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METO/bI 1 TEXHOJIOTUHA PABPABOTKH IOT- U CV-OPUEHTUPOBAHHOM
MJIAT®OPMbI ABTOMATHU3UPOBAHHOI'O YIIPABJIEHUS HH)KEHEPHBIMHU
CUCTEMAMM 3JAHUN

Amnnotanust. PaccmarpuBaercst pa3paOoTka HIporpaMMHON IUTaTGOPMBI KOHTEKCTHO-3aBUCHMOTO YIPaBICHUS
WHKCHEPHBIMH CHCTEMaMH Yy4YeOHBIX 37aHUM Ha ocHoBe loT-tTenmemeTpnm, NaHHBIX paclMCAHUS W OLEHKH
(hakTHYECKOW 3aHATOCTH TIIOMEIIEHWH METOJaMH KOMIBbIOTEpHOro 3peHus. llpemmaraemas cucrema
MOHHTOPHMHTA BEHTWISINN U 3JeKTpodHeprun B ayauropusix (CMBDA) obvennHsieT ceHCOpHBIH ypoBeHb, CV-
moayns, MQTT-6pokep, Moxynb (popMHUpOBaHMS KOHTEKCTa MOMELIECHUS, JCTEPMIUHUPOBAHHOE YIPABIIAIOIIEE
PO, HCIOJHUTEIBHBIA KOHTYp M BeO-maHenb. DopManibHas MOAENb BKJIIOYACT TEMIIEPAaTypy BHYTPH M
CHapy>Xu NMOMCUICHHA, COCTOSIHUC OKHA M MPHU3HAK Ka4Y€CTBAa JAHHBIX; BbIXOAAMH MOJCIIN ABJIAIOTCA PCKHUMbBI
BEHTUIISILINH, OCBEIIECHHS M OTOIUICHHS. 3aJjaHa BOCIIPOM3BOANMAs 0a30Basi KOHQHUIYPaLHs TIPOTOTHIIA: TIEPUO
ynpasnenust 60 ¢, rucrepesuc mo CO2, ocseméHHOCTH U Temneparype, a takxe npaswia PRE HEAT, ECO,
COAST u DAYLIGHT HARVEST. 3HaueHus ycTaHOBOK pacCMaTPHUBAIOTCS KaK HadajbHbIE WH)KEHEPHBIE
HACTPOWKM W JOJDKHBI KaJHOPOBATHCS C YYETOM MECTHBIX HOPM M XapaKTEPUCTUK KOHKPETHOTO MOMEIICHUSI.
Texymas Bepcusi UCTONB3yeT Mpo3pauHyio rule-based yoruky; HelipoceTeBoe MPOrHO3MPOBAHHE BBIICICHO B
OTZETbHOE HAalpaBleHHE MAIbHEHINEro pa3BUTHS M HE MPEACTAaBISIETCS KaK pPEaJM30BAaHHBIM pe3yJNbTar.
PaboTocmocoOHOCT TOTHKH OLIEHUBAETCsS HA0OpOM (PyHKIIMOHANBHBIX clieHapreB. KonnyecTBeHHOE CHIDKEHHE
SHEpromoTpedIeHNs] B CTaTh€ HE 3asBISIETCS: AL €ro  JI0Ka3aTelnbcTBAa CHOPMYIMPOBAaHA METOAMKA
MOCTIe YOI TTOJIEBOM OIICHKH 10 0a30BO JIMHUH, YHEPTOTIOTPEOICHHIIO U MTOKAa3aTeIsIM KauecTBa BHYTPEHHEH
Cpenpl.

KiroueBble cioBa: aBromaTtm3anus 3aaHuif, BMS, loT-MOHMTOpHHI, KOMIIBIOTEPHOE 3pEHHE, 3aHATOCTb
nomemenndd, MQTT, BeHTHNAIMSA, OTOIUICHHE, OCBEUICHHE, JHEPTOMEHEIKMEHT, KOHTEKCTHO-3aBHCHMOE
YIIpaBJICHUE

BBenenune

VY4eOHble 3/aHUSl XapaKTEpU3YIOTCS MEpPeMEHHONM M cinabo MpejacKkazyeMol 3arpy3Koi:
(akTHUecKass TMOCEIAeMOCTh, MPOAODKUTEIBHOCTh 3aHATUH M HUCIOJNb30BaHUE OTJIENbHBIX
ayJIMTOPUN MOTYT OTJIMYaThCsl OT pacnucaHus. [lpu duxkcrupoBaHHOM yHpaBlIe€HUM HH)KEHEPHbIE
MOJICUCTEMBI TPOJOJDKAIOT paboTaTh B IYCTHIX IOMELICHHUAX WM, HANpOTHUB, HE YCIEBAIOT
o0ecnieunTh TpeOyeMble YCIOBUS K Hauyaldy 3aHATUSA. OTO CO3/aéT OJHOBPEMEHHO JBE 33a/Jayu:
noJiep)kKaHue  MPHEMJIEMOT0  MHKpPOKJIMMAaTa U HMCKIIOYEHHE HEOOOCHOBAaHHOM  paboThI
o0opynoBanus. HopMaTuBHbIE MOAX0AbI K BEHTHIIALIMHU 3a/1al0T TPEOOBaHUS K PAcX0oly Hapy>KHOTO
BO3/yXa M KayecTBY BHYTPEHHEH cpenbl, a cUCTeMa >HEPrOMEHEIKMEHTa TpeOyeT H3MepseMoin
0a30BO JIMHUY U IPOBEPSAEMBIX MOKa3aTeneit agdexkruBHocTH [1, 2].

Jis  oOpa3oBaTenbHBIX TMOMEIIEHHH OCOOEHHO BakK€H KOHTPOJb KayecTBa BO3JyXa.
Konnenrpammss CO2  wucnoip3yercss Kak  NpakTHYeckud  wHauWKatop  dddexruBHOCTH
BO3yX000MEHa M CBSA3aHHOW C MPUCYTCTBUEM JIIOJECH HArpys3Kd, OJHAKO cama Io cebe oHa He
ONMHKCBHIBAET BeCh KOHTEKCT OKcmutyaTanuu. MccnemoBanus demand-controlled  ventilation
MOKa3bIBAIOT MPEUMYIIECTBA aJalTaldl BO3AyX0oOMeHa K (PaKTHUYECKUM YCIOBHUSM, HO TaKKe
yKa3bIBalOT Ha HEOOXOJMMOCTb YYUTHIBATH YCTOWYMBOCTH CHCTEMBI, pa3MEIleHHE TaTYUKOB H
OamaHC MEXIy KadecTBOM BO3AyXa W sHepromorpebieHwem [3, 5]. YmpaBieHue mo 3aHSITOCTH
CIOCOOHO JIOTIOJTHUTENIBHO COKPaTUTh MEPHObl HeoOocHOBaHHOW paboTel HVAC-060pynoBanus
[4].

