ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)

KA3AKCTAH PECITYBJIMKACKI

YJITTBIK FBUJIBIM AKAJJEMUACBIHBIH
K. U. CornaeB ateiHarsl Ka3ak yITTBIK TEXHUKAIBIK 3€PTTEY YHUBEPCUTETI

XABAPJJAPBI

N3BECTUA NEWS

HAILIMOHAJIbHOM AKAJIEMUU HAYK OF THE ACADEMY OF SCIENCES

PECITYBJIMKU KA3AXCTAH OF THE REPUBLIC OF KAZAKHSTAN

Kazaxckuii HallMOHaJIBHBIN UCCIIE0BATENbCKHM Kazakh national research technical university

texHuueckuil yausepcureT uM. K. W. CatnaeBa named after K. I. Satpayev
SERIES

OF GEOLOGY AND TECHNICAL SCIENCES

1 (433)

JANUARY - FEBRUARY 2019

THE JOURNAL WAS FOUNDED IN 1940

PUBLISHED 6 TIMES A YEAR

ALMATY, NAS RK



2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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THE ORGANIZATIONS OF THE TASKS IMPLEMENTATION
IN THE DISTRIBUTED AUTOMATIC CONTROL SYSTEMS
OF HEAT SUPPLY STATIONS

Abstract. In this article we proposed a data processing technology that provides the ability to form the efficien-
cy indicators of the different processors that implement pipeline plans of data processing systems (DPS) and auto-
mated control systems (ACS) of the heat supply stations in general. The implementation of this technology will have
a significant effect in practice as the internal technology of ACS work is being improved. In addition, the described
approach offers the following advantages: the increase of the capacity of the pipeline data processing system; the
implementation of the functions uniformity of the pipeline data processing system which allows to reduce the re-
quirements for the ACS of the heat supply stations; the reduction of the time and the improvement of the quality of
communications in the system linking and coordinating the work of several heat supply stations.

Keywords: a data processing system (DPS), an automated control system (ACS) with heat supply stations, a
district heating supply system (DHS).

Introduction. Currently distribution and regulation of thermal energy, both inside and outside
buildings, according to demand is considered one of the most fundamental approaches to energy conser-
vation in Kazakhstan, and just as so in all developed countries.

In December 2017 the chairman of Kazakhstan power association, Shaimerden Urazalinov, men-
tioned the following while discussing problems in the heat supply sector [1]:

— there is high intellectual and physical wear of primary and secondary equipment on heat stations, in
boiler rooms, in heat networks and heat consumptions systems;

— the most pressing problem of elimination of excess losses of heat energy is not being dealt with;

— there is a lack of resolution concerning financial and organizational issues that would arise during
reconstruction and modernization of individual components of the heat supply system;

— currently operating centres of heat consumption, used in buildings which are connected to the city's
district heating systems, usually don't have any automatic machinery and only an insignificant amount of
them have heat meters and coolant meters at heat points;

— most consumers connected to district heating systems don't have the capability to regulate the con-
sumption of heat used for heating according to their wishes.

Whereas the use of modern technology for control of heat supply points, connected into a single
network, would allow for significant power savings and smoother heat distribution in living and industrial
spaces.

The advantages of having pipelined task completion machinery in distributed automated control
systems logically follow from the theory of production development and information conversion. In this
work we offer a methodology for typification of tasks in an automated control system of a heat station
with pipelined data processing, since one of the stages of organising data processing technology is the
stage of identifying typical tasks and typical task queues, which are then organized into a pipelined data
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processing plan. It's obvious that organising homogenous task queues into a pipelined plan leads to raised
effectiveness of distributed automated control systems.

