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* The algorithm for determining sensitivity coefficients of substances in the reacting system in
relation to the reaction rate constants is presented. These coefficients are calculated analytically,
which made it possible to conduct the sensitivity analysis very close to bifurcation points and lines
of extinction of combustion and to describe the changes in the coefficients in these zones;

* The tool for calculating eigenvalues of the equations of chemical kinetics is proposed,
accompanied with the examples of its application for predicting the number of integration steps
when using explicit schemes, as well as for identifying modes of self-oscillations of kinetic nature
for complex reaction mechanisms.

* The procedure for reducing reaction mechanisms is presented, including the combination of the
engagement method with the adaptive threshold and the DRGEP method (the directed relation
graph with error propagation). The tool generates a reduced mechanism in the course of calculating
the combustion process and has been applied to the problem of reduction the ignition mechanism of
the reacting system in a reactor, as well as to the problem of calculating chemically nonequilibrium
flows in nozzles of rocket engines.
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IporpaMMHBIil MAKET /ISl PeaTH3alii CHIbHBIX YHCICHHBIX METOI0B MOPSIKOB
ToyHoctH 0,5, 1,0, 1,5, 2,0, 2,5 u 3,0 nasa CAY UTo ¢ HeKOMMYTATHBHBIM MHOTOMEPHBIM
yMoM

'Kysnenos J1.®., *Kysneros M.JI.
ICII6ITY, *)CTI6DTY, r. Cankt-Iletepbypr, Poccus

Pabora mocesmieHa pa3paboTKe MPOrpaMMHOrO KOMIUIEKCA IJIS YMCICHHOTO HHTETPUPOBAHHS
croxactuueckux  auddepeHumansHpix  ypaBHenuid  (CIAY) MWro ¢ MHOrOMEpHBIM U
HEKOMMYTATHBHBIM IIyMOM CHJIBHBIMH METOAaMH BBICOKHX IMOPSIKOB TOYHOCTH. Kak HM3BECTHO,
CAY Wro sBASIOTCS aJCKBaTHBIMA MAaTEMAaTHYCCKHMMH MOJICISAMH JHHAMHUYECKHX CHCTEM
paziInuHON (U3HIECKOi NMpUpPOAbl. B OCHOBY MPOrpaMMHOrO KOMIUIEKCA OBUIH TOJIO)KESHBI HOBBIC
TEOPETHYECKUE PEe3yJbTaThl MO 4YHCIeHHBIM Metomam ains CIY Uro, ocHOBaHHBIE Ha
YHUGUIUPOBAHHBIX pasznokeHusx Teitmopa-Uto u Teinopa-CTpaTOHOBUYA, @ TaKKEe KPAaTHBIX
psagax dypwe-Jlexanapa. [IpencraBieHsl YHCICHHBIE METOIbI MOPSAKOB TouHOcTH 0.5 (Meron
Oiinepa), 1.0 (MeToq Munsmteiina), 1.5, 2.0, 2.5 u 3.0. IIporpaMMHBIi KOMIUIEKC OBLT peaan30BaH
Ha s13bIKe mporpamMmupoBanus Python. Pa3pabortka mpoBoaunace B TEKCTOBOM penakTope Atom. B
pa3paboTke MPOrpaMMHOrO KOMIUIEKca OBUTH 3ajeiicTBOBaHbI Takue OuOIMOTEKH, Kak SymPy,
NumPy u Plotly. Bece aTi 6nONMMOTeKH U MHCTPYMEHTSHI SIBIIIIOTCS OECIUIATHBIMH U OTKPBITHIMU.
KopHeBoii makeT nporpaMMbl OTBEYAET 3a 3aIlyCK U BBIBOJ pe3yibTaToB. [lakeT BBOAA MporpaMMel
3aBucHT OT Plotly, mOCKoNBKY OH NMpUHHMAET JaHHBIC MOCIE MOJACIMPOBAHMS U IMEPEAacT UX B
Mozens naHHBIX Plotly. 3atem Plotly obpabarsiBaeT momydeHHBIC JaHHBIE M CTPOHUT IpadUKH.
Jlanee cnemyeT HakeT MOJCIMPOBAHUs, KOTOPBIH OTBEYaeT 3a BCE ONCPALUH, CBS3aHHBIC C
MOJICIUPOBAHHEM, BKIIOYAs WHULMAIHM3ALUIO CPEAbl MOACIHPOBAHMS, LUKIBI BBIYHCICHUH H
MHOroe apyroe. Takxke OH HCIONBb3YeT MOAYJL TOYHOCTH, PEIIAIOMINI, KaKoe KOIHMYECTBO
3JIEMEHTOB JIOJDKHO OBbITh 3a/IelCTBOBaHO B mpolecce MmozenupoBaHus pewmenus CHAY Hro B
Ka)KZIOM YHCJICHHOM MeTojie. MoIyIib pacyera TOUHOCTH IIPUHUMAET MOPSA0K CHIBHOW YHCICHHOM
CXEMbl W IIar HMHTEIPUPOBAHUS, a 3aTeM BBIUUCISIECT HEOOXOJMMOE KOJIMYECTBO YIICHOB B
aNMPOKCHMALMAX IOBTOPHBIX CTOXacTHYeCKHX HHTerpagoB Wro u CrpartoHoBuya. Momynib
CHMBOJIHOW anreOpbl — 3TO 4acTh, KOTOpas co4yeTaeT B ceGc BBIYMCICHHE OTOJHUTEIBHBIX
nuddepeHInanbHbIX ONEPaTOPOB M BBIPAXKEHHHM U YUCICHHBIX cxeM. OObeauHss 3TH
KOMIIOHEHTBI, MOZYJIb CHMBOJIEHOM areOpbl BBINOIHSCT YIPOIICHHE 1 KOMIHIIILHIO (hOpMyII, s
TOr0 4TOOBI MAKET MOJCTUPOBAHHS MOT 3aBEPLINTH PabOTy IO MOAEIMPOBaHMIO. ba3a maHHBIX
HCTIOJIb30BANIACh JJIs XPAHEHUS MpeABapUTeNnbHO paccunTaHHbix 270000 kodddunmentoB dypbe-
Jlexxanapa, mOTOMy 4YTO TakoW cmoco0 XpaHeHus obecreumn Oonee ObICTpblit goctyn. B
pe3yJbTaTte YHCICHHOE MOJCIUPOBAHUE CTAaJ0 HAMHOrO OBICTpEe, YeM IpH BBIYUCICHUH
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K09 HULMEHTOB Ha JIeTy. 3arpy3Kka IpeaBapUTEIbHO PACCUUTAHHBIX KOO UINEHTOB BCTPOCHA B
JIOTIOJIHUTENBHBIC TIOIPOTPAMMBI JITst 0becTieueHus paboThl KOHBelepa pacdera.
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A software package for Implementation of strong numerical methods of convergence orders
0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 for Ito SDEs with non-commutative multi-dimensional noise
'Kuznetsov D.F., >Kuznetsov M.D.
'SPbPU, *SPbETU, Saint-Petersburg, Russia