MeToapl KOMIBIOTEPHOTO 3PEHMSI MO3BOJIAIOT OIICHMBATh HAIMYUE W YUCIO JIIOJAEH IO
BUJICONIOTOKY, OAHaKo pe3yiabTar CV-Momyns MOKEH ObIThb HHTEIPUPOBAH C TEJIEMETPHUEH,
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pacrucaHveM U UCIOJHUTENIbHBIMUA YCTpOCTBaMU. B mpOTUBHOM cilydae KOMITBIOTEPHOE 3pEHUE
ocTaéTCcsl W30JUPOBAHHOW moncucTeMor HabOmoneHus. CoBpeMEHHBIE METOABl OOHAPYKEHUS
O00BEKTOB CO3JIAIOT TEXHOJIOTUYECKYI0 OCHOBY JJISi TaKOW OLIEHKH, HO KauecTBO PACIO3HABAHUS,
3aJIep’KKH U TpeOOBaHUS K 3alIUTE MEPCOHATBHBIX TAHHBIX JOJKHBI YUUTHIBATHCS OTACIBHO [6].
Ilenb paboOTBI COCTOMT B pPa3pabOTKE COTJIACOBAHHON apXUTEKTYpbl U BOCIPOU3BOAUMOMN
gorukd npotoruna CMBDA s aganTUBHOTO YNPABJICHUS BEHTWISALMEH, OCBEIICHUEM H
OTOIICHHEM yueOHOH ayauTopuu. BHyTpeHHee 0003Hau€HHE MPOrPaMMHOIO MPOTOTHIIA U BEO-
unrepdeiica - OSV1; tepmun CMBDOA ucnonb3yercs maisg 0003Ha4YeHHsI BCel (yHKIMOHATBHOM
1aT(HOPMBI.
s nocTrkeHus Lenu peraroTes CIeIyoIue 3a1a4u:
* (Qopmupyercsi eIuHBIH KOHTEKCT IOMEUICHHUS, BKIIOYAIOIIUN TEJIeMETPHIO, 3aHSATOCTH,
pacnucaHue, BHEIIHNE YCIOBUS U KAYECTBO BXOJHBIX JaHHBIX;
* 3a1aétcsl popManbHast MOJEh YIPABISIOMIMX BO3JEHCTBHA Ui BEHTWISALUHU, OCBEILICHUS U

OTOIUICHHS;

* ONpENEINSAIOTCS YHCJICHHBIE MapaMeTpbl 0a30BOM KOH(HUrypaluu MPOTOTUIA M TpaBHIIA
THCTEPE3UCa;

* pa3NeNsAlTCs] peaNu30BaHHAs JCTCPMMHUPOBAHHAS JIOTMKA M IEPCHEKTUBHBIA MOIYJb
IIPOrHO3UPOBAHUS;

* (Qopmupyercss Hab0p (YHKIMOHANBHBIX CIICHAPUEB W  METOAWKA  IOCICAYIOUICH
KOJIMYECTBEHHOU OIIEHKHU 3HEPTro3(P(HEeKTUBHOCTH.

®opMyJanpoBKa NPoOIeMbl

B ucXonHOM COCTOSHUM THUIOBas ayJIWTOpPUS paccMaTpUBaeTcs Kak OOBEKT 0e3 eqUHOro
CEHCOPHOI'0 M JMUCIETUEPCKOro KOHTypa. OTHeabHBIE BBIKJIIOUATENIN, TEPMOCTAThl, PACIIMCAHUs U
JeCTBUS MepcoHasza He o0pa3yroT 00Iero MexaHu3ma MpUHITHS pelieHui. M3-3a aToro cucrema
HE MOXET OJHOBPEMEHHO OTBETUTh Ha BOIPOCHI: HCHOJB3YETCS JIM IMOMELICHHE (DaKTUYECKH,
HaCKOJIbKO JIOCTOBEPHBI TEKYyIIME€ W3MEpPEHHUs, TpeOyeTcs JHM YCWIECHHBIH BO3JIyXO0OMEH,
JIOCTATOYHO JIM €CTECTBEHHOT'O CBETA U CJIEYET JIM 3apaHee NOArOTOBUTH TEMIIEPATYPHBIN PEXKUM.

Kputnueckass 0coOOCHHOCTh 3a7a4¥l COCTOUT B KOH(IIMKTE IIeJIel. YCHJIEHHWE BEHTHIISAIUU
yJIy4lIaeT BO3yX000MeH, HO MOXKET YBEJIUYMBATh TEIUIOBBIE MOTEPU; PAaHHUN NMPOrPEB MOBBIIIAET
KOM(}OpT, HO TNpPU OTMEHE 3aHATHUA NPUBOAUT K JMIIHEMY pPACXOJy HHEPruH; OTKIIOUYECHHE
OCBEUICHUSI SKOHOMHUT 3JIEKTPOIHEPTUIO, HO HEJOMYCTUMO INPH OLIMOKE ONpeAeNeHHUs 3aHITOCTH.
[losToMy ympaBisitoliee sAApo JOJDKHO HCIOJNB30BaTh HE OAHO IIOPOrOBOE YCIIOBHE, a
IIPUOPUTETHYI0 COBOKYIIHOCTH NPaBWJI, YYMTHIBaTh KAadye€CTBO JAHHBIX M MCKIJIIOYAThb YacThble
NEPEKIIOYCHUA UCTTOJTHUTECIbHBIX yCTpOﬁCTB.

[TpenuiaraeMselii OJX01 HE 3aMEHSET MPOSKTUPOBAHNE MHKEHEPHBIX CHUCTEM M 00s3aTeNIbHbIE
pacyérel BeHTWISIUU. OH OTHOCHUTCS K HAJICTPOMKE aBTOMAaTHU3MPOBAHHOIO YIIPABIEHUsS, KOTOpast
BBIOMpAaET peXHMbl B TMpejenax JOMyCTHMBIX XapaKTepUCTHK OO0OpyJOBaHMS U JIOKAJIbHBIX
HOPMAaTUBHBIX Ol'”paHI/I'-IeHI/II\/II.

AHAaJIU3 CYIIeCTBYWIIMX MOJAX010B

Ha npakTuke npuMeHsIOTCS py4yHOE YIpaBliEeHUE, paclyCaHue-OPUEHTHPOBAHHbBIE CLIEHAPHH,
noporoBoe ympasineHue mo CO2, occupancy-driven control m kommepueckue BMS. Kaxnprii
MOJIXO0Jl pellaeT 4yacTh 3aJadyM, HO OTJINYAeTCsl COCTaBOM JaHHBIX, MPO3PAauyHOCTHIO JIOTHKU U
cTouMocThi0 HHTerpanmuu. Kommepueckue BMS mnojnep:xuBaroT MUPOKUH HAOOp MPOTOKOJIOB,
KOHTPOJIJIEPOB M QYHKIINIA; X (aKTHIECKHEe BO3MOKHOCTH 3aBUCAT OT BEIOPAaHHOW KOH(PUTYpaIu,
JMLEH3UH u cocraBa obOopymoBaHus [12-15]. [losToMy KOppeKkTHOE CpaBHEHHE JOJKHO
paccmaTpuBaTh He aOCTPaKTHOE MPEBOCXOACTBO OJHOM CHUCTEMbI, a MPUTOJHOCTh KOHKPETHOM
APXUTEKTYPHI ISl IEPEMEHHOMN 3arpy3KH YI€OHBIX TTOMEIICHHH.
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Tab6auna 1 - CpaBHeHHe OAX0/10B K YIPABJICHHIO HH/KEHEPHBIMM CHCTEMaMH y4eOHBIX IOMeIleHu i

Ilo pacniucanuto

Bpewmst u xanengaps

3alaHHBIC CLICHApHUH

TIpocToTa U NpencKasyeMocTh

IMoaxox Hcnosib3yemble TaHHbIE Tun ynpasJjeHust CujbHbIe CTOPOHBI OCHOBHbBIE OrpaHHY eHUSI
PeaktusHoe, MuHuManbHbIE HaYaIbHbIE Her Bocnipon3BoauMocTu, UCTOPUU
Pyunoe HabmroneHus mosp3oBaTes
CyOBEKTHBHOE 3aTpaThl ¥ IICHTPAIU30BAHHOTO KOHTPOJIS
He yuursiBaer akTrueckyro
IIpensapurenbHo Y u Y

