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IIJIEHAPHBIE JTOKJIAEI (27.06.2022 — IIEPBBII JEHD)

HEJIMHENHASI BOJTHOBA S IMHAMUKA IIJIACTUH U BAJIOK,
JIE2ZKAITIINX HA YIIPYI'IX OCHOBAHUAX

B.I. Epodeen

Hnemumym npobaem mawurnocmpoenus PAH, gunruan PIBHY «@edepanvruii
uccaedosamenveruis uenmp Urnemumym npuraiadnot gusuru Poccutickotl axademuu Hayk»,
Huotcnuti Hoszopod, Poccus
Havyuonanrvroi uccaedosamennvcruts Huotcezopodckuti 2ocydapcmeennvitl yrusepcumenm
um. H.U. Jlobauescrozo, Huocnuti Hoszopod, Poccua,
erof.viQyandez.ru

[IpuBouTCcs anans HanboJIee N3BECTHBIX MO/Iesieil yIrpyroro ocHoBanus. I lokazaHo, 910, HeCMOT-
pd Ha pa3jnyne B Ha3BaHUU, PEUb UJIET 00 OJHOI 0DOOIEHHOM MOJIe/ N, XapaKTepu3yolleiics aBy-
Ms1 KoadpurmerTamu. Takass MOIe/b TTO3BOJISET HEe TOJBKO COXPAHUTH IMIPOCTOTY MATEMATHIECKOTO
arrrapara, KOTopas IPUCYIa BUHKJIEPOBOI MOJIEIN, HO U MOJIYIUTh O0Jiee JIOCTOBEPHBIE Pe3yIbTa-
ThI. PaccMaTpuBaeTcst coryiacOBaHHOE JUHAMUYECKOE MTOBEJICHNE ILJIACTUHBI U OAJIKM, JIEXKAIIUX Ha
0BOOIIEHHOM yIIPYTOM OCHOBAHUM, XapaKTEPU3YMOMMMCs JIByMsi KO3(bbUImeHTaMu mocrean (Ko-
sddurmenTom cxkarus u Kodpdunuenrom casura). Msydaoorcs 0cOOEHHOCTH PaCIpOCTPAHEHUST
HeJINHEHBIX H3FI/I6HBIX BOJIH B 6a.HKe U HeJIMHEUHBIX CIABHUI'OBBIX BOJIH B IIJIaCTHHE. B JaCTHOCTH,
paccMaTpuBaeTCA MOAYJJIAIIMOHHAA HGYCTOfI‘{I/IBOCTb KBa3UTapMOHUYECKUX BOJIH, PaCIIPOCTPAaHAIO-
IMNXCA B 6a.ﬂKe 1 IJIaCTUHE, 3aKPCIIJICHHBIX Ha HeﬂHHeﬁHO—ynpyT‘OM OCHOBaAHUU.

SOPEKTUBHBIE ACUMIITOTUKN JJI IUMHENHBIX BOJIH HA
ITOBEPXHOCTU >KNJIKOCTU, IIOPO2K/IEHHBIX JIOKAJIN3OBAHHBIMU
BO BPEMEHU " ITPOCTPAHCTBE NCTOYHUKAMMN B YVIIPYT'OM
OCHOBAHUUMN

C.1O. Jo6poxoros' !, X.X. Unbscos?, O.J1. Toacrosa®

! Wnemumym npobaem mexaruxu um. A.JO. Hwaunckozo PAH, Mocxkea, Poccus,
2 Unemumym npobaem mexaruru um. A. Q. Hununckozo PAH, Mocksa, Poccus,
3 Hauuonaavroldi uccaedosamenbcrkuti Mockosckuti 20cydapcmeernsiti Cmpoumenb oLl
ynusepcumem, Mocxksa, Poccus
s.dobrokhotov@gmail.com

B nokiajzie obcyxKaercss BOIPOC O TMOCTPOCHUH 3(MMEKTUBHBIX JIETKO peasin3yeMble ¢ ITOMO-
mpio mporpamMm Mathemaica u MatLab dbopmyst periennst uHeiHBIX 38,189 O BO30YKJICHIUU BOJIH
B CJIO€ KUJKOCTU (BOJIH ILyHAMH,B YACTHOCTH), MOPOXKIEHHBIX JIOKAIU30BAHHBIMU BO BPEMEHU U
[IPOCTPAHCTBE UCTOUYHUKAMU, JIEXKAIIIUMI B YIIPYTOM HOJIYIIPOCTPAaHCTBE. PaccMoTpeHne mpoBOIIT-
CsI Ha M3YYEHHHU PeIIeHMil COBMECTHOI CHCTeMbl YpaBHEHUII TEOPUU BOJH B YKUJIKOCTH U TEOPHUU
yupyroctu. Ilosydennnie mpudbmzKeHHbIe (POPMYJIbI COCTABJISIIOT OCHOBY aHAJIUTUKO-IHCIEHHBIX
AJITOPUTMOB, TO3BOJISIONINX CPABHUTEIHHO JIETKO aHAJIM3UPOBATH 3aBUCHMOCTD [IAPAMETPOB (JIJIH-
HBI BOJTHBI, aMILIATY/IbI, JIHATPAMMBI HAITPABJIEHHOCTH) BO30YKIA€MbIX JIMHHBIX BOJH HA TOBEPX-
HOCTH >KUJKOCTH OT MapaMeTpOB MCTOYHUKA-€I0 Pa3MepOB, TVIYOWHBI 3ajleraHusl, BBICOTHI CJIOSI
JKUJIKOCTH U T.JI.

Pabora Beimosinena B pamkax roczagannsg AAAA-A20-120011690131-7.
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AHAJINTUYECKUE METO/IbI B 3AJJAYAX BOJTHOBOM AMHAMUKNI
CTPATNOUNIINPOBAHHBIX CPE/l C TEYHEHNAMN

B.B. Bynaros

Hnemumym n obaem mexanuxu um. A.FO. Hwaunckoeo PAH, Mockea, Poccus
internalwave@mail.ru

B peasibHBIX TPUPOJHBIX CTPATUMUIMPOBAHHBIX cpelax (okeaH, arMocdepa) BepTHKAIbHASI
U TOPU3OHTAIbHAS JIMHAMIKA (DOHOBBIX CJIBUTOBBIX TEUYEHUil B 3HAUUTE/ILHOI CTEIeHU CBA3aHa C
BHYTPEHHUMU I'PABUTAIIMOHHBIMU BOJTHAMU. B OKeaHe Takue TeUeHUs MOI'YT IPOsiBISTHCA, HAIIPHU-
Mep, B 00/IACTU CE30HHOI'0 TEPMOKJIMHA U OKA3bIBATh 3aMETHOE BJIMSIHUE HA BOJIHOBYIO JUHAMIU-
Ky. OOBIMHO TIpeIo/araeTcs, 9To (POHOBBIE TEUEHUS C BEPTUKAJIBHBIM CJIBUIOM CKOPOCTH CJIabO0
3aBUCAT OT BPEMEHU W TOPU30HTAIBHBIX KOOpAWHAT. Fcym maciirad m3MeHeHUsI TeYeHHil 10 1o-
PUBOHTAJIN MHOTO OOJIBbINIE JIIMH BHYTPEHHUX BOJIH, a MacIiTad BPeMEHHOW U3MEeHIHBOCTH MHOTO
OO0JIbIIIE TEPUOIOB BOJIH, TO TAKUE TEYCHUST MOYKHO PACCMaTPUBATh KaK CTAIlMOHAPHBIC U TOPU30H-
TaJbHO OJHOPOJIHbIE. B 00IIeil mocTaHoBKe OIUCcaHre BOJHOBON JIMHAMHUKU B CTPATU(MUIINPOBaH-
HOIl cpejie ¢ POHOBBIMU IOJISIMH CABUTOBBIX TE€UEHUI SIBJISETCA BeChbMa CJIOXKHOI 3aJjadeil y:ke B
JIMHeHOM mpubmKenun. Vcrmoibp3ys pasaudnble npuOn:Kenns, B ToM dncie meron BKB, oc-
HOBaHHBII Ha PEATUCTHIHOM IIPE/IITOIOKEHNN O IJIABHOCTU U3MEHEHHS IIapaMeTpPOB OKeaHnIeCKOi
CpeJIbl 10 CPABHEHUIO JITMHAMU BHYTPEHHUX BOJIH MOXKHO [TOCTPOUTH AHAJTUTUIECKUE PEIeHUsT JJTst
MOJIEJIBHBIX PaCIPeJIe/IeHUl 9acTOThI IJIaBYyIeCTH U CJIBUTOBBIX TeueHuit. [ mcciieioBanms me-
XaHN3Ma B3AWMOBJIMSHUAST TEIEHUN U BHYTPEHHUX MOYKHO PACCMATPUBATH PA3JIMIHBIE MOJIE/TbHBIE
MpeJICTaBIeHNS JIJIsT CTPATU(MUKAIIMN U CIABUTOBLIX TedeHnit. CHHTE3 UNCIeHHBIX, aHAJTATHIECKIX
U aCUMIITOTUYIECKUX PE3Y/JIbTATOB MOXKET JIaTh IT€PBOHAYAIHLHOE KaUeCTBEHHOE U KOJIUIECTBEHHbIE
IIpe/ICTaB/IeHUs O BOJTHOBBIX IIPOIECCax ¢ yueToM (POHOBBIX CJIBUTOBBIX TeueHunii. B pabore paccmoT-
peHa 3ajiada o mocTpoeHnn GyHkinun ['prHa ypaBHEHUs JUHEHHBIX BHYTPEHHUX I'PABUTAIMOHHBIX
BOJIH B KOHEUYHOM CJIO€ CTPATH(PUIIMPOBAHHON cpeibl ¢ (DOHOBBIMU CIBUTOBBIMU TedeHusMU. Vc-
CJeIOBaHbI aHAJIMTUYIECKHE CcBOicTBa DyHKIUN ['puHa, IpeIcTaBIeHHON B BUIE CYMMBbI BOJTHOBBIX
MOJT (JIMCKPETHOTO CIIEKTPa) W MHTerpasa 1o pa3pesy (HempepbiBHOrO criekrpa). [Tokazano, aro
Ha OOJIBIITUX BpEMEHAX BKJIAJl OT HEIPEPBIBHOIO CIIEKTPa BEPTUKAJIBHON CIEKTPAJILHON 3a/adu
9KCIIOHEHIHAIbHO MaJl. JlokazaHa CXOMuMOCTh pas3/oxkeHus (DYHKIME | prHa Ha BOJHOBBIE MO/IBI.
[Tokazano, uro acumnToTuka (yHkiuu ['‘puna mpu OOJBIUX BpeMeHaX IOJHOCTHIO OIpPE/Ie/IsdeT-
Cs1 aCUMIITOTUKAME COCTABJISIIOIIIX €€ BOJIHOBBIX MOJ. ACHMITOTHKHN JINCIIEPCUOHHBIX COOTHOIITE-
HUI TIO3BOJIAIOT UCCJIEIOBATH DOJIee peauCTHIHYIO 3a/1a41y U3yUeHUs JIMHAMUKN BHY TPEHHUX BOJIH
B OKeaHe MeJIJIEHHOMEHSOIMMUMUCS U HeCTAIlMOHAPHBIMU TapaMeTrpaMu. B sToM ciydae pereHue
MOYKHO IIPEJICTaBUTh B BUJIE CYMMBbI BOJTHOBBIX ITAKETOB, a30Basd CTPYKTYpPa KOTOPBIX OIIPeIeIseT-
Csl AHAJTUTUIECKUMU CBOMCTBAME COOTBETCTBYIOIIUX JINCIIEPCUOHHBIX 3aBucuMocTeit. KonkpeTHbrit
BbIOOD (ha3oBoil hyHKIMK (MOJIEIbHBIX UHTEIPAJIOB) OIPEJIEIAETCsl AHATUTHIECKIMU CBOMCTBAME
JIUCIIEPCUOHHBIX COOTHOIIIEHUN, 3aBUCAIINX OT PEAJTHHON THIPOJIOTUN OKeaHa. AHATNTHIECKNE BbI-
PaXKeHusl TUCTIEPCUOHHBIX KPUBBIX MOT'YT HCIIOJIB30BATHCS, B YACTHOCTH, JIJIsT KAIeCTBEHHOW HHTEP-
npetanuu HabJTI0IaeMbIX BOJIHOBBIX sIBJICHUI B OKeaHe U JJisd pa3pabOTKU JTUCTAHIIMOHHBIX METOIOB
obHapy»KeHusT BHYTPEHHUX BOJIH METOJaMU pajimojoKaruu. Pabora BbIo/iHeHa MTpH (pUHAHCOBOI
noepkke PODU npoexr 20-01-00111A.

JIOKAJIN3AIINY HEJIMHENHBIX BOJTH B METAMATEPUAJIE
A.B. Ilopy6os

Hremumym Ilpobaem Mawurnosedenus PAH, Canxm-Ilemepbype, Poccus
pav@ipme.ru

UcciteioBanne MCKyCCTBEHHBIX MAaTEPUAJIOB C 33/1aBA€MbIMHU CBOMCTBAMM WM/ MeTaMaTepua-
JIOB TIPUBJIEKAET OOJILITIOE BHUMAHUE BBUJLY UX BO3MOXKHOI'O IMPAKTUYIECKOTO IMPUMEHEHUs B COBPE-
MeHHO# uHycTpun. Ocoboe BHUMAHUE ye/IsieTcs uxX AedopMalnoHHO-TIPOTHOCTHBIM CBOMCTBAM,
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Ha KOTOpbIE, B CBOIO O4Yepe/lb, OKA3bIBAIOT BJIMIHHE JUHAMUYECKNE IIPOIECChl BHYTPU MaTepHa-
ja. OJIHUM U3 TaKUX MPOIECCOB SBJIAETCH PACIIPOCTPAHEHNE JIOKAJIN30BAHHBIX BOJIH JiehbopMaIum.
DHeprus, IepeHocuMasi TaKUMU BOJIHAMU, 00oJiee CyIIeCTBEHHA JIJIst BOJIH ¢ KOHEYHOM aMILIUTY/IOH,
KOTOPBIE OIUCKHIBAIOTCH B PaMKaX HEJIMHEMHBIX MOJIEsIei.

PaccmarpuBaercs ojiHa U3 MOMYJIAPHBIX TAKUX MOJIEJIel, a UMEHHO, MO/JIe/Ib Macca-B Mace, pea-
JINCTUYIHOCTD KOTOPO#I y2Ke TI0/ITBEPKIeHa SKCIiepuMenHTaabHo. Vlexonas quckpeTnas HeJmneinas
MOJIeJIb AHAJIU3UPYETCsT TIPY TOMOIIU KOHTHHYAJIBHOTO TIpe/ieia. ACUMIITOTHIECKN Oy IeHbI pas3-
JINYHBbIE MOJIeJIbHbIEe HeJIMHENHbIe yPABHEHNs B YaCTHBIX ITPOU3BO/IHBIX. ITIOCTPOEH PSIJ UX TOTHBIX
peleHnii B BU/JIe JIOKAJIN30BAHHOI BOJIHBI, BO3MOXKHOCTH T'€HEpaIll KOTOPBIX HCCJIe0BAaHA YNC-
senno. Ha ocHoBanum perieHuii ycraHOBJIEHBI KadyeCTBEHHbIE U3MEHEHUS B JTMHAMUKE JIOKAJII30-
BaHHOI'O BOJTHOBOI'O IIPOIIECCA, CBI3aHHBIE C U3MEHEHHEM CBOICTB MeTaMaTepuaJia. JTO MO3BOJIIIO
Pa3BUTb METO/I yIIPAaBJIEHUs CBOMCTBaAMU MaTepuaJia, IMO3BOJISIONINI JTIOCTUYb TPeOyeMOoil JTOKaJIM-
3aIiU HeJIMHENHOI BOTHBI jgedopMariun.

Pabora BbInoiHena nipu nojiiep:kke MunucTepeTBa HayKn U BbICIIero obpazopanus Poccwuii-
ckoit @enepanun (I'pant No 075-15-2021-573).

BHYTPEHHIE BOJIHbI U IIEPEMEININBAHWE B CJIBUTI'OBBIX
TEYEHUNAX CJIOUCTON CTPATUPUIINMIPOBAHHOUN 2KN/IKOCTU

A.A. Yecnokosn

Hnemumym eudpoduramuru um. M.A. Jlaspenmovesa CO PAH, Hosocubupck, Poccus
chesnokov@hydro.nsc.ru

[enepaiyst BHyTPEHHUX BOJIH B CTPATU(MUIMPOBAHHON YKUIKOCTU ABJISETCA OJHUM 13 3P PeK-
THUBHBIX MEXaHU3MOB TpaHchopMaIun KpPyIHOMACIITAOHBIX TeUeHUil B OKeaHe U aTMocdepe B JIBU-
JKeHus 0oJiee MeJIKOrO MacIiTaba 1 MOC/IeAyIoneil auccunanun Sueprun. Mexanusm pa3pyiieHust
BHYTPEHHHX YeJINHEHHBIX BOJIH TECHO CBA3aH C HEYCTONYMBOCTHIO, BBISBAHHOI CABUIOM CKOPOCTH
Ha TPAHUIAX pasjesa, 9TO SBJIsIeTCs 00beKTOM WHTEHCUBHBIX WMCCIEIOBAHUN B JIAOOPATOPHBIX U
ITOJIEBBIX HAOJIIOIEHUSIX.

C ucnosib30BaHIEM OPUTMHAIBLHOTO MOJIX0/[a, OCHOBAHHOIO Ha ITPUMEHEHUH yPaBHEHUT MHOTO-
CJIOMHO¥ MeJIKOi BOJBI C YIE€TOM TYypPOYJIEHTHOIO IepeMelnBaHns, pa3paboTaHbl MaTeMaTuIeCKIe
MOJIEJI IeHepalud U OOPYIIEeHUs] BHYTPEHHUX BOJIH B HEOTHOPOIHON YKHMIKOCTU HaJl HEPOBHBLIM
nuoM. IlpeyiorkeHHbIe ruepboInIecKe MO/ IIPUMEHEeHbl JIJIsi OIMCAHUS JIMHAMUKNA BHYTPEH-
HUX BOJIH OOJIBIIIONH aMILIAUTYAbI U BOJIHOBBIX IIAKETOB B CJIOUCTON CTPATH(MUIMPOBAHHON KIIKO-
CTH, & TaKKe JJIsT MOJETNPOBAHNsT HECTAIIMOHAPHBIX THAPOMU3IIECKIX IPOIECCOB B MPUOPEXKHBIX
Botax. Moesn o3BoJISIIOT KOPPEKTHO OIKICATh U 00bICHUTH 0OCOOEHHOCTH IIepeMelnBaHus u (hop-
MUPOBAaHUS BUXPE-BOJTHOBBIX CTPYKTYP.

FrEMOJVHAMUKA COCYA0OB MO3I'A 1 AOPTHBI
ATl Yynmaxun' 2, C.A. Baciorkuu™?

T nemumym 2udpoduramuru um. M.A./Taspenmovesa CO PAH, Hosocubupck, Poccus,
2 Hosocubupckudi 2ocydapemeennmviti ynusepcumem, Hosocubupcex, Poccus
alezander190513@gmail.com

B jokiaje Oyjer pacckazaHO O Pa3IUdHBIX ACIEKTaX HCCJIEOBAHUS TeYeHUsI KPOBH B COCY-
JlaX NOJIOBHOI'O MO3ra U B aopTe. BarKHOi# 0COOEHHOCTD MOJIEJIMPOBAHUS SIBJISIETCST TeOMETPUIECKast
CJIOYKHOCTH KPOBEHOCHOM CETH CO MHOXKECTBOM BeTBJIeHHUI cocy1oB. OCHOBOI OCTPOEHUST MaTeMa-
TUIECKUX MOJIEJIEH CIIY?KAT HEHPOXUPYPruIecKrii MOHUTOPUHT KPOBOTOKA, TTocTpoerune 3D Komdm-
rypanmii KpOBEHOCHOH ceTH Ha OCHOBE TOMOTpauu pas3IudHBIX BUJIOB, WCCIEIOBAHUS PEOJOTUN
creHoK cocyaoB. Hapsmy ¢ 3D momennpoBanneM Ha OCHOBE IIPOMBIIIIEHHBIX ITAKETOB, KOTOPOE Ja-
er JleTabHyI0 HH(MOPMAIMIO O IapaMeTpaxX TeYeHHs U ITOBEICHUU CTEHOK COCY/OB BasKHYIO POJIb
UI'PaeT OJHOMEDPHbIE MOIEJM TeYeHUs BA3KON KMJIKOCTU B JIMHHBLIX Tpybax. Buibop pasimaHbix
MoJIeJIell BSI3KOYIIPYTUX CBOMCTB CTEHOK COCYJIOB ITO3BOJISIET OOHAPYKUBATH PA3IUIHBIE PEIKUMBI
JIBUZKEHWST KPOBU B COCYJIaX, B TOM YHUCJIE TIPU HAJUYIUU aHOMAJIAN TUIIA AHEBPU3M.
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IIJIEHAPHBIE JTOKJIAJIHI (28.06.2022 — BTOPOI1 JJEHD)

O BJINAHUUN BBIBOPA YNCJIEHHOTO ITOTOKA B METO/IE TAJTEPKNHA
C PABPBIBHBIMU BASNCHBIMUY ®YHKIINAMMN 1TPU PEITEHNN 3ATAY
C YIAPHBIMU BOJIHAMMUA

B.®. Tumkun', M.M. Kpacuos, M.E. Jlamoukuna, O.A. Hekimonosa

Hnemumym npuraadnot mamemamuru um. M.B. Keadvwuwa PAH, Mockea, Poccus
v.f.tishkin@mail.ru

WszBecTHO, 9TO IPU UCHOJIB30BAHUU PA3HOCTHBIX CXeM ['OyHOBCKOTO THIIA B HEKOTODPBIX 3a-
Jladax, CoJIepXKalluX y/JIapHble BOJIHBI, BO3HUKAET Pa3BUTUE HEYCTOMYUBOCTH THUIIA “KAPOYHKYJI .
YcesioBus TOSB/ICHUS JIAHHOTO BUJIA HEYCTOMYMBOCTH — 3TO BLICOKHE 4Yucja PeiiHosb/ica U HU3-
KO JINCCUIIATUBHBI ducaeHHbli oToK. B pabore [1] 3amedeno, 9To mpu TaKUX yCJIOBUAX MOLYT
BO3HUKATH U JIPYTHe TUIBLI HeycToiunBocTell. B HacTosmeil paboTe MpoBeIeHO UCCe0BaHNe MO/
BEPKEHHOCTH YUCJIEHHOTO PEIIeHNs yIapHO-BOTHOBBIM HEYCTOWIUBOCTSIM MPU UCIIOIb30BAHII KOH-
KPETHBIX YHCJIEHHBIX TIOTOKOB B Pa3pPbIBHOM MeTojle l'ajiepkuHa, peaJn30BAHHOM B IIPOTPAMMHOM
koMmiiekce PAMEI3D [2]. Vcenenosanue nmpou3Boiioch Ha TECTOBBIX 3ajadax u3 mnepedns Kep-
ka [1]. Haubosiee yHuBepCaabHBIME, DU IIPOBEJICHUE PACIETOB, OKA3AJIUCH TUOPHJIHBIE THCICHHBIE
HOTOKH 3|, O3BOJISIIOIINE TTOJABUTH PA3BUTHE HEYCTOWIMBOCTEH W COXPAHUTH TOYHOCTH METOJIA.

Crmcok murepaTypbl

[1] Quirk J. J. A contribution to the great Riemann solver debate // ICASEReport No. 92-64.
1992; Int. J. Numer. Meth. Fluids. — 1994. — V. 18. — P. 555-574.

[2] Kpacaos M.M., Jlamoukuwa M.E., Tumkwun B.®. IIporpammuseii kommiekc PAMEI'3D
JIUI 9UCJIEHHOTO MOJIEJIMPOBAHMS 33129 adPOTEPMOMHAMUKNA Ha BBICOKOIPOU3BOIUTEILHBIX

BBIYUCIUTE/ILHBIX cucremMax, CBUIETEIHCTBO O TOCYJAPCTBEHHON PErucTpaliuid IIPOrpaMMbI
g 9BM Ne RU2021615026, 02.04.2021

[3] M. E. Jlagoukuna, O. A. Hekmomosa, B. ®. Tumkun. ['ubpuHblii quCI€HHBIA TOTOK JIJIst
pellleHnst 3a/1a9 CBePX3BYKOBOTO OOTeKaHust TBepIbIX Tesl, Marem. Mmojenuposanue, 33:5 (2021),

47-56

MATEMATUYECKOE MOJEJ/JINPOBAHIE BPAIIIEHN A PACIIJIABA
BOJIb®PAMA 1101 BOSAEVNCTBMUEM NMIIVJIbBCHBIX HATPY30K

I''T". JIazapeBa

OI'AOY BO “Poccuitickuti yHusepcumem dpyotcoo. napodos”, Mocksa, Poccus
lazarevanovosibirsk@gmail.com

[Ipobsiema pa3pylneHns MaTepuaJioB IIePBOil CTEHKU U JIMBEPTOPA ABJISIETCS OJIHON M3 KJII0Ye-
BBIX JIJIs1 TEPMOSIJIEPHBIX PEAKTOPOB, OCHOBAHHBIX HA MArHUTHOM Y/Iep2KaHuu 11a3Mbl. B HacTosIee
BpeMs HauboJIee MOXOIANINM MATEPUAJIOM JIJIsd CO3aHIs TAKON CTEHKHN cuuTaeTcsd Bojbdpam. [s
HCIIOJIb30BaHUs BOIb(paMa B SKCIEPUMEHTAJIBHBIX TEPMOsIJICPHBIX PEAKTOpax HeOOXOINMO U3y Ue-
HUEe PO3UN MaTepuaJia, BOSHUKAIONIEH IIPU 9KCTpeMaJIbHBIX HArpy3Kax. B jiok/iaje mpejacraBieHa
MOJIeJIb PacIpejie/ieHrs TOKa B oOpasle Bojbdpama M HCHapssieMOM BEIIeCTBe IIPU Harpese I1o-
BEPXHOCTHU 3JIEKTPOHHBIM ITy4YKOM. MoJieib OCHOBaHa Ha pElIeHUuN YPaBHEHUI 3JI€KTPOIMHAMUKI
B oOs1acTu obpasiia 1 B Iapax BoJbdpaMa HaJ HUM B IMUIXHIPUIECKOH cucreme KoopauHat. Tok
paccMaTpUBaETCs, KAK BO3MOYKHBII NCTOYHUK BPAIEHUS BEIEeCTBa, KOTOPBI HAOIIOIAETCS B 9KC-
nepuMenTe. Pe3ysibTaThl MpOBEIEHHOTO MOJIE/IMPOBAHUS MTOKA3AHM, YTO YIeT TEPMOTOKOB B ITapax
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BOJIb(DpaMa HaJl IJIACTHHKON HEOOXOUM J1JIsl IOJIyYeHUs YCKOPEHHsI, CIIOCOOHOIO MHUIMHPOBATH
HaOJII0/JaeMoe B 9KCIIEDHMEHTe BpallleHne paciuiasa. [lapameTpbl MoJe/ B3ATHI U3 SKCIIEPUMEH-
ToB Ha crenjie Beam of Electrons for materials Test Applications (BETA), cosmanuoro 8 AP
CO PAH. Pabora BoinostHeHa 1pu (buHaHCcoBoi nomaepxke Munobpaaykun PO B pamkax rocymap-
crBenHoro 3ajanus (Homep temer FSSF-2020-0018).

O 9MCJIEHHOM MOJEJINPOBAHNN HA JTEKAPTOBBIX CETKAX
HECTAIIMOHAPHBIX 3A/IAY B CBEPX3BYKOBOU ASPO/IMHAMUKE

AJI. Adenmukos’, B.C. Huknrun

Hrnemumym npuxaadnot mamemamuxy um. M.B. Keadvwa PAH

andre@keldysh.ru

PaccmarpuBaercs HecTarmoHapHas 3aja4da O CBEPX3BYKOBOM OOTEKAHWHM CUCTEMBI TeJI, Tepe-
MEITAIONINXCS B TOTOKe ra3a. [Ipu cBOOOIHOM JIBMKEHUU TeJl MATEMATUYECKAs MOJE/b COCTOUT
u3 ypaBHeHUil Ditiepa i 00J1aCTH, 3alI0JTHEHHON ra30M, JIONOJHEHHBIX ypaBHeHusMu HbioToHa
JIJTsT OTIMCAHUS JIBUYKEHUST TBEP/IBIX TeJT IO/ JeCTBUEM JIABICHUS. BbIMuC/InTe/IbHbII aJrOPUTM UC-
[IOJTH3YET JIOKAJTbHO-JIEKAPTOBBIE CETKM, aJIallTaIlisl KOTOPBIX K PEIeHUI0 OCHOBAHA HA BEIBJIETHOM
aHajm3e. BaanmoseiicTBre ra3a ¢ MOBEPXHOCTBIO TBEPJBIX TeJI MOJEJUPYETCS MIPH TTIOMOIINA MeTO-
Jia cBOOO/IHOM TpaHuiibl. BOZMOXKHOCTH peaim30BaAaHHOTO KOJIa ITPOJIEMOHCTPUPOBAHDBI HA 3a/1a9aX O
[O/TbeMe TBLIMHKHU IO JICHCTBUEM YJIAPHOI BOJIHBI, O MOJICJUPOBAHUY JIBUXKEHUS CUCTEMBI TEJI B
JIBYMEPHOM CBEPX3BYKOBOM IOTOKE HEBA3KOI'O Ta3a U O BBLIETE IeJIeTa U3 3aTYIIEHHOTO ITHINH-
Jipudeckoro Tesa. [lomydensr KomudecTBeHHbIE U KAYECTBEHHBIE PE3Y/IBTATHI O CKOPOCTH IBLINHKN
U O IBOJIIOIUK HAYATBHBIX KOHMUrYpaIuii TeJ.

Pabora BTOporo aBropa BhINOJIHEHA TPU (pUHAHCOBOI TIojIep2KKe rpanTta POOU 19-31-90162.

