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Kondepennus npoiiaer 6-7 nexadps 2012 roaa B 31anuu [Ipesunuyma Poccuiickoit
aKaJleMHUU HayK 1o ajapecy r. Mocksa, JleHuHckuii npocnekT, 32 A.

Kondepennus mocBsimmena TEXHOJIOTHIM OOJaYHBIX BBIYMCICHUN M MX TMTPUMEHEHHUIO
B 00pa30BaHMM, HAYKE U TPOMBIIIUIEHHOCTH.

TEMATUKA KOHOEPEHIINAU

Temartuka koH(epeHIINHN BKIIOYAET, HO HE OTPAHUYUBACTCS CICAYIOUUMH CEKIUSIMU:

e TexHonornueckue OCOOCHHOCTH (ammaparypa, 0€30MacHOCTb, BUPTyalIU3alus U
1p.) 001auHBIX UHDPACTPYKTYD;

e BEICOKOIIPOU3BOIUTENIBHBIE BRIYUCIICHUS U CEPBUCHI B 00JIaKax;

e XpaHeHue u 00paboTKa CBEpXOOJIBILIMX MACCUBOB JaHHBIX B 00JIaKaX;

e OnbIT co3MaHMS U Pa3BUTHUS MIPEIMETHO-OPHEHTUPOBaHHBIX Web-nmaboparopuii Ha

0a3ze 00auHBIX cepBUCOB TexHoornueckoi miardopme UniHUB (http://unihub.ru).

B pamkax KoH(epeHUMH NpPOHAET pacIIUpPEeHHbI ceMuHap coolmecTtBa Web-
7a00paTOpuM MEXaHWKU CIUIONIHOM Cpelbl, CO3JJaHHOM B paMKax TEXHOJIOTHYECKOU
mwiatpopmbl  UniHUB mporpammer  "YHuBepcuTeTckuil kiactep" ¢ HCIOIb30BAaHUEM
oTKpbIThIX TakeToB OpenFOAM, SALOME, ParaView, DAKOTA.

PET'NCTPALIUS

Peructpamus npoBonutcs depes e-mail. [l ydyactuss B KOHGEpPEHIIMU TMPUIILINTE,
noxanyiicra, Ha azapec: unicluster@ispras.ru cnegyromyo uHbopmanuio: DUO,
OpraHu3alysl, T0JKHOCTh, KOHTAKTHBIA TenedoH. Te3nuchl JoKiana MOXKHO HPUIIOKHUTh K
MMCHbMY C PETUCTPAIIMOHHON WH(MOpMAaIUEH.

BAKHBIE JATDBI

LIpuem me3ucos: no 30 Hos16pst 2012 roga (BkirOUMTENHHO 710 24:00 MO MOCKOBCKOMY

BPEMEHHU).

Pecucmpayusa yuacmuuxos: no 30 HosiOpst 2012 roga (BxmtouutenbHO 10 24:00 mo

MOCKOBCKOMY BPEMEHH ).

Hamvl nposedenue kongepenyuu. 6-7 nexadps 2012 rona.



http://unihub.ru/

KOHTAKTDbI

Bonpockl 10 TpoBeleHUI0 KOH(EpPEHIIMM BbI MOXETE 3ajaBaTh dYepe3 e-mail:
unicluster@ispras.ru win 1o tenaedony +7(926) 358-66-55, konraktHoe nuio: CamoBapoB
Onner.

[TonpoGHas uHpOpMAaIUs IpeICTaBICHA Ha CTpaHUIIe IPOTPaMMBI

«YHuBepcuterckuid kiaacrepy»: http://www.unicluster.ru/

MMPOI'PAMMA "YHUBEPCUTETCKHM KJACTEP" - UHTETPALIUSI
HAYKU, OBPA3OBAHUA U TIPOMBIINJIEHHOCTHU HA OCHOBE
OBJIAUHBIX TEXHOJIOI' M.

[Iporpamma «YHHUBEpCUTETCKUI KiacTep» Oblia yupexxaeHa 4 ceHtsaops 2008 ropa
Poccuiickoii akanemuerr Hayk (MCII PAH u MCI| PAH), kommanusmu HP u 3A0
«Cunreppa», nodepHedt kommanuu OAO «Meradon». IIporpamma HampaBiieHa Ha
NOBBILICHUE YPOBHS MCIIONb30BaHUS MEPENOBBIX HHPOPMAILMOHHBIX TEXHOJOTUH, B
MEPBYI0 OYEpEb BBICOKONPOU3BOJUTEIbHBIX BBIYMCICHHM, XpaHeHHME M 00paboTka
CBEepXOO0JBIINX MACCUBOB JAaHHBIX, B 00pa30BATEIbHON M HAYyYHO-HUCCIEAOBATEIbCKOU
NEATENBHOCTH, a TAKKE HA UX YCKOPEHHOE BHEIPEHUE B TPOMBILIUICHHOCTb.

C »oTOM wmenpo, B paMKax MpOrpaMMbl «YHUBEPCUTETCKHI KJlacTepy» co3daHa
texHosornueckas rmiargopma UniHUB, kotopas B KOHILEMIIMK OOJAYHBIX BBIUYHCIICHUI
o0OecrieunBaeT MHTErpali0 HayKH, 0Opa30BaHUs U MPOMBIIUIEHHOCTH Ha COBPEMEHHOM
TEXHOJIOTUYeCKOM  ypoBHe. Texnonormueckas tuargopmel  UniHUB  no3Bosser
MCCJIEIOBATEN0, HWCIONb3ysl "TOHKMM KIMEHT', 4Yepe3 OJMH u3 CTaHaapTHbix Web-
Opay3epoB:

® TOJYYUTh I0CTyI K pecypcam (BBICOKOMIPOU3BOIUTENHHbBIE
CUCTEMBbI, XpaHWIUIIA, (pepMbl BU3yalu3allld, HEHTPbl KOMIETCHLIUUA U Jp.),
KaK K cepBHCaM BceX ypoBHeW oT uHppacTtpyktypsl (laaS) no ypoBHs
npwiokeHul (SaaS) B TOM uYuciae K HHTEPAKTUBHBIM, TIpaduyecKuM

HHCTPYMCHTAaM MOJICITIMPOBAHUAA,


http://www.unicluster.ru/events/calendar/136-announcement-conference-cloud-computing-2012.html
http://unicluster.ru/
http://www.ispras.ru/ru/hpc-center/activity.php
http://www.jscc.ru/unicluster.shtml
http://h41110.www4.hp.com/government/cluster/?jumpid=reg_r1002_ruru_c-001_title_r0001
http://www.synterra.ru/presscentre/news/807/
http://www.synterra.ru/presscentre/news/807/

e 00ecrneuynTbh BO3MOKHOCTh BU3YaJU3alMKU PE3YJIbTATOB PACUETOB, B TOM YHUCIIE
B UHTEPAKTUBHOM PEKHUME;

® TPEJOCTaBUTh BO3MOXKHOCTh KOJUIGKTMBHOW pa3padOTKH MPHIOKEHUNH WU
CO3/1aHME HA UX OCHOBE COOCTBEHHBIX «00JaUYHBIX» CEPBHCOB B paMKax €IUHOM
1aTHOPMBI;

e monyyuTh HHCTpyMeHTHI Web 2.0 nmns sddexTuBHONW mnepenaund 3HAHHMA
(;rexkmu, ceMuHapbl, JabopaTopHbIE Pa0dOTHI) W TOMJICPKKH ICATEIHHOCTU
coo011ecTB Mpo(hecCUOHATIOB B CHEIMATM3UPOBAHHBIX 00JIaCTsIX

[lepeuncnennsie Bo3moxHOcTH miatdhopmbl UniHUB mo3BonsoT ucciemoBaTensiM
CO37aBaTh MPEIMETHO-OPUEHTUPOBAHHBIE HAyYHO-TIPOU3BOACTBEHHbIE Web naboparopun
B KOHKDPETHBIX O0OJIaCTsIX, KOTOpble B CBOIO OdYepeAb OOECHeYMBAIOT BO3MOKHOCTb
COBMECTHBIX HCCIICJIOBaHMM, pa3pabOTOK M OOy4eHus B paMmkKax MnpodhecCuoHaIbHO-
OPUEHTHPOBAHHOM COLMAIILHOM CPEJIbI.

OYHKIIMOHUPOBAHUE OO0JIAYHBIX CEPBHUCOB, Pa3BEPHYTHIX Ha 0a3e TEXHOJOTUYECKOU
miatgopmbl UniHUB, ob6ecneunBator LIO/I-b1  yupeauTeneid, mapTHEPOB U YYACTHUKOB
nporpammbl. Otu [{OJ] oObenunsier cereBas MHPPACTPYKTypa, OpraHU30BaHHAs Ha 0aze
OTNITOBOJIOKOHHBIX KaHAJIOB KopriopaTuBHOU cetu Poccuiickolt akanemun Hayk (RASNET)
1 ONTOBOJIOKOHHBIX KaHajoB omneparopa cBsizu 3A0 «CuHTeppay, AJoUepHEW KOMITAaHUU
OAO «Meradon», KoTOpble 00eceunBarOT 0OMeH TpahUKOM HAy4IHO-00pa30BaTEIbHBIX
ceTel, 00beTMHEHHBIX MAaruCTPaIbHBIMKU KaHATaMH CBSI3H.

B nHacTosiiiee Bpemsi BBIYUCIHUTENBHBIE PECypChl (KiacTepsl, (ailioBble XpaHUIUIIA,
dhepmbl Bu3yanuzamuu u np.) npeacrasistorces MCL[ PAH, UCIT PAH, BI] PAH apyrumu
yUYpeauTeNsiMU, MapTHEPAMU U YYAaCTHUKAMH MPOTPaMMBbl «Y HUBEPCUTETCKUI KiacTepy.
O6opynoBaHue, COCTABISIONIEE SAPO TEXHOJOTHYECKOH maTdopmbl pasmerniaercs B [{O/]
BIl PAH, B pamkax KOTOporo oOecneduBaeTCsi MPOMBIIUICHHBI  YpPOBEHb
(GYHKIIMOHUPOBAHUS anraparypbl: OecniepeboitHOE ANEKTPONUTAHHUE,
KOHUITMOHUPOBAHKE, MACIITAOUPYEMBIN JOCTYI K KaHamaM VHTepHET u ApyruM KaHajiaM

CBA3HU, CUCTEMY 0€e30IMaCHOCTH U Ip.


http://www.osp.ru/os/2010/05/13003059/
http://www.osp.ru/os/2010/05/13003059/

Crek mporpaMMHOTO OOEeCHedYeHHUs] TEXHOJIOTMYECKOW miaTdopMbl Oa3upyeTcsi Ha
CBOOOJTHOM MPOrPaMMHOM 0OECIEUeHUH C OTKPBITHIMU, CTAHAAPTHBIMU UHTEpPeiicamu.

Apxurekrypa miatdpopmel UniHUB macmrabupyema Ha BcexX ypOBHSIX OT YPOBHS
anmnapaTtypbl 0 YPOBHS MPEIOCTaBICHHUS CEPBHCOB MU IMO3BOJSIET 00ECIEYUTh YpPOBEHb
JOCTYITHOCTH, BIUIOTH 10 24/7.

Ha 0a3e TexHomormueckoi miaTdopMbl MPOrpaMMbl «YHUBEPCUTETCKUN KIacTepy
UniHUB co3nanbl 1 pa3BuUBaIOTCA NpeIMETHO-OpueHTHpoBaHHbIe Web-nabopaTtopuu.
Opnoit W3 Takux JsabopaTopuil ABISETCS JadbOpaTOpHsi pELICHUS 3a/Jad MEXaHUKH
crutomHOW cpeasl UniCFD, koTopast HampaBlieHa Ha pEIICHUE MPAKTUYCCKHX, HAyYHO-
UCCIIEIOBATEIbCKUX U 00pa3oBaTeNbHBIX 3aJad MEXaHUKU CIUIOIIHOM cpeabl ¢
ucnoiab30BaHueM OTKPBITHIX MakeToB SALOME, OpenFOAM, ParaView, DAKOTA. B
pamkax Web maGopaTopuu monb3oBaTenud MOTYT MOJIYYUTh JOCTYH K IE€PEUHCICHHBIM
MaKeTaM, Kak K OOJIauHbIM CepBHCaM 4epe3 "TOHKUU KIueHT", ucnoiab3ys Web-Opaysep.
Pa3paboranbl OTKpbITEIE yueOHBbIE Kypchl: «OCHOBBI UCHOIb30BaHUS CBOOOIHBIX MAKETOB
SALOME, OpenFOAM wu ParaView npu pemenun 3amady MCCy», «PacmupeHHbie
Bo3MOKHOCTH maketa OpenFOAM»y, «llaker OpenFOAM — miardopma mis pemieHus
3agay MCCy, KOTOpbIe COAEp>KaT UHTEPAKTUBHBIC JIEKIUU U JIabopaTOpHbIE pabOTHI IO
KOTOPBIM ~ MOTYT TPOBOJUTCA Yy4Y€OHBIE 3aHATHS HEMOCPEACTBEHHO B paMKaM
TEXHOJIOTHYECKOU MmIaTdopmbl, yepe3 cranaapTHeidi Web Opaysep. Tak Ha kadenpax OH2,
CM2, CM3 MI'TY wum. H.D.baymana cepsucsi Web-nabopaTopuu UCHOJNB3YIHOTCS IS
MIPOBEICHMS] IUCTAHLIMOHHBIX Ja0OpPaTOPHBIX PadoT.