3aHATOCTh U OTKJIOHEHUS OT
pacrcaHus

DCV no CO2

Konuentpanus CO2

OO6parHas CBs3b 10
OJIHOMY HIapaMeTpy

Apanranus Bo31yxoo0MeHa K
Harpyske

He ynpaBisier noaHbIM
KOHTEKCTOM OCBELICHHS 1
OTOILICHHS

[To 3ansTocTH

JlaTuuk npucyTCTBUS UK

Ccv

AnantuBHoe 10 BakTy
HCIIOJIb30BAHHS

CBsI3bIBaeT HATrPy3KH C
peaIbHbIM IPUCYTCTBHEM

3aBUCHT OT IOCTOBEPHOCTH
OIpEJICIICHHS 3aHITOCTH

Kommepueckast Jlaruuku, pacrnucanus, Kondurypupyemoe IlIupokas uHTErpaLys U CTOMMOCTD, CII0KHOCTh HACTPOMKU
BMS SHEPrOMETPHKH, TPEBOTH LIEHTPAJIM30BaHHOE JicHeTYepu3aIms ¥ 3aBUCHMOCTB OT TPOCKTa
IIpo3paynsle npasuia,
CO2,L, T, T ext,O,S, W, KontekctHoe rule-based posp - p > TpebyeT AaTYNKOB, KATMOPOBKU U
CMBDA - €IMHBII KOHTEKCT,

Q yHpaBiieHHE 10JIeBOH MPOBEPKHU dhdeKrTa

MOJYJIBHOCTH

loT-apxuTekTypsl oOecreuuBarOT OObEIUHEHHE CEHCOPOB, HCIOIHHUTENBHBIX YCTPONCTB H
MIPOrPaMMHBIX CEPBHCOB, a COOBITHITHAS MOJIETh MMO3BOJISET MEepeiaBaTh TEIEMETPHIO ACHHXPOHHO
[7, 8]. s CMBDA BbIOpaH MOAYIBHBIN MOAXO/: OTIEIbHBIE KOMIIOHEHTHI MOTYT 3aMEHSThCA 0€3
M3MEHEHHUs 00IIel MOJIeNI KOHTEKCTa M UHTepdeiica ynpaBIsioero sapa.

Ipennaraemas apxurekrypa CMBOA

@OyHKIMOHANBHAS apXUTEKTypa IIATGOPMbI BKIIOYA€T MCTOYHUKH JAHHBIX, TPAaHCHOPT
COOBITUH, MOAYJb (POPMHUPOBAHUS KOHTEKCTA, YIPABISAIONIEE SIPO, HMCIOIHUTEIbHBIA KOHTYD,
xpanunuine u Be6-unrepdeiic. Ha pucynke 1 nokasansl HHPOPMALMOHHBIE U YIPABIISIOIIUE CBSI3U
MEX1y KOMIOHEHTaMHU.

HAcTROAKK | pyuHod npropuTeT

MCnonHUTe N HbIf KOHTYR

BeHTUnAUWMS |
npoeeTpuBaHue

Ocseulerme [
AMMMUpDBaKME

QOTonnexwe

Pene
BNEKTPMHECKIR HATPY3KM
- —_

WETOUHMKM faHHBIX

¥npagnswouies Anpo
npUOpUTETHLIE NpaBnAa,
THCTEPEe3NC, AypHaN pelueHii

loT-gaT4mkn
€03, OCBELUEHHOCTD,
TEMNEpaTypa, OKHO

CV-momyns
33HATOCTD / MMENO Nofed
MQTT-b6pokep
B NPHEM TeneMeTpHi W COBLITURA

Pacrmcanme

W Kanesnaps

BHeWH e yCAoBMA
Taxt 1 BPEMA

—

| PostgreSQL
METOPMR W COBBITUR

Web-nanens OSV1
MOHUTOPHHT Ul BHAMTHKE

KeHTeKCT nomewyeHins
BAMAALIA, CHHXPOHH AL,
XpaHeHUe TEKYLLEro COCTORHNS

Pucynok 1 - ®ynkunonangbpHas apxutekrypa miatdopmsl CMBOA

CeHcopHBbIi ypoBeHb U3MepsieT KoHIeHTpanuio CO2, 0CcBeMEHHOCTD U TEMIIEPATYPY, a TaKKe
¢ukcupyer cocrossHue okHa. CV-moaynb (OpMHpPYeT arperupoBaHHbIE MPHU3HAKK 3aHATOCTH:
OuHapHBIM (AaKT TNPHUCYTCTBUSA, OLEHKY 4YHWCIA JIOJAEH, BPEMEHHYI0O METKYy M II0Ka3aTelb
yBepeHHOCTH. Pacnucanue mnpenocTaBiseT TEeKyIIMH M Ommkaliuil MHTEpBal HCHOIb30BaHUS
MOMEIlleHUsl. BHEmHMI HCTOYHMK MJAaHHBIX MEpelaéT HapyKHYI0 TEeMIIepaTypy U BpEMEHHbBIE
MIPU3HAKU.

MQTT-6pokep ucnonb3yercss JUIsi aCHHXPOHHOHM IOCTaBKH TEJIEMETPUH W KoMaHa. BwiOop
MQTT cootBerctByeT xapaktepy loT-cuctem, rae BaKHBI Malblii 00BEM COOOIIEHUH, cxema
publish/subscribe u cmabast cBs3aHHOCTH KOMIIOHEHTOB [16]. MOIyh KOHTEKCTa CHHXPOHU3UPYET
JaHHbIE MO BPEMEHHBIM METKaM, IPOBEpSAET HUX aKTyallbHOCTh U (POPMUPYET E€AUHBIA CHUMOK
COCTOSIHUS TIOMELICHHUSI.

Vnpasmisonee sApo He oOpamaercss HampsMylo K OTAEIbHBIM jJaTyvkaM. OHO mojyyaer
BAJIUAMPOBAHHBIA KOHTEKCT, NPUMEHSET IMPUOPUTETHI, PACCUUTHIBAET PEKHUMbI M 3aIlUCBHIBACT
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00BSICHEHHE KAXKIOro petieHus. Takoil moaxoJ ynpoIllaeT TeCTUPOBAHUE: OJUH U TOT ke Habop
BXOJIHBIX JAHHBIX JOJIKEH MPUBOJUTH K OTHOMY U TOMY K€ PE3yJIbTaTy.

OO0mmuii HMKJ aJaNTHBHOIO YIpPaBJeHHS

VYrpaBieHue BBINOJIHIETCS UUKINYECKH. /[0 pacuéra peXuMOB IMPOBEPSIIOTCA AKTYAJIBHOCTh
JAHHBIX ¥ HEMPOTHBOPEUYMBOCTh CHUTHAIOB. Ecim 00s3aTenbHbIA MapaMeTp OTCYTCTBYET WIIH
yCcTapesl, cucTeMa He JIOJDKHA BbIaBaTh arpeCCUBHOE YIIPABISAIOINIEE BO3/IEHCTBHE Ha OCHOBAHHMU
HEJ0CTOBEPHOI0 KOHTEKCTa. BMECTO 3TOro akTUBUPYETCS 3apaHee 3a/laHHbIi O€30MaCHBII PEXUM,
(dhopMupyeTcsi TpeBOra U COXpaHsieTcs MpUUrMHA OTKAa3a.

