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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 Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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SMARTTRAN SOFTWARE FOR TRANSPORTATION
OF OIL JSC KAZTRANSOIL

Abstract. Digital technology for monitoring, controlling and optimizing technological practices of oil and oil
mixtures pumping through the sections of main pipelines, operating pumping units, preheaters, ground temperature,
oil rheological properties and etc. has been created in a result of integration of a SmartTran software with of the
Supervisory Control and Data Acquisition (SCADA) and the Automated Metering System (AMS) systems of the
JSC “KazTransOil”. The paper describes the main functionalities of the SmartTran software which was developed by
the authors.

Thermohydraulic calculations of the sections of the main oil pipelines of JSC “KazTransOil” were carried out
and compared with the actual data on the distribution of oil pressure, oil and ground temperature, power consumption
of pumping equipment taken from SCADA and AMS.

The accordance of the calculated and actual data shows the applicability of the SmartTran software for the
automation of calculations, planning and optimization of the technological modes of oil transportation through the
main oil pipelines of JSC “KazTransOil”.

Key words: software, integration, main oil pipeline, oil transportation, simulation, optimization.

Introduction. Automation of calculation [1-10], planning [11-16] and optimization [17-21] of the
technological modes of oil transportation is in high importance in energy saving and energy efficiency
issues of the oil and gas sector of economy. In consequence of the integration of SmartTran software,
SCADA and AMS information systems of JSC “KazTransOil” has created an intelligent system for
automating calculations and optimizing technological modes of oil and oil mixtures pumping in the
sections of the main oil pipelines, pump units, preheaters operating, ground temperatures, rheological
properties of oils etc.

Based on the historical data of the JSC “KazTransOil” SCADA system the following was carried out:
1) analysis of tags and industrial data by the operational pumping modes; 2) adaptation of head-capacity
and energy characteristics of pumping units depending on their operational life; 3) adaptation of the
pipelines’ hydraulic resistance along main pipeline sections taking into account the rheological properties
of the oil mixtures, changes in pipe roughness due to the asphaltene-resin-paraffin deposits; 4) adaptation
of heat transfer coefficients between the “hot” oil and the ground, depending on changes in the ground
thermal conductivity along main pipeline sections; 5) adaptation of the preheaters’ characteristics
depending on efficiency, pressure drop, etc.

According to the AMS and SCADA data the consumed power of pumping units, the cost of operating
pumps and preheaters, the distribution of pressure and temperature of oil and oil mixtures in main
pipelines sections, the change in ground temperature along the route can be found in real-time mode.

The SmartTran software has the following performance capabilities:




ISSN 2224-5278 Series of Geology and Technical Sciences. 2. 2020

1. Heat-hydraulic calculations of stationary modes of high viscous and high pour point oil
transportation for the safe operation of the main pipelines (taking into account associated pumping in and
pumping out, pipe defects, loops and branches, pressure regulator and input of additives that reduce the
hydraulic resistance of the pipeline, the pour point temperature of oil);

2. Heat-hydraulic calculations of non-stationary cooling and restart modes after short-term stops for
the safe operation of the main oil pipelines;

3. Heat-hydraulic calculations of serial transfer of different varieties of high viscous and high pour
point oils mixtures through the sections of the main pipelines;

4. Heat-hydraulic calculations of energy saving modes of main pumping units with detachable rotors
and variable frequency drive for stationary operation regimes;

5. Determination of the optimum heating temperature of oil mixtures and energy-saving modes of
preheaters for stationary “hot” operation modes;

6. Selection of pumping equipment with detachable rotors and variable frequency drive for
forecasting the maximum capacity of the pipeline in terms of the safe pumping conditions;

7. Adaptation of real characteristics of pumping equipment of the pumping stations (PS) according to
the SCADA historical data;

8. Adaptation of the hydraulic characteristics of the pipe due to changes in wall roughness and heat
transfer coefficient depending on the ground thermal conductivity of the main oil pipelines sections.

