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NNEHAPHAA CEKUUA

AHcambneBble METPUKU CXOACTBA B 3a4a4aX MALUMHHOIO 06yyeHus

B. b. bepukos

UHcmumym mamemamuku um. C. /1. Cobonesa CO PAH
Hosocubupckuli 2ocydapcmeeHHsbili yHUsepcumem
Email: berikov@math.nsc.ru

DOI: 10.24412/cl-35065-2022-1-01-90

MoHATHe cxoacTBa 06bEKTOB MMeeT PpyHAaMEHTaIbHOE 3HaYeHMe B MalUMHHOM 06y4YeHuu. CyliecTByeT Ao-
CTATO4YHO 60/blLOE YMCIO cNOoCcObOB BBEAEHUSA METPUK cXoacTBa. B 3agavax mawmHHoro obyyeHums, ocobeHHo
B c/ly4ae 60/1bworo o6bema AaHHbIX, BO3HUKAIOT NpobieMbl, CBA3aHHbIE C BbICOKMMU 3aTpaTaMm Ha XpaHeHue
MaTpuL, NONapHOro CX0ACTBa U NPOBeAeHUe onepauuit ¢ HUMKU. Kpome Toro, Npu HaIMunKM COXKHbIX HEeJIMHEN-
HbIX CTPYKTYpP AaHHbIX (KnacTepoB, MHOroobpasuii), Ans onpeaeneHusa CTeneHu CXoAcTBa TpebyeTca yunTbiBaTb
NPMHAANEKHOCTb TOYEK K 3TUM CTPYKTypam. YacTb NPM3HAKOB, OMMUCHIBAOWMNX 06EKTbI, MOXKET 6bITb MaNOWH-
$GOPMATUBHOWM UK CBA3AHO MEXKMPU3HAKOBLIMW 3aBUCMMOCTAMU. B aTOM c/iyyae, Ans yaydweHus obobuiato-
wew cnocobHocTM moaenen, Heobxoanm oT60pP NPU3HAKOB MAKN CHUMKEHME PAa3MEPHOCTU NPU3HAKOBOrO NpPo-
CTpaHcTBa.

[ns peweHna 3a4a4y MalMHHOTO 06y4YeHmMA, NP HAIMYUKM YKa3aHHbIX ocobeHHoCcTeln, Bbin NpeanoXkeH noa-
X0/, OCHOBaHHbIN Ha COMETaHMM aHCamb1eBOIO KNacTepHOTO aHaAn3a, SAepPHOro U ryboKkoro obyvyeHus, mano-
PaHroBbIX MATPUYHbIX geKomno3suumit [1-3]. Ha ocHoBe pasBMBaeMoro noaxoda paspaboTaHbl MeToApl Ya-
CTUYHO- M cnabo-KoHTpoMpyemoro obydeHus (semi-supervised, weakly supervised learning) B 3agavax Knaccu-
dMKauMM 1 NPOrHo3npoBaHua. PaspaboTaHHble METOAbI NPUMEHEHbI B MPAKTUUYECKUX NPUIOKEHUAX, B YaCTHO-
CTU, NPU aHaNU3e ToMorpadpnYecKUx MegUUMHCKUX 306 parkeHW I, MOHUTOPUHIE TEXHOTeHHbIX BbIBpocoB. B go-
Knage coobliaetca 06 OCHOBHbIX pe3y/ibTaTax, Mo/lyYeHHbIX B 4aHHOM HanpaBaeHUN.

PaboTa BbiNnosiHeEHA Npu GMHAHCOBOM noaaep:Ke Poccuinckoro ¢oHaa dyHAaMeHTaNbHbIX MCCAeL0BaHMI (Koa npo-
ekTa 19-29- 01175) u rocyaapcTBeHHoOro KoHTpakta MM CO PAH (koa npoekta FWNF-2022-0015).

CnucokK nuTepaTtypbl

1. Berikov V., Pestunov I. Ensemble clustering based on weighted co-association matrices: Error bound and conver-
gence properties // Pattern Recognition. 2017. V. 63. P. 427-436.

2. Berikov V. Autoencoder-based Low-Rank Spectral Ensemble Clustering of Biological Data // 2020 Cognitive Sciences,
Genomics and Bioinformatics (CSGB) — IEEE. 2020. P. 43-46.

3. Berikov V., Litvinenko A. Weakly supervised regression using manifold regularization and low-rank matrix represen-
tation // Lecture Notes in Computer Science. 2021. V. 12755. P. 447-461.

O npobneme pasgeneHus MaTPUYHOro CNEeKTPa OTHOCUTENIbHO 3a4aHHO KpUBOWH
3. A. Bubepaopd?, /1. Ban?
YMHemumym mamemamuku CO PAH

2Hosocubupckuli 2ocydapcmeeHHsbIll yHusepcumem
Email: biberdorf@ngs.ru
DOI: 10.24412/cl-35065-2022-1-00-04

PelieHre MHOTUX NPUKNAAHbIX 334,34 CBOAUTCA K CNEKTPabHOM Npobieme AnHenHol anrebpsl. Mpu aTom,
KaK nNpaBusio, TpebyeTca MHPOPMaLMA O NOKaAN3aLLMK TPYNN COBCTBEHHbIX 3HAYEHWI OTHOCUTE/IbHO 3a4aHHOM
KpuMBOW (Hanpumep, HEMTPaAbHON KPUBOK B 3a4a4ax YCTOMUMBOCTU) U UX YYBCTBUTENbHOCTU K BO3MYLLEHMAM
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MaTpuubl. 9TM TpeboBaHMUA NPUBOAAT K GOPMYNMPOBKE 334341 ANXOTOMUM MATPUUHOIO CNEKTPA, ABAAlOLWEenca
a/NbTePHATMBOW CNEKTPa/IbHOM 3aJa4e B KaccMyeckon noctaHoBke [1].

Ha 6a3e uTepaluMOHHOro anropuTtma AUXOTOMUN OTHOCUTENIbHO €ANHUYHON OKPYXKHOCTU BblnN cO34aHbl
aNropUTMbIl Pa3aeneHma cneKkTpa OTHOCUTENBHO NPAMBIX M KPUBbIX BTOPOro nopsagKa. B nocnegHee Bpemsa pas-
paboTaHbl aAIFOPUTMbI ONpeaeneHns OTCYTCTBMA COBCTBEHHbIX 3HAYEHMIN Ha y4yax W OTPe3Kax, aAropuTmbl au-
XOTOMUWN OTHOCUTE/IbHO YINa, YCEYEHHOIO CeKTOpPa, MHOTOYrO/IbHUKOB U T. 4, [2]. Maen ANXoToMUM MaTPUYHOTO
CMeKTpa MCMoJib3yoTCA B 3aZa4aX O pa3fae/IeHNM MHOFOY/IEHOB Ha MHOMUTENN. ANTOPUTMbI ANXOTOMMUK adan-
TUPYIOTCA K 3aZi@4am o crneKkTpax anddepeHumanbHbix onepaTopos [3], Hanpumep, ONUCbIBAOLNX TEYEHUS BA3-
KOM 1 BA3KO-YMNPYron HECKMMAEMbIX KUAKOCTEN. PasnoxeHne NpoCTpaHCTBa HAa MHBapPMaHTHbIE NOANPOCTPaH-
CTBa C MOMOLLbIO aITOPUTMOB ANXOTOMMM CNEKTPA UCNONb3YETCS B 3a4a4axX, BO3HUKAOLWMX B aTOMHOM sHepre-
Tuke [4].

PaboTa BbiNo/iHEHa B pamKax roc. 3agaHua MM CO PAH (npoekt Ne FWNF-2022-0008), npu ¢MHaAHCOBOM noaaepke

Poccuitckoro Hay4Horo poHaa (Kog npoekta 20-11-20036, B YacTu NPUIOKEHUI K 334a4e O TeYEHUN NONUMEPHOM KUIAKO-

cTm).
Cnuncok nutepaTypbl

1. ToayHos C. K. 3agaya o guxotomuu cnektpa matpuubl // Cnb. matem. skypH. 1986, T. 27. Ne 5. c. 24—3715.

2. bubepgopd 3. A. AAroputm pasfeneHus mMaTpuyHOro CheKTpa OTHocuTenbHo yrna // WBMuM®. 62:5 (2022).
P. 742-756.

3. bubepgopd 3. A., BanHosa M. A., Monosa H. N. Mogudurkaumm metoaa 4UXOTOMUM MaTPUYHOTO CNEKTPA U UX NPU-
MeHeHMe K 3agavam ycroinumsoctu. // Cu6XBM. 2018. T. 21, Ne 2. C. 139-153.

4. bubeppopd 3. A., MuteHkosa E. ®., CemeHoBa T. B. CneKkTpasbHbI aHaNn3 B 3aZa4ax pacnpeseneHns HeMTPOHOB
B cnabocsasHbIx cuctemax // AtomHan sHeprusa. 2021. T. 131, Ne 4. C. 213-219.

Methods of recovering of the magnetic fields using experimental data

Yanfei Wang?, 1. I. Kolotov?, D. V. Lukyanenko?, I. E Stepanova?, A. G. Yagola?

IKey Laboratory of Petroleum Resources Research Institute of Geology and Geophysics, Chinese Academy
of Sciences

2lomonosov Moscow State University

3Schmidt Insitute of Physics of Earth, RAS

Email: yagola@physics.msu.ru

DOI: 10.24412/cl-35065-2022-1-01-41

We constructed regularizing algorithms for magnetic fields restoration and applied them to reconstruction
of magnetic underground parameters using full tensor gradient data and recovering magnetic images of Mars
and Mercury.

References

1. Wang Y., Lukyanenko D., Yagola A. Magnetic parameters inversion method with full tensor gradient data // Inverse
Problems and Imaging. 2019. V. 13, N. 4. P. 745-754.

2. Wang Y., Kolotov I. I., Lukyanenko D. V., Yagola A. G. Reconstruction of magnetic susceptibility using full magnetic
gradient data // Computational Mathematics and Mathematical Physics. 2020. V. 60, N. 6. P. 1000-1007.

3. Kolotov I., Lukyanenko D., Stepanova |.,, Wang Y., Yagola A. Recovering the magnetic image of Mars from satellite
observations // J. of Imaging. 2021. V. 7, N. 11. P. 234.
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MeToab! pewweHUa 06paTHbLIX 33434 B YC/I0BUAX HEEAUHCTBEHHOCTU U (MKn) cMNIbHOW HEYCTOMYMUBOCTH

peweHus
B. B. BacuH

UHcmumym mamemamuku u mexaHuku YpO PAH

YpanscKuli 20cydapcmeeHHsili yHusepcumem
Email: vasin@imm.uran.ru
DOI: 10.24412/cl-35065-2022-1-01-42

Mpw peweHnn obpaTHbIX HEKOPPEKTHO NOCTABNEHHbIX 33434, paccmaTpmBaemblx B Gopme IMHENHOTO nam
HEeNIMHEMHOro OMepPaToOPHOro ypaBHEHUA NepBOro poaa, NPy HapyweHUM YCNOBUA €ANHCTBEHHOCTM peLleHns
BO3HMKaeT npobsiema NOCTPOEHUA A4OCTOBEPHOIO NPUBIMKEHHOIO PeLUEeHMA, MOCKONbKY UCMO/b3yeMblli pery-
NAPU3YIOLWMIA aNITOPUTM MOXKET CreHepUpoBaTb NPUBIMKEHHOE peLleHne, KOTOPoe BMECTO MCKOMOTO peLleHus,
COOTBETCTBYHOLLETO PU3NYECKOW peasibHOCTH, ByAeT annpoKCMMMUPOBaATb NOCTOPOHHEE pelleHue. Jpyrumm cno-
BaMM, B 3TOM C/ly4ae B pamKax 3ag4aHHOM MaTeMaTUYeCKON MOAE/M He CYLLLeCTBYET HUKAKOro MeToa, KOTOpbIi
6bl rapaHTUPOBaN NOJYYEHUE MCKOMOTO PELUEHMs, T. e. PeLleHUs, ONMUCbIBAIOLWEro Uccaeayemblit peasbHbli
06BbEKT. AHanorMyHan npobaema MMeeT MeCTo NP CUNbHON HEYCTOMYMBOCTM PELLEHNS OTHOCMTE/IbHO NorpeLu-
HOCTel BXOAHbIX AaHHbIX, KOrAa Aa*Ke NPU MasibiX OLIMOKaxX AaHHbIX MPONCXOAAT KaTacTpodUyecKkne MsmeHeHns
B NPUBAUKEHHOM PEeLLIEeHMU, YTO 3aTPYAHAET MHTEPNPETALMIO YNCAEHHOTO pe3yabTaTa. Mo-Buanmomy, eanH-
CTBEHHbIN cNOCO6 yNyYLIUTb TOYHOCTb MPUBINMKEHHOTO PELLEHNA U MOBLICUTL JOCTOBEPHOCTb OKOHYATE/IbHOTO
pes3y/abTata — NpuBAEYEeHME BCEN MMetoLeca MHGOPMaLMK O PELLEHWM C LIEJIbIO e€ JIOKanu3aumn 1 yyeTe 3Tol
MHbOpPMauumn B 6a30BOM PErynspM3yIOLLEM a/ITOPUTME C MOMOLLbIO Noaxoaslieln ero moandukaummn. B go-
Knage obcyKaaroTca passiMyHble cnocobbl y4eTa anprMopHbIX OFpaHMYEHN, B TOM Yncie Hanbonee obwwmin, rmb-
KM MU 3KOHOMUYHbIN MeToA, Ha OCHOBe delnepoBCKUX 0TOBParXKeHUI NPU UCNONb30BaHMM 6a30BbIX UTEPALINOH-
HbIX npoueccos [1]. Heob6xoaMMOCTb yyeTa anpuUOpPHbIX CBEAEHUI O pelleHMM B aITOPUTME BO3HMKAET TaKKe
Nnpu BOCCTAaHOB/IEHMM MCKOMOFO pelleHUs, coAep:Kallero 0AHOBPEMEHHO HECKO/IbKO TUNOB 0COBeHHOCTel,
Hanpumep, paspbiBbl, M310Mbl U YY4ACTKU C [NagKUM NoBeaeHUeM pelleHns. B aToi cutyaumm uenecoobpasHo
MCNo/1b30BaTb MOANPULMPOBAHHBIM BapuMaHT MeToda perynspusaumm TuxoHosa [2]. B AByxaTanHbiXx meTonax
pelweHusa 0bpaTHbIX 3a4a4 30HANPOBAHMA N0 ONpPeaeNeHni0 BePTUKAbHbIX Npoduaein NapHUKOBLIX ra3os (Ta-
¥KeJiol Bogbl, YI/IEKUC/IOTO ra3a) onepaTop Lwara utTepalMoHHbIX npoLeccoB o6/1agaeT cBOMCTBOM henepoBoCTy,
NMosTOMY 3TU MeTo/bl A0MNYCKaloT UCMO/Ib30BaHNE B aArOPUTME Pas/IMYHOM anpuopHOM MHbOpPMaLUUK O peLle-
HUM, BbITEKaloLLEN U3 hM3MYECKOTro CMbIcna 3a4a4m (cm. paboTy [3] n 6ubnnorpaduio B Helt).

PaboTa BbinonHeHa nNpu GMHaHCOBOW Noaaep»KKe Poccuiickoro HaydHoro ¢poHaa (Kog npoekrta 18-11-00024-M).
Cnuncok nutepaTypbl

1. BacuH B. B. OcHOBbI TEOpMY HEKOPPEKTHbBIX 334a4. HoBocnbupck: N3p-so CO PAH, 2020.

2.Vasin V. V., Belyaev V. V. The modified Tikhonov regularization method with the smoothed total variation for solving
the linear ill-posed problems // Eurasion J. Comput Appl. 2021. V. 6, iss. 2. P. 88-100.

3. Vasin V. V. Solving nonlinear inverse problems based on the regularized modified Gauss — Newton method //
Doklady RAN. Matematika, Informatika, Protsessy Upravleniya. 2022. V. 504. P. 47-50.
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YucneHHoe mogennmpoBaHUE COCTOSSHUA BOA U MOPCKOrO Jibga CUBUPCKMX apKTUYECKMX MOpeN

B 21 ctonetuun

E. H. FTonybesa, M. B. KpaiHeBa

UHCcmumym sbiqucaumensHol mamemamuKku u mamemamu4eckol eeogpusuku CO PAH
Email: elen@ommfao.sscc.ru

DOI: 10.24412/cl-35065-2022-1-02-44

BTropoe gecatuneTue 21 ctonetmsa xapakTepusyeTcs sKCTPemMaslbHbIM COCTOAHMEM NeAAHOro NOKPOoBa 1 no-
BEPXHOCTHOW TemnepaTypbl MOPCKOM noBepxHocTu CeBepHoro J/lef0BUTOrO OKeaHa ¢ HanbobWMMN U3MEHe-
HUAMM Ha aKBATOPUM CMBUPCKUX apKTUYECKUX Mopel. MccneaoBaHMe OCHOBBLIBAETCA Ha PEerMoHaNbHOW Tpex-
MepPHOM YNCIEHHOM MoAe NN OKeaHa n mopckoro sibaa SibCIOM (Siberian coupled ice — ocean model), ¢ ucnonb-
30BaHMEM AaHHbIX peaHannsa atmocdepbl. YHucieHHaa Moaesb NOKa3bIBaET, YTO C UHTEHCUBHbIM COKpaLleHneM
naowaam negaHoro NoKPoBa CBA3aHO NOBbILIEHME TeMNepaTypPbl MOBEPXHOCTHbIX BOA, aPKTUYECKUX LLeNbPOBbIX
Mopen CMBMPCKOTO CEKTOPA NOBbILLIEHWE CKOPOCTU TEUEHUI B NOBEPXHOCTHbIX CI0OAX MOPSA, Bbl3BaHHOE HeMo-
cpeacTBeHHbIM BO34eicTBMEM BeTPa. B oceHHe-3MMHUIA Nepuoa MHTEHCUBHOE KOHBEKTUBHOE NepemellnBaHne
cnocobcTByeT NOCTYN/IeHUIo Tenaa B rybokue cnon mops. MonoxutenbHble 3Ha4YeHUA TeMmnepaTypbl, BO3SHUK-
lUMe B NPUAOHHbIX BOAAX KaK pe3ynbTaT NpeaLecTsyolero aHomasnabHO Tenaoro seTa, MoryT COXPaHATbLCA B
TeyeHue HECKONIbKNX mecAL,eB. Ha ocHoBe NpoBeieHHOMo YUCEHHOIO MOAEANPOBAHNA NPOaHaNM3NPOBaHO U3-
MeHeHue TemnepaTypbl Bog Cubupckoro wensda ¢ Hayana 21 8., BblaeneHbl 061acTH, B KOTOPbIX NOYYEHO No-

BbllLeHWe TemnepaTtypbl NPUAOHHOIO CN10A MOPA.

PaboTa BbiNnoaHeHa Npy pUHAHCOBOM Noaaepkke Poccuiickoro HaydHoro ¢poHaa (rpaHT Ne 20-11-20112).

HoBblii noaxoa B npob6aeme HEOAHO3HAYHOCTU AABNEHUA B 3aga4ax duabTpaumm

M. WN. UsaHoB, U. A. Kpemep, t0. M. Jlaesckui

UHCcmumym eblqucaumensHoli MamemamuKku u mamemamudeckoli eeopusuku CO PAH
Email: laev@labchem.sscc.ru

DOI: 10.24412/cl-35065-2022-1-00-23

B Aoknage npeanaraetcA HOBbIM MNOAXO4 K PelleHuto 3a4a4 GUAbTPaLUU HECKNUMAEMOMN KUAKOCTU B CY-
Yyae HeoAHO3Ha4YHOro onpeaesneHns AasneHna. PaccmoTpeHbl 3a4aum A8 0AHONOPUCTON U ABYXNOPUCTON MO-
Aenn. B ocHoBe M3/i1araemoro NoaxoAa NeXKUT BKAOYEHWE YCN0BUIM O4HO3HAYHOM PaspelwMmocTv 3a4aun B
O/ZHO M3 YPaBHEHMI CUCTEMBI C UCMOIb30BAHNEM MHOXUTENSA JlarpaH:Ka c NoCcNeAyoWUM NOHUMKEHNEM ee No-
pAagKa. B cnyyae gByXNopuCTOM MOAENM YKa3aH BUA OAHOMEPHOro fApa onepatopa 3a4ayu, KOTopbli B OTAN-
yMe OT OAHONOPUCTON MoAeNn anpuopu He odyeBmaeH. PakTUUYECKU, pedb MAET O 3aMeHe FNaBHbIX MHTerpasb-
HbIX YCNO0BMI, 3a4al0WMX NOANPOCTPAHCTBA OAHO3HAYHOM Pa3peLlMMOoCTM AN CMellaHHbIX GOoPMYINPOBOK,
€CTecTBEHHbIMM YCA0BUAMM, NO3BO/IAIOLMMM pacCMaTpMBaTh 3a4a4mM B NpocTpaHcTBax 6e3 Kakux-nmbo orpa-
HuYeHunin. NpusoauTtca pag Teopem 06 0AHO3HAYHOMN Pa3PELIMMOCTM CGOPMYIMPOBAHHbIX 3a4a4. ANNPoKCMMa-
LIMA OCYLLECTB/IAETCA Ha OCHOBE CMELIaHHOro MeToAa KOHEYHbIX 3/IEMEHTOB C UCMNO/Ib30BaHMEM 3/1eEMEHTOB Pa-
BbApa — Toma [1] HaMmeHbluero nopagka. MccnegosaH Bonpoc 06 04HO3HAYHOM PA3PELUMMOCTM NOYYEHHbIX
CUCTEM NINHEMHbIX anrebpanyecknx ypaBHeHUi ceanoBoro Tuna. TeopeTnyeckne pesynbTatbl NPOUANIOCTPUPO-
BaHbl YUC/EHHbIMU pacyeTamMm.

Cnucok nautepatypbl

1. D. Boffi, F. Brezzi, and M. Fortin. Mixed Finite Element Methods and Applications // Springer-Verlag, Berlin, Heidel-
berg, 2013.
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O KOHUenuuu 1 apxutexkType 6a3bl 3HAaHUM B MaTeMaTUYECKOM MOAEeAUPOBaHUN
B. N. UnbuH

UHCcmumym seiyucaumensHol mamemamuKu U mamemamu4eckoll 2eogpusuxku CO PAH

Email: ilin@sscc.ru
DOI: 10.24412/cl-35065-2022-1-00-18

PaccmatpuBaeTtca KoHuenuua 6a3sbl 3HaHWI Kak Gopma MHTENNIEKTYaNM3aumMmn NHTEFPUPOBAHHbBIX BbIYMUC/N-
TeNbHO-UHPOPMALIMOHHbIX TEXHONOTUI (3KOCUCTEMBI), AN MaTeMaTUYECKOro MoaeIMPoBaHMA NPOL,ECCOB U AB-
NeHUIt, NpeAcTaBAAEMbIX MEXANCUMNAMHAPHBIMW NMPAMbIMU U/ UK 0BpPaTHLIMKU 3a4a4amMKn AN MHOFOMEPHbIX
anddepeHumanbHbIX U MHTErPasbHbIX YPaBHEHUIA CO CNOXKHbIMWU peanbHbIMU AaHHbIMUK. ba3a gaHHbIX moaenu-
poBaHuA (63M) BKAtOYAET BbICOKOMNPOU3BOANUTE/IbHbIE CPEACTBA NOAAEPHKKN MNONHOIO KM3HEHHOIO UMKNA Ma-
TEMaTMYECKOro M NporpammHoro obecneyeHusa gns opraHM3aUnmM U NPOBeAeHUA KpynHOMacLITabHbIX cynep-
KOMMbIOTEPHbIX 3KCNEepUMeHTOB. PYHKUMOHAbHOE HanosiHeHne B3M coaeput 6ubamoTekn afroputmos 1
nporpamMmm Ajas peanmsalumm BCex cTaguil MOAENNPOBaHNA, B TOM YUC/e NOATOTOBKN MUCXOAHbIX AaHHbIX, ANUC-
KpeTusaumm n annpokcMmaummn GyHKLMOHANbHbIX YPaBHEHUN, pelueHns anrebpanyecknx npambix M 06paTHbIX
33434, Noctob6paboTKM M aHaNU3a pesybTaToB PacyeTa, a TakKe CUCTEMbI YPaBAEHUSA BblYNCANTENbHBIM MPO-
LLECCOM U NPUHATUSA PELLEHUI NO UTOram MoaenmpoBaHua. CUCTeEMHOE U MHPOPMALLMOHHOE HaMOJIHEHME BKAO-
YaeT reHepaTopbl U KONIEKLUN TUMOBbIX PELIaeMbIX 3a[a4, apXMBbl PE3YNbTATOB MNPOBEAEHHbIX PAacYeTOB, CU-
cTeMbl BepuUdMKaLMmM U TECTUPOBAHMA AaNTOPUTMOB, CPEACTBA KOHOUIYPALMOHHOIO ynpasaeHns n pabotol C
6ObIIMMKN AAHHBIMM, UHCTPYMEHTbI GOPMMUPOBAHMA MOJIb30BATENBCKUX BXOAHbIX/BbIXOAHbBIX U BHYTPEHHMX
NPOrpaMmmMHbIX UHTepdeiicos, bubnnorpapuryeckme U crnpaBoyYHble MaTepPUasibl, MPOEKTHYIO AOKYMEHTALMIO U
MeTOZbl AOCTYMNa K BHELWWHUM NMporpaMmHbIM npoayktam. 63M npeacraBnaeT coboit MHTerpMpoBaHHoe maTe-
MaTUYEeCKOe M MPOrpaMMHOE OKPY)KEHWE HOBOro MOKOJIEHMA, NpeAHa3HayeHHoe A/1A aKTUBHOMo pPa3BUTUA
HayKOeMKKX pa3paboToK U aPpdeKTUBHbIX MHHOBALMI B LUMPOKKX Chepax YeNoBeYecKoh AeATebHOCTH.

Sharp a posteriori error bounds for FEM solutions of plate in bending problems on Winkler base

V. G. Korneev

Sankt Petersburg State University
Email: vad.korneev2011@yandex.ru
DOI: 10.24412/cl-35065-2022-1-00-26

The paper is devoted to the finite element methods for the equation AAu + 6u = f(x), x € Q, with boundary
conditions u = du/dv =0 on 8Q, where v is the normal to the boundary and 6 > 0 is an arbitrary constant on each
finite element. Seemingly simplest sharp a posteriori error bounds for the mixed Ciarlet-Raviart FEM, applied to
this problem at 6 =0, were derived by the residual technique by Gudi [1]. There are other papers deriving re-
sidual optimal and suboptimal a posteriori bounds of different error norms in case 6 = 0, see, for instance, Char-
bonneau et al. [2] and Verfiirth [3]. An attempt by Korneev [4] to expand the results to the case of 6 # 0 with
the use of the technique, sometimes termed technique of functional majorants, resulted in the bounds accurate
for mildly changing 6, but not robust, if large jumps are allowed. In this lecture, we present a posteriori error
bounds, which are sharp and robust for 6 with large jumps, and support their sharpness by the lower bounds of
local efficiency of the estimator.

References

1. T. Gudi, Residual-based a posteriori error estimator for the mixed finite element approximation of biharmonic equa-
tion // Numer. Meth. Part. Different. Eq. 2011. v. 27. 315-32.
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2. A. Charbonneau, K. Dossou, and R. Pierre. A Residual-Based a posteriori Error Estimator for the Ciarlet-Raviart For-
mulation of the First Biharmonic Problem // Numer. Meth. Part. Different. Eq. 1997. 13, 93-111.

3. R. Verfirth. A Posteriori Error Estimation Techniques for Finite Element Methods. Oxford: University Press, 2013.

4. V. Korneev. A posteriori error bounds for classical and mixed FEM’s for 4th-order elliptic equations with piecewise
constant reaction coefficient having large jumps // J. Phys.: Conf. Ser. 2021.1715 012030.

Systems computational biology: From molecular genetic systems to populations and ecosystems
S. A. Lashin*?, N. A. Kolchanov*?
Kurchatov Genomics Center, Institute of Cytology and Genetics, SB RAS

2Novosibirsk State University
Email: lashin@bionet.nsc.ru
DOI: 10.24412/cl-35065-2022-1-02-36

In the study, we formulate and solve new problems of mathematical and computer modeling of complex,
hierarchically organized biological systems. The developed models take into account such levels of biological
organization as metabolic, genetic, cellular, organismal, population and ecological. We present the modeling
methods of the so-called "next-generations modeling", the principles of which were formulated in the last dec-
ade. Among the main principles are structural realism, emergent and predictive, model construction "from first
principles”, heterogeneity and dynamism of habitats, microevolution, interconnection of hierarchical levels and
use of standardized submodels. The models presented in our work not only satisfy the properties described
above, but also expand the range of their applications in biology, taking into account additional levels of systemic
organization not mentioned by Grimm and Berger, in particular the molecular-genetic and social levels.

The developed modeling methods were implemented in the form of software packages "Haploid Evolution-
ary Constructor" (HEC), "Microcosm", "Diploid Evolutionary Constructor" (DEC), "Population Genetics of Deaf-
ness-Simulator" (PGD-S), and others. The methods of construction and numerical analysis of hierarchical multi-
layer models of biological systems developed in our study, as well as the software packages implemented on
their basis are effective tools for solving meaningful biological problems of both fundamental and applied ori-
entation.

This research was funded by the Russian state budget (project No FWNR-2022-0020) and the Kurchatov Genomic Cen-
tre of the Institute of Cytology and Genetics, SB RAS (project No 075-15-2019-1662).

OnTMMKM3aLMA YNCSIEHHO-CTAaTUCTUYECKUX NPOEKLMOHHbIX OLLEHOK OA4HOMEPHbIX XapPAKTEPUCTUK PELLUEHUN

MHTErpanbHbIX ypaBHEeHUM

I. A. Muxainos?, C. B. PorasmHckuii?, A. C. Kopaa'

YMHemumym ebivucaumensHoli Mamemamuku u mamemamuyeckoli 2eogpusuku CO PAH
2Hosocubupckuli 20cydapcmeeHHsIll yHUusepcumem

Email: svr@osmf.sscc.ru

DOI: 10.24412/cl-35065-2022-1-00-63

CTpoaTCcsa U ONTUMU3UPYIOTCA YNCAEHHO-CTAaTUCTUYECKME NPOEKLUMOHHbIE OLLEHKUN PeLleHUiA MHTErpaabHbIX
YPaBHEHMUI C UCNONb30BaHMEM NOANHOMOB JlexaHApa B CBA3M C BbIMMCAUTENbHOM CIOXKHOCTbIO OPTOrOHaAbHbIX
Pa3N0eHNI C a4anTMPOBaHHbIM BecoM. C MOMOLLLbIO CNeLMaibHbIX TEOPETUYECKUX U YNCTEHHbIX OLLEHOK onpe-
AenseTca napameTp NPaKTUYECKM Peannsyemoli CTENeHHON 3aBUCMMOCTM SEeTEPMUHMPOBAHHOIO C/1Iaraemoro
cpefHero KeagpaTa NorpewwHocT, YTo No3BoAsSeT MUHMMKU3MPOBATL ee B LenoM. MNpeanaraeman mMeToguKa
ycnewHo anpobupoBaHa B TECTOBOM 3a4a4e, 6113Koi K npobaeme MuaHa, Npuyem oHa OKasanacb Becbma 3¢-

$EKTUBHOM CPaBHMTE/IbHO C UCMO/b30BaHNEM PEryaapu30BaHHOIO Pas/ioXeHMs No NnoAnHomam Jlareppa.
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Bosblioi 06bem NpoBeAeHHbIX PacYeToB MOKasas, YTo NPU Maioi BeMYNHE CpesHEeKBaapaTUYecKoro oT-
KNOHEHMA NPaKTMYECKM BCceraa Masbim ABASETCA U paBHOMEpPHOe OTK/JIOHEHUe paccmaTpuBaeMoi cTaTucTuye-
CKOM NPOEKLUMOHHOM OLEeHKU OT UCKOMOTOo pelleHua. Mo-BUANMMOMY, 3TO CBA3aHO C AOCTAaTOYHOWN cpeaHeKBaa-
paTUYeCKo TOYHOCTbIO OAHOBPEMEHHOW OLIEHKU NPOM3BOAHON OT pelleHnn, YTo TpebyeT 4ONONHUTENbHO A0-
BOJIbHO C/IO¥HOTO UCC/IeA0BaHUA.

NccnepoBaHme BbINOMIHEHO B paMKax rocyaapcTseHHoro 3aganma UBMuMI CO PAH Ne 0251-2021-0002.

MaTtemaTuyeckme Mmogaenu 1 pacyet noKkasareneil HageKHOCTU MaclTabupyemMbiX BbIMUCAUTE/IbHBIX CUCTEM

npuv rpynnosom BoCCTaHOBNEHUU

K. B. Masckunii*?, B. A. Nasckuin®

YYuecmumym eusuku noaynposodHukoe um. A. B. PxaHosa CO PAH

2CubupcKuli 2ocydapcmeeHHbil yHUsepcumem meneKoMMyHUKAUuUl u UHGopMamuKu
3Kemeposckull 2ocydapcmeeHHbiil yHUsepcumem

Email: pkv@isp.nsc.ru

DOI: 10.24412/cl-35065-2022-1-01-73

MacwTtabupyemocTb BbluMcanTeNbHbIX cuctem (BC) aBnseTcs ogHOM U3 apXMTEKTYPHbIX ocobeHHOoCTen ana
NoBbIWEHMA Npou3BoauTENbHOCTU. Hanpumep, 93 % cynepKomnboTepoB Mx cnmncka Top500 cocTaBasatoT Kna-
CTepHble cucTembl. KonnmyecTso y3i10B B MmacwTabupyembix BC MOMKET M3MeEPATLCA HECKOIbKMMU TbiCAYaMU U
6onee. Hanpumep, BbluMcanTenbHana cuctema Fugaku (1 mecto B 58-i peg Top 500) coctouT M3 158 976 Bblunc-
NIUTENbHbIX y310B. POCT uncna anemeHTapHbIX MawuH (3M, Hanpumep, BbIYUCAUTE/IbHLIV Y3€/1) NOoBbIWAEeT
4yncno OTKasoB B cucTeme [1]. Mo3aTomMy aHaNU3 HaZeXHOCTU MaclwTabupyembix BC aBnseTca akTyanbHOM npo-
6nemon.

B paboTe npeanaratoTcs matematMydeckne mogenm GyHKLMOHNPOBAHUA MacwTabupyembix BC ¢ oTKkazamm
W rPyNnoBbIM BOCCTAHOB/IEHWEM A1 PpacyeTa NoKasaTesiel HageXHoCTU. Mogenn NocTpoeHbl B pamKax Teopum
MacCOBOro 06CyXKMBaHMA C UCNONb30BaHMEM PA3BUTOrO annapaTa NPon3BoAALLmMX GyHKUKIA. MonyyYeHbl peLue-
HUA ANA OLEHKM NOTEHLMANbHbBIX BO3MOMKHOCTEN CUCTEM MO MOBbILWEHUIO NPON3BOANTENBLHOCTH, A TaKkKe QyHK-
LA pacnpeaeneHna HaxoxaeHua BC B COCTOAHMN HU3KOW NPOU3BOAUTENBHOCTU NPU OTKA3ax M rpynnoBoMm BOC-

CTaHOBAEHWUW.

PaboTa BbinosHeHa B pamKax 3 0242-2021-0011 v npu puHaHcoBOM noaaepKKe Poccninckoro doHaa pyHaameHTaNb-
HbIX uccnegoBaHuii (rpaHT Ne 20-07-00039).

Cnucok nuTepaTtypbl

1. Gupta S., Patel T., Engelmann C., Tiwari D. Failures in large scale systems: long-term measurement, analysis, and
implications // SC '17: Proceedings of the International Conference for High Performance Computing, Networking, Storage
and Analysis, Denver (USA), Nov. 12-17, 2017. Art. N 44,

O6paTtHasa 3agaya ANA NoaAy/IMHENHOro BO/IHOBOroO ypaBHEHUs

B. . PomaHoB

UHcmumym mamemamuku um. C. /1. Cobonesa CO PAH
Email: romanov@math.nsc.ru

DOI: 10.24412/cl-35065-2022-1-01-56

[NnA KBasMANMHENHOro BO/IHOBOrO ypaBHEHMA U3ydaeTca 3a4a4a 06 onpeaeneHnn BXxoasaLel B 3To ypaBHe-
Hue dyHKumK f(x, u) Nno HeKoTopol MHPopMaLmm o peweHunsx 3agad Kowu ans auddepeHumnanbHOro ypasHe-
HUA. Mickomas GyHKUMA Npeanonaraerca rnagKkon no Bcem nepeMeHHbIM U GUHUTHOW No Xx. PaccmaTpuBatoTes
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NNIOCKME BOJIHbI C Pe3KMM GPOHTOM, PacnpoCTpaHAIOLIMECA B OA4HOPOAHOM cpeae B HanpaBAeHNn eANHUYHOIO
BEKTOpa V 1 Najatome Ha HeogHOPOAHOCTb IOKAIM30BaHHYIO BHYTPW HEKOTOPOTO Wwapa. Mpeanonaraercs, Yto
pelleHns 3a4a4 MoryT 6bITb U3MepPEeHbI B TOYKAX rPaHuMLbl 3TOrO LWapa B MOMEHTbI BpemeHU 6/1M3KUe K npuxosny
$POHTa BOJTHbI A4/19 BCEBO3MOXKHbIX 3HaYeHMI BeKTopa v. MpoBoAMTCA Uccieg0BaHUe NPSMON 3a43a4u, YCTaHaB-
JIMBAETCA CYLEeCTBOBAHWE OrPaHMYEHHOro pelleHus B OKPECTHOCTM XapaKTepPUCTUYECKOTO K/WHA, BbIBOAMUTCA
amnantyaHaa dopmyna Ha GPoHTE BO/IHbI AN MPOM3BOAHONM MO BPpEMEHM OT pelleHunn 3aaaqu. NokasbiBaeTcs,
YTO pelleHne obpaTHOM 3a4a4M peayLnpPyeTca K Cepun 3a4a4 peHTreHOBCKOWM Tomorpadun.

PaboTa BbINOMIHEHA B paMKax rocyaapcTBeHHoro 3agaHusa MM CO PAH (npoekt FWNF 2022-0009).

Vector randomized Monte Carlo algorithm for solving large systems of linear equations
K. K. Sabelfeld'?, A. E. Kireeva*
Ynstitute of Computational Mathematics and Mathematical Geophysics SB RAS

2Novosibirsk State University
Email: karl@osmf.sscc.ru, kireeva@ssd.sscc.ru
DOI: 10.24412/cl-35065-2022-1-00-70

Efficient solvers of large systems of linear algebraic equations are of high demand in scientific and engineer-
ing problems. In the case when the spectral radius of the matrix is less than unity, the solution of the system can
be represented by the Neumann series over matrix iterations. In [1], a new vector randomized algorithm for
calculating matrix iterations is proposed. This algorithm is based on a special matrix representation through a
stochastic matrix. In [1], an extension of the stochastic vector algorithm to systems with arbitrary matrix is con-
structed by transforming the original matrix into an extended positive matrix. In the present work, we have
implemented a parallel version of these algorithms to large systems of linear equations. We consider problems
in which the matrix can be calculated, i. e., in these problems, there is no need to store the matrix entries. The
variance and the cost of the developed algorithms are analyzed.

This work is supported by the Russian Science Foundation, grant 19-11-00019.
References

1. Sabelfeld K. A new randomized vector algorithm for iterative solution of large linear systems // Applied Mathematics
Letters, 2022. V. 126 (107830). P. 1-9.

M. B. Keanapbiw n . U. MapuyK: cTaHOBJIEHUE NPUKAAAHON MaTemMaTuku n umdposusaumm Ha ¢oHe uctopum

Akagemun HayK. 100-netuto CCCP nocsswaerca

T. A. Cywkesny

UHCcmumym npuknadHol mamemamuku um. M. B. Kendeiwa PAH
Email: tamaras@keldysh.ru

DOI: 10.24412/cl-35065-2022-1-02-29

B roa 100-netua obpasoBaHus Cotosa CoseTckux Coupmanmctnyeckmx Pecnybamk (CCCP) B 1922 roay umsu-
JIM30BaHHOE YeN0BeYecTBO OTMeyaeT 65-1eTmMe 3anycka B Kocmoc 4 oKTabps 1957 roga nepBoro B UCTopun
MMpPa UCKYCCTBEHHOTO CNYTHWKA 3eman. ITOT geHb MexayHapoaHaa eaepauma acTPOHaBTUKMU NPOBO3riacKMna
[Hem Havyana Kocmuyeckoi apbl YenoseyecTBa. Owenomastowemy ycnexy Cosetckoro Cotosa pyKonaeckan
BeCb Mup. MpopbiB B KOCMOC 6bln 0becrneyeH oTe4ecTBEHHbIMWU SOCTUXKEHUAMM B NPUKNALHON MAaTEMATUKE U
BHegpeHneM undposnsaumm B pyHAaMeEHTaNbHbIE U HAYYHO-TEXHUYECKME NPOEKTbI. Bananctuyeckune pacyetnbl
nposoguance B MHCTUTYTe Kenppiwa Ha nNepBod OTEYECTBEHHOW 3/1€KTPOHHO-BbIYUCAUTENIbHON MaLIMHe
"Ctpena" (3BM), cosgaHHom B 1953 roay. K aToMmy TOpKeCTBY yueHble pa3HbIX CNeLmnanbHOCTEN WK C NepBbIX
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AHel ocHoBaHMA AKageMumn HayK, Korga B 18-m Beke akagemmKamm CTanin NaTb YneHoB "WwBenapckon cemon”
MaTeMaTMKN U MeXaHWKM bepHynnn n "wseliuapedy, ¢ pycckon aywoi" J1. Inep (1707-1783) — maTtemaTtuK, me-
XaHWK, PU3mnK, actpoHom, ¢musunonor. C npuxogom B 1742 rogy B AKagemmio Hayk M. B. J=omoHocoBa nNpoun3o-
WN paaMKaNbHble NepemMeHbl — PYCCKUIA A3blK BHEAPUACA B HAY4YHYIO cpeay v nybavMKaumm v NosaBUANCH U3-
BECTHble B MMpPe pyccKkue yyeHble. B XIX Beke M. J1. YebbiweB cyLLeCcTBEHHO pa3BMBAET NPUKAAAHYIO MAaTEMATUKY
W CO34aeT NepByt0 MaTeEMATMUYECKYHO WKoAay B [MeTepbypre. Jo BoliHbl B XX Beke H. H. Jly3nH opraHnsosan moc-
KOBCKYlD MaTemaTuyeckyto wWwKony. CcepeanHbl XX BEKa NNOEPOM NPUKAALHOW MATEMATUMKU CTAaHOBUTCA
M.B.Kengplll, KOTOPbIA pyKOBOAMA MaTemMaTuyeckon cekumen B HTC no "atomHomy npoeKkty" u 6bin rnasomn
Komunccum no ocyectBNEHMIO HAYYHORO PYKOBOACTBA Npu co3aaHnmn obbvekTta "[" (MoctaHosneHne Coseta Mu-
HucTpos CCCP Ne 149-88c oT 30 aHBaps 1956 r.). KntoueBbim OpraHn3aLMOHHbIM peleHneM No KOHCOAMAaLMK
Hay4HbIX OpraHu3aLmMii U CNeLManncToB B 061acTM KOCMUYECKUX UCCAEA0BaHMI NOCAYKMNO NOCTaHOBAEHME
LUK KMCC n CoBeta MunHuctpos CCCP ot 10 aekabps 1959 r. Ne 1388-618 o co3zaaHumn MexKayBeaoMCTBEHHOMO
Hay4YHO- TEXHNYECKOro coBeTa Mo Kocmuyecknum nccnegosaHmam (MHTC no KW) npu AH CCCP, npeaceaatenem
KOTOpPOro 6bin1 HasHavyeH akagemuk M. B. Kenabiw B ctatyce MunHuctpa CCCP. 50 net Hasapg 26 mana 1972 roaa
N. N. bpexxHes u P. H1UKcoH noanucann [loroBop 06 orpaHUYEHNM CUCTEM MPOTUBOPAKETHOM 0OOPOHbLI U Bpe-
MEHHOE COrnalleHne 0 HEKOTOPbIX Mepax B 06/1aCTU OrpaHMYEHNs CTPATErMYECKMX HACTyNaTebHbIX BOOPYKe-
HuM (MPO 1 OCB). 50 net Ha3aga, ¢ 16 okTAbpsA No 5 HoA6pPA 1972 roaa cocToANCA eAUHCTBEHHbIN B UCTOpUM AKa-
AeMUM HayK odumumnanbHblid Bu3nT B CLUA generaumm yueHbix Bo rnase ¢ npesmgeHTom AH CCCP M. B. Kengpbl-
Wwem, a YneHom generaumm 6618 I U. MapuyK. 310 b6bla 3HaK 0cobbix OTHOWeEHMI Mexay M. B. Kengpiwem u
. N. MapyyKkom — yyacTHuKamu "ATomHoro" n "Kocmunuyeckoro" npoeKTos, CbirpaBLUMMM KHOYEBYIO POJIb B pas-
BUTMM NPUKAALHON MAaTEMATUKM M MaclwTabHoOM BHeapeHUU uMdpoBM3auMmM B pasHbix 061acTax HayKKM, Tex-
HUKWU N HapogHoro xo3saKcTea. MNocne so3spalteHma us CLUA 8 CCCP akagemuk I'. . MapuyK 1 npeacrasuTenb
LUK KMCC U. M. MakapoB onepatuBHO NOATOTOBUAN aHAIUTUYECKMIA A0KNAL "BbluMcnnTenbHaa TexHmka B CLUA
n ee npumeHeHmne". Ha akagemuka I'. . Mapuyka npounssesno 6onbluoe BnevaTnieHne nocewieHme LleHTpa Koc-
MoHaBTMKKM CLLIA B XbIOCTOHE, Fae Hadvanacb peannsauma npoekta "Cotos — Apollo". B cneumanbHom Komnnekce
C NOMOLLbIO MOLHBIX IBM MOKHO 6bl10 cMOAENMPOBaTb NoMeT Ha pakeTe "CaTypH" co cNyTHMKOM Ha JlyHy 1
BO3BpalleHNEe CNyTHUKA Ha 3emnto. bonblioe BhnevaT/ieHME Ha Y1EHOB COBETCKOM Aenerauuu npousseso
Havano peanusaumm B CLLUA npeasectHMKa coBpemeHHoro MHTepHeTa — cuctembl "CalibepHeT", MoLHOM ceTn
BbIYMC/IUTENbHbBIX LEHTPOB. B AoKNage 6bli1a 3aTPOHYTa BaXKHasA Tema Ucnosib3oBaHuA IBM B 06pasoBaTesibHOM
npouecce. Y>ke Bo BTOpOl NosioBMHe XX BEKA Ye/10BEYECTBO CTasla BOHOBAaTb NPob6iema MCKYCCTBEHHOIO WMH-
TENNEKTA N POHOTOTEXHWMKK. 3aBepLUan AOKNAL aHAIMTUYECKUIN pa3gen O NoaroToBke Kagpos B cdepe IT-Tex-
HosnormMi. Mapuyk — MakapoB OTMETMAN, YTO B aMePMKAHCKOM 0bLLecTBE BCAYECKU MOOLLPAETCA OBAALAEHME
KOMMblOTEPHOM rpamoTHOCTbio, B CMW noayepkmBaeTca BaXXHOCTb 9BM ana Bcex chep xusHn. M. B. Kenabiw
n . N. Mapuyk He TonbKo ycnewHble Mpe3ngeHTtol AH CCCP, HO 1 rocygapcTBeHHble AeATEIN U OPraHM3aTopbI
HaYKM C BbICOKMM YPOBHEM OTBETCTBEHHOCTM 3@ HAayYHO-TEXHUYECKUIA NPOrpecc U 06bEKTUBHBIMU OLEHKaMMU
TPEHAOB €ro pa3BUTUA B MMPOBbIX MacwTabax. B nocneaHue roabl NpukaagHaa matemaTtuka u IT-coepa crtanm
NPUOPUTETHLIMU AN1A abUTypueHTOoB, a ¢ 2022 roga BO MHOMMX By3ax opraHusytotca "umdposble Kadegpbl" ana
obecneveHuns Kagpamu "UndpoBoit SKOHOMUKN".
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MHorokpurepmaabHbie 334341 ONTUMU3ALUUN CETE MHXKEHEPHbIX KOMMYHWUKaLLUK

I. bl. TokTOWOB

UHCcmumym sbiqucaumensHold mamemamuKku u mamemamud4eckol eeogpusuku CO PAH
Email: tgi_tok@rambler.ru

DOI: 10.24412/cl-35065-2022-1-01-76

B HacTosALLel paboTe BNepBble NpeAcTaBaeHbl 334341 ONTUMM3ALNU CETEN UHMKEHEPHbIX KOMMYHUKaLMI C
HECKONIbKUMU KOHONUKTYIOWUMU KPUTEPUAMU, TaKUMU KaK MUHUMANbHOCTb CTOMMOCTb CTPOUTENLCTBA CETEN,
NOBbILEHME UX HAAEKHOCTM, YY4ET COBMECTUMOCTU Pa3/INYHbIX TUMOB ceTel U Apyrme. TaK Kak O4HOBPEMEHHbIN
y4eT BbllIeOTMEYEHHbIX NoKa3aTenen B LeneBol GpyHKLMM HEBO3MOXKHO, TO BO3HMKAET 3a4a4a onTMmM3aumm
ceTen No KpUTEpUIo NPUBEAEHHbIX 3aTPaT C YY4eTOM APYyrue nokasaTenun B KayecTse orpaHudYeHuin onTuMmnsaum-
OHHOM 3a4auun. B yacTHoCTH, Bblna MccneaoBaHa 3a4a4a ONTUMMU3ALMM CeTEN NO KPUTEPMIO MUHUMANbHOCTb 3a-
TpaT Ha UX CTPOMTE/IbCTBO NPU YC/I0BUM, YTO OHU AO0KHbI YA0BNAETBOPATL 3a4aHHbI NOPOT HaaeKHoCTU. [loKa-
3aHo NP-TpygHOCTb NOCTaBNEHHOW 3a4a4u, 1 6bl10 NPeANOXKEHO IBPUCTUYECKUI alTOPUTM €€ PEeLLIEHUS], OCHO-
BaHHbIN Ha mogenu runepcetei [1] n ussectHoro metoaa k-kpatyanwmx nyteit [2]. MpeanoKeHHbI MeToa, nos-
BOMIAET HAaXO4MT Hauyyllee pelleHne B OTANYME OT U3BECTHbIX METOA0B ONTUMU3ALMM.

PaboTa BbINO/NHEHa B paMKax rocyaapcteeHHoro 3agaHuna MBMuMI CO PAH (0251-2021-0005).
Cnuncok nutepaTypbl

1. TokTowos . bl. TnnepceTeBasa moAesb U METOAbI ONTUMM3ALUKN MPOEKTHBIX PELUEHUI ANS NPOKAALKN HedTenpo-
BOAOB B C/IOXHbIX ycnosuax / b. T. dymarynos, M. H. Kanumongaes, B. K.Monkos, I. bl. Toktowos // T-COMM Tenekom-
MYHUKauma n TpaHcnopT. 2013, Ne 2. C. 36—40.

2. Gulzhigit Toktoshov, Denis Migov The Application of the k-shortest Paths Method for Constructing an Optimal Hy-
pernet// 15th International Asian School-Seminar "Optimization Problems of complex systems", 26—30 August 2019, Novo-
sibirsk, Russia. DOI: 10.1109/0PCS.2019.8880221. P. 162-166.

CroxacTMyeckasa mogeb pa3BUTUA NOCNE[0BaTENbHOCTU adTEepLLIOKOB

B. B. YyaiikuH

YnvaHoscKuli 20cyHUsepcumem
vuchaikin@gmail.com

DOI: 10.24412/cl-35065-2022-1-00-75

M3naraeTca ctoxacTMyeckaa mogenb 3eMeTPACEHUA, ONUCbIBAOWLAA NPOCTPAHCTBEHHO-BPEMEHHbIE Xa-
PaKTEPUCTUKN CepuM MOBTOPHbLIX TONYKOB (adTepLIOKOB), 3anyLLEHHOW OCHOBHbIM (TPUITepHbIM) cObbITUEM.
Mogenb ocHOBaHa Ha aMMNMpPUYEcKMxX 3akoHax lNyteHbepra — Puxtepa, Omopu — Y1cy 1 KaraHa — KHonoBsa, uc-
Nnosib3yeMbiX B KaUecTBe BEPOATHOCTEN Nepexosa MapKOBCKOW LLenu, MoaenmpytoLeit passuTmne npouecca. Tpu
npobnembl 06CyKaatoTca B 4oKnage: 1) mexaHmyeckoe obocHOBaHWE AMHAMUMKK npoLiecca, 2) ocobeHHOCTH an-
ropuTMOB MoAEeNMPOBaHUA npouecca metogom MoHTe-Kapao 1 3) nepcnekTuBbl Aa/ibHENLWEro pa3BuTma Tex-
HONOMMKU NPeACcKasaHNsA CEUCMUYECKUX COBbITUIA. OCHOBHbIE MOJIOKEHMA MOAENN BbITEKAIOT U3 JOKa3aHHOW aB-
TOPOM TEOPEMbI O TOM, YTO YpaBHeHWe JInyBunna ans Habaoaaemon 4acTu raMuabTOHOBOW CUCTEMbI UMeeT
BUA, YPaBHEHMA C NPOM3BOAHOM APOOHOro nopsaaKka pacnpeaesieHHoro Tmuna. 3To 06CcToATeNbCTBO U OObACHAET
CTEMEHHOM XapaKTep YKa3aHHbIX 3aKOHOB, NMOCKO/IbKY 60/1blIaA YacTb CEMCMUYECKOro NPoLecca OKasblBaeTCs
CKpbITOW OT HabatogaTens. MNpocTeliwent mogenbto, OTBeYatowen og4HOTOYEYHOMY CNEKTPY NopsiAKa NPoOU3BoA-
HOM, ABNAETCA APODBHO-NYaCCOHOBCKUIM Npouecc, NpoABAAIOLWMIA r1aBHble 0CO6EHHOCTU BPEMEHHOIo Pa3BUTUA
nocnenoBaTeNbHOCTU: CTENEHHON TUN KOPPENALMIN 1, KaK cneactene, adpdeKTbl KnacTtepmnsaunm, pasgenaemon

nepmnoaamum oTCyTCcTtBmA TONYKOB.
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Ha ocHoBe Teopuun ycToiumBbix JleBu-pacnpegeneHuii paspaboraH Habop MOHTE-KapNOBCKMX aArTOPUTMOB,
obecneynBatloWwmnx NOCTPOEHNE NPOCTPAHCTBEHHO-BPEMEHHbIX TPAEKTOPUIA Npouecca obpasoBaHusa adrepLuo-
KOB. B A4€MOHCTPALMOHHbIX Lenax NPUBOAATCA pelleHUs HEeCKObKMX 3a4a4 (3a4a4mM 0 BO3BPALLEHMU TPAEKTO-
pun adTeploKa, o pacnpeneseHMn MOMEHTA BPEMEHU N-To TOMYKA, O MPOCTPAHCTBEHHOM pacrnpeneneHum
TONYKOB B cepun. MHTepnpeTaums npouecca B TepMMUHaX NPOU3BOAHbIX APODOHbIX NOPSAKOB NO3BONSAET Haje-
ATbCA Ha yCNeLwHoe NPoABUMKEHWE B HanpaB/eHUN NPOrHO3MPOBaAHMA, MOCKO/IbKY NpeabicTopua ApobHOro npo-
Lecca, BaMAOLWanA Ha ero byayuiee, ropasgo 6onee nHpopmaTUBHA, YeM HauaNbHblE YCA0BMA B Cy4ae npouecca
LLeN0YNCNEeHHOro NopsaKa.

MocTpoeHne aHaIMTUYECKOro peLleHna U YCTOMYUBOro MeToaa ero BblIMUCIeHUA AN Wapa NAaHeTApPHbIX

pa3mepos C Xnagkmm agpom

A.T. ®daTtbaAHOB

UHCcmumym soeiyucaumensHol mamemamuKku U mamemamu4eckoll 2eogpusuku CO PAH
Email: fat@nmsf.sscc.ru

DOI: 10.24412/cl-35065-2022-1-00-91

B paboTe NOCTPOEHO aHANUTUYECKOE pelleHue s CEMCMUYECKMX BOH BO3HMKAIOWMX B TPEXCNOMHOM
Lape nAaHeTapHbIX Pa3MepPoB C KUAKUM S4POM. ITa MOAENb AAET yCpeaHEHHOE onucaHue 3emau, BKAtoYato-
Lee MaHTUIO, KUAKOe U TBepAoe Aapa. PeweHWe Ha nepBOM 3Tane CTPOMTCA HAa OCHOBe NpeobpasoBaHMA
®ypbe — flexkaHapa [1]. Janee ncnonb3yoTca NOTEHLMAbI NPOAObHBIX U MONepeYHbIX BOAH. Mpuyem oHu be-
pyTCca B BUAeE, NO3BONAIOLWEM CPa3y CBECTU UCXOAHYIO NMOCTAHOBKY K ypaBHeHuAM beccens [2]. C yueTom Kpae-
BbIX yc/0BUI nonydyeHa C/IAY. MN3-3a BbicTporo Bo3pacTtaHus (yobiBaHuA) dyHKUMA Beccena [1] B nonyyeHHoM
CNNAY BO3HMKaOT 0COBEHHOCTU U BbIYUC/IEHME HA KOMMNbIOTEPE CTAHOBUTLCS HEYCTOMUYMBBLIM. 15 YyCTOMYMBOTO
BbIYMCNEHMA aHAIMTUYECKOTO PELLUEHUA UCNOb3YEeTCA HOBAA aCMMNTOTUKA LMANMHAPUYECKMX YyHKLMIA [2]. Uc-
CnefioBaHa MOrpeLwHOCTb NPU Nepexose Ha aCUMNTOTUKY B aHAIMTUYECKOM pelleHMn. [JoKasaHo, 4To OHa no
CTeNeHHOMY 3aKOHY CTPEMUTBLCS K HY/IO NPU yBENYEHUN MHAEKCOB becceneBbiX GYHKUMI. ITO NO3BOANIO CO-
3[,aTb METOZ, YCTOMYMBOIO BblYMCAEHMA NOJYYEHHOrO aHANUTUYeCcKoro peweHuna. Co3gaHHan Ha 3TOM OCHoBe
napaniefbHasa Nporpamma fasaa BO3MOXHOCTb MPOBOANTb UCCNEA0BAHMA BOIHOBbIX MNONEN C BbICOKOW AeTaslb-
HocTbto. MprBeAeHbI NPUMEpPDLI pacyeTa Aas YyCpeLHEHHOM MoLenn 3eMau € peasibHbIMU NapameTpamm U NoKa-
3aHO, YTO NPEABECTHUKN AN TaKOK YNPOLLEHHOM MOZeNN 3eMN He BO3HUKAIOT.

PaboTa BbINoNHEHa B pamKax roc. 3agaHma UBMuMI CO PAH Ne 0251-2021-0004.
Cnucok nutepaTypbl

1. TuxoHos A. H., Camapckuit A. A. YpaBHeHUA maTemaTuyeckon ¢usmku. M.: Hayka. 1977. 736 c.
2. ®atbaHoB A. ., BypmuH B. H0. KnHemaTnka BOMIHOBbIX nonen B wape. Neopusmyeckme npoueccbl U 6uochepa.
2021, c. 61-67. DOI: 10.21455/GPB2021.1-6.

OueHKa KoaddurumeHToB cuctembl 06bIKHOBEHHbIX AnddepeHumnasbHbIX ypaBHEHU NO HETOUYHbIM

HabnogeHuam
. W. Unumawsunnam

UHcmumym npuknadHol mamemamuku [BO PAH
Email: guram@iam.dvo.ru
DOI: 10.24412/cl-35065-2022-1-00-76

B pabotax [1, 2] 6bna chopmynpoBaHa 3aa4a OLEHKN NapaMeTpoB cUCTEMbI 0ObIKHOBEHHbIX AnddepeH-
LUMaNbHbIX YPaBHEHMI U NPeANOXKeH aNrOpUTM ee pelleHus. B HacToswweln paboTe B 3TOM 334a4e M3MEHEH MN/1aH
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3KCNepMMeHTa MyTem BKAKOYEHMA 6ONbLOro Yncna HabaaeHUn Ha KOPOTKOM MHTEpBase 3HAaYeHW apry-
MeHTa. Mo aHanormm c IMHENHbIM perpecCMOHHbIM aHa/IM30M OLLEHMBAOTCA 3HaYeHMA GYHKUMIA B NpaBoii YacTu
CMUCTEMbI WU 3HAYEHUS MPOU3BOAHbLIX MO HETOUYHbIM HabatoaeHuam. Ucnonbsya cuctemy auddepeHumanbHbIX
YPaBHEHWI, MO NOJly4YEHHbIM OLEHKaM METOA0M MOMEHTOB OMNpPeAeNAtTCcA HEM3BECTHbIE NapameTpbl. [loKasbl-
BAETCS CXOAMMOCTb NOJTYYEHHbIX OLLEHOK MO BEPOATHOCTM K TOYHbIM 3HAYEHMAM NPU YCTPEMIEHUM K BEeCKOHeu-

HOCTW YMcia HabAEHUNA.
Cnuncok nutepaTypbl

1. Penenko A.V. Consistent numerical schemes for solving nonlinear inverse source problems with the gradient-type
algorithms and the Newton—Kantorovich methods // Num. Anal. Appl. 2018. V. 11. P. 73-88.

2. Penenko A.V.; Khassenova Z.T.; Penenko V.V.; Pyanova E.A. Numerical study of a direct variational data assimilation
algorithm in Almaty city conditions // Eurasian J. Math. Comput. Appl. 2019. V. 7. P. 53-64.

Variational data assimilation applied for sea dynamics problems

V. Shutyaev®?, V. Agoshkov'3, V. Zalesny?, E. Parmuzin®?, N. Zakharova!
Marchuk Institute of Numerical Mathematics, RAS

2Moscow Institute of Physics and Technology

3lomonosov Moscow State University

Email: victor.shutyaev@mail.ru

DOI: 10.24412/cl-35065-2022-1-01-25

The 4D variational data assimilation technique is presented for modeling the sea dynamics problems, de-
veloped at the Marchuk Institute of Numerical Mathematics of the Russian Academy of Sciences (INM RAS). The
approach is based on the splitting method for the mathematical model of sea dynamics and the minimization of
cost functionals related to the observation data by solving an optimality system that involves the adjoint equa-
tions and observation and background error covariances. Efficient algorithms for solving the variational data
assimilation problems based on iterative processes with a special choice of iterative parameters are presented.
The technique is illustrated for sea dynamics problems with variational data assimilation to restore the initial
states and the heat fluxes on the sea surface

This work was supported by the Russian Science Foundation (project 20-11-20057).
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CEKUMA 1

MeToAabl BblUUCAUTENBbHOMK anrebpbl u peleHUA ypaBHEHUIA MaTeMaTUUYECKOM
dU3nKun

KpaeBas 3aga4ya 06 04HOMEPHOM NYYKE 3IEKTPOHOB Ha OTpe3Ke

A. C. AHuKunHa, M. E. KopxoB.a, b. A. Mapkos
tOxcHO-YpanscKuli 2ocydapcmeeHHsili yHusepcumem
Email: smpx1969@mail.ru

DOI: 10.24412/cl-35065-2022-1-00-01

PaccmoTpeHa 3afiauya AMHAMUKK MyUKa 3/1eKTPOHOB, BbITATMBAaEMOrO M3 KaToAa Ha oTpesKe. CN0MKHOCTb 3a-
Aa4n COCTOUT B HEOBXO4MMOCTU PeLleHNn KpaeBoi 3a4a4u, YTO CO34aeT AONOIHUTENbHbIE TPYAHOCTH [1].

3agava U3 cucTembl ABYX ypaBHEHUI Oblsia cBeAeHa C NOMOLLbIO Npeobpa3oBaHNs K 04HOMY KBa3U/IMHEN-
HOMY ypaBHEHUIO NepBOro Nopsfka U NOCTPOeHO GpopmasibHOe pelleHue B BUAE HeABHO 3aAaHHOM yHK-
umu [2]. O6palleHMe HeABHO 3a4aHHON GYHKLUKM B CUAY HaAUUMA ABYX KPaeBbiX YCA0BUI Ha PasHbIX KOHLLAX
oTpesKa noTpeboBano peleHMA 3a4a4u C 3anasapiBaHNeEMm.

Ona nanocTpaumm metona NnocTPoeHO B ABHOM BUAE pelleHne 3a43a4M B HEC/IOXKHOM YacTHOM Clyyae, Ao-
KasaHbl TeOpeMbl €AMHCTBEHHOCTU U CYLL,ECTBOBaHMUA.

Cnucok nutepaTypbl

1. Fpunbepr I'. A. U36paHHble BONPOCbI MaTEMaTUYECKOM TEOPUM INEKTPUYECKUX MArHUTHbIX ABaeHn // M.—/1., 1946.
732 c.

2. PoxpectBeHckui b. J1., AHeHKo H. H. CucTeMbl KBa3UANHENHDBIX YPaBHEHUI U UX NPUAOXKEHUA K Fa30BOM ANHAMUKe
// M.: Hayka, 1968. 592 c.

BapuaHT MHOroceTo4HOro metToAa Ana peweHna ABYMEPHbIX U TPEXMEPHbIX KpaeBbiX 3a4a4

M. A. Batanos?, B. . UnbuH?, A. B. MeTyxos?, A. /1. Typbesa?
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MNccneaytoTca MHOFOCETOUYHbIE METO/bl pelleHna CUCTEM IMHENHbIX anrebpandeckux ypasHeHuin (C/AY),
No/iydaembIX M3 NATUTOYEYHOM annpoKcUumaumn 3agaum upuxne ana ananntuyeckoro amddepeHumanbHoro
ypaBHEHUA BTOPOro Nopsaaka B NPAMOYro/ibHOW M NapannenenmnenanbHoi pacieTHon 061acTu Ha peryaspHom
ceTke. MNpeanaraemble anropuTMbl AN ABYMEPHbIX U TPEXMEPHbBIX 3a4a4 GOPMYNMPYIOTCA Kak cneumnanbHble
BapWaHTbl UTEPALMOHHbIX MPOLLECCOB HeMnoJHOW ¢akTopusauum B noanpocTpaHcTBax KpblioBa ¢ nepapxuye-
CKOM PEKYPCUBHOM CTPYKTYPOW BEKTOPOB, COOTBETCTBYIOLLEN NOC/NeA0BaTeIbHOCTU BIOXKEHHbIX CETOK U 0bpa-
3ylouleit 61oYHO-TpexaAnaroHanbHoOe PeKYpPCMBHOE NpeacTaB/ieHne MaTpulbl UCXOAHOW anrebpanyecKoin cu-
cTeMbl. PaccmaTpuBaloTca pas/inyHble BapmaHTbl ONepaTopos peayKLunmn U NPOACIKEHUA peLleHns, B TOM Ymcie
C NpUMeHeHnem YebblleBCKoro yckopeHma. ONTUMM3aLmMA CKOPOCTU CXOAMMOCTN UTepaLMm OCYLLLEeCTBAAETCA
Ha NPMHLMMNE KOMMEHCaL MM, UM COTIAacoBaHMA CTPOUHbBIX CYMM, @ TaK¥Ke NyTeM KOHCTPYMPOBaHUA CUMMETPUY-
HOM nocnegoBaTeibHOM 6/104HOM BEPXHEN peslakcaunn. MPonsBoabHbIN M-CETOYHON MEeToZ onpeaenaeTcs Kak
PEeKYpPCMBHOE NPUMEHEHUE ABYXCETOYHOro. PaccMoTpeHMe aNropuTmMmoB NPON3BoAUTCA ANA NPocToTbl Ana C/IAY
C MaTpuuaMm CTUATbecoBCcKoro Tuna. ObcyxaatoTca Bonpocbl 0606LEeHNs anropuTMOB Ha 3agadun bonee
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LUIMPOKOrO KAacca, B TOM YMC/e C HECUMMETPUYHbIMU MaTpuuamu. NMpuBoaaTca pesynbTaTbl YNCAEHHbIX SKChe-
PUMEHTOB, UNNOCTPUPYIOLNX 3PPEKTUBHOCTL UCCEAYEMbIX aFOPUTMOB.

Be3blHTepnoaAunoHHbI LBM Ha HepaBHOMEpPHbIX ceTKax

A. B. bepesnn®?, A. B. MsaHos?, A. 0. Mepenénkunal

"MHecmumym npuknadHoli mamemamuru um. M. B. Kendviwa PAH
2HauyuoHanbHbIlb uccnedosamenscKull A0epHsiii yHusepcumem "MUON"
Email: arsenbrs@mail.ru

DOI: 10.24412/cl-35065-2022-1-00-03

MeTop, peleTouHbIX ypaBHeHU BonbumaHa (LBM) [1] — cxema YMCNEHHOrO pelleHns KUHeTUYECKOro ypas-
HeHuA bonbLMaHa, B OCHOBE KOTOPOM IEXKUT NPUMEHEHME KBaZpPaTYPHbIX PopMyn AN1A BbIMMCAEHNA MOMEHTOB
bYHKLMU pacnpenenenms, 1, Kak cieacTBue, ee ANCKPETM3aumMaA B NPOCTPaHCTBE CKopocTen. MamenbyeHue umc-
XOAHOM NPOCTPaAHCTBEHHON pelleTkn gnsa LBM B HekoTopoit 061acTv Ha A@HHbINM MOMEHT BaeYeT 3a coboi Heob-
XOANMOCTb MHTEPNONALMN AAHHbIX HA FPAHULE CETOK pa3HOro macwTtaba [2, 3], YTO MOXKET CHU3UTb NOPALOK
annpokcumaumm LBM n npmMBecTu K HapyLLUEHMIO 3aKOHOB CoxpaHeHMA. Hamu paspaboTtaH 6e3bIHTepnoiALNOH-
HbI meTog, nocTpoeHnsa LBM Ha HepaBHOMEpPHbIX CeTKax C eAUHbIM Warom no BpeMeHu ANA CEeTOK pPa3HOoro
MacLTaba, OCHOBAHHbIN HA ABYXCTYNEHYATOM NpoLueaype NepekaamMbpoBKM NONYAALUNIA (ANCKPETHbIX 3HAUYEHWUI
bYHKUMKM pacnpeaeneruns), BkAtovatowen B ceba macwtabuposaHe HepaBHOBECHOM YacTh GyHKLMM pacnpe-
aenenusa [4] n nepekannbpoBKy momeHTamm [5].

PaboTa BbiNnoaHeHa Npy GUHAHCOBOM NoaaepKKke Poccuinckoro HayyHoro ¢oHaa (Koa npoekTa 18-71-10004).
Cnuncok nutepaTypbl

1. Timm K. et al. The lattice Boltzmann method: principles and practice // Springer International Publishing AG Swit-
zerland, ISSN. 2016. C. 1868-4521.

2. Rohde M. et al. A generic, mass conservative local grid refinement technique for lattice-Boltzmann schemes // In-
ternational J. For Numerical Methods In Fluids. 2006. T. 51. Ne 4. C. 439-468.

3. Fakhari A., Geier M., Lee T. A mass-conserving lattice Boltzmann method with dynamic grid refinement for immisci-
ble two-phase flows // J. of Computational Physics. 2016. T. 315. C. 434-457.

4. Filippova 0., Hanel D. Grid refinement for lattice-BGK models // J. of Computational Physics. 1998. T. 147. Ne 1.
C.219-228.

5. Dorschner B., Bosch F., Karlin I. V. Particles on demand for kinetic theory // Physical Review Letters. 2018. T. 121.
Ne 13. C. 130602.

MpumeHeHMe HeNpepbIBHOr0O MeToAa peLleHUs onepaTopHbIX YPAaBHEHUA K NPUBAUIKEHHOMY peLueHU

amnautyaHo-da3oBoit npobaembl

N. B. boikos?, A. A. NM1BKNHaA?

lMeH3eHcKuli cocydapcmeeHHsbili yHUsepcumem

Email: li.v.boykov@gmail.com, 2nastyashaldaeva@mail.ru
DOI: 10.24412/cl-35065-2022-1-00-05

PaboTa noceaAweHa NpMbaAUXKEHHbIM METO4aM BOCCTaHOB/IEHUA CUTHAN0B NO HeNoAHOW MHbopmaumm. Pac-
CMaTpPMBAlOTCA 334341 BOCCTAHOBAEHMA CUrHANOB (B 04HOMEPHOM U MHOFOMEPHOM C/1y4anx) Mo amnanTyae ux
CMeKTPOoB, BOCCTaHOBAEHMSA $asbl CUrHaNa MO amMNAUTYAe CNeKTpa U paa Apyrux 3agad. O6uwmm npu nccnenosa-
HUW 3TMX 33434 ABAAETCA XapaKTep maTeMaTUYeCcKMX Modenein — OHN ONUCbIBAIOTCA HENIMHEMHBIMWN MHTerpasb-
HbIMW ypaBHeHUsMKU Dpearonbma NepBoro poaa. BbluncauTebHble CXeMbl CTPOATCA MO TEXHOJIOTUU METOA0B
CNNAMH-KONNOKALMMN U MEXaHUYECKUX KBAZPATYP. TaK KaK NoJlyYeHHble CUCTEMbI HEJIMHEMHbIX anrebpanyeckmnx
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YPaBHEHUI OTHOCATCA K K/lacCy HEKOPPEKTHbIX 33434, TO B KayecTBe MeToZa perynapusaumm Ucnosb3yeTcs He-
NnpepbIBHbIN METOA, PELLUEHMA OnepaTopPHbIX ypaBHeHu [1]. MpuBoantca meTtog u ero o6obuweHma. Boibop saToro
MeToAa Npu peLleHnn 334341 BOCCTAHOBEHMA CUTHAI0B NO HEMOJIHOM MHOPMaLMM 0BYCNOBNEH TEM, YTO NPU
CBOEl peanusaumm oH He TpebyeT obpaTtMmocTu npounssoaHoi ®pewe ([aTo) OT HeAMHeMHOro onepartopa,
YCTOMYMB OTHOCUTESIBHO BO3MYLLEHUI NapaMeTp yPaBHEHUA, CXOAMUTCA NPU AOCTAaTOYHO OBLLMX YCAOBUAX Bbl-
60pa HavanbHOro NpubanKeHus. MNpuseseHbl MOAENbHbIE MPUMEPDI, UANKOCTPUpPYOLMNE 3GGEKTUBHOCTL Me-
ToAa.

PaboTa BbiNnosHeHa NP GUHAHCOBOM NOAAEPKKE PeKTOPCKOro rpaHTa MNeH3eHCKOro rocysapcTBeHHOMO YHUBEpCUTeTa
(morosop No XM-221/22 ot 31.03.2021).

Cnuncok nutepaTypbl

1. bolikos, M. B. 06 ogHOM HenpepbIBHOM METOAE PelleHUA HeIMHENHbIX OnepaTopHbIX ypasHeHuit // AnddepeHum-
anbHble ypasHeHunAa. 2012, T. 48, Ne 9. C. 1308-1314.

2. 1. V. Boikov, Ya. V. Zelina Approximate Methods of Solving Amplitude-Phase Problems for Continuous Signals Meas-
urement Techniques. Oct 2021. 64. P. 386—397 (2021) DOI: 10.1007/s11018-021-01944-y.

3.1 V Boikov, Ya V Zelina and D | Vasyunin Approximate methods for solving amplitude-phase problem for discrete
signals // | V Boikov et al 2021 J. Phys.: Conf. Ser. 2099 012002 J. of Physics: Conference Series 2099 (2021) 012002 IOP
Publishing DOI:10.1088/1742-6596/2099/1/012002.

4. boiikos W. B., lWangaesa A. A. UTepaunoHHble METOAbI pelleHus ypaBHeHuin AmbapuymsaHa. Yactb 1 // Ussectua
BbICLIMX Yy4ebHbIX 3aBedeHMA. [lOBOKCKMI pervoH. ®PusmMKo-maTematnyeckme Hayku. 2021. Ne 2. C. 14-34.
DOI:10.21685/2072-3040-2021-2-2.

5. Boitkos W. B., MuekuHa A. A. UTepaunoHHble MeTOAbl pelleHus ypasHeHuin AmbapuymsaHa. Yactb 2 // Ussectus
BbICLUMX Yy4ebHbIXx 3aBedeHMA. [lOBOMKCKMI pervoH. ®PusmMKo-maTematnyeckme Hayku. 2021, Ned4. C.71-87.
DOI:10.21685/2072-3040-2021-4-6.

HenunHeiHble cuctembl HTErpo-guddepeHumnanbHbiX YpaBHEHUI NepeHoca U3Iy4EeHUA U CTaTUCTUYECKOro

paBHoBecus
A. A. Bycanos?, A. B. Kaanuun?, A. A. TioxTuHa'?

Huxcezopodckuii yHusepcumem um. H. U. Jlobayescko2o
2YiHecmumym npuknadHol usuku PAH

Email: avk@mm.unn.ru

DOI: 10.24412/cl-35065-2022-1-00-06

B paboTte npnBoaAaTCA HENMHEWHbIE CUCTEMbI MHTErpo-aAnddepeHUmnanbHbIX ypaBHEHUA NepeHoca usnyde-
HWA U cTaTUCTMYeCKoro paBHoBecus [1]. MpepnaraeTca u 060CHOBbLIBAETCA UTEPALMOHHBIN IMHEeapU3YoLWMiA an-
rOpUTM peLleHUs paccMaTpMBaemblx 3a4ay. AHaIM3NPYETCA COOTBETCTBYIOLWAn cuctema anddepeHumnanbHbix
ypaBHeHUI B guddy3roHHOM NpubamxkeHum [2]. TeopeTuyeckme pesyabTaTbl UAMOCTPUPYIOTCA YMCIEHHbIMM
nccnefoBaHUAMM. MonyyYeHHble pesybTaTbiHbl HAa METOAaX U NOAX0AaX, Pa3BUTbIX B paboTax [3-5].

Cnucok nuTepaTtypbl

1. UBaHoB B. B. MepeHoc nyynctoit aHeprum B atmochepax 38e3g u nnaHet. M.: loctexteopuT3aaT, 1956.

2. bycanos A. A. HeaunHeliHan cTauMoHapHan 3a4a4a Teopumn nepeHoca B gndpdysnoHHom npmbanskeHnn // NMpobaemsi
nHbopmaTmnKK. 2021, Ne 2.

3. Mapuyk I'. U., Nebepes B. N. YncneHHble meToabl TEOPMM NEpeHOCA HeNTpoHoB. M.: ATomn3aaT,1971.

4. Bnaanmmpos B. C. MaTemaTuyeckue 3aga4ym 04HOCKOPOCTHOM Teopumu nepeHoca Yactuy // Tpyabl Matem. nH-Ta
mm. B. A. Cteknosa AH CCCP. 1961, Bbin 61. C. 2—-158.
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5. KannuuH A. B., Moposos C. ®. 06 ogHoI HenMHeNHOW KpaeBoi 3a4a4e Teopumn nepeHoca uanyderus // BMuMo,
1990. T. 30. C. 1071-1080.

PaboTta BbiNosHeHa Npu GUHAHCOBOMN NoALEpPKKE HAYYHO-06pa3oBaATENbHOrO MaTeMaTUYECKOro LeHTpa "MaTema-
TUKa TexHosorui byayuwero" (cornawenue Ne 075-02-2022-883).

YucneHHble cxembl 418 MOAENINPOBAHUA TEYEHMW NNA3Mbl B OTKPbITbIX MAarHUTHbIX CUCTEMAX

B. A. Bwuskos, M. A. bopoHuHa, K. B. Bwuskos, I'. U. lyaHukosa, A. A. Epumosa, A. M. Cyaakos
UHCmumym 8oelqucaumensHol mamemamuKu u mamemamu4eckoll eeogpusuxku CO PAH

Email: vsh@ssd.sscc.ru

DOI: 10.24412/cl-35065-2022-1-00-07

OpHO 13 HanpaBAeHWI B pelleHnn Npobaembl yNpaBaaeMoro TepmMoAaLepHOro cMHTesa 6asupyeTtca Ha Uc-
NosIb30BaHMM B 1AOOPATOPHbLIX IKCNEPUMEHTAX OTKPbITbIX MArHUTHbIX cucTeM. MNprUmepom Takoi cUCTeMbI SB-
naetca yctaHosKa KOT (MA®D CO PAH), rae nnaHupyeTcs uccnefoBaHne AMaMarHMTHOro pexuma ee pabotbi [1].
Cpeay BO3MOXKHbIX PEXMMOB PAabOTbl OTKPLITBIX MArHUTHbIX IOBYLIEK, UCCNEef0BAHNE PeXMMA ANaMarHUTHOrO
yAepKaHWA NaasMbl NPeACTaBAAET 3HAYUTENbHbIN UHTEPEC MPUMEHUTENBHO K Npobieme Co34aHMA KOMMAKT-
HOM 3HEepreTMYeCcKon YCTAaHOBKM-PeaKToOPa. ITO CBA3AHO C BbICOKMMM 3HAYEHUAMM NapamMmeTpa beTa (oTHoLWweHMA
rasoKMHETUYECKOrO AaBeHMA NAa3Mbl K MarHUTHOMY AaBAEHUIO), AOCTUKMMbIMU B YCTAHOBKE, MO CPAaBHEHMIO
C 3aMKHYTbIMW CUCTEMAMM MATHUTHOTO YAEPKAHMA NAa3Mbl, TAKUMMU KaK CTENNAPATOPbI U TOKAMaKMU.

B naHHo paboTe npeactassieHbl 2D YMCNeHHbIE MOAENN ANAMATHUTHOIO PEXMMA OTKPbITOM JIOBYLLIKK, OC-
HOBaHHble HA MPUMEHEHMM METOZA YaCTUL-B-AYENKe ANA pelleHUs KMHETUYECKMX ypaBHeHW Bnacosa gns
MOHOB. [IMHaMUKa 3/1eKTPOHOB MOAE/IMPOBAaCh Kak B rmapoAnHammyeckom npnbamnxkerunn (PIC-MHD) [2], Tak
N B KNHETUYECKOM. B co3aaHHbIX MOAENAX MCNONb30BaH HOBbIA aArOPUTM PeLLEHUA YPAaBHEHUA ABUKEHMA 3a-
PAXKEHHbIX YaCTUL, B 9/1IEKTPOMArHUTHbIX NOIAX, KOTOPbIN NO3BONAET TOYHO BbIYMUCNATb TPAEKTOPUIO N CKOPOCTb
MoaenbHbIx YacTul, [3]. PaccmoTpeHHble MOAEeNM CPaBHMBAIOTCA MeXAy coboi No pesyabTaTam U BPeMEHU pa-
60Tbl. Ha ocHOBe cO34aHHbIX YMCNEHHbIX MOAENEN NPOBeAEeHA NPOBEPKA OCHOBHbLIX NPUHLMMNOB AMaMarHUT-
HOrO yAep»aHUA Nniasmbl.

PaboTa BbiNnoNHeHa Npy GUHAHCOBOM NoaaepkKke Poccuinckoro HayyHoro ¢oHaa (rpaHT Ne 19-71-20026).
Cnuncok nutepaTtypbl

1. P. A. Bagryansky et al. Status of the experiment on magnetic field reversal at BINP // AIP Conference Proceedings.
1771, p. 030015, 2016.

2. 10. A. bepesuH, I'. . lygHukoBa, T. B. incenknHa, M. MN.depopyKk. MogennpoBaHue HecTauMOHapHbIX MN1a3MEHHbIX
npoueccos. Hosocmbupck: UML, HIY, 2017. 359 c.

3. E. C. Boponaesa, K. B. Bwuskos, /1. B. Bwumekosa, . . lyaHnkoBa, A. A. EpumoBa. ANropuTMbl ABUKEHUA B MeToAe
YyacTuL-B-aYeikax // BolumcantenbHble MeToabl M nporpammuposarue. 2021. T. 22. Ne 4. C. 281-293.

ANropuTMbl MHTEPNOAALUN B METOAE YAaCTUL-B-AYeiKax

K. B. Bwuskos, A. A. Epumosa, E. A. Boponaesa, /1. B. Bwunskosa

UHCmumym 8biyucaumensHol mamemamuKku U mamemamuyeckoli eeogpuzuku CO PAH
Email: vkv76@gmail.com

DOI: 10.24412/cl-35065-2022-1-00-08

KaK 13BecTHO, NOIHOCTbIO MOHM30BAHHAA N1a3ma ABAAeTCA MHOTOKOMMOHEHTHOM cpe,u,oﬁ, COCTOFILI.I,El\;i ns3
3I'IEKTpOHHOl7I KOMMOHEHTbI 1 MIOHHON KOMMOHEHTbI. Ana onncaHma nnasmbl 4acTo MCNONb3YIOTCA I'VI6pVI,CI,HbIe

moaenun, B KOTopbiX A4 onncaHuAa MOHHOM KOMMOHEHTbI MCNONb3YIOTCA KMHEeTUYeCKne ypasHeHnA Bnacosa, a
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[OJ19 3N1E€KTPOHHON KOMMOHEHTbI NPUMEHSAIOTCA YPaBHEHUA TMAPOAMHAMUYECKOro TUMa. K 3TumM ypaBHeHMAM 40-
6aBnaeTcAa cMcTeMa ypaBHeHWt MaKcBenna Ana HaxoMAeHMA CaMOCOrN1acoBaHHbIX 31EKTPUUYECKUX U MarHUT-
HbIX Nonein. na pelleHna KUHETUYECKMX YpaBHEHU BnacoBa Nydlle BCero NoaAXoAUT MeToA, YacTUL-B-AYeMKax.
HepoctaTKom AaHHOTo meToAa ABAAETCA HeobX0AMMOCTb 60O/IbLIOIO KONNYECTBa MOAE/MbHbIX YaCTUL, B KaXKa0M
AYeiKke ANA XOpOoLIero onMcaHMUA CBOMCTB NAa3Mbl.

Bo Bcex YMCAEHHbIX MOAENAX Ha OCHOBE METO/a YacTUL-B-AYeKaX, KaK NOJIHOCTbIO KMHETUYECKUX, TaK U
rmMépunaHbix, 6osblioe Bpema cyeta (40 90 %) TpaTUTCA Ha UHTEPMONALMIO SNEKTPUUECKUX U MArHUTHbIX NoJsien
B MECTOMO/IOXEHME YaCTULbI, @ TAK}KE Ha Pa3Aady CKOPOCTel M 3apAA0B YacTUL, B y3/bl CETKU. PelueHune stoi
npo61emMbl MO3BOAUT YCKOPUTb aNTOPUTM ABUNKEHMA YaCcTUL, B HECKO/IbKO pas.

B cBA3M c 3TMM, HaMuM pa3paboTaHbl HOBble 6oee BbICTPble aArOPUTMbI MHTEPNONALMUM SNEKTPOMATHUTHBIX
noJsieit B MeCToMo/IOXeHMe YacTul, a TakXKe pasfadym 3apsaja U CKOPOCTer YacTuL, B y3/bl CETKU. YCKopeHue oc-
HOBaHO Ha TOM, YTO BbI4MC/EHUA NPOU3BOAATCA ANA YACTULL, HAXOAALLMXCA B OAHOM AYeliKe, YTO NO3BO/IAET He
AybmpoBaTb HEKOTOpble BbluMcneHus. 1A BblAe/eHMA YacTuL, Haxo4aWmMXca B OAHOM AYelike, pa3paboTaH
a/ITOPUTM COPTUPOBKM MO TPEM Hamnpas/ieHUAM.

PaboTa BbiNnonHeHa Npy GUHAHCOBOM Nogaepskke bloaskeTHoro npoekta UBMuMI CO PAH (Ne 0251-2021-0005).

