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and secure. In addition, RXJava library will be used to facilitate the work with the network, threads and simplify the code
inside the interactor.

RxJava is a Java VM implementation of Reactive Extensions: a library for composing asynchronous and event-based
programs by using observable sequences. It extends the observer pattern to support sequences of data/events and adds
operators that allow to compose sequences together declaratively while abstracting away concerns about things like low-level
threading, synchronization, thread-safety and concurrent data structures.
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AHHOI’I’ICZZ/;M}I: B uccneoosanuu npoeedeH ARAIU3 cucmemvl OmMoOnjierHus u copideco B000CHAOICEHUS C UCNONL30BAHUCM
60300HOGIAEMBIX UCMOYHUKOS OHepcuu.
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ﬂ]l}l pa3pa60mi<u Cucmembsvl asmomamuieckKkoco ynpaeienHust OomonjieHuem u 2opA4uUm 60()OCHa50fC€Hu€M, Komopas
eKII04aem 6 cebs conHeynvie KoJiekmopa, menaiosoll HAcoC U UCTNOYHUK UEeHmMmpaiu3o06aHH020 OMONJIEHUAL, OblLIU nocmaenenbl
cnedyrouue 3a0aqu.

- uccneoosamue HayllHOﬁ Jaumepamypbsbl no sKcniyamayuu 80300HO6IAEMbIX UCIOYHUKOB SHepeouu,

- paspabomka cmpyKmypHou cxembl Y4aCmKd agmomMamu3ayuu;

-pa3pa60mi<a ajneopumma ynpaejieHus cucmemou OmonieHus u copAavezo 6000CHADIICCHU.

IHokazana akmyansHocms paspabomkuy cucmemvl ynpagieHusi 00beKma ¢ usmensemol cmpykmypou. B kauecmee ob6vexma
asmomamusayuu  paccemampueaemcst  cucmema meniocHabIcenuss U copAadezo 8000CHAbOIICCHUL  C npumMeHenHuem
60300HOGNIAEMbIX UCMOYHUKOB IHepeuu. Hcenedosana 603MONCHOCMb COBMECMHO20 UCHOJIb306AHUS MENI06020 Hacoca,
COJIHEYHbIX KOJNEKMOopos8 U YeHmpaiu3z06aHHO20 UCMOYHUKA menosoi I9Hepcuu 0151 OMONJIeHUs U copAavezco 68000CHADIICCHUS.
Pa3pa6omaHa mexHoaocu4deckas cxema, cxema aemomamusayuu, aicopumm ynpaeieHusl, npocpammHoe obecneyenue
Komnaexca. IIpeonodcenuvill ancopumm YNpaeieHusi CUCMeMOU OMONIeHUs U 2OPAYUM BOOOCHAOICEHUeM peanuzyem
KACKaoHylo pabomy o060py008anus ¢ NpUOpumemom 6KIOYeHUs B0300HOBNAEMbIX UCHOYHUKO8 MeNna080U dHepauu O
pewieHus 3a0auu COKpawjeHuss nompeobaeHus snepzopecypcos. Ilpoepammnoe obecneuenue paspaboOmMaHHOU CUCHEMbL
ynpaejienusd u umumayuoHnoe Mot)eﬂupoeaﬂue cucmemsbl Omonjienus u copsadeco 6000CHAbCEeHUSA oCyuecmejleHo 6 cpede
npoepammupoganusi koumpoanepa OBEH IIJIK160. /[na mexnuueckoil peanusayuu 6vbl0panbl cOBpeMeHHble YCMmpOoucmed
cucmemsvl aemomamudecKkoeo ynpdaejieHusl u 60300H06IAeMble UCTOYHUKU MEeNnlo8olU oHepcuu. YHPCZBJZEHI/I@ cpe()cmeaﬂ/m
asmomamuzayuy, co6op u susyanuzayus oaunvix ocyuecmensiemces ¢ nomougplo SCADA-cucmemvr WebHMI, deiicmeyroweii ¢
onepauuomioﬁ cucmeme pealbHoco 6pPeMEHU. HOJZylleHHble pesyrbmambvl UMUMAYUOHHO20 MO()@ﬂMpOGaHUﬂ I’lOOm@eprCOeHbl
6H€()p€Hu€M u yCﬂeWHOZZ 3Kcnﬂyamauuezi pa3pa60maHHOL7 cucmemvl asmomamudecKkoco ynpaeieHusl Had KOMMYHAJIbHOM
npednpuﬂmuu 2. FOorcnwvii. Coemecmuasn pa60ma B80300HOBIAEMbIX UCMOYHUKOS MENa0801L dHepeuu U KomeibHoco
000py008aHUsI NOO YNPasGLeHueM paspabomaHHou CUCMEMbl YAPAGIeHUs O0KA3ALA CE0I0 IHePeodPhHeKmusHocms KaK 60
8peMsi, MaK u 8He OMONUMENIbHO20 Ce30Hd, U no3eoasem docmuyb 30% sxonomuu cpeocms na omonaenue u I BC.

Abstract: The study analyzed the heating system and hot water supply with using renewable energy sources.

To design an automatic control system for heating and hot water supply, which includes a solar collector, a heat pump and
a centralized heating source, the following tasks were set:

- study of scientific literature on the operation of renewable energy sources;

- design of a structural diagram of the automation section;

- design of an algorithm for controlling the heating system and hot water supply.

The relevance of designing a control system for an object with a variable structure is shown. As an automation object, the
system of heat supply and hot water supply with the use of renewable energy sources is considered. The possibility of sharing a
heat pump, solar collectors and a centralized source of thermal energy for heating and hot water supply was explored. The
technological scheme, the automation scheme, the control algorithm, the software of the complex are designed. The proposed
algorithm for controlling the heating system and hot water supply realizes the cascading operation of equipment with the
priority of switching on renewable sources of thermal energy to solve the problem of reducing energy consumption. The
software of the developed control system and simulation of the heating and hot water supply system was implemented in the
programming environment of the controller OBEH I1/IK160. For technical implementation, modern automatic control system
devices and renewable sources of thermal energy have been selected. The management of automation tools, data collection
and visualization is carried out with the help of SCADA-system WebHMI, operating in the real-time operating system. The
obtained results of simulation are confirmed by the introduction and successful operation of the designed automatic control
system at the municipal enterprise of the town of Yuzhniy. The joint work of renewable sources of thermal energy and boiler
equipment under the management of the developed management system has proved its energy efficiency both during and
outside the heating season, and it makes it possible to achieve 30% savings on heating and hot water.

