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DEVELOPMENT OF A SYSTEM MODEL FOR
THE FUNCTIONING OF DISTRIBUTION
ELECTRICAL SUPPLY SYSTEMS IN
TRANSPORT INFRASTRUCTURE PROJECTS

O6’exmom docriocens, € CUCmeMa eAeKmponoCMAaLas 3ANZHUYH020 MPAHCROPMY, SKA € YACMUNOI0 00 €OHanoi
cucmemu i 6iOHOCUMBCSL 00 KIACY MEPUMOPIAIbHO-PO3Nodinenux erexmpuyuux 06 'exmis. OCHOBHOI0 CKIAA0BOI0 CUCTEMIL
€ eAeKMPUUHT MePedici, SIKI ABIAIOMY COO0I0 KIIOUOBY MEXHONO02IUNY TANKY MPAHCROPMHOZ0 NPOUECY, AKA 3adesneuye
11020 enepzielo, CKaadae 8azomy YACMUNIY BUMPA, 36 A3YE MEePUMOPIALLHO-PONOOLIEHT 00 €KMU | MOMY ABLAE COOOI0
00MY 3 MEXHONLOZIMHUX OCHO8 THMEZPAUTL YNPABIIHHL MPAHCROPMHUM NPouecoM. Lle cymmeso eniusae na epexmuemicmo
POGOMU BCIX JANOK 3ATIZHUUI020 MPAHCROPIY, WO OCOOAUBO BAZOME 3 MOUKU 30PY KOPROPATNUCHUX THMEPECia 2a1y3i.

B x00i docnioarcenis 6UKOPUCTOBYBANUC CUCTREMHUTL NIOXI0, MEMOOU CUCTNEMHO20 AHAI3Y, NI0X00U ONMUMATLLHOZO
YNPABIINHSL BUPOOHULMEOM 13 3a0e3NeUSHHAM MEXHO02IUN020 NPOUECY NOMOUHO20 PEMOHMY A YMPUMAHHL POINO-
OLbHUX CUCTEM CACKMPONOCTNAUARHS. A MaKodic cnocobu opeanizauii c0unozo inpopmayitiiozo npocmopy nepeuntoi
ingpopmauii, wo eidobpaicae cman cucmemu earexmponocmauanis. Ompumano inghopmayiting Mooei» CUCeMU Ynpas-
JUHHSL MPOUECamu NOMOYHO20 YMPUMAHHS A PEMOHMY, KA 003601UMb NIOBUUUMU PE3YTbMAMUSHICMY CUCTEMU
YNPABIIHHSL BIICE HA NOYAKOBUX cmadisx ix npoexmyeansi. Ile noe’s3ano 3 mum, w0 3anponoHosana mMooeib mMae
pao ocobrusocmeit pynKuionyeanis ma opzanizayii pemonmuux pobim. 3oxkpema, naanyeanis pooim po3nooibHUx
cucmem eieKmponoCmauanis, QYHKUIOHYCants 3 6PAXYSAnHIM ONMUMISAUL PeMONMHUX POOIMm, YNPasLiHCOKUX
piutens, 63aemo0ii cmpykmypHux niopo3oinie ciyicou erexmponocmauanisl, axi 0yoymves na MHoJNCUHi 3a0ay Zy.

3asoaxu ubomy 3a6e3neuyemvcs MONCIUBICIMD OMPUMANIL THHOPMAUIL PO OKpeMi npoyecu op2anisauii niany-
BAHHSI NOMOUHOZ0 YMPUMAHHS MA PEMOHMY POINOOLILHOT CUCMEMU eLeKMPONOCMAYAHHS CIMPYKMYPHUX Ni0PO30inie
cayocou. Y nopiensmni 3 ananioziunumu ye 3abe3neuye maxi nepeeazil, Sk MOJNCIUGICMb peecmpauii, nepedaui ma
06po6KU iHOpMaUil 6 pescuMi YNpasiinms eleKmpoOnoCmauanis. A maxojic MONCIUGICMb Peanizosysami nepio-
Quunuil i enizo0uunuil KoHmpois i OUiHKY HAOIIHOCME CUCTREMUL, NPOZPAMHO-ANAPATMHUX 3aC0016 ma ingopmauil,
WeUoK0zo nposedeis CUCMeMH020 AHANI3Y PISHUX CUMYAU, MOJICIUCICMb DOPMYBas Haudiibul eexmuenux
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1. Introduction

The main components of improving management re-
sponsiveness are reducing the time taken to perceive infor-
mation about external and internal situations, evaluating
and analyzing these changes, forming adequate changes to
decisions, coordinating and making specific management
decisions, and organizing their implementation. Efficiency
of management depends on:

— availability of information on possible destabilization

points of external and internal situations and manage-

ment decisions corresponding to these situations [1];

— degree of perfection of the tools and methods for

predicting situations;

— control and analysis of their condition;

— formation of adequate decisions by it;

— perfection degree of the management organization,

including the rationality of the organizational structure

of management.

