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NNEHAPHAA CEKUMUA

YucneHHble meToabl pelleHUs HEKOTOPbIX 3aZa4 ¢ peweHamm Tuna "6eryuwieit BonHb!"

B. B. Bacunbes, K. I. UnbnHa
Cegepo-BocmouHslli hedepansHelii yHusepcumem um. M. K. Ammocosa

Email: vasvasil@mail.ru

MaTemaTnyeckoe MoLeNPOBaHME aKTYaNbHbIX MPUKNALHbIX NPOBAEM HAYKM U TEXHUKM BO MHOTUX UHTe-
PECHbIX NPUNOXKEHMAX NPUBOLMUT K 3aZa4aM, UMEOLMM peLleHns Tuna berywei BoaHbl. Mpumepamm nosob-
HbIX 334,34 ABAAIOTCA Ha4yaIbHO-KPAeBble 3a4a4M A1A YPaBHEHWUIN: NepeHoca, KOHBEKTUBHOM anddy3um, Xonda,
Broprepca, baknesn — JlesepeTtTta, Kosimoroposa — MNeTposcKoro — MNuckyHoBa (Puwepa), Koptesera — ge Bpuca,
KBasuaMHenHoe napabosimyeckoe ypaBHeHME.

B noknape npeactaBneHbl 3pPeKTUBHbIE YNCAEHHbIE METOAbI PELLEHNA HAYa/IbHO-KPaeBbIX 33434 HEKOTO-
pbIX U3 NepeyncieHHbIx 3agad. MNpu aTom gns ypaBHEHUI, OL4HOBPEMEHHO OMMUCbIBAOLWMX Pa3anYHble pusnye-
CKMe npoueccbl LenecoobpasHo MCNnonb30BaTh pacluenseHne no pusnyeckmm nporeccam. B cnyyae mHoromep-
HbIX 33434 MCMO/Ib3yeTCA pacLLenieHne No HanpaBaeHUAM.

PaccmoTpeHbl TpM HavyanbHO KpaeBble 3a4a4m ana anddepeHumnanbHbiX YpaBHEHWUIN C YaCTHbIMUW NPOU3BOA-
HbIMU:

— Aana 3apayun baknea —JlesepeTTa € pa3pbIBHbIM peLleHneM NoCTPOeHa Pa3HOCTHAA CXeMa CKBO3HOrO cyeTa
"ABHbIM YronoK" ¢ BpeMEeHHbIM LIArom, onpegensaemMbim U3 ycnosus PeHKMHa — MoroHMo Ha CKauykKe;

— B 3aga4e Konmoroposa — MeTtpoBckoro — MuckyHoBa (Puepa) npu 3aaaHUM GUHUTHOTO HaYa/IbHOMoO
YC/I0BMA NOCTPOEHA IMHEWHAA PAa3HOCTHAA CXeMA CO cneumanbHo NogobpaHHbIM BPEMEHHbIM LIArOM;

— 33afa4a 4NA KBasuaMHenHoe napabosMyeckoro ypaBHeHME YYUCTON TENNONPOBOAHOCTU C GUHUTHBIM
Haya/IbHbIM YCNOBMEM, UMEIOLLIMM peLleHne Tuna "beryLiei BoaHbI" ¢ 3343aHHOM CKOPOCTLIO MCMNO/Ib30BaHA He-
ABHaA Pa3HOCTHAA CxeMa CKBO3HOrO cyeTa.

MpuBeaeHbl pe3ynbTaTbl BbIMUCANUTENBHOTO SKCNEPMMEHTA, NOKa3aBLIMe AO0CTaTOYHO BbICOKYHO BbIMMCAU-
TeNbHY0 30 PEKTUBHOCTb NOCTPOEHHbIX aNTOPUTMOB.

PaboTa BbiNo/IHEHA NpPU PUHAHCOBOM Noaaep KKe rpaHTa PH® Ne 23-41-30013.

YcToliumBble MeToAbl pelieHus: 06paTHbie 3a1a4M U YCI0BHasA BbINyKAas MUHUMMU3ALMA
B. B. Bacun?, W. A. TaliHoBa?

TMHcmumym mamemamuku u mexaHuku YpO PAH

2MHcmumym mamemamuku um. C. /1. Cobonesa CO PAH

E-mail: vasin@imm.uran.ru

ObpaTHana HEKOPPEKTHO MOCTaB/eHHan 3ajaya paccmaTtpuBaeTca B Gopme YCA0BHOW MUHUMM3ALMK He-
BA3KM NIMHenHoro onepatopa min{| |Au-f| |? : uEQ}, rae ponyctmumoe MHoxecTBo Q 3a4aHO CUCTEMaMM SIMHEN-
HbIX PABEHCTB W HEPaBEHCTB B r’M/Ib6EPTOBOM NPOCTPaHCTBe. B obwem cayyae Bce BXOAHble AaHHble A, f, Q 3a-
[aHbl C NOrpewHocTbIo. Mocne cBegeHnA UCXOLHOM 0bpaTHOM 3a4a4mM K SKBUBAJIEHTHOM MOCTAHOBKE HAaXOXKAe-
HWA HenoABUXKHOM TouKe onepaTtopa T(u) = Pq (U — B(A*Au — A*f)) ycTaHaBAMBaeTCA, YTO B YC/IOBUAX NPUBAN-
YKEHHOTO 334aHUA OaHHbIX METO, NOC/eA0BaTeNbHbIX NPUBAMKEHUI, MOAMDULMPOBAHHLIN C MOMOLLbIO KOp-
PEKTUPYIOLLMX MHOMKUTENEN NMOPOXKAAET PETYAAPUIYIOLLMIA aNTOPUTM aNNPOKCMMaLMM HOPMAJIbHOTO pPeLleHns
o06paTHOM 3a4aum [1]. 3ameTrm, YTO CYLLECTBYIOLLME NPAMbIE METOAbI PeLleHNA 3a4a4M KBagpaTUYHOMN YCNoB-
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HOM MUHMMM3AUUM [2] 3TUM CBOMCTBOM He 06/1agatoT. AHaNOIMMYHbIM NoAxo4 NO3BOAAET NOCTPOUTb UTepaLm-
OHHbI NPOLLECC pPeLleHns 3a43a4N MUHUMMU3ALLMKN BbINYKAOro GYHKLMOHANA Ha AONYCTUMOM MHOXecTBe Q, 3a-
OAaHHOM CUCTEMOM BbINYK/bIX HepaBeHcTB. O6CyKaatoTca pesyibTaTbl YNCAEHHbIX SKCMNEPUMEHTOB ANA MOAEb-
HbIX HEKOPPEKTHbIX 33434 BbIMYKJA0M MUHUMMU3ALUN U JAETCA CPAaBHUTENbHbIA aHaNNU3 MEeToA0B.

CnucoK nuTepaTtypbl

1. BacuH B. B. UTepaumoHHble npouecchl penepoBCKOro TMNa B 3a434e YCNOBHOM KBaAPaTUYHOM MUHUMMU-
3aumn // Tpyabl UH-Ta matemaTMkn n mexaHuKkn YpO PAH. 2023. T. 29, Ne 2. C. 26-41.
2. Lawson C.T, Hansen R. J. Solving least squares problem. Philadelphia: 1995, 2009.

DNEKTPOMArHUTHbIA MOHUTOPUHT HA BULIKEKCKOM NPOrHOCTUYECKOM NMOAUTOHE: NPo6aembl U peweHus
t0. A. Jawescknin®?, A. K. Pbibnn?, W. H. Enbuos®
IHosocubupckuli 20cydapcmeeHHsbIll yHUsepcumem

2HayuyHasa cmaHyusa PAH, Buwkek
3UHCMumym sbiyucaumensHoli Mamemamuku u mamemamuyeckoli 2eogpusuxu CO PAH

E-mail: dashyuly48@mail.ru

N3naraeTcs nateHTyemMbln cnocob NPOrHo3npoBaHNA NPUBAMIKAIOLWErocs CEMCMMUYECKOro cobbiTuA Ha Tep-
pPUTOPUM BULLKEKCKOTO NPOrHOCTUYECKOrO MNOJIMIOHA, OCHOBAHHbIM HA MOHUTOPUHTIE TEH304YBCTBUTE/IbHBIX (MH-
OMKATOPHbIX) Y4aCTKOB MACcCMBa FOPHbIX MOPOL, 31EKTPUYECKME CBOMCTBA KOTOPbIX 0COBEHHO YYBCTBUTE/bHbI K
BapMaLMAM HanPAXKEHHOro COCTOAHUA B O4AroBbIX 30HAX. Pe3yabTaT A4OCTUraeTcs Ha OCHOBE BbINOJIHEHUSA Clie-
OYIOLWMX Onepaumit.

BbINONHAIOT MOHUTOPUHI HECTALMOHAPHOIO 3/IEKTPUYECKOTO MOAA 3a3eMIEHHOW 3/1EKTPUYECKON IMHUN.
Mcnonb3ytoT CyLLEeCTBYIOWYO CETb M3MEPUTE/bHbIX CTaHLMIA U €XKeCyTOUYHO Ha Kaxgol U3 cTaHUMIA NpoBOAAT
3—6 ceaHCOB U3MepEHUIA.

O6pabaTbiBaloT NOIYyYEHHbIE CUTHANDbI, A5 KaXKAOW U3 CTAHUMIA BbIYUCAAIOT CPeAHEeCYTOYHbIE 3HAYEHUs
TPex MHANKATOPOB: BpeMSA NPUX04a MaKCUMYMA CPeAHECYTOYHOTMO CUrHAa B NYHKT U3SMEPEHMUS, BOSIbT-BPEMEH-
HasA XapaKTepUCTMKa CPeaHEeCYTOUYHOro MMNYbCa, CPeAHUI [0BEPUTENbHbIA MHTEPBAN CYTOYHbIX HABAOAEHWUIA.

CTpoAT Tpn BPEMEHHbIX PAAA HA OCHOBE CPeAHECYTOUYHbIX 3HAYEHWUIN KaXKA0ro U3 MHANKATOPOB U ANA KaxK-
001 U3 CTaHLMIN NPOBOAMTCA CPAaBHUTE/IbHbIN aHAIN3 BPEMEHHOM AMHAMMUKM 3HAYEHUIN MHAMKATOPOB Ha Npea-
MET BbliIB/IEHUA CUHXPOHMU3MPOBAHHbIX MO BPEMEHW aHOMA/INM YCTOMUNBOM GOPMbI HA BCeX Tpex pAaax.

PaccmaTtpmBatoT CMHXPOHU3MPOBAHHbIE aHOMAIMN UHAMKATOPOB KaK €AUHYH TPEXKOMMNOHEHTHYHO CUTHA-
TYpY reonormyeckoro BeLLecTBa, pearMpyroLlero Ha NoAroToBKy CEMCMOTEKTOHMYECKOTO cObbITUA, HA OCHOBE
Yyero AeNatoT BbIBOA, O €ro NpUBAUKEHNN.

MHoroceTouHble meTodbl AeKoMmno3nuum obnacreii B nognpocrpaHcrsax Kpbinosa
B. M. UnbnH
UHCcmumym eblyucaumensHol mamemamuKku u mamemamu4eckoli 2eogpusuxku CO PAH

E-mail: ilin@sscc.ru

UccnepytoTca npenobycnoBneHHble UTepaLMOHHbIE METOAbl ANA pelleHnn paspeskeHHbIx C/TAY Bbicliero
nopaAKa, BO3HUKAOLWMWX NPU CETOUYHbIX annpoKCMMaLMAX MHOFOMEpPHbIX KpaeBbiX 3agad. Mpeanaratorca Kom-
H6UHMpPOBaHHble anrebpanyeckne mMeToabl AeKoMno3numm obnacteit ¢ UCNONb30BaHNEM MHOFOCETOYHbIX NoA-
xoa08 B nogobnactax [1, 2]. UTepaupmoHHble NPOLLECChl KOHCTPYMUPYIOTCA Ha OCHOBE B104HbIX aIfOPUTMOB He-
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nonHon GbaKkTopmsaLumnmn C AMaroHabHOM KomneHcaumen, GopmMyanmpyembix C MOMOLLbIO CTPYKTYP AaHHbIX, CO-
YeTaloLMX XapaKTePHble CBOMCTBA MHOIOCETOYHbIX NMOAXOA0B M anrebpanyeckon gekomnosvuum obnacteit
(ADDMG) B nognpocTtpaHcTBax KpblioBa. MccneaytoTca cBOMCTBa Nosly4aemblX aAropuTMoB A1 PeLIEHUA CUM-
METPUYHbIX U HECUMMETPUYHbIX anrebpanyeckunx cuctem. Obcyxaatotca apPeKTnBHbIE TEXHONOMMKU pacnapan-
NenBaHMA aNTOPUTMOB Ha MHOTOMPOLLECCOPHbIX BbIMUCAUTENBHBIX CUCTEMAX C pacnpeseneHHON U nepapxmye-
CKoM 0bLuel namaTblo. MpmMBoAATCA NpeaBapUTenbHble Pe3yibTaTbl YACEHHbIX IKCNEPUMEHTOB A5 NpeacTa-
BUTE/IbHOM CEPUN METOANYECKMX 3a4au.

Cnuncok nutepaTypbl

1. Gurieva Y. L., Il'in V. P., Kozlov D. I. Parallel domain decomposition methods with graph preconditioning
// Proc. Parallel computational technologies (PCT'2023). P. 215-228.

2. Batalov V. M., Gurieva Y., Petukhov A. On parallel multigrid methods for solving systems of linear al-
gebraic equations // Sokolinsky, L., Zymber, M. (eds.) Parallel Comput. Technol. PCT 2023. Communications in
Computer and Information Science. V. 1868. Springer.

HeKkoTopble 0cO6eHHOCTU METOA0B U a/IOPUTMOB MOAEIMPOBAHUA TPEXMEPHbIX CKMMAEMbIX TeYEHUI

Ha NPOnN3BOJIbHbIX HECTPYKTYPUPOBAHHbIX CE€TKaX

A. C. Kosenkos
&oryn "PoALU-BHUNI®", 2. Capos

Huxceaopodckuli 2ocydapcmeeHHbili mexHuveckuli yHusepcumem um. P. E. Anekceesa

B faHHOM 0630pHOM AOKNaAe NPUBOANTCA ONUCAHNE HEKOTOPbIX aKTyasIbHbIX a/IF0OPUTMOB, UCMO/Ib3YEMbIX
Nnpu MOLENMPOBAHUN CHUMAEMbIX TEYEHUI C OPUEHTaLMEN AN MPUMEHEHMA HA HECTPYKTYPUPOBAHHbIX CETKAX
[1-3] c KoHeyHO-06bEMHOM AUCKpeTM3aumen ypaBHeHMN HaBbe — CTokca. PaccmaTtpuBatoTca cxema pacyeTa
rpagAneHToB, MoamMduLMpPoBaHHasA CXeEMA OrpaHNYMUTENEN, CXEMA PAacYeTa KOHBEKTMBHbIX NOTOKOB C rMbpuaHoi
anceunaumnen, mogmduKkaums MoLeN PENHONbACOBbLIX HAaNPAXKEHUNA AN1A pacyeTa OTPbIBHbIX TEYEHUN, METOS,
CTaTMYECKOM adanTaunm CETOYHOM MOAENN U MHULMANMU3ALUMA HayabHOro pelweHua. NMpusoaatca npumepsbl
peleHns NHAYCTPUaNbHbIX U GYHAAMEHTANbHbIX 33434 AMHAMUKKN CXKMMaeMoro rasa. basoin gna peanmsaunm
N YNCNEHHbIX 3KCNEPUMEHTOB BbICTYNAET NaKeT nporpamm «Jloroc».

Pe3ynbTaTbl NONyYeHbl NPU NOAAEPKKE HALMOHANbHOIo NpoekTa "HayKka n yHnBepcuteTbl" B pamKax nporpammbl Mu-
Ho6pHayKun P® no cospgaHnto mosoaekHbix nabopatopuii Ne FSWE-2024-0001 (HayyHas Tema "Pa3paboTKa YNCNEeHHbIX Me-
TOA408B, MO,EI,eJ'IeVI U anaropnuTmos gna onncaHnAa rmapoanHaMUYECKUX XapPaKTEPUCTUK )KVI,CI,KOCTGVI N ra3oB B eCTeCTBEeHHbIX

NPUPOAHbBIX YCNOBUAX, N YCNOBUAX QYHKLMOHUPOBAHNA MHAYCTPUANbHbIX 06BbeKTOB").
Cnucok nutepaTtypbl

1. Deryugin Y. N., Emel'yanova Y. V., Zhuchkov R. N., Utkina A. A. Hybrid dissipation scheme as applied to
computational aeroacoustics // J. Comput. Math. and Math. Phys. 2018. Vol. 58, No. 9. P. 1426-1434.

2. Zhuchkov R. N., Utkina A. A. Combining the SSG/LRR-w differential Reynolds stress model with the de-
tached eddy and laminar-turbulent transition models // J. Fluid Dynamics. 2016. No. 51. P. 733-744.

3. Utkina A. A,, Kozelkov A.S., Zhuchkov R. N., Strelets D. Yu. Numerical study of the influence of the critical
Reynolds number on the aerodynamic characteristics of the wing airfoil // Fluids. 2023. No. 8. P. 276.
https://doi.org/10.3390/fluids8100276.
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CToxacTMyeckoe MoaenpoBaHMe AUHAMUKU NoNyasLUUiA C y4eTOM NPOCTPAHCTBEHHOW HEOAHOPOAHOCTU

W N1I0KaJIbHbIX OrpaHUYEHUIA HA Pa3MHOXKeHUe UHAUBUAYYMOB

K. K. lornHos, H. B. Mepues, B. A. Tonuuii
UHcmumym mamemamuku um. C. /1. Cobonesa CO PAH

E-mail: kloginov85@mail.ru

MpeacTaBneHa HeNpPepbIBHO-AMCKPETHAA CTOXacTUYeCcKas MoAe b, ONMMCbIBAOWAA AMHAMMKY NPOCTPAHCT-
BEHHO HeogHopoAHOMN nonynaumu. UHAMBMAYYMbI MONYAALMM HAaXo4ATCA B CUCTEME, COCTOALLEN U3 ABYX CO-
eOVHEHHbIX MeXay coboil KoMMmapTMeHToB. MepemelieHne MHAMBUAYYMOB MEXKAY KOMMNAPTMEHTaMM Oocy-
LLECTB/IAETCA N0 OAHOHAMNPaBAEHHbIMU TPYOKam. JANTeNbHOCTU NepemMeLLEHNA MHANBUAYYMOB No TpybKam 3a-
[AaHbl KOHCTaHTaMM UK GYHKLMAMM, 3aBUCALLMMU OT BpemeHU. HANBUAYYMbI, HaxoaawMecs BO BTOPOM KOM-
NapTMeHTe, MOTyT KOHTaKTMPOBaTb C OAHUM M3 LEHTPOB Pa3MHOMKEHMS, PACTOIOKEHHbIX B 3TOM KOMNapT-
MeHTe. B pesy/ibTaTe OCyLLECTB/IEHUA KOHTAKTa C LEHTPOM Pa3sMHOMKEHUA UHAMBUAYYM HAYMHAET npouecc ae-
NleHuns. PasMHOMKeHWe BO3HUKAIOWMX 33 CYET AeNeHUs UHAMBUAYYMOB MPOUCXOANUT A0 TeX Mop, NoKa YMCNeH-
HOCTb NOTOMCTBA HE NPEBBILIAET MOPOrOBbIN YPOBEHb, B MPOTUBHOM C/ly4ae PasMHOMXKEHMUE UHAMBUAYYMOB 3a-
Beplwaetcs. Obpa3oBaHHas Noc/ie 3aBepLUEHUA AeNeHUA NONYAALNA COAEPHKUT UHANBUAYYMOB-NOTOMKOB, KO-
TOpble He NOABEPIKEHbI AENEHUIO, U C TEYEHMEM BPEMEHM NOKUAAIOT cucTemy. OnmcaHbl BepoATHOCTHaA dop-
Mafnn3aumsa MOAEeNIN M aNTOPUTM YNCNEHHOTO MOAENIMPOBaHNA, OCHOBaHHbIN Ha meToae MoHTe-Kapno. Mpuse-
[AeHbl pPe3yNbTaTbl BbIYMCAUTENBHOMO 3KCNEPUMEHTA. PacluMpPeHHbI BapMaHT MOAENN MOKET BbiTb MCNOJb30-
BaH 4/1A UccneaoBaHua npouecca GoOpMUMpPOBaHUA afanTUBHOrO MMMYHUTETA B OpraHM3me YeioBeKa.

PaboTa BbiNo/HEHA B paMKax rocy4apcTBEHHOro 3agaHna MHcTuTyTa matemaTtnkun um. C. J1. Cobonesa CO PAH (npoeKkT
Ne FWNF-2022-0003).

UccneposaHmne N-yacTtuyHoro anroputma meroaa MoHte-Kapno ansa peweHua ypasHeHUA bonbumaHa

. A. Muxainos, I'. 3. lotosa, C. B. PorasmHckuit
UHCcmumym 8biyucaumensHol mamemamuKku u mamemamu4eckoll 2eogpuzuku CO PAH

E-mail: gam@sscc.ru

YncNeHHO-CTaTUCTUYECKME aNTOPUTMbl MOAENNPOBAHNA TPAEKTOPUIM YaCTUL, CYLLECTBEHHO YC/IOXHAIOTCS,
€Cc/In HeobX04MMO YUUTbIBaTb MX B3anmogencTeusa. COOTBETCTBYIOLLME HEIMHEWHbIE 3aa4M MOXKHO peLuaTh,
NCNONb3yA IMHEapM3aLmio C Wwarom At no BpeMeHM, Kak, Hanpumep, B metoae bepaa ana ypaBHeHus bonbu-
MaHa. OgHako 6onee 3pPeKTUBHbIM MOXKET ObITb MOAENMPOBAHNE crielmanbHOro N-4acTUYHOrO aHcambnna ¢
BblYMCIEHMEM COOTBETCTBYOLWEN OAHOYACTUYHOM NJIOTHOCTM pacnpeaeneHuns, KOTopas U OLLEeHUBAET peLleHne
HeNIMHENHON 3a4a4n. TaKoW anropuTm ABAAETCA COCTABHOM YacTbio M3BeCTHOro nogxoda "mean field game".
PaHee aBTOpbl AOKA3Aa C MOMOLLBIO MPEABAPUTE/IbHBIX PAcYeTOB MOKasajn, YTo cmelleHne N-4acTUYHOM
OLEHKMN MMEET, No-BUANMOMY, NOPAA0K BeAnunHbl 1/N. B HacToAwel paboTe 3Ta runotesa AeTasbHO NpoBeps-
eTca ANA 3a434n 06 04HOPOAHOM penaKkcaLumm paspexeHHOro rasa ¢ NCeBAOMAKCBENIOBCKUMMU MOEKYIAMMU,
A9 KOTOpoW ypaBHeHMe BonbLmaHa MMeeT M3BeCTHOe ToYHoe pelleHmne. NocTpoeHa dopmyna ana koadouum-
eHTa, onpeaensiouiero cmeweHme: g/N, 1 Ha 3TO OCHOBe ONpeAenAlTCA NPaKTUYECKU BaXKHbIe ONTUMAa/IbHble
COOTHOLLIEHUA MeXay 3HadyeHnem N 1 Yncnom n BbIBOPOYHbIX 3HAYEHUIA OLLEHKU. YMCIeHHble pe3yabTaTbl No4-
TBEPXKAAOT YA0BNETBOPUTENIbHOCTb CHOPMYIMPOBAHHbIX OLLEHOK; UX aHA/IM3 HamedaeT NyTb TOYHOro 060CHO-
BaHMA Gopmybl CMeLLeHUA.
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YucneHHoe moaenmMpoBaHUe KUHETUKU XMMUUYECKUX peakuuii B MynbTUdU3NYHBIX 3a8a4ax

A. B. NeneHko!, M. A. MapueHko?, B. A. ThasyHos?, 0. M. Jlaesckuitl, U. . YepHbix?, C. E. Kupees?, N. M. Kyaunkos?,
A. E. Kupeesal, I'. A. Omaposal, M. A. lopogHunues?, 10. I. Meageaes?, C. U. PewetHukos®, A. I. LLiImakos?,

A. C. Hockos?, T. A. bonbliosa?, U. E. Fepacumos*

IMHcmumym ebiqucaumensHol Mamemamuku u mamemamudeckoli 2eogpusuku CO PAH

2P®AL| Beepoccutickuli HayyHo-uccnedosamesnscKuli UHCMumym 3KCrnepumeHmasnbHol puauxku
3WHcmumym kamanuza CO PAH
‘UHCMumym xumuyeckol KUHEMUKU U 20peHus um. B. B. Boesodckozo CO PAH

E-mail: a.penenko@yandex.ru

Pa3paboTKa cOBPEMEHHbIX SHEPreTUYECKMX YCTAHOBOK M ABUraTenei, pas/iMyHbiX XMMUKO-TEXHOOTNYe-
CKMX NPOLLECCOB, HOBbIX BbICOKOTEXHO/IOMMYHbBIX MaTEPUAN0B, A TaKKe UX IKCMAyaTaLMa B ONTUMAsIbHbIX YCI0-
BMAX U C cobatoaeHeM Bcex TpeboBaHMM 6e30MacHOCTN HEBO3MOXKHbI 6e3 NPUMeHEHNA NAaKeToOB MOLENNPYHO-
Wwmx nporpamm. Ocobbiii HayuHbIN U NPAKTUYECKUIN MHTEPEeC NpeAcTaB/iAeT 3a4a4a MOAENPOBAHNA XMMUYe-
CKOM KMHETUKNU B pamKax MynbTUOU3NYHbBIX MOCTAHOBOK, A€ PacyeT XMMUYECKUX PeaKkuuii MoXKeT notpebo-
BaTbCA O4HOBPEMEHHO B MU/IJIMOHAX AYEEK.

Ons apPeKTUBHOrO pelueHma 3TOM BbIYMCAUTENIbHON 3a4a4mn NPOBOAUTCA NpeaBapUTebHbIX OLLEHKa Npo-
N3BOAMTENBHOCTM YNC/IEHHbIX aIFOPUTMOB 4/15 BbIOPAHHOM KMHETUYECKON MOAENN C MOMOLLbIO PAacYeTOB B MO-
OeNbHbIX MOCTAHOBKAX (peKkTopax), He TPebyowmx NOAKAOYEHNA BHELWHUX MYyAbTUOU3UYHBIX Moaenel. Ha oc-
HOBE TaKOro aHa/M3a NPOBOAMUTCA PEAYKLMA XMMUYECKMX MEXAHU3MOB, @ TaKKe NOCTPOEHMNE CYPPOraTHbIX MO-
aeneii. MNocne ynpoueHus, peweHne cuctem ob6bIKHOBEHHbIX ANddepeHLNaNbHbIX YPaBHEHWUI OCYLLECTBAAETCA
ONA aHcambnen BxogHbIX napameTpos. Aas ucnosb3oBaHusa apdeKkTa macwTtaba B coctaBe MyabTUGU3UYHBIX
MOCTAHOBOK W y4YeTa CBOMCTB MOLENEN XMMUYECKOWN KMHETUKM pa3pabaTbiBatoTca NpubAMIKEHHbIE aITOPUTMBI
Ha OCHOBE KaacTepM3aumm U MaTpUL, YyBCTBUTENbHOCTU. A peweHuna cuctem OLY MCNob3yOTCA KaK XOPOLLO
3apekomeHaoBaBLne ceba n3BecTHble anropuTmbl (Hanpumep, RADAUS), Tak 1 HOBble aNropUTMbl COBCTBEH-
Ho pa3paboTKu.

Mccne,a,osaHme BbIMO/IHEHO B paMKax HaquoH nporpammbl HaLI,MOHa/'IbHOI'O LeHTpa ¢M3MKM N MmaTemaTuku (npoeKT

"MaTtemaTmyeckoe moaenmpoBaHMe Ha cynep-IBM 3kca- u 3eTtadoncHon npoussoguTensHocTn") no npoekrty "Paspa-

60TKa 6UBMOTEKM MOLENNPOBAHUA KMHETUKN XMMUYECKUX peakLmin”.

Mpo6aembl NPUPOJOOXPAaHHOrO NPOrHO3UPOBaHUA

A. B. lNeHeHKo, B. B. lNeHeHKO
UHCcmumym eblyucaumensHol mamemamuKku U mamemamu4eckoli eeogpusuxku CO PAH

E-mail: a.penenko@yandex.ru

OfHa 13 rNaBHbIX NPo6emM NPUPOA0OXPAaHHOrO MPOrHO3UPOBAHMA — 3TO Ha/IMYMeE L /Ioro CNeKTpa Heorpe-
OeNeHHOCTeN, KOTOpbIM TAHET 3a coboi Bonpoc 0 "A0CTaTOYHOMN CNOXKHOCTM" U 06 MHTErPUPOBAHHOCTU Moae-
NeWi, y4aCTBYIOLLMX B IKOJIOTMYECKUX NMPOTHO3axX.

OCHOBHble TUMbI HeoNpeaeNeHHOCTEN B MOAENAX KayecTBa aTMmocdepbl — 3TO HENOIHOE 3HAHME UCTOYHK-
KOB BO34EMCTBUIA, KOHKPETHbIX NapameTPOB B ypaBHEHMAX MOAEN, B NapaMeTpmn3aLmMax NoACETOYHbIX MaclTa-
608, B LLeno4Kax TpaHchopmaumii 1 T. 4. Hauayywmm BbIXo40M 34eCb BUAMTCA YCBOEHME AaHHbIX HabaoaeHWI
B PEXKMME He TONbKO NPAMbIX, HO M 0BPaTHbIX CBA3el. 3a4a4M NMOMCKA UCTOYHUKOB U naeHTUdMKaLMA NapameT-
OB — Camble PacnpOCTPaHeHHbIe NOCTaHOBKM TaKMUX 3a4a4. B ycnosumn aeduumnta 4aHHbIX MU3MEPEHU Liesieco-
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06pa3Ho MCNONb30BaTb METObl PelleHna 06paTHbIX 33434 NPOAOMKEHUA, YUNTbIBASA, YTO MaTeMaTUUYECKME MO-
OENN B PEKMME YCBOEHMA AaHHbIX BbICTYMNAOT B PO/INM UHCTPYMEHTOB MHTEPNONALLUN UKW SKCTPANONALUN AaH-
HbIX PACYETOB M/IM JaHHbIX HabAOAEHUN.

NHTErpMpoBaHHOCTb B MOAEeNAX KayecTBa aTMocdepbl 411 3aa4 OXpaHbl OKPYrKatoLLel cpeabl OCyLL,EecTB-
NAETCSA C NMOMOLLbIO HECKONbKUX COCTaBAAIOLWMX: MOAEeN el NPOLLEeccoB, MOAENeN U AaHHbIX HabaoaeHuN, a
TaKXe U yNpaBAatoWmMX COOTHOLLEHUN, KOTOPble A0MKHbI 00BEAUHUTL LN 1 pe3yabTaTbl UccnegoBaHui. Me-
TOAbl TEOPUM YYBCTBUTEIbHOCTU PaboTalOT 34eCh Yepes OLUeHKM Bapuauuii 0606LeHHbIX pYHKLMOHAN0B, KOTO-
pble GOPMYANPYIOT LLESN UCCNeA0BaHMUN, K BO3MYLLEHMAM NapamMeTPOB CUCTEMbI 417 BCEFO KOMMJIEKCa Mmoae-
nen, ana otaenbHbix GparmMeHToB Mogenen, Ana uenesbix GYHKLMOHAN0B KayecTBa NPOrHo3MpoBaHMA NpmMpoa-
HOM cpeapl U T. 4. NPU PELUEHUN KOHKPETHbIX 3a4au.

TakmMm 06pasom, akTyanbHbIMK 3a4a4aMu Ha Byayuiee BUAUTCA NPOAO/IKEHNE Pean3aumm NHTerpupoBaH-
HOro noAxoAa MOAENM — AaHHble Ha HOBbIX MPUHUMNAX M HA HOBbIX BbIYUC/IUTEIbHBIX MOLLHOCTSIX.

PaboTa BbiNnosHEHa B pamKax 6rogKeTHoro npoekta UBMuMTI CO PAH (FWNM-2022-0003).

YncneHHoe uccnegosaHne B3aMMOCBA3EA KOMNOHEHT KIMMaTUYECKO CUCTeMbl APKTUKU B YC/IOBUAX

rnob6anbHOro norenaeHus

I. A. Mnatos?, B. H. KpynuatHmkos™?, E. H. FTony6esa?, B. C. lpagos?, M. A. Fpagosa’, M. B. KpaitHesa?,
A. ®. AkwmnHal
IMHcmumym sbiqucaumensHol Mamemamuku u mamemamuyeckoti 2eogpusuxu CO PAH

2UHcmumym ¢usuxku ammocgpepol PAH

E-mail: platov.g@gmail.com

YcuneHHoe notenneHne ApKTUKM PacCMaTPUBAETCA C TOYKM 3PEHMA B3aMMOCBA3M aTMOCHEPHOW LIMPKYAA-
UMK CeBEPHOro NoJyLwapua ¢ KOANYECTBOM MOPCKOTO NbAa B APKTUKE. MOXKHO BbIAENUTD TPU PEKMMA BO3AEN-
CTBMA NPU3EMHOIO BETPA Ha apKTUYECKUI MOPCKoM nea. MepBbiii CBA3AH C TUMOM UMPKYAALMK BOL B ApKTUKE.
BTopoi perynnpyet TpaHcnoaapHbin apeid. TpeTnin — USMeHYMBOCTb LIMKJAOHNYECKOro KPyroBopoTa B ceBep-
HOM YacTN ATNAHTMKM M CBA3AH C aT/laHTUdUKALMEN apKTUYECKUX mopeit. C gpyroii CTOPOHbI, COKpaLLLeHMe baa
NpPUBOAUT K 0cnabieHnto TeMNepaTypHOro rpagMeHTa Ha YpoBHe aTMochepHO Tpononaysbl B CPeAHUX LWNPO-
Tax, 0CN1abseHUI0 30HabHOTO BETPA, IOKAIbHOMY YCUAEHWIO UKW OCNabaeHuto aTmocdepHO BOHOBOM aKTUB-
HOCTU U USMEHEHMIO YACTOTbl U MHTEHCMBHOCTU 610KMPOBaHMIA. OLEeHKa YyYBCTBUMTE/IbHOCTM CUCTEMbI OKEaH-/es,
K BpemeHHbIM MacwTabam atmochepHbIX npoueccoB Ha ocHoBe mozenn SibCIOM noKasana, YTo CKOPOCTb
YMeHbLUEeHNA 3Ha4yeHnA roqosoro MMHMMymMa Nba B nepunos rno6anbHOro NoTen/IieHUsA CHUXKaeTca NoYTm B ToHU
pasa, Koraa atmochepHoe BO3AENCTBUE HE COA4EPKUT Bapuaunin 8—30-gHeBHOro maclitaba, To ecTb ecan uc-
KNtoyeHo 0b6pasoBaHUe aTMochepHbIX 6NOKUHIOB.

Pe3ynbTaTbl UCCAELOBAHUA POAM OKeaHa MpU yBeMYEeHMU KoHueHTpauum CO; € NomoLLbio Mmogenu
ICMMG-PlaSim nokasblBatoT, YTO: @) OKeaH CNOCOHCTBYET YBENNYEHUIO CPEAHErOA0BbIX 3HAYEHUIM TeMMepaTypbl
N YMEHbLUEHWNIO aMNIUTY bl €€ CE30HHbIX KONIeBaHW, YTO NPUBOANUT K HEBOIbLLUMM M3MEHEHUAM B IETHUI Ne-
puoa, 1 K 3HAUYUTENIbHOMY CMAMYEHUIO 3MMHEro; 6) OKeaH cTabuUAn3npyeT cpeHErof0BOe COCTOSHME apKTUYe-
CKOro KonebaHus, nenas ero NpakTMyeckn HesasucMmbiM oT CO;, HO B TO e BPems CnocobCTBYeT 3HAUUTE/b-
HOMY YBE/IMYEHUIO CE30HHOCTM 3TOro KoslebaHwmA, B) B OKeaHe yCUAMBAETCA TePMUYECKas COCTaBAAIOLLLAA CE30H-
HOro XoAa, CBA3aHHaA C NOAABAEHWEM AONOMHUTENbHbIX NoLWaael, cBO60AHbIX OTO baa. YncneHHoe uccneno-
BaHMe NOKA3bIBAET TaKXkKe Ha/nune B3aMMOCBA3N KosebaHuii AThaHTUYECKOM MEPUANOHANbHON ONPOKUAbIBa-
towen unpkynsumm (AMOK) ¢ umMpKyaaumei Bog B ApKTUYECKOM bacceliHe U TenoCcoAepKaHNeM CNoA aTnaH-
TUYECKUX BOZ, B APKTUKe.
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MccnepoBaHme BbINONHEHO B pamKax rocygapcreeHHoro 3agaHna UBMuMI CO PAH Ne FWNM-2022-0003.

O6paTHas 3aga4ya 1A BOJIHOBOro ypaBHEHUA € ABYMSA HEJIMHEUHbIMU YIeHAMU

B. . PomaHoB
UHcmumym mamemamuku CO PAH

E-mail: romanov0511@gmail.com

Onsa runepbonnyeckoro ypaBHeHUs BTOPOro NOpALKa, COAEPrKALLEro ABa HE/IMHENHbIX YieHa, U3yyaeTca
obpaTHas 3a4a4a 3aKato4atowanca o onpeaeneHmm KoaddULMeHTOB NPU HEAMHENHOCTAX. PaccmaTpuBaeTcs 3a-
Aada Kowwn ¢ UCTOYHUKOM, COCPeoTOYEHHbIM B TOUKE Y. ITa TOUKA ABNAETCA MapameTpom 3a4a4uum 1 npoberaet
nocnefoBaTeIbHO HEKOTOPYIO chepuyeckyto NoBepxHOCTb S. Mpeanonaraerca, YToO MCKOMble KOIhOULMEHTDI
OT/IMYHBI OT HYAS TONIbKO B 061aCTH, Nexallen BHyTpY S. 3afaeTca cneg, peweHua 3aga4um Kowwu Ha S ans sce-
BO3MOMHbIX 3HAYEHUI ¥ U ANA MOMEHTOB BpEMEHM, BIM3KUX K NPUXOAY BOHbBI OT UCTOYHMKA B TOYKM NOBEPX-
HocTU S. MOKa3bIBaeTcA, YTO 3a4aHMe TaKon MHGOPMaLUK O peLleHnn 3a434m KoM NO3BONSET CBECTM paccmaT-
puBaemyto 06paTHyLO 3a4a4y K ABYM NOCNEA0BATENbHO PeLIaeMbIM 3a4a4aM UHTErPasibHOM reOMeTPUN Ha ce-
MeNCTBE NPAMBbIX IMHWUI C 3a4aHHbIMW BECOBbIMU GYHKUMAMM. N5 3TUX 33434 HallAeHbl OLEHKM YCTOMYNBOCTH

NX peLleHni.

PaboTa BbINONHEHA B paMKax rocyapcTBeHHoro 3agaHma MM CO PAH (npoekT FWNF 2022-0009).

HoBble npeAcTaBAEHMUA KPATHbIX U NOBTOPHbIX CTOXaCTUYECKUX MHTErPasioB B NPUNOKEHUU K YUCIEHHOMY

peLlueHunIo cToXxacTuueckux anddepeHumanbHbIX ypaBHEHU M
K. A. PbibakoB
Mockosckuli asuayuoHHbIl uHcmumym (HayuoHaneHsili uccniedosamensckuli yHusepcumem)

E-mail: rkoffice@mail.ru

B AOKNage NpUBOAATCA pe3y/bTaTbl, CBA3aHHbIE C NPEACTABAEHUAMMU KPaTHbIX U MOBTOPHbIX CTOXacTUYe-
CKMX MHTerpanos Nto 1 CTpaToHOBMYA MO PasNUYHbIM KOMBUHALMAM HE3aBUCUMbIX KOMMNOHEHT BEKTOPHOTO BU-
HepoBCKoro npouecca. MpeacrasneHHble pe3y/ibTaTbl OCHOBaHbI Ha MeTode KpaTHbIX pagosB Pypbe [1] 1 Ha
CNEeKTpaNbHOW popme MaTeMaTUUYECKOro ONMMCaHMA CUCTEM yrnpaBaeHua [2], ucnonb3yemon Ana aHanmsa Bbl-
XOZHbIX MPOLECCOB IMHENHbIX HEMPEPbIBHbIX CTOXaCTUYECKUX cucTem [3].

3Tu pe3ybTaTbl OPUEHTUPOBAHbI Ha NOJYYEHUE MOAENNPYIOLLNX GOPMY A5 MOBTOPHbIX CTOXAaCTUYECKUX
nHTerpanos Mto n CTpaToHOBUYA, HEOBXOAMMbIX MPU Peanm3aLnm YUCAEHHbIX METOA0B PelleHUA HeANHENHbIX
cToxacTuyeckmnx anddepeHumanbHbIX YypaBHEHUI C BbICOKUMM NOPAAKaMU CUABHON UAM cpefHeKBaapaTuye-
CKOM CXOAMMOCTM.

PaboTa BbINONHEHA B paMKax rocyfapCcTBeHHOro 3agaHua (tema FSFF-2023-0008).
Cnuncok nutepaTypbl

1. Kuznetsov D. F. Strong approximation of iterated Ito and Stratonovich stochastic integrals based on gen-
eralized multiple Fourier series. Application to numerical integration of Ito SDEs and semilinear SPDEs (Third
edition) // AnddepeHumanbHble ypaBHEHUA 1 NpoLecchl ynpasneHua. 2023. Ne 1. C. A.1-A.947.

2. Poibakos K. A. Anroputmmnyeckoe obecneyeHne YNCIeHHO-CNEKTPAsIbHbIX METOA0B MOAENUPOBAHUSA CTO-
XaCTMYECKUX AMHAMMYECcKnx cuctem // MoaenmposaHue u aHanms gaHHbix. 2023. T. 13. Ne 3. C. 79-95.

3. Pbibakos K. A. CnekTpasibHblii METOL MOAENMPOBAHUA IMHENHbBIX HENPEPbIBHbIX CTOXAaCTUYECKUX CUCTEM.
M.: U3a-8o0 MAMU, 2021.
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HoBble cToxacTUYEeCKMe airopUTMbl NOBbILLEHHOW TOYHOCTU ANA peLleHUs IMHEHbIX YPaBHEHU 60nbLuoi

Pa3MepPHOCTU U NPUNOKEHUA B 3a8a4aX GOTOHUKU U XEMOTAKCUCA

K. K. Cabenbdenbs,
UHCcmumym eblyucaumensHol mamemamuKku u mamemamu4eckoli eeogpuzuku CO PAH

E-mail: karl@osmf.sscc.ru

TpaanumMoHHble chepbl NpumeHeHna metoaos MoHTe-Kapao 1 anropMtmoB CTOXacTUYECKOro Moaenpo-
BaHMA CBA3aAHbI C Pa3/IMYHbIMM 06N1ACTAMM HAYKM U TEXHOIOTUMN, TAE K/IIOYEBOMN TPYAHOCTbIO ABNAETCA BbICOKAnN
pPa3sMepPHOCTb 33,4341, HO NMPU 3TOM HET }KECTKUX TPebOoBaHMN K TOYHOCTU BbIYMCIEHUIN. ITO 3HAUNTESIbHO CYyXKaeT
06/1aCTM NPUMEHEHMA CTOXAaCTUYECKUX aNITOPUTMOB B COBPEMEHHbIX YC/IOBUSAX, KOraa TpeboBaHUA K TOYHOCTH
NMOCTOSIHHO MoBblwatoTcA. OaHaKo npobsiema co34aHNA YMCNEHHbIX aIFOPUTMOB, KOTOPbIE CNPaBAAANCh Bbl C
601bWNMKN Pa3MeEPHOCTAMM 3a4a4n N obecneymBanm H6bl BbICOKYH TOUHOCTb, OCTAeTCA 60/bLIMM BbI3OBOM A1
NobbIX YMCNEHHbIX MeTogoB. MeToabl MoHTe-Kap/io, XopoLlo cnpaBnsasch C PasMEPHOCTbIO 3a4a4M, XapaKTe-
PU3YLOTCA PE3KMM BO3pacTaHMEM TPYA0EMKOCTM C yBEMYEHMEM TOYHOCTM pacyeToB. B aaHHoW paboTe npea-
CTaB/NeH rMBbpUAHbLIN anropUTM ANA pelleHusa BobLIMX CUCTEM NUHENHbIX anrebpanyecknx ypasHeHuin (CNAY),
OCHOBaHHbIN Ha KOMOWMHUPOBAHMUM BEKTOPHOrO PaHAOMW3NPOBAHHOIO a/JIrOPUTMa, NPEeasIOXKEHHOTO HaMK B
cTatbe [1], n meToaa NTEPALMOHHOIO YTOYHEHMA, NPEAI0XKEHHOTO B Pa3NYHbIX GOPMYIMPOBKax B paboTax [2]
1 [3]. TakoW noaxon No3BONAET YBEAUYUTb TOYHOCTb Ha ABa NOPAAKaA 33 CYET YBE/IMYEHMA BPEMEHM PACUYETOB B
cpeaHem Wb B 4 pasa, B TO BPEMSA KaK TPaAULMOHHbIM anroputmam metoga MoHTte-Kapsio Ha aTo notpebo-
Basiocb 6bl yBeIMUUTL Bpems pacyeTos B 10000 pas. BoamoKHOCTM pa3paboTaHHOro MeToaa 4eMOHCTPUPYIOTCSA
pelleHnemM HeJIMHENHbIX 3334 XeMOTaKcMca 1 POTOHUKM.

PaboTa BbinosHeHa Npu noaaepxKe Poccuiickoro HayyHoro poHaa, rpaHT Ne 24-11-00107.
Cnucok nutepaTtypbl

1. Sabelfeld K. A new randomized vector algorithm for iterative solution of large linear systems // Appl.
Math. Lett. 2022. Vol. 126. Art. No. 107830. DOI: 10.1016/j.am|.2021.107830.

2. Sabelfeld K. K., Kireeva A. E. Randomized vector iterative linear solvers of high precision for large dense
matrices // Monte Carlo Meth. and Appl. 2023. Vol. 29, iss. 4. P. 323-332.

3. Halton J. H. Sequential Monte Carlo techniques for the solution of linear systems // J. Sci. Comput. 1994.
Vol. 9, No. 2. P. 213-257.

ANropuTmMmbl BOCCTAaHOB/IEHUA ABYMEPHOIO BEKTOPHOIO NoJiA No iyYeBbiMm Npeo6pa3soBaHUAM €ro MOMEHTOB
1

W. E. Ceetos!? E. 0. lepesuos?, A. . Monsakosa?, C. B. Manbuesa
MHemumym mamemamuku um. C. /1. Cobonesa CO PAH

2Hosocubupckuii 2ocydapcmeeHHblll yHusepcumem

E-mail: svetovie@math.nsc.ru

JlyyeBbim Npeobpa3oBaHNAM MOMEHTOB TEH30PHbIX MOEN B NOCAEAHME HECKO/IbKO SIET NOCBALLEHO A0-
BOJIbHO MHOTO PaboT, B 60/bLIEN YacTM KOTOPbIX UCCeAYOTCA TPAANLMOHHbIE BOMPOChI PEKOHCTPYKLMU TEH-
30PHbIX NONEWN, 33aHHbIX HA PUMAHOBbBIX MHOTO06Pa3nAX AN EBKANAOBbLIX NPOCTPAHCTBAX, NO UX U3BECTHLIM
NPOAO/IbHLIM y4eBbIM NPeobpasoBaHUAM MOMeHTOB. CyLLLeCTBEHHO MeHblue paboT, B KOTOPbIX Npeg/aratoTca
dbopmynbl uan npoueaypbl 06paLLeHUA, KOHCTPYKTUBHbIE METOAbI U aATOPUTMbI PeLLIeHMA 3aa4 BOCCTaHOB/e-
HUSA TEH30PHbIX NOAEN MO /ly4eBbIM NpeobpasoBaHMAM nUx momeHToB. B 2023 r. E. HO. lepeBLOBbIM Npeaso-
YKEHbl OTHOCUTEIbHO NPOCTbIE NOAXO0Abl BOCCTAHOBAEHMA BEKTOPHOTO NOJIA N0 ly4eBbiM Npeobpa3oBaHUAM MO-
MEHTOB 060MX TMNOB, — NPOAO/IbHBIM UN NOMNEePEYHbIM.
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B noKnane npeasioxeHbl n 060CHOBaHbI a/ITOPUTMbI BOCCTaHOB/1EHNA BEKTOPHOTO NMNOJ/1IA NO M3BECTHbIM NMPO-
AO0JIbHbIM UK NONEPEYHbIM 1y4EBbIM npeo6pasoBaHm-|M ero momeHToB. MicchepoBaHsl CBOWCTBA HECKONbKUX
AITOPUTMOB B 3aBUCUMOCTUN OT OAUCKPETU3AUNN OaHHbIX, YPOBHA U XapaKTepa WymMa, ragakoCt BEKTOPHOIO
nona. 3I-(CI'IepMMeHTbI NOKa3a/in Xxopowune pe3ynbraTtbl BOCCTAHOBNEHNA BEKTOPHbIX nosnew no Iy4eEBbIM npe06-
pa3oBaHMAM UX MOMEHTOB.

PaboTa ocyuwiecTeneHa npu dMHaAHCOBOM Noaaep ke Poccuiickoro HayyHoro ¢poHaa (npoekT 24-21-00200).

Martematuku M. B. Kengbiw n I. U. MapuyK — Mpe3ngentbl AH CCCP: nokopeHue atoma, Kocmoca, 9BM —

"pakeTHO-aaepHbIn WKT". NMNoceAwaeTtca 300-neTuio AKagemuu HayK u 60-netuto BLL CO AH CCCP

T. A. Cywkesuny
UHcmumym npuknadHoli mamemamuku um. M. B. Keandeiwa PAH

E-mail: tamaras@keldysh.ru

YKasbl Mpe3sungeHTta ot 31.03.2023 Ne 229 "0O6 ytBepaeHMM KoHuenumm BHewWHeNW noantukm PO" un ot
28.02.2024 Neo 145 "O CrtpaTternm Hay4HO-TEXHONOTMYECKOro pa3BuTUA PO" ABAsIOTCA aKTyanusaumnen npnuopu-
TETHbIX Lenen U 3afa4y BHEWHENW N BHYTPEHHEN rocy[apCTBEHHOW AeATE/IbHOCTU B UCTOPUYECKUX YCN0BUAX
obecneyeHus cysepeHnTeTa M 6€30MacHOCTH, a TAKKE BbISOBOM A1 OTEYECTBEHHOW HAYKM U Pa3BUTUA NOCTUH-
AYyCTPMaNbHOIo TEXHOMOMMYECKOTo yYKAaaa — "kocmudeckoin" n "uudposon" umsmnamsaymm. Bollnm ykasbl B UH-
TennekTyanobHon chepe: PacnopsrkeHune Mpasutenbcrea PP ot 03.05.2024 Ne 1086-p "O6 yctaHOoBAEHUM [HA
maTemaTtuKka" (1 aekabpsa); Ykas MpesmaeHTta ot 07.05.2024 No 309 "O HauMOHaNbHbIX Lenax pa3sutma PP Ha
nepuog, o 2030 r. n Ha nepcnekTney o 2036 r."; Yka3s Mpe3sungeHTta ot 08.05.2024 Ne 314 "O6 ytBepKAeHMMU
OCHOB rocyapCTBEHHOM NOAUTUKM PO B 061aCTM MCTOpMYEcKoro npoceelleHuns”. B peanbHoCTAX, Koraa "mate-
MaTWKa — NnpounsBoanTenbHas cuna”, B rog 300-netma AKkagemum Hayk n 60-netuns nepsoro 8 Cbumpu Bblumcam-
TenbHoro ueHtpa CO AH CCCP, KoTopbIii 6bl1 OCHOBaH A/151 BbINOAHEHWUS CTpATErMYeckux paboT, cBA3aHHbIX C
Nporpammamm KOCMUYECKUX UCCe0BaHNM U co3aaHmnem "PakeTHO-A4epHOro WMTa" Ha ocHoBe "HOBbIX TEXHO-
normn" — npuknagHaa maTemaTtuKa, pacyetbl, 3BM u T.4., 06a3aHbl NOMHUTb: GyHAAMEHTa/IbHblE OCHOBbI 3a/10-
*eHbl M. B. Kengpiwem (10.02.1911-24.06.1978) — nepebim maTemaTnkom MpesngeHtom AH CCCP (1961-1975)
n . N. Mapuykom (08.06.1925-24.03.2013) — maTeMaTHUKOM, K COXKaneHuto, nocneaHum NpesnaeHtom AH CCCP
(1986-1991), KoTOpble PyKOBOAM/IM HAYKOM B OTBETCTBEHHble MOMeHTbI nctopmm CCCP. C umeHamu co3gaTenem
"PakeTHO-sgepHoro wmrta" Tpex nocnegHux MpesngeHtos AH CCCP — M. B. Kengpbiwa, A. . AnekcaHaposa,
I'. U. MapuyKa — cBsizaHa BblCOYaliLLan OLLeHKA UX 4eATeIbHOCTU "30/10TOM BEK OTEYECTBEHHOW HayKn". UmeHem
Mpe3naeHTa Ha3BaHa "dnoxa Kenablwa". Haykn HeT 6e3 npeemctBeHHOCTU: "IcTOpMA HayKu ABAAETCA opyanem
[OCTUNKEHMA HOBOro". BaXHO NOMHMUTL 3noxanbHoe cobbiTne: 75 neT ucnbiTaHMA nepsoit "aTomHo 60mbbI"
29.08.1949 — cTaTyc BTOpOI1 aToMHOM AeprKkaBbl CCCP 1 KOHeL, aMepuKaHCKON MOHOMO/UN.

YncneHHbIN MeToA pelleHua ABYMEpPHOro ypaBHeHUA Hepa3pbiBHOCTU Ha IarpaHKeBo-3/1IepOBOM CeTKe

0. M. YepeaHunueHko?, B. B. LLanaypos®?
ICubupckuli pedepansHebili yHUBEpCUMeEM

2MHcmumym ebiyucaAumensHo20 modenuposaHusa CO PAH

E-mail: ocherednichenko@sfu-kras.ru

B paboTe paccmaTtpuBaeTcs moaesibHaA Haya/IbHO-KpaeBas 33434a 415 ABYMEepPHOro ypaBHEHMA Hepaspbis-
HOCTM U CTPOUTCA YUCNEHHDBIN METOZ, €€ PeLLUeHMs C PALOM NONEe3HbIX CBOMCTB. Micnosib3yeTca narpaHxeBo-3ii-
lepoBa ceTKa, NOCTPOEHHasA C MOMOLLLbIO XapPaKTePUCTUYECKUX TPAEKTOPUIA, paBHOMEPHAs MO BpeMeHU 1 HepaB-
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HOMepHaA No NpocTpaHcTey. [ns annpokcumauumn ambdepeHumnanbHOro onepaTopa NPUMEHAETCA MHTErPO-MH-
TEPNoNALMOHHbIV meToa, MonyyeHHan YyucaeHHas cxema obnagaeT CBOWCTBaMM BbINOJIHEHUA 3aKOHA CoXpaHe-
HWA Ha SUCKPETHOM YPOBHE, MOHOTOHHOCTU, ABAAETCA ABHOM WU AaeT pelleHue NocTaBieHHoW aguddepeHLm-
aNbHOM 3343a4M CO BTOPLIM MOPSALKOM N0 NPOCTPAHCTBY M BpeMeHMU. [JaeTca maTemaTnyeckoe obocHOBaHMe ne-
PEYMCNEeHHbIX CBOMCTB.

YyBCTBUTENIbLHOCTb GYHKLIMA OTK/IMKA B 3a4a4aX BAPUALNOHHOIO YCBOEHUA AaHHbIX

B. M. WyTsaes?, E. N. Mapmysun?, U. 10. Feykanze?
MHcmumym seiqucaumensHoli mamemamuxu PAH

2INRAE, Montpellier

E-mail: victor.shutyaev@mail.ru

3apaya BapuaLMOHHOIO YCBOEHMA AAHHbIX AN HENMHENHON 3BONOLMOHHON Moaenn chopmyanmpoBaHa
KaK 3aZa4a ONTMManbHOIO YNpaBAeHUA A8 HAXOXAEHNA OAHOBPEMEHHO HEN3BECTHbIX MAPAMETPOB U HaYab-
HOro COCTOAHMA MoZenn. OYHKUMA OTKAMKA PacCMaTPMBAETCA Kak GYHKUMOHAA OT ONTMMA/IbHOTO peLleHus,
HaAeHHOro B pesynbTaTe acCMMUAAUMK. MccneoBaHa YyBCTBUTENBHOCTb PYHKLIMOHANA K AaHHbIM Habatoge-
HUIA. TpaaneHT GyHKUMOHANA NO OTHOLIEHMIO K AaHHbIM HabtogeHWI CBA3aH C peleHnem HeCTaHAAPTHOM 3a-
0a4n, BKAKOYAIOLLEM CUCTEMY MPAMbBIX U COMPAMKEHHbIX YpaBHEHMIA. Ha ocHOBe reccMaHa UCXOAHON GyHKUUM
CTOMMOCTU U3yYaeTca Pa3pelMMOoCTb HeCTaHAAPTHOM 3a4a4mn. ChopmMmynanpoBaH M 060CHOBAH a/ITOPUTM BbIYMC-
NeHus rpagueHTa GYHKUMM OTKAMKA NO OTHOLIEHMIO K AaHHbIX HabatoaeHu. NpeacTaBieHbl pe3yabTaTbl YKC-
JIEHHbIX 3KCMEPUMEHTOB MO UCCNEe0BAHNIO YYBCTBUTE/IbHOCTM B 3aZa4e BapMaLMOHHOIO YCBOEHWUA AaHHbIX A4
MoAeNn TepMoaAnHaMUKN YepHoro mops, paspaboTtaHHoi B UBM PAH.

PaboTa BbiNnoNHEHa Npy NoaaepxKe Poccuiickoro HayyHoro ¢poHaa (npoekT 20-11-20057-1M).
Cnuncok nutepaTypbl

1. Gejadze I, Le Dimet F.-X., Shutyaev V. On analysis error covariances in variational data assimilation //
SIAM J. Sci. Comput. 2008. Vol. 30, iss. 4. P. 1847-1874.

2. Gejadze |., Shutyaev V. On gauss-verifiability of optimal solutions in variational data assimilation problems
with nonlinear dynamics // J. Comp. Phys. 2015. Vol. 280. P. 439-456.

3. Shutyaev V. P., Le Dimet F.-X. Sensitivity of functionals of variational data assimilation problems //
Doklady Mathematics. 2019. Vol. 99, iss. 3. P. 295-298.

4. Shutyaev V., Le Dimet F.-X., Parmuzin E. Sensitivity of response functions in variational data assimilation
for joint parameter and initial state estimation // J. Comp. Appl. Math. 2020. Vol. 373 (112368). P. 1-14.

5. Shutyaev V., Zalesny V., Agoshkov V., Parmuzin E., Zakharova N. Four-dimensional variational data assimilation
and sensitivity of ocean model state variables to observation errors // J. Marine Sci. Engin. 2023. Vol. 11. 1253.
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CoBMecTHas UHBEPCUA rPaBUTALMOHHbIX U MAarHUTHbIX Nonei B reopusmke

A.T.fArona’, 1. Ban?, A. C. leoHos?, [1. B. /lykbsaHeHKo?, W. 3 CtrenaHosa'?, [l. B. YypbaHos?
Mockosckuli 2ocydapcmeeHHsili yHusepcumem um. M. B. /lomoHocosa

UHCcmumym 2eonozuu u eeogpuzuku Kumatickoli akademuu Hayk (Kumadii)
MockoscKuli uH*#eHepHo-gusudeckuli uHcmumym
UHcmumym ¢usuku 3emau um. O. 0. LLiImudma PAH

Email: yagola@physics.msu.ru

B paHHOM f0OKNage paccmaTpuBatoTcA BOMPOChI Pa3paboTKm Teopumn, aropUTMOB, YAC/IEHHBIX METOA0B U
NPorpammHOro KOMNaeKca 41a peweHns obpaTHOM 3a4a4M MO COBMECTHOMY ONpPeaesieHMI0 TPEXMEPHbIX rpa-
BUTALUMOHHbIX M MarHUTHbIX XapaKTePUCTUK NOA3EeMHbIX re0/I0rMYeckmx CTPYKTYp (Hanpumep, pacnpeaeneHui
MAOTHOCTW BELLECTBA U €ro MarHUTHOM BOCNPUMMUYMBOCTU) C UCMOJSIb30OBAHNEM COBOKYMHOCTU SKCMEPUMEHTaNb-
HbIX Jl@aHHbIX FPaBUPa3BEAKN U MAarHUTOPa3BEaKM.

O6cyKaatoTCA KOHKPETHble pe3yabTaTbl UHBEPCUMM TaKUX NOTEHLMANbHbIX NOAEN.

1. NpoBeaeHbl pacyeTbl Mo onpeaeneHno TOALWMHbI MapCUaHCKOM KOpbl N0 TONOrpadryYeckMm 1 rpaBumeT-
PUYECKMM aHHBIM C UCNOb30BaHMEM NOCTPOEHMA 8 anMnPOKCMMALLMA COOTBETCTBYHOLLMX CUTHaNoB (cm. [1]).

2. Cucnonb3oBaHnem paspaboTaHHbIx MeTog0B 06paboTaHbl peasibHble 3KCNepMMEeHTabHble AaHHble, NO-
JIYY4EHHbIE C MOMOLLbIO aBTOMATUYECKOWN MeKniaHeTHOM cTaHumMmn MESSENGER (cm. [2]).

3. C Mcnonb3oBaHWEM aNroOpUTMa, OCHOBAHHOrO Ha npeobpasoBaHuu Pypbe ypaBHEHWUM, CBA3bIBAOWMX
noss n pacnpenesnieHne nx UCTOYHMKOB, 06paboTaHbl peasbHble AaHHbIE a3POMArHUTHOM CbeMKu (cm. [3]).

4. 3a cYeT COBMECTHOrO UCMO/Ib30BaHUA HelpoceTeBbIX anroputMos (cm. [4]) U MeToA0B BapUaLMOHHOW
perynapusaunn TUXOHOBA peann3oBaHa 06paboTKa sKCNepMMEHTa/IbHbIX FPAaBUTALMOHHBIX AaHHbIX B paloHe
3nbbpyca.

MccneaoBaHue BbiNoHEHO NpU Noaaepkke Poccuiickoro HaydyHoro ¢oHaa (npoekT RSF-NSFC 23-41-00002) u Haumo-
HaNbHOro ecTecTBeHHOHay4YHoro dpoHaa Kutas (rpantbl Ne 12261131494, 12171455).

Cnuncok nutepaTtypbl

1. Stepanova . E., Yagola A. G., Lukyanenko D. V., Kolotov I. . On constructing of magnetic and gravity im-
ages of Mercury from satellite data // Izvestiya. Physics of the Solid Earth. 2024. Vol. 60, No. 3. P. 441-458.

2. Kolotov I., Lukyanenko D., Stepanova I., Wang Y., Yagola A. Recovering the near-surface magnetic image
of mercury from satellite observations // Remote Sensing. 2023. Vol. 15, No. 8. 2125.

3. NleoHos A. C., JlykbAHeHKo M. B., irona A. I. "BbIcTpbIn" anroputm pelleHns HeKOTOPbIX TPEXMEPHbIX
06paTHbIX 3a4a4 marHutometpun // Matematndyeckoe mogenmposanue. 2024. T. 36, No. 1. C. 41-58.

4.BaiZ.,,Wang Y., WangC., Yu C., Lukyanenko D., Stepanova l., Yagola A. Joint gravity and magnetic inversion

using CNNs’ deep learning // Remote Sensing. 2024. Vol. 16, No. 7. 115.
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CEKLMA 1

MeTtoabl BbluMCAUTENIbHOW anrebpbl U pelleHua ypaBHEHUA maTemaTuyecKom
duU3nKun

MpumeHeHue perynapmusaumnm no floayHoBy ANA anNPOKCMMaLUU, UHTEPNONALUU, CINAXKMBAHUA

M 3KCTPaNoNALUM CETOYHbIX QYHKLUN

K. K. A6amwepunos?, 3. A. bubepaopd?
IHosocubupckuli 20cydapcmeeHHsbIll yHUsepcumem

2MHecmumym mamemamuku um. C. /1. Cobonesa CO PAH

E-mail: abdisheripovkk@mail.ru

MeTog, perynapusaumnmn naoxo obycnoBaeHHbIX CUCTEM, OCHOBAHHbIM Ha NPeAMNOIOKEHUM O TNAAKOCTH pe-
weHus, 6bin npeanoxkeH C. K. ToayHosbim B 1988 r. [1, 2]. OH npumeHaeTca B gaHHOW paboTte B rMbpuaHoi
33434e annpPoKCMMaLMN U MHTEPNONALMN CETOYHOW YHKLMWK, T.e. ANA ONpeseneHUs ee 3HaYeHUN Ha y3nax
MeJIKOWN CETKM, ec/IM OHa M3HaYaNbHO 3a4aHa Ha 6osiee KpynHOW. [NaAKOCTb NOYy4aeMOM annpoKcMmaLumm pe-
rynavmpyerca ogHuUm 13 napametpoB. OCHOBOM afropuTMa C/YKUT MeTOo[, HaMMeHbLUMX KBaApaToB, YTO NO3BO-
NAET UCcnonb3oBaTb meToA JlarpaH:ka Ansa 060CHOBAaHUA OLEHOK CXOAMMOCTU U rnagKkocTu. NMpumeHeHne aaH-
HoOro noaxoAa 6e3 nepexoda Ha MENKY CETKY NpeacTaBaseT coboi crna*knBaHne ceTouHon dyHKUUM. AHano-
rMYHaA MeTOAMKa NOKA3bIBaeT BbICOKYO 3G PEKTMBHOCTb B 33434axX IKCTPANONALUMN.

BO3MOKHOCTM A@aHHOFO METOAA AEMOHCTPUPYIOTCA Ha Pas3fINYHbIX NPUMepax. B yacTHocTuH, npuBoaunTCS pe-
LUeHMe KpaeBoOW 3a4a4n 15 BOSIHOBOIO YPaBHEHMA C ObICTPO MEHALMMMUCA TPAHUYHBIMW YCAOBUAMU, peLLe-
HUe yYpaBHEHUI reMOANHAMMKN MeToLoM Mak Kopmaka, a TakKe npumepbl 3KCTPanoasaLmMm AaHHbIX. MHoro-
YMCNEHHbIE pacyeTbl NOKa3biBaloT 3G PEKTUBHOCTbL MeToaa.

PaboTa BbINo/IHEHA B paMKax rocyapCcTBeHHOro 3aaaHusa MHcTuTyTa matematmku um. C. /1. Cobonesa CO PAH (npoeKkT
Ne FWNF-2022-0008).

Cnucok nuTepaTtypbl

1. TogyHos C. K., AHTOoHOB A.l'., Kupnatok O.I1., KoctuH B. N. TapaHTMpoBaHHAA TOYHOCTb pPeLleHnA CUCTEM
JINHEWNHbIX YpaBHEHMI B €BKINA0BbIX NpocTpaHcTBax. HoBocubupck: Hayka; Cub. ota-Hue, 1988. 456 c.
2. KabaHuxuH C. N. ObpaTHble U HEKOPPEKTHbIe 3aga4u. HoBocmbupck: Cnb. Hayu. n3a-so, 2009. C. 458.

Mcnonb3oBaHWe CETOYHO-XapaKTEPUCTUYECKOrO MEeToAA ANA UCCNeA0BaHUA Cpeabl, coaepiKallen TPeLHbI

W. H. Arpenos, H. 1. Xoxnos
Mockosckuli husuko-mexHuyeckuli uHcmumym

E-mail: agrelov.in@phystech.edu

AHU30TPONMNA UrPaET BaXKHYIO PO/b B 3aJa4e NOUCKa MECTOPOXKAEHUI rasa u HedTH, Tak Kak no3soasaeT
nosiyyaTb MHGOPMaLMIO O TPeLLMHaX Ha OCHOBE CEMCMUYECKUX AaHHbIX. Mo aHU30TponMel NoOHUMaeTCs 3aBu-
CMMOCTb CKOPOCTW pacnpocTpaHeHUs BOJIHbI OT ee HanpasieHus. Llenbio AaHHOM paboTbl ABAAETCA YMCAEHHOoe
nccnenoBaHMe aHU30TPOMMM CKOPOCTU PacnpocTpaHeHma yNpyrux BOJIH B cpeae, coaepraliein TpelwmHbl. Ana
YMCNIEHHOTO PeLLeHNn ypaBHEHW IMHEHOM TeopUKn yNpyroctn B paboTe NCnonb3yeTca CEeTOYHO-XapaKTepUCTu-
yeckuin metog, [1].
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Ycnosusa 3agaum 6b11m B3ATbl U3 UcCaefoBaHMA [2] MO u3mepeHUo aHU30TPONMM CKOPOCTU pacnpocTpaHe-
HWs BOJIH B MOPUCTON TPELLMHOBATOM Cpese, B PaMKax KOTOPOro 6bl/10 M3rOTOBEHO HECKO/IbKO 6ETOHHbIX 6/10-
KOB, COAEPKALLMX TPELLMHbI, HANOJIHEHHbIE BO3AYXOM, a 3aTeM Obliv NPOBeAEHbl 3aMepbl CKOPOCTU NPOXOHK-
AEHUA YNPYrMx BOAIH NAapaanefnbHO U NepneHANKYAAPHO HanpaBAeHUIO TPELLUH.

[na yncneHHoro nccneaoBaHMA CKOPOCTU PACNPOCTPaHEHUA BOJIH TpeLMHOBaTaA cpeaa bblna 3ameHeHa
OBYMEPHOM BbIUMCANTENIbHOW CETKOMN. [N1A ANCKPETU3ALMMN TPELLMH, C YY4ETOM LUMPUHDBI UX PACKPLITUA, UCNO/b-
30Ba/ICb Ha/lOMKeHHble ceTKK [3]. Bbln NpoBeaeH pPAL YNC/IEHHbIX SKCNEPUMEHTOB, B KOTOPbIX BOJIHA 3aMyCKa-
Jlacb NapanienbHo U NepneHaAnKYASPHO HanpaBAeHUIO TPewmMH. B pesynbtaTte 6bI10 NOJyYEHO 3HAYEHUE aHK-
30TPONUM CKOPOCTM PACNPOCTPAHEHNA BOSIHOBbLIX BO3MYLLEHWI B TPELLMHOBATOM Cpese.

UccnepoBaHWe BbINOJIHEHO NPU NOAAEPKKe rpaHTa Poccuinckoro HayyHoro ¢poHaa (npoekt Ne 20-71-10028).
Cnuncok nutepaTypbl

1. Favorskaya A. V. [et al.]. Modelling the wave phenomena in acoustic and elastic media with sharp varia-
tions of physical properties using the grid-characteristic method // Geophys. Prospecting. 2018. V. 66(8).
P. 1485-1502.

2.ZhangY. [et al.]. Effects of background porosity on seismic anisotropy in fractured rocks: An experimental
study // Appl. Sci. 2023. V. 13. C. 8379.

3. Khokhlov N. [et al.]. Grid-characteristic method using Chimera meshes for simulation of elastic waves
scattering on geological fractured zones // J. of Comput. Phys. 2021. V. 446:110637.

MopgennpoBaHue CBUN-CUrHAIa B HA3EMHO 31eKTpopa3BeaKe C NpumeHeHnem 6bicTporo npeobpasoBaHus

dypbe
[. A. Apxvnos?, 3. M. WypuHa®?

IMHcmumym Hepmezasoeolii 2eono2uu u 2eo0pusuKu um. A. A. Tpogpumyka CO PAH

2Hosocubupckuii 2ocydapcmeeHHbIl mexHu4eckuli yHusepcumem

E-mail: d_arhipov@list.ru

B HaseMHOI 31eKTpOpasBeaKe UCMO/b3YIOT HECTALMOHAPHbINA PEXKMM FeHEePaTOPHOM KATyLIKKU, MPU KOTO-
pOM MOBeAeHVe HanpPsXKeHHOCTU 3/IEKTPOMArHUTHOIO MOJIS OMMUCLIBAETCA YPaBHEHMEM BTOPOro MOpAAKa No
NPOCTPAHCTBY M No BpeMeHU. IGPEKTUBHBIMM METOAAMMW PELLEHUA HECTALMOHAPHbIX YPaBHEHWUI ABNAIOTCA He-
fIBHbIE CXeMbl, KOTOPbIE A5 MOMCKA PELLEHMS Ha o4YepeHOM BPEMEHHOM C/10€ UCMO/b3YIOT Pe3ybTaTbl, NOy-
YeHHble Ha NpeAblAyLLMX LWarax, YTo UCK/IYaeT BO3MOXKHOCTb MPUMEHEHUSA NapannenbHbIX METOLO0B N8 YCKO-
PEeHUs BpEMEHU MOAEIMPOBAHMSA.

Mcnonb3oBaHWe cBMN-CUrHaIa NO3BOASAET UCCNef0BaTh 061acTb Ha PasHbIX FybMHax, HO NPMBOAUT K HeOb-
XOAMMOCTU CTPOUTb KOHEYHO 3/1IEMEHTHYH ANCKPETM3aumio Ha 60/1bLIOM YMC/e Waros No BpemeHu. 11 ycko-
peHusA nmpoLecca Nnoucka pewweHus B paboTe ncnonbsyetca npsmoe bbicTpoe npeobpasosaHne Pypbe anqa ne-
pexofia K pelleHnto ypaBHeHUA FenbmMronbLa Ha Habope YacToT, KOTopble pellatoTca napannensHo. [as soc-
CTaHoB/eHMA DYHKLMM OT BPEMEHW C HEKOTOPOW MOrpeLHOCTbi0 06paTHoe NpeobpasoBaHue Pypbe cTpounTcs
Ha OrpaHWUYEHHOM YMCae YAcTOT. JUCKpeTM3aLma No NPOCTPAHCTBY CTPOUTCA BEKTOPHbIM METOLOM KOHEYHbIX
3/1eEMEeHTOB Ha TeTpasApabHOM HeperyasapHom pasbrueHumn pacyeTHol obnacTu.

PaboTa BbiNo/IHEHA NpU PUHAHCOBOM NoanepKKke npoekta FWZZ-2022-0030.
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O B/IMSHMM NOrPELIHOCTEN OKPYIIEHUI HAa TOYHOCTb BbIMUC/IEHMA NONPaBKMU B nognpocTpaHcree Kpbinosa
B. H. BabeHko?, B. M. UnbuH?
IKpacHodapcKoe sbicuiee 80eHHOe yyunuwe

2MHcmumym eel4ucaumensbHoli MamemamuKu u mamemamudeckoli 2eogpusuku CO PAH

E-mail: rnibvd@mail.ru

Ons Bblumcnenuns pewenna C/TAY 60blWON pasMepHOCTU C pasperKeHHbIMU MaTpuLuamn Au = f, rnagHbIM
CpeacTBOM ABAIOTCA UTepaLMOHHbleE MeToAbl B noanpocTpaHcTBax Kpbiaosa. MycTb u” — HeKoTopoe npubau-
YKEHHOe peLleHne UCXoLHOoM cucTemsl, a d” = u—u" — ero NonNpaBKa, KOTOPYLo byaem UCKaTb B MOANPOCTPAHCTBE
Km(r,Ar",...,A™1 "), roe r" = f — Au" — HeBA3Ka, NoposKaaemas NpUbAMMKEHHbIM peleHnem. YncneHHas yctonum-
BOCTb a/ifOPUTMa paccCMaTpMBAEMOMN CUCTEMbI XapaKTepU3yeTcs YMcom 0bycnoBAeHHOCTU maTpuubl cond(A).
Mpouecc BbluMCAEHMA NOCNeA0BaTENbHbIX MPUBAUNKEHNN NPOU3BOAMTCA NYTEM NOCTPOEHMA 6asnca 13 Hanpas-
NAIOLLINX BEKTOPOB, OPTOrOHa/IbHOCTb KOTOPbIX MOXKET HapyLwaTbcs. B paboTe nccneayerca BONpoc BAMAHUA NO-
rPeLHOCTeN OKPYr/IeHUS Ha TOYHOCTb NOJIYYaeMOro YNC/IEHHOTO peLleHus.

MHoroceToyHblie MeToabl HENONHOW $paKTOpU3aLUmnM B nognpocTpaHcTBax KpbiioBa

M. A. batanos
UHCcmumym 8oelvucaumensHol mamemamuKu U mamemamu4eckoll 2eogpuzuku CO PAH

E-mail: makcum1990@list.ru

PaccmaTtpuBatoTca UTepaumMoHHbIe MeToAbl B NOAMNPOCTPAHCTBaxX KpblioBa ANA pelleHma TpeXmMepHOn 3a-
Aaun c onepaTtopom Jlansiaca, annpoKCUMMPYEMON Ha KyBUUECKUX HECTPYKTYPUPOBAHHbIX ceTKkax. Mpenoby-
cnosavBaTtenb ucxogHon CJ/TIAY cTpouTCcs Ha OCHOBE PEKYPCUBHbIX aITOPUTMOB M CTPYKTYP AaHHbIX 418 NOCTPO-
€HWA ONepaTopPoB MHOFOCETOYHOIO MeToAa HeNoHoM dakTopusaummn. ObcyraaeTca peannsauma pekypCcmBHbIX
ANTOPUTMOB U CTPYKTYP AQHHbIX C UCNOAb30oBaHMem nporpammHoro naketa INMOST. MNoKa3biBatOTCA BO3MOXK-
Hble paclunpeHna PeKypCUBHbIX aITOPUTMOB AN1A PA3HbIX TUMOB AaHHbIX, KOTOPble MOTYT HaXO0AUTbCA HE TOJZIbKO
B LeHTpe paccMaTpuBaeMOM A4erKn. MccnenytoTca HEKOTOPbIe CBOMCTBA NepeHyMepaLmnm y310B A1 UCXOL4HbIX
HECTPYKTYPMPOBaHHbIX CETOK. pnBoaaTca pe3ynbTaTbl YNCAEHHbIX SKCNEPUMEHTOB A1 METOANYECKUX MpU-
KNaAHbIX 3a4a4 C 4aHHbIMM, XapaKTEPHbIMU A5 MOAENNPOBaHNA reodU3NYECKOro KepHa.

PaboTa BbiNnoaHeHa Npy pUHAHCOBOM NoaaepskKke Poccuitickoro HaydHoro ¢doHAaa (Koa npoekTta 24-21-00402).

O pelweHnn 601bLINX HEIMHENHbIX 3BO/IIOLMOHHbIX 334a4 penakcauueir popmbl BOIHbI B COMETAHUU

¢ 6n04HbIMU NoanpocTpaHcTBamu KpblaioBa
M. A. boyeB
UHCcmumym npuknadHol mamemamuku um. M. B. Kendsiwa PAH

E-mail: botchev@ya.ru

MprMmeHeHWe 4N1A peweHns ypaBHEHMI B YaCTHbIX NPOM3BOAHbIX, TAKMX KaK HEJIMHEMHbIe YPaBHEHUS Ter-
NONPOBOAHOCTH, YpaBHeHUA HaBbe — CTOKca, ypaBHeHuA Jinysunna — bpaty — FlenbbaHga v Apyrux, AUCKpeTu-
3auMA NO NPOCTPAHCTBY NPUBOAMT K 6ObLION cUCTEMe HennHerHbIX AnddepeHumnanbHbiX ypaBHEHMI No Bpe-
MeHW. NA pelieHna Taknx CUCTEM npegsaraeTca BapuMaHT UTEPaLMOHHOrO MeToAa TMna penakcaumm Gopmbl
BOJIHbI. B 3TMX MeToAax LWaroB N0 BPEMEHM HET, PeLeHNE ULLLETCA UTEPATUBHO CPa3y Ha HEKOTOPOM BPeMEHHOM
nHTepBasne. Ha KaXkgoi utepaumm BosHMKaeT 6o/blias cMcTemMa HEOAHOPOAHbIX IMHENHbIX AnddepeHLmanb-
HbIX YPaBHEHWI, KOTOPYIO Npea/iaraeTcs pelaTb SKCNoOHeHUMaabHOM CxeMoi ¢ 6104HBIMM MOANPOCTPAHCTBAMM
KpbinioBa. MpeactaBneHHble TECTbl MOKA3bIBAlOT, YTO AAHHbIM NOAX04, MOXKET bbiTb 6onee apdeKTUBEH, Yem
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06blYHble NOoLIAaroBble HeABHbIE CXEMDbI MHTErpmpoBaHMA No BpemeHn. Kpome Toro, Takom noaxoa MmoXet 6bITb
pacnapanneneH no BpemMeHMU. nOﬂy‘-IEHbI TaKXe OO0CTaTOYHble yCN10BUA CXOOAMMOCTU MTepaLI,VIﬁ penakcaunmn

BOJIHbI.
CnucoK nuTepaTtypbl
1. Botchev, M. A. On convergence of waveform relaxation for nonlinear systems of ordinary differential

equations. Calcolo 61, 29 (2024). https:// doi.org/10.1007/s10092-024-00578-0.

PeweHunA HaYabHO-KPaeBbIX 3a4a4, PacTyline JOKa/bHO N0 BpeMeHU
N. Ban?, 3. A. Bubepaopd?
IHosocubupckuli 20cydapcmeeHHsbIll yHUsepcumem

2MHecmumym mamemamuku um. C. /1. Cobonesa CO PAH

E-mail: .Lvan3@g.nsu.ru

B aaHHOM paboTe paccMaTpMBalOTCA TaKMe PELUEHUA NMHEMHbIX HavalbHbIX M HayaNbHO-KpPaeBbIX 3a4ay,
KOTOpble PacTyT Ha HaYya/IbHOM BPEMEHHOM OTPE3Ke NMpM TOM, YTO Hy/lIeBOe peLleHue YyCToMYMBO no JIAnyHoBy,
a 3HAYMT CMEKTP onepaTopa IeXKnUT B 061aCTH ycToMYMBOCTU. Ha npumepax npoaHaM3MpoBaHa CBA3b TaKMX pe-
LLEeHMIA CO CBOMCTBAMM U PaCMoNOKEHNEM NATEH nceBaocnekTpa (Mnm e-cnektpa) onepatopa [1]. B yactHom
C/ly4ae noJiydeHbl OLLEHKM A1 MaKCMMyMa HOpMbI pelleHus. Co3aaHo ABa afropuTma, KOTopble No3BOoAAT
HaXxoAMTb HauyanbHble AaHHble ANA PacTylero peweHuna. OaMH U3 anropuTMOB MCMOb3YeT MaTpuLy U3 cob-
CTBEHHbIX BEKTOPOB, a PYroi 0CHOBaH Ha meToae anxoTommu [2]. C NOMOLLbIO AaHHbIX aArOPUTMOB 6bIN10 No-
CTPOEHO IOKA/IbHO pacTyllee peleHne 3agaum Kowu gna moaenei dpnatrepa u cuctemsl Hasbe — CTOKCa, /K-
Heapu30oBaHHOM B OKPECTHOCTM MJIOCKO-NapasienbHoro TeyeHms MNyasens.

Hanunuume y nnMHeap30BaHHbIX 334a4 PeLUeHWni, pacTyLwmX SIOKa/bHO MO BPEMEHW, MOMKET ObITb OAHUM U3
06bACHEHWNI N3BECTHBIX AOKPUTUYECKMX TAMUHAPHO-TYPOYNEHTHbIX NepexonoB [3], a TakKe Tak Ha3blBaeMoi
"'npakTuyeckon HeycToiumsocTn".

PaboTa BbiNo/IHEHA B paMKax rocy1apCcTBEHHOr0 3aaaHna MHcTuTyTa matematukm um. C. J1. Cobonesa CO PAH (npoekT
Ne FWNF-2022-0008).

Cnuncok nutepaTtypbl

1. TopyHoB C. K. CoBpemeHHble acneKTbl MHeliHoW anrebpbl. HoBocnbupck: HayyHaa KHura. 1997.

2. byHbKoB B. T., ToayHoB C. K., Kyp3uH B. b., CagkaHe M. [pymeHeHne HOBOro MaTeMaTM4YeCKOro annaparta
"OpgHoMepHble cneKTpasibHble NOPTPETLI MaTPULLbI" K pelleHnto NpobiemMbl aspoynpyrnx KoebaHui peLeTok
nonacteit // YueHblie 3anucku UATW. 2009. T. 40, N2 6.

3. Trefethen L. N., Trefethen A. E., Reddy S. C., Driscoll T. A. Hydrodynamic stability without eigenvalues //
Science. 1993. Vol. 261 (5121). 578-584 DOI: 10.1126/science.261.5121.578.

PacnapannenvsaHue npoueayp NepeTtokoB NPy MoaeaMpoBaHUK pa3paboTku HepTAHbIX MECTOPOXKAEHUN

Cc y4yeTom rpasutauumu

K. M. BuHorpagos
Hoesocubupckuli 2ocydapcmeeHHbIl mexHuU4YecKuli yHusepcumem

E-mail: pm92.vinogradov@gmail.com
B HacTosLLee BpeMA BaXKHOE 3HaUYEeHUE UMEIOT pe3yabTaTbl MOAENMPOBAHMA U NPOrHO3MPOBaHUA Npouec-
coB HedpTeaobbIun. Mpouecc nepeHoca ¢a3 B peasn3oBaHHOM MeToAe MOLENMPOBaHUA ABAAETCA OAHUM W3
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KAKOYEBbIX 3TAaNoB, O4HAKO OH TaK)Ke 3aHMMAET 3HAUYUTE/IbHYIO A0/10 BPEMEHMW BbINOJIHEHUA CUMyAAUMK. Ero
YCKOpeHHne CNOCOBHO CIKOHOMMUTL 3HAYUTEIbHOE KOIMYECTBO BpeEMEHMWN.

B KauecTBe maTemaTMyecKom Mmoaenn ncnonblyerTca CucTtema ypaBHEHMﬁ, OCHOBAHHAA Ha 3aKOHE ﬂ,apcm n
3aKOHEe COXpaHEHNA MmaccC:

M KM M
—div| Y. —K(grad(P+PCm)+pm§) =D F",
m=17 m=1
P|I'1 = I
M KM
> —mK(grad(P+PCm)+pm§) =0
m=1" r

2

Ons peweHna npuBeaeHHOM CUCTEMbI UCMOJIb3YETCA METOA, KOHEYHbIX 3/1eMeHToB. Ero npenmyuiectsom
ABNAETCA TO, YTO OH HAXoAMUT BAMXKaWLLEee pelleHMe B SHEePreTUYecKo Hopme, N03BOJIAS A40OUTLCA BbICOKOM
TOYHOCTU HE TONIbKO NONS AaBNEHWUS, HO U 3HAYEHUI CKOPOCTU KUAKOCTU BHYTPU nnacTta. B KauecTtBe MHCTpY-
MeHTa AN pacnapasnenmMBaHua stana nepeHoca ¢as M 0OHOBAEHMA COCTOAHMA AYeeK Obia BblbpaH cTaHAApPT
OpenMP.

B pesynbrate npoaenaHHoli paboTbl NepepaboTaH U pacnapanieneH aaroputMm pacyeTa nepeteKaowmx
06bemoB 1 Macc, pacnapasienieHbl nepecyeT NOTOKoB ¢as ¢ y4eTom 6anaHCMPOBKK, pacyeT TemnepaTypbl Npu
KOHBEKTMBHOM TENN00OMEHE, anropuUTMbl 0BHOBAEHUS COCTOSHUA AYeeK. OQHOM N3 moaenen, BbIbpaHHbIX A1s
3aMepoB pe3yNbTaToB YCKOpPeHUA, bbina moaenb ApyxdasHoro teyeHma HedTeBOAAHOM cMmecu. B pesynbraTte
NccnefoBaHUA Ha HECKOIbKUX NMOTOKaxX B6blN10 AOCTUIHYTO YCKOPEHME NOYTM B 3 pasa. TaK»Ke NpoBoAMIUCL UC-
cneaoBaHMA Ha MHOTOKOMMO3ULMOHHON mogenu TpexpasHoro TeyeHMA rasoxKMAKOCTHOW cmecu. B aaHHOM
C/ly4ae Ha HeCKO/IbKMX NOTOKaxX BbIN0 AOCTUIHYTO YCKopeHue bonee Yyem B 3 pasa.

PeweHue AByMEpPHOro ypaBHeHUA HEPA3PbIBHOCTU KOHCEPBATUBHbIM NOAYAArpPaHKeBbIM METOAOM HA ABYX

CeTKaxX C pa3HbiMU Waramu no spemeHun

A. B. BaTkuH?, E. B. KyuyHoBa?
IMHecmumym sbiyucaumensHoz2o modenuposaHusa CO PAH

2Cubupckuli pedepanbHbiii yHUBEpCUMeEM

E-mail: al357@yandex.ru

B paboTe npeasioxKeH OPUrMHANbHBIN NOAXOA, BbIUMCIEHUA PELLUEHUA ABYMEPHOrO YPAaBHEHUA HEPA3pPbIB-
HOCTM Ha BbIYMC/IUTE/IbHOM CETKE, COCTOALLEN U3 ABYX YACTEW, B KOTOPbIX MCMO/Ib3YIOTCA PasHble Waru no spe-
MeHW. [NaBHas 0COBEHHOCTb OMMCAHHOIO NOAX0AA COCTOUT B METOAE BbIYMC/IEHUA YNC/IEHHOTO PELLEHUS B Y3-
Nax, HAXOAALLMXCA Ha CTbIKe rPaHunLL, ABYX CETOK. TeopeTnyeckn o060CHOBAHO, YTO pa3paboTaHHbI MeToa uMeeT
nepBeblii NOPAAOK CXOAMMOCTU YUCTIEHHOTO PeLLeHMA K TOYHOMY pelleHnto. B gononHeHue K 3Tomy, TeopeTuye-
CKM NOATBEPKAEHO BbINOSIHEHWE 3aKOHA COXPaHEHWA ANA YMCAEHHOro pelleHus B HOopMe NpPOCTPaHCTBa L.
MpoBeAeHbl BbIUNCANTENbHbIE SKCMEPUMEHTbI, NOATBEPKAAIOLLME TEOPETUYECKMNE BbIKNAAKM.
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MeToa KOHeUYHbIX 06bemMoB A8 OLUEeHKM ONUNOHOB B mogenu baska — LLoynsa

H. U. TopbeHko
UHCcmumym eblyucaumensHol mamemamuKku U mamemamu4eckoli eeogpuzuxku CO PAH

Email: nikolay.gorbenko@sscc.ru

MpeacTaBneHa cxema YeTBEPTOro NopsaaKa no NPOCTPaHCTBY M BpemeHu Ans ypasHeHusa Bnska — Woynsa,
OCHOBAHHbI Ha ToxKaecTBe MapuyKa. 1 MHTErpMpPOBaAHUA MO BPEMEHM NOYYEHHOW CXeMbl MCMOb3YeTCA AB-
HbIi meTog, PyHre — KyTTbl. MprBeaeHo noapobHoe onmMcaHne CXemMbl U YNC/IEHHbIE TECTbI, YTOObI MOAYEPKHYTb
3ppeKTMBHOCTL MeToAa

CnucoK nuTepaTypbl

1. Black F., Scholes. The pricing of options and corporate liabilities // Political Economy. 1973. Vol. 81.
P. 637-654.

2. Brandimarte P. Numerical methods in finance and economics: A MATLAB-based introduction. 2" ed. New
Jersey: J. Wiley and Sons, 2009.

MpepobycnoBneHHble UTEPALMOHHDbIE MeTOAbI B nognpocTpaHcTBax Kpbiiosa ans 3agayumn CTokca
A. M. Typun?, B. M. Unbmn?, O. U. Koznos?, E. A. Kyabmu®
MHecmumym a2udpoduHamuru um. M. A. Jlaspesmeoesa CO PAH

2MHCmumym ebiyucAumMensHol Mamemamuku U mamemamuyeckoli 2eogpusuxu CO PAH
3Hosocubupckuli 2ocydapcmeeHHblli yHusepcumem

E-mail: guralisk@mail.ru

PaccmatpwmBatotca 6/104HbIE UTEPALMOHHBIE METOAbl B NOANPOCTPAHCTBaX KpblnoBa Ana pelleHus Tpex-
MepHo 3aa3a4n CTOKca, annpoKCUMMPYEMOWM Ha pa3HECEeHHbIX NapannenenunesanbHbiX CTPYKTYPUPOBAHHbIX
ceTkax. Mpegobycnosnmnsatenb ucxogHom C/1AY cTpouTca Ha OCHOBE asirOPUTMA HEMONHOW daKTopusaLmm ¢
npumeHeHnem NpUBANKEHHON NeHTOYHON 06paTHOM MaTpuubl LLypa 1 skoHOMUYHOW MoanduKaumm AliseH-
LITaTa 419 BEKTOPHOro onepaTopa Jlannaca. O6cyKaatoTca BONPOCH! pacnapaniennBaHna airopuTMOB Ha MHO-
rONPOLLECCOPHbIX BbIYUCIUTENBHBIX CUCTEMAX C pacnpeaeneHHon n obwen namaToto. NpuBoaAaTcs pesynbTaTbl
YNUCNIEHHBIX SKCNEPUMEHTOB A/19 METOAMYECKMUX MPUKNAAHbIX 33434 C AaHHbIMW, XapaKTePHbIMU A1 MOLENN-
poBaHWA reoPpU3NYeCcKoro KepHa.

PaboTa BbinoNHeHa Npu GMHAHCOBOM NoaaepKe Poccuitickoro HayyHoro ¢poHAaa (Koa npoekTa 24-21-00402).

MpepobycnoBneHHbIE UTEpPALMOHHbIE METOAbI ANA pewweHns ypaBHeHU KaHa — Xuaamapaa
A. M. Typun?!, B. M. Unbur?, A, A. lWapaHos®
IMHemumym 2udpoduHamuru um. M. A. JlaepeHmeesa CO PAH

2MHcmumym ebl4ucaumensbHol MamemamuKu U mamemamudeckoli 2eogpusuku CO PAH
3Hosocubupckuii 2ocydapcmeeHHbill yHusepcumem

E-mail: guralisk@mail.ru

PaccmatpmBatoTca UTepaLMoHHble NpefobycioBeHHbIe MeTOAbl B NoANpocTpaHcTBax Kpblaiosa Ana pelue-
HWS KBa3UIMHENHbIX anrebpanyeckmnx ypaBHEHWUI, NoyYaemblX U3 aNNPOKCUMaLMM TPEXMEPHbIX HECTALLMOHAP-
HbIX KpaeBbIX 33434 Ha HECTPYKTYPUPOBAHHOM CETKE AN1a cUcTemMbl AnddepeHumanbHbIX ypaBHEHUM KaHa — Xun-
NMapaa, ONUCbIBaOLWMX TeYEeHME HEeCMELUMBAIOLWMXCA ABYXPasHbIX UAM TpexdasHbIx cpes B reodpmsmyeckom
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KepHe. McxogHble anddepeHumanbHble ypaBHEHUA C NOAMHOMMANbHOW HEIMHENHOCTbIO annpPoOKCUMUPYIOTCA
No BpemMeHW C NMOMOLLBI0 HESABHbIX KBa3W/IMHEAPM30BAHHbIX CXeM BTOPOro nopagka. Mpu aTom nonyyaembie
MaTpUYHble anrebpanyeckne ypaBHeHNA MMEIOT KBaapaTUYHble HEU3BECTHbIE HA T1aBHOM AMaroHanu, gnn pe-
LIEHMSA KOTOPbIX He TPEBYIOTCS HeMHeHbIe uTepauun. DopmMupyemblili UTepPaLMOHHBIN Npouecc ABseTca ¢pop-
Ma/ibHbiM 0606LLEeHNnEeM MeTOAa HENONHOM GaKTOpPMU3aLMK B NOANPOCTPaHCTBax Kpblnosa gna peweHus C/AY.
3bPeKTUBHOCTb NPEA/IOKEHHbIX aATOPUTMOB AEMOHCTPUPYETCA Ha pPe3y/ibTaTax YMCAEHHbIX SKCNEPUMEHTOB Mo
pelleHnn NpeacTaBUTeIbHOM CEPUN METOAMYECKUX 3a4au.

NapannenbHble anarebpanyeckue meToabl Aekomnosuumm obnacrei

IA. . Typun, A. . Typbesa?, B. M. Unbun?, P. . Kapaaw?
MHemumym a2udpoduHamuku um. M. A. JlaspeHmeesa CO PAH

2MHcmumym eel4ucaumensHoli MamemamuKu u mamemamudeckoli 2eogpusuku CO PAH
3Hosocubupckuli 2ocydapcmeeHHblli yHusepcumem

E-mail: yana@lapasrv.sscc.ru

PaccmatpmBatoTca UTEpaLMOHHbIE MeToAbl AeKoMno3uumn obnacteit B noanpocTpaHcTeax Kpbinosa ana
peLIeHMs CeTOYHbIX CUCTEM NINHENHbIX anrebpanyeckmx ypasHeHunin (C/1IAY) BbICOKOro Nopszka C paspereH-
HbIMW MATPULLAMMW, BO3HUKAOLWMMM NPU annpPoOKCMMaLMAX MHOFOMEPHbIX KpaeBblx 3a4ad. Miccheaytotea anro-
PUTMbI MOCTPOEHUA NpPeaobyCcNOBANBAOWMX MAaTPUL, Ha OCHOBE HemnoJsIHOM ¢aKTopM3aumMn C AMaroHa bHOM
KomMneHcaumein, 6asmpytowenca Ha 6N10YHOM CTPYKTYpe anrebpanyeckmnx AaHHbIX, 06yc10BAEHHOW NPUMeEHe-
HUEeM pPa3aenArLLnX MakpoceToK. ONUCbIBAOTCA TEXHOOMMKU pacnapanienmBaHma PasinyHbIX CTaguMn utepa-
LMOHHbIX METOA0B MO NPUHLMAAM rTMBPMAHOIro NPOrpaMMMPOBAHNA C GOPMUPOBAHMEM BbIYNCANTENBHBIX NPO-
LLeCCOB M MHOFONOTOKOBOM apudMETUKM Ha KNACTEPHON apXMUTEKType C pacnpeseneHHOM 1 obuein namaTbio.
Ob6cyrKaatoTca pesynbTaTbl NpeABapUTebHbIX SKCNEePUMEHTa/IbHbIX UCCe0BaHUIA Ha CEPUM METOANYECKUX 3a-
Aau.

PaboTa BbinonHeHa nNpu GMHaHCOBOW Noaaep KKe Poccuiickoro Hay4Horo ¢poHaa (Kog npoekTta 24-21-00402).

O pelwleHnn ypaBHEHUI B YAaCTHbIX NPOU3BOAHbIX B OKPECTHOCTU OCU LLUINHAPUYECKON U chepudeckon

cucrem KoopauHar
B. . XXykos
®edepanbHbili ucciedosamenbcKkuli YyeHmMpP UHGOPMAYUOHHbIX U 8bIYUCAUMENbHbIX mexHoA02ull

E-mail: zukov@ict.nsc.ru

PeleHne ypaBHEHWNI CNIOWHOM cpeabl B LUANHAPUYECKON U chepoit cucteme KOOpAMHAT B OKPECTHOCTH
OCM KOHEYHO-Pa3HOCTHbIMM MeTOo4aMM NPeacTaBAaeT U3BECTHbIe TPYAHOCTU. B AoKNae onuncaHbl pas/iMyHble
NoAxoAbl K UX NPeosoNeHnto. T TPYAHOCTU CBA3aHbI C aNMPOKCUMALMEN HeNnocpeaCcTBEHHO HAa OCU Y/1IEHOB
YPaBHEHUI, cOAep)KamnX 0COBEHHOCTU, U YCTOMYMBOCTBIO KOHEYHO-PA3HOCTHOW CXeMbl MO OTHOLEHUIO K
YMEHbLIAOWMMCA NPU YMEHbLUEHUM PACcCTOAHUM A0 OCM Larax B Yr10BbIX HanpasneHuax. Takxe npobaemy
npeacTaBAseT annpoKCMMaUmMa YpaBHEHNI B OKPECTHOCTM ocu. MpeasioxeH NpPoCToi BapuaHT npeogosieHns
3TUX TPYAHOCTEN.