The work is devoted to the development of a software package for the numerical integration of
Ito stochastic differential equations (SDEs) with multidimensional and non-commutative noise by
strong methods of high orders of accuracy. It is known that Ito SDEs are adequate mathematical
models of dynamical systems of various physical nature. The software package is based on new
theoretical results on strong numerical methods for the Ito SDEs. More presicely, we use the
unified Taylor-Ito and Taylor-Stratonovich expansions, as well as multiple Fourier-Legendre series.
Numerical methods of orders of accuracy 0.5 (Euler method), 1.0 (Milstein method), 1.5, 2.0, 2.5
and 3.0 are presented. The software package was implemented with the Python programming
language. The development was performed in Atom text editor. In the development of software
package such libraries as SymPy, NumPy and Plotly were involved. All these libraries and tools are
free and open source. The program entry package is responsible for startup and results output.
Program entry package depends on Plotly because it accepts data after modeling and passes it into
the Plotly data model. Then Plotly converts the received data and prints charts. Moving further by
modeling pipeline the modeling package comes up. This package is responsible for all work
referenced to modeling including initialization of modeling environment, calculations loops and
more. This module depends on the accuracy calculation module deciding which amount of
members in each approximation of iterated Ito or Stratonovich stochastic integral should be used in
the modeling process of Ito SDE solution. Accuracy calculation module accepts order of strong
numerical scheme and integration step and then calculates necessary amount of members in
approximations of iterated Ito and Stratonovich stochastic integrals. Symbolic algebra module is the
constructing part, which combines many supplementary differential operators with strong
numerical schemes. Having these components combined this module performs simplification so the
modeling package can do its modeling work. The database was used to store the 270,000 of
precalculated Fourier-Legendre coefficients, so getting them from there made numerical modeling
much faster, than their calculation on the fly. The download of precalculated Fourier-Legendre
coefficients is built in supplemental subprograms to provide a fluent calculation pipeline.
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