KiroueBnie cioBa: OTOIIZICHUEC, aBTOMAaTU3aluA, COJTHEYHBIN KOJIJICKTOP, TEIUIOBOM HAcoC.

Keywords: heating, automation, solar collector, heat pump.

BBenenue

Pa3paboTka pemieHni, HampaBlIeHHBIX HA Pa3BUTHE YHEPTrOCHAOKCHHUS, SIBISCTCS aKTyaJIbHOW MPOOIEMOi B HaIlle BpEeMsI.
Droii TeMe MPUIAIOT 0co00e BHUMaHKE KaK TOCyIapcTBO, Tak U Om3Hec[1]. UemoBedecTBO CTOMT HA TIOPOTe SHEPTETUIECKOTO
KpH3HCa, CBA3aHHOI'O C HCTOIICHHWEM 3alacoB MPHUPOIHOTO TOIUIMBA. B CBS3M C 3TUM BO3HHKAET MpoOJieMa HEJI0CTaTKa
NPUPOAHBIX PECypcoB B OumkaimeM OyAaylieM W TOBBIIEHWE [eH Ha HuX. CyIecTByeT MHOXKECTBO AallbTCPHATHB
MCTOYHHMKOB TEIUIOBOM SHEPTUH MPUPOIHOMY TOILUTUBY [2], KOTOpbIE MOTYT 3aMEHUTH MOJHOCTHIO HUIIM YaCTUYHO UCKOMAeMoe.
Pemennem mnpoGiemMbl SBISETCA HAYYHO-TEXHWYECKHH Iporpecc B cdepe BO30OHOBISEMBIX HCTOYHHKOB DJHEPTUH U
SHCPFGTH‘IGCKI/IX yCTaHOBOK, a TAKXKEC CUCTCM HUX HUCITIOJIb30BaHUS.

OnHO W3 HampaBICHWH Pa3BUTHS SHEPTETUKH, KOTOPOE CMsrdaeTr mpoOjeMy - 3TO HCIOIb30BaHHE KOMOWHHUPOBAHHBIX
B3aMMO3aMCHACMbBIX UCTOYHUKOB TCIJIA B CUCTEMAX OTOINICHUA U UX aBTOMATU3alU.

3KOHOMI/I‘IGCKa$I l'IpI/IBJ'[eKaTeJ'[BHOCTB peme}mﬂ HpO6J’[CMBI B 3TOM HaHpaBHeHI/If{ COCTOHUT B yMeHBH_ICHI/II/I SanaT Ha
OTOIUICHHE, CBS3aHHOC C WCIIOJNB30BAHHEM COJIHCYHOW SHEPIHH, JHEPTUU TPYHTA M OKOHOMHBIX DPEXHMOB pPaOOTHI
ABTOMATH3MPOBAHHOW CHCTEMBI, a TaK K€ CPABHUTEIILHO HEOOJIBITNE HHBECTHIIUN U CPOK OKYITAEMOCTH.

DKoJIoTHYecKasi MPUBICKATSIIEHOCTh CBA3aHHA C YMEHBIICHHEM MOTPEOJICHHs Tella C KOTEIbHOH, TO eCTh BBIOPOCOB
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YIIIEKHUCIIOTO Ta3a B atMmocdepy cootBetcTBeHHO mupektuse 2001/80/EC [3].

Lenpio cTaThu SIBISICTCS pa3pab0TKa CHCTEMbI aBTOMATHYECKOTO YIPABICHUS! OTOIUICHUEM U TOPSYUM BOIOCHAOKEHHEM
(I'BC), xotopass BkIO4aeT B ce0sl CONHEYHBIE KOJUleKTopa, TermoBod Hacoc (TH) M HMCTOYHHMK IEHTpaTM30BaHHOTO
OTOTUICHHSL.

AHaJIN3 NOCJIeJHUX UCCJIeJOBAHNN U Iy0JIMKALUA.

CyliecTByeT MHOXECTBO Hay4HBIX paboT, MOCBSILEHHBIX HCCIIEIOBAHUIO COJIHEYHBIX KoyutekTopoB M TH. Tak, Hanpumep,
Lenpio paboTsl [4] sBisieTcss MpoBepka 3HEProd((GEKTHBHOCTH HCIOJIB30BAHUS YCTAHOBKM TOPSYEro BOAOCHAOXEHUsS Ha
OCHOBE COJHEYHOTO KoJuiekTopa. [Ipw aHaigm3e MOJYYCHHBIX MaHHBIX ObLIa JOKa3aHa 3(PQPEKTUBHOCTh HCIOJIH30BAHUS
COJTHEYHBIX KOJUIEKTOPOB. B pabore [5] pemamuch 3agaud CHHTE3a METOJIUKH Pa3pabOTKH CHCTEMBI aBTOMATHYECKOTO
YIpaBJICHUsI TEMIEPAaTypHbIM PEKUMOM, YIPABJICHUS CTPYKTYpOH OOBEKTa M BbIOOpa KpUTEpHsi OLEHKH 3(PQeKTHBHOCTH
CHCTEMbI, MOJICTIMPOBAHMUS CUCTEMbI, BbIOOpa 1 000CHOBaHMs ee CTPYKTyp. Ilo pe3ynbTatam pelieHHs B OCHOBY MPOTOTUMA
B3IT KOMIUIEKC TEXHMYECKUX CPEACTB, COCTOSIIHIA U3 CONHEYHOTO KOJUICKTOpa, aKKyMylsTop-0aka, TpyHTOBOTO
TEII000OMEHHHUK-aKKyMYJISITOpa, TEIUIOBOIO HAcOCa, PE3epBHOTO HCTOYHHMKA TEIUIOBOW HSHEPruH, TEIIOOOMEHHHKOB
notpebutens. B pabore [2] paccMaTpuBaeTCs OLEHKA pOJNM  albTEPHATHBHBIX HCTOYHHKOB OSHEPIMH B PEIICHUU
JHEPreTU4ecKUX MpodlieM MUPOBOIT SKOHOMUKH. B cTathe [6] paccMOTpeHbI BOMPOCH MPHUMEHEHUsI TEIIOBBIX HACOCOB IS
pelieHust BOMPOCOB 3Heprocoepexerns. Ho B 3Tux paboTax He pacCMOTPEH alrOpUTM COBMECTHOTO Hcrosib3oBaHus TH,
COJIHEUHBIX KOJUIEKTOPOB U LIEHTPAJIBHOTO TerutocHalxeHus st oromenus u I'BC.