Kom6uHauua metoga KOHEYHbIX 3/1IEMEHTOB U NOJIY/IarpaH}XeBoro aIropuTma 411 peweHua ypaBHeHus

KOHBeKuuu-gudoysmm

A. B. BaTkun?, E. B. KyuyHoBa?

YMuecmumym seiqucaumensHoz2o modeauposaHusa CO PAH
2Cubupckuli pedepansbHebili yHUBepcumem

Email: hkuchunova@sfu-kras.ru

DOI: 10.24412/cl-35065-2022-1-00-09

MpeanoxeHa KOMBMHALMA METOAA KOHEYHbIX 3/IEMEHTOB U NOYNArPaHXeBOro anroputma aaa YMCneH-
HOro pelleHns Havya/bHO-KPaeBoOM 3a4aun 418 OAHOMEPHOro YpaBHEHMA KOHBEKUUK-andoysmm. Mpu annpok-
cumaumn andedy3MoHHOro cnaraeMoro UCNoAb3yTCA IMHENHbIE KOHEYHble 3/1eMeHTbl. KOHBEKTMBHbIe cnarae-
Mble annpPOKCUMMPYHOTCA C MOMOLLbIO KOHCEPBATMBHOMO NOAYAArpaHKeBoro anroputma. OH OCHOBaH Ha UHTe-
rpasibHOM 6aNaHCOBOM COOTHOLUEHUU A1A PeLleHNA 3a4a4M MeXAY COCEAHUMM CI0AMM NO BpemMeHU. Mpenmy-
LLLEeCTBOM TAKOro MoAxXoAa ABAAETCA BbINOAHEHMe ycnosua KypaHTa — Ppugpuxca — Jleeu 6e3 orpaHuyeHms Ha
LIar Mo BPeMEeHMU, a TaK»Ke BbINO/IHEHWE 3aKOHA COXPaHEHMA B KOHCEPBATUBHbIX Bepcuax metoda. Jna cpasHe-
HWA UCMNO/Ib30Ba/INCb PA3HOCTHbIE CXEMbI C Pa3/IMYHBIMK CNOCOHaMM anNPOKCUMALMM KOHBEKTUBHOTO YieHa
YPaBHEHUS: NPOTMBOMNOTOKOBAs cxema, cxema XapteHa, MLU, MUSCL 1 cxema ENO. MNpegnaraemblit YNCAEHHbI
MeTog, obecneynBaeT CXogMMOCTb YACAEHHOIO pelleHms 3a434M B HOPME NPOCTPaAHCTBA L1 CO BTOPLIM Nopaa-
KOM TOYHOCTW. [poBeAeHHbIe BbIMUCANTENbHbBIE SKCMEPUMEHTbI Ha pAAEe MOALE/bHbIX 3a4a4 NOATBEPXKAAIOT
TEOPETUYECKME BbIKNALKU.

PaboTa npoBoannacb npu dmMHaHcoBOM noaaep ke Poccuiickoro poHaa pyHaameHTaNbHbIX MCCNef0BaHNI B paMKax
Hay4Horo npoekTta Ne 20-01-00090 A.

Cnuncok nuTepaTtypbl

1. Shaydurov, V.V., Vyatkin, A.V., Kuchunova, E.V. Semi-Lagrangian difference approximation with different stability
requirements // RINAMM. 2018. V. 33. P. 123-135.

2. Vyatkin, A.V., Kuchunova, E.V., Yakubovich, M.V., Efimov, E.A. Combination of Semi-Lagrangian approach and finite
element methon for Navie-Stokes equations // International conference of numerical analysis and applied mathematics
2019. 2020.
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PeweHue oAHOMEPHOro ypaBHEHUA HEPa3PbIBHOCTU KOHCEPBATUBHbIM NOAYAArpaHKXeBbIM METOA0M

Ha HepaBHOMEPHOI NPOCTPAHCTBEHHO-BPEMEHHOI ceTKe
A. B. BaTkun!, A. [1. Manbues?
YMuemumym seiqucnumensHoz2o modenuposaHus CO PAH

2Cubupckuli pedepanbHoili yHUBEpCUMeEM
Email: vyatkin@icm.krasn.ru
DOI: 10.24412/cl-35065-2022-1-00-10

KoHcepBaTMBHble MoAynarpaHXeBbl MeTodpbl, HE MCNO/b3yolWMe NOMNPaBOYHbIX KO3PpPULMEHTOB, OCHO-
BaHbl Ha BbIYMCAEHUN MHTETPaNa Ha HUKHEM C/I0e BO BPEeMEHM Mo HEKOTOPOWN 061aCcTH OT U3BECTHOM GYHKLUUU.
[Nna TpexmepHbIX ypaBHEHWUI Takoi noaxos TpebyeT 60/1bLIOro KoamMyecTsa BbluMcAeHUI. Kak npaBunio, cnox-
HOCTb, CBAA3aHHY!O C A/INTE/IbHOCTb PAaCYeTOB, PeLlatoT C MOMOLLbIO MapaieNbHbIX BblYUCAEHWI. [pyroi nogxos,
COCTOUT B TOM, YTOObI YMEHbLLWTb BbIYUC/IUTENbHYIO C/IOXKHOCTb.

Pa3paboTaH KOHCePBATUBHbIN aITOPUTM M3 CEMEICTBA MOJIyNarpPaHKeBbiX METO40B, NO3BONAOLNI NPOBO-
ONTb BbIYUC/IEHUA HA HEPABHOMEPHOM NPOCTPAHCTBEHHO-BPEMEHHOM ceTke. HepaBHOMEPHOCTb CETKU 3aK/to-
YyaeTca B caeaylolem: MPOCTPaHCTBEHHAA CTeKa AeNUTcs, Hanpumep, Ha Ase obnacTtu. MNpu BblYMCAEHUN 3HaYe-
HWI MCKOMOW GYHKLMM B Y31aX CETKM OAHOM 061aCTN UCMO/b3YeTCa HEKOTOPbIN LWar No BpemeHn. A Npu BblYnc-
NIeHUU 3HaYEHUN UCKOMOW GYHKLIMM B y3/1aX CETKM ApYyroi 061acTi MCNoNb3yeTca War No BpeMeHu, Hanpumep,
B ABa pas3a bosblniA. 3a4a4a cocToANa B TOM, YTODObI MPaBU/IbHO C TOYKU 3pEeHMA annpPOKCUMALLIUKU U BbINOJIHE-
HWS 3aKOHA COXPaHEeHMA BbIMOJIHUTL PacyeTbl Ha rpaHMLax 3TUX AByX obnacTell. B pesyabTaTte yaanocb NocTpo-
UTb aNITOPUTM, KOTOPbIN MMEET NepBbli NOPSAAOK CXOANMMOCTM Ha BCEi HEpaBHOMEPHOM NPOCTPaHCTBEHHO-Bpe-
MEHHO CeTKe U A1 KOTOPOTO BbIMOJIHAETCA 3aKOH COXPaHEHMA, YTO NOATBEPIKAAETCA BbIYNCIUTENbHBIMMU IKC-
nepMmeHTamu.

PaboTa BbinonHeHa Npu noaaepxke Poccuiickoro ¢oHaa GpyHAMEHTaNbHbIX MCCNefoBaHMIA, NpoeKT Homep 20-01-
00090 A.

MogenuposaHue Te4eHUS HECKUMAEMOW KUAKOCTU B U3MEHAIOLEACA BO BpemeHu obaactu
B. A. Tankuu®?, A, O. [ly6osuk*?

1Cypeymckuii 20cydapcmeenHsili yHusepcumem

2Cypaymckuli punuan ®ry d®HL HUNCU PAH
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PaccmaTpmBaloTCA KAacChbl TOYHbIX pelleHnid NS 3a4a4, ONMCbIBAOLNX TeYeHME HECKMMAEMOM KUAKOCTH
B 06/1aCcTAX, M3MEHAIOLWMXCA BO BpemeHW. [losydeHbl KAacCbl TOYHbIX PeLIeHUIn ypaBHEHWI MarHUTHOWM
rMAPOAMHAMMKM B PaMKaxX MOZE/N CIOMCTOrO TeYEHUA KNAKOCTK [1] 1 ypaBHEHMI TMAO0AMHAMUKN B PaMKax
MOAENN MOTEHUMANbHOTO Te4YeHUa uaxkoctn [2]. HalloeHHble TouyHble pelleHUs WCMNoNb3ylTca ANA
BepUPUKALMN pPe3yNbTaTOB pPacyeToB YMUCNEHHOrO MOZENMPOBaHMA, MOJIydeHHble Ha OCHOBE MmeToda
KOHTPOAbHbIX 06beMOB. PelleHne AaHHOro K/lacca 3a4a4 akTyalbHO B CBA3M C UCCNe0BaHUEM 3a4a4 ynpasae-
HWA NapameTPaMm HECKMMAEMOW XKUAKOCTU 3a cHET M3MeHeHUs obnacTn TeyeHus [3].

PaboTa BbinosiHeEHa Npu GMHAHCOBOM noaaep:KKke Poccuitckoro ¢oHaa dyHAAMeEHTaNbHbIX UCCAeA0BaHWIA (Kog npo-
ekrta 20-07-00236).

CnucoK nuTepaTtypbl

1. TankuH B. A., ly6oBuk A. O. O moaeMpoBaHMM CIOUCTOrO TeYEHUA BA3KOM NPOBOAALLEN KMUAKOCTN B 061acTH, U3-

MeHsoLLenca BO BpemeHu // MatemaTtnyeckoe mogennposaHue. 2020. T. 32. Ne 4. C. 31-42
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2. betenuH B. b., TankuH B. A., ly6oBuk A. O. TouHble pelueHusa cuctembl HaBbe — CTOKca A/19 HECXKMMAEMOW KUIKO-
CTM B C/lyyae 3a4a4, CBA3AHHbIX C HedTerasosoi oTpacabio // [loKn. akagemmm Hayk. MatemaTuka, MHGopmaTuKa, npo-
ueccol ynpasnenuma. 2020. T. 495. Ne 1. C. 13-16.

3. betenwvH B. b., FankuH B. A. YnpaBneHue napameTpamm HECKUMAEMOW KULKOCTU NPU U3MEHEHUW BO BPEMEHMU reo-
meTpuun TeueHns // Jokn. Akagemun Hayk. 2015. T. 463. Ne 2. C. 149-151.

Metopg HiocTpéma: noBbllieHWe NOpAAKa TOYHOCTU PAa3HOCTHLIMU BbipaXKeHMAMU NPaABO YacTU
P. A.Tony6es
Cubupckuli pedepanoHsili yHUBepcumem

UHcmumym ebivucaumensHo2o moodenuposaHus CO PAH
Email: roma_golubev1999@bk.ru
DOI: 10.24412/cl-35065-2022-1-02-21

B paHHoI paboTe npeanaratoTCs HOBble METOAbl BbICOKMX MOPAAKOB TOYHOCTU, NOCTPOEHHbIE HA OCHOBE
meToaa Hioctpéma [1]. NMpeacraBneHHble MeToAbl MMEIOT C/IeAYIOLYI0 anropUTMUYECKYO peanusaumio: ana
HaxoXAeHuA pelleHua BTOPOro Nopsaaka Ucnonb3yetca metod HiocTpéma, a AN NOoAyYeHUs pellueHns Npous-
BOJIbHOrO YETHOro MNopAAKa TOYHOCTU B cxemy HioCTpéma BHOCUTCA NOMpPaBKa, BblpaxkatoLlanca yepes npmbau-
EeHHOoe peLleHue Ha ABa NopPAAKa HUXKe. ITO peLleHne Noaydaem MeToaom PyHre — KyTTbl COOTBETCTBYIOLLENO
nopsaka. [aa Hayana pacyeToB YyTOYHEHHOMN CXEMOW HEOBXOAMMO TaK»Ke AOMONHUTENIbHO 3a4aTb HavyasbHoe
YC/0BUE, KOTOPOE Mbl YACTIEHHO NOJIlyYaem MeToaoM PyHre — KyTTbl HE06X0AMMOM TOYHOCTH.

B pesynbTaTte paboTbl 6b1aM NOAYHEHbI YNC/IEHHbIE METOAbI NPON3BOILHOIO YETHOro NopAAKa TOYHOCTU Ha
ocHoBe meToaa HiocTéma [1], BbINONHEHbI BbIMUCAUTE/IbHbBIE SKCNEPUMEHTDI, a TaKKe NPoBeAeHO TeopeTuye-
cKoe 0bocHOBaHMe NopsAAKa CXOAMMOCTM NPeACTaBAeHHbIX METOA0B.

PaboTa BbiNnonHeHa Npy pUHAHCOBOM Noaaep ke Poccuiickoro HaydyHoro ¢poHaa (Koa npoekTta 20-61-46017).
Cnuncok nutepaTypbl
1. Xanpep 3., HépcetT C., BaHHep I. PelseHne 06bIKHOBEHHbIX AnddepeHLManbHbIX ypaBHEHUN. HexecTkme 3a4a4um.

M.: Mwup, 1990.

Highly accurate algorithms for solving inverse scattering problems for the Manakov equations
N. I. Gorbenko?
Institute of Computational Mathematics and Mathematical Geophysics SB RAS

Email: nikolay.gorbenko@sscc.ru
DOI: 10.24412/cl-35065-2022-1-00-13

We proposed a new numerical method for solving the inverse scattering problem for the Manakov equa-
tions based on solving the Gel'fand — Levitan — Marchenko system of equations. The existence and uniqueness
of the solution of the GLM equations is proved. To approximate the integrals, quadrature formulas are used up
to the fourth order of accuracy. The resulting system of equations is reduced to a system of equations only with
unknowns necessary to determine the required potential. The algorithm allows to determine the potential in-
dependently for any point x from a given interval 0 < x < L, which allows parallelization.
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O mogennpoBaHun LyHaMu1 C NOMOLLbIO Pa3pbiBHbIX MeToA0B ManépKMHA HA HECTPYKTYPUPOBAHHOMU CeTKe

B. C. FopwyHoB?, B. K. lN'ycakos?, B. M. Unbnn?2, A. B. Netyxos?, E. N. PomeHcknir®

YMHuecmumym seiqucnumensHol mamemamuku u mamemamuyeckoii 2eogpusuxu CO PAH

2Hosocubupckuli 2ocydapcmeeHHslll yHusepcumem>MHcmumym mamemamuku um. C. /1. Cobonesa CO PAH
Email: ilin@sscc.ru

DOI: 10.24412/cl-35065-2022-1-00-12

B paboTe paccmatpumBatoTca paspbiBHble meToabl ManépkuHa [1] pelweHuns AByMepHON HavyaibHO-KpaeBoW
3aJa4m 419 CUCTeMbl HeNIMHEMHbIX anddepeHumanbHbIX ypaBHeHU CaH-BeHaHa Teopumn menkoit Boabl [2], onu-
CbIBAlOLLEN PACNPOCTPAHEHME BOJIH LyHAMM C YY4ETOM HEPABHOMEPHOCTU penibeda AHS, KPUBOMHENHOMN KOH-
durypaunmn 6eperosoit AMHUM MU BO3MOXKHOFO HanMuMA OCTPOBOB. Ha XKeCTKOW rpaHuue CTaBUTCA YCI0BUE He-
NPOTEKAHWUA, @ Ha BOAHOMN OTKPbLITOM rpaHuLe pacdeTHon obnactn — ycnosue besoTparkeHus. MpocTpaHCTBeH-
Hble annPOKCUMALMKM CTPOATCA HA TPEYrO/IbHOM HECTPYKTYPUPOBAHHOM CeTKe C NOMOLLbIO BapULLEHTPUYECKUX
bYHKUNI TeMNOPOBCKOro TMNa [3] nepBoro naM BTOPOro nopaaKoB., a TakkKe NPUbANMKEHHOTO peLleHna 3a434m
PumaHa [4] Ha ceTouHbIX pebpax. YucneHHOe MHTErpUPOBaHME NO BPEMEHMU OCYLLECTBNAETCA ABHO-HEABHbIMM
aNropuUTMamMmn C NPUMEHEHUEM CXEMbI NPEAUKTOP-KOPPEKTOP. IPPEKTUBHOCTL NPEANOKEHHbIX METOL0B Ae-
MOHCTPUpPYETCA pesy/ibTaTaMu YUCAEHHbIX PACYETOB Ha CEPUN XapaKTEPHbIX METOAMYECKMX 3a4a4.

CnncoK uTepaTypbl

1.Du H,, LiuYi,, Liu Yu., Xu Z. Well-Balanced Discontinuous Galerkin Method for Shallow Water Equations with Constant
Substraction Techniques on Unstructured Meshes // J. of Scientific Computing. 2019, 81:2115-2131.

2. Mapuyk AH. T, Yybapos /1. b., LLUokuH KO. UN. YncneHHoe moaenmpoBaHme BoH LyHamu. Hosocmbupck: Hayka, 1983.

3. Luo H., Baum J. D., Lohner R. A discontinuous Galerkin method using Tailor basis for computing shock waves on
arbitrary grids // ). of Computational Physics 2008 v. 227, 8875-8893.

4. Dumbser M., Peshkov I., Romenski E., Zanotti O. Hight order ADER schemes for unified first order hyperbolic formu-
lation of Newtonian continuum mechanics coupled with electro-dynamics // J. of Comput. Phys. 2017. V. 348. P. 298-342.

UccnepoBaHue TOYHOCTM METOA0B NOCTO6PAa6OTKM YMC/IEHHbIX MOTOKOB NPU peLlleHnn 3aga4 GuabTpauum

A. M. Tpuo, 0. . Conosenumk

HoeocubupcKuli eocydapcmeeHHbIl mexHu4YecKuli yHusepcumem
Email: alexgrif@inbox.ru

DOI: 10.24412/cl-35065-2022-1-00-14

PaccmoTpeHbl ABa meToda NocTobpaboTKM YMCEHHbIX NMOTOKOB, OCHOBaHHbIX Ha MeToge 6anaHCUMpPOBKU
[1, 2] n meToge npoeumpoBaHusa [3]. MoaennpoBaHMe NPOBOAMAOCL C UCMNONb30BAHUEM BbIYUC/IUTENBHOM
cxeMbl [4] Ha TecToBbIX 3aJa4ax, PaCCMOTPEHHbIX B paboTtax [2, 3]. Mpw peweHnn 3agaum m3 paboTsl [3] 6bi10
nosy4yeHo, 4to oba MmeToda NOCTObPabOTKM AAKOT CXOXKME pPeLleHUn, YTO NoATBEPKAAET KOPPEKTHOCTb peanu-
3aumm obounx meToaoB. 1A aHann3a TOYHOCTM 060UX MeToLoB Bbl1o NPOBEAEHO MOLENMPOBAHNE MECTOPOXK-
OEHWNA NPOCTON CTPYKTYPbI, BKKOYAIOLLENO YETbIpPe CKBaXKMUHbI [2]. [15 3TOM 33434m Npu BbINOAHEHUN NocTobpa-
6OTKM Ha CKBaXKMHAX He Bbla1 GUKCUMPOBAH M3BECTHbIN NOTOK. TakKMM 06pa3om, haKTUUYECKN, SMYINPOBANACH CU-
Tyaums, B KOTOPOM Ha CKBaXKMHaxX 3a4aHO AaB/iEHME, N NPOBEPANIOCh, C KAKOM TOYHOCTbIO paccMaTpMBaemMble
MeTOAbl KOPPEKLUMM Aat0T NOTOKU Ha CKBaXKMHAX (MOCKO/IbKY B laHHOM C/ly4ae MOXKHO CPaBHUTb UX C UCTUH-
HbIMM). B pe3ynbTaTe NorpelHocTb 414 CKBaXKUH NPU MCNONb30BaHUM MmeToaa 6anaHCMPOBKM COCTaBUIa MeHee

0,1 %, B TO Bpems KaK NOrpeLHocTb A1A MeToZa NpoeLmMpoBaHna cocTasuna okono 10 %.
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PaboTa BbinoNHEHa Npy PUHAHCOBOK NoaaepKke MUHUCTEPCTBA HAaYKK M Bbicero obpasosanus PO (HWU "Mogenu-

AL

poBaHWe U 06paboTKa AaHHbIX HAYKOEMKUX TexHonornin", npoekt FSUN-2020-0012).
Cnuncok nutepaTypbl

1. Nepcosa M. T., Conosenuuk 0. T., pnud A. M. banaHcMpoBKa NOTOKOB Ha HEKOHMOPMHbIX KOHEYHO31EMEHTHbIX
ceTKax Npu moaennpoBaHMn mHorodasHon punbtpaumm // Nporpammuan nHxeHepus. 2021. T. 12, Ne 9. C. 450-458.

2. Flow balancing in FEM modelling of multi-phase flow in porous media / M. G. Persova, Y. G. Soloveichik, A. M. Grif,
. I. Patrushev // AktyanbHble npo6aembl 31eKTPOHHOrO npubopoctpoermns (AN3M-2018): Tp. 14 mexayHap. Hayd.-TexH.
KoH®., HoBocnbupck, 2—6 okt. 2018 r. : B 8 T. HoBocnbumpck : M3a-so HITY, 2018. T. 1, u. 4. C. 205-211.

3. Odsaeter L.H., Wheeler M.F., Kvamsdal T., et al. Postprocessing of non-conservative flux for compatibility with transport
in heterogeneous media // Computer Methods in Applied Mechanics and Engineering. Elsevier B.V., 2017. V. 315. P. 799-830.

4. Soloveichik Y.G., Persova M.G., Grif A.M., et al. A method of FE modeling multiphase compressible flow in hydrocar-
bon reservoirs // Computer Methods in Applied Mechanics and Engineering. Elsevier B.V., 2022. V. 390. P. 114468.

PeKypCUBHbIi NOUCK ONTUMU3UPOBAHHOIO aITOPUTMA YMHOKEHUA HA NOCTOAHHbIE MATPULLbI
B. A. Nepok
NHcmumym mamemamuku um. C. /1. Cobonesa Cubupckozo omoeneHus Pocculickoli akademuu HayK

Email: dedok@math.nsc.ru
DOI: 10.24412/cl-35065-2022-1-00-15

Bo MHOTMX NPUNOXKEHUAX, B HaCTHOCTU B 3aAa4ax undposoit 06paboTkn curHanos (DSP) BbluMCNEHMA BKAIO-
yaloT B cebA YMHOXeHNA Ha NOCTOAHHbIE K03¢¢MLI,VIGHTbI. B ONTUMU3AUNOHHbIX LenAX Takoe TAXKesoe C BblYUC-
JINTENIbHOM C TOYKM 3pEHUA YMHOXKEHME MOXKHO 3aMeHWUTb Ha boJsiee ierkMe CyMMMpPOBaHUA U nobuTosble
casuru [1-2].

B paboTte npeanaraetca anroputm NOMCKa ONTUMU3MPOBAHHOWN NOCAeA0BATENbHOCTU AEUCTBUIN ANA YCKO-
PeHUA YMHOXEHUA Ha NOCTOAHHYI maTpuuy (CMM), npoBoauTcA cpaBHeHMe pa3paboTaHHOro meToaa ¢ Knac-
CUYECKMM YMHOXEHUEM U ApyrMmK anroputmamu CMM.

PaboTa BbINO/NHEHa B paMKax rocyaapcrtseHHoro 3agaHunsa MM CO PAH (npoekt FWNF-2022-0009).
Cnuncok nutepaTypbl

1. M. Kumm, M. Hardieck and P. Zipf, "Optimization of Constant Matrix Multiplication with Low Power and High
Throughput," in IEEE Transactions on Computers. V. 66, no. 12. P. 2072-2080, 1 Dec. 2017.

2. Sarband, N.M., Gustafsson, O. & Garrido, M. Using Transposition to Efficiently Solve Constant Matrix-Vector Multi-
plication and Sum of Product Problems. J Sign Process Syst 92, 1075-1089 (2020).

MHoOroceTouHblii MeToA peLeHUs TPeXMEPHbIX IIZIMNTUYECKMX KPAeBbIX 33424 3/1eKTPONPOBOAHOCTH

B r'MPOTPONHbIX cpeaax

B. B. eHuceHko, C. A. Hectepos

UHcmumym eblvucnumesnbHo2o modenuposaHus CO PAH
Email: denisen@icm.krasn.ru

DOI: 10.24412/cl-35065-2022-1-00-16

[ns rMpoTponHoi cpeabl onepaTop 3AIMNTUYECKOW KPaeBoM 3a4a4M 31EKTPONPOBOAHOCTH, TPAAULMOHHO dop-
MY/IMPYEMOW A1 3NEKTPUYECKOTO NOTEHLMaNa, HecummetpuueH [1]. [ns napbl cneumanbHbix NOTEHLMAN0B, CKa-
NAPHOTO 1 BEKTOPHOro, CHopMyNnpoBaHa Kpaesas 3a4a4a C CUMMETPUYHbIM NOM0XKUTENbHO onpeaeeHHbIM one-
patopom. COOTBETCTBYIOWAA SHEPreTUYeckas HOPMa SKBMBAJIEHTHA CYMME SHepreTUYECKMX HOPM, NCMO/b3yeMbIX
O/ OCHOBHbIX KpaeBblX 3afay ANs ypaBHeHusa [lyaccoHa. [loKasaHa Mo/IOXKMTeNbHas OnpeaeNeHHOCTb
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CUMMETPUYHON MaTpULLbl, BO3HUKAIOWEN B PAMKaxX METOAA KOHEYHbIX 3/1IEMEHTOB. ITUMM e CBOMCTBaMKU obna-
O30T M MaTpULbl, MOJyYatoLLMECA NPU NePEXoae Ha YKPYMNHEHHbIE CETKM B MHOTOCETOYHOM METOAE.

NccnepgoBaHuMe BbiNoHEHO Npu dUHAHCOBOM noaaepke Poccuiickoro HayyHoro ¢oHaa (rpaHT Ne 22-27-00006).
Cnuncok nutepaTypbl

1. Denisenko V.V. Statements of the boundary value problems in mathematical simulation of a quasistationary electric
field in the atmosphere and ionosphere // J. of Physics: Conference Series 1715. 2021. Paper 012016.

CpaBHeHM1e NPAMbIX U UTEePaALLMOHHbIX METOA0B peLleHUA KOHeYHo31emeHTHbIx C/IAY
B MarHUTOTEN/IYPUYECKUX 3a4a4ax C HenpoBoadALllei Noaob6aacTbio

MN. A. JomHuKos, tO. N. KowKnHa

HoesocubupcKuli eocydapcmeeHHbIl mexHu4YecKuli yHueepcumem

Email: p_domnikov@mail.ru

DOI: 10.24412/cl-35065-2022-1-00-22

[na moaennmpoBaHmna TpEXMEPHbIX MarHUTOTENNYPUYECKUX NONEN NPUMEHANCA BEKTOPHbIN METOZ KOHeY-
HbIX 3/IEMEHTOB C AYeliKaMW M3 Napasnenenmnesos u LWecTUrpaHHUKoB [1]. Ana ucknoyeHnsa Hynb-aapa rot-
onepaTopa B HEMNPOBOAALLMX 061aCTAX NPUMEHEHA TEXHONOMMNA AEPEBbEB-KOAEPEBLEB C UCKNOUYEHNEM FPagM-
EHTHbIX GYHKLMIA, COOTBETCTBYIOLLMX AAPY rot-onepaTopa [2]. MpoBeaeHo nccnegoBaHne CXOAMMOCTM NPAMbIX
N UTEPALMOHHbIX METOL0B AN1A CUCTEM KOHEYHO3NEMEHTHbIX YPAaBHEHUIN C MaTPULLAMWN HU3KOFO PaHra, BO3HU-
KaloLWMX NPU KOHEYHO3IEMEHTHOM annPOKCMMALMKN AaHHbIX 3a4au.

Bblna BbINOSHEHA BepPUOUKALMA pa3pabOoTaHHbIX NPOrpamMMHbIX MOLY/IEN MyTEM CPAaBHEHUA C pesybTa-
TamMu, NPUBEAEHHbIMM B MeXXAyHapogHom npoekte COMMEMI [3].

MpoBeaeHHbIe BbIYUCANTENbHDBIE SKCMEPUMEHTbI MOKa3aau, YTO UCKAKOYEHME TPAAMNEHTHbIX GYHKLUNIA B He-
nposogawei o6nactm nossoaseT 40 30 % yMeHbLUTb BPeMSA pelleHMa KOHEYHO31EMEHTHOMN CUCTEMBI NPU UC-
NoNb30BaHMUM NPAMOro metoga peweHusa C/1AY.

PaboTa BbinonHeHa nNpu GdMHaHCOBOW Noaaep KKe Poccuiickoro HaydHoro ¢poHaa (Koa npoekTa 21-71-00090).
Cnuncok nutepaTypbl

1. 10. T. ConoBeiuunk, M. 3. Posk, M. I. MepcoBa. MeToa, KOHEYHbIX 31EMEHTOB AN PELUEHWNA CKANAPHbIX U BEKTOPHbIX
3aga4 // Yueb. nocob. Cep.: YuebHukn HITY. HoBocubupck: HITY, 2007. 899 c.

2. Dular P., Nicolet A., Genon A., Legros W. A discrete sequence associated with mixed finite elements and its gauge
condition for vector potentials // IEEE Transactions on Magnetics. V. 31, no. 3, May 1995. P. 1356—-1359.

3.Zhdanov M.S., Varentsov I.M., Weaver J.T., Golubev N.G., Krylov V.A. Methods for modelling electromagnetic fields.
Results from COMMEMI —the international project on the comparison of modelling methods for electromagnetic induction
// ). of Applied Geophysics. V. 37. 1997. p. 133-271.

MepecTpoeHne NOBEPXHOCTHbIX TPEYro/ibHbIX CETOK BbICOKOI AeTan3aLMm Ha OCHOBe aJropuTma

ynpouweHus B Jloroc Aspo-fuapo

E. O. EBcTndeesa

Pocculickuli pedepansHeili A0epHsili yeHmp — Bcepocculickuli Hay4Ho-uccnedosamensckull UHCMumym
aKcnepumMmeHmanoHol pu3uKu

Email: moskina_elen@mail.ru

DOI: 10.24412/cl-35065-2022-1-02-22

B Hactosuwee Bpems B ®ryn "POAU-BHUNIO" BeaeTcs akTuBHasa pa3paboTKa naketa nporpamm Jlo-
roc Aspo-fnapo [1], npeaHasHauyeHHOro AAsA NOArOTOBKM, NPOBEAEHUA U aHaAM3a pe3ynbTaToB MOAE/IMPOoBa-
HUA GU3MYECKMX MPOLECCOB ANA 33a4ay aspormapoamHamuKky. MoAroToBKa AMCKPETHOro npeactasfieHun
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NCXOAHOW moaenn AnA NpoBeAeHUA UHXKEHEPHOro aHa/n3a 3akK/lo4YaeTca B Noc/sea0oBaTe/lbHOM MOCTPOEHUN
NoBEPXHOCTHOM N 06bEMHOM CETOK B Npenpoueccope Jloroc Aspo-fmngpo.

CTaHAapTHLIN NoAX04, NOCTPOEHUSA NOBEPXHOCTHOM TPEYrosibHOW CETKM No moaenn B ¢daceToyHom npea-
CTaBNeHUM 3aKNI0YaeTCA B reHepaLum CeTKM B NpocTpaHcTee R? MeToA0M NoasuKHOro GpoHTa ANA npeasapu-
Te/NIbHO BblAeNeHHbIX 06/1acTeN U3 TPEYroNIbHMKOB - FpaHuL,. 3aTem NoslyYeHHasa CETKA NepeHOoCUTCA B NPOCTPaH-
ctBo R3 ¢ nomoLublo 3aaaHHOM YHKUMKM oToBpaskeHuA. 1A mMofeneli BbICOKOW AeTanusaumn (6onee 1 maH
AYeek) ¢ 4OCTaTOYHO HETPMBUAJIbHBIM ONMMUCAHNEM NOBEPXHOCTU (C HAMUYMEM CKPYrAeHnin, noarnbos, Heb6ob-
LLIMX BbICTYMOB, KPOMOK) NMOCTPOEHME CETKU CTaHAAPTHbIM MOAXOAO0M MOXKET 3aHMMaTb A/UTeNbHOEe Bpems
BBMAY BbIYNCAUTENbHbIX 0COOEHHOCTEN HU3KOYPOBHEBbIX a/ITOPUTMOB.

B noknage onucaH HOBbIN anbTepPHATUBHbIM NOAXOA K NEPECTPOeHMI0 paceTOUHbIX MOAENEN BbICOKOM ae-
Taan3aumu, Ans KOTopbIX 3ajaH bonee KpynHbI LieneBol pasmep avyeek. B ocHoBe pa3paboTaHHOro noaxona
JIEXKMUT aIrOPUTM YNPOLLEHNA NCXOAHOM NOBEPXHOCTHOW CETKM, KOTOPbIM BbINOJIHAETCA 40 TeX Nnop, NoKa A/IMHbI
pebep TeKylen CeTKM He ByayT COOTBETCTBOBATb METPUKaAM, NpeaBapUTENbHO BbIYMC/EHHbIM HAa UCXOAHOM
CETKE C YYETOM KPUBU3HbI MOBEPXHOCTM M 3aZ,@HHbIX NO/Ib30BaTe/IeM pa3mepoB. MNocsie BbINOIHEHMA anropmuTma
YMNPOLLEHMA NPOU3BOAMUTCA MOUCK TPEYTOJIbHUKOB HU3KOMO KAYecTBa M TPEYrosIbHUKOB, HE COOTBETCTBYHOLLMX 3a-
OaHHbIM pasmepam, U3 HUX popmMunpyroTca oTaesnbHble 061acTH, KOTOPbIe 3aTeM NEPECTPaMBAOTCA C MOMOLLbHO
CTaHAapTHOro noaxoaa.

Kak oTmeueHo B AoKNaAe, pa3paboTaHHbIM NoAX04 K NepecTPOeHUIo CETOK BbICOKOM AeTanusaunmn adpoek-
TMBEH MO CKOPOCTU. MpeacTaBNeHHbIE B 3aK/IIOYEHNN pe3y/ibTaTbl AEMOHCTPUPYIOT, YTO UTOrOBas CeTKa, MOCTPO-
€HHan c NOMOLLbI0 NPeasIoKEHHOro Noaxoa, COOTBETCTBYET 3a4aHHbIM M0JIb30BaTENIEM Pa3sMepaM, a TaKXkKe
COXPAHAET KPMBU3HY NOBEPXHOCTU UCXOLHON MOLENN U €€ XapaKTepPHble 0COBEHHOCTH.

Cnncok nutepaTtypbl

1. Kosenkos A. C., JTawkuH C. B., KypknH A. A., KopHes A. B., Banbix A. M. MNapannenvHaa peannsauyma metoga SIMPLE
Ha ocHoBe MHoroceTo4Horo metoga // Cu6BM. 2020. T. 23, Ne 1. C. 1-22.

YucneHHoe anddepeHumposaHme GyHKUUM € 6oablUIMMU rPaAUEHTaMU

A. 1. 3ap0puH
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PaccmaTtpuBaeTca BONpPOC YMCIeHHOTo auddepeHLmMpoBaHmns GyHKLMIM ¢ Bonblunmm rpagmeHTamu. Npea-
nonaraetca, 4to Ans GyHKUMM CNpaBeannBO NpeacTaB/leHue B BULE CYMMbl PETYAAPHONM U NOTPaHCAOMHOM co-
cTaBasAWMmMX. Takoe npeacTaBiaeHMe cnpasBeaanBo B CMAY AeKoMNo3numum LLUNWKNHA ANA pelleHms CUHTYAAPHO
BO3MYLLEHHOM 3a4a4n. 3a4a4a aKTyaNbHa, Tak Kak NPUMEHEHKNe Knaccuyecknx Gopmyn ymcieHHoro aubdepeH-
LMPOBaHNA Ha PAaBHOMEPHOM CETKE MOXKET NPUBOAUTL K CYLLECTBEHHbIM NorpewHocTam. Paccmatpueaetca asa
NoAaxoAa: NpMMeHeHMe Kaaccuuyecknx Gopmyn YNCaeHHoro gudpdepeHLMpPoBaHUA Ha CETKaXx, CryLLaloLIMXCa B
norpaHuMYyHom cnoe (ceTkax baxsanosa v LUMWKKHA) 1 NpumeHeHre GOPMYA NMOAFOHKM K NOrPaHC/IONHON co-
CTaBAAOLLEN B C/lyyae PaBHOMEPHOM CeTKW. MoslyyeHbl HOBbIE OLLEHKM MOrpeLHOCTH, PaBHOMEpPHbIE Mo MNo-
rPaHCNOMHOM cocTaBastoLwen. MPU HANNYMKM SKCMOHEHLMAIbHOTO MOrPAHNUYHOTO C/10A 3TU OLLEHKN PaBHOMEPHbI
no manomy napametpy. PaboTa npoaonKaeT uccaenoBaHuUA, pesynbTaTbl KOTOPbIX ony6aMKoBaHbl B [1-2].

PaboTa BbiMoJIHEHA B pamKax rocyaapcrseHHoro 3agaHua MM CO PAH, npoekt FWNF-2022-0016, 1 npu 4acTUYHOM
duHaHcoBOM NogaeprKke Poccminckoro ¢poHaa dyHAMEHTANbHbIX UccieaoBaHmit, npoekT Ne 20-01-00650.
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Cnuncok nutepaTypbl

1. I'in V. P., Zadorin A. |. Adaptive formulas of numerical differentiation of functions with large gradients // J. of Phys-
ics: Conference Series. 2019. V. 1260, 042003.

2.3apopuH A. UN. AHanun3 popmyn uncneHHoro anddepeHLnMpoBaHna Ha ceTke LLMWKWMHA Npyu HaAMYUK NOTPaHNYHOTO
cnos // C6XKBM. 2018. T. 21, Ne 3. C. 243-254.

OpHoTeMnepaTypHaa HeusoTepmuyeckas GuabTpauma AByxdasHoM KUAKOCTU B TPELLMHOBATO-NOPUCTbIX
cpepax

M. U. UsaHos, U. A. Kpemep, t0. M. JlaeBckuit

UHCcmumym sbivucaumensHol mamemamuKu u mamemamu4eckol eeogpusuku CO PAH
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DOI: 10.24412/cl-35065-2022-1-00-24

B paboTe npeacraBneHa ogHoTEMNEpaTypHasas MOE /b HEM30TEPMUYECKON unbTpaummn AsyxdasHoM XKua-
KOCTW B TPELMHOBATO-NOPUCTbIX cpedax. Takaa moaenb BKAOYAET ABOMHOM HAabop ypaBHEHMI B NOpax U Tpe-
LWMHaX AN CYMMapHbIX CKOPOCTEN U AaB/IEHUIA B CMELlaHHOM BUAE, a TaK»Ke nepeHoca $as kuarocrtel [1]. Mo
aHasoruu c [2], B cuctemy ypaBHeHWU o6aBneH 3aKOH COXPaHEHUA SHEPIUM, KOTOPbIM 3aNNCbIBAETCA B TEPMU-
Hax TemnepaTypbl U TENJOBOro NMOTOKA, a 3aBUCUMOCTb AMHAMMUYECKOM BA3KOCTM da3 XKUAKOCTM OT Temnepa-
Typbl 3agaetca popmysion Banbtepa. 158 UNCNEHHOIO peLlleHna NOCTaB/eHHOM Havya/ibHO-KpaeBol 3a4a4m Uc-
nonbayetca pacwmpeHne IMPES-cxembl, CyTb KOTOPOI 3aK/t04aeTca B KOMOBUHMPOBAHUN IBHO-HEABHbIX METO-
00B. Ha Kaxgom ware BpemeHu ABHbIM 06pa3om NepecymTbiBalOTCA HEMHENHbIE 3aBUCMMOCTU U KOHBEKTUB-
Hble NepPeHOCbl Macc M 3Hepruun, a gnsa onucaHns andeysMoHHbIX USMEHEHUI AaBEHUA U TemnepaTypbl UC-
NoJIb3YIOTCA HesBHble MeToAbl peleHnin. OTMEeTMM, YTO 3aZa4a 419 CKOPOCTeN U AaB/IEHUI COAePIKUT O4HO-
MepHOe S4p0, KOTOpOoe CaeayeT y4nUTbiBaTb B anroputme ee peweHun [3]. OnucaHHan cxema peannsosaHa 8 3D
BapuaHTe, Ha NPUMEpPAX YUCNEHHbIX peleHUiA MoAeNbHbIX 33434 06CyKA4atoTCA CBOMCTBA aIfOPUTMOB.

Cnucok nuTepaTtypbl

1. Ivanov M.1., Kremer I.A., Laevsky Yu.M. A Computational Model of Fluid Filtration in Fractured Porous Media // Num.
Analysis and Appl. 2021. V. 14. Ne 2, P. 126-144. DOI: 10.1134/51995423921020038.

2. M. I. lvanov, I|. A. Kremer, Yu. M. Laevsky, Schemes for solving filtration problem of a heat-conducting two-phase
liquid in a porous medium // International conference Marchuk scientific readings 2021: Abstracts of the Intern. conf.,
October 4-8, 2021, Novosibirsk, DOI 10.24412/CL-35064-2021-022.

3. M. I. Ilvanoy, . A. Kremer, Yu. M. Laevsky, Algorithm for the numerical solution of the pure Neumann problem in
fractured porous media // International conference Marchuk scientific readings 2021: Abstracts of the Intern. conf., Octo-
ber 4-8, 2021, Novosibirsk, DOI: 10.24412/CL-35064-2021-020.

O meToaax buamnaroHannsaumm ana peweHns HecuMmmeTpudHbix C1AY

B. M. Unbuu?, O. N. Kosnos™?, A. B. MeTyxos?

YMuemumym sbiyucaumensHoli MamemamuKku u mamemamuyeckol 2eopusuKu
2Hosocubupckuli 2ocydapcmeeHHsblll yHusepcumem

Email: ilin@sscc.ru

DOI: 10.24412/cl-35065-2022-1-02-24

PaccmaTtpuBatloTcs UTEPALMOHHbIE arOPUTMbI B MOANPOCTPAHCTBaX KpblaioBa Ana pelleHns HeCUMMETPUY-
HbIX CUCTEM NIMHENHbIX anrebpandeckmx ypasHeHui (C/IAY) ¢ 601bWNMKN pasperKeHHbIMM MaTPULAMMK, BO3HU-
KaloLWLMMM NPU annpoKCMMaLMAX MHOTOMEPHbIX KPaeBbIX 33434 C NMOMOLLbI KOHEYHbIX Pa3HOCTEN, KOHEYHbIX
06bEMOB, KOHEYHbIX 3/1EMEHTOB U Pa3pblBHbIX METOA0B [aNEPKMHA PA3IMYHbIX NOPALKOB TOYHOCTU HA HECTPYK-
TYPUPOBAHHbIX CETKaX.

KoHCTpyuMpytoTca meToAbl CONPAMKEHHbIX HEBA30K U MMHMMAa/IbHbIX OWMBOK HAa OCHOBE COOTBETCTBYHOLLMX
NPOLECCOB OPTOroHa/NM3aLMM HanpaBAAOWMX BEKTOPOB C MNPMMEHEHMEM BECOBOM OuamaroHanvsaumm
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lFonyba — KaxaHa. OnNucbIBaOTCA aArOPUTMbl C O4HOCTOPOHHUM M ABYCTOPOHHMM NpeaobycnosamsaHmnem C/1AY.
Uccnepytotca obobuweHna metoga bugmaroHanmsaunmm Nonyba — KaxaHa — Apuonu ans peweHua anrebpanye-
CKMX CUCTEM C MATPULLAMM CeA/10BOr0 TUMNA, BOSHUKAIOLLMMM B aKTya IbHbIX 334a4ax 3/IeKTpoMarHetmama, punb-
TPaUUKM U apyrux NpunoxeHusax. Obcy»KaatoTcsa BONPOCbl MacliTabupyemoro pacnapanienmBaHusa cpescTsamm
rTMH6PUAHOIO NPOrPaMMMUPOBAHMA HAa MHOTOMPOLECCOPHbIX BbIYUCAUTE/bHBIX CUCTEMAX C PacnpeneeHHON m
nepapxmyeckon obLiein namaTolo.

The stability properties of symmetric multi-step methods in the predictor-corrector mode
E. D. Karepova, Yu. V. Shan’ko, I. R. Adaev

Institute of Computational Modeling SB RAS

Email: e.d.karepova@icm.krasn.ru

DOI: 10.24412/cl-35065-2022-1-00-19

The orbital motion is described by the system of second-order ordinary differential equations. J. Lambert
and I. Watson proposed the symmetric methods [1], that possess a periodicity property when the product of
the step-size and the angular frequency lies within a certain interval called the interval of periodicity. The nu-
merical integration of orbit by the symmetric methods with the step-size from the interval of periodicity gives
the longitude error which increases linearly, whereas the energy error remains roughly constant, which distin-
guishes symmetric methods from other one for the better.

The symmetric methods are not uniquely determined even if their order and explicitness are specified. We
construct and investigate the high-order symmetric explicit and implicit methods in the "Predict-Evaluate-Cor-
rect-Evaluate" (PECE) mode. We propose a technology for testing the stability of predictor-corrector pairs and
obtaining their intervals of periodicity or stability. Note that the symmetry is preserved only in the case when
the order of the corrector is one greater than the order of the predictor, otherwise the pair should be examined
for stability.

This work is supported by the Krasnoyarsk Mathematical Center and financed by the Ministry of Science and Higher
Education of the Russian Federation in the framework of the establishment and development of regional Centers for Math-
ematics Research and Education (Agreement No. 075-02-2022-873).

References

1.J.D. Lambert, I. A. Watson. Symmetric Multistep Methods for Periodic Initial Value Problems // J. Inst. Maths Applics.
1976. V. 18. P. 189-202.

On convergence of shock-capturing schemes inside the shocks influence area
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We show that in the Nonlinear Flux Correction (NFC) schemes CABARETM [1] and WENOS5 [2] (in contrast
to the Rusanov scheme [3]), there is no local convergence of the difference solution inside the shock influence

area when calculating the shallow water dam break problem. This is due to the fact that the numerical solutions
obtained by these schemes have persistent oscillations inside the domain of a constant flow between a shock
and a centered rarefaction wave. In this case, taking into account the Lax — Wendroff theorem [4], the numerical
solutions obtained by the NFC schemes converge to the exact solution inside the shock influence area in the
weak sense only.

The reported study was funded by RFBR and NSFC, project number 21-51-53012.
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Mcnonb3oBaHUE CETOYHO-XapaKTEPUCTUHECKUX METOA0B B 33434aX Kee3HOA0POXKHOMN 6e30nacHOCTU

TpaHcnopTa
A. A. KoxxemaueHko, E. A. MecHa, A. B. PaBopcKasn

Mockoackuli huzuko-mexHu4eckuli uUHcmumym
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Llenbto paboTbl ABAAETCA UCCef0BaHME 33434, CBA3AHHBIX C XKeNe3HOL0POXKHOW 6e30MacHOCTbIO TPaHC-
noprta [1, 2] B yCnoBMAX TAXKENOBECHOTO U BbICOKOCKOPOCTHOTO ABUMEHMA Ha Pa3/IMYHbIX y4acTKax NyTW 1 Npu-
MEHEHUS B HUX CETOYHO-XapaKTEPUCTUYECKOrO METOAa Ha CTPYKTYPUPOBAHHbIX ceTKax. Mcnonb3ys aBHble ce-
TOYHO-XapaKTEPUCTUYECKME METObI, PACCMOTPEHO ABUMKEHUE noe3aa no bannactHomy 1 6esbannactHomy mo-
CTOBOMY MO/OTHY. B pe3synbTaTe uccnefoBaHmiA 6bliv NoyYeHbl PasinyHble BOHOBbIE KaPTUHbI M KAaPTUHBbI A1-
HaMMYECKoro pacnpeaeneHna KOMMNOHEHT TEH30Pa HaNPAXKEHNIN Kown Npu ABUKEHUM COCTaBa MO XKeae3Hoa0-
POXKHOMY MyTW, NPeacTaBAEHHOTO B BUAE KOMBMHALMM IMHENHO-YNpyrux cpeg [3]. PaccmaTpuBaeTca KOHCTpY-
MPOBaHWE HEesIBHOTO CETOYHO-XapaKTEPUCTMUYECKOrO MeToAa NePBOro M BTOPOro nopszka [4] u BO3MOXKHOCTb
ero npumeHeHunAa ana moaennmposaHna AMHaMUYeCKUX NpoL.eccoB B aKycmquKon n M30Tp0I'IHO[;1 NINHelnHo-
ynpyroi cpegax. B moaenbHbix NOCTaHOBKax HabAt04aANCh KaK aKyCTUYECKUE BOJIHbI C 6ONbLION CKOPOCTbIO
PacnpoCTPaHeHUs, TaK U MaKPOBOJIHbI C Ma/Io CKOPOCTbIO PACNpPOCTPAHEHUS.

NccnepoBaHme BbiNosHEHO Npu dUHaAHCOBOM noaaepKe Poccuiickoro HaydHoro ¢poHaa (npoekt Ne 20-71-10028).
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MaremaTnyeckoe moaenanpoBaHUe NPOTAMKEHHbIX 31€KTPOHHO-ONTUYECKUX CUCTEM
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MaTtemaTuyeckoe MOAEIMPOBAHME MNPOTAMKEHHbIX 3/1EKTPOHHO-ONTUYECKMX CUCTEM C MHTEHCUBHbIMW MyY-
KaMu NPUBOAMT K PeLleHNI0 CaMOCOrNaCcoBaHHON HeIMHEeMHOW 3a4a4n, BKAOYaloWen B ceba pacyeT aneKTpu-
YECKMX W MarHWTHbIX NOMIEeN, TPAEKTOPUI 3apPAMKEHHbIX 4YacTul, M obbemHoro 3apsaga. oA NPOTAMKEHHOM
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NMOHMMAETCA CUCTEMA, Pa3Mep KOTOPOWM B HAaMPaBAEHUM ABUKEHMA NMyYKa HAMHOrO 60/blle NonepeyHoro pas-
Mepa. MpMmeHeHMe TPAANUMOHHbIX BbIYUCANTENbHbIX MOAX0A0B K MOLENMPOBAHUIO TAKMX CUCTEM He AaeT ya0-
BNETBOPUTE/NIbHbIX PE3yNbTAaTOB. B HacToAWel paboTe NpeaiaratoTcA HOBbIE aNITOPUTMbI U TEXHONOMUK, Hanpas-
JIeHHble Ha NOoBbIWEHME TOYHOCTU U CHUXKEHME BpeMeHU pacyeToB. OHM OCHOBAHbI HA MeToAEe AEKOMMO3ULUN
061acTH, KOTOPbIN NPUMEHAETCA B TPEX NpeAHa3HauYeHUsAX. Bo-nepebIx, NPOTAXKEHHasA pacyeTHana obnacTb pas-
6uBaeTcAa Ha gBe nogobaacTu: B NepBoi U3 HUX GOPMUPYETCA MHTEHCUBHDIM NMYy4YOK, @ BO BTOPON — NPOUCXOAUT
ero JOYCKOPEHME U TPAHCMOPTMPOBKA, "ClumMBKa" pelieHnii NpoBoaMTCA anbTepHUPYOWMM meTogom LLsapua.
Bo-BTOpbIX, B KaXKA0MN U3 AaHHbIX Nog06acTel CTPOUTCA afanTUBHAA KBAa3UCTPYKTYPUPOBAHHAA IOKaNbHO-MO-
ANOULMPOBAHHAA CETKA, COCTOALLAA M3 CTPYKTYPUPOBAHHbIX NOACETOK B N0A06NacTAX, 06pa3oBaHHbIX B pe-
3yabTaTe 4eKOMMO3ULMM pacyeTHOM 06nacTu. B-TpeTbmx, CaMocCoriacoBaHHanA 3a43a4a peLlaeTcs ¢ BblAe/IeHMEM
0CO6EHHOCTM NyTeM BBeAEHUA NPUIMUTTEPHON Noaobnactu. B AaHHOM nogobaactu ctpoutca NpubAnKeHHoe
aHaNNTUYECKOEe PeLIeHUK, KoTopoe "clumBaeTca" ¢ YNCEHHbIM peLleHnem B OCHOBHOM Noa061acTu B UTEpaLu-
OHHOM npouecce bporaeHa. Ha npumepe moaenbHOM 3a4a4um O NAIOCKOM AMoAe NMoKasaHa bbicTpas cxoam-
MocTb MeToaa bpoiiaeHa. C nomoublo npeaaaraembix aiFOPUTMOB M TEXHOIOTUI NOyYeHbl pe3ynbTaTbl Moe-
JIMPOBaHUA CIOXKHOMN MNPAKTUYECKON CUCTEMBI, KOTOPbIE Aal0T XOpoLlee COBMNaJeHMe C pe3y/ibTaTamMm HaTypPHbIX
3KCNEepPMMEHTOB.

ANropuTm TpeTbero NoOpAAKa TOYHOCTU pelueHna HeaBHbIX cuctem Oy
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B XxMMUUYecKon KNHEeTUKe U B APYrux BaXXHbIX NTPUNOXKEHNAX BOSHMKAET 3aJa4a Kowwu Aana YKecTKoM cuctemsl
O/flY HepaspelLeHHbIX OTHOCUMTENbHO NpousBoaHol [1-3]. MocTpoeH NATUCTaAMUIAHDBIN L-ycTOMUMBbLIN (M,K)-Me-
ToA, NpeAHa3HauYeHHbIM ANA pelleHns HeABHbIX KecTkux cuctem OAlY. Ha ocHoBe aToro metoga chopmynmpo-
BaH a/fOPUTM MHTErpuUpOBaHMA NEePEMEHHOro LWara, A0MNycKalowmii 3aMopaXKMBaHMe MaTpul, NPpoM3BOAHbIX.
MpuBeaeHbl pe3ynbTaTbl pacyeTos, NoATBepPKAatowme 3PpPeKTUBHOCTb HOBOIO anropmMTma.
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Ucnonb3oBaHUE TPEYro/iIbHOrO PasNioKeHUA ANA peleHnsa BbipoXaeHHbix CJIAY
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PaccmaTpmBaeTca anropMtm nosydeHma HopmasnabHoro ncesgopeweHns C/TAY ¢ CUHIYAAPHON MaTpULLEN.
MaTpuua cuctembl NPeAcTaBAAETCA KaK NPOU3BeAeHUEe Tpex MaTpuLl, ABe U3 KOTOPbIX ABAAIOTCA NPAMOYIo/b-
HbIMW U GOPMMUPYIOTCA HAa OCHOBE TPEYrOJiIbHbIX MaTpULL, NOAYYEHHbIX NPU Pa3NoXKeHUU. B KavecTee nocnes-
Hero npumeHaeTca LU namn pasnoxeHune XoneLKoro ¢ ypeamyeHnem oTAe/bHbIX MaroHaAbHbIX 91€MeHTOB Tpe-
YrobHbIX MaTpuL, B Npouecce BbluMcneHus [1]. BeKTop pelleHun, Noay4aembln npyu obpaTHOM XO4€e TPEYro/ib-
HOro Pa3NOXKEeHWUs, KOPPEKTUPYETCA NceBao0bpaTHbIMM MaTPULAMM, MONYYEHHBIMU NPU MHBEPCUMN MNPSMO-
yronbHbix metogom pesuns [2]. Ecim matpuua C/TAY cuMmmeTpUYHasn, TO A0CTaTOYHO NCeBAOUHBEPCUN TOJIbKO
04HOW NPAMOYrO/IbHOM MaTPULLbI.
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MepemeHHbIN LWar B cTabUAU3NPOBaHHbIX ABHbIX MeToAax TMna Agamca
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B paborte [1] npeacTaBieHbl ABHble MHOrOLWAarosble MeToAbl TUNa AJamca C pacliMPeHHbIM UHTEPBaNOM
YCTOMUYMBOCTU A/19 YUCIEHHOTO PELIEHUA XECTKMX HavaibHbIX 3a4a4. DTM MeToApl, Kak 1 ABHble cTabuansmpo-
BaHHble YebblleBCcKMe meTodbl TMNa PyHre — KyTTbl, UMEIOT BbITAHYTYIO BAO/Ib BeLLECTBEHHOW ocu 06aacTb
YCTOMUYMBOCTU, U 3aMeTHO 60/IbINI (B CPaBHEHWUU C KNACCUYECKUMU ABHbIMM MeTogamu Agamca) MHTepBan
YCTOMUYMBOCTU. TaKKe B CTaTbe NoKaszaHa HeoHXo4MMOCTb AeMndUPOBaHMA TaKMX METOA0B A/1A pelleHuna bonee
LUMPOKOTO Kfacca 3agad, ogHaKo npoueaypa gemndupoBaHusa nNposeaeHa TONbKO 4158 MeTOA40B NepBoro no-
pAaaKa.

B aoknage npeacrtasneHbl AemndupoBaHHble METO/bl BbICOKMX MOPAAKOB, a TakKe NpesiosKeH BapuaHT
peanu3aummn nepemeHHOro Lwara B ABHbIX MHOrOLLIAroBbiXx MeToAax Tuna Afiamca ¢ pacliMpeHHbIM MHTEPBaIoM
yctonumsocTu. MpueBoaaTca pesynbTaTbl BbIUMCAUTE/IbHBIX IKCMEPUMEHTOB U CPpaBHEHME C U3BECTHbIMM METO-
AaMK, NPUMEHAEMbIMWN 419 pacCMaTPMBaEeMOro Kaacca 3ajad.

CnucokK nuTepaTtypbl

1. PenHukos B. U., ®aneiuunk b. B., Moiica A. B. CTabununsnposaHHble ABHble meToabl TUMNa Agamca // *ypHan Beno-
PYCCKOro rocyaapcTBeHHoOro yHmsepcuteta. Matematuka. MudopmaTuka. 2021. 2 : 82-98.
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KpaeBble yc/10BUA Ha 30HaxX nepdopaummn CKBaXKUH NPU MoAeNUPoBaHUN HedTen06blYM C UCNOIb30BAHUEM

TEXHO/1I0TUU 3aKaYKU rasa

A. C. OBunHHMKOBA, M. I'. Mepcosa, K. I'. ConoBenumk
HosocubupcKuli 2ocydapcmeeHHbil mexHudyecKkull yHugsepcumem
Email: ovchinnikova.2014@stud.nstu.ru

DOI: 10.24412/cl-35065-2022-1-00-29

PaccmaTtpuBaeTca noaxoa K MoAeNMpoBaHUI0 MHOrOpa3sHbIX NOTOKOB B HEGTAHOM KOJIIEKTOPE CO CKBaXKU-
HaMM, 3aKauMBaIOLWMMM 3a4aHHYIO MAcCy CKMMaembix $¢as, Hanpumep rasa. NMogxon oCHOBaH Ha HEABHOM pac-
yeTe AaBAEHUA C UCMO/b30BAaHMEM METOAA KOHEYHbIX 3/1eMEHTOB M ABHOM pacyeTe HacblleHHocTen ¢as. Mpu
3aKauke CKMmaemblx $pas 3aKkaumMBaemMblit 06bem HeEM3BECTEH, TaK KaKk OH 3aBUCUT OT AasneHua. [ns yyeTta co-
OTBETCTBYIOLLErO KPaeBoro yC/a0BMA HEOBXOAMM UTEpaLMOHHbIN npouecc. [1aA YyCKOPEeHUA CXOAMMOCTU AaH-
HOro npoLecca npeasaraeTca MCNob30BaTb IMHEAPM3aLMI0 3aBUCUMMOCTU M3MeHeHUn o6bemMa 3aKaunsaemon
¢$asbl OT AaBNEHMA B NPABOM YaCTM KPaeBbIX YC/0BMI Ha 30He NepdopaLMm CKBaXKMHbI.

[na obecneyeHNa KOPPEKTHOrO pacnpeaefieHna AaBfeHUs BAO/b CKBaXKMH Npeanaraetca MCnosib3osaThb
npoueaypy BblpaBHUBAHUA AABNEHMA, B OCHOBE KOTOPOM /iexKaT cneuuanbHble Kpaesble ycioBuA, obecneunsa-
toLLee KaK BbINOHEHME 3a4aHHOM 3aKaukn Macchl, Tak M paBHOMEPHOe pacnpeaesieHne AaBneHusa BA0 b CKBa-

KWH C y4eTOM r’mgpocTtaTtn4eCcKoro aaBneHuAa.

PaboTa BbiNoAHeHa npu dMHAHCOBOM Noapep»Ke MUHUCTEPCTBA HayKM W Bbiclwero obpasoBaHus PP (npoekT
Ne FSUN-2020-0012).

MeToab! npeaobycnosanBaHUA, OCHOBaHHbIE HA OCTOBHbIX AepeBbaAX

. A. Omaposa, [. B. lNNepeBo3KkuH

MHcmumym selvucaumenbHol mamemamuku u mamemamu4eckoli eeogpusuxku CO PAH
Email: foxillys@gmail.com

DOI: 10.24412/cl-35065-2022-1-00-30

B gaHHOM paboTe NpoAo/KeHO UccnedoBaHWe meToaa npeaobycnosnvsaHua gna C/IAY ¢ cummeTpuy-
HbIMW MONOXKMUTENIbHO ONpeseNeHHbIMU MaTpULLaMn, npeanoxkeHHoro B [1] n 6onee nogpobHO MccneaoBaH-
Horo B [2]. OcHOBHOWM naeei metoaa ABAAETCA NOCTPOEHWE OCTOBHOMO AepeBa rpada MaTpuLbl C NoCaeayoLLen
ero moamMduKaumen n NoCTPOEHNEM Ha ero ocHose npeaobycnoBaMBalowWweil MaTpuubl. ABTOpammM paccmoT-
peHbl BapuaHTbl, nossossAlowme npegobycnosnnsaHme C/IAY ¢ Npomn3BOAbHBIMW MaTPULAMKU, B TOM YACAE C
HEeCMMMETPMYHbIM NnopTpeTom. MpoBeaeHO MCCneaoBaHUE MPUMEHUMMOCTU Takux npeaobycnosnusatenen K

Wwrpokomy Knaccy C/TIAY Ha ocHoBe Konnekumu SuiteSparse [3].

Cnuncok nuTepaTtypbl

1. Pravin M. Vaidya. Solving linear equations with symmetric diagonally dominant matrices by constructing good pre-
conditioners. Unpublished manuscript. A talk based on the manuscript was presented at the IMA Workshop on Graph The-
ory and Sparse Matrix Computation, October 1991, Minneapolis.

2. Chen D, Toledo S. Implementation and evaluation of Vaidya’s preconditioners. Preconditioning 2001. 2001.

3. SuiteSparse Matrix Collection. URL: https://sparse.tamu.edu/ (aata obpatueHuns: 30.05.2022).
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UccnepoBaHue metoaa ontumusaummn Hedrego6bium Ha MoaeIbHOM 3aga4e pa3paboTKU MeCcTOPOXKAEHUS

BbICOKOBA3KOM HedTH pa3HbiMUu cnocobamu 3aBogHEeHUA

U. N. Natpywes, M. I'. Nepcosa

Hoeocubupckuli 2cocydapcmeeHHbIl mexHuU4ecKuli yHusepcumem
Email: patrushev@ami.nstu.ru

DOI: 10.24412/cl-35065-2022-1-00-31

PaccmaTpuBaeTca 3a4a4a onTMMU3aLMKM NPOLLECCOB Pa3paboTKu HePTAHbLIX MECTOPOXKAEHUA NPU pas3and-
HbIX cnocobax 3aBoAHEHUsA, B TOM Yncae ¢ 3akadykoli MAB-nonmMmepoBs. B ocHoBe meToAa ONTUMU3ALNN NEXRUT
MaTemaTmyecKkan moaenb ynpasaeHus pa3paboTkoit, 6asnpyrollanca Ha cneumanbHoOM napameTpmsaumm naaHa
paboTbl CKBaXKMH, UCNONb30BaHUU LUDPOBBLIX Modeneit MecTopoXaeHnin [1] U YMcneHHoro moaenupoBaHma
MHorodasHol dunbtpauum [2]. Ha moaenbHoOM 3aaa4e NPOBEAEHO PETPOCNEKTUBHOE MOAE/IMPOBAHNE paspa-
6OTKM MECTOPOKAEHMA BbICOKOBA3KON HedTU. [0 reHepupyembiM CUHTETUYECKMM AaHHbIM, NOJAYYEHHbIM B
ycnoBHom "npownom”, noctpoeHa undposas mogens. [MporHosbl HedTea006bIYM MO ONTUMN3UPOBAHHbLIM Na-
HaMm pa3paboTKM ANs NoAYYEHHOW MOAENMN OTIMYAKOTCA OT COOTBETCTBYIOLLMX PAacYeToB AN UCTUHHOM Moaenu
He bonee 1 %.

PaboTa BbinosHeHa Npu GpMHAHCOBOM Noaaep:kke MUHUCTEPCTBA HAaYKM U Bbiclero obpasoBaHusa PO B pamKax npo-
ekta FSUN-2020-0012.

Cnuncok nutepaTypbl

1. Persova M.G., Soloveichik Y.G., Vagin D. V., et al. The design of high-viscosity oil reservoir model based on the inverse
problem solution // J. of Petroleum Science and Engineering. 2021. V. 199. Art. 108245.

2. Soloveichik Y.G., Persova M.G., Grif A.M., et al. A method of FE modeling multiphase compressible flow in hydrocar-
bon reservoirs // Computer Methods in Applied Mechanics and Engineering. 2022. V. 390. Art. 114468.

Linear, quasi-monotonous and hybrid grid-characteristic schemes for one-dimensional acoustic equations
I. B. Petrov, V. |. Golubev, E. K. Guseva
Moscow Institute of Physics and Technology

Email: guseva.ek@phystech.edu
DOI: 10.24412/cl-35065-2022-1-00-32

For the correct simulation of wave processes in heterogeneous media numerical schemes must provide two
main features: relatively high approximation order and monotonicity. In [1] Kholodov expound the grid-charac-
teristic monotonicity criteria and applied it to several spatial stencils, including five-point stencil. In [1, 2] linear
and quasi-monotonous schemes on two stencils, containing five and six points, were built. In [3] hybrid schemes
on these stencils were considered and applied to the direct seismic problem. We continue the research by in-
vestigating a wider seven-point stencil. Fifth approximation order linear scheme, quasi-monotonous and hybrid
schemes were constructed. Their behavior was checked on the system of one-dimensional acoustic equations
and the contact between two media. The system of equations was solved using grid-characteristic method.

This work was carried out with the financial support of the Russian Science Foundation, project no. 21-71-10015.
References

1. Kholodov A. S., Kholodov Ya. A. Monotonicity criteria for difference schemes designed for hyperbolic equations //
Comput. Math. Math. Phys. 2006. V. 46. P. 1560-1588.

2. Kholodov A. S. The construction of difference schemes of increased order of accuracy for equations of hyperbolic
type // Comput. Math. Math. Phys. 1980. V. 20 (6). P. 234-253.
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3. Petrov I.B., Golubev V.I., Guseva E.K. Hybrid Grid-Characteristic Schemes for Arctic Seismic Problems. Dokl. Math.
2021. V. 104. P. 374-379.

MaremaTtuMyeckas mogenb pocTa onyxonu ¢ yuetom aepopmaumnm BHEKNETOUHOrO MaTPUKCA

B. B. MorocaH, M. A. ToKapeBsa, A. A. lManuH
Anmalickuli 2ocydapcmeeHHslli yHusepcumem
Email: vardan.pogosyn@yandex.ru

DOI: 10.24412/cl-35065-2022-1-00-33

Ha ocHoBe Teopuu cmeceit paccMaTpmMBaeTca MaTemaTMyeckas moaenb 61Mo0rMyeckoi TKaHKu, KoTopas co-
CTOWT M3 SKCTPALENNIONAPHOIO MaTPUKCA, KNETOK M KUAKOCTU [1-4]. MpeanonaraeTcs, YTO BHEKNETOYHbIA MaT-
pVKC NpeacTaBaseT coboit NopUCTyLo cpeay, BHYTPW KOTOPOM NPoncxoaut GUabTpaLmsa KAeTOK U BHEKIETOYHOM
Rugroctu. B obwem cayyae yuntbiBatoTca GpasoBble NEPEXOAbl, @ TaKKe yuTeHo noTpebaeHne Kucaopoga Tka-
Hblo. McxoaHan matemaTMyeckan mogeNb CBOAMUTCA K ABYM YPaBHEHMAM: YPaBHEHUIO NepBOro nopsaka ansa
MOPMCTOCTN U HENIMHENHOMY NapaboMYEeCKOMY BbIPOXKAAIOLLEMYCA HA PeLLleHMM YPaBHEHWIO BTOPOro NopsAaKa
[ON1A HACbILWEHHOCTM KAeToK. MpoBeAeHo YMCNeHHOEe U aHaIMTUYeCKoe UCCAeA0BaHne HavabHO-KpaeBoi 3a-
Aa4n A8 NONYYEHHbIX YPaBHEHWUN.,

PaboTa BbINONHEHA B PaMKax rocyAapCTBeHHOro 3agaHna MUHMUCTEPCTBA HayKu U Bbiclwero obpasosaHus PO no teme
"CoBpeMeHHble MeToAbl TMAPOAUHAMMUKMN A4 33434 NPUPOAONOAb30BaHMA, MHAYCTPUABHBIX CUCTEM M NOAAPHOMN Mexa-
HUKK" (Kog npoekTa FZMW-2020-0008).

Cnucok nutepaTypbl

1. Hurmatynun, P. . AnHamuKa mHorodasHbix cpea. Y. 1. M.: Hayka. ['n. peg,. ¢us.-mat. aut., 1987. 464 c.

2. Astanin S., Tosin. A. Mathematical model of tumor cord growth along the source of nutrient // Math. Model. Nat.
Phenom., 2007 V. 2, N 3. P. 153-177.

3. ManuH A. A,, Tokapesa M. A. MaTtemaTuyeckne mogenn MexaHUKn HeoAHOPOAHbIX cpes. YacTb 2: nopoynpyrue
cpepnbl, BONPOChI paspelwmmoctu. bapHayn: N3a-8o AnTaickoro rocyaapcTBeHHOro yHusepcuTeTa, bapHayn. 2021. 190 c.

4. Graziano, L., Preziosi, Luigi, Mollica, Francesco, Rajagopal, K.R. Modeling of Biological Materials. Mechanics in tumor
growth., 2007. P. 263-321.

CpaBHUTENbHbI aHa/IU3 AAFTOPUTMOB Nepeynopaao4YUnBaHUA MaTPULbl ANA NPAMOro pa3peXXeHHoro

pewartena NovoMath

C.T.NyposY, 4. M. bepansos?

"MHcmumym ebiuucaumensHoli Mamemamuku u Mmamemamuyeckoli 2eogpusuxku CO PAH
2Cubupckuli 2ocydapcmeaeHHbIl yHUsepcumem meaeKoMmyHUKayull u UHpopmamuxu
Email: pudov@ngs.ru?, sillyhat34@gmail.com?

DOI: 10.24412/cl-35065-2022-1-00-34

MHorune nonynapHble NpamMbie paspexeHHble pelatenn C/IAY, Takue Kak PARDISO n MUMPS, umetot 60-
nee yem 20-N1e€THIOIO NCTOPUIO PA3BUTUA U Tenepb BbIHYXAEHbI NOACTPaNBaATLCA NOA, COBPEMEHHbIE BblYUCAU-
Te/IbHble CUCTEMbI, YTO He BCerga ABAAETCA BO3MOMKHbIM, YYMTbIBAA YCTAPEBLUYIO aPXUTEKTYPY NPUIOKEHWN.
OcHoBbIBasCb Ha naenx, ncnonbsyembix B PARDISO, paspabaTtbiBaeTca NPsiMOM pa3perKeHHbli pelaTesib HOBOro
nokoneHna NovoMath DSS, B apxMTeKTypy KOTOPOro U3Ha4yabHO 3aK1aZblBAETCA MCMONb30BAHNE BO3MOXKHO-
CTell COBPEMEHHbIX BbIYUCAUTE/bHbBIX CUCTEM C BONBLUMM YMCAOM NOTOKOB M MNOTEHUMANBHOE NPUMEHEHME Ha
reTeporeHHbIX apxmutekTypax. Ocoboe BHMMaHMe HEOb6XOAMMO yAeNUTb NOAO0PY COBPEMEHHOIO Mapanfenb-
HOro anropMTMa nepeynopaaouYnMBaHma MaTpuLl.



40 MemoOds! ebluucaumesnsvHol anzebpoi U peuwleHUs ypasHeHUl mamemamu4yeckol ¢husuKu

ANropuUTMbl NepeynopagoYMBaHna He TONbKO 06ecneynBatoT PasyMHOe KOIMYECTBO HEHY/IEBbLIX 3/1eMEeH-
TOB B PA3/10XKEHUM Pa3peReHHbIX MaTpuLL, HO U GOPMUPYIOT CTPYKTYpPbl A1a 3G GEeKTUBHOIO 610KMPOBAHNA 31e-
MEHTOB W pacnapanienmBaHus npoueccos GakTopusaLmm 1 pewweHna. B paboTte akcnepumeHTanbHO nccneay-
IOTCA HECKOJIbKO Hanbosiee MOMyAAPHbIX aArOPUTMOB MepeynopaaouYMBaAHMA pasperkeHHbIX MaTpuu: Metis,
MORSy 1 SymAMD Ha 3aga4e pasoKeHUs X0NeLUKoro 418 CUMMETPUYHbIX PaspeeHHbIX MaTpuL, U U3BECTHOM
Konnekumm matpuu SparseSuite. MNpuBoaaTca cpaBHUTENbHbIE Pe3YIbTaTbl MO BPpEMEHM PaboTbl aIFOPUTMOB U
MO KayecTBy NepeynopsaaouYMBaHNA MaTPULL C TOYKM 3PEHNA KaK YMCa HEHYIEBbIX 31eMeHTOB B LL' pasnokeHuwy,
TaK 1 No 3$pPeKTUBHOCTU pacnapanienmBaHmna n 61o0KMpoBaHuA.

PelwieHune MHTErpanbHbIX ypaBHeHUA Ppearonbma 1-ro poaa c Hernagkumm agpamu metogom ManépkuHa

A. O. CaBueHKo

UHCcmumym sbivucaumensHol mamemamuKku u mamemamu4eckol eeogpusuku CO PAH
Email: savch@ommfaol.sscc.ru

DOI: 10.24412/cl-35065-2022-1-02-28

Mpun peleHnn NHTerpasibHbIX ypaBHeHnt Opegronbma 1-ro poaa ¢ Heragkumm agpamm metogom Fanép-
KMHA CyL,EeCTBEHHOE 3HAYeHMe NpPUoBpPeTaeT TOYHOCTb anMPOKCUMALUMM UCNONb3YEMbIX B METOAE MHTErPANOB
KBagpaTypHbiMun popmynamu. MpumeHeHWe KBaapaTypHbix dopmyn HbtoToHa — KoTeca u Maycca He nossonseT
NOJlYYUTb XOPOLEro NPUBAMKEHNA YNCNEHHOTO peLleHmA 33434 C 0COBEHHOCTLIO B A4 PE MHTErpaNbHOIo ypas-
HEHWUA K TOYHOMY PELLEHWIO.

B noOKNaze paccMOTPEHbI PeLleHUs MHTErPabHbIX YPAaBHEHUM A1A CUHTYAAPHBIX A4ep U ANA A4ep, UMELO-
LLLMX Pa3pbiB NPOM3BOAHONM. B KauecTBe 6a3MCcHbIX PyHKLMIM BbIBpPaHbI MHOro4Y1eHbl Yebbiwesa 1-ro poaa.

[ns pelweHns 3a4a4 ¢ CUHTYASPHBIMUM A4PAMW MCNONb30BaHbl KBAAPaTypPbl 414 MHTErPanoB OT Npoussese-
HUS GYHKLMIA, NPU YCI0BUU BOSMOXKHOCTU HaXOXAEHWA UHTErPana U NepBoro MOMEHTA OT CUHIYAAPHOMN dyHK-
UMW aHAIUTUYECKN.

Mpu peleHnmn 3a4a4m ¢ A4POM, MMEIOLLMM Pa3pbiB NPON3BOAHOM B TOUKE BHYTPU OTPE3KA MHTErPUPOBa-
HWS, NPOU3BOAMTCA AEKOMMNO3ULMA ITOMO OTPE3KA Ha [Ba OTPE3KA, MMEIOLMX OBOLLYI0 TOUKY B TOUYKE pa3pbiBa
npoussogHoi. Ana NpubANKEHHOTO BbIMUCIEHUS MHTErPana No BHYTPEHHEeN nepemeHHoM, onpeaenatowero
3/1eMeHTbl MaTpuLbl MeToaa MaNépKMHA, UCNOb3YeTCA COCTaBHaA KBagpaTypHaa ¢dopmyna CMMNCOHA, a AnA
WHTErpMpoBaHMA NO APYroi nepemeHHon npumeHaeTtcs ¢opmyna Maycca.

YucneHHble 3KCNePUMEHTbI UANIOCTPUPYIOT XopoLlee NPUBANNKEHME YNCIEHHOTO pelleHns K TOYHOMY Npwu
peLleHMmM AaHHOTO Kaacca 33434 C UCMOb30BaHWEM NPEeANOXKEHHbIX KBagpaTyp. PelleHbl 3a4a4mM onpeaeneHmn
NJIOTHOCTU 3apsAAa 3/1IMNCOMAANbHOTO NPOBOAHUKA BO BHELLHEM OCECMMMETPUYHOM 3/IEKTPUYECKOM MoJie, U
HaXO0XAEeHMA NJOTHOCTM TOKa LWApOBOro CBEPXNPOBOAHMKA BO BHELIHEM OCECMMMETPUYHOM MArHUTHOM MNoJie.
MprmeHeHWe NPeaNoXKEHHbIX YNCAEHHbIX a/ITOPUTMOB YAYULLAET TOYHOCTb NPUBANKEHHOIO peLleHns STUX 3a-
a4, NoslyYeHHbIX B Apyrux paboTax.

NccnepoBaHuMA BbINOHEHbI B pamMKax rocyAapcTBeHHoro 3agaHua MBMuMTI CO PAH (0251-2021-0001).



Cexkyua 1 41

O YNCNNIEHHOM peLleHUM NnHelHbIX auddepeHUnaNnbHo-anrebpanyeckmux CMCTem agauTUBHbIMMU

Pa3HOCTHbIMU CXeMaMu

C. B. CBUHMHa

UHCcmumym OuHamMuKu cucmem u meopuu ynpasaeHus um. B. M. Mampocoea CO PAH
Email: svinina@icc.ru

DOI: 10.24412/cl-35065-2022-1-00-35

B ooknage paccmatpuBaloTCs JIMHENHble MHOToMepHble anddepeHumanbHo-anrebpanyeckme cMcTemMsl.
Takue cuctembl 06beANHAIOT B cebe ypaBHEHMA B YACTHbIX NPON3BOAHbIX, 0ObIKHOBEHHble AnddepeHumanbHble
YpaBHEeHUsA 1 anrebpanyeckme cooTHoweHus. JuddepeHumanbHo-anrebpanyeckyo cUcTemMy, Kak 1 B Kiaccuye-
CKOM C/lyyae, 3anuncCbiBatOT B pacllensieHHOM BUae, A1A KOTOPOro CTPOUTCS LernoYvka 04HOMEPHbIX Pa3HOCTHbIX
cxem [1, 2]. BogHOM ciyyae MCNOAIb3yeTcs TPEXCAOMHAA YeTblPeEXTOYEYHANA PA3HOCTHAsA CXema, a B Apyrom
CNNANH-KOI/IOKALUMOHHbIN meTod. B 060ux cayyasx pasHOCTHbIE CXEMbl MMEIOT NepBblA NOPAA0K TOYHOCTHU MO
BPEMEHHOM NepemeHHON U 6onee BbICOKUI MOPAAOK TOYHOCTM MO MPOCTPAHCTBEHHbIM NepemeHHbIM. B go-
Knage npuMBogATCA pe3ynbTaTbl NPOBEAEHHOMO UCCAEA0BAHUSA.

PaboTa BbiNo/NHeHa B pamKax 6a3oBoro npoekta Ne 121041300060-4 "Teopua n meToabl UCC/IeA0BaHMA 3BOOLMUOH-
HbIX YPAaBHEHUI 1 YNPaBAAEMbIX CUCTEM C UX NPUIOKEHUAMM".

Cnuncok nutepaTypbl

1. Camapckuii A. A. BBeaeHue B Teoputo pa3HOCTHbIX cxem. M.: Hayka, 1971.
2. Babuuweswny M. H. AoanTUBHbIE ONEepaTOPHO-Pa3HOCTHbIE CXeMbI (CXxeMbl pacuienneHus). M.: KPACAHZ. 2013.

MpumeHeHMe MeToAa ANCKPETHbIX CKOPOCTE ANA pacyeTa pas/ieTa pasperKeHHOoro rasa B 3agavax

nMmnynbCHOro ucnapeHuna B Bakyym

B. A. Tutapes?, A. A. Mopo3os?

lpedepansHbiii uccnedosamensckuli ueHmp "MIHgpopmamuka u ynpaeneHue" PAH
2yiHecmumym mennogusuxu um. C. C. Kymamenadse CO PAH

Email: vladimir.titarev@frccsc.ru!, morozov@itp.nsc.ru?

DOI: 10.24412/cl-35065-2022-1-00-36

Mpouecc UMNY/IbCHOTO UCNapeHna C TBEPA0N NOBEPXHOCTH, Bbi3BaHHbIA HaHOCEKYHAHbIM 1a3epHbIM 06.y-
yeHmeM, B GpOHOBBIN ra3s HM3KOro Aas/jeHUA HaxoAuT CBOe MPUMEHEHWe BO MHOMMX COBPEMEHHbIX TEXHONO-
ruax [1]. B npunoxeHunax TpebyeTtca NOCTPOUTb KapTUHY TEYEHUA Ha BPeMeHaX, PaBHbIX COTHAM UM TbiCAYaM
BpemeH ncnapeHuns. AKKypaTHoe MoaenMpoBaHue AaHHOro TedeHusa TpebyeT yyeTa adpPpeKToB pa3perkeHHOCTH,
YTO AenlaeT YNC/IeHHbIW pacyeT npouecca pasneTta ra3oBoro ob1aka B OKpy»Katolliee NPOCTPaHCTBO BCAeACTBUE
ncnapeHua TpPyaHOM 3a4a4Yeit BbIMUCIUTENbHO MEXaHUKM }KUOKOCTM U rasa.

B HacToslel paboTe npeacTtasnieHa MoANPUKALIMA METOAA AMCKPETHbIX CKOPOCTEN pelleHna KUHeTuYe-
CKOro ypasHeHua BIK [2] B npuaoxeHun K 3a4ade MoAenMpoBaHNA npoLecca MMMYNbCHOO UCNapeHns B Ba-
Kyym. OCHOBHble OT/IMYMA OT CTaHAAPTHOro MeTo/a [3] COCTOAT B UCMO/Ib30BaHUMN MOABUMHON CETKM B pusnye-
CKOM npocTpaHcTse [4] M aaanTUBHOM HECTPYKTYPUPOBAHHOM CKOPOCTHOW CETKM ANA pacyeTa cpeaHUX SHeprui
MOJIEKYN U BPeMANPONETHbIX pacnpeaeneHuii [5]. MocnegHee BKAOYAET B UCNO/Ib30BaHNE HECTPYKTYPUPOBAH-
HbIX CKOPOCTHbIX CETOK C BblAe/ieHMe TOHKUX KOHYCOB C Yr1laMun pacTBopa MeHee 1 rpagyca.

PacueTbl NpoBOAATCA AN KMHETUYECKON MOZAE/IM C MOMOLLbIO NapannenbHoro Koga "Hecsetan" [3, 4, 6],
pa3pabaTtbiBaeMoro nepsbiM aBTopom. B goknaze byaeTt npeactaBieHo CpaBHEHWE Pes3y/ibTaToB PeLleHUs Kn-

HETUYECKOro ypaBHEHUA C pe3y/ibTaTamMu MeToAa MPSMOro CTaTUCTMYEeCKoro moaenvposaHusa [7]. PacueTsl
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metogom NCM npoBoaMANCh BTOPbIM aBTOPOM C NOMOLLbtO cobcTBeHHOro Koda LasInEx, KoTopblih MHOro et
Ncnosb3yeTcs ANA pelleHna 3a4a4 HaHOCeKYHAHOM abnaumm U MHOroKpaTHO BepudmumnposaH [3, 4, 8, 9].

PaboTa BbiNnonHeHa Npu pUHAHCOBOWN NoanepKKke Poccninckoro HayuyHoro ¢oHaa (npoekrt 22-11-00078). BbluncneHus
npoBoAManCb Ha cobcTBeHHOM KnacTepe LKM "MHpopmaTmka" PULL MY PAH 1 cynepkomnbloTepax PCK TopHazo, ycTaHOB-
neHHbix B MCL, PAH.

Cnuncok nutepaTypbl

1. Eason R. (Ed.). Pulsed laser deposition of thin films: applications-led growth of functional materials. Hoboken, New
Jersey: John Wiley & Sons, 2007.

2. Bhatnagar P. L., Gross E.P., Krook M. A model for collision processes in gases. I. Small amplitude processes in charged
and neutral one-component systems // Physical Review. 1954. V. 94. Ne 3. P. 511— 525.

3. Tutapes B. A. lMpumeHeHne Koga HecBeTail K peLleHnio TpeXMepPHbIX 3a4a4 BbICOTHOM aspoanHammnkn // BMuM®.,
Cneugbinyck no cayyato 90-netmna akagemuka C. K. NlogyHosa. 2020. V. 60. Ne 4. C. 752-764.

4.V. A. Titarev, A. A. Morozov. Arbitrary Lagrangian-Eulerian discrete velocity method with application to laser-in-
duced plume expansion // Applied Mathematics and Computation, 2022. V. 429. P. 127241.

5. A. A. Morozov, A. A. Frolova, V. A. Titarev. On different kinetic approaches for computing planar gas expansion un-
der pulsed evaporation into vacuum // Phys. Fluids. 2020. V. 32. 112005.

6. Tutapes B. A. [porpammHbIi1 KOMMIEKC MOAENPOBAHUA TPEXMEPHbIX TEYEHUN OA4HOATOMHOIO PAa3pPeKeHHOro rasa
HecseTali-3[. CB-BO 0 roc. peructpaumm nporpammol ana 3BM 20176616295 ot 06.06.2017.

7. bepg . MonekynapHas rasosas gnHammka. M.: Mup, 1981.

8. Morozov A. A. Interpretation of time-of-flight distributions for neutral particles under pulsed laser evaporation using
direct Monte Carlo simulation // J. Chem. Phys. 2013. V. 139. P. 234706.

9. Morozov A. A., Starinskiy S. V., Bulgakov A. V. Pulsed laser ablation of binary compounds: effect of time delay in
component evaporation on ablation plume expansion // J. Phys. D: Appl. Phys. 2021. V. 54. P. 175203.

CpasHeHue 3¢ HEeKTUBHOCTU YMC/IEHHDbIX METOAO0B A/1A PEeLUEeHMUA CUCTEMbI TPEXMEPHbIX HECTAaLLMOHAPHbIX

He/IMHEUHbIX YPaBHEHUI, ONUCbIBAIOLMUX /1a3epO-UHAYLIMPOBAHHYIO NOAYNPOBOAHUKOBYIO NJ1Ia3My

B. A. Tpodumos?, M. M. lornHosa?, B. A. EropeHKoB?

YOmucHo-kumatickuii mexHonozuveckuli yHueepcumem, NyaHuxcoy (Kumadi)
2Mockosckuli 20cydapcmeeHHbili yHusepcumem um. M. B. /lomoHocosa
Email: mloginova@cs.msu.ru

DOI: 10.24412/cl-35065-2022-1-00-37

NccnenoBaHve NOCBALLEHO CPaBHEHUIO 3GHEKTUBHOCTU YMCIEHHbBIX METOLOB 411 peLleHun 3a4ayun npo-
XOMKAEHUA ONTMYECKOro MMMyAbCa Yepes NoAynpoBOAHUK B TPEXMEPHOW NocTaHOBKe. pouecc onucbiBaeTca
cuctemont anddepeHUmManbHbIX YpaBHEHMI B YacCTHbIX NPOM3BOAHbIX, BK/OUatoWen B ceba HecTaumoHapHble
YPaBHEHUA OTHOCUTENbHO KOHLLEHTPALMIA 3apAKEHHbIX YacTuL, ypaBHeHMe lyaccoHa OTHOCUTENbHO CBETOUH-
AYUMPOBAHHOIO 31E€KTPUYECKOrO NOJIA NOAYNPOBOAHMKA U YPaBHEHMA, ONMUCHIBAIOLLETNO U3MEHEHWUA UHTEHCUB-
HOCTM ONTUYECKOTO MMNYy/bca. HennHeliHaa 0b6paTHas cBs3b MexKay GYHKUMAMM cucTembl 0Oyci1aBAMBAET BO3-
MOHOCTb peann3aLmm ABAEHUSA ONTUYECKOM BcTabunbHOCTU. B HacTosALLee BpemMs O4HUM U3 OCHOBHbIX NOA-
XO40B 417 peLeHUn TPEXMEPHbIX HEJIMHEMHbIX 33434 ABAETCA MeToA CTabuansmpytoLLein Nonpasku, Npeano-
eHHbI B [1, 2]. Hamu npeanoeH anbTepHaTUBHbIA BapUAHT — OPUrMHANbHbIN TPEX3TamnHbIN UTePaLMOHHbIN
npouecc ANsA peannsaumm KOHCepBaTUBHOW Pa3HOCTHOM CXeMbl, MOCTPOEHHbIA Ha OCHOBE HEABHOMN KOHEYHO-
pasHOCTHOM cxembl TMNa KpaHka — HukoscoHa [3]. MpenmyuiectBamm NpPeanosKeHHOro UtepaumMoHHoOro npo-

uecca ABAeTCA ero 3KOHOMUYHOCTb, a TaKXe KOHCepBaTUBHOCTb Ha wUTepaumnax wu obecneyeHune
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aCMMMTOTUYECKOM YCTOMUMBOCTM YncneHHoro metoaa. CpaBHeHMEe MEeToA0B NPOBOAUTCA HA OCHOBE pesy/bTa-
TOB KOMMbIOTEPHOrO MOAENNPOBAHNA.