Havano unkna
(kaxable 60 c)

/ MonyyeHue C, L, T, Text, O, S, W, Q /

JaHHble akTyalbHbl
 HenpoTUBOPeYnBLI?

[‘DODMM poBaHWe KOHTEKCTa I'IOMeLLLeHVIﬂ)

BesonacHelin pexxum,
CUrHan TPeBOru, 3annce NPUYUHBLI

MNpyMeHeHne NpMopuTEeTOB:
1) kayecTBO AaHHbIX U BezonacHoOCTh;
2) ka4yecTBO Bo3ayxa; 3) komcopT;
4) sHeprocbepexxeHune

3

PacuéT V(t), E(t), H(t)
no npaewuiaM U ructepesuncy

(I‘Iepe.uaqa KoMaHa UCNOoNHUTENbHbIM yCTpOFICTBaM)

/ XKypHanupoBaHue BXOAOB, PELUEHUS N peXnMa

Y

Cneayiowmnii LMKk

Pucynoxk 2 - O0mwmii uuki npunarus pemenuii B CMBOA

IIpropUTETHI NMPUMEHSIOTCS B CJEAYIOUIEM MOPAIKE: KayeCTBO JAHHBIX U 0€30IacHOCTB;
KauecTBO BO3yXa; TEMIIEpaTypHBI U CBETOBOW KOMGOPT; sHEeprocoepekeHrne. ITo 03HAYaeT, YTO
SKOHOMMYHBIA PEXHUM HE MOXKET OTMEHHUTh JAeicTBHe, HeoOxoaumoe Juisi Oe3omacHOW paboTh
000pyI0BaHMs WM BOCCTAHOBIIEHUS JIOMYCTUMOTO BO3AyX000MEHa.

IIporpammHasi apXuTeKTypa NpoToTHNa

[TporpaMMHas peanusanus MOCTPOeHa Kak HabOp B3aUMOICUCTBYIOMIMX CEPBUCOB. VICTOUHUKH
tenemerpun U1 CV-Moaynb myOmuKyroT coodmenus yepes MQTT; ynpasistomee sapo Gopmupyer
KOHTEKCT W TMpaBWJIa; CEPBUCHI YIIPABJICHUS MEPEAAr0T KOMaHbl UCTIOJHUTEIBHBIM YCTPOHCTBAM;
PostgreSQL xpaHHT TeleMeTpuio, pemeHuss u coObiTHs, BeO-uHTepdeiic React obOpamaercs x
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cepBepHoil yactu yepe3 API. CepBepHas joruka MokeT ObITh peanu3oBaHa Ha 0aze Spring Boot.
Takast nexommo3uius MO3BOJIAET HE3aBUCHUMO MAacUITa0MpOBaTh COOP [aHHBIX, AHATUTUKY U
uHTEepdeiic.

|—9| YB1. Ynpabaenue Benmunauued |

1. loT-Gamyuku / (02 /
memnepamypa / BrakHocms

|
|
|
|——>| Y01, Ynpabneue ocBeweruen |

-
|
L

AP1, Adpo pewenud CMB3A /

|
| La
K1. Kamepst / nodcyem awnded — | koHmexcm + npabuna
|
P31. Pacnucakue saHamuid — i

|
|
T ——

BT, BeB-nawens /

9{ YH1. Ynpadnexue vozpyaxod .
MOHUMOPUHZ U QAepmel

U menemempus

Pucynok 3 - KoMmnoHeHTHas apxuTekTypa nporpaMMHoro nporotuna CMBOA

Texkymass BepcHsl YHNPaBIAIOLIETO sApa SABJSIETCS JNETEPMUHUPOBAHHOW M OCHOBaHa Ha
IpaBWwiIax. JTO NPUHLUUIIMAIBHO BAa)KHO MJI BOCIPOU3BOJUMOCTU: HEWpOCeTeBas MOJENb HE
BKJIIOYAETCSl B OIHMCAHUE PEATM30BAHHOIO KOHTYpa 0 MOSIBJIEHUS 00ydarollero Habopa JaHHBIX,
MPOLIEAYPBI BAIMJALUN U KOJTUYECTBEHHBIX PE3YJILTATOB.

(I)OpMa.]'[l)Haﬂ MOA€JIb KOHTEKCTAa M YIIPABJJIAKWIIHX BO3JelicTBUH

CocrosiHMe TIOMEUICHHWS B MOMCHT BPEMEHH t OIMCBHIBACTCS HAOOpOM HM3MEPSEMBIX W
JUCKPETHBIX MMPU3HAKOB. Y IPABJISIONINI BEKTOP BKIIOYACT TPU HE3ABUCUMBIX BO3JICHCTBUS: PEKUM
BeHTWIsIIUU V(t), ypoBeHb ocBenieHus E(t) u pexum ororenus H(t).

U@ = [V(0), EQ), HD] = FCO, L), TV, T_ext(®), O1), SO), W), QD). (1)

@Oynkius F sBasercss Ha0OpOM TPUOPUTETHBIX TpaBWil ¢ rucrepesucomM. OnHa He

paccmaTpuBaeTcs Kak o0ydeHHast Mojiesib. CoCcTaB MepeMeHHBIX MPUBEAECH B Ta0mIe 2.

Tabauna 2 - IlepeMmeHHbIe MOAETH KOHTEKCTA MOMeIeHUS

O0o3HaYeHHE ConepxaHue Tun / exuHuIA Ha3znauenue
C(t) Konuenrpauus CO2 ppm OreHKa Harpy3ku Ha BEHTHIILIHIO
L(t) OcBemEHHOCTD B paboueii 30He IK YmpaBieHHe HCKYCCTBEHHBIM OCBEIICHHEM
T(t) TeMneparypa BHYTpH IOMEILEHUS °C YnpasieHue OTOINIEHUEM
T_ext(t) Hapysxrast Temmeparypa °C KoHTekeT mporpesa U TeIIonoTepb
Oo(t) dakTHyecKas 3aHATOCTb 0/1 v ymcno moaeit CBi13b PEXHMOB C peabHbIM
HCHOJIb30BaHHEM
S(t) CocTosiHME pacMCaHus 0/1 + Bpems /10 3aHSTHS IIpeaBapuTenbHas HOATOTOBKA NOMELICHHS
W(t) CocTosiHEE OKHA 0 - 3aKpbITO; 1 - OTKPBITO BrrsiBiieHIE KOH(UIHKTA C OTOIUICHHEM
Q(t) KayecTBo 1 akTyanbHOCTb JAHHBIX valid / stale / invalid iZEEZITMpemCHHH 110 HE/IOCTOBCPHEIM
V(1) PexUM BEHTHISILIMU ECO/NORMAL / BOOST KoMaH1a HCIIOJTHUTEIBHOMY KOHTYPY
OFF / DIM / NORMAL /
E(t) Pexxum ocBemienus HIGH Komanna nummepam u pene
H(t) PesxuM oToTIeHHs ECO/COAST/NORMAL/ Komanza oTONHUTENbHOMY KOHT
PRE_HEAT n y kontypy

ba3zoBas koHduUrypauus ¥ BOCIPOU3BOJAMMOCTb AJTrOpUTMA

YroObl anropuT™M MOXKHO OBUIO NMOBTOPUTH M INPOBEPHUTH, B NMPOTOTUIIE 3amaércsi OazoBas
KoH(urypaius napamerpoB. OHa He 3aMEHsIeT CaHUTapHbIE, CTPOUTENbHBIE U DKCIUTyaTallUOHHBIE
HopMBbl. Ilepen MHMIOTHBIM BHEApPEHHEM 3HAYEHHs JIOJDKHBI OBITh COIJIAaCOBAaHBI C IMPOEKTOM
BEHTWISINH, XapaKTePUCTHUKAMU 000py10BaHUS U TPEOOBAHUSAMU KOHKPETHOTO YUPEKIECHUSI.
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Tabauna 3 - HauanbHbIe mapaMeTphbl IGMOHCTPALIMOHHON KOH(Urypanuu NpoToTUna