Hpyroit Web naGopaTopuei, co3gaHHOW B paMKaX TEXHOJOTHYECKOW ILIaTPOPMBI
UniHUB, sBnsieTcst naboparopusi perieHus 3aa4 aHajan3a T€oJaHHbIX C UCIOJIb30BaHUEM
reonHdopmannonneix Texnosoruit UniGIS. B pamkax nanHoit Web-nmaboparopuu
MIOJIB30BATENIM MOTYT MOJYYHUTh JTOCTYIN K OTKPBITBIM IMakeTaM Kak K cepBucaMm: QGrass GIS
(OTKpBITHIM MakeT aHaidu3a reojanHbix), Quantum GIS (oTkpeiTas reomHdopMalioOHHAs
maTdopma).

B nactosimee Bpemsi BemyTcst paboThl 1o co3ganuio Web mabopaTopun TEXHOJIOTHIA

CUCTEMHOTO TmporpammupoBaHus. JlanHas nabopaTopus HamnpaBlieHa Ha peIIeHUe


https://unihub.ru/groups/opencfd/wiki
https://www.unihub.ru/groups/gislab
https://www.unihub.ru/groups/avalanche
https://www.unihub.ru/groups/avalanche
https://www.unihub.ru/groups/avalanche

NPAKTUYECKUX,  HAYYHO-HCCIIEIOBATEIbCKUX M o0Opa3oBaTelIbHBIX  3alady IO
UCIIOJIb30BAaHUIO TEXHOJIOTUM CUCTEMHOIO MPOTPaMMHUPOBAHUS: aHAIU3 MPOTrpaMM Ui
BBISIBIICHUS YSI3BUMOCTEM W KPUTHYECKUX OIMMOOK, XpaHeHWEe W o0paboTka  CBepx
OOJIBIIIMX MACCHUBOB JIAHHBIX, BUPTyaJIU3alUsl BHICOKOIPOU3BOAUTEIbHBIX BHIYUCICHUN U
ap. B pamkax naHHOW J1abopaTOpUM HHTETPUPOBAH MMAKET AMHAMHYECKOTO aHalu3a
nporpamm Avalanche, pazpaborannsiii B UCIT PAH x kxoTopomy obecrieunBaeTCsi TOCTYII
KaK K CepBUCY B KOHIEMIIMU 00JIayHbIX BbluKciieHui yepe3 naket Eclipse. s pemenus
3aJa4  XpaHeHHs U 00pabOTKM OOJBIIMX MACCHUBOB JIAHHBIX CO3JaH CTEHHA C
UCIIOJIb30BaHUEM OTKpbITOM cuctembl Hadoop Ha 6aze kKoTopoi mpenocTaBisieTcs rpymmna
cepBUCOB ypoBHs Tiatgopmsl (PaaS).

B pamkax mporpaMmsl "YHUBEPCUTETCKHM KiacTep' OCYLIECTBIAIOTCS COBMECTHBIE
MpoeKThl ¢ yuyacTHuKamu u3 crpad CHI', a tak e Benymumu 3apyOe’KHBIMU HayYHBIMU
neHtpamMu. OIHMM M3 HANpaBJCHUN TAKOTrO COTPYIHHUYECTBA CTajld MCCIEIOBAaHUSA B
pamkax MexayHapoaHoro npoekra Open Cirrus (cm. Pucynok 1).

[Tpoext OpenCirrus O6bu1 ocHoBaH kommnanusmu HP, Intel u Yahoo, mpu yuactum
HanuonansHoro mnpasutenbcTBeHHOro HaydHoro ¢(ouga CIIA, YHuepcutera mirara
Nnmunotic B VYpbana Illamneitn, MwuHuctepctBa pa3BUTUS  KOMIBIOTEPHBIX
komMmyHuKanui Cunramnypa, Texnonornueckoro uHctutryta Kapncpys. Llenbro mpoekta
OpenCirrus sBIsieTCA CO3/IaHUE OTKPBITOTO MCIBITATENILHOIO CTEHAA Ha 0aze denepanuu
reorpaduyecKd pacrpeesieHHbIX IEHTPOB O0OpaOOTKM JaHHBIX, KOTOPBIM MpHU3BaH
MOACPKATh pa3pabOTUYMKOB, KaK MPUKIAJAHBIX, TAK U CUCTEMHBIX MTPOTPAMMHBIX CPEJICTB
B HOBOW MHHOBAIIMOHHOMN 00J1aCTH «00JaYHBIX BBIYHMCIICHUI». B paMkax JaHHOTO MpoeKTa
OTKPBITBIA ~ WCIBITATEIBHBIA ~ CTE€HJ  pacCMaTpUBaeTCsl KaKk  Ba)KHEHINAs  YacTb,
obecrnieunBaroIias MpoABMKEHNE, PAa3BUTHE U BHEJAPECHHUE TAHHBIX TEXHOJIOTHH.

Poccuiickast AkageMus HaykK, cTana nepBoil B Boctounoii EBpone u ceqpmoii B Mupe
OopraHu3alvei, TPUCOEAUHUBIICICS B KauecTBe I1eHTpa komnereHuuu (Centre of
Excellence) k mpoekty OpenCirrus.

PesynpTaTom ydacTtusi B MexayHapogHoMm mpoekte OpenCirrus cTan co3/IaHHBIN Ha

0a3e BBIUMCIUTEIBHON HHPpacTpykTyphbl Ilporpammbl «YHUBEPCUTETCKUN KIIACTEP»


https://opencirrus.org/
http://www.computer.org/portal/web/computingnow/0410/whatsnew/computer-r
http://www.computer.org/portal/web/computingnow/0410/whatsnew/computer-r
http://www.computer.org/portal/web/computingnow/0410/whatsnew/computer-r

UCIIBITATENIbHBIN CTEHJ] C UCIIOJIb30BAHUEM KOTOPOTO BEAYTCA MCCIIEOBAHUS 110 CO3JJaHUIO
o0OsauHbIX cepBUCOB ypoBHs ammapatypbl (Physical Resource Set - ammaparypa kak
CEPBUC), unppactpykrypsl  (Elastic Compute - uHbpacTpykTypa Kak cepBUC) H
wiargopmel (Distributed File System - muiargopma kak cepBuc).

B pamkax mnporpamMmbl «YHUBEPCUTETCKHM KJIACTE€p» HA IIOCTOSHHOW OCHOBE
MPOBOAMUTCA €XKEroJIHasi, MEXIyHaponHas KoH(pepeHuus «OO0nayHble BBIYUCICHUS.

Oo6pazoBanue. Mccnenosanus. Pazpabotkay.

——77 7/ T
AL
. // o Gecmy KX '~ RAS
Yahoo! iy Intel ETRI
MIMOS k- 1p

Pucynok 1. @edepayus ceozpaguuecku pacnpedenennvix I[O/] na 6aze uenmpoes
xkomnemenuyuu npoekma OpenCirrus. HP — HP Labs (CILA); Yahoo! — komnanusn
Yahoo! (CIIIA); UIUC - Hanunouckuit ynusepcumem ¢ Ypoane u Illamnenne (CIIIA);
Intel - Intel Research (CIIIA);CMU - Ynusepcumem Kapnezu—Mennon (CIIIA); KIT -
Texnonozuueckozo uncmumyma ¢ Kapacpys (I'epmanusn); RAS - Poccuiickas
axkademus nayk (Poccusn); MIMOS — Texnonozuueckuii napk Manaiizuu (Manaiizuu);
IDA - Munucmepcmeo pazeumus komnstomepnvlx kommynukauuit (Cunzanyp); ETRI -
Hccnedosamenvckozo uncmumyma 31eKmMpoOHUKU U menekommynukayuii (FOscnasn
Kopes)

Kondepenius mocpsiieHa TEXHOJOTHSIM  "OOJa4yHBIX  BBIYMCICHUH" U UX

NPUMEHEHHI0O B OOpa30BaHMM, HAyKe M MPOMBIIUIEHHOCTH. B pamkax KoH(pepeHUIuu
MIPOBOAUTCS PACUIMPEHHBIN CEMHUHAp MO akTyalbHbIM TeMaTtukaM. B 2011 roay B Mockae,
B pamMkax KoH(epeHuun «O6naunble BbuncieHus. OOpazoBanue. lccnenoBanus.

PazpaboTka» nporen MexxyHapoaHblid caMMmuT rpoekta OpenCirus.


http://www.osp.ru/os/2011/05/13009425/
http://www.unicluster.ru/events/conferences.html.
http://www.unicluster.ru/events/conferences.html.
http://www.unicluster.ru/events/conferences.html.
http://www.unicluster.ru/events/32-report-conference-cloud-computing-2011.html
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Pucynok 2. I'eocpagpus Poccuiickozo ceecmenma npozpammol « YHueepcumemcKuil
Knacmepy

B nactosimee Bpems k [lporpamme yxxe npucoenuHunock oonee 70 yHUBEPCUTETOB U
HayuHblX opranu3anuii ot Cankrt-IlerepOypra no BrnagumBoctoka (cMm. Pucynok 2).
CepBucamu Web maGopatopuii, CO3MaHHBIX Ha 0a3e TEXHOJOTHYECKOW IIAT(HOPMBI
UniHUB JUISL  peIlIeHWs CBOMX HAYYHO-TEXHMUYECKHX, OOpa3oBaTeNbHBIX U
IIPOM3BOJACTBEHHBIX 3aJad Moib3yeTcss okoio 500 wuccienoBareneil MpeacTaBIISIONINE
cnenyromue opranmzauun: HTL[ um. A. JTrvonexkun, HUAY «MUDN», UIIXD PAH, HUIL]
“KypuatoBckuii uactutryr’, MI'TY um. H.O. baymana, PKK “Oueprusa”, Tomckuii 'Y,
MI'Y um. JlomoHocoBa, Bonrorpaackuii texuudeckuii I'Y, AK “Pyoun”, Kommanus
“Ilmrombepxe”, Camapckuii aspoxocmudeckuii I'Y , Hewlett-Packard , Tlepmckuii T'Y
OI'VII THI “Hentp Kenaema” , KOMU BHIL PAH PCO-Ananns, HUU®U, CIIGI'TIY
“INonmutex” , MI'VAT , Cankr-nierepOyprckuit I'Y , MI'Y um. H.I1.Orapesa, FHOxHo-
VYpansckuit I'Y , BI'TY “Boenmex” , ®I'VII «['HL[ PO — ®ON», CIIBI'MTY,
Kemeposckuit I'Y, University of Bergen, JlatBuiickuii I'Y, Caunkr-IlerepOyprckuii
[TonmurexHuyeckuidi  YHUBEPCUTET,  AJNITAUCKUKA  TOCYHAPCTBEHHBIA  TEXHUYECKUU
yauBepcuter uM. WM.M. [lomsynoBa, VYdumckuit Heprsnoit texnumueckuit I'Y, OAO

“HUKUIT”, 3A0 ‘OIIK ‘Tpancl'uapollpoexr’, KOMUN BHI[ PAH, 3A0 HTILI quamnpowm,



NUTMO wum. JlbikoBa, Bonarorpanckuii texuudyeckui 'Y, MockoBckuii I'Y nu3zaitHa u
texHonorud, OI'YII IIDHKU — HUMCK, HWHCTUTYT MEXaHUKH CIUTOIIHBIX cpen YpO
PAH, OOO “HIIO “MocroBux”, UTIMex PAH u np.