Onucanne BO300HOBJISIEMbIX HCTOYHUKOB JHEPTUHU.

B paspaboranHOM crcTeMe OTOIUICHHS U TOPSYEro BOJAOCHAOKEHUSI KpOME LICHTPAIN30BaHHOTO OTOIUICHHUS UCIOJIb3YIOTCS
BO300HOBJIsIEMbIE HCTOYHUKH SHEPTHH — TEIUIOBOM HACOC U COJTHEYHBIE KOJUIEKTOpa (PUCYHOK 1).

TemnoBoit Hacoc — yCTPOHCTBO, C MOMOLIBIO KOTOPOTO HM3BJIEKAIOT TEIJIOBYIO SHEPTHIO M3 IOYBBI, PYHTOBBIX BOJ HJIH
BO3JlyXa U HMCIOJB3YIOT € /sl HarpeBa Bozbl. PaboTa TernoBoro Hacoca aHajJOrn4Ha padoTe XOJOAMWILHON MAIlIWHBI, HO B
XOJIOMUIBHOM MalllMHE TPOU3BOJUTCS XOJOA MyTéM 3axBaTa Tellla WCHApUTENIeM, W C [OMOIIBI0 KOHJEHCATopa
OCYIIECTBIISICTCS BRIOPOC TEIlIa B OKPYKAMOIIYIO CPEY, a B TEINIOBOM HACOCE MPOLECC 0OPaTHBIH.

B cucreme oTOIIICHHSI TPEAYCMOTPEHA YCTAHOBKA TEIUIOBOTO HACOCA «TPYHT-BOJa» B KOMILIEKTE TeruioBoro nacoca ECO-
42 ¢. «Protis», Komojma reoTepMaIbHOTO TOJs ¢ 14-10 TeoTepMATBHBIME KOAKCHATBHBIMH 30HIAMH, ¢ MTOMOIIBI0 KOTOPBIX
otOmpaercs Termto oT 3emud. [lopoasl Ha riryouHe Oonee 20 M - camblii CTaOWIBHBIA HCTOYHHUK TEIUIA, TaK KaK W 3UMOU, U
JIETOM TEMIIepaTypa MOYBbI OJJAHAKOBA.

TENNOBOM HACOC ~ A@| rEMOCUCTEMA  A@)| KOTE/IbHAA PO
" < A
A //< A &‘« & )
@ Ny :t\{ —[} it Juy i
e \\//‘ \/ \\//
YCnoewa exn/esikn TH YCNOBWA BKN/BLIKN KOTENBHOM
Terec35.6 °C' = 25.0 T°3aa [ YCNOBUA BKN/BEIKN TC 41.0
[Tonom20.6 °C & 21.0 T°3aa °1ek 20.3 °C « 45.0 °CT°3aa Tonom 20.6 °C > 20.0 T°3aa

TSH-2 B Pyuwo

T© 3apaHHas 45.0 °C

PexxmM Llkona @

T© 3aaaHne 21.0 °C

T tekywan 35.6 °C

T° Tekywasn 206 °C Texk.Pacxoa 6 nfm

Puc. 1 — UcTOYHMKH TenI0BOii SJHEPTHHU M MIOTPedUTEIb

I'eoTepmanbHBIN KOAKCHANBHBIN 30HA KOHCTPYKTUBHO COCTOUT U3 HAPYKHOM IUIACTHKOBOM TPYOBI 3arIyIICHHOHN ¢ OXHOM
CTOPOHBI M BCTaBJICHHOH B He€ BTOPOH TpyOBI Ul II0/1a4M XOJOAHOTO TeruoHocutens. HapyxkHas tpyb6a D=63mm.
Buytpennsas — 32mM. [InuHa 30HAOB — 50M. YcTaHaBIMBAOTCS 30HABI MOJ YriIoM 35°-65° 1O TEXHOIOTMU HAKJIOHHO-
KJIaCTEPHOTO OypeHHsI.

Y KOakCHMaJbHOTO 30HAA, B CHJIy OCOOCHHOCTEH KOHCTPYKTHBHOTO YCTPOWCTBA, TEIUIOBOM HANOp BHH3Y 30HIA
MaKCHMAaJIbHBIN, T7Ie U 00BEM B3aMMOJICHCTBYIOIIEr0 IPYHTA CaMbId OOJBIION M MajaeT ¢ MPHUOMMKEHHEM K KOJOIIY, TIe
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00BEM IpyHTa yMeHbIIaeTcs. Takoe TeXHUYeCKOoe pelIeHHe IT03BOJIsIeT Ooliee PABHOMEPHO HCIIONb30BATh MAaCCHB I'PYHTA M HE
TIepeOXIIaXIaTh 30HY BOKPYT Kojomna. TexHudecKre XapaKTepuCcTHKH TerutoBoro Hacoca ECO-42 ¢. «Protisy mokasausl B
Tabmuue 1.

Tau. 1 — TexHHYeCKUEe XapaKTePUCTUKH Tel1oBoro Hacoca ECO-42 ¢. «Protis»

kBT kBT
Mopaenb MoIHOCTB, o DnekTponoTpebieHue, o

ECO 42 42 9,2

CoyrHEeUHBIH KOJUIEKTOP — YCTPOHCTBO It cOOopa CONHEYHOW TEIUIOBOW SHEPTHH, KOTOpas MEPEeHOCHUTCS C MOMOIIBI0
m3mydeHns. [Ipu momasaHuy COMTHEYHOTO CBETA B TEMHOKOJUIEKTOPE MPOMCXOIUT HOBBIIICHHE TEMIIEPATyphl TEINIOHOCUTEIS,
KOTOPBII HarpeBaeT 4epe3 TEIUIOOOMEHHHUK BOAY [UIS TOTPEOHUTEs.

CucTeMoii oToTIeHHS IIpegycMaTpUBaeTCsl yCTaHOBKA 12-TH comHeYHBIX BaKyyMHBIX KoimiekTopa ETC-30 ¢. «Apricusy.

KouIeKTOphl YCTaHOBJIEHBI HA KPOBJIE 3aHus 1o yriioM 45°, OpueHTanus coslHeuHbIX KOLIEKTOPOB — 0.