Theoretical and methodological aspects of task typification in modular data processing system
are reflected in the works of domestic and foreign authors, such as A.G. Mamikonov [2], V.V. Kul'ba,
S.A. Kosyachenko [3, 4], A.S. Mironov, Ye.N. Sidorov, A.A. Ashimov [5], YU.YU. Kess, V.M. Revako
[6], A.V. Tovmasyan, B. Dyuran, P. Odell [7], Kh. Berzh, O. Ore [8]. Models and methods of data proces-
sing in technical and logistical system are examined in the works of V.V. Voyevodina [9-11], B.A. Go-
lovkina, K.G. Samofalova [12], G.M. Lutskogo, A.B. Barskikh, Ye.L. Shlimovicha [13], A.P. Shabanova,
D. Fillipsa, A. Garsia-Diasa [14], R.V. Konveya, V.L. Maksvella [15], L.V. Millera. Pipelined typical task
completion in distributed automated control systems signifies a new stage in automated control system
design and requires model-algorithmic task completion guarantees and adaptation of task typification
methodology for pipelined data processing system [16].

The technology offered here grants the opportunity of forming the performance identifiers of indi-
vidual processors realising pipelined plans, of the data processing system and of an automated control
system of the heat station in general. Implementing this technology gives significant practical advantages,
since the internal technology of operation of an automated control system is being perfected. Besides that,
the explained approach grants the following advantages: increase in throughput of pipelined data pro-
cessing system; guaranteeing the homogeneity of functionality of pipelined data processing system, which
allows to decrease the requirements to an automated control system of a heat station; the decrease in
latency and improvement of the quality of system communications linking and coordinating the operation
of several heat stations.

Research methodology. Let's examine model-algorithmic procedures allowing to trace back the
influence of data collection process in an automated control system on the effectiveness of task planning
assuming pipelined execution. For a task class in distributed automated control systems, the problem of
the minimization of resources is solvable in general form using the method of estimating the sufficient
capacity of the data processing system.

The method is based on the mathematical apparatus of the queueing theory. The problem of deve-
loping a model allowing to get an estimate of the capacity of a data processing system with data collection
is currently relevant. Said problem is related to the problem of the minimization of resources of the
automated control systems of the heat stations. Using the known mathematical apparatus as an instrument,
let's use the following model of estimation of the influence of the data collection process on the
effectiveness of the pipelined data processing in an automated control system:

L b2 ¢ 2
P(<T)> E(R;,:L (0)+ PEZ(1)+ PRy

where T, is the specified maximum allowed waiting time for a service demand; P(<Tz) is the specified
minimum allowed probability of not exceeding T,; Q is the maximum amount of demands serviced in a
continuous time period (busy period); V(t) is the amount of recorded information. The value of V(t)
changes with time; T [V(t)] is the duration of a single servicing period. It is a dependent quantity of the
amount of information V(t) and is defined as:

s _ TCQ??S! + z-'l-'HI [V{r)]
o[ (t)] = m

M is the amount of processor in a data processing system; T.on 1S the constant component of the servicing
interval, determined mostly by the time directly spent on demand handling; t.,[V(t)] is the component of
the servicing interval dependent on the amount of information.

The parameter of t,,[V(t)] is determined by the time spent on managing information and decision-
making,

k is the ordinal position of the demand in the busy period,

j 1s the waiting period for the demand numbered k expressed in the amount of servicing intervals,

— (4 ——
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Peonst” '(0) is the probability that the demand received in the data processing system isn't waiting for
service. In a single busy interval only one demand (k=1) can be such a demand, such that P, '(0) for
every Q is a constant of 1,

Peonst 2(0) is the probability that the waiting period of the second, in the order of servicing, demand
(k=2) is equal to one servicing interval. In a single busy interval Pe >(0) for every Q is a constant of 1.

P¢{,[I;|5}]] [j =J ) is the probability that each demand, starting with the third one in the order of

servicing in a busy interval, waits for no more than j servicing intervals,

i=1,2,...,J, J — is the maximum allowed servicing time expressed in the amount of servicing intervals.
The parameter of J corresponds to the parameter of T3ax and is dependent on the parameter of T [V(t)].

The model allows to obtain the dependence between the maximum amount of Q demands serviced in
a data processing system during a continuous time interval (busy interval) and the amount V(t) of recorded
information under the assumption of adherence to the given values of waiting time T for servicing de-
mands and probability P(<Tz) that it's not exceeded. The considered model allows identifying the depen-
dence between the capacity of the data processing system and the amount of information, gradually
collected and mastered by processors of pipelined data processing plan. An important application of the
model is selecting a strategy for organising the process of demand servicing with the capability of quanti-
tative assessment of different alternatives during distribution of the major tasks between processors.

