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INTELLIGENT URBAN FACILITY MANAGEMENT IN RESPONDING TO EMERGENCIES
(The role of technology as a stimulation for urban management)

Abstract.

Quick urban growth and technological progress have made urban facilities nowadays more complexity and
diversity. Moreover, their breakdown and devastation by calamities will in general reason extreme loss of property
and life, which reflects negative impacts on urban development. Therefore, the research, adopted its goal in the
necessity of having intelligent urban management for these facilities to deal in a self and effective way in emer-
gencies. The research finds that managing urban facilities through its traditional approach shows limitations in
monitoring the condition of facilities at the urban areas level and dealing with emergencies occurring in urban
facilities. So this paper provides an integrated approach to managing intelligent urban facilities to respond to
emergencies, on the basis of the integration of information related to facilities and management functions (the
integration of urban information and functional). Assuming that the speed of emergency response in urban facili-
ties depends on intelligent urban management, according to the urban functional information integration ap-
proach. The research paper arrives to the ability of ISUFM (Intelligent System for Urban Facilities management)
to detect any defect in advance and respond appropriately by conducting a comprehensive analysis of urban fa-

cilities and their connections, and provide immediate, rapid and flexible solutions.

Key words: Intelligent urban facilities management, Respond to emergencies, urban functional information

integration, flexible solutions.

1. Introduction

In the last years, an assortment of attempts have
been applied to improve the management of urban fa-
cilities by integrating information and communications
technology into physical infrastructure of urban facili-
ties with the progress of Information and communica-
tion technology (ICT). Specifically, increased interest
in management in real-time based on acquiring spatial
information and accurate status of the different urban
facilities, away from the traditional management tech-
nique that typically depends on the manual mainte-
nance work after periodical examination reports [41].
The essential goal of moving from labor-intensive and
traditional manual methods to more intelligent and dy-
namic ones by precisely observing the state of facilities
is to reduce human and financial losses due to malfunc-
tion or failure. In any case, in spite of there are many
research conducted on the single facility management

on the basis of gathering information in real time [17,3],
on the other hand, there is a lack of research and studies
on the diverse facilities management on a large scale
like a city level with an integrated way.

The process of traditional facilities management,
in the case of an emergency, for example, a fire, flood,
or earthquake, it is difficult to take quick and exact ac-
tivities for the whole influenced region because of lack
of actual information gathered from single sites or
buildings, thus the main concern is to repair the damage
after the event [15]. Conversely, the Intelligent System
for Urban Facilities Management (ISUFM) suggested
in this paper be able to discover any defect in early
time, acquire a comprehensive image of facility's
events as well as responding appropriately through
playing out a general analysis to the information of both
of the geospatial facility and the status in real-time that
gathered from sensors, figure 1 illustrates these steps.

Ar(r Analyze the spatial information and the . |
O -——— — — — 7 — _— 1
Em"r"bncy / exact state of the event in real time F T > Saved peopie
I |
| |
| |
| L > Reduced Damage
[ > Response to Emergency e Recover from Low Level

Figure 1. The mechanism of intelligent urban facility management in emergency

The use of information for both of geospatial and
situation in real-time is not limited to the effective of
facility management itself, but in addition to that it is
also used to develop and operate different urban based
services

Therefore, this paper intends to introduce a con-
cept and execution model for an integrated process to
intelligent management of urban facilities dependent on
information for both of geospatial and situation in real-
time. The point of view of the integrated process in this
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paper includes the integration for both information and
the functional required for intelligent facilities manage-
ment as well as the integration of management for the
superstructure and infrastructure of urban facilities.
The physical range of this research are main superstruc-
ture and infrastructure of urban facilities, while the
technical range includes design and plan of develop-
ment of ISUFM with its components, and also this can
be partitioned into three sections: information gathering
of the superstructure and infrastructure of urban facili-
ties from the sensors installed on it, identification of
event based on the examination and analysis of the
gathered data and generate and provide the event infor-
mation. The underground facilities incorporate electric-
ity, heating pipes, gas, water supply, communications,
and sewer, while the over-the-ground facilities incorpo-
rate bridges, roads, buildings, streetlights, and so forth.

This paper is composed as described: section 2
displays the status of traditional approaches and limita-
tions in the urban facilities management, section 3 por-
trays an integrated methodology to intelligent urban fa-
cilities management that may solve shortcomings of the
existing approach, while section 4 displays functional
and structural specifics of the application model, proto-
type system test results and plans of future research and
finally section 5 gives an applicability assessment of
the suggested system and some concluding research
findings and recommendations.

2. Traditional approaches and limitations

With the fast development of urban areas, the nu-
meral of facilities required to urban life has risen, and
the structures and capacities of these facilities have ad-
ditionally gotten progressively complex. Likewise, ca-
tastrophes, for example, September 11th attacks, the
earthquake in Sichuan city, China in 2008, and the

Availability

Environ-
ment

waves of tsunami in 2011 in Japan have prompted to
increase mortality following the decimation of urban
facilities, leading to heavy financial losses, also the
changes in functions of some urban facilities due to co-
rona virus (Covid-19). In recent years, the continuous
development of information technology has encour-
aged to conduct several tests to improve the manage-
ment of urban facilities, by integrating information
technology into the infrastructure of these facilities [6].

Generally, the facilities management (FM) is an
integral of procedures inside an organization to pre-
serve and build up the concurred services that improve
and support the efficiency of its essential activities [34].
Urban Facilities management is a more extensive idea
than FM, due to it pointing to an incorporated manage-
ment service to the sustainability and operation of var-
ious urban facilities [10]. Other related areas of urban
facilities management incorporate disaster manage-
ment and urban land management, different endeavors
have been made in order to give the geographic data of
urban zones and gather the data of disaster regions and
casualties through utilizing sensors [1].

This section examines research limitations and
trends of the urban facilities management related areas.

2.1. Urban land management

Land management in the urban facilities develop-
ment operation is one of the main key components for
advancing resilient and sustainable cities. For example,
the urban sprawl is pointing to unsustainable and mis-
management of land. Most studies dealing with urban
land management were conducted within two main
axes: The first: Urban land management consists of two
parts: institutional and physical [8]. Figure 2 illustrated
main factors to each part.

Taxation

Planning

Political
will

Figure 2. Main parts and elements

Physical part of urban land management very re-
lated to environmental considerations, vulnerability,
potential for land development, planning, servicing, se-
lection and availability. Institutional part are associated
with provision of tenure, enroliment of land divides re-
lated cadastral data, financing of land buy and adjusting
and the institutional capacities and political will re-
quired to complete these tasks. The second: Researches
on the incorporation of three-dimensional urban data to

urban land management contain the incorporation of
geographic three-dimensional data for superstructure
and infrastructure of urban facilities through building
and visualizing of three-dimensional city models and
utilizing the CityGML format through incorporating
the building-associated information from GIS and
CAD/BIM by CityGML [23].

Since these researches fundamentally have con-
centrated on the geospatial databases construction and
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the urban information visualization, further researches
are required to recognize comprehensive application by
the combination of different management functions
necessary for effective management to factual urban fa-
cilities.

2.2. The computer aided facility management

Facilities management FM incorporates different
fields including space management, financial manage-
ment, behavioral management and operational manage-
ment [41]. As of late, with the IT application to facili-
ties management, the term CAFM (computer aided fa-
cility management) has risen as a significant subfield.
The essential goal of CAFM is to assist strategic and
operational facility management including technical,
infrastructural and administrative FM tasks to reduce
the cost and increase the performance of the facility.
CAFM systems are commonly evolved based on an as-
sortment of ICT, for example, BIM, database systems,
sensor networks and CAD systems [17].

The principle research areas of CAFM are data
models standardization for efficient data exchange be-
tween different management systems, amelioration of
the building management operation by utilizing the
building management tasks automation and wireless
devices because of changes of building conditions and
users, frequently alluded to as IBS (Intelligent Building
System) or BMS (Building Automation System) [26].
Most CAFM frameworks plan to get better the manage-
ment and the operation of a single establishment or
building. To accomplish this goal, development and re-
search have been effectively carried out on the incorpo-
ration of different components that constitute a building
[41].

Nevertheless, integrated management taking into
consideration the connection between the various facil-
ities (one of the essential exploration interests in urban
facilities management) has not been notably studied.

2.3. The urban disaster management

Urban disaster management's goal is to reduce
losses, wounds, and property damage due to disasters,
for example, floods, quakes and such. Different data
technologies have been used to empower efficient plan-
ning for disasters and restoration work. Kinds of imple-
mentation incorporate the 3D representation of dam-
aged territories and their changes like to that of man-
agement of urban land, data gathering from damaged
buildings or areas [36], and efficient information par-
ticipation to help regular monitoring, salvage, and re-
building [22], and the forecast of the degree of damage.
Research regarding in information gathering from dam-
aged buildings or areas covers the gathering of site in-
formation of casualties through utilizing wireless de-
vices to empower efficient salvage inside a damaged
zone, and real-time examination of a building by utiliz-
ing BIM [9].

Research on efficient information participation for
orderly disaster management incorporates the system
framework design for sharing and combination of dis-
aster-linked information, the fire detection develop-
ment and response systems that dependent on wireless
and sensors networks, and development system of dis-
aster information gathering and participation based on

the open source programming [21]. The ICT applica-
tions types can generally be classified into three groups:

* Non-real-time or real-time information gathering
from areas or facilities.

+ Analysis¢ conversion« and participation of gath-
ered data.

« Visualization and 3D modeling of processed data
or physical environment [33].

To defeat the obstacles of the current way to deal
with urban facilities management, this article suggests
a model and concept of intelligent urban facilities man-
agement dependent on the integration with both of fa-
cilities-associated information and management func-
tions.

3. The integrated approach's concept of intelli-
gent urban facilities management

3.1. Integrated management

The essential goal of facilities management is to
enhance user comfort and safety through maintaining
the condition and state of facilities by maintenance, and
inspection [15].

However, facilities repeatedly experience the ill
effects of performance degradation and safety precau-
tions, because of the long life period designed, and op-
erated. Moreover, any defect in the facilities maybe
cause discomfort to users and at last lead to disaster
cases with many losses in property and victims [15].
Considering such attributes of facilities, making sure
about their quality, safety, and performance through
continuous observing is fundamental in facilities man-
agement [40]. Specifically, numerous urban facilities
have a nearby structural or functional interrelationship
with different facilities [30], and hence a system of fa-
cilities management should not be only recognize dis-
tortions to individual facilities, yet in addition foresee
and react to their effects on different facilities [32]. The
features of most traditional methods of dealing with fa-
cilities management are:

+ Manual detailing is the primary source through
which an issue introduces itself.

+ Very limited maintenance by real-time observa-
tion [15].

* Typically« each system is responsible for one fa-
cility [26].

All these traditional features prevent flexible and
effective measures taken in the event of an emergency
by sharing information with different systems, as well
as the high cost of development and operation of the
system. To solve these issues, the traditional facilities
management practice requires to merge the integrated
process of intelligent management, that is dependent on
the concept of integration with both of functional and
information.

3.2. The information integration

3.2.1. The integration of facility information

The urban facilities generally can be categorized
according to the kind and utilization of a facility into
private and public facilities [15]. Local or central gov-
ernment offices are responsible for management of
public facilities; in any case, private companies usually
implement design and build the system [15]. Likewise,
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in private facilities, various participants frequently im-
plement the design, build, and the management of fa-
cilities in addition to generating and management infor-
mation at every stage [5]. This frequently creates diffi-
culties in sharing and utilization the information in
facilities management because of the various kinds, for-
mats and sources of information [20].

Thus, to achieve successful facilities management,
facility information must be integrated taking into ac-
count problems from variations in data kinds and for-
mats [29, 16]. To integrate the facility information, this
research paper included three databases: a facility data-
base, a 3D geospatial database and a typical master da-
tabase. The typical master database is created by utiliz-
ing road maps, digital topographic maps, and building
layout plans. All the data that collected, edited and
saved in the database are analyzed, which gives basic
topological information on the urban environment, as
the urban facilities are located [27]. The urban facility
database, in any case, is constructed dependent on de-
sign/build documents for facilities and the traffic maps,
also it incorporates the information of property for in-
dividual facilities, for example, location, size, type, and
the responsible management authority. This database is
used to give detailed facilities' situation and relation-
ships [7].

At last, the motivation behind the database of 3D
geospatial is to imagine the geospatial information to
urban facilities on the framework of management. The
geospatial information incorporates altitude/contour,
aerial images, satellite images, 3D shape data, and
video image data.

3.2.2. Integration of sensor information

To manage urban facilities in real-time, various
kinds of sensors are required (temperature sensors,

9

Ground
Facilities
Sensors

Underground
Facilities

VAL

GFDA
USN <
UFDA

pressure Sensors, Noise Sensors, power sensors, and so
forth.) [41]. As sensors for the most part have various
management methods and communication relying upon
manufacturer and kind, separate controllers are needed
to gather and transfer sensor information [26]. Thusly,
as the kind and number of sensors increment, number
of controllers units has also increased [22]. Moreover,
the greater the need for sensors, It will increase instal-
lation costs and increase demand for management [13].
Hence, the information created from various sensors of
various kinds ought to be gathered and used in an in-
corporated way to empower the effective management
to urban facilities in real-time [39].

This research adopted the system of USN1 (Ubig-
uitous Sensor Network) Gateway to gather sensor data
from various kinds of sensors and transfer it in a batch
to a system of management. The sensors that installed
on over-the-ground and underground facilities send
data to the gateway by GFSN (Ground Facility Sensor
Node) and UFNS (Underground Facility Sensor Node)
respectively. Both the GFSNs and UFSNs give stand-
ard telecommunication interfaces to get information
from various sensors. The Integrated system of Ubiqui-
tous Sensor Network Gateway is consists from GFDA
(Ground Facility Data Aggregator) and UFDA (Under-
ground Facility Data Aggregator), and the data that the
GFSN and UFSN obtain it is aggregated for the GFDA
and UFDA systems, and this data sent in real time to
the facilities management system (Fig. 3). Whereas
wireless telecommunication is utilized on a fundamen-
tal level between GFSN/ UFSN and GFDA/UFDA,
wired telecommunication can likewise be utilized, in
case of need.

Intelligent System for
Urban Facilities
Management (ISUFM)

Integrated
USN Gateway

Figure.3. Sensor information integration

3.2.3. Facility information link with sensor infor-
mation

The constant observing of facilities demands dy-
namic information showing physical changes as well as
constant information showing geospatial features of the
facilities [31]. Constant information is acquired of the
three databases (as referenced before), which consist of
the information of integrated facility, while the dy-
namic information is gotten through the incorporated
sensor information gathered from assorted sensors in

L A USN consists of devices that interact with the surrounding
environment by getting the rate of environmental readings. It
incorporates actuator networks, wireless sensor networks,

the facilities. To observe the state of a facility or part of
it, it is necessary to connect the two types of infor-
mation. For example, when a building Y in an area X is
vulnerable to fire, both the facility information and in-
formation from the sensor of fire detection are neces-
sary to predict the fire progression.

At this stage, the concept UOID (Urban Object
Identification) is utilized to connect facility information
with information of the sensor. UOID in a systematic
manner categorizes and identifies individual facilities,

wired sensor networks, webcams, RFID readers, laptop com-
puters, speakers, etc.
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their subcomponents and sensors that installed in the
urban facilities like an urban organism through appoint-
ing an ID to each of them. In the UOID application, fa-
cilities with their subcomponents are defined as pri-
mary objects; the sensors as well as the particular parts
that the sensors are connected with it are defined as sec-
ondary objects. As per the degree of objects, UOID cat-
egorizes facilities, sensors, and areas into three various
groups: primary, secondary, and the last is tertiary.

Facility information, as a code design, integrated
in UOID incorporates information of the object, organ-
ization, situating and so on. To get better the advantage
of UOID, the "situating information" and "object infor-
mation," the two of which are used frequently, are de-
termine as primary characteristics, and the remainder of
the information is determine as sub- characteristics.
Every UOID is displayed in a format of simplified code
with a constant size, and can be divided into Infor-
mation and Header. The Information includes Domain,
Location, Service, Instance, and Manager. The UOID
can assume the job of setting up joins between the In-
formation that belonging to each of the facility and the
sensor by appointing distinctive 1Ds (including funda-
mental information) for sensors and urban facilities.

3.3. Functional integration

The development of most traditional facilities
management systems are carried out with concentrating
on one function or a number particular tasks that they
are assumed to perform. Management functions are
classified into four classifications: 1) management of
facility information; 2) operation and maintenance of
the facility; 3) management of facility event; and, 4)
visualization of facility information.

First, management of facility information is the
most well-known function to give information about
the status of an urban facility, for example, use, size,
and location, [14, 18]. Second, operation and mainte-
nance of the facility give functions to control and in-
spect the state of an urban facility by actuators and sen-
sors installed on areas or parts of a facility [26]. Third,
management of facility event is for determine the oc-
currence of the event or an emergency situation in an
area or particular urban facility, and take appropriate
actions in response to this emergency situation [36].
Fourth, visualization of facility information aims to
give information that the operator can intuitively under-
stand it through visualizing of information for each of
the facility and emergency in shape of two-dimensional
or three-dimensional pictures [37].

Urban facilities management and a result of its
wide management extension and complex connections
between facilities, may not be acceptable with one
function or a few fixed functions, whether in emergen-
cies or in routine operations. Therefore, intelligent sys-
tem for urban facilities management (ISUFM) sug-
gested in this research was developed dependent on the
incorporation of the entirety of the previously men-
tioned functions. With (ISUFM), chiefs accountable for
facilities management can make a fast investigation on
the facility data and effectively observe the facilities’
situation, in a normal operation and in an emergency.
Besides, an alert will be launched or make predictions

before an emergency occurs by ISUFM. In case of an
emergency, ISUFM will help chiefs in making a fast
decision, and give fitting measures relying upon the ur-
gency level.

4. Application of the intelligent system of urban
facility management (ISUFM)

This section examines the application of ISUFM
dependent on the integrated methodology explained in
the past section. To assess the applicability for the sug-
gested model, a preliminary system was tested and de-
veloped as shown below.

4.1. Application overview

As appeared in Fig. 4, the model comprises of
three levels, which play the functions of gathering, han-
dling, and provision for information, respectively. First,
the bottom level gathers information of sensor from su-
perstructure and infrastructure of urban facilities, filters
and processes the gathered information in linking with
UOID, and afterward transfers information to the mid-
dle class, which determines whether the case is really
an emergency (also the extent of its level) or not
through analyzing the information gathered. Finally,
the top level shows information on GUI (Graphical
User Interface); this includes 2D or 3D forms to the
processed outcomes, and gives information about the
event and the facility to related departments. In this
ways, the suggested model, by the informational func-
tional integration, can give intelligent facilities man-
agement. Each level contains 2 or 3 from the functional
modules; the main function of every of individual mod-
ules is depicted below.

The UOID module allocates UOIDs to sensors and
facilities with its management throughout the life cycle
to the sensors and facilities. The gateway of integrated
USN gathers information from sensors about facilities
and then sends it for the module of GFM (Ground Fa-
cilities Management) and module of UFM (Under-
ground Facilities Management). Both of modules
(UFM and GFM) consolidate the got information of
sensors with conformable UOIDs, and afterward exam-
ine the information to review if the data is inside the
typical range. On the off chance that there is data out of
typical range, at this point the data will be sent for inte-
grated management module. Integrated management
module includes connecting information between the
various modules and is responsible for three tasks:

1. Context-Awareness module (It classifies sensor
information as unusual data through the UFM and GFM
modules and information required) will sending in or-
der to event conclusion on demand from this module.
2. Context-Awareness module will send the outcome of
event inference to 3D visualization module, then; 3.
Sending the outcome information to related depart-
ments.

The module of context-awareness, which takes the
function of the "brain” in ISUFM, estimates the occur-
rence of the event or an emergency situation and its in-
fluence depending on information by the module of in-
tegrated management, then sends the conclusion out-
come back to the module of Integrated management, as
shown in (Fig. 4).
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Figure. 4. System configuration.

On the other hand, there are two kinds of 3D visu-
alizations to display the condition of facilities in real
time and the environment that surrounding with their in
the suggested system: 1) 3D visualization of the infor-
mation that gathered from sensors, 2) 3D visualization
for the information that related with the event from the
module of Context-Awareness [25].

First, information of sensor is visualized to 3D by
utilizing a multi-texture mechanism. The information
of both sensor and geospatial of the facilities are
mapped in 3D meshes integrated with GIS information,
satellite pictures, and aerial images (Fig. 5) [25]. Sec-
ond, 3D visualization for the information that related

Existing Texture

with the event combines between an animation and tex-
ture mapping technique. After the primary 3D visuali-
zation of the facilities and sensors based on the infor-
mation that related with the event from the module of
context-awareness, the module puts 3D symbols on the
target facilities and sensors depending on the type and
level of the event, and creates an animation for visual-
ize the effective and dynamic proceed of the event
through changing the 3D symbols' texture. Figure 6
illustrates the process of visualizing event information

2.

Step2 Pipeline

Step3 Dump equipment

~ Virtua
Additional Texture

[ GIS Information ]

[ Aerial Images ]4’[ 3D Meshes ].7

( Sensor Information ]

[ Satellite Images ]

e 7

[ Facility Information ]

Y

Figure. 5. Visualization the information of sensor.



10 ARCHITECTURE / «COLLOQUIUM=JOURNAL »# 32(84).2020

Actions / Processes

Event detection

Figure. 6. Model of visualizing event information

At last, the module of 3D visualization imagines,
with graphic images of two and three-dimensional, the
conclusion outcome from the module of integrated
management to assist chiefs acquire an intuitional com-
prehension of the facility's condition, [24, 12].

4.2. Prototype experience and future work

The test scenarios are configured to test three sig-
nificant functions: Gathering the information of the
sensor and UOID, analysis of gathered information to
both of the UOID/sensor and facility, and identify and
visualize the event.

4.2.1. The case study

The scenario deals with an applied study by choos-
ing the Karrada sector/Baghdad city, (for importance of
this region according to vital transportation facilities, as
shown in figure 7 and that is by setting a proposal for
an intelligent urban system for transportation facility
management to improve the service level for these fa-
cilities and rapid response in emergency situations
(when collision accidents and traffic congestion), by in-
troducing telematics networks within the region and
linking them to the main network of the city of Baghdad
according to the mechanism in the figure 8 as well as
taking advantage from the techniques of some ground-
breaking projects in this field, which includes;

BAGHDAD ITS ZONE

Legend 1 N
ITS

| MunicipalityBoundary

fo ] guarterbondrary

karrada ITS Zone

0 17503500 7,000 10500 14,000

S
(T
. -WA,
SR
Sk
X

N

baghdad ITS Zone

[ baghdad

I karrada ITS Zone

Figure 7.The study area within the city of Baghdad
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Figure 8. The mechanism for evaluating and monitoring the performance of transport facilities system adopted
by the research

The Cambridge City project "Time"

Project called "Transport Information Monitoring
Environment" is an interesting and characteristic appli-
cation, is runned by the University of Cambridge in
Cambridge city in UK [42], as shown in fig.9 and
fig.10.

The "TIME" venture considers the putting of the
best possible observing frameworks, (for example, re-
mote systems, GPS, CCTV on vehicles, RF tags, Short
Message Service on cell phones) in vital areas inside
the urban spaces, with the goal that transport facilities

_can be observed and their services improved [42].

igur 10. The map are allowed to save and maintain tracks

The Australian Highway project is one of 10T pilot
projects in the management of transport facilities,
which uses the Cisco system to connect roads to con-
nect 70,000 sensors and 6,500 traffic cameras to moni-
tor the performance of transportation facilities [35].

However, any comprehensive transport manage-
ment system that based 10T has not been fully imple-
mented despite the many advantages of this system, as
indicated by Phillip A. Laplante (professor of systems
engineering and software in Malvern, Pa., IEEE Maga-
zine Fellow and the author of the article "Smarter'
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Roads and Highways"). For example, an loT-based
traffic control system utilizes a combination of commu-
nication and analysis systems between: vehicle-and-fa-
cilities, facilities-and- facilities, and vehicle-and-vehi-
cle; for manage traffic positions [11]. This will enable
the interaction with various systems like traffic-aware-
ness services and drones, such as Waze, as appeared in
the Fig. 11. Other advantages of the system include:

1. Paving the way

Local administrations can begin making their
streets more intelligent through the deployment of sen-
sors. Wired or wireless 10T sensors to all kinds can
gather information about a street's condition, the cli-
mate, and performance of transportation facilities [11].

2. SECURITY AND PRIVACY

According to Laplante "Security and protection of
data are a worry for all 10T implementations, but ex-

treme caution should be exercised with highways. Tt’1e

transportation facilities must be ensured against vandal-
ism, theft, and damage as well as the information trans-
mitted wirelessly should be safe against hacking and
eavesdropping". In addition, insurance companies and
law-enforcement agencies could utilize the gathered in-
formation for aim other than its main purpose, for ex-
ample, observing somebody's driving propensities or
track the location of the vehicle [38].

3. SUPPORTING STANDARDS

Laplante specified a few IEEE standards that assist
intelligent highways. They incorporate IEEE 802.11p,
which systematizes V2V (vehicle-to-vehicle) and V2I
(vehicle-to-infrastructure) telecommunication. The
IEEE 1609 group of criterions of wireless access in en-
vironments of vehicular defines a structure and an inte-
grated set of interfaces and services for secure V21 and
V2V wireless telecommunication [19].

Rl
Figure 11. 10T technology will link vehicles, highways, and streetlights

As the above devices sense and record the volume
and speed of traffic in each direction of the intersections
as well as obtaining information about the performance
of transportation facilities (roads, streets, public and
private transport), collision accidents and traffic con-
gestion, the sensor sends the information to the UFM
by USN gateway. Subsequently, the sensor information
will be filtered by the module of UFM, which is outside
the typical range, then sends information to the module
of Integrated Management. Afterwards, the module of
context-awareness, after getting the filtered infor-
mation, infers this event and its degree of urgency,
sends the inference outcome and response suggestions
to the module of integrated management. At last, the
module of integrated management informs the related
departments with the information of event and essential
measures.

5. Conclusion

Urban facilities management ought to be intelli-
gent and integrated for the purpose of economic and ef-
fective management to urban facilities, which, due to
quick urban development and technological progress,
has become growingly complex and varied. To accom-
plish this target, this paper suggested an idea and appli-
cation model of ISUFM regarding functional and infor-
mation integration. The suggested model, derived from
two case studies with using the prototype system, is ex-
pected to defeat the disadvantages of traditional facili-
ties management systems, including intensive employ-
ment requests and guidance for identifying and recov-
ering damage caused by events. The suggested system
may hypothesize two significant features from its im-
plementation to urban facilities management.

First, as far as "monitoring of urban facilities' sta-
tus”, it be able to intelligently characterize facility risks
through gathering, analyzing, processing, and distrib-
uting the information of facility and sensor in real-time,
and dealing with them immediately to prevent or reduce
death toll and property because of emergency events.

Second, regarding "the working of an urban facil-
ities management system", it be able to unify the pro-
cess of management, and minimize the expense of op-
erating and developing individual urban facilities man-
agement systems by integration of both facility and
sensor information collection, and provision of facility
management functions.
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EFFECT OF DIFFERENT DOSES OF NANO-SI DRUG ON SEED QUALITY OF RUBICON RICE
SEEDS

Annomauyus.

H3yuanocw enusnue pasnuiHbix 003 npenapama «HaHo-Siy Ha nocesHvle Kayecmea ceMsn puca copma Pyou-
kon 6 coomeemcmeuu ¢ [ OCTom 12038-66 « Cemena cenvckoxoszsiicmeentuix Kynvmyp. Memoouka onpedenenus
BCXOIACECMUY, A MAKIHCE HA MACCY KOPEUKO8 U POCIKOS U UX CYMOUHbIU NPUPOCI.

Abstract.

The effect of different doses of the drug "nano-Si" on the seed quality of Rubicon rice seeds was studied in
accordance with GOST 12038-66 "Seeds of crops. The technique of determining germination” as well as on the

mass of roots and sprouts and their daily growth.

Knrouesnvie cnosa: puc, erMHulj, nocesHvle Kavecmed, memnsl pocma, SHepeusl npopacmarus, macca Ko-

Peutkoes u pocmkoe.

Keywords: rice, silicon, seeding qualities, growth rate, germination energy, mass of roots and sprouts.

Hcnonp30BaHHEe HA MMOCEB BHICOKOKAYECTBEHHBIX
CEMSH 3JIaKOBBIX KYJBTYP SBISACTCS OJHUM U3 BAKHBIX
q)aKTOpOB TMOJIYUYCHUA ONITUMAJIBHBIX 1O TYCTOTEC BCXO-
JIOB, UTO obecreunBaeT (OpMUPOBAHNE BBICOKOTO yPO-
kas [3, 4]. Cemena puca yaie BCero MmpopacTaiT B
YCHOBUAX IIOHIDKEHHBIX TEMIIEpaTyp M IIPU HENO-
ctaTke kucnopoaa [5]. [loaToMy 11 CHH>KEHUST OTpHU-
LaTeJILHOT0 BO3JICHCTBHS STHX (haKTOPOB Ha 00pa3oBa-
HHE BCXOJOB HEOOXOJWM BBICOKOKAYECTBEHHBIH MO-
ceBHOM Marepuan. llenmpio HcCienoBaHUS SIBICTCS
oIpeieNieHue JIAOOPaTOPHOH BCXOKECTH CEMSH pPHCa,
00pabOTaHHBIX MPENAPATOM «HAHO-Si», YCTAHOBIICHUE
€€ CBSI3H C SHEPTHel MPopacTaHus U CHION pocTa Mpo-
POCTKOB. MaTepraioM HCCICIOBAHUS CIIYKWIH Ce-
MeHa copTa puca Pyouxon. MccienoBanus mpoBOAIN
B 71a00paTOPHBIX YCIOBHSIX.

Mamepuanst u memoowi. B coorserctuu ¢ 'OC-
Tom 12038-66 «CeMeHa CeIbCKOXO3IHCTBEHHBIX
KyJIbTyp. MeTo/InKa OIpeIeIeH s BCX0XKECTH CeMEHa
prca, 00paboTaHHbBIE IPEMAPATOM «HAHO-Si» COTIACHO
CXEMe OIIbITa, 3aKJIAABIBAIIN MEXIY CIOSIMHU (HHUITBTPO-
BaJIGHOM OyMaru B YeTBIPEXKpaTHOW MOBTOPHOCTH. Ha

3-€ CYTKH OIBITa OTIPEIeIIITH SHEPTHIO TPOPACTAHMUS -
KOJIMYECTBO HOPMAJIBHO MPOPOCIIUX CEMSH B Tlabopa-
TOpPHOM TepMocTate npu Temmneparype 28 °C [6]. Jla-
0OpaTOPHYIO BCXOXKECTh ONPEACIISAIN Ha 7-€ CYTKH, TaK
e U3MEPSUIH JJTMHY 3apOJIBIIIEBOI0 KOPEIIKa, BEICOTY
MPOPOCTKa U UX Maccy. JlaHHbIe 00padaThIBaN METO-
JaMHu OMOMETPHYECKON CTaTUCTUKH [2].

B kauectBe 00BbEKTa HCCIIEIOBAHUS UCIIOIB30Ba-
JIUCh CeMeHa prca copta PyOukoH.

Cxema orbiTa:

1. Kontposs - 06paboTka Bogoii;

2.06paboTka ceMsiH «HaHO-Si» — 0,6 KI/T ceMsiH;

3. O6paboTka ceMsiH «HAHO-Si» — 1 Kr/T ceMsiH;

4. O6paboTka ceMsiH «HaHO-Si» — 1,4 KT/T ceMsiH;

Pacxon paboueit sxuakocTu - 10 J1/T cemsH.

Pezynvmamut u ux oocyycoenue. TloceBHbIe Ka-
4yecTBa CeMSH (PHEPTUsl MPOPACTaHUS U BCXOXKECTH)
pHca HUCCIe0BAIN B 3aBUCUMOCTH OT PA3JIMYHBIX /103
0o0paboTkn kpemHHEeM. lloxydeHHBIE pe3yabTaThI
MIpeCTaBICHEI B TabuIe 1.
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Tab6muma - 1

OHeprusi NPOPacTaHusi U BCXOKECTh CEMSIH PHCA B 3aBUCMMOCTH OT Pa3JH4YHBIX 103 00padoTKH KpeM-
Huem, %, 2020 r.

Bapuant OHeprust IpopacTaHus BexoxecTs
KonTposb 85 91
O6paboTka kpemuueM — 0,6 KI/T ceMsiH 87 96
O06paboTka kpeMHHEM — | KI/T ceMsH 89 97
O6paboTka kpemH#eM — 1,4 KI/T ceMsiH 90 96
HCPgs 2,4 2,6

[To pe3ynbpTaTam uccie10BaHUi MOYKHO 3aMETHTh,
YTO 110 SHEPTUH NMPOPACTAHMS 3HAUYUTEIHHO HPEB30-
IIJTM KOHTPOJIb TOJBKO J[Ba BapUaHTa - ¢ 103aMu 1 Kr/T
u 1,4 xr/t ceman — 89 u 90 % cootBeTcTBeHHO. 10
BCX0)KECTH BapHAHTHI C 00pabOTKON KpEMHHEM MEXKIY

12 114
10

8 7,1

6 5,7

A 3,8

2

0

Kontpomns
0,6 kr/T ceMsH

c000ii OBUTH MOYTH PABHBI, HO HMEJIH CYIICCTBCHHYIO
pa3HHUIly ¢ KOHTPOJEeM B cpeaHeM Ha 5,3 %.

Tak ke OBUIO MPOU3BEICHO U3MEPCHHE TEMIIOB
HApaCTaHUs MACChI KOPCIIKOB U POCTKOB, TIOJTY4ICHHBIC
JIAHHbIE MPE/ICTABICHBI HAa pUCYHKE 1.

114
8,6
5,7
4,3

O06paboTka kpemHueM —O0paboTka kpeMHreM —O0padoTKa KpEMHHEM —

1 Kr/T cemMsH 1,4 xr/T cemsiH

Kopemok ™ Poctok

Puc. 1. Temnot ygenuuenust Colpoil MACCbl KOPEUKO8 U POCMKOS ¢ 1 ceMeHu puca 6 3a6UcCUMoCmu Om pas3iuiHbIX
003 obpabomxu kpemuuem, me/cymxu, 2020 2.