9. Designing of new sites, the addition of pumping equipment at PS and input of rheological
properties of oil mixtures.

The mechanisms for obtaining actual data on operation modes of oil pipeline, storing and uploading
them to the user interface for analysis and processing have been developed in the SmartTran software.
Figure 1 shows the interaction diagram of the SmartTran software with the SCADA and AMS. Data from
the sensors (pressure, temperature, flow rate, network frequency measurements) are sent to the SCADA
server from all sections of the JSC “KazTransOil” main pipelines. The special OPC client of the
SmartTran integration server receives sensor data from the SCADA server via the WinCC system using
the OPC protocol with a frequency of 30 minutes. The OPC client exports the actual data to the historical
database in MySQL format of the SmartTran DB server. The use of an intermediate server (the SmartTran
integration server) is dictated by the JSC “KazTransOil” security policy (figure 1).

User's PC . Sm?rﬂ'ran SCADA server
integration server

m

SmartTran

software

SmartTran DB server RIS e

G e
Pipeline DB Hiﬁggﬂl AMS DB

Figue 1 — The SmartTran interaction diagram with SCADA and AMS systems of JSC “KazTransOil”

The electric energy data from various devices of JSC “KazTransOil” are transferred to a separate
AMS server and stored in a MySQL-format DB. The special client application (ST-client) was developed
on the SmartTran DB server, which receives new data of the active power consumption of
JSC “KazTransOil” pumping units from the AMS DB and exports them to the historical data DB in the
required format every 30 minutes.
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In that way the actual data of the technological pumping modes parameters are stored as historical
data in the SmartTran software DB.

The SmartTran applications only interact with the SmartTran DB server on users’ computers. The
users download data on the oil pipelines sections from the single pipeline DB, which provides data
actuality. Individual users can also make changes to the pipeline DB (oil library, pump library, pipe
parameters, etc.) if they have rights to edit various parameters of pipelines. In the same DB user-defined
calculations are stored, for the analysis of which the historical data are used. The SmartTran software uses
the historical data to adjust the parameters of pumps, pipes and grounds, which also lead to changes in the
pipelines DB.

Analysis and discussion of the calculated data. The calculations results of technological pumping
regimes of oil and oil mixtures along some oil pipeline routes of JSC “KazTransQil” are given below
using data from the SCADA, AMS systems.

Figure 2 presents the comparison results of the calculated data (curves) with the actual SCADA
values (points) of the Karazhanbas-Aktau pipeline section. The upper plot of the figure 2 shows the
distribution of the hydraulic slope, the middle one shows the oil pressure distribution, and the lower plot
presents the oil temperature distribution. The calculation results of the power consumption of pumping
units and the pumping cost according to AMS are presented in a tabulated form (figure 2).

High-viscosity oil is pumped at the Karazhanbas-Aktau pipeline section. Hydraulic slope, oil pressure
and temperature distributions show good agreement with the calculated lines with the actual SCADA data
of JSC “KazTransOil” (figure 2).
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Figure 2 — Comparison of calculated (lines) data with experimental points of the Karazhanbas-Aktau section

Figure 3 presents the comparison results of the Aktau - Zhetybai pipeline section. The graphical data
shows the hydraulic slope distribution (upper plot), oil pressure distribution (middle plot), and oil and
ground temperature distribution (lower plot). In the left side of figure 3, the calculations of the power
consumption of the pumps and the oil pumping cost according to the AMS data are shown in the table
form. Comparison of hydraulic slope, pressure and temperature distributions shows good agreement
between calculated data and the actual SCADA values.

Figure 4 shows the results of comparing the calculated data of the Kasymov—Bolshoi Chagan pipeline
section with the SCADA data.
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Figure 3 — Comparison of calculated (lines) data with experimental points of the Aktau - Zhetybai section
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Figure 4 — Comparison of calculated (lines) data with experimental points of the Kasymov - Bolshoi Chagan section

At this pipeline section there is a “hot pumping” of high pour point oil mixtures with associated
heating at the T. Kasymova and the Sakharny stations. In addition, an anti-turbulent additive is introduced
at the Sakharny station to reduce the hydraulic resistance of the turbulent flow, since at this point the
pipeline diameter changes from 1000 to 700 mm and the average flow velocity is almost doubled.
Therefore, at high oil flow rates, for example, 1938.7 t / h (figure 4), the anti-turbulent additive is used to
reduce the pipeline pressure and for the pumping safety.