CnucokK nuTepaTtypbl

1. B. M. Kykos. KBMM®. 2005. T. 45. Ne 1. C. 156-169.
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YCTOMYNBOCTb CXEMbI CTAaBUIM3UPYIOLLEN NONPABKYU C LLEHTPa/IbHbIMU Pa3HOCTAMMU ANA YPAaBHEHUA

nepeHoca B 3-mepHOM cay4vae
B. M. }Kykos
®edepansHeili uccniedosamensckull UeHMP UHGOPMAYUOHHbIX U 8bI4UCAUMENbHLIX MeXHOA02uli

E-mail: zukov@ict.nsc.ru

MPUHATO cYMTaTb, YTO CXeMa CTabuIM3MpPYIOLLLE NONPaBKU C LIEHTPAIbHbIMU Pa3HOCTAMM NO NPOCTPaH-
CTBEHHbIM MepeMeHHbIM AN yPaBHEHUA NepeHoca B 3-MepHOM C/lydae ABASETCA YCI0BHO YCTOMUNBON. B HacTo-
Alwen paboTe NoKasaHo, YTo 3Ta cxema abCcoNOTHO HeycToMYMBA, HO 06/1aCTb HEYCTOMUYMBBIX FTAPMOHMK B NPO-
CTpaHCTBE BO/IHOBbIX BEKTOPOB U BEANYMHA UX MHKPEMEHTOB 6bICTPO CTPEMATCA K HY/I0 MPU CTPEMIEHMM Napa-
MmeTpa KypaHTa K Hy/0, YTO MO3BOASET YCMNelHO UCMNO0Ab30BaTh 3Ty cXemy. Tem He meHee obCyKaaemyto He-
YCTOMYMBOCTb HEOHXOAMMO UMETb BBMAY U COBNI0AATb OCTOPOXKHOCTb NPU NPOBEAEHUM PaCHEeToB.

3ddeKTUBHbIN MeToA BbluncneHna uHterpana CrpatodHa — Yy (UCY) ana 3agay moaenmposaHus

B3aMmogeincTBua GemToceKyHAHOro 1a3epHOro MUMNybca co CTeKJIAMM
B. N. XXykos
®edepanbHblll ucciedosamenbcKuli UeHMpP UHGOPMAUUOHHbIX U 8bIYUCAUMEIbHbLIX MexXHOoA02ull

E-mail: zukov@ict.nsc.ru

Mpu mozenMpoBaHMn B3auMogencTBua GemTOCEeKYHAHOrO 1a3epHOr0 MMMY/bCa CO CTEKNAMU B pacyeTax
Heobxo4MMO 3343aBaTb 3TOT UMMY/IbC C NOMOLLIO HAYasIbHbIX UK FPAHUYHbIX YCAOBUIA. MapameTpbl peasbHbIX
9KCNepMMEHTOB TaKOBbIl, YTO MUCMOJIb30BaHWE rayCcCOBbIX MMMYNbCOB, KOTOPbIE WMPOKO M YCMEeWHO NpUMeHsA-
I0TCA NPU MOLENNPOBAHUM Boslee NPOAO/IKUTENBHBIX U MeHee CPOKYCMPOBAHHbIX MMMYbCOB, HEBO3MOMHO.
HeobxoaMmo paccumTbiBaTb KOHKPETHbIE ONTUYECKUE cucTeMbl. OL4HOM M3 TaKUX CUCTEM ABAAETCA Napaboanye-
CKOe 3epKano. INeKTPOMArHUTHOE Nose, BO3HUKaloLWee B pe3ysbTaTe GOKYCMPOBKM MMMY/bCa TaKMM 3epKa-
nom, onucbiBaetca MCH, KoTopblid ABNAETCA MHTErpasom oT BbICTpo ocunanupyrowen yHKummn. Bastne NCY
CTaNKMBAETCA C 6ObLLIMMM TPYAHOCTAMMU. B paboTe npeanoxKeH BbICOKOIPPEKTUBHDBIV NPEOAONEHNA S3TON NPO-
61embl.

[OnHamunKa HeaMHeHbIX BOAIH ypaBHeHui KneiiHa — flopaoHa B mogenu ¢ npumecamm

[. K. KabaHos?, E. I'. Ekomacos?, M. U. daxpetamHos?, K. H0. CamcoHos?
1Pusuko-mexHuyeckuli uHcmumym YhumcKo20 yHusepcumema HayKu U mexHoao2uli

2Ypumckuii yHusepcumem HayKu U mexHono2uti
3TromeHckuli 2ocydapcmeeHHsiil yHusepcumem

E-mail: danya.kabanov.95@mail.ru

OfHMM 13 NONYNAPHbLIX YyPaBHEHWU, ONMUCHIBAOLLUM MHOTME He/IMHEHbIe BOIHOBbIE NPOLECCHI B TEOPETHU-
YecKon M maTemaTuyeckoi dusuke, aensetca ypaBHeHue KneiHa — FopaoHa (YKI). Hanbonee mayyeHHbIMU
npMmepamm TaKoro Kaacca ypaBHEHUI ABNAIOTCA ypaBHeHWe cuHyc-FTopaoHa (YCI) u ¢ud. Ons ncnonb3oBaHmn
YKT B peanbHbIx GU3NYECKUX MPUNONKEHUAX, OObIYHO BO3HUKAET HeobXoANMMOCTb ero moanduumnposats. Hanpu-
Mep, NyTem f06aBAEHUA AONONHUTENbHbIX ClaraemblxX. JONOAHUTENbHbIE ClaraeMble MOTYT ONUCbIBATb BHELU-
HIOK CUAY, AMCCUNALMIO, HEOAHOPOAHOCTb MAapPaMeTpoB cpeabl U T. N. OgHUM 13 Hanbonee nccneayembix Cay-
YyaeB CBfi3aH C BBeAEeHWEM HeOAHOPOAHOCTM NapameTpa, CTOALWEro nepes cnaraembiM, coaepallmm noTeH-
uman B YKI. B paboTe ana ypaBHeHuA cuHyc-fopaoHa un ¢m4 B moaenu ¢ AByma U TPems ToYeYHbIMU M NpoTA-
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YKEHHbIMW MPUMECAMU UCC/Ie0BaHA BO3MOXKHasA IMHAMMKA KUHKOB, HallZleHbl pa3finiHble TUMbl 10KANM30BaH-
HbIX Ha Npumecsx BosH. C NOMOLLbIO MeTOoAa KOIJTIEKTUBHbIX NepeMeHHbIX NOKa3aHo, YTo 33434y O AMHAMUKe
JIOKaNM30BaHHbIX Ha MPUMECSX BOJIH B MOZE/NM C ABYMA U TPEMS MPUMECAMM MOMKHO CBECTMU K 3aJa4e O CBA3aH-
HbIX OCLIUMNNATOPAX C HE/IMHENHOM CBA3bIO. 1A YUCNEHHbIX pacyeToB OblnM HanMcaHbl aBTOPCKME NPOrPamMmbl.
HalgeHo, 4To NpoTAXKEHHasA NPMMECh KauecTBeHHO BedeT ceba Kak XOpoLWo M3yYeHHble TOYeYHble NpUMecH,
ONMCbiBaeMble C NOMOLLbIO, AenbTa-PpyHKUMKN. OnpepeneHa CTPYKTypa U AMHAMUYECKME CBOMCTBA JIOKAN30-
BaHHbIX Ha NPUMECAX HEIMHENHbIX BOJIH COMMTOHHOTO M 6pm3epHoro TMna. NMokasaHo, 4To adpdeKT ycuneHms
"KONNEeKTUBHOIO BAMAHUA" NPUMECEN, C YBEIMYEHUEM UX YNCcAa, ByaeT NpUBOAUTL K MOABAEHUIO HOBbIX 3ddek-

TOB U CUEHapUeB ANHAMUKU KUHKA.

CpaBHeHue HeBA3OK B meToae JIaHuowWwa U meToae MUHUMAJIbHbIX HEBA3OK NPU YNCIEHHOM peLleHuun

CUCTEM JIMHENHbIX anrebpanyeckmx ypaBHeHU C CUMMETPUYHbLIMU 3HAKOHeonpeaeNeHHbIMU MaTpuLLamm

. A. KHMKHEepmaH
UHCcmumym ebiyucaumensHol mamemamuxku PAH

E-mail: Iknizhnerman@gmail.com

PaccmaTpuBaeTtca 3aada NPUBANKEHHOTO BbluncieHna Bektopa Al b, rae A — BelLeCTBeHHasA CUMMETPUY-
Has HEBbIPOXKAEHHAA MaTpuLa pasmepa n X n, a b — HEHYNeBOM BEKTOP pasmepa n, ¢ NomMoLLbo 6a30BOro Kpbl-
JIOBCKOro metoaa — meToga flaHuowa. Hawa Teopema us ctatb 2002 roga coaepsKUT OLEHKY HEBA3KM Ha M-OM
ware JlaHuowWa B TEPMUHAX OrPaHUYEHHOIO0 CaMOCOMNPAXKEHHOro onepaTopa B rM/b6EPTOBOM NMPOCTPAHCTBE,
dYHKUMM TpUHA CnNekTpa M KOPHA M-OM CTENEeHW M3 HOPMbl HEBA3KM; OHa YTBEPKAaeT, YTo "ectecTBeHHas"
OLEHKa MMEeeT MEeCTO Mo KpaliHel Mepe Ha Kaxkaom BTopom ware. Ceifyac Mbi C MOMOLLbIO 1erkoi moanduka-
LUMU NMPEeXKHero A0oKasaTeIbCTBa A0Ka3biBAaEM OLEHKY A8 MaTpuUL, B TEPMUHAX HEBA3KM MeToZa HauMeHbLuen
HEeBSAI3KM, Ha YTO eCTb 3anNpoC B MaTpUYHO-anrebpanyeckom coobLyectse, He BMOJHE NPUEMJIIOLLEM paccyXae-
HWS C onepaTopamMm 1 TeopUel NIOCKOro NoTeHumana. HoBas oueHKa COXPaHAET CEHTEHLMIO O KaXKA0M BTOPOM
ware. TakXKe HaMK MOJIyYeHa HUMKHAA OLEHKA A/1A YETHbIX ANCKPETHbIX CMEeKTPaNbHbIX Mep.

06 ogHOI Pa3HOCTHOW CXeme NOBbILWEHHOM TOYHOCTU NPU pacyeTe paspbiBHbIX peLleHUi

B. A. Konotnnos, B. B. OctaneHrko, H. A. XaHaeeBa
UHcmumym audpoouHamuku CO PAH

E-mail: kolotilov1992 @gmail.com

B [1, 2] nokasaHo, uTo npu pacyeTe 3agaum SCSW (Special Cauchy for Shallow Water) ¢ rnagkumm nepmoau-
YeCKMMM HaYaIbHbIMM AAHHBIMM HEMOHOTOHHAA cxema PycaHoBa [3] umeeT B 061aCTAX BAMAHUA YAAPHbBIX BOJH
Ha HECKOJIbKO MopAaKoB bosiee BbICOKYO TOYHOCTb, Yem cxembl WENOS [4] n A-WENO [5]. OaHaKko B rnagKkux
yacTaX TOYHOro pelweHnn 3agaum SCSW, He BxoaaLMX B 061aCTN BAMAHUA YAAPHbIX BOH, TOYHOCTb CXEMbI Py-
CaHOBa Ha HAaCKO/IbKO MOPAAKOB HUKe, Yem TouHoCTb cxem WENOS5 n A-WENO. MoaTtomy B HacToALlel paboTe
npeanaraeTca HoBasA HEMOHOTOHHasA cxema (MATOro nopagKa No NPOCTPAHCTBY U TPeTbero nopsaaka no Bpe-
MEHM), KOTOPYI MOMKHO paccMaTpuBaTb Kak o6obuieHne cxembl PycaHoBa. TecToBble pacyeTbl 3agaun SCSW
MoKasanu, 4To B 06.1acTAX BANAHMA yA4APHbIX BO/IH 3Ta HOBasA cxema ABasetca 6osee ToYHoM, yem cxema Pyca-
HOBa, a BHe 0bs1acTei UX BANMAHUA OHa NO TOYHOCTU cpaBHMMA co cxemamm WENOS n A-WENO. Takum obpasom,
3Ty HOBYO CXeMY MOKHO 3P GEKTUBHO UCMO/1b30BaTb B KayecTse 6a3nUCHOM NpM NOCTPOEHNN KOMBUHNPOBAHHbIX
CXeMm noBblleHHOW ToYHoCTH [1, 2].

Pabota noaaeprkaHa PH® (Ne 22-11-00060)
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Cnucok nautepatypbl

1. bparnn M. A., KosbipkuHa O. A., JTagoHKnHa M. E., OctaneHKo B. B., TuwkuH B. ®., XaHaeesa H. A. Kom-
6UHMpPOBaHHbIe UNcNeHHble cxembl // MBMuM®. 2022. T. 62. Ne 11. C. 1763-1803.

2. Chu S., Kovyrkina O. A., Kurganov A., Ostapenko V. V. Experimental convergence rate study for three
shock-capturing schemes and development of highly accurate combined schemes // Num. Meth. Part. Diff. Eq.
2023. Vol. 39. No. 6. P. 4317-4346.

3. PycaHos B. B. Pa3HOCTHble cxembl TpeTbero nopagKka TOYHOCTM 417 CKBO3HOMO CYeTa pa3pbiBHbIX peLue-
Hui1 // OAH CCCP. 1968. T. 180. Ne 6. C. 1303-1305.

4. Jiang G. S., Shu C.-W. Efficient implementation of weighted ENO schemes // J. Comput. Phys. 1996.
Vol. 126. P. 202-228.

5. Wang B. S., Don W. S., Kurganov A., Liu Y. Fifth-order A-WENO schemes based on the adaptive diffusion
central-upwind Rankine—Hugoniot fluxes // Commun. Appl. Math. Comput. 2023. Vol. 5. P. 295-314.

Pa3pbiBHbI METOA YacTUL, HA NpumMmepe 3a4a4M 06TeKaHUA KAnHa

A. E. KyBwmnHHuKoB?, C. B. boromonos?
IMHemumym npuknadHol mamemamuku um. M. B. Kendeiwa PAH

2Mockosckuti 2cocydapcmeeHHsbili yHusepcumem um. M. B. /lomoHocosa, BMK

E-mail: kuvsh90@yandex.ru

MeToga, YacTuL, — 3TO YMUC/IEHHbIN METOA, UCMOJIb3yeMbIM A1 MOAENNPOBAHMUA BONbLINX CUCTEM, OCHOBbI-
BAlOLWMICA Ha NarpaHXeBoOM OMUCAHUU. B 4acTHOCTM, paspbiBHLIN METOA YacTuL, SBAAETCA NpeacTaBUTeNEM
TMNa "YyacTmua-4yacTnua" 1 BKAKOYAET ABa OCHOBHbIX 3Tana: NPeAMKTOP U KOPPEKTOP.

Ha saTane npeaukTopa NpoucxoguT nepemeLLeHme 4acTuu, 3aTem, Ha sTane KOppPeKTopa, BbibupaeTca co-
cefHAA YacTULA, KOTopas OKasbiBaeT HaMbosibluee BAMAHME Ha NOKA/bHYIO AMHAMUKY, U KOPPEKTMPYETCA NAOT-
HOCTb TOJIbKO 3TOM YacTuubl. ITO AenaeT MeTo, "pa3pbiBHbIM", TaK KaK BOCCTaHOB/IEHWE MNIOTHOCTM OCYLLLECTB-
NAETCA B MUHUMaNbHOW 061aCTK, BKAOYAIOLWEN NNLLb ABE B3aMMOAENCTBYIOWME YacTuULbl, YTO CBOAUT pasma-
3blBaHWe PpPOHTA N1LLb Ha OAHY YacTuLy.

Haw meTop cyLiecTBeHHO OT/INYaeTcA OT APYroro NonynspHoro metoaa tmna "yactmua —yactuua" — metoaa
crnaxeHHbIx Yactuy, (SPH), KoTopblii paboTaeT TO/IbKO Ha MMagKUX peleHusX.

B npeacraBnaemolt moanduKaLumMm MeToaa YacTULA XapaKTepu3yeTca MosIoKeHMem, Maccoi, U NAOTHO-
cTbto. Ee popma siBnaeTca cneacTBuem aTux Tpex BennumH. OTcoga cneayet KpUTepuin NepecTpoikmn YacTuy, Ha
3Tane KoppeKTopa: BBOAUTCA MHBAPMAHT, KOTOPbIM BKAKOYAET BbICOTbI YAaCTUL, U X MOJIOXKEHME, @ TaKKe No-
Waab Tpanewumm, OCHOBAaHUAMM KOTOPOU ABNSAKOTCA BbICOTbI YacTuL, a BOKOBOW CTOPOHOM — OTPE30K, COeNHSA-
IOLLMI UX LEHTPbI. ITOT MHBAPUAHT COXPAHAET Maccy MeXay ABYMS YacTULAMM, UTO ABNAETCA K/OYEeBOW YepToi
meToza.

Hamu npounsBesieHO cpaBHEHWUE YNC/IEHHbIX PELLUEeHMUIA, NOYYEeHHbIX MEeTOA0M YacTull, C pe3yabTaTaMu, Nno-
JIY4EHHbIMM C MOMOLLIO NMPOrpaMmmMHoro Komnaekca OpenFOAM, gns 3a434n 06TeKaHMA KMHa Npu Bapbupo-
BaHWM CKOPOCTU U yrna nageHma notoKka. JemMoHCcTpupyeTca NpemMmyLL,ecTBo MeTo4a YacTul, 414 3agad ¢ 601b-
WMMM rpagneHTamu.
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MNonynarpaHxeB MmeToa ANA YACIEHHOIO pelleHUs ypasHeHM HaBbe — CTOKCa Ha HECTPYKTYPUPOBAHHbIX

TPEyroJsibHbIX CeTKax

E. B. KyuyHoBal, A. B. BATKMH?
ICubupckuli hedepanbHebili yHUsEpcumem

2MHcmumym eel4ucaumensHo20 modenuposaHus CO PAH

E-mail: hkuchunova@sfu-kras.ru

B paboTte npeacTaBaeH YMCAEHHbIA anropuTM pelleHusa ypaBHeHMn Hasbe — CTOKca, onucbIBatoWmMi ABY-
MepHOe TeyeHne BA3KOro TenaonpoBoAHOoro rasa. B pabote ans annpokcumaumm nosHon (cybcTaHuMOHaNb-
HOI1) NPOM3BOAHOM MO BPEMEHU B KaXKA0M YPaBHEHUM CUCTEMbI UCMOJb3YETCA METOA, TPAEKTOPUIA, 3aKto4ato-
LLMICA B annpPOKCUMALLIMKN 3TON MPOU3BOAHOM C MOMOLLLbIO PAa3HOCTHOW NPOM3BOAHOM Ha3aj No BPEMEHW BA,O/b
TPAEKTOPUM ABUKEHUS YacTuLbl. ANCKPETM3aLUMs NO NPOCTPAHCTBY OCTa/IbHbIX ClaraeMbIX YpaBHeHUN HaBbe —
CTOKCa Ha KaXa0M BPEMEHHOM C/10€e NMPOBOAUTCA METOAOM KOHEYHbIX 3/1eMEHTOB C KYCOYHO-IMHENHbIMK ba-
3UCHBIMW QYHKUMAMM U NMPUMEHEHUEM KBaApaTypPHbIX popmys. Kak cnegyeTt U3 TECTOBbIX PacyeToB, NpUMeHe-
HME KOMDOWHAUMM METOLOB TPAEKTOPUM U KOHEYHbIX 3/1IEMEHTOB NMO3BONSET NOCTPOUTL anroOpPUTM, LOBO/IbHO

3P PEKTUBHbIN C BbIYUCNTE/IbHOM TOYKWN 3PEHUA.

YncneHHoe moaenMpoBaHUE TEUEHUIA TOHKOTO CNOA KUAKOCTU NO HAK/JIOHHOW NOANOXKKE ANA CyYaeB

yMepeHHbIX U 6onblunx uncen PeiiHonbAaca

E. B. Jlackosey,
Anmalickuli eocydapcmeeHHsili yHUgepcumem

E-mail: katerezanova@mail.ru

PaccmaTpmBaeTca NpoLece CTeKaHMA TOHKOIO C/10A KUAKOCTM MO HAaKNOHHOW HEPaBHOMEPHO HarpeBaemMom
nognoxKke. MatemaTmyeckoe MOAE/MPOBAHNE OCHOBAHO HA KNACCUYECKUX YPaBHEHMAX KOHBEKUMU U 0606-
LLLEHHbIX 4151 HEHYNEeBOro NOTOKA Napa KMHEMATUYECKOM, AMHAMUYECKOM U SHEPreTUYECKOM YC/IOBUSAX Ha Fpa-
HUUe pasgena cpef. BennumHa noKanbHOro NoToka mMacchl Mapa Ha rpaHuLUe pasgena onpeaenserca ¢ NoMo-
Wbt ypaBHeHUs Mepua — KHyaceHa. 3aaya paccMaTpmMBaeTcs B ABYMEPHOMN NOCTaHOBKE ANA CyYaeB YyMepeH-
HbIX M 6oNbLUMX Yncen PetHonbAaca. MpoBeaeH NapameTpUUYECcKUA aHanu3 ANA KaxkKaon U3 npeaosKeHHbIX no-
CTaHOBOK. AHA/INTMYECKOE peLUeHMne OCYLLLECTBASETCA B PaMKax AJIMHHOBOIHOBOIO NPUBANMKEHNA NO CTENEHAM
MaJloro napameTpa 3a4a4u (OTHOLIEHWA XapaKTePHOW NoNepeyHoi AJIMHbI K NPOA0AbHOM). MOCTPOEHbl YNC/IeH-
Hble aJIfOPUTMbI PeLLEHNA 334341 O NEPUOANYECKOM CTEKAHUM KULKOCTU 414 onpeaeneHna NoNoKeHUs rpa-
HULbI pa3gena cped. M3yyeHo BMAHME XapaKTepa Harpesa TBEPAOWN NOAJIOKKN U YPOBHA FPaBUTaALMM Ha Xa-
paKTep TeYeHUA KUAKOCTU. PAacCCMOTPEHO BAUSHWE AONONHUTE/bHbIX C1araeMblX B SHEPreTUYECKOM YCI0BUM Ha
CTPYKTYPY TEYEHUS.

PaboTa BbiNoAHeHa Npu pUHAHCOBOM NogaeprKke npoekta "CoBpemMeHHble MOAENN TMAPOAMHAMUKN ANA 3a4a4 NpU-
pOA0N0/b30BaAHUSA, UHAYCTPUANbHBIX CUCTEM M NONSAPHOM MexaHnKKn" (2024-26) (roc. 3agaHne FZMW-2024-0003).
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06 0A4HO3HAYHOCTK ONpeAeeHUA CEeTOYHOro GyHAaAMEHTabHOro peweHunsa ypaBHeHus Jlaniaca B Teopuu

AUCKPETHOro noTeHuuanaa

A. H. Nesawos?, U. 3. CrenaHosa?, [l. B. /lykbaHeHKo?, A. . Aironal
IMockoeckuli 2ocydapcmeeHHsbIli yHusepcumem um. M. B. J/lomoHocosa

2MHcmumym ¢usuku 3emau um. O. 0. LLimudma

E-mail: levashov.an16@ physics.msu.ru

B paboTe paccmaTtpusaetca npobiema 0g4HO3HAYHOTO onpeaeneHna GyHAAMEHTAIbHOrO PELUEHMA CeToY-
HOro aHanora ypasHeHus Jlannaca B pamKax TEOpUU AMCKPETHOro rpaBMUTaLMOHHOrO noteHumana. CetouyHoe
dyHOAMEHTaNIbHOE pelleHMe KOHEYHO-Pa3HOCTHOrO aHaslora ypaBHeHus Jlanaaca Urpaet Ka4eByto posb npu
BOCCTAaHOBJ/IEHUWN HEMNPEPBLIBHO pacnpeneneHHOro UCTOYHUKA rPaBUTaLMOHHOIO UM MArHUTHOrO NoAA Mo pas-
HOPOZAHbLIM M PA3HOTOYHbIM AAHHbIM, NOMYYEHHbIM B TOYKaX HEKOTOPOro CETOYHOIO MHOMECTBA.

PaboTa BbiNoAHEHA Npu Nnoaaep»KKe rpaHTa PH® Ne 23-41-00002, https:// rscf.ru/project/23-41-00002/.
Cnucok nuTepaTypbl

1. Ctpaxos B. H., CtenaHoBa W. 3. MeTopg S-annpoKcumauuii n ero UCNoab3oBaHWe Npu peLleHnn 3a4au rpa-
BumeTpun // dunsmka 3eman. 2002. Ne 7. C. 3-12.

2. PaeBckuit [. H., CrenaHoBa U. 3. MoandumumpoBaHHbIn MeToZ S-annpoKcumaLmMii. PermoHanbHbIn Bapu-
aHT // ®usmka 3eman. 20156. Ne 2. C. 55-66.

3. BaH 1., Konotos U. U., NlykbsaHeHko [. B., Arona A. . BoccTaHoBAE@HME MArHUTHOM BOCMPUUMUYNBOCTM C
NCMNO/Ib30BaHNEM MOJHbIX MAarHUTO-rPaAMeHTHbIX AaHHbIX // MBMuM®. 2020. T. 60, Ne 6. C. 1027-1034.

CpaBHeHMe UCNONb30BaHUA NPAMOro U UTEPALMOHHOrO peLuaTtene Npu MoaennpoBaHuM GuabLTpaLmMm

B NOPOBbIX cpeaax

4. A. leoHoBWY
Hosocubupckuli 2ocydapcmeeHHbIl mexHu4ecKuli yHugepcumem

E-mail: leonovich.d.a@yandex.ru

Mpu moaennposaHun GpUALTPALLMK B MOPOBBIX CPEAAX Ha OCHOBE 3aKOHa [lapcu U 3aKOHa COXPaHeHWs Mace
noJlydyaem 3/I/IMNTUYECKYIO KPAaeBYIo 3aa4y 419 BbIMMCAEHMWSA NOASA AABNEHMUSA, KOTOPas peLlaeTcs MeTOA0M KO-
HeuyHbIX 3n1emeHToB (MK3). U3-3a MCNONb30BaHUA cieumManbHbIX KPaeBbIX YCA0BUIM Ha CKBAXKMHAX A1 yyYeTa rma-
pOCTaTUYECKOTO AaBnAeHMsA maTpuua noaydyaemoi C/IAY cTaHOBUTCA HECMMMETPUYHOW. Mocne pacyeTa nons
AABAEHMA BbIYMCNAIOTCA MOTOKM CMECU U B COOTBETCTBUM C HUMU U3MeHAeTcA pacnpegeneHne ¢as. [aHHble
[AeNCTBMA NOBTOPAIOTCA A1 KaXKA0r0 LWara no BpeMeHU 10 KOHLL NeprMoaa MOAEIMPOBAHMS.

Mpn mogennpoBaHum HedpTesobbIYM C NCNOIb30BAHMEM ra3a TpebyeTcsa pelaTb HENMHENHYIO 3a4a4y, Tak
KaK ero nj0THOCTb CU/IbHO 3aBUCUT OT AaB/IeHUA. YUET CHMMAEMOCTU NPUBOANT K NOABIEHNIO UCTOUYHWKA B BUAE
Aedununta unm npoduunTa CMECU Npw pacyeTe NoAsA gasneHus. asa yayyweHns cXogMMoCTU UCNOb3yeTcs /in-
Heapu13aLMA 3TOr0 UCTOUYHMKA.

Mpu1 ncnonb3oBaHMM NPAMOro pewartens (c LU pasnoxeHnem) npuxoamntca Uan NpoBOAUTb NOJHYIO GaKTo-
pY3aLMIO HECKO/IbKO Pa3 Ha 04HOM Luare no BPEMEHMU, AN NpeHebpeyb M3MeHeHMEM KO3OOULMEHTOB B INHE-
apM30BaHHOM MCTOUYHMKE MPU YTOUYHEHUM pelieHnn. Kpome Toro, Heobxoanmblii Ana npamoro peliatensa ¢pop-
MaT XpaHeHWsa MaTpuubl TPEbYeT MHOTO NaMATH.

B KauecTBe UTepaLMOHHOro peLuaTess UCMo/1b30Baach IOKANbHO-ONTMMasbHan cxema (J10C) ¢ gnaroHanb-
HbIM NpenobycnosaMBaHuem. Oaa yCKOpeHUs 6bian UCNOoNb30BaHbl HekoTopble ¢yHKUMM BubanoTteku Intel
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MKL. B KauyecTBe Hauya/sbHOro NPUBAMMKEHMA MCNOb30BANOCh Npeablayllee peleHne Uam nNaactosoe Aasne-
HWe, 6aarodapa Yemy B MPOLECCE NO HENMHEMHOCTU NPU PeLeHnn nHeapu3oBaHHoOro auddepeHumnanbHoro
ypaBHeHUs TpeboBanocb HebONbLIOE KOMYECTBO UTepaUmin s peleHus Tpebyemoit TOYHOCTH.

Ana nccnegosaHus 6bina BbibpaHa TpexdasHas MOAeNb, F4e ra3 MOXKeT bbiTb MOroLWeH HedTbio UK BbI-
AeneH u3 Hee v $asbl CHMMAeMbl. Pe3ynbTaTtbl UCCNEA0BaHUA NOKa3aau, YTo NoJyYyaemoe pelleHne He nsme-
HWAOCb, TO €CTb UTEPALMOHHbIN pellaTtenb 06/1a4aeT A0CTaTOYHON TOYHOCTbIO, HO BPeMs pPeLleHna KpaeBoM
334241 COKPATMIOCL MPMMEPHO B 5 pas.

06 aHann3e MOHOTOHHOM YCTOMYNBOCTU BbIHYXAEHHbIX KonebaHuii CTPYHbI
B. B. /ltobnmos
Camapckuli yHusepcumem

E-mail: vlubimov@mail.ru

PaccmatpuBaetca guddepeHLmanbHoe ypaBHEHNE BbIHYKAEHHbIX KoNebaHUii CTPYHbI, MMeroLLen KoHey-
HYI0 O MHY. BbiHYXXAatowel cuna 3a4aerca B BUAE U3BECTHOM GYHKLUMK, coaepKalle oaHy rapMOHUKY OT Bpe-
MEHWN ABUXEHUA CTPYHbI. Mog MOHOTOHHOM YCTOMYMBOCTbIO KONebaHWM CTPyHbl MOHMMAETCA MOHOTOHHOE
YMeHbLUEeHWe aMnnTyabl KonebaHuii Moayns pasHOCTU peLleHUid, ONMCbIBAOLWMX BbIHYKAEHHbIE U CBOBOAHbIE
KonebaHun, Habnogaemble B NPON3BOIbHOM TOUYKE CTPYHbI. MpK 3TOM pelleHusA ypaBHEHUA KonebaHui CTpyHbI
B C/lydae cBOBOAHbBIX M BbIHYKAEHHbIX KonebaHWi npegnonaratoTca U3BECTHbIMU. Llenbto paboTbl ABseTcs no-
JlydeHMe A0CTaTOYHOro YC/10BMS MOHOTOHHOM YCTOMUYMBOCTM KosiebaHuii, obecneymBatoLwero coBnageHne am-
NANUTYA, BbIHYKAEHHbIX U CBOBOAHBIX KONeBaHWI B NPOU3BOSILHOM TOUYKE CTPYHbI NPU CTPEMAEHUN BPEMEHM KO-
nebaHui K 6eckoHeYHoCTU. Kpome Toro, NpomnsBoamUTCA aHan3 BbINyKAOCTU (BOFHYTOCTN) aMNANTYAbl MOAY NS
pa3HOCTN CBOBOAHbBIX U BbIHYKAEHHbIX KOJIe6aHWI CTPYHbI. AHaUTUYECKME 3aKOHOMEPHOCTU UATIOCTPUPYIOTCA
N NOATBEPKAAOTCA YACNEHHBIMW pe3y/ibTaTaMu.

O BbluncanTenbHoM 3PHEKTUBHOCTU YUCAEHHDBIX METOA,0B NPU pPeLUeHMUN KPaeBbiX 33434 AN KEeCTKUX

cuctem 06bIKHOBeHHbIX AnddepeHUmnanbHbIX ypaBHEHUI

W. [. MakapeHko, C. K. Tonywko, /1. C. bpbiHamH, A. I'. TOpbIHWH
Hosocubupckuli 2ocydapcmeeHHsbliii yHusepcumem

E-mail: i.makarenkol@g.nsu.ru

MpoBeaeH CpaBHUTEbHbIN aHA/IN3 TOYHOCTU PeLLEHNA, CKOPOCTU CXOAMMOCTU U BblMCAUTENbHON 3ddeK-
TUBHOCTM TPEX YNC/IEHHbIX METOL0B: METOAa KOHEYHbIX a1emeHToB (MK3), MeToa KONNoKaLmMii U HaUMEHbLUNX
kBagpatos (MKHK) n metoaa guckpeTtHoi optoroHanmsaumm C. K. fogyHosa (MAO) npu pelueHnn Kpaesbix 3a-
034 ANA KECTKUX cUcTeM ODbIKHOBEHHbIX AnddepeHLManbHbIX YPaBHEHUIA.

PaccmoTpeHb! paspeluatolme cuctembl 0O6bIKHOBEHHbIX guddepeHLManbHbIX YpaBHEHUIM, ONMCbIBAtOWME
aedbopmmnpoBaHme LUANHAPUYECKMX 060/104EK No4 AENCTBMEM BHYTPEHHErO AABAEHMA NPU PA3IUYHbBIX COOT-
HOLUEHMAX TO/ILMHbI 060/I0YKM K ee A/IMHE U TONLLMHBI K paanycy. MpoBeaeH aHaIM3 YUCNEHHDBIX PELIEHUI paaa
KpaeBblX 3aJay, XapaKTepPU3YIOLWNXCA OCLUANALMAMMU, HAJTMYMEM NOTPAHUYHBIX C/IOEB U PE3KMMU U3MEHEHMU-
AMW rpagueHTa.

CpaBHUTENbHbIV aHaNU3 NMOKa3as, YTo Kaxabl M3 pacCMOTPEHHbIX YUCAEHHbIX METOA0B 061a3eT npenmy-
LecTBaMM M HegocTaTKaMmu. BbiIbop meToza 3aBUCUT OT crnelMdUKM 3a434m U TPeByeMbIX XapaKTepPUCTUK peLle-
Hus. MO npeBoCXoguT PacCMOTPEHHbIE METOAbI B CKOPOCTU, OAHAKO MOXKET ObITb HEYCTOMYMBLIM MPU peLle-
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HMM 3a4a4 BblicOKoi KecTkoct. MK3 n MKHK npoaemoHcTpupoBanu 6onee ctabunbHoe noBegeHue npu pe-
LWEHWUN KeCTKMX 3ama4. OagHako MKHK Bo MHOrmx ciydasx no3sonset obecneyntb NOrpeiHoCTb pacyeToB Me-
Hee 1 % 3a HaMmeHblUee Bpemsa cpeay BCex pacCMOTPEHHbIX MEeTOA0B.

lNpoBeaeHHble pacyeTbl AEMOHCTPUPYIOT BbICOKYIO CTeneHb COBNageHuA pesybTaToB BCEX TpeX MeToA0B
npu pacyete HaNPAKeHHO-A4ePOPMUPOBAHHOIO COCTOSHMUA U30TPOMHbIX 060104eK. HabntogaeTca yaoBneTBo-
puUTenbHOE COOTBETCTBME Pe3ynbTaToB Teopumn Knupxrodpa —/1aBa c TpexmepHoOn Teopmeit ynpyroctm npu cpasHe-
HUM OKPYXKHbIX U NPOLAObHbBIX HAaNPAXKeHUN U Npornbos. Mpu NcNob30BaHUM TEOPUN TUMOLLEHKO OTKNOHEHUSA
COCTaBNAIT He 6onee 7 %. Takum 06pasom, AnsA pacyeTa U aHaNn3a HanpaxKeHHO-A4epOPMUPOBAHHOIO COCTOA-
HWS U30TPOMHbIX 060104EK BO3MOXKHO MCMO/Ib30BaHME BCEX TPEX METOL0B.

BuUpTyanbHbI METOA KOHEYHbIX 3/1EMEHTOB A4/18 annNpPOKCUMaLLMK NepPBOi KpaeBoi 3a4a4m ANA ypaBHEHUA

MNyaccoHa
C. N. Mapkos?, H. b. UTkunna?, 3. M. WypuHat

IMHcmumym Hepmezasosolii 2eonozauu u 2eopusuxu um. A. A. Tpogpumyka CO PAH

2Hosocubupckuli 2ocydapcmeeHHbili mexHu4eckull yHusepcumem

E-mail: www.sim91@list.ru

BupTyanbHbIi MeToA, KOHEUYHbIX 3nemeHToB (VEM) nossuaca cpaBHUTENbHO HelaBHO KaK pe3ynbTaT passu-
TMA Knaccuyeckoro MK3 1 mimetic finite difference (MFD). B ;aHHOM meToae Mcnonb3yoTca ABa GyHKUUOHANb-
HbIX NPOCTpaHcTBa: dMU3MYECKOe N BUPTYyanbHoe. Bua cneunanbHbiX BCoMoraTenbHbiX GYyHKUMIA dU3MYECKOro
NPOCTPAHCTBA YHUKANEH OANA KaXKA0M MaTemMaTUYecKo moaenn. B obuwem ciyyae AaHHble GyHKUMM He ABAA-
I0TCA NOJIMHOMaMW. BUpTyanbHOE NPOCTPAHCTBO XapaKTepuM3yeTca TOMbKO CTeneHAMMU CBOOOAbl BUPTYasibHbIX
an1eMeHTOoB (a0oKasaHo, uTo pelleHne VEM cyliectsyeT 1 eAMHCTBEHHO ANA 3Be3a4aTbix obnacTeit). MosTtomy B
OT/IMYME OT Knaccmuyeckoro onpegeneHma @. Coapsie KOHeYHbI aiemeHT B VEM — 310 napa, coctoswas u3 cre-
neHen cBobogbl M CXEMbl YNCAEHHOTO MHTErPUPOBaHUA. TaKKe pelweHa npobsema NoaHOTbI 6a3nCHOM cu-
CTEMbI, CBOMCTBEHHOW A/1A MHOrOoMaclTabHbIX M 0606LLEHHbIX KOHEYHO-3/1EMEHTHbIX NOAX0A0B. B oKkNaae Ha
npumepe NepBoi KpaesBol 3aaun A1 ypaBHeHuA [yaccoHa NoKa3aHo NpMMeHeHne BUPTyasibHOro MeToAa Ko-
HEYHbIX 3/1IEMEHTOB, ONpeaesieHne AUCKPETHOro aHanora bunmHeliHon Gpopmbl ANA NoSMHOMMANbHOro basuca
C UCNO/Ib30BaHMEM TO/IbKO cTeneHen ceoboabl.

PaboTa BbiNo/IHEHA NpU PUHAHCOBOM Noanep ke npoekta FWZZ-2022-0030.

YncneHHoe pelieHue NpamMon 3a4a4um pacceaHusa ana 6pusepos

. N. MynnagxaHos
UHcmumym asmomamuku u snekmpomempuu CO PAH

E-mail: i.mulliadzhanov@alumni.nsu.ru

PaccmatpuBaeTca mogenb GOKyCHMpPYLOLLEero OAHOMEPHOTO He/IMHeNMHOro ypaBHeHus LWpeauHrepa (HYLW) B
NPUCYTCTBMU HECTabubHOro NOCToAHHOro GoHa, Ha KOTOPOM MOTYT CYLLECTBOBAaTb KOTrepeHTHble BOJIHOBbIE
CTPYKTYpbl — 6pusepbl. B pamkax metoga obpaTHoro paccesHmsa (MO3P) uccnegyetca 3a4a4a YNCNEHHOTO NOAy-
YeHMA JaHHbIX paccesHUA A8 LWMPOKOro Knacca 6pm3epos, I0Ka/IM30BaHHbIX B NPOCTPAHCTBE. ITO Ha3bIBalOT
NpPAMOW 3a4a4eit pacceaHms, YTo NogpPasyMeBaEeT YNCIEHHOE PELLEHUs BCMOMOraTe/IbHOM CMCTeMbl 3axapoBa-
LLlabaTa ¢ rpaHUYHbBIMW YCOBUAMM, COOTBETCTBYOLWMMM GOHY. 1A HAXOXKAEHUA peLleHnn BbIYUCAAETCA MaT-
puua nepeHoca, Npy ncnosib3oBaHuM metosa bodderra — OcbopHa BTOpOro nopsgKa [1] n HegaBHoO paspabo-
TaHHbIX YUCNIEHHbIE CXeMbl BbICOKOTO NOPAAKA, OCHOBAHHbIX Ha pasfoxeHun MarHyca [2]. YTobbl BOCCTaHOBUTH
OaHHble pacceAaHnn 6pPU3epos, BbIBOAATCA aHAIMTUYECKME COOTHOLLEHNA MeXAY KoapPpuuneHTammn paccesHms
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M 3NeMeHTaMM MaTpULLbl NepeHoca. 3aTeM KOHCTPYMPYIOTCA IOKaIN30BaHHbIE PeLleHUA OANHOUYHbIX U MYNbTU-
6pu3epoB A4 NPoBepPKU pa3paboTaHHOro YNCAEHHOro NoAXoAa U BOCCTaHaBAMBAETCA MNOHbIA Habop AaHHbIX
pacceaHUA, KOTOPbIV BKAtOYaeTcA B ceba MHPoOpMaLUIo 0 amNAnTyae, CKOPOCTH, dpase U MNONOKEHMM KaxKaoro
6pu3epa. Ana obbeanHeHns TpagnumnmoHHoro noaxoaa MO3P ¢ meTogom "oaeBaHua", ucnonb3yembim gas no-
NyYeHMA MyNbTUBPU3EPHbIX PeLueHWUi, BbIBOAUTCA TOYHOE COOTHOLIEHME Mexay napameTpamu 6pusepos B
pamKax 3TUX ABYX NOAXOA0B.

PaboTa BbINoNHEHa NpW Noaaep ke Poccninckoro HayyHoro ¢poHAaa, rpaHT Ne 24-22-00183.
Cnuncok nutepaTypbl

1. Boffetta G, Osborne AR. 1992 Computation of the direct scattering transform for the nonlinear
Schrodinger equation // J. Comput. Phys. 102, 252—-264. DOI: 10.1016/0021-9991(92)90370-E.

2. Mullyadzhanov R., Gelash A. 2019 Direct scattering transform of large wave packets // Opt. Lett. 2019.
Vol. 44, iss. 21. P. 5298-5301. DOI: 10.1364/0L.44.005298.

L-ycTouusbiii (5, 2)-meToa, AnA XecTKux cuctem O4Y

A. E. Hosukog?, E. A. Hosukos?, A. U. NleBblkunH3
ICubupckuli pedepansHebili yHUBEpCUMeEM

2MHcmumym sbiyucaumenbHo20 modenuposaHusa CO PAH
3UHCMumym sobiyucaumensHoli Mamemamuku u mamemamudeckoli 2eogpusuxu CO PAH

E-mail: lai@osmf.sscc.ru

Mpn MmoaenMpoBaHUN AMHAMUYECKUX MPOLECCOB B XMMUYECKOW KMHETUKE, /IEKTPOTEXHMKE U B APYrUX
BaXKHbIX NPUNOXKEHUAX BO3HMKAET HEOBXOAMMOCTb pelleHus 3a4aumn Kown ana »KecTknx cuctem obbiIKHOBEH-
HbIX AnddepeHumanbHblX ypasHeHuin (OA4Y) [1]. Ana peweHua Takux 3agady LenecoobpasHo NpUMeEHATb L-
yCcTouMBblE YMCNEHHble cxembl [2]. OgHaKo B Haubosiee pacnpoCTPaHEHHbIX METOAaX MHTErpupoBaHUSA, KakK
npasuno, obecneynBatoT L-ycTOMYNBOCTb /INLLb OCHOBHOWM YnCeHHOM dopmybl. Mpu MHTErpupoBaHUM TaKMMK
meTogZamum cuctem OL1Y BbICOKOM KeCTKOCTU A-yCTOMYMBOCTb NPOMEKYTOUHbIX POPMYN MOMKET NPUBECTU K CHU-
eHUo 30 PEKTUBHOCTM METOAA C TOUKMN 3PEHMA BbIMMCAUTENbHBIX 3aTpaT [3].

MocTpoeH nonyasHbIi (5, 2)-meTom, 4eTBEPTOro NopaaKa TOYHOCTM pelleHnn ABHbIX cuctem OAY. Ero oco-
6eHHOCTbIO ABNAETCA L-yCTOMYMBOCTb OCHOBHOM M NPOMENKYTOUYHOWN YMCNEHHbIX dopmyn [3]. MpeanorKeHHbIn
MeToA He TpebyeT opraHmnsaumm MTepaLMOHHOro NpoLecca, YTo AeNaeT ero HafeXHbIM Npy pPeweHnn Wupo-
KOro KJsiacca 3agad. JJonycKkaeTcs MCMNo/iIb30BaHWE KaK aHaIMTUUYECKOM, TaK M YNCNEHHOW MaTpuLbl Akobu. OAns
KOHTPO/IA TOYHOCTU BbIYUC/IEHUI UCNONBL3YIOTCA ABa HepaBeHcTBa. OUEHKA MOrpPeLHOCTM OCYLLECTBAAGTCA C
NpUBAEYEHMEM PaHee BbIYUCAEHHbIX CTaANIM, YTO NO3BONSET BbiOMPaTh BEANYMHY LWara MHTErpupoBaHus 6es
3HAUYUTENIbHOTO YBE/IMYEHUA BbIYNCIUTENbHBIX 3aTpaT. Ha ocHoBe (5, 2)-meToaa chopmyMpoBaH airopuUTm ne-
pPEeMEHHOrO LWara UHTEerpMpoBaHUS CUCTEM MOBbLILEHHOM }KECTKOCTHU.

MpurBeaeHbl pe3ynbTaTbl PpacyeToB, NOATBEPKAAIOLWME BbICOKYHO 3GDEKTUBHOCTb U HAAEKHOCTb HOBOTO an-
FOPUTMA MHTErpUPOBaHMA. AIFOPUTM NpeaHasHavYeH Aaa pacyeTos ¢ Tpebyemon ToOUHOCTbIo nopaaka 10, Ha
pAage 3a4ay AOCTUraeTcs NPAKTUYECKU NONYTOPAKPATHOE CHUKEHUE TPYAO0EMKOCTU.

Cnucok nnuTepaTypbl

1. Hairer E., Wanner G. Solving ordinary differential equations Il: stiff and differential-algebraic problems.
Berlin: Spring-Verlag, 1996.
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2. HosukoB E. A., LLlopHKuKoB 0. B. KomnbtoTepHoe MoaennpoBaHUE KeCcTKUX TrmbpuaHbix cuctem. Hosocu-
6upck: Uspgatenbcteo HITY, 2013.

3. AsuHckuin A. /1. UccnepgoBaHue (m, k)-meToaoB ¢ L-yCTOMYMBLIMW NPOMEIKYTOYHBIMU CXEMaMK AN pe-
LUEHUA XKECTKUX CUCTEM : aBToped. AMUC. ... KaHA. ¢n3.-maT. HayK: 01.01.07. KpacHosapck, 2004. 16 c.

O nNoBbIWEHNU TOYHOCTU PA3HOCTHbIX CXEM NPU pacyeTe LLIeHTPUPOBAHHbIX BOJIH paspeXeHusa

E. W. MonyHuHa, H. A. XaHaeesa, B. B. OctaneHKko
UHcmumym audpoduHamuku CO PAH

E-mail: ekpolunina2014@gmail.com

MNpoBeaeH cpaBHUTENbHbIN aHa/IM3 TOYHOCTM pasHOCTHbIX cxem TVD [1] BToporo nopsgKa, PycaHosa [2] Tpe-
Tbero nopsaka u A-WENO [3] naToro nopagKa no NpocTPaHCTBY U TPETbEro NopsAAKa MO BPEMEHM Npu pacyeTe
3a4aum Kowwm ans cuctembl ypaBHEHUN MeNIKOM BOAbI C PAa3pbiBHbIMM HavaNbHbIMM AAaHHBIMU, TOYHOE peLUeHne
KOTOPOWN COAEPKUT LLEeHTPUPOBAHHYIO BOJIHY Pa3perKeHMA U He COAEepPKUT yAapHyH BOJIHY. MOKasaHo, 4YTo
BHYTPM LEHTPMPOBAHHOW BOJIHbI Pa3perKeHmA 1 B 061aCTV ee BAUAHUA pPeLLEHNS BCEX TPEX CXEM C PA3/IMYHbIMU
nopALKamm CXOAATCA K pa3HbIM MHBAPUAHTAM TOYHOIO pPeLUeHUA, YTO MPUBOLMUT K CHUMKEHUID TOYHOCTU ITUX
CXeM Mpu BblYUCAEHUM BEKTOPA BA3UCHbIX MepemMeHHbIX pacCMaTpMBaeMoOl 3aa4m. TeopeTnyeckoe ob6ocHoBa-
HME 3TUX YMUC/IEHHbIX PEe3yNbTaTOB AaeTca npu nomolwm MN-popmbl nepsoro agnddepeHumnanbHOro NPUbANKeHUs
pa3HOCTHbIX cxem [4].

MpepnoxeH metos, NO3BOAAOLWMI NOBbIWATb TOYHOCTb YNCAEHHbIX CXEM CKBO3HOTO CYeTa BHYTPU LEHTPU-
POBaHHbIX BOJIH pa3peKeHUs, BOSHUKAIOLLNX B pe3y/ibTaTe pacnaja pa3pbiBa B HaYabHbIX AAHHbIX anmnpoKcu-
mupyemoit 3agaumn Kowmn gnsa runepboanyeckoit CUCTEMbl 3aKOHOB COXPaHEHMSA. B OCHOBE 3TOro MeToaa NexxuT
CryLeHne YNCNEHHOM CETKM HA HEKOTOPOM HaYa/IbHOM BPEMEHHOM MHTEpPBasie pelaemoit 3aa4m. Mo cxemam
TVD u PycaHoBa npoBeaeHbl TECTOBbIE PacYeTbl creunanbHon 3agaum Kowm ana cuctembl YpaBHEHUIA MEJTKOM
BOAbl, LEMOHCTPUPYIOLLNE BO3MOKHOCTM AAaHHOTO MeToAa.

PaboTa BbinosiHeHa Npu nogaep:kke PH®, rpant Ne 22-11-00060.
Cnuncok nutepaTtypbl

1. Harten A. High resolution schemes for hyperbolic conservation laws // J. Comput. Phys. 1983. Vol. 49,
No. 3. P. 357-393.

2. PycaHoB B. B. Pa3sHOCTHble cxeMbl TPETbEro NopaaKa TOYHOCTU A1 CKBO3HOMO CYeTa PaspbIBHbIX peLle-
Hui // Qokn. AH CCCP. 1968. T. 180, Ne 6. C. 1303-1305.

3. Jiang G. S., Shu C.-W. Efficient implementation of weighted ENO schemes // J. Comput. Phys. 1996.
Vol. 126, No. 1. P. 202-228.

4. WokwuH 0. N., AHeHKo H. H. MeTopg anddepeHumanbHoro npubamkeHuna. Hosocnbupck: Hayka, 1985.

YucneHHoe pelieHue ypaBHeHUs BA3Koynpyroctu B 1D u 2D c aapamu 3KCNOHEeHUWabHOTro U abenescoro

TMNOB
A. A. TpnKasumnkos
Mockosckuli husuko-mexHudeckuli uHcmumym

E-mail: prikazchikov.da@phystech.edu

Mpu onncaHuu cpep ¢ NOA3y4ecTblo COrNacHO ANHENHOW Teopun Nonsydectn BonbTeppa, NnpymeHMMOoN K
LUIMPOKOMY NEePEYHI0 MaTepUanoB C aMopPdHOM U FreTeporeHHOM CTPYKTYPOR, BOSHUKAIOT ONepaTopbl MHTErpaib-
HOro TMna, KoTopble AatoT apdeKT namaTn cpese [1]. B nepBbix NpnbAMKEHUAX AAPO MHTErPaNbHOrO onepaTopa
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npeacTaBMMO B BUZE CYMMbl U3 SKCMOHEHT C pasHbIMU KO3DPULMEHTaMKN B CTENEHU UM XKe B BUAE CUHTYNAP-
Horo aapa abeneBckoro Tmna.

HekoTopoe Bpems Hasag B paboTax aBTopoB [2] 6bi1n 060CHOBAHbI CYLLECTBOBAHMNE PELLEHMA U ero eauH-
CTBEHHOCTb B K/TaCCMYECKOM W CUJIbHbIX CMbicnax. OTcloga BO3HMKAET HEOOXOAMMOCTb MPEASIOKEHMA aNro-
PUTMa YUNCNEHHOTO peLleHus ANa BOHOBOroO YpaBHEHMA ¢ 3bdeKToM NamaTu.

B HacTosLel paboTe Ha Npumepe 04HOMEPHOM 3aJa4n npegnaraeTca Tpebyemblii metos,. B cnyyae akcno-
HEeHLUMaNbHbIX A4EepP C NOMOLLbIO BblAeNEeHMA OTAE/IbHbIX C1araemblX B A4Pe UHTErpasa u pasaeneHma nepemeH-
HbIX UICXOAHOE YPaBHEHMA NpeacTaBaserca B popme cucteMbl IMHENHbIX AnddepeHumanbHbIX YpaBHEHUI nep-
BOroO NOpAAKa B YaCTHbIX NPOM3BOAHbIX. N5 ypaBHEHUA C SAPOM abeneBCKoro TMna Nocse aHaorMyHbIX Aen-
CTBMIA BO3HUKAET APObOHAn NPON3BOAHAA NO BPEMEHM.

N5 BbINMCAHHOWN CUCTEMBbI NPEAJIONKEH U PEATN30BAH a/ITOPUTM YUC/IEHHOTO PELIEHMA C annpPoOKCMMaUnen
NPOCTPAHCTBEHHOM YacTu no cxeme Jlakca — BeHapodda. Mpu uncneHHom npmbankeHun apobHol npomssoa-
HO MO BPEMEHM B C/lyYae AA4pa MHTerpasbHOro onepaTtopa tTuna Abena BO3HUKAET HEOBX0AMMOCTb MHTErPUPO-
BaHMA NO BCEM NpeablayLnMM BPEMEHHbIM C0SM A1 NepeMeHHbIX, ONUCbIBAOWMX NaMsATb maTepurana.

ANropuTm peasin3oBaH B O4HO- M ABYXMEPHOM Cy4anx Ha A3blkax Python n C++. NpoBepeHbl annpoKkcnma-
LMA N YCTOMYMBOCTb. YNCNIEHHO onpeaesieH NoPsAA0K CXOAUMOCTU A1 MOJIYYEHHbIX CXEM.

CnucokK nuTepaTtypbl

1. PaboTHoB 0. H. MonsyyecTb an1eMeHTOB KOHCTPYKUMiA. M.: Hayka.

2. Bnacos B. B., PaytnaH H. A. KoppeKTHasa pa3peLlmmocTb U CNEKTPasIbHbIM aHann3 abcTpakTHbIX runepbo-
NMYecknx nHterpoambdepeHumanbHbix ypasHeHunin // Tpyapl. cem. um. W. T. NeTtposckoro, 28. M.: U3a-8o Mock.
yH-Ta, 2011. C. 75-113; J. Math. Sci. (N. Y.). 2011. Vol. 179, No. 3. P. 390-414.

PewieHne meToa0M KOHEYHbIX 3/1eMEHTOB KpaeBoi 3aaauum AnA ypaBHeHus MNyaccoHa c genvra-pyHKumnen

Aunpaka 8 npaBou Yactu

. H. PomaHos
Hosocubupckuli 2ocydapcmeeHHsliii yHusepcumem

E-mail: dnkiInsu@gmail.com

B o6nactn Q CR? paccmaTpuBaeTca oAHOPOAHasA 3adadva Jupuxae ¢ NpaBoi YacTbio B BUAE AenbTa-QyHK-
uMm [mpaka. 3a4auM TaKoro poaa UrpatoT CYLLECTBEHHYIO POJib B PA3/IMYHbIX 061aCTAX HAayKW, B YAaCTHOCTH, B
TEOPUM INEKTPOANHAMMKN. [laHHbI KNacc 3a4a4 CTa/l aKTMBHO paccMaTpMBaTbes ¢ 60-X ro40B NPOLLIOro BeKa.
OcHoBHas Teopus npeacTasaeHa babywkoii B pabote [1].

Moka3aHo, 4To pelueHue 3agaum u &H(Q). Ctpoutca 0606LLeHHan NOCTaHOBKa 3a/1a4u C UCNOb30BaHNEM
ABYX rMnbbepToBbiX NpocTpaHcTe CoboneBa ¢ APOOHbIMM MOKa3aTeNssMM, M 3aTEM MOKa3blBaeTCA paspeLun-
MOCTb, EAMHCTBEHHOCTb M OLLEHKA YCTOMYMBOCTM 0606LLEHHOIO peweHua. INUCKpeTHOe NoANPOCTPaHCTBO Vi co-
CTOUT U3 HEMpPEepPbIBHbIX KYCOYHO-AMHENHbIX GYHKLUN, ONpeseneHHbIX Ha TpUaHryaaumm obnactm ¢ yyetom
ycnosua Oupuxne. B cOOTBETCTBUM C TEOPEMOI PA3PELLIMMOCTN B KOHEYHOMEPHbBIX MOANPOCTPaHCTBax (cm. [1],
T.6.2.1) n pesynbtaTtamu paboTbl [2] 6blna NMOKa3aHa Pas3pPeMMOCTb KOHEYHOMEPHOW 334auu, M BbiBeAEHA
OUEHKa NorpeLHoCTM peLleHus.

[N KOHEYHOMEPHOM 33a4M C UCKOMbBIMU M NPOBHbIMU GYHKUMAMM U3 V), BbiNa NOCTpoeHa 06LLas cuctema
JIMHEMHbIX YypaBHEHWUI, 6bI0 NONYYEHO YMCNEHHOE pelleHMe 3ada4n. MoaenbHas 3aga4a 3343eTca B Kpyre ¢
LEHTPOM B Hysle paguyca r = 1. enbta-pyHKumMa OupaKka cocpesoTtoyeHa B Touke (0,0). PeweHnem 6yaet GyHK-
umaA MpuHa B BUAE dbyHAaMeHTaIbHOrO pelleHusa onepaTopa Jlannaca. Mpu nomouim naketa FreeFem++ [3] 6b1n10
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NOCTPOEHO YncneHHoe pelweHne Ha ceToyHom o6nacm, 1, B COOTBETCTBUU C ,D,MCKpETM3aLI,VIel7|, 6bin nposeneH
dHa/N3 HACNNEHHOTO U TEOPETUYECKOTO PE3Y/ZIbTAaTOB CXOAMMOCTU YNCZTIEHHOTO peLeEHNA K TOYHHOMY.

CnucoK nuTepaTypbl

1. Aziz A. K., Babushka |. The mathematical foundations of the finite element method with applications to
partial differential equations. Academic Press, Inc. 1972.

2. Scott R. Finite element convergence for singular data // J. of Numerical Mathematics. 1973. Vol. 21.
P.317-327.

3. Hecht F. New development in FreeFem++ // J. of Numerical Mathematics. 2012. Vol. 20(3-4). P. 251-266.

AHanor dopmynbli NyaccoHa ana peweHna ypasHeHusa lenbmronbua

A. O. CaBueHKo
UHCcmumym eblyucaumensHol mamemamuKku U mamemamu4eckoli eeogpuzuxku CO PAH

E-mail: savch@ommfaol.sscc.ru

PelwweHune KpaeBbix 3a4a4 41A ypaBHeHUA MenbmronbLa gnsa chepbl U3BECTHO B BUAE Pas/oXKeHMA no cde-
PUYECKMM FapMOHMKaM, 414 HaXOXKAEHMA KOTOPbIX Heobxoanmo onpenenntb KoapPpuuMeHTbl pasnoxReHus
GYHKLMU FPaHUYHOTO YCNoBUSA No chepruyecknm GyHKUMAM.

B paHHOM paboTe peleHna BHYTPEHHMX U BHELWHNX KpaeBbIX 3aga4 Aupuxne n HelimaHa ana ypasHeHuUA
lenbmrosbua B chepmyeckon obnactu npeacTaB/ieHbl B UHTErpanbHoW dopme, NoJy4eHHOM B pe3ynbTaTe yyeTa
dopmynbl flannaca ana chbepuyecknx rapmoHuK. 3t popmynbl ABAAIOTCA aHasnorom gopmynsl MNyaccoHa ana
ypaBHeHUs Jlannaca, B KOTOPbIX A4PO0 UHTerpana npeacTasaeHo B BUAE psaa.

Mony4yeHHble popMybl 3HAYMTENBHO NPOLLE MO BUAY U NO NPUMEHEHUIO NPU YNCJEHHOM PELUEHUN COOT-
BETCTBYIOLLMX KPaeBblX 3a4a4. B oTanMumne ot n3BecTHbIX GOPMYS, NPU YNCAEHHOW peannsaummn ana NoayYeHus
NPUOANKEHHOTO peLleHns He TpebyeTca BbluncieHnsa KoapoumumeHToB Pypbe OT rpaHMUYHON GYHKLUNK, U A0CTa-
TOYHO BbIYUCANTb MHTEMPaN TONbKO OANH Pas, YTO 3HAYNTENbHO SKOHOMUT BbIYUCAUTESIbHBIE PECYPCbI MPU YNC-

NIleHHOM peLleHUn KpaeBblX 33434 414 ypaBHeHuA enbmronbua.

06 ogHOM Noaxoae YMCAEHHOro pelleHna MHoromepHbix anddepeHumnanbHo-aarebpanyeckux cucrtem

C. B. CBuHMHA
UHCMmumym OuHamMuKu cucmem U meopuu ynpasaeHus umeHu B. M. Mampocosa CO PAH

E-mail: svinina@icc.ru

B ooKnage paccmaTpuBaeTcsa nepsan Kpaesas 3afadva 41a IMHENHON MHoromepHon anddepeHumanbHo-
anrebpanyeckoit cuctembl. Mog anddepeHunanbHo-anrebpanyecKUMmM cucTeMamm MNOHUMAOTCA CUCTEMDI
YPaBHEHUI B YACTHbIX NPOM3BOAHbIX C TOXKAECTBEHHO BbIPOMKAEHHOM MATPULEN NPU CTapLlel NPOU3BOAHON.
TaKkue 3ag3a4m umetoT 0bLWMPHY0 061acTb NpUMmeHeHMA. OHU BO3HMKAIOT, HAaNpUMmep, NPY ONMCAHMK NPOLLECCOB
Ten/0MaccoobmeHa B ra3oXKMAKOCTHbIX CMCTEMAX. YMCEHHOE peLleHne TakKMX CUCTEM CBA3AHO C onpeseseH-
HbIMW CNIOXKHOCTAMW. XOPOLIO M3BECTHblEe afAMTMBHbIE ONEPaATOPHO-PA3HOCTHbIE CXEMbI NPW UX Hemocpes-
CTBEHHOM MPUMEHEHUUN, MO0 TEPAIOT CYMMAPHYIO anMPOKCMMAaLMIO, BBUAY BbIPOXKAEHUA MATPUYHOTO KO3®-
du1LMeHTa Npy 3BOMIIOLMOHHOM YneHe (Tak BefeT ceba, Hanpumep, I0KaJIbHO-0OAHOMEPHAA PAa3HOCTHAA CXxema
Camapckoro A. A.), coxpaHss nNpu 3TOM YCTOWYMBOCTb, 160, 0613435 NOSHOM annNpPoKCcMMaumel, CTaHOBATCA
HeyCTOMUYMBbBIMM, KaK, Hanpumep, BEKTOPHO-aAAUTMBHasA cxema AbpalumHa B. H. s uncneHHoro peleHus no-
CTaBNEHHbIX 33434 aBTOPOM MpegaraeTcd NPUMEHUTb KOMOWHAUMIO agauTUBHBIX ONEPaTOPHO-PA3HOCTHbLIX
cXem v perynapmsaumio agupdepeHLmanbHO-0NepaTopHOro ypaBHEHH .
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PelueHMe CTaTUYECKUX 33434 /IEKTPOMArHUTHON TEOPUN METOAO0M KOHEUHbIX 3/1eMEHTOB

[. B. Ceposal, [. T. Yekmapes?, Aby [lassac ficcep?
THUMN mexaHuku Huxe20podckoz2o 20cydapcmeeHHo20 yHuUsepcumemad

2Huxcezopodckuli 2ocydapcmeeHHsiii yHusepcumem

E-mail: ipad.0303@yandex.ru

PaccmaTpmBaeTca pelleHne psagaa CTaTUMeCcKUx 3a4ay 3N1eKTPOMarHMTHon Teopum [1] ¢ nomoLLbio ABYX HO-
BbIX CXEM METO/Aa KOHEYHbIX 31eMeHTOB [2, 3]. A)KypHana cxema [2] npoaeMOoHCTPUpoBasa CBOe BbICOKOE Kaye-
CcTBO U 3$PEKTUBHOCTL NPU pelleHnn HOMbLIOFO KOMYECTBA HECTALMOHAPHbIX AMHAMUYECKMX 33434 Teopum
YyMNpyroctM U NAacTUYHOCTU, a TaKKe peasn3oBaHa A/1A PeleHns CTaTUYeCcKUX 3a4ay Teopum ynpyroctu. Mo-
MeHTHas cxema [3] aBnaeTca HoBo. Ee peanmsaymsa 1 peleHHble cTaTUYeckne U AMHaMMUYeckue TectoBble 3a-
[ayn TeopuM yNpyroctTy NnoKasanu ee NepcnekTMBHoCTb. Llenibio paboTbl ABAAETCA TECTUPOBAHUE AAHHbIX CXEM
npwn peweHnmn HOBOIO Knacca 3a4a4 maTeMaTuyeckon pusmnku.

PaboTa BbinosHeHa npu noaaepxke PH®, npoekt Ne 24-29-00422.
Cnucok nutepaTtypbl

1. KannHuH A. B., TioxTHa A. A. lNpocTpaHcTBa BEKTOP-OYHKLMIA U CTaLMOHapHbIe 334341 31eKTPOMArHnT-
Holt Teopum: Yueb. nocob. HuxkHMM Hosropoa: Huskeropoackuii rocyHmsepcuteT, 2021. 112 c.

2. Chekmarev D. T., Abu Dawwas Yasser. Solving the hourglass instability problem using rare mesh variation-
difference schemes // J. Phys.: Conf. Ser. 2099 012003. 2021. P. 2-10.

3. A6y fasBac f., MoguH U. A., Yekmapes . T. MOMEHTHbI KOHEYHbIN SNEMEHT ANA PELLeHNA TPexmep-
HbIX 3a4a4 Teopuu ynpyroctu // Mpobaembl NPoYHOCTU 1 naacTuyHocTw. T. 85. Ne 2. 2023. C. 164-177.

KoHeYHOo-pa3HOCTHbIN aIr0PUTM ANA pacyeTa B3aMMOAEeNCTBUA AJIMHHbIX MOBEPXHOCTHbIX BOJH

C HENOABUKHbIM YaCTUYHO NOrpyXeHHbIM B BOAY TENIOM B pamKax 3D-mogenn NoTeHUNaIbHbIX TeYEeHU
B. C. Ckunba
®edepanbHeolli uccniedosamensbckull UeHMP UHGOPMAYUOHHbIX U 8bI4UCAUMENbHBIX MeXHOA02uli

E-mail: v.skiba@g.nsu.ru

Mpy NPOEeKTUPOBAHUM KPYMHbIX NOAYMNOTPY*KEHHbIX B BOAY NPUOPEXHbIX COOPYKEHUIA HEOOXOAMMO YUUTbI-
BaTb BO3MOKHOCTb BO3AENCTBUA HA HUX OJIMHHbIX MOBEPXHOCTHbIX BO/IH TUNa LyHaMu. A 4yncneHHOro moge-
JIMPOBaHUA MPUMEHAETCA Mepapxmyeckuii noaxos [1, 2] — nposesaeHMe CpaBHUTENbHbIX PAacYeTOB B pPaMKax
Nepapxmm MaTeMaTUYECKMX MOAeNeN PasnYHbIX NPUBANKeHUA. OAHOMN U3 HUX ABAAETCA NOJIHOCTbIO HEIMHEN-
HaA 3DFNPF-moaenb TpexmepHbIX NOTEHUUANBHBIX TEHEHWUI }KUAKOCTH.

B paboTe npeacTaBneH KOHEYHO-PA3HOCTHbIN aITOPUTM Ha NMOABUMKHbIX CETKax A/A pacyeTa B3anmosein-
CTBUA AJIMHHbIX NOBEPXHOCTHbIX BOJIH C YAaCTUYHO NOrpy*KeHHbIM B BOAY Tesiom B pamkax 3DFNPF-moaenu. lMo-
JlY4eHO yC0BME YCTONYMBOCTU M NPeanoKeH cnocob 3aaHmA HauyaibHOrO UTEPALLMOHHOTO NPUBANKEHMA, NO3-
BOJIAIIOLLMIA CYLLECTBEHHO COKPATUTb YMC/IO UTEpPaLMIA, HEODXOAMMbIX A/1A BblMUCNEHUS NOTEHUMana BeKTopa
cKopocTu. MpeanorKeHbl annpoKcMMaLMoHHble GOpMy/ibl BTOPOro nopaaka ana ycnosusa HelmmaHa Ha Henpo-
HULLAeMbIX FPaHAX Tena, UCNoJb3yloLLne 3HaYeHNA NOTEHLUMANA TONbKO B FPAHUYHbIX U BHYTPEHHUX NPUrPaHMy-
HbIX y31ax ceTKU. [lokazaHa camoCconpAXEeHHOCTb PAa3HOCTHOro onepaTopa Ana NoTeHuMana.

MpuBeaeHbl pe3ynbTaTbl PacHeTOB BAUAHUA Pa3MepoB Tena, ero 3arnybneHus, amnantyabl Haberatowei
BOJIHbI Ha BOJIHOBYIO KapTUHY nepej TesioM 1 338 HUM. [laHO CpaBHeHM1e C pe3ybTaTaMu pacyeToB Apyrux aBTo-
POB, 3KCNepMMeEHTaNbHbIMU AaHHbIMMI, @ TaKXKe C pacyeTamu B pamKax 2DFNPF-moaenn.
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Cnucok nautepatypbl

1. 'yces O. U., Cknba B. C., XakumsnaHos I'. C., Yyb6apos /1. b. YucneHHbIN aHaNn3 XxapaKTepuUCTMK B3anmo-
AeNCTBUA yeAMHEHHOMN BOHbI C HEMOABMMHbIM MOYNOrPY}KeHHbIM TENOM NPAMOYro/ibHOro cevenus // MMT®.
2023.T.64,Ne 6. C. 119-132.

2. Gusev 0. I., Khakimzyanov G. S., Skiba V. S., Chubarov L. B. Numerical modeling of the long surface wave
impact on a partially immersed structure in a coastal zone. |. Solitary waves over a flat slope // Physics of Fluids.
2023. Vol. 35, No. 8. Art. 087124.

MopgenupoBaHue npouecca TeNN0NPOBOAHOCTU B CTEK/IONAKETAX

M. A. Comosa, E. N. lN'ypnHa
HayuoHanbHbIl uccnedosamensckuli Tomckuli 20cydapcmeeHHsbill yHusepcumem

E-mail: p.a.somova@gmail.com

B HacToswen paboTe paccMaTpmMBaETCA aKTyasibHasA 334343 MOAE/IMPOBAHMA TENIOBbLIX MOTEPL B COCTABHOM
KOHCTPYKLMW TENJ0N30NALMOHHOIO OKHA, B HAPYXXHOM U BHYTPEHHEWN CTBOPKAx KOTOPOro YCTaHOBAEHbl O4HO-
KaMepHbIN 1 ABYXKaMepPHbIM CTEKIONAKeTbl. Ha nepBom 1 BTOPOM 3Tanax MogenmpyeTcs NpoLuecc pacnpocTpa-
HEHWA Tensia BHYTPM OAHOKAMEPHOrO U ABYXKAaMepPHOro CTeKN0oNaKeToB ¢ popmynamu octekneHna 4M1-16-
4AM1 n 4M1-14-4M1-14-4M1 c HaNO/NIHEHUEM MEXKCTEKO/IbHOIO NPOCTPAHCTBA OCyLLEeHHbIM BO34yXom. Ha Tpe-
TbeM 3Tane MoAeINPYeTCA PacnpoCTpaHeHMe Tenia BO BCEN COCTaBHOM KOHCTPYKLMK ¢ GOPMYI0N OCTEKNEHNA
4M1-16-4M1-200-4M1-14-4M1-14-4M1.

B npouecce Tenn1006MeHa B COCTaBHOW KOHCTPYKLMW TENNON30NALMOHHOIO OKHA YYacTBYHOT AEBATb C/I0EB
C Pa3NYHbIMK TENNOPU3UYECKMMM CBOMCTBAMM, ANIA KAXKA0MO U3 C/I0EB CTEK/IOMNAKETa UCMO/b3yeTca cBoe aud-
depeHuManbHoe ypaBHEHWE TENA0NPOBOAHOCTU C COOTBETCTBYIOWMMMU 3HAYEHUAMMU MNAOTHOCTU, KO3IPPULM-
€HTa TeNN0NPOBOAHOCTU U YAENbHOM TENJIOEMKOCTU. B Ha4aibHbIN MOMEHT BPEMEHM TEMMNEPATYPa KaXKA0M Ya-
CTW KOHCTPYKUMM NPUHMMAETCA O4MHAKOBOM. Ha neBoi rpaHuLLe paccmaTpuBaeTca rpaHnYHoe ycaosue | poaa,
Ha BbIXOA4e U3 paccmaTpuBaemoin obaacTn gencreyet rpaHnyHoe ycnosue Il poga. B 30Hax KOHTAKTa cTekna u
MEMKCTEKO/IbHOTO MPOCTPAHCTBA, 3aMOJIHEHHOIO OCYLWEHHbIM BO34YXOM, [AEWUCTBYIOT TPaHWUYHblE YCA0BUA
IV poaa.

YucneHHoe pelleHMe NOCTaBEHHOW 33434M peann3oBaHo Ha C++ Ha OCHOBE MeTOAa KOHEYHbIX Pa3HOCTEMN
C MCNO/JIb30BaHMEM ABHOM Pa3sHOCTHOM cxembl. BepudmrKaLma nonyyeHHbIX YNCAEHHbIX pe3ybTaToB NPOBOAMK-
Nacb € JAaHHbIMM, NOJYYEHHbIMWU B pe3y/ibTaTe KOMMbIOTEPHOro MOAENNPOBaHUA Npouecca Tenaonepesayn B
KOHCTPYKLMW TENIOM30/IALMOHHOIO OKHa B NakeTte rugpoanHammkmn ANSYS Fluent.

Cnucok nuTepaTtypbl

1. bepkosckuit b. M., HoroToB E. ®. Pa3sHOCTHble mMeToAbl MccienoBaHMA 33434 TennoobmeHa. MUHCK:
Hayka un TexHuKa, 1976. 141 c.

2. Basok, B. I., Davydenko, B. V., Isaev, S. A. et al. numerical modeling of heat transfer through a triple-pane
window // J. Eng. Phys. Thermophy. 2016. Vol. 89. P. 1277-1283. https:// doi.org/10.1007/s10891-016-1492-7.

YncneHHoe moaenMpoBaHMe TEMNEPATYPHbIX XapaKTePUCTUK TepMoLUKada c NacCUBHbIM 06orpeBom

W. B. TpeHbau, E. U. N'ypuHa
HayuoHanbHsbili uccnedosamenosckuli TomcKuli 20cydapcmeeHHsbili yHUgepcumem

E-mail: ivantrenbac@gmail.com
B HacToAwWwen paboTe paccMaTpMBaeTCa aKkTyasibHasA 334a4a MOAEIMPOBAHUS TEMMEPATYPHbIX XapaKTepu-
CTUK TepmolLlKada Pu3ypboKc ¢ naccuBHbIM 060rpeBomM 3a CHET TENI0BOM MOLLHOCTM HedTerasoBoAAHON cMecH
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B Tpybonposoae. TepmoluKadbl Pusypbokc npumeHaroTCcA ANA 3aWwmnTbl 060pyA0BaHNA OT BO3AENCTBUA HU3KMX
TEMNepaTyp, KOHAEHcaTa, aTMOChEPHbIX 0CaZKOB, MblIN, XMMUKATOB, PUINYECKUX NOBPEKAEHUIA, HECAHKLMO-
HWPOBaAHHOIO AOCTYNa.

B naHHOM paboTe paccmaTpuBaeTca NpPoLecc pacnpeaeneHmsa Tenaa BHYTPU ABYMEPHOIO CEYEHUA TePMO-
WwKada Pusypbokc-C-T7. YucneHHoe moaenmpoBaHWe pacnpoCcTpaHeHUa Tenaa B CEMUCIOMHON KOHCTPYKLU MK
TepMoLlKada NPoOBOAMTCA C NOMOLLBbIO METOAA KOHEYHbIX PAa3HOCTEN HA OCHOBE HEABHOM PA3HOCTHOM CXeMbl B
0AHOMEpPHOM NOCTaHOBKeE.

B Ha4YanbHbIA MOMEHT BPEMEHWN TEMMEPATYPa KaXKA0M YacTU KOHCTPYKLUKW NPUHMMAETCA O4MHaKoBOM. Ha
NeBOM rpaHuLLEe paccMaTpMBaeTca rpaHMYHoe ycnosue | posa. B 30Hax KOHTAKTa NepBbIX ABYX BHYTPEHHMX CNOEB
NAACTUHbI AENCTBYIOT rPaHUYHble ycnosua IV poaa. B 30Hax KOHTaKTa € YeTBEPTbIM CNOEM MAACTUHBI AENCTBYIOT
rpaHu4YHble ycnosusa | poaa, TemnepaTypy B YETBEPTOM CA0€ MAACTUHbI ByAeM cYMTaTb NOCTOAHHON. B 30Hax
KOHTAKTa [BYX OCTABLUMXCA BHYTPEHHWUX CI0EB NAACTUHbI AEACTBYIOT FpaHUYHble ycnosua IV poga. Mpu Bbixoae
13 06/,1aCTn, rae OCyLLEeCTBAETCA TeNI100OMEH C OKPYKaloLWEen cpeaoit, PacCMaTPMBAKOTCA TPaHUYHbIE YCA0BUSA
Il poga.

B KauecTBe pe3ynbTaToB PaboTbl ObiNM NOCTPOEHDbI FPadUKKM pacnpeseneHmna TemnepaTypbl B TepmoluKade,
npeacTaB/eHa BU3yannsaLuma pacnpocTpaHeHMA Tenaa BHYTPU ceveHuns Tepmowkada. Ana sepudumkaumm pas-
paboTaHHOro anroputTma bbls10 NPOBEAEHO CPAaBHEHWUE PE3YNbTAaTOB YUCIEHHOIO pacyeTa, NOAYYEHHbIX C MOMO-
wbto MKP 1 AnsysFluent.

CnucokK nuTepaTtypbl

1. Tepmolukadbl cteknonnactukosble Pusypbokc-C-T (RizurBox-C-T) AMaroHa/ibHOro packpbITMA ¢ Noaao-
Hom. URL: https:// rizur.ru/catalog/termoshkafy/termoshkafy-stekloplastikovye-diagonalnogo-raskrytiya-s-
poddonom/.

2. KysHeuos I'. B., LLlepemeT M. A. Pa3HOCTHble MeTOoAbl peLleHMn 3a4a4 TEMNIONPOBOAHOCTU: Yueb. nocob.
/ T. B. Ky3Heuos, M. A. LLiepemeT. Tomck: N3a-8o TMY, 2007. 172c.

Anroputm mopduHra ana NnocTpoeHUs CTPYKTYPUPOBAHHbIX CETOK B AedOopMUPOBaHHbIX 06bemax

0. B. Ywakosa, H. A. AptemoBa
UHcmumym mamemamuku u mexaHuku um. H. H. Kpacosckozo YpO PAH

E-mail: uov@imm.uran.ru

OnucoiBaeTca anroputm mopdurHra, NONOJHUBLLMIA TEXHOOMMIO MOCTPOEHUS TPEXMEPHbIX CTPYKTYPUPO-
BaHHbIX CETOK [1], npeAHa3HAYeHHYIO A1A YUCNEHHOrOo peleHnsa auddepeHumanbHbIX YypaBHEHUI, Mogennpy-
IOLLMX BUXPEBbIE MPOLLECCbl MHOTOKOMMNOHEHTHOW TMAPOAMHAMUKK [2]. Anroputm mopduHra npeaHasHaveH
A7 NOCTPOEHUA CTPYKTYPUPOBAHHbIX CETOK 0COB0I CTPYKTYpbl B 06beMax, NoayYeHHbIx Aedopmaumei obbe-
MOB BpaLLeHWUs Teflamm, 06pa3oBaHHbIMU NOBEPXHOCTAMM BPALLEHMA C NAPAANENbHBIMW OCAMU. ANTOPUTM pas-
paboTaH B paMKax BapMaLMOHHOIO NoaxoAa NOCTPOEHUA ONTMMA/bHbIX ceTOK [3]. PaHee 3TOT anroputm 6bin
peann3oBaH ANsA NOCTPOEHMA CTPYKTYPUPOBAHHBIX CETOK B 06bemax BpalLeHus, 4edopMUpPOBaHHbIX APYrMMuM
ob6bemamu BpaleHua [4]. MpmuBogATCcA NPMMeEpPbl PAacYETOB CETOK.

CnucokK nuTepaTtypbl

1. Anuchina A. |, Artyomova N. A., Gordeychuck V. A., and Ushakova O. V. A technology for grid generation
in volumes bounded by the surfaces of revolutions // LNCS. Science and Engineering. 2019. Vol. 131. P. 281-292.
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2. Anuchina N. N., Volkov V. I, Gordeychuk V. A,, Es'kov N. S., llyutina O. S., Kozyrev O. M. Numerical simu-
lation of 3D multi-component vortex flows by MAH-3 code // Advances in Grid Generation. Ed by Ushakova O. V.
Novascience Publishers. 2007.

3. Ywakosa O. B. O pa3BuTUK BapuaLlMOHHOro NoAxoa NOCTPOEHNA ONTUMasbHbIX ceTokK (0630p) // Tpyapl
MH-Ta matemaTtnkmn n mexaHmkm YpO PAH. 2023. T. 29, Ne 2. C. 217-247.

4. Ushakova 0. V., Artyomova N. A. Non-stationary grid generation algorithm for deformed volumes of rev-
olution // Math. and Comput. in Simulation. 2023. Vol. 203. P. 878-909.

Mcnonb3oBaHME XMMEPHbIX CETOK NPU YNCIEHHOM MOAEIMPOBAHUMN CETOYHO-XapPaKTEPUCTUYECKUM

mMmeToAaoM pacnpocTpaHeHnAa BOZIHOBbIX CUTHA/10B B pesibce

A. B. ®aBopckas, A. A. KoxkemsaueHKo
MockoscKuli pusuko-mexHuUYeckuli uHcmumym

E-mail: aleanera@yandex.ru

[Nna yncneHHoro peleHnn ypaBHEHUIA MmaTeMaTUYeCcKol GpU3MKM BCe Yallle CTa/IM UCMNO/Ib30BaThCA BblYMC-
JIUTENbHOM aNropMTMbl, OCHOBaHHbIE Ha MUCMO/b30BaHUN XMMEPHbIX CeTOK [1] Npu NOCTPOEHMM CNOMXKHBIX pac-
yeTHbIX obniacTelt. B HacToAwen paboTe NpPoBeAEHO KOMMbIOTEPHOE MOAE/IMPOBAHUE PACMPOCTPaHEHMA BOJI-
HOBOrO CMrHasa B pesibCe CeTOYHO-XapPaKTEPUCTUYECKUM METOLOM BbICOKOIo MopsAAKa anmnpoKCMmaumm ¢ uc-
No/ib30BaHMEM anropuTMa B3aMMHOM UHTEPNONALMM MEXKAY XMMEpPHOI (HanoxKeHHon) n gekapTtosoin (poHo-
BOI) pacyeTHbIMM ceTKaMn. XMMepHas pacyeTHas ceTKa, MCMo/b30BaHHanA ANA yYeTa C/I0XKHON KpUBOAUHENHOM
NoBEPXHOCTU pesibca, reHepUpPyeTcsa C NOMOLLbIO CNeLUnanbHOro aHaAUuTUYeCcKoro aaroputma. Bapbmpya napa-
MeTpbl pazbrneHna ncxogHoro npoduna penbca (Konnyectso nogobnacrei) n NPocTpaHCTBEHHbIE Warn ansa ¢o-
HOBOM PaCYeTHOMN CETKM, MPOBELEHO MUCCNEeAOBaHME CETOYHOM CXOAMMOCTM paccMaTpMBaemoro rnoaxona, a
TaK)Ke NoJslyYeHbl BOJIHOBbIE MOJIA pacnpeaeneHna Moayas CKOPOCTM PacnpoCTpaHEeHUA UCXOAHOro CUrHana B
rosoBKe pesnbca. NonyyeHHble pe3ynbTaTtbl [2] CBUAETENbCTBYIOT O CETOYHOM CXOAMMOCTU pa3paboTaHHOro noa-
X04a Ha 6a3e CeTOYHO-XapaKTePUCTUYECKUX METOA0B 1 MOTYT 6bITb MCNO/Ib30BaHbI B 3a4a4aX Y/IbTPa3BYKOBOro
HepaspyLIatoLLero KOHTPO/IA PebcoBOro No0THa.

NccneposaHue BbiNoIHEHO Npu pUHAHCOBOM NoaaepKe Poccuiickoro HaydHoro ¢oHaa (npoekt Ne 20-71-10028).
Cnuncok nutepaTypbl

1 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 // Loba-
chevskii J. of Mathematics. 2020. Vol. 41, No. 4. P. 512-525.

2. Kozhemyachenko A. A., Favorskaya A. V. Grid convergence analysis of grid-characteristic method on chi-
mera meshes in ultrasonic nondestructive testing of railroad rail // Comput. Mathematics and Mathematical
Phys. 2023. Vol. 63, No. 10. P. 1886-1903.
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Cxema NpeauKTOP-KOPPEKTOP ANA pelueHus 33434 BOIHOBOW 'MAPOAUHAMUKU B PaMKaX HeJIMHEAHO-

BUNCNEPCUOHHbIX YPAaBHEHUI NOBbILWEHHO TOYHOCTH

3. U. ®epoToBa, O. U. T'yces, I'. C. XakMm3aHoB
®edepansHeili uccniedosamensckull UeHMpP UHGOPMAYUOHHbIX U 8bI4UCAUMENbHbLIX MeXHOA02uli

E-mail: zf@ict.nsc.ru

Mpwn pacnpoCcTpaHEeHUM BOSIH HA NPOAOKUTENbHbIE BPEMEHA, a TaKXKe NP AOCTUNKEHUMN KOHTUHEHTa b-
HOTO CK/IOHa, FAe YMEeHbLATCA ryOuHbI, BO3HMKAOT 3pPeKTbl HENMHEMHOCTU U AUCAEPCUM, YTO CTAN0 NPUYK-
HOW pa3paboTKM HenMHerHo-ancnepcnoHHbix (H/14-) moaeneli, KoTopble, B OTAUYME OT KNACCUYECKUX YpaBHe-
HWI MEeNIKOM BOZbI, YYMUTbIBAIOT YaCTOTHYIO Ancnepcuto. B HacToAwem uccnesosaHnm OCHOBHOE BHUMAHMKE yae-
neHo SGN-mozenu Ceppe — MpuHa — Haram BToporo A/IMHHOBO/IHOBOTO NPUBAMIKEHMA, MOANPUKALMA KOTOPOA
No3B0/IMNA NOAYUNTb HOBYIO MSGN-mogenb, 061aatoLLyto yayylleHHbIMU Ga3oBbIMM XapaKTEPUCTUKM 3a cHeT
TOrO, YTO ee ANCMNEePCUOHHOE COOTHOLLIEHWE C NOBbILWEHHbIM YETBEPTbIM NOPALAKOM TOYHOCTU NPUBAUIKAET AMC-
NepCcMOHHOE COOTHOLIEHME "3TaZIOHHOI" MOAENN NOTEHLMANbHbIX TEYEHUI }KULKOCTU CO CBOBOAHOM rpaHULEN.
YpasHeHna mSGN-moaenun cogepKat CMeLlaHHble NPOU3BOAHbIe TpeTbero nopaaKka No BpemMeHU 1 NpocTpaH-
CTBEHHbIM KOOPAMHATaM U, TEM CaMblM, HE OTHOCATCA K cMcTemMam ypaBHeHM Tuna Kowu — KoBaneBCcKoOW, YTo
NpenATCcTBYET NPAMOMY PACAPOCTPAHEHMIO Ha HMX XOPOLLIO 3aPEKOMEHAOBABLUMNX Ce6A YNCAEHHbIX METOLOB,
pa3paboTaHHbIX A1A CMCTeM rMnepbonYecKkoro TMna.

[na uncneHHoro peleHuns 3aga4y B pamkax mSGN-moaenu npeasiorkeHa pasHoctHaa mSGN-cxema npegmK-
TOP-KOPPEKTOP, OCHOBAHHAA Ha pPacLLenieHUM YpaBHEHUIA 3TON MOAEN Ha TMNepbOoaNYECKYIO CUCTEMY U CKa-
NIAPHOE ypaBHEHME S/IIMMTUYECKOTO TUNA A8 NPOUHTErPUPOBAHHON MO r1ybUHE ANCNEPCUOHHOM COCTaB/IAD-
Lwen aasneHmaA. BbiNnosHEH ANCCUNATUBHBIA U AUCNEPCUOHHBIN aHaIN3 PasINYHbIX BapMaHTOB NMOCTPOEHHOM
CXeMbl, KOTOPbIE OT/IMYAOTCA CNOCOOOM aNMPOKCUMALLMM YPABHEHMA SNJIMNTUYECKOTO TUMNA, NONYYEHbI YCNOBUA
YCTOMYMBOCTU, NPOaHaAn3nMpoBaHbl dopmybl Ans $a3oBoi oWwMOKK, a TaKKe U3ydeHo nosegeHme Koadpoduum-
€HTa 3aTyXaHuA rapMoHuK. MokasaHo, uTo MSGN-cxemMa MMeeT pAg, NPEUMYLLECTB Nepes, aHaN0OrMYHON ans
SGN-moAeNu, B YaCTHOCTH, NPU ee UCNOIb30BAHUKN NPOUCXOAUT Hoslee CMAbHOE NoAaBNEHNE KOPOTKOBOIHOBbIX
rapMOHMK. BbINOSIHEH CPAaBHUTENbHbIM aHanNn3 cBOMCTB MSGN-cxem A1a ypaBHEHUI C O4HOM M ABYMA NPOCTPAH-

CTBEHHbIMU NepeMeHHbIMMN.

Bblpo}KAEHHaa MoaeNb MEJIKOW BOAbI C HAKJOHHbIM AHOM

0. A. YnpKyHoB
HosocubupcKuli eocydapcmeeHHsll apxumekmypHo-cmpoumernoHsili yHUsepcumem

E-mail: chrl01@mail.ru

MccnenyeTca cuctema ypaBHEHUIA MeIKkoi BoAbl C MPAMOIMHENHBIM HaK/OHHbIM AHOM, AN KOTOPOIA MaT-
puua AKobM 3aBUCUMbIX NepPeMeHHbIX OTHOCUTE/IbHO HE3aBUCUMbIX MepeMeHHbIX BbIPOXAeHa. ITOT cay4ait pa-
Hee HUKeM He M3ydanca. Mbl MOAYYUIM BCe TaKMe peLleHns cuctemol. Kaxkaoe pelleHne AN KOHKPETHbIX 3Ha-
YeHuUIh ero NapameTpoB UAMIOCTPUPYETCA rpaduKoM pacnpeneneHus npesbilleHna cBoboAHON NOBEPXHOCTU
HaZ AHOM U rpaduKom pacnpeneneHuss CKOPOCTU PacnpoCTPaHEeHUA NOBEPXHOCTHOW BOJHbI. YKa3aH ¢pusnye-
CKMIA CMbICN 3TUX pelueHnit. MeToaom A-onepaTopoB HaliZleHbl BCe 3aKOHbI COXpaHeHUs Hy/1eBOro Nopsaaka Ans
NCXOAHOWM CUCTEMbI C HAKIOHHbIM AHOM.

Cnucok nuTepaTtypbl

1. Chirkunov Yu. A. Exact solutions of the shallow water system with an inclined bottom // Discontinuity,
Nonlinearity, and Complexity. 2024. Vol. 13 (2). P. 279-289. DOI:10.5890/DNC.2024.06.006.
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OnHamunueckoe npogonbHoe aedhopMrMpoBaHUE BASKOYNPYIroro CTep}KHA CO CTeNneHHOW HeJIMHEeMHOCTbIO

0. A. YnpkyHos, M. 0. YmpkyHoB
HoeocubupcKuli eocydapcmeeHHsll apxumekmypHo-cmpoumernoHsill yHUsepcumem

E-mail: chrl01@mail.ru

Uccnepyetcs mogenb HeIMHEWHOro MNPOAO/AbHOMO AMHaMU4YecKoro aedbopmMMpPOBaHMA BA3KOYMNPYroro
CTEPXKHA CO CTEMEHHOM 3aBUCUMOCTbIO HanpaxeHua oT gedopmaumm U CKOpocTu aepopmanmm. 3Ta Moaenb
3agaeTca HennHelHbiM anddepeHumanbHbIM YPaBHEHMEM C YACTHbIMM MPOU3BOAHLIMM TPETbEro nopsaaKa.
HaipgeHa ocHoBHas rpynna JIn npeobpa3oBaHuii 3TOro ypaBHeHus. A aTo moaenu HanaeHbl BCe MHBapUaHT-
Hble noamogenu. [lna Bcex aTUX NnogMoaeNel MHBAapPUaHTHbIE PeLleHMs, onpeaensiowme 3sTm Nogmoaenu, no-
Nyyatotcs nbo B ABHOM BUAE, MO0 MX NOUCK CBOAMTCA K pPeLeHnto cucTem anddepeHumnanbHblX ypaBHEHWU
nepeoro nopsgKa. 4ns sTux cuctem nsydyarTtca nmetowme GrMsMYecknin CMbIC KpaeBble 3a43a4M, KOTopble Npu
HEKOTOPbIX KOHKPETHbIX 3HAYEHUAX BXOAALWMX B HAX NAapaMeTPOB PeLIaoTCs YncieHHo. MpoBeaeHHble nccne-
[0BaHMA 0COBEHHO aKTyasibHbl B PAaKETOCTPOEHUM, aBUACTPOEHUMN, CYAOCTPOEHUN U APYrMX obnacTsx.

HenuHeiiHoe pacnpegeneHue Tenaa B CTEP}KHE NPU HAJAMYUYU BHELUHEr0 HECTaLLMOHAPHOIO UCTOYHUKA

Harpesa nau oxnaxkgeHua

0. A. YupkyHos, M. 0. YpkyHoB
Hosocubupckuli 2ocydapcmeeHHsbili apxumeKkmypHo-cmpoumesbHblli yHUsepcumem

E-mail: chrl01@mail.ru

Nccnenyetca HeanHeHoe pacnpeaeneHue Tenna B NpaMoanNHEHOM OAHOPOAHOM CTePXKHE NPU HaaMuymnm
BHelwHero HeCtTallMoOHapPHOro NCTOYHMUKa Harpesa Uan oxnaxXaeHuAa. MeTO,CI,aMVI dHa/n3a CUMMETPUn Ha[/‘I,EI,eHbI
BCE OCHOBHble Mmoaenn obuien mogenn, obnagatolime pasiMyHbIMU CBOMCTBAMM CUMMETPUUN. [anbHenlwee uc-
cnefloBaHMe NMOCBALWEHO MOAENN, AONYCKaloLWeNn Hanbosiee WMPOKYIO rpynny npeobpasosaHMin JIn no cpasHe-
HUIO C gpyrummn 6asoBbiMK mogenamu. Ansa gubdepeHLManbHOro ypaBHEHWA, ONPEAENSIOLEro 3Ty MOAEb,
Mbl NOAYUYUAN BCe cenapabesibHble pelleHUs U BCe MHBapMaHTHbIe pelleHns. HeKoTopble pelleHns HaxoaaTca
ABHO. Habop 3TUX ABHbIX PeLLeHNIA 3aBUCUT OT IMNUPUYECKN onpeaeeHHbIX NapameTpoB: oaHa ntobas rnaaxas
bYHKUMA N AeCATb MPOM3BO/bHbLIX KOHCTAHT. A 3TUX pelleHnin Npu HEKOTOPbIX 3HaYeHUAX NapameTpos, OT
KOTOPbIX 3TU peLleHns 3aBUCAT, NOyYeHbl rpaduKM pacnpeseneHuns Tenna B cTep:kHe. A Apyrnx peleHuni
Mbl M3YYMSIM HEKOTOpPble GU3NYECKUN 3HAaUYMMbIE KpaeBble 3a4a4n. YCTaHOB/EHbI CYLLECTBOBAHME U eANHCTBEH-
HOCTb PEeLUEeHWNI 3TUX KpaeBbiX 33434 NPU HEKOTOPbIX AOMNOAHUTENbHBIX YCN0BUAX. ITO NO3BOJIAET KOPPEKTHO
pelwaTtb AaHHble KpaeBble 3a4a4M YncieHHo. Kpaesble 3a4a4m AN HEKOTOPbIX KOHKPETHbIX 3HaYEeHNI BXOAALLMX
B HWUX NapamMeTpoB peLleHbl YUCAeHHO. [oayyeHbl cooTBeTcTBYOWME rPpaduKkmn GYHKLUUNA.

OuvckpeTtusauma auddepeHumnanbHbIX ONEPATOPOB € YCIOBUEM OrPaHUYEHHOCTU peLueHus
A. B. Waposa?, 3. A. Bubepaopd?
IHosocubupckuli 20cydapcmeeHHbIll yHUsepcumem

2MHcmumym mamemamuku um. C. /1. Cobonesa CO PAH

E-mail: a.sharova@g.nsu.ru

B paboTe paccmaTpuBaeTca CUTyaLMs, YacTo BO3HMKAOLWAA NPU MOAE/MPOBAHNM NPOLECCOB, NPOTeKato-
WMX B LUNANHAPUYECKMX U Chepuyeckmx 061acTax, Koraa NnoOMMMO YCI0BUIA Ha rpaHuLLe 061acTn HeABHO noapa-
3yMeBaeTca YC/A0BME OrPaHMYEHHOCTM B ee LUEeHTpe. ITO YCA0BME A0/KHO YYMTbIBATLCA NPU NOAYYEHUN AMUC-
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KpeTHoi mogenn. OAMH U3 BapMaHTOB pelleHus 3Tol Npobaembl A8 ANCKPETU3ALMM C MOMOLLBHO KOMTOKaLU-
OHHbIX MaTpuL, npmeoanuTca B [1]. O4HaKo, 3TOT NOAX04, MOXKET ObITb HEAOCTAaTOYHO TOYHbIM, €C/IN FAAKOCTb
YETHOro UM HEYETHOTO NPOLOMKEHMA GYHKLUM HEAOCTATOUHA.

