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Articles

Logical Sequences
Pavel Yu. Elsukov 2.~

aFederal State Institution of Science Institute of Energy Systems. LA Melentyeva, Siberian Branch
of the Russian Academy of Sciences (ESI SB RAS), Irkutsk, Russian Federation

Abstract

The article analyzes logical sequences used in logic and computing. The main objective of the
research is to show the relationship between logic, computing and functional expressions.
Existence of such connection allows to make a comprehensive analysis of formulas and analytic
descriptions. Comprehensive analysis simplifies consistency check of formulas. Existence of
relationship between three types of descriptions allows to analyze semi-structured information.
The article reveals the contents of a logical sequence used for research. In this article, logical
sequence is a general concept related to logic and mathematics.

Keywords: artificial intelligence, logic, logical sequences, linear logical sequences, parallel
logical sequences.

1. Introduction

Construction of logical sequences or logical chains (Raev, Tsvetkov, 2018) is commonly used
in compiling algorithms and in scientific projects. Construction of logical sequences is used in
preparation of doctoral dissertations. When performing research projects, the aim is to conduct
sound research and to achieve outcome studies, which refute or prove initial theses. This task is
accomplished by constructing and applying logical sequences. When preparing doctoral
dissertations, the aim is to conduct sound research and to rationalize new scientific solutions to
tasks. Validity of conclusions also requires the use of logical sequences. The essence of logical
sequences construction is summarized in this article.

2. Materials and methods
Numerous publications and scientific reports on logic and scientific analysis are used as
materials. Mathematical logic and system analysis are used as methods.

3. Results

General Formulation of Research

Logical sequence is a general concept that incorporates a sequence of computations, a
sequence of functional transformations and logical chains. Logical consequence (Tarski, 1936) is
the most simple logical chain. For this reason, logical consequence is the basis of a logical
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sequence. There are simple and complex logical consequences.
Simple logical consequence is a relation between one premise A and one conclusion B.
Implication (Ebbinghaus et al., 2013) describes a simple logical consequence.
A—B.(1)
or
A, >As (2)

Expression (2) describes information situation (Tsvetkov, 2012), in which state A, implies
state A.. Complex logical consequence describes set of transitions of type (2). The simplest logical
sequence is expressed with a complex logical consequence. Logical sequence can describe not only
transitions, but states as well. In actual practice the system or algorithm can be consistently in
different states. Such situation or logical sequence is shown in Figure 1.

Fig. 1. Logical Consequence

Figure 1 shows a complex logical consequence or a simple logical sequence. Complex linear
logical consequence (logical sequence) is a set of relations between a chain of premises A; and one
conclusion B. Figure 1 describes expression (3).

A, —>A,—>A;>Ai > A, — B.(3)

Expression (3) describes a logical sequence, or logical chain, or information construction
(Tsvetkov, 2014). Expression (1) describes a link of logical consequence or logical sequence.

Practical formation of logical sequence in research includes several steps. The first step is to
formulate the objectives of study “B”. The second step is to define key points of the study. Key
points of the study form key states “A;”, which are included in expression (3). These key states are
shown in Figure 1 as vertices.

The third stage is the most important one. It involves finding relations and state transitions
in expression (3). Here we should emphasize the difference between logical relation and functional
transformations. If expression (3) is considered as a logical construction, all transitions between
“A” states therein are the same and correspond to relation of implication. If expression (3) is
considered as functional consequence, all transitions between “A” states can be different. Each
transition can correspond to a specific function. Expression (3) can be written using universal
quantifier

V Ai (Aii—A) (4).

Diagram in Figure 1 has a dualinterpretation. One interpretation exists in the area of
mathematical logic, the other lies in the area of functional analysis. In the area of logic diagram on
Fig. 1 and expression (3) describe the classical Tarski logical consequence (Tarski, 1936). Semantic
notion of logical consequence was introduced by Tarski in 1936.Formal definition of the logical
consequence has the following form:

(A1, ..., An) EB(5)

Semantic definition of logical consequence (5) reads as follows: statement B logically follows
from premises (A1, ..., An), if it is impossible that statements At1,..., An are true, and statement B is
false (i.e. if B is true in any model where Az1,..., An are true). The distinctive feature of a logical
consequence lies in the fact that it leads from true statements only to true statements.

In the area of computational analysis this means correctness of computations in transition
from one function of chain (3) to another function.

Ajican be seen as logical formulas in expression (5). In such case there are three conditions for
them. 1. There is a set T of derivable formulas. 2. There is a subset A of derivable formulas. 3. There
is a set of formulas Fm, which can be either derivable or non-derivable. These conditions are
expressed formally as follows:

I', AcFm ; A, Be Fm (6)

If there are initial conditions (6), then there are three properties (7-9) for logical consequence
(5).

Ael'=>T |= A (reflexivity), (7)
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r |= Aand T cA=A |= A, (monotonicity), (8)
r |= AT, A |= B, =T |=B (transitivity or separation). (9)

Logical consequence allows to introduce a definition of paraconsistent logic.

Assume that [ is a relation of a logical consequence. Consequence is called explosive, if it
meets the condition that for any formulas A and B, Bfollows from Aand not-A.

{A, -A} E B.(10)

Classical logic, intuitionistic logic, multi-valued Lukasiewicz logic and most other logics are
explosive. Logic is called paraconsistent (da Costa et al., 1991), if and only if its relation of logical
consequence is not explosive.

Logical sequence shown in Figure1 is linear and sequential. There are parallel logical
sequences. Parallel logical sequence consisting of two chains is shown in Figure 2.

@@@0@
@@@@@

Fig. 2. Parallel logical sequence

Y1l

There can be any number of parallel chains. Such sequence (Figure 2) is called acyclic

(Skulrattanakulchai, 2004; Gebremedhin et al., 2007), since there are no cycles in this scheme.
X—>[(V A (Ai—A) > Y1)® (V Bi(Bii—B) —Y2)](11)

In expression (11) X is an array of input data; Y1, Y2 are arrays of output data. There can be
more than two arrays of output data.

