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IIPU HU3KIX TeMIIepaTypax . : - S
AA. Teipouirun™, B.H. Ajekcees, M B HKO6OBCKI/H/I O606LLL€HHbII/I MHOTO-
MACIITAOHBII MEeTOI KOHEIHBIX 9JIEMEHTOB JJIsI 3a4a9 TePMOIIOPOYIIPYTOCTH
¢ (ha3’0BBIMU TIEPEXOIaMU .
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M.H. Baxaposa™®, A.E. Kosecos. MaTeMaTquCKoe MOJIeJINPOBaHNE HallPsIzKeHHO-

J1e(bOPMUPOBAHHOIO COCTOSIHUS CTBOJIA MHOT'OCTBOJIBHOIN CKBAaKUHHI .

B.I. Kerukuna *, A.E. Kosecos. Huciennoe MoaenpoBaHie HAIPSIZKEHHO-
J1e(bOPMUPOBAHHOIO COCTOSIHUST MArMCTPaJIbHOIO I'a301POBOJA B MHOI'OJIET-
HEMEP3JIOM T'PYHTE C

C.II. Cremanos, A.11. prHHOB HpI/IMeHeHI/Ie TEXHOJIOT U MTapaJlIe/IbHOTO
POTPAMMUPOBAHUS JIJIsT MOJIEJIMPOBAHUS ITPOIECCOB TEIJIONPOBOJHOCTH C
y4ueToM (a30BbIX 11€PEXO/I0B C C

B.B. I'puropnes, A.B. Cassun™®. Hucjennolii pacuer rereporeHHoil peakiyn
PN BBICOKUX dmcaax Peftnobica . C

T.A. Hosroponos *, B.H. Anekcees. Yucaennoe MojiempoBaHue TedeHUs]
HeCyKMMaeMol YKUJIKOCTH MeTojaMu pasjienenus ypasuenuii Hapbe-Crokca
1 UX HapaJiiebHast Peau3aius .

H.M. Adanacnesa, A.A. Kyspomunos *. Hucsiennoe ucesieoBanne HalpszKeHHO-
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J1e(bOPMUPOBAHHOIO COCTOSIHUSA YIIPYTIUX TeJ ¢ KOHIIEHTPAIUsSIMU HalpsizkeHnii 60
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IIJIEHAPHBIE JTOKJIA/IBI

OB OJHOI KMHETUYECKOY MOJJEJIN OIINMCAHNY TYPBYJIEHTHBIX
TEYEHUN

B.H. Yersepymxkun *!

Mucruryr npuknagnoit matemaruku nm. M.B. Kengeima PAH, Mocksa, Poccus
*office@keldysh.ru

[Toydena 3aMKHyTas cucTeMa ypaBHEHUIT 11 ONMCAHUA TypOyJIeHTHBIX TedeHnil. B kadecTBe
MCXOJTHOM mcmosib3yeTcd 2D Mojieb 171 OMUcaHus TeYeHNs CIa00 CXKUMaeMOro N30TEPMUIECKOTO
raza. [IpuBojsiTea pe3ynbTaTsl pacdera 3a/lad O CMENIEHUH JBYX IJIOCKUX ITOTOKOB, TYPOYJIEHTHOTO
TeYeHUud B IIJIOCKOM KaHaJle U UCTeYeHUs ropddeil CTpyUd B OKPYZKaIOIIUil BO3/IyX.

N CIIOJIb3OBAHUE PEIIIEHUN PASHOCTHBIX CXEM J1JISI
ITOCJIEAVYIOIIEI'O ITIOBBIIMNEHN A ITOPA/IKA CXOANMMOCTN

B.B. Hlaiixypos *! JI.B. I'miesa! P.A. TonyGes!

By,ILyT pPacCMOTPEHEI AB€ Pa3SHOCTHbLIC CXEMbI: C IIOBBIIICHUEM ITOPAAKa CXOJUMOCTHU OT IIE€PBOI'0
J10 BTOPOTI'O KaK  y2K€ paCCKa3bIBaJI B HOBOCI/I6I/IpCKe " C IIOBbBINIEHUEM CO BTOPOI'O JIO 9ETBEPTOI'O
HOpsAJKa 110 BPEMEHU JIJIAA CXEMbI KpaHKa—HI/IKOJICOH.

OCPEAHEHHNE B 3AJAYE KOIIIN AJ1d BOJIHOBOI'O YPABHEHUA C
BBICTPOOCHUJIJIMPYIOIINIMHA KOS®PUIINEHTAMNU 1 HAYAJIbBHBIMUI
JAHHBIMUA

C.IO. Jo6poxoros! B.E. Hazaiikunckuit *
MucruryT npobaem mexannkn um. A.JO. Ummmnckoro PAH, r. Mocksa
*nazayQipmnet.ru

1

[Ipumenenne KOPOTKOBOJIHOBBIX ACUMIITOTUK K MPAKTHIECKAM 3a/1a9aM O PACIPOCTPAHEHUN B
BOJI0EMe KOPOTKHUX (II0 CPABHEHUIO ¢ NTOPU30HTATBHBIMU pa3MepaMi BOJOeMa) JJIMHHBIX (110 cpaB-
HEHWIO C ero TUIyOMHON) IDaBUTAIIMOHHBIX BOJIH, TAKWUX, KAK BOJHBI I[yHAMH, HATAJKHBAETCS HA
TPY/IHOCTH, CBI3aHHYIO C T€M, 9TO TJIyOMHA BOJOEMa, KOTOpasi BXOJUT B KOI(DMUITMEHTHI ypaBHe-
HUI, MOXKET CHUJIbHO MEHAThCS Ha PACCTOSTHUSAX, 3HAUUTETHLHO MEHBINNX JIJIMHBI BOJIHBI. B Takoii
CUTYaIlM eCTECTBEHHO HUCIIOJIb30BATh OCPE/IHEHHE, OJHAKO KJIACCHIECKUE METOJIbI OCPEHEHUs, B
KOTODBIX IIPEJIIIOJIAraeTCs MePUOIUIHOCTh KOI(DMUIMEHTOB ypaBHEHUs 10 “ObICTPBIM TIepeMeH-
HBIM, 3J/IeChb HEe Pa0OTAIOT, M aBTOPaMU ObLI pa3paboTaH HOBBII METO/I, CBOOOIHBIN OT HIPEJIIIOI0XKe-
HUsI O TIEPUOAUIHOCTH, KOTOPOMY U TIOCBSIIECH JTIOKJIA/I.

O CYHIECTBOBAHUUN YIAPHBIX BOJIH B 9JIACTOIMHAMUKE

I0.JI. Tpaxunun *1?2
Mucruryr maremarukn nm. C.JI. Cobosesa CO PAH, Hosocubupck, Pocens
*Hosocubupckuit TocymapcTBeHnblil yansepentet, HoBocubupex, Poccns
*trakhin@mat.nsc.ru

PaCCManI/IBaIOTCﬂ YpaBHEHUA 3I3JIaCTOAUMHAMMHKHU, OIIMCBIBAOIIUE M309HTPOIIMYECKOE TeYeHue
CY)KUMAaEMBbIX YIPYI'UX HEOI'YKOBCKMX MATEpPUAJIOB JIJId PasMepHocTeil mpocTpaHcTBa d = 2 WU
d=3:

Orp + div (pv) = 0,
Oi(pv) + div (pv @ v) + Vp — div (pFFT) = 0, (1)
O(pF;) +div(pF; @v—v®pF;) =0, j=1,...,d,
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rie p — miotTHoCTh, v € R? — ckopocts, F' € M(d, d) — rpaguent nedopmarun, F; = (Fyj, ..., Fy) '
— j-it cronben F', a masienne p = p(p) — riuagkas dysknus p. Cucrema (1) momosasiercs d
JuBepreHTHBIME orpanudenusmu div (pF;) = 0 na nadaibhble Januble. PU3NTIECKOE TOKIECTBO
pdet F' = 1 tak:Ke siBIsleTCs OrpaHUYeHueM Ha HadabHble JaHuble s 3ajadn Kommu. Cucrema
(1) BO3HUKAET KaK HEBA3KMII IIpejiesl YPaBHEHHI C:KuMaeMoii Baskoymnpyroctu Tuna OJapoiiia.

YpasHenus (1) mepenuchBarOTCA B BUJIE KBA3WIMHEHHON cuMMempuyeckot, CHCTeMbI, KOTOpast
sBJsieTcsi eunepboauveckot, ecmn p > 0 u p'(p) > 0. g runepbosmdeckoii cucreMbl 3aKOHOB
coxpanenns (1) ecTecTBEHHO pacCMaTPUBATH BO3ZMOXKHOCTH CYIIECTBOBAHUS KYCOUHO-TJIAJKUX Pe-
[IEHUH ¢ MOBEPXHOCTHIO CHJILHOIO Pa3phiBa, sIBJIAIOIIErOCs yJIapHO# BoJHOM. JIokaabHas 1o Bpe-
MEHU KOPPEKTHOCTH COOTBETCTBYIONIEH 3aa9i O CBOOOIHON rpanuieli ¢ IpaHuIHbIMU YCIOBUAME
Penkuna—T'toronno neobxoiuma Jijisi peaabHOrO CYIIECTBOBAHUS yjapHO# BOJHBL. B mokiaje 00-
CyZKJIaeTcsl HaXOXKJIeHNe YCJIOBUI CyIeCTBOBAHUS YAapHBIX BOJIH B JBYMEDHON 3J1aCTOIMHAMUKE
(d = 2) xak sueprermueckuM |1|, Tak u cmexrpasbubiM MeTogaMu |2]. Takzke KpaTko 06CyKAAI0T-
csl HeJlaBHUE Pe3yIbTarhl (3] juist obriero TpexmepHoro ciaydas (d = 3).

Pabora BbimosiHeHa 1ipu buHaHCOBOIT mojyiepkke Poccuiickoro Haywaroro dhonia (Koj mpoekTa
24-21-00192).

Crmcok jmurepaTypbl

[1] Morando A., Trakhinin Y., Trebeschi P. Structural stability of shock waves in 2D compressible
elastodynamics. Math. Ann. 2020. V. 378. No. 3-4. P. 1471-1504.

[2] Trakhinin Y. On weak stability of shock waves in 2D compressible elastodynamics. J. Hyperbolic
Differ. Equ. 2022. V.19. No. 1. P.157-173.

[3] Shafeev A., Trakhinin Y. Three-dimensional structural stability of shock waves in
elastodynamics. Submitted.

HEKOTOPLIE BOIIPOCHI MOJEJINPOBAHIUY AYENCTOM JETOHAIIN

.. Kysosnes! B.B. Mapkos *!
"Maremarngeckuit uncrutyt uM. B.A. Crexnosa PAH, Mocksa, Poccus

*markov@mi-ras.ru
JleToHaliss MHOIOKOMIIOHEHTHBIX I'a30BbIX CMeCeil — CJIOYKHBII MHOI'OMEPHBI HeCcTallMOHaPHBII

PUBUKO-XUMAIECKHI ITPOIECC. JKCIEPUMEHTAIHLHO YCTAHOBJIEHO, UTO Ha (DPOHTE BOJIHBI JIETOHA-
oy MMeeTCd MHO2KECTBO M3JIOMOB, IIepeMellalomnXCcda B/I0J/Ib HET'O U BBaHMOLLefICTByIOHLHX ME2KI1Yy
co0oit. st 9KCIepuMeHTaIbHOTO UCCIEIOBAHUS JIETOHAIIUN UCIIOIb3YETCs CJIE0BOM METOI, TI03BO-
JISIOIAI PETUCTPUPOBATH HA 3aKOIMMYEHHBIX CTEHKAX KaHaJla TPACKTOPHAN TOYEK U3JIOMOB, KOTOPBIE
obpasyior poMmOoBuHbIe gdeiikn. CJioXKHas yIapHO-BOJHOBas CTPYKTypa TedeHus (hOpPMUPYETCst
Os1aroiaps Pa3BUTUIO HEYCTONYMBOCTU 30HBI TOPEHUA 3a I'OJIOBHON y/IapHON BOJHOW M siuencrast
JEeTOHAIMs PaCIPOCTPaHIeTCd B CAMOIOJIEPXKUBAIONIEMCS PEXKUME 3a CYeT MUKPOB3PBIBOB IIPU
CTOJIKHOBEHHMH IIOIIEPeYHbIX BOJIH. [Ipm TeopeTrmvyecKoM HCCIIe/IOBAHUU OJHON M3 3aJ1a9 sIBJIsSIET-
Cs Ollpe/ieJIeHre pa3MepOB NEeTOHAIMOHHBIX SAY€eK, IIOCKOJIbKY UX COOTBETCTBUE pa3MepaM sd4eekK,
Ha6JHO,Z];aeMbIM B PeaJIbHBIX IKCIIEPUMEHTaX, IPUHATO CIUTATb KpUTepueM KadeCTBa, KaK MaTeMa-
TUYIECKON MOJIeJI IIpoliecca, TaK U MeTOoJa UCCieoBanus. B HoKage Ha KOHKPETHBIX IIpUMepax
YU CJIEHHDBIX peH_IeHI/Iﬁ 3aJiaq 6y,ZLeT IpeCTaBJICHO BJINAHUEC I'eOMETPUU TeYeHUd, JUCCUIIaTUBHbIX
IPOIECCOB U Pa3MEPOB PACUYETHBIX AYeeK Ha CJAEOBYIO KAPTUHY U pa3Mep JICTOHAIIMOHHBIX dYeeK.

YUNCJIEHHOE MOJAEJINPOBAHUVE HAHOCEKYH/IHOT'O UCITAPEHU{ B
BAKYYM HA OCHOBE PA3/IMYHBIX KNHETUYECKUX I101X0/10B

B.A. Turapes*! A.A. Mopozos!
L@UIL Y PAH, Mocksa, Poccusa
2T CO PAH, Hosocubupck, Poccusa
*vladimir.titarev@frccsc.ru
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[IpakTnyeckn BazKHBIM ITPUMEPOM CJIOYKHOI'O HECTAIMOHAPHOT'O TEeYeHUs! Pa3PeKEHHOTO ras3a
SIBJIIETCS PA3JIET I'a30BOI'0 00/IaKa B OKPYZKAIOIee IIPOCTPAHCTBO BCJIEJICTBIE UCTIAPEHUS C TBEPIOI
[MOBEPXHOCTH, BLI3BAHHOT'O HAHOCEKYHITHBIM JIA3€PHBIM O0JIyI€HUEM YMEPEHHO WHTeHCUBHOCTU. B
[poIiecce UCHapeHusi 0dpas3yercs OBICTPO PACIHIUPSIONIEecs ra30oBoe 00JIAKO, TAK UTO TEUYEHUE CO-
CTOUT U3 OBICTPO JBUKYIIHECS] BOJHBI PA3PEKEHUST U CXKATUA, a TaK)Ke 00/1acTeil CUIBHOTO pa3pe-
JKeHUS U [TepeMeITnBanmsd. B mpuiokeHnsax TpedyeTcs: MOCTPOUTh KAPTUHY TeUeHUs Ha BPEMEHAX,
PABHBIX COTHSIM WJIM THICSIaM BpeMeH ucrapenus. [Ij1s cpaBHeHUS ¢ 9KCIEePUMEHTOM HeOOXO0IMMO
pacCUnTBHIBATH TakK Has3blBaeMble BpeMsiposieTHble (time-of-flight) u yriossle pacnpenerenns pas-
JIETAIOIINXCS YACTHI], YTO TpeOyeT OIpe/iesieHNs SHEPIUN TeX YaCTHUI], BEKTOP CKOPOCTH KOTOPBIX
JIEYKUT B KOHYCe C MaJIbIM YIJIOM IOJIyPacTBOPA.

PaccmarpuBaemasi 3ajiata sBJIsIeTCS IPUMEPOM CJIOZKHOT'O HECTAI[MOHAPHOI'O TeYeHUs paspe-
JKEHHOT'O Ta3a, JijIs YUCJACHHOIO aHanu3a KOTOPOro TpeOyeTCs He TOJIbKO BBICOKOTOUHBIN pacder
MaKpOIapaMeTpoB rasa (1oJist TeYeHust), HO U (DYHKIUH PACIIPEIEIeHIsT MOJIEKYJI 110 CKOPOCTSIM.
YucienHoe pereHne JTaHHON 3a/1aY1 PA3HBIMU TOJIXOIAMEI MOXKET ObITh BKJIIOUEHO B 0a3y 9TajoH-
HBIX peIeHuil 3a/1a9 [P yCJIOBUU UCIOIb30BAHUS PA3JIMIHBIX BBIUUCIUTETBHBIX TTOIXO0JI0B.

B nacrogieit pabore mporiecc abIAnuu B BAaKyyM ¢ IEATHA KPYTyioi (hOpMbI aHAJIU3UPYETCS C
MIOMOITBIO JIBYX IOJIXOJI0OB: METOJOM TPSMOIrO CTATHCTHYECKOTO MOJIEJINPOBAHNS, PEATN30BAHHOM
B kojie “LasInEx” (Laser-Induced-Expansion, aBrop A.A. Mopo30B) 1 YHCIEHHBIM PEIIeHHeM K-
HeTuueckoro ypasaenusi bxarnarapa-I'pocca-Kpyka ¢ ucnosnbzoBannem koja "Hecserait" (aBrop
B.A. Turapes). Byjyr npejcraBiieHsr moJist TedeHus JJisi PA3JNIHBIX BDEMEH BPEMEHU, CPABHEHUE
CPEJIHIX SHEPTUil UCHAPEHHDBIX MOJICKYJ/I, BPEMSIIPOJIETHBIX U YIVIOBBIX XapaKTEPUCTHK.

Pabora Beinosnena npu dbunancooii nopaep:kke PH® (mpoekt Ne25-11-00359). Yucaenuoe pe-
IMeHne KUHEeTUYIeCKOI'O YPABHEHUS CTPOUJIOCH C UCIOJIb30BaHneM uHdpacTpyKTyphl LlenTpa koJ-
JIEKTHBHOTO 1MOJIb30Banus “BbicokonponssopuTenbable Bbranciaenns u Oosbiine garabe” (ITKIT

“Uncpopmarnxa’) GULL NY PAH.

COJINTOHBI JE®OPMAIINN B VIIPYTI'OM CTEP>XXKHE: AHAJINTNYECKOE
NCCJIEJOBAHUWE, KOMIIBIOTEPHOE MOAEJINPOBAHUWNE "N
QKCIIEPUMEHTAJIBHOE HABJIFOJEHVE

B.I. Epodees *!

Mucruryr npobaem mamunocrpoenuss PAH — duman OTBHY «®enepaibublii
ucceoBarenbckuii nentp MucturyT npukiaannoit pusuku um. A.B. TanonoBa—I'pexosa
Poccniickoit akagemun nayks, Huxxknnit Hosropos, Poccus
*erof .viQ@yandex.ru

O06cy2k/1a10TCSI OCHOBHBIE MaTeMaTUIeCKNe MOJIEIN JIMHAMUKHU YIIPYTOrO CTEPYKHS, TIO3BOJISAIO-
IUe ONucaTh (GOPMUPOBAHNE COTUTOHOB J1ehOPMAIIH, UX IBOJIIOIUIO, & TAKZKE TOIIyTHOE U BCTPEY-
HOE B3aMMOJIeCTBUSA. BhIgBI/IEHBI YCIOBUSA, ITPU KOTOPBIX B3AMMOJIEHCTBIE COJIUTOHOB PEAIM3YETCS
[0 HEKJIACCUYIEeCKUM ClieHapusM (Heyrpyroe B3ammojeiicTue, 3hdeKT paciierienns coJuTOHOB
[pU CTOJIKHOBeHUU U Jpyrue). [IpomeMoHcTpupoBatbl pe3yibraThl (bU3nIecKuX U KOMITBIOTEPHBIX
9KCIIEPUMEHTOB 110 TeHePAINN COJUTOHOB JiebOpPMaIii U UX B3aNMOJIENCTBUIO.

OB AIIMIPOKCUMAIINUN PA3PBIBHEIX PEIIIEHINI YPABHEHUS
BAKJIEA-JIEBEPETTA

FO. M. JlaeBckuii*!
1I/IHCTHTyT BBIYMC/IMTEILHON MaTeMaTuK 1 MaTeMarudeckoil reodusuku, Hoocubupck, Poccus
*laev@labchem.sscc.ru

enbp manHO PAbOTHI COCTOUT HE CTOJIHLKO B PA3BUTUU METOJIOB AIIPOKCHMAIIUN YCTOWYIN-
BBIX Pa3PBIBHBIX PEIIeHNT 3aKOHOB COXPAHEHUs C ITIOTOKOM DBakies-J/leBeperTa, CKOJBKO B HAKOII-
JIEHUU “HENPUATHBIX IKCIEPUMEHTAJbHBIX JIAHHBIX IIPU UCIOJIb30BAHIUN HEKOTOPBHIX Pa3HOCTHBIX
cxeM. Eme B 70-X rojlax mpoImnioro Beka ObLIO 3aMeYeHO, YTO YHUCJEHHOE DPEIIeHNEe ypPaBHEHUS

10
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Bakes-JleBeperta, nosydennoe 1o cxeme Jlakca-Berapodda mpubimkaer HEyCcTOWIHBOE peliie-
nue. CjenoBajo Obl IIPOBEPUTH IMOCTOSHCTBO CKOPOCTH PACIIPOCTPAHEHUSA Pa3pPhIBa, MOCTOSTHCTBO
rapameTpa, OTBEUYAIOIIEro 3a BHIOOP KOHKPETHOIO HEYCTONYNBOIO pelleHns U3 BCero ceMmeiicTBa, u
Ip. DTOMY BOIIPOCY, B YaCTHOCTH, ITOCBAIIEH JTaHHBINA JHOKJaa. B 1oK/aae mpogeMOHCTPpUPOBaHO,
YTO BBIOOD CETOYHBIX ITapaMeTpPOB 3aBUCUT TOJBKO OT ducjaa KypaHTa — npu pas3mdHbBIX MIarax
C OAHUM U TeM ke uncjioM KypaHrta nmpub/mzkaercs OJHO W TO Ke HeycToifuumBoe perrenne. [la-
Jlee, pacCMOTpeHa CXeMa ¢ BecaMi, KakK HeKoTropoe obodienne cxembl KABAPE. I1pn HekoTophix
3HAYEHUSX BECOB CXeMa BBIMTPBIBAET 10 TOYHOCTH Y CXEeMbI “sIBHBINH yTojok" m mpm dnciaax Ky-
parTa 6obmux 0.5 B ormmane ot moaudunuposanHoii cxembl KABAPE saBnsierca monoronnoii. B
KOHIIE JIOKJIaJa IpUBoauTCs poekimonnast (popma cxembl KABAPE. ®akrudeckn ncrnoab3yercst
MEeTO/I KOHEUHBIX 3JIEMEHTOB, HO B BeCbMa CIEeIudUIecKoit (hopMe — TPUAHTYJIAIIMN [TOBEPIHY T
IPOCTPAHCTBEHHO-BPEMEHHAsI ILJIOCKOCTb.

MATEMATNYECKOE MOJAEJINPOBAHUNE BOJIH HA 'PAHUIIE JIB/IA 1
ZKNJIKOCTU: TOYHBIE PEINIEHVNA 1 ACUMIITOTUUKUA

B.B. Bynatos *!
Mucruryr npobaem mexanuku nm. A .JO. Mmmnckoro PAH, Mocksa, Poccus
*internalwave@mail.ru

Nzyuenne BOJIHOBBIX IPOIECCOB B MOpE C ILIABAIONIUM JIEJASHBIM ITOKPOBOM aKTyaJbHO JIJIs
U3yYEHUd €r0 peakluu Ha pa3JIMYHble 'MAPOAMHAMUYCCKUE BO3MYIICHUA, JBUXKYIIUECA HAIABOI-
Hble U [OABOJHBIE CYIa, IIPOIECChl pacliaja JISAdHbIX IOJIEH B MHTEpecax CyH0XOJCTBa, a TaKzKe
COBEPIIEHCTBOBAHUA METOJOB JUCTAHIIMOHHOI'O 30HJIMPOBAHUA IIOBEPXHOCTHU JIEJIAHOI'O IIOKPBITUA.
[ToBepxHOCTHBIE BO3MYIIEHUS JIEJITHOTO IIOKPOBA, KOTOPHIE MOI'YT OBITh 3aPErUuCTPUPOBAHBI C I10-
MOIIBIO CIIEIUAJIbHBIX PaJINOJIOKAITMOHHBIX U OINTUYIECKUX CUCTEM, HeCYT MH(MOPMAIINIO HE TOJHKO
00 MCTOYHMKAX BO3MYIIEHHI, HO U O XapaKTEePUCTUKAX MOPCKOI cpebl 11010 JibaoM. [lnaBarommit
JIEJIAHON TTOKPOB, OIPEJIEISIONINA JTMTHAMUYIECKOE B3aUMOJICHCTBIE MEXK Ty OKEAHOM 1 aTMOChepoit,
BJIMAET HAa JAUMHAMUKY HE TOJIBKO MOPCKOW IMOBEPXHOCTH, HO U IIOAIIOBEPXHOCTHBIX BOJl, TaK KaK B
o0IeM JIBU2KEHHH 110 BEPTUKAJIN YIaCTBYET KaK JICITHONW TTOKPOB, TaK M BCs Macca, *KUJIKOCTH IO,
uuM. Ienpio paboThl ABJIETCS PelleHne 3aa9i O IIOCTPOSHUN ACHUMIITOTHK JAJIbHUX BOJIHOBBIX
BOBMYIIEHNN JIEJASHOTO IOKPOBA, BO30YKJIAEMBIX JIOKAJU30BAHHBIMU HCTOYHUKAME. UHMCICHHBII
aHaAJIA3 PEelIeHull M0Ka3aJ, YTO OCHOBHBIMHU IIapaMeTpaMu, KOTOPble MOLYT IIPUBOJUTH K CYIIE-
CTBEHHON U3MEHYMBOCTUA KAYECTBEHHBIX XaPAKTEPUCTUK JUCIIEPCUOHHBIX COOTHOIICHUN, ABJIAIOTCA
TOJIIIIUHA, JIbJa U CKOPOCTh ITOTOKa. [locTpoeHHble acCUMITOTUKN JIAJBHUX TOJIel Jai0T BO3MOXK-
HOCTH 3 PHEKTUBHO PACCIUTHIBATH OCHOBHBIE XapaKTEePUCTUKN BOJTHOBBIX BO3MYIIEHUIT Ha IPAHUIIE
pasjena JIeJsTHOTO TOKPOBa U Ka9eCTBEHHO aHaJM3UpPOBaTh IOJIyYeHHbIe perieHus. [lomydeHnbie
ACUMIITOTHIECKHUE PE3YIbTATDHI C PA3JINIHBIMU 3HAUECHUSIME BXOAAIINX B HUX (DPUBUIECKUX TTapaMeT-
POB TIO3BOJIAIOT ITPOBECTU OIEHKY XapaKTEePUCTUK BO3MYIIEHUIT JIe/ITHOI'O TTOKPOBa, HADJIIOIaeMbIX
B peaJIbHbIX MOPCKHUX YCJOBUAX U PACCUATBHIBATH JAJIbHUE BOJHOBbBIE 110JId, B TOM YUCJe, U OT HEJIO-
KaJIbHBIX UCTOYHUKOB BO3MYIIEHUN pa3IndHoOi (pu3ndeckoir npupojibl. B pesyibrare mpoBegeHust
MOJEJIbHBIX MHOTOBaAPUAHTHBIX PACUETOB IO aCUMIITOTHYIECKUM (hOpMYyIaM CMOIe/InpOBaHHast BOJI-
HOBasl CUCTEMa MOKeT OBITh IPUOJIMKEeHa K HaOJII0JaeMbIM B HATYPHBIX YCJIOBUSIX BOJTHOBBIM Kap-
THUHAM, 9TO JIaeT BO3MOXKHOCTD OIEHUTH (PU3NIECKUE TTapaMeTPhl PeaIbHbIX HICTOUYHUKOB B MOPCKOit
cpeie € JISJIOBBIM IIOKPBITUEM U OILIPEIe/INTh OCHOBHBIC XapPaKTEePUCTUKY HAYAJIbHBIX BO3MYIIEHUN,
BapbUpys MOJIEIbHbIC 3HaYCHUS MCXOHBIX HapaMeTpoB. Takum oOpaszoM, MO BOJTHOBO reHe-
paluu Ha MOBEPXHOCTHU Pasjiesia MOPCKOM BOJIBI U JibjIa MOT'YT ObITh HE TOJHKO BEPUQMUITTPOBAHBI,
HO U UCIIOJIb30BaHbI JIJIs IPOBEJICHUS POrHO3HBIX OIeHOK. PaboTa BBIOJIHEHA TIPU TEMe TOCy1ap-
crBeHHOro 3aannsa Ne 124012500442-3.

YNCJIEHHOE MOJEJINPOBAHUE TEYEHUN TA30UCIIEPCHBIX CPE/L

N.C. Menbmos *' M.IO. Hemmesn?
Mucruryr npuknagnoit maremaruku uM. M.B. Kennpima PAH, Mocksa, Poccusa
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HUILL "Kypuarosckuit uncturyt HUMCHU, Mocksa, Poccus
*menshov@kiam.ru

O06cy2K/1a10TCST BOIIPOCHI, CBSI3aHHBIE C IIOCTPOCHUEM MATEeMATHIECKUX MOJIE/IEH U UNCICHHBIX
METO/JIOB JIJIsl PelleHus 3a/a4 JIUHAMUKA JIBYX(a3HON Ira30UCIEePCHOI CpeJIibl, MPEeJICTaBISIONIEi
co0oii cMech raza u MeJIKUX BKJIFoUeHnit (dacrulr). YacTuip! mpeamoaararoTcs abCoMoTHO JKeCTKI-
MM, HEC2KIMAeMbIMU 1 HejedopMupyeMbiMu. B KadecTBe MaTeMaTHYECKON MOJIEIN UCIOJIb3YETCs
HepaBHOBECHas KOHTHHYaJbHas Mojiesib Paxmarynuna — Hurmarynuna. Jloka3biBaeTcs, 9TO OHA
COBITaJlaeT ¢ Mojiesibio baitepa-Hynsmato ¢ menokanbHoit penakcanueit. Ha ocnoBe pacmienienns
110 (bU3MIECKUM TIpoTieccaM IpeJIaraeTcs JUCKPeTHAs MOJIE/Ib, CBOIAIIAsICA Ha KayKJIOM Iare 1o
BpeMEHU K PEIIeHUIO JBYX CTPOro TUIEPOOJIMIECKUX U KOHCEPBATUBHBIX IIOJICUCTEM YpPaBHEHHIA.
JIJ1st IMCJICHHOTO PEIIEHUs STUX IMOJICUCTEM UCIIOJIB3YIOTCS Pa3HOCTHBLIE CXEMbI T'OJLlyHOBCKOI'O THUIIA,
HA OCHOBe IpuO/IMKEHHBbIX pernennit 3aadn Pumana tuna HLL u HLLC. Ilpemmoxkennbrit wuc-
JIEHHBII MeTOJ BePUMUITUPYETCS Ha 3a/[a4aX O IMePEeHOCce CJIOF YACTHUIl U PeIaKcallud CKOPOCTU B
OesrpanndHOM JIByX(asHoMm moroke. PaccmarpuBaercs TakxKe 3amgad CeaoBa 0 TOYETHOM B3PhI-
Be B ra30/IUCIEPCHOI cpejie, JIJId KOTOPOW CTPOUTCA YaCTHOE aBTOMO/IE/IBHOE PEIIEHUE, CITyKAIee
pedepeHCHBIM B CPABHUTEILHOM aHAJM3€E C JIBYMEPHBIMU PacUYeTaMHu.

CXEMA KABAPE JIJISI MOAEJIMPOBAHUSA 3AJAY BEIYNCJINTEJIBHO
ADPOAKYCTUKU N OIITUMN3AIINN IIPOEKTUNPOBAHUNA

C.A. Kapabacos *!
NlenTpanbubil asporupouHaMudecKnii meTuTyT, I. Mocksa, yauna Pajno, 17, Poccua
*skarabasov@gmail.com

PazpaboTka BBICOKOTOYHBIX METOJIOB KOMITHLIOTEDHOT'O ITPOEKTHUPOBAHUS JJIT YCKOPEHHBIX BbI-
YHUCJICHUN Ha COBPEMEHHBIX KOMIIBIOTEPAX CTAHOBUTCH Ba’KHBIM 3JICMCHTOM MHCTPYMEHTapUd JJjid
IIPOEKTUPOBAHMA I'PaKJaHCKAX JIeTATEeJAbHbIX allllapaToB, YJ/IOBJIECTBOPAIONINX KECTKUM 9KOJIOTU-
YecKUM TpeboBaHUAM. B 4acTHOCTH, CHUXKEHUE ITyMa Ha MECTHOCTH OCTAETCs aKTYAJJIbHON TPAKTU-
4ecKoil Tpo0JIeMOil, KOTOPYIO ceifdyac HeOOXOIMMO peliaTh Ha YPOBHE KOHIENTYaJIbHOIO TTPOEKTHU-
pOBaHUsI HOBBIX CAMOJIETOB U BEPTOJIETOB, OIITUMU3UPYYd KaK a’dpoJUHaAMHUYECKUE, TaK U adPOaKy-
CTHYECKUe XapaKTepucTuku. [lj1g Takux 3ajad XapaKTepHbl OUeHb OoJibIue 4uncia PeitHob/ica,
9TO COOTBETCTBYET IIMPOKOMY JUalla30HY IIPOCTPAHCTBEHHO-BPEMEHHBIX M&CH.IT&6OB AKYCTUYIECKUX
IyJIbCAIUI ¢ YI€TOM BBICOKMX YaCTOT, BAXKHBIX JIJIsI TIOPOTa CJBIITUIMOCTH veloBeKa. KirroueBbIM
3JIEMEHTOM MaTEMaTHYECKOI'O MOJEJIMPOBAHAA B 9TOM CJIydae ABJIAIOTCH BBIYUCJIUTEIIBHBIC METO-
JIbI BBICOKOT'O pazpelienus, 3pHOEKTUBHO Pean30BaHHble HA COBPEMEHHBIX KOMITHLIOTEPHBIX apXi-
TekTypax. B HacrosimeM Jok1ajie Oy/lyT pacCMOTPEHbI IIPUMEPBI BUXPE-PA3PEIIAIONINX PACIETOB,
YCKOPEHHbIX Ha I‘pa(bl/l‘{eCKI/IX IIJIaTaX C UCIIOJIb30BaHUEM TE€XHOJIOI'MHN BJIO2KEHHDBIX CE€TOK THIIa BOCh-
MHEJIepeBa Ha OCHOBE aJIrOPUTMOB cxeMbl Kabape st ra30Boil JIMHAMWKY, U3HAYAJILHO ITPEI0ZKEH-
upix B.M. ['0/10BUBHUHBIM B MIPUJIOYKEHUU JIJIsI PACUYETOB ITyMa, PEAKTUBHBIX CTPYHl B KOMIIOHOBKE
n myMa BBaHMOﬂeﬁCTBHH BUHTa WU KPblIa.

KABAPE

B.M. T'osioBuzanna
"Mockosckuit Tocynapersennniit Yausepeurer umenn M.B. Jlomonocosa, Mocksa, Poccus
*gol@ibrae.ac.ru

*1

Ob6cyxaeTcst cocTosiane pa3spaboTKN DaTaHCHO-XapaKTEPUCTUIECKUX aJITOPUTMOB HOBOTO I10-
KOJICHUSA JIJIdd YUCJI€HHOI'0 pelieHmnusd CUucTeM ypaBHeHI/Iﬁ FI/IHep6OHI/ILIeCKOFO TUIIA.

MECHANICS OF PARTICLES FOR FLUID DYNAMICS: DERIVATION OF
DISSIPATIVE EQUATIONS OF MOTION USING THE PRINCIPLE OF LEAST
ACTION AND FRACTIONAL DERIVATIVES

Georgii Koniukov! Dmitry Nerukh *2
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University of Montpellier, 34090 Montpellier, France
2Aston University, Birmingham, UK

*D.Nerukh@aston.ac.uk
Equations of motion for systems with forces proportional to velocity are derived from the

principle of least action using classical Euler-Lagrange equation and Lagrangian that contains
terms responsible for energy dissipation. These terms are expressed through fractional derivatives
of the coordinate of order 0 < a < 1.

This approach naturally leads to the introduction of non-uniform flow of time in dissipative
processes. It incorporates inhomogeneous velocity without unphysical approximations. The frac-
tional term in the Lagrangian provides correct Euler-Lagrange and, ultimately, Hamilton equations
with energy dissipation rate defined by a.

Smooth, gradual transition from classical mechanics (for example, Molecular Dynamics of point
masses) to fluid dynamics (Navier-Stokes) can be realised using this approach.

YCBOEHUE JAHHBIX C I/I,Z[EHTI/IUCI)I/IKAI_[I/IEﬂ NCTOYHUKOB 1JId
KOMIIVIEKCA MOJAEJIEM XNMUN ATMOC®EPBI

A.B. Ilenenko*! E.B. Pycun! 9.A. Ilbanosal
MucruryT BLoraucuTenbHON MaTeMaTuKu U MaTeMarudeckoit reocpusuku CO PAH,
Hoocubupck, Poccns

*aleks@ommgp.sscc.ru
ITporeccer M3MeHeHNs XUMIYECKOIO COCTaBa aTMOCKEPHI, OIUCHIBAEMbIe HEJIMHEHHBIME yPaB-

HEHUSIMY TUIA aABeKnun-1udQy3un-peakium, XapaKTepU3yTCs BLICOKOI HEOIIPeIe/IeHHOCTBIO 1
U3MEHYMBOCTLIO. [IJIsl OLEHKM M IIPOTHO3UPOBAHUS UX COCTOAHHUA Pa3padaThIBAIOTCA AJIFOPUTMBI
YCBOEHUS JJAHHBLIX MOHUTOPHHIA. 3aJada YCBOCHUsl JIAHHLIX (POPMY/IUPYETCs KaK IIOC/Ie0BATe b
HOCTb CBA3aHHBIX OOPATHBLIX 33/1a4 C YYETOM IOCTYIAIOIUX B XOJe MOJIC/JUPOBAHUS JAHHBIX H3-
MepeHnii. YCBOeHne JaHHBIX OCYIIECTBIISCTCA BMECTE ¢ HIeHTH(UKanuel (DyHKINUT HCTOYHHKA.
s permennst o6paTHBIX 33189 TIOCIEI0BATCILHOCTH NCIIOIL3YeTCsl aJrOPUTM Ha OCHOBE OIepaTo-
POB 9yBCTBUTEJILHOCTH. AJITOPUTM II03BOJIIeT paboTaTh KaK C JUHCHHLIMH, TaK ¥ HeJMHeHHBIMU
oneparopamu u3Mepenuii [1].

Vcnonb30Banue CI0XKHBIX B BBIYUCIUTEILHOM ILIaHEe MOJIEIeH B aJlropuTMax 00paTHOTO MOJIE-
JIMPOBAHUSI, KOTOPBIE 3a9aCTYIO TPEOYIOT MHOIOKPATHOIO PEIICHHS IIPSMBIX U COIPAKEHHBIX 34,14,
MOZKET OBITh 3aTPYJHHTE/]LHO ¢ IPAKTHYECKOHl TOUKM 3peHns. Paspaborana MogudUKaIs aJIro-
puTMa, 3aJefCTBYOIAs JIBe MOJEIN: <«JIETATbHYIO» U «yHPOIIeHHYI0» [2]. «/leTanbHasi> Mojennb
UCIIOJIB3YETCsI B PeXKUMe IIPSIMOIO MOJICTUPOBAHU, a JJIsl yTOYHEHUs €€ KJII0YEeBBIX I1apaMeTpPOB 110
JTIAHHBIM HaOIIOACHUIT UCIIONL3YeTCs «YIPOIIEeHHAd» MOJedb. [Ipy 9TOM BO3ZHHMKaeT 3ajada, IIpejl-
BapUTEJILHOMN TOJCTPOMKHI «YIPOINEHHO» Moe . AJIFOPUTMBI TECTUPYIOTCH Ha PErHOHAJIBLHBIX 1
FOPOJICKUX CHEHAPUSAX OLEHKHU KadecTBa BO3JyXa 110 JAHHBLIM MOHHTODUHIA.

JINTEPATYPA

1. Penenko A.V. Penenkoa V.V. ‘Isvetovaa E.A. Data Assimilation Algorithms for
Atmospheric Chemistry Models // Izvestiya, Atmospheric and Oceanic Physics. 2025.
T. 61(3). C. 378-390.