MHOT'OMACHITABHBIE 4dBHBIE METO/bI PEINTEHN A CETOYHbBIX
ITAPABOJIMYECKUX 3AIAY

IO.M. JlaeBckuii

Hnemumym svivucaumensvotl momemamury u mamemamuveckot 2eopusuxuy CO PAH,
Hosocubupck, Poccus
laev@labchem.sscec.ru

TpagunuoHHO TPYIHBIMEI JIJIsi YUCIEHHOIO PelleHus saBJdioTcs juddepeHiuaibibie ypaBHe-
HUsI, OIUCBHIBAIOININAE ITPOIECChI CO 3HAYUTEILHON Pa3sHOMACHITAOHOCTBHIO IO TTPOCTPAHCTBY U BpPe-
Menu. [Ipm mocrpoennn YMCIEHHBIX CXEM JIJTsl PEIIeHUsd TaKUX 33/1a9 4acTO JIMMUTHPYIONUM (ak-
TOPOM 4BJISIETCS HE YCTOWYMBOCTL AJTOPUTMa, & €ro TOYHOCTb. [IpWYuHbI yIOMsHYyTOW MHOTO-
MacIITaOHOCTA MOTYT OBITh KaK IeOMeTPUYECKOl, TaK (hu3udeckoit mpuponl. [IpakTudeckn, pedb
UJIET O COIVIACOBAHHOM JIOKAJBHON aJallTalluy IapaMeTPOB MPOCTPAHCTBEHHO-BPEMEHHON CETKH K
TpeOOBAHUSAM TOYHOCTH M YCTONYIMBOCTHU, KOTOPBIE TUKTYIOTCH BBIUUCIEHUSIMI Ha COOTBETCTBYIO-
meM Mmaciitabe. /lanabie cooOpazkeHus JIerTM B OCHOBY Pa3BUTHS TaK HAa3bIBAEMbIX MHOI'OYPOBHE-
BBIX sIBHBIX CXeM, 0030p KOTOPBIX IMPUBOJUTCA B JO0KJIaje. B yacTHOCTH, PACCMOTPEHBI PA3JIMIHbIE
THIIbI COIPS?KEHUI TPOCTPAHCTBEHHO-BPEMEHHBIX 00JIacTeil: conpsikenus: tuna Jupuxie u tuma
Heiimana. IIpusegen nabop Teopem 00 ycTORYMBOCTU TaKuX cxeM. B KadecTBe IPUMEPOB 00CY K-
JlaeTcs IpUMeHeHne pa3padOTaHHbIX aJTOPUTMOB B METO/IaX JEKOMIIO3UIINK OOJIACTU NP HAJIMIUT
reOMETPUIECKONl MHOTOMACIITAOHOCTH U JIIA 33JIa9i O PACIPOCTPAHEHUN JIAMIHAPHOTO ILJIAMEHH,
ABJIAIONIEHCA XapaKTEePHBIM ITPUMEPOM IIPOIiecca ¢ (pU3MIECKOl MPOCTPAHCTBEHHO-BPEMEHHON pa3-
HOMACIITaOHOCTHIO.
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O PEINEHUN NHTEI'PAJIbHOI'O YPABHEHUN A BOJIBTEPPA ITEPBOI'O
POJA TUIIA CBEPTKU

AJI. KapueBcknii

Hrnemumym mamemamuru um. C.JI. Coboaesa, Hosocubupck, Poccus
karchevs@math.nsc.ru

B sokaze 6yer paccMoTpeHo HHTErpaJibHoe ypaBHeHnne BoJibreppa 1mepBoro pojia Tuiia cBepT-
k. /lanHoe mHTEerpaJibHOe ypaBHEHNE He MOXKET ObITh CBEJIEHO K MHTErPAJIbHOMY YpPaBHEHUIO BTO-
pOro poja, MOCKOJIBKY €ro siapo H Jiodas ero Ipou3BOIHAs B HyJe obpalaercd B Hy/b. 11o 3Toit
[pUYNHE K JIAHHOMY HHTEI'PAJIbHOMY YPaBHEHUIO HEITPUMEHUMbI MeTO/IbI peryJisipudarnun Cepreesa,
Henncosa, Maruuiikoro, (h, a)-peryssipusanus AnapiiHa, TOCKOJbKY BCe OHI TPEOYIOT BBIIIOJIHE-
HUsI YCJIOBUSA: JTHOO CaMO siJIpo, JUOO KaKasi-TO €ro IMPOU3BO/IHAS HEe 00paIlaeTcss B HYJIb B HYyJIE.
Metosn /lerncoBa TpebyeT 3HaHWE 3HAUEHUsT NCKOMOM (DyHKIIUU B HysIe, 9TO HA MPAKTUKE MOYKET
OBITHL He BbIOHEHO. MeTos perynspusarun THXOHOBa TPUBOJIUT K pelleHuio ypaBuenud Ppeji-
roJibMa IEePBOro PoJia.

B noxkiajzie 6yeT mpejicTaBiaeHo JiBa MeTo/la PelleHus HHTerpajbHoro ypapaenus Bosbreppa
[IEPBOIr0 Pojia TUIIAa CBePTKH. [lepBhIit OCHOBAH Ha PA3JIOKEHUH IIPABOI YacTH HHTEIPAJILHOIO ypaB-
HEHUs 110 PYHKIUSIM OIPEJIETEHHOIO BUJIA, BTOPOHl — 9TO IpUMEHEeHHe KBaJIpaTypHOH (OPMYIIbI.
Oba moaxo1a UIIOCTPUPYIOTCA INCIEHHBIMU ITPUMEPAMHA.

Jlannoe nHTErpasibHOe ypaBuenue BoJibTeppa mepBOoro pojia THila CBepTKU BOZHUKAET IIPU pe-
IMIeHUH 381291 TeIJIOIPOBOIHOCTHU C JIAHHBIMU Ha, BPEMEHUIIOI00HON IPAHUIIE METOIOM COIIPSIZKEeH-
HOTO orepaTopa. TeM He MeHee, TTPeIOKEHHBIE METOIbI MOT'YT OBITH MCITOJIB30BAHBI JIJIsT PEITeHNUsT
MHTEIPaJIbHOTO ypaBHeHusi BojibTeppa 1mepBoro pojia TUIa CBEPTKU U B JIDYTUX CJIydasX.

OIIBIT BUXPEPASPEIIAIOIIETO MOJAEJINPOBAHIA TYPBYJIEHTHbBIX
TEYEHUU B ITPUKJIAZIHBIX S3AJTAYAX ASPOJIMHAMUKNT N
ADPOAKYCTUKN

T.K. Kosybckast

Hremumym npuxiadnot mamemamuru um. M.B, Keadvwwa PAH, Mockea, Poccus
kozubskaya@imamod.ru

Hcronb3oBanne BHICOKOIPOU3BOINTETLHON BHIMUC/TUTE/IHHOM TEXHUKU U 3(PHEKTUBHBIX TEXHO-
JIOTHl BJISETCA KPUTHYHBIM YCJIOBUEM YCIIENTHOCTU MOJIETMPOBAHUS HECTAITMOHAPHBIX TYPOYJIEeHT-
HBIX T€YEHU U CO3/IaBAEMbIX UMH aKyCTUYIECKUX T10JIel B IPUKJIA/IHBIX 338/1a9aX, OPUEHTUPOBAHHBIX
Ha aBUAIMOHHYIO ITPOMBIILIEHHOCTb.

B noksajie paccka3bIBaeTCsl O HAKOIIJIEHHOM OITbITe BUXPEPA3PENIAIONIEro MOJIEJTUPOBAHIS TYP-
Oy/JIeHTHBIX TeYeHUil B 3aJ/lavaxX adpPOJIMHAMUKU U adPOAKYCTUKH, 00 HUCIOJb3YEMBIX MOJIEIIX U
MeTO/IaX, IPUBOJIATCS MIPUMEPHI YHUCJIEHHOTO PENIeHNs MPOMBIIIIEHHO-OPUEHTUPOBAHHBIX 3a/1a4.
OtniesibHOE BHUMAHUE TIPU 3TOM YJIEJISI€TCS TPYIHOCTSAM, ¢ KOTOPBIMU HMPUXOJIUTCA CTAJTKHBATHCS,
U eIlle He PEeIIeHHBIM ITPOobIeMaM.

IIOCTPOEHNE TOYHBIX PEH.IEHPIPI CUCTEMDbI VPABHEHI/IUP’I
OJHOMEPHOU T'A30BOU IMHAMUWKU BE3 I'PAIVMEHTHON
KATACTPO®bI

A.B. Akcenos”, K.II. JIpykxoB

Mocxosckuii 2ocydapemeennoiti ynusepcumem umeny M.B. Jlomonocosa, Mocksa, Poccus
aksenov.av@gmail.com; Konstantin. Druzhkov@gmail.com

PaCCMOTpeHa OJHOMEpHad CHUCTeMa ypaBHeHI/Iﬁ ra3oBO JUHAMUKHN JIJId IIOJIUTPOITHOI'O IIPO-
oecCa C IIoKa3aTe/IdMU CTCIICHU PpaBHBIMUA TPEM U IIATH TPETHUM. Hpe,ﬂCTaBHeHbI NHBapUaHTBI Xa-
PaKTEPUCTUK IIEPBOT'O IIOPAIAKA. C ucnosub3oBanneM NMHBAapPpUaHTOB XapaKTEPUCTUK 3aJadun Kormm
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CBEJIEHBI K crucTeMaM OOBIKHOBEHHBIX JnddepeHIna bubix ypaBHenuii. [locTpoensr perenus 3a-
naa Kot Ha Beeit mpocTpancTBerHoi ocu. [lorydeHHbie perieHnst OMuChIBalOT JBHKEHIE Ta3a 6e3
rpaJueHTHON KaTacTpodbl ¢ KOHEUHBIMHE MAacCoi, UMIIYJIbcoM U 3Heprueil. IlpuBesennsr rpadukn
perennii.

CTPYKTYPBI PABPBIBOB B PEINIEHNAX CIICTEM YPABHEHUI C
NCYESAIKOLIEN NCITEPCUEN KOPOTKMNX BOJIH

N.B. Baxoxnuu

HIIM um. M.B. Keadvua PAH, Mocksa, Poccus
1bbakh Qyandex.ru

B Mozensx, mpaBUIBHBIX ¢ PU3NIECKON TOYKY 3PEHNs], CKOPOCTH PACIIPOCTPAHEHNS BOTH CTPe-
MATCA K KOHCYHBIM 3HAUYCHUAM IIPU YMEHBIICHWU JJIMHBI BOJIHBI, T.€. JUCIEPCUA KOPOTKHAX BOJIH
ucyesaet. [Ipu sToMm cymecTByior 6e3/uccuaTuBHbIe CTPYKTYPhI, HO BO3MOYKHO U OIPOKU/IHIBAHIE
BOJIH, TpeOyIoIlee PacCMOTpPeHUsi ODODINEHHDBIX PeIlleHnil Wik BKJOUYeHus jguccuranuu. B kade-
CTBE IIPUMEPOB PACCMATPUBAIOTCS YPABHEHUS BOJIH B TPyOaxX ¢ YIPYIUMU CTEHKAMU U YPaBHEHUsI
9JIEKTPOMArHUTHOMN IipojuHaMuku 1ia3Mbl (DMIL), aBiisromuxcss pacuimpeHneM KJIaCCuIeCKIX
ypaBHEHUI MarHUTHOW TUJIPOMHAMUKHU TIOCPEJICTBOM JO0ABJIEHUS JTUCIEPCUOHHBIX WIeHOB. [lyis
OMI'JL pu BKIIOYEHUHN Ta30IMHAMUIYIECKON BSI3KOCTH BBISIB/IEHBI CTPYKTYPBI, AHAJIOTUIHBIE Yap-
HBIM BOJTHAM B Ta30BOl JMHAMUKE, HO TPeOYIOIIre ydyeTa B YCJIOBUAX Ha Pa3pbIBaxX ITPOU3BOIHBIX
OT HEM3BECTHBIX, BXOJAIINX B YpaBHEHNs. PaccMaTpuBarOTCsS METOIMKI YHUCJIEHHOTO aHAIN3a JJIs
MOJIyY€eHUsI CTPYKTYP Oe3/IMCCUIATUBHBIX PA3PbIBOB KaK MPEJIETbHBIX PEIIEHIH MOC/IeI0BATETHHO-
creil yeInHeHHbIX BOJIH pasjmaHoro tuta. /s 9MII ompeiesienbl rpaHuIlbl CymecTBOBAHUS STUX
YEJIMHEHHBIX BOJIH, MO3BOJISIIOIIUE OIEHUTH IPAHUIIBI CYIIECTBOBAHUS O€3IMCCUTIATUUBHUX CTPYK-
TYp M OIlEHUTbh BO3MOKHOCTH OIPOKHUJIbIBAHUs BOJIH B 3aBUCUMOCTU OT aMILIUTY/Ibl CKadKa B Ha-
YaJIbHBIX JIAHHBIX.

K ITPOBJIEME KOHIHEHTPAIINU 9HEPI'I
A H. Tony6sarauxos”, J1.B. YkpauHckumit

Mocxoscruiti 2ocydapemesennviti ynusepcumem um. M.B. Jlomonocosa, Mockea, Poccus
golubiat@mail.ru

O06cy»K1a10TCs 9aCTUIHO WHBapPUAHTHBIE PEIIeHNs 3a/1a9 JUHAMUKH BSI3KOTO TEIIOMPOBOIHO-
IO COBEPINIEHHOTO Ta3a, CBI3aHHBIE ¢ IMPOOJIEMOIl MHOYKECTBEHHOW KOHIIEHTPAIIUN SHEPIUu, KaK B
HBIOTOHOBCKOI MeXaHUKe, TaK U CIENUAJIHLHON TeOPUU OTHOCUTETHHOCTH.

MozkHO cunmTaTh, 9TO dTa 3ajada OepeT CBOE HAYa0 IPU HMCCIEIOBAHUMN ChepUIecKH-CUM-
METPUYHOI'O0 I'PABUTAIIMOHHOTO KOJIJIAIICA IBIJIEBUIHON MaTepUH, TJe KUHEeTUIYeCKas SHEPrus Tejia
KOHEYHOI MacChl HeOrpaHU4YeHHO pacteT. [Ipu ydere jaBjieHuns, Kak IpaBuJio, 3HaYeHe I'PaBUTa-
MU CTAHOBHUTCSI HECYIIECTBEHHBIM M HEOOXO/IMMO BHEIIHee CxKaTue Tejia, HalpuMmep, mopiiHeMm. B
cBoe Bpems JI.M. CenoBeiM ObLIa pereHa aBTOMOEIbHAS 3a/1a9a 0 TOYeTHOM B3pbiBe. OUeBUIHO,
YTO JIJIsl TIOJIyYeHUs KOHIICHTPAIUU SHEPTIUU HY2KHO OBLJIO IPOCTO MOCTPOUTD JIBONCTBEHHOE pellie-
HIE, OJJHAKO JIOJIT0e BpeMsl 9TOro novemy-ro He jenasnock (A.H. Tonybaraukos, 2013). Beenenne
HEJIMHEHHOW BA3KOCTU U TEILJIOIMPOBOIHOCTH, XOTS U HAPYIIaeT aBTOMOJECIbBHOCTH, HO IO3BOJIAET
[OJIyYUTh ITOJIHOE PeIlleHre 3a/adu MyTEM pasje/eHus MePEMEHHBIX. DTO JaeT BO3MOXKHOCTH I10-
CTPOUTDH SIBHO PEIIeHUs 3a/1a4 C ITPOU3BOJILHBIM MHOKECTBOM <ITY3bIPHKOB» — IEHTPOB KYMYJISIIAN
KUHETHYIECKOH SHEPruu, Ipu 3TOM BHYTPEHHsISI SHEPrUs KOHIIEHTPUPYETCS TOJIBKO B JOCTATOYHO
JKECTKUX HEHBIOTOHOBCKHUX CpPeJax.
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IIJIEHAPHBIE JTOKJIAIBI (29.06.2022 — TPETUI JEHD)

IMPAMBIE METOAbBI PEITTEHN S OBPATHBIX 3AJIAY
C.U. Kabanuxun -2, M.A. Immrenna™??, H.C. Hosukos"??, H.M. IIpoxormum®

! Mnemumym mamemamuxu um. C.JI. Coboresa CO PAH, Hosocubupcr, Poccus
2 Unemumym mamemamuru v mamemamuseckoti 2eofusury CO PAH, Hosocubupcx, Poccus
3 Hosocubupckudi 2ocydapemeennviti ynusepcumem, Hosocubupex, Poccus
ksib2@mail.ru

OcHoBHBIE 1 HanbOJIEE TACTO TPUMEHSIEMbIE METObI PEryJIAPU3AINH OOPATHBIX 33,189 UCTIO b=
3yI0T MHOTOKpaTHOE pellleHne COOTBETCTBYIONINX MPAMBIX 3a/1a4. B MeTo1ax rpa/IueHTHOrO CIIyCcKa
HEeOOXOIMMO Ha, KaxKJ0fl MTepalu peraTh JIOMOJHUTEILHO COIPSIKEHHYIO 3aJ1ady, a B MeTOJIe
Herorona-Kanroposuua ( u ero mopudukanusx) reobxoaumo obpararh npoussojanyio Ppere,
KOTOpasd B CJIyda€ MHOI'OMEPHBIX O6paTHbIX 3a/la4 ABJIAETCAd KOMIIaAKTHBIM OII€paTOPOM. PeIHeHI/IH
NPSMBIX 38JIa4 B TPEXMEPHOM IIPOCTPAHCTBE TpeOyeT 3HAUNTEIbHBIX pecypcoB. Hampumep, perie-
HIIe HAYAJBHO-KPAEBBIX 3aJ1a4 sl rurnepboimaeckux ypasHenuii u cucreM (Jlame, Makcsenna) B
COBPEMEHHOI Treodu3nKe Tazke I NCCIeT0BAHNS CPAaBHUTE/IHLHO HEOOIBIINX 00beMOB HOPsiIKa 1-3
KyOMYECKUX KUJIOMETPOB IPUBOJIUT K HEOOXOIMMOCTHU HMCIIOJIH30BATD CIEIUAIbHBIE TTapa/lie/IbHbIe
AJITOPUTMBI C YI€TOM apXUTEKTYPhI CYIMepKOMITbIoTepoB. OTMETHM Tak:kKe HeOOXOIUMOCTDH ydera
ommboK okpyriaenus. U camoe riaBHoe, B reodusnke perieHue IpsaMoil 3ajadu TpedyeT 3Hatde-
HEsT KO9(DUIMEHTOB BO Beeil cpejie (IIOTHOCTD, 3JIEKTPOIPOBOJHOCTD, IPAHUIIBI Pa3/esia u T.01.),
YTO HMPAKTHIECKH HEBO3MOXKHO 0€3 IpeaBapuUTeIbHOrO pelleHns: oOpaTHoil 3amadn. B sToit cBs-
31 Bce D0JIee BaXKHOE 3HAUEHME IIPUOOPETAIOT IPSIMbIE METOIbI PEITeHN MHOTOMEPHBIX 00PaTHBIX
33124, KOTOPhIE TO3BOJIAIOT HAXOIUTh UCKOMbBIE KOI(PMDUIIMEHTHI, MIUHY ITepedrcIeHHbIe TTpodJIe-
MBI, CBSI3aHHBIE ¢ MHOTOKPATHBIM PEIIeHUeM MPsMbBIX 3a/1a4. B jmokaaie Oyaer gan Kparkuit 0630p
COBPEMEHHBIX IIPAMbBIX METOJ0B PEeHICHNA MHOI'OMEPHBIX O6paTHbIX 3a/a4, INTaBHbIC 13 KOTOPBLIX OC-
HOBaHBbI Ha TpeEX IOJX0/Iax: IpaHuvHoe yipasienue, Dirichlet-to-Neumann map, u MHOromepHbie
anajioruu ypaspaenuit Kpeitna-I'enbdanta-Jlesurana-MapueHnko.

PASBHOCTHBHBIE CXEMBI JIJI11 OBBIKHOBEHHBIX JIN®OPEPEHITVAJIBHBIX
YPABHEHUUN CO CBOMCTBAMU KOPPEKTOPA U IIPE/INKTOPA

B.B. aiiypos

OUI] «Kpacrosapcrut naywnord yenmp CO PAH», Kpacnospcx, Poccus
shaidurov04 @mail.Tu

JloK1a)1 TIOCBAIIEH MTOCTPOEHUIO TIOCJIEIOBATETLHOCTA PA3HOCTHBIX CXEM CO CBOMCTBaAMH KOpP-
PEKTOpa U MPEJTUKTOPA JjIsd HHTEITPUPOBAHUSA CUCTEM OOBIKHOBEHHBIX JU(MD(MEPEHITNATBLHBIX YPaB-
HeHUit BTOporo mnopsjaka. [loceoBaTe/lbHOCTh CXeM HAYMHAETCS C SBHON TPEXTOYEUHON CXEMbI
[TITépmepa BTOpPOTO MOps/iKa amlpoKcuMaruy. Kakpasd moceayionas cXxeMa TaKyKe pean3yer
TpexTouednyio cxemy IlITépmepa ¢ mpaBoii 4acTblO, JIOIMOJHEHHON CJaaraeMbIMU, BbIYUCIEHHBIMUI
Jepes3 pelreHue mpejiblIyineil cxembl. /lokazaHa yCTONYIMBOCTD MOJIYYAIONIUXCA CXEM U yBEeJIUIeHUe
nopsiika cxojgumoctu. [IpegcraBieHbl pe3yIbraThl BRIYUCIEHUN JIJId TECTOBOH 3aJladM, IOITBED-
JKJIaI0IIe MIOBBIIIEHUE MOPs/IKa TOYHOCTU IOCTPOEHHBIX CXEM.

znoxkeHne 3aBepiiaeTcs: 00CyKIEHIEeM aHAJOIMIHBIX PA3HOCTHBIX CXeM (CO CBOCTBAME KOD-
PEKTOpa ¥ MPEeJINKTOpA) JJIsi yPABHEHUIT IePBOrO MOPSIJIKA.
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BBIYUNCJ/INTE/JIBHBIE BA/TAY APKTUNYECKOI'O PETTOHA P®
N.B. Ilerpos

Mocxoscruti pusuro-mexnuveckud uncmumym, lorzonpydnwiti, Poccus

PaccmarpuBaiorcst BeIYucIuTe ILHBIE TPOOIEMBI perenus 3a1a4 Apkrudeckoro pernona PO. B
YaCTHOCTHA PACCMATPUBAETCS CEMEHCTBO CeTOYHO-XapaKTEPUCTUIECKUX METOJI0B, paspabOTaHHbBIX
JIJISI IUCJIEHHOT'O PeIleHus JIMHAMUYECKUX 3aJ/ad, YIUTBIBAIONINX XapaKTepPUCTUUIeCKHe CBONCTBa
CHUCTEM ypaBHeHI/Iﬁ I‘I/IHep6OJII/I‘IeCKOFO TUIla, K KOTOPbIM OTHOCATCA CUCTEMBI, OIIMCBIBAIOIIUE II0-
BesieHne JieOpMUPYEMBIX cpe/l (JieT, BOJIa, MeTaJInIeCKie U OETOHHbIE KOHCTPYKIINN), & TaKXKe
YUCJICHHbIC PEIICHUA (C nx HOIVIOHIBIO) pPdaa 3aJa4, BOSHUKAIOIUX IIPU UHAYCTPUAJIBHOM OCBOCHUU
ApKTHYIecKkoro pernosa.

CO3JAHUE N PASBBUTUE BII NAII PAH
B.A. T'ymun

Hremumym asmomamusayuu npoexmuposarus PAH, Mockea, Poccus
gushching 7@mail.Tu

NucruryT aBromarusanun npoektupoanns Axanemun nayk CCCP, a aprae Poccniickoit aka-
JleMun HayK ObLT co3man B coorBercTBun ¢ [locrarnosiennem [pesumnyma AH CCCP ot 25 ntons
1986 roma Ne 1105 «O cosmanun UacturyTa apromarnsamnun npoektupoBarusg AH CCCP» na 6asze
psana noapasnenenuit BII AH CCCP, Hayunoro Cosera mo kubepueruke npu Ilpesmmnmyme AH
CCCP u MOTU.

[enwio cozmanust takoro uactuTyTa B pamkax AH CCCP 6b110 ucmosib3oBanne BBICOKOKBa-
JnUIIPOBAHHBIX CIIEIUAIUCTOB U Ooraroro 3amaca (yHIAMEHTAJIbLHBIX 3HAHUN I CO3/IaHUs
cucreMm apromarusupoBanuoro npoektuposanusi (CAIIP) B pasjiudHBIX peIMETHBIX 00JIACTSX.
JlupekTopom-opranuzatopom Obl1 HaszHadeH akajemuk Ojer Muxaitmouu BesonepkoBckuii,
9TOMY BPEMEHU 3aBEPIUBINUI CBOe 25-JIeTHee PYKOBOJICTBO BBIIAKOIIUMCS By30M HAIel CTPAHBI —
Mockosekum dusuko-rexandeckum uacrurytom (MOTH).

YunrteiBas 3aga4u, nocrapiennbie nepen MAIL crpykrypy mHCTHTYTa OBLIO PEIIEHO Jie/IaTh
B Bujie llentpos. KonnexkTus kazioro us lleHTpoB TeppuTopua/ibHO pacmoJarajcs Ha OTIeTbHON
wiomake 1. Mocksbl 1 MoCKOBCKOIT 00/1acTH, MMes TOJHYI0 CAaMOCTOSATETbHOCTD, BO3IVIABJISIICS
BeJLyIUM yuaenbiM. Bouin coznanbt ciemyiomue LlenTpor:

e CAIIP B mammuocrpoenunu (Ha Teppuropun 3asoga 3UJI, pykosomurenu: akamemuk E.IT.
Besuxos u j.¢d.-m. #. B.B. Berenun (Hbine akajeMux));

e CAIIP 6ousbimux unrerpasibbix cxeM (BUC) u cBepx6osbinnx narerpaibabix cxem (CBIC)
(paiton cranim MeTpo «Cokos», pykoBomuTean akageMuk B.B. Bynkun u k.m.H. A.B. Annurun);

e CATIP smekrponnoit anmaparypst (P9A) (1. Ogunnoso MO, pykosoaurens a.1.H. B.H. I'pu-
Ju);

e CAIIP B rpajocrpouresberse (coBMecTHO ¢ Mocknpoekt-2, pykooauresb FO.T. 3o50eB);

e Ilenrp anropurmuyeckoro obecrieuenns (MPTU u 2-a Bpecrckast yii., pyKOBOJUTEN: aKa-
nemuk O.M. Bemonepkosekuit, 1.¢d.-m.H. B.B. [llennukos).

Nsuagansuo MAIIL pasmernasncs 8 BII AH CCCP u o agpecy: yi. Basunosa, m.44. Takas
TeppuTOpuaIbHasg PazdpPOCAHHOCTH KOOPIMHUPOBAIACH PETY/ISPHO IPOBOJIUMBIME JTUPEKTOPATAMI
u 3acenanusivu YdaeHoro Cosera (MHOT/[a BBIE3ITHBIMHT).

Tosbko B 1987 romy UAII nosmyumn csoe 3manme Ha 2-it Bpecrckoit yi. (Pacropsizkenue o
nepeiade Kopiycos 1, 3, 4 u 5 moma 19/18 u3 xumoro ¢GoHma B HEXKIIION GBLIO TTOJIIUCAHO MPE/T-
cenarenem Mocropucnosikoma B.T. Caiikunbiv (panee qupekropom 3WJIa) 31 mapra 1987 r.).

O inuM 13 HeOOXO/IMMBIX YCJIOBUN JledTeTbHOCTU VIHCTUTYTa SABIgeTCA HATNINe BHIUIUCTUTE -
noit rexuuku. IBM turra BOCM-6 u cepun EC nponssoimincs, B OrpaHMYIeHHOM YUC/IE U 3apaHee
pacmpee/siiuch 1o opraausanusamM. VTATT ve 6611 1IepBBIM B 9TOH 0Uepe/in, paB/ia, 3aX0o/uia Pedb
o nocraBke YBM «unbpyc», co3maBaeMoil o pyKOBOJACTBOM akajeMuka B.A. MejbHukosa, a B
MOTU o6b1a paszmerena IBM VAX. Ha stom srtame Baxkuyto posib coirpasu B.B. Berenun un

16



CKTeMM-2022

FO.T. 3os0eB: 10 KOHTpaKTy ObLIM 3aKyILJIeHbl [IepCOHabHbIE KoMIbioTepbl Masosust, Unisys (¢
nporieccopom Intel 086) u IBM (286 u 386), uro mossosmio Bectu paborsl B 3nanun WAL, He
Bele3kag B MOTHU u BII.

Baxkuyio poJib B JIeATeIbHOCTH WHCTUTYTa ChIrpaio B3aumojeiicreue ¢ Muaueii. A Hagaaoch
510 B 1987 oy ¢ mosmnucanust pykoBojuTesiMu Byx Kpymreinnx crpan — CCCP, Bosriasiise-
moit M.C. Topbauesbim, u Nuauu, Bosriasiasgemoit Papkusom [anan, — MexKmpaBuTe/ IbCTBEHHO
KomIekcHoit 10rocpoyuHoii mporpaMMbl HaydHO-TexHr4deckoro corpyaandectsa (KT HTC). B
TO BpeMs Bosrmanisain Akagemuio nayk CCCP akagemuk M. Mapuyk. Emy u 66110 mIOpYy9eno
pyKOBOIcTBO IIporpamMmoit ¢ cOBETCKOIT CTOPOHBI.

O neransax cosmanust n passurus B MAII PAH g n mmanupyio paccka3aTh B CBOeM COOOIIe-
HUU.

YUNCJ/JIEHHAA METOJUKA PEAJIN3AILINN
ONEHTPAJIBHO-KOMIIO3NILIMTOHHOI'O POTATABEJIBHOTI'O IIJTAHA C
YYETOM HEAJEKBATHOCTHA

H.N. Cunusies

Mocxosckuii 20cydapcmesennnili mexnuveckuli ynusepcumem umeny H.3. Baymarna
(HayuonasvHul uccaedosamenverull yrusepcumem), Mockea, Poccus

B noknaje npejcraBieH meTosr 00pabOTKH JaHHBIX U IJIAHUPOBAHUS SKCIIEPUMEHTA B CIydae,
Koraa nH(MOPMAIHS IIOCTYIIAeT HEIIPEPHIBHO U MOCJIEI0BATEILHO. AHAIN3UPYIOTCS MOJTHbIE U IPO0-
Hble (haKTOPHBIE IJIaHbI, KOMIIO3UIIHOHHBIE OPTOTOHAJIBHBIE U pOTaTabe/IbHBIE ILIaHBI SKCIIEPIMEHTA,
JIJI HeJIMHEHBIX Mojieseil. [locTpoenbl MaTeMaTuydecKue MOJEIN JIjIsd CIyvasi, KOT/Ia COCTaBJIeHHAS
110 UCXO/HBIM JITAaHHBIM PErpecCuoHHasi MOJIe/Ib HeaJleKBaTHa. VI3/102KeH MeTo/I ONTHUMAaJIbHOTO ILjIa-
HUPOBaHUs JIJIF ITOCTPOEHUST MaTeMaTUIeCKON MO B BHUJE JUHEHHON KOMOMHAIIMHU JIMHEHHBIX
U KBaJIPATUIHBIX (PYHKIUI BXOIHBIX (DAKTOPOB ¢ HEM3BECTHBIMU ITapaMeTrpaMu. B ducsennom aJ-
FOPUTME YUUTBIBACTCA MOMEHT TPU C(HEPUIECKOM pacIpeie/IeHu ¢ MOMEHTaMU PoTaTabe/ IbHOTO
IJIaHA BTOPOI'O TOPSJIKa, Y KOTOPOTO BCe IATbIe MOMEHTHI paBHbI Hysio. [lokazana sddexTus-
HOCTb PEKYPPEHTHBIX aJI'OPUTMOB OLECHKU C TOYKU 3PCHUA BBIYUCJICHUN IIPUA LOCJIEA0BATEIIHLHOM
JIAHUPOBAHUU.

NTEPAIIMOHHBIE METO/AbI PEIITEHN A OBPATHBIX 3AJIAY B
IMPMNJIO2ZKEHN AX

*
M.A. Munrennn 52, C.U. Kabanuxun'?