Jlnst IpUroToBIEHUS TOPSYEro BOJOCHAOXKEHMSI B TEIUIOBOM IYHKTE YCTAaHOBJICH IUIACTUHYATBHIA TEIJIOOOMEHHHK M J1Ba
Oaka-akkymynsaTopa, eMmkocTeio 15001, s mpemoTBpailleHUs] 3aKWMaHUS TEIJIOHOCHTENS B COJHEYHBIX KOJUIEKTOpax
IpeaycMOTpeHa ycTaHoBKa cucteM Drainback.

OCOOEHHOCTBIO JaHHOM CHCTEMBI SIBISIETCSI TO, YTO TEIUIOHOCHTENb HAIOJHIET COJHEYHBIH KOJUIEKTOP TOJIBKO B TOT
MOMEHT, KOT/J]Ja MO’KHO U HY>KHO 0TOOpaTh TEIUIO C KOJUIEKTOpa. B ocTabHOE BpeMs CONHEUHBII KOJIEKTOP OIYCTOIIAeTCs, a
TETJIOHOCHUTEIIh aBTOMAaTHYECKH CIIMBAETCS B CIIEIMANbHYI0 eMKocTh — Drainback tank. 310 mo3Bomsier n3bexaTh 3aKuaHus
TETJIOHOCHUTENS ¥, KaK CIEICTBUE, HAIOITO COXPAHHUTh €ro pabodee cocTostHUE. [I0CKOIBKY B MOMEHT MEperpeBa COJHEUHOTO
KOJUICKTOpa TEIUIOHOCHUTENb B HEM OTCYTCTBYET, HCKIIIOYEHO 00pa3oBaHHME Iapa, YTO IPHBOJUT K HEBO3MOXKHOCTH
JanbHEHIeH MUPKYISNUN TEIUIOHOCUTENS 10 €ro IOJIHOW KOHIeHcauuu. Hesakumaemas colHEdYHast cucrema He Tpedyer
BHUMAaHHS TIOTPEOUTEIS 1 pabOTAET MOTHOCTHIO aBTOHOMHO.

KpOMe BO306HOBJ’ISIGMI)IX HNCTOYHHUKOB OHEPIrunM B CHUCTEME HUCIIOJIB3YCTCA TCIJIO HWCTOYHHUKA ICHTPAJIU30BAHHOI'O
TEIJIOCHA0KEHUSL.

Cuctema ropsiuero BOJOCHAaOXKEHMsT — 3akpbiTas (BoJa Ha ropsiuee BOJOCHAaOXKeHHE 3a0MpaeTcs W3 BOJIONPOBOJA M
HarpeBaeTcs B TEINIOOOMEHHHKE CeTeBOH BOJION).

Cuctema paspaboTaHa JJisi OTOIUICHHS U TOPSYEro BOJOCHaOkeHus nerckoro caaa Ne3 r. HOxubiii Opecckoit obmacTi.
HapaMeTpl)I NOMCIICHUA H SKOHOMHUYECKOE OOOCHOBAHHE HCIIOIL30BAHUS B0306HOBJ'DIeMI)IX HNCTOYHHUKOB OJHEPTHUU JId
ororteHnss u ['BC mokazansl B Tabmuie 2. PacueTHble gaHHBIE 3HEPrONOTPEONICHHS COOTBETCTBYIOT TEXHHKO-
9KOHOMHYECKOMY OOOCHOBAHHIO U TTOJITBEPKACHBI IIIABHBIM HHKEHEPOM MPOEKTA.

Tabu. 2 — [IlapameTpbl NOMeIIeHHs H YIKOHOMIYECKoe 000CHOBAHHE HCIIOIb30BAHUS BO300HOB/ISIEMbIX HCTOYHUKOB
Hepruu Ajs oromnenus u 'BC

HaumeHnoBanue napamerpa En. n3mepenus 3HaueHne
OO0BEM OTAIIMBAEMBIX TTOMEIEHU n? 8182,4
PacueTHast poIOSKUTENEHOCTD OTOIUTENBLHOTO MEPUOa qac 3960
Temmneparypa Bo3Iyxa BHYTPH MOMEIICHUS °C 20
Cpennsisi pacu€rHast TeMIepaTypa HapyKHOTO BO3/yXa 3a °C 1
OTOIUTEJbHBIN MEPUO]
PacuérHas TerutoBast Harpy3Ka Ha OTOIDICHHE I'kan/rox 168
Iponomxkurensrnocts 'BC B oTONUTEABHBIN EPUOL yac 3960
[IpomomxurensaocTs ' BC B HEOTONUTEIBHBIN TIEPHOL yac 4440
Temmneparypa ropsraeit BogsI °C 45
Temneparypa X0I0AHON BO/bI B OTONUTEIbHBINA IEPUOL °C 5
Temneparypa Xo10JHOH BOJbI B HEOTOIHUTEIbHBIN NEPUOT °C 15
HopmaTuBHOE cpeHecyToOUYHOE OTPEOICHIE TOPSIYCH BOMIBI n/cyT 28,5
KonnuectBo n3MepeHuii 3a cyTku yen 385
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Pacuérnbie 3atparsl Temna Ha [ BC T'kan/ron 90
[ToTpebnenne Termma oT COTHEYHOTO KOJIIEKTOPa I'kan/rox 37,5
[ToTpebrenue Termra oT TEIIOBOTO HAacoca I'kan/rox 147

PacuétHoe HOTpe6JleHI/Ie TCILJIa OT BHCIIHECTO UICTOYHHKA

. T'xan/ron 73,5
TENJI0BOM DHEPrUU

Pacxon anekTposHepruy Ha CHCTEMY OTOIIIICHUS

J10 peKoHCTPYKIUHI kBtu/ron 0

ITocne pexoHCTpyKIHH kBtu/ron 504

Pacxon SJICKTPOSHEPTUU Ha CUCTEMY T'OPSAUCTO BOI[OCHa6)KeHI/IH

J1o pekoHCTpyKLIUU kBtu/ron 47 849
ITocne pexoHCTpYKIHH kBtu/ron 1260
Pacxon aneKTpo3Hepriuy Ha TeIMOCUCTEMY kBtu/ron 756
Pacxopx arrekTposHEepruy Ha TEIUIOBOM HACOC kBrtu/ron 58782
CroumocTts 35ekTpudeckoii snepruu 6e3 HIC rpH/kBTu 1,9515
CromnmocTs TerioBoii aaepruu 6e3 HJIC rpu/I'kan 1084,04
3arpatsl Ha oToruteHue U ' BC 6e3 ucrmonp30BaHus rpH/ron 373 059
BO300HOBJISIEMBIX HCTOUHHKOB SHEPTUH
3arpatsl Ha oToruieHue U I'BC ¢ ucnons3oBanneM rpa/ron 199 307
BO300OHOBJISIEMBIX HCTOYHHKOB SHEPTUH
3arpatsl Ha pekoHcTpyKIio 6e3 HJIC rpH 1500 000
CpoOK OKyNaeMOCTH JeT 8,6