2. Ilenernxo A. B., Auroxun IlI. H., Bakianos A. A., Ilenenko B. B. VcnoJib3oBanne KOMILIEKCa,
MoOJIeJIell pasHOi CJIOYKHOCTH B 3aJladaX 00PATHOTO MOJE/JMPOBAHUS IIPOTECCOB MEPEHOca U

rTpaHcdopMmalu pumeceii B armocdepe // Mereoposorust u rugposiorusi. 2025. Ne6, C. 67—
78

SAINAYA O PACIIAJIE PA3SPBIBA JIJ151 YPABHEHN S XOIIPA C
HEBBIITYVKJION ®YHKIIWUEN ITOTOKA 11 OBOBIIIEHHOI'O YPABHEHU A
KOPTEBETI'A-IE BPUISA-BIOPTEPCA

B.A. [IlapraTos *!
'Hammonanbubrii uceaegoparenbekuii aaepubiii yausepeuter « MU », Mocksa, Poccus
*shargatov@mail.ru
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Uccnenosanbl perenus 3a/1a4u O pacnajie pa3pbiBa s 00001eHHoro ypasuenus Kopresera-
sie Bpusa-Bioprepca u ypasuenus Xonda B ciydae, ecjin (pyHKIUS [TOTOKa UMeeT OOJIbINE, deM
ojiny Touky mneperuba. [lokazamo, 4To mpm deThIpex TOUKaxX Ieperunda MOTYT CYIIECTBOBATHL JIBa
pelenus B BUje Oeryineil BOJIHbI ¢ MOHOTOHHON CTPYKTYPOU, KOTOPBIE SIBJASIOTCS JTUHEHHO YCTOM-
YUBBIMU U COOTBETCTBYIOT HEJIOCXKATHIM y/IapHbIM BosiHaM. Jlokazana Teopema O TOM, YTO €CJIu
dYHKIUS TOTOKA MMEeT JIBE€ TOYKHU Ieperuda, TO CYIIEeCTBYET He 0oJjiee OJHOTO PeIeHUsi ¢ MO-
HOTOHHO# CTPYKTYPOI HeI0CkKaTON yiapHoil BoJIHBL. JIuneiinag ycTORYUBOCTD 9TUX PEIICHU s
obobrmmennoro ypasuenusi Kopresera-ne Bpusa-Bioprepca ucciretopana Mmetoiom GyHKIMT DBaHCA.
YCTaHOBJIEHO, UTO JIOMYCTUMBIH pa3pbiB (pelienne B BuIe Oeryineil BOJHBI Jjisi ypaBHeHusi Xomda
) cooTBeTCTBYET JINOO YCTONYUBOMY PEIIEHUIO B BHJIE OEryIeil BOJHBI It 0OODIIEHHOTO ypaBHe-
nust Kopresera-jie Bpusa-Bioprepca, mubo mysnbcupyrorieMy perreHuio ¢ 3bMOeKTUBHON MPUHOIT,
cpaBHUMOI ¢ 3(pDEKTUBHON MUPUHON CTPYKTYPbI Oeryireit BosHbl. MHOXKeCTBO JO0MyCTUMBIX Pa3-
PBIBOB MOXKET OBIThH HailJIEHO, €CJIM M3BECTHBI CKOPOCTHU BCEX PEIIEHUN B BUJIE HEJIOCKATON yIapHOit
BOJIHBI C MOHOTOHHOM CTPYKTYPOA.

BHYTPEHHUE CEMIIIN 1 SBOJIIOIINY BOJIH BOJIBIIION AMIIJINTY/IbI
B SAMKHYTBIX PESEPBYAPAX

A.A. Yecnokon *!

Mucruryr ruapomunavuxu um. M.A. Jlaspentoesa CO PAH, Hosocubupck, Poccus
*chesnokov@hydro.nsc.ru

Bo MHorux akBaTopusx B TeUeHHE CE30HA C TeMIepaTypHoil crparudukalmeii HabII0ai0TCs
BHYTPEHHME BOJIHBI. XOTs UCTUHHAS CTpATU(hUKAIUS BOIHON TOJIIN HEIIPEPbIBHA, Pa3yMHON HIe-
am3alueil sBJIgeTcs allpOKCUMAINS C JBYMd WU 0ojiee M30TEPMUYECKUMHU CJIOAMU. BeTpoBasd
Harpy3Ka IMPUBOJIUT K «HAKOILIEHUIO» BOJbI Ha MOJBETPEHHOI CTOPOHE BojoeMa. MaJjioe n3mene-
HUe TJIYOUHBI YKUJIKOCTU CO3/IaeT T'PAJIMEHT JTaBJICHUs, BHI3BIBAIOIINI KOMIIEHCUPYIOIIEe CMEICHUE
BHYTPEHHUX U30TEPM ITOPsIKA HECKOJILKUX MeTpoB. Koria BeTep mpekpariaercs, HAaKJIOHHbIE BHY T-
peHHUe IPaHUIBl HAYMHAIOT KOoJebaThCsl, co31aBas BOJIHBI OOJIBITON aMILIATY/IHI.

JITMHHOBOJTHOBasT MOJIEJIb PACIPOCTPAHEHNsT BHYTPEHHUX BOJIH OOJIBIION aMILIUTYJIbI B CJIO-
UCTO YKUJKOCTU MPUMEHEHa JIJIst ONUCAHUs CEHIIeBbIX KojieOaHuii, HeJinHeiinoi TpancdopmMalun
BOJIH U TypPOYJIEBHTHOTO IEpEeMEINNBaHus B 3aMKHYTBHIX pe3epByapax. [Iposejien pacuer sBosrorun
CceiiIneBbIX KOJIeOaHUt OOJIBINOM aMILIUTY/IbI, IPU KOTOPBIX BOZHUKAET CABUTOBAsl HEYCTOWIUBOCTD.
[Tokazano, 4T0 pe3y/bTaThl PACUYETOB JIJI PACCMATPUBAEMBIX 334 HAXOJATCA B XOPOIIEM COOT-
BETCTBUU C SKCIIEPUMEHTATbHBIMU JJAHHBIMU U MIPIMBIM YUCJICHHBIM MOJeIupoBaHueM. Pe3yibraThbt
IIOKa3bIBaIOT IIPUMEHUMOCTDL MO JIJId OLNUCAHUA 3BOJIOIMA BHYTPEHHUX BOJIH 1107, JAeficTBUEM
BETPA.

IIYJIbCAIIMOHHBLIE TEUEHU S HEHBIOTOHOBCKUX >KINJIKOCTEN B
TPYBAX. BJIIMAHUE ITPEJAEJIA TEKYYHECT 1 HE MOHOTOHHOCTUA
SOPEKTUBHOM BA3KOCTU

M.D. Sromt *! FO.A. JIposnosa?

"Mockosekumit rocyapersennbiii ynusepceuter umenun M.B. JIomonocosa, Mocksa, Poccus
Poccwuiickuit rocymapcrBennbiit yausepcurer Hedru u rasza umenu .M. I'yokuna, Mocksa,
Poccusa
*m.eglit@mail.ru

HeHbIOTOHOBCKNMI Ha3BIBAIOT YKUJIKOCTH, 3D DEKTUBHAS BA3KOCTH KOTOPBIX 3aBUCUT OT CKO-
poctu nedopmanmii. MHOrne HEHLIOTOHOBCKHE YKUJIKOCTH 00JIAAI0T MPEJIEIOM TEKYIEeCTH — BELYT
ce0sT KaK TBepJble TeJla, IOKAa MHTEHCUBHOCTD KacaTeIbHbIX HAIPSAKEHUN MeHbIIe HEKOTOPOIl BeJIn-
YUHBI, Ha3bIBAECMO IIPEIC/IOM TEKYyIeCTH, I TeKYyT KaK KUJKOCTH, KOI'Jl[a MHTCHCUBHOCTD KacaTeIb-
HBIX HAIPSKEHUI TPEBOCXOIUT IIPeJIesT TeKydecTr. Takne *KUJIKOCTH ITUPOKO PACIIPOCTPAHEHbI B
IIPUPOJIE U UCIIOJIB3YIOTCH BO MHOIUX O0JIACTAX MPAKTHIECKON fgedare/ibHOoCTH. MaTemMaTundeckoe Mo-
JIeJIMPOBAHNE TEUEHUI TaKUX KUJIKOCTEN - BasKHasl U akTyasbHas 3ajada. Ocobast TPyIHOCTH Ipu
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9TOM CBd3aHa C HEJIMTHEIHOCTBIO PEOJIOTNYECKIX COOTHOIIEHU I M BO3MOXKHOCTBIO ITOABJIEHUS B IIOTO-
Kax 3apaHee He M3BECTHBIX 0OJiacTeil, IBMKYyIuxcs 6e3 nedopMmupoBanus. B mokiase Ha npuMepe
TedeHul B Tpydax, MPOUCXOISINNUX IO JIEHCTBUEM TIEPUOIMIECKU MEHSIOIIErocs Ieperaja JaBje-
HUsI, IEMOHCTPUPYIOTCA 3P DEKThI HAJIOXKEHUS TY/IbCAINI TTeperaia JaBIeHus Ha CTAIlMOHAPHBII
IIOTOK HEHBIOTOHOBCKUX YKUJIKOCTEN C PA3JIUIHBIMEU PEOJIOTTIECKUME CBOMCTBaMu. Pe3y/ibrars 1mo-
JIYYEHBI C UCIIOJIb30BAHUEM YUCJIEHHOI'O MOJEIUPOBAHUSI.

BBIYNMCJINTEJIbBHAYA TOMOT'EHU3AIINA ITAPABOJIMYECKUX
YPABHEHUNU C SOPEKTAMU ITAMATN JJIA ITEPNO/INHYECKOUN
IFETEPOTEHHOU CPE/IbI

I1.H. Babumesny *!+2
'MI'Y nmenn M. B. Jlomonocosa, Mocksa, Poccna
2CK®VY, Craspomnous, Poccusa
*vab@cs.msu.ru

B Teopun romorenuszaruum MaTeMaTHYECKUE MOJICIM HA MaKpPOYPOBHE CTPOATCA Ha OCHOBE
pelleHnsi BCIIOMOTraTeIbHBIX KPAeBbIX 3a/lad Ha MHUKPOYPOBHE B IIpejesiax OJHON dAYelKH Iepu-
OIMIHOCTU. DTH 3372491 (POPMYIUPYIOTCS C MOMOIIBIO ACHMITOTUYIECCKUAX PA3JIOKEHUN PereHust
10 MaJIOMy IapaMeTpy, KOTOPBIH Ipe/cTaBiseT coboi XapaKTEepHBIH pa3Mep HIPOCTPaHCTBEHHOI
uHeoiHopoaHOocTH. [Ipu m3yuenun ypasuenunit quddy3un ¢ KOHTPACTHBIME KOIMDPUITMEHTAMI OCO-
0oe BHUMaHUE Y/IE/IdeTCs HEeJIOKAJIbHBIM MOJIEJISIM CO CJa0OIPOBOIAIINMI BKJIIOUeHUIMEA. B 3TOM
cJIydae MpoIecchl MAKPOYPOBHS OIMUCHIBAIOTCA UHTErPO-/ I depeHITnaIbHbIMI YPABHEHUSIMU, TJI€
PA3HOCTHOE SIIPO OIPEJIEISIeTCs PEIIeHNeM HeCTaIlMOHAPHOM 3a/1a91 Ha sTIeiike.

Henbio mamHoOil paboTh sBIgeTCS pa3paboTKa BBIYUCIUTETHHOIO AJTOPUTMA JIjId TOMOTECHH-
3alliU HECTAIIMOHAPHBIX MIPOIECCOB ¢ yueToM 3PpdeKToB nmamMaTu. JHdeKTUuBHbIN Tuddy3noHHbIIT
TEH30D BBIYHUC/ISIETCS C MOMOINBIO CTAHIAPTHON YHC/IEHHON NPOIEypbl, OCHOBAaHHON Ha JIUCKpe-
TH3AIMH IIPOCTPAHCTBA METOJIOM KOHEUHBIX 3JIEMEHTOB. Z1/IpO IMaMsaTH allpoOKCUMUPYETCs CYyMMOit
9KCIIOHEHT, ITIOJIYIYECHHDBIX U3 PEIlleHU A JacTUYHOI CHeKTpaﬂbHOﬁ 3a/Ja491 Ha sTIeiiKe HEPUOJNIHOCTHU.
HenoxkasipbHas 3aja1a MakKpoypoBHs IpeoOpal3yeTcsi B JIOKAJIbHYIO, rje 3M@deKThl MaMATH YIUThI-
BalOTCsd Yepe3 pelieHue BCIIOMOraTe/IbHbIX HECTallMOHAPHBIX 3a/1adq. I/ICHO.HB3YIOTCH CTaH/IapTHbIC
JIBYXCJIOMHBIE CXEMBbI JUCKPETH3AIINN 110 BPEMEHH, JIoKa3aHa 6€3yCJ0BHAA YCTONINBOCTD JTUCKPET-
HBIX PENIeHU B COOTBETCTBYIONIMX HOpMaX. KJodeBble acleKThl MPeIaracMoil TeXHOJIOTUN Bbl-
YUCJIUTETHHON TOMOTM€HU3AINN UITIOCTPUPYIOTCA IIyTEM pEHIeHUus JIBYMEPHON MOJIEIbHON 3a/1a9u.

NON-OVERLAPPING NEAR-WALL DOMAIN DECOMPOSITION FOR
TURBULENCE MODELING

S.V. Utyuzhnikov *!
!University of Manchester, Manchester, the United Kingdom
*s.utyuzhnikov@manchester.ac.uk

The resolution of near-wall turbulent boundary layer is still a hot topic in fluid dynamics.
It is well-known that the resolution of a tiny near-wall region requires the most computational
time. Conversely, engineering approaches based on wall functions avoid detailed resolution of the
near-wall region. However, they can be too inaccurate and empirical.

The non-overlapping domain decomposition method (NDD) proved to be quite efficient in
tackling the problem in question when the model of the RANS equations is exploited. The proposed
method is much more universal than conventional approaches based on the wall functions because
it does not require any free parameters to be tuned. In this approach the computational domain
is split into two non-overlapping domains: inner and outer regions. A key problem is related to
the interface boundary conditions (IBCs). IBCs are obtained using the transfer of the boundary
conditions from the wall to the interface boundary. It is important that they can be obtained
without the solution of the problem in the outer region. This results in IBC that are nonlocal and
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of Robin type. This approach has been efficiently applied to the RANS-LES decomposition. It is
demonstrated that the well-knwon log-layer mismatch is practically eliminated. The accuracy of
prediction is much better than that of the coarse LES and comparable with the resolved LES.
Finally, the extension of NDD to essentially unsteady problems are also discussed.

STRUCTURE PRESERVING QUATERNION BICONJUGATE RESIDUAL
ALGORITHM WITH APPLICATION

Caiqin Song
School of Mathematical Sciences, University of Jinan, Jinan 250022, P. R. China
songcaiqinl19830163.com

Many recent color image encryption models are mathematically characterized by a numerical
solution problem of quaternion matrix equation. In this talk, the quaternion biconjugate residual
(QBCR) algorithm is firstly provided by means of a new real representation of quaternion matrix
for solving the numerical solution of the equation AY = E. The necessary and sufficient conditions
for the above solutions existing is provided. It is demonstrated that our QBCR method can achieve
to converge to the exact solution within a finite number of iteration steps in the absence of round-
off errors when it is consistent. Moreover, the proposed method has been used to solve color
image encryption problem and its encryption performance is evaluated from four different aspects.
All parameters are found to be close to the ideal values, confirming the effectiveness of QBCR
encryption scheme and the accuracy of the theoretical results obtained.

BBICTPBIII PACUET PACIIPOCTPAHEHU S TPAHCOKEAHCKOTI'O
OYHAMU C UCITIOJIb3OBAHUWEM AIIITAPATHOI'O YCKOPUTEJIA HA
BA3E FPGA

M.M. JlaBpentres! An.I. Mapuyk *12 K. K. O6mayxos!

Mucruryr apromaruxu u snexrpomerpun CO PAH, r Hosocubupcek
2MHCTUTYT BBIMUCIUTEILHON MaTeMaTHKH 1 MaTeMaTudeckoit reopusuku CO PAH, r
HoBocubupck
*mag@omzg.sscc.ru

[Tocste HOCTATOYHO CHUIBLHOTO CEHCMUYIECKOTO COOBITHsI MHOIHE CTPaHBI M HCCJIeI0BaTe/IbCKIe
IEHTPBI 3AIYCKAIOT CJIOKHbIE PACYETHI JJIsi OIEHKU MapaMeTPOB BOJIHBI I[yHAMU B OIPEJeTeHHBIX
JACTAX M00EPeKbs, YTOOBI OIIPEJIE/IUTh, OIIPABIAHO JI O0bIBJIEHAE TPEBOI'U ILyHAME. DTO TpedyeT
60.HBHII/IX BbBIYUCJINTE/IbHBIX MOH.LHOCTefI, CpaBHUMBIX IIO ITPOU3BOAUTEJIBHOCTU C CYIIEPKOMIIBIOTE-
pom. B pabore mokazano, Kak CIeUaJbHO pa3pabOTAHHBIN alllapaTHbIl YCKOPUTEIb HA OCHOBE
mukpounta Field Programmable Gates Array (FPGA) s TIK, mozxker BecTu pacder pacipoctpa-
HEHUA TPaHCOKEAHCKOI'O INyHaMM CO CKOPOCTBIO CYIIEPKOMIIBIOTEDA. TaKI/Ie pac4deThl JaloT HaJleXK-
Hble PE3yJIbTAThI B TeUYeHNe HECKOJBKUX MUHYT U IMO3BOJIAIOT MOJIYINTH PACIIPEJie/IeHNne OXKU1ae-
MBIX BBICOT BOJIHBI IIyHAMH BJOJIb IT00epexkbsi. B paboTe mpejcraBieH pacder paclpoCTpPaHeHUs!
BOJIHBI IlyHaMu depe3 Tuxmii okeaH Ha IEPCOHATIHLHOM KOMIIBIOTEPE C HMCIIOJIL30BAHUEM allllapar-
HOT'O YCKOPEHUSI BBIIOJTHEHNsT KOMIIbIoTepHOro Kojia Ha ocHoBe FPGA. Ilpu srom Bpems pacuéra
HA JOCTATOYHO JIETAJILHON CeTKE Ha TOPSI0K MEHbIIE PeaJbHOTO BPEMEHU JIBUYKEHIS BOJIHBI Yepe3
OKeaH.

AHAJINTUYECKOE 1 YUCJIEHHOE MOJIEJINPOBAHUE HEJIMHENHBIX
IMTPOLNECCOB JE®OPMUNPOBAHNA B METAMATEPUAJIE

A.B. ITopy6os *!
YucruryT npobiaem mammuosenenusa PAH, Cankr-Ilerep6ypr, Poccusa
*alexey.porubov@gmail.com
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Junamudeckne HeJInHENRHbIE TeOPMAIMOHHBIE TPOIECCH B MeTaMaTePUAJIe OINCHIBAIOTCS CB-
3aHHBIMU HEJIMHEHHBIMU M depeHInaIbHBIMU YPABHEHUSIMA B YACTHBIX TPOU3BOIHBIX. DTU yPaB-
HEHUd ABJIAIOTCA HEMHTEIPUPYEMBIMU, JIazKe YaCTHDLIC PEIIeHUd JJIsi HUX He BCerja yJgaeTcd I10JIy-
quTh. [losTOMYy BCTaeT BOIPOC 006 ACUMIITOTHIECKOM YIIPOIIEHUU YPABHEHUN 1 HAXOXK/IEHUU TaCT-
HBIX PEIeHMil yyKe YIPOIIeHHBbIX ypaBHeHuit. /Ipyroit BaxKHol mpob/ieMoil sBjsieTcss pa3paboTKa
METO/I0B YMCJIEHHOI'O PEIICHUN MCXOJAHBIX YPaBHCHUN.

B nmannoit pabore pa3BUBaIOTCS METOJIbI ACUMIITOTUYECKOTO AaHAJIN3a CBA3AHHBIX ypPaABHEHUI
MOJIeJI MeTaMaTepuaJa Macca-B-Macce ¢ MCHOoJb30BaHNeM IporpaMMbl Bombdpam Martemaruka.
[Tokazano, Kak ¢ ee MOMOIIBIO MOYKHO HAXOJIUTh PeIleHns] U BU3yaIn30BaTh nX. Paszpaboran me-
TOJI, YUCJIEHHOT'O PENIeHNs UCXOHBIX CBA3AHHBIX yPaBHEHMIT ¢ ucnosb3oBanneM koManasr NDSolve
Boabdpam Maremaruka. Pacemorpena npobsiema BepuduKaum 9UCJIEHHOTO PENleHus IPU TOMO-
I YaCTHBIX aHAJIUTUYECKUX PEILICHUN.

MATEMATNYECKA{4A MOAEJIb IJIA OIIPEAEJIEHNA TEPMOTOKOB C
YYETOM MATHUTHOI'O IIOJIA

I'T. Jlazapesa *!
'PVIIH, Mocksa, Poccusa
*lazareva-gg@rudn.ru

B noknaje npejcraBiieHa HOBas MOJIE/Ib PacIipejie/ieHls ToKa B obpasiie BoJbdpaMa U UCIa-
PSIEMOM BEIEeCTBE C YIeTOM MAarHUTHOIO IIOJIsSI IIPU HArpeBe HMOBEPXHOCTH SJIEKTPOHHBIM ITyIKOM.
[IpenioxkeHHast MaTeMaTHIecKasi MOJIE/b sIBJISIETCS MHCTPYMEHTOM HEPa3PYIIAONINX CHCTEM IH-
ATHOCTUKU TIO/IITOBEPXHOCTHBIX TOBPEXKIEHNN DPa3IMIHBIX W3IEIUil IIyTeM aHaJIM3a Peakiund Ha
ObICTpBINT HarpeB. Mojiesib OCHOBaHA Ha PEIIEHUNM YpPaBHEHHUIl 9JIEKTPOJMHAMUKHA U JIBYX(a3HOi
zajaun Credana Jiid pacdera TeMIepaTypbl B 00/1acTH 00pasiia B IUJINHIPUIECKON cucremMe Ko-
opauHat. [TapaMerpbl Mo/l B3ThI U3 KcrepuMeHToB Ha creHjie Beam of Electrons for materials
Test Applications (BETA), cozpannoro B 1P CO PAH [1].

[Tosryuen |2] pesysbrar, CBUIETEIbCTBYIONIM O TOM, UTO B PACCMATPUBAECMOIT MOJIEIN MAKCH-
MaJibHas aMILIATY/1a TEPMOTOKOB Ha HarpeBaeMOil IIOBEPXHOCTH HAXOIUTCS BHE 00JIACTH Bpaliae-
MOro paciuiaBa. YToObl OrpaHUYIUTh 00/1aCTh PacTeKaHUd TOKOB B MaTeMaTHIECKYIO MOJIE/b ObLI
JTI00ABJIEH YIET BJINSIHUST MATHUTHOTO TI0JIsI HA KWHETHUKY 9JIEKTPOHOB. B pe3ybrare mpoBOINMOCTD
U TEPMO3JIC TPUHUMAIOT BUJI TeH30pa. BBejieH HOBBIN OGe3pa3MepHblii TapaMeTp - OTHOIICHUE Bpe-
MEHH MEXKJIY CTOJKHOBEHHSMU K IEPHUOy OOpalleHus 110 JapMOpOBCKoil opouTe. Koaddurnmento
oIy deHbl u3 0000ménnoro 3akona Oma JijIsd IJIa3Mbl, MOJYYEHHOTO U3 aHAJTUTUYECKOTO perie-
HUS KHHETHYECKOrO0 ypaBHEHUsl BojibIiMaHa Ha pacipejeseHue 3JeKTPOHOB B pelaKCcalliOHHOM
HPUOIMZKEHNN ¢ YIeTOM MarHuTHOTO 1oJid. Vcmosb3oBanne K03 UIMEeHTOB B HOBOI (hopme 103-
BOJINT JeTaJibHee OINCaTh PacIpe/iesieHre TOKOB B PaciljiaBe, TaK KaK IIOTHOCTh ILJIa3Mbl OBICTPO
majaeT 1Mo pajmycy U TOK Jid obJIacTi BHe pajnyca B Ita3me Oyzaer mojasieH. Maremarmaeckast
MOJIeJIb JIoTIoJIHeHa yueToM J[zkoysieBa HarpeBa u addexra [leabrbe Ha moBepxHoCcTH 0Opa3siia, KO-
TOPBIE ONPEJIEJIAIOTCs 13 pacdera TOKOB [3|. PesysbraTsl MomempoBanus TpeGyOTCs it aHAII3a
JIAHHBIX, TOJIy9aeMbIX Ha 9KCIEPUMEHTAJIHLHOM CTEH/IE.

UccneioBanne BBINOJIHEHO 3a cueT rpanTa Poccuiickoro Hayanoro douga (mpoekt No 25-11-
00154).

1. L. Vyacheslavov, A. Arakcheev, A. Burdakov, I. Kandaurov, A. Kasatov, V. Kurkuchekov,
K. Mekler, V. Popov, A. Shoshin, D. Skovorodin, Y. Trunev, and A.Vasilyev, “Novel electron
beam based test facility for observation of dynamics of tungsten erosion under intense ELM-
like heat loads”, AIP Conference Proceedings 1771, 060004 (2016).

2. G. G. Lazareva, V. A. Popov, V. A. Okishev, A. V. Burdakov, “Mathematical model of
thermocurrents based on calculation of electrical resistance and thermopower as an integral
over electron energy”, Dokl. Math., 109:3, 238-245 (2024).
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3. G. G. Lazareva, V. A. Popov Effect of Joule heating on the result of pulsed heating of

the divertor material of a thermonuclear reactor // Lobachevskii Journal of Mathematics
(2025).

MOJEJINPOBAHUE IIJIEHOYHOI KOHIEHCAIINU ITAPA HA PEBPAX U
B KAHAJIAX

1.B. Mapuayx*?
"Hosocubupcexkuit rocynapersennsiit yausepeuret, Hosocubupcek, Poccust
UncruryT rennobusukn um. C.C. Kyrarenamaze CO PAH, Hosocubupck, Poccus
*igmarchuk@gmail.com

[Iporiecc mieHOYHO KOHJIEHCAIIUN T1apa MUPOKO IPUMEHSIETCS B TEILIO U MacCOOOMEHHBIX all-
Iaparax, TaKiX Kak TeIIOBble TPyObl, TePpMOCH(OHBI, OBITOBBIE U ITPOMBIIILIEHHbBIE XOJI0INIbHUKHA,
KJINMaTUIeCKIEe CUCTEMbI, CUJIOBbIE YCTAHOBKU aTOMHBIX M TEILJIOBBIX 3JIEKTPOCTAHINNA. Ddder-
THUBHBIM METOJIOM MHTEHCH(PUKAIIUN KOHJICHCAIIUK SBJISI€TCS UCIIOJIb30BaHue OPEOPEHHBIX IMOBEPX-
HOCTEM, a TaKyKe MUHM ¥ MUKPO-KaHAJIOB, KOTJIa 101 JEeHCTBUEM CUJI IIOBEPXHOCTHOI'O HATIKCHUS
JIOKQJTbHO YMEHbBIITaeTCd TOIIINHA TIJIEHKU KOHIeHCATa.

Paspaborana TpexmepHast HecTalmoHapHas MOJEb IJIEHOYHON KOHIEHCAIIUN T1apa Ha KPUBO-
JIMTHEHHOM MTOBEPXHOCTHU, YIUTBIBAIONIAs MaCcCOBbIE CHUJIbI, TIOBEPXHOCTHOE HATSYKEHUE W TPEHHUE Ha
MIOBEPXHOCTH ILJIEHKH KOHJleHcaTa. Jlannas Mojie/ib 0000IaeT N3BeCTHBIE PaHee MOJIEN IJIEHOYHO
KOHJIEHCAIINH I1apa. BhIBeIeHO SBOJIIOIMOHHOE YpaBHEHNE JJIsi TOJIIIMHBI CJI0s1 KOHIeHcaTa. Pa3pa-
OOTaHbI YMCJIEHHbIE AJITOPUTMbI JIJISI PEIIeHHs SBOJIIOIMOHHOIO ypaBHeHUdA. BBIIOJIHEHBI pacyueThbl
KOHJIEHCAIINH Tapa B KaHajax u Ha peOpax. Halijensl ontumababie pOPMBI TTOBEPXHOCTEH, obec-
[eYnBaOIIe 0oJiee BHICOKYIO MHTEHCUBHOCTD TEILIOOOMEHa, a TaKKe CTabuIbHOe TedeHue ILICHKT
KOHJIeHCATa B YCJIOBUAX MUKPOIDABUTAIIAMN.

KPAEBBIE SAJTAY TEOPUN VIIPYTOCTU B OBJIACTAX C TOHKUMUA
BKJ/JIFOYEHN AMU

E.M. Pyuoit *!
Mucruryr ruaponunamuxu um. M.A. Jlaspentnesa CO PAH, Hosocubupck, Poccust
*rem@hydro.nsc.ru

B jokaje 6yjer npejcraBieH KpaTKuil 0030p HEKOTOPBIX Pe3y/IbTaToB B 00JIACTH HUCCIIE0-
BaHUs KPAEBbIX 3aJ/ia4 TEOPUH YIPYTOCTH B OOJIACTAX ¢ TOHKUME BKJIIOYEHUSIMU. ByIyT paccMor-
PEHBI Pa3IMIHbIe MATEMATHIECKHe MOJICJIHN, OIMCBHIBAIOIINE IOBEJCHIE Tej ¢ TpermuHamu [1], a
TaKyKe apMUPOBAHHBIX DA3JIMYHBIME BKJOUYeHHsAMA (Oaskamu, crep:KusaMu u 1ap.[2, 3, 4, 5]). By-
JIyT 00CYZKJIAThCsl BOIPOCHI PA3PEIIUMOCTH COOTBETCTBYIOIINX KPAEBLIX M BAPUAIMOHHDLIX 33124,
ACUMIITOTUIECKHE CBOMCTBA MX PEHICHU, IOCTPOCHNE YUCJICHHBIX AJrOPUTMOB, & TAKKEe IPHUJIO-
JKEHMEe K 3ajladaM MeXaHWUKHU Pas3pylieHus, MEXaHUKUH KOMIIO3UTOB U OINTUMAJIBHOIO YIIPABJIEHMUSI
dopmoii obracTu.

Crucok JmuTepaTypbl

[1] Khludnev A., Leugering G. On elastic bodies with thin rigid inclusions and cracks. Math.
Methods Appl. Sci. 2010. V. 33. P. 1955-1967.

[2] Popova T.S. Numerical solution of the equilibrium problem for a two-dimensional elastic body
with a thin semirigid inclusion. Mathematical Notes of NEFU. 2021. V. 28. P.51-66.

[3] Lazarev N., Semenova G., Efimova E. Equilibrium problem for an inhomogeneous two-
dimensional elastic body with two interacting thin rigid inclusions. Journal of Computational

and Applied Mathematics. 2024. V. 4388. 115539.
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[4] Furtsev A., Itou H., Rudoy E. Modeling of bonded elastic structures by a variational method:
Theoretical analysis and numerical simulation. International Journal of Solids and Structures.
2020. V.182-183. P.100-110.

[5] Kazarinov N., Rudoy E., Slesarenko V., Shcherbakov V. MMathematical and Numerical
Simulation of FEquilibrium of an FElastic Body Reinforced by a Thin FElastic Inclusion.
omputational Mathematics and Mathematical Physics. 2018. V.58. P.761-774.

TECT IIEHJIEBE I AHAJINTUYECKINE PEHNIEHIA YPABHEHI A
KOPTEBET'A-ZIE BPU3A-BIOPTEPCA C HEJIMHEHMNBIM NCTOYHNKOM

H.A. Kyapsamos *!
'Harmonanbubril nccaesoBaTenbeknii aaepubrii yansepenter « MU », Mocksa, Poccus
*nakudr@gmail.com

Bajaua Ko j1j1s ypaBHEHUsT He pelraeTcs ¢ MOMOIIBI0 00paTHOTO IPeodpa30BaHUs Pacces-
Hust B 001meM ciaydae. [losTomy ypaBHeHME paccMaTpUBAETCSI C YI€TOM ITEPEMEHHBIX Oerytiei BoJ-
Hbl. /1151 miccre/ToBaHNs MHTETPUPYEMOCTH ypaBHeHHs TpuMeHseTcsd TecT [leHieBe K HeTMHETHOMY
0OBIKHOBEHHOMY JinbdepeHImasbHoMy ypaBuennio. [lokazano, 9To CyIiecTBYIOT o0Iue perieHust
HEJIMHETHOrO OOBIKHOBEHHOT'O T (EPEeHITNATLHOTO yPABHEHNS, BbIDAXKEHHbIE Yepe3 JLIAITHIe-
ckyto dyukiuio BeitepriTtpacca u depe3 TpancienienTsl [leriese nmeporo ypasuenus llensese
[IPU HEKOTOPBIX OI'PAHUYEHUSX Ha HapamMeTpbl ypaBHeHus. CHeruajibHble METOJbI HCIOJIb3YIT-
csl JIJISI IOCTPOEHUST AHAJTUTUICCKUX PEIIeHU ¢ OJIHON M JIBYMsI ITPOU3BOJIBHBIME TOCTOSTHHBIMHU.
[Tosryenbl ToUHBIE pelieHus ¢ JABYMs IPOU3BOJIBHBIMU ITOCTOSTHHBIMU, BBIPAKEHHBIMU €Yepe3 3JI-
qunTuydeckyio dynknuio BeiiepmTpacca. Tounble perrenus ¢ OJHON MPOU3BOJILHON TOCTOSHHO
ypasaenns Kopresera-ne Bpuza-Broprepca ¢ HelnHEHBIM HCTOYHUKOM HaXO/ISTCS C MCIIOIb30Ba-
HUEeM MeTojia Joructrndecknx dyaknmit. [lokazano, 4To ceMeiicTBO paccMaTpUBaeMbIX YpaBHEHUIH,
JIJTsT KOTOPBIX HaliJIEHbl TOUYHBIE PEIIeHus], CYIECTBEHHO PACIIUPSAETCA PU UCIIOIHL30BAHNUN CIIEIIH-
AJILHBIX METOJIOB.

OCEANIC VORTEX PULSARS

P. Berloff *!
Tmperial College, London SW7 2AZ, United Kingdom
*p.berloff@imperial.ac.uk

Theoretical studies of coherent isolated vortices have a half-century history and in many ways
have become classics of geophysical fluid dynamics. We will present the theoretical and modelling
results about discovery of a new class of stable and ever-living coherent vortices on stratified
background shears. These features, referred to as vortex pulsars, are fundamentally non-isolated,
and also asymmetric and nonstationary. Two distinctly different families of solutions — “strong”
and “weak” — will be discussed.

OB OJTHOM BAPUAHTE METOJA ®MKTUBHEIX OBJIACTEN IJ14
YPABHEHUN HABBE-CTOKCA

H.M. Temup6ekos *12
'Kazaxckuit naionaabubii yausepcuter nmenn Anb-®apabdbu, Anvars: Kazaxcran
Hanmonasibnag unzkenepnag akajgemusa PK, Anvarnt Kazaxcran
*ntemirbekov3140gmail . com

OstHOM U3 KTI0UeBbIX ocobennocTeit ypapHenuit Hapbe—CToKca /s BA3KOM HeCXKUMaeMOil K1
KOCTH SBJISETCSI OTCYTCTBUE FBHBIX I'PAHUYHBIX YCJIOBUI Ha JlaBjeHue. /[aBjaenue B 9TOW cucTeme
BBICTYIIAET B KadecTBe dyHKINN Jlarpam:ka, obecriednBaionieil BHIIOJHEHNE YCI0BUs HEPpa3PbIBHO-
CTH IIOTOKA U OIPEJIEIsieTCs JIUITh B COBOKYITHOCTU C ypaBHEHUEM JIBUKeHUs. B cBa3u ¢ aTuM, 1ipu
YUCJIEHHON peaJn3alud 3a/1a9 T'UJIPOJIUHAMUKNA BO3HUKAET BOIPOC: KAK KOPPEKTHO MOJEIUPOBATH
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MOBeJIeHNe JIaBIeHns Ha TpaHurax oosactu. OcobeHHO OCTPO STOT BOINPOC CTOUT IPU UCIIOJIb30Ba-
Hun Merojia ukTuBHbIX obsacreil (MPQO), KOTOpPBIil npeanoIaraeT 3aMeHy CJI0XKHON TeOMeTpUn
dusznueckoit obsractu Ha H0JIee TPOCTYIO PACIIUPEHHYIO 00JIACTD.

Meton cukTuBHBIX 00J/IACTENl pacCIIUpPIET UCXOIAHYIO 00JIaCTb J0 00JIACTU C IIPOCTOI reoMeT-
pueit TakuM 00pa3zoM, UTO MCKOMasl 3ajada MPOJIOJIKACTCI Ha BCIIOMOTATEIbHYIO 00JIAaCTh C J10-
[OJTHUTETbHBIMU KO DUIIMEHTAME 3aBUCSIIIME OT MAaJIOro IMapaMeTpa. JTO IPUBOJUT K 3a/1atie
B PACHINPEHHO 00JIaCTH IIPU BBIMIOJTHEHUN YCJIOBUN CONPSI?KEHUsT HA UCXOTHON T'DAHUIIE.

B nannoit pabore M®O npumensieTcss Kak MeTOJT MOJeTHPOBaHUS KPAEBbIX YCIOBUI IS TaB-
JICHWS WU TIOJTHOTO Haropa. Ha rpamurie BcrioMoraTeibHOM 00IACTH CTABATCS IPAHUYIHBIE YCIOBUS
Jwupuxse i maBiaeHrs U HYJIEBble TDAHUYHBIC YCJIOBHUS JIJIST KACATEILHON COCTABIIAIONE CKOPO-
ctu. Takas HecTaHIapTHAS IOCTAHOBKA I'PAHUYHBIX yCJIOBUHT Jijid cucteM ypasuennn Hasbe-Crokca
BSA3KOI HEC2KIMAEMOTl YKUTKOCTU SBJISI€TCS KOPPEKTHOM. DTH I'PAHUIHBIE YCJIOBUS TO3BOJIAIOT THC-
JIeHHO pernath ypaBaenue [lyaccona mjist masiienust ¢ rpanndabiMu yeaoBusamu Jupuxiie. Bayrpen-
HIUE UTepaIuu JJisi OIPEJIe/IeHUsT JABICHUsT XOPOIo cxoarcs. Crieyrorieit mpob/ieMoil siBisieTcst
YJIOBJIETBOPEHNUSI TPAHUTHBIX YCJIOBHUH JIJIsI KOMIIOHEHT CKOPOCTEH Ha MCXOHOM (PpU3mIecKoil rpa-
uutie. JIis1 permeHnst 9ToOi CII0XKHOCTA MOYKHO HCITOJIBH30BATH METO/T CONPSI?KEHHBIX YPABHEHUI, KO-
TOpas JAET BO3MOXKHOCTH ITOCJIE0BATETLHBIMY TPUOIMKEHUSIMEI YTOUHATh IPAHUIHBIE YCJIOBUS.
Jljts oty deHnsi YUCJIEHHOTO PEIIeHUs ¢ PABHOMEPHON TOYHOCTHIO MCIOJIB3YETCs MHOTOCETOTHBIIT
AJITOPUTM.

st mmiocTparyit Bo3MoxKHoOcTel 1peiozkennoro Bapuanta M®PO ObLiu 1pPOBeJIEHbI YUC-
JIEHHBIE PACYeThl TECTOBLIX 33Jjiad. B KadecTBe TeCTOBOH 3ajiadu ObLIN PEIIeHbl 3a/atua TeUeHUsI
BSI3KOW HECXKUMAaeMON KUJIKOCTU B KPUBOJMHEITHOM KaHa/e U 3ajada TeUeHUs B KaBEpPHE C JIBU-
JKyTIeiics BepxHeil KPbIKoi. YucjieHHbie pacueThl MPOBOIMINCH B IMITUPOKOM JIHATIA30HE BXOIHBIX
mapaMeTpoB U Ha PACYETHBIX CETKaX OOJIBINON PAa3MEPHOCTH.