CnucoK nuTepaTypbl

1. Douglas J., Rachford H. H. On the numerical solution of heat conduction problems in two and three space variables
// Transactions of the American mathematical Society. 1956. V. 82 (2). P. 421-439.

2. Douglas J. Alternating direction methods for three space variables // Numerische Mathem. 1962. V. 4 (1). P. 41-63.

3. Trofimov V. A., Loginova M. M., Egorenkov V. A. Conservative finite-difference scheme for computer simulation of
contrast 3D spatial-temporal structures induced by a laser pulse in a semiconductor // Mathematical Methods in the Ap-
plied Sciences. 2020. V.43 (7). P. 4895-4917.

Peanusauusa Kputepua agantalmMv B TEXHOJAOTUU NOCTPOECHUSA CETOK ANA KOHCTPYKLUUN, OrpaHUYEHHbIX
NOBEPXHOCTAMMU BpaLLEeHUA C NapanaebHbiMM OCAMU BpalleHUs
O. B. Ywakosa

NHCcmumym mamemamuKu u mexaHuku um. H. H. Kpacosckozo YpO PAH

Ypansckuli pedeparnbHbill yHUBepcumem um. nepsoeo lpezudeHma Poccuu b. H. EabyuHa
Email: uov@imm.uran.ru

DOI: 10.24412/cl-35065-2022-1-00-38

OnucbiBaeTca peanunsauma KpuTepma aganTtaumm B TEXHONOTMK [1] NOCTPOEHUA TPeXMEPHbIX CTPYKTYPUPO-
BaHHbIX CETOK, NpeAHa3Ha4YeHHOM 15 YNCNEHHOTO pelenmna guddepeHLmanbHbIX YPaBHEHUA, MOAENUPYOLLUX
BUXPEBbIE MNPOLECCbl MHOTOKOMMOHEHTHOM rmapoanHamunkm [2]. PaHee kKputepuii 6bin peanvsoBaH aas agan-
Tauuu noj 3afaHHyo GyHKUUIO B 06bemMax BpalleHua [3] M B ob6bemax BpalleHus, AedopMUPOBaHHbIX APYrMMU
obbemamm BpaweHus [4]. Kputepuii peannsoBaH B pamKax BapMaLMOHHOMO Noaxoaa NoCTPoeHMa onTMmasb-
HbIX CETOK [5], y40BNETBOPAIOWMX KPUTEPUAM B1M30CTU CETKU K PaBHOMEPHOI, OPTOrOHaIbHOM U aZanTupyto-
werca noa 3agaHHyro dyHKuuto. NMpuBoaaTca NpUmMepbl PacyeToB CETOK.

Cnncok nutepaTtypbl

1. Anuchina A. I., Artyomova N. A., Gordeychuck V. A., and Ushakova O. V. A Technology for Grid Generation in Volumes
Bounded by the Surfaces of Revolutions // Numerical Geometry, Grid Generation and Scientific Computing, V. A. Garanzha
et al. (eds.), Lecture Notes in Computational Science and Engineering. 2019. V. 131. P. 281-292.

2. Anuchina N. N., Volkov V. I., Gordeychuk V. A., Es'kov N. S., llyutina O. S., Kozyrev O. M. Numerical simulation of 3D
multi-component vortex flows by MAH-3 code // Advances in Grid Generation. ed by Ushakova O. V. Novascience Publish-
ers. 2007.

3. Anuchina A. I, Artyomova N. A., Gordeychuck V. A., Ushakova O. V. On the development of the grid generation
technology for constructions bounded by the surfaces of revolutions // AIP Conference Proceedings. 2020. Vol. 2312.

4. Artyomova N. A., Ushakova O. V. About grid generation in constructions bounded by the surfaces of revolution //
J. of Physics: Conference Series 2099 (2021).

5. Khairullina 0. B., Sidorov A. F., and Ushakova O. V. Variational methods of construction of optimal grids // Handbook
of Grid Generation. Thompson J. F., Soni B. K., and Weatherill N. P., eds. Boca Raton, London, New York, Washington, D. C.:
CRC Press, 1999. P.36-1-36-25.

YncneHHoe pelueHue 3a4a4 ceCMUYECKON Pa3BegKU COBMECTHO CETOYHO-XapaKTepPUCTUYECKUM METOA0M
1 pa3pbiBHbIM MmeToaoM ManepKkuHa

A. B. ®aBopckas, U. b. MNeTtpos

MockoscKuli puzuko-mexHu4Yeckuli uHcmumym

Email: aleanera@yandex.ru

DOI: 10.24412/cl-35065-2022-1-02-23

[oknag noceauleH pa3paboTke KOMBUHUPOBAHHOIO YMCAEHHOTO METOAa A/1A peleHun 3a4ady o pacnpo-

CTpaHeHUn CEeACMMYECKMX BOJIH B reTeporeHHbIX reosorn4yecKknx cpeaax c KpVIBOﬂVIHeVIHbIMVI KOHTAKTHbIMUA
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rPaHULLAMM U C YY4ETOM C/I0KHOM POpPMbI AHEBHOM NOBEPXHOCTU. MpK 3TOM BOIN3U KPUBOJIMHENHDBIX KOHTAKT-
HbIX FPaHNL, U BEPXHEM rpaHuLLbl 061aCTU MHTErPUPOBAHUSA UCNONb3YETCA PaspbiBHbIN MeToZ anepKMHa Ha He-
CTPYKTYPUPOBaHHbIX TPEYro/ibHbIX (TeTpasapasbHbix) ceTkax [1], a B 0CcTanbHbIX YacTAX 061acTU MHTErpMpoBa-
HUSA NPUMEHSETCA CETOYHO-XapPaKTePUCTUYECKUIA METOA Ha CTPYKTYPUPOBAHHbIX pacyeTHbIX ceTKkax [2] ¢ uenbto
MWHMMM3ALUUM 3aTPaT BbIYUCAUTENIbHBIX pecypcoB. MpuBeaeHbl pesynbTaTbl peleHns npeaioKeHHbIM KoMmou-
HMPOBAHHbIM METOAO0M Haya/IbHO KpaeBoM 3a4aun ynpyroro BOJIHOBOrO YpaBHeHUA [3] KaK B ABYMEPHbIX, TaK
N B TPEXMEPHbIX NOCTaHOBKaX. PaccmaTpuMBaloTCcA pas/iMyHble BapMaHTbl KOMOMHMPOBAHUA paccMaTPUBaEeMbIX
YMCNEHHbIX MEeToA0B U 0COBEHHOCTM BbIOOPA CAaMOro ONTUMAJIbHOTO U3 HUX TaKMKe KaK ANsa ABYMEPHOrO, TaK U
ONs TPEXMEpPHOro ciyyaes. BepuduKauma npegnoxReHHoro YnceHHoro MeTo4a NpoBoAnaach NyTem cpaBHe-
HUSA C UCNOJIb30BAHNEM CETOYHO-XaPaKTEPUCTUUYECKOTO METOAa Ha KPMBOJIMHENHbBIX PAcYETHbIX ceTKax [4].

PaboTa BbinonHeHa nNpu ¢UHaHCOBOW Noaaep KKe Poccuiickoro HayuyHoro ¢poHaa (npoekT Ne 20-71-10028).
Cnuncok nutepaTypbl

1. Dumbser M., Kaser M. An arbitrary high-order discontinuous Galerkin method for elastic waves on unstructured
meshes — II. The three-dimensional isotropic case // Geophys. J. Intern. 2006. V. 167, Ne 1. P. 319-336.

2. Favorskaya A. V., Zhdanov M. S., Khokhlov N. I., Petrov I. B. Modelling the wave phenomena in acoustic and elastic
media with sharp variations of physical properties using the grid-characteristic method // Geophys. Prospecting. 2018.
V. 66, Ne 8. P. 1485-1502.

3. HoBaukwui B. Teopus ynpyroctu. M.: Mup, 1975.

4. Favorskaya A. V., Khokhlov N. I., Petrov I. B. Grid-characteristic method on joint structured regular and curved grids
for modeling coupled elastic and acoustic wave phenomena in objects of complex shape // Lobachevskii J. of Math. 2020.
V.41, Ne 4. P. 512-525.

O peanmsaumnm axKypHbix cxem MK

. T. Yekmapes, Aby [assac fAccep

HayuoHanbHsIli uccnedosamensckuli HuxcezopodcKkuli 2ocydapcmeeHHsili yHugepcumem
um. H. U. Jlobavesckozo

Email: 4ekm@mm.unn.ru

DOI: 10.24412/cl-35065-2022-1-00-39

PaccmatpuBatoTcs cnocobbl peleHnn paaa aaropuTMUYECcKUX Npobaem Npu peannsaumm axypHbIX cxem
MK?3 (cxem Ha 6a3e 4-y310BOro reKCcasApmnyYeckoro KOHeYHoro asiemeHTa) [1]. laHHble cxemMbl UMEIOT Ha O4MHa-
KOBbIX CETKax N0 CPaBHEHUIO C TPAAULMOHHbBIMU CXEMaMU, NOCTPOEHHbIMM Ha 6a3e NHENHbIX KOHEUYHbIX 31e-
MEHTOB, B 5 pa3 MeHblLie PacYeTHbIX 3/IEMEHTOB U B 2 pa3a MeHbLUe pacyeTHbIX (OCHOBHbIX) y3/10B. Y3/1bl B aXKyp-
HbIX CXeMax AeNATCA Ha 2 K/iacca — OCHOBHbIE, OTHOCUTE/IbHO KOTOPbIX pellaeTca cuMctema ypaBHeHUI, 1 BCno-
mMmoraTte/sibHble, uMmetouime 6onee orpaHNYeHHOe NPpUMEHEHUe, B YaCTHOCTU, ANA rpadmnyeckoro Bbisoda pelle-
HWI 1 3a4aHMA NOBEPXHOCTHbIX Harpy3oK. CeTKa KOHEeYHbIX 3/1eMEHTOB aXKyYpPHOI cxembl NpeacTasaseT us ceba
OBYAONbHBIN rpad. PaccmaTpuBaloTca anropuTMbl BblaeneHusa Aonen AaHHOro AByA0AbHOro rpada u BoccTa-
HOBNEHUA 3HaYeHUIN HEN3BECTHbIX BO BCMOMOraTe/IbHbIX Y3/1aX CETKM.

CnucoK nuTepaTtypbl

1. Spirin S. V., Chekmarev D. T. and Zhidkov A. V. Solving the 3D Elasticity Problems by Rare Mesh FEM Scheme Finite
Difference Methods, Theory and Applications // Lect. Notes in Comput. Sci. 2015. Vol. 9045. P. 379-384.
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JlarpaH:}keB0-3111€pOB NOAX0A K NOCTPOEHUIO YUC/IEHHOTO METOAa PeLueHUA YpaBHEHUA HEPA3PbIBHOCTU

0. M. YepegHuueHko?, B. B. Lanaypos?
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2iHcmumym sbiqucaumensHo2o modenuposaHus CO PAH
Email: ocherednichenko@sfu-kras.ru

DOI: 10.24412/cl-35065-2022-1-00-40

B paboTe paccmaTtpuBaeTcs ypaBHEHME Hepa3pbIBHOCTH, BbipaykatoLiee 3aKOH COXpaHeHMA KBagpaTa HeKo-
TOPOI Uccnesyemolt BeNMumHbl. Mcnonb3yeTca HepaBHOMEPHasA Mo NPOCTPAHCTBY CeTKa. s annpoKkcumaumm
anddepeHumanbHOro onepaTopa UCNoJb3yeTca MHTErPO-UHTEPNONALMOHHLIA MeToA, NPUMEHAEMbIN Ha obna-
CTU, OrPaHMYEHHOM XapaKTePUCTUYECKMMM TPAEKTOPUAMM YPABHEHUA U NPAMBIMU JIMHUAMW MO BpemeHu. Mo-
Jly4eHHan yMcneHHas cxema obnafaeT CBOMCTBOM KOHCEPBATUBHOCTU. MpuBeaeHbl pe3ybTaTbl BbIYUCAUTE b-
HbIX 3KCNEPMMEHTOB, NOATBEPKAAIOLLMX BTOPOI MO NPOCTPAHCTBY 1 NepBbIi Mo BpeMeHM NoPAA0K CXOAUMOCTY.
MonyyeHHas annpokcumauma guodepeHumManbHOro onepaTtopa MoXKeT ObiTb aganTUpoBaHa 418 YNC/IEHHOTO
pelweHna anddepeHUnanbHOro ypaBHeHUA B YaCcTHbIX MPOMU3BOAHbIX Mapaboanyeckoro Tmna.

PaboTa BbinosHeHa Npu ¢UHaAHCOBOW NogaepKke Poccuiickoro poHaa dyHAaMeHTaNbHbIX MCCAe0BaHUI (Kog npo-
ekTa 20-01-00090).

Cnuncok nutepaTypbl

1. KanuTkuH H. H. YucneHHble metoabl. CM6.: EXB-MeTepbypr, 2011.
2. Shaidurov V. V., Vyatkin A. V., Kuchunova E. V. Semi-Lagrangian difference approximations with different stability
requirements // RINAMM. 2018. V. 33, Ne 2. P. 123-135.

Experimental convergence rate study for shock-capturing schemes
S. Chu?, O. A. Kovyrkina??, A. Kurganov?, V. V. Ostapenko?*
Southern University of Science and Technology, Shenzhen, China

2l avrentyev Institute of Hydrodynamics SB RAS
3Novosibirsk State University

Email: olyana@ngs.ru
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We use the method proposed in [1] to study the experimental convergence rates of three shock-capturing
schemes for hyperbolic systems of conservation laws: the second-order finite volume central-upwind (CU)
scheme [2], the third-order finite-difference Rusanov scheme [3] and the fifth-order finite-difference alternative
weighted essentially non-oscillatory (A-WENO) scheme [4]. We show that in the shock influence domain, the
scheme orders of the integral and local convergence reduce to the first one for the CU and A-WENO schemes,
and to the second one for the Rusanov scheme. We demonstrate this on two numerical examples.

The reported study was funded by RFBR and NSFC, project number 21-51-53012 (RFBR) and 1201101343 (NSFC).
References
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2. Kurganov A., Lin C.-T. On the reduction of numerical dissipation in central-upwind schemes // Commun. Comput.
Phys. 2007. V. 2 (1). P. 141-163.

3. Rusanov V. V. Difference schemes of the third order of accuracy for the forward calculation of discontinuous solu-
tions // Dokl. Akad. Nauk SSSR. 1968. V. 180. P.1303-1305.
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4. Wang B.-S., Don W. S., Garg N. K., Kurganov A. Fifth-order A-WENO finite-difference schemes based on a new adap-
tive diffusion central numerical flux // SIAM J. Sci. Comput. 2020. V. 42. P. A3932—-A3956.

Different convergence types of shock-capturing schemes
S. Chut, V. A. Kolotilov?3, A. Kurganov?, V. V. Ostapenko?*, N. A. Khandeeva®*
1Southern University of Science and Technology, Shenzhen (China)

2Novosibirsk State University

3Khristianovich Institute of Theoretical and Applied Mechanics SB RAS
4Lavrentyev Institute of Hydrodynamics SB RAS

Email: kolotilov1992 @gmail.com

DOI: 10.24412/cl-35065-2022-1-00-43

We experimentally study different convergence types of four shock-capturing schemes for Euler equations
of gas dynamics: the second-order finite-volume central-upwind (CU) scheme [1], the second-order balance-
characteristic CABARETM scheme [2], the third-order finite-difference Rusanov scheme [3], and the fifth-order
finite-difference alternative weighted essentially non-oscillatory (A-WENO) scheme [4]. We show that unlike the
Rusanov scheme, the studied nonlinear flux correction based schemes (CU, CABARETM and A-WENO schemes),
may converge inside the shock influence area in the weak sense only.

The reported study was funded by RFBR and NSFC, project number 21-51-53012 (RFBR) and 1201101343 (NSFC).
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BbiCcTpoOe pelueHue TPeXMepHOro ypasHeHusa febMrobLa Ha afanTMPOoBaHHbIX CETKax
H. B. isnu?, B. U. Tony6es?, M. C. Manosunuko?, H. U. Xoxnos?

'Cronkosckuli uHcmumym Hayku u mexHonoauli

2MocKoacKull (hu3uKO-mexHuUYecKuli uHcmumym
Email: n.yavich@skoltech.ru
DOI: 10.24412/cl-35065-2022-1-00-44

B aaHHoM paboTe npeanaraetca 3GHEKTUBHbINA METOA, PELEHNE TPEXMEPHOro YpaBHeHUA [eNbMronbLa Ha
ceTKax, afanTUMpPOBaHHbIX K 3a4aHHOM noBepxHocTW. NMoaobHan 3aaadva BCTpeyaeTca BO MHOMMX MPUIOKEHUSAX,
04HAKOo, Hal NepBMYHbIA MHTEPEC CBA3AH C NMOWUCKOBOM reodU3NKON. B 3TOM c/iyyae NOBEPXHOCTbIO ABAAETCA
MOPCKOE AHO.

[NnA AMCKpeTM3aumMmn ypaBHEHUA UCMNOb3YIOTCA rekcasgpasbHas CeTKa, aganTMpoBaHHAA K MOBEPXHOCTHU.
[anee npumeHAETCA KOHEYHO-31IEMEHTHAA annpoKcumauma. [1ns Bo3HMKatowen 60blOoN paspaKeHHON maT-
pyLLbl CUCTEMBI anrebpanyeckmx ypaBHEHUI CTPOUTCA crieumasbHbii NpesobycnoBANBATE b, UCMO/b3YIOLNIA, B
YyacTHoOCTU, BbicTpoe cUHyc-NpeobpasoBaHune. ITo 0606LeHMe paHee onybaAMKOBaHHbIX MeToaMK [1-2]. YucneH-
Hble MPUMepbl MOKa3blBAlOT BbICOKYID 3GPEKTUBHOCTb MOCTPOEHHOro npenobycnosaneatens: Hebosblwoe



Cexkyua 1 a7

UYMCNO UTEPALUI B COYETAHMUM C HU3KON apuPMETUYECKOIN CNOMKHOCTbIO M MPUMEHMMOCTb K peanbHOMY reodu-
3M4YeCcKoMy MOZeNMpoBaHMto. B KauectBe npumepa 6bin B3AT penbed yyacTka gHa YepHoro mops, a pacnpege-
JIEHME CKOPOCTM 3BYKA — U3 CTaHAAPTHbIX CEMCMUYECKMX mogenen [3].

PaboTa BbinonHeHa nNpu pMHAHCOBOW NoaaepKKe Poccuiickoro HayyHoro poHaa (Koa npoekta 21-1100139).
Cnuncok nutepaTypbl
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2. Yavich N., Zhdanov M. Finite-element EM modelling on hexahedral grids with an FD solver as a preconditioner //
Geophysical J. International. 2020. V. 223 (2). P. 840-850.

3. Aminzadeh F., Jean B., Kunz T. 3-D Salt and Overthrust Models. SEG, 1997.

YucneHHoe moaennposaHue pereHepaumMm HeNnoABUXKHOIO C10A KaTaansaTopa

0. C. Asosuesa?, N. M. Tybaitaynnmu?, E. E. Meckosa®

'HayuoHaneHbili uccnedosamensckuli Mopdosckuli 2ocydapcmeaeHHsill yHusepcumem um. H. 1. Ozapésa
2fiHcmumym Hepmexumuu u Kamanusa YOUL PAH

Email: kurinaos@gmail.com

DOI: 10.24412/cl-35065-2022-1-00-45

PereHepaums KatanmsaTopa — HEOTbeM/IEMas YacTb NPOU3BOACTBEHHOTO LMKAA NepepaboTku cbipba. Mpwu
pereHepauumn cNona KataamsaTopa NPOUCXOANT BbIXKUT KOKCOBBIX OT/I0KEHUI C MOBEPXHOCTU M MOp 3epHa BO34y-
XOM. PereHepauma npoBoAMTCA NPU AOCTaTOMHO BbICOKOWM TeMMepaType, CONPOBOXKAAIOWME ee XMMUYecKue pe-
aKUMKN 3K30TEPMUYHbI, BCE 3TO NPUBOAUT K 3HAYMTE/IbHOMY Pa30rpeBy CNOS KaTa/M3aTopa, YTO MOMKET CTaTb
NPUYNHOMN ero HeobpPATUMOMN NopPUMN.

B paboTe npeanaraercsa YACNEHHbIN anropuTm ANa UccnegoBaHMA pereHepaumm HenoABUNKHOMO CN0SA KaTa-
nnsatopa. Mogenb HENOABUMKHOIO C/10A KaTan3aTopa CoOAEPHKUT ypaBHEHMA MaTepuanbHoro 6anaHca rasoBoi
dasbl peakuymu, Tennosoro 6anaHca cnoa KataamMsatopa M y4yuTbiBaeT PUINKO-XMMUYECKME OCOBEHHOCTU Bbl-
YKMra KOKCOBbIX OT/I0XKeHul [1-3]. B HacToswel paboTe uccnenoBaHue B NPeanosioKeHUM HEM30TEPMUYHOCTH
3epHa, YTO MOBbILIAET BbIYMCAUTE/IbHYIO CIOXKHOCTb 334341, HO NPU 3TOM MO3BOASAET NOAYYUTL Boslee aeTanb-
HYHO KapTUHY NpoLecca. BbICOKMIA ypOBEHb }KECTKOCTM NONYYEHHOMN CUCTEMbI MPUBOAUT K 60bLIMM BPEMEHHbIM
3aTpaTam npwu pacyeTax. Ona CHUKEHUNA BbIYUCANTENBHOMN CIOKHOCTU aNropmuTMa BbINOJIHEHO pacluenieHne no
dusnyeckmum npoueccam [4].

B pe3synbTaTe MoAenMpoBaHMA MNOJIyYeHbl KapTUHbI pacnpeaeneHus TemnepaTypbl U pearupylolmx Be-
LLLeCTB MO HENOABUMXHOMY C/10t0 KaTasinsaTopa.

PaboTa BbIMO/NHEHA B pamMKax rocygapCTBeHHOro 3agaHua MHcTuTyTa HedTexmmum n Katanmsa YOUL, PAH (tema
Ne FMRS-2022-0078).

Cnuncok nuTepaTtypbl

1. MacaryToB P. M., Mopo3os b. ®., Kytenos b. W. PereHepaLma KaTannsaTopos B HedpTenepepaboTke U HeGTEXMMUN.
M.: Xumna, 1987. 144 c.

2.Ty6anaynnmu N. M. MaTemaTuyeckoe MoAENNPOBaHME AUHAMUYECKUX PEXKMMOB OKUCAUTENIbHON pereHepaLmm Ka-
TaNM3aTOPOB B annapaTtax ¢ HEMOABUMKHbIM COEM: AMUC. ... KaHA,. du3.-maT. HayK / MHCTUTYT HedpTexummm n KaTanmsa AH
PE. Yda, 1996. 109 ¢

3. l'ybangynnnu N. M., Aisosuesa O. C. UccnegoBaHue ycpeaHEHHON MOAENN OKUC/IUTENIbHON pereHepaumm 3aKoKCo-
BaHHOrO KaTanusatopa // KomnbloTepHble ucciegosaHua u mogennposanue, 2021, 1. 13 (1), c. 149-161.

4. Mapuyk I'. 1. MeTtogbl pacwennenma. M., 1988.
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CEKLUUA 2
UncneHHoe cTaTUCTUUECKOE mogennpoBaHue n metoabl MoHte-Kapno

CraTucTtnyeckoe mogennpoBaHne AUHaAMUYECKUX CUCTEM CO CIYMaNHOM CTPYKTYpPOWM

T. A. ABepuHa

UHCmumym eblyucaumensHol mamemamuKku U mamemamu4eckoli eeogpusuxku CO PAH
HoesocubupcKuli eocydapcmeeHHsil yHusepcumem

Email: ata@osmf.sscc.ru

DOI: 10.24412/cl-35065-2022-1-00-46

PaccmoTpeHbl MaTemaTUYeCKMEe MOAENN, 3aJaHHble CUCTEMAMM CO C/ly4anHOM CTPYKTypoit [1, 2]. Paspabo-
TaHHbIE BbIYUCANTE/IbHbIE aNITOPUTMBbI [3] MO3BOINMAN NMPOBECTU BbICOKOTOUHbIM aHa/IN3 CUCTEM CO C/y4alHOM
CTPYKTYPOWN, UccnenoBaTb M ONTUMM3MPOBATL MapamMeTpbl Mogenel npu peleHMy 3adady aBTOMaTUYecKoro
ynpaBaeHnsa AMHaMUYECKMMM 0ObEeKTaMMU.

PaboTa BbINO/NHEHa B paMKax rocyaapcteeHHoro 3agaHuna MBMuMI CO PAH (npoekTt 0251-2021-0002).
Cnuncok nutepaTypbl

1. W. E. Ka3sakos, B. M. Aptembes, B. A. byxanes. AHanu3 cMCTeM CNy4alHOM CTPYKTYpbl. M.: ®USMATINT, 1993.

2. U. M. Kocaues, O. T. boiiuos, B. B. Mennkaes/ HoBble BbICOKO3G(PEKTUBHbIE METOAbI HAaBEAEHWA TeNeynpasBaseMbIX
3YP // C6. pokn. MexayHap. BoeH.-Hay4. KoH., MuHck, 10-16 mapta 2000 r. Munck: BA PB, 2000. C. 176-191.

3. ABepuHa T. A. YncneHHble meToabl. ANTOPUTMbI MOAEANPOBAHUA CUCTEM CO CAYyYalHOM CTPYKTypoi. M.: HOpaiiT,
2018.

YncneHHoe uccnegoBaHMe UTEPALIMOHHOIO a/IOPUTMa MOAEANPOBAHUA HErayCCOBCKUX CAYYAUHbIX

npoueccos
M. C. AKeHTbeBa, H. A. Kapranonosa

UHCmumym sbl4ucaumensHol mamemamuKku u mamemamuyeckol 2zeogpusuku CO PAH
Email: nkargapolova@gmail.com

DOI: 10.24412/cl-35065-2022-1-00-47

B ctatbe [1] npeanoKeH UTEPALMOHHbIMA afifOPUTM MOAENMPOBAHNUS CAyYalHbIX BEKTOPOB C MPOU3BO/b-
HbIMM OAHOMEPHbIMW pacnpeaeneHUIMM BEPOATHOCTEN N KOPPENSALUMOHHbIMM MaTpuuamu. B goknage byayt
npeacTaBeHbl PesyibTaTbl YACAEHHOIO UCCAEA0BAHNSA CKOPOCTM CXOAMMOCTM 3TOFO aNropmuTMa Kak dyHKUUK
OT uYMC/la MOAENNPYEMbIX Peanu3aumnii CnyyallHOro BEKTOpa, BMAA pacnpenenieHna KOMMOHEHT BEeKTopa,
HaYya/IbHOro NPUBAMNKEHUA U BUAA KOPPENSLLMOHHOM MaTpuLbl. 1A npoBeAeHNA YNCAEHHbIX SKCNEPUMEHTOB
MCNo1b30BannCb GPYHKLUN pacnpeseneHns U KoppensaunmoHHble MaTpuLbl, ONKUCbIBatOWME CTPYKTYPY BpeMeH-
HbIX PAA0B BUMOKANMATUYECKMX MHAEKCOB Ha Pa3/INYHbIX METEOCTAHLMAX, PACNONOXKEHHbIX B APKTUUYECKOM 30He
Poccun.

PaboTa BbinonHeHa Npu GMHAHCOBOW NoaaepKKe Poccuiickoro Hay4Horo ¢poHaa (rpaHT 21-71-00007).
Cnuncok nutepaTypbl

1. Zheng Z., Dai H., Wang Y., Wang W. A sample-based iterative scheme for simulating non-stationary non-Gaussian
stochastic processes // Mechanical Systems and Signal Processing. 2021. V. 151, 107420.
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UccnepoBaHue 3aBUCUMOCTU pacxoaa p. CnioaaHKa OT pas/IMYHbIX CLLEHApPUEB BbiNaAeHUA 0CaAKOB

B Bogocbope Ha OCHOBE CTOXacTUYeCKou moaenu

M. C. AKeHTbeBa, B. A. OropogHukos, H. A. Kapranonosa

UHcmumym sbivucaumesnsHol mamemamuKku u mamemamudeckol eeogusuku CO PAH
Email: nkargapolova@gmail.com

DOI: 10.24412/cl-35065-2022-1-00-48

B aoknage 6yayT npeactaBaeHbl pesyabTaThl CTOXAaCTUHECKOrO MOAEIMPOBAHNA YCAOBHbIX BPEMEHHbIX PA-
[0B CYTOYHOro pacxoaa p. CoaaHKa Npu pas/IMYHbIX CLEeHapUAX BbiNageHnsa ocaakos B Bogocbope. byayT pac-
CMOTpPEHbl MOAENMN HErayCCOBCKMX YCAOBHbIX MPOCTPAaHCTBEHHO-BPEMEHHbIX NOJMieil ocaaKkos B Bogocbope U
COBMECTHOIO C HUMW BPEMEHHOro pAAa pacxoda peku. Mpu mogennmpoBaHUKM Nonel 0cagKkoB UCMONb3YeTCs
npegnonoxeHne o6 04HOPOAHOCTU NO NPOCTPAHCTBY. BpeMeHHble aBTO- 1 B3aMMHble KOPpeaUMOHHbIe CBA3M
MeXay 0CafKaMM U PacxodoM PEKM NoaratoTcA He3aBUCMMbIMM OT BpemeHU. B KauecTse ycioBuiA paccmaTtpu-
BAlOTCA Pa3/iMuHbIe PEXKMMbI BbiNadeHNa 0CagKoB B BoA0COOpe Ha MHTepBanax 3a4aHHOM A/UTENbHOCTMY.

PaboTa BbiNo/siHEHA B pamKax rpaHTta Ne 075-15-2020-787 MuUHUCTEPCTBA HAayKM U Bbicliero obpasosaHma PO Ha BblI-
NONHEHME KPYMHOrO Hay4YHOro NPOEKTa Mo NPUOPUTETHBIM HaNpPaBAEHUAM HAyYHO-TEXHONOTMUYECKOTO Pa3BUTUA (MPOEKT
"®yHAamMeHTaIbHble OCHOBbI, METOAbI U TEXHONOTMU LLUPPOBOro MOHUTOPUHIA M MPOrHO3MPOBaHMA 3KON0TMYECcKo 0bCTa-
HOBKM BbalKanbcKoi npupoaHoit Tepputopmm™).

YcKopeHue anroputma KOHKypeHuuu
B. C. AHTIOeeB
UHcmumym ebivucaumesnsHoli MamemamuKku u mamemamudeckol eeogusuku CO PAH

Hosocubupckuli 2ocydapcmeeHHsbili yHUsepcumem
Email: ant@osmf.sscc.ru
DOI: 10.24412/cl-35065-2022-1-00-49

3agaya pacno3HaBaHUA MOXKET BbITb pelleHa C MOMOLLbIO aIFOPUTMa KOHKYPEHLMM, KOTOPbIN 6bli paspa-
60TaH B [1]. NpeanokeH Takoi MeTo4, MOLENNPOBAHUA TOUYEK B PeXKMUME 06yUYeHUA, KOTOPbI NO3BOAAET Cylle-
CTBEHHO YCKOPUTb Npouecc obyyeHusa. NpuBeaeH YMCneHHble NPUMeEp, NOKa3blBaoLWMin yBenmyeHne adppekTms-
HOCTM MOAMULMPOBAHHOIO aiIropPUTMa.

PaboTa BbinonHeHa npu dMHAHCOBOM nopaep:kke Poccuiickoro doHaa GyHAAMEHTANbHbIX UCCAEA0BaHUI (Ko4 npo-
ekTa 13-01-00441) n MexancumnanHapHoro nHTerpaumMoHHoro npoekta CO PAH Ne 47,

Cnuncok nutepaTypbl
1. Antyufeev V. S. Solution of recognition problems by the Monte Carlo method // RINAMM. 2012. V. 27, No 2. P. 113-130.
2. Antyufeev V. S. Theorem of Learning for a Competition Algorithm // Num. Analysis and Appl. 2013. V. 6, N 1. P. 1-8.

Numerical estimation of functionals from the solution to Smoluchowski equation by double randomization

method

A. V. Burmistrov*?, M. A. Korotchenko?

Ynstitute of Computational Mathematics and Mathematical Geophysics SB RAS
2Novosibirsk State University

Email: burm@osmf.sscc.ru, kmaria@osmf.sscc.ru

DOI: 10.24412/cl-35065-2022-1-00-50

In the framework of the previously elaborated approach [1, 2], and in continuation of work [3], we develop
numerical algorithms to estimate the probability moments of linear functionals from the solution to the



50 YucneHHoe cmamucmu4eckoe modenuposaHue u memoosl MoHme-Kapno

coagulation equation with random coefficients. For this purpose, we use a double randomization method as well
as a splitting method in order to reduce the computational costs of the algorithms.

This work was supported by the state contract with ICMMG SB RAS (0315-2019-0002).
References

1. Burmistrov A., Korotchenko M. Double Randomization Method for Estimating the Moments of Solution to Vehicular
Traffic Problems with Random Parameters // RINAMM. 2020. V. 35, N 3. P. 143-152.

2. Burmistrov A. V., Korotchenko M. A. Weight Monte Carlo algorithms for estimation and parametric analysis of the
solution to the kinetic coagulation equation // Num. Analysis and Appl. 2014. V. 7, N 2. P. 104-116.

3. Burmistrov A., Korotchenko M. Double randomization method for estimating the moments of solution to the coag-
ulation equation // Marchuk Scientific Readings-2021: Abstracts of the Intern. conf., October 4-8, 2021. Novosibirsk: Insti-
tute of comput. mathematics and mat. geophysics SB RAS, 2021. P.68-69.

06 Mcnonb3oBaHUM NPUBANKEHHOrO aIOPUTMAa MOAEAMPOBAHUA pacnpegeneHus MyaccoHa

(c ucnonb3oBaHMeM CTaHAAPTHOU HOPMa/ZIbHOW CAYYaUHO BeNNUYUHbI)

. WN. BotnHuesa?, U. H. Measepes’?

Yuecmumym seiqucaumensHol mamemamuku u mamemamudeckoii 2eogpusuku CO PAH
2Hoeocubupckuli 2ocydapcmeeHHbili yHugepcumem

Email: min@osmf.sscc.ru

DOI: 10.24412/cl-35065-2022-1-00-51

B AoK/Nage nNpeAacTaBieHo YUCAEHHOE UCCeL0BaHNE CTaTUCTMYECKOM NOorpewHocT 1 3pGeKTUBHOCTM UC-
NO/1Ib30BaHUA NPUBAMNKEHHOTO asropuTMa MOZENMPOBAHMA pacnpegenerusa MNyaccoHa (C MCnonb3oBaHUEM
CTaHZAPTHOW HOPMa/IbHOM C/yYaliHOM BEIMUYMHBI) MO CPAaBHEHWUIO CO CTaHAAPTHLIMM TOYHBIMWU aNropPUTMamMM

Ans 6onblnx 3HaYeHU napameTpa MNyaccoHa.

PaboTa BbiNO/NHEHa B pamKax rocyaapcrteeHHoro 3agaHuna MBMuMI CO PAH Ne 0251-2021-0002.
Cnuncok nutepaTtypbl

1. Medvedey, I. N., Mikhailov, G. A. New correlative randomized algorithms for statistical modelling of radiation trans-
fer in stochastic medium // RINAMM. 2021. V. 36, No 4. P. 219-225.

CpaBHUTEeNbHbI aHaAU3 6bICTPOAEUCTBUA PA3/IUYHbIX KOMBUHALMIA aNrOPUTMOB MOAEINPOBAHUA

TpaekTopuu $poToHoB metogom MoHTe-Kapsao B 3aga4ax aaepHON meauLMHbI
M. A. Typko
NHcmumym meopemudeckol u npuxknadHol mexaHuku CO PAH

Hoeocubupckuli 2ocydapcmeeHHbIl yHUBepcumem
Email: m.gurko@g.nsu.ru
DOI: 10.24412/cl-35065-2022-1-00-52

3afadva nepeHoca U3NyYeHNA ABNAETCA HEOTbEMIEMOW YacTbio MMUTALMOHHbLIX UCCIEA0BAHNIN TaKNX Me-
TO40B AAEPHOW MeaMLMHbI Kak MNo3nTpoHHas ImmccnoHHaa Tomorpadus (M3T) u OgHOPOTOHHAA IMUCCUOH-
Haa KomnbloTepHaa Tomorpadus (OPIKT). MeTtog MoHTe-Kapno 3apekomeHaoBan cebs Kak metoa, No3BoONSA-
IOLLMIA NOAyYaTb pe3ybTaTbl, NPUBAMMKEHHbIE K KNMHUYECKUM. OCHOBHbIM HeoCcTaTKOM meToga MoHTe-Kapno
AB/IAETCA €ro0 OTHOCUTENIbHO HMU3KOE ObICTPOAENCTBUE NO CPABHEHUIO C APYTMMU YUCEHHBIMW METOAAaMM, NO-
sTomy Bonpoc nogbopa Hanbonee apPeKTUBHbIX ANTOPUTMOB MO KOHKPETHbIE 33[a4MN ABNAETCA aKTya/lbHbIM.

B naHHOM uccnenoBaHnK 6bin NpoBeaeH CPABHUTE/bHBIA aHaNU3 BbICTPOAENCTBUA PA3NYHBIX KOMOBUHA-
LMK anropuTMOB MOLENNPOBAHUA TPAEKTOPUN GOTOHOB B MMUTALMOHHbBIX MCCAEA0BAHUAX METOL0B AAEPHOM
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MeAuLMHbI. 3a OCHOBY Bbln B3AT MeTOoA, onpeae/ieHMa PacCTOAHUA A0 NepeceyeHns ¢ reomeTpmuyeckummn eury-
pamu (Ray Tracing) u B KayecTBe aNbTepHaTUBbI MCMNOIb30Ba/ICA METOA NOCTPOEHUA NOAA KpaTyalmnx paccTos-
HUI 0o ob6bekToB (Sphere Tracing) [1]. JaHHble MeToAbl KOMBUHMPOBANMUCL C METOAOM MaKCUMaNbHOrO ceye-
HuA (Woodcock Tracking) u ero mogudukaumnsmu (2, 3].

CnucoK nuTepaTtypbl

1. Hart, J. C. 1996. Sphere tracing: a geometric method for the antialiased ray tracing of implicit surfaces. The Visual
Computer 12, 527-545. https://doi.org/10.1007/s003710050084.

2. Antyufeev, V. S. 2015. Mathematical verification of the Monte Carlo maximum cross-section technique // Monte
Carlo Methods and Applications 21. URL: https://doi.org/10.1515/mcma-2015-0106.

3. Rehak, J. S., Kerby, L. M., DeHart, M. D., Slaybaugh, R. N. 2019. Weighted delta-tracking in scattering media. Nuclear
Engineering and Design 342, 231-239. URL: https://doi.org/10.1016/j.nucengdes.2018.12.006.

Ucnonb3oBaHue metoaa MoHTe-Kapso 1 BbIMUCAUTE/IBHOTO BEPOATHOCTHOrO aHaAn3a B 3aga4ax

YUC/ZIEHHOro moaennposaHua Cc HeonpeaeneHHOCTAMU B AiaHHbIX

B. C. AobpoHeu, O. A. Monoea
Cubupckuli pedepanbHsili yHUBepcumem
Email: bdobronets@yandex.ru

DOI: 10.24412/cl-35065-2022-1-00-53

B paboTe paccMOTPEHO COBMECTHOE MCMNOJIb30BAHME BbIYUCUTE/IBHOTO BEPOATHOCTHOTrO aHanusa (BBA) u
MmeToaa MoHTe-Kapno B 3afa4ax YMCIEHHOTO CTOXAaCTUYECKOrO MOALENMPOBAHUA C HEONpPEAENEHHOCTAMMU BO
BXOZAHbIX AaHHbIX. Moaxon 0CHOBaH Ha MCMNO/Ib30BAHMM BEPOSATHOCTHbLIX pPacliMpeHnin. B pesynbTaTe npouecc
MOAENMPOBaAHUA NPeACTABAAETCA TMOPUAHOM CXEMOW, rAe YacTb BblYUCIEHNI OCYLLLECTBAAETCA HAa OCHOBe BBA,
a vyacTb meTogom MoHTe-Kapno. MoKasbiBaeTcs, YTo NnpuMeHeHne BBA ana psaga 3a4ay no3BoaseT 3HaYuTeNbHO
COKpaTUTb Bpems BbluncaeHui [1]. MprMBOAUTCA YUCNEHHDBIN NPUMEP PELLEHUSA CUCTEM MHENHbIX anrebpanye-

CKMX YPaBHEHWI CO ClyYaitHbIMU KO3bOULMEHTaMM.
Cnncok nutepaTtypbl
1. Jo6poHey b. C., Monosa O. A. BbluMCANUTENbHbIA BEPOATHOCTHBIN aHanM3: modenn n metoabl KpacHoapck: Cunb.

depep. yH-T, 2020.

CTaTucTUYEecKMe OuEeHKM NOTOKOB M3yyeHUs Ha doTonpruemHoOM maTpuL,e HaBUrauMOHHOMU CUCTEMDI

NnocaaKu camosieTos

E.T. Kabaykosa?, B. . Ownakos?, C. M. Npurapun?

YMHecmumym ebiyucaumensHoli Mamemamuku u mamemamuyeckoli 2eogpusuku CO PAH
2JiHcmumym onmuku ammocgepsl um. B. E. 3yeea CO PAH

3Hosocubupckuli 2ocydapcmeaeHHbIl yHUsepcumem

Email: kablukovaE@sscc.ru

DOI: 10.24412/cl-35065-2022-1-00-54

MeTtoaom MoHTe-Kapno MocTpoeHbl OLEeHKM NOTOKa M3AydYeHus, Npuxodalero Ha GoTonpuemMHyo mart-
puuy netatenbHoro annapara (/1A) HaBUrauMoHHOM cuctemMsl. Mpu paboTe HaBUraLMOHHOW CUCTEMbI MOCAAKM
CaMO/1IeTOB Na3epHbIli y4 CUCTEMbI HaBUraLUK coBNagaeT No HanpaBAeHWUo ¢ ranccagon. [lsa poTonpuemHbix
610Ka, pasmelleHHbIX Ha JIA Ha 6a30BOM PacCTOAHUN OT U306parkeHUit Nyda, onpeaenatoT NoNOKeHUEe FNC-
caflbl B cMCTeMe KOOpAMHAT camosieTa, YTO NO3BONAET CKOPPEKTUPOBATb MONOMKEHUE TOYKMN KacaHUA B3NEeTHO-

I'IOC3,EI,O‘-IHOl>'1 NoN0Cbl B yCnoBUAX naoxomn BUAMMOCTU. B aTom cnydvae aKTyaanon ABNAETCA 3a4a4Ya OLEeHKH
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MOLLIHOCTU U3/TyYEHUA N oNpeaeneHns BKA1aa0B Pas/IMuHON KPaTHOCTM pacceaHusa B U306 paskeHnn nyya nasepa
Ha ¢oTonpuemHoM matpuue. PeleHne 3a4a4M NPoOBeAEHO A1 TPAHUYHbIX NOJIOXKEHWUM NaocKocTen 063opa do-
TONPUEMHOMN MaTPULbl, UMEIOLWUX YIbl HaKNOHa 35° 1 75° oTHOCUTENbHO Ny4ya. [1A BbIYMCIEHUA NOTOKOB U3-
NlyYeHMA UCMONb3YeTcA NPAMOEe CTaTUCTUYECKoe MOAEeIMPOBaHMeE C Y4eTOM CUMMETPUMN NONOKeHUs boTonpu-
€MHOM MaTpULLbl OTHOCUTENIbHO CUTHA/IbHOrO Iy4a HaBUTaLMOHHOW CUCTEMbI, @ TaKXKe /IOKa/ibHble OLEHKN Me-
Toaa MoHTe-Kapno. Kpome 3T0ro, BbluMCaEHbI YI/10Bble pacnpeaeneHns HanpasneHnin GoToHOB C pa3nyHON
KPaTHOCTbIO paccesHuA.

PaboTa BbinosHEeHa B paMKax npoekTa rocsagaHma MBMuMT CO PAH 0251-2021-0002.
Cnuncok nutepaTypbl

1. Ownakos B. T., UgbIk P. L., Congatos A. H., UntownH A. A. MprHUUNBI NOCTPOEHNA NA3EPHBIX YYEBbIX MUHCTPYMEH-
TaNbHbIX cUCTeM opueHTuposaHma Y. 1. M3B. By3os. Pusmka. 2013.

2. Mapuyk I'. ., Muxainnos I'. A., Hazapanues M. A. n ap. Metoa MoHTe-Kapno B atmocdepHoit ontmuke. Hosocu-
6upck: Hayka, 1976.

PacuyeT NoABUMKHOCTU 3/IEKTPOHOB B retepocTpykType AlGaAs-GaAs-InGaAs-GaAs-AlGaAs

E. T. Kabnykosa?, K. K. Cabenbdenba?, . 0. MpoTacos?, K. C. ypasnes?

YMHecmumym seiqucnumensHol mamemamuku u mamemamuyeckoti 2eogpusuku CO PAH
2MIHcmumym ¢hu3uku nosynpogodHUKO8 UM. Py aHo8a

Email: kablukovaE@sscc.ru

DOI: 10.24412/cl-35065-2022-1-00-55

MNpoBeseHO CpaBHEHME MOABUMHOCTM 3/IEKTPOHOB B CMMMETPUYHOM reTepocTpykType AlGaAs-GaAs-In-
GaAs-GaAs-AlGaAs [1], ana gByx BapnaHTOB NeErMpoBaHusA npumecen. B nepsom BapmaHTe, AOHOPbLI HAaXo4ATCA
B cnoax GaAs B M/IOCKOCTAX, NapaasieNbHbIX rPaHMLam C/I0€B, CUMMETPUYHbBIX OTHOCUTE/IbHO LEHTpa retepo-
CTPYKTYPbl; BO BTOPOM BAPUAHTE, K MUMEIOLLMMCA AOHOPaM 400aBAEHbl aKLLENTOPbI, PAacnoIoXKeHHbIE B NIOCKO-
cTAxX, B cnosix AlGaAs. Bo BTOpom BapuaHTe reTepoCTpyKTypbl bapbepbl KBAHTOBOM SiMbl YBENNYMBALOTC NpPU-
MEpPHO B ABa pa3a, NOJIOXKEHWE 3/1eKTPOHOB /I0OKA/IM3YeTCA B LLEHTPA/IbHON 30HE reTepoCTPYKTYpPbl, YTO YBEAU-
YMBaEeT NOABUMKHOCTb 9/1IEKTPOHOB.

[na peweHuns 3agayn cCOBMeCTHO peLlatoTca ypaBHeHuaA lNyaccoHa m WpeanHrepa ona onpegeneHms anek-
TPOOCTATUUYECKOrO MOTEHLMana, 3Ha4eHUM sHeprm E; Ha YPOBHAX KBAaHTOBAHWMA M BOJHOBbIX GyHKUMI P [2].
C MCcnNonb30BaHMEM PACCYUTAHHbBIX AAHHbIX OLEHMBAOTCA BEPOATHOCTU U MHAMKATPUCHI PAacCeAHNA 31EKTPOHOB
[3, 4] v pewaeTca ypaBHeHMe BonbLumaHa nepeHoca 3apagoB Ana GyHKUMM pacnpeseneHns 3N1eKTPOHOB.

PaboTa BbinonHeHa Npu GMHAHCOBOW NoaaepKKe Poccuiickoro HaydHoro ¢poHaa (Koa npoekta 19-11-00019).
Cnuncok nutepaTypbl

1. Protasov D. Yu., Zhuravlev K. S. The influence of impurity profiles on mobility of two-dimensional electron gas in
AlGaAs/InGaAs/GaAs heterostructures modulation-doped by donors and acceptors, Solid-State Electronics 129 (2017).
P. 66-72.

2. AbrapsH K. K., PeBu3sHuKoB [. /1. YucneHHble MmeToabl B MOAEANPOBAHUM INEKTPOHHbIX CBOMCTB HaHOPA3MeEPHbIX
reTepocTpyKTyp: yuyeb. nocob. M.: MAKC Mpecc, 2017. 108 c.

3. Harrison P., Valavanis A., Quantum Wells, Wires and Dots. Theoretical and Computational Physics of Semiconductor
Nanostructures. Wiley, UK, 2016.

4. Tanimoto H., Yasuda N., Taniguchi K., and Hamaguchi C., Monte Carlo study of hot transport in Qwantum wells, Jpn.
J. Appl. Phys. 1988. V. 27, N 4. P. 563-571.
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UccnepoBaHue CTaTUCTUMECKOro 6aiecOBCKOro NoAxoAa K peLieHuto 06paTHoii HEKOPPEKTHOM 3a4aum
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OAHOPOTOHHAA 3MUCCMOHHAA KomnbloTepHasa Tomorpadua (OPIKT) ABnseTca coBpeMeHHbIM METOAOM
AOEPHOM KapAMONOTnK, HANPABAEHHbBIM Ha BU3YaN3aLLMIO U ANATHOCTUKY Pa3/iMdHbIX 3a60neBaHuMii cepaeyHo-
cocyamctoit cuctembl. Mpu o6cnenoBaHnm naumeHToB metogom OPIKT oueHMBaeTcA pacnpeaeneHne paguo-
dapmauestTuyeckoro npenapata (PPI) 8B mMmokapae nesoro xenyaouka (J1XK) cepaua. Npu nwemunyeckmnx nopa-
YKEHUAX cepaua KoHueHTpauusa POI B kneTkax mmokapaa /1K byaet cywecTtBeHHO HUXe Hopmbl. [as nosyye-
HMA n30bparkeHnt Ha Kommepdeckux OPIKT cuctemax mcnonbsyerca meton Ordered Subsets-Expectation
Maximization (OSEM). Anroputm OSEM siBnseTca HeperynapmusMpoBaHHbIM U MOXKET NPUBOAUTDL K "'3allyM/IeH-
HbIM" M306parkeHnsam. YTobbl NpeogoneTb 3T Npobsiemsbl, B AaHHOM paboTe nccaenyeTcs perynspusnpoBaH-
HbI BanecoBckuiA noaxon Maximum a Posteriori (MAP) ¢ 3agaHmMem anpuvopHoi MHGOpMaL MM C MOMOLLLbIO
dyHKUMOHana M'bbca (MAP-Gibbs) [1]. Mpu ncnonb3zosaHnn anroputma MAP-Gibbs pelweHune 3aBMCUT OT BMAA
dyHKUMoHana Mb6ca 1 OT 3HAYEeHMA NapamMeTpa peryaapmsaumnn. B aaHHon paboTte ¢ NOMOLLbIO MeToaa maTe-
MaTUYECKOro MOLENMPOBAHMA BbINOJIHEHA KOMMbIOTEPHAA UMUTaLMA Npoueaypbl 06cnes0BaHMA C NOMOLLbIO
aHTponomopdHOro matematmyeckoro ¢paHToma. Cbipble NPOEKLMOHHbIE fAaHHbIE FTEHEPUPOBAIUCH C UCNO/b30-
BaHMEM CTaTUCTUYecKoro metoga MoHTe-Kapao, umutupysa cbop AaHHbIX C MOMOLLBIO Bpallatowenca BOKpyr
Kopnyca nauMeHTa ramma-Kamepbl. PeKOHCTpyKumsa 3D n3o6parkeHnin ocyLwecTsasnacb ¢ UCNOIb30BaHMEM an-
roputmos OSEM 1 MAP-Gibbs ¢ pasHbiMu 3agaHnamm pyHKUMoHana M’bbca 1 3HaveHUt napameTpa perynapu-
3aumun. na cpaBHMTENbHOTO aHaM3a bblia Ucnonb3oBaHa Nporpamma no nepesogy 3D muokapaa /1K B Asy-
MEPHYIO NMONAPHYIO KapTy, KaK 3TO AeNaeTcA B KAMHUYECKOM NPaKTUKe.

CnucokK nuTepaTtypbl

1. Geman S., Geman D. Stochastic Relaxation, Gibbs Distributions, and the Bayesian Restoration of Images // IEEE
TRansactions On Pattern Analysis And Machine Intelligence.1984. No 6.

O pyKOBOACTBE MO KPUTEPUAM NPOBEPKU OTKIOHEHUA pacnpeaeneHna oT HOPMaJibHOro 3aKoHa
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Ha ocHOBaHMM pe3ynbTaToB MCCeA0BaHMIA NOATOTOB/EHO HOBOE M3J4aHWe PYKOBOACTBA, B KOTOPOM MO
CPaBHEHMIO C NepBbiM [1] pacliMpeHO MHOXECTBO PAaCcCMOTPEHHbIX CNeLuanbHbIX KpUTEPUEB HOPMasIbHOCTY.
Bce MHOEeCTBO KpUTEPUEB, UCMOJIb3YEMbIX A5 MPOBEPKM HOPMAIbHOCTU, NMPOPAHKMPOBAHO MO MOLHOCTM OT-
HOCMTE/NbHO pAfa 6AM3KMX KOHKYPUPYOLWMX runoTes. Boibop Hanbosee npeanodYTUTENbHbIX KpUTepues Aaa
NPUMEHEHUA B NPUNOKEHNAX 0baeryaeT npeanosKeHHbli peiTUHT. MoKasaHo, YTo CBOMCTBA KpUTEPUEB MOTYT
CYLLECTBEHHO M3MEHATLCA BCAEACTBME HAMMYMA OLUMBOK OKPYIAEHUsA, K 3TO HEOBXOAMMO YUNTLIBATbL Npu dop-
MWUPOBaHWUM CTaTUCTMYECKMX BbIBOAOB. PaspaboTaHHaa NporpaMmHas NoAAepsKka BMecTe C NoAroTOB/eHHbIMM
paHee pykoBoacTBamu [1—6] obecneunBatoT KOPPEKTHOCTb CTAaTUCTUYECKMX BbIBOLOB MO COBOKYMHOCTU KpUTe-
pveB, B TOM YKC/IE B YCIIOBUAX NPUMEHEHWNA B HECTAHAAPTHbIX YC/0BUAX.
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meHeHuto. M.: UHOPA-M, 2015.

2. lemewko b. 0., bavHos M. 0. Kputepumn npoBepkm OTKAOHEHMA pacnpeseneHna oT paBHOMEPHOrO 3aKoHa. Pyko-
BOACTBO No npumeHeHuto. M.: UHOPA-M, 2015.

3. lemewko b. t0., banHos M. HO. Kputepun nposepKn OTKIOHEHMA OT IKCMOHEHLMANAbHOIO 3aKoHa. PykoBoacTso no
npumeHeHuto. M.: UHOPA-M, 2021.

4. NemewwkKo b. KO. Kputepum nposepku runotes o6 ogHOPOLHOCTU. PyKOBOACTBO MO NPUMEHEHWMIO. 2-e U3A., nepepab.
n gon. M.: UHOPA-M, 2021.

5. NNlemewko b. 0., BepeTtenbHukosa W. B. Kputepuum nposepku rmnotes o CIy4amHOCTM U OTCYTCTBUU TpeHAa. PyKo-
BOACTBO Mo npumeHeHuto. M.: UHOPA-M, 2021.

6. lemewko b. HO. HenapameTtpuyeckue kputepum cornacma: Pykosoacrtso no npumeHenuto. M.: UHOPA-M, 2014.
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[na pelweHna cnoxHoix 3aga4 rnobanbHON onTMMM3aLmMn B nocnegHee Bpems paspabatbiBaloTcA HOBble
3 PeKTMBHbIE aNTOPUTMbI HA OCHOBE MeToL0B MoHTe-Kap/io Ha MapKoBCKUX Lensax [1]. B yacTHocTu, Takme cTo-
XacTMYeCKNe MeToLbl MCNONb3yoTca A1A 6alleCOBCKOM PEKOHCTPYKUMM M306parkeHUn n noctpoeHus MAP-
OLLEHOK B sigepHon meauumHe [2]. PaboTa nocesweHa NnpumMeHeHMo meTogos MeTponoanca n UMuTaLmm oT-
KUTa oN1a PEKOHCTPYKL MU M3006parkeHUI ¢ MyacCOHOBCKMM LWYMOM. Ha TeCTOBbIX NpuMepax nsyyatotca ocober-
HOCTM NPUMEHEHMA METOA0B C Pa3/IMYHbIMU NPaBUIaMN MOSUDUKALLUKN, CXEMAMMU OXTAXKAEHUA U aNPUOPHBIMU
pacnpegeneHusamu. B KauecTBe anpuMopHbIX paccmaTpuBanucb mogenun Msuura, Notrca, NemaHa, Xybepa, bo-
yMaHa 1 apyrue.

PaboTa BbinonHeHa Npu puHaHcoBoM nogaepskke CSC (China Scholarship Council).
Cnuncok nutepaTypbl

1. Winkler G. Image analysis, random fields and Markov chain Monte Carlo Methods: A Mathematical Introduction,
second edition. Berlin: Springer, 2016.

2. denncosa H. B., CpaBHMTENbHbIN aHaU3 CTaTUCTUHECKUX a/ITOPUTMOB PEKOHCTPYKLMM M306pakeHNid, nepcnexkTus-
HbIX ana N3T n ODIKT anarHoctnkm // MeanumHckas ¢pusmka. 2011. T. 51, Ne 3. C. 57-64.
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0. 1O. NlnHke
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B 3aa4ax HeIMHENHOW perpeccnmn acCMMNTOTUYECKM ONTUMAJIbHbIE OLEHKM KaK MPaBU/Io 3aat0TCA HEABHO
B BM/AE PELUEHUIN TeX WU UHbIX YPAaBHEHUI, MPU 3TOM HEPEAKO MMEETCA HECKOJIbKO KOPHEN TOro Uan UHOro
ypaBHeHUsA, onpeaensatowero oueHky. NocneaHuii ¢akT aBasetca rnaBHol npobnemoi, 3aTpyaHAwLWen uc-
No/ib30BaHWE YUCNEHHbIX METOLOB A/1A NPUBANNKEHUA COCTOATENIbHOTO KOpHA. MNpeoaonetb 3TM TPyaHOCTU
MOHO C MOMOLLbIO MOMNYASAPHbIX B COBPEMEHHOM 3aMafHOM CTAaTUCTMYECKON nuTepaType OLHOLIAroBbIX
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npoueayp OUeHUBaHUA, BOoCXodawWwmx K pabotam P. duwepa. OgHolaroBan oueHKa, No cyTu, NpeactaBaaioT
coboli oanH war metoga HbloTOHa, CTapTYHOLLErO U3 HEKOTOPOW NpeaBapUTENbHOMN COCTOATE/IbHOM C HEKOTOPOW
CKOPOCTbIO OLLEHKM U aCMMMATOTUYECKM MMEIOT TOYHOCTb MCKOMOM COCTOSITENIbHOW CTaTUCTUKWK, ABAAIOLWLEencA
KOPHEM YNOMSIHYTOrO YPaBHEHUS.

Pe3ynbTaThl, M3N0XKEHHbIE B AOKNaAe, onyb6anKkoBaHbl B [1-5]. BbiAe MM OCHOBHbIE U3 HUX:

1. PaspaboTtaH MeToA NOCTPOEHMA ABHbIX COCTOATE/IbHbIX C HEKOTOPOWM CKOPOCTbIO OLLEHOK MapameTpoB ANA
LUMPOKOTO Knacca moaenei HeNMHENHOM perpeccmm, YTo OTKPbIBAET BO3MOKHOCTb MCMO/1b30BaAHMA OA4HOLIArO-
BbIX MpoLeayp NOUCKa B U3BECTHOM CMbIC/1€ ONTUMA/IbHbIX OLEHOK B 3aJa4ax HeJIMHENHOW perpeccuu.

2. MpoBeaeH aCMMNTOTUYECKMI aHan3 oAHOLWaroBbiXx M-OLEHOK, NOCTPOEHHbIX MO He 0b6A3aTeIbHO OAMHa-
KOBO pacnpeaeneHHbIM HabAlAeHNAM, YTO NO3BOJIAET CTPOUTb OAHOLIAroBble NPUBANKEHUA B USBECTHOM CMbIC/1E
ONTUMa/bHbIX OLEHOK (KBa3MnpaBaonogobms, HAMMEHbLUMX KBAAPaTOB U AP.) B HENMHEWHOM perpeccuu.

Pe3ynbTaTbl Mccnefo0BaHMA Mbl TPOUAAOCTPUPYEM KOMMbIOTEPHBIM MOLENNPOBAHMEM.

PaboTa BbinonHeHa Npu GMHaHCOBOW Noaaep KKe Poccuiickoro HaydHoro ¢poHaa (Ko npoeKkTta 22-21-00414).
Cnuncok nutepaTypbl

1. Linke Yu.Yu. Asymptotic properties of one-step M-estimators // Communications in Statistics — Theory and Methods.
2019. V.48, Ne 16. P. 4096—4118.

2. NlnHke 1O. HO. AcmnTOTUYECKME CBOMCTBA OAHOLIArOBbIX B3BELIEHHbIX M-0LLEHOK C NPUNOKEHUAMM K 3aa4am pe-
rpeccun // Teopus BeposaTHOCTEN 1 ee npumeHeHus. 2017. T.62, Ne 3. C. 468-498.

3. Linke Yu.Yu. Asymptotic normality of one-step M-estimators based on non-identically distributed observations //
Statist. Probab. Lett. 2017. V.129. P. 216-221.

4. Linke Yu.Yu., Borisov I. S. Constructing initial estimators in one-step estimation procedures of nonlinear regression
// Statist. Probab. Lett. 2017. V.120. P. 87-94.

5. lunke 0. 0., Bopucoe W. C. MocTpoeHmne ABHbIX OL,EHOK B 3a4a4ax HenuHelHon perpeccun // Teopus BeposATHO-
cTei u ee npumeHeHuA. 2018. T.63, Ne 1. C. 29-56.

YuncneHHoe moaenupoBaHue AMHAMUKU PacnpoCTPaHEHUA SNUAEMUUN HA OCHOBE HenpepbiBHO-
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PaboTa nocesLeHa YNCIEHHOMY CTOXaCTUYECKOMY MOAENNPOBaHMIO ANHAMUKKN pacnpoCcTpaHeHna anuae-
MWK Cpeam HaceneHUs HEKOTOPOro pervoHa. Mogenb 3anvcaHa B ¢opme HenpepbIBHO-ANCKPETHOTO ClyYait-
HOro MPOLLECCa, YYUTbIBAIOLLErO HECTALMOHAPHbIA NPUTOK B PETMOH NaTeHTHO-UHOULMPOBAHHbIX UHANBUAYY-
MOB U1 MPOXOXAEHNE UHAMBUAYYMAMWN Pa3UUYHbIX CTaauii MHeKuMoHHOro 3abosesaHua. JantenbHoOCTH npe-
6blBaHMA UHAMBUAYYMOB B Pa3/INYHbIX CTaaMAX MHEKLMOHHOTo 3aboneBaHuUsA 3a4a0TcA C MOMOLLbIO pacnpe-
OEeNeHUN, OTINYHBIX OT IKCNOHEeHUManbHoro. PaspaboTtaH anropntm NPAMOro CTaTUCTUYECKOro MoAe/MpoBa-
HUA AMHAMMWKM PacnpoCTpaHeHUA aNNAEMUM Cpeamn HaceeHnsa PerMoHa Ha ocHoBe meToaa MoHTe-Kapno. Cto-
XacTU4yeckas moenb A0MNONHEHa AeTEPMUHNUPOBAHHbBIM aHaNOroM B popme HeMHENHOM cucTembl auddepeH-
LMaNbHbIX YPaBHEHUI C HECKOIbKMUMM 3anasapliBaHUAMKU. [na KanmbpoBKM moaeneil MCnonb30BaHbl AaHHbIe,
OnUcbIBaloLLIME YPOBEHb CEPONpPeBasieHTHOCTM HaceneHma HoBocnbupcKoii 06nacTu B NepByo BOIHY aNnAeMum
Kosuna-19 (2020 roa). Ana noabopa 3Ha4YeHUIt NapameTpPoB CTOXaCTUYECKOW U AeTEePMUHUPOBAHHOM Mogenei
MCMONb30Ba/INCh IKCNEPTHbIE OLLEHKM pAAa NapameTpoB Ha OCHOBE AOCTYNHbIX Ny6AMKaLMi 1 NpAmble BblUMC-
NIeHUsA No NpUBAMMKEHUIO YPOBHA CEPONPEBaNEHTHOCTN HaceeHna 3a TPy nepuoaa HabnoaeHus (B pamKax age-
TEPMUHUPOBAHHON M CTOXaCTUYECKOM Mogeneit). 3HauyeHUs HEeKOTopbIX MapameTpoB Moaenei U cxema
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KannbpoBKM moaeneit Ha OCHOBE YPOBHSA CEPONPEBANEHTHOCTU HACeNEHUA NPeaoKeHbl COBMECTHO C COTPYA-
HMKamm CeyeHOBCKOro megmumHcKkoro yHusepcuteta 0. A. BakyneHKko un A. H. Jlykawesbim.
PaboTa BbiNo/MHEHA B paMKax rocy4apcTBeHHOro 3agaHna MHCTuTyTa matematuku um. C. /1. Cobonesa CO PAH (npoekT

FWNF-2022-0003) n npu ¢MHaHCOBOM noaaepkke Poccuitckoro poHaa dyHAaMeHTaNbHbIX UccienoBaHul (npoekT 20-04-
60157).
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DOI: 10.24412/cl-35065-2022-1-02-39

MpeactasneHo passutne SEIR moaenn pacnpocTpaHeHUA aNMAEeMMU C NMyacCOHOBCKMMM MOTOKaMMU, ge-
TaNbHO onpeaeneHHon B paboTe [1], BAOXHOBNEHHOW HEKOTOpPbIMK aeamn u3s [2, 3]. PaclumpeHme ncxogHom
MOZEeNN NPoM3BELEHO NOCPEACTBOM pPa3aeeHnsa obLLel rpynnbl HaceeHNA Ha ABe rPYNMbl C OTANYAOLWMMMUCA
Ko3dPULMEHTaMN PACAPOCTPAHEHMA SMUAEMUN, COFACOBAHHbIMU B cpeaHem C KoadduumeHTamm obuuei
rpynnbl. Y1CNeHHO NpoBeAeHO UCCNEAOBAHME BAUAHMA Ha PAa3BUTME INNAEMUM IKCTPEMASIbHBIX BapuaLni Ta-
KMX KaK BbICOKAA 3apa3HOCTb, BbICOKAA 6€CCMMNTOMHOCTb, BbICOKAasA CMEPTHOCTb U Ap. O4HOM Fpynnbl OTHOCK-
TeNbHO Apyron. [ns BblYUCAEHUI B OAHO-TPYNMNOBOM MOAE/IN UCMOJ1b30BaIMCh NapameTpbl audpdepeHumnasnb-
Holt SEIR-D mogenun ana aHanunsa sabonesaemoctn COVID-19 8 HoBocnbupcke (uncneHHocTsb n = 3-10°) B ne-
puog c 23 mapTa no 15 nioHa 2020 r., npeacTtaBneHHble B pabote [4].

PaboTa BbINONHEHa B paMKax rocyAapcTBeHHoro 3agaHusa MBMuMTI CO PAH (npoekT 0251-2021-0002).
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https://doi.org/10.1515/rnam-2021-0027.

2. I. Sazonov, D. Grebennikov, M. Kelbert, G. Bocharov, Modelling Stochastic and Deterministic Behaviours in Virus
Infection Dynamics // Math. Model. Nat. Phenom. 2017. Vol. 12, No 5. P. 63-77.

3. NMepues H. B., NlornHos K. K., Tonunint B. A. AHann3 cTaagnna-3aBUCMMON MOAENN SNNAEMUU, NOCTPOEHHOM HAa OCHOBE
HEeMapKOBCKOro ciy4aiHoro npouecca // Cn6HMUM. 2020. T. 23, No 3(83). C. 105-122.

4. KpusopoTtbKo O. U., KabaHuxuH C. U., 3atbkos H. 10., Mpuxoabko A. 0., MpoxowunH H. M., lUnwneHnH M. A. MarTe-
MaTMyeckoe MoaennpoBaHue u nporHosnposaHune COVID-19 B Mockse 1 HoBocmbupckoin obnactu // Cu6XKBM. 2020. Ne 4.,
C. 395-414.

06 3¢ deKTUBHOCTM UCNO/Ib30BaHUA KOPENNALNOHHO-PAHAOMU3NPOBAHHbIX a/IOPUTMOB ANA peLleHus
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Ona peweHna 3aaay pagmaymnoHHOro 6ancha, onTn4eCKoro soHOnpPoBaHUA U TOMOI'pad)VIM 6blBaeT Heob-
XO4MNMO Yy4YUTbIBATb MHOIFOKpPAaTHOE pacceAHne n3any4eHna B CToxaCtu4yecku HGOAHOPOAHOVI cpege. B peanbHbIX
pPagnaunoHHbIX Moaenax c aTOM Uuenbo NCNosb3yeTcA YNCNEHHO-CTAaTUCTUYECKUN "METOLI| MaKCMManbHOro ce-
yeHus" (MMC) Ha OCHOBE BblpaBHMUBAHWNA MOA ONTUYECKOM MNOTHOCTM nytem ,D,06aBJ'IEHVI‘r'I MCKYCCTBEHHOTIO



Cexkyusa 2 57

"nenvTta-paccensatenn”. OQ4HaKo TPYAOEMKOCTb COOTBETCTBYHOLLEN HECMELLEHHOW OLEHKM OCPeHEeHHOoro pe-
WweHnA 3a4a4n HeorpaHM4YeHHO BO3pacCTaeT Npu ymeHblWeHNUN KOPppenAuUnoOHHOro maclwTtaba (I-(OppeﬂﬂLI,MOHHOI'O
paanyca L) cTaHgapTHbIX MO3anYHbIX MOAEEN Cy4aiHON NAOTHOCTU cpeabl.

PaHee mbl nocTpounnu [1], garoLyto acumnToTMyeckn (Npu L->0 ) HecmeleHHble OLEeHKN Tpebyembix GpyHK-
uMoHanos, paHgomusaumno MMC, B KOTOpOI 3HaYeHUe puanyeckoro KoapouumeHTa ocnabneHmsa cay4amHo Bbi-
bupaetcs B KOHUe cBoboaHoro npobera | KBaHTa npu ycnosum [ > L, a Haye coxpaHAeTca U3 Havya/lbHOM TOUYKM
npobera (KP anroputm).

B 6onee To4HOM GYHKUMOHANBHOM KOPPENALMOHHO-PaHAOMU3NPOBaHHOM anroputme (PKPA)
KO3PPMUMEHT COXPAHAETCA C BEPOATHOCTbIO, ONPeAEeNAeMON KOPPEeNALMOHHON GYHKLMEN. DTN KOp-
pPenAuMOHHO-PaHAOMMU3INPOBAHHbIE aNTOPUTMbI BblIN peanr3oBaHbl A1A CMecU 04HOPOAHOrO Belle-
CTBa M NYaCCOHOBCKOro aHcambnsa "nyctbix" wapos [1]. B 4aHHOM paboTe NoCTpoeHbl KOPPEeNALNOHHO-
PaHAOMMW3NPOBAHHbIE AITOPUTMbI ANA 33434, CBA3AHHbIX C NEPEHOCOM CKBO3b "TO/CTbIN" CNOM, B KO-
TOPOM COAepKaTbCA O4HOPOAHOE BELWEecTBO (Boga) M MyaCcCOHOBCKMIM aHcambab "nycTbix" cnoes.
MpeacTaBneH geTanbHbl CPaBHUTENbHbIN aHaINM3 Pe3y1bTaToB, MNOYYEHHbIX C UCNO/Ib30BaHUEM TOY-
Horo npAmoro mogennposaHua (MMC) u npubnaukeHHbix anroputmos (KPA, PKPA) gna 3agay nepe-
HOCa ramma-m3siydeHusa CKBO3b "TONICTbIN" C/IOM BOAbI, COAEPHKALLNIA NYaCCOHOBCKNIA aHcambb "ny-
CTbIX" cnoes Mau Wapos.

PaboTa BbINO/IHEHA BbINOJHEHO B PaMKax rocyaapcTBeHHoro 3agaHns MBMuMI CO PAH Ne 0251-2021-0002.
Cnuncok nutepaTypbl

1. Medvedey, I. N., Mikhailov, G. A. New correlative randomized algorithms for statistical modelling of radiation trans-
fer in stochastic medium // RINAMM, vol.36, N 4. P. 219-225, 2021.

UccnepgoBaHMe cpegHero NnoToKa YacTUL, B CTOXaCTUYECKM OA4HOPOAHOW pasMHOXKAIOLWEN cpeae

I. A. Muxainos®?, I. 3. Jlorosa*?

YMHecmumym ebiyucaumensHoli Mamemamuku u mamemamuyeckoli 2eogpusuku CO PAH
2Hoeocubupckuli 2ocydapcmeeHHbili yHugepcumem

Email: lot@osmf.sscc.ru

DOI: 10.24412/cl-35065-2022-1-00-62

B pabote aBTopoB goKknaga [1] ana chepnyeckn CUMMETPUYHOM Pa3MHOXaloOLLEN cpebl BbiABAEHa cynep-
3KCMOHEeHLManbHaA 3aBUCMMOCTb CPeHero NoToKa YacTul, oT BpeMeHu. B HacToswem AoKnaae paccmaTpumsa-
eTca 6onee peanbHas CTOXaCTUYECKU OAHOPOAHAA MOAE/Nb C/IyYaliHO BO3MYLLLEHHOM cpeabl TUNa Mo3auK Bopo-
Horo. C uenblo conocTaBaeHUa Noay4aemMbixX MPU 3STOM OLLEHOK 3aBUCMMOCTU € pe3yabTaTamu us [1] ana npoms-
BOJIbHOM CNy4aiiHol (He 06A3aTeNIbHO 04HOPOAHOM) cpeabl BBOAUTCA NOHATUE OCPEAHEHHOM KOPPEenAaLNOHHON
ONnHbl. MpoBeAeHHble paHee UCC/ie40BaHUA NO3BONAIOT NpeanoiaraTb, YTO ee 3HaYeHMe U 0g4HOMepPHoe pac-
npeaeneHue NAOTHOCTU cpedpbl B 3HAUNTENIbHON Mepe onpeaenatoT ocpeAHeHHble paanaLMOoHHbIe XapaKkTepu-
CTMKM; B HacTosALllel paboTe 3TO NpoBepAeTca A1a NapameTpPoB 3aBUCMMOCTU CPeaHEero NoToka YacTul, oT Bpe-
MEHMN.

MpaKTUYeCcKM BaXKHbIM ABASETCA UCCNeaoBaHMe B aHHOW 3aJa4e CTOXacTMYeCKoro npeaena, COCTOALLEro B
TOM, YTO NPU MasbIX 3HAYEHUAX KOPPENALMOHHOIo paguyca cpelbl peanmsyertca cpeaHuii NoTok Yactuu, 6,11s3-
KUI K NOTOKY ANA cpeaHei NAOTHOCTU. NOCKObKY TPYA0EMKOCTb ABOWHOM paHA0MMU3aL MM He OrpaHnyYeHa Npu
YMEHbLUEHUU KoppensLuMoHHOro macwrtaba, To Npu 3ToM LenecoobpasHo MCNoIb30BaTb KOPPENALMOHHO paH-

OOMU3NPOBAHHbIN anropuTm, NpeasoxKeHHbi B [2]. OH cOCTOUT B TOM, 4TO B "anropntme MaKCMMasibHOro
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ceueHuna" ans ceoboaHoro npobera KBaHTa, NPEBbLILLAIOLLETO KOPPENALMOHHbIM Paanyc, NIOTHOCTb B TOUKE HO-
BOrO CTOJIKHOBEHUSA BblOMpaeTcsa cayyaiiHo A1A 3a4aHHOTO0 O4HOMEPHOTO pacnpeaesieHns, MHayYe CoOXpaHaeTcs
13 npegblaywen Touku. PaHee npuBeaeHHble uccnenoBaHus (cm., Hanpumep, [2]) noKasbiBatoT, YTO TaKoM an-
ropuTM AaeT AOCTAaTOYHO TOYHbIE OLEHKU, ecln AMHa npobera "anropnutma MmakCMManbHOro ceyeHma" Ha no-
PAAOK NpPEeBbIWAET KOPPenauMOoHHbIA paguyc. Mpu HaAMYMK AO0CTAaTOUYHbIX BbIYMCAUTE/bHBIX PECYPCOB TaKue
OLEHKN MOXKHO YTOYHUTbL [2], pellan 3agavy napannenbHo KP-anroputmom u ABOMHOM paHAoOMM3aumein ans
YMEHbLUAIOLWErocs 3HauyeHNa KoppensaumMoHHOro paguyca 4o A0CTaTOYHO TOYHOrO COBMaAeHus pesybTaToB. 3a-
TEM MOXHO CTOUTb OLLEeHKU KP anropntmom, Tpy0eMKOCTb KOTOPOro OrpaHuyeHa.

PaboTa BbiNoO/NHEHa B paMKax rocygapcteeHHoro 3agaHuna MBMuMI CO PAH (npoekTt 0251-2021-0002).
Cnuncok nutepaTypbl

1.T. 3. NoToBa, I'. A. MuxainoBs. Y1CEHHO-CTaTUCTUYECKOE U aHAaIMTUYECKOE UCCAef0BaHNE aCMMNTOTUKM CpeaHero
MOTOKa YacTUL, C Pa3MHOMeHUeM B caydaliHol cpeae // )BMuM®, 2021. V. 61, N 8. P. 1353—-1362.

2. G. A. Mikhailov, I. N. Medvedev, New correlative randomized algorithms for statistical modelling of radiation trans-
fer in stochastic medium // Russ. J. Numer. Anal. Math. Modelling. 2021. vol.36, N 4. P. 219-225.

MogenuposaHue U oueHKa KoppensaumoHHoi dyHKuMK nons BopoHoro

C. A. PoxeHko

UHCcmumym ebiyucaumensHol mamemamuKku U mamemamu4eckoli eeogpuzuxku CO PAH
Email: sergroj@mail.ru

DOI: 10.24412/cl-35065-2022-1-00-64

MNMone BopoHoro ctpoutcsa Kak Anarpamma BopoHoro, caitTamm 414 KOTOPOM CAyKaT TOYKM TOYEYHOro no-
TOKa lNyaccoHa. CNnoXHOCTb MOAENMPOBaHMA Mo BOPOHOro 3aK/o4aeTcs B TOM, YTO €ro NJ0OTHOCTb B BblOpaH-
HOM TOYKE MOXKET ONpeaenaTbCa CKOb YrOAHO AaZleKMM OT HEee CalTOM, MO3TOMY HEBO3MOXHO 3apaHee orpa-
HUYMTb 06/1aCTb MOAENMPOBAHNA NMYaCCOHOBCKOrO MOTOKa. lNpeacTaBneHHbld B paboTe anroputm nossonset
OCYLLECTBAATb TOYHOE MOAENNPOBAHME Nons BopoHoro, pacumpnas no mepe HeobxoaMMoCcTH 061acTb MOAENN-
pOBaHMA COOTBETCTBYIOLLErO NOTOKa lMyaccoHa.

Onsa KoppenaunoHHoh ¢yHKLMM nona BopoHoro Gblia noayvyeHa aHanuTuyeckana ¢opmyna, a Ha OCHoBe
npeAcTaBAEHHOro anropntMma bbia NpoBeseH ee NPOBEPOYHbI pacyerT.

JononHUTeNbHO M3yYaiacb BO3MOXKHOCTb anMpOKCMMaL MM NONYYEHHON KOPPENAUNOHHOM GYHKLMM IKC-
NMOHEHTOMN.

PaboTa BbINO/AHEHA B paMKax rocygapcreeHHoro 3agaHna UBMuMTI CO PAH Ne 0251-2021-0002.

Pusnyeckaa mogenb MoHte-Kapao ana moaenmposaHusa reTepo3anUTakcum

C. A. Pyaun!, M. H. MorpebHukosa’?, K. B. Masckninl?

YMHemumym ¢usuku nonynposodHukos CO PAH

2Hosocubupckuli 2ocydapcmeeHHsill yHusepcumem

3Cubupckuli 2ocydapcmeaeHHbIl yHUBepcUMem meaeKoMmyHUKayull u UHpopMmamuxu
Email: rudin@isp.nsc.ru

DOI: 10.24412/cl-35065-2022-1-00-65

PaspaboTtaHa ¢usmnueckana mogens MoHTe-Kapao ans mogenmpoBaHus reTeposnuTakcManbHoro pocta [1].
B ocHOBe MoAenu NexuT aamasonogobHaa KpucTanamyeckas peweTtka. [pouecc moaenMpoBaHua pocTa co-
CTOUT M3 NOC/eA0BaTe/IbHOCTM 3/1eMEeHTapPHbIX COBbITUIM, BbIGUPaeMbIX Cy4aHbiM 06Pa3sOM B COOTBETCTBMM C
UX BEPOSATHOCTAMM. BO3MOKHbI COBLITUA ABYX TUMOB: OcaxKaeHue U Anddy3MOHHDBIN NPbLIXKOK aTOMa No NoBepx-
HOCTWU. [na ydeTa usmeHeHuna gedopmaumm B MPOCTPAHCTBE C TEYEHMEM BpemMeHu aobasneH TpeTuin Tmn
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cob6bITMI — TennoBble KoebaHNA aTOMOB BOKPYF MX PAaBHOBECHbLIX NONOXeHUn. MogenmpoBaHue Npoueccos
reTeposnuTakCUanbHOTO POCTa ABAETCA BblMUCAUTENLHO CIOXKHOM 3aaa4eit. BO3HMKHOBEHWE HEOAHOPOAHO-
cTelt B pacnpegeneHnn gepopmaunm nam 8 mopdoiormm NnoBepxHOCTM ABAAeTCcA Nnpobaemolt npu paspaboTke
napannenbHbiX aNropMTMOB AJ18 CUCTEM C pacnpegeneHHon namaTbio. OKono 98 % BblUMCNEHMIA MOLENN 3aHU-
MatoT 610KkM "Mpbixkok/OcaxkaeHne aToma" 1 "TepMnYecKknUii OTHUI", KOHCTPYKLMKN KOTOPbIX BblNK pacnapanie-
JIEHbI A5 CUCTEM C 0BLLEN NamATbIO.

TecTtoBble pacyeTbl [2] nOKa3anu, YTo paspaboTaHHble NapanfiesibHble afroPUTMbl NO3BOIAIOT COKPATUTL
MaLUMHHOE BpemMa A8 MoaenmpoBaHus pocta Ge Ha Si Ha 20—60 % B 3aBMCMMOCTM OT YCIOBUIM SKCNEPUMEHTA.

PaboTa BbINONHEHa B paMKax rocyAapcTBeHHOro 3agaHna 0242-2021-0011.
Cnuncok nutepaTypbl

1. Hosukos M. /1., HeHawes A. B., PyauH C. A., Moasakos A. C., iBypeyeHckuii A. B. 3aporKaeHune N poCT KBaHTOBbIX TO-
yek Ge Ha Si— mMoZenupoBaHWe C UCMNOJIb30BaHMEM BbICOKOIPPEKTMBHbBIX anropuTmoB. Poccuiickne HaHOTExXHosormu,
2015.T. 10, Ne 3—4. C. 26-34.

2.  WNHPOPMaUMOHHO-BbIMMCAUTENBLHBIM  UeHTP HoBocubupcKoro rocygapcTBeHHoro  yHuBepcuteta.  URL:
http://nusc.nsu.ru/wiki/doku.php (aata o6paueHms: 25.05.2022).

BbluMcC/eHME NOrpeLHOCTEN aNnNPOKCMMALIMM KPATHbIX CTOXacTUYECKUX MHTerpanos UTo n CtpatoHoBMua
K. A. PbibakoB

Mockosckuli asuayuoHHsIl uHcmumym (HauuoHaneHbil uccnedosamensbcKuli yHusepcumem)

Email: rkoffice@mail.ru

DOI: 10.24412/cl-35065-2022-1-00-66

B paboTax [1, 2] noay4eHbl OPTOrOHaNbHbIE PA3/I0KEHMUA KPATHbIX CTOXAaCTUYECKMX MHTerpanos Uto u CTpa-
TOHOBMYA. M3 HUX HallaeHbl ToYHble GOPMY/Ibl A1A BbIYUCAEHUA NOTPELLHOCTM anMnpPOKCUMALMK STUX MHTErpa-
NI0B NP YCNIOBMM, YTO AAPa NPeACTaBAAOTCA B BUAE YAaCTUYHbIX CYMM OPTOrOHaNbHbIX pAA0B. VX BbiBOA, U BUA
oTAn4aeTcA oT popmyA, NPUBEAEHHbIX B MOHOTpadum [3]. BblumcieHbl NOrpeLHoCT annpoKCUMaLmMm TUNOBbIX
NOBTOPHbIX CTOXAaCTUYECKMUX UHTErPasIoB MPY UCNOJIb30BaHUMN NATU 6A3UCHBIX CUCTEM.

CnucokK nnuTepaTtypbl

1. Pbibakos K. A. OpToroHa/ibHOE Pas/ioeHMe KpaTHbIX CTOXacTUYeckux uHTterpanos Uto // OuddepeHumanbHbie
ypaBHeHMA 1 npoueccobl ynpasneHna. 2021. Ne 3. C. 109-140.

2. Poibakos K. A. OpToroHanbHOe pasnoxeHne KPaTHbIX CTOXacTMYeCcKuX nHTerpanos CtpatoHosuya // AnddepeHum-
aNbHble YPaBHEHMA U npouecchl ynpasneHma. 2021. Ne 4, C. 81-115.

3. Kuznetsov D. F. Mean-square approximation of iterated Ito and Stratonovich stochastic integrals: Method of gener-
alized multiple Fourier series. Application to numerical integration of Ito SDEs and semilinear SPDEs // InddepeHumanbHble
ypaBHeHuA 1 npouecchbl ynpasneHuna. 2021. Ne 4. C. A. 1-A.788.

PacueT KO3 DULMEHTOB PasoXKeHUA TUMOBbIX AAEP KPAaTHbIX CTOXaCTUYECKUX MHTErpanos
K. A. PbibaKkoB

Mockosckuli asuayuoHHbIl uHcmumym (HayuoHansHsili uccnedosamensckuli yHusepcumem)

Email: rkoffice@mail.ru
DOI: 10.24412/cl-35065-2022-1-00-67

Mpy NPUMEHEHNN YNCNEHHBIX METOL0B PELLUEHUA CTOXAaCTUYECKUX anddPepeHLManbHbIX ypaBHEHUI HA OC-
HoBe pasnoxeHuii Ternopa — UTo 1 Telnopa — CTpaTOHOBMYA BO3HMKAET HEOHBXOAMMOCTb MOLENIMPOBAHMSA NO-
BTOPHbIX CTOXaCTUUYECKMX MHTErpanos. OAMH M3 NoAX0A0B OCHOBAH Ha Nepexode OT NOBTOPHbIX CTOXaCTUYECKUX

MUHTErpanoB K KpaTHbIM C nocneayrouwmm npegcraBieHnem mx agep B snge 4aCtnyHbiX CyMM OPTOTOHa/1IbHbIX
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pagos [1], apyroit — Ha cnekTpanbHOM meToze [2]. B aToi paboTe nocTpoeHbl aAropuTMbl TOYHOTO M NPUGAK-
YKEHHOTO pacyeTa KO3GPULMEHTOB Pa3NOKEHNA TUMOBbLIX ALEP OTHOCUTENLHO NATU B6A3NCHBIX CUCTEM: MONUHO-
MoB JlexxaHapa, KocuHycona, GyHKUMN Yonwa, pyHKUmMIA Xaapa, TPUroHOMETPUUECKUX GYHKLMIA.

CnucoK nuTepaTypbl

1. Kuznetsov D. F. Mean-square approximation of iterated Ito and Stratonovich stochastic integrals: Method of gener-
alized multiple Fourier series. Application to numerical integration of Ito SDEs and semilinear SPDEs // AnddepeHumanbHblie
ypaBHeHMA 1 npouecchbl ynpasneHna. 2021. Ne 4. P. A. 1-A.788.

2. PoibakoB K. A. MoaenvpoBaHue NMHENHbIX HECTAaLMOHAPHbIX CTOXaCTUYECKMX CUCTEM CMEKTpasibHbIM MeToaom //
OnddepeHumanocHble ypaBHeHMA U Npoueccol ynpasaeHus. 2020. Ne 3. C. 98-128.

Solution of the Burgers and Navier — Stokes equation in the vortex formulation by the random walk on grid

method

K. K. Sabelfeld*?, O. V. Buchasheev'?

Ynstitute of Computational Mathematics and Mathematical Geophysics SB RAS
2Novosibirsk State University

Email: karl@osmf.sscc.ru, o.bukhasheev@g.nsu.ru

DOI: 10.24412/cl-35065-2022-1-00-68

In [1, 2], a global random walk on grid has been developed for solving linear and nonlinear drift-diffusion
equations. Application of this algorithm to solve nonlinear transport equations in semiconductors was published
in [1, 3]. In this talk we further develop the global random walk on grid method for solving two classes of non-
linear equations, the Burgers equation, and a 2D Navier — Stokes equation in a vortex formulation where the
boundary condition is defined by a white noise boundary function.