ITo cpaBHEHMIO ¢ KOHTPOJIEM YBEJIIMYEHUE CYTOU-
HOTO MPHPOCTa MAcCHl POCTKOB HA BapHaHTaX ¢ oOpa-
00TKOI KpemHMeM yBenuumioch Ha 4,8 Mr/cyr., c
HanOonpIuMH ToKkazarenssmMu npu 0,6 kr/t cemsH u 1
Kr/T cemsH — 11,4 mr/cyt., Ha Bapuanre ¢ 1,4 xr/T ce-
MsH — 8,6 mr/cyr. Ilo HapacTaHWio Macchl KOpHEH
HanOONBIINI pe3ysbTaT OBII MOJy4YeH HA BapHaHTE C

0,6 0,57
05 0,44
0,4
0,3
0,21

0,2 0,17
0,1 . l

0

KonTtpons

0,6 kr/T ceMsH

n030ii 0,6 Kr/T cemsiH — 7,1 MI/CyT., 4TO IPEBOCXOIUIIO0
KOHTPOJIb Ha 3,3 MI/CYT., OCTaJIbHBIC B CpeAHEM Ha 6,2
MT/CYT.

BaxxHbpIM MMOKa3aTeaeM, CBHICTEIbCTBYIOIIAM O
CKOPOCTH MOSIBJICHHSI BCXO/IOB HA IOBEPXHOCTH, SIBJIS-
FOTCSI TEMII CYTOYHOTO HAPACTAHUS AJTMHBI KOPEIIKOB U
poctkos [1] (puc.2.).

0,51

0,21 0.2

0,47

Oo6paboTka kpemHreM — O0padboTka kpeMHueM — O0paboTka KpeMHHUEM —

1 kr/T cemsH 1,4 xr/T ceMsH

Kopemok ™ Poctok

Puc.2. Veeruuenue gvicomul pocmka u ONUHbl KOPEUIKA PUCA 6 3a8UCUMOCIU OM PA3IUYHBIX 003 06pabomKu
KpemHuem, cm/cym., 2020 e.
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[IpeBocxomsdmuM TO HAPACTAHUIO [UIMHBI KO-
pelKa 1mo cpaBHEHHUIO CO BceMH oOpa3iiamMu ObLT BapH-
ant ¢ pos3oit 0,6 xr/t cemsH — 0,57 cm/cyT., 4To Ha
29,5% Oonbuie koHTpoJst. OcTalbHBIE kKe BapUaHTHI
nposiBuin ceds no-pasHomy. Tak, nosa B 1,4 xr/t ce-
MsH — 0,51 cm/cyT. Ha 15,9 %, ¢ 1 xr/t cemsn — 0,47
cm/cyT. — 6,8 %. OnuHaKoBOE 3HAYCHHUE IO yBEIHUYe-
HUIO BBICOTHI pocTka — 0,21 cm/cyT. (uto Ha 23,5 %
BBIIIIE KOHTPOJIsT) mMenn 1036l 0,6 u 1 Kr/T cemsH. A
BapuaHT ¢ 1,4 xr/t cemsH — 0,2 cm/cyT. mim Ha 17,6 %
0oJpIIe B CpaBHEHUH C KOHTPOJIEM.

BeiBoasl. [Ipemapar "Hano-Si" B moze 1 kr/Tu 1,4
KI/T CeMsIH Jall CYIIECTBEHHYIO NMPHOAaBKy B SHEPTUU
MpopacTaHus 0 CPAaBHEHUIO C KOHTPOJIGHBIM BapHaH-
ToM 0e3 00paboTku B cpeHeM Ha 4,5%, TI0 BCXOXKECTU
Ka)XIplil BapuaHT ¢ 00pabOTKOH mpenapaToM MpeBoc-
XOJUJI KOHTPOJIBHBIN B cpenHeM Ha 5,3%. Ilo Temnam
HapacTaHus MacChl KOPEUIKOB HaOOJIBLIYIO TPUOABKY
JlaJl BapUaHT ¢ 1030# 0,6 Kr/T cemsiH - 7,1 Mr/cyTkH, a
M0 Macce POCTKOB U CYTOYHOMY YBEIMUEHHUIO BBICOTHI
POCTKOB BapHaHTHI ¢ 030# 0,6 Kr/T ceMstH U 1 KI/T ce-
MsH - 11,4 mr/cytku n 0,21 cM/CyTKH, COOTBETCTBCHHO.
Haubompmmii mpupocT Mo ANMHE KOPEIIKOB Ha MO-
CIICITHUN JICHb M3MEPEHUN OB OTMEUeH y BapHaHTa C
no3oit 0,6 kr/t - 0,57 cM/CyTKH.
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TECHNOLOGY OF PROBLEM-BASED LEARNING IN THE STUDY OF MATHEMATICS IN
AGRICULTURAL UNIVERSITIES.

Annomayusn

B oannou cmamove mol pacemampueaem, KAK ¢ NOMOUWbIO MexHoliocuu I’lp06ﬂ€MH020 06yueHuﬂ Op2anHu306sbl-
6ambv yuebOHble 3aHAMULL, 8 X00e KOMOPbLIX NPenodasamenem co30aémcs npodIeMHAsT CUMYAYUsl, 8 Pe3yibmame
yeeco cmyc)eHm osnadesaem SHAHUAMU, HABbIKAMU, YMEHUAMU. Coszoas np06fleMHyI0 cumyayuro U Hanpaeue ux Ha
nymo e€ paspeuienus, npenooasameib CO3HAMENbHO 808eKdAen 00yYauwyI0 2pYRny CmyO0eHmos8 8 00UH U3 MUX
npoyeccoe mvlulleHus, mo ecmsb cmaeum nepe() Heobx00UMOCmbIO cpasHueanty, 0606mamb, AHAIUIUPOBAMDb 516~
JIEHU, CUHmMe3upoeantv ([)ak’mt:l.

Abstract

In this article, we consider how to use the technology of problem-based learning to organize training sessions,
during which the teacher creates a problem situation, as a result of which the student acquires knowledge, skills,
and abilities. Having created a problem situation and directed them to the path of its resolution, the teacher con-
sciously involves the training group of students in one of these processes of thinking, that is, puts them in front of

the need to compare, generalize, analyze phenomena, synthesize facts

Knroueswte cnosa: mamemamuKkd, mexHoiocuu, mexHoaiocuu np05]leMH020 o6yqeuuﬂ, 00bACHUMENbHO-ULIO-
cmpamueHast MO()eJlb, UrRmMepaxKmueHas z)ocxa, BEPOSMHOCMb.
Keywords: mathematics, technologies, problem-based learning technologies, explanatory and illustrative

model, interactive whiteboard, probability.

Texnonorus mnpoOieMHOro 0Oy4YeHUs HE HOBa:
OHa nostyuuiia pacrnpocrpanenue B 20-30-x rogax B co-
BETCKOH U 3apyOexHoil mkoie. [IpobremuHoe obyde-
HHE OCHOBBIBAETCSI HAa TEOPETHYECKHX MOJOXKESHUAX
amepukaHckoro ¢Qumocoda, ncuxosora W mneparora
Jx. Ipton (1859-1952), ocHoBapmiero B 1894 r. B Uu-
Karo ONbITHYIO IIKOJy, B KOTOPOM yueOHBbIH 1i1aH ObL1
3aMEHEH UTPOBOW W TPYAOBOH NEATENBHOCTBIO. 3aHs-
THUSI YTEHUEM, CYETOM, MUCBMOM HPOBOJMIUCH TOJIBKO
B CBSI3U C TMIOTPEOHOCTSMH - MHCTUHKTAMH, BO3HHKAaB-
IIMMH Y JIeTell CIIOHTaHHO, 10 Mepe UX (HU3noJIoTHYe-
CKOTro co3peBaHusl. [IboM BBIAESIT YEThIPE NHCTUHKTA
JUIst 00YYEHUsI: COIIMANBHBII, KOHCTPYHPOBAHMUS, Xy 10-
KECTBEHHOTO BBIPAYKEHHUS, HCCIEIOBATEIBCKUN.

Ceromusi, Toj MpoOJEMHBIM 00YYEHHEM, TTOHH-
MaeTcs Takasi OpraHu3aIys y9eOHbIX 3aHATHH, KOTopast
MPEIoaraeT Co3AaHue MoJ PYKOBOJCTBOM YUHTENS
MPOOJIEMHBIX CHUTYallMii M aKTHBHYIO CaMOCTOSTEINb-
HYIO JIeATEIbHOCTh YYAIUXCSA MO UX Pa3pelleHHIo, B
pe3yabTaTe 4ero U MpOUCXOAUT TBOPYECKOE OBIIAJE-
HHE NPoQecCHOHATBHBIMU 3HAaHUSMH, HAaBBIKAMH, YMe-
HUSIMU 1 Pa3BUTHE MBICIUTEIbHBIX CIOCOOHOCTEH.

Ha 3aHATHAX 1O MaTreMaTHKe B arpapHbIX By3ax
NPUMEHEHHUE TEXHOJIOTHH TPOOJEMHOro 00ydeHus
obecreurBaeT yCBOCHUE BAKHEHITUX HIeH COBPEMEH-
HOM MaTEeMaTHKH, OBJIAQJCHHC OCHOBHBIX IOHATHH,

yMEHHE OPUEHTHPOBATHCS B HAYUYHOH JHUTEpaType, ca-
MOCTOSITEJIBHOCTh B MOMCKE HYXKHBbIX cBeieHuil. Ilo-
3TOMY KOMOWHAIIUS PA3IHYHBIX THIIOB MPOOJIEMHBIX
cuTyanuii odecriednBaeT (OPMHUPOBAHUE MBICIUTEIIb-
HBIX CHOCOOHOCTEH O00YJaroIIUXCs M MHOTOIPAHHOE
pa3BuTHEe B 00JacTH MaTeMaTHYeCKOW Hayku. Pac-
CMOTPUM HECKOJBKO MPOOJIEMHBIX CUTyalluil, BO3HU-
KaoIUX MpH 00yYeHNH B MAaTeMaTHKH Ha | Kypce y
CTYJEHTOB Y PaJIbCKOI'0 arpapHOro yHUBepCUTeTa

[Ipobnemuas curyanus 1.

BepHo nu BhicKa3pIBaHHME, YTO CyMMa MaTpHI]

25 34
A=|73|1vw B=| 64 | He3aBucur or no-
24 25

pAlKa ciaraembIx?

B ocHOBHOM, OTBET 0O0y4aromIMXcs «HEBEPHOY.
Ho nanHOe HepaBeHCTBO «BepHO». OTCrOAa, MOSBIIS-
etcd Bonpoc: «Ilouemy?».

[pobnemuas curyanus 2.

Haiitn BeposTHOCTB TOTO, YTO TOYKA, OpOIICHHAS
B KpYT paamyca |, okakeTcs BHE BIHCAHHOTO B 3TOT
KpYT KBajpara.

IIpobnema: manHas mpodieMa BO3HUKAET y CTY-
JIGHTOB TpU U3y4eHUU HOBOU TeMbl «Teopema cioxe-
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HUSI 1 YMHOXEHHSI BEPOSITHOCTEH». DTO CBA3aHO C He-
3HaHWeM (opMyJT KoMOMHaTOpUKH. Kak penmuTs: cTy-
JICHTBI UIYT HEOOXOAUMYIO UM MH(POPMAIHIO U3 TEK-
cTa yueOHMKa, 00CYXKIAI0T pelleHNe 3a/1a4H, 3aIHChl-
BalOT ()OPMYJIBI 1 KOHCIIEKT B TETpaJIH.

OTH, CO3/1aHHBIE TPOOJIEMHBIE CUTYAI[MX Ha MPaK-
THUYECKHX 3aHATHUSX 110 BBICIICH MaTeMaTHKE B arpap-
HOM BY3€ ITOMOTAIOT CTYAEHTaM PACKPBITHCS M JIy4Ile
UCIIONIB30BaTh CBOI TBOPYECKHUI NOTEHIIAAI

3akJloueHue

ITogBoas WTOT BBIMIECKA3aHHOMY, MOXKHO CKa-
3aTh, YTO B pEAIN3alMU TEXHOJOTHH NPOOIEMHOTO
o0yueHns B 00pa30BaTEIFHOM IIPOIECCEe arpapHbIX BY-
30B BXHYIO POJIb MTPAET CO3/1aHHE MPOOJIEMHBIX CH-
Tyalui Ipu U3y4EeHHH HOBOTO MaTepHasa, I03BOJISIO-
KX KaXIOMY CTYJIEHTY NPOSBUTH HHULIMATUBY U Ca-
MOCTOSITETBHOCTb. Onu COTPYAHUYAIOT c
NpernojiaBaTeieM B AHANOre, O0OCY)KAAIOT, BBICKA3bI-
BAlOT CBOW MBICIH, JENSITCs coaepxkanueM. I[Ipeno-
CTaBJIEHHE UM BBIOOpA TTOCIIEI0BATEIHHOCTH YIE€OHBIX
JEWCTBHI M TeMIa pabOTHI Ha 3aHATHAX ITOMOTAET HC-
MOJIb30BaTh MPOOJIEMHBIC TBOPUYECKUE 33aHU, COUe-
TaTh TPYMIIOBBIC U HHANBUIyaIbHBIE PAaOOTHI.
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Llapunoea Jlunua Hoeneena

JIMHJHOE CTPAXOBAHUE: HEOBXOJINMOCTb 1 OCOBEHHOCTU. CTPYKTYPA JIMYHOI'O
CTPAXOBAHUA

Sharipova Lilia Idelevna

PERSONAL INSURANCE: NECESSITY AND FEATURES. STRUCTURE OF PERSONAL
INSURANCE

Annomauyus

Cmamos nocesulena NOHAMUI U 3HA4YeHUIo Tu4H0o20, a makKace npaKkmuxKke npumeHerust Hopm o CmpaxoeaHuu.
Jluunoe cmpaxosanue couemaem puckosvie u coepecamenvhvie QYHKYUU, NPU KOMOPOM BPEMEHHO C80O00HbIE
cpedcmea, akKyMyIUupOBaHHbIe 8 CIMPAX08OM (YOHOe, CLyHcam Ok CMPAxo8oll OP2aHU3AYUU UCTOYHUKOM UHBe-
cmuuuﬁ, a ons cmpaxoeameis - UCMOYHUKOM Kanumaiuzayuu 63H0C06. Ocrosnoil PObIO TUYHO20 CMpPAX06aAHRUl
AenAenmcs noevlileHue COuuaﬂbHOﬁ SAUWUWEeHROCMU HACelleHUsl nymem 6blniam OCHEIICHBIX KOMI’leHcaL;uﬁ 6 caydae
nomepu 300p08bﬂ, IAHCU3HU UTTU mpydocnoco6ﬁocmu, noevlienue 00vema nencull 3a cyem 6biniam perm, obecne-
YEeHUe HaceJleHUuA KaivecmeeHHbiM MeaubluHCKuM 060ﬂy9fcu@aHueM u MHocoe apyeoe.

Abstract

The article is devoted to the concept and meaning of personal, as well as the practice of applying insurance
rules. Personal insurance combines risk and savings functions, in which temporarily free funds accumulated in
the insurance fund serve as a source of investment for the insurance company, and for the policyholder - a source
of capitalization of contributions. The main role of personal insurance is to increase the social security of the
population through the payment of monetary compensation in case of loss of health, life or ability to work, increase
pensions through rent payments, provide the population with quality health care and much more.

Keywords: insurance, personal insurance, life insurance, personal insurance contract.
Knroueswie cnosa: cmpaxoearnue, 1u4Hoe cmpaxosarnue, cmpaxoearnue JHCU3HU, aOZOGOp JUYHOCO cmpaxoea-
HU-A.

JInunoe cTpaxoBaHue - 3T0 (hopMa 3amUTH QrU3n-
YECKHX JIUI] OT PHCKOB, YTPOXKAIOIINX KHU3HH, TPYIO-
CIOCOOHOCTH, 3I0POBBIO YelloBeKa. JlaHHBIN BUI CTpa-
XOBaHMSI COUETACT PUCKOBBIE U cOeperaTebHble PYHK-
UM, TIPH KOTOPOM BPEMEHHO CBOOOIHBIE CPE/CTBA,

AKKyMYJIHPOBaHHBIC B CTPaxOBOM (DOHIE, CITyXKAT JJIs
CTpPaxoBOW OpPraHU3allMd UCTOYHUKOM HHBECTHULIUH, a
JUIL CTPaxoBaTeNs - HCTOYHHKOM KalUTaJIH3alud
B3HOCOB.


https://elibrary.ru/item.asp?id=41596573
https://elibrary.ru/item.asp?id=41596573
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B HacTosimee BpeMst INYHOE CTPaXOBAHUE BBIAC-
JSIETCSI KaK OTJIENIbHAS KPYITHAs OTPACIb CTPAXOBOH Jie-
ATEILHOCTH, KOTOpas 0OecIeYrBaeT CTPaxoBYyIO 3a-
IMIUTY TpaxKJaH WIH YKpeIUIeHHE JOCTUTHYTOIO0 UMU
ceMeiiHoro OnarococtosiHus. K nnyHOMY cTpaxoBa-
HUIO OTHOCSIT BCE BUJIBI CTPAXOBAHUS, CBA3aHHBIE C Be-
POSITHOCTHBIMH COOBITUSIMU B )KU3HH 4eJloBeKa. Tak, B
JIMYHOM CTPaXxOBaHWU BBIIENSIOT CIEAYIOLINE MOJ0T-
pacnn.

CtpaxoBaHHe XHU3HU - BUJ CTPaXOBaHUs, I/I€ B Ka-
YecTBE 00BEKTA BHICTYTAIOT OIIPEAEICHHbIE COOBITHS B
JKU3HU 3aCTPaxOBAaHHOTO JIMIA: JOXKUTHE IO OIpEre-
JICHHOTO BO3pacTa; CMEPTh 3aCTPAaXOBAHHOTO; IpEry-
CMOTpPEHHBIE JIOTOBOPOM CTPAaxOBaHUSI COOBITUS B
JKU3HH 3aCTPAaXxOBAaHHOIO: OpakocoueTaHue, MOCTyILIe-
HHE B yueOHOe 3aBeJICHUE, IPYTUe COOBITHS.

CrpaxoBaHHE OT HECUACTHBIX CIIydaeB - BUJ CTpa-
XOBaHMs, TJ€ B KayecTBE CTPAXOBOTO Ciiydas Hpery-
CMaTpuBaACTCs BHCIIHAA MpUYWHA, KaK IpaBUJIO, KpaT-
KOBPEMEHHOTO BO3ICHCTBHS, IIPUBEIIAst K BpEeMEHHOH
WIN TIOCTOSIHHOW TIOTepe TPYIOCHOCOOHOCTH WIIN
CMEpTH 3aCTPaxOBaHHOTO. B oTimdme oT cTpaxoBaHus
JKU3HU, KOTOPOE, KaK MPaBHJIO, HOCUT JIOJITOBPEMEH-
HBII XapakTep (0T HECKOJIBKUX JIET 10 HECKOJIBKUX JIe-
CSITKOB JIET), CTPaxOBaHHWE OT HECYACTHOTO CIIydas 3a-
KJII0YaeTCsl Ha CPOK JO OJHOTO TroJia.

MEHHHI/IHCKoe CTpaxOBaHUC - BUJbI CTpAaxXOBaHUA,
MpeIyCMaTPUBAIOIINE KOMIICHCAIIMI0 MEIUIIMHCKUX
Pacxo0B 3aCTPaxOBAHHOTO JINI[A Ha JIEYCHUE B CBSI3U
c 3a0oyieBaHMEM WM HECYAaCTHBIM ciryyaeM. Paznu-
YaT CJIEIyIOUHe Pa3HOBUIHOCTH MEIUIIMHCKOTO
CTPaxOBaHMs: 00s3aTeNbHOE MEJUIIMHCKOE CTpaxoBa-
HHE, KOTOPBIM OXBAa4yeHBbl BCE KaTETOPHUU TPaXK/IaH;
J0OpPOBOJIbHOE MENUIIMHCKOE CTPAaxOBaHHE, KOTOPOE
OCYILIECTBIISIETCS. B KOJUIEKTHBHOH (paboTomarenb
CTpaxyeT CBOMX paOOTHHMKOB) WJIM WHIUBHIYaJIbHOH
(hopMmax; cTpaxoBaHHE MEIUIIMHCKUX PacXoJ0B Tpaxk-
JlaH, B TOM YHCJI€ TYPUCTOB, BBIE3KAIOUINX 32 PyOexK;
Jpyrue BUAbI MEAULIMHCKOI'O CTPaxOBaHUs.

Hcxoas u3 aToro, 00beKTaMu JTUYHOTO CTPaxoBa-
HU BBICTYTIAOT ABE I'PYIINBI UMYIIIECTBEHHBIX HHTEPEC-
COB I'paxJiaH, CBA3aHHBIX:

- BO-TIEPBBIX, C JOKHUTHEM T'PaXKJaH JIO0 OIpese-
JICHHOTO BO3pacTa WM CPOKa, CO CMEPThIO, C HACTYII-
JICHUEM MHBIX COOBITHH B KHM3HU IPAXIaH;

- BO-BTOPBIX, C IPUUUHEHUEM BpeJa >KU3HU, 370-
POBBIO IpaX/laH, OKa3aHUEM MM MEIULHUHCKUX YCIyT
(cTpaxoBaHME OT HECUYAaCTHBIX CiIydyaeB M OoOJe3HEH,
MEIUIIMHCKOE CTPaXxOBAHHME).

JImgHoOe cTpaxoBaHME - COBOKYIHOCTH Iepepac-
MPEACIIUTEIbHBIX OTHOIIICHHUH MEXKIY YdaCTHUKaMH, 3a
CYEeT JICHEKHBIX B3HOCOB KOTOPHIX (POPMHUPYETCS CTpa-
XOBOH (oHA, MpeTHa3HAYCHHBIH I OKa3aHMS HE00-
XOAMMOM MaTepuaJbHOW MOMOIIM TpaXkJaHaM NpH
HaCTYIUICHUN HeOJIaronpHuaTHBIX COOBITHH, CBSI3aHHBIX
C WX JKU3HBIO, 3/I0POBBEM, TPYIOCHOCOOHOCTBIO, a
TaKOKe Ul HAKOIUICHHS JEHEXKHBIX CPEACTB B IIEIIIX
obecrieueHnst HEOOX0ANMOT0 YPOBHSI OJI1arOCOCTOSIHUSI.

JlnyHoe cTpaxoBaHME IPEJCTaBIsET COOOH CH-
CTEMY OTHOILICHUH MEXIy CTPaXOBaTEISIMU U CTPAXOB-
IIMKaMH 110 OKa3aHUIO CTpaxoBoil yciyru. Ctpaxosa-
TENSIMH TIO JINYHOMY CTPaxOBaHHIO MOTYT BBICTYIATh

Kak (PU3MYECcKHe, TaK U IOPUIMUECKHE JINIIA, a 3aCTpa-
XOBaHHBIMH - TOJBKO (pu3MUYecKue Jnmna. Bzanmuble
00s13aTeJIbCTBA CTPaXoBaTelsl U CTPAaXOBIIUKA PEryJu-
PYET AOTOBOP CTPaxOBaHUSI.

JIoroBOp JIMYHOTO CTPaxOBaHHS - TPaXKIAHCKO-
MIPaBOBOM JIOTOBOP, IO KOTOPOMY «OJIHA CTOpPOHA
(cTpaxoBUIMK) 00s3yeTcsl 32 00YCIIOBJIEHHYIO JOTOBO-
POM IIaTy (CTpaxoBYIO IPEMHUIO), YIUIAUNBAEMYIO JIPY-
Tolf CTOPOHOI (CTpaxoBaTeneM), BBIUIATHTH €IUHO-
BPEMEHHO WIIM BBIIUIAYHMBATH MEPHOANIECCKH O0YCIIOB-
JICHHYIO JIOTOBOPOM CYMMY (CTPaxOByIO CyMMY) B
cllydqae TPUYMHEHHS BpPeia >KU3HHU WIH 3/I0POBBIO Ca-
MOTO CTPaxoBaTeNsl WM JPYroro Ha3BaHHOTO B JIOTO-
BOpE TpakJaHWHA (3aCTPaXxOBaHHOT'O JINIA), TOCTHXKE-
HUSI UM OIPEJIeJICHHOTO BO3PacTa WM HACTYIUICHHUS B
€ro JKMU3HHU WHOTO, NIPEAYCMOTPEHHOTO JI0TOBOPOM CO-
ObITHS (CTPaxOBOTO CIIydasi)».

Heo0x0auMOoCTh JIMYHOTO AOOPOBOJIBHOTO CTpa-
XOBaHHUA OIPEACIACTCA PHUCKOBAHHBIM XapaKTCpOM
BOCIIPOM3BO/ICTBA PabOUeii CHIIBI, TOBBIMICHUEM CTE-
NICHN pHCKa JKU3HM, YXYIIICHHEM OKpY)Karomei
Cpenbl, BO3pACTaHHEM YAEIBHOIO Beca Jojeil mpe-
KJIOHHOT'O BO3pacTa B 00IIIeil YHCIICHHOCTH HACEIICHHS.

OCHOBHOW PpOJBIO JINYHOTO CTPAaxXOBAaHUS SIBIIS-
€Tcsl OBBIIICHHE COLMAIBHON 3alUIIIEHHOCTH Hacee-
HUA IMYTEM BBIIUIAT ACHCKHBIX KOMHCHC&HI/Iﬁ B CJIy4yac
TIOTEPH 3I0POBBSI, KUZHHU WIN TPYAOCIIOCOOHOCTH, MO~
BBILIIEHUE 00beMa IIEHCHH 3a CYET BBIILIAT PEeHT, o0ec-
TICYCHUC HACCJICHUA KAaUCCTBCHHBIM MCAUITMHCKUM 00-
CIIy’KMBaHMEM U MHOroe Apyroe. B cBoro ouepenpb Bbl-
COKasi  CcolMalibHAs  3aINUIICHHOCTh  HAaCEJICHUs
CIIOCOOCTBYET ITOBBIIIICHHUIO I0OBEPHS K IIPABUTENILCTBY,
CTaOMIIM3AIMY OJIUTHYECKOH 0OCTaHOBKH, YTO MOXHO
CUUTATh MOJIUTHYECKOM POJIBIO IMYHOTO CTPaXOBaHMS.

DOKOHOMHYECKasl CYIIHOCTh JIMYHOTO CTpaxoBa-
HUS - 3AMKHYTOE TIepepacrpe/iefieHne CTPaxoBbIX IIa-
TeXEH MEXKIY YYaCTHUKaMU JIMYHOTO CTPaxXOBaHUA 4Y€-
pe3 crenuanTu3upoBaHHbIN cTpaxoBor GoHI. OOBEKTH
CTanOBOﬁ 3alUTBl IO JIMYHOMY CTpPaxOBaHUIO -
KHM3Hb, 3JI0POBbE, TPYJIOCHOCOOHOCTh YelloBeKa -HE
UMEIOT CTOMMOCTH, YTO U OIPEeNIieT SKOHOMHYECKOE
COJIEp)KaHWE JIMYHOTO CTpaxoBaHus. [locpencTBom
CTPaxOBaHMS JAHHBIX OOBEKTOB OKa3bIBAETCS JCHEXK-
Hasl TIOMOIIb TPaKAaHaM M MX CEMBbSIM, ITO3BOJISIOIIASN
MIPEOJI0NETh COIMATIbHBIE MOCIEACTBUS, CBS3aHHBIE C
TIOTEepei 310pOBbS CTPaxoBaTeIeM, CMEPTHIO YJIeHa Ce-
MBH, COXpaHEHHEM YPOBHSI CEMEHHOTO J0X0/a, B TOM
YHCIIE ITPY BBIXOJIE Ha 3aCITy>KEHHBIH OT/BIX MJIH B CITy-
Yae MoTepyu KOPMUIIbIIA.

HGO6XO}II/IM3H IIOMOIIIb MOXKET OKa3bIBATHCA W3
roCyJapCTBEHHBIX BHEOIOKETHBIX (POHIOB, rocynap-
CTBEHHOTO OO/DKETa HMJIM 3a CUeT JIMYHBIX CPEICTB
rpaxkaaH. B nepBeIX IBYX Cilydasx cTpaxoBas 3allluTa
OCYIIECTBIISIETCS] ITOCPEACTBOM COLMAIBHOTO CTPaxo-
BaHMA U oOecrieueHus. B TpeTbeM cirydae B 3aBUCHMO-
CTH OT MaTE€pHAILHBIX BO3MOXXHOCTEH IpakiaH U Iie-
Jel 3amuThl. YKa3aHHble OPMBI 00ecIieueHns cTpa-
XOBOH 3aILUTBl MOTYT JOTOJIHATE IPYT JIpyTa.

HecMmotps Ha 3TO, pa3BUTHE JIMYHOTO CTPaxoBa-
Hust B Poccun umeert psia nmpensitctBuid. Tak, n3-3a 3Ko-
HOMHYECKOI HECTAOMIIBHOCTH M BBICOKOTO YPOBHS HH-
(UK TONTOCPOUYHBIC BIOXKEHHS HE NPEACTaBIISTIOT
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ocoboro mHTEpEca I TpaXkaaH; HEAOCTaTOYHOE ype-
TYJIHPOBAaHUE CTPAXOBOH MEATETHFHOCTH HA 3aKOHOMAA-
TEJIbHOM YPOBHE BBI3BIBAE€T HENOBEpUE HACEIEHUS K
MPEeJCTaBUTENSAM CTPAXOBBIX OPraHU3aIUH.

B ycnoBusix peIHOYHOW SKOHOMHKH, HEU30EKHO
MOBBIIIAIOIIEH CIPOC Ha CTPaxXOBBIE YCIYTU CO CTO-
POHBI HaceleHHs, OUeHb Ba)KHBI MPOIECC COLUANIN3A-
LM JTUYHOTO CTPAaXOBaHUs U €ro AajbHeiIee pa3Bu-
Tre. {7 3TOro CIIeAyeT PemnTh P 3a1a4, HeTIOCpe/-
CTBEHHO  CBS3aHHBIX C  TIpoecCHOHATBEHBIMHU
YYaCTHHKAMHU CTPaXOBOTO PHIHKA:

- pa3paboTaTe W aKTHBHO BHEAPSTH B NPAKTHKY
CTpaxOBaHMA CTPAXOBBIC MPOAYKTHI, B MaKCHMaJIbHOM
CTETEeHHU OTBEUaloIlle HHTEpecaM HacelCHHUS;

- IPOBOJUTSH MOJIMTUKY MaKCUMAaJIbHON HHpOpMa-
IIMOHHOW OTKPBITOCTH, €CTECTBEHHBIM 00pa3oM BeIy-
IIYIO K MOBBIIMICHUIO TOBEPHs CO CTOPOHBI HACEJIEHUS
K CTPaxOBILHKaM;

- pa3paboTaThb Mephl IO Pa3BUTHIO HMHCTUTYTa
CTPaXxOBBIX OPOKEPOB H areHTOB;

- MPOBOIUTH IOJUTHKY Pa3bsACHCHUS JIOCTOMH-
CTBa U I1eJIeCO00Pa3HOCTH JTMYHOTO CTPAXOBAHMUS B IIe-
JIOM ¥ OTJICNEHBIX €T0 BUJIOB.

[IpenmymiecTBa W HEMOCTATKH JIMIHOTO CTPaXo-
BaHUS.

JInuHoe cTpaxoBaHue KU3HU - MOJIE3HBII HHCTPY-
MEHT, KOTOPBIH 3aIlMIIaeT 3aCTPaXOBaHHOE JIUIO U €ro
6mm3kux. CyMMBI, BRITUIAYMBAaEMbIE CTPAXOBOM KOMIIa-
HHEH, MO3BOJAT CeMbE KOMIIEHCHPOBATH PACXOMbI
Ha JIOpOrocTosAlIee JIeYeHne KopMuiblia. B ciyuae ero
CMEPTHU POJCTBEHHUKH HE OKaXXyTCsl O€3 CPEACTB K Cy-
[IECTBOBAHWIO ONaromaps WHBECTUIIMOHHBIM  FUTH
HAKOIMUTENFHBIM TporpaMmam. [IporpamMmbl mO3BO-
JSAIOT aKKyMYIUPOBaTh CYMMBI, HEOOXOIHMMBIC LIS
OIIIaTHl 00pa30BaHMUs ACTeH, TOKYIIKH HEIBIKUMOCTH
WITA aBTOMOOTLIS.

CTpaxoBble BBIIIATHI MHOTOKPATHO NPEBHIIIAIOT
pa3mepsl B3HOCOB cTpaxoBaTeneil. binaronmaps stomy
3aCTpaxOBaHHOE JIMIIO MOJTy4aeT KOMIIEHCANHIO HeJ0-
MOJYYeHHOTO JOXOAa B MEpUOJl CBOEH HETPYHOCHO-
cobHocty. [IperMyIIecTBOM OCTaeTcsli COXPaHHOCTb

CPEZCTB MYKUIHH U >KCHIIHH, COCTOSIIMX B Opake. [Ipn
pa3Boie CTPAaxOBBIC B3HOCHI W HAKOIJICHUS HE pac-
CMAaTpPUBAIOTCS] KAK COBMECTHO Ha)KUTOE UMYIIIECTBO.

HenocratkoM paccMOTPEHHBIX CTPAaXxOBBIX IPO-
JQYKTOB CJIElyeT NPU3HATh HEOOXOIMMOCTh COBEpIIe-
HUSI PEryJSIpHBIX B3HOCOB. Hapymienune ycioBuii goro-
BOpa CTpaxoBaTeleM IpHUBEIEeT K IITpadHBIM CaHK-
usiM. OnpejieNieHHbIe CIIOXKHOCTH MOTYT BO3HHKHYTh
IIPU  JIOCPOYHOM pACTOPKCHWH KOHTpakTa. Kim-
€HTy CTPaxOBOH KOMIIAHUU MOTPeOyeTCsI KOMIIEHCHPO-
BaTh CyMMBI paHee MOITYUYCHHBIX HAJIOTOBBIX BBIYETOB.
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METHODOLOGICAL APPROACH TO THE USE OF ALPLOGO PROGRAMMING LANGUAGE IN
THE TEACHING OF "MATHEMATICIAN TORTOISE" IN VII GRADE

Abstract.

LOGO language helps students in grades 5-7 to develop creative thinking and problem-solving skills. For
many years now, many countries around the world have been holding competitions and contests among students
on various projects in the LOGO language. The most important feature of the ALPLogo program is that in this
program teams for Turtle can be assembled in Azerbaijani, English , Russian. The system accepts all three lan-

guages.