IMapamerp 3HauyeHne Hcnosib30BaHue B AJITOPHTME
Tepron HOH};{::::XM obpadoru 60 c OnuH DK (OPMHUPOBAHUS KOHTEKCTA M BBIAYN PEIICHUS
CO2: simouenne BOOST 1000 ppm Ilepexo/i B YCHIICHHBIN PEKHM IPH BATHIHOM H3MEPEHHU
CO2: Bozspat u3 BOOST 800 ppm T'ucTepesuc, NCKITFOYAIOIINI YaCThIC MEPEKITIOYCHHS
LeneBast OCBELIEHHOCTh 500 sk ba3zoBas ycraBka 11l y4eOHOro MOMEIIeHHs
T'uctepesuc ocBemEHHOCTU +50 nx HIGH npu L <450 nx; DAYLIGHT_HARVEST npu L > 550 sk
KomdopTthas Temneparypa 21 °C IlenTtp paboyero uana3oHa OTOINICHUS
TeMneparypHBbIil THCTEPE3UC +1 °C NORMAL nmxe 20 °C; COAST Bbime 22 °C
Temneparypa pexxuma ECO 16 °C IoanepxaHue MUHUMAJIBHOTO YPOBHSI B JUIMTEJBHO ITyCTOM ITIOMEILEHUHI
T'opuzont PRE_ HEAT 30 Mun IIpenBapuTenbHbII MPOTPeB Mepe 3aIUIAHUPOBAHHBIM 3aHITHEM
TaiimM-ayT TeaeMeTpHu S MuUH ITepeBox mapaMerpa B cOCTOSHHE stale H (popMUpOBaHHE TPEBOIH
INoaTBepxaeHNE 3aHATOCTH 2 nukna DunbTpanus KpaTKOBpeMeHHbIX oundok CV-momyss

['uctepesuc sBnsieTcss 00s3aTEIBHOM YacThIO aNropuTMa. be3 HEro M3MEpUTENbHBIA IIyM
OKOJIO TOpOra BbI3BIBAET YAacTOE BKIIOYEHHME U OTKIIOUeHHe oOopyloBaHusA. B 30He Mexay
[IOpPOTaMU  COXpaHSETCsl MNPEeAbLAYLIMI JOMYCTUMBIM pEeXHUM, €CIM HE BO3HUKIO Ooiee
IIPUOPUTETHOT'O YCIIOBHSL.

AJIFOpI/ITM YHnpaBJjgeHUsd BEHTHJIAIUEH

Pexxum BeHTWISIIIMK BBIOMpaeTcs Mocjie NPOBEPKU KauecTBa JaHHBIX. Eciiu nmomenieHue mycTo
U paclUCaHuEe HE NPEeIyCMaTpUBAaeT €ro MHCI0JIb30BaHME, ycTaHaBiauBaercs pexum ECO. Ilpu
HaJIMYUU JIIOIeW WIM 3alylaHUPOBAHHOTO 3aHATUS KoHIeHTpanusi CO2 cpaBHUBaeTcs € ABYMS
noporosbiMu 3HaueHusMU. [Ipu konnentpanuu 1000 ppm u Bblllle BEHTWIALNS [IEPEKIIOYAETCS B
pexxum BOOST, a nipu cHmwkeHuu KoHueHTpauuu 10 800 ppm M HUXKE BO3BPAIIACTCS B PEKUM
NORMAL. B guanazone or 800 no 1000 ppm coxpansercs NpeblIyLIUHd PEXHUM, YTO
MpeA0TBpallaeT dYacThle IMepekimoueHus obopymoBanus. Ilopor 1000 ppm  sBusercs
HAaCTPaWBAEMbIM MH)KEHEPHBIM I1apaMETpPOM MPOTOTHIA, a HE YHHMBEPCAJIbHOW HOPMATHUBHOU
rpaHuieit; TpeOyeMblii pacxo/l HapyKHOTO BO3/yXa JIOJKEH ONPEAENSAThCS MPOEKTHBIM PacyéToM

[1].

_ CoxpaHuUTbk NpeabIayLni pexum
[V - NORMAL} [ (20Ha rucTepesuca)

Pucynox 4 - Ynpowénnwiii ancopumm evloopa pexicuma eHmuisyuu

56



IIpobnemor asmomamuxu u ynpaenerus. 2026, Ne2(56)

Ecnu nannsle CO2 ycrapeny, aBTOMaTHYECKOE YCHICHHE WM OcialbleHne BEHTWIIHMU IO
3TOMYy curHaiy Omokupyetcs. Cuctema nepexoauT K 0e30macHoi KOH(UTrypaluu, onpeaenéHHol
MIPOEKTOM, U YBEIOMIISIET oreparopa. Takol MopsaoK MpeaoTBpaIIaeT J0KHOE IHEProcOepexreHne
3a CUET UTHOPUPOBAHUS HEUCIIPABHOTO JATYMKA.

AJITOPUTM yHnpaBJIeHHS] OCBelleHHEeM

IIpu oTcyTcTBUM JIOACH M 3aHATHS OCBELIEHUE OTKIIOYaeTca. B 3aHiITOM mNoMerieHuu
ucnonb3dyercss 1neneBas ocBeméHHocTh 500 nk ¢ ructepesucom +50 nk. Ilpu L < 450 5k
ycranaBiuBaercss HIGH; nmpu L > 550 nk akrtuBupyercs DAYLIGHT HARVEST winm
JTUMMHUpPOBAaHUE; B IPOMEXYTOUHON 30He coxpanserci NORMAL. KonkperHas 3aBUCUMOCTb
MOIIIHOCTH CBETHJILHUKOB OT OMIMOKHM OCBEIIEHHOCTH OIpeesseTCs] XapaKTepUCTUKAMU TUMMEpPa
U JI0JDKHA KaJuOpOoBaThCs Ha OOBEKTE.

SAFE + TpeBora

HeT

(E = NO RMAL]

[E = DAYLIGHT_HARVEST / DIM)

Pucynok 5 - Anroputm BbIOOpa peXrMa OCBEIICHUS

I[JISI HUCKIHOYCHUA OH_II/IGO‘{HOI‘ O OTKJIKOUCHHSA CBCTa GHHHHHHBIﬁ OTpHHaTeHBHLIﬁ pe3yibTaT
CV-monynsa He cuuTaeTcsl AOCTaTO4YHBbIM. [Ipu3HaK OTCYTCTBUS NOJIKEH MOJITBEPAUTHCA B JABYX
NOCJICAOBATCIIbHBIX HHUKIIAX MWW aJIbTCPHATHUBHBIM JATUUKOM TIIPUCYTCTBUS. HpI/I KOH(I)JII/IKTG
pacnucanuss u CV [OpUOPUTET ONPENENAeTCs HKCIUTYaTallMOHHOW TMOJUTHUKON: BO BpeMs
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3aIJTaHUPOBAHHOTO  3aHATHUA CUCTEMA MOXKCET COXpPaHATbL MHUHUMAJIBHOC OCBCIICHHUEC 1O
MMOATBCPKACHUS ITYCTOI'O IMOMEIICHHA.