YCTOMYNBOCTHh KOHEUHO-PASHOCTHBIX CXEM J1J11 YPABHEHUS
ANOOY3N C ABY-HYJIEHHBIMU APOBHBIMUN ITPOU3BOJAHBIMUN 11O
BPEMEHU

B.X. Xyxaépos *12 ®.B. Xommes!
!Camapkan ickuii rocyiapersennniit yuusepeuteT unM. Ilapoda Pammiosa, CamapKram,
Y3bekncran
Nucruryr Maremaruku uM. B.J.Pomanosekoro Axajemun Hayk Pecry6iukn YabekucTan,
Tamkent

*b.khuzhayorov@mail.ru
PaccmarpuBaerca ypasaenne juddysnn ¢ ABY-YI€HHBIMU IIPOU3BOIHBIMU JPOOHOTO MOPSII-

Ka 10 BpeMeHU. [[Jisi IucjIeHHoro pereHus 3TOro ypaBHEHUS COCTABJIEHBI PA3JIMYHbIE KOHETHO-
PA3HOCTHBIE CXEMBI C alllPOKCUMAaIeil JIPOOHBIX TPOU3BOHBIX 110 ompe/enenuio Kamyro u I'pron-
BaJibJa-JleTHrKOBa, a MuddYy3UOHHOrO UIeHa — CUI'Ma-B3BEIIEHHBIMU PA3HOCTHBIME ITPOU3BO/IHbI-
Mu BTOporo nopsika. Vcrnonb3ya meron @on Heiimana umccieioBana ycTOWYIMBOCTD Pa3HOCTHBIX
cxeMm. Jlokazanbl TeopeMbl 00 mx ycroitumBocTH. IlokazaHo, UTO pPa3HOCTHBIE CXEMBbI SIBJISIFOTCSI
YCJIOBHO YCTOWYMBBIMU, BBIBEJEHDBI YCJOBUS YCTONYMBOCTU. UMCIEHHO OICHEHBI pa3Mepbl 00J1a-
CTU YCTOWYMBOCTH 10 BpeMeHHOMY mmary. /st ciydaeB ucrosib3oBanus mpousBogaoit Kamyro u
JlernukoBa-I"proHBasib/Ia MOJIyYeHBl PA3JNYIHbIC, HO OJU3KHE YCJIOBUS YCTONIMBOCTU. DTO 00b-
SICHSIETCS PA3JIMYHBIMU MPABUJIAME allpoOKcUMaIuu npousojnoii ['pionsasbia-/leTnukosa. Ot-
JIEJILHO UCCJIe0OBAH CJIydail CTPOToil MOJIOKUTETbHOCTH OTHOMeHu# amiuTys Oypbe rapMOHUK.
[Tokazano, 4TO 9TO yC/I0BUE CyKaeT 00JACTH YCTONIMBOCTH KOHEUYHO-PA3HOCTHBIX CXEM.

CTPATEI'mN YMCJIEHHOI'O PACYHETA 9 PEKTUBHOCTU PABOTHI
IIBESO3JIEKTPUYECKNX CEHCOPOB 1 AKTYATOPOB

A.B. Hacenkun *!

YOxupiit depepanbubiii yausepeurter, Pocros-na-lony, Poccus
*avnasedkin@sfedu.ru
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[Ibe303/1eKTPUYECKIIe MaTepHasIbl HAXO/IST MHOTOYNC/IEHHbIE IPUMEHeHNs OJ1aro/iaps MpaKTh-
YeCKH JIMHEHHBIM 3aBHCUMOCTAM MEXKIYy MEXaHUYECKUMHU U SJIEKTPUIECKUMU TOJIIMU C BBICOKH-
Mu Ko durmenTaMu cBsa3anHoCTu. 11 KOHKPETHBIX IPUMEHEHNT HeOOXOIMMO OINITUMU3UPOBATH
KOHCTPYKIIUU [Tbe301peodpa3oBaTe/is U 1Mo00paTh TUII ITHE309IEKTPUIECKOI0 MATEPUAJIA HJIH KOM-
[O3UTa. DTU YCTPOHCTBA MOT'YT BBICTYIIATh KAK CEHCOPBI (HAIIPUMED, T€HEPATOPbI «3€JIEHOil SHED-
[UA») WA aKTYaTopbl (HAIIPUMED, yJIbTPA3BYKOBbBIE U3JIyUYaTesn), KOTOPble pAbOTAIOT B HEPE30-
HAHCHBIX PEXKMMAaX MPUeMa WM B PE30HAHCHBIX PEXKMMAaX M3JIyIeHUs.

s monenupoBanus 3h(MEeKTUBHOCTH PAOOTHI TAKUX YCTPOHCTB 9acTO HEOOXOIUM KOMILIEKC
B3aMMOCBSI3aHHBIX PACUYeTOB B CTATHYECKOM, MOJAJIHHOM, TADMOHUYECKOM U HECTAIIMOHAPHOM pe-
JKUMax aHajmsa. Bo MHOrUX cuTyarnusx TpeOdyeTcs y9ecTh BHEITHIOI aKyCTUIECKYIO WU YKUJIKYIO
cpejly W BHeIlHHUE 3djieKTpudeckue renu. [Ipu ucrnosp3oBannn KOMIO3UTHBIX THE30KEPAMUIECKUX
MaTePUAJIOB IIPEJ/IBAPUTEIHHO HYKHO ONPEJIETUTh 3(PMEKTUBHBIE MOJLYJIM U3 PENIeHUs CIEeIHa/Ib-
HBIX 33/a9 TOMOTE€HU3AINN, BK/IIOYAIONINX PAaCYeThbl HEOJHOPOIHOCTHU TIOJIs TOJISIPU3AIUN [THE30-
KEpaMUKN 1 OOYCJIOBJIEHHOW 3TUM HEOJIHOPOJIHOCTH €€ MaTepHaJbHBIX CcBOiicTB. B pabore mpm-
BOJATCA W OOCY?KJIAIOTCS KOHETHO-3/IEeMEHTHBIE CTPATErnH, OPUEHTHPOBAHHBIE HA WCIIOIH30BAHNE
nporpammubix KomiiekcoB ANSYS APDL u ACELAN, npudem Bo BTOpOM TakeTe peain30BaHbI
pacydeThl ¢ MATPHUIIAMU CeJIJIOBOI CTPYKTYPHI. lIpuBenen psii mpuMepoB pacdyeToB Mbe303JIEKTPH-
YeCKUX KOMIIO3UTOB U YCTPOMCTB.

Pabora Boinosnena B FOxxuoM desiepaibHoM yHuBepcuteTe rpu nojjiepKke rpanta PHO Ne 22-
11-00302-I1, https:/ /rscf.ru/project /22-11-00302/.

ON CALCULATION OF SPIN GROUP ELEMENTS

Dmitry Shirokov!?
'HSE University, Moscow, Russia
2Institute for Information Transmission Problems of Russian Academy of Sciences, Moscow,
Russia
*dm.shirokov@gmail.com

We present a method for calculation of spin groups elements for known pseudo-orthogonal
group elements with respect to the corresponding two-sheeted coverings. We present our results
using the Clifford algebra formalism in the case of arbitrary dimension and signature, and then
in some special cases explicitly using matrices, quaternions, and split-quaternions. The different
formalisms are convenient for different possible applications in physics, engineering, and computer
science.

The work is supported by the project “Mirror Laboratories” of HSE University and North-
Eastern Federal University “Quaternions, geometric algebras and applications”.

CTPYKTYPHI PASPHLIBOB B MUKPOIIOJIIPHOI MATHUTOYIIPYT O
CPE/IE

1.B. Baxommua*!
TIM um. M.B.Kengpma PAH, Mocksa, Poccust
*ibbakh@yandex.ru

Anamsupyercs Mofie/ib Ha 0CHOBe Teopun Koccepa ¢ JIOIOJIHUTETLHBIMU TTAPAMETPAMU, CBSI-
3aHHBIMU C BHYTpeHHUMHE BparienusivMu. Ona 00/1a/1aeT MUCIIEPCUOHHBIMI CBOMCTBAMU U KOHETHOI
CKOPOCTBIO PACIPOCTPAHEHUs BOJIH, YTO IPEJIIoJaraeT CyIIecTBOBaHUE KaK Oe3MCCUTIATUBHBIX
CTPYKTYP, TaK M OIPOKHIBLIBAHUE BOJIH, TpeOyIoIee BKIIOUEHNU JUCCUTIAIINU. PaccMaTpuBaroTcs
CTPYKTYPbI Pa3PbIBOB, IEPEXO/IbI MEXKTY OHOPOIHBIMI UJTH IEPUOIMICCKUME cocTosiHusIME. OOHA-
PYZKEHBI CTPYKTYPBI COJIMTOHHOI'O THUIIA, CTPYKTYPBI PAa3PbIBOB C U3JIyYCHUEM M IIEPEXO/Ibl MEZKIY
OJIHOPOJHBIMU COCTOAHUAME. CTPYKTYPBI C H3JIyUYE€HHEM COJIEPKAT BHYTPEHHUI Pa3pbIB IIPOU3-
BOJIHBIX, & TEPUOJINIECKUE COCTOSHUS COJEPIKAT MOCJIEJ0BATEIBHOCTD CJIA0BIX PA3PbIBOB (pa3phbi-
BOB IIPOM3BOJIHON BTOPOro Mopsaka). CTPYKTYPBI MEPEXO0B MEXKJLy OJHOPOIHBIMU COCTOSHUSAMU
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cojiepKaT BHyTpeHHUI cj1abblii pa3pbiB. Perraercs duc/ieHHO 3ajada O paciaje MpOu3BOJIHLHOTO
paspbiBa U UCCJIEYIOTCA YPaBHEHUs OEryIuxX BOJH. AHAJU3UPYIOTCS YCJIOBUST SBOJIIOIUMOHHOCTH.
Mogesib 006061aeTCS Ha CIIydail TIacTUIHOCTH. PaceMaTpuBatoTCsi BADUAHTHI C THCTEPE3UCOM U
octaTouHol jteopmariueit u 6e3 3tux 3pdekTon. Vcmoap3yercss KOHETHOPA3HOCTHAS CXEMA C TIeH-
TPaJbHBIMUA PA3HOCTSMU ¥ AIIPOKCUMAIeil BPEMEHHBIX MPOU3BOJAHBIX MeToj oM Pynre—KyrThr
qeTBepToro mnopsjaka. Cxema 00/1a/1a€T HU3KOW CXEMHOM IUCCUTIAIMEH, HO B CJIyYae Pa3pPbIBHBIX
peIlleHnii ¢ TeIeHneM BPEMeHH JaeT JTUCIIePCUOHHO-TUCCUTIATUBHBIE CXeMHBIE CTPYKTYPBI, JOCTH-
raeTcst CXOIUMOCTD.
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CEKIINA 1. MATEMATUNYECKUE ITPOBJIEMBI MEXAHUKN

YNCJIEHHOE NCCJIEJOBAHUE TNHAMNYECKOI'O PE2KIIMA
OKUCJINTEJIBHOU PETEHEPAIINN KATAJINSATOPA TNAPOOYNCTKUA

.M. T'y6aiixynmn *! O.C. SIzosnesa?
'MHK YOUILL PAH, YTHTY, Yda, Poccua
Maremarmuaecknii nnctutyT uM. B.A. Creknosa Poccniickoit akagemun nayk, Mocksa, Poccusa
*irekmars@mail.ru

B nokitajie mpecraBienbl pe3y/abTaThl HCCJIEI0OBAHNS JUHAMUIECKOTO PEXKUMA OKHCTUTE/THHOM
pereHepaun KaTaJu3aTropa I'IIPOOINCTKI IIPU PA3JIMIHBIX TEXHOJIOIMIECKUX yeaoBusax. Jlunamu-
YeCKU PezKUM XUMUYIECKOT'0 IIPOIECCa 3aKII09aeTCs B 110/1a9e PeaKIIMOHHOM CMeCH ¢ IePEMEHHBIMUI
XapaKTepUCTUKaMU. B ocHOBe MaTeMaTU4IeCcKOi MOJIE/IM UCCTIEyeMOr0 KaTaJuTHIEeCKOrO TIPoTiecca
JIEZKAT TUNEPOOIMIecKas MOJIe/Ib HECTAIIMOHAPHOTO IIPOIEcca B CJIOE KAaTaau3aTopa, OMUCHIBAIO-
masg MacCOIEPEHOC W XUMHUYECKHE IMPEBPAIEHUd B MOPax 3epHa, KOHBEKTUBHDLIE MOTOKU B CJIOE
KaTaJIn3aToOPA.

BeraucanrebHbIN aJTOPUTM OCHOBAH Ha METO/Ee KOHEYHBIX 00beMoB. [lyia ypaBuenuit jaud-
dy3un-KOHBEKIINHU-PEAKIINN 3allucaiHa TPeXcJIofiHas 110 BpeMeHM siBHas Pa3sHOCTHas cxema. Pac-
JeT BBIHYKJIEHHOTO KOHBEKTUBHOTO IIEPEHOCA BEJIETCS € MCIOJIH30BAHIEM METOJ/Ia XapaKTEePUCTHK.
YpaBHEHHUS TEILIOMACCOIIEPEHOCA TI0 JITUHE CJI0sS KATaanu3aTopa alllPpOKCUMUIPOBAHBI HEABHO C IIe-
JIBIO COXpaHEHUs] YCTONYMBOCTU aJrOPUTMa IPU PE3KUX IeperajiaX TeMIepPaTypbl B XUMUYECKOM
peaxTope.

PacdeTnble pe3y/ibTaThl MOATBEPIUIN TUIIOTE3Y O CHUYKEHUU TEMIIEPATyPHBIX 3a0pPOCOB B peak-
TOpE IIPU PeaM3allii JUHAMIIECKOTo pexkuma. [losrydaen BbiBoj1 00 9 PeKTUBHOCTH JTTHAMUIECKO-
ro pezKrMa OKUCIUTETHLHON pereHepaluy Mpu HU3KUX KOHIICHTPAIUAX KUCI0PO/Ia B PEaKIIMOHHO
CMECH.

Pabora Beimosinena npu ¢gpunancoBoit nojepxkke Mucruryra nedrexumun n Karaansa Poc-
cuiickoil akagemun Hayk (tema N FMRS-2025-0031).

OCOBEHHOCTU TPAHC3BYKOBOI'O OBTEKAHUA ITPO®NJIA KPHBIJIA C
MHTEPHEIITOPOM

A.T. Kyspyun *!

!Cankr-TlerepGyprekuit rocynapersennbiii yausepcuter, Cankt-ITetep6ypr, Poccus
*a.kuzmin@spbu.ru

3aBUCUMOCTD ad9POIMHAMUYIECKUX CUJI, JIEHCTBYIOMNX HA KPBLIO CaMoJjieTa B KPEHcepCKOM 110-
JIeTe, OT TIOJIOYKEHUS 3JIEPOHOB U MHTEPIIEIITOPOB U3yYaiach B psije pabotr. Bmecre ¢ TeM cTpyKTypa
TeYeHUs] U ero BBICOKAs YYBCTBUTEILHOCTh K MAaJIbIM BO3MYIIEHUSIM B TPAHC3BYKOBBIX YCJIOBHUAX
He OBLTU MCCJIEIOBAHDBI JOCTATOYHO XOPOIIIO.

B nannoit pabore mpoBe/IEHO UCC/EI0BAaHUE TPAHC3BYKOBOI'O OOTEKAHUS BO3/LyXOM IMPOQUIIs
NASA SC(2)-0710 ¢ uHTepIenTopoM Ipu PasHbIX yIlaX OTKJIOHEHUS HHTEPIENTOpa OT HeHTpab-
HOTO TIOJIOXKeHus1. UucjieHHble pernteHnsi ocpeiHeHHbIX 1m0 PeitHosbiacy ypasuenunit Hapre-Crokca
[TOJIY9€HBI C TTOMOIIBIO TPOTPAMMBI, OCHOBAHHOW Ha MeTOJle KOHEUHBIX 00beMOB. BbIsBieHa BbICO-
Kas IyBCTBUTEIHHOCTDL KAPTUHBI OOTEKAHUs M MOIHLEMHOM CHJIBI K YTUIy TOBOPOTa MHTEPIENTODA,
a TakxKe K M3MeHeHHsM uncia Maxa naberatomiero nmoroka M., 1 yria aTakd . YCTAHOBJIEHBI
jmarnaszonbl My, U, B KOTOPBIX HAOJIIOIAETCS PE3KOe M3MEHEHUE TIOJIOKEHUS YIAPHBIX BOJIH, BbI-
3BIBAIOINEE PECTPYKTYPUBAIMIO TeUEHUS U CKAIKK o IbeMHOoi cuiibl. [loydennbrie pe3yabraThl 1mo-
Ka3bIBAIOT CYIIECTBOBAHUE HEOIATONPUATHBIX YIJIOB [IOBOPOTA UHTEPIIENITOPA, 3ABUCAIINX OT YUC/Ia
Maxa M., u yria ataku o, Ipu KOTOPBIX cjiadasi TypOyJIeHTHOCTh aTMOChEPbI MOXKET IIPUBOIUTH
K 3HAYUTETbHBIM CKAYKAM TO/bEMHON CHUJIbI U BUOPAIUU caMoJieTa.

23



CKTeMM-2025

METO/AbI BBICOKOI'O ITOPAJAKA AIIIIPOKCUMAIIN IJIA
YN CJIEHHOTI'O PEINIEHNYA YPABHEHU A ITEPEHOCA YACTUII NJIN
N3JIVHEHNA

E.H. Apucrosa*!
MucruryT npuknamnoit Mmatemaruxky nM. M.B. Kemmeima, Mocksa, Pocens
*aristovaen@mail.ru

[Tepenoc w3ty veHnsT NN 9aCTUI] OMTUCHIBAETCS NHTErpo-1nddepeHIma bHbIM yPaBHEHIEM T1e-
peHoca, B KOTOPOM B TIPABOI YaCTH ypaBHEHUsI CTOUT WHTEIPAJbHBII dleH paccesHus (1, BO3MOK-
HO, Jejienns ). Hajimdne nHTErpasbHOrO djieHa MoJpasyMeBaeT UTEPAIMOHHBIN MPOIece, KOTOPbIi
[P HEKOTOPBIX YCJIOBUAX CXOJIUTC YPe3BbIdaiino mejernto. OHUM U3 CIIocOOOB YCKOPEHUs UTe-
pamnuit gBisiercs ucnosibzopanue HOLO anroputMoB, B KOTOPBIX MOMUMO TIOJIHOPA3MEPHOTO yPaB-
nenus nepenoca (HO — high order) perratorcs kunernueckue ypaBHeHust 60Jiee HU3KOIO TIOPSJIKA
(LO — low order). HOLO asiroputmbl mesisiTcst Ha J1Ba OOJIBIINAX KJIACCA: aJIATHBHBIE U MYJIBTUILIA-
kaTuBHbIe. {11 coxpanenns 3(MEKTUBHOCTH YCKOPEHUS aJIJIMTUBHBIX aJTOPUTMOB IIPU OOJIBITTIX
ONITUIECKHUX TOJIIUHAX JTOZKHBI UCTIOJIb30BAThCS KHHETHIECKI-COTIACOBAHHBIE PA3HOCTHBIE CXEMbI
B LO wactu. [TosTomy K KIaccuaeckoMy TPOTHBOPEYNIO CXEM BBICOKOTO TOPSIIKA JIJIsI YPaBHEHUsI
[IePEHOCca, a UMEHHO: MOPSIOK AlIPOKCUMAIIIU VS MOHOTOHHOCTD, J100aBJIsIeTCs BTOPOE TMPOTHBO-
peune: sIBHBI y4YeT SKCIIOHEHIIMAJIbHON 3aBUCUMOCTH PEIIeHUs] OT ONTHYECKOW TOJIIUHBI VS BO3-
MOXKHOCTDb TIOCTPOEHUST KMHETUIECKHI-COTJIACOBAHHBIX CXEM JIJIsi yPABHEHUI HU3KOI Pa3sMepHOCTH.
B noknajie Oyier uaru pedb O MOCTPOEHHHM CXEM BBICOKOT'O TOPS/IKa JJIs yPABHEHUs I[I€PEHOCA
U3JIyYeHUsI / 9aCTUI] HA PETYJISPHBIX U TeTPadIaIbHbIX CeTKAX.

BBIUNCJIUTEJIBHBIN AJITOPUTM AJ1d N3YUYEHUA JO3BYKOBBEIX
I'ASOIIBIJIEBBIX ITOTOKOB B IITPYUCYTCTBUUN JIASEPHOI'O U3JIVAEHN A

E.E. Ileckosa *!' B.H. CHBITHHKOB?
'HannonaabHBII HCCiIe10BaTeIbCKIIH MopmoBckuii rocymapcTBeHHbIil yaEIBEpCcuTeT, CapaHCK,
Poccus
*Uncturyr Karammsa mvenn 1. K. Bopeckosa CO PAH, Hosocubupck, Poccus
*e.e.peskova@math.mrsu.ru

CoBpeMeHHBIE 381291 XUMIIECKON TTPOMBITIIIEHHOCTH, CBA3aHHBIE C MAaJIOTOHHAXKHOIN Iepepa-
OOTKOII MeTaHa M JAPYTUX JIEFKUX YTJIEBOJOPOJIOB, BO3POJIMIM UHTEPEC K JIA3ePHOW TEPMOXUMUH.
[TostBJIsieTCSE HEOOXOIMMOCTD CO3/IaHUS MATEMATUIECKAX MOJIE/IeH U IMapaJslieIbHbIX BbIYUCTATE /b
HBIX aJI'OPUTMOB JIJIsi UCCJICIOBAHUSA JIBYX(Da3HbIX XUMHUYCCKN aKTUBHBIX TEUYCHUN Tra3a U KaraJjiu-
TUYECKNX HAHOYACTHI[ B MPHUCYTCTBUM JIA3€PHOTO M3JyUYEeHUS C IEbI0 OIpejesIeHnsT HAMTYIITnX
yCJIOBHI TIepepabOTKN MeTaHa W JIPYTHUX JIETKAX YIVIEBOJOPOIOB B 9TUJIEH, APOMATHIECKUE COeIU-
HEHUSA W BOJOPOI.

B pabore mpuBoguTcs MaTeMaTHdecKas MOJIE/b, CTPOUTCA YHUC/ICHHAs Peau3aliis Ha OCHOBE
MEeTO/Ia paCIIerieHus M0 (PU3UIECKUM TIPOTIECCaM, KOTOPBIH TTO3BOJIAET OJJHOBPEMEHHO YIUTHIBATH
pa3HoMaciTabuble (PU3NKO-XUMHUYECKue Iporecchl. [IpoBeeHo uccaeoBanme 0CeCuMMETPIIHBIX
TedeHu il IByX(as3HOil XUMHUIECKN aKTUBHOM CPeJIbl C JIa3€PHBIM U3JIyYeHUEM, OIIPE/Ie/IEHO BIUSTHUE
psijia pU3NIECKUX TTapaMeTPOB Ha BBIXOJIbI IPOYKTOB KOHBEPCUU METaHA.

ANMHAMUKA JIETKUX PAINKAJIOB B ].:ASOHBI.HEBOfI CPEJE C
KATAJINTUNYECKOU KOHBEPCUEN YI'JIEBOJOPO/10B

B.H. Cuprrauxos *! E.E. Ileckosa?

Mucruryr karammsza umenu K. Bopeckosa CO PAH, Hosocubupcek, Poccus
2HarmoHa IbHBIH NCCIIeI0BATETbCKHTI MopmoBckwuii rocymapcTBeHHbIil yHIBEpCcuTeT, CapaHCK,
Poccus
*snyt@catalysis.ru
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N3ydenne koHBepcuM MeTaHa U JIPYTHUX JIETKUX aJTKAHOB B T€T€POreHHO- TOMOTEHHBIX MPOIIeC-
cax ¢ yJacTHeM KaTaJUTHIECKU aKTHBHBIX ITOBEPXHOCTEH CTAJIKHBAETCS C HEOOXOIMMOCTBIO pac-
CYNTBIBATH ITPOCTPAHCTBEHHBIE MACIITAa0Obl BJIUSHUS 9THX IMOBEPXHOCTEH Ha 3apoxKeHue U pac-
pocTpaHeHne pajankaaoB. Pacder 3Tux MaciTaboB HaMU IIPOBOJUTCA C YIETOM CJIOXKHBIX KHHE-
TUYECKUX MEXAHU3MOB PaIUKAJIbHBIX IEIHBIX PeaKInil /i1 YIJIeBOJ0POJIOB, I'a30JIMHAMUKN JIBYX-
da3HOIt MHOTOKOMITIOHEHTHOI CPeJIbl C KATAJIUTHICCKN aKTUBHBIMIA HAHOYACTUIIAMHU U U3MEHEeHIEeM
BHYTPEHHE SHEPTUH B YHI0TEPMIIECKOM XUMUIECKOM IIPOIECcce. DT PACIEThI OCYIIECTBIAIOTCS €
oMoIIbIo 2D mapaJiieTbHOro KoJia ¢ pellieHneM HecTallmoHapHBIX ypaBHenuii. Perenns MoietbHoi
HeJTMHENHON 331891 CPABHUBAIOTCS C M3BECTHBIMU AHAJMTUYECKUMU PE3YJTbTaTaMU JJIsl OJTHOMED-
HOT'O ciIydasi. PacdeTnl MOKa3bIBAIOT, YTO (DU3MUECKHE TIPEJICTABICHIS U3 9acTu padboT 06 obacTu
[IPOCTPAHCTBA, 3aHATON pajuKaJaMi, OCHOBaHHbIE Ha OleHKaX Auddy3un u ruden paIuKaJios,
TPeOyIOT CYIIeCTBEHHOrO yTouHeHus. 110100HbIe yTOTHEHNST MOT'YT 3HAYUTEIBHO ITOBJIUSTH HA IIPO-
eKTUPOBaHUE COOTBETCTBYIOMINX TEXHOJOTUYECKUX ITPOIECCOB.

ON ONE SOLUTION OF THE PROBLEM OF OSCILLATIONS OF
MECHANICAL SYSTEMS WITH MOVING BOUNDARIES

K.V. Litvinova! V.L. Litvinov *?
'Lomonosov Moscow State University, Moscow, Russia
2Samara State Technical University, Samara, Russia
*vladlitvinov@rambler.ru

The problem of oscillations of bodies with moving boundaries, formulated as a differential
equation with boundary and initial conditions, is a non-classical generalization of a hyperbolic
problem. To facilitate the construction of a solution to this problem and to justify the choice
of the solution type, equivalent integro-differential equations with symmetric and non-stationary
kernels and non-stationary integration limits are constructed. The advantages of the integro-
differential equation method are revealed when moving to more complex dynamic systems carrying
concentrated masses oscillating under the action of moving loads.

The method is extended to a wider class of model boundary value problems that take into
account bending rigidity, resistance of the external environment and the rigidity of the base of the
oscillating object. The solution is given in dimensionless variables with an accuracy of up to the
values of the second order of smallness of relatively small parameters characterizing the velocity
of the boundary. An approximate solution is found for the problem of transverse vibrations of a
viscoelastic beam with bending rigidity, taking into account the action of damping forces.

BJINAHUE TPAHUYHBIX YCJIOBUI HA YCTONYUBOCTH ®POHTA
DPA30BOT'O ITEPEXOJA B TEOTEPMAJIBHOM PE3SEPBYAPE

K.P. 2Kurnukos *! I'.I". Ilpmknn’
Mucruryr npobaem mexanuku um. AJO. Nmnumunckoro PAH, Mocksa, Poccust
*k.zhitnik01@gmail.com

PaccmarpuBaercst ognoMepHast 3a/1a9a HHKEKIINKA BOJIBI B BBICOKOTEMIIEpATYPHBIE TOPOIbI. Mc-
CaeyeTcs YyCTOMIUBOCTD (DPOHTA KUIIEHUsT BOJIBI, OTAESIONIEr0 BOJOHACKIIIIEHHYIO 00/IacTh OT 00-
JIACTH, HACBIIIIEHHON ITeperpeThiM rapoM. IIpeaonaraercs, 9To aMILIATY 18 BO3MYIIEHUS TaB/ICHUS
BO/IBI $IBHO 3aBUCUT OT BpeMeHH. [loyiydeHo juciepcroHHOe ypaBHEHUE, UCCIeI0BAHHOE UUCIEHHO
n aHajnuTudecku. Haiimeno, 9ro kKpurepuil yCcTORIMBOCTH 3aBUCHUT OT BPEMEHHM U ACUMIITOTHIE-
CKH IIPHUOJINKAEeTCsT K PeIIeHno /I OeCKOHeIHOH BOOHaCHIIeHHO obtacTu. [lokazano, 1To aBuU-
JKYIIUCS N3HAYAIbHO HEYCTONYIUBBIN (DPOHT ¢ TEUEHHEM BPEMEHU MOXKET CTaOUIM3UPOBATHCS, &
[OTepsi YCTOMYMBOCTU C POCTOM BPEMEHHM HEBO3MOXKHA. PacdeThl MOKa3bIBAIOT, 9TO JIJIsI BBICOKO-
IIPOHUIIAEMBIX TTOPO/I PE3YJILTATHI ACUMIITOTHIECKOIO PEIIeHsT MOTYT ObITh TPUMEHEHbBI C BHICOKOI
TOYHOCTBHIO. J[JIsT HU3KOIPOHUIIAEMBIX ITOPOJI, BpeMsi, HEOOXOIUMOE JIJIsI BBIXO/Ia Ha aCUMIITOTHYE-
CKHUIl PEeXKUM, MOXKET OBITH OOJIBIIMM. YCTAHOBJIEHO, YTO pa3Mep MaJIbIEB, 00Pa3YIOMIUXCs IPH
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HEYCTONYINBOCTHU, YMEHBINAETCS C POCTOM ITPOHUIIAEMOCTH U I'DAJINEHTA JaBJIeHUA U C1ab0 3aBUCHT
OT BpEMEHU.
Paborsr BeinosHeHa 1pu noyiepkke Poccuiickoro Hayunoro @onjia, npoekt 24-11-00222.

YCTOMUYNBOCTH HEKJIACCUYECKNX PA3PBIBOB OBOBIIIEHHOI'O
YPABHEHUYA KOPTEBEI'A-IE ®PU3A-BIOPI'EPCA C IIEPEMEHHBIM
ITAPAMETPOM /IMMCCUITAIININ

I".B. Kosommiines *! B.A. IllapraTos’
"Hanunonanbusiii Uceenosarensckuit Slnepnbiit Yuusepcurer « MUDPU» (Mockosekuii
Nnzkenepuo-Pusnueckuii Mucruryr), Mocksa, Poccust
*gvkolomiitsev@mephi.ru

PaCHpOCTpaHeHI/Ie BOJIH B CINIOIIHBIX CpedaxX MOXKET IIPUBOJIUTL K O6pa30BaHI/IIO Y3KUX BbICO-
KOTI'paJIMEHTHBIX 30H. XapaKTep U3MEHEHUA ITapaMeTpPOB CpeJbl B HUX OIIMCBIBaCTCA B MOIEJIAX,
YYIUTBIBAIOIINX HAJIMYNE Y CPeIbl JUCCUIATUBHBIX U JUCHeprupyonmx cBoiicts. Ecim dyHKIms
[IOTOKA, (DUBUYIECKON BEJIMYMHBI UMEET TOUYKH Ilepernda, TO BO3MOXKHO BO3SHHKHOBEHUE Pa3pbIBOB,
HAPYIIAOMNX KJIACCHIECKIE YCJIOBUsI 9BOJIIOIUOHHOCTH. [IpuMepoM ypaBHeHUs, HILTIOCTPUPYIOIe-
ro TaKue CBOWCTBa cpejl, sBideTca obodiennoe ypasuenne Kopresera-ge @pusa-Broprepca. s
[IOCTPOEHUsI pelleHns 3a1a9u PuMaHa B TaKUX 3aJavax HEOOXOIUMO 3HAHUE CTPYKTYPbI MHOXKE-
CTBa peH_IeHI/Iﬁ B BUJE 6eFYH_[I/IX BOJIH 1 HUCCJIEJOBaHMEC UX YCTOﬁqHBOCTH.

Taxkoe uccaegoBanmne MPOBEIEHO sl CIydasi, KOTJIa IIapaMeTp JUCCHIIAIINNA 3aBUCAT OT peIle-
Husd, a PYHKIUS [IOTOKA UMeeT JiBe ToUuku Iepernda. [lokazano, 4o ecjiu cpeji TaKUX PeIIeHuit
CYIIIECTBYIOT 0COObIe pa3PbIBbI, TO POBHO OJIMH U3 HUX SBJIAETCA MOHOTOHHON (DbyHKIHEH KOOPIH-
HaT. YCTONYINBOCTH OETYIIUX BOJIH UCC/IEI0BaHA KAK B JITHEHHOM ITPUOIHMKEHUN METOJIOM (PYHKITUT
OBaHca, TaK M YUCJICHHBIM pellleHrneM ypapHeHus. [IpoBejiena Kiaccudukalnsg HEYyCTONIUBBIX Pe-
IIEHN U TIpOBEpPeHa I'MIoTe3a 00 YCTONIMBOCTH MOHOTOHHBIX pas3pbiBoB. CdhopMyanpoBaH OOt
[IOJIXO/T K PeIeHuio 3a1a9u PuMana Jij1si TAKOTO YpaBHEHUS.

ITPOTHO3UPOBAHUE /INMHAMUKU TEMIIEPATYPHOT'O PE2KNIMA
BEYHOMEP3JIOT'O I'PYHTA B OKPECTHOCTHU MATTICTPAJIbHOI'O
I'ASOIIPOBO/JIA ITP NSMEHEHUN KJINMATA

A.A. ®enoros *! I1.B. Xpamos?
'MockoBckmit rocynapeTBenHblii Texandeckuit yausepcurer uM. H. D. Baymana, Mocksa, Poccnst
*le-tail@list.ru

UcciteioBana HavaabHO-KpaeBas 3a/a4a JjIsi HeCTAIIMOHAPHOTO JIByMEPHOTO YpaBHEHUS Tell-
JIOITPOBOJIHOCTH B OIPAHUYEHHOI 00J1aCTU, MOJIE/IUPYIOINIas HeCTaIlMOHAPHOE pacIpejie/ieHue TeM-
epaTypbl BETHOMEP3JIOT0 TPYHTA B OKPECTHOCTH MATrMCTPAIBHOIO Ta30MpOBO/IA C YIETOM IOTell-
Jlenusd KianMara. [lapaMerpbl MaTeMaTu4decKoil MOJIe/ I 10/I00PaHbl B COOTBETCTBUU C SKCIIEPUMEH-
TaJbHBIMU JIAHHBIME 110 TPAHCIIOPTHUPOBKE r'a3a B paiioHaX PaclpoCTpaHeHus MHOTOJIETHEMEP3JIbIX
IPYHTOB. 3aja4a pelleHa YHCJIeHHO MEeTOJIOM KOHEYHBIX 3JIEMeHTOB. MojempoBanme mpoBOINTCs
B Tevenue 30 JIeT ¢ MOMEHTA HavasIa SKCILIyaTallul ra30Boi TPyObl. PacueTbl mpoBOIdTCs 10 MpaK-
TUYECKOT'0 YCTAHOBJICHUS TIEPUOIUIECKOTO TEMIIEPaTyPHOTO PEKUMa I'PYHTA BOKPYT ra3olpoBoJia.

Paccmorpensr jBa crienapust Representative Concentration Pathway (RCP) riobasibhoro mo-
remienusi: ymepennbiii RCP2.6 u 6osiee neratusabiii RCP&.5. [TokaszaHo, 970 B OKpeCTHOCTH TPYObI
MIPOMCXO/IAT 3HAYUTETbHbIE N3MEHEHUsI B TeMIIePATYPHOM pPeKUMe TPYHTA [P PeAU3aI 000UX
CIleHapHUeB TIOTeIJIeHNsI. 'TeM He MeHee, pacdeThbl JeMOHCTPUPYIOT COXPAHEHNE BETHON Mep3JI0ThI
Jlake IPU HeTaTUBHOM CIIEHAPUM MTOTEIICHUS KJIUMATA.

PASBPABOTKA COBPEMEHHBIX MATEMATNYECKNX METO/10B "

OBOBIIIEHHBIX MOJIEJIEN ITPOTHO3UPOBAHU Y OIIPEJEJIATOIINX
XAPAKTEPUCTUK KOMIIO3NTOB ITPN BO3JEVCTBUN
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OKCTPEMAJIBHBIX ®AKTOPOB B PAMKAX BAPNAIIMMOHHBIX
ITOCTAHOBOK

E.JI. T'yces *!2 B.H. Bakymu®
MucruryT HedbTn 1 rasa PenepaabHOrO UCCICTOBATEILCKOTO MEHTPa « SIKyTCKIil HayIHbIIH
nentp Cubupckoro Otnenennss PAH», 677007, fdxkyrck, Poccus
UnctutyT Matemarnkn u nadopmarnkn Cesepo-Bocrounoro dbeepagbHOro YHHBEPCHTETa, |
677000, Axyrck, Poccusa
SUncturyr npukiaanoit mexanuku PAH, 125040. r. Mocksa, Poccusa
*elgusev@mail.ru

B nocniegnue jecstusieTus moJMMepHble KoMrosuimontbeie Marepuasibl ([IKM) cranossitest
HEOT'bEMJIEMOI YaCThIO COBPEMEHHON TEXHUKHU B TAKUX OOJIACTSAX, OIPEJIE/IAIONINX Hay THO-TEXHI-
qecKuil mporpecc, Kak aBua- U KOCMHYECKas TEXHUKA, CY/J0CTpOeHMe, HedTsaHAs U ra30Bas MPO-
MBIIIJIEHHOCTh 1 JIp. B 1moc/ie/inne To/bl 3HAMNTE/IbHYI0 aKTyaJIbHOCTb TPUOOPETAIOT BOIIPOCHI 10~
BbITIeHUsT 9(HEKTUBHOCTH SKCILTyaTAINN KOHCTPYKIUI 13 KOMITO3UTOB IIPHU BO3AEHCTBAN IKCTPe-
MaJILHBIX (DAKTOPOB, XaPAKTEPHBIX /I KIUMATHIECKUX yeaoBuil Apkrudeckoit n CybapKTuaeckoit
3oHbl. Ha coBpeMeHHOM ypOBHE pa3sBUTHs HAYJIHO-TEXHIYECKOT'O MMPOTPECca, TeHIEHIINN PAa3BUTU
COBPEMEHHOI HayK! O MaTepHuasaX BO3HUKAEeT HeOOXO/IMMOCTh UCIOJIH30BaHUS U PA3BUTUs HOBEI-
IITUX METOJIOB M TEXHOJIOTUH /11 BBICOKOTOYHOI'O IPOTHO3UPOBAHUS CBOWCTB MaTepuaJsioB. Perenne
JIAHHOW TIPOOJIEMBI IIPEJICTABIIET OOJIBIIYIO BayKHOCTH JIJIsl PEIIEHUs] BOIIPOCOB CO3JIAHUS HOBBIX
[EPCIEKTUBHBIX KOMIIO3UIINOHHBIX MATEPHUAJIOB C IOBBLIIIEHHON JIOJITOBEYHOCTHIO, (DYHKIIMOHUPY-
IOIUX B 9KCTPEMAJIBHBIX yCI0BUAX. Ha OCHOBE HOBBIX BApUAIMOHHBIX METOJIOB OBLIN ITPOBE/IEHBI
UCCJIEJIOBAHUS 110 PACIIMPEHUIO BO3MOXKHOCTEN BBICOKOTOYHOI'O ITPOTHO3UPOBAHUS CPOKA CJIYZKOBI
HOBBIX TIOJIUMEPHBIX KOMITIO3UITMOHHBIX MaTEPUAJIOB B 9KCTPEMAIBHBIX YCIOBUSX. B OCHOBY pa3pa-
O0TKI 00ODOIIEHHBIX MOJeIell JOJITOBETHOCTH KOMIIO3UTOB B SKCTPEMAJIBHBIX YCIOBUAX MOJIOXKEHBI
OCHOBHbBIE TOJIOKEHHsI COBPEMEHHOi MoJteKy isipHO-KuHerudeckoii reopun (MKT), yunrsiBatoreii
BO3MOYKHOCTH XUMUYECKUX TPEBPAIEHNNl B KOMIIO3UTAX KaK HA MEKMOJIEKYJIAPHOM, TaK U Ha
BHyTpUMOJIeKyIsipHoM ypoBHe. Ha ocnose coBpemennbix nostoxkenuit MK'T ucciieioBan Boripoc o
COTJIACOBAHUU OIIPE/IEISIONINX [TaPAMETPOB MaTeMaTUIEeCKUX MOJIeIel, yINTBIBAIOIIUX PE3Y/IbTaThI
9KCIIEPUMEHTAJIbHBIX U3MEPEHUi Ha MaKPOypPOBHE, C COOTBETCTBYIOIMIUME OMPEICISIONINME Tapa-
MeTpaMu (hU3UIECKUX MOJIEIeH, ONMUCHIBAIOIINX MOJIEKY/ISPHbIE B3aUMO/I€HCTBIUS Ha MUKPOYPOBHE.
B pamkax coBpeMeHHBIX BapUAIMOHHBIX METOJIOB Pa3padOTaHbl MATEMATUIECKIE METO/IbI U 0000~
IMeHHbIE MOJIE/IN JOJITOBETHOCTH, YIUTHIBAIOIIIE BIMIHIE HECKOJIBKNX IKCTPEMAIbHBIX (DAKTOPOB
Ha MaTepuaJl. [IpoBeieHHbIE BEIYUCIUTETbHBIE SKCIIEPUMEHTHI TTOKA3a/Il BBICOKYIO 3((MEKTHBHOCTH
pa3paboTaHHbIX MaTeMaTUYeCKUX METOJOB U ODOOIINEHHBIX MOJeJIell JOJTOBEYHOCTH JIJIsi PElleHust
3a/1a9 BBICOKOTOYHOI'O IIPOTHO3UPOBAHUS OIPEJIEISIONINX XapaKTePUCTUK KOMIIO3UTOB IIPU BO3/Ieii-
CTBHUM 9KCTPEMAJILHBIX (haKTOPOB BHEIIHEH CPEJIb.

