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AnHoTanus. Pacuer Qu3NKO-XUMUUYECKMX B3aUMOJCUCTBUN Ta30IMHAMHYECKHX IPOIIECCOB,
MPOXOJAIIMX B JABUraTeNsIX, SBIETCA TPYJOEMKOM 3amadeil. Ecimm  paccumrteiBaercs
HECTAllMOHAPHBIA MpoIlecC, BKIIOYAIOUINI Takue (U3NYECKUe SBJICHMS, KaK JIeTOHALUs,
3aKUraHUe TOpHYed CMECH, pPaclpOCTpaHEHHWE BOJIH TOPEHHUs, TO IOJY4YEHHE PacCUETHBIX
JaHHBIX JaXe 3a BechbMa Majoe @u3uyeckoe BpeMms TpedyeT Joiarod  paboTsl
CYNEPKOMIIBIOTEPHBIX cHucTeM. [lombITKa e yCKOPUTh BpeMsi pacueTa OOBIYHBIMM JJISI ATOTO
MPOCTBIMM METOAAMM, TaKUMU KaK OrpyOJIeHHE pPACUETHOM CETKM WM SKCTPanosuus
pe3yJIbTaTOB, MOJYYEHHBIX HA HA4aJIbHOM 3Talle pacyeTa, Ha 3HAUUTEIbHO OOJIBIINNA BPEMEHHOM
Mepuoja, HE TapaHTUPYET OTCYTCTBHS TPYyOBIX OTKJIOHCHHH YHCICHHOW OT WCXOAHOU
MaTeMaTH4ecKkol mojenu. B HacTosmeil pabore paccmaTpuBaeTcs 3aj1ada rOpeHus: BOJAOpoa ¢
KHCJIOPOJIOM B MPUCYTCTBHHM HEUTpaIbHBIX 3J1eMeHTOB (a30T (N2) m apron (Ar)). B mportecce
TOpeHusi 00pa3yrTCs pa3IUMYHbIe BOAOPOAHO-KUcIopoanbie coeauHeHus (Hz, Oz, H.O, OH,
HO», H,0,, H, O), mensiercs Temmneparypa cmecu. Takoi mporiecc mpeoOpa3oBaHUs BEIIECTB
onuchIBaeTcs 28 ypaBHEHUSIMU XuMU4eckux peakuuii (Mexanusm GriMech 3.0 (1999)). B urore
TpeOyeTcsl MPOCIEAUTh Pa3BUTHE JAHHOW CHUCTEMbI OT HEKOTOPOIO HAa4yaJlbHOTO COCTOSIHUS Ha
HECKOJIbKO 111aroB 110 BpeMeHH. B HacTosieil paboTe noka3zaHo, YTO HepoceTeBasl apXUTeKTypa
UNET wmoxer ObITh yCHEIIHO MNPUMEHEHAa K 3aJade IpeJCKa3aHusl JeTePMUHHUPOBAHHBIX
MHOTOMEPHBIX BPEMEHHBIX PSAJI0OB, @ UMEHHO MOJCIUPOBAHUS XUMHUECKUX IIPOLECCOB TOPEHMUS,
OIHCHIBAEMBIX JKECTKON CUCTEMON OOBIKHOBEHHBIX MU depeHInanbHbIX ypaBHeHU. Mcnonp3ys
e€, HaM yaJI0Cch O0YYUTh KOMIIAKTHYIO MOJIEJb, KOTOPasi MOXET almnpOKCUMUPOBATh U3MEHEHUS
KOHIICHTPallMi BEUIECTB B CMECH B IPOILIECCE XUMHUYECKHX PEAKIUN C BBICOKOW CTEIEHBIO
TOYHOCTH, IOCTATOYHON YTOOBI PEKYPPEHTHO IMOJIy4aTh MpeAcKa3aHue Ha COTHU U JIaXkKe ThICAUU
11aroB MHTErPUPOBAHUS BIIEPEN, 3aHUMAs IPH ATOM Ha MOPAJOK MEHbIIIE BPEMEHHU BbIUMCIICHHUS,
4YeM 4YHCIIEHHOEe MHTerpupoBaHue. [lanHas paOota siBIsieTCs pa3BUTHEM MHJIeH, ONMCAHHBIX B
pabore [l]. M3MeHHB HOPMHUPOBKY JaHHBIX MU HEMHOI'O ApPXUTEKTYpy CETU (CM. PHUCYHOK),
YAAJOCh HE TOJBKO YIYYIIUTh TOYHOCTb M HAJEKHOCTh HEWPOHHOM CETH, HO U YMEHBIIHUTH
BBIYHMCIIUTENbHBIE 3aTPATHI.
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Annotation. Calculation of physicochemical interactions of gas-dynamic processes taking place
in engines is a laborious task. If a non-stationary process is calculated, including such physical
phenomena as detonation, ignition of a combustible mixture, propagation of combustion waves,
then obtaining calculated data even for a very short physical time requires a long operation of
supercomputer systems. An attempt to speed up the calculation time using the usual simple
methods, such as coarsening of the computational grid or extrapolation of the results obtained at
the initial stage of the calculation for a much longer time period, does not guarantee the absence
of gross deviations of the numerical from the original mathematical model. In this work, we
consider the problem of combustion of hydrogen with oxygen in the presence of neutral elements
(nitrogen (N2) and argon (Ar)). During combustion, various hydrogen-oxygen compounds are
formed (H2, O2, H20, OH, HO2, H202, H, O), the temperature of the mixture changes. This
process of transformation of substances is described by 28 equations of chemical reactions
(mechanism GriMech 3.0 (1999)). As a result, it is required to trace the development of this
system from some initial state by several steps in time. This paper shows that the UNET
architecture neural network can be successfully applied to the problem of predicting
deterministic multidimensional time series, namely, modeling the chemical combustion
processes described by a rigid system of ordinary differential equations. Using it, we were able
to train a compact model that can approximate changes in the concentrations of substances in a
mixture during chemical reactions with a high degree of accuracy, sufficient to recursively
obtain predictions for hundreds and even thousands of integration steps forward, while taking an
order of magnitude less computation time than numerical integration. This work is a
development of the ideas described in work [1]. By changing the data normalization and the
network architecture (see figure), we managed not only to improve the accuracy and reliability of
the neural network, but also to reduce computational costs.
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Figure. UNET neural network architecture
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