[laptHepamu mnporpammbl  sBistoTcst Microsoft, Intel, ®I'VII «HUudopmukay,
N3IaTEIILCTBO "OTKpBITHIC CHCTEMBI", BrrauciaurenbHbIN LEHTP

uM. A. A. Jlopogaurieiaa PAH, NVIDIA, Accommanmst «OtedectBeHHbIN CodTy.
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8:30 YTpennuii yaii-kode, perucTpaius y4acTHUKOB KOH(epeHIIun

9:00 [IpuBeTCTBEHHOE CIOBO YUpPEAUTENCH U MMAPTHEPOB MPOTPAMMBI « Y HUBEPCUTETCKUN
KJIaCTep»

9:40 Dr. Henrik Rusche, WIKKI Gesellschaft fiir numerische Kontinuumsmechanik mbH
«Recent developments in OpenEOAM»

10:20 Camosapos O.U., u.c., UCII PAH
«UniHUB - TexHojornyeckasi miargopmMa HHTErpalMi HAYKH, 00pa30BaHus |
MPOMBINLIEHHOCTH . JICMOHCTpALKS KIIFOYEBBIX BO3MOXKHOCTEH paboThI I1aTHOPMEI

11:00 Yaii-xkode

11:20 lan Buck, General Manager, GPU Computing, NVIDIA
«Apxurektypa rpa¢udeckux npoueccopoB CUDA: npouwioe, HacTosiiee u
oynyuiee»

11:40 Anekcanp lllymunuH, MeHeKep o npoaykram, Hewlett-Packard
«HoBbIi B3I HA MaclITA0UpPyeMble BBIYUCJIUTEIbHbIE pecypchl oT HP»

12:00 [llernoB I'.A., n.1.H., nouent, MI'TY um. H.D. baymana
«OnbIT Mcnoab3oBanus maaTgopmbl UniHUB B yueOHOM niponecce kadeapbl
«Arpoxkocmuueckue cucreMpy MI'TY um. H.D. baymanay

12:20 3arymenssiii 4.B., k.¢.-M.H., c.H.c., UHCcTUTYT nipobiieM Mexanuku PAH
«HUcnosab3oBanue TexHoJornvyeckoi miargopmsl UniHUB B pacueTrax TOHKOi#
CTPYKTYPBI CTPATH(UIMPOBAHHBIX TeYeHHIi HA 0a3€ OTKPBITHIX MAKETOB)

12:40 Cubrarynnun U.H., HUM mexanuku MI'Y, Ctpuxak C.B., MI'TY um. H.O. baymana
«B03MO0KHOCTH OTKPBITBIX MAKETOB JIJIfl PellleHUs] HeJIMHENHbIX 32124
THAPOAMHAMHYECKON YCTOMYMBOCTH»

13:00 Ob6en

13:40 Momnakos A.B., UCIT PAH
«Ocodennoctu peanuzannu MyJjabTu GPU Bepcun OpenFOAM»

14:00 Agerucsn A.U., Kyapssues A.O., UCIT PAH
«IlepcneKTHBBI BUPTYAJIU3ANH BbICOKONIPON3BOAUTEIbHBIX CHCTEM))

14:20 Abakymos K.B., Typnakos J1.1O., Kopmrynos A.B., UCII PAH
«Mopenu pacnpeneseHHONH 00pad0TKH rpadoBBIX U MOTOKOBBIX IaHHBIX HA
KJIacTepax»

14:40 MengeneB A.A., k.r.H., H.c., UHCcTUTYT reorpaduun PAH
«I'MC-nadopatopus: meroabl, nanHble H I1O 17151 padoThl ¢ NPOCTPAHCTBEHHBIMH
AAHHBIMH

15:00 [ITaxuoB B.A., 3unuenko JI.A., BepcroB B.A., MI'TY um. H.O. Baymana, accuctenr
«Tpanchopmauusa Tonooruu CbUC 1151 TeXHOJI0TMH JIBOMHOI0 11a0J10HA HA
NMapajlieJibHbIX BLIYUCIUTEIbHBIX CHCTEMAX))

15:20 Yaii-xode
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ara Meponpusitue
BpeMs

15:40 Kosrantok A.E., ¢.H.c., nouent, UHCTUTYT npukiaanoit Mmarematuku [JIBO PAH,
JlanpHEeBOCTOYHBINA (peaepanbHbIl YHUBEPCUTET
«Hcnosib30BanNe NapajjiebHbIX BLIYMCIEHUI B 32/1a4e PATHANMOHHO-
KOHJIYKTHBHOI'O TEIJIOOOMEHA B CJ10€»

16:00 Cymenko A., Koprantok A.E., lansHeBocTouHbIN DenepaibHbIil YHUBEPCUTET
«IlapanjejbHble BLIYMCICHNUS B 33/1a4e VIVYIIEHUs] Ka4eCcTBA ITIPOAKYCTHYECKUX
H300paKeHH D)

16:20 AsneeB E.B., ®ypcoB B. A., CI'AY umenu akagemuka C.I1. Koponésa
«BbI100p NapamMeTpoB pa3doueHus ¢ ucnojb3oBannem OpenFOAM»

16:40 baowuii }10.11.,.3A0 "Curma Texuomaorus"

«IIporpaMmMHubIi koMILIeKC IOSO MHOTonoJanL30BaTeJIbLCKOI0 J0CTYNA K
CYNePKOMNIbIOTEPAM J1Jisl pellleHUs1 MHKeHEPHBIX 32124

17:00 Manamonok .., a1.¢.-M.H., npodeccop,3aBeayrominii 1adbopatopueit anredpandeckKux
BBIYMCIICHUH, TaMOOBCKHIA TOCY1apCTBEHHBIM YHUBEPCUTET
«Be0-cepBuc_«MartemaTnueckuii IlapTHep»»

17:20 Hemene A.T'., k.d.-M.H., morienTt, nupektop HOLI, benozepora T.C., Xapebos I1.B.,
Xennep B.K., Xennep E.K., [ITHNY
«IIpuMeHeHne 00JaYHBIX BhIUMCINTENLHBIX cepBucoB II'HUY nas penienus
32/1a4 MATHUTOIMHAMMKH ¥ KOTePEHTHBIX MPOLECCOB B HAHOMATHUTHBIX
CTPYKTYPaX»

17:40 3aKkpbITHE TIEPBOTO JHS KOHDEPECHIINH

7HAEKABPA 2012 1 0/IA

7 nexaOps. | PacuumpeHHblii ceMUHAP c0001IECTBA JA00PATOPHN MEXaHUKH CIIOIIHOH Cpe/ibl

8:30 YTpennuii yait-kode

9:00 [lerpoB U.B., 1.¢.-M.H., unen-kopp. PAH, npodeccop, 3aB. kadhenpoii nuhopmaTrku
MOTU
IlpuriameHHbId JOKJIA]

9:40 Yamreukwun 1O.J1., a1.¢.-M.H., mpodeccop, 3aB. 1abopaTopueit, MTHCTUTYT nmpobiiem
Mmexanuku uM. A.FO.NMuumHckoro PAH
«JnddepeHuuaJIbHasg MEXaHUKA )KUAKOCTEe — HHTEITPUPOBAHHOE AHAJIUTHYECKOE,
YHCJEeHHOEe U JIA00PATOPHOE MO/IeJIHPOBAHNE)

10:20 Casun A.B., n.1.H., npodeccop, BI'TY "Boenmex" um. JI.1. Yctunosa, tupextop mo
passutuio "Konueps "Crpyitnbie TexHonoruu'"', CmupHos IL.T., BI'TY "Boeamex" um.
J.A. YcTtunoBa
«YucaeHHOe MO/IeJIMPOBAHNE CBEPX3BYKOBBIX Ta30BbIX HEI0PACIIMPEHHBIX CTPYil
B nakere OpenFOAM c ncnoJib30BaHNeM 00JIaYHbIX TEXHOJIOT Hil»

11:00 Yaii-kode

11:20 leruyk U., Kopres H.B., Universitat Rostock

«OnpIT ncnoab30Banug OpenFOAM g penieHusI HHXKEHEPHBIX 327124 B
vHHUBepcurtetre PocToka»




12:00

Tkauenko U.B., n.¢.-m.H., nouent, CIIGIMTY, Hdykapckuit A.O., Tpsickun H.B.,
Yenypko C.U., CIIoI'MTY
«BBICOKONTPOU3BOAUTEIbLHbIE BLIYUCIECHHS B 321a49aX CYIOCTPOECHHU»

12:40

Kpamomua M.B., Hauansnuk na6oparopun PHI] KW, Kanum C.A., Tarupos A.M., PHII
K1

«MozeanpoBaHue NPoOLECcCOB TeYeHUsi ABYX(Da3HO cMecH ¢ MexR(aZHBIM
MacCO00MEHOM M YYEeTOM C:KuMaeMocTH cpea cpeacramu OpenFOA M)

13:20

O06ex

14:00

3unkerd C.(MI'TY um. H.D. baymana), Kanyrua M.JI. (UCII PAH), Kpamomuu M.B.
(PHIT K1), CamoBapos O.1 (UCII PAH), Ctpmxak C.B. (MI'TY um. H.D. baymana),
Tuxonosa 0. (MUCII PAH), lllernos I''A., MI'TY um. H.D. baymana, Enuxun A.C,
MI'TY um. H.O. baymana

«0O MeTOIAX MApPAMETPU3ANNH T€OMETPUU PACYETHOI 00J1aCTH NIPH PelIEHUH 33124
ONTHMU3ANNY Ta30THHAMHKH

14:20

Crpumxak C., MI'TY um. H.D. baymana
«Oco0eHHOCTH MO/1EJIMPOBAHNS 00TEKAHUS TeJI B 3aKPYY€HHOM J103BYKOBOM
MOTOKeE ra3ay

14:40

leitnman W.4., k.1.H., nouent CIIOI'TIY, Lot A.C., Caerupes A.1O., CIIOI'TTY
«CpaBHHTEJIbHBINH AHAJIH3 OTKPBITOr0 MPOrPAMMHOI0 00ecTeYeHHus JIJIs_T0J1eBOro
MOJICJTHPOBAHUS MOKAPOB)

15:00

[{o#t A.C., Cuerupes A.1O., llleitaman W.51., CITI6I'TTY
«MoaeJUpoBaHUeE MOKAPOTYIICHUS PACHBLIJICHHON BOXOH ¢ moMOImbLI0 FDS: onbIT
00JIAYHBIX BLIYHMCJICHUI

15:20

Emuxun A.C., Kanyrun B.T., MI'TY um. H.O. baymana
«IIpuMeHeHue 00J12YHbIX BLIYMCICHNH B pacueTax HHTep(depeHIMOHHBIX
¢ deKTOB NPH HECTAIMOHAPHOM BHXPEBOM O00TCKAHUM JIETATEJILHBIX ANNAPATOB)

15:40

Yait-xode

16:00

Copoxkun M. IO., k.T.H., monieHT kadeapsl "UBK" Ynl'TY, [lyounuaa M.M., Yal'TY
«IIpoekTHpPOBAHNE MPUEMHHUKOB BO3AYIIHBIX JIABJICHUI

16:20

Kamum C.A., 1.c. PHIL KU, Kpanommn M.B., Tarupos A.M., PHI] K1
«TectupoBanue nakera OpenFOAM Ha 3a7a4yax MeKIVHAPOIHON OTKPLITOH 0235l
maHablXx ERCOFTAC)»

16:40

Mapuesckuit U.K., k.¢.-M.H., noneHT, [1yzukoa B.B. (MI'TY um. H.O. baymana)
«AHaau3 3¢pheKTUBHOCTH METOA0B PelIeHU CHCTEM JUHEHHBIX aJIreopandeckux
VPABHEHUH, peaan3oBaAHHLIX B nakere OpenFOA M)

17:00

Kpyrasiii croa. Bexynwmit Dr. Henrik Rusche, WIKKI Gesellschaft fiir numerische
Kontinuumsmechanik mbH

«Co3nanue Poccuiickoro coodomecrsa OpenFOAM (Russian OpenFOAM User
Group)»

18:00

3akpbITHE KOHDEPEHIINH
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"RECENT DEVELOPMENTS IN OpenFOAM"

Henrik Rusche, Wikki GmBH, h.rusche@wikki-gmbh.de

In this talk, an overview of major developments and community contributions to
the OpenFOAM library over the last year is presented. There has been major
development in

numerous areas, from software management issues, basic capability development
and implementation of new physical models. Main topics will include:

- Gradient-based optimization
- Immersed boundary method
- coal combustion

y "UniHUB - TEXHOJIOTHYECKAS IIVIAT®OPMA
HUHTEI'PALIMU HAYKHU, OBPA30OBAHUA U
INPOMBIIIVIEHHOCTHN"