There are no such strict requirements for parallel logical sequences as compared to functional
sequences. If we consider the diagram in Figure 2 as an example of parallel computations, then
additional conditions emerge for it in computing area: synchronization, data race, deadlock
(Boyapat et al., 2002). There are no such conditions in the area of logic (Figure 3).

if
Memory

. z

Fig. 3. Logical sequence in parallel information processing

Nodes A, B in Figure 3 can be seen as computation modules. Each branch in Figure 3
characterizes each individual processor. If multiple modules of the same program are run on
different processors, the need for synchronization of operations emerges. For example, Y1, Y2 must
be obtained simultaneously for transformation into a common array Yt.

Therefore, operation of chain A must be synchronized with operation of chain B. Parallel
computing requires careful synchronization of program modules executed by different chains of
computations.

Initial branch of input data X is called Fork, while aggregation of data is defined as join.
There must be Fork/join (Lea, 2000; Lebrecht, Knottenbelt, 2007) sequence for parallel
computations. There is no such sequence in logical consequences. This can be explained by
impossibility of solving tasks, where uncertainty arises, by means of binary logic. These situations
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require the use of ternary logic or additional logical sequences. Fork/join sequence eliminates
incompleteness of binary logic.

“Data race” (Narayanasamy et al., 2007) problem emerges for multiprocessor computers with
shared memory. If processors operate in parallel, they can access the same data simultaneously.
These data are stored in shared memory (Figure 3) for both reading and recording. Processors
operating in parallel can simultaneously access the same data stored in shared memory.
Simultaneous reading does not cause any problems, while recording two different values into the
same memory cell is impossible. Recording must be executed on one-by-one basis. Attempt of
simultaneous recording of different values into one memory cell causes data race. Computer
memory in Figure 3 creates a branch from logical chains A, B. These branches are directed from
each vertex perpendicular to the direction of common logical consequence. Data race problem is
one of the most serious problems for parallel programming, because in case of incorrectly
organized resource blocking program can be completed with incorrect results.

Deadlock situation (Piroddi et al., 2008). Locking and barring of access to resource for
competitors are required in order to cope with data race problem. Competitors mean parallel
computing processes. They must interrupt their operation and line up, waiting for release of the
resource. Locking is a useful mechanism, which can not be ignored. But locking is also a very
dangerous mechanism, which can result in suspension and termination of the program. This
situation is called deadlock.

All three problems are not described by binary logic. Therefore, they require additional
information structures and expansion of binary logic to ternary logic.

Initial information set X is transformed into a system of interconnected facts, patterns, rules,
inferences Y on the basis of logical sequence.

A qualitative difference between input set X and output set Y should be noted. Input set X
can be unstructured and unsystematized. Output set Y'is structured and systematized. Application
of logical sequence structures and systematizes input information.

Eventually, logical sequence creates a knowledge system.

Y >Kn(C,E)

This knowledge system includes connections (C) and elements (E). But this system has an
area of trueness, which is also determined in the course of research.

Input set is only partially included in the knowledge system. A part of input set falls into “non
system”. In scientific research, output information is divided into reliable information and
information uncertainty. “Non system” is divided into “antagonism” and uncertainty. Antagonism
designates the part of information, which refutes research task or is contrary to it. Uncertainty
requires further analysis. The area of uncertainty is the source of solutions to new tasks and
scientific novelty. As a result, initially formed knowledge system expands with new knowledge
resulting from solving new scientific tasks.

Basic logical chain or logical sequence is called a forming chain or sequence. It serves as the
ground for evidence base. In addition, there are indirect logical chains with support functions.

For example, in scientific research indirect logical sequence includes a set of figures and
diagrams. A set of figures and diagrams is an additional logical sequence, which supports and
clarifies the logic of presentation and the logic of evidence.

Indirect logical chain is linked to the construction of semantic space of research area or
definitions system. Semantic space generally means a set of organized indicators, which describe a
certain content area (Raev, Tsvetkov, 2018). Semantic space of a scientific research means
combination of keywords, categories and relations between them, which describe content of the
research area.

There is a verbal logical sequence in addition to formal logical sequences. This sequence is
called discursive logical sequence.

Discursive logical sequence is conditional upon loss of relevance of the research topic during
the period of study. New ideas may appear refuting or changing the author’s hypothesis until
research is complete. Errors in presentation may occur. This conditions discourse as situational
evidence and requires introduction of discursive logical sequence as evidence of hypothesis in the
light of new facts.
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4. Conclusion

Relevance of scientific research and reliability of the results is related to sets of logical
sequences. Logical sequences connect logic, mathematics and computing. Logical sequences have
different qualities and perform different functions. Some sequences address structuring and
systematization problems. Other logical sequence create substantiation of hypothesis. Still other
logical sequences serve as support for the hypothesis. In general, the method of logical sequences
can be named as a means of mandatory creation of substantiated scientific research. Set of logical
sequences is used for conduct of a comprehensive analysis. The method of logical sequences is the
developing area requiring further research and development.
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Information Monitoring of Transport
Vladimir V. Oznamets 2"
aMoscow State University of Geodesy and Cartography (MIIGAiK), Moscow, Russian Federation

Abstract

The article analyzes the information monitoring of transport facilities. Information
monitoring is integrated monitoring, which includes geo-information monitoring, geodesic
monitoring, space monitoring and mathematical modeling methods. Information monitoring also
includes digital and information modeling. The article gives a classification of monitoring objects of
transport. It is proved that modern information monitoring of transport facilities should be
comprehensive. It is shown that the development of information monitoring is fully consistent with
the Transport Strategy of the Russian Federation for the period up to 2030 and is included in the
objectives of the development of the transport system of Russia.

Keywords: informatics, transport, management, infrastructure, monitoring, information
monitoring, space monitoring,.

1. Introduction

Development of the unified transport space of Russia on the basis of balanced development
of transport infrastructure is one of the objectives of development of the Russian transport system.
This objective was approved by the Transport Strategy of the Russian Federation for the period up
to 2030.

