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Pe3lome: HanpaBeHO € UAMNOCTHO ekcrnepuMmeHTanHo uscnegsaHe Ha MonTe Kapno
anropuTMu, OCHoBaHM Ha peaumuute Ha Cobon 3a MHOFOMEPHO YMCIOBO MHTErpupaHe.
HanpaBeHO e cpaBHeHWe C pesynTaTute, NoflydyeHn ¢ anropuTMn, U3non3saLim crneumnanHo
n3bpaHM TOYKOBM MHOXECTBA - M3BagKa “naTUHCKM xunepky6” n oboblieHa pegvua Ha
dnboHaum, KOUTO ca NPUMNOXKEHN 3a MbPBU MbT 3a €KONOrMYHMSa Mogen. AnroputmuTe ca
yCNewHo npUriokeHn 3a npubnumkeHoTo npecMsiTaHe Ha rnobanHuTe WHOEKCU Ha
yyBcTBUTENHOCTTa Ha Cobon 3a KOHKpeTHaTa 3ajada, CbOTBETCTBALUM HA BIIUSHMETO Ha
KOHLIEHTpaUUnTe Ha pasfnnyHn 3aMbPCUTENN BbB Bb3ayXa, ONUCaHN Ype3 MaTeMaTU4eCKus
mogen UNI-DEM, cnpamMo HMBaTa Ha eMUCUUTE Ha YeTUpU rpynu 3aMmbpcuTenn (amoHsK,
a30THU OKCWOMW, CepeH [OUOKCWUA, aHTPOMOreHHW XmapokapOoHW), KakTo M CnpsiMO
CKOPOCTHUTE KOHCTAHTU Ha LEeCT XUMWYHW peakumn. B nbpBuA crnydyam B YUCHEHUTE
EeKCNepuMEHTN € n3crenBaHa KoHUEHTpaumnsaTa Ha aMoHsK B MunaHo, a BbB BTOpUS crnyyan
— KOHUeHTpauusitTa Ha 030H B eHya. B n3cnegBaHeTo ca nNpunioXXeHn Tpu onTuMarHu 3a
ornpepeneHn knacose oT yHKuuu anroputMn MoHTe Kapno 3a MHOromMepHO 4uCreHo
WHTEerpupaHe, M3nonseawim “n3amMecteHn” KeasucnyyamHu peguum Ha Cobon. Yucnenute
eKCnepuMeHTN NOTBbPXAaBaT, Ye pasrnefaHnTe CTOXaCcTUYHN anropuTMm ca e(pekTuBHU 3a

MHOIoOMepHO 4YUCIIeHO WHTerpupaHe n no-cneumnarnHo 3a MNnpecMATaHEeTO Ha Malikm no
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CTOMHOCT MHOEKCU Ha YyBCTBUTEJTHOCTTA. ToBa € W3KNIYMUTENHO BaXHO 3a UANOCTHaTa
npouenypa Ha aHalin3 Ha 4YyBCTBUTEJIHOCTTA Ha MartemMaTtudeCKn Moesi, KakKto M 3a

HagexagHaTta MHTepnpetTauna Ha pe3yntatute OT Te3n Moaern.

Abstract: A comprehensive experimental study of Monte Carlo algorithms based on Sobol
sequences for multidimensional numerical integration has been done. A comparison is made
with the results obtained with algorithms using specially selected point sets - a Latin
hypercube sampling and a generalized Fibonacci numbers, which were applied for the first
time to the ecological model. The algorithms have been successfully applied to compute
global Sobol sensitivity measures corresponding to the influence of various pollutants in the
air, described by the mathematical model UNI-DEM, to the emission levels of four groups of
pollutants (ammonia, nitrogen oxides, sulfur dioxide, anthropogenic hydrocarbons) and to
the rate constants of six chemical reactions were analyzed. In the first case, the
concentration of ammonia in Milan was studied in numerical experiments, and in the second
case - the concentration of ozone in Genoa. The study applied three optimal Monte Carlo
algorithms for multidimensional numerical integration for certain classes of functions, using
"shifted" quasi-random Sobol sequences. Numerical experiments confirm that the
considered stochastic algorithms are effective for multidimensional numerical integration
and in particular for the calculation of small value indices of sensitivity. This is extremely
important for the overall procedure of sensitivity analysis of mathematical models, as well

as for the reliable interpretation of the results of these models.
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Pe3tome: B ctatusaTa e HanpaBeHO cpaBHeHWE MexXay peavuaTta Ha XonTbH U kBa3n-MoHTe
Kapno metoamn, 6asnpaHu Ha TOMKOBM MHOXeCTa OT TUM peLleTKka C pasfuyHn reHepmpaLim
BEKTOPU 3a NpecMdATaHe Ha MbJIHUTE UHOEKCUM Ha YyBCTBUTENHOCT. [MTbpBUAT reHepupaly
BEKTOP Ce CbCTOM OT YfieHoBeTe Ha obobuieHaTa peanua Ha PuboHaym OT cboTBETHATA
pa3aMepHocT. Ton gaBa Han-gobpu pesynTtatv 3a MHOIFOMEPHUM uHTerpann ot 4 un 6-
pamepHocT. 3a 8 n 12-MepHUTE MHOIOMEPHW WHTErpanu Hamn-gobpu pesyntatu gaea
CTOXaCTMYHUA METOo C OnTMMarieH reHepuvpall BeKTop MnoflydyeH no meTtoga Ha Gbpsarta
KOHCTPYKUMA, KOMTO MMaT onTuMMarieH nopsabkK Ha CXOOUMOCT 3a pasrnexgaHus Krnac
3agayvn. TpeTnaTt ctoxacTuyeH MeTo, OCHOBaH Ha cneunaneH reHepupall Bektop, 6asnpaH
Ha TpaHcdopMMpalla nonMHoMmnanHa OyHKLMS, ce OKa3Ba No HETOYeH OT peguuaTta Ha
XONTHH 3a BUCOKM pa3MepHOCTWN Ha noguHTerpanHara pyHKUuus 1 ce Bnusie OT rmagkocTtta

Ha (pyHKumMAaTa.