JleMoHCTpalust KITF0YEBBIX BOZMOXKHOCTEH pabOoThI TIaTGOPMBI

O.U. Camosapos, UCII PAH, n.c., samov@ispras.ru

OpHOl W3 OCHOBHBIX TEHACHIMN pa3BUTUS WHOOPMAIIMOHHBIX TEXHOJIOTHH B
HACTOSIIIICE BPEMs SBIISICTCSI MAacCOBOE BHEAPECHHE TEXHOJIOTHH paclpeeCHHbIX U
«O00aYHBIX» BBIYMCIICHHA. DTO CTajJ0 BO3MOXKHBIM, B IIEPBYIO O4YepElb, B CBSI3H C
pPa3BUTHEM aImapaTypbl BBIYUCIUTEIBHBIX CHCTEM M CETEBBIX TEXHOJIOTHH, a TakK JKe
MOSBJICHUEM CBOOOJHOTO, KaK CHCTEMHOTO0, TaK W MPHUKIATHOTO IPOrPaAMMHOTO
oOecrieuenus. Pa3BuTre anmapaTHBIX BRIYUCTUTEIBHBIX M CETEBBIX TEXHOJOTHUN MTPUBEIIO K
TOMYy, 4YTO CTaJ0 BO3MOXHBIM OOBCIMHEHHE PACHPENCICHHBIX Pa3HOPOIHBIX
BBIYMCIIUTEILHBIX PECYPCOB, XPAHWIHIN JaHHBIX, COOTBETCTBYIOIIEIO MPOTPaAMMHOTO
oOecrieueHrss B eAUHYI0 HHPPACTPYKTypy Ha 0aze, KOTOPOH MOXXHO 00ecreuynBaTh
JOCTYI K pecypcaM, B TOM YHUCJE, K Pa3IMYHbIM UMHUTAIMOHHBIM MOJIEISIM, Kak K Web-
CEpBUCY. DTO JaeT MOTCHIIMAIBHYIO BO3MOXXHOCTh C OJHOW CTOPOHBI, peliaTh 3a/ayd,
CBSI3aHHBIC ¢ 00PA0OTKOM OOJBIIMX MAaCCHBOB JaHHBIX, M BBITIOJHATH OOJIBIIHE OOBEMBI
BBIYHMCIICHUM, HEJIOCTYMHBIC JaKE€ B PaMKaxX CaMbIX MOIIHBIX CYNEPKOMIIBIOTEPOB, a C
JIPYrod  CTOPOHBI, OOECIEYUTh 1O TPEeOOBAaHWIO CO CTOPOHBI  ITOJB30BATENICH,
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MacIITabUpPyeMblil TOCTYII K BBIYUCIUTEIBHBIM PECYpcaM U Jp.

Haubonee nepcrnekTuBHbIM myTeM 3()(PEKTUBHOTO HUCHOIB30BAHUS TEXHOJOTHUI
«00JIaYHBIX» BBIYMCIECHUN B MPOMBIIUIEHHOCTH U OOpa30BaHUU SBIISETCS OpraHU3aIUs
OOBEIMHEHHBIX BBIYUCIUTENBHBIX HHPPACTPYKTYP M CO3JAaHHE HA UX OCHOBE OTKPBITBHIX
Web-opreHTHpOBaHHBIX MTPOU3BOICTBEHHO-UCCIIEIOBATEIBCKUX [IEHTPOB, HAMIPABICHHBIX
Ha ONpEJEJICHHbIC MPUKIAIHbIE 00JacTH (B AHTJIOSN3BIYHOM JHUTEpaType TaKue LEHTPHI
MOJyYnJIM Ha3BaHHE «XaOoB», TepMuH hub 0003HayYaeT AAPO, LEHTP BBIYUCIUTEIHHON
cetu). OcHoBHast unes Takux Web-OpUEHTUPOBAHHBIX  ILIEHTPOB 3aKJIIOYAETCs B
oObeIMHEHUN COBpeMeHHOW KoHuenuuu Web 2.0 ¢ BO3MOXHOCTBIO JOCTyNa K
NPUKJIAJAHBIM POrpaMMHBIM TMakeTaMm. Kak mokas3piBaeT MUPOBOW OMBIT, TAKOW MOAXO,
MO3BOJISIET OPTaHU30BBIBaTh 3(PHEKTUBHOE B3aUMOJCHCTBUE HAYYHO-HCCIIEIOBATEIBCKUX
KOJUIEKTUBOB, TOJIpa3/IelIeHUI MPOMBIILIEHHBIX MPEANPUITUNA, 00ecTieunTh 3 (PEeKTUBHYIO
NOJJIEPXKKY Y4eOHOr0 Ipoiiecca B 00pa3oBaTEIbHBIX YUPEKICHUSIX.

B pamkax mporpaMmbl «YHUBEPCUTETCKHM KJIacTep» CO37aHa TEXHOJOTMYecKas
miatgopma UniHUB  (http://www.unihub.ru), koTopas B KOHIENUHUH OOJIAYHBIX
BBIYHCIICHU OOECreunBaeT MHTETPALUI0 HAayKH, 0Opa30oBaHHUS M MPOMBIIIJICHHOCTH Ha
COBPEMEHHOM TEXHOJIOTHYecKOM YypoBHe. TexHomoruueckas tuiatdhopmel UniHUB
ITO3BOJIIET MCCIEAOBATENI0, WCIOIb3Yys "TOHKUN KIHMEHT', 4epe3 OOUH W3 CTaHIapTHBIX
Web-6pay3epos:

® TIOTYYUTh JOCTYT K pecypcam (BBICOKOTIPOM3BOAUTEIHHBIC

CUCTEMBbI, XpaHWJIUIIA, (epMbl BU3YyaIU3alMH, LEHTPbl KOMIIETEHLIUU U JIp.), KaK K

cepBucaM Bcex ypoBHeW oT uH(ppacTpykTypsl (IaaS) g0 ypoBHS npuioxeHUi

(SaaS) B TOM 4YHCI€ K WHTEPAKTHUBHBIM, TpadUyeCKUM HHCTPyMEHTaM

MOJIETTUPOBAHUS;

e o0ecrnevynTh BO3MOXKHOCTh BH3yalW3allid Pe3yJbTAaTOB PacyeTOB, B TOM YHUCIIC B

WHTEPAKTUBHOM PEKUME;

® TIPEIOCTaBUTHh BO3MOXKHOCTh KOJIJIEKTUBHOM pa3paOOTKH MPUIIOKEHUN W CO3JaHHE
Ha UX OCHOBE COOCTBEHHBIX «00JIAYHBIX» CEPBUCOB B paMKaX €WHOM TI1aT()OpMBI;
e 1moxy4duTh UHCTpYMeHTHl Web 2.0 mist sddexkTrBHON mepenaun 3HaHUN (JIEKIUH,

CeMHUHaphl, JabopaTopHble pPadOTHl) U TOJACPKKU JEATEIBHOCTH COOOLIECTB

po(heCCUOHAJIOB B CIIELUATN3UPOBAHHBIX 001aCTAX

[lepeuncnennbie Bo3MoxHocTH 1uargopmel UniHUB no3BosdioT uccienoparensim
Co3/1aBaTh MPEIMETHO-OPUCHTUPOBAHHBIE HAYYHO-TIPOU3BOICTBeHHbIE Web maboparopuu
B KOHKPETHBIX O0OJIACTAX, KOTOpPHIE B CBOIO O4YEpe]h O00ECTeUYnBAIOT BO3MOKHOCTH
COBMECTHBIX HCCJICIOBaHUM, pa3pabOTOK W OOy4deHUss B paMKax MPOQPECCHOHAIBHO-
OPUEHTUPOBAHHOW COLMAIBHOM cpeapl. B mokimaze paccka3blBacTCsl O BO3MOYKHOCTSIX
texHosornueckoil miardgopmbr UNiHUB, a Tak ke 00 OCOOCHHOCTSX CO3MaHUS Ha €e
OCHOBE MPEAMETHO-OPUCHTHPOBAHHBIX, HAYYHO-IIPOU3BOACTBEHHBIX \Web-maboparopuii.

Jlureparypa:

1. Arutyun I. Avetisyan, Roy Campbell, Indranil Gupta, Michael T. Heath, Steven Y. Ko, Gregory R.
Ganger, Michael A. Kozuch, David O'Hallaron, Marcel Kunze, Thomas T. Kwan, Kevin Lai, Martha
Lyons, Dejan S. Milojicic, Hing Yan Lee, Yeng Chai Soh, Ng Kwang Ming, Jing-Yuan Luke, Han



Namgoong. «Open Cirrus: A Global Cloud Computing Testbed». Computer, April 2010, pp. 35-43.
2. VBannmkoBa B.I1., A. AserucsH, O. CamoapoB, C. lailicapsH, «YHUBEPCUTETCKHI KIacTep»:
WHTEeTparus o0pa3oBaHus, HAYKH U UHIYCTpUun», «OTKpBIThIE cucTeMbl». NS. — 2010

3. Apyrion Aserucsn, Oner CamoBapos, Cepreii aiicapss, Duicoy Xamba «OpenCirrus, poccuiickuii
cermMeHT», «OTKpBITHIE crcTeMbD» , Ne 05, 2011, http://www.osp.ru/os/2011/05/13009425/

"OIbIT UCITOJb30BAHUS IVIAT®OPMbI UniHUB B
YYEBHOM ITPOLECCE KA®DE/IPBI "ASPOKOCMHMNYECKHUE
CUCHUEMDI" MI'TY UM. H.D. BAYMAHA"

006J1aCTH HAVYHBIX HHTEPECOB:
JIMHAMHKA KOHCTPYKIUI, a3POruapoynpyroctb, BUXpeBbie MeTO/IbI
BbIYMCJINTEIbHON TMAPOIUHAMUKHI

T.A. er.11013, A.T.H., 10IeHT Kadeapsl ""Adpokocmuueckue cucrembl' MI'TY um.
H.J. baymana, georg@energomen.ru

B nokmane paccMOTpeHa akTyalbHOCTh BHEAPEHHS B HMH)KEHEPHOE OOpa3OBaHUE
METOJIOB BUPTYaJbHON pa3paOOTKH U UCTIbITaHus u3aenui Ha 6aze unterpaiuu CAD/CAE
CUCTEM

OtmeuaeTrcss Oomblias poib OOMAYHBIX CEPBUCOB B 3TOM mponecce. OcBenieHsbl
BOIPOCHI MOJITOTOBKU MHXXEHEPOB , BIAJCIONIUX CPEACTBAMHU BUPTYalIbHOU pa3pabOTKu U
ux 0a30BbI€ KOMITETCHIIUH.

Ha npumepe omnbita kadgeapsl "Aspokocmudeckue cucrembl"” MI'TY um. H.O. baymana
MOKa3aHO BHEJIpPEHWE OMbITa WH(GOPMAIIMOHHONW TOMJIEPKKH KYpPCOBOTO M JTUIIJIOMHOTO
npoextupoBanus Ha 6aze CAD/CAE cucrem.

[Tokazano, uro ucnons3oBanue cepsuca UniHub ¢ 2011 roma mo3Boimio cTyneHTam
MMO3HAKOMUTBCSI M HAayaThb OCBauBaTh JUIsl [EJed KypcOBOrO H  JUIIJIOMHOTO
MPOEKTUPOBAHUST CBOOOJHOE MporpaMMHOe oOecrieueHue. Takke TMOJy4eH OIbIT
WCIIOJB30BaHUs  CTYJACHTAMU-UHKEHEPAMU COBPEMEHHBIX  BBICOKONPOU3BOAUTEIBHBIX
BBIYUCITUTEIBHBIX CUCTEM.

[IpuBonaTcss mnpuUMepbl METOAMYECKONW OpraHu3aiuu JiabopaTopHOM  pabOThl €
ucnonb3zoBanueM UniHub.

