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AHHoTauma. Pa3BuTie npuknagHoro nporpaMMHoro obecrneveHna Knbepdusnyeckmx
CUCTEM 3[aHuI NoapasyMeBaeT LUMPOKOe UCMOSIb30BaHNE UHTErPaLMOHHbIX NiaTdopm
WUHTepHeTa Bewwen (loT). Ha npaktnke rnbkaa ¢yHKUMoHanbHocTb loT-nnatdopmM yacto
MPUBOAMT K OONONHUTESbHLIM 3aTpaTaM Ha NPorpaMMHyl0 4opaboTHY CyLLLeCTBYIOLLIMX
1 NoAKMo4YeHne HOBbIX B/10KOB, B YaCTHOCTU LIM$POBLIX OBOMHUKOB. B cTaThe NpeanoeHo
TEXHOJIOrMYecKoe peLleHne Mo NpPorpaMMHON UMMIEMEHTaLMN LMPPOBOro OBOMHUKA
npowecca NpoBeTpMBaHUA B COCTaB KoHTypa loT ynpaBrneHWsa cUCTEMbI OTOMJIEHUS,
BEHTUNALMN U KoHaUUMoHUpoBaHua (HVAC) ansa 30aHuii 1 NPOMBILLSIEHHBIX COOPYHKEHWIA.
PaccMaTtpuBaeTca peanusaums u UCnonHeHue LMdpoBoro ABOMHMKA B BUAE ANHAMUYECKOM
UMUTaLMOHHOM MOLESNN Ha Ai3blKe 06 EKTHO-0PUEHTUPOBaHHOO MogenmpoBaHua Modelica
B cpee OpenModelica. B Ka4ecTBe npyuMepa MHTerpaLyoHHoM cpedbl paccMaTpusaetca loT-
nnatdopma InfluxData Ha 6a3e cTeka TICK. 3To ropm3oHTaNbHO-0pUEHTUPOBaHHaA Niatdopma
MHTepHeTa BeLLeit, KOTopaa CoOepPHUT MexaHN3M cbopa AaHHbIX C YCTPONCTB 1 6a3y AaHHbIX
BpeMeHHbIx pagos InfluxDB gnsa xpaHeHua MeTpuk. [nsa uHTerpauum MMUTaLMOHHBIX
mogenen Ha Modelica ¢ InfluxDB npeanoxxeHo ncnonb3osatb cepep OMPython. B atom
Crlyyae ynpasnsioLme U MHTepdencHble cLeHapuM BbIMoNHAITCA Ha A3biKe Python, uTo
B pe3ysibTaTe B 3Ha4YMTeSIbHOM CTemneHu paclumpAeT TpaauUMOHHbIE BO3MOMKHOCTM loT-
nnat$popMbl 4O YPOBHA CUCTEMbI YMPABNEHNA C LMPPOBLIM OBOMHUKOM. TaKoe ynpasneHue
HVAC npepgycMaTpmBaeT afanTaLmio KOHTYPOB YrpaBieHUA 3a CHeT y4eTa AMHaAMUKK npoLiecca
BO3yxopacnpeaeneHna No BEHTUNALMOHHOM CETU, OLLEHKN M KOMMEHCALIMM MHEPLIMOHHOCTU
npotiecco. [NybnrKaLma nogroToBneHa B xoae npoeneHna nccnegosaHuna (N2 21-04-039)
B paMKax nporpammbl «HayuHbin doHg HaumoHansHoro ncciefoBatenbcKoro yHMBepeuTeTa
"BbicLan WwKona akoHoMumkm (HAY BLLJ)"» B 2020-2021 r.
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Abstract. The development of application software for cyber-physical systems of buildings
involves the widespread use of Internet of Things (IoT) integration platforms. In practice, the
flexible functionality of loT platforms often leads to additional costs for software enhancement
of existing and connection of new units, in particular digital twins. The paper proposes
a technological solution for the implementation of a digital twin of the ventilation process in the
loT control loop of heating, ventilation and air conditioning (HVAC) systems for buildings and
industrial facilities. The implementation and execution of the digital twin in the form of a dynamic
simulation model in the object-oriented modelling language Modelica in the OpenModelica
environment is considered. The loT platform InfluxData, based on the TICK stack, is considered
as an example of an integration environment. It is a horizontally-oriented loT platform that
contains the mechanism for collecting data from devices and the InfluxDB time-series database
for storing metrics. To integrate simulation models on Modelica with InfluxDB, an OMPython
server is proposed. In this case, the integration scripts are executed in the Python language,
which as a result extends the traditional capabilities of the loT platform significantly to the level
of a digitally twinned control system. This HVAC control involves adapting control loops by taking
into account the dynamics of the air distribution process over the ventilation network, evaluating
and compensating for process inertia. The publication was prepared within the framework of the
Academic Fund Program at the HSE University in 2020-2021 (grant N2 21-04-039).
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BBepneHue

PHKJIQIHOE IPOrpaMMHOE o0ecTieueHre
kubepduznUeckux cucTeM 3AaHHUH U CO-

OpY)XEHUU aKTHBHO HCIIOJIb3YeTCS IS
YIPAaBJICHUS CUCTEMaMHU OTOILICHHMSI, BEHTHIIS-
nuu 1 xougunnonupoBanus (HVAC). Takue
CHCTEMBI SBJISIIOTCS CI0KHBIMHU, OHU 00€CIIeUn-
BaroT KOM(OPT 1 6E30IACHOCTH JIFONICH, TIPU ITOM
MOTPEOIISIOT 3HAYUTEIIBHBIC 00BEMBI SHEPTHH.

s ontummzariuu pabotst HVAC ceromus
BCE UaIlle MCIOIL3YIOT HAKOTUICHHYIO CTaTH-
ctruaeckyto uHpopmaruio [ 1-3]. Madopmarus
0 pabore HVAC u xinmMare B MOMEIEHUX, KaK
MIPaBUJIO, COOUPAETCS B MCIIOTHUTEIbHBIX M-

XaHU3Max 00 B KOHTPOJIBHBIX TOUYKAX 3aHHUN
C TIOMOIIBIO CEHCOPOB B PEXKUME PEaNBHOTO Bpe-
MeHH, (OPMHPYS BPEMEHHBIC PSJIBI JaHHBIX.
Haxonmnenue JaHHBIX IO METPUKaM B JIOKaJIb-
HBIX TOYKaX HE IMMO3BOJISACT IPUHUMATD PCUICHUA
110 3(pPeKTUBHOMY YNIPaBICHUIO KJIMMAaTOM Ha
BCEM 00BEKTE, U3-32 YETO BOSHUKAIOT CEPhE3HBIC
OTJINYHS B KIIMMATUIECKUX TIOKA3aTEISIX Pa3HBIX
30H, HC BCCTAA YUYUTHIBACTCA (baKTI/I‘-IeCKOC HaJIn-
Yre YCIIOBCKA U TEXHOJIOT'MYCCKUX MallliH B pa-
00YMX 30HAX.

Oco0eHHO 0CTPO CTOUT BOIPOC O Pa3padOTKe
MPOTPAMMHOTO OOECTICUSHHUS IJIsl CHCTEM YIIpaB-
JICHUS TPOBETPUBAHUEM IOJI3EMHBIX COOPYIKE-
HI/IfI, B TOM YHUCJIC MPOMBIINIICHHBIX IJIOMIAA0K

[34]
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