AJITOPUTM yHpaBJeHHUS OTOMJIEeHHEM

VYrpaBieHue OTOIUIEHHEM HUCIOJIB3YEeT TEMIEPATypy NOMEIIECHMs, HapyKHYI TEeMIeparypy,
pacnucanue, 3aHATocTh U cocTosiHue okHa. PRE HEAT Bxitouaercs, eciy 10 3aHATHS OCTaETCS HE
6onee 30 munyt u Temmeparypa Hmwke 20 °C. ECO npuMeHsieTcsl nmpu JUIMTEILHOM OTCYTCTBUH
monedt n Ommxaiimmx 3aHatuil. NORMAL aktuBupyercs nmpu T < 20 °C B ucnosib3yemMoMm
nomenieHuu, a COAST - mpu T > 22 °C unm mociie 10CcTHKeHuss KoM(OpPTHOU 30HBI. B nuamaszone
20-22 °C coxpaHseTcs MPeAbI YU TOMYyCTUMBIA PEKUM.

/ T, Text, 0,5, W, Q /

SAFE + Tpegora aa HeT

O = 0 1 HeT 3aHATuA
B 6nvkanwme 30 MUH?

H = COAST / ECO a Het
+ NpedynpexeHue A

0o 3aHATUA = 30 MUH
nT <20°C?

H = ECO
TeCo = 16 °C Aa

H = PRE_HEAT na HeT
H = NORMAL na HeT

_ CoXpaHUThL NpeablAYLMA PexXum
[H = COAST) ( (30Ha 20-22 °C)

Pucynoxk 6 - Jloruka Beibopa pexumoB otoriennss PRE HEAT, ECO, NORMAL u COAST

OTKpBITOE OKHO MPU aKTUBHOM OTOIUICHUU PacCMaTpPUBAETCs KaK aHOMallbHas KoMOuHarws. B
9TOM cllydae yIpaBisiomee sapo yMeHbinaeT TtemioByio Harpy3ky a0 COAST wm ECO,
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dbopMupyeT mpenynpexaeHue € coxpaHseT coObitHe. [Ipm 3TOM anropuTM HE JOJKEH
MPENsTCTBOBAaTh MPOBETPUBAHMIO, €CIM OHO Tpedyercs s KadyecTBa BO3JyXa; KOHQIUKT
paszpenraercs o MPUOPUTETY OE30MACHOCTH U BO31yX000OMEHa.

BroisiBiIeHHe aHOMAJUN U 00BACHUMOCTD pPelleHu il

KonTponbHas cucrema obKHA (PUKCHPOBATh HE TOJIBKO UTOTOBBIA PEXHM, HO U OCHOBAaHHE
ero BbIOOpa. st Kaxa0ro HUKIa COXpaHSIOTCS BPEMEHHAsi METKa, BXOJHOW KOHTEKCT, aKTHUBHOE
MPaBUJIO, MPEIBIAYIIIEE U HOBOE COCTOSHHME, a TAKXE MPU3HAK PYYHOTO BMEIIATEIhCTBA. Takoi
KypHaJI TO3BOJIIET pa3Ouparh CHOpPHBIE MEpeKItoueHuss U GopMUpoOBaTH MPOBEPsEMYyI0 0a30BYIO
JIMHUIO SHEPTOMEHEIKMEHTa [2].

B 06a30Boli BepcHHM YYMTHIBAIOTCS CIEAYIOIIME aHOMalWH: mpeBbiieHue mopora COZ;
OTKPHITOE OKHO TIpH AaKTUBHOM OTOIUICHUH; OTCYTCTBHE WM YCTapeBaHHE O0Os3aTEIILHOTO
M3MepeHus; pe3koe (pu3nuecku HempaBIONoA00HOE U3MEHEHHE MapaMeTpa; PacXOoXACHUE MEXKIY
CV-MonyneMm U TaTYMKOM MPHUCYTCTBUS; OTCYTCTBHUE MOATBEPIKIACHUS UCTIOTHEHUS KOMaHbI. J{iist
Ka)KJJ0M aHOMAJIMU 337aI0TCsl YPOBEHb BaKHOCTH, OE€30MAaCHBIN PEXUM U IPABUIIO YBEOMIICHUSI.

CpaBHeHue ¢ komMepyeckumu BMS

Siemens Desigo CC, Schneider Electric EcoStruxure Building Operation, Honeywell BMS u
Johnson Controls Metasys SBISIOTCS NPOMBIIUIEHHBIMU IUIaTGOpMaMH Uil HMHTETpaluu
WHXEHEPHBIX CHCTEM, AMCIETYEpU3ALUU, TPEBOI W aHamuTUKU [12-15]. VX Henb3sh KOPPEKTHO
XapaKTepu30BaTh KaK UCKIIOYUTEIbHO CTATUUECKHE: COBPEMEHHBIE KOH(PUTYypaALMH MOIJIEPKUBAIOT
pacnucaHusl, IpaBuiia, TPEH/Ibl, ONTUMHU3ALMIO U MHTETPALMI0 HIMPOKOr0 Habopa KOHTPOJUIEPOB.
OcnoBHoe otnmmune CMBDA coctouT He B 3asBICHMHM aOCONIOTHOTO (YHKLIHMOHAJIBHOTO
MIPEBOCXOJICTBA, @ B Y3KOM OpHEHTAllUM MPOTOTHNA Ha Yy4yeOHbIE ayAUTOPUH, OTKPHITOM
TEXHOJIOTUYECKOM CTEKE U SIBHOM MOJIEIM KOHTEKCTa IIOMEILICHHS.

uilding DO, frumaseisa woe - Schpeider
B4 ,H M2 Qo
MY LRCETYe
Data Science Data Science ) Plastrsom ) Ar Handieg Unit (AHUD1)
Plantroom Yot
A0 et
- > Tewt
Frost Reset Pressuce Reset
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Pucynoxk 7 - ITpumep untepdeiica Schneider Electric EcoStruxure Building Operation [13]
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SIEMENS DESIGOCCVZ! Defoult Administrator 121142015 41720 Menu Oe

0/4
Emergency | Uife safety. securlty  Supervisary Trouble High Medium Low Fault Status
System Manager

<
LN g

Pucynok 8 - [Ipumep unrepeiica Siemens Desigo CC [12]

Jns munotHoro o6bekta CMBOA MoOXeT OBITh CaMOCTOSITENBHBIM MPOTOTHUIIOM WM
HaJCTpOWKOW Han cymectByromeir BMS. B mociemnem ciiyqae MQTT/API-ummo3 mepemaér
KOHTEKCT U PEKOMEHJAIMH, a OKOHYATEIhbHOE YIpaBIEHHE OCTA&TCS B CEePTHPHUIMPOBAHHOM
KOHTYpE aBTOMATHKH. TakKoH BapWaHT CHW)XACT PHUCK TIOJMEHBI KPHTHYCCKUX (PYHKIIHMA
HCCIIEI0OBATEIbCKUM IIPOTPAMMHBIM 00ECTICUEHUEM.