Pabora BbITIO/IHEHA B paMKax T'OCYJIapCTBEHHOIO 33 1aHus MuHICTEePCTBa HAYKH U BBICIIIETO 00-
paszosanus P® (per. No 122011100162-9) ¢ ucnosib3oBanneM HaydHOro obopymoBanus Llearpa Ko
nexktuHOro nosib3oanuss OUILL AHIT CO PAH u B pamkax rocymapcrsentoro 3ajganus UITPUIM
PAH (momep roc. perucrparmn tembr 1023032300192-8-2.3.2

O MOJEJIMPOBAHUM TOHKNX OTCJIOUBIINXCH BKJIIOYEHUN C
JIOKAJIBHBIM ITOBPE>KJ/IEHVEM B JIBYMEPHOM VIIPYI'OM TEJIE

T.C. ITonosa *! A.A. Edpemos!
LCepepo-Bocrountrit denepanbubiii yuusepeuter nm. M. K. Ammocosa, SIkyTck, Poccns
*ptsokt@mail.ru

B pabore paccmarpuBaroTcs 3ajadd O PABHOBECHHU JIBYMEPHBIX YIIPYTUX TEJI, COAEPIKAIIUX
OTCJIOUBIIINECS TOHKHUE BKJIIOUYEHHS C JOKAJIbHBIM JepekToM. B dhopmympoBKe 3a/1ad UCIIOIb30-
BaH IOJIOXKUTEIbHBIN ITapaMeTp, XapaKTepU3YIOIIN CTeleHb TOYETHOTO TIOBPEXKICHUS MaTepuaJa
BKJIIOUeHus. VlceaeoBanbl ciydan TOHKOTO YIIPYTOro BKJIIOYEHUs, MOJAETUPYEMOr0 B paMKaxX Teo-
pun 6aku TuMOITIEHKO, a TaKyKe TOHKOEe YKEeCTKOe BKJIIOYEHUE, XapaKTepU3yeMoe CIEeIUaTbHbIMI
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YCJIOBUSIMU Ha CTPYKTYPY PyHKINI repeMertennii. OTcioeHre TOHKOTO BKJIIOUEHHS TTOPa3yMeBa-
€T HaJM'Iue TPENIUHBbI, DU 3TOM Ha ee Oeperax 3aJlaHbl HEKJIACCHYECKUE KPaeBble YCJIOBUS THIIA
HEpPaBEeHCTB. 3a/1a49u (hOPMYJIUPYIOTCS B BUJI€ BAPUAIMOHHBIX HEPABEHCTB,COOTBETC- TBYIOIINX M-
HuMu3auu (HYHKIIMOHAJIA SHEPIUU Ha BBIITYK/JIOM MHOXKECTBE.

Jlokazana pa3pemmnMocTh KaxK 1o u3 3agad. ODOCHOBaH IIPeJIe/IbHBII TePEXO/] 110 IapaMeTpy
MIOBPEXKIAEMOCTH U TIOKA3aHO0, YTO MPEJIC/IbHbIE CIyYal COOTBETCTBYIOT CJIydasdM IOJIHOIO U3JI0Ma,
JINOO OTCYTCTBUIO IOBPEXKJIEHUs B TOUYKe. BbIBejeHa cucreMa ypaBHEHUN, TPAHUIHBIX YCJIOBUM 1
YCJIOBUI CONPSYKEHNsI B TOUKe MOBpeKIeHNs. /[oKa3zaHa SKBUBAJEHTHOCTD MOJYIE€HHBIX BapUaIll-
oHHOIl 1 guddepeHnalIbHON MTOCTAaHOBOK. PaspaboTaH aJropuTM BBIYMUCIEHUs ITPUOINZKEHHOIO
pelennsl U ITPUBeIeHbI IPUMEPHI YNCIEHHON pPeam3aIiii.

UccnenoBanme BLITIOJIHEHO 3a cueT rpaHTa Poccmiickoro may4unoro gonga Ne 25-21-20128,
https://rscf.ru/project /25-21-20128/

OIITUMAJIBHOE YVIIPABJIEHIE YI'VIOM HAKJIOHA IIPEITATCTBIA B
KOHTAKTHOU 3AJAYE AOJI4A ITJIACTVHBI TUMOIITEHKO

H.II. Jlazapes!
LCesepo-Bocrounstit dbenepanbuniii yausepenter um. M.K. Aymocosa, dkyTck, Poccusa
*nyurgunlazarev@inbox.ru

[Ipeniozkena HOBast MaTEMATHUICCKAsT MOJIE/Ib, OIUCHIBAIOIIAS KOHTAKT IJIACTUHBI T HUMOIICH-
KO C HaKJIOHHBIM IpernsTcrBueM. [Ipesmosiaraercs, 9T0 B HA9aJIbHOM COCTOSTHUH 3a/laHHAsT IaCTh
IPAHUIIBI HIZKHEH TTOBEPXHOCTH IIJIACTHHBI KacaeTcs HeJeopMUpPyeMoro mnpensatcTsus. Kpome To-
r0, TPEJITOIAraeTCsl, ITO TTIOBEPXHOCTD MPENATCTBUSA COCTABJIEHA U3 TPSIMOJUHEITHBIX OTPE3KOB —
obpazyromux. [Ipu sToM Kakaas obpa3yiolias PaciooyKeHa 1MoJL 33/ JaHHbIM YIJIOM K TIJIOCKOCTH
IJIACTUHBI, COOTBETCTBYIOIIEH ee JiniieBoil moBepxuoctu. Hanmaraercs rpanuanoe yciaosue tumna Cu-
HBOPUHY B BHJIe HEPABEHCTBA, 3aBUCHINEr0 OT yIJia HAKJIOHA IpendTcTBrs. COOTBETCTBYIONIAS Ba-
pUAIMOHHAS 33/[a9a O PABHOBECUU ILJIACTUHBI (DOPMYIUPYETCS B BUJI€ MUHUMUA3AINYN (DYHKITHOHAIA
SHEPI'UH HAJI BBIIYKJ/IBIM MHOXKECTBOM. YCTaHOBJICHO, UTO 33J/la9a UMeeT €JIMHCTBEHHOE DeIleHue.
[Ipeamoarast, 9To yryibl HAKJIOHA MOTYT U3MEHATHCS OTHOCUTEIHHO MTOJIOKUTETHHOIO apaMeTpa
), paccMaTpUBaeTCs CeMeicTBO 3a/1a4d paBHOBecus. [lapamerp § mpuHa /IeKUT 33/ IAHHOMY 3aMKHY-
TOMY MHTEPBAJIy U OIpejesseT n3MeHeHNe YIIOB MeK, 1y 00pa3yIoIuMI 1 JTUIEBOI TTOBEPXHOCTHIO
mwiactuibl. [Ipuanmast ykazauHubiil mapaMeTp B KadecTBe yIpaBiieHns, (hOPMYIUPYETcs 3a/1a49a Oll-
TUMAaJILHOTO YIIPABJICHUs Jijisd (DYHKIIMOHAA CTOMMOCTHU, XapaKTePU3yIOIero OTKJIOHEHUE pellie-
HUS OT 3a/IaHHBIX ODODOIIECHHBIX TepeMertenuii. JIoka3pBaeTCsA CyNECTBOBAHUE PEIICHUs 3a/adu
ONITUMAJILHOTO yIpaBjenus. Tak:ke ycTaHABIMBAETCs HElPEePbIBHAS 3aBUCUMOCTD PEIIeHH OT a-
pameTpa 0 B mojxojsiieM npocrpancTtse CoboJieBa.

Pesynbrars! nomyvyensl npu nojiiepkke rpanta Poccuiickoro nay4noro gonga Ne 23-71-30013

(https://rscf.ru/en/project /23-71-30013 /)

BJINAHNE TEPMUYECKU CTPATU®UNIITPOBAHHOI'O SHEPI'OBKJIA/TA
HA ITAPAMETPBI BLICOKOCKOPOCTHBIX IIOTOKOB 11 'EHEPAIINIO
INIIYMA

O.B. Kpasuenko *!
LOUIL 1Y PAH, Mocksa, Poccus

*olekravchenko@mail.ru

VipaBjieHue 1moJIeTOM CBEPX3BYKOBBIX I'DAXK/IAHCKUX CAMOJIETOB SIBJISETCA BarKHOM 3ajiadeil B
00J1aCTH a3POKOCMHUYIECKOH NHYKEHEPUHU. AKTYATbHBIMU SABJIAIOTCS AKTUBHBIE METO/IbI YIIPABJICHUS
IIOTOKOM, HCHOJIB3YIOIME B KadeCTBEC MHCTPYMEHTA YIPABJICHUA JIOKAJIBHOC BJIO?KCHHUE SHEPIUU
(SHEPrOBKJIA]) B PA3JIMUHBIE TOYKU MOTOKA.

B pabore paccmaTpuBaioTCs BOIPOCHI YIIPABIECHUS TUHAMIIECKUME XapPaKTePUCTHKAMU BbICO-
KOCKOPOCTHOTI'O OOTEKaHUsI IIPU [TOMOIIU TEPMUIECKU CTPATHMUIINPOBAHHBIX UCTOYHUKOB SHEPIUN.
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BrisiBjieH MHOTO BUXPEBOIT MEXaHU3M BO3ECHCTBHUSA CTPATU(MUIMPOBAHHOIO MCTOYHUKA HA TOJIOB-
HYIO VJIAPHYIO BOJIHY, OOYCJIOBJIEHHBII ITposiBJieHnneM HeycroitunBoctu Puxrmaiiepa—Merkosa. Pasz-
paboTaH MOJIy—aBTOMATUYECKUN MOJIX0/T K MIMPOBOIi 00paboTKe SKCIIEPUMEHTATIBLHBIX U300parke-
Huii. PaccMoTpena 3a/1ada 11yMOBOIro BO3JeiiCTBUSI Ha TIOBEPXHOCTH 3eMn (Sonic Boom problem).
[Tokazano, YTO HA HEKOTOPBIX PEKUMAX TEUCHUS TPUMEHEHUE TEPMUIECKU CTPATU(DUITTPOBAHHBIX
NCTOYHUKOB SHEPIUU HE BBI3BIBAET YBEJMYECHUE ITyMa Ha MOBEPXHOCTH, UTO SIBJIIETCS BarKHBIM
ACIIeKTOM B PEIeHNN 331, CBSI3aHHBIX C TOJABJIEHIEM ITyMa.

Takum 06pazom, MOKA3aHO, YTO MPUMEHEHNE TEPMUYIECKH CTPATH(MOHUITMPOBAHHBIX UCTOYHUKOB
SHEPIUU ABJIACTCS MEPCIIEKTUBHBIM METOJIOM JIJIST PA3pa0OTKN CHCTEM YIIPABICHUA BHICOKOCKOPOCT-
HBIM [TOTOKOM / IOJIETOM.

BBIUYNCJIEHUE ®UMHAJIBHBIX BEPOITHOCTEN OJIsd IIPOITECCOB
POXKJIEHNA 1 TUBEJIN C IIOJIVIIPOZPAYHBIMUI 9KPAHAMMUN

A.A. Macruxuna! A.B. Mactuxun *!
"Mockosckuit Tocynapersennbriit Texnnuecknit Yuusepceuter um. H.9. Baymana, r. Mocksa,
Poccua

*mastikhin@bmstu.ru
PaccmarpuBaercs ciefyioniee o0OOIEHNE KJIACCHIECKOI'O0 MapKOBCKOT'O IIPOIECCa POKJICHUS

" TUOe N ¢ JABYMS TOTJIOMAIONIMMI SKPAHAMU W JNCKPETHBIM BPEMEHEM, M3BECTHBII TaKKe Kak
3a/1a4a O p30peHnn Urpoka. s KazK10ro COCTOAHMS N3BECTHBI BEPOSATHOCTH 34 €/IMHUILY BPEMEHN
IepeiiTi B IpeJbLAyIIee COCTOAHUE U B MOCJEIYIONIee, & TaKKe BEepOATHOCTh OCTAaTbCA Ha MecCTe,
TO €CTh B KaKJI0€ COCTOsHUE J00aBJ/ISETCs IOJIyIPO3padHblil 9Kpan. Ecin ke emé u B 0JHO u3
HOTJIOMIAIOIINX COCTOSHUI JT0OABUTH YIPYTUMl 9KPaH, TO MbI IOJYYNM €JIUHUIHYIO BEPOATHOCTH
1iepexo/ia B OCTaBIIleecs IOIJIONIAIOINIEE COCTOSHUE, U CUTYaIlusd CTAHOBUTCS TPUBUAJBHONA.

[TockoJibKy cTaBuTcsd 3a/1a49a 0 (PUHAJIBHBIX BEPOATHOCTSX, TO TIOC/IE MEPEX0JIa K IIPEJIe/TY MbI
MIPUXOIUM K IIPOIECCY C JIMCKPETHBIM BPEMEHEM. DTO JIaéT BO3MOXKHOCTD ITPUMEHUTH METOJIbI JTHC-
KPETHOI MaTeMaTuKu. A IMEHHO, IIPOIECC MIPEJICTAB/ISIETC B BUAJI€ OPUEHTUPOBAHHOTO Tpada, pas-
MEUYEHHOI'O 110 BEPOSATHOCTSIM II€PEXO0JIOB MEXKIy cocTosHuAMHA. s TaHHOTO HeJleTepMUHUPOBaH-
HOT'O aBTOMAaTa HAXOATCS PETYISPHBIE BHIPAXKEHNU s, ONIPEJIEISIONINE 3alUCh (POPMYJT BEPOSITHOCTE
[IEPEXO/IOB, B TOM YHCJE B MOIVIONIAIOIIAE COCTOSHUS.

MO/JEJINPOBAHUE BO3JIENCTBIY BHEIITHETO
QJIEKTPOMATHUTHOTI'O ITIOJIA HA ITPOBOJAIIIYIO CPELY

H.M. Topaeesa! 10.B. Crankesua*!
IMI'TY mm. H.D. Baymana, Mocksa, Poccna

*juliastan@bmstu.ru
PaccmarpuBaerca OTKINK 3/IEKTPOHHOM IIa3MBbI Ha BO3JEHCTBHE BHEIIHErO 3JIEKTPOMAarHUT-

HOTO ToJIsA. B pamMKax KWHETHYeCKOro IMOJXOJa JJis ONUCAHWS TOBEJ/IEHUs] 3apsyKEeHHBIX YaCTHUIL
UCIOJIB3YeTCS KUHETUYeCKOoe ypaBHeHUe DBoJibIMaHa, JIOTOJHEHHOe CHUCTeMOil ypaBHeHmit Makc-
BeJIJIa JIJIsT CAMOCOTJIACOBAHHOTO T0JIsA. VIHTerpas cTOIKHOBEHN B KHHETUYECKOM yPABHEHUN B3AT
B ¢dopme Bxarnarapa — I'pocca — Kpyka. B npejmnonoxkennu, 410 aMIINTYa BHEITHETO IIOJIst
JIOCTATOYHO MaJia, pacCMaTpUBaeMas CUCTeMa WHTerpo—auddepeHInaj bHbIX YPaBHEHUN perieHa
B aHAJIMTUYECKOM BUJIE METOJIOM MaJIbIX BO3MYIIEHMII.

JL1g moucka pernieHusi UCIOJIb30BaJICa MeTo/l mpeodbpazoBanusg Pypbe 000OIIEHHBIX (YHKITHIT
KOMILJIEKCHOTO apryMmenTa. J[is1 perennsi KpaeBbIX 3a/a4 B Pa3HoOil MOCTAHOBKE ObLIa IMPUMEHEHA,
TeOopHs PeIeHnil CHHTYIIPHBIX NHTEPAJTHHBIX YPABHEHNIT METOIOM CBEeJIeHIS UX K 3a/ia1de Pumana.
B pabote npejicTaBieHbl pe3yIbTaThl MOJIEMPOBAHUS TOBEIEHUS ILTa3MbI, JIJIsI KOTOPO B HEBO3MY-
IIEHHOM BuJIe cripaBe/iinBo pacupejestenne @epvu — lupaka mam Makcesesura. PacemarpuBaercs
MIOBEJIEHNE TIJIa3Mbl B CJIOE U IOJyIPOCTPAHCTBE, & TaKzKe pas3Hble IMOIXOJbl K MOJIEJTMPOBAHIIO
OTKJIMKa IJIa3Mbl Ha BHEITHeE ToJie B cjoe. VceemoBana 3aBUCHMOCTD PEIIEHUs OT YaCTOThI U aM-
IJITY/Ibl BHEIITHETO TOJIs, & TaKyKe OT XapaKTEPUCTUK CPe/Ibl — ILIA3MEHHON YaCTOTHI U YACTOTHI
CTOJIKHOBEHUIA.
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9INCJIEHHOE MOAEJINPOBAHUE IIPOITECCOB TA30BOI1 ANMHAMUNKNI C
ITPUMEHEHUVNEM OJHOUN AJAIITNBHON NCKYCCTBEHHOUN BA3KOCTU
AJI4 ITOJTHOCTBIO KOHCEPBATVBHBIX PASHOCTHBIX CXEM

M.E. Jlagokunal'? FO.A. ITosemenko'? X. Uxan *?
TUIIM um.M.B.Keipima PAH
"Mockopckuii puznKko-TexHuUecKuit HHCTUTYT (HAIMOHAJILHBIN HCC/IeI0BATE/ILCKUI yHIUBEPCUTET )
*chzhan.h@phystech.edu

YpaBHEHUS Ta30BOil JMHAMUKN IIPEJICTABJIAIOT COOON BBIpayKEHUs OCHOBHBIX 3aKOHOB COXpa-
HeHUsl (MaCcChl, MMITYJIbCA U SHEPIUU) B CILIOIIHOM cpejie. B ucesieoBanny u pakTHKe MOJTHOCTHIO
KoHcepBaruBHble pasHoctable cxembl ([IKPC) [1, 2| ¢ ajanTuBHOil HCKYCCTBEHHO# BSI3KOCTBIO |3
MOKa3bIBAIOT 3 MDEKTUBHOTH U TOYHOCTH JJIs PEIIEHUs 3a/1a9 ra30BOil TUHAMUKH.

PacemorpuM ABYXCI0MHYTO 1T0 BpEMEHU TTOJTHOCTBHIO KOHCEPBATUBHYIO PA3HOCTHYIO CXEMY IPO-
CTPaHCTBEHHO-OJITHOMEPHOT'O TEUEHUs C2KUMAEMOTO ra3a B IEPEMEHHBIX Jiliepa:

my = —vDINpu5;, (1)
(mu), = —UGRAD 7™ —vDITp (i, - up), (2)
(me)y = —3 Z(WNVDIVGUN)Q — vDINpyp, (3)
Q(w)
u? N N u’
(m;)t = —v(u~,GRAD,n~) —vDINp(up— 5 ) (4)

rie
p=pu, pup=cep=FEu, E=ps, p~=pW o, =const,

1
My =5 3 (patw)®, iy = My — vy GRANp™,
w(£2)

o = ngo 5) _ v DIV, (p~u w“) Z P,, ¢, = const,
w()

Mg, = % Z(Ewuw)(0'5), Wap = Myp — VgGRANp(p~e¥?)), 4. = const,
w()
{vy, vy, vi} - TPyTIa NCKYCCTBEHHOM BASKOCTH.

B pab6ore [4] npemioxensr Merosnl HanosnHenust AVB s nannoit [IKPC . [l TectupoBanust
[PEeJIAraeMbIX METOJIOB IIPOBOJISTCs pacuéTsl 3ajad ditndensbara [5] u Coma [6]. Hacts pesyiib-
TaTOB PAcUYETOB IIpeJicTaB/ieHa B puc. 1 u puc. 2. Pe3syabrarhl 1MOKa3bIBaIOT BBICOKYIO TOYHOCTb.
Kpome 31010 unciieHHble 3HAYEHUST CKOPOCTU M TEPMOJIMHAMUYECKUX BEJIMYIUH (IJIOTHOCTH BHYT-
PEHHsIsT SHEPTUST M SHTPOIINS) COBIAJAIOT C AHAJIUTHICCKIMH.
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— Numerical Density — Numerical Density
— Numerical Entropy — Numerical Entropy
— Analytical Density — Analytical Density

~ Analytical Entropy — Analytical Entropy

?
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Puc. 1. IIpodpuis nmornoctn n sutponiuu  Puc. 2. [Ipoduib mioTHOCTH U SHTPOITHUT

(P/p?, v - mokazaresb agnabaThl) Mpu (P/p", v - nokazaresb agunabarsl) mMpu
pereHnn 331891 JiHbEIbITa pertennn 3aa49u Cojia U UX aHAJIUTUIECKOE
perenue.

Crmcok jmurepaTypbl

1]

2l

(6]

Samarskii, A. A., Popov, 1. P. (1980). Difference methods for solving problems of gas
dynamics. Moscow Izdatel Nauka.

Yu.P. Popov, A.A. Samarskii, Completely conservative difference schemes, USSR
Computational Mathematics and Mathematical Physics, Volume 9, Issue 4, 1969, Pages
296-305, ISSN 0041-5553.

I.V. Popov, L.V. Fryazinov, Adaptive artificial viscosity method numerical solution of
equations of gas dynamics, Moscow, Krasand, 2014 (In Russ).’

M. E. Ladonkina, Yu. A. Poveschenko, H. Zhang, “Comparative analysis of some iterative

processes for realization of fully conservative difference schemes for gas dynamics equations
in Euler variables”, Zhurnal SVMO, 26:4 (2024), 404-423 (In Russ).

B Einfeldt, C.D Munz, P.LL Roe, B Sjogreen, On Godunov-type methods near low densities,
Journal of Computational Physics, Volume 92, Issue 2, 1991, Pages 273-295, ISSN 0021-9991.

Gary A Sod, A survey of several finite difference methods for systems of nonlinear hyperbolic
conservation laws, Journal of Computational Physics, Volume 27, Issue 1, 1978, Pages 1-31,
ISSN 0021-9991.

BBIYNCJIEHVE NHTEI'PAJIOB C OCOBEHHOCTAMM B 3A/TAYAX
MEXAHUKN

IT.A. I'Bozzes *!

'MockoBckuit rocynaperBenHblit Texaudeckuit yausepeurer uM. H.9. Baymana, Mocksa, Poccus

*gvozdevpa@student.bmstu.ru

HpI/I pPacCMOTpPEHNN TBGp,ZLOTGJIbHOfI I1JIa3MBbl BOSHUKaeT H€O6XO,ILI/IMOCTI> HaXOXKJIeHNA 3HAUYEHU
HHTErpaJioB CJIEAYIOIIETO BU/da:

1. UnrerpasioB Tuna Komu ¢ sKcrioneHnmuaabHo yObIBAIOIIEH IJIOTHOCTHIO, PACCMATPUBAEMBIX

B CMBICJIE TJIABHOTO 3HAYEHUs, B TOM YHUCJI€ TeX, IJIOTHOCTA KOTOPBIX BBIPAXKAIOTCA depes
pacupejenenus Makcsesna, @epmu-/lupaka, bBoze-Ditninreitna.

Nuterpasos 1o 6ecKOHEIHOMY KOHTYPY, IJi€ MOJIbIHTerpaibHast (DyHKIUS SIBJISIETCS PACIpe-
JIeJIEHUEM C TS2KEJIBIMU XBOCTaMU, B TOM YHCJ/Ie UHTErPaJIoB Tuia Kormm ¢ TakuMu 1IoTHO-
CTSIMU.
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3. WurerpaJon, cojepkamux JorapudMudeckyio MyHKINIO, TPYTHOCTH BHIUYUC/IEHIA KOTOPHIX
CBSI3aHBI C €€ MHOI'O3HAYHOCTHIO.

JL1st pertieHnst THTErPAJIOB IIEPBOTO THUIIA IIPUMEHSIIOCH IIpeodpa30BaHne UX K HHTerpaJjaM ¢ KO-
HEYHBIMU IIPEJIeIaMu, 9TO MO3BOJIAIO CBeCTH nX K pyHKIun /loycona mim K psajgamM, CoJIepzKaImM
o1y dynknuio. MHTErpasbl BTOPOro THUIA BBIYUC/IAINCH MTOCPEJICTBOM Pas3s0UeHUsl OCU WHTEI'PU-
pOBaHUs Ha MHTEPBAJIbI, HA KaXKJOM U3 KOTOPBIX MCIIOJIb30BaJNCh COOTBETCTBYIONINE METOIbI. B
OOJILIITUHCTBE CJIy9daeB ObLIN MOJIyYeHbl TOYHbIE AaHAJUTUIECKIE BBIPAXKEHUA WU TPUOIUKEHHDBIE
GOPMYJIBI ¢ OIEHKON MOTPEITHOCTH.

Jlst mHTErpUpoBannd PYHKIM, coaepKaIux jJorapudm, ObL1 pazpaboTaH aJropuTM, II03BO-
JIAIONINN YCTPAHUTh OIIUOKHU, O0YCJIOBJIEHHbIE MHOIO3HAYHOCTHIO (DYHKITHH.

OB YIIPABJIEHUU TEMIIEPATYPHBIM PEXKMMOM B ITPOMBIIIIJIEHHOI
TEIIJIMIE N ET'O OIITUMN3AIINN

1.B. Acramosal* JI.A. Jlamun? A.B. ®umunosckmit *3:!
"Mockosckmit rocynapersennbiii yausepenteT un. M.B. Jlomonocosa, Mocksa, Poccns
2HII® “©UTO”, Mocksa, Poccus
SMocKoBCKnil ToCyapCTBeHHEI Texamaecknii yansepenter nM. H.9. Baymana, Mocksa, Poccns
4Poccniicknit skonoMmaecknii yausepenter nM. M.B. Jlomonocosa, Mocksa, Poccusa
*flnvQ@yandex.ru

Uccremyercs 3a/iada yupaBieHus TEMIIEPATYPHBIM PEXKUMOM B IIPOMBINIICHHOMN TEILINIE, CO-
CTOSINASA B TOM, YTOOBI ITOJIJIEPKUBATH TEMIIEPATYPY Ha 3aaHHON BBHICOTE B COOTBETCTBUHU C 3a/IaH-
HBIM IpaduKOM. YIIpaBJIeHUE OCYIECTBIIAETCH 38 CUET U3MEHEHUs] TeMIIepaTyphl 10J1a TEILTUIIbI.
KonTposb ympaBieHust oCyIecTBISETCS ¢ TOMOIIbI0 (DYHKIIMOHAA KadecTBa, KOTOPBIH BhIOUPa-
eTCs B 3aBUCUMOCTHU OT TPeOOBaHUil "T/IaJIKOCTU yIIPaBJICHHs. 3a/iada COCTOUT B TOM, YTOOBI M-
HUMU3UPOBATH OTKJIOHEeHUE. Vceieyores KauecTBeHHbIE CBOMCTBA MUHUMU3UPYIONEi (hyHKIuN,
00CY2KTal0TCS BOIIPOCHI TOYHOW U TpuO/IMZKeHHON yrpaBisgemoctu. [loydenbr omneHKn cBepxXy u
CHU3Y MUHUMHU3HUPYIONEH (QyHKIMN B TEPMUHAX UCIIOJIb3yeMOro (pbyHKIIMOHAIA KadecTBa.

PASBPABOTKA CJIO2KHBIX KOMIIO3UIIMOHHBIX IIJIAHOB 1JIA
TEOPETUYECKOI'O 9KCIIEPUMEHTUPOBAHN A
BBICOKOTEXHOJIOTNYECKUX ITPOLTECCOB

9. Barrynra *!
"Mockosekuit Tocynapersennbiit Texnuueckuit Yuusepeurer um. H.9. Baymana, Mocksa, Poccus
*b.enkhjargald@gmail.com

[IpecTaBienbl KOMIIO3UIMOHHbBIE TIJIAHBI € JPOOHBIMY perumkamu u rianbl [lnakerra — Bep-
mana. [locTysnupyercs, 910 10 Mepe YCJIOKHEHUS PacCMaTPUBAEMbBIX O0JIaCTell UCCIe0BAHUS U
MIPOBEPKU THIIOTE3 O HECUMMETPUYHBIX 10 CTEeleHsAM (DAaKTOPOB MATEMATUIECKUX MOJIEJIel, CTAJIO
HEOOXOIMMBIM TTPUMEHEHHUE MEHTPAJbHBIX KOMIIO3UIIMOHHBIX ILJIAHOB, MOCTPOEHHBIX YNCICHHBIMU
MEeTO/IaMU ¥ IO3BOJISIONINX OO0JIee MOJTHO YYECTh alpUOPHYI0 WH(MOPMAIUIO O JIUHAMUYIECKUX Xa-
PaKTEpUCTUKAX MCCJIeLyeMbIX Mojesieil. Ha nadaabHO cTajun nccieIoBaHus ra30/IMHAMIYCCKIX
apaMeTpOB IIPU HAJUYIUNA MHOTHX IIEPEMEHHDBIX U IIPU HEU3BECTHOM 00JIACTU ONITUMYMAa Ha IIEPBOM
sTare OObIYHO PEeNIauCh 3a/1a9l BbIJICJICHUS IVIABHBIX (DAKTOPOB B 9KCIEPUMEHTE € HCIIOJIb30Ba-
HUEM JIPOOHBIX PEIUIMK WJIN IJIAHOB XapTJIH, a 3aTeM OCYIIECTBJSIOCH IAroBOe JIBMKEHNE K OII-
TUMYMY C HCIIOJIb30BaHUEM 0000IEeHHOro KpuTepusd. K HacTosIemMy BpeMeHU ¢ UCIOJIb30BaHUEM
TEOPUH IJIAHUPOBAHUS SKCIIEPUMEHTa PEIIeHO OOJIbINoe KOJUYIECTBO 3a/a4 110 Ta30BOil JUHAMUKE,
UMEIOIUX BaKHOE HAyUIHOe U IpakTudeckoe 3HadeHne. Ha srtare pa3paboTku KauecTBEHHOI'O CO-
CTaBa Pa3/IUIHBIX IA30MHAMUYECKUX MAPaMETPOB HCIIOJIb30BAINCH POTATAOCIbHbIE ILJIAHBI, Pa3-
HOYPOBHEBBIE (DAKTOPHBIE TIJIAHBI, TJIe YaCTO BCTaeT Ipo0JeMa ydeTa B3aMMOJIEHCTBUI ypOBHE
KaveCTBEHHBIX (paKTOPOB.
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IIOCTPOEHUE BENBJIETOB HA OCHOBE O/JIHOT'O CEMEﬂCTBA
TFTAPMOHUNYECKNX ATOMAPHBIX ®YHKIINUN

$1.10. Konosamos*!
IMI'TY um. H.9. Baymana, Mocksa, Poccust
*generator-fn-10@mail.ru

PazBuree TexHOJIOTHI U TOBCEMECTHOE BHEJIPEHUE MUMPPOBLIX TEXHUYUECKUX PEIICHUN TPUBO-
JIUT K T€HEPAINU 3HAYUTE/THHBIX 00beMOB mHMOpMaIun: U@ poBbIX N300pazKeHnil, BUIe03aINCeil,
JIAHHBIX C PAa3/IMYHBIX JIATYUKOB M T.JI. B CBA3M ¢ 3TUM BO3HHMKaeT 3aja4a pa3paboTku 3hder-
TUBHBIX CPEJICTB 00pabOTKN U CxKaTust JaHHbIX. OTHIM U3 TMOIXO/I0B K PEIeHNI0 JTAHHOM 3a1a9u
SIBJII€TCSI TIPUMEHeHe allliapara BefiBIeT-aHaan3a.

B nannoit pabore paccMmaTpuBaeTcs 000OIeHNEe KOHCTPYKIUU BeiiyieToB Meitepa, B KOTOPOIi
CIEKTD MaCIITadUPYIoIeil (pyHKINN CTPOUTCH KaK KBaJIPATHBIN KOPEHb U3 CBEPTKU MPIMOYTOJIb-
HOI'O UMITYJIbCA U TAPMOHUYECKOI aToMapHoit byHKIN gy (). YncieHHbIi 9KCIIepUMEHT TIOKa3bIBa-
€T, YTO HAWIYYIINMHI XapaKTEePUCTUKAME 00J1a/Ial0T BEUBJIETHI, COOTBETCTBYIOIINE OIPE/IeIEHHBIM
sHavdeHusM napamerpa k. B stom ciyuae dyakius nmeer Buj PpakTaJIbHON KOHCTPYKIIUNA. JKC-
[IEPUMEHTHI 110 IPUMEHEHUIO TTOTy YeHHBIX BEMBJICTOB B 3a/laUaX C:KaTHUs CUTHAJIOB U U300pazkKeHuit
JIEMOHCTPUPYIOT UX 3PPEKTUBHOCTb.

MATEMATNYECKOE MOJAEJINMPOBAHUE ITOJISYHECTUN MATEPUAJIOB C
ITAMATBIO

I.A. ITpukazunxos™!

"MockoBckuit PUBNKO-TEXHUIEKN UHCTUTYT (HauMOHaﬂmeﬁ UCCIEJI0OBATEIbCKUN
yuusepcuter), Mocksa, Poccust
*prikazchikov.da@phystech.edu

B pabore uccienyores MareMaTudecKue acleKThl MOJIEIUPOBAHNS T10JI3yYeCTH MaTEPUAJIOB B
paMKax JimHeitHoit Teopun Bosibreppa. Mcronb3yoTes mHTerpaabHble ONepaTOPhl ¢ CUHTY/ISIPHBIMEI
syipaMu (HarpuMep, tuia PaboTHOBA), yIUTHIBAIOIINE HACJIEICTBEHHBIE CBOHCTBA aMOP(MHBIX U
reTepOreHHbIX MATEPUAJIOB.

JlokazaHbl T€OpEeMbI CYIIECTBOBAHUSA, €JIMHCTBEHHOCTA 1 OECKOHEYHON JnddepeHImpyeMocT
peleHnii B KJIaCCHIeCKOM U CHJIBHOM CMBICJIaX JIJIsl yDaBHEHU{T ¢ TIepeMeHHbIMU (B TOM YHCJIe Pa3-
poiBHBIME) KO3 durmentamu. B ojHOMEpHOM ciIydae MOCTPOEHO ObIlee pelleHre B BHJIE DPsIIOB
Dypoe, no3BoJIsIoNee 3OPEKTUBHO aHAJIM3UPOBATDH IMHAMUKY MOJI3y4decTr. PazpadoTanbl MeToIbI
nJIeHTU(UKAIINT MaTEPUAIHHBIX [TaPAMETPOB 10 KPUBBIM ITOJI3YYECTH [PU [TPOU3BOJILHOM HAIrpy-
JKEHU.

[IpenokeH BBIMUCIUTETLHBIN aJTOPUTM IS PEIleHrs BOJIHOBOI'O YPaBHEHHS C MaMITHIO B
OJIHO-, JIByX- U TPEXMepHOI moctanoBKax. Vcxoanasa 3ajada ¢ abeJeBbIM sIJIDOM CBOJUTCH K CHU-
cTeMe ypaBHEHUI ¢ JpOoOHOI Mpom3BOHON 10 BpemeHu. J[jiss mpocTpaHCTBEeHHONW JTUCKPETH3AIINN
npumensercd cxeMa Jlakca—Benapodda, a nnrerpupoBanue mo npebICTOPUN HArpyzKeHus: obec-
MeYNBACT YUET AMATH MaTepHuaJia.

AsropuT™ peam30oBaH B IPOrpaMMHBIX KoMiLTekcax Ha Python u C++-. [IpoBenénubie qucien-
Hbl€ SKCIIEPUMEHTHI TI0/ITBEP/INJIN BBICOKHIT TIOPSIOK AIIITPOKCUMAIIAN, YCTOWYNBOCTD U CXOJIUMOCTh
MeTO/Ia.

UccrenoBanue BBIIOJIHEHO pH TOJIepKKe Poccuiickoro naydanoro gouma (mpoekt Ne23-11-

00035).

NCCJIEJOBAHUE YCTONYNBOCTI MHOT'O®A3HOT'O
ONJIBTPAITMMOHHOI'O TEYEHUS C ITPOME2KYTOYHBIM
BOJOHACBIIINEHHBIM CJIOEM

I1.1. Koxxypuna *! B.A. Illapraros’
Mucruryr npobaem mexanukn umenn A. FO. Nmummnckoro PAH, Mocksa, Poccust
*polinakozhurina2020@gmail.com
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Uccnenyercd ycTOYMBOCTH BEPTUKAILHOIO MHOTO(MA3HOIO TeUeHUsl, BOSHUKAIOIIErO IIPU BbI-
TecHeHUN Ta3a HeTHIO U3 TJIacTa. TakzKe PaccCMaTpPUBAETCH YCIOKHEHHAT MOIUMUKAIUS 33291
C HPOMEXKYTOUYHBIM BOJIOHACKIINEHHBIM CJIOEM, Pa3JIeJIdIonuM 30HbI ra3a u Hedru. Hapymenne
YCTOMYUBOCTU MezK(Da3HbIX I'PAHUIL IPUBOIUT K 00PA30BAHUIO MA30BBIX U BOJSHBIX MAJIBIEB U, KAK
caencTBre, GOPMUPOBAHUIO OCTATOIHON HEMTH.

JIuHeliHas yCcTOWYMBOCTh M3HAYAIBHO IJIOCKUX T'PAHUIL, PA3JIEISIONINX, COOTBETCTBEHHO, 00-
JIACTU Ta3a W BOJBI, & TaKKe BOJIBI U HedTH, nccaeayercs Kak B paMkax 3akoHa Jlapcu, tak u
C yYETOM MHEPIHMOHHBIX 3(PPEKTOB — Ha OCHOBE 000DOMEHHOrO 3aKoHa (buibrparun Popxreiime-
pa. s nsyxdasnoro cirydas MeToJ0M HOPMAJIbHBIX MOJI HCCJIEI0BAHA ClIeKTpasibHasl (JIMHeiHAs)
YCTOWYNBOCTL PeIeHns], MOJYIeHHOTO P PACCMOTPEHNN 3a/Ia9l O BBITECHEHUH CJIOA KHJIKOCTU
ra3zoMm B nopuctoit cpejie. [losryuennr JucnepcuonHble COOTHOIIEHUs, OMUCHIBAIOIINE POCT BO3MY-
IEHUH TTOBEPXHOCTU KUJIKOCTh-Ta3. [Ipu paccmorpennn muorodasHoit 3a/1a49u 00CYXKIAIOTC JIBa
cJIydast 9BOJIIOIIY BO3MYIIeHU . B mepBom ciiydae HadaibHbIe BOZMYIIEHUsT HAKJIABIBAIOTCS TOJIb-
KO Ha IPaHUILY pa3jeia ra3—Boja. Bo BTOpoMm ciiyvae MaJjibie BO3MYIIEHIS OJIMHAKOBON aMILTHTY/TbI
[IPUCYTCTBYIOT Ha 00enX MezK(a3HBIX I'PAHUIAX — Ia3-BOJA U BOJa HEPTh.