Copyright © 2019, Kulbovskyi I., Holub H., Skliarenko 1., Bambura O., Soloviova O.
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The effectiveness of management as a whole is de-
termined by:

— degree of interest of each employee in the manage-

ment sphere in the effectiveness of decisions made,

the achievement of high final results;

— degree of coordination of actions of all management

services of structural units.

Modern and world experience shows that the manage-
ment organization process, characterized by a high level of
centralization, prefers administrative methods for organizing
the work of railway transport enterprises [2, 3]. In the
case of such management, the dominant way of transmit-
ting information is directive, which in a market economy
leads to a decrease in the effectiveness of the management
system. At the present stage, one of the most significant
factors affecting the efficiency of the railway transport
enterprises is the information mechanism, which is at the
stage of formation [4]. Therefore, it is relevant to improve
the organization of the management of distribution power
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supply systems (DPSS), which is aimed, on the one hand,
to increase the efficiency of making and organizing the
implementation of management decisions, planning repair
work, and on the other, to ensure their optimality. The
priority of decoupling and task setting is the basis of a
systematic mathematical model for improving transport
infrastructure projects, namely, power distribution systems
for structural units of railway transport services.

Thus, the object of research is the power supply system
of railway transport, which is part of a unified system
and belongs to the class of geographically distributed
electrical facilities. The main component of the system is
electric networks, which are a key technological chain of
the transport process. And the aim of research is develop-
ment of an information model of the process control system
for current maintenance and repair. This will ensure the
introduction of a single database of reference informa-
tion, online electronic journals with electronic signature
to automate the work of dispatch personnel and other
services involved in management processes.

2. Methods of research

A radical improvement in the quality of repairs and
the current maintenance of DPSSs, significant savings in
labor, material and financial resources, which are inextri-
cably linked with the improvement of management at all
levels of the hierarchy of the system, is possible through
the development of system models that are based on set
of problems Z,,.

An analysis of existing production management systems,
repair quality, and methods for their development revealed
a number of significant problems, as well as important
promising areas and tasks for improving the effectiveness
of such systems.

Improving the quality and effective-

and the current content of the DPSS provides, based on
the information on the description of the control object,
diagnostics of its behavior, as well as effective management
decisions at all hierarchical levels of the organizational
structure of management. The central place in the develop-
ment of information technology is given to the question
of setting and solving new problems of optimizing the
processes of repair management and the current content
of DPSSs. Mandatory in organizing optimization proce-
dures is the formation of economic incentive models for
individual performers and structural units of the power
supply service (PSS), focused on high end results [8]. To
ensure the necessary level of repair quality and the cur-
rent maintenance of DPSS electrical equipment, there is
a need to optimize the management processes of produc-
tion repair processes, planning the number of production
personnel.

3. Research results and discussion

One of the main directions for improving the qua-
lity management system for the current maintenance and
repair of DPSSs is increasing the degree of completeness
and accuracy of general and special information about the
requirements for mechanisms for influencing the state of
the control object and its individual elements.

To increase the effectiveness of the control system
already in the initial stages of their design, special at-
tention is paid to the development of a complete infor-
mation model of the control object, taking into account
its relationship with the external environment and with
the established target parameters [9]. The information
model (Fig. 1) is the basis for building the database of the
control system and should be constantly updated during
the functioning of this system.

ness of the management of repair produc-
tion is associated with the organization
of management processes for:

— achievement of specified end results

of functioning;

— ensuring, on a single information

Registration and accumulation of
information on the performance
of repair work in the DPSS

Generation of information on the
actual values of the criteria for
assessing the quality and
effectiveness of the current DPSS
maintenance and repair

basis, a multifunctional unity of pro-

duction and management processes at
all stages of the formation, adoption

and implementation of managerial de-

1 1L
( Processing information of repair work in the DPSS j

1C JT s

cisions [5].
The main objectives of improving the

Correspondence of actual indicators of quality and effectiveness of current

maintenance and repair in the DPSS

management of repair processes and the
current maintenance of distribution sys-

i 1T 1T

tems of power supply are:
— creation of scientific and organiza-

Presentation of information on the identification and generalization of situations

causing deviations

tional-technological potential, which
would ensure, on a single informa-

1 1§

N 7N 7

tion basis, the solution of problems
of optimal production management;
— creation of standard software and
methodological tools that ensure the

.