This study is supported by the Russian Science Foundation, grant 19-11-00019.
References
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Impact of the dislocation density and recombination velocity on the transient cathodoluminescence

intensity in GaN semiconductors analysis by the random walk on spheres algorithm
K. K. Sabelfeld*?, A. E. Kireeva®
Ynstitute of Computational Mathematics and Mathematical Geophysics SB RAS

2Novosibirsk State University
Email: karl@osmf.sscc.ru, kireeva@ssd.sscc.ru
DOI: 10.24412/cl-35065-2022-1-00-69

In [1], a three-dimensional Monte Carlo model of drift, diffusion, and recombination of excitons in the strain
field of an edge threading dislocation in a GaN semiconductor is suggested. In the present study the non-sta-
tionary drift-diffusion-recombination problem is solved in an infinite domain, which is a half-space z 2 0 with an
embedded array of dislocations, using the Random Walk on Spheres algorithm [2]. In our previous study [1], we
investigated the impact of dislocations on the cathodoluminescence intensity. In the present work, we analyze
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the influence of recombination velocity S at the plane z = 0 on the transient cathodoluminescence intensity in a
half-space with and without dislocations. The aim of the study is to find a correlation between the transient
intensity and the dislocation densities N at different recombination velocities S.

This study is supported by the Russian Science Foundation, grant 19-11-00019.
References
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Interpretation of ellipsometric measurements: Modeling and simulating
S. N. Svitasheva

Rzhanov Institute of Semiconductor Physics SB RAS
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Among optical methods, spectroscopic ellipsometry (SE) is powerful and reliable method of analysis of prop-
erties of thin films and solid materials. They are not direct because give us information about changing of polar-
ization state of reflected beam light. There are many publications devoted to items of modeling and interpreta-
tions ellipsometric data, as well known, for example [1-3]. Independently from type of ellipsometric measure-
ments, their interpretation is essential part of method and as a rule consists of the following procedures: Phys-
ical Modeling of Sample Structure and Numerical Simulation. 1. Creation of physical model of sample based on
a priory of technological information; that verification of generated model, probably, model is not valid if a set
of solution contains null solution only. 2. Optimization of quantity of steps of measurements when registration
of reflection spectra is required for adequate representation of specifics of spectra, such as critical points. The
amount of fitting parameters should be sufficient for achievement of reliable result. Choice of type of descrip-
tion of dielectric permittivity of all films of sample under study is very important stage. According to M. Car-
dona’s theory [2], they could be represented as sum of oscillators whose frequencies correspond to frequencies
of critical points in reflected spectra. If researchers use commercial program products for explanation of own

measurements, they must be taking into account assumptions built into the used program.
References
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Conpsa)xXeHHaa NPOeKUMOHHAA CTaTUCTUYECKAA OLLEHKA YIN0BbIX XapaKTEPUCTUK PACCEAHHOro

NONAPU30BAHHOTO U3/lyYEeHUA
H. B. Tpauesa'?, C. A. Yxuros'?

YMHuemumym seiqucnumensHol mamemamuku u mamemamuyeckoii 2eopusuxu CO PAH
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B aTOi1 paboTe paccmaTpuBaeTca 3a4a4a OUEHKN ABYHaNPaBAEHHbIX YI/I0BbIX XapaKTEPUCTUK PacCceaHHOoro
NoNAPU30BAHHOTO U3ydYeHUA. ANrOPUTM OLEHKM OCHOBBIBAETCA Ha MPOEKTMBHOM Pa3NoXeHWUU BEKTOPHOM
NAIOTHOCTU YIN0BOTO pacnpeneieHnsa NoToKa U3NyYeHMUA Ha HEKOTOPOM NOBEPXHOCTU N0 OPTOHOPMUPOBAHHOMY
6a3ucy nonychepuyeckmux rapMoHMK, NOCTPOEHHbIX Ha OCHOBE MPUCOEeANHEHHbIX NoaMHomoB Akobu [1]. Ann
noay4yeHna AaHHOW OLEHKM Mbl Npeaaaraem MCnonb30BaTb HOBbI NOAX0A, OCHOBAHHbIA Ha NPUMEHEHNN Me-
TOAa COnpAXKeHHbIX 6ay*KaaHul [2] ¢ nocnegoBaTe/ibHbIM YTOYHEHNUEM MCKOMOW MJIOTHOCTU pacnpeaeneHums.

PaboTa BbINONIHEHA B paMKax rocyAapcTBeHHoro 3agatiusa MBMuMTI CO PAH (npoekT 0251-2021-0002).
Cnuncok nutepaTypbl

1. Tracheva N. V., Ukhinov S. A. Two-dimensional projection Monte Carlo estimators for the study of angular charac-
teristics of polarized radiation // RINAMM. 2018. V. 33, Ne 3. P. 187-199.

2. Marchuk G. I., Mikhailov G. A., Nazaraliev, M. A. et al. The Monte Carlo Methods in Atmospheric Optics. Springer-
Verlag, Berlin. 1980.
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PaboTa nocealeHa anroputmam meTogoB MoHTe-Kapao gna pelweHns HecTaumoHapHbIX 33434 1a3epHoro
30HAMPOBAHNA NPUPOAHbBIX CPes, UMEIOLLMX CyYaliHyo rpaHuLy pasgena. B 4aHHOM c/iyyae TakoBOM ABAseTcA
NOBEPXHOCTb MOPCKOrO BOIHEHWA MPU 30HAMPOBAHUN CUCTEMBI cpes, "oKeaH — aTmocdepa'". PaccmatpusaeTca
3aZa4a No oueHKe GpyHKUMM pacnpeneneHumsa no BpeMeHN MHTEHCUBHOCTM pacnpeaeneHus n1a3sepHoro usnayde-
HWA, NOCTYMNalOLLEro B MPUEMHMK NOCIE NPOXOXKAEHMUA Yepes cucTeMy cpes, "okeaH —aTmocoepa” us 3aaHHoro
MCTOYHMKA C Y4ETOM B3BOJIHOBAHHOM MOBEPXHOCTU. MCNONb3YyOTCA JIOKa/IbHbIE OLLEeHKM meTogoB MoHTe-Kapno
[1, 3]. Taknm 0b6pa3om, yYUTbIBAETCA HECTALMOHAPHOCTb UCTOYHMKA. 15 NOCTPOEHUS B3BOJIHOBAHHOM NOBEPX-
HOCTM OKeaHa mcnosib3yetca dpaueTHas mogens [2]. PacueTbl NpoBOAMANCH A8 PA3/IMYHBIX MAaPaMETPOB MNpu-
eMHMKa. TaKkKe 6binn NpoBeaeHbl UCCNeA0BaHUA NONYYEHHbIX Pe3yabTaToB, NPOBeAeHbl YNCNEHHbIE SKCMnepu-
MEHTbI NMPY Pa3NNUYHbIX 3HAYEHUAX NAaPaMeTPOB CUCTEMbI, TAKMX KaK BbiCOTa aTMochepHOro cios, rybuHa Boa-
HOFO CN0A, CKOPOCTM BETPa, KOTOPan BAUAET Ha C/y4aliHy0 NOBEPXHOCTb FPaHMULbl pasfdena CUCTEMbl OKeaH-
aTmocodepa.

PaboTa BbINONHEHa B paMKax rocygapcteeHHoro 3agaHuna MBMuMI CO PAH (npoekTt 0251-2021-0002).
Cnucok nautepatypbl

1. Mapuyk I. U., Muxaiinos I'. A., Hazapanues M. A. n ap. Metoa MoHTe-Kapsio B atTmocdepHoit onTuke // Hosocu-
6upck: Hayka, 1976. C. 280.
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2. Cox C., Munk W. H. The measurement of the roughness of the sea curface from photographs of the sun's glitter //
J. Opt. Soc. America, 1954, 44, N 11. P. 838-850.

3. K. B. Rakimgulov, S. A. Ukhinov. Local estimates in Monte Carlo method for the ocean-atmosphere system with
random interface // Russ. J. Numer. Anal. Math. Modelling. 1994. V. 9, N 6. P. 547-564.

CraTuctuuecKkasa Kocmorpadua: MapKoBCKUI noaxon, K XpaHeHUtlo u obpaboTke rnobanbHoit vHGopmauum

B. B. YuaiikuH

YnvsaHoscKuli 20cyHUsepcumem
vuchaikin@gmail.com

DOI: 10.24412/cl-35065-2022-1-00-74

O630pHbIN AOKNAA U3NAraeT HOBbIM NOAXOA K CTAaTUCTUYECKOMY OMMCAHWUIO MPOCTPAHCTBEHHOIO pacnpese-
NeHus Habnoaaemol maTepun B KOCMUYECKOM NPOCTPAHCTBE, BK/IKOYAsA Mbl/IeBble U MONEKYAAPHble 061aKa U
MarHUTHble HeoAHOPOAHOCTU MeXK3Be34HOW cpedbl Hawel [aNaKTUKKU, UCTOYHMKM KOCMMYECKUX y4veir U
OCTaHKM CBEPXHOBbIX, B KOTOPbIX YCKOPSOTCA KOCMUYECKME /YUK, a TaKKe BHEraNakTMyeckne o6 beKTbl — ranak-
TUKW, CKOMNEHWUA raNakTUK, CKOMNEHUS CKONNEHUIM raNakTUK, PEHTITEHOBCKUE U PagMOUCTOYHUKU, MNOOKEHUS
WMCTOYHUKOB raMMa-BCMN/IECKOB, Ny/1bCapoB U KBa3apoB. O6LWMMM ANs BCell 3TOM MaTepumn ABASETCA ee CMeLLaH-
HblI/ IOKaNIbHO-KOHTUHYa IbHbIN XapaKTep, Aasekue Koppenaunumn obpaTHO-CTeNeHHOro TMMa, NpoABAstoLLMecs
B Ha/IMYNM KNacTepoB M BoiMAoB (0b61acTeit Cc NOHMMKEHHOM NIOTHOCTbIO) M Noao6uMe cBOMCTB (aBTOMO/E/bHOCTD)
B Pa3HO-MacTabHbIX pakypcax. Takoro copTa CBOMCTBA Cpebl ONUCbIBAOTCA B paMKax ppaKTanbHON meTon0-
nornm (moHodpakTanbl, budpakTansl, MynbTUdpaKTabl), eCTECTBEHHbIM 06pa3oM NpuBoasLLEN K ApobHO-and-
depeHumanbHbiM (fractional) onepaTtopam, cobcTBEHHbIMU GYHKUMAMM KOTOPbIX ABASIOTCA YCTOMYMBbLIE pac-
npegeneHma Jleen ¢ 6eCKOHeYHbIMM MOMeHTaMun. MNocneaHee 06CTOATENLCTBO BbIBOAUT HAc 33 pamKku LleH-
TpasibHOM NpefenbHON TeopemMbl U TpebyeT pa3BUTMA HOBOFO CTAaTUCTUYECKOro annaparta. Annapar 3ToT CTpo-
nTca Ha 6a3e 0606 EeHHOM NpeaenbHOM TeopeMbl JleBn — XMHUMHA, 3ameHAoLWeln Tenepb ee Maycco —/lannacos
aHanor.

0630p coAepXKUT P, OPUrMHA/bHbBIX PE3Y/IbTAaTOB, NOJYYEHHbIX aBTOPOM C KOIJIEraMu MU OTHOCALLMXCA K
JanbHenlleMy pa3BUTUIO 3TOro annapara. Peub, B 4acTHOCTU, MAET O NpeACTaB/IeHMM CBOMCTB cpeabl C MOMO-
LLbIO MHOXECTBA Y3/10B MAPKOBCKUX Lenen ¢ nepexoHoin ycToiumeoi J1eBU-NAOTHOCTbIO, BbiBOAE AN1A 3TOM
mogenn obobuieHHOro ypaBHeHMA OpHwTelHa — LepHUKe M NpMMEHEeHUM annpoKcMmauum 3onoTapesa —
YyaliknHa pypbe-cnekTpa MOLHOCTU TypbyAeHTHbIX NyAbcauuii s onpeaeneHns YMCA0BbIX NapameTpoB MO-
Aenuv no Hab o aaembiM AaHHbIM.

UccneposaHune 3¢ dEKTUBHOCTM BECOBOrO aJITOPUTMA U METOAA MaKCUMMAJIbHOTO CeYeHus

AN MoAeNnpoBaHua ANnHbI cBo6oaHoro nobera ¢poToHa B CTOXAaCTUYECKUX cpegax

M. YkaHl, B. A. Kaprun'?, E. I'. Kabnykosa?

'Hosocubupckuli 2ocydapcmeeHHbiIli yHUsepcumem

2WlHcmumym sbiyucaumensHol Mamemamuku u mamemamudeckoli 2eopusuku CO PAH
Email: bkargin.osmf@mail.ru

DOI: 10.24412/cl-35065-2022-1-00-77

B paboTe oueHMBaeTCA TPYAOEMKOCTb aifOPUTMOB BbIYMCAEHUA NPOMNYCKAHUA U OTPaXKEHUA COJIHEYHOTO
n3nyyeHua gna o61a4yHOro €noa ¢ HeEOA4HOPOAHOM CTPYKTYpPOM Aana ABYX cnocoboB MOAENNPOBAHUA OJAUHbI
cBobogHoro npobera: METO40M MAKCMMaNbHOFO CEYEHUA M BECOBLIM anroputmom [1]. Jna onnucaHna HeogHo-
POAHOM CTPYKTYPbI KO3dpPuumMeHTa ocnabneHuns cpeapl MCNOAb3YIOTCA CNEKTPAsIbHAA O4HOPOAHAA rayCCOBCKas
mogenb [2] u mogenb Ha ocHoBe NoTokoB lNyaccoHa [3]. CpaBHEeHUe TPYA0EMKOCTM NPOBEAEHO ANA PA3/IUYHbIX
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3HAYEHWUI AINMHbI KOPPENALMM CIYYAMHOTO NOJIA, a TaKXKe MaTeMaTUYECKUX OXUAAHWUI U AMcnepcun ogHoOMep-

HOro pacnpezeneHus KoapouumeHTa ocnabneHums.

PaboTa BbINO/IHEHa B pamKax NpoekTa roc. 3agaHuna MBMuMI CO PAH 0251-2021-0002.
Cnuncok nutepaTypbl

1. KapruH B. A. HoBbli1 N0AX04 K CTOXaCTMYECKOMY MOAE/IMPOBaHMIO 3a4a4 atmocdepHoi ontnkn // OnTuka atmo-
chepbl 1 oKkeaHa. 2005. T. 18, Ne 12.

2. MpurapuH C. M. MeToabl YACNIEHHOTO MOAENNPOBAHMA C/lydaliHbIX npoLleccos 1 nonei. Hosocmbupck: UBMuMr
CO PAH, 2005.

3. Muxawnnos I'. A., Bointuwek A. B. YucneHHoe cTaTucTnyeckoe mogenmposaHme. Metoabl MoHTe-Kapao. M.: Akage-
mus, 2006.

AHM30TPONHbIN anropuTm 61y:kaaHuA no chepam ANA peleHUa cucTembl ypaBHeHui Jlame

N. A. Wanumosa, K. K. Cabenbdenbg,

UHCmumym eblyucaumensHol mamemamuKku U mamemamu4eckoli eeogpuzuxku CO PAH
Email: ias@osmf.sscc.ru

DOI: 10.24412/cl-35065-2022-1-00-78

B AOKNage Mbl pa3BMBaEM BETBALLMIACA aHWM3OTPOMNHLIN anropuTm "6ay*KaaHua no chepam” ansa peweHun
nepBoi KpaeBoW 3a4a4M TEOPMM YNPYroCTU. M3BECTHO, YTO NPUMEHEHWE CTaHAAPTHOIO aaropuTma "6ayRaaHuns
no cpepam" K pelleHunto ypaBHeHMA Jlame CTaNIKMBaeTcA ¢ Npob61eMolt 3KCMNOHEHLMANbHOIO POCTa ANUCMEPCUN.
MoaTomy 15 yMeHbLIEeHUA POCTa ANCMEPCUN B AaHHOM paboTe NpuMeHAeTCA BeTB/IEHNE TPAeKTOPUIA, NPU 3TOM
pacnpegeneHue Ha chepe oyepesHOW CNyYallHOW TOYKM MOAENNPYETCA HE U30TPOMHO, @ B COOTBETCTBUM CO
CTPYKTYpPOW afpa UHTerpaabHoro onepatopa [1]. Uccnenytotca cBoiicTBa NpeaoXeHHOro anropMtma, ero amc-
nepcusa, NOrpeLwwHoCTb U TPYA0EMKOCTb. YUCAEHHbIE SKCMepUMEHTbI NPUBEAEHbI A1 6ECKOHEYHOI NoAoChI.

PaboTa BbinosHeHa Npu ¢UHaAHCOBOWN NogaepKKke Poccuiickoro doHaa GyHAaMeEHTaNbHbIX UCCAea0BaHNUIA (Kog npo-
ekTa 20-51-18009).

Cnuncok nutepaTypbl

1. Sabelfeld K. K., Shalimova I. A. Spherical and Plane Integral Operators for PDEs. Construction, analysis and applica-
tions. Berlin: De Gruyter, 2013.

OueHKa norpewHocTn 1 ontumusauma meroga NCM c yuetom perynapmsaumm

E. B. Lkapyna?, M. 0. MnoTHnKos?

YMHemumym sbivucaumensHoli Mamemamuku u mamemamuyeckoli 2eogpusuku CO PAH
Email: sev@osmf.sscc.ru

2YiHcmumym mennogusuku CO PAH

Email: plotnikov@itp.nsc.ru

DOI: 10.24412/cl-35065-2022-1-00-79

MeTtoza npamoro ctatuctndeckoro mogennposaHua (MCM) B HacTosLWee BPeEMS ABASETCA OCHOBHbIM YMC-
JNIEHHBIM UHCTPYMEHTOM A1 PelleHuA 3a4a4 AMHAMMKM Pa3perKeHHOro rasa. B cuay cnoXHOCTU KOHCTPYKLU MU
MeToa 3a/1a4a OLLEeHKM MNOrpeLHOCTU U BbiIbopa NapameTpoB aaropmMTma, obecneymBatoLmnx 3a4aHHY0 norpeLu-
HOCTb pacyeToB, Aa/ieKa OT 3aBepLieHus. B pabote [1] npeanoxkeH NOAXOL K OLeHKe NOrpeLwHoCT!, BHOCUMMOWM
perynspusaumeit B3aMMoaenCcTBUA ABYX YacTUL, MO NPOCTPAHCTBEHHbBIM NepeMeHHbIM. TaM e NpoBeaeHa npu-
61MKeHHan oueHKa norpewHocTn metoaa NCM B L; meTpuke.



Cexkyusa 2 65

MpeactaBneHHasa paboTa HanpaB/ieHa Ha aHaN3 NOrPELHOCTU U onTuMM3aumto metoga NMNCM B meTpuke C.
[ns aHannsa NorpeLwwHocTb yA06HO pasaennTb Ha BHYTPEHHHO (MOrpeLwwHoCTb CaMoro airopuTma) M BHELHIO
(norpewHocTb cbopa nHpopmaumm). Moaxoabl K OLEHKE BHELHEN NOrPELIHOCTU U BbIBOPY ONTUMabHbIX Napa-
MEeTpPOB npeacTaBneHbl B paboTe [2]. MNorpewHOCTb, BHOCMMAn perynsipmsaument, oTHOCUTCA K BHYTPEHHeN no-
rpewHocTn. MpoBeaeH YMCNEHHbIN aHaIN3 MOrpeLHOCTN AByX cnocoboB perynsapusauunmn us [1] Ha npumepe
3aJa4yM O Tenaonepeaadye mexay AByma naactmHamu. MNpeanoxkeH noaxos K NOCTPOEHUIO BEPXHEN rpaHn no-

rPeLWHOCTM N ONTUMM3ALLUKN A/ITOPUTMA C Y4ETOM BHELLHEN NOrPEeLIHOCTM U NOrPELLHOCTY perynapusaumu.
PaboTa BbiNnosHEHa Npy GUHAHCOBON Noaaep KKe bloaKeTHbIX rpaHToB (10251-2021-0002 1 2121031800218-5).
Cnuncok nutepaTypbl

1. Rogasinsky S. V. // Russ. J. Numer. Analys. Math. Modelling. 2009. V. 24. N 5. P. 495-513.
2. Plotnikov M. Yu., Shkarupa E. V. // Computers & Fluids. 2012. V. 58. P. 102-111.
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CEKUMA 3
MaremaTtunueckana reopumsmkKa

Selection of the most informative set of monitoring stations for the tsunami waveforms inversions: the case

study of the Solomon Islands Tsunami on February 6, 2013

T. A. Voronina

Institute of Computational Mathematics and Mathematical Geophysics SB RAS
Email: tanor@bk.ru

DOI: 10.24412/cl-35065-2022-1-00-80

Based on the truncated singular value decomposition method (referred to as the r-solution method) the
methodology is presented to select the most informative set of the tsunami sensors for the inversions of the
tsunami waveforms recorded by the DART buoys. As an example, the observational system for the case of the
Solomon Islands Tsunami of February 6, 2013 was assumed. The data of the most informative sensors make it
possible to more accurately restore the original tsunami waveform and simultaneously, without new calcula-
tions of the wave propagation from the reconstructed source, to obtain the sea surface heights at the points
where there were no observations, but which, as a "fictitious" stations have been involved in the prior calcula-
tions of the matrix. Estimating the shares of the specific energy of the wave at the location of each buoy is a key
idea of the approach proposed. Moreover, the value of r, as one of the main inversion parameters, can be quickly
and confidently determined by estimating the share of the specific energy generated by each mode. The method
can be used in designing a Tsunami Warning System.

The study was supported by Ministry of Science and Higher Education of the Russian Federation at ICM&MG SB RAS
(state assignment 0315-2021-0005).

MeToA 3epKaabHOro o6paLeHua BpemeHu B NPUMEHEHUM K 3a4a4e PeKOHCTPYKLIMM PacceUBaOLLUNX

06beKToB

A. A. lanaktnoHosa, . B. PeweTtoBa

UHcmumym sblducaumensHol mamemamuKku u mamemamuyeckol 2eogpusuku CO PAH
Email: a.galaktionova@g.nsu.ru, kgv@nmsf.sscc.ru

DOI: 10.24412/cl-35065-2022-1-00-81

PEeKOHCTPpYKUMA HEOLHOPOAHbIX BKAOUYEHUIN BHYTPWU reosiorMyeckon cpeabl umeeT GyHAAMEHTaIbHOE 3Ha-
yeHune ANA NOBbILIEHMA pPa3peLlalolLeld CnOCOBHOCTU U HaAEKHOCTU METOZ0B UHTepnpeTaumm reodusmnyeckmx
AaHHbIX. B gaHHOM paboTe NpeasioKeH MeToA, IOKaAM3aLUnmn ciydaliHbiX HeoAHOPOAHOCTEN cybcelicMmmnyeckoro
macwTtaba B 0AHOPOAHOWN YMpyron cpede C NOMOLIbIO MeToZa 3epKanbHoro obpaueHus spemeHn (Time
Reversal Mirror, TRM) [1]. MeToa ocHOBaH Ha BO3MOXHOCTM 06paTUTb BOAHOBOE Noje B cpedax 6e3 nornouie-
HUWSA, NPU 3TOM pacceBatowye 06bEKTbI BbICTYNALOT B KayecTse "BTOPUYHbIX MCTOYHUKOB" . MIHAMKATOpammM Hanu-
yns B cpese reosIorMYeckoi Heo4HOPOAHOCTM KaK pas M BbICTYNAlOT BO3HMKatOLWME BTOPUYHbBIE UCTOYHUKU. OHU
JIOKaNM3yoTcs MeToA0M 3epKasibHOro obpalleHns BpeMeHM No 3anncaAM CUCTEMbl BO3OYKAEHUA U perncrpa-
UMM Ha cBoboaHOM NoBepxHOCTU. MNpoBeaeHbl YNCAEHHbIE SKCNEPUMEHTbI C UCNOb30BaHUEM CUHTETUYECKUX
OaHHbIX AnsA BepuPUKaumna npeasiodKeHHOro metoaa. TectoBble MOAENIN PACCYMUTLIBANIMCD KOHEYHO-Pa3HOCT-
HbIM METOZOM Ha CABUHYTbIX CETKaX A4/19 CUCTEMbI AMHAMUYECKOM TEOPUM YINPYTOCTH.

PaboTa BbinonHeHa nNpu GMHaHCOBOW Noaaep KKke Poccuiickoro HayuHoro ¢poHaa (Kog npoeKkTta 22-21-00759).
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Cnucok nutepaTypbl
1. Fink M., Wu F., Cassereau D. and Mallart R., Imaging through inhomogeneous media using time reversal mirrors //

Ultrasonic Imaging. 1991. V. 13. P. 179-199.

The seismic wave propagation in gradient media
V. |. Golubev, Yu. S. Ankipovich, I. B. Petrov
Moscow Institute of Physics and Technology

Email: w.golubev@mail.ru
DOI: 10.24412/cl-35065-2022-1-00-82

The seismic survey is the commonly used method to estimate the internal structure of oil and gas deposits.
Two techniques are used for the numerical model construction: isotropic layers with different elastic properties
and an averaged anisotropic medium. Recently, the grid-characteristic method has been successfully adopted
for these problems [1, 2].

The current research is devoted to the extension of this approach for the simulation of seismic waves in
gradient media. The case of linear dependency of the density and the P-wave velocity on a spatial coordinate is
considered. The explicit second-order grid-characteristic scheme was constructed. The direct comparison with
the piece-wise constant medium description was carried out.

The reported study was funded by RFBR, project number 20-01-00261.
References

1. Golubev V., Shevchenko A., Khokhlov N., Petrov I., Malovichko M. Compact Grid-Characteristic Scheme for the
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CraTtucTuyeckme anroputmMmbl aHaaM3a, USMepPeHUa U Ppacno3HaBaHUA TPAHCNOPTHbIX LUYMOB B 3aga4ax

reosKosiorum
O. A. Konblinoea, M. C. XapetanHos

MHcmumym selvucaumenbHol mamemamuku u mamemamu4eckoli eeogpusuxku CO PAH
Email: marat@opg.sscc.ru

DOI: 10.24412/cl-35065-2022-1-00-83

B pa60Te paccmaTpuBaeTCa 3a4a4a o6Hapy>+<eva M pacno3HaBaHMA TUNOB TPAHCMNOPTHbLIX CPeACTB MO 3a-
NUCAM CEMCMUYECKUX KOHGGaHMVI, PEerncTpnpyembiX Ha NOBEPXHOCTUN 3eM/IU, N aKYCTUYECKUX — B aTN\ocd)epe.
B KauecTBe 06bEKTOB paccmaTpuBakoTCA HeﬂeBHOAOpOH(HbIVI, aBTOMO6MﬂbeIl7I, TAMKENbIA KOJIECHbIN U ryCceHuny-
HbIN TPpaHCNOPT. 06Hapy>+<eHv|e WUCTOYHUKOB KoebaHui NPOUCXo4AnT Ha OCHOBE a4anTUBHOIO NOpPOroBoro asna-
roputma C npuMeHeEHNEM KpUTepma makCMmMmaJibHOIro I'lpaB,CI,OI'IOAO6VIFI. Ha BblaeneHHbIx y4acCTKax 3anucel c uc-
NnoNb30BaHMEM CNEKTPA/ZIbHOIO U CNEeKTPabHO-BPEMEHHOIO aHan3a onpenenAaroTca VIHd)OpMaTVIBHbIe npu-
3HaKuM AnAa paccmatpuBaembiX BUAOB TPaHCNOpPTAa. OcHOBbIBAACb Ha AaHHbIX I'IOI'IY‘-IGHHOVI CTaTUCTUKM 3anuncen,
pelwaeTca 3a4a4a NOCTPOEHNA 3TA/ZIOHOB Ha 3Tane o6yquvm M paCno3HaBaHUA TPAHCNOPTHbIX 06BbEKTOB MO wy-
MaM B yCNnoBUAX anpmopHoVI HeonpeaeneHHoOCTn 06 nx Konmyectse. MonyyeHbl YNCNEHHbIE OUEHKN TOYHOCTHU
peweHnAa 3aga4mM B YCNI0BUAX HATYPHOTO 3KCNEPUMEHTAa.

PaboTa BbiNosiHEHA Npu GUHAHCOBOM noaaep:Ke Poccuitickoro ¢oHaa dyHAaMeHTaNbHbIX UCCNeL0BaHUIA (Koa npo-
ekTa 20-07-00861a).
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AHanun3 3aTyxaHmA cencMUYecKMx Bo3aencTeunii ana baikanbcKkov pudToBO 30HbI

B. A. MupoHos®?, C. A. Nepetoknn?3, K. B. CumoHoBs?

Yuemumym seiqucnumensHozo modenuposaHus CO PAH

2KpacHosapckul gpunuan @edepanbHo2o uccaedosamenbcko20 UeHMpPa UHGOPMAUUOHHBLIX
U 8bIYUCAUMESbHBIX MexHOo02ull

3SMHcmumym ¢usuku 3emau um O. FO. LLImudma PAH

Email: vasya-kun@mail.ru

DOI: 10.24412/cl-35065-2022-1-00-84

PaboTa nocesiweHa 06paboTke 3emneTpaceHnin balKkanbcKol pUGTOBOM 30HbI M aHANN3Y NONYYEHHbIX AaH-
HbIX. [nA 06paboTKK Hbla aganTMpoBaHa MeTOA010MMA TUXOOKEAHCKOro LLeHTPa UHKEHEPHbIX UCCNea0BaHui
3eMNeTPACEeHUI Npu peannsauum HaydHoro npoekta NGA-West2 [1, 2]. Llenb 06paboTkm — onpegeneHme nmKko-
BbIX YCKOPEHMI N CKOPOCTEN rpyHTa, CNEKTPOB peaKkuum ycKopeHnin. B paboTe npeactasneHbl pacnpeaeneHms
NMO/Iy4YEHHbIX 3HAYEHU OTHOCUTENbHO PACCTOAHMA 40 UCTOYMHWKA, @ TAK¥Ke CONOCTaBAEHUE C COBPEMEHHbLIMM
3apybeXKHbIMM MOLENAMM 3aTyXaHMA.

PaboTa BbINnosHeHa no Teme rocsagaHunsa Ne 0144-2019-0010 ¢ ucnonb3oBaHWEM AAHHbIX, NONYYEHHbIX HA YCTaHOBKe

"CeAiCMONH}PA3BYKOBON KOMMNAEKC MOHUTOPUHIA apPKTUYECKOW KPMOAMUTO30HbI M KOMMIEKC HENPEpPbIBHOMO cerlcmuye-
CKOro MOHUTOpPWHra Poccuiickoit ®egepaLuun, conpeaenbHbix TeppuTopuin u mmnpa'.

Cnucok nutepatypbl
1. Bozorgnia Y., et al. NGA-West2 Research Project // Earthquake Spectra. 2014. V. 30. Ne 3. P. 973-987.

2. Ancheta T. D., et al. NGA-West2 Database // Earthquake Spectra. 2014. V. 30. Ne 3. P. 989-1005.

CUHTETMYECKME ANarpammbl 31EKTPUUECKOro U 31IeKTPOMarHUTHOro KapoTayka Npyu MHTepnpeTaunm AaHHbIX
B cucteme ATJIAC MPM
B. Hecteposa?, U. B. CypoanHa®?, H. M. YepHsak?

YMHecmumym ebiyucaumensHoli Mamemamuku u mamemamuyeckoli 2eogpusuxku CO PAH
2iHcmumym Hegpmezasoeoli 2eono2uu u 2eogpusuxku CO PAH

Email: NesterovaGV@ipgg.sbras.ru

DOI: 10.24412/cl-35065-2022-1-00-85

PenaunoHHas 6as3a gaHHbix AT/IAC MOM npeacTaBnaet coboit Konnekumoo unudpoBbiX MHOFOOU3UYHBIX
mogenen HedTerasoHacbIWeHHbIX Konnektopos [1, 2]. Cuctema AT/TAC MOM npeaHasHavyeHa 414 NOCTPOeHUA
cueHapueB bypeHus 1M paspaboTKM CKBaXKWMH, aHAM3a U MHTEPNPETaLMN pe3y/ibTaToB KOMMNIEKca reopusnye-
CKUX, TEXHONIOTUYECKUX, MHIKEHEPHDBIX MCCNEA0BAHMIM CKBAXKUH. 1A NOCTPOEHMA MHOTOPU3NYHON MOAEenn Nna-
CTa-KOJIZIEKTOPA MO NPaKTUYECKMM KapoTarKHbIM AiaHHbIM B cucteme AT/TAC MM paspaboTaHbl HOBble BEpCUU
nporpamm moaennpoBaHusa curHanos BUKMU3 1 BK3. CkopocTu pacuyeTa npodman cMrHanos NO3BOASIOT aBTOMa-
TM3MPOBATb NOCTPOEHUA LMdpoBoi MHorodmsnyHom mogenu nnacta 8 AT/TACe MPM.

PaboTa BbinosHeHa Npu pUHaHCOBOM noaaep*Kke npoekta PHU Ne FWZZ-2022-0025, nporpammbl MogennpoBaHns
YyCOBEPLUEHCTBOBAHbI B paMKax rocygapcreeHHoro 3agaHna MBMuMTI CO PAH 0251-2021-0004.

CnncokK nuTepaTypbl

1. Hecteposa . B., Enbuos M. H., Hasaposa /1. A.,, Hasapos /1. A., Cobones A. 0., CypoauHa W. B., YepHak H. M. //
ATLAS MPhMR: CB1aeTenbCTBO O rocy4apCTBEHHOM perncrTpaummn 6asbl aaHHbIx Ne 2021621410, aata peructpaumumn 29.06.2021.

2. CypoguHa, U.B, Hectepoga, I'. B. MogenMpoBaHue nokasaHuit 3oH408 BUKN3 1 BK3 Ha rpaduueckux npoueccopax
// NMeTpodusnKa CNnosKHbIX KONNEKTOPOB: Npobaembl 1 nepcnektnsbl 2015. C6opHMK cTaTel EAGE. C. 85-94.
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JloKauMoHHOe 06Hapy)KeHUe U OLeHKa NapaMeTPOB OTPAXKEHHbIX CEUCMUYECKUX UMNY/IbCOB

E. B. PabuHoBMY
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Email: erabinovich1952@gmail.com

DOI: 10.24412/cl-35065-2022-1-00-87

B paboTe ncnosb3yoTca naen MetToaa OTParKeHHbIX BOJIH, B KOTOPOM NpU B3PbIBHOM BO36YXKAeHUM Koe-
6aHUIA cxemaTU3MpyeTca NPOLLeCC PacnpoCTPaHEHUA HEIMHENHbIX BOH ABUMKEHMEM SHEPTMU OTPaXKeHHOro
cecMmnYeckoro nmnynbca. Ecam umnynbc obHapysKeH To, B paMKax anpuopHbIX NPeAnofoXKeHUA 0 CBOMCTBAX
cpefbl, MOXHO OCYLLEeCTBUTb IoKaLuuto ero ¢as.

MeToabl ONTUMaNbHOIO NPUEMa OTPaXKEHHbIX UMMYNbCOB, Ha POHE PerynapHbIX U HeperynapHbIX Nomex,
Npw PasINYHbIX YCA0BUAX BO3OYKAEHMA U PETNCTPALIUM CUTHA/I0B, XOPOLLIO U3YYeHbl B paanoioKaLmu.

Npes npepnaraemoii TOKaLUMOHHON TEXHO/IOTMM OCHOBaHa Ha NPUMEHEeHUN METOA0B PaanooKauun ans
pelleHns 3a4a4 0OHapyXeHUA U OLEHKN NapaMeTPoB CEMCMUYECKUX MMMY/IbCOB, OTPAXKEHHbIX OT FTYOUHHbIX
rpaHuLL, uccieayemon cpeabl.

CnucokK nuTepaTtypbl

1. TuxoHoB B. . OnTuManbHbIN npuem curHanos. M.: Paguo u cesasb, 1983. 320 c.

2. Rabinovich E. V., Shefel G. S., Jukov A. V. Location Technology for Construction of Seismic Images // Proc. of 14th
International Scientific-Technical Conf. on Actual Problems of Electronic Instrument Engineering Proceedings APEIE-2018.
V. 1. Part4.P.519 523.

3. Rabinovich E. V., Filipenko N. Y., Shefel G. S. Generalized model of seismic pulse // Proc. of International Conf. Infor-
mation Technologies in Business and Industry 2018 IOP Conf. Series: J. of Physics: Conf. Series 1015 (2018).

MpumeHeHUe BeliBNeT-aHaNU3a ANa onpeaeneHusa KBasu-aByxaHeBHoi Bapuauumn fOF2 no gaHHbIM

MOHO30HAa Baplwasa
C. A. PabosBa
NHcmumym ¢pusuku 3emau um. O. F0. LLimudma Pocculickoli akademuu HayK

NHcmumym duHamuku eeocghep um. akad. M. A. Cadosckozo Pocculickoli akademuu HayK
Email: riabovasa@mail.ru
DOI: 10.24412/cl-35065-2022-1-00-88

Lenblo HacToALero MccaefoBaHUA ABAAETCA M3yYeHNe NPUMEHMMOCTU BEeMBET-aHaIM3a ANA BbIABAEHMUA
BO3MOXKHbIX KBa3n-ABYXAHEBHbIX OCUMANAUNIN noHochepHoro napametpa fOF2. Ucnonb3oBaHWe BenBaeT-aHa-
/IN3a NO3BOJIAET NOMYYUTb YAaCTOTHO-BPEMEHHYIO MHOPMALLNIO O BPEMEHHOM PsiZe U onpesennTb bonee TOUHO,
MO CPAaBHEHMUIO C K/TACCUUYECKMM CMEKTPasibHbIM aHaM30M, MOMEHT BO3HMKHOBEHMA ONpeaesieHHOro TMna Ko-
nebanuii [1]. B xoae npumeHeHUs BeMBAET-aHaIN3a UCMO/1b30Ba/IMCb PE3y/1bTaTbl ONpeae/ieHUA KPUTUYECKON
yactoTbl F,-cloAa Ha OCHOBe aHa/M3a MOHOrPamMMm, MOJIYYEHHbIX MPU BbICOTHO-4AaCTOTHOM 30HAMPOBAHWUMU B
r. Bapwasa c nomoubto noHosoHga VISRC2.

NccnepoBaHuMA BbIMOIHEHbI B paMKax rocygapcteeHHoro 3aganuns MAC PAH Ne 1220329000185-5 "MpossneHune npo-
LLeCcCoB NPUPOAHOrO U TEXHOTEHHOTO NMPOUCXOXKAEHUA B re0PU3NYECKMX NOAX U FOCYAaPCTBEHHOTO 3a4aHna NP3 PAH.

Cnuncok nuTepaTtypbl

1. Riabova S. Application of wavelet analysis to the analysis of geomagnetic field variations // J. of Physics Conference
Series. 2018. V. 1141. N 1. DOI:10.1088/1742-6596/1141/1/012146.
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B03MOXXHOCTU NPOrpaMMHbIX CPeACTB MeToAa 31IeKTPoToMorpadmum ansa syyeHus o6beKToB He6oabLIOro

pa3mepa
A. M. CaHuaa, H. H. Hesegposa, A. B. MapuHeHKo, A. E. lLanarnHos
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dneKkTpoToMOorpadpusa — MHOTOINEKTPOAHDBIV ManornybuHHbIA MeToa NOCTOAHHOIO TOKA C BbICOKOM paspe-
LuatoLLel CcnocoBHOCTbIO B FOPU3OHTAIbHOM HanpaBAeHMW, KOTOPas CBA3aHa C PACCTOSHUEM MEXAY dNEKTPO-
Aamu (2-10 m B 3aBMCMMOCTM OT Pa3MepPOoB NOUCKOBOro obbekTa). MeToa anekTpoTomorpadum ¢ Kaxkablim ro-
A0M Bce Bosiee WWMPOKO NPUMEHAETCA ANA PELUEeHMA caMblX pasHbIX 3a4a4. Hanpumep, B Hawux paboTtax [1, 2]
METO/ UCMONb3YeTCA ANA U3YYEHMA PA3/IOMHbIX CTPYKTYP, MOHUTOPUHIOBBIX MCCNEA0BaHUI B CEMCMOAKTUBHbIX
panoHax. TaKkxe aniekTpoTomorpaduma BocTpeboBaHa B apXeoIorMyecknx packonkax [3], B 3aga4ax KOHTPOASA
XBOCTOXpaHUANLL [4], NHXKEHEpPHbIX M3bICKaHMAX. B HacTosAWee BpemMa CYLLECTBYET HECKOJIbKO MpOrpamMmHbIX
NPOAYKTOB A/1A MHTEpNpPeTaLunm AaHHbIX. Kak NOKa3bIBatOT HALLM pe3y/ibTaTbl, CeayeT yunTbiBaTb BO3MOKHOCTHU
NPUMEHEHNA TOrO UKW MHOMO MNPOFrPAaMMHOIO KOMMJIEKCA A/1A PeLleHna KOHKPETHOM 3agaun. B pabote npea-
CTaB/IEHbl Pe3y/1bTaTbl CONOCTaB/IEHMA NPOrPaMMHbIX CPEACTB ANS U3YYEHUA 0OBbEKTOB HEBObLIMX Pa3MeEPOB,
Pacno/oXKeHHbIX B MPUMNOBEPXHOCTHbIX TOPU3OHTAX reo/IorMYeckoro paspesa. B yacTHocTH, TakMe 06BbEKTbI Ya-
CTO NMPUCYTCTBYIOT B MHMKEHEPHbIX 3aga4ax (MaeHTMdMKauusa TpybonpoBoA0B Manoro AnameTpa, NOMUCK MecT
npoTeyeK 13 TpybonpoBoAOB M XBOCTOXPAHUAUL, apxeonornyeckme aptedakTbl U np.) .

PaboTa BbinonHeHa nNpu ¢MHaHCOBOW Noaaep KKke 6asosoro npoekta MHIT CO PAH (kog npoekta FWZZ-2022-0025).
Cnuncok nutepaTtypbl

1. Sanchaa A. M., Nevedrova N. N., Surodina I. V. Numerical modeling of fault structures in the Kurai basin of Gorny
Altai based on data from direct current methods // MapuykoBckue HayuHble yTeHna-2021: Tesucbl MexKayHapoaHOW KOH-
depeHunmn, HoBocnbmpck, 4—8 oktabpa 2021 r. C. 92-93.

2. WanapexKko, N. O. MOHWUTOPUHT Pa3NIOMHbIX 30H METOAOM 3/1ieKTpoToMmorpadun (Ha npumepe ropHoro Antas) /
W. 0. WanapeHko, H. H. Hesegposa // Mpobaembl reoanHaMUKN 1 T€03KONOTMU BHYTPUKOHTUHEHTA/IbHbIX OpOreHos : Te-
3ucel goknagos VIl MexayHapoaHoro cumnosnyma, nocsaw,. 80-netuio 0. A. TpanesHunkosa, buwkek, 19-24 niona 2017 r.
buwkek: Hayy. ctaHuma PAH B buwkeke, 2017. C. 433-437.

3. bankos E. B., KapuH 0. T., Mo3aHakosa O. A., sabkos M. T., Fornes . A. Pe3ynbTaTbl KOMMIEKCHbIX UCCNeA0BaHNM
KypraHHoro moruabHuKa Ayn-Kowkynb-1 8 bapabuHckoit necoctenu // Apxeonorus, sTHorpadua v aHtTpononorus Espasmu.
2022.T.50, Ne 1. C. 138-146.

4. bopTHuMKoBa C. b., Opkeswny H. B., Egenes A. B., Caesa O. IN., I'paxosa C. 1., BonbiHkKH C. C., KapuH 0. I'. Tnapoxu-
MWYECKMe U ra3oBble aHOMaANK Ha cynbduaHOM XxBocToxpaHuauie (Canaup, Kemeposckasa obnacts) // U3B. Tom. nonu-
TeXH. YH-Ta. UHXMHUPUHT reopecypcos. 2021. T. 332. Ne 2. C. 26-35.
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[na 30H40B ManornybuHHOro YacToTHoro soHanposaHma SMC [1] n gna 30HA0B ManornybuUHHOro paau-
aNbHO-YaCTOTHOro 30HAMpPOBaHWA Meosusep [2] co3gaHbl NPOrpamMmsl, NO3BOAIOWME MOLENMPOBATL NOKa3a-
HWMA 30HA0B B peasibHbix cpeaax. Mpu MoaennpoBaHUM UCNOb3YETCA KOHEYHO-Pa3HOCTHbIN NOAXOA, K anmnpokK-
cMMaumu ypaBHeHuin Makcsenna. aa nonyyeHuna 6bICTPbIX pacyeToB NPorpammbl HanncaHbl AN rpapuyeckmnx
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npoueccopos. [poBeaeHo TecTupoBaHue U BepudmKauma nporpamm B 601bLIOM MO CONPOTUBIEHUIO AMana-
30He Moggenielt peanbHbIX cpea.

PaboTa BbINO/HEHa B paMKax rocyAapcTBeHHOro 3agaHuna MBMuMI CO PAH 0251-2021-0004.
Cnuncok nutepaTypbl

1. MaHwrenH, A. K., Manun T.J1., TukyHos C. 0. AnnapaTypa 4acTOTHOrO 3/1EKTPOMArHUTHOrO 30HAMPOBAHMUA
"9MC" // Feonorus n reodpumsmka. 2008. Ne 6. C. 571-579.

2. bankos E. B., MaHwTelH A. K. MakeTMpoBaHWe annapaTtypbl Masor1y6bMHHOFO 31eKTPOMArHUTHOIO NpPoduanpoBa-
HUA N PaaManbHO-4aCTOTHOrO 30HAMpOBaHUA // X MesayHapoaHas BbiCTaBKa M Hay4uHbI KoHrpecc "MEO-Cnbupb-2014",
HoBocnbupck, 8—18 anpens 2014 r. : c6. maTepuanos. Hosocnbupck, 2014. T. 2. C. 3—-7.

MogaenuposaHue paboTbl ckBaxKuHbl ¢ FPM npu nepexogHom pexxume paboTbl

H. O. dokeesa?, P. A. bawmakos™?
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MeTopa, ruapasandyeckoro paspbisa nnacrta (MPM) ABaAeTca 0AHMM M3 BaXKHEWLIUX METOA0B yBeanYeHuA
HedTeoTAaun 1 Bo3aeNCTBUA Ha nnacT. 3a 6onee yem NoJlyBEKOBYIO UCTOpUIO, Teopua P Hakonunaa MHoXe-
CTBO pe3ynbTaToB. TaK, Hanpumep, B cTatbe [1] paccmaTtpuBanumcb 3agayun o6 3B0NOLMN AABNAEHUA B OKPECTHO-
CTV TpelwwmHbl MPT npu nogaepXaHun NocToaHHOro aAebuta. JaHHbIM Ke A0KAaL NOCBALLEH NepexoLHOMY pe-
KMMY paboTbl CKBaXKMHbI B CY4anX: USMEHEHMA AABNEHUA HA CKBAXKUHE N U3MEHEeHUs AebuTa CKBaXKUHbI.

Takmum obpasom, B paboTe BbiBeAEHbI TOYHbIE aHA/IMTUYECKME PELUEHMA, NO3BOAIOLLIME ONUCATb CBA3b
mexay ,Cl,e6VITOM N OaBeHNneM, KaK Ha CKBa*X1He, Tak 1 B TpellnHe. 3TN peweHna npumeHnmbl gna moaennpo-
BaHUA Aebuta Ha OCHOBE M3BECTHOM ANHAMUKN U3MEHEHUSA AaBieHMA N HaobOopOT, a TaKKe AN onpeaeneHuns
3BOMIOUMN AaBneHus B TpewwnHe Pl. TeopeTUyeckne Kpmeble, NOCTPOEHHbIE HA OCHOBE MOYYEHHbIX Pe3y/b-
TAaTOB W MPOMbIC/IOBbIX AAHHbIX 3amMepoB AebuTa, NoKasbIBalOT Xopoluee COBMALEHME C COOTBETCTBYHOLWMMM
NPOMbICNOBbIMW 3aMepPaMmM AaBAEHUA.

PaboTa BbinonHeHa nNpu GMHaHCOBOW Noaaep KKe Poccuiickoro HaydHoro ¢poHaa (Koa npoekrta 21-11-00207).
Cnncok nutepaTtypbl

1. Waranos B. L., Haraeea 3. M. K Teopun pUAbTPALMOHHbLIX BOJIH AaBAEHMA B TPeLMHe, HaxoaAawenca B nopucTon
npoHuuaemoli cpege // MMT®. 2017. T. 58, Ne 5. C. 121-130.

YncneHHoe moaennpoBaHMe pacnpocTPpaHeHUsa YNpyrux BoJH B CMeXHbIX cpeaax balkanbckon pudrosoit

30HbI

M. C. XalipetamHos, A. A. Muxaiinos

YMHecmumym ebivucaumensHoli Mamemamuku mamemamuyeckoli 2aogpusuku CO PAH
2Hosocubupckuli 2ocydapcmeeHHbIl mexHuveckull yHusepcumem

Email: marat@opg.sscc.ru

DOI: 10.24412/cl-35065-2022-1-00-93

PaspaboTaHa nporpaMmHO-aHaANTMYECKan cUCTeMa YNCNEHHOTO MOAENIMPOBAHUA PAaCNpPOCTPaHEHUA Ceit-
CMMYECKMX BONIH B COMPAXEHHbIX Cpeaax B paoHe balKkanbckon pudTosoit 30HbI (BP3). MoaennposaHue oc-
HOBAHO Ha YNC/IEHHOM peLleHnn NPAMON AMHAMNYECKOM 3a4a4M TEOPUKN YyNpYyrocTu. aa MoaenMpoBaHma BO-
HOBOrO MO/ UCMOJ/1b30Baacb NOCTAHOBKA Haya/IbHO-KPaeBoM 3a4a4un B [leKapToBOl cucTEME KOOPAMUHAT (X1,
X2, X3). CBA3b MeXAy KOMMOHEHTaMWM HanpAXKeHUM M CKOPOCTAMWM CMELeHUI Aaa PacnpocTpaHeHus
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CEeMCMOaKyCTUUYECKMX KonebaHuii B ynpyroi M30TPONHOM cpeae 3anuncbiBaeTca B BUAE BOJIHOBOTO YPaBHEHUSA C
NnpaBo YacTblo B BUAE BPEMEHHOTO CUrHana C 3ag4aHHoM cnno umnynbca lNysbipeBa ¢ Hecywen YactoTon 8 'y,
n gantenbHoctbio 0.125 cek.

ANropuTM pelleHuMa NocTaBNAeEHHOW 3aJayM onucbiBaeTca B pabote [1]. Ana moaenmpoBaHMa B Cay4dae C
TOHKUM NbAOM WUCMOJIb30BaNacb NoctaHoBKa 2.5D 3aaaun 1 anroputm ee pelleHns, NpuBeaeHHbIn B paboTtax
[2, 3].

Ona mogenmpoBaHma no bankanbckomy npoduato MCNOb30BANCA ABYXMEPHbIN CAy4ail NOCTAHOBKM 3a-
4a4yu B NN0OCKOCTH (X, Z). MogenmpoBanock BOIHOBOE NOJE OT JIOKa/IbHOTO MCTOYHMKA TUMa BEPTUKaAbHAA cuna.
Mpu pacuyeTtax 3aaBanacb OrpaHNUYEHHan No NPOCTPaHCTBY 06/1acTb pasmepHocCTbio (X, 2)=(90 Km, 45 km). Ana
NnoAaB/eHUs OTPAXKEHMA BOJIH HAa FpaHMLax orpaHMYMBatOWMX 3a4aHHY0 061acTb Obl1 MCNOIb30BaH cnocob
OrpaHMYyeHMa pacyeTHoW obnactn naeanbHo nornowarmwmmmn PML cnoamm (PML ab6peBunatypa aHIIMMCKOro
Perfectly Matched Layers) [4].

Pe3ynbTaTamMu YMCNEHHOTO MOZENNPOBAHMA ABAAKOTCA MIHOBEHHbIE CHUMKM BOJHOBbLIX MOJIEN, @ TaKXKe
CUHTETMYECKME CENCMOrPaMMbl, OXBATbIBatOLLME NPOPUIL NPOTAKEHHOCTbIO 86 KM.

Mony4yeHHble pe3ynbTaTbl HaNpPaBAeHbl HA MHTEPNPETALMIO Pe3y/1bTaTOB BUOPALLMOHHOIO NPOCBEYNBAHMUA
CMEXHbIX cpel- 3eMAs-Boda-ned-atmocdepa B 3KCNEPMMEHTAX, BbINMOJIHEHHbIX Ha npodune "noc. babywkuH —
noc. byrynbaerika" [5].

PaboTa BbiNosiHeEHa Npu GMHAHCOBOM noaaeprKKe Poccuitckoro doHaa dyHAaAMeEHTaNbHbIX UCCnen0BaHuUi (Kog npo-
ekTa 20-07-00861), roczagaHua Ne 0251_22_ 0004.

CnucokK nuTepaTtypbl
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TaUMOHHbIX BOJIH AA mogenu "3emns — atmocdepa" npu Hannumm Betpa B atmocdepe // CMB6HKBM. 2014. T. 17, Ne 2.
C. 149-162.

2. Muxaiinos A. A., MapTbiHoB B. H. MaTemaTuueckoe moaennpoBaHue pacnpoCcTpaHeHNA aKyCTUKO-FPaBUTALLUOHHbIX
N CECMUNYECKMX BOJIH B HEOAHOPOAHOM MoZenn "3emns — atmocdepa npu HanMumm ctpatudmrKaumm BetTpa B aTmochepe
// MatemaTnyeckune 3ametku CB®Y. 2015. T. 22, N. 2. C. 92-105.

3. Collino F. 1996. Perfectly matched absorbing layers for the paraxial equations. J. Comput. Phys. 131(1), 164-180.

4. Collino F., Tsogka C. 2001. Application of PML absorbing layer model to the linear elastodynamic problem in aniso-
tropic heterogeneous media // Geophysics. 66(1). P. 294-307.

5. XanpetguHos M. C., BparnHckas /1. M., Murmbitos b. A., 'ocTkos P. A., KoBanesckuii B. B., MawHwukos [. A., Mpec-
HoB [. A., NMpeaeunH M. A., Tono4yko B. B. IKcnepnmeHTbl N0 BUBPO30OHAMPOBAHMIO CMENKHbIX cpes, '3emna — mope — neg, —
atmocdepa" B paioHe baikanbckoit pudToBoit 30HbI" // Joknaa Ha KoHdepeHumn MHTEP3KCMO FEO-CUBENPbL-2021.

Mathematical simulation of multiphysics phenomena using digital rock cores

E. P. Shurina®?, N. B. Itkina'?, D. A. Arhipov?, D. V. Dobrolubova®?, A. Yu. Kutishcheva®?, S. I. Markov'?,
N. V. Shtabel*?, E. I. Shtanko?

Novosibirsk State Technical University

2Trofimuk Institute of Petroleum Geology and Geophysics, SB RAS
3Institute of Computational Technologies, SB RAS

Email: www.sim91@list.ru

DOI: 10.24412/cl-35065-2022-1-00-94

Numerical simulation and interpretation of the obtained data may provide valuable insights into various
aspects of the physical phenomena occurring in geological media. When performing mathematical modelling, it
is important not only to increase the accuracy of the numerical methods employed but also to adequately
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capture the complex internal structure typical of the native materials. In recent years, nondestructive imaging
methods have been widely used to describe the internal geometry of the rock samples (cores). Consequently,
the techniques for constructing digital analogues of the rock cores suitable for mathematical modelling are rap-
idly advancing. In our work, we focus on a technique for obtaining a hierarchical mesh model of the heteroge-
neous medium based on the set of its digital images. The resulting mesh accurately captures the microscale
features of the complex object and can be used in numerical simulations. The choice of the particular numerical
method and the type of the mesh model structure depends on the physical process under study. The novelty of
the research is the usage of a hierarchical mesh model for the core internal structure reconstruction and further
implementation of conforming and non-conforming finite element methods for modelling the fluid transport,

thermal and electromagnetic processes.

This work was supported by the project Ne FWZZ-2022-0030.
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CEKUMUA 4
Martemartuueckmne mogenu ¢pusnku atmochepbl, OKeaHa U OKpYKatoLuei cpeabl

MogenuposaHue nepeHoca Nnpumeceii c nomoubio mogenu Planet Simulator

M. B. bopoBKo

UHCmumym eblyucaumensHol mamemamuKku U mamemamu4eckoli eeogpusuxku CO PAH
Email: irina@ommfaol.sscc.ru

DOI: 10.24412/cl-35065-2022-1-00-95

Mopaenb obuleit unpkynauum Planet Simulator (PlaSim) oTHocUTCA K Knaccy modeneit NpomMerKyTouYHOM
CNOXHOCTU M NpeAHasHavyeHa AnA YyBCTBUTE/IbHOCTM KAMMATUYECKOW CUCTEMbI K pa3andyHbiM dakTopam. Oa-
HUM U3 TaKnX GaKTOPOB ABAAIOTCA POTOXMMUUYECKN aKTUBHbIE Npumeckn B aTmocdhepe. Jna onncaHmMa nameHe-
HU XMMMYECKOro cocTaBa aTmocdepbl HeobxoaMm afiekBaTHbIN 610K nepeHoca npumeceit. B aaHHoM paboTe
npeacrasneHa mogmdukaumsa 61oKa nepeHoca NpUMecelt Ha OCHOBE MacCOBbIX MOTOKOB.

PaboTa BbINO/IHEHa B paMKax rocyaapcTBeHHoro 3agaHna MBMuMTI CO PAH (npoekT HUAP Ne 0251-2021-0003).

OnpeaeneHue TMNa n opmbl penbeda B METOA,0/10TMMU NPOrHO3a rOPHbIX BOJIH MO HETMAPOCTaTUYECKON

perMoHasbHOW MOAENIN YUC/IEHHOTO NPOrH03a NOroAbl BbICOKOro NPOCTPaHCTBEHHOIO paspeLleHus

E. M. Bepbuugkasn, C. O. PomaHCKui

JlanbHesocmoYHsblli pe2uoHasnbHbIU Hay4YHO-UCCAe008amessCcKuli 2u0pomemeopono2udeckuli uHcmumym
Email: werbaem@gmail.com

DOI: 10.24412/cl-35065-2022-1-00-96

FopHble BonHbI (FB) npeacTaBAAoT ONacHOCTb A4 aBuaumn. HabnoaeHus Taknx ABNEHUI NPaKTUYECKU He
BbINONHAOTCA. [JMarHo3 HaMumMa N OLEHKA MHTEHCUMBHOCTU B cTanu BO3MOXKHbI bnarogapa pa3BUTUIO YNCIEH-
HbIX MOJenei NPorHosa Norobl BbICOKOrO NPOCTPAHCTBEHHOMO pa3spelleHus, HO TaKMe UCCAeao0BaHUA YacTo
BbINONHAOTCA NOCTGAKTYM MpPU aHaNAM3e NPUUNH aBUALUMOHHOro npoucwecteus [1]. Teopua B paspaboTaHa
A0CTaTOYHO X0pPOoLo [2, 3], HO TEXHOIOTUM NPOrHO3NMPOBAHMNA MPAKTUYECKM OTCYTCTBYHOT.

OpAHo M3 OCHOBHbIX 3a4a4 NporHo3a B no 60bLIo TEPPUTOPUN HA OCHOBE YNC/IEHHOTO MOAENMPOBAHUA
ABnaeTca onpegeneHne ¢opm penbeda MecTHOCTU, CNOCOBOHbIX K 06pa3oBaHuto B, U COOTBETCTBYHOLUMX UHTEP-
Ba/IOB HanpaB/eHUA BETPa A1A KaXKA0N TOYKM MoaesibHOM ceTKU. B goknage byaet npeacrasneH cnocob onpe-
aeneHna popm penbeda MECTHOCTU U MHTEPBAsIOB HaMpaB/ieHWUA BETPa, NPU KOTOPbIX BO3MOKHO BO3HUKHOBE-
Hue B Ans Kaxaoro us TMnos penbeda no BbixoAHOW npoaykummn moaenn Weather research and forecasting
[4], Ha ocHOBe KOoTOpOW pa3pabaTbiBaeTcs TEXHO/IOMMA NPOrHO3a Ha/IMUYUA U UHTeHCuBHOCTU B ana JanbHeBo-
CTOYHOro pernoHa Poccuu.

Pabota BbinosHeHa B pamkax HUATP 1.4.2.2 MnaHa HUTP Pocruapometa Ha 2020-2024 rr. (per. Homep AAAA-A20-
120012890067-4).

Cnucok nuTepaTtypbl

1. Maruhashi J., Serrdo P., Belo-Pereira M. Analysis of mountain wave effects on a hard landing incident in Pico aero-
drome using the AROME model and airborne observations // Atmosphere. 2019. V. 10, Ne 7: 350.

2. Smith R. 100 years of progress on mountain meteorology // Meteorological monographs. V. 59:20.

3. BuHHUYeHKo H. K., MuHyc H. 3., lWmeTep C. M., Wyp I'. H. TypbyneHTHOCTb B cBO6OAHOM aTMocdepe. /1.: Tnapome-
Teonsgat, 1976.

4. Skamarock W. C., Klemp J. B., Dudhia J., Gill D. O., Barker D., Duda M. G., et al. A description of the Advanced
Research WRF Version 3 (N NCAR/TN-475+STR). University Corporation for Atmospheric Research, 2008.
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MaTtemaTrMueckasa moge/ib 3aX0POHEHUA YINIEKUCI0ro rasa B Nopoynpyroi cpege
P. A. Bupy, A. A. ManunH
Anmalickuli 2ocydapcmeeHHsili yHusepcumem

Email: virtsrudolf@gmail.com
DOI: 10.24412/cl-35065-2022-1-00-97

B paboTe paccmaTpuBaeTca Mogelb 3aX0POHEHUA YI/IEKUCIOrO rasa B cpee ¢ nepemMeHHON NOPUCTOCTbIO.
B ocHOBY MoZe i1 NOJIOXKEHbI 3aKOHbI COXPAaHEeHMA Macc AJ/15 ra3oBon U TBepAoi ¢as, 3akoH [apcu, peonormnye-
CKOe COOTHOLLEHWe N ypaBHeHWe 6anaHca cun [1-2]. B 4acTHOM cnyyae cucTema onpeaenarolmx ypaBHeHUM’
CBOAMUTCA K YPaBHEHUAM ANA HaxoXAeHUA 3GpPeKTUBHOro AasneHuma u nopuctoctu [2]. NposBegeHo YncneHHoe
M aHaNUTMYECKoe UccaeoBaHMe Noay4YeHHON HayanbHO-KpaeBoi 3a4aun.

PaboTa Bbino/HEHa B PamMKax rocyaapCrBeHHOro 3agaHuna MVIHVICTepCTBa HAYyKHM u BbiCLLIEro O6paBOBaHMﬂ P® no teme

"CoBpeMeHHble MeToAbl TMAPOANHAMMUKM O/14 33434 NPUPOAONO0/b30BaHMA, MHAYCTPUA/IbHBIX CUCTEM M MOAPHOW Mexa-
HUKKN" (Kog Tembl FZMW-2020-0008).

CnucokK nuTepaTtypbl

1. Bupu, P. A. Mpob6aembl MaTeMaTUYECKOTO MOLENNPOBAHMA XPAaHEHUA YITIEKUC/IOTO Fasa B reosiormyeckmx popma-
umsx: yuebHoe nocobue / P. A. Bupu, A. A. ManuH. bapHayn: AnTaiickuin rocyaapcTBeHHbIn yHusepcuteTt, 2021. 70 ¢

2. Connolly J. A. D., Podladchikov Y. Y. Compaction-driven fluid flow in viscoelastic rock // Geodinamica Acta. 1998.
V. 11. Ne 2-3. P. 55-84.

MogaenupoBaHue KaMmaTta APKTUKU € NOMOLLIbIO HOBOM KaumaTuueckoit mogenum INMCM-SibCIOM

B. C. Fpagos?, I. A. Mnatos?, E. M. BonoamH?

"MHecmumym ebiuucaumenesHoli Mamemamuku u mamemamuyeckoli 2eogpusuxu CO PAH
2MIHcmumym sbiyucaumensHoli Mamemamuku um. Mapuyka PAH

Email: gradov.v.s@gmail.com

DOI: 10.24412/cl-35065-2022-1-00-99

B AaHHOM paboTe NpoBOANTCA ONMCAHWE NOCTPOEHMA N NpeaBapUTeIbHOE TECTUPOBaHME HOBOM KNMMATK-
yeckont mogenm INMCM-SibCIOM. OHa cTpouTCcAa Ha OCHOBE COBMECTHOM MOAE/IM OKeaHa U MOPCKoro nbaa Sib-
CIOM [1-3], pa3paboTtaHHoi B UBMuUMI CO PAH, n knumatmnyeckoin mogenn INMCMA4A8[4], paspaboTaHHoOM B
MBM PAH nm. Mapuyka. Obe moaenv npeactaBnstoT coboi B3aMMOCBA3aHHbIe He3aBMUCUMble 610KM, ONKUCbIBa-
fOLLME COCTOSHME OTAEbHbIX KIMMATUYECKUX KOMMOHEHT (aTMochepa, OKeaH, MOPCKOW sies, cyla), 4To No3Bo-
NIAET NPOM3BECTN AEKOMMO3ULMIO KaXKaolh moaenu n cobpaTtb 610KN B Apyroit KoHoUrypaumm. ATmocdepHbii
610K mogenv INMCMA48 cnocobeH AeTasibHO BOCNPOMU3BOAUTb COCTOAHUE aTMOCEpPDI, B TO BPEMS KaK OKeaHU-
yecknin n nepoBsbiii 610K mogenm SibCIOM HacTpoeHbl Ha AeTanbHOe BOCNpouM3BeAeHME KaumaTa ApKTUKN. Mo-
S3TOMY COBMeCTHaa paboTa AaHHbIX 6J10KOB NO3BOAUT NoayyaTb 60/iee KauecTBEHHble Pe3y/bTaTbl HE TO/IbKO
nNpyY MOAENUPOBAHUMN KAMMATA APKTUKM, HO U NMPU MOAEANPOBAHUN rN0HanbHOro KAMmaTa.

PaboTa BbiNno/sIHEHA B pamKax nporpammbl "TopnsoHT 2020" no npoekty CRiceS npu puHaHCOBOM NnoaaepKke Poccnin-
cKkoit ®egepaunu B amue MuHobpHaykn Poccun, CornaweHune Ne 075-15-2021-947.

CnucoK nuTepaTtypbl

1. Golubeva E. N., Platov G. A. (2007) On improving the simulation of Atlantic Water circulation in the Arctic Ocean //
J. Geophys. Res., 112, C04S05. DOI:10.1029/2006JC003734.
2. Tony6esa E. H. YncneHHoe moaenvMpoBaHMe AMHAMUKM aTNAHTUYECKMX BOA B ApKTUYEeCKOM bacceiHe ¢ UCMnob30o-

BaHWem cxembl QUICKEST. 2008. BbiuncantenoHble TexHonorum, 13(5), 11-24.
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T-3 Fluid Dynamics Group, Los Alamos National Laboratory. Tech. Rep. LA-CC-98-16. V. 3.1.

4. Volodin, E., Mortikov, E., Kostrykin, S., Galin, V., Lykossov, V., Gritsun, A., Diansky, N., Gusev, A., lakovlev, N., Shesta-
kova, A. and Emelina, S. (2018) Simulation of the modern climate using the INM-CM48 climate model. RINAMM. V. 33,
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HoBas Bepcus YNCAEHHO MOoAeNn AUHAMUKU NONAPHOTrO OKeaHa € Y4eTOM NOrpy}KeHHOro MOPCKOro ibga

M. A. Fpagosa, E. H. FonybeBsa

UHCcmumym 8eiqucaumensHol mamemamuKu u mamemamu4eckoll eeogpusuxku CO PAH
Email: tarkhanova@sscc.ru

DOI: 10.24412/cl-35065-2022-1-01-00

MpeacTaBneHa HOBasA BEPCUA YUNCNEHHOM MOAENN OKEAHNYECKOM LIMPKYAALUKN, ABAAIOLLENCA OLHUM N3 OC-
HOBHbIX 6/10KOB COBMECTHOM MOenn okeaHa U mopckoro nbga SibCIOM (Siberian coupled ice — ocean model)
N MOZENU KAMMaTUYECKOM cuctembl 3emnu, paspabartbiBaembix B MBMuMI CO PAH. MaTtemaTuyeckas nocra-
HOBKa 33341 OCHOBaHa Ha GM3NYECKMX 3aKOHAX AMHAMMKN XKUAKOCTU Ha BpaLatoLLeincsa 3emne. McnonbsyroTes
npuéanxKeHnsa byccuHecka u rmapocTatMkn. OcobeHHOCTbI0 HOBOM YMCIEHHON MOAENIN OKeaHa ABASeTCA yyeT
N3MEHEHMA YPOBEHHON MOBEPXHOCTU OKeaHa MpW MOLENMPOBAHUM MPOLLECCOB 3aMep3aHMA U TadaHUA baa.
B oT/iuMe OT NOCTAHOBKM, rAe nNpeanosiaraeTcs, YTo MOPCKOM e ApendyeT Mo OKeaHUYeCcKom NoOBEPXHOCTH, B
HOBOW BEPCUM PACCMATPUBAETCA BOSMOMKHOCTb NOTrPYyKEeHUA ibga B NOBEPXHOCTHbIN CNOM OKeaHa. HoBas Bep-
CUA YNCNEHHOWN MOAENN NPeAyCMATPMBAET BO3MOXKHOCTb GOPMUPOBAHUA NeAAHOT0 NOKPOBA, TOJ/LLMHA KOTO-
pOro npeBbilaeT NepBbili PaCYETHbIN YPOBEHb OKEAHUYECKOW modenn. PelwleHune npobiembl ocyLLecTBAAETCA
3a CYeT BBeAEHMA MEHALWENCA NO BPEMEHM BEPTUKANbHOM CUCTEMbI KOOPAMHAT B BEPXHEM C/10€ OKeaHa. Mpe-

nmyulectea HOBOW moaenun O6CY)KAaI'OTCﬂ Ha OCHOBE aHa/1In3a pe3y/ibTaTOB YNC/IEHHbIX PACYHETOB.

PaboTa BbINONHEHa B paMKax rocyAapcTBeHHoro 3agatiusa MBMuMTI CO PAH (npoekT 0251-2021-0003).

YuncneHHoe uccnegoBaHMe HaKaTa AIMHHbIX BOJIH HA KPUBOJIMHEMHDIM CKJIOH B paMKaX HeJIMHEUHO-

ANCNEePCUOHHOW MOoAeNn MeNKoW BoAbl

O. WU. Tyces, I'. C. XaknmssaHos, /1. b. Yybapos

®edepanbHbili ucciedosamenbckuli yeHmp UHEPOPMAYUOHHbBIX U 8bIYUCAUMESTbHbIX MexHOM02ull
Email: gusev_oleg_igor@mail.ru

DOI: 10.24412/cl-35065-2022-1-01-01

3a4a4a 0 HaKkaTe AIMHHbIX MOBEPXHOCTHbIX BOJIH Ha KPUBOIMHENHbIA CKIOH UCCNEAYEeTCAa PaMKax Mepapxmm
OZIHOMEPHbIX MoAenelt menKkon Boapl. Pa3paboTaHbl pa3HOCTHbIE KPaeBble YC/I0BUA B MOABUNKHOW TOUKe ype3a
("Boma — cywa") ona HenMHelHoO-ANCNEPCUOHHONM Bepcun moaenu (Ceppe — MpuHa — Haram), a Takxe Yucnex-
HbIA aNTOPUTM Ha OCHOBE ABHOM CxeMbl NpeauKTop—KoppeKkTop [1] Ha aaanTUBHbIX CETKAX, OTC/IEXKUBAIOLWMX
NOJIoXeHNe NoABUMKHOM TOUKN ypesa. MNpuseaeHo cpaBHEHME NONYYEHHbIX Pe3YN1bTaTOB C M3BECTHbIMM JKCMe-
PUMEHTaIbHbIMW AAHHBIMM, @ TaK¥Ke C aHa/IMTUUYECKUMMN N YUCIEHHBIMU peLleHnammn [2] ypaBHeHun Teopun
MeNKOoM BOAbl NepBoro AJMHHOBOHOBOIO NpubaukeHua. MiccneaosaHo BanAHME GOPMbI CKNOHA U B3auMO-
OEWCTBYIOLLLEN C HUM BOJIHbI HA BE/IMYMHbI MaKCMMa/lbHbIX BbICOTbI U Aa/IbHOCTM 3an/iecka Ha beper.

PaboTa BbinonHeHa Npu GMHAHCOBOW NoaaeprKke Poccuiickoro HayyHoro ¢poHaa (Kog npoekTta 21-71-00127).
Cnucok nautepatypbl

1. degotosa 3. U., XakumssaHos I. C., lyces O. U., LlLoKknHa H. 0. HennHelHoO-gMCcNepcnoHHble Mogenn BOIHOBOW
rMMapPoOAVHAMMKM: YPAaBHEHWUS U YNCAEHHbIE afropuTmbl. HoBocnbupck: Hayka, 2017.
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2. bensensb C. A., LWWokunHa H. 0., XakumssHos I'. C., Yybapos /1. b., KosbipkuHa O. A., OctaneHko B. B. O HeKoTopbix
YMCNEHHbIX aIFTOPUTMaX pacyeTa HaKkaTa BOJIH LlyHamM B paMKax MOAeAn MenKon Boabl. | // BbluMcantenbHble TEXHONOMUN.
2014.T.19, Ne 1. C. 40-62.

O6paTtHble 3aaa4m 06 UCTOYHUKE ANA YpaBHEeHUA rnobanbHOM 3N1eKTPHUUYecKoi uenu B atmocdepe

A. B. KannHun®?, A. A. TioxtuHa?, H. B. Kankaes?

"Huxcezopodckuli 2ocydapcmeeHHsiii yHusepcumem um. H. U. Jlobayesckozo
2YiHcmumym npuknadHol gusuku PAH

Email: avk@mm.unn.ru

DOI: 10.24412/cl-35065-2022-1-01-02

YpaBHeHMe r106anbHOM aNeKTpryeckoi Lenm [1] MoXKHO paccMaTpuBaTh Kak HEPENATUBUCTCKOE 31EKTPU-
yeckoe NpubanKeHWe AaA cucTeMbl ypaBHeHU Makceenna. Mpamble 3a4a4v ANs 3TOro NpubAnKeHUa Npueo-
AT K U3YYEeHUNI0 HEKNACCUYECKUX YPaBHEHMI MaTeMaTUYeckoin Gpusnkn. drsmnyeckoe obeyRkaeHne n matemaTy-
yecKas Teopua NpAMbIX 3afa4y cogep:atca B [2, 3]. B HacToswen paboTe M3y4yaroTca pas/inyHble NOCTaHOBKM
3aga4 06 onpegeneHnm reHepaTopoB rnobasnbHOM aneKkTpudeckon uenn. ObCyKaaoTCA aIFOPUTMbI PeLleHus,
NPUBOAATCA YNC/IEHHbIE UNNKOCTPALMMN.

PaboTa BbinosHeHa npu GUHAHCOBON NoAAepKe HayyHo-06pa3oBaTeNbHOr0 MaTeMaTMYeckoro ueHTpa "MaTema-

TUKa TexHosorui 6yayuero” (Cornawexne Ne 075-02-2022-883).
Cnuncok nutepaTypbl

1. Mapees E. A. [locTU»KeHNA 1 NepCcneKkTUBbl NcCaea0BaHni rnobanbHOM anekTpuyeckon uenu // Yenexu ¢us. Hayk.
2010.T. 180. Ne 5. C. 527-534.

2. KanuHuH A. B., CnoHsies H. H., Mapees E. A., Xngkos A. A. CTauMoHapHble U HecTauMoHapHble moaenu rnobanb-
HOI 3NEKTPUYECKON Lienmn: KOPPEKTHOCTb, aHaIUTUYECKME COOTHOLIEHUA, YucNeHHaa peanmsauma // Nssectna PAH. du-
3MKa atmocoepbl 1 okeaHa. 2014. T. 50. Ne 3. C. 314-322.

3. Kalinin A. V., Slyunyaev N. N. Initial-boundary value problems for the equations of the global atmospheric electric
circuit // J. Math. Anal. Appl. 2017. V. 450. Ne 1. P. 112-136.

MpumeHeHUe anroputma aHcambaesoro craaxkmsaHua KaaimaHa B 3agaye OLEeHKU NOTOKOB NapHUKOBbIX

rasoB € NOBEPXHOCTU 3emaun

E.T. Knmumosa

®edepanbHelli ucciedosamensbcKull UeHMP UHGOPMAYUOHHbIX U 8bI4UCAUMENbHBIX MeXHOA02Uli
HosocubupcKuli 2ocydapcmeseHHsili yHusepcumem

Email: klimova@ict.nsc.ru

DOI: 10.24412/cl-35065-2022-1-01-03

M3yyeHne pacnpocTpaHeHUs B NPOCTPAHCTBE M BPEMEHM MaPHMKOBBIX ra3oB, a TaKXKe OLLEHKa MOTOKOB C
NOBEPXHOCTM 3eMIN 3TUX ra30B C MOMOLLLbIO CUCTEMbI YCBOEHMSA AaHHbIX NPeAcTaBaneT coboit akTyasnbHyo 3a-
Aa4yy MOHUTOPUHIA COCTOSHUA OKpy:Katowei cpedbl. O4HUM M3 NOAXOAO0B K OLIeHKE NOTOKOB NapHWMKOBbIX ra30B
ABNAETCA NOAX0L, OCHOBAHHbIW HA NPeANo/IOXKEHUN, YTO MOTOKM MOCTOSHHbI B 3343aHHOM N0A06/1acTV 1 Ha 3a-
OaHHOM BpeMeHHOM UHTepBasie (NnopagKa Heaenu). 3To 0bycnoBaeHO Kak HeobX0AMMOCTbIO 3PPEKTUBHOM pe-
ann3aumMm aNropuTMa, Tak U CBOMCTBAMM UCMOb3YEMbIX B TAaKMX 334a4ax AaHHbIX HABNOA4EHUNA.

CoBpemeHHble 334a4M OLEHKM MOTOKOB MapHUKOBbIX ra3oB C NOBEPXHOCTU 3eMAn UMeloT 60AbLUYI0 pas-
MEepPHOCTb, NO3TOMY 06bIYHO PAacCCMaTPMBAETCA BapuaHT, B KOTOPOM OLEHMBAEMOI NepemMeHHOol ABAAETCA No-
TOKW, a mogenb nepeHoca u andodysum BxoamT B onepatop HabatogeHuA. Mpu 3Tom BO3HUKaeT npobiema uc-
No/1Ib30BaHUs 6ONbLUMX OKOH YCBOEHWSA, B MPeAenax KOTOPbIX OLLeHNMBAEMas SMUCCUA MEHSET 3HAYEeHUe.
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B noknage paccmatpuBaeTca anropuTm OLLEHKM MOTOKOB MO AaHHbIM HabloaeHMn U3 3a4aHHOro BpeMeH-
HOro MHTepBana. ANropuUTM ABAETCA BapMaAHTOM alropuTMa aHCamMbNeBOoro Cria’kMBaHUA, LUMPOKO NpUMEHse-
MOTO B TaKuMx 3a4a4ax. [loKkaszaHo, YTO NPU UCNONb30BAHUM OKHA YCBOEHMS, B KOTOPOM NPOUCXOANUT USMEHEHUE
3HaYeHM NOTOKOB, aZITOPUTM MOXKET CTAHOBUTCA HEYCTOMUMBBLIM, MPU 3TOM HapyLlaeTca CBOMCTBO Habatogae-
MOCTM a/iropuTMa.

OueHKa BAUAHUA OKeaHUYEeCKUX NpoueccoB Ha opmunpoBaHue TEHAEHLMA aPKTUYECKOrO /ibaa

M. B. KpaiHesa, I'. A. Nnatos

UHCcmumym ebiyucaumensHol mamemamuKku U mamemamu4eckoli eeogpuzuxku CO PAH
Email: krayneva-m@yandex.ru

DOI: 10.24412/cl-35065-2022-1-01-04

Habntogaemble UsMeHeHUA KnMmaTa NPUBOAAT K NOTENNEeHMIO U onpecHeHuto CeBepHoro JlegoBUTOro OKe-
dHa, USMEeHEHUIO ero UMPKyaaunun, ymeHblleHUo naowagn MOPCKOro abaa. Pa3snoxkeHune no IMMUPUYECKUM
OpPTOroHanbHbIM PyHKUMAM (EOF) [1], Mcnonb3yloTca B KauecTBe MHCTPYMEHTa aHanM3a A/1A BbIABAEHMA U Knac-
cMdUKaLMKM NPOCTPAHCTBEHHbIX 3aKOHOMepHOCcTel. O4HAKO, 3TO He NO3BOJIAET BbIABUTb CBA3b MEXKAY KOMMNO-
HEHTAaMM CUCTEMbI. B 3TOM MCCNe0BaHNM aKLUEHT cAeNlaH Ha CUHTYAsipHOM pasnoxeHuu (SVD) [1]. C ero nomo-
b0 MPOBOAUTCSA OLEHKA BMAHMA OKEaHUYECKMX NpoueccoB Ha popMMUpOBaHUE TEHAEHUMUI apKTUYECKOro
NibAa NpU UCNONb30BaHUM PE3Y/IbTAaTOB YNC/IEHHbIX SKCMEPUMEHTOB, NONYYEHHbIX C MOMOLLbIO PErMOHabHOM
yncneHHon mogenm SibCIOM [2].

PaboTa BbinonHeHa Npu duHaHcoBOW noaaeprkke PO B amue MHBO, Corn. Ne 075-15-2021-947.
Cnuncok nutepaTypbl

1. Bjérnsson H., Venegas S. A., 1997: A manual of EOF and SVD analyses of climate data. // Dep. Atmosph. and Oceanic
Sci. and Centre for Climate and Global Change Res., McGill University. 53 pp.

2. Golubeva E. N., Platov G. A. Numerical modeling of the Arctic Ocean ice system response to variations in the atmos-
pheric circulation from 1948 to 2007 // lzv. Atmosph. Oceanic Phys. 2009. 45(1). P. 137-151.

Investigation of features eddy momentum and heat fluxes in the region of jet streams
V. N. Krupchatnikov'?, A. V. Gochakov?
YUnstitute of Computational Mathematics and Mathematical Geophysics SB RAS

2Siberian Regional Research Hydrometeorological Institute
Email: vkrupchatnikov@yandex.ru
DOI: 10.24412/cl-35065-2022-1-01-05

The eddy fluxes in the general circulation are often treating as turbulence, where eddies act to diffuse cer-
tain quasi conservative quantities, such as potential vorticity (PV), along isentropic surfaces in the free atmos-
phere.

The eddy fluxes are determined primarily by the eddy diffusivities and are down-gradient of the basic state
PV field. Support for the turbulence approach stems from the fact that the eddy fluxes of PV in the free atmos-
phere are generally downgradient in the long-term mean. In this report we will discuss some results of the study
of Rossby wave breaking processes in the region of a subtropical jet stream [1]. Many large-scale dynamic phe-
nomena in the Earth’s atmosphere are associated with the processes of propagation and breaking of Rossby
waves [2—6]. Here we call attention to region of upgradient eddy PV fluxes in region of the jet in North Hemi-
sphere associated with the overturning of Rossby waves. In some cases, the PV flow to the north turns out to be
counter-gradient, and such flows result from non-linear wave breaking [7]. The eddy momentum flux
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convergence and divergence near the tropopause correspond to northward and southward fluxes of PV. The
northward PV flux is upgradient, and such fluxes have been arising from nonlinear wave breaking.

This work was (partially) supported by the Russian Science Foundation (grant 19-17-00248) and under state contract
with ICMMG SB RAS (0251-2021-0003).
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KOHTUHEHTaNbHasa MmoAelb MapLIpyTU3aLmMm ¢ NnepeMeHHO CKOPOCTbIO PEYHOro CTOKa
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B naHHOM paboTe npeacTaB/ieHO MOAE/IMPOBAHUE CYTOUHbIX KonebaHUn pe4yHOro CToKa B KOHTUHEHTa b-
HOM MmacliTabe Ha OCHOBE aNITOPUTMA NEePEMEHHOM CKOPOCTM NoToKa [1-2]. KnumaTtuyeckas moaens ¢opmmupo-
BaHMA CTOKa obecneynBaeT MapLIpyTU3aLLMIO U PACYET PEYHOTO CTOKa AJ1a CPaBHEHMUSA C AaHHbIMU Habaoaae-
MbIX ruaporpacdos [3]. MpoBeaeHbl YACAEHHbIE IKCNEPUMEHTbI C NOCTOAHHOM M NEpeMEeHHON CKOPOCTbIO NOTOKA
[4]. BapuaHT c nepeMeHHOM CKOPOCTbIO AeMOHCTPUPYET NPenMyLLLEeCTBaA Nepes BapuaHTOM C NOCTOSHHOM CKo-
POCTbtO NOTOKa, YTO AAeT B byAyLeM BO3MOMKHOCTb MOAE/MPOBAHUA NaBOAKOBbIX COBLITMIA Ha Bogocbope.

PaboTa BbINo/HEHA B paMKax rocyaapcTeeHHoro 3agaHuns UBMuMT CO PAH (npoekT Ne 0215-2021-003) v npu puHaH-
coBoW noaaep:kKe Poccuiickoro ¢oHaa dyHAMEHTaNbHbIX UccneaoBaHuit (rpaHt 20-05-00241a).
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YncneHHoe uccnegoBaHue BO3[EMCTBUA NOBEPXHOCTHOrO TEN/I0BOrO NATHA U LIEPOXOBATOCTU HA CTPYKTYPY

YCTOMYMUBO CTPAaTUPMLMPOBAHHOIO NOrpaHUYHOro cios atmocdepbl

. N. KypbauKas
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B aoknage npuBoAAaTcs pesynbTaTbl Me30MaclTabHOro MoAennpoBaHUA CTPYKTYPHbIX OCoBeHHocTeMn
YCTOMUMBO CTPATUDMLUMPOBAHHOIO NorpaHnyHoro cnon atmocdepsl (MCA) Hag ypbaHU3NMPOBAHHOM NOBEPXHO-
CTblO C MOMOLLbIO HENOKaNbHOW Moaenn TypbyneHTHOCTM, akKKypaTHO YYUTbiBaloLLeN Bo3aencTene apdekTos
NaaBy4yecTy Ha TYPOYNEHTHbI NepeHoc UMNyAbCa U Tenna. [na aHannsa CTPYKTypbl TEYEHUS U CTAaTUCTUKK Typ-
OYNIEHTHOCTM YCTOMUYMBO CTPATUDMLMPOBAHHOIO NOrPaHNYHOrO ciosi atmocdepbl npumeHeHa RANS cxema Typ-
6yneHTHOCTH [1, 2], BK/toYaowan sppeKT BHYTPEHHUX BOIH. PaccmaTpuBaeTcs BAMAHME NOBEPXHOCTHOrO Ten-
JIOBOTO MATHA U KpynHOMacLUTabHOM LepoxoBaTocTU. CTPYKTYPHbIE 3/1eMeHTbl KpyNHOMAcLUTabHOM LWepoxoBa-
TOCTU ABHO He pa3pellatotcs, a 3GPeKT ux BAMAHUA Ha TpaHcHopMaLMIo NoNein CKOPOCTU, TemnepaTypbl U Typ-
6YNIEeHTHOCTb Y4MTbIBAETCA NapaMeTPUYECKM, B onpedenstowme ypaBHeHUA NOrpaHNYHOro coa (M ypaBHeHuUn
nepeHoca TpexnapameTpuyeckon mogenn TypbyneHTHOCTU) B aaANTUBHOM GOpMe BKIOYAOTCA A0MNOHUTE N b-
Hbl€ UCTOYHMKOBbBIE YneHbl [3]. PesynbTaTbl BbIYMCAEHUIA MOKA3bIBAOT, YTO Pa3BUTas MOAE/b CNOCO6Ha BOCnpo-
M3BECTU Hambosiee BaKHble CTPYKTYpHble OCOBEHHOCTU TypbyNeHTHOCTU B TOPOACKOM C/ioe MpPenaTCTBUi
B6/1M3KM ypbaHM3MPOBaHHOM NoBepxHOCTM ropoackoro MNCA, a TakKe BO34eNCTBME FOPOACKONM LLIEPOX0OBaATOCTU
W TENN0BOTO MATHA Ha r/106a/1bHYIO CTPYKTYPY MOJIEN BETPA M TeMNepaTypbl Had ypbaHM3NPOBAHHOM NOBEPXHO-
CTblO.