B paHHOM paboTe npeacTaBieHbl ABA HOBbIX MOAX0AA K ANCKPETU3aLMM NPOU3BOLHbIX C YCAOBUEM Orpa-
HUYeHHoCTU. MprmeHeHne 04HOro U3 HUX TpebyeT 3HAHWA aNnPUOPHON MHGOPMALUM O ACUMITOTUYECKOM MO-
BEAEHUN PeLLUeHUs B Hy/le, BTOPOMN UCMOb3yeT NPoCcToi $aKT, uTo ecnun ¢yHKumMA f(r) orpaHuyeHa npu r = 0, To
ana dyHkumm g(r) = r f(r) BbinonHseTcs ogHopogHoe ycnosue g(0) = 0.

Pe3ynbTaTbl NPMMEHEHUA 3TUX NOAXOLA0B AEMOHCTPUPYIOTCA NPUMEPE CNEKTPAIbHOM 33434M ANA YpaBHe-
Hus beccensa n Ha 3aga4ax 0 Te4eHNN B BECKOHEUYHOM LNMANHApPE.

PaboTa BbINO/IHEHA B paMKax rocyapCcTBEHHOro 3agaHua MHcTuTyTa matemaTtku um. C. J1. Cobonesa CO PAH (npoeKT
Ne FWNF-2022-0008).

Cnuncok nutepaTypbl

1. Trefethen L. N. Spectral methods in MATLAB. SIAM. Philadelphia. 2000. P. 163.

MHorowarosble CEeTOYHO-XapaKTePUCTUYECKUE CXeMbl MOBbILWEHHOro NOpAAKa annpoKcUumaLm

ANA TPEXMEPHbIX ANHaAMUYECKUX 3a4a4

A. B. WesueHko™, B. U. Tony6es?
IMockoscKull (husuKko-mexHudeckuli uHcmumym

2MHcmumym aHanumu4eckozo npubopocmpoeHus PAH

E-mail: alexshevchenko@phystech.edu

CelicMmnyecKas pa3BefKa ABNASETCA OAHMM U3 LUMPOKO UCMO/Ib3yeMbIX METOA0B MNOMCKA MECTOPOMKAEHNM
yrnesogopoaos. OHa ocHOBaHa Ha iIBIEHUW PacnpOCTPaHEHMA CEMCMUYECKUX BOJIH B HEOAHOPOAHOM reosioru-
YecKoW cpejie, CONPOBOXAAEMOM GOPMUPOBAHUEM OTPAKEHHbIX BOJH.

Ons onucaHma npouecca AMHaMUYECKOro HarpyXeHus reosIormMyeckoro mMaccuBa LUMPOKO UCNONb3yeTca
MOZEeNb aKyCTUYECKOM cpeabl U MOAENb IMHENHO ynpyroi cpeabl. [ToCTpoeHNE UX YNCAEHHbIX PELLEHUA MOXKET
6bITb BbINOJIHEHO C UCMO/Ib3OBAHNEM CETOYHO-XapaKTePUCTUYECKOro Noaxoaa. HecmoTpa Ha To, 4To A41a ogHo-
MepPHbIX rMNepboNYECKMX CUCTEM NOCTPOEHbI METOAbI MOBbLILEHHOIO NOpPAAKa annpoKCUMaLMn, UCMOb30Ba-
HUe TPaANLMOHHbIX CXEM NPOCTPAHCTBEHHOIO PacLLENNeHUA NPUBOLMUT K CHUMKEHWUIO NOPSAKA annpoOKCUMaLmMm
MTOrOBOM MHOFOMEPHOM CXEMBbI.

PaHee 3HauuTeNbHblE ycnexu 6biM NoaydyeHbl B 061aCTU NOCTPOEHUA CXeM MOBbILEHHOTO MopaaKa Ans
ABYMepHbIX 3a4a4. OHaKo, HauboNbLINIA NPAKTUYECKNIA MHTEepPeC NPeACcTaBAAOT NO/IHOBO/IHOBbIE TPEXMEPHbIe
NMOCTAHOBKMW. B HacToALLel paboTe pa3BUT NOAXOAH MHOIOLIAroBOro pacLLenneHuns gna gaHHoro cay4as. Moctpo-
€HHaA TpexmepHas cxema yCnewHo NPUMeHeHa AN PeLUeHMA aKyCTUYECKUX U IMHEMHO YNpYrnx 3a4a4y, SmMnu-

pnyeckn noareepAeHO COXpaHEeHME NOBbIWEHHOTO NOPALKA aNnNPOKCUMaLUN.

Full-wave simulation of the fatigue fracturing process for the plate with hole
W. Khalid, B. O. Cteuok, B. U. Fony6es, H. 1. Xoxnos
Mockosckuli husuko-mexHudeckuli uHcmumym

E-mail: khalidbinwaleed97 @gmail.com

The process of the fatigue fracturing is very important in aircraft manufacturing. The turbine blades are
loaded during each flight with tiny amplitudes, but it still leads to their damage. The elaboration of the modern
laboratory devices for very high cycling loading allows us to test the materials under high frequency loading. The
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computer simulation in this domain can give us the data, that is necessary to construct reliable mechanical
models.

In this work, the problem of the fatigue fracturing of the plate with the hole is considered. The full-wave
simulation of each cycle of the loading was carried out with the grid-characteristic method. The usage of the
superimposed grids allows us to describe the complex form of the hole without significant increases of the com-
putational complexity. The multi-modal continuum model of destruction was used to describe the plate damage.
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CEKLMA 2
UncneHHoe cTaTUCTUUECKOE MogenupoBaHue u metoabl MoHte-Kapno

MNocTpoeHne NPOEKLUMOHHON OLEHKM MAapruHa/ibHOM NIOTHOCTU peLUEeHUA CTOXaCTUYECKUX

anddepeHUNaNbHbIX YPaBHEHUN

T. A. ABepuHa
UHCmumym seiqucaumensHol mamemamuKku u mamemamu4eckoll 2eogpusuku CO PAH

E-mail: ata@osmf.sscc.ru

Bo mHoOrmx 3agayax, Mogenn KOTOpbIX MOMKHO OMNUCaTb CTOXacTUYeCKMMU anddepeHumanbHbIMK ypaBHe-
Huamm (CAY) [1, 2], TpebyeTcs oueHKa NJIOTHOCTM BEPOATHOCTM PELLEHMSA, KOTOPasA AaeT MaKCUMabHY MHbOp-
MaLMIo O npoLiecce.

YncneHHble meToapl peweHns CAY [3] no3BonAoT HanTU NpubankeHHoe pelieHme CAY, a TakXe AatoT BO3-
MOXHOCTb OLLEHUTb NJIOTHOCTb BEPOATHOCTU peLleHmns. B KauecTse TakoM oueHKM 06bI4MHO MCMO/Ib3YETCS TMCTO-
rpamma pacnpegeneHus (nocTpoeHHas no BbibopKke). OgHaKO MHOrMe 3a4a4m TpebytoT oLLeHNBaHUA pacnpeae-
JIeHUA, KOorga KOHEYHbIN pe3ynbTaT AoKeH ObiTb NpeacTaB/ieH B aHaiuTMYeckon dopme B Buae GpyHKumu. Mo-
3TOMY B AaHHOW paboTe n3naraeTca afibTePHATUBHbIN cNocob OLEHKU NNOTHOCTM BEPOATHOCTU pelueHus CAY.
MocTpoeHbl ABa anropuTMa BblYUCAEHUS YUC/IEHHO-CTAaTUCTUYECKOM NPOEKLMOHHON OLEHKU MapruHasibHOMU
NAOTHOCTU BEPOATHOCTU PeLLUEeHUst CTOXacTUUYeckux auddepeHumnanbHbIX YpaBHEHUN C UCNOIb30BaHMEM MOJIN-
HomoB JlexkaHapa. MccnepoBaHa npobiema onTMMabHOIO (COrlacoBaHHOro) Bbibopa NapameTpoB CTaTUCTU-
yeckoro anropuTtma. lMposBeaeHo cpaBHEHME NOJTYYEHHbIX MPOEKLNOHHbIX OLLEHOK U TMCTOTPaMMbl.

NccnepoBaHue BbINMONHEHO B paMKax rocyaapcrseHHoro 3agaHma MBMuMI CO PAH Ne FWNM-2022-0002.
Cnuncok nutepaTypbl

1. Kushner H. J. Probability methods for approximations in stochastic control and for elliptic equations. New
York, 1977. 243 p.

2. ABepuHa T. A., Pbibakos K. A. MpubankeHHoOe pelleHMe 3a4a4un NPOrHo3MpPoBaHMA ANA CTOXAaCTUYECKUX
cuctem  anddysnMoHHo-ckaykoobpasHoro Ttuna //  CuBMBM. 2017. T. 20, Nel. C. 1-13.
DOI: 10.15372/SJNM20170101.

3. ABepuHa T. A. CTaTUCTUYECKOE MOAENNPOBAHME PELLUEHUI CTOXAaCTUYECKMX AnddepeHLManbHbIX ypaBHe-
HAX W CMUCTEM CO C/Ayd4allHOW CTpyKTypol. Hosocubupck: WMsa-so CO PAH, 2019. 350 c. https://
www.rfbr.ru/rffi/ru/books/o_2097688.

ANropuTtMmbl MOAEANPOBAHUA HErayCCOBCKUX C/IY4aiHbIX NPOLLECCOB € 334aHHbIMW MapruHaibHbiMU

pacnpeaeneHmamum

M. C. AkeHTbeBal, B. A. OropoaHukos?, H. A. Kapranonosa?, C. Cy?
IMHecmumym sbiuucaumensHoli Mamemamuku u mamemamuyeckoli 2eoppusuxu CO PAH

2Hosocubupckuli 2ocydapcmeaeHHsbill yHusepcumem

E-mail: marina-akenteva@mail.ru

B goknaae byaeT npeacrasneH 0630p HOBbIX aArOPUTMOB MOAENUPOBAHNA HEFAaYCCOBCKUX CTyYalHbIX NPo-
L,eccos.

Pag npeacTaB/iieHHbIX afirOPUTMOB NpegHasHavyeH 418 MoAeIMpPOoBaHMA OTPE3KOB CTaLMOHAPHbIX BEKTOp-
HbIX 1 CKaNAPHbIX NOC/eA0BaTeIbHOCTEN C YaCTHbIMU pacnpeaeneHnammn nux noanocieaosatenbHocTen GUKeu-
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POBAHHOM A/IMHbI B BUAE CMECel rayCCOBCKUX pacnpeneneHunin. B ocHoBe anroputmoB nexkat MeToz cynepro-
3MLMM ABYX FayCCOBCKMX BEKTOPHbIX MPOLECCOB, METOZ, YCIOBHbIX pacnpeaeneHuii u otbop peanusaunin ansa
NPUBAMKEHHOIo NOCTPOEHUA YCNOBHbIX peanusauni [1, 2].

Kpome sToro, byayt npeacraBneHbl Mmoandukaumm anroputma M3 pabotbl [3], nossonstowme moaenmnpo-
BATb Pa3/IMYHbIE KNACChbl HECTALMOHAPHbIX HErayCCOBCKMX NOCAEA0BATENbHOCTEN C 3a4aHHbIMM OAHOMEPHbBIMMU
pacnpegeneHuamm n KoppenaumoHHon ¢yHKumen. MNpeanoxkeHHble anropuTmbl 6asnpytoTca Ha Bblbope ane-
MEHTOB M3 YNopaA0YeHHbIX COBOKYNMHOCTEN HE3aBUCUMBIX C/TYYaiHbIX BEIMYUH, OCYLLLECTBISEMOM C MOMOLLbIO
OZHOPOAHbIX BEKTOPHbIX M HEOAHOPOAHbIX CKAaNAPHbIX MapPKOBCKUX Lenei.

MccnepoBaHme BbINOIHEHO B pamMKax rocygapcrseHHoro 3agaHmna MBMuMI CO PAH FWNM-2022-0002.
Cnuncok nutepaTypbl

1. OropogHuKoB B. A., AkeHTbeBa M. C., Kapranonosa H. A. NMpubanKEHHbIN anroputm MoaennpoBaHUA
CTaLUMOHapPHbIX AUCKPETHbIX CAYYaMHbIX NMPOLECCOB C ABYMEPHbIMM pacnpeneieHMAMU NocaenoBaTebHbIX
KOMMOHEHT B BUEe CMECMU rayCCoBCKUX pacnpeaeneHnin // Cu6X*KBM. 2024. T. 27, Ne 2. C. 213-218.

2. Akenteva M. S., Kargapolova N. A., Ogorodnikov V. A. Simulation algorithms for stationary sequences with
distributions in the form of a mixture of Gaussian distributions // RINAMM. 2024. Vol. 39, No. 3. P. 123-130.

3. MapueHko A. C., MonuaH C. L., Netpos A. B., CtynuH B. B. OanH Knacc cTauMoHapHbIX BPEMEHHbIX PAL0B
C NPOM3BOJIbHBIM O HOMEPHbIM pacnpeaeneHnem sepoatHocten / C6. HayuHbIX Tpyaos "Teopusa 1 Nnpunox<eHus
cTaTUcTUYeckoro moaenmposaHua' nog pea. . A. Muxainnosa. Hosocnbupck: BL, CO AH CCCP, 1985.

Moaundukauma meToga UCKAOYEHUA
B. C. AHTiOdeeB
UHCmumym eblyucaumensHol mamemamuKku U mamemamu4eckoli eeogpuzuku CO PAH

E-mail: ant@osmf.sscc.ru

PaccmaTpmBaeTca mogmduKkauma metoaa UckatoveHus [1-3] 4na BbluMCNeHUA MHTerpasos metogom MoHTe
Kapso. 3ta moamduKkaumsa no3sonseT yCKOpUTb pacyeT. MpuBeaeHbl pesyibTaTbl YACAEHHbIX SKCNEPUMEHTOB,
KOTOpble NoKasann ysenanyeHune apPpekTMBHoCTM MoaMPULMPOBAHHONO aNFOPUTMa pacyeTa MHTErpanos.

Cnuncok nutepaTypbl

1. Cobonb U. M. YnucneHHble metoabl MoHTe-Kapno. M.: Hayka, 1973.

2. Spanier J., Gelbard E. M. Monte Carlo principles and neutron transport. Addison-Wesley, Reading, Mas-
sachusetts, 1969.

3. Epmakos C. M., Muxaiinos I'. A. Kypc ctatuctmyeckoro mogenvposanusa. M.: Hayka, 1976.

CpaBHUTENbHbIA aHa/IN3 ABYCTOPOHHErO a/IOPUTMa METOAa UCKAKOUYEHUA U 3UKKYpPaT-MeToaa Ha Npumepe

moaennpoBaHuAa CTeneHHoro pacnpeaeneHua

B. /1. Bpbizranos?!, A. B. Bontuiuex?
IMBOY Jluueii Ne 130 um. akad. M. A. JlaspeHmeoesa

2MHcmumym sel4ucaumensbHol MamemamuKu u mamemamudeckoli eeogpu3suku CO PAH

E-mail: finepowerc4acc@gmail.com

B paboTe npoBeaeH CpaBHUTENbHbIN aHANU3 ABYX aBTOPCKUX YHMBEPCA/IbHbIX (BO BCAKOM C/lydae, Ans cny-
YaHBIX BEJIMYMH, UMEIOLLIMX MOHOTOHHbIE MJIOTHOCTM HA KOHEYHbIX MHTEepBasiax pacnpeseneHuns) anropuTtmos
C YPaBHUBAHWEM BEPOATHOCTEN — ABYCTOPOHHENO aJIFOPUTMa METOZa UCKOUYEHUA C KYCOYHO-MOCTOAHHbIMM
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MaKOPaHTOM U MUHOPAHTOM [1] N KOPPEKTHOrO, CyLLEeCTBEHHO MOAMULMPOBAHHOIO (N0 cpaBHEHUIO ¢ pabo-
TOW [2]) 3MKKypaT-mMeTo4a — Ha NpUMepe MOLENMPOBaHUA CTyYaiHOM BeMYMHbI &, MeloLel cTeneHHoe pac-
npeaenenue ¢ naotHoctbio fr(u) = (¢ + 1)uu € [0,1]. B npoBeseHHbIX TECTOBbIX BbIMMCAEHUAX Cylue-
CTBEHHO MCNONb30BaHa pa3paboTaHHaa Hamu KomnbtoTepHana cuctema EDSRM (Economical Double-Sided
Rejection Method; cm. http:// edsrm.andronix1.ru/), coctoswas n3 bubanotekn distributed-random, peanunso-
BaHHOM Ha n3blkax Rust (cm. https:// github.com/andronix1/distributed-random-rs/) u C (cm. https://
github.com/andronix1/distrand), a Takxe yao6HOI 418 UCNONb30BaHNA UCCNEA0BATENbCKON ANANOrOBON CU-
CcTeMbl. BbluncaeHUA nNokasanu, YTo ABYCTOPOHHUI aaropuTM mMeToaa UCKAYeHusa B 1,64 pasa sKOHOMUYHee
nssecTtHon Gopmynbl meToza obpaTHOM dyHKUMK pacnpeseneHus &g = C+Va_0; ay € U(0,1) ona BceBO3MOXK-
HbIX cTeneHel c. MoandUUMPOBAHHbIM 3UKKYpPaT-MeTo, AaeT ele 60blniA BbIUTPbILW MO TOM NPUYMHE, YTO
TpebyeT MeHbLIero Yncna obpalleHnii K reHepaTopy CTaHAAPTHbIX ncesaocayyaliHbix ymucen «; € U(0,1) no
CPaBHEHMIO C ABYCTOPOHHUM aITOPUTMOM METOA UCKNHOUEHUA.

NccnepoBaHMA BbINOJIHEHbI B paMKax rocygapcreeHHoro 3agaHna MBMuMI CO PAH FWNM-2022-0002.
Cnuncok nutepaTypbl

1. Bpbisranos B. /1., Bontuwek A. B. AHanus Tpyaoemrkocti popmyn metoaa obpatHon GyHKUMKM pacnpese-
NEeHWA ANA CAyYaliHbIX BEIMYMH C KOHEYHbIM MHTEPBAAOM pacnpesenennsn // UHGopmauMOHHbIe TEXHONOTUU U
maTemaTtmyeckon mogenunposaHue (MTMM-2023): Matepuanbl 22-i1 MexayHap. KoHd. um. A. . Tepnyrosa,
Tomck, 4—9 aekabpna 2023 r. TomcK: U3a-Bo TIY, 2023. 4. 1. C. 314-321.

2. Marsaglia G., Tsang W. W. The ziggurat method for generating random variables // J. of Stat. Software.
2000. Vol. 5, iss. 8.

OuEeHKa BAMAHUA HA Ten/10nepeHoc c/Iy4ahHOro UCTOYHUKA B FPAHUYHOM YC/IOBUM NPU peLleHUN KPaeBoii

3a4a4u ANA yPaBHEHUA TeNJ0NPOBOAHOCTU MeTogoM ManépKuHa
C.A.Tyces
HHCmumym sbl4ucaumensHol mamemamuKku u mamemamuyeckol 2eogpusuku CO PAH

E-mail: sag@osmf.sscc.ru

B ooKnage paccmaTpuBaeTcs O4HOMEpPHAn KpaeBas 3ajayva 4/ ypaBHEeHUA TENI0NPOBOAHOCTM CO CayYali-
HbIM BO3MYLLLEHWEM B FPAHUYHOM YC/IOBUM TPETbEro poaa. B paboTe [1] AnA Takol KpaeBoi 3a434M C MOMOLLbHO
Pa3/NIoKeHUs peeHmsa No TPUTOHOMETPUYECKUM GYHKUMAM BbIM AaHbl TOYHbIE OLEHKWU BAUAHUA Ha Tensone-
peHoC NOCTOAHHOIO BO3MYLLEHMA B FPAaHUYHOM ycao0BMK. B gaHHOM paboTe nonyyeHbl GopmMynbl BANAHUA CAY-
YalHOro BO3MYLLEHMA B BUAE BUHEPOBCKOrO NPOLECCA B rPAaHUYHOM YCI0BMM Ha pelleHme B y31ax 3a4aHHOM
NPOCTPAHCTBEHHOWN CETKM NPU UCMONb30BaHUN MeToAa MaNEPKMHA C KYCOYHO-TIMHENHbIM H6asucom. B nonyuen-
HOM NpK 3TOM HeoAHOPOAHOM cucteme anddepeHLUmanbHbIX ypaBHEHUIA Ha OCHOBE TOYHbIX dopmyn obpalle-
HWA TpexANaroHaNbHbIX MaTpuL, B [2] onpeaeneHo BAUAHUE CYYalAHOTO MCTOYHWUKA HA PeLUeHME B Y31aX CETKU
B MPABOM YacTu 3TOM cucTembl. OnpeaeneHune BANAHUA Ha TENJI0NEPEHOC C/Iy4aMHOrO UCTOUYHMKA C ydeTom And-
dy3nmn nonyyeHo c ucnonb3oBaHnem popmyn B MoHorpadum [3] ana peweHna obobLieHHOW npobaembl cob-
CTBEHHbIX 3HAYEHMUI C NONOKUTENBHO onpeaeneHHbIMU CUMMETPUYHBIMU TPEXANATOHAIbHBIMM MaTPULLAMMU.

PaboTa BbINONHEHa B paMKax rocyaapcteeHHoro 3agaHuna MBMuMI CO PAH (npoekt 0251-2022-0002).
Cnuncok nutepaTypbl

1. T'yces C. A., Hnkonaes B. H. O BAnAHUKM ciyyaliHbix GaKTOPOB BHELLHEN cpeabl Ha npoLecch! Tensonepe-
Hoca B neTaTenbHbIx annapara // Cu6XBM. 2024. T. 27, Ne 2. C. 165-172.
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2. byxbeprep b., EmenbaHeHko . A. MeToapl obpalieHma TpexamaroHanbHbix matpud, // SBMuM®. 1973.
T. 13, Ne 3. C. 546-554.
3. BoesoauH B. B., KysHeuos 0. A. Matpuubl 1 BbluncneHua. M.: Hayka, 1984.

fIkopHbIii 6yTcTpen aAna Habopa MoneKyAsapHbIX nocneaoBaTe/lbHOCTEN
B. M. Edbumos?, K. B. Epumos?, C. Ann3, B. 10. Kosanesa®*
MHecmumym yumonoauu u 2eHemuku CO PAH

2Bbicwian WKoa 3KOHOMUKU
3Hosocubupckuli 2ocydapcmeeHHsbill yHusepcumem
‘UHCMUmMym cucmemamuku u 3Koa02uu ¥usomHsix CO PAH

E-mail: vmefimov@gmail.com

Mpn 6yTcTpene Habopa MONEKYAAPHbLIX NOCAeA0BaTeIbHOCTEN, Hanpumep, B GUNOreHeTUYEeCKUX Lenax,
enateNbHO COXpaHATb NPeACTaBUTENbCTBO KaX Ao nocaesosaTtenbHocTH. B pabotax [1, 2] npeanokeH aKkop-
HbI ByTCTpen Aas OTAe/IbHOW NoCNeA0BaTe/IbHOCTU 3/1IEMEHTOB JIl0O0ro TMNa. AKOpPHbIN ByTcTpen Ana nocne-
O0BaTe/IbHOCTU OT/IMYAETCA OT KNAaCCUMYECKOro TeM, YTO B BYTCTPEN-KONUU MaKCMMaJIbHO COXPaHAETCA NOpPAAOK
cNefoBaHMA 31eMEHTOB. EC/IM MPUMEHUTb METOZA, K KaXKA0oW MOJIEKYNIAPHON nocsieoBaTeibHOCTU Habopa, To
MbI MOSIlyYnm BYTCTpEen-Konuio Bcero Habopa ¢ COXpaHEeHMEM KaK CMMUCKa, Tak U AJIMH NocNea0BaTe/IbHOCTEMN,
KOTOpble MOTYT BbITb Pa3IMUYHBIMMU.

CnucokK nuTepaTtypbl

1. Efimov V., Efimov K., Kovaleva V. Anchored bootstrap // 2020 Cognitive Sciences, Genomics and Bioinfor-
matics (CSGB). IEEE, 2020. P. 32-35.

2. Edpumos B. M., Edumos K. B., Kosanesa B. t0., MaTywKuH 0. I. [NaBHble KOMNOHEHTbI FEHETUYECKNX
noc/sea0BaTeNbHOCTEN: KOppensaumMmM 1M goctosepHocTb // Martem. 6mon. u 6uomHdbopm. 2021. T. 16, Ne 2.
C. 299-316. DOI: 10.17537/2021.16.

MogenuposaHue metogom MoHTe-Kapno curHanos nMpapHoro 3oHaMpoBaHua atmocdepHoit 061a4HOCTHU €

yyeTom nonapusauumm

E.T. Kabnykosa?, C. M. Npurapun?, C. Yxxan?
IMHemumym sbiuucaumensHoli Mamemamuku u mamemamuyeckoli 2eopusuru CO PAH

2Hosocubupckuii 20cydapcmeeHHbill yHusepcumem

E-mail: kablukovae@sscc.ru

PaboTa noceslieHa CTaTUCTUYECKOMY MOAE/NMPOBAHUIO IMAAPHbIX CUTHANOB NPU 30HAMPOBAHUM aTMO-
chepHo 061a4HOCTU C y4ETOM Noaspusaumm ceeta. [11a MoaennmposBaHma npoLiecca nepeHoca noaapusoBaH-
HOro M3y4YeHUs NCNONb30BaNMUCh NapameTpbl CTOKCa, a InAaPHbIE 3X0-CUrHASbI BbIYUCAANNUCH C MOMOLLBIO /10-
KaNbHbIX OLEHOK [1]. BbluMCAUTENbHbIE SKCMEPUMEHTbI NPOBOAMAUCH ANA 30HAUPOBAHUA KMAKOKaneibHoM 06-
IAYHOCTU IMAapamMmn Ha3eMHOro U KocMuyeckoro 6asnposaHma. PacueTbl MOKasanu, YTo cTaTUCTUYECKOoe Moae-
NMpoBaHue 6e3 yyeTa NONAPM3aLUN MOMKET CYLLECTBEHHO WMCKaXaTb pe3ynbTaTtbl. HanbonblumMe mncKaxeHusa
HabA4aNnCh B BblUMCAEHUAX ANs BucTaTMyeckoro angapa. CpaBHeHWe CTaHAAPTHOIO M aganTUBHOINO METOA0B
MOAEeNMPOBaHNA NONAPU30BAHHBIX CUTHANOB [2], NoKa3ano, 4to oba meToa 061a4at0T NPUMEPHO OAMHAKOBOM
CTaTUCTMYECKOM MOrpeLlHOCTbI0. XOTA AMCNEPCUA OLLEHOK, NOAYYEHHbIX aAanTUBHbIM METOA0M, MeHbLLEe AMC-
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nepcuu ANs CTaHAAPTHOrO MEeToAa, HO 3TO NPEUMYLLECTBO a4anTUBHOrO MeToAa He3HauYUTebHO U HUBEAUPY-
eTcA 6onee CNOXKHBIM M TPYLOEMKMM aITOPUTMOM MOLENNPOoBaHUA [3]. OTMETUM, YTO yYyeT NoNAPU3aLMM U3-
Jly4eHuA NPU CTaTUCTMYECKOM MOAENIMPOBAHNUM CUTHAN0B INZAPHOTO 30HAMPOBAHUSA NO3BO/IAET NOBLICUTL TOY-
HOCTb BbIYMC/IEHUI, @ TaK»Ke JaeT BO3MOXKHOCTb bonee geTasbHO UcCien0BaTh PagnaLMOHHbIE MO, NOPOK-
[AEHHble Na3epHbIMM UMMNYIbCaMK, U pa3pabaTbiBaTb HOBblE NEPCNEKTUBHbIE METOANKUN NAAPHOrO 30HANPO-
BaHMA NPUPOAHbIX cpea,.

MccnenoBaHuWe BbIMOAHEHO 3a CYeT rpaHTa Poccuiickoro HaydHoro ¢poHaa (npoekT Ne 23-27-00345).
Cnuncok nutepaTypbl

1. Mapuyk I'. 1., Muxannos I. A., Hazapanunes M. A. n ap. Metoa MoHTe-Kapno B atmocdepHo onTuKe.
HoBocnbupck: Hayka, Cub. ota-Hue, 1976.

2. Mikhailov G. A., Prigarin S. M., Rozhenko S. A. Comparative analysis of vector algorithms for statistical
modelling of polarized radiative transfer process // RINAMM. 2018. Vol. 33, No. 4. P. 253-263.

3. Prigarin S. M., Kablukova E. G., Zhang X. Monte Carlo simulation of polarized lidar returns for atmospheric
clouds sensing // RINAMM. 2024. Vol. 39, No. 3. P. 131-141.

BanaHME HA CKOPOCTb ropAYNX 3/IEKTPOHOB NPOLLEHTHOrO COOTHOLLIEHUA MaTepuanoB B coctase cnosa InGaAs

B rny6okoi kBaHTOBOM Ame AlGaAs/InGaAs

E.T. Kabnykosa?, A. 10. MpoTacos?, K. K. Cabenbdenba?, K. C. ypasnes?
IMHcmumym sbiqucaumensHol Mamemamuku u mamemamuyeckoti 2eogpusuxu CO PAH

2MHcmumym ¢u3suKku nonynpo8odHUKos um. A. B. PyaHosa

E-mail: kablukovae@sscc.ru

PaboTa nocesweHa pa3paboTKe M TECTUPOBAHUIO ANTOPUTMA CTOXACTUYECKOrO MOZLEMPOBAHUA TPAHC-
NnopTa 3/IEKTPOHOB B NONYNPOBOAHUKOBOM reTepocTpykType DA-pHEMT. MaTtemaTuyeckaa NocTaHOBKa 3a4a4m
TPaHCMOPTA 3/1EKTPOHHOTO ras3a B reTepoCTPyKType NpeAcTaB/ieHa B BUAE CBA3AHHOM cUCTEMbI ypaBHeHWU MNyac-
COHa, LWpeanHrepa n KMHETUYECKOro ypaBHeHUA BosbumaHa. OnMcaH afropuTM pelleHns A4aHHOW CUCTEMDI
ypaBHeHW, npuBeaeHbl GOpMy/ibl pacyeTa BEPOATHOCTEN PacCeaHUs U MHAMKATPUC PacCeaHUs 3N1EeKTPOHOB Ha
NOJIAPHBIX ONTUYECKUX U MEXAO0NNHHbIX GOHOHAX, a TaK}Ke Ha NpumMecax (AoHopax M akuenTopax). MatemaTu-
yeckaa mogesnb U anroputmMm MoaesIMpoBaHWE YUYUTHLIBAIOT pacnpeneseHne 31eKTPOHOB NO dHepreTMYecKnm
YPOBHAIM B OCHOBHOM W HGOKOBbIX A0NMHAX. MpoBEAEH YMCAEHHbIN SKCNEPUMEHT MO MOAEIMPOBAHUIO TPAHC-
nopTta 3/1EKTPOHOB B retepocTpykType AlGaAs— GaAs — AlGaAs — GaAs — InGaAs — GaAs — AlGaAs — GaAs —
AlGaAs. YncneHHo onpeneneHo BANAHWE NPOLLEHTHOro COOTHOLEHUSA BelwecTB In 1 Ga B cocTaBe cnos InGaAs
Ha CKOPOCTb ropAYMX 3/IEKTPOHOB B reTePOCTPYKTYpE.

CroxacTMyeckoe MoaeanpoBaHMe XeMOTaKcuca 6MoNorMyeckux opraHM3mMoB C Y4eTOM BAUAHUA

AdTTPAKTAHTOB U TOKCUHOB

A. E. Knpeesa, K. K. Cabenbdenbs,
MHCcmumym eblyucaumensHoli MamemamuKu u mamemamudeckol eeogpuszuku CO PAH

E-mail: kireeva@ssd.sscc.ru

XeMOoTaKCMCOM Ha3blBaeTCs HanpaB/eHHOEe ABUMKEHUE KNETOK MU/IM OpPraHM3MOB B OTBET Ha XMMUYECKoe
Bo3aelcTeume. [lBuUKeHne MoXKeT 6biTb HanpaBAEHO K aTTpaKTaHTam (NUTaTeIbHbIM BELLLECTBaM) U OT TOKCUHOB
(penenneHToOB). XeMOTaKCUC UrPaeT BaXKHYIO PO/b B LUMPOKOM CreKTpe buonormyeckmx npoueccos. Hanbonee
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pacnpocTpaHeHHan MoAeb XeMOTaKCUCa, ONMUCbIBaOLLAA 3BOJTHOLMIO KOHLEHTPALUUM KNETOK U XMMMUUYECKOTO Be-
wecrea, — 3To mogenb Kennepa — Cerens [1]. B aaHHOW paboTe paccmaTpuBaeTcs MoAe b, OCHOBaHHAanA Ha Mo-
aenn Kennepa — Cerena v coctosALlan ns Tpex HecTauuMoHapHbIX YPaBHEHUN: ypaBHEHUA peakunn-andodysmu,
OMUCbIBAOLLErO U3MEHEHME KOHLEHTPaLMM BUONOTMYECKMX OPraHU3MOB, U ABYX ypaBHeHU auddysnn, onu-
CbIBAIOLLNX U3SMEHEHME KOHLEHTPaLMN XEMOATTPAKTaHTOB (aKTMBATOPOB) U TOKCUHOB (MHrMbUTOpOB) [2]. Cu-
CTeMa ypaBHEHWI peLlaeTca C MOMOLLbIO UTEPALIMOHHOIO a/IfoPUTMa MO BPEMEHHbIM Laram. Ha Kaxkaom Bpe-
MEHHOM LLare BbIMUCAAOTCA KOHLEHTPALMU XeMOATTPAKTaHTOB U TOKCMHOB C MOMOLLbIO PEeLleHUs CTalMoHap-
HbIX ypaBHeHn anddy3nmn. BolunMcaeHHbIe 3Ha4YeHMA NOACTABAAOTCS B ypaBHeHUe peakunmn-anddysmm, ns Ko-
TOPOro HaXoAMTCA KOHLUEHTpaUUsa 6MON0rMYecknx opraHM3mMoB. Ha Hyn1eBoM Liare B KayecTBe pelleHns bepyTcs
Haya/bHble AaHHble. [lanee Ans BblYMCNEHUSA HOBbIX 3HAYEHUI KOHLEHTPALMKN UCMO/b3YIOTCA peLleHns ypas-
HEHWI, NONYYEHHbIE Ha Npeaplayliem ware. PeweHns cTauMoHapHbIX ypaBHeHu guddysnn n peakumm-anod-
dy3nn HaxoaATcA MeToA0M rnobasnbHOro cToxacTmyeckoro 6ay»gaHua no chepam [3].

UccnepoBaHue TPYAOEMKOCTEA aATOPUTMOB MOAEANPOBAHUA ABYMEPHbIX C/Iy4aiiHbIX BEKTOPOB C

3aBUCUMbIMU KOMNOHEHTAaMU

A. E. Knpunbuuk?, A. B. BoitTuiuek?
IHosocubupckuli 2ocydapcmeeHHbIl yHUsepcumem

2MHCmumym eblyucAumMensHol Mamemamuku U mamemamuyeckoli 2eogpusuxu CO PAH

E-mail: d.kirilchik@g.nsu.ru

B paboTe npeactaBneH AeTasbHbIM aHANU3 peannsaunmn Tak HaszblBaemMon TEXHOOMMM pacnpeseneHHOro
(s3BeweHHoro) napametpa (cm. pasaen 14.3 kKHuru [1]), npeaHasHaYeHHOW 419 KOHCTPYMPOBAHUSA COBMECTHbIX
nnotHocTel fieny (U, v) = fr(w) X f(v|u);u € (a,b),v € (c,d) ABymepHbIX cnydaitHbix BekTopos (§,7) €
(a,b) X (c,d), pna KOTOPbIX €CTb BO3MOXKHOCTb MOCTPOUTL 3G EKTUBHBIE aIFOPUTMbI YNCIEHHOTO MOAENPO-
BaHMSA BbIOOPOYHBIX 3HAYEHU &y U 1. AHANN3 MPOBEAEH C MOMOLLBIO aBTOPCKOM AManorosoi cuctemol NMTDD
(Numerical Modelling of Two-Dimensional Distributions) [2], npeactaBnstowei cobolt ABYMeEpHbIi aHanor ms-
BecTHoM (1 ToxKe aBTopcKoi) cuctembl NMPUD (Numerical Modelling of Probabilistic Univariate Distributions) —
cm. https:// nmpud.netlify.app n paboty [3]. Hosas cuctema NMTDD no3BonseT BHOCUTb B HEE HY»KHble npea-
CTaB/lIeHUA MNOTHOCTEN f¢ (w) m fa (vlu) n dopmynbl metoma obpaTHOM QGYHKUMKM pacrnpeaeneHus Buaa

& = Fgl(ao), no = B (ag; &), rae Fr(x) =P{{ <x} = f_xoo few) du,F,(x;u) = P{n < x} =
ffw fr(v|w) dv, a a;, a; € U(0,1) — ctanaapTHble ciyyaiiHble uncna (cm. pasgen 2.4 yqebHuka [1]), a 3atem
Habnoaatb cosnafeHue rpaduka dyHKUMK fie (U, V) € cooTBeTCTBYIOWEH rMcTOorpammoit. Kak u B cucteme
NMPUD [3], BaxHbIm NoKasaTtesieM 3GpPeKTUBHOCTU (SKOHOMUYHOCTU) UCMO/Ib3YEMbIX MOAENUPYIOLLNX GOpMYN
ABNIAETCA BbIBOAMMOE Ha 3KPaH Bpems Ha peasnsaumio 10° Bbi6opouHbix 3HaueHwui (&g, 7o) Cy4aitHoOro BekTopa
& m.

MccnepoBaHma BbINOAHEHbI B paMKax rocygapcTBeHHOro 3aganma UBMuMI CO PAH FWNM-2022-0002.
Cnuncok nutepaTypbl

1. BolituwieK A. B. /lekumu no YyncneHHbim metogam MonTte-Kapno. HoBocmnbupck: UML, HIY, 2018. 314 c.

2. Knpunbumk [. E. poeKT KOMMNbIOTEPHOW CUCTEMbI MOAENMPOBAHUA ABYMEPHbIX ClyYaiHbIX BEKTOPOB //
MaTemaTtuKa : MaTtepuanbl 62-i1 MexayHapoaHol Hayd. cTya. KoHd., HoBocnbupck, 17-23 anpena 2024 r. Ho-
Bocmbupck: UML, HI'Y, 2024. C. 199.
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3. Cherkashin D. A., Voytishek A. V. Using the inverse distribution function method and the modified super-
position method in the NMPUD computational system // J. of Physics: Conf. Ser. 2021. Vol. 2099, No. 012071.

O nporpammHoOI cucteme UccnesoBaHUA U aHAIN3a CTaTUCTUYECKUX 3aKOHOMEPHOCTEN OAHOMEPHbIX

CNYYaiiHbIX BEINYUH

b. KO. lemewko, C. 0. Jlemewko
Hoeocubupckuli 2ocydapcmeeHHbIl mexHuYecKuli yHusepcumem

E-mail: lemeshko@ami.nstu.ru

KoppeKkTHOMY NpUMEHEeHMI0 METOA0B CTAaTUCTUUYECKOTO aHa/IN3a B NPUIOKEHUAX NPENATCTBYET pAag pakTo-
poB. Bo-nepBbiXx, B MaTemMaTUYECKOM annapaTte NpUKNagHOM MaTeMaTUYecKoM CTaTUCTMKKU ocTatoTca "benble
NATHA", KOTOpble He yAaeTcA PacKpbITb aHANUTUYECKMMKU MeTo4amuM. Bo-BTopbIX, NpeanoioxKeHus, obycnasnu-
BalOLLME KOPPEKTHOCTb CTAaTUCTUYECKMX BbIBOAOB, B YC/0BUAX KOHKPETHbIX MPUIOMKEHMI YACcTO He BbIMOJHA-
toTcA. B-TpeTbux, Npu orpaHUYeHHbIX 06bemax BbIOBOPOK CBOMCTBA METOAOB W KpUTEPUEB NPOBEPKU FMMNOTES
MOTYT CYLLLECTBEHHO OT/INYATLCA OT aCMMMTOTUYECKUX. B-4eTBEpTbIX, €CTECTBEHHbIE OLUMOKN OKPYrIeHUA B aHa-
JIN3UPYEMbIX PSAAX U3MEPEHUIA MOTYT CYLLECTBEHHO M3MEHATb CBOMCTBA NPUMEHAEMbIX KpUTEpUEB. B-naTbix,
HEeCTaHAAPTHbIE YCI0BUSA, B KOTOPbIX TPebyeTca 3HAaTb CBOMCTBA NPUMEHAEMOTO KpUTEPKUA, 3a4acTyo CTAHOBATCS
M3BECTHbIMM TOJIbKO K MOMEHTY UCMO/Ib30BAHUA 3TOr0 KpUTEPUA. B TaKMX CUTYyaUUAX HEOOXoAMMble 3HaHMA O
CBOMCTBaX KpUTEPMEB MOTYT BbITb MOJIyYEHbI INLLIL C OMOPON Ha NporpammHoe obecrneyeHne U MeTodbl CTaTu-
CTUYECKOro MOAEIMPOBAHMUS.

Pa3BrMBaeman nporpaMmHas cMcTema MOXKET MCNO0/1b30BaTbCA A1A aHa/M3a AaHHbIX B Pa3/IMYHbIX NPUIO-

XKeHnAax nu ana nccaenosaHuA 3aKOHOMepHOCTeVI, CBA3aHHbIX C PAa3/INYHbIMUN CTAaTUCTUYECKUMU KPpUTEPUAMMN.

ANropuTmMbl CTaTUCTUMECKOrO MOAEIMPOBAHUA METEOPOJIOrMYECKUX CIyYalHbIX Nosei ¢ yuetom cneundukm

nx oaHOpPoOAHOCTU

L. n, B. A. OropoaHmnkos?, M. C. AKeHTbeBa?
IHosocubupckuli 2ocydapcmeeHHbill yHusepcumem

2MHCcmumym sel4ucaumesnbHol MamemamuKu u mamemamudeckol eeogpusuku CO PAH

E-mail: ova@osmf.sscc.ru

B pabote A. b. nyxosckoro [1] n nosgHee B. Minasny [2] onucaH Knacc napaMeTpUYecKmx KoppenaumoH-
HbIX QYHKLUMI CTyYaliHbIX MPOCTPAHCTBEHHbIX O4HOPOAHbIX M30TPOMHbIX NOJIei, KOTopble ABAAOTCA GYHKUUAMM
0fHOIN nepemeHHON. MPUHATO CYMTATb, YTO KNACC 3TUX PYHKLMIN AOCTAaTOYHO LWMPOK M NO3BOSIAET ONMCbIBATb
CTPYKTYPY peasibHbIX 04HOPOAHbIX M30TPOMHbLIX METEOPOIOrMYECKUX Nosel Hanbonee nosHo [3]. Mpu sTom oH
TaKKe MOXKET ObITb CYLLECTBEHHO paclUMpPeH NyTEM PaHAOMMU3aUMKM MX NapameTpoB. Jas Toro, 4Tobbl onuncaTtb
KOPPENALMOHHYIO CTPYKTYPY OL4HOPOAHbIX Noael 3TM GyHKUMN HEeobX0oaMMO 0606WNTb HA CayYain GyHKUMiA
OBYX apryMeHTOB M, MPX 3TOM, 06eCcneynTb UX NONOKUTENbHYIO onpeaeneHHoCcTb. Kpome Toro, st GyHKUMM
OOJIKHbI BbITb NPUrOAHbI 415 ONUCAHMA CNeLUPUKM OAHOPOAHOCTU PeasbHbIX NOsEN.

B naHHOM goKnafe paccMaTpuBaeTcA afanTauma aaropuTMOB MOLEIMPOBAHMA FayCCOBCKMX U HErayccoB-
CKMX O4HOPOAHbIX M30TPOMHbIX NOAEN Ha CAy4ah O4HOPOAHbIX NOJIEN C y4eToM cneunduKkn peasnbHOW OfHO-
poaHocTU. B yacTHOCTW, NpeanaraeTca mognouKauma metoaa MoaeMpoBaHUA OAHOPOAHbIX M30TPOMHbIX MNO-
Nleil Ha ToYeYHbIX NOTOKax [4], yunTbiBatowasn cneunduky MeTeoposiormyeckux nonen. Metomg moaenMpoBaHus
OZHOPOAHbIX N30TPOMHBIX NOJIEN HAa TOYEYHbIX MOTOKAX BK/tOYaeT B ceba CNo/Ib30BaHWE B aAropUTMe M30TPON-
HOro BEKTOpa 415 BblbOpa HanpaB/ieHUs, B KOTOPOM CTPOUTCA CTAaLLMOHAPHbIM TOYEYHbIN NOTOK. B AaHHOM mo-
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AnduKaummn anropmtMa HanpasneHue, BA0Jb KOTOPOro CTPOMTCA MOTOK TOYEK, BbiBUpaeTcsa He N30TPonHo. Xa-
paKTep pacnpeaeneHuns yrna sToro HanpasaeHua onpeaenser Xxapaktep 04HOPOAHOCTU, KOTOPbIV NpoABAAeTCA,
Hanpumep, B cneumdrKe N30ANHUI KOPPENALMOHHOMN GYHKLUN OAHOPOAHOrO NonsA. AHanorMyHble uccnenosa-
HWA NpoBeAeHbl No aganTauuuM CNeKTpaabHbIX Moaenel Ana MoaennpoBaHMA OAHOPOAHbIX MeTeopoaormye-
CKUX nonen.

Pa3paboTaHHble anropuTMbl UCMOJb3YIOTCA A/1A NMOCTPOEHUA TPEXMEPHbIX METEOPOOrMYEecKMX nonen c
y4yeTom crneunduKkmM ropmsoHTaabHON OAHOPOAHOCTU U HEOAHOPOAHOCTU NO BEPTUKAbHOW KoopauHaTe.

MccnepnoBaHue BbINOIHEHO B paMKax rocygapcrBeHHoro 3agaHma UBMuMI CO PAH FWNM-2022-0002.
Cnuncok nutepaTypbl

1. FnyxoBckuid A. B. O cTaTUCTMYECKOM MOAEIMPOBaHMM MeTeopoaorndeckux nonei // N3s. AH CCCP. Cep.:
®dunsmka aTM. M oKeaHa. 1969. T. 5, Ne 7. C. 724-7293.

2. Minasny B., McBratney A. B. The Matern function as a general model for soil variograms // Geoderma.
2005. Vol. 128, iss. 3—4. P. 192-207.

3. FaHguH 1. C., KaraH P. J1. CtaTUCTUYECKMEe MeToabl MHTepNpeTauum MeTeopoormiyeckux gaHHoix. J1: 'na-
pomeTteomnsgat, 1976.

4. Muxannos I'. A. OnTummsaums BecoBbix metoaoB MoHTe-Kapno. M: Hayka, 1986.

OnNTUMM3aLUNA YNCIEHHO-CTAaTUCTUYECKOTO AATOPUTMA OLLEHKU CpeaHEero NoToKa YacTul, B CAy4auHon

pasMHOXaloLWen orpaHu4YeHHon cpeae

I. 3. lotosa, I'. A. Muxainnos, C. A. PoxeHKo
UHCcmumym ebiyucaumensHol mamemamuKu U mamemamu4eckoli eeogpuzuku CO PAH

E-mail: lot@osmf.sscc.ru

MocTpoeHbl appeKkTUBHbIE anropuTMmbl metoga MoHTe-Kapno ans nccnenoBaHuA CBEPX3IKCMOHEHUMaANb-
HOro pPocTa cpesHero NOoToka YacTuy, J B orpaHnyeHHol obnact D, 3aN0NHEHHOM PAa3MHOMKAOLWEN YacTuLbl
cnyyaiiHow cpegoi. NpegnonaraeTtcs, YTo NNOTHOCTb cpeapbl — 3TO "yceyeHme" 04HOPOAHOTO U3OTPOMHOTIO CAy-
YallHOro NoJA, CTaH4APTHbIM BAapPMaHTOM KOTOPOTo ABAAETCA "Mo3anKka BopoHoro". BBMAy TEOPETUYECKO U Bbl-
YNCANTENBHOM CNOXHOCTM pellaemoi 3a4a4m bblia NnpeasorKeHa n paspabotaHa KOMMNbIOTEPHO-3KOHOMMWYHASA
h-ceToYHan anNpoKcMMaLMA YKa3aHHOTO CAy4aHOro Noss, KOTopas, B YaCTHOCTM, NMO3BOJIMNA AOKasaTb npe-
OeNbHyto Teopemy 06 acumnToTudeckon (Npu h - 0) rayccoBOCTU pacnpeneneHns nokasaTens 3KCNOHEHTbI,
onpeaensaowen aCUMNTOTUKY NOTOKA YacTuL, No BpemeHu t [1]. ITa Teopema NOATBEPIKAAETCA pe3y/ibTaTaMu
YMCNEHHBIX SKCMEPUMEHTOB, NPOBEAEHHbIX BO PpaHLy3CKOM faepHOM ueHTpe [2]. OcpegHeHMe Takon aKcno-
HEHTb! U [aeT CBEPX3KCMOHEHUMA/IbHYIO OLEHKY J B Ha4a/lbHOM MHTEpBase BpemeHu ¢ dt? B nokasartene [1].
Mcnonb3oBaHUe CETOYHOW MOZENN NO3BOINAO NPOBECTM B TECTOBOW 3aga4e pacyeTsl Ao t = 5000 (B cpegHux
npoberax, Tak Kak CKOPOCTb YacTuLbl v = 1), npuyem npumepHo ao t = 1000 pesynbtaTbl 414 CETOUYHOM MOAENN
1 nons BopoHoro npakTM4Yeckn coBnagator.

[na KOPPEKTHOro CpaBHEHMA Pe3ybTAaTOB Pa3/IMYHbIX BAPMAHTOB pacyeTa 6bi10 BBeAEHO NOHATUE 3ddek-
TUBHOIO KOPPEeALMOHHOIO paauyca L, KoTopbli gaa "BbiNyKAoOW" cnyyailHOM MO3auKM paBeH cpeaHemy pac-
CTOAHMIO OT BHYTPEHHEN TOUYKM 3/1eMEeHTa MO3aMKK [0 €ro rpaHuLbl C y4eTom orpaHnyeHHocTn obnactm D. MNo-
CTPOEH HeTPUBMANbHbIA anropuTM BbluMcaeHuna L ansa nona BopoHoro. MoKkasaHa cxoAnMMOCTb CpeHero NoToka
K Ma*KOPAHTHOM 3KCMOHEHTE C MOKa3aTe/sieM, COOTBETCTBYHOLLEM MaKCMMalbHOM NNOTHOCTU Cpesbl.
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Cnucok nautepatypbl

1. Muxawnnos I. A., lotoBa I'. 3. Y41CcNeHHO-CTAaTUCTUYECKOE UCC/ea0BaHNE CynepaKCNOHeHUMa bHOro po-
CTa cpefHero NOToKa YacTuL, Pa3sMHOMKAOLWMXCA B O4HOPOAHON ciyyaitHol cpeae // Aoknaabl PAH. MaTtema-
TMKa, MHPOPMATHMKA, Npouecchl ynpasnenua. 2023. T. 514. C. 112-117.

2. Larmier C., Zoia A., Malvagi F., Dumonteil E., Mazzolo A. Monte Carlo particle transport in random media:
The effects of mixing statistics // J. Quant. Spectr. Radiat. Transfer. 2017. Vol. 196. P. 270-286.

HoBble 3¢ deKTUBHO peanmsyemblie aNnNPOKCUMALUN CYHAUHbIX GQYHKUUA ANA peLUeHUA CTOXaCTUHECKUX

3a4a4 Teopun nepeHoca

WN. H. MeaBepes, I'. A. Muxainos
UHCcmumym eblyucaumensHol mamemamuKu u mamemamu4eckoli eeogpuzuku CO PAH

E-mail: min@osmf.sscc.ru

B goknaae npeacraBneHa HosasA [1] ceToyHaa annpoKkcMmauma o4HOPOAHOIO U3OTPOMHOFO CAY4aMHOro
nosA ¢ 3a4aHHON cpefHein KopPenALUNOHHOM AANHOM. ITA annpPoOKCMMaUMA CTPOUTCA NyTem pasbueHus Koop-
OMNHATHOrO NPOCTPAHCTBA Ha aHCaMb/1b KyBMKOB, pa3mep KOTOPbIX BOCMPOM3BOANT CPEAHIO KOPPENALUMOHHYIO
OJIHY NPU HE3aBMCMMOM Bblbope 3HaYeHMA NoAA M3 3a4aHHOTOo OAHOMEPHOTIO pacnpeneieHns B Kaxa0M d/ie-
MeHTe pa3bueHus.

ChopmMmynmpoBaH TakKe HeLaBHO NPeA/IOXKEHHbIM aBTOPaMM METOL, KOppensaunoHHO-pPaHA0MU3MPOBaH-
HOro MOZENNPOBAHMA NEPEHOCA YacTuUL, Yepes ciydaiHyto cpeqy. MpoBeaeHO cpaBHEHWE TOYHOCTU U TPYA0EM-
KOCTM COOTBETCTBYHOLUMX anropnutmos metoaa MoHTe-Kapao ans peweHus 3agay o nepeHoce ramma-KBaHTOB
yepes c/lyyaliHylo cpeay TMna Mmo3aunku BopoHoro.

[na npoBepKM rmnoTesbl 0 CyWecTBEHHOM BANSHUM OQHOMEPHOrO pacnpeneneHns U KoppenauMoHHOro
paamyca onTUYeCcKoM NAOTHOCTU Cpeabl Ha NePeHoC N3nydyeHus Bblan TaKkKe NpoBeaeHbl 4ONOIHUTENbHbIE pac-
yeTbl 4N C/IYy4aHOro NyaCCOHOBCKOro "nosia Bo3AyLHbIX Wapos" B Boge. [laHo 0606LeHne ceToYHOM annpokK-
CMMaLMU Ha HEU3OTPONHbIE C/lyYaiHble NoAs.

NccnepoBaHMe BbIMOAHEHO B PpaMKax rocyaapcreseHHoro 3agaHma MBMuMI CO PAH Ne FWNM-2022-0002.
Cnuncok nutepaTtypbl

1. Mikhailov G. A., Medvedev I. N. New computer efficient approximations of random functions for solving
stochastic transport problems // Comput. Math. and Math. Phys. 2024. Vol. 64. P. 314-325. https://doi.org/
10.1134/50965542524020088.

Ocob6eHHOCTU cToXacTnyeckon moaenu cyeandoysum

/1. B. Nextepes.a, B. A. CenesHes
HoeocubupcKuli eocydapcmeeHHbIl mexHu4YecKuli yHusepcumem

E-mail: pekhtereva@corp.nstu.ru

B paboTax [1-2] pa3spaboTaHbl MeTOAbI NPAMOI CTOXacCTUYECKOMN peanusaumm cybanddysmnn. YcTaHoBAEHDI
BPEMEHHbIE W aATOPUTMUYECKME MPEUMYLLECTBA 3TUX METOA0B Nepes MeToAamMu YUCIEHHOW peannsaumm K-
BMBa/IEHTHbIX MOZe/iei B BUAE UHTErpasbHbIX YPaBHEHWUIA ANHAMUKM KOHLEHTPAUUN UAW YPaBHEHUI C Apo6-
HbIMW NPOM3BOAHBIMW MO BPEMEHM.

B moaenax amddysum, rae He yunTbiBaeTCcA NaMATb YacTUL, YPaBHEHUE AUHAMMKM KOHLLEHTPALMK U AMHA-
MUYecKoe ypaBHeHWe JlaHKeBeHa MOLE/NMPYIOT OAMH U TOT Ke NPOoLLecc, NO3TOMY YWUC/EHHAs peanusaumn
61yKAaHWUA OTMEUYEHHOM YacTULLbl OTPArKaeT KOIJIEKTUBHOE NoBeAeHMe aHCaMbia YacTuL, He3aBUCMMO OT MX
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nosezieHMA B npowaom. Ho Korga peluaeTca 3ajadva OTC/IeXKMBaHMA TPAEKTOPUI YacTUL, B MUKPOCUCTEMAX, B
MOZENsX NepemeLLeHuns XMBOTHbIX, YE/IOBEKA, a TaKKe B HEKOTOPbIX Mogensax auddysnn B reTeporeHHbIx cpe-
Aax [4], asnsatowmxca mogenaMmm aHomanbHo anddysmm ¢ namsTblo, TO NPOLLECCHI, ONUCbIBAEMbIE YPaBHEHU-
AMU ANSA OTAENbHbIX YacTUL, He 0b6a3aTeNlbHO 3KBUBAZIEHTHbI NpoLLeccam, MoAeIMpPyeMbIM YPaBHEHUAMWN AN
dYHKLMM pacnpeneneHmsa KOHUEHTPaUMm UAM NAOTHOCTU BEPOATHOCTMU.

Pa3paboTaHHbIM HAMW MeToA, NPAMOro MoAennpoBaHua cybamddysmmn c 3agepkamum noaxoamTt ansa uc-
cnefoBaHMA CUTyauMia, Koraa OTAebHble YacTULLbl MM YacTb aHCaMbA MMELOT HexapaKTepHble gaA aHcamba
CBOWCTBa BAO/b CBOMX TPAEKTOPUN, N CTOXACTUYECKas MOoLenb No3BoaseT GUKCMPOBATb pasHble XapaKTepu-
CTUKM YacCTUL, U OTC/IeXKMBATb UX NOBeAEHME ANa HabnoaaTenn, BKAOYMBLLErocs B NPOLECC B HEKOTOpPbLIN Cay-
YaliHblA MOMEHT BPEMEHM.

CnucoK nuTepaTtypbl

1. Nextepesa /1. B., CenesHes B. A. O meTtoae MoHTe-Kapno ansa ypasHeHusa cyb6amddysnoHHoro npouecca
c Apo6Ho npon3BoaHoM no Bpemeru // C6. Hayy. Tpyaos Sworld. 2015. T. 21, sbin. 1. C. 70-78.

2. CenesHes B. A., Mextepesa /1. B. MeTtog, caydaitHbix 6ayskaaHui B mogenmposaHumn cybandoysmm //
MapuyKOBCKME Hay4yHble YTeHUs — 2017 : Tpyabl MexayHap. Hayy. KoHd., HoBocnbupck, 25 utoHa — 14 uionsa
2017 r. HoBocmbupck, 2017. C. 789-794.

3. Cherstvy A. G., Chechkin A. V., Metzler R. Anomalous diffusion and ergodicity breaking in heterogeneous
diffusion processes // New J. of Phys. 2013. Vol. 15, iss. 8.

BepoATHOCTHbIN aHann3 GYHKLUMUI OT CAyYalHbIX ApryMeHTOB B NPOCTPAHCTBAX pacnpeaesieHui

0. A. Nonosa, b. C. JobpoHel,
Cubupckuli pedepansHsbili yHUBepcumem

E-mail: olgaarc@yandex.ru

B paboTe paccmaTpmuBatoTcAa BONPOChI YAC/EHHOW annpoOKCUMaL MK pacnpeaeneHnii GyHKUMIA cayydaiiHbix
aprymeHToB. MpegnonaraeTcs, YTO BXOAHbIE pacnpeaeneHuns npeacrasseHbl B BUAe 0606LWeHHbIX KyCOYHO-NO-
JIMHOMMANbHbIX GYHKLUMIA. [Na NOCTPOEHUS annpOKCMMaLMU BbIXOAHbIX pacnpeaeneHuin UCNOo/b3yroTCA Tex-
HUKM BEPOATHOCTHbIX pacwmpenuii [1]. MccnepoBaHbl BONPOCHI YACAA ONEPALMA U TOYHOCTU NOCTPOEHMUA Bbl-
XOAHbIX pacnpegeneHnin. Ha npumepe BepoATHOCTHbIX apuPMETUK NOKasaH yyeT ocobeHHocTeN GyHKUNUIM NNOT-

HOCTU BEPOATHOCTU M UCMOJIb30BaHUE pacnpeaeneHnn ¢ TAXKENbIMU XBOCTaMMU.
Cnuncok nutepaTypbl
1. Jo6poHew b. C., Nonosa O. A. BbluMcanTenbHbli BEPOATHOCTHbIM aHaAM3: mogenm u metoabl. KpacHo-

Apck: Cnb. dea. yH-T, 2020.

CraTtucTuyeckoe moaennpoBaHMe CUrHAA0B LMPOKOYIONbHbIX IMAAPOB NPU 30HAUPOBAHUU

KPUCTaNIMYECKOM U UAKOKanenbHOW 061a4HOCTU

C. M. NpwurapwuH, 4. 3. MupoHoBa
UHCmumym 8biyucaumensHol mamemMamuKku U mamemamuyeckoli eeogpuzuxku CO PAH

E-mail: sergeim.prigarin@gmail.com

OgHMMm 13 3PPEeKTUBHbBIX CPeacTB UCCNef0BaHMUA ONTUYECKUMX U MUKPOPU3INMYECKMX CBOMCTB 061aYHOM
cpeabl ABNAETCA AnAapHoe 30HAMpOBaHMe. PaboTa nocealeHa BbIYMCAEHMIO NPOCTPAHCTBEHHO-BPEMEHHbIX
CUrHaN0B WMPOKOYrObHbIX INAAPOB NPW 30HANPOBAHNKN aTMOChepHOM 061a4HOCTU. 1A BbIYUCAEHNA UCMONb-



Cexkyusa 2 55

3yl0TCA JIOKaNbHble oLeHKM meToga MoHTe-Kapsio [1]. C noMOLLbIO BbIMUCAUTENBbHbIX IKCNEPUMEHTOB aHaNU3K-
pytoTCA 0COBEHHOCTU CUTHAN0B, PErUCTPUPYEMbIX MOHOCTAaTUYECKUMU U BUCTaTUYECKUMI angapamu. MNpu 30H-
ANPOBaHNN TOHKMUX 06/1a4HbIX CN0EB CUTHA/l MOHOCTAaTUYECKOro inAaapa npeacTasaseT coboi o4HO paclumnpsio-
Leecs KoJbLLO, U peLleHne obpaTHbIX 3a4a4 ONMPaEeTCcA Ha reoMeTpUYecKUe N APKOCTHbIE XapaKTEPUCTUKM 3TOTO
KonbLua [2]. Pe3ynbTaTbl CTaTUCTUYECKOTO MOAENMPOBaHUA NO3BONAIOT CAeNaTb BbIBOA O NepcnekTMBHOCTN 6U-
CTaTMYECKOMN CXeMbl C PaCMoNOKEHMEM UCTOUYHNKA U NMPUEMHMKA MO pPa3Hble CTOPOHbI coA. B cayvae bucratu-
YeCKOM CXeMbl CUTHAA LMPOKOYIOIbHOTO INAAPpa MOXET COAepKaTb A0NONHUTENIbHOE BHYTPEHHee KobLo [3],
KOTOpOe McYe3aeT B TedeHMe COTEH HaHoCeKyHA. Takum obpasom, 6osiee CA0XKHaA CTPYKTypa CurHana bucratu-
YyecKoro Anaapa AaeT A0NOoAHUTENbHYI0 MHPOPMaLMIO ANA pelleHUs 06paTHbIX 33434 ANCTaHLMOHHOIO 30HAM-
poBaHuA.

NccnepgoBaHuMe BbiNosiHEHO Npu GUMHAHCOBOM noaaepke Poccuiickoro HaydHoro ¢oHaa, npoeKkT Ne 23-27-00345.
Cnuncok nutepaTypbl

1. Mapuyk I'. 1., Muxannos I'. A., Hazapanunes M. A. n ap. Metoa MoHTe-Kapno B atmocdepHo onTuKe.
HoBocnbupck: Hayka; Cub. ota-Hue, 1976.

2. Npurapun C. M., MupoHosa [. 3. MogenmpoBaHue paccesHua nNasepHbIX MMMNYIbCOB B 06/1a4HbIX U BOA-
HbIX cpegax. Lambert Academic Publishing, 2020. 47 c.

3. Prigarin S. M., Mironova D. E. Monte Carlo simulation of wide-angle lidar signals // Num. Analysis and
Appl. 2024. Vol. 17, No. 2. P. 188-195.

HoBble BepOATHOCTHbIE MOAENU PeLUeHUA KpaeBbix 33434 ANA NOAYIUHENHOro ypaBHeHua feabmronbLa

A. C. Pacynos, . M. Paumosa
YHusepcumem mupoeoli 3KOHOMUKU U durnaomamuu, TawkKeHm

E-mail: asrasulov@gmail.com

B naHHOM paboTe paccMaTpUBAOTCA BEPOATHOCTHbIE MOLEU AJ1A PELUeHUs KPaeBbixX 3a4ay 4J1a Nosyau-
HelHOoro ypaBHeHus MenbmrobLa. MonyyYeHbl BEPOATHOCTHbIE MPEACTaBAEHUS PELlEeHUs 33434 B BUE MaTeMa-
TUYECKOTO OXKMUAAHUA HEKOTOPOM CNy4YanHOM BENIMUYMNHBI. B COOTBETCTBMM C BEPOATHOCTHLIMW NPEACTaBNEHUAMM
MOCTPOEHbI BETBALLMECA NMPOLECCHI, 3a4aHbl Mogenupyowmne GopMybl ANA KaXKLOro U3 BETBALLMXCA NpoLec-
coB. [loKa3aHo, YTO NOCTPOEHHbIE BETBALLMECA NPOLECCHI C BEPOATHOCTLIO €4AMHMLA BbIPOXKAAOTCA U CpegHee
YMCO YACTML, KaXKA0ro N-ro MOKONEHUA MeHbLe IMB0 paBHO eanHMLE. [N pacCMOTPEHHbIX 33434 MOCTPOEHDI
HecMeLleHHbIe OLLEHKN Ha TPAaEKTOPMAX COOTBETCTBYIOLLMX Cy4aliHbIX MPOLECcCOoB. MoyYeHHble OLEHKM peLue-
HUI UMEIOT OrpaHUYEHHYI0 ANCNEPCUIO, CTPOUTCA Ha TPAEKTOPUAX BETBALLEroca NpoLuecca ¢ orpaHNUYeHHbIM
CPeLHVM YMC/IOM BETB/IEHWUI U IeTKO Mogennpyetcs. Mcnosib3ys annapat TEOPMM MAPTUHIAIOB U MapPKOBCKUX
MOMEHTOB, 0Ka3bIBAETCA HECMELLLEHHOCTb U OrPaHNYEHHOCTb AUCTIEPCUM NMOCTPOEHHbIX OLLEHOK. B oTanuum ot
KN1laccuMyeckoro cnocoba, npeanosKeHHbl paboTe pekyppeHTHbIN crnocob 3a4aHusA OLEHOK MNPU peLleHnn Heu-
HelMHbIX 33434, UMeeT PAA, BaXKHbIX NPENMYLLLECTB, TaKMX TaK: KOMNAKTHOCTb MaTeMaTUYeCcKol 3anucu; nsberka-
HWe rPOMO3AKOr0 ONMUCAHUA CTPYKTYP CaMuX AepeBbeB; yA06HOCTb ANA NPUMEHEHUA annapaTta Teopun map-
TUHraNoB; Manblii 0b6bem, Tpebyemoit MalWMHHOM NaMATM M NPOCTOTa peannsaumii oueHok. Ha ocHoBe npegio-
YKEHHbIX OLEHOK BblIN NPOBEAEHbI BbIYMCAUTENIbHbIE SKCMEPUMEHTbI. Pe3ynbTaThl BbIYMCANTENBHOIO IKCNEPU-
MEHTA NOKa3bIBAIOT, YTO NPV NOMOLLM NOCTPOEHHOTO aNTOPUTMA MOXKHO CTPOUTL OLLEHKU, 3GPEKTUBHO peanu-
3yemble Ha KOMMbloTepe.
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O HEKOTOPbIX AacCNEeKTaxX MCNO/b30BaHUA PA3/I0KEeHUN B pagbl dpmuTta u Jlareppa gaa onTMmusaumm

anroputmoB metoaa MoHTte-Kapno

C. B. PorasuHckuii
UHCcmumym sbiyucaumensHol mamemamuKu u mamemamu4eckoli eeogpuzuku CO PAH

E-mail: svr@osmf.sscc.ru

Mpun onTMmmM3aumm anroputmos metoga MoHTe-Kapno yacto ncnonbsytotca Lr-meTpukall, 2]. Mpu npume-
HEHWM PA3NOXKEHWUI B OPTOrOHAa/NIbHble pPAAbl IpmuTa U Jlareppa KBagpat MUHUMU3UPYEMOWN MOFPELUHOCTU
npeacTaBAfeTca B BUAE CYMMbI C/laraemMblx, MpUyemM o4HO U3 HUX NpeacTaBaseT coboit KBagpaT HOPMbl OCTaTKa
COOTBETCTBYIOLWLEro pAga. 3TO caraemoe UrpaeTt BaXHyo posib Npu COrnacoBaHUM AMHbI OTpe3Ka paaa C Benu-
YMHOW NOrpPeLHOCTM AAHHOM annpPoKCUMaUnMK. B Aoknage npeactaBieHbl pe3yabTaTbl OLEHKN YKa3aHHOroO cia-
raemoro B L,-Hopme anAa cnyyvaes pagos dpmuTa u Jlareppa.

CnucoK nuTepaTtypbl

1. Muxannos I'. A., Kopaa A. C., PorasuHckuii C. B. MocTpoeHne 3dpdeKTUBHbIX PaHAOMU3MPOBAHHbIX MPO-
EKLUMOHHbIX OLIEHOK PeLIeHNN MHTErpasbHbIX YPaBHEHNN Ha OCHoBe NoanHomos flexkaHapa // JAH. 2022. T 507.
C. 81-85.

2. Rogasinsky S. V. Two variants of Monte Carlo projection method for numerical solution of nonlinear Boltz-
mann equation // RINAMM. 2019. V. 34, No 3. P. 143-150.

0606w eHHble rAPMOHUKU, OCHOBaHHbIE Ha NpUcoeaUHEHHbIX GYHKUMAX AKO6U, U X NpUaoKeHue

K OLleHKe YINOoBbIX pacnpeaeneHuit usnyyeHua merogom MoHre-Kapno

H. B. Tpayesa
UHCcmumym sbiqucaumensHol mamemamuKku u mamemamu4eckol 2eogpusuku CO PAH

E-mail: natatracheva@gmail.com

B pabotax [1-3] paccmaTpumBaeTca Habop "nonycdepmnuecknx” rapmoHMK, KoTopble Bblan NOCTPOEHbI Ha Oc-
HOBE NpucoeauHeHHbIX GYHKLMIM AKobK ¢ napameTpamm (0,1), No aHanorMmn co chepruyeckMmm rapMoHUKamm
Ha OCHOBe NpUcoeanHeHHbIX GYHKUMIA JlexkaHapa. Oaa AaHHbIX FapMOHUMK B paboTax [1, 3] cTpoATca npoeKkum-
OHHble PaHAOMU3NPOBAHHbIE aNropUTMbl meToga MoHTe-Kapno. B gaHHOM paboTe mMbl NPOAOXKUM UCCAea0-
BaHWe NpUCOeAMHEHHbIX NOJIMHOMOB flIkobu, HO yxKe B 06Lem ciyyae, ¢ napametpamu (o, ). ByayT nonyyeHsoi
HOPMMPOBOYHbIE KOHCTaHTbI Ans "0606WeHHbIX rapMOHUK", cooTBeTcTBylolWee anddepeHLmanbHoe ypasHe-
HWe ONA NpucoeguHeHHbIX GyHKUMIA AKoBKW B 0b6lEem cnydae, a Takke byaeT chopmynmpoBaHa 3agada
WTtypma — JInyBUANA ANA 3TUX TAPMOHUK, MO aHANOMUKN C KNACCUYECKMM Caydaem chepmuyeckmx rapmMoHmK, Ko-
TOpble MONYYUSIUCb ECTeCTBEHHbIM 06pa3om, Kak pelleHue 3agauu LUtypma — JluyBunna ana onepatopa
Nannaca Ha eguMHUYHOM cdepe.

CnucoK nuTepaTtypbl

1. Mahotkin O. A. Analysis of radiative transfer between surfaces by hemispherical harmonics// Journal of
Quantitative Spectroscopy and Radiative Transfer. 1996. T.56. N26. C.869-879.

2. Cmenos B. B. O nosHoTe cucTembl nonychepmyeckmx rapmoHmKk// Cu6XBM. 1998. T. 1, Ne 4. C. 391-395.

3. Tracheva N. V., Ukhinov S. A. Two-dimensional projection Monte Carlo estimators for the study of angular
characteristics of polarized radiation// RINAMM. 2018. V. 33, No. 3. P. 187-199.
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CpaBHUTENbHbIN aHa/IU3 PA3INYHbIX MO3AUYHbIX MOAE/NIe CAYyYalHbIX NoJieA NPUMEHUTESIbHO

K CTOXaCTU4eCKMMm 3aga4am Teopuun nepeHoca usnyyeHuma

C. A. PoxeHKo
UHCcmumym eblyucaumensHol mamemamuKku u mamemamu4eckoli eeogpuzuku CO PAH

E-mail: sergroj@mail.ru

PaboTa nocBslleHa M3Y4YEHUIO CBOMCTB OCHOBHbIX MO3aWM4HbIX MoAenein c/ayd4anHbIX nosen MA0THOCTU
cpeapl — nons BopoHoro, nosa lNyaccoHa 1 3KOHOMUYHOW ceToYHoM moaenu [1, 2].

Ona KoppensaunoHHbIx GyHKLMN Noia BOpoHOro M CETOYHOM Moaenu HangeHbl MHTerpaabHble GopmyJibl.
[na nons MNyaccoHa cooTBeTCTBYOWANA GYHKLMA U3BECTHA U ABNSAETCA SKCNOHEHTOM [2].

Ons "yceueHuns" paccmaTpuBaemblx CIy4alHbIX Cpes BHYTPU Wapa NoydYeHbl MHTerpanabHble dopmybl "ad-
deKTUBHOMN KoppenaunoHHon dyHKuuK" k(r), KoTopas npeactaBnseT cobon ocpegHEeHHYIO KOPPENALMIo MexKay
3HaYeHMeM NAOTHOCTU Ccpesbl B TOUKE X, C/Iy4aiHO BbIBpaHHOM B LWApe, U 3HAaYEHWEM NJIOTHOCTU B TOYKE Y, CAy-
YyaMHO BblIOpPaHHOM Ha chepe paanyca r C LeHTPOM B TOUKE X. [1pyn 3TOM A1 TOYKU X, MOMMUMO PaBHOMEPHOTO
pacnpegeneHva B wape, bblIO PacCMOTPEHO pacnpesencHue, ABAAIOWEECS YAydlleHHbIM ANddY3MOHHbBIM
npuban¥KeHnem K cobctBeHHOM PyHKLMKM onepaTopa nepeHoca Yactul, B wape [3]. MonydyeHHble ana k(r) ¢op-
MYJ1bl MO3BO/IAOT SKOHOMUYHO BbIYUCAATD "3DDEKTUBHYIO KOPPEeNsaLMoHHYto aanHy" L= ( k(r) ).

MonyyYeHHble MHTErpanbHble GOPMY/bl MPOBEPEHDLI YNCIEHHO. TaK»Ke NpoBeaeHbl CPAaBHUTE/IbHbIE PaCcYeTbl
ONA paccmaTpMBaeMblX MOAEe/EN B 3aja4e, YyBCTBUTENbHOM K U3MEHEHWUAM NAOTHOCTM cpeabl. OHW NOKasanu,
YTO BbIOOP MapameTPOB Pas3/IMYHbIX MOLENEN cpefdpl UCXOAA U3 paBeHCTBA 3GPEKTUBHOW KOPPENsLMOHHOM
OJIVHBI CYLLECTBEHHO NPUBIMKAET pesy/ibTaTbl COOTBETCTBYIOLMX PAacyeToB APYr K APYry.

Cnuncok nutepaTypbl

1. Nlotosa I'. 3., Muxaiinos I. A. UccnepgoBaHMe CBEPX3IKCNOHEHLMANIbHOMO POCTa CPeAHEro NoToKa YacTuLy
B C/lydaliHoM pasmHoXatouen cpeae // CM6XKBM. 2023. T. 26, Ne 4. C. 401-413.

2. Amboc A. 0. BbluncantenbHble MOAENM MO3aUYHbIX OAHOPOAHbLIX U3OTPOMHbIX CAYYaMHbIX NOAEN U 3a-
Aaun nepeHoca nsnyyenus // CubXBM. 2016.T. 19, Ne 1. C. 15-28.

3. PomaHoB 0. A. ToyHble peLleHns 04HOCKOPOCTHOIO KUHETUYECKOTO YPaBHEHUA U UX UCMOIb30BaHMe A5
pacyeTa Anddy3nMoHHbIX 3a4a4 (YCoBEpPLUIEHCTBOBaHHbIN ANddY3MOHHbIM MeToa) // WcchepoBaHne Kputude-
CKUX NapameTpoB peakTopHbIX cuctem. M.: Nlocatommsgat, 1960. C. 3-26.

BepoATHOCTHbIE MOAENN U aITOPUTMbI CTOXaCTUYECKOro MoAe/IMPOBaHUA NPOLECCOB TPAHCNOPTA

M PEeKOM6MHALMM SKCUTOHOB B NOYNPOBOAHMKOBbIX FeTEPOCTPYKTYpPax
K. K. Cabenbdenbal, U. A. AKciok?
IMHecmumym sbiuucaumensHoli Mamemamuku u mamemamuyeckoli 2eopusuxku CO PAH

2Hosocubupckuli 2ocydapcmeaeHHsbill yHusepcumem

E-mail: karl@osmf.sscc.ru

Mpw co38aHMM HOBbIX NEPCMNEKTUBHbIX 3/IEKTPOHHbIX YCTPOMCTB B HACTOALLEEe BPeMA UCNO/b3YHOTCA MHOTO-
CNOViHblE reTePOCTPYKTYPbI, FAe pa3Hble c1oM GOPMUPYIOTCA U3 Pa3IMYHbIX NOAYNPOBOAHUKOBbIX MaTEPUANOB.
B KauecTBe npumepa oTmeTum paboTy [1], rae Hamum 6bin pa3paboTaH aAropUTM CTOXacCTUUECKOTo MOAEIMPOBa-
HWA TpaHCNOPTa 3/IEKTPOHOB B MHOIOC/N0MHOM reTepocTpykType Thuna AlGaAs/GaAs/InGaAs/GaAs/AlGaAs. B 3a-
Aa4Yax 3KCUTOHHOM GU3UKM Npobnema moaennpoBaHma auddy3nm U peKoMOUHALMM IKCUTOHOB YCIOMKHAETCA
eLe M TeM, YTO B OTAE/NbHbIE C/IOM BHEAPAOTCA HAHOKPUCTANbI, UM KBAHTOBbIE TOYKW. JaHHas paboTta nocea-
LLLeHa MOCTPOEHUID anroOpPUTMOB CTOXACTUYECKOrO MOZAE/IMPOBAHUA A/1A pelleHUA HecTaluMOHapHOW 3ajayum
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TPaHCNOPTa 3KCUTOHOB B TAKOrO POAa MHOFOC/IOMHbIX FeTePOCTPYKTYPaX C HaIMUMEM KBAHTOBbIX Touek. Cylue-
CTBEHHas TPYAHOCTb ANS TPAAMUMOHHBIX YNCNEHHbIX METOAOB B AaHHOM 3ajaye — ee MHOrOMaclWTabHOCTb:
Ha/inyne HeoAHOPOAHOCTEN NopPAAKa HECKOIbKMX HAHOMETPOB — 3TO ANaMEeTP HaHOKPWCTaNAa, U MaclwTab To-
WMH OTAE/bHbIX C/I0EB BapbMPyeTCA OT COTEeH A0 HECKOJIbKUX TbiCAY HaHOMETPOB. lpeanaraembiii anropuTm
ABnseTca 6ecceTouHbIM, OH ABAseTcA 06obuweHnem anroputma us [2]. Boicokaa apdeKTMBHOCTb paspaboTaH-
HOro aNropuTMa AOCTUraeTcsa TeM, YTO ABUMKEHME SKCUTOHOB MOALE/NMPYETCA B COOTBETCTBMM C aHANUTUYECKU
BbIYMCNIEHHbIMM BEPOATHOCTAMM Nepexoaa, Npu 3ToM yAanocb U3bexkaTb MasbiX LWAros: ABUKEHNE SKCUTOHOB
NPOUCXOAMT Nepexoamm 3a OAMH LWar OT OAHOW rpaHuLLbl pasaena Mexay cloamu, K gpyron. NpusoaaTtcs pe-
3y/IbTaTbl MOAEANPOBaHNA pacnpese/ieHns NOTOKOB SKCUTOHOB Ha KBAaHTOBbIE TOYKMU.

PaboTa BbiNo/IHEHA NpPU NoaaepKKe Poccuitckoro HayyHoro ¢oHaa, rpaHT Ne 24-11-00107.
Cnuncok nutepaTypbl

1. Kablukova E., Sabelfeld K., Protasov D., Zhuravlev K. Stochastic simulation of electron transport in a strong
electrical field in low-dimensional heterostructures // Monte Carlo Meth. and Appl. 2023. Vol. 29, iss. 4. P. 307-
322.

2. Sabelfeld K. K. Random walk on spheres algorithm for solving transient drift-diffusion-reaction problems
// Monte Carlo Meth. and Appl. 2017. Vol. 23, iss. 3. P. 189-212.

MopgennpoBaHue ABOUHbIX CTOXacTU4ecKux MyaccOHOBCKUX TOYEYHbIX NOJIeiA KBAaHTOBbIX TOYEK U pacyeT

3KCUTOHHbIX NOTOKOB M MUHTEHCMBHOCTU GOTONIOMUHECLLEHLUN

K. K. Cabenbdpenba?, C. M. Mnaskos?
IMHcmumym ebiyucaumensHol Mamemamuku u mamemamudeckoli 2eogpusuku CO PAH

2Hosocubupckuli 20cydapcmeeHHblli yHusepcumem

E-mail: karl@osmf.sscc.ru

JKCNepuUMeHTaIbHbIe UCCIEA0BAHUSA MOKA3bIBAIOT, YTO KBAHTOBbIE TOYKM GOPMUPYIOTCA B NOJYNPOBOAHM-
KOBbIX MJIEHKAX C/y4YaliHbIM 06pa3om, a UX pacnpeneneHre XopoLlo ONUCbIBAETCA ABOMHbIM CTOXaCTUYECKUM
MyaccoHOBCKMM ToYeUHbIM nosiem (nonem Kokca) c onpeseneHHoW KoppensiLMoHHOW cTpyKTypolt [1]. Monaynpo-
BOZHWKOBbIE KBaHTOBbIE TOYKM AAIOT BO3MOXKHOCTb YAEPKMBATb HOCUTENM 3aPAL0B BO BCEX MPOCTPAHCTBEHHbIX
HanpaB/IEHUAX, YTO NPUBOAUT K NOJHOCTbIO ANCKPETHBIM SHEPreTUYECKUM YPOBHAM. OHM ABAAIOTCA OAHUM U3
Hanbonee NOAXOAALLMX KAHANAATOB ANA CO34aHMA TBEPAOTEbHbIX 0AHOPOTOHHbIX MCTOYHUKOB. Npn B3anmo-
OENCTBUMN C KBAHTOBOWM TOYKOM SKCUTOH MOXKET BbiCBOBOAMTL CBOIO 3HEpPrUto B BuAe GOoToHa U addeKT obHapy-
KunBaeTca B Buae GoToNtOMUHeCLLEeHUMN. B faHHOM paboTe B NepBoi ee YacTn NOCTPOEH aNrOPUTM MOAENNPO-
BaHMA ToYeYHbIX nonein KoKca, rae BHavane mMoaenmpyeTca c/yyaliHoe nose MHTEHCUBHOCTU B BUAE JIOTHOP-
MaJIbHOTO C/IY4aMHOrO NOA € 3aA4aHHOM KOPPENALMOHHON CTPYKTYPOI, 3aTEM C MOMOLLLbIO MPOPEXMBaHMA CTPO-
UTCA peanmsauma nona Kokca. Bo BTopoit yact meTogom bayxaaHua no cpepam (Kpyram) [2] pewaetcs 3agada
TPaHCNOPTa U PEKOMOUHALMM IKCUTOHOB U BbIYUCIAIOTCA MNONA MHTEHCUBHOCTM GOTONOMUHECLEHLUN.

Pabota nogaeprkaHa Poccninckmm HayuHbim @oHaom, rpaHT Ne 24-11-00107.
Cnuncok nutepaTypbl

1. Svit K. A., Zhuravlev K. S., Kireev S. E., Sabelfeld K. K. 2D kinetic Monte-Carlo model of nanocrystal aggre-
gation within a liquid matrix: Simulation and experimental study // Physica A: Statistical Mechanics and its Ap-
plications. 2024. Vol. 641. 129745.
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2. Sabelfeld K. K. Random walk on spheres algorithm for solving transient drift-diffusion-reaction problems
// Monte Carlo Meth. and Appl. 2017. Vol. 23, iss. 3. P. 189-212.

06 onpegeneHnu NaKyH B AaHHbIX

M. I'. CafloBCKUiA
UHCcmumym ebiyucaumensHo20 mooenuposaHus CO PAH

E-mail: msad@icm.krasn.ru

AHanns 60blUMX JAHHbBIX PA3HOM Npupoabl TPebyeT BbIABNEHUA U ONUCAHMA HEOLHOPOAHOCTEN B 3TUX
OaHHbIX. BO MHOIMX NPaKTUYECKMX 3afa4ax akTyasneH BOMPOC O BbIABAEHMW NaKyH "nycTtoT" B pacnpeneneHmm
3TUX AaHHbIX. CTaHOAPTHbIE METOAbI KNacTepm3aumn 34ecb 6eCCMNbHbI; MOCKObKY TPebyeTca BbIABUTL CBOEMO
poAa aHTUKANacTepsl.

PelweHue Takol 3agaum: nyctb umeeTca N TOUEK, KaK-TO pacnpeseneHHblx B L-mepHOM (MeTpuyeckom) npo-
cTpaHcTee. MycTb M — MHOXKecTBO TodeK B R”; U nycTb M n3onnposaHo oT "BHelwHero mupa" (pacnonaraetca
BHYTpW obnactn QCR"). MycTb p — cpeHAA NIOTHOCTb TOYeK B Q.

MocTponm HOBOE MHOECTBO S Takoe, UTo |M| ~ | S| n ero ToukM pacnpeneneHsbl Cy4aliHO U paBHOMEPHO
B Q. Tenepb yaanmMm Te TOUKM S €S, KOTOpble pacnono¥KeHbl 61M3K0 K Toukam m € M. Onpenenntb 6a130CTb
TOYEK U3 S K ToYkam M3 M MOXKHO pasHbiMuM cnocobamu. 3atem yganum sce mHoxKectso M. OcTaBlumeca nocse

3TOro TOYKM U coCTaBaAT "gononHeHne" S mHoxectsa M go Q.
[na onpeaeneHuns yaanaemblx TOYEK NOCTPOUM Ha KaXKaol Touke m € M wap paauyca €. Yaanum us S sce
TOYKM s* €S, nonagarolime BHYTPb 3TUX LWApoB. HakoHeL, yaannum camo MHOXecTso M.

MocTpoeHue gononHeHua S ana M B Q 3aBepweHo. O4eBUAHO, YTO BUA AOMNONHEHWNS 3aBUCUT OT BEJIMUUHDI
€. CTporo roBops, UCK/OYaeMble TOYKU S ES A0/KHbI ONPEeAEeNsTbCA HE TO/IbKO TEMU TOYKaMU, KOTOPbIE iexKaT
B €-OKpecTHOCTU. Toukn B M moryT 6bITb pacnpeaesieHbl HepaBHOMEPHO, TEM CaMbiM ""MMes MpaBo" y4acTBOBaTb
B Bblbope yganaembix U3 S Touek. Mpobaema paspellaerca NocTpoeHnem cneumanbHon GyHKUMKM Tmna "cpes-

Hero nona".

06 oueHMBaHUN UHTEPBAA OXBAaTa A/1A HEKOTOPbIX CEMECTB pacnpeaeneHnii N0 KOPOTKMM Bbl6opKam

A. B. CrenaHos
Bcepocculickuli HUM memponoauu um. []. . MeHOeneesa

E-mail: stepanovl7 @yandex.ru

NHTepBasbl 0xBaTa MOryT BbITb PAaCCMOTPEHbI KaK Mepa pacliMpeHHOo HeonpeaeneHHoCTU Npy obpaboTke
N3MepUTENbHbIX AaHHbIX [1], NO3TOMY MX OLEeHUBaHME NpeacTaBaAeT coboi BaXKHYO NPaKTUYeCKyto 3a4ady. B
paboTe paccmaTpuBaeTcsa BONPOC 06 OLLEHKe MHTEPBANOB OXBaTa A1 KOPOTKUX (OT HECKONbKKX Ao 15-20 3Ha-
YeHWIM) BbIBOPOK M3 HEKOTOPbIX CEMENCTB HEMPEPbIBHbIX pacnpeneieHnin. B 4acTHOCTU, PacCMOTPEHbI cneayto-
LLMe cCeEMENCTBa pacnpeaeneHnin: ABYCTOPOHHee cTeneHHoe pacnpegeneHue (TSP) [2], yceueHHOe HOpmanbHoe
pacnpeaeneHune, 0606LeHHOE 3KCNOHEHUMaNbHOe pacnpeaeneHue [3].

MpeanoxeHbl pasnnyHbie MeToAbl OLEHKWU: Mo BblbOpoYyHOMY pasmaxy (ans acummeTpuuHoro TSP-
pacnpegeneHus TakKe NpeasoXKeH MeToz, BKAKUYaoLWMIA OLLEHKY ero Mogpbl); nytem noabopa Hambonee nog-
Xo4AlLero pacnpeaeneHus us cemeictea [4] ¢ nocnegyowmm oLueHMBaHMEM TPaHNUL, MHTepPBana oxsaTa. Pac-
CMaTPUBaNOCh TaKKe NpumeHeHne ballecoBCKOro Noaxoaa 418 KOPPEeKLUN MHTepBasia oxBaTa.

OUeHUBaNUCL KaK CUMMETPUYHbIE, TaK U aCUMMETPUYHbIE (ABYCTOPOHHME N OAHOCTOPOHHNE) MHTEPBAbI
oxsaTa. OueHMBaHWe (M NpoBepKa KayecTBa OLLEHKKU) NpoBoaunocb metogom MoHTe-Kapso (ans pasnnuHbix
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3HaueHni ANnH BbIBOPKKM). B KauecTBe KpuTepua KadyecTBa OLEHOK PacCMaTpuBascA YpPoBeHb BEPOSATHOCTM
0XBaTa, NOJIYYEHHBIN C UX NCNOb30BAHMEM.

CnucoK nuTepaTypbl

1. Stoudt S., Pintar A., Possolo A. Coverage intervals // J. of Research of the National Inst. of Standards and
Technol. 2021. Vol. 126. 10.6028/jres.126.004.

2. Kotz S., Van Dorp J. R. Beyond beta: Other continuous families of distributions with bounded support and
applications. World Scientific Publishing, 2004.

3. Hoswnugwuii M. B., 3orpad U. A. OueHKa norpelHoCTen pe3ynbTaToB N3MepeHuii. 2-e usa. J1.: IHeproato-
munsgat, 1991.

4. TolpcuH A. H. MeToa noabopa Hanny4llero 3aKoHa pacnpeaeneHns HenpepbiBHOM Cly4aitHON BE/IMUYNHDI
Ha ocHoBe obpaTHOro otobpaxeHua // BecTH. HOYplY. Cep.: MaTemaTKa. MexaHuka. ®usmka. 2017. T. 9,
gbin. 1. C. 31-38.

Moaenb cTpaxoBoit KOMNAHMU CO CIyYaHbIMU NPEMUAMMU U UICKAMU

T. M. Tosctuk, [. C. bynrakosa
CaHkm-llemepbypeckuli eocydapcmeeHHbIll yHusepcumem

E-mail: peter.tovstik@mail.ru

PaccmatpuBaeTca cToxacTMyeckaa Mogenb cTpaxoBaHua Kpamepa — JlyHabepra, B KOTOPOM UCKU M npemMun
He3aBUCUMbI MeXay cob0i U NOCTYNaoT B C/lyYaliHble MOMEHTbI BpeMeHU. Mpemun HesaBUCMMbI U pacnpeae-
JleHbl N0 NoKasaTe/ibHOMY 3aKOoHY. CTpaxoBble BO3MELLEHUS HE3aBUCMMbI, MUMEIOT NOKasaTesibHoe pacnpesesne-
HUe C NOJIOXKUTENbHbIM CABUMIOM OT Hayana KoOOpAMHAT. ITOT CABUM COOTBETCTBYET MUHUMANbHOM BENYUHE
ncka. MomeHTbl NOCTYNIeHMA NPEMUIA COBMAZAIOT C MOMEHTAMM CKAYKOB OZHOPOAHOIO NyacCOHOBCKOroO Mpo-
Lecca C MHTEHCMBHOCTbIO, PaBHOM cpeaHeMy Yncay npemuii 3a rog. CTpaxoBble cayYau NPOUCXOAAT B Te Ke
MOMEHTbI, YTO U MPEMUU, HO C MEHbLLEN MHTEHCUBHOCTbLIO. Mpemua, nonyvyeHHas 04HOBPEMEHHO C NpeabsBe-
HMEM UCKA, MOXKET bbITb MCNO/Ib30BaHA A5 €ro oniaTbl. Y MOAENN AONKHO BbINOJHATLCA YC/IOBUE MAATEXe-
CNOCcobHOCTH, 3aKNI0YAOLEECS B TOM, YTO CpeaHMe NOCTYNAEHMA 3a roj, B CTPAXOBYH KOMMNAHMIO A0MKHbI Npe-
BbIWaTb CpesHMe BbiNAaTbl. Jas 3TOM MoAenn pa3paboTaH anropuTM BbIMMCIEHUSA BEPOATHOCTU PA3opeHUn
CTPaxoBOW KOMMNAHUN B MOMEHT NOCTYNJ/IEHMA UCKA. 018 NepBbIX TPEX MOMEHTOB MNOCTYMN/EHNA UCKOB BblBEAEHbI

ABHble popmynbl. MprnBoaATCcA NpuMmepbl.

MeTog, conpa)KeHHbIX 6/1y}XAaHUI ANA OLEHKU YIJIOBbIX XapaKTEPUCTUK PACCEAHHOr0 NOJIAPU30BAHHOIO

usnyvyeHusn
H. B. Tpauesa, C. A. YxuHoB

MHCcmumym eblqucaumensHoli MamemamuKu u mamemamudeckol eeogpuzuku CO PAH

E-mail: natatracheva@gmail.com

B gaHHOM paboTe MeTo40M COMpPAMXKEHHbIX ByXKaaHWi [1] nccneayeTca anropuTm OLLEHKM BEKTOPHOM NAOT-
HOCTW YrN0BOr0 pacnpeaeneHns NoBEPXHOCTHONO NOTOKA NOAPU30BAHHOIO U3/Iy4EHMA C UCNOIb30BAHUEM Op-
TOHOPMUpPOBaHHOro 6asunca nonaychepmyecknx rapmMoOHUK, OCHOBAHHOTMO HA MNPUCOEAMHEHHbIX MOAMHOMAX
Akobwu [2-4].

Cnucok nuTepaTtypbl

1. Marchuk G. I., Mikhailov G. A., Nazaraliev M. A., et al. The Monte Carlo methods in atmospheric optics.
Berlin: Springer-Verlag. 1980.
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2. Mahotkin O. A. Analysis of radiative transfer between surfaces by hemispherical harmonics // J. of Quan-
titative Spectroscopy and Radiative Transfer. 1996. T. 56, No. 6. P. 869-879.

3. Cmenos B. B. O nonHoTe cuctembl nonychepmnydecknx rapmoHnk// Cu6BM. 1998. T. 1, Ne 4. C. 391-395.

4. Tracheva N. V., Ukhinov S. A. Two-dimensional projection Monte Carlo estimators for the study of angu-
lar characteristics of polarized radiation // RINAMM. 2018. T. 33, No. 3. P. 187-199.

O HeKoTOpbIX moanduKaumax Kputepua Xapke — bepa

C. E. Xpywes, A. B. Jlorayes
UHcmumym mamemamuku um. C. /1. Cobonesa CO PAH

E-mail: hrushew@rambler.ru

Kputepuin Xapke — bepa WMPOKO McNoNb3yeTca A4 NPOBEPKU TMNOTe3bl 0 TOM, YTO 31eMeHTbl BbI6OPKU
MMeloT HopMasibHOe pacnpeaeneHne ¢ HeM3BeCTHbIMM NapameTpamu. B goknage 6yayT paccmoTpeHbl Moau-
duKauum Kputepma Xapke — bepa, No3sosAwOLME NPOBEPATb TMNOTE3bl O TOM, YTO BbIGOPKA U3 HOPMaabHOTO
pacnpeaeneHuns ¢ O AHUM AN ABYMSA M3BECTHbIMM NapamMeTpamum.

Takxe byaeT npoBeAeHO CpaBHEHWE MOJIYYEHHbIX KpUTEPUEB C APYrMMU U3BECTHBIMU CTAaTUCTUYECKMMMU
peLlaowmMmm npaBunamm.

Anroputmbl cayyaiiHoro 6ay)XgaHuA No rpaHULe C UTEPALNOHHbIM YTOYHEHUEM

N. A. Wanumoea, K. K. Cabenbdenba,
UHCcmumym sbiyucaumensHol mamemamuKu u mamemamu4eckol eeogpuzuku CO PAH

Email: ias@osmf.sscc.ru

MeToapl cnydaHoro 61y aAaHus No rpaHnLe, Bnepsble NpeaioxeHHble B paboTe [1], 6biaun 3aTem pacnpo-
CTPaHEeHbI Ha WKPOKM Kpyr 2D 1 3D KpaeBbix 3a4a4 TEOPUU 3NEeKTPoCTaTUYecKoro, Anddy3MoHHOro, U ynpyroro
noteHuManos [2]. 3TM meTozbl MOKa3aan BbICOKYIO 3PpPEKTUBHOCTb NPU PeLIEHMM 33434 B BbINYK/bIX 06aacTaAX,
MOCKO/IbKY B 3TOM C/ly4ae pelleHUs A0MYCKaloT eCcTeCcTBEHHYO 6e3BeCcOoBY0 BEPOATHOCTHYIO MHTEPNpPETALMIO.
OpgHako AnA HeBbINYKAbIX obnacTeit NpuxoauTcAa BBOAMTL CNeuurasnbHble Beca, YTo NPUBOAUT K YBEAUYEHUIO
ANCNEPCUN N KaK CNeACTBUE, K CHUMKEHMIO TOYHOCTU BbluMCAeHWUI. B gaHHOM paboTe npeanaraeTca rmb6puaHbIi
BapWaHT anropuMTma ciyydaiiHoro 61y»KaaHmaA, OCHOBaHHbIA Ha KOMBUHaUMK CTaHAAPTHOMO anropuTma bayxaa-
HWS MO rPaHULE U METoAa UTePaLMOHHOIO YTOUHEHUA. Uaes 3aKno4YaeTcs B TOM, YTO NpU UTePaLMOHHOM yTou-
HEeHWUW peLlaeTcs rPaHMYHOE MHTEerpasibHoe ypaBHEHME C TEM XKe ALPOM, HO B MPaBOM YacTU CTOMT HEBA3Ka,
BblYMC/NIEHHAA Ha Mpegblaylwem ware utepauuii. NMpu TakoMm noaxoae AUCNEPCUn CAy4aliHOW OLLEHKM cylue-
CTBEHHO YMEHbLLAETCA, MPMUYEM 3TO MPOUCXOANT Ha KaXKAOM Liare UTepaunoHHOro yToyHeHus. B pabote yumc-
JIEHHO UCCeayoTCA CBOMCTBA AAaHHOMO rMBpUAHOro aNropMTMa M oYepUMBaloTCa Kiacchl obiactei, aAna KoTo-
PbIX NPeaNoKeHHbIN meTos ABnsfeTcA 3GPEKTUBHbIM.