"HCIHOJIB30BAHUE TEXHOHOJIOT'MYECKOM IIAT®OPMBI UniHUB B
PACUYETAX TOHKOH CTPYKTYPBHI CTPATUO®UIINPOBAHHBIX TEUEHUN
HA BA3E OTKPBITBIX IAKETOB"

A.B. 3arymeHHbli, K.}.-M.H., C.H.C., UHCcTUTYT n1podsiem mexanuku PAH,
zagumennyi@gmail.com

B Jnokiame mpeacTaBiieH aBTOPCKHM OIBIT HCmoib3oBaHus \Web-imabopaTopuu
MEXaHHMKH CIUIONTHOM Cpejibl, CO3JJaHHOM Ha 6a3e TexHojornueckoi miatdopmel UniHUB,
B IIEIAX pa3pabOTKH YMCICHHBIX MOJEIICH W TPOBEACHHUS PACUYETOB 3a7ad MEXaHHKHU
HEOTHOPOJHBIX JKHJKOCTEH C MCIOJB30BAHHEM CBOOOJHBIX MPUKIATHBIX ITAKETOB
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OpenFOAM, SALOME wu ParaView. OOcyxgaloTcs BOIPOCHI  IMOCTPOCHHMS
BBICOKOPA3PEIIAIOIINX PACYUETHBIX CETOK U MOCTAHOBKH CJIOKHBIX TPAHUYHBIX C TOMOLIBIO
BCTPOEHHBIX U pacmpeHHbIX yTiiutT OpenFOAM, pa3paOoTku cOOCTBEHHBIX periareneit
C HCHOJb30BAaHUEM OOBEKTHO-OPUEHTHUPOBAHHOTO sI3bIka mporpammupoBanusi C+t,
00pa0oTKH, Tepeqaud W BU3YyAIM3AllMM pPACUCTHBIX JAHHBIX. YJIEIseTcs BHUMaHHE
OOCYXKIEHHIO OCOOEHHOCTEW TIPOBEACHHUS pPAcCUeTOB B MapauIeIbHOM pPEXUME Ha
BeluncauTensHoM kiactepe MCI[ PAH ¢ wucnosib30BaHHEM METOJIOB JIEKOMIIO3UIIUU
pacyeTHOM 00JacTH.

Ha ocHOBe NOJy4EeHHBIX PE3YJIbTATOB, PACCUMTAHHBIX C TMOMOIIBIO COOCTBEHHBIX
pemateneid makera OpenFOAM nHa 06asze Ttexnonorudecko miatdopmsel UniHUB,
JEMOHCTPUPYIOTCS. KApTUHBI TEUECHUU HEMPEPHIBHO CTPATHU(PUIIMPOBAHHBIX >KHUJIKOCTEH
OKOJIO HEMPOHULAEMBIX TMPENATCTBUA — TOPU3OHTAIBHOW W HAKJIOHHOW IUIACTHUH,
CUMMETPUYHOTO KJIMHA, TOPU30HTAJbHOIO JUCKa W UuiauHapa. Hemponunaemoe
IPEMSITCTBUE, IMOMEIICHHOE B TOJIU[y HEPAaBHOBECHOW CTpaTU(UIMPOBAHHON Cpelibl
HapylmiaeT OJHOPOAHOCTh (HOHOBOTO IUP(Y3MOHHOTO TOTOKA CTpaTUPUIUpPYIOLIEH
KOMIIOHEHTbl W MPUBOJAUT K (POPMUPOBAHUIO CIOXKHOM MHOTOYpPOBHEBOM CHUCTEMBI
HUPKYJSIIUOHHBIX TEUEHHM, KOTOPbIE HOCAT Ha3BaHWE ‘“‘MHAYLUMPOBAHHBIX AU(dy3ueil Ha
tonorpagun”. PacueTsl AMHAMUYECKUX XAPAKTEPUCTUK MOKA3bIBAIOT, UTO TAKUE TEUCHUS
CO3JJaI0T MOMEHT CHJI, TOBOPAYMBAIOIINI HAKIIOHHYIO IUIACTUHY HEUTPAIBHOM TUIABY4YECTH
B YCTOWYMBOE TOPU30HTAIBHOE IMOJIOKEHUE, U TEHEPUPYIOT MPOIYJIbCUBHBIA MEXaHU3M,
IIPUBOSIINANA K CAMOIIPOU3BOJIBHOMY JBHKEHUIO CUMMETPUYHOIO KJIMHA BJOJIb TOPU30HTA
HelTpanbHOUW 1IaBydyecTH. [lpm oOTexkaHuMM TNPENATCTBUH MOTOKOM HENPEPBIBHO
CTpaTU(UUIUPOBAHHON KUIKOCTH (OPMUPYIOTCS MOJISI ONEPEKAIOIIUX U MPUCOETUHEHHBIX
BHYTPEHHUX BOJH M TOHKOCTPYKTYpPHBIE BHUXPEBBIE TEUYEHHUS, KOTOpPBIE BCE €IIIE
HEJOCTATOYHO M3YYEHbl KaK TEOPETUYECKH, TAK MU SKCIEPUMEHTAIBHO, MOCKOJBKY HE
ONMCBIBAKOTCS TPATAULUOHHBIMU TEOPUSAMHU TEHYEHH OJHOPOJIHOM JKUIKOCTH, HU BSI3KOM,
HHU TEM 00Jiee UIeaIbHOM.

[IpuBoAsTCS CpaBHEHMS] JAHHBIX AHAIMTUYECKOTO, YHMCIEHHOTO M J1abOopaTOpHOro
MOJEIIUPOBAHUSL CTPATU(PUUUPOBAHHBIX TEUYEHHM OKOJO Pa3IuYHbIX MPENITCTBUM,
OrOBapUBAIOTCS YCJIOBHS COTJIAaCHsl M PACXOXACHUS pPe3yJbTaTOB, MPOOJIEMbl MEpEeHoca
JAaHHBIX MOJEJIHUPOBAaHUS HA MPUPOJHBIE cuUcTeMbl. OOCYXIalOTCd MNEePCIEKTUBBI
JanbHEMIINX pa3pabOTOK BBICOKOPA3PELIAIOIIMX UYHWCIEHHBIX MOJENEH MEXaHUKU
HEOJHOPOJHBIX KUAKOCTEM B paMKaxX OTKPBITBIX MPUKIAAHBIX MaKkeToB Ha 0ase
BhIunCIUTENNbHOM T1aTdhopmer UNiHUB.

"OCOBEHHOCTH PEAJIM3ALIUA MYJbTU GPU BEPCUH OPENFOAM™
A.B. MonakoB, MockBa, UCII PAH, m.n.c., amonakov@ispras.ru

B noknane paccmaTpuBaeTcsi ONTUMU3ALMS aJITOPUTMA PEUICHUS CUCTEM JTMHEHHBIX
ypaBHEHUI METOA0M CONpPsKEHHBIX rpaaneHToB Ha GPU-akcenepaTopax AJisi makera
OpenFOAM u noaxo K peanu3alnio pacnapauieICHHON BEPCUU JJ1 MHOKECTBA Y3JI0B C
GPU.


amonakov@ispras.ru

"INEPCIIEKTUBBI BUPTYAJIM3ALIUMU BBICOKOITPOU3BOAUTEJIBHBIX
CUCTEM"
A.O. Kyapsasue, MockBa, UCII PAH, cra:xep-ucciienoBare/ib, ACUPAHT,
AWM. ABetucsin, MockBa, UCII PAH

B HaCTOAIICC BpCMs1 00auHBIC TCXHOJIOIN1 MoJIy4aroT BCC OombIIce
PacIpoCTpaHCHHUC. HpI/I 9TOM BO3MOKHOCTH IIPUMCHCHHNA KOHICIIITHNH 00JIaYHBIX CCPBUCOB
B o0Omactu BBICOKOIIPOU3BOAUTCIIbHBIX BBIYHCJICHUI CYIICCTBCHHO  OI'PAHUYCHBI.
Krouenas npo6neMa - HaAKJIIaAHBIC PACXOdbl, BO3HHUKAIOIIHNC IIPU HMCIIOJIb30BAHHUU
TEXHOJOTUH BUPTYyaJIN3allun.

B JaHHOM JOKJIaAC PaCCMATPHUBAIOTCA KIHOYCBBIC HCTOYHHUKH HAKIAJAHBIX PACXOJ0B
IMIPpHU BUPTYyAJIIN3allH BBICOKOIIPONU3BOAUTCIIbBHOTO KJIaCTCpPaA. HpI/IBOIISITCSI PE3YIIbTAThI
I/ICCJIGIIOBaHI/Iﬁ HAKJIIaAHBIX PACX0A0B U MCTObI ITOBLIIMICHUA ITPOU3BOAUTCIBHOCTH
mapajjyiCJIbHBIX HpI/IJ'IO)KeHI/Iﬁ B BUPTyaJIbHBIX MalllMHAX.

TPAHC®OPMALIUSA TOIOJIOTUU CEHC JUISI TEXHOJIOT'MA IBOMHOI'O
IHTABJIOHA HA ITAPAJIVIEJBHBIX BBIYUCJIHUTEJIBHBIX CUCTEMAX
B.A. BepcroB, MI'TY um. H.D. baymana, accucrenr, V.verstov@gmail.com,

B.A. lllaxuHoB, wien-kopp. PAH, a.1.H., JI.A. 3uH4eHnko, A.T.H., mpogeccop MI'TY um.
H.J. baymana

AHHOTALUSA

CII0)KHOCTB pacyeToB MpHU MpoekTupoBaHuu U npousBojcTBe CbMC no texnomoruu
JIBOMHOrO mabji0OHa YBEJIMYMBAETCS C IEPEXOJAOM K MEHBIIUM TOMOJIOTMYECKUM HOpMaMm. B
HACTOSIIMI MOMEHT JUIsl TPOU3BOJACTBA IIAOJOHOB HEOOXOAMMO 00padaThiBaTh (halibl
ONMHMCAHUS TOMOJIOTMM O0BEMOM B JECATKA THUrabamt. ITOoT (aKT MNPUBOAUT K

HEO0OXOIMMOCTH b hexTUBHO HCIIOJIb30BaTh BBIYUCIIUTEIbHBIE pecypchl
BBICOKOTIPOU3BOIUTEIBHBIX BHIYUCIUTEILHBIX CUCTEM.
Bsenenne

OcHoOBHas ujesi TEXHOJIOTUH JIBOMHOTO 1abjioHa 6a3upyeTcsi Ha MOCIe0BaTEIbHOM
NPUMEHEHUN IBYX IIa0JOHOB BO BpEMs MpPOXKUTa pe3ucTa i IMOJYy4YeHHUS PUCYHKA C
pa3MepamMH 3JIEMEHTOB, HE JOCTHKUMBIMU C TIOMOIIBIO TPAAULMOHHBIX METOJOB
auTorpaduu.

Jns UCTOJIb30BAaHUSI TEXHOJIOTMM JIBOMHOTO Ia0joHa HEO0OXOIWMO MPOBECTH
JEKOMITO3HIINIO HCXOTHOTO TOTIOJIOTHYECKOTO CJI0S Ha JIBa HOBBIX.

JKCNepUMEHTAIbHOE WCCIeI0BaHne mporpaMMHoro obdecmewenusi Parallel Layout
Transformer

B kauecTtBe BXOJHBIX JaHHBIX pa3zpaboTaHHOe mporpamMmmHoe oOecrieueHue Parallel
Layout Transformer mnpunumaer ¢aiin B dopmare GDSII u napameTp TexHOJOTUU
nBoitHoro maoboHa. [locne urenus (aiina MPOUCXOIUT MEPEX0]l K BHYTPEHHEH CTPYKTYype
JaHHBIX, KOTOpas Aomyckaetr 0opadbotky Tonosorud CBUC B napaniensHOM pexxume.


v.verstov@gmail.com

Hcnonb3yemasi CTpyKTypa JAHHBIX MMO3BOJIAET Pa3ieiuTh UCXOIHYIO TOIMOJIOTHIO Ha
napajuienbHble moJockl. [lomydeHHbIe MONIOCk MOKHO 00pabaThiBaTh HE3aBUCUMO APYT OT
Apyra B MapajjieIbHOM pexume. B pesynbrate 00paOOTKH TOMONOTHU (HOPMUPYIOTCS
rpadoBast Mmonens npeactasiaeHus tononoruu CBUC.

JIeKkOMMO3HIIUS TOMOJIOTUM TPOUCXOTUT MYTeM TMPUMEHEHHUS aJanTHPOBAHHOTO
napajuIebHOTO BapuaHTa aJrOpUTMa TMPOBEpKH rpada Ha IBYIOJBHOCTH. PesympTaToM
paboTsl IporpaMMel siBisgetcs daiin B popmate GDSII.