! Mnemumym mamemamuxu um. C.J1. Coboresa CO PAH,
2 Unemumym mamemamury u mamemamuveckoti zeopusuru CO PAH, Hosocubupckudi
2ocydapcmeennuill ynusepcumem, Hosocubupcex, Poccus
mshishlenin@ngs.ru

B nacrositiee Bpems orybJIMKOBAHO MHOTO pabOoT, MOCBAIIEHHBIX 3a/lade HAXO0XKIeHUs KO3 du-
[IUEHTOB YPaBHEHUN MAaTEeMAaTHIECKO (DU3UKK B CJIydae, KOTJIa JaHHbIe 00paTHO 33,141 33,/1a10TCsl
HA YaCcTH MPAHUIE UCCJIeyeMOil 06/1acTH, B BHJIe HEJIOKAJIbHON nH(OopMaImu (MHTerpaJl mo BpeMe-
HU UJIH IO TIPOCTPAHCTBY ) WU HA 3aJlaHHOil KpuBoil BHyTpu obsiactu. [Tojo06HbIe 0OpaTHbIE 381841
BO3HHUKAIOT B TOMOrpaduu, TENI0IepeHOce, TEPMOJIACTUIHOCTH, HEPA3PYIIAOIIEM KOHTPOJIE, X1-
MHUYECKON KUHETUKE, MEJUIMHE, COIMOJIOTHH U T.JI. B jjannoit pabore NpeJioKeHbl aJrOPUTMbI
pereHns OOpPaTHBIX M HEKOPPEKTHO TOCTaBJIEHHBIX 33/1a9 yPaBHEHWI MaTeMaTHIecKOl (DU3MKH.
Bajada 3aK/II09A€TCA B ONpeieeHnn KodpdUImenTa min rpaHndHoro yCJIOBUsT HA HEJIOCTYITHON
YaCTHU I'PAHUIIE 110 OJHON UX JIOMOJHUTETLHBIX HHMOPMAIUil. 3a/1aua CBOAUTCI K MUHUMI3AIUN T1e-
JIEBOTO (DYHKITMOHAA TPAJUEHTHBIM MeTo1oM. [losryuennr hopMysibl IpaineHTHOTrO (DyHKITHOHAIA
C UCIIOJIb30BAHUEM PEIIeHNs COOTBETCTBYIONINX CONPAKEHHBIX 3aja4. [IpeacraBienbl pe3yabTaTs
YUCJIEHHBIX PACYETOB U MIPOBE/IeHa arrpodalisd pa3paboTaHHbIX aJITOPUTMOB Ha PEAJTHHBIX JTAHHBIX.

Pabora Boimosinena nipu nojiep:kke PH®, poexT Ne 19-11-00154-11.
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PHASE-FIELD MODELS AND NUMERICAL SIMULATION OF COMPLEX
MULTIPHASE FLOWS AT PORESCALE

Vladislav Balashov, Evgeny Savenkov”

Keldysh Institute od Applied Mathematics RAS, Moscow, Russia
e.savenkov@qgmail.com

Analysis of multi-phase micro-flows in natural and artificial porous materials is an important
problem in different fields. With the development of HPC hardware and p-C'T technologies which
allows to construct detailed geometrical models of material microstructure, it becomes possible to
evaluate such flows using direct numerical simulation techniques. In geophysical applications such
techniques are called “digital rock physics” and provides a powerful tool which extends conventional
laboratory measurements.

The talk describes numerical techniques for the analyses of single and multiphase fluid flows
in the pore space of core samples with direct resolution of the pore space structure and inter-phase
interfaces. The model and algorithms allow for simulation of dense and moderately rarefied gas
flows with slipping effects and fluid flows with surface tension and fluid /solid wetting effects.

The core of the approach is quasi-hydrodynamic regularization of classical Navier- Stokes
and Navier-Stokes-Cahn-Hilliard equations. The model is thermodynamically consistent and is
based on diffuse interface description of the inter-phase boundaries. The regularization terms are
dissipative and act as stabilizers of the numerical solution. This allows to use logically simple
explicit finite difference schemes with central difference approximations. The developed algorithms
allows for highly parallel implementation. Description of the simulation domain is based on voxel
representation which allows to use u-CT data with minimal pre-processing.

A number of simulations demonstrating consistency of the model and algorithms as well as
«realistic» flow simulations within realistic ;-CT models are presented.

YVCJIEHHOE PEIIIEHVE 3AJIAYY KOIIN JIJISI
VNHTETPO-IN®PEPEHIIMAJIBHBIX YPABHEHU C PASHOCTHBIM
ATPOM

II.H. Baburesuu

Hrnemumym npobaem besonachozo pazsumus amomnoti snepeemuru PAH, Mocksa, Poccus
vabishchevich@igmazil.com

PaccmarpuBatoTcss BOIPOCHI YUCJIEHHOIO pelieHns 3aadu Kormm it 9BOJIIOIMOHHOIO yPaB-
HEHUd C IaMAThIO, KOTJa SJIp0 MHTErPaJIbHOIO UJjIeHa sIBJIFeTCs Pa3HOCTHLIM. BbraucimresibHast
peannzalms CBsi3aHa ¢ HEOOXOIUMOCTBIO PAbOTATh ¢ MPUOIMKEHHBIM pPellleHneM JIjIsl BCeX IIPebl-
JIYIIAX MOMEHTOB BpeMeHn. PaccmaTpuBaeMast HeJIOKaJIbHAS 3a/1a4a IIpeodpas3yeTcs B JIOKAJIbHYIO,
IIPA 3TOM PeIIaeTcs ¢j1ado CBI3aHHAas CUCTEMa YPaBHEHUIl C JIOMOJHUTETbHBIMU OOBIKHOBEHHBIMUI
JdepeHmaabHbIMI ypaBHeHuAME. J[aHHbIil T10/IX0/T OCHOBAH Ha alllPOKCUMAIUN Pa3HOCTHOTO
SJI- Pa CyMMOI 3KCIOHEHT. [lo/TydeHnl OneHKn yCTONYNBOCTH PEIIeHUS OTHOCUTETHHO HAYaIbHBIX
JIAHHBIX W IIPABOW YacTU JJIsi COOTBeTCTBYIoMEel 3a1aun Komm. [locTpoensr n ucciaeioBanbl JIBYX-
CJIOMHBIE CXEMbBI C BeCaMU € YA00HOW BBIYUCIUTEILHON Peam3aIlieii.

BECIIIOBHEI BAJIAHCHO—XAE’AKTEPI/ICTI/I‘—IECKI/Iﬂ METO/I PEINIEHN A
SAJAY BSAVUMOIENCTBUA 2 KNITKOCTU N T'A3A C
AJAEOOPMUPYEMBIMU OB bEKTAMMUI

B.M. TosoBusnun , H.A. Adanacbes

Mocxoscxuti Tocydapemeennniti Ynusepcumem um. M.B. Jlomonocosa, Mockea, Poccus
gol@ibrae.ac.ru
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[TocTpoen HOBBII HaIaHCHO-XapaKTEPUCTUIECKII METOJ PEIleHns 3a/1a9 B3anMOIefiCTBHS 110~
TOKOB >KIJIKOCTH ¥ Ta3a ¢ jiechopMupyeMbiMu oObekTamu. [Ipeiaraembrii MeTO sIBJISIETCS TIPEJI-
CTaBHUTEJIEM CEMefiCTBa TaK HA3BIBAEMBIX MOHOJIUTHBIX (MM GECIIIOBHBIX) METOJIOB, B KOTOPBIX KaK
ra3, Tak u jgedopmaliinsg 00beKTOB PACCUNTHIBAIOTCS 10 €IMHON IMCIEHHON CXeMe, 9TO IIO03BOJIAET
MOJIEJINPOBATH TPAHUILYy pasjiesia ra3a U Tesl ecrecTBeHHbIM oOpasom. [losydennsiit B pe3y/ibrare
METO sABJIdEeTCA ABHBIM, JICI'KO l\laCHlTa6I/IpyeMbIM U HCIIOJIB3YET JlarpaH2KEBbl KOOPDAWMHATBI JIJIA
MO/ZICJIMPpOBaHUA I'PaHUIIbI pa3/e/jla U CMeElIaHHbIe SﬁﬂepOBO—HanaH)KeBbIe KOOpJAuHaTbl JIJId MO-
e INPOBaHusI TedeHusI raza u gedopmarun Tea. KiroueBoit 0coOOEHHOCTHIO METO/a sIBJIsieTcs 00-
pPATUMBIIl BO BpeMeHH aJITOPUTM IT€pEeMEIeHs PACIeTHON CeTKH, IMO3BOJIAIONNNA N30aBUTHCA OT
YUCJIEHHON JMCCUNIAIME cxXeMbl. MeToJ 1 arpobupoBaH Ha Psijie OJHOMEPHBIX W JBYMEPHBIX 3a/ad:
[Iepexo/i aKyCTUIeCKNX KoJieOaHuil OT rasa K yupyroil cpeje, yaap BO3AyXa O YIIPYroe Tejo, reHe-
parus cchepraIecKnxX aKyCTHICCKUX BOJIH KOJIEOFOIUMCST ITYTKOM.

METOAbI PEITEHNS IMCKPETHBIX AHAJIOI'OB HEKOTOPBIX
OBPATHDBIX 3AJJAY

B.1. Bacwises”, A.M. Kapramesckuit, B.B. ITomnos

Cesepo-Bocmounwiti pedeparvroiti ynusepcumem, Axymex, Poccus
vasvasil@mail. ru

B macrosmee BpeMs TeopeTHUecKoe HCCJIeIOBaHUE YCIOBHOW KOPPEKTHOCTH M paszpadoTKa
9P DEKTUBHBIX YNCIEHHBIX METOJIOB PeIeHus OOPATHBIX 33J1a9 SBJSIOTCH aKTYaJIbHBIMUA B CBA3U
C MIMPOKUM HCIIOJIb30BaHUEM WX B KadeCTBe MaTeMaTHYeCKUX MOjeseil PasImIHbIX ITPUPOTHBIX
SIBJIEHUI M TEXHOJIOTUYECKUX ITPOIECCOB.

B paborax mpodeccopa C.U. Kabanuxuna u €ro y4eHUKOB IIPEJJIOKEH ONTUMU3AIMOHHBIN
MeTO/I, PeIlleHns JUCKPETHOrO aHaJjora o0paTHO 3a1a4qu s runepbosmiaeckoro ypasaenus. [1po-
deccop A.JI. Kapuesckuii npeamoxui 3PeKTUBHYIO OPraHU3aInio ONTUMU3AIMOHHOIO METO/Ia
pellleHnsT KOHETHO-Pa3HOCTHOTO aHaJiora 00paTHOM 3a/ja4un UIeHTHUKAIIIT MJIaIIero Ko3hdu-
IIMEeHTa BOJTHOBOTO ypaBHeHusd. Ipyrum 3¢pOeKTUBHBIM MOIXO/IOM PelleHrs 00PATHBIX 3a/1a4 SB-
JISIOTCS UTEPAIMOHHBIE MeTO/ bl akajeMuka A.A.CaMapcKoro m €ro y4eHHKOB, IIPUMEHSEMbIE K
JINCKPETHOMY AHAJIOI'y MCXOJHOI PETPOCIHEKTUBHONW OOpaTHON 3ajady TeIJIONPOBOIHOCTH. ABTO-
paMu JAHHOM CTaThU ¢ KOJIJIEraMU BBIITOJTHEHBI PsiJi pA0OT ¢ (DUHUTHBIMYI HAYAJILHLIMU YCIOBUSIMU,
B KOTOPBIX CHadYaja CTPOUTCH KOHEYHO-PA3HOCTHBIN aHAJIOr PETPOCHEKTUBHON 0OpaTHOI 3a/atu,
IIOTOM JIJIsT YMCJICHHOW peasn3aliuu MOy YeHHOM CUCTEeMbl JIMTHEHHBIX aJiredpandecKnX ypaBHEHUI
NPUMEHAETCH UTEPAIMOHHBIN METOJI, CONPSIZKEHHBIX I'pajueHToB. [Ipr 3ToM Ha KaxKJI0it ureparumn
peltaeTcs IpaMas 3a/iada TEeIJIOTPOBOIHOCTH € TOCIEIYIONIAM yTOYHEHNEM MCKOMOT'O HaYaJIbHO-
ro yciosud. JlaaubIil moxo1 XopoIo paboTaeT u i OlpeieIeHus CTAIIMOHAPHO TpaBOil YacTH.
[Tpodeccopom I1.H. Babduresuuem ¢ KojaeraMmu JJjisi IMCJIEHHOTO PEleHnst OOpaTHBIX 3a/1a9 C HEn3-
BECTHBIME KO3 PUIIMEeHTaMN, 3aBUCATIIIMI OT BPEMeHH, ITPeJJIOXKeHa CrielnaabHas TeKOMIIO3UINS
pelienud, Ipu KOTOPOH epexo/; Ha HOBBIIE BPEMEHHOU CJA0M OCYIIECTBIACTCA IIyTEeM PEILIeHUd JIBYX
CTAHJAPTHBIX CETOYHBIX JIMIITUYECKAX 3a/1a4.

B pabore paccmarpuBaercss peTpocieKTuBHas oOpaTHas 3ajada TEeIJIONPOBOJIHOCTU C HECTa-
[IUOHAPHBIMU HEOTHOPOIHBIMU I'PAHUYHBIMU ycjioBusaME. OHA alllIPOKCUMUPYETCs PA3HOCTHOM cxe-
moit Kpanka—Hukosicona, mmeroneit BTOpoii MopgI0K alllpOKCUMAIUN KaK 110 POCTPaHCTBEHHO
[IeEpEMEHHOM, TaK 1 10 BpeMeHu. /[jis onpejiesienust perenus MoJIyYeHHOi CUCTeMbl JTUHEHHBIX aJl-
reOpanvecKnx ypaBHEHHI TpeJylaracTcsd MUCIOIb30BATh UTEPAIMOHHBIN METO/I CONPSKEHHBIX I'Pa-
nreHTOB. lIprBeneHbl mpuMepsl BOCCTAHOBIEHHS TJIA KOO, HETTIAIKOTO M Pa3PhIBHOIO HAYAJIHHBIX
yCJIOBUI, B TOM YHCJIe, U C BBEJIEHUEM <IIIyMay, XapaKTePHOT'O JIOMOJHATETHLHBIM YCIOBHAM 00PaT-
HBIX 33J1a9 U er0 CrJIazKuBaHus ¢ momoribio dhuabrpa Casunkoro—[oses. [Iposeienbie dnciennbie
9KCIIEPUMEHTBI [TOKa3aIU XOPOHIyio 3PHEKTUBHOCTD MPEJJIOKEHHOI0 UTEPAITMOHHOTO METO/IA.

Pabora BbIo/iHeHa B paMKax peaju3aiuu rocyaapcrsennoro 3ajanus No FSRG-2021-0015 B
paMKax peaju3alliyl HAIMOHAJILHOTO TpoeKTa «Hayka m yHUBEpCUTETHI».
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CEKIIMOHHBIE JOKJIAABI (30.06.2022) — 1 CEKIIUA

IJIOBAJIbHA Y YCTOMYNBOCTD PEIIIEHUN B BUJE BET'VIIIEV BOJIHBI
J1JISI OBOBIIIEHHOI'O YVPABHEHI Y KOPTEBETA-IE BPU3A-BIOPTEPCA
C IIEPEMEHHBIM ITAPAMETPOM JAVCCUIIAIINN

B.A. Illapraros™ !, A.II. Yyraitnosa?, I.B. Komommuiines®

THUSY MHU®H, Mocxea, Poccus,
2 Mamemamureckuti unemumym um. B.A. Cmexaosa PAH, Mocksa, Poccus
VAShargatov@mephi.ru

g obobmennoro ypasuenns Kopresera—ie Bpusa—-Broprepca paccMaTpuBaioTcs: pereHus B
Bujie Oeryieil BosiHbl. KoadduimenT auccunaiiuy 3aBUCAT OT KOOPJMHATHI U BPEMEHH W MMeeT
BHJ CIVIAKEHHOI CTYIEHBKHU B KaXKJbIil MOMEHT BpeMeHH. MeJKoMaciTaOHbIe ITPOIECCh IMCCHTIa-
NN ¥ JIUCTIEPCUN OIIPEJIETISIIOT PeleHne 3a/1a9u o0 Oeryineil BoJIHe B BBICOKOI'PAIMEHTHON 00/1acTH.
QyHKIMA TOTOKA UMeeT JBe ToukM Iepernda. [lokazano, 4To perieHus B BHje OEryimeil BOJIHBI
IIPA OJTHOM M TOH K€ CKOPOCTU MOT'YT CXOIUTHCA K TPEM Pa3JIMIHBIM IPEJIe/IbHBIM 3HAYCHUIM 32,
BoJiHoit. Metoj pyHKIMN DBaHCa UCIOJIb3YETCs JIJIsd IPOBEICHUS aHaIN3a JUHEHHON yCTONInBO-
CTH. YCTAHOBJIEHO, UTO PEIIEHUsI B BHUE OEryImeil BOJHBI MOI'YT OBbITH JIMHEITHO YCTONIUBBIMU JIJIst
KazKJI0r0 U3 TPeX BO3MOXKHBIX ciiydaeB. Takmm ob6pa3oM, HailleHbl JJUHEHHO yCTONINBBIE PEIICHUST
B BHje OeryIeil BOJIHBI, COOTBETCTBYIOIINE AOIYCTUMBIM Pa3pbiBaM B THIEPOOINIECKON MOIEIH.
OTH pa3pbIBbl NUMEIOT OJNMHAKOBYIO CKOPOCTb, HO Pa3HbIe COCTOSIHUS 031 UX.

JBOMHO 'MCTEPE3UC TPAHC3BYKOBOI'O TEUEHUA B U3OTHYTOM
KAHAJIE

AT. Kyspyvun', A.H. Psabunun

Canrxm-Ilemepbypecruii 2ocydapcmeennoiti ynusepcumem, Canxm-Ilemepbype, Poccus
a.kuzmin@spbu.ru

YucienHo mMCCIe0BaHO JABYMEPHOE TYPOYJIEHTHOE TedeHne BO3/lyXa B KaHaJsle, MMeONeM U3-
rud B 9 rpajrycoB. BHyTpeHHIE TOBEPXHOCTN BEPXHEN U HUYKHEH CTEHOK ITapaJsiie/IbHbI JIPYT JAPYTY
nepest u nocsie n3ruba. Ha BxoJie B KaHa I CKOPOCTD IIOTOKA CBEPX3BYKOBasl, & Ha BBIXOJIE — JIO3BY-
KOBasl.

Pemenus cucremnl ypasuenuit Peiirosibica moydeHbl ¢ MOMOIIBIO TPOrPaMMbI, OCHOBAHHOMN
HA METOJIe KOHEYHLIX 00bEMOB, C MCIOJBL30BAHUEM DPAa3HBIX Mojeseit TypOyaenTHocTH. PacdeTs
npoBoinch Ha BeraucauTeabaoM kiacrepe CIIOIY ¢ yekopuresnsimu Tesla Fermi. Tlosmydennbie
pellleHnsl OKa3aJ/Ii HaJIM'Iue JIBOMTHOTO THCTepe3nca IIOTOKa B OIIPE/IeIEHHBIX HHTepBajIaX U3MeHe-
Hus yncia Maxa Haberarorero moToka WM JaBjeHns, 3a/[aHHOI0 B BBIXOJIHOM cevdeHnu. JIBoitHOI
I'UCTEPE3UC O3HAYAET BO3MOXKHOCTBH PeasiM3alliil OJTHOTO U3 TPeX PAa3IMYHBIX PEKUMOB TeUeHUsI
IPU 3aJ[aHHBIX CTAIMOHAPHBIX I'DAHMYHBIX YCJIOBUAX. DTOT 3P@PEKT HEOOXOIUMO YUUTHIBATH, B
YACTHOCTH, IIPU IIPOEKTUPOBAHUU BO3/[yX03a00PHUKOB JIETATE/ILHBIX allllapaTOB, TaK KaK Pa3/ind-
HbIe PEKUMBI T€UEHHA B OJIHUX M TEX K€ YCJOBUSAX [10JIETa MOT'YT CYIIECTBEHHO BJIMATH HA IIOTEPH
OJIHOTO JiaBjienus u 3DdeKTUBHOCTL pabOThl BO3/LYIIHO-PEAKTUBHOI'O JIBUTATEIIS.

Crmcok urepaTypbl

[1] A. Kuzmin Non-uniqueness of transonic flow in an intake-type channel. SCTeMM’2019, J.
Phys.: Conf. Ser. — 2019. — V. 1392. — Article ID 012012. — P. 1-6.
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JIOKAJIN3AIINA 30H CTABIIJIBHOCTU BEYHOI1 MEP3JIOTHI 1
IFASOINAPATOB JIEJHVNKOBO YACTH BOCTOYHO-CUBNPCKOI'O
HTEJIb®A

I'B. Pemerosa’, B.A. Yesepra

Hremumym svivucaumensvroti maomemamury u mamemamuveckot 2eopusurxuy CO PAH,
Hosocubupck, Poccus
kgu@nmsf.sscc.ru

Nudopmarus o BHyTpenHeM crpoernn BocTouno-CrubnpeKoro apKTUuIecKoro Iejbga, a nMeH-
HO O MOIIHOCTH MEP3JIbIX OTJIOXKEHU, SBJIAETCA CTPATErHIecKN BayKHOU mHMOpaueil Kak st
ocBoeHmsI HedTera3oBeix pecypcoB Bocrounoit ApkTukn, 6e30macHOro ucmioJib3opanns CeBepHOro
MOPCKOI'O IIyTH, TaK U JIjIsi COCTaBJIEHHUSI ITPOTHO3HBIX CIIEHAPUEB BJIMSHUS ITOTEIIEHUST KJINMAaTA.

[Ipumenenne ceficMUYeCKUX METOJIOB U3YUEHUsS KPUOJIUTO30HBI Iejbda Mopeit JlanTeBbix u
Bocrouano-Cubupckoro nmeer cBom OCOOEHHOCTH W HAXOIUTCA Ha CTAIUU PaspabOTKU OYpPOBBIX
TEXHOJIOTUH 1 reo(PU3MIECKNX METO/I0B HHTepIperanun fanubix. OJIHOM 13 XapaKTepUCTHK CPEIbI,
XapaKTepu3yIoIieil MposB/IeHIe BIUSHUS I7100aIbHOIO MOTEIJIEHUS Ha BEIHYIO MEP3JIOTY, ABJISIET-
¢ ee MOIITHOCTD U IVIyOWHA 3a/IeraHusd, & TPAHUIBI 30HbI CTaOMILHOTO COCTOSTHUS ra30ruapaToB. B
CBOIO OY€pE/Ib 9TH XapaKTEPUCTUKU ITPOSIBISIOTCSI B M3MEHUNBOCTH CEHCMUIECKOTO TOTJIONIEHMS.
Tax, sKcrepuMeHTaaIbHO OBLIO YCTAHOBJIEHO, YTO 30HBI PACTEILIEHNS XapaKTePU3YIOTCAd HU3KUMMU
3HaYEHUAMU JIOOPOTHOCTH. lle/bio JJaHHOTO MCC/IeIOBAHUS SIBJISETCS N3YyUeHHUE IPOSBJIEHUST OCO-
OeHHoCTell (POPMHUPOBAHUSA CEHCMUYECKUX BOJIHOBBIX I10JIEl B T'€OJIOTMYECKUX Cpejlax, TUITHIHBIX
st Bocrouno-Cubupckoro apKTHIecKoro Iesibda ¢ yIeTOM SBOJIOIMOHHON N3MEHINBOCTH TEM-
nepaTypbl. CTaBUTCs BOIPOC O BO3MOXKHOCTH BBIJEIEHN 30H MTOTEPU CTAOUILHOCTU Ia30T U IPATOR
C TIOMOIIBIO CeHCMIYECKOT0 MOHUTOPHUHIA M3MEHINBOCTH JIOOPOTPHOCTU CPEJIbI.

WccitetoBanne BBITIOJIHEHO 3a cueT rpanTa Poccniickoro nay4unoro gonga Ne 20-11-20112.

ITEPEHOC 2KNJKNX YACTUIL IIOBEPXHOCTHBIMU 1 BHYTPEHHUMU
BOJIHAMMUI

A.C. Capur’, A.JO. Illamxos

Mocxkosckuil 2ocydapcmeentilic mexnuveckut yrusepcumem um. H.5. Baymana, Mocxksa,
Poccuas
assavin@list.ru

Kak n3BecTHO, B mepBOM NPUOJIMZKEHNN YKUJIKNE YACTHUILI B IT0JI€ MMOBEPXHOCTHOW T'apMOHM-
YeCKOW BOJIHBI MaJiofl aMILIUTY/Ibl B OECKOHEYHO IJ1yOOKOW WIea/IbHOM YKUJKOCTU JIBUXKYTCS 110
OKPYZKHOCTSIM YMEHBIIAIOIINXCH C TUIyOMHOM pajimycoB. B ciemyiomnem mpuOInKeHn YacTUITbI JIBH-
JKYTCsl IO OKPYKHOCTSIM, IEHTP KOTOPBIX MEJJIEHHO CMeInaeTcsi 1o ropusonty (apeiid Crokca).
Metos Crokca mO3BOUI OTKPBITH 3hdeKT Jpeiida, 0HAKO OH MAJIO IPUTOJCH I IIPOBE/ICHUS
YUCJIEHHBIX pacdeToB. B Hacrosdieit pabore npejicTaBIeHbl pe3yIbTaThbl YUCIEHHOTO OIIpe e IeHU
TPaeKTOPHil U cpeTHeil CKopocTn Jipelida KUJTKNUX JaCTHUI] B UJIeaTbHON HeCXKUMaeMO#l 0JTHOPOTHOT
7 IBYXCJIOMHOMN KMJIKOCTAX MO/, BO3ICHCTBAEM IMOBEPXHOCTHBIX N BHYTPECHHUX BOJIH MAJIOW aMILIN-
Tyael. JIByXcioiftHas YKUJIKOCTH - 9TO MOJETh CTPATH(MUIIMPOBAHHON MOPCKON Cpebl, B paMKax
KOTOPO# yCTaHOBJICHO, YTO XapaKTePHble CKOPOCTU BOJIHOBOI'O IIEPEHOCA JKUJIKUX YACTULl B TUIINY-
HBIX MOPCKHX YCJIOBUSIX MOTYT UMETh HOPSJIOK 1 CM/C, 9TO COMOCTABIUMO CO CKOPOCTSIMU TIEPEHOCA,
00yCJIOBJIEHHBIMU JIPYTUMH MEXaHU3MaMU, HAIIpUMep, TypOyieHTHOM guddy3ueii.
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SIGNORINI-TYPE PROBLEMS FOR 2D COMPOSITE BODIES CONTACTING
BY SHARP EDGES OF RIGID INCLUSIONS

N.P. Lazarev

North-Fastern Federal University, Yakutsk, Russian Federation
nyurqun@ngs.ru

A new type of non-classical 2D contact problem formulated over non-convex admissible sets is
proposed. Specifically, we suppose that a composite body in its initial state touches a sharp-shaped
rigid obstacle at a single contact point. Composite bodies under investigation consist of an elastic
matrix and a rigid inclusion. In this case, the displacements on the set, corresponding to a rigid
inclusion, have a predetermined structure that describes possible parallel shifts and rotations of
the inclusion. Two types of inclusions are considered, namely: thin and bulk. The rigid inclusion is
located on the external boundary and has the form of a wedge. The presence of the rigid inclusion
imposes a new type of non-penetration condition for certain geometrical configurations of the
obstacle and the body near the contact point. The sharp-shaped edges of the obstacle effect such
sets of admissible displacements that may be non-convex. For the case of a thin rigid inclusion,
which is described by a curve and a volume (bulk) rigid inclusion specified in a subdomain, the
energy minimization problems are formulated. The solvability of the corresponding boundary value
problems is proved, based on analysis of auxiliary minimization problems formulated over convex
sets.

The work was supported by the Ministry of Science and Higher Education of the Russian
Federation, grant number FSRG-2020-0006.

PABPABOTKA OIITUMAJIbBHBIX OBOBIIIEHHBIX MO/JIEJIEN
JOJITOBEUYHOCTU KOMIIO3UTOB OIITUMAJIBHON CTPYKTVYPHI I
CJIOXKHOCTU ITPU BO3JENCTBUU SKCTPEMAJIbHBIX ®PAKTOPOB HA
OCHOBE COBPEMEHHBIX ITOJIOXKEHUI
MOJIEKVJ/ISIPHO-KMTHETUYECKOM TEOPUU (MKT)

E.JI. I'yces" ™2, B.H. Bakymun®

! Mnemumym npobaem nedmu u 2asa Pedepasvrozo ucciedosamenvcrozo Llenmpa «xymexudi
nayurort [lenmp Cubupckozo Omdenenus PAH», Sdxymck, Poccus,
2 Hnemumym mamemamuru u ungopmamury Cesepo-Bocmourozo gedepanvriozo
yrusepcumema, HAxymcx, Poccus
S Unemumym npuxaadnoti mexanuwu PAH, Mockea, Poccus

BazxknaocTh paszpaboTku 3PEeKTUBHBIX BBICOKOTOIHBIX METO/IOB JIOJTOCPOIHOTO ITPOTHO3UPOBa-
HUsI OTIPEJIEJISAIONINX XapaKTEPUCTUK KOMITO3UIIMOHHBIX MATEPUAJIOB (OCTATOYHOIO pecypca, Mpod-
HOCTHU, HaJIC2KHOCTH, ,ZLOJIFOBG‘{HOCTI/I), O6yC.HaB.HI/IBaeTCH TEM, 9TO KOMIIOSUIIMOHHbIC MaTe- pUaJibl U
KOHCTPYKIIUM U3 HUX ABJIAIOTCHA HEOTbeMJIEMOII YacTbIO COBpeMeHHOfI TEXHUKN B TaKUNX O6.HaCTHX,
OIPEJCIIAIONINX Hay YHO-TEXHUYICCKUI TPOrpece, KakK aBrua- U KOCMUYECKasd TeXHUKA, CYJOCTPOCHNUE,
HerTHHaH 1 ra3oBasl IPOMBINIJICHHOCTD 1 JP. Ba}KHeI'?IHII/IM IpenMynieCTBOM MaTepuaJia CTaHOBUT-
csI ero CII0CODHOCTD KaK MOXKHO JOJIbIIIE COXPAHSITh CBOIO pabOTOCIOCOOHOCTD, 110/, BO3/IEHCTBIEM
SKCTPEMAJILHBIX (DAKTOPOB BHEIIHEN Cpeibl (TeMIIepaTyphl, BAAKHOCTH, COJTHETHON DaIUAIIN, Me-
XaHUIECKUX HAIPSIKEHU U JIp. ).

JL1s1 yJI0BJIETBOPUTEIBHOIO IIPOTHO3UPOBAHIST HEOOXOIMMO pa3paboTaTh 3(MPEKTUBHBIE U Ha-
JIE?KHBIE COOTHOIIEHNS MEXK LYy KHHETUIECKUMU ITapaMeTpaMu (pU3NKO-XUMUIECKIX IIPOIIECCOB, IIPO-
NCXOAAIUX Ha MOJIEKYJ/IAPDHOM YPOBHE U MaKpOCBOﬁCTBaI\II/I MaTepuaJioB, OIIpeAC/IAIOIIUMHU UX IKC-
IJIyaTaoMOHHYIO IIPUT'OJHOCTD. STI/I BOIIPOCBHI COCTABJIAIOT BaKHYIO U aKTYaJIbHYIO HaYIYHYIO IIPO-
Os1eMy, CTOAIIYI0 Ha IIYTH CO3JaHHsS ODOCHOBAHHBIX ITOJXOJOB K IPOIHOSHPOBAHUIO M3MEHEHUSI
CBOWCTB TIOJIMMEPHBIX KOMITO3UIIMOHHBIX MATEPUAIOB IPU UX XPAHEHNH ¥ dKcIutyararun [1-5].
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Ha ocHOBe cOBpeMeHHBIX MOJI0KeHuil MoJieKysipao-KuaeTndeckoii reopun (MKT) 6bL1 uccie-
JIOBaH BOITPOC O COTVIACOBAHUM OIPEJIE/ISIONIUX TapaMeTPOB MaTeMAaTUIECKUX MO/Ie/Iel, BHIUUC/IEH-
HBIX B pe3yJibTaTe pelleHus 3aJad IIPOrHO3UPOBAHUSA B paMKax c(OpMY/JINPOBAHHON BapHaIllOH-
HOI [TOCTAHOBKY, YINTHIBAIOIIEH Pe3y/IbTaThl SKCIEPUMEHTAIBHBIX U3MEPEHIIT HA MaKPOyPOBHE, C
COOTBETCTBYIONIUMU OIIPEJIE/IAIONINMA [TapaMeTpaMu (hU3nIeCKuX MOJIeIeil, OMUCHIBAIOIINX MOJIe-
KyJIsIDHBIE B3aUMOJICHCTBUS Ha MUKPOYPOBHE.