Key words. LOGO language, ALPLogo programme, Software

Academician Ershov noted that “programming is
the most difficult of all mass professions. ... she is an
order of magnitude higher than even such exotic pro-
fessions based on hypertrophy of innate abilities as cir-
cus performers and steeplejacks. The difficulty of the
profession of a programmer is that it is programmers
who directly "rest” on the limits of human cognition in
the form of algorithmically insoluble problems and
deep secrets of the work of the brain.

Its difficulty also lies in the fact that the program-
mer must have the ability of a first-class mathematician
for abstraction and logical thinking, combined with Ed-
ison's talent for constructing anything from zero and
one. He must combine the accuracy of a bank clerk with
the insight of an intelligence officer, the fantasy of a
detective novelist with the sober practicality of a busi-
nessman. And besides, a programmer should be famil-
iar with corporate interests, have a taste for teamwork,
understand the purpose of the work, and much more. "

And his words are not an exaggeration. Program-
ming is a profession of the 21st century. Everyone
should be able to program. A small percentage will be
professionally programmed. Is it bad to be able to set
up your device (your gadget)? Soon all our devices will
be equipped with processors. All devices will be
"smart", and making them smarter - is it really a bad
thing. Wouldn't it be nice if our kettle calls us by name
and says that it's boiling and it's time to pour tea? And
the program that makes the kettle "smart" and behaves
the way we want, we wrote ourselves.

So let's start learning this together.

So, we offer a methodology for teaching program-
ming Alplogo in the 7th grade.

Standard: 2.2.4. Develops programs for some
mathematical operations in a simple programming en-
vironment.

Purpose:

* Writes mathematical expressions in LOGO lan-
guage;

* Develops a program in LOGO language to cal-
culate the value of mathematical expressions.

Course type: Practical

Forms of work used: group work, individual
work.

Methods used: Interview, practical work on the
computer.

Interdisciplinary integration: Mathematics 1.2.1

Equipment: Worksheets, computer, projector

At the beginning of the topic, students can recall
their knowledge of mathematical expressions. While
working on a calculator program, they collected num-
bers and operations in a certain sequence to find the
value of a mathematical expression. You can also con-
duct a survey with students about this. In the 6th grade,
students used the learning operator (team) in the ALP-
Logo language. 1t would be useful to remember the an-
nouncement of the variables and the writing of the ap-
propriation team.

The teacher draws a picture on the board using a
projector to create interest in the topic (Figure 5).

Motivation
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The question is: In your opinion -What does Turtle
think about?

Students' answers are listened to and the teacher
writes a formula on the board and explains:

The formula for Alplogo is:

Y =((x+25)* (x-3*2))/(X*Xx)

Research question

For the purpose of research, students are asked the
following question:

In what order should the actions be performed?

Conducting research

Before starting the research, the teacher gives the
following schedule to the board:

Meaning of appropriation team

The variable X = 3 assigns a value of 3 to the variable
X.

The values x =5 + 3 add up to 5 and 3, and the result is
assigned to the variable x

B =a+ 4 4 is added to the value of the variable a and
the result is assigned to the variable b

The values of the variables Z = x * y X and y are mul-
tiplied and the result is assigned to the variable z

B =b + 22 is added to the value of the variable b and
the result is assigned to the variable b

Z =z-1 Z is subtracted from the value of the variable Z,
and as a result is again assigned to the variable z

Students are divided into groups and given the fol-
lowing tasks:

I-group

Run the program and answer the questions:

1. What are the variables here?

2. What is the basis of this pattern?

3. How do we get the angle of rotation?

4. What is the angle of rotation to create a rectan-
gle?

5. Why is the color red here?

Programme:

Initial condition

Sil

Pen 5

Variable x

r=4

x =50

Repeatedly 6 [is the color of the pencil r

Repeat 4 [right forward 90 x]

r=r+1

X =x+50

It's a pencil

Forward 25 left 90 large 25 right 90]

Group Il

Run the program and answer the questions:

1. What are the variables in the task?

2. What numbers did you assign to A?

3. What numbers did you assign to B?

4. How was the final value of variable A obtained?

Programme:

Pen 10

Itis a pencil

Variable a

Variable b

A =225

B=1

Sola 80

Repeat 220 pencil color b forward to right 25
B=b+1
A=a-1backa

Group I

Run the program and answer the questions:

1. What are the variables in the task?

2. Why is line 1 shorter than the other?

3. How many mastering teams are there?

Software

Variable x

clear

Initial condition

It is a pencil

X =50

Forward x

Each group representative presents their work and
the information is discussed. The groups are asked
questions:

1. What is the basis of this pattern?

2. What are the variables?

3. What is the angle of rotation to create a rectan-
gle?

4. How many mastering teams are there?

Discussion of data

» Mathematical expressions can be used as a pa-
rameter instead of a number in commands.

* In the Logo environment, it is possible to use
brackets as in mathematics to change the sequence of
calculations.

* Data is stored in cells in the computer's memory.
For example, x

the variable is stored in a cell named x, the variable
y is stored in a cell named y. The expression x = x + 1
means that the number in the cell named x is incre-
mented by 1 unit and stored in the same cell again.

For establishing a square we may create program
as following:

TO SQUARE

CLEARSCREEN

FORWARD 50

RIGHT 90

FORWARD 50

RIGHT 90

FORWARD 50

RIGHT 90

FORWARD 50

END

Creative application:

To get any of the given descriptions, students are
asked to write a program using the variable x.

variable x

clear

initial condition

is a pencil

x =50

forward x

pencil sharpener

forward 10

is a pencil

x =100

forward x
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Generalization and conclusion

Learned what mathematical expressions consist
of. The tortoise writes mathematical expressions in a
specially designed form. The writing of the appropria-
tion team, like many of Baga's teams, has its own rules.

Evaluation

The work of the groups is evaluated according to
the table below and homework is given

Groups

Criterion | Group 11 Group 11l Group

Expression

Compilation

Cooperation

Presentation

The result

Homework

Work on items 4 and 5 from the “Check What You
Learned” section of the textbook

VIK 624.012.3

Conclusion

Today, the path to the information society can be
considered as the path to the future of mankind. Ac-
cording to scientists, at the stage of full formation of the
information society, the main subject of human labor
will be information, and the tools of labor will be ICT.
Therefore, the application and use of ICT at all levels
of education in our country today, as well as the teach-
ing of ICT itself, the formation of students' ability to
independently collect, analyze and transmit infor-
mation is a requirement of modern times. We hope that
our teachers will make a great contribution to the de-
velopment of education through the effective use of
ICT in the teaching process.
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OVERVIEW OF DRY PREFABRICATED BUILDING SYSTEMS

Annomauusn
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OGHHBIX cUCmeM U NPOUNIIOCIMPUPOBANbI OCHOBHbIE V3ibl conpaxceHus. Coenan 661600 0 NPUMEHUMOCU PAC-

CMOMPEHHBIX CUCTEM HA ()aHanZ MOMeHm.
Abstract

This article examines the currently existing dry and semi-dry building systems for precast concrete construc-
tion in Russia and abroad. The characteristics of these systems are given and the main joints are illustrated. A
conclusion is made about the applicability of the considered systems at the moment.

Knrouegoie cnosa: cyxoii Monmagic, CKOpOCMHOU MOHMAIC, COOPHbBIL Jicere300emoH, pa3dopHblie cCmpou-

meJjlbHble cucmemaol.

Keywords: dry installation, installation of high-speed equipment, precast concrete, demountable building

systems.

IIpumeHeHne Cyxux U NOIYCYXUX CTPOUTEIIBHBIX
CUCTeM U3 COOPHOTO JKene300eTOoHa, B KOTOPBIX CBa-
POYHBIE U MOHOJIMTHBIC ITPOLECCHI CBEACHBI K MUHU-
MYyMY HUJIA MOJHOCTBIO OTCYTCTBYIOT, JA€T MHOKECTBO
MPEUMYIIECTB: YBEINICHHUE CKOPOCTU CTPOUTEIBCTBA,
YBEJIIMYCHUE TOYHOCTH MOHTa)Ka, BO3MOXKHOCTH TIPO-
CTOM 3aMEHBI 3JIEMEHTOB 3/IaHUsI, IIPAKTHYCCKU MOTHOE
OTCYTCTBHUE MPOU3BOJICTBCHHBIX OTXOJOB IIPH JIEMOH-
Taxke, B pANC CIy4aB He TPeOyeTcs NOMOJHHUTEIbHAS
MOJIICP>KUBAIOIIAsT OCHACTKA U JIp.

B nacrosee BpeMst IMEETCSI JOCTATOYHO IITUPO-
KU CIIEKTP CUCTEM, PUMEHSIIOIIUX B pa3HOU CTETICHH
BHE/IPSHUS CyXHe CIIOCOOBI COMPsHKeHNS 371eMeHTOB. K

3apyOeKHBIM TPUMEPAM TaKHUX CHUCTEM MOXKHO OTHE-
ctu: rosmanackue «MXB-5»,  «Moducon-2000»,
«SMT», «Bestcon30», «CD20», «Matrixbouw» [6, 7];
smonckre «NOHS», «NEXT21» [6], «Palcon Max»,
«W — PC constructiony»; aurimiickue «Contiframe» u
«Spanlight» [2, 3, 5]; uranbsuckyro «Structurapid Sys-
tem» [5]; ¢ppanmysckyto «PPB-Saret» [2, 3, 5].

B cucremax «Bestcon30y», «CD20», «MXB-5» u
«Contiframe» TexHOJIOTHUsI CyXOro MOHTa)Xa BHEIpeHa
Haunboee rryboKo.

TNomnanackas cucreMa «Bestcon30», umeromas
pasmepsr 3600x5400/7200 MM, sSBISETCS TOYCYXOU
CHCTEMOM, B KOTOPOH COEIMHEHHME KOJOHHA — IIJIUTa
MIePEKPHITHE — KOJIOHHA OPMUPYETCS TaKUM 00pa3om,
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YTO 4YETHIPE apMaTypHBIX BBITyCKAa Ha KOHIAX KO-
JIOHHBI IPOXOAAT YEPE3 OTBEPCTHA B INTUTAX MIEPEKPHI-
THUS, @ apMaTypHBIN BBIMYCK MO LEHTPY CEYEHUS KO-
JIOHHBI IPOXOAUT B OTBEPCTUE B KOJIOHHE, CMOHTHPO-
BaHHOM Bbime (puc. 1). Koncrpyknus cHavana

MOHTHPYETCS B CyXOM BHJIE, @ 3aTEM COEJMHEHUS TEP-
METH3UPYIOTCS G€3yCcaTOuHbIM pacTBopoM. JlomycTu-
mas Harpyska 8 kH/m? [6, 7].

Puc. 1 V3zen coedunenus konoun ¢ naumamu nepexpvimust 6 cucmeme «Bestcon30»
1 — cmanvnas nracmuna, 2 — MaccudHbvlil CMAILHOU YURUHOP, 3 — AHKEPHDIL CIEPIICeHD

Nmeromas anamoruunyto cucteme «Bestcon30»
APXUTEKTYPHYIO CXEMY U METOJ YCTPOHUCTBA Y3JI0B, CH-
crema «CD20» oTauyaeTcst TeM, YTO KOJIOHHBI HMEIOT

BMECTO apMATYpHBIX BBIIYCKOB YETHIpE KOPOTKUE
PYUYKH Ha HIDKHEM M BEPXHEM TOpIIE KOJIOHH U OTBEp-
CTHS B 3JIEMEHTAX HAMOJIBHOTO MOKPBITUS (pHC. 2).

! -

Puc. 2 V3zen conpscenus kononn ¢ naumamu nepexpvimus cucmemoi «CD20»
1 — xononna, 2 — nauma nepexpvimusi, 3 — memaniuueckue pyuxu, 4 — coeounsiemas mygpma, 5 — bawmaxu ¢ om-
sepcmusimu

3anMBKa CIOTOB JUIS IIEMEHTAIMd HEO0XOoIMMa
JUIsl 00ecriedeHus] TOPU3OHTAIBHOM YCTOWYNBOCTH, a
Taroke st pukcanmy xoioHH. CHcTeMa MMEeT CTaH-
naptHele pasmepsl  3600x4800/5400/6600/7200 mm.
JHonycrumas Harpyska 8 kH/m? [6, 7].

Cucrema «MXB-5» mnpexacTaBisieT HOIHOCTHIO
CYXyI0 KapKacHyI0 cucteMy. KoJIOHHBI MMEIOT cTajb-
HbI€ TUIACTUHBI HA 00OMX KOHI[AX C OTBEPCTHSMH IOJ
60NTEI. DNEMEHTHI IMojla CHa0)KEeHBI aHKEPHOW BTYII-
KOI1, BCTpOeHHOH B 6eTOH. KOJIOHHBI M 2JIEMEHTEHI 1T0J1a

COE/IMHEHBI CTSDKHBIMU Oonramiu (puc. 3). Lllar kononH
c ceueHueM ot 200x200 MM umeer pa3Mepsl
3600/5400x7200 mM. CkopocTh BO3BEIEHUs KapKaca
10 JAHHOH TEXHOJIOTHH MOXeT HocTuraTh 70 800 M2 B
JieHb. boImbIINM MUHYCOM JaHHOW CHCTEMBI SIBIISETCS
TO, YTO HECYIUE METAJNIMUECKUE DJIEMEHTHI MOJHO-
CTBIO OTOJICHBI, YTO HETATHBHO BIUSET HA OTHE3AIINTY
KOHCTPYKIIUHU B TesioM [6, 7].
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Puc. 3 Vzen conpsascenusn naum nepexpoimus u konont  cucmeme « MXB-5»

Cucrema «Contiframe» npencrasiser co6oi cu-
CTeMy, TI€ OCHOBHBIMH HECYIIUMH 3JCMCHTAMH CH-
CTEMBI SBIIAIOTCS COOpPHBIE MHOTOIPOJICTHRIC Oallku B
OJIHOM HampaBJeHUH U COOPHO-MOHOJHUTHBIE OajKu B
JIPYTOM HAaNpaBJICHUH, ONIEPTHIC HA COOPHBIC KOJOHHBI
BBICOTOM B ATaX.

~——

N

e —————

SSSTETTSS
AN

CucrtemMa  WMeeT  CTaHHAPTHBIE  pa3MeEpHI
6000/7200x6000/7200 mMm. [To 6amkaM yII0KeHBI IPeI-
HaTPsHKCHHBIE MHOTOMYCTOTHBIC TUTUTHI TIEPEKPHITHH.
OCHOBHBIM OTJINYMEM JaHHOU CHCTEMBI SIBJISCTCS UC-
M0JIb30BaHKE BUJIOYHOTO COEAMHEHHUS KOJIOHH (puc. 4)

3, 5.

@
@
A3

C®_®

Puc. 4 Ipunyunuanvhas cxema uiouH020 cmulka KoJiouH cucmemsl «Contiframey
1 — yenmpupyrowasa npoxiadka, 2 — 8binycku paboueil apmamypsl 8epxXHell 4acmu KOAOHHbI, 3 — 2He30a Ol pas3-
MewjeHuss CmbIKYeMOl apmMamypbl U 3an0JIHeHUs 8bICOKONPOUHBIM NOJUMEPHBIM COCTNABOM

B Poccuu cyxue u mojlyCyxue CUCTEMbI Hadallu
pa3pabaTbIBaThCS M MPUMEHSATHCS CPAaBHUTEIHHO HE-
JIaBHO. B xauecTBe mpumMepa pa3pabOTKH CHCTEM C TO-
JMYCYyXOW COOpHOH Kene300eTOHHON KOHCTPYKIUCH B
P® moryT ciayXuTh CIeAyIOIKE PEHICHUs: KAPXUTEK-
TYpHO-TPaJOCTPOUTENbHAS CHUCTEMA IaHEJIbHO-Kap-
kacHoro gomoctpoerus» (AL CITIK]); cucremsr «KYb
2,5» n «kKYB-2,5K» [1, 4, 5]; «YHuBepcanbHasi JOMO-
ctpoutenbHas cuctema» [1]; cuctema «PEKOH» [1,
4]; cucrema «APKOC» [1, 4]; cucrema «KACKA»
[4]. [IpuBeneHHBIE POCCUIICKIE CHCTEMBI IO OOJBIIEH
YacTH TIOJYYWIINCh B PE3YNbTaTe B3ATHS 32 OCHOBY
MHOCTPAHHBIX NMPOTOTUIIOB, OAHAKO yXke (hakT cyte-

CTBOBaHHS M Pa3pabOTKH JaHHBIX CHCTEM HIUTIOCTPH-
PYeT MOJIOKUTETbHYI0 JUHAMUKY Pa3BUTHS CyXOH TeX-
HoJsioruu B Poccun.

PaccMoTpuM HECKOIBKO MPUMEPOB POCCHHCKUX
TIOJTYCYXUX CHCTEM BO3BEICHHS )KEIe300€TOHHBIX 3/1a-
HUH.

Kapkac cucremsl «PEKOH» Britouaer cOopHble
KOJIOHHBI U KOMIIJIEKCHBIE COOPHO-MOHOJIUTHBIE PH-
read OalloYHOW KOHCTPYKIHMH, KOTOpPBIE IO3TAXKHO
00BETUHEHBI COOPHO-MOHOJIUTHBIMH TIEPEKPBITHIMH
(puc. 5). Ceuenne kojoHH OT 250250 mMm. CeueHnue
pureneit ot 250x200 MM. Pa3Mepsl ceTKu KOJIOHH MO-
ryT 06ITh OT 1500 10 7200 MM.



26 TECHNICAL SCIENCES /7 «COLLOQUIUM=JOURNAL »# 32(34).2020

lvl{

Puc. 5 Onemenmur cucmemor « PEKOH»
1 — kononHua, 2 — yuacmku KOJIOHH C 020AEHHOU apmamypoll, 3 — pueeis,
4 —onopnoe ceuenue puzens

KosnoHHBI CTBIKYIOTCSI 6€3 CBapKH, NP ITOMOIIH
«IITETICEJIBHOTO CThIKa». MOHTaX puresneit ocymecTs-
JIsieTcs 3a CYeT MPOITyCcKa JOTOJHUTEIBHBIX apMaTyp-
HBIX CTEp)KHEH yepe3 KOJOHHY. Purenm ciyxar peo-
paMH MOHOJMTHOrO mepekpelitus. llpenBapurensHO
HaNpsDKCHHBIE  )KEJIE300€TOHHBIC  IUTUTHI  CIY)KaT
HECHEMHOH ONaryOKOH It MOHOJIMTHOTO apMHUPOBAaH-
HOTO ¢J0s. Pa3znuyHpli mWar U NpoyieT KOHCTPYKUUNA B
CHCTEME JIaeT BO3MOKHOCTh IPUMEHEHHS Pa3HO00pas3-
HBIX 00BEMHO-TIJIAHUPOBOYHBIX penieHui [ 1, 4].

B ocnoge npyroii cuctemsr «KACKA/» 3amoxen
CBSI3€BOI KapKac, COCTOSIIMI M3 KOJOHH, auadparm
J)KECTKOCTH W pureseil. Ero KOHCTpyKLHsI MO3BOJISIET

OCYIIECTBIIATh MOHTAX 37[aHUS B JH000E BpeMs roja,
IIpH 3TOM 00ECIIeUrBas MOBBIIICHHYIO MPOYHOCTH [4].
OnopHBI y3e] pureiis U KOJOHHBI MPEACTaBISET CO-
00l BCTAaBOYHOEC COCIUHCHUE IO THUILY MPEICTaBIICH-
HOTO TIpom3BogUTEIEM «ANStar.

[IpumepoM maHETHHOTO JOMOCTPOSHHE C TIpHUME-
HEHHEM ITOITyCyXOTO COTPSKSHUS DIIEMEHTOB SBIISICTCS
ApPXUTEKTYpHO-TPAJIOCTPOUTENIFHASL ~ CHCTEMa  Tia-
HenbHO-KapkacHoro gomoctpoerus (ALCIIKI). B
JIAHHOU CUCTEME MPUMEHEHBI HOBBIE MHOTOITYCTOTHBIE
IJTUTHI ¢ MEXITYCTOTHBIMU YCUIUTENSIMA U CTCHOBBIE
MaHeId, MOHTHPYEMbIE IO TPUHIUIY KUPIUIHON
knaaku (puc. 6).

Puc. 6 Conpﬂofceyue CIMEHOBbIX NaHeell u naum nepekpblmuzi C MEeNCNYCMOMHbIMU Y CUIUmMesAmMu

I'opu3oHTaIBHBIE CONPSIKEHNS YIEMEHTOB 3JaHHS
BBITTOJIHEHBI B BU/E TETJIEBBIX COOPHO-MOHOJIHTHBIX
y310B. OCTanbHBIE BEPTUKAIBHBIE COSAMHEHHS depe-
JIYIOTCSL IO BBICOTE: apMaTypHBIH CTEpXKEHb B METie-
BOM COOpPHO-MOHOJIUTHOM Y3JI€ COCIHUHSIETCSI C apMa-
TYpHBIM CTEPIKHEM, KOTOPBIM MPOXOAUT uepe3 cepe-
JUHY BBIIIe- MM  HIKEJICKAIEH MaHelIn |

3aMOHOJIMYEH B HUX. B JaHHOM Y3JIC IPUMCHCHA CH-
cTeMa [yl CpallMBaHUs apMaTypsl IO TUILY, KOTOPBII
MPEIOCTABNIAIOT KOMIaHWW «Anstar», «Peikko» u
«Halfeny.

HecmoTpst Ha Bce MOJOKHUTEIbHBIE CTOPOHBI CY-
XOT0 MOHTaXXa, IIPH BBIOOpE criocoba cOOPKH Kele30-
OCTOHHBIX HJIEMEHTOB B OOJIBIIMHCTBE CIy4aeB KOMIIa-
HHM BBIOMPAIOT MOKpBIC BUIBI COCTUHEHHUsSI COOPHBIX
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JKeJIe300€ TOHHBIX AJIEMEHTOB. B OCHOBHOM 3TO 00y-
CJIOBJICHO CJIEAYIOMHUMH (PaKTOpaMHU: HU3KAst TEXHOIO-
THYECKask 00CCICUCHHOCTh MPEIMPUSATHIT, OTCYTCTBUE
HOpPMATHUBHOW 0a3bl JJIsl HOBBIX COCTUHCHUI; MOHU-
JKCHHas 3all[UTa OT OTHA ¥ Kopposuu. [Ipu ycTpaneHuu
JAaHHBIX ()aKTOPOB, PACCMOTPEHHBIC PEHICHUS CYXOro
MOHTa)ka MOTYT CTaTh MPUBBIYHBIM PEIICHUECM MPH BBI-
0ope MeTo1a CTPOUTENILCTBA B OYAYILIEM.
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THE EFFECTIVE INFORMATION PROTECTION SYSTEM OF AUTOMATED AND
INFORMATION SYSTEMS

Annomauyus

B pamxax oannou pabomul Obiiu usyuensvl co8peMeHHble Cnoco0bl ROCMPOCHUSE CUCIEM 3auumbl UH@POpMa-
yuu, XpanAwWUxXcsl Ha asmomamu3upoearnnoblx u/unu uH(ﬁOpMaI/;MOHHblx cucmemax, cpe()u U3YHYEHHbIX ATI2COPUMMOE
ObLIL NPOU3EBEOCH AHANU3.

Abstract

In the framework of this work, modern methods of constructing information protection systems stored on
automated and / or information systems were studied, among the studied algorithms an analysis was performed.

Knroueewvie cnoea: uH(])opmauuonnaﬂ cucmema, asmomamusupoeantas cucmema, cucmema 3aujumsl uUr-
dopmayuu, cpedcmeo 3awumsol uHGOpMayu, yepo3ssvl UHGOPMAYUOHHOU 6e30NACHOCMU.
Keywords: information system, automated system, information protection system, information protection

tool, information security threats.

|. Beenenue

Co3maHue CUCTEMBI 3aIIUTHl HHGOpMAIMHA Ha
00BeKTe HH(POPMATU3AIIUN BOSHUKAET B CBSI3U C HEO0-
XOJMMOCTBI0 OOCCIIEYCHHUsI LEIOCTHOCTH, JOCTYITHO-
CTH W KOHpUAeHIHaIbHOCTH UH(popMarun. Takxke B
paMKax pa3Horo poja HH(GOPMAIMOHHBIX/aBTOMATH3H-
POBAHHBIX CHUCTEM HEOOXOIUMOCTH OOCCIICUEHUS J0-
CTaTOYHOTO YPOBHSA MH()OPMAIMOHHONW 0€30MacHOCTH
MPOAWKTOBAHO 3aKOHOM be3omacHocTs WH(pOpMaLny,

oOpabatbIBaroIIeiics Ha TOCYAapCTBEHHBIX MH(OpMa-
UOHHBIX CHCTeMax, 00s3aHbl oOecreunBaTh Ormepa-
TOPBI B COOTBETCTBHU C 3aKOHOIATEIBCTBOM, B nHdoOp-
MAaI[MOHHBIX CHCTEM IePCOHANBHBIX NaHHBIX Ormepa-
TOpPBI O0SI3aHBI O0ECIEYUTh JOCTATOYHBIH YPOBEHB
3alUIICHHOCTH WH()OPMAIINH, a UMCHHO TEPCOHANb-
HBIX JTAaHHBIX, COTJIACHO JIEWCTBYIOIIUM TPEOOBAHHAM
3aKOHOJATEbCTBA. B aBTOMAaTU3UPOBAHHBIX CHCTE-
Max, XpaHsIIMUX KOHPUIACHIHATHHYI0 HHPOPMAITHIO, B
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TOM 4HCIIe KOMMEPYECKYI0 TaifHy, COXPaHHOCTh HH-
(dhopmammu He0OX0IMMO 00ECTICUNBAThH BIIAJENbIIAM, C
LEeNbI0 MUHMMHU3UPOBATh BEPOSITHOCTH HApPYyLICHUS
CBOMCTB 0€30MaCHOCTH MH(POPMAIIMHU U BBITCKAIOLIMMHU
U3 3TOr0 (PMHAHCOBBIM M PEMYTAlMOHHBIM ITOTEPSIM.

B cBsI31 co BceM BblIle CKa3aHHBIM BO3HHKAET BO-
MPOC O MPOEKTUPOBAHUU CHCTEMBI 3aIIUTHI HH(pOPMa-
IIMM OJHOBPEMEHHO OTBEYAIOIIEH Kak TpeOOBaHUSIM
3aKOHOJIATEIhCTBA, TaK M YPPEKTHBHOIN Ha MPaKTHKE.
31ech CYIIECTBYIOT pa3inuHble METO/IbL. Boienum oc-
HOBHbIC THIIBIL:

a) ¢ IpPIMEHEHNEeM MaTeMaTHYeCKuX Mopeiei] |-
4],

0) ¢ MpUMEHEHHEM IKCIICPTHBIX OIICHOK [5-6].

Ha npakTuke HEBO3MOXKHO JOOHMTBCS CO3IAaHUS
YHHUBEPCAJIBHOTO METO/a B BHAY Pa3HOIIEPCTHOCTH
MH(OPMaLMOHHBIX/aBTOMAaTH3UPOBaHHBIX CHCTEM. B
paMKax JaHHOW paboThl OyAeT MPEeaoKeH HEKHA CBOJT
NpaBWI, €CJIH HE IO3BOJISIOUIMN MMOCTPOUTH CHCTEMY
3ammThl MHGOPMAIMHU, 10 KpaiHel Mepe, OyAeT sB-
JSITHCSI HEKUM BCTIOMOTATEIbHBIM HHCTPYMEHTOM.

1. TpeboBaHms K 0OECTICUSHHUIO TOCTATOYHOTO
YPOBHS 3aLIUIICHHOCTH

[lepBocTeneHHO HE0OXOIUMO 00ECIICUNTh BCE He-
obxonuMble TpeOoBaHus. TakoBble TpeOOBaHMS Ha
tepputopun Poccuiickoit ®@enepanuu onpenensoTcs
perymsaropamu: DenepanbHas ciyk6a besomacHoctu
Poccuiickoit @enepanuu (nanee o rekcty — ®Ch Poc-
cun) u PenepanbHas CiIyx0a 0 TEXHUUYECKOMY U JKC-
MOPTHOMY KOHTpoJto (nanee no tekcty — @CTOK Poc-
CHN).

B mepByro ouepens BBIACTHM TOCYIapCTBCHHBIC
HHPOPMAIMOHHBIE CUCTEMEI (nanee 1mo Tekcty — [ C).
O6ecneyenne cucteMsl 3amuThl [ IC moxnuTcs Ha orie-
paTopoB, OIEPaToOphl 3a4acTyI0 OINPEIEIIIOTCS B IO-
CTaHOBJICHUSIX / TOJIOKEHUSIX O CO3JaHUIO CHUCTEM.
TpeboBanwust i odecrieueHus cucteMsr 3anutel [ 1C
onpezenensl B [Ipukaze ®CTOK Poccun Nel7 «O6
YTBEpKICHUM TPeOOBaHHH 0 3amuTe HHPOPMALUH, He
COCTaBJISIIOIIEH TOCYJJapCTBEHHYIO TalHy, cojepixka-
IIeHCS B TOCYAapCTBEHHBIX MH(POPMAIIMOHHBIX CHCTE-
Max» [7]. B coorBercTBUM ¢ [7] onpenensrorcs Kiacc
samuiieHHocty ['MC, niast KkoToporo M MNpoOUCXOIUT
obecriedeHre BceX TPEOOBaHH.

Emé omuum pacnpocTpaHeHHBIM THIIOM HHOp-
MAIIMOHHBIX CUCTEM SIBJISCTCS WH(OpMAaIMOHHAs CHU-
cTeMa NepCOHAJIBHBIX JaHHBIX (Hajee 1mo tekcry — MC-
T1Tn). Jnsa UCTI/IH BeIACTAIOTCS] yPOBHY 3alTUINIEHHO-
ctu. Yposens 3amuiiennoctd UCITJIH onpenensercs
B coorBercTBUU c Ilocranosnenuem IlpaBurenscrBa
P® ot 01.11.2012 N 1119 «O6 yTBep)aeHnn TpeOoBa-
HUH K 3alUTe MEepCOHAIBHBIX JaHHBIX MpU HX 00pa-
00Tke B MH()OPMAIIMOHHBIX CUCTEMaX IEePCOHAIBHBIX
JTaHHBIX» [8].

Hanee HeoOXomuMO oOecreunTh TpeOOBaHUS K
KOHKPETHOMY YPOBHIO 3al[UIEHHOCTU. TaKoBEIE Tpe-
6oBanus ompenenensl B Ilpukaze ®CTIK Poccun
Ne21 «O06 yTBepskaeHHH COCTaBa U CO/IEPKAHUS Opra-
HU3AIMOHHBIX M TEXHHYECKHUX Mep 10 00ecreueHHIo
0e30TacHOCTH TIEPCOHANBHBIX JAaHHBIX MPH UX 00pa-
0oTke B MH(DOPMAIMOHHBIX CHCTEMaX MEPCOHATBHBIX
JaHHBIX» [9].

Uro xe KacaeTcs aBTOMATU3UPOBAaHHBIX CHCTEM
(manee mo Tekcty — AC), TO pyKOBOJSIINE TOKYMEHTHI
[10-11] mns HUX mATUPYOTCS emié NEBSHOCTBIMH TO-
JlaMH, 9aCTh U3 KOTOPBIX YK€ MOTEPsUTH aKTyallbHOCTh
Ha CeTOHSIIHUN AeHb. B cBsa3u ¢ atuM, ecimm g T AIC
n UCIIJIH moMKHBIM ypOBEHb 3aIlMIICHHOCTH CH-
cTeMbl W HMH(OpPMALUH, LUPKYIMPYIOIIEH B HEH,
MOYKHO 00€CIeYlTh, PYKOBOJCTBYSCh COOTBETCTBYIO-
LIeH 3aKOHOMaTeNbHOM 6a30#, To st AC HE0OX0IUMO
CaMOCTOSTENTFHO POPadaTHIBaTh CHCTEMY 3aIUTHI.

I1l. Onpenenenne akTyaIbHBIX KHOEPYTPO3

Jlnist onpeieneHus ONTUMAaIbHOTO Habopa CPEACTB
3amuThl nHGopmanuu (Cp3U), BXOISIIUX B COCTaB CH-
CTEeMBl 3alIUTHl MH(OpMaNnK, HEOOXOJUMO Ompese-
JIUTh aKTyallbHBIE YIpO3bl, HA HEHTpaJIM3aLHI0 KOTO-
prix OynyT Hanpasienst Cp3U.

AKTyanbHBIE YTPO3bI PEKOMEHYETCS OIpeAeI AT
u3 mepedHs OaHKa JaHHBIX yrpo3 0e30MacHOCTH HH-
¢dopmarmu ®CTIK Poccunm [12]. B 6anke mpencras-
neHo 217 yrpo3 6e3omacHOCTH HHPOPMAIIHH.

B [12] a0 0603HaueHO Kak «CHHCOK yrpo3», Ha
JIeTIe JKE 3TO CKOpee HEKHE KJIACCHI YTPO3, HEXKEIH OT-
JeTbHO YacTHBIE yrpo3bl. Ho mpexae uem nepexoaurts
K OLCHKE aKTyaJbHBIX yrpo3 MH(OpManMOHHOHN 0e3-
OIacHOCTH 00beKkTa HMH(pOpPMATH3AIMH, HEOOXOJUMO
OTIpENICNIUTh TepPeueHb BO3MOXKHBIX YS3BUMOCTEHL.
JanHplll nepedeHp Takxke mpexacraBieH B [12]. Ha
MIPAKTHUKE TaK)Ke MOJIE3HBIM ABJSACTCA IPUMEHEHUE He-
KOT'O CpeJICTBa aHaJIN3a 3alUIEHHOCTH, a JUI1 HEKOTO-
PBIX CHCTEM B COOTBETCTBHH C TPEOOBAaHHUSAMH SIBIISI-
eTcst 003aTeNbHBIM.

Taroke s o0bekTa WHPOPMATH3AMUN HEOOXO-
VMO OIIPEJENNTh HCTOYHMKA Yrpo3 (THUI HapylIH-
Tens), 00BEKT BO3AEHCTBUS M TMOCIEACTBHS pealn3a-
UM Yrpo3bl (HapymeHne KOH(UIEHIMaIbHOCTH,
HapyIIeHNUe IIeJIOCTHOCTH, HapyIIeHHE TOCTYITHOCTH).