Abstract: The paper compares the quasi Monte Carlo method based on Halton sequence
and quasi-Monte Carlo methods based on several lattice point sets with different generating
vectors for calculating the total sensitivity indices. The first generating vector is based on the
generalized Fibonacci numbers of the corresponding dimension. It gives the best results for
multidimensional integrals of 4 and 6-dimensionality. For the 8 and 12-dimensional
multidimensional integrals the best results are given by the stochastic method with an
optimal generating vector obtained by the method of fast construction, which have an
optimal order of convergence for the considered class of problems. The third stochastic
method, based on a special generating vector based on a transforming polynomial function,
turns out to be more inaccurate than Halton sequence for high dimensions and is affected

by the smoothness of the integrand function.
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Pestome: /I3BbplwleHO € nNpubNmKeHo npecMsaTaHe Ha MNbiHUTE WHOEKCU Ha
4YyBCTBUTEITHOCTTA NOCPEACTBOM TOMKOBO MHOXECTBO OT TUM peLUeTKa C reHepupall, BeKTop
obobuweHata peavua Ha dunboHaun M m3BagkaTa NaTUHCKM xmnepkyb. Pesyntatute ca
cpaBHeHN ¢ moauduumpaH agantmeeH anroputbmM MoHTe Kapno ¢ pasnuyHu BXOOHU
napameTpu. Metoaga He n3non3ea HMKakBa npeaBapuTenHa MHgopMaums 3a rMagkocTTa Ha
noavHTerpanHata yHKUMs,, HO U3MNon3Ba anocTepuopHa MHdopmauusa 3a gucnepcuara.
MeToaa reHepupa noBeve TOYKM B nogobnactute, KbAETO AUCNepcudaTa e no-ronsaMma unm
TaM KbOeTo yHKuuATa npuvema no ronemMu CTomHocTW. [logxogbT ce OCHOBaBa Ha
PEKYPCMBHO pasgensiHe Ha obnacTra, M3non3Banku anoctepuopHa uHdopMauus 3a
rpeLukaTa npu TeKyLWOoTo pasaensHe. Pesyntatute nokaseart, Ye agantuBHus metog MoHTe
Kapno paBa no TO4YHM pesyntaTtute 3a Mankmrte Mno-CTOMHOCT MHAEKCU Ha
4YyBCTBUTENHOCTTA, C YBENUYaBaHe Ha pa3MepHOCTTa Ha WMHTerpana u npy manbk Opon

peanu3auumn Ha cryyarHaTta BenuynHa.

Abstract: An approximate calculation of the total sensitivity indices was performed using a
lattice point set with generating vector the generalized Fibonacci numbers and the Latin
hypercube sampling. The results were compared with a modified adaptive Monte Carlo
algorithm with different input parameters. The method does not use any preliminary
information about the smoothness of the integrand function, but uses a posteriori information
about the variance. The method generates more points in the subdomains where the
variance is larger or where the function assumes larger values. The approach is based on
recursive division of the area, using a posteriori information about the error in the current
division. The results show that the adaptive Monte Carlo method gives more accurate results
for small in value sensitivity indices, with increasing the dimensionality of the integral and

with a small number of realizations of the random variable.
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Pe3rome: AHanu3bT Ha 4YyBCTBUTENHOCTTA Ha M3XOO4HUTE pes3ynTatm Ha mofena KbM
Bapuauus Unu ectectBeHaTa HECUrypHOCT Ha BXOOHUTE napameTpu Ha Mogerna € MHOro
BaXKeH 3a nogobpsiBaHe Ha Ha4EeXAHOCTTa Ha rofeMmTe MateMaTudeckn mogenn. Hsakonko
edeKkTnBHN KBasn-MoHTe Kapno anroputmmn — peguuata Ha BaH gep KopnyTt, HenHa
MoaMdUKauma U TOYKOBO MHOXECTBO TUM pelueTka, 6asnpaHn Ha pasnuyHn reHepupaLim
BEKTOPW, Ca W3MNOM3BaHW B HallMTe MPOYy4YBaHUS 3a aHanM3 Ha YyBCTBUTENHOCTTA Ha
pesyntaTtuTe OT U3xo4a Ha MoAena 3a HAKOW 3aMbpCUTENM Ha Bb3gyxa MO OTHOLIEHWe Ha
HMBaTa Ha BpPeAHM EMWUCUM U HSAKOW CKOPOCTHW KOHCTaHTU Ha XUMWYHU peakuuu.
AnroputMmuTe ca ycnewHo MpUMoXeHW 3a u3vucnsaBaHe Ha rnobanHuTe WMHOEKCU Ha
yyBCcTBUTENHOCTTa Ha Cobon, CbOTBETCTBALUM Ha BIIMSHMETO HA HSAKOMKO BXOOHU
napamMmeTbpa (LecT CKOPOCTHU KOHCTAHTU Ha XMMUYHU peakuumn 1 YeTUPU pasrnyHu rpynu
3aMbpCUTENN) BbPXY KOHLUEHTpauMMTe Ha BaXXHW 3aMbpCUTENM Ha Bb3ayxa. YucneHute
eKcnepuMeHTI NnokasearT, Ye pasrnexgaHuTte peguum Ha BaH gep KopnyTt ca edpekTnBHM 3a
pasrnexgaHnTe MHOrOMEpPHU MHTerpann n ocobeHo 3a nsdncnasaHe Ha Marsnkm rno CTOMHOCT

MHOEKCU Ha YyBCTBUTEJTHOCT.

Abstract: Sensitivity analysis of model outputs to variation or natural uncertainties of model
inputs is very significant for improving the reliability of the mathematical models. Several
efficient quasi-Monte Carlo algorithms — the van der Corput sequence, its modification and
lattice rules based on different generating vectors have been used in our sensitivity studies
of the model output results for some air pollutants with respect to the emission levels and
some chemical reactions rates. The algorithms have been successfully applied to compute
global Sobol sensitivity measures corresponding to the influence of several input parameters
(six chemical reactions rates and four different groups of pollutants) on the concentrations
of important air pollutants. The numerical tests show that the van der Corput sequences
under consideration are efficient for the multidimensional integrals under consideration and

especially for computing small by value sensitivity indices.
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Pestome: PaspaboteH e HOB anroputbMm MoHTe Kapno 3a pelwaBaHe Ha cuctemm Ot
NMHENHN anrebpuyHn ypaBHEHUS. ANrOPUTbMBT CE OCHOBaBa Ha HacKopo pa3paboTeHus
metogq MoHTe Kapno ,,cnydyarMHo 6nyxgaeHe Mo YypaBHeHUATa®. ANMOpPUTbBMBLT €
ONTUMU3NPaH Ype3 n3bupaHe Ha NOAXOASALLM CTOMHOCTU Ha penakCaunoHHUS napameTsbp,
KOEeTO BOAM 0 HamarnsiBaHe Ha n3dncrvTenHara CrnoXHOCT U Ha NOBULLIABaHe Ha TOYHOCTTA
3a pageH Gpon utepaumu. V3BbpLUEHM ca YMCNEHW eKCNepuMEHTM 3a MpuMepn C
paspedeHn U NNbTHU MaTpUumM C pasnmyHa pasMepHoOCT K 3a cuctema ¢ matpuuata NOS4
C dyHOaMeHTanHO MpunoXeHne, B3eTa OT anpokcMamuus no MeToda Ha KpawmHute
enemMeHTn Ha MoAen, ONUCBall rpeoBa CTPYKTypa B KOHCTPYKTMBHATa MeXaHuKa 1 BaxHa
3a ekonoruaTa. lNpegumcTeaTa Ha anropyTbMa MoraT ga 6baat HabnogasaHM ocobeHo 3a

CUCTEMMU C MHOIO rornsgama pa3mMmepHOCT.