PaboTa 6blna BbiNoNHEHA B paMKax roczagaHns MBMuMTI CO PAH Ne 0251-2021-0003 v npu yacTM4yHOW GUHAHCOBOM
noaaepke Poccuitickoro poHaa dyHaAMEHTaNbHbIX MccneaoBaHuin (npoekt 20-01-00560 A).
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K pelweHuio 3aaaumn naeHTMoUKaLmMm UCTOYHUKA Bbi6poca B atmocdhepHom caoe
0. H. NanuHa, A. C. )KyK, B. C. XapuH
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PaccmaTpuBaeTca NaocKas 3af4ava UAeHTUOUKALMM NOCTOAHHOIO MO BPEMEHU UCTOYHMKA 3arpasHaoLein
npMMecK 4na oAHOPOAHOro cos aTmocdepsbl. Mcnob3yoTca AaHHble KOHUEHTPaL M BEWECTBA, NONYYEHHble
B pe3y/ibTaTe pelleHna NpAMON 3a4a4M € 3a4aHHbIMU "TOYHBIMW" XapaKTepucTukamm GyHKLUMKN CTOUYHMKA. Mps-
Mas 33Ja4ya paccesHna NPUMecH B O4HOPOLHOM C/10€ peLlaeTca NyTem NPMMEHEHUs UHTerpaabHoro npeobpa-
3oBaHuA Pypbe — Jlannaca [1] O6bpaTHaA 3a4a4ya CBOAUTCA K ONTUMM3aLMOHHOM NOCTAaHOBKE, AJ/15 ee peLleHus
MCMO/Ib30BaHbl KBa3MHbLIOTOHOBCKUI METOZ, C y4eTOM QUKCUPOBAHHbIX BEPXHUX M HUMKHUX FPAHUL, NEPEMEHHDIX,
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a TaKXe CTOXaCTUYECKUI MeToa ONTMMM3aLMM C UCMOJIb30BaHMEM poAa YacTuy, [2]. MocnegHWit no pesynbtatam
CEepUU PacyYeTOB C PasHbIM KOMYECTBOM TOUEK HABOAEHNI N Pa3IMYHON NOTPELLHOCTLIO 3aMEPOB KOHLLEHTPa-
UMM 3B NpoAEMOHCTPUPOBA YCTOMUMBBIE PE3Y/IbTATbl AAXKE B YCJOBUAX CUAbHOM 3aLUYMIEHHOCTU UMUTUPYE-
MbIX U3MEPEHUN.

PaboTa BbINnosHEHa Npu GUHaAHCOBOM Noaaep:kKe Poccuitickoro poHaa PyHAAaMEHTaNbHbIX UCCAefoBaHUi (Kog, npo-
eKTta 19-41-230011 p_a).
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LMOHapHbIX npoueccos AMddY3MM—KOHBEKLMU—PEAKLUUN B MHOTOC/IOMHOM MOJIYNPOCTPAHCTBE U CUENAEHHbIX NOAYNpo-
cTpaHcTBax // dkonornyeckuii BectHnk Y3C. 2020. T. 17, Ne 1, 4. 1 C. 30-41.
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NpumeHeHne mogenn WRF Ang yTOUHEHMA CTPYKTYPbI ONTUYECKON TYPOYNEHTHOCTHU

A. A. Nexxennn?, M. T. Kosagno?, O. A. Kopobos3, A. 0. LLinxosues?
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MeTeopoiorMyeckmne NpoLecchl PasIMYHbIX MPOCTPAHCTBEHHO-BPEMEHHbIX MacllTaboB, pa3BuBatoLLMecs B
YCNIOBUAX TEPMUYECKU U opdorpadnyeckm Heo4HOPOLHOM MECTHOCTU, OKA3bIBAOT CYLLECTBEHHOE BAUSAHME Ha
ONTUYECKYIO TYPOYNEHTHOCTb M PACNPOCTPAHEHNE U3TYYEHNA B aTMOCHEPE OT ECTECTBEHHbIX M UCKYCCTBEHHbIX
NCTOYHMKOB cBeTa. C uenbto nonyyeHus pusmyeckm 060CHOBAHHbBIX METEOPOIOIMYECKMX NONEN C BbICOKMM NPO-
CTPAHCTBEHHbIM pa3peLleHnem Hag TeppuTopueit CasHCKOM CoNHeYHOM 0bcepBaTOpUK, Fae IKCNayaTUpyoTea
CO/MIHEYHbIEe U 3Be3Hble Tesieckonsbl, bblNa aganTupoBaHa ruapoamHamudeckas mogens WRF-ARW [1] ¢ pasme-
pom BHyTpeHHen ob6nactn 100x100 km. MpeactaBneHbl pesyabTaTbl PACHETOB METEOPOIOMMYECKOrO pexnuma 1
XapPaKTEPUCTUK ONTUYECKOM TYPOYNEHTHOCTM AN1A YKA3aHHOM TeppuTopumn.

PaboTa BbiNnoaHeHa Npy $pUHAHCOBOM Noaaepkke Poccuinckoro HayyHoro ¢oHAa (Koa npoekTa 22-29-01137).
Cnuncok nutepaTypbl

1. Skamarock, W. C,, J. B. Klemp, J. Dudhia, D. O. Gill, Z. Liu, J. Berner, W. Wang, J. G. Powers, M. G. Duda, D. M. Barker,
and X.-Y. Huang, 2019: A Description of the Advanced Research WRF Version 4. NCAR Tech. Note NCAR/TN-556+STR,
145 pp. DOI:10.5065/1dfh-6p97.

OueHKa TpaeKTopui nogbema AbIMOBbIX LWeli¢doB OT BbICOTHbIX TPY6 TILL

A. A. NlexkeHnn?, B. ®. Panytal?
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PaccmatpuBaetca npobaema OLEHWBAHUA NAaPaMeTPoB NOAbeMA AbIMOBbIX BbIOPOCOB OT BbICOTHbIX TPY6.
[na onncaHuA NpoLLEeccoB pacnpoCcTpaHeHMA ra30BO34YLLHbIX CMeceit B aTMocdhepe UCNONb3yTCA MeToAbl TEO-
pun nogobus u pelieHMa ypaBHeEHWI ruapoTepmogmMHamukm [1, 2]. B KayecTBe BXOAHOM WMHPOpmauuu B
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MOZENAX OLEeHMBaHMA NPUBAEKAIOTCA CNYTHUKOBbIE, Ha3eMHble HabNAeHUSA, JaHHble O AMHAMUYECKMX M TEN-
JIOBbIX XapaKTEPUCTMKAX NCTOYHUKOB SMUCCUU.

MpuBoaATCA pe3yabTaTbl YUCJEHHOTO aHaM3a PacnpPoOCTPaHeHUA AbIMOBbIX WAeidOoB OT BbICOTHbIX TPY6
HoBo-UpkyTckon TILU, MNycuHoosepckoit MP3C. BbiNOAHEHbl OUEHKU TPaeKTopW U AOMNOAHUTE/IbHBIX BbICOT
noabvema AbIMOoBbIX cmecei [3].

PaboTa BbinonHeHa B pamKax rpaHta Ne 075-15-2020-787 MuUHUCTEPCTBA HayKu 1 Bbiclero obpasosaHma PP u rocsa-
AaHua UBMuMT CO PAH (npoekT Ne 0251-2021-0003).

CnucoK nuTepaTtypbl

1. bepnaHg M. E. CoBpeMeHHble npobaembl atmocdepHoit anuddy3nm u 3arpasHeHns atmocdepsl. J1.: Tngpometeons-
nat, 1975.

2. Csanady G. T. Some observation on smoke plumes // Int. J. Air and Water Poll. 1961. V. 4, No 1/2. P. 47-51.

3. Panyta B. ®., JlexkeHuH A. A. OueHKa AMHAMUYECKMX W TEMNIOBbIX XapPaKTEPUCTUK Nogbema AbIMOBOro ¢akena no
CnyTHUKOBOM MHdopmauum // OnTuka atmocdepbl 1 okeaHa. 2021. T. 34, Ne 7. C. 530-534.

OueHKa naowaamn pacnpocTpaHeHUs NOABOAHO Mep3/10Tbl U 30HbI CTaBUABHOCTU TMAPATOB MeTaHa

Ha ApKTUYEecCKom wwenbode

B. B. Manaxosa
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MofBoAHas Mep3/ioTa B AOHHbIX OT/IOXKeHUAX Wwenbda CeBepHoro J/lef0BUTOrO OKeaHa chopmmUpoBanach
Ha cylle B Nepuog NOHUKEHNS YPOBHA OKeaHa M ocyweHua wenbda [1].

Ona v3yyeHUs AUHAMMKM U COBPEMEHHOIO COCTOSIHMA MOABOAHOM MEP3/10Tbl B AOHHbLIX OT/IOMEHUAX
wenbda mopent APKTUKM pa3paboTaHa AMHAMUYECKas MOAE/b NPOLLECCOB TENIOMNEPEHOCA, NO3BOAIOLLAA pac-
CYMTbIBATb AUHAMMUKY TEPMUYECKOTO COCTOAHMA AOHHbIX OT/IOKEHMUI B C/IyYasnX YepeaoBaHMUA rPaHuL, TanbIX U
Mep3bix cnoes [2]. AMHaMUKa MHOToIeTHEMEP3/1bIX NOPOA, ONPEeLENAETCA BEPXHUMMU U HUKHUMM rPAaHUYHbIMU
ycnoBuamMM B 06/1acTM MOAENMPOBAHUA, KOTopasa npeacTaBasetr cobol reonorMyeckmini paspes TOJLLUMHOM
1500 m. Mogenb gonosiHeHa naneoreorpadpmMyeckMm cueHapMem U3MeHeHUAa aTMochepHOro BO3AEeNCTBUA U
YPOBHS OKeaHa [3]. PacyeTbl TEpMUYECKOTO COCTOSIHUS AOHHbIX OT/IOXKEHWU CONPOBOXKAAIOTCA OLLEHKaMU Tep-
MOANHAMUYECKUX TPaHULL, 30HbI CTabUNbHOCTM ra3ornapaToB meTaHa.

Mosy4eHbl OUEHKKU NAOLWAAM PACNPOCTPAHEHMA U COBPEMEHHOTO COCTOAHUA MHOTOJIETHEMEP3/bIX MOPOL,
M 30HbI CTAabUABHOCTN METaHIMAPATOB APKTUYECKOrO Webda C y4eTOM AaHHbIX MHTEHCUBHOCTM TEMJI0BOrO NO-
TOKA, COJIEHOCTU NOPOBbIX BOA M TeMnepaTypbl NPUAOHHOM BOAbI.

PaboTa BbinonHeHa Npu GMHaHCOBOW NoaaeprKKke Poccuiickoro HayyHoro ¢poHaa (Kog npoekrta 20-11-20112).
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Symposium on Atmospheric and Ocean Optics: Atmospheric Physics. 2018. V. 10833. P. 108337T.
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BanaHne nsmeHeHMMU KAMMaTa Ha SMUCCUIO MeTaHa Ha aKBAaTOPUU APKTUYECKUX MOpPEWN

B. B. ManaxosBa, E. H. TonybeBa
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Ha ocHoBe mogenun okeaH — nea SibCIOM [1] BbINONHEHbI pacyeTbl N0 MOAE/IMPOBAHMIO COCTOAHMA BOAHbIX
macc CesepHoro J/le40BMTOro OKeaHa U nepeHoca pacTBOpPEHHOro meTtaHa ana nepuoga ¢ 1970 no 2019 rr. Mpo-
BEAEHO UCCNef0BaHME CBA3U NPOCTPAHCTBEHHO-BPEMEHHbBIX IMUCCUIN MEeTaHa Ha aKBATOPUKN APKTUYECKUX MO-
pel c NPOUCXOAALLMMU N3IMEHEHUAMM OKeaHa U ibaa.

MokasaHo, 4To Mmopsa BocTouHo-Cnbupckoro wenbpa BHOCAT HAMBONbLIMIA BKNAL B OBLLYHO SMUCCUIO MeTaHa
B pernoHe. MNpocTpaHCcTBEHHAA M3MEHYMBOCTb NOTOKA MeTaHa B aTMocdepy obycnoBneHa, npexae Bcero, 0co-
6EeHHOCTAMM LMPKYASALUN MOPEN U e 0BbIMM YCAOBUAMU B permoHe. B cpeaHem TobKo 7 % pacTBOPEHHOTO
MeTaHa, MOCTYNUBLUETO U3 AOHHbIX OTNIOXKEHUIN, NepeHocUTcA B aTmocdepy. bosblias YacTb ero HakanamMeaeTcs
B BOAHOM C/10€, NEPEHOCUTCA TEYEHUAMM U OKUCAAETCA NOL AecTBMEM MUKPOOOB. bosee anutenbHble nepu-
O/4bl OTKPbLITOM BOAbI U YMEHbLIEHNE KOMMAKTHOCTM Nef0BOr0 MOKPOBa CNOCOOCTBYHOT YCTOMYMBOMY POCTY
3MMCCMU MeTaHa, HaumHas ¢ 2004 r. [2]. PaccunTaHHbIN roA0BOM NOTOK MeTaHa M3 WwenbhoBbiX MOpPen APKTUKM
cocTasu/ meHee 2 Tr B roA.

PaboTa BbinosiHeHa Npu GMHAHCOBOM Noaaepkke Poccuiickoro ¢poHaa dyHAAMeEHTaNbHbIX UCCNeAoBaHuUI (Kogbl Npo-
ekTos 20-05-00241, 20-05-00536).
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PoKycrMpoBaHue BOJHOBO 3Hepruu BAOAb Nobeperkba KPYrioro ocTposa

AH. I. Mapuyk, E. . MocKkaneHckui

MHcmumym eeiyucaumesnsHoli Mamemamuku u mamemamuyeckoli eeogpusuxku CO PAH
Email: mag@omzg.sscc.ru

DOI: 10.24412/cl-35065-2022-1-01-13

BBMAy HE3aBMCMMOCTM CKOPOCTU ABUMKEHUA GPOHTA BOJIHbI LlyHaMW OT ee NapameTpoB (A/MHbI U aMnan-
TyAbl) 0COBEHHOCTU KUHEMATUKM BOJTHOBOTO GPPOHTA LlyHaMU MOXKHO UCCIEA0BATb C MOMOLLbLO, Hanpumep, ABY-
MEPHOro ypaBHeHWA 3iMKoHana. B yacTHOCTM, KOHPUrypaumsa GPOHTA BOJIHbI LlyHaMW, PacripoCcTpaHsaoLwencs
Hag, HEPOBHbIM AHOM, MOET MPUBECTU K KOHLEHTPALLMW BOIHOBOW SHEPTUM B HEKOTOPbIX TOYKax 061acTu us-
3a adpdekTa GoKycMpoBKM. POKYCUPOBKY MOXKHO ONPEAENNTb Kak OAHOBPEMEHHbI NPUX04 Pa3HbIX CEFMEHTOB
BO/IHOBOrO GppOHTa B KaKyto-1160 TouKy. B paboTe npeacTasieHa NpocTpaHCTBEHHan Gopma HauyabHOro UCTOY-
HWMKa BOJIH, KOTOPaA BbI3blBAET KOHLEHTPALMIO BOJIHOBOW SHEPTNN BAONbL Beperosoi AMHUN KPyrioro octposa.
TeopeTnyecKkne pesynbTaTtbl NOATBEPKAEHbI YNCAEHHBIM MOAENMPOBAHUEM AMHAMMKMN BOJIHbI LLyHaMK B pam-
Kax MoZenn MeSIKol BoAbl. B HEKOTOPbIX MecTax OCTPOBHOM NPUOPEXKHOM 30HbI BbICOTA BOJIHbI MPEBbLILIAET B
4 pasa COOTBETCTBYIOLLME 3HAUYEHUSA B C/lyYae NPUXoAa K OCTPOBY MJIOCKOM BOJTHbI LLyHaMU.
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Uepapxua anroputmos obpaTHoro mogennposaHusa B cucteme Inverse Modeling Data Assimilation

Framework

A. B. lNeHeHKO

UHCcmumym sbiqucaumensHol mamemamuKku u mamemamud4eckol eeogpusuku CO PAH
E-mail: aleks@ommgp.sscc.ru

DOI: 10.24412/cl-35065-2022-1-02-41

334341 COBMECTHOro MCMO/Ib30BaHUA MaTEMATUUYECKMX Modenen 1 AaHHbIX HabAoAeHU YacTo BO3HUKAOT
B NPUNOXKEHUAX, CBA3AHHbIX C MOAE/IMPOBaHMEM KayecTBa BO3AyXa. B 3aBMCMMOCTM OT NpUKAagHbIX 3ajayu,
ncnosibayemas matemaTuyeckan Moeb NPOLLECCOB MOXKET MMETb Pa3/IMYHYI0 CNOXKHOCTb U YPOBEHb AeTanu-
3aumu. PeleHune 3aga4y obpaTtHOro MoaennpoBaHua (B TOM Yncsie ob6paTHbIX 3a4a4 U 3aZa4 YCBOEHUA AaHHbIX)
C MCMO/b30BaHNEM TaKUX MOZe/1eil MOXKeT TpeboBaTh CyLLEeCTBEHHbIX TPYA03aTPaT Kak B NPOrpaMmMCTCKOM, TaK
N B BbIYMC/INTEIbHOM MJ1aHax. B goknage obcy»aaroTca anropntmbl 06paboTKM AaHHbIX USMEPEHWI Pa3/IMYHOMN
TOYHOCTU U TPYAOEMKOCTU, peasin3oBaHHbIe B cucteme obpaTHoro moaenunposaHus IMDAF [1, 2].

PaboTa BbinonHeHa nNpy GMHAHCOBOM Noaaepkke Poccuiickoro poHaa pyHAaMeEHTaNbHbIX UCCneaoBaHUI (Kog npo-
ekTa 20-01-00560) 1 Tembl MoczagaHusa 0251-2021-0003 UBMuMI CO PAH.

Cnuncok nutepaTypbl

1. Penenko, A. Penenko, V., Tsvetova, E., Gochakov, A., Pyanova, E., Konopleva, V. Sensitivity Operator Framework for
Analyzing Heterogeneous Air Quality Monitoring Systems // Atmosphere. Vol. 12, No 12. MDPI AG. P. 1697. DOI:
10.3390/atmos12121697.

2. Penenko, A., Penenko, V., Tsvetova, E., Gochakov, A., Pyanova, E., Konopleva, V. Sensitivity Operator-Based Ap-
proach to the Interpretation of Heterogeneous Air Quality Monitoring Data // Large-Scale Scientific Computing, Springer
International Publishing. 2022. P. 164-171. DOI: 10.1007/978-3-030-97549-4_19.

MpupoaooxpaHHOe NPOrHO3MPOBaHME: COBPEMEHHDIX 3Tan

B. B. [NeHeHKO

UHcmumym sbl4ucaumensHol mamemamuKku u mamemamuyeckol 2eogpusuku CO PAH
Email: penenko@sscc.ru

DOI: 10.24412/cl-35065-2022-1-02-25

Ha ocHoBe copoKaneTHero onbITa y4acTuA B Pa3BUTUMN TEOPUM U METOLOB NPUPOLO00XPAHHOIO MPOrHO3un-
POBaAHMA U NPOEKTUPOBAHUSA, 0OCYKAAIOTCA BOMNPOCHI UCTOPUN, COBPEMEHHOTO COCTOAHMA U NEPCNEKTUB COLU-
a/IbHO 3HAYMMOM 061aCcTM HayKkn. PakTMYecKkM B 70-e roabl NPOLWAIOro CTONETUA Mbl HAXOAMUCH Y UCTOKOB CO-
3aHUA METOA0B MaTEMATUYECKOIOo MOAENNMPOBaHNA NPUPOAHbIX MPOLECccoB. YTO KacaeTcsa BONPOCOB TEKYLLLEero
COCTOAHMA, CTOUT 3aMETUTb, YTO CErOAHALIHMUN NO3YHT O TEXHO/IOFMYECKOM CYBEPEHUTETE U YCTOMYMBOM Pa3BU-
TWWU CTPaHbI HEe CXOAMT C MOBECTKMU AHA HA MPOTAMKEHUM BCEro cyL,ecTBoBaHUA HanpasaeHua 8 UBMuMI CO PAH
(BL, CO AH CCCP), nockonbKy BegyTcs pa3apaboTKku cobCTBEHHbIX MoAeNel ANA peleHna pasanyHbix NPUpPoao-
OXpaHHbIX 33434 [1-4]. Cpeam 3HAUUMbIX Pa3pPabOTOK OTMETUM KOHUENLMIO NPUPOAOOXPAHHONO NPOrHO3MpPO-
BaHMA M NPOEKTUPOBAHUA, OCHOBAHHYIO HAa BapMaLMOHHOM NPUHLMME, BKAOYAOLLYIO pelleHmne NpAambIX, COnpa-
YKEHHbIX M 0OpaTHbIX 33434, U METOAbl BAPMALMOHHOTO YCBOEHMA AaHHbIX, KOTOPble WMPOKO NPUMEHAIOTCA B
Pa3NMYHbIX YYperaeHnax mupa. B coBpemeHHbIx pa3paboTkax ocoboe BHMMAHWE yaenaeTca nccnenoBaHuio
HeonpeaeIeHHOCTU N YyBCTBUTE/IbHOCTU B MOAENAX U AAHHbIX NPU PELIEHUM NPUKAAAHbIX 3aaa4d [3—4]. Bkato-
YyeHue GYHKUMIN HeonpeneneHHOCTU AaeT BO3MOXKHOCTb OpraHmM3auumn npamblx, 6e3biTepaunmoHHbIX MeToL0B
ONA pelleHnA 3a4a4 YCBOEHUA AaHHbIX HAbAOAEHWI MO Mepe UX NOCTYNNEHUA B CUCTEMY MPOrHO3MPOBAHUA.


https://kias.rfbr.ru/
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3710 3¢ PEKTUBHO NPU UCMONB30BAHUN METOLOB PACLLENIEHMA U AEKOMMO3MLMM NPAKTUYECKM 1A BCEX NpoLLec-
COB 1 0OBEKTOB NpPU PeLLUeHNN 33434 B cUCTEME 3eMn.

PaboTta BbiNo/NHEeHa B pamKax 6rogxkeTHoro npoekta MBMuMI CO PAH (0251-2021-0003) npw ¢uHaHcoBOW noa-
Aepke Poccuitickoro poHaa dyHAaMeHTaNbHbIX UccneaoBaHuli (Kkog npoekta 20-01-00560).

Cnuncok nutepaTypbl

1. NeHeHKo B. B. MeToAbl YNCNEHHOIO MOAENMPOBaHMA aTMmocdepHbIx npoueccos J1: TngpomeTteomsaaTt,1981.

2. MeHeHKo B. B., AnosH A. E. Mogenn u meToabl Ana 3a4a4 OXpaHbl OKpy»KatoLLen cpeapl. HoBocnbupck: Hayka, 1985.

3. Penenko V.V, Penenko A. V., Tsvetova E. A., Gochakov A. V. Methods for studying the sensitivity of air quality models
and inverse problems of geophysical hydrothermodynamics // J. Applied Mechanics and Technical Physics. 2019. 60(2).
P.392-399.

4. Penenko A., Penenko V., Tsvetova E., Gochakov A., Pyanova E., Konopleva, V. Sensitivity operator framework for
analyzing heterogeneous air quality monitoring systems // Atmosphere. 2021. N 12. 1697.

Mcnonb3oBaHMe Me30MacluTabHoro moaenMpoBaHua Aas NOCTPOEeHUA NapameTpusaLmm BUXPEBOro

nepeHoca B apPKTUYECKUX MOopPAX

. A.MNnatos

UHcmumym ebiyucaumesnsHoli MamemamuKku u mamemamudeckol eeogusuku CO PAH
Email: platov.g@gmail.com

DOI: 10.24412/cl-35065-2022-1-01-14

Pe3ynbTaTbl YNCAEHHOMO MOAEANPOBAHUA C MOMOLLBI0 Mmodenn SibPOM cepun oKpanHHbIX mopein Poccuu,
BKAtOYatolen mopa BapeHueso, Kapckoe, BocTouHocMbupckoe, YyKkoTckoe U mope JlanTeBbiX MCNOAb3YTCA
ANA NOCTPOEeHMA NapaMeTpusaunmn BUXPEBOro NepeHoca B HanpaBaeHU NepneHanKyaapHOM AMHUK M3obar.
C NOMOLLLbIO METOAA OLEHKM YyBCTBMTE/IbHOCTM [1] aHann3MpyeTcA 3aBUCMMOCTb BUXPEBOro NepeHoca oT paaa
KpynHOMacWTabHbIX NapameTpoB, BK/IOYAIOWEro rpafMeHT NAOTHOCTU, CKOPOCTb NOTOKA, FYyO6UHY M HAKNOH
[AHa OKeaHa, cTpaTUdMKaLmMIo 1 reorpaduyeckyto wWnpoTty. OLueHMBAETCA 3aBUCMMOCTb KO3QPULIMEHTA FOPU3OH-
TasbHOW ANGPY3MM 1M BEANUYMHBI NPOTUBOrPaAANEHTHOIO NepeHoca NAOTHOCTU. MolyYeHHble 3aBUCUMOCTU UC-
NONb3YIOTCA B XO4€e KPYMNHO MacluTabHOro mogennmpoBaHua ¢ nomolubio mogenu SibCIOM. PesynbTaTbl aHanu-
3UPYIOTCA C TOYKM 3peHNnA 3GPEKTUBHOCTU NOYYEHHOW NapaMeTpusaumnm.

PaboTa BbiNno/HEHA B paMKax nporpammbl "MopmsoHT 2020" no npoekTy CRiceS npu puHaHcoBOM noaaeprkKke Poccuii-
cko Pepepauymm B anue MuHobpHaykm Poccuu, cornawweHme Ne 075-15-2021-947.

Cnuncok nutepaTypbl
1. Sobol I. M. Sensitivity Estimates for Nonlinear Mathematical Models. Math. Modeling and Comput. Exp., 1993. V. 1,

N 4. P. 407-414.

MpumeHeHMe MeTOA0B YCBOEHUA AAHHbIX ANA NONYYEHUA OLLEHKU NOTOKOB NAapHUKOBbIX ra3oB

no CNYTHUKOBbIM AdHHbIM

M. B. MnatoHoBa'?, E. . Knumosa’?

lpedepanbHbiii uccnedosamensckuli UeHMpP UHGBOPMAYUOHHBIX U 8bIYUCAUMESbHBIX MexHO02ull
2Hoeocubupckuli 2ocydapcmeeHHsiil yHugepcumem

Email: gymoznaya@gmail.com

DOI: 10.24412/cl-35065-2022-1-01-15

MoWCK NCTOYHMKOB NAaPHMKOBBIX FA30B ABNAETCA aKTyabHOW 3a4a4el; oA peleHnsa nogo6HbIX 33434 npu-
HATO MCMONb30BaATb CUCTEMbI YCBOEHUSA AaHHbIX [1-2]. [ npoBeAeHUs YNCNEHHbIX SKCNEPUMEHTOB C peasib-
HbIMM OaHHbIMM ObiNM B3ATbl pe3y/nbTaTbl PacyeToB MO MaTtemaTudyeckorr mogenu MOZART-4 M AaHHble


https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=6507969211&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=54583435500&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85066611874&origin=resultslist&sort=plf-f&src=s&sid=60e77a8b0b3ec9cf43749e04f2d9344b&sot=autdocs&sdt=autdocs&sl=18&s=AU-ID%2854583435500%29&relpos=0&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85066611874&origin=resultslist&sort=plf-f&src=s&sid=60e77a8b0b3ec9cf43749e04f2d9344b&sot=autdocs&sdt=autdocs&sl=18&s=AU-ID%2854583435500%29&relpos=0&citeCnt=0&searchTerm=
https://www.scopus.com/sourceid/21139?origin=resultslist
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CNYTHUKOBbIX HabatogeHui AIRS. B uncneHHbIX aKcnepmmeHTax bbl1 MCNOAb30BaH BapMaHT IOKa/IbHOFO aHCaM-
6nesoro ¢dunbrpa KanmanHa (LETKF), KoTopblit obnagaetr cBoOMCTBaMM, NO3BONAIOWMMMU NPUMEHATb €ro no-
Ka/ibHO, T. €. NPOBOAUTb YCBOEHME AaHHbIX No NogobnacTam. B goknage npeactaB/ieHa peanmsaumsa anroputma
A1 MOAENbHbIX U peasibHbIX AaHHbIX. [TPUBOAATCA pe3y/ibTaTbl YNC/IEHHbIX SKCMEPMMEHTOB MO OLEHKE CpeaHNX
NMOTOKOB MeTaHa B NoA061acTAX Ha 3a4aHHbIX BDEMEHHbIX MHTEpBaiax.

Cnuncok nutepaTypbl

1. Feng L., Palmer P. ., Bosch H. and Dance S. Estimating surface CO2 fluxes from space- borne CO2 dry air mole frac-
tion observations using an ensemble Kalman filter // Atmospheric chemistry and physics 2009. V. 9 P. 2619-2633.

2. Feng L. et al. Consistent regional fluxes of CH4 and CO2 inferred from GOSAT proxy XCH4: XCO2 retrievals 2010-
2014 // Atmospheric chemistry and physics 2017. V. 17. P. 4781-4797.

CueHapHoe MogennpoBaHue 3arpAsHeHna atmocdepbl bailkaibCKOro perMoHa BO Bpems IETHUX JIECHbIX

noykapos

3. A. MbaHoBsa?, A. B. louakos?

YMHecmumym seiqucnumensHol mamemamuku u mamemamuyeckoti 2eogpusuku CO PAH
2Cubupckuli pe2uoHanbHeIl Hay4Ho-uccnedosamesnsckull 2udpomemeoposno2udeckuil uHcmumym
Email: pyanova@ommgp.sscc.ru

DOI: 10.24412/cl-35065-2022-1-01-16

MpeacTaBneHbl CLEHAPMM MOAENNPOBAHUA PACNPOCTPAHEHNA NACCUBHBIX MPUMecei B balikanbCKoM peru-
OHe B utone —asrycte 2019 r. UMMUTUPOBaNCA NePeHOC AbIMOBbIX WAE(OB OT IECHbIX MOXKAPOB, NOAYYEHbI CLe-
HapHble OLLEHKWN pacnpeaeneHus 3arpAsHAIOLLMX BELLECTB OT BbIBPOCOB KOTE/bHbIX M TENNOBbIX 3N1EKTPOCTaH-
LM B permoHe. PacyeTbl NpoBOANINCE C MOMOLLBbIO Me30MaclTabHOM Mmogenn guHaMunkm atmocdepbl U nepe-
Hoca npumecei, KotTopasa paspabatbiBaetcs B UBMuMI CO PAH. NoaroToBKa Ha4ya ibHbIX NOAEN METEOPONOrU-
YECKMX 3/IEMEHTOB, @ TaKKe AaHHbIX O POHOBbIX KPYNMHOMACLITAOHbIX COCTABAAIOLLMX METEONO/1el BbINOHEHA
C MomolLLbto NporHosHoi moaenn COSMO-RuSib.

Pe3ynbTaTbl CLEHAapPHOro MOAENMPOBaHMA NOKa3bIBAlOT, YUTO CMOF OT JIECHbIX MOXKAPOB U NPOMBbILLAEHHbIX
MCTOUYHMKOB OKa3bIBaeT 3HAUMTE/IbHYIO HArpy3Ky Ha aTmocdepy pervoHa.

PaboTa B YacTi pa3BuTUA H6A30BbLIX MaTEMATUUYECKUX MOAENEN BbIMONHAETCA B paMKax TeMbl roCyapCcTBEHHOIO 3aja-
Huss UBMuMI CO PAH Ne 0251-2021-0003. NMoarotoBKa meteopoaornyecknx nonen COSMO gns UMCNEHHbIX SKCNEPUMEH-
TOB nposBogunacb B pamkax HUP 1.1.3 MNnana HUP Pocrmgpometa Ha 2020-2024 rr., Ne AAAA-A20-120020590012-2.

OueHKa aTmocdepHbIX BbIHOCOB TAXKE/bIX META//IOB Ha 03. ballkan B 3SMMHUIA nepuog, BpemMeHU

B. ®. PanyTa?, B. U. NpebeHwmKosa®

YMHemumym sbivucaumensHoli Mamemamuku u mamemamuyeckoli 2eogpusuku CO PAH
2fiHecmumym 2eoxumuu um. A. 1. BuHoepadosa CO PAH

Email: raputa@sscc.ru

DOI: 10.24412/cl-35065-2022-1-01-17

O6cy:kaatoTca pesynbTaTbl SKCNEPUMEHTAIbHBIX U YNCAEHHbIX NCCAeA0BaHMIA AaHHbBIX MHOTONETHEro MO-
HUTOPWHIA 3arPA3HEHNA CHEXHOTO NOKPOBa TAMKE/bIMU MeTallamMmun B palioHe o3epa baikan. B Kauecte 6a30-
BbIX COOTHOLLUEHUI 4N1A NPOBeAeHMA YNCAEHHOTO aHaIM3a No/ei aspo30/bHbIX BbiNaAeHUIM Npumeceit permo-
Ha/IbHOro MaclTaba UCMONb3YIOTCA COOTBETCTBYIOLLME aCUMNTOTMKM PELEHWUI MOY3IMNUPUYECKOTO YPaBHEHMA
TypOyneHTHON Anddy3nuM OT TOYEUHbIX M NAOLWAAHbIX UCTOYHMKOB [1-3]. MNpoBeaeHa PeKOHCTPYKUMSA nosne
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KOHUEHTpauuii bepunnma, cBMHUA, Meaun B HanpaBaeHuax VpKyTck — baaHaan, MpKyTck — JInctBsaHKa. Bbinon-
HeHbl OLLEHKM BbIHOCOB TAXe/1bIX METANINI0B OT ropoaos MpKyTcK, LienexoB B panoH n. JINCTBSAHKA.

PaboTa BbiNnosiHeEHA B paMKax rpaHTa Ne 075-15-2020-787 MuHWUCTEPCTBA HayKW U Bbicliero obpasoBaHusa PP, n npum
¢durHaHcoBOM noaaepxKe Poccuiickoro ¢oHaa GyHAMEHTaNbHbIX UCCneaoBaHui (rpaHT odu m Ne 17-29-05022).

Cnuncok nutepaTypbl

1. bbizoBa H. /1., Taprep E. K., MBaHoB B. H. 3KcnepumeHTanbHble uccaenoBaHuna atmochepHoit auddysnm n pacyetnbl
paccesHusa npumecu. J1.: Tmgpometeounsgat, 1991.

2. bepnsaHg M. E. MporHos u perynvpoBaHue 3arpasHeHna atmocdepsl. J1.: FTnapomeTteonsaat, 1985.

3. Panyta B. ®., Koponéga I'. M., fopwkos A. T., Xoaxep T. B. UccnepoBaHne npoLeccos ANUTENbHOrO 3arpA3HeHus
OKpecTHocTen MpKyTcKa Taxensimm metannamu // Ontuka atmocdepbl 1 okeaHa. 2001. T. 14, Ne 6—7. C. 623-626.

Cellular automata simulation of heat transfer on a heterogeneous surface area caused by local flash ignition
S. E. Rubtsov, A. V. Pavlova, A. V. Shiroglazov
Kuban State University

Email: pavlova@math.kubsu.ru
DOI: 10.24412/cl-35065-2022-1-01-18

Cellular automata (CA) models can serve as an alternative to continuum models for solving nonlinear prob-
lems. Using the approach of work [1] we analyzed a non-linear two-dimensional heat conduction problem for
an inhomogeneous plate. The plate is presented as an array of cells. It is assumed that the temperature (state)
of all cells of the plate is null, some cell is set on fire by an instantaneous impulse. We consider the deterministic
CA. The given boundary conditions determine the transition functions for the boundary cells. Taking into account
the effect of temperature on the thermophysical properties of the plate we performed numerical experiments
for various plate materials, boundary and initial conditions. The implemented CA model can serve as a stage for
building more complex cellular automaton models of dynamic processes.

This work was partially supported by the FRBR and Administration of Krasnodar region (grant 19-41-230005).
References

1. Bobkov S. P., CHernyavskaya A. S. Modeling of nonlinear thermal conductivity by discrete methods // Vestnik ISEU.
2018. Iss. 3. P. 64—70.

MogaenvposaHue npouecca dbunbTpaummn 8 cyddo3MOHHO HEYCTOMUYMUBbIX FPYHTaX
A. H. CubuH

Anmatickuli eocydapcmeeHHsbili yHUsepcumem

Email: sibin_anton@mail.ru
DOI: 10.24412/cl-35065-2022-1-01-19

[oknaa nocesalleH YUCAEHHOMY MCC/eA0BaHUI0 OAHOMEPHON M ABYMepHOW 3adady GuabTpaLmmM cmecu
BOZbl U TBEPAbIX MOABUMKHbIX YacTul, [1, 2] B HeaepoOpMUPYyEMOM FPYHTE MPU NOCTOAHHOM TemnepaType B no-
TOKE U1 C y4eToM npotieccos BHyTpeHHel cyddosum [3]. MNposeaeHo nccaeaosaHme sKCNepUmMeHTanbHOM CXOan-
MOCTWN YUCNEHHbIX METOA0B U CPaBHEHUE U3MEHEHUS 3POAMPOBAHHON MAacChbl C SKCNEPMMEHTaNbHbIMU [aH-
HbIMW U3 NUTEPATYPHbIX UCTOYHUKOB A/1A TPEX MPYHTOB C pa3/iniHon cyddO3MOHHOMN YCTOMUMBOCTbIO (NOCTa-
HOBKa O4HOMEpPHOM 3aaum NoApobHO n3NoKeHa B paboTe [4]).

PaboTa BbinoNHEHa B PamKax rocygapCrBeHHOro 3agaHua MVIHVICTepCTBa HayKu u BbiCcLLEero 06paBOBaHVIF| P® no teme

"CoBpeMeHHble MeToAbl TMAPOANHAMMUKMN 414 33434 NPUPOAONO0/b30BaHMA, MHAYCTPUAIbHBIX CUCTEM M MOAAPHON Mexa-
HUKK" (Kog Tembl FZMW-2020-0008).
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Cnuncok nutepaTypbl

1. Vardoulakis I. Sand production // Geomechanics in energy production. 2006. V. 10, N 6. P. 817-828.

2. NpoToabakoHos U. O., YecHokoB 0. I'. TuapomexaHuKa NceBaoO0KMKEHHOro coa. J1.: Xumus, 1982.

3. CubuH A. H., CnbuH H. H. YncneHHoe pelseHne ogqHOMEPHON 3asaum uabTpaumm c y4eTtom cypdO3nMOHHbIX Npo-
ueccos // U3B. AnTaiicKoro rocygapcrseHHoro yHmsepcuteta. 2017. Ne 1 (93). C. 123-126.

4. ManuH A. A., CubuH A. H. MoaenmpoBaHue ABUXKEHUA CMECU TBEPAbLIX YACTUL, U KUAKOCTU B NOPUCTbIX cpeaax C
y4yeTom BHyTpeHHein cydpdosnm // N3s. PAH. MexaHuka »ugxroctv u rasa. 2019. Ne 4. C. 82-94.

3aBMCUMOCTb CUI0BOTIO BO3AEMCTBUA BOJIH HAa NPUOBPEKHbIE KOHCTPYKLIMK OT penbeda AHA aKBaTOpUu

n ¢opmbl Haberarowen BoNHbI
B. C. Ckuba

¢>edepaanb/L7 uccnedosamesbcKuli ueHmp UHCf)OpMCIL(UOHHbIX U 8bI4UCAUMESbHBIX MEXHOMA02Ul

HosocubupcKuli eocydapcmeeHHsll yHusepcumem
Email: v.skiba@g.nsu.ru
DOI: 10.24412/cl-35065-2022-1-01-20

PaboTa nocealleHa npobaeme YNCNEHHOrO MoAennpoBaHmaA [1] pasnnyHbIX cLueHapueB B3aMmoaencTems
AJIMHHbIX NOBEPXHOCTHbIX BOJIH TMMNA LyHamM C 6ONbLUMMK HENOABUMKHbBIMM YaCTUUHO MOTPYKEHHbIMU B BOAY
coopyxeHusamu. MccnegosaHo BanaHue Gopmbl Haberatowmx BOH Ha 3HaYEHNA MaKCMMasibHbIX 3aMNecKos U
CUI0BbIX Harpy3oK. CpaBHeHMA NPOBOANAUCH Ha Npumepe Haberatowmx Ha Tes10 yeAUHEHHOW BO/IHbI, O4MHOY-
HOW BOJIHbI NONIOXKMTENbHOM NONAPHOCTM M N-BOHbI C INANPYIOLLLEN BOMHOW NOBbIWEHUSA UAWN NOHUMKeHMUS. Mo-
Ka3aHo, YTO MNPV OAMHAKOBOW amMMAUTYAe U OAMHAKOBOM KpPyTU3HE nepedHero CKAoHa Haberalowmx BOJH
Hambonbliee CUA0BOE BO3AENCTBME Ha MNOAYNOrPY>KEHHOE Tes10 NPAMOYrO/IbHOrO cevyeHUs oKasbisaeT N-BO/IHA
C MAMpYytoLLLeit BONHON MOHMMXeHUA. M3ydeHo BAMAHME TNafKoW HEPOBHOCTU AHA aKBaTOPUW Ha XapaKTepu-
CTMKM B3aMmoaenctsms. NlokasaHo, YTo C yBeMYeHNemM rybmnHbl JOHHOM TPaHILEN YMEHbLUAOTCA KaK ammiu-
TYAa OTPasKEeHHOW BOJIHbI, TaK M FOPU30HTa/IbHasA KOMMOHEHTa BEKTOPA CWUJIbl, AEWACTBYIOLLEN Ha KOHCTPYKLMIO.

YuncneHHoe MoaenMpoBaHMe BbIMOIHEHO B PaMKax MaTeMaTUYECKoN Moae v ABYMEPHbIX MOTEHLMANbHbIX
TEYEHNN NALabHON MNAKOCTU C MOMOLLIO KOHEYHO-PAa3HOCTHOrO METOAa Ha KPUBOIMHENHbIX CETKaxX, aganTu-
PYIOLLMXCA K NOABUXHOM cBOBOAHOM rpaHuULEe, AHY M NOBEPXHOCTU HEMOABUXKHOIO Tena [2]. TecTMpoBaHUe Yuc-
JIEHHOTO a/IfoPUTMa OCYLLLECTBAANOCH Ha 3a[a4ye O HaKaTe BOJIH Ha BEPTUKA/IbHYIO CTEHKY.

PaboTa BbinonHeHa nNpu GMHaHCOBOW Noaaep KKe Poccuiickoro HaydHoro ¢poHaa (Koag npoekrta 21-71-00127).
Cnuncok nutepaTypbl

1. Gusev O. |., Khakimzyanov G. S., Chubarov L. B. Numerical investigation of the wave force on a partially immersed
rectangular structure: Long waves over a flat bottom // Ocean Engineering. 2021. V. 221. Article 108540.

2. Khakimzyanov G. S., Dutykh D. Long wave interaction with a partially immersed body. Part I: Mathematical models
// Communications in Computational Physics. 2020. V. 27, N 2. P. 321-378.
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MpumeHeHME BbIYMCAINTENIBHOIO KOMNJAEKCa Mogenei oNa NPorH03a NoroAHbIX ABJIEHUN B YepTe KPYNHOro

ropoga
A. B. CrapueHko®?, E. A. Janunkun®?, 1. N. Knmxuep?, E. A. Wenbmuna®?, C. 1. OguHuos®?, C. A. NpoxaHos?,

A. W. Ceaposckuitl, 1. B. NeuwmHckuin®?, E. A. Ctpebrosa®?

Tomckuli 2ocydapcmeeHHbIl yHUsepcumem

2 Hcmumym onmuku ammocgepbl CO PAH

3Tomckuli yHusepcumem cucmem ynpasaeHus u paduos31eKmpoHUKU
Email: starch@math.tsu.ru

DOI: 10.24412/cl-35065-2022-1-01-21

Uenbto paboTbl ABAsSieTCA KpaTKoe ONMcaHMe pa3BMBAEMOM Me3omacTabHon moaenm u napannenbHoro
yncneHHoro metoga [1-3] Ana KPaTKOCPOYHOrO NPOFrHO3UPOBAHUA NMOrOAHbIX ABAEHUIN U KayecTBa aTMocdep-
HOro BO34yXa HaA, KPYMHbIM HAaCeNIeHHbIM MYHKTOM U HEKOTOPbIE pe3ynbTaTbl ee NPUMEHeHUA anA npeackasa-
HUA HEKOTOPbIX ONACHbIX NOrOAHbIX ABAEHWI (TYyMaH, NOPbIBbI BETPa, UHTEHCUBHbIE OCaAKW, YXYALIeHNe Kade-
CTBa BO3A4yXa Npu cnabom BeTpe U T. 4.) AN ycnosuii ropoga TOMcK. PaccmaTpuBatoTcs yCI0BUA MPUMEHEHUSA
MOJENN KaK C accumunaumein gaHHbix HabnwogeHui LKM "Atmocdepa" MOA CO PAH, Tak 1 6e3 ycBoeHun
HabloAeHUN, TONbKO UCMONb3YA ANS 3a4aHMA HauyabHbIX U TPAHUYHbIX YC/IOBUIA pe3y/1bTaTbl YNCIEHHOIO NPO-
rHo3a onepaTtMBHoON moaenun MmapomertueHTpa PO MJAB [4]. Ana npoBeEpPKM KayecTBa YMC/IEHHOro npeacKasa-
HMA me3omacluTabHOM Modenn NPUBAEKAIOTCA HE TOJ/IbKO AaHHble HabntogeHun LIKM "Atmocdepa" n aspo-
APOMHOI meTeocTaHuMmn AMUC-PD (asponopT TOMCKa), HO U pe3y/ibTaTbl YUCEHHOTO NPOrHo3a U3BECTHON MOo-
aenv Weather Research & Forecasting (NCAR).

PaboTa BbiNnonHeHa Npy pUHAHCOBOM NoaaepkKke Poccuinckoro HayyHoro ¢oHaa (Koa npoekTa 19-71-20042).
Cnncok nutepaTtypbl

1. Starchenko, A. V., Bart, A. A., Kizhner L. |., Danilkin, E. A. Mesoscale meteorological model TSUNM3 for the study
and forecast of meteorological parameters of the atmospheric surface layer over a major population center // Tomsk State
University J. of Mathematics and Mechanics. 2020. 66, P. 35-55.

2. Starchenko A., Shelmina E., Kizhner L. Numerical Simulation of Meteorological Conditions and Air Quality above
Tomsk, West Siberia // Atmosphere. 2020. V. 11, N. 11. P. 1-15.

3. Starchenko, A. V., Danilkin, E. A., Prokhanov, S., Kizhner, L., Shelmina, E. A Supercomputer-Based Modeling System
for Short-Term Prediction of Urban Surface Air Quality // Supercomputing Frontiers and Innovations. 2022. 9(1). P.17-31.

4. Tonctbix M. A., dagees P. 10., LWawkuH B. B., TomaH I'. C., 3apunos P. b., Kuktes [. 6., MaxHopbinosa C. B., Mu-
39K B. T., PorytoB B. C. MHoromacwTtabHasa rnobanbHas mogensb atmocdepbl M/1AB: pe3ynbTaTbl cpeaHECPOUYHbIX MPOrHO-
308 noroAbl // MeTeoponorua n rugponorma. 2018, Ne 11. C. 90-99.

MogenmposaHue aapoANHAMUKN NPOU3BOILHOrO TeNa NpU ABMKEHUU B BbICOKUX C10AX aTmocdepbl

Ha rmnep3ByKOBbIX CKOPOCTAX C y4YeTOM nNpouecca MOHU3aUunn Bo3ayxa

A. B. Ctpyukos, P. H. yukos, A. C. Ko3enkos

Poccutickuli gpedepanbHsbili aAdepHsbili yeHmp — Bcepocculickuli Hay4Ho-uccnedogamenbcKuli uHcmumym
aKcnepumeHmasnsHol pusuKku

Huxce2zopodcKuli 2ocydapcmaseHHbili mexHu4yeckuli yHugepcumem um. P. E. Anekceesa

DOI: 10.24412/cl-35065-2022-1-01-22

B pabote paccmaTpuBaeTca 3aga4a GUINKO-XMMUYECKON TMNepP3BYKOBOM ra30BOM AMHAMMUKN — ABUXKEHWE
Tesla KOHYCOBMAHOM GpOPMbI B BbICOKMX C/10AX aTMOCHEPbI C r’MNep3ByKOBbIMU CKOPOCTAMM. B cuabHOM yaapHon
BO/IHE, BO3HMKalOWEM B 3TOM C/yyae, 4acTb KMHETUYECKOW 3Heprun Haberarowiero NOTOKa TPaTUTCA Ha
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BO3OyKAEHWEe BHYTPEHHUX cTeneHel cBoboabl MONeKyN Bo3AyXa (BpallaTtenbHble, KonebaTenbHble), YTO Npu-
BOAMT K 3aMETHOMY CHUMKEHUIO TEMMEPATYPbI B CKATOM C/I0€ U YMEHbLUEHUIO 0TX0A4a GPOHTa yAapPHOM BO/HbI
OT NMOBEPXHOCTU.

[Ons onncaHua 3TMX npoueccoB B paboTe UCNonb3yeTcs MHoroTemnepaTypHana mogenb GM3MYeckon KuHe-
TUKW, B KOTOPOI pasgenatoTca Temrnepatypa NocTynaTesibHOro ABUMKEHMA YacTUL, U TemnepaTtypa KonebaTenb-
HOro ABWXKeHUA monekyn. CyTb mogenn ANCCoOuMOHHO-KonebaTenbHOro B3aMMoLenCcTBUA COCTOMT B TOM, YTO
npouecchbl KonebaTeNbHOro Bo3OYKAEHUA MONEKY YUNTLIBAKOTCA NPU ONpeaeneHnn CKOpPoCTel Nx guccouma-
UMK. Ha npaKTUKe 3TO 03HAYaEeT, YTO KOHCTAHTbl CKOPOCTEN AUCCOLMALUN ONPEeSEenAtoTCA C UCNOIb30BAHUEM
nocTynaTesibHOM M KonebaTtenbHOM TemnepaTypbl.

Ons onncaHMa XMMMUYECKON KMHETUKU aBTOPaMK UCMO/b3YeTcA MEeTo/, OCHOBAHHbIM Ha pacyete UameHe-
HMA KOMMOHEHT CMECHK 33 CYET XMMUYECKUX peaKuUMi, B pe3ysibTaTe KOTOPbIX O4HWU KOMMNOHEHTbl B3anMoaemn-
CTBYIOT C APYrMMKn ¢ 06pa3oBaHNEM HOBbIX KOMMOHEHT. 9T B3aMMOAENCTBUA KONMYECTBEHHO pernameHTmpy-
IOTCA CTEXMOMETPUYECKMMM COOTHOLLIEHUAMM. N5 ONUCAHMA XMMUYECKMX NPEBPALLEHMIA, MPOUCXOAALLMX B BO3-
ayxe npu temnepatype Bbiwe 9000° K ¢c coctaBom KomnoHeHT O, N2, O, N, NO, NO*, e7, ucnonbsyetca mogenb
JdaHHa — Kanra [1].

MNpeacTaBneHHan B paboTte PU3NMKO-MaTeEMATMUYECKAA MOAEb NMPUMEHAETCA NPU pacyeTe rMMNep3ByKOBOTroO
(M=27.18) ob6TekaHMa KOHYCOBUAHOrO Tena Ha BbicoTe 83.82 Km 1 70.104 Km [2]. B nogo6HbIX 3aga4ax NpPakTm-
YeCcKoe 3HaYeHNe MMeeT TOYHOCTb pacyeTa HarpeBa NoBepxXHOCTU 06Tekaemoro o6bekTa. YueT pusnyeckomn Ku-
HETMKM NO3BOJIAET NONYy4YaTb Hanbonee NPUBANKEHHOE K SKCNEPUMEHTY pacrnpeaesieHne TemnepaTyp, KoTopoe
OLLEHMBAETCA MO BbIXOAY 3/IEKTPOHOB B MOrPaHUYHOM C/I0€ B pe3y/bTaTe Npouecca MOHU3aLUN.

Pe3ynbTaTbl nonyyeHbl Npu GUHAHCOBOM NoAAepKKe HaLMOHaNbHOrO nNpoekTa "Hayka u yHuBepcuteTbl" B pamKax
nporpammbl MUHOBpHayKK PO no co3aaHnio monoaeKHbix nabopaTtopumii Ne FSWE-2021-0009 (HayyHas Tema "Pa3paboTka
YUNCNEeHHbIX MeTOA08, Mo,qeneﬁ M aropuTMoB gnAa onncaHnAa rMaApoAnHaMUYECKUX XaPaAKTEPUCTUK )KVI,CI.KOCTEI‘/‘I N rasos B
€CTeCTBEHHbIX MPUPOAHbIX YC/I0BUAX, N YCNOBUAX d)yHKLI,VIOHVIpOBaHVIﬂ MHOYCTPUAZIbHbIX 06BHEKTOB B LUTATHbIX U Kputnye-
CKUX YCNOBUAX Ha CynepKoOMMNbOTEPAX I'IeTad)J'IOI'ICHOFO Knacca"), a TaKXXe npu d)VIHa HCoBOWM noggepXKe rpaHTa I'Ipeamp,eHTa

Poccuiickoin ®egepaunn no rocyaapcTBEHHOM NoAAEPKKe BeAyLWMX HaydHbIX wkona HLL-70.2022.1.5
Cnncok nutepartypbl

1. Dunn M. G., Kang S. W. Theoretical and Experimental Studies of Reentry Plasmas. NASA CR-2232. 1973.
2. Lewis, C. H., Swaminathan, S., Kim M. D. Nonequilibrium Viscous Shock-Layer Flows over Blunt Sphere-Cones at
Angle of Attack // American Institute of Aeronautics and Astronautics, 1983. V. 20, iss. 4. P. 331-338

On the study of vibration of a coating—substrate system in the presence of a horizontal flat inclusion

I. S. Telyatnikov, A. V. Pavlova, M. N. Kolesnikov
Kuban State University

Email: ilux_t@list.ru

DOI: 10.24412/cl-35065-2022-1-01-23

We consider the vibration of an elastic layer on a half-space and a two-layer package with a pinched bottom
face in the presence of an interface flat inclusion. Homogeneous coating, lying on the substrate without separa-
tion, is modeled by a Kirchhoff plate [1]. Using the differential factorization method and algorithms for con-
structing Green's matrices of multilayer media with defects [2] we obtained relations between Fourier images
of the surface displacements and given load and displacement in the defect region for both substrate models.
For the plane case we analyzed the dispersion properties of the system and calculated the surface displacement
field.
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The problems of vibrations of thin-walled elements in contact with an elastic medium arise in various engi-
neering applications, as well as in modeling the interaction of lithospheric structures. The results obtained can
also find applications in modeling horizontal geotechnical barriers (screens).

This work was supported by the RSF and KSF (project No. 22-21-20032, https://rscf.ru/en/project/22-21-20032/).
References

Volmir A. S. Nonlinear dynamics of plates and shells / A. S. Volmir. Moscow: Nauka, 1972. 432 p.
Pavlova A. V., Rubtsov S. E. Differential factorization method for layered-block media with defects // Vestnik of Loba-
chevsky University of Nizhni Novgorod. 2011. Ne 4(5). P. 2410-2412.

YncneHHoe moaennpoBaHMe pacnpocTpaHeHUs MUKPONIAcTUKA B 03. baiikan

E. A. LiBeToBa

UHcmumym ebivucaumensHoli MamemamuKku u mamemamudeckol eeogusuku CO PAH
Email: E.Tsvetova@ommgp.sscc.ru

DOI: 10.24412/cl-35065-2022-1-01-24

YnucneHHasa moaenb rmapoTepMoaMHaMUKA BOA, B HETMAPOCTaTUYECKOM NPUBANNKEHUM U HOBaA BEPCUA MO-
Aenun pacnpocTpaHeHua npumecen [1], yunuTbiBatoLlan Lenum nccneaosaHuii, MICNOAb3YIOTCA ANA BOCNpousseae-
HUWA NoBeAeHNA MMKPONAACTUKa B 03epe. ITa TeMaTUKa LMPOKO M3yyaeTca B mMupe, HO Ans balikana ee uccne-
[0BaHUe TO/IbKO HauMHaeTcA. [epBble HeMHOroYncAeHHbIe Ny6ANKaUMKM No pesyibTaTamM 3KCNeANLMOHHbIX pa-
60T YKa3bIBalOT HA A0BOJ/IbHO BbICOKWIM YPOBEHb 3arpAsHeHnn, CPaBHMMbIN C 3arpAsHEHMEM APYrMX 03ep Mupa.
B ycn0BMAX BbICOKOW CTENEHM HeonpeaeneHHOCTU NPY MOAEANPOBaHNN NPUPOAHbIX 06bEKTOB, 04HOMN U3 OC-
HOBHbIX Npobiem ABNAeTCA 3aJaHNe UCTOYHUKOB NpUmeceit ANA YPaBHEHUA KOHBEKUNN-ANPPY3nnN-peaKkLmm.
C 3TOM LeNbio Mbl UCMOAb3YyEM CLEHapHbIN Noaxoa, GopMUPYA HECKOIbKO BO3MOXHbIX BApMaHTOB, pe3y/1bTaTbl
KOTOPbIX CPaBHMUBAOTCA MeXay CoboM.

PaboTa BbiNosiHeHa B pamKax roc3agaHua MBMuMTI CO PAH, npoekTt 0251-2021-0003, npu ¢uHaHCOBOMN nogaepke
Poccuiickoro ¢oHza dyHAameHTanbHbIX MccaesoBaHn (Kog npoekta 20-01-00560).

Cnuncok nutepaTypbl
1. Tsvetova, E. A. Transporting Spirogyra algae in waters of Lake Baikal: Results of mathematical modeling// Proc.

SPIE, 11560, 115607, (2020).

MeTteoponoruyeckue 3¢ deKTbl BbICOKOro pacTUTeNIbHOro NOKpoBa B 061acTaX ¢ KpyToii oporpadueit
M. C. lOguH
UHcmumym sbivucaumesnsHoli MamemamuKu u mamemamudeckol 2eogusuku CO PAH

Email: m.yudin@ommgp.sscc.ru
DOI: 10.24412/cl-35065-2022-1-01-26

YucneHHaa maTemaTuMyeckasa mozeslb, OCHOBAHHaA Ha KOHEYHbIX 3/leMeHTax, UCNOo/b3yeTca A/1A pacyeTa
METEOPO/IONMYECKMX NOJIEN B BbICOKOM JIeCHOM mMaccuse. Mogenb CNpoeKTUpPoBaHa cneLmanbHo gns obnacTe
C KpyTon oporpadueit [1]. HacToswee nccnegoBaHue ABAAETCA NpogoKkeHnem pabotobl [2].

[na onncaHus BO3aeNCcTBMA BbICOKOMO JIECHOIO MACcCUBa Ha CTPYKTYPY aTMOchepHOro NorpaHUYHOro cios
NPUMEHAETCA SKOHOMMUYHAA CXeMa NapameTpusaLmm pacTUTeNbHOro nokpoBsa [3]. Mpu 3To napameTpmsauuu
pacnpegeneHua aTMocpepHbIX NOAEN C BbICOTOM B 1IECHOM MacCMBE B YPaBHEHWUAX BO3HMKAIOT Npeobnagatowme
HeNuHelHble YneHbl. B paboTe 0bcyaatoTcs 6udypKaunmoHHble 3 eKTbl NPU UHULMANM3ALMN MOAENN, KOTAa
N3y4yaeTcsa NoBeAeHUe peLleHns NpPu CTpemaeHUM K CTaLMOHAPHOMY COCTOSIHUIO M BO3HMKaEeT BUQYPKALLMOHHbIN
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KacKag, KOTOPbIA MOXKHO YCTPaHUTb CYLL,ECTBEHHO YMEHbLUMB BE/IMYMHY Wara no spemeHun. CoOoTBETCTBYOLWME
He/IMHelHble Pa3HOCTHbIE YPaBHEHUS NCCAEA0BaIMCb METOAaMM Teopun budypkauuin [4, 5].

MpuBoAATCA pe3ynbTaTbl YUCAEHHbIX SKCMEPUMEHTOB MO OLLEHKE BAMAHWUA LMPOKOMACLUTabHOMN BblpybKU
Jleca Ha MeTeopPOIOTMYECKUI PEXKMM B BbICOKOM JIECHOM MaccuBe.

PaboTa BbINO/IHEHa B paMKax rocyaapcTBeHHoro 3agaHus MBMuMT CO PAH 0251-2021-0003.
Cnuncok nutepaTypbl

1. Yudin, M. S., Comparison of FDM and FEM models for a 2D gravity current in the atmosphere over a valley//Bull.
Novos. Comput. Center, 13, 95-101 (2012).

2. Yudin, M. S., Some meteorological effects of forest canopy in an atmospheric finite element model //Proc. SPIE
11916, International Symposium on Atmospheric and Ocean Optics, Atmospheric Physics, 119166T; URL:
https://doi.org/10.1117/12.2603454 (2021).

3. Schilling, V. K. A parameterization for modelling the meteorological effects of tall forests — A case study of a large
clearing // Boundary-Layer Meteorol 55, 283-304 (1991). URL: https://doi.org/10.1007/BF00122581.

4. Gross, G., Optimum time step and remerging Feigenbaum trees in a one-dimensional boundary-layer model. Beit.
Phys. Atmos., 68, 271-273. (1995).

5. Schuster, H. G., Just, W. Deterministic Chaos WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim, (2005).
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CEKLUUA 5
CynepKoMnblOTEPHbIE BbIYMCAEHUA U NPOrpaMMUpPOBaHMue

Peannsaumna meToanKU rno6asbHOro aHaan3a yasBUMOCTU SHEPreTUYEcKoi MHGPACTPYKTYPbI

A. B. Egenes?, M. A. MapueHKo?

Yuemumym cucmem sHepeemuru CO PAH

2WlHcmumym 8biyucaumensHol Mamemamuku u mamemamudeckoli 2eopusuku CO PAH
Email: flower@isem.irk.ru

DOI: 10.24412/cl-35065-2022-1-01-27

OpAHoM M3 coBpeMeHHbIX 33a4 UCCNeA0BaHMA KNBYYECTU SHEPreTUYecKo MHPPACTPYKTYPbI ABAAETCA /10-
6anbHbIN aHaNM3 ee yAa3BMMocTM [1]. B 4aHHOM ciyyae yA3BMMOCTb PAacCMaTPMBAETCA KaK COCTaBAAIOLLANA KU-
BYYECTU, KOTOPAA OTParKaeT "NaccMBHYH" peakumto sHepreTUYecko MHPPACTPYKTYPbl HA KPYMHbIe BO3MYLLe-
HUA, XapaKTepUsyeT pasmep 1 MaclTab HeraTMBHbIX NOCNAEACTBUI oA MHOPACTPYKTYPbI B pe3ybTaTe BO34eN-
CTBMA KOHKPETHOTO BO3MYyLLeHUs [2].

FnobanbHblit aHANU3 YA3BUMOCTU NPOBOAUTCA NMYyTEM MOLENMPOBAHUA BO3AENCTBUA HA CUCTEMY KPYMHbIX
BO3MYLLEHWIA C BO3pacTalollein amnanTygon. PesynbTtaTom AaHHOTO BMAA aHaM3a yA3BMMOCTU ABAAETCA MNo-
CTPOEHHasA B TabIMYHOM UM FpadUUECcKOM BUAE 3aBUCMMOCTb NaAeHMA NPOU3BOANTENIbHOCTU SHEPTeTUYECKOM
MHOPACTPYKTYPbI OT BEANYMHbBI aMNANTYAbl.

B noknaze onucbiBaeTca peanmsauma Ha ocHose 6nbanotekn PARMONC [3] meToaMKKU rnobanbHOro aHa-
NM3a YA3BMMOCTU SHEpreTuYeckoi MHGPaCTPYKTYpbl, OCHOBAHHOM Ha noaxoae [4].

PaboTa BbinosHeHa Npu GMHAHCOBOM NoaaepKke MUHUCTepcTBa 06Pa30oBaHMA M HayKM Poccum B pamKax rocyaap-
cTBeHHoro 3agaHusa Ne FWEU-2021-0003 ¢ ncnonb3oBaHmem pecypcos LIKM "BbicokoTemnepaTtypHblit KOHTYp" (MuHO6p-
Haykun Poccum, npoekTt Ne 13.11KM.21.0038) u UKN Cubumpcknin CynepkomnbtoTepHbiii LleHTp MBMUMI CO PAH, a Takxe
Poccuiickoro ¢oHaa dyHOameHTanbHbIX UccnesoBaHuin (Koa npoekta Ne 15-07-07412a).

ABTOpbI BblparkatoT 6aarogapHocTb MpKyTcKoMy cynepkomnbtoTepHomy ueHTpy CO PAH 3a npegocrtasne-
HUWe A0CTyna K BbICOKONPOM3BOAMTENIbHOMY KnacTepy "AKagemunk B. M. MaTtpocos" (MpKyTCKuii cynepkomnbio-
TepHbIl ueHTp CO PAH, Npkytck: MOCTY CO PAH; http://hpc.icc.ru, aata o6pauweHma 18.05.2022).

CnucokK nuTepaTtypbl

1. Su H,, Zio E., Zhang J., Li, X. A systematic framework of vulnerability analysis of a natural gas pipeline network.
Reliability Engineering & System Safety, 2018, 175. P. 79-91.

2. Boponaii H. N. HageskHoCTb cuctem sHepreTnkn (COopHUK pekomeHayembix TepmuHos) / H. . Boponait. M.: MAL
"IHeprua," 2007. 194 c.

3. Marchenko M. PARMONC — A Software Library for Massively Parallel Stochastic Simulation // Lecture Notes in Com-
puter Science Volume 6873, 2011. P. 302—-316.

4. Mugume S. N., Gomez D. E., Fu G., Farmani R., Butler, D. A global analysis approach for investigating structural re-
silience in urban drainage systems. Water research, 2015, 81. P. 15-26.
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SKOHOMMYHbIE YUC/IEHHDbIE PacyeTbl PAacNPOCTPaHEeHUA LyHamu ¢ npumeHeHunem FPGA
M. M. NlaspeHTbes?!, AH. I'. Mapuyk?, K. K. O6nayxos!
YMuemumym aesmomamuku u anekmpomempuu CO PAH

2JiHcmumym sbiqucAuMensHOU Mamemamuku u mamemamudeckoti 2eogpusuxku CO PAH
Email: mmlavrentiev@gmail.com
DOI: 10.24412/cl-35065-2022-1-01-28

B nccnepoBaHmax npobaembl LyHaMM MMEIOTCA, KAK MUHUMYM, ABe 33Za4u, Tpebytowme 3HaYnTeNbHOIro
KO/IMYeCTBA YMC/EHHbIX PAcYETOB PAcNpPOCTPAHEHMA BOJIHbI LlyHaMW OT MOZAENbHbIX UCTOYHUKOB. lNepBas 3a-
Jayva — 3TO onpefeneHue LyHamMMONacHOCTM Nobepekmnin MeTofoM CLEHAPHbIX PacyeToB, TPeDbYHOLWMX COTeH
(a Mmo¥KeT BbITb M TbICAY) BbIYUCUTENbHbIX SKCNEPUMEHTOB NO reHepauum U PacnpoCcTPaHeHUIo LLyHaMn OT Mo-
OENbHbIX NN PEANUCTUYHBIX 04AroB € PA3/IMYHbIM HavyalbHbIM CMELLLEHMEM M MECTONONOXKeHNeM. BTopas 3a-
Aayva — 310 popmMmUpoBaHMe 6a3bl CUHTETUYECKUX MAPEOrPaMM B TOUKAX PACMON0NKEHUA FYOOKOBOAHbIX peru-
CTPATOPOB LLyHaMM OT TaK Ha3blBaeMbIX 6Ha3UCHbIX NCTOYHUKOB, TIMHENHO KOMBUHaLMeRn U3 KOTOpPbIX BNOC/aeA-
CTBUW NpeacTaBaseTca peanbHblin odar. Ob6bIMHO 0auH pacyeT TpebyeT 2—3 Yac. NPoLeccopHoro BpemeHu Ha MK
WAWN KnacTepe, 4To TpebyeT aHepreTUYeckux 3atpat nopsagka 1-2 Kety. MpMmeHeHMe COBPEMEHHbIX KOMMbHO-
TEPHbIX aPXUTEKTYP, TaKMUX KaK Nporpammupyemsblie nosb3osatenem matpuubl FPGA (Field Programmable Gates
Array) unu rpaduyeckme npoueccopbl GPU (Graphic Processing Unit), No3BossieT COKPaTUTb BPEMA KarKAoro
pacyeTta B 100—200 pas. B paboTe peannsoBaH BbIYNCANTE/IbHbIN KOHBeep Ha FPGA nniaTe, UcNonb3yoLwmii pas-
HOCTHYIO cxemy Mak-Kopmaka ans pelieHma HeanHemHon cuctembl auddepeHUManbHbIX YPaBHEHUA MENKOMN
BOAbIl. [JOCTUrHYyTasA NPOM3BOAMTE/IbHOCTb NO3BOJIAET 38 1 MUH. MOJIy4aTb pacnpeaesieHne MakCMMYMOB BOJIHbI
BAO/1b Nobepexkba, YTO NO3BONSAET CYLLECTBEHHO S3KOHOMMUTb BpemMa U noTpebieHne aNeKTposHepru.

MpounssoauTenbHOCTb BbluucneHui B cucteme IMDAF
A. B. MNeHeHKo, E. B. PycuH

UHcmumym sbl4ucaumensHol mamemamuKku u mamemamuyeckol 2eogpusuku CO PAH
Email: rev@oo0i.sscc.ru
DOI: 10.24412/cl-35065-2022-1-01-29

PaccmaTpuBaloTca BONpoChbl NPOU3BOAUTENBHOCTU CUCTEMbI 0b6paTHoro mogennposaHusa IMDAF (Inverse
Modeling and Data Assimilation Framework) [1] Ha pa3/IMYHbIX YPOBHAX: ONTUMM3ALUA IOTUKM BbIYUCIEHUN,
BEKTOpM3auma, oNTMMU3ALMA MCNONb30BaHUA NaMATU, MHOTOMNOTOYHOE U pacnpenesieHHOe UCNOIHEHWE, UC-
NonHeHWe Ha cneunpoLeccopax.

PaboTa BbinosHeHa B pamKax rpaHTta Ne 075-15-2020-787 MuHUCTEPCTBa HayKuM U Bbicliero obpasosaHms PO Ha Bbi-
NOJIHEHME KPYMHOrO Hay4YHOro NPOeKTa No NPUOPUTETHLIM HaNpaBAEHUAM HAyYHO-TEXHONOTMYECKOTO Pa3BUTUA (MPOEKT
"dyHaameHTaNbHbIe OCHOBbI, METOAbI U TEXHONOTMW LMPPOBOrOo MOHUTOPUHIA M NMPOrHO3UPOBAHUA SKONOTMYECKOM 06CTa-
HOBKM BalKanbCcKoi npupoaHoi Tepputopumn™).

CnucokK nnuTepaTypbl

1. Penenko A., Penenko V., Tsvetova E., Gochakov A., Pyanova E., Konopleva V. Sensitivity Operator Framework for
Analyzing Heterogeneous Air Quality Monitoring Systems // Atmosphere. 2021. 12(12):1697.

ANroputmbl ¢ BOUYHbLIMU AEPEBbAMU NOUCKA

M. C. Py3aHKuWH

UHcmumym mamemamuku um. C. /1. Cobonesa CO PAH
Email: ruzankin@math.nsc.ru

DOI: 10.24412/cl-35065-2022-1-01-30

1. Mbl paccMOTPMM HOBBIN BbICTPLIN aArOPUTM MOCTPOEHUS ABOMYHOIO AEpeBa MOWCKA AN 3a4aHHOro
Habopa uyucen. ANrOpUTM MMEET JIMHENHYIO BPEMEHHYIO C/IOXHOCTb, eCn 3TOT Habop 4Yncen ynopaaoveH.
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ANTOPUTM CTPOUT ABOMUYHOE AEePEBO NOMCKa MUHUMAIbHO BO3MOXKHOM BbICOTbI, MPUYEM 3TO AEPEBO ABAAETCS
NMO/IHbIM B TOM CMbIC/1E, YTO BCE YPOBHU, KPOME, BO3SMOXKHO, CAMOTO HUXHEro, NONHOCTbIO 3anoAHeHbl. ANro-
PUTM He UCNOoNb3yeT PEKYPCUBHbBIX BbI30BOB GYHKLMIA U A0MNYyCKaeT NpocTyio 3pdeKTUBHYIO napannennsaumio.
Mpw cpaBHEHWUU NPOU3BOANTENBHOCTU pPeannsaLmii Ha A3blke R, B pacCMOTPEHHbIX NpUMepax HOBbI anropmnTm
OKasascs bonee yem B 10 pas bbicTpee Knaccuyeckoro anropmntma BupTa (peKkypcrBHO CTPOALLETO SIEBOE U Npa-
BOE NoaJepeso).

2. Mbl paccMoTpUM anropuTm caydaiiHoro sbibopa m 06beKkToB 13 n 6e3 Bo3BpalleHUA. ANropUTM UCNOJb-
3yeT ABOMYHOE AepeBOo NOMCKa U UMEET CPpeaHIo BpeMeHHYo cloXHocTb O(m log m).

rMAA-TECT-GPU. AganTauua npuKknaagHoi meroandeckoii nporpammbl ITMAOA-TECT K cuety Ha GPU

E. A. Cnzos, A. M. Epodees, WU. tO. TypytnHa, UN. H. Yuctakosa

Poccutickuli gpedepanbHsbili adepHsbili yeHmp — Bcepocculickuli Hay4Ho-uccaedosamenbcKuli uHcmumym
aKcnepumeHmansHol usuKku

DOI: 10.24412/cl-35065-2022-1-02-40

B foKnage npeacTaBneHbl pesynbTaTbl PpaboT No aganTauum K cHeTy Ha rpaduyeckmx yckoputensax (GPU)
npuKnagHon metoamnyeckoi nporpammol IFMOA-TECT, BKAtoUEeHHOM B cucTemy TectoB POAL-BHUNIP gna mc-
cneAoBaHMA NapamMeTpPoB BbICOKOMPOMU3BOAUTENbHbIX cuctem [1].

Mpn nomowm koga ITMOA-TECT moaenmpyroTcs NpoLecchbl ra3soBoi AMHaMUKKM, ucnonb3ya ALE-noaxopa,
NpW KOTOPOM annpPOKCMMALLMA YPaBHEHNN NPoOUCXO4MT B ABa Wara. Ha nepBom peLlatoTcs ypaBHEHMA ra3oan-
HaMWKWN B NarpaH¥xesblX NepemMeHHbIX, a Ha BTOPOM MPOM3BOAUTCA annpPOKCUMALMA KOHBEKTUBHbLIX Y/1€HOB
ypaBHeHW. Mpyn 3TOM aKTUBHO MCNOJIb3yeTCA NPOrpaMma "TMNoBOM cxembl", onpeaensatowasn u opraHn3syowas
NnopsaaoK pacyeTa sueek n obMeH AaHHbIMK MeXay avelikamm pasHbix MPI-npoueccos [2]. B 9TMAA-TECT BBe-
AeHa BO3MOXKHOCTb BEEHMA CHETA HA a4 aNTUBHO-BCTPAaMBaeMOM APO6HOM CeTKe, YTO BHOCUT 31€MEHT Hepery-
JNIAPHOCTM KaK B PaCYeTHYIO CETKY, TaK U B CTPYKTYPbl AaHHbIX.

B ooKknage npeacTaB/ieHbl ONMcaHMe U peleHre npobaem, BCTPeYEHHbIX B NpoLiecce co3gaHMA aganTmpo-
BaHHbIX K cyeTy Ha GPU nporpamm pacuyeTta fiarpaH»eBa v 3iepoBa 3TanoB ra3oBoM AMHAaMMKM, 3Tana co3aa-
HUS U yaaneHua ApobHbix ayeek. MpueeaeHbl NyTU peleHna Npobaembl UCNONb30BaHUSA HECKONbKUX GPU u
npobsembl 3a4eMCTBOBAHMA A5 pacdeTa NPOCTaMBalOWMX AL4Ep LEeHTPANbHOro npoueccopa (cxema cyeta
MPIXCUDA + MPIXOMP). MpoaemoHcTpupoBaHa eanHan "tunosas cxema" ana CPU n GPU, a Tak:ke npumep ee
MCNO/b30BaHMA A1A NPAMbIX MEPEecbIIOK AaHHbIX MexXay yctpoictBamu GPU. B pesynbtate BbIMOSIHEHHOM
afanTaumMmn NPorpaMm Ha TeCTOBbIX 3a4a4ax NoyYeHO YCKOPEeHMe OT ncnosib3oBaHmna GPU go 6 pas npu apdek-
TMBHOCTMK He HuKe 80 %.

CnucoK nuTepaTypbl

1. Anekcees A. B., bensaes C. I., boukos A. U., bbikos A. H., BetunHHnkos M. B., 3ananos A. H., HyxxauH A. A,, Or-
HeB C. M., CamcoHoBa H. C., Yuctakosa W. H., AHunKuH 0. B. MeToauveckne npuknagHoie tectol POAL-BHUUID gna ymc-
NEHHOTO0 UCCNef0BaHMA NAPaMETPOB BbICOKOMPOU3BOAUTENbHbLIX cUcTem // BOonNpockl aTOMHOM HayKK U TexHUKK. Cep.: Me-
TOAMKWU Y NPOTrPaMMbl YNCJIEHHOTO peLleHns 3a4a4 maTemaTmyeckon ¢oumsmkn. 2020. Ne 2. C. 86—-100.

2. KonobsHuH B. 10., ®éanopos A. A., AHTMNKMHA H. P. [JByxypoBHeBOe pacnapasjienMBaHne ABHbIX Pa3HOCTHbIX CXEM
meToamkn ITAK // Bonpocbl aTOMHOM HayKu 1 TexHuKK. Cep.: MeToAMKM M NPOrpaMmmbl YNCIEHHOTO peLleHns 3a4a4 Ma-
TemaTtuyeckom ¢usmnkm. 2017. Ne 3. C. 62-69.



96 CyriepKoMslomepHbie 8bI4UC/AEHUA U TPO2PaMMUpPO8aHuUe

KoHuenuua moaenbHOro BpeMeHu pasBUBaOLWMNXCA CUCTEM

M. H. CkonuH

UHCcmumym ebl4ucaumensHol mamemamuku U mamemamu4eckoli ceogpusuku CO PAH,
Hoeocubupckuli eocydapcmeeHHbIl yHUsepcumem
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WNccnepoBaHus, cBsizaHHblE C MOAE/IMPOBAHNEM, CErOAHA ABAAOTCA OAHUMU U3 Hanbonee CyLLeCTBEHHbIX
notpebuTtenen BblMUCAUTENbHbIX PecypcoB. KauecTBO TakMX UCCNe0BaHNI HENOCPeACTBEHHO 3aBUCUT OT TOTO,
B KaKoW mepe obecneumBaeTcsa UX pecypcHaa NoTpebHOCTb. A cpean BCeX BUAOB MOAENMPOBaHUA Hanbonee
YYBCTBUTE/IbHBIM K 06ecneyeHHOCTU pecypcaMm ABASETCA MOLENMPOBaHME Pa3BMBAIOLLMXCA CUCTEM, KOTOpOE
npeaycMmaTpuUBaeT OTPaXKEHME U3MEHEHUM peasibHOM CUCTEMbI BO BPEMS ee CyLLLecTBOBaHMA. lMNpouecchl, obec-
neymBsalowue pasBmMTNE, HAUMHAIOTCA, BbINOJIHAIOTCA M 3aBepLUAIOTCA B ONpeAe/ieHHbIX BPEMEHHbIX PamKaXx, UTo
€amo o cebe yKasbIBaeT He TO/IbKO Ha HEOBX04MMOCTb MOAENNPOBaHMSA BPEMEHU, HO M HA 3aBUCMMOCTb Kaye-
CTBa pelleHui OT pecypcHoi obecneyeHHOCTU. 34eCb BaXKHbl HE CTO/IbKO MUHYTbI, Yacbl, U ApP., CKOJIbKO Takne
CBOWCTBA, KaK B3aMMOB/IMAHNE U CMHXPOHWU3ALMA NOBEAEHUA 3/1EMEHTOB CUCTEMbI, PA3BUTME NOJ BO3LEN-
CTBMEM CODbLITUIN, BHELUHUX MO OTHOLEHMUIO K MOAEANPYEMOM CUCTEME UAN NPOAYLUPYEMbBIX €€ 3/IEMEHTAMM.
WHbIMM cnoBamM, Ha MOAENbHOM ypoBHE 6os1ee CyLLecTBEHHbI B3aMMOLENCTBUA 3/IEMEHTOB, YeM MOMEHTbI ab-
COJ/IIOTHOTO BPEMEHU, KOr4a 3T B3aUMOAENCTBMA NponcxoaaT. Kauectso MoaenMpoBaHUa 3aBUCUT OT COT/laco-
BAHHOCTW B3aMMOZENCTBUI CO CXEMOW OTPAXKEHUS BPEMEHU B MOAE/M, T.€. OT aAeKBAaTHOCTU MOAE/bHOIO Bpe-
MEHM.

ALEeKBaTHOCTb MOAE/IbHOTO BPEMEHU BarkHa A/1a toboro noaxona K U3y4yeHuio NpoLLeccoB n asneHnin. Ho
017 Pa3BMBaAIOLLMXCA CUCTEM OHO NpuobpeTaeT ocoboe 3HaveHne. ObLLel 3aaadeit B UX UCCNe0BAHUAX ABNS-
€TCA PEKOHCTPYKUMA MU UMUTALMA NOBeAEHMA cucTembl. OLIMOKM NpU ee pelleHnmr 3a4acTyto NPUBOSAT KaK K
HeBepHbIM pe3yabTaTamM PacYeToB, TaK M K HEPALLMOHANIbHOMY PACcX0L0BaHUIO BbIYUC/IUTENbHbIX pecypcos. Mo-
cnefHee MOXKET IMWNTL BCEX MOTEHLMAJbHbBIX MPEUMYLLECTB, Ha KOTOPbIE PACCUUTLIBAIOT NPU UCNOb30BAHUMU
CYNEepKOMMNbIOTEPHbIX BbIYUCAEHUI. 1A UCKAOYEHUA TaKUX OLIMOOK, HeobXxoAMMa 0c06an KOHLUENLUSA MOLE/b-
HOro BPEMEHMU, PernaMeHTUPYIoWAn NPOEKTHbIE PELUEHUS U rapaHTUPYIOLWasa UX KOPPEKTHOCTb.

[naBHOW Lenblo Npeasaraemoro AoKnaaa ABAAETCA NOCTPOeHME N 060CHOBaHMe Tpebyemol KoHLenumu.
Ei noguYMHAETCA CTPYKTYpa M3noxKeHusA. CHavyana faloTcs CBeAEHMA O TUNaX NPeaCcTaBAeHUI BpeMEHN, UCNONb-
3yeMblIX NPy MOAENNPOBAHUMU, U YTOYHAIOTCA NOHATUA, XapaKTEPU3YIOLLEE CUCTEMY KaK Pa3BMBAIOLLYOCA. 3aTeM
OMMCbIBAETCA METOZ onpeaeneHns BPeMEHM B MOAENAX PA3BUBAIOLWMXCA CUCTEM, UCMOJIb3YIOLMIN MEXAHU3M
COb6bITUI. ITOT MeTOoA, ABNAETCA OCHOBOM NpeaaraemMoi KOHLENUMM, U30XKEHME KOTOPOI CBOAMUTCA K Cneayio-
wemy: dopmann3oBaHHOE NpeacTaBaeHne onepupoBaHna MHGopMaLMen, OTHOCALLENCA K MoaelbHOMY Bpe-
MEHU; NOHATUE PA3BUTUA 3/1EMEHTA U €ro COCTOAHWUIN; 060CHOBAHME UCMO/Ib30BaHUA IOKA/IbHbIX BPEMEH 3/1e-
MEHTOB MOAENbHOM CUCTEMbI NPU COBBLITUIAHOM OpraHM3aUMn B3aMMOLENCTBUIA; AOKA3aTeNbCTBO AOCTAaTOYHO-
CTW MCMONBb30BAHMUA YAaCTUYHOM YNOPSAOYEHHOCTM COBLITUI ANA onpeneieHUs IOKaIbHOrO BPEMEHU 3/IeMEH-
TOB M rN0HaNbHOro BPEMEHM NPU COBLITUITHOM YNpPaBAEHUMU.

MPUHATO CYMTaTb, YTO MEXAHM3M CUHXPOHWU3ALMM CODLITUIN JOMKEH YA0BNETBOPATL TPEOOBAHMIO IOKaNb-
HOro OrpaHNYeHna NPUYNMHHOM CBA3M, 06ecrneynBaloLLErO 418 MOAEIbHOIO BPEMEHM UMUTALMIO ECTECTBEHHOTO
nopsaka cobbiTMin "oT NPUUMHBI — K cneacTeuto”. NMoHATHO, YTO HMKaKoM GpopmMann3m He rapaHTUMpyeT aBTOMa-
TUYecKoe BbINoIHEHMe 3Toro TpebosaHuA. Hawa popmanmsauma He uckntodeHme. OgHAKO UCNONb3ySA ee, pas-
paboTunk ByaeT TOYHO 3HATb, KAKMe CBOMCTBA MOAENbHOM CUCTEMBI HYXKHO NPOBEPATL ANA BepUdMKauum ee
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KOPPEKTHOCTU. B 3TOM COCTOUT NpenmyLLLeCTBO Npeaiaraemoro noaxoAa o CPAaBHEHMUIO C APYTMMU KOHUENTY-
aNbHO BAN3KMMM NPUEMAMMN U METOAAMM, MOAENNPYIOLLMMU BPEMA.

NccnepoBaHua, NnpeacTaBAeHHOE B AOKAa4e, MOKa3aso, YTo NpeosoneHne TpyaHbix npobaem rnobanmnsa-
UMM BPEMEHWN Ha OCHOBE MMPOBLIX YaCOB AOCTUMKMMO, €CIN TN0HaNbHOE BPEMS PACCMATPUBATD KaK CYLLHOCTb,
BTOPMYHYIO MO OTHOLLEHMIO K JIOKA/IbHbIM BPEMEHAM 3/1IEMEHTOB CUCTEMBI. ITO NO3BOIN/IO ONPeAENUTb 06Lme
TpeboBaHMA K MHCTPYMEHTaM NPOrPaMMHON NOAAEPKKM KOHCTPYMPOBAHUA MogeNen, yunTbiBatowme Heobxo-
OMMOCTb ONTUMM3ALMN MOAE/IbHBIX PACYETOB Ha CynepKoMMbloTepax. B KauyecTtse nepcnekTus nogxona pac-
CMaTpuBaeTca pa3paboTka YHUOULMPOBAHHBIX WAbIOHOB NPOEKTUPOBAHUA 1A AOCTAaTOMHO 06 MX MeTOA0B
NOCTPOEHUA MoAeNEeN Pa3BUTHUA.

BubaunoTteKka peanusalmMm accoLMaTUBHbIX BbIMUC/IEHUI Ha rpadudeckmnx yckoputenax cuSTAR:

npeacraBieHUe AaHHbIX ANa 3aga4 6uonHpopmaTukm

T. B. CHbITHMKOBA

UHcmumym ebivucaumensHoli MamemamuKku u mamemamudeckol 2eogpusuku CO PAH
Email: snytnikovat@ssd.sscc.ru

DOI: 10.24412/cl-35065-2022-1-01-32

3a nocnefHMe HeCKobKO neT 06paboTKa reHoma cTana WnpokosocTpeboBaHHOM 3aga4eid. Pa3nnyHbimMu
BapuMaHTaMM 06pabOTKM 3aHMMAIOTCA KaK YacTHble nabopatopun (ot MLIP-TecToB 40 reHUTUYECKMUX NacnopTos),
TaK 1 Hay4yHble KOANEeKTUBbI. [pu 3TOM U NepBsble, U BTOpble 06pabaTbiBaloT 60/bliMe 06beMbl AaHHbIX UK 3a
cuyeT Konmndectsa 06pasLoB, UK 3a CYET AJIMHHbI 3TUX 06Pa3LL0B: OT AECATKOB ThICAY 10 HECKOJ/IbKUX MUAIMUAEP-
00B HYKNeoTNA0B. 3aMeTUM, YTO OFPOMHAsA YacTb BbIMMCAEHMI CBA3aHA C MOMCKOM OTAE/bHbIX HYK/eoTMA0B
WK NX NocneaoBaTeNbHOCTEN B 6onbLUel NOCAeA0BaTe/IbHOCTU UM B BO/IbLIOM YMCae NOCAe0BaTeIbHOCTEN.