Jna ompeneneHust akTyalbHBIX YIpo3 Ha Cero-
THSAIIHANA JIeHh HauboJiee paclpoCTpaHEHHOW CHCTe-
MO OIICHKH SIBJIETCSI CHCTE€Ma IKCIEPTHBIX OIICHOK.
[IpuMeHeHHEe MaTeMaTHYECKOT0 MOJCTUPOBAHUS IS
OTIpeieNIeHNs] aKTyalbHBIX YIpo3 SBISIETCS BechMa
CJIOXKHOM CHCTEMOH B BH/y OOJIBIIOTO YHCIIA BO3MOXK-
HBIX yrpo3. KommuecTBO BO3MOXKHBIX KOMOWHANNMIT aK-
TyaJIbHBIX YTpo3 onpeensercs kak 2217, Jlannoe uncio
MOCYNTATh SIBIISICTCS. HEBO3MOXKHBIM, a IIOITOMY
MIpeXJe YeM MPHUCTYNATh K MTOCTPOSHHUIO Pa3IMuHOTO
pola Mar Mojenei, Heo0X0IMMO ¢ TIOMOILBIO ayauTa
CHCTEMBI OIIPEICIIUTh aKTyaJIbHBIE YTPO3EI.

V. B16op cpeacTs 3aniuTel HHPOpMAIHN

OmnpenenyB akTyajdbHBIE YIPO3BI HH(POPMAIMOH-
HOM 0e30macHOCTH, HEOOXOIMMO OLIEHUTH HauboJjee
ONITUMAJIBHBIN COCTaB CPENICTB 3alIUTHI HHPOPMALIHH.
OnTUManbHOCTh ONpenelsieTcss U3 JIByX NapaMeTpOB:
3¢ PEKTUBHOCTH U CTOMMOCTB CPEJICTB 3al[UTHI HHPOP-
Manuu. DPHEKTUBHOCTD B OTIIMYMN OT CTOMMOCTH SIB-
JISIETCSI CIIOKHOM (DyHKITMEH, B KOTOPYIO MOXHO 3aKJja-
JIBIBATh JJOCTATOYHOE KOJIMYECTBO ITapaMeTpoB. 3aada
OINITHMU3AINH JIBYX XapaKTEPUCTUK MOXKET CBOJUTHCS
K IBYM Pa3HBIM IPUMEPaM: MHHUMHU3AIH CTOUMOCTH
CPEIICTB 3alUThl U Tojaepxkanne d3hHEKTUBHOCTH HE
HIDKE OINPEIEIICHHOTO YPOBHS, MO0 e MaKCHMH3a-
uus 3¢G(GEeKTUBHOCTH W (HUKCHPOBAHHAS CTOMMOCTH
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CpencTB 3amuThl MH(popMaruu. B BHIy CloXHOCTH
onpezeneHust 3Q(PEeKTUBHOCTH CHCTEMBI 3alllUTHI, OY-
JIEM paccMaTpUBaTh BTOPO mpumMep. TakoBoii mpumep
HanboJiee TMPUOIIDKEH K pealbHBIM YCIOBHSM, KOTJa
HUMCIOTCS OTPaHUYCHHBIC MaTepUANIbHBIC CPEICTBA HA
MOCTPOCHUE CUCTEMBI 3aIUThl MHGOPMAIMH, U TPH
9TOM HEOOXOAMMO TOCTpPOUTH Haumboiee 3hPeKTHB-
HYIO CHCTEMY 3all[UTHL
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Abstract:

The article provides information on the composition and properties of one-pack epoxy adhesive compositions
for restoring the tightness of the tank and pipelines of technological equipment used in the oil and gas industry
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OCHOBHBIM JIOCTOMHCTBOM IIEHOYHOTO KJIes SIB-
JSIETCSI TO, YTO TP MCIIOJIB30BAHUU €0 JUISi pEMOHTa
MCKJIIOYaeTCsl HanOoJiee OTBETCTBEHHAS ONEPALHs 110
JIO3UPOBKE W CMEUIMBAaHMIO KOMIIOHEHTOB CMECH,
YIpOIIaeTcs TEXHOJIOTHs MpuMeHeHus kies. CBoiicTBa
IUIGHOYHOTO KJIesl JIOJDKHBI COOTBETCTBOBATh IpHBE-
JICHHBIM BBIIIIE TpeOoBaHUIM. Kpome Toro, MiIeHOuHBINH
KJIeH He JOJDKeH TepATh GpopMy IpH KOMHATHOH TeM-
neparype u o0iagaTh HEOOJBIIOW JUMKOCTHIO. JlJis
IUIEHOYHOTO KiIed, IPeAHAa3HAaYeHHOT0 IJIs1 BOCCTaHOB-
JICHUSI TEPMETUYHOCTH JIETAJIEH 1 Y3JI0B XOJIOAUIBHOTO
arperara, BBIIIBUTAETCS Ps JIOTOJIHUTEIBHBIX TPeOO-
BaHMH: yCTOHYMBOCTD K OBICTPOMY TI€perasty TeMIepa-
Typbl (TEIUIOBOMY yJapy) M JEWCTBHIO BHOpaIuH,
CTOMKOCTB K ACHCTBHIO 3aMep3arolleil BOABIL.

[IneHouHble KIEU-TEPMETHKH JOJDKHBI COOTBET-
CTBOBAaTh CIEAYIONIIM TEXHOJOTMYECKUM TPEOOBAHUSM:
BpeMsI JKHM3HECTIOCOOHOCTH KIIesl IPH KOMHATHOI TeMIie-
parype JODKHO OBITh HE MEHee 6 MeC; OTBEp)KICHHE
KJIEeB JIOJDKHO TPOXOIWTH JIOCTATOYHO OBICTPO (OT He-
CKOJIBKUX MUH 710 1,5 9). [Ipu Temmeparype oTBep K IeHHs
KJIeH J0JbKeH 00JlaziaTh ONTHMAIbHOM BSI3KOCTBIO, XO-
POLLIO 3aTIOJIHATH 3a30Pbl, HE BBIIEIATH IPU OTBEPKACHUN
JIeTy4uX NpoaykToB. KiieeBoli 0B He JOIKEH UMETh IOp
Y TPEIIWH, ObITh IPOYHBIM U T€PMETHYHBIM. TeXHOJIOTH-
YECKHH MpOLECC CKICHBAHMS JOJDKEH OBITH 10 BO3MOXK-
HOCTH HIPOCTBIM U HE TpeOOBaTh MPUMEHEHHS CJIOKHOTO
o6opynoBanus. B coctaBe kiest He JOIDKHBI COAEP KaThCs
BEIIECTBA  3aMPCIICHHBIC OpPraHaMH  CaHUTApHOTO
Hamopa Poccwuiickoit denepanun K MCMONB30BaHUIO B
TOKPBITUSAX W KJIEAX, MMCEIOIINX WM MOTYIIUX HMETh

KOHTAKT C TIHIIIEBHIMH MPOIYKTaMH; B OTBEPKICHHOM CO-
CTOSTHHM KJICH He JTIOJDKEH 00J1a1aTh 3a1maxoM.

[Ipu pa3paboTke IUICHOYHOTO KIes-TepMETHKA
JUISL BOCCTAHOBIICHHS TePMETHYHOCTH EMKOCTH TPY0O-
MPOBOJIOB TEXHOJIOTUYECKOT0 000py10BaHuUs HedTera-
30BOH OTPaC/I B KAU€CTBE OCHOBBI KIIEEBOM KOMIIO3H-
MK OBUTM WCIIBITAHBI ATIOKCUIHBIC JHAHOBBIC OJIMTO-
MEpBI CIEAYIONIUX MapOK: KUJIKUE OJUTOMEpHI - DJI-
20 u D/1-22; BoicokoBsizkue — D/-16 u 3-41; TBepabIe
- D]J1-8, 3-44, 3-49. B xauecTBe OTBEPAUTEIIS AJISI TIIe-
HOYHOTO KJIesl PEKOMEHIYETCS WCIIONB30BATh TaKHE
CIIMBAIOMIAE areHThI, KOTOpble HE OBUIM aKTHBHBIMH
IIpu KOMHATHOW TeMIeparype, B TO ke BpeMs TIpH T0-
BEIIIICHHBIX TEMIIEPaTypax OTBEPKACHUE TOJDKHO UIATH
C JIOCTaTOYHO BBICOKOH CKOpOCThIO. [TocKoNbKY pa3pa-
OaThIBaEMbIi TJICHOYHBIA KJIEH MOXKET UMETh KOHTAKT
C MUAIIEBBIMH MPOAYKTAMH, OTBEPAUTENH JOJKESH OBITh
HETOKCUYECH.

YkazaHHBIM TPEOOBAHUIM YOBIIETBOPSET JMIIH-
aaguamun (JI/IA). Y3 Bcex MCIONB3YEMBIX Ha Mpak-
TUKE OTBEpAUTENICH I ATMOKCHIHBIX OJUTOMEPOB,
JLJIA siBiasieTcss HaMMEHEe TOKCHYHBIM BEIICCTBOM.
JLIA oTHOCHTCS K YUCIY JIATEHTHBIX OTBEpIAUTENEH,
CMECH KOTOPBIX C 3MOKCUIHBIMU OJUTOMEPAMHU IPE.I-
CTaBISIOT COOOW FOTOBBIE K YHOTPEOICHHIO KOMITO3H-
[UY, CIIOCOOHBIC JUTMTEIFHO XPAHUTHCSA MPU KOMHAT-
HOW TeMIlepaType U CPaBHUTEIBHO OBICTPO OTBEp-
JKIaTbes MpH HarpeBaHud. OTBEPKACHUE STIOKCUIHBIX
osmmromepoB JIIJIA pouCXOaUT NP TeMIiepaType OT
120 10 220 °C, mpo0KUTETLHOCTD OTBEPKACHUS TIPH
3TOM U3MeHSETCS cooTBeTCTBEHHO OT 10 1 10 20 MUH.




«COLLOQUIUM=JOURNAL »#32(84).2020 / TECHNICAL SCIENCES 31

Bribop MomudukaTopa SMOKCHAHOW KOMIIO3H-
UA. ONOKCHAHBIE KOMIIO3WIINH, OTBEpIKIAeMbIe
JLJIA, 001amaroT BEICOKOH aAre3nOHHON U KOTe3UOH-
HOM NPOYHOCTBIO, XOpPOIIEH CTOWKOCTBIO K BO3AEH-
CTBHIO DPA3JUYHBIX CpEA, HO OOpa3yrOT KECTKUH U
XPYIKHA KIIECBOM OB, YTO OTPUIATEIBHO OTPAXKACTCS
Ha MPOYHOCTH KIICCBBIX COCJAMHCHHI B yCIOBUSAX 3HA-
YHUTEBHOTO Tepenaga Temreparyp. s moBBIIICHUS
3JACTHYHOCTH KIJIEEBOTO IIBA B STIOKCHIHYIO KOMITO3H-
U0 BBOJAT HU3KOMOJICKYISPHBIC IIaCTH(PHKATOPEI
WA BBICOKOMOJIEKYJISIPHBIE MOTU(HUKATOphL. s Mo-
TUQHUKAIANA ATOKCHUIHOW KOMIIO3HIUHN IS TICHOY-
HOTO KJIesl CIeQyeT BBIOpaTh BBICOKOMOJICKYISIPHEBIE
MOJU(PHUKATOPEI, T.K. OHU MPHUJAIOT KOMITO3UIMH CIIO-
COOHOCTh K IUICHKOOOpa3oBaHuto. [IneHkH, MOTydYeH-
HBIC B 3TOM CJy4ae, 001aJatoT JOCTATOYHON MPOYHO-
CTBIO U AJIACTHYHOCTHIO, YIOOHBI B IpUMEHEHUH. J[i1s
MOTU(HUKAIIMY KJICCBOH KOMITO3HUIIMU ObLT BRIOpAH MO-
muBuHWIOYTHpans (IIBB) On obnamaer xoporueit an-
Te3uei K psiry MaTephalioB, MMEeT aKTHBHBIC ()yHKITH-
OHAJBHBIC TPYIIIBI, CIIOCOOHBIE K B3aMMOACUCTBHIO C
KOMIIOHCHTAMH SIOKCHIHOH KOMITO3UIINH, SBIISCTCS
Oe3BpeHBIM BeIIeCTBOM. Vcmomp3yercss s Mpou3-
BOJICTBA IIPETapaToOB METUIIMHCKOTO Ha3HAYCHUS,
HaIpuUMep, B Ka4eCTBE OCHOBHI Kies Ui 00paboTKH
MEJIKUX TTOPE30B U PaH.

Bribop Hamonmuutens. HamonHuTens B KieeBoit
KOMITO3UIIMK BBITIONHSAET HECKONBKO (DYHKUMIA: TIOHH-
JKaeT ycaaKy Kiies IIPY OTBEPKICHUH, CHIDKAET BHYTPEH-
HHME HanpsDKEHHs, CIIOCOOCTBYET COMKEHHIO Kod(hu-
LUECHTOB JIMHEIHOIO TEPMUYECKOTO PACIIUPEHUS KIles U
cyOcTpara, OBBIIACT TETUIONPOBOTHOCTh M TEIIOCTOMH-
KOCTB KJICEBOT'O II1BA, YMEHBIIIACT €TO MOJI3YyYECTh U, B He-
KOTOPBIX CITy4asX, MOBBIIIAET KOT€3HOHHYIO MPOYHOCTH
OTBEPIKACHHOTO KIIes U aIre3MOHHYIO MMPOYHOCTh Kilee-
BBIX coemuHeHWi. Hamomaurenn OBIBAalOT MOPOIIKOO0-
pa3HbIe ¥ BOJIOKHUCTHIC. B KauecTBe MopoIKooOpa3HOro
HAaIIOJIHUTEIISL 6I)IJ'II/I BI)I6paHI)IZ ATIOMUHUEBAS ITy/Ipa, KE-
JIE3HBI IIOPOLIOK W KBapl, IbUICBUIHBIA. BosokHH-
CTBIMH HAIIOJIHUTCIIIMU 6I)IJ'II/I BbI6paHI)I oJimaMujgHas,
XJIONMYaTOOyMaXkKHasi U CTEKJIOBOJIOKOHHAS TKaHb. BbI-
OpaHHBIE TOPOITKOOOPA3HBIE HATOJIHUTEIN XOPOIIIO COB-
MEMIAIOTCS C ATOKCHUAHBIMHA OJHTOMEpaMH, TPUIAIOT
KJICI0 THKCOTPOITHBIC CBOMCTBA, IIMPOKO PAacCIpoCTpa-
HEHBL, IMEFOT HEBBICOKYFO CTOMMOCTD H SIBIITFOTCS] HETOK-
CHYHBIMU. BOJIOKHUCTBIC HAMOJHUTENHN YIYYIIAIOT TEX-
HOJIOTUYECKHE CBOMCTBA IJIEHOYHOTO KJIesl.

Pa3paboTka penenTypsl IDIEHOYHOTO KIes-TepMe-
THUKA U OMNIPEACIICHNUC PEKNMA €T0 OTBECPIKICHUA. Bkimro-
YeHHE B COCTAB KJIEEBOU KOMIIO3UIIUHU BBICOKOMOJIEKY-
JISIPHOTO MOJU(HUKATOpPa HMEET IENbI0 TOBBIIICHUE
MIPOYHOCTH KJIEEBOTO COCUHEHUS U DJIACTUYHOCTH KJle-
€BOT0 CJIOS, TPUIaHIE KOMITO3UITMH CITIOCOOHOCTH 00pa-
30BBIBATh B HEOTBEPIKICHHOM COCTOSHHH JIOCTATOYHO
MPOYHEIC TUICHKH.

[TouckoBbIe HCCIEIOBAaHNUS Ha MPEIBAPUTEIEHOM
sTane paboTHl MOKA3ajdH, YTO HAMTY4IINe XapaKTepH-
CTUKM TI0 TEXHOJOTMYECKHM MapaMeTpaM U HEKOTO-
PBIM (PU3UKO-MEXaHHYECKUM XapaKTepUCTUKAM UMEIN
IJICHOYHbIE KJIeW Ha OcHOBe osuromepa JJ1-20, He-
CKOJIbKO TIOHIDKEHHBIC — Ha ocHOBe JJ1-16 m D-41.
371H, a TaKKe HEKOTOPbIE IPYTUe OJIUTOMEpPbI ObLIH HC-
TI0JIb30BaHBI ISl Pa3padOTKH PELENTYpP KIIEEBBIX KOM-
NO3ULMH B IIpoIecce JaIbHEUIITNX UCCIIEIOBAHUM.

Kommozutin 11t mpoBeeHAs SKCIIEPUMEHTOB IO
OTIPENICIIEHNIO ONTHMAaJIbHOTO COOTHOIICHHS KOMIIO-
HEHTOB B IUICHOYHOM KJIe€ TOTOBHIIACH ITyTEM IIepeMe-
[IMBAHUS OJHOTO M3 BEIOPAHHBIX SMOKCHIHBIX OJHTO-
MepoB (unu ux cMmecu) ¢ 10%-HbIM pacTBOPOM HONH-
BUHWIOYTHpANs B 3TaHolie U aneTone (1:1 mo oobemy).
ITocne nony4deHust 0THOPOAHOM cMeCH, TOPIUSIMU BBO-
JIUJICS. TOHKOU3MEIBbUCHHBIN TUIIMaHINaMU, a TaKkxKe
HATOJHUTENIb U APYrMe KOMIIOHEHTHI (€CJIM OHU BXO-
JUIH B penentypy). CMech TIaTelIbHO MepeMelInBa-
Jach W BBIJCPXKHUBANIACh B TEUEHHE | CYTOK IpH KOM-
HATHOH TeMmepaType.

J171s OTy9eHus TICHOYHOTO KIIesl CMECh POBHBIM
CJIOEM BBUTHBAIIN Ha CTPOTO TOPH30HTAIBHYIO TIOBEPX-
HOCTB ITOJINBOYHOTO CTOJIA C (PTOPOITACTOBEIM MOKPHI-
teM. TommuHa cios pactBopa gomkaa O06ITh 0,3-0,4
MM. CyIIKy IJIEHOYHOTO KJes IPOBOIMIIN IO CIEAYIO-
ieMy pexuMy: Ipyu KOMHATHOM TemmepaTtype - 4 Jac,
3arem mpu 60 °C — 30 muH, 1 ipu 100 °C — 3 mun. s
MOJTy4YeHUs HY>KHOW TONIIMHBI INIEHOYHOTO KJIes OTIe-
palMio MO HAHECEHUIO CJOS pacTBOpa Kies U €ero
cymke noBropsuid. Ilocie OKOHUaHHS CYIIKHM JIUCT
IUICHOYHOTO KJIesl CHUMAJH C IOBEPXHOCTHU CTOJA, 00-
pe3anu Kpas JICTa ¢ HaTeKaMH, MOMEIIaTH MEXIY
JIBYMsI CIIOSIMHU TTOJTU3TUIICHOBOH IUICHKH, 3aTE€M CKa-
TBIBAJH B pyJIOH. Jlayiee pyJIOH XpaHWIN B BEPTHKAIb-
HOM TTOJIOKCHUX TIPU KOMHATHOW TeMIIepaType M HC-
HOJIF30BAJIH B TeUeHue 6 mecsues. [Ipu xpaneHun ruie-
HOYHOTO KJies B XonomamibHuke (5 °C), CpoK TOJHOCTH
KJes yBenuuuBaeTcs 1o 1,5 rona.

B kadecTBe OCHOBHI INICHOYHOTO KJiesi OBLT HC-
nojp30BaH omuromep 3J1-20, oTBepANTENIEM CIYXKHUI
JLTA, B3sThI B CTEXHOMETPUIECKOM KoonuecTBe (18
Mac. 4. Ha 100 mac. 4. onuromepa). OTBepKICHHE TIPO-
Bogwuy nipu 175 °C B Teuenue qByx yacoB. Pe3ynbraTel
OIBITOB TIO OTPENEICHUI0 3aBHCUMOCTH TPOYHOCTH
IIPU PACTSKEHUU OTBEPIKIAECHHBIX TUIEHOK MOKCHIHON
KOMIIO3UIUH U a[ir€3MOHHON MPOYHOCTH KIIEEBBIX CO-
eAUHEeHU MeTaioB OT KosmyectBa [IBb mpencras-
JIeHbl Ha puc. 1 u 2.

[Tonmy4yeHHBIE SKCIIEPUMEHTAIBHBIEC JTaHHBIC TTOA-
BEPrajy PerpeCCHOHHOMY aHAJIM3Y C HCIOJIB30BAHNEM
OBM. [locKOIBKY 3aBHCHMOCTH HOCHT IKCTPEMallb-
HBIM XapakTtep, JJId HAXOXKJEHUS YpaBHEHUH perpec-
CHM PALMOHAIBHO HCHOJIb30BATh MOJMHOMUHAIIBHYIO
aNIpoKCUMHUPYIONTYIO QyHKIHIO:

Y:b+C1X+C2X2+C3X3+ G XD
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Puc. 1 — 3asucumocms npounocmu npu pacmsidicenuu OmeEepHCOEHHbIX NAEHOK INOKCUOHOU KOMNOZUYULU HA OC-
noge cmonvt 3/-20 u JJLIIIA om codepaicanusi NOIUSUHUIOYMUP AT

YpaBHEHHE perpeccuu 3aBUCUMOCTH, TIOKa3aHHOU

Ha puc 1:
Y =-0,2617x% + 4,0515x + 66,307.

BennunHa  JOCTOBEpPHOCTH — ANIPOKCHMALIUU:
R? =0,9885.

3aBUCUMOCTH KOT€3MOHHOW U ar€3MOHHON Npoy-
HOCTH KJIEEBBIX KOMIIO3HIINK oT KoyimdecTtBa IIBb ma-
TEMAaTUYECKH OINHUCHIBAIOTCS YPABHEHUSIMU PETPECCUU
BTOpOTO mopsaka. JInHum TpeHaa Ha rpaduke mocTpo-
€HBI ¢ Ucnoyb30BaHneM DBM myTeM MOJIMHOMUHAIB-
HOM anmpoKCUMAIIUY YKCTIEPUMEHTATbHBIX TAHHBIX TI0
METOJly HAUMEHBIIINX KBAAPATOB. BIM3KHUe K eIUHUIIE

3HA4YCHUS BEIMYMH JOCTOBEPHOCTH AaIMpPOKCHUMALUU
R? CBUJIETENBCTBYET O XOPOIIEM COBNAJCHHM JIMHUIH
TPEHAA C IKCTIEPUMEHTAIbHbIC JaHHBIMH.
OKCHEepUMEHTANbHBIE JaHHBIE MTOKA3bIBAIOT, YTO
BBE/ICHHE B COCTaB KOMIO3UINN NOJIMBUHHUIOYTHpAIs
TIO3BOJISICT OBBICUTH KOT€3HOHHYIO NPOYHOCTH 3MOK-
CHIIHOTO NonuMepa Ha 15 %, aire3noHHyI0 NIPOYHOCTH
KJIEEBOT'O COEIMHEHUS CTaU Ha 24 %, OIOpaTIOMUHUS
— Ha 21 %, amomuHneBoro cruaBa AJ[1 (mumeBoro
amoMuHus) — Ha 22 %. Haubosb1ero sHaueHUS Ipoy-
HOCTB JocTuraet npu cogepxanuu [IBb 40 mac %.

M
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Puc. 2 — 3asucumocmuv npounocmu npu coguee kieedvix coeounenuti cmanu Cm 20 (xpusas 1), oopanomunus
19T (xpusas 2), aniomunus A1 (kpusas 3) om codepoicanus ROAUSUHULOYIMUPATIS 8 INOKCUOHOU KOMROUYUU
Ha ocrnoge cmonvt I1-20 u JILIIA
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VpasreHns perpeccun 1 R? 3aBICHMOCTEH, TTOKa-
3aHHBIX Ha pHC 2:
Y1=-0,1559x% + 2,4309x + 28,677; (1)

R2 =0,9801;
Y2 =-0,1009%2 + 1,8977x + 15,592;  (2)
R2= 0,9697;
Y3 =-0,0739x2 + 1,4932x + 11,975;  (3)
R2=0,95.

INoBbIIeHNE MPOYHOCTH MPU BBEICHUN B KOMIIO-
sunuio [IBB MoxkeT ObITh 00BsACHEHO 00pa3oBaHEM B
XOJIe OTBEPIKACHUS Kiiest IByX (pa3HOM OIMMEpHO cH-
crembl. Ilpyu MccnenoBaHuUM IUIEHOK OTBEPKACHHOMN
KOMITO3HIIMH C TOMOIIBIO PacTPOBOTO 3JIEKTPOHHOTO

.

‘ I

MHKPOCKOIIa 0OHAPY>KEHO IPUCYTCTBHE B SIIOKCHIHON
Marpuie aucrepcHoi (as3sl B Buae chepudeckux 00-
pasoBaHui (Karenek, rio0yn) pasmepom ot 5 go 40
MKM (puc. 3).

OO0pa3oBaHue JUCIEPCHON (pa3bl B XOJAE OTBEP-
KICHHS TTOJNTBEPIKAACTCS TAKXKE M TeM (HaKTOM, YTO
UCXOJIHAsl IPO3payHasi KOMIIO3HIHS 110 Mepe IPOTeKa-
HUSI pEaKUUH CIIMBAaHMS CTAHOBUTCS HENPO3PavyHOU.
[IBb BHayase pacTBOpsieTCS B SMOKCUIAHOM OJIUIO-
Mepe, a 3aTeM, 110 Mepe YBEINYCHHUS CTEIICHH CIINBa-
HHUS MakpOMOJIEKYJ, BBIIEIACTCS B BHAE OTIEIBHON
(a3l

)
. .
-

> 9

Puc. 3 — Cmpyxmypa snoxcuonozo nonumepa Ha ocrhose onucomepa I/-20, mooupuyuposannozo noiusu-
Hurbymupanem ¢ omeepoumenem ouyuanouamuoom *2000

[Ipn mOBBIMICHWH TEMIIEPaTyphl OTBEPXKICHUS
KOHLEHTpAIMs TJI00yJl CTaHOBHTCS OoJibllie, TO-
CKOJIbKY TIOHI)KEHHAs! BSI3KOCTh CHCTEMBI CIIOCO0-
CTBYeT pa3zeieHuio ¢a3. Obdmee 00beMHOE Comeprka-
HHE JUCIIepCHOI (a3bl B OTBEPXKICHHOM IOJIHMEpe
BhIIe 00BeMHOTO conepxanus [IBB, BBemenHOrO B
Kommno3uiyio. Ilo-BuanmMoMy, B cocTaB 100y BXOIUT
He ToJsibko [IBB, HO ¥ IPOAYKTHI €ro B3auMOJEHCTBUS
C BIIOKCHIHBIM OJIMTOMEPOM.

IIpu HapacTaHuM MOJIEKYJISIDHOM Macchbl IIpO-
JIyKTa B3aUMOJCHCTBUS 3MOKCHIHOTO OJHIOMepa C
IIBBb BO3pacTaer ero HECOBMECTUMOCTb C HENPEPHIB-
HOM 3MOKCUIHONW MaTpHULEH, TaKk KaK OHU OTJINYAKOTCS
[0 CBOEMY XHMHYECKOMY cocTaBy. M3BecTHO, 4TO
GOJIBIIMHCTBO PA3JINYHBIX TIOJIMMEPOB JIAXKE B KOHIIEH-
TPUPOBAaHHBIX PacTBOpax M, TeM Oojiee B pacraBax,
HECOBMECTHUMBI U CTPEMSTCSI Pa3eINThCs Ha BE (a3bl
[1, 2]. TomoGHbIE CHCTEMBI JIETKO 00PA3yIOT SIMYJILCHH
THIIA «MacJI0 B Macjie», XapaKTepU3yIOINecs: HU3KUM
MOBEPXHOCTHBIM HATSOIKCHHEM Ha TpaHMIE paszena
ha3.

[Ipu pazgenennm a3 BO3MOXKHO OOpazoBaHHE
JIBYX THUIIOB JAWCIEPCHON CHCTEMBI: «KaleJIbHON», KO-
rza oxHa u3 ¢a3 ABIsIeTCs JUCKPETHOH, a Apyras He-
NpEephIBHON (MaTpuIa), M «IByXKapKacHOW», Koria
06e ¢a3bl HenpepbiBHEL [Ipy cpaBHUTENHHO HEOOINB-
II0H KOHIIEHTPALIMK OHOTO U3 MOJIMMEPOB Halle oopa-
3yeTcsl «KameJbHas» CTPYKTypa, NpUYeM Kaxkaas W3
(a3 npezcTaBisieT OO0 HEe YHCTHIN HONIUMED, a CIO0X-
HYI0 CMECh JIBYX IOJIUMEPOB WJIH COIMOJUMEpOB [3].
«JIByxKapKacHas» cucTeMa 00pasyercst B Cirydae, eClii
00a monuMepa OJIM3KH 10 XUMHYECKOH MPUPOIE U UX
00BbEMHOE COAEPKAHUE B CHCTEME OTJIMYACTCS HE3HA-

yuTeNbHO. Ha OCHOBaHMM aHHBIX 3JIEKTPOHHOW MHK-
pockonuH M (pU3NKO-MEXaHWYECKHX CBOWCTB OTBEp-
XKJICHHOW KOMITO3UIIMHA MOXKHO CZENAaTh BBIBOJ, YTO B
JAaHHOM ciydae o0pasyercsl «KaresbHas» CHUCTeMa C
BKIIIOUCHHUSIMH ~ CTPYKTYpP  B3aUMHOIIPOHMKAIOIIEH
CETKH Ha TpaHuIle MeXay (aszamu. Takue noaumMepHble
CHCTEMBI 00JIaZIal0T HEJIBIM PSJIOM OCOOBIX CBOMCTB.

Jng nanpHeHmux uccnenoBaHuil ObUTH BEIOPAHEI
KoMIIo3uIH ¢ coaepkanueM [IBbB - 40 mac. % (umm 67
Mmac. 4. [IBb na 100 mac. 4. onuromepa), T.K. mpu 6osee
BBICOKOM cojepkanuu [IBb yxymmaercs TekyuecThb
KJIEeBOI KOMITO3UIIMH U JJaXKe IIPU TeMIIepaType oTBep-
xaenus (175 °C) ket He 00pa3yer raaTeiu Ha KPOM-
Kax.

Heobxonumoli 3aaueld Ipu COCTABICHHUH SIIOK-
CHJHOM KOMIO3WIUH, SIBJISETCS YCTAHOBJICHHE OITH-
MaJIbHOTO COOTHOIIEHUS MEXJY SMOKCUIHBIM OJHIO-
MEPOM M OTBEPIUTEIEM, ITOCKOIbKY MOHUKEHHOE CO-
JiepaKAaHUE MOCIEAHEr0 BEAET K CHUKEHUIO IPOUYHOCTU
KJIEEBOTO COEIAMHEHUS, a MOHMKEHHOE - K BBIICTICHUIO
M30BITKA OTBEPANTENS B OKPY’KAIOIIYIO Cpely, BCIIEA-
CTBHE €r0 BBIMBIBAHMS BOJIOI WIIN APYTOil reépMeTH3H-
pyemoii cpeioi.
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GENERAL INFORMATION ON SEALING MATERIALS BASED ON POLYMER ADHESIVES AND
SEALANTS

Annomauus:

B cmamoe npuee()eHbl ceedeHus cepmemusupyromux mMmamepuailoe Ha OCHO8€E NOJUMEPHbIX Kilees, Komopble
mozym ObIMb UCHONB30BAHL npu 60CCMAHOBIEHUU cepMemuUdHocmu emKocmeti u mpy6onp060()06 mexHoJjiocuve-

CK020 000pY008aHUs He(hme2a30801 OMpACiu
Abstract:

The article provides information on sealing materials based on polymer adhesives that can be used to restore
the tightness of tanks and pipelines of technological equipment in the oil and gas industry

Knrwouesvie cnosa: cepmemuszupyrowue mamepuaisl, NoauMepHvle Kieu, EMKoCms, mpyoonposoo, eepmemu-

3ayus, 60ccmarossieHue

Keywords: sealing materials, polymer adhesives, container, pipeline, sealing, restoration

[IpuMeHeHne pa3IMYHBIX IACTOOOPA3HBIX Be-
IIECTB TPHUPOJHOTO TIPOUCXOXKICHHMS, 00JaJaronnx
XOpolel ajare3neil K TBepJ0i MOBEPXHOCTH, [UIst 00ec-
MEYEHUs] TePMETUYHOCTU COEIUHEHHN TEXHOJIOTHYe-
CKOro 00opyJoBaHMsI He(TEra3oBOH OTpaciH, JeTa-
JIeH, y3710B U COCYJOB IUPOKO M3BecTHO. CMomy pas-
JMYHBIX JIEPEBHEB HCIIOJIB30BAIM JISI TepPMETHU3AINN
CTBIKOB MEX[Y JICPEBSIHHBIMHU MOBEPXHOCTSIMU B JIOJI-
Kax W Ipyrux cynax. Hauwnas ¢ 19 Beka B mMpOMBIII-
JICHHOCTH, CTalll HCIOJIb30BATh TEPMETU3UPYIOLINE

MaTepHabl Ha OCHOBE HATypaIbHOTO KaydyKa U HEKO-
TOPBIX MPUPOIHBIX CMOJI, KOTOPBIE HMENU JYYIIyIO
JIOJITOBEYHOCTh, HO HE 00JIa/lany JI0CTaTOYHOM Mpod-
HOCTBIO M HE BBIAEPKUBAIN BBICOKOTO JABJIEHUS rep-
METH3HPYEMOM Cpeibl, UMENIN HEBBICOKYIO TEIIOCTOM-
kocTh. B 20 Beke OblIM pa3paboTaHBl CHHTETHYECKHE
KJIEH ¥ TEPMETUKHU Ha OCHOBE TEPMOPEAKTHBHBIX U TEP-
MOIUTACTUYHBIX MOJIMMEPOB, a TAKKE IIACTOMEPOB.

B 3aBucHMOCTH OT THIIA TOJIMMEPA, YPOBHS ajire-
3MH K TOBEPXHOCTH, TPOYHOCTH U KECTKOCTH FEPMETH-
3UPYIOLIETO CJIOSI TEPMETU3UPYIOIINE COCTABBI MOKHO
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pasneNuTh Ha Ba THIA: 1) KIeU-TepMETHKH, 00pa3yro-
[Me MPOYHBIA U JKECTKUU TePMETU3UPYIOIIMKA CIIOM
HOJUMepa; 2) TepMETUKU-3TIaCTOMEPBHI.