OObekTHBHAS OIEHKA MMapaMeTpPOB JeCTPYKTUBHBIX I/IEMEHTAPHBIX XUMHUIECKUX PEAKINi B
KOMIIO3UTAX Ha OCHOBE IMPOBEJICHHDBIX (PU3MIECKUX IKCIEPUMEHTOB MO3BOIUIIA ITOCTPOUTH P eK-
TUBHBIE 000DINEHHBIE MOJIE/N JIOJTOBEYHOCTHA HA JIOJTOCPOYHBIN ITEPHO/I; IPOBECTU KOHCTPYKTHB-
HBII aHAJIM3 BJUSHUS OTJACIbHBIX SKCTPEMAJIbHBIX (DAKTOPOB HA JIOJTOBEYHOCTH KOMIIO3HUTA; JIaTh
CPABHUTEILHYIO OINEHKY CTENEHU BJIUSHUS TOI'O WJIM MHOTO SKCTPEMAJILHOrO (haKToOpa Ha JIOJIro-
BEYHOCTb KOMIIO3UTA. 3HAHUE TapAMETPOB JECTPYKTUBHBIX JIEMEHTAPHBIX XUMUIECKUX PeaKInil
B KOMIIO3UTE, HHUIIUUPOBAHHBIX JIEHCTBUEM SKCTPEMAJIHLHBIX (haKTOPOB BHEITHEH CPEbl, UX CPaB-
HUTEJIbHBII KOHCTPYKTUBHBIN aHAIN3, MOXKET TO3BOJIUTH pa3paboTaTh METOIUKY CUHTe3a HOBBIX
MaTepHaJIOB C TOBBIIIEHHON JIOJITOBEYHOCTHIO. PaboTa BbimoiHeHa B pamkax roczajganua VITHI
OUII «AHIL CO PAH» |, 1. dkyrck, Poccust (Homep roc. perucrparn 122011100162-9) u UTTPUM
PAH, r. Mocksa, Poccust (HOMep Toc. perucrparu 121112200126~ 5).
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MATHEMATICAL MODELING OF STRING VIBRATIONS WITH A MOVABLE
BOUNDARY

V.L. Litvinov", K.V. Litvinova

Moscow State University, Moscow, Russia
Samara State Technical University, Samara, Russia
vladlitvinov@rambler.ru

The resonance characteristics of viscoelastic string with moving boundaries using the Kan-
torovich—Galerkin method are examined in the article. The phenomenon of resonance and steady
passage through resonance are analyzed. One-dimensional systems whose boundaries move are
widely used in engineering [1-5]. The presence of moving boundaries causes considerable difficulties
in describing such systems. Exact methods for solving such problems are limited by the wave
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equation and relatively simple boundary conditions. Of the approximate methods, the Kantorovich-
Galerkin method described in [5] is the most efficient. However, this method can also be used in
more complex cases. This method makes it possible to take into account the effect of resistance
forces on the system, the viscoelastic parties of an oscillating object, and also the weak non-
stationarity of the boundary conditions. The paper considers the phenomena of steady-state
resonance and passage through resonance for transverse oscillations of a string of variable length,
taking into account viscoelasticity and damping forces. Performing transformations similar to
transformations [5], an expression is obtained for the amplitude of oscillations corresponding to the
n-th dynamic mode. Expressions are also obtained that describe the phenomenon of steady state
resonance and the phenomenon of passage through resonance. The expression that determines
the maximum amplitude of oscillations when passing through the resonance was numerically
investigated to the maximum. The dependence of the string oscillation amplitude on the boundary
velocity, viscoelasticity, and damping forces is analyzed. In conclusion, we note that the above
results make it possible to carry out a quantitative analysis of the steady state resonance and the
phenomenon of passage through the resonance for systems whose oscillations are described by the
formulated problem.
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BJIOYHBLIE MOJIEJIN IIOCJIOMTHOI'O KOHEYHO-3JIEMEHTHOTI'O
AHAJIN3A HATIPSI2>KEHHO-IE®OPMUPOBAHHOI'O COCTOAHUAI
TPEXCJIOMHBIX OBOJIOYEK C IIPSIMOYTOJIbHBIMU B IIJIAHE
BBIPE3AMN

B.H. bBakynun

Hremumym npuksadnoti mexanuxu Poccutickoti axademuu nayk, Mockesa, Poccus
vbak@Qyandex.ru

AkTyanbHO#T 1IPO6JIEMOl MEXaHUKU CILIONIHBIX CPEJl sBJISIETCS BBIUUCJIEHHEe [apaMeTPOB Hall-
pstzkerHo-1epopmupoBarnoro cocrositus (HJIC) Tpexcioiinbix 0601049€K ¢ IPSIMOYTOJIbHBIME B
iaHe BbipesaMu (pacrupocrpaneHHol (opMmoii Bbipe3os). Pemenne Takux 3a1ad ¢ HEOOXOIUMON
TOYHOCTBIO aHaAJUTHUYICCKHUMMN METOJaMM CTaJIKMBAaCTCA C 6OJIleI/IMI/I TPYAHOCTAMU MaTeMaTu4de-
ckoro xapakrepa [1|. IlosTomy mpuxomuTcs IPUMEHSATh YMCIEHHBIX METOJBI U B IEPBYIO OYepejib
MKD. Haunbosee TOUHBIMU SIBIISIFOTCS MOJIEITH TTOCTIORHOTO aHaqm3a [1-5].
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[Ipennaratorcss 6J10UHbIE KOHETHO-3JIEMEHTHBIE MOJIEJIM €CTeCTBEHHONW KPUBU3HBI JIJIsI TIOCJIOM-
noro anainia HJIC Tpexciioitabix 0601019€K ¢ TPSIMOYTOJbHBIME B IIJIaHe BhIpe3aMu. BJioku cocTosaT
U3 JIByMEPHBIX KOHEYHBIX 3jieMeHTOB (KD) TOHKHX MOMEHTHBIX HECYIIUX CJI0EB U TPEXMEPHBIX KD
3aII0JIHUTE/IS, JIJIsT KOTOPBIX IPUMEHSIOTCs arpokcumaluu KD Hecymux cjioes.

[IpuBenensr pesynbrarsr MojeaupoBanns HJIC TpexciioitHbix 000/I09€K ¢ MPsIMOYTOJIbHBIMU B
IJIaHE BBIPE3AMU.

VcctetoBarue BBITIOJHEHO B pAMKaX IOCY/IaPCTBEHHOTO 3a/ianns VHCTUTyTa NpUK/IaImnoi Mme-
xanukn Poccuitckoii akagemun nayk (UIIPYIM PAH) (somep roc. perncrparmn 121112200126-5).
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AHAJIN3 1 IPOTHO3UPOBAHUE U3MEHEHUN TEMIIEPATYPHOTI'O
PE2KNUMA MEP3JIOT'O T'PYHTA 1 TOJIIIN JIBJA C YYETOM
ITIOTEIIJIEHN A KJINMMATA

A.A. Desoros !, B.B. Kanubep, I1.B. Xparos

Mocxkosckuil 2ocydapcmeennvili mexnuveckut yrusepcumem um. H.5. Baymana, Mocxksa,
Poccus
le-tail@list.ru

Maremarudeckasi MOJIE/Ib TIPeJICTABIsIeT U3 ceOs HAaYAIbHO-KPAEBYIO 3a/1aqy JIJIsT HECTAIlNOo-
HAPHOI'O OJJHOMEPHOI'O YPaBHEHUs TEILIOIPOBOJHOCTH, MOIEINPYIOIIEro pacipe e/ IeHsT TeMITepa-
TYpPBI B CpeJie ¢ yIeToM (a30BBIX IEPEXOJ0B — TBEPIO TeJIO-KUJIKOCTL. [y ompenenenns ma-
paMeTpPOB MOJIEIN UCIOJIb30BaHbI JaHHBIE METECOPOJIOTHICCKUX CTAHIMI 1 OTYEeThl 00 MHXKEHEPHO-
re0JIOTNIEeCKNX M3BbICKAHUSX, KOTOPhIE O3BOJIMIN MOy IUTh HEOOXOAUMbIe (DU3NIECKNIE U TEILIO-
dusnveckne XapakKTepPUCTUKU pacdeTHO obsacTu. YucjaeHHOe pelieHne 3a/1a9u MOy IeHO MEeTO-
JIOM KOHTPOJbHOro obbeMa. MogenmnpoBaHne TeMIepaTypHOIO PeKUMa I'PyHTa IPOBOIMIOCH 10
MOMEHTA, BBIXO/Ia Ha HECTAITMOHAPHBINA MEPUOTIMIECKUI PEIKIM.

Jl1s1 yeTaHOBUBIIErOCs TEPUOIMIECKOTO PEXKMMa MOCTPOEHBI 3aBUCUMOCTH TEMIIepaTypPhl OT
TJIyOMHBI JIJIs KayKJI0T0 MecsIla W HaiijieHa TUIyOMHa aKTUBHOIO CJI0s W IUIyOMHA HYJIEBBIX aMILIN-
Ty Ha 2022 1O, a TaKyKe CMOJETMPOBAHBI IPOTHO3bI TeMIepaTypHoro pexkuma Ha 2100 rou mia
BoIOpaHHbIX ciieHapues Representative Concentration Pathway (RCP) riobasbroro norerienust.
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MATEMATUYECKOE MOAEJINPOBAHNE MHOT'O®A3HBIX IIOTOKOB C
NCIIOJIBBOBAHVEM COBPEMEHHBIX TEXHOJIOI'I

A.A. Masuros™!, }0.0. Bo6penésa', .M. I'y6aiixymmmm’2

T Hnemumym negpmezumun u kamanrusa YOHUI] PAH, Y¢a, Poccuas,
2Vumexuti 20cydapemeenmiti nedpmanoti mexnuneckuti ynusepcumem, Ya, Poccus
mazitov. ainurl 3Qgmail.com

¢Benre BOBHUKHOBEHMS MHOIO(A3HOIO MMOTOKA C OJIHOBPEMEHHBIM TE€UEeHUEM JIBYX HJIM TPeX
da3 B Tpybax xapakTepHO Jjidi MHOIUX OTpacjeil MpOM3BOJCTBA, B TOM YHUC/E HEMTAHON IIPO-
MBINIEHHOCTH. HecMOTpst Ha OrpoMHOe KOJIMYeCTBO PA3JIMYHBIX IMPUKJIAJIHBIX 33784, JI0 CUX 0P
BOZHUKAIOT TPYJHOCTU MPU PEIIEHUN U OMMCAHUN (DUTBTPAIMHI KUJIKOCTU B HEPTIHOM ILIACTE.

B pabore paccmarpuBaeTcs 3ajada MOJEIUPOBAHNS MIPOIEcca MacCoIepeHoca JIByX- (ha3HON
JKUJTKON CUCTEMBI B OJITHOIIOPOBOM KOJLJIEKTOpe. KaxKias KOMIIOHEHTA YKUJIKOM CUCTEMbBI UMeeT CBOit
VHIMBYIYAJIbHBIN HaOOD (DUIBTPAIIOHHO-eMKOCTHBIX apaMeTPOB, UTO YCIOKHIET aHaJM3 MPO-
neccoB dunbrparuu. Moens mpeicrasiena quddepeHnuaabHBIMA YPABHEHUAMI B YACTHBIX MTPO-
U3BOJHBIX. Jl1s umcieHHoOro permrenns 3ajlady IPeJIozKeHa OpPUTMHAJIbHAsS KOHEYHO-DA3HOCTHAS
cxeMa Ha HEPABHOMEDHOI MPOCTPAHCTBEHHON CeTKe. 3aJlada OCJIOKHEHa OOJIBITUM KOJIUYECTBOM
IIeEPEMEHHBIX, YTO TPUBOJUT K 3HAYUTETbHBIM BBIYUC/IUTE/IHHBIM 3aTpaTaM. B KadecTBe pereHus
npejaraeTcs 3 GEeKTUBHBIN TapasiIe/IbHBIN YUCICHHbBINH aJITOPUTM, OTBEYAIONINN apXUTEKTYPE CO-
BPEMEHHBIX BBICOKOIIPOU3BOIUTE/IHLHBIX cucTeM. [IpeIoyKeHHbIil aJIrOPUTM TTO3BOJIsIET COKPAIATh
BpeMs pacuera 3a CUYET UCIOIb30BaHUs HEPABHOMEPHBIX ceTOK. [[porpaMMubIil Moy b obecrievn-
BaeT BO3MOYKHOCTH MHOTOMACHITAOHOTO MOJIETMPOBAHNS MACCOIIEPEHOCA HA OCHOBE BBIUUCIUTEb-
HBIX IIPOIIECCOB C UCIOJIL30BaHUEM HECTPYKTYPUPOBAHHBIX CETOK.

ITEPEJAYA TEIIJIOTHI B I3OTPOITHOM MATEPUA/JIE
A.A. Mensenes”, HU. Cummsien

Mocxkosckuii 2ocydapemeennviii mexnuveckuli ynusepcumem umeny H.3. Baymana
(Hayuorarvrul uccaedosamenrverut yrusepcumem), Mockea, Poccus

B nmokitazie mpejcraBiena MareMaTUdecKas MOJIEb Iepeladu TeIUIOThl B M30TPOITHOM TeJIe.
STOT 1IPpOoIEeCcC CBA3aH C UISMEHEHUEM TEeMIIEPATYPbl B PAa3/IMIHBIX aCTAX TeJla, II09TOMY OIIMCaHHE
TaKOT'O IIPOIlecca B MAKPOCKOIIMYIECKOI TeOpnn B OOIIEM CiIydae CBOJUTCS K OIPEIeJIEHNI0 HecTa-
ITUMOHAPHOI'O TEMIIEPATYPHOI'O II0JIA B TeJIe. PaCCManI/IBaeTCH OLLHOMeprII'?I' Ipolecc nnepeaaaun Teli-
JIOTBI TEIJIOIPOBOSHOCTBIO B IIJIOCKOM CJIO€ M30TPOITHOIO MaTepuasa, CIUTad, 9TO TeMIepaTypa
sBJIsieTcs (PYHKIIMEN OTHOTO MPOCTPAHCTBEHHOrO TlepeMeHHoro. [[1oTHOCTE MaTepuasia, ero yieab-
HYIO TEIJIOEMKOCTb M KO3(M@MUIIMEHT TEeIJIONPOBOJHOCTA B OOIINEM CJIydae HEOIHOPOHONW CPeJIbl
[IOJIATAIOTCS 3aBUCATIIMIMU TOJIBLKO OT OJIHON IIPOCTPAHCTBEHHON KoopinHATHL. [Ipm mocTpoennn Mo-
JIeJIA TIPOTIECCca MPEJIIIoJIaraeTcs, YTO CPeJia HEIOJIBIKHA, a N3MEHeHne 00beMa Tesla, CBA3ZAHHOE C
U3MEHEHUEM TeMIIEPATYPbI, IIPEHEOPEKMMO MaJIo. B 3TOM citydae MOXKHO CUUTATDH, YTO TEILIONPO-
BOJIHOCTDb He CBdA3aHA ¢ MEXaHUYeCKO paboTOil.

TEOPEMA OB AJITEBPE HEYETKNX MHO2KECTB 1 PEIINETKE
OYHKIINU ITPUHATJIZKEHOCTUA

E.C. Kazamnesa , H.1. CuamsieB

Mocxosckuii 20cydapcmesernvili mexnuveckuli ynusepcumem umeny H.3. Baymana
(HayuonarvHul uccaedosamenverul ynusepcumem), 2. Mockea, Poccus

B noxknaie npeacrapien HoCUTe b NHMOOPMAIINH, HOSIBIISIIONIUNCS IIPU peaTn3allii CaMOro Mac-
cOBOr0 MHMOPMAIMOHHOT'O ITPOIIECca, KOT/Ia MOCTYIIAeT IMOTOK YeTKUX CBEJICHUIT 00 OHON TOYKE M
ITOJTb30BATEb OCYIIECTRIISIET KOHBIOHKIINIO OYEPETHOTO CBEJIEHNS O TOYKE C TMPEIbIIYIIIUM Pe3YJIh-
TaTOM TaKuX JAeficTBUil. DTOT IpoIece HallpaB/IeH Ha pelleHne 3a1a9u WaeHTHOUKAIIT Touku. B
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NIPUJIOYKEHUSX 9TOT IMPOIECC MPHU HACBIIEHHOM HOcuTesie nHdopMaliuu obecriednBaeT HabJIIOTae-
MOCTh TOYKHU. PaccMoTpeHbl OCHOBHBIE BU/IbI HOCUTEJIEH, CPEI KOTOPHIX 0c000e BHUMaHUE yJIe/IEHO
COBEPIIIEHHBIM HOCHUTEJISIM, JAHHBIM O TOYKE M TEPMHUHAJbHBIM HOCUTENIAM. DTU HOCUTEJIN UTrDa-
10T KJIIOUEBYIO POJIb B nipuiozkeHusx. Pokycupyercs BHUMaHUE Ha 0COOOM (haKTOpe HACBHIICHHBIX
HocHUTe el MHpOpPMAaIUK, & TaKXKe Ha €CTECTBEHHOW BO3MOYKHOCTH TO3UIIMOHHOTO KOJIUPOBAHUS
HOCUT€JIsI, €CJIU OH UMeeT BUJI JIJAHHBIX O TOYKE 110 THUILY ITO3UIIMOHHON CUCTEMbI 3allUCU TUCEJI.

METO/I, PEIIIEHUS YPABHEHUI JJ151 HEC2KIIMAEMOTO
ITIOTPAHNYHOI'O CJIOA B YCJIOBUUN ABJIAIINN

E.C. Honyumna”, HIU. Cugnsies

Mocxoscruii 2ocydapemeennviti mexnuveckul ynusepcumem umerny H.9. Baymanra
(HayuonasvHul uccaedosamenveruts yrusepcumem), Mockea, Poccus
popushinaes@bmstu.ru

B nokirajie mpejcraBiienbl o0Iue ypaBHEHUsI, OIMCHIBAIOIIIE IOBEIeHIe YKUIKOW IIJIEHKH BOJIH-
31 3aTYIIJIEHHOT'O HOCKA, & UMEHHO, YPaBHEHUS HECXKUMAEMOT'0 JIAMUHAPHOI'O MOTPAHUYHOIO CJI0S
[1]. dutst mpocTOTHI B ypaBHEHUSIX TEMIICPATYPA, BA3ZKOCTh U JABJICHNAE IPUHATHI TOCTOTHHBIMU KaK
JIJIS JKUJIKOM, TaK U it TBepgoit ¢dasz. Ilpesaronaraioch, YTo M3MEHEHHE pajnyca 3aTyILIeHHO-
o HOCKA TPU ILJIABJICHUH HE3HAYUTE/ILHO U MOYXKET He YUIUTLIBAThCd. Kpome Toro, cuuTasioch, 94To
JaBJIEHUE BJIOJIb IIOBEPXHOCTH B YKUJIKOM CJI0€ M3MEHsIeTCs TaK yKe, KaK 1 Ha BHEITHeN I'PaHuIle ra3o-
00pa3HOro MOrpaHuIHOro CJ1osd. i cBejienns: ypaBHEHUI B 9aCTHBIX ITPOU3BOJIHBIX K OOBIKHOBEH-
HBIM JbdepeHInaIbHbIM YpaBHEHUSAM HCIIOJIb30BaHbI TpeobpasoBanus Jlesu. [Ipeobpazosanue
ypaBHEHUI COXpaHEHUs NPHU alJIsIIAN C IJIaBJIEHHEM PacCMOTPEHO I JBYX THUIIOB MATEPUAJIOB:
CTEKJIOOOpA3HBIX M MaTepPUasIoB, UMEMOIINX OTYETIUBYIO PaCILIaBIeHHYIO a3y ¢ OoIpeaeaeHHOM
TeMIlepaTypoil miaaBjieHus. V3/10keH MeToJT Jjisi TOJIYyUYEHUs TTapaMeTPUIecKOro perieHus mpeod-
Pa30BaHHBIX ypaBHEHUIT COXpAHEHU JJIT HEC2KUMAEMOIr'0 YKUJIKOTO CJIO.

Crmcok murepaTypbl

[1] Cunnsies, H. 1. O6rekanne runep3ByKOBbBIX JIeTATEJbHBIX AllllapaTOB B YCJIOBUSX IOBEPX-
nocruoro paspymiennst /| H. W. CupnsieB. — Mocksa : OO0 Usnarenbckas dupma “Ousnko-
MaTeMaTudeckas jureparypa’. 2017. — 304 c¢. — ISBN 978-5- 9221-1666-4. - EDN WPOLDJ.

N CCJIEJOBAHUE PEIIIEHUN OBOBIIIEHHOI'O YPABHEHINS
KOPTEBET'A-/IE BPUISA-BIOPT'EPCA B BUJIE BEI'YIIIIIX BOJIH B CPEIE
C HEJIMHENHOW JUCCHUITIAIIMEN

I'B. Kosommitnes ™2, B.A. Illapraros'?

I Mamemamuueckuti uncmumym um. B.A. Cmexnosa PAH, Mocksa, Poccus,
2 Hauuonanrvroud Heeaedosamenverkuti Sdeprwti Ynusepcumem “MHUPH”, Mocxkea, Poccus
kolomiytsev@theor.mephi.ru

[Ipu pacrpocTpanennn HEJTMHEHHBIX BOJIH B CILIONIHBIX CPeJIax ¢ JUCCUIIAIUEl U JIUCIepCcreit
MOI'YT BO3HHMKaTh KOH(MUIYypaIuu, B KOTOPBIX MMapaMeTpPhbl CPeIbl PE3KO M3MEHSIOTCS B CPaBHU-
TeJIbHO Y3KOil obiactu. OmgHa U3 MoJesel, OMUCHIBAIOIINX CPeIbl TAKOTO THIIA, IIPUBOIUT K 0000-
mennomy ypasuennto Kopresera-mae Bpuza-Bioprepca. Ocobblit mHTEpeC MPeICcTaBIsSIOT PEeIeHnst
9TOr0 ypaBHEHHUsI B BHUJE OEryIIMX BOJIH, COOTBETCTBYIOIIUX CTPYKTypaM pa3pbiBOB. B ciyuae,
KOIJIa IUIOTHOCTH IOTOKA KaK (DYHKIINS MCKOMOW BEJIMYUHBI MMEET TOUYKH IIepernda, MHOXKECTBO
perteHuii 9Toit 33/1a9n CONEPIKUT CTPYKTYPhI 0COOBIX (HEKJIACCHIECKUX ) PAa3PhIBOB. B mpe by mnx
paboTax paccMaTpPUBaJINCh CATYAIIUU, B KOTOPHIX KOI(MDPUITUEHT JTUCCUTIAIIUN CPEJIbI ObLIT JINOO 0~
CTOSHEH, JIUOO 3aBUCET OT KOOPJMHAT Oeryimeir BoHbI. Bbljia n3ydeHa yCTOWYIHUBOCTD PA3IMIHBIX
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periennii 3aja4un o0 OeryIreil BoJIHe, W KJIACCHMUIIMPOBAHBI BApUAHTHI UX 3BOJIONUU. B jmaHHOi
paboTe paccMaTpuBarOTCH pernenns ododbInennoro ypasuenns Kopresera-jie Bpuza-Broprepca B
BHJIe OEryIyx BOJH B CUTYAIMH, KOTJa KOI(MMUIUEHT JUCCUITAIIUN 3aBUCUT TOJBKO OT BEJIUIUHDI
HMCKOMOI'O ITapaMeTpa CPeJibl, TaK YTO YPaBHEHUE CTAHOBUTCS aBTOHOMHBIM.

9BOJIIOIUA YIAPHBIX BOJIH B YCJIOBUAX ITPOMBIIILJIEHHO
SACTPOUKMN

B.A. Hlapraros'?, C.B. I'opkynos™ 2

HIIMex PAH, Mocxsa, Poccuas,
HUAY MUDH, Mockea, Poccus
SVGorkunov@mephi.ru

Ha npoMbIIiieHHBIX 00beKTaX Pery/sipHO CIydaloTCs aBapuu CBSI3aHHBIE C BO3TOPAHUEM TOII-
JINBHBIX PA3JIMBOB WJIN MOBPEXKIEHNEM eMKOCTel 110/ BHICOKUM JlaBJIeHneM. B 3Tux cirydasax MoxKeT
00pa30BBIBATHCA yJapHasd BOJIHA CIIOCOOHAs HAHOCUTH JIONOJHUTEIbHBIE TTOBPEXKICHIE WHZKEHEP-
HBIM KOHCTPYKIUSAM, YCyTyO s pa3pylineHus. i oleHKN HeraTuBHOT'O BO3/IeHCTBUA, HEOOXOIUMO
[IPOBOIUTH YUCJICHHOE MOJIETUPOBAHUE B TPEXMEPHOI ITOCTAHOBKE PACIIPOCTPAHEHU Y/ IaPHbBIX BOJTH
C Y4€TOM peaJIbHO! IIPOMBIIIJICHHON 3aCTPONKN.

YucsieHHOE MOJIE/IMPOBAHKE B TPEXMEPHOI ITOCTAHOBKE IIPOBONTCA MeTo0M ['onyHoBa-Kosrana
Ha BBIYHMCJUTEIBHOM KJjactepe. /st MOBBINIEHUsT KadecTBa pacdeTa IpeJiiaracTcs UCIoJIb30BaTh
aJIAIITUBHYIO K ITOJIOYKEHUIO (DPOHTA yIaPHOI BOJIHBI PACYeTHYIO 00/1acTh. [lokazaHo, 1TO UCII0JIB30-
BaHHE aJIalITUBHON pacueTHOil 00/1acTH T03BOJISIET CYIIECTBEHHO MOBBICUTH TOUYHOCTH ITPOBOIUMBIX
pacueTos.

Pabota BbInosiHEeHA TIpU TIOIep:kKe MuHncTepeTBa HAyKK U BbIcIero obpazosanust P® (mpo-
eKT Tocygapcrernoro 3amanusa Ne 0723-2020-0036).

AHAJINMTNYECKOE PEIHHTEHVNE CUCTEMDbI
NHTEI'PO-INOPEPEHIIMAJIBHBIX YPABHEHUN 1JId MOJAEJIN
IIJIASMBI BO BHEIITHEM IIOJIE

C.U. Besponubix', H.M. Fopzeesa ™

T@UI] 1Y PAH, Mocxksa, Poccus,
SMI'TY um. H.3. Baymana, Mocksa, Poccus
nmgordeeva@bmstu.ru

PaccmarpuBaercs ciioit 1mia3mbl, ONKUCBHIBaEMbIil cuctemoil ypaBHeHuit Biracoa—Maxkcsesa.
[Ipeanosiaraercs, 4To Ha IIA3MY JI€HCTBYET BHEIITHEE BO3MYIIAIOIIEE JIEKTPUIECKOE T10J1€, HAITTPaB-
JIEHHOE CTPOr0 MEePHEHINKYIIPHO rpanutie cjiod. Momenmmpyemast 1ra3mMa aBIgeTcs BLIPOXKICHHOIM,
U B OTCYTCTBUU BHEITHETO BO3JICHCTBUSA PACIIPEJIC/ICHIE 3aPAKEHHBIX YACTUIL B HEH MOIMHACTCS
cratuctuke @epmu—/lupaka.

B npesamosoxkennn caaboro BHENTHETO TOJIS UCXOJHAA 3a/1a9a CBeJeHa K KpaeBoil 3a1ade JIsd
CUCTEMBI JIBYX JIMHEHHBIX HHTETPO-TuddepeHnInaabHbIX yPaBHEHM, T/le NCKOMBIMU (DYHKITUSIMUI
SIBJIAIOTCS TIJIOTHOCTD 3aPSKEHHBIX YaCTHUIl U HAIIPSI)KEHHOCTH CAMOCOIJIACOBAHHOTO 1Mo, B pabo-
Te B IBHOM BHJIE ITOCTPOEHO O0IIee peleHne yKa3aHHOW CUCTEMBI yPaBHEHUIl, & COOTBETCTBYIOIIAs
KpaeBas 3aJlada CBejieHa K CUHTYJIIDHOMY MHTEIPAJIbHOMY YPaBHEHUIO HA OECKOHEYHOM KOHTYPE.
Pemenne sToro ypaBHenusd HaiiJleHO aHAJIUTUYECKH METOJIOM 3aJiadu PuMana JIMTHEITHOTO comps-
xenus. [IpoBeneHo kKadecTBEHHOE MCCJIE/IOBAHNE 3aBUCUMOCTU PEIIEHUs] OT IapaMeTpOB 3aJlavH,
KOTOPBIMU ABJIAIOTCH YaCTOTa BHEITHETO MOJId 1 (DU3NIeCKue XapaKTePUCTUKU TLJIaA3MbI.

NCCJIEJOBAHUE HA YCTOMYNBOCTDb 3AJAY XVUMUYECKOM
KNHETNKN

P.1. ®acxyrannosa 2, JI.B. Exnxeesa®?, .M. T'y6aiitysmmn’?
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I Mnemumym negmezumuu u kamaausa PAH, Y$a, Poccus
2 Vpumeruti 20cydapemeenniti negmanoti mexnuveckutd ynusepcumem, Yga, Poccus
3 Hosocubupckuiti 2ocydapemeermnniti yrusepcumem, Hosocubupcex, Poccus
leniza. entkeeva@yandex.ru

B pabore mpoBojuTcs mcciieioBaHne Ha YCTOWYMBOCTD PEaKINK aJKUJIMPOBAHUA M300yTaHa
osecbnHaMM, a MMEHHO MCCJIeIOBaHUE Ha YCTONYMBOCTH IOJIOXKEHHSI PaBHOBECHS, TO €CTh YCTOIi-
YUBOCTHb IIpU JOCTATOYHO MaJIbIX BO3MYIICHHAX. yCTOIL/'I‘-H/IBOCTb IIOJIO2KEHU paBHOBeCUA JUHaMU-
YeCKOIl CHCTEeMbI MOXKeT OBITh HCCJIeJOBaHa IIPpHU IIOMOIIL IepBoro meroia JIsmynosa. CHadasia
HaXO/JUTCA IIOJIO?KEHUE paBHOBECHA CUCTEMBI, IIpDU KOTOPOM COCTOdAHHE ,Z[I/IHaMI/I“IeCKOI?‘I CUCTEMBI
HEe U3MeHsdAeTCdAd BO BPEMCHMU. I[J'IH XUMUYECKON peaknum MaTeMaTHu4deCKad MOIEJ/Ib IIpeACTaBJ/IdAeT
co00it crucTeMy OOBIKHOBEHHBIX HEJTMHEHHBIX UM (EpEeHITUaIbLHBIX YPABHEHUN, TJIe POJIb IIepeMeH-
HBIX UTPAIOT KOHIIEHTPAINK Pearnpyonux BelecTs B peakTope. OIHAKO B XUMIIECKOM PEAKTOPE,
Tak ¥Ke, KaK M B JII0OOI Jpyroil peajbHOIl crcTeMe, HEN30€:KHO IMPOUCXOSIT BO3MYIIEHUs CTAIINO-
HapHOTO pexkuMa. Ecan mociie HaHeCceHusl JIOCTATOTHO MAJIOr0 BO3MYIIEHUS OJI0KEHNE CHCTEMbI
IpUOINZKAETCsT K TIOJIOYKEHUIO PaBHOBECHSI, TO TOJIOXKEHHE SIBJIgeTcsa ycTodauBbiM. Jls1 nccrey-
eMoll peaKuu B34THI II€PBbIE Y€TbIpE CTaJduu JIJIg HpOpa6OTKI/I METOILO0JIOI'NM HCCJIEeJOBaHMA Ha
YCTOﬁqHBOCTb, OJHaKO IIOJIy9Y€eHHBbIC PaCYdYeTbl IIOKa3aJil, 9TO PCAKTOpP ABJIACTCA HGYCTOIU/ILII/IBBIM7
TaM KaK gBJIAETCA PEaKTOPOM IepuojindecKkoro jgeiicteusd. Ha koudepenmun OyiyT mnpeacTaBieHbl
Pe3YIbTATHI JIJIT PEAKTOPa MPOTOTHOIO THUIIA.