PaboTa noaaepaHa PoccMNCKMM HaydyHbIM poHAOM, rpaHT Ne 24-11-00107.
Cnuncok nutepaTypbl

1. Cabenbdenba K. K. BeKTopHble anropntmbl metoaa MoHTe-Kapno ans pelieHus cMcTem 3aNANNTUYECKUX
ypaBHeHUi 2-ro nopaaKka 1 ypasHeHua Jlame // Ookn. AH CCCP. 1982.T. 262, Ne 5. C. 1076—1080.

2. Sabelfeld K. K., Simonov N. A. Stochastic methods for boundary value problems. Numerics for high-di-
mensional PDEs and applications. Berlin: Walter de Gruyter, 2016.



62 YucneHHoe cmamucmu4eckoe modenuposaHue u memoosl MoHme-Kapno

BanaHue napameTpoB MOAENN B3aUMOAENCTBUA YACTUL, HA Pe3ybTaTbl MOAEIMPOBAHUA TeUEHUSA

pa3perkeHHoro rasa merogom NCM

E. B. Lkapyna!, M. t0. MnoTHUKOB?
IMHcmumym ebiqucaumensHol Mamemamuku u mamemamudeckoli 2eogpusuku CO PAH

2MHcmumym mennogu3suku CO PAH

E-mail: sev@osmf.sscc.ru

MeToz NpPsMOro CcTaTucTMyeckoro moaennposaHuma (NMCM) WWpoKo ncnob3yeTca A/ pelleHns 3agad au-
HAaMMKW pasperkeHHoro rasa [1, 2]. B ero ocHoBe NeXUT paclLenneHne HenpepbIBHOTO ABUMXEHNA YAaCTUL, Ha ABa
nocnefoBaTe/ibHbIX 3Tana: NepemeLLeHme MoaeIMpyeMblxX YacTUL, COrNAacHO UX CKOPOCTAM 3a BpeMsa dt U CTONK-
HOBEHME YacTUL, Mexay coboi B 3TOT NPOMEKYTOK BpemeHU. MNpun 3ToM Kaxkaas moaeMpyemasn 4yactuua npea-
cTaBnAeT cobon 60/1blLIOE KOIMYECTBO PeasbHbIX YacTuL,.

Ons onuMcaHWs CTONKHOBEHUS YacTuL, YacTo npumeHsieTca mogenb VSS [1]. O6blMHO napameTpbl Mogenm
CTONKHOBEHUSA YacTUL, BbIbBUparTCcs Mcxoaa U3 BA3KOCTU n anddysnm rasa [1], 4To No3BoiseT paccymTbiBaTb Ha
KOpPpPEeKTHOE MoAEeIMPOBaHMeE 3TUX NPOLLECCOB. B TO Bpems Kak TeN/IONPOBOAHOCTb ABAAETCA HE MeHee BaXKHOM
XapaKTepUCTMKOM rasa. B npeacraBneHHon paboTe BbINOJHEHO YNCAEHHOE UCCAeA0BAHNE BAMAHUSA Ha MaKpo-
napameTpbl Te4eHMa napameTpos mogenm VSS, BbIbpaHHbIX MO0 Ha ocHoBe BA3KOCTU U anddysnm, nmbo Ten-
nonpoBoaHoOCTU U anddy3unn.

[nAa skcnepumeHTaNbHOro UCCNe0BAHNA NPOLLECCOB AMCCOLMALMN FA30B HA HAarpeTon NOBEPXHOCTU LIN-
POKO MCMNO/b3YEeTCA METO/, FopsaYein MPOBOMOYKN. YMCcneHHOe MoaeIMpoBaHNE NO3BOAAET PACLUMPUTb BOSMOXK-
HOCTM MCCNeaoBaHuUA.

B npeacTtaBneHHon pabote MogennpoBanoch TedeHne, BO3HMKatoLWEee NPU NOMELLEHNUM HarpeTon nposo-
NI04KM B aTMocdepy Bogopoaa. MNpun B3anmoaencTBMm ¢ NOBEPXHOCTBLIO NPOBOJIOYKM MOJIEKY/Ibl BOLOPOAA C He-
KOTOPOW BEPOATHOCTBIO AMUCCOLMMUPYIOT HA aTOMbI, @ aTOMbl — C HEKOTOPOW BEPOATHOCTHIO PEKOMOUHUPYIOT B
Mmonekyny. B xoae moaennpoBaHus BbIYMCAAINCE MaKpONapaMeTpbl TEYEHUA: NNOTHOCTb, CKOPOCTb M TeMNepa-
Typa. MpoBeAeHHOEe UccnegoBaHMe NO3BOAUAO OLUEHUTb BAUAHME BblbUpaembix napameTpoB VSS moaenun Ha
BblYMCNAEMbIE MaKponapameTpbl TeHeHMUA.

PaboTa BbiNOAHEHA NpW GUHAHCOBOM NoaAepKKe 6roaKeTHbIX rpaHToB (FWNM-2022-0002 1 121031800218-5).
Cnuncok nutepaTypbl

1. Bird G. A. Molecular gas dynamics and the direct simulation of gas flows. Oxford: Clarendon Press, 1994.
2. MBaHoB M. C., PorasuHckuit C. B. MeTog, npAMOro cTaTMCTUYECKOro MOLENNPOBaHMA B AMHAaMUKeE paspe-
JKeHHoro rasa. Hosocnbupck: BL, CO PAH, 1988.

Bbibop napameTpoB GPYHKLMOHA/IbHbIX BbIYUC/IUTE/IbHBIX a/IOPUTMOB NPUBANKEHUA BEPOATHOCTHOMN

NJIOTHOCTU NO 3aAaHHOoM BblbopKe: L-nogxoa

H. X. WnbimbeTtos?, A. B. BoliTuwuek?
IHosocubupckuli 2ocydapcmeeHHbIll yHUsepcumem

2MHcmumym sel4ucaumenbHol MamemamuKu U mamemamudeckoli eeogpusuku CO PAH

E-mail: n.shlymbetov@g.nsu.ru

B paboTe npoBeaeH cpaBHUTENbHbIN aHaAN3 ABYX NOAXOA0B K Bbl6Opy NapameTpoB: M —uuncna y3nos BBO-
ONMOW CETKM U M — YMCNa UCMONb3YEMbIX BbIOOPOUHbIX 3HAYEHWI — NPU KOHCTPYMPOBAHUU BbIYUCAUTENBHBIX
AOEPHBIX U NPOEKLMNOHHbIX aAFOPUTMOB NPUBANKEHNA BEPOATHOCTHOW NAOTHOCTM MO 3aZaHHOW BbIBOPKe U ¢
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3a4aHHbIM ypoBHeM norpelwHocty L [1]. Ans nepsoro noaxoaa — u3 TEOPUU YCAOBHOW ONTUMM3ALUWN AMUC-
KPETHO-CTOXaCTUUYECKUX YNCAEHHbIX METOAO0B (CM., Hanpumep, pasgen 5.3 KHuru [2]) — BepxHsAa rpaHMua no-
rpewroctn §® (pna HeKOTOPOro HOPMUPOBAHHOTO GYHKLMOHANBLHOMO NPOCTpaHcTBa B) npupasHuBaeTcA Be-
nnyumHe L n muHuMmsupytotca 3atpatbl S(M, n) nucnonbayemoro anroputma. [11a BTOporo noaxoza Bce Tpy KOM-
NMOHEHTbI BEPXHEM rpaHuMLbl MOrpeLwHOCTN (KOMMNOHEHTa annpPOKCUMALMKN, KOMNOHEHTA CMELLEeHWUS U CTOXacTu-
yeckas KOMMOHeHTa) npupasHuBatoTca BenmumHe L/3 [1]. B otanumne ot paboTsl [1], B KOTOPOW paccMoTpeHo
B = C(X) — npocTpaHCcTBO HenpepbIBHbIX QYHKUMIA Ha KomnakTe X, aHanu3 nposefeH A 60/ee ectecTBeH-
HOro — Ans npunoxeHuin — cnydasa B = L, (X). OgHaKo BbIBOAbI 34eCb OCTAIOTCA CXOXMMU C COOBParKEHUSMM
13 pabotbl [1]: HaUAYYLWIMMKM CBONCTBAMMU (C TOUYKM 3pEeHMA BO3MOXKHOCTU NPOBEAEHNA KOHCTPYKTUBHOM ONTH-
MU3aLnKn) obnaaaeT MHOrOMEpPHbIA aHaNor MNOJIMFOHA YacToT (3TO 06LMIA YaCTHbIM cayYan ANa aAepHbIX U Npo-
€KUMOHHbIX anroputmos [1]).

NccnepoBaHmsa BbIMOJIHEHbI B paMKax rocygapcrBeHHoro 3agaHua UBMuMIE CO PAH FWNM-2022-0002.
Cnucok nutepatypbl

1. Bontuwexk A. B., LLnbimbeTo H. X. Bbibop annpoKcMmaLnoHHbIX 6a3MCOB, UCMO/Ib3YEMbIX B KOMMbIOTEP-
HbIX GYHKLMOHA/bHbBIX anroputmax MnpubaMMKeHUa BePOATHOCTHbIX MAOTHOCTEM Mo 3adaHHoW Bblbopke //
CnM6XKBM. 2024. T. 27, Ne 2. C. 147-164.

2. Muxannos I. A., Bontnwek A. B. Ctatuctmyeckoe mogenmposaHme. Metoabl MoHTe-Kapno. M.: lOpaiT,
2024.323 c.
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CEKLUMA 3
MaremaTtunueckana reopumsmkKa

Ucnonb3oBaHMe METoAOB rMy60Koro 06y4eHus U peryispusvpyoLlmnx airopuTMoB AN pelueHns o6paTHom

334341 COBMECTHOIr0 BOCCTAHOB/JIEHUA MArHUTO-rPaBUMETPUYECKUX AaHHbIX
A. B.Top6aues?, P. /1. ApryH?, 1. B. YypbaHos™?
IMockosckuli 20cydapcmeeHHblli yHusepcumem um. M. B. /lomoHocosa

2Mocko8cKuli hu3uKo-mexHuYeckuli uHcmumym

E-mail: gorbachev.avl7@physics.msu.ru

HenpoceTeBoit noaxon akTMBHO pa3BMBAETCA, B TOM uncie B chepe 06paboTkM reopusnyeckmx Habnwge-
Hui [1, 2]. B goKknaae npeactaB/ieH MeToA MHBEPCUU TPaBUMETPUYECKUX U MarHUTHbIX NOJieii Ha ocHoBe rybo-
KOl HelpoceTn. OgHUM U3 KAtoueBbiX PakTopoB 3PPeKTUBHOIrO 0by4yeHMA HEMPOCETH, ABNSETCA NOCTPOEHMUA
obyuatoulero Habopa AaHHbIX (AaTaceTa). B paboTe npoBeseH aHanU3 pPas3anyYHbIX CNOcoboB NOCTPOeHMA AaTa-
CeTOB A1 NOBbILWEHWA TOYHOCTM NOAYYaeMbIX PELLEHW, KOTOPAA OLEHNBAETCS B Pa3/IMYHbIX MeTpUKax. Ha oc-
HOBE YKa3aHHOro aHanau3a cTpoutca 0606LLatoWwunii anropuTm, NO3BOAIOLWMIN BbIOPATb ONTUMA/IbHYHO MOAENb
AN BOCCTAHOB/EHUS NPON3BO/IbHOTO 06bEeKTa, KOrAa HeT a priori 4aHHbIX O NPUHAANEKHOCTU €ro 0A4HOMY U3
nccnesyemblx KnaccoB. TaKXKe NpoBOoAUTCA CPAaBHUTENbHbIMA aHa/IM3 NPEMMYLLECTB U HEAOCTAaTKOB HelpoceTe-
BOrO MNoAX0/Aa No CPaBHEHMIO C Knaccuyeckom perynspusaumeit [3, 4], npyuyem KOMOUHMPOBAHHOE UCNO/1b30Ba-
HUWe YKa3aHHbIX NOAX040B NO3BOAET NPE0A0NETb PAL HEL0CTAaTKOB.

PaboTa BbiNoAHEHA Npu GMHAHCOBOM NoaaepKe Poccuitickoro HayyHoro ¢poHAa (Koa npoekTa 23-41-00002).
Cnuncok nutepaTypbl

1. Isaev I., Obornev I., Obornev E., Rodionov E., Shimelevich M., Dolenko S. Neural network solution of in-
verse problems of geological prospecting with discrete output // Proc. of Science. 2021. Vol. 410.

2.ZhouS., WeiY., LuP,,YuG., WangSs., JiaoJ.,, Yu P., Zhao J. A deep learning gravity inversion method based
on a self-constrained network and its application // Remote Sens. 2024. Vol. 16. 995.

3. Wang Y., Leonov A., Lukyanenko D., Yagola A. General Tikhonov regularization with applications in geo-
science // CSIAM Trans. Appl. Math. 2020. Vol. 1. P. 53-85.

4. Ctpaxos B. H., CtenaHoBa W. 3. MeTog, S-annpoKcMmaLmini 1 ero UCNosib3oBaHMe Npu peLLleHnn 3a4au rpa-
Bumetpun // dusnka 3emnmn Ne 7, 2002. C. 3—-12.

Bubpoceiicmnueckoe none ruapoarperatos NAC u ero npumeHeHue Ana nsyyeHusa reoamHaMmmyeckmnux

npoueccos
A. M. l'puroptok, B. B. Kosanesckuia, /1. . bparMHckan

MHCcmumym sblyucaumensHoli MamemamuKu u mamemamudeckol eeogpuszuku CO PAH

E-mail: and@opg.sscc.ru

B pabote npeacTaBneHbl pe3ynbTaTbl HAbAOAEHNA 3@ Y3KOMNOOCHbIM BUBPOCENCMUYECKMM CUTHANOM Ya-
ctoTtoi 2.083 'y, BO3OYKAaemMbiMm rugpoarperatamm bpatckoit M3C. BpauweHue arperatoB 60/1bLWOM Maccbl Npu
Heb0oNbLIOM NOCTOAHHO cyllecTaytowem ancbanaHce co3faeT MOLLHOE BO/IHOBOE MOJie, PpacnpoCcTpaHatoLLeeca
Ha MHOTMe COTHW KMNOMeTPOB. Mbl UCNONb30BaNN AaHHblE CEMCMOCTAHLUMM, PAaCcnoNoXKeHHbIX B balikanbcKoit
pudTOBOM 30HE Ha paccToAHUAX nopsaaKka 500-600 KM OT UCTOYHMKa.
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Habntoaatb 3a reogMHamMmMUYecKMmMM NPOLLECCAaMM B 3eMHOM KOpe MOXKHO No Bapuaumam dasbl U amnanTyabl
pernctpupyemoro curHana. O4HaKo, U3-3a MEHAIOLLENCA 3/IEKTPUYECKOM Harpy3KM YacToTa BpaLLleHuMA ruapoar-
peraTos, a 3HaYMT U NapaMeTpPbl BUBPOCENCMUYECKOro CMrHana He ocTatTcA cTabuabHbiMK. MNoaTomy 6bin npes-
NoXeH anddepeHuManbHbI METOL U3MEPEHNM, 3aKNI0YAIOLLMNCS B USMEPEHMM Pa3HOCTU das Ha ABYX cecmo-
CTaHUMAX, PACNONOXKEHHbIX Ha PACCTOAHUM B COTHU KUIOMETPOB ApYr OT Apyra. 9TOT MeTo, No3BoAuA Habto-
0aTb, B YacTHOCTH, AedOopMaLMOHHbIE MPOLLECCHI B 3eMHOM Kope nepeg, 3emnetpaceHuamu. Mpm sTom nsmeHe-
HMe pa3HocTb ¢pa3 HabatogaeTca 3a 6—10 YacoB A0 3eMNETPSACEHMA, 4OCTUMAsA BEIMYMHDBI B AE€CATKM rPaycCcoB.

NccneposaHuna nposoauance Ha 6ase umdposoit nnatdopmsl (LIMN) https:// izk.sscc.ru/ [1]. Cecmmueckue
AaHHble noctynatoT Ha LM ¢ noanroHoB UHcTUTyTa 3emHo Kopbl CO PAH, r. UpKRyTCK.

CnucoK nuTepaTypbl

1. BparuHckas /1. M., Fpuroptok A. M., KoBanesckuit B. B., lobpbiHnHa A. A. Llndposas nnatdopma gns Kom-
NAIEKCHbIX reodpusnYecknx nccnesoBaHmii B baikanbckom pernoHe // Celicmmnyeckune npubopsl. 2023. T. 59,
Ne 4. C. 5-18. https:// doi.org/10.21455/si2023.4-3.

DIEKTPOMArHUTHbIA MOHUTOPUHT CeMCMUYECKUX COObITUIA Ha TEPPUTOPUMN BULLKEKCKOro NPOrHoCTMYECKOro

NOZINTOHa

. M. EemeHosal, 10. A. fawescknini®®, . U. ObimnHcknii®, U. H. Enbuos?, C. A. Umawes®, U. B. CmoneHckmin®
IMHcmumym Hegpmezasoeolii 2eonoz2uu u 2eogpusuku CO PAH

2Hosocubupckuli 2ocydapcmeeHHsbili yHusepcumem

3Hosocubupckuli 2ocydapcmeeHHbIl mexHu4eckull yHusepcumem

‘UHcmumym sbiyucaumensHoli Mamemamuku u mamemamudyeckoli 2eogpusuxu CO PAH
*Hay4Has cmaHyus PAH, Buwkex

E-mail: pavlovadm@ipgg.sbras.ru

OAHOM 13 aKTyaNbHbIX U COXKHbIX 33434 reodpU3MKM B HACTosALLEE BpeMa ABAAETCA NPOrHO3NPOBaHMe ceit-
CMMYECKUX COBbITUIN. OCHOBHBIMM UCTOYHNKAMM SKCNEPUMEHTA/IbHBIX AaHHbIX AN UCCAeA0BaHUA CEACMUYHO-
CTV ABNAIOTCA NONUIOHbI, FAe NPOBOAATCA PEryAspHble U3MEPEHNA reodU3NYECcKUX Noael, YTo No3BoNAeT OT-
CNeauTb 3aBUCUMMOCTb MEXKAY aHOMaMAMM U3MEPEHHBIX 3HAYEHUI CUTHANOB U CEMCMUYECKMMM cOBbITUAMU. B
paboTe MCNOMb3YIOTCA AaHHbIE 3/IEKTPOMArHUTHOrO MOHUTOPUHIA C BULLKEKCKOro reogMHamMMyeckoro nosu-
roHa HayuyHoli ctaHumu PAH B 1. Buwkek (HC PAH).

[N KOMNJEKCHOTo aHan3a SN1EeKTPOMArHUTHbIX CUTHANI0B U AaHHbIX O COBbITUAX, NOYy4aeMbIX UX CEMCMO-
normnyeckoit cetn KNET HC PAH, paspabatbiBaeTtcs undpoas nnatdopma, No3BoAAOLLAS BU3YaNU3MPOBaTb UH-
dopmaLMIo NO KaxKa0oMy U3 MYHKTOB M3MEPEHUA HA NOJIUrOHe 3a BbiGpaHHbIN Nepuos BPeMeH!, CTPOUTb pas-
JIMYHbIE BO3MOXHble MHANKATOPbI CEMCMNYECKOro COBbITUA, BbIFPYKaTb UX B TEKCTOBOM BUAE, BbIABAATL U aHa-
NIM3MPOBaTb KOPPENALUM MeXKAY UHANKATOPAMM M MPOUCXOAALLMMMN CEMCMUUYECKMMM COBLITUAMM.

MpoaHanM3npoBaHa cCNnocobHOCTb CUCTEMbI 31EKTPOMArHMTHOrO MOHUTOPUHIA PErMCTPUPOBaTL Cencmuye-
CKMe cobbITWA onpeaesIeHHOro SHEPreTUYECKOTo Kacca M yAaNEeHHOCTU MX ANULLEHTPa OT MYHKTa U3MepPEHUs.
BblaenieHa rpynna cobbiTUiA, MO OTHOLEHUIO K KOTOPbIM CUCTEMA MOHUTOPUHIA MMEET BbICOKYIO Pa3peLLatoLLyio
CnocobHOoCTb.

B ganbHelwem naaHUpyeTcs paclumpeHme GyHKUMoHana umdposoi nnatGopmbl A8 NPOBEAEHNA MALLNH-
HOro 06y4YeHUn 1 NOCTPOEHMNA COBPEMEHHbIX HEMPOCETEN C LeNblo NPOrHO3MPOBAHUA CEMCMMYECKOM aKTUBHO-

CTn B pernoHe.
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MaTtemaTnueckoe mogennmpoBaHme BU6pocemcMmmyeckoro MOHUTOPUHra

B. B. KoBanesckuir, . A. Kapasaes, A. M. Fpuroptok, /1. M. BparvHckas
UHCcmumym ebiyucaumensHol mamemamuKu u mamemamu4eckoli eeogpuzuku CO PAH

E-mail: kovalevsky@sscc.ru

B goknage npueeAeHbl pe3yabTaTbl MaTEMATUYECKOrO MOAENMPOBaHNA Npolecca BUbpocencmmyeckoro
MOHWTOPUHIA CKOPOCTHbIX XapaKTePUCTUK 3€MHOM KOPbI MPU HAIMYUKN BHYTPEHHE 061aCTN C USMEHEHUEM CKO-
pocTeli celicMUYecKMx BoH. PaccmoTpeHa 3a4a4a pacnpocTpaHeHUs CeMCMUYECKMX BOIH OT BUBPALMOHHOTO
NCTOYHMKa Yepe3 cpeay co chepmyeckom 061acTbio Ha HEKOTOPOWM rNybuHe, B KOTOPOM CKOPOCTU NPOAOAbHbIX
M NonepeYHbIX BOJIH OTAIMYAIOTCA Ha Manyko BEIMYMHY OT CEMCMUYECKUX CKOPOCTEl B OKpyXatowei cpeae. Ceit-
CMMUYEeCcKoe Nnone perucTpupyeTcs Ha AHEeBHON NOBEPXHOCTU CUCTEMOI AAaTYMKOB U NMPU U3MEHEHUAX CKopocTel
BO BHYTpeHHel 061acTu cpefibl NPOUCXOANT U3MEHEHUE aMNAUTYA, U dpa3 perncTpupyembix CUrHaNoB. B akycTu-
YyeckoM MPUBAUNKEHMUM NONYHYEHO aHANUTMYeCKoe pelleHune ANs U3MEHEeHWA BOJIHOBOro MoAs U onpeaeneHa
CBA3b U3MEHEHWN aMNANTYAHO-PA30BbIX XapPaKTEPUCTUK PErUCTPUPYEMBIX HA NMOBEPXHOCTM CUTHAJIOB C U3Me-
HEHMEM CKOPOCTHbIX XapaKTePUCTUK BO BHYTPEHHel o6nactu cpeabl. [nA CAOXKHbIX Mogenei cpeabl BbiNo-
HEHO YNC/IeHHOEe MOAENIMPOBaHME NOJIHOrO BOJIHOBOIO NO/A C UCNO/Ib30BaHWE Pa3HOCTHbIX cxem. MpoBeaeHo
CpaBHEHME aHAIUTUYECKMX U YMUCIEHHDBIX OLEHOK COOTHOLIEHUS Bapuaumii amnantyaHo-$a3oBbIX XapaKTepu-
CTUK PerncTpmpyembix CUrHaA0B C BapMUaLUAMM CEMCMUYECKUX CKOPOCTEN BO BHYTpeHHel obaactu cpeapl.

CnucokK nuTepaTtypbl

1. Kovalevsky V. V., Fatyanov A. G., Karavaev D. A., Braginskaya L. P., Grigoryuk A. P., Mordvinova V. V.,
Tubanov Ts. A., Bazarov A. D. Research and verification of the Earth's crust velocity models by mathematical
simulation and active seismology methods // Geodynamics & Tectonophys. 2019. V. 10, iss. 3. P. 569-583.

2. Kovalevsky V., Glinsky B., Khairetdinov M., Fatyanov A., Karavaev D., Braginskaya L., Grigoryuk A., Tu-
banov T. Active vibromonitoring: experimental systems and fieldwork results // Active Geophys. Monitoring.
2nd Ed. Chapter 1.3. Elsevier, 2020. P. 43-65.

BanaHue 31eKTPOCONPOTUBAEHUA KOPNYCa HAa CUrHabl S1EKTPOMArHUTHOro KapoTaXXHoro 3oHAa

cToponaazibHbiMu KaTylwKamu

C. C. KoHonenbko?, U. B. Muxaitnos?, U. B. CypoanHa®?
IHoeocubuckuli 2ocydapcmeeHHbil yHUsepcumem

2MHcmumym Hegpmezaszoeoli 2eono2uu u 2eopusuku um. A. A. Tpogpumyka CO PAH
3WHcmumym eblyucaumensHoli MamemamuKu u mamemamudeckoli 2eogpusuku CO PAH

E-mail: snezhana.konopelko@mail.ru

B HacToAlLee BpemMA 0AHOM N3 BarKHENLLMX 33434 CKBaXKMHHOM reodUsnKmM asnsaeTca paspaboTka 1 ycosep-
LeHCcTBOBaHWE reodu3mMyecKoi annapaTypbl, C MOMOLLbIO KOTOPOI MOJEe b reosIornMyeckoi cpeapl byaet no-
cTpoeHa Hanbonee gocrtosepHo. B MHIT CO PAH 1 HMM FA "Jlyy" co3aaH 3neKTpoMarHuTHbIM Nnpnbop ¢ Topou-
OaNbHbIMM KaTyLWKaMK B KayecTBe UCTOYHMKOB M MPUEMHUKOB, NP 3TOM Kopnycom npubopa ABAAeTCA BbICO-
KOMPOBOAALWMIA HEMArHUTHbIA meTann [1]. [laHHbIM KapoTaxKHbIi 30HA ABAAETCA GYHKLMOHAAbHbIM aHaN0rom
O0POrocToALLEen 3arpaHNYHOM annapaTypbl C OPTOrOHabHbIMU KaTyLWKaMU-CONeHOUOaMMU.

MpeAacTaBneHHoOe UcCeA0BaHWE HAMPaB/EHO Ha M3yYeHWe BAUAHUA YAe/bHOIO 3/1eKTPOCONPOTUBAEHMUA
(Y3C) Kopnyca Ha cuMrHasibl KapPOTaXKHOTO 30HAA C TOPOUAAbHBIMM KaTyLKaMM Ha OCHOBE A,BYMEPHOr0 YNC/EH-
HOro MoAennMpoBaHua [2] B LUIMPOKOM Kaacce reosnekTpuYecknx moaeneit. Mo pesynbtaTam mMoaenmMpoBaHus
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CUrHanoB 30HAa NPU HaIMYMKM MeTannnYeckoro Kopnyca (Huskoe Y3C) u ero otcytcteun (Bbicokoe YIC), 1 cpas-
HUTENbHOTO aHaIn3a NOJIyY4eHHbIX AAHHbIX BbIABNEHbI NPEMMYLLECTBA U HEA0CTaTKM TOPOMAA/IbHOTO 30HAa ANA
M3y4YeHUn paspes3oB BEPTUKa/bHbIX HEQTErasoBbIX CKBAXKMH.

NccnepgoBaHuMe BbiNoHEHO Npy dMHAHCOBOM Nogaepkke npoekta PHN Ne FWZZ-2022-0026.
Cnuncok nutepaTypbl

1. Cypoamna W. B., Muxaiinos W. B., FnnHcknx B. H. MatemaTnyeckoe moaennpoBaHue CUrHanoB TOpou-
[aNIbHOTO UCTOYHMKA B TPEXMEPHbBIX M30TPOMHbIX MOAENAX reonormyecknx cpeq // EctecTBeHHble U TeXHWUYe-
CKMe Hayku. 2020. Ne 12. C. 131-134.

2.3no8 M. U., TnnHcknx B. H., EpemuH B. H., Muxainos W. B., HuknteHko M. H., Ocunos C. B., MeTtpos A. H.,
CypoawnHa W. B., AueHko B. M. HoBblIlh 31eKTPOMarHMTHbIM 30HA, 419 BbICOKOPa3peLlatoLLero KapoTaa: oT Teo-
peTnyeckoro 060CHOBaHMA A0 CKBAaXKMHHbIX UCMbITaHWU // HedTtaHoe xo3aicTso. 2018. Ne 11. C. 23-27.

leonokaums M pacnosHaBaHWE UMNYAbCHbIX UCTOYHMKOB CEMCMOAKYCTUYECKUX KoNebaHUii TEXHOreHHOM

npupoabl
O. A. Konbinosa
UHCcmumym eblyucaumensHol mamemamuKku U mamemamu4eckoli eeogpuzuxku CO PAH

E-mail: okskplv@gmail.com

B pamkax npo6aembl reopusnyeckoro MOHUTOPUHIA OKPYHKatoLLEen cpesibl PaCCMATPUBAKOTCA 334a4M NOBbI-
LEeHMA TOYHOCTU U AaNbHOCTU OBHapyXeHUA, PAaCNO3HABAHUA U SIOKALMKN MOLLHbBIX TEXHOFEHHbIX NCTOYHUKOB
MMMYNbCHbIX CEMCMOAKYCTUYECKUX BOJIH. B KauecTBe TaKMX MCTOYHMKOB MOTFYT BbICTYMATb KapbepHble U Npo-
MbILUNEHHbIE B3PbIBbI, YAAPHbIE MEXAHU3MbI B CTPOUTE/IbHBIX PpaboTax, NajarolimMe Ha 3eM/1t0 BO3AYLIHbIE TeNa
B BUAE OCKOJIKOB KOCMMYECKUX Tes, OTPabOTaHHbIX CTYNEHEN PaKeT Npu CNyTHUKOBLIX 3anycKkax u ap. Mpu pe-
LWEeHUN 33434 OBHAPYKEHUA U Fe0I0KaLMM MMNYbCHBIX UCTOYHWKOB YUUTbIBAOTCA NapameTpbl FEOMETPUM pac-
CTaHOBKM PErUCTPUPYIOLWMX OATYMKOB U CEMCMOAKYCTUYECKMX BONH. OBGHapyKeHue U M3MepeHue BpemeH
BCTYNNEHWNA CEMCMOAKYCTUYECKUX BOJTH OCYLLLECTBNIAETCA HA OCHOBE METOZa MAaKCMMA/IbHOro npasaonoaobus.
leonokauma peLlaeTca Kak COBMeLLEeHHas 3aa4a C y4eTOM NPOCTPaHCTBEHHO-BPEMEHHbIX MapameTpoB CEMCMMU-
YECKUX N aKyCTUYECKMX BOJIH. MoBbIWEeHNE TOYHOCTU ee peLleHna JOCTUraeTcsa 3a CYET BenBneT-GuUIbTPaLUn
PerucTpMpyemMblx Nose3HbIX CEMCMOAKYCTUUYECKMX CUFHAIOB, YYUTbIBAIOLLEN anocTepUOpHYLO MHbopMauuto 06
0COBEHHOCTAX KonebaHU OT paccmaTpMBaemMbIX TUMOB UCTOYHMKOB. 3aZa4a pacno3HaBaHMA TUNA UCTOYHMKA
peLlaeTca ¢ UCNOb30BaHUEM aZIrOPUTMA, OCHOBAHHOIO Ha MPUMEHEHUU PEKYPPEHTHON HEMPOHHOM CETU, NO3-
BOJIAIOLLEN YUYMTbIBATb Npeablaylime COCTOAHWUSA BXOAHbIX AaHHbIX. MNpeasoKeHHbI KOMMJIEKC aaroputMos
anpobuMpoBaH Ha peasibHbIX AAHHbIX NONEBbLIX IKCNEPUMEHTOB. B pe3ynbTaTe BbINOSHEHMA PabOTbl NOAYYEHbI
UYMC/NIEHHbIE OLEHKM TOYHOCTM pelleHMA 3agay B MHTepecax reodpmsMyYecKoro MOHUTOPMHIA OKpyXKatoLwei
cpeapl.

PaboTa BbiNoAHEHa B paMKax roczagaHma FWNM-2022-0004.

UHTepHeTt-noptan "FEQ" ana ynpasneHus reodpmusnyecKMmm aaHHbIMU

T. B. NatbiHuesa?, O. A. Konbinosa?
Hosocubupckuii 2ocydapcmeeHHsiii yHusepcumem, E-mail: tatyana.latynceva@mail.ru
2MIHcmumym gbi4ucaumensHoli Mamemamuku u mamemamudeckoli 2eogpusuru CO PAH

PaspaboTaHHbIii aBTopamu Beb-nopTan "TEQ" npeanaraet pelweHne ANs XpaHeHUA U yNpaBaeHna pasHo-
06pasHbIMK reodpU3NYECKMMM AaHHbIMK, a TaKKe WX npeaBapuTenbHon 06paboTkM M aHanmsa. CneunanbHo
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CO34aHHbI Moaynb ana o6paboTKn M aHanu3a 3anucert KonebaHMn obecneymBaeT BO3MOXKHOCTb MN0OJI0OCOBOM
dunbTpaymm, BeBneT-o06paboTkK, a TaKKe CMEeKTPAIbHOIO M CNeKTPasbHO-BPEMEHHOIO BUAOB aHanusa. Ana
Lenen reosakoIorMYeckoro MOHUTOPUHIA MOAY/1b NO3BOJIAET BbIMMCIATL YPOBHU BMOPOCKOPOCTU U aKycTUYe-
CKOrO LWyMa Ha BbIOpaHHbIX y4acTKax 3anucem.

B paboTe npuBogAaTca cTPyKTypa 6asbl 4aHHbIX M apXMTEKTYpa Beb-nopTasia. BoamorKHOCTU nopTana uanto-
CTPUPYIOTCA Ha Npumepax 06paboTKM AaHHbIX PA3NYHOIO NMPOUCXOXKAEHMA, BKAOYAA AaHHble O B3pPbiBaX Ha
MOJIMFOHAX M TPAHCNOPTHbIX WyMax. MopTan pa3paboTaH C UCNOb30BaHNEM A3bIKa NpOrpaMmupoBaHus Python
n ppenmeopKa Streamlit 18 MHTEPaAKTUBHbIX BED-NPUIOIKEHUI.

PaboTa BbiNo/IHEHA B pamKax rocsagaHma FWNM-2022-0004.

[OBymepHasa ceTOYHO-XapaKTepUCTMUYECKaa cXxema NATOro nopAaaKa annpoKCMmaummn Ana 3aga4 MOPCKOM

cericmopasBegKku
C. Mun, B. . Tonybes
Mockosckuli husuko-mexHuyeckuli uHcmumym

E-mail: misin@phystech.edu

PocT uncna obHapyKeEHHbIX MECTOPOXKAEHNIN HedTH 1 rasa Ha wenbde cnocobcTByeT yBeMYeHUIo 0bbema
NPOBOANUMBIX CEMCMMYECKUX PAbOT B AaHHbIX permoHax. O4HOM U3 KAtoYeBbIX 0COBEHHOCTEN AaHHOM 3aga4m
ABAETCA HaIMYMe CNOoS BOAbI, KOTOPbIN 3KPaHMPYET NPOXOXKAEHNE NONE3HOI0 CEMCMUYECKOro CUTHaNa Ha no-
nepeYHbIX BoNHax. Pa3BuTne maTtemaTUYeCKMX MeTo40B, CNOCOBHbIX C BbICOKOWM TOYHOCTbIO paccunTaThb NpoLecc
pPacnpoCTpaHEHUs CeMCMMYECKMX BOJIH, NMO3BOJIAET CO34aBaTb BCce 6onee TOYHble MeTOoAbl CEUCMUYECKON WUH-
BEPCUMN U MUTPALUMN.

B HacToswel paboTe paccmaTpMBaeTcs 3a4a4a PacnpoCcTpPaHEHUs CEMCMMUYECKMX BOIH B aKyCTMYECKOM oa-
HopoaHoi cpeae. C UCNONb30BaHWE PaCLUMPEHHOrO WabaoHa CTPOMTCA OAHOMEPHAsA CETOYHO-XapaKTepucTu-
yeckas cxema NATOro nopsaka annpokcumaumm. NyTem Ucnosib3oBaHUA NpoLenypbl MHOTOLAroBOro paclien-
JIeHUs yOaNnocb COXPaHMTb NOBbIWEHHbIM MOPAAOK annpoKCMMaL MK NPy Nepexoae K ABYMEPHOM NocTaHoBKe
3agauun. OTaenbHO paccmaTpPUBaEeTCa BOMPOC annpPoKCMMALMM FPaHMYHbIX ycaoBuiA B611M3M cBOBOAHOM NoBepX-
HOCTU ¢ Tpebyemo TOYHOCTbIHO.

YncneHHoe mogenmpoBaHue npoueccos ¢puabTpaunmn B MPUCKBAXKUHHOW 30HE CIOUCTOr0 KOMJIEKTOpa

npu 6ypeHnn CKBaXKMH METO40M KOHEYHbIX 3/IEMEHTOB

M. H. MeTtpos
UHcmumym Hegpmeaazoesoli eeosoeuu u 2eogpusuxku CO PAH

E-mail: petrovmn@ipgg.sbras.ru

B HacToAlLee BpeMa HEMA/IOBAXKHOW 3a434el Npu paspaboTKe yrneBoAopPoOLHbIX MECTOPOXKAEHNN CTOUT
Bonpoc 06 3¢pHeKTMBHOM OMNMMUCAHMM MPOLLECCOB MacconepeHoca Gona0B B NPUCKBAXKMHHOMN 30HE KO/IEKTO-
poB. B Kpyr aTUX 3a4a4 MOryT BXOAWUTb Kak onpegeneHme puabTPaLMOHHbIX XapaKTEPUCTUK NaacTa, Tak U BbI6Gop
TEXHO/IOTUI W YyCNOBMI pa3paboTkK, Hanpumep, noabop Heobxoanmoro byposoro pacTeopa 414 3GeKTUBHOIo
BCKPbITMA NAACTOB UAU U3BAeYeHUA GAoMa0B.

B aaHHoW paboTe npeactaBneHa mogensb GuUaAbTPaLUK, ONUCbIBAIOLLAA NPOHMKHOBEHMA BYpOBOro pacTeopa
Ha BOZHOM OCHOBE Yepes CTeHKY CKBaXKMHbI, BCKPbIBAIOLLLEM CUHTETUYECKOE MeCcTopOXaeHMe HedTu. B KayecTse
MECTOPOXAEHMA PACCMATPUBAIOTCA TOPU3OHTA/IbHO C/IOUCTbIE OAHOPOAHbIE MAACTbI C PA3/IMYHbIMU 3HAYEHU-
MU NOPUCTOCTU U MPOHULLAEMOCTH, KOTOPOE BCKPLIBAET CKBaXkMHA bypeHnem Ha penpeccuu. B guHamumKe pac-
CMaTpuBaeTca NPOHUKHOBeHWe ¢unbTpata 6ypoBOro pacTeopa B NAacT, C y4eTom 06pa3soBaHMA FAUHUCTOM
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KOPKM Ha CTEHKE CKBaXKMHbI. BblUMCAUTENbHbIE SKCMEPUMEHTbI MPOBOAATCA C MPMMEHEHMEM METOAA KOHEUYHbIX
3/1IEMEHTOB Ha Pa3/IMYHbIX CTPYKTYPUPOBAHHbIX U HECTPYKTYPUPOBAHHbIX CETKAX.

Pe3ynbTaTbl BbIYUCAUTENBHbIX IKCNEPUMEHTOB MOTYT BbITb MCMO/Ib30BaHbI AR aHA/1M3a 30HbI NPOHUKHOBE-
HWA BYpPOBOro pacTBopa B NAACT, pacnpeaesieHnn BeMYMHbI Hanopa B NAacTe, a TaKKe TOJLLMHbI [MHUCTON
KOPKM HAa CTEHKE CKBAXKUHbI.

PaboTa BbINosIHEHa NpY GUHAHCOBOMN NoaaepKKe POCCUMINCKOM aKaleMUM HAYK B PaMKax roCy4apCTBEHHOIO 3a4aHuUA
FWZZ-2022-0030.

Ncnonb3oBaHWe cermeHTUPOBaHHOM IMHEUHOW perpeccumn Ans onpeaesieHUs 4YacToTbl FeOMarHUTHbIX

OKepKoB
C. A. Pabosa

UHcmumym ¢usuku 3emau um. O. 0. LLiImudma PAH

UHcmumym OuHamuKu 2eocghep um. akao. M. A. Cadosckoeo PAH

E—mail: ryabovasa@mail.ru

OAHOM 13 BaXKHbIX Npobnem, CBA3AHHbIX C BbIABAEHUEM FEOMArHUTHbIX AKEPKOB, ABNAETCA pa3paboTka ma-
TEMATUYECKOro annapaTta AN onpeaeneHmna TO4KM USMEHEHNA HaKNOHa NPOU3BOAHON KOMMNOHEHT reoMarHuT-
HbIX AXKepPKOB. Mpu BblAENEHNN FTEOMArHUTHbIX AXKEPKOB UCCAeA0BaTeNN Yallle BCero NpmnberatoT K NoCTPOEeHUIo
perpeccMoHHbIX MoZenel, Npu 3TOM B XO4e BW3yaslbHOr0 OCMOTPA AaHHbIX BblAENAT MECTO U3MEeHeHuA
HAK/IOHa NPOU3BOAHOM M HA y4YacCTKax OLEHWMBAIOT YPaBHEHMA perpeccuu, noaarasn, 4Yto ux KoappuumeHTbl He
MEHALIOTCA BO BPEMEHM Ha 3TOM yyacTKe. O4HaKo ANA UCCNef0BaAHUA YacTOTbl FEOMArHUTHBIX AXKEPKOB TaKoM
MEeTO/, HE COBCEM KOPPEKTEH.

CnepyeT OTMETUTb, YTO B NOC/NeAHEE BPEMSA LUMPOKO UCCAEAYIOTCS BONPOCHI, CONPAXKEHHbIE C CErMEHTUPO-
BaHHOM NMHENHOW perpeccuent, Hanpumep, Nnogdbop MoaeNn CermeHTUPOBaHHOW NMHeHOWN perpeccun [1],
onpeaeneHune Toyek nepekntodeHuns [2] n ux konudectsa [3]. B HacTosAwen paboTe npeanaraerTca UCNONb30BaTb
MeTOo/, Ha OCHOBE CEerMeHTUPOBaHHOM IMHEMHOW Perpeccun, MHaye HasblBaeMon IMHEMHON perpeccuei ¢ Tou-
Kamu nepekntodeHus. MNpu BblaeNeHUM FEOMarHUTHOTO AXKepKa C LeNibio NoMcKa Hauaydlero Habopa mectono-
NOXKEHWI TOYEK NepeKatoYeHMA UCNOAb30Banach Npoueaypa rnobasabHoM oNTMMU3aL MK, MPU pPeLIeHUn 3a4a4m
ONTUMM3aLUM NPUMEHANCA anroputm anddepeHumnanbHol 3BoaOLMN (Hanbosiee yCnewwHbI CTOXacTUYECKMI
MeToZ, rnobanbHOM onTUMM3aLMKN GYHKLUMI BELLECTBEHHDbIX NepemeHHbIX) [4].

NccnepoBaHMs BbINONHEHbI B PpaMKax rocyaapcTBeHHoro 3agaHua Md3 PAH u rocygapcrteeHHoro 3agaHma A PAH
Ne 122032900185-5 "MpoABaeHne NPoLEeccoB NPUPOAHOTO U TEXHOTEHHOrO NPOUCXOXKAeHUS B reodusnyecknx nonsx".

Cnuncok nutepaTtypbl

1. Chen C.W.S,, Chan . S. K., Gerlach R., Hsieh W. Y. L. A comparison of estimators for regression models
with change points // Statistics and Computing. 2011. Vol. 21, No. 3. P. 395-414.

2. Stasinopoulos D. M., Rigby R. A. Detecting break points in generalised linear models // Computational
Statistics and Data Analysis. 1992. Vol. 13. P. 461-471.

3. Kim H.-J,, Yu B., Feuer E. J. Selecting the number of change-points in segmented line regression // Sta-
tistica Sinica. 2009. Vol. 19. P. 597-609.

4. Qamili E., De Santis A., Isac A., Mandea M., Duka B., Simonyan A. Geomagnetic jerks as chaotic fluctua-
tions of the Earth’s magnetic field // Geochemistry, Geophysics, Geosystems. 2013. Vol. 14, No. 4. P. 839-850.
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MopgennpoBaHMe pacnpocTpaHeHUA CEMCMUYECKUX BOJIH B paiioHe INb6PYCCKOro ByIKAHUYECKOro LIEHTPA

Nno AaHHbIM COBPEMEHHbIX reosioro-reopusnyeckux HabageHui

A. ®. CaneTtnHa
UHCcmumym eblyucaumensHol mamemamuKu u mamemamu4eckoli eeogpuzuku CO PAH

E-mail: afsapetina@gmail.com

leonorMyeckas cpena B OKPECTHOCTU BY/JIKAHWUYECKOM MOCTPOIMKN BCErga HAXo0AUTCA B COCTOAHUUN OBUKe-
HWA, NepPexoan 13 O4HOrO CTaLMOHAPHOIO COCTOAHMA B APYroe, YTO U NPUBOAMUT B pAAE CyYaeB K PA3BUTUIO
KaTacTpoduyecknx npoueccos [1]. B paboTax No U3y4eHUIO BHYTPEHHErO CTPOEHMA DNbOPYCCKOro ByAKaHUYe-
CKOTO LLeHTPa KOCBEHHbIMM METO4aMM NoayyYeHo obLee NpeacTaBAEHNE O re0Ioro-reopusnyecknx ocobeHHo-
CTAX MArmaTM4yeckoro oyara [2]. B Tom uncne npumeHeHMe TEXHOIOMMM OLEHKN TOHKOM CTPYKTYpPbl FYOUHHbIX
pa3nomMHo-610K0BbIX 06pa3oBaHMit B palioHe By/aKaHa Inbbpyc, paspaboTtaHHoi K. B. HeyaeBbim, N03BOANNO
YTOYHUTb NPeaCcTaBaeHME O BHYTPEHHEM CTPOEHMMU BYIKAHUYECKOM NOCTPOMKM.

B xoge nccnefoBaHWA MarmaTMYeCcKOro o4yara MeTo4aMm akTUBHOMO MW MAaCCUBHOMO CEMCMUYECKOTO 30H-
OVNPOBaHMA B KayecTBe BCMNOMOraTeIbHOro MeToAa 4158 MHTepnpeTaLmm NoayvyaemblxX AaHHbIX MOXKET peLlaTbes
npsaman 3agaun reoPpusmnkm, 4To TpebyeT CyLLeCTBEHHbIX BblYMCAUTENbHbIX 3aTpaT. C Mcnosb3oBaHMeM Habopa
APXUTEKTYPHO-3aBUCMMbIX MPUEMOB OPraHM3aLLMKN BbIMMCAEHWUA U A0CTYNA K AaHHbIM pa3paboTaH KOHeYHO-pas-
HOCTHbIM anroputm peleHunsa 2D n 3D AMHaMUYEeCKOM 334a4m TEOPUN YNPYTrOoCTU U ero peanunsaLmsa B BUAE KOM-
naekca nporpaMmm Ha 6ase TeXHO/IOMMIA NapannenbHoro nporpammupoBarHns MPI, OpenMP, CUDA n AVX ana
KNacTepoB, OCHALLEHHbIX MHOTOAAEPHBIMM MPOLECCOPAMM U YCKOPUTENAMM.

C nomoubto pa3paboTaHHOrO KOMMAEKCA NMPOrpamm BblMOSIHEHbI CPAaBHUTENbHbIE PacyeTbl ABYMEPHbIX
BOJIHOBbIX NONEN OT TOYEYHOTO UCTOYHMKA AN1A NPUBANKEHHbIX CXEM CTPOEHUA INbOPYCCKOro BY/IKAHMYECKOrO
LEeHTPa U YTOYHEHHON MOAENIN MO AAaHHbIM reonoro-reodmusnyecknx HabaaeHnn ¢ yuetom penbeda MecTHo-

CTwn.

PaboTa 6bl/1a BbINO/IHEHA B paMKax rocyaapcrseHHoro 3agaHna MUBUMMI CO PAH Ne 0251-2022-0005 ¢ ucnonb3oBsa-
Huem pecypcos LIKM CMBUPCKMIA cynepKOMMbIOTEPHbIN LLEHTP.

Cnuncok nutepaTtypbl

1. Cobucesny A. /1., Inxoaees [. B. OcobeHHOCTM CTPOEHMSA BY/IKAHOB LleHTpasibHoro Tuna // BectH. Bna-
AMKaBKasckoro HLU, PAH. 2008. Ne 2.

2. Cobucesmny A. J1. U3bpaHHble 3a4a4M MaTeMaTUYECKON reoPpu3nKn, BYNIKAHONOMMKN U reoakonormn. T. 1.
M.: U®3 PAH, 2012.512 c.

CeTOYHO-XapaKTEPUCTUYECKUA MmeToa Ha XMMEPHbIX PacyeTHbIX CeTKax

A. B. ®aBopckas, H. N. Xoxnos
MockoscKuli husuko-mexHuUYeckuli uHcmumym

E-mail: aleanera@yandex.ru

PaboTa nocesilleHa PasiMYHbIM MOAMOUKALMAM CETOYHO-XapaKTEPUCTUYECKOro MeToda Ha XMMepPHbIX
pacyeTHbIX CeTKax Aaa peleHna 3agay reodpumsmnkn. CyTb 4aHHOMO Knacca YMCAEeHHbIX METOA0B 3aK/to4aeTcs B
Mcnosab3oBaHNKM GOHOBOW AEKAPTOBOM pPacYeTHOM CETKM, MOKPbLIBaOLWEN BCO 061aCTb MHTErPUPOBaHUA. A Ana
yyeTa BHELLUHMX U BHYTPEHHWUX rPaHUL, U KOHTAKTHbIX MPaHWUL, CI0XKHOW GOPMbI BAOIb HUX CTPOATCA XMMepHble
(HanoxkeHHbIe) ceTKM HebonbluOro pasmepa. Mexay GOHOBOW U XMMEPHLIMU CETKAaMM BbINONHAETCA UHTEPMNO-
NAUMA. 33 CYET TOTO, YTO KOJIMYECTBO BbIYMCAUTE/IbHBIX OMepaLuii U 3aTpaT onepaTMBHOM NAaMATU NPU UCMO/b-
30BaHMU AEKAPTOBOM CETKM B UCXOAHOM cUCTemMe KoopanHaT (POHOBO CETKM) CYLLLECTBEHHO MEHbLUE, YeM NpU
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MCNONb30BaHNN XMMEPHbIX CETOK, AOCTMUIAETCA BbIMIPbIL B BbIMMCAUTENbHbIX pecypcax. PaccmaTtpuBarotca pas-
JINYHblE cnocobbl NOCTPOEHUA XMMeprIX CEeTOK AnAa onncaHumA TOI'IOI'pad)MVI NMOBEPXHOCTU U CNOXHbIX rpaHnL,
pa3gena reoNIOrM4eCcKnX nopo U CPpaBHMBAKOTCA MO TAKUM NapaMeTpPaM KakK UYNCNIEHHbIM nopAAOK CXO4MMOCTH
N MaKCMManbHOE JOoNYyCTUMOE YNCNo I-(ypaHTa. PaCCManMBalOTCﬂ pa3nnyHbIE cnocob6bl yyeTa TPeWMHOBATOCTU:
C NCNON1Ib30BaHMEM NOBEPHYTbLIX AEKAPTOBbIX PACHETHbLIX CETOK BOKPYTr TPELWWH, C UCNOJIb30BaHNEM KPUBON-

HENHbIX CTPYKTYPUPOBAHHbIX NATY-CETOK.

BonHoBble NOAA OT }KecTKoro wramna. Mertoa 3ommepdenbaa

A.T. PaTbAHOB

UHCcmumym ebiyucaumensHol mamemamuKku u mamemamu4eckoli eeogpuzuku CO PAH

E-mail: agfat@mail.ru

B paboTe Ha ocHOBe pelueHUs 3ag4a4u AUbpaKkUUN Ha cermeHTe 3epKana [1] pa3BuT HOBbIN MeToA, pacyeTa
aKYCTUYECKNX BOH OT BUBPUPYIOLLLETO KeCTKOro WTtamna. PelleHne mMueTca ¢ NOMOLbI0 MUHUMKU3ALUK Lene-
BOro ¢yHKUMOHaNA. JaHHbIN MeToA NOCTPOeHUs peleHns gonyckaeT 6eckoHeYHoe KONMYecTBo maTemaTmye-
CKM KOPPEKTHbIX peweHnid. M TonbKo ogHO U3 HMX byaeT gaBaTb GM3MYECKM BepHOe pelleHune. [nsa Bbibopa
€VHCTBEHHOTO peLlleHMs B HacTosALLee Bpems MOBCEMECTHO MCMOJIb3yeTcA NoBeAeHMEe peLleHns B OKPECTHOCTH
TOYKK pa3pblBa KpaeBbIX YCA0BWIA (ycnoBua Ha pebpe). B aaHHoI paboTe, cheaya 3ommepdenbay, Ana Bbibopa
€AUHCTBEHHOro GM3UYECKN BEPHOro pelleHna B MUHUMU3UPYEMOM GYHKLMOHANE BbipaskeHUsa NpusoaATca K
6e3pasmepHomy Buay. B utore 3agaya ceeaeHa K peweHuio C/TIAY. 3To No3B0IMN0 CO34aTb METOA, pacyeTa BOA-
HOBbIX aKyCTUYECKUX NoJeit ANA NPOU3BOILHOIO Pagmyca KecTKoro wramna. MpMmeHUTenbHo K BMBpPaLMOH-
HbIM 3aZl@a4am MOJIYYEHO pelleHue 414 Y3KOro WTamna B ABHOM BuAe (B cneKkTpasbHoi obnactu). 3To no3Bo-
JINNO cO34aTb METOoA YCTOMYMBOTO BbIYUC/IEHUSA BUOPALMOHHBIX BOJIHOBbIX MOMEN Ha TesiecelicMMYecKkme pac-
cToAHuA. Co3gaHHanA napannesnbHas NporpaMmma no3BosIsSeT NPOBOAUTb PAacYeTbl Ha MEPCOHasIbHbIX KOMMbHOTE-
pax. MpuBeaeHbl pacyeTbl NOJSIHOFO BOJIHOBOTO MNOJIA AN1A KECTKOro wramna. MNposeaeHo cpaBHeEHUE BOJIHOBbIX
noJsiei AnA y3Koro wramna v pacnpeaeneHHomn cunbl.

PaboTa BbiNnoNHeHa B pamKax roczagaHua MBMuMT CO PAH Ne FWNM-2022-0004.
Cnuncok nutepaTtypbl
1. 3ommepodenbg A. AnddepeHumanbHble ypaBHEHNA B YAaCTHbIX NPOU3BOAHbIX MAaTEMATUUYECKON PUIMKMU.

M.: U/, 1950. 456 c.

CeACMUYECKMIA MOHUTOPUHT Npouecca pa3paboTku pesepByapa yrnesoaopoaos

B. A. YeBepaa
UHcmumym mamemamuku um. C. /1. Cobonesa CO PAH

E-mail: vova_chev@mail.ru

MpoBeaeHMe CEMCMUYECKOrO MOHUTOPMHIA 3a/eXKn YyrneBoaopoaoB B NpoLecce ee sKcnayaTauuu gaet
NPUHLMNNANBHYIO BO3MOXHOCTb ONEPaTUBHOrO KOHTPOA 338 U3MEHUYMBOCTHIO MEXaHUYECKUX XapaKTePUCTUK U
Ha 3TOI OCHOBE MPOrHO3MPOBaTh TEKYLLYIO HedTerasoHacbILLEHHOCTb M NAaCTOBOE AaB/eHue.

B 3TOM MCCeaoBaHUKM Mbl paccMmaTprvBaemM MHOronapamMmeTpruyecKyto 0bpaTHYo 3a4ady ANA BA3KOYNpyrom
reTeporeHHou cpeapl 418 BOCCTAHOB/EHUA NJIOTHOCTU, CKOPOCTEN NMPOAO/bHbIX M NONEPEYHbIX BOSIH U CBA3aH-
HbIX C HUMW JOBPOTHOCTEN C UCMOIb30BAaHMEM NOBEPXHOCTHOM cucTeMbl cbopa AaHHbIX [1].

[na onucaHua npouecca GopMUPOBAHMNA U PacNpPOCTPaHEHUA CEMCMUYECKUX BOIH BOCMO/b3yeMca ypaB-
HEeHUAMM YNPYrux BOJIH B pamMKax 0606LieHHOM Moaenn CTaH4apTHOro nHeHoro Teepaoro Tena (GSLS) [2].
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TaKkas NoCTaHOBKa NPMBOAUT K 0OpaTHOM 3a4a4e AN CKOPOCTU pacnpocTpaHeHusa P- n S-BoAH U BOCCTaHOBNe-
HUSA BPEMEHM peslakcaummn 3Tux BosIH. OTANYUTENBHOM 0COBEHHOCTbIO MCMO/Ib3YEMOM HaMM YCTAaHOBKKU ABAA-
€TCA BO3MOHOCTb MCNONb30BaHMA METoAa, KOTOPbIN NO3BOAUA UCMOIb30BaTb TO/IbKO ABa MEXaHW3Ma penak-
cauuu. ansa celcmmyeckoro ananasoHa vactot ot 5 'y go 100 Iy,

Mbl BOCCTaHaB/AMBaeM MapameTpbl BA3KOYMpPYyron cpeabl nyTem obpalieHUs MoJIHOro BOJIHOBOMO NoAs
r-ncesgoobpatHoro onepatopa. Mbl aHaAU3NpPyeM YCTOMUYMBOCTb, NCMOIb3YA YCEYEHHOE CUHTYNAPHOE pasfo-
YKeHMe NPAMOI KapTbl, KOTOPOE NepeaaeT ynpyrii napameTp B MHOFOKOMMNOHEHTHbIE AaHHble, NO/lyYeHHble Ha
3eMHoM noBepxHocTH [3].

UccnepoBaHue nogaepkaHo NpoekTom Poccuinckoro HayyHoro ¢oHaa 22-11-00104.
Cnuncok nutepaTypbl

1. Zhang W. Acoustic multi-parameter full waveform inversion based on the wavelet method // Inverse
Probl. Sci. Eng. 2021. Vol. 29. P. 220-247.

2. Hao Q., Greenhalgh S. The generalized standard-linear-solid model and the corresponding viscoacoustic
wave equations revisited // Geophys. J. Int. 2019. Vol. 219. P. 1939-1947.

3. Deng W., Morozov |. B. Causality relations and mechanical interpretation of band-limited seismic attenu-
ation // Geophys. J. Int. 2018. Vol. 215. P. 1622-1623.

BbluncneHne pyHKLUM YYBCTBUTE/IbHOCTU I/IEKTPUYECKOrO NOAA K NapameTpam pyAHOro Tesa B metoae

nepexoAHbIX NPOLLECCOB
H. B. LLTtabenb
UHcmumym Hegpmeaazoeoli 2eonoauu u 2eodpusuxu um. A. A. Tpogpumyka CO PAH

Hosocubupckuli 2ocydapcmeeHHbili mexHu4Yeckuli yHusepcumem

E-mail: orlovskayanv@ipgg.sbras.ru

CurHanbl 34C B MeToAe NepexogHbIX NPOLLECCOB B 3a4a4ax PyAHON reodM3MKKM 3aBUCAT OT TaKMX NapameT-
pOB PyAHOro Tena Kak MHAYKLMOHHAA macca, rnybuHa 3aneraHma KpoBau W NoJoLWwBbl pyaHoro Tena. Onpepae-
NleHne oNTUMabHbIX TOYEK AA u3mepeHna curHanos 3C Ha noBepxHOCTU, 0b6aacTel SKBUBANIEHTHOCTU MO-
OeNbHbIX NapaMeTpoB 06paTHOM 3a4a4m HEBO3MOXKHO 6e3 onpeaeneHma GyHKLUMIA YyBCTBUTEIbHOCTU 3/1EKTPHU-
yeckoro nons u 34C K moaenbHbIM napameTpam. BblumcaeHme GyHKLMIA YyBCTBUTENBHOCTM K 3/1EKTPONPOBOA-
HOCTW 0ObeKTa, FybUHaM 3aseraHmaA Kak NpaBuIo ONpesenatoT Yepes BblYMCIeHNE NorapudMmnyYecKkoi Npons-
BOZHOM NO MOAENbHOMY NapameTpy, B3ATOMY C HEKOTOPOK Bapuaumei. TpaaMUMOHHO BapMauma cocTasaneT
0.5 % oT mogenbHoro napameTpa. OgHaKo 41a NapameTpoB, 3HAYEHUA KOTOPbIX AOCTAaTOYHO BE/UKKU (Hanpu-
Mep, r1ybUHbI 3a/1eraHNA MOTYT AOCTUrAaTb COTEH METPOB) TaKas BapuaLMA MOXKET AaBaTb 3HAYMTE/IbHYIO Mo-
rPELWHOCTb B GYHKLMIO YYBCTBUTENbHOCTMU.

B paboTte npeacTaBneH NOAXOL K BblMUCNEHWNIO YHKLMIA YYBCTBUTENBHOCTU SNEKTPUYECKOTO MNOASA K SNEK-
TPOMNPOBOAHOCTU OCHOBAHHbIM Ha pPeLleHNN CONPAKEHHOW BapMaLMOHHON 3a4a4u. PelueHne conpsasKeHHoM 3a-
4a4n CTPOUTCA C NOMOLLIO BEKTOPHOTO METOAA KOHEYHbIX 3/1IEMEHTOB aHA/IOMMYHO BbIYUC/IEHUIO 3/1EKTpUYe-
CKOro NnoJsia OCHOBHOM 33434 MeToAa NepexoAHbIX NpoLeccoB. Takoi Noaxos NO3BOJIAET COKPATUTb KOAnYe-
CTBO Pac4yeToB U NOAYUYUTb pacnpeseneHmne GYHKUNN YYBCTBUTEIbHOCTM HE TOJIbKO B MPUEMHBIX NETAAX, HO U BO
BCel pacyeTHom obnactu.

PaboTa BbiNoOHEHa B pamKax npoekTa FWZZ-2022-0030 "UccneaoBaHne MHOrOOU3MYHbIX NMPOLLECCOB B FeTEPOreHHbIX
cpefax, NpeAcTaBAeHHbIX TPEXMEPHBIMU LMGPOBLIMU MOAENAMMU B FeOPU3UYECKMX NPUNOKEHUAX" .
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CEKLMA 4
Martemartuueckmne mogenu ¢pusnku atmocdepbl, OKeaHa U OKpYyKatoLuei cpeapbl

Cuctema cpegHECpoOYHOro aHcamb61eB0ro NPOrHo3a ¢ y4eTOM HeonpeaeneHHOCTU Moaenu
K. A. Anmnosa®?, B. T. Musak?, I. C. Foiiman?3, M. A. ToncTbix?

Irudpomemuyermp Poccuu

2MHcmumym ebiyucaumesnsHoli Mamemamuku PAH
3MockoscKuli husuKko-mexHuYeckuli uHcmumym

E-mail: ksusha_ast@mail.ru

B paboTe paccmaTtpuBaeTca cucTema CpefHecpoYHoOro aHcamb1eBoro NporHo3a norogpl, OCHOBaHHasA Ha
JNIoKanbHOM aHcambnesom dunbTpe KanmaHa ¢ npeobpasoBaHnem aHcambaa [1] n rnobanbHOM moaenm aTmo-
cdepbl NNAB [2]. Ucnonb3yeTca Bepcusa moaenu MN/1AB20, KoTopaa MMeeT ropnsoHTasibHoe pa3spelleHne 0,225°
no AONToTe; NepeMeHHoe paspellueHune no wupote — ot 0,24° Bo BHeTponuyeckor Yyactu KOxHoro nonywapus
00 0,16° B cpeaHux wnpotax CesepHoro nonywapus. Mo septukann moaenb nmeet 51 ypoBeHb, BEpPXHAA rpa-
Huua 5 rMa (npumepHo 36 Km).

Ons yyeTta HeonpeaeneHHocTe B 610Ke PpU3MYECKMX NapamMeTpmusaLMii NPOLLECCOB NOACETOYHOro Mac-
wraba B moaenu atmocdepsbl N/1AB peannsoBaHo cToxacTUYECKOe BO3MYLLLEHME NapaMeTpPoB U TeHAEHUMN Na-
pameTpusaumi [3]. Ons yyeTa HeonpeaeneHHOCTeM, BO3HUKAKLWMWX NPU ONUCaHUK pa3peLlleHHON ANHAMUKN aT-
mocdepbl, NPUMEHAETCA METO/, CTOXaCTUYECKOro BO3MYLLEHWSA MOAYarpaHXesbix TpaekTopuit [4]. NMokasaHo,
YTO NPUMEHEHME YKa3aHHbIX MeToA0B B moaenu MJIAB yayylaeT BEpOATHOCTHbIE OLEeHKM aHcambeBbix Npo-
rHO30B, a TaKXe yBennumBaeT pa3bpoc aHcambaa 6e3 yBesnyeHns cpeiHeKBaapaTMYECcKoM OWnNOKM cpegHero
no aHcamb/to NporHosa.

NccnepoBaHme BbinonHeHo B UBM PAH npu noaaep»kke Poccuiickoro HaydHoro ¢poHaa (npoekT 21-71-30023).
Cnncok nutepartypbl

1. Shlyaeva A. et al. Local ensemble transform Kalman filter data assimilation system for the global semi-
Lagrangian atmospheric model // RINAMM. 2013. Vol. 28, No. 4. P. 419-441. doi.org/10.1515/ rnam-2013-0023.

2. ToncTbix M. A. n ap. Cuctema moaenmpoBaHMa atmocdepbl Ana becwoBHoro nporHosa. M.: TPUALA
nT4, 2017. 166 c.

3. Alipova K. et al. Stochastic perturbation of tendencies and parameters of parameterizations in the global
ensemble prediction system based on the SL-AV model // RINAMM. 2022. Vol.37, No.6. P.331-347.
doi.org/10.1515/rnam-2022-0027.

4. Alipova K. et al. Stochastic perturbations in the semi-Lagrangian advection algorithm of the SL-AV global
atmosphere model // RINAMM. 2024. Vol. 39, No. 1. P. 1-11. doi.org/10.1515/rnam-2024-00019.

OcecummeTpuyHan moaesib 3aX0POHEHUSA YINEKUCAOro ra3a B Nopoynpyroii cpeae
P. A. Bupy,
Anmalickuli 2ocydapcmeeHHslli yHugepcumem

E-mail: virtsrudolf @gmail.com

B paboTe paccmaTpMBaeTCs OCECMMMETPUYHAA MOAE/b YTUIM3aLUMKN AMOKCUAA YrNepoaa B NOPOYNpyroi
cpegpe. OcHoBY MoZeNIM COCTaBAAIOT ypaBHEeHWUA GUNLTPALLUM KUAKOCTEN UK Ta3oB B AepopMupyemblx Nopu-
CTbIX Cpedax, asaatolwmeca obobueHem mogenei nopoynpyrux cpes MackeTta — JlesepeTta. bauskue no
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CTPYKTYpE CUCTEMbI YpaBHEHUI paccmaTpuBannck B paboTax [1-2]. MpeanonoKeHme o MasoCcTU CKOPOCTU ABU-
YKEeHUA TBEPLOro CKeneTta cpebl NO3BOIM/IO CBECTM ONPEAenstowyo CUCTEMY YPAaBHEHUI K ABYM YPaBHEHUAM
ONs HaxoxaeHua adpdeKTMBHOro gasneHns n nopucroctu [1]. Mog obnactbio punbTpaLmMm rasa nogpasymesa-
€TCA NacT FOpHOM NOPOAbI, B KOTOPOM Ha r/lybuHe pacno/ioxKeHa HarHetaTeibHas CKBa*KMHa, a no 6okam naact
OrpaHMYeH HeNnpoHULUAaeMbiMK Nnopogamu. KpoBasa nnacTa He ABASETCA HENPOHMLLA@EMOW U COBMNAaAaET C MOBEPX-
HOCTbIO. MUrpauma yrnekMcaoro rasa m ero Bbixod, Ha NOBEPXHOCTb MPOUCXOANT 3a CHET YBEIMYEHUS MOPUCTOCTHU
Y KpoBaK nnacTta. Ha ocHoBe 3TUX NPeAnonoXKeHUM NOCTaB/eHbl KpaeBble YCI0BUA A/1A CKOPOCTEN ra30BOM U
TBEpAon a3 u ganee nepenmcaHbl B TEPMUHAX MCKOMON PYHKUMM 3PdEeKTUBHOIO AaBneHua cpeabl. JaHa pas-
HOCTHas CXemMa M aNropuUTMm peLleHmsa NocTaBAeHHOM 3aaa4n. NpoBeaeHo YMCNEHHOE MOAENINPOBAHNE HECKO/1b-
KMX BapMaHTOB 3aKauyKW YI/IEKMCIOro rasa B NaacT Ha Pas3/iMuHbIX IyBMHaxX pacrnosioXKeHMsA CKBaXKUHbI U C pas-
JINYHBIMW CKOPOCTSAIMU HarHeTaHuA. OnpegeneHbl ONTUMANbHblE BapMaHTbl HAarHeTaHUA rasa 415 ero XpaHeHus
B reo/IorMyeckoi cpeae B A0/IFOCPOYHON NepcnexkTuBae.

Pabota BbinonHeHa npu GprHaHCOBOM Noaaep ke npoekTa "CoBpemeHHble MOAEN TMAPOANHAMUKK 415 33434 Npu-

POAONONb30BaHUSA, UHAYCTPUANBHbBIX CUCTEM U NONAPHOW MexaHuKK" (2024-26) (roc. 3agaHme FZMW-2024-0003).
Cnuncok nutepaTypbl

1.Connoly J., Podladchikov Y. Compaction-driven fluid flow in viscoelastic rock // Geodinam. Acta. 1998.
Vol. 11, No. 2—-3. P. 55-84.

2.Virts R. A., Papin A. A. Modelling the storage of carbon dioxide in viscoelastic porous medium // Comput.
technol. 2022. Vol. 27. No. 6. P. 4-18.

BepTuKanbHble MOAbl BHYTPEHHUX CEMLL B CTPaTUPUUNPOBAHHOM 03epe

0. C. BonoapKo, E. H. JlemelwkoBa
UHCcmumym ebiyucaumensbHo2o mooenuposaHus CO PAH

E-mail: olga.pitalskaya@gmail.com

MNMoHMMaHWe NPOCTPAHCTBEHHOM CTPYKTYPbl BHYTPEHHUX ceiw obecneymBaeT OCHOBY 415 MOHMMaHMA No-
cnepyowmx GU3MUYECKUX, XMMUYECKUX U BMONOTMYECKMX NPOLLECCOB.

B HacToAwen paboTe onpeaeneHa BEPTUKANbHAA CTPYKTypa BHYTPEHHUX CEeW B CTPAaTUOULMPOBAHHOM
o3epe (LWWunpa, Xakacua, BoctouHas Cnbupsb). YacTtoTbl U Npoduan BEPTUKANbHOM CKOPOCTHM KaXKaolh moabl 6biu
paccunTaHbl C UCNOJIb30BAaHWEM AAHHbIX U3MEPEHUIN TeMMNePaTypbl U coneHocTu B o3epe LLnpa B pasHble roaa.
[na pacyeta npumeHanacb AMHeMHaa MoLesb B AJIMHHOBOIHOBOM NPUBAMMKEHUN, NPU 3TOM HenpepbiBHanA
CTpaTUdUKaLMA B 03epe BapbMpPOBaiach OT TPEXCAOMHOM A0 WecTUcolHoM [1, 2]. YacToTbl BepPTUKaNbHOMN CKO-
POCTM KaxKaoM MoZbl OblIv TaKKe NoyYeHbl NPU CNEeKTPasbHOM aHanM3e AaHHbIX HAaTYPHbIX U3MEPEHUI U pe-
3y/bTaTOB YMC/IEHHOTO MOAE/NIMPOBaHUA Ha ocHoBe mogenn ROMS (Regional Oceanic Modeling System) [3] u
MoKa3a/iM XopoLUee CorlacoBaHme C PaccCYUTaHHbIMU MO IMHENHOW MOAENN B A/IMHHOBOJIHOBOM NPUBAMIKEHUU.

PaboTa BbinonHeHa Npu noaaepxke KpacHOAPCKOro maTteMaTM4eckoro LeHTpa, duHaHcupyemoro MuHobpHayku PO
B paMKax MeponpuATUIA N0 CO34aHUI0 N PA3BUTUIO perMoHanbHbix HOML, (cornaweHune 075-02-2024-1378).

CnucoK nuTepaTtypbl

1. Hutter K., Wang Y., Chubarenko I. P. Physics of lakes: Vol. 1: Foundation of the mathematical and physical
background. Springer Science & Business Media, 2010. 434 p.

2. le bnoH M., Maiicek J1. BonHbl B okeaHe. T. 1. M.: Mup, 1981. 480 c.

3. CaitT PermoHanbHOM OKeaHMYecKol cnuctemol mogennposanuna (ROMS). URL: https:// www.myroms.org.
[ata obpauieHma 30.05.2024.
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CueHapHoe moaennpoBaHue TepMUYECKOro PasioKeHUA IECHOro ropryero matepuana ¢ UCNOb30BaHUEM

napannenbHbiX BbIYUCAEHUN

B. A. BaTkmHal, H. B. bapaHosckuiil, A. B. MoaopoBcKuir?
IHayuoHanbHsIll uccnedosamensckuli Tomckull noaumexHudeckuli yHugepcumem

2Hay4Ho-mexHono2u4eckuli yHusepcumem "Cupuyc"

E-mail: kirienkvik@gmail.com

B nocnegHue gecatuneTns yBeanumaach Kak 4actoTa, Tak M macluTab ecHbIX NoXapos. Yiiepb oT noXKapos
3aTparMBaeT MHOTME aCneKTbl XXM3HU NpUpoapl M Yenoseka. Hanbonee adpdpekTnBHbIM cnocobom 60pbbbI € nec-
HbIMM MOXKapamu ABASETCA UX NPOrHO3UPOBaHUE. B CBA3M C 3STMM CTAaHOBATCA aKTya/ibHbIMM BOMPOCHI MaTema-
TMYECKOro MOAENNPOBaAHMA NPOLLECCOB, NPOTEKAOWMX HEMOCPEACTBEHHO 40 U BO BPEMS BOCM/IAMEHEHMSA Nec-
HbIX FOPIOYMX MaTepPManos.

B pamkax paboTbl ocywectsaanoch peweHme gubdepeHLmanbHOro ypaBHeH s TeNA0NPOBOAHOCTA B MHO-
rocnomHom obnactm (MncT bepesbl) ¢ y4eTom npolecca NMpoamsa. [na peweHns ypaBHEeHUI UCNONb3yeTca me-
TOZ, KOHEYHbIX pa3HocTel. Mogenb No3BoIAET AUHAMUYECKN OTCIEXKMUBATb KOIMYECTBEHHbIE U KaueCTBEHHbIe
n3MeHeHuA B obpasLe (3HayeHns Temnepatyp u ¢as).

MOCKO/IbKY YC/IOBUA peasibHOro MPOrHO3MpPOBaHMA MpearonaratoT onpegesieHne napameTpos 60/bWworo
KonmMyecTBa 06pasuoB, LenecoobpasHo NPoBECcTU OUEHKY 3GDEKTUBHOCTb NPUMEHEHUA NapaniebHbIX BblYMC-
JINTENbHbIX TEXHO/IOTUI AN1A pelleHMa AaHHOW 3a4a4u. B xoae npoBeaeHUs pacyeToB KONMM nporpamm c Habo-
pamM UCXOAHbIX AaHHbIX 3aMyCKaAUCb Ha Pa3/IMYHOM KoamndyecTse Agep. Ha Kaxaom ware no BpemeHu B daiin
pe3ynbTaToB 3aMMCbIBa/IMCb 3HAYEHMA Noser TemnepaTtyp v ¢as. YCTaHOBAEHO, YTO GaKTUUYECKME 3HAYEHUSA JaH-
HbIX MNAapPaMeTPOB CYLLECTBEHHO OT/IMYAIOTCS OT TEOPETMYECKUX, YTO 0BYC/I0B/IEHO NOTEPAMM Ha NMPU CO34aHUK
M 3aKPbITUM NPOLLECCOB, a TaKXKe NoTepsiMn Npu obmeHe gaHHbIMU.

Pa3paboTka MUMKpomacLuTabHO maTemaTUYEeCcCKO moaenu Ansa ncciegosaHua U NPorHo3upoBaHua

NpoLLEeccoB pacnpocTpaHeHUs BbI6POCOB aBTOTPAHCNOPTA B rOPOACKMX KBapTanax

E. A. NaHnnkumHl, A. B. CtapueHko?, [. B. JlelwmHcKnin?
ITomckuii 2ocydapcmeeHHbill yHugepcumem

2HayuoHanbHbIl uccnedosamensckuli Tomckuli 20cydapcmeeHHsil yHusepcumem

E-mail: danilkine@gmail.com

MuKkpomacwTabHoe mogennposaHmMe aTMOCchepHOro NorpaHUYHOro C/1I0A B FOPOACKOM 3aCTPOMKe B HacTo-
Aluee Bpema npeacrasiseT cobon 0gHO U3 BaKHENLINX COBPEMEHHbIX HanpaBAeHU BbIMUCANTENBHON METEO-
posiorMm 1 nmeeT 60/1blLOE HayYHOe 3HaYeHMe. MoaennpoBaHue TeYEHUM B YIMYHBIX KAHbOHAX U 31eMeHTaX
ropoACKoM 3aCTPONKM C UCNONb30BAaHUEM TMAPOANHAMUYECKMX Mogenel TypbyneHTHocTM (RANS, LES, DES) ak-
TUBHO PA3BMBAETCA KaK Yy HAc B CTPaHe, TaK M 3a pyberkom. B KauecTBe BaKHbIX MapameTpoB, BAUAIOLLMX Ha
CTPYKTYPY TEYEHMA M MEXaHM3M PACMpPOCTPAHAA MPUMECU, MOXKHO BblAENUTb METeoyc/loBua (CKOpOoCTb U
HanpaB/JieHUs BETPa), reOMeTPUYECKME XapPaKTePUCTUKM (COOTHOLUEHME CTOPOH YJIMYHOTO KaHbOHA, popm
KPbILLK), aKYCTUYECKME IKPaHBI, }KMBble U BETOHHbIE M3rOpOaU U Apyrve orpaxkaeHusa. OgHaKo AaneKko He Bce
acnekTbl 331341 O MOAE/IMPOBAHUMN NepeHOCca BbIBPOCOB aBTOTPAHCMOPTA XOPOLLO U3YYeEHbI.

OCHOBHOW LLe/blo gaHHOM paboTbl ABNAETCA pa3paboTKa BUXpepaspeluatowein moaenm TypbyneHTHoro Te-
YyeHusA, NapannesibHoOro YUCEHHOTO aNrTOPUTMa € PeLLEHMA U NAKeTa NPOrpamm, 410 UCCeL0BaHUA CTPYKTYpbI
aTMochepHOro NOrpaHMYHOro €109 M NPOLLECCOB NepPeHoca NAacCUBHOM rasoobpasHoOn NnpumecH.
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PaspabatbiBaeman maTemMatuyeckasa Modeslb ONMPAeTca Ha MHOrOMepHble HecTalMoHapHble 0ToUALTPO-
BaHHble ypaBHeHuA HaBbe — CTOKCa Ana onpegeneHus noaeit KOMNOHEHT CKOPOCTU U AaB/eHWsA, a TaKKe TpaHC-
NOpPTHbIE YPaBHEHUA ANS pacyeTa Nosiei CKaNAPHbIX BEIMYMH - TEMNEePaTypbl, KOHLEHTPALMM NpumecK. B Kave-
cTBe TypbYyNEeHTHOro 3amMbIKaHMA PeanM30BaHa BO3MOMKHOCTb MCMO/b30BaHNA AMHAMUYECKOM MOLEN UM MO-
Aenn CMaropuHcKoro ¢ napametpom. KoppeKTHOCTb paboTbl MOCTPOEHHOW MaTemMaTUYECKOW MoZenu npoBe-
peHa Ha page TecToBbIX NpMMepoB. Ha 0CHOBaHWU BbIMOIHEHHbIX BbIMUCAUTE/bHBIX SKCMEPUMEHTOB U pPesyb-
TaTOB CPAaBHUTE/IbHOIO aHa/IM3a MOYKHO FOBOPUTbL 06 aleKBAaTHOCTM NPeaoKEHHOM Mo4enn uccnegyembim ou-
3MYEeCKMM npoueccam.

MccnepoBaHMe BbINOJIHEHO 3a cYeT rpaHTa Poccuninickoro HayyHoro ¢oHaa (npoekt Ne 23-21-00165).

ANropnTMbl NOUCKA UCTOYHMUKOB 3arpAa3HeHna atmocdepbl € UCNOAb30BaHMEM HECTALMOHAPHbIX AaTYMKOB
B. HO. JeHuncosa, B. . 1agos
HosocubupcKuli eocydapcmeeHHslli yHusepcumem

E-mail: v.lyadov@g.nsu.ru

MOWNCK UCTOYHMKOB 3arpA3HEHNA ABNAETCA aKTya/ibHOW NPo61eMOol, TaK KaK He BCeraa MMeeTcs BO3MOXK-
HOCTb HaMPAMYIO BbISCHWUTb Y TOM UKW MHOWM OpraHn3aL MK, ABAAETCA M OHa UCTOYHUKOM BblBpocoB B aTmochepy
OMACHbIX XMMUYECKUX 3arpA3HEHNN? PelleHne AaHHOW 33434 NyTEM pasMeLLeHUs CTauMOHapHbIX AAaTYMKOB
UMeeT pAL CYLLEeCTBEHHbIX HEAOCTAaTKOB: A/1a paboTocnocobHocTM NogobHOro noaxoaa Tpebyerca 40CTaTOYHO
60/1blLOE KOJIMYECTBO AATYMKOB, C/IOKHOCTb HAaXOXKAEHUA ONTUMAIbHOTO PaCMO/IOKEHMA, OTPAHUYEHHOCTb UH-
dopmauum, npeaocTaBiaeMon gaTinKamu.

ANbTepHaTUBHOMN ABNAIOTCA MOBUbHbIE CEHCOPbI, peannsyemble NyTeM YCTAHOBKM AaTYMKOB Ha MOBUb-
Hble NabopaTopum, YUCAO0 KOTOPbIX, HEOBX0AMMOE ANA BbINOAHEHUA 3a4a4M, 3HAUMTEIbHO MeHblIe, BeAb OHU
cnocobHbl NepemeLlatbca 1 NPOBOANUTbL U3MEPEHUA HEe B OAHOW TOYKe, a MO 3aJaHHOMY MapLLpPYTY, a TakKe
NMOWCK UCTOYHMKOB 3arpasHeHMs ¢ nomoLlbio BMNJ1A, 4To NO3BOAAET NPOU3BOAMTL 3aMeEPbl HE B OTAE/bHbIX TOY-
Kax, a M0 BCEMY MapLUPYTy ABUMKEHUA.

B paboTe paccmaTpuBaeTcA 3a4a4a NOMCKA aKTUBHbIX MCTOYHUKOB 3arpA3HEHMs C MOMOLLbIO HeCTauuoHap-
HbIX AaTumkoB. MpoBegeH aHanM3 paboT, Ha OCHOBE KOTOPbIX MJIAaHUPYETCA pa3BMTME HalLero aaropuTma
(Hanpumep, paboTa B yCA0BUAX FOPOACKON Cpebl, YTO 3HAYUTEbHO U3MEHAET Mode b PacnpoCTpaHeHUA 3a-
rPA3HEHWIA, pa3BUTUE anropmuTMa aaa paboThbl € LebiM aHcambnem APOHOB 1 ero oNTMMU3aLmsa).

B3saumogeiictsme atmocdepbl € NOCTUAAIOLLLE NOBepXHOCTbIo B moaenn INMCM-SibCIOM

B. C. pagos
UHCcmumym 8blyucaumensHol mamemamuKku u mamemamu4eckoll 2eogpuzuxku CO PAH

E-mail: gradov.v.s@gmail.com

Mogenb INMCM-SibCIOM — KnnmaTuyeckaa MoLenb, NOCTPOEHHAnA Ha OCHOBE OKeaHMYECKoro 1 1eg0Boro
6/10KOB COBMECTHOM MOJZEenn oKeaHa U mopcKoro sibaa SibCIOM [1], pa3pabotaHHoii 8 UBMuMTI CO PAH, u
610Ka ob6uien umpKynaumMm atmocdepbl Knumatudeckont mogenn INMCMAS [2], paspaboTtaHHoit B UBM PAH mm.
Mapuyka. [ina KoppeKTHolt pabotbl mogenn INMCM-SibCIOM Heob6xoAMMO NPOBECTM TLLLATENbHYHO HAaCTPOMKY
B3aMMOAENCTBMA NOrPaHNYHOIO c0A aTMochepbl C NOACTUNAIOWEN NOBEPXHOCTbIO, KOTOPOE 0ObIYHO OMUCHI-
BaeTcA aapoAnHammnyecknmm 6ank-popmynamu. B pasHbix moaensax 6ank-popmynbl oTanyatotca cnocobom 3a-
AaHns TypbyneHTHbIX KoadoduumneHtTos. Moaenm INMCM48 ncnonbayet cnocob, onucaHHbIM B [3], a moaenb
SibCIOM cnoco6, onucaHHbIl B [4]. B gaHHOI paboTe NpoBOAUTCS CPaBHEHME Pe3ynbTaToB PacyeToB Moaenn
INMCM-SibCIOM, ncnonb3ytoler pasnnyHblie cnocobbl onnucaHna TypbyieHTHbIX Ko3pPULUMeHTOB.
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PaboTa BbiNnoHeHa B pamKax Foc3agaHma FWNM-2022-0003.
Cnuncok nutepaTypbl

1. Fony6esa E. H. YncneHHoe moaenmpoBaHMe AMHAMUKK aTlaHTUYECKUX BOA, B ApKTUYECKOM bacceiHe ¢
ncnosb3sosaHnem cxembl QUICKEST // Bbiy. TexHon. 2008. T. 13, Ne 5. C. 11-24.

2. Volodin E., Mortikov E., Kostrykin S., Galin V., Lykossov V., Gritsun A., Diansky N., Gusev A., lakovlev N.,
Shestakova A., Emelina S. Simulation of the modern climate using the INM-CM48 climate model // RINAMM.
2018. Vol. 33, iss. 6. P. 367-374. https:// doi.org/10.1515/rnam-2018-0032.

3. Mapuyk I. ., AbimHukoB B. M., 3anecHbiit B. b., /lbikocos B. H., lanaunH B. A. MaTtemaTtnyeckoe mogenu-
poBaHMe obLei umpKyaaumm atmocdepbl 1 okeaHa. M.: TmgpomeTteonsgat, 1984. 320 c.

4. KauffmanB.G., Large W.G. NCAR CSM Flux Coupler, 1998. Version 4.0. URL: https://
www?2.cesm.ucar.edu/models/cpl/doc4, accessed: 2024-06-11.

Pa3paboTKa mogenu nepeHoca U oCaXKAeHUA MUKponaacTuka B CesepHom Jle4oBUTOro oKeaHe

M. A. Tpagosa, E. H. FTonybesa
UHCcmumym 8eivucaumensHol mamemamuKku U mamemamu4eckoll 2eogpusuku CO PAH

E-mail: tarkhanova@sscc.ru

B noKnage npeacTaBneHa YAC/IeHHas MOZe/ b MepeHoca MUKPONIACTUKa B NONAPHbIX BOAAX, BK/OUYAOLW,AsA
NPOLLECChl PACAPOCTPAHEHUA YACTUL, CUCTEMOMN TEUYEHWUI, BMOPAXKMBAHUA B 1ef, U USMEHEHME BEPTUKANIbHOTO
NOIOXKEHMA 3a cHeT BUoobpacTaHMA M NOTIOLLEHMUA MUKPOMAACTUKA XKUBbIMK OpraHnamamn. CpegHecyTouHble
NosiA CKOpPOCTel okeaHa M apeida nbaa, noayyeHHble no mogenun SibCIOM, onpeaenatoT narpaHxes nepeHoc
yactuu,. broobpactaHme Bo ibAy U MOPCKOM cpeae obecneyunBaeT HaKonaeHNe MUKPOOPTraHM3MOB Ha MUKPON-
NacTUKe, BAMAOLLEE Ha MAaByYecTb U rybuHYy norpyXeHua yactuu,. B okeaHe mogenbHoe M3meHeHue buo-
Maccbl Ha YyacTuLe onpeaensercs TemnepaTypoit Bogbl U UHTEHCMBHOCTBIO MPOHMKaOLWEN KOPOTKOBOIHOBOWA
paauauuun 1 3aBUCUT OT CKOPOCTU NPUKPENIEHUA KNETOK BOAOPOC/EN K YacTULe, UX MOCAeayoLWero pasmHo-
KeHuA, apixaHua u rmbenn. Bo nbay napamerpusauma 6noobpactaHMa OCHOBAHA Ha MOAENbHbIX AaHHbIX O ce-
30HHOM M3MEHYMBOCTM TO/LLNHBI BUONIEHKM B N1€ASHOM NOKPOBE B 3aBUCMMOCTU OT reorpaduyeckoi WnpoThbl.
[ononHUTeNbHO NapaMeTpU3yeTcs yaaieHne YacTuy, ¢ 4ETPUTOM B AOHHbIE OT/IOXKEHUA.

Ha ocHoBe NOCTPOEHHOM YNCIEHHON MOAENN AaHANN3NPYIOTCS TPAEKTOPUM PACNPOCTPAHEHUS YacTuIL, Mo-
cTynatoLwmx Ha wenbd Kapckoro mops ¢ peuyHbiMmn Bogamu, U 061acTu 3arpsA3HeHNs MMKponaacTMkom B Cesep-
Hom JlenoBUTOM oKeaHe. OTMeyaeTca KosiebaTe bHbli XapaKTep BEPTUKAIbHOTO NOBEAEHMA YacTUL, Pa3HOro
pa3smepa BcneacTene 6MoobpactaHusa. bonee menKkne YacTuLbl, OKasaBlWKCb Ha FrybuHe, nocne notepu 6uo-
NJIEHKM U3-3a OTCYTCTBUA CBETA, HEOBXOAMMOrO AR Pa3MHOXKEHUA BOAOPOCAEN, UMEIOT MEHbLLYHO CKOPOCTb
noAbema K NOBEPXHOCTU MO CPaBHeHMIO ¢ 6osiee KPYyNHbIMKU YacTMLaMK. HecmoTps Ha To, 4To BuoobpactaHme
UrpaeT BaXKHYIO POJib B PACNPOCTPaHEHUN MUKPOMIACTUKA B APKTUKe, boslee CylLeCcTBEHHOE BAMAHUE Ha pe-
3yAbTUPYIOLLEe pacnpeaeneHne 0KasbiBaloT NPOLECChl 3aXBaTa YacTuL, ieAAHbIM MOKPOBOM, Aa/IbHENLINNA Ne-
peHoc ero apelidom 1 BO3BPALLEHME YACTUL, B OKeaH Npu TasHMM Nbaa.

MccnepoBaHme BbINONHEHO NpW GUHAHCOBOW NoadepKKke Poccuitckoro ¢poHAa HayuHbIX UccaenoBaHuid, rpaHT Ne 20-
11-20112.
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CocraBHas ynpyronjactMyeckaa moaesb /ibAa € paspyLieHuem AN pacyeTa Npouecca HU3KOCKOPOCTHOro

yAapHOro Bo3aeuncTeusa

E. K. l'ycesa, B. U. Tony6es?, B. IN. EnndaHos?, U. b. Netpos?
IMockoecKuli huzuko-mexHu4eckuli uHcmumym

2MHcmumym npobaem mexaHuku um. A. F0. MuwnuHcko2o PAH

E-mail: guseva.ek@phystech.edu

3HaHMe KOPPEKTHOM PeosIornun Nbaa, HaxoaaLleroca noa AMHaMMUYecKoM Harpy3Kom, MMeeT nepBocTeneH-
HOe 3HaYeHUA 419 MHOTUX NPaKTUYECKUX 3aa4 APKTUYECKOTo pernoHa. Ha ceroaHsaWwWHMA aeHb Bonpoc Bbibopa
MexaHWYecKol moaenu Nbaa NpPu HU3KOCKOPOCTHbIX BO34ENCTBUAX OCTaeTcs OTKPbITbIM. B HacToswel paboTe
YMCNEeHHOo pellaeTcs 3a4a4a 0 Med/IeHHOM yAape WapoBOoro CTalbHOro MHAEHTopa No NeAAHOMY AMUCKY NOAK-
KPUCTaNNUYECKON CTPYKTypbl. ON8 BOCNpOM3BeAeHUA pe3ynbTaToB NabopaTopHbIX 3KCMEepUMEHTOB npeasio-
YeHa cocTaBHaA MoAe/b, COCTOALLAA U3 rMAapocTaTMyeckoro chepmuyeckoro aapa, ynpyronaactuyeckoi cpepu-
YEeCKOW 30Hbl M OKPY»KaloLEero IMHEMHO ynpyroro obbema. Paauycbl rpaHuL, AaHHbIX obaactein 3agaBananch mc-
Xo4A 13 pasmepa ¢opmupytowenca BMATUHbI. JONONHUTENbHO YYNTLIBANOCh 06pa3oBaHMe XPYNKUX TPELLMH,
NPV BbINOJIHEHUWN KPUTEPUA NO MAKCUMA/IbHbIM F1aBHbIM HanpAXKeHUAM. YucneHHoe peleHune onpeaenatowmx
CUCTEM YPaBHEHWIA MPOBOANIIOCH C MOMOLLbIO CETOYHO-XapPaKTEPUCTUYECKOTO METOAa Ha NOABUMKHbBIX CTPYKTY-
pupoBaHHbIX ceTKax. B pacueTtax 6bin1 ycnelwHo BocnpousseaeH pag Habaoaaemblx B sKcnepumeHTax 3G deKTos,
noJiydeHa CBA3b MeXay NpoLeccammn paspyLleHms U NPOXOXKAEHNA BOH.

NccnepoBaHue BbiNoHEHO Npy GMHAHCOBOM NoaaepKe Poccminckoro HayvyHoro ¢poHaa, rpaHT Ne 23-21-00384.

MMbpuaHbIA NoaXxoa Ha OCHOBE MALUMHHOIO 06y4YeHUA NpU YTOYHEHUU pelueHua o6paTHO 3agaum

MAEeHTUOUKaLUM UCTOYHUKOB Bbli6poCcoB

M. K. EmenbaHos?, A. B. MeHeHKo?

IMHemumym sbiyucaumensHoli Mamemamuku u mamemamuyeckoli 2eopusuru CO PAH
2K0z20pcKuli 2ocydapcmeeHHsiii yHusepcumem

E-mail: michaelxperia01@gmail.com

Mcnonb3oBaHWe METOA0B MaLUMHHOIO 06yYeHUs B pa3iNyHbIX 061acTAX HayKu U gpyrux chepax Ha cero-
OHALWHWUIA MOMEHT CTaHOBUTCA BCe bonee YacTbimM U BOCTPE60BaHHbIM, NOTOMY YTO C MOMOLLLbIO TaKUX NOAX0A0B
YOaeTca 3a CTO/Ib Masioe Bbl4MUCANTENbHOE BPEMA NPOU3BECTU MaHUNYAALUUK C BONbLLUMMKU HabopammK AaHHbIX
pa3HOro HasHa4YeHus.

NaeHTMdMKaumAa UCTOYHMKOB BbIOPOCOB BayKHa B 3aZlayax O KayecTBe BO34yxa. B pabote npu cosgaHum
anropuTma naeHtTudmMKaumm BbIbpocoB B Mogenax nepeHoca u TpaHchopmaumnm npumeceis, BKAOYaOLWLEro 40-
NOJIHUTENbHO aNPUOPHYO MHPOPMALMIO O MAKPOCTPYKTYPE MCTOYHMKA, MPU 3TOM He yXyALuas CBOMCTBA pelue-
HWs 06paTHOM 3a4a4u, byaeT McnoNb3oBaH MMBPUAHbLIM NOAXOA HAa OCHOBE TPAAULMOHHbIX METOA0B U MalLWH-
Horo o6yyeHusa [1]. B paboTe noKka3zaHO UCMO/b30BaHUE anpUopHON MHPOPMALIMK B BUAE TOYEUHbIX MCTOYHUKOB
3arpAsHeHus. TakKe paccMmaTpMBaeTca NpUMeHeHMe NoJTyYeHHbIX Pe3yibTaToB NPW peLleHnn TpexMmepHo 3a-
Aauu.

B xo4e npoBeAeHHbIX SKCMEPMMEHTOB BbIN0 BbIABAEHO, YTO TMBPUAHbIE NOAXOAbl, 0BbeAuHAIOLINE Ma-
lUMHHOEe obyyeHMe C TPagULMOHHbIMM METOAAaMWU pelleHus obpaTHbIX 3agay, ABAAKTCA NEepPCrneKTUBHbLIM
HanpaB/ieHMemM ANA AaNbHelWero pasBuTUA aaropuTMoB obpaTHOro moaennposaHua. bonee Toro, arperatsl,
ncnosb3yemble B TPaAMLMOHHbIX MeToAax pelleHnna 0bpaTHbIX 33434, MOTYT 6bITb YCNELWHO NPUMEHEHbI B pamM-
Kax MeTo/108 MaLIMHHOro 0by4YeHna ana cosgaHma rmbpuaHbIX aAropuTMOB.
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MccnepoBaHue BbIMOAHAEGTCA B paMKax rocyAapcTBEHHOro 3agaHusa MWHWUCTEPCTBa HAyKM U Bbicwero obpasoBaHun
P® (Tema "AHanUTUYECKOE M YNCAEHHOE UCCAef0BaHNeE 06paTHbIX 3a4a4 06 onpeaeneHnn NapameTpoB UCTOYHNKOB aTMO-
chepHOro naM BOAHOIO 3arpAsHeHMa U (Man) napameTpoBs cpeapl”, Kog Tembl: FENG-2023-0004).

CnucoK nuTepaTtypbl

1. Penenko A., Emelyanov M., Rusin E., Tsybenova E., Shablyko V. Hybrid deep learning and sensitivity op-
erator-based algorithm for identification of localized emission sources // Math. MDPI AG, 2023. Vol. 12, No. 1.
P.781.