[na 3Toro uenecoobpasHo UCMNO/b30BaTb accoLMaTUBHbIE NapansienbHble BbluMCAeHUA. Ho accoumaTme-
Hble apXUTEKTYPbl He NpPeAcTaB/ieHbl Ha PbIHKE KOMMbIOTEPHOM TEXHUKM B OT/IMUYUN OT LUIMPOKOAOCTYNHbIX rpa-
durueckunx yckoputenein. bubnmnorteka cuSTAR 6bina paboTaHa Ana peanmsaumm acCoLUnaTUBHbIX BbIMUCAUHEHUI
Ha rpaduyecKkux yckoputenax. B gaHHoi paboTe npeanaraetca MeTod OopraHM3aummn AaHHbIX, NO3BONAOLNM
MCMNO/1Ib30BaTb acCOUMATUBHbIE aITOPUTMbI 417 pelleHna Pas/IMYHbIX 33434, CBA3aHbIX ¢ 06paboTKol reHoma.

NccneposaHme BbIMOMIHEHO B pamMKax rocyaapcteeHHoro 3agaHmna MBMuMIT COPAH 0251-2021-0005.

[M6puaHbI MeToa BbIYUCNIEHUA TPAAUEHTOB U METoA pacyeTa orpaHuYUTeNIei rpagueHTa ansa NnosblleHUs

TOYHOCTHK pelleHna 3a4a4 a3PpO0OANHAMUKN Ha HECTPYKTYPUPOBAHHDbIX CETKaX

A. B. Ctpyukos, P. H. }yukos, A. C. Kosenkos

Poccutickuii gpedepanbHsbili AdepHsbili yeHmp — Bcepocculickuli Hay4Ho-uccaedogamenbcKuli uHcmumym
aKcnepumeHmanoHol husuKku

Huxceaopodckuli eocydapcmeeHHbili mexHuveckull yHusepcumem um. P. E. AneKkceesa

DOI: 10.24412/cl-35065-2022-1-01-33

B paboTe paccmaTpuBaeTcs BONPOC pacyeTa rpagueHToB rasogMHaMUUYECcKUX BEJIMUMH Ha HECTPYKTYpPUpO-
BAHHbIX CETKaxX B 3a/a4ax aspoaNHaMMUKK. Mcnonb3yeTcs MHTePNoNALUMOHHBIN anroputm MpuHa — Maycca u me-
TOA, HAMMEHbLUMX KBaZPaTOB C Pa3/IMyYHbIMM Becamu. MoKasaHo, YTo meTos MpmHa — Maycca faeT XopoLuyio Tou-
HOCTb Ha OPTOrOHA/IbHbIX CETKAX, HO Ha HECTPYKTYPMPOBAHHbIX CETKAX AaHHbIA MeTo4 MMEeeT Hef0CTaTOuHYo
TOYHOCTb. B clydae meToAa HaMMEHbLUMX KBagpaToOB pe3y/ibTaTbl CYLLECTBEHHO 3aBUCAT OT reOMeTpPUN Adeek

CETKMU.
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[nA NoBbILWEHMA TOYHOCTM NPU pacyeTe Ha HECTPYKTYPMPOBAHHbIX CETKAxX C MPOU3BO/IbHbIMM AYEiKaMK aB-
TOpaMn NpeasioxKeH rMbpuUaHbIA MeToZ pacyeTa rpagMeHToB, COBMeELLAOWMM B cebe Kak CBOMCTBA MeToAa
lpuHa — Maycca, Tak U MeToAa HaMMeHbLUMX KBaapaTos. B pabote npusoaumTca Bua GyHKUMKW ANS BblYUCNEHMA
Beca BK/1aZa B UTOroByto GopMyIMPOBKY FpaZMeHTa KaxKaoro ns MeToAoB nNpu onpeaeneHnn ToroBoro 3Have-
HUs rpagmeHTa. OyHKUMA obecneunmBaeT NAABHLIA MEPEXOs MEXKAY MEeTogamu B 3aBMCMMOCTM OT CBOWCTB
AYEnKN.

MNpumeHeHWe NpeanoXeHHOro MeTo4a pacyeTa rpafMeHTOB MOKA3aHO Ha peleHnn 3a4a4un TPAHC3BYKO-
Boro ob6tekaHus npodpuna NACAO012 n cBepx3ByKOBOro 06TeKaHUA MOAENM eTaTeNbHOro annapaTa. Ha gax-
HbIX TPUMepPax NPOAEMOHCTPUPOBAHO NOBbILEHNE TOYHOCTU OT MPUMEHEHMA TMOPUAHOTO MeToAa pacyeTa rpa-
OVNEHTOB Ha HECTPYKTYPUPOBAHHbIX CETKaX.

JononHutenbHo B paboTe paccmaTpMBaeTca BONPOC NPUMEHEHUA OrpPaHUYUTENs TpaaneHTa ra3oguHamm-
YeCKOro MOTOKa MNpW pelleHnn TPeXMepPHbIX 33434 aspoANHAMUKUN HA MPOU3BOJIbHbIX HECTPYKTYPUPOBAHHbIX
ceTKax. MpnBoanTca pelleHne 33434 € y4apHO-BOIHOBLIMM CTPYKTYPAMM, B KOTOPbIX 415 NpeaoTBpaLleHuns no-
ABNEHUA OCLMANALNI HA Pa3PbIBHbIX PeLLEHUAX MOHUMKAETCA NOPALOK TOYHOCTM 33 CYET UCNONb30BaHMA PYHK-
LMU-OrpaHNYMTENA TpagneHTa. MccnenoBaHo BAMSIHME OFPaHMUUTENs Ha TOYHOCTb pe3y/bTaToB MU MOHOTOH-
HOCTb pelleHus. NoKasaHo, YTO NPUMEHEHWE OrpaHMunTeNs B "Knaccuyeckon popmyanposke", B KOTOpol no-
por cpabaTbiBaHWMA OCHOBAH HA XapaKTepPHOM pasmepe AYENKU CETKK, CNocobCTBYET NOAABAEHUIO NOXKHbIX OC-
LUUNNALWA B peLleHNM U NOBbIWEHMIO er0 MOHOTOHHOCTM. O4HAKO Npu pacyeTe Ha HECTPYKTYPUPOBAHHbIX CeT-
Kax orpaHu4YMTEeNb B TaKON GOpPMYyINMPOBKE MOXKET NPUBECTM K NOABAEHMIO 06NacTel ero ciyyaiHoro cpabatbl-
BaHWSA, YTO BAMAET HA TOYHOCTb MOJIY4AEMOro pelleHuna. Jna HeCTPYKTYPUPOBAHHbIX CETOK NpeaioXKeHa MHas
3anuncb orpaHMunTeNs, B KOTopom GpopmyanpoBKa nopora cpabaTbiBaHMA OCHOBAHA Ha UCMO/Ib30BAHUU Fa3o4u-
HAaMMYECKUX MapamMeTpoB TeueHus. MpeasioXKeHHbIN BapuaHT GyHKLUKN XapaKTepusyeTca oTcyTcTeBMem "napa-
3UTHbIX" obnacTel cnyyaitHoro cpabaTbiBaHMA M obecrneymBaeT ero paboTy AnWb B 061aCTU BbICOKUX FPaaneH-
TOB — Y4,3aPHO-BO/IHOBbIX NpoLeccoB. Mpy 3TOM CBOMCTBA MOHOTOHHOCTM, B CPaBHEHUM € "Knaccuyeckomn popmy-
nvpoBKon", coxpaHatoTea. Ana 06omx BapnaHTOB orpaHNYMTeNE NPUBELEHO CPaBHEHWE KOHCTAHT Nopora cpa-
6aTbIBaHMA Ha NPUMeEpPE YUCEHHOTO peLllerHns 3a4aY € YAapHO-BOIHOBbIMM NPOLECCAMM HA PaA3/INYHbIX CETKAX.
Mo pe3ynbTaTam Ux peLleHma faHbl PEKOMEHAAUMN MO ONTUMANbHbIM 3HAYEHUAM 3TUX BEJIUYUH.

Onsa paccmMoTpeHUss TPUMEHMMOCTU GYHKLNI OrpaHnYmMTeNa BbibpaHbl 3a4a4M CBEPX3BYKOBOIO TeYEHUA B
KaHane c KAMHOM U TpaHc3BykoBoe obTekaHune npoduna NACA0O012. PacyeT npoBoAM/ICA C UCNO/b30BAHMEM
HECTPYKTYPMPOBAHHbIX CETOK Ha OCHOBE TETPA3APO0B, YCEYEHHbIX LIECTUIPAHHMKOB M MHOTOrPaHHWKOB. Ha npu-
Mepe pelleHusa 3TUX 3afady NoKasaHa 06aacTb ciyyaiHoro cpabatbiBaHMA orpaHuuuTens Venkatakrishnan B
"Knaccmyeckoit bopmynnpoBke" 1 OTCYTCTBUE TaKMX obaacTel B cy4ae NpUMeHeHUs MoamduLMPOBaHHOrO Ba-
puaHTa GyHKLMM orpaHmumTens. Npu aHaamse KoadpduumneHTa cuabl N1060BOro CONPoOTUBAEHNA B 3aade obTe-
KaHue npoduna NACAOO012 nokasaHo, uto bosee "unctana" paboTa NpeasoKeHHOro BapMaHTa orpaHUYUTeNs
Venkatakrishnan cnocobctayeT noBbILEHWIO TOYHOCTU peLleHnA 334a4uM B LEIOM.

PaboTa BbiNo/siHEHA NP PUHAHCOBOW NoaAepKKe HaLMOHaNbHOro NpoekTa "HayKa n yHMBepcuTeTbl" B pamKax npo-
rpammbl MUHO6pHayku PO no cospgaHuio monoaexHbix nabopaTtopuii Ne FSWE-2021-0009 (HayyHaa Tema "Pa3paboTtka
YMCNEHHbIX METOA0B, MoAeNen N aifOPUTMOB AN ONUCAHUA TMAPOANHAMMUYECKUX XaPaKTePUCTUK KUAKOCTEN U ra3oB B
€CTeCTBEHHbIX MPUPOAHbIX YCNOBUAX, N YCNOBUNAX beHKLI,VIOHVIpOBaHVIFl UHAOYCTPUANbHbIX 06beKToB B WITATHbIX U Kputnye-

CKMX YC/IOBUAX Ha cynepKomnbloTepax neTaponcHoro Knacca'"), a Takke npu prHaHCOBOM NoAaepKKe rpaHTa MNpesungeHTa
Poccuiickoin ®egepaunm no rocyaapcTBEHHOM Nogaep ke BeayLwmx HayuHblx wkon HLL-70.2022.1.5



Cexkyua 5 99

Efficient direct sparse solver for different processor architectures
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In software development, solutions working well for x86 processors are not necessarily good for another
architecture. In out talk, we tell about issues that arose during developing a parallel direct solver for servers
equipped both with x86, ARM and the Elbrus processors and what we did to resolve the issues. Although the
obtained results are not final, the story about achieving the performance goals is instructive.
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Collision treatment is important for the operation of plasma confinement systems [1]. The article discusses
a high-speed pairwise collision algorithm developed for the particle-in-cell method. The approach makes it pos-
sible to effectively calculate the collisions of particles without using triginometric functions at all, which makes
it much faster than classical [2]. In this case the possibility of pairwise collisions exists for all model particles in
the cell (in contrast to the problems of gas mechanics). Algorithm is used in software systems for modeling
particle motion in a magnetic field. Comparison with the results of other algorithms is presented.

This work was supported by the Russian Science Foundation, project 19-71-20026.
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NapannenbHaa ¢parmeHTUPOBaAHHAA peannsauma metoga Yyactuu-s-ayeikax (PIC) c nomouwbio 6MbanoTexku

ynpasaeHua pacnpegesieHHbIMU gaHHbimu Didal
I A. LLykuH
UHCmumym soeiqucaumensHol mamemamuKu U mamemamu4ecKkoll eeogpusuxku CO PAH
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DOI: 10.24412/cl-35065-2022-1-01-36

BubnnoTeka ynpasneHus pacnpeaeneHHbimm gaHHbimu Didal (Distributed data library) [1] npeaHasHaueHa
ON5 ynpoLeHna pa3paboTKu napannenbHbix GparMeHTUPOBaHHbIX MPOrpamMm Ha A3bike C++ Ans BblUUCAUTENb-
HbIX MAaLlUWH C pacnpeaeneHHol namaTbio. B TexHonorm ¢pparmeHTMpPOBaHHOrO NporpammupoBaHua [2] npo-
rpamma npeacTaBAfeTCca Kak MHOXecTBO ¢parMeHToB (06 bEKTOB) AaHHbIX M BblUMCEHUIA; dparMeHTbl pacnpe-
OENATCA NO BbIYMCAUTEIbHBIM Y3/1aM A5 MapanienbHoro ucnosHeHus. bubnunorteka Didal nogaepkusaer
pacnpeneneHHble KOMJIEKLUMM OOBEKTOB U aCUHXPOHHbIV yAaeHHbIM BbI3OB Npoueayp A1a obpaleHua K yaa-
JNIeHHbIM 0bbeKTam. B pabote npepacrtaBneHa pparmMeHTMPOBaHHaA peasiM3aums MeToda 4YacTUL-B-AYelKax
(PIC) [3] ans 3amaum moaennMpoBaHUA ANHAMUKN CAMOTpaBUTUPYIOLLETO NblAeBOro obnaka, BbINoJHEHHas ¢ No-
Molblo cpeacts 6ubnmotekun Didal. MpoBeaeHo TecTupoBaHue 3PpPEKTUBHOCTM NOAYYEHHOW NpPOrpammbl U
CpaBHEHME C peanm3aumnsamm C MOMOLLbIO APYrnX CPeACcTB NapanieNbHOro NporpammupoBaHus.

CnucokK nuTepaTtypbl
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3. l'puropbes 0. H., Bwwnskos B. A., Pegopyk M. I. YucneHHoe moaenmpoBaHMe MeTo4amMm YacTul-B-auenkax. Hoso-
cmbupck: Usa-so CO PAH, 2004.
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Optimization based algorithms for solving inverse problems of designing cloaking, shielding

and concentrating devices
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A lot of attention has been paid recently to developing technologies for designing special functional devices
to control static physical fields (e.g. thermal, electric, magnetic etc.). Designing these devices necessitates solu-
tion of inverse problems for the respective model of static field [1].

To study these problems, a mathematical apparatus is developed based on the optimization method of
solving inverse problems for partial differential equations. Based on the apparatus, a theoretical analysis of con-
sidered inverse problems is carried out, additional properties of optimal solutions are established depending on
the choice of the cost functional and efficient numerical algorithms for their solution, based on the use of one
of global minimization methods, are developed. These algorithms allow to take into account various restrictions,
including restrictions associated with the simplicity of the technical implementation of the solutions. We will
show that using them for solving design problems allows us to obtain solutions with high functional efficiency
and ease of technical implementation in the form of layered shells consisting of natural materials.

This work was supported by the Russian Science Foundation (grant N 22-21-00271).
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K Bbl6OpYy UncneHHOro mertoga Ansa peweHusa o6paTtHbix 3agay IUT
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dneKkTpoumneaaHcHasa Tomorpadua (AUT) — 3To MmeToa, KOTOPbIA NO3BONSET PEKOHCTPYMPOBATb BHYTPEH-
HIOIO CTPYKTYPY OOBEKTOB }KMBOW MNPUPOAbI MO CEYEHUAM Ha OCHOBE U3MEpPEHUsA HanNpAKeHMA 3/1eKTPUYECKOro
TOKa, NPOX0AALLEro Yepes CEeTKY 3/IeKTPOAO0B, C NOC/AeAYIOLMM CYMTbIBAHMEM HaMNPAXKEHUA Ha rpaHuLLE 06beKTa
[1]. MatemaTnyeckmn IUT onuncbiBaeTCA C NOMOLLbIO KO3dpdULMeHTHOM 0bpaTHOM 3a4aum [2]. B gaHHON paboTe
obpaTtHas 3agaya UT paccmaTpuBaeTcs B NMOJHON 3/1EKTPOAHON Mogenn, 0coOBeHHOCTbIO KOTOPOM ABAAeTCA
NCNo/Ib30BaHMe YPaBHEHMA SNIUNTUYECKOIO TMMA C KYCOYHO-NOCTOAHHbIMU KO3 PULMEHTaMMN U CNeLUanbHOro
nHTerpo-aguddepeHLnanbHOro rpaHUYHOrO YC/I0BUA Ha KOHTAKTHOM rpaHuue 3neKkTpogoB. Mocne ceTouHol
AVCKpeTnsaumm obpaTHan 3agadva IUT npeacTaBaaeT coboi CUCTEMY IMHENHbIX YpaBHEHUI C HEU3BECTHOM MaT-
puuen, KoadPULMEHTbI KOTOPON MOMKHO HANTK, 3HaA HAaboPbI NPaBbIX YacTen n pewweHuit Takoit CJTIAY.

[ns pelieHMA Takol 3a4a4mM paccMaTpUBAlOTCA [Ba CTOXAaCTUYeCcKUX metoaa: ambdepeHumanbHas 3B0NI0-
uma [3] n meTog cTam cepbix BONKOB [4].
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Paborta BbinosiHeHa Npu GUHAHCOBOM NoaaepKke MUHUCTEPCTBA HAayKM U BbicLlero obpasosaHus PO (cornaweHune Ne 075-
02-2022-884).
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3amegsieHne aaropuTMoB PEKOHCTPYKLUUU M306parkeHnii B SMUCCUOHHOI Tomorpadum
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B coBpeMeHHbIX 3IMUCCUOHHbIX TOMOrpadax A1 PEKOHCTPYKLMM M306pakeHM NCMONb3YIOTCA UTePaLMOH-
Hble EM-anropuTmbl. O6bI4HO 3TO anropuTmbl OSEM ¢ BO3MOMKHbIM BK/OYEHMEM CrAAXKMBAHWUA. ANTOPUTMBI
OSEM ABAAKOTCA 3BPUCTUHECKMMM aNITOPUTMAMM, OCHOBAHHbIMM Ha anroputme MLEM, ana KoToporo gokasaHa
CXOAMMOCTb K peLleHM0 MaKCMMasbHOro npasaonofobua. B aoknaae byaer paccMoTpeH HOBbIN anropuTm pe-
KOHCTPYKLMM M306paKeHUA MO NyaCCOHOBCKUM AaHHbIM — 3ameaIeHHbIn anropuTm MLEM, KoTopblil He aBAA-
etca EM-anroputmom. Tem He MeHee, AOKa3aHbl TeOpPeTUYECKME CBOMCTBA HOBOrO afropMTMa, gatolme BO3-
MOXHOCTb 3aMegNATb CXOAMMOCTb anroputmos OSEM. 3ameaneHmne OSEM B HEKOTOPbIX CAy4aaX MOXKET nos3-
BO/IMTb MONYYUTb pelleHme "nyywe", yem gaeT ncxogHbln anropnutm OSEM. Ho ocHoBHasA No/ib3a 3amenIeHHOTo
OSEM MOKEeT 3aK14aThCA B TOM, YTO 3TOT a/IFOPUTM MOKET NO3BO/IUTL "cMArYMTL" Npobiemy camwKkom bbicT-
PO CXOAMMOCTU peLLeHUs U nocneayroLLero 6biCTporo 3awymneHmna n3obparkeHns, CBOMCTBEHHbIX aTOPUTMY
OSEM, Koraa HeBepHbIl BbIOOP UTEPALMKN PELLEHMA MOKET NPUBECTM K CYLLLECTBEHHbIM OLIMOKam B PEKOHCTPY-
MPOBaAHHOM M306parkeHUN.

Kpaesble u 3KCcTpemasibHble 3a43a4U 418 YpaBHEeHUs peakuumn-anddy3smm KOHBEKLMU C NnepemMeHHbIMU

KoadbduumeHtamm

P. B. bpusunukui, XK. 0. Capumuxras

UHcmumym npuknadHol mamemamuku [BO PAH
Email: minwizard@mail.ru, zhsar@icloud.com
DOI: 10.24412/cl-35065-2022-1-01-40

[okaszaHa rnobasbHaa paspelMmocTb KpaeBon 3a43a4M gas ypaBHEHNA peakumn-guddy3mm-KoOHBEKLMM C
nepemeHHbIMK KoapdumumneHTamu. Mpegnonaraetcs, YTo KoapoduumeHTbl AnddPy3nm 1 peakumm B ypaBHeHUMU
He/IMHEeMNHO 3aBUCAT OT KOHLLEHTPALUMM BELLLECTBA, @ KOIPPUUMEHT peaKL MM TaKKe 3aBUCUT U OT MPOCTPAHCTBEH-
HbIX NepemeHHbIX. YCTaHOB/IEHbl AOCTaTOUYHbIE YCAOBUS Ha UCXOAHbIE AaHHbIe KPaeBOM 3a43a4u, NPU KOTOPbIX
cnpaBes/iB NPUHLUN MaKCUMYMa U MUHUMYMA A5 KOHUEHTpauuu Belectsa. Ana 6onee rnagkoi rpaHnubl
[0Ka3aHO IOKaNbHOE CYLLLECTBOBAHME CU/IbHOTO pPeLleHUA KpaeBoi 3a4aun. [lanee ycTaHOBAEHbI AOMNONHUTENb-
Hble YCNOBMWA €ro NOKaNbHOM eAUHCTBEHHOCTH.
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[na paccmaTtpmeaemoint 3agaum chopmyMpoBaHbl M MCCAeA0BaHbI 3aa4N pacnpeaesieHHOro ynpasaeHus
M fOKasaHa ux paspewnmoctb. MNonyyeHHble B paboTe pe3ynbTaTthl 0606WaeT pas pes3ynbTaTos, NONYYEHHbIX
B [1-3].

PaboTa BbinosHeHa B pamkax HWOKTP Homep AAAA-A20-120120390006-0 MMM ABO PAH v npu ¢uHaHcoBOM nog-
AepxKke MUHUCTepCTBa HayKuM U1 Bbicwero obpasoBaHuna PO (Homep cornawenns: 075-02-2021-1395).
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B AoKnaze paccmoTpeHa KBasuanHelHaa mogens AnddysmoHHOro npouecca ¢ NogsuxKHol rpaHuueit. Ce-
TOYHan 061acTb 3a4a4M NpPeacTaBAAET CUCTEMY YeTbipeX BAOXKeHHbIX 3D-KyboB. Mcnonb3oBaHa YMCAeHHas pe-
anmsauma balayage-metoza [3]. B KauecTBe 061aCTU-UCTOYHMKA MCNO/Ib30BaHbI: BHYTPEHHUI Ky6, Habyxwnit Ha
LLIAr CeTKM BHYTPEHHMI Kyb, TopoobpasHaa ob61actb 6e3 camoro BAoXKEHHOTO Kyba. PaccmoTpeH MCTOUYHMK BO BHYT-
peHHem Ky6e M CUCTEMA TOYEYHbIX UCTOYHUKOB. 3TN TOYEYHbIE UCTOYHUKN MOTYT BO3SHUKHYTb U C}'lyl-la[;iHblM 06-
pa3om No BEPOATHOCTHOMY 3aKOHy pacnpegenieHus. C Lenblo onpeaeseHna MecTonooKeHNA HavaabHOro mnc-
TOYHMKA Y BO3MOXKHO BTOPUUYHOO MCTOYHMKA NPOBEAEHbI CONOCTABIEHUA BbIMETEHHbIX 3HAaYEHMI NAOTHOCTH.

PaboTa BbinosHeHa B pamkax HUP "MaTtemaTtnyeckme Moaenun U SKCNEPUMEHT B 3N1€KTPOSUHAMMKE U MAarHUTHOM rma-
poanHamumke" (aorosop N2 6).
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The source problem for a parabolic equation with a nonlinear right-hand side using additional information
of the diffusion process at fixed points in time is considered. The source problem for the diffusion-logistic
model [1] is reduced to a multiparametric problem of minimizing the target functional. For the problem under
consideration nature-like algorithms work inefficiently and the TT method is a promising direction. The
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functional is represented as a tensor and approximated as a tensor train [2]. The effectiveness of the method in
terms of the accuracy of the solution obtained and the computational cost will be demonstrated. TT method
was applied to the source problem that arise in the description of information diffusion in online social networks.

This work is supported by the Russian Science Foundation (project no. 18-71-10044-M) and Council for Grants of the
President of the Russian Federation (project no. MK-4994.2021.1.1).
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The article deals with the problem of removing noise that has some anisotropy in a certain direction in
remote sensing images [1]. Such interference can occur with satellite imagery of the surface of Earth and planets
due to the peculiarities of the imaging equipment [2]. We propose the method of removing such noise in the
Radon space, using its singular value decomposition [3] and new formula for generalized inverse of the matrices
involved. The numerical experiments on real-world images demonstrate the efficiency of the techniques pro-
posed.

This work was (partially) supported by the state contract with the ICM&MG SB RAS (project 0251-2021-0003) and by
the Ministry of Science of the Republic Kazakhstan (project no. AP09258836).
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Regularization algorithms of inverse problems in epidemiology based on sensitivity-based identifiability
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Mathematical models in epidemiology are described by compartmental and agent-based approaches. The
combination of different approaches allows one to construct forecasting scenarios depends on socio-economic
processes. Such models are based on differential equations (ODE, PDE and SDE types) and mathematical statis-
tics and characterized by its parameters. The identification of model parameters to measurements of



Cexkyusa 6 105

epidemiology process is an ill-posed problem. The sensitivity-based identifiability analysis [1] allows one to con-
struct an ordered sequence of sensitive parameters and reduce the intervals of parameter variability.

The identifiability analysis for combined mathematical model of COVID-19 propagation is demonstrated [2].
The regularization algorithm of solving the inverse problem is proposed.

This work was supported by the RFBR and the Royal Society of London (RS) (project number 21-51-10003).
References

1. Krivorotko O. I., Kabanikhin S. 1., Sosnovskaya M. I., Andornaya D. V. Sensitivity and identifiability analysis of COVID-
19 pandemic models // Vavilov J. of Genetics and Breeding. 2021. V. 25(1). P. 82-91.

2. Krivorotko O., Sosnovskaia M., Vashchenko I., Kerr C., Lesnic D. Agent-based modeling of COVID-19 outbreaks for
New York state and UK: parameter identification algorithm // Infectious Disease Modelling. 2022. V. 7. P. 30-44.

"Cynep6bicTpoe" peweHue TpexmepHou obpaTHOM 3a4aum anactorpadmm meTogom Maaoro napamerpa
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B OHKOMIOrMYECKOM ANArHOCTMKE aKTUBHO PA3BUBAETCA HOBbLIM MeToA, — 3n1acTorpadus, OCHOBAHHbIN HA pas-
IMYMAX YNPYyrux CBOMCTB 34,0P0BOM M OMyX0NeBbIX TKAHEN. M3mepasa cmelLeHNs BUONOrMYECKUX TKAHEN NPU KUX
NMOBEPXHOCTHOM CXKATUKM U Haxo4A NO CMELLEHUAM pacnpeaeneHne mogynen ynpyroctu B uccinegyemon obna-
CTW, MOXKHO CAENATb BbIBOA, O HAa/IMUMM Tam onyxosiei. Takas ANAarHOCTUKA B peaibHOM BpeMeHU TpebyeT pas-
paboTKM aieKBaTHOM MaTemaTMyeckon moaenu n "6bicTporo” metoaa pelleHns TpexmepHoi obpaTHOM 3a4a4u:
MO CMELLEHMAM HAUTN MOAY/IM YNPYrocTu. MPaKTUYECKM, 3TO CBOAUTCA K PeLLEHUIO TPEXMEPHOM 0bpaTHOM Ko-
3apdMUMEHTHOM 3a4a4M ANs cneumanbHOM CUCTEMbI YPaBHEHUIA TMHENHOM TeOpUM YNpyrocTu. B 3agave nme-
€TCA XapaKTepHbIM "Manblii napameTp”, U NO3TOMY ee yAaeTcsa PelnTb aHAaIMTUYECKM B PaMKax TEOPUM pery-
NAPHbIX BO3MYLLLEHUI. MonyyeHHasa KoMNaKTHasa ¢opmyna ANA peleHusa TpexmepHon obpaTHoM 3aaaum ana-
ctorpadum No3BOAAET PELUMTL €€ 33 HECKOJIbKO MUJIIMCERYHA, Ha MepcoHanbHoM KomnbtoTepe (MK) ans gocra-
TOYHO NOAPOOHbLIX CeTOK. 1A cpaBHEHMA, pelleHne UCXOAHON TpexmepHoW obpaTHOM KoaddUUMEHTHOM 3a-
034 No meToay KOHeYHbIX 3nemMeHToB Ha MK 3aHMmaeT gnsa HeTPMBUANbHbIX CETOK AECATKM MUHYT M Yachbl [1].
MpuBogATCA NPUMeEpPbI peLleHHbIX Moge/IbHbIX 0OpaTHbIX 3a4ay.

PaboTa BbinonHeHa Npu GMHaHCOBOW Noaaep KKke Poccuiickoro HayuyHoro ¢poHaa (Kog npoeKkTta 18-11-00042).
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In this paper, we analyzed the relationship between theoretical knowledge of inverse and ill-posed prob-
lems and machine learning methods, which combines theoretical and numerical experiments to solve practical
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problems in the field of financial investment using algorithms [1]. A cross-sectional comparison of the same
prediction objective shows that a deep belief network model using unsupervised learning can automatically train
valid data information and is more effective than an artificial neural network model with supervised learning in
which only the surface neural network is involved in training [2]. The method extracts features from the stock
index and then passes them to the neural network classifier for training [3]. According to the experimental re-
sults, the prediction results are more accurate in the case of smaller errors, and this model can avoid the risk
brought by only manual operation; the timing of buying and selling stocks is judged according to the nodes with
larger errors to avoid the influence brought by international factors.
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Determination of the absolute permeability tensor of heterogeneous porous media using their discrete

geometric models
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In many applied problems, to determine the permeability of porous media, the phenomenological Darcy
model, which establishes a linear dependence of the averaged fluid flow rate on the pressure gradient, is used.
Such an assumption turns out to be incorrect if the methods of effective media theory are not applicable: struc-
tural microinclusions are commensurate with the rock sample, flow velocity is characterized by the high Reyn-
olds numbers, etc. Due to sedimentation and geogenesis processes, the permeability of geological rock is de-
scribed by a second rank tensor, the determination of which is a difficult problem. In this paper, we propose and
implement an algorithm for calculating the absolute permeability tensor of heterogeneous porous media based
on methods of volumetric averaging theory of continuum mathematical models of incompressible fluids flow of
the Newtonian rheology. To construct discrete geometric models, the results of computer tomography of cores
have been used. Non-conforming finite-element methods have been applied for the spatial discretization of
mathematical models. The dependence of the absolute permeability tensor structure on the properties of the
fluid filling the porous medium is shown.

This work was supported by RSF Project No. 20-71-00134.
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PaccmatpusaeTtca 3agava YaCTUYHOM VILI,EHTVICI)VIKELI,MVI XMMUYECKOTo COCTaBa HEM3BECTHOM cpegbl meToaom
npocee4ynBaHnA aToM cpenbl NOTOKOM PEHTIEHOBCKOIo U3ny4yeHuaA. O6pa3eu, HEN3BECTHOrO BewecTBa npeano-
Nnaraetca ogHoOpPoAHbIM MO XMMNYECKOMY COCTaBy, a NOTOK d)OTOHOB, KONTIMMUNPOBAHHBIM KaK MO HaMpaB/seHUIO,
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TaK 1 no aHeprun. ChopmyamnpoBaHa maTemaTMyeCcKas MOLENb ANA 334341 MAEHTUDUKALMMN U KPATKO AaHO ee
CpaBHEHME C 3a43a4elt HaXOXAEHMA XMMUYECKOTo cocTaBa cpeapl. MpeanoKeHHbIn aBTOPOM MeToa, rMnepnaoc-
KocTel [1] yunTbiBaeT BAMAHUE N3MEPUTEbHbIX OLWMOOK Ha BO3MOXHOCTb YCNELIHOMO peLleHna 3aga4m. MNony-
YeHO [0CTaTOYHOE YCN0BME HA MAaKCMMANbHO AOMYCTUMYHO CYMMAPHYHO OTHOCUTENbHYO OLWMBKY, NpM BbINOA-
HEHWW KOTOPOTO ABa KOHKPETHbLIX BELLECTBA MOTYT ObITb OTIMYEHbI APYT OT APYra NO pesy/ibTaTaM O4HOMo eAuH-
CTBEHHOTO 3KCMEPMMEHTA MO NPOCBEYMBAHUIO. Ha NpuMepax HECKOIbKMX KOHKPETHbIX rPYMnn OpraHUYecKnx Be-
LLLeCTB MOKa3aHo, YTo Ntobad napa 3TUX BELLECTB CTAHOBUTCA "XOPOLIO pas3iMyMmon” npu AOoCTaTOYHO Masiomn
SHEepPrumn NPOCBEYMBaAHUSA Cpeabl.

PaboTa BbINO/IHEHA B paMKax rocyAapCTBEHHOrO 3a4aHnA MUHUCTEPCTBA HAYKK U BbicLlero obpasoBaHusa Poccuiickoi
depepaumm, HUOKTP Ne AAAA-A20-120120390006-0, a TakKe npu noaaepkke Poccuiickoro ¢oHaa yHAAMEHTaNbHbIX
nccnesosaHuin (npoekt Ne 20-01-00173).
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CpaBHUTeNbHasA OUEHKA ABYX CTaTUCTUYECKUX NOAXOA0B K pelleHnto 06paTHOM HEKOPPEKTHOM 3a4aum

PEKOHCTPYKLUU U306parKeHnit mo3ra npu ob6cneaoBaHMK NALMEHTOB MeTOA0M 04HODOTOHHOMN

3MMUCCUOHHOW KOMNbIOTEPHOI TOMOrpadpumn: MMUTaLMOHHOE UccaesoBaHue
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B HacToswwee Bpems npu obcnefoBaHUM NaLMEHTOB METOLAOM OAHODOTOHHON SMUCCUOHHOM KOMMbIOTEP-
Hoi Tomorpadumn (ODIKT) o PEKOHCTPYKLMM M306paXKEHNN UCNONb3YIOTCA CTaTUCTUYECKME MeToabl. CTaTu-
CTUYECKME aNroOPUTMbl YYUTBIBAIOT MYaCCOHOBCKOE pacnpeseneHne perucTpupyemblix AaHHbIX, a Takke apdek-
Tbl, CBA3AHHbIE C MPOXOXKAEHUEM rAMMa-U3/TyYeHMA B BUONOTMYECKUX TKAHAX U Yepes KOIMMATOp U AeTEKTOp
ramma-Kamepbl.

B naHHOM paboTe npeacTaB/ieHbl UCCEA0BAHNSA, HanpPaBAeHHbIE HA CPAaBHUTENbHbIA aHaNU3 ABYX CTATK-
CTUYECKUX NOAXOLO0B K pelleHnto 06paTHON HEKOPPEKTHOM 3a4a4M PEKOHCTPYKLMN N306parkeHnii: anropnutma
Ordered Subsets Expectation Maximization (OSEM) [1] n anroputma, ocHoBaHHOro Ha 6aliecoBCcKOmM noaxoae
Maximum a Posteriori (MAP) ¢ 3agaHMem anpuopPHOM NIOTHOCTM BEPOATHOCTU C NOMOLLbIO dyHKLUMOHana Mb-
6ca (MAP-Gibbs) [2]. Bbino npoBeaeHO KOMMNbIOTEPHOE MOAENNPOBAHME, UMUTUPYIOLLEE 06CNea0BaHUA rON0B-
HOro mosra nauneHta metogom OPIKT, ¢ umdposbiM GaHTOMOM ronoBHOro mosra (paHTom XodpdmaHa). Mpo-
€KUMOHHbIe AaHHble reHepupoBaancb metogom MoHTe-Kapao, uMnTUpysa cbop AaHHbIX BPALLAIOLLEACA BOKPYT
naumMeHTa ramma-Kamepsbl. PEKOHCTPYKLMA ocyuecTBasnack anroputmamu OSEM n MAP-Gibbs. Ycnosua nmu-
TALMOHHOIO 3KCNepuMeHTa 6bln NPUBANIKEHDBI K KIMHUYECKOW NpaKTUKe. KoanyectBeHHaa TOYHOCTb afropuT-
MOB OLLeHMBaNaCb NyTeEM CPAaBHEHUA PEKOHCTPYUPOBAHHbIX U306paXKEHNI C TOUHbIM M306paxkeHnem GaHTOMa
no cpefHeKBaApPaTUYHOW OLWKMBKe.

Cnucok nuTepaTtypbl

1. L. A. Shepp and Y. Vardi, "Maximum Likelihood Reconstruction for Emission Tomography," in IEEE Transactions on
Medical Imaging. V. 1, no. 2. P. 113-122, Oct. 1982, DOI: 10.1109/TMI.1982.4307558.



108 ObpamHsbie 3a0a4u

2.T. Hebert and R. Leahy, "A generalized EM algorithm for 3-D Bayesian reconstruction from Poisson data using Gibbs
priors," in IEEE Transactions on Medical Imaging. V. 8, no. 2. P. 194-202, June 1989, DOI: 10.1109/42.24868.

MaremaTnyeckoe moaennpoBaHMe NnepeHoca BewecTrsa B BAHTOBOM MAarHUTHOM nonae
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OTKpbITbIE MArHUTHbIE CUCTEMbBI ONA YAEPXKAHUA NAa3Mbl PACCMATPMBAKOTCA B KaYeCTBE BO3MOXKHbIX KOH-
burypaunn ana TepmMoAaaepHOro peaktopa € NepBbiX AHEN UCCNefOoBaHUI TEPMOSALEPHOTO CUHTe3a. B UAD
um. . N. byakepa CO PAH co3gaHa HoBas YCTaHOBKA OTKPbLITOro Tuna BUHTOBaA nosywka (CMOJIA) ana yaep-
aHuA nnasmbl [1]. BUHTOBasA KOHPUrypaumsa CTauMOHapHOro MarHUTHOTO NOJIA NO3BOJIAET LiesieHanpaBAeHHO
BpaLLaTb N1a3my, ABUTaa ee K LLEHTPY JI0BYLWKK. B foKNaae NnpeacTaBieHa maTemaTUyeckaa Mogenb nepeHoca
BeLLecTsa B CMMPabHOM MarHUTHOM none. CTauMoHapHoe ypaBHeHMe nepeHoca BelecTsa [2] B akcManbHoO-
CMMMETPUYHOM NMOCTAaHOBKE COAEPKUT BTOPbIE NPOU3BOAHbIE, B TOM YMC/Ie CMeLlaHHble. [lepemeHHble KO3d-
bULMEHTbI UMEIOT CNIOXKHbBIN BUA, COAEPHKAT IKCMEPUMEHTANbHO NOAYyYeHHble 3aBucumocTy [3]. MonyyeHHoe ¢
NMOMOLLIO YNC/IEHHOTO MOAENNPOBAHUA pacnpeseneHne KOHUEHTPaUMKU BeLLecTBa COrnacyeTca ¢ AaHHbIMU
HaTypHbIX 3KcnepumeHToB. Co3aaHHaA Moae/ib NO3BOAAET NOAYyYaTb 3aBUCMMOCTM MHTErPasbHbIX XapaKTepu-
CTWK BELLLEeCTBA OT FYyO6UHbI TodPUPOBKM MarHUTHOTO noAns, anddysnn n NoTeHUMana naasmol.

PaboTa BbiNoaHeHa Npu GpUHAHCOBOW noaaepkke MUHoOBpPHaYKM Poccumn B pamkax rocyaapcTBeHHOro 3agaHus: co-
rnaweHmne Ne 075-03-2020-223/3 (FSSF-2020-0018).
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New method to the frequency-domain Newtonian full-waveform inversion
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In this report the new numerical method for performing Newtonian seismic full-waveform inversion (FWI)
in frequency domain based on Newton iterations is developed. FWI codes developed in python are successfully
implemented using the Marmousi velocity model as the true model. We compare performance of new iterative
method, including the preconditioned GMRES applied to KKT matrix with the CG applied to the normal system
matrix.

This work was supported by the Russian Science Foundation, project no. 21-11-00139.
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CUHrynsipHoe pa3foxeHue HopmanbHoro npeobpasoBaHua PagoHa, aencreylouiero Ha 3D TeH30pHbIe nons
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PaccmaTpuBaeTcs 3a4a4a TpeXmepHoM MHTerpabHON reomeTpun: TpebyeTca BOCCTaHOBUTb CUMMETPUYHOE
M-TeH30pHOe Nnone, 3a4aHHOe B eAUHUYHOM LLIaPe, NO ero N3BECTHbIM 3HaUYeHUAM HOpMaibHOro Npeobpasosa-
Hus PagoHa. [1na obpalleHuns onepaTopa Nosy4eHo ero CMHIynspHoe passoxkeHune. CyTb meToda: obpas onepa-
Topa npeacTasnaeTca B BMae pAaa no 6asncHbIM 31eMeHTaM, C CUHTYAAPHbIMU YMCaMU B KadecTBe Koadoduum-
eHTOB, Toraa obpas obpaTHOro onepatopa byaeT NpeacTaBAATb COBON PALd CO CXOXeEW CTPYKTYPOM, B KOTOPOM
334eMCcTBOBaHbI MPO06Pa3sbl 3TUX BA3UCHbBIX 3/IEMEHTOB U TE }KE CUHIYIAPHbIE YMcna. Pesynbtat asnseTtcs 0606-
LLleHWeM pe3ynbTaToBs, NoAyYeHHbIX B [1-3], Ha ciyyalt NPOM3BONLHOMO M.

PaboTa BbiNno/sHEHa NPy GMHAHCOBOW NoaaeprKke Poccuitckoro poHaa dyHAMEHTaNbHbIX UCCeA0BaHMIA (NPoeKT 19-
51-12008-HHWMO).
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B paboTe uccneaytoTca anropuTMbl pelleHns NpuKaagHbIX 33434 oueHKu obnacrelt peweHuii guddepen-
UManbHbIX ypaBHEHUNA. CI0XKHOCTb 3aK04AETCA B TOM, YTO 6ONbLUMHCTBO METOA0B OLEHKM OLIMBOK YMCIEHHBIX
pelweHuit cuctem OLlY NpMBOAAT K CUABHOMY POCTY rPpaHuLL, 3TUX OWMBOK, OTCYTCTBYET AONOHUTEIbHAA anpu-
opHas nHpopmauma o ToyHoMm pelueHuu [1]. B paboTax [2—4] onucbiBanacb obpaTHana 3agadva gns cuctem O4Y
BOCCTAaHOBJ/IEHWNA XapaKTepPUCTUK cucTembl (KO3hdUUMEHTOB, NapameTpoB, BXOSALWMX B anddepeHumanbHble
YPaBHEHMUSA, B HauabHble YC0BKA) NO MHOOPMALMM O KONMYECTBEHHbIX XapPaKTEPUCTMKAX TPAEKTOPUM 3TOM CU-
CTeMbl, NOIYYEHHOW B NMpoLecce BbluMCAeHWIA. B foKknage npegnaraeTca perynsapmsaums aaroputMmoB OLEHKM
rPaHML, MHOXECTB peLleHWU, 3aMMCcaHHbIX B ONepaTopHOM Buae. Perynapusaums cylecTBeHHO ynpoLaeT no-
CTPOEHME AO0CTaTOYHO TOYHbIX OLLEHOK MOrpelHOCTM U yCTPaHAET 3GPEKT SKCMOHEHLMANbHOTO POCTa OLEHOK
MHOXECTB peLLeHU.
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PaccmatpusaeTca 3aZa4a ABYMEPHOW UHTErPasibHON reoMeTpum: TpebyeTca BOCCTaHOBUTb CUMMETPUYHOE
M-TEH30pHOE NoJe, 3a4aHHoe B eANHUYHOM Kpyre, Mo ero M3BecTHbIM 3HAaYEHMAM NPOAO/IbHOIO, CMELaHHOro
WM NONEepeYHoro lyyesbix NpeobpasoBaHuit. s obpalleHna onepaTopoB NoayYeHbl UX CUHTYASPHbIE pasfio-
}eHua. CyTb meToza: obpas onepaTopa NpeacTaBaAseTca B BUAE PAAa Mo 6A3UCHbIM 3/1EMEHTAM, C CUHTYAAP-
HbIMM YMCamMM B KadecTBe KoadduumeHToB, Toraa obpas obpaTHoro onepaTtopa byaeT npeacTaBaaTb coboi
PAL CO CXOXKel CTPYKTYPOW, B KOTOPOM 334€MCTBOBaHbI MPO06pasbl 3TMX 6Aa3NCHBIX 3/1EMEHTOB U TE Ke CUHIYAAPHbIE
yncna. PesynbTaT AaBnsieTca 0606LLEeHNEM pe3ynbTaToB, NOAyYeHHbIX B [1-3], Ha cayyali nponsBoIbHOroO m.
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Email: skorik@imm.uran.ru; vasin@imm.uran.ru
DOI: 10.24412/cl-35065-2022-1-01-58

B paborte [1] ans obpaTHbIX 33434 TEPMUUYECKOrO 30HANPOBaHUA aTMocdepbl Bbin NpeanoxKeH AByxaTan-
HbI METO/, PeLleHUss CUCTEMbI HEIMHEWHbIX YPaBHEHM. ITOT MeTo, OCHOBaH Ha NpeABapuTe/IbHON TUXOHOB-
CKOW peryaspusaumnm NcXogHol 3agaum, KBagpaTMyHomn annpokcumaumm ¢pyHKuMoHana TUXOHOBA B COBOKYMHO-
CTW C UTEPALMOHHBIM ProX—MeToA0M PeLIeHUs NOlYYEeHHOM KBaapaTUYHOM 3aa4M MUHUMKU3aLMKN. B paboTax
[2, 3] paHO obocHOBaHME MmeToAa M ABYX ero moavduKaumnii. B HeaaBHoO Bbllwealwelt paboTe [4] npeanoxeH
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OBYX3TaMNHbIA METOA, B KOTOPOM anMpPOKCUMMaLMA peryaspmM3oBaHHOMO peLleHNs OCyLwecTBaAAeTca moanduum-
poBaHHbIM MeToA0M aycca — HbtoToHa, rae nponsBogHan onepaTopa 3a4a4M B onepaTope Wwara BblumcaseTca
OZMH Pa3 B HA4a/IbHOWM TOYKE B TeYEHMe BCEro NpoLLecca nTepaunin. B goknaae gaetca cpaBHUTENbHbIN 0630p
3pPEeKTUBHOCTM YNOMAHYTbIX Bbille METOAO0B U 0OCYKAAt0TCA pe3ynbTaTbl YACEHHbIX PAacYeTOB BEPTMKANbHbIX
npoduiein KOHLEHTPALMMN TAXKENOM BOAbI U YTNEKUCIOTO ra3a B aTMochepe No peasibHbIM CNEKTPam, U3MepPEH-
HbIM cnekTpomeTpom BRUKER 125M, ycTaHOBAEHHOM Ha ypanbCKON aTMmochepHOM cTaHuum Ypdy.

WccneposaHue B. B. BacuHa BbinonHeHo npu GMHAHCOBOM noagepykke Poccuinickoro HaydHoro ¢poHaa (Koa npoekTa
18-11-00024-N); uccneposaxue I'. . CKOpUKa BbINOJHEHO B paMKax rocsagaHuns MuHobpHayku P FEUZ-2021-0014.

Cnucok nutepaTypbl

1. Skorik G. G. Reconstruction of vertical profiles of heavy water in atmosphere by IR—spectra of the solar light trans-
mission // EJMCA. 2018. V. 6, iss. 1. P. 56—64.

2. Skorik G. G., Vasin V. V. Regularized Newton type method for retrieval of heavy water in atmosphere by IR—spectra
of the solar light transmission // EJMCA. 2019. V. 7, iss. 2. P. 79-88.

3. B. B. BacuH, I. T. CKopuK. [IByX3TanHblih METOA PELIEHNA CUCTEM HEIMHEMHbIX YPaBHEHUI U ero NPUoXKeEHUE K 06-
paTHOM 3agaue 30HAMpPoBaHMA atmocohepsl // doknagbl PAH. Matematuka, nHGopmaTMKa, npoueccs! ynpasaeHus. 2020,
T.494, Ne 1. C. 17-20.

4.Vasin V. V. Solving nonlinear inverse problems based on the regularized modified Gauss—Newton method // Doklady
RAN. Matematika, Informatika, Protsessy Upravleniya. 2022. V. 504. P. 47-50.

9KOHOMMUYHbIA YUCNIEHHbIA aITOPUTM BbIMUC/IEHUA NOTOKA TENJ1a HA HEAO0CTYNHOW rpaHUuLe

C. b. CopoKuH

UHcmumym sbl4ucaumensHol mamemamuKku u mamemamuyeckol 2eogpusuku CO PAH
Hosocubupckuli 2ocydapcmeeHHbili yHUsepcumem

Email: sorokin@sscc.ru

DOI: 10.24412/cl-35065-2022-1-01-59

Pa3paboTKa Tenso06MeHHbIX YCTPOMCTB M ONTUMM3ALMUA UX NPOU3BOAUTENBHOCTM TPEDYET 3HAHWUI O Tep-
MOMKMAKOCTHOM B3aMMOAENCTBUN MEXKAY HUAKOCTbIO U yCTpoicTBOM. O4eHb YacTo TpebyeTca 3HaHMe Temne-
paTypbl M TENJOBOrO NOTOKA HA HEAOCTYMHbIX YAaCTAX YCTPOMCTB. 3TN BEIMYMHbBI C/IOKHO U3MEPUTD.

[na oueHKM 3TUX BEANYMH MOKET BbITb O4EHb NOE3HBIM UCNO/b30BaHME NOCTAHOBOK U METOL0B TEOPUM
06paTHbIX 3a43a4. 3TOT NoAX0A NO3BOAET OLLEHUTb HE0BX0AMMble NapameTpbl Ha HEAOCTYNHbIX A/1A U3MePeHUA
YyacTax npubopa, No AONOAHUTENBHBIM U3MEPEHUAM TEMMNEPATYPbI UM NOTOKA Ha AOCTYMHbIX y4aCcTKax C MOMO-
b0 BECKOHTAKTHbIX 9KCNEPUMEHTAIbHbIX METOAMK.

MaTemaTnyeckon moLenbio, ONMCbIBAOLLEN TaKyto NPaKTUYECKYO 334a4y, ABaseTca 3agava Kowwu gnsa an-
JIMNTUYECKOTO YpaBHEHMA (CTaLMOHapHbIN caydai). Kak npasuo, pelweHne 3agadm Kowwn gas anamnTmyeckmx
YPaBHEHWI TaK UM MHAYe CBA3AHO C NPUMEHEHNEM UTEPALIMOHHBIX NpoLeayp. M3BecTHble NpsAMble arOPUTMbI
peweHuna 3agaum Kowm paspaboTaHbl TONbKO AN ONepaTopoB C NOCTOAHHbIMKU KoadduuneHtamm (/lannaca,
FenbMrosibLa) M OCHOBaHbI HA CYLLECTBOBAHUM aHAIUTUYECKUX PELLUEeHUM 418 33434 C TaKUMM onepaTopamu.

B paboTte ana pelweHuns 3agaumn Kowm ans snAMNTUYECKUX YPAaBHEHWUI C NnepeMeHHbIMU KosdduLmMeHTamum
(Tena, cocTaBneHHble U3 YAcTel C Pa3INYHBIMU GU3UYECKMMW XapPaAKTEPUCTUKAMM) B CTaHAAPTHbLIX PacYeTHbIX
o06nacTax (NPAMOYroNbHUK, KPYT, KOJIbLLO) NPeasioxKeH BbICTPbIN YUCAEHHbI aATOPUTM, OCHOBAHHbIM Ha MeToae
pasgeneHus nepemeHHbIX. Mpegnaraemolii Noaxo4 UCMOJb3yeT KOHEYHO-PA3HOCTHYIO anMpPOKCMMALLMIO U NO3-
BO/IAET YPE3BbIYAMHO AELIEeBO NONAYYNTb pelleHme bonee obLien 3aaauun.
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HoBu3Ha B HacTosALLel paboTe COCTOUT B TOM, YTO NpPeACcTaBAEHHbI aJIfoPUTM MOXKET BbITb NPUMEHEH ANA
3NINNTUYECKOro onepaTopa C nepemeHHbIMU KoadduumeHTamu (cneunanbHoro suaa). MpMHLMNMaNbHO, YTO B
3TOM CNy4Yyae Henb3A NoyYaTb aHAUTUUYECKUE peLLeHUs 3a4a4M.

MpeanoKeHHbIM anropuTM CYLLLECTBEHHO PACLUMPSET KPYT pPeLlaeMblX 33434 M MOXKET NPUMEHATLCA NPU co-
3aHMM NpMbopoB cNOCcobHbIX B peanbHOM MacluTabe BpeMeHW onpeaensaTb NoTOK Tenna Ha HeAOCTYMHbIX AN
M3MEpPEHMA YacTAX HEOAHOPOAHbIX KOHCTPYKLUMI. Hanpumep, Ana onpeaeneHmsa NoToKa Tenia Ha BHYTPEHHEM
paguyce Tpy6bbl, BbINOJHEHHOM M3 Pa3INYHbIX MATEPMAIOB.

PaboTta noaaeprkaHa rocysapcTBeHHbIM 3agaHnem UBMuMTI CO PAH Ne 0251-2021-0001.

HeBbinyKable 334341 ONTUMA/ZIbHOrO ynpaBaeHUsa

A. C. CTpeKasioBCKui

UHCmumym OuHamuKu cucmem u meopuu ynpasaeHus um. B. M. Mampocosa CO PAH
Email: strekal@icc.ru

DOI: 10.24412/cl-35065-2022-1-01-60

NccnepyeTca 3agaya onTMmanbHoro ynpasnaeHus (OY) ¢ orpaHMYeHUAMM U LeneBbiM GYHKLMOHAIOM, 3a-
AaHHbIMK dyHKUMoHanamm bonbua ¢ DC pyHKumamun. C nomowbio Teopun TouyHoro wrtpada 3agava cBoguTCaA K
3agaue OY 6e3 orpaHUYeHunii, KoTopas npeacTasaneTcs B 0606uweHHon DC popme, yto nossonseT chopmynu-
poBaTb M [,0KA3aTb YcN0BMA rnobanbHoi onTumanbHocTh (YIO). NocnegHue, B CBOO ovepesb, CBOAAT pelleHne
owTpadoBaHHOM 334341 K U3YHEHMIO CEMENCTBA BbIMYK/bIX MO COCTOAHWUIO (IMHEAPM30BaHHbIX) 3a4a4 OY.

YIO 06n1afatoT KOHCTPYKTUBHBIM (aNITOPUTMUYECKMM) CBOMCTBOM, T. €. ecin YTO HapylweHo, TO HangeHo
OONyCTUMOe yNpaB/ieHMe, Nydllee, YeM Ucciegyemoe, no LueneBomy GpyHKUMOHANY McXxogHon 3agaun. YIO
060CHOBbIBAIOT MOCTPOEHUE HE TOJIbKO CMeLMasbHOr0 MeToAa JIOKaJIbHOTO MOUCKA, HO W, F1aBHOE, BO3MOMK-
HOCTb BbIXOZaA C YAyULLUEHMEM, U3 /IIOOOIN JIOKASIbHOW IMbI, YTO AEMOHCTPUPYETCA NPUMEPAMM.

OnpeaeneHve napameTpos MmaremaTU4yeckoim mogenm MMMYHHOro otseta Ha BUM

M. C. CypHun®?, M. A. lUnwnernH?

'Hosocubupckuli 2ocydapcmeeHHsili yHusepcumem

2MIHcmumym sblyucaumensHoli Mamemamuku u mamemamuyeckoli 2eogpusuru CO PAH
Email: p.surnin@g.nsu.ru

DOI: 10.24412/cl-35065-2022-1-02-42

Bupyc ummyHogeduumta yenoseka (BUY) octaetca ogHoM M3 OCHOBHbIX Npobaem raobanbHoro obuie-
CTBEHHOrOo 34paBooxpaHeHuaA. BUY nopaxkaeT UMMYHHYO CUCTEMY M 0CNabAseT 3aWmUTy OT MHOTUX MHEKLMIA U
HEKOTOpPbIX TUMOB paka, C KOTOPbIMU MOXKET CNPaBUTLCA UMMYHUTET 310POBOI0 YeNoBeKa. He cyuiecTByeT me-
To/Za, No3Bonstowero Bblieyntb BUY-nHbekumo. OaHako brarogapa pacluMpeHUto AocTyna K 3ppeKTUBHbIM
cpeacTsam NpodUNaKTUKM, ANATHOCTUKM M nedeHuns BUY 1 onnopTyHMcTUYeCKUX MHOEKLUMI, a TaKKe yxo/a 3a
naumeHtTamm, BUY-nHpeKLMA nepelina B KaTeropmio NOALAIOWMXCA TePanMmM XpoHUYeckux 3abonesanuii [1].
[na npeaynperKaeHus Hauxyawero cLeHapua NporpeccupoBaHmna MHPEKUUN NpUMeEHAETCA MmaTemaTuyeckoe
mogenunposaHue [2].

Onsa onucaHus natoreHesa BUY-uHbekunn chopmynmpoBaHa cuctema ob6bIKHOBEHHbIX guddepeHumanb-
HbIX ypaBHeHuMM [3]. Mogenb coCTOUT U3 BOCbMM YpPaBHEHUM, ONUCLIBAIOLWLMX YeTblpe cocToaHMA CD4+ T-KneToK
n asa eBuaa CD8+ T-KNeToK, KOTOpble OTHOCATCA K KNETOYHOMY MMMYHUTETY YenoBeka. OcobeHHOCTb AaHHOM
mogenn B Tom, YTo CD4+ KNEeTKM CAy»KaT OCHOBHbIM PEe3epByapoOM NATEHTHO MHOUUMPOBAHHBLIX KNETOK.
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BMpycHasa Harpyska Ha OpraHW3m YefioBeKa CyMMUPYETCA U3 BO3AENCTBUA MHPEKUMOHHOTO U HEMHDEKLMOH-
Horo cBo604HOro BMpYca.

[na onucaHHOM maTemMaTUYECKOM MOLENN NPUBELEHO peLleHne 3aa4mn Kowmn BblMMCAUTENBbHBIMU METO-
AaMM, a TaKxKe NpoBeAeH aHaNu3 NAEHTUPULMPYEMOCTM U aHAIM3 YyBCTBUTEIbHOCTU OT BXOAHbIX AAHHbIX A1A
napameTpos. MocTaBneHa 1 peweHa obpaTHas 3a4a4va ONTUMM3ALMOHHBIMU METOAAMM.

Cnucok nutepaTypbl

1. BcemmpHasn opraHunsauma sgpasooxpaHenns. URL: https://www.who.int/ru/news-room/fact-sheets/detail/hiv-aids
(naTa obpaleHma: 08.02.2022).

2. 0. M. HeuenypeHko, M. 0. Xpuctuuerko, . C. FpebeHHuKoB, . A. BoyapoB. AHann3 6UcTabuabHOCTM Mmoaenei
BMPYCHbIX MHEKUNI € 3ana3abiBatolmm aprymeHTom. Mpenp. UMM um. M. B. Kengpbiwa. 2019. Ne 017. 26 c.

3. H. T. Banks, M. Davidian, Shuhua Hu, Grace M. Kepler and E.S. Rosenberg. Modelling HIV immune response and
validation with clinical data // J. of Biological Dynamics. Vol. 2, No. 4. October 2008. P. 357-385.

O6patHasa 3aaa4ya rMaponNpPoBOAHOCTU NOYBbI HA OTPEe3Ke

B. I. TaHaHa, b. A. Mapkos

tOxcHO-YpanscKkuli 2ocydapcmeeHHsili yHusepcumem
Email: smpx1969@mail.ru

DOI: 10.24412/cl-35065-2022-1-01-61

PaccmoTpeHa obpaTHasa 3agava ana KoapoduumeHTa rmaponpoBoAHOCTM NMOYBbl HA KOHEYHOM oTpeske [1].
Ha oaHOM rpaHuLe 3aAaHbl rpaAneHT NoTOKa BOAbl M NOCTYN/IeHNe BOAbl, Ha APYrom 3a4aHo YC/I0BUE HenpoTe-
KaHuA. Mo n3BecTHbIM AaHHbIM HE0BX0ANUMO BbIMUCANUTL KOSIGPULMEHT FrMAPONPOBOAHOCTU BOAbI.

Mpamas 3agaya peluanacb pa3bueHnem Ha NPOCTPAHCTBEHHbIE OTPE3KU, ANA KaXKA0ro U3 KOTOpbIX 3a4aBa-
I0Cb NOCTOAHHOE 3HavYeHne KoadduumMeHTa rmMaponpPoBOAHOCTU U CTPOUAOCH TOYHOE pelleHue, a 3aTeM A0oKa-
3bIBaN1aCb CXOAMMOCTb UTEPALIMOHHOIO NPOLLECCa K TOYHOMY PeLleHnIo, PaBHO Kak e AMHCTBEHHOCTb U CYLLECTBO-
BaHWe pelleHua npsamoit 3agaun. ObpaTHan 3agavya pewanacb METOAOM MUHUMU3ALMK NOSYYEHHOTO QYHKLMU-
OHana [2]. BbinosiHeHa OoueHKa nopAgKa norpewHocTty [3].

PaboTa BbINo/MHEHA NPU PUHAHCOBOW NoaaeprKKe MUHUCTEPCTBa HayKu U Bbiclwero obpasoBaHusa PO (rocysapcreeH-
Hoe 3azaHue FENU-2020-2022).

Cnncok nutepaTtypbl

1. HepnuH C. B., YyaHosckuit A. ®. dusmka noussl // M., Hayka, 1967. 584 c.

2. TuxoHos A. H., JleoHos A. C., firona A. . HennHeiltHble HeKoppeKTHble 3agaun // M.: dusmatauT, 1995. 312 c.

3. V. Tanana, A. Sidikova. Optimal methods for ill-posed problems with applications to heat conduction. De Gruyter,
2018.

O6paTtHas 3agaya ANA ypaBHEHUA TENJ0NPOBOAHOCTU C NOABWXHOM rpaHULEN

B. . TaHaHa, b. A. Mapkos

tOxcHO-Ypaneckuli 20cydapcmeeHHbIl yHUsepcumem
Email: smpx1969@mail.ru

DOI: 10.24412/cl-35065-2022-1-01-62

PaccmoTpeHa obpaTHas 3a4a4va Ha NoNyNpPsMON A1 KOMMNO3UTHOrO MaTepuana. MismepseTtca Temnepatypa
B TOYKe NoA, KOMNO3UTHbIM MaTepuanom. Mo NoayyeHHOMY U3MEPEHNI0 HEOBXOAMMO HalTM TemnepaTypy Ha

rpaHuue [1]. Cama rpaHuLa ABASIETCA NOABUMKHOM.
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Mpamas 3agaya pellanacb pasbueHnem Ha BpeMeHHble OTPE3KU, /1A KaXK40ro U3 KOTOPbIX CTPOMUIOCh TOM-
HOe pelleHue, a 3aTem A0Ka3blBafacb CXOAMMOCTb UTEPALMOHHOIO NpoLecca K TOYHOMY pelleHuIo, PaBHO Kak
€AUHCTBEHHOCTb U CyLLLEeCTBOBaHMNE pelleHns npamoit 3agadum. ObpaTHas 3afada pelanacb METOA0M perynapu-
3aumm A. H. TuxoHoBa [2]. BbinonHeHa oueHKa nopaaka norpewHoctu [3].

PaboTa BbiNosHEHA NpY GUHAHCOBOW NoaaepKKe MUHUCTEPCTBa HayKu U Bbiclwero obpasoBaHua PO (rocysapcreeH-
Hoe 3agaHue FENU-2020-2022).

CnucoK nuTepaTtypbl

1. TuxoHos A. H., Inacko B. B. K Bonpocy o metogax onpegeneHvs Temnepatypbl nosepxHoctv Tena // BMuMo.
1967, Ne 4. C. 910-914.

2. TuxoHoB A. H., /leoHos A. C., firona A. . HenvHelHble HeKoppeKTHble 3adaun // M.: dusmatauT, 1995. 312 c.

3. V. Tanana, A. Sidikova. Optimal methods for ill-posed problems with applications to heat conduction. De Gruyter, 2018.

YucneHHoe pelieHune 3a4a4 NPOEKTUPOBAHUA TENI0BbIX KOHLLEHTPATOPOB NP NOMOLLW ONTUMAJIbHOIO

Bbl60Opa reomeTpUYECKUX NapameTpoB

A. A. Tepewko

UHcmumym npuknadHol mamemamuku BO PAH
Email: ter@iam.dvo.ru

DOI: 10.24412/cl-35065-2022-1-01-63

B nocnenHue roapl 60/blwoe BHUMaHWe yaenseTca obpaTHbIM 3a4a4am NPOEKTUPOBAHMSA KOHLLEHTPATOPOB
MOTOKa Tena ¢ 3¢pPeKToM MacKMPOBKU. PelueHune Taknx 3aga4 06bIYHO CBA3AHO C ONTMMM3ALLMEN TEMNIONPOBO-
AALMX CBOWCTB KOHLEHTPATOPa, NPUYEM YacTo NOYYaloTCA HEOAHOPOLHbIE CTPYKTYPbI, KOTOpble TPYAHO pea-
JIM30BaTb Ha MPAKTUKe. PaHee B Ka4yecTBe TaKMX KOHLEHTPATOPOB 6bIsI0 NPeasoKEeHO UCMO/1b30BaTb 06004KH,
COCTOALME M3 CEKTOPOB, 3aMO/IHEHHbIX ABYMA Yepeayrolmmnca maTepmranamm (cm., Hanpumep, [1]). MpocTas
CTPYKTYpa 060/104KM 0becneunBaeT NPOCTOTY ee peannsaumm, Ho He NO3BOAAET 3HAYMTE/IbHO NOBLICUTL ee 3¢-
deKkTMBHOCTb. [anbHelwee nosbilweHMe 3GHEeKTUBHOCTM 060/104KM BO3MOXKHO 3a cyeT noabopa ee reomeTpu-
YeCcKMX NapamMeTpoB, TaKUX KaK TO/WMHA 0B0N0YKM M OTHOLUEHUE LUMPUHbI COCeQHUX CEKTOPOoB. B Aoknage
npeacTaB/eHbl Pe3ynbTaTbl BbIYUCAUTENIbHbIX IKCMEPUMEHTOB MO MOBbIEHWIO 3PPEKTUBHOCTM TEMIOBLIX KOH-
LeHTPaTOPOB 3a CYET reEOMETPUYECKOM ONTUMM3ALMU NPU GUKCUMPOBAHHOM Bblbope MaTepranoB 060104KM.

Cnuncok nutepaTypbl

1. Anekcees . B., lesuH B. A, TepewkKo . A. AHanM3 1 oNnTMMKU3aLMA B 3aZa4ax An3aliHa yCTPOMUCTB HEBUANMOCTU
maTtepuanbHbix Ten. M.: PUSMAT/INT. 2021.

Mepapxma maremaTuyeckux mogenen uHdapkta mmokapaa

Y. A. Uroes'?, 0. ®. Boponaesa?

lpedepanbHbiii uccnedosamensekuli UeHMpP UHGPOPMAYUOHHBIX U 8bIYUCAUMENbHLIX MEXHOA02ull
2Hosocubupckuli 20cydapcmeeHHsIll yHusepcumem

Email: chermentsgoev@yandex.ru

DOI: 10.24412/cl-35065-2022-1-02-35

MHdapKT mMHoKapaa AendeTca Hambonee onacHbIM A1A KM3HU YesloBEKa MOBPEXKAEHMEM CepaeqHOn
MbILLLbI, KOTOPOE MPOTEKAET KaK CN0MKHbIA MHOTOCTaANMHbBIN M BCe elle cnabo U3yyeHHbli npouecc. Acentuye-
CKOe BocnaneHue — 3To 04Ha M3 OCHOBHbIX CTagui MHdapPKTa, KOTopasa onpeaenseT TAXKECTb NOBPEXKAEHUA U
6yayLLMin cLueHapuii TeyeHms 3aboneBaHums.
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B paboTe npeactasaeHbl pesynbTaTbl LKA UCCAE0BaHUN, KOTOPbIE HaNPaBAeHbl Ha MaTEMATUYECKOe MO-
OeNMpoBaHNe BUOXMMMYECKMX MPOLLECCOB, CONPOBOXKAAOLWMX rMbenb KNETOK MMOKapaa BO BPEMSA OCTPOro UH-
¢dapkTa [1]. Co3gaHa TexHONOrMYeCcKas OCHOBa B BUAE a/IFOPUTMOB YNCIEHHOIO peLleHmA NpAMbIX U 06paTHbIX
K03 PULMEHTHbIX 33434 ANA HEIMHENHBIX }KECTKUX CUCTEM OBbIKHOBEHHbIX AnddepeHUManbHbIX YPaBHEHWUN U
ypaBHeHUI TMNa peakuma-anddysma, SKOHOMUYHOM BbIMUCANTENBHOM TEXHONOTMN KOHCTPYMPOBAHMA HOBbIX U
MOoAMPUKALMM CYLLLECTBYHOLLLMX MAaTEMATUYECKMX MOLENEN, @ TAK}Ke KOMMIeKCa KOMMbIOTEPHbIX MPOrpamMmm AnA
peleHns 3TuX 3aga4d. PaspaboTaHa Mepapxma HOBbIX MAaTEMATUYECKMX MoZenen U BbINOHEHO YUCNEHHOE UC-
cnefioBaHMe AMHAMUKK TMBenn KNeToK CepaeuHOM MbIlLbl NPpU MHPapKTe MUOKApAa BO Bpems ocTpoi ¢asbl
3aboneBaHus [2].

Cnuncok nutepaTypbl

1. Boponaesa O. ®., Liroes Y. A. YucneHHasa moaenb AMHaMUKKM GaKTOPOB BOCMaNeHUs B aape nHpapKTa mnokapaa //
Cunb. KypH. MHAYCTp. matem. 2019. T. 22. Ne 2 (78). C. 13-26.

2. Boponaesa O. @., Liroes Y. A., WoKuH 0. UN. YucneHHoe moaenmpoBaHme BOCNaaUTebHON ¢asbl MHbAPKTa MUO-
Kapaa // *ypH. npuka. mexaH. 1 TexH. pus. 2021. T. 62, Ne 3 (367). C. 105-117.

MpumeHeHMe MeTOA0B UCKYCCTBEHHOIrO UHTE/I/IEKTA (HEeMPOHHbIX ceTeit) B 06paTHbIX HEJIMHEHbIX 3a4a4ax

reodursmnKn c NPUNOKEHUEM K T€03/IEKTPUKE

M. U. Wnmenesuny

Pocculickuli 2ocydapcmeeHHsbil eeosno2opazeedoyHsili yHusepcumem um. C. OpOrcoHUKUO3e
Email: shimelevichmi@magri.ru

DOI: 10.24412/cl-35065-2022-1-01-64

PaccmaTpmBatoTca BONPOChl NPUMEHEHMA annpoKcMMaLMoHHOro HelipoceTeBoro (AHC) meTona ans pele-
HUWA YCIOBHO-KOPPEKTHbIX HEIMHENHbBIX 06PATHbIX 33434 reoPpUsnKM, KOTopble CBOAATCA K onepaTopHOMY ypaB-
HeHuto | poga. AHC meToz 3aKo4aeTca B NOCTPOEHUM NPUBANKEHHOTO 06PAaTHOro onepaTopa 3a43a4m ¢ NOMo-
Wb HeMpoceTeBbIX aNMPOKCUMALMOHHbIX KOHCTPYKLMI (CBEPTOYHbIX M NOHOCBA3HbIX MLP ceTei) Ha ocHoBe
3apaHee NOCTPOEHHOro MHOKECTBa OMOPHbIX PEeLIeHUI NPAMbIX M 06paTHbIX 3a4a4 [1]. MpueogmTca 0630p npu-
MeHeHuss AHC meToza B Hallel CTpaHe u 3a pybexkom npu peleHmmn 3a43a4 reoPpusnKn 1, B YaCTHOCTU, Freo3ek-
TPUKM.

PaboTta BbINONHEHa C UCMONb30BAHMEM BbIYUCAUTENBHBIX pecypcoB MerKBeAOMCTBEHHOIMO CynepKOMMbIOTEPHOrO
LeHTpa Poccuiickol akagemum Hayk (MCL, PAH) 1 c ucnonb3osaHmMem o6opynoBaHuaA LleHTpa KONNEKTUBHOMO NO1b30BaHMA
CBEpPXBbICOKONPOU3BOAUTENbHBIMU Bbl4MCAUTENbHbIMKU pecypcamn MIY um. M. B. JlomoHocoBa.

Cnucok nutepaTypbl
1. M. 1. Wnmenesny, E. A. ObopHes, N. E. O6bopHes, E. A. PogMoHOB. ANroputm pelleHmsa obpaTHOM 3a4a4mM reosnek-

TPWKKM Ha OCHOBE HellpoceTeBol annpokcumauum // Cu6BM. 2018. T. 21, Ne 4. C. 437-452.

Sensitivity-based identifiability analysis for the simplest mathematical model of cellular HIV dynamics
Y. S. Shishmareva?, O. I. Krivorotko?

Novosibirsk State University

2Institute of Computational Mathematics and Mathematical Geophysics SB RAS
Email: y.shishmareva@g.nsu.ru
DOI: 10.24412/cl-35065-2022-1-01-65

Human immunodeficiency virus (HIV) is a virus that gradually weakens the immune system, resulting in
acquired immunodeficiency syndrome (AIDS). Since most of the population lives with HIV and more than 1 mil-
lion people die every year.
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The mathematical model of intracellular dynamics of HIV infection which is described by a system of non-
linear ordinary differential equations is investigated. The parameters of this system characterize the interaction
of the body's cells and its immune response when the virus enters the individual organism. The sensitivity-based
identifiability analysis is carried out to study the effect of each parameter on the model. We have considered
several approaches, namely methods of global and local sensitivity [1, 2]. The results obtained during the work

will be presented and analyzed.

This work is supported by the Russian Foundation for Basic Research (project No. 21-51-10003).
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2. Marino S., Hogue I. B., Ray C. J., Kirschner D. E. A methodology for performing global uncertainty and sensitivity
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CEKUMNA 7
UHdopmaumnoHHbIE U BbIYMCAUTENbHDBIE CUCTEMDI

A[anTUBHbIM MeTog, CXKaTua GUHaPHbIX U306 paXKeHU

M. M. bakynuHa

UHcmumym sbivucaumesnsHoli mamemamuKku u mamemamudeckol eeogusuku CO PAH
Email: marina@rav.sscc.ru

DOI: 10.24412/cl-35065-2022-1-01-66

dddeKTMBHOE CxKaTUe n3obpakeHunin be3 NoTepm KadecTBa — O0AHa U3 BarKHbIX 33434 Teopun nHbopmaLmu,
MMeloLan LUMPOKOe NpaKTuYeckoe npumeHeHue. Ee pelweHnto noceaweH paa uccnegosaHmi [1, 2]. N3secTHo,
yto toboe undpoBoe nsobpaxkeHMe MOXKHO NPeAcTaBUTb NOC/IeA0BaTE/IbHOCTbIO coobuweHui. Ans Bbibopa Ta-
KMX COODLLEHWNI CYLLECTBYHOT MHOTOYMCAEHHbIe cnocobbl. EanHcTBeHHOE TpeboBaHMe K HUM — obecneveHne
BO3MOHOCTM BOCCTAHOB/IEHMA TOYHOM KOMUM UCXOAHOTO M306paXKeHUA M3 NOCAeA0BaATENbHOCTU COOBLLEHNN.
B pabote [3] paccmaTtpuBaeTca 3dPEKTMBHbLIN ABYX3TanHbIM meTom, 6104HOr0 KOAMPOBAHUS BUHAPHbLIX M306pa-
eHui 6e3 notepun nHdpopmaumm. Ha ocHose metoza 13 [3] B AaHHOM paboTe npeanaraeTca a4anTUBHbIN anro-
PUTM CXKaTUS BMHAPHBIX N3006paXKeHMUI, NO3BONAIOWMIA YUNTLIBATL CTAaTUCTUYECKME CBOMCTBA TaKMX M3obparke-
HWIA. NpeanoXeHHbIM aAFOPUTM NO3BOAIAET YAYULIUTb CTENEHb CXKATUA BMHApPHbIX N306paXKeHnt B CpaBHEHUN C

meToZom U3 [3] u n3sectHbiM meTofom JPEG, WMPOKO NCNob3yemMbiM A1A CKATUA U306pakeHnin.
Cnuncok nutepaTypbl

1. Howard P. G., Vitter J. S. Fast and efficient lossless image compression. Proc. IEEE Data Compression Conf. Snowbird,
Utah, USA, 1993. P. 351-360.

2. Babu P., Sathappan S. Efficient lossless image compression using modified hierarchical prediction and context adap-
tive coding. Indian Jour. of Sc. and Tech., 2015. V. 8. P. 1-6.

3. bakynunHa M. M. 9pPeKTUBHbIN MeToa 6104HOr0 KOANUPOBAHMA A,BYXYPOBHEBbIX M306parkeHU . MporpammHble nNpo-
AYKTbl 1 cuctemsl, 2017. T. 30, Ne 2. C. 282-285.

MpumeHeHne Teopum rpados B anre6panyueckom MHOroCETOYHOM MeToAe ANA PeLUeHUA PaspeXKeHHbIX
CNAY

A.P.Tep6?% I. A. Omaposa'

MHCcmumym sblqucaumensHOU MamemMamuKu u Mamemamuyeckoli 2eogppusuku CO PAH

2Hosocubupckuli 2ocydapcmeaeHHbIll yHUsepcumem
Email: gerb-artem@mail.ru, gulzira@rav.sscc.ru
DOI: 10.24412/cl-35065-2022-1-01-67

B paboTte paccmatpuBaloTca reomeTpuyeckne u anrebpanyeckne MHOrOCETOYHbIe METOAbl, a/JIT0PUTMbI
orpybeHua rpadoB, METPUKU, KOTOPbIE UCMONBL3YIOTCA A1 NOCTPOEHU arperauuii sepwuH [4, 5]. PeannsosaH
meToz orpybneHua Ha ocHoBe meTpuku A. Hanosa n U. Hotea [3]. na onTummnsaumm BpeMeHU BblYUCAEHUIN
MCNob3yTCA anropuTmbl MNyctaBcoHa A1A 3PPeKTUBHOTO YMHOMKEHNA U TPAHCMOHNPOBAHMA MaTpul, dopmaTa
CSR [1], uto no3Boaui0 0bpabaTbiBaTh rpadbl C KOAMYECTBOM BePLLMH 6onee MUNINOHA.

Cpeam cyLLecTByOWMX METPUK HET OAHOM, KOTOpas 6bl Moria bbl NOA0NTN oA BeexX rpadoB: HEOBX0AMMO NoA-
6UpPaTb METPUKM B 3aBUCMMOCTM OT MOCTaBAEHHOM 334a4m 1 TpeboBaHMI, KOTOPbIE HAKNAAbIBAOTCA Ha NOJyYaemble
arperaumu. Hanpumep, ans cucrem snanmntuyeckmx anddepeHLumanbHbix ypaBHEHU OTIMYHO NOAOUAET Kaaccmye-
cKaa mepa "6amsoctn" BepwuH [2], a ana 6osee CAOXKHbIX rPadoB MOXMKHO MCNO/b30BaTh ajrebpanyeckoe
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paccToaHMe. BO3MOXKHO TaKKe BMeCTO Mcnosib3oBaHMA mep "6ans3octn” BepLumMH NpUMeEHATL Kputepmm otbopa Bep-
LUWH B arperawmm, KoTopble NO3BOAAIOT abCTParMpoBaTbCA OT UCXOLHOMO NMPOCTPAHCTBA 334auK.
PaccmatpmBatoTca 04HOMNOTOUYHbIE M MHOTOMOTOYHbIE BapUaHTbI PeaM3aLmm aNropuTmos.

Cnuncok nutepaTypbl

1. NMucaneukn C. TexHoNOrMa paspexeHHbIx maTpuy,. Mup. 1988.

2.Livne O. E. and Brandt A. Lean algebraic multigrid (LAMG): Fast graph laplacian linear solver. SIAM J. Sci. Comput. 2012.

3. Napov A. and Notay Y. An efficient multigrid method for Laplacian systems II: robust aggregation. Society for Indus-
trial and Applied Mathematics. 2016.

4. Notay Y. An aggregation-based algebraic multigrid method. Electron. Trans. Numer. Anal., 2010.

5. Napov A. and Notay Y. An algebraic multigrid method with guaranteed convergence rate. SIAM J. Sci. Comput. 2012.

MNoaxoa K pacyety nHrepdepeHUUmn B CLEHAX C ONTUYECKU U3OTPONHbLIMU 06 bEKTaMU U €CTECTBEHHbIM
ocBeLleHnem

B. A. lebenos

UHCmumym eblyucaumensHol mamemamuKku U mamemamu4eckoli eeogpuzuxku CO PAH

Email: debelov@oapmg.sscc.ru

DOI: 10.24412/cl-35065-2022-1-01-68

CoBpemMeHHble NporpaMmbl pacyeTta M306paskeHnin (peHaepbl), Ha KOTOpbIX 6a3UpPYIOTCA TaKXKe CUCTEMBI
BUPTYa/IbHOM PeanbHOCTU, HE YYUTbIBAIOT MONAPM3ALLUM NIy4a, @ 3HAYMUT HE NO3BONAIOT PacCcUMTaTb Takue BU3Y-
a/IbHO Habtogaemble IBAEHMA KaK MHTepdepPEHLUS, HE NO3BOIAIOT BBECTU B CLLEHY NOAAPMU3ALUMOHHbIN GUALTP.
B [1] npeanoxxeH MeTog, pacliMpeHmna peHaepa 4O0CTaTOUHbIN ANA NPEe0A0NEHUA TAKUX OFPaHUYEHNIA. YCIOXKHA-
eTcA MaTemaTUYecKas MOAE/b NPUMEHSAEMOro A4 TPAaCcCUPOBKK iyda aobaBneHnem ¢pasbl BOMHbI, COCTOSTHUEM
nosApM3aumnmM CBeTa U AaHHbIe AN BbISBAEHUA KOTePEeHTHOCTU. BU3yannsauma nHteppepeHumm B cuctemax on-
TMYECKOro AM3aiHa OCHOBbLIBAETCA Ha TPACCUMPOBKe TenecHbIM Aydyom (Hanpumep, B cucteme FRED [2]). Takoe
pelleHne B peHaepax He MPUMEHSAETCA B CBA3M C OTPOMHbIM YMcaom snemeHToB B 3D cueHe. B paborte [3] npea-
JIO}KEHO pelleHne gns pacyeta MHTepdepeHLMM Ha OCHOBE JlyYel HY/NIEBOM TOJILMHBI B CLLEHAX C ONTUYECKMU
M30TPOMHbLIMU O6BEKTAMM M MOHOXPOMHbIM OCBELLEHMEM, KOTOPOE YCNEeWwHOo NPOAEMOHCTPUPOBAHO NpW pac-
yeTe Koney, HbtoToHa. Ha gaHHOM 3Tane genaeTca cneaytowmin War: pacyeTbl B CLLEHAX C eCTECTBEHHbIM OCBe-
weHnem. B noknage paccmaTpuBatoTcs 0CO6EHHOCTM COOTBETCTBYIOLLENO a/ITOPUTMA.

NccnenoBaHMA BbINOMHEHbI B pamKax rocyiapcTBeHHoro 3agaHns MBMuMI CO PAH (0251-2021-0001).
Cnuncok nutepaTypbl

1. Debelov V. A,, Vasilieva L. F. Visualization of interference pictures of 3D scenes including optically isotropic trans-
parent objects // Scientific Visualization. 2020. V. 12, N. 3. P. 119-136.

2. Harvey J. E,, Irvin R. G., Pfisterer R. N. Modeling physical optics phenomena by complex ray tracing // Optical Engi-
neering, 2015, V.54, N. 3. 12 P.

3. Debelov V., Dolgov N. Rendering of Newton’s Rings in monochrome light // CEUR workshop proceedings. 2021,
V. 3027.P. 116-125.

YueT ce30HHbIX U3MeHeHU paboTbl N10TUH NC Ha Nnpumepe pPe3yNbTaToB aHa/IN3a AaHHbIX HAaTYPHbIX

HabAAEHUA aBTOMATU3MPOBAHHbIX CUCTEM CEMCMOMETPUYECKOTO KOHTPOAA NAOTUH KpacHoApCcKoi
u 3eiickoi NC
. B. KoponeHKo, /1. A. KoponeHko, A. M. KyabmeHKo, B. C. Cabypos

NHCcmumym sbiqucaumesnsHbix mexHonozuli CO PAH
Email: dbkorolenko@gmail.com
DOI: 10.24412/cl-35065-2022-1-01-69

Ona KOHTPO/1A COCTOAHUA I'TC 1 UX oCHOBaHW cpean OCHOBHbIX ANArHOCTUYECKUX rnokasartenew AO0/1KHbI
OTCNeEXnBaTbCA ANHAMUYECKUNE XAPAKTEPUCTUKUN — NMAPaMETPbI, XapaKTepusyruwime aunHamnyeckme CBOWCTBa
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06bEeKTa, NPOABAAIOWMECA NMPU ANHAMUYECKUX HArpy3Kax 1 oTparKatolme TeEXHUYECKOEe COCTOSHUE CTPOUTE b-
HOM KOHCTPYKUMK B LLeJIOM (4acToTbl COBCTBEHHbIX pOpPM KonebaHMi, CTaTUCTUYECKME U ANCCUMATUBHbBIE XapaK-
TEPUCTUKKU U Ap.).

B HacToswwe paboTe paccMoTpeHbl pe3ynbTaTbl 06paboTKM AaHHbIX aBTOMATU3UPOBAHHbIX CUCTEM CEMCMO-
METPUYECKOIrO KOHTPOIA, YCTaHOBAEHHbIX Ha NAOTMHAX KpacHosapckoi u 3elickoli MC, M NO3BONAOWMX COBME-
WaTb 334341 PErUCTPALUN CENCMUYECKUX CODLITUIA U MOHUTOPUHIA TEXHWUYECKOTO COCTOSIHMA MO AMHaMMUYe-
CKMM XapaKkTepucTukam. NpuseaeHol rpaduKkm U3MeHEHUA SUHAMUYECKMX XapPaKTEPUCTUK B CONOCTABAEHUN C
$baKTOpamm BHELIHUX BO3AENCTBUI Ha NaoTuHY MIC (ypoBeHb BepxHero 6beda, TemnepaTypHbii GakTop, MoLL-
HOCTb M YMcno paboTatowmx arperatos). MNpeactaBneHa MHGOPMaLMOHHAA MOAENb CUCTEMbI U MPOrpaMmmHoe
obecneyeHune gns UccneaoBaHNA U3MEHEHUSA AMHAMUYECKMX XapPaKTEPUCTUK C yYETOM CE30HHOM paboTbl co-
opyKeHuA. [aHHble MHCTPYMEHTbI MO3BOIAIOT NMPOBEPUTL COOTBETCTBUE TEKYLUMX 3HAYEHWUA CNOMKMBLUMMCA
BHELIHMM BO3AENCTBUAM C MOMOLLbIO CTAaTUCTUYECKUX MOgENEN.

KauyecTBOo UMTUPOBAHUA B HAaY4HO rpaduKe U MeToa ero KoIM4eCcTBeHHOMU OLLEHKU

H. A. NaBpeHTbes, A. 3. Pasnunes
NHcmumym onmuku ammocgepsi CO PAH
Email: Inick@iao.com

DOI: 10.24412/cl-35065-2022-1-01-70

3ap3a4a OUEHKM KavecTBa MHGOPMALUMOHHbIX PECYPCOB ABNAAETCSA YacTbio 6onee obLwen 3a4a4m — OLLEHKM
[0Bepua, CTaBLLEN B CBOE BPEMS OCHOBHOM LLeNblO CO34aHUA cTaHgapToB Semantic Web. Kputepun gosepus
Pa3snTe/IbHO OT/IMYALOTCA KaK B Pa3HbIX NpeaMETHbIX 06/1acTAX, TaK U B paMKax ogHON npeameTHol obnactu, u
ONA PasHbIX TUNOB MHPOPMALMOHHbBIX PECYPCOB Pa3INYUA MOTYT BbITb CyLLECTBEHHbBIMM.