The curves of hydraulic slope, pressure and temperature distribution show good agreement with the
SCADA actual data (figure 4). Here are also presented the calculations of the energy consumed by pumps
and preheaters for pumping and heating oil mixtures.

— Q —
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Figure 5 presents the calculated results of the technological modes of oil transportation along the
following pipeline sections: Dzhumagaliyev — Atasu.
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Figure 5 — Comparison of calculated (lines) data with experimental points of the Dzhumagaliyev — Atasu section

In all case, the comparison of the calculated curves obtained by the SmartTran software with the
actual SCADA values (figure 5) shows good agreement.

In this way, the comparison of the calculated curves with the actual data confirm the functional
capabilities of the SmartTran software for modeling, planning and optimizing the oil transportation of
through the oil pipeline routes of JSC “KazTransOil”.

Conclusion. 1. The intelligent system for automating calculations, planning and optimizing the
technological practices of oil and oil mixtures transportation though the oil pipeline routes of
JSC “KazTransOil” has been created by the authors through the integration of SmartTran software with
the SCADA and AMS systems of JSC “KazTransOil”.

2. The calculation results are in good agreement with the actual data of the SCADA system.
SmartTran software together with SCADA and AMS systems is an effective tool for safe operation of
pipelines and calculation of economic factors for oil and oil mixtures pumping through the
JCS “KazTransOil” main oil pipelines.
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«KA3TPAHCOM.I» AK MYHAMBIH TACBIMAJIJIAY BOMBIHIIIA
SMARTTRAN BAFJIAPJIAMAJIBIK KACAKTAMACHI

Annoranus. SmartTran Garmapiamainsik sxacakTamacei «Ka3TpaucOim» AK-ubiH SCADA sxone ACKYD
aKIMapaTThIK KYHeJIepIMeH UHTErpalisiay HOTHKECIHIC MAaruCTPalibIbl KYOBIpIapMEH MYHA )KoHe MyHal Kocra-
JAphIH alayblH TEXHOJOTHSIIBIK PEXUMICPIH OakpUiay, Oackapy »XOHE OHTAWIAHIBIPYFa apHAIFaH CaHIBIK
TEXHOJIOTHSICHI JKacaJiJIbl.
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SmartTran Oarmapnamanbik xacaktamackiHga «Ka3TpauncOim»y AK-HBIH MyHail KyOBIPJIapbIHBIH, COPFBI
KOHABIPFBUIAPBIHBIH, JKBUIBITY HELITePiHIH, TOIBIpaK IapameTpiiepi MEH MyHail KOCTaJIapbIHBIH CHIIaTTaMalapbl
OOWBIHIIIA JCPEKKOPHI Oap.

Barnmapnama op Typni KoHQUrypanmsaarsl MyHail KyObIpJapblHBIH JKaHa ydyacKesepiH jobanayra, MOJelb-
JIEyre, COPFbI kaOIbIFbl KOHE MEIITEP/iH MapamMeTpiiepi MEH MYHal KOCHaJapbIHBIH PEOJOTHSIIBIK KAaCHETTEPIH
JIEPEKKOpPFa €Hrizyre HeMece OHbI MAJIIMETTEPMEH JKaHapTyFa MYMKIHIIIK Oepei.