UccnegoBaHue B3aumogeincTeusa WwenbdoBbiXx Mopei U ryboKoro okeaHa B ADKTUYECKOM permoHe

€ ncnosib3oBaHnem Y1MC1eHHoro moaennMposaHua

M. B. KpaitHeBa
UHCmumym seiqucaumensHold mamemMamuKu U mamemamu4eckoll 2eogpusuku CO PAH

E-mail: krayneva-m@yandex.ru

MN3yueHne B3aumogencTema BoZ Wwenbda u rnyboKoro okeaHa TpebyeT yTOYHEHMA ONUCAHUA TMAPO0rNYe-
CKMX XapaKTePUCTUK B WwenbdoBol obnactu. Ana sTux uenei 6oina mognduumpoBaHa YNCAEHHAA MOLENb OKe-
aHa. OcHoBOM MoaudUKauUK ABAAETCA NPUMEHEHNE KOMBOUHMPOBAHHOM YMC/IEHHOM CETKM MO BepTUKanu. B
rNyBUHHbIX PaNoOHAxX OKeaHa, XapaKTePM3YIOLWLMXCA PE3KMMM HAaKNOHAMM AHA, UCMO/b3YEeTCs Z-CUCTEMA BEPTU-
KaNbHbIX U3NYeCcKnX KoopanHat. LLenbdoBan YacTb OKeaHa U Nepexos Ha MaTEPUKOBBIM CKNOH paccMmaTpuBa-
IOTCA C NPUMEHEHNEM O-CUCTEMbI KOOPANHAT B NPUAOHHOM C/I0€, B KOTOPOM KOOPAMHATHbIE IMHUM CleaytoT
Tonorpadumn gHa. C NnOMOoLbo JAHHOFO NOAX0A3 Mbl MOXKEM OMMUCHIBATL NMOTOKM, MOCTYNAOWMe B MOBEPXHOCT-
HblI CIOM, C OANHAKOBOW CTEMNEHbIO AEeTaNN3aLNN AN1A BCEX PAIOHOB OKeaHa; YTOUYHATb pacnpeseneHue rmapo-
JIOTUYECKUX XapaKTEPUCTUK WenbPpoBoi 061acTH; ONUCbIBaTb NpoLLeccbl 0bMeHa Bog, WenbdoBOM 30HbI U FNy-
60Koro okeaHa B 06/1aCTM MaTEPMKOBOTIO CK/IOHA. B pamKax TeCTMpOBaHMA NPOBOAUTCA CPaBHEHWe paboTbl ABYX
noaxono0B (YNCNEHHON MOLENU C KOMBUMHUPOBAHHOM CETKOW MO BEPTUKA/IM U YUCIEHHOM MOAENUN C Z-CUCTe-
Moi). MpeacTaBneHbl pe3yabTaTbl YUCAEHHbIX PAacCYeTOB MMAPONOrMUYECKMX XapakTepuctuk CesepHoro Jlefosu-
TOro oKkeaHa.

PaboTa BbinonHeHa B pamKkax Tembl FoczagaHua FWNM-2022-0003.

O BUXpPEBbIX NOTOKAX TenJja 1 NPon3sBoACcTBE SHTPONUU B 0621aCTU CTPYUHOro TeYEeHUA U HAa 3eMHOMN

NOBEPXHOCTU
B. H. KpynuatHukos®?3, A. B. Touakos?, O. 0. AHToxnHa*, U. B. boposko?, B. C. Fpagos!

MHecmumym sbryucaumensHoli Mamemamuru u mamemamudeckoli 2eogpusuxu CO PAH
2CubupcKull pe2uoHanbHell HayYHO-Uccaedosamesnbckull 2udpomemeoponozudeckuli uHcmumym
3SHcmumym ¢usuku ammocgepsl um. A. M. O6yxosa PAH

*Uncmumym onmuku ammocgpepsl um. B. E. 3yesa CO PAH

E-mail: vkrupchatnikov@yandex.ru

B noknage obcyKaatoTcs HEKOTOpble pe3ybTaTbl UCCIef0BaHMA BUXPEBLIX MOTOKOB TeN/a B paioHe cyb-
TPOMUYECKOro CTPYyMHOro TedeHms. MHorve KpynHomMaclTabHble AMHAMUUYECKME ABNeHNA B aTMocdepe 3emaun
CBA3aHbl C NPOLECcaMM pacnpocTpaHeHus 1 obpyweHus BoaH Poccbn. 3aecb mbl obpaliaem BHUMaHME Ha 06-
NacTV NPOTMBOrPaANEHTHbIX BUXPEBbIX MOTOKOB Ten/ia B palioHe cybTPonmnYeckoro CTpyiMHoro TeyeHunn B Cesep-
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HOM MOJIyLIAPUK, CBA3AHHYIO C ONPOKUAbIBaHMEM BOAH Poccbu. B atux obnactax mbl Habaogaem mepmamo-
HaNbHbIN NEPEHOC SHEPTUM Ha ceBepPHOM diaHre CTPYMHOTO TEYEHMA B IKBAaTOPUANIbHOM HanpasAeHWUM MO AaH-
HbIM peaHanunsa ERA-5 1 gaHHbIM MOAENMPOBAHUA C KnnumaTmuyeckon mogenbto INM-CM4-8 UHCTUTYTa BbluMCc-
NMTenbHoM matemaTnkm um. .U, Mapuyka PAH, a npon3BoACTBO SHTPONWUMK, 3@ CHET FOPU30HTAIbHOTO NepeHoca
Tenna, CTaHOBUTCA OTPULATENIbHbIM, MOCKOJIbKY TEM/I0 NePeHOCUTCA NPOTMB TEMMNEPATYPHOTO rpaaneHTa, HO 3TO
He ABNAETCA HapYyLUEHMEeM BTOPOro 3aKOHA TEPMOANHAMMKK, MOCKObKY OCHOBHAA A0NA NPOU3BOACTBA IHTPO-
MUK NPOUCXOLMT 33 CHET NPOLLECCOB BEPTMKANILHOIO Ten1006MeHa, Hanpumep KOHBEKLMA, U ApYrMX HeobpaTu-
MbIX npoLeccoB. MpPon3BoOACTBO IHTPONMM YYBCTBUTENBHO K 3€MHOMY NOKPOBY, 6anaHc aHTponumm 6onbLue Bcero
CBA3aH C pagmnaumeint Ha NoBepPXHOCTU. KonnyecTBEHHaA OLLEHKA TepMoaMHammUyeckoro banaHca aHTponun u
NPOM3BOACTBA SHTPOMUN ABNAETCA NOJIE3HbIM MOKA3aTeNem ANA OLEHKM B3aMMOLENCTBUIA CUCTEMbI aTMO-
chepa-noBepxHOCTb. HEKOTOPbIE OLLEHKM NPOM3BOACTBA SHTPOMNUKN NOBEPXHOCTLIO NPeACTaB/eHbl B 4aHHOM pa-
6oTe.

B TpaAMUMOHHOM NOAX0A4E K UCCIeA0BAHMIO KNMMATUYECKON CUCTEMbI OCHOBHOE BHUMaHWe yaenaeTcs gu-
HAaMMUYECKMM MeXaHM3MaM 1 PU3NYECKMM NpoLLeccam, OTBETCTBEHHbLIM 3a NpeobpasoBaHMe SHEPTUU U3 O4HOM
dopMbl B APYryto, HO TaKXKe BarKeH NoAaxo/, OCHOBAHHbIN Ha aHanM3e 6asiaHca SHTPOMUU KAMMATUYECKON CU-
CTeMbI U, 0COOEHHO, MPOM3BOACTBA SHTPOMUK.

PaboTa BbiNno/HeHa B pamkax loczaganunsa: FWNM-2022-0003 n npu YacTUYHOM Noagepskke PocCUMCKOro Hay4yHoro
¢doHaa (rpaHT Ne 23-17-00273).

YucneHHoe mogenMpoBaHue TeEMNEPaTypPbl BOAbI 418 KPYNHOW PEeYHOU CUCTEMbI PErMOHANAbLHOro maciitaba

A. U. Kpblnosal, H. A. NanTtesa?
IMHcmumym ebiyucaumensHol Mamemamuku u mamemamudeckoli 2eogpusuku CO PAH

2I'HL BB "Bekmop"

E-mail: alla@climate.sscc.ru

B paboTe npeacTaBneHbl NepBble pPe3ynbTaTbl YACAEHHOTO MOAE/IMPOBAHUA TEMMEPATYPHOTrO pexnma no-
BEPXHOCTHbIX BOZ p. J/leHa B Nepuos OTKpbITOM BoAbl (C Mas Mo OKTAGPb) Ha OCHOBE OAHOMEPHOrO YpaBHEHUA
nepeHoca Tenna, Nosy4eHHOro U3 ypasHeHus TennoBoro 6anaHca ®ypbe — Knpxroda npu cooTBETCTBYHOLMX
NPeAnoN0XKEHUAX AN PEYHBIX CUCTEM C NpeobnagaHnem agBekumn. s onpegeneHus cymmapHoro Tenaoob-
MeHa yepes3 cBOH6OAHYI0 NOBEPXHOCTb BOAbI (KOPOTKOBOJIHOBOIO U A/IMHHOBO/IHOBOIO U3/IyY4EHUSA, a TaKKe No-
TOKOB OLLYTUMOTO M CKPbITOrO Temn/a) UCNnoab30BasInCb METOAUKN M3 paboT [1, 2]. YpaBHeHUe Anda pacyeTa Tem-
nepaTypbl pelaeTca npyu NomolLm 6e3ycnoBHO YCTOMYMBOM cxembl BeryLiero cyeta NnepBoro NopaakKa.

MogaennpoBaHue TEPMUYECKOTO peXKMma p. JlIeHa paccmMaTpuMBAeTCA Kak MHTerpaumsa rvaponornyeckom
KOHLLeNTya/ibHON mogenn, pa3paboTaHHOM 1 npeacTaBaeHHoM B paboTe [3], c ogHOMepHON Mogenblo Temne-
paTypbl BoApbl Npu paspeweHunn (1/3x1/3) rpag. u cyToyHOM wwiare no spemeHn. Mogesb NpPoTecTMpoBaHa oT
rmaponocTa Kauyr, pacnonoxeHHoro B Bepxosbe p. JleHa, 4o rugponocta Kioctop, 3amblkatowero cteopa bac-
celiHa peku. Pe3ynbTaTbl MOAENNPOBAHUA CPAaBHUBAINCL C eXXeAHEeBHbIMU JaHHbIMK O TemnepaType BOAbl Ha
rmgponocTax p. J/leHa u3 locyaapcTBeHHOro BOAHOro Kagacrtpa 3a 1989 roa v ¢ caita Pocrugpomerta (https://
pogodal.ru) 3a 2018 roa. NMonyyeHHble peasncTUUHbIE OLEHKM TeMNepaTypbl BOAbl NO3BOASAIOT AOMYCTUTb, YTO
OaHHbIM Noaxo4 K MOAENNPOBaHMIO MOMKET OblTb MCNO/b30BaH A U3YYEHUS BAUAHUA U3MEHEHMA KAMMaTa U
aHTPOMNOreHHbIX BO34EeNCTBUIN Ha PeYHble CUCTEMBI.

PaboTa BbiNo/IHEHA B pamKax FocsagaHma UBMuMI CO PAH Ne FWNM-2022-0003.
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Cnucok nautepatypbl

1. Opgposa T. B. Tmapodmsnka sogoemos cywu. J1.: FTmapometeonsgat, 1979. 311 c.

2. Makapos U. U., Cokonos A. C., lLynbmaH C. . MogenvpoBaHue rmgpoTepmMmnyeckmx npoLLeccos Boao-
XpaHunuu-oxnagutenein T3C n ASC. M.: SHeproatommnsgart, 1986. 182 c.

3. Krylova A. I., Lapteva N. A. Modeling long-term dynamics of river flow in the Lena River basin based on a
distributed conceptual runoff model // Water Resources. 2024. Vol. 51, No. 4. P. 393-404.

O BUXpPEeBOM NepemeLIMBaHUN U IHEPTreTUKE TYPOYNEeHTHOCTU B YCTOMYMBOM aTMOCcHEepHOM NOrpaHUYHOM

cnoe
. U. Kypbaukas
UHCcmumym eblyucaumensHol mamemamuKu u mamemamu4eckoli eeogpuzuku CO PAH

E-mail: l.kurbatskaya@ommgp.sscc.ru

C nomoubto mesomacwtabHolt RANS- moaenu TypbyneHTHOCTU YCTaHOBIEHO, YTO NOBEAEHNE NapaMeTPoOB
TYypOy/NEeHTHOro BUXPEBOro NepeMeLlnBaHNA COracyeTcsa C AaHHbIMU U3MEPEHUN, NPOBeAEHHbIX B labopaTo-
pun n B atmocdepe. Uccnenyrotca HeKoTopble Npobiembl, BO3HMKatOWME NPU ONUCAHUU TYPOYNEHTHOro BUX-
peBOro nepemellnBaHUA B aTMOCHEPHOM NOTrPaHUYHOM Clo€e. B 4YacTHOCTM, NpU nepexoae TeYeHUs B CUbHO
YCTOMYMBOE COCTOAHNE MOTOKOBOE YnCca0o PuyapacoHa Rif MoxKeT nsmeHATbCA HEMOHOTOHHO, BO3pacTan C yBe-
JINYEeHneMmM rpagmMeHTHoro yncna PuyapacoHa Rig A0 AOCTUMKEHUA COCTOAHUA HACbILEHMA NPU HEKOTOPOM rpa-
AVEeHTHOM uncne PuyapacoHa Rig (npubnamnsutenbHo paBHbiM 1), KOTopoe pasgenser ABa pasNnyHbIX Typby-
JIEHTHbIX PEeXMMa: CUNbHOro NepemellnBaHMa U cnaboro nepemellMBaHuns. AHasIM3 3HEPreTUKM Ha OCHOBE
ypaBHEHWI BanaHca KNHETUYECKOMN U MOTEHLUMA/IbHOM SHEepPrum TYpOyNIeHTHOCTU NOKa3bIBAET, B YaCTHOCTU, YTO
cnaboe nepemetumsaHume (Rig >1) BnosHe cnocobHO TPAHCMOPTMPOBATb MMMY/ILC. ITUM MOXKET 06 BACHATLCA He
TO/IbKO NoAAep’KaHne TeYeHMA PacnpoCTPAHAOLLMMUCSA BHYTPEHHUMM BOTHAMM, KOTOPbIE NPU CUIbHOM CTpa-
TMdUKaunn sbbeKTUBHO NEPEHOCAT UMMY/ILC, HO M MOCTOAHHOE BO3HMKHOBEHMWE TYpOyneHTHOCTM B cBOBOAHOM
atmocdepe npu Rig >>1. MNoKasaHo, YTo NoBegeHUe BUXPEBbIX KO3ddULMeHTOB Anddy3mm nmnynbca u Tenna
cornacyeTca ¢ NpeAcTaBiAeHneM O NoAAep»KaHMM NepeHoca MMNy/bca (HO He Tensa) pacnpocTpaHAKLWMMNCA
BHYTPEHHUMM BOJIHAMU B CU/IbHO YCTOMYMBOM COCTOAHMM aTMOCPEPHOro NOrpaHNUYHOro CNos.

NccnepoBaHmA BbINONIHEHbI B paMKax rocygapcreeHHoro 3agaHna MBMuMI CO PAH FWNM-2022-0003.

OueHKa BAMAHUA 6aTUMETPUU U3 PA3HbIX MO06aabHbIX 633 HAa pe3ynbTaTbl MOAEIMPOBAHUA LyHAaMK

M. M. NaspeHTbes!, A. I'. Mapuyk?, K. K. O6nayxos!
MHemumym aemomamuku u anekmpomempuu CO PAH

2MHcmumym ebl4ucaumensbHol MamemamuKu u mamemamudeckoli 2eogpusuku CO PAH

E-mail: mmlavrentiev@gmail.com

B uMcneHHbIX pacyeTax pacnpocTpaHeHMA LyHaMM UCNOb3YeTCA ceToUHana 6aTuMeTpuma pasiMiHON aeTanb-
HocTW. B xoge nccnenoBaHus 6bl1a NPoBeaeHa cepmsa BblYUCIUTENbHBIX SKCNEPUMEHTOB MO PACNPOCTPAHEHMIO
BOJIH LlyHamM OT MOAE/IbHOro o4ara y BOCTOYHOro nobepekbs ANOHMM € UCNOAb30BaHMEM AOHHOTO pesnbeda,
B3ATOro 13 Tpex rnobanbHbix baTmeTpudeckux 6as: GEBCO, ETOPO n Smith and Sandwell. YucneHHble aKkcne-
PUMEHTbI MPOBOANANCH HA NEPCOHAIbHOM KOMMbIOTEPE C MCNO/Ib30BAaHMEM annapaTHOro ycKopeHua (cneuma-
JNIN3NPOBAHHbLIN BbIMMCAUTENb Ha 0ase BEHTW/bHOM MaTpuLbl, Nporpammupyemoit nosb3oBatenem Field
Programmable Gates Array FPGA), 4To N03BOINAO BbINONHUTbL AOCTaTOYHOE KOANYecTBO pacyeToB. CpaBHeHMe



82 Mamemamuyeckue mMmooenu ¢husuKu ammocghepsl, OKeaHa U oKpycaroujeli cpedbl

pacCcMOTpeHHbIX UUbpPOoBbIX baTumeTpuin ansa sTon obnactn AetanbHocTbio 30 reorpadpuyeckux cekyHa, (npm-
MepHo 927 m B HanpasneHuun Cesep-tOr) c permoHanbHOM cCeToUYHOM HaTMmeTpuen ANoHCKOro okeaHorpaduye-
cKoro areHTcTBa (JODC) nokasano, 4to oTHoCUTeIbHasA pasHuUua (6onblie 10 %) B rnybunHax HabaogaeTca Avwb
B OYE€Hb Ma/I0l YacTu Bceln pacyeTHomn obnactu (meHee 1-2 % obuwen nnowaam rnybokoit yactu). NMoxoxkan Kap-
TMHa HabntodaeTcs M NpU CpaBHEHUU pacnpeneneHna MakCMMYMOB BbIYMC/IEHHbIX BbICOT LyHamu. Mpu aTom
Hambobluas pasHuLLA PErUCTPUPYETCA B NPUOpPEKHDBIX aKkBATOpPMAX. M3 3TOr0 MOXKHO cAenaTb BbIBOA O AONYy-
CTMMOCTU UCNOb30BaHMA LMppPoBON BaTMmeTpnn ns ntoboi U3 paccMoTPEHHbIX TN06anbHbIX 633 NpU YMCneH-
HOM MOAENNPOBAHNM PACMPOCTPAHEHMA LLyHaMU Ha rnybuHax 6onee 100 m. Ho gnsa nonydyeHus pacnpegeneHuns
BbICOT BOJIHbI BAO/1b 6eperoBoi iMHUM TpebyeTcs nepexos Ha 6osiee AeTasibHble CETKU C UCNONb30BaHUEM Me-
TO/a BNOXEHHbIX CETOK.

3aKOHOMEPHOCTU ANUTENIbHOro atTMmocdepHOoro 3arpAasHeHusa ropogos Cubupwm

A. A. lexkeHuH, B. ®. PanyTa
UHCcmumym 8blqucaumensHol mamemamuKku u mamemamu4eckoll 2eogpuzuxku CO PAH

E-mail: lezhenin@ommfao.sscc.ru

NHTeHCcMBHOE 3arpasHeHne aTMochepHOro Bo3ayxa B KpynHbIx ropoaax CMbupu co3garoT 3HaYUTENbHbIE
PUCKM 340pOBbI0 HaceneHua. [No gaHHbIM PocrnapomeTa cpegHerooBble KOHUEHTPaUMn MHOTMMX NOAIOTAHTOB
NpeBbIWAOT NpeaenbHo gonycTumble KoHueHTpauuu (MAK) [1]. B 3MmHMe mecsubl KOHUEeHTpauua 6eHs(a)nu-
peHa (BIM) Ha TeppuTopUsAX psaa ropodoB MHOroKpaTHo npesbiwatoT MAK. N3BecTHO, uyTo Bl OKasbiBaeT 3HauK-
TeNbHOE BANAHWE HA KaHLLepPOreHHY U MyTareHHYI aKTUBHOCTb aTMOC(EepPHOro Bo3ayxa.

MpoBeseH YNCAEHHbI aHANM3 AaHHbIX MOHUTOPUHTA 3arpsa3HeHmna bl atmocdepsl rr. HoBocnbupcka, Kpac-
HosipcKa, MpKyTcKa, YnaH-Yas, Yutel u ap. MonapHbIi KOPPenaumoHHbIA aHaAn3 faHHbIX USMEPEeHUii cpeaHe-
MECSIYHbIX KOHUEeHTpaumin BN Ha noctax PocrmgpomeTa noKasasa Haanuyme mexKay HUMU TECHbIX cBA3en. bbiiun
YCTAHOB/IEHbI CTAaTUCTUYECKUE CBA3U MEXKAY KOHLEHTPaLMAMM KaK 414 6/IM3KOPACMNONOKEHHbIX APYr OT Apyra
MOCTOB ropoAoB, TaK U C YAAIEHHbIMU NOCTAMM, HECMOTPSA HA CYLLECTBEHHbIE PA3/INYMNA B UCTOYHUKAX BbIOpOCOB
BM. 3To Nocny»KMN0 OCHOBaHMEM AN NMOUCKA GAKTOPOB, OKa3bIBaOLWMX 3HAYMMOE BAUAHUE HA NpoLEecchl 3a-
rpasHeHMA aTmocdepbl ropoaos. PesynbTaTbl UCCNeAOBAHUIA NOKa3anun, YTo OAHUM M3 Hanbosiee 3HAYUMBbIX
$aKTOpPOB ABAAETCA CpegHEMECAYHAA NOBTOPAEMOCTb WTKAein. C MCnosb30BaHMEM IMHEHOW perpeccun Bbian
YCTAHOB/1EHbI 3aBUCMMOCTU CPegHEMECAYHbIX KOHUEHTPaunit bl ¢ noBTOpAeMOCTbto WTUAEN.

HaliaeHHble 3aKOHOMEPHOCTM NO3BOASOT NPOBOAUTDL AOMNO/IHUTENbHbIA KOHTPOJIb LOCTOBEPHOCTU pe3y/ib-
TATOB U3MEPEHMUI KOHLEHTPaLni BN Ha nocTax, a TakXKe BOCCTaHaB/MBATb NPOMNYCKM B HabatoaeHnsx. YcTaHOB-
JIEHHblE 3aBUCUMOCTU MeXAy CpeAHeMeCAYHbIMU KOHLEeHTpaumMammn Bl n noBTopAemocTAMM LWITUAEA MOTYT
6bITb MCNOBb30BaAHbI NPU NNAHUPOBAHMM MEPONPUATUI NO YYULLIEHUIO KavecTBa aTMocdepbl B ropoaax U co-
34aHUM Moaesielt OLLeHUBaHMA NOMEe KOHUEHTPaUWA.

PaboTa BbinonHeHa B pamKax rpaHta Ne 075-15-2024-533 MuHUCTepCTBa HayKK U Bbicliero obpasoBaHua PO.
Cnuncok nutepaTypbl

1. ExXerogHuk "CoctosiHue 3arpsasHeHunsa aTmocdepbl B ropoaax Ha Tepputopum Poccnm 3a 2022 r." CaHKT-
MeTepbypr, 2023. 256 c.



Cexkyua 4 83

MogaenvpoBaHue NoABOAHOW MepP3/10Tbl Wesibda C UCNOJ/Ib30BaHMEM METOAA CKBO3HOIO cYeTa

B. B. ManaxoBa
UHCcmumym eblyucaumensHol mamemamuKku U mamemamu4eckoli eeogpuzuku CO PAH

E-mail: malax@sscc.ru

Mpn 0CBOEHUWN NPUPOAHBIX pecypcoB wenbda HeobxoauMbl AOCTOBEPHbIE CBEAEHMA O PACNPOCTPAHEHUN
N CBOMCTBAX NOABOAHOM mMep310Tbl. CIOXKHbIe NPUPOAHbIE YCN0BUA 3aTPYAHAIOT NpoBeaeHne bypoBbIx paborT.
Mo3aTomy maTemaTMyYecKoe MoLeMPOBaHME COBPEMEHHOIO PacnpOCTPaHEHUA MHOFO1eTHEMEP3/IbIX MOPOZ, Ha
apKTU4eckom wenbde EBpasmm aBAsETCA aKTya/ibHOM 3a4a4ein.

Onsa n3yyeHns OMHAMUKU U COBPEMEHHOIO COCTOAHWUA cybaKBa/ibHON MepP310Tbl B AOHHbIX OT/IOMEHUAX
wenbda paspaboTaHa gMHaMUYECKan MOAe b NPOLLECCOB TenaonepeHoca, NO3BOAOWAN PAacCYMTbIBATL ANHA-
MWKY TEPMUYECKOTO COCTOSIHUA AOHHbIX OT/IOKEHUI B Cy4Yasx yepenoBaHUA rPaHuL, TabiX U MepP3/biX C/I0EB.
Mogenb AononHeHa naneoreorpadrMyeckMm CUeHapuMem M3MeHeHWs aTMocdhepHOro BO3AENCTBMA U YPOBHS
okeaHa [1]. Mpwu uncneHHoM peannsauum 3agaum CtedaHa B mogenun NpUHMMaETCA, YTo $asoBble nepexogbl
NPOUCXOAAT TO/IbKO HA NMOBEPXHOCTM Pa3fena Tason U Mep3/ioi 30H, N UCNO/b3yeTCA MeTog, 10BN GPOHTa B
y3e/ NPOCTPaHCTBEHHOM CeTKW.

B maHHOM paboTe AnA peleHna yKasaHHOM 3a4a4mM NUCNO/b3yeTca MeTos, CKBO3HOTO CYETa, U YYeT TeNI0Tbl
$basoBoro nepexosa skBMBafeHTEH yyeTy 3dGEKTUBHOMN TENOEMKOCTU. KpMBaa HesamepsLlen Bogbl UCMONb3Y-
eTCcs B BMAE Criaxunsarowen GyHKLMM B HEKOTOPOM TEMMEPATYPHOM UHTepBasie B OKPECTHOCTAX TOUYKM ¢a3o-
BOro nepexoa. NMpuseaeHbl pesynbTaTbl YACNIEHHOTO PELIEHNA 334a4M C Pa3/IMYHbIMU MHTEPBANIAaMMN Pa3Masbl-
BaHWA genbTta-oyHKUmK. MNpun paspaboTke HOBOM BEpPCUM MOAENMN NOLBOLHON MeP3/0Tbl OblAN YYTEHbI Takne
daKTOpbI, KaK 3aBUCUMOCTb TEMNOPU3NYECKUX NaPaMETPOB OT CTPOEHUA 0Caf04YHOM TOLLM M COAEPKAHMA He-
3amep3lueit Bogbl B ocagKax. MNpogeMoHCcTpMpoBaHa BO3MOXKHOCTb MCNO/Ib30BaHMA JAaHHOIO MeTo4a 418 pac-
yeTa 3BOJIIOLMN MHOTOJIETHEMEP3/IbIX NOPOA, B TEYEHME AJIUTE/IbHOTO NPOMENKYTKA BpEMEHM.

PaboTa BbiNnonHeHa B pamKax npoekta FWNM-2023-0001.
Cnuncok nutepaTtypbl

1. Manaxosa B. B., Envcees A. B. BansaHue anddysmm conein Ha COCToAHUE N pacnpocTpaHeHne MHOroneT-
Hemep3blX NOPOA, 1 30HbI CTabUAbHOCTU MeTaH-TnApaTos Wenbda mopsa Slantesbix // lea v cHer. 2020. T. 60,
Ne 4. C. 533-546.

MNpuunHbI M NocneacTBUA GOKYCUPOBKU BOAH LlyHamu

A.T. Mapuyk
UHCcmumym 8biyucaumensHol mamemamuKku u mamemamu4eckoll eeogpuzuxku CO PAH

E-mail: mag@omzg.sscc.ru

POKYCMPOBKY BOJIH, B TOM YMCAE BOJIH LlyHaMW, MOXKHO ONpeaenmnTb, Kak 04HOBPEMEHHbIM NPUX04, BOJIHbI
OT HECKOJIbKMX PasHbIX CErMEHTOB BOJIHOBOrO GPOHTA. ITO MOXKET MNPUBECTU K CyLLecTBEHHO Honee BbICOKOM
aMnInTy e BOJIH B OKPECTHOCTU TOUKM POKYCMPOBKM MO CPABHEHUIO C OKPYHKAIOLLMMU ee To4Kamu obnactu. Bo-
nepsblx, GOKYCUPOBKA BOSIHOBOM 3HEPrUM MOMKET ObITb, CIEACTBMEM FEOMETPUYECKON GOpMbI oYara LyHamMu.
B 4aCTHOCTM, UCTOYHUK LlyHaMU, COCTOALLMUIA U3 ABYX YacTel C NONONKUTE/IbHBIM U OTPULATE/IbHBIM CMELLLEHUEM
BOAHOW NOBEPXHOCTU, MOXKeT CHOKYCMPOBATbL BOIHOBYIO SHEPTUIO B HEKOTOPOW TOUKe BHe 3Toro ovara. Bo-BTo-
PpbIX, 3TO MOKeT ObITb pe3y/bTaTom pedppaKLumn BOJHOBOTO ppoHTa Hag HEPOBHbIM AHOM. ELe 04HOM NpUYMHOM
bOKYCMPOBKM LlYyHaMM MOXKET CTaTb OTparKeHWe BOJIHbI OT BOrHyTON HeperoBoit AMHMK. B Takom ciyyae Touka
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doKycnpoBKKM ByaeT pacnonaraTbCa Ha yaaneHum ot 6epera. B cnyyae, Koraa Touka GOKyca pacnosioXKeHa He-
Aaneko 6epera, TaM MoryT HabtoAaTbCcA aHOMAIbHO BbICOKME BOJIHbI LLyHAMM, YTO HEOBX0AMMO NPUHMMATb BO
BHMMaHMe cnyxxbam npeaynpexaeHna uyHamu. Ewe ogHOM NpUYnHON GOKYCMPOBAHUSA LLYyHAMMN TEOPETUYECKU
MOMKeT 6bITb chepryHOCTb 3eman. Hanpumep, LyHaMu, reHEPUPOBAHHOE UCTOYHMKOM, PAcroioKeHHbIM y be-
peros FOXKHO AMEePUKM, MOKET BbI3BaTb KOHLLEHTPALLMIO BOTHOBOM SHEPTMM B paioHe tora ANOHCKMX OCTPOBOB.

Onsa BCcex ynomMsaHYTbIX Cy4aeB NOCTPOEHbI KMHEMATUYECKUE KAapTbl NPOABUXKEHUA BONHOBbLIX PPOHTOB.
A yncneHHoe MoAeNIMPoBaHME ANHAMMUKIN PACMPOCTPAHEHMA LLyHaMKW MO MOAENN MENKOW BOAbI NOATBEPKAAIOT
3¢ deKT NOBbILWEHNA BbICOTbI LlyHaMKN B TOUKAX GOKYCUPOBKN B NEPEYUCAEHHbIX Bbile cayyasx. Beixogawme K
6epery noaBogHble XpebTbl TaK¥Ke BbI3bIBAOT GOKYCMPOBKY LlyHaMU U BbI3blBAtOT aHOMA/IbHOE MOBbILEHWE aM-
NAUTYA, BOJIH B TOYKe BbIXOoAa K bepery Takon AOHHOW CTPYKTypbl. YNCNEHHOE MOAENMPOBAHME LyHaMM
11.03.2011 y ceBepo-BOCTOYHOrO nobeperkbsa ANOHUM C UCNOJIb30OBAHMEM MOAE/NIM OYara, npeacTaB/leHHOro
yYeHbIMU 13 ANOHUK, NOKa3blBAaET BO3HMKHOBEHME Ha wesibde 30H aHOMaIbHO BbICOKUX BOMH BCaeacTBue ¢o-
KYCUPOBKM, BbI3BBAHHOW OTPA*KEHNEM OT BOTHYTOM beperoBoi AnHMmn B panoHe CeHaas.

AHcambnesas cMCTeMa YCBOEHUA AaHHbIX C UCNONb30BaHUEM CNYTHUKOBbIX HabaloaeHUit BeTpa
B.T. Mussak?, A. B. LLnsesa?, M. A. Tonctbix?, B. C. Porytos™?, K. A. Annnosa’, I'. C. Toiman®3*

Irudpomemuyermp Poccuu

2National Oceanic and Atmospheric Administration
3UHcmumym ebiyucaumensHoli Mamemamuru PAH
“MockoscKuli huauKo-mexHuYeckuli uHcmumym

E-mail: vmizyak@gmail.com

PasBuTUE BbIYMCUTENBHBIX MOLLHOCTEN NPUBEO K MOSABNEHWNIO aHCaMb1eBOro NPOrHo3a NoroApl, 0cobeH-
HOCTbIO KOTOPOTro ABNAETCA MOAEeNMpPOBaHMe "xaoTuyeckoro" nosegeHma atmocdepol. Mcnonb3oBaHMe aHcaM-
619 NPOrHO30B BMECTO OZHOTIO NMO3BO/ISET YYECTb HEONPEAEIEHHOCTb MPOrHOCTUYECKOM CUCTEMbI U €€ HaYaslb-
HbIX AAHHbIX U OUEHUTb BEPOATHOCTb HACTYM/IEHUA COBbITUI, XapaKTepu3yHoLMX METEOPOOMMYECKYO 06CTa-
HOBKY.

AHCcamb/1b Ha4aNIbHbIX AaHHbIX 415 TAKOTO NPOrHO3a MOXKET BbITb NOATOTOBNEH C MOMOLLbIO aHCaMb1eBO
CUCTEMbI YCBOEHMS AaHHbIX. B gaHHOM paboTe onncaHa Takas cuctema [1].

BayKHbIM BUAOM Hab/MOAEHWUI, MONOXKUTENbHO BAUAIOLLMX HA Pe3y/IbTaTbl YCBOEHUSA, ABAAIOTCA CMYTHUKO-
Bble HabnoaeHna BeTpa AMV. B npepacrasneHHoln paboTte a8 UCNob30BaHMA 3TUX HAbAO4EeHUI UCNOb3Y-
IOTCA CXEMbI MO NepeonpeseneHnto BblCOTbl HabatoaeHnn [2] 1 MoAenMpoBaHUIO aBTOKOPPENAUMIA UX OWK-
60K [3]. Pa3paboTaHHble, HACTPOEHHbIE U BHEAPEHHbIE CXEMbI MOBLICUAN TOYHOCTb NOJIe aHCaMbaa Havasb-
HbIX AAHHbIX AN PA3/IMYHbIX METEOPONOTMYECKUX NEPEeMEHHbIX Ha 5—15 % B ceBepHOM Moaylwapum u Ha 20—
30 % B 1OXKHOM, @ CpeHeCPOYHbIX MPOrHO30B Ha UX OCHOBe Ha 5—17 % B ceBepHOM noAylwapum n Ha 15-50 % B
IOXKHOM MOJIyLIapUM.

PaspaboTaHHas aHcambieBan cMCTEMA YCBOEHMA B HACTOALLEE BPEMA NPUMEHAETCA A1 ONepaTUBHONO aH-
cambneBoro nporHo3a noroapl B F'mapometueHTpe Poccuu.

CnucokK nuTepaTtypbl

1. Shlyaeva A. V., Tolstykh M. A., Mizyak V. G., Rogutov V.S. Local ensemble transform Kalman filter
data assimilation system for the global semi-Lagrangian atmospheric model // RINAMM. 2013. Vol. 28, No. 4.
P.419-441.
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2. Mu3ak B.T., Wnsesa A. B., ToncTbix M. A. Micnonb3oBaHWe AaHHbIX CMYTHUKOBbLIX HabaoaeHWn BeTpa
AMV B cucTeme aHcambaeBOro ycesoeHua AaHHbIx // MeTeopon. u rugponor. 2016. Ne 6. C. 87-99.

3. Muzsak B. T., Wnnaesa A. B., Tonctbix M. A. YyeT cKOppesiMpoBaHHOCTU OWMOOK CMYTHUKOBbLIX AaHHbIX
HabntoaeHut AMV B aHcambneBoi cucteme ycBoeHUs gaHHbix // MeTteopon. u rugponor. 2023. Ne 3. C. 20-31.

MartemaTtnyeckoe moaennMpoBaHUe 3arpA3HEHHOCTU BO3AyXa CTaLLMOHAPHbIMU U NepeaBUKHbIMU

MUCTOYHUKAMMU
A.J1. Ocmnos
Hoeocubupckuli 2ocydapcmeeHHbIl yHUBepcumem sKOHOMUKU U ynpasaeHus

E-mail: alosip@mail.ru

B cTaTbe M3y4yanucb M aHaIM3MPOBAUCL AaHHbIE MO BbIBPOCAM 3arpAsHAIOLMX BELLECTB B aTMocdepy oT
CTAUMOHAPHbIX U NepesBUKHbIX UCTOYHMKOB. Pa3paboTaHa 6a3a gaHHbIX No Bbi6pocam 3a nepuog c 2010 no
2019 r. Co3gaHo nporpaMmHoe obecneyeHne, KOTOpoe NO3BOAAET CTPOUTb IMHENHbIE U HEJIMHENHbIE MOAENN,
3¢bdEKTUBHO ONUCHIBAIOLLME OUHAMMKY 3arpsAsHeHUs oT BbIOPOCOB. MNOCTPOEHHblE MOAE N NMOKa3bIBAKOT TOY-
HOCTb MPOrHo3a Bbiwe 98 %. OTAeNbHO NPeACcTaB/eHbl MOAEM, NPOrHO3MpYoLLMe 06bemMbl BbIGPOCOB OT CTa-
LMOHAPHbIX UCTOYHUKOB, OT NepeaBUKHbIX UCTOYHUKOB, a TaKKe Mo BMAaM 3KOHOMUYECKOM aeaTenbHoCcTU. Mo-
e AatoT BOSMOXKHOCTb NPOCAeAUTb AMHAMUKY BbIDPOCOB U AatOT BO3MOXKHOCTb NPopaboTaTb pEKOMEHAALMM
ONA CHUXKEHWA YPOBHA 3arpasHeHHOCTM aTmochepbl.

K mogenam reonormyeckMx MacCUBOB, CoAepKaLLMX BOGOHOCHbIE TOPU30HTbI, B YCI0BUAX BUOPALMOHHbIX

BO34€eNCTBUIA
A. B. Masnosa?, C. E. Py6uos?, W. C. TenatHnkos?

IKy6aHckuli 2ocydapcmeeHHbiil yHusepcumem
2HOxcHbIU Hay4HbIT yeHmp PAH

E-mail: pavlova@math.kubsu.ru

BbicTpoe pa3BuTME TEXHUKM BEAET K YCUNEHMUIO aHTPOMNOIEHHOTO BAMAHMA Ha reoNorMyeckyio cpeay, pas-
NIMYHbIe BUABI BUBPALMIA MOTYT NPUBOAUTL K aKTUBM3aUMK CNaboit CeMCMUYHOCTM B pailoHaXx, YAaNEeHHbIX OT
CTPYKTYPHbIX FPaHULL, IMTOCHEPHbIX OTAENbHOCTEN. JIOKanbHble NPOABAEHUA U rNobanbHble NOCAeACTBUA NPo-
OO/MKUTENbHBIX BUOPALLMOHHbIX BO3AENCTBMIA aKTUBHO M3y4YatoTcA B HacToALee Bpems [1, 2]. B paboTe paccmoT-
peHa MoAeNb reo/IOrTMYECcKOro MaccuBa, coaepkallero HerlyboKo 3aneratolLmMe HeEHaNOPHbIE MEXKMNIacToBbIe
BOAbl, NOABEPKEHHOTO NOBEPXHOCTHOMY BUOPALMOHHOMY HarpyKeHuto. MoaennposaHue NoBeLeHUs rmapo-
Yypyroi cuctemsbl (MakeTa, COCTOALLENO M3 YMPYroro €/0f, CIOUCTOr0 NOJIYNPOCTPAHCTBA M PACMOIOKEHHOTO
MeXKAy HUMU CNos UAeanbHOM KUAKOCTU) BbIMOAHEHO B NPUBAUMKEHUN ypaBHeHMI Tenbmronbua v Jlame gaa
yCTaHOBMBLUMXCA KonebaHuii. Bbibop B KayecTBe MOAENN KYCOUYHO-OO4HOPOAHON CTPYKTYPbl OUKTYETCA CBOW-
CTBaMM peasibHblX reomaTeprasnos, NO3B0AAA YBEANUNBATb YUCIO CNOeB ANA 6osiee TOYHOrO ONMCaHNA CBOMCTB
HeoAHOPOAHOro Maccuea. PeleHna rpaHnYHbIX 3a4a4 NOCTPOEHbI C MOMOLLLbIO MHTerpasbHoro noaxoaa [3]. Mo-
Jly4YeHHble pe3ynbTaTbl, MOTYT HalTU NPUMEHEHME NPU UCCeA0BaHUN 0COBEHHOCTeN PacnpoCTpaHeHus cei-
CMMYECKUX BOJIH B TOPHbIX MacCMBaX, COAEPMKALLMUX BOJOHOCHbIE FOPU3OHTbI.

NccnepoBaHme BbiNosIHEHO Npy duHaHcoBol nogaepxke PHO n KH® B pamkax npoekta No 24-21-20032.
Cnuncok nutepaTypbl

1. U3meHeHMe oKpy:KatoLei cpeabl n Knnmarta. T. 1. Ceicmuyeckne npouecchl 1 Katactpoodsl / Mpea. pea.
koA. H. M. Jlasepos, oT.. pea. A. O. Inuko. M.: Nd3 PAH, 2008. 404 c.
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2. Mcaxbe C. T., Pyxknu B. B., LLUnnbKo E. B., Actapypos C. B., CmekanuH O. I. N3yyeHne BANAHUA BOAOHACHI-
LLeHUs 1 BUBpaLMI Ha PeXUM CMeLLLeHUI B 30HaxX pa3nomos // dusmu. mesomexaH. 2004. T. 7, Ne 1. C. 23-30.

3. Pavlova A. V., Rubtsov S. E., Telyatnikov I. S. To the study of the vibration in an acoustic medium with
coating excited by a concentrated harmonic source // IOP Conf. Ser.: Earth and Environ. Sci. 2023. Vol. 1154,
012023.

YucneHHoe uccnegosaHue $a3oBoro nepexosa Boga — e BO BJIarOHacbiLWEeHHOM rpyHTe
T. A. Mekapckas, A. H. CnbuH
Anmalickuli 2ocydapcmeeHHslli yHusepcumem

E-mail: pekarskayat@yandex.ru

MNpeobnagatowan YacTb CTOKA CEBEPHbIX peK GOpPMUPYETCS 3a CYET TasHMUA CE30HHOIO CHEMXKHOTO MOKPOBa.
YCnoBUA CHErOTasAHUA OKA3blBAKOT pPeLlatoLlee BAMAHKE HA KOIMYECTBO NOCTYNaoWMX B BOAOEMbI — MPUEMHUKMU
Tanbix BoAd. FNybuHa npomep3aHUs NOBEPXHOCTHOrO CNOA FPYHTa BAUAET Ha BNUTbIBAIOLWYO CNOCOHBHOCTb U
onpeaensier COOTHOLWEHNE MEXAY CKJIOHOBbLIM M TPYHTOBbIM CTOKaMu. MosTomy MoAennmpoBaHMe COCTOAHUSA
rPYHTa B Nepuos, CHeroTasHna MMeeT BarKHOe 3HayeHue Npu paspaboTke MeTog0B PacyeToB M NPOrHO30B ra-
porpacdoB BeceHHero nosiosoapa [1].

B goKnage npoBeseHoO YNCNEHHOE UcCaef0BaHMe O4HOMEPHOM 3a4a4M 3aMOPaXKMBaHMSA FPYHTa Ha OCHOBe
MOZENN, B KOTOPOI HACbILWEHHbIM FPYHT paccMmaTpuBaeTCs Kak TpexdasHaa nopuctas cpena, CocToallas us cy-
XOro cKeneTa, BoAbl U Nbaa. Mogenb BKAOYaeT B cebA 3aKOH COXpaHeHMA SHEPrMuK, ypaBHeHMA BanaHca macchl
ON51 BNAXKHOCTU U IbANCTOCTU, YPaBHEHWNE PAaBHOBECUA M ONpPeaensitowmMe COOTHOWEHUA A5 ONMCAHUA BANAHUA
¢dasoBoro nepexoaa sBoaa — siea. NposegeHa BepudpuKaLmMs MaTeMaTUYECKOM MOAENN HA SKCNEePUMEHTAJIbHbIX
OAaHHbIX U3 NIUTePaTyPHbIX MCTOYHUKOB [2]. B aKcnepmnmeHTe UCKYCCTBEHHOE 3aMopaXknBaHne obpasLoB NpoBo-
ANN0Cb B MOPO3MbHOM Kamepe. B npouecce npomep3aHus rpyHTa uamepsnacb Temnepatypa. Mocne nonHow
3aMOpPO3KM 06pasLa NPOU3BOAMNOCH Er0 eCTECTBEHHOE pa3MOparkMBaHMe Npu KOMHaTHoOM Temnepatype [3].

PaboTa BbinosHeHa Npu GUHAHCOBOW Noaaep KKe npoekTa "CoBpemeHHble MOAENN TMAPOANHAMUKM ANA 33434 Npu-
pOA0N0NAb30BaHNSA, UHAYCTPUANBHBIX CUCTEM M NONAPHOM MexaHUKK" (2024-26) (roc. 3agaHne FZMW-2024-0003).

Cnuncok nutepaTtypbl

1. CubuH A. H., ManuH A. A. MoaennpoBsaHue ABUKEHNA PACTBOPUMOI Npumeck B Taroem cHere // MIMTO.,
2024.T. 65, Ne 1. C. 58-69.

2. Bronfenbrener L. Non-equilibrium crystallization in porous media: Numerical solution// Cold Region Scie.
and Technol. 2013. Vol. 85. P. 137-149.

3. Mpoxopos A. E., }enHuH M. C., KoctuHa A. A., Nnexos O. A. UcchepoBaHue ocobeHHoCTeN HepaBHOBEC-
Horo ¢a3oBoro nepexoga Bo ¢GatoMAOHACHILLEHHOM rpyHTe // BecTH. NMepm. yH-Ta. ®usuka. 2018. Ne 4 (42).
C.31-37.

ANroputmbl 06pPaTHOro MoAEeNIUPOBaHUA ANA NOCTPoeHUA LMdpPoBOro ABOIMHUKA ropoacKoit atmocdepbl

A. B. lNeHeHKo, B. B. lNeHeHKO
UHCcmumym eblyucaumensbHol mamemamuKku U mamemamu4eckoli 2eogpusuku CO PAH

E-mail: a.penenko@yandex.ru
KoHuenuma undposoro AsoiHMKa NPUPOAHOro npoLlecca npegnonaraet pa3paboTKy cucTembl, BKAOYato-
el B3aMMOCBA3aHHbIE MOAEIN M3YHAaeMOro NPoLEecca U ABYXCTOPOHHNE NHPOPMALIMOHHbBIE CBA3M MEXKAY MO-
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OEeNsAMM 1 NpoToTUNOM. B KauecTBe npoToTuna aaa umdpoBoro ABOMHMKA paccMaTpMBatoTCA NpoLecc! nepe-
Hoca u TpaHchopmauumn npumecen B atmocdepe ana "ropoackmx” n "pernoHanbHbix" cueHapues. CocToAaHMe
3TOro 06beKTa AUHAMUYHO MEHAETCS U He ABAAETCA B NOJHOW Mepe HabalogaembiM, NOSTOMY aKTyasbHbIMM
CTAHOBATCA 334341 YTOYHEHWUS NapaMeTPOB MOAENEN NO MMEIOLMMCA PA3HOPOAHbIM AAHHBIM MOHUTOPUHTA, B
TOM YMC/IE U B PEXMME YCBOEHMA AaHHbIX (T. €. B NpoLecce NofyYeHus AaHHbIX).

B pamkax paspabaTtbiBaemol cuctemol o6paTtHoro mogennposanusa IMDAF peannsoBaHbl OpUrMHanbHble
aNropUTMbIl pelleHma 06paTHbIX 3a4a4 M YCBOEHMA AAHHbIX HA OCHOBE OMEPATOPOB YyBCTBUTENbHOCTU [1]. AH-
cambneBas KOHCTPYKLMA OonepaTopOB YyBCTBUTE/IbHOCTM NO3BONAET KOMBUMHMPOBATbL Pa3HOPOAHbIE TUMbI AaH-
HbIX U3MEepPeHU B OAHOM OMepPaTOPHOM ypaBHEHMM U pacnapannenmsaTb ero sbluncieHne. KeasuanHeliHan
CTPYKTypa ONepaTopHOro ypaBHEHWA NO3BONAET OL,EHNBATL pelleHne 6e3 HenocpeaCTBEHHOIO peLleHunsa obpaT-
HOM 3agaum [1]. 3TO CBOMCTBO MOXKHO MCMNOJIb30BATb KaK AN ONTUMM3ALLMM CUCTEMbI MOHUTOPWHIA, TaK U ANA
NOCTPOEHUA TMBPUAHBIX ANTOPUTMOB KOPPEKLUN Pe3yNbTaTOB UAEHTUPUKALMM NAPAMETPOB 1 anoCcTEPUOPHOTO
y4yeTa anpuopHoi HPopMaLUM Ha OCHOBE METOA0B MaLLMHHOTO 0byyeHus [2].

PaboTa BbINOJHEHA B pamKax rocyAapcTBeHHOro 3agaHua MBMuMI CO PAH FWNM-2022-0003 (asroputmbl 0bpat-

HOro MOAENMPOBAHUA AN MHOTOMEPHbIX MoZenelt) U rpaHTa Ne 075-15-2024-533 MuHKUCTepCTBa HayKM U1 Bbiclero obpa-

30BaHusA PO (rmbpuaHbie anropuTMbl YCBOEHWS).
Cnuncok nutepaTypbl

1. Penenko A. et al. Sensitivity operator framework for analyzing heterogeneous air quality monitoring sys-
tems // Atmosphere. MDPI AG. 2021. Vol. 12, No. 12. P. 16971.

2. Penenko A. et al. Hybrid deep learning and sensitivity operator-based algorithm for identification of lo-
calized emission sources // Math. MDPI AG. 2023. Vol. 12, No. 1. P. 781.

MM6puAHLIA aArOPUTM YCBOEHUA AAHHbIX ANA 33434 XMMUU aTMocdepbl C YTOUHEHMEM MOAENIU MEeTOAaMMU

MAaLIMHHOro 06yyeHus
A. B. MeHeHko?, C. A. LWaabo?
IMHemumym sbiyucaumensHoli Mamemamuku u mamemamuyeckoli 2eopusurku CO PAH

2Hosocubupckuii 2ocydapcmeeHHbill yHusepcumem

E-mail: a.penenko@yandex.ru

ANrOPUTMbI YCBOEHWA AaHHbIX LIMPOKO UCMO/b3YHOTCA A1A NPOrHO3MPOBaHUA U OLLEHKM COCTOAHMA NpoLiec-
COB, XapaKTepPU3YIOLLMXCA BbICTPbIMU U3MEHEHUAMMU. [TPUMEPOM MOXKET CAYKUTb NPOLLECC UBMEHEHUA XUMUYe-
CKOro coctasa aTmocdepHoro Bo3ayxa. 18 nosblleHNA TOYHOCTU NPOrHO3a NPOBOAUTCA YCBOEHUE AaHHbIX U3-
MepEeHN YypoBHA 3arpA3HEHMA, NONYYEHHbIX Ha NOCTaX MOHUTOPUHIA. ANTOPUTMbI YCBOEHUA AaHHbIX UCNOJb-
3yIOT NOCTynNaloLme gaHHble U3MEPEHUA NPOLLUbIX U TEKYLLMX 3HAYEHUI GYHKLUMI COCTOSHUA MOAEeNU ANS BOC-
NoJIHEHUA HeAocCTalolel MHPopmaumMm o NapameTpax MaTeMaTMYecKoil mogenu B npolecce MoAennposa-
Husa [1]. 3a4a4y yCBOEHMSA AaHHbIX pacCMaTPUBaEM Kak Noc/ie0BaTeIbHOCTb CBA3aHHbIX 06paTHbIX 3a4a4. B Ka-
yecTBe 6a30BoW 0bpaTHOM 3ag4aun ANs NocnenoBaTeIbHOCTU, PacCMaTPUBAETCA 3aJadva OLLEHKM UCTOUYHUKOB
MOAENN NPOAYKUMN-AECTPYKLUMN NO AaHHbIM U3MEPEHMIA MO 3HAYEHUAM HEKOTOPbIX 3/1eMEHTOB QYHKLMN CO-
CTOAHUA MOAeNM B 3aJaHHble MOMEHTbI BpemeHu [2]. A yToYHEeHNA MoAenm NpoLeccoB CUCTEMbI YCBOEHUSA
AaHHbIX Ha OCHOBE QYHKLMIA HeonpeaeNeHHOCTEN, HAaleHHbIX B pe3y/ibTaTe YCBOEHUA AaHHbIX, MCNO/b3YIoTCA
MeToZbl MallMHHOro 0byyeHus [3].

NccnepoBaHme BbINOAHAETCA B pamKax rpaHTa Ne 075-15-2024-533 MuUHUCTEPCTBa HAayKK M Bbicliero obpasosaHua PO
Ha BbINOJIHEHME KPYMHOrO HAayYHOro MPOEKTa NO MPMOPUTETHbIM HAMNpPaB/eHUAM HAyYHO-TEXHONOTMYECKOro Pa3BUTUA
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(npoekT "dyHaameHTanbHble UcCcen0BaHNA balKabCKOM NPUPOAHON TEPPUTOPMU HA OCHOBE CUCTEMbI B3aMMOCBA3AHHbIX
6a30BbIX METOA0B, MOAeNeN, HEMPOHHbIX ceTeil U UMdPOBOI NAATGOPMbI IKONOTMHECKOTO MOHUTOPUHIA OKpYIKatoLLen
cpegbl")

CnucoK nuTepaTtypbl

1. Bocquet M. et al. Data assimilation in atmospheric chemistry models: current status and future prospects
for coupled chemistry meteorology models // Atmosph. Chem. and Phys. Discuss. 2014. Vol. 14.

2. Penenko A. V. Consistent numerical schemes for solving nonlinear inverse source problems with gradient-
type algorithms and Newton — Kantorovich methods // Num. Analyses and App. 2018. Vol. 11. P. 73-88.

3. Cheng S. et al. Machine learning with data assimilation and uncertainty quantification for dynamical sys-
tems: a review // IEEE/CAA J. of Automatica Sinica. Institute of Electrical and Electronics Engineers, 2023.

Ponb me3omacluTabHbix BUXpeii B npouecce maccoobmeHa Wwenb¢doBOBbIX BOA, C ITYy6UHHbIMU CIOAMU

CeBepHoro JleaoBMTOro oKeaHa

I. A.Nnatos, E. H. Flony6esa, 4. . AKwunHa
UHCcmumym eblyucaumensHol mamemMamuKu U mamemamu4eckoli eeogpuzuxku CO PAH

E-mail: platov.g@gmail.com

B pe3ynbTtaTte MccaenoBaHMA € UCNOb30oBaHUEM cucteMbl mogeneit SibCIOM u SibPOM yganocb nokasatb,
yTo B Npouecce GOPMMPOBAHMA NMPULOHHON CTPYKTYpbl BoA C/TIO 1 B X0A4e UX PacnpoCTPaHEHUS UMEET MECTO
SHepreTMyeckas KOHBEPCUS AOCTYMHOM NOTEHUMANbHOW SHEPIUnN PEryaspHOro ABUMKEHUA B NOTEHUUANbHYIO
SHEpPruio BUXPEeBbIX 00Pa30BaAHWUA, @ YCKOPEHHOMY MPOABUMEHMIO NJIOTHLIX WenbdOBbIX BOA, BHW3 BAONb
HaKNOHHOTO AHa cnocobcTByeT areocTPOPUUHOCTb BUXPEBbLIX ME3OMACLUTAOHbIX CTPYKTYP.

MpeanoxeH MeTos BblABAEHUA Me30MaCLITAabHbIX BUXPE, NPUMEHMUMbIN NPW aHaM3e pesynbTaToB YMC-
JIEHHOTO MOZENMPOBAHUA C MOAPOOHBIM paspelleHrem. Pe3ynbTaTbl MOKA3bIBAOT, YTO 3HAYUTE/IbHOE KOJ/IMYe-
CTBO BUXpen popmMmupyeTca noa negAaHbiM NOKPOBOM B 3MMHUI NEPUOL, KOTAA CYLLLECTBEHHYHO POJIb UTPAET KOH-
BEKLMA, BbI3BAHHAA OTTOPXKEHUEM conen npm o6pasoBaHUK ibaa B MPUKPOMOYHOM 30He. Taknum obpasom, me-
XaHu3M GopmupytoWwmxca Buxpen, baarogapa HannMumMio areocTpodMyYeckon KOMMNOHEHTbI, ABAAIOTCA BaXKHbIM
dbaKkTopoMm B npouecce maccoobmeHa mexKay WenbdoBoit 30HOM U FNYOOKMM OKEaHOM.

Pe3ynbTaTbl YNCEHHOIO MOAENNPOBAHUSA C NOAPOOHBIM FrOPU3OHTAIbHBIM Pa3peLleHMeM MO3BOJIUAN OLLe-
HUTb XapPaKTEPUCTUKN BUXPEBOIO MAcCOMepPeHOCca B 3aBUCMMOCTM OT 3HAYEHMI NapaMeTpPoB KpynHOMaclTab-
HOro TeyeHus, GopPMUPYIOLLETOCA B YCI0BUSAX WenbdoBbIX Mopent APKTUKM. MHOXeCTBEHHbIE peann3aunmn BUX-
pEeBOro NOTOKa MACChl, NOJIyYEHHbIE B PE3Yy/ibTaTe YUCEHHOTO 3KCNEPUMEHTA, PACCMATPUBAINCL KaK CTAaTUCTU-
yeckas BbIBOPKa M aHaM3MPOBAINCH C UCNONb30BAHMEM METO0B UCCAEA0BAHNA YYBCTBUTEIbHOCTM M KNacTep-
HOro aHanM3a BbIOBOPKM C LLe/IbI0 MNOCTPOEHUA MAapameTpM3aLLMM BUXPEBOTO MACCOMepeHoca ANs KpynHoMac-
WTabHbIX moaenel. MoayyeHbl 3aBUCUMOCTH, Hanbonee BAN3KME K MOAENNPYEMbBIM pacnpeseneHmam Benu-
YMH. DKCNEPMMEHTDI C UCNO/Ib30BaHMEM KpynHoMacwTabHon moaenn SibCIOM nokasanu, 4to Hanbonee yys-
CTBUTE/IbHBLIMW K Npeasiaraemoit napameTpusaumm BUXPEBbIX 0OMeHOB ABAAIOTCA paMoHbl BAOb PpamoBoi
BETBW TPAEKTOPMM aTAaHTUYECKUX BOA, B APKTUKE, a TaKkke wenbd BocTouHo-CMbuMpckoro mopsa n mopei Jlan-
TEBbIX C NPUAEralWuMm rnyboKoBOAHbIMW YYaCTKaMMU.

PaboTa BbiNo/IHEHA B pamKax npoekta FWNM-2023-0001.
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YucneHHble 3KCNEePUMEHTbI CO CNYTHUKOBbIMU AaHHbIMM NO OLEHKE SMUCCUM METaHa C NOBEePXHOCTU 3emaun

M. B. MNnaTtoHoBa, B. [. Kotnep, E. I'. Knnmosa
®edepansHeili uccniedosamensckull UeHMpP UHGOPMAYUOHHbIX U 8bI4UCAUMENbHLIX MeXHOA02uli

E-mail: gumoznaya@gmail.com

B ooknage npeacraBaeHa cUCTEMA YCBOEHUA AAHHbIX ANA OUEHKN SMUCCUM NapPHUKOBbIX ra3oB C NOBeEpX-
HOCTM 3emnun. CUCTEMA YCBOEHUA AaHHbIX OCHOBAHA Ha anroputme aHcambnesoro ¢unbtpa KanmaHa LETKF.
YcBoeHMe AaHHbIX peasniM30BaHo Ana moaenu nepeHoca u andpodysnn MOZART-4 ¢ ucnosib3oBaHUEM pPeasibHbIX
CNYTHMKOBbIX AaHHbIX AIRS 3a 2016 .

B npoBeaeHHbIX YUCAEHHbIX IKCNEPUMEHTAX NPON3BOAMNACH OLLEHKA MPU3EMHOWN KOHLEHTPALLMK NapHUKO-
BbIX ra3oB. [10 NOJyYeHHbIM OLEHKaM MPU3EMHOWN KOHLEHTPALMKU BbIMUCAANMUCD 3HAYEHUA SMUCCUM MeTaHa
W NPOBOANNOCH X CPAaBHEHWME CO 3HAYEHUAMM IMUCCUM U3 AaHHbIX peaHannsa CAMS. Pe3ynbTaTbl YNCAEHHbIX
9KCNepMMEHTOB NOKa3asn XOPOLLYIO COraCoOBaHHOCTb MeXAy NONYYEeHHbIMU OUEHKaMM U AaHHbIMW peaHa-
nusa.

Pa3paboTaHHbIM aNropmMTMm NO3BOASIET aHANN3MPOBATb NOBELEHME IMUCCUMU MAPHMKOBBIX Fa30B B 334aHHbIX
pernoHax n BpeMeHHbIX MHTepBanax. Takol Noaxos cnocobCcTByeT BbIABNEHMIO aHOMAIMA U TEHAEHLMIA B Bbl-

6p0C3X MeTaHa, YTO ABAAEeTCA KA4veBbiM ANA MOHUTOPUHIA U NPOrHO3UNPOBAHUA KIMMaTUYECKNX U3MEHEHUN.

CueHapHoe MoAeInpoBaHMe pacnpocTPaHeHUsa Npumeceii B ropoackoi atmocdepe B 3MMHUI nepuog

3. A.NbaHoOBa
UHCcmumym eblyucaumensHol mamemMamuKku U mamemamu4eckoli eeogpuzuku CO PAH

E-mail: pyanova@ommgp.sscc.ru

MpeacTaBneHbl CLEHAPUN MOLEINPOBAHUA PACNPOCTPAHEHMA MACCUBHbIX NPUMeCeW B FOPOACKOM aTMO-
coepe KpacHoapcka B 3MMHMI nepunog. UMUTUpOBaacA nepeHoc 3arpAsHALLMNX BELLLECTB OT BbIBpPOCOB KOTe/b-
HbIX 1 T3, B ycnoBMAX yCTONMUMBO CTPaTUOULMPOBAHHON aTMmocdepbl. PacyeTbl NPoBOAMIUCE C MOMOLLBIO Me-
3oMaclTabHoi mogenu AMHaMmMKkn atmocdepbl M NepeHoca Nnpumecen, Kotopas paspabatbisaetcs 8 UBMuMrI
CO PAH. Mpn noArotoBKe HayasibHbIX NONEN METEOPOIOTMYECKMX I/IEMEHTOB, @ TaKKe AaHHbIX 0 GOHOBbIX
KPYNHOMAcCLWTAabHbIX COCTaBAAOWMX METEONOEN MCNO/Ib30BAIMCH PAcyeTbl F106abHOM NPOrHOCTUYECKON MO-
aenn NCEP GFS. Mona rnobanbHON Mogenn MHTEPNOAMPOBAIMCL C MOMOLLBIO YTUAMT npenpoueccuHra WPS
(WRF Preprocessing System).

PaboTa B YacTu pa3snTMA 6a30BbIX MaTEMaTUYECKMX MOAE/el BbINOHAETCA B PaMKaXx TeMbl roCyAapCTBEHHOTO 3a4a-
H1a UBMuMI CO PAH Ne FWNM-2022-0003.

YucneHHbIW aHAAN3 AaHHbIX MOHUMTOPUHIA 3arpA3HEHUA CHEXKHOro NoKposa B UCKUTUMO-JIMHEBCKOMN

NPOMbILUZIEHHON 30He

B. ®. Panyta?, O. B. LLlyBaesa?, B. B. KokoskuH?, A. A. Hedepaos?, [1. H. MonosaHeHKo?
IMHemumym sbiuucaumensHoli Mamemamuku u mamemamuyeckoli 2eopusurku CO PAH

2MHcmumym HeopaaHuyeckol xumuu um. A. B. Hukonaesa CO PAH
3Hosocubupckuli uHcmumym opzaHuyeckoli xumuu um. H. H. Bopoxcuyosa CO PAH

E-mail: raputa@sscc.ru
Mpu npoBefeHUN M aHaNM3e AAHHbIX MOHUTOPUHIOBbIX UCCe0BaHUI B 30HaX aTMocdepHbIx BbIbpocos
NPOMbILAEHHbIX NPEANPUATUIA HeobXxoaMMa MHOPMALLUA O XapaKTEPUCTUKAX UCTOYHMUKOB, XMMUYECKOM U AMUC-
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NepcHOM COCTaBe NPUMECH, TEKYLLUX TMAPOMETEOPOIOFMYECKUX YCNOBUAX U T. 4. [1]. Mpu ee yacTU4HOM OTCYT-
CTBUM CNefyeT UCMONb30BaTb KOMMNPOMMUCCHbLIA NOAXOA, OCHOBAHHbIN Ha COBMECTHOM MCNO/Ib30BaHWUM UMEtO-
LLMXCA U3MEPEHMI M NOCTAHOBOK COOTBETCTBYIOLLMX 06PATHbIX 33434 nepeHoca npumecel [2, 3].

Ob6cyrKaatoTcsa pesynbTaTbl NONEBLIX U XMMUKO-aHAIMTUYECKUX UCCIe[0BAaHUI MHOTOKOMMOHEHTHOTO 3a-
rPA3HEHMA CHEXHOMO MOKPOBA B OKPECTHOCTAX HOBOCMBMPCKOro 31eKTpoaHOro 3aBoAa, MICKUTUMCKOTO LLeMEHT-
HOro 3aBOAa, BbINO/IHEHHbIX B 2023—-2024 rr. [1na aHann3a AaHHbIX HabAtoAeHMI MUCM0/1b30BaHbl MaJsionapameT-
pUYeCcKMe MOLENN PEKOHCTPYKLNKN NONEN KOHUEHTpauuii npumeceit. C UCNob30BaHMEM aCMMMTOTUK peLleHni
YPpaBHEHUA NepeHoca NPMMECHU B MOHO U NOANAUCIEPCHOM NPUBANNKEHUN NPOBELEHO YNCAEHHOE BOCCTAHOB-
NleHune nosen BbiNageHU TaxKenblx metannos, MAY, KOMNOHEHTOB MOHHOrO cocTaBa. Anpobauua mogenen no-
Kasa/sia BNOJIHe yA0BJETBOPUTENBHOE COracue C AaHHbIMU SKCNEPUMEHTAIbHBIX UCCNEef0BAHNIA 3arpA3HEHUA
CHEeroBoro nokposa. Mpu BbiIbope MoAEeNM OLLEHMBAHWUA CYLLECTBEHHYIO PO/b UTPALOT anpUOpPHble CBEAEHUSA O
XapaKTePUCTMKAX AUCNEPCHOrO COCTaBa NpUMecu. PesynbtaTbl NPOBEAEHHbIX UCCEA0BaHUI MO3BOAAIOT CyLLe-
CTBEHHO ONTUMW3NPOBATbL BbINO/IHEHME HA3EMHOIO MOHUTOPUHIA 3arPA3HEHUA OKPECTHOCTEN NPOMBbILLAEHHbIX
npeanpuaTuii.

PaboTa BbiNo/IHEHA B pamKax Tembl FocsaganHma UBMuMT CO PAH Ne FWNM-2022-0003.
Cnuncok nutepaTypbl

1. bepnaHg M. E. CoBpemeHHble npobaembl atTmochepHolt anddysnm n 3arpasHeHma atmocoepsol. J1.: Tng-
pomeTeounsgar, 1975.

2. PanyTta B. ®., KokoBkuH B. B. MeToapbl nHTepnpeTaumm 4aHHbIX MOHUTOPUHIA 3arpA3HEHMA CHEXHOTO No-
KpoBa // Xvumusa B HTepecax yctoinumsoro passuTtua. 2002. T. 10. C. 669-682.

3. Panyta B. @., OnbkuH C. E., PesHunkoBa U. K. MeToapbl YncneHHOro aHannsa gaHHbIX HabaoaeHui perno-
HaNbHOrO 3arPA3HeHUA TEPPUTOPUIA NaoWAAHbIM UCTOYHUKOM // OnTuKa atmocdepbl U okeaHa. 2008. T. 21,
Ne 6. C. 558-562.

K KN1eTo4HO0-aBTOMaTHbIM MoAeNAM NpoLuecca NpPocayMBaHUA B NOPUCTOI cpeae

W. C. TenatHmkos?, A. B. Masnosa?, C. E. Py6uo8?
HOxcHbIG HayyHbIlG yueHmp PAH

2KybaHcKuli 20cydapcmeeHHblili yHusepcumem

E-mail: ilux_t@list.ru

Ha cerogHAWHNIA AEHb MCCNeA0BaHUA NPOTEKAIOLWMX B MOPUCTLIX CTPYKTYPaX MNPOLLECCOB BapbupytoTCcA OT
MOZe/IMPOBaHMA B MacluTabe Nop, OTParKaoLWLEro AeTasibHY0 CTPYKTYPY Cpeabl, 40 MOAe/1eil KOHTUHYYMA, OMnu-
CbIBalOWMX OCPeaHEHHbIE CBOWCTBA cpeabl B bosibem obbeme. Mcnonb3oBaHMe KAeTOYHbIX aBToMaTtoBs (KA)
ABNAETCA OAHUM U3 NOAX0A0B, NPUMEHAEMbIX 417 ONUCAHUA NOBEAEHMA KULKOCTM Ha YPOBHE MUKPOCKONUYe-
CKMX NOP U COeAMHUTEIbHBIX KaHanoB B nopuctoit cpege [1-3]. B gaHHOM paboTe peannsoBaHa TpexmepHas
KN1eTOYHO-aBTOMaTHasA MOAENb NPOLLECcca NPOCaYMBaHNA XUAKOCTU CKBO3b NMOPUCTYIO CTPYKTYPY, MMEIOLLYIO 3a-
AaHHY0 mopdonoruto. MprUMeHeH cToxXxacTUYeckuin KA, MCnonb3yowmii cynepnosmumio onepaTopos KOHBEKLUK
(oaHOMEpHan KOHBEKUMOHHAA COCTaBAAIOWANA B HaNpaBAeHUM AENCTBMA CUbl TAKECTU Ha KaXKAOM Luare Bbl-
MO/IHAETCA CUHXPOHHO BO BCEW NJIOCKOCTU KNETOYHOrO MacCuBa, HauMHas ¢ npeanocnegHeit) u anddysum (pe-
ann3oBaHa gByMepHas HauBHaa anddysua B Kaxkaon naockoctu) [3]. MozenvpyeTca Npouecc Npu HaaMumm u
OTCYTCTBMM BO3MOXKHBIX r'MAPOPUIbHBIX 3$DEKTOB. MoyYeHHble pe3ybTaTbl KAYECTBEHHO COOTBETCTBYHOT HU-



Cexkyua 4 91

3UKe npouecca, 04HaKO YKa3blBatOT Ha TO, YTO NapamMeTpbl moaenun HGO6XOLI,MMO I'IOLI,6VIpaTb B npouecce ee Te-
CTUpoBaHMA, OPUEHTUPYACL Ha pea/ibHblE CBOWCTBA cpeapbl. ,El,aaneﬁu.lee pa3sutne mogenn no3BoONUT moaenn-
pPoOBaTb Takne ¢M3M‘-IECKVIe ABNIEHNA, KaK HacCblWeHNeE U gpeHaxK I'IOpMCTOﬁ cpeapbl.

®parmeHTbl paboTbl BbINONHEHbI B pamKax 3 HOHL, PAH (00-24-13 Ne 122020100341-01).
Cnuncok nutepaTypbl

1. BaHamaH O. J1. KneTo4yHo-aBTOMaTHbI MeTo Uccnef0BaHNA CBOMCTB NopucTbix cpes // Cn6BM. 2010.
T.13,Ne 1. C. 1-13.

2. Ramirez A., Jaramillo D. E. Porous media generated by using an immiscible lattice-gas model // Comput.
Material Sci. 2012. Vol. 65. P. 157-164.

3. bangmaH O. /1. KnetoyHO-aBTOMaTHOE MOAEeNMPOBAHUE MPOLECcCa NPOCaYMBaHUA KUOKOCTM Yyepes no-
puctbii matepman // Tpyabl MexayHap. KoH. "MapannenbHble BbluMCAUTENbHbIE TexHoormn" (MaBT-2013).
YenabuHck: U3a. ueHtp KOYplY, 2013. C. 278-287.

Mogenb NNAB-NEMO-SI3: oco6eHHOCTU peanunsaumm 1 nepseble pe3yabratbl

P. 10. dagees?, A. A. Kynewos?, B. C. CTpykos?, A. A. 3eneHko?, 1. [1. PecHAHCKMIA?
IMHcmumym ebiyucaumensHoli mamemamuru PAH

2ruépomemuyeHmp Poccuu
3MHcmumym npuknadHol mamemamuku PAH

E-mail: rost.fadeev@gmail.com

MNAB-NEMO-SI3 saBnaeTcs COBMECTHOM Mmoaenbio aTmocdepbl, OKeaHa U MOPCKOro JibAa, KoTopasa paspa-
6oTaHa B UBM PAH, TmapometueHTpe Poccum n UMM mm. M. B. Kenapbiwa PAH. O6beanHeHne moaenei Bbi-
NMOJIHEHO C MPUMEHeHMeM nporpammHoro obecneyeHma OASIS3-MCT mn SCRIP. B goknage obcy»KaatoTcs BblumC-
IUTeNbHble acNeKTbl peasnsaLmm COBMECTHON MOAENN, a TaKKe pe3y/ibTaTbl UCCNeA0BaHMNA ee NapannebHoM
macwTabupyemoctn Ha cucteme Cray-XC40, ycTaHOBNEHHOM B [NaBHOM BblMMCAUTENBHOM LieHTpe Pocrugpo-
meTa. BbiBoabl o npumeHmmoctm NMJTAB-NEMO-SI3 ana onvcaHusa AMHaMUKKM aTmocdepbl M OKeaHa noakpense-
Hbl pe3y/ibTaTaMM OMbITHbIX MPOFrHO30B C PA3/IMYHON 3a6/1aroBPEMEHHOCTLIO, B KOTOPbIX B KaYecTBe HavyasbHbIX
OaHHbIX Ana moaenen atmocdepbl M OKeaHa UCNOJ1b30BaICA ONepaTMBHbIN aHanu3 MapomeTueHTpa Poccuu.

TexHoON0rnA OUEHKU YPOBHA 3arpa3HeHna atmocdepbl B ropoe B YC/1I0BUMAX NPOMbILLJIEHHOM aBapum

A.T. UapuHa, E. I'. AneKkcaHsaH
®rby HIMO "TaligpyH"

E-mail: tsarina@feerc.ru

B paboTte npeactaBneHo onucaHune paspabatoiBaemoro B PIEY "HIMO "TalidpyH" nporpammHOro Komnaekca
MK MA3-Topoga, peannsytoLLero TeXHOI0rMio 0nepaTMBHOMN OLLEHKN YPOBHEW 3arpasHeHna atmocdepbl Hag KOH-
KpeTHoM ypbaHM3MpPOBaHHON TEPPUTOPUEN.

OcHoBHoW 3agayert MK MA3-Fopog aBnseTca obecneyeHne onepaTMBHOrO aHaaM3a M NPOrHoO3a npouecca
aBapuIHOro 3arpsasHeHns atmochepbl Hag, ypbaHN3MPOBaHHOMN TEPPUTOPUEN NO AAaHHBIM 06 UCTOYHUKE 3arpss-
HEHWA M aKTyaSIbHbIM METEOPOIOTUYECKMM AAHHbIM.

B paboTe obcykaaeTca moaynbHaa CTPYKTYpa OnepaTMBHOM MOLENU ANS OUEHKU M NPOrHO3a YPOBHEN 3a-
rpA3HeHUA U HeobxoAMMbIA Habop AaHHbIX ANA obecnedyeHus ee GyHKUMOHMpPOBaHUA. MpeanaratoTca NoAXoAbl
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[O/19 MOCTPOEHUA HAa OCHOBE 3/1EKTPOHHbIX KapTorpaduyecknx cuctem LmMdpoBbIX MaKeToB ropoCcKON TeppUTo-
PUKN N pacyeTHbIX CeTOK. [NA KapT MeCcTHOCTM BbINoHAETCA NpeABapuTenbHas npoueaypa onTMMmnsaLuuu, nos-
BoAAtOLWanA paboTaTb C YKPYNHEHHbIMU 610KaMU 34aHUI, HE YYUTbIBATb HECYLL,ECTBEHHbIE 3/1eMEHTbI 3aCTPOMKMN.

PaccmaTpmBaloTca Bonpochbl 3¢GGEKTUBHOrO NOCTPOEHUA TPeXMepHbIX Noseil BeTpa A1A TeppuTopuUn Co
CNOMKHOW 3aCTPOMKOMN Ha OCHOBE MeTo/la AMCKPETHbIX BUXPEel U BapuaLMOHHOro MeToAa aganTtauumn nona setTpa
AnA yyeta pesibeda MectHOCTH, 0bcyKaaeTca Bbl6op anddy3noHHbIX NapameTpoB aTMmocdepbl 414 NpoBeaeHUn
MMUTaLMOHHOTO MOAEIMPOBaHMA NPOLLECCOB NEePeHOCca U paccesHMaA 3arpasHAIOLLMX BeLLeCcTB B aTmocdepe
YUYETOM C/IOKHOTO MO BeTpa. Pe3ynbTaTbl MOAENIMPOBaHNA NPeACTaBAAOTCA B BUAE AUHAMUYECKU U3MEHSAIO-
LLMXCA nosieit 06beMHOM N NPU3EMHON KOHLEHTPaLMN.

TaKsKe paccmaTpuBaeTca 3aada onpeaeneHna BepoaTHOro UCTOUYHMKA 3arpAsHeHMA aTmocdepbl Haa ypba-
HWU3NPOBAHHOM TeppPUTOpPUEn Ha OCHOBE AaHHbIX MOHUTOPUHTA 3arpsA3HeHNn aTmocdepbl, AaHHbIX MHBEHTApK-
3aLMM CTaLUMOHAPHbIX UCTOYHMKOB YU METEOPONOrMYECKUX AaHHbIX.

MopgennpoBaHue pacnpocTpaHeHUs MUKpPoNaacTuKa B baiikane ¢ yuetom 6uoobpacraHus

E. A. LiBeToBa
UHCcmumym 8blvucaumensHold mamemamuKku U mamemamu4eckoll 2eogpuzuxku CO PAH

E-mail: e.tsvetova@ommgp.sscc.ru

B npoaon:keHune uccienoBaHUn Mo TeMaTUKe MOAE/IMPOBAHMA PacnpoCcTpaHEHMA MUKpPoONIacTMKa B bali-
Kane [1, 2], B HacTosLEM AOKNa4e PAacCMaTPMBAIOTCS TMNOTETUYECKME CLLEHAPWUK, YUUTbIBatOWME BANSHUE BUO-
JIOrMYECKUX NPoLLECccoB, Tak Ha3blBaeMoro 6uoobpactaHms, Ha 3arpasHeHne Bog o3epa. C 3Tol Lenblo UCMosb-
3yl0TCA TPEXMePHas HermapocTaTMyeckas Modesb rMapoTepMoanHaMNKM 03epa U MOAENN PaCcnpPOCTPaHEeHuA
npumecei B 4ByX BapuaHTax, 3M1epOBOM M larPaHKeBoM. B nocnegHMX y4acTByoT arperatbl U3 MMKPONAACTUKA
N HEKOTOPbIX *KMBbIX OPraHM3MOB, BXOAALLMX B COCTAB SKOCMCTEMbI 03€pa, KOTopble, MPOAOKAA HKU3Heaen-
TENbHOCTb, NPUKPENAAIOTCA K MUKPONAACTUKY. Bcneactsme aToro obuian naaByyecTb arperata MU3mMeHseTca, u
OH N1Mbo ToHeT, IMbo BCN/IbIBAaET B 3aBUCMMOCTM OT COOTHOLLEHUI C GU3MUYECKUM COCTOAHUEM OKPYKatoLWen
BOAHOM cpeabl. B ycnoBusx umetowenca HeonpeaeneHHoOCTU Npuy 3aaHnUmM UCTOYHUKOB BO3AEMNCTBUIA, MapameT-
pOB MaTeMaTUYECKOM MOAENN N NapamMeTpm3aumnii GBUONOrMYecKkmMx NpoLLeccoB, A5 BOCNPOM3BeAeHNs pusnye-
CKUX NPOLLECCOB B 03€pe M NOJIyYEHUs OLLEHOK 3arpA3HEHUs MCNONb3YETCA CLLEeHAPHbIN NoAX04, NO3BOAIOLWMNA
NMOCTPOMUTbL BAPUAHTbI PA3BUTUS CUTYaALMUN.

PaboTa BbINOAHEHA B paMKax broaxeTHoro npoekta UBMuMI CO PAH (FWNM-2022-0003).
Cnuncok nutepaTtypbl

1. Tsvetova E. A. Transport model: Microplastic in Lake Baikal // Proc. of SPIE 2022. 1234165.
2. Tsvetova E. A. Hypothetical scenarios of microplastic propagation in Lake Baikal // Proc. of SPIE 2023.
12780, 127805E.
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MMUTaLUMOHHAA Mogenb ANs OLEHKU BO34ENCTBUA KauecTBa BO3AyXa HA ropoacKoe HaceseHue

3. B. UpibeHosal, K. A. Coptoesa?, A. B. MeHeHKo?
IMHcmumym ebiqucaumensHol Mamemamuku u mamemamudeckoli 2eogpusuku CO PAH

2@unuan Mockoscko2o 2ocydapcmeeHHo20 yHusepcumema um. M. B. JlomoHocosa 6 2. Capose

E-mail: erjena2002@mail.ru

Mpobnema 3arpasHeHMa BO34yXa ABASETCS OAHOM U3 CaMbIX CePbe3HbIX 3KOI0rMYECKMX NPobiem, OKasbl-
BalOLLMX BO34ENCTBME HA 340p0Bbe HaceneHmnn. OCHOBHbIMW MPUYMHAMM BbIBPOCOB BPeAHbIX BELLECTB B aTMO-
cohepy ABNAIOTCA TPAHCMOPT U MPOMBILLAEHHOCTb. B HacTosLwee Bpems NOJIHbIN OTKa3 OT OCHOBHbIX 3arpsisHUTe-
el BO3ayxa HEBO3MOXKHO. OAHaAKO, eCAN OUEHWUTb NPOU3BOAMMOE UCTOUYHUKAMKM BpeaHOe BO3AENCTBUE, TO
MOHO ONTUMM3NPOBATb PEKMMbI UX PAabOTbI.

[na oueHKN 06bEMOB BAbIXaeMbIX BPeAHbIX MPUMECEN FOPOLCKUM HAaceNeHMEM UCMOIb30BaH NOAX04, Ha
0CHOBE METOA0B UMUTALLMOHHOIO MoZennpoBaHua [1]. MaplpyTbl nepemeLL,eHns areHToB BbIMMCAAIOTCA C MNo-
Molbto nakeTta "Simulation of Urban MODbility" [2]. Mone KOHUEHTpaAUMKM MOAENMPYETCA C MOMOLLbIO MOLENN
nepeHoca u TpaHcopmaumm npumecein WRF — Chem [3].

[nsa nonynsaunin areHToB B 3aBMCMMOCTM OT TPAEKTOPUKN NepeaBukeHus u cnocoba nepeaBukKeHUs oLeH!-
BaeTCA KOJIMYECTBO BAbIXaeMbIX NMPUMECEN MU PacCUUTbLIBAOTCA 3aTpaTbl Ha nepegBuKeHue. PaccmoTpeHa 3a-
Aayva NpoaHaNN3NPOBATb, HACKOIbKO OT/IMYAIOTCA TPAEKTOPMUA ABUMKEHMA, CNOCOD NepenBUKeHUs, 06beEM Bbl-
ObIXaeMbIX 3arpA3HEHNI U 3aTpPaTbl 41A NONYAALMM areHTOB, KOTOPblE MPUHUMAIOT BO BHUMAHWE MHPOPMALLMIO
0 KayecTBe BO34YyXa W MONYNALMM areHTOB, KOTOPbIe TaKyto MHGOPMALMIO HE YYUTbIBALOT. YUCEHHbIe aKCnepU-
MeHTbl npoBoasaTcs ana CoBeTCKoro paoHa r. Hosocmbupck.

Cnuncok nutepaTypbl

1. Yang L. E.; Hoffmann P.; Scheffran J.; Ruhe S.; Fischereit J.; Gasser |. An agent-based modeling framework
for simulating human exposure to environmental stresses in urban areas // Urban Sci. 2018. Vol. 2, iss. 36.
DOI: 10.3390/urbansci2020036.

2. Lopez P. A,, Behrisch M., Bieker-Walz L., Erdmann J., FI6tteréd Y.-P., Hilbrich R., Lucken L., Rummel J.,
Wagner P., Wiessner E. Microscopic traffic simulation using SUMO" // IEEE Intell. Transp. Syst. Conf. (ITSC), 2018.

3. Grell G. A. et al. Fully coupled "chemistry" within the WRF model // Atmosph. Envir. Elsevier BV, 2005.
Vol. 39, No. 37. P. 6957—6975. DOI: 10.1016/j.atmosenv.2005.04.027.

BansHue pasninyHbIX TUNOB PAacTUTENIbHOIO NOKPOBA HA NapameTpbl aTMOCcPEepPHOro NOrpaHUYHOro cnos

B YC/I0BMAX ropoACKOM OKpYKatoLwen cpeabl
M. C. KOamH
UHCcmumym eblyucaumensHol mamemMamuKku U mamemamu4eckoli eeogpusuku CO PAH

E-mail: m.yudin@ommgp.sscc.ru

YucneHHO nccnenyetca BAMAHUE Pa3/IMYHbIX TUMOB PACTUTE/IBHOMO NMOKPOBa Ha NapameTpbl aTMOCPePHOro
NOrPaHNYHOrO C/I0A, B YaCTHOCTM Ha TeMnepaTypy BO34yXa, C NOMOLLbIO MaTeMaTUYECKOM MOAEeNN, OCHOBAaHHOW
Ha KOHe4YHbIX 3nemeHTax [1], paHHAA Bepcua mogenu [2]. nAa MHOFOMeEpPHOro MoAeMPOBaHUA NPUMEHAETCA
TaKKe KOHEeYHO-Pa3HOCTHbIMA BapuaHT mogenu. Temnepatypa Ha NOBEPXHOCTU paccymTbiBaeTca U3 6anaHca no-
TOKOB 3HEpruu. B BepxHem cnoe noysbl pellaeTca ypaBHEHME TEMAOMNPOBOAHOCTM, A1A PELIEHNA KOTOPOro B
YCNOBUAX CNOXKHOM CTPYKTYPbl CTPOUTCA CXEMA MOBbILIEHHOIO NOPsAAKA TOYHOCTM OCHOBaHHAA HAa KOHEYHO-31e-
MeHTHOM MeToge lanepKuHa. Mcnonb3yeTca cxema MapameTpu3aummn pacTUTeIbHOCTM, KOTopas No3BOAAEeT
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y4YecTb AMHAMMYECKME U TepMOAMHaMMNYeCcKMe 3dDEKTbI C 4OBOIBHO rPybbiM paspeLleHmem Mo NPOCTPaHCTBEH-
HbIM NepemMeHHbIM.

PaboTa BbINO/IHEHA B pamMKax rocyAapcTBeHHOro 3agaHua FWNM -2025-0003 UBMMI CO PAH.
Cnuncok nutepaTypbl

1. Yudin M. S., Numerical simulation of meteorological effects of deforestation using an atmospheric finite
element model // Proc. SPIE 12780, 127806J (2023). https:// doi.org/10.1117/12.2690976.

2. Yudin M. S., Wilderotter K. Simulating atmospheric flows in the vicinity of a water basin // Comput. Tech-
nol. 2006. Vol. 11. P. 128-134.
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CEKLMA 5
CynepKoMNblOTEPHbIE BbIYMCAEHUA U NPOrpaMMUpPOBaHMe

Noaxop, K 3dpdeKTUBHOK peannsaumnm YNCAEHHbIX aATOPUTMOB
B. H. Aneesa
tOxcHoypansckuli 2ocydapcmeeHHsil yHusepcumem (HNY)

E-mail: aleevavn@susu.ru

PaccmoTpeH noaxopn, K NPOeKTUPOBaHUIO 3PGEKTUBHBIX NPOrpamm A0 peanmnsaumm YUCAEHHbIX afropuT-
MOB, MCNONb3YIOWMIA aBTOPCKYIO KOHLUeNumio Q-aeTepmurHaHTa, Bnepeble U310XKeHHYI0 B paboTe [1]. Paspabo-
TaHHbIE C NOMOLLbIO NOAX0Aa NPOorpamMmmMbl HasbiBatoTcs Q-apdeKTuBHbIMU. OHU UCNOBL3YIOT pecypc napanne-
JIN3Ma aIfTOPUTMOB NOJTHOCTbHO.

MoKa3aHo, YTo /11060 YNCNEHHbIA aNTOPUTM MOXKET BbITb PeasiM30BaH C NOMOLLbIO NOTEHUMANbHO 6ecKo-
HEeYHOro MHoxecTtBa Q-3¢pEeKTUBHbIX MPOrPaMm, UMEIOLLUX PA3/INYHbIE BbIYMCAUTEIbHbIE NMHDPACTPYKTYPbI -
YC/I0BUA CO3AaHNA U BbINOJIHEHMA Nporpamm. [lJokasaHo, YTo Kaxaaa ns Q-adPeKkTuBHbIX Nporpamm, paspabo-
TaHHbIX AN YUCNEHHOTo anroputma, aBnaetca 3PpGeKTUBHON ANA CBOEM BbIYMUCAUTENbHON MHPPACTPYKTYpbI
cpeau Nporpamm, PeanmnsyroLLnX TOT XKe afropuTm.

MpuBoamnTca 0630p YNCNEHHBIX aNTOPUTMOB, 419 KOTOPbIX pa3paboTaHbl Q-3¢ eKTUBHbIE NPOrPaMMbI.

Cnuncok nutepaTypbl
1. Aneesa B. H. AHanu3 napannenbHbix YnucneHHbix anroputmos / MpenpuHt Ne 590. Hosocnbumpcek: BL

CO AH CCCP. 1985. 23 c.

Anroputm anA napanfienbHoi cneKTpaabHoMi Knactepmusaumm Ha GPU
A.P.Tepb, I'. A. OmapoBa
UHCcmumym eblyucaumensHol mamemMamuKku u mamemamu4eckoli eeogpusuku CO PAH

E-mail: a.gerb@alumni.nsu.ru

PaboTa nocesalleHa aHann3y cetei U aaroputMam Knacrepusauuun. OCHoBHOe BHUMaHUeE yaeneHo npea-
CTaBNAEHUIO U UCCNef0BaHMIO Napae/ibHOro aifoPUTMa KiacTepmsaumm, B KOTOPOM aKLLEHTUPYETCA BHUMaHue
Ha onNTMMM3aLMIo Moay/ibHOCTH [1, 2]. MoAaynbHOCTb — 3TO Mepa, KOTOPas OLLEHMBAET KauecTBO pa3bueHuns cetu
Ha OCHOBE MJIOTHOCTU CBA3EM BHYTPM COOBLL,ECTB MO CPAaBHEHMIO CO CBA3AMM MeXAY coobLiecTBamu.

MpeanaraeTtca napannesnbHblid NOAX04 K KnacTepmsalmm Ha OCHOBE MOAY/IbHOCTU A4 NoBbileHNa 3ddek-
TUBHOCTM pa3bueHuna ceTeit Ha LeNOCTHble Moayan. ANrOpUTM Hanpas/ieH Ha YCKopeHMe npoLlecca Knacrepu-
3aUmn, 0cObEeHHO ANA KpynHOMAacCLITabHbIX ceTel, rae TPaAULUMOHHbIE NocneaoBaTe /ibHble aAropmuTMbl A0CTa-
TOYHO TPYAOEMKM MO pecypcam n BpemeHn. GPU moxKeT napanienbHo BbIMOAHATb ThICAYU NEFKUX NOTOKOB U
Jocturatb 6os1ee BbICOKOM 06Le CKOPOCTM BbINONHEHUA KOMaHA U NPOMNYCKHOM CMOCOBHOCTM NamaATH.

B paboTe paccmaTpuBaeTca pacnapansienmsaHue Ha OCHOBE CMeKTpasibHOM KnacTepmsauumn ans obpaboTku
60/blUMX AaHHbIX. OCHOBHbIM BKJ1a40M IBAAKOTCA ONTUMMU3MPOBaHHbIE NapanfefibHble afiropuTMbl Ha rpadu-
yeckom npoueccope B popmate CSR. 3To no3BonseT 40BUTLCA 3HAUNTE/IBHOrO MOBbILWEHMA NPON3BOANTENbHO-
CTW, CYLLLECTBEHHO CHU3UTb TPeboBaHMA K 06bemy NamATK Ha rpadUUecKoM NPOLLECCOPE N CAENaTb BO3MOMKHbIM
nocneayloLiMe BbIYNCAEHUA CNEeKTPabHOW Knactepmsaumu.

PaboTa BbinoAHeHa npu puHaAHCOBOM NogaepKke MUHUCTEPCTBA HAaYKM U Bbicwero obpasosaHua Poccuinckoit Peae-
paumun (Kog npoekta 0251-2022-0001).
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1. Fender A., Emad N., Petiton S., Naumov M. Parallel modularity clustering // Intern. Conf. on Comput.
Science "ICCS 2017", June 12-14, 2017.
2. Naumov M., Moon T. Parallel spectral graph partitioning // Techn. Rep. NVR-2016-001. NVIDIA, 2016.

MapannenbHas peanansauunsa AarpaH:KeBou AUCNEPCUOHHOM CTOXaCTUYECKOI Mogenun nepeHoca npumecu

HA MHOTOMpPOLIECCOPHbIX BbIYUCIUTE/IbHbIX CUCTEMAX C 06LL el aKn pacnpeaeneHHoW NamaTbio

E. A. KapaTaesa, A. B. CTapueHKo
HayuoHanbHbIl uccnedosamenscKuli Tomckuli 20cydapcmaeHHolll yHusepcumem

E-mail: nebosolnze@gmail.com

JKosiormyeckan obcTaHOBKa B ropoe HanpaAMyo 3aBUCUT OT KOJIMYECTBa 3arpAsHAOLWUX NpUMeceii B aTMO-
cohepe, BbibpacbiBaeMbIX NPeAnpUATUAMU, HEFAaTUBHO BAUAIOLLMX HA 3[40POBbe ero xutenei. [na moaenupo-
BaHMA UX pacnpocTpaHeHus pa3pabaTbiBaeTca narpaHXesa ANCNEPCUOHHAn CTOXacTMYeCKana MOAe b, BaXKHbIM
NPEeMMYLLLECTBOM KOTOPOI ABNAETCA 6eCCeToYHOCTb, YTO NO3BOJIAET NOJyYeHUe TOUYHbIX Pe3ynbTaToB B OKPeCT-
HOCTW UCTOYHMKA, YTO BaXKHO, Koraa Tpyba-MCTOYHUK HaX0AUTCA NPAMO B HaceNleHHOM NyHKTe. Moaenb UCnoJib-
3yeT aTMochepHble AaHHble Me30MaclITabHOM Moaenn NPOorHo3a noroAbl, y4MTbiBaeT TypOyAeHTHbIe XapaKTe-
PUCTUKM Cpebl U Haya /ibHbIM NoAbEM HarpeTon npumecu. B cuy cToxacTUYHOCTU moaenu, Hanbonee TouHble
pe3ynbTaTbl AOCTUrAOTCA NPU 3anycke 60AbLIOro KOAMYECTBa YacTuLl, TO ecTb Npu 60/1blOM 06beme Bbluncne-
HWI1, YTO BEAET K yBeIMYeHUIo paboTbl nporpammsl. [N yCKOpeHMsa pacieToB NPMMEHEHO pacnapannenmsaHme
NpPorpammbl Ha MHOTOMPOLLECCOPHbIX BbIMUCAUTENBHBIX CUCTEMAX C 0bLLEel nan pacnpeaeneHHON NamATbIO, YTO
No3BOJIAET B pa3bl COKPATUTb BPEMS BbIYMUCIEHMIA.

MNpumeHeHUe PYHKLMOHANBHOIO NPOrPaMMUPOBAHUA ANA NePeHOCca YNC/IEHHbIX 33434 Ha rpaduyeckue

yckoputenn CUDA

M. M. KpacHog?, O. b. deosoputosa’
MHecmumym npuknadHold mamemamuku um. M. B. Keadsiwa PAH

2MHcmumym nipuknaadHoli mamemamuru PAH

E-mail: kmm@kiam.ru

CoBpemeHHble rpaduyeckme yckoputenn (GPU) No3BonsOT CyLLECTBEHHO YCKOPUTb BbIMONHEHWUE YUCNEH-
HbIX 334a4. OgHaKO nepeHoC NPorpamm Ha rpaduyeckne YyCKOpUTeNn ABAAETCA HENPOCTON 3aaadvelt. MHoraa
nepeHocC NPorpamMmm Ha TaKuMe YCKOPUTENU OCYLLEeCTBAAETCA NyTeM NPaKkTUYeCKM MNONHOro UX nepenncbiBaHUA
(Hanpumep, Npu Ucnosib3oBaHUKU TexHosormm OpenCL). Mpun 3TOM BO3HMKAET HenpocTas 3ajdadvya NoAAEPIKKM
OBYX HE3aBUCUMMbIX UCXOOHbIX KogoB. OaHako, rpaduueckme yckoputenm CUDA, 6nharogapa paspaboTaHHOM
komnaHueit NVIDIA TexHONoOrMum, NO3BOAAIOT UMETb eAMHbIA UCXOAHbIA KOA KaK A/1A 06blYHbIX NPOLLEccopoB
(CPU), Tak u ana CUDA. MalMHHbIN KOA, FEHEPUPYEMbIA NPU KOMMUAALUM 3TOFO €AMHOr0 TEKCTA, 3aBUCUT OT
TOro, KAKUM KOMMUAATOPOM OH KOMMUAMpPYeTCa (0ObIYHbIM, TaKMM, KaK ECC, iCC U MSVC, UM KOMMUAATOPOM ANA
CUDA, nvcc). OgHaKo, B 3TOM e4MHOM UCXOL4HOM KOAE HYXKHO KaKUM-TO 06pa3oM yKasaTb KOMMNUAATOPY, Kakne
YacTM 3TOro KoAa HYXKHO pacnapaniennBatb Ha obwein namatn. Ana CPU 310 0bbl4HO AenaeTca ¢ NOMOLLbIO
OpenMP u cneumanbHbix nparm Komnuaatopy. na CUDA pacnapannenmMsaHue genaetca COBepLUeHHO No-apy-
romy. MprumeHeHne pa3paboTaHHOM aBTOpammn 6MBANOTEKM PYHKLMOHANBHOIO NPOrPaMMMPOBAHNA NO3BOASET
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CKPbITb UCMO/b30BaHME TOro UAN MHOFO MeXaHM3Ma pacnapaniennsBaHua Ha obuieit namaTi BHyTpu 6nbano-
TEKU U cAenaTb N0Nb30BaTE/NbCKUI UCXOAHBIN KOZ NMONHOCTbIO HE3aBUCMMBbIM OT MCMO/Ib3YEMOTO BbIYUCANTE N b-
Horo ycTpoiictea (CPU nnn CUDA).