YN CJIEHHAMA OIITUMMN3ALIINA TEXHOJIOTNYECKUX ITPOIIECCOB
N3IrOTOBJIEHS TOHKOCTEHHEIX JTETAJIEN

M.}O. Yemnypuos

Kagedpa ®H-1 «Buwicwan mamemamuray MI'TY um. H. 3. Baymana, Mocksa, Poccus
4mu@bk.ru

CraTbs MOCBAIIEHA IUCIEHHON ONTUMHU3AINE TEXHOJIOITIECKUX ITPOIECCOB N3TrOTOBIEHNS TOH-
KOCTEHHBIX JleTaJIeN.

OOBbeKTOM MCCJIeIOBAHNUS ABISIETCS TEXHOJIOTHIECKHUI IIPOIECC CBEPXILIACTUIECKON (POPMOBKH
TOHKOCTEHHON 3aTrOTOBKMU.

ABTOpPOM TIPUBEJIEHBI CITOCOOBI PEIeHnsT aKTYAJIBHON HAYIHO-TEXHUIECKON 331891 ONTUMI3a-
UM TEXHOJIOTUYIECKOTO TIporiecca Jijisi obecrievdennsi TpedbyeMoil TOYHOCTH TeOMETPUIECKIX XapaK-
TEPUCTUK OTBETCTBEHHBIX JIeTaJIeil adpPOKOCMUYECKON TEXHUKU, II0JIyYaeMbIX CBEPXILJIaCTUYCCKON
dOPMOBKOIT U3 JIMCTOBBIX U TPYOOIPOKATHBIX 3aI0TOBOK.

C moMoIbio co3/IaHusT MaTeMaTHIECKON MO TEeXHOJOTMIECKOTO IPOoIecca, KOHETHO-3J1e-
MEHTHOH MOJE/IN, MPUMEHEHUS PA3JIMIHbIX METO0B ONTUMU3AIUNA aBTOPOM pas3paboTaH METO.
penennd 3aja4 JAHHOTO TUNA U IPEAJIozKeHa KOHICIINUA ITPOrPaAMMHOTO IIPOJIYKTAa JIJId PeIlCcHU
IMOJ00HBIX 3aJ1a9, KOTOPBI MOXKeT OBbITh HCIIOJIb30BAaH IPU IPOEKTUPOBAHUU PeaAJbHBIX U3JIeJIHil
JUId HY2KJ[, MAIIIAHOCTPOECHUA U aBUAKOCMUYECKON ITPOMBIIIJIEHHOCTH.

TEOPUA IIJTAHUPOBAHUSA SKCITEPUMEHTA JJI4 OIIPEAEJIEHUE
JANMHAMMNYECKUX ITAPAMETPOB CITYCKAEMBIX KOCMNYECKUX
AIIITAPATOB

Bapanos I1.B.", H.U. Cunnsien

Mocxkosckuii 2ocydapemeennviii mexnuveckuti ynusepcumem umeny H.3. Baymana
(Hayuorarvrul uccaedosamenrverut yrusepcumem), Mockea, Poccus
1.w.baranow@yandex.ru

B nmokmnaze npejgcraBiaeHbl MOJIHBIE U APOOHBIE (DAKTOPHBIE IJIAHBI, & TaKKe KOMIIO3UITHOHHBIE
OPTOrOHAJIbHBIE U POTaTabe/IbHbIE IIJIAHBI SKCIIEPUMEHTA JIJIsi KBaJIpaTUIHBIX Mojeseii. [TocTpoerbt
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MaTeMaTUIeCKue MOJIE/IN JI/Is PA3/IMIHBIX KOMOWHAIINN MOJIOYKEHUsT YIIPABJISIONIUX OPraHOB KOC-
MHUYECKOI'0 alllfapaTta MpU JIBUXKEHUN B IJIOTHBIX CJI0AX aTMocepbl, U IPOBEIEHbI PAacIeThl OaJl-
JINCTUYIECKUX TapamMeTrpoB. [1oapobHO paccMOTpeHbI BOIPOCHI ONTUMAJIBHOIO IJIAHUPOBAHUS st
[IOCTPOEHUsT MaTeMAaTHIECKON MO B BHUJE JUHEHHON KOMOWHAIUN JIMHEHHBIX M KBaJpaTHde-
cKMX (DYHKIUI OT BXOJHBIX (PAKTOPOB C HEM3BECTHBIMU I1apamMeTpaMu. BbijeseHbl cyIecTBeHHbIe
daKTOpbl, KOTOphIe HEOOXOANMO YUUTHIBATH IIPU MOCTPOEHUM MAaTeMaTUIeCKUX MOJesel yIpaB-
JIeHUsI OaJIIMCTUIeCKUME ITapaMeTpamMu. IIpemioxkenabie Mojie i UMEOT OOJIbIIIOE ITPaKTUIECKOe
3HAYCHUE Ha dTalle IIPEIBAPUTEILHOIO UCCICI0BAHNA, IIPU KOTOPOM U3 COBOKYITHOCTU BO3MOXKHBIX
daKTOPOB HYKHO BBIJIEIUTDH MOJMHOKECTBO ITEPEMEHHBIX, HEOOXOIUMBIX JIJI MOCTPOCHUST MOJICIH
CIIyCKa B IIOTHBIX CJIOSIX aTMOCdepbl KOCMUYECKOro armmapara. [IpaBuibHO BBIOpaHbI HEOOXO M-
MbI€ METObI UCCICOBAHUS B IIPOOJIEMHOM I10J1e HAIIPABJICHUsI, MOANMUIINPOBAHDI CYIIECTBYIOIINE
1 pa3paboTaHbl HOBbIE METOJbI M IPUEMbI UCXO/Is M3 339 yIPABIECHNs CIIYCKAEMBIMU KOCMUYE-
CKAMU allllapaTaMu.

Crmcok murepaTypbl

[1] Cunnsies H.U. Crarucrudeckuii aHagn3 1 Teopusi JIAHUPOBAHUS IKCIEPUMEHTA: yueOHOe MO~
coone/ H.M. Cunnsie.-M., Uznaresscreo MI'TY um. H.9. Baymana, 2017. -195 c.
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CEKIIMOHHBIE JOKJIAABI (30.06.2022) — 2 CEKIIUA

PASPABOTKA 1 AHAJIN3 JETAJIN3NPOBAHHBIX KNHETUYECKNX
MOAEJIEA ITPOMBIITTJTEHHO BAXKHBIX KATAJIMTUYECKNX PEAKIINN
HA OCHOBE PEHIEHU A ITPAMBIX 1 OBPATHBIX 3ATAY

.M. I'y6aiirysumnn

Hremumym negpmezumuu u xamanuda YOUI] PAH, Y$a, Poccus
irekmars@mail.ru

B nacrosiiee BpeMsi BOSHUK/Ia HEOOXOIMMOCTb Pa3pabOTKU JIeTATN3UPOBAHHBIX KMHETUIECKIX
MoJIeJIelt — orpe/jie/ieHne KOHCTaHT U SHEPruil aK THBAINHT JeTATU3UPOBAHHBIX CTA M XUMUIECKUX
[pEBpAICHUIT HA OCHOBE PelieHust 0OPaTHBIX 33/1a4.

B pabore cucremaTn3mpoBaHbl MaTeMATHYIECKHE MOJEIU MPSMBIX 33/a9 XUMUYICCKON KUHe-
TUKW KaTaJUTUIeCKuX peakiuii. VccreoBana jjeraan3upoBantas KHHETUIECKasT MOJIETb KaTaJIr-
THIeCKOro pudopMuHra O€H3MHA C UCIIOIH30BAHNEM METOJa IPYIIUPOBKI KOMIIOHEHTOB IO ITPH-
HAIJIE?KHOCTU K KJIACCY YIVIEBOJOPOJOB M KOJMYECTBY aTOMOB YIVIEPOJA B CTPYKTYPE MOJIEKY-
JIBI, METO/Ia aHAJM3a IyBCTBUTEIHLHOCTH MATEMATHIECKON MOJIE/N JjId COKPAIEHUsT PA3MEPHOCTH
HeTmHeHON Mojiein. OCHOBHBIM PE3YJIBTATOM sIBJISIETCSA PEIYIIMPOBAHHAS CXeMa, KaTAJIUTHIECKOTO
pudopMuHTa OEH3MHA.

PaccMmoTpeHo mpuMeHeHre MapaJiie/IbHbIX BBIYUCIEHUN K PEIeHuI0 OOpaTHOi 3ajadn s
[IOCTPOEHUsT KUHETUIECKONW MOJE/IN TIPOIecca aJIKUIUPOBAHUS M300yTaHA CO CMEITaHHBIMU OJie-
dunamu C4, kKaTau3upyeMbIMu CepHOil KucyioToit. Pazpaboran mapasiienbabii nHGOPMAITHOHHO-
CTATUCTUYIECKUI aJITOPUTM TJI00ATBHOTO TOUCKA [TPU MUHUMEU3AINN (PYHKIIMOHAIA PA3HOCTH 9KC-
[MEPUMEHTAIBLHBIX W pacYeTHBIX 3HAYEHNN KOHIEHTpaIuili BerecTs. /laHHbIe mcciie0oBaHus MPO-
BOJIATCA B paMKax pa3paboOTKu WHMOOPMAIMOHHO-BBIYUCTUTEILHBIX AHAJTUTHICCKUX CUCTEM LIS
MO/IEJTUPOBAHUS ¥ ONTHUMHU3AINNA KATAJUTUICCKUX IIPOIECCOB MOy YeHUsT TOBAPHBIX OCH3UHOB.

SVD-ANALYSIS IN APPLICATION TO MULTIPARAMETER INVERSE
PROBLEM OF SEISMIC MONITORING

V.A.Cheverda®, V.I.Kostin

Sobolev Institute of Mathematics, Novosibirsk, Russia

Performing seismic monitoring of a hydrocarbon reservoir during its operation provides a
fundamental opportunity for operational control over the variability of its mechanical characteristics
and, on this basis, to predict its current oil (gas) saturation and in-situ pressure. The current level
of development of seismic research technologies makes it quite possible to ensure the required
accuracy of the repeatability of experiments and the registration of multicomponent data, both for
surface and borehole observation systems.

Downhole observation systems have a number of advantages compared to surface ones, for
example, the possibility of rigidly fixing the position of sources and receivers and a significantly
lower noise level. In addition, the ability to place both sources and receivers at the level of the target
horizon (productive formation) reduces the effect of inhomogeneities in the near-surface part of the
section and reduces the length of the wave path. The disadvantage of such an observation system
is a small number of sources and receivers placed in the wells. Therefore, of paramount importance
is the assessment of the resolution of such surveillance systems and the expected quality of the
results obtained with reasonable restrictions on the level of interference (the first percent).

The analysis of resolution and information content carried out in this study proved the
fundamental possibility of using downhole acquisition to monitor the variability of elastic parameters
in the target area with reasonable requirements for the accuracy of input data (first percent).

This study was supported by Russian Science Foundation under grant 22-11-00104.
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PASHOCTHBIE CXEMbBI BTOPOTI'O ITIOPAJKA AIIIIPOKCUMALINN JJI4
TEJIETPA®HOI'O YPABHEHUNA JPOBHOTI'O IIOPA/IKA IIO BPEMEHU

A A. AnuxaHoB

Cesepo-Kasrasckutl uenmp mamemamuveckux uccaedosanutl, Cesepo-kasrasckutl gedeparvmuiil
yrusepcumem, Cmasponoav, Poccus
aaalikhanov@gmail.com

B nannoit pabore paccMaTpuBaeTcsi Ha4a bHO-KPAEBbIe 3a/1a4u JJIsT TelerpadHOTO YpaBHEHMS
JPOGHOTO TI0 BpeMeHM IHOpsjKa B orpanmdenHoii obmactu ) C RY, d = 1,2,3, ¢ jummmmesoit
rpanureit 0€). Mcxoanas 3a1atua CBOJNTCA K S9KBUBAJIEHTON 3ajiade BUIA

%u(m,t) + kDQu(z,t) + Dyt Au(z, t) = f(z,b), (z,t) € Qx (0,T], (1)

u(x,t) =0, x€Q, wulzt)=q¢(x), =z, (2)

rie onepartop Dy, npejcrasisger coboit 1pobHyIo ponssoaayo B eMbicse Kamyro npu v € (0, 1),
eJIMHUIHBIN onepaTop npu 7 = 0 u omeparTop JPOOHOIO MHTEIPUPOBaHUSA B cMbicjie Pumana-
Juysus npu v € (—1,0). Diumnnruaeckuii orepaTtop A omnpeessiercs o cieyomeii hopmyiie
Au(x,t) = —div(p(x)gradu(x,t)) + q(x)u(z,t), 0 <a <1, -1 <y <1, k<0

st 3amaan (1)—(2) mocTpoeHbl pasHOCTHBIE CXEMbI BTOPOTO TOPSIIKA AIIIPOKCUMAITIN Ha 6a3e
JIICKPETHOTO aHaJjiora JpobHO# TPOM3BOIHOI perozkennoit pabore [1]. [Jokazaubl ycToiauBoCcTh
n CXOJUMOCTDL IIPEJJIO?KEHHBIX Pa3HOCTHBLIX CXEM CO CKOPOCTBLIO paBHOfI MOPAAKY IIOI'PEITHOCTH
AIIIIPOKCUMaIIN. HpOBeI[‘eHbI YUCJICHHbBIE paCYe€Thl TECTOBLIX 3a/Jad4.

WccitetoBanne BBITIOIHEHO 3a cdeT IpanTa Poccuiickoro nay4unoro ¢gona Ne 22-21-003363
(https:/ /rscf.ru/project /22-21-00363/ ).

Crucox JimrepaTypbl

[1] A.A.Alikhanov, C. Huang, A high-order L2 type difference scheme for the time-fractional
diffusion equation, Appl. Math. Comput., 411 (2021) 126545.

YUCJAEHHBIE AJITOPUTMBI TIOCTPOEHNA CIIEHAPUEB
PACITPOCTPAHEHU S NMHOEKITMOHHBIX 3ABOJIEBAHUIT HA OCHOBE
METOJ/IOB MAIINHHOI'O OBYUYEHUNS U PEIITEHNA OBPATHBIX 3AJIAY
JIJIST MOJIEJIEN ST IEMUOJIOTUN

O.1. Kpusoporsko 2, C.1. Kabannxum'?

T Mnemumym svivucaumensnoti mamemamury u mamemamuseckoti zeofusury CO PAH,
Hosocubupck, Poccus
2 Unemumym mamemamury, um. C.JI. Coboaeea CO PAH, Hosocubupck, Poccus
krivorotko.olya@inbox.ru

[TocTpoenue crieHapueB paclpocTpaHeHnsd UHMEKIMOHHBIX 3a00JIeBaHUi C yIeTOM BJIMSTHUS
CONMAJIBHO-9KOHOMIIECKHIX IIPOIECCOB SBJISIETCS aKTYAJIbHBIM C II€JIbI0 pa3pabOTKNA KOMILIEKCHO-
ro IlaHa MEpOIPUATUR JId clepKuBanud smujgeMun. J[ist 9Toro ObLia MOCTpoeHa COBMEIEH-
Has MarTeMaTHdecKasl MOJENb OMUCAHUs STMUAEMIYECKOro mporiecca (Ha IpUMepe pacipocTpaHe-
aust COVID-19) ¢ yueToM 5KOHOMIYECKIX areHTOB Ha OCHOBE areTHOIO MOJIX0/Ia U 3aKOHa HGalaHca
macc. KoadbdunmenTs! ypaBHeHMIA, ONICHIBAIOIIIE BEPOITHOCTH IIEPEX0Ia MEXKTY SIMUIEMUICCKIMI
COCTOSIHUSIME U PEAarupoBaHUs SKOHOMUYECKUX CTPYKTYP, WHAUBHAya bHbI. C 3TOi 1e/1bi0 (op-
MyJIIpyeTcss oOpaTHasl 3a/a4a: YTOUYHUTH IMapaMeTPhl COBMEIIEHHON MOIEN 0 JIOIMOJTHUTEILHOM
I/IHCI)Opl\/IaHI/II/I O KOJIMYECTBE BbIZBJICHHBIX, I'OCIIUTAJIN3UPOBAHHBIX, YMEPHIINX CJIyYa€B B PEruoHe B
dpuKcupoBaHHbIE MOMEHTHI BPEMEHH.
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Pertenne obpaTHOil 3a/1a41 CBOAUTCS K PEIIEHUIO 331891 MIHUMI3AIUH 11eJ1eBOr0 (DY HKITMOHA-
JIa, TOJIy9eHHOe KOMOUHAIME METO/IOB II00aIbHON (TEH30PHOTO pa3JIoyKeHusl, OaileCOBCKUe MOjI-
XOJIbI) W JIOKAJIbHOW ONTHMU3anui. BblanucjieHbl TPDAHUIBI U3MEHEHUs] HEM3BECTHBIX I1apaMeTpPOB
mogiesin. [locTpoensr u mpoanau3upoBanbl ciiedapun pacipoctpanenns COVID-19 B HekoTopbix
pernonax P®.

Pabora Boimosinena npu nojiep:kke rpanta [Ipesugenta PO No MK-4994.2021.1.1.

O MIPOU3BOJLAIIEN ®VHKIINN GUHAJIBHBIX BEPOSITHOCTE JJIs1
SIINIEMUN BAPTJIETTA-MAK-KEH/IPUKA U1 BEIICA

A.A. Macruxumna, A.B. Mactuxun”

Mocxoscruii 2ocydapcmeennoti mexnuveckud ynusepcumem um. H.9. Baymana, Mockea,
Poccus
mastikhin@ibmstu.ru

B pamkax Teopun MapKOBCKHUX CJIYYAIHBIX TPOIECCOB C HEIPEPBIBHLIM BPEMEHEM U JIMCKPET-
HBIM MHOYKECTBOM COCTOSTHUII paccMaTpuBaeTcs Mojiesin ooieit snugnemun Baprierra-Mak-Kenapuka
u sruugemun Befica u 3a/1aua HAXOXKICHUST pacIpe/ie/ieHns (DUHAJIBHBIX BEPOSITHOCTEN.

[Ipumensiiorcsa MmeToansl Teopun rpados. Hamudame B mporieccax 3MujaeMun TOTJIONIAIONIAX CO-
CTOSHUI ITO3BOJISIET ACCOIMUPOBATH C TPADOM TPACKTOPUI TEPEXOTHBIX BEPOATHOCTENH HEKOTOPDII
MHUTUAJIBHBIN aBTOMAT, PETYJIsIpHBbIE BhIPAXKEHUsT KOTOPOT'O CBA3AaHBI C (PUHATLHBIMU BEPOSITHO-
cramu. [IpuBoauTes mpocroit yacTHbIil cydaii. [lepexo/isi K KOMMYTaTUBHBIM PEIIEHUSIM CUCTEMBI
JUUTSL PETYJISIPHBIX BBIPAXKEHU BBIBOJISITCH TPEXUIeHHbIE COOTHOIIEHNS. /[y1s BEIYMC/IeHns TIPON3BO-
JiAmeit GYHKIME UCIOJIB3YeT METO/IbI TEOPUH HEIIPEPBIBHBIX JIPOOEi.

IMPAMBIE 1 OBPATHBIE 3AZTAYYM JINHAMUKU IIOBEPXHOCTU
ZKNAKOCTU 1104 AEMCTBVEM TEYEHUUN

B.I'. Baiiayos', JI.FO. Kusspros™ !, A.C. Casun?, A.C. IlTamaes

T Miemumym npobaem mexarury um. A.JO. Hwaunckozo PAH, Mockea, Poccua,
SMI'TY um. H.3. Baymana, Mocksa, Poccus
Dmitri. Knyazkov@gmail. com

B pabote nipejicTaB/ieHbI &JITOPUTMBI U PE3YIHTATHI PACYETOB JTUHAMUKU TOBEPXHOCTHOTO CJIOS
JKUJTKOCTH TIOJT JICHCTBUEM BBIIIE X U3 IJIyOUHBI TeUEHUIT, & TaKXKe 00paTHbIe 3a/1a49u Ollpe/ieie-
HUsT XapaKTEPUCTUK MCTOYHUKOB 3TuX TedeHuit. OOCyKaeTcs BOIPOC 00 MCIOJIB30BaHUU CyTIep-
BBIYUCIUTEIEN 7T peleHns yKa3aHHbIX 3a/1ad.

UccieioBanne BBITIOJHEHO 3a CYeT TPaHTa poccuiickoro Hayunoro ¢donjga (mpoext Ne 21-11-
00151), https://rscf.ru/project/21-11-00151/.

OHJIAVIH OBOBIIEHHBII MHOT'OMACIIITABHBI METO/I KOHEYHBIX
QJIEMEHTOB JAJIA SAJAYN TEIIJIOMACCOIIEPEHOCA C
NCKYCCTBEHHBIM IITPOMEP3AHMNEM I'PYHTOB

JI.A. Compumonos”, C.I1. Cremanos, B.J1. Bacuibes

Cesepo-Bocmounwitl pedepasvroiti ynusepcumem um. M. K. Ammocosa, Hdxymcrk, Poccus
d.stalnov@mail.ru

B mannoit pabory mbl npejacraBiasgem OHaiiH 0000IEHHbBIT MHOIOMACIITAOHBI METOJI, KOHEed-
ubix sstemeHToB (Online GMsFEM) jyist perienns 3a1a9m TemaioMacconepeHoca B HeOHOPOTHBIX
cpeJiax ¢ UCKYCCTBEHHBIM IpoMep3aHueM rpyHTta. MaremMaTudeckas MoJie/Ib OCHOBaHA Ha KJIACCH-
geckoit mojiesin Credana, KOTOpasi OIMMCHIBACT TEILIOOOMEH ¢ (ha30BBIM IIE€PEXOJIOM U BKJIIOYACT
duapTpannio B HOpucToit cpese. Mojesb omuchiBaeTcss HAOOPOM yPaBHEHUN TeMIIEpaTypbl U J1aB-
Jlenns. Mbl HCIIO/IB3yeM MeTO/I KOHEUHBIX 9JIEMEHTOB ¢ METOA0M (DUKTUBHBIX 00JIacTell Jj1s1 pere-
HUS 3391 Ha MEJIKOH ceTke. MBI IpUMeHsieM MeTOJI IIOHUKEHUS IOPSIKa MOJEIN, OCHOBAHHBII
na Online GMsFEM, g nonyvdenus: pemnienust Ha rpyooii cerke. Mbl MOYXKeM UCIOJIB30BaTh OH-
naita Bepcuto GMsFEM, aro6sr ncmoib30BaTh MEHbBIIE MHOTOMACIITAOHBIX 0a30BbIX (DYHKIUI Ha
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o daita stane. B Haimem MeTojie Mbl UCIIOJIB3yeM HecBsi3Hble odduraiin 6a3ucHble PYHKITHU, CO-
3JIaHHBIE C UCIIOJIb30BAHUEM CHEIIIIOT ITPOCTPAHCTBA U OCHOBAHHBIE Ha, CIIEKTPAJIbHBIX 3a/a9aX. DTO
CTAHIAPTHBIN ITOIXO0/ K ITOCTpoeHuIo basnca. Mbl cTponM oMo/ HATEIbHBIE Oa3UCHBIE (DYHKITUU Ha
obduraitn srare s ydeTa CE30HHO OXJIAXKJIAIONIMNX YCTAHOBOK. MBI MCIIO/IB3yeM OHJIAH MHO-
romacinTabubie 6a3ucHble (PYHKIMU, ITOOBI HOJIYUIUTh 0OJiee TOUHYIO AIIPOKCUMAIN (Hha30BOro
nepexosia. Mbl co3taemM oHTaiiH 6a3MChl, KOTOPBIE YMEHBINAIOT MOIPEITHOCTD, UCIOJIb3Ys JIOKAIb-
uble HeBA3KU. Toanocts crangapraoro GMsFEM snadnTebHO MOBBIMIaAETCS 38 CIET UCIOIb30BaA-
HUs OHJIAMH Tmojxoa. [IpecraBiieHbl YuCIeHHbIE pe3y/IbTaThl B JIByMEPHOIN 00JIACTU CO CJIOUCTOI
HEOJTHOPOTHOCTHIO. UTOOBI MPOBEPUTH TOYHOCTH METO/Ia, MBI IIPEJICTAB/IIEM PE3Y/IbTaThl C PA3HBIM
KoytmdecTBOM oddiaitn n oHsalH 6a3ucHbIX (GyHKIWUi GyHKImi. Pe3yibTarhl MOKa3bIBaloT, 9TO
Online GMsFEM wmozxkeT obecrieqnBaTh BHICOKOTOTHBIE PEIIEHUsT ¢ MUHUMAJIBHBIMUA BBIUUCTATE b
HBIMH PECYpPCaMHU.

Pabora BhIo/iHEHA B paMKax peaju3ainuu rocyaapcrsennoro 3ajanus No FSRG-2021-0015 B
paMKax peajim3aliii HaIlMOHAJIBHOTO 1poekTa «Hayka n yHuBepcuTeTh».

PROPER ORTHOGONAL DECOMPOSITION FOR POROELASTICITY
PROBLEM IN HETEROGENEOUS MEDIA USING NEURAL NETWORKS

D.A. Ammosov', A.V. Grigorev', S.P. Stepanov', M.V. Vasilyeva?, A.A. Tyrylgin™'?

I North Eastern Federal University, Yakutsk, Republic of Sakha (Yakutia), Russia,
2 Texas AEM University - Corpus Christi, Texas, USA,
% North-Caucasus Center for Mathematical Research, North-Caucasus Federal University,
Stavropol, Russia
aa.tyrylgin@mail.ru

In this paper, we consider the poroelasticity problem in heterogeneous media. The mathematical
model is described by a coupled system of equations for displacement and pressure in the coupled
dual continuum porous media. Our approach utilizes a training process from fine scale direct
numerical simulation data projected on proper orthogonal decomposition (POD) with reduced
memory requirements. POD is a procedure that takes a provided set of numerical data and creates
an orthogonal basis constituted by functions estimated as the solutions of an integral eigenvalue.
The existing explicit-implicit schemes are usually that computationally expensive. Therefore, we
use a neural network to train certain vertices from our computational grid and using the POD
to find an approximate solution a high conductivity pressure. Then, the found solution is used to
find the a low-conductive pressure and displacement. The discrete system is constructed based on
the finite element method with an explicit- implicit scheme for approximation by time. Numerical
results are presented for the model problem in two-dimensional formulations and show that the
proposed method provides fast and accurate predictions.

YNUCJIEHHOE MOJEJINPOBAHUE YPABHEHUY AN®DY3UU C JPOBHON
ITPOM3BOAHON 110 BPEMEHU

0O.A. Tuxonona

CB®Y, 10 PHOMI] «/[arvresocmounvitl uenmp Mamemamuieckur ucciedosanutis, dxymces,
Poccus
oa.tikhonova@gmail.com

B nacrogiee BpeMs MHOTOYUC/IEHHbBIE TPUIOYKEHUS JIPOOHOTIO UCUHUC/ICHUS B PA3INIHBIX 00J1a-
CTSIX €CTECTBO3HAHMS BBI3BIBAET MHTEPEC K 3TUM ypaBHeHUsM. B pabore paccMarpuBaeTcs ypas-
nenue jquddysun ¢ ApoOHOI MPOU3BOJIHOI 11O BpeMeHu Tuita, KamyTo.

JL1s 9ucIeHHOTO PelieHns MCIOJIb3YeTCsd HesiBHAsl PAC3HOCTHAs CXEMa, IPU 9TOM JIMCKPETHAas
AIMIPOKCUMAITUs JIPOOHOI MPOU3BOIHOI OepeTcst ¢ MOMOIIbIO KB IPATyPHOU (POPMYJIHL.
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[TpuBojsiTCS YUCIEHHBIE PpAcUeThl MPU PA3JIMIHBIX 3HAUCHUAX TOPSAJIKA JTPOOHOI ITPOM3BOJI-
HOIT 110 BpeMeHHU. Pe3ysibraThl pacueToB CPaBHUBAJIUCH C TOYHBIM PEIIeHUeM Ha OCHOBE (DYHKITUU
Mutrar-Jlecdbdirepa.

Pabora Beinosinena mpu nojepxke Munobpuayku P®, cornamenue ot 02.02.2022 Ne 075-02-
2022-881.

O 3AJTAYE TPAHIUYHOI'O VIIPABJIEHI Y, BOSHUKAIOIIIEN B TEOPUU
KOMITO3SUIIMOHHBIX MATEPNAJIOB

A.A. Eroposa™, A.C. Illamaes?

Kagpedpa evicweti mamemamuru u npozpammuposanus PTY-MUP5A, Mocksa, Poccus
2UIIMex PAH, Mocksa, Poccus

B pabore paccmarpuBaercs 3ajiada yIpaB/eHUs OJHOMEPHLIMU KoJjiebanusiMu 3(hOeKTUBHBIX
JByxdas3HbIX CJIOUCTBIX cpej ¢ auccurarueii. [Ipemnonaraercs, 4To Koebanust PacIpoCTPAHSIIOT-
¢l TIEPIICHIUKYJISAPHO CJI0SIM WK Tapauie/ibHo uM. CJI0M COCTOSAT U3 BI3KOYIPYTUX MATEPHUAJIOB
C JIOJICOBPEMEHHOM MaMSTBIO C Pa3HBIMU XapaKTEPUCTUKAMU. YCPeJIHEHHAsS CUCTEMa OIMCHIBACT-
¢ UHTErpo-audepeHIuaJIbHbIM YPABHEHUEM C SIPOM, ITPEJICTABICHHBIM HEKOTOPOH CyMMOI u3
yOBIBAIONTIX SKCIOHEHIINATBHBIX (DYHKITHI. Y IIpaBJISIONIee BO3/IeICTBIE 33/ 1a€TC Ha OJTHOM KOHIIE
MIOJIOCKHI B BHUJE TpaHUYIHOTO yciaoBus. [lokazano, 9To g paccMaTpUBaeMbIX CHCTEM DU ITPOM3-
BOJIbHBIX Ha4yaJIbHBIX YCJIOBUAX HEBO3MOXKHO IIPUBECTU €€ B COCTOAHUE ITOKOA 38 KOHEYHOE BpeMs.
Dopmyupyercsd 3ajiada O MPUOIUKEHHOM IIPUBEJIEHUN CUCTEMBI B IIOKON C TIOMOIIBIO YHCJIEHHOTO
aJIropuTMa.