Krneu (agre3uBnl) — 95T0 KOMIO3UIIMK Ha OCHOBE
BEILIECTB, CIIOCOOHBIX COCAMHSATD (CKJICHBATH) pa3iny-
Hble Marepuaibl Oyarojaps 0Opa3oBaHHUIO MEXIY HX
MOBEPXHOCTSMU U KJIEEBOU MPOCIOUKON IIPOYHOM an-
re3uoHHOH cBsa3u [1]. Kien Moryt comepkaTh Taxoke
OTBEPAUTENN ¥ M00aBKH, MOIU(DUIIUPYIOIINE CBOH-
CTBA KJIEEB U KJIEEBBIX IIPOCIIOEK, HAIPUMED, HAIIOJIHU-
TeNH, AMACTHHUKATOPHI ((PIEKCHOUITI3ATOPE), IUTACTH-
(huKaTOPHI, PACTBOPUTEINH H IP.

[IpoyHOCTE KJIEEBOTO coenWHEHHs 00yCIIOBICHA
afre3uel COeqUHICMBbIX IOBEPXHOCTEH ¢ KJIEEBOH IIPO-
CJIOMKOM, KOTre3HUel NOCIEAHEH U COEIUHAEMOr0 MaTe-
pHaina, KOHCTpYKIMeH coequHUTEeNbHOro mBa. Ckien-
BaHHE BKIIIOYAET CIETyIOLUe ONepalii: IPUroToBIe-
HHE KJiesl; MOJrOTOBKAa COEAMHSAEMBIX MOBEPXHOCTEI];
HaHECEHHE Ha HUX KJIesl (MHOT/1a C OTKPBITOM BBIIEPK-
KOM Ui YJaJleHUsl paCTBOPUTEIIS U 3aIIOJTHEHUS PEJlb-
e¢a); mpuBeIeHIE TOBEPXHOCTH B KOHTAKT; OTBEPXKIe-
HUE (WIM 3aTBEepACBaHUE) Kies; KOHTPOJIh KadecTBa
mBa. CoeauHsAEMbIe MOBEPXHOCTU MOATOHSIOT IPYT K
JPYTY U TIOABEPTAIOT MEXaHUIECKOH, (PU3NIECKOH Min
XUMHYECKOH 00paboTKe HJIs YBEIWYCHHS MOBEPXHO-
CTH CKJICHBAHHUS, a TaKXKe €€ OYHCTKU U aKTHBHPOBA-
Hus. Kiien HaHOCST Ha MOBEPXHOCTh BPYUHYIO, HAlpU-
Mep, KHCTBIO, BAJIMKOM, IINAaTeNIeM, WIX MEXaHU3UPO-
BaHHBIMH CIIOCOOAMH, aHAJIOTHYHBIMH HCIIOJIb3YEMbIM
[IPY HAHECEHUU JIAKOKPACOYHBIX MOKpbITUH. [lneHou-
HBIE KJIEH BBIPE3aloT 10 pa3Mepy CKICHBAEMBIX yJacT-
KOB W YKJIAIBIBAIOT Ha HUX (TIPEABAPUTEIHHO TIOBEPX-
HOCTb MOJOIPEBAIOT WJIM Ha MOBEPXHOCTb HAHOCUTCS
TOYKaMU KUAKWUHA Kier). [ GpukcupoBaHus neranei,
JIOCTIDKEHUSI 00JIee TIOJTHOTO KOHTAKTa MEXKIY COCIH-
HSIEMBIMHM MOBEPXHOCTSIMU U CO3/IaHUSl KJIEEBOM IpPO-
CJIOMKH ONTUMAalbHOW TOJIIMHBI IPU CKJIEUBAHUU CO-
371a10T faBneHue. OnTuManbHOE JaBleHHE TOAOUPAIOT
IMIIMPHUYECKH.

ITo xumuueckoi NpUpoJe KJIEH PasAeisaoT Ha Op-
raanyeckre (OHU Hanboee pacnpoCcTpaHeHbl) U HEOP-
ranudyeckrue (UeMeHTHble, anmomodocharHble, Kepa-
MUYe-CKHe, CUJIMKAaTHbIE, METAJUIMYECKUE KIIEU Ha OC-
HOBE JICTKOIUIaBKUX METaInIOB). 1o TpOHCXOXKICHHUIO
OpraHUyYecKHe KJIEeU MOJAPa3JeNsiloT Ha INPUPOAHbIE
(HaTypanb-HBIE) M CHHTeTHYecKue. B Hacrosmee
BpeMs KJIEH NPUPOTHOTO MPOMCXOXKAEHHS (Ka3enHO-
BBIH, albOyMUHOBBIH, PBIOHBIH, KpaXxMaJIbHBIH H JIp.)
UMEIOT OTPaHWYCHHOE NPHUMEHEHHE, BCIEICTBHE He-
BBICOKOW TIPOYHOCTH M HHM3KOH atMocdepo- M BOJO-
CTOMKOCTH KJIEEBBIX COCAMHEHUM.

OCHOBOW CHHTETHYECKHX KJIEEB MOTYT CIIY)KUTh
MOJIMMEPBI, OJUTOMEPHI, MOHOMEPHl WM HX CMECH.
[Ipy WCTONIB30BaHUM CHHTETHYECKHX KIIEEB JIO0O0TO
THIIa, B Ipoliecce GOpMHUPOBaHMUS KJICEBOTO COEINHE-
HUS TPOMCXOANT 00pa30BaHKeE MOJIMMEPHOTO KJICEBOTO
CJ1051, TOTOMY 3TH KJIEH OTHOCST K MOJIMMEPHBIM.

[TonmmepHble Kilen KIacCU(QUIUPYIOT 110 ClIeTy-
IOLIMM OCHOBHBIM NpHU3HakaM [1, 2]: Tunmy ocHOBHOrO
KOMIIOHEHTa KJIesl; TEMIIEPAType CKIICUBaHUS; KOHCHU-
CTEHIMM; TI0 OTHOLIEHHIO K BOJIE U arpECCUBHBIM Cpe-
JlaM; 110 KOJIMYECTBY YIIAKOBOK KOMIIOHEHTOB KJI€sl; 10
Ha3HAa4YEHUIO KJesl.

B 3aBuCHMOCTH OT THIIa OCHOBHOTO KOMIIOHEHTa
KJest (KJIeeBOM OCHOBBI) pa3jinyaloT CIeIYIONIHEe KIIEH:

- Ha OCHOBE TEPMOIUIACTOB (TEPMOIUIACTUYHBIX
TIOJIMMEPOB);

- Ha OCHOBE PEaKTOIUIACTOB (TEPMOPEAKTHBHBIX
MIOJIMMEPOB UIIH OJIMTOME-POB);

- Ha OCHOBE DJIACTOMEPOB (BBICOKOAJIACTUYHBIX
MIOJIMMEPOB, KAYIyKOB).

TepMorIacTHUHBIE KJIEH MOTYT OBITh B BUJE pac-
TBOpa U paciuiaBa. Kien-pacTBopsr 06pa3yroT KIIeeByIO
IUICHKY BCJIENICTBHE YJIETyYHMBAHUS M3 PACTBOPA BOJBI
Wi pacTBopuTeNs. Kien-paciiaBsl CKIEHBAIOT TyTEM
HAaHECEHHUS pPacIulaBa Ha IMMOBEPXHOCTH CKIICMBAEMBIX
JeTaliell M OXJNaXIeHUs NeTaneil 1O TeMIepaTypbl
HIDKE TEeMIepaTypbl pa3MArdeHusi Kies-paciiiaBa.
Kren Ha ocHOBe TepMOIUIACTUYHBIX MOJIMMEPOB, Kak
MIPaBUJIO, MUMEIOT OOJBIIYI0 MOJIEKYJSIPDHYIO Maccy
(seimme 10000). ITpu HarpeBaHUM OHU Pa3MATYaAOTCS,
TCPAKOT NPOYHOCTh M CTAHOBATCA BA3BKOTCKYYHUMH, a
MIpU OXJIAXKICHUH TIEPEXOIAT B TBEPJOE COCTOSHHE,
MpakTHIecKH ©O0e3 W3MCHEHHS IePBOHAYANBHBIX
CBOWCTB. ['pynma kiieeB Ha OCHOBE TEpMOILIACTOB
BKITIOYAeT TOJMBHHWIXJIIOPUAHBIC, NEPXIOPBUHUIO-
BEIC, MTOJUBHUHMJIANICTATHEIC, MMOMHAKPUIATHBIC, TIOJIH-
aMUIHBIE, TTOJUCTHPOIBbHBIC, MOJMATUICHOBEIE U Jp.
kieu. BenenctBue cpaBHUTENBHO HEBBICOKOW IMPOYHO-
CTH U TEIIOCTOWKOCTH OHH OOBIYHO HCIOJIB3YIOTCS
JJIs1 HECUIJIOBBIX COE[[I/IH@HI/IFI HEMCTAJIJIMYCCKHUX MaTe-
pHasos.

Peakromnactel — 31O TMOJMMEPHLI WJIN OJIUTOMEPHI,
KOTOpPBIE B ONPEIEICHHBIX YCIOBHAX, HAIIPUMEp, IIPU
BO3JICHCTBUY MTOBBIIICHHOW TEMIIEPAaTyphI, OTBEPIUTE-
JIeH, KaTan3aToOpOB, PaIUaliy U T.A., MOTYT B PE3YJlb-
TaTe MPOTEKAHUS XUMHUYECKUX PEaKIi OTBEPKIATHCS
(cummBathCs), MpeBpamasich B TPEXMEPHBIE CETYaThIe
monuMepsl. [loce OKOHYaHUST peakIMH OTBEPKACHUSL
PEaKTOILIACThI MPU HArPEBaHUU HE ILIABATCS, B pac-
TBOPUTEJISIX HE PACTBOPSIIOTCS, IIPU BBICOKOU TEMIIEpa-
Type (6onee 250 — 350 oC) paznaratorcs 6e3 miasie-
Hus. K rpynne kieeB Ha OCHOBE peaKkToIIacTOB OTHO-
CATCA: (eHonpopmanbaeruHbIe,
MO‘IeBI/IHO(bOpMaHI)I[CI‘HI[HLIe, OIIOKCUJHBIC, I10JIN-
3(UpHBIE, TONYPETAHOBEIC, KPDEMHUHOPTraHMYECKUE U
np. OOBIYHO peaKToIIIacThl 00IaJat0T HEBBICOKOH MO-
JIEKYISPHOW MacCOo, TOATOMY MX Ha3BIBAIOT OIUTOME-
paMu WA CMOJIaMHU.

Kien Ha ocHOBe »31acTOMEpoOB, IpeUMyIle-
CTBEHHO Kay4dyKOB, OOJIaJalOT BBICOKOH 3JIaCTHYHO-
CTBIO U CJTY’KaT I'JTaBHBIM 06p8.30M JJIA CKJIICUBAHUA pe-
3UHOBBIX U KOXXaHbIX I[eTaJ'Ieﬁ, a TaKKE€ PE3UHBI C MC-
TalIaMH.

Jlenenue KieeB O THIY I[OJMMEPa JOBOJIBHO
YCJIOBHOE, O YeM CBHJCTENILCTBYET IIHPOKOE PACIPO-
CTpaHEHHE COBMEIICHHBIX KJIEEB U3 TEPMOPEAKTUBHBIX
CMOJI ¥ TEpMOIUIACTUYHBIX IOJIMMEPOB, TEPMOpEaK-
THBHBIX CMOJI U 3JIACTOMEPOB, M T.1. B KauecTBe npu-
Mepa MOXXHO TNIPHUBECTH (PEHOJ-KayUyKOBBIE M SIOK-
CHJIHO-Kay4yKOBBIE KJE€H, MOYEBHHO-TIOJMBHHUIIAIIC-
TaTHBIC U JIp.

ITo TemmepaType CKJIEHBaHUS TEPMOPEAKTHBHBIC
KJIEW TIOPa3eIIIOTCS Ha: KJICH XOJIOIHOTO OTBEPKAe-
Hus (ot 0 1o 25 OC); ¢ yMepeHHOU TeMIIepaTypoi oT-
Bepxaenus (mo 100 OC); ropsaero oTBepKacHUS (0T
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100 no 250 OC). Kak npaBuito, K€ ropsiaero OTBep-
JKAeHHUsT 00pa3yroT Hanbojee MPOYHbIE W XUMHYECKU
CTOMKHMEe KieeBble coequHeHus. [lo KOHCHUCTEHIHH
KJIed MOTYT OBITh TpeX BHJOB: JKUIKHE (MOHOMEpHI,
pacTBOPHI OJIMMEPOB WJIN KHUIKHE OJIMTOMEPHI); mac-
TOoOOpa3HbIe (PacTBOPHI HOJIMMEPOB WITH JKUJIKHE OJIH-
TOMepBl B CMECH C HAIOJIHUTEJISIMH, THKCOTPOITHBIMHU
n00aBKaM¥, 3aryCTUTENSIMA WU JPYTMMH KOMIIOHEH-
TaMM); TBepHbIe (B BHE TUICHKH, IPYTKa, TPaHYII, O-
pomka). [To oTHOIIEHHIO K BOJIE U arpeCCHBHEIM Cpe-
JIaM KJICH Pa3JIeNsIioT Ha: HeYCTOWYHBEIE (TOJTUBIHMIIA-
[[eTaTHEIE, MTOJTMBUHUJICTIAPTOBBIC u Ip.);
KPaTKOBPEMEHHO YCTOIYMBEIE (MOUYEBHHO(DOPMAIIBIC-
THIHBIE W Jp.); YCTOHYMBBIE (IMOKCHAHBIC, (EHO-
no¢popManbaeruJHble, KpeMHUHOPraHUYeCKHe U Jp. ).

[To uncny ynakoBOK, B KOTOPBIX KJIEH ITOCTaBIIs-
eTcsl MOTPEOUTENI0, KJIeH MOJIpa3essIoTcs Ha 2 BUJA:
1) omHOYIaKOBOYHBIE, K HUIM OTHOCSITCSI paCTBOPHI TEP-
MOIUIACTUYHBIX KJIEEB, TEPMOPEAKTHBHBIX OJIMTOMEPOB
¢ (QYHKIMOHAIBFHBIMH TPYIIIAMH WM JATCHTHBIM
(«CKpPBITBIMY) OTBEPAUTEIIEM, CIOCOOHBIM OTBEPKIATH
KJICH TIPY TIOBBIIICHHBIX TEMIIEPaTypax H HEaKTHBHBIM
MpY KOMHAaTHOH TeMIlepaType; 2) IByX- H MHOTOYIIa-
KOBOYHBIE KJIEH - OJHY yIaKOBKY COCTaBISICT OJIUTO-
Mep ¢ mobaBkamu (TmacTH(UKATOp, HAOMHUTEIh U
T.A.), IPYTYIO - OTBEPAUTEIb WM KaTalu3aTop BBICO-
Koii akTUBHOCTH. O0€ YIIaKOBKY CMEIINBAIOTCSl BMECTE
HETOCPEICTBEHHO Iepesl ynoTpetieHneM kies. JIByx-
Y MHOTOYIIaKOBOYHBIE KJICH — 3TO Yallle BCETO PeaKTo-
IUTIACTHI, BPEMs UX XKH3HECTIOCOOHOCTH OOBIYHO HEBe-
JIMKO — OT HECKOJBKUX MHUHYT 10 1 - 2 yacoB.

Cremyer 3aMeTHTh, YTO B JUTEpaType OIHO- U
JIByXYIIAaKOBOYHBIC KJICH JOBOJHHO YAacTO HA3BIBAIOT
«OIHO- W IBYXKOMIIOHCHTHBIMI», YTO TEPMHHOJIOTH-
YECKH HE BIIOJIHE KOPPEKTHO, MMOCKOJIBKY B COCTaB OJI-
HOYIIAaKOBOYHOTO («OJHOKOMIIOHEHTHOT0») TepMOpe-
AKTHBHOTO KJIesI BXOIST KaK MHUHHMYM J[Ba KOMIIO-
HeHTa (KJeeBas OCHOBAa W OTBEPAMTENH), a 4alle B
COCTaB KJIesl BKIIFOUEHBI U JIPyrHe KOMIOHEHTHI (YCKO-
pHTENb OTBEPIK/ACHHS, HATIOJIHUTENb, MOIU(HUKATOP U
Ip.).

C ToukH 3peHus yA00CTBa TEXHOJIOTUU TIPUMEHE-
HUS KJIes, I PEMOHTa METAJUIMYECKHX JeTaleit
Hanbonee 3QPEeKTHBHO NMPUMEHEHHE OTHOYITAKOBOY-
HOTO TEpPMOPEAKTHBHOTO KIies, HE COAEPIKaIIero pac-
TBOPHTEINISI M WMEIOIIEr0 BHJ NAacThl WM TBEPJOTO
NPYyTKa, OTBEPKAAIOIIMXCS NpH ymepeHHo# (mo 130
oC) Temmepa-type 3a 0,5 - 1 gac. [IpumeHeHHe 3TOTO
TUIIa KJIEEB OIPAaHMYMBACTCS HEOOXOAMMOCTBIO HC-
MOJIF30BATh HarpeBaTeNbHBIC YCTPONUCTBRA.

[To Ha3Ha4YeHMIO KJIEW Pa3IN4al0T HA KOHCTPYK-
[[MOHHBIE U HEKOHCTPYKIHMOH-Hble. KOHCTpYKIIMOHHbBIE
KJIer 00pa3yroT BEICOKOTIPOYHBIE U JONTOBEYHEIE Kilee-
BbI€ COEIMHEHUS] METAJJIOB, CTEKJIOILUIACTUKOB, Kepa-
MHKH, O€TOHA, TPEBECHHBI, U T.N. BOJBIINHCTBO KOH-
CTPYKLHMOHHBIX KJE€EB HAa OCHOBE TEPMOPEAKTHBHBIX
OJIMTOMEPOB U TIOJIMMEPOB (Kak HEeMOAM(PHUINPOBAaH-
HBIX, TaK ¥ MOJU(UIIMPOBAHHBIX TEPMOIIACTAMH HITH
KaydyKaMH) OTBEP>KAAIOT IIPH MOBBILIEHHOH TemIepa-
Type (170 — 200 oC), HeKOTOpBIEC KJIEH — MPU KOMHAT-
HOW WJIM YMEPEHHO BBICOKOH Temmeparype (80 — 130
0C). HekoHCTPYKIIMOHHBIC KJIEH HCIIONB3YIOT st
CKJICMBAaHUS HEMETATMYECKUX MaTepHalioB, TKaHEH,

KOXXH, TUICHOK U METAJIJIOB MEXAY CO00H U B pa3nind-
HBIX coueTanusx. OHr 00pa3yroT KJIeeBbIE COSTMHCHUS
CPaBHUTEIHHO HEBBICOKOM MPOUYHOCTH U TETNIOCTOMKO-
CTH.

Kneu-repmeruku. B nocnennue roasl Kieu-rep-
METHKH BCE€ LIMPE HUCTONb3Y-IOTCSI B KauecTBE KOH-
CTPYKIIMOHHOTO TepMeTu3upyomero marepuana. Ot-
JIMYUTEIFHOH OCOOEHHOCTBIO KJIEEB-TEPMETUKOB OT
KJIEeB APYTUX THIIOB SIBIIETCS WX CIOCOOHOCTH 00pa-
30BBIBATh B IPOLIECCE TTOIYyUCHHUS] TEPMETU3UPYIOIETO
KJIEEBOTO CJIOSl HEMPOHUIIAEMbIE, MOHOIUTHBIE, ITPOU-
HBIE U JJOCTATOYHO KECTKUE IOIMMEPHBIE MATCPUATIBI
CeTYaTOTO CTPOCHHSA, OOJIAAAOIIIE BEICOKOH aare3neit
K MOBEPXHOCTU IepMeTH3UpPyeMbIX coeaunHeHui. Oc-
HOBOHM I U3TOTOBJIEHHUS KJIEEB-TEPMETUKOB CIyXKaT
CHHTETHUYECKUE TIONUMEPHI WIN OJTUTOMEPHI, UMEIOIIHE
B CBOEM COCTaBE aKTUBHBIE (yHKIIMOHAIBHBIE TPYIIIIHI,
CIIOCOOHBIE IT0JT BO3AeHCTBUEM (DU3HUECKHX (HaKTOPOB
(HarpeBaHMe, paJuaius, CBET) WM TPU B3aUMOJCH-
CTBHH CO CIIMBAaIOIINM areHTOM (OTBEpIHTENEM) 00-
Pa30BBIBAaTh CETYATYIO CTPYKTYPY.

B Hacrosiee BpeMs B MAIIMHOCTPOCHUH U TEXHO-
JIOTHH PEMOHTa 000pyJ0BaHHS HeTEra30BOM OTPACIIH
TIPUMEHSIOTCS CHHTETHUSCKHE KIEH-TEPMETHKH Ha OC-
HOBE 3MOKCHAHBIX W MOJIMI(PHUPHBIX CMOJI, TOJIHypeTa-
HOB, MOJU(UIMPOBAHHBIX (EeHONPOPMATBACTHIHBIX
CMOJI, CHHTETHUECKUX KaydyKOB, 3JI€MEHTOOPTaHHYe-
CKUX U JIpYTHX MOoIuMepos [3].

Kneu-repmernku monpasfensioT Ha JBa BHUAA —
coZiepiKallie pacTBOPUTENh U 0e3 pacTBopuTes. B ka-
4ecTBE OCHOBBI KJI€EB-TEPMETUKOB, COACPIKAIINX pac-
TBOPHTEITb, HCTIOJIB3YIOT PACTBOPEI HIIN AUCTIEPCHH (e-
HoJ(opManbIETUAHBIX CMOJI (MIIM UX pa3JIndHbIE MO-
midukanmu). PacTBopurenem ciayxaT Boja HMIH
OpTraHWYecKHE PacTBOPHUTENH (STHIOBBIM CIMPT, ale-
TOH | JIp.), @ JUCHEPCHOHHON (a3oil B AMCHEPCHAX -
Boja. [locne ynmeTy4unBaHus pacTBOPUTEINS MU BOJBI,
a 3aTeM OTBepkAeHus (cumBaHuA) (heHoapopmasie-
TUAHOM cMoutbl ipu Temmeparype 150 — 200 °C obpa-
3YIOTCS IUIEHKH, O0JIaAaroiie BBHICOKUMH IIPOYHOCT-
HBIMH CBOMCTBAMM U XOpOILEH aare3ueil K Merauiam,
CTOHKOCTBIO K OCH3MHYy, KEPOCHHY, MHHEpPaJIbHBIM
MacinaM. OCHOBHBIM HEJIOCTaTKOM KJICEB-TE€PMETHKOB
9TOTO BHA SABIISIETCS] HAIMYNE BOJBI I PACTBOPHUTEIS
B cocTtaBe kjes. KieeBoll repMeTusupyromui MIOB,
BCJEICTBHE HAJTHYUS B HEM MUKPO-TIOJIOCTEH U MUKPO-
TpEeIMH, 00pa3yloNUMXcs MPH HCIApEeHUH pPacTBOPH-
TeJls, a TaKXKe BOJbL, BBIAEIAIOUIEHCS B MpoLecce Mo-
JUKOHJCHCAINH (eHOI(DOPMANbIETHAHON CMOIBI, HE
Bcerjia 00ecreynBaeT BEICOKYIO CTENIEHh TePMETHIHO-
CTU COEMHEHUN. J[pyruM HEeIOCTaTKOM SIBJISIETCS BbI-
COKasi TeMIlepaTypa OTBepKIeHus (GeHoadopMabae-
THIHOW CMOJIBI M OOJIBIAs CTENCHb YCAAKH IIOJINMEp-
HOTO CJIOS1.

VYka3zaHHbIE HEJOCTATKU OTCYTCTBYIOT y KII€EB-
TepMETHKOB, HE COJIepKaIlNX pacTBOpPHUTEINeH, 001aa-
IOIIMX BBICOKOW aire3uel M CrioCOOHBIX OTBEPKIAThCS
0e3 HarpeBaHMsl WIH IPH CPAaBHHUTEIHHO HEBBICOKHX
temreparypax (80 — 180 °C). HanbGonbiee pacrpo-
CTpaHEHHE TIONyYHJIH KIEH-TEPMETUKA Ha OCHOBE
SMOKCHIHBIX OJIMTOMEPOB, HOMM3(PHUPHBIX CMOM U MO-
nmnypeTtaHoB. OTBEpXKICHUE KICEB MPOUCXOTUT MPHU
MIPOTEKaHWN PEAKIUHU TOJIMMEPU3AlNH OJIUTOMEPOB
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WX MOHOMEPOB, BXOISAIIUX B X COCTAB U, B OTIUYUE
OT TIOJINKOHJEHCALNU, HE COIPOBOKAAETCS BBIIENE-
HHEM NOOOYHBIX HU3KOMOJIEKYJSIPHBIX BemiecTB. [1o
OKOHYaHUH Ipoliecca OTBEPKACHUA 00pa3yeTcss MOHO-
JMTHBIN ToJMMep, 00JIaJatonuii BEICOKOH KOT€3HOH-
HOM npoyHOCTHI0. [Iponecc oTBepxKICHUS KIes COIpo-
BOXKJIA€TCsl HE3HAYUTENBbHON ycaakou. Ilo cBoum xa-
paKTepUCTHKaM  KJIEU-TEPMETUKU JAaHHOTO THIIA
HanboJee IOTHO COOTBETCTBYIOT YCIIOBHSIM SKCILTya-
tarmn BMII ©  TexHONOTH4ecKkoro o000pyIOBaHUS
HOPEINPUATHI CEpBUCA, IOITOMY UX MPHUMEHEHHE IS
peMOHTa Hanbosee MePCIeKTHBHO.

CHHTETHYECKHE TE€PMETHKH-3JIaCTOMEPBI — 3TO
MOJMMEPHbIE MM OJIUTOMEpPHBbIE KOMIIO3UIIUM B BUIE
MacThbl, MACTUKU MJIH PACTBOPA, IPEeJHA3HAUCHHBIE AT
HAaHECEHUsS] Ha KaKWe-THOO KOHCTPYKIHMH WM BBEZE-
HHS B 3230p MEXIY JETAISIMH, C LIEIbI0 00eCTIedeHus
UX HENPOHUIAEMOCTH B YKUAKHX WM Ta3000pa3HbIX
cpenax.

B TexHHMKE TepMETMKH—371aCTOMEPBI INPHMEHS-
IOTCSL Ul TEPMETH3alUU 3a30POB B 3aKIECMOYHBIX,
CBapHBIX, OOJTOBBIX M JPYTMX MEXaHHYECKUX COCIH-
HEHMI. MexaHudeckas IPOYHOCTb U )KECTKOCTh FrepMe-
TUYHOH KOHCTPYKIMHM OOECIIeUnBAIOTCS METaJInde-
CKUMH JeTasiIMH. Bricokne TpeOoBaHMs MO aATe3HOH-
HOH MPOYHOCTH K IepMETHKaM-3JIaCTOMEepaM OOBIYHO
HE NPeAbABIIOTCA. ANTre3MOHHAs IPOYHOCTh MPH OT-
CIIauBaHUM T'€PMETH3UPYIOUIETO CIO0S A OOJIBIIMH-
CTBa T€pPMETHKOB HEBEJIHMKA U HaXOIUTCS B INpeJenax
or 1 no 4 xH/m.

K repmerukam-3nacromepaMm MpeabaBISIOT clie-
JyloIye TpeOOBaHUs: XOpomas JIacTUIHOCTb (OTHO-
CUTEIbHOE YAJIUHEHHUE NP pacTsHKeHUH He MeHee 150
%); mocraToyHasi KOT€3MOHHAsI IPOYHOCTH (IIPOYHOCTH
npu pa3peiBe He meHee 1,0 — 1,5 MIla); atmocdepo -,
BJIAro -, TEMJO -, MOPO30CTOMKOCTh; YCTOMYHBOCTD K
JIelcTBUIO pabodnx cpem; Maasi KOppO3HMOHHAS aKTHUB-
HOCTh TI0 OTHOLICHMIO K MaTepHajaM, KOHTaKTUDPYIO-
UM C TepMeTHKOM. Ilo KOHCHCTEHIMH TepMeTHKHU-
AJIACTOMEPBI MPEJCTABIAIOT COOOHM MAacThl, 3aMa3KH,
MacCTHKH WM PACTBOPHI B OPTaHUYECKUX PAaCTBOPHUTE-
JISIX.

I'epMeTnkn KIacCUPUIUPYIOT MO PasIUYHBIM
npu3HakaM [3]: OTHOLIEHHIO K MpOIecCy BYJIKaHU3a-
LUH; TUIy UCXOJHOTO MOJIUMEPA; COCTOSHHUIO B MO-
MEHT 3KC-TUIyaTaly (110 yIpyruM CBOMCTBaM, JKecT-
KOCTH H JIp.); YPOBHIO aJIre31uH K IIOBEPXHOCTH; YHCITY
KOMIIOHEHTOB B YCIIOBUSIX IIOCTaBKH; TEMIEPATYPHBIM
YCIIOBHSAM BYJIKaHM3AaLIUH (FITH OTBEPKICHNS); TETIO-
CTOMKOCTU M CTOMKOCTH K Pa3lIMYHBIM CpellaM; METO-
JlaMH HaHECEHUs; 00J1acTIM IPUMEHEHUS.

B 3aBHCHMOCTH OT NPOIIECCOB, MPOUCXOIAIINX B
TepMETHKAX-31aCTOMEpax IOoCce MX HCIOIb30BAHMSA,
OHH MOJPA3AEISAIOTCSA HA TPU BUJA: BYJIKAHU3YIOIIUECS
(oTBeprkmatominecs); HeBBICHIXalONINE (HETBEPICIO-
IIKE); BHICHIXAIOIIHE.

Bynkanusyromuecss T€pMETUKU NPEACTaBISIIOT
co00if TepMOpeaKTHBHBIE MaTepuaibl, KOTOpPBIE MO
JIefiCTBUEM TeIIa, BJIaru WIK CHElHUaIbHBIX XUMHYE-
CKHUX BEIECTB (BYJIKAHU3YIOIINX ar€HTOB), BBOJMMBIX
HETIOCPEACTBEHHO TIIepell NPUMEHEHHEM, IOJBepra-
I0TCS HEOOpaTUMBIM  (PH3UKO-XUMUIECKUM H3MEHE-

HUSM, T. €. ByJKaHU3YIOTCS, TEPEXOIS U3 BA3KOTO ILIa-
CTHYECKOTO COCTOSIHHUS B AIACTHYHOE PE3MHOIIOL00HOE
npakTHyecku 0e3 ycaaku. B mporecce BysikaHW3anuu
BO3HMKAIOT NONEPEYHBIE CBSI3H MEXKYy MaKpOMOJIEKY-
JIaMU Kaydyka 1 00pa3yeTcst peIKOCeTIaThIi IoJIMMep.
OCHOBOI1 JUIs1 BYJIKAHU3YIOIINXCSl TEPMETHKOB CITYKaT
HU3KOMOJICKYJISIpHBIC JKUAKHE O YHKIIMOHAIBHBIC
Kay4yKH (OJIUTOMEPHBIC KAYIyKH) C KOHIICBBIMH PEaK-
nuonHocrocobusiMu Tpymmamu OH, SH, COOH, Cl,
NCO u gp. Takue TepMEeTHKH BYJIKaHH3YIOTCS, Kak
MpaBWJIO, NIpU KOMHAaTHOM Temmeparype. Ilo koHcH-
CTCHIINH 3TO JKAAKOTEKYYHE TN MacToOOpa3HbIe Be-
LIECTBA, HE CoJAepiKalue pactBopureneil. s usro-
TOBJICHUSI TEPMETHKOB BYJIKAHU3YIOLIErOCsSI THIA HC-
MOJB3YIOT TONUCYNbGUAHBIE HU3KOMOJEKYISIPHBIE
Kaydykd (KMIKHE THOKOJBI) [3], CHIOKCAHOBBIM H
(TOPCUIIOKCAHOBBIIT HU3KOMOJIEKYJISIPHBIE KaydyKH H
On(YHKIMOHAJBHBIE OJMIOMEPHBIE YIIIEBOJOPOIHBIE
Kayayku [4].

HeBrichixaromme TepMETHKH — 3TO TEPMOILIa-
CTHYHBIE MaTepHaibl, KOTOPBIE Pa3MATYalOTCI TIPHU
HATPEBaHUU NIPH OTPEACICHHONW TeMIepaType U mepe-
XOIAT B BA3KOTeKydee cocrostHue. [Ipn oximakaeHnn
OHHU 3aTBEPICBAIOT. B mpolecce dKc-TuTyaTaliii STH
TEpPMETHKH B IIIACTUICCKOM WM TIACTOIACTUIECKOM
COCTOSAHUU MPUMEHAIOTCA U1 T€PMETU3ANU PA3HEM-
HBIX U TOJBEPraroliXcs NEepHOANYE-CKOMY NEMOH-
Taxy coeAuHeHui. B kauecTBe OCHOBBI T'€pMETHUKOB
HCHOJIB3YIOT BBICOKOMOJICKYJIAPHBIC U HU3KOMOJICKY-
JIIpHBIE Kay4dyKH C HU3KOW HenpeAenbHOCThIO (HeHa-
CBIIIEHHOCTHIO0) WJIH MOJIHOCTBIO HACHIIIEHHBIE (HE CO-
Jiep KaIIre JBOHHBIX CBS3eH ) — MOTHMH300Y THICHOBBIH,
STHJICH-TIPOTIIICHOBBIN, Oy THIKAYIYK.

I'epMeTHKH-3T1aCTOMEPHI UCTIONB3YIOT B MAIIHHO-
CTPOCHUU I TepMETH3AINA JeTaleH, y31I0B, Ipruoo-
POB, ammapaToB U MalllWH, HA KOTOPBIC JEHCTBYET Ka-
Kas-1100 razoo0pa3Hasi WM KHUJAKAs cpea Mo cpaB-
HUTCIBbHO HEBBICOKHUM JaBJICHUCM. HaanMep,
TepMETHKH Ha OCHOBE MOJUCYIb()HUIOB U MOTHOPTaHO-
CHUJIOKCAaHOB NPUMEHAIOT IJIA oOecrieueHus TrepMETHY-
HOCTH KaOHWH CaMOJICTOB, aBTOMOOWJICH, OTCEKOB Cy-
JIOB, MPUOOPOB B PaIHO3IEKTPOHUKE, TPYyOOPOBOIOB
HU3KOTO [ABJICHUS B KaHAJTM3AIMOHHBIX CHCTEMax.
'epMeTrkH Ha OCHOBE TIOJIHYPETAHOB [IIMPOKO UCTIONb-
3YIOT B CTPOHTENBCTBE IJISI TEPMETHU3AI[UH CTHIKOB ITa-
HeJel, OKOH, ABepel.