Co-aunsaiiH Coarray Fortran Koga AnA YMCNEHHOro pelleHusa ypaBHEeHUM cnelmanbHOU pensaTUBUCTCKOMN

rmapoanHamMuku

U. M. Kynukos
UHCcmumym 8eiqucaumensHol mamemamuKu u mamemamu4eckoll 2eogpusuxku CO PAH

E-mail: kulikov@ssd.sscc.ru

B fOKNage onucaH co-avsaiiH HOBOMO KoZa A7 MOAENMPOBAHUA acTPOPU3NYECKMX OOBEKTOB B MOAENN
cneumanbHOM penAaTUBUCTCKOWM acTpodusuKkK. [na napannencHoi peannsauum MCNoAb3yeTcA TEXHOOruA
Coarray Fortran. B xoge BblMUCAUTENbHbIX 3KCNEPUMEHTOB Ha cynep3BM HKC-1 6bino gocturHyta 92 % ad-
$eKTMBHOCTb NpY Ucnonb3oBaHUKM 192 npoueccos (obpasos), 4To cooTsBetcTByeT MPI Kopgam. Banunpaumsa
KoZa 6bl/1a BbINOMIHEHA Ha 3aZavye O B3aMMOAENCTBUN BETPA OT aKTUBHbIX A4EP rafakKTUK C MONEKYNAPHbIMM
obnakamm.

WNccnepoBaHume BbiNoIHEHO Npu GUMHAHCOBOM nogaepke Poccuiickoro Hay4yHoro ¢oHaa, rpaHT Ne 23-11-00014.

NosbiweHne 3¢ PeKTUBHOCTU YNC/IEHHOTO MOAE/IMPOBAHMA CeMCMUYECKUX NoJiei B BASKOYNPYrmx cpeaax

C ucnonb3osaHuem npeobpasosaHua Jlareppa Ha SMP cuctemax

A. ®. CanetnHal, B. C. 3axapos?, B. H. MapTbiHoB!
IMHcmumym sbiqucaumensHol Mamemamuku u mamemamuyeckoti 2eogpusuxu CO PAH

2Hosocubupckuli 2ocydapcmeeHHblli yHusepcumem

E-mail: afsapetina@gmail.com

[na aHanusa gaHHbIX, cCObUpaembix B Xo4e BUBPOCEMCMUYECKOTO MOHUTOPUHIA, HEOBXOANMMO M3y4aTb U
pa3pabatbiBaTb 3¢ PEKTUBHBIE YNCAEHHbIE METOAbI A1 MOAE/IMPOBAHMA PAcNPOCTPAHEHUSA BOJIH B HEO4HOPOL-
HbIX cpeaax [1]. Mpu paccmoTpeHnn, Hanpumep, BYJIKAHUYECKUX Cpes, C MarmaTMYeCcKMMU BKIKOYEHUAMU cne-
OYeT YUNTbIBATb BbICOKUIA KO3DOULMEHT BA3KOCTU PasMYHOIO BMAA Marm. YYeT MexaHWM3MOB MNor/ioweHus
yNpyroi sHeprum B cpesie B paMKax TEOPUM IMHENHONM BA3KOYNPYroCTM NPUBOAMT K NOABIEHUIO UHTErPabHOM
CBEPTKM MO BpemeHu B cucTeme anddepeHupmanbHbix ypaBHeHU. IPEKTUBHBIM CNOCOBOM peLIeHna 3a4a4m
BA3KOYNProcTn ABAAETCA CNeKTPanbHbI MmeToz Jlareppa [2]. Bbibop macwtabHoro kKospdpuumeHTa npeobpaso-
BaHMA NO3BOAAET KOHTPO/IMPOBATL YMCN0 06ycn0BAEHHOCTM MmaTpuubl C/IAY, K KOTOpbIM CBOAMTCA 3a4a4a, 414
YBE/IMYEHMA TOYHOCTU PeLLEHNA U YCKOPEHUA CXOAMMOCTU UTEPALMOHHbBIX METOL0B.

B paboTe paccMmoTpeHbl NPaKTUYECKME acneKTbl MPUMEHEHMUS CNEeKTPaNbHOTO meToda Jlareppa asia moge-
JIMPOBAHUA CENCMUYECKUX NOJIEN B ABYMEPHbIX BA3KOYNpPYrux cpesax. PaspaboTtaHbl Kputepun Bbibopa napa-
MeTpoB NpeobpasoBaHUs B 3aBUCUMOCTU OT BXOAHbIX AaHHbIX A1 COKPALLLEHUA BpeMeHU pacyeTos 6e3 notepu
TOYHOCTW. Pa3paboTaH napannenbHblii anroputm m ero OpenMP peanusauma. ONTMMMsaums WwabaoHa goctyna
K NamaTW, yCTpaHeHWe BETB/IEHMI M aBTOBEKTOPM3aLMA NO3BOANAM AOCTUUbL YCKOPEHUA B HECKO/IbKO pas Mo
CpaBHEHMIO C NepBOHaYa/bHbIM "HauBHbIM" pacnapanienmMBaHuem.

PaboTa BbiNo/HEHA B paMKax rocygapcTBeHHoro 3agaHua MBMuMTI CO PAH Ne 0251-2022-0005 ¢ ncnosnb3oBaHUeEM
pecypcoB LLKM CMBUPCKMIA CynepKOMMbIOTEPHbIN LLEHTP.
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1. Glinskiy B. M., Kovalevsky V. V., Khairetdinov M. S., et al. The experimental study and simulation of vol-
canic structures using active vibroseismic methods // J. of Volcanol. and Seismol. 2022. Vol. 16(4). P. 280—298.

2. KoHtox I. B., MuxaiineHko b. T., Muxainos A. A. YucneHHoe mogennmpoBaHuMe CeMCcMUYecKux nosei B
BA3KOYNPYrMx cpegax Ha OCHoBe cneKTpanbHoro metoda Jlareppa // Matem. mogenuposaHue. 2001 T. 13, Ne 2.
C. 61-70.

3¢ddeKTUBHOCTb NAapaNNeNIbHOro peLeHua ABYMEpPHbIX KPaeBbiX 33434 € ABYXCETOYHbIM

npenobycnosanMsaHuem

B. M. CeewHuKos, A. H. Kosbipes, B. [1. KopHees
UHCcmumym eblyucaumensHol mamemamuKku u mamemamu4eckoli eeogpuzuxku CO PAH

E-mail: victor@lapasrv.sscc.ru

MpeanoXeH 1 3KCNepMMeHTaIbHO UCCNeA0BaH arTOPUTM PELLEHNA KPaeBbIX 3aJa4 Ha KBa3UCTPYKTYpPUpPO-
BaHHbIX CETKax. B 0CHOBe JaHHOro a/iropMTMa NeXUT ABYXCETOUYHOE NpeaobycioBAMBaHNE HA MaKPOCETKe, KO-
TOpas ABNAETCA 3/IEMEHTOM KBa3UCTPYKTYPUPOBaHHOM ceTKU. MpMBAeKaTeIbHOWM CTOPOHOW paccCMaTpPUBaeMOro
noaxona ABNAETCA TO, MPU 3TOM HET HEOBX04MMOCTUN NMOCTPOEHMA CMeLMasbHbIX Napaane/ibHbIX MHCTPYMEHTOB.
MpoBeaeHbl cepumn YNCNEHHbIX SKCMEPUMEHTOB, pPe3y/bTaTbl KOTOPbIX MOKa3bIBAIOT ABAEHWE CBEPXYCKOPEHUA
pacyeToB Npu pacnapannenmBaHmm U npeaobycioBIMBaHMM, NPUYEM YCKOpeHue B 2.5 pasa AocTuraeTca To/IbKo
3a cyeT npeaobycnosanBaHnAa be3 pacnapannennBaHus.

WccnepgoBaHue BbiNOAIHEHO Npu ¢MHAHCOBOM Nogaeprkke Poccuiickoro HaydHoro ¢oHaa, rpaHT Ne 23-21-00385,
https:// rscf.ru/project/23-21-00385/.

06 apxuTeKType MaTtemMmaTU4ecKoro u NnporpaMmmHoro obecneyeHus pacnpeaeneHHo BbIYUCAUTENIbHOMN

cucrtembl Ha 6a3e MO6UAbHBIX YCTPOUCTB

U. C. YnbaHn4yeB
UHCcmumym eblyucaumensHol mamemamuKku U mamemamu4eckoli eeogpusuku CO PAH

E-mail: ulyanichevis@mail.ru

B foKNage byaeT U3N0XKeHa apXUTEKTYPa MaTeMaTUYECKOro M MPOorpammMmHoro obecneyeHus pacnpeaeneH-
HOW BbIYUCAUTE/IbHOMN CUCTEMbI C OTKPbITbIM MPOrPaMMHbIM KOAOM A1A cMapTdoHOB Ha 6ase OC Android, 06b-
eAVHEHHbIX B 0OLLYIO ceTeBYO0 MHOPACTPYKTYPY. B ocHOBE pacnpeaeneHHOM BbIYUCANTENIBHON CUCTEMbI IEXKNUT
MoZenb NPorpammmupoBaHMa "eamnHan NnporpaMmma — MHOXeCTBO AaHHbIx" (SPMD) n moaens pacnpeneneHHbIx
BbluMcneHnt MapReduce. Takas mogenb pacnpeaeneHHblX BblYMCAeHMI Hanbonee npeanoyTuTenbHa npuy pe-
LWEHUN ONTUMM3ALMOHHBIX M 0BPATHbIX 33434, KOrga MHOXKECTBO A0NYCTUMbIX HABOPOB BXOAHbIX MapaMeTpoB
A0CTaTO4YHO BennKo. Mpu 3TOM caMu 3a434M BbINOHAIOTCA HE3aBUCMMO, HO TPeBYIOT 3HAUUTENbHbBIX BPEMEH-
HbIX 3aTPaT Ha peLleHMe KaXKA0N KOHKPETHOM 3a4a4uM, CONOCTaBUMbIX CO "BpeMeHEM }KU3HU" BbIYNCAUTENBHOMO
y3na [2]. B 3Tom cayvyae NOMMMO MacCLUTabupyemocTu BaxHa LLesIOCTHOCTb BbIYMCAUTENBHOW CUCTEMDBI, @ Cama
cuctema B obiem ciayyvae ABNAETCA PeKOHOUTYypUpyemoit U reTeporeHHom. MpeanokeHHasa apxmMTeKTypa nos-
BOJIAET YYUTbIBATb PEKOHOUIYPALMIO CETU BbIYUCAUTENBbHBIX YCTPOMCTB U CTPOUTb FAPAHTUPOBAHHYIO OLEHKY
MaclwTabupyemoctu AnsA reTeporeHHbIX CUCTEM pacnpeaeneHHbIX MOBUAbHbIX BbluncaeHunii [1]. [loctoBepHOCTb
NMOCTPOEHHOM OLLEHKM MacwTabupyemoctn Bblna NoATBEPKAEHA SKCNEPUMEHTANIbHO AN HeBoAbLIOro Yncaa
MOBUNBHBIX YCTPONCTB U TEOPETUYECKM C UCMOb30BAHMEM anpobMpoBaHHON UMUTALLMOHHOM MOAEeNN ONA CU-
cTem ak3adsioncHoro Knacca [3].

PaboTta nogaeprkaHa rpaHTom Poccuitickoro HaydHoro ¢poHaa 23-11-00014.
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Cnncok nutepaTtypbl

1. ExkoBa H. A., CokonuHcKkuiA /1. 6. 0630p moaenel napannenbHbiX BbluMcaeHUn // BecTH. HOYplY. Cep.:
BbluncanMTenbHaa matemaTtnka U uHpopmatunka. 2019. T. 8, Ne 3. C. 58-91. DOI: 10.14529/cmse190304.

2. Kulikov I. M., Chernykh I. G., Ulyanichev I. S., Tutukov A. V. Mathematical simulation of nuclear carbon burning
in white dwarfs using a 7-isotope reaction network // J. Appl. and Indust. Math. 2022. Vol. 16. P. 440-448.

3. YnbaHuyes W. C., BuHc . B. ApxuTeKTypa pacnpeneneHHoM BblUUCUTENIbHOM cMcTeMbl Ha 6asze mobub-
HbIX ycTponcTs // Mpobn. unpopm. 2024. Ne 1. C. 74-97.
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CEKLIMA 6
O6paTHble 3agaumn

MpumeHeHWe UTePaLMOHHOTrO METoAA ANA YMC/IEHHOro pelueHua o6paTHOM 3a4a4umu Tomorpadum

C UCNO/Ib30BaHMEM J1a60PaTOPHbIX U3IMEPEHU

A. A. ApaHacbeBa, A. B. CtapueHKo
HayuoHanbHbIl uccnedosamenscKuli Tomckuli 20cydapcmaeHHolll yHusepcumem

E-mail: afanaseva_anyutka@inbox.ru

dneKkTpoumnegaHcHas Tomorpadus (3UT), oueHMBalOWaAn HEM3BECTHOE pacnpeaeneHue KoadpopuumeHTa
3/1IEKTPUYECKOM NMPOBOAMMOCTU BHYTPM OOBEKTA HAa OCHOBE M3MEPEHUI TOKa M HaNpPAXKEeHUs Ha KOHTAKTHbIX
aneKkTpogax, TpebyeT peweHna HeAMHeNHoM obpaTHOM 3a4aum [1]. B aaHHOM paboTe uncieHHoe pelleHue 06-
paTHoM 3aaa4n IUT HaxoAUTCA C UCMOJIb30BaHUEM UTEPALMOHHOIO anropmutma JleseHbepra — MapkBapara [2].
Anroputm JleBeHbepra — MapKkBapATa ABAAETCA PacnpPOCTPAHEHHbIM a/IfOPUTMOM ONTUMU3ALMN U NPEeaCcTaB-
naet coboit KOMBUHALMIO METOA0B HauCKopenLero cnycka n HoloToHa. 3TOT anropmutm obecnevymBaeT YNCAEeH-
Hoe pelleHMe 3aa4M MUHMMM3AUUM (KaK NpaBuNo, HeNMHENHOW) GYHKUUM B NPOCTPAHCTBE U3MEHEHMUA €€ Na-
pameTpoB.

YucneHHble ucciesoBaHUSA NPOBOANINCE NO OTKPbITbIM Habopam [3] M3MepeEHUIN CU/bI TOKA M HanpsaXKeHun
2D anekTpommneaaHcHoi Tomorpadpun. YucneHHble pelleHns obpaTHbIX 3aga4 SUT 6blav NosyyYeHbl ANs Kpyra
(nnockoro pesepsyapa, HaNOJIHEHHOTO GU3NOIOTMYECKMM PACTBOPOM) C Pa3IMYHbIMKN BapuaHTaMK pasmelle-
HWA HEOLHOPOAHOCTEMN.

PaboTa BbinonHeHa Npu $UHAHCOBON Noaaepskke MUHUCTEPCTBA HAyKKM U Bbiclwero obpasosaHusa PO (cornaweHune
Ne 075-02-2024-1437)

Cnuncok nutepaTypbl

1. Borcea L. Electric impedance tomography. topical review // Inverse Probl. 2002. Vol. 18. P. R99—R136.

2. Somersalo E., Cheney M., Isaacson D. Existence and uniqueness for electrode models for electric current
computed tomography // SIAM J. Appl. Math. 1992. Vol. 52. P. 1023—-1040.

3. Hauptmann A., Kolehmainen V., Nguyet Minh Mach, Savolainen T., Seppanen A., Siltanen S. Open 2D
electrical impedance tomography data archive // Medical Phys. 2017. P. 15.

Mpamble u 06paTHbie 334341 ANA HECTaLMOHAPHOrO KUHETUYECKOro ypaBHEHUA NepeHoca

8 Pn-npnbankeHum
K. C. boboes
Cubupckuli yHusepcumem nompebumenscKkoll Koonepayuu

E-mail: boboev@mail.ru

B goknage paccmatpuBaeTca Bonpoc ob onpeaeneHnm KoapoduUMEeHTOB KUHETUYECKOIO ypaBHe-
HMA NepeHoca U3ly4eHUs B KOHEYHbIX Pn-npnbankeHunax. [JokasaHbl /IOKabHaA Teopema CyLecTBo-
BaHMA 1 rnobasbHas Teopema eAnHCTBEHHOCTH [1, 2]. MpeanoxeH KOHeYHO-Pa3HOCTHbIM MeToa, onpe-
AeNneHnAa NONHOro Ce4YeHnA U cedeHUAa pacceaHma. [lokaszaHa CXO4MMOCTb NPeaoXKeHHOro pasHoCT-
HOro MeTo/a Ha OCHOBEe 06 palLEeHUA PAa3HOCTHOM CXeMbl. TaKKe paccMmaTpMBaEeTCa ONTUMMU3ALNOHHbIN
meTopq onpeaeneHma KoapdULUMEHTOB U3 NCXOLHOIO KMHETUYECKOIO YpaBHEHUA U Pn- npnbanKeHnm

meToaa chepuyeckmx rapmoHuk (MCr).
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Cnucok nautepatypbl

1. PomaHoB B. T., KabaHuxuH C. U., boboes K. ObpaTHaa 3agayva ana Pn-npubamKeHUa KMHETUYECKOoro
ypaBHeHus nepeHoca // AAH CCCP. 1984. T. 276, Ne 2.

2. boboes K. C. O6ocHOBaHME CXOAMMOCTM A1A KOHEYHO-PA3HOCTHOIO pelleHna o4HOM 0bpaTHOM 3a43aum
AN Pn-npubanKeHusa KWHETUYECKOro ypaBHeHua nepeHoca // Tpyabl MexayHap. KoH. "BbluncantenbHasa ma-
TemaTuKa U maTemaTuyeckan reopmsmka". Hosocmbupck: UBMuMI CO PAH, 2018. C. 68-71.

YucneHHoe pelieHUe npamon u 06paTHON 3a4aum 0 KonebaHUAX TOHKUX AeTanei Npu BU6PALMOHHbBIX

MUCNbITaHUAX
A. B. Bactokos, E. A. beknembliwesa, [. A. KpasueHko, C. A. JlaBpeHkos, U. E. CmnpHoB
MockoscKuli pusuko-mexHuUYeckuli uHcmumym

E-mail: vasyukov.av@mipt.ru

B paboTe paccmaTtpuBaeTca obpaTHan 3agaya MAeHTUGMKaLUKM yNpyrux CBOMCTB MaTepManos No AaHHbIM
BMOPALMOHHDBIX UCMbITaHWIA. [TocTaHOBKa 3a4a4v NpeanosiaraeT, YTo pelleHne AO/IKHO BbITb BO3MOXKHO NoJy-
YUTb 33 Pa3yMHOE BpPeMs Ha OLHOM KOMMbIOTEPE C UCMO/Ib30BAHWEM COBPEMEHHOTO MHOFOSILEPHOrO NpoLec-
copa WUAn BUAEOKAPTbI. B 3TOM c/iyyae consep MoXKeT BbITb MCMOJ/Ib30BAH B TECHOM CBA3KE CO CTEHAOM AA UH-
YKEHEPHbIX UCMbITAHUIA.

B pamkax paboTbl caenaH BbI6op MoAENN A48 NPAMOM 3a43a4M, KOTOpas No3BoOAAET MUHUMU3NPOBATDL Bbl-
YynCAUTENbHbIE 3aTPaTbl, COXPAHAA NPU 3TOM BOCNPOM3BEeAEHME PE3Yy/IbTaTOB IKCMEPUMEHTA C XOPOLIMM Kaye-
ctBom. ObpaTtHas 3agadya GopmympyeTca B TEPMUHAX MUHUMU3AUMKN GYHKLMOHANG, PELLEHWNE BbIYUCNAETCA C
MOMOLLIO a/IFOPUTMa CTOXAaCTUYECKOM 1106aN1bHOM ONTMMM3ALLIMM U aIFOPUTMa JIOKAJIbHOW ONTUMMK3ALLMM BTO-
poro nopsaaka. JIoKanbHbIN aAropuUTM UCNOJIb3yeT aBTOMaTUYeCcKoe AnddepeHLMpoBaHME peLleHUs NPAMON 3a-
Jayn ons BbluMCNEHMA rpaamenTa U MeccuaHa. B paboTe onucaH cnocob pacnapasieniMBaHusa peLleHns, a TakKe
noaxon, K COKPaLLEHMIO UCNO/b30BaHMUA ONepaTUBHOM NamATU. JaHHble aAropUuTMMUYEcKMe onTMMU3aummn Nos-
BO/NAIOT YMECTUTb pPelleHue B ONepaTMBHOW NamATM OAHOrO KOMMbIOTEPA MAM B BMAEONAMATM OAHOW BU-
[AeOoKapThbl.

MpuBeAaeHbl pe3ynbTaTbl YNCNEHHBIX SKCNIEPUMEHTOB AR CI0XKHOW PEONOTUN U FEOMETPUN: CIOUCTbIE KOM-
NO3WUTHbIE NMAACTUHbI, MaTepuasbl C YaCTOTHO-3aBUCMMbIMU YMPYIMMU MOAYNAMU, NepdopupoBaHHble 06-
pasLbl.

PaboTa BbiNnoNHeHa Npy pUHAHCOBOM Noaaep ke Poccuiickoro HaydyHoro ¢poHAaa (Koa npoekTta 22-11-00142).

YncneHHble meToabl ANA pelleHUa o6paTHOM 3a4a4uM B 061aCTU TEPMOAKYCTUKKU

A. K. Bocepbaesa!l, C. E. KaceHos?, . M. Bektemecos?
IKasHY um. Anb-®apabu, Aamamel (KazaxcmaH)

2Al-Farabi Kazakh National University

E-mail: vosserbayeva@gmail.com

ONTUMM3ALMNOHHbBIE METOAbI YNCNIEHHOTO peLleHns 06paTHbIX 33434 TEPMOAKYCTUKM UTPALOT BaXKHYO Poib
B pelleHnn 33434 BOCCTAHOB/IEHUS NAPaMETPOB UCTOYHWKA TEMJIOBOTO M3/1y4E€HUA MO aKYCTUYECKUM AaHHbIM.
B cTaumoHapHbIX 3aga4ax, TakMX Kak 3aga4yum Jlannaca, OCHOBHOM MHTEPEC 3aK/Il0YaeTca B onpeaeneHun npo-
CTPAHCTBEHHOTO pacnpeaeneHna UCTOYHUKA TEMNIOBOFO U3/lyYeHMA Ha OCHOBE aKyCTUYECKUX AaHHbIX. C aApyroi
CTOPOHbI, B HECTALMOHAPHbIX 334a4aX, TakKMX KaK 3adaum Kowwu, TpebyeTca BOCCTaHOBAEHME BPpEMEHHOW AWHa-
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MUKW UCTOYHMKA. MpeacTaBieHHble pesyabTaThl NCCie0BaHMA CNOCOBCTBYIOT y6OKOMY NOHUMAHUIO U ONTH-
MU3aLMM MPUMEHEHMA ONTUMMU3ALMOHHBIX METOA0B B 06/1aCTV TEPMOAKYCTUKM, UTO B CBOIO OYepe/b yayULlaeT
TOYHOCTb U CKOPOCTb BOCCTaHOBNEHMA NapamMeTPOB UCTOYHMKA TEMNIOBOrO U3NYYeHNA ANA PasNUYHbIX NPaKTK-
YECKNX NMPUNOSNKEHWNIA,
Mcnonb3ya mofesnb HEBA3KOMN MUAKOCTU U nNpeHebperan anddy3MoHHbIMM MOTOKaMM Tena, NpoLecc pac-
NPOCTPaHeEHUA BOZIH aKYCTUYECKOro AaB/1eHnA U B cpeae MOXXHO OnncaTthb cieayrouwmm ypaBHeHUEM:
%g@—w:a(x,y)ﬁg
c” ot ot c Ot

p

, (xy) e, ter.

B 3afa4ax TEPMOAKYCTUKMN AANTENbHOCTb 3N1EKTPOMArHUTHOTO U3/ly4eHUA OYEeHb Mana, YTO NO3BONAET 3a-
AaTb I(t) B BUAe aenbra-oyHKUMM Aupaka.

B pabote paccmaTpmBaeTca obpaTHaA 3a43a4a onpeaeneHme HavanbHoOro ycnosma. MocTpoeH anropmutm pe-
LeHuns obpaTHOM 334341 rpaaMeHTHbIM METOA0M.

CnucokK nuTepaTtypbl

1. Kabanikhin S. I. Inverse and ill-posed problems: theory and applications. De Gruyter, 2011.

BbICOKOTOUYHbIE a/IOPUTMbI peLleHNUsA 3a83a4M paccesHUa ANa ypaBHeHU 3axaposa — LLlabara

H. U. TopbeHko
UHCcmumym 8biqucaumensHol mamemamuKku u mamemamu4eckoll 2eogpuzuxku CO PAH

Email: nikolay.gorbenko@sscc.ru

MpeanaraeTca HOBbIN YUCNEHHbI METOZ peLleHns 0bpaTHOM 3a43a4M paccesHMs, OCHOBaHHbIN Ha peleHnn
cucTemsbl ypaBHeHul Menbdanaa — JleBuTaHa — MapueHKo. Cyw,ecTBoBaHWE U eaUHCTBEHHOCTb 1A PelleHus
TaKOW CUCTEMbI YPABHEHUI AOKa3aHa.

[Nna annpoKcMmaumm MHTErpaaoB UCNoNb3yHTCA KBaapaTypHble GopMy/bl BNAOTb 40 YETBEPTOro NopaaKa
TOYHOCTU. Pe3ynbTupyloLLan cMcTema ypaBHEHUIA CBOANUTCA K CUCTEME YPaBHEHUI C HEM3BECTHbIMWU Heobxoam-
MbIMU A1 onpefeneHns Tpebyemoro noteHumana. AiroputMbl NO3BOJIAIOT ONpPeaenaTb NoTeHUMan He3aBu-
CUMO B KaXK[0M TOUYKE M3 33, aHHOTO MHTEPBasia MOUCKA, YTO MO3BO/IAET UCMO/Ib30BaTb pPacnapasiiesinBaHue.

JInHeliHble 06paTHbIE 334a4M ANA TPEXMEPHOro YPaBHEHMA CMELUAHHOIO TUMNA YeTBEPTOro NopAaKa

C. 3. I»)kamanos, b. b. Xonxy:xkaes
UHCmumym mamemamuxu AKademuu HayK Y36eKucmaHa

E-mail: siroj63@mail.ru

B npouecce nccneaoBaHMA HeoKabHbIX 3a4a4 6blna BbiABAEHa TECHas B3aMMOCBA3b 3aJa4 C He/loKab-
HbIMW YCNI0BUAMU M 06paTHbIMKM 3ada4ammu. OTMETUM, YTO MHTEPEC K UCCNe0BaHUI0 06paTHbIX 3a4a4 ANd ypas-
HeHUA MaTeMaTUyecKoit GU3MKM 0BYCNOBNEH BaXKHOCTbIO X NMPUIOKEHUIN B Pa3/IMUHbIX pasaenax MexaHuKu,
CEeNCMONOTNN, MegULMUHCKOM TOMOorpadum 1 reodpmusmnkn. K HacToawemy BpeMeHM A0CTaTOYHO XOPOLLO U3YYeHbl
obpaTHble 3a4a4n ANa ypaBHeHUI napaboanyeckoro, 3AAMNTUYECKOro U rmnepboandeckoro Tmnos [1, 2]. 3Ha-
YUTENIbHO MeHee U3YUYEeHHbIMM ABAAIOTCA 0BpaTHbIE 3a4a4M ANA HEKNACCUYECKMX YPaBHEHUIA MaTeMaTUUYECKOM
$U3MKK, B YaCTHOCTM A8 YPaBHEHNI CMeLLIaHHOTO TMNA, KaK NepBoro, Tak U BTOPOro poza, BTOporo nopsaka. B
pabotax A. I. Merpa6oBa [3] u K. b. CabutoBa [4], n3y4eHbl 06paTHble 3aa4m AN MOAENbHbIX YpaBHEHUI CMe-
LUaHHOro TUMa BTOPOro NopsAKa B NJOCKOCTU. B paboTax [5, 6] U3ydeHbl HEKOTOPbIE NMHENHbIe 0bpaTHbIe 3a-
Aayn ANA MHOTOMEPHOro ypaBHEHMA CMELLAHHOTO TUMa, Kak NepBoro, Tak M BTOPOro poAaa, BTOPOro nopAaKa B
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NPOCTPaHCTBAX CO6OJ’IEBa, a ANA ypaBHeEHMA CMeLlaHHOIo TUMna BbICOKOIo nopAagKa O6paTHbIe 3a4a4un NpPakKTn-
YecKune He uccnenoBaHbl. YacTMYHO BOCNOAHUTL ,CI,aHHbIl\;1 npo6en Mbl 1 NONbITaeMCA B PpaMKax aToM pa6OTbI.

B lD,aHHOl\;1 pa60Te npeagnaraeTca HOBbI meToa, I-(OTOprl\;1 NO3BO/IAET A0KAa3aTb OAHO3HAYHOE Pa3peLMMOCTb
peweHne HeKOTopbIX JINHENHBbIX O6paTHbIX 3a4a4 AnAa TPpeXMeEpPHOro ypaBHeEHNA CMeELWLAHHOINo Tuna BTOPOro
POAa 4HeTBepTOro nopAagKa.

Cnuncok nutepaTypbl

1. NaspeHTbeB M. M., PomaHos B. I'., Bacunwes B. . MHOromepHble obpaTHble 3agaun gnsa anddepeHum-
afNbHbIX YypaBHeHU. HoBocnbupck: Hayka; Cub. ota-Hue, 1969.

2. KabaHuxuH C. N. ObpaTHble U HEKOPPEKTHbIe 3aga4n. HoBocmbupck: Cnb. Hayu. n3a-so, 2009.

3. Megrabov A. G. Forward and inverse problems for hyperbolic, elliptic and mixed type equations. Utrecht;
Boston: VSP, 2003.

4. Cabutos K. b., MaptembsiHoBa H. B. HenokanbHasa obpaTHana 3agadva 4Ns YypaBHEHUS CMELaHHOro Tuna.
// W3B. By30B. MaTtematuka. 2011. Ne 2. C. 71-85.

5. Axkamanos C. 3., Awypos P. P. O6 ogHoM nnHeitHOM 06paTHOM 3a4a4e A9 MHOFOMEPHOro YpaBHeHUA
CMeLlaHHOro TMMna BTOPOro poaa, BToporo nopsaaka // And. ypasHeHus. 2019. T. 55. Ne 1. C. 34-44,

6. Axxamanos C. 3., Awypos P. P. O6 ogHoM nnMHeltHOM 06paTHOM 3a4a4e A9 MHOFOMEPHOro YpaBHeHUA
CMeLllaHHOro TUMa NepBoro poaa, BToporo nopagka // U3.. Bysos. MatematurKa. 2019. Ne 6. C. 1-12.

MHoronapameTtpuyeckas TeH30pHaA ONTMMU3aLUMA pelleHns 06paTHbIX 33434 B aNUAEMUOIOTUN

n coumnanbHbIX npoueccax

T. A. 3BoHapeBa, O. N. KpuBopoTbKO
UHcmumym mamemamuku um. C. /1. Cobonesa CO PAH

E-mail: t.zvonareva@g.nsu.ru

PaccmatpwmBatoTca 3afayum onpeaeneHuns UCTOYHUKA B Napaboimyeckmx ypaBHEHUAX C HEIMHEMHOWN NpaBoW
YacTblo HAa OCHOBE AOMNONAHUTENbHON MHbOopMaUMN 0 Anddy3MoHHOM npouecce B PUKCUPOBAHHbIE MOMEHTbI
BpeMeHu. McxoaHble 3a4a4uM onpeaeneHns UCTOYHUKa ana Anddy3moHHO-1orMcTudeckon mogenu [1] n auo-
dy3noHHol mogenu SIR-Tuna (Hanpumep, [2]) cBoaATcA K 3a4ayaM MUHUMMU3ALUWN LeneBbiX GYHKLMOHANOB.
[na paccmaTpuBaembix 3a4a4 NPUMEHEHWE NMPUPOAONOA06HbIX aNroPUTMOB TPYA03aTPaTHO, U NepPCrneKTUB-
HbIM HanpaB/eHUEM ABNSAETCA MeToZ rnobanbHoM onTMMMU3aummn TeH3opHoro noesga (TT). B metoae dyHKUMO-
Ha/ NpeacTaBAfAeTcA B BUAE TEH30PA M anNPOKCMMUMpPYETCA TEH30PHbIM noe3gom [3]. byaeT npoaemoHCcTpupo-
BaHa 3¢ HEKTUBHOCTb METOAA C TOYKM 3PEHUSA TOYHOCTU MOYYAEMOTO PELIEHUA U BbIYUCAUTESbHbIX 3aTpaT. Me-
ToA TT 6bIN1 NPUMEHEH K 33a4aM, BO3SHUKAIOLLMM MPU ONUCAHUK PAaCNpPOCTPaHEHNS ANUAEMUIA U MHbOPMaLUK
B OHNAMH COUMaNbHbIX CETAX.

PaboTa BbiNoNHEHa Npu noaaep*Kke Poccuiickoro HaydHoro ¢poHaa (npoekT Ne 23-71-10068).
Cnuncok nutepaTypbl

1. Wang F., Wang H., Xu K., Wu J., Jia X. Characterizing information diffusion in online social networks with
linear diffusive model // Proc. of ICDCS. 2013. P. 307-316.

2. Viguerie A., Veneziani A., Lorenzo G. et al. Diffusion-reaction compartmental models formulated in a con-
tinuum mechanics framework: Application to COVID-19, mathematical analysis, and numerical study // Comput.
Mech. 2020. Vol. 66. P. 1131-1152.

3. Oseledets I. V. Tensor-train decomposition // SIAM J. Sci. Comput. 2011. Vol. 33, N. 5. P. 2295-2317.
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NpumeHeHue pusnyeckn-uHdopmMmmnpPoBaHHO HEMPOHHOW CETU ANA MOAENbHbIX 3a4a4 rMApPoaorum

K. b. Kowenes, C. B. CtpmKak
UHcmumym cucmemHoz20 rnpo2pammuposaHusa um. B. 1. UeaHHuKkosea PAH

E-mail: strijhak@yandex.ru

Mpy MoAeNNPOBAHNN TEYEHWNIN B PeaNbHbIX PEKAX 3a4acTyl0 BO3SHMKAET CUTyaLmMA HegocTaTKa Tpebyembix
3MMUPUYECKUX AAHHBIX, TaKMX Kak mopdpomeTpusa, KoadOUUMEHT LWEPOXOBATOCTN N apyrue. B aTux ycnosuax
npumeHeHne GpUsnYecKn-MHOpPMUpPOBaHHOM HelipoHHoM ceTu (PINN) morno 6bl BOCMOIHUTL HEAOCTATOK 3TUX
OAHHbIX NyTem pelleHns obpaTHoM 3aga4n. PaccmatpumsaeTca ucnonbsosaHue PINN ana peweHna mogenbHbIxX
33434 ANs TeYEHMA Ha y4yacTKe pekn no ypaBHeHnam CeH-BeHaHa. ns oueHKn npumeHumocty PINN B gaHHOM
paboTe paccmaTpuMBatoTCa CyyYaun, AONYCKAOWMe aHaIMTUYECKOE peLLeHme.

PelweHune npAmo 3agaum npegnonaraet pacyeT pacxoaa M NAoLWaamn XUBOFo CEYEHUA PEKN NPU N3BECTHbIX
napameTpax, a TakKe 3a4aHHbIX Ha4anbHbIX YCNOBUAX. [PaHMYHbIE YCIOBUA BKAOYAIOT B cebA 3aaHmMe pacxoaa
BO BXOAHOM CTBOpPE M NOLLLAAN }KMBOTO CEYEHMA B BbIXO4HOM CTBOpE.

B naHHo paboTe g5 BapbMPOBAHUA aHAIUTUYECKOTO peLleHMA MEeHANACh TONbKO QYHKLMA 33aBUCUMOCTH
OTMETKM AHa MO AJIMHe pycna, B TO BPemsA KaK pPyc/1o Nosiaranocb NPAMOYrO/IbHbIM KaHa/0M C NOCTOAHHbIM KO-
3pPMUMEHTOM LLIEPOXOBATOCTY.

PeweHue 3agaun obecneynsanocb NpUMeHeHMEM NOAHOCBA3AHHON HEMPOHHOM CeTbto € 4 CKPbITbIMM C/IO-
AMn 1 100 HeMpoHaMM Ha KaxKAOM c/oe.

[na nonyyeHns HETPMBMANBLHOIO pelleHUa OKasasnocb 06A3aTeNIbHbIM MACLWITabUMpPOBaTb AJIMHY Y4acTKa
pycna u BpeMeHHOM MHTepBas, Tak YTobbl OHM 0b6a Haxoauanch B guanasoHe [0;1], npaBUAbHO pacnpeaennTb
Beca 41A yBeIMYeHUA BANAHNA HavyaIbHbIX U TPAHUYHBIX YCIOBUI NO cpaBHeH Mo ¢ auddepeHumanbHbIMK ypas-
HEHUAMM Ha PYHKLMIO NOTEPDb, YBEIMYNTDL KOMYECTBO UTEpaLMit. MNocae peanmsaumm sTUx ycaoBuii NnpumeHe-
Hue PINN obecneunno BbICOKYO TOYHOCTb pelleHuns. Mcnonb3osaHne GPU npuseno K KapAnHaabHOMY COKpa-
LLLEEHWUIO BPEMEHW 0OYyYeHUA.

O6paTtHan 3aga4a ¢ ucnosb3osaHnem PINN ana HaxoxaeHua KoadpPULMEHTA LLEPOXOBATOCTU ABAAETCA Cle-
OYOLWMM LLIArom B UCCeA0BaAHUMN.

PaboTa BbINO/IHEHA B paMKax rocyAapCcTBeHHOro 3agaHna MHctutyta matematukm um. C. /1. Cobonesa CO PAH, npoeKkT
FWNF-2024-0002 "O6paTHble HEKOPPEKTHbIE 334a4M U MalIMHHOE 0byyeHne B BMONOTMYECKUX, CoLManbHO-3KOHOMMYeE-

CKMX M 3KONOTMYECKUX npoLeccax".

UUN-anroputmbl YACIEHHOTO peLleHUa U aHaan3 obpaTHbIX 33434 ANA KOMOUMHUPOBAHHbIX MaTeEMaTUYECKUX

mogenen B 3nMaemMmonorum

O. N. KpmneopoTbko, H. H0. 3aTbKoB, A. B. Hesepos, C. . KabaHuxuH
UHcmumym mamemamuku um. C. /1. Cobonesa CO PAH

E-mail: krivorotko.olya@mail.ru

MaTtematuyeckme moaenn PacnpocTpaHeHMa 3NUAEMUIA ONUCLIBAOTCA KOMBMHaUMeR modenein mallmH-
Horo obyvyeHun, amddepeHuManbHbIX U areHTHO-OPUEHTUPOBAHHbIX MoAeNel B 3aBUCMMOCTU OT MONHOTbI UC-
No/Ib3yeMbiX 3NMUAEMMUONOTMHYECKNX N COLMaNbHO-IKOHOMUYECKUX AaHHbIX [1]. MoMUMO KOMBUHALMK areHT-
Holi [2] u SIR-moaenen [3] ans onucaHusa anHammkn COVID-19 B pernoHax PO B paboTe npeanaraercsa UCNob-
30BaHWe mogenei MalnMHHOTo 0byyeHMA A4 NOCTPOEHMNA KPAaTKOCPOUHbIX CLLeHapueB pa3BuUTUA. Tak KaK Bpe-
MeHHble pAAbl ABAAIOTCA OCHOBHOW XapaKTepPUCTUKOM MCNOb3yeMblX AaHHbIX, TO B KayecTse 6a30B0i moaenu
MallUMHHOrO 0byyeHMAa MNOCTPOEHUA AETEPMUHUPOBAHHBLIX KPaTKOCPOYHbIX MPOrHO30B pPacnpocTpaHeHun
COVID-19 1cnonb3oBannCh PeKyppeHTHble HeMpoHHble ceTu [3]. BBMAY CTOXaCTUYHOCTU 3MUAEMUYECKOro NPo-
uecca B pabote byaeT NoCTpoeHa yCN0BHan reHepaTUBHO-COCTA3aTeIbHan HelipoHHan ceTb (CGAN), cocToAwan
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M3 ABYX HEMPOHHbIX CeTel: reHepaTopa U AUCKPUMMHATOpa [4], 1 paccunTbiBaloLWan A0OBEepUTE/IbHbIE UHTEp-
Ba/ibl CLLEHapMeB pa3BuTUA anngemmn. B pabote byayT npuBeAeHO CpaBHEHUE CLEeHapWeB pacnpocTpaHeHus
anngemmmn COVID-19, nony4eHHbIX Ha OCHOBE MOCTPOEHHbIX MoAeNen.

PaboTa BbINO/IHEHA B paMKax rocyaapcTseHHoro 3agaHus MM CO PAH, npoekt FWNF-2024-0002.
Cnuncok nutepaTypbl

1. Krivorotko O., Kabanikhin S. Artificial intelligence for COVID-19 spread modeling // J. Inverse Ill-Posed
Probl. 2024. DOI: 10.1515/jiip-2024-0013.

2. Krivorotko O., Sosnovskaia M., Vashchenko I., Kerr C., Lesnic D. Agent-based modeling of COVID-19 out-
breaks for New York state and UK: Parameter identification algorithm // Infectious Disease Modelling. 2022.
Vol. 7. P. 30-44.

3. KpueopoTtbko O. U., 3atbkoB H. 0., KabaHnxuH C. U. MoaennposaHuin annaemmin: HeMpoceTb Ha OCHOBE
AaHHbIX U SIR-moaenu // KBMuM®. 2023. T. 63, Ne 10. C. 1733-1746.

4. Vuletic M., Prenzel F., Cucuringu M. Fin-GAN: Forecasting and classifying financial timeseries via genera-
tive adversarial networks // Quantitative Finance. 2024. Vol. 24, iss. 2. P. 175-1909.

YucneHHoe pelieHue Ko3adbpuumeHTHbIX 06paTHbIX 33434 AnA ypaBsHeHut anddy3num — KOHBEKLUN —

peakuuu npun nomowmn meroga PINN

K. C. KysHeuos?, E. B. AMocoBa?
1lanbHesocmoyHeili hedepansHeili yHUsepcumem

2UHcmumym nipukaadHoli mamemamuku [1BO PAH

E-mail: kuznetsovks17 @gmail.com

B paboTe paccmaTpuBaeTca pelieHne obpaTHOM 3a434M BOCCTAaHOBAEHMA KOIODULMEHTOB ANs ABYMEPHbIX
cucTem ypaBHeHUn anddysmm — KOHBEKL MM — peakLmu No HabaloaeHuam BHYTpM obnactu. PaccmaTpuBatoTcs
C/y4an BOCCTAHOB/IEHUA NOCTOAHHbIX KO3OPUUMEHTOB, KO3PPULMEHTOB B BUAE NPOCTPAHCTBEHHbIX GYHKLUMH, a
TaK¥Ke HeJIMHENHbIX KO3PPULMEHTOB, 3aBUCALLUX OT PELIEHUA CUCTEMDI.

[na pelweHnsa npamon 3afayum B Cy4ae OTCYTCTBUA HEJIMHEMHOCTU UCNO/b3YEeTCA METOA, KOHEeYHbIX 3/e-
MEHTOB M nporpammHoe obecneuveHune FreeFem++. U3 pelleHna npsimoin 3agayum cayvyanHoim obpasom Bbibupa-
OTCA TOUYKM BHYTPM 061aCTH, KOTOpble Aasiee UCNO/b3YIOTCSA Kak AONOHUTENbHAA MHOPMALMA NPU peLLueHnn
06paTHbIX 3a43u4.

Ons pelleHna HeNMHENHbIX NPAMBbIX, @ TaKKe Bcex 0b6paTHbIX 3aga4y mucnonb3yetca metog PINN (Physics
Informed Neural Networks), 3aKk/t04atoLmMincs B annpoOKCUMALLMU HEU3BECTHbBIX HEMPOHHbBIMU CETAMM NYyTEM MU-
HMMM3ALUKN COOTBETCTBYIOLLErO 3343a4e KBagpaTUYHOro GyHKLMOHANa, BKAOYatoLero B cebs cnaraemble ans
HEBA3KM YPAaBHEHWM, FPAHMYHbIX YC/I0BUIA, HAYa/IbHbIX YC/I0BUIA (B C/ly4ae 3aBUCMMOCTM OT BPEMEHM), a TaK»Ke

cnaraemoe c IonoJIHUTeNbHOW MHdopMaLMelt B ciydae obpaTHOM 3aauu.

MeTopg ynyulleHusa yucnia obycn1oBAeHHOCTU MaTpULibl 06pPaTHOM 3343a4M U ero NpuMmeHeHus B reopusmke

A. C. leoHos!, A. T. irona?, [. B. JlyKbAHEHKO?
HayuoHanbHbIl uccnedosamensckul A0epHsili yHusepcumem "MUON"

2Mockosckuli 2ocydapcmeeHHbill yHusepcumem um. M. B. /lomoHocosa

E-mail: asleonov@mephi.ru
MpepanaraeTca HOBbIM METOA, YCTOMYMBOTO PELLEHMS CUCTEM JIMHENHbIX anrebpanyeckmx ypasHeHui (C/1AY)
€ NJ0X0 06YC/NIOBNEHHOM UM BbIPOXKAEHHOW MaTpuuel (anroputm MMMY). MeTos, OCHOBaH Ha yayylleHUM
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(ymeHblueHUK) yncna obycnoBAEHHOCTU NCXOAHOM MaTPULLbl MyTEM ee BapbnpPOBaHMA B HEKOTOPbIX Npeaenax,
onpeaensembix NOrpeLHoCcTbio gaHHbIX C/TIAY. B anroputme UCnonb3yeTca MeTod MUHUMaNbHOW ncesaoobpart-
Hol maTpuubl (MMNM) [1]. Anroputm TeopeTuyeckn o60cHOBaAH M anpobunpoBaH Ha MoAeNbHbIX 0bpaTHbIX 3a4a-
Yyax rpaBu- U MarHMTOpPa3BeKM NosesHbiXx McKkonaembix. C momolbio anroputma MIMMY nposegeHa pasaenb-
Has U coBMeCcTHas 06paboTKa LMPOKO M3BECTHbIX SKCMEepUMEHTabHbIX AaHHbIX [2] rpaBu- U MarHMTopasBeaKu

no Kypckoit MarHUTHOM aHOMaNUu.

PaboTa BbinoNHEHa Npu GMHAHCOBOM NoaaepKe Poccuitickoro HayyHoro ¢poHAa (Koa npoekTa 23-41-00002).
Cnucok nutepaTtypbl

1. TuxoHoB A. H., JleoHos A. C., AArona A. I'. HennHeliHble HeKoppeKTHble 3agaun. M.: Hayka, 1995; Kypc, 2017.

2. https:// bgi.obs-mip.fr/data-products/grids-and-models/wgm2012-global-model.

3agaya naeHTUPUKaLUU XMMUYECKOro COCTaBa HEU3BECTHOrO BELLEeCTBa

B. . Hasapos
UHcmumym npuknadHol mamemamuku BO PAH

E-mail: naz@iam.dvo.ru

PaccmatpuBaetca 3afadva MAEHTUPUKALMM XMMUYECKOFO COCTaBa OAHOPOAHON cpefbl HA OCHOBE MMeEto-
LWmxca npmubamnsnTenbHbIX AaHHbIX O 3HaYeHUAX KoadpduLmeHTa ocnabaeHns PeHTreHOBCKOrO U3/ly4eHUA B 3TOM
cpene ANnA KoHevyHoro Habopa sHepruit. Mpegnonaranock, YTO cpesa ABNAETCA OAHUM U3 BELLECTB, BXOAALLUM
B 3apaHee 3aZlaHHblIi KOHEYHbI CMUCOK S N3BECTHbIX BelwecTs. [1A KaXkA0ro BewecTsa 3STOro CNMCKa U3BECTHbI
TOYHble 3HaYeHUA KoapdumumneHTa ocabneHns Ans BCex SHeprui us 3apaHee 3a4aHHOroO KOHeYHoro Habopa
aHeprum Ei,...,Ey N3 npomexkyTtka 1 Kag — 20 MaB. Umetowmeca gaHHble 0 KoapdpuumeHTax ocnabaeHns Heums-
BECTHOW Cpeabl M3BECTHbI C 3a4aHHOMN NOrPeLHOCTLI0. Ha NepBOM 3Tarne pelleHns 3a434M U3y4atoTca meTpuye-
CKME XapaKTePUCTMKM cnncKa S. [lanee gns KaxKaolh aHeprum Ex CTPOUTCA MHOMKECTBO BelecTs 6/1M3KMX MO 3Ha-
yeHuo KoadpoduumeHTa ocnabieHma K BewwecTsy HEM3BECTHOM cpeabl. 3aTem M3 NOJYYEHHOTO CeEMEeNCTBa MHO-
ecTB BblbMpaeTca BelecTBo, Hanbonee noaxoasallee B KayecTse pelleHna 3aaaum naeHtudumkaumm. Mocra-
HOBKa 3aZ1a4M cunTaeTcs 060CHOBaHHOM B Npobiemax TaMOXEHHOIO KOHTPOIA U B MeAULMHCKON TOmorpadum.
PaccmoTpeH BONpoc 0 e AMHCTBEHHOCTU peLleHus 3aga4mM naeHTudmkaunu. NpreeaeHsl Npumepbl pacyeTos gas
Habopa KOHKPETHbIX BELLECTB C MCMO/b30BaHMEM HEKOTOPbIX PE3Y/IbTAaTOB BbINOJIHEHHbIX UcCneaoBaHuii [1].

PaboTa BbINoJIHEHA B pamKax rocyapcTBeHHoro 3agaHusa UMM BO PAH (Ne 075-00459-24-00).
Cnuncok nutepaTypbl

1. Vasily G. Nazarov, Igor V. Prokhorov and Ivan P. Yarovenko. Identification of an unknown substance by
the methods of multi-energy pulse X-ray tomography // Math. 2023. Vol. 11. 3263. https:// doi.org/10.3390/
math11153263. Academic Editor: Simeon Reich.

OueHKa BaXXHOCTU COLMA/IbHO-IKOHOMUYECKUX MAPaMETPOB NpU MOAENINPOBAHUN INULEMUONOTUYECKOTO

npouecca
A. B. Hesepos, O. N. KpnBopoTbKO

UHcmumym mamemamuku um. C. /1. Cobonesa CO PAH

E-mail: a.neverov@g.nsu.ru
CoumanbHble MU SIKOHOMMYECKME XaPaKTEPUCTMKM 06LEecTBa CBA3AHbI C COCTOAHUEM 340PO0BbA /OAEN U C
NPOLLeCCOM pacnpocTpaHeHus anuaemnit [1]. OTcnexmnsaHne nogo6HbIX MapaMeTPOB MO KaXKA0MY NaLMeHTy He
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npeacTaBAAeTCA BOSMOMKHbIM, MO3TOMY NPW NOCTPOEHUN MOAENEN PAaCNPOCTPAHEHNA N ANHAMUKN MeSNEHHbIX
3NMAEMMONOTMYECKMX MPOLLECCOB, UCMNO/b30BaHMe NOAOOHbIX NAPaMeTPOB BO3MOMXKHO LWL B YCPeAHEHHOM
CTaTUCTMYECKOM BUAE.

Mbl paccmaTpuBaem NoaxoJ, BblAeNeHUA BaXKHbIX C TOYKU 3pEHUA YYBCTBUTENIBHOCTU MOAE/IN COLMAbHO-
SKOHOMMYECKUX NAapameTpoB, TEM CaMbIM YNPOLLLAs MOLE/b U OTKA3bIBAACH OT U3ObITOYHOW UAWN JINLLHEN UH-
dopmaumm, a TakKe NPOBEPAA OLEHKY IKCNEPTA O BAUAHUM TEX UM UHbIX NAPAMETPOB HA aNUAEMUONOTNYE-
CKYI0 CMTyaumio. B ocHoBe npeasiaraemMoro MeToza NeXUT Noaxos aHasinsa KOMNoHeHT BekTopa Wenau [2], aa-
IoLWero npeacrasieHne o0 BKAAAE MAapaMeTpoB B pe3ynbTaT MOAE/IMPOBAHUA, YTO TaK XKe y/yylluaeT nHTepnpe-
TMPYEeMOCTb moaenn. B paboTe byayT npuBeseHbl pe3ynbTaTbl aHaAN3a YyBCTBUTENIbBHOCTU COLMANbHO-3KOHO-
MWYECKMX NapaMeTPOB Ha ANHAMMKY Ko-UHPeKumm Tybepkynesa n BUY B Tynbckolt obnactn PO.

PaboTa BbINo/IHEHA B paMKaXx rocyapCTBEHHOIO 3a4aHua MHcTUTyTa matematukm um. C. /1. Cobonesa CO PAH, npoeKkT
FWNF-2024-0002 "O6paTHble HEKOPPEKTHbIE 33434M U MalUMHHOEe obyyeHne B BMONOTMYECKUX, COLMANbHO-IKOHOMMYE-

CKMX M 3KONOFMYECcKuUx npoueccax"”.
Cnucok nutepaTtypbl

1. Contoyannis P., Jones A. M. Socio-economic status, health and lifestyle // J. of Health Economics. 2004.
Vol. 23. P. 965-995.

2. LundbergS., Lee S. A unified approach to interpreting model predictions // Adv. Neural Inf. Process. Syst.
2017.Vol. 30. P. 4768-4777.

UccnepgoBaHue KpaeBbix apTedakToB Ha U306 paXkeHUAX ONyX0aEeBbIX 04AaroB, BOSHUKAKOLWUX NPU

PEKOHCTPYKUMM metogom OSEM B 3MUCCUOHHOI TOMorpadumn

A. B. Hecteposa?, . C. PysaHkuH?, H. B. JeHncosa’?
MHemumym mamemamuku um. C. /1. Cobonesa CO PAH
2MHcmumym meopemuyeckoli u npukaadHoli mexaHuku um. C.A. XpucmuaHosuya CO PAH

E-mail: a.nesterova@g.nsu.ru

B coBpemeHHON MeANLMHCKON SMUCCUOHHON TOMOrpadun LMPOKO NPUMEHAETCA CTaTUCTUYECKUIA anro-
putm OSEM (Ordered Subset Expectation Maximization), OCHOBaHHbI Ha peLleHNUn 06pPaTHON HEKOPPEKTHOM
334341 PEKOHCTPYKUMKN N306pakeHN Mo NyacCOHOBCKMM AaHHbIM. s NosyYyeHUsa TOYHON KONMYEeCTBEHHOM
PEKOHCTPYKUUN HEOBXOAMMO, YTOObI cMCTeMHasa maTpuua anroputma OSEM Bkatovana GyHKUMIO paccesHun
Touku (PPT). OgHako npu ncnosbzoBaHnn OSEM ¢ yuetom OPT Ha M306parkeHMAX ONyX0JieBbIX O4aroB NoABAA-
oTCA Kpaesble apTedakTtbl [1]. HecmMoTpa Ha LWIMPOKOe NpUMEHEHME B KJAMHWYECKOW NpaKTMKe MeToda
O®IKT/KT, BKAOYatolero 06paboTKy M3mepeHHbIX AaHHbIX anroputmom OSEM, npupoga 3Tux apTedaktos
OoCTaeTca HeAoCTaTOYHO U3YYEHHOMN.

Uenb pabotbl — nsyyeHune noseaeHuma anroputma OSEM c yyetom ®PT npu peKOHCTPYKLMM CTYNeHYaTbIX
bOYHKUNN, UMUTUPYIOLLMX ONYXONeBble 04arn pasHbIX pasmepos. [11A 3TOro BbINOJHEHO MATEMATUYECKOE MO-
OeNMPOBaHNE PEKOHCTPYKLMU U306paXKeHWA B YNPOLLEHHOM O4HOMEPHOM C/y4vae, a TaKkKe B TPEXMEPHOM,
NPUBAUKEHHOM K KNIMHUYECKUM YyCnoBMAM. MNoslydeHHble pe3ybTaTbl MOKa3anu, YTo Kpaesble apTedaKTbl BO3-
HUKAIOT yXKe Ha NepBbIX UTepaumnax n anroputm OSEM coxpaHseT UX Ha NPOTAXEHUN BObLLIOrO YnCNa UTepa-
umi. NpoaHannsnpoBaHa NPUYNHA YCTOMUYNBOFO COXPaHEHMA KPaeBbIX apTePaKTOB B UTEPALLMOHHOM MpoLLecce.

PaboTa BbINO/HEHA B paMKax rocyAapCcTBEHHOro 3agaHunsa MHcTuTyTa matematnkm um. C.J1. Cobonesa CO PAH, npoeKT

FWNF-2024-0002 "O6paTHble HEKOPPEKTHbIE 334341 U MalIMHHOE 0by4yeHMe B BMONOrMYECKMX, COLMaIbHO-3KOHOMMYe-
CKMX M 9KOIOFMYECKUX npouieccax".
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Cnucok nutepaTtypbl

1. Nuyts J. Unconstrained image reconstruction with resolution modelling does not have a unique solution.
EJNMMI Phys. 2014 Dec;1(1):98. doi: 10.1186/s40658-014-0098-4. Epub 2014 Nov 30. PMID: 26501456; PMCID:
PMC4545809.

OueHKa napameTpoB noabema AbiMOBbIX Wwaei¢os oT Tpy6 TIL no cnyTHUKOBbIM HabalogeHMaMm

B. ®. Panyta, A. A. JlexkeHuH, P. A. Ky3bMUHbIX
UHCcmumym sbiyucaumensHol mamemamuKku u mamemamu4eckoli eeogpuzuku CO PAH

E-mail: raputa@sscc.ru

Bu3yanbHble HabntogeHNs AbIMOBbIX WAENHOB OT BbICOTHbIX TPYD TENN0BbLIX CTAHLUMIA CO34at0T BO3MOXHO-
CTW AN UCCef0BaHNS NPOLLECCOB PacnpPoOCTPaHeHUs Npumecen B aTmochepe M YUCNIE@HHOTO U3YYeHUs aKTUB-
HOM M MacCUBHOM CTaanii nepeHoca [1]. Ans aTnx uenen nepcnekTMBHO MCMOIb30BaTb CHUMKM M3 Kocmoca [2].

B noknage obcy:KaatoTcs MeToAbl OLEHUBAHMA XapaKTePUCTUK NOAbEMA AbIMOBbIX CMECeN No CNyTHUKO-
BOW M1 asposiormyeckoi nHpopmaumm. B Kauectse 6a30BbIX COOTHOLLEHMN UCMONb3YIOTCA YPaBHEHUA TMapoTep-
MOAMHAMUKM aTMOCdepbl, NO3BONSIOWME B OCTAaTOYHO 06LLei NoCTaHOBKE NPOBOANTb YNC/IEHHOE onpeaene-
HMe napameTpos wnendos. OTAENbHO PACCMOTPEH C/y4alt HEMTPabHOW TeMMepaTypHOM cTpaTudmkaumm at-
Mmocdepbl. B TakMx yCIOBUSAX MMEET MECTO aHaAUTUYeCKUe NpeacTaBaeHUa TeMNEePaTypPbl U BEPTUKaIbHOM CKO-
POCTU AbIMOBbIX CMecei. YpoBeHb COOTBETCTBUA PAaCCUMTAHHbIX M HabAo4aeMbIX CKOPOCTein Nogbema ycTaHaB-
INBAETCA C MOMOLLbIO MHOFO3TaNHOM Npoueaypbl, BKAKOYAKOLWENA aHANN3 CMYTHUKOBbLIX CHUMKOB [bIMOBbIX
WendoB U UX TEHEN HA 3€MHYI0 MOBEPXHOCTb, MOCTPOEHME TPAEKTOpPUI nogbema [3], ucnosib3oBaHMe asposio-
FMYECKUX JaHHbIX.

Anpobauua npeaioXKeHHOro noaxoda nposedeHa Ha BbICOTHbIX Tpybax HoBo-UpkyTtckon TIL, u MNycuHo-
o3epckol TP3C, pacnonosKeHHbIX Ha balKkanbCcKoM NPUPOAHOM TEPPUTOPUN. BbINONHEHbI OLUEHKM XapaKTepu-
CTUK Nogbema AbIMOBbIX Wwaelidos.

PaboTa BbiNo/IHEHa B pamKax rpaHTa Ne 075-15-2024-533 MuHUCTEpPCTBaA HayKKM U Bbicliero obpasoBaHus PO.
Cnuncok nutepaTypbl

1. Mupcanuxos K. M., [pnbkos A. M., Ynumposa H. [l. AHannTuyeckuit 063op metoauK Bbibopa onTUmanb-
HbIX NapameTpoB AbIMoBbIX TPY6 // Mpoba. sHepreTukn. 2021. T. 23. Ne 1. C. 131-145.

2. bantep b. M., bantep . b., Eropos B. B., CtanbHas M. B. Ucnonb3osaHue gaHHbix MC3 Landsat gna onpe-
OeNeHNA KOHLEeHTPaLMn 3arpasHuTenei B Wwaendax oT NpoayBKMU ra30BbiX CKBA*KMH HAa OCHOBAHMM MOAENN UC-
TouHuKa // UccneposaHune 3emnmn us kocmoca. 2014. Ne 2. C. 55-66.

3. Amukumwmesa P. A., PanyTa B. @., JlexkeHnH A. A. OLLeHMBaHWE TPAEKTOPUI NOABEMA AbIMOBbIX CMecel
OT BbICOTHbIX TPY6 MO cNyTHUKOBOW MHbOopMaLmm // Bbiu. TexHon. 2023.T. 28, Ne 6. C. 6-16.

Bbi6bop NnapameTpa perynspusaumm oLEeHKU OLINOOK YNCIEHHO-CUMBO/IbHbIX MAaTeMaTUYEeCKUX mogenemn

TEXHUYECKUX cuctem C BoamyuleHnamm

A. H. Poranés
UHCcmumym ebi4ucaumensHo2o modenauposaHusa CO PAH

E-mail: rogalyov@icm.krasn.ru

B paboTe nccneaytoTcs anropuTMbl OLEHKU OWIMBOK YMCIEHHO-CUMBOJIbHBIX MOAENEN TEXHUYECKUX CU-
CTeM, OMMUCbIBAEMbIX CUCTEMAMUN OObIKHOBEHHbIX AnddepeHLnanbHbIX YpaBHEHU ¢ BO3MyLLeHUAMN. CRox-
HOCTb 3aK/1I04AETCA B TOM, YTO OYEHb YAaCTO MMEET MECTO CU/IbHbIM POCT FPAHUL, OLUMOOK YNCNEHHBIX PELLUEHWH,
OTCYTCTBYET AOMNONHUTENIbHAA anpPUOPHas MHOPMALMA O TOYHOM peLueHun [1].
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Puxtmaliep paHee 3ameTus, 4TO "BCce Pa3HOCTHbIE CXeMbl HEKOPPEKTHbI B ONpeaeNeHHOM CMbIC/e: Npu
h — 0 Heobxo04MMO HeorpaHMYEHHO YBEAMYMBATDL PAa3MEPHOCTb CETKM". 3TO 03HaYaeT, YTo Ans 6osbluel YacTu
MeTO40B OLEeHNUBAHWNA OLUMOKN BEANYMHA OLUMOKN YNCNEHHOTO PELLEHUA PACTET, XOTS Pe3yabTaTbl PAaCYETOB Ya-
CTO OKasbIBatoTcA 6osee oNTUMUCTUYHBIMU. B cuny 3TOro aHain3 oWMBOK YNCNEHHbIX PeLleHUn ABNAETCA He-
KOPPEKTHO NOCTaBAEHHOM 3a4a4ei. Perynapmsauma onepatopa pellaemoi 3a43a4m, 3aK104atoWwanca B 3ameHe
NCXOAHOW CUCTEMbI Ha cucTeMbl bonee NpPoOCToro Buaa, NOMOraeT NosyYnTb 60/ee TOUYHbIE OUEHKM OLIMBOK.
B goknagax A. H. Poranéea Ha KoHdepeHumax MHY paHee onucbiBanack 06paTHas 3agaya ana cucrem OAY Boc-
CTaHOB/IEHUA XapaKTEPUCTUK CUCTEMbBI MO MHPOPMALMM O KOJIMYECTBEHHbIX XapaKTePUCTUKaX TPAEKTOPUM STOM
cuctemMol. B goknage npeanaraetca Bbibop napameTpa perynapusaumm oueHKM oWnboK maTeMaTUYECKUX MO-
aenen TeXHNYECKUX cuctem. Perynapusaums cywecTBeHHO ynpoLLaeT NOCTPOEHNEe A40CTaTOYHO TOYHbIX OLLEHOK
MOrpeLwHoOCTUN N ycTpaHAaeT 3G dEKT CUIbHOTO POCTa OLLEHOK OLIMOOK YNCNEHHbIX peLLUEHMA.

Cnuncok nutepaTypbl

1. Rogalev A. N., Feodorova N A. Regularization of algorithms for estimation of errors of differential equa-
tions approximate solutions // J. of Physics: Conf. Ser. 2020. "Marchuk Scientific Readings 2020" (MSR-2020).
Vol. 1715. 012044,

O6paTHasa 3agaya ANA HEIMHENHOro rmnep6oanYeckoro ypaBHeHuUs

B.T. PomaHos, T. B. byryesa
UHcmumym mamemamuku um. C. /1. Cobonesa CO PAH

E-mail: romanov0511@gmail.com

[lna runepboanyecKoro ypaBHeHMa BTOPOro nopaaxa ¢ HeogHopoaHoctbio |u|™tu, m > 1, uccnepo-
BaHbl NpAMan U ogHOMepHas obpaTHanA 3agaun. ObpaTHanA 3ag4a4a NocBALLEeHa onpeaeneHnio koadduum-
€HTa NpU HEOAHOPOAHOCTU. B KauecTBe A0MNOHUTENbHOM MHOPMaUuKM 3aaaeTca cned npu x = 0 npous-
BO/IHOW MO NepemMeHHOM’ X PeLeHns NPAMOM HauyaibHO-KPaeBOM 3a/1a4M Ha KOHEYHOM oTpe3Ke. HaliaeHbl
YCIOBUS O4HO3HAYHOM Pa3peLIMMOCTM NPSMO 3a4a4u. Jna obpaTHOM 3a4aun yCTaHOB/IEHA TEOPEMA O
JIOKaNbHOM CYLLLECTBOBAHMM € ANHCTBEHHOIO PELLUEHMA 334341 U HANAEHA OLEHKA YCTOMYMBOCTU ee peLle-
HuA. Teopembl 4aa NpAMon 1 ob6paTHOM 33434 ABNSAKOTCA HOBbIMM B TEOPUM 0OPaTHbIX 3a4au.

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

MpumeHeHUe rpagUEeHTHOro meToaa anA o6paTHO rpaHUYHOM 334a4uM ypaBHeHUsa lenbmronbua

A. CapceHbaesa’, C. E. KaceHos?
HOncHo-KasaxcmaHcKuli 2ocydapcmeeHHbil yHusepcumem um. M. O. Aya3oea

2Al-Farabi Kazakh National University

E-mail: sarsenbaeva_82@bk.ru
HacTosuiaa paboTa nocsAlLeHa pelleHmMIo 334341 NPOAOINKEHNA ANA ypaBHEHUA [eNibMrosibLa, NyTem cee-
AeHUA K 3aga4ye oNTMMMU3aLMKN B TMALOEPTOBOM MPOCTPAHCTBE C Aa/bHENLWNM NPUMEHEHNEM METOA0B ONTU-
MU3aLMKN NepBOro NopsaAKa, TO eCTb METOA0M, UCNONb3YHOLWUM L 3HaYeHMA GYHKLUMK U ee rpagmeHTa [1, 2].
PaccmoTpum HavyabHO-KpaeBylo 3agavy AN ypaBHeHua Fenbmronbla B obnactm Q=(0,1)x(0,m):
U Uy +k*u=0, (x, y)e Q,
u0,y)=0,y € [0, ],
u(0,y)=fly), y € [0, ],
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u(x,0)=ul(x, t)=0,x € [0, 1],
roe k —3afaHHasn KoHCTaHTa. TpebyeTca HanTn GyHKumio u(x,y) B obnactn Q no gaHHbIm f(y).
PaccmoTpeHo YncieHHoe pelleHme AaHHOM 06paTHOM 3a4a4mM C NPUMEHEHMEM rPagMeHTHbIX meToaos [3].
Mpsamas 3agaya Hbl1a pelweHa MeTog0M penakcaumm, o06paTHan 3a43a4a A8 ypaBHeEHUA [eNbMrosibL,a METOA0M
HecteposBa.

CnucoK nuTepaTtypbl

1. Isakov V. Inverse problems for partial differential equations // Appl. Mathematical Sci. 1998. Vol. 127.

2. KabaHuxuH C. N. ObpaTHble U HEKOPPEKTHbIE 3aga4n. HoBocmbupck: Cnb. Hayy. n3a-so, 2009. 456 c.

3. Marin L, Elliott L, Heggs PJ, et al. Conjugate gradient-boundary element solution to the Cauchy problem
for Helmholtz-type equations // Comput. Mech. 2003. Vol. 31, iss. 3—-4. P. 367-377.

JKOHOMMWYHbIW aIOPUTM peLleHUA 3a4a4U NPOAONKEHUA ANA YPAaBHEHUA TENJI0NPOBOAHOCTH

C. b. CopokuH
UHCcmumym eblyucaumensHol mamemamuKku u mamemamu4eckoli eeogpuzuku CO PAH

E-mail: sorokin@sscc.ru

TennomeTpuyecKne 3a4aum pacnpocTpaHeHbl NP MOAEIMPOBAHMM TEMIOBLIX PEKMUMOB B Pa3/INYHbIX TEX-
HOJIOTMYECKMX MPOLLECCaX, CBA3AHHbIX C HAarpeBOM W OXNaXKAEHWEM M3LEeNNIK. DKCNepuMeHTalbHble MeToabl
N3y4YeHnn Tennoo0bMeHHbIX NPOLLECCOB, B pAAE C/Iy4aes, CANLIKOM AOPOTU AU TEXHUYECKM HEBO3MOXKHbI. Mo-
3TOMY NpoBeAEeHME MAaTEMATUYECKOrO MOAENPOBAHMA 3a4acTyto ABAAETCA eAMHCTBEHHOW BO3MOMKHOCTbIO NO-
Jly4eHMA HeobXoaUMbIX XapaKTEPUCTUK U3aenmsa. BarkHylo 4acTb maTemaTUYecKUx mogesei 3agay Tensoob-
MEeHa COCTaBAsAeT Hay4yHOe HanpaB/ieHNe, 0CHOBaHHOE Ha TeopuM 06paTHbIX 3a4a4.

OaHol U3 Knaccuyeckux obpaTHbIX 3a4a4 TeN10NPOBOAHOCTU ABAAETCA rPaHUYHaA 3a4a4a, 3aK/1ouatoLa-
ACA B HAXOXKAEHUN QYHKLMIN, BXOAALWMX B rPaHUYHbIE yc10BMA. OHA BO3HMKAET, KOrAa rpaHUYHbIE YCN0BUA U3-
BECTHbI HEe NOJIHOCTbIO, HAaNPMMEP, YacCTb FPaHULbI HEAOCTYMHA AN HENOCPEACTBEHHOIO 3mepeHua. aa onpe-
OeNeHNA 3TUX FPaHMUYHbIX YC/IOBUIA Ha rpaHuLe Tela He AOCTYNHOW AN U3mepeHuin obblYHO 3a4at0TCa 40NoN-
HUTE/IbHbIE FPaHUYHbIe YCN0BUA (NPOU3BOAATCA U3MEPEHMA) HA AOCTYNHOW YacTu rpaHuubl. MaTemaTtmyeckoi
MOAE/Nblo, ONMUCHIBAIOLLLEN TaKyl0 MPaKTUYECKYIO 3adavy, ABAseTcA 3agada Kowwu (3agaya npososKkeHus) ans
YPaBHEHUSA TENNONPOBOAHOCTH, KOTOPYIO MOXHO CBECTM K 06paTHOM 3ajave.

[na uncneHHoro peleHna obpaTHOM 3a4a4un NPUMEHAETCA HeABHAA PasHOCTHaA cxema. Ha Kaxaom spe-
MEHHOM LLare AnA Pa3HOCTHOTO aHa0ra NMNTUYECKOrO YPaBHEHNA SKOHOMUYHbBIM NMPAMbIM METOA0M BbIYMC-
NAETCA NOTOK Tenaa Ha HeAOCTYMHOM rpaHuLE.

MpeanoXKeHHbIN anropuTM MOKET NPUMEHATLCA NPU CO34aHUU NPUBOPOB CMOCOBHbLIX B peaslbHOM Mac-
WwTabe BpemeHU onpenenaTb NOTOK TENAa Ha HEAOCTYMHbIX AN U3MEPEHUA YacTAX HEOAHOPOAHbIX KOHCTPYK-
umit. Hanpumep, ans onpegeneHus NoToKa Tenaa Ha BHyTPeHHeM paanyce Tpy6bbl, BbINOJHEHHOMN U3 Pa3/INYHbIX
MaTepuanos.
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3aaauv oNTMMaNbHOrO yNpaB/eHUA KBAa3UCTALMOHAPHbIMU 31EKTPOMArHUTHLIMU NOAAMMN

A. A. TioxTuHa, A. B. KannHunH
HuxcezopodcKuli eocydapcmeeHHsili yHusepcumem um. H. U. /lobavyesckozo

E-mail: kalinmm@yandex.ru

Nepapxma KBasMCTaLMOHAPHbIX NPUBANMKEHNIN ANA cMCcTEeMbI ypaBHEHMIA MaKcBenna, obycnoBieHHas xa-
PaKTEePHbIMU 3HAYEHUAMU MPOBOAMMOCTU U NPOCTPAHCTBEHHO-BPEMEHHbIX MaclLTabos [1-3], BKAloYaeT KBasu-
CTauMOHapHOEe MarHUTHoe NpubanxkeHue [4], npumeHMmoe B cpedax C A4O0CTaTOYHO BbICOKOW NPOBOAMMOCTbIO,
KBasuCTaLMOHApHOe 3/1eKTpuyeckoe npmubanxkenue [5], ncnonbsyemoe B cnabonposoaalmx cpegax, 1 06o06-
LLLAIOLLLEE MX KBA3UCTALMOHAPHOE 3/1EKTPOMArHUTHOE NpPUbAnKeHue [6], KOTopoe MOKET MPUMEHATLCA B peasb-
HbIX HEO4HOPOAHbIX CPeAax NPU HaMYNK B NPOCTPAHCTBEHHON 061acTh cnabonpoBoAALLMX U CUNbHOMNPOBOAA-
wmx nogobnacren.

B HacTonwwel paboTe nccneayoTcs 3agadun onTUMabHOMO ynpaB/ieHma cuctemamm anddepeHumanbHbIX
YPaBHEHWI, ONUCHIBAOLWMX KBAa3UCTALMOHAPHbIE 3/1EKTPOMArHUTHbIE NOMA B HEOAHOPOAHbIX cpeaax. Obcyx-
JaeTcA CBA3b NOCTaBAEHHbIX 33434 ynpaBaeHUs ¢ 06paTHbIMK 3a4a4aMm onpeaeneHma UCTOYHUKOB U HaYasb-
HbIX J@HHbIX NPX Pa3NUYHbIX BapuaHTax 3aflaHMA M3mepeHns GpU3NYecKMx noaen ANnA CUCTEMbl YpaBHEHWUN
MaKcBenna B KBAa3UCTALLMOHAPHbIX NPUBANKEHUAX B HEOAHOPOAHbIX Cpesax.

MccnepoBaHue BbINOHEHO 3a cYeT rpaHTa Poccuiickoro HayyHoro doHaa Ne 23-21-00440, https:// rscf.ru/project/23-
21-00440/.

Cnuncok nutepaTypbl

1. Tonmaues B. B., FfonosuH A. M., MNoTanos B. C. TepmogMHamMmKa 1 3INeKTPOANHAMMKA CNIOLIHOM cpesbl.
M.: U3a-8o MY, 1988.

2. Kruger S. E. The three quasistatic limits of the Maxwell equations // arXiv:1909.11264, 2019.

3. Kalinin A. V., Tyukhtina A. A. Hierarchy of Models of Quasi-stationary Electromagnetic Fields // MMST
2020. Revised Selected Papers. CCIS, Vol. 1413. Springer, 2021. P. 77-92.

4. lanaHnH M. I1., Monos 0. IN. KBa3ncTaunoHapHble 3NeKTPOMArHUTHble NOAA B HEOAHOPOAHbIX cpeaax.
M.: ®usmatnut, 1995.

5. Kalinin A. V., Slyunyaev N. N. Initial-boundary value problems for the equations of the global atmospheric
electric circuit // J. Math. Analysis Appl. 2017. Vol. 450. No. 1. P. 112-136.

6. Kannnuu A. B., TioxTuHa A. A. MpunbnunxkeHune JapsrHa ANA cCUCTEMbl YpaBHEHUN MaKcBenia B HEOAHO-
poAHbIX NposoaAWmX cpeaax // )BM u M®. 2020. T. 60, Ne 8. C. 121-134.

baiiecoBCKMI NoAxoa K meToay ToueK nepernba
[. B. Yyp6aHos?, P. /1. ApryH?, A. B. Topbaues?
IMockosckuli 20cydapcmeeHHbili yHusepcumem um. M. B. /lomoHocosa

2MockoscKull hu3uKo-mexHuYecKkuli uHcmumym

E-mail: dmitriychurbanov@gmail.com

Pa3BuTME perynapusmpytolmMx MeToaoB TECHO CBA3aHO ¢ bonee coBepLlleHHbIM U TMBKUM y4eTOM UCNONb-
3yeMblX Pa3InNYHbIX a priori orpaHUYeHuni. B KauecTse Takoi a priori MHGOPMaLUM MOXKHO 6paTb KaK MOJIOHKMU-
TeNbHOCTb CaMoM GYHKUMM Ha 3a4aHHbIX MHTEPBanax, Tak U ee NPOU3BOAHON NepBOro Uan 60bLIMX NOPALKOB,
TaK U KOMBMHALUMIO JaHHbIX YCN0BUIN. Ba3oByl0 TEOPUIO M YUCNEHHYIO Peann3aumio AaHHbIX METOL0B MOYKHO
HauTK B paboTe [1], pa3BUTMA JAaHHOrO NOAX04a MOXKHO HalTh B paboTax [2, 3]. B To Ke Bpems, faHHana MeTo-
OVKa MMeeT psag, OrpaHUYEeHUN, 3aTPYAHAOWMIA NPUMEHEHNE €0 K MHOFOMEPHbIM WU HEIMHEWHbIM 3a4a4am.
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Mpeanaraetca moandumKkauma AaHHOro mMetToaa ¢ ydetom baiecoBckoro popmannsama, Y4To, C 04HON CTOPOHbI,
npuaaeT perynapusnpytowmMe cBOMUCTBa, € A4pYyroi, No3BonseT 3GpPeKTMBHO PacluMpPUTb AaHHbIA METOA Ha MHO-
rOMEpPHbI U HEJIMHEWNHbIN CNy4Yaid.

PaboTa BbiNo/IHEHA NpU pUHAHCOBOM Noaaep ke Poccuinckoro HayyHoro poHaa (Kog npoekTta 23-41-00002).
Cnuncok nutepaTypbl

1. TuxoHos A. H., FoHuyapckuit A. B., CtenaHos B. B., AArona A. I'. YucneHHble MmeToabl pelleHns HEKOPPEKT-
HbIX 334a4. M.: Hayka, 1990.

2. TutapeHko B. H., Arona A. . PaBHOMepHOe NpubanKeHUe K TOUHOMY peLLleHUI0 HEKOPPEKTHbIX 3a4a4 Ha
MHOXECTBE MOHOTOHHbIX GyHKUMIA. // BecTH. MockoBckoro yHuBepcuTeTta. Cep. 3: dusmka. ActpoHomus. 2001.
T.6.C. 25-27.

3. WangY. F., Zhang Y., Lukyanenko D. V., Yagola A. G. Recovering aerosol particle size distribution function on
the set of bounded piecewise-convex functions // Inverse Probl. in Sci. and Engin. 2013. Vol. 21, No. 2. P. 339-354.

Anroputm Tomorpaduryeckoii MHBepcMu BpemeH npobera ceificMUYEeCKUX BOSIH U UX MPOU3BOAHbIX

C UCNONb30BaHUEM JIY4E€BON aCUMNTOTUKU YPAaBHEHUA ABOMHOIO KOpHA
H. H. lWnnos
Hoeocubupckuli 2ocydapcmeeHHbIl yHUsepcumem

E-mail: n.shilov@g.nsu.ru

B goKknaze npeacraBieH aaroputm Tomorpadmyeckon MHBepCUN BpeMeH npobera cemcMmnyecKmx
BOJIH U UX NPOU3BOAHbIX, OCHOBAHHbIN Ha aBTOPCKON aCMMNTOTMKe 0cob0I annNpPoOKCMMaLUM BOHO-
BOro ypaBHeHuMA. MeToa TecTUpyeTca Ha ABYX CUHTETUYECKMX Habopax AaHHbIX, Ha KOTOPbIX AEeMOH-
CTpupyeTca ycrnewHas pabota metoaa B 61aronpuATHbLIX YC/IOBUAX U €r0 OrpPaHUYEHUSA B CI0XKHbIX Feo-

NOrM4yecKknx moaenax.
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CEKLIUA 7
MHd)OpMaUMOHHbIe N BblUNC/IUTE/IbHbIe CUCTeMbI

O peanusauunu QR-pas3noKeHUa Ha TPEXMEPHOM CUCTOIMYECKOM MaccuBe

B. H. babenko?, A. . Heseueps?
IKpacHodapcKoe 8bicuiee 80EHHOE yYunuuie

2Ky6aHckull 2ocydapcmeeHHbill yHusepcumem

E-mail: rnibvd@mail.ru

Cuctonnyeckne maccuebl (CM) — ogHo 13 Hanbonee apPeKTUBHBIX CPeACTB NOBbLILWEHUA NPOM3BOANTENb-
HOCTW BbIYUCNUTENBbHbIX cUCcTEM. B paboTe paccmaTpmsatoTca Bonpocbl npumeHeHus CM gns npusegeHma mat-
pULbl CUCTEMBI K TPEYFOJIbHOMY BUAY, OCHOBAHHOIO Ha QR-pasfioXKeHMn maTpuL, C MOMOLLBbI OPTOrOHANbHbIX
npeobpasoBaHuii BpaLeHuit. B CM B KauecTse PpYyHKLMOHA/IbHbIX YCTPONCTB NPUMEHAIOTCA KOHBENEPU3NPOBAH-
Hble YCTPOWMCTBA BpaLLeHMA BekTopa. B paboTe npeactaBneHo onmcaHne KoHourypaumm npegnaraemoro CM, a
TaKKe JaeTca onucaHue ero GyHKLMOHMPOBAHUA (MapLLpyTU3aLMs U pacnucaHue ABUMKEHUA AAaHHbIX) U TEXHU-
YeCKMX XapaKTepuCTUK. MNpeacTaBneHa BEMUYMHA, XapPaKTEPU3YIOLWLAn NPOLONKNTENbHOCTb BbIMOAHEHUA NPO-
Leaypbl NPAMOro X04a PeLleHna CUCTEM IMHENHbIX YypaBHEHMI. [OKa3aHo, YTO NPOM3BOANTENbHOCTL Npeana-
raemoro CM nocne ero 3anonHeHua coctasnsaet (N+3)N/3 cnos 3a TakT, rae N — nopAagoK maTpuLibl CUCTEMBI,
NpW 3TOM NPOAO/IKUTENBHOCTb TaKTa PaBHa NPOAONKUTENBHOCTU BbINOJHEHNA ONEPaLLUN CNOKEHUSA.

Pa3paboTaHHbI CM f0/13KeH HalTU NPUMEHEHME B CUCTEMAX PEaIbHOrO BPEMEHM C XKECTKMMM TpeboBaHU-
AMW KO BPEMEHU PeaKuum, B KOTOPbIX GOPMUPYIOTCA MHTEHCMBHbIE MOTOKM AaHHbIX 414 PeweHns cucTem nu-
HENHbIX YPaBHEHUN.

[na soluncneHuns peweHus C/TAY 601blIOM pasMepPHOCTU C pas3peeHHbIMU MaTpuLamu obblYHO nNpube-
ratoT K NPOEKUMOHHBIM UTEPALMOHHBIM MeTOAaM. B paMKax 3TUX METOLA0B MHTEHCMBHO GOPMUPYETCA MHOXKe-
ctBo C/TIAY Manioi pa3mepHOCTU C NAOTHbIMM MATPULLAMM, PELLEHUS KOTOPbIX OnpeaenatoT NoNpaBKM nocneno-
BATE/IbHOCTU NPUBAMMKEHHbIX PELUEHNI UCXOAHON cucTeMbl. PaspaboTtaHHble CM, peanvsyemble Ha peKoHOUrypu-
pyembix MINCax (nporpaMmmnpyembix 10rMYECKUX UHTETPasIbHbIX CXEMaX) MOTYT HalTK 3hdEKTUBHOE NPUMEHEHNE
ONA peleHna yKasaHHbIx C/TAY manoi pazmepHOCTH.

MpeactaBneHHble CM ocylecteaatoT QR-pasnoxkeHne maTpuL, C MOMOLLbIO OPTOrOHa/IbHbIX Npeobpa3osa-
HWI BpaLLLEHMI, KOTOpoe NpeacTaBnseT cobol meTon TpaHcGOPMALMOHHOIO TUMNa, TemM cambiMm obecneynsas
YCTOMUYMBOCTb peann3yemomy BblUUCNTENbHOMY NPOLLECCY.

Mcnonb3oBaHWe aHAAN3A CTPYKTYPHOW HAAEKHOCTU ANA OLLEHKU BAXKHOCTU /IEMEHTOB CUCTEM SHEPTreTUKMU

I. K. daHnnos
UHCcmumym cucmem sHep2emuku um. MeneHmeesa

E-mail: dangleb@isem.irk.ru

Mog, *KMByYecTblo cucTembl 3HepreTMkn (C3) NOHMMaeTCA CBOMCTBO CUCTEMbI SHEPreTUKMU NPOTUBOCTOATH
KPYMNHbIM BO3MYLLLEHMAM B SKCTPEMa/IbHbIX CUTYyaLMAX, HE JOMYCKaa KAaCKagHOro pasBUTUA aBapuin C MacCoBbIM
HapyLleHMeM 3HeprocHabKeHus noTpedbuteneit. TpagMLUMOHHO UCCNEL0BAHMUSA KMBYYECTU CTPOATCA Ha aHaIM3e
dYHKUMOHaNbHbIX MOKasaTensax npoussoautesnbHocTn C3, HO ana 6osee NOIHOMO UCC/ef0BaAHNA KUBYYECTH
TaKKe HeobXo4MMO PacCMaTpPMBaTb CTPYKTYPHbIE MOKa3aTeNn NPON3BOAMTENLHOCTM, TaK Kak Ha pa3BUTME Kac-
KaZHbIX aBapuii U BOCCTaHOBAEHME NPOU3BOAUTENLHOCTM CD BAMUAET ee CTPYKTypa. B cBA3M ¢ atTum Bbino npu-
HATO pelleHns obpaTUTCca K MeToAam CTPYKTYPHOW HaZeXHOCTU CeTel, KaK MoKasaTesb NPOou3BOAUTENbHO-
ctn C3.
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CyLliecTByeT HECKO/IbKO cnocob0B n3MmepeHus nNageHusa CTPYKTYPHOM NPOU3BOAUTENbHOCTU CUCTEMbI NPU
KPYMHbIX BO3MYLLEHUAX. B 3aBMCMMOCTU OT TOrO, Kakne CBOMCTBA rpada MCNonb3yloTca 418 OLEHKN BarKHOCTH
3/1EMEHTOB, MOXHO BblAE/NTb CeAYIOLWME rPYNNbl CTRYKTYPHbIX METOA40B OLEHKM HAaZEKHOCTU: 1) noTepsa cBA3-
HOCTM CETU; 2) U3MEHEHWNE TONONOTMYECKON 3IPPEKTUBHOCTM CeTU; 3) CTENEHb NOCpeaHNYECTBa.

Kakablit M3 3TUX NOAX040B MMEeT CBOM NPEUMMYLLECTBA U HEAOCTaTKW, U Haubonee NOAXo4ALLMI NOAXO4,
[ON19 KOHKPETHOM Npobaembl MOKET 3aB1CETb OT Pa3mepa CeTU M XapaKTepa nuccaeayemoi npobnemol. YKasaHbl
NPUHLMMNbI MOAENMPOBAHMA CETU ANA pa3deneHne ABHOTO MOAENN CTPYKTYPHYIO U QYHKLMOHANbHYIO YacTb.
MpoBeaeHbl 3KCNEPMMEHTbI Ha arperMpoBaHHON MOAENMN ra30TpaHCNopTa 414 onpeae/ieHNa BaXKHbIX 3N1eMeH-
TOB CETU, C MOMOLLbIO METOA0B aHaIM3a CTPYKTYPHOM HaAeXKHOCTY.

B manbHeiwem 6yaeT NpUHAT pAg 3a4ay No oNTUMMU3aLUN M arperaumm 60blwmx TPY6ONPoOBOAHbIX ceTel
AN fanbHelwen NpoBepKy paboTbl METOA0B B UCCNEL0BaHUAX KuBydecTn CI.

Anroputmbl rpadoBoii peaAyKUMK B MOgENAX XUMUYECKO KUHETUKU
E. E. Neatbix}, A. P. lep6?, I'. A. Omaposa?
IHosocubupckuli 2ocydapcmeeHHbIl yHUsepcumem

2MHCmumym sbiyucAumMenbHol Mamemamuku u mamemamudyeckoli 2eogpusuxu CO PAH

E-mail: dev.el2.egor@gmail.com

MN3yueHWe AeTanM3MPOBaAHHbBIX XMMUYECKUX KUHETUYECKMX MOAENEN B MOLAEIMPOBAHMM 3aTPYAHEHO M3-3a
60/1bLUMX BbIYMCANTENBHBIX 3aTPaAT, CBA3AHHbBIX C XMMUYECKOMN KECTKOCTbIO U pasmepom moaenun. Mpobnemy
MOHO PEeLnTb, YAAMB HECYLLECTBEHHbIE BELLECTBA M PEAKUUN U3 MOAENN, TEM CaMbIM YMEHbLUMB pasmep
cuctembl. MpaBuabHO paspaboTaHHble aArOPUTMbl COKPALLEHWUA MOTYT 3HAYUTE/IbHO YMEHbLUNTb BbIYUCANTENb-
Hble M BPEMEHHbIe 3aTPaTbl, COXPaHAA A4OCTaTOYHYIO TOYHOCTb Moaenei. MpumeHeHne Teopum rpacdos sBaseTCA
OZHMM 13 cNOCOob0B CKeNEeTHOro COoKpalLleHMsA. BelecTsa NnpeacTaBAAIOTCA KaK BepLUMHbI rpada, a peakunm MHo-
)ectBom pebep. Uccneaya rpad OT 3afaHHbIX LieNeBbIX BELWECTB C NPUMEHEHMEM BblIOPaHHbIX aAropuTMOB
onpeaenaTca BEWECTBa, KOTOPble MOXHO yAanuTb 6e3 yuiepba.

PaboTa noceslLeHa UccnesoBaHMIo M aHaAM3y rpadoBbiX aArOPUTMOB PeayKLMU B MOAENAX XMMUYECKOM
KMHEeTUKU. MpoBeaeHO CpaBHUTEIbHOE UCCNef0BaHME COBCTBEHHbIX aITOPUTMOB C MPOrPaMMHbLIM MaKETOM
pyMARS Ha ocHoBe nogaep:xuneaembix metogos DRG, DRGEP, PFA [1, 2, 3].

UccnepoBaHMe BbIMONHEHO B PaMKax Hay4HoM nporpammsl HauMOHaNAbHOMO LEeHTPa GU3MKU U MATEMATUKM, NPOEKT

"MaTtemaTnyeckoe moZennmpoBaHme Ha cynep-IBM 3sKca- 1 3eTTadp/IoNCHOM Npon3BogMTeIbHOCTI" .
Cnuncok nutepaTypbl

1. Lu T., Law C. K. A directed relation graph method for mechanism reduction // Proc. of the Combustion
Institute. 2005. Vol. 30, iss. 1. P. 13331341, DOI: 10.1016/j.proci.2004.08.145.

2. Niemeyer K. E., Sung C.-J. On the importance of graph search algorithms for DRGEP-based mechanism
reduction methods // Combustion and Flame. 2011. Vol. 158, iss. 8. P. 14391443,

3.Sun W., Chen Z., Gou X., Ju Y. A path UX analysis method for the reduction of detailed chemical kinetic
mechanisms // Combustion and Flame. 2010. Vol. 157, No 7. P. 12981307.
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MpumeHeHue aganTuBHoOM unMdposon puabTpaLUKM B NpoLecce NOJMy4YEHUA NOIE3HOr0 CUrHana

B reodpursnyecKkon annapatype 31eKTPOMarHUTHbIX 30HAUPOBAHUM

M. A. Cokonos, A. K. MaHLLTENH
UHcmumym Hegpmeaazoeoli eeonoauu u eeogpusuxku CO PAH

E-mail: sokolovpa@ipgg.sbras.ru

NccnepnoBaHWe OTHOCUTCA K 3/1EKTPOMArHUTHBIM MHAYKUMOHHbBIM 30HAMPOBaHMAM. AKTyaIbHOCTb 06ycnaB-
JIMBaeTCA ManbiM NOAABJAEHMEM 3/IEKTPOMArHUTHOIO MOJIA reHepaTopa, a TakKe 3dGeKTOM 3aHUKeHUA nones-
HOro CUrHafia B CYLLECTBYIOLLENM annapaType U yBeanyeHnem CTOMMOCTU KOHCTPYKTOPCKUX PeLLueHnit ans noaas-
NeHWA CUrHaNa NPSAMOro noss. BbluMTaHMe CUrHaNa OT reHepaTopa B NPUEMHMKeE NpoucxoauT B 61oke dunbTpa-
LMK C NCNO/Ib30BaHMEM MHOTOKaHaIbHOrO aganTMBHoro RLS-anroputma. Onpeaensns secosble KO3GOULMEHTDI
NpPY MUHUMM3ALMM HEBASKU LieIeBON QYHKLMM, XapaKTepM3YoLWei PasHOCTb MeXay U3MEPEHHbIM U MOAeNu-
PYEMbIM CUTHaaMU C MPUEMHON KaTyWwKn, GopMUPYEeTCA CUMNNIEKC MO NOAyYeHHbIM 3HaYeHUAM KoadduLmeH-
TOB B COOTBETCTBUM C MeTogoM Hengepa — Muga. Mcnonb3oBaHne meToda NOMCKa 6e3yc10BHOr0O MUMHMMYMa B
Komnnekce ¢ RLS-anroputmom aBASETCA NPUYMHOMN TOro, YTO aAanTUBHbIe GUABTPbI MOTYT HAXOAUTb MUHUMYM
LeneBoi GyHKUUN B HEKOTOPOMN OKPECTHOCTU. [oc/ie HaXoKAEHNA MUHUMYMA LieneBoit GYHKUMM B aNroputme
dOUNbTPALMM PacCUMTbIBAETCA NPOLLEHTHAA OLEHKA HaIMUYMs CUTHaNA NPSAMOTO MO/ B PETUCTPUPYEMbIX AaHHbIX,
noc/ie Yero BblMMCAAETCA aMNAUTY4a M da3a NoNe3HOro CUrHaia Ha OCHoBe BeCOoBbIX KoaddumumeHToB. OCHOB-
HbIMM KOMMOHEHTAMW YCTPOWCTBA ABAAIOTCA: reHepaToOpHasa KaTyllKa, reHepaTop rapMOHMYECKUX CUTHA/OoB,
AaTYMK TOKa, YCTAHOB/IEHHbIV BHYTPWU reHepaToOpHOM KaTywKku 1 galowmini MHGopmMmaumio o NpamMom nose, a
TaK)Ke OfHa NpMeMHas KaTywka. CurHanbl OT KaTyleK Yyepes COOTBETCTBYIOWME Lenn, UMetolwme nosiocoBoin
dunbTp U aHanoro-undpoBon npeobpasosartesib, coeaAnHeHbl ¢ 610KoM duabTpauumn, rae amnantyaa n ¢asa
MOJIE3HOro CUrHaNa BbIYUCAAIOTCA COTNIACHO anroputmy GUAbTPaLMM ONUCAHHOrO paHee B TeKcTe. dddeKTus-
HOCTb, XapaKTepusytoLas pesybTaT BbIMNO/JHEHHbIX PaboT, NPOABAAETCA B MOBbILEHUN HAAEKHOCTHU Bblaene-
HWMA NONIE3HOrO CUrHanNa, NyTeM yBe/NIMYEHNA YyBCTBUTENIbHOCTU annapaTypbl, NpuMeHss undposyto GunbTpa-
LMI0 ANA NOAaBAEHUA NPAMOro NoAA, U YNPOLEHNEe KOHCTPYKUUKM reodmsnyeckoi annapaTypbl.

MccnepoBaHue BbINOAHEHO NPy GUHAHCOBOW Noaaepkke Mporpammbl GyHAAMEHTANbHbIX HayYHbIX MCCAEA0BaHMM
Ne FWZZ-2022-0025.

MHPOpMaLMOHHDbI HayYHO-06pa3oBaTe/IbHbIA pecypc Ha OCHOBE CEMaHTUYECKOro Tesaypyca

O. A. depoToBa, B. b. bBapaxHuH
®edepanbHbili uccniedosamensbckuli UeHMP UHGOPMAYUOHHBIX U 8bI4UCAUMENbHbLIX MeXHOA02Uli

E-mail: o4f8@mail.ru

OpHoM M3 BaxKHeWWMX 33434 NoAAepPKKM Hay4yHO-06pa3oBaTelbHON AeATEeNbHOCTM ABNASAETCA COo3haHue
Cneumanns3npoBaHHbIX MHGOPMALMOHHBIX Hay4yHO-06pa3oBaTe/ibHbIX PECYPCOB, KOTOPble OpraHM3oBaHbl B
BMAE 3N1EKTPOHHbIX (UndpoBbIx) bubanoTek (36), npegHasHaYeHHbIX 414 XpaHEHUS U cucTemMaTU3aummn MHdop-
MaLMKn, opraHnsaumMm AocTyna U npeaocTaB/iieHMAa MexaHM3MOB UCMNO/1b30BaHNA MHPOPMaLMK B Hay4yHOU aen-
TEeNbHOCTW.

JoKnaa noceaLeH onMcaHnio MHGOPMALIMOHHOM CUCTEMbI ANA NOAAEPHKKM HAaYUYHbIX UCCNeaoBaHUIA, opra-
HW30BaHHOM B BUAE 3/IEKTPOHHOW BnbAMOTEKM. B pamKax AaHHOro Noaxona 3/1eKTPOHHble BUbanMoTekn pac-
CMaTPUBALOTCA KaK OTAe/IbHas KOHKPeTHan TexHoorus pabotbl ¢ umdposoit nHbopmaumen, obpasytowan oco-
6bIi1 Knacc MHGOPMALMOHHBIX CUCTEM, NPeAHa3HAYEHHbIX A1a ynpasaeHus MHOOPMALMOHHbLIMU pecypcamu.
OnMCcbIBAOTCA apXMUTEKTYPA MHOOPMALMOHHOM CUCTEMbI, MPUHLMUMNBI MHTErPaLMK C LMOPOBbLIM PENO3UTOPUEM,
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paboTa co cnoBapaMM, KOTOPblE UCNOJIb3YIOTCA A1 CUCTEMATU3ALMM U KnaccudrKaumm MHGOPMaLUMOHHDLIX pe-
CYpCOB U MOAENMPOBAHUA CBA3EN MeXAay HUMMU. MNpeacTaBaeHbl OCHOBHbIE KONIEKUUN INEKTPOHHOM B61bano-
TEKK, Te3aypyc N0 UHGOPMALMOHHBIM TEXHONIOTUAM, @ TAK¥KE BO3IMOXKHOCTU PaboTbl C HUMM.