MHOT'OMACIHITABHOE MOAEJINMPOBAHUE 3AJAY TEYHEHNA N1
ITEPEHOCA B TOHKUX OBJIACTAX

M.B. Bacubesa?, B.H. Asexcees ™, D.T. Uyn®

ICesepo-Bocmounwiti dedeparvniti yrnusepcumem um. M. K. Ammocosa, Sdxymex, Poccus,
2Texas AEIM University - Corpus Christi, Texac, CIIIA
? Kumatickuti ynusepcumem [owxonea(CUHK), CAP TI'onxone, KHP

alekseev.valen@mail.ru

B nanmoit pabore paccMaTpuBalOTCA 3a/a9d TEUYEHHUS U IIEPEHOCAa B TOHKUX O0JIACTIX. 3ajia-
YU MOJIEJIMPOBAHUA B TOHKUX 00JIACTAX BO3HUKAIOT BO MHOI'MX IPHUJIOKEHUSIX, I'JIe TOHKHE 00J1a-
CTH IIPUBOAAT K TOMY MJIM MHOMY THIIY ITOHU?KEHHDbIX IVIO,Z[QJIQIZ. TI/IHI/I“IHI)INI IIpUMEPOM ABJIACTCA
OJIHOMEDHAsT MOJIe/Th [OHUKEHHOTO TOPSJIKA JJisi TedeHnil B Tpy600OpasHbIX TeOMeTpUsIX (HAIIPHU-
Mep, B KPOBEHOCHBIX COCYIL&X). BO MHOT'UX MOJEJIAX ITIOHN2KEHHOI'O IIOPAJAKa MOAEJIbHbIC YPaBHCHUA
AIPUOPH OIMCHIBAIOTCS HEKOTOPBIMHU AHAJUTUIECKIMHI TIOAX01aMu. B manHOo#l pabore mpeioxKe-
HO HCIIOJIb30BaHNEe MHOIOMACINTaOHBIX METOJIOB, KOTOPBIE ABJISTIOTCS A TbTePHATUBON MOIEIAM I10-
HIZKEHHOT'O TIOPSIIKA W MOTLYT IPEJICTABISITH MOJIE/JIUPOBAHNE C YMEHBIIEHHON pa3MepHOCTHIO C
UCIIOJIE30BAHIEM MEHBINEro KOJIMYIeCTBa 6a3UCHBIX (DYHKIN (HAIPUMED, MCIOIH30BAHUE OJTHOIL
6a3uCHOI QYHKIMU COOTBETCTBYET OJTHOMEDHO{ AIIIPOKCUMAIHN ).

PaCCManI/IBaeNIaH B CTaTbe MaTeMaTHn4eCKad MOJECJ/Ib OIINChIBaeTCA cucreMoit ypaBHeHI/Iﬁ JJIA
CKOPOCTH, JaBJICHUA U KOHIIECHTpalluu, IrJie TeUeHUE OIIMChIBACTCA YPaBHCHUAMNU CTOKC&7 a IIepeHoc
— HECTAIIMOHAPHBIM YpaBHEHHEM KOHBEKINU-TUM@PY3Un ¢ HEOIHOPOJIHBIMU I'PAHUYIHBIME YCJIOBU-
AMUN Ha CTEHaX (peaKTI/IBHbIG FpaHI/IHbI). MbI Ha4YMHaeM C KOHEYHO-3JIEMEHTHON AIIIIPOKCUMaII1
3a/1a91 Ha HECTPYKTYPUPOBAHHBIX CETKAX W WMCIIOJB3YEeM €€ B KadeCTBe STATOHHOIO PEIIeHUsT JIJIst
JIBYX- ¥ TPEXMEPHBIX MOJIEIbHBIX 3aJa4. ANIPOKCUMAIUSI C MEJIKOIW CeTKOW paspeniaer CJIOXKHYIO
reOMETPHIO Ha YPOBHE CETKM M IMPUBOAUT K OOJIBINON JUCKPETHON cHCTeMe ypaBHEHMWi, pelreHne
KOTOPOH TpedyeT OOJIbIINX BBIUUCAUTEIBHBIX PecypcoB. YTOOBI YMEHBIIUTD PasMep JUCKPETHBIX
cucTeM, pas3pabaTbIBaeTCsl METOJ, IMOHUXKEHUs MHOTOMACIITAOHON MO, B KOTOPOM CTPOSATCS
JIOKAJIbHbIE MHOTOMAacCIITabHble Oa3uCHBIE (DYHKIUU I CO3IaHUsT HIU3KOPA3MEPHON MOJIEH Ha
rpyooit cerke. [Ipeyraraemoe moHU»KEHE MHOTOMACIITAOHON MOJIE/IM OCHOBaHa Ha OOOOIEHHBIX
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MHOrOMAacIITabHbIX pa3pbiBHbIX MeTogax Lanepkuna (DG-GMsGEM). B DG-GMsFEM s 3a-
Jlad TeYEHUs HAUUHAETCs C [IOCTPOEHUs MPOCTPAHCTBA CHAIIIIOT JIJIs KAXKJI0ro nHTepdeiica MexK 1y
staefikamu rpy6oit ceTku, YTOObI 3abUKCUPOBATHL BO3MOXKHbBIE TedeHus. [l yMeHbIlenus: pa3me-
pa IPOCTPAHCTBA CHAIIIOT BBIIOJIHAETCH YMEHBbIIEHUE Pa3MEPHOCTH 4Yepe3 peIlleHre JIOKAJJIbLHOI
CHEKTPAJILHON 3a/1a4U U UCIOJIL3YIOTCs COOCTBEHHBIE BEKTOPA, COOTBETCTBYIOIIME HAMMEHBIIIIM
COOCTBEHHBIM 3HAYECHHUAM, B Ka4eCTBE MHOIOMACIITAOHBIX OA3UCHBIX (DYHKIIWI JIJId AIIITPOKCHUMA-
nuu Ha rpyooii cerke. s 3aa4m nepenoca cTpogTcd MHOroMaciiTabubie 0a3ucHbie (DYHKIIUN JIs
KazKJI0To mHTepdeiica MexKITy ddeifkamMu rpy0oil ceTKN M MpeJCTaBIsgeM JIOMOJTHITETbHbIE Oa3mc-
Hble DYHKINH JIJIsI yIeTa HeOJTHOPOIHBIX TPAHUIHBIX YCJIOBUN Ha cTeHKaxX. Hakoner, mpegcraBiieHbl
HEKOTOPbIE YUCJIEHHBIE MOJIETHN JJIs TPEeX TECTOBBIX I'€OMETPUil JIJId JABYX- U TPEXMEPHBIX 3a/ad,
YTOOBI TPOJIEMOHCTPUPOBATH 3(DHEKTUBHOCTH METO/IA.

METO PEI'YIIAPU3ATINN TIXOHOBA ITP11 PEINTEHNN OBPATHON
SAIJAYN XUMNYECKON KNHETNKN

JI1.B. Enukeena 2, .M. TI'y6aiiysmn®?

! Hosocubupcruii 2ocydapcmeerniti ynusepcumem, Hosocubupck, Poccus,
2 Vpumerxuti 20cydapemeermniti nedpmanoti mexnuveckutd yrusepcumem, Yga, Poccus,
S Unemumym negpmezumuu v kamaausa PAH, Yga, Poccus
leniza. entkeeva@yandex.ru

ObparHas 3a1a9a XUMIIECKON KHHETUKNI OTHOCHUTCS K KJIACCy 3a/1ad II00aJbHON ONMTHMA3a-
MK, TaK KaK HEOOXOIMMO HAfTH TAKON BEKTOP KOHCTAHT CKOPOCTEH peaKIlny, IIPU KOTOPOM OTKJIO-
HEHIEe pacYeTHBIX KOHIIEHTPAINil KOMIIOHEHTOB PEAKITIHI OT IKCIEPUMEHTATBLHBIX Oy/IeT MUHIMAJThb-
ubiM. OOpaTHbIe 381a91 XUMIIECKON KHHETUKN OTHOCITCS K KJIACCYy HEKOPPEKTHO IOCTaBJIEHHBIX
sazgad. [To Axgamapy, 3a1ada cuuTaeTcs IOCTaBJIEHHON KOPPEKTHO, €CJIN

1. ee pemenne cymiecTByer,
2. perenve € MHCTBEHHO,
3. pelleHne yCTONYMBO K BaprUaIllaM MUCXOTHBIX JTaHHBIX.

Ecnu xoTs ObI 07HO U3 Iepevnc/jieHHbIX TPeOOBAHUI HE BLIMOJIHACTC, 3a/la9a IPU3HACTCA HEKOD-
PEKTHO TocTaB/IeHHOW. Berpedarormecs: Ha mpakThKe oOpaTHBbIE 3a/la9l XUMUYECKON KUHETHKHU
OOBITHO MMEIOT pereHne u ycaosue 1 cobomaercs. OHako ycioBus 2 u 3 garie BCero He BbIOJI-
HATOTCA.

JLis puOJIMZKEHHOTO peleHns HEKOPPEKTHBIX 3a/1ad TpeOYyIoTCs ClielnaIbHble METObI, T103-
BOJIAIOINIIE rapaHTUPOBAHHO KOHCTPYUPOBATH PEIeHre 33 Ia9i. 1aKie MeTOJbI CYIECTBYIOT U UX
MPUHSATO HA3bIBATH METOJaMU peryJsdpusanun. B maHHoil padoTe NMpuUMeHseTCs MeTOJ, PeryIsaph-
sarun A.H. TuxonoBa, nin MeToJ cTabUIN3AINH, I TOMCKA KOHCTAHT CKOPOCTEH pPeakIuu aJi-
KIWJINPOBaHUsA N300yTaHa oJiebrUHAMU.

OBOBIIIEHHBIT MHOTOMACIIITABHBIN PA3PHIBHBLIII METO/],
TFAJIEPKHA 1J1d YPABHEHN Y KOHBEKIIN-/I1O®PY3UNU B
ITEP®OPUPOBAHHBIX CPEJAX

V.C. Kamaunkosa'', M.B. Bacuisesa?, Spuk Uyn®, B.H. Asnexcees!

ICesepo-Bocmounwiti dedeparvmiti yrnusepcumem um. M. K. Ammocosa, Sdxymex, Poccus,
2Texas AEIM University Kopnyc-Kpucmu, Texac, CIIIA,
S Kagpedpa mamemamuru Kumatickoeo ynueepcumema Lonxonea, CAP Tonkone
lanasemna@mail.ru
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B s10it pabore MbI TipeicTaBiisieM 000OIEHHBI MHOTOMACIITAOHbBIM pa3pbIBHbIN MeTo, ['aep-
kuHa (GMsDGM) s ypaBaenusi kKonpeknuu-auddysun B nepdopupoBaHHBIX cpefax. 1ToObI
[IOCTPOUTH STAJOHHOE PellleHre, Mbl CTPOUM MEJIKYIO CeTKY, KOTOpasl pa3periaeT nepdopaluno Ha
ypoBHE ceTKH. /[j1g anmpokcuMaluym Ha MeJIKO CeTKe UCIHOJIb3yeTcd Pas3pbIBHbIN MeTos [asep-
kuHa ¢ BHyTpeHHUM MiTpadom (IPDG). Urobbl yMeHbIIUTL pa3Mep CHCTEMbI, MbI IIPEJICTAB/ISAEM
[IOCTPOEHNE AaIIPOKCUMAIMU Ha rpyodoii ceTke ¢ mcrnoab3oBanneM GMsDGM. B GMsDGM bt
CTPOUM MHOTOMAacHITabHbIe Oa3ucHbIe (DYHKINKA B JIOKAJbHBIX 00JIACTAX 110 PEIIEHUAM JIOKAJIHHBIX
38189 KOHBEKITNHU-TU(DDY3UN ¢ PA3ITIHBIMUA TPAHUIHBIMU YCIOBUAMU U BBITIOJIHAEM TTOHU- YKCHUE
Pa3MEPHOCTH TI0 PEHIEHUAM JIOKAJbHBIX CIEKTPaIbHBIX 3a/1ad. VcerenyoTes HeCKOJIBLKO TUIIOB T10-
CTPOEHUsT MHOTOMACIHITaOHBIX OA3UCHBIX (PYHKIUI, OCHOBAHHBIX Ha PA3/JIUTIHOM BBIOOPE I'PAHIMIHBIX
yeaoBuit. [IpeacraBiienbl 9ucIeHHbIE PE3YIBTATHI JIJI HECKOJIBKUX TECTOBBIX 33124 C Pa3JInIHBIMI
OJIIMI CKOPOCTe 1 pacupejeneHusiMu mepdopanmii. Tak:ke ucciaeayercs BAUSHUAE PA3TTIHBIX
MHOTOMACIITAOHBIX 0A3MCHBIX (PYHKIINN ¢ PA3HBIM KOJTUYECTBOM OA3UCHBIX (DYHKIIUN U Pa3HBIMU
napa- MeTpaM# MOJIEIH.

OBOBIIIEHHHIN MHOFOMACIlITABOHbIﬂ METO/A KOHEYHBIX
QJIEMEHTOB 1JId YVIIPYI'OU CPEJBI KOCCEPA

JI.A. Avmocos™, 9. Ddenmues?, E.®. I'pexosa®, M.B. Bacunbesa’

I Cesepo-Bocmounwiti dedeparvnmiti ynusepcumem, Sxkymck, Poccus,
2Texas AEIM University, College Station, United States of America,
S Unemumym npobaem mawunosedenus Poccutickoti axademuu nayk, Carnkm-Ilemepbype, Poccus,
4Texas AEM University - Corpus Christi, United States of America
dmitryammosov@qgmail.com

B nmamnoit pabore MbI paccmaTpuaeMm Mozesb yiupyroctu Koccepa. Cpena Koccepa uctonnsy-
€TCdA BO MHOI'UX IIPpUJIOZKEHUAX JIJId OIIMCaHWdA MaTepuaJioB, 9aCTHUIblI KOTOPBIX O6ﬂaﬂaIOT Bpallia-
TeJIbHbIMHI CTCIICHAMUI CBO6OI[‘bI. MaremaTndecKas MOI€JIb OIINChIBACTCA CHUCTEMON ypaBHeHI/IfI JJIA
nepeMeneHnd 1 MUKPOBPallleHWA.

JI71s1 auc/IeHHOro pellennst 33/1a4n yIPYTOCTH B HEOTHOPOIHOIT cpeie Koccepa Mbl Ipesraraem
HCII0JIb30BATH 0000IIEHHBIN MHOrOMACITTAOHBI MeTo KOHeIHBIX dsieMenToB (GMsFEM). /Tanubiit
MHOTOMACIITAOHBII MeTO/1 IO3BOJIAeT PEIlaTh 3a/ady Ha IPy0oil ceTKe, TeM CaMbIM 3HAYUTEJILHO
CHIJKasl KOJIMYIECTBO cTeleHeil cBoboabl. [l anmpokcHMalny Ha MeJIKOH CeTKe MBI HCIIOJIb3Y-
€M MeTOJI KOHEUHBIX 3JIEMEHTOB CO CTaJIaPTHBIME JINHEHHBIME OasucHbIMU DyHKIUAMU. C 1esbo
npoBepKH 3(PPEKTUBHOCTH MbI PACCMATPUBAEM JIByMEPHBIE MOJIeJIbHbIE 3aJIa9M, JIJId KaxKJI0U U3
KOTOPBIX BbITUCJIAEM OTHOCHUTCJIbHBIC IIOI'DEIIHOCTHU B CpaBHEHMH C peElIeHrueM Ha MEJIKOI CeTKe.
Harm guciaennnie PeE3YJIbTaThl IIOKa3bIBAIOT, YTO Hpe;[‘ﬂaFa.el\JbHU/I MHOIOMAaCIITaOHBI METO/I MOZKET
0beCcIeYnTh XOpoH1yro TOYHOCTD IIpU 3HAYUTEJIbHOM CHUZKEHUH Pa3MEPHOCTU r[[I/ICerTHOI‘/JI 3aJlavdn.

YN CJIEHHOE BOCCTAHOBJIEHUE HUPABOP'I YACTHA SJIJINIITUYECKOT'O
YPABHEHUA B OBPATHOU 3A/TAYE 'PABUMETPUN

I1.H. Ba6umesua'?, J1.X. Bamos 2

! Hnemumym 6esonacnozo passumus amomnoti onepeemuxu PAH, Mocksa, Poccus
2CBQY, 10 PHOMII «/[arvnesocmoumniti uenmp Mamemamureckur ucciedosanutis, Sxymes,
Poccus
djulus.ivanov@Qyandez.ru

PaccmaTpuBaercs obpaTHas 3aja9a IpaBUMETPUN 110 BOCCTAHOBJIEHUIO 0OJIACTH OJHOPOTHOTO
PYJIHOTO TeJjia 10 HAOJIIOIEHHBIM 3HAYEHUSIM I'DABUTAIIMOHHOTO TOJId. ['paBuUTAIMOHHOE TIOJIe Ha-
XOJIUTCS M3 PeINleHns KpaeBOi 3aJadm JjIs JIMITHIECKOTO yPaBHEHUS € TPAHUIHBIM yCJIOBUEM
TPETHETO POJIA, UNCIEHHAs pean3alins 6a3upyeTcs Ha MeToje KOHeUHbIX 3jieMeHTOB. [locTaBien-
Hasg oOpaTHas 3ajada SKBUBAJEHTA 3a/lade BOCCTAHOBJIEHHS KYCOYHO-TIOCTOAHHOI MpaBoil dacTu
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SJUTUIITUYECKOTO ypaBHeHus. /i aHaJIMTHYecKOro mpeacTaB/IeHnsl HEN3BECTHON 00J1acT ee rpa-
HUIIA TPUOJIMZKAETCA HYJIEBOM N30JIMHIEN BCIIOMOTaTe/IbHOM JJOCTATOYHO IiaJikol (pyHkinn. Ksasu-
periienre 0OpaTHO 3a/1a" HAXO/IUTCH U3 MUHUMU3AIUU HEBI3KHU MIPEJICKA3AHHBIX U HAOJIIOICHHBIX
JIAHHBIX C TIOMOIIBIO T'PAJIMEHTHOIO MeTo/ia. BhraucmresbHble BOSMOXKHOCTU MeTO/Ia ITPUBOIATCS
Ha [IPUMeEpE JIBYX- U TPEXMEPHBIX MOJIEJIbHBIX 3a/1a4.

Pabora Boimosinena nipu nojiep:kke Munobpuayku P®, cornamenue ot 02.02.2022 Ne 075-02-
2022-881.

YN CJIEHHOE PEIITEHUE 3AJAYUN PUNJIBTPAII B HEOJJHOPO/IHBIX
CPEJIAX OBOIIEHHBIM MHOT'OMACIITABHBIM METOJ0M KOHEYHBIX
9JIEMEHTOB GMSFEM

1.4, Hukudopos

CB®Y, 10 PHOMI] «/[airvresocmounvill uernmp Mamemamuieckur ucciedosanutiy, dxymces,
Poccus

dju92@mail.ru
[Ipu pazpaboTke HEMPTAHBIX U TA30BBIX MECTOPOXKICHUI OCHOBHAA CJIOXKHOCTH 3aKJ/IIOYACTCS

B IPHUCYINE eif HeOTHOPOIHOCTH, KOTOPasi BBIPAYKAETCSI BBICOKON KOHTPACTHOCTHIO MPOHUIAEMO-
ctu cpeibl. Hammpumep, TpenuHoBaThIil pe3epByap SBJIAETCA HEOIHOPOIHBIM. 1 peluHbl TPeICTaB-
JIIOT cODOI KaHAJIbI ¢ BBICOKOW ITPOBOJMMOCTBIO, U UX BJIUSHUE HEOOXOJIUMO TOYHO YUUTHIBATH
opy MOJIETMPOBaHUN. [I0CKOJIbKY CYIECTBYeT MHOYKECTBO TPEIIUH PA3HOIl JIJIMHBI (MaKpPOTPEI-
HBI, ME30TPEIMHbI 1 MUKPOTPEIUHBI ), MPOBJIeMa [0 CBOEH CyTH SBJISIeTCS MHOTOMACIITAOHOM, 1
JIIS TIPEJICTABJICHUST BJAUSHIE TPEIMH Ha TedeHre HeoOXOMuMbI 3(hdEeKTUBHBIE MHOTOMACIITAOHbIE
MeTobl. Jjist perrennst BBIMIEONMCAHHBIX 3a/1a9 HCC/IeI0BATeIIMI Pa3padbaThIBAIOTCS PA3THIHbIE
METO/Ibl YCPEJHEHUsI M MHOTOMACIITaOHbIe MeTOAbI. OHM UMEIOT OOIIYIO IeJIb: IPU MUHUMAJIbHBIX
[IOTEPSIX B TOYHOCTHU PEIIeHUsI JOCTHYb MaKCHMAJIbHON SKOHOMUN BBITHCIUTE/IHLHBIX PECYPCOB ITy-
TEM YMEHBIIIEHNsT KOJINIeCTBa cTereHeil cBo0obl. Tak yKe CTOUT OTMETHTh, 9TO MTOCTPOEHUE MHOTO-
MacITaOHbIX OA3UCHBIX (PYHKIUI B 0OOOIIIEHHOM MHOI'OMACIITaAOHOM METO/Ie KOHEIHBIX 9JIEMEHTORB
GMSsFEM nerko moiaéres pacnapasiieIMBaHuIo.

Pabotra Beimosinena npu nojiep:xkke Munobpuayku P®, cornamenue ot 02.02.2022 Ne 075-02-
2022-881.

ANCJIEHHOE MOAEJINPOBAHUE TPEXMEPHBIX TEYEHUN
HEOJHOPOJHOMN 2KNJIKOCTHI B JIABOPATOPHBIX 9KCIIEPUMEHTAX
ITIO TNAPOCTATNYECKOUN MOJEJIT CABARET-MFSH

[X] * [X]
B.M. Tonouznunt, [Tasen A. Maitopos 2, II.A. Maitopos!?, A.B. Cososnes?

IBMK MTI'Y Kagedpa svuucaumenvror memodos, Mockea, Poccus

2 UBPAB® PAH, Mocxksa, Poccus
Pacrnpocrpatenne TpexMepHBIX I'PaBUTAIMOHHBIX TEYEHWI BCTPEYAETCS MPU PEIIEHUH MHO-

IUX 3aJ1a9 THAPABINKH, IPUOPEKHON JIMHAMUKI, OKEAHOJIOIMUN U MeTeOpOIOTHH. JJist BhISICHEHMUS
JIMHAMUKHU I'PABUTAIIMOHHBIX TEYeHUH IUPOKO MCIIOIL3YIOTCS MacIiTabHbIe J1abopaTOpHbIe IKCIIe-
pumenThbl. Jlannas pabora onupaercs Ha J1abopaTOPHbIE SKCIEPUMEHTHI 110 JIUHAMUKE TPEXMEPHOI'O
IPABUTALMOHHOIO TE€YEHHUS B IIPIMOYIOJILHOM Pe3epByape, pa3le/IeHHOM Ha JIBe KBaJpaTHBbIE eM-
KOCTH CTEHKOH CO CKOJIb3LIIUM 3aTBOpoM. JIBa pesepByapa 3aloJIHEHbI JIO OJMHAKOBON BBICOTHI,
OJIMH COJICHOU BOJION, & JPYyToii pecHoit Bojoil. B HavaJie sKcriepuMenTa 3aTBOP OBICTPO YIAJAIOT,
u FpaBHTaHHOHHbeI IIOTOK Ha4YMHaeT CBOE Pa3BUTHE.

Ornmcannble BBIIIE SKCIIEPUMEHTBI UCTIOIb3YIOTCs T Basuganun Harreir mogenn CABARET-
MFSH. Muorocoitaast ruapocrarnaeckast mojeas CABARET-MFSH onucbiBaer quHaMUKY »K1/I-
KOCTHU C IEPEMEHHOM ILJIOTHOCTLIO M CBOOOIHONM rpaHulieil. BuraucanTe/bHbli aJrOPUTM OCHOBAH
Ha METOJIe TUIIEPOOINIECKON JTeKOMITO3UIINI — IIPEeJICTaBIeHI MHOIOCJIONHON Cpe/ibl B BHUJE OT-
JIEJIbHBIX CJIOEB, B3AMMOICHCTBYIONINX Ye€pe3 IPAHMILI Pa3/Iea.

B pabore npuBoggTCca pe3yJbTaThl YUCIEHHOTO MOJIEIMPOBAHUA JTA0OPATOPHBIX IKCIIEPUMEH-
TOB U CpaBHEHHE C OHY6JII/IKOBaHHbIMI/I SKCIIEpUMEHTaJIbHBIMU JaHHBIMHA.
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PASHOCTHAA CXEMA BTOPOI'O ITIOPAJKA AIIITPOKCUMAIINN JI
OBOBIIEHHOI'O BOJIHOBOTI'O YPABHEHUN{ JTPOBHOI'O ITIOPA/IKA

AX. Xubues 2, A.A. Anuxanos?

I Humemumym npukaadnoti mamemamuru u asmomamusavyuv KBHI[ PAH, Haavwuk, Poccus
2 Cesepo-Kaswasckuti yenmp mamemamueckux ucciedosanudi, Cesepo-xasxascruti pedepanvrivdi
ynusepcumem, Cmasponoan, Poccus
akkhibiev@gmail.com

BoJiHoBBIE YpaBHEHUST JIPOOHOrO MOPsijKa 110 Bpemern (1 < o < 2), SBJISIIOTCST XOPOIIUM MaTe-
MaTUYI€CKHUM allllapaTOM IJigd MOAEJIMPOBaHUA PACIIPOCTPaHEeHUdA BOJIH HaHpH}KeHI/Iﬁ B BA3SKOYIIPY-
IUX Cpejiax, JJjisd aHajan3a JIPOOHBIX UM @Y3UOHHBIX BOJH B BA3ZKOYIIPYTUX TBEPIBLIX TeJIax, U JJisd
OTIMCaHUSI CTEIIEHHOIO 3aTyXaHWs C 9aCTON, KOTJIa BOJIHBI PACIIPOCTPAHAIOTCS d€pe3 HEeOTHOPO/IHBIE
cpeget [1].

B paborax |2, 3] 6111 T0Ka3aHBI YyCTONYUBOCTD M CXOJAUMOCTD PA3HOCTHBIX CXEM JIJIsl ypaBHe-
nug auddysun JIpoOHOro U JIUCKPETHO-PACIIPEICIEHHOTO TTOPSIKOB ¢ 0000IMEHHBIMEI (DYHKITAMI
AMSATH.

B mamnoit pabore paccMaTpuBaercs mepBasi KpaeBast 3a/iada Jijisi BOJHOBOI'O YPaBHEHUs JIPOO-
HOT'O TI0 BpEMEHHU IopsijKa ¢ 06001menHoi GyHKImei maMsti. [locTpoeHbl pa3sHOCTHBIE CXEMBI TI0-
BBIIIEHHOI'O ITOPAIKa aIllllPOKCUMAaIIUN. ,ZLOKaBaHbI 6e3yc.HOBHa5{ yCTOIU/IT-H/IBOCTb 1 CXOJUMOCTD IIPE-
JIO2KEHHBIX Pa3HOCTHBIX CXEM CO CKOPOCTBIO paBHOfI OPAAKY IIOT'PEHIHOCTH aIlllIPOKCUMAaIIUU. HpO—
BeJICHbI YMCJICHHbBIE PpaCY€Thl TECTOBLIX 3a/Ja.

WcciteioBanue BBITIOIHEHO 3a cdeT IpanTa Poccuiickoro nay4unoro ¢donmga Ne 22-21-00363
(https:/ /rscf.ru/project /22-21-00363/) n rpanra Poccuiickoro donga dyHIaMeHTATBHBIX HCCTIE-
jgoBanuit Ne 19-31-90094  AcrimpanTsbi.

Crucok JmuTepaTypbl

[1] T. Sandev, Z. Tomovski. Fractional Equations and Models: Theory and Applications. Springer
International Publishing, 2019, 345. 10.1007/978-3-030-29614-8.

[2] A. A. Alikhanov. A time-fractional diffusion equation with generalized memory kernel in
diferential and difference settings with smooth solutions, Comput. Methods Appl. Math.,
2017, 17(4), 647-660.

[3] A.X. Xubuer. YCTOWINBOCTD U CXOAMMOCTH PA3HOCTHBIX CXeM i ypaBHeHus muddysnu
JINCKPETHO-PACIIPeIeJIEHHOTO TOpsiJiKa ¢ 0000IeHHbIMI (DYHKITIAME TaMaTh, Becra. Cam. roc.
texH. yu-Ta. Cep. @us.-mart. nayku, 2019, 23(3), 582-597.
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CEKIIMOHHBIE JOKJIAIBI (30.06.2022) — 3 CEKIIUA

YNCJIEHHOE MOJEJIMPOBAHUE T'ETEPOTEHHBIX PEAKIIUI B
IIOPNNCTOM MATEPUAJIE

B.B. Jlucuna', T.C. Xaukosa, 51.B. Bazajikun

Hnemumym mamemamuru CO PAH, Hosocubupck, Poccus
lisitsavv@ipgq.sbras.ru

OCHOBHBIM CIIOCOOOM CHHKEHHsI KapOOHOBOTO CJjiefa BO BCEM MUPE SIBJISETCS 3aXOPOHEHHE
CO2 B reosiormueckue popMalm, 9To0 00YCIOBIEHO KaK BBICOKOH €MKOCTHIO ITOPUCTHIX ILIACTOB,
TaK M AKTUBHBIMU T'€OXHMUIECKUMU IIPOIECCaMU, MPUBOAAMMMU K (POPMUPOBAHUIO XUMUIECKU-
CBABAHHBIX (DOPM YIJIEPOJia M ero HajexKHoil koncepBaruu. OIHAKO Te0JIOMTIECKOe 3aXOPOHEHNE
CO2 comnpszKeHO ¢ PsIIOM TEXHOJOTUIECKUX CJI0KHOCTel. Bo-11epBhIx, HEOOXOIMMO YINTHIBATE W3-
MEHEHHE CTPYKTYPbI Ie0JIOrHYecKoil popMmarum Ha Maciitabe Mmop, BBI3BAHHOE T'€OXUMUYECKUMUI
nporeccaMu Ipu 3akadke. Hampumep, BbileadnBanne KapOOHATHBIX TOPOJ WU KapOOHATHOTO
IIEMEHTa, KOTOPOe IMOBBLIIIACT eMKOCTh pe3epByapa, HO MOXKET MOTEHIMAJILHO HPUBOJIUTEL K Iepe-
pacipee/IeHnIo HallPsyKeHU i B IJ1acTe, pa3BUTHUIO IIPOIECCOB TPEITNHOOOPA30BaHUs 1, B KOHETHOM
cuere, K MMPOPBIBY ILIIOMa Yepe3 MOPOoay-TOKPHIMKY. [losroMy mpu BeIOOpe pe3epByapoB HEOOXO-
JINMO TIPOBOJUTDH YUI€T M€OXMMHUYIECKOTO BO3/IEHCTBUS Ha IIACT U 3PPEKT TaKOro BO3AEHCTBUS HA
pasHble PU3NIECKHUEe TTapaMeTPhI T1acTa (TUIpoMHAMIIECKIE, TeOMEXaHNIeCKIe, CEHCMUIECKIe 1
up.) Bo-Bropeix, opranmsanust cucreM HaOJIOJEHUs JIJIs CEICMITIECKOINO MOHUTOPUHTA, COCTOSTHUST
m1acTa TpedyeT TIaTeIbHON TPopabOTKU, TTOCKOJIBKY MOIydaeMble JJaHHbIE JTOJIZKHBI 00eCIIeInBaTh
BO3MOYKHOCTH BBICOKOTOYHON OIEHKHM U3MEHEHUsI CBOICTB pe3epByapa MO CelcMUIecKuM (MUKPO-
CEHCMUYIECKUM U aKyCTHYIECKHUM) JAaHHBIM. ll1anupoBaHme TAaKMX CHCTEM BO3MOXKHO TOJILKO Ha
OCHOBE KOMILJIEKCHOI'O MHOT'O(DUBUIHOIO IIPEIBAPUTEIHHOIO IPE/ICKA3ATEILHOIO MOJACTUPOBAHUS
nporiecca 3akadku C'Og B ILJIACT.