AHanu3upys pe3yabTaThl, TIOJYYCHHbIEC B X0JI€ IKCIIEPUMEHTAIBHOTO UCCIIEI0BAHMS,
MO>KHO CZEJIaTh BBIBOJ] O TOM, YTO pa3pabOTaHHBIN arOPUTM BBIYUCIUTENIBHYIO CJI0KHOCTh
He 6osiee nlogn, 4To ABIAETCS MPUEMIIEMBIM PE3YIbTATOM.
3akiiroueHue

B pe3ynpTaTe SKCHEPUMEHTANIBHOTO HCCIEAOBAaHUSA pPa3paOOTaHHBIX MOJIXOJI0B U
anroputMoB TpaHcopmaruu Tonosoruu CBUC s texHomaoruu nBoiHOrO mabdioHa Oblia
noaTBepkIeHa YPPEKTUBHOCTh MPUMEHEHHSI pa3pabOTaHHBIX MapayljIebHBIX alTOPUTMOB.
OCHOBHBIM HaIpaBIICHUEM JAbHEHIIIETO Pa3BUTHS SBISETCS: OBBIIICHHE 3(PPEKTUBHOCTH
MCIIOJIb30BaHUs BBIUMCIIUTEIBHBIX PECYPCOB BBICOKOTIPON3BOAUTEIHHBIX BBIYMCINTEIBHBIX
CUCTEM; IIOJyuyeHue 0ojiee paBHOMEPHOTO PACIPENETICHHS TOJUTOHOB IO TOMOJIOTHYECKUM
CJIOSIM.

PaGota BbImONHEHa TmpuU YacTUYHOM Tmomanepxkke rpanta llpesugenta P® 1o
rocyJapCTBEHHOM MOAAEPKKE BEIYIIMX HAy4HbIX mikoj, rpanT HI11-1152.2012.9.

"HCIIOJb30BAHUE MAPAJITEJBLHBIX BLIYACJIEHWIA B
3AJIAUYE PAJIUALIMOHHO-KOHAYKTUBHOI' O
TEIIJIOOBMEHA"

-~
006JaCcTH HAYVYHBIX HHTEPECOB:

- Teopusi nepeHoca u3jy4eHusi, KOMNbIOTEePHasi TOMorpagus,

“ » BBICOKOIIPOM3BOAUTECIbHBLIC BBIMUC/ICHUSA

A.E. Kosranwk, MUactutyT npukiaagnoit maremaruku /[BO PAH
(r. BaaamBoCTOK), ¢.H.C, A0eHT, ankov@imcs.dvgu.ru

N3yuenne paauarmOHHO-KOHIYKTUBHOTO TETUIOOOMEHA SBISETCS BaXKHBIM BO
MHOTHX WH)XEHEPHBIX MPUIOKEHUAX. B manHoit paboTe pemaercs 3agada yiaydIIeHUS
TEIJI000MEHA B PACCEMBAIOIIEM CJIOE C OTPAKAIOIIMMH TpaHUIlaMH. B KadecTBe MOCINH,
OMHCHIBAIOIICH TMPOIECC TMEepeHoca TeIUla, pPacCMAaTPUBACTCS HEITWHEHHAas CHUCTEMa,
cocrosmas W3 WHTErpo-aTud(PepeHnnaIbHOTO YpaBHEHHS TEPEeHOca W ypaBHEHUS
KOHJYKTUBHOTO TeIuiooOMeHa. ['paHuIBl Ccos  XapakTepu3yroTcs KoddduimeHtamu
3epkasibHOTO U auddy3HOro orpakeHus. J[as OIEHKHM BETWYMHBI TEMJIO0OMEHa
UCIONB3yeTcs: MoauduimpoBanHoro aiaroput™ meroga Monte-Kapno. IlpennoxeHHbIi
aNTOPHUTM YAOOEH I MPUMEHEHHUS TEXHOJOTHH TapalIeIbHBIX BEIYMCICHUH U CIIOCOOCH
obecnieunTh TpeOyeMyr0 TOYHOCTh 3a IMPUEMJIEMOE  BBIYHCIUTEIBHOE  BpeMs.


ankov@imcs.dvgu.ru

IIpoananu3upoBaHbl 1Ba Pa3iW4HbIX MMOAXOJA B NApAUICIU3ALMKA AJITOPUTMA: B IIEPBOM,
MapajuIeNIn3alns OCYLIECTBIAETCS MO TOYKaM CJI0si, BO BTOPOM — II0 TPAEKTOPHUSAM METOJa
Mounre-Kapno. [lokazano, 4To ucnonb3yeMble MapajjiebHble aTOPUTMbI 00ECIEUNBAIOT
xopoluee, OJU3Koe K JMHEHHOMY, YCKOPEHHE BpPEMEHH BBINOJHEHHs mporpamMmbl. Ha
OCHOBE TMPEAJIOKEHHOTO allfOPUTMa PACCUYUTHIBACTCS TEMIIEPATypHbI Tpoduib A
pa3iIMyYHBIX 3HAYeHWH KO3 UIIMEHTOB oTpaxkeHUs. Jlanee, ompenensioTcs 3HAYCHUS
K03 (UIIMEHTOB OTpa)KeHUs1, 00eCNeUNBAIOIINE BHICOKUI ypOBEHb TEIUIOOTAaud. JlaHHAas
3a7aya IPEACTABISIETCS  AKTyalbHOM JUIA  ONpPENEIEHUS ONTUMAJbHBIX CILIABOB,
UCIIOJIB3YEMBIX IIPU KOHCTPYUPOBAHWMM JI€TAJCH ABUTATENICH, Pa3IMYHbIX YHEPreTUYECKUX
YCTAaHOBOK, IIOJIBEPracMbIX BBICOKOMY HarpeBy. DBbplUHCIEHUS OCYIIECTBIEHBI C
UCIOJIb30BaHUEM TEXHOJIOTUHN MapaljiesibHbIX BblurcieHuil MPI Ha 6a3e TeXHOJI0rnyecKoit
mwiatdopmer UNiHUB.

"ITAPAJIJIEJIBHBIE BBIYUCJIEHUS B 3AJJAYE YIIYULHIEHUSA KAYUECTBA
T'UJPOAKYCTUUYECKUX U30OBPAKEHUIN"
A.A. CyuieHko, /laabHeBoCTOUYHbIH PeepaibHbIii YHHBEPCUTET
(r. BnaguBocTok), Mmaructpanrt, fon_shtirlits@mail.ru
A.E. KoBranwk, UacTutyT npukiaagnoin marematuku /IBO PAH
(r. BnaguBocTOK), C.H.C, ToeHT, ankov@imcs.dvgu.ru

K nactosmemy Bpemenu Ha 0aze MHcTuTyTa npobiiem Mopckux TexHojorui JIBO
PAH co3man psa  aBTOHOMHBIX HEOOMTAaeMbIX IMOABOAHBIX ammapatoB (AHITA),
MPOILIEIINX TOCY/IapCTBEHHYIO CepTU(PUKALMIO B COOTBETCTBHHM cO craHmaptoM |SO-
9001. C ux mOMOIIBI0 peraeTcs IEeIbli psx 3aaad: kaprorpadupoBaHue JgHA, 0030pHO-
MMOMCKOBBIE PabOThl, MOHUTOPUHT YYaCTKOB JHA U MOHUTOPUHT COCTOSIHHS TIOJIBOJHBIX
coopykeHur (TpyOompoBoaOB, Kabeiab-Tpacc U T.1.). IlogoOHBIe paboOTHl BemyTCs YxKe
6onee 40 neT, U 10 CUX MOpP aKTyaJIbHOM SIBJISIETCS MpobOsieMa oOpaOOTKH U YIydIlIeHUs
KadyecTBa M300paKeHUM, MOJyYEHHBIX ¢ ruapoliokatopa 6okoBoro o63opa (I'bO) AHIIA.
N3BecTHO, YTO TUIPOAKYCTUUECKUN KaHaN SIBISETCS BECbMa CHEIU(DPUUECKUM BCIEACTBUE
HECTallMOHAPHOCTU PePPaKUMOHHBIX U UHBIX (pu3ndyeckux 3((PEeKToB, 4TO MPOSBILAETCS B
BHUJIE MHOTOJIY4EBOCTH, MUHTEPHEPEHIMH U MOXKET MPUBOJIUTH HE TOJBKO K CHUJIBHBIM
HCKQKEHHSIM TOJYy4aeMOIro M300pakeHUs, HO M K ero mojHou mnotepe. M3o0paxkenue,
nonyyeHHoe ['BO, umeer MHOXeCTBO Je(PEKTOB B BHUAE HMMIYJIbCHBIX IIYMOB U
HU3KOAMIUTUTYIHBIX TToMeX (6eroro myma).

B paborax [1,2] mpemioxeH MeToj ABOWHON (DUIbTpanuu yIydIIeHUS KadecTBa
THAPOAKYCTHUYECKUX M300paxkeHui, momydeHHbIx ¢ [’ 5O AHITA. Anroputm ocHOBBIBaeTCS
Ha Teopuu WHTEpHnoisAIuu GyHKkou ¢ ¢GuaaTHEIM criektpom  [3].  [Ipumenenue
UHTEPHOJAIUOHHBIX (hopMyn s QyHKIHA C (UHUTHBIM CHEKTPOM OIpPAaBIAHO IS
pEIIeHMs 3a7]a4ll BOCCTAHOBJICHUS THAPOAKYCTHICCKUX M300paKeHUM, TaK KaK CUTHAJI OT
I'bO cocpenoToueH B OrpaHUYEHHOM Jauana3oHe 4acToT. [IpoBeneHHbIE YHCIICHHbBIE
AKCIIEPUMEHTHI C peajbHbIMU JaHHBIMH [1,2] Ha OCHOBE MeTOAa JBOWHOW (UIBTpalUU
MPOJIEMOHCTPUPOBAIM 3aMETHOE YJIYUIlIEHUE Ka4eCcTBa THAPOAKYCTHUYECKUX U300pakeHU!
110 CPABHEHUIO C TPAJAUIIMOHHBIM MEIHUaHHBIM METOJIOM.


fon_shtirlits@mail.ru
ankov@imcs.dvgu.ru

Kax mpaBuio, 00paboTka gaHHbIX, moaydeHHbix ¢ AHITA, ocymiecTBisieTcst Ha cyiie
B naboparopun. B cpennem uzobpaxenus, noaydeHnusie ['bO, 3anumator ot 100 mo 200
Mobaiitr u Hepenko npoxoaut nao 1 ['Gaiit. Bpems, 3atpaumBaemoe Ha 00pabOTKy
M300paKEeHHsI C MOMOIIBI0 METOAA IBOMHON (PUIIBTPALIMH, 3HAUUTEIHHO PEBBIIIAET BpEMS
00pabOTKH, OCYLIECTBIIEMON MEIWAaHHBIM METOJOM. B CBsA3M ¢ 3TUM aKTyalbHBIM
ABIIIETCS TpOrpaMMHAas peanu3alus MeToJa JABOWHOM (uibTpalili Ha OCHOBE
NapajuIeIbHOrO BEIYUCIUTEIBHOIO AJITOPUTMA.

BoccranaBnuBaemblii  OOBEKT - 3TO H300pakeHHE, KOTOpoe Juisl yao0cTBa
UCIIOIb30BaHUsl CPEICTBAMU NIPOTpaMMbl MEPEBOAMTHCS B JIBYMEpHbIM MaccuB. Jlanee
KaXKJpIii cTOI0€1] MaccuBa MPOXOAUT CIEHHATbHYI0 00pa0OTKy (HEMOCPEICTBEHHO METO/T
JBOMHON (DUIIBTpALIMKM) U 3aIIMChIBACTCS B BBIXOJHOM (hailii-u3o0pakenue. s qaHHOTO
METOJa CYIIECTBYET HECKOJBKO IOJIXOJOB IEPEBOJA IMOCIEAOBATEIBHOIO aJrOpUTMa B
IMapAJIIEIIbHBIN.

1-p1ii cioco0: mepenava TJIaBHBIM IMPOLIECCOPOM OAHOIO CTOJNOLA M3 MaccuBa IJis
00pabOTKH METOJIOM IBOMHOM (PUIBTpAIMU N JOYEPHUMH MTPOLIECCOPAMMU.