Abstract: A new Monte Carlo algorithm for solving systems of Linear Algebraic (LA)
equations is presented and studied. The algorithm is based on the “Walk on Equations”
Monte Carlo method recently developed by Dimov et al. The algorithm is improved by
choosing the appropriate values for the relaxation parameters which leads to dramatic
reduction in time and lower relative errors for a given number of iterations. Numerical tests
are performed for examples with matrices of different size and on a system with the matrix
NOS4 with fundamental applications, coming from a finite element approximation of a
problem describing a beam structure in constructive mechanics and very important for
environmental safety. The advantages of the algorithm can be observed especially for

systems with very large dimensions.
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Pe3tome: PaspaboteH e HOB nogobpeH anroputbm MoHTe Kapno 3a NMHENHU CUCTEMU Ha
6asaTa Ha meToaa ,,criydanHo bnyxgaeHe No ypaBHeHUATa . ANropuTbMbT € N3MNOoN3BaH 3a
HaMMpaHe Ha BCUYKWN KOMIMOHEHTU Ha peLleHNeTo Ha peanHn NMMHenHU cUcTeMun C ronsima
pasMepHOCT. HanpaBeHO e cCcpaBHeHMe C MeToda Ha chnperHatua rpaguveHT U Cbe
cbluecTByBalmnTe gocera metoanm MoHTe Kapno 3a nuHenHu cuctemu. [oBedeHUeTo Ha
npeanoxeHua anroputbM MoHTe Kapno He 3aBucu OT MAbTHOCTTA Ha MaTtpuuata U OT
HenHaTa pa3MepHOCT. brnarogapeHne Ha HanpaBeHUTe ONTUMU3aUMN HOBUAT MeTo faBa
MHOro no-gobpwu pesyntatn ot ctaHgapTHUA metog MoHTe Kapno n e yctaHOBeH KaTo eaunH
OT Han-6bp3uTe M TouHU anroputMm MoHTe Kapno 3a pelwaBaHe Ha rofiemMu CUCTEMU OT

NUHENHN anrebpryHn ypaBHEHUS.

Abstract: A new improved Monte Carlo algorithm has been developed for linear systems
based on the "walk on equations algorithm" method. The algorithm was used to find all
components of the solution of real linear systems of large dimension. A comparison is made
with the conjugate gradient method and with the existing Monte Carlo methods for linear
systems. The behavior of the proposed Monte Carlo algorithm does not depend on the
density and the dimension of the matrix. Thanks to the optimizations made, the new method
gives much better results than the standard Monte Carlo method and has been established
as one of the fastest and most accurate Monte Carlo algorithms for solving large systems of

linear algebraic equations.
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Pe3some: HanpaBeHo € npubnmkeHoO npecMsTaHe Ha MNbNHUTE WHOEKCU Ha
4YyBCTBMUTENHOCTTA MOCPEACTBOM KBa3wu criydanmHTa peumua Ha Cobon, XonTbH n dop.
Pa3paboTeHo € TOYKOBO MHOXECTBO TUM peLleTka CbC CneunaneH ontTumareH reHepupaly
BEKTOP, MOMy4yeH MO MeToga Ha Obp3ara KOHCTpykums. B Hskoum cnydan TOYKOBOTO
MHOXECTBO TUN pelleTka daBa MNo-A4obpu pesyntatyv OT KBasu-CllydanHaTta peavua Ha
Coborn. 3a ronemute MNO-CTOMHOCT MHAEKCUM Ha YyBCTBUTENHOCT TOYKOBOTO MHOXECTBO
nokassa no-gobpa oTHocUTENHa rpeLuka ot peguuarta Ha Cobon. PeanuaTa Ha XonTbH AaBa
C eguH nopsabK no-nowa OTHOCUTENHA rpellka, a peavuata Ha Pop aaBa HeHageXxaHu
pesynTtaTtu 3a MarkuTe no-CTOMHOCT MHAEKCU Ha YyBCTBUTENHOCTTA. [1poBeaeHnst aHanuaa
Ha YyBCTBUTENHOCTTA Ce OYaKBa [da MMa MU3KIMIYUTENHO BaXkHa OBYCTpaHHa pons: 3a
TecTBaHe N nogobpsiBaHe Ha MaTeMaTU4ecKUTe MOLENN, U 3a HadeXaHa MHTepnpeTaums

Ha YNCINEeHUTE pe3ysiTath OT CTpaHa Ha CbOTBETHUTE CneunarnmcTtuTe.

Abstract: An approximate calculation of the total sensitivity indices is made by the quasi-
random sequences of Sobol, Holton and Faure. A lattice point set with a special optimal
generating vector, obtained by the method of fast construction, has been developed. In some
cases, the lattice point set gives better results than the quasi-random sequence of Sobol.
For larger values of the sensitivity indices the lattice method achieves higher accuracy and
better relative error than the Sobol sequence. Halton sequence gives one order of
magnitude worse relative error, and Faure sequence gives unreliable results for small-value
sensitivity indices. The conducted sensitivity analysis is expected to have an extremely
important bilateral role: for testing and improving the mathematical models, and for reliable

interpretation of the numerical results by the relevant specialists.
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Pe3slome: HanpaBeHo e cpaBHeHue wmexay Tpu kBasn-MoHTe Kapno anroputbma.
Pasrnexgar ce TOYKOBM MHOXECTBA TUM pPeLeTKU C pasfinyHU reHepupallm BEKTOPW.
lMokasaHO e, 4e onNTUManHUA reHepupall BeKTop MnoflydeH No metoga Ha Obps3ata
KOHCTPYKUMA MMa npeguMMcTBO CNpsIMO reHepupalwunsa sektop 6asvpaH Ha obobuieHaTa
peaovua Ha PnboHaum OT cCbOTBETHATa pa3MepHOCT. HanpaBeHu ca CcpaBHEHUS U C KBa3u-
cny4varHaTa peauvua Ha Cobon. PasrnegaHn ca MHOrOMEpHU MHTerpanu ¢ HACKa U BUCOKa
pa3MepHOCT, CbOTBETHO 4,10 1 25-MepHN, KOUTO HamMMpaT NPUNOXeEHNE NPU NPecMAaTaHeTo

Ha YNCNEeHNUTEe MHOUKaTOPU Ha YYBCTBUTENMTHOCTTA Ha rofieMm eKormiorm4Hn moaernu.