B nannoit pabore mpecTaBaeH YNCIEHHBIN aJIrOPUTM /IS MOJIECTHPOBAHIS XUMUIECKOIO B3aH-
MojieticTBus irionga ¢ mopooit. Jls MomempoBanms paccCMaTPUBAEMbIX T€TEPOreHHBIX PeaKITuit
zastada CredaHa penaercs: ¢ UCHOIH30BAHNEM KOHEUHBIX PA3HOCTEHl ¢ IPUMEHEHHEeM MeTOJIa I0-
BEPXHOCTH YPOBHS B KOMOWHAIIUU C METOJIOM IOTPYZKEHHBIX I'PAHUYIHBIX ycjioBuii. Takoit BEIOOD
METO0B 00ecIeunBaeT BO3MOKHOCTh yUIeTa CJIOXKHON TOITOJIOTUN IIOPOBOTO ITPOCTPAHCTBA U €€ M3-
MEHEHHs B IIPOIecce B3auMOIeHCTBHS.

NCCJIEJOBAHUE I'NMAPOJVMHAMWYECKUX PE2KVIMOB IINPKVYJIAIINN
SAJINBOB KOJIBCKOI'O 11 IIEBEK C YHETOM PEAJIBHBIX I'NIYBUH 1
BEPEI'OBOU JIMHNN

J.T. Achammusipos, O.C. Coporosukosa , JI.B. /Izama

Hnemumym 6esonachozo pazsumus amomnoti snepzemuku PAH, Mockea, Poccus
dasfandiyarov@ibrae.ac.ru, 0oss@ibrae.ac.ru, dvd@ibrae.ac.ru

Pabora mocssrera MOeMPOBaHUIO PEXKUMOB IIUPKYJIANN Bo/T KobCcKoro 3aimBa n 3a1nBa
[TeBexk, e pacronoxkenst crogakn AL u mraByvas atomuast ssiekrpoctanmus JIoMmoHOCOB. 3a/mB
[IeBek - 9TO KJIIOYEBOI IOPT CEBEPHOI'O MOPCKOTO MyTH. VIMeeT BaykHOe cTpaTernieckoe 3HaUYEHNE.
Co3taHbl aJaropUTMBbI, MOJIC/IH, & TaK Ke IPOrPAMMHBIH KOMILIEKC JIJIsi MOJICTUPOBAHIS ITPOTIECCOB
¢ npeobiajlaHeM aJBEKTUBHBIX TIPOIECCOB (B MPUOJIMZKEHUN TUIIEPOOJINIECKOl CUCTEMBI ypaBHE-
HUIT) C yIeTOM MHOTUX (DU3MIECKIX MEXAHU3MOB, BIIUSIONIIX HA IUPKYJISINIO B 3aIMBAX: IPUJIABLI
U OTJIUBBI, BETPOBbIE HATOHHBIE BOJIHBI, YUET peabHON TPEXMEPHOI reOMETPUH BOJTHOM aKBATOPUI
u Oeperooii jinaueii. Pabora Mose/in OCyIecTB/IseTCsT HA OCHOBE MOJEIMPOBAHUS THIPOITHAMI-
YECKUX PEKUMOB IUPKY/ISAINA COBMECTHO C TPEXMEPHBIM PACIIPOCTPAHEHUEM 3arpPa3HeHU .
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ONEHKU 9®PEKTUBHOCTU PABOTBI CUCTEM PA3JIEJIEHW 51
ITPOIIECCOPA AJId MOAEJIMPOBAHUA TEJIEKOMMYHUMUKAIINN B
ABTOMOBUJIbHOM TPA®UKE

AT. Tarames, M.B. fumnaa”

Mocxosckutl a6momodusbHO-00poAHCHBIT 20CydapcmeeHHbill MeTHUMeCKUl yHusepcumem,
Mocxsa, Poccus

AJIrOpuUTMBI IUCHIETYEPU3AIAN C PA3/IeIEHUEM BPEMEHU WK ¢ Pa3/e/IeHUeM MTPOITYCKHOM CIIo-
COOHOCTU TIMPOKO PACIPOCTPAHEHBI B COBPEMEHHBIX KOMIILIOTEPHBIX CHUCTEMAaX U CEeTSX CBIA3U.
Maremarudeckue MoJe/N TAKNX MH(MOKOMMYHUKAIIMOHHBIX CUCTEM IIPEJICTABJISIOT cO00i cucTe-
MbI MAaCCOBOT'O OOC/IY?KUBaHUs CO CIENUAJIbHBIMU JUCIUAILIMHAMUA. [[JIg 9acTHBIX CIydaeB TaKUX
cucTteM OOC/TYKUBAHUSA IOJTyYEHbI TOYHBIE (POPMYJIbI JIJIT XapaKTEPUCTUK ITUX CUCTEM, YI00HbIE
JUIS TIPAKTUYIECKOTO IIPUMEHEHNA. XaPaKTEPUCTHKU CUCTEM, 0oJiee CJI0KHBIX JIjId aHAJIUTUIECKOTO
MCCIIeIOBaHNUs, JTHOO BBIYHUCIAIOTCH € IIOMOIIBIO YHCIEHHBIX METO/OB, JUOO MMUTAIIMOHHBIM MO-
JIeJTMPOBAHMEM, JIOO C TTOMOIIBIO MPUOINKEHHBIX MOJIX0I0B, P pa3pabOTKe KOTOPHIX TOYHOCTH
JIaBAeMOro MU MPUOJIMZKEHUs OIIEHNBAETCS € UCHOJIHL30BAHUEM HYUCIEHHBIX METOJIOB WJIM MMUTA-
IUOHHBIX Mojeseil. [IpoTokosbl, ncnoab3yemMble B COBPEMEHHBIX U IEPCIIEKTUBHBIX KOMMYHUKA-
[IUOHHBIX CUCTEMAX, MPELyCMATPUBAIOT Pa3/ie/I€HUE TPOIYCKHON CIIOCOOHOCTH KaHAJIOB IHepeIadn
JIAHHBIX IIYTEM BBIJICJIEHUAsT PA3IUIHBIM KJIacCaM COODIIEHU MMana30HOB YaCTOT, TPEI0CTABIIIe-
MBIM 3T KjaccaM. [Ipu aTom Oosiee IproOpUTETHBIE KJIACCH IMTOJTYYAIOT TPEUMYIIECTBA.

s onenkn 3 PeKTUBHOCTH PAOOTHI (PPArMEHTOB KOMMYHUKAITMOHHBIX CUCTEM C TAKUMU TTPO-
TOKOJIAMH B KadeCcTBe MaTeMaTHUYeCKUX MOJeseil MCIOIb3YI0TCd MHOTOKAHAJIbHBIE CUCTEMbI Mac-
COBOT'O OOCTy’KUBaHUS CO CHEUAJbHBIME JUCIUIIINHAMHA, JJI XapaKTEPUCTUK KOTOPBIX SBHbBIE
dopMyJIbI HE U3BECTHBI M3-3a CJIOXKHOCTH 9THX cucTeM. [[puMenenne 4nucieHHbIX aJIrOPUTMOB IIPU
UCCJIeIOBAHUU STUX CUCTEM 3aTPY/IHIETCS M3-3a OUYeHDb OOJIBINON Pa3MEpPHOCTH MPOIecca, TaK Kak
pPeaJIbHBIM CUCTEMaM PacCMATPUBAEMOIO BUJIA COOTBETCTBYIOT CUCTEMBI OOCTYKUBAHUS, COJEPIKA-
e HECKOJIBKO JIeCATKOB KaHajoB. [lo amajmormdnoil npwdune, Ipu UCCIEIOBAHUU ITUX CUCTEM
C TIOMOTIHI0O UMUTAIMOHHOTO MOJIETUPOBaHUs TPeOYIOTCH OOJIbINEe MHTEPBAJILI MOJIETMPOBAHMS,
TaK KaK JJIUTE/IbHbIE NHTEPBAJIbl BDEMEHHU, B TeUeHHe KOTOPBIX B CUCTEME HAXOJUTCH HEOOJIBIIOEe
YUCJIO OOCITy’KUBAEMbIX TPeOOBaHUM, depeyeTcs ¢ JJINTEIbHBIMU WHTEPBaJaMU BPEMEHU, B Te-
YeHre KOTOPBIX CUCTEMa OCTAeTCs CUJIbHO 3arpyzKeHHOi. B MHMOKOMMYHUKAIIMOHHBIX CHCTEMaX
UCIIOJIB3YIOTC JITOPUTMBI JTHCIIETYEPU3AINT, B B COOTBETCTBUH ¢ KOTOPBIMU ITPETyCMATPUBAETCS
orpaHWYeHre Ha YUCJIO 3aJaHnil, OJHOBPEMEHHO OOCIy’KUBAEMbIX B PEXKHMMe Pa3/iejIeHus BpeMe-
HU, C 1eJIbI0 O0eclievenns IPUeMJIEMOT0 KadecTBa 00C/IyKuBaHus 3ajanuii. [[j1s MojaempoBanus
pabOThI TAKUX CUCTEM HCIIOJIB3YIOTCS CUCTEMbI MaCCOBOT'O OOC/IY?KUBAHUS C JIUCIUAILIMHAMU OI'Da-
HIUYEHHOT'O IIPOIIECCOPA.

B macrosmeit paboTe mpejiaraioTcs IMOJIXO0/Ibl K OIEHKE XapaKTEePUCTHK CUCTEM OOCITyKUBa-
HUsA, KOTOPbIE MOT'YT IPUMEHSATHLCS B KQ4eCTBE MOJIEJIC JJIs OIEHKU PabOThl KOMMYHUKAITMOHHBIX
cucTeM MOOMJTBHOM CBA3M, MCIOJIB3YEMBIX B COBPEMEHHBIX aBTOMOOMJILHBIX CeTAX. TaK Ha3bIBaeTCs
MePCIIeKTUBHAS TEXHOJIOTUs CUCTEM OeCIPOBOJHON CBA3M MOJIKJIIOYEHHBIX aBTOMATH3NPOBAHHBIX
TPAHCIOPTHBIX CPEJICTB, KOTOpas Ha OCHOBe KoHIenmuu [0T maer BO3MOXKHOCTH NPU JIBUZKEHUT
HA MarucTpajm oOMeHUBaThCA MH(MOPMAIel MexK 1y OOPTOBBIMU KOMITHLIOTEPAME aBTOMOOMIIEN 1
IPUJIOPOKHBIMA YCTPOHCTBAMU U pean30Barh npuioxkenus tuma V2V /V2I/V2X.

[Ipenararorcst TakzKe MOJIXO/IbI K OIEHKE XapPaKTEPUCTHK CUCTEM OOCTYKUBAHUS C JTUCITUILIN-
HaMU HEOTPAHUYEHHOT'O ¥ OTPAHUYEHHOTO Pa3/ie/IeHud IIPOIeCCOPa, B YACTHOCTH, C JUCITUTLIMHAMH,
[IpU KOTOPBIX ITPEUMYIIIECTBO MIPEJIOCTABISAETCs O0JIee IPUOPUTETHBIM TPEOOBAHUAM, & BHYTPHU OJI-
HOT'O KJjIacca TpeboBaHUs 0OC/Iy’KUBAIOTCA B PEXKUMe pas/iesleHus poreccopa. PaccMaTpuBatorces
BapUaHTBI CUCTEM OOCTIYKUBAHUSA C OUEPEJIbIO WK ¢ IoTepsiMu TpeboBanuii. [Ipubnkennbre moJi-
XOJIBI OTIEHUBAIOTCS C TIOMOIIIBIO0 IMUTAIIMOHHOTO MOJIE/TMPOBAHUA. /{151 YJACTHBIX CJTydaeB MOy YeHbI
dopmyIIbl, TaroIe TOYHbIE 3HAYEHNs NCCJIE/lyeMbIX XapaKTePUCTHUK.
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YNCJIEHHOE YCPEJIHEHIA YPABHEHI A PUYIAPICA C
NCIIOJIBSBOBAHVEM HEVPOHHBIX CETEN

C.II. Crenanos™t, JI.A. Cuupunonos', Tuma Mait?

ICesepo-Bocmounwiti dedeparvnviti yrusepcumem um. M.K. Ammocosa, Sxymex, Poccus
2 Vnueepcumem [yt Tan, Bvemmnam
cepe2a@inbox.ru

B nanHoit pabore MbI rciosib3yeM rirybokue neiiportbie cetn (DNN) s uccsetoBanust Mero/ia
YACTUIHOTO OOyUIeHUs /I YUCIeHHO roMoreHn3anuu. B 3Toii nccaeoBaHun Mbl NCIOJIb3YyeM Heli-
pOHHBIE ceTu Jiist nporHo3uposanus (1) adpdekTuBHoill mponuaemoctu, (2a) roMOreHU3UPOBAHHOT
MATPHIIBI YKECTKOCTH ¢ TPy0oii ceTkoil u (20) DyHKINU MpaBoil 4acT. 371€Ch METOJ, MAITHHHOIO
oOydennsi pazpaboTaH C UCIOJIHL30BAaHUEM TJIyOOKON HeWpOHHON ceTu. MbI MPOBOIUM JIBa IKCIIE-
punenTa (11t 9(pHEKTUBHON IPOHUIIAEMOCTH U TOMOTEHU3MPOBAHHON MaTPUIBI JKECTKOCTH) MIPH
co3/lannu Habopa JJaHHBIX. MbI mIpe/icKa3biBaeM d(POEKTUBHYIO MTPOHUIIAEMOCTb B IIEPBOM JKCIIE-
PUMEHTE U TIPEJICKA3bIBaeM IOMOTeHI3UPOBAHHYIO MATPHUILY C KPYITHO# CeTKO 1 (DYHKIUIO TTPABOit
JacTU BO BTOPOM 3KcrepuMenTe. Vcnob3yem HabOp perieHuit mpodsieM Jijisi Pa3JIMIHbIX BXOTHBIX
cuTyaruii i ooydeHus HeiipoHHbIX ceTeil. [loce oOyuenns: HePOHHBIX ceTeil Ha Habope JaHHBIX
MOXKHO TTPOBOJUTDH OBICTPbIE W TOYHBIE BBIYUC/IeHNA. Halym duc/ieHHble Pe3yIbTaThl TOKA3bIBAIOT,
4YTO ITyOOKIE CEeTH JIAI0T XOPOIINe Pe3yJIbTaThl U YTO UX MOXKHO IIPUMEHATH K JIAHHBIM HaOJII0/IeHU i
(TECTOBBIM JIAHHBIM ).

NMHTEJIJIEKTYAJIBHO-BBIYUCJIUTEJIbHAA CUCTEMA J1JI4d
NMPOTOTUIINPOBAHNA 1 MOJAEJINPOBAHNA OBPA3IIOB HO2KEBBIX
N3JAEJINN

A.B. I'puropses”, A.B. Horosumum

Cesepo-Bocmounwiti pedeparvroiti ynusepcumem um. M. K. Ammocosa, Hdxymcrk, Poccus
reditsme@gmail. com

B pabore obcyxKaeTcss HHTEJLIEKTYaIbHO-BLITUCIATEIbHAS CUCTEMA I TPOTOTUITNPOBAHISA
U MOJICTMPOBaHUs 0OPA3IOB HOXKEBLIX WM3/e/Iuil. B mpakTuke, HOKEBbIE JTU3ailHEpbl U HOXKEBDIE
U3TOTOBUTE/IM KAK IPABUJIO He MPUMEHAIOT IOJIXO/IbI OCHOBAHHBIE HA MaTEMATHIECKOM MOJIE/IU-
POBAaHUM WJIM UCKYCCTBEHHOM WHTEJUIEKTE JIJId aHAJU3a U YCOBEPIIEHCTBOBAHUA XapPAKTEPUCTUK
coux wm3gnesnii. [losromy Mbl mpejrosiaraeM, 9To YJI00HOE MPUIOXKEHUE, KOTOPOE B COCTOSHUU
9TO peasin30BaTh, Oy/eT BocTpeboBanubiM. Ha mannom stare BegeTcs pa3zpadoTKa yI0OHOTO TOJThb-
30BaTEIHLCKOTO MHTepdelica I MOOMIBHBIX YCTPOHCTBO U pa3padaThbIBAETCs COOTBETCTBYIOIIEE
MHTEJUIEKTYAJIbHO-BBIUNCINTE/IbHAsT TIIaTdhopMa, KoTopas MpeIHas3HaAdeHa JIJIsT TBEPI0TETbHOTO
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KOMIIBIOTEPHOT'O JU3aiiHa M3JIe/TUil, X MaTeMaTUIeCKOTO MOJICJIMPOBaHUs W IOCTPOCHUSA Ha ITO
OCHOBE IIPOTHO3a C IIPUMEHEHHEM apXUTEKTyp CBEPTOUYHBIX HEHPOHHBIX cereil. B Meroamdeckoit
JacTU PabOTHI MCCJIEAYIOTCS JIBa PA3JIMIHBIX IOJIX0/a K PEIIeHUI0 3a/a9i YIIPYTOCTH JJIsi MaTe-
puaja ¢ BK/IIOYEHUsAMH. B KadecTBe KJIACCUYECKOrO II0JIX0JIa MbI MCIOJIB3YeM MEeTOJ[ KOHEYHBIX
as1eMeHTOB. MeK 1y Tem, Mbl TakKe IIPUMEHsIEeM IIOJX0J] C IIPUMEHEeHNEeM HEHPOHHBIX ceTeil s
[IOCTPOEHUS PEIIaTesisi Ha OCHOBE PEIIeHU TOJIyIeHHBIM MEePBLIM CIIocoOOM. JlaHHbIN 1M1o1X01 3a-
KJIIOYaeTCsd B O0OyYEeHUM CBEPTOYHBIX HEWPOHHBIX CeTell Ha ceMeiicTBe PeIeHuil, peICTaBICHHbIX
B BHjIe n3o0Opaxkenuii. [lo pesynbraram nmpuMenenus ABYX IMOIXO/I0B JEMOHCTPUPYyeTca 3P ek TrB-
HOCTb U IIPUMEHUMOCTH METOJOB JIjII PEIeHUs TOCTABICHHON 3a/1a9u.

METO/, PEIIIEHU Y YPABHEHUI CEH-BEHAHA ITOBBIIIIEHHON
TOYHOCTU AJ1d MOJEJIMPOBAHNS TEYEHNNM C BOJIBIIINM
JANAIIA30HOM CKOPOCTE HA OCHOBE MOJAN®UIINPOBAHHOI
CXEMBI KABAPE

J.T. Acammuspos™*, O.C. Copokouxosa'

I nemumym npobaem besonacnozo passumus amomnoti snepeemuru PAH, Mockea, Poccus
dasfandiyarov@ibrae.ac.ru

Ha ceromasamunii nenb 60bIT0€ KOJTMYECTBO YUCTEHHBIX METOJUK I MOJIETUPOBAHUS pa3-
JIMYHBIX TUJPOJOTMYECKUX IIPOIECCOB B IOMMax M pycjax PeK, OTKPLITBIX KaHaJaX, a TaKxKe B
pUOPEKHBIX 30HAX OCHOBAHO Ha pertennn ypasuenuii Cen-Benana. /lannble ypaBuenus runep0o-
JITYECKOT'O THUIIA OIMCHIBAIOT 3aKOHBI COXPAHEHUS MAaCChl U UMILYJIbCA U ONPEIEIIIOT CBA3b MEXK Ty
[I0JIEM TIOTOKA ¥ U3MEHEHUEM IVIYOUHBI BOJIbI C YIETOM T'HIPAB/IMIECKOTO COIPOTUBJICHUS] U HEPOB-
Hocteit penbeda. OcobbIM cilydaeM SBJISIETCS PACCMOTPEHUE MPOPBIBHBIX TEYEHUIl Ha TMIPOTEX-
HUYECKHUX COOpYzKeHusaX. K 9ucjeHHbIM cXeMaM JIOJIKHBI PEeIbABIATHCA BHICOKUE TPEOOBAHUSA K
HaJIC?KHOCTU ¥ TOYHOCTH MOJICTUPOBAHUSA PA3PbIBHBIX PEIICHUI U PerieHuii ¢ 60bIUMEI Ipa/neH-
TaMH MOJICJIUPYEMBIX BEJIAYHUH.

B namnoit pabore st MOJeIMPOBaHUS MOIOOHOTO POJIAa 3a/ad MPEeJICTABIEHA YNCIEHHAT Me-
TOJMKA W ee anpobarys i IMIUPOKOro JIMala30Ha MapaMeTPOB MOJIEUPYEMbBIX MPOIeccoB. Pe-
aJIn30BaH ydeT HaberaHus MOTOKa Ha cyXoe JHO, Korja ypasHenus Cen-Benana tepsior cMmbIc,
YUTEHO BJIMSHUE PA3JIUIHBIX (DU3MIECKUX IporeccoB. Hampumep, Tpenne o jHO, ocajaku. Amnpoba-
1S MEeTO/[a IIPOBOJIUTCS Ha CEPUU 3a/1a4, JIOIYCKAIONINX TOYHOE PEIIeHne, U PsAJe IKCIIEPUMEHTOB,
KOTODPBIE MMUPOKO UCHOJb3YIOTCS IS BAJUIAINT THIPOJIOTUIECKIX MOJIEEN.

YNCJEHHOE MOJEJINPOBAHUE CEMICMUYECKIX OTKJINKOB OT
TPEININMHOBATHBIX I'EOJIOTUYECKUX CJIOEB

11.C. Huxkurun', B.J. Tony6es 2, H.M. Xoxos?, B.A. Mupsxa'

L@edepanvrioe 2ocydapemeennoe brodxcemmnoe yupesicenue nayxu Hrnemumym asmomamusayu
npoexmuposanus Poccutickoti axademuu nayk, Mockesa, Poccus,

2 Dedepanvroe 20cydapcMEEHtoe a6MOHOMHOE 00PAZ06ATNEALHOE YUPEHCOCHUE GVCULER0
obpasosarus «Mockosckull dusuro-mexnuveckut uncmumym (HAUUOHAALHBI
uccaedosamenvekull yrusepcumem)s, loszonpyonoit, Poccus
w.golubev@mail.ru

B nacrosiiiiee Bpemst mHTEpeC K BBISIBJIEHUIO IPU3HAKOB TPEITIMHOBATHIX CPEJl B BOJTHOBOM I10JI€
BO3pacTaeT W CBdA3aH, BO MHOI'OM, C IIOUCKOM MECTOPOXKJICHUN HedTH M rasa, IPUYPOUYCHHBIX K
KapOoHATHBIM pe3epByapaM. [losBisgercs HeoOX0MMOCTD ITPOBECTH YUCIEHHOE UCCICIOBAHIE BOJI-
HOBBIX ITPOIIECCOB, ITPOUCXOAANINX B HEOJHOPOJHBIX TPEINIMHOBATBIX I'€OJIOTMYECKUX Cpejiax, KO-
TOPOE TO3BOJIUT BBIABUTH OCOOEHHOCTH CUTHAJIOB-OTKJINKOB, (DOPMUPYIOIINXCA OT TPEIHHOBATHIX
BKJIXOYECHUA.

JLtst MojieTMpoBaHus IIPOIIECca PaclpoCTPAHEHNs CECMUYECKUX BOJIH B TPEITUHOBATHIX T'€0JI0-
I'MYEeCKUX cpejlaX B HACTOAIeil paboTe NCIOIb3yeTcsi KOHTUHYaJIbHAs MOJIE/Ib CPEIbl, CojeprKaIlieit
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CUCTEMY ILIOCKOCTEN CKOJIbXKEHUS C 3aJIaHHONW HOpMaJibio K HUM. lIpmBomuTcs MaremaTuvieckast
IIOCTAHOBKA 33/la9 C COOTBETCTBYIOIIMMU HEJTMHEHHBIMU YCJIOBUSIMHM HA KOHTAKTHBIX I'DaHUIAX,
CTPOUTCS YHCJIeHHAs peasn3alis Ha OCHOBE CETOYHO-XapPaKTEPUCTUIECKOIO METO/Ia 1 HESBHON atl-
[IPOKCUMAIUH YPaBHEHNU, KOTOPBIE CO/IEPYKAT MAaJIbIi TapaMeTp B 3HAMeHaTe /i€ CBOOOHOTO UjIeHa.
[IpuBeieHbl pe3y/IbTAThl PEIeHns JIByMEPHBIX U TPEXMEPHBIX 33184, MOJIyYeHHbIE C UCIOIb30Ba-
HUEM BBICOKOITPOU3BOIUTEIbHBIX BBIYUCIUTEILHBIX CHCTEM.

UccneoBanue BoINoHEHO 1pu (buHAHCOBOI nojiep:kke Poccuiickoro way4anoro ¢dbona (mpo-

ext No 19-71-10060).

MATEMATUYECKOE MO/IEJIMPOBAHUE JIASEPHOV KOHBEPCUU
VIJIEBOJIOPOJ/IOB

B.H. CubirHukos

Hnemumym kamaausa um. I K. Bopeckosa CO PAH, Hosocubupck, Poccus
snyt@catalysis.ru

CoBpeMenHbIe 331291 110 TIepepadoTKe JT00bIBAEMBIX JIETKUX YIJIEBOIOPOIOB BbI3BAIN UHTEPEC
K HUCIOJIb30BAHUIO JIA3€PHOI0 U3JIyUYeHUs JId WHTEHCU(DUKAIIMI XUMUYCCKUX IIPOIECCOB B MAJIO-
TOHHAXKHBIX peakTopax. Maremarmieckoe MOIeIMpOBaHNe B JTa3ePHON TEPMOXIMUIH ITPOJIBUTAIOCH
B KOHIIe 80-X T'OJI0OB IPOILJIOTO CTOJETHS U CTAJI0 BHOBb Pa3BUBATHCS B IIOCJIETHUE TO/IBI.

L1t 9UCIeHHOTO MOJIeTMPOBaHNUS JIA3€PHOI KOHBEPCUU JIETKUX AJKAHOB B JIO3BYKOBOM TIOTOKE
COBJIaH MapaJulebHblil KoJI. C ero MCroJib30BaHUEM U3Y4daloTCsd XUMHUYECKHe IPOIECChl C PaJiu-
KaJIbHBIMH PEAKINIMU yTJIEBOJIOPOJIOB B MHOIOKOMIIOHEHTHOM Ta3e 1101 BO3JeHCTBIEM JIa3€PHOTO
n3srydenus. OHO IOIJIONIAeTCsA STUIEHOM, U T'a3 JIOKaJbHO Harpesaercd. Harpes raza samyckaer B
PEaKIMOHHOI cpejie HeJIMHelnble mpolecchl. K HUM, TOMIMO aBTOKATaIN3a U MOTJIONIEHUS U3JTy-
YeHUs, OTHOCATCS HAIPEB OT CTEHOK, TEILIONPOBOIHOCTD, Tuddy3us u cMelenne KOMIOHEHTOB. B
cpeJie BOBHUKAIOT CBEPXPAaBHOBECHBIE KOHIICHTPAIIUKA PAJIMKAJIOB, U ITPOUCXOJIUT UHTCHCU(DUKATIIUS
CHUHTE30B. DTHU CBA3AHHBIE MEXKLy CO00i (DU3NKO-XUMUYIECKHE TPOIECCHl UMEIOT 110 CBOUM CKOPO-
cTaM paszubie MaciTabbl. OCHOBHOE BHUMAaHUE Y/IC/IAETCS KOHBEPCUM METAHA B IEHHBIE MTPOJYKTHI
— BOJIOPOJI, STHUJIEH, AlleTUJIeH IIPU TEMIIEPATYPAaX CTEHOK JIabOpaTOPHBIX PEeaKTOpOB. Pesysibrars
MOJIEJTUPOBaHUS, &JITOPUTM U IIpOrpamMMa HallIyT CBOe IPUMEHEHNE B CO3/IaHNN HOBBIX TEXHOJIOTHI
JIa3epPHOI TEPMOXUMMUH.

Pabora Beimosinena npu dhunancosoit nomepkke PH® mpoekt 21-19-00429.

BBIUNCJINTEJIBHBIN AJITOPUTM JAJ1d U3YYEHUA BHYTPEHHUX
JIAMVHAPHBIX ITOTOKOB MHOTI'OKOMIIOHEHTHOT'O T'A3A C
PASHOMACIIITABHBIMU XUMNYECKVMU ITPOLIIECCAMN

E.E. Tleckopa', B.H. CHbITHHKOB

Hnemumym xamanuza CO PAH, Hosocubupck, Poccus
e.e.peskova@mail.ru

OpmHuM 13 HalpaBJIEHUI UCCIeI0BAHUN B 00JIACTH BBIYHCIUTE/IHLHON MaTeMaTHKHU SIBJISETCS
pa3pa60TKa AJITOPUTMOB IJId U3YYCHHA JUHAMHUKHW MHOI'OKOMIIOHEHTHOI'O I'a3a IIpHU BO3,ZL€I7'ICTBI/II/I
HECKOJIBKUX MCTOYHHUKOB 9HEPI'UU. B TaKOI JAUHaAMHUKE ITPOABJIAIOTCA HeCTallMuOHapHbIE IIPOIECChI C
pa3HOMaCIHTa6HbIMI/I XapaKTEePpHbIMHU CKOPOCTAMM, 9TO OlIpeae/ideT H€06XO,ZLI/IMOCTB HCIIOJIb30BaHUA
CIICIINAJIbBHBIX MaTCMAaTUYICCKUX MOﬂeJIeIU/I 1 9YUCJICHHBIX CXEM, O6€CH€‘II/IB&IOIL[I/IX IIpuemJjgaeMoe 9ucCJjio
omepalyii pu TpedyeMoii TOYHOCTU BhIYucjeHuii. B HacTosIeit padbore mpejiaracTcs BbIYUCIU-
TeJbHBIA aJITOPUTM JUIS U3YUYEHUA XUMAYECKAX ITPOIECCOB B MHOTOKOMIIOHEHTHOM Ta3e C JIA3€PHBIM
u3JIydeHneM. BuraucanTesbHbIH aJrOpUTM IIOCTPOEH Ha OCHOBE CXEMbI PaCIHIEI/IeHud 110 (pu3nde-
CKHM IIpoIieccaM. ATIIPOKCHMAIsa KOHBEKTUBHBIX 1JIeHOB B ypaBHeHusx HaBbe-Crokca 111 103BY-
KOBBIX TedeHuit peasmsoBana ¢ moMoIibio WENQO cxeMbl TOBBIIIEHHOIO TOPSIKA AIIIPOKCIMAIIIH.
Pazpaboran Koji ¢ MCIOJIb30BAHUEM TEXHOJIOTUI TapaJiie/IbHbIX Bhraucjenuit. [IpogemoncTpupo-
BaHO HCIIOJIb30BaHUE KOJIa B pacueTax MUPOJIM3a dTaHa C paJuKaJbHbIMHU peakiusMu. JleraibHO
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uzydaercs (GOPMHUPOBAHUE CBEPXPABHOBECHBIX KOHIEHTPAIUI PaINKAJIOB 110 00bEMY peakTopa.
Paszpaboranmnbie ajiropuT™M 1 IporpamMma Haii/lyT CBOe IPUMEHEHNE B CO3/[aHUNA HOBBIX TEXHOJIOTUil
JIA3€PHOM TEePMOXUMUMU.