YCTaHOBJIEHO, UTO XapaKTep B3aWMOJIEHCTBUsT BO3MYIIEHNI Ha MeK(a3HbIX T'PAHUIAX OIpe-
JIeJIsieTCs TOJIIIMHON BOJIOHACKIINIEHHOTO CJIOsl, JITMHON BOJIHBI BO3MYIIEHUil, BA3KOCTBIO HedTH,
U I'PAJIMEHTOM JIaBJIeHUs. WCJIeHHbIe PAaCYEThl MOKA3bIBAIOT, YTO BO3MYIIEHUS Ha TPAHUIE BO-
Jla-HedTh Pa3BUBAIOTCH 3HAYUTEILHO MeJJIEHHee 110 CPABHEHUIO C BO3MYIIEHUSIMU Ha T'DAHUIIE
raz-Boja. [lokazano, 4To CymecTByeT KpUTUIECKOe 3HAUYEHUEe TOJIIUHBI BOJIOHACKHIIIIEHHOI'O CJIOS:
[IPU TIPEBBIIIEHUN STOTO 3HAYMEHUS BJIMSHIE BO3MYIIEHU Ha IPAHUIE ra3—Boja Ha IIOBEJIEHUE IPa-
HUIIBI BOJIa—HE(PTH CTAHOBUTCS HECYIIECTBEHHBIM.

Pabora BeinostHena npu dbunancooii noauep:kke PH® (ko mpoekra 24-11-00222),
https://rscf.ru/en/project /24-11-00222/.

CPABHUTEJIbHBIN AHAJIN3 CXOAMMOCTI NTEPAITMMIOHHBIX
METOA0B dKOBU U T'AYCCA-SEV/IEJIA PEINTEHNA CUCTEM
JINMHEMHBIX AJITEBPANTYECKINX YPABHEHUN

H.C. Boakos *! I1.B. Xpamos'
"Mockosekuit rocyiapeTsennbiii Texandeckuii yausepcuter um. H. D. Baymana, Mocksa, Poccns

*nikita.volkov01@mail.ru
[IpoBesieHo mCCe0BaHMe CXOAUMOCTU UTEPAIMOHHBIX UMCIEHHBIX MeTo10B fKoou n ['aycca-

Beitenst perienus CHCTeM JIMHEHHBIX ajarebpanmdecknx ypasrenuit (CJIAY) ¢ KOMIIEKCHBIME U
BEIECTBEHHBIMI MaTpUIIAMU 0e3 MPeJIOIOKEHNsT 00 UX IHaroHaJbHOM ITPeo0sIaIaHun.

st CJTAY ¢ aByMs U TpeMst HEU3BECTHBIMU aHAJTUTUIECKU OIPEJIEIEHBI 00JIACTH CXOIUMOCTH
KazKJIOTO M3 METOJIOB, & TAKKe YCTAHOBJIEHBI B3AUMOCBA3U MEXKIY STUMU OOJIACTSAMU.

Pazpaboran ajropuT™ MpPOBEPKHU CXOJMMOCTU Ha OCHOBE KOMILIEKCHOI'O aHAJIOra KPUTEpUs
[I'ypBuna, u gana ero mporpammHas peajusaiius Ha s3bike Python i ciydas Tpex Hen3BeCTHBIX.

Brlmnosineno craructudeckoe cpaBHeHue cxojumoctun merojioB npu pemennn CJIAY c Bere-
CTBEHHBIME MaTpUIaMu pa3MepHocTeit oT nByx 70 ngru. s CJIAY ¢ aByms mHemsBecTHBIME 008
MeTO/Ia JIEMOHCTPUPYIOT UJICHTUIHOE TIOBeIeHne — 00 00a cxomaTcs, aubo oba pacxoasrces. O1-
HAKO C YBeJMYEeHNEM DPa3MEpPHOCTH CUCTEMBI HAOJIIO/IaeTcd 3HAYUTETbHOE MPENMYIIECTBO METOIA
[aycca-3eiienst, KOTOPBI JIEMOHCTPpUPYET 00JIee BBICOKYIO JaCTOTY CXOIUMOCTHU IO CPABHEHUIO C
MeTonoM fkobu. B To 2Ke BpeMs B OTJEIBHBIX CIydadX BO3MOXKHA U obparHas curyarusd. B 1e-
JIOM Pe3y/IbTaThl MOKA3BIBAIOT, YTO [0 MEPE POCTa PasMepHOCTH cucTeMbl MeToj [aycca-3eiiesns
o0J1a1aeT JIydieil CXouMOCThIO, YeM MeTo| fkoou.

ITPUMEHEHUE METOJA HbIOTOHA JIJI51 BBI9YNCJIEHNA ®UJIBTPOB
OBOBIIEHHBIX BEUBJIETOB MENUEPA

.. ®enopos *1
IMI'TY um. H. 3. Baymana, Mocksa, Poccusa
*i.fedorov2023@mail.ru
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Beiisirer-ipeodbpaszoBanue ciryKuT 3(pPEeKTUBHBIM HHCTPYMEHTOM Jj1s 00paboTKH TaHHbIX. OHO
OCHOBAHO HA TIPUMEHEHUHU Napbl (bUIBTPOB (HU3KOIACTOTHOTO U BHICOKOYACTOTHOIO), KOTOPbIE Pa3-
JIEJIAIOT CUT'HAJI Ha CIJIaXKeHHYIO alllPOKCHMUPYIONLYI0 COCTABJIAIONIYIO U JIeTaJU3UPYIOIIe KO-
s dunmerTor. MHOrOypoBHEBOE pa3/IoKeHNe O3BOJIAET aHAIN3UPOBAThH OCOOEHHOCTH JIAHHBIX Ha
pa3/InIHbIX MacIliTadax.

g mpeobpa3oBaHusl MOXKHO HCIOJIb30BaTh (PUILTPHI 0000IMEHHBIX BeliBiaeToB Meitepa, je-
MOHCTPHUPYIOIIHE CBOIO 3P HEeKTUBHOCTD B 3a/1a1aX IOJABJIEHNS IIIYMOB, CKATUsI CATHAJIOB 1 U300~
paxkennit. OfHAKO OOBITHO JIJTsT BBIYUCIEHUS KOI(MDMUIMEHTOB ITUX (DUIBTPOB MPUMEHSIIOT METO/IbI
YUCJIEHHOT'O MHTEI'PUPOBAHUS, JJIsI KOTOPBIX IIPEIBaAPUTEILHO HEOOXOIMMO BBIYHC/IATDL 3HAUCHUS
TPUTOHOMETPUUIECKUX PSAJIOB C BBICOKOW TOYHOCTHIO, YTO CO3/IAET JOMOJHUTEIbHBIC BHITUCIUTE b
HbBI€ CJIOZKHOCTH.

B kadecTBe ajbTepHATUBBI NPEIAraeTCs IOIX0J, OCHOBAHHBIN HA PEIIEHUN CUCTEMbI HeJIH-
HeHHBIX ypaBHeHut MeTo oM HbioTOHA, 9TO UCK/IIOYaeT HEOOXOIMMOCTH IIPOMEXKYTOUHOTO dTala
BBIYHUCICHUsT psiioB. 1IpoBeieHHBIE pacdeThl JeMOHCTPUPYIOT, UTO (DUJIBTPHI, IIOJIyIEeHHBIE TAKIM
CIIocoboM, 00eCIIeunBaIOT 3HAYNTETHLHO 60JIee TOYHOE BOCCTAHOBJIEHNE HCXOTHOTO CUTHAJIA 110 CPaB-
HEHIIO ¢ PUIBTPAMU, PACCINTAHHBIME METOJIaMI YNCJIEHHONO HWHTEIPUPOBAHNSI.
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CEKIINA 2. CEKIINA «YNCJIEHHBIE METO/bBI B 3A/TAYAX
MEXAHUKI I MATEMATITYECKOW ®U3UKI»,

IIOCBMAIIIEHHAS 75-JIETUIO IIPO®ECCOPA
B.M. I'OJIOBN3HNHA

YNCJIEHHOE PEIIIEHUE YPABHEHUN HABBE-CTOKCA C
ITOBBIIITEHHBIM IIOPA/10M TOYHOCTU B ABV2KVYIIINXCHA OBJIACTAX
N TEMOAMHAMMWYECKUE ITPUJIO2KEHUN A

10.B. Bacunesckuit *!' K.M. Tepexos!
'IBM PAH, Mocksa, Poccns
*yuri.vassilevski@gmail.com
[Ipusogsrcs aBe dopmynuporku ypasuenuii Hapbe-CTokca B JABUKYIIUXCS 00/IACTIX U JIBA
[IO/IX0/a K JUCKPETU3AINN TOBBIIIIEHHOT'O TOPSIIKA TOYHOCTH 9TUX (opMynpoBoK. CpaBHUBAIOT-
cd YUCJICHHDBIE PEIeHns] KaK Ha aHAJUTUYECKOM PEIIEeHUU, TaK U IS 3aJla9d ¢ KJIUHUYECKUMU
nmaaHbIME. JlaeTcs 0600IeHne 0THOTO M3 MIO/IXO0B Ha CJIydail MOJIE/IN CBEPTHIBAHUS KPOBH.

O BOSMO2KHOCTH YNCJIEHHOI'O MOJEJINPOBAHINA HEKOTOPBIX
3AJAY BUXPEBOU JMHAMMKUN B IIPOBJIEME I'EHEPAIIIN 3BYKA
TYPBYJIEHTHOCTBIO

B.®. Komwes *! C.A. Yepnpmmes!
LOAY «IIAT'U», r. Mocksa, yia. Pajgmo 17
*vkopiev@mktsagi.ru

PaccmoTpenst kosiebaHnst HEKOTOPBIX BUXPEBBIX TEUCHUIT, XaPAKTEPU3YIONINXCS HATUINEM KOH-
KYPUPYIOIINX MEXaHU3MOB aKYCTUYECKON HEYCTONYMBOCTH M MailJICOBCKOW JTUCCUTIAIINU, OaJiaHC
KOTOPBIX CYIIECTBEHHO MEHAETCA IIPU MaJIOM U3MEHEHUN cpeJiHero Tevenud. [Ipu unciennom mojte-
JINPOBAHUM TaKUX TEUYEHUI CpeJiHee TeUeHUe MOKET TPAHC(OPMUPOBATHLCA 38 CUET JUCCUTIATUBHBIX
CBOIICTB PACUYETHON CXeMbI, 1 OaJIaHC MeKTy ABYyMs (DU3MIECKIMI MEXaHI3MaMU, OTBETCTBEHHBIMUI
3a TeHepaluio 3ByKa, MOXKeT ObITh HapylleH (HeyCTOfYnBOe TeYeHre CTaHeT JUCCUIIATHBHBIM UK
Ha060opoT). B To Ke BpeMst, Jjisi pACCMATPUBAEMbBIX TEUEHUTT UMEIOTCS TEOPETHIECKUE PE3YIIbTATHI,
49TO jiesiaeT uX 3PHEKTUBHBIME TECTOBBIMEI MOJIEJIAMHU JIJIsi BEPUPUKAIINYA IUCTEHHBIX METO/OB.

Panee ¢ momornipio MasoguccunaruBHoro Merona Kabdape ObLIO yCIIENTHO ITPOBEJIEHO YHCIICH-
HOE MOJICTMPOBaHUE HEYCTONYINBOCTU KoJiebaHuil mpocreiimero 2D TedeHus: TaKOro THUIIA, OJTHAKO
BOIIPOC O HEJIMHEWHOM Pa3BUTUU HEYCTOWYMBOCTU OCTAJICA OTKPBITHIM. J[j1s 6ostee ciaoxkubix 3D
TedeHni (HapuMep, TypOyJIeHTHOE BUXPEBOE KOJIBIIO), IIPOBIeMa, YUCIeHHOTO MOJICIMPOBAHUST KO-
nebaHmil, MPaBUJIBHO YIUTHIBAIONIETO DATAHC OMMICAHHBIX MEXaHU3MOB, OCTAeTCs HEPEIIeHHON JTazKe
Ha MaJIbIX BpeMeHaxX.

O6c¢cyx)maeTcs nepapxusi MOJIETBHBIX 3a/1a4, HA MPUMEPE KOTOPBIX MOT'YT OBITH PACCMOTPEHbBI
BayKHbIE 1TPOOJIEMbI, BOSHUKAIOININE TPU YUCIEHHOM MOJIEJIMPOBAHUY MeHEPAIUU TIIyMa TypPOyJIeHT-
HBIMHU [IOTOKaMU, B TOM 4YHUCJIE B 3a/a4axX, UMEIOINX TEeXHOJOI'MYEeCKIN NHTepecC.

MOANPUKANNA PASPBIBHOI'O METOJA T'AJIEPKIIHA C
NCIIOJIBBOBAHUEM BA3VICHBIX ®YHKIIVIN, SABUCAIIINX OT
BPEMEHIN

M.E. Jlamonkuna *! B.®. Tumkun'
Mucruryr npuknannoit matemaruxkyu um. M.B.Kemnpima Poceniickoi akagemun nayk, Mocksa,
Poccua
*ladonkina@imamod.ru
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[Ipu pacyerax paspbIBHBIM METO/IOM [ajepKnHa, 4acTO BO3HUKAET MOTePsi TOYHOCTH B 00-
JIACTAX JIOKAJIM3AIU YAapHbIX BoJIH. Jlanubiit adext mHabmomaeTcs npu pacderax U JpyruMu
CXeMaMH MOBBIIIEHHOTO MOpsiKa armpokcumanun. OJHUM U3 pelieHuil JTaHHol mTpod/eMbl ObLIa
OBl METO/INKA, COXPAHSIONIAs UICOJIOIMIO CXeM CKBO3HOI'O CYeTa, PACIIO3HAIONIAs TOJIOKEHUE yIap-
HBIX BOJIH, 3(PpHEKTUBHO MOJABJIsAs HAJIMYNE HEPUINIHBIX OCIUJIISIAN U COXPAHSAIONAA TOYHOCTh
METOIUKH B 00JIaCTSIX IVIAJKOCTU pelieHns. B HacTosieil padore, JaHHas KOHIIEHIINs Pean3yeTcst
nytem ucnosib3oBanugd B PMI' 6asucubix pyHKImMii, 3aBucAmx or BpeMenn. Vcroab3oBanne Takux
dyuKIHMit B 06/1aCTAX, COJIEPKAIIIX CUIbHBIE YAapPHBIE BOJHBI, TIO3BOJISET JIOKAJIBHO IIEPENTH K Pac-
JeTy 1o cxeMme ['0yHOBa, HO Ha ceTKe BJIBOE Mesbie NCXomHoil. Kak n3BecTHO, PN NCHOJIH30BAaHUT
KJIaccuueckoit cxembl ['0/TyHOBa SHTpONUITHOE yCJIOBHE TaPAHTHPOBAHO BBIITOJTHEHO.

Pazpaborannas monudukarus pa3pbiBHOrO MeTojia ['alepkuna, ¢ UCIoIb30BaHIeM 0a3UCHBIX
byHKIMI, 3aBUCIIUX OT BPEMEHU IT03BOJIIET €CTECTBEHHBIM 00PA30M YCTOWYMBO PACCUUTHIBATH
CUJIbHBIE PA3PbIBbI. KITIOUeBbBIM MOMEHTOM JIAHHOW CXEMBbI SIBJISIETCS aJlOPUTM OlpeieeHns (hyHK-
mn oz, t), OTBEYAIONIYIO 38 TOYHOCTD ONPE/IEJICHNUs MOJOKEHIsT PA3PhIBOB YHUCJIIEHHOTO PEIIEHNUST
1, COOTBETCTBEHHO, KAYECTBO BBIUYUC/IUTEIBHON cxeMbl. Cepust BBIMOJTHEHHBIX PACIETOB MO3BOJISIET
FOBOPUTH O BO3MOYKHOCTHU NPUMEHEHUs MPEJIJIOKEHHONW CXeMbI JIId PeIleHus 3a/[ad ¢ HaJUIHneM
obJacTeil BBICOKUX I'paJIieHTOB pemeHud. [Ipu pemrennn 3a/1a1 Ha mMoapoObHOI ceTKe HOBOW MOJIH-
duranmeit PMI' ocrimigaium B YUCI€HHOM PellleHnn OTCYTCTBYIOT, B TO BpeMs KakK IIPU PelleHnun
KJIACCUYECKUM DPa3pbIBHLIM MeTojioM [ajepkuna mabsonaerca Hajmuaue ocruusdimii. Hakirap-
Basl JIONOJTHUTE IbHbIE YCJIOBUsI HA (DYHKIUIO (T, 1) MOXKHO JIOOMTHCS BBIMOJHEHUS SHTPOIUAHOIO
HEPABEHCTBA, MOCKOJIBKY Ipu o, 1) TOXKIECTBEHHO PABHON 1 cxema IepexouT B KJIACCUIECKYIO
cxemy ['ojrynoBa mepBoro nopsjika, g KOTOPOil SHTPONUITHOE HEPABECTBO BBITIOJTHEHO.

AUCJIEHHA A NJEHTNOUKAIIN A KOOSO PUIMEHTA MJIAJIIIIE
IMTPON3BOJHOMN ITAPABOJINMYECKOI'O YPABHEHM A

B.. Bacumnes ¥ A.M. Kapnamescknit!

LCesepo-Bocrounstit dbenepanbuniii yausepenter nm. M.K. Aymocosa, dkyTck, Poccnsa
*vasvasil@mail.ru

B noknaze pedb Oyjier mJaTu O JBYX OOpATHBIX 3aJadax Jiid HapabOJMYecKOrO YpPaBHEHUS
C HEU3BECTHLIMU KO3 DUIUEHTaMu MJIAIIICH TPOU3BOIHON I MapaboIndecKoro ypaBHEHUs €
MJIQIIEA TPOU3BOJIHON MO MPOCTPAHCTBEHHON ITEPEMEHHON.

[lepBas 3a7a4a 3aKJII0YAETCS B OJHOBPEMEHHOM OIpejiesiennn napbl GyHkuuit u(z,t), p(t) B
HPE/IIONIOXKEHNH, ITO UACHTHMUIIPYEMbBIi KO3pMUIIMEHT gBigeTcd (DYyHKIINEH TOJIHLKO OT BpeMe-
Hu. B Heil moMuMO HaYaJbHOIO W IPDAHUYHBIX YCJIOBUN 3a/1a€TCs U YCJIOBUE IIEPeoIpe/Ie/IeHHs,
HeOOXOUMOe I UAeHTUMUKAIINA HEU3BECTHOTO KO3 uiimenTa KOHBEKTUBHOTO UjeHa Hapabo-
JIndecKoro ypasHeHus. llpm arom ycioBue repeornpejiejienns 3a/aeM B BUJle MHTerpaJja 1o IIpo-
crpancrBernoil epemennoit ¢ € (0, 7. nest ducienHoro Merojia, B MepByt0 04Yepe/ib, COCTOUT B
[MOCTPOEHNN JTUCKPETHOTO aHAJIOTa PACCMATPUBAEMOIT 00paTHOI 3a/1a4r. 3aTeM Ha KayK/IOM BPeMeH-
HOM CJIO€ TIOJIYYEHHYIO CUCTEMY, C TIOMOIIBIO METO/a JEKOMIIO3UIINH, PACIEILIsieM Ha JIBE CUCTEMbI
aJiredOpanmvdecKux ypaBHEHU ¢ OJIHOM 1 TOl »Ke MaTpuiieil. /laiee u3 qucKpeTHOTO aHAJIOTa, YCJIOBHS
repeornpeie/ieHnsl HaX0/IMM 3HaUeHne HeU3BECTHOIrO KO3 DuIineHTa.

Bo Bropoit obparHoii 3aja9e Tak»Ke 0JHOBPEeMEHHO ompeiessieM dbyuknnu u(z,t) u p(z). s
ompeJiesIeHnsT TIePBOil JIOCTATOTHO 3a/1aTh HaYaJbHOE W IpaHUYHBIE ycaoBus. Heobxomumoe yciio-
BHE IEPEOIPEIeTICHUS JIJI UJICHTHMUKAIINNA 3aBUCAIIETO OT IIPOCTPAHCTBEHHON MTePEMEHHON KO-
sddurnmenta KOHBEKTUBHOIO WieHa 3aJaeM B BHJe MHTerpasa 1o Bpemenu mwisg € (0,[]. Tna
YUCJIEHHOTO PEIICHUsT PacCMaTpUBaeMoil KO3 UITMEHTHONW 0OpaTHO 3a/1a4un CHavYaa TOCTPOUM
ee KOHEUHO-PA3HOCTHBIN anajor. [l omnpeesieHust permeHns MOJy9IeHHON CHCTeMBl ypaBHEHUI
HCIIOJIB3YEM HTEPAIMOHHBII MEeTO] CONPAKEHHBIX I'PA/IMEHTOB.

O06cy»k1a10TCsT pe3y/IbTaThl YMCJIEHHON pean3aliui MMPe/JIOZKeHHBIX METOI0B Ha MOJIe/IbHBIX
[prUMepax Ha Pa3HbIX MPOCTPAHCTBEHHO-BPEMEHHBIX ceTkKax. OHM MmoKasa/m UX BBICOKYIO 3] der-
THUBHOCTH ¥ XOPOIIYIO0 TOYHOCTb.
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ACTIVE FLUX METHODS ON A SPHERE

N. Afanasev *! R. Abgrall!
YUniversity of Zurich, Zurich, Switzerland
*nikita.afanasev@math.uzh.ch

In recent years, Active Flux method, first introduced by T. Eymann and P. Roe, has been
adapted to solve many problems for hyperbolic systems of PDEs on orthogonal and polygonal
meshes. Typically, in Active Flux two types of mesh variables are used: cell averages and point
values at nodes and edges of the mesh (in 2D planar case). The evolution of cell averages is
approximated with a finite volume scheme for conservative form of hyperbolic equations, and the
evolution of point values is handled with a finite difference scheme for the characteristic form of
equations. In such way, both conservative and characteristic nature of the equations is captured in
the numerical method.

In this talk, we introduce the generalization of Active Flux method on triangular meshes to
hyperbolic problems on a sphere. For the finite volume part, we rewrite the fluxes using the tangent
vectors instead of normals to get a geometry-compatible scheme. For the point values update part,
we use local projections of spherical triangles and introduce a quasi-polynomial reconstruction of
mesh functions on planar projected triangles to find the gradients. Some tests for linear hyperbolic
problems on a sphere are demonstrated. It is worth noting that the use of local projections allows
to generalize this method to problems on an arbitrary manifold.

II0JAX0/Jd K HNCJIEHHOMY MOJEJINPOBAHIUIO I'NIOBAJIBHBIX
TEYEHVUN HA COPEPE, CBOBOJAHbBIN OT ITPOBJIEMBI ITOJIFOCOB

A.B. Comnosbes *!
"Mockosckmit rocynapersennsiit yansepenteT nmM. M.B. Jlomonocosa, Mocksa, Poccns

*solovjev@cs.msu.ru

Basaun rimobaabHON IMUPKYJISIIT aTMOChepDI, TI00aJIbHbIE TeUEeHNsT OKeaHa U IPyTrue 3a1adn
TPeOyIOT pellleHrns CUCTeM ypaBHEHHI Ha 1oJyHON cdepe. TpagunmoHHbIi 110/IX0/T TIPEyCMaTPH-
BaeT 3alliCh ypaBHEHUil coxpaHeHus B cpepudecKnx Koop mnHarax. [Ipw aTom B paiioHe moJ/rocoB
Hen30eKHO BO3HUKAIOT JIBE OCOOBbIE TOYKHU, B KOTOPBIX cdeprdecKas CUCTeMa KOOPIUHAT BBIPOXK-
naercs. Boymsu o 9TuX 0COOBIX TOYEK TepsieTCsi TOYHOCTH pacyera, a CXOAAIIHecs K IOJI0CaM
JMHUU CETKU JICJIAIOT HEeNPpUEMJIEMO MaJIbIM PACYETHBIN IIal' 110 BPEMEHU.

st mpeonasienns: 9TuX 3MPEKTOB IPUMEHSIOTCSA Pa3InIHbIE [TOJIXObI, CPEIH KOTOPBIX - HC-
110JIb30BaHNE HECKOJIbKUX CEeTOK, (pUJIbTpalldd PelieHns BOJIN3U IIOJIFOCOB, UCIIOJIb30BaHNE B KarK-
JON a4efike CBOEH JIOKAJIbHOW CUCTEMbI KOOPIUHAT (OHHTB—T&KI/I cd)epﬂquKoﬁ) u 1p. Bee stu noji-
XOJIbI TPEOYIOT JIOTIOJIHUTE/ILHBIX YCUJIMI 110 COXPAHEHUIO KOHcepBaTUBHOCTH. Mex ity Tem, cyiie-
CTBYeT €CTECTBEHHBIN ITOIX0JI, KapIUHAILHBIM 00pAa30M pEIIaloniuii yKazaHHbIe TPOOIEMbI TOJIIO-
coB. [loxoy 3ak/0o9aeTcs B OTKa3e OT UCIOIb30BaHUs YPaBHEHUI COXpaHEHUsT UMITY/Ibca B chepu-
YEeCKOI cucreMe KOOPIAUHAT U UCIOJb30BAHUIO 3aKOHA COXPAHCHUA MOMEHTA UMILYJIbCA.

[Tokazano, 4TO JiBa yKa3aHHBIX MOJIX0/Ia MaTeMAaTUIECKN SKBUBAJIEHTHBI, 38 UCKJIIOUYEHUEM TTPU-
MEHEHHsI BO BTOPOM CJIydae HEBBIpaXKIAIoIeiicss cucTeMbl KoopauHaT. KoHeuHO-0ObeMHbIE pas-
HOCTHBIE CXEMbI €CTeCTBEHHBIM 00pa30M 1 0e3 CIeNUaIbHBIX YCUIU OKa3bIBAIOTCS KOHCEPBATUB-
HbiME. COOTBETCTBYIOIINE BBIKJIAJIKNA M TECTOBBIE PACUYETHI IPUBEIEHBI Ha IPUMEPE CUCTEMBI yPaB-
HEHUI MEJKOU BOJBI.

YNCJIEHHBIV METO/ PEIIIEHISI VPABHEHII MEJIKOI BOJbI HA
OCHOBE CXEMbI KABAPE HA YETBIPEXYT'OJIbHBIX
KPUBOJIMHEMHBIX PACUETHBIX CETKAX

J1.I. Achanmuapos *! B.I. Konnakos!
YuceruryT npobiem 6ezonacHoro pazsutus aromuoil suepreruku PAH, Mocksa, Poccust
*dasfandiyarov@ibrae.ac.ru
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[Ipubimkenne MeJIKOI BOJIBI MMUPOKO UCHOJIb3YETCA JIJI MOJIETUPOBAHUS PA3JIMIHBIX TUJIPO-
JIOTUYECKHUX IIPOIECCOB B IOMMax M pycjax peK, KaHajaxX, BojloeMaX IPOTOYHOI'O THUIla, a TaKKe
B NpUOPEKHBIX 30HaX. /laHHbIE ypaBHEHUS IUIIEPOOTUIECKOTO THUIA OIUCHIBAIOT 3aKOHBI COXPa-
HEHUSI MacChl U UMITYJIbCA U OIPEJIE/IAI0T CBA3b MEXK/Iy IOJIeM TeUYeHUs] U U3MEHEHUEM TIJTyOuHbI
BOJIbI C yYE€TOM JIEMCTBHUS BHEITHUX CUJI U HepoBHOCTEl pesibedpa. Mojenmmpyembie TeueHus: Mo-
I'yT BKJIIOYATh B ceOd 00J1aCTh, XapaKTepUu3yIonuecsd OOJIBITUMHI TIePelaiaMy apaMeTpoB IOTOKA,
WA THIPABINYIECKNE pa3pbIBbl. K YMCIEHHBIM METOJIAM JIOJIZKHBI IIPEIbABIATHCA 0COObIE BHICOKUE
TpebOBaHUs K HAJIEKHOCTH U TOYHOCTU MOJIEJTMPOBAHUS MOJA0OHOTO poja pemeHnit. Takyke, mpn
pacdere THIPOINHAMIYECKAX TEYEHHMII B O0JACTIX CO CJIOYKHOU TeoMeTpreil BO MHOTUX CJIydasx
HEOOXO/IMMO UCIIOJIHL30BATh pacyeTHbIe CeTKU, 3 IallTUPOBAHHBIE K T'DAHUIIAM O0JIACTH.

B mammnoit pabore Jijisi MOJIeIMPOBAHUS TTOJO00HOTO POJia 3a/1a4 IIPEJICTaBIeHA TUCIeHHAsT METO-
JINKa peleHnsl YpaBHeHn MeTKoit Bojbl Ha ocHoBe cxeMbl KABAPE nHa dersipexyrosibHbIX Kpu-
BOJIMHEMHBIX PACUYETHBIX CeTKaxX. MeToJ 1 Mo3BoJIsieT PACCUNTHIBATL PA3/IMIHbIE PEYKUMbBI TEUEHUS C
y9IeTOM HEPOBHOIO pejibeda JTHa U MOIBUAKHON OeperoBoil TuHuU. Apobariis MeTo/1a MPOBOINTCS
Ha Cepur TeCTOBBIX 3a/a4.

YUCJIEHHOE MOJAEJINPOBAHUNE TEMIIEPATYPHOI'O PE2KUIMA
PE3KOI'O HATPEBA IIJIACTUHBI

B.H. Xanxacaes*!? C.A. Baupos!
'Bocrouno-Cubupekuii Tocy1apCTBeHHbIH yHIBEPCHTET TEXHOJIOTHH U YIpaBIeHns, YIan- Y19,
Poccuga
2Bypsrckuii rocynapcTBeHHbli yEnBepcuTeT uMmenn Jlopzxu Bamzaposa, Yinan-Yis, Poccus
*hanhvladnick@mail.ru

B nokitazie paccmaTpuBaeTcss MaTeMaTUdecKasl MOJIETb 1 KOHEYHO-PA3HOCTHASA CXeMa €€ 11C-
JIEHHOT'O PeIlleHud JIJIsd IPOolecca HAarpeBa IMJIACTUHBI, OCPAHUYEHHON 10 ABYM IPOCTPAHCTBEHHBIM
[IepeMEeHHBIM, KOTOPYIO MOYKHO CIUTATh, HAIIPUMED, JIBYXMEpPHOI Moje b0 (byHaamenTa. [Ipusee-
HBI HEJOCTATKHU KCIIOJIb30BAHUSA KJIACCHIECKOIO MapabOJIMIecKOro ypaBHEHUsT TEILIONPOBOIHOCTI
JIJISI 9TOTO cJIydasd U 0O0CHOBaHHUE MCIIOJIb30BAaHUSI CMEITaHHOIO YPaBHEHMUSI.

JLy1st HesIBHOI PA3HOCTHOM CXEMBbI UCIIOJIB3YeTCsl HHTeIPO-UHTEPIOISIIMOHHBIN METO/I /sl YMEHb-
IeHus rnorpernrHocTeii. KBazuimueiinasi cxema UCIIOJIb3yeTCsl [IJIsi PEIleHns] YpaBHEHNUS ¢ HeJTMHel-
HBIM KO3 PUITMEHTOM TEILIONPOBOIHOCTH. [lepBble rpaHuYHbIC YCJIOBUS HAXOIATCA Ha JIEBOM M Ha
[IpaBoOil TPaHUIAX IJIACTUHDBI 110 MPOCTPAHCTBEHHON MepeMeHHO#l X. TpeTbu rpaHuvHbIC yCJIOBUS
HaXO/IATCA Ha BepXHell M HUXKHEH TI'paHuIax 0 MPOCTPAHCTBEHHON IepeMeHHOoi y. 3ajgaHbl Ha-
JaJbHbIe ycsoBus. VlcTogHUK Tellia B mapabosnmdeckoil yactu ypaBHenus npu t<<0 pasen 0, a B
ruepooIMIecKoil dacT ypaBHeHus: mpu t>0 HaunMHaeTCcs pe3Kuil HarpeB ILJIACTUHBI. 3ajada pe-
meHa gucjaeHHo B makere Mathcad-15 ¢ ncrosb3oBanneM JOKaIbHO- OJHOMEDPHOIT cxeMbl. B mokta-
Jie TIPUBOJISATCS Pe3y/IbTaThl PabOThI IPOIPAMMBI IUCJIEHHOI'O PEIIeHN KOPPEKTHO ITOCTABJIEHHOM
CMeIIaHHOM HavYaIbHO-KPAaEeBO 3a/1a41 JJ/Id HEJIMHEHHOTO TUIIepOOoJI0-11apaboIMIeCcKOro YPaBHEHHS
TEIJIONPOBOIHOCTU B BUJIEe TpadUKOB U aHUMAINii TeMIieparypHoro noJjd. [losyden ceprudukar o
TOCYJIAPCTBEHHON PErnCTpaliid TpOrpaMMBbl.

MATEMATUIYECKOE MOJAEJINPOBAHNE HECTAIIMOHAPHOI'O
ITPOLIECCA B CJIOE KATAJIN3ATOPA C INJIMHAPNYECKOU ®OPMOU
SEPEH

O.C. 4zoBnesa *!
"Haupnonanbubtiit nceneposarensckuii Mopiosekuii rocyaapersennsiit yuusepeurer, Capamck,
Poccus
*kurinaos@gmail.com

Jlok1a/1 TIOCBSIIeH pa3pabOTKe MAaTeMAaTUIeCKOW MOJEIN U BBITHCIUTE/IHHOTO aJrOPUTMA, st
UCCJIeI0BaHUS HECTAIIMOHAPHOT'O IIPOIECCa B CJIOE KATAIM3aTOPa C IIUINHIPUIECKO (hopMoil 3epeH.

39



CKTeMM-2025

MaremaTudeckass Moje/ b AByxXda3Hasd, OHa YIUTbIBaeT JudPy3Uuio PeaKIMOHHONW CMECH B I10-
PBbI 3epHa KaTa/Jn3aTopa, U3MEeHEeHUs KOHIEHTPAIUi B X0J/ile MHOT'OCTAIUHHBIX I'e€TePOTeHHBIX XU-
MHUYECKUX PEeAKIUil, COIyTCTBYIOMMI UM BBIHYZKJIEHHBII KOHBEKTUBHBII II€PEHOC B 3€pHE, Tell-
JIOMACCOIIEPEHOC PEAKIIMOHHON CMeCH 110 JIJINHE CJIOsl U TEIIONPOBOIHOCTD CKEJIeTa KATaJM3aTO-
pa. Hununapudeckast (popma 3epHa KaTajansaTopa o0ycIaB/IMBaeT OCECUMMETPUYIHYIO ITOCTAHOBKY
ypaBHeHU uddy3nn-KOHBEKITUU-PEAKIINT. Y paBHEHUS TEIJIOMACCOIIEPEHOCca, I PEeaKIIMOHHO
CMecCH II0 JJIMHE CJIOA B34ThHI B HpI/I6J'II/I}KeHI/II/I MOJeJIN NJCaJIbHOI'O BBITCCHCHUA.

BeraucanreibHbI aJropuT™ JIIS KCCJIEI0BAHUA pa3pabOTaHHON MOJEN MOCTPOCH Ha OCHOBE
NPUHITAIIA PACIIEIIeHus 110 pusndeckuM mporieccaM. s 3pHekTHBHOrO NHTErpUPOBAHKSA yPaB-
Hennit 1uddy3un-KOHBEKIINNA-PEAKITUN 1 TEIIONPOBOIHOCTH K HIUM ITPUMEHEHA PEry/IsipU3alius 1o
b.H. YerBepymkumny.

Moiesib 1 aJIropuT™ IMOKa3aJIi XOPOIIYIO COIVIACOBAHHOCTD PACUETHBIX PE3YJIHTATOB € MMEO-
MIUMUCHA SKCIIEPUMEHTAJIbHBIMUA JJaHHBIMHW U aHaAJIUTUYIECCKUMU PEIICHUAMMA.

WcciteioBanne BBITIOJIHEHO 3a cdeT TpanTa Poccuiickoro nay4noro domnma Ne 25-21-00242,
https://rscf.ru/project /25-21-00242/ .

HEIIPUKJIAJZIHAYA MATEMATUKA, NJIN O HEJIETKOM IIYVTU B CFD
IMTPNJIO2KEHUN A

I1. A. Baxsanos! B. I'. Bookos! A. B. Topober*! A. II. dy6enn' H. C. K ranosal
TIM um. M. B. Kesgeima PAH, Mocksa, Poccns

*gorobets@keldysh.ru
JloKJ1a,1 TOCBAIEH BHEIPEHUIO HAYYHBIX Pe3yJIbTaToOB, peaIM30BaHHBIX B Koje Noisette, B po-

MBIIIJICHHYIO TPAKTUKY. TOUHEee, OTYasHHBIM IIOTBITKAM BHEIPEHUS, C IePEMEHHBIM YCIEXOM U
[IOKa HEe OYEBUIHBIMU PE3y/IbTaTaMi, & TAK¥Ke CJI0KHOCTAM Ha 3ToM 1yTu. Kot nperazHatien st
MOJIeJIMPOBAHUS TYPOYJIEHTHBIX TeUeHUI B 3a/1a9aX adpOIMHAMUAKN U adPoaKycTukn. Bymaer kpar-
KO OIMCAHA BBIYUC/IUTEIbHAS METO/INKA, B OCHOBE KOTOpOil cxembl EBR Ha HecTpyKTypupOoBaHHBIX
CceTKaxX W HesBHBbIE CXeMBI IT0 BDEMEHU; PA3JIMIHbIE TIOJXObI K MOJEJTMPOBAHUIO TYPOYIEHTHOCTH,
Bryodast RANS, LES n rubpugnsre noaxonsr cemeiictBa DES; MHOrOypOoBHEBOE pacmapaJiiein-
BaHUe I THOPUJIHBIX CynepKoMIbioTepoB. OCHOBHOE BHUMAaHUE OyJIeT yJIeJeHO PEeIIeHus M, Ha-
IEeJICHHBIM Ha MOBBIINIeHne POOACTHOCTU U PACIIUPEHUE IMPAKTUIeCKOW NnpumMenumoctu. B gumcsio
TAKUX PEIIeHul BXOIUT MHOIOCETOYHBIN METO/I JIji YCKOPEHUsI CXOJMMOCTH CTAIlMOHAPHBIX Pac-
9eTOB, cTabuansupyomas Mmogaudukanus cxembl KEBR, npumenenne npucreHounsix QyHKIWHA, a
TaKKe TTPOOIeMHO-OPUEHTUPOBAHHBIE PEIICHMUS.

CEMEINCTBO KBA3MOJHOMEPHEIX CXEMUHOBBIHIEHHOfI TOYHOCTU
AJId PACHETA 3AJAY TA30BOU JIMHAMUWUKN HA
HECTPYKTYPUPOBAHHBIX CETKAX

M.B. A6akymos! 1.B. Abanaxkun? I1.A. Baxsanos? B.A. Ucakxos! T.K. Kozy6ckaa *1+2
"Mockosckuit rocynapersennniii yausepeurer unm. M.B. Jlomonocosa, Mocksa, Poccus
“Nucruryr npuknagnoit maremaruku uM. M.B. Kennpima PAH, Mocksa, Poccus

*tkozubskaya@keldysh.ru
ITpu mMomempoBaHUKM TPOMBIILIEHHBIX 3a/1a9 I'a30BON JIMHAMUKH BBIOOD YHCJIEHHOI'O METOJa

[PUBOUT K MOMCKY KOMIIPOMUCCA M€Ky BBIUUCIUTE/ILHON CTOMMOCTBIO U TOYHOCTHIO. CemeiicTBO
KBa3MOTHOMEPHBIX CXEM JIJIsi HECTPYKTYPUPOBAHHBIX CETOK IPeJICTaBjgeT coboit ojiHo u3 3ddek-
TUBHBIX pellleHuii. B Hacrosiiiee Bpemsi MeTO/IbI JJAHHOTO ceMeiicTBa, n3pectHble Kak EBR (Edge-
Based Reconstruction) cxembl, akTHBHO pa3BUBAIOTCS. B 4acTHOCTH, Ha HUX OCHOBAH BBIYHCIIV-
resibHBIH agaropurM kojga NOISEtte.

EBR cxembl, obsamatomue ne 0ojiee, 9eM BTOPBIM IMOPSIKOM TOYHOCTH Ha MTPOU3BOJIHHBIX
HECTPYKTYPUPOBAHHBIX CETKAX, 00ECIEINBAIOT MOBBIMICHHYIO TOTHOCTH B CMBIC/IE BEJTMIUHBI OITHO-
KU 9UCJICHHOTO PE3y/IbTaTa. DTO IPOUCKOIUT OJIaroIaps NCIIOIb30BAHUIO IIPU OIIPEICICHUN TUCTICH-
HBIX TIOTOKOB HA IPAHUIAX 00BEMOB PEOEPHO-OPUEHTUPOBAHHBIX PEKOHCTPYKIINI IlepeMeHHbIX. Pe-
KOHCTPYKIIUU CTPOSITCS TaK, UTO CXeMa aBTOMATHIECKH TPaHCHOPMUPYETCs B KOHETHO-PA3HOCTHBIHT
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METO/I BBICOKOT'O TIOPsiJIKa TOYHOCTH IIPU paboTe Ha CeTKaX, MEePEXOIdIIuX caMid B ceOs IIPHU CJIBU-
re Ha Jiroboe cBoe pedpo. Takme ceTKu MOXKHO pacCMaTpPUBATh KaK aHaJOI PABHOMEPHBIX CETOK B
OJIHOMEPHOM CJIydae.