Abstract: A comparison between three quasi-Monte Carlo algorithms has been made.
Lattice type point sets with different generating vectors are considered. It is shown that the
optimal generating vector obtained by the fast construction method has an advantage over
the generating vector based on the generalized Fibonacci numbers of the corresponding
dimensions. Comparisons have also been made with the quasi-random sequence of Sobol.
Multidimensional integrals with low and high dimensionality, respectively 4, 10 and 25-
dimensional, are considered, which are used in the calculation of numerical indicators of

sensitivity analysis of large air pollution models.
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Pe3stome: B Hawwu gHWM aHanu3a Ha 4yBCTBUTENHOCTTA Ce npunarat KbM HSKOW OT HaW-
CNOXHUTE MaTeMaTUYECKM MOAENU OT PasfiMYHM MHTEH3MBHO pasBuBalLUM ce obnactu ¢
LUMPOK 06XBaT Ha npunoxeHne. EQMH OT Han-yCbBbPLUEHCTBAHUTE ModenNn B obnacTtra Ha
MOAENMPaHETO Ha 3aMbpcsiBaHETO Ha Bb3gyxa e [atckuat OnnepoB Moaen, MOLLEH
LULMPOKO MallabeH mogern, onucealy farneyeH MOAEn Ha MNPEeHOCUM Ha 3aMbpCUTENN Ha
Bb34yxa C ObJira Uctopuda Ha passutue. [pes roguHuTe ce U3nonsea yCrnewHo B passivyHu
ObITOCPOYHN E€KOMNOrMYHM npoydBaHus 3a EBponenckna pervoH. B Tasu cratus ce
ANCKYTUpa cMCTeMaTMYEH NOAXOA 3a aHanu3 Ha YyBCTBMTENHOCTTA Ha NocrneaHarta Bepcus
Ha patckma Eulerian Model, UNI-DEM. HanpaeseHO e UANOCTHO eKcnepuMeHTanHo
npoyyBaHe Ha cToxacTuyHu anroputMm MoHTe Kapno, 6asupaHu Ha n3Bagka naTUHCKU
Xnnepkyd 1 aganTmMBeH Noaxo 3a MHOrOMeEpPHO YUCIIEHO HTerpupaHe. Pasrneganu ca ase
pasnuyHn moamdmkauumn 3a nonyvaBaHe M3BagKkaTa NaTUHCKM xunepkyb. HanpaseHwu ca
CpaBHEHNSA C TOMKOBOTO MHOXECTBO TWM pelueTka, 6asmpaHo Ha obobuieHaTa peavua Ha
®dunboHaun. AnropuTMUTE Ca YCNEeLHOo MPUNOXeEHU 3a U3dncnsiBaHe Ha rnobanHn nHaekcu
Ha JyBcTBUTENHOCT Ha Cobon, CbLOTBETCTBAWM Ha BIIUSHMETO HA HSAKOMKO BXOAHMW
napaMmeTbpa BbpXYy KOHLEHTPaLMUTE HA HAKOW OT 3aMbpCUTENUTE Ha Bb3gyxa OT Hau-
ronsamMo 3HadeHue. YncneHuTe eKkcnepuMMeHTU MoKasBaT, Ye pasrnexgaHuTe anropuTMu
MoHTe Kapno ca eeKkTMBHM 3a MHOTFOMEPHUTE WHTerpanuM OT BUCOKA pPasMEpHOCT,

M3noJyisBaHM B N3CreaBaHeETO.

Abstract: Sensitivity studies are nowadays applied to some of the most complicated
mathematical models from various intensively developing areas of application. Such a
sophisticated model in the area of air pollution modeling is the Danish Eulerian Model, a
powerful large scale air pollution model with a long development history. Over the years it
was used successfully in different long-term environmental studies for the European region.
In this talk we discuss systematic approach for sensitivity analysis of the latest version of

the Danish Eulerian Model, UNI-DEM. A comprehensive experimental study of Monte Carlo
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algorithms based on Latin hypercube sampling and Adaptive approach for multidimensional
numerical integration has been done. Two different modifications were considered to obtain
the Latin hypercube sampling. Comparisons have been made with the lattice rule based on
the generalized Fibonacci numbers. The algorithms have been successfully applied to
compute global Sobol sensitivity measures, corresponding to the influence of several input
parameters on the concentrations of some of the air pollutants of highest importance. The
numerical tests show that the Monte Carlo algorithms under consideration are efficient for

the multidimensional integrals with higher dimensions used in this study.
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10. I'2 Venelin Todorov, lvan Dimov, Yuri Dimitrov, Tzvetan Ostromsky and Rayna
Georgieva. (2019) A comparison of quasi-Monte Carlo methods based on Faure and
Sobol sequences for multidimensional integrals in air pollution modelling, AIP
Conference Proceedings 2164, 030002, 2019, DOI: 10.1063/1.5130792, ISBN 978-
0-7354-1745-8, ISSN 0094-243X, SJR(2019):0.19
https://doi.org/10.1063/1.5130792

AIP Conference Proceedings (scimagojr.com)

Pe3lome: 3ambpcsaBaHETO Ha Bb3dyxa WM METEOPOSIOrMYHUTE MOAenu ca npumepu 3a
MateMaTu4yeckn mMogenn ¢ MHOro HEeCUrypHOCTU B TEXHUTE BXOAHW OAHHW U napameTpu.
AHanM3bT Ha YyBCTBUTEMHOCTTA € MOLLEH MHCTPYMEHT 3a udyyaBaHe u nogobpsBaHe Ha
HageXOHOCTTa Ha TakuBa MoAdenu. B Tasm ctatus npeacraBame pesyntatute oT rnobaneH
aHanu3 Ha 4yscTBUTEnHoctta Ha fatckm OunnepoB mopgen (UNI-DEM). EgHa oT Ham-
BaXXHUTe xapaktepuctukm Ha UNI-DEM e ycbBbpLUeHCTBaHaTa xummnyecka cxema CBM 1V,
KOATO pasrnexaga ronsam 6por XMMUYHN 3aMbpPCUTENN U Pa3SIMYHU Peakunn Mexay TaX, oT
KOMTO O30HBT € HaW-BaXXHUSAT 3aMbpCUTEN, Tbl KaTO Ce M3MNOoSi3Ba B MHOMO MNPaKTUYHU
npunoxeHusi. CtoxacTuyHMTe Metoau, GasvpaHu Ha peauvuute Ha Pop u Cobon, ce
M3Non3BaT 3a U34UCNABaHe Ha WHOEKCUTE Ha YYBCTBUTENMHOCT OT MbPBM U BTOPU pea.
UncneHnte ekcnepMmeHTU MnokaseaT, Ye KBasucrnyydarHarta peguua Ha Cobon n HenHute
Moandumkaumm ca no epekTUBHNU METOAM OT peanuaTta Ha Pop 3a nsuncnsaBaHe Ha MarnkuTe

No CTOMHOCT MHAOEKCU Ha YyBCTBUTEJTHOCT.