B floKNage onucaH NoAaxos K KOIMYeCTBEHHOM OLEHKE KauyecTBa LLUTUPOBAHMA HayUHbIX rpaduKoB, Ha Npu-
mepe cobpaHHON HamK KoaneKkummn rpadmyecknx pecypcos B cucteme GrafOnto, npegHasHayeHHOM s ynpo-
LLEeHWs MOMCKa CNEeKTPaNbHOM MHPOPMALMK, NpescTaBNeHHON B rpaduyeckom Buae. Konnekuma comeprut
Hay4Hyto rpaduKy NPeMMyLLECTBEHHO MO TPEM Pa3Aefiam CNEeKTPOCKOMMUU: U3YYEHUIO CBOMCTB aTMOChEepHbIX
MOJIEKYNSPHbIX KOMMIEKCOB M MOJIEKY/Ibl BOAbI, @ TaKXKe 3343a4aM KOHTUHYaIbHOTO MOT/IOLLLEHMSA U CeYeHMA No-
rnoweHna aTmocdepHbIX MOEKYI. B HacToswee BpeMa KOMNEKLUMA COAepXUT nopaaka 6000 NpuMUTUBHDIX
rpadmkoB, 60/1bLLIAA YAaCTb KOTOPbIX BXOAWUT B COCTAB COCTABHbIX FPadMKOB UM COCTaBHbIX PUCYHKOB. MouTn 1500
N3 3TUX rpadUKOB ABNAIOTCA LUTUPYeMbIMKU. CONOCTaB/IEHME LLUTUPOBAHHOTO rpadmKa C COOTBETCTBYHOLLUM eMyY
OPUTMHANOM HepeaKo OCNOXKHAETCA Npobiemamu, CBA3AHHbIMU C HEABHbIM 3aaHNMEM BELLECTBaA, PAa3/IMYHbIMU
€AUHULAMM U3MEPEHUIN GU3NYECKUX BENUUYMNH, HEONPEAENEHHOCTbIO B NepecyeTe AaHHbIX U3 O4HOW cucTeme
eauHUL, B Apyryto (Hanpumep, Koraa TpebyeTtcs nepecyeT 3HaYeHUA AO0MNONHUTEbHBIX GU3NYECKUX BEAUYMH, B
page cnyvyaes OTCYTCTBYHOLUMX B NyOAMKALMAX) MM CpaBHEHNEM Be3pasMepHbIX BEIMYNH C PasMepPHbIMM.

B pe3ynbTaTe BO3HMKAET 334a4a OUEHKM KayecTBa LMTUPOBAHMWA, 418 PeLeHMA KOTOPON HamMu npeasara-
€TCA KONIMYECTBEHHAn MeTPMKa CPeAHEero pacxoXaeHusa napbl "opurnHanbHbli rpadmk — unTUpPYyEembIn rpadmk”.
OcHoBHoOW Npobaemoit Npu cpaBHEHUM ABYX rPadUKOB ABNAETCA CNOXKHOCTb CONOCTaBAEHUA ABYMEPHbIX Mac-
CUBOB, 4151 KOTOPbIX B 06LLEM C/lydae He COBMAAAOT HM KOJIMYECTBO TOYEK, HU NIOTHOCTb pacnpeneneHuns aTux
TOYEK, HU MHTepBasbl No 06enm ocam. MNpeanaraemMblit HAMKW NOAXOA NPUBOANT, ECZIN 3TO BO3MOXKHO, KOOPAM-
HaTHble MaccuBbl 060uX rpaduKoB K BMAY, NO3BOAIOWEMY OAHO3HAYHOE COMOCTAB/IEHME TOYEK MO OcK abc-
LMCC, YTO 3HAYUTE/IbHO YNPOLLAET BblYNCAEHNE 3HAUYEHUI PACXOXKAEHUA AN KaXKAO0W U3 TOUEK OPUTMHANBHOTO
N uuTMpyemoro rpaduKa. YcpeaHus nosydeHHble Ha Npeaplaylwem Lare 3HauYeHUs PacxoXKAeHusA, Mbl Noay-
Yaem METPUKY CPeaHEro PacxoxKaeHua AByX rpaduKkoBs. Mocne HOPMUPOBAHUA 3HAYEHNE METPUKM HAXOAMTCA B
nHtepsane ot 0 go 100 %, KOAMYECTBEHHO XapaKTepu3ys PacXoXAeHWUe OPUrMHANBbHOTO U LUTUPOBAHHOIO
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rpaduka. MNonyyeHHas TakMmM 06Pa30M OLEHKA PACXOXKAEHMA NO3BONAET OLUEHUTb KAaYeCcTBO M TOYHOCTb LNTU-

poBaHUA.

PaboTa BbINO/HEHA B pamKax ¢pesepasibHOW LeneBol Nporpammei.

Pa3paboTKa cTreHAa ANA yAaneHHOW acCMHXPOHHOM paboTbi ¢ NJIUC

A. C. lopeHc, I'. A. MeTyxos

HayuoHanbHsbili uccnedosamensckull yHusepcumem "Boicuias WKoOAA 3KOHOMUKU"
Email: aslorens@edu.hse.ru, gapetukhov@edu.hse.ru

DOI: 10.24412/cl-35065-2022-1-01-71

OcHOBHOW 3a4a4elt gaHHOM paboTbl ABASETCA CO34aHMe NPorpamMmmHO-annapaTHOro KomnJseKkca, obecneyu-
BatloLWero yaaneHHoe B3ammogerictame ¢ naatamm NJIMC B acuHxpoHHOM popmaTe. B paboTe [1] noapobHO onu-
CaHa aKTyanbHOCTb pa3paboTKu 1 BHeApeHUs yaaneHHbIX nabopaTtopuii B npoLecc oby4yeHns nporpammmpoBa-
Huto MJINC. PaspaboTka KomnaHuu Labs Land [2] AaBnseTca nonynspHbIM peleHnem B AaHHOW cdepe, Konmye-
CTBO YHUKanbHbIX noceTutenel caita 3a 2021 cocrasnseT 150 000 yenoseK. Ucxoaa m3 atoro, 66110 pewieHo
pa3paboTaTtb yaasneHHyto nabopaTtoputo Ha 6ase YJ1 CAMP MUOM HUY BLLU3 gns ynpouieHua npolecca obyye-
HWA 1 NoBblWweHnAa goctynHoctu naat MNJINC.

NabopaTtopHblit cTeHa, pa3paboTaHHbiin B Y/1 CAMNP MUOM HUY BLLU3, asnsetca Habopom NporpaMmmHbIX U
annapaTHbIX KOMMNOHEHTOB, obecneynBatoLWmx JOCTYN K naaTam NJIUC, n gpyromy o60py0BaHUIO B yAAaNEHHOM
aCUHXPOHHOM dopmarTe. MNporpammHan KOMNOHEHTa AaHHOW pa3paboTKM BKAKOYAET B cebA psaa nporpamm, pas-
paboTaHHbIX Ha A3bike Python. PaspaboTaHHble nporpammbl ob6ecneynBaoT 06paboTKy NoNb30BaATE/IbCKMX NPO-
LUMBOK, OTMNPaBKy pe3ynbTaToB NonAb3oBaTe o B dopmaTte BUAe03anucK pabotbl naatol MNJINC, oT4eTOB O KOM-
NUAALUN NMPOEKTA M NPOLUMBKE NaaTbl. ANnapaTHas ocHOBa N1abopaToOpPHOro CTeHAa COCTOMT U3 NePCOHa/IbHOrO
KomnbloTepa, naatbl Arduino, nnatel M/INC, Be6-kamepbl.

Cnuncok nutepaTtypbl

1. Morgan F., Cawley S. Enhancing learning of digital systems using a remote FPGA lab // 6th International Workshop
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OTobparkeHue HecKlaaupyembiX pecypcos B MoAeNaX KaJieHAapHOoro n1aHMpoBaHUsA NPOEKTOB
0. A. /1axos
UHCcmumym eblyucaumensbHol mamemamuKku U mamemamu4eckoli eeogpusuxku CO PAH

Email: loa@rav.sscc.ru
DOI: 10.24412/cl-35065-2022-1-01-72

B KaneHZapHOM NIaHWPOBAHWM MPOEKTOB MOCTY/IMPYETCA anpuvopHOe BHEMOZE/bHOE pacnpenesieHve
HecK1agnpyemMblxX pPecypcoB NaaHoOBOro neproaa. B moaensax KaneH4apHOro NaaHMPOBaHWA HaaMuMe HecKna-
AnpyemMbix(Bo306HOBAAEMBIX) pecypCcoB NonaraeTca 3apaHee 3a4aHHbIM BO BCEX BPEMEHHbIX MHTEpBanax, T. €.
npeanoiaraeTca Ux pacyeT 40 NOCTPOEHMA PAacNMCaHMA BbINOHEHWA NpoekTa. OTobparkeHne HaIMumsa Heckia-
AVPYEMbIX PecypcoB Kak NOCTOAHHbBIX BE/IMYMH NPUBOAUT K noTepe 3pHEKTUBHbIX pacnucaHnii pabot. O6Lens-
BECTHOE onpeaeneHme HeCcKAagupyemMblxX PecypcoB Kak HeHakanamMeaembix (Trna "mowHocTb"), Hencnonb3osa-
HWe KOTOPbIX NPUBOAUT K UX MOTEpe, HEMOJIHOCTbIO OTPaKaeT UX cneundurKy. B cTaTbe NoKasaHa BO3MOMKHOCTb
dbopmanumsaumm ycnoBuii nepepacnpeneneHmns HecKNaanpyemMblx PecypcoB No BpemMeHHbIM MHTepBalam Mnpo-
€KTa B MOAenax KaneHaapHoro naaHnposaHua. CoemelleHMe NOCTPOEHNA pacnmncaHnii c pacnpeaeneHmem pe-
CypcoB Mno3BoAseT CTpouTb 6onee 3dPeKTUBHblIE KaneHAapHble MNAaHbl B CPaBHEHUM C TPAAULMOHHBLIM
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noaxoaom. MNepepacnpeaeneHme pecypcos pacCMOTPEHO Ha NPUMepPe CETEBOI MOENN NMOCTPOEHUA pacnuca-
HUA paboT, MMHUMM3MPYIOLLEro Anc6anaHc PecypcoB Mpu 3a4aHHbIX AUPEKTUBHBIX CPOKaX 3aBepLIEHMA NPOeK-
TOB.

PaboTa BbINO/NHEHA B paMKax rocyaapcteeHHoro 3agaHuna MBMuMI CO PAH (0251-2021-0005).

MHdpopmaumnoHHaa cuctema Meteo+ ansa cucremaTmsaumm M aHaan3a pesynbTaTtos BbIMUCANTENbHOIO
MOAE/IMPOBaHMA KPaTKOCPOUYHbIX METEOPO/IOTMYECKUX NPOTrHO308
A. U. Npusesenues™?, C. A. MpoxaHos?, A. 3. ®asnnes’?, A. B. CtapueHko?, E. A. CTpebrosa®?

'HayuoHansHsIl uccnedosamensckuli Tomckuli 20cydapcmeeHHsbIll yHusepcumem
2WlHcmumym onmuku ammocegepel um. B. E. 3yesa CO PAH

Email: alexey@privezentsev.ru

DOI: 10.24412/cl-35065-2022-1-01-74

[oKnag nocBALWEH ONMCAHUIO NPUKNAAHOM CUCTEMbI KOMMBIOTEPHOW NOAAEPHKKN HayYHbIX UCCIe0BaHNN,
npegHasHayeHHOW Aaa Tpex rpynn nonb3osaTenei: 1) npodeccnoHanoB B BbIMUCAUTENBHOW reodU3UKe, 3aHK-
MaIOLLMXCA YCOBEPLIEHCTBOBAaHNEM U Pa3pabOTKOM BbIUMCAUTENbHbIX MOAeNen, TeCTMpPoBaHMEM U anpobaumen
BblABUTaeMbIX UCCNEA0BaATENbCKUX PELIEHUIN B paMKax NPOBEPKM Hay4yHbIX runoTtes; 2) npodeccnoHanos B me-
TEOPO/IONMK, 3aHUMAIOLLUXCS SKCMEPTHLIM aHa/IM30M, MHTEpPNpeTauuein U BePOATHOCTHbIMKU NpeacKa3aHUaMM
ONacHbIX MOTroAHbIX ABAEHWUIA, a TaKKe OLEHKOW KayecTBa MPM3eMHOro BO3Zyxa FOpPOACKOW arsiomepauuu;
3) cTyAeHTOB M acNMPaHTOB, 3aHMMAIOLLUXCA U3YHEHUEM ONpPeaesIEHHbIX aCNeKTOB METEOPOI0rMU U OCBOEHUEM
M3y4yaemblx HaBblKOB. PaccmaTpuBaeman MHGOpMaUMOHHas cuctema MeTeo+ npegHasHayeHa 418 HaKoMIeHus,
cUCTEeMaTU3aLMN M aHaNN3a Pe3yNbTaToB BbIYUCUTENBHOTO MOAENNPOBAHUA METEOPOJIOTMYECKMX NMPOrHO30B
no mogenam TSUNM3[1], CTM, WRF, CAMXx [2].

NHdbopmaumnoHHas cuctema MeTteo+ aBNAeTCA Hay4yHOM MHOMOMN0/1b30BaTe/1bCKOM MHDOPMALIMOHHO-BbIYMC-
NNTeNbHOM Beb-cnctemom ¢ GYHKLMAMM OHANH-BbIMUCAEHWNI, UMMOPTA, SKCNOPTa, aTPMBYTUBHOTO NOUCKa, BU-
3yasinsaumm 1 cpaBHeHMA peweHunit no mogenam TSUNM3, CTM, WRF, CAMx. Jns pacliMpeHHbIX BO3SMOXKHO-
CTei aHann3a NoJlyYeHHbIX PeeHUi MHGOPMaLMOHHasA cucTema oboralLaeT AaHHble WWMPOKUM CNEKTPOM pas-
JINYHbIX MeTaZaHHbIX. B pesynbTaTte paboThl pa3paboTaHHasa HayyHas MHPOPMaLMOHHO- BbluMCIUTEIbHAA BE6-
cucTema pasBepHyTa M HaXOAUTCA B PeXMME IKCnayaTaumm no aapecy http://meteo.math.tsu.ru/.

PaboTa BbiNnonHeHa Npy pUHAHCOBOM Noaaepskke Poccuitickoro HayyHoro ¢oHAa (Koa npoekTa 19-71-20042).
Cnuncok nutepaTypbl

1. CrapueHko A. B., BapT A. A., KmxHep /1. U., OaHunnkuH E. A. Me3somacwtabHaa MeTeoposiorMyeckas Moaesb
TSUNM3 ans nccnefoBaHMA U NPOFrHO3MPOBaHUA COCTOAHUA METEONapPamMeTPOB NPMU3EMHOrO c/10A aTmocdepbl Hag Kpyn-
HbIM HaceNeHHbIM NyHKTOM // BecTH. Tom. roc. yH-Ta. MaTemaTuKa 1 mexaHuka. 2020. Ne 66. C. 35-55.

2. Starchenko A, Shelmina E, Kizhner L. Numerical Simulation of Meteorological Conditions and Air Quality above
Tomsk, West Siberia. // Atmosphere. 2020. V 11 (11), Ne 1148. 15 p. DOI: https://doi.org/10.3390/.

BHelWHee cBA3bIBAaHWE MMUTALMOHHbBIX Mmogeneii B cucteme MTSS

C. B. Pynometos'?, C. C. }ypasnes?, B. B. OKONbHULLIHNKOB?

"MHcmumym ebiuucaumenesHoli Mamemamuku u Mmamemamuyeckoli 2eogpusuxku CO PAH
2pedepanbHeiii uccnedosamensckull UeHmp UHPOPMAUUOHHbIX U 8bIYUCAUMESbHbIX MeXHOA02ull
Email: rsw@academ.org

DOI: 10.24412/cl-35065-2022-1-01-75

Cucrema MMUTaUMOHHOrO moaenunposaHma MTSS [1] nossBonseT co3gasaTb BUBAUOTEKN 31eMeHTapHbIX
Mmogenei (3M) gna npoBeAeHUs UMMUTALMOHHbLIX 3KCMEPUMEHTOB cneumaanctamm B npeameTHon obnactu.
Kaxkpana 6nbanoTeka ABAAETCA OTAELNIbHBIM NPOrPaMMHbIM MPOAYKTOM.
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MHorga Bo3HMKaeT cuTyaums, Koraa Ase uam bonee MMUTaAUMOHHbIX Mogenu (MM), co3gaHHbIX B pasainy-
HbIX paboumx rpynnax, MOHO AOMNOJHUTb NePEKPECTHbIM UCMO/Ib30BaHNEM.

Pabouas rpynna oTiagKku KOHTPOIIEPOB YNPaB/eHUS WAXTHbIMW KOHBeepamm ncnonbsyet cuctemy MTSS
AN MOZENMPOBaHMA NPOLLECCOB B KOHBeWepHOM ceTu [2]. KoHBeliepbl B 3TOM CETM TPAHCMOPTUPYIOT NPOAYKT,
nosiBIEHNE KOTOPOro MMUTUpPYETCA B NpocTon M 3abos. [ipyras paboyan rpynna co3gana AeTanbHy0 MOAeNb
32601 [3]. U xota MTSS nossonset caenatb MM, KoTopasa byaeT cogeprkaTb U MoAe b 320604, U MoAeNb KOHBEM-
€PHOWM CEeTU, MHTEpPEC TaK XKe NpeacTaBaseT cnocob MHTerpaumm AsyX NPUIOMKEHU CO CBOMMMN MOAENAMM TaK, YTOObI
AaHHble MMUTauMKM 32605 MCMNO/1b30BaIUCh Obl B OT/IaZlKe KOHTPO1EPOB YNpPaBAeHMUA KOHBEMEPHOM CeTbIO.

Mbl npumeHunmn cneymdukaumio HLA [4] ansa cBA3bIBaHUSA HECKONbKUX MMUTAUMOHHBLIX mogenei. HLA nc-
Nosib3ytoTca ANs CBA3M abCONOTHO PA3/IMYHbIX UMUTALMOHHbIX cucTeM. B paboTe paccMoTpeHbl pas/inyHble ac-
MeKTbl TAKOTO CBA3bIBAHUA UMUTALMOHHbIX Moenein (3anycK, 0CTaHOB, OpraHn3aLUns UMUTALUOHHOIO 3KCNepum-
MEHTa).

Cnuncok nutepaTypbl

1. PynoméTtos C. B. BU3yanbHO-MHTEPAKTUBHAA CMCTEMA MMUTALLMOHHOIO MOAENIMPOBAHUA TEXHOIOTUYECKUX CUCTEM
// BecTHUK Cnb6IYTHU. 2011. Ne 3. C. 14-26.

2. ’ypasnés C. C. UMMUTaLMOHHbIM NpPOrpaMmHO-annapaTHbIM KoMmnaeKe gnsa TectupoaHma ACY TIN npeanpuAaTtuii rop-
HoaobbIBatoLLel NnpombiluneHHocTu. // Aucceprtauma Hosocnbupck 2020. 135 c.

3. OKonbHUIWHKMKOB B. B., OpaunH A. A., Pynometos C. B. PaspaboTKa umdpoBoit moaenm ouncTHoro 3abos yronbHol
waxtbl // AsTomeTpusa, 2021. Ne 6. C. 113-123.

4. |EEE Standard for Modeling and Simulation (M&S) High Level Architecture (HLA)— Framework and Rules. IEEE
Computer Society. 18 August 2010. ISBN 978-0-7381-6251-5.
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CEKLUMA 8
KomnbloTepHaa 6uonorua, meguumHa n buorexHonorus

AHanIM3 MOJIeKYNAPHBIX U CTPYKTYPHbIX Noc/ieaoBaTe/ibHocTel reHa StSN1, KoAUPYIOLWEro aHTUMUKPOBGHbI

nentung Snakin-1

H. C. AHgpees, B. M. Epnmos

Tomckuli 2ocydapcmeeHHsbili yHUsepcumem
Email: nikita_007g@mail.ru

DOI: 10.24412/cl-35065-2022-1-01-77

Snakin-1 saBnaeTtca 60rato-UMCTEMHOBLIM aHTUMUKPOOHbIM NENTUAOM, KOTOPbIA NPOABAAET CU/IbHYIO NPO-
TUBOTPUOKOBYIO M aHTMDAKTEPMaIbHYIO aKTUBHOCTb B OTHOLLIEHWUW LLMPOKOTO CMEKTPa NaTOreHoB pacTeHui [1].

Lenbto paboTbl ABAAETCA aHa/IN3 HYKIEOTUAHOW Noc/ieAoBaTeIbHOCTU reHa StSN1 1 BTOPUUYHOM CTPYKTYpbI
nentnga metogom PCA-Seq [2]; nccnepoBaHune CBA3M M1aBHbIX KOMMOHEHT C NpeAcKka3aHHbIMU aHTUMUKPOO-
HbIMW CBOMCTBAaMM 3TUX NOC/eA0BaTENbHOCTEMN.

CnucokK nuTepaTtypbl

1.Su T. et al. Molecular and biological properties of snakins: the foremost cysteine-rich plant host defense peptides //
J. of Fungi. 2020. T. 6. Ne 4. C. 220. DOI:10.3390/j0f6040220.

2. Edumos B. M. n ap. FnaBHble KOMMOHEHTbI FTEHETUYECKUX MOC/IeA0BaTE/IbHOCTEN: KOPPENALMMN U AOCTOBEPHOCTb //
MaTtemaTtunyeckas 6uonorus u uonHpopmatmka. 2021. T. 16. Ne 2. C. 299-316. DOI: 10.17537/2021.16.

YucneHHoOe moaenupoBaHue 3aga4y MeaULMHCKOro yabTpa3ByKa

K. A. beknemuwieBa, A. B. Bactokos
MockoscKuli husuko-mexHuyeckuli uHcmumym
Email: amisto@yandex.ru

DOI: 10.24412/cl-35065-2022-1-01-78

MeAaNUMHCKMIA yNbTPa3BYK, ABAAIOLWMIACA HAAEKHbIM, HEA0POMMM U LUIMPOKO PACMPOCTPaHEHHbIM METOA0M
HEeWHBA3UBHOW ANArHOCTUKM, CTA/IKUBAETCA C PALOM NPOHAEM NPU NOMNbITKAX NPUMEHUTb €ro K C/IOXKHbIM Cy-
YyasaMm, HanpMmep UCCe0BaHUI0 COCYA0B B YepenHo-Mo3roBom otaene [1].

B maHHOM paboTe paccmaTpMBaeTCa MNOJIHOCTbIO TPEXMEepPHas NOCTaHOBKaA C UCMO/1Ib30BaHUEM IMHENHOTO U
MaTPUYHOTO AaTumMKa. A MOA4eMPOBaHMA KOCTHOM TKAHM U COrNacyoWwero cos yAbTpa3ByKoOBOro npeobpa-
30BaTeNa NpUMeHaeTca ynpyraa MoAesb mMaTepuana, No3BOAAIOLWAA KOPPEKTHO MOAENMPOBATb CABUIOBbLIE U
NOBEPXHOCTHbIE BOJIHbI, KOTOPbIE YYacTBYIOT B GOPMUPOBaHUM M306paXKeHUs B BANNKHEN 30He.

PaccmoTpeHo ¢popmupoBaHme nsobpaxeHus (B-ckaHa) Ans akycTUYECKM O4HOPOAHOM cpeabl U pacnono-
JKEHHbIX B HEW OTPArKalOLLMX rPaHuL,. PaccMoTpeHo BAMsAHME Ha B-CKaH oTpaykalowmx 06BEKTOB, PacnoOKeH-
HbIX BHE OCHOBHOM NJIOCKOCTU CKAaHWPOBaHMWA. [laHHOE MOAEeNNPOBaHNE NO3BOISET CUCTEMATU3UPOBATL OLLEHKM
B/IMAHUSA OKpy:Katowen cpepl Ha dopmmupyemoe M3obpakeHne OCHOBHOM LieneBoit 061acT CKAHUPOBAHUA.
BbINO/IHEHO MOAENNPOBAHMNE NOABAEHUSA HEKOTOPBIX TUMOBbIX apTehAKTOB Ha 306 paXKeHUSAX, TAKMX KaK pesep-
6epaunn n paHTomMHble 06bEKTHI [2, 3].

PaboTa BbinonHeHa nNpu GMHAHCOBOW Noaaep»KKe Poccuiickoro HaydHoro ¢poHaa (Koa npoekTa 22-11-00142).
Cnuncok nutepaTypbl

1. Beklemysheva K. A., Grigoriev G. K., Kulberg N. S., Petrov I. B., Vasyukov A. V., Vassilevski Yu. V. Numerical simulation
of aberrated medical ultrasound signals // RINAMM. 2018. V. 33, Ne 5. P. 277-288.
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2. Hajian M., Gaspar R., Maev R. G. Accurate 3-D Profile Extraction of Skull Bone Using an Ultrasound Matrix Array //
IEEE Transactions on Biomedical Engineering. 2017. V. 64, No 12. P. 2858-2871.

3. Mozaffarzadeh M., Minonzio C., de Jong N., Verweij M. D., Hemm S., Daeichin V. Lamb Waves and Adaptive Beam-
forming for Aberration Correction in Medical Ultrasound Imaging // IEEE Transactions on Ultrasonics, Ferroelectrics, and
Frequency Control. 2021. V. 68, Ne 1. P. 84-91.

CTPYKTYPHO-PYHKLMNOHA/IbHbIA aHAIN3 LUC-PEryNATOPHbIX 3/1EMEHTOB C MOMOLLbLIO MHTErpauum

noJiHoreHomHbIX gaHHbiX ChIP-seq n RNA-seq
B. A. Donrmx*?, A. C. Bube'?, B. I. NleBuuknin’?, E. B. 3emnaHckaa™?

Yuemumym yumonoauu u 2eHemuku CO PAH

2Hosocubupckuli 2ocydapcmeaeHHbIl yHUsepcumem
Email: dolgikh@bionet.nsc.ru
DOI: 10.24412/cl-35065-2022-1-01-79

Perynaumsa aKcnpeccum reHoB TPAHCKPUNUMOHHbIMKU dakTopamu (TP) KOHTPONUPYETCS Ha HECKOJIbKUX
YPOBHSAX, Cpeau KOTOPbIX BaXKHYHO POJib UTpatoT puU3MYeckme CBOMCTBA B3aumoaenctenii mexay T® n AHK un
onnromepusayma TP, ITK ABNEHUS HAXOAAT OTPAXKEHNE B C/IONKHOM CTPYKTYPE LUC-PErYAATOPHbIX 3/IEMEHTOB.
B NnpomoTOpax reHoB LUC-PerynsaTopHble 31eMeHTbl MOryT GOpPMMPOBATL LUUC-PErYNIATOPHbIE MOAY/IU, COCTOS-
LLMEe U3 HECKO/IbKUX CaToB CBA3bIBaHUA TdP. Kpome Toro, ogHomy T® MoryT coOoTBETCTBOBATb pPasHble CalThbl
CBA3bIBAHUSA. M3-3a CNIOMKHOWM CTPYKTYPbI LLUC-PErynsTOPHbIX MOLYNEN UX CUCTEMHbIE SKCMEPUMEHTa/IbHble UC-
cnenoBaHMA 3aTpyaHUTENbHbI. BuonHdpopmaTmnyeckas nHTerpaumns aaHHbix ChiP-seq (coaeprKalimx canTbl cBa-
3blBaHUA n3ydaemoro TO n ero naptHepos) ¢ AaHHbIMM RNA-seq (oTpakatowmx TPaHCKPUMNUMUOHHbIN OTBET Mo-
TeHUManbHbIX muweHen TP) moxkeT obneruntb nposedeHWe nogobHoro poga uccneaoBaHuit. OgHako,
HACKO/IbKO HaM WM3BECTHO, B HaCTOALLEe BPeEMA HET MPOrpamMMHOro obecrneyeHma ANA TAaKOr0 KOMMNAEKCHOMO
aHanm3a. B gaHHol paboTe mbl pa3paboTanu KOHBeNep A5 CTPYKTYPHO-OYHKLMOHAIbHOTO aHamM3a umc-pery-
NATOPHbIX 3/TEMEHTOB HA OCHOBE MHTerpaumm gaHHbix ChiP-seq n RNA-seq. Mbl MC0/1b30BaIM NOJHOTEHOMHbIE
AaHHble ChIP-seq no cBA3bIBaHUIO KAtoueBbIX TP ropMOHOB pacTeHUI 3TUIEHA, aYKCUHA U LMTOKMHUHA: EIN3,
ARF6 1 ARR1, cOOTBETCTBEHHO, @ TaKKe AaHHble MHAYLMPOBAHHbIX STUMM FOPMOHAMM TPAHCKPUNTOMOB AANA
OUEHKM GYHKUMOHANbHOCTN KOHBeElepa.

PaboTa BbinonHeHa nNpu GMHaHCOBOW Noaaep KKe Poccuiickoro HayvyHoro ¢poHaa (Ko npoekrta 20-14-00140).

MNnardopma gng mHoronapameTpUYecKoro reMmoguHaMMYecKoro aHain3a 6poLWHbIX aHEBPU3M aopTbl

P. 10. EnndaHos?, A. B. depoTtosal, K. A. Bopucosal, P. N. MyanagxaHos'?, A. A. KapneHko®?
'Hosocubupckuli 2ocydapcmeeHHsili yHUsepcumem

2MHcmumym mennogusuku um. C. C. Kymamenadse CO PAH

SHayuoHanbHbIT MeduyuHcKuli uccnedosamensckull ueHmp um. akad. E. H. MewankuHa
Email: rostepifanov@gmail.com

DOI: 10.24412/cl-35065-2022-1-02-34

BplowHana aHeBpM3Ma npeacTaBaseT cobol naTosorMyeckoe pacliMpeHne aopTbl, KOTOPOE CKAOHHO K He-
KOHTPOIMPYEMOMY YBEIMUYEHUIO B Pa3mepax A0 HACTymnaeHna pa3pbiBa aopThbl. [ns npeaoTspalleHns paspbisa
B MEAMLMHCKOMN MPaKTUKE MPU AOCTUNKEHUN KPUTUYECKOro AMamMeTpa B MecTe MaKCMMabHOro paclumpeHus
Ha3HavyaloT XMpypruyeckoe nevyeHue [1]. HecmoTpa Ha TO, YTO yBeAMYEHME MAKCMMasIbHOrO AMameTpa aHe-
BPW3MbI MOBbIWAET PUCK pa3pbiBa [2], TaKan oueHKa ABAseTca rpyboi, Tak Kak pasmep aHeBPU3MbI He ABNSAETCA
onpegenaowmnm paktopom. B paboTax [3, 4] aBTOpbl NOKa3bIBaIOT, YTO A0HaBAEHME reMOANHAMMUYECKUX Napa-
MeTpOoB CMocOBHO YAyylWWTb OLEHKY PUCKa paspbiBa aHeBpuambl. OAHAKO TakMe MOAENN ABAAKOTCA



Cekumsa 8 125

HeAOCTYNHbIMU ANA MEeAMKOB HanpsmMylo M3-3a OTCYTCTBMSA COOTBETCTBYIOWMX MHCTPYMEHTOB, KOTOPbIE CMo-
COBHbI OCYLWECTBAATL FeMOANHAMMUYECKME pacyeTbl aBTOMATUYECKM. B pamKax AaHHOW paboTbl Mbl COCPeaoTo-
YWUIUCb Ha CO34aHMM NNATGOPMbl ANA NPOBEAEHUA MHOTOMNAPaMETPUYECKOrO reMOoAMHAMNYECKOro aHaIm3a
6pOWHBIX aHeBPU3M aopTbl. Maatdopma no KT-CHUMKY BptolWwHOM NonocT cnocobHa M3BAEKaTb reoMeTpuLo
aHeBPU3MbI, MOArOTaB/IMBATL PACYETHYIO CETKY N0 U3B/IEYEHHO reOMEeTPUN U NPOBOAMUTL FreMoanHaMMyecKkoe
mMmogenmpoBaHue. Monyyaemble Ha BbIXOAE reMOAMHAMMUYECKME NAapaMeTPbl MOXKHO HaNPAMYO UCMOAb30BaTb
ON19 OLLeHKM pPUCKa pa3pbiBa aHEBPU3MbI.

PaboTa BbiNnosHeHa Npy pUHAHCOBOW Nogaep ke Poccuinickoro HayuyHoro ¢oHaa (npoekT Ne 21-15-00091).
Cnuncok nutepaTypbl

1. Authors/Task Force members et al. 2014 ESC Guidelines on the diagnosis and treatment of aortic diseases: docu-
ment covering acute and chronic aortic diseases of the thoracic and abdominal aorta of the adult The Task Force for the
Diagnosis and Treatment of Aortic Diseases of the European Society of Cardiology (ESC) // Europ. Heart J. 2014. Vol. 35.
No 41. P. 2873-2926.

2. Abyros C. A. HauMoHanbHble peKoMeHAAUMM NO BEAEHUIO B3POC/bIX NMALMEHTOB C aHEBPM3IMaMM BPIOLWHOM aopTbl
M apTepPUIN HUXKHUX KoHedHocTel. // HLICCX um. A. H. bakynesa PAMH. 2011.

3 Baek S., Arzani A. Current state-of-the-art and utilities of machine learning for detection, monitoring, growth predic-
tion, rupture risk assessment, and post-surgical management of abdominal aortic aneurysms // Appl. in Engin. Sci. 2022.
P. 100097.

4. Qiu Y. et al. Association between blood flow pattern and rupture risk of abdominal aortic aneurysm based on com-
putational fluid dynamics //Europ. J. of Vascular and Endovascular Surgery. 2022.

ANDSystem: a cognitive computer system for automated gene networks reconstruction and analysis

V. A. lvanisenko®?3, P. S. Demenkov®?, T. V. lvanisenko®?, E. A. Antropova?, A. V. Adamovskaya®3, P. M. Revva®?
Ynstitute of Cytology and Genetics SB RAS

2Kurchatov Genomic Center of the Institute of Cytology and Genetics SB RAS

3Novosibirsk State University

Email: salix@bionet.nsc.ru

DOI: 10.24412/cl-35065-2022-1-02-38

A cognitive software and information system ANDSystem has been developed. ANDSystem considers 12
types of objects, including organisms, cells/tissues, diseases, genes, metabolites, drugs, etc. For these objects,
knowledge about physical interactions, catalytic reactions, regulatory relationships is atomatically extracted
from texts. There are more than 20 types of interactions in total.

ANDSystem has been used to solve a wide range of problems in the reconstruction of the molecular mech-
anisms of diseases, the interpretation of omics data, and other problems in the field of biomedicine. In particu-
lar, an urgent problem is the study of molecular genetic mechanisms of pathogen-host interaction. Reconstruc-
tion of signaling pathways for the regulation of cellular biological processes by viral proteins can help in the
search for new pharmacological targets. Using the ANDSystem, the associative gene networks describing the
potential regulation of the apoptosis process by HCV viral proteins were reconstructed. Another direction of
research was related to the study of the molecular mechanisms of pathological processes in hepatocellular car-
cinoma. Induction of apoptosis by the cell response to mechanical stress caused by tumor tissue compaction is
important antitumor mechanism. The analysis of gene networks made it possible to identify potential signaling
pathways linking genes involved in the cell response to mechanical stress with key genes of the external pathway
of apoptosis. Potential molecular mechanisms of dysfunction of these signaling pathways in hepatocellular car-
cinoma have also been reconstructed.

_Supported by agreement with the Ministry of Education and Science of Russia No 075-15-2021-944.
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MpumeHeHne pasHOMaCWTabHbIX Mogenei remogMHaMUKN NPU peLleHUn 334341 NOUCKA ONTUMAJIbHbIX

napameTpoB GOPMMUPOBAHUA COCYANCTbIX aHACTOMO30B

0. O. KyaHosa, [. B. MapwwuH

UHcmumym audpoduHamuku um. M. A. JlaspeHnmeesa CO PAH
Email: i.kuianova@g.nsu.ru

DOI: 10.24412/cl-35065-2022-1-01-80

dopmmpoBaHmMe COCYyaNCTbIX aHACTOMO30B — OIMH U3 LUMPOKO NPUMEHAEMbIX METOZ0B NPU eYeHnm Lepe-
6panbHbIX aHEBPU3M B COBPEMEHHOM KAMHUYECKOWN NpakTuKe. Mpu 3Tom Bonpockl 06 ONTUMabHbIX NapameT-
pax GOpMMPOBAHUA Ha AaHHbIN MOMEHT OCTalOTCA OTKPbITLIMU. PaHee mMbl UcCieq0BanM BONPOC O HaX0XAeHUN
ONTUMaNbHOro yrna GopmmposBaHMa aHacToMo30B [1], ogHaKo napameTpbl NoABUPannCh BPYYHYIO, YTO Cylle-
CTBEHHO YBe/IMYMBA/IO Bpems Nnoucka. B gaHHon paboTe peluaeTca 3aza4a 0 NoucKe onTumasibHoro mecra ¢op-
MMPOBaHMA aHACTOMO3a C MOMOLLbIO METOAa POs YacTul, [2] Ha ocHoBe pa3HOMAcCLUTAabHbIX Moaenel remoam-
HamuKu. MpoBeaeHOo cpaBHEHME UCNONb30BaHMA ABYX Pa3/IMUHbIX MoAenel Npu pelleHn AaHHOM 3a4a4un.

PaboTa BbiNnoaHEeHa Npy pUHAHCOBOW Nogaep ke Poccuiickoro HayyHoro ¢oHaa (npoekT Ne 20-71-10034).
Cnuncok nutepaTypbl

1. Kuyanova lu.0., Presnyakov S. S., Dubovoy A. V., Chupakhin A. P., Parshin D. V. Numerical study of the tee hydrody-
namics in the model problem of optimizing the low-flow vascular bypass angle // J. of Applied Mechanics and Technical
Physics. 2019. V. 60. P. 1038-1045.

2. Poli R., Kennedy J., Blackwell T. Particle swarm optimization // Swarm Intelligence. 2007. V. 1, Ne 1. P, 33-57.

A computational pipeline for the identification and analysis of orthologous gene families: Study

of phospholipases A2 in flatworms

M. E. Lachynova¥?3, . |. Turnaev'?, D. A. Afonnikov®?3
Ynstitute of Cytology and Genetics SB RAS

2Kurchatov Genomic Center ICG SB RAS

3Novosibirsk State University

Email: lachynova @bionet.nsc.ru
DOI: 10.24412/cl-35065-2022-1-02-27

Identification and structural analysis of proteins of orthologous families including multidomain proteins (en-
zymes, transcription factors, transmembrane proteins) is an important task in the study of their function and
evolution. This task is complicated by the fact that the structure of these proteins may include, along with the
main functional domain, many concomitant domains whose composition changes as a result of functional diver-
sification of the proteins. In this paper, we propose a computational pipeline for the identification and subse-
guent structural and evolutionary analysis of multidomain protein families based on processing protein se-
qguences from full genomic data. This pipeline was used to analyze phospholipase A2, the enzymes that catalyze
phospholipid hydrolysis. These proteins are also widely present in mammals and perform a number of important
basic functions at the cellular and whole body level. Disruption of human phospholipase A2 function is often
associated with cancer. A search for proteins of this family in the genomes of 36 flatworm organisms was per-
formed. In this regard, phospholipases are of interest because they may be involved in the parasite-host inter-
action process. We first identified classes of phospholipases A2 from 11 families. We also examined the primary
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structure and domain composition of the found PLA2 proteins. The resulting bioinformatic pipeline can be used
to search and analyze multidomain proteins for a wide class of taxa.

The work was carried out with funding from the Kurchatov Center of the Federal Research Center for Genome Research
of the Siberian Branch of the Russian Academy of Sciences, agreement with the Ministry of Education and Science of the
Russian Federation Ne 075-15-2019-1662.

TexHon0rMa BU3yain3aumm MHTEpeCYoLWnX 6MoN0rMyeckUX TKaHe B MOMEHT MHTPaonepauMoHHOro

KpoBousamaHuAa

A. B. Meaunesckuitl, A. T. 30TnH?, K. B. CumoHos?, A. C. Kpyraakos?

KpacHosapckuli 20cydapcmeerHbili meduyuHckuli yHusepcumem um. B. ®. BoliHo-AceHeyKo20
2CubupcKuli 2ocydapcmeeHHbIl yHUsepcumem HayKu u mexHono2uii um. M. ®. PewemHesa
3Hcmumym ebryucaumensHo2o modenuposaHusa CO PAH

Email: amedievsky@yandex.ru

DOI: 10.24412/cl-35065-2022-1-01-81

[Na CHUXKEHWA PUCKa reMopparMyeckmx OCNOKHEHUIM NpeanaraeTca TeXHOM0MMA SHAOCKONMYECKO BU3Ya-
M3aumMn onepupyembiX TKAHE MPU NMOMOLLM YNaBAMBAHMA OTPAXKEHHOTO BAMMKHEro MH@PaKpPacHOro ceeTa
(NIR) u KomnbtoTepHO 06paboTKkKN. KpoBb UMeeT Bbille KoahduumneHT nornoteHusa nyyeit NIR no cpaBHeHUIo C
APYTMMU TKaHsaMM [1], 3To NO3BONAET BU3YaIM3NPOBATb MHTEPECYIOLWME CTPYKTYPbl, HECMOTPSA Ha KPOBOM3/NSA-
HWe B MNOJIOCTb paHbl. B Lensx obneryeHma aHannsa nonydeHHblx n306paxkeHnin 6b1aM aganTMPOBaHbl METOAbI
KOMMbIOTEPHOW 06paboTKK, CyTb KOTOPbIX 3aK/10YAETCA B LWYMONOAABAEHUM, YAYYLIEHUM APKOCTHbIX XapaKTe-
PUCTUK, POPMMPOBAHNMN KOHTYPHOIO NPeACTaBAEHNA U LBETOBOTO KOAMPOBaHMA n3obparkeHui [2].

CnucokK nuTepaTypbl

1. Calabro, Katherine W. Modeling Biological Tissues in LightTools. (2020)
2. Zotin A. G.: Fast algorithm of image enhancement based on multi-scale Retinex // Int. J. Reasoning-based Intelligent
Systems 12 (2), 106-116 (2020)

MogennposaHue remoaMHaMmukn B 6MpypKaumum aopTbl NpU HAIMHUMU AHEBPU3MDbI

1. P. MepxoeBa, A. A. KapneHnko, 1. B. MapwwH, A. . YynaxuH
Hosocubupckuli eocydapcmeeHHsblli yHugepcumem

Email: l.merzhoeva@g.nsu.ru

DOI: 10.24412/cl-35065-2022-1-01-82

AHeBpM3Ma HPIOLIHOrO OTAeNa aopTbl ABAAETCA PACNPOCTPaHEHHOW aHOMa/JIMen COCYAUCTOM CUCTEMBbI,
HapyLUatoLLelt HOPMANbHbIN PeXKMM KPoBOTOKA [1]. BudypKaumsa aopTbl NPU HAANYMM aHEBPU3MbI NpeacTaBaseT
cob60i CNOXKHYIO TMAPOANHAMMYECKYIO cucTeMy. OnMcaHue TedyeHUa KNaKoctn B budypKaumm asnaetca npes-
METOM MHOIMX nccaegosaHuii [2].

B pabote nccneayoTca cBOMCTBa BPIOLWLHOrO OTAeNa aopThl NPU BKAKOYEHUU B CUCTEMY aHEBPU3MbI JIOKa-
JIN30BaHHOI Ha CTBO/1E a0pTbl. f[eoMeTpUYECcKMe N reMoguHaMUYecKue NapameTpbl CUCTEMbI BepyTca U3 meaun-
LMHCKUX AaHHbIX, NpeaocTaBneHHbix PIBY HMUL, um. E. H. MewankuHa. lNposegeHo YncieHHOe MO4eNNPOBa-
HUEe TeYeHUA KPOBMU B MAEaNM3MPOBAHHbIX KOHOUIypaumax ¢ natonornein n 6es. PesynbTaTbl MOAENIMPOBAHNS
COrnacyoTcs ¢ obLenpuHATbLIM NpeacTaBieHnem o GU3noaormyeckmx npoleccax B abgomMmmHanbHOM oTaene
aopTbl. BbIfiBNEHbI: CHUXKEHWE 3HAYEHNN HOPMUPOBAHHON ANCCUNATUBHON PYHKLIMM C MOABAEHMEM NATONOTUM,
POCT AaBNEHUS U YMEHbLUEHWE NOLWAAM, OrPaHUYEHHOM KPMBOW AMarpaMmbl 'aaBieHne — CKOpPOCTL", Bblwwe
aHeBpPU3MbI C yBEIMYEHMEM paguyca NocneaHeln B CpaBHEHUN C KOHUrypaumnen 6es natosormu.
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PaboTa BbinonHeHa nNpu ¢MHaHCOBOW Noaaep KKke Poccuiickoro HayuyHoro ¢poHaa (Kog npoekTta 21-15-00091).
Cnuncok nutepaTypbl

1. Vignali E., et. al. Fully-Coupled FSI Computational Analyses in the Ascending Thoracic Aorta Using Patient-Specific
Conditions and Anisotropic Material Properties. Frontiers in Physiology, 2021.

2. Correa P. G., et. al Three-dimensional flow structures in X-shaped junctions: Effect of the Reynolds number and
crossing angle. Phys. Fluids 31, 2019.

TpurrepHaa mogenb AUHAMUKU aceNTUYECKOro BocnaaeHus

T. C. MuxaxaHosa'?, O. ®. Boponaesa?

Hosocubupckuii 2ocydapcmeeHHsiii yHUsepcumem

2edepasnbHbiii uccnedosamensbekull yeHmp UHPOPMAUUOHHBIX U 8bI4UCAUMENbHbIX MEXHOA02Ull
Email: t.mikhakhanova@g.nsu.ru; vorop@ict.nsc.ru

DOI: 10.24412/cl-35065-2022-1-01-83

BocnaneHue aBnseTca yHMBEpPCabHOM 3aWMTHO-NPUCNOCOBUTENbHOM peaKkumnen opraHMama Ha BHelHMKe
NnoBpeXAeHMA UK BHYTPeHHMe HapyweHus. CyTb BOCMaNEHUs 3aK/loYaeTca B onpeaeneHnm, 4YacTMyHoOn nam
NMOJIHOM NNKBUAALMM PA3LPAKMUTENA, @ TaKXKE BOCCTAHOBIEHMM NOPAXKEHHbIX TKAHEW N OpraHoB. [JaHHble npo-
Leccbl onpeaensaoTca B3aMMOAENCTBMEM KNETOK UMMYHHOM CUCTEMbI MeXKay Cobon, C APYrMmn KAeTKamu 1
6MOaKTUBHbLIMW BELLLECTBAMM.

B paboTte a9 KOANYECTBEHHOIO ONUCAaHMA ANHAMMKKN aCENTUYECKOTO BOCMNANEHUA B LEHTPAIbHOM 30He pa-
HEBOro MOBpPEXKAEHUA NPUBEKAETCS MOAE/b, onucaHHas B [1]. YcTaHoOBNEHO, YTo moaenb 0bnaaaeT MHoKe-
CTBEHHOCTbIO CTaLlMOHAPHbIX peleHnin. MiccnegoBaH TpUITEPHbIA MexaHU3M GYHKLMOHNPOBAHMA CUCTEMbI, KO-
TOpbI 0becneynBaeTcs TONbKO U3MEHEHNEM Haya/lbHbIX YCNOBUN. Pe3yibTaTbl UMEIOT BNOHE ACHbIA Buono-
rMYecKMii cmbica. OHM TaK»Ke NO3BOIAET PACCUMTbIBATb HA TO, YTO CLE@HAPUIN 3aXKMBIEHUA PaHbl, B 3HAYNTENbHOM

Mepe, MOXKeT b6bITb NpeacKasaH ele "aoonepayoHHbIM" Uccnes0BaHMEM KAETOYHOIO COCTaBa KPOBM.
Cnuncok nutepaTypbl

1. Boponaesa O. ®. MaTtemaTtuiyeckasa moaenb AMHaAMUKKN acenTudeckoro socnanexusa / O. ®. Boponaesa, T. b. basaan-
n0o8B // CMBUPCKUIA }KypHan MHAYyCTpuanbHoin matematmku. 2020. T. 23. Ne 4, C. 30-47.

Alignment-free meToa cpaBHEHUA CMMBOJIbHbIX NOC/eA0BaTeNbHOCTEM (Ha NpUMepe reHeTUYEeCKUx)

A. A. Monsasko?, M. I. Capgosckuin>4, E. [1. Kapenosa?!, U. A. Boposukos®
Yuemumym seiqucaumensHoz2o modenuposaHusa CO PAH

2CubupcKuli pedepanbHebili yHUsepcumem

3KpacHoapckuli 2ocydapcmeeHHbIl MeduyUHCKUll yHugsepcumem
‘dedepanbHubili CubupcKull Hay4YHO-KAUHUYecKo2o ueHmp ®MBA Poccuu
>Nekkar Ltd., California (USA)

Email: msad@icm.krasn.ru

DOI: 10.24412/cl-35065-2022-1-01-84

MpeanaraeTtcs HOBbIM MOLWHbIN alignment-free meTo cpaBHEHMA reHETUYECKMX NOC/eA0BaTeIbHOCTEMN, KO-
TOPbIN 33 O4MH NPOXOZ, BbIYNCAAET TOYHOE YMC/IO COBMABLUMX HYKNEOTMAOB A1A Nt060ro HanoXeHUs AByx no-
cnenoBaTeNbHOCTEN BHE 3aBUCMMOCTU OT UX B3aMMHOTO PaCro/IOKEHUA B HAMOXKEHMW. ITO MOMKHO NpPoaebl-
BaTb 4/1A n-rpamm 060N ANNHbI, TAe N OrPaHNYEHO TOIbKO MOLLHOCTbIO Ballero KomnbtoTepa (Halm sKkcnepu-
MeHTbl npoBoguaucb Ana n po 7). Metoa, npeanokeHHbin B. B. LangypoBbiM, He WMEET HUKAKUX
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HaCTpaMBaeMbIX MAapPaMeTPOB U OCHOBaH Ha NPUMeHeHMN BbiCTporo npeobpasoBaHmA Pypbe ANA BblYMCAEHUSA
CBEPTKM YMCNOBbIX NOC/NEL0BATENBHOCTEN, MOAYHAEMbIX U3 UCXOLHbBIX CUMBOJIbHbIX.

Bnepsble 661710 NpoBEAEHO NOJHOXPOMOCOMHOE CpaBHEHME 1-1 U 2-I1 XPOMOCOM YeN0BEKA A1 OAHOCUM-
BOJIbHbIX COBMageHM; pacyeTbl 3aHAAMN oKoao 100 MUH. Ha nepcoHanbHOM KomnbtoTepe (8 saep, 32 Gb RAM,
3,2 GHz). AHanorMyHo nonapHoe cpaBHeHUe 63 reHOMOB KOPOHaBUPYCOB (Tak»Ke A1a 0AHObYKBEHHOro coBna-
OEHWA) 3aHANO 8 MMH. NPOL,ECCOPHOrO BPEMEHMU; NOMAPHOE BbipaBHUBAHME, peasin30BaHHOE Ha CynepKoMIb-
toTepe, 3aHAN0 NPUBANU3UTENBHO 72 .

OCHOBHOWM TPYAHOCTbIO AAaHHOFO MEeTOAa ABAAETCA IOKAAN3aLLMA BbICOKO TOMOIOFMYHbIX COBNAaAEHWNN, anA
ee pelleHuA TaKkKe NpeanoXKeH paa npoueayp

PaboTa BbiNo/sIHEHA NpuY NoAAepKKe KpacHOAPCKOro mateMaTMYecKoro LLeHTpa, duHaHcmpyemoro MuHobpHayku PO
B PaMKax MeponpuATUIA MO CO34aHMI0 U Pa3BUTUIO pernoHanbHbix HOML, (cornawenmne 075-02-2022-873).

Modeling age-related alterations in the mouse liver circadian clock caused by an imbalance in the NAD +

consumption system

N. L. Podkolodny¥?3, N. N. Tverdokhleb?, O. A. Podkolodnaya*

Ynstitute of Cytology and Genetics, SB RAS

2Institute of Computational Mathematics and Mathematical Geophysics, SB RAS

3Novosibirsk State University
Email: pnl@bionet.nsc.ru
DOI: 10.24412/cl-35065-2022-1-02-26

A mathematical model of the interaction of the circadian oscillator in the mouse liver with the NAD+ con-
sumption system, including the enzyme SIRT1, PARP1, CD38, whose activity changes with age, has been devel-
oped and tested on experimental data.

We included in our model the genes Arntl, Clock/Npas2, Perl/2, Cryl/2, Rora/g, Rev-Erbalpha/beta, Dbp,
Nfil3, Nampt which are important for the functioning of the circadian oscillator in the mammalian liver (mouse).
To verify the model, we used experimental data with various types of impacts, knowledge about the intervals of
possible values of model parameters and the effect of knockout of various genes on the dynamics of the model
and the oscillation period, the relationship between amplitudes, phases of model variables.

Modeling showed a pronounced circadian activity of CD38, PARP1 and SIRT1, as well as the fact that age-
related changes in the activity of these enzymes lead to age-related disorders of NAD+ metabolism. Such disor-
ders can be one of the causes of dysfunction of circadian oscillators in the liver and contribute to disruption of
circadian rhythms in the body as a whole.

Supported by FWNR-2022-0020, and Ne 0251-2021-0004.

MpumeHeHMe maTemaTUYECKUX mogeneii K aHaansy GyHKUMOHUPOBAHUA CUCTEMbI BUOMapPKepPOB

aereHepaTtuBHbIX 3abonesaHum

C. A. CeHoTpycoBsa, O. ®. Boponaesa

®edepansbHeblli ucciedosamenbckuli yeHmMpP UHPOPMAYUOHHbBIX U 8bIYUCAUMESbHbIX MmexHOoM02ull
Email: senotrusova.s@mail.ru

DOI: 10.24412/cl-35065-2022-1-01-85

Cynpeccop onyxonei 6enok p53 1 ero ocHoBHble perynatopbl (6enkn Mdm?2, Wipl u Sirtl) usBecTHbl Kak
61MoMapKepbl AereHepaTMBHbIX 3aboneBaHuli (pak, bonesHb Anbureiimepa, pubpossl u ap.). NocneaHue 6uo-
MeAULMHCKME MCCNen0BaHMA YKas3blBalOT Ha To, YTO bonee AOCTYNHbIMM BMOMapKepamu MoOryT HbiTb MUK-
poPHK, cBasaHHble ¢ p53 npsamoi nam obpaTHOM NONOKUTENbHOM CBA3bO. B AOKNaae npeacTaBAeHbl pesy b-
TaTbl MATEMATUYECKOTO MOAENMPOBAHNA GYHKLMOHMPOBAHUA cucTembl p53—MuKpoPHK, onupatoweroca Ha
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AaHHble 1abopaToOpPHbIX IKCNEPUMEHTOB. B pamKax cMCTEMHO-BMONOIMMYECKOro NOAX0Aa BbINONHEHO PAa3BUTHE
pa3paboTaHHoOM 6a30BOM MUHMMaNbHOM Mmoaenu [1], BKatouatowel B ceba PpyHKUMOHaNbHO-anbdepeHumanb-
Hble ypaBHEHMA C 3aNa3ablBaOWLMMM aprymeHTaMu. MpuUHATbIE MOAENN UCMONb3YIOTCA ANA ONUCAHMA PALA IKC-
nepMMeHTaNbHbIX U3MEPEHUI, UCCNEAOBAHMA OCHOBHbIX 3aKOHOMEPHOCTEN N MEXaHU3MOB PYHKLIMOHNPOBa-
HUA cuctem Buaa p53—6enoK-uHrnbutop—mmnkpoPHK 1 aHanusa ponm p53-3aBucmbix MUKPOPHK B anarHo-
CTUKE M Tepanuu gereHepaTMBHbIX 3aboseBaHni.

Cnuncok nutepaTypbl

1. Boponaesa O. ®., CeHoTpycosa C. ., LLokuH 0. U. MpnmeHeHNne MUHUMANbHbIX MaTEMATUYECKUX MOAENen ANHA-
MWKW CUTHaNbHOro nyTu 6enka p53—muKpoPHK K aHanusy nabopaTopHbIX AaHHbIX // BbluncantenbHble TexHonornu. 2020.
T. 25, Ne 6. C. 4-49.

AHanu3 monekynapHbIX nocneaosartenbHocrer reHa LZTFL1 metoaom raasHbix kKomnoHeHT (PCA-Seq)
tOi1 CaoTyH?!, B. M. Edpumos#34
Hosocubupckuii 2ocydapcmeeHHsiii yHUsepcumem

2YiHcmumym yumosnoauu u 2eHemuku CO PAH

3MHcmumym cucmemamuku u skosno2uu xcusomreix CO PAH
4Tomckuti 2ocydapcmeeHHsbili yHusepcumem

Email: s.yuj@g.nsu.ru

DOI: 10.24412/cl-35065-2022-1-01-86

leH LZTFL1 (leucine-like zip transcription factor 1) ABnsieTcA onyxoneBbiM Cynpeccopom, y4acTBYIOLLEM B
LMNMOreHe3e U BHYTPUKAETOYHOM TPAHCMNOPTE LMAMapHbIX 6enKkos.

LUenbto paboTbl ABNSETCA aHaNN3 HYKNEOTUAHON U aMUHOKUC/IOTHOM nocneaoBatenbHocTel reHa LZTFLL u
BTOPMYHOM CTPYKTYpbl 6enka metogom PCA-Seq [1-2], a TaKXkKe nccaefoBaHMe CBA3W M1aBHbIX KOMMNOHEHT 3TUX
nocnefoBaTeNbHOCTEN C GUINKO-XMMNYECKMMM CBOMCTBAMM aMUHOKMCOT.

Cnuncok nutepaTypbl

1. Epumos B. M., Epumos K. B., Kosanesa B. 0. MeToa, rnaBHbiXx KOMNOHEHT U ero 0606wWeHns ansa nocnenosaTenb-
Hoctn noboro tuna (PCA-Seq) // BaBuNoBCKWMIA KypHan reHeTMKM u cenekumn. 2020. T. 23. Ne 8. C. 1032-1036. DOI:
10.18699/VJ19.584

2. Edpumos B. M. n ap. FnaBHble KOMMOHEHTbI FTEHETUYECKUX MOC/IeA0BaTE/IbHOCTEN: KOPPENALMMN 1 AOCTOBEPHOCTb //
MaTemaTunyeckan 6mosorus n 6uonHpopmatmka. 2021. T. 16. Ne 2. C. 299-316. DOI: 10.17537/2021.16.

Beaywum ¢pakTopom KaacTepusaumu TpunaetHoix npoduneii reHos 16S PHK 6aKkTepuii asnsetca
TaKCOHOMMA UX HOCUTenemn

A. A. Tetepnesa?, M. I. Cagosckuit*, A. B. MopryH?, U. A. Nlapnoxosa3, B. . Abpamos?
YMHemumym sbiyucnumensHo2o modenuposaHus CO PAH

2fiHecmumym ¢pyHdameHmansHol 6uoaoauu u 6uomexHonozuu COY

3KpacHosapckull 2ocydapcmeeHHbIl meduyuHcKuUll yHusepcumem

AOCHKL ®MBEA Poccuu

Email: msad@icm.krasn.ru

DOI: 10.24412/cl-35065-2022-1-01-87

B paboTe u3yyanacb CBA3b TAaKCOHOMUU BaKTepUii U YacTOT TPUMNIETOB MUX reHoB 16S PHK HeanHelHbIMK
MeToAamu aHanmsa (MeToq ynpyrux KapT) v IMHENHbIMM MeTodamMu (MeToa, AMHAMUYECKMX AAep, Knaccuduka-
unna 6e3 yuntensn). Ha ocHoBe MeToAa AMHAMMUYECKMX AAep NOCTPOEeHa npoueaypa Knactepmsalmmn 1 ee pesyb-
TaTbl CONOCTaB/IEHbI C TOM, KOTOPas Hblaa NOAyYeHa C NOMOLLbIO YNPYTMX KapT. Mbl UCMO/b30Ba IV FeHETUYECKUIA
mMatepuan m3 OTKpbITOM 6asbl gaHHbiX SILVA M npoaHanusMpoBanu reHbl Bcex NopAaKoB 6akTepui,
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npeacTaBAeHHbIX B 3TOM 6a3e AaHHbIX. YNpyrue KapTbl, BbiABAAIOWME HEOAHOPOAHOCTH B pacnpeaeseHnn aaH-
HbIX (COBCTBEHHO KNacTepbl) B NPOCTPaHCTBE YacToT TPUNIETOB, CTPOWUAUCH ¢ Nnomolubio MO VidaExpert. Pesynb-
TaTbl aHa/IM3a TAKCOHOMMYECKOrO COCTaBa BblAe/IeHHbIX Ha KapTax KNacTepoB NOKa3biBatoT, YTO B OAMH KaacTep
nonagatoT 6aKkTepMm NPenMyLLEeCTBEHHO O4HOr0 TaKCOHa UAN BIU3KUX K HEMY U UCKNIOYEHUA pedKu. IToT pe-
3y/IbTaT NO3BOAET BO3SMOMHbIM B MepcrneKkTuse co3gaHue (nosy)aBToMaTMYeCcKo CUCTEMbI ANArHOCTUKM HEKO-
TOPbIX HEBPO/IOMMYECKMX PACCTPOMCTB: pacCceAHHOro ckaeposa, 601e3Hu MapKknuHcoHa, 60ae3HM Anbureinmepa
Mo COCTaBy MUKPOBMOTbI YeNoBeKa.

FfemoanHamuka 6udypKaumoHo aHeBpU3Mbl a640MUHANbLHOIO O0TAE/1a a0PThl
[. B. TuxauHckminl, A. A. Kapnenko®?, A. M. Yynaxuu?, . B. MNapwun?

Hosocubupckuii 2ocydapcmeeHHbiil yHUsepcumem

2HayuoHanbHbIl MeduyuHcKuli uccnedosamesnsckuli yeHmp um. E. H. MewankuHa
Email: nabster98 @yandex.ru

DOI: 10.24412/cl-35065-2022-1-01-88

BudypKaLMOHHble aHEBPM3MbI abA0OMMHANIBHOTO OTAEA a0PTbl ABAAKOTCA LWMPOKO PACAPOCTPaHEHHbIM 3a-
6onesaHuem: ot 1.5 % 0o 5 % nogen ctapwe 65 neT umetoT gaHHyto natonoruio [1]. Lenbio gaHHON paboThbl
ABNAETCA U3yYeHMNE FeMOANHAMUNKM BUPYPKALMOHHOM aHEBPU3MbI abA0MMWHANBHOTO OTAENA A0PTbI.

Mo DICOM-u306paskeHnaAM peanbHbIX NaUNEHTOB, NpoxoauBLMX nedyeHrne B HMUL, um. E. H.MewanknHa,
6b1n BoccTaHoBAEHbl 30 reomeTpuii aopTbl. 3TN AaHHble BbINM UCNOIb30BaHbl A4 HAaXOXAEHMA ANAMETPOB
aHeBpPW3Mbl a0PTbl U NOAB3AO0LWHbIX APTEPUI, @ TaKKe UX CTAaTUCTUYECKOro aHanusa. B utore 6binM NOCTPOEHDI
9 naeann3npPoBaHHbIX KOHOUIYpaLMii C aHEBPU3MOM M 9 340p0BbIX (6e3 aHeBPU3MbI) KOHOUTYPaALLUIA.

B pe3ynbTaTe npoBeAeHHOro MCCAe0BaHUA OKa3aaoCh, YTO peasbHOEe pacnpeeneHme AnameTpoB Npok-
CUMaAJIbHOTO, NO OTHOLLUEHMIO K aHEBPU3ME, OTAENA a0PTbl U AMAaMeTPOB NOAB3A0LWHbIX apTePUI OT/INYAETCA OT
npezcKkasaHHoro no 3akoHy Mioppes [2]

Mo pesynbtatam FSI-moaennpoBaHua (gaHHble 06 31aCTUYECKUX CBOMCTBAX CocyaoB B3ATbl U3 [3]) nony-
yeHo pacnpegeneHve gepopmaLmin CTEHKM KaK B KOHOUTYpaLMAX C aHEBPU3MOM, TaK U B KOHOUrypaumax 6es
aHeBpPU3Mbl A0PThI

Mony4yeHHble pe3ynbTaTbl NIAHUPYETCA NPUMEHATb ANA AaNbHENLero pPassuTuA U BepudurKaumm aBTop-
CKOTo KOMMJIEKCHOTO NpeacKasaTeibHOro ppeiiMmBopKa —aCcCUCTEHTA NPUHATUA BPaYeOHbIX peLleHnit.

PaboTa BbinonHeHa nNpu GMHaHCOBOW Noaaep KKe Poccuiickoro HaydHoro ¢poHaa (Koa npoekTa 21-15-00091).
Cnncok nutepaTtypbl

1. Wanhainen A, et al., European Society for Vascular Surgery (ESVS) 2019 Clinical Practice Guidelines on the Manage-
ment of Abdominal Aorto-iliac Artery Aneurysms// European J. of Vascular and Endovascular Surgery (2018).

2. Zheng, X. et al. Bio-inspired Murray materials for mass transfer and activity. Nat. Commun. 8, 14921.

3. A. . lunosKa, A. A. KapneHko, A. M. YynaxwuH, [. B. MapwuH. UccnepgoBaHue NpoYHOCTHbIX CBOMCTB cocyaoB abao-
MWHANbHOrO OTAENA a0PThl: Pe3yNbTaTbl SKCMEPUMEHTOB U NepcnekTusbl // MMT®. 2022. Ne 2. C. 84-93.

Analysis of the biological sequence of Hemoglobin A using PCA-seq
Houchun zZhou?, V. M. Efimov?
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Hemoglobin A(HbA) is a complex of four subunits(a,f,) with diverse functions such as catalysis, nitric oxide
metabolism, which is the main form of hemoglobin in the adult human body [1]. We have access to the biological
sequence of hemoglobin from NCBI (nucleotide sequence, amino acid sequence) and translate the symbolic
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sequence embedded in the biological sequence into a digital sequence. We mainly use PCA-seq [2], to analyse
its biological sequences and with the help of other databases and bioinformatics tools.

This work was (partially) supported by the Foundation China Scholarship Council.
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CEKUMA 9
MeToAbl UCKYCCTBEHHOTO MHTENIEKTa U MaLUMHHOrO 0byyeHun

Machine learning techniques to improve Reynolds-stress and turbulent-scalar-flux approximations
A. Bernard?, S. S. Garmaev®?, R. I. Mullyadzhanov?, S. N. Yakovenko?
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The RANS models are widely used to predict turbulent flows due to their computational efficiency. The
versatility and accuracy of these models is often insufficient for applications. The Reynolds stress anisotropy
(RSA) approximation can be enhanced by applying machine learning (ML) methods and reference high-fidelity
data of measurements, DNS and LES approaches that require excessive resources.

The paper compares ML methods: tensor basis random forest [1], gene expression programming [2], and
other tools to obtain RSA using DNS or LES reference solutions for 1D, 2D flows in channels without/with ribs, in
square ducts, as well as to improve turbulent scalar flux models in heat and mass transfer cases.

The work includes the dissertations results of MSc Students of NSU (Bernard A., Garmaev S.S.) and is supported by the
Russian Science Foundation (project 22-19-00587).
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3apauu pacno3HaBaHMA HA MHOrO3HaYHbIX JIOTMYECKUX BbICKa3biBAHUAX IKCNEPTOB

A. A. BuKeHTbEB
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B HacToAwee Bpema A0CTaTOYHO XOPOLIO Pa3BMTbl TEOPUA MU METoAbl MaWMHHOIO 0byyeHna Ha ocHoBe
3MMUPMYECKUX AaHHbIX. Hapaay C aHaAM30M AaHHbIX, CyLLecTByeT noTpebHOCTb B aHa/M3e BbiCKa3blBaHUMI
(3HaHWiM) aKkcnepToB. YNopagoUyeHue 3HaHW 3KCNepToB Mo cTeneHn 6M30CTM 4aeT BO3MOXKHOCTb PaHKMPOBaTb
MX UCTOYHWMKK (3KCNEPTOB, MHTEPHET-NO/b30BaTeNel U T. 4.) NO NOXOXeCTU. B KauecTBe NPMMeEPOB NPUAOKE-
HWIA pa3pabaTbiBaeMbIX METOL0B MOXKHO MPUBECTU MEAMUMHCKME IKCMEPTHbIE CUCTEMbI, PEKOMEHAATE/IbHbIE
cMcTeMbl NO NOWUCKY TeNedpunbMoB, BbIBOPY TYPUCTUUYECKMX MapLUPYTOB.

Cneaya NoOrMYeckoin mMoAenn NpeacTaBAeHUA 3HaHWIA, MMEIOWMEca 3HaHUA 3KCNepToB oTobparkatoTca
COBOKYMHOCTbO GOPMY/ — IOTMYECKMX BbICKa3blBaHWUIA B HEKOTOPOW MHOTO3HAYHOM JIOTUKE.

3agava onpeaeneHusa mepbl 61M30CTU MeXKAy NIOTMYECKMMU BbICKa3biBaHMAMMK bblia NocTaB/ieHa B pa-
6ote [1]. TeopeTUKo-MOAeNbHbIN NOAXOA K ONpeaAeseHUIO PacCTOAHUN MeXAy NOTMYecKUMU Gopmynamu
n-3HaYyHOM NOTrMKKM JlyKaceBmya bbin BNepBble NPeANOXKEH 1 pa3BuT B [2]. Hamu npeasioxkeH rmbpuaHbli Noaxos,
K paccmaTpuBaemoi 3agaye — coveTaHne PasNNYHbIX KONEKTUBHbIX NOAX0A40B M MOAENel, BKAoYaa Knacchbl
NIOTUYECKMX MOAeNel, BO3SMOXKHO U MPOTUBOPEYMBBIX..

PaboTa BbINO/NHEHa B paMKax rocyaapcTBeHHoro KoHTpakta MM CO PAH (kog npoekta FWNF-2022-0015).
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Cnucok nautepatypbl

1. Vikent'ev A. A., Lbov G. S. Setting the metrics and informativeness on statements of experts // Pattern Recognition
And Image Analysis. 1997.V. 7, N 2. P. 175-183.

2. Vikent'ev A. A. Distances and Degrees of Uncertainty in Many-Valued Propositions of Experts and Application of
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N 4. P. 489-501.

Knacrepusauma meTeoponormyecknx AaHHbIX B 3aBUCUMOCTM OT KOHLLEHTPALMK B3BELWeHHbIX YacTuy, PM; s

ANA BbiABAEHUA HE6NaronpuUATHbIX METEOPO0/IOTUYECKUX YC/I0BUIA

0. C. Bonoapko, E. 1. Kapenosa

UHCcmumym ebiyucaumensbHo20 moodenuposaHus CO PAH
Email: olga.pitalskaya@gmail.com

DOI: 10.24412/cl-35065-2022-1-01-93

Mo gaHHbIM MUHNPUPOAbI POCCMM KOHLLEHTPaAUMA BpeaHbIX BEWECTB B aTMochepe roposa KpacHoapcKa
4acTo MpPeBbILAET AONYCTUMbIE HOPMbI. Kpome pas/iMyHbIX aHTPOMOTEHHbIX MCTOYHUKOB Ha KOHL,EHTPaLMIO 3a-
rPA3HAIOLLMX BELLECTB B aTMOChepe BAUAIOT METEOYC/I0BUA, KOTOPbIE BHOCAT 3HAYMUTE/IbHbIM BKAa4, B CO34aHue
HebnaronpuATHbIX MeTeopoornyeckmx ycnosuii (HMY) [1]. HMY npeacTtaBnatoT coboit KpaTkocpoyHoe ocoboe
coYeTaHMe MEeTEOPO/IOrMYEcKUX GaKTOPOB, CMNOCOOCTBYIOLLMX HAKOMIEHWIO 3arpA3HAOLLMX BELLECTB B MPU3EM-
HOM cnoe aTmocdepHoro Bo3ayxa. HanbobLyo onacHOCTb ANA 340POBbA Ye0BeKa NPeACcTaBAAIoT B3BeLleH-
Hble YyacTmubl (PM), KoTopble KnaccuduLMpyoTca B 3aBUCMMOCTU OT UX pasmepa [2].

B HacTosAwel paboTe nccienyeTca 3aBUCUMOCTb KOHLLEHTPAL MU B3BELLEHHbIX YacTul, PM, s oT meTeopono-
TMYECKUX YCNOBUMN.

[Nna rpynnupoBKY METEOPOIOIMYECKMX MAaPaMETPOB M KOHLEHTPaL M B3BeLLEHHbIX YacTul, PM; s 6bin npu-
MeHeH MeTof, KnacTepusaumm k-cpeHux, 4To6bl MCNOIb30BATL NMOJTYYEHHbIE KNACTepbl B KAYeCTBE BXOAHbIX Me-
pPEeMEeHHbIX AN MoZefieit NPorHo3npoBaHua. Metoz Knactepusaumnm k-cpeaHnX MOMXKeT NOMOYUb BbISIBUTb CKPbI-
Tyt0 MHPOpMaLmto B 60/1bLIOM Habope AaHHbIX, MOSTOMY PacCMOTPEHWE PEe3y/IbTaTOB KJacTepusaumn B Kaye-
CTBE BXOAHbIX MepeMeHHbIX MOXET Y/IY4LLMTb KauecTBO paboTbl moaenen NporHo3nposaHus [3].

PaboTa BbinonHeHa Npu GMHAHCOBOW NoaaeprKKke Poccuiickoro Hay4Horo ¢poHaa (Koa npoeKkrta 22-21-20117).
Cnuncok nutepaTypbl
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of Constr. Univers, 2001.

2. KaufmanY.J., Tanré D., Boucher O. A satellite view of aerosols in the climate system //Nature. 2002. T. 419. Ne 6903.
C. 215-223.

3. Elangasinghe, M. A., Singhal, N., Dirks, K. N., Salmond, J. A., Samarasinghe, S., Complex time series analysis of PM10
and PM2.5 for a coastal site using artificial neural network modelling and k-means clustering // Atmos. Environ. 2014. V. 94,
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Predicting flow fields around airfoils and geometry optimization using a graph neural network
G. E. Gusevy, V. A. Travnikov?, I. A. Plokhikh?, R. I. Mullyadzhanov?
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In this study we apply machine learning methods to the problem of the flow over airfoils which geometry is
to be optimized using Graph Neural Network (GNN) and combined optimization methods (Bayesian optimization
and gradient based methods).
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In work of Viquerat et al. [1] was shown that GNN can approximate stationary solutions of the Navier-Stokes
equations with higher accuracy than previously used CNN and provide a significant reduction in time required
to obtain a solution (about 2—3 orders) in comparison with the direct calculation by CFD solver at the cost of a
small error rates. Due to these advantages, it was proposed to use GNN as a flow approximator in the algorithm
of aerodynamical shape optimization, where it is necessary to obtain a large number of solutions in order to find
optimal geometry parameters. After training the model, we utilized it in conjunction with different optimization
algorithms, such as Bayesian optimization [2] and gradient-based methods (e.g., BSFG). This approach can be
implemented in various applied tasks, for example, maximization of lift/drag force ratio for airfoils.

References:

1. ChenJ., Hachem E., Viquerat J. Graph neural networks for laminar flow prediction around random 2D shapes // arXiv
preprint arXiv:2107.11529. 2021.

2. Mockus J. On Bayesian methods for seeking the extremum // Optimization techniques IFIP technical conference.
Springer, Berlin, Heidelberg, 1975. P. 400—404.

MpumeHeHUe HelpoceTeBbIX aIDPUTMOB ANA aHaAu3a 3D n306parkeHM KoMmnbloTepHoWU Tomorpadum

roN0BHOr0 MO3ra NALMEHTOB C ANAarHOCTMPOBaHHbIM ULIEMUYECKUM UHCY/ILTOM
A. B. Dobumk?, A. A. Tynynos’?, K. M. LLlepmaH'?, B. 6. bepuxkos®?
'Hosocubupckuli 2ocydapcmeeHHsiii yHusepcumem

2MexcdyHapoOdHebili momozpaguyeckuli yeHmp CO PAH
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DOI: 10.24412/cl-35065-2022-1-01-94

B paboTe npeactaBaeH aAroputm 4na aBTomaTnyeckoro aHaaunsa 3D n3obparkeHnii 6eCKOHTPACTHOM KoM-
NblOTEPHON ToMorpaduM roNIOBHOTO MO3ra MaLMeHTOB C AMAarHOCTUPOBAHHLIM ULLIEMUYECKUM MHCYNLTOM.
Mpepnaraemblii MeTo4 OCHOBAH Ha NPUMEHEHUW CBEPTOYHOM HEMPOHHOWM CETU, apXUTEKTYpa KOTOpPOK npea-
craBnseT cobot moanduumposaHHbiii 3D U-Net [1] co BcTpoeHHbIMU moaynammn 3D Squeeze-and-Excitation [2]
N OCTaTOYHbIMU COEANHEHUAMM.

ABTOMATUYECKUI aHann3 3D MeaNUMHCKMX M306pakeHnii TpebyeT 3HaUMTE/IbHbIX BbIYUCIUTENbHBIX Pecyp-
COB, KOTOPbIE Yalle BCero orpaHmnyeHbl. Mbl MCNOAb3YEM TEXHUKY U3BIEYEHUA NaTUYel, pa3/InyiHbIe aaropUTMbI
06paboTKM AaHHbIX U Perynapu3oBaHHyto npoueaypy obyyeHus HelnpoceTu.

Habop gaHHbIx cogepxut 81 TpexmepHoe n3obpaxkeHne 6€CKOHTPACTHOM KOMMbIOTEPHOM ToMorpadun ro-
JIOBHOTO Mo3ra. Ha Kaxg0M CHUMKE PEHTIEeHOI0T BbIMOJIHUA PYYHYIO CErMeHTaLMIo ob1acTeit, NopaXKeHHbIX UH-
cynbTom. Mpegnaraembiii anroputm gocturaet ToyHoctv 0.61 no meTpumke Dice npu Kpocc-Banmaaumm Ha 5 ya-

CcTAax.

PaboTa BbiNosHeHa Npu dMHaAHCOBOM noaaepKKe Poccuiickoro doHaa dyHAAMEHTabHbIX UCCAea0BaHNI (Kog npo-
eKTta 19-29-01175).
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OVHaMuKa ueamn B cucTemax UCKYCCTBEHHOTO MHTEN/IEKTA U OHAAH 06yYeHune
C. B. 3yes
benzopodckuli eocydapcmeeHHsblli mexHoano2u4Yeckuli yHueepcumem um. B. I, LLlyxoea

Kpoimckuli pedepansHeili yHusepcumem um. B. N. BepHadcKozo
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OAHOM 13 OCHOBHbIX 33434 Ha NYTU K CO34aHUIO CU/IbHOTO UCKYCCTBEHHOTO MHTEN/IEKTa ABNAETCA OHNAMH
0by4yeHue: BO3MOMNKHOCTb M3MEHATH Y¥Ke 0ByUYeHHYI0 Modeb MallMHHOIO obyyeHMA NPAMO BO Bpema ee pa-
60Tbl. B HacToAWee Bpems 3Ta 3ajadya ABNAETCA TPYAHO pellaeMoin, NOCKObKY 0bydyeHHble moaenn obblyHO
paboTaloT Ha MaLUMHaX C MaibiIMM BO3MOXHOCTAMM, HE NO3BOAIOLIMMM OCYLLECTBAATb 0BbyYeHue. Jaxke Toraa,
KOr4a BblYMC/IUTENbHOE YCTPOMCTBO NO3BOSET MEHATL MapaMeTpPbl MOAENU BO BPEMS ee paboTbl, orpaHUYeHuns
B BbIYMCAUTE/IbHbIX Pecypcax BeCbmMa CYLLeCTBEHHbI B CU/Y TOTO, YTO CUHXPOHU3aUmsA obyyeHna n paboTbl Mo-
Aenun TpebyeT BblMCNEHUI B peanbHOM BpemeHn. MaTemaTnyecku 3aaada oHaH obyyeHna cesa3aHa C 3ada-
yel oNTMMM3aLUKM, NOCTABIEHHOM B HECKO/IbKO 0606LeHHOM naaHe [1]. PazpaboTKun cucteMHon AMHaMUKK gis
YacTHbIX NpUMepoB [2—4] 06061LaloTCA B HacToALLeM A0KAaAe B MaTeMaTMYecKyto MoAeNb OHNAaliH o0byyeHus,
CBA3aHHYIO C AMHAMMKOM BbIBOPa e B CUCTEME UCKYCCTBEHHOIO MHTENIeKTa. B yacTHOCTU, BBOAATCA MOHATUSA
YCTOMYUBOrO COCTOAHUA MHPOPMALIMOHHOWM CUCTEMbI, MHTEPNPETUPYETCA NOHATUE MALUMHHOTO 0ByYeHUs KaK
MpoLLecc 3BOOUMM pacnpeae/ieHNit BepoATHOCTEN MNepexosoB Mexay COCTOAHUAMU UHPOPMALIMOHHOW Cu-
cTemMbl. B KayecTse npumepa NpUIoKeHUa npeanaraembix Mogenen npuBoAnNTCA CUCTEMa Pacno3HaBaHUA aHo-
Manit B BUAEOMOTOKE.

PaboTa BbiNnosHeHa Npu dUHAHCOBOW NoaaepKke Poccuiickoro doHaa dyHAAMEHTaNbHbIX UCCNea0BaHMI (Kog npo-
ekTa 19-29-09056).
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MeToAa nHTEepnpeTMpyemoro pacnosHaBaH1sa n3o6paxkeHnii Ha oOCHoBe KOMBMHaLUK CBEPTOUYHOI ceTu

1 AepeBa peweHuni

P. M. KosuHeu?, B. 6. bepukos?
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CBepTOYHbIE HEMPOHHbIE CETU AOCTUIIN BbICOKOTO KavyecTBa pacno3HaBaHWA M306paXKeHUIN U HALLW NpPaK-
TUYECKoe NPUMEeHeHMsA BO MHOTUX chepax, HO He 061a4al0T AO0CTAaTOYHON MHTEPNPETUPYEMOCTbIO Pe3y/IbTaToB
npeackasaHua. 3To ABAAETCA NpobaeMol, Koraa cneumanmct UCNoAb3yeT A8 NPUHATMA pPelleHma HEMPOCeTb U
emMy HeobX0AMMO MOHMMATb Ha KAaKMX OCHOBAHWUAX MOAEe/b caenana npeackasaHue. Llenbto gaHHoW paboTol
AB/IAETCA MOBbILEHNE MHTEPNPETUPYEMOCTN HEMPOCETUN NPU BLICOKOM KayecTBe pacno3HaBaHUA.

B paboTe npeanaraeTcAa HOBbIM METOA ANA UHTEPNPETUPYEMOro pacno3HaBaHUA usobpaxeHuii. Moaenb
obbeanHsaeT B cebe CBEPTOUHYIO HEMPOHHYI ceTb, obyyaembln "Mewok" BU3yanbHbiX cioB [1] u "msarkoe"
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AepeBo peweHnit [2]. NMpu pacno3HaBaHWM MoAesb CPaBHMBAET YacTW M306paXKeHUA C BU3yaibHbIMU C10BaMMU
M UCNONb3YET CTeNEHb CXOACTBA A1 NPUHATUA peLleHus.

TecTupoBaHMe Ha ABYX 06LLeA0CTYMHbIX Habopax AaHHbIX MOKa3an0 KOHKYPEHTHOE KauyecTBO pacrno3HaBa-
HMA MEeToAa NO CPABHEHUIO C KAAaCCUYECKMMM CBEPTOUYHbBIMM CETAMM, HO C MHTepnpeTaumen npeackasaHui.

PaboTa BbiNosHeHa Npu ¢UHAHCOBOW NoaaepKKke Poccuiickoro poHaa GyHAAMEHTaNbHbIX UCCNeAoBaHMI (Kog npo-
ekTa 19-29-01175).
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[JokaszaHa NP-TpyaHOCTb B CU/IbHOM CMbIC/1E ABYX 334a4 KOTHUTMBHOMO aHaM3a AaHHbIX: 334344 TAKCOHO-
MUK (Knactepusaumumn) — pazbrueHma HeknaccudmLUMpPoBaHHOM BbIBOPKN 06BEKTOB Ha HenepeceKalolmecs noa-
MHOMEeCTBa, 1 3a4a4u BbIOOpa NOAMHOMKECTBA TUMUYHbIX NpeacTaBUTeel KnaccuduumpoBaHHOM BbIOOPKK, CO-
cTosweln us o6bekToB AByX 06pa3oB. MNepBas 3a43a4a MOXKET PAaCCMATPMUBATLCS KaK YaCTHbIN CyYalt BTOPOM Npu
YC/IOBUW, YTO OA4MH M3 06pPa3oB COCTOUT M3 eAMHCTBEHHOrO 06beKTa. O1a KOMYECTBEHHOM OLEHKWU KayecTBa
MHOKeCTBa BblOPaHHbIX TUMUYHbIX NPeAcTaBUTENEN BbIDOPKM MCNOAb3YeTCA GYHKLUMA KOHKYPEHTHOIO CXO4-
ctBa — FRiS-dyHKkuma (function of rival similarity) [1], c nomolLbio KOTOPOI OLEHUBAETCA CXOACTBO 06bEKTA C
6AMKANWMM TUNNYHBIM 06beKkToM. [loKasaTenbcTBo NP-TpyAHOCTM BbINOJHEHO cBeAeHMeM nssectHo NP-nos-
HOW 334a4M 0 BEPLUMHHOM NOKPbITMM rpada [2] K 3aga4e BbIbOpa NOAMHOXKECTBA, HAa KOTOPOM AOCTUIAETCA CO-
rNIAaCHO 3aZaHHbIM KPUTEPUAM MaKCUMYM OLLEHKM KauecTBa BbIOPaHHbIX NPOTOTMMNOB.

PaboTa BbiNoNHEHa B paMKax rocyaapcteeHHoro 3agaHua MM CO PAH (npoekt Ne FWNF-2022-0015).
Cnncok nutepaTtypbl
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similarity // Pattern Recognition and Image Analysis. 2008. V. 18, Ne 1. P. 1-6.
2. M. I'apwn, [. JKOHCOH. BbluncamtenbHble MallnHbl U TpyAHOpeLwaemble 3aga4n. M: Mup, 1982.

AHanus 3¢ PeKTMBHOCTU METOA0B pelleHUa 3a4a4u cNabo-KoOHTpoarMpyemoro obyyeHus (B 3agaue

Kaaccubukaumnm)
0. A. KytHeHko'?, B. b. bepukos?

YMHecmumym mamemamuku um. C. /1. Cobonesa CO PAH
2Hosocubupckuli 20cydapcmeaeHHbIll yHusepcumem
Email: olga@math.nsc.ru

DOI: 10.24412/cl-35065-2022-1-01-98

3apava K}'IaCCMd)MKaLI,VIM AaHHbIX B NOCTaHOBKE Cﬂa60-KOHTpO}1Mpy6MOFO o6yquvm dKTyaJibHa AN1A MHOTMUX
I'IpMﬂO)KEHMﬁ, B KOTOPbIX UMEKOTCA 6onbmne obbembI A3aHHbIX, NO/ly4eHHbIE C NTOMOLbIO aBTOMaTU4E€CKOro mn3-
mMepeHua. PasmeTKa 1 aHann3 TaKMX JAHHbIX 4aCTO ABNAOTCA LI,OI'IOJ'IHI/ITGI'IbHOﬁ BbICOKO 3anaTHOﬁ npou,ep,ypoﬁ
nnn Tp86yPOT nposeaeHnA KJ'IaCCVId)MKaLI,MVI Ha MHOXXeCTBe NPOTOTUNOB, YaCTb N3 KOTOPbIX pa3dmeyeHa HETOYHO.
B pa60Te paccmaTpuBaeTCA 3aa4a onpegeneHnAa CteneHn noparXKeHmnAa y4actka roo10BHOro Mmo3ra npu MHCynbte.
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BbibopKa npeacTtasneHa 8043 o6beKkTamu (y4aCTKaMm roJIOBHOrO Mo3ra 24 NauMeHTOB CO CTEMEHbHo NopaXKeHus
ot 0% go 100 %), onncaHHbIMKM B 31-MepHOM MPU3HAKOBOM MPOCTPaHCTBE. PacCMOTpPEHbI ABa KPUTEPUA Bbl-
60pa Hanbonee NHPOPMATUBHOFO NMPU3HAKOBOIO MPOCTPAHCTBA, ONUPAIOLLMECA HA TMNOTE3Y IOKaNbHOM KOM-
nakTHocTK [1]: B NnepBOM KpUTEepUM, OCHOBAHHOM Ha MCMOJ1Ib30BaHUU QYHKLMM KOHKYPEHTHOroO cxoacTtBa [2],
MaKCMMM3NPYETCA KauecTBO pasaeneHnn BblIOOPKM Ha ABa Kaacca B 3aBMCMMOCTU OT HA/IMUMA MOPaXKeHUA; BO
BTOPOM — MUHUMMU3UPYETCA CPeHAA OWmMbKa onpeaeneHna CTeneHn NoparkeHmsa y4acTKoB, 3a4atoLmx obyya-
IOLLLYHO BbIDOPKY. B AOKNaae npuBeaeHbl pe3ynbTaTbl 4AHHbIX UCCNEe0BaHUN.

