTy CHSAKTHI
MYMKiHAIKTepre ne 60i1b1. OChl 3epTTey asChIHIIa aBTOPJIAP TEXHOJIOTUSUIBIK YPIICTEPIiH KayilCI3AiriH KaMTaMachl3
€Ty MakKcaTblHJa OCKEeMEH JKbUIY JJIEKTP OPTaJbIFBIHBIH JEPEKTEpiH Tajjay >KOHE BH3yaJM3allysuiay YIIiH BeO-
KOCBIMIIIaHbI a3ipneyi ycbiHaapl. OckeMeH JXXOO 0OIBICTBIK JKBITY SJIEKTP OPTAJBIFBl — KallaHBIH TYPFBIH YH-
KOMMYHAJIJIBIK CEKTOPBI MEH OHEPKACINTIK KacimopbIHap kykremMeciHiH 80%-bIH KaMTaMachl3 €TETIH JKbUTY JKoHE
ANeKTp PHeprusiceiH eHAipymmi. KO0 — KazakcTaHHBIH 0ipTyTac »HEPTreTHKANBIK KYHECiHIH Oemiri. O3ipieHin
JKaTKaH KocbiMIiana Ockemed KOO Herisri ceHcopiapbl MEH acmanTapblHaH allbIHFaH JEPEKTepIi KOpCETeTiH
JKOHE BU3YaJIM3ALMSUIANTBIH, COHJIal-aK )KaObIKThIH aKayJaapblH OOJIBIPMaiThIH, MAIIMHAJIBIK OKBITY/IbI KOJIJIaHa
OTBIPBIN, CEHCOPJIAP/bIH OpEKeTiH TalaWThIH BeO-uHTepdelc KapacTblppuiaipl. [laiinanaHbuiaTelH HETisri
OarmapiamansIk iardopma peringe Node.js TaHAaIIbl, java CKPUNTTIK Oafrnapiamanay TLTIHAE KYpacThIPBUIBII,
Oarmaprmamanay TUTIHIH MYMKIHIIKTEpiH KeHEHTeTiH ¢ ++ TUTiHAE JKa3pUIFaH, COHOANW-aK JepeKTep ayKbIMBIMCH
JKYMBIC ICTEYAI, OJapAbl KaObIIIay 6! KOHE JKiOepyai JKbUIIaMIaTaThIH KOCBIMIIIA MOIYIIBACD MaiAaIaHbUI/Ib.

Tipek ce3mep: nepexTep i Tanaay, BU3yaau3anusiay, TEXHOIOTUSIIBIK MPOIECTEPIiH Kayinci3airi, OckeMeH-
KDO0, kypsuirsl, Web-KockiMIlIa, MOHUTOPHHT, node.js, java script.
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PABPABOTKA WEB-IIPUJIOKEHUSA AHAJIU3A
N BU3YAJIN3AIUU JAHHBIX AJISA OBECIIEYEHU A
BE3OINIACHOCTHU TEXHOJIOI'MYECKHUX TIPOLHECCOB

AHHOTAHUA

CoBpeMeHHBIE TEXHOJIOTHH JOBOJIBHO XOPOIIIO PAa3BIIIMACH 32 MTOCIIEIHEE BpeMs, U KpoMe OaHAITBHOTO cOopa 1
00pabOTKN TaHHBIX COBPEMEHHBIE aJITOPUTMEBI CTIOCOOHBI IPEIyTaIbIBaTh OBEACHUE 000PYIOBAHUS U TIPEIYTIPEK-
JIaTh BO3HUKHOBEHHE HETIOJIAJIOK U BBIXOJ M3 CTPOS 3a0JIaTOBPEMEHHO W MPEINPUHUMATE ASHCTBHS 10 CHUKESHUIO
BEPOSTHOCTH BO3HHUKHOBEHHSI aBaApUU U TMPEAYNPEKIECHUIO COOTBETCTBYIONIUX COTPYAHUKOB. B pamkax JaHHOTO
WCCIICIOBAHUSI aBTOPAMU MPEIUIOKEHA pa3padoTka Web-IIpUIOKEHUs aHaIn3a U BU3yan3anuu JaHHbeix Y K-TOI]
JUI oOecriedeHus] 0e30MaCHOCTH TEXHOJIOTHYECKHX IporeccoB. Yerb-Kamenoropekas TOII sBisieTcs TerwioBoit
ANIEKTPOCTAHIIMEH PETHOHATIBHOTO HAa3HAYCHNUS, BRIPA0OTKA TEIlIa U 3JIEKTPUUSCTBA MOKphiBaeT 80% Harpy3Ku Ku-
JUITHO-KOMMYHAJIEHOTO CEKTOpa Topojia ¥ MPOMBIIIICHHBIX peanpusaTuid. TOL] BXOIUT B €AUHYIO SHEPTOCUCTEMY
Kazaxcrana. Pa3pabarbiBaemoe mpuiokeHHe UMeeT BeO-nHTepdeiic, KOTOpbIil OyaeT oToOpakaTs M BH3yaJIn3HUpO-
BaTh JJaHHBIE OCHOBHBIX aT4MKOB U prubopoB YK TOL, a Taxxke npeaynpex1aTh BOSBHUKHOBEHUE HEUCITPABHOCTH
000pYIOBaHUS U AaHAJIM3UPOBATH MTOBEICHHUE JATYMKOB C TIOMOIIBEO MAITMHHOTO 00yucHHs. B kKadyecTBe OCHOBHOM
HCIOJIB3YeMOH PpOrpaMMHOM 11aTopMbl ObLTa BEIOpaHa node. s, MOCTPOCHHAS Ha SI3BIKE TIPOTPAMMHUPOBAHUS java
script, ¢ UCIIOIF30BaHUEM JIOTIOTHUTEIHHBIX MOYIICH, PACITUPSFONIINX BO3MOKHOCTH JAHHOTO SI3BIKa IPOTPaMMHU-
pOBaHU, HAMMCAHHBIX Ha C++, 9TO YCKOPSET paboTy ¢ MacCHBaMHM JaHHBIX, UX MTOJTYYCHNE U OTIIPABKY.

KuroueBble ci10Ba: aHATN3 TaHHBIX, BU3yaln3aIlis, 0€30ITIaCHOCTh TEXHOJIOTHIECKHX TporeccoB, YK-TOL,
npubop, Web-npuiokeHre, MOHUTOPUHT, node.js, java script.
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