OCHOBHBIM JIOCTOMHCTBOM T'€PMETHKOB-3JIaCTO-
MEpOB SIBIIICTCS X XOPOIIasi AIACTUIHOCTb, YTO T103-
BOJIACT UX MIPUMEHATD IJII TEPMETHU3ATNN CoeHHHeHHﬁ,
TOABEPTAOIINUXCA MPHU IKCILTyaTalluu 3HAYUTCIIbHBIM
nepopManusaM W TEIJIOBEIM yraapam. Hemoctatkamu
TepMETHKOB Ha OCHOBE 3JIACTOMEPOB SBIAIOTCA: HU3-
Kas aAre3us K MOBEPXHOCTH CyOCTpaTa, CpaBHUTEIHHO
HEBBICOKasi KOTe3WOHHas (T.e. KOHCTPYKIIMOHHAs)
MIPOYHOCTB, CIOCOOHOCTh TEUb I10J JEHCTBHEM BBICO-
KHX HArpy30K (XJaJ0TeKy4ecTh), HEAOCTATOYHAS XH-
MHUECKasi CTOMKOCTB K JAEHCTBUIO arpeCCUBHON Cpezbl
U pacTBOpUTENeH. DTN HEJOCTATKHU SIBIISIOTCS CIIeA-
CTBHEM JIMHEWHOT'O WJIN PEKOCETYaTOr0 CTPOEHHSI 10~
JIUMEPHO OCHOBEI T€PMETHKOB.

J171 BocCTaHOBIICHHS TePMETHYHOCTH B ICTAIISAX 1
arperaTax, pabOTalOUMX IO ITOBBIIICHHBIM IaBlie-
HHEM TepMETH3UPYEMO CpesIbl, TePMETHKH Ha OCHOBE
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3JIACTOMEPOB HCIIONIB3YIOT TOJIBKO B Ka4eCTBE I'epMe-
THU3UPYIOIIETO BELIECTBA [UIA 3aIOJHEHUS 3a30pa B
VIJIOTHEHUSAX, O00JaJalonIuX BBICOKOH COOCTBEHHOM
MEXaHUUECKOW MPOYHOCTHIO, U B KOTOPBIX I€PMETHK
BBICTYMNAET B KAUeCTBE YIUIOTHSIOWIEH MPOKIa KU,

Takum 00pazoM, MOXHO cIenaTh BBIBOJ, YTO HC-
MOJIb30BAaTh IE€PMETUKHU-IJIACTOMEPHI Al BOCCTAHOB-
JICHUsI TEPMETUYHOCTH TPU PEMOHTE 00O0pYIOBaHHMS,
paboTaroLIero MoJ MOBBIIICHHBIM AABICHHEM I'epMe-
THU3UPYEMOI Cpenbl, B KadeCTBE CaMOCTOSTEIBHOTO
KOHCTPYKIIMOHHOTO TEPMETH3UPYIOLIETO MaTepHaa,
HEBO3MOXKHO MJIH HETIEIeCO000pa3Ho.
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SUBSTANTIATION OF APPLICATION OF THE ADHESIVE METHOD FOR RESTORING THE
TIGHTNESS OF METAL PARTS AND UNITS OF TECHNOLOGICAL EQUIPMENT OF THE OIL
AND GAS INDUSTRY

Annomauyusn:

B ecmamvbe 0bocnosana yenecoobpaznocmos npumeHeHus Kieeé Ha 0CHOBe IMOKCUOHBIX CMOJL O/l BOCCIMAHOG-
JIeHUsl 2epMemUYHOCIU EMKOCMel U mpydonposo008 mexHoL02U4ecKo20 000py008aHUsA Hehme2a3zo60t ompaciu

Abstract:

The article substantiates the expediency of using adhesives based on epoxy resins to restore the tightness of
tanks and pipelines of technological equipment in the oil and gas industry
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g repMeTr3anny NOABWKHBIX U HENOJBUKHBIX
COTIPSDKEHHBIX JIeTalield B MAIIMHOCTPOEHUH HCIIOJIb-
3YIOT clexyromue crocoost [1,2,3]:

1) ToYHas MPUTOHKA KOHTAKTHBIX MIOBEPXHOCTEH
COTIPSITaeMBIX JeTaseil, 00ecreynBaromas MHHAMAIb-
HBIH 3a30p B COEITUHEHUY;

2) HarpykeHWe KOHTaKTHPYIOIINX IeTalleh yCH-
JMEM CKaTHsl, 00ecrieunBao-muM AehopMaIiio MHUK-
POHEPOBHOCTEN B KOHTAKTE;

3) 3amosHeHHE 3a30pOB COCAMHCHHN pa3zieliu-
TEJIbHBIMU CPEAAMH, NPEMAT-CTBYIOLIUMU YTEUKE Tep-
METH3UPYEMBIX Cpell;

4) HanoKeHHE JIEKTPOMATHUTHBIX TIOJICH, B3au-
MO/JICHICTBYIOIIUX CO CPEeJaMHU B 3a30paxX COCIUHEHHUS,;

5) wWCHONB30BaHUE WHEPIIMOHHBIX U BHXPEBBIX
CHJI JUISL CO3/1aHUs CONPOTUBIICHUS UCTEUCHHIO TepMe-
TU3UPYEMBIX CpeJ;

JanHBIME crioco0aMy TEPMETH3UPYIOT MPEHMY-
LIECTBEHHO pa3bEMHbIE COEQUHEHUs aAeTaneu. g
(hopMupoBaHUs HEPA3bEMHBIX TEPMETHIHBIX COCIHHE-
HUHW B MAaIIMHOCTPOCHUU U MPHU PEMOHTE MAIIUH U ar-
peratoB MNPUMEHSIOT pa3IWYHbIE METOABl CBAPKH,
MafKM U CKJICUBAHHUS, a TAKXKe 3aKJIENOYHbIE COeIUHEe-
HUS C TEPMETU3UPYIOLIUM 3JIEMEHTOM B BUJIE 3JIACTHY-
HOM IIOJIMMEPHON IPOKIAIKH, CIOSI T€pMETUKA WU
KJIesl.

B TexHosorun pemMoOHTa JeTaled U arperaros,
HMMEIOLINX MOBPEKICHUSI, CBSI3aHHbIE C HAapyIIEHUEM
TepPMETUYHOCTH, MCIOJIB3YIOT Pa3HOOOpa3HbIEe CIIO-
cOOBI (OPMHUPOBAHUS PA3bEMHBIX H HEPa3bEMHBIX
YIUIOTHEHUH.

[Ipu peMOHTE ¢ HCIOJIB30BAHUEM METOJOB (op-
MHUpPOBaHHS DPAa3bEeMHBIX YIUIOTHEHMH TpedyeTcs uc-
MOJIB30BATh TPYAOEMKHE CHOCOOBI TOYHOW IPUTOHKH
JieTtajged U yCTpOWCTBa JJIA CO3/aHUS YCUIIMS CHKATHS
Ha TepPMETU3aTOp (BHHTOBBIC COCAMHECHHSI, XOMYTHI U
T.11.). [ToaToMy ucIonbp30BaHKe MOJOOHBIX CIHOCOOOB
repMeTH3alMy ONpaBIaHO TOJbKO Ul TEX AeTajeil, B
KOTOPBIX 110 KaKMM-JIMOO NPHUYMHAM HEBO3MOXKHO ITPH-
MEHHTBH METOABI (POPMHUPOBAHUSI HEPA3bEMHBIX TepMe-
TUYHBIX COEIUHEHUN.

DopMUPOBaHUE HEPAZBEMHBIX COCITMHEHUI METO-
JTaMH CBapKH, MAaiK{ W CKIEHBAHUS — OJWH U3 CaMbIX
HAJICXKHBIX CIIOCO00B U30IIIH cpex [2].

[Ipu cBapke IPOUCXOANT MPOIIECC MOTyUSHHS He-
Pa3beMHOr0 COEAMHEHHUs JeTajleid MallluH, KOHCTPYK-
U ¥ COOpPYXEHHH NpPH HX MECTHOM WM 00IeM
HarpeBe, MIACTHYECKOM Ie(QOPMHUPOBAHUM, WIH TPH
COBMECTHOM JCWCTBHH TOTO M JAPYTOTO B pe3yjbTaTe
YCTaHOBJICHHS MEKaTOMHBIX CBSI3€H B MECTE MX COCIH-
HeHusl. B MallnHOCTpOGHUH NPU FrepMEeTU3aLUU COEe/IN-
HEHWH HCIIONB3YIOT CBBIIIE MIECTHAECSITH CHOCOOOB
cBapku. [Ipu maiike ocyuiecTBiseTcs IpoLecc moryye-
HUS HEpa3beMHOTO COCTMHEHUS JeTajel IMyTeM Harpe-
BaHUs MECTa MalKU U 3alO0JHEHMsI 3a30pa MEXIy CO-
eANHAEMBIMHU JETAJSIMH PACIUIaBICHHBIM HPUIIOEM H
€ro mnocieayrouel kpucraumzauued. B kauecTe
MIPUTIOEB OOBIYHO HCIIONB3YIOT JISTKOIUIABKUE METAJIIBI
WM CIUIaBbI, PacIlIaBbl KOTOPBIX CMAYUBAIOT COEIUHS-

eMbIE JIeTad, He paciuiaBisist ux. CTeneHb repMeTnd-
HOCTH MasiHHBIX COEANHEHUH CYIECTBEHHO 3aBUCHUT OT
BBIOOpPA MPHIOSA ¥ TEXHOJIOTUH HaWKH.

I'epmeTusanuio CKJI€MBaHUEM BBINOJIHSIOT C MO-
MOIIBIO KJIEEB — MOJIMMEPHBIX MaTEpPHANIOB, 001aga0-
IIMX CBOWCTBOM 00Pa30BHIBATH CO CKJIEMBAEMbIMU Ma-
TepHalIaMHU aiT€3UOHHBIE CBA3H. TEXHOJIOTUsI TepMETH-
3allUU CKJICMBAaHUEM BKJIIOUAeT TPU OCHOBHBIE CTaIUU:
mmepeBos Kiest B pabodee COCTOSHHE (PacTBOpPEHHE,
pacIijiaBjieHHE WU CMELIMBaHHE KJICEeBOH OCHOBBI C
OTBEpAWTENEM M JPYTMMH KOMIIOHCHTaMHM); IOATO-
TOBKY IIOBEPXHOCTH CKJIEUBAaEMBIX AeTanel (mpuaaHue
IIEPOXOBATOCTH, XUMHUYECKas WM (PU3UKO-XUMHUE-
ckasi 00paboTKa) ¥ HAHECCHUE KJIEs, 3aTBEp/ACBaHHC
rocieaHero. YacTHBIM Clly4aeM IIPUMEHEHHS TacT000-
Pa3HBIX U )KUIKUX TOJUMEPHBIX COCTaBOB I YIUIOT-
HEHHs JIeTajel, SIBISIETCS HCI0JIb30BaHUE TePMETHKOB
— pa3feNUTENbHBIX NOIMMEPHBIX KOMIO3HLIUHN, KOTO-
pBle, B OTIMYME OT KJIeEB, HE IPEAHA3HAYEHBI IJIS
o0ecreyeHNsT MEXaHMYECKOM MpPOYHOCTH TI'epMETHU-
HBIX coeIMHeHUH. VX UCTIOIB3YIOT /1J1 3a110IHEHUS 3a-
30pOB U CTHIKOB B COCIMHEHMAX, 00Ia1al0MmuX rapan-
TUPOBAHHON MEXaHUYECKOU IIPOYHOCTBIO - 3aKJIENOY-
HBIX, pe3b00BBIX, CBAPHBIX, C HATATOM H JIp.

B HedrerazoBoit oTpaciu B peMOHT MOCTyMaeT
3HAYUTENBHOE YUCIIO METANIMYECKUX AETAJEH, y3IIO0B,
arperaToB TEXHOJOTHYECKOTO 000pymoBaHus, paboTa-
IOIINX TTO]T AABJICHUEM XHUIKHX ¥ Ta3000pa3HBIX arpec-
CHBHBIX CPEJ] U IIeperaioB TEMIEparTyp.

OCHOBHBIMU NpPHUYMHAMU MOBPEXKICHUN SBISI-
IOTCSL:

1) MexaHW4ecKkue BO3JCHCTBUS Ha JAETAIH HIIH
y3JIbI BCIIEACTBUE UX HETIPABHIBHON COOPKHU, H3TOTOB-
JICHWS WK U3HOCA; HapYLICHUs IPaBUII KCILTyaTalluu
(HampuMep, pa3MopaxMBaHHE TPYOOIPOBOAOB U JPY-
roro 00OpyAOBaHMS);

2) KOppo3us MeTaa,;

3) mosiBIIeHUE TPEIUH BCIICICTBHE BHOpALNY;

4) HeKa4yeCTBEHHAs CBapKa MM IMaika u 1Ip.

B Hacrosimee BpeMs 3TH BUABI HMOBPEXKICHHI
YCTPaHSIOT ra30- U 3JIEKTPOCBAPKOH, NaiIKOM WU C I10-
MOIIBI0 MEXaHUYECKUX YIUIOTHEHHH C HCIOIb30Ba-
HHUEM JIACTHYHBIX MPOKIAJOK U IPYTUX TePMETH3HPY-
IOIIMX MaTepHaoB. DTH CIOCOOBI BOCCTaHOBIIEHUS
TepPMETHYHOCTH B OCHOBHOM 3aMMCTBOBAHBI U3 IPYTHX
OTpaciiei MPOMBIIUICHHOCTH (HallpuMep, aBTOMOOWIIb-
HBIA U YKENE3HOTOPOKHBIA TPAHCHIOPT | Jp.), B KOTO-
pPBIX HMMEIOTCSl KpPYNHBIE PEMOHTHBIE MpPEAIPUITHS.
JanHbIe CcIIOCOOBI TPYIOEMKH, TPEOYIOT HCHOIB30Ba-
HUS CIIOKHOTO U JOPOTOTO CIEIAIFHOTO 000py0Ba-
HUsI, BRICOKOH KBIN(HUKALMH PEMOHTHOTO IEpCOHAa,
PEMOHT BO3MOXXEH TOJIBKO B YCIOBHSX JOCTaTOYHO
KpPYIHBIX PEMOHTHBIX NpeanpusTHi. BHemHuil Bupg
OTPEMOH-TUPOBAHHBIX CBapKOW WIM NalKou Aeranei
HE BCET/a yIOBIETBOPSIET 3aKa3uuKa, T.K. 0] BO3AEH-
CTBHEM BBICOKOH TeMIepaTypbl MPONCXOIUT 00Topa-
HHE JIAKOKPACOYHBIX TOKPHITHH WM Jedopmanust co-
CEeITHUX C PEMOHTHPYEMOW MOJIMMEPHBIX [eTajeH, a
MOJIHBIN IEMOHTaX AETall HE BCEIrJa BO3ZMOJXKEH.
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[Tpumenenue B He(heTra30BoH OTPACIIN COBPEMEH-
HBIX CIIOCOOOB MPOBENEHUsS CBapKH (J1a3epHas, dJeK-
TPOHHO-IJTy4YeBasi, aprOHOBasl, YIbTPa3ByKOBast U Ap.) B
HACTOsIIIIee BPEeMsI 3KOHOMHIECKHU HE OIpaBiaHo. MHO-
roobpaszue croco0OB MPOBENICHUS CBAPKHU U TAWKHU pa3-
JWYHBIX BHAOB METANJIOB M CIUIABOB (HEP)KaBEIOIIAs
CTaJb, ATIOMUHUEBBIE CILIABBI U JIp.) 00YCIIOBIMBAET
HEOOXOANMOCTb MMETh Ha PEMOHTHOM IIPEIIPHITHH
pa3Ho00pa3HOE TEXHOJIOTHUECKOE 000pyI0BaHHE U pa-
0ounx BeICOKOM KBanmpukanuu. Hanpumep, mpu 3a-
BOJICKOI COOpKE XOJIOMMIIBHOTO arperara IpUMEHSIOT
aproOHOAYTOBYIO CBapKy alFOMHHUS, CTBIKOBYIO 3JIEK-
TPOJYTOBYIO CBapKy MEIH C alTIOMHHUEM, MalKy Me-
JIbIO, OJIOBOM U cepebpsiabiM mpumoem [TCP-45 [4, 5].
IToaToMy BO3HHKaeT MOTPEOHOCTh HAMTU MPOCTOH U
YHHUBEPCAIbHBIH CIOCOO T'€PMETHYHOTO COCAMHECHUS
Pa3sHOPOJHBIX MAaTEPUANIOB, JIETKO HPUMEHHMBIH B
YCIOBUSIX HEOOJBIIOTO PEMOHTHOTO MTPEATIPHATHA.

PacnipocTpaHeHHbI B HacTosuiee BpeMs PEMOHT
IyTEM 3aMEHBI MOBPEXICHHBIX Y3JIOB M JETalleil He
Bcerga obOecreunBacT OecrepeOOHHOCTh OKa3aHUs
YCIYr PEMOHTHBIMH MPEANPHUATHAMH BCIEICTBHE
6ombpIIOTO pazHoo0pa3us TUIOpa3MepoB aetanei. Hc-
MOJTb30BaHNE HOBBIX JIETAJIICH M Y3JI0B BBHI3BIBACT 3HA-
YUTCIIBHOC YAOPOXKAaHUC CTOMMOCTU PEMOHTA IJIA IO-
TpeOHuTes.

B mocnenHme rombl BO MHOTHX OTpPacisix IIPo-
MBIIIJICHHOCTU NPOUCXOAUT MHTCHCUBHOC HUCIIOJIb30-
BaHME TTOJMMEPHBIX KJIEEB ISl TePMETH3AIMH MeTall-
JMYECKUX JIeTaJlel, Y3JIOB U arperaToB Kak B Ipolecce
MPOM3BOJICTBA CIIOXKHBIX MAIINH ¥ KOHCTPYKIIUH, TaK 1
B TEXHOJOTUH uX pemoHTa [4,5]. [I[pumeHeHue monu-
MEPHBIX KJIEEB-TEPMETHKOB ITO3BOJISIET BO MHOTHX CIIy-
qasax 3HAYUTCIIbHO YHIPOCTUTH U YACIIEBUTH TEXHOJIO-
THIO TIPOM3BOJICTBA, MOBBICUTH HA/ICKHOCTh MAIINH U
KOHCTPYKLHM#, CHU3UTh CTOMMOCTb U COKPATHTh CPOKH
MPOBEIICHUs] PEMOHTA, OPraHW30BaTh €ro B MOJEBBIX
ycI0oBUsIX O€3 1M0J1BOja UCTOYHUKOB SHEPTHUH.

B cBsi3u ¢ 3THM GOMNBIION MHTEPEC HPEACTABISIET
HCIOJIb30BAHUC TTOJIMMEPHBIX KIICEB-TEPMETUKOB JJId
BOCCTAHOBJIGHUsSI TE€PMETHYHOCTH JeTaleil M Yy3J0B
obopynoBanust HeTerazoBoit oTpaciu.

KneeBoii croco® BOCCTaHOBIIEHHS Te€pMETHYHO-
CTH 00J1aJaeT PSIIOM MTPEUMYILECTB IEPE TPaIUINOH-
HBIMH CHOCOOAMH BOCCTAHOBJICHHSI T€PMETHYHOCTH C
MOMOIIBIO CBAapKH, NaKu U MEXaHUYECKHX YIJ1I0THE-
HUH. [1oJ0XXKNTENBHBIMU KaueCcTBaMH KJIEEBOTO CIIO-
co0a BOCCTaHOBJICHHSI TEPMETHYHOCTH SIBJISIFOTCSI:

1) BBICOKAs CTENEHb I'€PMETHYHOCTH KIEEBOTO
COe/IMHEHUsI, JocTUraeMasi 0e3 MCIOIb30BaHUS CIIeIIH-
IBHBIX YCTPOMCTB M NMPOKJIAJO0K; FePMETH3HPYIOIas
CIIOCOOHOCTD KHKHX U TTACTOOOPA3HBIX KieeB-repMe-
THKOB 10 CPaBHEHHIO TBEPJIBIMHU NOJIMMEpPaMU, IpUMe-
HACMBIMHU B BHUJI€ TTPOKIAIOK HIN (bOpMOBBIX TeMEeTUu-
3aTOPOB, HAMHOTO BBIIIE, T. K. KICH-TEPMETHKH CIIO-
COOHBI pacTeKaThCsi MO MOBEPXHOCTH METallia MOJ
JIEWCTBHEM CHJIBI 3¢ MHOTO NPUTSDKEHUS WK TIPH TIPH-
JIO)KEHHH HEOOJIBIIOTO JABJICHHs, XOPOIIO CMAauynBaTh
MOBEPXHOCTH 32 CUET CHJI IIOBEPXHOCTHOT'O HATSKEHUS
WY KalWUIIPHOTO JaBJICHUS M 3aIlOJHATh MUKPOHE-
POBHOBHOCTH OBEPXHOCTH METAJLIa;

2) J[OCTaTOYHO BBICOKAsS MEXaHWYECKas MpOY-
HOCTh KJIEEBBIX COCAWHCHHWH METajUIOB, paBHOMEp-
HOCTbH pacHpeielIeHHs MEXaHUYECKUX HAPSDKEHUH 110
BCeH TUIOIAAN KIISEBOTO 1IBa (IIPH YCIOBHU UCTIOIH30-
BaHMS NMPABWILHO CKOHCTPYHPOBAHHOTO KJIEEBOIO CO-
eIMHCHHUA);

3) nedopmanuoHHas ~ CIIOCOOHOCTH  MHOTHX
KJIEeB TaeT BO3MOXKHOCTH ITOTJIO-IATh, Iepepacipee-
JISITH WK OoJiee paBHOMEPHO IepejaBaTh HaNpsDKCHUE
OT OJTHOTO 3JIEMEHTa KOHCTPYKIIHHU K APYTOMY;

4) cmocoOHOCTh KIIEEBOTO MIBa IeMI(pUPOBATh
BHOpAaIy;

5) BO3MOXHOCTH MPOBEICHHUS PEeMOHTA Oe3 pas-
OOpKH arperaToB M y3J0B KaK B IPOHM3BOICTBEHHBIX
YCJIOBUSIX, TaK U B IOJIEBBIX YCIOBUSIX O3 1oaBoja
SHEPTHH W TPUMCHEHHUS HarpeBaTeNbHBIX YCTPOWCTB
(ipu TeMnepartype oOKpyxKarouiel cpessl);

6) oTcyTCTBHE HEOOXOJUMOCTH B CIIOKHOM CIIe-
LMAJBHOM TEXHOJIOTHYECKOM OOOPYAOBaHUHM U BBICO-
KOH KBaJIM(UKAIIIHA PEMOHTHOTO MIEPCOHANA;

7) BO3MOXHOCTH MPOBEICHHS PEMOHTA 060PYI0-
BaHWUs, 3allOJHCHHOTO TIOXKAPOOMACHBIMH JKHAKO-
CTSIMH, B TI0’)KapOOTIACHBIX WM B3PHIBOONACHBIX ITOMeE-
OICHUAX, B HEYHOOHBIX WJIHA TPYIHOJOCTYITHBIX Me-
cTax;

8) BBICOKas] TEXHOIOTMYHOCTh MPUMEHEHHS O]I-
HOYIAKOBOYHBIX KIIEEB TOPSYETO OTBEPKACHUS WU
MIPOCTOTA IPUTOTOBJICHUSI KIIEEBOH CMECH IPH HCIIOJb-
30BaHUH JBYXYIaKOBOYHEIX KJICEB XOJOIHOTO OTBEp-
KICHUS;

9) BO3MOXHOCTH MIPOBEICHHS CPOYHOTO HJIH aBa-
pUHHOTO pEMOHTa B TeYEHHE KOPOTKOTO BpeMeHH (3-5
MHH) C TIOMOIIBIO KJIEEBBIX KOMITO3UIUH YCKOPEHHOTO
OTBEPK/ICHUS;

10) xoporrasi CTOMKOCTh MHOTHX KiieeB (0CO-
OEHHO TEPMOPEAKTUBHBIX) K BO3-IE€HCTBHIO arpecCuB-
HOW Cpefbl, BOABI U PACTBOPHUTENCH;

11) BO3MOKHOCTh COETUHEHMS Pa3HOPOIHBIX Me-
TaJJIOB 0€3 OTMACHOCTH BOSHUKHOBEHHS JICKTPOXIMHU-
YeCKOi KOPPO3UH B MECTE COSMHEHUS METAJIIOB; BO3-
MOKHOCTh W3OJISIIMH IMOBEPXHOCTH METajlula OT BO3-
JeHCTBUS KOPPO3MOHHO OIACHOW CpeJbl ¢ MOMOIIBI0
KJICEBOTO CIIOS;

12) BO3MOKHOCTH TEPMETHIHOTO U MPOYHOTO CO-
eIMHCHHS METAJNIOB U HEMETAJUTMISCKAX MaTePHAaJIOB;
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TeNbCKUM LEeHTp «AKkanemus», 2003, - 320 c.
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VORTEX METER FOR CONTROL OF COATING OF METAL PIPES

Annomayusn:

IIpusedeno onucanue uzmMepumenIbHO20 YCMpoucmad, 6 pabome KOmopo2o UCNoIb3yVI0Mcs GUXpesble MOoKU.
H3M€pum€]lb Moicem Oblmb UCNOJIb306AH OJIS KOHmMpOJIsl c6ApO1YHOCO Wea, 6 HacnHocmu ons onpeaeﬂesz Haau-
Yus paKosuH u Opyeux HeoOHOPOOHOCHIEN 8 NOBEPXHOCMHOM ClOe MEMALLA, d maKice 0Jisl ONPedeneH st MoIuUHbl
Heaﬂekmponpoeodﬂmux nOKpbzmuﬁ HA MeMAanIu4eckom OCHOBAHUU UU OJisl onpedeﬂeywz MmouUuHbl NJIOCKUX U3-
oenutl U3 OUIIEKMpUYeCKuUx Mamepuanos. Buxpemokoasuiil usmepumens cooepaicum cmepicHesol MasHUmonpo-
600 ¢ noycepuueckum, 3aKkpyeieHHbiM paboyum Konyom. Koncmpykyus usmepumeinsi CRocobcmsyenm J10KaAIU3a-
YUU MACHUMHO20 NOMOKA, 4mo nossviuiaem mo4YHOCNb USMEPEHUS KORMPOIUPYeMO20 napamempa u no3eojisient
KOHMPOIUPOBAMb U30eNUsL MALIX PA3MEPOS U CLONHCHOU KoHPueypayuu. TIpusedena cxema uzmepumens u npu-
6’6()6H0 OnucaHue KOHCmMpyKyuu.

Abstract:

The description of a measuring device that uses eddy currents is given. The meter can be used to control the
welding seam, in particular to determine the presence of shells and other inhomogeneities in the surface layer of
metal, as well as to determine the thickness of non-conductive coatings on a metal base or to determine the thick-
ness of flat products made of dielectric materials. The eddy current meter contains a rod magnetic core with a
hemispherical, rounded working end. The design of the meter helps to localize the magnetic flux, which increases
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the accuracy of measurement of the controlled parameter and allows you to control products of small sizes and
complex configurations. A diagram of the meter and a description of the design is given.

Knrouegvie cnosa: memoo ucnvimanus 6e3 paspyuieHust, 0epekmocKonust, uUxpegvle moKu, Usmepumens Ka-

yecmea uiea, mo4Hocmb, J1OKAauzayus

Keywords: non-destructive testing method, flaw detection, eddy currents, seam quality meter, accuracy, lo-

calization

Jnst onpenieneHus: Ka4ecTBa CBapOYHOTO IIBA HC-
MONB3YIOTCS MHAYKTUBHBIE M YJIbTPA3BYKOBBIE HaT-
YHMKH, MacC CIIEKTPOMETPHI U APYTHE H3MEPUTEIbHBIC
YCTpOHCTBa, paboTaromue Ha pa3IHIHbIX (PH3HUECKIX
NpUHOUMAX. VI3BECTHBI M3MEpPHUTENbHBIE TPHOOPHI, B
KOTOPBIX HCHOJB3YIOTCSI HNPUHIMII BUXPEBBIX TOKOB
[1,2]. BapuaHT KOHCTPYKLIMU HAKIaJHOIO BUXPETOKO-
BOTO M3MepUTeNs omucaH B pabote [2]. DTo ycTpoii-
CTBO COJICPKUT LWIMHIPUYECKHH CEepAeYHUK, 00-
MOTKY, NMOJKIIOYEHHYI0O K HMCTOYHHMKY IEpEMEHHOTrO
TOKa U 3aIUTHBIN KopIyc. Jpyrum BapuaHTOM BUXpE-
TOKOBOTO JaTYHKa SBISETCS KOHCTPYKLUS H3MEpH-
TEJsl, ONMCaHHasi B ICTOYHUKE [3], B KOTOPOM HCHONb-
3yeTcsi TOHKMH CTEpP)KHEBOM MarHHUTOIPOBOJ C TIOJTY-
cdepruecKknM 3aKpyTiIeHHeM Ha pabodeM KoHIEe. DTUM

RS

3aKpYTJICHHBIM YYacTKOM TIpHOOp TIPIKUMAETCA K
KOHTPOJIMPYEMOH IOBEPXHOCTH; N3MEPHUTENb CHA0KEH
00MOTKO# BO30YXICHHUS U OOMOTKOM IS CHSTHS TI0-
Ka3aHui.

B mpuBeneHHBIX BBINIE KOHCTPYKIMSIX H3MEPH-
TeNs TpY MPOBEIECHUN U3MEPEHU MarHUTHBIN MOTOK
MaJio JIOKaJU30BaH, TaK KaK 3HAUMTENIbHAs €ro 4acTh
pacnpenensieTcs 3a MI0CKOCTh MarHUTONPOBOIa

Hamu pa3paborana KOHCTpYKIUs pUOOpa ¢ yBe-
JII/I‘ICHHOﬁ TOYHOCTBKO U MNOBBIILICHHBIM JUAIIA30HOM
HM3MEPEHUH, PH BBICOKOH YyBCTBHUTEIBHOCTHU IMPE0d-
pasoBarens.

Ha pucynke 1 mpuBemeHa cxemMa KOHCTPYKIHS
pa3pabOTaHHOTO H3MEPHUTEI.

AI SN ARSI

R S R S A s

TS

Puc. 1. Cxema Hakiadnozo 6uxpemorkoso2o usmepumens. 1-cmpesxicrnesoil MasHumonposoo, 2- noiycpepuieckoe
3aKpyeienue MaeHUmonpoeooa, 3 - KOHMpOIUpyemas noeepxHocms, 4-12 -snemenmuol usmepumens.

B HakmagHOM BHXPETOKOBBIM IpeoOpasoBaredie,
WCIIOJIB3YETCSl TOHKUH CTep)KHEBOM B oTivuun ot us-
BECTHBIX KOHCTPYKIMU MpeoOpa3oBaTenb IOMOTHHU-
TEJIHHO CHAOKEH SKPaHOM U3 PEePPOMATHUTHOTO MaTe-
pHaia, BEIIIOJIHEHHBIM B BHJE TOHKOH IIafObI ¢ OTBEp-
CTHEM, BHENIHWHA IUaMeTp KOTOPOTO COBMAIAeT C
BHYTPEHHUM JTUAMETPOM 3allUTHOTO Kapkaca, a Jua-
METp OTBepcTHUs B 2+3 pasa OoJblle AuaMeTpa CTEPiK-
HEBOTo MarHuronposona. [Ipu 3ToM oH pa3meleH Ta-
KHUM 00pa3oM, 4TO IIEHTP €r0 OTBEPCTHSI JICKHUT Ha OCe-
BOH JIMHUU CTEPKHEBOI'O0 MarHUTONPOBOAA. BHemHss

TIOBEPXHOCTh DKpaHa JIEKHUT B OJHOH IJIOCKOCTH € OC-
HOBaHHEM IOJTyCEPUIECKOTO 3aKPYTICHUSL.
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IMPROVING THE RELIABILITY OF WATER SUPPLY IN SHAKHTY

Annomauus:

B cmamve paccmampusaemcs eonpoc 6e3onachocmu 6000CHAOICEHUS U HAOEICHOCIU 80OHOMPAHCHOPNI-
Hoti cucmemvl 6 2. Lllaxmoi. [Ipugedenvl darHble 0 600OHOMPAHCROPMHOU CUCTEMe, 8 MOM YUCTe NOKA3AHA NPO-
MANCEHHOCMb MPYOONPOBOO08 paziuuHo20 ouamempa. Haoéxcnocmv obecneuusaemces 3a cuém zawumol mpyo
om kopposuu. [Ipu 3mom npeonodiceno ucnonb3068ams 3auunivt mpyoonpo8o008, PA3MeUeHHbIX 8 3eMe C UCTONb-
308anUeM KamoOHOU 3awumsl. B pabome npednosiceno 0ns crudcerue sHepeono-mpeoieHus KamooOHOU 3auunmbvl
UCNOIL308ANb UMNYTILCHOE USMEHEHUE HANPANCEHUSL MENCOY INEKMPOOAMU 2ANbEAHUYECKOU NAPbL KAMOOHOU 3a-
wumul. [Ipusedena cxema mMoOepHU3AYUYU KAMOOHOU 3aujumbl, NPeOIONCEHHAA ABMOPaAMU 0N MUHUMUAYUY 34-
mMpam Ha KamoOoHyIo 3auumy 6000NPOBOOHOU Cemil.
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Abstract:

The article deals with the issue of water supply safety and reliability of the water transport system in Shakhty.
The data on the water transport system are given, including the length of pipelines of various diameters. Reliability
is ensured by corrosion protection of pipes. At the same time, it is proposed to use the protection of pipelines
located in the ground with the use of cathodic protection. The paper proposes to use a pulse voltage change
between the electrodes of a galvanic pair of cathodic protection to reduce the energy consumption of cathodic
protection. The scheme of modernization of cathodic protection proposed by the authors to minimize the cost of

cathodic protection of the water supply network is presented.

Knrouesvte cnosa: Haoéxcnocms 6000CHAbN CEHU, 20POOCKUE B00ONPOBOOHbLE Cemit, KAMOoOHAS 3auma om
Koppo3suu, Modepmwauuﬂ KamooHou 3aujumsl, CHUsMICeHue sHepeozampam

Keywords: reliability of water supply, city water supply networks, cathodic protection against corrosion,
modernization of cathodic protection, reduction of energy consumption

1. Cgeaenusi 0 TpydonmpoBoaax BOJOCHAOMKe-
Hud B I. lHlaxTel

Hcrounnkom BogocHabxeHus ropoaa LllaxTer siB-
nsietcst pexa JloH (ct. MenuxoBckasi). Bona noga€rcst B
ropon IlaxTel MarucTpaJbHBIMH BOJAOBOJAMU: TPY-
6amu nuamerpom 600 MM 1 500 MM, IPOTSHKEHHOCTHIO
33 KM, TIOCPEICTBOM NEpPEKAYMBAIONINX HACOCHBIX
craniuil I-ro u Il-ro nogb€MOB, pacnoIOKEHHBIX Ha
peke [lon. Bona nonaércs B r. IllaxTbl HA OYUCTHBIE
coopyxenus IlI-ro Bomomonwséma B mnocénke Ho-
BOCTpoiika [1] .