OCHOBHBIE pEIICHNUS HANIPABJICHbI Ha JOCTHKEHHE MUHUMAIBHBIX 3aTPaT TEIUIOTHI, IIPEK/IE BCETO 3a CUET:

- YCTAaHOBKHU aBTOHOMHBIX HCTOYHHUKOB TeIUIa (TETIOBOM HACOC, TEIMOCHCTEMA);

- M30JIA1Us TPYOOIIPOBOIOB COBPEMEHHBIMHU TETIJION30JIAIIMOHHBIMI MaTepHalaMH,

- IpeIyCMOTPEHA aBTOMATH3a1Ms TEIUIOBBIX NPOIECCOB;

- YCTPOHCTBO KOMMEPUECKOTO y3J1a y4eTa TeIua.

CTpyKTypHasi cxeMa y4acTKa aBTOMATH3alHHU.

Ha pucynke 2 nmoka3aHa CTpyKTypHasi cxeMma apromaru3zanuu otorienus u [ BC.

Ha cxeme n3o0pakeHsl:

1, 2 - Gakm-akKyMyJISATOPEI, 3 - TemiooOMeHHUK cucteMmbl [ BC, 4,8 — pacnpenenuTensHble TPeOCHKH, 5 — TPEXX0J0BOH
kinanad cucreMbl ' BC, 6 — 3aBmkKa KOHTypa COJHEYHBIX KOJJIEKTOPOB, 7 — 3a/IBM)KKA KOHTYpa TEIUIOBOTO Hacoca, 9 -
TPEXXO/M0BOM KiamaH cHcTeMbl oToruieHHs, 10 — 3axBikka 00X0/a TEIJIOHOCHUTENS B aBapUMHOW CHUTyallMHd CHCTEMBbI
aBToMaTm3anuu, 11, 17 — oOpartHbIil knamaH, 12 - 3agBUKKa KOTeNbHOU, 13 — TermroooMenHuk remuocuctemsl (I'C), 14 -
Cuctema "Drainback", 15 - ConHeYHbII BaKyyMHBIH KoOJUTEKTOp, 16 - TeruoBoit Hacoc " TpyHT-Boaa".

CounHeuHbIH KOHTYp paboTaeT 1o 3aJaHHOM Temneparype nomewenus Tpoy U 10 Temneparype TerIOHOCHTENS Ty B

kosuekrope 4 (pucyHok 1). Ecnu TemnepaTtypa TemmoHOCUTeNsT O0blie 4eM Temreparypa .., TO IUPKYISIMOHHBIE HACOCHI

gs’

TETMOKOHTYPA OTKITFOYAIOTCS M 3aTBOP 6 3aKpBIBacTCs. TeM caMbIM YMEHBIIAKOTCS TEIIOMOTEPH.
TeruoBoit Hacoc 16 BKJIOYAETCS MO MOTPEOHOCTSAM CHUCTEMBI OTOIUICHHS W TOPSYErO BOJOCHAOXKEHHS, T.€. €Cliu He
BBITIOJTHSETCS YCJIOBUS TI0 33JaHHBIM TEMIIEpaTypaM OJHOHM M3 CUCTeM (HE CIIPaBIIeTCS TeTHO KOHTYp U TeMIepaTrypa I;ws B

0akax 1,2 n Ttemnepatypa Ipom MEHbIIE 3aJlaHHOMN), TO 3aIyCKaeTcsl TEIIOBOI HACOC U HA0OOPOT, €CIIM YCIIOBHS 10 00enM

CUCTEMAaM BBIIIOJHEHBI, OH OTKJIFOYAETCs.

KotenpHast 3amyckaeTcs myTeM OTKPBITHS/3aKpBITHS 3aTBOpa 12 ¢ anekrponprBoroM. KOHTYp KOTEIbHOM OTKpHIBAEeTCS IO
MOTPEOHOCTSIM CHCTEM OTOIICHHS W TOPSYEr0 BOJOCHAOKEHHS, T.€. €CIM HE BBIIOJHAIOTCS YCIOBHSA IO 3aTaHHBIM
TeMIIepaTypaM OJHOW M3 CUCTEM U IIPH 3TOM BKJIIOYEH TEIIOBOI HAcoC (He CHpaBIIIETCS TelIM0 KOHTYP M TEIUIOBOW HAcOC U
TeMIepaTypsl B 6akax WIN B MOMELIICHUN MEHbIIE 33JaHHON), TO OTKPBIBAETCS KOHTYP KOTEJIFHOW U HA000POT, €CIH YCIOBHS
1o 00eMM CHCTEMaM BBITIOIHEHBI, KOHTYP 3aKpbIBAeTCS.
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Puc. 2 — CrpykTypHasi cxema y4yacTKa aBTOMATH3aLUH

Hdust obecrieuennst HagesxxHocTH cuctemMa [BC w crcTeMa OTOIUIGHUSI COBMEIICHBI. TEIUTIOHOCHTENh IUPKYIHPYET IO
3aKpbITON cucteme 3, 4, 8, 13, 16 u yepe3 TEIIO0OOMEHHUKN MTPOUCXOAUT HATPEB MIIH €T0 OXJIKIEHUE.

CHCTEMBI OTOIUICHUSI U TOPSYETO BOJAOCHAO0KEHHUS YMPABIISIOTCS TPEXXOJAOBBIMU KJIAlaHAMH 5, 9, KOTOpPBIC PEryIUpYIOT
TeMIIEpaTypy TOMEIMIEHUsI W HAKOMUTENbHBIX O0aKoOB MO 3aJaHHOMY 3HadeHHWI0. B ToM ciiydae, ecnm TeMmieparypa B
MOMEIEHUN JOCTUTIa 3aJaHHOH, a TemrmepaTypa TOpsYero BOJOCHA0KEHUs HIDKE 3aJaHHOH, TO COOTBETCTBYIOIIHE
HUCTOYHHUKHA B 3aBHCUMOCTH OT Temrmeparypsl ['BC mpomoipkaroT paboTtarh, a KialmaH IMOMCHICHHS TMEePEKPhIBACTCS U
HaNpaBIsieT B CHCTEMY OTOIUICHHMS TEIUIOHOCUTENb C TEMIEPaTypod T,,.;. TeM caMblM TeMmmepaTypa HOMENICHUS

MOJIIEP)KUBAETCS 0 3aJaHuio, a Temreparypa 'BC moBslmaercs 10 3aaHHONW.  AHAJIOTHYHBIA TPOIECC MPOMCXOIUT B
ciydae, ecim temneparypa I'BC gocturia 3agaHHoOM, a TeMIiepaTypa MOMENIeHNs HIDKe 3aJaHHoi. B ciydae aBapun cuctemMsl
aBTOMAaTH3all{ HampspDKeHne ¢ 3arBopa 10 CHMMaeTcs W TEIUIOHOCHTENh IOMNMaJaeT K MOTpeduTeno B 00X0A ydacTka
TEIUIOBOTO ITYHKTA.