B nokazne maercst 0630p EBR cxem n paccmaTpuBatoTest nx MOAUMUKAIINN JIJIsT PEIICHUsT 38,14
¢ paspeiBamu. Ocoboe BamMaHue yuenserca HoBoit EBR-MP cxeme, ocHoBaHHOI Ha IpUMEHEHHN
PEKOHCTPYKIINIA, COXPAHAIOIINX MOHOTOHHOCTD. [IprBoIsiTCSA IprMeEphI pereHnst MOJAEeIbHBIX 3a/1a9
1 33189 JIjIsI aBUAIIMOHHON TPOMBIIILIEHHOCTH.

O ITPUMEHEHUAX ITAPAJIJIEJIBHBIX BbeﬂII/ICJIEHI/II?.I B
MATEMATNYECKOM MOAEJINPOBAHUNUN TAXKEJIBIX ABAPUUN ASC

A.C. Quwurmmos *!

MucruryT npobaem 6e301acHOro pasBUTHA aTOMHOI snepreTnkn, Mocksa, Pocens

*phil@ibrae.ac.ru
ABapus ¢ morepeit Terionocutesis B peaktope tunia BBOP nocturaer tskenoit dasbr Bees-

CTBUE OCYIICHUS aKTHBHON 30HDBI 38 CYET OCTATOYHOTO TEILIOBLIJIC/IEHIA HAKOILJIEHHBIX ITPOLYKTOB
JleJIeHus, TIPU HEJIOCTATOYHOM TeILIOOTBOJIE. ¢/IepHOe TOIIMBO IJIABUT CBOE OKPYIKEeHNe, PACILIaB
nepeMeInIaeTcs, MJIABUT KOPITYC PeaKTOpa U MOXKET BBIUTH 3a €r0 IPeJIesibl.

CpeicTBa JOKAJIM3AIMT U YIPABICHUS aBaPUIMUA OCHOBAHBI Ha UX MATEMATUIECKUX MOJIETIAX,
BOILIONIEHHBIX B PACUYETHBIX CPEJICTBAX — KOJIaX. Pe3ysibTaThl pacieToB THIIOBBIX CIIEHAPUEB TsIvKe-
JIOIt aBapuu JieykaT B OCHOBE OJITHOTO M3 Pa3esIoB ODIIEro oT4deTa 1o 00OCHOBAHUIO OE30MACHOCTHU
ASC, neobxomumoro s yunen3upoBanuss ADC. [Ipungarue perennit o IpueMJIEMOCTH PaCCHM-
TaHHBIX TIOCJIEJICTBUIl aBapuu O0a3MpyeTcs Ha aHaJU3e PUCKOB — 00Jiee BHICOKHE SKOHOMUYECKUE U
JIp. U3JIEPKKU UMEIOT MEHBINYI BEPOATHOCTh. DTO MO3BOJIAET OIPAHUYINTH MECCHMU3M HCXOTHBIX
NIPEJIIIOIOKEHN O HAarpy3Kax Ha CHCTEMY U CHHU3WTb Ype3MepHble TpeboBaHUs IO ITPOTUBO/IEI-
CTBHIO UM, HO 33JIa€T BBICOKHE TpeDOBaHWUS K KadeCTBY UNCIEHHOTO MOJIEIMPOBAHUSA — MUHUMU-
3allisl TOI'PENTHOCTEl MOJIEJIMPOBAHNS M AIlllPOKCUMaIuu. [Ipeiesibl coBEPIIEHCTBOBAHUS CTaBATCS
HEOIIPE/IEJIEHHOCTSMU BXOJTHBIX JIAHHBIX.

[Tonxo/bl pacyeTHBIX KOJIOB OCHOBAHBI Ha MOJIEJISIX CILIONIHONM CPEJIbl, CONPSZKEHHBIX C pa3Je-
JIAMU siJIepHOi (bU3uKM, TepMoxuMun u Jp. Paznoobpasue dusuku onpesesser BLIOOp U apaHKi-
POBKY PaCUYeTHBIX CPEJICTB: KOMILTEKCHBIE pacieThl ADC Kak IpaBuio (XOTs U He BCEr/ia) OCHOBAHBI
Ha IPOCTHIX mojxojax u banancubix 0D-1D mogesnsix. Bosee ciioxHbIe MeTO/IBI (MHOTOMEDPHAST BbI-
qucsmrenbHas rugpoanaamuka (CFD), HefiTpoHrKa, MeXaHUKa TBEPIOTO Tejia) OOBIMHO IIPHMEeHSI-
I0TCA B OTJIEJIbHBIX 110/133/1a9aX, PelllaeMbIX ¢ pa3HbIMU TeisaMu. [[loTpebHocTH B MapaJiien3ainun
OT/IeJIbHBIX PACYeTOB B CJIydae, HAIIPUMED, PACIIENJIEHIS 110 OT/IeIbHBIM SIBJIEHUSIM, OOBITHO HEBBI-
COKM. DTaJIOHHbIe 33 1a4u, Hanpumep, CFD-kaymmbpoBKka Moiesieii, MoryT morpeboBaTh OOJIbIIEro,
B 3aBUCHMOCTH OT METOJIa U TPeDOBaHUil K KAYeCTBY STAJOHA.

B muorosapuantabix Monre-Kapsio (MK) pacuerax crienapues aBapuitHbIX coObITHIT TOTPED-
HOCTH B KOJIMYECTBE BBIYMCIUTEIBHBIX SJIEP YMHOXKAIOTCs Ha KoJnaecTBo Bapuantos (~100). Ta-
KIe pacyerbl (aHaJM3 HEOIPEJIeJIeHHOCTE ) IPOBOJIATCS JIJisl OIEHKU IYBCTBUTE/ILHOCTH K Bapua-
I[N BXOJIHBIX JAHHBIX, OTYACTH — JIJIsT OIEHOK (DYHKIMHU PACIIPe/IeJICHHs TIeJIeBOro napamerpa(pos)
u Jp.

B nmoxmage, mociae KpaTKOro BBEJEHUS, YIOMAHYTHI UUCIEHHBIE METO/BI, TPUMEHsIeMbIEe T
aHaJIM3a TAKeJIbIX aBapuil B HACTOMAIIEE BpeMs, OTMeYeHbl BO3MOXKHbBIE YTOUHEHUS, CBSI3aHHbBIE C
BHEJIPEHUEM TIOJIMPA3MEPHBIX MOJIXO0B, U €CTECTBEHHbIE OIPDAHIYEHU, CBA3AHHBIE CO CJIOKHOCTHIO
IIPOTIECCOB M HEOIIPEJIEIEHHOCTSMI BXOJIHBIX JIAHHBIX. OXapaKTepu30BaHa MeTO0JIOT s, OCHOBAH-
Has Ha II0CJIe/I0BATEIbHOM aHaJIM3€ PUCKOB U cucrteMarudeckoM rpumenennn MK pacderoB jijist
anaym3a 6e3onacHoctn ADC, ¢ BBITEKAIOMNMI TTOTPEOHOCTSIMU B BBIYUCIUTETLHBIX PECypCax.

KO/, CABARET-SC1 J1JId 3AJAY BOJIOPOJJHON BE3OIIACHOCTH

B.IO. I'notos *!
'MBPAD PAH, Mocksa, Poccus
*glotov-v@yandex.ru
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B UBPAS PAH paspabarsiBaercs CFD kox « CABARET-SC1», s anciienHOro anaansa 3a-
Jlad BOJIOPOJIHOM B3PBIBOOE30MACHOCTU 00BEKTOB NHMPACTPYKTYPHI ATOMHOI ¥ BOJOPOIHON SHEP-
retuku. [ anmpokcuManuu ypaBHEHHIT MHOTOKOMIIOHEHTHON Ia30BON JIMHAMUKU HUCIIOIL3YeTCs
HastancHO-xapakTepuctudeckasi cxema KABAPE, obiasatorast yrydieHHbIMEI JTUCTIEPCUOHHBIME
U JUCCUIIATUBHBIMU CBOHCTBAME B KJIACCE CXEM BTOPOIO TMOPSIKA TOYHOCTU C KOMIIAKTHBIM BbI-
YUCUTE/IbHBIM TTa0/I0HOM. JIaHHBIN TTOXO0/ TTO3BOJISET MPOBOIUTH MOJIE/JIUPOBAHNE TypPOyJ/IeHT-
HBIX TEYCHHUI MPU HEIOJIHOM pa3perieHun MeJTKOMAaCIITadHOW TypOy/JIeHTHOCTH 0€3 MCII0JIb30Ba-
HUsI HACTPOEYHBIX MapaMeTpPOB, UTO JaeT MOBBINIEHHbIE TTPOTHO3HBIE BO3MOYKHOCTH B YacTU MO-
JIETUPOBAHMS TIEPEMEITUBAHIA TA30BbIX CMecei. 3HAUYNTEIbHYIO YaCTh BaJIHIAIMOHHON Oa3bl KO/
cocTaBJisiior dKcrepumenTsbl MexkyHapogubix (ERCOSAM-SAMARA, HYMERES u ap.) u poc-
cuiickux (POAI BHUNT®) npoekToB, HAIIpaBIEHHBIM Ha U3YyUYeHUE MEXAHU3MOB (POPMUPOBAHUSI
U paspyllieHusi cTparuduKaium BOJIOPO/ia, B TOM 4ucje mpu padore cucreM Oezonacuoctu. s
pacdera 3aJiad FOPEHUsl U JIETOHAIUUA BOJOPOJIOCOJEPIKAIINX Ta30BbIX CMeceil pa3zpadaTbiBaeTCs
monyitb «CABARET-COMBUSTION», B KoTOpOM peain30BaHbl COBPEMEHHBIE MATEMaTUIECKIE
MOJIeJIN TOPEHWsT U JIETOHAINK. B JaHHBIX 3ajad9ax MOMUMO OapUIeCKUX HAIPY30K BaXKHO TaK-
JKe PACCUYNTBIBATH TEIJIOBbIE HATPY3KU OT W3J/IyUEHUsl TOPAINX MPOIYKTOB peakimu. V3iydenne
TaKKe MOXKET OKa3bIBaTh BJIMSHME Ha CTPATHU(MUKAINIO BOJIOPOJa B ropsveil M BJIaXKHONU aTMO-
chepe korTaiitnmenTa. Jis MogeupoBanus TermoooMena namyderunem B Kojge « CABARET-SC1»
ObLI peain30BaH KOHEYHO-00beMHBIH MeToJl JucKpeTHbix opjauaar (FVM). s Bamupanun Mojie-
JIN U3JIyYeHus UCIIOJIb30BAJINCH JlaHHble SkcriepuMmenTos cepun H2P2 nmporpammer HYMERES-2 u
skcriepumenTta HarmonaibHoit staboparopun Canius 110 U3y YeHUIO XapaKTEPUCTUK TYPOYJICHTHOTO
b dY3MOHHOTO BOJIOPOJIHOTO IIaMenu. B jgannoit pabore mpejcTaBieH KpaTKuil 0030p Marema-
TUdeckux Mojeseit, peanuzoBaHHbiX B Koje «CABARET-SCly, u pe3ysbraTroB wx BaJIMaIum,
00CyZKTal0TCs JTaJbHENIINe HaIPaBIeHIs PA3BUTHsT KOJIA.

BAJIMOAIINA MOAEJIN CABARET-MFSH HA 3ATAYE NHTPY3UBHOI'O
TEYEHUA

B.M. l'osmouzaun® Ilasex A. Maitopos *! ITerp A. Maiitopos'! A.B. Cosobes!
IBMK MI'Y Kadempa BEIMACIUTEILHBIX METOIOB

NuTpy3uBHBbIE T€UEHUS — 9TO PACIPOCTPAHEHUE YKUJIKOCTU TPOMEXKYTOIHON IJIOTHOCTH BJIOJIb
TPaHUIBl pa3jesa CJIOEB B CTpaTU(MUIMPOBaHHOU cpeqe. B manHOIT paboTe IMpeicTaBIeHO WHC-
JIEHHOE MOJIeTMPOBaHUE 33 /1a9 MHTPY3UBHOT'O T€YEHNsI, Ha OCHOBE JIAOOPATOPHBIX IKCIEPIMEHTOB
Sutherland, ¢ ucnonszosanunem mogean CABARET-MFEFSH. Dta rujipocraTnieckast MOJAEIb OIUCHI-
BaeT JMHAMUKY *KUJIKOCTH C IEPEMEHHON IIJIOTHOCTBIO U CBOOOJHON rpanutieil. BeraucimresbHblit
AJICOPUTM OCHOBAH HA METO/Ie TUIEePOOIMIECKO JIEKOMIIO3UIIUN — IIPEJICTaBIEHUN MHOT'OCIOWHO
CpeJibl B BUJIE OTJEIbHBIX CJIOEB, B3aMMOACHCTBYIONNX Yepe3 IPAHnIbl pas/jiea.

DKCIIepUMEHTAIbHAS YCTAHOBKA MIPEJICTABIIET CODOI pe3epByap, Pa3/IeIéHHbII ePeropoIKoi
Ha JIBE 9aCTHU: OJIHA COJIEPXKUT ABYXCIONHYIO YKUJIKOCTb C INIOTHOCTAMU po U P1, JApyrad — KHAJ-
KOCTb ITPOMEXKYTOTHON IIJIOTHOCTH 0y, YJIOBJIETBOPSIONIE HEPABEHCTBY py < p; < pi1. llociie cusarus
[IePEerOPOJAKY 2KUJKOCTDb ILJIOTHOCTHU p; HAYMHAET PACIPOCTPAHATHCS BAOJIb I'PAHUIILI MEZKJIY CJIOs-
Mu. Mojesb moka3bIBaeT XOpolllee COBIIaJIeHNE C SKCIEPUMEHTAJIbHBIMI JTAHHBIMH.

KOJI CABARET-COMBUSTION JIJIS 3AJTAY BOJJOPOJIHOM ITOYKAPO- 1
B3PBIBOBE3OIIACHOCTU

A.B. Janumn *!
'MBPAS PAH, Mocksa, Poccusa
*bass-40@yandex.ru

B UBPAS PAH paspabarsiBaercss CFD ko « CABARET-COMBUSTION», st uncjieHHOro
aHaJI3a 3a/1ad BOJIOPOJHON B3PBIBOOE30IIACHOCTH 00bEKTOB MH(MPACTPYKTYPHl ATOMHON 1 BOJIO-
pojnoit suepretuku B LES npubimxkenun. /s anmpokcumarnun ypaBHEHUIT MHOTOKOMIIOHEHTHO
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ra30BOi JMHAMUKHI HCIOJIB3yeTcs bataHcHO-XapakTepuctudeckas cxema KABAPE, obanaroriast
BTOPBIM TIOPSIJIKOM AIIIPOKCUMAIIUN 10 POCTPAHCTBY M BPEMEHU, HU3KYIO YUCJIEHHYIO JIMCCHIIA-
U0 ¥ KOMIIAKTHBIN BBIYUCIUTEIbHBIH maboH. B pamkax Koja peaymzoban ajroputm KABAPE
JIJIT MHOT'OKOMITOHEHTHBIX PEArMPYIONINX Ta30BbIX CMeceil, BK/IIOYAIONIUN TOJIX0/ K Pa3peIIeHnio
3BYKOBBIX TOY€K. B KO/ BKJIIOUEHBI MOJIEIb KPYITHOMACIITAOHOIO TOPEHUs ITepeMeNTaHHbIX IOPIo-
YUX CMecel, OCHOBAHHBIN Ha MOJIe/In TypPOYJICHTHOIO 3aMBIKAHUSA ILJIAMEHU, MOJE/b JICTOHAIINH,
OCHOBaHHAas Ha OJIHOCTAIUWHON HEOOPATUMON XUMHYECKONH KWHETUKH, MOJEIb CTPYHHOI'O Tope-
HUsI, OCHOBaHHas Ha MOJEJN Juccunanun Buxpeil. Kom BaamampoBan Ha psje 3a/1a49, CBI3aHHBIX C
TOpEeHNeM U JleTOHAIell BOJOPO/IHO-BO3/IYIIIHBIX CMecell B OTKPBITOM IIPOCTPAHCTBE U 3aIPDOMOK-
JIEHHBIX KaHa/IaxX pasyinaHoil konduryparun. Pacuers Mo Koy y4acTBOBAJIN B CJIETON (hase MexK-
nyrapojaoro 6enumapka ETSON-SAMHYCO-NET benchmark, ochoBannoro na skcriepuMeHTax
na ycranoBke ENACCEF-2. B mannoit pabore paccMOTpPeHBI OCHOBHBIE PE3Y/IbTATHI BaJ I Al

koga «CABARET-COMBUSTION».

PEIIIEHUE HEJIMHENHOI'O CUHTYJ/ISIPHO BO3MVYIIIEHHOI'O
YPABHEHUNZ{ C IBYMA ITAPAMETPAMNM HA CETKE IHNINITKVHA
MHOT'OCETOYHBIM AJITOPNUTMOM

C.B. Tuxosckag *!
Mucruryt maremarnkn nm. C.JI. Cobonesa CO PAH, Hosocubupcxk, Poccns
*s.tihovskaya@yandex.ru

NsBecTHO, UTO NpUMEHEHNE KJIACCUIECKUX PA3HOCTHBIX CXEM JIJII CUHTYJISPHO BO3MYIIEHHBIX
3319 MMPUBOJUT K OOJIBIITUM ITOIPENTHOCTAM IIPU MaJIbIX 3HAYEHUSX IMapaMeTpPOB BO3MYIICHUS.
PaccmoTpena KpaeBas 3a/1a4a JIJ1sl HEJIMHETHOTO CHHTYJISIPHO BO3MYIIIEHHOTO OOBIKHOBEHHOTO T (h-
depeHIMAIBLHOrO YpaBHEHNsI BTOPOrO MOPSJIKA C JBYMs MaJbIMU ITapaMeTpaMu, BIUSIONIMI Ha
KOHBEKIIMOHHBIN U ndDy3MOHHBIN WIeHbl, HA KyCOUHO-paBHOMEPHOI ceTke. [[is simneapusarun
ucrnob3ytorcesa ureparun Heiorona n [lukapa. s naxoxkienus pernienns 3aa9u Ha KaxK 101 UTe-
paluu IpuMeHseTcs pa3HOCTHAs CXeMa BTOPOro mnopgdjka Ha cerke [IIumkuna, KoTopas CXOauTcs
PaBHOMEPHO 110 000MM MaJIbIM TapaMeTpam. i yMmenbIieausg TpedyeMoro KoJim4ecTsa apudmMeTu-
YECKUX Olepaluii IIPU pean3aliud Pa3HOCTHON CXEMbI HNPEAJIaracTcd KaCKaJHbIi MHOTOCETOYHBIN
aJIropuTM. J[J1s IOBBITIIEHUST TOYHOCTH Pa3HOCTHOM CXEeMbI, IPUMEHACTCH SKCTpanodius Puaapi-
COHa C UCTOJIb30BaHNEM U3BECTHBIX PEIIeHNi PA3HOCTHO cXeMbl Ha, IBYX ceTKax. [loydena pasmo-
MepHas 110 000MM MaJIbIM ITapaMeTpaM OIeHKa IePBOii TPOM3BOIHON pertenns TuddepeHnaaTbHOi
339K B CJIydae Pas/InUHbIX MAaJIBIX napaMeTpoB. O6CyKIaloTcsd pe3yIbTaThbl YUCIEHHBIX IKCIIe-
PUMEHTOB.

Pa6ora BeimosineHa B paMkax rocyaapcrsentoro 3ajanus UM CO PAH, mpoekr FWNF-2022-
0016.

KOHEYHO-PASHOCTHAA JUCKPETU3ALINA HET'T/IPOCTATUYECKIX
YPABHEHUN JINHAMUKUN ATMOC®EPBI HA CETKE KYBUYECKAZ£
COPEPA, COXPAHAIOIITA YA SHEPI'TIO

JI.A. Mapxanos **? B.B. Hlamkur'?3 I".C. Toitman!?3
"MucturyT Boramcurenbroit MatemaTukn uM. IV, Mapuyka PAH, Mocksa, Poccust
’I'mapomernentp Poccun, Mocksa, Poccus
3SMockoBckuii pusuko-rexuudeckuit uncTuTyT, Joaronpyansiii, Poccus
*d.markhanov@inm.ras.ru

B nannoit pabore mpeicTaBIsieTCs MPOCTPAHCTBEHHAS AIMTPOKCUMAIINS BEICOKOTO TTOPSIIKA TOY-
HOCTH JIjIl HETUJIPOCTATUIEeCKUX YPaBHEHUI JUHAMIKE aTMOChephl B HOBOI paspabaTbiBaeMOil MO-
Jiesin aTMocdepbl BHICOKOT'O pa3pellieHnsl Ha KBa3supaBHOMEPHOI ceTke KybmdecKas cdepa. Kirro-
4eBOil 0COOEHHOCTHIO PAOOTHI ABJISIETCS IPUMEHEHNE KOHEIHO-PAa3HOCTHOTO METO/1a CyMMHUPOBAHMS
o yactaM (Summation-by-parts finite difference, SBP-FD). Merog SBP-FD nossosisier mocrpours
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YCTOWYMBBIE AIIIPOKCUMAIIIN BBICOKOI'O TOPSIKa MOPU30HTAJIBHBIX ITPOU3BOJIHBIX Ha CETKE KyOu-
Jeckasd cdepa. Bojiee Toro, ropusoHTaIbHBIE IPAJIUEHT U JUBEPIEHIUsI, TTOCTPOCHHBIE ¢ TTOMOIIHIO
SBP-FD, yuoBieTBopsioT JucKpeTHOMY aHaJory TeopeMbl Octporpajickoro-l'aycca, 4ro mo3Bo-
JISIET TTOCTPOUTH JINCKPETU3AIIIO, COXPAHSIONIYI0O MACCY M SHEPIUIO, U UTO IMPEJICTABIISIET 0COObIi
UHTEpeC PU MOJIe/IUPOBaHNN KiinMmaTta. [locTpoennas nuckperusaiust Obljia UCIIBITAHA HA Psijie 00-
MEMTPUHATHIX UJI€ATM3UPOBAHHBIX TECTOBBIX 3812, U TOJIy YeHHbIE TNCICHHBIE PE3Y/IBTATHI XOPOIIIO
COTJIACYIOTCSI € 9TAJOHHBIMI permeHusiMu. OKuIaeTcst, 9To B JaJIbHEHIeM oIy YeHHasT JIUCKPeTH-
zanus Oyner nepeseena Ha GPU 71 pacdeToB ¢ BBICOKUM pa3pelieHneM CeTKH.

Pabora momgmep:xana Oraenennem MoCKOBCKOTO TeHTpa (yHIaMEHTAJIBHON U MIPUKJIATHON Ma-
remarukn B IBM PAH (Cornamtenne ¢ Munobpuaykn Poccun Ne 075-15-2025-347)

OBPABOTKA 3BYKOBBIX TOYUEK B CXEME KABAPE IIO METOY
II3NHB-CUHB (JIN-XIN)

A.B. Cepxantos *! B.M. TojoBusnun
L®uman Mockosekoro rocynapersennoro ynusepeutera nmenu M.B. Jlomonocosa B 1. Capose,
Capos, Poccus
2Mockosckuit rocygapersennniit yausepeuter um. M.B. Jlomonocosa, Mocksa, Poccus
*gol@ibrae.ac.ru

1,2

[Ipy BO3BHMKHOBEHHH B HYHUCJIEHHOM PEIIeHUN KBA3WJIMHENHLIX YpPaBHEHUIN THMIIEpOOJINIECKOro
THIIA T.H. «3BYKOBBIX TOYEK», KOIJIa KOI(DMUIIMEHT HAKJOHA XapaKTEPUCTHK B COCETHUX pac-
YETHBIX SYeiKaX MeHsieT 3HaK, (hOPMUPYETCd OCOOEHHOCTH, Tpedyolas, B pPaMKax OasaHCHO-
XapaKTEePUCTUIECKOTO TIOJIX0/1a, CIEeINAIbHOIO PACCMOTPEHUS. DTy MPOOIeMy MOYXKHO 000UTH, ecJin
NpUOJIU3UTD MCXOJHOE YPaBHEHUE CUCTEMOU M3 JBYX T'HIEPOOIMYECKUX YPABHEHUN peslaKCallMOH-
HOTO THIIA, UCKJ0Yaomux dhopmuposanue 3ByKoBbix Touek (The Jin-Xin model).

B nmokmajie paccMOTPeH Mpe/IeNbHBIN CIydail peJaKCallmoOHHOTO TOJIX0/1a IIPHU HYJIeBOM peslak-
CAITHOHHOM IIapaMmeTpe.

CXEMA KABAPE B SAJAYAX TEMOJNMHAMUUKN

B. M. Tososusaun! B. B. Konomnanuxos! I1. A. Maitopos! C. 1. Myxun *
IMI'Y nmenn M. B. Jlomonocosa, daxynsrer BMK, Mocksa, Poccns
*vmmus@cs.msu.ru

1

Psan 3amaa remonumaaMuKu TpebyeT aKKypaTHBIX PACIeTOB MHOIOMEPHBIX TeUYeHU B BbIICICH-
HBIX yYacTKaxX KPOBEHOCHON CHCTEMBbI, KOTOpasd, KaK IIPaBUJIO, PACCMATPUBAETCA B KBA3UOIHOMED-
HoM npubmkennn. ConpsizKeHrne MHOTOMEPHOIT 1 KBa3MOIHOMEPHOM CUCTEM YpaBHEHHUI TeMo/InHA-
MHKH OCYIIECTB/IACTCH TPAHUIHBIMU YCJIOBUAMU U YIUTHIBAET BIUSHUE JIOKAJILHBIX OCOOCHHOCTE
TeYeHUs Ha KPOBEHOCHYIO CHCTEMY B IIEJIOM.

[Ipu MosIeTMpOBaHUT T€UEHUS B BBIJICJICHHBIX YIACTKAX COCY/I0B HEOOXOIMMO YIUTHIBATH CJIOXK-
HYI0, BOODIIIE TOBOPsI, TPEXMEPHYIO T€OMETPUIO 1 IMOABUKHOCTEH I'PAHUIL pacdeTHoi obracTu. A mar-
Talusi pacIeTHON CETKH K IOABUXKHBIM IPAHUIAM IIPUBOIAT K MOJIEIsIM TeMOJMHAMUKH B CMeIllaH-
HBIX 3ijIepoBo-aarpankeBbix (CIJI) mepeMeHHBIX.

Knaccuueckne ajaropuTMbl pellieHnsl ypaBHEHNT MeXaHUKU CILIOITHBIX cpel B CDJI mepemen-
HBIX COCTOAT M3 Tpex 3TanoB. Ha repBoM sTalie periarTcs ypaBHEHHUS B «UUCTO JIAI'PAHKEBBIX»
WA B «9UCTO SMIEPOBBIX» IEePEMEHHBIX, HA BTOPOM 3Talle BBIUUC/ISIOTCS JKeJlaTeJIbHble HOBbIE KO-
OP/IMHATHI PACCUCTHBIX Y3JI0B, HA TPETHEM - OCYIIECTB/IACTCS TEPEUHTEPIIOAIN KOHCEPBATUBHBIX
BEJIMYUH CO CTAapOil CETKM Ha HOBYIO C Y9ETOM 3aKOHOB coxpaHeHus. llocieannii stam saBjsgercs
HauboJsiee MPOOJIEMHBIM U PECYPCOEMKHUM.

B pabore npeiaraercst HoBbIN 1moaxo K peanusanun ajaropurma KABAPE B C9JI - nepemen-
HBIX, UCKJIIOYAIONINI 9TAll IIEPEHHTEPIIOAIINN C OJHON pacueTHO! CeTKH Ha APYTYIO 1 00180
CBOMCTBOM BPEMEHHO# 0OPATUMOCTH, TapaHTUPYIOIIEH IOJTHOE OTCYTCTBHE T.H. «AIIPOKCAMAIINOH-
HOIT BsA3KOoCTH». lIpesaraeMblii ajroput™, pa3paboTaHHBIN JjIsi PeIlieHns MHOTOMEPHBIX 3a/1ad
reMoJIMHAMUKK, 00001aeTcst Ha OoJiee TMMPOKUI KJIacc 3a/iad MEXaHUKU CILIONIHBIX CPEJI.
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CPABHEHUE KOHEYHO-3JIEMEHTHBIX AIIIIPOKCUMAIINI HA
OB'bEJVMHEHHBIX CETKAX BOPOHOI'O-ZIEJIOHE JJIf IBYMEPHBIX
3AJJAY B AHU3O0TPOITHOUN CPE/IE

M.M. Yepngpmmos *!
'MI'Y mmenn M.B. Jlomonocosa, Mocksa, Poccusa
*chernyshovmm@my . msu.ru

B pabore paccmarpuBaercs mpuMeHeHHe OObeJIMHEHHbIX pacdeTHbIX cerok (MVD-cetok —
Merged Voronoi-Delaunay), mocTpoeHHBIX Ha OCHOBE y3JI0B TpuaHryJsiimn Jlesone u Beprns jJua-
rpaMMbl BOpoHOTO, JIj1s1 9UCJIEHHOTO PEIleHus JIByMEPHBIX KPAEeBbIX 3a/1ad B AaHU30TPOITHON Cpejie
METO/IOM KOHEUYHBIX 9JIEMEHTOB.

[IpemoxkeH ABYXCETOUHBIN 10/X0/1, (DOPMUPYIONINNA OPTOAUATOHAJIBHBIE YEeThIPEXYTOJIbHBIE
H‘{eﬁKH, IIoaxogdinune JJ/14d COIrVIaCOBaHHbIX aHHpOKCI/IMaI_H/IIL/.I OIIepaTOpPOB BEKTOPHOI'O aHaJIU3a. BbI—
IIOJIHEHO CpaBHEHUE Pa3JIMYHBIX aHHpOKCHMaHHfIZ KYCOqHO-HHHeﬁHbIX, KYCOYHO-KBaJIpaTUYIHbIX U
C TY3BIPHKOBBIME (DYHKITUSAME Ha, TpeyroabHbix 1 MVD-ceTkax.

[IpoBeeHbl pacdéThl 1t TeCTOBOM 3a/1a4u JiudY3Un B OTHOPOTHON U aHU30TPOITHON cpejie Ha
MIOCJIEIOBATEILHOCTH crymaronuxcs ceTok. [lokazano, aro MVD-cerku obecniednBaioT TOUYHOCTD,
COIIOCTABUMYIO ¢ TpUAHTy el Jlestone, mpu TOM 2Ke 9Hcje cTeleHei cBOOOIbI, U ABJISIOTC TIep-
CHEKTUBHBIMHE JIJI Pa3BUTUsI KOHEUHO-O0ObEMHBIX U ITOJIUTOINHBIX KOHEIHO-3JIEMEHTHBIX METOJIOB.

NCCJIEAOBAHUVE AHU30TPOIINN TPEINIMHOBATHIX CPE/I ITPU
oMo YMCJIEHHOTO MOAEJINPOBAHUN A

1.H. Arpesos *!' H.M. Xoxjos!
l®epepanbhoe rocyrapersentoe aBTOHOMHOE 0OPa30BaTEIbHOE YUPEZKICHIE BBICIIEro
obpazoBanusi « MoOCKOBCKHUiT (PU3UKO-TEXHUYECKUT MHCTUTYT (HAIMOHAJIBHBIH UCCIIeI0BATE IbCK I
yuusepcurer)», Mocksa, Poccust
*agrelov.in@phystech.edu

[Tonck HOBBIX MeCTOPOXKJIeHUIT HeDTH U Ta3a OCTAETCS OJHON M3 NMPUOPUTETHBIX 3aJia4 I'eo-
duzukn. Opanm n3 HAnbosee 3OMOEKTUBHBIX U MUPOKO TPUMEHSIEMBIX METOJIOB DEIeHns JTAHHOM
3314 ABJSETCA ceficMopas3BeKa, IMO3BOJISIONIAas BOCCTAHAB/INBATL CTPOECHUE U CBOWCTBA, TOJIIIO-
BEPXHOCTHBIX T€0JIOTIIECKIX CTPYKTYP Ha OCHOBE PErHCTPAINU KOJIeOaHWiT 3eMHO TOBEPXHOCTH.
O tHuM U3 TaKUX CBOYICTB SBJISIETCS AHU30TPOIIHS - 3aBUCHMOCTb CKOPOCTU PACIIPOCTPAHEHUS BOJIH
oT HampasjeHus. CyIlecTBEHHBIM (HDAaKTOPOM, BBI3BIBAIOIINM AHU30TPOIUIO, BBICTYIIAET HAJIUYINE
TPENIUH B IeoJIorndeckoii cpejie. lannas padoTa MOCBgIeHa YUCIEHHOMY HCCJIEIOBAHUIO aHU30-
TPOIIUU PACIPOCTPAHEHUS YIPYTUX BOJH B TPEIIMHOBATON CpeJIe.

g perennst 33724 pacpoCTPaHEHUsI BOJIH IIPUMEHEH CETOYHO-XapPaKTEPUCTUYECKUN Me-
Tojl. B pamkax paboThl IOCTpOeHA TpeXMepHas CeTOYHas MOJIENb CPEJIbI, COJIePyKAIell TPEITHBI.
Brina pazpaborana Mojesb TPEIUHbI, TO3BOJISIONIAad YIUTHIBATh IMUPUHY PACKPBITUS W CBOHCTBA
MaTepuaJia 3aIoHATe . /19 TOBBIIEHNS BBIYUCIUTE/ILHOM 3(PHEKTUBHOCTH MOJICTMPOBAHUS Pe-
aJIN30BaHa MMapaJule/ibHas pean3alus ¢ ucnoJjb3oBanneMm Texnonorun MPI.

IIPUMEHEHUE CXEMBI KABAPE JIJIS PEIIEHNUS 3AJIAY JIBYX®A3HON
TIPONHAMUKN

M.C. Typ6bLies!
"Mockosckuit Tocynapersennntit Yausepeuter um. M.B. Jlomonocosa, Mocksa, Poccust
Yturbylev@list.ru

B pabore uccnenyerca npumenenue cxembl Kabape st MoJieTmpoBanus JIBYXMAa3HbIX Tede-
HUil B ofiHOMepHOM Tpubsimzkennn. PacemarpuBaercs JiByxdas3Hasi CucTeMa ypaBHEHUH 110 MOJIeIn
Saurel-Abgrall ¢ nBymMS JaBICHUSIMEU, CKOPOCTSIME U TEMIIEPATyPaMU, JOMOJHEHHAS yUIETOM Tpe-
HUsI, TPABUTAINN, PejlaKkcalueil JTaBaeHus U PAHUIHBIME YCIOBUSIMU. Bblia mojydena xapakTe-
puctudeckas dpopMa ypaBHeHUi 1 BUJ nHBapuaHToB Pumana. B cxemy ObLin g00aBjieHbI STAIIbI C
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MOMEHTAJIBHON pesiakcalieii CKOpOCTH, JTaBJIEHUS U TeMIIepaTypbl MexK 1y dazamu. ToaHOCTD cxe-
MBI [TPOBEPEHA Ha 33J1ade ¢ IIEPEHOCOM ITy3bIPbKa ra3a (CTylneHbKN) B JIByX]a3HoM moToke. Takxke
OBLIO IPOBEJICHO cpaBHeHne cxeMbl Kabape u metojia Broporo nopsijika Tounoctu HLLC+MUSCL
Ha 3aja4de DitHdesbara ¢ pazderanneM 00beMOB KUJIKOCTH.

NCIIOJIBBOBAHVE METOJA KABAPE 1JI4d AHAJIN3A
TFASOIMHAMMNYECKUX ITPOITECCOB B PEATUPVYIOIIINX I'A30BbBIX
CMECHAX

11.C. SIxoBenko *!
1O6beuHennbIit HHCTUTYT BBICOKUX TemiepaTyp Poccuiickoii akagemun nayk (OVIBT PAH),
Mocksa, Poccust
*yakovenko.ivan@bk.ru

[Iporecchl TOpeHUs TTOBCEMECTHO UCIIOJB3YIOTCH B PA3JIUYHBIX 00JIACTIX MPOMBIIIJIEHHOCTA W
sHepreTuku. HecMoTpsi Ha OOraTyio MCTOPUIO MCCJIEIOBAHUN MPOIECCOB B XUMUYECKU AKTUBHBIX
ra3oBbIX CMECsX, B JIAHHOW O0JIACTU HENPEPBIBHO BO3HUKAIOT HOBBIC BBI3OBbBI, ITPOJIMKTOBAHHDLIE
CTpeMJIeHHEM K IOBBIMIEHNIO 3P (MEKTUBHOCTH IHEPTETUICCKUX YCTAHOBOK, CHUKEHUIO BBIOPOCOB
BPEIHBIX BEIECTB, pa3paboTKe HaJIe:KHBIX MOJIXOI0B K 0DECIIEUEHHIO MT0XKAapO- U B3PhIBOOE30MIAC-
HocTh. UHMCIEHHBINH aHaJIN3 3apeKOMEeHI0Ba/I cebst Kak 3(P(MEKTUBHBIN MHCTPYMEHT PEIIeHus CO-
BpeMEeHHBIX (DYHIAMEHTAJIbHBIX U HIPHUKIAJIHBIX 3aJad (DU3UKNA FOpeHusi. BBUIY HEOOXOIMMOCTH
paspelieHust MUPOKOro CIEKTPa IMPOCTPAHCTBEHHBIX M BPEMEHHBIX MAacCIITabOB, MOJEINPOBAHUE
ra30MHAMUIECKIX TEeUYEeHHI B XUMUYECKU aKTUBHBIX Cpejax IpecTaBiseT coOoil OdHy U3 Hau-
0oJiee CJIOKHBIX U TPYJIOEMKHUX 3a/1a9 BBIYUC/TUTE/IHLHON (PU3UKU U HEBO3MOXKHO 0€3 TpUMEHEHUs
BBICOKOITPOU3BOIUTETbHBIX BEIUYUCIUTEIbHBIX CUCTEM U HAJIEKHBIX BBIUYUCIUTETbHBIX aJITOPUTMOB.

B mannom J1okj1aJie mpejicTaB/ieHbl pe3ysIbTaThbl KOJIEKTHBa JlabopaTopun BBIYHCIUTE/THHOM
dusukn OVUBT PAH mo npuMeHeHHI0 COBPEMEHHOI'O OE3IMCCUIIATHBHOIO METOJa BBITHC/IATE b
noii razomuHaMuky «KABAPE» s ucciieioBanms mporeccoB BOCILIAMEHEHHUsI, HECTAIIOHAPHOTO
ropenud u jeroHaruu. Ha ocHoBe perieHusi pa3zpaboTaHHOIO aBTOpaMHM HabOpa TECTOBBIX 3a/iad
nmokaszaHa BbIcoKas 3ddexktuBHocTh Merojga «KABAPE» mia momenmmpoBanmst mporeccoB rope-
uust. [IpogemMoHcTpUpOBaHbl Pe3yJIbTaThl TPEXMEPHOI'O MOJEINPOBAHUS OCOOEHHOCTEll rasojnHa-
MHUYECKUX T€UYECHUH B yJIapHBIX TPyOaxX U MPOAHAJIM3UPOBAHBI MEXaHU3MbI BOCILIAMEHEHHUS T'a30BbIX
cMecell 3a OTPaXKEHHBIMU U TTAJIAIONTUME YIaPHBIMUA BoTHAMU. [IpuBeIeHbI pe3yabTaThl HCCIIeI0Ba-
HUs IIPOIECCOB HECTAITMOHAPHOT'O YCKOPEHUs IJIAMEHU U Iepexo/ia K JCTOHAIIMU B OI'PAHMICHHBIX
obbeMax U HeOTPAHUIEHHOM ITPOCTPAHCTBE.
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CEKIINA 3. BBIYNCJINTEJIBHBIE METO/IbI, MAIIIVMTHHOE

OBYYEHUE, CYIIEPKOMIIBIOTEPHBIE TEXHOJIOI'MIN N1 X
ITPNJIOZKEHIN A

CTATUCTUYECKHUE AJI'OPUTMbBI 1 HEITAPAMETPNYECKUNE
KPUTEPUN ITPOBEPKW CTEIIEHHBIX I'MIIOTE3 KOKCA-JIEMAHA B
CJIVYAE ITIOJIHBIX U1 ITPOI'PECCVBHO IHEH3YPUPOBAHHBIX /IBYX U
BOJIEE BbBIBOPOK

B.U. Tumonun® H.JI. Tanankosa! A.D. Ynmsa *! JI.M. Bynosckas!
IMI'TY um. H.9. Baymana, Mocksa, Poccust

*sashacilia2001@mail.ru

Bo MHOTEX NIPUKJIaIHBIX 38/1a9aX HEOOXOIUMO OIPEJIE/IATH 3aBUCUMOCTH MEK/ Ty 3aKOHAME Pac-
IpeJIeJIeHIs PE3Y/IbTaTOB SKCIIEPUMEHTOB, ITPOBOJIMMBIX B PA3/JIMIHBIX YCJIOBUAX. B OOJIBITUHCTBE
CJIydaeB IPeJIoIaraeTca HeN3MEeHHOCTh THIIA PACIIPEIe/IeHU, a OT BHEITHUX (PaKTOPOB 3aBUCAT UX
rapaMeTpbl. 3a9acTyIo, OJJHAKO, HeT HH(MOPMAIMH O 3aKOHAX PaCIpeJIe/IeHNs CIyYaiiHbIX BEJIUINH,
[IO3TOMY SIBJISIETCSI aKTyaJIbHOM 3a/1a9a ONEHKH 3aBUCUMOCTEN MKy (DYHKIIUIME PACIIPEIeIeHUsT
(HAIE?KHOCTH) CBOOOJIHBIMU OT PACIIPEJIC/ICHHS] METOIAMU.