Information on the development
and implementation of

Management decision

effective implementation of computer

technology;
— development of information ma- [

organizational and technical information
means to eliminate deviations
Results reports j

nagement technology [6, 7].
Information technology for the ma-
nagement of production processes of repair

Fig. 1. Information model of the process control system for the current maintenance

and repair of distribution power supply systems (DPSS)
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The database contains in general the following information:

— technological processes of repair and current mainte-

nance of RFE and the relationship of these processes;

— the structure of the parameters of the goals, their

relationship, dependence on the state of production

processes;

— mechanisms of interaction of work performers with

each other in the process of performing technological

operations.

Formation, storage and updating of information in the
management system should be organized in such a way
as to provide the ability to quickly conduct a system
analysis of various situations, the ability to form the most
effective management decisions [10, 11].

The main tasks of improving the quality of repairs and
the current maintenance of RFEs and the effectiveness
of production management include:

— Zyy — improving the processes of using production

and technological potential;

— Zyy — determination and optimization of the use of

technological equipment and equipment;

— Zp3 — automation and mechanization of production

processes for repair and current maintenance of DPSS

electrical equipment;

— Zys — improvement of technology and increase of

technological equipment of production repair processes

and current maintenance of DPSS;

— Zys — introduction of new materials, the use of secon-

dary resources;

— Zye — improvement and development of methods for

the influence of the human factor on repair processes

and the current content of DPSS;

— Zy; — forecasting, evaluation and optimization of

the technological level of production;

— Zys — development of criteria for the quality and

effectiveness of the use of production and technological

potential;

— Zyg — research and optimization of the structure of

enterprise funds;

— Zjp — providing with modern technological processes;

— Zy; — organization of staffing;

— Zy5 — improving the management of repair processes

and the current maintenance of the energy sector as

a result of the introduction of new information tech-

nologies and computer facilities;

— Zj3 — formation of mechanisms for determining the

system characteristics of the repair of electrical equipment;

— Zy4 — simulation of DPSS repair processes;

— Zy5 — optimization of DPSS repair management pro-

cesses;

— 7y — forecasting the status of the power supply service;

— Zi7 — organization of a tender for the selection of

DPSS equipment repair projects;

— Zig — improving the management structure;

— Zj9 — development of systems for the rational use

of labor, material, financial and other resources;

— Zy — development of reliability criteria in ensuring

the operation of electro-cooling;

— Zy — development of a system for organizing and

managing energy-saving computer-integrated technologies.

The solution of the above problems ensures the ef-
fective implementation of factors to improve the quality
of repairs and the current maintenance of DPSS, as well
as improving the efficiency of production management,

determines the rational use of fixed assets and material
resources [12].

To ensure systemic efficiency in the functioning of the
production and technological potential (PTP) of DPSSs,
it becomes necessary to solve the set of problems:

{201720272031204VZOS,2067207!208720972107 } (1)

Z11,Z12,Z13,Z14,Z15,Z15,Z17,Z18,Z19,ZQ(),221

All of the above tasks are one of the components of
PTP power supply units.

System studies involve the analysis of all parts of the
power supply system, modeling of production processes,
the formation of production and technological structures,
the development of effective mechanisms for the interac-
tion of structural units that ensure the implementation
of system goals and effective functioning.

A systematic approach to solving problems of increas-
ing the DPSS efficiency and the quality of repairs pro-
vides [13, 14]:

— creation of rational information, production, tech-

nological and functional structures of DPSS;

— formation of system criteria for evaluating the ac-

tivities of production and technological structures;

— creation of an effective system for the formation of

integrated, targeted, scientific and technical programs

for introducing achievements in scientific and techno-
logical progress in the DPSS.

The ineffective functioning of units is due to the fol-
lowing reasons:

— lack of scientific and methodological tools for as-

sessing the effectiveness of the use of the production

and technological potential of technical objects;

— lack of effective mechanisms for organizing produc-

tion processes of DPSS.