Abstract: Air pollution and meteorological models are examples of mathematical models
with a lot of natural uncertainties in their input data sets and parameters. Sensitivity analysis
is a powerful tool for studying and improving the reliability of such models. In this paper we
present the results of a global sensitivity study of the Unified Danish Eulerian Model (UNI-
DEM). One of the most important features of UNI-DEM is its advanced chemical scheme
the Condensed CBM IV, which considers a large number of chemicals, and various reactions
between them, of which the ozone is the most important pollutant because it is used in many
practical applications. The stochastic methods based on Faure and Sobol sequences are
used for computing the first and second order sensitivity indices. The numerical experiments
show that the stochastic algorithms for the multidimensional integrals based on quasirandom
Sobol sequence and its modifications are more efficient than the Faure sequence for

computing the small value sensitivity indices.
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11. '3 Tzvetan Ostromsky, Venelin Todorov, Ivan Dimov, and Zahari Zlatev. (2020)
Efficient Stochastic Algorithms for the Sensitivity Analysis Problem in the Air Pollution
Modelling. In: Lirkov ., Margenov S. (eds) Large-Scale Scientific Computing. LSSC
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Pe3tome: AHanNM3bT Ha YyBCTBUTENHOCTTA 3a rOfIEMN U CNOXHU MaTeMaTUYeCckn MoLenu e
AocTa TpyaHa 1 OTHeMalla BpeMe 3agadva. VMima MHOoro Taknmea nNpunoxeHusa B obnacrtra Ha
MOLenMpaHeTo Ha 3amMbpcdaBaHe Ha Bb3gyxa. OT gpyra cTpaHa, MMa MHOMo ecTeCTBEHU
HECUTypHOCTM BbB BXOOHWUTE OaHHW M NapaMeTpu rofieMum MOAENU, ONUCBaLLM AaneveH
NPEHOC Ha 3aMbpCUTENN BbB Bb3ayxa U eAnH TakbB mogen e [latckmsat OnenpoB mogen ¢
HEeroBUTE akTyanHn BUCOKOEEKTUBHU peanuaaumm, KoMTo ce pasrnexagar B Tasu pabora.
PaspaboTteHa e cuctematMsMpaHa cxemMa 3a aHanuM3 Ha 4YyBCTBUTENHOCTTA, KaTo ce
nanonsea [atckna OnnepoB mogen. HanpaBeHo € nNpubnmxeHo npecMmaTaHe Ha MbiHUTe
WHOEKCU Ha YyBCTBUTENHOCTTA NOCPEACTBOM KBa3n cnyyYanHTa peunua Ha Cobon n XonTbH.
PasrnegaHu ca aese pasnuyHn moamdukaumm 3a nonyyvyaBaHe Ha peguuata Ha Cobon ypes
pa3bbpkBaHe (scrambling). PasrnexgaHata peguua Ha Cobon e ocHoBaHa Ha anropuTMuTe
INSOBL n GOSOBL B ACM TOMS Algorithm 647 n ACM TOMS Algorithm 659. Pegnuata
Ha Cobon gaBa ¢ 1 nopsagbk No-gobpa OTHOCMTENHA rpellka OT peavuara Ha XONnTbH.
[MpoBegeHns aHanu3a Ha YyBCTBUTENHOCTTA Ce O4YakBa [a MMa W3KIHYUTENHO BaXkHa
ABYCTpaHHa pons: 3a TecTBaHe W nogobpsaBaHe Ha MaTemMaTUdeckuTe Mogenu, U 3a
HagexgHa WHTepnpetaumMsi Ha 4JucreHuTe pesynTatm OT CTpaHa Ha CbOTBETHUTE

cneuvanncTuTe.

Abstract: Sensitivity analysis of the results of large and complicated mathematical models
is rather tuff and time-consuming task. There are many such applications in the area of air
pollution modelling. On the other hand, there are lots of natural uncertainties in the input
data sets and parameters of a large-scale air pollution model. Such a model, the Danish
Eulerian Model with its up-to-date high-performance implementations, is under
consideration in this work. A systematic scheme for sensitivity analysis has been developed

using the Danish Euler model. An approximate calculation of the total sensitivity indices in
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the model was performed using a quasi-random sequences of Sobol and Halton. Two
different modifications for obtaining the Sobol sequence by scrambling techiques are
considered. The implemented Sobol sequence in the paper is based on the algorithms
INSOBL and GOSOBL in ACM TOMS Algorithm 647 and ACM TOMS Algorithm 659. The
Sobol sequence produce with one order better relative errors than the Halton sequence. The
conducted sensitivity analysis is expected to have an extremely important bilateral role: for
testing and improvement of mathematical models, and for reliable interpretation of numerical

results by the relevant specialists.

14



12.T4 Ostromsky T., Dimov ., Todorov V., Zlatev Z. (2019) Sensitivity Analysis of an
Air Pollution Model by Using Quasi-Monte Carlo Algorithms for Multidimensional
Numerical Integration. In: Nikolov G., Kolkovska N., Georgiev K. (eds) Numerical
Methods and Applications. NMA 2018. Lecture Notes in Computer Science, vol
11189, pp 281-289, Springer, Cham. DOI: 10.1007/978-3-030-10692-8_ 31, Print
ISBN 978-3-030-10691-1, Online ISBN 978-3-030-10692-8
SJR(2019):0.427 Q2
https://doi.org/10.1007/978-3-030-10692-8 31

Lecture Notes in Computer Science (scimagojr.com)