YMeHbllIeHHe BPEMEHU MPU YBEIMYEHUU YHCIIA MPOLUECCOPOB MPOUCXOIUT TOIBKO
10 N=16 y3noB. JlaspHENIEE YBEIWYEHUE YHCIIA TIPOLIECCOPOB MPUBOJNUT K YBEIUUEHUIO
BpeMeHu. TakuM o0Opa3om, Ipu KUCNonb30BaHUU Oosee 16 mpoueccopos st 1-ro cnocoda
MepeBoia  MOCIENOBATENBHOIO  aIroOpuT™Ma B HapajulelbHbIl  3()PEKTUBHOCTH
yTpauuBaercs. llpu BbIMOIHEHUM anroputMa OOJbIIE BPEMEHH TPATUTHCA Ha Mepenavy
JaHHBIX OT TJIABHOIO IIpOLecCa JIOYEPHUM U OOpaTHO, YEM Ha BBINOJHEHHE METOoJa
JABOMHON (uUiIbTpauuMu KaXIblM JOYEpHUM IpoueccopoM. Ha ocHOBe mNOIydeHHBIX
pe3yJIbTaTOB HEOOXOAUMO NPEUIOKUTh IPYroi BapHaHT pelieHus mpoodsuemsl. [[is atoro
MO>KHO 00001IUTH 1-blii CIOCOO.

2-0i1 cmoco0: mepenavya riIaBHBIM MPOIECCOPOM TPYIIbI U3 M cTONOIIOB MaccuBa
JUTst 00pabOTKKU METOAOM JIBOMHOUM (QMIIbTpaliii N JOYEPHUMH MPOIECCOPAMH.

JUis ucnonp30BaHusl 2-ro crnoco0a mepeBoja IMOCIEAOBATEIbHOIO ajlropuTMa B
napajuie’bHblii HEOOXOJMMO YCTaHOBUTh 3aBUCUMOCTh MEXAY YHCIOM IPOLIECCOPOB,
YUCJIOM TMEpPEeJaBaeMbIX KaKIOMY IMPOIECCOPY CTOJONOB M BPEMEHEM BBINOJHEHUS
nporpammel. TakuM 00pa3oMm, HEOOXOIMMO HAWTH TAaKOE YMCIO M MepeaaBaeMbIX
CTOJIOLIOB AOYEPHEMY MPOLECCOPY, MPU KOTOPOM BpPEMSI Ha MEPECHUIKY MACCHUBA JAHHBIX
OyJleT MHOTO MEHBIIIE BPEMEHHM BBIMOJHEHUS OOpa0OTKM JTaHHOTO MacCHMBa METOJIOM
JIBOMHON (prIbTparvu.

IIpu n = 64 nHaOmomaercsd yBEIWYEHHE BPEMEHU BBINOJIHEHUS alIroputMa B
CPaBHEHUU CO 3Ha4Ye€HHEM Ipu N = 32. MuHHMMaJIbHOE 3HaY€HUE BPEMEHU t BBITOJIHEHHUS
anroputma mipu N = 128, m = 2: t = 24320. Tem He MeHee, pu N = 16, m = 2: t = 24790.
CrnenoBaTelbHO, 3KCIEPUMEHT C MEHBUIMM YHUCJIOM HPOLECCOPOB MOKa3ajdl CXOXKUU
pe3ynbpTaT C SKCIEPUMEHTOM, BBITOJIHEHHOM Ha 128 mpomeccopax. Takum o6pazom,
ONTHMANBH|t YHCIO TPOIECCOpoB N = 16 ¥ ONTHMAJIbHOE KOJMUYECTBO CTOJIOIOB
M300paKeHMsI IJIs TIepeiaun JOUYepHUM TIpolieccopam m = 2.

ABTOpOM pa3palboTaH HapajjIeNbHbIA BBIYMCIUTENbHBIN alrOPUTM, peaTUu3yIOUIUi
METO/ ABOMHOW (UIBTpALMM YJIYYIIEHUS KauyecTBAa TMIPOAKYCTHUECKUX H300paKEHUU.
OcyiecTBiieHa MporpaMMHasi peanu3alus alropurMa Ha sizbike C++ ¢ KCIONIb30BaHUEM



TEXHOJIOTUH TNapajuienbHbIX BeruuciaeHuii MPI. IlpoBenen ananus 3aBUCHUMOCTH CKOPOCTH
BBITTOJIHEHUS aJITOPUTMa OT KOJIMYECTBA MCIIOJIb3YEMbIX BBIUMCIUTENBHBIX siep. Caenana
olleHKa 3(p(PEKTUBHOCTH PAa3HBIX CHOCOOOB MEpPEBOJAA MOCIEIOBATENILHOTO aIrOpuTMa B
napajuienbHbld. UncneHHble 3KCIepUMEHThI MPOBEACHBI Ha KiacTepe JlaabHeBOCTOUHOTO
(benepabHOTO YHUBEPCUTETA.

PabGora BeimonmHena mpu (uHaHCOBOM mondepxkke Poccuiickoro  Qonaa
dbyHnameHTanbHbIX HccneaoBannil (koa mpoekrta 11-01-98521) u denepanpHoil 1eneBOI

nporpamMmbel "HaydHble W HaydHO-TIEJarorndeckue Kaapbl WHHOBAaIMOHHOW Poccumn”,
(rockoHTpakThl 16.740.11.0456, 14.740.11.1000).
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"BbIBOP TAPAMETPOB PASBUEHUSA C UCITIOJIB3OBAHUEM
OPENFOAM™
E.B. ABaeeB, Camapa, Camapckuii I'ocyrapcTBeHHBIN A3POKOCMUYECKUM
Yuusepcurer umenu akagemuka C.II. Kopoaésa (HaunonanbHbIH
HccnenoBarenbckuii Y HUBepcUTeT), [-avdeev@yandex.ru,
B.A. ®ypcos

ITocTanoBKka 3a1aun

CymiecTByeT MHOKECTBO CETOYHBIX 33/1ad, KOTOPbIE B KOHEYHOM HTOT€ CBOMASTCS K
PEIICHUIO CUCTEM JIMHEHHBIX anreOpandeckux ypaBHeHuit (CJIAY). DneMeHThl MaTpHIl B
ATUX METOJax (POPMUPYIOTCS MyTEM IUCKPETU3AIlMKU MCXOJHBIX BXOAHBIX Beau4yuH. OT
mara JUCKpeTHU3alliy 3aBUCUT, HACKOJIBKO TOYHBIM OYJIeT HCKOMOE pEellICHUE.

Mepy, onpenensmiouyo CBA3b MeEXAy mnorpemHocteio pemenus CIIAY u
MOTPEIIHOCTHIO BXOAHBIX JAHHBIX, MPUHATO HA3bIBATh OOYCIOBICHHOCTHIO.
B pa6ortax [1], [2] ais KOHTPOJIA CTENEHU OO0YCJIOBJICHHOCTH B 3a/Jadyax HUJICHTU(UKAIIUU
Mojenel cucteM (HOPMUPOBAHMS H300paKEHUM, HapsAy C YKa3aHHBIMU BBIIIE,
MPEUIOKEHO TPUMEHSTh TaK Ha3bIBa€MbIM TOKa3aTedb JAMArOHAJBHOrO MpeodiIaaaHus
MaTpuilsl A
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B Hacrosimieit pabore NpHUBOIATCS pPE3yJIbTaThl CPABHUTENLHBIX HCCIEAOBAHUM
7 (PEKTUBHOCTU TMPUMEHEHHUS YKa3aHHBIX MEP MYJIbTUKOJUIMHEAPHOCTU [IJISi OIEHKU
O0OYCJIOBJIGHHOCTH M CBSI3aHHOW C HEH TOYHOCTBIO PEIICHMs 3a7add. 3aTeM MPUBOJSATCS
pe3yNbTaThl AKCIIEPUMEHTOB, TOJYUYECHHBIX IJIsl 3aJayd OOTeKaHMsl «Terna AXMena» ¢
npuMenenueM naketa OpenFOAM (3).

ITo rpadukam 3aBucumocTt O OT KOJMYECTBA SUYEEK N OMPEAESETCS HAWTydllee
KOJIMYECTBO SYEEK.

Taxum 00pa3zom, MOXKHO MPOU3BOJUTH OIIEHKY 00ycioBieHHOCcTH CJIAY ¢ momoInisio
IpeIBapUTEIILHON BaMIAIMK BXOIHBIX JAHHBIX C ITOMOIIBIO O .

BbaaroxapHocTu

Pa6ota Bemonnaena mpu noanepxkke PODU (mpoekt Ne 11-07-12051-odu-m).

PaboTa BbINOJIHEHA NpU MOAJIEPKKE MPOTpaMMbl «YHUBEPCUTETCKUN KiacTep» —
www.unicluster.ru
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1. Ko3un, H.E. IlocTpoenne kiaccu@ukatopoB Jyisl pacro3HaBaHHs JIMI[ Ha
ocHOBe Tmokazareneit comnpsbkeHHocTd [Tekcr] / H.E. Kosun, B.A. ®dypcos //
Kowmmnbrotepnas ontuka. — 2006. — Ne 28. — C. 160-163.

2. Ko3un, H.E. CHmxeHne pa3MepHOCTH BEKTOPOB IMPHU3HAKOB IO KPUTEPHUSIM
mynbtukoimmuHeapHoctu [Texer] / H.E. Kosun, B.A. ®ypcos // KomnwrlorepHas
ontrka. — 2008. — Tom 3, Ne 32. — C. 307-311.

OpenFOAM Documentation, http://www.openfoam.org/docs (Accessed Nov, 2012).

"ITPOIT'PAMMHBIN KOMILJIEKC I0SO MHOT'OIIOJIb30OBATEJIBCKOI'O
JOCTYITIA K CYHEPKOMIIBIOTEPAM /IS PELIEHUSA
NHXEHEPHBIX 3ATAY"
10.U.baouii, MockBa, 3A0 "CUI'MA TexHoJiorusi'', 1upeKTop

B noknane mpencrtaBieHbl BO3MOXHOCTH Hporpammuoro komiuiekca 10SO s opranuzaunu
pacdyeToB C MCIOJb30BAHHEM CYIEPKOMIBIOTEPHBIX cucTeM. IIpeacTaBiieHbl NpPAKTUYECKUE
MPUMEPBl  PEIICHHUsS NapaMEeTPUYECKUX M  ONTHMH3ALMOHHBIX 337a4 I[POEKTUPOBAHUS
TEXHUYECKUX CUCTEM C HCIIOIB30BAHUEM CMEIIAHHBIX BBIYUCIUTENIBHBIX CUCTEM, OPTaHHU3ALUU
00JTaYHBIX BBIYUCIICHUI.

B Hacrosmiee BpeMs co3JaHHE COBPEMEHHBIX M KOHKYPEHTOCIOCOOHBIX OOpa3IloB
TEXHUKH U TEXHUYECKU CIIOKHBIX CHCTEM HE BO3MOXKHO 0€3 pelieHus 3ajJad YUCICHHOTO
MOJICIIUPOBAHUS W TIOCJIEIYIOIIETO COTJIACOBAHUEM IMPOEKTHBIX MapaMEeTPOB, BIMSIONIUX
Ha BbIOpaHHbIE TTOKa3aTenu 3 (HEKTUBHOCTH 3THX 00BEKTOB.

Pemenne nmaHHOW 3agaud  BO3MOXKHO TIpU  IMMPOKOM  HCIOJIB30BAHUHU B



NPOEKTUPOBAHUN  BBICOKODX(P(EKTUBHBIX  COBPEMEHHBIX  NPOTPAMMHBIX  CpEICTB
YHCIEHHOTO MOJEIUPOBAaHMUS M ONTHMHU3ALMHU, B TOM YHKCJIE€ MHOTOJUCIUIUIMHAPHON
MOCTaHOBKE. B TO e Bpemst pelleHre 3aja4 MOJAETUPOBAHUS TEUCHUH Ta3a U KHUAKOCTH,
TEIJIOMACCOTEepeHoca SBISIETCSI PECYPCOEMKOW BBIUMCIMTENBHONW 3amaueil U TpedyeT
OPUMEHEHUS  MHOTONPOIIECCOPHBIX  BBIUMCIUTENBHBIX  cucteM.  Jloctym Kk
BBIUHUCIUTENIBHBIM pecypcaM CyMEepKOMIIBIOTEPOB TpeOyeT OT MOJb30BaTeNel XOPOLIEro
3HaHUSA TPOLEAYp OpTraHu3alud JAOCTylla W UCIHOJIB30BAaHUS €r0 BBIYUCIUTEIBHBIX
pecypcoB. [l opraHm3ani TPOBEIACHHS PAa3IMYHBIX BHIOB PAcue€TOB U IMPOCTOTHI
UCTIONB30BaHUSI PECYpCOB CYNMEPKOMIIBIOTEpa pa3paboTaH TPOrPaMMHBIA  KOMILICKC,
BKIIFOUAIONIN B ce0s  BBICOKOAI(D(PEKTHBHBICE  ANTOPUTMBI  MHOTOKPHTECPHATLHOM
ontumuzammn  1I0OSO W WHCTPYMEHTAPUIMHOTOIOJIB30BATEIILCKOTO  CO3MIaHUST |
yIpaBICHUS MPOCKTaMH.