PaspaboTaHHas moaenb MHGOPMALMOHHON cucTeMbl Bblna peannsoBaHa B Buge CucTeMbl ynpasaeHuA
3N1IEeKTPOHHbIMK Brubnnotekamm (CYIB), cosgaHHoOM M akcnayatupyemoii B PULL UBT. C ucnonbsoBaHmMem npea-
JIOXKEHHbIX TEXHONOMMI 1 Te3aypyca peann3oBaHbl 3/1EKTPOHHbIe y4ebHble Nocobusa no Kypcam "CoBpemeHHble
npo6sembl MUHPOPMATUKUN U BbIYUCAUTENBHON TEXHUKK", "BbluncantenbHble cuctemol”, "MHPopmaTmka", BHea-

peHHble B 0byyeHue cTygeHToB OPUT HITY.

ABTOMAaTM3aLUUA ynpasaeHUsa c6opom, xpaHeHUe u KoHTponA Big Data B 3aga4ax reoakyCTUKKU

A. B. XpbinueHko
UHCcmumym eblyucaumensHol mamemamuKku U mamemamu4eckoli eeogpuzuxku CO PAH

E-mail: ahrypchenko@yandex.ru

B HacToAwee Bpems, ynpasaeHme 601bwMm 06bEMOM AHHbIX CTaf0 O4HUM U3 BaXKHbIX aCNeKTOB B pas-
JINYHBIX 061aCTAX HAYKMU U TeXHONOrM. C NOCTOAHHbBIM YBE/IMYEHNEM KOIMYECTBa MHPOPMaLLMK, ee pasHoobpa-
3MEeM U CNIOXKHOCTbHO, BO3HMKAET He0bX0AMMOCTb B 3¢dEKTUBHOM cucTeme yrnpasneHusa 6asamm gaHHbIix (CYBL,).
3¢ddekTrBHOE yrnpaBaeHne 6a30i AaHHbIX MO3BOJIAET XPaHUTb, OPraHM30BbIBaTb, 0b6pabaTbiBaTb U aHAIN3UPO-
BaTb AAHHbIE C BbICOKOM CKOPOCTbIO M TOYHOCTbIO.

B pabote 6yayT paccmMOTpPeHbl OCHOBHbIE NPUHLMNbI paboTbl CYB/, B 3aa4ax reoakyCTUKK, a TaKKe MeToabl
M noaxonpl K MPOEKTUPOBAHUIO U pa3paboTKe cucTeMbl yrnipaBaeHns 6a3oi AaHHbIX. BygeT paccmoTpeHa posb
A3blKa CTPYKTYPUPOBaHHbIX 3anpocoB SQL B co3gaHum 1 ynpassieHnn 6a3sbl AaHHbIX, a TaKKe NPUHLUMMbI paboTbl
pacnpegeneHHbix 6as.

TaKKe B paboTe 06cyKaaeTcs Bonpoc o Bbibope Hanbonee noaxoasauwein CYB ana reoakycTU4ECKUX 3a4au.
PaccmaTpmBaloTCcA OCHOBHbIE XapaKTEPUCTUKM, TaKMe KaK NPon3BOAUTENbHOCTb, MacLLITabupyemMocCTb, Hagex-
HOCTb 1 6€30MacHOCTb, U UX POJib B BbIBOPE NOAXOAALLEN CUCTEMDI.

TexHoMorMyeckne acneKkTbl Pa3paboTKm U BHeApeHUs 6asbl AaHHbIX TaKKe byayT obcyKaaTbca B aHHOM
paboTte. OnNuMcbIBaOTCA OCHOBHbIE 3Tanbl Npouecca paspaboTkm CYB/, BKAtoYan npoeKkTupoBaHue 6asbl 4aHHbIX.

MpaKTnyeckne acnekTbl BHeApeHMA 6asbl AaHHbIX B peasibHble CUCTEMbI TaK¥Ke SBAAIOTCA BAXKHON TeMOM
cTaTbW. bByayT paccmoTpeHbl NPo6aeMbl U peLleHUs, CBA3aHHbIE C MUFpaLMelt AaHHbIX, yNpaBaeHNeM U3MeHe-
HUAMM, pe3ePBHbLIM KOMMPOBAHUEM U BOCCTAHOB/IEHMEM AAHHbIX, @ TaKKe 6e30nacHOCTbIO 6a3bl AaHHbIX.

leoaKkycTUYecKMe gaHHble — MHbOPMaLLMA, NOAyYaemas NP NOMOLLM re0aKyCTUYECKUX METOL0B N TEXHO-
noruii. FleoaKycTMyeckme faHHbIe UMEKOT OFPOMHOE 3HaYEHME 418 HAYKM U MPOMBILAEHHOCTM MO PAAY NPUYKH.

Ons onTMMmMsaLmMm reocakyCcTMieckux gaHHbix UBMuMI 66110 NpUHATO pelleHue pa3paboTaTb cMCTEMY aB-
ToMaTu3aumm, cbopa n xpaHeHus Big Data.

OnpegeneHne KpaTyaumUX NyTeA B OpUEHTUPOBAHHOM rpade BBeAeHUEM CMUCKOB METOK B a/ITOPUTM

JeiikcTpa

I. W. Unumawsunm

UHcmumym npuknadHol mamemamuku BO PAH

E-mail: guram@iam.dvo.ru

PelwaeTca 3agaya onpegeneHns Kpatyanwmx nyTeit B KOHEYHOM B3BELLEHHOM oprpade M3 CTapToBOW Bep-
LWMHbI B OCTa/IbHble BepLKHbI rpada. ITa 3a4a4a pellaeTcs BBEAEHMEM CMTMCKOB METOK B aiIropuTm [enKcTpa.
C nomoLLbto 3TOM NpoLeaypbl TaKKe NOACYMTLIBAETCS YNCAO KPaTYAMLLIMX NyTEN U3 CTAapTOBOM BEPLUMHDI BO BCE
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BEPLWMHbI rpada. ITa BeNIMYMHA XapaKTepM3yeT HaAEKHOCTb KpaTdyailumx nyten B rpade. JaHHasa npoueaypa
MOKET BbITb MCMO/Ib30BAHA KaK A1 HEB3BELIEHHOTO rpada, Tak U A4N18 NAaHapHoro rpada. B ciyyae naaHapHoOro
rpada onpeaensaoTca KpaTyanwmne NyTM U3 rpaHeit NaaHapHoro rpada BoO BHELLHIOW rpaHb. 34eck ANMHOW NyTH
MONaraeTca YNC/I0 FPAHNULL MEXKAY rPaHAMMK, KOTOPbIe NepeceKaeT NyTb U3 FPaHM BO BHELLHIOW rpaHb.

CpaBHEHME HEKOTOPbIX NOAXOAO0B K CXATUIO U MHTEPNOAALMK AAHHbIX O Temnepartype YepHoro mops

T. O. Wenonyt?, H. b. 3axaposa?, U. A. Koconanos?, P. P. bayeHko?
MHcmumym seiqucaumensHoli mamemamuxu PAH

2MocKoscKull (hu3uKo-mexHuYeckuli uHcmumym
3Mockosckuli 2ocydapcmeeHHbili yHusepcumem um. M. B. /lomoHocosa

E-mail: sheloput@phystech.edu

M3BeCTHO, YTO 13-3a HEOBXOAMMOCTM XPaHEHMSA M Nepeaayn Bce 60/blero o6bema reopmsnyeckmx gaHHbIX
aKTyasnbHoW ABnAeTca npobnema paspaboTkM aPPEKTUBHBIX aNTOPUTMOB CKaATUA. 1A UCNONb30BaHNA reodu-
3MYECKUX JaHHbIX B MPAKTUYECKUX NPUIOKEHUAX MPOBOANTCA NpeaBapuTesibHaa obpaboTka (Hanpumep, punb-
TpaLMa aHOMaNNI U MHTEPNONALMA AaHHbIX). B HacToAwee Bpems CyLecTBYeT MHOMECTBO aIfOPUTMOB CKaTusA
OaHHbIX, 04HAKO CrneLManbHbIX aAroOPUTMOB KOMMPECCUM reodU3NYEeCKUX AaHHbIX, YY4UTbIBAIOLLMX UX CTPYKTYPY
M 0COHBEHHOCTH, MPEAIOKEHO He TaK MHOTO0. ECTb McCneioBaHUA, MOKA3bIBaOLLME, YTO a/ITOPUTMbI, OCHOBaHHbIE
Ha BeiBAeT-NpeobpasoBaHNM, MOTYT UCMONb30BATLCA AN CXHATUA TeOPUINYECKUX AaHHbIX. [N MHTepnoaaumum
1 06paboTKM reoPpmsnYeckmx AaHHbIX, KaK MPaBUIOo, UCNOb3YIOTCA NOAX0Abl, OCHOBAHHbIE HA MaTEMATUYECKOW
cTaTUcTMKe. K TakMm Nnoaxoaam OTHOCUTCS MeToA, ONTUMAbHOW MHTEPMONALNN U KPUTUHT. TTOMUMO CTaTUCTU-
YEeCKMX MHTEPMONATOPOB B reodpnsnKke MOryT NPUMEHATLCA TaKKe AeTEPMUHUCTUYECKME MHTEPNONATOPbI (nu-
HelHas 1 NOIMHOMMA/IbHAA UHTEPNONALMA, METoA, 06paTHbIX B3BELEHHbIX PACCTOAHUIA U AP.) U aATOPUTMBI,
OCHOBaHHbIe Ha 06y4YeHUM (HEMPOHHbIE CeTH).

B naHHOM paboTe NPoBOANTCA CPaBHEHME HEKOTOPbIX U3 NEPEYMC/IEHHBIX METOA0B, A TAKXKe paccMaTpuBa-
€TCA BO3MOYKHOCTb MPUMEHEHWA aNITOPUTMOB anMPOKCUMAaL MU U BOCNONHEHWUA MATPULL, 414 33434 CXKATUA U UH-
TEepnoAALMM reopnsnyYecknx gaHHblx. Takne aaroputMbl NpeanaraerTcs NPUMEHUTb K AaHHbIM, KOTOPbIe, B TOM
yncae, MOryT cogepKaTb pPa3perKeHHble OWMBKM U3MEPEHUI, UM aHOManun. NMoKasaHo, YTO MaTPUYHble Me-
TOAb! NO3BOJIAOT CHMMATL C MOTEPAMM JaHHbIE O TEMNEPATYPe MOPCKOW NOBEPXHOCTU, MOJIyYEHHbIE CO CMyT-
HMKOB [1], @ TaKXKe MOTyT MCNo/Ib30BATLCA A1 3aM0/IHEHUS OTHOCUTE/IbHO HEOO/IbLUMX NPO6ENOB B AAHHBIX.

NccnepoBaHme BbiNoIHEHO Npy GMHAHCOBOM noaaep:Ke Poccuiickoro Hay4Horo ¢oHaa Ne 19-71-20035.
Cnuncok nutepaTypbl

1. Zakharova N. B., et al. Processing and assimilation of observation data for the hydrodynamics model of
the Black Sea and the Sea of Azov // J. of Phys.: Conf. Ser. IOP Publishing. 2021. Vol. 2131. No. 2. P. 022010.
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CEKLMA 8
BuonHdpopmaTUKa M cuCTeMHaA KOMNblOTepHasa buonorus

MHoromepHblit aHanus TepmocrabunbHoctn IHK-noanmepas N0 aMMHOKUCIOTHbIM NOCAEA,0BATENbHOCTAM
C. OnnY, P. A. Xanunos?, B. M. loxkHukos?, B. M. Epumos?

IHosocubupckuli 2ocydapcmeeHHbIll yHUsepcumem

2MHecmumym yumonoauu u 2eHemuku CO PAH

E-mail: s.dinl@g.nsu.ru

TepmoctabunbHble JHK-nonmmepasbl, Takne Kak LUMPOKO UCMONb3yeMan B NOJMMEPA3HOM LLENHON peak-
umu (MLP) Tag-nonnmepasa, UrpatoT He3aMeHUMYO POJb B BMOTEXHONOIUAX, TPEBYIOWMX TEMMNEPATYPHbIX LIUK-
/0B, NOCKO/IbKY CNOCOBHbI COXPAHATL aKTUBHOCTb NPU BbICOKMX TemnepaTtypax. [Ana nosbiweHns 3¢pPpeKTMBHO-
¢t 1 TouyHocTu MMLP, a TakKe ApyrMx TEXHONOTMI Ha OCHOBE MOAIMMEPA3, Ba*KHO Pa3BMBaTb HOBbIE BapUaHThI
3TUX GepmMeHTOB. YunTbiBaa 60/blLOe KOIMYECTBO eLLe He UCCAeA0BaHHbIX BUAOB MUKPOOPraHWM3MOB, paspa-
60TKa meToa0B bbicTporo otbopa NoOTeHUMaNbHbIX KAHANAATOB CTAHOBUTCA OCOOEHHO aKTyas/ibHOM, YTODbI Co-
KpPaTUTb 06bemM HEOOXOANUMBIX UCCAEL0BAHMINA.

MpeanoxeHHbIN B paboTe [1] meToa, rNaBHbIX KOMMOHEHT A1A NOCAeA0BaTENbHOCTEN Nt06Oro TMMa, B TOM
yncne, CUMBOJIbHbIX, MO3BONSET NPeACTaBUTb Nt06OIM Habop nocienoBaTeNlbHOCTEN B BUAE TOUYEK EBKANA0BA
MPOCTPAHCTBA, TaK e, Kak U B TPaAMUMOHHOM aHanmse PCA, nocnesoBaTelbHOCTU C MOXOXKMMMU CBOMCTBAMM
OKa3blBalOTCA PACMONOKEHHBIMU BAUSKO APYT K ApYTY.

Llenb AaHHOro MccnenoBaHMA 3aK/A04aeTca B MCMNOAb30BaHUW MeToda riaBHbIX KomnoHeHT (PCA) ana
OLLEHKM B3aMMOCBA3N MeXAY CXOACTBOM U PA3INYMAMM B aMUHOKMUCAOTHbIX NOCAEA0BATENBHOCTAX PA3/NYHbIX
TMnos [HK-nonmMmepas 1 nx TepMocTabunbHOCTbIO. B 3KCNepnmeHTe NCMo/ib30BaHbl AaHHble 0 14,632 nepcnek-
TUBHbIX AMUHOKMCNOTHbIX NocnedoBaTenoHocTAX JHK-nonmmepas, npegocrasneHHble nabopaTtopueit reHeTu-
YeCKMX TEXHONOTUIM MHCTUTYTa XMmmuyeckoi bruonornmn n pyHaameHTanbHon meanumHel CO PAH. JaHHble o on-
TMMa/bHOM TemnepaType ansa 456 AHK-nonnmepas (40-83°C) cobpaHbl c nomoLlpto 6a3bl gaHHbIX ThermoBase,
a AaHHble ana 7,369 AHK-nonnmepas (3—103°C) — ¢ nomoubto 6a3bl gaHHbIX DeepTP, yto obecneunno noa-
OEPKKY aHa/n3a U BbIBOAOB JAHHOMO UCC/1IeA0BaHUA.

Cnuncok nutepaTtypbl

1. Efimov V. M., Efimov K. V., Kovaleva V. Y. Principal component analysis and its generalizations for any
type of sequence (PCA-Seq) // Vavilovskii Zhurnal Genetiki i Selektsii = Vavilov J. of Genetics and Breeding. 2019.
Vol. 23, iss. 8. P. 1032-1036. DOI: 10.18699/VJ19.584.

BbluMcAUTENbHbIM KOHBeMep No pacno3HaBaHUIO de Novo CaiiTOB CBA3bIBAHUA TPAHCKPUNLMNOHHbIX

dakTopoB B 6aKTEPUANbHLIX FEHOMaxX
A. M. MyxuH, A. 0. Owenkos, C. A. JlawunH
UHcmumym yumonoauu u 2eHemuku CO PAH

E-mail: mukhin@bionet.nsc.ru

AHHOTaUMA BaKTepUanbHbIX FEHOMOB U UX KOHKPETHbIX PEryiATOPHbIX FEHOMHbIX NOC/eA0BaTebHOCTEM
calTaMmu CBA3bIBaHMA TPAHCKPUNUMOHHbIX pakTopoB (CCTPD), peryanpytoumx sKCNpeccuto reHoB, ABNAETCA aK-
TyanbHOM Buonornyeckoit 3agadeit, NOCKO/IbKY paboTa K/eTKU B LIe/IOM, U, COOTBETCTBEHHO, HapaboTKa LeHHbIX

NPOAYKTOB MI/IKpO6MOﬂOFVI‘-IECKOFO CNHTE3a KPUTUHECKUM o6pa30N\ 3aBUCUT OT CYLLEeCTBYHOLUUNX PETYNATOPHbIX
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reHOMHbIX CBSI3el MMKpPOOpraHuama-buonpoayueHta. B gaHHOM paboTe peanusoBaH BbIYMUCAUTENbHbBIN KOH-
Beliep, COCTOALWMI M3 cneayroLmnx HeobxoaMmMbIX 3TanoB A8 NOJIHOLEHHON aHHOTALUUKN BaKTepuasibHbIX reHo-
MOB C NOMOLLbIO M3BECTHbIX NoAxoA08B de novo nomcka CCTP: aHHOTUPOBaHME reHOMa ONepPOHHON CTPYKTYpPON,
Heobxoaumoe ANA AafibHelllero TOYHOro onpefeneHuUa PerynaTopHbIX/MpoMoTopHbIX obnacteid, nouck de
NOVO MOTMBOB B MPOMOTOPaX LLeNeBOro reHoma, pyHKLMOHAIbHON aHHOTaLUUM BHOBb BbiABAEHHbIX CCTD, nonck
OPTONIOTMYHbIX FEHOB 3343aHHOTO TAKCOHOMMYECKOTO YPOBHSA U 6a3bl A@HHbIX C NOCNe[0BaTeNbHOCTAMM U aHHO-
TAUNAMM U3BECTHbIX BaKTepManbHbIX FEHOMOB. TaKO KOMMNAEKCHbIM NOAX0A NO3BONAET KPUTUYECKU COKPATUTD
3aTpaTbl PECypCcoB NepcoHana, npyM 3STOM No3BOJIAS ONTUMU3NPOBATb BXOAHbIE AaHHble 60bWMX 06bEMOB U
6bICTPO OCYLLECTBAATb AOMNOJHUTE/IbHYIO HAaCTPOMKY LWAroB BbIYMC/EHUI ANA NoaydyeHMA bonee AOCTOBEPHbIX
pe3ynbTaToB, KOHTPOMPYA NOTOK AAHHbIX.

PeannsoBaHHbIN KOHBEWEP COCTOUT M3 Habopa CKPMNTOB Ha sA3blKkax NporpaMmmupoBaHus Python, bash u ¢
ncnosnb3oBaHMem cuctembl Conda ansa U3onsaumMm 3aBUCMMOCTEN. Peain3oBaHHbIM KOHBENEP UCMO/b3YET TaKKe
CYb/A SQlite, nporpammbl GOST ana onpeaeneHns opToOrMYECKUX OTHOLIEHNIA MEXKAY FreHaMM PasHbiX opra-
HM3moB, MP3 a4 BbINO/IHEHMA MOUCKA MOTUBOB MeToA0M dunoreHeTn4eckoro GyTnputnHra, TomTom ana aH-
HOTaLMM NOJly4eHHbIX de NOVO MOTUBOB € 6a3aMm M3BECTHbIX U SKCMEPUMEHTAIbHO NOATBEPKAEHHbBIX MOTUBOB.

PaboTa nogaepskaHa B pamkax Mporpammbl KypyaToBcKoro reHomHoro ueHTtpa ULl CO PAH (Ne 075-15-2019-1662).

MHTerpauma reHOMHbIX U KIMHUYECKUX AaHHbIX: OLLEeHKa BAMAHUA snps B palioHe TATA-60Kkca npomoTopos

reHoB YesloBeKa Ha USMEHEHUSA IKCMPECCUU ITUX TEHOB U UX CBA3U C KIMHUYECKUMU U PEeHOTUNUYECKUMU

HabngeHnaAMu

H. N1. NoakonoaHbiitl, C. B. dunoHos?, O. A. MoaxonoaHan?, H. H. Teepaoxne6?, M. MoHomapeHKo, [. A. Pacckasos?,
A.T. Boromonos?, M. M. MoHomapeHKo?
IMHcmumym ebiqucaumensHol Mamemamuku u mamemamudeckoli 2eopusuku CO PAH

2MHcmumym yumonoauu u 2eHemuku CO PAH

E-mail: pnl@bionet.nsc.ru

Pa3paboTaH NporpamMmHbIiN KOMMAEKC ANA SKCTPAKUMM U3 AOCTYMNHbIX BUMOMHPOPMALMOHHbBIX UCTOYHUKOB
AaHHbIX 060 BCex reHax YesioBeKa M MUX TPaHCKPUNTax, Nocnef0BaTe/IbHOCTAX MPOMOTOPOB M OKANM3aLMK B
HUX OAHOHYKNEeoTUAHbIX Nnonnmopdusmos (Single nucleotide polymorphism, SNP). PazpabotaHa mHoronoTou-
Haa Bepcma nporpammoel SNP_TATA_Z-tester gna oueHkM nameHeHns apomHHoctn TBP kK AHK 1 nposeaeH non-
HOreHOMHbIW aHaNn3 BAMAHUA M3BeCTHbIX SNP B NpOMOTOpax BCEX FEHOB Ye/I0BEKA HA M3MEHEHUe 3KCnpeccum
3Tux reHoB. Pa3zpaboTaHa 6a3a AaHHbIX, MHTErPUPYIOLLAA NONYYEHHbIE JaHHbIE.

JaHHble o0 reHax u ux atpmbyTtax bpanmcb ¢ web-cepsuca Ensembl, ganee no nsBecTHbIM KoopaMHaTam
TpaHCKpuNnTa OblAM NOAyYeHbl NOCAEAO0BATENBHOCTU HyKneoTuaos npomoTopa [-90,-1], Mcnonb3ya reHom
GRCh38. MHdopmauusa 06 SNP 1 mx nokanmsaumm nonydyeHa us 6asbl gaHHbix dbSNP 155 Ons Kaxgoi napbl
“npomoTop AMKOro TMNa - NPOMOTOP C MyTaumein” paccuntaHbl apduHHocTb TBP K AHK 1 ypoBeHb focToBEpHO-
CTU U3MEHEHMA ee NpU MyTaumsax B MPOMOTOPE, WMCMOAb3yA pPa3paboTaHHyl MporpamMmmy Ha OCHOBe
SNP_TATA Z-tester. [poBeaeH NOJIHOreHOMHbI aHaM3 BAMAHUA M3BeCTHbIX SNP B NpomMoTOpax BCex reHoB Ye-
NI0BEKA Ha U3MEHEHMe IKCNPEeCccumn 3TUX reHOoB.

MpoBeaeHa UHTerpauma B eanMHON 6a3e faHHbIX BCeX AAHHbIX U Pe3yNbTaTOB aHa/IM3a, a TaKXKe KNMHuYe-
CKMX U GeHOTMNMYECKMX HabatoAeHWI, CBA3AHHbIE C SNPS, NpeacTaBaeHHbIX B 6a3e aaHHbIx ClinVar, yto nosso-
nAeT naeHTMOMLMPOBaTb KaHAMAATHbIE TEHETUYECKME MapKepPbl PA3IUYHBIX KAMHUYECKUX U GEHOTUNMNYECKUX
npossneHnin cpeam SNP, pacnonoeHHbix B o6nactn TATA-60Kca.
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Nonapusaunm makpodaros KaK TepanesBTUYECKan cTpaTerua Npm octpom MHbapKTe MMoKapaa
Y. A. Uroes
®edepansHeili uccniedosamensckull UeHMP UHGOPMAYUOHHbIX U 8bI4UCAUMENbHLIX MeXHOA02uli

E-mail: smotcal595@gmail.com

MaTemaTtnyeckoe mogennposaHme MHdapKTa MMOKapaa No3BONSAET PACLUMPUTL 3HAHUA O MEXaHW3MaX pas-
BMTUA U MPOrpPeccMpoBaHna cepaedHoin 6onesHn, KoTopana OCTaeTca OAHOW U3 OCHOBHbIX MPUYUH CMEPTU BO
Bcem mupe. Bonee rnybokoe NoHMMaHKE 3TUX MPOLLECCOB OTKPbIBAET NepCrneKkTMBbI 41 Pa3paboTKM HOBbIX Te-
paneBTUYECKMX CTPATErNA.

B pabote npeacraBneHa paspaboTaHHas Mepapxus MaTeMaTUYECKMX MoZeNein HeKpoTuieckol rmbenm Kap-
ONOMMOLIUTOB NpU OCTPOM UHapKTe MMoKapaa [1-2]. Ocoboe BHUMaHWE yaenseTca peakunoHHo-andaoysu-
OHHOW Mmogenun. B Buonornyeckm sHayMmMom AmnanasoHe NapamMeTpoB OHa NOKasana: a) KauecTBeHHoe U Kon-
YyecTBEHHOE cor/lacue C U3BECTHbIM HAbOPOM 3KCMEPMMEHTAIbHbIX AaHHbIX; 6) YCTOMUYMBYIO I0KAM3ALMIO YNC-
JIEHHOTO pelleHus B 061aCTM MPaKTUYECKM HEU3MEHHbIX pa3mepoB, B) OpMUPOBaHME KBa3UCTALLMOHAPHOWM
CTPYKTYPbl, KOTOPAas MMEET peasibHblii aHaNor B BUAE AEMAPKALMOHHOIO BOCMaleHus.

MpoBeaeHbl YUCAEHHbIE SKCMEPUMEHTbI, UCCaeaytowme TepaneBTMYecKkMe CTpaTernun, Hanpas/eHHble Ha
peryiMpoBaHue banaHca Npo- U NPOTUBOBOCMAIUTE/IbHLIX Makpodaros [2]. PaccmatpuBancsa BKAag LUTOKUH-
3aBMCMMOM aKTUBaUMM Makpodaros 1 nNpouecca Ux NepenporpammMmmnMpoBaHuUsa Ha pasmMep NOBPEKAEHUS U XO[,
BOCManuUTeIbHOro oTeeTa. [poaHanM3MpoBaH BONpocC o "TepaneBTUYECKOM OKHe", T. e. uccnegoBaHa adpbeKTmB-
HOCTb KaXa0W M3 CcTpaTernii B 3aBUCUMOCTM OT Hayana UX NPOBEAEHMUS.

Cnuncok nutepaTypbl

1. Boponaesa O. ®., LUroes Y. A. YucneHHoe mogennpoBaHue uHdpapkta mmokapaa. |. AHanus npocrtpan-
CTBEHHO-BPEMEHHbIX aCMeKTOB Pa3BUTUA MECTHOW BoCnaanTenbHom peakumm // Matem. 6uon. n 6uonHpopm.
2023.T. 18. Ne 1. C. 49-71.

2. Boponaesa O. @., LiroeB Y. A. YucneHHoe mogenmpoBaHue MHPapKTa MrMoKapaa. Il. AHanmM3 mexaHusma
nonapusaunmn makpodaros Kak TepanesTnyeckoi muuieHmn // Matem. 6uon. n 6nonHdopm. 2023. T. 18. Neo 2.
C. 367-404.

MpumeHeHue alignment-free MeTOoAa CPaBHEHUA CUMBOJIbHbIX NOCNIEA0BATE/IbHOCTEN K aHANNU3Y

MUKPOBUOTbI KULLEYHMKA YenoBeKa no reHam 16S pPHK

A. A. LLlexosal, E. [l. Kapenosa?, B. Abpamos?, M. I'. CagoBckmi
TMHemumym ebiuucaumensHo2o modenuposaHus CO PAH

2edepanbHbili CubupcKull HayyHo-KauHudeckul yeHmp ®MBA

E-mail: okvaylom@gmail.com

CBA3b 340pOBbA U BMAOBOrO COCTaBa MUKPOOMOTLI ABAAETCA OAHUM U3 NpeaMeTOB Hay4yHOro MHTepeca.
B pamKax faHHOM paboTbl U3y4ancs BUAOBOW COCTAB KULLEYHOM MUKPOOMOTDLI @) KAMHUYECKU 340PO0BbIX UL, U3
nonynaunm KpacHosapcKa, 6) KNMHMYECKU 340PpO0BbIX ML, U3 nonynauum Omcka, B) naumeHTos ¢ B3K 13 KpacHo-
APCKa, ) nauneHToB ¢ B3K n3 OmcKa, 4) NaumeHTOB C PACCeSHHbIM CKIEPO30M.

B pesynbrate BblgeneHus 16S pnbocomanbHo PHK 13 06pasLoB Kana meToaom MUPOCEKBEHUPOBAHMA
6b110 nony4veHo 1220 06pasLLoB, TAKCOHOMMYECKOE MONOXKEHME KOTOPbIX 3aTeM ONpeaenanoch C NOMOLLbIO Me-
Toga [1] nytem cpaBHeHuA ¢ 21195 reHamm 16S punbocomanbHon PHK n3 6a3bl RDP. Kpome Toro, nogobHoe
CpaBHeHMe 6bl10 NPoBEAEHO NOCPEACTBOM BblPaBHMBAHUA.
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Cnucok nautepatypbl

1. Highly parallel convolution method to compare DNA sequences with enforced In/Del and mutation tol-
erance / V. Shaidurov, E. Karepova, M. Sadovsky, A. Molyavko // LNCS. 2020. Vol. 12108 LNBI. P. 472-481.
DOI: 10.1007/978-3-030-45385-5_42.

CBepTKa reHeTUYEeCKUX NocaenoBaTe/lbHOCTEN C NpUMeHeHnem bbicTporo npeobpasoBaHua Pypbe

A. A. LLlexoea, E. [1. Kapenosa, M. . CagoBcKuit
UHCcmumym ebi4ucsaumensHo2o modenauposaHus CO PAH

E-mail: okvaylom@gmail.com

B paborte [1] 6bin1 NpeanoxKeH meTos CPpaBHEHWUSI FTeHETUYECKMX NOoC/ie40BaTeIbHOCTEN U MOUCKA B HUX COB-
nafatowmx y4acTkos, NPUHLMANANBHO OT/IMYHbIA OT CAaMOrO PacnpPOCTPAHEHHOrO B AaHHOM obnactu meTtosda
BblpaBHMBaHMA. CyTb NPeA/IOKEHHOrO METOAa 3aK/to4aeTcs B Npeobpa3oBaHUM KaxKaol reHeTMYeCcKon nocne-
[0BaTeNbHOCTN B HAbop BUHAPHBIX U BbIYUC/IEHMM CBEPTOK NOC/eAHUX. YCKopeHne paboTbl 4OCTUrAeTCs 3a cHeT
npumeHeHun bbicTporo npeobpasoBaHuns Pypbe. JaHHbIA NOAX04 NPUMEHMUM HE TOJIbKO K FeHETUYECKUM TeK-
CTaMm, HO U K CUMBOJIbHbIM MPOU3BOILHOM NPUPOAbI.

Mpw cpaBHEHUM ABYX CUMBOJIbHbIX NOCNEA0BaTE/IbHOCTEN Pe3y/IbTaToOM ero paboTbl ABAAETCS LLeN0YNC/IEH-
HaA NoCNeAoBaTeNbHOCTb, KaXKa0€e 3HauYeHMe KOTOPOoM paBHO YMC/y COBMaAaloLMX CUMBOIOB BO BCEBO3MOMXK-
HbIX HANIOXKEHUAX UCXOAHbIX NOCNEA0BATENbHOCTEN BHE 3aBUCMMOCTM OT TOTO, IAe PacnonoKeHbl 3TM coBnaje-
HUA. AHannU3 3Tol NocneoBaTe/IbHOCTU NO3BOJIUT ONPEAENIUTb HAIMYME 3HAYMMbIX COBNAAEHUIN U UX NOKANK-
3aumto. bbino pa3paboTaHO HECKO/IbKO NOAXOA0B AN1A pelleHMA AaHHbIX 3a4aY.

MepBan rpynna HanpasaeHa Ha BblAeNEHNE 3HAUMMbIX HANIOXKEHWUIM C MOMOLLbIO @) CTAaTUCTUYECKMX OLEHOK,
6) npeobpasoBaHuns andaBuUTa UCXOAHbIX NOCAEA0BaTENbHOCTEN U B) afirOpUTMa NoAcYeTa COBMadatolWmX B
Ha/I0XKEeHMM NOACTPOK Ha OCHOBE CBEPTKWU OAHOWN U TOW e napbl CTPOK Npu MeHALlWwemcs andasuTe. Bropas
rpynna afropMTMOB JIOKa/IM3aLUmmM OCHOBbIBAETCA Ha a) AUXOTOMUN U 6) UCNONb30BaHUMN BECOBOM GYHKLUKU NpU
BbIYMC/IEHUU CBEPTKM.

Cnucok nuTepaTtypbl

1. Highly parallel convolution method to compare DNA sequences with enforced In/Del and mutation tol-
erance / V. Shaidurov, E. Karepova, M. Sadovsky, A. Molyavko // LNCS. 2020. Vol. 12108 LNBI. P. 472-481. DOI:
10.1007/978-3-030-45385-5_42.
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CEKLMA 9
METOAbI MUCKYCCTBEHHOro MHTeN/Z1IeKTa U MalUnHHOoEe OGV‘-IEHME

UccnegoBaHune 3¢ PeKTUBHOCTU METOAOB aHA/AN3a AaHHbIX ANA pelleHUs 3a4a4m CN1abo-KOHTPOANPYEMOro

MHOr03K3emMnasapHoOro obyyeHus

B. b. bepukos, O. A. KyTHeHKO
UHcmumym mamemamuku um. C. /1. Cobonesa CO PAH

E-mail: berikov@math.nsc.ru

B paboTe paccmaTtpusaeTca o4MH U3 BapUaHTOB 334a4M KNacCUPUKALLMM AaHHbIX B NOCTAHOBKe C1abo-KoH-
Tponupyemoro obyyeHus (weakly-supervised learning) [1], Ha3biBaeMon 06y4eHUEM Ha MHOECTBaxX NPUMEpPOoB
(multi-instance learning), rpynnoebim (MHOrOsK3eMNIAPHLIM) 06y4eHNEM UAN OBYyYEHMEM HA MY/IbTUMHOXe-
cTBax. B gaHHOI 3aga4e MeTKM onpeaeneHbl AN MHOMKECTB 06beKTOB, Ha3sbiBaeMbix NakeTamu (bags). Kaxkabiii
06BEKT M3 MaKeTa MMEeEeT CBOe NMPM3HAKoBOe onuMcaHue. MakeT oTMeYEH KaK MOOMKUTE/bHbIN, €C/IM B HEM CO-
OEPHKNUTCA XOTA Bbl OANH MONOMKUTENBHBIN OOBEKT, MHaYe NMaKeT NOMEYAEeTCA KaK OTpULATeNbHbIN. Tpebyetca
npeAcKasaTb Ha/IM4YMe AN OTCYTCTBME MOJOMKUTENbHbBIX OOBEKTOB AN HOBbIX MNAKETOB, NPEACTABAEHHbIX KaK
Habop 06beKTOB. B AoKnage npuseaeHbl pe3ynbTaTbl pelweHusa 3aga4un naeHTMdumKkaumm 6enkos metogamu
aHanm3a AaHHbIX [2]. TakKe NpUBOAUTCA CPAaBHEHME C pe3y/ibTaTaMM PeLleHns AaHHOW 3a4a4uM pALOM U3BECT-

HbiX meToZ0B [3].

PaboTa BbINONHEHA B paMKax rocyfapcTBeHHoro 3agaHma MM CO PAH (npoekTt Ne FWNF-2022-0015).
Cnuncok nutepaTypbl

1. Zhou Z.-H. A brief introduction to weakly supervised learning // National Sci. Rev. 2018. Vol. 5, iss. 1.
P. 44-53.

2. 3aropyiko H.T. MpuKnagHble meToabl aHann3a AaHHbIX U 3HaHMA. HoBocnBUpPCK: UH-T maTemaTuKu
CO PAH, 1999. 270 c.

3. Wang C,, Scott S., Zhang J., Tao Q., Fomenko D. E., Gladyshev V. N. A study in modeling low-conservation
protein superfamilies. CSE Technical reports. 2004. 42.

BbluMcAUTeNbHaA CI0XKHOCTb BbI6OPA TMNUYHbIX 06bEKTOB C ONOPOA Ha KOHKYPEHTHOE CXOACTBO

M. A. bopucosa
UHcmumym mamemamuku um. C. /1. Cobonesa CO PAH

E-mail: biamia@mail.ru

PaccmaTpumBatotca gee GopmanbHble MaTeMaTUYeCcKMe NOCTAHOBKM O4HOM M3 YACTO pellaeMblx 33434 Ma-
LUMHHOro 0by4yeHUs — 3a4a4M BbIBOpa NOAMHOKECTBA TUMUUYHbIX 0O BEKTOB B METPUYECKOM MPOCTPAHCTBE C MNo-
mMolbto FRiS-¢pyHKuuK [1]. B nepBom cnydae peub MaeT o 3afauye Knaccudukaumm, Koraa obbekTbl obyyatoen
BbIOOPKM pasfesieHbl Ha K/laccbl, BO BTOPOM - O 3a4a4e TaKCOHOMWUU, B KOTOPOI NPUHAANEKHOCTb 0O6beKTa K
TOMY WAM WMHOMY Knaccy M3HadanbHO He 3agaeTtcsa. [NA 3TUX 3afauyM OO0Kas3blBaeTCHA, YTO OHU ABAAIOTCA
NP-TpyaHbIMMK B CUIbHOM cmbliciie. Mpy 3TOM npeanosaraeTcs, YTo TUMUYHbIMU ABAAIOTCA Te 06bEKTbI BbIDOPKY,
Ha KOTOpble NOXOXM 06BEKTLI TOTO 3Ke Kiacca (Knactepa) U He NOX0XKM 06 beKTbl KOHKYPUPYIOLLMX KNaccoB (Kna-
cTepos).

B cnyuyae 3agaum knaccudumKaLumm, K paccmaTpmBaemoit 3agade ceoantcs NP-TpyaHaa B CUABHOM CMbicae
3agaya o p-meamaHe [2], a B cnydae 3adauMm TakcoHomuu NP-TpyaHas B cuAbHOM cmbicne 3agada 3D-
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Matching [3]. Tak Kak goKkasaHHaa NP-TpyaHOCTb B CUIbHOM CMbIC/Ie NpeAnoaaraeT HeBO3MOMXKHOCTb NoCTpoe-
HMA TOYHBIX NOJIMHOMMA/IbHBIX U NCEBAO-NOJIMHOMMA/bHbLIX aIFOPUTMOB PELIEHNA PacCMaTpuBaemblX 3a4ad,
ANA 3TUX Lenieit npeanaratoTcs NpUBANNKEHHbIE KagHble anropuUTmbl.

PaboTa BbINONHEHA NPU NOAAEPHKKE NPOorpaMmbl GyHAAMEHTaIbHbIX HAay4YHbIX uccnegoBaHnin PAH, npoekt Ne FWNF-
2022-0015.

CnucoK nuTepaTypbl

1. Zagoruiko N. G., Borisova I.A., Dyubanov V. V., Kutnenko O. A. Methods of recognition based on the func-
tion of rival similarity // Pattern Recogn. and Image Analysis. 2008. Vol. 18, No. 1. P. 1-6.

2. Kariv O., Hakimi S. An algorithmic approach to network Location Problems. The p-medians // SIAM J. of
Appl. Math. 1979. No. 37. P. 539-560.

3. Garey M., Johnson D. Computers and intractability: A guide to the theory of NP-completeness. N. Y.:
Freeman, 1979.

MpumeHeHMe MeTo40B MALIMHHOrO 06yYyeHUs K 3a4a4e BbiABIeHUA NpeaBecTHUKOB 3eM/IeTPACEHUI

B ballkanbCKOM permoHe

. M. bparuHckas, A. T. T'puroptok, M. Knm
UHCcmumym eblyucaumensHol mamemMamuKku u mamemamu4eckoli eeogpuzuxku CO PAH

E-mail: ludmila@opg.sscc.ru

C ucnonb3oBaHMEeM MeTO/OB pa3Beo4HOro aHanmsa AaHHbIX (exploratory data analysis, EDA) u mawmuH-
HOro oby4yeHus nccieaoBaH CNEeKTpasibHbIA COCTaB MUKpocencmmyeckoro ¢oHa B nepnoabl A0 1 nocae 3emne-
TPACEHWI C LLENbLO BbIABEHNA UX NPeABECTHUKOB. MoydeH MHTepPeCHbIN pe3yabTaT 0 TOM, 4To 3a 10—12 yacos
00 6onblwmMHCTBA (0K010 90 %) UccnefoBaHHbIX 3EMAETPACEHMI B BaKanbCKOM perMoHe HabntoaeTca xapak-
TEPHOE U3MEHEHME CMEKTPANbHON NNOTHOCTU MUKPOCENCM B CPAaBHEHUM CO CMOKOMHbIMW Nepuogamu. Uccne-
A0BaHMA NpoBoANAKCL Ha Base umdposoi naatdopmsbl (LMN) https:// izk.sscc.ru/ [1]. Celicmuueckne aaHHble
noctynatoT Ha LLM ¢ noanroHos UHcTUTYTa 3eMHoM Kopbl CO PAH, r. UpKyTCK.

Cnuncok nuTepaTtypbl

1. BparuHckas J1. M., Fpuroptok A. M., KoBanesckuii B. B., JobpbiHMHa A. A. Lindposas nnatdopma 10 Kom-
NNEKCHbIX reopU3NYecKux nccienosaHmnin B baikanbckom pernore // Ceiicm. npubopsbl. 2023. T. 59, Ne 4, C. 5-
18. https:// doi.org/10.21455/si2023.4-3.

NpumeHeHUe PUNOreHeTUYECKUX METOZ0B K A3bIKOBbIM AaHHbIM

A. A. TpnHeBnY
UHcmumym sblqucaumensHol mamemamuKku u mamemamuyeckol 2eogpusuku CO PAH

UHcmumym ¢hunonoauu CO PAH

E-mail: anngrinevich@gmail.com

NccnepoBaHe NOCBALLEHO NPUMEHEHUIO BMONOTMYECKMX METOL0B KNAaCTepPHOro aHanM3a K TeKCTOBbIM
JaHHbIM. YucneHHble meToapl 061a4at0T onpeaeieHHON YHUBEPCAIbHOCTbIO U MOFYT BbITb UCMOb30BaHbI B
WHbIX, HE CMEXHbIX ¢ Bonorven, HaydHblx HanpasaeHuax [1]. Llenb nccnepoBaHmaA 3akao4anach B CN0Ab30-
BaHMM Pa3/IMYHbIX METOLO0B KNacTepmsaLmMm Ana BbIABJAEHUA TPYNN B KOPMYCe TEKCTOB, a TaKXKe YCTaHOBAEHWUU

mexagy HAMU 3BOTIOUNOHHDbIX cBA3EN.
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B nccnenoBaHMM CpaBHUBAKOTCA Pe3y/ibTaTbl NPUMEHEHUA ABYX aATOPUTMOB MepapXMUYeCcKon Knactepusa-
umun: metog obbeanHeHus coceaen (neighbor-joining, NJ) [3] u meToa makcMmanbHOM NaPCUMOHUN UK SKOHO-
Mmunm (method of maximum parsimony, MMP) [2]. MeTog, NJ ocHOBaH Ha Bbl4MCAEHUN MaTPULLbI NONAPHbIX pac-
cTonaHui (distance-based algorithmic method), a MMP — meToa novcka gepesa, OCHOBAaHHOrO Ha MpPU3HaKax
(character-based tree-searching methods). B pe3synbTaTe 6bl710 NOAy4eHO ABa AepeBa, TONOOrMA KOTOPbIX Cy-
LecTBeHHo pasnnyaetcs: MMP nokasan 6onee MHTepNpeTUPYEeMbI pe3yibTaT, KOTOPbIM NoATBEPKAAETCA AaH-
HbIMW U3 APYTUX 'YMaHWUTapHbIX HayK, NJ He M03BOUA BbIBUTb TUMOIOMMU B aHAaNU3NPYEMbIX AAHHbIX.

MeTog MMP umeeT pAg NpenmyLLecTB N0 CPABHEHUIO C UCTOPUKO-reorpadpuyeckmum MeToaoM, KOTOPbIN
06bIYHO Mcnonb3yeTca B GUNONOTUM MPU U3YYEHUN MENKKYNLTYPHbIX CBA3EN S3bIKOBbIX TPAAULMIA M 3aKNtOYa-
eTcs B MAEHTUOUKALMM CKA30UHbIX TUMOB: 1) OH NO3BONSAET YYMUTbIBATL BCE NOTEHLUMANAbHO 3HaYMMble 0cobeH-
HOCTM B KnaccuduKaumm TEKCTOB; 2) No3BonseT nsbexaTtb NPeanosioxKeHUsa o Tom, YTo Hambosiee pacnpocTpa-
HeHHana ¢dopma sBnaeTca npeakom (Hambosiee KPUTUKYEMbIM acneKT UCTOPUKO-reorpaduueckoro metoaa);
3) npeaocTaBAseT MHCTPYMEHTbI 419 KOIMYECTBEHHOM OLLEHKM B GOPMUPOBAHUMN CXOACTBA MEXKAY TEKCTaMMU.

Cnuncok nutepaTypbl
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MpumeHeHne HEMPOHHbIX CETEN B JIOKa/IbHOM NPOrHO3e CKOPOCTU U NOPbIBOB BETpa

W. B. enb, A. B. CrapueHko
HayuoHanoeHsbili uccnedosamensckuli Tomckuli 20cydapcmeeHHsili yHugepcumem

E-mail: irina.del@mail.tsu.ru

PaspaboTaHa M npMmeHeHa MoAe/ b NOJHOCBA3HOW HEMPOHHOM CeTU A1 KPAaTKOCPOYHOro NPOorHo3a cKo-
pOCTU BEeTpa B 3 pa3/IMYHbIX NYHKTAX HabatoAeHUs . TOMCK N0 M3MePEHHbIM UCTOPUYECKMM 3HAYEHUAM METEO-
POJIOrMYecKuii NapameTpoB 33 NpeaplayLme Yyachl.

MopbiBbl BETPA, U OCOBEHHO MHTEHCMBHbIE MOPbLIBbI, ABAAIOTCA aKTya/ibHbIMU A5 06LLeCcTBa, HO Ype3Bbl-
YaliHO CNOXKHbIMM A1 NPOTrHO3UpoBaHuA. MNpeanoxeHa MeToANKa KOPPEKLMUM YNCNEHHBIX MPOTrHO30B CKOPOCTH
NMopbIBOB BETPA, NOJly4aeMbIX Ha OCHOBE ME30MACLUTabHO MOLENM YUCEHHOTO NPOrHO3a NOroAbl, C UCNOJIb-
30BaHMEM MOZAE/IM NONHOCBA3HON HEMPOHHOM CETU N AaHHbIX HaBMOAEHNI HA MeTEeOCTaHLMSX.

ApPXUTEKTYPbI NOCTPOEHHBIX MCKYCCTBEHHbIX HEMPOHHBIX CETEN COCTOAT U3 NOCNEA0BaATENbHbIX HECKOMbKMX
C/I0EB: BXOAHOIO €107, OAHOIO-TPEX CKPbITbIX M BbIXOAHOTO MOJIHOCBA3HbIX C/I0EB. YBE/NYEHUE KOMYECTBA
CKpPbITbIX C/I0eB Hosiee Tpex He NPUBESIO K YyULEHUIO NPOU3BOAMTENBHOCTM U KayecTBa NPOrHO3NPOBaHMA UC-
KYCCTBEHHOM HEMPOHHOW CeTU. B paccmaTprBaembIX HEMPOHHbIX CETAX ONTUMA/bHbIN NMOUCK BECOBbLIX KO3h -
LMEHTOB OCYLLECTB/IAETCA METOAOM aZaNTUBHOW MHEPLMM C KOpPEKLMeN BeCOBbIX KO3PPULIMEHTOB NyTEM L0-
6aBneHus L2-perynapusaummn AdamW (BapMaHT CTOXaCTUYECKOro rpagMeHTHoro cnycka) [1]. B Kauectse ¢pyHK-
UMM noTepb ucnosibszoBanacb GyHKLMA Xbtobepa [2] — KOMBMHaLMA cpeaHEeKBaALPATUUYHOMN OWMOKU NPU ManbIx
NOrpeLHOCTAX U cpegHent abCcoNtOTHOM OWMOKM NpU BONbLUMX.

Cnucok nuTepaTtypbl
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MpumeHeHue self-supervised nogxoga AnA aBToMaTU3aLMm Npoueaypbl CermeHTauum Tomorpadpudeckmx

1306pakeHuit
P. B. ykapKkuHoB

Hoeocubupckuli 2ocydapcmeeHHbIl yHUsepcumem

E-mail: ruslandzarkinov@gmail.com

B HacTosee BpeMs MeToAbl MalUMHHOTO 0Oy4YeHMA N HEMPOHHbIX CETEN 3HAUYUTE/IbHO CNOCODOCTBYIOT pe-
LUEeHMIO 33434 B pa3/IMYHbIX 061aCcTAX, BKOYAA CerMeHTaumio n3obparkeHmin. OgHako obyyeHne 6ONbLIMHCTBA
Mmogenen TpebyeT pasmeyeHHbIX 3KCNepTamm AaHHbIX, YTO ABAAETCA 3HaYMTEIbHbIM OrpaHUYeHMeM Npu obpa-
60TKe 60/1blIMX 06bEMOB AaHHbIX. B AaHHOM paboTe npeanaraetcs noaxon, oobeguHaowmii self-supervised [1]
n supervised meTtoapl A4NA cerMeHTaunmn n3obparkeHu.

[Ona npoBeaeHus uccnenoBaHma 6b1aM NoAroToB/IeHbl ABa Habopa Tomorpadpuyecknx nsobpaxkeHuin: be-
TOHHOro obpasua c paspeLleHnem 2.45 mKkm 1 KapboHaTHOro obpasua KepHa ¢ paspelweHnem 3.77 mkm. Ha atnx
OaHHbIX 6bl1M 0by4YeHbl pasninyHble apxuTeKTypsbl self-supervised learning, Takue Kak SimCLR, BYOL, SWAV wu
MAESTER. B npouecce o0byyeHuns moaenn cbopmMmnpoBaam BHYTPEHHUE NPEACTaB/IEHNS O CTPYKTYPE UCXOAHbIX
AaHHbIX. ObyyeHHas self-supervised mogenb 3aTem Mcnosb3oBasack AnA peweHunsa downstream-3agauu, pe-
3y/IbTAaTOM KOTOPOM cTan Habop METOK AN1A UCXOAHbIX AaHHbIX. 3T aBTOMATUYECKM CO34aHHbIE METKU 3aTeM
NPUMEHANUCL ANA 0byYyeHns cBepToUHOM HelpoHHoM ceTn U-Net [2].

[nA oueHKM KayecTBa CerMeHTaLUMM TakKe bblsia BbiNO/IHEHA py4YHasa pa3meTka obomnx HabopoBs M3obparke-
HUM, U HA 3TUX AaHHbIX Oblia 0byyeHa aHanornyHasa cetb U-Net. CpaBHeHMe pe3y/ibTaToB CErMEHTALUUM NOKa-
3a/10, YTO NPEASIOKEHHbI NOAXO4 3HAYUTENbHO YMEHbLUAET BpemMd, HeobXxoAnMoe AN PYYHOMN pasmeTKu, Npu
aToM obecneynBas KayecTBO CerMeHTaLMmn, CONOCTAaBMMOE C KAa4YeCTBOM, NMOJYy4YEHHbIM Ha OCHOBE MOJIHOCTbIO
PY4YHOW pasMeTKMU.

Cnucok nuTepaTtypbl
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CepBu1Cbl HA OCHOBE UCKYCCTBEHHOIO UHTEN/IEKTA ANA NOAAEPXHKKU HAYYHbIX UCCAeA0BaHUNA B reon0rnm

A. A. 3aryménHos™, B. B. Haymosa?
IMHecmumym aemomamuku u npoyeccos ynpasaeHusA B0 PAH

2[ocydapcmeeHHsbiil 2eonoauyeckuil myseli um. B. M. BepHadcko2o PAH

E-mail: truepikvic@gmail.com

CeroaHa UCKYCCTBEHHbIM MHTENIEKT BCE Yallle MPUMEHAETCA B re0/IOrMYeckMx 3aga4ax, B TOM YMC/Ie Hayu-
HbIX. Mpryem, ecnn fecaATb NeT Ha3ag WMPOKO NPUMEHANUCD METOAbl MalLMHHOIO 0by4yeHuMA oaa 3ajay ¢ uc-
No/ib30BaHMeM TabIMYHbIX AaHHbIX U TyOOKME HEMPOHHbIE CETU A/1A aHaN3a U306paXKEHUI, TO Ha CeroaHALL-
HWI AeHb HaMBONbLUNI MHTEPEC NPeACTaBAAIOT 60/blUME A3bIKOBbIE MOLENN M 33434M, CBA3AHHbIE C 06paboT-
KOW ecTecTBeHHOro s3blKa. [laHHan paboTa noceaALeHa pa3paboTke COBPeMEHHbIX CEPBUCOB Ha OCHOBE MUCKYC-
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CTBEHHOIO MHTENNEKTa B PaMKaX 3KOCUCTEMbI JlaHHbIX U CEPBMUCOB X 06paboTKN AN NOAAEPIKKN HAYUHbIX UC-
cneposaHuid ITM PAH (https:// geologyscience.ru/). 3To cepsuchl B popme NpobieMHO-0PUEHTUPOBAHHbIX YaT-
60TOB, B OCHOBE KOTOPbIX NIeXKaT 60/blLMe A3bIKOBbIE MOAENM, ANA PELleHUs CeayoLnX 3a4a4: aHaans ny6-
NMKauuii U3 penosntopus HaydHbIx ctaTeli no reonorun (https:// repository.geologyscience.ru/), uHtennekty-
anbHbI NOUCK W aHanuM3 uHGoOpMaUuMM MO 3HUMKAONeAUM MecTopoxaeHuin Poccum (http:// wiki.
geologyscience.ru/), MHTENNEKTYa IbHbIA NOMOLLHUK MO MOUCKY AaHHbIX U METOA0B UX 06paboTKM C MOCTaHOB-
KO 334,34 Ha ecTecTBEHHOM fA3blKe. BbilenepeyncsieHHble CePBUCHI ABAAKOTCA CaMOCTOATEIbHbIMKW BEB-CcepBU-
CaMU, UMEIOLLMMMN BO3MOXKHOCTU MO UX UHTErpaLmm B BbIYMCAUTEbHbIE Cpedbl U MHGOPMALMOHHbIE CUCTEMBI.

NocTpoeHune cypporaTHoOii HeMPOHHOM MOoAEeNU ANA pelleHna 3a8a4 XMMUYECKO KUHETUKU

I'. U. Kasakos?, A. B. MeHeHko?, K. O. UeaHoB!
IHosocubupckuli 20cydapcmeeHHsbIll yHUsepcumem

2MHecmumym eel4ucaumensbHoli MamemamuKu u mamemamudeckoli 2eogpusuku CO PAH

E-mail: g.kazakov@g.nsu.ru

3afayva aHa/M3a NPOLLECCOB FOPEHUS ABAAETCA O4HUM M3 KAKOYEBBIX M NEPCNEKTUBHbLIX HanpaBaeHWU co-
BPEMEHHO HayKM B 061aCTV MaTeMaTUYEeCKOro MoAeIMPOBaHMA. ITa 3a4a4a UMeeT 60/1bLIOe 3HAYEHUNE B YCNO-
BMAX CTPEMUTESNbHBIX TEXHUYECKUX U TEXHONOTUYECKUX U3MEHEHWUIA, MOMOras onTMMMU3NPOBaTb paboTy ABura-
Tenen n nosblcuTb Mx KMA. B pamKax Hawero ncciesoBaHns mbl Npobyem pasnnyHble Noaxoabl K MoAenmpo-
BaHUIO XMMWYECKOM KMHETUKM C MOMOLLbIO HEMPOHHBIX ceTell. Hanpumep, mbl npobyem pasHbie cnocobbl co-
3/1aHMA Habopa AaHHbIX: pa3Hble HayasibHble YCNOBUS, PEryAsipHble U HeperyaspHble BpeMeHHbIe MHTepBaibl.
MbI pa3pabaTbiBaem NPUHLMMIMANBHO pa3sHble apxmuTeKTypbl: LSTM, KAN, MLP, xXLSTM. NocnegHue aBe apxmTek-
TYpPbl NPEACTABAAOT HaMBONbLUNI MHTEPEC, NOCKO/IbKY OHM eLle He Bblan NPOoTeCTUPOBAHbI HA 3a4a4axX XMMU-
YeCKoM KMHEeTMKKU. B npouecce paboTbl Hag apxUTEKTypamm OblI0 NPUMEHEHO M NPOTECTUPOBAHO HECKOJIbKO
meToA0B, BK/o4Yas BatchNorm, L2 perynapusaums, 6aiecoBckuit noabop runepnapameTpos, obyyeHune ¢ uc-
Nno/sib30BaHMEM aBTOPErpPeccun U yMeHbLUEHNE PAa3MEPHOCTH, C UCMOJIb30BaHUEM apXUTeKTypbl AutoEncoder.
Hawew uenbto 6bI10 yAYULLIMTL NOKa3aTeNN KayecTBa HEMPOHHOM CETU MO CPABHEHMIO C CYLLLECTBYHOLWUMU MO-
OEeNsAMU, a TaKKe CPaBHUTb CKOPOCTb M 3aTPaTbl PECYPCOB C TPAANLMOHHBIMN METOAAMMN MHTETPUPOBAHUSA HKeCT-
Kux cuctem OY. Mcnonb3oBaHWe HEMPOHHbIX CETElM ABNAETCA MHOMo0O6eLLatoLWMM NOAX0A0M, MOCKO/IbKY MO-
Oenn rnyboKoro obyyeHma ycnewHo paboTatoT ¢ PasfIMYHbIMMU AaHHbIMK, YTO NOMOTaeT NOBbICUTb KAYeCTBO MO-
OEeNVNPOBAHUA FOpPeHUs.

CermeHTauuMa CHUMKOB KOMNbKOTEPHO TOMOrpaduun Npu NOMOLLU HelipoceTeBoro TpaHcpopmepa

K. H. Kupnnanos?, . N. Muxainanos?, A. A. Tynynos?, B. b. bepnkos?
IHosocubupckuli 20cydapcmeeHHbill yHusepcumem

2MHcmumym mamemamuku um. C. /1. Cobonesa CO PAH
3MexcdyHapodHsilti momozpaguyeckuli yeHmp CO PAH

E-mail: k.kirillovl@g.nsu.ru

B paboTe npeacTaBneH anroputm Ha OCHOBe TpaHCHOPMEpP-apXUTEKTYPbI, obecneunBatoLwmii cemaHTuYe-
CKYIO cermeHTauuto o6nacTv nopaxeHua roJloBHOro Mo3ra naumeHTa UeMUYecKUM UHCYNbTOM Ha Tpexmep-
HbIX CHUMKAX KOMMNbOTEPHOM TOMorpadumm 6e3 KOHTpacTUpoBaHuA. s peleHns 3agaum bbiia NpUMeHeHa ap-
XUTEKTYpa HelipoHHoi ceTn 3D Swin UNETR [1], B OCHOBe KOTOPO IEXKUT MEXaHWU3M BHUMaHUA, Cy»Kalluunii ans
NMOMCKa B3aMMOCBA3EM MeXKAY Pa3/IMYHbIMM YacTAMM U306paxkeHns. Mogenb 6bina obydeHa M NpoTecTMpoBaHa
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MEeTOZOM KPOCC-BannaaLumm Ha peasibHbIX CHUMKAX NauneHToB MexayHapoaHOro ToMorpadmMyeckoro LeHTpa
CO PAH. NpepobpaboTka AaHHbIX BKAOYaNa B cebs orpaHNUYeHMe MHTEHCUMBHOCTU M306paXKeHMa 1 minmax Hop-
Manusauus. bbian npoBeseHbl NCCNeA0BAHMA U CPAaBHEHMA KavecTBa PpaboTbl Moaenu u ee aHanoros [2]. Mpea-
Nlaraembl anropuTM AemoHcTpupyeT Ha 30% 6onbliyto ToYHOCTb Mo meTpuke DICE B cpaBHEHUU C Moaesbio-
aHanorom 3D U-Net. NaBHon ocobeHHocTblo mogeny 3D Swin UNETR aBnsaeTca yBennyeHue N0KHOMONOMKM-
Te/IbHbIX U YMEHbLUEHWE NOXKHOOTpULLATENbHbIX OTBETOB Mo cpaBHeHuio ¢ 3D U-Net.

Cnuncok nutepaTypbl
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O npobaemax nccnenoBaH1a NOA3EMHbIX CTPYKTYP, C NOMOLLbIO METOA,0B UCKYCCTBEHHOIO UHTEI/IEKTA

A. H. Nesawwos?, A. B. lopbaues?, U. 3. CrenaHosa?, A. I'. Arona?l, /. B. /lykbAHeHKo!
IMockosckuli 20cydapcmeeHHbili yHusepcumem um. M. B. /lomoHocosa

2MHecmumym ¢usuku 3emau um. O. 0. LLimudma

E-mail: levashov.an16@physics.msu.ru

B pabote paccmatpuBaeTca npobaembl nccnefoBaHUA NOA3EMHbIX CTPYKTYP, UCNO/Ib3ya METOoAbl UCKYC-
CTBEHHOIO UHTENIEKTa. B pamKkax npoBefeHHOro nccienoBaHus 6bi1 UCNOIb30BaH MOLE/IbHbBIV NPUMEp, B KO-
TOPOM aHOMA/IbHOE rPaBUTALMOHHOE MOJIE CO3aBaJIOCh MPAMOYFO/IbHOW MPU3MOM, Pacro/IoKEHHOM Nog, no-
BEPXHOCTbIO. B Xx04€e nccnefoBaHUA NpM3ma NoBopayvBaiach BA0/b ocu X Ha onpeaeneHHbIi yro. 3agaya co-
CTOANA B OLEHKE BAMAHWA YI/1a NOBOPOTA NPU3MbI Ha PE3ybTaT pelleHns obpaTHOM 3a4auun.

B maHHOM paboTe paccmaTpuBaeTcsa pesy/ibTaT BOCCTAHOBAEHUSA MAOTHOCTU MPU3Mbl C MOMOLLbIO METOA0B
WCKYCCTBEHHOTO MHTE/IZIEKTa, @ TaKKe CpPaBHEHWE C pes3y/ibTaTaMu, NOJYYEHHbIMU METOLOM MHTErpanbHbIX
npeacTaBAeHUN.

PaboTa BbinonHeHa Npu noaaepskke Poccuitckoro HaydHoro doHAaa, rpaHT Ne 23-41-00002, https:// rscf.ru/project/23-
41-00002/.
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O HeKoTOpbIX moanduKaumax Kputepua Xapke — bepa

A. B. lorayes, C. E. XpywieB
UHcmumym mamemamuku um. C. /1. Cobonesa CO PAH

E-mail: hrushew@rambler.ru

Kputepuin Xapke — bepa WMPOKO UCNO/b3yeTcsa AN MPOBEPKM MMNOTE3bl O TOM, YTO 3/1eMeHTbl BbI6OPKU
MMEIOT HoOPpMaibHOEe pacnpefesieHMe C HeU3BeCTHbIMK napameTpamu. B goknage 6yayt paccmoTpeHbl Moau-
duKkaummn kKputepua Xapke — bepa, nossosAwoLME NPOBEPATb TMNOTE3bl O TOM, YTO BbI6OPKA U3 HOPMAaNbHOTO
pacnpeaeneHuns ¢ O AHUM AN ABYMSA U3BECTHbIMM NapamMeTpamum.

TaksKe byaeT nposBeAeHO CpaBHEHUE MOAYYEHHbIX KpUTepUeB C APYrMMU U3BECTHbIMU CTaTUCTUYECKUMM
pelwamLwmMmmn npasunammu.

OLeHKa IeCHOM No}KapHOM onacHOCTU, 06ycnoBeHHOM NHGPACTPYKTYPOM XeesHOoM A0pory,

C MCNO/Ib30BaHUEM UCKYCCTBEHHOW HEMPOHHOMN ceTu

A. O. MannnuH, H. B. bapaHosckuii?, A. B. basapos?, P. C. Cbiues?
1A/IPOCA

2Tomckuli nonumexHuyeckull yHugsepcumem

E-mail: norrischakovich@mail.ru

PaccmaTpmBaeTca BO3MOMKHOCTb NPUMEHEHMA HEMPOHHbIX CETEN ANA NPOrHO3MPOBaHMA MECT NOABAEHUA
04aroB IeCHOro norkapa. B pamkax pabotbl npoBoauacs cbop 1 aHanu3 AaHHbIX 06 oyarax noxkapa B 3aurpaes-
CKOM palioHe pecnybaukn bypatua. NonydyeHHble AaHHble 0XBaTbIBAtOT CTAaTUCTUKY MO 06pa3oBaHMIO 04aros Mno-
»apa Ha 20 net. Jna NnporHo3nposaHuMA BbibpaHa 3c/10MHAA HEMPOCETb MPAMOTO pacnpocTpaHeHua. Popmmpo-
BaHMA Habopa AaHHbIX A1 00y4YeHUs TOUKM 04aroB b6bln 06begMHEHbI CO CYyYaHbIMMU TOYKaMM, BblIOpaHHbIMM
Ha KapTe painoHa. [na paboTbl BbinM COCTaBAEHbI BEKTOPA AAHHbIX B MEPBOM C/lydae BKAOYAOWMeE MeTeonaH-
Hble (TemnepaTypa BO34yxa, AaBNeHWe, BAAaXKHOCTb, TeMnepaTypa TOYKM POCbl, 061a4HOCTb, KONNMYECTBO OCaAA-
KOB) U AaHHble NONOXKEHUSA (pacCTOAHUE [0 PEKU, PACCTOSTHUE [0 TPYHTOBbIX AOPOr, PACCTOSHUE A0 Xese3HbIX
[0pOr, pacCToAHUE A0 A0POT, PACCTOAHUE A0 WOCCENHbIX A0POr, PACCTOAHME A0 Kee3HOAOPOMKHbIX CTaHLUUNA,
paccTonaHue Ao 6AnKanLero HaceNeHHoro NyHKTa, HAaMMeHOBaHWe BAKXKaMLLEro HaceNeHHoro NyHKTa). Bo BTo-
pPOM Cayyae MCMOJIb30BaAINCh TONIbKO AaHHblE O NONOXEHUW oYara noxKapa. [na onpeaeneHma oTpuLaTebHbIX

TO4YeK.

OdnaitH-BepndmrKaLMa PYKONMUCHbIX NoANucei c UCNo/ib30oBaHMEM CBEPTOUYHbIX HEMPOHHbIX ceTen

A. C. Hepbaitnosa?, U. A. MNectyHos?
IHosocubupckuli 2ocydapcmeeHHbill yHusepcumem

2pedeparnbHblli uccedosamenbckuli UeHMpP UHGHOPMAUUOHHBIX U 8bI4UCAUMESbHBIX MexHon02ul

E-mail: a.nedbailova@g.nsu.ru

PyKkonucHas noanucb Ao cuMx Nop octaeTcsa Hanbonee pacnpocTpaHeHHbIM cnocobom naeHTUGUKaUUmn Any-
HocTU. MaeHTudMKaLMA aBTopa U BepUOUKaALMA PYKOMMUCHOW NOANMUCU ABASETCA OAHOM U3 Hanbosiee nonynsap-
HbIX 3KCNEPTM3 B MPAXKAAHCKUX U apbUTpaXKkHbIX cyaebHbIx cnopax. Aaa naeHTMeukaumm n sepudukaLmmn noa-
MUCK MOXKHO 06PATUTBLCSA K CNeLManmcTam B coepe noYepKoBeaUYECKON IKCNepTU3bl, HO AaHHas npoueaypa B
HacToAllee Bpemsa 3aHMMaEeT oT 3 40 7 AHeN N UMeeT A0CTaTOYHO BbICOKYHO CTOMMOCTb. [1o3ToMy aBToMaTM3a-
LMA 3TOro NpoLLecca ABAAETCA KpalHe akTyanbHOM 3agayeit.
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CyLLecTBYIOT Ba OCHOBHbIX TUMNa NPOBEPKM PYKOMUCHbIX MNOANUCEN: CTaTUYECKUi (odnaH) n AnHammye-
CKuit (oHNanH). Mpu odnaltH-Nnogxoae pacno3HaBaHME U aHaAU3 NOAMMUCK BbIMOJHAETCS NOC/E TOro, Kak nosay-
yeHo ee undppoBoe U306parkeHMe, a NPU AMHAMUYECKOM — aHan3 NoANUCK OCYLLECTBASIETCA B Npouecce ee
co34aHuA.

B o4aHHOM A0K/age paccMaTpMBatoTCA METOAbI M aNropuTMbl opaaliH-pacno3HaBaHUA PYKOMMUCHbIX No4nu-
celt U npegnaratoTca e cxembl 06paboTKM M306paXkeHUIN PYKOMUCHbIX NOAMNUCEN C UCMOJ/Ib30BaHNEM CBEPTOY-
HbIX HeMPOHHbIX ceTeit (CHC). B nepsoi cxeme CHC ncnonb3ytotca Ana sepudukaLmm noanuceit, a Bo BTOpom — AN
naeHTUPMKauMmn aBTopa NoanncK ¢ nocieayoLen ee sepndrKkaumein ¢ NOMOLLBIO MeToAa NOUCKa 0cobbIX ToYeK
SURF. MpuBoasaTca pesynbTaTbl 3KCNEPUMEHTaNIbHOTO cpaBHeHMA YeTbipex apxutekTyp CHC (AlexNet, ResNet50,
VGG-16 n VGG-19) gna naeHtudukaumm astopa U Bepudukaumm noanuceir Ha aaHHbix CEDAR u Bengali
(https://www.kaggle.com/datasets/ishanikathuria/handwritten-signature-datasets). MpuBoaaTca Takse pe-
3y/1bTaTbl SKCMEPUMEHTA/IbHbIX UCCEA0BaHWUI, CBA3AHHbIX C BbIODOPOM HaMUIYYLIMX METOA0B NpeaBapuUTeibHOM
06paboTKN N306parkeHUt PYKONUCHbIX noanucen (buHapusauma, GUabTpaums, LeHTpaansaLms, nosoporT).

CeMaHTUYECKUI NOUCK U PaHXXUPOBAHUE re0/IOrMYEeCKMX Ny61nKaunMn oNa HayYHbIX UCCeA0BaHUMN

M. WU. Matyk, B. B. Haymosa
FocydapcmeeHHblIii eeonoauveckuli myseli um. B. N. BepHadckozo PAH

E-mail: patuk@mail.ru

HayuHble nccneaoBaHus B reosiormmn TpebytoT BbINOHEHWA ONpeaeieHHOro Habopa TMNOBbIX 33434, KOTO-
pble ABNAOTCA BAaXKHOW YacTblo NPOLLECCA UCCIe0BaHUA, HO MPU 3TOM A0CTaTOMHO PYTUHHBI U OAHOO6PaA3HbI.
CoBpeMeHHble TEXHO/I0TMM UCKYCCTBEHHOTO UHTENIeKTa NO3BOIAIOT 06/1erYnTb PYTUHHYI0 PaboTy He TONbKO B
06paboTKe, HO M CO34aHUU HOBbIX AAHHbIX Ha OCHOBE BXOAHOW MHbOPMaLMK.

Mounck nHbOPMaLMKN ABAAETCA BA*KHOM COCTAaBHOM YacTbio N11060ro HayyHoro uccnegosaHua. OCHOBHbIMU
METOA4aMM A0 HACTOALLEro BPeMEHM OCTaloTCA TEMaTUYECKUI MOUCK No pybpuKaTopam M NMOUCK MO KAKYEBbIM
cnoBam. [laHHble MeToAbl ABAAIOTCA AUCKPETHLIMM NO CBOEN CYTU U 3aBUCAT OT KayecTBa NpeaBapuTe/ibHoi 06-
PaboTKN AOKYMEHTOB, MPU MOMELLEHNN UX B CUCTEMbI XPaHEHMUS.

ABTOpbI B CBOEM paboTe npegnaratoT BOCMO/1b30BaTbC OTHOCUTE/IbHO HOBbIM MOAXOA4OM C MCMO/b30Ba-
HMEM O4HOro U3 METOA0B UCKYCCTBEHHOTO MHTE/IIEKTA - CEMaHTUYECKOro NOUCKa. [aHHbIA MeTo OCHOBaH Ha
NPUMeHeHUN 6oNbLLMX A3bIKOBLIX MOAENEN N CUIbHO 3aBUCUT OT KayecTBa MX NpenBapuTesibHOro obydeHus.
Hamu 6bino npoBeaeHo f00byyeHNe HECKOMbKMX A3bIKOBbLIX MoZenei Ha cobpaHHOM AaTa-ceTe, KOTOpPbI Co-
OeprKan HaMMeHOBaHMA M abCTPaAKTbl CTaTeN, MOCBALLEHHBIM OMMCAHUAM MECTOPOXKAEHMI TBEPAbLIX NONE3HbIX
nckonaemblix. MNpoBeaeH CPaBHUTEbHbIN aHaM3 NOAYYEHHbIX PE3YbTaToB. [1OKa3aHbl NpenmyLLecTBa ceMaH-
TUYECKOTO MOUCKa N0 CPAaBHEHMIO C TPAAULUMOHHBIMM MeToAamu. Mpon3BoaeH TECTOBbIN MOUCK U PaHXMPOBa-
HWe Ny6MKaunii Ha OCHOBE CeMaHTUYECKON 6M30CTM € NpeacTaBeHHbIM GParMeHTOM TEKCTA. BbiNoAHEH aHa-
/M3 3aBUCMMOCTM KayecTBa NOMCKa B 3aBUCMMOCTM OT NapamMeTpPOB MCMNO/b3yEMON A3bIKOBOWM MOAENN U BEN-
UYMHbI 0byyatoLwero Habopa gaHHbIx. Co3aaH web-cepsuc noncka nHpopmaumm B apxmee nybamkaumn MM PAH
https://repository.geologyscience.ru.

[aHHbI NoaxXo4 MOXKeT 6bITb NPUMEHEH B Hay4YHbIX re0N0rMUYECKUX UCCNe0BAHMAX NPU CPAaBHEHUN MECTO-
POXAEHUIA N UX KNacCUPMKaLMM Ha OCHOBE CEMAHTMYECKOM 6M30CTH UX onNncaHuiA B Nybankaumax.

PaboTa BbiNoaHseTcA B pamkax roc. Tembl Ne 1021061009468-8-1.5.1 "Uundpposana nnatdopma MHTErpaunm 1 aHanmsa

reosIorMYyecknx n Mmy3semnHbix gaHHbIX".
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Pa3paboTKa u uccneaoBaHmMe MeToAa peLeHns CTalMoOHapPHOro ypaBHeHUA TENJIONPOBOAHOCTU Ha OCHOBE

HEWPOHHBbIX ceTe

C. A. Poctoman?, A. . Koponesa?, B. A.TlnasyHos®
Pocamom

2HTY "Cupuyc"
3P®AL| Beepocculickuli HayyHo-uccnedosamesnsbcKuli UHCMumym 3KCrnepumMeHmasnbHol husuKu

E-mail: susorost@mail.ru

YucneHHoe moLenmpoBaHMe TEMNIOBbIX MPOLLECCOB UTPAET KKOYEBYHO POJIb B Pa3INYHbIX 061acTAX HAYKM U
TEXHWKM, CNocobCTBYA MOHUMaHMUIO GU3UYECKUX ABAEHWNI N CO34aHUI0 HOBbIX TEXHOIOTMI. [pUMeHeHne ceTou-
HbIX METOA0B B TaKMX UCCNEAO0BAHUAX 3HAYUTE/IbHO YBE/IMUYMBAET BbIYUC/IUTENBHYIO HarpysKy. Bmecte ¢ tem
pa3BUTME METOLOB MOLENNPOBAHUA C MPUMEHEHNEM MALLMHHOIO 06y4YeHMA NO3BO/AET pewaTtb NoA0bHbIe 3a-
0a4n B 3HAUNTENbHO MeHbLUME CPOKK. B AaHHOM paboTe npuBoasTca pesynbTaTthl paboTbl No paspaboTke U uc-
cNefoBaHMI0 MeToAa MOAENNPOBaHMA OAHOMEPHOM U ABYMEPHOW 334,34 CTaLMOHAPHOM TENI0MNPOBOAHOCTM Ha
OCHOBE CBEPTOYHbIX HEMPOHHbIX ceTer. Moaenb peannsoBaHa C Ucnosb3oBaHMem bubanotekn Tensorflow.
[aHHble, ucnonbsyemble ans obydyeHMUa MoryT HbiTb NOMYYEHbI U3 aHAZIMTUYECKOTO PELUEHUS WK C MOMOLLbIO
MOAe/IMPOBaHNA B MporpaMmmHoM npoaykTe "/loroc Tenso".

B paboTe paccmaTpmBaloTCA pa3inNyHble BapuMaHTbl CTPYKTYPbl CBEPTOYHOMW HEMPOHHOM CETU, B TOM YMCNE C
y4yeTom ocobeHHOoCTeN pelleHnn AByMepHOM 3a4a4n. Bbibop onTmManbHOM CTPYKTYPbl MOAEN NPOBOAMTCA Ha
OCHOBE TECTOBbIX 334a4ax, MMeLWMX aHaINTMYECKoe pelleHne. [na BbIBpaHHOM CTPYKTYpPbl MOAENU NPOBO-
AUTCA UccneaoBaHMe BAUAHUA Pa3/IMUHbIX NapaMeTPOoB UCXOAHbIX AaHHbIX, TAKUX, KaK pa3mep obyuatoleit Bbl-
6OpPKM, FrEOMETPUYECKUX Pa3MEPOB, KO3hOULMEHTa TENIONPOBOAHOCTU M MAaPaMeTPOB FPaHUYHbIX YC/IOBUI Ha
TOYHOCTb NOJTY4aeMOoro peweHus. ITO NO3BOJIM0 U3YYUTb PEaKLMI0 CUCTEMbI HA Pa3/IMyHble BHELLHWe BO3ael-
CTBUSI U OLLEHUTb €e YCTOMUYMBOCTb M YYBCTBUTEJIbBHOCTb K U3SMEHEHUAM NapameTpoB. NTorosas norpeLHocTb
MmeToza bblna oUueHeHa Ha YNC/IEHHbIX SKCNEPUMEHTAX, B TOM YNC/IE HE UMEIOLLIMX aHaIMTUYECKOro pelleHus. B
3aKN0YEHMN PaboTbl caenaH BbiBOA O BO3MOXKHOCTM M NepCrneKkTMBax NpUMMeHeHNs HeMPOHHbIX CeTel Npu mMo-
OEeNNpPoBaHUM GU3MUYECKUX MPOLLECCOB, BbIAENEHbI KNOYEBblE MPEMMYLLECTBA MPUMEHEHMA TaKMX METOO0B U
onpeaeneHbl HanpaB/ieHUA AaNbHENLNUX UCCNef0BaHNNA.

ABTOMaTHMYeCKOe 06HapyKeHUE IMaBHOrO U I0KaJAbHbIX 63a30BbIX aPryMeHTOB B HAYYHOM TEKCTE Ha PYCCKOM

A3blKe
H. B. Canomatuna?, U. C. MnumeHos?
MHecmumym mamemamuru um. C. /1. Cobonesa CO PAH

2MHcmumym cucmem uHgpopmamuku um. A. 1. Epwosa CO PAH

E-mail: salomatina_nv@live.ru

CTPYKTYpbl apryMmeHTaummn B Hay4YHbIX TEKCTAX, Kak Npasuao, opmanbHO NpeacTaBasemble rpapamm, akky-
MYJIMPYIOT [OKa3aTeNbCTBA OTAE/bHbIX TE3UCOB M MO3BOJIAIOT OLEHUTb UX ybeamTenbHoCTb. KopoTkue cTaTbm
06bIYHO NOCBALLEHbI LOKA3aTENbCTBY OAHOIO ITaBHOTO Te3Mca, apryMeHTauMoHHbIe rpadbl TakMX cTaTe OTau-
YaloTCA CBA3HOCTBIO M MMEIOT KopeHb. TPyAHO pellaemoi 3agayeit ABAAeTcs aBTOMaTUYeCcKoe YCTaHoBeH e
cBA3EM MeXAy NO3ULMOHHO PasHeCeHHbIMMU apryMeHTaTUBHbIMU YTBEPKAEHUAMM TEKCTA, COCTaBAAIOLWMMU ap-
rymeHT. Ho UMeHHO oHM 06pa3ytoT 6a3y aprymeHTaumm TekcTa. B gaHHoM paboTe NnpumeHAeTca NosTanHbIi noa-
xog4, [1] K 4acTUYHOMY PELUEHMIO 3TOM 3a4a4M - onNpeaeeHNI0 NOTEHLMAbHO CBA3AHHbIX, HO HEKOHTAKTHO pac-
NONIOMKEHHbIX B TEKCTE apryMeHTOB - C UCMO/Ib30BaHMEM METOA0B MALWMUHHOIO 06YYEHMA N IMHTBUCTUYECKMX
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npaBu, NOCTPOEHHbIX Ha OCHOBE MapKepoB aprymeHTaumnm n ocobeHHocTen ABMIEHHOM CTPYKTYPbl TeKcTa. Ha
nepsom atane metogamum MO (MNB, SVM, MLP) BbifsBAstOTCS apryMeHTaTUBHbIe npegnoxkeHus (F120.7), Ha BTO-
pOM 3Tane - apryMmeHTbl (CBA3aHHbIe onpeaeneHHbIM TUMOM PacCyXAeHUA NpPeaNoKeHUA-NOCbIIKK U npeano-
KEHMA-3aKNI0YEHMA), 0OPaA30BaAHHbIE CMEMKHO PACMNONIOKEHHBIMU APrYMEHTAaTUBHLIMU  NPEAIOKEHNAMM
BHYTPM Kaxkgoro ab3aua (F120.6). U3 HUx gByma nyTamu: 1) c UICNO/Ib30BaHNEM MapPKEpPOB apryMeHTaLMmn 1 no-
3ULMOHHbIX XapaKTePUCTUK U 2) C MOMOLLbIO KNAacCUPUKALMM apryMeHTaTUBHbIX NpegnoXKeHui metogamm MO
onpefensieTca rnaBHbIN Te3unc (3akoUueHne NoKanbHoro 6a3oBoro aprymeHTa) ans Kaxkaoro absaua. MNo npasu-
laM, aHanorMyHbim 1), onpeaensaertca u rnasHbil Tesnc Tekcta (F120.8). Matepnanom nccneaoBaHus caykat
apryMeHTaLMOHHble aHHOTaUMM 50-TM Hay4YHbIX PYCCKOA3bIYHbIX TEKCTOB, MOCTPOEHHbIE "BPYyYHYHO" Tpems aKc-
neptamu Ha nnatdopme ArgNetBankStudio n coaeprkawme 6onee 2 TbiC. aprymeHTOB.

PaboTa BbINO/HEHa B paMKax rocyaapcrtseHHoro 3agaHus MM CO PAH (npoekT Ne FWNF-2022-0015).
Cnucok nutepaTypsl
1. Stab C., Gurevych I. Identifying argumentative discourse structures in persuasive essays // In Proc. of the

2014 Conf. on Empirical Methods in Natural Language Processing (EMNLP), Doha, 2014. P. 46-56.

dopmuposaHue obyyatowieit BbIGOPKK Npu pa3paboTke HEUPOCETEBOro aJIOPUTMa onpeaeneHua BpemeH

NpuUxoAaa LeneBbiX BOJIH OT JIOKa/IbHbIX 3eMAETPACEHU

E. B. CrenaHosa?, A. M. Kamawes™?, T. A. CtynuHa®
IMHcmumym Hepmezasoeolii 2eonozuu u 2eoppusuxku CO PAH

2Hosocubupckuli 2ocydapcmeeHHsbili yHusepcumem

E-mail: e.stepanoval@g.nsu.ru

B cercmonornm ogHUM 13 KAtoYeBbIX 3TanoB 06paboTKM AaHHbIX ABAAETCA ONpeaeneHne BpeMeH BCTynie-
HWUI P 1 S BOAH. K HacToAwemy BpeMeHW HanbonbLUyio NONYyAsSPHOCTb NPMOBPeTatoT NoaXoAbl, OCHOBaHHbIE Ha
NCMOJIb30BaHNN CBEPTOUYHbIX HEMPOHHbIX ceTei. CyliecTByeT 60/1bloe KOANYECTBO PaboT, MOCBALLEHHbIX pas-
paboTKe apXUTEKTYP HEMPOHHbIX CETEN A/1A pelleHMA 33434 onpeseneHnsa BpemMeH BCTYNIeHUIA. BarKHbIm 3Ta-
NMoM Npwu paspaboTKe HEMPOCETEBOIO a/ITOPUTMa ABASETCA 3Tan NOAFrOTOBKM 0byyatoLLen BbiIbopku. Coop 1 noa-
roTOBKa CEMCMMYECKUX AaHHbIX A/1A CO34aHusA obydalowein BbIBOPKU ABNAIOTCA BpemsA3aTpaTHbIMKU NpoLec-
CamM, NO3TOMY aKTyasibHbIM OCTAaeTCs BOMPOC O AOCTaTOMHOM 06beme BbIOOPKU. B paboTe npeacrasieHo umc-
cnefoBaHMeE MO onpenesieHnto ONTUMANbHOTO KOJIMYECTBA CEMCMMUYECKUX CODbITUIA, HEOBXOAMMBIX ANA Kade-
CTBEHHOIO 06y4YeHNA HEMPOHHOW ceTu.

Bblna npoBegeHa cepusa TeCTOB € pasmepammn obyyatouen Bbibopkm oT 10 go 100 cobbiTmin. ObyyeHHan
HEeNPOHHaA ceTb TECTMPOBaNACb Ha HOBOM Habope AaHHbIX, HE y4acTBOBaBLUEM B CO34aHUKU 0byuvatoLLelt Bbl-
60pKu. MNpoBeaeHHOe UccaefoBaHWE NOKasano, YTo nocne 25-30 cobbiTnin No mepe yBennyeHus obbema Bbl-
6GOPKM KOJIMYECTBO AAHHbIX, AN KOTOPbIX MOMEHTbI BCTYMNJ/IEHUI BOMH ONpeaeneHbl B npeaenax 4onycTUMOM
norpewHoctn (50 mc, YTo cooTBeTCTBYET 5 OTCYeTam), NOBbIWAETCA He3HauuTenbHo. Obyyatowas BbIOOpPKa,
He3aBMCMMO OT 06bema, BK/toYana B ceba Tpacchl C BbICOKMM COOTHOLLEHUEM CUTHAA/LLIYM U C YHETKMM BCTynne-
HMEeM NPV BU3yannsaumm, a TakKe TPacChbl C HU3KMM COOTHOLLEHMEM CUTHaA/WyM 1 6onee CI0XKHOW BONHOBOW
KapTMHOWM, TO ecTb BbibopKa bblsia cbanaHcMpoBaHa OTHOCUMTE/IbHO "KayecTBa" ceMCMUYECKUX JaHHbIX.

Mo nToram paboTbl 6bINO BbISBAEHO, YTO Ha PAaCCMOTPEHHbIX Habopax AaHHbIX gns 0bydyeHua HelMpoHHOM
CEeTU, NPU peLleHnn 3aJaum onpeneneHns BpemMeH BCTYMeHU P- n S-BO/IH OT /IOKa/bHbIX 3€eMNETPACEHUN,
6b1710 AoCTaToOYHO 25 celicmmyecknx cobbitnin. C MOMOLLBIO HEMPOHHOW ceTu, obyyeHHoM Ha 25 cobbiTusax, B
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npegenax 4oNycTMmoi NorpewHocTy yaanock obpaboTaTte 93% AaHHbIX Npu onpeaeneHum P BoaHbl 1 95% npu

onpeageneHmn S-BO/IHbI.

BepoATHOCTHasA moge/b npeacka3aHusa BbipaboTKM MOLLHOCTU 31eKTPo3Heprum B3Y

C. B. Crpukak, K. b. Kowenes
UHCMmumym cucmemHo20 npozpammuposaHua um. B. 1. MeaHHukoea PAH

E-mail: strijhak@yandex.ru

3a nocnegHue 5 net B P® noctpoeHo 25 HOBbIX BETPONAPKOB C CYMMAPHON MOLLHOCTbIO BbipaboTku 2 BT.
B xoae akcnayaTaumm BIC npouncxoamt cbop gaHHbIX ¢ ucnonb3oaHnem ACYTI. Ha npakTuke cyliecTsyeT no-
TpebHOCTb B pa3paboTKke mogenein NPorHo3a BbipaboTKM 3/1EKTPOIHEPINN HAa HECKONbKO AHEN Brnepes, B CBS3M
C NNaHUPOBaHMEM gMcneTYepcKoro rpadumka. NMponssoaCcTBO 31EKTPOIHEPTMN 33 CHET BETPA 3aBUCUT OT aTMO-
cdepHbIx npoueccos. CywecTByeT MHOXKeCTBO GaKTOPOB, KOTOPblE MOFYT BAUATb HA FreHEpPaLMIo BETPA, HaNpu-
mep, penbed MecTHOCTH, TEMNEPATYpPa M NOBEPXHOCTHOE TpeHMe. NMoBeaeHMe BETPA A0BOIbHO CNOXKHOE AB/e-
HUWe, YTO NPMBOAMUT K BbICOKOM U3MEHUYMBOCTU BbIPabOTKKN 3Heprum BeTpa. MOXHO caenaTtb BbIBOZA, YTO Bblpa-
60TKa 3HEepPrMn BeTpa ABAAETCA HENMHENHbIM U HeCTabuabHbIM Npoueccom. Mexay Tem, CNOXKHble 0COBeHHO-
CTU N3MEHYMBOCTM CKOPOCTU BETPA NPMBOAAT K HU3KOM NPeaCcKasyemMoCT BETPOreHepaLumm.

CyLLecTBYyOT AeTEPMUHUCTUYECKME N BEPOATHOCTHbIE MOAEIM NPOTrHO3a BbIPabOTKM 3NEKTPOIHEPIUN C UC-
Nno/sib30BaHMEM METOA0B MAaLIMHHOIO 06y4YeHMA U HEMPOHHbIX ceTeln. MMerTcA OTKPbITbIE AaHHbIE MO MeTeona-
pameTpam M BbipaboTKe 3/1eKTPO3HEPTUN C Pa3NINYHbIX copeBHoBaHUI GEFCom2014, Baidu KDD Cup 2022 u
OpYrux.

BepoATHOCTHbIe Mmoaenn nporHosa bonee nHbopmaTMBHbI. B paboTe mogensb NOCTpoeHa € MCMOJb30Ba-
HMEM rayccoBCKOM perpeccun, GyHKUMKM aapa, banecoBcKkoro npouecca, GyHKUMKM npasgonogobua. Ana npea-
CKa3aHMA NapamMeTpoB MCNONb30BasNaCb HEMPOHHAA CETb C 3aZaHHbIM KOJIMYECTBOM C/10€B U HEMPOHOB. [nA
CHUMKEHMA PA3MEPHOCTM UCXOLHbIX AaHHbIX U YCKOPEHUS NpoLecca obyyeHmMa mogenn UCnonb3oBaacs MeTos,
reHepauum TOYEK.

Mopgenb SVGP obydyanacb Ha gaHHbix GEFCom2014, Baidu KDD Cup 2022 ana oaHoro B3Y. [artacer
GEFCom2014 coaeprkan gaHHble no oaHoi B3Y 3a 2012 — 2013 roaa ¢ KPaTHOCTbIO 3aNMUCK AaHHbIX B OAWH Yac.
[Jatacet Baidu KDD Cup 2022 cogep:kan 10 npM3HaKoB 3a N0AroAa € KpaTHOCTbIO 3anuncu B 10 MmuHyT. B Kauectse
NCXOAHbIX MPU3HAKOB HaMU MCMO1b30BaJIMCb 3HAYEHMA CKOPOCTU, HanpaB/ieHUA BETPa, TeMmnepaTypa Bo3ayxa.
MporHo3 BbiNnosHEH Ha 24 u 48 yacos. OwmnbKa (MeTpukn CRPS, MAE) coctaBuna He 6onee 5 %.

Pa3paboTKa MHTENNEKTYa/IbHOrO A4Ppa NEePCOHANN3IUPOBAHHDIX MEANLUMHCKUX MHPOPMALMOHHDbIX CUCTEM

B. A. YcTioros
HosocubupcKuli cocydapcmeeHHslli yHusepcumem

E-mail: v.ustyugov@g.nsu.ru

MepcoHannanpoBaHHasA MeAuLMHA — 3TO OKa3aHWe KOMMIEKCHON MeAMUMHCKOM NOMOLLM, OcyLlecTBasAe-
MO B COOTBETCTBMM C XapaKTEPUCTUKAMM KOHKPETHOIo NaumeHTa. CyLlwecTeyoLime meguumMHckne nHGopmauu-
OHHble CUCTEMbI 3a4aCTYIO0 HE YYUTbIBAIOT MHANBMAYAbHbIE 0COBEHHOCTU NALMEHTOB, TaKME KaK reHeTU4ecKkune
AaHHble, TMYHAA MeANLMHCKAA UCTOPUSA, CTUIIb XKU3HU, TEKYLLME NOKA3aTeNM 340P0BbA U Npoyne pakTopbl. ITO
NPUBOAMT K HEA0CTAaTOYHOM NEePCOHANM3ALMU MEAULMHCKOTO 06CNYKMBAHNA, YUTO MOXKET CHUXKATb 3P PeKTmB-
HOCTb JIEYEHUS U NPUBOAUTD K OLUMOOYHbIM pe3y/bTaTam.
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Mostomy Bbina noctasneHa Leb pa3paboTKU MHTENNEKTYaNbHOIo AApa NepcoHaN3UPOBaHHbIX MeanLMH-
CKUX MHPOPMALMOHHBIX cucTem. [laHHasA cucTema No3BOIMT BECTU yYeT MHAMBUAYANbHbIX NapameTpoB Nauu-
€HTOB, OCYLLECTBAATb MOHUTOPUHT NOKa3aTe el 340p0BbA, a TaKXkKe UCN0/1b30BaTb MeToAbl MalUMHHOIO 0byye-
HWA ANA NpeoCcTaBAeHUA NepCcoHaNbHbIX PEKOMeHAAUMIA U AMarHo308. 18 AOCTUNKEHMA AaHHON Lean nccne-
[O0BaHbI Y3Ke CyLLecTBYIoLWME peleHra U MHCTPYMEHTbI, PaCCMOTPEHbI BO3MOMXKHOCTU UX NPUMEHEHUA, a TaKXke
chopmmpoBaHa MoAe b MPOrPaMMHOro NPO/yKTa, KOTOpas peanunsyeTcs B BUAE NOJIHOLEHHOMO MPUIOXKeHUA.

Ha 6as3e nccnepgoBaHuii chopmyinpoBaHbl pyHAAMEHTA/IbHbIE BO3MOXHOCTU, KOTOPbIMU A0JIKHA obna-
AaTb cuctema nogobHoro poaa:

1. XpaHeHne gaHHbIX 0 NauMeHTax B eAMHOM undposom npodune;

2. C60p AaHHbIX O NaUMeHTaX KaK py4HbIMU, TaK U aBTOMaTUYECKMMU MEeTodaMu;

3. OTcnexunBaHne AMHaMUKM NOKa3aTenen 340p0BbA U OTKIOHEHWUI OT HOPM;

4. MpepocTaBneHne NHANBUAYANbHbIX NPOrHO30B O HaANYUKU 3ab01eBaHNi;

5. MpepoctaBneHne MHAMBUAYANbHbIX PEKOMEHAALMA BpaYvy U NALUEHTY.

Pa3pabaTtbiBaemblli NporpamMmmHbIA NPOAYKT NpeacTasaser coboit web-npuioxkeHune, peanmsyoliee gaH-
Hble BO3MOXHOCTU C MOMOLLbIO PA3/IMYHbIX COBPEMEHHbIX BUBIMOTEK U TEXHOIOMMUIA UCKYCCTBEHHOTO MHTEN-
nekrta. Takasa cuctema byaet cnocoberBoBatb 6onee apdeKTMBHOMY B3aMMOZENCTBUIO BpaYyeld M NaLMEHTOB,
NOBbIWEHMIO KaYecTBa MegULMHCKOIro 06CAYKNBAHUA U YAYYLLIEHUIO Pe3yNbTaToB eYeHUA.

UccneposaHue anropuTMoBs KBaHTOBaHUA HepoceTel B 3aga4e 06paboTkm MPT usobpakeHum
B. K. LLa6nbiko, A. B. NeHeHKO
UHCcmumym 8oelqucaumensHol mamemamuKku U mamemamuyeckoll 2eogpuzuxku CO PAH

E-mail: iam@prol00rno.ru

O6paboTtka MPT nsobpakeHuit ABASETCA OAHOM N3 OCHOBHbIX 33134 UCCNe0BaTeIbCKOM U MPaKTUYECKOMN
MeauLMHbI, NoceleHHon paboTe ¢ rpadmyecknmm gaHHbIMK. C pOCTOM NONYAAPHOCTU HEMpPOCETEBbIX AaArOPUT-
MOB A1 06paboTKn nsobparxkeHunit, noasaseTcs Bce 60/blue paboT NOCBALLEHHbIX UX NpuMeHeHuto [1]. Ho ana
BHeApeHNA HeobXoANMMO NPeoaoNeThb COKHOCTM, CBA3AHHbIE KaK C UCMO/Ib30BaHNEM 060PYA0BaHUSA C OrpaHu-
YEeHHbIMM BbIMUCAUTENbHBIMM BO3MOXHOCTAMM, TaK U ycTapesLlero obopyaoBaHns, YCTaHOBAEHHOMO B Meaun-
LMHCKUX yUpeXaeHnnXx.

B pabote byaeT npenoctaBneH ogMH M3 BO3MOXKHbIX CNOCOBOB pelleHNs BO3HMKAIOLWMI NPy BHEeAPEHUAX
3334 — ONTUMM3aLMNA HEMPOCETEBBIX a/ITOPUTMOB C NOMOLLbIO KBAHTOBAaHMA HEMPOHHbBIX ceTell. B KayecTse U
TECTOBOW apXMTEKTYPbl MCMO/Ib30BaHA apxuTeKkTypa Xception [2]. Ha npumepe 3Tolh ceT npoBeaeHbl Ucceno-
BaHMA Pa3/IMYHbIX MOAXOLA0B K KBaHTOBaHMIO NPU peLeHUM BbIBPaHHOM NPUKAAAHON 33434M AeTeKLMM 0ObEK-
TOB Ha pPa3IMYHOM 060pYA0BaAHNN. McNOb30BaHHbIN HABOP AaHHbIX COAEPKUT 49 TpEeXMEPHbIX N306parKeHN
MarHUTHO-Pe30HAHCHOM ToMorpadun coctosime M3 Habopa CHUMKOB. PasmeyeHHble CHUMKKU aaa obydeHus
ceTn 6blAn NpegoCcTaBAeHbl Koaaeramm us MHCTUTYTa LUMToN0ormMmn 1 reHeTnkn CO PAH.