The unified transport space of Russia must solve a variety of tasks. These tasks include:
functioning of the balanced system of transport utilities; functioning of the integrated
infrastructure of all means of transport; application of uniform standards of technological
compatibility of various means of transport; harmonization of standards for technical compatibility
of various means of transport; creation of the information environment of interaction of various
means of transport. Creation of the information environment of interaction of various means of
transport increases the value of information methods and technologies. The unified transport space
will provide the growth of the Russian economy. It will strengthen the connections between the
regions by removing structural imbalances in the transport sector. The unified transport space
adds new territories to the economy through establishment of additional transport connections.
Information space is the basis of the unified transport space. Information space is created
technologically and technically. The information space status is supported by monitoring.
Information monitoring is the most important thing for information space.

Information space is created through application of integrated technologies. Such integrated
technologies include ground-based and space observation methods. Space technologies are
currently contributing to development of various industries (Barmin et al., 2014; Bondur, Tsvetkov,
2015b). This is due to the fact that space monitoring is able to obtain information throughout the
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entire range of electromagnetic waves. Space monitoring technologies allow not only to receive
information about objects on the Earth's surface, but also serve as the basis for monitoring and
validating of ground-based data. It is important to stress that monitoring technologies are not
fragmented, but are a complex, holistic technological system. Technological monitoring system has
the property of self check, since it can duplicate information, obtained via different channels. Space
methods are essential in global transport control and in support of intelligent transport systems
(Wen et al., 2011). Space technologies contribute to creation of the spatial data infrastructure
(Coleman, 2010). Development of state-of-the-art transport control is impossible without the use
of space technologies and space monitoring. This is due to the space monitoring capabilities, which
include (Bondur et al., 2015) greater visibility of space resources and prompt obtaining of
information. One space image can replace up to 1,000 images, obtained during the aerial imaging
(Savinykh, Tsvetkov, 2001). Space monitoring enables monitoring of the Earth's surface up to
24 times per day. Such space monitoring provides an opportunity for observations in any hard-to-
reach areas. Space monitoring enables transmission of information in a wide range of
electromagnetic waves to any users. Users of space-based information can be located anywhere in
the world. Remote sensing methods are the basis of the space observation technology. Earth's
remote sensing methods have proved to be effective over the past decade. Their evolution and
adaptation to different tasks and different consumers led to creation of diversified space
technologies of observation and research of the Earth's surface. Information monitoring combines
space and ground-based technologies.

2. Results

Characteristics of Information Monitoring. Space monitoring has many advantages.
However, space monitoring, as a means of information collection, obtains only aggregated, survey
and generalized information. Generalized information is a summary survey information of a large
volume, but not of a high accuracy. Ground-based methods provide collection of highly accurate
information. High accuracy is provided by geodetic methods and photogrammetric methods.
Combination of methods of geodesy, geoinformatics and photogrammetry has resulted in the
emergence of an integrated geomonitoring (Wagner, 2016). Application of information and
mathematical modeling methods has led to the integration of the geomonitoring with the
information monitoring. Modern information monitoring is an integrated monitoring, including
methods of ground and space monitoring, combined with digital and mathematical modeling
methods.

Monitoring includes technological, technical and information factors. Technological factors
of space monitoring include the following characteristics: monitoring object, monitoring purpose;
monitoring field, monitoring methods, monitoring technologies and monitoring object models.
The most important factors are: monitoring purpose; monitoring field; monitoring object;
monitoring methods.

There are two types of monitoring object models: a priori model and a posteriori model.
A posteriori model is built after conducting monitoring. A priori model is built prior to monitoring,
if information about the monitoring object is available.

Monitoring object is located in the area, which affects it (Figure 1). It is the field (not the
space) that changes the state of the monitoring object. Different technologies, selection of which
depends on the monitoring object and purpose, are used during the monitoring.

Monitoring field is the type of information field (Tsvetkov, 2014b). The set of models, which
are used in space monitoring, is large.
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Monitoring

target

Monitoring technology

Monitoring field
L= =

Monitoring
object

Fig. 1. Monitoring field and object

Information models of objects, processes and situations (Tsvetkov, 2014a), information
construction (Rozenberg, 2016) (generalized models of objects and processes), communication
models, models of information units, correlative models, models, opposition models and
dichotomous models are used during the monitoring.

Figure 2 shows the result of space monitoring, namely railway junction as a fragment of
transport infrastructure. This image was obtained in the visible spectrum.
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Fig. 2. Fragment of railway station in Burgas, obtained during the satellite imagery
Source: http://earthexplorer.usgs.gov/

This image provides information about the state of the monitoring object. The combination
of images allows to identify trends of the state. The combination of images allows to evaluate the
results of control over the infrastructure objects.

Information monitoring includes space monitoring. It is used to address a variety of
application tasks. It includes: research of the ecological condition of the soil; control of vehicle
movement; control of real estate objects; analysis of fire hazardous situation; control of pipelines;
control of transport infrastructure.

Monitoring can be considered as three types of complex systems — technological, technical
and complex organizational and technical systems. Monitoring, being the complex technological
system, provides not only observation, but also systematization of data and results of processing.
Information monitoring provides integrated processing and representation of information. Such a
possibility is created through the application of geoinformatics methods, which offer data
integration.
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The generality of monitoring allows to select the channel of electromagnetic waves for an
active task. For example, when monitoring a fire hazardous situation, the infrared range is applied
(Pereira et al., 2011). For this task, it is a key indicator. Other indicators are applied during the
study of the Arctic or Antarctic Territories. Polar night or polar day are typical for low-latitude
territories. In the latter case, the bright white background fills in the visible spectrum (Savinykh,
2012). This makes the transition from the visible spectrum to the radio range and the use of high-
resolution radar images. The same channel is used in case of intense cloudiness above the surface
(Zatyagalova, 2012).

Many transportation problems require the use of integrated monitoring, which includes
infrastructure monitoring and monitoring of mobile objects. Technological diagram of diversified
(Bondur, Tsvetkov, 2015a) integrated monitoring is shown in Figure 3.