Be6-untepdeiic u nporpamMmubiii npororun OSV1

Be6-nanens  oToOpaskaeT  TEKyIIME€ 3HAYEHHUS  JAaTYMKOB, 3aHATOCTh, COCTOSIHHE
WCTIOJTHUTENBHBIX YCTPOWCTB, AKTUBHBIA PEXHUM, HCTOPHIO COOBITUH W TpaduKm mapaMeTpoB.
Hasanne OSV1 na untepdeiice sABseTCS BHYyTPEHHUM 0003HAUECHHUEM IPOTPAMMHON peaiu3alni,
a HEe OTACIIBHOW CHUCTEMOH. DTO yCTpaHSET HECOTJIaCOBAaHHOCTh Mexay HazBanuem CMBDOA B
TEKCTe U MapKUPOBKOU HHTEpdeiica.

% AlPowered O Enterprise
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Pucynok 9 - Be6-unrepdeiic nporpammuoro npototurna OSV1, peanusytomiero pynkmuun CMBOA

AD) Admin User

HNHuTtepdeiic nomKeH OTACIATh W3MEPEeHHBIH (akT OT pacuéTHoro pemieHus. Hampumep,
KapTOYKa «3aHATOCThY» MOKAa3bIBAET 3HAUCHUE U yBEpeHHOCTh CV-MOays, a KapTOyKa «PEKUM -
pe3yNbTaT ynpasisIoUIero NpaBuja U ero OCHOBaHHE. JTO MPEJOTBpaIIaeT CMEUICHHE TeJIeMETPHUH,
MPOTHO32 U KOMAH/IbI.
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DYyHKIUOHA/IIbLHAS MPOBEPKAa AJITOPUTMOB

B pabore He 3agBIAIOTCA pe3yNbTaThl AJUTEIBHOTO HATYPHOTO OSKCIEpUMEHTa U
KOJIMYECTBEHHBIM INPOLIEHT SKOHOMHUU SHEPruu. BMecTo 3TOro mpuBOAMTCS BOCIPOU3BOIUMBIN
HabOp cleHapueB, MpeIHa3HAuYEHHBIN JIJIsl IPOBEPKU HEMPOTUBOPEUMBOCTHU JIOTUKU YIIPABIIAIOIIETO
aapa. B kaxxaoM crieHapuu (GUKCUPYIOTCSI BXOJHONW KOHTEKCT M 0’KUAAEMBbIE PEKUMBI.

Tabauua 4 - KoHTposbHble cueHapuu (pyHKIIMOHAJIBLHOI MPOBepKH

Oxugaemast O:xugaeMoe oTorieHue /
Ne KonTtekcr O:xujgaeMoe ocBelIeHne
BEHTHJISIIUSI co0bITHE
1 0=0, S=0, naunsie valid ECO OFF ECO
2 0=1, C=1200 ppm, L=600 nx, T=21 °C BOOST BIIANT LIGHT_HARVEST / CoxpaHeHHUe JOIyCTUMOTO PEKUMa
3 0=1, C=750 ppm, L=350 1k, T=19 °C NORMAL HIGH NORMAL
4 | Jo sansmus 20 Mum, 0=0, T=18 °C o rercymemy CO2 n OFF 10 noxrsepxn@nnoro | ppe et
pacnucaHuio HCIIONB30BAHHUS
5 W=1 npu akTUBHOM OTOILICHUU ITo kayecTBY BO3ayXa ITo 3ansTocT 1 L COAST / ECO + npeaynpexaeHne
besonacHblif IpOEKTHBIH Be3onacHblil IpOEKTHBIH TpeBora; 3anpet pemeHus mo stale-
6 Tenemerpust crapiie 5 MUH
pexRUM PEXHM JIAHHBIM
7 Opnnokpataoe O=0 Bo BpeMs 3aHATHSA Bes nemepnennoro Coxparerite 10 CoxpaHeHue [0 MOATBEPIKACHUSL
OTKJIIOYCHHUS TOATBEPIKACHHS

[TonoxuTenpHOE MPOXOKIACHUE CLEHAPUEB MOATBEPKIAAET TOJIBKO KOPPEKTHOCTH JIOTUYECKUX
Mepexo0B U KypHanupoBaHusi. OHO HE JIOKA3bIBACT CHIDKCHHE SHEPTrONnOTPeOICHUs, Ka4yeCTBO
CV-monyns B pealbHOW ayJAUTOPUU WM COOTBETCTBUE CAHMTAPHBIM TPeOOBaHHSIM. DTHU CBOICTBA
JIOJKHBI OLIEHUBATHCS OTACIIBHBIMU U3MEPEHUSIMU.

MeToauka nocjeayriued dKCIEPUMEHTAJIbHON OLEHKH

st nokazaTesbCcTBa MPAaKTHUECKOro 3 dexra HeoOX0AuMO 3apaHee 3adUuKCUpPOBaTh Oa30BBIN
U ONTHUMM3UPOBAHHBIM pexuMbl. ba3oBasi JIMHUSA NOJKHA ONKCHIBATH MCXOAHOE YIPABIEHHUE IIO
pacnucaHMI0O WJIM BpYYHYIO, a ONTUMHU3UPOBAHHBIM pexuMm - padbory CMBOA c Tem xe
IIOMEILIEHUEM U CONOCTAaBUMBIMM YcCIOBHsAMH. llepuonbl cpaBHeHMs cileyeT HOpPMHpOBATh IIO
HapyXHOU TeMIepaTtype, NPOJA0JKUTENBHOCTH 3aHATHH U (PaKTUYECKOI 3aHATOCTH.

MuHUMaNbHBIH HA0Op METPUK BKIIOYALT:

* 3JIEKTPUUYECKYIO U TEIJIOBYIO SHEPTHUIO MO OTAEIbHBIM MoJicucTeMaM, KBt u;

* JIOJTIO M MTPOJOJKUTENIBHOCTh BPEMEHH BbIIIE BHIOPAHHON KOHTPOJIbHOM KoHIEHTpauuu CO2;

* cpellHee ¥ MaKCUMAJIbHOE OTKJIOHEHHE TEMIIEPATyphl OT paboUero 1uanas3oHa;

* JIOJIFO BPEMEHU C IOCTATOYHOM OCBEUIEHHOCTBIO TP HAJIWYNU JIFOEH;

* TOYHOCTbH OIPENIECTICHMSI 3aHATOCTH, BKJIFOYAsl JIO’KHBIE BKJIFOUEHHUS U JIO)KHBIE OTKIIIOUEHMUS;

* YKCIO NEPEKIIOYEHUN HCIOJHUTENIBHBIX YCTPOHMCTB M TNPOJOJKUTENBHOCTh aBAPUIHBIX

PEXKHUMOB;

* TOCTYTTHOCTb CHCTEMBI, IIOTEPU COOOIIEHUH U 100 Stale-TaHHBIX.

BbiBon 00 HPKOHOMHH [JOMYCKAaeTCs TOJIBKO II0CJIE€ TMPEACTAaBICHUS HCXOIHBIX JaHHBIX,
JUINTEIbHOCTH ~ HAONIOJIEHUsA, METOAMKM  HOPMHMPOBAaHHUS,  aOCONIOTHBIX  3HA4YE€HUH U
HEOIpeIeIEHHOCTH pe3yibTara. Jlo BRIMOTHEHNS TaKOW MPOLEAYPhl KOPPEKTHOU (HOPMYITHPOBKON
SBIISICTCS «aPXUTEKTypa CO31aET MEXaHU3M JUIsl HCKIIIOUEHHsT HEOOOCHOBAHHOM paboThl HArpy30K»,
a HE «JI0Ka3aHO CHWKCHHUE YHEPTrONOTPEOICHU.

