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Abstract. Currently, when modeling complex technological processes in cyber-physical
systems, procedures for creating so-called "digital twins" (DT) have become widespread.
DT are virtual copies of real objects which reflect their main properties at various stages of
the life cycle. The use of digital twins allows real-time monitoring of the current state of the
simulated system, and also provides additional opportunities for engineering and deeper
customization of its components to improve the quality of products. The development of the
"digital twin" technology is facilitated by the ongoing Fourth Industrial Revolution, which is
characterized by the massive introduction of cyber-physical systems into production process.
These systems are based on the use of the latest technologies for data processing and
presentation and have a complex structure of information chain between its components.
When creating digital twins of such systems elements, it is advisable to use programming
languages, that allow visualization of simulated processes and provide a convenient and
developed apparatus for working with complex mathematical dependencies. The Python
programming language has similar characteristics. In the article, as an example of a cyber-
physical system, a chemical-technological system based on a horizontal-grate machine
is considered. This system is designed to implement the process of producing pellets
from the apatite-nepheline ore mining wastes. The article describes various aspects of
creating a digital twin of its elements that carry out the chemical-technological drying
process in relation to a single pellet. The digital twin is implemented using the Python
3.7.5 programming language and provides the visualization of the process in the form of a
three-dimensional interactive model. Visualization is done using the VPython library. The
description of the digital twin software operation algorithm is given, as well as the type
of the information system interface, the input and output information type, the results of
modeling the investigated chemical-technological process. It is shown that the developed
digital twin can be used in three versions: independently (Digital Twin Prototype), as an
instance of a digital twin (Digital Twin Instance), and also as part of a digital twins set (Digital
Twin Aggregate).
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AHHoTauuA. B HacTosLL.ee BpeMA Npy MOLEIMPOBaHUM CITOMKHBIX TEXHOOMMYECKMX NPOLLeccoB
B Knbepdusmyeckmx cucteMax Bce bosee LLMPOKOE pacrpocTpaHeHue nosiyyaloT npoieaypbl
C03[aHuWA TaK Ha3blBaeMbIx LMPpoBbIX ABOMHMKOB (LL[), KoTopble ABNAITCA BUPTYanbHbIMU
KOMUAMW peasibHbIX 06 HEKTOB M OTParKaloT UX OCHOBHbIE CBOMCTBA W XapaKTepUCTUKKU Ha
pa3fiMYHbIX 3Tanax *M3HEHHOro uMKna. MpuMeHeHWe LUPPOBLIX ABOMHWKOB MO3BOJSIAET
B peaslbHOM BPEMEHM OTC/IEXMUBATb TEKYLLIEe COCTOAHME MOLENUPYEMOM CUCTEMbI, @ TaKMKe
npefocTaBnAeT AOMNOSTHUTENbHbIE BO3MOMHOCTU OJ151 UHMMUHUPWHIA U 6osiee riy6oKoM HaCTPOKM
BXOAALLMX B HEE KOMMOHEHTOB /1A MOBbLILLIEHNA YPOBHA Ka4yecTBa BbiMyCKaeMoW NpoayKLMK.
PasBuTuio TexHoMornm «UndpoBor OBOMHWUK» CNocobCcTBYET NPOMCX0OALLan B HacTosLLee
BpeMsA YeTBepTas NPOMBILLNIEHHAA PEBOJIIOLNA, XapaKTepu13yIoLLaAacA MacCoBbIM BHEAPEHNEM
B NMPOU3BOACTBO KNbepPU3NUECKMX CUCTEM. YKa3aHHble CUCTEMbI OCHOBaHbI Ha UCMOJb30BaHWUK
HOBEMLLMX TEXHOMOrMI 06paboTKM M NpeAcTaBneHWs OaHHbIX M 0611a[atoT CIIOHHON CTPYKTYpOi
MHPOPMAaLMOHHbIX CBA3EN Meay ee KoMnoHeHTamu. [py co3gaHum undpoBbIX OBOMHUKOB
3N1EeMEHTOB NOAO6HbIX CUCTEM LieNIeco0b6pasHoO UCMosb30BaThb A3bIKU MPOrPaMMUPOBaHUA, KOTopble
Mo3BOJIAIT peann3oBbIBaTb BU3yanm3aLmio MOL4EIMPYEeMbIX NMPOLLECCOB, a TaKKe NpefoCTaBAlT
YOOOHbIN U pa3BUTBLIM annapat A1 paboTbl CO CIOMKHLIMM MaTEMaTUYECKMMM 3aBUCUMOCTAMM.
MoOobHbLIMM XapaKTepUCTUKaMM 06/1afaeT A3bIK NporpamMmupoBaHms Python.

B ctaTbe B KauecTBe npuMepa KMbepdunsmMyecKon cUCTEMbl pacCMaTpUBAETCA XMMUKO-
TEXHOJOrMYecKan cUCTeMa Ha OCHOBE 06XKMIrOBOW MaLLIMHbI KOHBeepHoro Tna. [aHHanA cucteMa
rnpeaHasHaveHa nA peanysaumm npoLiecca Npov3BoACTBa OKATbILLEN U3 0TX0A0B A06bIYM anaTuT-
HedennHoBbLIX pyd. B ctaTbe onMcaHbl pasfnyHbie acnekTbl Co34aHuA LMdpoBoro ABOMHMKA
€€ 3/1IeMEHTOB, OCYLLeCTBALLMX XMMUKO-TEXHONTOMMYECKUIA MPOLLECC CYLLKW NPUMEHUTENBHO
K eOUHUYHOMY oKaTbiwy. LindpoBoin OBOMHUK peann3oBaH C MCNOJSIb30BaHUEM fA3blKa
nporpamMmupoBaHus Python 3.7.5, n npegycmaTtpumBaeT BU3yanu3aLmio NpoTeKaHUsA npoLecca
B BMIe TPeXMepHOW MHTEpPaKTUBHOM MoZenu. Busyanusauma BbiNOSIHEHA C MPUMEHEHUEM
6mbnuotekn VPython. MprBoauTcsa onmcaHme anroputMa paboTsbl NPorpaMMHoro obecreyeHus
LMppOBOro ABOMHMKA, BUL MHTEPdEca MHGOPMaLMOHHON CUCTEMBI, HOPMAT BXOLHOW U BbIXOOHOM
MHOPMaLLMK, a TaKHKe pe3ysbTaTel MoAeIMpPoBaHUA UCCIeayeMoro XMMUKO-TEXHOMOMUYECKOro
npouecca. MoKasaHo, 4YTo pa3paboTaHHbIN LMPPOBOIA ABOMHUK MOMET NMPUMEHATLCA B TPEX
BapuaHTax: camoctoaTenbHo (Digital Twin Prototype), B KayecTBe ak3emnnsApa undposoro
nBoiHuKa (Digital Twin Instance), a TakKe B cOCTaBe COBOKYMHOCTU LidppoBbIx ABoMHMKOB (Digital
Twin Aggregate).
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