SmartTran 6arnapiamaibIK KacaKTaMachl TYTKBIPIIBIFBI XKOFaphl XKOHE JKOFaphl TEMIIepaTypasa KaTaTblH MyHal
KOCTIJIApbIH aiiiay/IblH CTALMOHAPIIBIK JKOHE CTAllMOHAPJIBIK €MeC PEXUMJIEPIH JKbUTY-THAPABIMKAIBIK €CerTeyre
MyMKiHIiK Oepeni. Ecenrrey OappIchiHma KyOBIpFa »0J OOHBI KOCHIMINA MYHAl aiiay MeH IIBIFapyaAbl, KOCHIMIIA
KYOBIpJap MEH TapMakTapAbl, KYObIpIapablH aKaylapbhlH, KBICBIM PETTETIIITEPiH, NEMPECCOPIBIK JXOHE aHTH-
TypOYJIEHTTIK KOCTIaNapabl eHTi3yAl eckepyre O0aipl.

Barnapnamana xeneci pyHKIMOHAIABIK MYMKIHIIKTEp Oap: COPFBIHBIH KOCBUTYBIHBIH OHTAIIbI BapHaHTTapbIH
ipikTey apKbUIBI, COHBIMEH KaTap aybICHalbl XXHUUIIKTI JKETEeKTepIl KONJaHyMEH SHEPrHs YHeMIEy peXUMAepiH
aHBIKTay; «BICTBIK» alaay Ke3iHAe MyHaill KOCHalapbhIHBIH OHTAaWIIBl KbI3IBIPY TEMIIEpaTypaHbl aHBIKTAY; Kayilci3
aiiay JkarJIaijapblH €CKepe OTBIPHIN, KYOBIPBIH MaKCUMAJIIbl OHIMAUIITIH O0JDKAaY; SHEPTUSHBI CH a3 TYThIHATHIH
aybICIalibl PeXKUM/II KOJIZIaHa OTHIPBIN ail CalibIHFHI alijlay KeJleMiHe apHaJIFaH OHTaIbl pexuMal anbikray; SCADA
KYHECIHIH Tapuxu MoJIMETTepiHe COHKec COPFbI KaOIBIKTapbIHBIH HAaKThl HapaMeTpiiepiH OeHimuey; MyHau
KYOBIpJIapbIHBIH yYacKeJepiHeri TONBIPaKThIH XKbUTy OTKI3TIIUTIK KalineTine OaiaHbICThl KYOBIPIapAbIH THAPAB-
JIMKAJIBIK CHIIaTTaMalIapblIH JKOHE JKbLTY Oepy K03 duunenTin oeiimaey.

SCADA sxore ACKYD sxylieciHiH TapuXu MOIIMETTEPiH OHAEY HOTIKECIHIEC MYHAl aiilayaslH TEXHOIO-
THSUTBIK pekuMzepi OOWBIHINIA OHIIPICTIK JepeKTepre Talay >Kacallbl; COPFBI arperaTTapblHBIH CHIIATTaMallaphbl
ONapIBIH JKYMBIC pecypcTapblHa Kapail OediMIenmi; KyObIp ydYacKeNepiHiH THIAPABIMKAIBIK CHIATTaMalapbl
Oeliimzenii, MarucTpabibl MyHail KyOBIPJIapbIHBIH y4acKeJIepiHaeri MyHail MeH TOIBIPAK apachIH/AaFbl XKbUTy Oepy
K03(h(DUIIMEHTI JKOHE XKBUIBITY MEIITEPIHIH CHITaTTamMaIapbl OeliMaen/i.

SmartTran 6armapmamMaceiHBIH MOy IbAEpiH maiiganana oTeIpsit «Ka3zTparcOitn» AK «Kapaxambac - AxTay»,
«Axray - XKeribaii», «KaceimoB — Yiken Illaran» u «Kymaranues - Atacy» aTThl MyHail KyObIpJIapbIHBIH y4acKe-
JiepiHe KbUTy TUIAPABIMKAIBIK ecenteynep kyprizinai. Ecentey notmxkenepi SCADA sxone ACKYD xyiienepiniy
MYHa#JbIH THAPABIMKAIBIK aybITKYbl, KbICBIMBI, TEMIIEPATYpachl, TOMBIPAK TEMIIEPATypachl, COPFbl KOHABIPFbI-
JIapBIHBIH SHEPTHSHBI TYTHIHYBI OOHBIHIIIA HAKTHI MAJIIMETTEPIMEH CallbICTBIPBUIIBL.