Pe3rome: AHanu3bT Ha 4YyBCTBUTENHOCTTA € MOLLUEH MWHCTPYMEHT 3a Wu3yvyaBaHe W
nopgobpsiBaHe Ha HageXOHOCTTa Ha CNOXHUTE MaTemaTMyecku Mogenu ¢ ronama
pa3mMepHOCT. 3aMbpCsABaHETO Ha Bb3ayxa M METEOPOSIOrMYHNTE MOLENN Ca HA MbPBO MACTO
cpeq npumepuTe 3a TakMBa MOLENW, C MHOMO €CTEeCTBEHW HECUTyPHOCTM BbB BXOAHUTE
napameTpu 1 gaHHW. B cTatusaTa ca npeactaBeHn HAKOM pesynTaTtu OT HaweTo rnobanHo
npoy4YBaHe Ha aHanM3 YyBCTBUTENHOCTTA Ha YHUduumpanusa datckm Onnepos mogen (UNI-
DEM). MsnonassaHn ca pasnuyHn edektuBHn MoHTe Kapno u kBa3nm MoHTe Kapno
anropuTMu, a UMEeHHO KBasu-cryvanHuTe peamum Ha Cobon n XonTbH, TOYKOBO MHOXECTBO
TUN pelleTka C reHepupaly Bektop obobuieHaTa peguua Ha PnboHaum n Monte Kapno
anroputbma, 6a3mpaH Ha n3Bagkata NaTUHCKN XMnepkyob No OTHOLLEHME Ha u3cnenBaHe Ha
YyBCTBMTENTHOCTTA Ha O30HA M aMOHsIKa CMpsIMO BXOOHUTE EMWUCUMUMM U CKOPOCTHUTE
KOHCTaAHTM Ha HAKOM XUMUYHW peakunn. YucneHnte ekcnepuMMeHTM MokKa3Bar, ue
pasrnexgaHnTe CTOXaCTUYHU anroputMmn ca epekTUBHM 3a Tasu Lesn, ocobeHo 3a oueHka
Ha NpUHOCa Ha MarskuTe MO CTOMHOCT WMHAEKCW Ha YyBCTBUTENHOCT. 3a MHOrOMEpHM
WHTErpann C HMcka pasmMepHOCT Han-ePeKTMBHO € TOYKOBOTO MHOXECTBO C reHepupaly,
BekTop obobweHata peguua Ha @PuboHauM, [oOKaTO 3a BUCOKA pPasMepHOCTH

KBasucryyarHarta peguua Ha Cobon noctura Han-manka OTHOCUTENHA rpeLuka.

Abstract: Sensitivity analysis is a powerful tool for studying and improving the reliability of
large and complicated mathematical models. Air pollution and meteorological models are in
front places among the examples of such models, with a lot of natural uncertainties in their
input data sets and parameters. We present here some results of our global sensitivity study
of the Unified Danish Eulerian Model (UNI-DEM). Different efficient Monte Carlo and quasi-
Monte Carlo algorithms, namely Sobol QMC, Halton QMC, Fibonacci lattice rule and Latin

hypercube sampling have been used and compared by their accuracy in studying the
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sensitivity of ammonia and ozone concentration results with respect to the emission levels
and some chemical reactions rates. The numerical experiments show that the stochastic
algorithms under consideration are quite efficient for this purpose, especially for evaluating
the contribution of small by value sensitivity indices. For lower dimensional integrals the
Fibonacci point set is the most effective, while for higher dimensions the quasi-random Sobol

sequence achieves the smallest relative errors.
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Dimov |., Farago6 |., Vulkov L. (eds) Numerical Analysis and Its Applications. NAA
2016. Lecture Notes in Computer Science, vol 10187, Springer, Cham, pp. 302-310,
DOI: 10.1007/978-3-319-57099-0_32, Print ISBN 978-3-319-57098-3 Online ISBN
978-3-319-57099-0,

SJR(2017):0.295 Q2
https://doi.org/10.1007/978-3-319-57099-0_32

Lecture Notes in Computer Science (scimagojr.com)

Pe3tome: /13BbpLIEHN ca YMCIIEHN EKCNEPUMEHTU 3a CpaBHABaHe Ha e(eKTUBHOCTTa Ha
MoHTe Kapno metoga, 6asvpaH Ha wu3Bagkata natuHCKM xunepkyb (metog LHS) wm
TOYKOBOTO MHOXECTBO TuUM pelueTka, 6asmpaHo Ha obobuieHata peguua Ha PmnboHauum
(metog FIBO) 3a uHTerpupaHe MHOrOMEPHW MHTErpanu Ha rnagkm yHKUMU C pasinyHn
pasmepHocTu. [IBaTa MeToda He ca CpaBHABaHW Npean KU ABaTta ce npenopbyBaT Mnpu
MHOTOMEPHU WHTErpanu OT rNagku noauHTerpanHu QyHKuMKM. YucneHunte pesyntatu
nokaseart, 4e metoabT FIBO e no-gobbp ot LHS 3a MHOroMepHu uHTErpanm ¢ Hucka
pa3amepHocT, gokato LHS npeBb3xoxga FIBO ¢ yeBenuMyaBaHe Ha pasmepHOCTTa Ha
noguHTerpanHata gyHkums. Keasu-cnyunHata peguua Ha Cobon, KOATO € gageHa KaTo
OPUEHTUP, € MNpeBb3XOXdaHa OT MOHe efuH OT [BaTa MeToa BbB BCEKM €OuH OT

pasrnexgaHnte npuMmepn Ha MHOroMmepHHu nMHTerpasnm ¢ HUCKa 1 BUCOKa pa3MepHOCT.

Abstract: We perform computational investigations to compare the performance of Latin
hypercube sampling (LHS method) and a particular QMC lattice rule based on generalized
Fibonacci numbers (FIBO method) for integration of smooth functions of various dimensions.
The two methods have not been compared before and both are generally recommended in
case of smooth integrands. The numerical results suggest that the FIBO method is better
than LHS method for low-dimensional integrals, while LHS outperforms FIBO when the
integrand dimension is higher. The Sobol nets, which performance is given as a reference,
are outperformed by at least one of the two discussed methods, in any of the considered

examples.
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14. I'6 Todorov V., Dimov |, Dimitrov Y. (2018) Efficient quasi-Monte Carlo methods for
multiple integrals in option pricing. AIP Conference Proceedings, 2025, 1, AIP, 2018,
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Pe3tome: Pasrmexpgatr ce EBponenckn onuum € eKCnoHeHuManHa QyHKUus Ha nagex.
3apayarta 3a ueHaTta Ha EBponenckuTte onumm ce ceexga Ao npecmsitaHe Ha MHOTOMEPHMU
WHTEerpanu oT eKkCnoHeHumanHata yHKUMS BbpXy eanHnYHus ky6. B ctatuaTa cpaBHaBame
edEeKTMBHOCTTAa M TOYHOCTTA Ha kBasn-MoHTe Kapno metoamte 6asvpaHnm Ha TOYKOBU
MHOXECTBa OT TWUM peLUeTKa 3a YUCMEHO MNpecMATaHe Ha MHOrOMEepHUTE WHTerpanu c
pasmepHocT go 30. ToYHOCTTa Ha TOYKOBUTE MHOXECTBA OT TUM pelleTka 3aBuUCAT OT
n3bopa Ha nogxoasi reHepupaly Bektop. Korato noguHTerpanHara yHKUmus € 4OCTaTbyHO
rnagka, TO4KOBMTE MHOXECTBa TUMN peLLeTKa NpeBb3XoxaaT He caMO OOMKHOBEHUS METOoA
MoHTe Kapno, Ho u gpyru kBasu-MoHTe Kapro peguum ¢ HUCHK aguckpenaHc. NpegnmcteaTa
W HegocTaTbuMTe Ha pasnexgaHute kBasn-MoHTe Kapno anroputMm 3a MHOFOMEPHO
WUHTerpupaHe, 6asvpaHn Ha pasnuyHM FeHepupaLLn BEKTOPW, BKIHOYUTENHO M HOBO
TOYKOBOTO MHOXECTBO TUIM peLleTKa, Nosly4eHa ¢ NoMoLLTa Ha OTpaXkeHne, ca Npoy4veHn 3a

oLeHKa Ha EBpOI'IeIZCKI/I onunn B HaACToALETO n3cnenBaHe.