Pabora Brinosinena mpu dunancosoit nomiepkke PH® mpoext 21-19-00429.

INPUMEHEHUE CUMVYJIATOPA GEM5 K OHEHKE
MACHITABUPYEMOCTMU 1IPOI'PAMMHONI PEAJINSAIINN AJITOPUTMA
MOAEJINMPOBAHUNA ITEPEHOCA ITPUMECEN B ATMOC®EPE

A H. Cemakun

Mocxoscxuiti Tocydapemeennndi Texnuveckuts Ynusepcumem um. H.D. Baymana, Mocksa,
Poccus
arte-semaki@yandex.ru

MoiesiupoBanue 1epeHoca npumeceii B armocdepe OCHOBAHO Ha PECYPCOEMKHUX HTHCICHHBIX
AJITOPUTMAX, JJIsi pean3allii KOTOPHhIX HEOOXOIMMO IIPUMEHEHHE BBICOKOIIPOU3BOIUTE/IHHBIX pPa-
00YNX CTAHIMl, OCHAIEHHBIX HECATKAME BBITUCIUTE/IBHBIX d/ep. Y YUThIBasi BHICOKYIO CTOUMOCTh
ITOJI00HBIX MAIITUH, UX UCIIOJIb30BAHUE Ha dTalle CO3JaHus U OT/IaJIKN PacIeTHBIX IIPOrpaMM KpaitHe
HepalmoHaJIbHO. [IporpaMMbl MOXKHO IIHCaTh Ha JIEIIEBBIX MaJIOMOIIHBIX KOMITbIOTEPaX, a JI0pPO-
rue pabodme CTAHIUU UCIOJb30BaTh yKe TOJBKO Ha dTale IMOJe3HBbIX Bbluncaenuii. IIlpu Ttakom
[IOJIXO0JI€ CTAHOBUTCH AKTYaJILHON 3aja4a IMOCTOSHHON OINEHKU CTEIeHH MAaCHITabMPYEMOCTH IIPO-
rpaMMBbl Ha IEJIEBOE YHCJIO0 SAeP BO BpEeMs ee HallucaHus 1 OTaaIKu. st perenus moctaBaeHHoi
33140 [IPEJIIaraeTcd UCIOIb30BATh CUMYJIATOP gemb — MPOrpaMMy UMHUTAIMH PabOThl KOMITBIO-
TEPHOI CUCTEMBI ¢ 3aJJaHHBIMI KOMIIOHeHTaMU. B jaHHOo# paboTe ¢ MOMOIIbI0 gemd UMUTHPYIOTCS
JIBE MHOTOsIJIEpHBbIE KOMITHIOTEPHBIE CUCTEMBI PA3HON CTENEHN JeTAJN3aIu U Ha HUX ITPOU3BOJIUT-
¢ OIEHKa MAacCIITabuPyeMOCTH HAIMCAHHOM paHee IIPOrpaMMBbl II€peHOca IIpuMeceil B aTMocdepe.
Takke MMPOBOJIUTCS COTIOCTABICHUE TIOJTYYEHHBIX OIEHOK C PEAJILHO HAOJIIOIAeMbIMU HA HACTOAIIEM
KOMIIbIOTEPE.

MOJEJINPOBAHUE OKNCJINTEJIBHOI PETEHEPAIIIN
INJINHIPNTYECKOI'O SBEPHA KATAJIN3ATOPA

O.C. dzosuesa’, .M. I'y6aiiaymmn?, A.®@. Kokyrtos', A.A. Makaposa!, E.E. ITeckosa'

! Hayuonarvroi uccaedosamenveruti Mopdosckuti 2ocydapemeenmvidt ynusepcumem um. H.IT.
Ozapesa, Capanck, Poccus,
2 Unemumym nedpmezumuu v xamanusa YOUI] PAH, Yga, Poccus,
kurinaos@gmail.com

OxucuresbHasi pereHeparus — 9TO BBIKUAT KOKCOBBIX OTJIOKEHUI ¢ TOBEPXHOCTHU U TIOP 3€PHA
KHCJIOPO/JI-COJIepKAIIM Ta3oM. MareMaTudeckoe MoJIe/IMPOBaHue ABJIsIeTCs 3POEKTUBHBIM METO-
JIOM TTPOTHO3WPOBAHUS TEUEHUS ITPOTECCa PEreHePAITNN ¢ TOYKN 3peHNs] MaTepuaaIbHON BBHITOIBI 1
BPEMEHHBIX 3aTpaT.

B macrosmeit pabore mpejiaraercs MareMaTHYecKasd MOJIEb W UUC/AEHHBIH aJITOPUTM JIJIs
HCCJIeIOBAHUS PereHepaliy 3epHa KaTaau3aTopa IMUINHIPUICCKONR (DOPMBI.

Mojiesib cofIepKUT ypaBHEHHE MaTepHaAJbLHOTO U TEIJIOBOrO OajiaHca, a TaKyKe KHHETUIECKHe
ypaBHEHUs JIJIsi ONKMCAHWS XUMUYECKHMX IIpeBpalieHnii. BBujly BbICOKOII YKECTKOCTH I10JIyIeHHOI
MOJIEJI JIJI CHUYKEHUS BBIYUCIUTETLHON CJIO2KHOCTU aJITOPUTMa, BBITIOJTHEHO PacIIeIienne 1mo hu-
3UYECKUM ITPOIeccaM, YpaBHEHUS JIJIs ONTUCAHNS XUMUIECKUX PeaKIInil PellleHbl CelnaJan3npoBaH-
HBIMH METOJ/IaMU, OAJIAaHCOBbIE YPABHEHUS — MHTEIPO-UHTEPIOJIAIINOHHBIM METOIOM.

B pesyabrare MojempoBaHus MOJYIEHBI KAPTUHBI PACIIPEJIC/ICHIS TEMIIEpaTypbl U pearupy-
IOIIAX BEIIECTB 110 3€PHY KaTaJIn3aTopa.
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T'MBPUIHBIN METO/I, SPH-IDIC /IJIsI CYIIEPKOMIIBIOTEPHOT O
MOAEJINPOBAHNA JNMHAMUWUKU I'ASOZIVNCIIEPCHBIX CPE/JL C
PASHOMACIITABHBIMUA ITAPAMETPAMUN

O.I1. Crostrosekas ', B.B. I'puropses?, M.H. Tasernos!, T.B. Mapkesnosa®, B.B. Jlucumna?*, H.B.
Cupitankos®, T.A. CasBareepal

I Hnemumym eudpodunamuru um. M. A. Jlaspernmvesa CO PAH, Hosocubupck, Poccus,
2Kpvimcraa acmpodusuueckas obcepsamopus PAH, nem Haywnwiti, Baxwucapatickudi pation,
pecnyoaura Kpvim, Poccus
S Unemumym xamanusa um. I K. Bopeckosa CO PAH, Hosocubupcrk, Poccus
4 Hnemumym nedpmezaszosoti 2eonozuu u 2eofusuru um. A.A. Tpogumyxa CO PAH,
Hosocubupck, Poccus
 Inemumym, 6bucAumens ot mamemamury u mamemamueckoti 2eopusuru CO PAH,
Hosocubupck, Poccus

0.p.sklyar@gmail. com
st MosieIupoBanus Ha MAKPOYPOBHE JTMHAMUKH a30B3BECeil ¢ MOJIMINCIIEPCHBIMEI YaCTHIIAME

HeOOXOIMMO YMCJIEHHO peniaTh ypPaBHEHUs ra30MHAMUYECKOTO THIA C PEJaKCAIMOHHBIMU CJiara-
€MBIMH, OIMCHIBAIOIIUMHI IIepelady MMIIYJIbCa W SHEPIUHM OT rasa K JacTUIaM u HaobopotT. Jljs
YJIBTPAIUCIIEPCHBIX YaCTUIl BPEMsI CKOPOCTHON 1 TEILJIOBO# pelakcalun HaMHOTO KOpode, YeM Bpe-
MsI, Ha KOTOPOM PaccMaTpUBaeTcd JIMHAMUKA cpejbl. B 9ToM ciydae BpeMsl peslaKCalliil dBJIAeTCs
MaJIbIM IIapaMeTpoM 3ajadr, KOTOPBI JeaeT 3a/a9y *KEeCTKOil.

B pabore passur meron SPH-IDIC, ocHoBaHHBIII Ha JarpaH:kKeBOM MeTOJE THIPOINHAMUKA
crytaxkeHHbIx gactutl. [lorpemnocts SPH-IDIC npu ¢hukcupoBaHHBIX cUeT- HBIX TapaMeTpax CTpe-
MHUTCS K HYJIIO IPU OECKOHEYHO MAJIBIX U OECKOHEYHO OOJIBINNX BpEeMeHaX pejiakcaluu. Takue MeTo-
JIbI UMEIOT MPEUMYIIECTBO IIPU PEIICHUN KECTKUX 3aJ1ad, TaK KaK ITO3BOJIAIOT BHIOMPATDH CIETHDIE
rapaMeTpbl HE3aBUCUMO OT MaJibixX (pusndeckux napamerpon 3agadu. B SPH-IDIC Bce cuibr Kpo-
Me MexKdaszHoro obMeHa pacCIUTHIBAIOTCS ¢ MMOMOIIBIO MOIX0/Ia YaCTUIA-IacTHIA, a MexKba3HbIi
0OMEH PacCUYNTBHIBACTCS HESIBHO € UCIIOJIB30BAHUEM CETKH. DTO OIPeIessseT yCTONINBOCTh U ACHMII-
TOTUYECKHE CBOMCTBA METOJIA.

Paspaborana u Bepudwurmposana peanusaius SPH-IDIC mis momemmpoBaHmsT TpexMepHOi
JIMHAMUKY Ta30/UCIIEPCHBIX CPEJT Ha CYIIEPKOMITBIOTEPaX C PACIPE/IeIEHHON aMsIThIO U MallliHAX C
rpadpudecknMu yckopureasiMu. CXOIUMOCTh METOIa Ha TIQJIKIX PEIeHNIX N3y IaeTCsl ¢ TIOMOIIBIO
JINCIIEPCHOHHOI'O aHAJII3A.

IMPUMEHEHUE CYIIEPKOMIIBIOTEPHEIX TEXHOJIOTUN JIJIS
MOAEJINMPOBAHUNA PEATVPYIOIIINX TEYEHUN B MACIIITABE IIOP

B.B. I'puropees”, A.B. Cassun

Cesepo-Bocmounwiti dedeparvioiti ynusepcumem um. M. K. Ammocosa, dxymcrk, Poccus

v.v. grigorev@empl.s-vfu.ru
B pea/lbHbIX MHXKEHEPHBIX 3a/a9aX M3ydaeMble CJIydad IMOPUCTHIX CPeJl OOBITHO COCTOAT W3

CJIOYKHBIX MUKPOHEOHOPOHOCTEMN, ITO NPUBOIUT K BBHICOKUM BBIMUC/IUTE/ILHBIM 3aTpaTaM Ha Jie-
TaJIbHOE MOJICJIUPOBAHNE MUKPOCTPYKTYD. [I[puMepoB MOXKHO HpuBeCTH MHOTO: He(TIHON ILIACT,
MeMOpaHa (GUIBTPOB OUUCTKHU, KOMIIO3UTHBIE MATEPUAJIBI, CEPJIETHO-COCYIUCTAsT CUCTEMA U TaK J1a-
see. B Hacrosimee BpeMsi eCTh MHOTO aIlapaToB JJIsl Oy YeHIsT BU3YaJIM3aI[ii MHOTOMACIITTAOHBIX
nopucteix cper: XCT, FIB-SEM, snexkrpornas Ttomorpadus. OgHaKO, JIJIsT ONEHKN HEeOoIlpeIeeH-
HOCTEH CBA3aHHBIX C TEOMETPHEN U COCTABJIAIONMME TIOPUCTBIX CPeJl, TPEOYIOTCS MHOTOUNCICHHDIE
9KCIIEPUMEHTBI, YTO sBJISETCS BeCbMa JOPOI'MM U BpeMsA3aTpPaTHBIM mporieccoM. Co3tanme cuHTe-
TUYECKUX TMOPUCTBIX CPeJI, KOTOPhIE OTBEYAIOT BCEM CBOMCTBAM PEAJILHON TeOMeTpUH, MO3BOIAIOT
BBITIOJTHATh MHOIOKPATHOE MOJEJIMPOBAHUE B PA3JIMYHBIX ycaoBuax. lIpuBejsieno perenune Tpex-
MEpHO 3aJ[avu pearupyromiero moToka B MacIiTade Iop, ¢ IPUMEHEHUEM CYIIePKOMIILIOTEPHBIX
TEXHOJIOTHU{ JIJIsT OIEHKHU HEOIPeIe/IeHHOCTE CBA3aHHBIX ¢ MOP(dOI0rueil MOPUCThIX CTPYKTYP HA
CUHTETHIECKUX TTOPUCTBIX CPEJIax.
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[IPUMEHEHUE BEICOKOIIPOU3BOAUTEILHBIX BHIYNCJIEHUI B
OJHO TUAPOAMHAMUYECKOI MO/JIEJIN

P.M. Vzau6aes 12, 10.0. Bo6penesa?, .M. T'y6aitxymmmm'>

TVbumexuti 2ocydapemeernmuds nedmanot mexrnuveckuti yrusepcumem, Ydba, Poccus
) ) )
2 Unemumym negpmezumuu v kamanusa YOHUIL PAH, Yga, Poccus
ravil-11@mail.ru

B nacrosimee Bpems ujer mudpoBusalius B npoMbliieHHOCTH. Co31anne nudpoBbIX TBONHE-
KOB CTaJI0 IPUOPUTETOM MHOIUX HebTAHBIX KOMIaHuil. B Takumx 3a/a1ax TpedyroTcs BHICOKOIIPO-
U3BOJIUTEIbHBIE BBIYUC/IUTEILHBIE CUCTEMbI, YTOOBI MAKCUMAJIBLHO OBICTPO U TOYHO BOCIIPOM3BECTHU
BCe TIPOIECCHl TEXHUIECKOrO 00bekTa (Hamnpumep, HedTsiHON CKBayKuHbI). OJIHUM U3 3TAIOB CO-
3JIaHue JIBOMHUKA JTOOBIBAIONINI CKBaXKMHBI ABJIsieTcs pa3paboTka mudposoit mogesnn. ['uapojiu-
HAMHUYECKHEe MOJIEJIN OIHUCHIBAIOT MTPOIECCHI MPOUCXOIsIiie npu j1oobran HedTu. C yBeandeHnem
Pa3sMepHOCTH U YCIO0KHEHNEM THAPOINHAMITIECKAX Mo/Iesell YBeTMINBaIOTC TpeOOBaHN K Ollepa-
TUBHOI MAMSATH U IPOM3BOIUTEIHHOCTH BBIYUCIUTETLHBIX cucTeM. [lapasieabnas MHOrOIOTOTHAS
Bepcus Jj1s pabournX CTAHIINI TO3BOJISIET COKPATUTH BPEMs pacdeTa 3a CUeT UCIOIH30BAHNsT MHOTO-
SIJIEPHOCTH IIpoIieccopoB. B pabore paccmaTpuBaeTcs napaJuie/ibHas peaan3aliis MaTeMaTuIecKoi
Mojiesin JIByXdazHol (DUILTPAINN KUJIKOCTH B KOJJIEKTOPE TPENINHOBATO-TIOPOBOTO TUIIA B PaM-
KaX TUJIPOJMHAMUYIECKOTO HCCJIEJIOBaHUs Ha CKBaxKuHe. [[719 yCKOpeHHMsI pacdeToB UCIOJIb3YEeTCs
AJITOPUTM TIAPAJLIeJIbHOM ITPOrOHKH, aIAlITUPOBAHHBIN K jTaHHOl 3a/1ade. Ha ero ocHose mposejie-
Ha Cepusd PacdeToB, MOJTBEp:KIaomas 3PEGHEeKTUBHOCTD TPEIOKEHHON YUCTIEHHON TTPOTIeyPhl 1
ee napaJlIeJIbHON peain3alini.

YN CJIEHHOE MOAEJINMPOBAHUE CIITEKAHUNA SEPEH OKCUIA UTTPUNA
JI.1. TIpoxopos™!, d.B. Bazaiikuu', B.C. /lepepmuxon>?

! Hnemumym mamemamuxu um. C. JI. Coboaesa Cubupcrozo omdeaenus Poccutickoti axademuu
nayx, Hosocubupck, Poccus, im@math.nsc.ru
2 Unemumym kamasusa um. ' K. Bopeckosa Cubupckozo omdeserus Poccutickoti axademuu
nayx, Hosocubupck, Poccus, bic@catalysis.ru
3 Hosocubupckuti 2ocydapemeernviti ynusepcumem, Hosocubupex, Poccus

Texnosornst crieKaHms: MIUPOKO UCIIOIb3YeTCd B COBPEMEHHON MPOMBIIIJIEHHOCTH, TOCKOJIBKY
MTO3BOJISIET TIOJIyYIaTh MaTepuasbl C 3aJaHHBIMEU CcBoficTBamu. lcrmosb3oBaHme XUMUYIECKUX WJIN
PpU3MIECKUX TEXHUK JIJIT U3MEPEHUsT STUX CBOWCTB MOXKET OBITH COIPSAXKEHO C Pa3pyIlIeHueM HUC-
cJelyeMoro oopasiia, 9To BhI3BIBAET TPY/IHOCTH B OIEHKE dBOJIONNN IapamMeTpoB. KoMibioTepHoe
MOJIEJTUPOBAHUE TIPOIECCa CIIEKAHUS TIO3BOJIAET IIPEOJIOIETh 9TH CJA0YKHOCTH, & TaK:Ke CHU3UTH CTO-
UMOCTH UCCJICOBAHUSI.

MHuTepec K ClIeKaHUIO OKCUIa UTTPHUST BBI3BAH TEM, UTO OKCUJI UTTPUsT MOXKHO UCIIOIHE30BATH KAK
MOPUCTYIO OCHOBY B MaTepuaJjax IO/IBEeP:KEHHBIX BBICOKUM TeMIepaTypaM, TakK Kak OH 00Ja/iaeT
BBICOKOI T€PMUYIECKOi CTORKOCTBIO (TeMmeparypa tiasienus - 2430° C).

st MomenmpoBaHus CIIEKaHWsT UCIOJIB3YeTCs MeTol (ra30Boro mosisi. Mojeas onmcbiBaeTcs
ypapaernamu Kana-Xummnapma n Ajtena-Kana, /j1s1 KOTOPBIX TOCTPOEHA PA3HOCTHAST CXeMa, Ta-
pajutesim30oBaHHas ¢ ucnosab3oBanneM texnosjorun CUDA. Pazpaboran ajropuT™ OTC/Ie;KUBaHUS
OTJIEJIbHBIX 3€PEH, MO3BOJIAIONINN YMEHBIIUTD 3aTpaThl BIYUCIUTEIBLHBIX pecypcoB. IIpuBeaeHb
pe3yJIbTAaThl TPEXMEPHOI'O MOJIEINPOBAHUSI CIIEKAHUS 3€PEH OKCHU/Ia UTTPHUsI, UMEIOIIHNX KyOHMIeCcKY O
dopmy. [lokazaHno nameHeHune yaeabHOM ILIOMAAN 00pas3iia B IPOIECCe CIIEKAHUSI.

Pa6ora Bbinosinena nipu dpunancopoii mopaepkke PH® (rpant 21-71-20003).
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TPEXMEPHBIE MOJE/IA ATMOC®EPHOW IIUPKYJISIIAN C YYETOM
TOPOJICKOI 3ACTPOMKU. METOJIOJIOTUSI. BEPUOUKAIINS U
BAJINJIAIINST

J1.B. JIzama

Hnemumym 6esonachozo pazsumus amomnoti snepzemuku PAH, Mockea, Poccus

dvd@ibrae.ac.ru
Paspaborana u peannzoBaHa MOJEb TPEXMEPHON aTMOCHEPHON IUPKYIAIUNT BHYTPU TOPOJI-

cKoil 3acTpoitku. Mojesib BepuduiupoBana u BaJIHIMPOBaHa B MIIPOKOM JHalla30He aTMOC(EPHBIX
ycaoBuit. Moseb OTHOCHTCS K KJlacCy TaK Ha3blBA€MbBIX JIBYXCJIOMHBIX MoJiesieil. PacuerHble sueii-
KU T0/Ipa3/iesIdioTes Ha JBa THUIA: IPUIIOBEPXHOCTHBIE U HE IPUMBIKAIOIINE K TBEPIOI TOBEPXHO-
CTHU; C pa3HBIMU MeTOJuKaMu pacuéra TypOysientHoit quddysuun. [IposeseHo cpaBHenne MeTOTMK
U pe3y/IbTaTOB MOJIEIUPOBAHUS C OOIIEITPU3HAHHBIMU KOMMEPYECKIUMU U OTKPBITHIMU PACYETHBIMUI
kojamu. OCHOBHAs OCOOEHHOCTH Pa3pabOTaHHBIX AJTOPUTMOB B OTJIMYUM OT HUX 3aK/I0YAETCS B
BO3MOXKHOCTHU IPUMEHEHUS HE TOJIBKO IIPU HEUTPAabHON cTpaTuUKAIM aTMOC(Ephl, HO U IIPU
YCTOWYMBBIX W HEYCTOWYMBBLIX cTpaTndukanmusx. [IpoBeeHbl KoMYecTBEHHBIE OTEHKHN KavdecTBa
MOJICJINPOBAHNS IIyTEM CPABHEHUSA MOJICIBHBIX PE3YJILTATOB U SKCIICPIMCHTAIBHBIX JAHHBIX Ha OC-
HOBE CIENUAJIBHBIX CTATUCTAYCCKUX METPUK, PEKOMCHJIOBAHHBIX B MEXKJIYHAPOJIHBIX JOKYMEHTAX
JUUTsL MoJIesiell TIo0OHOTO 11eJIeBOr0 HA3HAYEHUS.

CXEMA KABAPE C VJIVUIIIEHHBIMU JNCIIEPCUOHHBIMUI
CBOIICTBAMMI

H.A. Adanacnes

Mocxoscxuti Tocydapemeennuiti Ynusepcumem um. M.B. Jlomonocosa, Mockea, Poccus

vmnaf@cs.msu.ru
Jltst onmcaHusi MHOIHMX COBPEMEHHBIX 3a/1a1 MATEeMaTHIECKON (PUBUKHU MCIIOJIB3YIOTCS CUCTEMBI

nuddepeHImabHbIX ypaBHeHuil runepbosmmaeckoro tumna. OJHUM U3 MIUPOKO TPUMEHSIEMBIX Me-
TOJOB perneHns Takux cucreM siBigerca cxema KABAPE. B kadectBe HemocTaTka JTaHHON CXEMBbI
MOKHO BBIJIEJIUTH CUJILHYIO aHOMAJbHYIO JIUCIIEPCUIO TIPpU cTpemjieHnn 4nces Kypanra K HYyJIO,
YTO MOXKET INPHUBECTH K 3HAYUTEIbHBIM HCKaXKeHUAM Tpoduiisa perienus. Panee OblLia mmosydena
YIIydIIeHHas CXeMa JJIs CUCTeM JIMHEWHBIX TuddepeHnnaabHbIX YPpaBHEHU THIIEPOOITIeCKOTO TH-
na. OcobeHHOCTh JIAHHOTO METOJIa 3aKJII0YACTCS B TOM, 9TO JIJIsd BLIYUC/ICHUS 3HAYCHUN HA HOBOM
BPEMEHHOM CJIO€ HEOOXOJMMO 3HATH MOJIHBIN HAOOp COOCTBEHHBIX BEKTOPOB MAaTPHUIILI CUCTEMBI,
[IOCTOSHHON B JIMHEHHOM ciiydae. B HesimHeiiHoM cilydae MaTpHUIla B TAKUX CHCTEMaX 3aBUCUMA OT
[epEMEHHBIX 3a/1a491, & €€ COOCTBEHHbIE 3HAUYEHUs B PA3HOCTHOM CJIydae CTAHOBATCH JIOKAJIHLHBIMU
JUTIS KazKJIONH d9eiKN CeTKH, YTO MOYKET IMPUBOJAUTH K MaJbIM umncjiaM KypanTa B 00JacTIX Hau-
OoJiee MeJIJIEHHO IepeHocAIrXcd nuBapuanToB Pumana. B nannoit pabore Oblia mojiydena cxema
KABAPE c ynydrieHHbiME JIUCTIEPCHOHHBIMU CBOMCTBAME JIJIsT CHCTEM HEJIMHEHHBIX YpPaBHEHUI.
Hosas cxema ObLta poTecTUpoBaHa Ha 3aJ/ladax O PACIPOCTPAHEHUN aKyCTUYECKUX BO3MYIIEHUI
1 3ajade o0 pacnaje paspbiBa. Pe3yabTaThl pacdeToB IPOJEMOHCTPUPOBAJIN, YTO JIUCIIEPCUOHHAS
ommnOKa yIydIIeHHONH CXeMbl 3HAYNTeIbHO MeHbIe, 9eM y crangapTHoii cxembl KABAPE.

METO/JIbI OBPABOTKI OBBEMHBIX MEJIUITMHCKIIX N30BPAKEHIN
C.B. Kpimsirerpos™, T.A. Ilnaronosa, E.A. Ilerpos

000 «Catibepuss, HAxymcx, Poccus
info@sciberia.io
[HudpoBuzarms 1HarHoCTUYEeCKUX MIPOIECCOB B PAJINOJIOTUHU 3aPOJINIa HAIIPABJIEHNE KOMITBIO-
TepHOil 00paboTKN MeUIMHCKUX n3o0paxkenuit. Ha Texymmit MoMeHT pa3zpaboTaHbl CUCTEMBI T10-
Moty npunsaTs Bpadebubix pertennii (CIIIIBP) na 6a3e MerooB MarmmuzOro 00yvuenus. B gacr-
HOCTH, METOJbI KOMIIBIOTEPHOTO 3PEHUs JJIsi IJIOCKUX MEJIUIUHCKUX U300PaKeHuil, KOTOPbIE I0-
Kazajm cebst Kak ycroituusbie u 3¢ dexkTuBHbie. HempepbiBHOE COBEPIIEHCTBOBAHUE Pa/IUOJIOTTYe-
CKOTO 000OpYI0BaHUs IMPUBOJAAT K YJIYUIIEHUIO KadecTBa MeIUIMHCKUX m3o00pakeHuii. [logobHoe
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yJIydIlleHre MOBbImaeT mporaocrudeckyio reanocts CIIIIBP. @opmar meaunuHCKUX #ccie oBa-
HIIT coxpaHseT o0beMHOe n300paskeHne B BHUJIE psijia IJIOCKUX N300parKeHMHil.

Jlns1 pertenns psija MEIUIMHCKEX 3aad TpedyeTcs OJHOMOMEHTHas o0pabOTKa cepuu m300-
pakeHuil B IIpejiesiaX OJHOI'O HCCJIEIOBAaHUs, UYTO HEBO3MOXKHO Pean30BaTh Ha IIE€PCOHAJIBHOM
KOMIIbIOTEPE C COXPaHEHHEM pPa3pClIcHUA HNCXOJHBIX I/I3O6pa}KeHI/IIU/I B BuAy OI'PaAaHMYEHHOCTU Ila-
MATU YCTPOMCTB JIJIA MACCUBHO-TIAPAJLIC/IbHBIX BhIUYUC/ICHU. PerienrnemM JaHHol poOJIeMbl dBJIs-
€TCsA UCIIOJIb30BaHne KJIaCTECPHBIX BI)I‘H/IC.HGHI/IIL/'I7 9TO IIO3BOJILAET O6pa6aTbIBaTb O6'beMHbIe MEeIUIINH-
CcKMe M300pakeHusi 06e3 IMOTepu KadecTBa W PACHIAPAET CIEKTDP JUAIHOCTUYIECKHX BO3MOXKHOCTe

CIIIIBP.

HEIMAPOCTATUYEKAA MOJEJIb JINMHAMUIKNI .
CTPATNOUNIINPOBAHHOU >KNJTKOCTU CO CBOBOJHOU
ITOBEPXHOCTBIO CABARET-NH

B.M. Tonosusnuu®, IT.A. Maiiopos'?, ITlerp A. Maitopos™ 2, A.B. Comnosbes?

IBMK MI'Y Kagedpa evuuciumenvror memodos, Mocksa, Poccus
UBPAS PAH, Mocksa, Poccus

Mojiesin TMHAMUKY KUJIKOCTH JISJIATCA Ha JIBa KJIacca: TMIPOCTaTHIECKHe, IIPe/IIo/iaraioniue
JIOIYCTUMOCTD ITPeHeOpPeKeHNsT BEPTUKAJILHBIM YCKOPEHHEM B YPABHEHUM JIBUKCHUS, U HETHIPO-
CTATUIECKNe, YINTHIBAIONINE JaHHOE YCKOpeHne. BansganemM HernIpocTaTuaecKoro (pakTopa Helb-
34 nIpeHebpevb PN CPABHUMBIX BEPTUKAJIBHBIX W TOPU30HTAIBHBIX pa3Mepax pacueéTHoil 0bJracTy,
a TaK yKe B 00JIACTAX C BBIPAYKEHHBIMH dJIEMEHTAMU pesibeda.

[Tpencrasiena H6anancHo-xapakTepuctuieckas anciaernas mojaesb CABARET-NH s pere-
HUsl YPaBHEHUN JUHAMUKNA CTPATU(MUIIMPOBAHHON YKUJIKOCTU B HETHIPOCTATUIECKOM IMIPHUOJIHKE-
HUU.

Cucrema ypaBHEHUN JTUHAMUKI HECXKUMAEMO KITKOCTU CO CBODOOTHOMN TOBEPXHOCTHIO TTPUBO-
JIUT K HEOOXOJIMMOCTH Pa3penieHns JIUIITHIECKOr0 YpaBHEHU, YTO TPeOyeT OOJILIITUX BBIYUC/IH-
TEJBHBIX PECYPCOB U 3aTPYIHAET MPOIECC PaclapaslyIeIMBaHAs Ha BBIYUCIUTEIBHBIX KOMILJIEKCAX
C pacmpejieleHHON naMAThio. B pabore mcrmonb3yercss aJbTePHATUBHBIN IOJIXOJ - ruiepboIn3a-
A MCXOJHOM CHCTEeMbl YpaBHEHHil, OCYIIECTBIIsIeMas 3a CUeT BBEJCHUS UCKYCCTBEHHON c/1aboit
C2KMMaEeMOCTH.

st yBe/ImveHust pacIeTHOTO Iara 1o BpeMeH! UCTIOIb3yeTcs sBHO-HesiBHast cxema CABARET:
sIBHAs BJIOJIb TOPU30HTAJILHBIX HAITPABJIECHUN U HeABHAS 110 BEPTUKAJIN. BBeeHHas HesIBHOCTb pa3-
pemtaerca mporoukoii. [losrydennass cxema octaeTcss CpaBHUMOM 110 CJIOXKHOCTH C sIBHOI cxemoit

CABARET.
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