Ecentey HoTmkenepi MeH HakThl AepeKTepAiH Oip-OipiMeH coiikectiri SmartTran GarmapiamaiblK skacakra-
MmacblHBIH «KazTpancOitn» AK maructpanbablk MyHail KyObIpiapbIMEH MyHall jKoHE MyHall KocmalapblH Tachl-
MaJlIayIblH TEXHOJIOTHSJIBIK PEXHMMAEPIH €CEeNTeyAl aBTOMAaTTaHJBIPY, JKOCHapiiay *XOHE OHTAWIaHABIPY Makca-
THIHJA KOJIaHyFa KapaMIbl eKeHIH KOpPCeTei.

Tyiiin ce3aep: OarmapiaMaibIK JKacaKTaMa, HHTETpaIlisl, MaruCTPaibabl MyHail KyObIpBl, MyHal TachIMaaay,
MOJIETIBJIEY, OHTAUIaHABIPY.
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IMPOT'PAMMHOE OBECIIEYEHHUE SMARTTRAN
IO TPAHCIIOPTUPOBKE HE®THU AO «KA3TPAHCOMJI»

AHHOTanusi. B pesynbrare uMHTErpauuu mnporpamMmHoro obecneudenusi SmartTran ¢ uH(popMannoHHBIMU
cucreMamu SCADA u ACKYD AO «Ka3TpaucOin» paspaboraHa mudpoBas TEXHOJOTHS JIsi MOHHTOPHHIA,
YIpaBJICHUS! W ONTHMHU3AIMU TEXHOJOTHUECKHX DPEKHUMOB IEpeKauykn HeTH W HePTSHBIX CMeceld Ha ydacTKax
MarucTpaibHbIX He(TEenpoBOIOB.

[Iporpammuoe obecnieueHrne «SmartTran» uMeer 6a3y JaHHBIX [0 XapaKTEPUCTHKaM YYaCTKOB HE(TEHPOBO-
JIOB, HACOCHBIM arperaram, re4am IoJiorpesa, napameTpam rpyHToB U HeTaHbiM cMmeciM AO «KazTpauncOiiny.

[IporpamMma mMo3BONSET NPOEKTHUPOBATH M MOAEIMPOBATH HOBBIE YYacTKM HE(PTENPOBOAOB pPa3IMYHON
KOH(UTypalmu, JONOIHATh U OOHOBIIATH 0a3y JaHHBIX apaMeTpaMH HaCOCHOTO 000pYyJOBaHMS, Ie4ei 1o1orpesa u
PEOJIOTHYECKUMH CBOWCTBaMH HETH M HE(PTSIHBIX CMECEH.