Thus, optimizing the DPSS operation requires a sub-
stantial restructuring of the economic mechanism based on
systematic research and modeling of production processes.

The effective DPSS operation is achieved through the
implementation of such a system analysis formula:

<Production and technological potential>—
—<Processes for the targeted use of production
and technological potential>—<Organization system
that implements these processes>—<Results of the
Junctioning of the organization system>.

The main tasks of ensuring the systemic effectiveness
of DPSS are formed as a result of the complex interac-
tion of the PTP structural divisions to repair electrical
equipment and build on this basis system models (2)—(6).

A system model of the functioning of the structural
units of the power supply service can be written on a va-
riety of project tasks Zj.

The logical structure of the set of problems of pro-
jects Z;® is formed individually for each PSS, taking
into account its specifics, that is:

pP,— zﬁQ: zﬁ}) eZﬁ-Q; =12, J; k=12,..K;i=12,.,1.(2)

7

The effectiveness of solving set of problems Z; at the
hierarchy levels is determined using the function vector:

;28
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=12 i k=12 K i=1,2,...], (3)

where R, R} — respectively, the actual and normative

values of material, labor, financial and information resources
of the first item spent on solving problems; G¢, G
accordingly, the actual and predetermined level of quality
of functioning of the PTP objects and processes.

The main methods for ensuring the effective use of
DPSS PTP are:

— maximum focus on the final results of activities;

— systemic solution of many problems;

— maximum resource support for the DPSS operation.

Fpgs = Fpgs (Einsz.ai,--- F‘);

yLgi

i=12,..N; ¢=12,...0, (4)

where Fpg — mathematical model of functioning on the
i-th time interval; F, — mathematical model of the func-
tioning of individual production processes of PSS at the

i-th time interval.

Ey=f (28 4=12..Q:i=12...N;

j=1,2,...,]; k=12,..,K). 5)
Dy —Dy{dy:dyeDy; j=12,.., J; k=12,..K};

D> ZylzuzpeZy; j=12..,J; k=12, K};
Z»ieMjk{mjk:mjkeM,k;jzil.. Jik=12,., K}

M; - Afayapedy; j=12., J; k=12,...K}; (6)

A= Pylpu: prely j=12., J k=12.,K};
P;— S, {sjk: s,-keS,k;]=1,2,...,];k:1,2,...,K};
S %H]k{h]k h]ke ]k,]:1,2,...,J;k:1,2,...,K},

where Dy, D;, — respectively, the system and local goals
of the PSS operation on the i-th time interval; Z; — set
of problems that need to be set and solved at a given
period of time to ensure the necessary level of effective-
ness of the PSS operation; §; — set of systems (subsys-
tems), which implements set of problems Z, in a given
period of time; P, — software and methodological tools
for solving problems Z;; Mj; — set of methods for solv-
ing problems Zj; A; - set of algorithms for solving
problems Z;,; Hj; - results of solving the set Z; at
a given time interval.

So, the solution to the problem of increasing the ef-
fectiveness of the PSS operation is improving production,
organization of labor and management, introducing new
technologies, modern materials and advanced means of
production.

4. Conclusions

The analysis of the main aspects of the work of units,
are made based on which the causes and factors affecting
the inefficiency of the units. According to the results
of the research, ways of their solution are given, in par-
ticular, the effective functioning of the structural units of

services in transport infrastructure projects, namely the
power supply service. The main tasks of improving the
quality of repairs and the current maintenance of the DPSS
and the effectiveness of production management are given.

An information model of the control system for the
processes of maintenance and repair of DPSSs is presented,
taking into account the relationship with the external
environment and with the established goals, which will
improve the efficiency of the control system already at
the initial stages of their design.