Results. Having carried out calculations with real parameters of the network of heat supply stations,
we defined the dependence of the information volume and the duration of the service interval from the
time of information update.

The dependency of the amount V(t) of information on time t is determined based primarily on the
composition of the entities in the production environment of task consumers and on the operating condi-
tions of the data processing system providing such tasks. For example, figure 1 provides the dependency
of the amount of recorded information on its update time in the conditions of organising an automated
control system of a heat station with pipelined data processing.

1000 7———
é 900 - Loflod
= 800
£ Goo.
Figure 1 — & 500
The dependence of the amount _E 400 4
of recorded information E 300 4
on its update time L.g 200 14
=100 -4
0 i
0 5 10 15 20

Data update time

Figure 2 —
Tvarl V()] as a function
of the data update time

Time of the interval service

Data update time

The dependence of the variable component t,,,[V(t)] of the servicing interval is mostly determined
from the type of processors of the data processing system, from organization of servicing of the demands
being received from task consumers. For example, figure 2 shows the change of variable 1., [V(t)] as a
function of the data update time.
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Using derived dependencies, we have selected an optimal time for the data update while processing
the next nine parameters at ten heat stations: the temperature of network water in the supply line, the
temperature of network water in the return line, the flow temperature, the flow rate of network water in the
supply line, the flow rate of network water in the return line, the pressure of network water in the
supply line, the pressure of network water in the return line, the indoor temperature, the heat released.
Using four personal computers, each with an i5 CPU (4x4=16 cores) with pipeline processing of all the
parameters from 10 heat stations the optimal update time for the data is 10ms. Adding to that, the time to
receive full information decreased approximately tenfold compared to the current technology of
gathering and processing data from the heat stations.

Conclusion. The developed model of the system with pipelined data processing with data collection
has practical applications most obviously seen in the task of organizing the operation of several heat
stations into a uniform system, where said approach tested.

The obtained results show that it is possible to create information systems with the new architecture
proposed in [17]. In particular, by calculating the duration of the service interval it is possible to set the
optimal switching time between tasks performed by the processor. This will allow creating a software
complex for the management of heat supply stations with pipelined data processing.

M. K. Carpiaranosa’, B. B. Mapkun®

. CepiZKGaeB ateiaaarsl [Ieireic KasakcTan MEMIICKETTIK TEXHUKAIBIK YHUBEpCUTETI, OckeMeH, KazakcraH,
U. Y. TTon3yHoB aTbiHAarbl AsTaii MEMIIEKETTIK TEXHUKANBIK yHUBepcuTeTi, bapHayi, Peceii

KbLTY IYHKTTEPIH YJIECTIPUI'EH ABTOMATTBIH/JBIPBLIFAH BACKAPY JKYWUEJIEPIHJIE
MIHAETTEPAIH KOHBEUEPJIIK OPBIH/IAJTYBIH YUBIMJIACTBIPY

Annotanusi. Makanana, Manimerrepai eHuey xyienepinin (MOXX) sxoHe xKamrbl KbUIBITY IYHKTTEpiHIH Oac-
Kapy O>KyHeJepiHiH aBTOMAaTTaHIBIPBUIYBIH, KOHBEHEpJIIK >KOcmapyapibl iCKe achIpaThIH eKe Ipoleccopiap
JKYMBICBIHBIH THIMJUIIK KOPCETKIIITEPiH KAJIBIITACTBIPY MYMKIHIITIH O€peTiH MaliMeTTepAl OHIeY TEXHOJIOTHACH
ycbIHbUTFaH. by TexHonorusHsl icke acklpy, ABXK >KYMBICBIHBIH iMIKI TEXHOJOTHSCH XKETULNIPUICTIHAIKTEH, TIXKi-
pubene MaHbI3ABI HOTIKE Oepeni. CoHBIMEH KaTap OYJT CHIATTAFaH TOCLI KeJeci apTHIKIIBUIBIKTapFa He: MOJIIMeT-
TepIi eHIEYIiH KOHBEUEPIiK XKYHUECIHIH OTKi3y KaOlIeTiH apTThIpaisl; XKbUIBITY MyHKTiHIH ABX TamanrapsiH Te-
MEH/JIETYTe MYMKiH/IK OepeTiH, MOTIMETTepi OHIeYIiH KOHBEHepIIiK Kyieci KbI3METiHIH OipKeNKiIiTiH KaMTaMachl3
eTe/i; OipHele KbUIBITY MYHKTTEPIHIH KYMBICBIH OaiIaHBICTBIPAThIH JKOHE YHIIECTIPETIH Kyiteeri KOMMYHHUKALUS
CarachlH XKaKcapTy )KOHE yaKbIThIH a3aiTy.