VYupasnenue peanuzoBano ¢ nmomoinsio korpoiuiepa OBEH ITJIK 160m 1 SCADA-cucremsr Webhmi co BctpoeHHBIM BeO-
cepBrcoM. brok-cxema anropuT™a ynpasieHUsl H300paskeHa Ha pUCYHKe 3. B coOTBEeTCTBHM C aJIrOpUTMOM B MOMEHT, KOTJa
TEKyIlasi TEMIIepaTypa CTAHOBHTCS MEHbIIE 33/JaHHOM, B pabOTy BCTYNAIOT caMble JIEIIeBble MCTOYHHMKH 3Hepruu. [lpm
JlaNbHEHIIIeM HEBBITIOJIHEHNH 331aHus B paboTy BCTyHaroT Oosee goporue NCTOYHUKH. CaMblil IeIeBblii HCTOYHUK TETIIOBOM
SHEPIrUU B CUCTEME - COJIHEUHBIHA KOJIJIEKTOP, a SHEPTHs TEIJIOBOTO HACOCA AELIEBIE, YEM TEIJIOBAs SHEPTUs OT LIEHTPAIbHOTO
TerocHabkenus (tabnuia 1).
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Tzadpom - 3a0annas memnepamypa nomeweHus;

. dguz - 3a0annas memnepamypa I BC;

Toom, Tgpe, s Tzt - COOMEEMCMEYIOM MeMnepamypam Ha pucymke 2.

Puc. 3 — Biok-cxema ajropurma ynpasJieHusi cucremoii oromenust u 'BC

C MOMOIIBIO MMPHU3HAKOB BKIIFOYCHUS HCTOYHUKOB obecreunBaeTcs KaCKaaHasa pa60Ta CHCTCMBI.
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AJNTOPUTM pealn3oBaH B cpeje nporpammupoanus kontposuiepa OBEH TTJIK 160m CoDeSys for Automation Alliance
1 TOKa3aH Ha PUCYHKE 4.
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AvariaGS — asapusi KOHmMYpPa CONHEUHBIX KOJIEKMOPOS,

AvariaTN - asapus konmypa mennogozo nacoca,

AvariaKOT — asapus 060pyoosanusi nooadu menia ¢ KOmMeabHou,

C — npusHak yenecooopasnocmu exaouenus I'C,

b — npusnax mozo, umo mennoeoii nacoc 6vLn sxOUCH;

a — NPUBHAK Moo, 4mo KomebHas ovlia NOOKIIOYeHa;

KOT — nepemennas sxmouenus uau omraouenus komeavrou (npu KOT=TRUE 3a0dsusicka xomenvnoii omxpwvima);

GS - nepemennas exnmouenus unu omxmovenus I'C (npu GS=TRUE 3a0suoicka koumypa I'C omxpvima u nacocvl Konmypa
BKIIOUEHDL);

TN - nepemennas sxnouenus uiu omxnrouenuss TH (npu TN=TRUE 3a0suoicka koumypa TN omxpeima u nacocet konmypa
BKIIOUEHDL);

Puc. 4 — Peanu3anusi airopurMa B cpeje nporpammupoBanns koutposuiepa OBEH IJIK 160m

Bpems mepexiroueHHs WCTOYHHKOB OBIIO YCTaHOBIIEHO B pe3ylbTaTe MOJENHPOBAHMS M IOATBEPKICHO
SKCIEPUMEHTAIBHO. B OCHOBY MaTeMaTHUeCKOW MOJIeN OBUTH TTOJI0KEHB! YPaBHEHMS TEIJIOBOTO OallaHca Ui OTOIUICHHS
nomenienus [5]. s ananuza anroputMa paboTsl, Moa0opa onTUMaibHEIX HacTpoek [IM-perymsitopa cucreMa yrnpaBieHUs

34


http://www.atbp.onaft.edu.ua/

y g s o
u ABTOMaTH3alis TexHoJoriuHuX i 6isHec-npornecis Volume 10, Issue 4 /2017 u
http://www.atbp.onaft.edu.ua/
1 00BEKT ympaBieHuss ObutM mpoMoxaenupoBanbl B cpeae CoDeSys for Automation Alliance, a mius aHanm3a TUHAMUKA
MIEPEXOHBIX TIPOIIECCOB W TMOA0Opa BPEMEHH TEPEKIIOYCHHS WCTOYHHKOB OJHEPTHH Oblla HCIONB30BaHA CXeMa
PETYIMPOBAHKS TEMITEPATyphl OMeIeHus moTpeourens B makere Simulink [5].

Buenpenue B Texnosornuyeckuii npouecc. Pazpadorka ACYTII ¢ momombio SCADA-cucTeMBbI.

PesynbraThl 1 HapaOOTKK UCCIICNOBAaHNA OBUIH BHEAPECHBI HA PEabHOM 00BEKTe, B TOMIKOJIFHOM 3aBeACHUH «JleTCkuit ca
Ne3  «Pamyra»» r. IOxubii, Opecckoil obiactu B Hos0pe 2016 rona. JlanHele pa®oOTBl CHCTEMBI OTOOpaKaIOTCH,
APXUBUPYIOTCS, SKCIIOPTUPYIOTCS B Ipyrue mporpammsl, Takue kak Excel wim 1C, ¢ momorisio SCADA-cucremsr WebHMI
[7]. Cpena aToro ycTpoiicTBa MO3BOJISET JOCTATOYHO TMOKO M TIPOCTO YIPABIIATH TEXHUUSCKUMHU CPEJICTBAME aBTOMATU3AINH,
Onaromapst HecJI0)XKHOMY M (PyHKIMOHATBLHOMY HMHTEpdElCy co3maHhs MHEMOCXEM M BO3MOXKHOCTH CO3/1aBaTh HECIIOXKHBIC
CKPUNTHI Ha 53bIKE IMporpamMmupoBaHus Lua. OZHUM M3 JOCTOMHCTB YCTPOWCTBa SIBISAETCS €ro HEBBICOKas Ii€Ha, 4TO
M03BOJISIET MCIIOJIB30BaTh €r0 B OOJUKETHBIX Npoekrax. Ha pucyHnke 1 mokazana MHemocxema cucteMsl otoruieHus u I'BC ¢
oToOpakeHHEeM PEeXHMOB PabOTHI M CaMBIX BaXXHBIX IapaMeTpoB i ympaBieHus. Ha pucyHke 5 m300pakeHBI aBapuu
CHCTEMBI U JKypHaJl IPeAyNPEeKCHAN 1 aBapUil B peaTbHOM BPEMCHHU.