Abstract: In the present paper we consider European style options with an exponential
payoff function. The problem is transformed to evaluation of multidimensional integrals of
the exponential function over the unit cube. We compare the performance of quasi-Monte
Carlo methods based on lattice rules for multiple integrals up to 30 dimensions. The
performance of a lattice rule depends on the choice of the generator vectors. When the
integrand is sufficiently regular the lattice rules outperform not only the standard Monte Carlo
methods, but also other types of methods using low discrepancy sequences. The
advantages and disadvantages of the different quasi-Monte Carlo methods, based on
different generating vectors, including the new lattice rule obtained with a reflection method,
related to evaluation of European options are studied in the paper.
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Pe3tome: OcHoBeH npobnem B bencoBckaTa cTaTUCTMKA € TOYHaTa oLeHKa Ha MHOFOMEPHN
WHTEerpanu oOT [ABa Tuna, pasrnegaHn B cratudata. [lpeactaBeHO € USANOCTHO
eKcnepumMeHTanHo npoy4yBaHe Ha kBa3u-MoHTe Kapno anroputmMuMte, OCHOBaHW Ha
peauuarta Ha Cobor, HEMHO NMHENHO pa3bbpkBaHe NO MeToda Ha MaTtycek n cpaBHeHME C
agantmBeH noaxod MoHTe Kapno n To4KOBO MHOXECTBO TUM PELLETKa C reHepupall BeKTop
obouleHaTta peguua Ha PuboHaun. YncneHnte ekcnepuMeEHTM NoKasear, Ye pasrnexagaHuTe
CTOXaCTU4YHU anroputMm ca edeKkTUBHM 3a MHOMOMEPHO WHTerpuvpaHe u ocobeHo 3a
n34ncnsiBaHe Ha WHTerpanu cC ronsima pasmMepHoCT. ToBa € BaXeH eneMeHT, 3a ga ce
NMOCTUrHE MO-TOMHA W HagexaHa WHTepnpetaumst Ha pesyntatute B belicoBckata
CTaTUCTMKA, KOSITO € OCHOBA BbB BaXXHW MPUMOXEHWUST B MALUMHHOTO camoobydeHne u

N3KYCTBEHUNA UHTEIIEKT.

Abstract: A fundamental problem in Bayesian statistics is the accurate evaluation of
multidimensional integrals of two types, which are studied in the paper. A comprehensive
experimental study of quasi-Monte Carlo algorithms based on Sobol sequence, its
modification combined with Matousek linear scrambling and a comparison with adaptive
Monte Carlo approach and a lattice rule based on generalized Fibonacci numbers has been
presented. The numerical tests show that the stochastic algorithms under consideration are
efficient for multidimensional integration and especially for computing high dimensional
integrals. It is a crucial element since this may be important to be estimated in order to
achieve a more accurate and reliable interpretation of the results in Bayesian statistics which

is foundational in applications such as machine learning and artificial intelligence.
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Pe3tome: PasrnenaH e onpocTeH, HO peanucTuieH, Mogen Ha TpU KOMMNOHEHTHa XUMUYHa
cucTemMa, KoATo Mogenvpa XMMUYHU npouecu, npoTuyawm B atMocdeparta. Bbnpeku, ye
peanuctuyeH aTMocdepeH mModen Moxe [a CbObpXka Ay3vHa OT pearvpalim BeLlecTBa,
pasrnegaHvus Mogen onucaH TyK CbAbpXXa OCHOBHUTE CBOWMCTBA Ha aTMOCKepHMs MOAen
KaTo NofIMHOMMasnHa HenMHENHOCT U YucrieHn ocobeHocTu. [lokaTto B eAnH peanucTUdeH
aTMocdepeH MoAen B eKoNornaTa Morat Aa ydactBaT KOHLUEHTpaLumMmM Ha MHOMo pearnpatim
BELLeCTBa, OMNPOCTEHUSAT MOAen TyK MpuTexaBa OCHOBHUTE CBOWCTBA Ha ronemuTte
npakTuyeckn mogenu. MNpunoxeHa e KOMNakTHaTa cxema C YeTBbpTU pef Ha TOYHOCT Mo
NpoCcTpaHCTBEHATa NPOMEHSIMBA 3a pearsnHa msnyHa napabonnyHa TpaHCNopTHa cuctema,
onucealla atmocdepeH mogers, basmpaH Ha uMkbnia Ha YanmaH. MpunoxeHn ca pasnuyHu
SIBHO-HESABHM MeToaM 3a auckpetusaums no spemeto- Implicit Explicit Euler Backward
method-BDF1, [IMEX-BDF2, Crank-Nicolson-Leap-Frog. OcobeHa TpygHOCT npwu
pasrnexgaHarta cuMcteMa ca BUCOKATE HMBA Ha CKOPOCTHUTE KOHCTAHTU Ha XMMWYHUTE
peakunn, KOeTo e 3aTpyaHsABaro gocera CbLUeCTBYBaLUMTe METOAMN U € MOCTUrHaT Cepmno3eH
Hay4YHO-NPUNOXEH NPUHOC 3a TO3M BaXXeH aTMocdepeH mogen. Han-gobpu pesyntaty gaea
cxemara ¢ BTopu pef Ha TodHocT ro sBpemeTto IMEX-BDF2, a Han-nowm pesyntatu crnopeg

OYaKBaHOTO AudepeHyHaTa cxema ¢ Nbpsu peg Ha TodHocT IMEX-BDFA1.