Figure 3 shows that information is obtained in different ranges, for which purpose different
types of satellites are used.

Integration of tasks of information transport monitoring results in the need for integration of
methods. Special mention should be made of the remote sensing and geoinformatics, combined
into a single system.

INMARSAT IMOHACC ' Traction rolling stock
Infrastructure 1\-10f1it0n'ng ors ’ ' P
R :tt : "\ > : /. % ‘Q =

b
\ u’} I
Monitoring of high-spe=d Mobile
traing diagnostic tools
R,
T

ransportation of
Recovery trains Passenger

Fire trains dangerous 004s
- = transportation

e

Fig. 3. Information Transport Monitoring

Application of geoinformatics defines the need for selection of geodata as the key data.
Geodata is an integrated information base, including social, spatial and time-dependent
information. Geodata represents the complementary data system and the information system
resource (Savinykh, Tsvetkov, 2014). System resource exhibits characteristics of consistency and
integrity. System analysis allows to conduct comprehensive analysis, which is impossible in case of
using certain types of monitoring.

Types of Monitoring

The complexity of problems, solvable using the methods of information monitoring, makes
necessary not only the use of special data, but also the use of the variety of modeling methods.
The use of computer technologies as the primary modeling tool sets the information modelling to be
the primary modeling tool in case of transport monitoring. Such modeling can be called common,
because it summarizes different types of modeling. Modeling is related to the monitoring types.

Global monitoring is used for observations in terms of the globe. Planetary changes and state
of the oceans and seas are studied using global monitoring (Tsvetkov, 2012). Global condition of
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the soil, flora and fauna dynamics of the entire world are studied using global monitoring. Global
environmental monitoring is implemented within the framework of UN programs. Global
monitoring is used for the global control of vehicles, which primarily include high tonnage tankers.
Global monitoring is used for research of the near-Earth space.

International monitoring is implemented under the joint programs of different countries.
Itis used to study the phenomena, occurring within the territory of the continent or several
countries. International monitoring is used for control of transit traffic.

National monitoring is used to study processes on the territory of one country. This can be
the industry-based monitoring or interindustry monitoring.

Regional monitoring is the smaller-scale monitoring. It is used to monitor regional areas,
which form separate regions and republics or territorial production complexes. The purpose of this
monitoring is to monitor regional transport and traffic within the region.

Local monitoring (monitoring of local zones) is applied to separate large objects (metropolis),
and means of transport (Kuzhelev, 2017). Control over the movement of transport objects is the
major task for local monitoring. Local monitoring includes installation of on-board signaling units
on means of transport. Using the satellite signal, the monitoring system determines the coordinates
of the vehicle, that allows to control its movements. The relationship between terrestrial mobile
technologies and satellite technologies is worth mentioning. Such monitoring of the route makes
possible the real-time identification of vehicle malfunctioning and connects the so-called indicative
monitoring.

Local space monitoring is also used for infrastructure monitoring. Metropolis Security
program (Homeland_security, 2018) focuses on infrastructure. A modern city has many
subsystems, the most important of which is the transport subsystem. All subsystems of the city
operate and interact on the basis of the transport subsystem. Space information plays a crucial role
for control over the operation of all subsystems.

Information transport monitoring is divided into different groups by the range of
electromagnetic waves. They can be listed. Monitoring within the visible spectrum. Monitoring
within the infrared spectrum. Radar monitoring. Monitoring within the x-ray range.

3. Conclusion

Development of international transport corridors ensures their competitiveness and
efficiency. Information monitoring is required for control of the state of transport corridors.
Modern information monitoring of transport infrastructure objects is a new research area, which is
being currently developed in the applied aspect. Information monitoring is a broad concept and
includes not only monitoring of individual objects, but also their infrastructure, environment and
movement situation including forecast of the state of a mobile object. Information monitoring
solves a number of important auxiliary problems, such as monitoring of road conditions, fuel
consumption, control over operation of the rolling stock, control over transportation of vital cargo.
Information monitoring uses a huge number of mathematical and information models, which
significantly complicates its synthesis in this area. Information monitoring of transport objects is
an integral part of control over the transport and requires further development and research.
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Research and Analysis of the Implementation of the
Bearing Sealing Unit for Centrifugal Pumps

Sergei Yu. Ushiyarov 2"
aJzhevsk State Technical University, Russian Federation

Abstract

Centrifugal sectional pumps (CNS) are used for pumping various liquids having properties
similar to water in viscosity and activity, as well as chemically active, abrasive-containing and other
liquids. This is one of the most common types of centrifugal pumps used in oil and gas fields for
pumping oil and water. They are used at booster pumping stations (BPS), central collection and
treatment centers for oil and gas (CSPN), at cluster pumping stations (CPS) for pumping water into
productive formations, in water and heat supply systems. The prevalence of pumps is explained by
their good adaptation in technological processes with pressure requirements changing in time in
pipelines. The sectional design of the pumps, when placed in each section of one stage, allows,
although in steps, but at relatively short intervals, it is economical to adapt the pump as close as
possible to the optimum head. In comparison, with single-stage centrifugal pumps with
comparable technical parameters, CNS pumps have smaller diametrical overall dimensions,
dimensions and weights of individual assemblies and parts, therefore they are more convenient to
maintain and repair.

Keywords: oil, pump, bearing, assembly, reliability, seal.

1. BBenenue

HauGoJsiee ys3BUMBIMH y3JIaMH HACOCOB SIBJISIOTCS OIIOPHO-YIUIOTHHUTEIbHBIE CHCTEMBL.
C esiplo  pereHusi mpobJsieM, CBSI3aHHBIX C HeJAOCTaTKaMH B paboTe 3THX JIBYX CHCTEM, ObLI
paspaboTaH OMOPHO-YIUIOTHUTENbHBIH y3es1. OMOPHO-YIUIOTHUTEIHBIN y3€eJI IPE/ICTaBIseT co00M
y3es i Hacoca, OObeIUHAIOIINNA B OJHOM KOPIIyCe KaK OINOPHYIO, TAK U YIUIOTHUTEJIHHYIO
CUCTEMBI. YIIPOIIIEHHO KOHCTPYKITUSA BBITJISAUT KaK pas/ieJIeHHOE TBOMHOE TOPIIOBOE YIUIOTHEHUE,
ME3K/Iy YIUIOTHHUTEJIbHBIMHU CTYIIEHSIMH KOTOPOTO IIOMEINeHBI JiBa YIIOPHBIX M JIBa PaUaIbHBIX
MO/IINITHUKA CKOJIbKEHUSI.

