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3arpsizHeHHEe BO3AyXa TSDKEIBIMHA METaJIaMUu Tpe-
CTaBJISIET CEPbE3HYI0 ONACHOCTb I 370POBbsI YEJIOBE-
ka. B pamkax mexaynapoaHoii mporpammbl UNECE ICP
Vegetation B 2022 1. OBITH TIPOIOIHKEHBI UCCICIOBAHMUS
10 MOHHUTOPHUHTY W MPOTHO3HPOBAHHIO IMPOIIECCOB 3a-
rpsi3HEHUs. Bo3ayxa, npoogumble B JIMT coBmecTHO
¢ JIH®. B xoze BbINONHEHUS PabOT ObUIM arpoOHUpoBa-
HbI pa3jIMyYHbIE CTaTUCTHMUYECKHE U HEMpPOCETEBBIE MOJE-
7, OOYyYCHHBIC HA PEaJbHBIX JAHHBIX IO 3arpsi3HCHUIO
BO3yXa U JAHHBIX JMCTAHLUUOHHOIO 30HAMPOBAHMS
3emnu. [lokazatenu wuccieqOoBaHUN MO 3arpsi3HEHUIO
Biagumupckoit, SpocnaBckoli 1 MoCKOBCKOM o0OmacTei
OBUTM HCITOJB30BAHBI JIJISI CO3JAHMSI IPOTHO3a 3arpsi3He-
Hus Bo BceM llentpanbHoM peruone Poccuu. IlomyueHsl
MHOTOOOCIIAIONINE PE3YAbTaThl IMPH MPOTHO3UPOBAHUN
KOHLIEHTPALUU JEBATH TSKENbIX METAIIOB — CPEAHSS
TOYHOCTb Mojielielt npesbicuiia 89 %. [locTpoens! neranu-
3UpPOBaHHbBIE KAPThI 3aIPA3HEHUS AJTFOMUHUEM, KEIIE30M U
cypbMmoil B LlenTpansHoM perrone Poccun.

Uzhinskiy A., Vergel K. Central Russia Heavy Metal
Contamination Model Based on Satellite Imagery and Ma-
chine Learning / Comput. Opt. 2023. V.47, No. 1. P.137-151;
doi:10.18287/2412-6179-CO-1149

[IpennoxeH NpUHLUMIINAIBHO HOBBIM MOAXOM K YHC-
JICHHOMY pelleHuto 3anaun Komu st 0ObIKHOBEHHBIX
muddepennnansHbix ypaBHenuit — meton MBI-TIK (me-
TOJI 0A3MCHBIX DJIEMEHTOB — «IIPEAUKTOP—KOPPEKTOP»)
Ha OCHOBE MHOTOYJICHOB B (popMe Oa3UCHBIX SIICMCHTOB
(MB3-mHorounenst), paspadborannsix panee B JIUT. B ot-
JU4Ke OT SIBHBIX MeTonoB PyHre—KyTtel, Agamca u ap.,
HEMPUTOJHBIX JUISl PELUIEHUS KECTKUX 3ajlady, cxema, Io-
cTpoeHHast Ha ocHoBe MBD-MHOrou1€HOB, MOXKET peliaTh
takue 3agaun. B MBD-IIK ucnone3yercst siBHasg cxema
«IPEeTUKTOP—KOPPEKTOp». BEIanciene mporuosa Ha oue-
pEeIHOM IIare OCYMISCTBISAETCS C TOMOIIBIO AByX MBO-
MHOTOYJICHOB TISITOM CTENEeHH, CBSI3aHHBIX JOMOTHHUTENb-
HBIMH YCIIOBHSMH TPHU JBOWHOM OOpamIeHHH K MpaBOi
yacTH ypaBHeHHUs. [loTpeniHoCTh METoMa PEeryaupyeTcst
JuTrHOM 1mara h u ynpasmsronmm mapamerpom K, 0<K<1.
Takast cxema oOecrieuuBaeT IMATHIA MOPSIIOK TOYHOCTH U
YCTOWYMBA MTPU BBIUMCICHUSX C TIPECIbHO MaJIbIM I11arOM
(h=10"17, 10715). Pesynbrarsl aHaiu3a acCHMITOTHYECKH
TOYHOM OLEHKHU MOTPEIIHOCTH Mo cxeme Puuapacona Ha
MOCJIEI0BaTEeIbHOCTH HU3MENBYAIOIINXCSl CETOK MOATBEP-
JAITA TIATHIA TOPSITOK TOYHOCTH METONAa. YCTOMYMBOCTH
MBD-MHOTOUYICHOB K BBIYHCICHUSAM C YPE3MEPHO MaJIBIM
I1arOM TIO/ITBEPIKIACTCS NCTIHITAHUEM METOAA TECTOM ISt
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Atmospheric heavy metal contamination poses a real
threat to human health. Within the UNECE ICP Vegetation,
the research on monitoring and predicting air pollution
processes, carried out at MLIT together with FLNP, was
underway in 2022. In the course of the work, different sta-
tistical and neural network models, which were trained on
real atmospheric contamination data and remote sensing
data, were tested. Indicators from air pollution surveys in
the Vladimir, Yaroslavl and Moscow Regions were used
to create a contamination prediction for the entire Central
Russia region. Promising results were obtained in pre-
dicting the concentrations of nine heavy metals, with an
average accuracy of the models exceeding 89%. Detailed
maps of Al, Fe, and Sb contamination in the Central Russia
region were made.