[IpencraBiensr Hemrapamerpudeckune Kputepuu tuia Kosmoroposa-CMUpHOBa POBEPKH CTe-
neHHbIX 3aBucuMocTeit Kokca-Jlemana mexk ity dyHKIMsAME paciipe/iesiennst (HAeKHOCTH ) HECKOJTb-
KHX MPOI'PECCUBHO TEH3YPUPOBAHHBIX BHIOOPOK, YACTO BO3HUKAIONIUX NP MCITBITAHUAX CJIOKHBIX
cucreM. CTaTHCTUKN KPUTEPUEB OCHOBAHBI Ha CpaBHeHNN oneHOK Karmmana-Meitepa dyHKImiT Ha-
JIEZKHOCTH 110 KaXKJI0i U3 BBIOOPOK. [losrydeHbl TOUHBIE U aCUMITOTUYECKNE PACIIPE/IC/IEHIS CTa~
THUCTUK TIPYU CIIPABE/JINBOCTH ITPOBEPSIEMBIX THIIOTES.

MOAEJIb JNMHAMUWUKN ATMOC®EPHI HA CETKE KYBUYECKAA COEPA

B.B. Mamxun *123 I.C. Toitman’?*3? N.J1. Tperpax®®? JI.A. Mapxanos'*? 2K.B. Xaitganos!
MucruryT BoraucinTensuoit Maremaruku unm. 1M, Mapuayka Poccuiickoil akajgeMun Hayk
I'mapomernentp Poccun
SMockoBcKuil (bU3NKO-TeXHUICCKUH HHCTUTYT
*v.shashkin@inm.ras.ru

[TonsipHast CHHIYJISIPHOCTD TeorpadudecKnx KOOpJAUHAT OOyC/IaBIUBAET ILIOXYIO IapaJsiie/b-
HY10 3 PHEKTUBHOCTD AJITOPUTMOB YHCJIEHHOTO PElIeHNns YpaBHEHU TMHAMUKI aTMocdephl Ha pe-
TYJIAPHON MUPOTHO-A0JTOTHON ceTke. llomaBisiomniee OOJBIMTUHCTBO HOBBIX MOjeseil armMocdepbl
UCIIOJIb3YIOT chepuyueckne CeTKN C KBa3WpPaBHOMEDHBIM pazpernieHueM. llepcriekTuBHas Mojie)b
aTMocdepbl JIJId 3a/a4 MPOrHO3a MOr0/Ibl U MOJIEIUPOBaHUs KJIUMaTa, KOTopas pa3padaTbiBACTCs
B UBM PAH u I'mapomerniernTpe Poccun, ncrosmb3yer ceTky Kyomdeckas cdepa. CeTka Kybndeckast
cdepa mosrydaeTcs myTeM IMEeHTPaJIbHON ITPOEKIINU CEeTKU Ha I'paHsaX KyOa Ha BIHCAHHYIO cdepy.

B noknage npuBoguTes GopMyIMpOBKa MOJE/N U 0COOEHHOCTH ee peasm3aruu. PaccMmarpu-
BAIOTCS BOIIPOCHI NOPU30HTAJIBLHON KOHETHO-PA3HOCTHON AIIIPOKCUMAIINH, IJIe TJIABHON IpodieMoit
SIBJISIETCsT TIOCTAHOBKA I'DAHUYHBIX YCJIOBUI Ha obpasax pebep u BepiuH Kyba. AHAIU3UPYIOTCS
Pe3yabTaThl YUCJICHHBIX SKCIIEPUMEHTOB U MCCJIEYeTCs BhIYUC/IUTEIbHas 3O PEKTUBHOCTD U Mac-
mrabupyeMocth Ha mapasuienbHbix DBM. Ilokazana 3¢hdeKTHBHOCTH MOJEIN MIPH 3aIllyCcKax Ha
7000 BBIYUC/IUTETBHBIX SA/IED.

PABHOMEPHAY CXOANMOCTDb YUCJIEHHBIX METO/A0B AJIA
MHOTOMACIHITABHBIX 3AJAY C PEJIAKCAIITMOHHBIMU
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ITAPAMETPAMMNU: TEOPUL, ITPUMEP 1 IIPOTOTUII THCTPYMEHTA J1JI4
NCCJIEAJOBAHUA

O.II. CrosHOBCKAA*!
Mucruryr rugpomunamvuxn nm M. A. Jlaspenthesa CO PAH, Hosocubupcek, Pocens
*o.p.sklyar@gmail.com

MaremaTudecKre MOJIEIM MEXaHUKH CILIOITHBIX CPEJ] YacTO MPEJICTaB/IAIOT COO0N HAYAIbLHO-
KpaeBble 3314 i JinddepeHImaIbHbIX yPaBHEHN B YACTHBIX TPOU3BOAHBIX. [[pn Hajmnyaum B
3a/1ade mapaMeTpoB, 3HaUYeHNsI KOTOPBIX OTJINYAIOTCA Ha TOPAIKH, 3a/lada OKa3bIBAETCs MHOIOMaC-
mrTabHoi. J[a MHOroMacmTabHbIX 3a/1a9 U3BECTHO MOHATHE PABHOMEDPHBIX YHCJIEHHBIX METOJIOB.
Wx nmpakTuyeckas eHHOCTb COCTOUT B BO3MOYKHOCTH ITOJIyYaTh IPUEMJIEMYIO TOYHOCTH PeIleHust
[IPU YUCJIEHHOM Da3peIeHnt, He 3aBUCIINEM OT MAJIOTO IapaMeTpa.

[Ipemoxken MeTo/1 UCCIETOBAHUS PABHOMEPHON CXOAUMOCTHU TIO PEJAKCAITMOHHOMY TapaMeT-
Py, OCHOBAHHBLIN Ha MOHATUAX PEJAKCAIMOHHOTO JIMCIIEPCHOHHOIO COOTHOIIEHUSI W pPeJIaKCAIMOH-
HOro tpub/mKenHoro jauctepcuontoro coornorerust (I1/1C). Tlokasano, uro st paBHOMEpHOIt
CXOJIMMOCTH MEeTOJa IO MaJIoMy TapameTpy Heobxomaumo rnoctpoutsh [IJIC u mist mHero nmposeputh
cymectBoBanne peakcarmonnoro [1JIC. IlpumernMocTs MeTOIa YCTAHOBIEHA TIPU UCCTIeI0BAHUT
narpamkeBa nogxoga SPH s mojenupoBanus jguHamMuku rasos3peceil. [lokazano, 1o momxos
YACTHUIA-YACTHIIA JJI MOJIEJTMPOBAHUS TPEHUS IMPUBOJIUT K YUCJIEHHOMY METO/Ty, He 00JIaIaioneMy
PABHOMEPHON CXOIMMOCTBIO 110 MaJIOMy IapaMeTpy, a IMOJIXOJ| YaCTHUIa-CeTKa MO3BOJIgeT obectie-
YUTH PABHOMEPHYIO CXOJIUMOCTb 110 TOMY HapameTpy. [t yuporenus ucciieioBanmii pazpadarbl-
Baetcs bubsimoreka SymDR, npeaaaznatiennas jyis reaeparuu [1/1C u Busyanuzanuu pe3yibraToB
UX aHaJIn3a.

OBOBIIIEHHHIN MHOI‘OMACH_ITABHI:)II?'IUMETO,Z[ KOHEYHbBIX
9JIEMEHTOB /1J151 MHOTI'OKOHTUHYAJIBHOU MOJEJIN JN®DY3NN C
APOBHOUM ITPOMU3BOJHOU 110 BPEMEHN

V.C. Kanaunkosa *! JI.A. Ammocos!

!Cesepo-Bocrounstit dbenepanbuniii yausepenter nm. M.K. Aymocosa, dkyTck, Poccna
*lanasemna@mail.ru

B nannoit pabore mpejcraBiieHa HOBasg MHOTOKOHTHUHYyaJIbHasd MOJeIb auddy3un JIpodHOro
MopsiJIKa 0 BpeMeHHU, OCHOBaHHas Ha Mpou3BoHOi KamyTo n meTojie ocpenaenns. Mojens BbIBO-
JIATCA ITyTeM (DOPMYIMPOBAHUS SYEHKOBBIX 3a/1a4 ¢ OTPAHUYEHUSAMU U JIEKOMITO3UIINH PEleHns Ha
MakporepeMennblie. [ pernienus moJTyYeHHbIX MHOTOKOHTHHYAJILHBIX yPABHEHUI TPUMEHAETCs
O0600IIEeHHBIT METO KOHETHBIX 9JEMEHTOB Ha MHoroMacmrabunix cerkax (GMsFEM), uaro mos-
BoJiIeT 3(MPEKTUBHO peIaTh MHOTOMACIITAOHBIC 33/]a9l CO CJIOXKHON HEOJTHOPOIHOCTHIO U MHO-
JKECTBOM MacIITaboB. UucjieHnble 3KCIEPUMEHTHI JEMOHCTPUPYIOT TOYHOCTH M 3PDEKTUBHOCTH
IPEJIOKEHHOT0 METO/Ia: JOCTUIAeTCsl OTHOCUTEIbHASI TIOIPEIIHOCTD pertenns menee 1%, a Bbrauc-
JTebHOe BpeMs cokpariaercd B 10-20 pa3 1mo cpaBHEHUIO ¢ METOJIOM KOHEYHBIX 3JEMEHTOB Ha
O/ IPOOHOI ceTKe. Pe3ysibTaThl MOKA3bIBAIOT, YTO PEJJIOXKEHHBIN TI0/IX0JT ABJISETCS HaJIeKHBIM 1
3P DEKTUBHBIM HHCTPYMEHTOM /IS MOJIETMPOBAHUS CJIOYKHBIX MTPOIEccoB Tnddy3un B HEOTHOPOI-
HBIX CPeJIax.

Pabora Boeimosinena npu punancoBoit nmojiepxkke rpanra PH® 23-71-30013.

HOMOGENEOUS-HETEROGENEOUS PORE-SCALE REACTIVE TRANSPORT
WITH FRACTIONAL TIME DERIVATIVE

V.V. Grigoriev*! D.K. Ivanov! A.V. Savvin!
North-Eastern Federal University, Yakutsk, Russia
*v.v.grigorev@s-vfu.ru

48



CKTeMM-2025

This study presents a pore-scale model of a complex homogeneous-heterogeneous reaction.
It is based on the Stokes equations, convection-diffusion-reaction equations, and Robin boundary
conditions. The fluid is considered non-Newtonian, and the Carreau model of viscosity is employed.
A heterogeneous reaction is defined by the Langmuir isotherm, whereas a homogeneous reaction is
described by cubic autocatalysis over the entire pore space. The Crank-Nicholson scheme is used
for time discretization. Newton’s iterative method is implemented to solve a non-linear problem
for reactive mass transport and Picard iterations for non-Newtonian fluid flow. The problem is
considered in a one-way coupling where fluid flow influences the species transport, but there is
no backward influence of the species concentration on the fluid flow. The dimensionless form of
equations was used throughout the entire numerical analysis. The influence of the fractional time
derivative on the reacting processes is investigated.

This work was supported by the Russian Science Foundation (No. 23-71-30013).

MULTICONTINUUM HOMOGENIZATION FOR HETEROGENEOUS
POROELASTIC MEDIA

D.A. Ammosov *!
!Chemical and Petroleum Engineering Department, Khalifa University of Science and
Technology, Abu Dhabi, UAE
*dmitrii.ammosov@ku.ac.ae

In this talk, we discuss the multicontinuum homogenization approach. The multicontinuum
homogenization represents a general framework for deriving multicontinuum models in heterogeneous
high-contrast media. The method consists of several key steps. First, the microscopic solution field
is expanded in terms of macroscopic variables that represent average solutions in the corresponding
continua. Next, we formulate cell problems with appropriate constraints to capture various homo-
genized effects for each continuum. Finally, under suitable assumptions, we rigorously derive the
multicontinuum equations.

As a primary application, we focus on a poroelasticity problem in heterogeneous high-contrast
media. Using the multicontinuum homogenization approach, we derive a generalized multicontinuum
poroelasticity model for an arbitrary number of continua. The obtained multicontinuum model
extends and generalizes existing multiple-network poroelasticity models.

EFFICIENT ALGORITHMS FOR THE COMMUTATIVE QUATERNION
EQUALITY CONSTRAINED LEAST SQUARES PROBLEM WITH
APPLICATIONS TO COLOR IMAGE RESTORATION

Dong Zhang*1?

1School of Statistics and Data Science, Qufu Normal University, Qufu Shandong, P. R. China
2Institute of Mathematics and Information Science, North-Eastern Federal University, Yakutsk,
Russia
*dz_zhangdong@sina. com

The commutative quaternion algebra increasingly serves as a powerful framework in signal
processing, color image modeling, and control systems. Within this context, the commutative
quaternion equality constrained least squares (CQLSE) problem is essential in modeling complex
relationships involving commutative quaternionic variables under linear constraints. However, effi-
cient and reliable computational methods for solving such problems remain underdeveloped.

This talk presents two efficient algorithms for solving the CQLSE problem using structured
matrix decompositions. Based on the complex representation of commutative quaternion matrices,
we study the QR decomposition and the generalized singular value decomposition (GSVD) in
commutative quaternion matrices. We provide theoretical formulations together with practical
algorithms derived from these decompositions. Numerical experiments demonstrate the accuracy
and robustness of the proposed algorithms. Finally, we apply the developed algorithms to a
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commutative quaternion model of color image restoration and demonstrate their effectiveness in
image restoration tasks.

This work is supported by Young Talent of Lifting Engineering for Science and Technology in
Shandong, China (Grant No. SDAST2025QTB033) and by the Russian Science Foundation grant
No. 23-71-30013 (https://rscf.ru/project/23-71-30013/).

ATIIITIPOKCUMAIINA JAHHBIX TEMIIEPATYPHBI ATMOC®EPHI C
NCIIOJIbBOBAHNEM I'APMOHUK POCCBI 1 IBYXCTPATETMTYECKOI'O
AJAIITUBHOTI'O AJITOPUTMA ITYEJIMHON KOJIOHNN

B.U. Cusnesa*! B.B. I'puropnes’
LCesepo-Bocrounstit dbenepanbuniii yausepenter um. M.K. Aymocosa, dkyTck, Poccua
*verasivtseva@gmail.com

B pabore mpejicraBiena MeTOOJIOIHS AIIPOKCUMAIINN JAHHBIX TeMIepaTypbl aTMocdephl ¢
UCII0JIb30BaHUEM rapMOHUK PoccOu HA OCHOBE aJIAIITUBHOIO aJrOPUTMA UCKYCCTBEHHON ITYe/IMHOM
kosionnu (TSaABC) ¢ kecTKuM 1OPOroBbIM OTCedeHHEM. AJITOpUTM pas3paboTaH Jijisi PelleHusl
CJIOYKHBIX 3aJ1a" ONTUMUBAINN, CBI3AHHBIX C HEJTUHEHHBIMU TPOCTPAHCTBEHHO-BPEMEHHBIMHU MO-
JIeJISIMU, OTMCHIBAIOIIIMI JTUHAMIUKY KPYITHOMACIITAOHBIX aTMOC(EpPHBIX BOJIH. PaccMoTpenHble B
pabote BoJiHbl PoccOu urpaior K/Io4eByIo poJib B IUHAMUKE aTMOCHEPDI, TOCKOJIbKY OHU SBJIAIOTCS
OCHOBHBIM MEXaHU3MOM Iepeadil SHEPIUU U UMITYJIHCA MEXKTy Pa3JINIHbIMUA YPOBHAMHE aTMOche-
pol. g anaim3a 9TUX TPOIECCOB UCIOIH30BAICH CIIYTHUKOBBIE JAHHBIE ¢ WHCTPYMEHTOB Aura
(MLS). Meromosiorus ucciieioBanust 3aK/I09aercst B (hOpMyTHPOBKe 00paTHOl 3a/1a4i, B KOTOPOIt
MUHUMU3UPYETC (DYHKITUOHA, COCTOSIIUI U3 JIBYX dacTeil: HeBA3KU MEXKJYy MOJEIbIO U JIAHHBI-
My HaOsoeHnit (B Tepmunaax L2-HOopMbI), n mrpada 3a KOJIUIeCTBO UCIOIb3yeMbIX FAPMOHUK (B
repMuHaxX L1-HOpMBI). DTO MO3BOJISET HAXOIUTh MUHMMAIHHOE UHCJIO 3HAYMMBIX TAPMOHUK, KO-
TOpbIE JIOCTATOYHO TOYHO ONHUCHIBAIOT HAOJIIOMAEMYIO TeMIepaTypHyIo cTpyKTypy. ia permenus
9TO 3a/a4n ObLT TPUMEHEH JIBYXCTpaTerndeckuit ajgantuBHbiil ajroputM TSaABC, koTopsrit co-
JeTaeT B cede MeXaHU3MBbI IVIYOOKO SKCITyaTAIlNH U MTUPOKOI SKCILIOPAIINN ITPOCTPAHCTBA PeTe-
Huil. Ba:KHBIM JOTIOJTHEHIEM K &JITOPUTMY CTAJIO UCIOJIH30BaHUE YKECTKOI'O IIOPOIOBOIO OTCEYEHU s
(Hard Thresholding), no3BoJsiioIero ucK/Ir04aTh MajJo3HaAIMMbIe TAPMOHUKHI B XOJI€ ONITUMU3AIINK
U CHUXKATH Pa3MEPHOCTH 3aJiavu. duC/IeHHbIE SKCIEPUMEHThI MTOKA3aJM, ITO IPEJIOKEHHbBIN Me-
TOJI JIOCTUTAET OTHOCUTEIHLHON ommoOKu nopsjaka 12%, 9ro sBisgercs XOpOoIuM Pe3y/IbTaToM IIPH
HAJIMIUH KOPOTKOBOJTHOBBIX BO3MYIICHUI, TAKUX KAaK BHYTPEHHUE I'DABUTAIMOHHBIE BOJIHBI. TaK-
’Ke OBLJIO YCTAHOBJICHO, UYTO &JITOPUTM OBICTPO CXOIUTCH, Ojrarojiapsd KOMOMHAIIUK JIBYX CTPaTEruit
MIOUCKA U aJIalITUBHOMY BBIOOpY Hambosee 3(hPEeKTUBHBIX HAIIPABICHUI ONTUMUBAIIIH.

Pabotra BbImosinena npu (punancoBoil nmojepxkke rpanta PH® Ne 23-71-30013.

BECCETOYHBIII MHOTOMACIITABHBIN METO/L, JIJIsl PEIIIEHUS
3AJJAYN YIIPYTOCTU B MHOTOKOHTHUHYAJILHON HEOJIHOPOJIHO
CPEJIE

J1.51. Huxkudopos *!
'Cesepo-Bocrounsrit dbenepansuniii ynusepenter nM. M.K. Aymocosa, SkyTck, Poccna
*dju92@mail.ru
B nanmnoit cratbe mpejcraBiieHa pa3paborTka u ampobdbaiinsg 0ecceToIHOro 00ODIEHHOTO MHO-
romacirTabHoro Meroja KouedHbx d1emeHToB (MFGMSFEM) mis guciennoro pemenust 3a1ad
JIMHEWHOW YIIPYTOCTH B MHOTOKOHTUHYAJIBHBIX cpejiax. [IperaraeMbrit MeTos1 ipeictaBisgeT coboit
CUHTE3 0ECCEeTOYHON AaIPOKCUMAIIUN, YCTPaHSIONel OrpaHnYeHusl CeTKH Ha TIpyOoM MaciiTade,
1 0000IIEHHOr0 MHOTOMACIITAOHOIO MeTo/[a KoHedHbIX v1eMenToB (GMsFEM), obecneunsarorero
s dekTuBHOE paszpeleHne MHOroMacITabHbIX ocoberHocTeit. HoBuzna jgamHoit paboThl 3aK/Ii09a-
ercst B pa3paboTKe MHOIOMACIITAOHBIX OA3MCHBIX (DYHKIIUI, MOCTPOEHHBIX C UCIIOJIb30BaHUEM KaK
pa3’aeaeHHbIX, TaK U CBSI3aHHBIX I0IXO0J0B. Pe3yabraThl YHCAEHHBIX HCCIEI0BAHUN JTEeMOHCTPHU-
PYIOT BBICOKYIO TOYHOCTH PACUETOB IPU 3HAYUTE/IHHOM CHUKEHUU BBIYUCINTEIBLHBIX 3aTpPAT II0
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CPaBHEHUIO C TPAJUIIMOHHBIM MOJICJIMPOBAHUEM HA TOAPOOHON CETKE METOIOM KOHEUHBIX JIEMEH-
TOB.

Pa6ora BbimosiHena npu dbuHaHcoBoil moaepxkke Munoopuayku P® (I'pant Ne FSRG-2023-
0025).

MULTICONTINUUM HOMOGENIZATION FOR COUPLED FLOW AND
TRANSPORT EQUATIONS

Jian Huang!
National Center for Applied Mathematics in Hunan & Xiangtan University, China
*huangjian213@xtu.edu.cn

In this talk, we present the derivation of a multicontinuum model for the coupled flow and
transport equations by applying multicontinuum homogenization. We perform the multicontinuum
expansion for both flow and transport solutions and formulate novel coupled constraint cell problems
to capture the multiscale property, where oversampled regions are utilized to avoid boundary
effects. Assuming the smoothness of macroscopic variables, we obtain a multicontinuum system
composed of macroscopic elliptic equations and convection-diffusion-reaction equations with homo-
genized effective properties. Finally, we present numerical results for various coefficient fields and
boundary conditions to validate our proposed algorithm.

MHOT'OMACIITABHOE MATEMATUYECKOE MOJEINPOBAHUE
OBOBIIEHHOI 3AIAYN JAPCU-®OPXTENIMEPA B TPEIIIMHOBATBIX
CPEJ/IAX.

M.B. Bacuisesa! JI.A. Crimpusonos *!
LCesepo-Bocrounstit dbenepanbuniii yausepenter um. M.K. Aymocosa, dkyTck, Poccusa
*cepe2a@inbox.ru

B nannoii pabore paccmarpuBaeTcd oboOIeHHas Mojesb Tedenud kujgroctu Jlapcu-Popx-
reifiMepa, JIJIsT TPEIMINHOBATO-TIOPUCTHIX Cpel. AIIPOKCUMAIINS IIOCTPOEHA Ha, OCHOBE METOIa KOHEU-
HBIX 00'LEMOB CO BCTPOECHHOMN MOJIEIbIO TperuH. Mbl yMeHbIaeM pa3Mep JTUCKPETHONW CUCTEMBI ITy-
TEeM ITOCTPOEHUsI TOTHONW MHOTOMACIITAOHO# ammpokcuManuy Ha rpyboit cerke. B kadecTBe MeTo/1a
MMOHUKEHUsI MTOPSIIKA MbI UCIIOIB3yeM OOO0OIIEHHDINT MHOIOMACIIITAOHBIN MEeTO/T KOHEIHBIX 00bEMOB
¢ oHJaftH-Koppekiueit. MHoromacirabHoe MmpocTpaHCTBO CTPOUTCS Ha OCHOBE PEIIeHUs JIOKAJIb-
HOH JIMHEWHOMN CIEeKTPaJbHON 3a/a9u J/Isi TOYHON aJallTUBHON alllpOKCHMAIUN KO3 UImeHTa
IIPOHUIIAEMOCTH C BBICOKMM KOHTPACTOM IIyTEM BBEJICHUSI HECKOJIbKUX MaKpPOMAaCIITaOHBIX Iepe-
MeHHBIX. MBI ITOKa3bIBaeM, UTO aJIallTUBHBIN 110/1X0J], OCHOBAHHBII Ha JIOKAJIbHBIX HEBA3KAX, TOUHO
AIIIPOKCUMUPYET IIPOIEeCcChl (PUIbTPAINE B TPEIIMHOBATHIX ITIOPUCTHIX cpejiaX. dToObl YMEHBIINUTD
[IOT'PENTHOCTD, CBA3AHHYIO C HEJIMHEIHOW MPUPOJIoit miporiecca (hUIbTPAIMH, Mbl CTPOUM aJIallTHB-
HOe JIOKaJIbHOe oboralleHne MHOIOMACIITaOHOIO IPOCTPAHCTBA Ha OCHOBE JIOKAJbHON HEBS3KH.
Mpbr moka3bIiBaeM, UTO HECKOJBLKO aJalITUBHBIX UTEPAIil OHJIailH-KOPPEKIUHT MOTYT 3HAYUTETHHO
YMEHBIIIUTh OIMIUOKY U JATh PeIIeHne ¢ HU3KOM MOrPEITHOCTBIO JIJId 000OIEHHO Mojen (puib-
tparun /lapcu-Popxreitmepa

Pabora Brimosinena npu dunancoBoit nomepxkke rpanta PH® 23-71-30013.

FAST ALGORITHMS FOR EIGENVALUES OF QUATERNION MATRICES AND
THEIR APPLICATIONS

Zhenwei Guo*!? V. I. Vasil’ev? Tongsong Jiang?®
Liaocheng University, Liaocheng Shandong, P.R. China
2North-Eastern Federal University, Yakutsk, Russia
3Linyi University, Linyi Shandong, P.R. China
*guozhenweilcu@163. com
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This report briefly analyzes the wide range of applications of quaternion matrix computation in
modern science and engineering, including problems in color image processing, three-dimensional
signal processing, spatial rotation and quaternion quantum mechanics. The quaternion matrix
eigenvalue problem is not only an important branch of numerical linear algebra, but also a fun-
damental problem in fields such as applied mathematics and physics. However, the computational
efficiency of the existing algorithms is relatively low, which limits their large-scale popularization
in practical applications.

This report develops three more efficient algorithms for computing the eigenvalues of quaternion
matrices based on the algebraic structure and properties of quaternion matrices. Numerical exper-
iments show that the proposed algorithms have high computational efficiency and are successfully
applied to optimize an existing color face recognition scheme based on quaternion matrix eigenvalues.
Simulation experiments further validate the significant performance improvement of the algorithms
in practical applications.

In summary, this report not only optimizes the performance of the algorithm in the field
of quaternion numerical computation, but also provides theoretical support and foundation for
applications based on quaternion matrix eigenvalues, as well as other potential technical fields.

BBIYNCJINTEJIBHBIE AJITOPUTM IIPOAOJIZKEHU A
I'PABUTAIIVMTOHHOTI'O I10JI4d B CTOPOHY AHOMAJINN

I1.H. Babumesma? JI.X. Usanos *? JI.H. Temepbexosa®
"Mockosekuit rocyapersennbiii ynusepeuter umenu M.B. JIomonocosa, Mocksa, Poccust
2Cesepo-Bocrounmrit dbegepanpuniit ynusepcurer M. M. K. Ammocosa, dxyrek, Pocens
SKazaxckuil HAIMOHAJILHBIN e/ JaroruuecKuit yuusepenteT uM. Abas, Anmarel, Kazaxcran
*ivanov.gx@s-vfu.ru

PaccmarpuBaercs 3a1ada MpoIOIKeHNsS 3a/1a9a, MPOIOIKeHIsT TOTEHITUAIBHBIX TOJIei ¢ 1M0-
BEPXHOCTH 3eMju BIUIyOb. Ha OCHOBe perreHmsi Takoil 3ajadu WIEHTHUMUINPYETCS MOJIOXKEHNE
AHOMAJINII IPABUTAIIMOHHOIO 1M0Jid. Ha 0CHOBe MHTErpabHOTO MOAX0/1a MPUOIMKEHHOTO PerTeHust
TaKUX 3a/a9 IPABUTAIMOHHOE TI0JI€ IIPEJICTAaB/IsIeTCs B BUJIE BePTUKAJbHON ITPOU3BOJHON OT I10-
TEHIUAJIa ITPOCTOrO CJIOST. 3HAKOIIOCTOAHCTBO ILJIOTHOCTH SKBUBAJEHTHOI'O IIPOCTOTO CJIOS HAC/Ie-
AyeT 3HaKOIIOCTOAHCTBO IIJIOTHOCTHU aHOMAaJINN Ipu yCJIO BUM, 9TO IIOBEPXHOCTH 9KBHBaJICHTHOI'O
IIOTCHIIMaJIa BKJIIOYaeT BCE aHOMAJINU. qu/ITbIBaH 9TO CBOMICTBO npeajiaraceTcd BBIYUCJIUTEJIbHBIN
AJITOPUTM TIPOJIOJIZKEHNUST TIOTEHIINAIBHBIX 110JIeil B CTOPOHY aHomasnii ¢ momoribio NNLS merosa.
HpOBOﬂHTCH BBITHUCUTEC/JIbHBIC SKCIICPUMEHTDBI JIJIA TpeXl\/IepHOﬁ IIOCTaHOBKM 3aJa49U.

Pabora BbinosiHeHa nipu duHaucoBoil noaep:kke Munobpuaykun P® (Ipant Ne FSRG-2023-
0025).

MULTICONTINUUM MODELING OF TIME-FRACTIONAL DIFFUSION-WAVE
EQUATION IN HETEROGENEOUS MEDIA

Huiran Bai'*

!School of Mathematics and Computational Science, Xiangtan University, National Center for
Applied Mathematics in Hunan, Xiangtan 411105, Hunan, China
*2023315101010@smail.xtu.edu.cn

This work considers a time-fractional diffusion-wave equation with a high-contrast heterogeneous
diffusion coefficient. A numerical solution to this problem can present great computational challenges
due to its multiscale nature. Therefore, in this talk, we derive a multicontinuum time-fractional
diffusion-wave model using the multicontinuum homogenization method. For this purpose, we
formulate constraint cell problems considering various homogenized effects. These cell problems
are implemented in oversampled regions to avoid boundary effects. By solving the cell problems,
we obtain multicontinuum expansions of fine-scale solutions. Then, using these multicontinuum
expansions and supposing the smoothness of the macroscopic variables, we rigorously derive the
corresponding multicontinuum model. Finally, we present numerical results for two-dimensional
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model problems with different time-fractional derivatives to verify the accuracy of our proposed
approach.

ITAPAJIJIEJIBHBIN KO/ JIJIS TPEXMEPHOI'O MOJAEJINPOBAHNA
JNHAMMWKUN IIJIASMBI B OTKPBITON JIOBYIIKE

M.A. Boponuna*! B.A. Bumskos!
MucruryT BLorauenTe bHON MaTeMaTuKu U MaTeMarudeckoit reodusuku CO PAH,
Hoocubupck, Poccus
*boronina@ssd.sscc.ru

B noks1aie npejicraBiieH TpeXMEPHbIi KOJT JIJI YUC/IEHHOT'O MOJICTUPOBAHUS JIMTHAMIKY ITY TKOBO-
IJIA3MEHHBIX MPOIECCOB B OTKPBITON JIOBYIIKE. J[Jis1 ompe/ie/IeHHbIX TTapaMeTPOB CYIIECTBYET BO3-
MO>KHOCTb Ha0JII0/IaTh BHITECHEHUE MArHUTHOTO IOJIS BHYTPHU JIOBYIIKH UHXKEKTUPOBAHHBIMU Ha-
cruriamu 1 popMupoBanne KOHGUTYPAIUH, HEOOXOAUMOIl JIJIs yepKaHusl TIa3Mbl (JinaMarHuT-
HBII pexkuM). B ciydae oceBoit cuMMeTpuu B IMJIMHJIPHYECKAX KOOPJAUHATAX OBLIO MOKA3aHO,
YTO JUaMarHuTHasd KOH(UIYpals BO3MOXKHA, OJHAKO CJIOXKHAs HeJUHEHHas MPUPOJa IIPOIEC-
COB B JIMAMArHUTHON JIOBYIIIKE U PEMIAIONasd POJib KUHETUIeCKUX 3 (PeKTOB TPeOyIoT TpUMEHEHU S
TpexXMepHOr'o YUCJICHHOT'O MOJCJINPOBAHUA. Ha OCHOBE€ pPe3yJIbTaTOB MOJCJINPOBaHUA MO2KHO 6y,ZLeT
OTIPEJIETIUTH HEOOXOIMMbIe yCJIOBUA (DOPMUPOBAHUS U YCTOMYIUBOCTH JMAMATHUTHON KOHMUTYpa-
IAN.

OcHOBOIT KOJIa CJIY?KUT METOJ YaCTHI-B-sidefikax JjIsd THOPUIHONW MOJe/I, B KOTOPOH MOHBI
OTIMCHIBAIOTCA KMHETUYIECKH, & JIEKTPOHHAA KOMIIOHEeHTa omuchiBaeTcd ypaBueauamu MI/I. I1pu-
MEHSAETCS JIarPaHKeBO-3iIepoBa JeKOMIIO3UIIAA, IIPU KOTOPO#l pacdeTHas 00/1acTb PaBHOMEPHO
paspesaHa BJIOJIb OCH Z, KaxKas 110/100/1acTh 00pabaThIBae€TCsl OJHON I'PYIIION sijiep, a IacTHUIlbI B
I0100/IaCTH PacIIpeiesieHbl PABHOMEPHO MEXK/Iy siApaMU 9TOW IPYIIIbI, 9TO obecrieanBaeT OaJiaHc
BBIYUCIUTEILHON HArpy3ku. Kpome Toro, nucnoab3yiorcs CeruaJm3npoBaHHbIe MOIM(pUKAIIIN aJl-
FOPUTMOB pacUeTa CKOPOCTell W KOOPJAWHAT YaCTHUIl, ILJIOTHOCTEH 3apsijia U TOKOB C IEJIbI0 aBTO-
MaTHU4YeCcKOn BEKTOpU3aIllun BBIUUCJIEHU T KOMIIMJIATOPOM M, KaK CJCIACTBHE, COKPaIICHNIO BpEMEHHU
paboOTHI TPOIPAMMEBI.

Pacdernr mpoBejieHbl Ha mporeccopax Cubupcekoro cynepkomibiorepHoro menrpa (MBMuMT
CO PAH, Hosocubupck). Konrnenmus rubpuaHoii Mojgesn co3jiaHa B pamMKax roc.3ajgaxus VB-
MuMI" CO PAH FWNM-2025-0005.

YNCJIEHHBIQ SKCIEPUMEHT /1)1 KBASUJIMHEMTHOI'O YPABHEHI S
“PEAKIINN-/ITVNIODYININ”

K.II. Minpnna *!
LCesepo-Bocrounstit dbenepanbuniii yausepenter um. M.K. Aymocosa, dkyTck, Poccusa
*ilina_kunnei@mail.ru

Ypasuenne Kommoroposa—Ilerposckoro-Iluckyrnosa (Puiepa) mpejcrasisger coboil Kaaccu-
TeCKYI0 MO/IE/Ib, OIMMCHIBAIOIIYIO POIECChl PACIIPOCTPaHeHUs B cpeje ¢ auddysneit n peakimeit
[1],[2]. Co Bpemerem mozesb npuobpesia yHUBEpCAIbHBIN XapakTep 1 ObLIa YCIEeNTHO aJalTuPOBaHa
K 3ajladaM (usndeckoit xumun. 3eybaoBud n Opank-Kamenenkuii mpuMeHnn ee Jiisi OIUCAHUST
CKOPOCTH IIPOJBUXKEHUsT (PPOHTA ILJIAMEHU B PEAKIMOHHO-IU(@MY3MOHHBIX CHCTEMAax, yIUThIBas
BJIMSTHAE HAYAJIbHBIX TEMIIEPATYD U YCJIOBUI BOZHUKHOBEHUS ABTOKATATUTUIECKUX peakimii [3].

B pabore paccmarpuBaercss dnCJIeHHAsl pean3allis KOHEUIHO-PA3HOCTHON CXeMbI JIJIsSI OJIHO-
MEpHBIX ¥ JIByMEPHBIX 3ajiad Ha ocHOBe kKBasuinueitnoro ypastaerusi KIIII(D) u ero obobienust
B Bue HHTErpo-anddepennuaibaoil Mmoaenn. I[IpoBeeHbl BEIMUCINTEIbHBIE SKCIIEPUMEHTHI, O/I-
TBepZKTatorme (hOPMUPOBAHNE YCTONIUBBIX PEIeHuil THita OeryIumx BOJH U JeMOHCTPUPYIONIe
9P HEKTUBHOCTD MPEJIOKEHHOTO BBIUIUCINTEIHHOTO AJITOPUTMA.

Pabotra BoeImosiHena ipu purancoBoil nmojyiepxkke rpanta PH® 23-71-30013.

Crmcok murepaTypbl
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[1] Kosmoropos A.H., Tlerposckuit H.I'., [Tuckynos H.C. UccienoBanne ypasuenus auddy-
3WM, COEJIMHEHHON ¢ BO3pACTAHUEM BEIECTBAa, 1 €ro IPUMEHEHKe K OJIHON OMOJIOrnYecKoil mpobdeme
// Bromrerens MI'V. Cep. A. Maremaruka n Mexanuka. 1937. 1(6). C. 1-16.

[2] Fisher R.A. The wave of advance of advantageous genes // Annals of Eugenics, 1937, vol.
7, no. 4, pp. 355-369.

[3] Bembaosua 4. B., Opank-Kamenenkuit JI.A. K Teopun paBHOMEPHOro pacipoCTpaHeHMst
wramernn // JTokn. AH CCCP. — 1938, — T. 19. — Ne. 9. — C. 693-697.

DG-GMSFEM /J1JI5 3AJJAYU IIEPEHOCA B JIBOMHOM KOHTUHYYME B
ITEP®OPUPOBAHHDBIX OBJIACTAX

B.H. Anexcees *!
LCesepo-Bocrounstit dbenepanbuniii yausepenter um. M.K. Aymocosa, dkyTck, Poccua
*alekseev.valen@mail.ru

B sroit pabote pazpabaTbiBaeTCs METOJI JUCKPETHBIX 0000IEHHBIX MHOTOMACIITAOHBIX KOHEY-
Hbix sieMenToB [anepkuna (DG-GMsFEM) misa pemenust 3aja4 nepenoca JIBORHOIO KOHTHHYY-
Ma B nepdopupoBaHHbIX 00jacTax. MaremaTudeckass MOJIE/Ib BKJIIOYACT YPABHEHUS KOHBEKITUN-
nuddy3un 11 KOHIEHTPAIUi ¢ TOTOKOM, OIMUChIBAeMbIM ypaBHeHUusIMU CTOKca. YpaBHEHUsT MO-
JIEJIM BBIBOJIATCS IIyTEM TOMOTEHUBAINU HEOOJIBINNX 1epdopaliyii ¢ UCIO/JIL30BAHIEM METOJIOB T'0-
MOTCHUBAINN MYJIbTHKOHTHHYYMA. [locse BbImoHeHnsa 3TOl TOMOreHU3aIuN MbI TIOJIy9aeM COOT-
BETCTBYIOIIUE [MapaMeTPhl JIJIsi MOJIEJIM IepeHoca JIBOWHOro KoHTuHyyMa. [losrydennasi cucrema
BKJIIOUaeT Oojiee KpyIHbIE TIepdopalun, KOTOpble Pa3perialoTcs ¢ MOMOIILI0 MHOTOMACIITAOHBIX
OaszucHbIx GyaKIWMit. [ npubanzKkenns rpy0oii ceTKN BBOJUTCS METO/I PELYKIIMH MHOTOMACIITa0-
HOIl MOJIeIN, KOTOPBII CTPOUT JIOKAJbHBIE MHOroMmaciiTabHble OasucHble (DYHKIUU I TeHepa-
UK MOJIe/ I MeHbIelr pa3meprHoctu. Ipemraraemprit Mmetos peaykiun ocioBan Ha DG-GMsFEM
U BKJIOYaeT JBa mara: (1) mocrpoeHne MpOCTPAHCTBA MOMEHTAJIbHBIX CHUMKOB U (2) pereHue
JIOKQJIBHBIX CHEKTPAJIbHBIX 3aJa4 JIjId PEJyKINA Pa3MEPHOCTU B 3TOM IpocTpaHcTBe. [Ipescras-
JIEHBI YUCJIEHHBIE PEe3YJIbTaThl JJIsd JBYMEPHON 3a/[a4u, 9TOObI ITPOJIEMOHCTPUPOBATH ITPOU3BO/IU-
TEJILHOCTH METOJIa. JHUC/IeHHbIE PEe3Y/IbTAThI TTOKA3BIBAIOT, YTO MPE/IJIOKEHHBII METO 1 00eCIIeYnBaeT
XOPOIINE Pe3yaAbTaThl IPU 3HAYUTE/IHHOM YMEHBIIEHUN pa3Mepa CUCTEMBI.