KOHCTPYKTHBHOE HCIIOJIb30BAaHUE B COCTABE OMOPHO-YILIOTHUTEIBHOTO y3J1a MOIIIHITHUKOB
CKOJIbJKEHHUsI COBMECTHO C TOPIIOBBIMU YILIOTHEHUSIMH JAeT P/l JOTOJTHUTEIbHBIX PEUMYIIECTB
OTIOPHO-YIUIOTHUTEILHOUN CHCTEME:

- OTCYTCTBHE CIIEIIHAIBHOM CHCTEMBI CMa3K{, BO3MOXKHOCTh 3aJ[€iCTBOBATh MMEIOIIYIOCS
cucreMy obeciiedeHus1 paboTOCIIOCOOHOCTH TOPIIOBOTO YIUIOTHEHHUS,;

- pacIojIo;KeHre MOAIIUITHUKA B HEIIOCPEACTBEHHOW OJIM30CTH OT TOPIOBOTO YIIOTHEHUS
coszaet Gy1aronpusaTHOE paboyee COCTOSTHUE TI0 BUOPAIUH;

- IpUMEHeHHe B KauecTBe Map TPEHMSA B MOANINITHUKAX U TOPI[OBBIX VIUIOTHEHUSIX OJHUX U
TeX K€ MaTEPHUAJIOB C PABHBIMH, MaKCUMAJIbHO BHICOKUMH PECYPCAMH.

* Corresponding author
E-mail addresses: Ushiigg1@bk.ru (S.Yu. Ushiyarov)
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B kauecTBe MaTepHaJiOB INap TpPEHUs B NOAIIMIIHUKAX CKOJIbXKEHUS HCIOJIb3YIOTCS
COBpeMeHHbIe HM3HOCOCTOMKHE MaTephuasbl: KapOWJ KpeMHUs, CHIHIUPOBAHHBIA rpadur,
yrierpaduT, kapouz Bosibdpama B pa3IHIHbIX KoMOuHanusax (Matiep, 1978).

OIOpPHO-YIUIOTHUTEILHBIN y3€Jl U3TOTaBJIMBAETCA KaK 10 JABOWHOHN CXeMe, TaK U II0 CXeMe
OZTMHAPHOTO TOPIIOBOTO YILUIOTHEHHUSI, BO3MOXKHO HCIIOJIb30BaHUE OJIMHAPHOHN CXEMBI C 3allUTHOM
cTyrieHpl0 (mpu paboTe Ha IlepeKaydBaeMoU cpejie). 3aTBOPHASA JKUJIKOCTb CMas3blBaeT U
OXJIQJK/IAeT TOAIIUITHUKY U TOPIIOBBIE YIUIOTHEHUs. I OXJIaXKJeHUsI 3aTBOPHOU KHUIKOCTHU II0
JIBOHOH CX€Me HCIIOJIb3yeTcss 6AUOK 3aTBOPHOM JKHUIKOCTH — aHAJIOTUYHO TOMY, KaK B TOPI[OBOM
YIUIOTHEHUH.

[TprMeHeHUE ONMOPHO-YILUIOTHUTEIHHOTO y3J1a BO3MOXKHO IPAKTHYECKH BO BCEX HACOCAX
JI000M MapKH, TaK KaK MOHTaXX U KpeIUIEHHE BBIMIOJHAIOTCA Ha CYIIECTBYIOIIHE ITOCAI0YHBIE
MecTa.

Hastee GyzeT paccMOTpeHa KOHCTPYKIIUS [IPeIJIaraeMoro y3Ja.

2. Pe3yabTarsl

Br160op npoToTumna, Gpu3nKo-XUMHUYECKHE CBOMCTBA ITepeKauynBaeMOM Cpe/ibl

Hacocet  menTpobekHble  MHOrOCTyneHuatble  ceknuoHHble ITHC  300-120...600
IpeHa3HAUeHbl IS IepeKauyuBaHUsA OOBOJHEHHOM Tra30HACBHIIIEHHOW W TOBapHOU HedpTH c
temiepatypoit oT 274° K (1° C) mo 318° K (45° C) B cucremax BHYTPHIIPOMBICJIOBOTO cbOopa,
MIOJITOTOBKH M TPAaHCIIOpTa HeMTH.

Jomyckaercs nepekaunBanue HedTu ¢ TemmepaTypoil o 333 °K (60° C) mpu ycioBuum
MIPUMEHEHUsI CUCTEMBI TPUHYUTETLHOTO oxXJtaxkaeHus moamumHukoB (TOCT P 54806-2011).

[TepexaunBaemas HedTh JOKHA COOTBETCTBOBATh (PU3UKO-XUMUUYECKUM XapaKTEPUCTUKAM
IpUBeIeHHBIM B TabJtuie 1.

Arperatbl MOTYT NPUMEHATHCA JIA TEepeKaunBaHUSA BOJABI C BOJOPOJHBIM IIOKa3aTesaeM
pH=7-8,5; ¢ mMaccoBo# J0Jiell MeXaHHMYEeCKHX INpuMecell He Oosiee 0,2 %; pa3MepoM TBEPIbIX
JacTull He 0oJiee 0,2 MM M IUIOTHOCTBIO He Oojiee 1500 Kr/m3. /laBjeHne Ha BXOJe B Hacoc 0,05-
0,6 MIIa (0,5-6 kr/cm2) (ITactopt Hacoca...).