Uzhinskiy A., Vergel K. Central Russia Heavy Metal Con-
tamination Model Based on Satellite Imagery and Machine
Learning // Comput. Opt. 2023. V. 47, No. 1. P. 137-151;
doi:10.18287/2412-6179-CO-114

A fundamentally new approach to the numerical solu-
tion of the Cauchy problem for ordinary differential equa-
tions, i.e., the BEM-PC (basic element method “predictor—
corrector””) method, based on polynomials in the form of
basic elements (BEM polynomials), developed earlier at
MLIT, was proposed. In contrast to the explicit methods of
Runge—Kutta, Adams and others, which are unsuitable for
solving stiff problems, the scheme based on BEM polyno-
mials allows solving such problems. The BEM-PC method
uses an explicit “predictor—corrector” type scheme. The cal-
culation of the prediction at the next step is carried out us-
ing two BEM polynomials of the fifth degree, connected by
additional conditions and the double calculation of the right
side of the equation. The error of the method is regulated
by the step length h and the control parameter K, 0<K<1.
Such a scheme provides the fifth order of accuracy and is
stable in calculations with extremely small steps (h=10"17,
10713). The results of the analysis of an asymptotically ac-
curate error estimate according to the Richardson scheme
on a sequence of shredding grids confirmed the fifth order
of accuracy of the method. The stability of BEM polynomi-
als to computations with excessively small steps is verified
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JKECTKOW 3a7jaudl U PELICHUSIMU IPYTMX HETPUBUAIBHBIX
3a/1a4.

Jukycap H.J]. Uucnennoe pemenue 3agaun Komm Ha
OCHOBE MeTofa Oa3MCHBIX 3JeMEHTOB // Maremarudeckoe
MmozenupoBanue. 2023. T.35, Ne 5.

[Ipemmoxkerno mocTatogHo mpocTtoe U d(PdexTuBHOE
rudpugHoe MPI+OpenMP pacnapannenuBanne MeTtona
psnos Teliopa ¢ MHOrOKparHOM TOYHOCTBIO, IO3BOJIS-
olIee Ipu HeOOXOIMMOCTH HCTIONb30BaTh CKOJIb YTOJHO
OONBIION BBRIYACIUTENBHBIA pecypc. s pacmaparre-
JUBaHUS aJTrOpUTMa OOBEOUHSAIOTCS MapajuienbHbie MPI
u OpenMP texnonmormm Bmecte ¢ Ombmmorexoit GMP
(GNU Multiple Precision) u crieransHONH OMOTHOTEKOM
MPIGMP. Dtor momxon K pacmapaieIMBaHUIO HE 3a-
BHCHT OT CTpaTeTHH BHIOOpA pa3Mepa Iuara Mo BPEMEHH
(puxcupoBaHHBIN WK amanTUBHBIN). HecmoTps Ha TO,
YTO TECTOBAsI MOJIEIIb MIPE/ICTABISIET COOOH KITACCHYECKYIO
cucremy JlopeHna, nmpeuiaraemast CTpaTertst paciapasuie-
JMBaHWS HOCHUT JOBOJIBHO OOMINI XapakTep U MOXKET OBbITh
MIPUMEHEHA TaKXkKe K OOJBIIOMY KJIACCY XaOTHUECKHUX IHU-
HaMHWYECKHUX CHCTEM MJIsl TONydYEeHUs pelleHnuit ¢ Tpely-
€MO TOYHOCTBIO Ha OOJIBIINX MHTEPBAax 110 BPEMEHH.