[Iporpammuoe obecniedenre SmartTran Mo3BOISET MPOBOAUTH TEIUIO-THAPABINIESCKUE PACUETHI CTAMOHAPHBIX
W HECTAIMOHAPHBIX PEKUMOB MEPEKaYKH BHICOKOBS3KIX M BBICOKO3aCTHIBAIOIINX HeTeCMEcer ¢ yI4eTOM MOy THBIX
MOJKAaYeK M OTKAaueK, JYMUHTOB U OTBETBJICHUH, Ne(PEKTOB TPyOBl, peryiiaTopa JaBICHUS U BBOIA ACTIPECCOPHBIX U
MPOTHBOTYPOYICHTHBIX MIPUCATOK.
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Iporpamma nmeet cienyromue QyHKIMOHAIbHBIC BOZMOKHOCTH: ONPEeIeHHe SHEProcOeperaromnx pexkuMal
¢ Mog00pOM ONTHUMAIBbHBIX BAPHAHTOB COEJHHEHHS HACOCOB, & TAKXKE C MCIOJIBb30BAHUEM YaCTOTHO-PETYIHPYEMbIX
NIPUBOJIOB; ONpEJAEICHHe ONTHMAIBHOW TEMIIepaTyphl IOJOrpeBa HeTecMeceil Npu «ropsdyeny mepeKauke;
MPOTHO3UPOBAaHNE MAaKCHMAaILHON NPOU3BOIUTENBHOCTH HETENPOBOIA C YYETOM YCIOBUI O€30MacHO! MepeKayuky;
OIpeJieJIeHNE ONITHMAIIBHBIX PEKUMOB MEPEKAuKH MIPU 3aJaHHOM MECSIYHOM 00beMe NepeKayKH C UCIIOJIb30BaHHEM
MEPEMEHHOT0 peXHMa C HAWMEHBIIUM YyJICJIBHBIM SHEPronoTpebiIeHueM; anantanus (akTHYeCKHX I1apaMeTpoB
HAacCOCHOTO O0OpYyJIOBaHMS 110 HCTOpUYECKMM JAaHHBIM cucteMbl SCADA; apantanusi THIpaBINYECKUX
XapaKkTepUCTHK TpyO M ko duimeHTa Termionepeaun B 3aBUICUMOCTH OT TEIUIONPOBOIHOCTH IPYHTa Ha ydacTKax
HE(PTETPOBOIOB.

B pesynprare 00paboTtku ucropmueckux gaHHBEIX SCADA u ACKYD mpoBeneHbl aHaIN3 MPON3BOICTBEHHBIX
JAHHBIX II0 TEXHOJOTHMYECKMM pEXHMaM MepeKaykH; ajanTalusl XapaKTepHCTHK HACOCHBIX arperaToB B 3aBHCH-
MOCTH OT pecypca uX paboTbl; aganTanus THAPABIMYECKUX XapaKTEPUCTHUK y4acTKOB TPyOONpPOBOJIOB, aJanTanus
ko3 duipenTa Temionepesadl MeXAy He(TBI0O W TPYHTOM HA Yy4YacTKaX MAaruCTpanbHbIX HedTernpoBOIOB,
ajlanTaIys XapakTepUCTUK Te4eii MoJ0rpeBa.

C ucrnosnbp30BaHrEM MOJyJed rmporpaMMHoro obecrieueHust SmartTran ObUTH MPOBENEHBI TEILIO-THIPABINYEC-
KHe pacyeThl Ha HeKoTopbiX ydacTkax HedrenpoBonoB AO «Ka3zTpaucOiin»: «Kapaxkanbac - Akray», «Akray -
JKetri0ait», «KaceiMoBa — Bosbmioit Yaran» u «JlxymaranueBa - Atacy». Pe3ynbraThl pacueToB i KaKIOIro
ydacTka He(hTerpoBoAoB ObUIM comocTaBieHsbl ¢ Gakrndeckumu naHHBIME SCADA n ACKYD no pacnpenenenuto
THIPaBINYECKOT0 YKJIOHA, AAaBJICHUs, TEMIEPATyphl HETH U IPyHTa, ITOTPEOIIIEMOI MOIIHOCTH HACOCHOTO 000pY-
JIOBaHMS.

Cornacre pacueTHBIX W (PAKTHUECKHUX NAaHHBIX MOKA3bIBACT MPUMEHUMOCTh Pa3pabO0TaHHOW IMUPPOBON TEXHO-
JIOTHW 7SI aBTOMAaTH3AIMU TEIUIO-THAPABINYECKUX PAcyeToB, IUIAHUPOBAHMSA M ONTHMH3ALUH TEXHOJIOTHYECKHX
PESKUMOB TPAHCHOPTUPOBKK HeTH U HeTecMeceit mo MarucTpaabHbM HedTenpoBogam AO «KaszTpaucOiiny.

KaroueBble cioBa: mporpaMMHoe oOeclieyeHHe, MHTerpalys, MarucTpalbHbId He(TenpoBoJ, TPaHCIOPTH-
poBKa He()TH, MOAEITUPOBAHNE, ONTUMHU3ALIHSL.
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