AEapi (e gyrpeskAeHI) AaT Ut TemnepaTyp Dara Monbsoearens | YposeHo |CoobweHwe
Cyoin %04 ® || otpoe aaruka nogauws rpefenia ° Sgl;lgfﬁ WiebHMI Warning  [Pexmm "Hous" gezaktverpo...
[P0 (BRI ® 1 ofpee aatuma ofpanon rpefierian [ ] —
TROHUKHOBEHME B LT {RaBNEHHA 2017-10-25  |WebHMI WaArNInG | PEsum "Hous" SKTHEMPOESH
P LT ¥rip L OBpEIE A3TUMKS NOASY OTONNEHWA [ ] 15:54:41
Tennoean 3aTa UMpK HAC0Ca ]
OfipkiE: A3TUMKE OOASTIAM OTONNEHMA @ ||2017-10-25 |WiehHMI Warning |Pexim "Hous" AesaKkTiemrpo...
OBpEIE A3TUMKa TEMIERSTY Rl MOMELLE,.. L ] 54
=B RaTy = OApBIE AZTUMKS NOASY TENNOEOrD HAC0Ca @ DB
OEpRIE AATUMKE TEMIEpaTYPE Gaka [ ] i ;
OfpLIB 4aT Ui 06paTIA TENN0BCMD HACOta @ 2017-10-24  |WebHMI Warning  |Pexm "Hous" akTHEMpOESH
OBpEIE AATUMKS TEMNERATYE renMocucTemel @ 15:54:41
—_—————————————— | .5 saua noaaw renHOCHETEME! °
Pene Tennoeoit awmTel TH [] 2017-10-24  |WusbHMI Warning | PexmM "Hous" AESaKTHEMPO. ..
Pene HanpaxeHiA TH @ || o6peE aatuika ofinaTiar renuocuCTEmME] ® ||03:54:45
(TP AYTPER ASHAT) AETOMET S| OBpBIE AaTuMica Ha TennoobmeHHIke (MBS @ LT ME-2 ZBapHIHEIE PEATAMEl
j.ETOMET EBOAHON @ || CBpeE aaTuka Ha TennoofmeHRke (2T BC @ N
[LlMpKYJ‘IHLLMDHHI:IM Hacor @ ][KJ‘IBI‘IBH aTonNnEHUA @ ][KnanaH rEC @
FETOMAT TEMNOBOND HACOCH ® | lotipee gatwika no eepremy kpao (26K, @
leTomMaT TeHa MO-1 o =
OfpeiE AaTUMka N0 HiskHEMY kpara(2)6ak FEC @ LT N2-3 SBapMAHEIE PEHMIME
lseTomaT TeHa MNE-2 [ ]
2 TOMET UMKy NALMOHHOND HaCoEa TC @ || ©OpeE AaTunka no HieHery kpato(tax TEC @ emmono et @ ||scocre @ |[Hscoc cvec arcer.. @
jheT uppk, Hacoca TennooOMeHHMka MC L]
42 TOMAT UMPKYNALMOHHOr Hacoca TH
Upke AL L] OBPEE AATHMKE MOAS1M KOTENEHOA ® Tew M2-1 ® ||[Hac rennoctmeriine... @ || Hesos wrpsynan T @
[LET UMpK.HaCOCa CMeWMESHAA Bakoe (TBC) @
CEpRE AaTuMkKa 00PaTHA KOTENEHOR
JLETOMST HACOCOS LMK NALMA CUCTEMEI B @ PEE 4 P L e o2 @ ||ecoe wipr. @ ||wien. razac rac °
seT. WpKkynALMOHHOrD Hacoca cncTemel TBC @ | | OOPEIE AATUMKS MeNMOKDHTYPa [ ]
~ Ha rNagHyo Clpoc aeapuq CApoc npeaynpesaeHai

Puc. 5 — Texymue apapuu, npeaynpeskieHusi CUCTEMbI U 5KyPHAJI aBaApUil U NIpeAyNpeKAeHU

Ha pucynke 6 moka3aH HCTOpHYECKHH TIpadMK MEpPEeXOAHBIX MPOLECCOB M padoTa TEIUIOBOTO HAcoca M KOTEIbHOW,
MOJTyYSHHBIN NPH SKCIUTyaTalluy CUCTEMBI aBTOMATH3aIlMM HA KOMMYHAJIbHOM TIPEIIPHUSTHH.

T°C
TH exmoueH
B0 TH enmamotues
] 3aEILHEA KOTeIBHON OTKPBITA
""" 3apEIDEEA KOTeNbHOM SAKPEITA
50 Ternmeparypa & baxe [BC
40
-— -
3aparHAd TeMIepaTypa OTOTUISHIA
0 3apansan renmeparypa [BC
-
0f % - . - -
Tenmepatypa MoMeITeHIA IMono#erne 3aMEIDEEN KOTEIbHOM
10- — | I I L LI
Pabora TH
]
ok 26 (0600 (6:00 10:00 12.00 14:00 t, gac

Puc. 6 — Uctopuueckuii rpaduk nepexoaHbIX MPOIECCOB U padoTa TEMJI0BOr0 HACOCA U KOTeJIbHOM

35


http://www.atbp.onaft.edu.ua/

N ABTOMaTH3alis TexHoJoriuHuX i 6isHec-npornecis Volume 10, Issue 4 /2017 u
http://www.atbp.onaft.edu.ua/

W3 pucynka 6 BUIHO, 4TO TpU coBMeCTHOH pabore TH m koTenmpHO# maxe Oe3 mcmonb3oBaHus Teria oT I'C, Bpems

BKJIIOUCHHUS KOTSIHLHOU COKpamgaeTcs.