A mathematical model of the PSS operation as a sub-
ject of project management to maintain the proper state
of the power supply economy is developed. This model
is the basis for the formulation and solution in systemic
unity of many repair tasks and the current maintenance
of electrical equipment for a certain period of time.
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DEVELOPMENT OF A DIFFERENTIAL
BLOCK CODING METHOD FOR APPLICATION
IN MOBILE RADIO COMMUNICATION
SYSTEMS USING MIMO SYSTEMS

O6’exmom docrioncennst danoi pobomu € memoou i arzopummi NPoCMoOPOBO-YaAco6020 HIOK0B020 KOOYBAHHS,
BUKOPUCTNOBYBAHT MAKONC 8 Cucmemax bazamoarnmernozo padioze’ssky (Multiple Input Multiple Output — MIMO).
Peanisayis cucmem MIMO xozepenmnozo nputiomy abo nonepednbozo K0OYyeanHs OAHUX MAE HA Y8A3i 3HAHHS
ingpopmayii npo cman xawary 36’s3Ky i, 6i0N0GIOHO, KOMNEHCAyito 11020 enausy. /s OUiHKU KaAHALY CHLIGHO
3 THHOPMAUTUHUMU CUZHALAMU NEPEOAIOMbCA NLAOM -CUZHAIU, 3430a1e2i0b 8i00Mi Ha NPullMarvHit cmopowi. [lepio-
Quunicms 6iIONPABKU UUX CUZHANIE 3ALEHCUMD 6I0 WUHHUKIG, U0 SMIHIOIOMb CINAN KAHALY 36 S3KY, HANPUKIA0, 00UH
3 AKUX — BUCOKA WEUOKICTND NepeMilyenis MOGIIbHUX CIanyill. Ae MaK K niiom-Cuznaiu ne necymo ingopmayii
Kopucmyeauis, 6i00YeacmvpCsi CRONCUBAHHS PECYPCY CUCTEMU, U0 NEPEUKOOHCAE ePeKMUBHOMY BUKOPUCTIAHHIO
padiouacmommnozo cnexmpy.

B x00i nposedens docuioncenns 6yio po3zasnymo cnocio, wo 0onyckae iocymuicmo HeoOXiOHOCMi 3HAHHS
ingopmauii npo cman Kanany 36’a3xy — I0HOCHA Pa306a MOOYAAUiSL, AKUU OYE Y3S4MULL 34 OCHOBY T NOWUPEHUTL
onst suxopucmanus ¢ cucmemax MIMO. Jlanuii cnoci6 nepedbavac nexozepenmuuil nputiom, aie, He36ancayu
Ha ye, 11020 3aCMOCY8aHHsL 8 NOBHIU MIDI 6UNPABO0BYEMBCSL, BUXOOAUU 3 OMPUMAHUX PE3YIbMaAMiE 00CIIONECHHS.
Taxooc 6yau po3pobaeni i inmezposani 6 cucmemy egpexmusne 0epesonodione Kooyeanus i aiz0pumm KOMNEHCayii
wymosux ckaadosux cuenany. Ile, 6i0nogiono, 00360410 onmumisyeamu 00UUCII0BANLHT NOMYICHOCII Peanizayii
cucmemu i HAOAUSUMU 1O ePeKMUEHOCMI NPONOHOBAHUL MeMO0 JUpePeHUIarpHO20 NPOCMOPOBO-UAC08020 OIOKO-
6020 kodyeannsi (/IIIBGK) do memodie kozepenmiozo npuiiomy.

3acmocosyrouu nakem npoepam MATLAB, suxonano modenosanus 3anpononosanozo memody JAIIBEK ois
PIsHUX 8apianmie KilbKOoCmi nepedasarvHux i nPUUMarvHux anmet i 6udie modyasayii. Ilposedeno nopiensnus ma
susnaueno nepesazu memooy JAIIBEK. Buxiadenuil Memod modxce 3Haimu 3acmocy8anisi 8 CYUaCHUX CUCTEMAX Pa-
0i036’513KY 3 MIHAUBUMU NAPAMEMPAMU KAHATLY 36 S3KY Yepe3 8UCOKY WEUOKICTND NepeMiuieHHs MOOLIbHUX CIMAHUTL.

Kmovosi cnoBa: cidnocua (pasosa mooynsiuis, KOMNIEKCHA OPMOZOHAILHA (DOPMA, KOZEPEHMHUL NPUTIOM,
npocmoposo-uacose kodyeanns, cucmema MIMO, depesonodione xodysanisi.

Tokar M.

Received date: 05.06.2019
Accepted date: 26.06.2019
Published date: 30.08.2019

1. Introduction

When implementing coherent reception or precoding
in multi-antenna multiple communication (Multiple Input
Multiple Output — MIMO) systems [1-3], it is neces-
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sary to know the system of information about the state
of the communication channel in order to compensate it.
For channel estimation, together with information signals,
pilot signals known at the receiving side are transmitted.
The transmission of pilot signals consumes the resource of
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