Abstract: A simple but realistic model of a three-component chemical system that describes
chemical processes occurring in the atmosphere is considered. Although a realistic
atmospheric model may contain a dozen reactants, the considered model described here

contains the main properties of the atmospheric model such as polynomial nonlinearity and
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numerical features. While concentrations of many reactants may be involved in a realistic
atmospheric model in ecology, the simplified model here has the basic properties of large
practical models. A compact scheme with a four order of accuracy on the spatial variable for
a real physical parabolic transport system, describing an atmospheric model based on the
Chapman cycle, is applied. Various explicit and implicit methods in time have been applied
- Implicit Explicit Euler Backward method-BDF1, IMEX-BDF2, Crank-Nicolson-Leap-Frog. A
special difficulty in the considered system are the high levels of the rate constants of the
chemical reactions, which has complicated the existing methods and has made a serious
scientific and applied contribution to this important atmospheric model. The best results are
given by the scheme with the second order in time accuracy IMEX-BDF2, and the worst

results according to the expected results is IMEX-BDF1.
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Pe3lome: B Tasu ctatmsa ca npeanoxeHu n obcbaeHn Metoan Ha 6asaTta Ha KpanHuTte
pas3nMku W KpamHUTE €EfNeMEHTM 3a YUCNEHO pellaBaHE Ha CUCTEMW OT YacCTHMU
andepeHumanHn ypaBHEHUA, Ype3 KOUTO ce u3yvaBaT MOoApPOOHO CNOXHU EKONOrnYHM
CUCTEMU C rofiiMa pasmMepHOCT. [1bpBO ycTaHOBABaAME ANCKPETEH NPUHLMIM HA MakcMmyMma
3a andpepeHunanHaTa 3agada n crneg ToBa HeoTpuUaTeENHOCT Ha pelueHneTo. MNpunoxeHu
ca SIBHO-HESIBHM W HAMbJIHO SIBHM CXEMW 3a AUCKpEeTu3aumsi no spemeto. [peacraBeHun ca

YMCNEHWN EKCNEPUMEHTM, KOUTO MUIOCTpUpaT edhpekTUBHOCTTA Ha anropuTMuTe.

Abstract: Finite difference and finite element approximations for solving numerically the
systems of partial differential equations, by which comprehensive models for studying
complex large-scale environmental problems are studied, are proposed and discussed in
this paper. First, we establish a minimum principle for the differential problem and then
nonnegativity of the semidiscrete solutions. Algorithms of explicit-implicit and fully explicit
schemes are realized for space discretization in time. Numerical experiments are provided

to illustrate the efficiency of the algorithms.
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Peslome: M3cnensaHa e obpaTtHaTta 3a4ada 3a Bb3CTAHOBABaHE Ha AsicHaTa cTpaHa Ha
cuctema OT napabonuMyHuM YacTHU AudepeHUManHn ypaBHEHUs ¢ npeaedUuHMpPaHOCT,
3afafeHa OT TOYKOBU U3TOYHULM. TOYKOBUTE M3TOYHMLIM CE ONUcBaT OT AenTa-cyHKLMW.
UucneHua mMeTod ce OCHOBaBa Ha creumanHa [eKOMMO3ULUS Ha YMCMEeHOTO pelleHue,
KOETO € U3y4YeHO B NpeauLlHX CTaTuM 3a YypaBHEHUETO Ha TOMMONPOBOAHOCTTA. N3BbpLUEHN
Ca YMCIIEHN eKCrNepuMMEHTWU, KOUTO [AEeMOHCTpPUpaT edeKTUBHOCTTa Ha paspaboTeHust

anropuTsb™M 3a CUctemMun ot I'Iapa6OJ'II/I‘-IHVI 4YacCTHH D,I/I(*)epeHLI,VIaJ'IHI/I YpaBHEHUA.

Abstract: In this paper, we study the inverse problem for the reconstruction of the right-
hand side of parabolic systems of equations with overdeterminations, given by point
measurements. Point sources are described by delta functions. The numerical algorithm is
based on a special decomposition of the numerical solution first proposed for the heat
equation. Numerical experiments show the capacity of the numerical algorithm for parabolic

systems.
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Pestlome: B cTtatusaTa ca nscnegBaHu YMCreHM anpokcMMaunm ¢ BTOpY pea Ha TOYHOCT 3a
nbpBaTa npousBogHa C npunoxeHus. Noaxoga ce OCHOBaBa Ha JOrapUTMUYHU U
eKCMoHeHUManHu reHepmpatym yHkumMn. MetoobT MOXe a ce NPUoXun 3a npubnmxeHo
npecMsiTaHe Ha YUCINEHO peLleHne Ha OBUKHOBEHW AMdepPEHLManHn ypaBHEHUS OT MbpPBY

pea n 3a 4HaCTHOTO ,D,VICbepeHU,I/IaJ'IHO YpaBHeHUE, onmuceallo npeHoca Ha TornJinHa.

Abstract: In the present paper we construct second order shifted approximations for the
first derivative. The method is based on exponential and logarithmic generating functions.
Applications of the approximations for numerical solution of first order ordinary differential

equations and the heat equation are studied in the paper.
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Pe3lome: PaspaboteH e HOB MeToa 3a nogobpsiBaHe Ha peLleHMEeTO Ha OBUMKHOBEHM
NMHENHN APOBHM AndpepeHuManHn ypaBHEHUA C KOHCTAHTHM KOEMUUMEHTU, KOUTO ce
n3nonaeatr ApobHuTe nonvHoMM Ha Teunbp. Pasmexgar ce NUHEWHW OpobHu
AandepeHumanHn ypaBHeHUs, YMnTo pelleHnss umat ocobeHocT. BbBexaaTr ce gpobHute
nonuHoMmn Ha Tennwbp. lMNpeanara ce metoq 3a NogobpsiBaHe Ha TOMHOCTTA Ha YUCHIEHUTE
peleHns Ha NMHENHN OBWKHOBEHWM AOPOOHN AndepeHUManHn ypaBHEHUSI C KOHCTaAHTHU
koedmuneHTn. MetoabT M3nona3ea ApodHUTE NONIMHOMK Ha Tennbp 3a TpaHcdhopMupaHe
Ha ypaBHeHusiTa B ApOOHM AndpepeHuManHn ypaBHEHUS, KOUTO UMaT Madkn peLueHus.

MeToabT e 0000LEH U e AoKa3aHa HeroBaTa CXOAMMOCT.

Abstract: A new method has been developed to improve the solution of ordinary linear
fractional differential equations with constant coefficients, which use Taylor fractional
polynomials. Linear fractional differential equations whose solutions have a natural
singularities are considered. Taylor's fractional polynomials are introduced. A method for
improving the accuracy of numerical solutions of linear ordinary fractional differential
equations with constant coefficients is proposed. The method uses Taylor fractional
polynomials to transform the equations into fractional differential equations that have smooth

solutions. The method is generalized and its convergence is proved.
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