PaboTa BbinonHeHa nNpu GMHAHCOBOW Noaaep KKe Poccuiickoro HayuHoro ¢poHaa (Ko npoeKkTta 22-21-00261).
Cnuncok nutepaTypbl

1. Apkagbes A. . bpasepmaH 3. M. ObyyeHne malnHbl pacno3HaBaHuMIO 0bpasos. M: Hayka, 1964.
2. N. G. Zagoruiko, I.A. Borisova, V. V. Dyubanov, O. A. Kutnenko. Methods of recognition based on the function of rival
similarity // Pattern Recognition and Image Analysis. 2008. V. 18, Ne 1. P. 1-6.

BbluMcaUTeNbHaA CNOMKHOCTb 3343a4U LLeH3YPUPOBaHUA AaHHbIX C ONOPO HA KOHKYPEHTHOEe CXOACTBO

0. A. KytHeHKo?, A. B. MnacyHos™?

YMuemumym mamemamuku um. C. /1. Cobonesa CO PAH
2Hoeocubupckul 2ocydapcmeeHHbili yHugepcumem
Email: olga@math.nsc.ru

DOI: 10.24412/cl-35065-2022-1-01-99

MNpobnema ueH3ypupoBaHMA gaHHbIX (Data filtering, Data cleaning) akTyanbHa npu peLeHnn camblX PasHbIX
3aga4. PaccmartpuBaeTtca 3aga4a O4MCTKM 0byYatoLwen BbIDOPKU, NpeacTaBleHHOM 06 beKTaMm ABYX KNaccos, OT
LUYMOBbIX 06EKTOB TONIbKO OAHOrO Knacca. Takue 3aa4m BO3HUKALOT, B YaCTHOCTU, NPy aHanuse bruomeguumH-
CKMX OaHHbIX, TpebyoLLeM NOSHOrO COXPaHEHMS AaHHbIX OAHOro U3 06pa3oB. MckaoyeHne 13 obydatowein Bbl-
6OPKM HEBEPHO KNACCUPULMPOBAHHBIX 06BEKTOB (MIM 06 BEKTOB-BbIBPOCOB) OCYLLLECTB/ISETCA Ha OCHOBE aHa-
/1133 /IOKaNIbHOMO OKpYXeHMUA 06beKToB. Ko/MyecTBeHHan XapaKTepmucTUKa NI0KabHOM KOMMNaKTHOCTK 0bpasa
OLLEHMBAETCA C MOMOLLbIO PYHKLMM KOHKYPEHTHOIO CXOACTBA, YCMELHO UCMNO/Ib3YEeMOW B KOTHUTUBHOM aHanuse
OaHHbIX NPU PeLeHMM PasIMYHbIX NPUKNaaHbix 3adad [1]. oKasaTtenbcTBo NP-TpyAHOCTU B CUNBHOM CMbIC/IE
3a/a4M LEeH3YPUpPOBaHMA AaHHbIX BbIMONHEHO cBeAeHMeM 13BecTHoM NP-NonHOoM 3a4a4mM 0 BEpLUMHHOM Mo-
KpbITnu rpada [2] K 3agaye Bbibopa NOAMHOMKECTBA, Ha KOTOPOM KOMMAKTHOCTb 06pasa MaKkcMmasibHa.

PaboTta BbINO/MIHEHA B pamKax rocygapcteeHHoro 3agaHus MM CO PAH (npoektbl Ne FWNF-2022-0015, Ne FWNF—
2022-0019).

Cnucok nutepaTtypbl

1. 3aropyiiko H. T., bopucosa W. A., filo6aHoB B. B., KytHeHKo O. A. KonnyecTBeHHas mepa KOMMNaKTHOCTU U CX0ACTBA
B KOHKYPeHTHOM npocTpaHcTee // Cubupckuii *ypHan UHayctpuanbHoii MatemaTtunku. 2010. T 13, Ne 1. C. 59-71.
2. M. I'apn, [. [}KOHCOH. BbluncanTenbHble MalUMHbI U TPYAHOPEeLWaemble 3agaun. M: Mup, 1982.

OCHOBaHHOE Ha A aHHbIX Pa3BUTUE MOAEeNVU TYPOYNEHTHOCTU ANA TEYEHUM B KaHaNaX C BbICTYyNamm
X. n?, C. H. AkoBeHKo?

'Hosocubupckuli 2ocydapcmeeHHbili yHUsepcumem

2WIHcmumym meopemudyeckol u npuknadHoli mexaHuku um. C. A. XpucmuaHosuya CO PAH
Email: s.yakovenko@mail.ru
DOI: 10.24412/cl-35065-2022-1-02-00

PaccmaTpmBaeTca NpUMeHeHMe pa3nyHbIX MeTOA0B MalLUMHHOIO 06yYeHns (B YaCTHOCTU, HEMPOHHAA ceTb
C TeH30pHbIM 6asncom, TBNN [1], meToapl GEP [2], UIML [3]) ana annpoKcMmauum HanpsxeHui PeitHonbaca B
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KaHOHWYECKUX TEYEHUAX B ABYMEPHbIX KaHaNax C BbICTYNamu, A1 KOTOPbIX AOCTYMNHbl BbICOKOTOYHbIE AaHHble
DNS, LES gns obyyeHus u kKannbposkn mogenei. NpegsaputenbHble pacyeTbl B OpenFOAM gns TeyeHun c ne-
pUOANYECKMMMN XO/IMaMUM U anpUOopHble OLLeHKW NOKa3bIBatoT, YTO Ucnosb3osaHme TBNN npmBoauT K yTouHe-
HUIO pacnpeaeneHnn gna KOMNOHEHT TEH30pa aHU30TPONUM HanpsAXKeHU PeliHoNbaca NO CpaBHEHMIO € UX aHa-
Jloramu, Bbl4MCIEHHbIMM NO 6a30BOMN NIMHEHOW rpagMeHTHOM moaenn byccmHeckKa.

PaboTa BbINONIHEHA B paMKax rocyAapCcTBEHHOro 3a4aHus (Homep rocpernctpaumm 121030500149-8).
Cnuncok nutepaTypbl

1. Ling J., Kurzawski A., Templeton J. Reynolds averaged turbulence modelling using deep neural networks with em-
bedded invariance // J. Fluid Mech. 2016. V. 807. P. 155-166.

2. Weatheritt J., Sandberg R. A novel evolutionary algorithm applied to algebraic modifications of the RANS stress—
strain relationship // J. Comput. Phys. 2016. V. 325. P. 22-37.

3. Jiang C., Vinuesa R., Chen R., Mi J., Laima S., Li H. An interpretable framework of data-driven turbulence modeling
using deep neural networks // Phys. Fluids. 2021. V. 33. # 055133.

YHuBepcanbHble J10Ka/IbHO-NOCTOSAHHbIE AAEpPHbIe OLEHKU B HEMapameTpU4eckon perpeccum

0. 1O. Nlnxke, U. C. bopwucos, I1. C. Py3aHKuKH
UHcmumym mamemamuku um. C. /1. Cobonesa CO PAH
Email: linke@math.nsc.ru

DOI: 10.24412/cl-35065-2022-1-02-01

B noknape 6yaet obcyKaaTbCA HOBbIVM KNAcC YHUBEPCAbHbIX OLEHOK ALEPHOro TUMa B HenapameTpuye-
CKOI perpeccmm, paBHOMEPHO COCTOATE/IbHbIX NPW BAMU3KMUX K MUHUMANIbHBIM U HAarAsAHbIX YCN0BUAX HA TOYKM
AnsaitHa. MNpu 3Tom He MCNob3YOTCA TPAAULMOHHbIE YC/I0BMA 3aBUCUMMOCTU 3/1eMEHTOB AN3aiHa, AU3aiiH Mo-
KeT ObITb KaK GUKCUMPOBAHHBIM U He 0653aTesIbHO PerynapHbIM, TaK U CIYYalHbIM, NPU 3STOM He 06A3aTeNIbHO
COCTOALLMM U3 HE3ABUCUMMbIX MW CNabo 3aBUCUMMBbIX C/TyYalHbIX BEJIMYMH. YHUBEPCAIbHOCTb OLLEHOK 3aKto4a-
€TCA B TOM, YTO MX aCMMNTOTMYECKUE CBOMCTBA HE 3aBMCAT OT CTPYKTYPbl KOPPENaLMnN 31EMEHTOB AN3aliHa, OT-
HOCUTE/IBHO KOTOPbIX NpeanosiaraeTca fMb B HEKOTOPOM CMbIC/IE NJIOTHOE 3ano/iHeHWe 06a1acTu onpenene-
HMA PErPECCUOHHON DYHKLN.

PaboTa BbiNnonHeHa Npu pUHAHCOBOM NoaaepskKke Poccuinckoro HayyHoro ¢oHAa (Koa npoekTa 22-21-00414).
Cnncok nutepaTtypbl

1. Borisov I. S., Linke Yu.Yu., Ruzankin P. S. Universal weighted kernel-type estimators for some class of regression
models // Metrika. 2021. V.84, Ne 2. P.141-166.

2. Linke Yu.Yu., Borisov I. S. Insensitivity of Nadaraya-Watson estimators to design correlation // Communications in
Statistics — Theory and Methods. 2021. https://doi.org/10.1080/03610926.2021.1876884.

3. Jinnke 0. 1O. K BOonpocy 0 HevyBCTBUTENbHOCTM OLLeHOK Hagapaa —BaTcoHa OTHOCUTENIbHO KOppenaLunum anemeHToB
An3aliHa // Teopua BEPOATHOCTEN M ee NPMMEHEHUA (MPUHATA K neyaTtn).

MNpo6nema BapMaTMBHOCTU B 3a4a4e HOTOJIMHEMHOW PEKOHCTPYKLUM 3HAMEHHbIX NeCHONeHUi

1. A. MupowHunyeHko, WN. B. baxmyTosa, B. [1. 'yces
UHcmumym mamemamuku um. C. /1. Cobonesa CO PAH
e-mail: luba@math.nsc.ru

DOI: 10.24412/cl-35065-2022-1-02-02

Pa3BuBaeMmbli aBTOpaMM NOAXOA K pa3paboTKe METOAMKN U a/ITOPUTMOB NEPEBOAA 3HAMEHHbIX LLePKOBHbIX
necHoneHun XII-XVII BB. B cOBpeMeHHy0 HOTO/IMHEHY0 dopmy [1] OCHOBaH Ha MCMO/Ib30BaHUK "Napannens-
HbIX" TEKCTOB, B KOTOPbIX MeNOAMUA 3anucaHa Kak 3HameHamM, Tak U HoTamu. CnosKHOCTb nepesoga 06ycnos-
JleHa BbICOKOM BapMaTUBHOCTbIO 060OMX YPOBHEN NpeacTaBAeHNs AaHHbIX: GparMmeHT 3HaMEeHHOTO TEKCTa MOXKET
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MMETb HECKONIbKO A0NYCTUMbIX BapUaHTOB MHTEPMNPETaLMM Ha YPOBHE HOT U, HA060POT, OAHOWN U TOW Ke Le-
MoYyKe HOT MOTyT COOTBETCTBOBATb Pa3Hble LenoYykn 3HameH. O6 3Tom CBMAETeNbCTBYET aHAaNN3 UAEHTUYHBIX
(no cTMXOTBOPHOMY TEKCTY) NECHOMEHWUI U3 MEBYECKUX KHWUF, COCTaB/IEHHbIX pa3HbiMKU aBTopamu. Llenbto pa-
60Tbl ABNAETCA NOJIyYeHNE KaYeCTBEHHbIX M KOJIMYECTBEHHbIX OLLEHOK A0MYCTMMOM BapuaTtMBHOCTU. [ns cpas-
HEHUA ABO3HAMEHHbIX TEKCTOB NpeasoKeHa MoandUKaLumMa M3BECTHOW CXeMbl BblYMCNEHMA "pedakumoHHoro"
paccTosiHMA. YKa3aHa CBA3b MNOJyYEeHHbIX PE3y/1bTaTOB C OLLEeHKOM TOYHOCTM anropuTMOB AeWwndpPOBKU.

PaboTa BbiNnosHEHa NpY NOAAEPKKE NPOrpamMmmbl GyHAAMEHTaIbHbIX Hay4YHbIX nccnegoBaHuin PAH (npoekt Ne FWNF-
2022-0015).

Cnuncok nutepaTypbl

1. Gusev V. D., Bakhmutova I. V., Miroshnichenko L. A., Titkova T. N. Possible approaches to deciphering Russian an-
cient Znamenny chant // J. of New Music Research. 2020. V. 49, iss. 3. P. 298-306.

PacnosHaBaHue B HAay4YHbIX TEKCTAaX aprymeHTOB € 3TOCOM U nadpocom

H. B. CanomatuHal, U. C. MumeHos?, E. A. Cugoposa’
Yuemumym mamemamuku um. C. /1. Cobonesa CO PAH
2Hoeocubupckuli 2ocydapcmeeHHbili yHugepcumem
3MHcmumym cucmem uHgopmamuku um. A. . Epwosa CO PAH
Email: salomatina_nv@live.ru

DOI: 10.24412/cl-35065-2022-1-02-03

[aHHan paboTa HanpaB/sieHa Ha aBTOMaTM3aLLMI0 Pa3METKM TAKOTO CBOMCTBA apryMeHTa, Kak MexaH13m Bo3-
AENCTBMA Ha ayAUTOPUIO: anennauma K aBToputeTy (3Toc) n K amoumam (nagoc). MaTtepmanom NoCayRUAM ap-
rYMEHTaUMOHHbIE aHHOTALUMM HAay4YHbIX PYCCKOA3bIYHbIX TEKCTOB, MOCTPOEHHbIE "BPy4YHYIO" aKCnepTamu B BUAE
rpados aprymeHTauumn Ha nnatdopme ArgNetBankStudio [1]. Pewanucs ase 3agaumn 6UHapHOW Knaccupukaumm
apryMeHTOB: aprymeHTbl Pa3aenanncb Ha BbiparkaloLlme 1 He Bbiparkatowwme 1) atoc n 2) nadoc. 4na peweHus
NPUMEHSANCA PAL aTOPUTMOB MalUMHHOTO 0bydyeHua. OnncaHne aprymeHToB 6blJ10 COCTaB/IEHO U3 OTOUNLTPO-
BaHHbIX no Becy (EMI) yHurpamm. Obyyatowme KONNEKUUM ANA PELEHUA KaxKAoW 3a4aum cogepskanu 6onee
950 apryMeHTOB U3 ABYX KNAaCcCOB B NPMMEPHO paBHOM nNponopumu. TecToBas KONNEKLMA AN KaXKA0M 3a4aum
BKtOYana okoso 300 aprymeHToB. Jlyywan F-mepa Kaaccuukaumm stoc/He-atoc 1 nadoc/He-nadoc bbina ao-
CTUrHYTa NOJIMHOMMaNbHbIM Baliecom m coctaBuna 65 % 1 64 % COOTBETCTBEHHO.

PaboTa BbinonHeHa B pamKax roc. 3agaHua UM CO PAH (npoekt Ne FWNF-2022-0015) v roc. 3agaaHma MCW CO PAH
Ne 075-01520-22-00.

Cnucok nuTepaTtypbl

1. Cnpoposa E. A., Axmageesa W. P., 3aropynbko 0. A., Cepbiii A. C., LLlectakos B. K. Mnatdopma gns nccnenoBaHus
aprymeHTauumn B HayYHo-nonynapHom auckypce // OHTonorna npoektnuposanua. 2020. T. 10, Ne 4(38). C. 489-502.

BanaHue HacTpanBaemMbliX NapameTPOB NOJHOCBA3HON HEMPOHHOM CETU Ha KAuecTBO NpeacKkasaHus

ANA 3a4a4U Knaccupukaumm AMTOTUNOB

N. A. Cenesnés?, I'. A. Koccos™?

"Mockoeckuii HUNL] LLintombBepe
2MocKoscKull (hu3UKO-mexHuYeckuli uHcmumym
Email: kossov.ga@phystech.edu

DOI: 10.24412/cl-35065-2022-1-02-04

anMEHeHMe MEeTo40B MallNHHOIo 06y'~IEHVIF| NO3BOJIAET aBTOMaTU3NpPOBaTb Npouecc KI'IaCCVId)I/IKaLI,I/IVI nn-
TOTUNOB, 4YTO 3HAYUTENIbHO YynpoLuaeTt pa60Ty reosora. AI'IFOpVITMbI, OCHOBAHHbIE Ha CBEPTOYHbIX CeTAX,
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MOKa3blBatOT BbICOKYO TOMHOCTb NpeacKkasaHma [1]. OaHaKo AaHHbIe MOAENUN BbIYMCINTENbHO 3aTPATHbI U A0ATO
obyyatotca. MoAHOCBA3HblIE HEMPOHHbIE CETU NIMLWEHbI BbILEOMNUCAaHHbIX HeAoCTaTKoB. KayecTBo pe3ynbTaTta
HaNPAMYIO 3aBUCUT OT YMCAA C/IOEB CETM M KOAMYECTBa y3/10B B cnoe [2]. B aaHHOW paboTe paccmaTtpuBaeTtca
nosefeHMe PasIMYHbIX apXMTEKTYP CETEN, YTO ABNAAETCA BaXKHbIM LIArom A4 pa3paboTKM MEeToAMKM No noa-
60py onTMManbHOM KoHOUrypaumun. TakKe B paboTe npeasoXKeHa OueHKA aCMMMATOTUYECKOMN CAOXKHOCTU anro-
PUTMOB NPAMOTO U 06PATHOIO PACNPOCTPAHEHUA N PACCMOTPEHO B/IMAHME HAYaNbHON MHULIMANN3ALUMN Ha pe-
3yNbTaTbl NpeACcKasaHuA.

Cnucok nutepaTypbl

1. Baraboshkin E. E., Ismailova L. S., Orlov D. M., Zhukovskaya E. A., Kalmykov G. A., Khotylev O. V., Baraboshkin E. Y.,
Koroteev D. A. Deep convolutions for in-depth automated rock typing // Computers & Geosciences. 2020. V. 135. P. 104330.
2. Bishop C. M. Pattern Recognition and Machine Learning. B.: Springer-Verlag, 2006.

Small world effect of the miRNA science field drives its growth
A. B. Firsov}, I. |. Titov?

A. P. Ershov Institute of Informatics Systems

2Institute of Cytology and Genetics
Email: artemijfirsov@mail.ru
DOI: 10.24412/cl-35065-2022-1-02-30

In our work, we show that the growth of the miRNA science field is governed by the small-world
architecture of the scientific institution network [2], and experiences power-law growth. Here we treat the
knowledge spreading process as the infection-like process. The small-world graphs have the average shortest
path length of the order of log(N) resulting in the compact structure of the graph. Such effect slows down the
exponential growth of the infection/knowledge spreading to power because compactness results in transmis-
sion of infection/knowledge to hit nodes already infected by the alternate paths. We show using the "small-
world-ness" metric [3] that the miRNA field has the small-world property, and it follows the small-world mod-
els’ [2] criteria of the power-law growth. The model states that the initial power growth of the nodes count
should have the D — 1 exponentiation parameter, where D is the average shortest path length. In our
case, the D = 3.46, and the approximated exponentiation parameter D —1 = 2.64, which shows 7 % de-
viation from the model’s one. This result shows that the research field dynamics might be governed by
the small-world properties.

This work was (partially) supported by the Russian State Budgetary Project FWNR-2022-0020.
References

1. Leydesdorff, L., Wagner, C., Park, H., and Adams, J. (2013). International collaboration in science: The global map
and the network. El Profesional de la Informacion, 22.

2. Vazquez, A. (2006). Spreading dynamics on small-world networks with connectivity fluctuations and correlations.
Physical review. E, Statistical, nonlinear, and soft matter physics, 74:056101.
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Tunonornuyeckas rpynnMpoBKa Ha OCHOBE AEKOMNO3ULUM CMeCeN BEPOATHOCTHLIX pacnpegeneHui

C. E. Xpywes™?, 10. H. Mcmaitbinosa®?

Yuemumym mamemamuku um. C. /1. Cobonesa CO PAH
2Hosocubupckuli 2ocydapcmeaeHHbIl yHUsepcumem
3Cubupckuli uHcmumym ynpasneHusa — gpunuan PAHXulC
Email: hrushew@rambler.ru

DOI: 10.24412/cl-35065-2022-1-02-05

Mpun nccnenoBaHUM HEOAHOPOAHbBIX BbIODOPOK, B3ATbIX M3 KOHEYHbIX CMECcel BEPOATHOCTHbIX pacnpeaene-
HUWIA, YNCNO CMELLIMBAIOLLIMXCA pacnpeaeneHnin (KOMNOHEHT), a TaK}Ke COOTBETCTBYIOLLIME MM BECa U NapameTpbl
MOTYT 6bITb HEM3BECTHbIMW. 3a/auelt pasaeneHmns (AeKoMNo3nLmMmn) cmecel HasbliBaeTcsl 3aa4a OLEeHUBaHUSA
Hen3BEeCTHbIX MapamMeTPOB CMELUNBAIOLLMXCA pacnpeaeneHuii u nx secos. B goknage byayt pacCMOTPEHbI He-
KOTOpPbI€ U3BECTHbIE METO/bl PELUEHMA 3TOWN 3a4a4M, UX MPEUMYLLLECTBA M HEAOCTAaTKU. [TpUMeHsa AaHHble me-
TOAbl, Mbl NPOBEAEM AEKOMMO3ULMNIO CMECEN HEKOTOPbIX PeasibHbIX COLUMANIbHO-3KOHOMMYECKUX HEOAHOPOA-
HbIX COBOKYMHOCTEN, UTO, KaK CNeacTBUE, PELINT 3a4ady Tunosorum (Knaccudukauum) gaHHbIX — BblaeneHue
rpynn HabntoAeHWUI, B3ATbIX N3 OAHOMN N TOM e KOMMNOHEHTbl CMecH.

MpumeHeHMe MHOrOKOMMOHEHTHbIX HEMPOCEeTEBbIX aNMPOKCUMATOPOB NPU peLleHUN HeIMHEMHOM

obpaTHOI 3agaun reopusnku

M. U. Wnmenesunu?, E. A. O6opHes?, E. A. PoguoHos?, U. E. O6opHes?

Ypoccutickuli 2ocydapcmeeHHbill 2eono2opazsedoyHsili yHusepcumem um. C. OpdxcoHUKud3e
2HUWM adepHoli puzuku umeHu [. B. CkobenbubiHa MY um. M. B. /lomoHocosa

Email: shimelevichmi@magri.ru

DOI: 10.24412/cl-35065-2022-1-02-06

B paboTe paccmaTpuBaloTca BOMPOChI MPUMEHEHMSA annpoKcMMaLumnoHHoro HelipoceteBoro (AHC) metoga
Ans peweHns obpaTHbIX 3a4a4 reodU3MKKM B K1acce KYCOYHO-MOCTOAHHbIX PeLleHUi, KOTopble CBOAATCA K Hen-
HeMHOMY onepaTOpHOMY ypaBHeHMIO | poga Ha KomnakTHOM MHoxKecTBe. AHC meTop, 3aKto4aeTca B nocTpoe-
HUKW NPUBNIKEHHOro 0bpaTHOro onepaTopa 3a4a4u (Tak Ha3bIBAEMOTO anmnpPoKCMMaTopPa) C NOMOLLbIO MHOTO-
CNOMHbIX HEMpPOCEeTEBbIX anMPOKCMMALMOHHBIX KOHCTPYKUMIA HAa OCHOBE 3apaHee MOCTPOEHHOrO MHOMECTBa
OMOPHbIX peLleHKnit (baHKa pelleHnit) NpamMbix U 06paTHbIX 3a8a4 [1].

KoHcTpynpyemas cBepTovHas CeTb ABAAETCA ABYXKOMMNOHEHTHOM M COCTOUT U3 ABYX HEMPOCETEBbIX anmnpoK-
CMMATOPOB, NOCTPOEHHbIX HA PA3/IMYHbIX CETKAX NapameTpmusaLmMm uccaeayemon cpenbl U OTINYAIOLLMXCA U3-
6MpaTENbHOCTHIO NO OTHOLWIEHUIO K CIOSIM CETKM, PACMNONOMKEHHbBIM Ha Pa3HOM rybuHe; ceTb BKIOYAET TEH30p-
HbIA BXOLHOWM CNOM, @ TAKXKe C/IOW CXKATUA U CMELLUMBAHUA BXOAHbIX AaHHbIX. [pMBOAATCA YNCNEHHbIE NPUMEPBI
paboTbl aNNpPOKcMMaTOpa Ha MOAE/bHbIX M NOAEBbIX AaHHbIX 3D 3a4a4 reosNeKkTPUKM.

NccnepoBaHMe BbINOAHEHO 3a cyeT rpaHTa Poccuiickoro HayyHoro ¢oHaa Ne 19-11-00333.
Cnuncok nutepaTypbl

1. M. 1. Wnmenesny, E. A. ObopHes, N. E. O6bopHes, E. A. PogMoHOB. ANroputm pelleHmsa obpaTHOM 3a4a4mM reosnek-
TPWKKM Ha OCHOBe HelipoceTeBol annpokcumauum // Cu6XBM. 2018. T. 21, Ne 4. C. 437-452.
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MWUHU-CUMIMNO3UYM

MpumeHeHUe NHPOPMALMOHHDBIX CUCTEM K PeLUEHUIO 33434 KOMMJIEKCHOTO
MOHMWUTOPUHIa ONACHbIX re0/I0rMYEeCcKUX NpoL,eccos

MOHMUTOPUHT peXKMma NoA3eMHbIX BO4 Ha NMAOTHOM CTaHUMMK "3emHas Kopa"

C. B. Anekcees, /1. . AneKkceesa, I1. A. LLlonoxos
UHcmumym 3emHoli Kopel CO PAH

Email: salex@crust.irk.ru

DOI: 10.24412/cl-35065-2022-1-02-07

B 2021 r. opraH1M30BaH MOHUTOPUHTF peXnuma nog3emMHbIX BOA Ha MUAOTHOM CTaHuMK "3emHan Kopa". B Ka-
yecTBe BOAOMNYHKTA UCMO/Ib30BaHA rMAporeosornyeckan HabatogatenbHas CKBaXKMHA, NPobypeHHasa B IOPCKUX
necyaHuKax Ao riyouHbl 46 m. [1na HenpepbiBHOrO MOHUTOPUHIA UCMO/b30BaH PErncTpaTop NPOBOAUMOCTH,
ypoBHA M TemnepaTypbl Solinst 3001 LTC Levelogger Edge, a Takke cuctema Tenemetpum Solinst 9500
LevelSender (Canada). B BeceHHMIA nepuog (MapT-anpesib) yCTaHOB/EHbI: NOABEM YPOBHS, HE3HAUYUTE/bHbIN
pOCT NPOBOAMMOCTM, 3aMacoB NOA3EMHbIX BOZ, B XO4e BECEHHEro CHeroTaaHuA. B nepBoi aekage anpensa ypo-
BEHb BOAbl B CKBa*kKMHe nosbicuaca Ha 0,5 m n coctasun 15,5 m, yaenbHasa anekTpmyeckaa NpoBOAMMOCTb NOA-
3eMHbIX BoA, Bo3pocna oT 183, 1 ao 187,4 uSm/cm, a nx TemnepaTtypa NpaKkTUYecKM He uameHunaco (+6,2 °C).
HuW3Kne 3Ha4YeHnA NPOBOAMMOCTM CBUAETENLCTBYIOT NEPETOKe TasibiX CHEroBbIX BOJ, B BOAOHOCHbIN FOPU3OHT
FOPCKUX OTNOXKEHUM U CyLLLeCTBEHHOM pa3baBaeHnn nogsemHblx Bog,. OceHHUI nepuog, (c ceHTABPA No HOA6PDb)
XapaKTepu30BaaCcA NOCTENEHHbIM CHUXEHMEM BENUYMHBI 9N1EKTPONPOBOAHOCTU BOAbI B CKBAa*KUHe oT 368,8 Ao
355,4 uSm/cm, KonebaHnem ypoBHsa noasemHbix Bog ot 16,5 1o 17,0 m.

PaboTa BbiNno/HEHA B pamKax npoekTa Ne 075-15-2020-787 "dyHaameHTanbHble OCHOBbI, METOAbI U TEXHOIOTUM Und-
pOBOro MOHUTOPWHIA U NPOrHO3MPOBaHMA 3KOOrMYecKo 06cTaHOBKN baliKanbCcKoi NnpupogHoit Tepputopmm'.

MOHUTOPUHI KayecTBa NOA3EMHbIX BOA B nocesKe JIucTBaHKa

C. B. Anekcees, /1. . Anekceesa, I. A. LLlonoxos, A. M. KOHOHOB
NHcmumym 3emHol kopel CO PAH

Email: salex@crust.irk.ru

DOI: 10.24412/cl-35065-2022-1-02-08

B 2017-2021 rr. BbINONHEHA OLEHKA KayecTBa NoA3eMHbIX BOZ PEXKMMHOM CeTU NocesnKa JINCTBAHKA, COCTo-
AWer N3 MyHMLMNANAbHbIX, YaCTHbIX KOMOALEB U CKBAXKMH. Bcero o6cnenosaHo 106 BOAONYHKTOB. YCTAaHOBIEHO
3arpAsHeHMe Nog3eMHbIX BOA4 HUTpaTaMu U ammoHMem B 16 Konoauax n 8 ckeaxknHax. MNpesbiweHue MNAOK no
HUTpaTam nameHsaetca ot 1.1 ao 5.9 pasa, YTO UCKAOYaeT BO3SMOMXKHOCTb MCNONAb30BaHUA BOAbl U3 3TUX BOAO-
MYHKTOB B KayecTBe NUTbeBOM. MICTOYHMKAMM 3arpA3HEHUA ABNAIOTCA ObITOBblE CTOKM FOCTUHUYHbBIX KOMMNIEK-
COB, PAcMNoJIOXKEHHbIX B A0/IMHAX U No 6opTam pacnagros. 1A npob noa3eMHbIX BOA, B KOTOPbIX 0OHApYKeHa
NOBbILIEHHAA KOHUEHTPAUMA HUTPATOB M aMMOHMA, onpeseneHo cogep)aHma pochatoB. YCTaHOBNAEHO, YTO
OHa cywecTBeHHO (0T 4 fo 24 pas) npesbiwaeT NAK ana onnrotpodHbix BOLOEMOB, a CybaKBaibHan pasrpysKa
TAKOro TMNa noA3eMHbIX BoA B 03. balikan cnocobcTByeT 3BTPOdMKaLMM MENIKOBOAHOM 30HbI 03epa U YrporKaeT
KU3HeaeATeNbHOCTU BalKanbCKmx rybok [1].

PaboTa BbiNo/IHEHA B pamKax npoekTa Ne 075-15-2020-787 "dyHaameHTanbHble OCHOBbI, METOAbI U TEXHOIOTUM Und-
pPOBOro MOHUTOPWHIA U NPOrHO3MPOBaHMA 3KOIOrMYEeCcKo 06CcTaHOBKM BaliKanbCcKol NnpupogHoi Tepputopum .
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Cnucok nautepatypbl

1. Anekcees C. B., Anekceesa /1. M., Wonoxos . A., OprunbaHos A. U., KoHoHoB A. M. KauectBo nogsemHbIxX U no-
BEPXHOCTHbIX BOA, nocesika J/lIncresAHKa (toro-3anagHoe nobepexbe o3epa baitkan) // Feorpadus u npupogHbie pecypcbl.
2018. Ne 4. C. 105-114.

CemaHTHyeckas noacucrema umdposoi naarpopmbl ana reoprUsnyeckoro MOHUTOPUHTa

N. N. BparuHckaa?, A. M. Mpuroprok®?, T. B. 3aropynbko?, B. B. Kosanesckuiil, U. K. CeMUHCKMiA?
YMHecmumym seiqucnumensHol mamemamuku u mamemamuyeckoii 2eogpusuxu CO PAH
2WHcmumym 3emHol Kopel CO PAH

3MHcmumym cucmem uHgpopmamuku CO PAH

Email: ludmila@opg.sscc.ru

DOI: 10.24412/cl-35065-2022-1-02-09

B paboTe npeacraBneHbl NPUHLMMbI MOCTPOEHNS CEMAHTMYECKOW NOACUCTEMbI, NpeaHa3HaYeHHoN ana pe-
LeHMA 33434 CeMaHTUYECKOro NOUCKa, KnaccuPuKkaumm, CTPYKTYpUsaLmMm n MHTerpaumm MHGopmaummn no reo-
dn3nyeckomy MOHUTOPUHTY baKkanbcKkol NpupoaHoi Tepputopun [1]. UHTerpauma sHaHMi N3 pasnYHbIX re-
TEepPOreHHbIX UCTOYHUKOB NPOBOAUTCA Ha OCHOBE OHTOJ/IOTMM NPeAMETHOM 061acTu, pa3paboTKy KOTOPOM Npo-
BOAAT aBTOPbI AaHHOM paboTbl. MoacucTema ABAAETCS COCTAaBHOM YacCTblo MHCTPYMEHTA/IbHON U MHOPACTPYK-
TypHOW undposor naatdopmsl (LM), obecneunsatowen NoAHbIA LMKA paboTbl C AaHHbIMU MOHUTOPWHIA onac-
HbIX Feo/IornMYyeckmnx npoueccos baKkanbckol NnpupogHon TeppuTopmun. Mogcmctema MOXKeT PacCMaTPMBATLCA
KaK MHTENNEKTYaIbHbI aCCUCTEHT, NOBbILWaOWMN 3pHEKTUBHOCTb B3aMMoAeNCTBUA Nosib3oBaTena ¢ L.

PaboTa BbiNno/sIHEHA B pamKax rocyaapcrTBeHHoro 3agaHns MBMuMIP CO PAH npu ¢uHaHcoBOW noaaepykKe NpoekTa

MuHo6pHaykn P® Ne 075-15-2020-787 "dyHpameHTalbHble OCHOBbI, METOAbl U TEXHOOMMU LMPPOBOIrO MOHUTOPUHIA U

NPOrHO3MpPOBaHMA 3KOI0rMYecKon 06cTaHOBKM balikanbCcKol npupoaHoi Tepputopum”.
Cnuncok nutepaTypbl

1. bopHskos C. A., Canko [. B., BctoBckuit I'. B. MeTogonorusa gepopmauMoHHOro MOHUTOpUHra B KOxkHom Mpubait-
KaJibe M KOHLLeNTyasibHbIA NOAX0A K NPOrHo3y 3emnetpsaceHuin // Ussectua UTY. Cepua "Haykm o 3emne". 2021. T. 38.
DOI: 10.26516/2073-3402.2021.38.13.

Uundposasa nararpopma gns MHTErpaLmMm U aHaaM3a AaHHbIX KOMNJIEKCHOIO reoprusnyeckoro MOHUTOPUHra

baliKaaAbCKo NPUPOAHOM TeppUTOpUUn

A. . Tpuroptok™?, /1. N. bparunckaa®?, B. B. Kosanesckuit®, U. K. CeMMUHCKMIA?
"MHecmumym ebiuucaumenesHoli Mamemamuku u mamemamu4eckoli 2eogpusuxu CO PAH
2WHcmumym 3emHol Kopel CO PAH

Email: and@opg.sscc.ru

DOI: 10.24412/cl-35065-2022-1-02-10

B paboTe npeacTaBiieHa MHCTPYMeHTanbHan uudposan naatdopma (MLM), npeaHasHauyeHHas Ans KOM-
nneKkcMpoBaHMsA 601bWOro 06bema pPasHOPOLHbIX U Pa3HOPOPMATHBIX AAHHbIX FTe0PU3NYECKOTO MOHUTOPUHTA
Balikanbckon npupogHon TeppuTopun (BMNT), 06beamHEHUA Pa3IMYHBIX BbIYUCAUTENbHBIX U MHGOPMALMOHHBIX
MEeTOA0B aHan3a 3TUX AaHHbIX. JaHHble ceMCMUYECKOro, reoAe3nyeckoro, 4ehopMOMETPUYECKOro, SMaHaLUu-
OHHOrO, FTMAPOreo/I0rMYEeCcKOro, MarHUTOTETYPUYECKOrO U MHKEHEPHO-TE00MMYECKOr0 MOHUTOPUHIA NOCTY-
MaoT C HECKO/IbKMX NOJIMTOHOB, PACMO/OMKEHHbIX B Npeaeiax 30Hbl MHTEHCUBHOrO NPMpPOA0Noab30BaHua bIT.
XpaHeHuWe, 06paboTKa M aHaIM3 JAaHHbIX OCYLLLECTBAAETCA HA CepBepe, K KOTOPOMY NoJib30BaTeIM MoryT 0bpa-
WaTbCA Yepes UHTEPHET nocpeacTBom Beb-b6paysepa. ApxMTEKTYpa cepBepa NpeaycMaTpuBaeT paclimMpeHue
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Habopa npoueayp 06paboTKM K aHaNM3a AaHHbIX, @ TaKXKe BU3yanunsauum pesynbraToB. B HacToswee Bpems
OOCTYMHbI HECKO/IbKO METOA0B PpUbTpaLMn AaHHbIX (MMHelHan yactoTHas, CaBuuKoro — lonesa u ap.), pasnnu-
Hble METOAbl CNEKTPaNbHOro U B3MWBAET-aHaNN3a, MyNbTUdPAKTaNbHbIA U SHTPOMMUIAHBLIA aHanu3, NPOCTPaH-
CTBEHHbIV aHaNM3 gaHHbIX. Lndposas nnatdopma 6bina onpoboBaHa Ha peanbHbIX AaHHbIX.

PaboTa BbiNno/IHEHA B pamMKax rocyaapcrBeHHoro 3aganns MBMuMI CO PAH npu ¢uHaHCcoBOW NoaaepykKe NpoekTa

MuHo6pHaykn P® Ne 075-15-2020-787 "dyHpameHTabHble OCHOBbI, METOAbI U TEXHONOMMU LMPPOBOIrO MOHUTOPUHIA U
NPOrHO3MpPOBaHNA 3KONOrMYecKom obcTaHOBKM balikanbckoi npupogHou Tepputopun'.

CnucoK nuTepaTtypbl

1. bopHsakos C. A., Canko [. B., BctoBckuit I'. B. MeTogonorua gepopmayMoHHOro MOHUTOpUHra B KOxHom Mpubait-
KaJibe M KOHLENTya bHbIi NOAX04 K MPOrHosy 3emsetpsacenuit // Ussectus UTY. Cepua "Haykm o 3emne". 2021. T. 38.
DOI: 10.26516/2073-3402.2021.38.13.

Ceilicmunueckue u noHochepHbie addeKkrbl KyaapuHckoro semnerpaceHuns 9 aekabpa 2020 r.

A. A. lo6bpbiHnHal?, H. M. Nepesanosa’, B. A. CanbKkos!, H. A. Paasumunnosny?, . K. aemckuit®, A. B. JlyxHes!
YYuecmumym semHoli kopel CO PAH

2[eonoauyeckuli uHcmumym CO PAH

3Hcmumym conHe4yHo-3emHoll pusuxu CO PAH

Email: dobrynina@crust.irk.ru

DOI: 10.24412/cl-35065-2022-1-02-11

Mo AaHHbIM, NOlYYEHHbIM Ha 060PYA0BAHUM MYHKTA KOMMNJIEKCHOTO MOHUTOPMHIA OMACHbIX FE0N0TMYECKUX
npoueccos U3K CO PAH "byrynbaeiika" (LLleHTp KONNeKTUBHOro Noab3oBaHuA "feoanHammKa U reoxpoHosiorma"
M3K CO PAH, https://ckp-rf.ru/ckp/433687/?sphrase_id=7107870) n LleHTpa KONNEKTUBHOTO NO/b30BaHMA "AH-
rapa" MC3® CO PAH (http://ckp-rf.ru/ckp/3056/) npoBeaeH aHann3 xapakTepmcTMK KyaapmHCKOro 3emneTtpace-
HuA (09.12.2020) n noBeaeHUs noHocdepbl BO BpeMA 3TOro cobbiTuaA. MosydeHbl 3HaYEHUs 04aroBbIX NapameT-
POB 3eMNETPACEHMUA — CEMCMMYECKMI MOMEHT 3emneTpaceruna (MO = 3.02:10 H-m), MOMEHTHaA MarHuTyaa
(Mw = 5.6), paamepbl o4ara (2.43 KM), BeiMunHa cOpoleHHoro HanpsaxkeHus (1.26 MMa). NpoBegeHHbIN ¢ No-
MoLLbO NpremHuKoB GPS/T/TOHACC aHanu3 noseaeHuUa MoHochepbl He BbIABU BO3MYLLEHUIA, 0BYCNOBAEHHbIX
KyZLapvHCKMM 3emaeTpAceHMeM, YTO BEposATHee Bcero, 0bycnoBneHO OTHOCUTEIbHO Masio MarHMTy 40N 3Toro
3emneTpaceHna. AHanu3 pagoBs HabatoaeHn B oTHoweHun KyaapuHCKoro semaeTpaceHuns, nokasan apdektme-
HOCTb MCMO/Ib30BaHUA 060PYA0BaHUA LLEHTPOB KOJINEKTUBHONO NO/Ib30BAHMA U MYHKTOB KOMM/JIEKCHOTO MOHMU-
TOPWHra AN UCCAefO0BaHMA CEMCMUYHOCTU, KOoTopasa ABnseTcs Hanbosiee onacHbIM NPUPOAHbBIM MPOLECCOM
Ana banKkanbCKOro pernoHa.

PaboTa Bbino/iHEHa B pamKax npoekTta N2 075-15-2020-787 "dyHaameHTanbHble OCHOBbI, METOAbl U TEXHONOINK Und-

pPOBOro MOHUTOPWHIA U NPOrHO3MPOBaHMA 3KOI0rMYEeCcKo 06cTaHOBKM BaliKanbCcKol NnpupogHoi Tepputopumn .

dopmuposaHue 6eperoBoii IMHUM BbICOKUX abpa3smMOHHbIX YCTYNOB NPY NOBbILIEHMU YPOBHA B 03. baiKan

(Ha npumepe nonuroHa "byrynbaenka')

A. B. KageToBa, A. A. PbibuyeHKo
UHcmumym 3emHol kopel CO PAH
Email: kadetova@crust.irk.ru

DOI: 10.24412/cl-35065-2022-1-02-12

Mccnepyemblil y4acTOK pacnosioXKeH Ha 3anagHom bepery o3epa balikan, oH npeacrasnset coboli abpasu-
OHHbIN TN 6epera. Mpoueccy abpa3nn noasepxeH 6eperoBoi CKAOH, CIOXKEHHbIN PbIXbIMU AEN0BMANbHO-



146 MpumeHeHUe UHGHOPMAYUOHHbIX CUCMEM K pelweHUto 3a0a4 KOMIAeKCHO20 MOHUMOPUHEA...

NPOOBUANbHBIMUW OTNIOKEHUAMM, NPEACTABAEHHbIE NECKOM U LWebHem. MaKcMmanbHanA BbicoTa abpasnoHHOro
ycTyna coctasaset 20 m [1].

MOHUTOPUHT abpa3mMoHHOro npouecca ocywectensetca ¢ 2019 roga. Ha yyacTke npoBoaaTCcA TaxeoMeTpu-
yecKkas M aspodoTocbemKa. 3a nepuog HabaogeHnin 2019-2021 rr. oTcTynaHMe 6pPOBKM ycTyna coctaBuio 5-—
10 cm. ChepyeT OTMETUTD, YTO 3aPMKCMPOBAHHOE OTCTyMNaHMe 6POBKM He CBA3AHHO HEMOCPEACTBEHHO C AaKTUBU-
3aumei abpasmMoHHoOro npouecca. Ha gaHHOM 3Tane pa3BUTUA abpPa3sMOHHOIO CK/IOHA OTCTyNaHue 6PoBKK Npo-
NCXOAMT 33 CYET NPOLLECCOB BbIBETPMBAHUA MaTepMana U 3PO3MOHHOIO PasmbiBa BepxHel Yactm beperosoro
CKJ/IOHA MOBEPXHOCTHbLIMM BOAOTOKaMMW.

3a cyeT BbICOKOrO MOJIOXKEHUA YPOBHA Boabl B 03. balikan B 2020-2021 rr. 3apUKCMPOBAHO yBENMYEHNE
BETPO-BO/IHOBOW Harpyskun Ha 6eperoBoi CKNOH. B pe3ynbTaTe NOAHOMKME CKIOHA aKTMBHO NepepabaTtbiBanocb
33 CYeT aKTMBM3aUMKM abpasnoHHoro npouecca. Mo pesynbratam AewndpurposaHma opTopoToNAaHOB NOSHO-
¥KMe CKNoHa oTtctynunao Ha 0,5 meTpos 3a nepuog 2019-2021 rr. PaambiB 6eperoBoro ycryna HapyLlaeT paBHO-
BECHOe cocTosiHMe 6eperoBoro CK/I0Ha, YTO B CBOKO 0Yepeb NPOBOLMPYET aKTMBU3aLMIO FPAaBUTALMOHHbIX NPO-
LLeCCOB Ha CKJ/IOHe.

PaboTa BbiNno/IHEHA B pamKax npoekTa Ne 075-15-2020-787 "dyHaameHTanbHble OCHOBbI, METOAbI U TEXHOIOTUM Und-
pOBOrO MOHUTOPUHIA U NPOTHO3MPOBAHMA IKONOrMYECKON 06CTaHOBKM balikanbCcKo npupoaHol TeppuTtopumn”.

Cnuncok nutepaTypbl

1. Kosbipesa E. A., KageToBa A. B., PbibueHko A. A., MennnHeH B. A., CBeTnakos A. A,, Tapacosa 0. C. Tunusauma u
coBpemeHHOe cocTosHMe 6eperos o3epa baikan // BogHble pecypcbl. 2020. T.47, Ned. C.453-465. DOI:
10.31857/50321059620040070.

Bubpoceicmmuyecknit MOHUTOPUHT B BaiiKalbCKOM permoHe

B. B. Koanesckuitl, /1. M. bparunckaa?, A. M. Fpuroprok?, L. A. Ty6aHos?

"MHemumym ebivucaumensHoli Mamemamuku u mamemamuyeckoli 2eogpusuxku CO PAH
2MiHcmumym 2eono2uu u MuHepanoauu um. B. C. Cobonesa CO PAH

Email: kovalevsky@sscc.ru

DOI: 10.24412/cl-35065-2022-1-02-13

B noknage npeacTaBneHbl pe3ynbTaTbl 06paboTKM AaHHBIX aKTUBHOMO BUGPOCECMNYECKOTO MOHUTOPUHTA
B FOXHOM YacTu balikanbckoi pudpToBOI 30HbI. BUBpOCEMCMUYECKNIA MOHUTOPUHT C UCMOJIb30BaHUEM BMUbpa-
Topa LIBO-100 yctaHoBneHHOro Ha HO»KHO-BaliKasnbCKOM reoAMHaMMUYECKOM U PETMOHANbHOM CeTU celicMnye-
CKMX CTaHUMI nposoautca ¢ 2003 r. Mpu npoBegeHNN BUBPOCENCMMUYECKOTO MOHUTOPMHIA BblIM AETaNbHO UC-
cnefoBaHbl Ce30HHblE BapuaLlMM BOJIHOBOrO NosiA BUOpaTopa M pa3paboTaHbl METOAMKN CNEKTPANbHOM Kop-
PeKUMN N NONAPU3ALMOHHOTO aHan3a cericMmorpamm. MosyyeHbl OLLEHKM MHOTONIETHEro TPEeHAA B Bapuaumsax
BpPEeMEH BCTYNJIeHUI AN TPacC pacnpocTpaHeHna BubpaTop-cemcmoctaHumaA ToipraH n BMbpaTop-cencmocTaH-
umA XypamLua, CBA3aHHbIX C MeANeHHbIM U3MEHEHNEM CKOPOCTHbIX XapaKTePUCTUK 3eMHOM KOopbl nog, 03. bain-

Kan.

PaboTa BbiNONHEHA B pamMKax rocyaapctseHHoro 3agaHma MUBMuMI CO PAH, TMH CO PAH, npu ¢uHaHcoBoM noa-
AeprKke MUHUCTEPCTBA HAyKM U Bbicllero obpasoBaHusa PO.

CnucoK nuTepaTypbl

1. Kovalevsky V. V., Sobisevich A. L., Tubanov Ts.A., Braginskaya L. P., Grigoryuk A. P. Vibroseismic Investigations of the
Baikal Rift Zone with a Powerful CVO-100 Vibrator // Geodynamics & Tectonophysics. 2022. V. 13 (2), p. 1-6.
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Feoskonornyeckue 0co6eHHOCTU ONOJI3HEBBIX CMELLEeHU B 6eperoBoii 3oHe O/IbXOHCKOro

3K3oreoanHamMmun4yeCKoro nosiMroHa

B. A. NennuHeH, T. 1O. YepKawmHa
UHcmumym 3emHoli Kopel CO PAH
Email: vadim.a.pellinen@ya.ru

DOI: 10.24412/cl-35065-2022-1-02-14

[aHHoe nccnegoBaHMe HanpPaB/IeHO Ha U3yYeHMe POJIM ONON3HEN B MUTPaLMK TaXeNbIX meTannos (TM) u
obLwero opraHuyeckoro yrneposa (Copr.o6u.). B X04e 3TOro nccnefoBaHma nsydeHbl KoHueHTpaumm Hg, Cd, Pb, Cu
M Copr.o6u, B ME/TIKO3EPHUCTON dpaKLmm rpyHTOB. MNPy NOMOLLM pa3ANYHbIX FEOXMMUYECKUX MHOEKCOB U3YYeH ypo-
BEHb aHTPOMNOreHHOro 3arpA3HeHNA 0TA0KeHMM TM B 30HAX NOAA, ONOA3HA U NAAXKa. OnpeaeneHbl BO3MOXKHblE
nctouyHunkm Hg, Cd, Pb n Cu B KauecTBe aHTPOMOreHHbIX, BKAOYAA TYPUCTUYECKME U PEKPEaLMOHHbIE Meponpu-
ATUA, CYLLECTBYIOLLYIO LOPOXKHYIO CUCTEMY, YHACNe40BaHHOE 3arpsisHEHME CeNbCKOX03ANCTBEHHbIX Nosel ¢oc-
$OopHbIMUM yA0OPEHUAMM U MHCEKTULMAAMK [1].

B pe3ynbtaTe MOHUTOPUHIA BbIABAEHO, YTO 3Ha4YeHME Copr.o6u 2 0.5 % B NpUbpPEXKHOM 30HE YKa3bIBAET HA TO,
yTO B Hab1IlOJ4aEMOM roy NPOMCXOANNO0 NOCTYNNEHUE ONOA3HEBbIX Macc B 6eperoByto 30Hy. MNpeanoxeHa Kom-
NJIeKCHAA aHa/IMTUYECKaA N reOXMMMNYEeCcKana CXema reo3KoJI0rM4ecKoro n reoAMHaMmMYecKkoro MOHUTOPUHIA, KO-
TOpan ABNAETCA NONE3HbIM UHCTPYMEHTOM ANA U3YYEHUA TEPPUTOPUIN, OCNOKHEHHbIX FPAaBUTALMOHHbBIMM NPO-
ueccamu. YCTaHOB/IEHME MUTPALMOHHBIX B3aMMOCBA3EN MeXay onoasHAMK U TM, a TakkKe 3aBUCMMOCTU yBe-
NINYeHns KoHLeHTPaumn Copr.o6uw, OT AMHAMUKM ONOI3HEN ABNAETCA HOBbIM B3r/1A40M 3TOFO UCCAEA0BAHUA U Tpe-
6yeT NpPUCTa/IbHOro U NOCTOAHHOIO BHUMaHMA [2].

PaboTa BbiNo/IHEHA B pamKax npoekTa Ne 075-15-2020-787 "dyHaameHTaNbHble OCHOBbI, METOAbI U TEXHOIOTUU Und-
POBOro MOHUTOPUHIA N NPOTHO3MPOBaHUA 3Konormyeckomn obctaHoBKK baikanbckom anpO,CI,HOl‘;I TeppMTOpMM".

Cnncok nutepaTtypbl

1. Pellinen V.A., Cherkashina T. Y. Gustaytis M. A. Assessment of metal pollution and subsequent ecological risk in the
coastal zone of Olkhon Island, Lake Baikal, Russia. Sci. Tot. Environ. 2021. V. 786, iss. no. 147441.

2. Pellinen V. A., Cherkashina T. Y., Ukhova N. N., Komarova A. V. Role of Gravitational Processes in the Migration of
Heavy Metals in Soils of the Priolkhonye Mountain-Steppe Landscapes, Lake Baikal: Methodology of Research AGRONOMY-
BASEL. 2007. V. 11, iss. 10.

Bo3mylueHus, Bbi3BaHHble n3BepeHuem By/iIKaHa XyHra-ToHra-XyHra-Xaanaii B aAHsape 2022 .

H. M. Nepesanosal, A. A. Jo6pbiHnHa®?, B. A. CaHbkos?4, C. B. Boelikos?, H. B. LLlectakos>®
YMHecmumym conHeyHo-3emHoll pusuku CO PAH

2WiHcmumym 3emHol Kopel CO PAH

3reonoauyeckuli uHcmumym CO PAH

*Uprkymckuli 2ocydapcmeeHHsbIl yHUsepcumem

> flanbHesocmoyHslll hedepanbHebili yHUsepcumem

SYHcmumym npuknadHold mamemamuku [1BO PAH

Email: pereval@iszf.irk.ru

DOI: 10.24412/cl-35065-2022-1-00-86

Mo AaHHBIM CEMCMUYECKMX U METEOPOIOFMYECKUIA CTaHLMIA, A TaK¥Ke ceTeill Ha3eMHbIX MPUEMHUKOB 10-
6aNbHbIX HABUIALMOHHbIX CNyTHWKOBbIX cucTem (FTHCC) nccnepoBaHbl antocdepHble, aTMOChEPHbIE U MOHO-
chepHble BO3MYLLEHUS, BbI3BaHHbIE U3BEPXKEHUEM By/AKaHa XyHra-ToHra-XyHra-Xaanan 15 aHeapsa 2022 r. Ha

ceicmumyeckomn CTaHuMK Tanasa 3aperncTpmpoBaHbl BbI3BaHHbIE N3BEPKEHUEM MOBEPXHOCTHbIE cencmmyeckme
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BOJIHbl PyHAAMEHTaNbHOM M Bonee BbICOKMX MOA, C YacToTamm oT 2 o 6 'u. Ha meTeocTaHumAX B paitoHe 03epa
balikan Habntoganncb KonebaHna atmocdepHOro AaBneHUA ANTENbHOCTBIO A0 29 MUH. s perncrpaumm Bos-
MYLLLEHW B MOHOCHEPE NCMO/Ib30BANNCL AaHHble robanbHbix ceTen npuemHnkos MTHCC (IGS, UNAVCO, SONEL),
pervoHanbHbIX ceTei B ABCTpanmu, Hoeoit 3enaHguu, KaHage, Poccuum, a TakkKe CeTU NOCTOAHHO AENCTBYHOLLNX
npunemHunkos MHCC U3K CO PAH. BbiaBneHbl nepemeLatolimeca MoHochepHble BO3MYLLLEHMA, 0OYCNOBAEHHbIE
nsBepeHnem ByskaHa. OnpegeneHol NapaMeTpbl STUX BO3MYLLEHWUA.

PaboTbl npoBogmMancb B pamKax npoekta Ne 075-15-2020-787 "®dyHaameHTanbHble OCHOBbI, METOAbl U TEXHOIOTUU

UMPPOBOrOo MOHUTOPUHTA U MPOTrHO3MPOBAHMA 3KOJIOTMYECKOM 06CTaHOBKM balikanbcKkon npupoaHoi Tepputopumn”. Obpa-
60TKa gaHHbIx ceTelt THCC BbinosiHeHa Npu pUHaHCOBOM Noaaepkke MUHobpHayku Poccuu.

MNowarosoe NpubanKeHne K NPOrHo3y CUbHbIX 3eMJIETPACEHUI B LEHTPANbLHOM YacTn bakanbCcKon

pUdTOBOI CUCTEMbBI B PaANOU30TONHbIX UCCAEA0BAHUAX BYIKAHUYECKMX NOPOA U NOA3EMHbIX BOA,

C. B. Pacckasos'?, E. M. Yebbiknu3, A. M. Unbacosa?, C. B. CHonkos?, U. C. Yysawosa®?
YYuemumym semHoli kopel CO PAH

2 ipkymckull 2ocydapcmeeHHsiil yHusepcumem

3/lumHonozuyeckuli uHcmumym CO PAH

Email: rassk@crust.irk.ru

DOI: 10.24412/cl-35065-2022-1-02-15

B NpoaBuMsKeHNM K NPOrHO3Yy CUbHbIX 3eMAETPACEHUIA Mbl Aenaem 7 waros: 1) 060cHOBbIBaeM Xapaktep
pa3BMTUA ANOHCKO-balikaNbCKOro reoAMHaMmMYecKoro Kopmuaopa no NpocTpaHCTBEHHO-BPEeMEHHOM aKTUBHOCTH
MCTOYHMKOB BY/IKaHM3Ma, 2) 060CHOBbIBaEM MOAENb COBPEMEHHOW reogMHamuKM B baiKanbckol pudTosoin
cucTemMe no MNPOCTPaHCTBEHHO-BPEMEHHOW aKTUMBHOCTM MCTOUYHWKOB HEOreH-4eTBepPTMYHOrO BY/KaHM3Ma,
3) KOHUEHTPUPYEMCA Ha MPOCTPAHCTBEHHO-BPEMEHHOW 3BONIOLMM MANOLLEH-YETBEPTUYHOrO BY/IKaHU3Ma B
BalikanbCcKoi pubTOBOM 30HE C BbIXOAOM Ha ro/IoLeHOoBble CobbITUA, 4) onpeaensem ceMcMoreHHoe cocTosiHMe
pa3NioOMOB MO pe3y/abTaTam rmapousoTonHbix (3*U/%38U) nccneposaHuit, 5) BbibMpaem YyBCTBUTE/IbHbIE NOAU-
FOHbl 4N19 OPraHn3aLmm rmapomn30TONHOr0 MOHUTOPMHIA M NoyYaem pAg HabatoaeHUM NONHOro celicmoreoam-
HaMMYECKOro LMKAa, 6) onpeaensiem ruaporeoXmmmyeckMmmn MeTogamm BXxoxKaeHvne aedpopmaimin Kopbl B aHO-
MaJjlbHOE COCTOAHUE U 7) NPOBOAUM SKCMPECCHbIN AeTaNbHbIN MTMAPOU3OTONHbIA MOHUTOPUHE CETU CTaHLMIA NO-
JIMFOHA M COCTaBNsAeM 3aKN0YeHUe 0 XapaKkTepe AedopmaLmin Kopbl, COOTBETCTBYIOLNX (MU HE COOTBETCTBYHO-
LLMX) NOArOTOBKE U pPeanms3almm CUAbHOIo 3eMAeTPACEHUA.

PaboTa BbiNno/IHEHA B pamKax npoekTa Ne 075-15-2020-787 "dyHaameHTanbHble OCHOBbI, METOAbI U TEXHOIOTUM Und-

pPOBOro MOHUTOPWHIA U MPOFrHO3MPOBaHMA 3KOIOrMYECKO 06CTaHOBKM BalKanbCcKol NpupoaHou TeppuTopun'.

BansaHMe TemnepaTypHOro pexxnuma rpyHToB Ha ononsHesble gedopmaumm HeoreH-4eTBepTUYHbIX

OTNOXEHWI HA 0. ONbXOH

A. A. PbibueHKo, A. B. KagetoBa, A. A. CBeT/iakoB
UHcmumym 3emHoli Kopel CO PAH

Email: rybchenk@crust.irk.ru

DOI: 10.24412/cl-35065-2022-1-02-16

YYacToK uccnefoBaHua pacnonokeH B 6eperosoit 3oHe octTposa ONbXOH, Ha YYacTKe BblAeNATCA KaK KOH-
CEKBEHTHbIE, TaK M MUHCEKBEHTHbIE TUMbl onoi3Hel [1]. PopmupoBaHme oNoA3HEN NPOMCXOANUT B MOLLHOM TO/ILLE
PbIX/IbIX HEOTEH-YETBEPTUYHbBIX OTIOKEHMSAX C IIMHUCTBIMW NPOcaoAMM [2].

TemnepaTypHbIi PEXUM FPYHTOB XapaKTepM3yeTcs cneayowmnmmn nokasaTensamm. NpotamBaHne MHoOroeT-
HeMep3/bIX TPYHTOB Ha YYacTKe HAYMHAETCs B cepeguHe anpesns U Npogo /iKaeTca BNAoTb A0 HoA6psA, JocTuraeT
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oTMeTKM 2.0 M yKe B Mae, a MaKCMMaNbHOE 3HadeHue TemnepaTtypbl NPUXOAUTCA Ha aBrycT M coCTaBaseT
10.9 °C. Mpomep3aHue rpyHTOB HaUMHAETCA BO BTOPOM NOI0OBUHE OKTAGPA M K KOHLY AeKabpa nponcxoamT npo-
Mep3aHue 40 rnyouHbl 2.0 M. MUHMMaNbHOE 3HauYeHWe TemnepaTtypbl 3adMKCMpPoBaHo B dpeBpane 1 cocTaBaser
—5.6 °C. CoBpeMeHHbIii TpeHA TemnepaTtypbl FPYHTOB MNOKAa3bIBAET NONOKUTENbHYIO TEHAEHLMIO.

KnMmaTuueckne ycnoBus XapaKTepusyeTcs KpaliHe HepaBHOMEPHbIM BHYTPUTOAOBLIM pacnpenaeseHnem
aTMochepHbIX 0CaZKOB — MaKCMMa/IbHOE KOJIMYECTBO OCaAKOB MPUXOAUTCA Ha Ten/bld Nepuog Uoab — CeH-
TA6pb (75—93 % OT ro40BOro0 KO/IMYECTBa 0CaAKOB).

Takum 06pa3om, TeMNepaTypHbIA PEXKUM FPYHTOB M COOTBETCTBEHHO F/TlyBMHA NPOMep3aHUsA U OTTauBaHMUA
HeoreH-4eTBEPTUYHbIX OT/IOXKEHMI, B COYETAHMM C BHYTPUrOLOBbIM pacnpesesneHnem aTmocdepHbIX 0CaAKoB
NPUBOAMUT K aKTMBM3aLLMM OMNOI3HEBBIX AedOpMaL il BO BpeEMEHHOM MHTepBaie COOTBETCTBYHOLLEN MaKCUMalb-
HOM rnybuHe oTTanBaHus.

PaboTa BbiNnoNHeHa B pamKax npoekTa Ne 075-15-2020-787 "dyHaameHTanbHble OCHOBbI, METOAbl U TEXHOIOTUM Und-

POBOrO MOHUTOPUHIA U NPOFHO3MPOBAHMA IKOOrMYECcKon 06cTaHOBKM BalKkanbckoin npupogHon Tepputopun”.
Cnucok nutepaTtypbl

1. CaBapeHckuii ®. M. UHxKeHepHas reonorma. M.: TOHTU. 1939. T. 488.

2. S. Tyszkowski, H. Kaczmarek, M. Stowinski, E. Kozyreva, D. Brykata, A. Rybchenko, V. A. Babicheva. Geology, perma-
frost, and lake level changes as factors initiating landslides on Olkhon Island (Lake Baikal, Siberia) // Landslides. June 2015.
V.12, iss. 3. P. 573-583.

U3yueHune aedopmaumii 3emHo Kopbl balikanbckoi pudToBOM cMCTEMbI MeToAaMn CNYTHUKOBOM

reoaesuu
B. A. Canbkos'?, A. B. /lyxHes!, A. . MupowHunyeHko?, A. B. CaHbkos?, /1. M. Bbizos?

YYuecmumym semHoli kopel CO PAH
2WprymcKuli 20cydapcmeeHHbill yHusepcumem
Email: sankov@crust.irk.ru

DOI: 10.24412/cl-35065-2022-1-02-17

leoaesnyeckas ceTb reoaesmyeckmx baikanbckoro reogMHaMmMYeCcKoro noJiMroHa, 3aa0XxeHHasa 8 1994 r.,
HacunTbiBaeT 6onee 50 NoeBbIX M NOCTOAHHbIX MYHKTOB. MNpuUMeHAeMble MeToApbl CMYTHUKOBOM reofesnmn nos-
BOJIAIOT NPOBOAMUTL LUPPOBOA MOHUTOPUHT ABUKEHUIN M Aedopmaumii 3eMHOM KOpbl Ha PasHbIX MacWTabHbIX
YPOBHAX — OT pUPTOBON CUCTEMBI LLEJIMKOM, A0 30H KOHKPETHbIX aKTMBHbIX Pa3/IoMOB. HYacTb reofgesnyeckmx
HabNOAEeHNI NPOBOAMUTCA HA MYHKTaX KOMMJIEKCHOrO MOHUTOPMHIA ONACHbIX reonornyecknx npoueccos U3K
CO PAH, rge obecneyeHa nepegaya gaHHbIX U3MepPEHUt Ha cepsep LleHTpa MoHMTOpUHra. B pe3ynbtaTe obpa-
60TKM AaHHbIX 3mepeHnii 3a 1994—2020 rr. paccymMTaHbl CKOPOCTU FOPU3OHTA/IbHbBIX ABUXKEHWUI U AedopmaLnit
A5 1OXKHOW YacTu balikanbckon pudToBoit cuctemsl, rae 8 2020—2022 rr. Npon30LL/IM HECKO/IbKO 3emeTpsce-
Huit ¢ M>5.0. CaenaH BbIBOA, O TOM, YTO 3TU CeACMUYECKUE COBbITUA NPUYPOUEHDBI K 30HaM Nepexoaa oT y4acT-
KOB Npeoba1afatoLero pacTAXKeHUsa 3eMHOM KOpbl K y4acTKam ee cxKaTua. NoayyeHHas 3aKOHOMEPHOCTb N03BO-
NAET BbIIB/IATb BEPOATHbIE 30HbI NOATOTOBKM O4AroB CU/IbHbIX 3eMIETPACEHUI ByayLLero Ans onTMMasbHOro
pa3smMelLeHuns ceTelt HabAoAeHWNI 33 UX NpeaBECTHUKAMM.

PaboTa BbinosiHEHa B pamKax npoekTta N2 075-15-2020-787 "dyHaameHTanbHble OCHOBbI, METOAbI U TEXHONOINK LUnd-
pPOBOro MOHUTOPWHIA U NPOrHO3MPOBaHMA 3KOIOrMYEeCcKo 06CcTaHOBKM BaliKanbCcKol NnpupogHoi Tepputopum .
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MOHUTOPUHIr TemnepaTypbl NOPOA LEeHTPa/IbHOM YacTu NpupoaHoii balikanbcKoii TepputTopumn (NoanroH

MpuonbxoHbe)

A. A. CBeTnhakos

UHcmumym 3emHoli Kopel CO PAH
Email: sir.swetlackov@yandex.ru
DOI: 10.24412/cl-35065-2022-1-02-18

LUeHTpanbHaa YyacTb NpUpoHON HalikanbCKOM TEPPUTOPUMN OTHOCUTCA K HOXKHOMN FEOKPUOIOTNYECKOM 30HE.
B ycnoBuMAX COBPEMEHHOIO U3MEHEHUA KAMMATA TEMMNEPATypa Noposa ABAAETCA OAHUM U3 BaXKHEMLLMX NOKa3a-
Tenen NpUPoaHON cpesbl, 0COBEHHO Ha y4YacCTKax Pa3BUTUA MHOFONETHEMEP3AbIX NOpoa,. UccnenoBaHua Tem-
nepaTypHOro pexMma nopog npoBeaeHbl Ha nosnroHe MpuonbxoHbe ceBepHee M. KyAaaa, a Takxe B npegenax
3anagHoro nobeperba 0. ONIbXOH Ha y4acTKe, pacno/ioXKeHHOM CeBEPO-BOCTOYHEE N. XapaHupl. B reokpnono-
FTMYECKOM acneKkTe AaHHasA TeppPUTOPUA OTHOCUTCA K 061acTM peaKOOCTPOBHOINO PacnpoCTPaHEHUA MHOMo1eT-
Hemep3ablX nopos. MowHOCTb IMH3 He NpesbiwaeT 10-15 m, cpegHeroaosas TemnepaTypa M3MeEHAEeTCA B nNpe-
aenax ot —0.1 no —0.2 °C [1].

Bblniv noslyyYeHbl AaHHbIE X042 TemnepaTypbl nopoa. CpegHerofosaa TemnepaTypa Nopos y NoBepxXHOCTH
(0.1 m) nameHsetca B npegenax ot 1.5 go 4.1 °C. nybuHa ce30HHOMEP3/10r0 U Ce30HHOTA/IOrO CN0S AOCTUraeT
2.5-3.0 m. CpegHeroaosas TemnepaTypa B 06/1acTi pacnpocTpaHeHUs MHOToJIeTHEMEP3/1bIX NOPOA, Ha rybuHe
2.0 m n3ameHsaetca B npegenax 2.0-2.2 °C. Ha yyactkax ¢ Tanbimu nopogamm cpeaHerogosaa TemnepaTtypa co-
ctasnsaet 3.0-3.3 °C. B npegenax nonmroHa MNpronbXxoHbe OTMEYAETCA MOJIOKUTE/bHBIN TPEeHA, TeMnepaTypbl
nopog B 06:1acT Ce30HHOTAN0r0 U CE30HHOMEP3/10r0 CNOSA, YTO HEFAaTUBHO CKA3bIBAETCS Ha 06LEeM COCTOAHUM
MHOFO/IETHEMEP3/bIX MOPOA.

PaboTa BbiNnoAHeHa B pamKax npoekTa Ne 075-15-2020-787 "dyHaameHTanbHble OCHOBbI, METOAbl U TEXHO/I0TUM LUnd-
POBOrO MOHUTOPUHIA M NPOTHO3MPOBAHMA IKONOTMYECKON 06CTaHOBKM balikanbCcKol NpupoaHol TeppuTtopumn ™.

Cnuncok nutepaTtypbl

1. Newukos @. H. Mep3nble nopoabl MpuaHrapba n Npubaiikanba. Hayka, 1978, 145 c.

OnbIT BbiAB/IEHUA IMaHALMOHHbIX NpeABecTHMKOB 3emneTpsaceHui B Mpubaiikanbe

K. XK. CemuHckmnin®, A. A. bobpos?, A. A. Muxaiinos?
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MOMCK 3MaHAUMOHHBIX NPeaBeCcTHUKOB 3emneTpsiceHnin B Mpubaiikanbe OCYLLECTBAAICA HA OCHOBE KOM-
NIEKCHOMO aHaIn3a BPEMEHHbIX BapuaLmMii 06beMHOM aKTMBHOCTM NOYBEHHOTO pasoHa (Q) B ABYX NYHKTax Mo-
HUTOpUHra. OHKM BblnM 06opyaoBaHbI B 30He O6pyyYeBCKOro cbpoca — 04HOro U3 Hanbonee KPYMHbIX Pa3IoMOB
Balikanbckol pndToBoi 30HbI (BP3). Ana namepeHnin ncnosib3osanmcb AaTiMkn BMC-2, KoTopble, Kpome napa-
MeTpa Q, Kaxabli Yac GUKCUPYIOT 3HaYeHUA aTMmochepHOro aasneHus (P), TemnepaTypbl U BNAXKHOCTU BO34yXa.
B3aMMHOe conocTaBneHWe BPeMEHHbIX BapuaLmMii U3mepsaeMblx NapameTpoB No3BOJIUIO0 BbIABUTb YCTONYMBYIO
33aBUCMMOCTb U3MEHEHMUI KOHLEHTPAUMKN paJoHa B NoyBe oT aTMOchepHOro AasneHuns. Kpome Toro, yCTaHoB-
JIeH Ce30HHbIA TPeHA, BapuauMii pagoHa, KOTOPbLIN CBA3AH C PEXMMOM MpPoOMep3aHMA-OTTauBaHMUA MOYBbI B
OKPECTHOCTAX MYHKTOB MOHUTOPMHIA. YCTaHOB/IEHHbIE 3aKOHOMEPHOCTM BbIIM MCNOb30BaAHbI NPW NOCTPOEHMMU
Ha 6a3e MeToL0B MCKYCCTBEHHOIO UHTENNEKTA MOoAEeNel BPeMEHHbIX BapuaLmMii napameTpa Q ANs KaxKaoro us
MYHKTOB MOHMTOPUHIA. ConocTaBfeHME MOZE/bHbIX BapuaLMin C pAgaMu, MOJYYEHHbIMU AAA Nepuosa
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npoasneHna 8 bP3 Tpex 3emnetpaceHnin c M = 5.4+6.8, NO3BONAET CYUTATb UCMOJIb30BAHHbIA NOAXOA, NePCreK-
TUBHbIM /17 OOHapyKeHMA 3MaHaLMOHHbIX MPeABeCTHUMKOB onacHbiXx ana [lpubalikanbs CerncMUYECcKUx
cobbITUA.

MNoaxoa K MarHUTOTENNYPUYECKOMY MOHUTOPUHIY TEKTOHMYECKO aKTUBU3aUMKN Ha bailkanbckom pudre:

Npou3BoACTBEHHaA TeXHON0rna u 06paboTka AaHHbIX

N. K. CemuHckuin!, A. B. NMocnees?, A. . Tpuroptok?, /1. N. bparuHckas’?

YMuemumym semHoli kopel CO PAH

2WlHcmumym gbiyucaumensHol Mamemamuku u mamemamudeckoli 2eopusuku CO PAH
Email: iks@crust.irk.ru

DOI: 10.24412/cl-35065-2022-1-02-20

MepnoaMyYHOCTb pa3pyLUUTE/IbHbIX 3EMIETPACEHNIN HA TeppuTopun baKanbcKol pnudTOBOIM 30HbI COCTaB-
NIFIeT OKOJI0 ABYXCOT JfieT. MNocnefHMM Taknm 3emeTpaceHnem 6biio LiaraHckoe (marHutyaa okoso 7.5), npo-
nsowegwee 8 genbte pekn CeneHrn 11 aHsapa 1862 r. MHbIMK cnoBamm, BbICOKA BEPOATHOCTb O4YepeaHOoro
CUABbHOTO 3emneTpaceHma B bamxkanwmne 40-50 net, 4to ycMnmeaeT HeOBXOAMMOCTb PA3BUTMA MPOrHOCTUYE-
CKOro NoaxoAa 30H TEKTOHMYECKON aKTUBMU3aL UK.

B Komnnekce MeTo4,0B MOHUTOPUHIA eCTECTBEHHbIX reodU3nYeCKNX NONEN, peasinlyemblix Ha bakanbckom
pudte, B 2020 r. f0b6aBUACA MAarHUTOTENNYPUYECKUA MOHUTOPUHT. BaxKHO OTMETUTb, YTO MOHUTOPUHI ABYX
KOMMNOHEHT FeEOMAarHUTHOIO M TPEX KOMMOHEHT 3/1IEKTPOTENNYPUYECKOTO NONEN BeAETCA B peasibHOM BPeEMEH U
NocpeAcTBOM CrneumasibHO pa3paboTaHHOM TeeMeTPUUYECKOM MOHUTOPUHIOBOM cTaHUuMmM SMT-32. Yike B nep-
Bble MeCsLbl METOZ, NOKa3as CBOM NOTEHLMA/ NyTEM BbisiBJIEHUS KPAaTKOCPOUHbIX (QHOMasIbHOEe NoBeAeHMe Bep-
TUKA/IbHOW KOMMOHEHTbI SNEKTPOTETYPUUECKOTO NOJA) U CPefHECPOUHbIX (M3MEHEHMEe 31eKTPONPOBOAHOCTH
ceMcMmoreHepupytowero cnos) npeaBecTHUKoB rotosAwerocs KygapuHckoro semnetpsaceHma (9.12.2020, mar-
HUTyAaa 5.5).

OTAenbHbIM YHUKAbHBIM 610KOM NOAX0Aa K MOHUTOPUHIY ABAAETCA 3NEKTPOHHan naatdopma, No3Boas-
towan obpabatbiBaTh pAAbl HAbOAOAEHMI U BU3YaNM3MPOBaTb Ha €4AMHOM NJIaHLWeTe KaK AaHHble MarHUToTeN-
JIYPUYECKOro MOHUTOPUHTIA, TaK U AaHHble BCEro KOMMJ/EKCa METOA0B PEXMMHbIX HABAOAEHUIA.

PaboTa BbINo/IHEHA B paMKax npoekTa MuHobpHayku PP Ne 075-15-2020-787 "dPyHAameHTanbHble OCHOBbI, METOAbI
N TEXHONOTUKN LMGPOBOr0O MOHUTOPMHIA U MPOrHO3MPOBAHUA 3KOOTMYECKON 06CTaHOBKM balikanbCKol npupoaHon Tep-

putopun".

M3meHeHMne ruaporeoXxmmmyeckmx yCA0B1Mii Noa, BAMAHUEM TEXHOTEHHbIX NPoLLeccoB Ha YP6aHU3MpoBaHHOM

BaliKa/ibcKoW npupoaHoU Tepputopuu (Ha npumepe noavroHa "JincreaHka")

M. A. LLonoxos

UHcmumym 3emHol Kopel CO PAH
Email: sholokhov@crust.irk.ru

DOI: 10.24412/cl-35065-2022-1-03-21

BbinonHeHa oLeHKa Npeobpa3oBaHUA rMapPoreonorniyeckor o6cTaHoBKU MpKYTCKOM ropoacKoi arnomepa-
UMK 3a UCTeKWwKe 6onee Yem NOSIBEKA. YCTAHOB/IEHO, TEXHOTEHHAA KOMMNOHEHTA Bblpa3uiacb B USMEHEHUM pe-
YKMMa M KayecTBa NoA3eMHbIX BOA,. 3adUKCMPOBaAHbI POCT YPOBHA NOA3EMHbIX BOA, M NOATONEHME YacTU FOPo4-
CKOM TeppPUTOPUM, NOBbILIEHME TEMMNEPATYPbLI, MUHEPaAN3aLMM, USMEHEHME XMMUYECKOTO COCTaBa NoA3eMHbIX
BoZ. Co3aaHbl rpadpuyeckme Mogenm U3SMeHeHNa rmapPoreoXMMmUIYECcKUX YyCA0BUN ypbaHN3MPOBaHHOM balikanb-
CKOM NPUPOAHOM TePPUTOPUN B BUAE KOMMJIEKTA KapT macluTaba 1:5000 1 1:25000, cBMAETENbCTBYOLIMUE O TOM,

4yTO HaVI60}1bLLIEMy TEXHOreHHoMy BO3,£I,€17ICTBVII'O noaseprnncb noasemHbie BoAbl anatoBUNaibHbIX OT/NI0XKEHUM
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NorMbl U HaZNOMMEHHbIX Teppac. B mectax HanbosblLero NpeccnHra NPousoLLen PocT MUHepanm3aumm noa-
3eMHbIX Bog, A0 3—6 r/am3. Copepxanune dpocdatos gocturno MAK, xnopuaos, cynbdpatos npesbicuno MAK 8 2—
3, a aN1eMeHTOB a30THOWM rPynnbl, MapraHua, *enesa B 300—600 pa3. OCHOBHbIE MCTOYHMKN TEXHOFEHHOrO 3a-
rpA3HeHWA Ha noanroHe "JIcTBAHKA" — NpaBobeperkHble OUNCTHLIE COOPYKEHWUSA C NIOLLAAKaMM OTBAIOB CHEra,
CBasika TBepAbIx 6bITOBbIX 0TX0408B, UNKMHCKOE HedTeXpaHUAWLLE, 30100TBaA U Npomnaowaaka Hoso-UpkyT-
cKkom T3LL.

PaboTa BbINoNHEHA B pamKax npoekTa Ne 075-15-2020-787 "®PyHaameHTaNbHble OCHOBbI, METOAbI U TEXHOIOTUU Und-

pPOBOro MOHUTOPWUHIA U NPOFHO3MPOBAHMA 3KOIOFMYECKOM 06CTaHOBKM BalKanbCcKoi npupogHoi Tepputopum'.
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MWUHU-CUMIMNO3UYM

MeTtoabl MaTeMaTUYECKOrO MOAENUPOBAHUA ANA OL,EHKU U NPOTrHO3MPOBaHUA
9KoN0rMyecKoit 06ctaHoBKM bailkanbCKo NPUPOAHOIN TeppUTOpPUN

CToxacTnyeckoe moaeanpoBaH1e rTMAPOMETEOPOIOTMYECKUX NPOLLECCOB B KOXHOW YacTu bailkanbckoi

NpUPOAHOI TePPUTOPUN

M. C. AKkeHTbeBa, B. A. OropogHukos, H. A. Kapranonosa

UHCcmumym sbivucaumensHol mamemamuKku u mamemamu4eckoli eeogpusuku CO PAH
Email: nkargapolova@gmail.com

DOI: 10.24412/cl-35065-2022-1-02-31

B noknage npepcrasneH 0630p pesynbTaTtos, NoayvyeHHbIX npu BbinoaHeHun KHIM Ne 075-15-2020-787.
anBeAeHO onucaHme CToxacTM4YecKon Mmoaenn NPoCTPpaHCTBEHHO-BPEMEHHOIo NoaA KoOMnieKkCa meTteonapa-
MeTpPOB (TemnepaTypbl BO34YyXa U €ro OTHOCUMTE/IbHOM BIAXKHOCTM, MOAY/1A AN OPTOrOHaNbHbIX KOMMOHEHT BEK-
TOpa CKOPOCTU BETpPA, KO/IMYECTBA 0CaAKoB 1 Ap.) [1]. BxogHbiMK NapameTpamun NpeasioXKeHHOW Moaenn ABNs-
I0TCA 3aBuCcALME OT BPpEMEHHbIX U MPOCTPAHCTBEHHbIX KOOPAMHAT OAHOMEpPHbIe pacrnpeaeneHMa meTteonapa-
METPOB U UX B3aUMHaA KoppenaumoHHaa maTtpuua. NpoaeMoHCTpUpoBaHbl ABa NpUmepa NpMMeHeHNa npea-
CTaB/IEHHOIO CTOXaCTUYeCcKoro "'reHepaTopa norogbl". B pamkax nepBoro npumepa nokasaHa BO3MOXHOCTb MO-
AennpoBaHnA NPOCTPAHCTBEHHO-BPEMEHHOIO NosA MHAEKCa XO0/1040BOro CTpecca, a B paMKax BTOPOro — BoO3-
MOXHOCTb MCCNea0BaHMA CTOKA p. CAloAAHKA KaK GYHKLMM KONMYECTBA OCAAKOB, BbiNaBLKX B ee baccenHe.

PaboTa BbinosHeHa B pamKax rpaHTta Ne 075-15-2020-787 MuHUCTEpCTBa HayKM U Bbicwero obpasosaHma PO Ha Bbli-
NONHEHME KPYMHOro Hay4YHOro NPoeKTa No NPMOPUTETHLIM HaMpPaBAEHUAM HAyYHO-TEXHOIOTMYECKOTO Pa3BUTUA (NPOEKT
"dyHAameHTanbHble OCHOBbI, METOZbI U TEXHONOTMW LMPPOBOTrOo MOHUTOPUHIA U NPOrHO3UPOBAHUA SKONOTMYECKOM 06CTa-
HOBKM BalKkanbcKkoi npupogHon Tepputopun®).

Cnncok nutepaTtypbl

1. Akenteva M. S., Kargapolova N. A., Ogorodnikov V. A. Development of a numerical stochastic model of joint spatio-
temporal fields of weather parameters for the south part of the Baikal natural territory // RINAMM. 2022. Vol. 37. Ne 2.
P. 73-83. DOI 10.1515/rnam-2022-0006.

Mcnonb3oBaHMe AaHHbIX U aHaAU3 3G PEKTUBHOCTU reTeporeHHbIX CUCTEM MOHUTOPUHIA KayecTBa BO3ayXxa

A. B.TleHeHKo, B. B.eHeHKO, E. A. LiseToBa, A. B. Nlo4akos, E. B. PycuH, 3. A. lNbaHoBa, B. C. CKopuk
UHCcmumym sbiyucaumensHol mamemamuKku U mamemamu4eckol eeogpusuku CO PAH

e-mail: aleks@ommgp.sscc.ru

DOI: 10.24412/cl-35065-2022-1-02-32

Mcnonb3oBaHWe PasHOPOAHbIX TUMOB AaHHbIX MOHUTOPWMHIA MNO3BO/SET NOBbICUTb TOYHOCTb CUCTEM aHa-
JIM33a M NPOrHO3MPOBaHMA KauecTBa Bo3ayxa. KntoueBol aBnseTca 3aga4a naeHTMdMKaLmMm UCTOYHUKOB, 414 pe-
LUEHWNA KOTOPOM NPUMEHSETCS NOAX04, C UCNO/Ib30BAaHMEM ONEpPaTOPOB YYBCTBUTE/ILHOCTU MOAE/Nel nepeHoca
N TpaHchopmauumn npumecein. AHcambieBas KOHCTPYKUMSA ONepaTopoB MNO3BO/SET eCTeCTBEHHO KOMBOUHUPO-
BaTb Pa3/IMYHble TUMbI AAHHbIX U3MEPEHUI B OAHOM OMepaTOpHOM ypaBHeHuM [1, 2] n pacnapannenvsaTb ero
BbluncneHme. CTpyKTypa onepaTopHOro ypaBHEeHUA NO3BOAET aHaNN3MPOBaTb MHPOPMATUBHOCTb AAHHbIX U3-
MepeHuit. MpusogaTcA pesynbTaTbl PaboTbl C MOAENbHBIMU U peasibHbIMU AaHHbIM AnA BaikanbcKo npupos-
HOM TeppUTOpPUN.

PaboTa BbinonHeHa nNpu ¢mMHaHcoBOM nogaep:Kke rpaHta Ne 075-15-2020-787 B dopme cybcnamm Ha KpynHbIA Hayy-

HbIX NPoeKT MMHUCTEPCTBA HayKM U Bbicluero obpasoBaHua Poccuitickon deaepaumu.
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Cnucok nutepatypbl

1. Penenko, A. Penenko, V., Tsvetova, E., Gochakov, A., Pyanova, E., Konopleva, V. Sensitivity operator framework for
analyzing heterogeneous Air Quality Monitoring Systems // Atmosphere. Vol. 12, N 12 MDPI AG p. 1697. DOI: 10.3390/at-
mos12121697.

2. Penenko, A., Penenko, V., Tsvetova, E., Gochakov, A., Pyanova, E., Konopleva, V. Sensitivity operator-based approach
to the interpretation of heterogeneous air quality monitoring data // Large-Scale Scientific Computing, Springer Interna-
tional Publishing, 2022. P. 164-171. DOI: 10.1007/978-3-030-97549-4_19.

OueHKa aTmocdepHOro 3arpa3HeHUsa B paiioHe 1o0XKHoro balikasa no gaHHbiM HabaoAeHUN AbIMOBbIX

wneiidos TIL,
B. ®. PanyTa, A. A. JlexkeHuH

UHCcmumym ebiyucaumensHol mamemamuKu u mamemamu4eckoli eeogpuzuku CO PAH
Email: raputa@sscc.ru
DOI: 10.24412/cl-35065-2022-1-02-33

ObiMmoBble wnendbl oT Tpyd KpynHbix TIL, nepeHocATca Ha bonblwKne pacctoaHus. MNpeanoKeHbl moaenu
YMCNEHHOTO BOCCTAHOB/EHUSA MOJIe KOHUEHTPAUMUIM NpUMecel B neproabl NPoXoXxKaeHua wneindos BbI6pocos
B palioHe ctaHuum EANET, pacnosiokeHHoM B noc. JiucreaHka. Obcyxaaetca npobsiema oUueHMBAHUA NapameT-
pPOB NMoAgbema AbIMOBbIX CMecel OT BbICOTHbIX TPy TILlL. B KayecTBe 6a30BbiX COOTHOLIEHWUI WUCMNOJb3YHOTCSA
ACMMNTOTUKWN PEeLUEHMUA YPaBHEHMA TypOyneHTHON Anddy3nm, ypaBHEHUA TMAPOTEPMOANHAMUKN aTMOChepbl
[1, 2]. MpuBneKatoTCs AaHHbIE U3MEPEHUN METEOCTaHLUMIA U CNYTHUKOBas MHdopMauus.

BbINOIHEHbI OLEHKM TPAEKTOPUI U BbICOT NOAbEMA AbIMOBbIX WeidoB oT Tpybd Hoso-UpkyTckon TIU, My-
cmHoo3epckow MPIC. Ana tepputopumn HOxKHoro Balikana npeacTtaB/ieHbl pe3ynbTaTbhl MasionapameTpuyeckon
PEKOHCTPYKLMM NONEN KOHLUEHTPALMIA U onpeaeneHma SMUCCMM NPUMECEN OT YAaNEHHbIX MCTOYHMKOB.

PaboTa BbinonHeHa B pamkax rpaHta Ne 075-15-2020-787 MuHobpHayku PO.
Cnuncok nutepaTypbl

1. bepnsaHg M. E. CoBpemeHHble npobaembl aTmocdepHoit gnuddysnm u 3arpasHeHns atmocdepsl. J1.: FTnapomereons-
pat, 1975.
2. Panyta B. ®., llexxeHnH A. A. OugHKa ANHAMUYECKMX U TEMJIOBbIX XapaKTePUCTMK Nogbema AbIMOBOro gpakena no
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