Taobauna 1. Pu3nko-xuMHYeCKe XapaKTepUCTUKU HedTU

DU3UKO-XUMUUECKHUE XapaKTEPUCTUKU HeDTU Eauruna ITokazarenu
U3MepeHust

IIs1oTHOCTH Kr/ms3 700-1050
KnnemaTtnueckas BA3KOCTb Mm2/c 1,5-104
BosiopoaHblii moKasaTesb pH 7-8,5
JlaBjieHue HaChIIEHHBIX ITapoB, He OoJiee I'Tla 665
Copeprkanue rasa (06beMHOe), He 6osiee % 3
ConeprkaHue nmapaguna, He 60siee % 20
ConeprkaHue MeXaHNYeCKUX IIPUMECEHN C pa3MepoM
TBEPBIX YACTHUI] JI0 0,2 MM U MUKPOTBEP/IOCTHIO 1,47 ['ma, % 0,2
He OoJiee
OOBOLHEHHOCTD, He boJiee % 90

KoHCeTpyKIIMsA ¥ MPUHIIAI PAa00THI MOAEPHU3 AU

OnoOpHO-YIUIOTHUTEIBHBIA y3€Jl UMeeT JIBE OIOPBI, KOTOPbIE pPa3MEIIEHbl B KPBIIIKE
BCACBHIBAHUSA 10 M KPBIIIKE HAaTHETAHUA 7 U IPEACTABJISIOT U3 Ce0S MOAIIUIMTHUKN CKOJIbXKEHUS.
BHyTpenHMEe 000MMBI MOAIUITHUKOB (DUKCUPYIOTCA HA Bay (UKCATOPaMHU 40 U MOXKUMAIOTCS C
pabouell CTOPOHBI MOHTAKHOUW TaMKOH 21 U METaJUTMYECKUM KOJIBIIOM 39, a C JIDyTOH CTOPOHBI
TOJIBKO MeETaJUIMYEeCKUMH KOJIbIlaMu 39. BHyTpeHHsiss 00oiiMa IOJIIIMITHUKOB BBITIOJIHEHA CO
cpe3aMU TOPILIEBBIX MOBEPXHOCTEH 1o, yIyioM 45° B (hopMe yceueHHOTO KOHyca, MeTaInyecKue
KOJbIla 39 U TaliKka 21 BBIIOJHEHHI € OTBETHOM, YMOMSHYTBHIM TOPIEBBIM ITOBEPXHOCTIM
BHYTPEHHEH 000MBbI, IIOBEPXHOCTHIO. Hapy:KHble 000WMBI MOIIUITHHUKOB 42 PACIOJIOKEHBI BO
BTYJIKaX 35 W 23 II0 HANPsKEHHOH Iocajike ¢ 00s3aTesIbHBIM IOJOTPEBOM BTYJIOK. HapyskHas

15




European Journal of Technology and Design, 2019, 7(1)

oboiiMa MOAIIUITHUKOB HMeEET JIBa NPOJOJBHBIX KaHajia JjId MpOXoja paboueil KHIKOCTH,
KOTOpBIE BBITIOJHEHBI [0 BHYTPEHHEMY AuaMeTpy 000HMbI. Pabouas >KUIKOCTb, ITPOXOAA Yepe3
HNOJIIUITHUKY, 10 KaHajaM, OXJIaXJAeT HX U 00pasyeT YCTOWUYUBYIO >KUAKOCTHYIO IUIEHKY.
ITo TpybonpoBoay pabodas IKUAKOCTb K3 PA3TPy30YHON KaMephl IIOCTYIIaeT Ha TOPIEBOE
YIUIOTHEHUE 44.

KoHIleBoe yIUIOTHEHHE BPAIIAIOIIETOC Baja PACIIOIOKEHO MOCIEZI0BATEIBHO 32 ONOPOU U
BBINIOJIHEHO B BHJIE IUIABAIOIIETO TOPIIOBOTO YIUIOTHEHUS. AKCHUAJIBHO-TIOABIIKHAA BTYJIKA 29 C
Y/UIMHEHHOU I0OKOM pacroJiokeHa B KOpPITyce 24 TOPIEBOTO YIUIOTHEHU:A. BTyska yaep:kuBaercs
OT mpoBopoTa ¢pukcaropamu 25. Kopiryc 24 BBIIIOJIHEH CO CTYIIEHYATON BHYTPEHHEN PAaCTOUYKOU, B
KOTOPOU PacCIoJIOXKeHa MPYKUHA 33, BBIIOJHAIMAA QYHKIIUIO TOIBUKHOTO YIIPYTOTO 3JIEMEHTA.
[Ipy>kmHa TmOAKaTa TOPILOM IOABMIKHOM pEryJIMPDOBOYHOM ravikum 26. Ha Ban Takke
yCTaHABJIMBaeTCs TIJIafikasg pybamka 22 ¢ YIOOPHBIM THE3ZI0OM, B KOTOPOM 3aKpeIUIeHO
Bparaleecss KOHTAKTHOE KOJIBIO 44 mapbl TpeHus. [aakas pybamka 22 3adukcupoBaHa Ha
By ravikoi 32. Kopmyc mompxaT mo/kuMHBIM ¢iaHneM 28. Bokpyr Bparmiaromierocs Baja Jjis
3alIUThl OT arpeccUBHON Cpesbl YCTAaHOBJIEHA 3alllUTHasA BTy/JKa. [lomkuMHON daner; 28
CTATUBAETCS IIMIIHKAMHU.

Bce [ertany OMOPHO-YIUIOTHUTEJBHOTO Vy3JIa TEePMETU3HUPYIOTCA OT yTeuek paboueit
YKUJTKOCTH MacCJI00€H30CTONKIMU PE3UHOBBIMHE KOJIBIIAMHU.

[ToAIIMITHIKN W KOHTAKTHBIE KOJIbIIA MApbl TPEHUA 44 BBIIIOJIHEHBI U3 CUJIUIITPOBAHHOTO
rpadura.