OunmeHHass BoJa C BOJONOABEMA IO Maru-
CTpalbHBIM M Pa3BOIAIIMM BOJIONPOBOAAM MOCPE.-
CTBOM IIOJIKAYMBAIOLINX BOJONPOBOJHBIX HACOCHBIX
cTaHuui nogaéres norpedurensam ropoaa laxter. Bo-
JIOTIPOBOJIHBIE CETH TOPO/ia BHITIOIHEHBI U3 CTAJbHBIX,
YYTyHHBIX, acOECTOLEMEHTHBIX, EJIe300€TOHHBIX |
MOJIMA THIICHOBEIX TPYO MPOJIOKEHHBIX, B OCHOBHOM, B
1932-2007 rr. CreneHp W3HOCa BOJOTIPOBOAHEIX TPYO
— 83%. BomonpoBoaHble CETH ropoaa UMEIOT IpOTs-
*€rHOCTh 1191,8 kM. BogocHabxeHne roposaa u mo-
c€nkoB ocymecTBisieTcs mo 10 MarucTpaabHBIM BOZO-
BojaMm (d -auametp TpyOBI):

- HampaBlieHHe noc. AptéM mo BojoBoay d=500
MM MPOTSKEHHOCTBIO 5,7 KM;

- HampaBieHue mnoc. CunmopoBo-KamamoBckwid,
KoctukoBo, MapkuHo 1 JlyBaHOBCKHE pe3epByaphl 1O
Bo10BOY d=500 MM IPOTSHKEHHOCTHIO 7,7 KM;

- HanpasieHue noc. TOL, MukpopaiioHsl oc. Ap-
TEM, IICHTpaJIbHBIC YaCcTH TOpo/a, moc. m. HakionHas
n HoBo-A3zoBckue pesepByapsl d=500 MM mpOTSHKEH-
HOCTBIO 14,8kM;

- HanpaBJieHUE Ha 4 NOIBEM U MUKPOPAMOHBI LIEH-
TpaibHON YacTH ropoaa 1o Boposoay d=100 Mm npo-
TSOKEHHOCTBIO 14 KM;

- HarpasneHune Canosas d=600 MM mpoTSKEHHO-
CTBhIO 8,5 KM;

- Hampasnenue lllesuenxo d=500 mm (2 BomoO-
BOJIa) MPOTSHKEHHOCTHIO 11,6 KM;

- HarpaBiieHne Coserckast d=500 MM mpOTsIKEH-
HOCTBIO 7,2 KM;

- HampaBJIeHUE  3aBOJ «"'maponpuBom»
d=500...400...300 MM pOTSHKEHHOCTHIO 9,7 KM;

- HarrpaBienue noc. XbK d=600...500 mm npors-
SKEHHOCTBIO 9 KM.

CymecTBylomas mojavya MATHEBOH BOJABI HA MY-
HUIUNIATGHBIE HYXIBI cocTaBisieT 62,1Teic. KYO.
M/CyT., B T.4.:

HaceneHuto — 18,7 Teic. Ky0. M/CYT.;

OrO/DKETHBIM U ITPOYUM MOTPeOUTEISIM — 6,3 THIC.
Ky0. M/CYT.;

YTEYKH U HEYYTEHHBIH Pacxo]l B BOJOIPOBOIHBIX
cersix — 37,1 ThIC. Ky0. M/CYT.

2. HapékHOCTh BOJONPOBOIHBIX CHCTEM.

HapmexHocTh cucTteM TpyOOIpPOBOAHOTO TpaHC-
MOpTa SABJSACTCS BaKHEHITNM (haKTOpOM OE30MacHOCTH
KI3HEEATSIHFHOCTH YEIOBEKa, UCTIONB3YIOMIETO BOAY
B OBITY ¥ Ha MPOMBINIICHHBIX MPEANPUATHAX. B ToxXe
BpeMsI 3Ta HaJ&KHOCTh BO MHOTOM Ompezensercs d¢-
(heKTUBHOCTHIO KOMIUICKCHOH 3aIIUTHl MaruCTPaIbHEI
X U Pa3BOISIINX BOJOIPOBOIOB OT KOPPO3HUH.

ITouBeHHYIO0 KOPPO3UIO YUUTHIBAIOT KaK OJMH U3
CEepBE3HBIX (PAKTOPOB MPH ONPEEIICHUH YCIOBUIT IKC-
iyatanu TpyoonpoBoioB. Okoso 45 % Bcex aBapuit
Ha TpyOONpPOBOAAX MPOUCXOIHT MO MPUYUHE KOPPO-
3ud. B mocnenHue rofsl 3ammuTa METaUIOB OT KOPPO-
3WH CTaja aKTyallbHOH 3a/1auell BO BCEM MHUpeE.

[Ipobnema 3ammrTa BOJOMPOBOIOB pemIacTcs IO
HaTIpaBJICHUSM:

-pa3paboTka craneil oOnagarommx 0ojee BBICO-
KOH KOPPO3UOHHOM CTOMKOCTBIO;

-CO37JaHNEe XUMHYECKIX KOMIIOHEHTOB, J100aBse-
MBIX B CPEAy SKCILTyaTalllH, Ha3bIBAEMbIX MHTHOUTO-
pamMH B LESIX CHIDKCHHS CKOPOCTH KOPPO3HOHHBIX
HPOIIECCOB;

- Pa3BUTHUS NACCHBHOW 3alllUTHI, CO3JaHMUA pa3-
JIMYHBIX THIIOB, KOHCTPYKIMI 3aIIUTHBIX TOKPBHITHNA 1
HETIOCPEICTBEHHO HOBBIX U30JISIIMOHHBIX MaTEPHAIIOB;

- pa3BUTHE aKTUBHOW 3aIIUTHI, JTOTIOJHSS OCHOB-
HOW BHJ 3allIUTHl MAaruCTPajIbHBIX TPYOOIPOBOIOB -
TIACCUBHBIM, MOBBIMIAET HA/IE)KHOCTh HMX IKCIUTyaTa-
U,

- 3aMEHa METAJUTMYECKHUX TPYO HA MIACTHKOBBIE.

B oTeuecTBEHHOW NpaKkTHKE KaTOAHAsl 3alluTa
MIPUMEHSETCS, B OCHOBHOM, JUII Ta30TPAHCHOPTHBIX
CHCTEM, a JUISI BOJONPOBOTHBIX CHCTEM, IO HACTOS-
LIEro BPEMEHH 3TOT BHJ 3aIIUThl IPUMEHSETCS] OTHO-
cutenbHO Mayo. OfHOW W3 MPUYHMH 3TOTO SIBIISETCS
HEOOXOANMOCTh JIOTIOJHUTEIBHBIX 3aTpar JJIEKTPO-
SHEPruM Ha paboTy KaTOJHOM 3amuThl. B TOXXE Bpems,
OTPOMHBIE TIOTEPH 10 BOJONPOBOIHBIM TpyOam ( 37,1
THIC. Ky0. M/CyT n3 motpebmsembix 62,1TbiC. KyO.
M/CYT. , YTO COCTABJIAIOT OOJIbIIE MOJIOBHHBI HACOCHOM
MOIIHOCTH, JIENIAl0T 3Ty Mpo0iieMy BeCbMa aKTyaIbHON
1 SKOHOMHYECKH I1esIeco00pa3Hoii.

3. IIpuHUMN qeficTBUSI KATOTHO 3aIUTHI.

Jist 321U THl BOJONIPOBOJA OT KOPPO3HH HE0OXO0-
OUMO BBI3BATh KAaTOTHYIO PEAKIHI0O W HE JOMYCTUTHh
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aHogHyto. ChenaTtb 3TO MOKHO, €CIIH MCKYCCTBEHHO
CO3/1aTh OTPUILIATENIHBINA MOTEHI[MAT Ha 3alUIIaeMOM
TpyOe. Jlns 3Toro HEoOXOAUMO pa3MECTUTh B cpele
(mouBe) aHOAHBIE BIEKTPOABI U MOAKIIOUYUTH BHEIIHUN

McTouHmk
NOCTOSIHHOTO
ToKa

HCTOYHHK TOKa: MHHYC K O0OBEKTY 3aIIUTHI, a TUTIOC — K
aQHOAHBIM 3JIeKTpoaaM. TOK MONAET MO ey aHOAHBIN
AJIEKTPOJ — MOYBEHHBIN JICKTPOIUT — OOBEKT 3AIIUTHI
OT KOPPO3HUHU.

—

CranbHas
Tpyba

SO
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e
s

AHOAHbBIV
anekTpoa

+++++
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Puc. 1. Cxema pabomul kamooHoU 3auumsi

C TOYKH 3pEHHUs TaJIbBAHUUYECKHUX MPOIECCOB Me-
TAJUTMYECKUI 00BEKT OyIeT KaTOJA0M, a JOMOIHUTEb-
HBIH JIIEKTPO]] — aHOIOM.

Takum 06pa3om, KOppPO3ust 00bEKTA MPEKPATUTCS.
Paspymiatecst OymeT TOJNBKO aHOAHBIA 3yekTpoa. OH

Ha3bIBAIOTCS aHOJHBIM 3a3eMJICHHEM. AHOIHBIC BJICK-
TPOJIBI JETAIOT M3 MHEPTHOTO MaTepHaja i IepHoandce-
CKu MeHsI0T. Ha puc. 2 nmpuBeneHa ympomeHHast cxema
craHimu katoaHoi 3amutel « ACT-1000»

= ==
BEIXOI
TokoBbI WYHT
l ! E— =

~ 220 B

| S|

YcTporcTBO ynpaBJIeHUS

Puc. 2. Ynpowennas cxema cmanyuu kamoonou 3awumol « ACT-1000»

4. IIpeanoskeHue N0 CHUKEHHIO 3aTPAT HA Ka-
TOJAHYIO 3aLUTY

Kak npaBuio, TUNOBBIE CUCTEMBbI KaTOAHOW 3a-
MIUTHl YHU(QUIUPOBAHBI U NIMPOKO TPUMEHSIOTCS IS
3alUThl OT KOPPO3UU B Ta30TPAHCHOPTHBIX CUCTEMAaX
[2]. Ans 3ammThl OT KOPPO3HU BOIOMPOBOIHBIX TPYO

TpeOYIOTCS CTAaHIIMY KaTOHOH 3aIIUThl MUHUMAaTHHON
MOIIHOCTH. [Ipu 3TOM, BO3MOXKHA UX OTHOCHUTEIHHO
npocrass moaepHuzauus. CyIIHOCTh MOJEpHU3ALUU
NosicHsIeTCsl Ha pUcyHKe 2. HampsokeHue Mexay aJiek-
TPOJAaMH MOJAETCSA UMITYJIbCHOE.
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Puc.3. Mowrocms kamoownot 3awumol 0o mooepruzayuu (4)
u nocie mooepuuzayuu (B)

HMnynascHOE N3MEHEHNE HANIPSKEHNS Ha BBIXOJE
CO CTaHLIMU BBUAY MHEPLHUOHHOCTU TalbBaHUYECKUX
MPOIIECCOB, B HE3HAYUTEIBHOM CTETIEHH YMEHBIINT 3a-
IIUTY, a TOTpebasieMas MOIIHOCTh IIPH 3TOM YMEHb-
mmtes Ha 30-40%. Tem camMbIM yMEHBIIIATCS 3aTPaThl
Ha [UTaHUE CTAHLUU KATOAHOMW 3aluThl. Teoperuue-
CKoe OOOCHOBaHME TAaKOTO TOAXOJa IJIS ra30TpaHC-
MOPTHBIX TPYO M3JI0KeHHI B padote [3]. TexHmueckue
TpeOOBaHMUS K CTAHIMAM KaTOJHOM 3aIUTHI U BCIIOMO-
raTeJIsbHOMy 00OpYZIOBaHHUIO NPHUBEACHBI B ICTOYHUKE
[4].
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Abstract:

The article shows the possibility of using a system of precision sensors to study the parameters of turbulent
flow of a continuous medium, as well as the possibility of its application to solve engineering and applied problems

of aerospace systems design.

Keywords: Hydrodynamics, experimental methods, sensors, turbulence, aerospace systems, gas dynamics.
Knroueswte cnosa: I'uopoounamuxa, sKcnepumeHmanbhvle Memoosl, OamuyuKi, mypoyieHmHocms, a3poKoc-

Mudeckue cucmemanl, 2a300UHAMUKA.

ITpu perenny psina NpUKIAAHBIX 33134, BO3HUKA-
IOINX B CBA3M C HH)KCHEPHBIM IPOEKTHPOBAHHUEM
a’POKOCMHYECKHX CHCTEM, a TaK )€ BOJHOTO TpaHC-
MOpTa M Pa3lIuIHBIX THIPOTEXHUUECKUX COOPYKEHHH,
MPUXOAUTCS PEIaTh PsJ BOIPOCOB, CBA3AHHBIX C Typ-
OyJICHTHOCTBIO ¥ HETUHEHHBIMHU 3(P(hEeKTaMU B CILIOLI-
HBIX CpeJlaX, B YaCTHOCTH, XKHUAKOCTEeH U ra30B. OCHOB-
Has Ipo0JieMa, BO3HUKAIOIAs IIPU UCCIIEJOBAaHUH JIaH-
HOTO KJlacca SIBIICHHH, OOyCIIOBJIEHa TeM, 4TO OHHU
IUI0XO MOAAI0TCS aHATUTHYECKOMY OIIMCAHHIO, B PaM-
Kax cymiecTByromux mozneineil. Ilosromy, Ha nepBbiit
TUTaH BBIXOJSIT YHCJICHHBIE U SKCIIEPHIMEHTAIBHBIC Me-
TOJIBI, COBEPIICHCTBOBAHNE KOTOPHIX UMEET OOJbIIOe
(yHmaMeHTaIbHOE U NPUKIATHOE 3HAYCHUE AJIS piaa
obacTeil HAyKu M TEXHUKH.

IIpn nmpumeHeHMn pa3pabOTaHHONH CHCTEMBI K
H3YyYCHHUIO MOJ] KOMIIJIEKCHOTO CJIefa OT Iaphl LUIHH-
JIPOB, OBUTH TOJIy4YEHBI PE3YJIbTAThl, KOTOPBIE XOPOLIO
COTJIACYIOTCS ¢ TeopeTudeckuMu monensimu Ban Jlep
[Tons u JTanpay-Crroapta[3.1]

B skcnepuMeHTe ¢ yBeJIMYEHHEM TOKa pa3psaa
HaOmofanace IUIaBHas TpaHchopMalus —CHEKTpa
MyJbCalluii  CKOPOCTH  OT  pacHpeneNieHus  C
eauHcTBeHHBIM BY nukom, pacnosnokeHHbIM Ha 1.12
kK['II B ra30BOM TEUEHMH, K PACHPEICICHHUIO C IBYMS
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mUKaMu s TeueHnd miasmel BY mkom Ha 1.12 x['g
n HY mukom Ha 0.8 x['11. IIpu 3TOM 9acrora mymscannit

B Cle[€é OJMHOYHOIO LMJIMHAPA fm0n0= 0.9 .
Pacunrannple B pamkax Mojenu Oe3pasMepHble
monosete  wactorer  ocmmnmsmaii @ = T/ f_

NIPOUJUIIOCTPUPOBAaHbl TOHKUMHU JMHUSMHU YPOBHS Ha
IJIOCKOCTH TapameTpoB MOJEIU Z,| , I ciyvas
A=-0.1;6~0.1-0.2. ToncTele JIUHUA — TPaHULBI

obnacteii cymiectBoBanusi Mon. ['paduku a) u b)
COOTBETCTBYIOT MOJaM CHH(E3HO- M MPOTHBO(A3HO-
CHHXPOHH30BaHHBIX JOPOXKEK Kapmana,
COOTBETCTBEHHO. I[IpM 3TOM dYacTOTa OCHMUISLIUA
ACHMMETPHUYHON MOIbl Ha TpaHuIEe e 00JacTu
CYIIIECTBOBaHMS cocTaBmia Benmunny o = 0.88 —0.89
. B COOTBETCTBUM C IPUBEICHHBIMU JaHHBIMHE, MOYKHO
[oJIaraTh, 410 HaOJIIOHacMasi C MOMOLIBI0 CO3AaHHOM
CHCTEMBI, TpaHC(hOPMAIKsI ClIe/Ia IIPEACTaBIsIeT co00i
MEePECTPOIKY OT MOIBI CHH(A3HO-CHHXPOHU30BAHHBIX
nopoxxek k mojae biased flow (BozamoxHO ¢ mpumechio
MOJIBI IPOTHBO(A3HO-CHHXPOHM30BAH-HBIX JOPOXKEK),
KOTOpasi MPE/ICKAa3bIBACTCSI B PaMKaxX TEOPETHUECKON
moxenw[1,4].
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Bpemennass pa3BepTka OCHWUISIIUN CKOPOCTH
BABYX Iopokkax KapmaHa oT maps! IUTHHIPOB B KBa-
3UJIAMUHAPHOM YCTaHOBUBIIEMCS PEKUME, U (COCABH-

rOM Ha TPU €AMHHIII): ABYXYACTOTHAS aCUMMETPHY-
Has (a) ¥ OAHOYACTOTHAsI CHUMMeETpUIHas (0) MOIbI
ciena.

N (a) ()
0350 o
045
0.30 P T f LY
’ T [} 'I'I iy |l1||l.-."||._.l 'I...1' ILILY |'|‘ ¥
0.40 | v Y
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f

JuHamuKka KOJJIEKTUBHOM NEpPEMEHHOM ciexa —
acummerpuu N: (a) — penakcaisi Ha CHMMETPHYHYEO
moaycundaszubix gopoxek mist N(0) = 0.32, (6) — pe-
JaKcalysi Ha aCUMMETPUYHYIO JBYXYAaCTOTHYIO MOJY
st N(0) = 0.33.

Mbl  MoxeMm  HaONIOAATh,YTO  CO3JaHHAs
CHCTEMa,II03BOIISIeT APPEKTUBHO HaOIOMaTh dPPeKT
MEepEeCTPOWKK clefa I0J JCHCTBHEM  TIICIOIIETO
3apsans|1,2]. TlonydueHHble pe3yabTaThl COTIACYIOTCS C
TCOPETHYECKOH MOJENbI0,a TaK K€ YTOYHSAIOT
MpOBEAEHHbIC panee 9KCTIEPUMEHTAIbHBIC
UCCIIEIOBAaHMA, UYTO NAET OCHOBAHMSA AJIS JAJIbHEHIICH
paboThl 10 YCOBEpIICHCTBOBAHUIO U HW3Y4YECHHUIO
BO3MOKHOCTH NPUMEHEHMS IS HCCIIEIOBaHUS Oojiee
IIMPOKOTO KJlacca SIBJICHHM,paciIupsisi CBEpY OXBaTa
JTAHHOTO JKCIIEPHUMEHTA.

BeiBoa: Taxkum o0pa3oMm, MOXHO CAeIaTh
BBIBOJI,YTO Ha OCHOBAaHUU 71a00paTOPHOTO
NPUMEHEHNS! JaHHOW CHCTEMBLOBUIN  ITOy9YEeHHBI
pe3yabTaThl GoutbIIoN TOYHOCTH,XOPOLIO
coracyoumuecs c JIAHHBIMH YHUCIEHHOTO

MojenupoBanua.Ha ocHOBaHMM BbIIENPUBEAEHHBIX
JIOBOJIOB,aBTOPBI  JTAaHHOM PabOTBI paccMaTpPUBAIOT
BO3MOKHOCTH YCOBEpPIIEHCTBOBAHUS JIAaHHOU
CUCTEMBL,U IIPUMEHEHUS JJIS CO3JaHUS CHUCTEMBbI
ABTOMATHYECKOI'O  PEryJIHpOBaHUS TypOyJIEeHTHOTO

YK 004.492.3

f

IIOTOKa B a3pOANHAMUNYCCKUX pr6aX.I[aHHLII7[ noaxon
IIO3BOJIUT IIPpOBOAUTH HCIIBITAHUA MIPOTOTHUIIOB
AYPOKOCMHUYECKHX CHCTeM ¢ Oomplied  monei
3¢ (GEKTHBHOCTH,YTO MO3BOJHUT JOOUTHCS MOTYUCHHUS
I[aHHLIX,HeO6XOJII/IMI)IX HWHXCHEpaM,1J1d
YCOBEPUICHCTBOBAHUA mpoToTHUIa, N nepexoaa K
CO31aHUIO0 IIPOMBIIIIIEHHBIX o0pasmos.bonee
COBPCUICHHBIC, Hp€6J'II/I)KeHHLI€ K pCajiIbHbIM YCJIOBHUA
HCHLITaHHﬁ,HOSBOHﬂT caciaaTtb TIPOMBIIIJICHHBIC
06p8.3LIBI Oouee HaZ[é)KHBIMI/I U COBCPUHICHHBIMU B
IJIaHC SKCIUTYaTalluKU,9TO MO3BOJUT CACIATh UX Oonee
(¢ (GeKTUBHEIMIH ¥ 0€30MacHBIMH JJIsI KOHEYHOTO
moTpeOuTENS.
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OVERVIEW OF STATIC PROGRAM CODE ANALYSIS TOOLS

Annomauusn

B cmamve onucanvt Odocmouncmea NPpUMEHEHUsl cmamuiyeckKkoeo aHalusa Kooa. Hpoeec)eH 0630])
cyulecmgeyrouwux UHCMpYMEeHmoes cmamuiyecKkozo anaiusa npoepammHoco Koda, maxkux Kaxk asaiuszamop RIPS,
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ananusamop PVS-Studio, Embold, ananuszamop Reshifi, Coverity Scan, ananuzamop Clang Static Analyzer,

CppDepend, ananusamopWinDbg u IDA Pro.
Abstract

The article describes the advantages of using static code analysis. A review of existing static analysis tools
for program code, such as the RIPS analyzer, PVS-Studio analyzer, Embold, Reshift analyzer, Coverity Scan,
Clang Static Analyzer, CppDepend, WinDbg analyzer and IDA Pro analyzer, is carried out.

Knrouesvie cnosa: cmamuueckuil ananus Kood, NPOSPAMMHbLIL KOO, AHAIU3AMOop, 0eghekm, 6e30nacHoCmb.
Keywords: static code analysis, program code, analyzer, defect, security.

CraTnyecknii aHaan3 KOJa - 3TO CIOCO0 OTIIagKKA
MPOTPAMMHOTO KOZla TIeped BBITOJHEHHWEM IIpoO-
rpaMMmBbL. [IpoBoOuTCS Ha 3Tare CO3MAHHS IMPHIIOXKE-
HUSl, IEpe]] HA4aJOM TeCTUPOBAHMUSA, JUIS 3TOTO aHAJIU-
3UpYETCs CTPYKTYpa KoJla Ha OIMUOKH KOJ1a, BPSIOHOC-
HOE MPOTrPaMMHOE 00CCIICUCHHE U IPYTUE HEIOCTATKU
6e3omacHocT. CTaTMYEeCKUi aHATU3 TO3BOJISCT pa3pa-
0oTYMKaM OTTAaYMBaTh YacTH KOJAA, KOTOPHIE MOTYT
OBITH TIPOOJIEMAaTUYHBIMU, & HE MPOCTO HAXOAWUTh He-
nocratku [1, c. 2].

CraTryecKni aHajiu3 KOoJa He SBISIETCS TOYHBIM
Ha 100% u wHOTHA BO3BpaImIacT JOXHEIE cpabaThIBa-
HUS WIU JIOKHBIC OTPHIIATENbHBIE pe3yibTaThl. Ogn-
HAaKO OH HMEET MHOXKECTBO MPEHUMYIIECTB, B TOM
YHCIIE:

- OTHOCHTEJIbHAsg TOYHOCTHb, BO3MOKHOCTEH 00-
HapY>XUTh Topa3fo OoIbIIe OMMOO0K, YeM MIPH PYIHOM
aHalmse;

- 3hdexTHBHBIN CTIOCOO BBISBICHHS OIIHOOK;

- CKOpOCTBH OOHapYKEHHUS OIIHOOK;

- KOMIIJIEKCHOCTb TECTUPOBAHUS;

- CHMXAaeT PUCK BO3HUKHOBEHUS OMIMOOK MOCTe
BBIITyCKA IMPOTPAMMHOTO 00ECIICUCHHS;

- BO3MOXHOCTb OOHApY)XEHHUS OIIMOOK, KOTO-
pBIe OOBIYHO HE OOHAPYKUBAIOTCS MIPU THHAMHYECKOM
TECTHPOBaHUM.

B nocieaHee BpeMs MOMy SIPHOCTh CTATHYECKOTO
aHayu3a mpu pa3paboTke HabupaeT 000POTHI, @ PHIHOK
CTaTUYECKOT0 aHaju3a C KaXIbIM FOJIOM CTAHOBUTCS
Oospiie. BOJBIIMHCTBO MPOrpamMM Il CTATHIECKOTO

Bad Bank

Admin Panel

aHaJM3a KoJa Ha PhIHKE CETOIHS MPeIararoT CleayIo-
e QyHKINN:

- MOAJEPIKKa
MIPOTPaMMHPOBAHMS;

- pasnuyHble OMOTUOTEKH OE30MaCHOCTH U OT-
pacieBBIX CTaHIAPTOB;

- CTaHAapTU3alus KOJa;

- IaHeJIX MOHUTOPHHTa OTYETOB U aHAJIUTUKU;

- HEKOTOpBIE MpeJiaratoT CTOPOHHUE UHTErpa-
nuy, Brarovas Github u Jenkins.

[ )

PaccmoTpuMm u mpoaHanmu3upyeM HECKOIBKO TH-
OB MHCTPYMEHTOB CTaTHYCCKOTO aHajm3a, KOTOPHIS
MTOMOTAIOT aHAIM3UPOBATH KOJI BO BpeMs Pa3pabOTKH U
00HapYKUTh (haTasmbHbIC NeEKTH HA PAHHEH CTaJuu.

Amnanuzarop RIPS - 310 equHcTBeHHOE perieHne
JUIS aHaJIu3a KOJa, KOTOPOE€ BBIMOJIHAET aHanu3 0e3-
OIIACHOCTH JJIsl KOHKPETHOTO si3bIKa [2]. OH MOXKeT 00-
HApY>XUTh CaMbIC CIIOKHBIC YSI3BUMOCTH OE30MacHO-
CTH, TITyOOKO BIIO’KEHHBIC B MCXOAHBIA KOJ, KOTOpPEIC
HE MOTYT HaWTH HUKAaKUe IPpyrue WHCTpYMeHTHI. [loa-
JEpKUBACT OCHOBHBIC (PPEHMBOPKH, HWHTETPAIUIO
SDLC, cOOTBETCTBYIOUIME OTPACIEBBIE CTAHIAPTBHI.
brnarogapst cBoell BBICOKOH TOYHOCTH U OTCYTCTBHIO
JIO’)KHOTIOJIOKUTENBHBIX pe3ynbraToB, RIPS sBisercs
ujeanbHbIM BBIOOpPOM st aHanuza Java-u PHP-
npunoxenuil. Ha pucynke | mpuBemeH mpumep pa-
OOTBI IPUIIOKEHUS.

HCCKOJIBKHUX SI3BIKOB

Support Forum

REST API

Pucynox 1 — Ipumep pabomut npunodicenus RIPS

Crarnueckuii ananuzatop PVS-Studio - sto uH-
CTPYMEHT JIsl OOHAPYKEHUS OIIMOOK M CIIA0BIX MECT B
HCXOIHOM KOJIe MPOrpaMM, HallMCaHHbIX Ha si3bIkax C,
C++, C# u Java. Ou paboraer B cpene Windows, Linux

u macOS. CymiecTByeT BO3MOXKHOCTh MHTETPAIllUd B
Visual Studio, IntelliJ IDEA u apyrue mmpoxo pacupo-
crpanenssle IDE. Pe3ynbraTel ananmnsza MOryT OBITH
umnopTupoBansl B SonarQube. [Ipunosxenune riatHoe.
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PVS-Studio genut BCe mpenymnpekacHNs Ha 3 yPOBHS
omnpenenenHoctu: High, Medium u Low. Hexoropsie
NPEeYNPEXICHUsT OTHOCSITCS K CIICIMaNbHON KaTero-
pun c6oeB. PaccMoTpum 311 ypoBHU Ooltee 1ogpoOHO:

- High - mpenympexmennst ¢ MakCHMaIbHbIM
YPOBHEM JI0CTOBEpHOCTH. Takue mpemynpexieHns qa-
CTO YKa3bIBalOT Ha OMIMOKH, TPEeOYIOIINE HEMEIJICH-
HOTO HCTIPaBIICHHUS;

- Medium - ommbku ¢ MeHbIIeH CTEIECHBIO 10-
CTOBEPHOCTH, Ha KOTOPBIE BCE K€ CTOUT OOPATUTh BHH-
MaHHe;

- Low - mpenynpexiIeHUs ¢ MHHUMAJIbHBIM
YPOBHEM JIOCTOBEPHOCTH, YKa3bIBaIOLMe HA HE3HAYH-
TeNbHBIE HepocTaTku B Koge. [Ipemympexnenust Ta-
KOT'O YPOBHS OOBIYHO MMEIOT BBICOKHII IIPOLICHT JIOX-
HBIX CpaOaTHIBaHHUM.

- Fails-BrHyTpeHHue npeaynpexacHus aHaIn3a-
TOpa, MHPOPMHUPYIOLINE O HEKOTOPHIX HEMONaJKax B
mporiecce padboThl. DTO IMpeaynpexaeHus 00 ommndkax
aHanmu3aTopa (Hampumep, coodmenus V001, V003 u T.
I.) 1 Mo0ObIe HeoOpaOoTaHHBIC BEIXOTHBIC JAHHBIC YTH-
JIUT, UCIOJIb3yeMble CAMHUM aHAJM3aTOPOM BO BpeMs
ananuza. Hanpumep, cooOmierust o c60e MOTYT OBITh
COOOIICHHEM TIpernpoIeccopa 00 omudKax mpeaBapu-
TENbHOM 00pabOTKM MCXOAHOTO KOJa, OMIMOKax Jo-
cryna Kk daitnam (daiin He cymecTByeT, 1100 OH 3a0J10-
KHPOBaH aHTUBUPYCOM) U TaK Jajiee.

OmpesieneHHbI KOJ OMMOKH He 00s3aTelIbHO
NPHUBS3BIBACT €€ K ONPENIENICHHOMY YPOBHIO IOCTOBEP-
HOCTH, PAaCIIPEACIICHHE IT0 YPOBHSIM CHIBHO 3aBHCHT OT
KOHTEKCTa, B KOTOPOM OHH OBUIM CTCHEPHUPO-
BaHbl. OKHO BBIBOJIAa THAarHOCTHYECKUX COOOLICHHH B
wiaruee s Microsoft Visual Studio m mHTepdetice
MOHHUTOPHUHTA KOMITWJIATOpAa UMECT KHOIIKH ypOBHeﬁ,
MO3BOJISIFOINE COPTHUPOBATh MPEAYNPEKISHUS I10
Mepe HeOOXOIUMOCTH.

(L NaNe)

Embold - 510 uHTENIEKTYa bHAS AHATMTHYECKAS
miatgopmMa MPOTPAMMHOTO OOecTeueHusi, KoTopas
TIOJI/IEPKUBAET Pa3pabOTUNKOB M KOMaH/bI B CO3JIaHUU
0oJiee KaYECTBEHHOTO IIPOrPaMMHOT0 00eCIIeYeHUs 3a
MeHbIlIee BpeMs, YCKOpsis NpocMoTp koxaa [4]. Ananu-
3aTOp aBTOMaTHYECKU ONPEJEIsieT IIPHOPUTETHI ropsi-
YHMX TOYEK B KOZIe M 00ecreunBaeT YeTKYIO BU3yaju3a-
uto. Embold - ato yHuBepcanbHbIii cTaTHYECKHiA aHa-
JM3aTOp KOAA, KOTOPHIM MOMOTaeT pa3paboTduKam
aHAIN3UPOBATh M YJIy4IIaTh CBOW KOJ, BBIABIAA IPO-
O7eMBI B UYETHIPEX H3MEPEHUSX, BKIIOYAs OU3aWH U
IOyOnMpoBaHME, W MO3BOJISET IIOJIB30BATENSIM IIPO-
3pavHO YIIPaBIATh M YIydIIaTh Ka4eCTBO CBOETO IPO-
IPaMMHOTO 00eCTIeYeHHs.

Reshift - 3o mporpammHuas mmardopma Ha Oase
SaaS, koropas momMoraeT KOMaHaaMm pa3padOT4YHUKOB
MPOrpaMMHOr0  ofecriedeHHs ObICTpee  BBISBIATH
OoJibllie ySI3BUMOCTEH B CBOEM COOCTBEHHOM KOJIE Iie-
pen pazBepThiBaHHEM B Ipou3BOACTBO [5]. Cokparaet
3aTpaThl ¥ BpEeMs Ha IMOUCK W YCTPAHEHHE YSI3BHMO-
CTEH, BBISBICHHE NTOTEHIIMAIFHOTO PUCKA HapyLICHUS
JaHHBIX.

Coverity Scan - 310 001a4HbIi UHCTPYMEHT C OT-
KpBITBIM HCXOAHBIM KoaoM [6]. IlpenHaszHauen s
MIPOEKTOB, HANMCAHHBIX C HcHonb3oBaHueM C, C++,
Java C#, JavaScript, Ruby unu Python. 3toT MHCTpY-
MEHT TPEOCTABIISIET OYEHb MOPOOHOE U YETKOE OIH-
caHue Mpo0JieM, KOTOPBIC TOMOTAIOT B 00Jiee OBICTPOM
pa3peuieHnn. VIMeeT OTKpBIThIM UCXOAHBIA KOJI.

Clang Static Analyzer - To HHCTpYMEHT TaKxe ¢
OTKPBITBIM HCXOJHBIM KOIOM, KOTOPBIH MOXET OBITh
WCTIONB30BAH JUIsl aHalu3a Koja HamucaHHoro Ha C,
C++ [7]. Ucnonms3yet 6ubmuoTeky clang. Ha pucynke
2 TIpeJCTaBIICHbI Pe3yIbTaThl CTATHYECKOTO aHAIN3a C
nomompro Clang Static Analyzer.