Tyiiin ce3nep: momimertepai exaey xyiteci (MOX), xbury mynkrTepin (ABXK) aBTOMarTHI Gackapy xyweci,
OPTaJIBIKTaHABIPBUIFaH JKbLTyMeH KaMTy xyieci (OXKKIXK)

W. K. Carpiaranosa’, B.b. Mapkun®

'Bocrouno-Kasaxcrasckmii roCyIapCTBEHHBIN TexHn4eckuil yauBepcuter um. J[. Cepukbacea,
VYerp-Kamenoropek, Kazaxcran,
? AnTaiickuii rocy1apCTBEHHBIN TeXHIUecKuii yuusepcuter uM. W. 1. TlomsysHoBa, Baprayin, Poccus

OPTAHU3AIINAS KOHBEMEPHOT O BBIIIOJTHEHUSA 3AJTIAY B PACIIPEIEJIEHHBIX
ABTOMATHU3UPOBAHHBIX CUCTEMAX YIIPABJIEHUS TEIIJIOITYHKTOB

AHHoTanusl. B craTthbe HaMu IpeyIokKeHa TEXHOIOTUSL 00paObOTKH JIaHHBIX, KOTOpasi PEI0CTaBIISIET BOZMOXK-
HOCTH (POPMHPOBAHUS MOKa3zaresei 3pPpeKTHBHOCTH pabOTHI OTAEIBHBIX IPOLIECCOPOB, PEATM3YIOINX KOHBEHEpHbIE
IUIaHbI, cucTeMbl 00paboTky nanHbex (CO/l) u aBTOMaTn3upoBaHHbIe cucTeMbl yipasieHns (ACY) TEIIOMyHKTOB B
nenoM. Peannzanus 5Toi TEXHOJIOTMHU JaCT CyIIECTBEHHBIN 3(p(eKT Ha MpaKTHKe, TaK KaK COBEPIIEHCTBYETCS BHYT-
perrss TexHonorus padborsl ACY. TIoMHMO 3TOTO ONHCAaHHBIN MOIXOMA JaeT CIEAYIOIINE MPEHMYIIECTBA: YBEIH-
YeHHEe MPOIYCKHOW CITOCOOHOCTH KOHBEHEPHOUW CHCTEeMBI 00pabOTKH JaHHBIX, oOecredeHne OJHOPOIHOCTH (YHK-
Ui KOHBEWEPHOH crcTeMbl 00paOOTKH JaHHBIX, YTO TO3BOJISIET CHU3UTH TpeboBanus K ACY TeIomyHKTa; YMEHb-
IIEHHE BPEMEHH M YIIydIlIEeHHE KauecTBa KOMMYHHUKAaLUil B CHCTEME, CBA3BIBAIOIINE M KOOPIAMHUPYIOMIKE PaboTy
HECKOJIbKUX TEIUIONYHKTOB.

KiroueBbie cnoBa: cucrema oOpaborku mansbix (CO/l), aBToMaTH3upoBaHHas cuctema ympasieHus (ACY)
TEIUIONYHKTaMH, CHCTeMa IIeHTpan3oBaHHOro TerutocHadxkenus (CLT).
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