[TomxuMHAs TPY>KUHA BBITIOJTHEHA ¢ OOJIBIIIMM XOZ[0M U PACITOJIOKEeHA CO CTOPOHBI TOPIIEBOH
100ku. X0/ aKCHATbHO-TIOIBMKHOM BTYJIKH Q-12 MM, YTO ITO3BOJISIET MIPEJOXPAHUTH Mapy TPEHUSA
TOPI[OBOTO YIUIOTHEHUS 44 OT MEPETPY30K IIPU BO3MOKHOM aBapUUHOM HU3HOCE KOJIEI Pa3TPYy3KH.
(KacatkuH, 1984).

[TIpumenenue B Hacocax (PuCyHOK 1) COBpeMEHHBIX BBICOKOIPOUYHBIX M H3HOCOCTOMKHX
marepuasioB CI-II, CI'-T (cwiunupoBaHHOro rpaduTa) TMO3BOJIJIO CO3JaTh BapUAHT
SKOJIOTUYECKH YHCTOTO Hacoca, paboTaromiero 0e3 IIPOIycKa KUAKOCTH Yepe3 TPYIILYIOCsS
KOHTaKTHYIO IIapy TOPIEBOTO YIUIOTHeHUs. PUBHKO-XUMIYECKHEe MTOKA3aTETN CIIUIIPOBAHHOTO
rpacduta npuBeneHsl B Tabsuile 2 (BUITHAKOB U Ap., 2006).

Ta6mna 2. Pu3nKo-XUMHYECKHe I0Ka3aTe N CHINIUPOBAHHOTO rpaduta

. Ex. Mapka rpadwura
Croiicrza H3M. CI-T Cr-I
[1710THOCTD, HE MeHee ke | m® 2300 2200
IIpenes npo4yHOCTH, HE MeHee
- IPHU CXKATHU 204,2 411,9
- Ipu usrube Mila 88,2 98,1
- IPU PACTsI?KEHUHU 39,2 49,0
YnapHada BA3KOCTb K’ngc 2,75 3,98
M
Mogysib yrpyroctu Mlla 0,93 1,24
B
KoadduiyeHT TemionpoBoIHOCTH = 73 112
M.K.
KoaddunueHT Tepmuueckoro 107 1
o 4,6 4,2
pacuiupenus npu (20-1000°C) 2pao
Koaddumuent tperus 0,05 0,04
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W o/l

24 25 26 3R

Puc. 1. Hacoc ITHC 300-120...600 MO/iepHU3UPOBAHHbIH
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CooTtBercrBHE IpoekTa PeepasbHbIM HOPMaM U IPpaBUJIaM

CorsacHo TpeboBaHuaM paszena XXIX. «O6mue TpeboBaHus kK skciwtyataruu OIIO,
TEXHUYECKUX YCTPOMCTB, Pe3epByapoB, IPOMBICIIOBBIX TPYOOIPOBOLOB» PDenepasbHBIX HOPM U
npasu "[IpaBuiia 6e30macHOCTH B HEPTAHOU U TA30BOU ITPOMBIIILIEHHOCTH " T1.IT:

395. CpezicTBa aBapUHHON CUTHAJIN3AUN, KOHTPOJIA BO3TOPAHUI U COCTOSHUSA BO3YIIHOU
Cpenbl, YCTAHOBJIEHHbIE B COOTBETCTBUU C IIPOEKTHOU JIOKYMEHTAIlUeH, JIO/KHBI HAXOJUTHCA B
HCIIPABHOM COCTOSIHUM, a HUX PabOTOCHOCOOHOCTH IMPOBEPATHCA B COOTBETCTBUHM C 3aBOJICKOU
WHCTPYKIIMEH M0 SKCIUIyaTaI[UH 110 YTBEPKAEHHOMY B OPTaHU3AINH IJIaHy-TPadUKy.

397. Ha mysnpre ympaBjieHUs HACOCHOM CTaHIUU JUIA  TEPEKAYKH  TOPIOYMHX,
JIETKOBOCIIAMEHSIONUXCS ¥ BPEIHBIX KUJAKOCTEU J[JOJDKHBI OBITh YCTAaHOBJIEHBI IPUOOPHI,
MIO3BOJIAOIINE KOHTPOJIMPOBAThH JaBJE€HHE, paCX0Jl, TEMIIEpaTypy IOAIINIHUKOB HACOCHBIX
YCTAaHOBOK U COCTOSIHUE BO3JAYIIHOU cpefpl B moMenleHun (PenepasbHple HOPMBI U IIpaBUIIA...,
2013).

I[Ipy wu3mMeHeHuH 0a30BOM KOHCTPYKIIMU HEOOXOJUMO IIPOU3BOAUTH TEMIIEPATYPY
MO/IIINITHUKOB KOCBEHHBIM METO/IOM, TO €CTh IIPOU3BOJIUTH 3aMep TeMIlepaTyphl HOJIIUITHUKA
IIyTeM 3aMepa TeMIlepaTypbl IlepeKaunBaeMON cpeZlbl Ha y4yacTKe YCTAaHOBKU IIOJIIMIITHUKA
cKoJbkeHUsA. TeMmmeparypa IlepekauyuBaeMoOU cpenbl OyzleT IepefaBaTh TeIJIOBYI0 SHEPTHUIO
HarpeToro KpUTUYHOIO 3JIeMeHTa Ha JaTYUK TeMIlepaTyphl, CJe/I0BaTeJIbHO Ha IIyJIBT OIepaTopa.
PexomenioBano npumeHenue gataukoB tumna: NiCr-Ni gatunk FTA 131 ¢ MarHUTHOH dUKcanuen
Ha MoBepxHOCTh, NiCr-Ni matunk FTA 026 P ¢ iieHOYHOM TepMOJIEHTOH.