IlepcneKTUBHBIA MOAYJb NPOTHO3UPOBAHM S

HeiipocereBoe NpPOTHO3MPOBAaHWE HE BXOIUT B TOATBEPKIEHHYIO (PYHKIIMOHAIBHOCTD
TeKy1ero npororuna. Ero neinecoo0pa3Ho paccMaTpuBaTh MOCIE HAKOIUICHHS PENpe3eHTaTUBHON
UCTOpUU TeJeMeTpuu M coObiTuil. Bo3MoxHBIME 3amadamu  siBisitorcss mporHo3 CO2 u
TEMIEPATYypbl Ha CIEIYIOIIMA WHTEPBaJ, OLEHKA BEPOSTHOCTH 3aHATOCTH M PACYET BPEMEHH,
neooxogumoro s PRE HEAT.

Jlis BpeMeHHBIX ps0oB MOryT ObiTh uccnenoBanbl LSTM, GRU, rpaaueHTHbIN OyCTHHT U
0oJjiee MPOCThIE PErpecCUOHHBIE MOJENN. BbIOOp MeTO/Ma JOMKEH BBIMOIHATHCS MO pe3ysibTaTraM
XPOHOJIOTHYECKOT'0 pa3/iesIeHus JTaHHBIX Ha 00y4arollylo, BAINAALMOHHYIO U TECTOBYIO yacTH. /s
HENpephIBHBIX TporHo30B npuMeHnMbl MAE 1 RMSE; nns 3ansrocTu - precision, recall, F1 u PR-
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AUC. Jlo He3aBUCHMOI NpOBEPKHM NPOTHO3 MJODKEH HMMETh PEKOMEHIATEeNbHBIA CTaTyc, a
0e3omacHbIe OTPaHUYCHHS OCTAIOTCS B IETEPMUHUPOBAHHOM KOHTYpE.

Takum oO0pa3oMm, NOATBEPKIEHHBIM pe3yibTaToM sBisercs rule-based mmargopma, a
MalIMHHOE OOydYeHHE PAacCMAaTPUBACTCS KaK OTICNBbHBIM 3Tam pa3BUTHS IOCIE HAKOIUICHUS H
BaJIMJAIMH JAHHBIX.

OTanuuTeJbHbIE 0C066HHOCTI/I, NpaKTHYEeCKasA SBHAYUMOCTDb U OTPAHUICHHUSA

[TpakTrdeckwii BKJIa] pabOThI COCTOUT B COTJIACOBAHHOM OINMUCAHWH KOHTEKCTA MOMEIICHUS U
MPO3payHON  IOCJIENOBATENILHOCTU MPUHATUS pelieHuid. OTIMYUTEIbHBIMU  OCOOEHHOCTSIMHU
SIBJISIIOTCSA €MHasi BpEeMEHHasi MpUBsS3Ka JAHHBIX, 00s3aTeNbHBIA Ipu3HaK KadectBa Q(t), Tpu
HE3aBHCHMBIX YIPABISIONUX BbIXOAA, MpPHOpPUTETHAs oOOpabOoTKa KOH(JIUKTOB U SIBHBIN
TUCTEpEe3nuC. DTO HHKEHEPHO-TEXHUYECKUU pe3ysbTaT, KOTOPBIM HE TpeOyeT YTBEpKISHUS O
CO3JJaHUU IPUHIMIINAIBHO HOBOTO Kilacca BMS.

OTKpBITHIA TEXHOJOTUYECKHM CTEK YIPOIIAeT aJanTaluil NPOTOTHUIA M HHTErpaluio C
cymecTByrome uHdppactpykrypoid. Bmecte ¢ tem CMBDA He ciiemyeT paccMaTpuBaTh Kak
TOTOBYKO CEpTU(MUIIMPOBAHHYIO CHUCTEMY yhpaBieHus 31aHueM. OTpaHUYCHUSMHU SBIISIOTCS
OTCYTCTBHE JUIUTEIHHON MOJIEBOM BHIOOPKH, HEOOXOJUMOCTh KaTHOPOBKU YCTaBOK, 3aBUCHMOCTh
ot kadectBa CV H [aT4YMKOB, BOIPOCHI 3aIIMTHl TMEPCOHAIBHBIX JaHHBIX M HEOOXOAMMOCTh
0€3011aCHOTO COMPSHKEHUS C UCTIOJIHUTEIbHBIM 000PYOBAHUEM.

MacmrabupoBaHue Ha HECKOJIBKO ayJIUTOPUIN WM KaMITyC BO3MOXKHO apXUTEKTYpPHO 3a CUET
UJEHTU(DHUKATOPOB TOMEIICHUHN, HE3aBHUCHUMBIX KOHTEKCTOB M IIEHTPAJIM30BAHHOTO XPaHCHHUS,
OJIHAKO TakKas BO3MOXXHOCTb JI0JDKHA MOATBEPKAATHCS HATPY30UHBIM TECTUPOBAHUEM, MTOJTUTHKAMHU
JocTyna M OJKCIUTyaTallMoHHOM ampoOauuei. I[lostomy B pabore oHa Qopmynaupyercs Kak
HalpaBJIeHUE IPUMEHEHUs, a HE KaK YK€ JOKa3aHHbINA Pe3ybTar.

JaKjJueHue

Pazpabortana xonuenims loT- u CV-opuentupoBanHoit miatdopmsel CMBIOA nis ynpaBineHus
WHXEHEPHBIMHM CUCTEMaMH y4eOHBIX moMenieHn. PopMmanbHas MOJIENb YUYUTHIBAET TEMIEpaTypy,
BHEILIIHUE YCIIOBUsA, COCTOSHME€ OKHAa M KaueCTBO JAHHBIX; YIPABISAIOMUNA BEKTOP BKIKOYACT
BEHTWISIIHIO, OCBELIEHHE U oTorieHHe. OrnpeeneHbl 6a30Bble YMCIEHHBIE TapaMeTphl, TUCTEPE3NC
n npuoputetsl, onucansl pexumel PRE HEAT, ECO, COAST, NORMAL, BOOST nun
DAYLIGHT_HARVEST.

Texymias peainzanus npeacTaBisieT co0oil nerepMuHupoBanHbli rule-based nmpototun OSV1.
HelipoceTeBoe NMpPOrHO3MPOBAHME BBIAEIEHO B NMEPCHEKTHBHBIA ATal M HE IPEACTABISIETCS Kak
BBIIIOJIHEHHBIM  DKCIIEpUMEHT. EnvHas TEpMHHOIOIMS U IOCIENOBATENIbHAs HyMeEpaLus
o0ecneynBaroT OJHO3HAYHOE OMUCAHUE apXUTEKTYPhI U aJTOPUTMOB.

QYHKIMOHAIBHBIE CLIEHAPUU IIO3BOJISIOT IIPOBEPUTH KOPPEKTHOCTH NMEPEKIIIOUEHUS PEKUMOB,
OJIHAKO KOJIMUYECTBEHHBIN 3(PPeKT mo 3HepronoTpedbIeHUI0 U KaueCcTBY BHYTPEHHEH Cpe/ibl 10JIKEH
MOJITBEPKIATHCSI OTACIBHBIM MOJIEBBIM HCCIIEAOBAaHUEM C 3apETUCTPUPOBAHHON 0a30BOM JIMHHUEH.
Takoli moaxox obecredunBaeT HAay4HYHO J10OpPOCOBECTHOCTh, BOCIPOU3BOJAMMOCTH AITOPUTMA U
SCHOE pa3JielIeHue MeXJIy pa3pabOTaHHOM apXUTEKTypol W OyIylmMMH pe3ysbTaTaMH
JKCILTyaTaluu.
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