Example.m

12 | void foo{int x, int y) {
13 id obj =

[[NSString alloc] init]:

1 Method returns an Objective-C object with a +1 retain count (owning reference) J

14 switch (x) {

2 Control jumps to ‘case 1/ atlinowJ

5 case @:

B [ob] release];

17 break:

B case 1:

15 s [ebj autorelease]:
ko) break;

@ Emwlﬁm]unpnwhanddhhmﬁmj

21 default:
2 break;

A

4 Object allocated on line 13 is no longer referenced after this point and has a retain count of +1 (object Ieakeu}J v

Pucynox 2 - Ilpocmomp pesyismamos cmamuveckozo anaruzamopa Clang Static Analyzer ¢ se6-6payzepe

CppDepend - OueHs NpOCTOi B HCIOIH30BAHUU
WHCTPYMEHT [0 CPAaBHEHHIO C JPYTUMH HHCTPYMEH-
TaMu crtatuueckoro ananmza [8]. Kakx cnenyer wu3
Ha3BaHUs, 3TOT MHCTPYMEHT HCIIONB3yeTCs sl aHa-
mu3a kogoB C/C++. [MonnepxuBaeT pa3ndHble TOKa-
3aTeIu KadecTBa KOJa, MPEerOCTaBIsIeT BO3MOKHOCTh
OTCJICKHUBATH TCHICHIINH, UIMEET HAIACTPOHKY AJIS WH-

terpamuu ¢ Visual Studio, mo3BoJsieT mucaTh MOJIB30-
BaTEILCKUE 3alpPOCHl M MOCTABIISIETCS C OYEHb XOPO-
[IMM JHATHOCTHYCCKUM CPEICTBOM.

WinDbg - nporpaMma mo3BoJIsieT OTJIaKUBaTh 32
1 64-OMTHBIE TPUIOXKEHUS, OpaiBepa, UCIOIB3YeTCs
Ut aHanmm3a gammosmamaTH [9]. Taxoke WinDbg mon-
JIEPKUBAET aBTO3arpy3Ky OTJIAJAOYHBIX CHMBOJIOB,
MMEET BCTPOCHHBIN CKPUIITOBBIN SI3BIK JIJISI aBTOMATH-
3amuu oTnaAku. [loamep)kuBaeT MHOMECTBO SI3HIKOB
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pH pa3paboTKe, UMEEeT HHTYUTHBHBIIN aHATTN3 KOAUPO-
BaHU, OTJIAZKa B pEXKUME SApa, BEICOKasi CKOPOCTH 00-

'g' Pid 3860 - WinDbg:6.12.0002.633 X86
File Edit View Debug Window Help

~

[ DRSEDEEOCE|[E] A

pabotku. OHaKO, IMeeT HeOOIbIIOoe KOJTMIECTBO BO3-
MOKHOCTeH oTianku. Ha pucynke 3 nmpuBeneH npumep
paboTsI aHaM3aTopa.

=N | He =50

| = RETRE e SR AT
Command EJE
0:025: ld= -

Symbols loaded for iexplore
Symbols loaded for mscorie
Symbols loaded for mscorld
Symbols loaded for mscorsec

Synbols loaded for Microsoft_mshtml
Synbols loaded for Systen_Vindows Forms

Symbols loaded for mscorlib ni
Synbols loaded for mscorvks
Synbols loaded for mshtml
Symnbols loaded for jscript

Symbols loaded for System_ni
Symbols loaded for Systen
C‘vvlm\-w—.l.—. A Fmme WCIHTDON

] 1

Vo,

*x% ERROR: Module load completed but symbols could not be loaded for C:Windows“as

*%% [JARNING: Unable to verify checksum for C:»Windows“assemnbly“Natiwvelmnages w2 0.5

*x% WARNING: Tnsble to werify checksun for C:“Windows“assenbly“Wativelnages v2.0.5

00255

Lnd, ColQ Sysd:<lLocal>

Proc 000:f14 Thrd 025:9ec  ASM  OVR  CAPS NUM

Pucynox 3 - Paboma ananusamopa WinDBG

IDA Pro — mm3accemOiep, IIMPOKO UCIIONB3Ye-
MBI{ [T aHAJIHA3a BPEAOHOCHOTO IMPOTPaMMHOTO KO/Ia
(puc. 4) [10]. OTuuUTENBEHON YEPTOM SIBISICTCS HATTU-
YHie BCTPOCHHOTO KOMAHIHOTO SI3bIKA, ITOICPKUBAIO-
mero OOJBIIOe KOJIHYECTBO (POPMATOB CKOMITHIHPO-
BaHHBIX q)aI/mOB JUIsL IPOLIECCOPOB U OTEPAIlMOHHBIX

cucteM. [IpeumymectBamu IDA Pro sBistoTcss Hanu-
YHe BCTPOSHHOTO KOMAaHIHOTO S3bIKa, OOJBIIOE KOJIH-
YeCTBO MOJACPKUBACMBIX (OPMATOB, CTOUMOCTbD JIH-
nen3nn. Hegocratkamu IDA Pro sBiisieTcst To, 4TO He-
KOTOpBIE DJIEMEHTHl PYOUMCHTapHBI, CIOKHOCTH
MOJTyYCHHUS AUCTPUOYTHBA.

2 IDA - C:\Documents and SettingsVAdministrator\Desktop\Shakeel\Malware2. Il

File Edit Search View Debugger Options Windows Help

=d i 9] 4 EERIGE
EEREE +8 pENn-[eT][  vmE G }.
& En ¥

EOIELT

[ ~ I

(31 1DA Viewa | 5 Expors | B impots | N Names| 7] Functions |~ Stings | J{_Stuctues

6 04 vew Lol o 550 | BEN
Nl Nl Funclion name Segment  Start Al Name . Addiess A
::; ::z: ::} ; ;EE::::‘;::HE 4] sub_100110FF teat 100110FF F PsusT 10007025
H )
edi ush edi : 1pParameter ‘\l[ GetModuleFileNameE x4, text 10011146 F nullsub_1 1000706F
offset sub_10001674| [push  offset sub_10061365 ; lpStartaddf 7 EnumProcesstodies - Jouifac, F rulsub_2 1000707C
short loc_1000DOBD ' test 10011182 F Startexs 10007ECE
‘\7\ Process32Next text 10011188 F HandleiProc. 1000C9DF
' Process32Fist et 1001118 | € emminntnen +onnceon
EAN L ) CreateT ookhelp325niapshot test 100111C4 _
47 Module32Next text 100111CA Line 4 of 764
loc_1006D6BD: ; duStackSize ‘ﬂMndulﬂZFlvsl text 10011100 3 -
push  edi 20 ThieadDNavt ot ool | Strings window BYETBI
BN RO o e IPTHERIAEE GG < B Woiiiess | lengh Sting a
o O R i Loeliitieta = .. OD0OOOE € GelDeviceCaps
. 2 @ — ETE 00000004 € CreateDCA
3 ¥ . 00000011 € CreateDIBSection
BN A 2 Address Ordinal | Name. Library . 00000005 € SetBkMode
1 e 10016000 LookupPrivilegeValued, ADVAPI32 /‘
. B3 10016004 OpenProcessToken ADVAPIZ2 &ﬂ Exports. - |
loc_1000D0C6 : 3.
nou eax, Off_1001963C ; 10016008 RegCloseKey ADVAPIZ2 Name Addess | Oidi
i esi, ds:strncpy 10016000 RegQuerValueExt ADVAPIZ2 B nstalRT e 3
pon o ™" i e o | Bt el
: = et B InstallSB 1000E832 3
100.00%  (4,1092)  (366,43)  0000C4C1  1000DOCI: DIMain(x,x,x)+93 E; ‘E?‘EEIE Eenfel‘\/:aliu'e?ﬁ AEVATE £ psLisT 10007025 4 ¥

Files\IDA Fres\idc\onload.idc'...

Execun ng_fun,

AUz ide Down _ Disk: 37G8

Pucynox 4 - Ilpumep pabomor IDA Pro.

OllyDbg —32-6urtHeiii omraguuk must OC Win-
dOWS, MpeAHa3HauYeHHbIN JI1 aHalu3a U Mozm(bmca—
MU CKOMITUITUPOBAHHBIX UCIIONHIEMBIX (aiiioB. (puc.
5). OllyDbg oTiu4aetcst OT OTJIAIYMKOB C HHTYUTHBHO
HOHSATHBIM UHTEP(EicOM, BBIIEICHHEM «OCOOCHHBIX)»

CTPYKTYp KOJia, YCTAaHOBKe M 3amycke. UToObI pa3o-
6patbcst B mpuntmne paborer OllyDbg, mocratouno
JIUING 3HAHUH B 00JIACTH s3bIKa acceMOiiepa. JlaHHoe
IIpOrpaMMHOE 0o0ecIieueHne PeKOMEHIYIOT K HCHOJIb-
30BaHUI0 HOBHYKAM.
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Ferrit - [CPU - main thread, module engine]

[ ] w1

Commard
vy poitof ks o e

Pucynox 5 - Ilpumep pabomwr OllyDBG.

PaccMoTpeB momysisipHbIe CYIIECTBYIOIINE aHAIH-
3aTOpPbI, MOJKHO CJIENIaTh BBIBOJI, YTO Ha CETrOIHSIIHUN
JIeHb MHOXeCTBO cymectByoumx [10 He ynoBieTBo-
PSIIOT BCeM MOTPEOHOCTIM noJib3oBaTesss. OHu mpeasa-
raloT psn QyHKIMH, KOTOPBIE MOTYT IIOMOYb B Pa3HBIX

CnMcoK JTuTepaTypsl

1. AE. bopomgun, A.A. beneBannes. CraTuue-
CKHI aHanu3aTop Svace Kak KOJUICKIMs aHaJIN3aTOPOB
pa3HbIX ypoBHeit cioxHocTU. - Tpyast UCIT PAH, Tom
27, BoIm. 6, Mocksa. 2015. -¢. 111 —130.

CUTYyalMsiX, HO HU OJHA M3 BBILECYNOMSIHYTHIX IIPO- 2. https://www.ripstech.com/

rpaMM HE OCYIIECTBIISIET BECh (DYHKIMOHAT B LIEJIOM. https://www.viva64.com/ru/pvs-studio/

Kpome toro, nHekotopsie I10 uMeroT ycTapeBiiuii, Ha https://www.embold.io/

JIAHHBII MOMEHT, [TOJIX0]] B pabOTe C MOJIb30BATEIISIMH. https://www.reshiftsecurity.com/

A TpoyKThI 3apyOeKHBIX Pa3pabOTYNKOB HE JIOKAIH- https://scan.coverity.com/

30Badbl s kimeHToB w3 CHIT wim PK. Ucxons us http://clang-analyzer.llvm.org/

3TOr0, HEOOXOAMMO pa3paboTaTh KOHKYPEHTHO-CITO- https://www.cppdepend.com/

COOHBIN MHCTPYMEHT Ul aHAJIU3a BPEJIOHOCHBIX IIPO- . http://www.windbg.org/

rpaMM. 10. Unrepuer-pecypc — Buxuneaus. IDA Pro
Disassembler. ru.wikipedia.org/wiki/IDA, - 2020.
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APXUTEKTYPA UHTEJUIEKTYAJIBHOMU CUCTEMBI HOJJEPKKH MPUHATUSA PEINEHUN
CHUHTE3A MO/JIEJIEM BOJIBIINX JJUCKPETHBIX CUCTEM C 3AJTAHHBIM ITOBEJIEHUEM HA
OCHOBE TEHETHYECKOI'O AJITOPUTMA U UCKYCCTBEHHON HEMPOHHOM CETH B
KAYECTBE YIIPABJIAIOIIETI'O MOAYJIsA

Petrosov D.A.
Financial University under the Government of the Russian Federation

ARCHITECTURE OF AN INTELLIGENT SYSTEM FOR SUPPORTING DECISION MAKING
SYNTHESIS OF MODELS OF LARGE DISCRETE SYSTEMS WITH PRESCRIBED BEHAVIOR
BASED ON A GENETIC ALGORITHM AND AN ARTIFICIAL NEURAL GOVERNMENTAL
REGULATION

Annomauusn

B pabome npeonodicena apxumexmypa uHmMeIeKmyaibHol UHGOPMAYUOHHOU CUCTEMbL NOOOEPIHCKU NPUHSL-
musi peulenuil, HanPaeiIeHHON HA peuenue 3a0a4y CMPYKIMYypPHO-NApAMempuyecko2o CURme3sa 60abuux OUcKpen-
HbIX CUCTEM C 3aA0AHHbIM NosedenueM. B kxauecmee ocnoenozo omauyus om cyuwecmeylouux cucmem, npeoo-
JHCEHHAS, APXUMEKMYPA OONOIHEHA MOOYIeM YAPABIEHUsL H80TIOYUOHHOU NPoyedypoll cunmesa pewenutl. B kave-
Ccmee OCHOBHO20 MAMEMAMUYEeCKO20 annapama NOUCKA DEUeHUll UCNOAb3YeMCcs 2eHemudecKull an2opum,
a0anmuposantblil HA peuleHue 3a0a4u MEMOOOM «HePHO20 SUUKAY - NOOBUPAIOwe20 CmpyKmypy u napamempul
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DyHKYUOHUPOBAHUS CUCMEMbL HA OCHOB8E 3A0AHH020 N0BedeHUsl (CNOCOOHOCHb NPeodpPA306amsb 3a0AHHbIU 6X00-
HOU 8eKMOP 8 IMALOHHBLIL BbIXOOHOU 8eKMOP) U diemenmuou bazvl. J{is pewenusi npoodiemvl 3amyxanusi u npeic-
0e6PEeMEHHOU CX00UMOCIU I80THOYUOHHOU NPOYEIYPbL NPEONONCEHO D00ABUMb 8 APXUMEKMYPY UHMELIeKMY b~
HOU cucmembl MOOYJlb UCKYCCMEEHHOU HEUPOHHOU cemu U MOOYlb cOOpa OaHHbIX 0 cOCmosHuu nonyaayuu. Takou
n00X00 NO360UM YMEHbULUMb 8pPEMI NOUCKA pemeHmZ U Kaiecmeo nojqy4eHHblx 6 pe3yibmame cunmesa peuie-
HU.

Abstract

The paper proposes the architecture of an intelligent information decision support system aimed at solving
the problem of structural-parametric synthesis of large discrete systems with a given behavior. As the main differ-
ence from existing systems, the proposed architecture is supplemented with a module for managing the evolution-
ary procedure for synthesizing solutions. As the main mathematical apparatus for finding solutions, a genetic
algorithm is used, adapted to solve the problem by the "black box" method, which selects the structure and pa-
rameters of the system based on the given behavior (the ability to convert a given input vector into a reference
output vector) and the element base. To solve the problem of attenuation and premature convergence of the evo-
lutionary procedure, it is proposed to add an artificial neural network module and a population state data collec-
tion module to the architecture of an intelligent system. This approach will reduce the search time for solutions
and the quality of the solutions obtained as a result of synthesis.

Knrouesnie cnosa: cucmemmwiii aHaIu3, UHmeleKmyaibHasl qubOpMaL;uOHHa}l cucmema, CmpyKmypHo-na-
paMempuquKuﬁ CuUHmes, ecernemuyeckull anzcopumm, UCKyCCmeeHHasl HeﬁpOHHa}l cemo.

Key words: system analysis, intelligent information system, structural-parametric synthesis, genetic algo-
rithm, artificial neural network.

B coBpeMeHHO# 061acTi HHPOPMALTMOHHBIX TEX-
HOJIOTHI OONBIIOE BHIMAaHHE yAENsIeTcs pa3paboTke
WHTEJJIEKTYyalbHBIX cucTeM. JlaHHBINH TpeH 00ycioB-
JIEeH Pa3BUTHEM MOTPEOUTETBCKUX TpPeOOBAHMIA, UTO
CMOCOOCTBYET Pa3BUTHIO MAaTEMAaTUYECKUX alMapaToB
B 00J1aCTH MCKYCCTBEHHOTO MHTEJUICKTa. B mpemamer-
HOM 00JacTH aBTOMAaTU3alUY POCKTHBIX PEIICHUH, Ha
psAy ¢ KIacCHYeCKMMHU METOJaMH, IMIHPOKOE paclpo-
CTpaHEHHUE NOJYUYMIIH 3BOIIOLIMOHHBIE MTpoueaypsl. Ha
JAHHBIA MOMEHT CYIICCTBYET OOJBIIOC KOJHMYECTBO
pelIeHuid Ha OCHOBE JAaHHBIX MaTeMaTHYECKUX HH-
CTPYMEHTAJIbHBIX CPEACTB, KOTOpPbIE HalpaBieHbl Ha
aBTOMAaTHU3alMI0 MPOIECCOB MPOEKTUPOBAHUS U TOJ-
JIEPKKY MPUHSTHS PENICHUN B TAKUX MPEAMETHBIX 00-
JIACTSIX KaK CHHTE3 MPOEKTHBIX PEIICHUH:

®  BBIYHCIUTEILHON TEXHUKH;

®  TEXHOJOTHYECKHX MPOIIECCOB;

®  OW3HEC-TIPOIIECCOB;

® DHEPreTUYeCKHX CUCTEM U T.II.

OnHUM U3 METOOB U3 KJacTepa BOJIIOLMOHHBIX
MpoLEAYp, HOAYUUBIIUX IIMPOKOE PacCIpOCTPAHEHUE,
SIBIIIFOTCSI TEHETUYECKUE aIrOpUTMBL. JIaHHBIN OAX0/]
XOPOIIO 3apEKOMEHIOBAN Ce0sl B PA3ITUIHBIX MIPEIMET-
HBIX 00J1aCTAX, IOATOMY Pa3paOdOTUUKHU YACTO HCIIOIb-
3YIOT €T0 B CBOMX IIPOEKTAX.

Ecnu He mpuHMUMAaTh BO BHUMaHHE OCOOESHHOCTH
MPUMEHSIEMBIX TEXHOJIOTHH W MPOTpaMMHOM peann3a-

WU APXUTEKTYPY HHTEIUICKTYAIbHOW WH(POPMALIHOH-
HOW CHCTEMBI Ha OCHOBE T'€HETHYECKOTO aITOPHTMA
MOYKHO TIPEJICTaBUTh CIEAYIOIIUM 00pa3oM (CM. pHC.
1):

1) HUntepdeiicsr.

1.1 unrepdeiic nonszoBarens;

1.2 unrepdeiic skcnepra;

1.3 BBIXOAHO¥ HHTEpEIiC.

2) basza 3nanuii.

3) DnemenTHas Oaza.

4) Monynp noucka KOHQUTypaluu Moieupye-
MO CHCTEMBI (B HAIlleM CIIyYaeT Ha OCHOBE TeHETHYC-
CKOTO aJITOPUTMA).

5) Momyns aHaIHM3a MOTYYCHHOTO PE3yibTaTa.

JlaHHBIN 1OAXOJ UMEET CBOM HENOCTaTKH, KOTO-
pBI€ 3aKITIOYAIOTCA B TOM, YTO B XOZ€ PEIICHHUS TeHeTH-
YECKUIl aJITOPUTM MOJXKET 3aTyXaTh, MOMYJISALHUS HaXo-
JUTCS B JIOKAJIBHOM 3KCTpeMyMe U T.A. B Takom ciydae
9KCIEPT JOJDKEH U3MEHSTh apaMeTpbl PYHKIIMOHUPO-
BaHUsS OIEPAaTOPOB T€HETHYECKOTO alTOpPUTMa BPYY-
HYI0 WIH Iepe3aryckaTh padoTy MpOoLeayphl MOUCKA
PEIICHNH, WIIN yIOBICTBOPUTHCS IMONYYCHHBIM Kade-
CTBOM pEIICHUS.

Oco0OeHHO SpKO BEIpaKCHA JIaHHAas MpodiiemMa B
3aa4ax CHHTE3a OONBIIMX JUCKPETHBIX CHCTEM, T
KOJIMYECTBO AJIEMEHTOB U MMapaMeTPOB UX (yHKIINOHH-
POBaHHUS BENHKO, KaK M BEPOSITHOCTH 3aTyXaHHS JBO-
JIFOITMOHHOM MPOUEAYPHI.
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Ipatnemno-opuchmuposannoe ITO

Pucynox 1 — Apxumexmypa unmennexmyanoHoOUu UHPOPMAYUOHHOU CUCMEMbL HA OCHOBE 2EHEMUYECKO20 A0~
pumma

[TosTOMy LENEeco00pa3HO MOICPHU3UPOBATD JaH-
HYIO apXUTEKTypy TakuM oOpa3oM, 4TOO MOSIBUJIACH
BO3MOXKHOCTb BIIMSIHUS Ha TIPOLIEIYPY UHTEIUICKTYyalb-
HOTO CHHTE3a MPOEKTHBIX PELICHHH HeoCPEICTBEHHO
B IIpOLIECCEe MOUCKA.

B nannolt paboTe mpeanaraercst HCHOIb30BaHUE
MaTeMaTHYECKOTO amapara UCKYyCCTBEHHBIX HEHpPOH-
HBIX CeTel B KauecTBE MOAYJIS yIPaBJICHHS IeHETHIe-
ckuM anroput™ma. [Iponecc ynpaBiaeHus 3akirodaeTcs

B M3MEHEHUH [IapaMeTpoB (HYHKIIMOHUPOBAHUS OTepa-
TOPOB F€HETHUECKOTO aNTOPUTMA, YTO MO3BOJISIET BIH-
ATh Ha UX Pa3pyLIAlONIyl0 CHOCOOHOCTh. M3MeHeHne
paspymaonied cCiocoOOHOCTH MO3BOJISET KOPPEKTHPO-
BaTh TPAEKTOPHUIO IBIDKEHUS IMOMYJSAIUHN B MPOCTPaH-
CTBE PELICHHH, TeM CaMbIM M30eraTh 3aTyXaHHs U JIO-
KaJIbHBIX 9KCTPEMYMOB.

MopepHU3UpOBaHHAs apXHUTEKTypa Ipe]CcTaB-
JIeHA Ha PUCYHKe 2.
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Pucynok 2 — Mooenv apxumexmypuvl UHMELIEKMYATbHOU UHDOPMAYUOHHOU CUCHIEMbL C NPUMEHEeHUeM UCKYC-
CMBEHHOU HEeUPOHHOU cemu Oisl YNPABNeHUs 2eHeMUYECKUM AN20PUMMOM

CToUT OTMETHUTbH, YTO JaHHAsI MOJEINb SBISETCS
Ooree TPOCTOI TPU NPOTPaMMHON peam3alid, TaK
Kak He TpeOyeT Hanmuus uHTepdeiica skcnepra, 6a3bl
3HaHWH 1 OJI0Ka aHaNK3a. Bee nmepedncieHHble MOTYIH
3aMEeHseT caMo00ydaroIIascsa HCKYyCCTBEHHAsI HEHPOH-
Hast ceTh. Ha BX0J JaHHOTO MOJTyJIsl TIOAAETCSI COCTOS-
HHUE TOMYJIAIUHA (KOTOPOE MOXKET OBITh IPEACTaBICHO
B BUjIe Tpaduueckoro ¢aiiia, YT0 CBOAMT 3a1a4y K pe-
IICHUIO KIIACCHYECKOM 3amadd pacrio3HaBaHUs oOpa-
30B).

[Ipu ucnosnb30BaHKUK NPEUIOKEHHOTO MOAX0/a B
cUCTeEMax MOJJEPKKU MPUHIATHS PEIICHUNH BO3MOXKHO
MOBEIIICHIE OBICTPOIACHCTBUS MHTEIUICKTYa bHBIX CH-
CTEeM, a TaK)XKe TOBBIIICHHE Ka4eCTBA CHHTE3NPYEMBIX
pemIeHni B pa3InIHbIX PeIMEeTHBIX oomacTsx. Kpome
3TOTO CTOHT OTMETUTh, YTO HPEIJIOKEHHBIA ITOJXO
MOJKET OBITh pPean30BaH C MPUMEHEHHEM COBPEMEH-
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INTRODUCTION OF AUGHMENTED REALITY TECHNOLOGIES TO MUSEUM EXPOSITIONS

Abstract

Tourism is becoming an important part of the development of modern society. Museums, as the most
significant social institutions involved in the identification, preservation, study and popularization of heritage, are
designed to adequately respond to the challenges of the times, become more attractive to tourists and participate
in the development of the tourism business. The article is devoted to the issues of integrating augmented reality
technologies into the museum space. Augmented reality technology is a relatively new industry for Kazakhstan.
The correct application of these technologies allows you to solve several problems at once: convenient information
on exhibits, detailed examination of exhibits, access to which is limited, virtual reconstruction of completely or
partially lost works of art, etc. The use of such tools will allow organizing productive interaction of the viewer
with museum expositions, as well as allowing museums to find a new wave of popularity among city residents and
visitors. The direct experience of the development and implementation of augmented reality technologies in the
Karaganda forced labor camp (abbreviated Karlag), which is one of the largest camps in the USSR, is examined.

In general, the relevance of the topic lies in the fact that developing an application using augmented reality
technology to create an information museum makes it possible to actualize the importance of museums in the
modern world.

Key words: Tourism, augmented reality, 3D-model, museums, modern civilization, heritage, exhibits.

The emergence of the information society, which
forms a digital, virtual reality with specific social, cul-
tural, consumer practices, has largely led to innovative
processes in the field of tourism. The level of develop-
ment of the information space in the modern world de-
termines the main directions of innovation in various
areas of society - socially political, economic.

The massive use of information technology in a
dynamically changing world has become a necessary
condition for the individual to participate in economic
activity and the socio-cultural sphere. Changing the
pace of life, the explosion of information, the transfor-
mation of the value system and the emergence of new
standards of behavior, moral and ethical principles
(sometimes substantially contradictory to the tradi-
tional ones), a new understanding of the quality of life,
comfort and level of service make us look differently at
one of the important components of human life - the
sphere leisure time.

The specific characteristics of the information
space are due to the variability of such processes in it
as interaction in the process of joint activity, competi-
tion. The nature of geopolitical competition is changing
most significantly in the information space because of
the struggle for the possession of a more developed in-
formation resource, for the achievement of information
superiority, which opens up better control over the
competitor's information resource.

The purpose of the study is to analyse the modern
development of information technologies in the tourism
industry, to study the impact of virtual and augmented
reality on the emergence of innovative tourism prod-
ucts and to consider the prospects for the development
of a virtual information space.

Despite a significant number of works devoted to
the study of the information space, little attention is
paid in the economic literature to the formation of the

information environment in order to effectively pro-
mote and implement tourist services and destinations.

The development of information technology puts
modern museums in harsh competition from new me-
dia. When fulfilling the task of preserving the cultural
heritage, the museum ceases to be a platform for its
popularization. If you believe the statistics provided by
a group of scientists, only 16% of Kazakhstani citizens
visit museums, 70% of Kazakhstanis do not know
about museums and are not interested in them, the re-
maining 14% know about museums, but do not visit
them [1].

This is most acute in small regional museums, the
welfare of which directly depends on the number of vis-
itors, since other sources of financing only help to stay
afloat. Such museums, unlike large ones, do not have
large resources at their disposal and, accordingly, are
not able to attract a wide audience. To build their po-
tential, they need new ways of presenting content. A
superstructure, addition, presentation of exhibits in a
new context, which would meet the requirements of the
modern generation, focused on the active interaction of
synformation, is required. In fact, a new interactive di-
alogue actualizes the role of the museum as a cultural
and educational space that can become one of the ways
to organize intellectual leisure. Therefore, to attract
new visitors, many museums have to study the audi-
ence, use various advertising strategies and implement
innovative technologies [2].

Currently, the most relevant technologies
introduced in museums are augmented and virtual
reality technologies. Despite the fact that these
technologies are not new, they have not yet gained mass
character, continuing to attract attention from various
industries. Given the growing interest of consumers in
augmented reality, its introduction into the museum
environment can increase interest in museums and,
accordingly, strengthen their cultural and educational
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function [3]. According to some researchers, it is
augmented reality technologies that are a promising
tool for the flexible adaptation of museums to modern
realities [4].

Augmented reality is an effective tool to solve
many problems of modern museums:

- Limited exposure. The fragility and decay of
some exhibits, special conditions of preservation and
positioning impose restrictions on the composition of
the exposition. Augmented reality technologies allow
you to view exhibits, access to which is limited, gain
experience in interacting with exhibits that are not
allowed to touch, disassemble them for details and
examine the smallest details. The exhibit in the virtual
space can be presented in any form in which the visitor
wishes to see it.

- Dimensions of the exhibition space of the
exposition. Most of the exhibits are in the archives of
the museum and are not put on display by visitors due
to the lack of necessary exhibition space. The virtual
space has no limitations, so you can place the entire
collection in it.

- Inaccessibility of some information. Often, some
information about the exhibits is inaccessible to
visitors, especially when visiting a museum without a
guide. In virtual space, any useful information about it
can be attached to the exhibit.

In addition, augmented reality technologies force
a person to take any action while receiving information,
bring interactive and expand the possibilities of
working with museum exhibits. Thus, the visitor
becomes an active participant and "co-author" of
represented historical and cultural events. All this
enhances the effect of immersion and helps to improve
the perception of information, which has a positive
effect on improving the cultural and educational
functions of museums and attracting new visitors.

However, in addition to the positive effect, there
are certain difficulties that accompany the process of
integrating augmented reality technologies into the
museum space:

- Distrust on the part of the administration of
museums. Many museums are wary of introducing new
technologies that have not yet been sufficiently tested.
In addition, there are risks associated with the
destruction of the museum’s traditional ecosystem and,
as a result, the development of negative attitudes
among visitors.

- Lack of motivation for museum staff. If the
question arises of introducing new technologies into
museum walls, then there is a possibility of an
additional burden for museum employees. At the same
time, their salary rate remains the same.

- The presence of potential threats that may arise
when implementing augmented reality technologies in
the museum environment. This includes the destruction
of the traditional museum environment, a complete
change in the concept of museums in terms of the
provision of information, satiation with information,
especially in 3D.

- Inflicting certain damage to exhibits. For
example, the exhibit fades due to the projector light

constantly directed at it, temperature increases in the
exposition room, etc.

Naturally, these technologies can lead to negative
consequences only with their illiterate use. The correct
use of augmented reality and its introduction precisely
into the cultural and educational museum environment
will allow you to get aesthetic perception, new
knowledge and education when visiting museums.
Technology will stimulate the manifestation of
independence, initiative and creativity [5].

With the obvious breadth of opportunities that
augmented and virtual reality technologies provide,
regional museums cannot afford such innovations
because of their high cost. A low budget imposes
certain restrictions on the choice of equipment used. In
this case, the most accessible devices for displaying
virtual and augmented reality content remain
smartphones or tablets.

During the implementation of the project, the
following stages can be distinguished.

The first stage: preparatory. This includes the
collection of materials on the project, the definition of
the objectives of the exhibition, in the solution of which
augmented reality technologies can be used.

The second stage: the choice of means of
implementation.

The third stage: implementation and testing.

Fourth  stage: analysis of  preliminary
implementation results.

At the first stage, all materials of the exhibition
were investigated: exhibits of the exhibition hall,
unexposed exhibits, text materials and photographs
related to the exposition, involved and unused
equipment. The initial technological effectiveness of
the exposure was revealed, namely: the presence of a
site, an interactive screen, a projector, a monitor to
simulate the movement of a train, audio support.

The following tasks were identified:

- attracting new visitors;

- expansion of the information space of the
exposition;

- transformation of some exhibits in virtual space.

Augmented reality app for smartphones. To
implement this solution, it was planned to make some
exhibits in augmented reality. The augmented reality
content was supposed to be displayed inside the
application after the camera’s mobile device had read
special markers prepared in advance and placed in the
exhibition hall. This is a classic use case of augmented
reality in a museum environment.

As part of the second decision, it was decided to
digitize the following exhibits: wheeled and
conventional plows, horizontal and vertical self-
spinning wheels, potato potato. In addition to creating
3D models of these exhibits, it was decided to attach
content in the form of photographs, videos and texts to
them in augmented reality, as well as add to the
application’s content the stories of prisoners in Karlag
who dreamed of freedom that the museum had.

The second stage is the selection of funds for the
implementation of the plan. Solutions will be aimed at
various platforms: the first - on the PC, the second - on
smartphones and tablets. Based on my research, taking
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into account all the pros and cons, the Unity 3D
programming environment was chosen for the project
using the Wuforia package (for the second solution).

The correct use of augmented reality and its intro-
duction precisely into the cultural and educational mu-
seum environment will allow you to receive aesthetic
perception, new knowledge and education in a complex
when visiting museums. Technology will stimulate the
manifestation of independence, initiative and creativ-
ity.

Let's pay attention to an interesting fact: a person
remembers 10% of the information he hears, remem-
bers 20% of what he reads, remembers 80% of what he
sees and does [6]. And if we say that a person remem-
bers 80% of what he sees and does, then in this case two
channels of information perception are combined: vis-
ual and kinesthetic. The secret to the effectiveness of
interactive technology lies in the activation of visual
and kinesthetic channels of perception.

In other words, augmented reality technologies
force a person to perform any purposeful actions while
receiving information. This greatly facilitates the trans-
fer and assimilation of information. That is why in the
modern museum space it becomes very important the
process of mastering and applying interactive technol-
ogies in the expositions - augmented reality - since with
it the possibilities for working with museum exposi-
tions are unlimitedly expanded [7].

In other words, augmented reality technologies
force a person to perform any purposeful actions while
receiving information. This greatly facilitates the trans-
fer and assimilation of information. That is why in the
modern museum space it becomes very important the
process of mastering and applying interactive technol-
ogies in the expositions - augmented reality - since with
it the possibilities for working with museum exposi-
tions are unlimitedly expanded.

Augmented reality in a museum environment
could solve several problems at once. This includes the
possibility of a comprehensive examination of the ex-
hibits without taking them out of context, the possibil-
ity of creating a context, achieving maximum commu-
nication between the exhibit and the visitor, the possi-
bility of introducing interactivity, as well as the
likelihood of quick changes to the exposition in accord-
ance with the theme of the museum events. Augmented
reality in the museum - great opportunities in a small

space. Given the growing interest of consumers in aug-
mented reality, its introduction into the museum envi-
ronment can increase interest in museums and, accord-
ingly, improve their cultural and educational function.

Therefore, it can be concluded that museums using
elements of augmented reality help to attract more at-
tention of visitors compared to traditional museums,
since these museums stand out from thousands of ordi-
nary ones, deeply engage the audience in the problem
and become interactive.
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