3. 3aKJIIoueHue

[Ipo6sema 4acTOoro M MPEXAEBPEMEHHOTO BBIXOJIa U3 CTPOS YIIOPHBIX M YIUIOTHUTETHHBIX
ya3i0B HacocoB Tuma I[HC Ha cerogHsimiHUN JleHb OCTaeTcs aKTyaJbHOW. B JaHHOUM cTaThe
MIPEe/ICTaBJIEH METO/T PEllleHHs JAaHHBIX ITP00JIeEM 3aMeHOH KaK0TO y3J1a 10 OTAEIbHOCTH Ha OJUH
obmuii. B pe3ysibraTe MoJiepHU3aIUM y Hacoca nmoBbicuiics 00beMHubIN KII/] 3a cueT cokpareHus
yTeuek 4epe3 OObIKHOBEHHBIE CAJIbHUKOBbBIE YCTPOUCTBA. Tak jKe yMEHBIIUIICS PUCK IIOBPEXKIEHUS
MOCAJIOYHBIX TMOBEPXHOCTEN MPU PEMOHTE WX 3aMeHE IOJIIUITHUKOB, YMEHBIIWIOCh BpEMs Ha
IIpOBeJIEHNEe PEMOHTA 000PYAOBaHUS.

B nmanHOIl cTaThe MopepHU3aAIUs OOOpPYAOBAaHUS COOTBETCTBYET HOpPMaM, MpaBWIaM U
rocy/IapCTBEHHBIM cTaHAapTaM. I1ocsie BBITIOJTHEHUS MOIEPHU3AIUY OCHOBHBIE Y3JIbI (IIO/IBUKHbIE
U HENOABHKHBbIE) HE IIOJIBEPIVINCh H3MEHEHHsM, TaKuM o00pa3oM, MOXKHO CKas3aTh, 4YTO
XapaKTEPUCTUKU y3JI0B U paboure mapaMeTphbl 000pyA0BaHUS He U3MEHIIUCH.

Cpok OKymaeMOCTH IIpO€KTa COCTaBUT OKOJIO OJHOTO rojaa. Takum oOpa3oM pacueTh
MMOKA3BIBAIOT JIOCTATOYHO BBICOKYIO 3(h(PEKTUBHOCTH IIpE/JiaraeMOU B MPOEKTe MOJAEPHHU3AINU
nmpuMeHUTebHO K HacocaMm ITHC-300 (Kypymuna, 1998).

BHesipeHME mpejiaraeMoro yCTpOMCTBa MO3BOJIUMT MPOU3BOAUTH SKCIUIyaTaI[UI0 IIpHU OoJiee
BBITOJHBIX TEXHOJIOTUYECKUX PEXUMaX, UTO IO3BOJIUT YMEHBIIUTh UYHCIO IPEKIEBPEMEHHBIX
OTKA30B U YBEJIMYUTH €€ MEXKPEMOHTHBIM NEPUOJl. IDTO IO3BOJUT COKPATUTh KOJIMYECTBO
PEMOHTHBIX OIlepanuii.
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NcciaenoBaHue u aHaAIN3 BHEApEHUA OJIOKA IIOAIIMNITHUKOBOTO
YILIOTHUTEC/JABHOI'O 1A HeHTp06e?KHbIX HAacoCcoB

Cepreit IOppeBUY YIUAPOB 2+ *
a I3keBCKUI TOCYIaPCTBEHHBIN TEXHUYECKUI YHUBepcUTeT, Poccuiickas enepanus

AnHotamusa. Ilentpobexupie cekruonHble Hacockl (I[HC) wucmonb3yiores A
TepeKaYMBaHUsl PA3JIMYHBIX JKUKOCTEH, UMEIOIIUX CBOMCTBA, CXOZHbBIE C BOJON IIO BSA3KOCTU U
aKTUBHOCTH, a TaK)Ke XUMUYECKH AaKTHUBHBIX, aOpa3suBOCOZEpKAINX U JIPYTUX JKUJIKOCTEH.
ATo oUH U3 HamOoJiee PacIpOCTPAHEHHBIX THIIOB IEHTPOOEKHBIX HACOCOB, HCIIOJIb3YEMBIX Ha
HeTAHBIX U TA30BBIX IPOMBICIIAX JJIs Mepekaukd HedpTu U BoAbl. OHU HCHOIB3YIOTCA Ha
JIO>KUMHBIX HacOCHBIX cTaHIuAX (JIHC), meHTpaibHbIX MyHKTaX cOopa ¥ MOJITOTOBKU HeTH U ra3a
(IIIIITH), Ha KycToBBIX HacocHbIX cTaHuAX (KHC) aisa 3akayku BOABI B IPOIYKTUBHBIE TJIACTHI,
B CHCTEMax BOJIO- U TeluiocHaOkeHus. [Ilupokas pacnpocTpaHeHHOCTh HACOCOB OOBACHSETCA UX
XOpOIIIeH alanTanyell B TEXHOJIOTHYECKHUX IIPOIIECCaX ¢ MEHSIONIUMHUCS CO BpeMeHeM OTPeOHBIMHU
HaropamMu B TpyOorpoBoaaX. CeKIMOHHOE HCIIOJTHEHHE HACOCOB, IIPHU Pa3MEIIEHUH B KasKIOU
CEKIUM OJHOU CTyNEHH, II03BOJISET, XOTA U CTYyIEHYaTO, HO C OTHOCUTEJHLHO MaJIbIMU
WHTEPBaJIaMU, YKOHOMHUYHO MIPHUCIIOCOONTh Hacoc Haubosiee OJIM3BKO K ONTHMAaJIbHOMY HAIlOpy.
B cpaBHeHUHU, ¢ CON3MEepUMO OJAWHAKOBBIMH II0 TEXHUUECKUM IIOKA3ATEJIAM OJAHOCTYIIEHYAThIMU
IeHTpoOeKHBIMU HacocamMu, Hacochl Tuma I[HC wuMeloT MeHbIIHE AuaMeTpaJibHbIE OOIIue
rabapuThl, pa3Mepbl M MAacChl OT/IEJIbHBIX Y3JIOB U JIeTajield, IIO3TOMYy OHHU 0Oojiee yZ0OHBI B
00CITy?>KMBAaHUHU U PEMOHTE.

KiroueBsble ciioBa: HeTh, HACOC, TTOIIIUITHUK, y3€J1, HA/IE?KHOCTD, YIUIOTHEHHE.
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