Hristov I. et al. Parallelizing Multiple Precision Taylor
Series Method for Integrating the Lorenz System // BGSIAM
2020: Advanced Computing in Industrial Mathematics. Studies

in Computational Intelligence. 2023. V.1076. P.56-66; https://
doi.org/10.1007/978-3-031.

HccrienoBanbl BO3MOKHOCTH POOACTHOTO YIIpaBIie-
HUS TUHAMHUYCCKH HEYyCTOWYMBBHIMHU HEIMHCHHBIMH O0B-
€KTaMU YTNpaBJieHUs] C peaju3alleil Ha BCTPAUBAEMBIX
MpoLeccopax KIACCUUYEeCKOM apXxuTekTypbl. Omnucana
CTparerusi NpOEKTUPOBAHUS HHTEIUIEKTYaJlbHBIX CHUCTEM
YIpPaBJIEHUS HA OCHOBE TEXHOJIOIMI KBAaHTOBBIX U MST-
KUX BEIYHCICHHH. B 3TOM momxome MareMaTwmdecKui
(hopMamu3M KBaHTOBOM MEXaHHWKH UCIIONB3YETCS YIS TI0-
CTPOEHHUSI HOBBIX QJFTOPUTMOB KBAaHTOBOI'O YINpaBJICHMUSI,
YCHEIIHO MOJIETIUPYEMBIX Ha KOMITBIOTEPAX KJIACCHUECKOM
APXUTEKTYpBl. AJTOPUTMBI HCIOJNB3YIOT CXEMY KBAaHTO-
BOTO HEUCTKOTO BBIBOJA — W3 0a3 3HAHUH (BKITFOYAIOIIHX
nmapaMeTpel (pYHKIMHA TMPHHAIISKHOCTH W MHOXECTBa
HEUCTKUX IMPaBHJI), MPHHAMICIKAIINX OTACITHHBIM HEYET-
KUM DPETYJISITOpaM, U3BJIEKACTCSl CKPbITash KBAaHTOBAas MH-
(hopmanus, Ha OCHOBE KOTOPOH co3/maeTcst HoBasi podact-
Has 0a3a 3HaHUW. [Ipy 3TOM MCXOMHBIC MPOMYKITHOHHBIC
MpaBUjIa W UX KOJMYCCTBO B UCXOMHBIX HETOYHBIX 0a3ax
3HAHUW HE MEHSIOTCS. DTOT MPOLEcC IEMOHCTPUPYET CH-
HepreTuieckuii 3(h(eKT KBaHTOBOW CaMOOpPTaHU3aIUH —
U3 JIByX HEHAJICXKHBIX 0a3 3HAHWI HEYECTKOTO PETyIsITopa
co3maercs (B peXMME peajqbHOTO BPEMEHH) pobacTHas
0a3a 3HaHWH KBAaHTOBOTO HEYECTKOTO DETYIATOpa. IJTOT

by testing the method with a test for a stiff problem and
solving other non-trivial problems.
DikusarN.D. Numerical Solution of the Cauchy Problem

Based on the Basic Element Method // Math. Model. 2023. V.35,
No. 5.

A fairly simple and efficient hybrid MPI+OpenMP
parallelization of the multiple precision Taylor series
method, which enables one to use an arbitrarily large com-
putational resource, is proposed. To parallelize the algo-
rithm, MPI and OpenMP parallel technologies are com-
bined together with the GMP (GNU Multiple Precision) li-
brary and the special MPIGMP library. This parallelization
approach does not depend on the stepsize strategy (fixed or
adaptive). Although the test model is the classical Lorenz
system, the proposed parallelization strategy is rather gen-
eral and can also be applied to a large class of chaotic dy-
namical systems in order to obtain long-term mathemati-
cally reliable solutions.