Pabora nmomiepxkana rpantom Poccuiickoro nay4anoro ¢dpomna 23-71-30013.

YNCJIEHHOE UCCJIEJJOBAHUE MATEMATUYECKO MOJIEJI TEUEHN S
IMPNPOJIHOI'O T'A3BA B KOJIJIEKTOPE B PASHBIX IIOCTAHOBKAX

A.B. Ammocos *!
!Cesepo-Bocrounstit dhenepampunii yausepenter nM. M.K. Aymocosa, SdkyTck, Poccna

*albertdobun@gmail.com

B pannoit pabore npejicraBieHa MaTeMaTHIecKas MOJIE/b (DUILTPAIUN HEM30TEPMUIECKOTrO
MPUPOJIHOTO Ta3a B KOJJIEKTOPE B OCECHMMETPUIHBIX KOODIUHATAX, PACCMOTPEHHAS B PA3JIMIHBIX
noctaHoBkax. OCHOBHOEe BHUMAaHHUE yJI€JIEHO YPABHEHUIO SHEPTUU, BKJIOUYAIOINIEMY CjlaraeMble Ta-
KIe KaK, KOHJyKTUBHBII U KOHBEKTUBHBIN TEIJIOOOMEHBI, ainadaTndeckoe pacimmpenne u 3pherT
JIPOCCETMPOBAHUS:

or 10 oT T 0z\ Op k' p OpoT
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Craraemble ypaBHEHUSI BBI3BIBAIOT UHTEPEC BJIUSHUS HA MOJHYIO TIOCTAHOBKY YpPaBHEHUS.

YpaBHEHNE SHEPTUH TPEJICTABIECHO B YETHIPEX PA3IUIHBIX TTOCTAHOBKAX, IIPOBEIEHO YNUCIEHHOE
UCCIeJIOBaHNE BJIMAHUS CJIaraeMbIX Ha JIMTHAMUKY Iporiecca. J[s auckperusanuu UCroib30BaHa
HesBHO Pa3HOCTHAs CXeMa, peajn30BaHHas Ha KBAa3WPABHOMEDPHOI NPOCTPaHCTBEHHO-BPEMEHHOI
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CeTKe CO crymeHueM y3JI0B BOIM3M 32004 CKBaXKMHBI. CJI02KHOCTH BCTpedaronuecd IIpu pelnecHnu
YPpaBHEHUU 3HEPI'UU, B KOTOPOM COJEP2KaATCA YPpaBHEHHNA II€EPBOI'O 1 BTOPOI'O ITOPAJAKa IIPEOJI0JIEHBI
C IIOMOIIIbIO METO/Ja PpaCHICIIJICHUA I10 (bI/IBI/I‘{eCKI/IM IporeccaM.

MOJAEJINMPOBAHUE ®NJIBTPALINN HE3NA-137 C NCIIOJIBBOBAHNEM
OUSNIYECKUN-NTH®POPMNPOBAHHON HEMPOHHOU CETNU

N.N. Komuumy *! C.B. Crpuxax?
"Mockosckuit Asnarmonnsiit Macturyt, Mocksa, Poccusa
2JICII PAH, Mocksa, Poccua
*redlonelymountain@gmail.com

OreHka JIOJITOCPOYHOTO TTOBEJIEHUS PAINOHYKJIAIOB B MOYBAX KPUTUIECKU BarXKHA JJIST KO-
JIOTHYECKOI'0 MOHUTOPUHIA U YIIpaBJIEHUS TOCJIE/ICTBUIMU TEXHOTE€HHBIX aBapuii. B pabote mpej-
JaraeTcs MMOPUJHBIN TOIX0/1 K MojesnpoBanuio neperoca Cs-137 B Tpéx Tumax movs (cymecda-
Hasl, 9epPHO3EM, OpraHnvIecKas) ¢ UCHOJIb30BaHneM (hu3nuecKi-nHMOPMUPOBAHHOI HEPOHHOI ceTr
(PINN).

Yucennasi MoJIeJIb OCHOBAHA Ha PEIEHUN OJIHOMEPHOIO yPaBHEHUS MEPEHOCa CKassdpa ¢ yué-
TOM BJIMSTHUS CJIATaeMbIX a/IBEKITUU, MOJIEKYIIPHON Tuddy3un, paJnoaKTUBHOIO Paciaia 1 IBYX-
daznoit kuneruaeckoit necopbiuu. [Ipoduib BirarocoepKanms, OnpeIesIONINi TOTOK, PACCUU-
TeIBaeTcd 1o ypaBuenuto Puuapica. PINN ofy4aercs Ha cMHTETHUYECKHMX JIAHHBIX YUCIEHHBIX pe-
meHnit 1 pU3NIECKoil HeBdA3Ke, obecreunBasg TOTYHOCTh U (PU3UIECKYIO COTJIACOBAHHOCTD.

Paccmorpenbl paziaudnble CriocoObl KOJIMPOBAHUS THUIIA, ITOYBBI: CKaJISPHBIN, ‘one-hot” u “em-
bedding”. [lokazano, uro mcrnoab3oBanme noaxona “‘learnable embedding” obecnieunBaer sydmnine
MEeTPHUKM KadecTBa W CIOCOOHOCTH K ODODOINEHNIO Ha HEeBUJIAHHBIE TUIBI 1MOYB. lIpoBesen amann3
Biusuus runepiapamerpoB PINN na snadenusa merpuk RMSE, SSIM. Ilpesio:keHHbINH MOIXOT
OTKPBIBAET BO3MOYKHOCTH I MaciITabupoOBaHUs MOjesieil mepeHoca Ha 0OoJjiee MUPOKUIT KJIaCC
reocpe.

®PAKTAJIbHOE C2KATUE N30BPAXKEHUN

B.P. Ba6enko *! H.H. Tpydanos'
'MockoBsckuit rocynapersennblii Texuudeckuit yausepeurer unm. H.9. Baymana, Mocksa, Poccust
*bbr31@mail.ru

Paspaborka cucrem sddpeKTuBHOrO XpaHeHHs W Iepeadu OOJbIIINX MACCHBOB JIAHHBIX SB-
JISIeTCs aKTyaJIbHOU 3ajadeil coBpemenHocTu. [leHTpa/ibHOe MeCTO B 110~ CTPOEHUU TaKUX CHUCTEM
3aHUMAIOT AJTOPUTMbI CXKATHSA MUMPOBOI MHMOPMAIINK, B YACTHOCTH M300PaKEeHUIA.

Nccnemxyembie B paboTe ppaKkTabHbIE aJITOPUTMbI IIO3BOJISIIOT JOCTUIh BRICOKIX KO D UITnEH-
TOB CxKaTusi. MeTo/1 OCHOBBIBAETCS Ha IMMOHSITHH HEIIOIBUKHOI TOUKH, OIpeiessieMoii Teopemoii ba-
Haxa. PaccmarpuBaeTcs KOHEUHBIH HAOOP CKUMAIONINX OTOOPaXKEHUI, COBOKYITHOCTH KOTOPBIX 00-
pasyer cucremy urepupyembix byt (CUD). CorsacHo TeopeMe KojuiazKeii, arrpakrop (Herno-
JBrzkHasg Touka) takoii CU® mMoxkeT ObITh CKOJIb YTOJHO OJIM30K K MCXOJHOMY M300parKeHUio B
MeTpuke Xaycaop- da.

Texuuueckas peaau3alis BKIOYaeT pa3dreHne n300paskeHnsl Ha paHIOBbIE U J10- MEHHBIE 010~
KU C TIOCJIEAYIONUM YCTAHOBJIEHUEM B3aUMHO-OJHO3HAYHOTO COOTBETCTBUS MEXKJY HUMU ITOCPE]I-
CTBOM CoKuUMaroIux ad@UHHBIX Mpeodpa30oBaHnil; COBOKYITHOCTb 9THX IIpeoOpa3oBaHuii oopasyer
CHCTEeMY UTEPUPYEMBIX (DYHKITHIA.

BBujty BBICOKMX BBIYHCIUTENIBHBIX 3aTPAT, MPUCYIUX JAHHOMY METO/Y, BO3HHU- KaeT 3ajada
oreHKU 3(MPEKTUBHOCTU CXKATUSA JIJIsT KOHKPETHBIX n300parkeHuit. [y 9Toro mcnob3yores Me-
TOZIBI OlpejiesieHnst (bpakTajibHOCTH n300paxkenus, B Tom unc- je Meron DBC (Differential Box
Counting), OCHOBaHHBIN Ha MOHATHH pazMepHOCTH Xaycaopda.
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KOMBUHAIINA METOJA JEKOMIIO3NIINN OBJIACTU 1
CIIEKTPAJIBHOI'O IIPEJIOBYCJIABJIUBATEJIA JJIA PEINTEHNA
YPABHEHUNA ITYACCOHA

A.A. Manaes *!
"HoBocnOHpCKIit HAITMOHAIBHBII HCCIIeI0BATEIbCKIIT FOCYJaPCTBEHHbBIA YHUBEPCUTET,
Hosocubupck, Poccus
*manaeff.leha@gmail.com

O/ tHUM W3 OCHOBHBIX HaIpaB/IeHWH (DU3UKU TOPHBIX MOPOJ, SBJISIETCS JIHC/IEHHAs OIEeHKa -
peKTUBHBIX (DU3UIECKUX CBONCTB MOPUCTHIX MaTepUaJioB. Tak, MHTEpeC MPeICTAB/ISIIOT OINEHKN
KO3 PUIMEHTOB abCOIOTHON TPOHUIAEMOCTH, Auddy3un, KodIDUIUEHTAa TEILIOIPOBOIHOCTH,
VJIEJIBHOTO JIEKTPUIECKOTO CONMpOTUBAeHUs. JJIs1 moiyuennss TaKuX OIEHOK HEOOXOJMMO pelraTh
ypasuenue [lyaccona st HEOTHOPOIHOM cpe/ibl ¢ OOBITUM KOHTPACTOM KO3 MDUIINEHTOB.

B pabore j1s pernenus ypasaenus [lyaccona nctosib3yercst MeTO I, CONPSIKeHHBIX TPAUEHTOB C
IpeI00yCIaBINBATEIEM, OCHOBAHHBIM Ha OJIOYHOM TIpeI00yCIaBINBaAHUNT SIKOOM U yIUTHIBAIOIIIIM
CBSIBU MEXK]Iy MOOOIACTIME IIyTeM AalIPOKCHMAINA OOPATHOTO OlepaTopa MAaTPUIHBIM PsiIOM
Heiimana. /lyist perennst ypaBHeHUsT B KaxK/I0# 1MOM00/IaCTH TPUMEHSIETCS TIPSIMOI METOJ, OCHO-
BaHHBII Ha CIIEKTPAJBbHOM PA3JIOXKEHUN OJHOMEDPHBIX OIEPATOPOB MW IOC/IEAYIONEM MTPUMEHEHUN
MeTO/a ITPOTOHKHM JIJIsi PENeHUsI CEPUN OHOMEDPHBIX 3a/1ad.

PEIIEHUE HEJIVMHENHON OBPATHOM 3AJIAYN TEIIJIOIIPOBOJHOCTU
JJIS1 PACUETA PE2KIIMOB CBAPKMU ITIOJINATUJIEHOBHIX TPVB IIPU
HUN3KNX TEMIIEPATYPAX

O.A. Ammocosa*! H.IT. Crapoctun!

LOUIT JdHIL CO PAH, o6ocobiennoe nompasaerenue UITHT CO PAH, fkyrck, Poccusa
*oammosova@gmail.com

PaccmarpuBaercs obpartHast 3ajiada OnpejesieHns TeIIOBOI0 UCTOYHUKA, O0ECIIeUNBAIONIETO
JiBIKeHne (hPOHTA KPUCTAIN3AINN IIPYU CBAPKE TOJIMITUIEHOBBIX TPYO sl ra30IIPOBOJIOB B YCJIO-
BUAX HHU3KHX TEMIIEPATYp 10 3aKOHOMEPHOCTHU, MPU KOTOPOH (POpMHUPYeTCs HAIMOJEKY/IsIpHAas
CTPYKTypa MaTepuaJja CBApHOIo IIBa, obecriednBaionias npoanoe coequaenune. [Ipu Huskux remiie-
paTypax BO3/lyXa U3-3a IOBBIIIEHHONI CKOPOCTU OXJIAXKJIEHUsI 30H TEPMUYECKOI'O BIIUSIHUS U CBap-
HOT'O IIIB& IIPOYHOCTDb COEJIMHEHUS TOJIydaeTcs HuKe HeoOxouMoro. 11pu BeICOKOI cKOpocTH oXJia-
JKJICHHS TIpoIiece (pOPMHUPOBAHMS HAIMOJICKYJ/ISIPHON CTPYKTYPbl MaTepuaJia IIpepblBaeTCs Ha paH-
Heit cragun Kpucrajmusanun. ChopMupoBaBIIrecs: HAIMOIEKYIsIPHbIE CTPYKTYPBI ((buOpUILIb)
He 00eCIIeYnBaOT HEOOXOANMYIO IMIPOYHOCTD CBAPHOTO coeuHeHus. [[0CKOIbKY Mpu cTaHIapTHOM
cBapKe B mHTepBaJsie TeMieparyp Bo3ayxa or —10 1o 40 °C dbopmupyercs cTpykTypa, odeciedanBa-
1o1asg HeOOXOUMYIO TPOYHOCTD, TO JOMOJHATEIbHA TeMIepaTypHasd NHMOPMAII /I PEIeHUs
oOpaTHO# 3aj1aun TIOJIydeHa pelleHneM IpaMOil 3a/a41 IIPU CBAPKE B YCJIOBUAX TEMIIEPATYPhI BO3-
nyxa 20 °C B ToUKax HEMOJBWKHON JuHNN. B KadecTBe Takoil TUHUU B3sTa N30TEpMa OJTM3Kas K
TpaHulle 30H CBAPHOTO I1Ba M TEPMUYECKOTO BJIMSHUS, T/l€ Yallle BCETO IMPOUCXOIUT pa3pyllieHne
CBapPHOI'O COEJINHEHUSI.

[IpuBosnTCca mpuMep ympaB/eHnus KpPUCTAJIIN3aIel MOJMITHIeHa MTPU CBapKe B YCJIOBUAX
HU3KHUX TEMIIEpATyp C UCIOJIb30BaHUEM (DYHKIIMKA MOIIHOCTH HATPEBATEJIs, MTOJIyIeHHON pelleHun-
eM obpaTHO# 3aja4un TerIonpoBogHOCTH. [loKazaHa BO3MOXKHOCTD OIpPEIEIeHNsT TPUTOIHBIX IS
HMPAKTUIECKOT'O HCIIOIb30BaHUs (DYHKIUN MOITHOCTH HArpeBaTe s BADbUPOBAHUEM KOJUIECTBOM
TOYEK 3aJ[aHUsI TEMIIEPATYP U BECOBBIX (DYHKIMIL. 3a/1aBas TeMIIepaTypHbIC JaHHbIE BO MHOYKE-
CTBE TOYEK C PA3HBIMU BECOBBIMH (DYHKIMAMU U peliad 0OpaTHYIO 3aJ1ady, MOXKHO OIPEICTUTh
BPEMEHHYIO (DYHKIIMIO MOITHOCTU HArPEBATEIs, IPUEMJIEMYIO JIJI PeaJu3allii yIIpaB/JIeHud KPHU-
cTaju3aIueil mpu cBapke IMOJUITUACHOBBIX TPYO B YCJIOBUAX HU3KUX TeMieparyp. HaiineHmbie
pYHKIIUU MOITHOCTU HaIrpeBaTe s MOT'YT ObITh 3allUCAHBI B IIPOCTOM aHAJIUTHICCKOM BUJIE JIJIA WH-
TePBAJIOB HU3KUX TEMIIEpaTyp U JUAMETPOB HOJMITUIEHOBBIX TPYyD M 3aJI02KEHBI B IPOrPAMMHOE
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obecriedenne ammapara JjIs aBTOMaTH9IecKoil cBapku. [Ipemraraemast MeTonKa MOMXKeT OBITH HC-
[I0JIb30BAaHA JIJI PACcYeTOB PEXKMMOB CBAPOYHOIO alllapaTa JJIsi BBIIOJTHEHUS MCCJIEI0BATEIHCKOM
CBApPKHM MOJIMATUICHOBBIX TPYO IPU HU3KHUX TeMIIEpaTypax.

WcciteioBanne BBIIOJIHEHO 3a cdeT I'paHTa Poccuiickoro Hayunoro donma Ne 24-29-20135,
https://rscf.ru/project /24-29-20135/

OBOBIIIEHHBINT MHOTOMACIIITABHBEII METO/I, KOHEYHBIX
QJIEMEHTOB 1JIAd S3AJAY TEPMOIIOPOVYIIPYT'OCTU C ®A30BbIMUA
ITEPEXO/IAMU

A A. Terpoumrua*™! B.H. Anexcees! M.B. fko6osckmii?
!Cesepo-Bocrounstit dbenepanpuniii yausepenter nm. M.K. Aymocosa, SdkyTck, Poccna
*Uncturyt npukaanoit Maremarnkn mM. M.B. Kemnpimra, PAH, Mocksa, Poccus
*aa.tyrylgin@mail.ru

[IpoBesieno MojesmmpoBaHre 0OOOIIEHHOIO MHOI'OMACIITAOHOIO MeTO/Ia KOHEUHBIX JIEMEHTOB
(GMSFEM) 11 MOJIe/IMpOBatusi TePMOIIOPOYIPYTUX cucreM ¢ (hasoBbIME [EPEXOJaMUu B HEOJI-
HOPO/IHBIX HOPHUCTHIX cpejax. TepMonopoylpyrocTb BKJIOYAET B ¢ebsi CONPsizKEHHOE B3anMO/Ieii-
CTBHUE MEXKJIy TeIlIonepeiadeil, MOTOKOM YKUJIKOCTH U MeXaHHIecKoil gedopmariueil B siBICHUSIX
MOPUCTBHIX MATEPHUAJIOB, KOTOPbIE UMEIOT PEIIaioliee 3HAUCHUE JIJisi MOJICTUPOBAHUS T€OTEeXHIIe-
CKUX ¥ re0(PU3UIECKUX CUCTEM, OCOOEHHO B PErmOHaX, 3aTPOHYTHIX BeUHON Mepasoroii. Hasuane
MEJIKOMACIITAOHBIX HEOJIHOPOJIHOCTEH M CJIOYKHBIX TEIJIOBLIX 3(P(EKTOB, CBA3AHHBIX ¢ (DA30BBIMU
nepexojiamMu (HaIpUMeD, JIeJI-Bojia), TpebyeT epeIOBbIX YUCICHHBIX METOJIOB, CIIOCOOHBIX Ihdek-
TUBHO pa3peniaTb MHOroMaciTabHoe moBejieHne. Vcmomb3ys cTpaTernto MOHUKEHNsT MHOTOMAC-
mrabHoit Mosiesin B odpduiaiii MpoCTpaHCTBE, Mbl CTPOUM JIOKAJIM30BaHHbIE Oa3UCHBIE (DYHKIIUH,
KOTOpBIe 3(PPHEKTUBHO (PUKCUPYIOT MEJTKOMACIITaOHbIe OCOOEHHOCTU Ha I'PyOOil BBIYUCINTETHHOMI
cetke. [loaxom 103BOJIAET TOYHO MOJIE/IMPOBATH TEPMOIIOPOYIIPYTOe MTOBE/IEHNE C YMEHBIEHHBIMH
BBIYUCIUTEIbHBIME 3aTpaTaMu. JucaeHHbIe Pe3yJIbTAaThl JIeMOHCTPUPYIOT 3P HEKTUBHOCTH METOIa
B QIIIIPOKCUMAIIUHU 110JIeil TeMIIePATyPhl, JABJICHUS U MEPEMEIICHNs B CJIOXKHBIX CPEJax, MOKa3bl-
Basl XOpOIllee COOTBETCTBUE C MEJKOMACIITaOHBIME pereHusMu. [Ipesiokennas cTpyKTypa mpeji-
cTaBJIgeT co0O HAJIEXKHBIN 1 3P DEKTUBHBII HHCTPYMEHT JIJI MOJIE/IMPOBAHUST MHOTOMACIIITAOHBIX
TEPMOIIOPOYIIPYTUX MPOIECCOB € (PA3OBBIMU MTEPEXOIAMU, AKTYaTbHBIX JIJIsT T€OTEXHUIECKUX 1 KO-
JIOTUIECKUX TTPUTOZKEHUIA.

MATEMATNUYECKOE MOJAEJINPOBAHUNE
HAITPAKEHHO-JE®@OPMUVNPOBAHHOI'O COCTOAHNA CTBOJIA
MHOTOCTBOJIbLHOII CKBAXKHNHBI

M.H. Baxaposa*! A.E. Kosiecos!
LCesepo-Bocrounstii denepanbubiii ynusepcurer um. M.K. Ammvocosa, dkyTek, Poccus
*zaharova.mn@s-vfu.ru

Bri6op addexTuBHON cucTeMbl pa3pabOTKU MECTOPOXKICHUS U METOIOB OypeHusi CKBaXKUH BO
MHOTI'OM 3aBHCAT OT NeOMEXaHNIeCKNX U3MEHEHHI B KOJIJIEKTOPAX, KOTOPbIe MOI'YT IIPUBECTH K UX
nedopmalnmu 1 paspyuiennio. TpaguiinoHHoe THAPOITHAMIICCKOE MOJIEINPOBaHIE JaCTO UTHOPH-
pyer cylecTBeHHbIe U3MEHEHUsT HallpsizKeHHO-edopmupoBantoro cocrosiaust (H/IC) kostekropa,
[PUBOAIINAE K PUCKAM ITPOCAJIKNA TTOBEPXHOCTH, CHUYKEHHUIO MTPOHUIIAEMOCTH, TOBPEXKICHUIO 000-
py/toBaHMs. XOTs TeOMEXaHUIECKOe MOJIETHPOBAHIE 00ECIIeTNBALT BBICOKYIO TOYHOCTD, €10 BBITHC-
JINTEJIbHAST CJIOYKHOCTh JleJTaeT ero HeMPAKTUIHBIM JIJIsI TIPUMEHEHNUS.

s monemmpoBarus HJIC MHOrOCTBOJIBHON CKBaXKWHBI, UCIIOJIb3YETCS yPaBHEHNE TTOPOYIIPY-
roctu u 3akona ['yka. Mojienib conpsizkera ¢ ruapoinaaMmudeckum cumysagropom PH-KM, obecrie-
YUBAIOIIIM pacipejiesieHne MOPOBOro JaBaeHns B I1acTe. /Iy 9ucjieHHOTro peleHust IPUMEeHSIeTC st
MEeTO/I KOHEUHBIX 3JIEMEHTOB, YTO IIO3BOJIAET JIeTaJbHO allllPOKCUMUPOBATH CJIOXKHYIO N€OMETPHIO
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MHOT'OCTBOJIBHOU CKBasKMHBI. B KadecTBe KpUTEpPUEB YCTONYMBOCTH CTBOJIOB MCIOJIB30BAH MOJIU-
dunuposanubiit Kpurepuit Kysnona-Mopa, mo3BOSIONNIT KOPPEKTHO OINEHUBATH 30HBI ITOTEHIIN-
JIbHOI'O pa3pyllleHus B 3aBUCUMOCTH OT TEKTOHMYECKOI'O PEKUMa U IIpejiesia MPOYHOCTU IOPO/I.

YUCJIEHHOE MOJAEJINPOBAHUE
HAITPA>2KEHHO- JE@OPMUNPOBAHHOI'O COCTOAHN A
MATUCTPAJIBHOTI'O I'ASOIIPOBOZIA B MHOT'OJIETHEMEP3JIOM I'PYHTE

B.I. Kbrukuna *! A.E. Kosecos!
!Cesepo-Bocrounstit dbenepanpuniii yausepenter nm. M.K. Aymocosa, dkyTck, Poccna
*vg.kychkina@s-viu.ru

B coBpemMennbIx ycjaoBusx pa3Butus HedTerazoBoro Kominiekca Poccun ocoboe 3HavdeHne mpu-
obpeTaeT CTPOUTEIHCTBO MarvCTPaJbHBIX Ta30IPOBOJIOB B paiionax Kpaitmero CeBepa, xapakTe-
PUBYIONIMXCS MIUPOKUM pACIpocTpaHeHreM MHoroseraeMepsiabix rpyaros (MMIY). Texnonorus
TPAHCIIOPTUPOBKHU Ta3a BKJOYaeT Kommpumuposanue (cxkarwe no 7.5-10 MIla ¢ ajmabarude-
ckuM HarpeBom 0 +45...4+60°C) u oxyaxkjenne B ammaparax BO3yiHoro oxyaxiaenus (ABO)
10 +20...430°C. Ilpu orcyrcTBum TypOOJEeTaHIEPHBIX YCTAHOBOK COXPAHSIETCS IOJOKUTETbHAs
TeMIlepaTypa Ha BBIXOJIE, UTO BBI3bIBAET TEILJIOBOE BO3JIEICTBUE HA MHOT'OJIETHEMED3JIbIE IPYHTHI

st Mozie TMpoBaHus TEPMOMEXaHUIECKOI'0 B3anMMOJIECTBUsST TPYyOOIIPOBOa ¢ I'PYHTaAMHU HUC-
nob3oBaHa Mozeab Credana, KOTOpasl OIMUCHIBAET TEILIOBBIE IPOIECCHI ¢ yIeToM (Hha30BOro Ire-
pexojia, MOIVIOMIEHNsT U BbIJEJIeHUsI CKPBITON TEIJIOThI U MaTeMaTHIecKash MOJEb HAIIPIXKEHHO-
J1e(bOPMUPOBAHHOTO COCTOSIHUS TTOPUCTON U30TPOIHOM CpeJibl OIUCHIBACTCS YPaBHEHUEM PaBHOBE-
cud. [IpuBomurcs MaTeMaTrdecKas IMOCTAHOBKA 3aJ1a9U ¢ COOTBETCTBYIONIUMH I'PAHUYHBIMU YCJIO-
BUSIMHU, CTPOUTCS YHCJICHHAs peasin3alids Ha OCHOBE MeTo/a KOHEYHBIX 3jeMeHTOB. lIposeseno
HCCIEIOBAHUST COCTOSTHUSI TPYHTa U TPYOOIIPOBO/IA IIPU HAJIUIHH ¥ OTCYTCTBUHU TEILTOU30JIAIIIH.

Crmcok murepaTypbl

[1] Bacuiwes, B.U., Bacuwibesa, M.B., Cupauros, 1.K., Crenanos, C.I1., Ileesa, A.H. Maremaru-
YeCKOe MOJICJTUPOBAHNE TEMIIEPATYPHOTO PeKUMa I'PYHTOB OCHOBaHUN (DYHIAMEHTOB B YCJIOBH-
sIX MHOTOJIETHeMeP3JibixX opot. Becmuux MI'TY um. H.9. Baymana. Cepus Ecmecmeenmvie
nayku, (1):142-159, 2017. doi:10.18698/1812-3368-2017-1-142-159.

IMPUMEHEHUE TEXHOJIOTUI ITAPAJIJIEJIBHOT'O
ITPOT'PAMMUMPOBAHNA OJId MOAEJINMPOBAHUA ITPOIIECCOB
TEIIJIOITPOBOJHOCTHN C YYHETOM ®A30BbIX IIEPEXO/10B

C.II. Crenanos! AWM. I'ypunos **
LCesepo-Bocrounstit dbenepanbuniii yausepenter nm. M.K. Aymocosa, dkyTck, Poccnsa
*ajtalgurinow@yandex.ru

UckycerBennoe 3amopaxkusanue rpyuta (U3I7) npejpcrasiser coboit ogny u3 Hamboee mupo-
KO HCIIOJIb3YEMbIX TEXHOJIOTUN B 00JIACTU M€OTEXHUIECKOI'O0 CTPOUTEIHLCTBA. DTOT METOJ, pazpabdo-
tauublii B 1883 romy @.X. [IéTmem, mpuMensiercss B MOJI3EMHBIX ITPOEKTAX, OCOOEHHO B yCJIOBUAX
CJIOZKHBIX T'€0JIOTMYECKUX U T'MIpoJiorndeckux hakTopoB. B pabore paccMaTpuBaeTcs UUC/IEHHOE
MOJICJTUPOBAHUE TTPOIECCOB TEILJIONPOBOIHOCTU ¢ YIETOM (PA30BBIX IIEPEXOJI0B, BOZHUKAIOIIUX ITPU
peanuzaruu U3, ¢ ucnosb3oBanneM MeTo/1a KOHEIHBIX 3JIEMEHTOB.

B kauecTBe mporpammHOit 0cHOBBI BhiOpaH Komiieke FEniCSx, maTerpupoBanublii ¢ 6ubmore-
kamu CUDA or NVIDIA. OcHoBHOe BHUMaHME y/I€I€HO YCKOPEHUIO PEIIeHNs 3a1a91 ¢ TIOMOIIBIO
napasuienbubix Berauciennit Ha GPU. Ilpumenenune nnrepdeiica MPI no3Bosmio moBbicuTh 3¢-
dexkTUBHOCTH COOPKU MATPUIILI U [IPaBOil YacTu. Takke peaan3oBaHa 3aMeHa PEIIATEIs, OCHOBAH-
noro Ha bubmmoreke PETSc, Ha ycKOpeHHBI BapuaHT, UCIO/Ib3YIONNi rpaduiecKe IpoIeccophl.
[Tosryuennble pe3yabTaThl JIEMOHCTPUPYIOT 3(MDPEKTUBHOCTD MPEJJIOKEHHOTO ITOIXO/IA.
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YNCJIEHHBIN PACYET I‘ETEPOI‘EPQIHOI?'I PEAKIINN ITP1 BBICOKUMX
YN CJIAX PEVMHOJIB/ICA

B.B. I'puropres! A.B. Caspun*!
!Cesepo-Bocrounstit dbenepanbuniii yausepenter nm. M.K. Aymocosa, dkyTck, Poccna
*anv.savvin@gmail.com

[Iporeccrl duibTpannu, KaTaansa, COpOIUN U HAKOILJIEHHUSI 3aIPA3HSIONINX BEIIeCTB B IIOPU-
CTBIX CTPYKTYPax MNAPOKO NPUMEHAIOTCA B XUMIYECKON TEXHOJIOTUN, OXPAaHE OKPYZKAIONIEH Cpe/ibl
u sHepreTuke. MaremMarmdaeckoe MOJIETUPOBAHNE TAKUX ITPOIECCOB TO3BOJISIET IIyOXKe MOHSITH B3a-
HMMOCBSI3b MEKJIy NeOMeTpHUeil IIOPUCTOi Cpeibl, PEXKMMOM TedeHnsT U 3(PPEKTUBHOCTHIO MaCCOIIe-
peHoca 1 HakolieHus BerecTBa. OcoOEHHO BayKeH aHAJIM3 B YCJIOBHUSX, KOIJa TeYeHUE HePecTaéT
OBITH JIAMUHAPHBIM U IIEPEXOJUT B PEKUM C JIOKAJbHbIMEA BUXpsiMu. Llebio paboThl sBjsieTCs
YUCIEHHOE MCCJIeIOBAHNE TTOBEIEHNsT peareHTa B MMOPUCTON cpeje ¢ HHTEHCUBHBIM TE€UECHUEM.

PaccemarpuBaercst iBymepHasi 001aCTh, MOJAEIUPYIONIast IOPUCTYIO CPEIy B BIIE COBOKYITHOCTH
TBEPJILIX HEIPOHUIIAEMBIX BKJIIOYEHUH, OKPYKEHHBIX KUIKON bazoit. ['mapoaunrnaMmka OnmchbiBa-
ercs ypaBueanem Hapbe—CToKca, perraeMbIM METOIOM KOHEYHBIX 00BEMOB I HECTAITMOHAPHOTO
TedeHusT TPHU OOJBINMUX JHCIaX PeifHob/aca. DTO MO3BOJISIET yIecTh 0Opa30BaHme BUXPei, yCKO-
peHune MoTOKa M CABUTOBBIE HAIPsIKeHUsT BOJIN3U CTEeHOK 1op. [lepeHoc KOHIEHTpaIuu pearenTa B
TO/IBVKHOM »KUJIKOCTH MOJETUPYETCs YypaBHEHNEM KOHBEKIMI—Iuddy3un ¢ TPAHNTHON peakIineii,
OIIMCAHHON JIMHEIHO-TIaPabOJIMIecCKONl N30TepPMOil. DTO IO3BOJIAET OIKCAaTh IOBEJEHNE BEIIEeCTBa
Ha IIOBEPXHOCTH TBepjoil (asbl. B pesysibrare paccauThIBAIOTCA JIBE KJIIOUEBbIE XapaKTEePUCTHU-
Ku: KpuBad IIPOPbIBa U MHTEI'PAJIbHOEC HAKOILJIEHHE Be€IIECTBa Ha IIOBEPXHOCTU IIOP. 9TI/I JaHHDbIE
MIO3BOJIAIOT KOJIMYECTBEHHO OIEHUTDH 3(D(PEKTUBHOCTH MOPUCTOM CPEJIbl KAaK COPOITMOHHOIO WU Ka-
TAJUTHIECKOTO (DPUILTPA U BBIABUTD BJIUAHUE CTPYKTYPHI IIOTOKA Ha, PACIIPE/Ie/ICHIEe HAKOIIJICHHOTO
BeIeCTBA.

Pabotra BbImosinena npu (punancoBoil nmojepxkke rpanta PH® Ne 23-71-30013.

YU CJIEHHOE MOJAEJINPOBAHUVE TEYEHUA HECU}KI/IMAEMOP'I
KNIAKOCTU METOAJAMU PASAEJIEHNSA YPABHEHNUY HABBE-CTOKCA
N UX ITAPAJIJIEJIBHA YA PEAJIN3AIINA

T.A. Hosroponos *' B.H. Anekcees!

!Cesepo-Bocrounstii denepanbubiii ynusepcurer um. M.K. Ammvocosa, dkyTck, Poccus
*tuygun20000@gmail . com

B nannoit pabore paccMaTpuUBaIOTCA 3aJa9d TEYCHUs] HECXKUMAEMON JKHMIKOCTH, pelllaeMble
¢ IpUMEHEHUEM TPEX Pa3/IMIHBIX UUCJIEHHBIX METOOB: IIPOEKIIMOHHOIO METOAa XOPHUHA, METOJIa
IPCS u meroma CSS. IlpoBomuTcs cpaBHEHME 3TUX TOAXO0B 110 TAKIM KPUTEPUAM, KAK TOUYHOCTD,
BBIYUCIUTEbHAA 3(DPEKTUBHOCTD U CKOPOCTDH MOJIyYeHUs PEIECHUS.

yKa3aHHbIe METOAbI OTHOCATCA K KJIaCCy METOIAO0B pa3de/ICHHUA METOJa KOHECYHBIX 3JICMEHTOB,
B KOTOpBIX cucrtema ypaBhenuit Happe-CTokca mpeobpasyercss B COBO- KYITHOCTb HE3aBUCHMBIX
ypaBHEHWt, OT/IeJIbHO OMMCHIBAIOIINX TIOBEIEHNE JABICHUS U CKOPOCTH. DTO MMO3BOJIAET YIIPOCTUTH
YUCJIEHHYIO PeaJIu3aliio U MOBBICUTH YCTONYN- BOCTH PaCIETOB.

Perenus peasimzoBaHbl ¢ uCIOIb30BaHneM BbraucanteabHoit oudbanorekn FEniCS na sa3bike
Python, ipu aToM mmocTpoeHne KOHEYHOIJIEMEHTHBIX CETOK /I PACIETHBIX 00J1acTell OCyIecTBIIsI-
Joch B rporpamMme Gmsh.

HOCKOJTI)Ky peajm3anud YKa3aHHbIX METO/JI0B CBdA3aHa C 6OJH)I_HI/HVH/I BpEMEHHBIMU 3aTpaTaMu
Ha BbIMMCJICHUA, O,ZLHOfI U3 OCHOBHBLIX 3a/Ja4 IIPpU UX IIPUMCHEHUU CTaJla OIITHUMU3alud ITPOU3BOIU-
tesibHOCTH. JIJ1sT €€ moBBIIIeHnsT ObLTa pean30BaHa MapaJi- JeJbHas BEPCHS IIPOIPAMHOTO KOJa C
ucrojb30BanneM nporokosia MPI.

B pabore npescTaBienbl pe3yabTaThl YUCICHHOTO MOJICIMPOBAHNA KaK Ha 00J1a- CTU C U3BECT-
HBIMH XapaKTEePUCTUKAME TedeHUs (9TaJOHHOM 3ajia4de), Tak U Ha 0OJiee CJI0KHBIX MeOMEeTPHUSIX.
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AUCJIEHHOE NCCJIEJOBAHUE HAIIPA2KEHHO-JE@OPMINPOBAHHOI'O
COCTOAHUNAA YVIIPYI'NX TEJI C KOHINEHTPAIINAMN HAITPAKEHNUN

H.M. Adanacbesa! A.A. Kyspmunos *!
!Cesepo-Bocrounstit dbenepanpunii yausepenter nm. M.K. Aymocosa, dkyTck, Poccna
*kaalpalve@gmail.com

B 3ajiatax Teopun yupyrocTu CyIecTBYIOT CHHTYJISPHbBIE PellleHns, 00yCJIOB/IEHHbIE HAJINIHEeM
OeCKOHEYHBIX 3HAYEHNI HAIIPSI?KEHU B OT/Ie/IbHBIX TOUKAX 00J1acTh, Ha3biBaeMbIX 0coObiMu. Han-
qre UM OTCYTCTBUE CHHIYJISIPDHOI'O PEIeHUs, IIOBeIeHIE HAIIPSIYKEHUI OIpeIe/IAI0T S reoMeTpueit
TeJla U 3HAYEHUAME yIPYTHUX MOCTOAHHBIX B OKPECTHOCTH 0CODON TOYKH. AKTYaIbHOW CTAHOBUTCS
3aJia49a IIOMCKa TeOMETPUN U CBOMCTB MaTepualia, KOTOpble 00eCIeUNBAIOT B OKPECTHOCTH OCOOBIX
TOYEK ONTUMAJJIbHBIN BapUaHT HAIPAKEHHOIO COCTOSHUS.

Paccmorpena jgBymMepHas 3ajiada JJUHEHHON yIIPyrocTu, ee perieHue MeTOJIOM KOHETIHBIX dJIe-
MeHTOB. McceeoBana cXoIMMOCTh MOJIE/IBHBIX 3a/1a9 C KOHIICHTPAITUSIME HAITPS2KEHU, TTPOBEICHBI
CepUM TeCTOBBIX PacueTOB MeTOJ/IOB pelienns. [lokazaHo, 9To n3MeHeHne reOMeTPUN B OKPECTHOCTH
0CcODO#l TOYKHU MOXKET YCTPaHUTh KOHIIEHTPAIMIO HalpsizkeHuit. PaccMorpena 3ajiada onTHMU3a-
MU T€OMETPHUHU B OKPECTHOCTHU 0CODOI TOUKH, UCCAeI0BaHa 3aBUCUMOCTD 3329 OINTUMHU3AIUN OT
YIPYTUX HapaMeTpoB U MapaMeTpOB NeOMETPHH, HaliIeHbl ONTUMaJbHBIE TapamMeTphl. [IpoBeieno
YHUCJAEHHOE PeIleHre TPeXMePHOI 3a1atm.
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