NA10MUH

OHC

Ha pucynke 7 nokasas pacxoj ropsiueil BoAbI Ha IPOTSKESHUU HEJEIN.

Pacxon Bofkl (N10MuH)
30
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22 ograpa 2017 1., 23:08:54:
W Pacxon sanel (ompoc kaxaste 10 wiryT) 2/10 i (kowTponep oseH) Pacxoa Boae! (anpoc kawaste 10 mrkyr) 110 miw ikonTponep owen); O N1/10MiH

okt 26

Puc. 7 - Pacxoa ropsiueii BoAbI Ha NPOTHAKEHUH HeleIH

BoiBoabI.
B cratbe nccnenoBaHa BO3MOXKHOCTb COBMECTHOIO ucmoiyib3oBanusd TH, I'C 1 meHTpann30BaHHOrO MCTOYHMKA TEIJIOBOU
pruu ais otorvieHns U [ BC. B xoxe HanmcaHust ctaThl OBLTa pa3paboTaHa Bea HEOOX0AUMAs TEXHHIESCKAs JOKYMEHTAIUS

" OporpaMmMHOC obecneuenne. B NPpEAJIOKCHHOM HAaMH aJITOPUTME COBMECTHOM pa6OTLI HUCTOYHHKOB 3HCPIMU KAaCKaJAHOCTb
ob0ecreunBacTCs 3a/:[ep>1<1<01‘/'1 BO BpPCMCHU IIPU BKJIIOYCHHUU W BBIKIIOYCHHHU HCTOYHHUKOB SHCPIHH. Korz[a BBITITIOJTHACTCA
3aJaHuC, MCPBbIMH BbIKIIOYAKOTCA Ooiee JAOpOTHUC HCTOYHUKHU DHCPIUH. PacuetHrie JAAaHHBIC, NAaHHBIC MOACIHMPOBAHUA U
OXHUAACMBIC PE3YJIbTATbl 3KOHOMHUYHOCTHU IIpOIecca ObLIH MNOATBCPKACHBI JKCHCPHUMCHTAJIbHO Ha YCTAHOBKC CHUCTCMbL

0TO
201
HUCT
Jar

wienns U ['BC B pomkonsHOM 3aBenenun «Jletckuii cag Ne3 «Pamyrany» r. FOxusiil, Ogecckoit obmactu. 3a ce3on 2016-
7 1. 66UT0 coKOHOMIICHO Ha oTorieHnd U I'BC 180 Tric. rpH Gnarogapsi yMEHbIICHHUIO NOTPEOICHHS Tella OT BHEIIHETro
OYHMKa TEIUIOBOM 3Hepruu 3a cyet paborsl TH u I'C, ycTaHOBKE CUETYHMKOB BOBI, DJIEKTPHUYECKOW M TEIUIOBOI YHEPTHH,
YHKOB TEMIeEpaTyphl B MOMELICHUH, AUCIETUEpU3allui JaHHBIX. JlanbHeliee pasBUTHE B JaHHOM HAINpPaBICHUU MOXKET

MPUBECTU K EPEXOAY OT TPAAUIMOHHBIX UICTOYHHUKOB TCILJIA K BO300HOBIIIEMBIM.
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AIIIIOWl(luZ/l}l: Tloxazana aKkmyajlbHOCmb paspa60m1<u NPOMBIWUIEHHBIX Yel06EKO-MAMUUHHBLX uHmepgbeL?cog, NOCKOJIbKY C Ux
HenpasunbHou opeanusayuei céasano 35-58% owubok onepamopos-mexnonoz2o8. Ilposedena paspabomka uenoeexo-
MAwuHHO20 uHmMep@elica O0ni 6edeHust MeXHOLO2UYeCKo20 npoyecca nepepaboOmKu NONnymHo20 HeQmMAH020 2da3a ¢
ucnonvzoganuem pexomenoayuti cmandapma ANSI/ISA-101.01-2015 u oannvix onvimusix ucciedosanuil. Bulopanvl kpumepuu
agpgpexmusnocmu YMU — cnocodbnocms urmepghelica MUHUMUBUPOBAMb GIUAHUE MAKUX OCODEHHOCmel KaK cmeneusb
asmomamuzayuu, N0O0EPHCKA KOCHUMUBHOU 0esmeabHOCIU, HOO0EPHCKA OOIbUUX 00beMO8 OAHHBIX, NOO0EPAHCKA BMOPUUHOU
OesiImenbHOCIU U HABUeAYUY, SUPMYAIUZAYUU DPeaTbHOCMU NpU y0oOCcmee Ucnonv3oeanus kpanod UYMHU ona pewenus
NnoCmMaesieHHbIX 3a0ay. HpoeeOeH I’lpO6/l€MHO-OpuEEHmupO@aHHbllZ AHaIU3 MmexHoI0cu4ecKoco npoyecca u 6vlOe/IeHbl 3a0atm,
KOomopvle onepamop O00JdCeH peuwamsv ¢ NoMowblo unmepgeiica. /[ GublNOAHEHUs 2MUX 3a0a4 paspadomansvl IKpaHbl
Yen06eKO-MAUUHHO20 uHmep¢eﬁca, Komopbvle coomeenicme)yem OCHOBHbIM Kpumepuim cumyauuonnoﬁ 0C6e00MIIeHHOCU.

Abstract: The relevance of the development of industrial human-machine interfaces is shown, since 35-58% of errors of
process operators are associated with their incorrect organization. The development of a HMI for the associated petroleum
gas processing technology was carried out using the recommendations of the ANSI/ISA-101.01-2015 standard and pilot
studies data. The criteria for the effectiveness of HMI are selected - the ability of the interface to minimize the impact of such
design problems as the degree of automation, support for cognitive activity, support for large amounts of data, support for
secondary activity and navigation, and virtualization of reality when the HMI screens are used more conveniently for solving
the tasks. A problem-oriented analysis of the technological process was carried out and tasks that should be solved with the
help of the operator's interface were singled out. To fulfill these tasks, HMI screens have been developed that meet the basic
criteria of situational awareness.

KiroueBsie crmoBa: Yenoeko-MamuHHBIA uHTepdeiic, UMM, B3pbiBoOmacHOe TPOM3BOJACTBO, TIiepepaboTka rasa,
CUTYallMOHHAsI OCBEAOMIIEHHOCTB, ITPOOJIEMBI MPOEKTUPOBAHHS.
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