Hristov I. et al. Parallelizing Multiple Precision Taylor
Series Method for Integrating the Lorenz System // BGSIAM
2020: Advanced Computing in Industrial Mathematics. Studies

in Computational Intelligence. 2023. V.1076. P.56-66; https://
doi.org/10.1007/978-3-031.

The possibilities of the robust control of dynamically
ill-defined nonlinear control objects with the implementa-
tion on embedded processors of classical architecture are
investigated. The strategy for designing intelligent control
systems based on quantum and soft computing technolo-
gies is described. In this approach, the mathematical for-
malism of quantum mechanics is used to construct new
quantum control algorithms successfully modeled on clas-
sical computers. The algorithms apply a quantum fuzzy
inference scheme; i.e., hidden quantum information is ex-
tracted from knowledge bases (including the parameters of
membership functions and a set of fuzzy rules) belonging
to individual fuzzy controllers, on the basis of which a new
robust knowledge base is created. At the same time, the
original production rules and their number in the original
imperfect knowledge bases do not change. This process
demonstrates the synergetic effect of quantum self-orga-
nization; namely, from two imperfect knowledge bases of
a fuzzy controller, a robust knowledge base of a quantum
fuzzy controller is created (online). This effect is purely
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3¢ PEeKT UMEeeT YNUCTO KBAHTOBYIO MPHUPOAY W HCIIOIB3Y-
€T CKpPBITYI0 KBAaHTOBYIO MH()OPMAIIMIO, U3BICUCHHYIO U3
KJIACCHYECKUX COCTOSHUH. Pa3paboTaHHas TEXHOIOTHS
TIOBBIIIAET HA/EKHOCTh WHTEJIEKTYalbHBIX KOTHUTHB-
HBIX CHCTEM, (YHKIMOHMPYIOUINX B HENPEIBUICHHBIX
CHUTYaIMsAX YIPaBIECHNs, HAIPUMED, IIPU B3aNMO/IEHCTBUH
KOJJIEKTHUBA POOOTOB pa3nuuHbIX TuUNoB. Ha MHOXecTBe
MIPUMEPOB  PA3IUYHBIX CHCTEM MPOAEMOHCTPHPOBAHO
3¢ PeKTHBHOE BHEIPEHUE CXEMBI KBAHTOBOTO HEYETKOTO
JIOTHYECKOTO BBIBOJIA B KAYECTBE TOTOBOTO IPOTPaMMHUPY-
€MOTO AJITOPUTMHUYECKOTO PEIICHHS JJIsl CUCTEM HUKHETO
UCTIOTHUTENIFHOTO YPOBHS ynpasieHusi. PazpaboTanHbIe
QJITOPUTMBI M CTPATETHs MPOEKTUPOBAHUS BIIOCIEACTBUH
OBUTH YCIIEIIHO MPUMEHEHBI K pa3paboTke MHTEIIEKTY-
QJIbHOI CHCTEMBI YIIPaBJICHUS OXJIAKIEHUEM CBEPXIIPOBO-
JSIIAX MAarHATOB B pamKkax npoekta NICA.

Ulyanov S. V., Reshetnikov A. G., Zrelova D. P. Industrial
Robotic Intelligent Robust Control System: Applying Quan-
tum Soft Computing Technologies and Quantum Software
Engineering in Unpredicted Control Situations // Software &
Systems. 2023. V. 36, No. 1. P. 197-206; doi: 10.15827/0236-
235X.141.197-206.
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quantum in nature and uses hidden quantum information
extracted from classical states. The developed technolo-
gy enhances the reliability of intelligent cognitive
systems functioning in unforeseen control situations, for
example, when interacting with an ensemble of robots of
various types. The effective implementation of a
quantum fuzzy inference scheme as a ready-made
programmable algorithmic solution for systems of the

lower executive level of control is demonstrated on a
variety of examples of different systems. The developed
algorithms and design strategy were subsequently
successfully applied to the development of an intelligent
cooling control system for superconducting magnets
within the NICA project.

Ulyanov S. V., Reshetnikov A. G., Zrelova D. P.
Industrial Robotic Intelligent Robust Control System:
Applying Quantum Soft Computing Technologies and
Quantum Software Engineering in Unpredicted Control
Situations // Software & Systems. 2023. V. 36, No. 1.

P. 197-206; doi: 10.15827/0236-235X.141.197-206.