Cnuncok nutepaTtypbl

1. Dishar H. K., Muhammed L. A.: Detection brain tumor disease using a combination of Xception and
NASNetMobile // Intern. J. of Adv. in Soft Comput. & Its Applic. 2023. Vol. 15, iss. 2. P. 325.

2. Chollet F. Xception: Deep learning with depthwise separable convolutions // 2017 IEEE Conf. on Computer
Vision and Pattern Recognition (CVPR). IEEE, 2017. DOI: 10.1109/cvpr.2017.195.
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MpumeHeHMe MeTo40B MALIMHHOrO 06yyeHUa aNna onpeaeneHUs HeM3BeCTHbIX NapamMeTPOoB NPU ONUCaHUU

NoACEeTOYHbIX NPOLLECCOB B YUC/IEHHOW MOAENN OKeaHa

0. &. Akwunal, . JembaHeHko?, . A. MnaTos!
IMHcmumym ebiqucaumensHol Mamemamuku u mamemamudeckoli 2eogpusuku CO PAH

2Hosocubupckuii 2ocydapcmeeHHbill yHusepcumem

E-mail: iakshina.dina@gmail.com

Mpwn KpynHOMacwTabHOM MogennposaHmMmM MMUpPOBOro okeaHa 4acTb NPOLLECCOB He MOTYT BbITb ABHO ONU-
CaHbl YUCNEHHDBIM pelleHnemM HeobxoamMmon cnuctembl guddepeHUnanbHbIX YPaBHEHWUN. B Taknx cayyvasax npu-
6eratoT K NapamMeTpUYecKoMy OMMCaHMIO KPYNHOMACLLTabHbIX NocieAcTBMIA NOAOOHbIX Me30MacTabHbIX Npo-
ueccoB. O6bl4HO pa3paboTKa cxem NapameTpmsaLmm 1 OLLEHKa X NapaMeTpPoB NPOUCX04AT HE3aBUCMMO OT MO-
Aenen KnMmara, B KOTOpble OHW, B KOHEYHOM UTOre, BK/tOYatoTCs. Kpome Toro, cylecTBytolmne napameTpmsa-
LMK coaeprKaT NapameTpbl, KOTopble ABAAIOTCA HeonpeaeneHHbIMU. B nocnegHue roabl 410 HAacTPOMKK Napa-
METPOB CTa/IN NCMOJIb30BATLCA aATOPUTMDbI, YNPABAAEMbIE AAHHbIMW.

B paHHOM paboTe npeanaraetca aaa onpeneneHmna HEM3BECTHbIX COCTaBAAOLWMX NapamMeTpM3aLmnmn Buxpe-
BbIX MOTOKOB B KpynHomacluTabHol uncneHHon mogenn SibCIOM [1] npumeHUTb ABa MeToda MaluMHHOTo 0by-
YeHMA: NOSIHOCBA3HAsA MHOFOC/IOMHAA HEMPOCETb U FPAgMUEHTHbIM BYCTUHT. B uccnenoBaHMM MCNONb3YOTCA pac-
YeTbl, NONYYEHHbIE C MPUMEHEHMEM BUXpepa3peLLaloLeln yncneHHon moaenu SibPOM [2].

MNpeaBapuUTeNbHbIN CPaBHUTEbHbIN aHanM3 3G PEKTUBHOCTM METOA0B NOKa3bIBAET NPENMYLLECTBO UCMO/b-
30BaHMA rpagMeHTHOro BycTMHra nNpu onpeaeneHnn BeJMYnMHbl BUXPEBOTo NOTOKA. [ONoNHUTENBHO Uccaeay-
eTcsA HeoHX0AMMOCTb KNacTepm3aumm NCXo4HbIX AAaHHbIX M 0BYyYeHMA Ha KaxaoMm Knactepe oTAaebHOM mogenm
MaLUMHHOIo 0byYeHMA aNa yaydleHna npeackasaHuii.

Pabota BbinonHeHa npu ¢uHaHCOBON noaaepkke MuHucTepcTBa 06pa3oBaHMA U Hayku, npoekt HUOKTP
123081400010-2 (aon. cornaweHne ¢ MuHobpHayku P® Ne 075-03-2023-506/1).

Cnuncok nutepaTypbl

1. Golubeva E. N., Platov G. A. Numerical modeling of the Arctic Ocean ice system response to variations in
the atmospheric circulation from 1948 to 2007 // lzvestiya, Atmospheric and Oceanic Physics. 2009. Vol. 45.
P.137-151. DOI: 10.1134/S0001433809010095.

2. Mnatos I. A., TonybeBa E. H. BsaumogelictBMe NnoTHbIX WwenbdpoBbix BoA bapeHuesa n Kapckoro mopei
C BUXpeBbIMU CTPYKTYpamu // Mopckoi rugpodus. kypH. 2019. T. 35, Ne 6. C. 549-571. DOI: 10.22449/0233-
7584-2019-6-549-571.

Stochastic dynamics of FitzHugh — Nagumo neurons driven by Levy noise
X. Yang!, X. Wang?
IMHemumym sbiyucaumensHoli Mamemamuku u mamemamuyeckoli 2eopusuru CO PAH

2Shaanxi Normal University

E-mail: yang2001xi@outlook.com

The dynamical systems in real world are inevitably affected by noise, causing various random behaviors.
Currently, the research on the stochastic dynamics of noise driven systems has become a hot topic. This paper
aims to explore the stochastic dynamics of the FitzHugh — Nagumo (FHN) neuronal system driven by Levy noise.
The research mainly includes the dynamical response of the FHN neuronal system and the deep learning-based
parameter estimation.
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The relevant basic theory of Levy noise is presented. The Levy stable distribution is defined. The impacts of
the stability index and the skewness coefficient on the probability density function of Levy stable distribution
are analyzed. The Chambers — Mallows — Stuck method for generating the random numbers of Levy distribution
is introduced.

By using the Euler — Maruyama method for numerically simulating the FHN model, the dynamic character-
istics of the FHN neuronal system driven by Levy noise is investigated. It is found that the change of external
input current, periodic signal amplitude and noise intensity can change the state of the neuronal system. In
addition, changing the parameters of the deterministic system leads to bifurcation phenomena in the stochastic
system. The parameters of the driven Levy noise can induce stochastic bifurcation phenomena and affect the
stability of the system.

In order to more accurately estimate the parameters of the FHN neuronal system driven by Levy noise, and
further analyze and control the stochastic system, a parameter estimation neural network (PENN) is proposed,
where a long short-term memory neural network and a fully connected neural network are combined to esti-
mate the parameters from a sample trajectory. The precision and accuracy of the PENN are evaluated by the
metrics including the mean, standard deviation and mean absolute error of the estimations. Numerical experi-
ments have verified that the PENN can estimate the parameters of the system with high speed, precision and

accuracy.
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CEKLMA 10
TeopeTnueckoe, 3KCNepPUMEHTaibHOe U CUCTEMHOE NPOorpaMmuUpoBaHue

Anroputmbl Ha rpadax B isblKke NPeaUKATHOro NPOrpaMmmMmmnpoBaHUA U UX ONTUMU3SUPYIOLLLAA

TpaHcdhopmauua

W. B. Kabnykos, H. O. Bopoxbutos, 3. I'. Tymypos, B. U. LLienexos
UHcmumym cucmem uHgpopmamuku um. A. 1. Epwosa CO PAH

E-mail: ivkablukov@mail.ru

O6paboTKa rpadoB WMPOKO NPUMEHAETCA B PA3IMYHBIX MPUNONKEHUAX, HANPUMEDP B aATOPUTMAX MApLLPY-
TU3aLMM B KOMMbIOTEPHbIX CETAX, aHA/IM3E COLMANbHBIX CETEN W aHANM3e FreHOMHbIX AaHHbIX. PaspaboTka 1 on-
TMMM3aUMa Nnporpamm obpaboTku rpadoB — HETPUBMANbHAA 3a4a4a. s nosbllweHMA 3G PeKTUBHOCTM B HACTO-
Alee BpeMa UCMOoNb3yeTca npeactasneHune rpada B BUAE pasperKeHHOW MaTpuLbl CMEXHOCTU C OpueHTaumel
Ha NPMMEHEHNEe MeTOA0B IMHEHOM anrebpbl Ha 6a3e cTaHaapTHoro nHTepdenca GraphBLAS. Pa3paboTaHo He-
CKO/IbKO BnbiMoTeK onepaumin Hag rpadamm, obecneymBaromx cBepxapeKTUBHYIO peannsaumio Ha rpadpuye-
CKuMx npoueccopax (GPU), ogHako 6MBAMOTEKM KpaHe CNOXKHbI 415 NO/b30BaTeN .

Opyroi noaxoa K ob6paboTke rpados NPUMeHAETCA B NpeaMKaTHOM (GYHKLMOHANbHOM) NPOrpammMmmnpoBa-
HUK. BeplimHbl M pebpa rpada npeactaBneHbl MHOXeCTBamMU. OTMETUM, YTO TPAAMLUMOHHO rpadbl NpeacTaBna-
IOTCA B 06BEKTHO-OPUEHTUPOBAHHOM CTUAE. A3bIK NPeaMKaTHOro NPOrpaMmUMpoBaHna P paclumpeH AOMNOJHU-
Te/IbHbIMW KOHCTPYKUMAMM ANA paboTbl C MHOXKecTBamM. BBeeHbl TaK:Ke MaTpUUHble onepaLymm Ha NoJIyKO/b-
Lax c opueHTaumen Ha nHtepdenc GraphBLAS ana addekTusHoM peanmnsaumm Ha GPU. JocToMHCTBO Halwero
noaxofa B BO3MOMHOCTU NpUMeHeHMA dopmanbHON BepUdUKaLMM NPeanKaTHbIX Nporpamm Ha rpadax, 4Tto
NPOAEMOHCTPUPOBAHO HA HECKONBKUX aNropmuTmax.

3¢ddeKTUBHOCTb NPEAUKATHBIX NPOrPaMMm AOCTUrAETCA MPUMEHEHMEM NOCNEL0BATE/IbHOCTM ONTUMU3NPY-
OLLMX TPaHCPOPMALMIN, NPeobpasyoLMX UCXOAHYI0 NPOrPaMmMy B UMMNEPATUBHYIO NPOrpaMmmy B CTUAE A3bIKa
Cu. 3pecb Aob6aBNEHO MHOXKECTBO TpaHCchopmaunn a4na onepauunii Hag rpadamm, B YacTHOCTU, ANA BUTOBbIX
WwKan. Metogbl TpaHchoOpMaL MM AEMOHCTPUPYIOTCA Ha CAeAyoWmMX NporpaMmmax: nocTpoeHue CnMcka MaKkcu-
MaJlbHbIX KUK, HaxoxaeHue nsomopdHoro noarpada, NOMCK KOMMNOHEHT CUNbHOM CBA3HOCTU B rpade (anro-
putm Kocapaasy) u apyrux.

MeToAbl 1 cpeacTBa BU3YaN3aLUU COXKHO CTPYKTYPUPOBAHHbIX AAHHbIX 60/1bLWOro pasmepa Ha OCHoBe

aTpUbYTMpPOBAHHbIX Mepapxuyeckux rpacdos c NopTamu

B. H. KacbaHos, T. A. 3010TyxuH, E. B. KacbaHoBa
UHCcmumym cucmem uHgpopmamukru um. A. M. Epwosa CO PAH

E-mail: kvn@iis.nsk.su

Busyanunsaums CTPYKTYPUPOBAHHbIX UM PENALMOHHbIX AaHHbIX Ha OCHOBE rpadoBbIX moaenel UMeeT MHO-
ecTBo chep NPUMEHEHMUA KaK B peasibHblX, TaK U B TEOPETUYECKMX obnacTax [1].

B AoK/Nagde paccmaTpyBaeTCs NOAXOA K PeLleHMIo 3a4a4M NOCTPOEHMA HarNAAHbIX BU3yaNbHbIX NPeacTaB-
NeHnii 6ONbLLMX CTPYKTYPUPOBAHHbIX AaHHbIX HAa OCHOBE MOAENAN aTPMBYTUPOBAHHbIX MepapXmUyecknx rpados ¢
nopTamu [2], B KOTOpPOI 06BEKTLI, MOAENMPYEMbIe BEPLUMHAMM rpada, MOTYT COCTOATb U3 HECKOJIbKMUX PasHbIX
NIOTMYECKMX YacTel (MOPTOB) M MOTYT HAaXOAUTHLCA BO B3aMMOCBA3AX, MOAENNPYEMbIX pebpamu Uau Ayramu, Kak
LLe/IMKOM, TaK U pasHbIMM CBOMMM NOpTamm. Ha ocHoBe AaHHOM mogenu paspaboTaHbl U peasnrM3oBaHbl paMKax
cuctemol Bu3yanusaumm Visual Graph [3] HoBble meTogbl U 3G PEKTMBHbBIE aNTOPUTMbI HAFALHOW BU3Yanu3aumm
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N CTPYKTYPHOTO aHann3a b60/1bLIMX CIOKHO CTPYKTYPUPOBAHHbIX AaHHbIX, BO3HUKAOLWMX B KOMNUAATopax. MNpo-
BeAEeHbl SKCMEePUMEHTbI NO UX MPUMEHEHUIO K peanbHbiMu nporpammam B SISAL, ICC nu GCC komnunatopax. Co-
3[aHa HavyaNbHasA Bepcus Beb-cepBUCa BU3YaIn3aLmm aTprbyTUPOBaHHbIX MepapxmMyeckmx rpados ¢ nopTamu.

CnucoK nuTepaTtypbl

1. KacbsiHoB B. H., KacbsaHoBga E. B. Busyannsauma nHpopmaumm Ha ocHoBe rpadosbix moaenei. Hosocu-
6upck: HIY, 2014. 149 c.

2. KacbsiHoB B. H. MeToabl 1 cpeacTtsa BM3yanmsaumm nHGopmaumm Ha OCHOBe aTpubyTUPOBaAHHbIX Mepap-
Xnyeckux rpados c noptamu // Cnb. aspokocm. KypH. 2023. T. 24, Ne 1. C. 8-17.

3. KacbsiHoB B. H., 30n0TyxmH T. A. Visual Graph — cuctema gns BM3yannsaumm C0XKHO CTPYKTYPUPOBAHHOM
MHPopmauun bonblioro ob6bema Ha ocHoBe rpadosbix Mogeneint // Hayd. Buayan. 2015. Tom. 7, Ne 4, C. 44-59.

KpoccnaatdpopmeHHbiii Cloud Sisal KomnunaTtop o6aa4yHoM cMcTembl napansie/ibHOro NPorpaMmmupoBaHumaA
CPPS
B. H. KacbAHoB, E. B. KacbaHoBa, A. A. Manbiwes

UHcmumym cucmem uHgpopmamuku umeHu A. 1. Epwosa CO PAH

E-mail: kvn@iis.nsk.su

Ob6nayHaa cuctema napasnnenbHoro nporpammuposaHua CPPS [1], paspabatbiBaemaa B MCUA CO PAH,
npeaocTaBAseT No/b3oBaTeNto Yepes Beb-bpaysep GyHKUMOHaNbHbIN A3bIK Cloud Sisal gns cneundurkaumm, oT-
NnagKu, sepudrKaLmm U KOHCTPYMPOBAHUA NapanieNbHbIX NPOrPaMM U UX UCMONHEHMA HA CYNEPKOMMbIOTEpPaX.
A3bIK Cloud Sisal [2] o6nagaeT 06bIYHbIMY NPEUMYLLECTBAMM A3bIKOB GYHKLMOHANIBHOIO NPOrpaMmMpPOBaHNS,
TaKMMMU, KaK, Hanpumep, O4HOKPATHOE NpUCcBaMBaHMe U AeTePMUHUPOBAHHbIE pe3yibTaTbl 414 NapannesibHowm
M NocnefoBaTeIbHOM peannsaLmm, HO COA4EPKUT MAaCCUBbI U LUK, @ TaKKe NOAAEePXKMBAET aHHOTUPOBAHHOE
NPOrpaMmMUPOBAHMNE N KOHKPETU3ALUMIO MPOTrPamm.

B noknage paccmoTpeH KpoccnaaTtdopmeHHbiii Cloud Sisal komnunatop cuctemol CPPS, peann3oBaHHbIN Ha
A3blKe Python B LONONHEHME K yiKe CYLLECTBYOLWEMY KPOCC-KOMMUAATOPY cUCTEMBI, Mcnonb3yowemy Windows
n ctposwemy CH—koa. Komnunatop cHavana nepesoaut mcxogHyto Cloud Sisal nporpammy BO BHYTpeHHee
npeacrasneHune cuctemol CPPS, KOTopoe OpMEHTMPOBAHO HAa CEMAHTUYECKYIO U BM3YasbHY0 06paboTKy npo-
rpaMm M OCHOBAHO Ha aTpMBYTUPOBAHHbBIX Mepapxuyeckux rpadax, ganee B paMkax 3TOro NpeacTaBieHns noa-
BepraeT NporpaMmmy peayLmpyowmym KOHKpeTU3aLmMam, a 3aTemM no NoJlydeHHOMY BHYTPEHHeMy npeacTasie-
HUIO peayLMpPOBaHHON NPOrPaMMbl OCYLLECTBAAET METOAaMN CMELLaHHOW KogoreHepaunm noctTpoeHme anbo
C++—Kopga, pacwmpeHHoro anpektnsamm OpenMP, ona GCC ambo IR-koga gna LLVM. PaccmoTpeHb! peanmso-
BaHHble cnocobbl 3a4aHNA BXOAHbIX AaHHbIX AN OCYLLECTBAEHNA cYeTa No NporpaMmme U BbIBOAA Pe3y/bTaToB
BbIYMC/IEHUI, @ TaKXKe CPeACcTBA NOAAEPKKN TECTUPOBAHUSA KOMMNUAATOPA.

Cnucok nuTepaTtypbl

1. Cuctema obnayHoro napannenbHoro nporpammuposarHma CPPS: susyanmsauma u sepuodukauma Cloud
Sisal nporpamm / B. H. KacbaHos, [. C. Topaees, T. A. 3on0TyxvH 1 ap.; noa pea. B. H. KacbaHosa. Hosocu-
6upck: UMNU, Hry, 2020. 256 c.

2. KacbsaHos B. H., KacbsaHoBa E. B. A3bik nporpammuposaHmsa Cloud Sisal. Mpenp. MCU CO PAH Ne 181. Ho-
BocmMbupck: Hayka; Cub. ota-Hue, 2018. 45 c.
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MpoeKTupoBaHUe pacnpegeneHHOMU CUCTEMbI yNpaBieHUa AaHHbIMU Ha OCHOBe natrepHa CQRS

Ana NUCKA4YeHnAa HeCaHKUMOHUPOBAHHOIO A0CTYyNa K YacTu AdHHbIX

t0. I. NnatoHos?, W. 10. MnaTtoHosa?, W. [l. MakapeHko®
MHemumym cucmem uHgpopmamuku umeHu A. I1. Epwosa CO PAH

2Hosocubupckuii 2ocydapcmeeHHbIli mexHu4eckuli yHusepcumem
3Hosocubupckuli 2ocydapcmeeHHbill yHusepcumem

Email: y.platonov@mail.ru

B HacTosiLLee Bpems NporpaMmbl 411 ynpaBieHUsa AaHHbIMM, @ TaKKe UX MHPOPMALMOHHbIE CUCTEMBI, AB-
NAOTCA JOCTATOMHO C/IOXKHBIMM KaK B MAaHE UX CO3A4aHMUA, TaK M B MNaHe UX NOAAEPKKM U yrnpasBaeHua. 3To
Hen3beXKHO, NMOCKOJIbKY coBpemeHHble NC pelwatoT AMbO WMPOKUI CNEKTP CBA3aHHbIX bU3Hec-3agay, NMbo
OfZiHY, HO KpaWHe CNOXKHY0 bu3Hec-3agavy. TakKe 04HOM M3 YacTbiX Npobiem, BO3HUKAIOWMX B COBPEMEHHbIX
6U13Hec-3aga4ax, ABNAETCA TO, UTO B pa3paboTke MUC yyacTBYOT HECKO/IbKO KOMMNAHUM, KOTOPbIE MOTYT ABAATHCA
KOHKypeHTamu. B 3Tom c/ilydae Ha KomnaHuu-arperaTope (cosgartesie NPUIOMKEHUS) NEXUT OCHOBHAA OTBET-
CTBEHHOCTb 3a yNpaB/ieHne AaHHbIMU U X 6€30NacHOCTb.

B TaKoW cMTyauumn HeobxoaMMO CTPOro pasAenaTb AOCTYN K AaHHbIM MeXAY KOMMaHUAMM — y4aCTHUKaMMU
Kofnabopauuu, a AaHHbIE, KOTOPbIE COCTAB/AIOT KOMMEPYECKYHO TaliHy, TPebyeTcA HaAEKHO 3aLUTUTL OT Jito-
ObIx Nosb30BaTeNEN CUCTEMBI, KPOME NPeaCcTaBuTeNell KOMMNaHUKN — COBCTBEHHMKA 3TUX AaHHbIX.

B HacToAWee Bpems KAacCMYECKUM pelleHneM NS MPOEKTUPOBaAHUA pacnpesenieHHbIX CUCTEM ynpaBe-
HUS AAHHBIMW ABAAIOTCA TaKMe NMOoAXoA4bl, KaK PenIMKaumsa AaHHbIX U CO34aHME CUCTEM CEPBUCOB Ha OCHOBE
MY/IbTUCEPBUCHOW apXMUTEKTYypbl. HOo ana obecneyeHns 3awmTbl gaHHbIX OT HECAHKLMOHMPOBAHHOIO A0CTyna
Mbl HE MOXEM B YNCTOM BUAE NPUMEHUTb HU O4HO, HU BTOPOE peLleHue:

1. PennnKkaumsa obecneymsaeT 06beAMHEHNE AAaHHbIX CO BCEX Y3/10B CUCTEMbBI B €4MHYIO CUCTEMY YIpaB/e-
HMA AaHHbIMK [1].

2. Mpyn KNacCcMY4eCKOM MOCTPOEHUMU CUCTEMbI C MUKPOCEPBUCHOM apXUTEKTYPOM, CEPBUC AOKEH peLllaTb
TONbKO OAHY 3aJa4y, HO ANs BCel cuctembl (Hanpumep, paboTy co cnpaBoYyHUKOM) [3].

Hamu 6bin npepsorkeH meTos pelleHus 3a4avm 6e30nacHOCTM AaHHbIX MPU NMOCTPOEHMMU TaKUX CUCTEM —
ncnonb3ysa natrepH CQRS [1, 2] opraHM30BaTb «/IOFMYECKYHO PENIMKALMIO» AAaHHbIX C y4eTOM NpaB Nnosib30Ba-
TeNA U KOHTEKCTa 3anpocoB A4 NoyYeHNn AaHHbIX.

PaboTa BbINONHEHA Ha N/olWaaKe 1 npu puHaHcoso noaaepkke MK LTO (HoBocmbumpck).
Cnucok nutepaTtypbl

1. Fowler M. CQRS. URL: https://martinfowler.com/bliki/CQRS.html. lata o6pawenus: 14/07/2024.

2. Young G. CQRS Documents. URL: https://cqrs.wordpress.com/wp-content/uploads/2010/11/cqrs_docu-
ments.pdf. [lata obpaieHuns: 14/07/2024.

3. Simic D., Ristic S., Obradovic S. Measurement of the achieved performance levels of the WEB applications
with distributed relational database // Electronics and Energetics. Facta Universitatis. 2007. P. 31-43. URL:
http://facta.junis.ni.ac.rs/eae/fu2k71/4obradovic.pdf. Jata ob6pauieHus: 14/07/2024.

4. Pautasso C. Microservices in practice. Part2: Service Integration and Sustainability // IEEE Soft-
ware. 34 (2). 2017. P. 97-104. doi:10.1109/MS.2017.56. S2CID 30256045. lata o6palueHna: 14/07/2024
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MeToAabl TOYHbIX BbIYUC/IEHUI ANA peLleHUA 33434 maTemaTuyeckon Gpusmkm

C. B. CennBaHoBa
UHCcmumym cucmem uHgpopmamuku umeHu A. 1. Epwosa CO PAH

CaHKkm-lemepbypackuli FocydapcmeeHHsbili YHUBepcumem

E-mail: sweseliv@gmail.com

Moaxoa "ToYHble BelLeCcTBEHHbIE BbIYUCAEHUA" OCHOBAH Ha TEOPUM BbIYNCIEHUI HA HEMPEPDLIBHbLIX CTPYK-
Typax, KOTOpas B 3HAYUTENIbHOM CTENEHN OMUPAETCA Ha KacCUYeCKMe TeOPUM BbIYUCAMMOCTU U CAOMKHOCTHU.
B aTOM nogxofe MCnonb3yeTcAa TUM AaHHbIX "TOYHble" BeleCTBEHHbIE YMCNA; BXOAHbIE U BbIXOAHbIE AaHHble
KOAMPYHOTCA HE KaK KOHEYHbIE CTPOKM, a KaK GYHKUMM, AAIOLME CKOMb YTOAHO TOUYHbIE anMpPOKCUMaLLMKN KOHEY-
HOro pasmepa C U3BECTHbIMU rPaHMULLAMM OLMOOK annpoKCcMmMmaunu.

JoKnag nocesWeH HalwMm HegaBHMM coBmecTHbIM ¢ Holger Thies u ¢ Florian Steinberg, Holger Thies,
Martin Ziegler paboTtam, B KOTOPbIX METOA TOYHbIX BbIMMCNEHNI NPUMEHEH K KOHKPETHbIM 3343a4am maTemaTu-
YyecKon GM3MKM, ONUCLIBAEMbBIM KaK 0ObIKHOBEHHBIMW ANPIEpPEHLNANBbHBIMU YPABHEHUAMM, TaK N YPAaBHEHU-
AMW B YaCTHbIX NPOM3BOAHbIX. BbluMCNEHMA NPON3BOAATCA C NPOU3BOJIbHON rapPaHTUPOBAHHOM TOYHOCTLIO B
nporpammHom nakete iRRAM, 0CHOBaHHOM Ha METO/Ie TOUHbIX BblYMC/IEHUA. [TPOBEAEHO TaKKe TeOpEeTUYECKOE
nccaefoBaHUE aArOPUTMUYECKON CNOXKHOCTM NOAX0AA B KaXKA0M U3 pacCMaTpMBAEMbIX 33434.

NccnepoBaHMe BbINOAHEHO NPU NoaaepKKe Poccninckoro HaydHoro ¢oHaa, Homep npoekTa 19-71-30002.
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MWUHU-CUMNO3NYM
MogaenupoBaHue U annpoKCMMaLMA B MaTemMaTUYecKoii pusmke n tomorpadpum

YucneHHoe aganTMpoBaHHOE MOAENMPOBAHME MTMAPOANHAMMYECKUX NPOLLECCOB NPUBPEIKHBIX 30H B NaKeTe

FreeFem++
E. B. AMocosa’, B. C. Jlemelues?
IMHemumym npuknad+ol mamemamuku [1BO PAH

2flanbHegsocmoyHbIii hedepanbHbili yHUBepcumem

E-mail: el_amosova@mail.ru

WUccnepyetca TpexmepHasa HecTauMoHapHaa Moaenb ABUMKEHUA BOAHON cpeibl B NPpUBpeXKHOI 30He Mop-
CKOI aKBaTOpMM. B 6ObLUIMHCTBE C/lyYyaeB MMeoLWMECH MaTeMaTUYECKMe MOAEeIM MeIKOBOAHbIX CUCTEM, OCHO-
BaHHbIE HAa MMAPOCTAaTUYECKOM NPUBAMMKEHUM, HE OXBaTbIBAOT NPUBPEIKHYIO aHU30TPONUI0 Mopei. B To ke
BpeMA UMEIOLMECA HEMHOTNE TPEXMEPHbIE MOAENN TMAPOANHAMMUYECKUX CUCTEM 4S9 MEIKOBOAHbIX BoAoe-
MOB, 3a/IMBOB MOpEel, OCHOBaHbl HAa CETOYHbIX MeToaax [1]. B goknage obcy»KaaeTcs NpUMeHeHne metToaa Ko-
HEYHbIX 3/1eMEHTOB MPU MOAELNMPOBAHUM AMHAMUKU NPUBPENKHBIX BOA, K TPEXMEPHbIM ypaBHeHUAM HaBsbe-
CTOKca C HeIMHeHbIM HecamoconpaxeHHbIM onepatopom. Ha ocHoBe ruaporpadpuyeckon nHbopmaumm nc-
No/b3yeTcs YMCAEHHbIN MeToA BOCCTaHOBNEHUA penbeda AHa M BeperoBoi MHUM NO AaHHbIM BaTUMETPUM,

YTO Ba*KHO NPU pacyeTe 44 NpubpeskHbIX palioHos [2].
Cnuncok nutepaTypbl

1. CyxnHos A. WN. Yucrakos A. E. AnekceeHko E. B. YncneHHas peanmsauma TpexmepHoOM Mogenun ruapoam-
HaMMKM 019 Me/IKOBOZHbIX BOLOEMOB Ha CynepBblunciuTensHom cucteme // Matem. mogenmposaHue. 2011.
T. 23, Ne 3. C. 3-21.

2. Amocosa E. B., KysHeuos K.C., Jlemewes B.C. MatemaTnyeckoe mogenmpoBaHume rugpoanHamMmmyeckmx
npoteccos B NnpubpexxHon akBaTopumn AnoHckoro mops // Tpyabl MH-Ta cucTeMHOro nporpammmpoBaHuns PAH.
2022.T. 34, Ne 5. C. 221-242.

0630p HeKoTOpbIX 0606LLEHUI B TeopmKn NnpeobpasosaHna PagoHa

4. C. AHMKoHOB
UHcmumym mamemamuku um. C. /1. Cobonesa CO PAH

E-mail: anik@math.nsc.ru

HacTosiwee cooblieHme coaepnT pesynbTaTbl HECKONbKMX paboT aBTopa, 4acTb U3 KOTOPbIX Ony6auKO-
BaHa, a YaCTb HaxoAWUTCA B nNe4aTn. B ocHOBHOM, NpeameToM nccnenosaHua asnsetca ob6obuieHHoe npeobpa-
30BaHue PagoHa. MocneaHee onpeaenseTca Kak MHTerpasbl No rMnepnaoCKOCTAM B KOHEYHOMEPHOM eBKANA0-
BOM NPOCTpaHCTBe. PaccmaTpumBaeTca Bonpoc 06 onpeneneHn NoAbIHTErpasbHOro BbipaXKeHa no 3agaHHoOMY
cemencTBy uHTerpanos. CneymdurKa nccneaoBaHMA COCTOUT B TOM, YTO NOAbIHTErpasibHasA GyHKLUA 3aBUCUT He
TO/IbKO NepemMeHHbIX UHTErPUPOBaHMA, HO U OT YaCTU NEepPEeMEHHbIX, XapaKTePU3yoLWmUX rmnepnaockocTu. B pe-
3y/bTaTe BO3HWUKAET CUTyaLMA, KOr4a Pa3smMepHOCTb M3BECTHbIX AaHHbIX MeHbLIe YMCia NepemMeHHbIX HeM3BecT-
HOM noApiHTerpanbHol GyHKUMKU. Takne caydyam NPUHATO HasbiBaTb HedoonpeaenieHHbIMU U HEenepcneKkTus-
HbIMW A8 UCCeA0BaHMA. BO3MOXHbIM KOMMNPOMMUCCOM B TAKOW CUTYaLMKN MOXKET BbITb MOCTaHOBKa 3a4aum 06
onpeaeneHnn ToNbKO NMOBEPXHOCTEN Pa3pbIiBOB NOAbIHTErPabHON GYyHKUMUK. [leiCcTBYA B STOM Hanpas/ieHuM,
yAanocb 060CcHOBaTb HECKOJIbKO a/Ir0PUTMOB onpeaeneHnsa UCKOMbIX MoBepxHocTen. Mpu aTom MCNonb3oBa-
Nlacb CXEMa PaCCyKAeHUI, 060CHOBAHHbIX paHee TONbKO ANA ragkuxX GyHKUMA. MPUHLMNMANbHBIM MOMEHTOM
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ABNAETCA BBEAEHME K/lacca pa3pbiBHbIX GYHKUMIA, onpeaeneHHbIX Ha CneunanbHo onpeaeneHHOM nceBaoBbI-
MYKAOM MHOKeCTBe. ITOT K/1acC OKasasnca A0BO/IbHO YA0OHbIM ANA UCCNEA0BAHNA U eCTECTBEHHBIM AN1A Orpa-
HUYEHWUI B TEOPUM 30HANPOBAHMUA, HANPUMeEp, B TOMOrpaduu.

NHTepecHO OTMETUTb, YTO PAA NOAYYEHHbIX PE3yNbTaTOB OKAa3aicA HOBbIM U ANA TPAAULMOHHOTO Npeob-
pasoBaHua PagoHa. TakoB, Hanpumep, paHee HEU3BECTHbIA MeToA, NoAbeMa, NO3BOMAIOLMIA NEePexosmTb OT
YeTHOM Pa3MePHOCTM NPOCTPAHCTBA K HEYETHOM.

PaboTa BbinoNHEHa no nporpamme rocsaganuns MM CO PAH FWNF-2022-0009.

Pe3epBbl B cTaHAapTHOM cnocobe obpauweHusa npeobpasoBaHma PagoHa

. C. AHunkoHos, [. C. KoHoBanosa, E. 0. banaknHa
UHcmumym mamemamuku um. C. /1. Cobonesa CO PAH

E-mail: anik@math.nsc.ru

NHTerpanbHoe npeobpasoBaHMe PagoHa COCTOUT B MHTErPUPOBAHUN HEKOTOPOW GYHKUMM MO rmnepnaoc-
KOCTAM B KOHEYHOMEPHOM E€BK/INA0BOM NpOCTpaHcTBe. EctecTBEHHO, 06paTHbIM AeNCTBUEM ABAAETCA HAXOMK-
AeHne noAbiHTerpasabHol GyHKLUUM MO U3BECTHbLIM MHTErpasiam. He npeteHays Ha 0630p TEeMbI, CKaXKeM TOJIbKO
YTO 3TO NpPeobpa3oBaHME NPUMEHSAETCA BO MHOMMX MaTeMATUYECKMX 061acTAX, M3 KOTOPbIX 34eCb Mbl OTMETUM
Teopuio guddepeHLManbHbIX YpaBHEHWUA U TEOPUIO 30HAMPOBAHUA PA3IMYHBIX Cpes PUINYECKUMUM CUTHANAMMU.
K ocHoBonosararowmm paboTam 3TOro Hanpas/AeHUA MOXHO OTHECTU LLUMPOKO M3BECTHbIe KHUrK P. KypaHTa [1]
n ®. MoHa [2], B KOTOpbIX NpeobpasoBaHMe PagoHa NO3BOAUAO B MPOCTPAHCTBE Nt06ON PasMepHOCTU CBECTU
3agauy Kowwu ana runepbonmyeckux ypaBHEHWIM K aHaIOrTMYHOM 3aga4e gas AByX nepemeHHbIX. Mpu 3Tom BaxK-
HbIM 3Tanom paboTbl ABNAANOCL 06palleHMe npeobpasoBaHusa PagoHa. [na 3Toro MM 6b1IM A0KasaHbl Gop-
My bl 06paLLEeHMA NPU YCNOBUN F1AAKOCTU NOAbIHTErPasbHbIX GYHKLUUINA.

OaHaKo, YTO KacaeTcsa Mcnosib3oBaHWe aTux Gopmyn Ana 3a4ay 30HAUPOBAHMUA, TO YNOMAHYTOE yC/l0BME
rNagKocTM NpeacTaBAAeTcA Masio PeasMCTUYHbIM ANA MPAKTUYECKU BaXKHbIX MPUMEHEHWUI, Hanpumep, ans
peHTreHoBcKol Tomorpadum. CyLiecTBYIOT pasHble cnocobbl NPeoaoeHNa YKa3aHHOro 3aTpyaHenuna. OauH 13
HUX cOCTOUT B MoanduKaumm bopmyn obpalleHna a8 0XBaTa UMK PaspPbIBHbIX NOAbIHTErPanbHbIX GYHKUMIA.
MbI moxkem 060cHOBaTb Takne 6onee obwme dopmynbl 0b6paLLEHNS, UCNOb3YA CXEMY CTAHAAPTHOrO AOKa3a-
TeNbCTBA, U3/I0XKEHHOTO, HanpuMep, B KHure MoHa [2].

PaboTa BbiNnonHeHa No nporpamme rocsagaHna MM CO PAH FWNF-2022-0009.
Cnuncok nutepaTtypbl

1. KypaHT P. YpaBHeHMA C YaCTHbIMK NpounssBogHbimu. MNep. ¢ anrn. M.: Mup, 1964. 832 c.
2. Vlon ®. Mnockue BONHbLI U chepryecKkme cpeaHmne B NPUMEHeHUN K AnddepeHLManbHbIM ypaBHEHUAM C
YaCTHbIMM NPOM3BOAHbIMU. M.: N34-BO MHOCTpPaHHOM nnuTepaTypbl, 1958. 160 c.

dyHAAIMEHTa/IbHbIE CBOCTBA APO6HbIX cTeneHeil HeorPaHMYEHHbIX ONepaTopoB B 6aHaX0BbIX

NPOCTPaHCTBaX
B. C. benoHocos?, A. T. Lsew?

MHemumym mamemamuku um. C. /1. Cobonesa CO PAH
2Hosocubupckuli 2ocydapcmeeHHbili yHusepcumem

E-mail: bvs@math.nsc.ru
Tema goKNaga HeNocpeACcTBEHHO CBA3aHa ¢ Npobaemamm Teopmm NapaMeTpUYecKoro pesoHaHca gns nume-
IoLmMx 60blLOe NPUKNaAHOE 3HaYeHMe abCTPaKTHbIX ypaBHEHU MaTbé — Xunna B 6aHaxoBbIX MPOCTPAHCTBAX:
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u"(t) = —Au(t) + € F(t,u). 3aecb A — NMHENHbIV onepaTop, € — Manbli NapameTp, F(t,u) — HenpepbiBHOE O0TObpa-
¥KeHuWe, NoYTM NeEpUoSNYECKOe MO NepemeHHoM t. B HacTosLee BpeMs A0CTaTOYHO NoJ/IHaA Teopus paspaboTaHa
AN ypaBHEHUI B rMAbOEPTOBbIX MPOCTPAHCTBAX C CAMOCOMPAXKEHHbIMU NOMOXKUTENLHLIMKW onepaTopamn A
(cm. [1]). Mpu 3TOM BakHYIO PO/b UTPAET CYLLLECTBOBAHME CUIbHO HEMPEPbIBHOW ONepaTopPHOM 3KCNOHEHTbI, No-
POXKAEHHOM KBagpaTHbIM KOpHEM 13 —A. 3Ta 3KCMOHEHTa UCMOb3YyeTca ANs NpeobpasoBaHUA UCXOAHOrO ypaBs-
HEeHWA B TaK Ha3blBaeMyo CTaHZAPTHYIO GOpPMYy, KOTOpan Aasiee U3y4aeTca KNacCUYeCKMmM MeTo40M ycpeaHeHus
Kpbinosa — borontobosa. Ho ana ypaBHeHWt B 6aHax0BbIX NPOCTPAHCTBAX CYLLECTBOBAHME COOTBETCTBYHOLLMX
KBagpaTHbIX KOPHEN M NOpoXKAEeHNE UMK CUJIbHO HEMpPEPbIBHbIX ONEpPaTOPHbIX IKCMOHEHT A/1A BeCcbMa LWNpo-
KOro K/aacca onepaTopoB A NOKa He YyCTaHOB/IEHO. B YacTHOCTH, pyHAAMeEHTaNbHble NPO61eMbl BO3HMKAIOT NPU
paccMmoTpeHun guddepeHumanbHbix onepatopos LUTypma — /IMyBUANA HA KOHEYHBIX MPOMEXKYTKaX B NPOCTPaH-
CTBe HenpepbIBHbIX PYyHKUMI [2]. B foKNaLe NpuBeAeHbl pe3yibTaTbl UCCIe40BaHMI aBTOPOB O CYLLLECTBOBAHMM
M CBOMCTBaX KBagpaTHbIX KOPHEN ANA Knacca abCTpaKTHbIX 0nepaTtopoB B 6aHAaX0BbIX NPOCTPAHCTBAX, BKAOYA-
towwero onepatopsl LTypma — inysmans. B ganbHenwem sTv pesyabTaTtbl 6yayT UCNONb30BaHbI MPU BbIACHEHUN
npob6sembl 0 MOPONKAEHUN CUIBHO HENPEPLIBHOM ONEPATOPHOM IKCMOHEHTDI.

Cnuncok nutepaTypbl

1. BenoHocoB B. C. ACUMNTOTMYECKMIA aHA/IN3 NAaPaMETPUYECKOM HEYCTOMYMBOCTU HENIMHEMHbIX rnnepbo-
NIMYECKMX ypaBHeHu // MaTematuueckuit cbopHuk. 2017. T. 208, Ne 8. C. 4-30.

2. KpacHocenbckuin M. A., 3abpeitko M. M., MycTbinbHUK E. U., Cobonesckuii M. E. UHTerpanbHble onepaTopsl
B NPOCTPAHCTBAX CyMMMpPyeMbIX PyHKUMN. M.: Hayka, 1966.

06 acMMNTOTUKE aNEeKCaHAPOBCKOro N-NonepeyHMKa KOMNaKTa 6eCKOHEYHO MaAKUX NepruoanYecKmux

dyHKUMiA Knacca XMespe
B. H. benbix
UHcmumym mamemamuku um. C. /1. Cobonesa CO PAH

E-mail: belykh@math.nsc.ru
YKa3aHa acMMNTOTMKa aNeKCaHAPOBCKOTO N-nonepeyHMKa KomnakTa 6€CKOHEeYHO rnagKkmx Nepmoguyeckmx
dYHKLMI Knacca eBpe, orpaHNUYEHHO BAOKEHHOMO B MPOCTPAHCTBO HEMPEPbIBHbIX NEPUOANYECKUX GYHKLUNA.

JloKanusaumm pacceMBarOLLUX HEOAHOPOAHOCTEN NO HEMOJIHbIM AAHHbIM Y/1IbTPAa3BYKOBOro 30HAWPOBaHUA

M. A. BopHosckmx® 2, W. B. Mpoxopos?
TMHcmumym npuknadHol mamemamuxu [BO PAH

2NlanbHesocmoyHbiii hedepanbHbill yHUsepcumem

E-mail : vornovskikh.polina@gmail.com

B Aoknage paccmaTpuBaeTcs obpaTHasA 3a4ada ANA HeCTaUMOHAPHOMo MHTerpo-guddepeHLManbHOro ypas-
HEHMA NepeHOoca BbICOKOYACTOTHOTO aKyCTMYECKOro M3Ay4YeHMs, 3aK04aloWanca B onpeaeneHmm noBepxHo-
cTei paspbiBa KoadpdurumMeHTa paccesHMA No BPEMEHHO-YI/I0BOMY pacnpeaeneHuto NA0THOCTU NOTOKa B 3a4aH-
HOM TOYKe TpexmepHoro npocTpaHcTea [1, 2]. Ons peweHns obpaTHOM 3a4aum NpesNoXKeH YNCAEHHbIM anro-
PWUTM, OCHOBaHHbIV Ha BBEAEHUWN CMeLManbHON MHAMKATOPHON QYHKLMM, NO3BONAIOLLEN ABHO JIOKA/IM30BaTb
MECTOMNOJ/IOXKEHUE NNHUI pa3pbiBa KosdduUMeHTa pacceaHus B A0OON 3agaHHOM nnockocTu. MeTomamu
MoHTe-Kapno nposeaeHO UMUTaUMOHHOE MOAENNPOBaHME NPOLLECCa YNbTPa3BYKOBOro 30HANPOBAHUA B MOp-
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CKOW cpefie, NPoAeMOHCTPUpoBaHa 3GdEKTUBHOCTb aiIfOPUTMa JI0KaAM3aLMmM paccenBaroLmMx HeOAHOPOAHO-
CTei M YUCNEHHO NPOAHAIM3NPOBAHO BAUAHNE HEMOHOTbI MCXOLHbIX AAHHbIX HA KAaYeCcTBO TOMOrpadUyeckmx
N306parKeHum.

PaboTa BbINO/IHEHA B pamMKax rocyaapcteeHHoro 3agaHusa MMM B0 PAH (Ne 075-00459-24-00) npu puHaHCOBOM Noa-
aepke MuHobpHayku PO (cornaweHune Ne 075-02-2023-946).

CnucoK nuTepaTtypbl

1. BopHoBckux M. A., MNpoxopos W. B. JTokanmsauusa noBepxHocTen paspbiBa KoaddUUNEHTA paccenaHusa no
BpEeMeHHO-YrNoBOMY pacnpeaeneHuto NJ10THOCTU NOTOKa U3nydeHus // Cub. sanekTpoH. matem. uss. 2023. T. 20.
Ne 2. C. 1079-1092.

2. BopHosckux I1. A., NMpoxopos U. B., AposeHko U. . Airopntmbl YNCA€HHOTO MOAeNNpPOBaHUA NPOLLEeCCOB
BbICOKOYACTOTHOMO aKyCTUHYECKOro 30HAMPOBaHMSA B OKeaHe // Bbiu. meT. nporpammuposaHme. 2024. T. 25. Ne 1.
C. 19-32.

PeweHune 06paTHOI 3a8a4m ANA MHOrOMEPHOIO UHTErpasibHOro ypaBHeHUs TUNa CBEPTKU

A. ©. BopoHWH
UHcmumym mamemamuku um. C. /1. Cobonesa CO PAH

E-mail: voronin@math.nsc.ru

B #OKNage paccmMaTpuMBaeTca MHOTOMEpPHOE WHTerpasbHoe ypaBHEHME BTOPOro poga Twuna CBEPTKU Ha
orpaHMYeHHOM MHoxecTBe M, rae M — NogMHOKeCTBO €BKANA0BOIo NpocTpaHcTea. CTaBuTcA 3a4ada onpege-
JIeHMA NPaBoi YacTu ypaBHEHUA (MCTOYHUKA) Ha HEKOTOPOM MHOXecTBe N, KoTopoe ABAAETCA NOAMHOMECTBOM
M, no pesynbTaTam U3MepeHna U3NyYyeHns (peleHnsa ypaBHeHMA) Ha MHosKecTBe N. Mpegnonaraetca Takxe,
YTO B €BK/IMA0BOM NPOCTPAHCTBE U3BECTEH HOCUTENb AAPa MHTErpanbHOro onepatopa TUna cBepTKU (camo aapo
He U3BecTHO). PelleHne obpaTHOM 3a4a4m NoayYeHo B ABHOM BuAe. HaliAeHbl yCA0BUA eAMHCTBEHHOCTU pelle-
HWA AaHHOW 06paTHOM 3aa4M B KNacce MHTErpupyembix (Mo Moaynio) GyHKLUMIA.

PaboTa BbINO/IHEHa B paMKax rocyaapcteeHHoro 3agaHunsa MM CO PAH (npoekt FWNF-2022-0009).

CnpsATaHHble aTTPAKTOPbl, HEEAUHCTBEHHOCTb LIMK/I0B U X J1I0Kann3auua B ¢a3oBbiX NOpTpeTax mogeneu

KOJIbLLEBbIX FeHHbIX ceTeil

B. IN. Frony6sTHMKOB
UHcmumym mamemamuku um. C. /1. Cobonesa CO PAH

E-mail: golubyatn@yandex.ru

PaccmaTtpmBatoTca KYCOUYHO-IMHEWHbIE AUHAMUYECKME CUCTEMbBI BUOXMMUYECKON KMHETUKKN, MOAENNPYIO-
wme GpyHKUMOHMPOBAHME TPEXKOMMOHEHTHBIX FE€HHbIX CETEM, B YaCTHOCTU, MOJIEKYNAPHBIX PENPECCUNATOPOB,
peryaMpyembix CBA3AMM, KOTOPbIE ONMUCbIBAtOTCA 0606LEeHHbIMM NOPOroBbiMK GyHKUMAMM [1]. C nomoLuyblo 3a-
AaBaeMol 3TMMM NOPOroBbiIMU QYHKLMAMM eCTECTBEHHOM ANCKPeTU3aLmMm $pa3oBbiX NOPTPETOB TaKUX ANHAMMU-
YeCKMX CucTem nony4veHbl ycanosmAa HeeAUHCTBEHHOCTU UX LLUKNOB. B aTnx ¢a3OBbIX NopTpeTax BbiAB/NEHbI CNPA-
TaHHble aTTPAKTOPbI CUCTEM, OMMCAHA JIOKAIM3aLMA UX UMKIOB, A5 KOTOPbIX YCTAHOBAEHbI YCNOBUS YCTONYM-
BOCTH, [2,3]. MpoBeaeHbl BbIYUCAUTENIbHBIE IKCMEPUMEHTbI, MAIOCTPUPYIOLWME NOSTyYEeHHbIE 34eCb TeopeTUYe-
CKMe pesynbTaThl. Pa3paboTaH 1 peannsoBaH, B TOM YMC/IE U C MOMOLLbIO 06/1a4HbIX BbIYUCAUTENIbHBIX PECYPCOB,
reoMeTpuyeckmin Noaxoq, K BU3yannsaumm nogobHbIX UMKAOB U COAEPKALLMUX UX MHBAPUAHTHbIX NOBEPXHOCTEN
ANA AMHAMMUYECKUX CUCTeM BObLIMX Pa3MeEPHOCTEN, FagKMX U KYCOUYHO-TMHENHDIX [4, 5].

PaboTa BbINOAHEHA B paMKax rocygapcTeeHHoro 3agaHuns MM CO PAH, npoekt FWNF-2022-0009
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Cnucok nutepatypbl

1. Tchuraev R. N., Ratner V. A. A continuous approach with threshold characteristics for simulation of gene
expression. In: Molecular Genetic Information Systems. Modelling and Simulation. Ed. K.Bellman. 1983. Berlin:
Verlag. P. 64-80.

2. Tony6aTtHMKoB B. M. O HEeANHCTBEHHOCTU UMK/IOB B TPEXMEPHBIX MOLENAX KONbLEBbIX FEHHbIX CETEN.
YenabuHckuit opums.-mart. xypHan. 2024. T.9, Ne 1. C. 23-34.

3. Golubyatnikov V. P., Ayupova N. B., Bondarenko N. E., Glubokikh A. V. Hidden attractors and nonlocal
oscillations in gene networks models // RINAMM. 2024. Vol. 39, N 2. P. 1-7.

4. Golubyatnikov V. P., Akinshin A. A., Ayupova N. B., Minushkina L. S. // Vavilov J. of Genetics and Breeding.
2022.Vol. 26, N 8. P. 758-764.

5. Akinshin A. A., Ayupova N. B., Golubyatnikov V. P., Kirillova N. E., Podkolodnaya O. A, Podkolodnyy N. L.
On a numerical model of a circadian oscillator // Num. Analysis and Appl. 2022. Vol. 15, N 3. P. 187-196.

PeKOHCTPYKUMA NOKa3aTens NpesioMm/IeHUA No AaHHbIM YeTblpeXpaKypcHoM ruabbepr-romorpadpumn

0. C. 3onoTyxmHa?, 3. B. Apby308?
MHecmumym mennogusuxku CO PAH

2MHcmumym mamemamuku um. C./1.Cobonesa CO PAH

E-mail: melexina-olgal7 @yandex.ru

TeHeBble MeTOAbI AAtOT BO3MOMXKHOCTb BM3YaNN3NPOBaTb HEOAHOPOAHOCTU CTPYKTYPbI TEHEHUN U NpoLLec-
COB MepeHoca B rasoBblIX, *KUAKUX U pearnpytowmx cpegax. OgHaKo, B OTANYME OT METOL0B UHTEPDEPOMETPUN,
OHW J0/TOe BPEMSA NO3BO/IAM NONYYaTb TO/IbKO KayecTBEHHYIO MHbOpMaLuio 06 ob6bekTe nccnenoBaHuA.

Pabota [Sakai H., Vanasse G. doi 10.1364/JOSA.56.000131] sasnaerca o4HON U3 NepBbIX, B KOTOPOW Bbina
OTMeYeHa NoNEe3HOCTb rMAbbepT-npeobpasoBaHMA B ONTUYECKON Pypbe-cnekTpockonuu. B moHorpadum [Apby-
308 B. A., AybHuwes 0. H. MeToabl rnibbepT-onTUKM B USMEPUTE/NbHBIX TexHoaoruAxX, 2007] Teopua TEHEBbIX
MeTOA0B MNpeAcTaB/NeHa B BMAE KOMMAKTHOrO MaTeMaTMyecKoro annapaTta runbbepT-onTuku. B pabote
[Arbuzov E. V., Zolotukhina O. S. doi 10.32523/2306-6172-2023-11-4-4-13] ncnonb3osaHue MeToA40B ONTUMM-
3aumm gns pacdeTa $pa3oBon GyHKLMM NO AAaHHBIM rM1bOEePT-AMArHOCTUKM NO3BOJIUIO NOYYUTb YUCTEHHbIE Xa-
PaKTEPUCTUKM ONTUYECKOTO MO NJOTHOCTY.

PeKoHCTpyKUMA NapamMeTpoB uccnegyemomn cpesbl no ¢asosoit GpyHKLMK B C/lydae NAOCKMX 33434 BbInon-
HAETCA 3/IEMEHTapPHO, AN OCECUMMMETPUYHBIX CTPYKTYpP 06paboTKa AaHHbIX OCYLLECTBAAETCA C MCMOJb30Ba-
Huem npeobpasoBaHusa Abena. Mpu AUArHOCTUKE CAOMKHbBIX CTPYKTYP HEOBXO04MMO MCMOb30BaTb METOAbI OnN-
THUYecKo Tomorpadumm, A1a KOTOPOMN XapaKTepHa Npobaema Manoro YMcna NnpoeKLmi.

B HacToAwel paboTe Ha NpMmepe YUCAEHHON MOLENU MPeASIOXKEH METOZ BOCCTAHOBAEHMA MPOCTPaH-
CTBEHHOrO pacnpeaesieHMsa NoKasaTeNsa npenomaeHuns ¢asosoro o6beKTa Mo AAaHHbIM, NOAYYEHHbIM NPU YeTbl-
pexpakypcHOM ruabbepT-Tomorpadpuyeckom 30HAMPOBAHUN. ANTOPUTM OCHOBAH Ha NMPUMEHEHUU METOLOB
laycca — HbloToHa (ans pacyeta pasoBoit pyHKLMM No runbbepTorpammam) n Fepwbepra — Manyauca (ans pe-
KOHCTPYKLMM NCCaeayemMbIX CTPYKTYP NPy MasiopakypcHOM Tomorpadum).

PaboTa nepBoro aBTopa BbINO/IHEHA B PaMKax rocyaapcTBeHHoro 3agaHus MM CO PAH Ne FWNF-2022-0009, sToporo
aBTOpPaA — B paMKax rocyaapcreeHHoro 3agaHma UT CO PAH Ne 121031800217-8.
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MpMMmeHMMOCTb pelueHus 3agaum o TeueHuu MNMyaseina AnA TPELUH C LIePOXOBaTbIMU CTEHKaMMU

B. H. lanuu?, A. C. 3onotapes?
MHecmumym mennogusuxku CO PAH

2CkonkoscKulli uHCMumMym HayKu u mexHoso2uli

E-mail: v.lapin@nsu.ru

CornacHo peweHnto 3a4a4n 0 JTaMUHApPHOM Te4YeHUun HecXKnmaemom XUAKOCTU B MNJIOCKOM KaHane C raa-
KMMM CTEeHKamM (TedyeHum Myaseinna) npomsBoAHas AaBeHUA onpeaenserTca PacxoaoM XKUAKOCTU (, ee BA3KO-
CTbIO L M LUMPUHOW KaHaia W NocpeacTBOM COOTHoOLEHUA Op / Ox =12 uq / wi.

LLiepoxoBaTtocTb Heperos TpelmH B ropHbIX NOpoAax CONnocTaBUma C UX LUMPUHON, U NPeAnoN0oNKeHUs, B
KOTOPbIX NoMy4YeH KybruuecKuii 3aKoH, B 06LLeM cnydae He BbinosHAeTcA. Tem He MmeHee, OH LWMPOKO UCNOb3y-
eTca AN ONUCAHUA ABUMKEHWNA KUAKOCTU B €CTECTBEHHbIX U MCKYCCTBEHHO CO34aHHbIX TpewuHax npu moaenu-
poBaHWUM TMAPOPa3spbIBa U peleHnn 3a4a4 GUAbTpaLUMn B TPeLLMHOBaTbIX cpeaax. MocTpoeHne CKoppeKTUpo-
BAHHOrO KybWYeCKOro 3aKOHa, YYMTbIBAIOLLETO LIEPOXOBATOCTb Heperos, 06bIYHO NPOBOAUTCA HAa OCHOBE 3KCNe-
PUMEHTOB WU TPEXMEPHOTO YUCIEHHOTO MOAE/IMPOBAHNSA TEYEHUSA B PeasibHbIX TpeLMHax. ITo No3BoAeT Npo-
BECTU TO/IbKO HEBO/IbLLOE KOJIMYECTBO IKCMEPUMEHTOB, MO3TOMY Npeasiaraemble PasMyYHbIMU aBTOPaMM Kop-
PEKTUPOBKM 3aMETHO OT/IMYAIOTCSA, U OKOHYaTe/IbHasA Teopua elle He chopmupoBaHa.

B HacToAwen paboTe cpeactsamm ANSYS npoBegeHa cepua TPeXmMepHOro YNCIEHHOTO MOAENNPOBaHNA Na-
MWHapPHbIX TeYEHWUI1 B KaHaNax C LepoxXoBaTbiMU CTeHKamM. [ToBepXHOCTU KaHanoB 3a4aBaanch B Buae nepuno-
Andecknx GyHKUMIA, U modennposaHme NpoBOANAOCh B OAHOM 3/1€MeHTE NOBEPXHOCTU C UCMNOAb30BaHUEM NO-
ApOobHOI ceTKM, obecneymBatoLlen Mmasaoe 3Ha4YeHME YNCIEHHOWN NMOTPELIHOCTN U OTCYTCTBME YMCIEHHbIX apTe-
$aKTOB pelweHua. B pesynbTaTe aHanu3a pe3yibTaToB NoJlydyeHa 061acTb 3HaYEHMI ONpeaenatoLmX NoBepXHO-
CTW NapaMeTpPoB, B KOTOPOM KyBMYECKUI1 3aKOH U Hanbosiee NoNynspHbIe ero KOPPEKTUPOBKU HEMPUMEHUMDbI,
1 061aCTb 3HAaYEHUI, B KOTOPOM NPUBANNKEHHbIE aHanUTUYEcKMe GopMy/ibl MO3BONSAIOT BbIYUCANTb NPOU3BOA-
HY0 AaBAEeHMA C BbICOKOM TOYHOCTbI. PacCMOTpEeHHbIM Knacc NoBepxHOCTel U pe3ynbTaTbl pacieToB MOryT BbiTh
MCMNONb30BaHbl ANA OLUEHKN KauyecTBa npeanaraemMbix B IUTePaType CKOPPEKTUPOBaHHbIX KyBUUECKUX 3aKOHOB,
KOTOpble NCMONb3YIOTCA ANA pacyeTa NapameTpoB TeYEHMA KUAKOCTU B LLIEPOXOBATbIX TPELLMHAX.

CBEpXYCTOMYMBOCTb U IKCMOHEHLUMa/IbHaA YCTOMYNBOCTb KBAa3UIMHENHbIX rMnepboinyeckmx cuctem

H. A. JTionbko
UHcmumym mamemamuku um. C. /1. Cobonesa CO PAH

E-mail: natlyl@mail.ru
B nonynonoce N=(x,t) : 0< x< 1, 0 < t< oo paccmaTpmBaeTcs HavyabHO-KpaeBas 3a4a4va AN HeaBTOHOMHOW

KBa3suaMHeNHOoM runepboanyeckoit cuctembl NePBoOro NnopaaKa

n

0: Uj + Aj(x,t,u) Ox u; +ZBJI< (x,tu), ux=0,0<x<1,t>0,1<j<n,

k=1
rae n > 2 v u = (uUs,...,Un) — HEM3BECTHAA BELLECTBEHHAA BeKTOP-OYHKUMA. Mpu aToM KoadpduumeHTbl A; U Bj—
rnagkune GyHKUMKM 1 A; ANA BCEX 3HAYEHUIA apryMeHTOB OTAeNeHbl OT HyAA. B paboTe HalaeHbl rpaHMYHbIe yCo-
BMSA, 3a4aBaeMble Ha CTOpoHax [, NpM KOTOPbIX BCE pelleHMsa paccmaTpuMBaemMol pacnasLeiics 3agaum (Bi =0,
j# k) ctabunmsmpyloTca K Hyn0 3a KOHEYHOe BpPems, He 3aBucAlllee OT HayasfbHbIX AaHHbIX (CBOWCTBO
cBepxycToiumBocTn). B ciyyae HepacnaBLIECA CUCTEMbI 3TU yC0BUSA obecneynmBaloT 3KCMOHEHUUaNbHYIO
YCTOMYMBOCTb COOTBETCTBYHOLLLENM Hauya/IbHO-KpaeBoOW 3aauMm.
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PaboTa BbiNO/IHEHA B paMKax rocyAapCTBEHHOIO 3a4aHna MHCTUTYTa maTemaTtukm um. C. J1. Cobonesa CO PAH (npoeKT
Ne FWNF-2022-0008).

Cnuncok nutepaTypbl
1. onbko H. A. CTabunmnsaums K HyNt0 32 KOHEYHOE BPEMSA U SKCMOHEHLMAbHaA YCTOMYMBOCTb KBA3UAK-

HelHbIX runepbonnyeckmx cuctem // CMMK. 2023. T. 64. Ne 6. C. 1229-1247.

NocTpoeHre pUMaAHOBbIX METPUK B MOAENAX HEOAHOPOAHbIX cpea

C. B. Manbuesa, E. 1O. lepesLos
UHcmumym mamemamuku um. C./1. Cobonesa CO PAH

E-mail: sv_maltseva@mail.ru

Bo MHOIMX maTtemaTMyeckmMx mMoaensx, KOHCTPYUPYEMbIX C LEeNbio UCC/IeloBaHMA NPAMbIX U 06paTHbIX 3a-
[ad, NocTaBNAEHHbIX B HEOAHOPOAHbIX CpeAax, NOBeAEHUNE IyYen B paMKax Iy4eBoro npmbanKeHma onucbiBa-
€TCA reoe3nyeckMmm pUMaHoOBOM MeTpUKKU. K TaKMM 3aa4amM OTHOCATCA 3a4aun pedpaKkLMOHHON TEH30PHOM
Tomorpadun, npambie U 06paTHble 3a4a4N CEMCMUKM, CEUCMONOTUM U SIEKTPOPA3BEAKU, CEUCMUKN C BHYTPEH-
HUMW UCTOYHMKAMMU. [P NOCTPOEHUN Moaenen HEOAHOPOAHbIX CPes, C 3a4aHHbIMM CBOMCTBAaMM TpebyeTca ae-
Ta/IbHOE aHANIUTUYECKOE U FEOMETPUYECKOE ONMMUCAHUE XapaKTEPUCTUK CPeabl, B TOM YMC/E U TOYHbIE XapaKTe-
PUCTUKN Freo4e3nYeckux LWKasibl PUMaHOBbIX METPUK.

PaccmaTpumBaeTca 3a4a4a NOCTPOEHMA HOBbIX K/1IAaCCOB PUMAHOBbIX METPUK NPU peLleHm 06paTHbIX 33434,
nocTaBaeHHbIX B 2D HeogHOpoAHbIX cpeaax. Hapaay c 0606LeHNEM U3BECTHbIX METPUK NOCTOAHHOW KPUBU3HbI
N METPUK, NOPOKAAEeMbIX 3a4aHHbIMU B NMPOCTPAHCTBE NOBEPXHOCTAMM, CTPOATCA PUMAHOBbI METPUKMU, KOH-
CTpynpyemble NocpeacTBom KOHPOPMHbIX OTOBPaXKEHNIM Pa3NUYHbIX OrPaHNYEHHbIX M HEOTPaHUYEHHbIX 061a-
CTel pacClUMPEHHOM KOMMIEKCHOM NIOCKOCTU. HaliieHbl reOMETPUYECKME XapPaKTEPUCTUKMN TaKUX METPUK, TaKme
KaK METPUYECKUI TeH30p, cMmBO/bl Kpuctodpdens, TeH3opbl KpMBU3HbI PumaHa — Kpuctoddena n Puuuuy, cka-
NApHaa KpmMBM3Ha. Mcnosb3oBaHMe KOHPOPMHbIX OTOOPAXKEHUI NPUBENO K HECTAHAAPTHLIM TPAaKTOBKam 0bpaT-
HbIX 33434, NOCTaB/IEHHbIX B MOJIYN/IOCKOCTU, U 33434 pedpaKLNMOHHOM TeH30PHOM ToMorpadum, NOCTaBAEHHbIX
B Kpyre.

PaboTa BbiNo/sHEHa B pamKax rocygapcTeeHHoro 3agaHuns MM CO PAH, npoekt FWNF-2022-0009(122041100003-2
(nepBbiit aBTOP) M NpU dMHaAHCOBOM NoaaepKKe Poccuitickoro HayyHoro ¢oHaa, npoekT 24-21-00200 (BTopoit aBTOP).

Ucnonb3oBaHue 0606LieHHOro npeobpasosaHma PagoHa ansa 3aaay4y 06paboTku nsobpaxkeHuii

B. B. Nunkanos
UHcmumym meopemudeckol u npuxknadHoli mexaHuku CO PAH

E-mail: vvpikalov@gmail.com

M3 6onbluoro pasHoobpasuns anropuTMoB pelleHns 3a4a4 Tomorpadum, 4acTb U3 HUX MOXKHO MCNO/b30BaTb
ANA 334,34 pacrno3HaBaHMA U306paXKeHUI, HaNnpPUMep, BblAeNeHNsA rpaHuL, 0b6aacTel, KOHTPACTMPOBaAHUSA, Mo-
MCKa BblAENEHHbIX HanpaBAeHU Ha N30bparkeHnsax U T. N. B Joknaae npuBogAaTcA HEKOTOPbIE U3 STUX METOA0B
ANA KNAacCMYecKol napansiesibHOW reomMeTpun NoayvyeHus TOMOrpadmnyeckmx NpoeKLMOHHbIX AaHHbIX. JaHbl
0606L1eHMA 3TUX MEeTOA0B Ha 3aJa4m MHBepcum 0b6obLieHHoro npeobpasosaHus PagoHa (OMMP), ana reometpumn
BEEPHbIX M KPUBOMHENHBIX TPAEKTOPUI B CUCTEMAX NOYYEHUA MPOEKUMOHHbIX AaHHbIX. B UTEpaUMOHHbIX an-
roputmax uHsepcumn ONP BaxHOe 3HaYeHMe MMeeT BbIbop HauyasbHOro NpUbANNKeHUa gna utepaumii. JaoTca
CpaBHUTE/IbHbIE XapaKTepPUCTUKM UCMOb30BaHNA NPUMEPOB Takoro Bbibopa, Npu yuyete anpuopHoi nHdopma-
UMK 0 peweHun. TaKkKe NokasaHbl pesy/ibTaTbl BapMaL MM onepaTopa 06paTHOro NPoeLMpoBaHuUs, NPW ero 3a-
MeHe OT cpeaHero apudmMeTMYecKoro Ha cpegHee reomeTpuyeckoe. McnbiTaHbl TpW BUAa TpaekTopuit ana OMNP
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— napabonuyeckune, runepboamyeckme n rapmoHnYeckmne. Y nepebix ABYX KAaCCOB KPUBbIX OTK/IOHEHMSA TPaekK-
TOPUI OT NPAMOIMHENHOCTM YNPaBAAIOTCA NapameTpaMy amnanTyabl U CABUMa MUHUMYMA/MaKCUMyMa; ans
K/Jlacca rapMOHUYECKMX KPMBbIX YNPABAAIOLWMX NapamMeTpoB nmeetca 6onblue. PaccmMoTpeHbl HEKOTOpble me-
TOAb! PeryispusaLmmn, yMeHblUaoLWme BAMAHME CYYaiHbIX WYMOB B 06pabaTbiBaeMom N306paskeHnN.

BoccraHoBneHMe 2D TeH30pHbIX NOJIEA MaZIOro PAaHra no iy4eBbiM Npeobpa3oBaHUAM UX MOMEHTOB

A. 1. MNMonsakosa, E. 1O. epesuos
UHCcmumym mamemamuku um. C. /1. Cobonesa

E-mail: apolyakova@math.nsc.ru

PaccmaTpmBaloTca Npoao/bHble, NoNepeyHble U CMeLLaHHbIe lyYeBble NpeobpasoBaHns momeHToB 2D TeH-
30pHbIX NOSIel paHra meHee NATU. TeH30pHbIe NONSA NPUHAAIEKAT TPEM Pas3/IMYHbIM Knaccam. MNepBbin cocTouT
13 NPOU3BObHbLIX NOJel 0bLLero BUAa, BTOPON — 3TO CUMMETPUYHbBIE MOAIA, U TPETUN — Pa3HOCTb NEePBbIX ABYX.
B yacTHOCTK, Pa3HOCTb NPOM3BOJIBHOIO U CUMMETPUYHOIO NOJIEN PaHra ABa eCTb KOCOCMMMETPUYHOE Noe, pas-
HOCTW TEH30PHbIX NOJIEN BOJiee BbICOKOrO paHra yCTpoeHbl 6o/iee coXKHbIM 06pasom. MpogosbHbie U Nonepey-
Hble ny4yeBble NpeobpasoBaHNA MOMEHTOB OMNpeaeseHbl AN TEH30PHbIX NoJiei NPOU3BOLHOTO paHra, Koanye-
CTBO U C/IOKHOCTb CMeLLaHHbIX Npeobpa3oBaHMii MOMEHTOB 3aBUCAT OT paHra noas. Tak, Ana nonew paHra m
KOJIMYECTBO Pa3/IMYHbIX CMELLIaHHbIX Npeobpa3oBaHNn MOMEHTOB paBHo (m — 1).

CYMMeTpPUYHbIE TEH30PHbIE MOJIA U UX NPOAO/bHbIE /lyYeBble NPeobpasoBaHNUs MOMEHTOB XOPOLIO WU3Y-
YeHbl B €BK/INA0BbIX NPOCTPAHCTBAaX NPOU3BO/IbHON PasMepPHOCTHM, B MEHbLLEN CTeneHn nccieoBaHbl OHU Npu
334aHUKN Nosen B PUMaHOBbIX MHOroobpasunsax. HamHOro meHblle M3BECTHO /ly4eBbIX Npeobpa3oBaHUAX MO-
MEeHTOB NMPOUN3BOJIbHbLIX U PA3HOCTAX MPOU3BOJIbHbIX U CUMMETPUYHbIX TEH30PHbIX nonen. Paborta noceALlLeHa
YCTPaHEHWUIO /TaKyH B AaHHOW 06/1acTU. YCTaHOBAEHbI reomeTpuyeckmne n auddepeHumnanbHbie CBOMCTBA Ny4de-
BbIX NpeobpasoBaHUit 1 UX B3auMOCBA3el. HameueHbl npoueaypbl U MmeToabl 06paLleHns onepaTopoB Jly4eBbiX
npeobpa3oBaHMii MOMEHTOB TEH30PHbIX NOJIEM Manoro paHra.

PaboTta nepsoro aBTopa pMHAHCOBO NOAAEPKAHA roCyAapCcTBEHHbIM 3agaHnem MM CO PAH (npoekT FWNF-2022-0009
(122041100003-2). Bropoii aBTop PpUHAHCOBO NoaaeprKaH Poccuitckum HayuHbiM doHAOM (npoekT 24-21-00200).

ANropuTmMmbl BOCCTAaHOBIEHUA ABYMEPHOro CUMMETPUYHOrO 2-TEH30PHOIo NO/A NO Iy4eBbIM

npeo6pa3oBaHUAM €ro MOMEHTOB

N. E. Cetos™?, A. M. Monsakosa?, C. B. ManbLesa®
MHemumym mamemamuru um. C.J1. Cobonesa CO PAH

2Hosocubupckuli 2ocydapcmeeHHblli yHusepcumem

E-mail: svetovie@math.nsc.ru

NccnepoBaHve nyyeBbix NPeobpa3oBaHNii MOMEHTOB TEH30PHbIX NOAEN B NOC/EAHME roAbl ABAAETCA aKTy-
a/IbHOM TeMaTMKOM nccnegosaHuin. B 6oablumMHCTBE paboT uccaeayroTca TPaLUUMOHHbIE BONPOCHI BOCCTAHOB-
JIeHUs TeH30PHbIX Nonen. O4HaKo COBCEM HEMHOTO PaboT, NOCBALLEHHbIX MONYYEHUIO U U3ydYeHUIO Gopmya unm
npoueayp obpalieHuns, anropMTMOB peLeHna 3a4a4 BOCCTaHOB/IEHNA TEH30PHbIX NoAel No nyYeBbiM npeobpa-
30BaHMAM UX MOMEHTOB.

B AoKnage npeanokeHbl U 060CHOBaHbI aATOPUTMbl BOCCTAHOBAEHUA CUMMETPUYHOTO 2-TEH30PHOro NoAA
Mo M3BECTHbIM NPOAO/bHBIM UM NOMEpPeYHbIM lyYeBbIM NPeobpa3oBaHNAM ero MOMeHTOB. [loKasaHa HeBo3-
MOXHOCTb BOCCTAaHOB/IEHWUA 2-TEH30PHOTO MO/ MO M3BECTHbIM CMELLAHHbIM JIy4eBbIM NPeobpPa3oBaHNAM MO-
MEHTOB. Y1CNEHHO MUCCIeA0BaHbI CBOMCTBA HECKO/IbKMX a/IT0PUTMOB.

PaboTa ocyuwiectBneHa npu GMHAHCOBOM NoaaepKke Poccuiickoro HaydHoro ¢oHaa (npoekTt 24-21-00200).
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YncneHHoe pelieHne 06paTHbIX 33434 06 UCTOYHUKE B TEOMOHUTOPUHIOBbIX CUCTEMAX

M. C. XaripetamHos, O. A. Konblnosa, . M. LLnmaHckas
UHCcmumym ebiyucaumensHol mamemamuKu u mamemamu4eckoli eeogpuzuku CO PAH

E-mail: marat@opg.sscc.ru

B pamkax npobaembl reOMOHUTOPUHIA OKPYKAOLWEN Cpesbl, CBA3AHHOM C BblABAEHMEM 3KOI0FO0NACHbIX
WCTOYHMKOB B OKPY*KaloLLen cpesie, BO3HUKAOT HE06X0AMMOCTb peLleHna 3aaad no nx obHapyKeHuto, onpeae-
JNIEHUIO MECTOMONOXKEHUA U MAEHTUDMKALMN TUNOB. MCXO4HbIMM ANA pelleHns nepedncieHHblx 3a4a4y ABNA-
IOTCA NOPOXKAAEMbIE UCTOYHUKAMM CEMCMUYECKME BOJIHBI B 3€MJIE U aKyCTUYECKMe aTmocdepe.

PelweHue 3aa4 paccMaTpMBaETCA KaK peLleHne COBMELLLEHHbIX 06paTHbIX 3a4a4 N0 UCXOAHBIM AaHHbIM OT
CeTM NPOCTPAHCTBEHHO-pacnpeaefieHHbIX AAaTYMKOB C MCNOAb30BaHMEM KUHEMATUYECKUX XapaKTepUCTUK B
BM/E BEKTOPA BPEMEH BCTYM/IEHUI U ANHAMUYECKUX XapPaKTEPUCTUK B BUAE CMEKTPaNbHbIX QYHKLUNA, COOTHE-
CEHHbIX K BOJIHOBbIM hOpMam KonebaHUi OT MCTOYHUKOB.

OpaHo u3 cyuwecTBeHHbIX TpeboBaHMIA K NpoLeccy reOMOHUTOPUHIA CBA3AHO C HEOH6X0AMMOCTbIO pelleHus
33434 B ONEepPaTUBHOM PEXMME, T. €. B PEXUME PeasibHOr0 BPEMEHM, B YCI0BMAX BbICOKOTO YPOBHSA BHELIHUX
NMOMEX M C NOBbILIEHHOM TOYHOCTbIO. C yyeTom 3TOro B paboTte npennaraeTca BblUUCAUTEIbHAA TEXHONOMMA pe-
LWEHNA PAacCMATPMBAEMbIX 334a4 C MPUMEHEHMEM KOMMN/IEKCA anropuTtMoB 06paboTKM 1 YNCNEHHOIO aHanu3a
OaHHbIX: BEMBNET-UHTEPNONALMA BONHOBbIX dopm, npeobpasoBaHma MabbepTa Ana CTaTUCTUYECKONO OLLEHU-
BaHMA BEKTOPA BPEMEH NPUXOAA BOJIH C MOBbILLIEHHON TOYHOCTLIO, ObICTPOAENCTBYIOLWENO aNTOPUTMA PeLLEHUA
06paTHbIX 33434 onpeseneHnsa MeCToMNoI0XKEHNA UCTOYHMKOB, HEMPOCETEBOTO aNroOPUTMa PACcNoO3HaBaHUA MX
TMNOB.

Bbicokan addeKTMBHOCTb NpeasioKeHHbIX N0AX0A40B 060CHOBbLIBAETCA pe3ynbTaTaMu YNCIEHHOTO MOAEeNU-
POBaHMUA U HAaTYPHbIX SKCMEPMMEHTOB MO PeLleHUIO 334a4 re0/I0KaLumM U pacno3HaBaHMA TUMOB UCTOYHUKOB.

JKCTPaNONALMOHHBIN METOA yNYYLIEeHUA KauyecTBa NAeHTUPUKaLUM COCTaBa HEU3BECTHOM cpeabl MeTogamum

MMNYAbCHOM PEeHTreHOBCKOWU Tomorpadum

U. . AposeHko, N. B. Mpoxopos
UHcmumym npuknadHol mamemamuku [BO PAH

E-mail: yarovenko.ip@dvfu.ru

3afa4n PeHTreHOBCKOro UCC/Ie0BaHUA cpeapl, B HaCTHOCTU, UAEHTUOUKALMM XMMUYECKOTO COCTaBa HeuUs-
BECTHOIO BELLECTBA, UHTEPECHbBI C TOYKU 3PEHNA TEOPUM U UMEIOT OYEBUAHYIO MPaKTUYECKYIO LLeHHOCTb. Moao6-
Hble 3a4,3a4¥ BO3HWKAIOT NPU UAEHTUOUKALMM BELLECTB, NOA/1eXKaLLMX TAMOXEHHOMY KOHTPO0, AnddepeHLm-
POBKe MAMKMX TKAHEW MpU UX MEAWLMHCKON BM3yanu3aumm, Npyu UCCNefOBaHUN CTPOEHUS MUHEPAIOB C/IOK-
HOro XMMWYECKOro COCTaBa U T. 4.

B naHHol paboTe 3aga4a nAeHTUPMKaLMU cOCTaBa MHOTOKOMMOHEHTHOM paccenBatoLeli cpesibl paccMoT-
peHa B paMKax TeopUW nepeHoca usnyyeHus. MpeanonaraeTcs, YTo 3apaHee U3BECTEH CMUCOK NOTEHLMANBHO
cofeprKallmxca B UCCeyemMon cpefe BELLECTB, KaxAoe U3 KOTOPbIX XapaKTepu3yeTca CBOMMM 3HAYEHUAMM
KoabduumeHTa ocnabaeHna ansa pasanyHbIX 3HAYEHWU SHEPrMM 30HANPYIOLWErO M3yYeHus. McxoaHbIMK daH-
HbIMKM B 3a4aye ABAAETCA Habop NMPOEKLUMOHHbIX AaHHbIX TOMOrpadunyYeckoro NPoCBeYMBaHUA cpeabl Ha AUC-
KpeTHom Habope aHeprui.

Maes meTona 3aKkntoyaeTca B Bbibope M3 CNMCKa NOTEHLUMANBbHO NPUCYTCTBYIOLLMX BELLECTB TeX, KOTopble
MUMEIT MUHMMAIbHOE CPeAHEKBALPATUYHOE OTKIOHEHME HA BCemM Habope 3Hepruit oT 3HauyeHuiA, BOCCTaHOB-
NEHHbIX U3 NPOEKLMOHHbIX AAHHbIX. B TaKOM NOCTaHOBKE KPUTUUYECKM BarKHbIM ABNSETCA TOYHOCTb BOCCTAaHOB-
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JIeHMA 3HaYeHU KoadduumeHTa ocnabneHma ncciesyemoi cpeabl, B YaCTHOCTU YMEHbLUEHUE BAUSHUA pacce-
AHWA HA KayecTBO TOMOrpaMm. B pamkax nccnegoBaHuaA Ana AUCKPUMUHALMW PacCesHHOMo cMrHana npeanara-
eTCA NPUMEHSATb SKCTPANONALMIO NAOTHOCTU NOTOKA BbIXOAALLETO U3/TyYEHUs NO AAaHHbIM MHOTOKPATHOrO Npo-
CBEYMBAHMA UMNYNbCAMW PA3IMYHON ANIUTENIbHOCTU, B 061aCTh CBEPXMA/bIX 3HAaYEHMI NapameTpa. ITo No3BO-
NAET aCMMNTOTUYECKM BbIAENUTb BANNUCTUYECKYIO KOMMOHEHTY U UCKIOYUTL BKAag, paccesHua. B pabote Ha
PALE YMUCNEHHbIX 3KCMNEPUMEHTOB MPOAEMOHCTPUPOBaAHA PaboTocnocobHOCTL AaHHOMO NOAX04A M YCTAHOB-
JNIeHbl OLUEHKN AJINTENIbHOCTU UMMNY/IbCa U KOIMYECTBO IHEPreTUYECKMX ypoBHel obaydyeHns cpeabl Heobxoaun-
MbIX AN OAHO3HAYHOM MAEHTUPUKALMM BELLECTB.

MccnepoBaHue BbIMOAHEHO 3a cYeT rpaHTa Poccuiickoro HaydHoro ¢poHaa Ne 23-21-00378, https://rscf.ru/project/23-
21-00378/.
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MWUHU-CUMNO3NYM
LindpoBble ABOMHUKM NPUPOAHDBIX U TEXHUUYECKUX CUCTEM

Mcnonb3oBaHUe CTOXaCTUYECKUX reHepaToOpPoB NOroAbl B CTPYKTYPHO-NapameTpUyecko onTMmMu3aumm

NPUPOAHO-TEXHUYECKUX CUCTEM

A. B. Egenes®?, [1. H. Kapamos'?, B. A. OropogHukos?, H. A. Kapranonosa®*, M. C. AkeHTbesa*
IMHemumym cucmem s3Hepzemuku um. /1. A. MeneHmoesa CO PAH

2UHCMmumym QUHaMUKU cucmem U meopuu yrnpaeneHua umeHu B.M. Mampocosa CO PAH
SUprkymcKuli HayuoHaAAbHGIG uccaedosamensekuli mexHu4Yeckull yHusepcumem
‘UHCMuUmMym sbiyucaumensHoli Mamemamuru u mamemamuyeckoli 2eogpusuxu CO PAH

E-mail: flower@isem.irk.ru

APKUM NpUMEPOM NPUPOLHO-TEXHUYECKUX CUCTEM, PACMONOKEHHbIX Ha balKanbCcKol NpupogHOI Teppu-
Topuun (BMT), ABAAIOTCA 3HEPreTMYecKne KOMMIEKCbl IOKaNbHOrO YPoBHA (MUKpoceTu). B MuKpoceTax M3-3a
YKECTKMX IKOJIOTMYECKUX OTPAHUYEHUI, HaKNaablBaeMbiMM 3aKOHOAaTeIbCTBOM PP B oTHOWEHUM BT, MOXKHO
MCNob30BaTb TOJIbKO BO30OHOBASAIEMbIE UCTOYHUKK 3Heprun (BUI). Takne BMI, Kak BETpOINeKTpUYECKUue ycTa-
HOBKK (B3Y) 1 poToanekTpmnueckne npeobpasosatenu (P3M), aBnstoTca HeEynpaBASEMbIMU UCTOYHUKAMK. He-
pPaBHOMEPHOCTb BbIpabOTKN MMU 3/1EKTPOIHEPINU AONKHA KOMMNEHCUPOBATLCA aKKYMYIATOPHbIMKW BaTapesamm
(AB) n an3enb-reHepaToOpPHLIMKU YcTaHOBKamu (AY), BKAOUEHME KOTOPbIX B NMPOEKTUPYEMYHO MUKPOCETb 3HAYN-
TeNbHO yBe/MYMBaeT KanuTajibHble W 3KCN/yaTaunoHHble 3aTpaTbl. [TpeanaraeTca Mcnoib3oBaTb CTOXacTu4e-
CKue reHepatopbl noroabl (CrM) ana moaennposaHMA B 3a4aHHOM NPOCTPaHCTBEHHOM TouKe Ha BMT: 1) npusem-
HOM TemnepaTtypbl Bo3ayxa (rpadukun noTpebaeHMaA Tenna u 31eKTPosHepPrun); 2) Moayna CKopocTy BeTpa (Bbl-
paboTKa aneKkTpoaHeprnn BIY); 3) obnauHocTn (BbipaboTKa anekTpoaHeprun O3M).

OcHoBHas Lesb 4aHHOM paboTbl — NOCTAaHOBKA 33434M YTOYHEHMA Tpebyemoro pasmepa MHBECTULUI B NpPO-
EKTUPYEMYIO MU MOLEPHUIUPYEMYIO MUKPOCETb 33 CYHET NOBLIWEHMA KayecTBa MoAe/IMpOBaHNA NPUPOAHO-
KNMMaTUYECKNX YCNOBUIM QYHKLMOHMPOBAHMA U pa3BuTuA 3Tux MTC ¢ nomowpto CIT1.

PaboTa BbinosiHEHa B pamKax rpaHTa N2 075-15-2024-533 MuHUCTepCcTBa HayKu U Bbicwero obpasoBaHuns PO Ha Bbi-
NOoO/IHEHNE KPYNHOro Hay4yHOro npoeKTa No NpnopuUTeTHbiM HanpasieHNAM HAay4YHO-TEXHO/NOINM4eCKoro pa3BnuTuA (I'IpOEKT
"®OyHaameHTabHbIe UccneaoBaHus balikanbCKol NPUPOAHON TEPPUTOPUM HA OCHOBE CUCTEMbI B3aMMOCBA3aHHbIX 6a3o-

BbIX METOA0B, MOAe/Nel, HeMPOHHbIX ceTel 1 LMdpoBoi NnaTGopMbl SKOOTMYECKOr0o MOHUTOPUHIA OKpY KatoLen cpeapl”,
per. Ne 124052100088-3).

ANroputmbl cTabunmsaumum 6UOUHKEHEPHbIX 06bEeKTOB

C. N. KonecHukosa, M. . Monsak, A. A. DomeHKoBa, A. A. LLleronesa
CaHKkm-lNemepbypackuli 20cydapcmaeHHbll yHuUsepcumem aspoKoCMUYecKo20 npubopocmpoeHus

E-mail: skolesnikova@yandex.ru

PaccMoTpeHbl MHOTOMEpPHbIE MOAEAN HEeYCTOMUMBLIX BUODUINYECKMX CUCTEM C HeonpeaeNeHHOCTAMU B
ONUCaHMK KaK Cy4alHOro, Tak M CUCTEMATUYECKOTO XapaKTepa, a MMeHHO moaenu: nHdeKunoHHoro 3abonesa-
HMA; NpoLLeccbl aHaspobHol pepmeHTaumMm B BMOpPeaKTope; MPOLECCOB BOAHOMN 3KOCUCTEMbI — ONMUCAHMNE KOTO-
pbIX NpeAcTaBieHo B popme cucTem HennHenHbIx OZY ¢ BO3MYLLLEHNAMM MO Karany ynpasaeHus.

Pe3ynbTaToM MccnefoBaHWA ABAAETCS MaTeMaTMYecKuidi annapat, aaroput™ u GyHKLMOHANbHAA CXemMa
KOHCTPYMPOBAHMUSA CUCTEMbI yNpaBaeHUs 06beKTa B MPOCTPAHCTBE aTTPAKTUBHbIX MHOTOO6pa3uii ¢ nepektoye-
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HUAMMW MEXKAY HUMMU ANA COXPaHeHUs CTabuibHOCTU B Lie/IOM. B CBA3M C 3TUM ANS KaXKA0ro LeseBoro MHoro-
06pasuna KOHCTPYUPYETCA PerynAaTop, Ha3BaHHbI ONOPHbIM, OCHOBAHHbIN Ha NPUHLMNAX CUHEPreTMYecKoi Teo-
puu ynpasneHusa (A. A. KonecHMKOB) M HeNMHEMHOW aAanTaumMn Ha LLefieBOM MHOroobpasumn, 0606LWweHHbIX BNo-
CNeACTBMM Ha CTOXaCTUYECKUI cnydai.

Mcnonb3yoTca npuHUmMnbl dprsmyeckoit Teopun ynpasnaenus (A. A. KpacoBCKMIA) M TeOpUKN CUCTEM C U3Me-
HAOLLENCA CTPYKTYPOWM, 06yCNOBAEHHbIE KNDEPHETUYECKMM 3aKOHOM HeobXxoaMmoro pasHoobpasus: "in active
regulation only variety can destroy variety" (Ashby).

NccnepoBaHme noaaepkaHo rpaHTom Poccuiickoro HayuHoro ¢poHaa Ne 23-29-00336.

UundpoBble ABOMHMKN B MOHUTOPUHTE 3arpA3HeHUA atmocdepbl ropoaos

B. ®. Panyta, A. A. JlexkeHuH
UHCcmumym sbivucaumensHold mamemamuKku u mamemamudeckol eeogpusuku CO PAH

E-mail: raputa@sscc.ru

Mpwn YNCNEHHOM aHa/IM3€e AaHHbIX MOHUTOPUHTA 3arpsA3HEHNA TEPPUTOPUIA FOPOA0B UCMONb3YETCA ONTUMMU-
3aUMOHHbIM NoAaxo4, NO3BOAOWMIN YCTaHaBANMBATb onpeae/ieHHbIe KOMMPOMUCChl MEXAY pe3y/ibTaTamMm 3KC-
NnepuMeHTabHbIX UCCeA0BaHUN U MOAE/IbHBIMW OMUCAHUAMM aTMOCPEPHOro NepeHoca U HaKONAEHUA MpU-
mecei. B utore paspabotaH KOMMNAEKC reoMHGOPMaLMOHHBIX MOAENEN KOHTPOIA U MHTepnpeTaumMm AaHHbIX
reOXMMMYECKOT0 MOHUTOPUHIA M YNPaBAEHNA KayeCcTBOM aTMOChEepPHOro Bo3ayxa, KOTOpbIiA NpeacTaBAAET Co-
601 "undposoit ABOMHMK" NpoLeccos 3arpsA3HEHUA aTmocdepbl ropoaa.

B noknage obcyKpatoTca MeToabl YACNEHHOTO aHaAN3a AAHHbIX CETEBOrO MOHUTOPUHTA 3arpA3HEHUs Tep-
putopuin ropoaos CMbMpK Ha OCHOBE MOAENEN PEKOHCTPYKLMN, NHTEPNONSLLMOHHbBIX M MaXKOPaHTHbIX Moage el
OLLEHMBAHUSA NONEN KOHLEHTPAUUIA NPUMECH, UCNONb30BaHUA CNYTHUKOBOW MHbOpPMaLUKN ANA uenein ynpasne-
HUSA TENNOBLIMU N AMHAMUYECKMMM XapaKTEPUCTUKaMU BbIBPOCOB AbIMOBbIX cmecen u3 Tpyb T3, n npombiw-
JIEHHbIX NPEeANPUATUN C Y4ETOM METEOPONOTMYECKUX YCNOBUN, TEXHUKO-3IKOHOMMUYECKMX OrpaHnyennii [1]. Pac-
CMOTPEHbI MPUMEHEHNA METOA0B aCMMNTOTUYECKUX NPeACTaBNeHUI nonel 3arpasHeHns ropoackux TeppuTo-
pUin oNA BbIABNIEHUS CTAaTUCTUYECKUX CBA3EW MEMKAY KOHUEHTPAUMAMU MNOINOTAaHTOB Ha Pas/IMYHbIX MyHKTax
HabloAeHUI, a TAaKXKe 3aBUCUMMOCTEN 3KCTPEMAsbHbIX KOHUEHTPAUUit oT HebnaronpusTHbIX MEeTeoyC/l0BUA.
YCTaHOBNEHHbIE CBA3W MNO3BOJIAKOT YUC/NEHHO BOCCTAHAB/IMBATbL U YTOUHATL Pe3ybTaTbl USMEPEHWUM, BbIABAATbL
OONONHUTE/IbHbIE UCTOYHMKN SMUCCUMK, A TAK¥KE OCYLLECTBNATb KOHTPO/1b NO/y4aeMOMN SKCNEePUMEHTA/IbHOM UH-
dopmaumm Ha nocrtax [2].

PaboTa BbiNnoAHEHa B pamMKax TeMbl rocsagaHua ans UBMuMTI CO PAH (FWNM-2022-0003).
Cnuncok nutepaTypbl

1. AMukumwmesa P. A., PanyTa B. ®., JlexxeHnH A. A. OueHnBaHWE TPAEeKTOPUI NogbeMa AbIMOBbIX CMeECeN
OT BbICOTHbIX TPY6 N0 cCNyTHUKOBOW MHbOpMaLuK // Bbid. TexHonorun. 2023. T. 28, Ne 6. C. 6-16.

2. Panyta B. ®., /lexkeHuH A. A., CypHuH B. A., KopyHos A. O. AHann3 gaHHbIX HabAloAeHU ANUTENBHOTO
3arpasHeHus atmocoepbl ropoaa Npkrytcka // UHTepakcno Feo-Cubupb. 2023. T. 4, Ne 1. C. 136-142.
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Co3gaHue unMdpoBoro ABOITHUKA NOPOroBbIX COCTOAHWUI 6e30NaCHbIX IHEePreTUYecKUX CUCTEM U aHANIU3

6e3onacHocTK
A. H. Poranés?, H. A. degoposa?, P. B. BeHsenes?
IMHecmumym ebiyucaumensHoz2o modenuposaHusa CO PAH

2Cubupckuli pedepanbHbili yHUBEpcUMeEm
3KpacHosapckas sHepaemu4eckas KOMNaHus

Email: rogalyov@icm.krasn.ru

AKTyanbHoCTb. MHOrMe UccienoBaTeIn OTMEYAIoT, YTO B 3/IEKTPOIHEPrETUKE C/I0XKMNACh CI0XKHAA CUTYa-
LuMA: ANA BbINONHEHUA PacyeToB, A1 UCCNeAO0BaHUN U AaxKe ANs YyNpaBieHUs PeMMaMmn 3HEProcUCcTeM MUC-
No/1b30Ba/IMCb MHOCTPAHHbIE MPOrPaMMHO-annapaTHble KOMM/IEKCbl, KOTOPbIE 3aTEM CTa/IM HEAOCTYNMHbI— Mpe-
KpaTMAMCb NPOAAXKWU, OCTAHOBMIACh NOAAEPKKA. ITO MOXKET HaPYLLMTb SHEPreTUYecKyro 6e30NacHOCTb CTPaHbI.
MpUHLMNNANbHBIM BbIBOAOM M3 3TUX pe3y/abTaToOB SIBAAETCA HeobXoAMMOCTb OLEHMBATb rpaHMLUbl obnacrei
BCEX AO0MYCTUMbIX COCTOAHUIN TEXHUYECKUX CUCTEM, YTO pa3BmBaeTca B pabotax A. H. Poranésa, Hanpumep, [1].
MaTtemaTuyeckuii annapatT Aasa 3TOro uccneayetcsa u paspabartbiBaerca Takxe B [2, 3].

B paboTte npeasaraetcs onncaTtb co3gaHme undpoBoro ABOMHMKA NOPOroBbIX COCTOAHNI 6e30nacHbIX IHep-
retyecknx cuctem (LAMCEIC). Undposoli ABOMHUK — BUPTYyanbHaA KONus (Moaesib) SHEprocncTembl U npoLec-
COB paboTbl 3TOro 06BLEKTA.

B undpoBom ABOIMHMKE NpegnaraeTcs peannsoBaTb cnegyowme GyHKUUK:

1. OueHnBaTb AMHAMMKY YaCTOT MHOIO30Ha/IbHOM 3HEProCUCTEMbBI C UCMOJIb30BAHNUEM aHaIM3a MHOXECTB
OOCTUXKMMOCTM MPY BO3MYLLEHUWN ee NapameTpoB. ByayT nosiydeHbl rpaHuLbl, KOTOpPbIE FapaHTUPOBaHHO coaep-
YKaT TPAeKTOPUM BCEX COCTOSIHWUIM, TO €CTb AB/AIOTCA rpaHMLaMmn obnactei 6e3onacHoCTy.

2. MogenvpoBaTb NOPOroBble COCTOAHUA Be30MacHbIX SHEProcUcTem, oTpaxkatolme AMHaMmUYeckoe nose-
AeH1e Pas3IMYHbIX KOMNOHEHTOB, B3aUMOAENCTBYIOLLMX B 3/1IEKTPUYECKOM CETU, YTO BaXKHO A/151 aHaM3a Habto-
OaeMblX ABNEHUIM, KOTOPbIE HENIErKO BOCMPONU3BECTM NYTEM MPOCTbIX SKCMNEPUMEHTOB. 3TO MOMOTraeT NPOrHo3u-
poBaTb BO3MOXHOE NOsiBEHWE HEKOTOPbIX HU3KOYACTOTHbIX KonebaHuii (VFLO), ctaBAawmx nog, yrposy 6esonac-
HOCTb PaboTbl 3/1EKTPO3HEPreTUYECKOM CUCTEMBI, OFPaHNYMBAA UCNONb30BaHMUE TMAPOIHEPTETUYECKUX U TEMN0-
BbIX SHEPreTUYEeCKMX cTaHUMiA. O4HO U3 BO3MOKHbIX 06BACHEHWNI COCTOUT B HEO4HOPOAHOCTU CTPYKTYPbI SN1EK-
TPO3HEPreTMYECKOM CUCTEMDI, B HAPYLLUEHUN KOTEPEHTHOCTM ABUMKEHUA FEHePaTOPOB B 3/1IEKTPOMEXAHNYECKOM
nepexoAHOM NpoLEecce U CTaTUCTUYECKON HEYCTOMYMBOCTU NOA BANSHMEM BO3MYLLAIOLLNX BO34ENCTBUIA.

Cnncok nutepartypbl

1. Rogalev A. N. Set of solutions of ordinary differential equations in stability problems // Continuum Mechanics,
Applied Mathematics and Scientific Computing: Godunov's Legacy / Ed. by G. Demidenko, E. Romenski, E. Toro,
M. Dumbser. Springer Nature Switzerland AG, 2020. P. 307-312. https://doi.org/10.1007/978-3-030-38870-6.

2. Rogalev A. N., Rogalev A. A, Feodorova N. A. Malfunction analysis and safety of mathematical models of
technical systems // J. of Phys.: Conf. Ser. 2020. Vol.1515. Art. Num.22064. DOI: 10.1088/1742-
6596/1515/2/022064.

3. BeHsenes P. B., bapaHosa M. 1., Poranés A. H. NNpumeHeHNe HEMPOHHbIX CETEN U METOA0/10TMM NOBEPX-
HOCTel OTK/IMKa A5 NPOrHo3a noKasaTesiel NAI0CKOCTHOIO 3NEKTPUUYECKOrO KOHTAKTa WWH // Heprua eaunHom
cetn. 2024. Ne 1. C. 20-29. eLIBRARY ID:64170509. EDN: IZSEMT.
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