[Tporpammusiit komiiekc 10SO obnagaeT cneayrmuMy QyHKIUSIMU:

- HMHTETpallMOHHAs IUIaThopMa — WHTETpalus Pa3IUYHBIX PACUYCTHBIX MOJEIEH,
PacTOJIOKEHHBIX B CMEIIAHHOW BBIYMCIUTEIBHON Cpeie U Ha Pa3IMYHBIX OMEPAIMOHHBIX
cucremax (Windows, Linux/Unix). Ilo3Bomnsier opraHu3oBaTh OOMEH JaHHBIMH MEXIY
pacyeTHBIMH MOJEIISIMUA, OCYIIECTBIISATH YIPABICHUE 3allyCKOM MOJIENeH, BKIIOUYas
MHOTOTOIB30BATENbCKHUI TOCTYT K HUM,;

- aBTOMATH3AIMsI BBHITIOJHEHUS! BBIUMCIUTEIBHBIX 337a4 - BO3MOKHOCTH BBITIOJTHEHUS
napaMeTpUuecKuX W ONTHMH3AIMOHHBIX pAacdyeToB B pEXHUME pacrapauieIeHHBIX
BbIUMCICHUM  0€e3  HeoOXOoAUMOCTHM  B3auMmojaeiicTBus ¢ ynpaBistoumm  [1O

CYNIEpKOMITHIOTEPA;
- BO3MOXKHOCTh HWHTErpallMd B TUIATQOPMY METOJOB ONTHUMHU3ALUU CTOPOHHUX
pPa3pabOTUYUKOB;
- UCIIOJIb30BAaHUE YJAICHHBIX BBIUMCIECHUH — BO3MOXHOCTH YAOOHOTO JOCTyma K
BBIYMCIIUTEIbHBIM pecypcam, B TOM qucIie CYNEePKOMITbIOTEPHBIM

CUCTEMAaMHMBO3MOXHOCTH OPraHU3alMK 00JIaYHBIX BBIYMCIICHUH.

B noknane mpencraBiieHbl pe3yJbTaTbl ONTUMHU3ALUOHHBIX MCCIEAOBAHUN PEabHBIX
COBPEMEHHBIX CJIOXKHBIX TEXHUYECKMX OOBEKTOB B 00JacTH aBUAcTpoeHus. PemeHus
ONTUMHU3ALUMOHHBIX 3aJa4 Ta30BOM JWHAMUKH M TEIUIONIEPEHOCA C MCHOJIb30BAHHE
COBPEMEHHBIX cpelicTB MoaenupoBanusa — FlowVision, SolidWork u apyrux.

[IpuBeneHsl mpUMeEpHl UCIIONB30BaHUS HMHCTpyMeHTapus ontumuzauuu [0SO s
CO3[IaHHSI €JUHOTO BBIYHMCIHMTEIBHOTO MPOCTPAHCTBA I PEUICHUS WHKEHEPHBIX 3a7a4 C
3¢ (}EeKTUBHBIM HCMOIb30BAHUEM CMEIIAHHBIX BBIYMCIUTENBHBIX PECYPCOB, BKIIOUas
MHOT'OIIPOLIECCOPHBIE KJIACTEPA.



"BEB-CEPBUC "MATEMATUYECKUWM ITAPTHEP""

00J1acTh HAVYHBIX MHTEPECOB:
Komnbrorepnas ajnredpa, MaTpuuHble aJITOPUTMbI B
KOMMYTATHBHBIX 00JIaCTAX, Napa/uleJbHble BLIYUCIEHU, BeO-
| ~ CepBHC 1Sl CHMBOJIbHBIX BHIYMC/ICHUH H MaPaJLIeIbHbIX

; |8 ’ 7 CHMMBOJIbHBIX BbIYHCJIEHUI
I'.1. Magamonok, Tamo6oB, TT'Y um. [ep:xaBuna, 1.¢g.-M.H., mpogeccop kadeapnl

MaTEeMATHYECKOT0 AHAJIN3A, 3aBeAYIOLIUI JJadopaTopuu ajlredpandecKux

BeIuncjennii, malaschonok@gmail.com

[enbto mpoexta Mathpar siBisieTcst coznaHue OOLIEAOCTYITHOTO MaTeMaTHUYECKOTro BEO-

cepuca 'Marematuueckuil IlapTHep", KOTOpbI mpenHa3HauYeH [l pPELICHUS

CTaHAAPTHBIX MaTeMaTHYEeCKUWX 3amad. Peanusamuss mnpoekra MOXKET MPUBECTH K

Kaue€CTBEHHO HOBOMY (DYHKIITMOHMPOBAHUIO MAaTEMAaTUYECKOTO 3HaHUS B OOIIECTBE.
[IpoekT pa3merieH Ha caiite mathpar.com. [Tonp30BaTens MOXKET 03HAKOMUTHCSA

C TEKYIIUM COCTOSTHUEM ITPOEKTA, PyKOBOACTBOM MOJIb30BATENS U CTPAHUIIAMU

TIOMOIIIM C MHOTUMHU nipuMepamu. PaboTa monnepxana PODU (rp. 12-07-00755).

"MMPUMEHEHUE OBJIAYHbIX BBIYUCJIUTEJBHbBIX CEPBUCOB
MHNEPMCKOI'O TOCYJAPCTBEHHOI'O HAIIMOHAJIBHOTI'O
NCCIEJOBATEJIBCKOI'O YHUBEPCUTETA JIJIs1 PEHIEHUS 3AJIAY
MATHUTOIUHAMUKHAU U KOTEPEHTHbBIX ITPOIECCOB B
HAHOMATI'HUTHBIX CTPYKTYPAX"

A.I'. /lemeneB, K.¢.-M.H., 1oueHT, AupexkTop HOLL, Ilepmcknii I'ocyrapcTBeHHbIN
HammonanwHubiii MccenoBarenbckmii Y HUBepcuTeT, a-demenev@mail.ru,
T.C. BesiozepoBa, I1.B. Xapeoos, B.K. Xennep, E.K. Xennep

PaGota wampaBieHa Ha (yHIaMEHTaIbHYIO 3a7ady pa3BUTHUS U MPUMEHEHUS
BBIUHMCIIUTEIIbHBIX " UH(OOPMAITMOHHBIX TEXHOJIOTUH B MOJIEIIMPOBAHUN
MHOTOMACIITAOHOW MOJIEKYJISIPHONW AMHAMUKA MHOTOYACTUYHBIX CHUCTEM HAHOMATrHHUTOB.
HoBu3Ha - mapasienbHble alrOpuTMbl MHOTOMACIITA0OHOW MOJEKYJISPHOW TUHAMUKH,
peanu3oBaHHble B BUAE cynepkommbioTepHoro I[IO wu  anpoOupoBaHHBIE TIPH
MaTeMaTUYECKOM MOJCIMPOBAHMN MAarHUTOJIMHAMUYECKUX KOT€PEHTHBIX d(PHEKTOB, B T.U.
YUCJIE CBEPXU3IIYUYEHHUs, KOTZA M3JIydaeMas MOIIHOCTh MPOMOPLUUOHAJIbHAS HE YHUCITY
CIIMHOB, a uX kBajapary. Co3nana nmapajienbHas Bepcus mporpaMmmbl MagnetoDynamics-F
— Mojenupyroniero mnporpammHoro koja benosepoBoit T.C. nHa s3bike Fortran,
UCIIONb3ytolIas uHTepdenc npukiaaaHoro nporpamMmmupoBanus OpenMP. ITlomydenst
OlICHKH yckopeHus u d¢pdexkTuBHOCTH [1] peann30BaHHBIX AJITOPUTMOB HAa THUITHYHBIX
3a/1a4ax.

Co3maHHbId MapayuIeabHBIA KOA oOOecreunBacT MpOBEACHUE HCclaeaoBaHui [2]:
BO3MOXKHOCTH  PETYJIUPOBaHUsS BPEMEHU  IIEPEKIIOUYEHUS  MArHUTHOTO  MOMEHTa
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HAHOCTPYKTYPBI; pOJH (paKkTOpa reoMeTpusi HAHOKPHUCTAILJIA B CBOMCTBAX CBEPXMU3IYUYEHUS
¢ 1-, 2- u 3-mepHbIMH O0BEKTAMU; YACTHBIX PEIIECHUI CUCTEMBbl YPABHEHHM AJIS1 ONTUCAHHUS
MArHUTOAMHAMUKN HAHOTOYKH, WHIAYKTUBHO CBSI3aHHOW C IIACCHBHBIM PE30HATOPOM;
3aBUCHMOCTH HEJIMHEMHOTO PENIEHUS OT HA4aJIbHOM OPUEHTAIIMM MAarHUTHOI'O MOMEHTA C
[EbI0 HAaXOXKJEHUS KOH(QUTYypaluii, B KOTOPBIX CBEPXM3IIyUCHHE W PaJUAIMOHHOE
3aTyXxaHue MakcuMaibHbl. O0JIacTh MPUIOKEHUS - Pa3pabOTKH TEXHOJOTUH MOTyYCHUS
HAaHOJETEKTOPOB CJaObIX M3IYyYEHWH W CO3/1aHHWA KOMIAKTHBIX CHCTEM OBICTpPOU
MAarHUTHOU 3aIUCH.
PabGoTa BBITIOJIHEHA C HCIMOJIB30BAHUEM OOJIAYHBIX BBIUYMCIUTEIBHBIX CEPBUCOB U
BBICOKOIIPOU3BOIUTEIILHOTO 000pyaOBaHUS Hayuno-o0pa3oBarenbHOro LEHTpa
«IlapannensHble W pacnpeneneHubie  BeuucieHus» (HOL[ IMuPB) Ilepmckoro
rOCYJapCTBEHHOTO HAI[MOHAJIBHOTO HccienoBaTeabckoro yHuBepcutera (IITHUY) —
IPOrpaMMHO-TEXHUYECKUI  KomIulekc  «BwicokonmpousBoautenbHbli  SMP-cepep»
(mpuobperero mo rpanty PODOU 10-01-05021) u cymepkommbiotep «I1I'Y-Tecmay
(npuobperen mno  mpoekry "Pa3Burhe 1eHTpa  KOJUJIEKTMBHOIO  IOJIb30BaHUSA
BBICOKOIIPOM3BOAUTENBHBIMI ~ BBIYMCIUTENBHBIMU — pecypcamu —  HOL[  [IuPB"
[Iporpammel pazButus [II'HUY). Pabora Obuia BbINOIHEHA MPU TMOMJIEPKKE TPaAHTOB
PO®U 10-02-96023 - p_ypan awu 11-07-96007 - p_ypan_a.
Jlureparypa
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"TA®PEPEHIIUAJIBHAS MEXAHUKA ) KUJIKOCTEMX -
NHTEI'PUPOBAHHOE AHAJINTUYECKOE,
YUCJIEHHOE U JIABOPATOPHOE MOJAEJIUPOBAHHUE"

00J1aCTH HAVYHBIX HHTEPECOB:
Teopernueckasi ¥ IKCNIEPUMEHTAJIbLHASI MEXaHUKA KUIKOCTEN

10.]1. YameuknH, MockBa, ®I'BYH UHcTUTYT npol.ieM MEXaHUKHU HM.

A.JO.Nmnunckoro PAH, 3aBexywommii 1adoparopueii,
chakin@ipmnet.ru, vulidch@gmail.com

Pa3BuTre BBIUMCITUTENHPHOM TEXHUKA MW  MPOTPAMMUPOBAHUS  CIIOCOOCTBYET
pacrpoCTpaHEHUIO TEXHUYECKHU CJIOKHBIX METOJI0B TEOPETUYECKOTO u
AKCIEPUMEHTAIILHOTO W3YUYEHHS TeUeHUI. MeTOIbl CHMBOIBHBIX BBIUUCICHHUM MMO3BOJISIIOT
pacCuuThIBaTh  HEMPEPBIBHBIE  CHUMMETPUHM  CJOXKHBIX  ypaBHCHHWH, CpaBHUBATh
WHBapUaHTHBIE CBOMCTBA MCIOJIB3YIOIIMXCS Ha TPAKTUKE CHUCTEM YpaBHEHUU U
000CHOBBIBaTh BBIOOP (YHIAMEHTAIBHOW CHCTEMBI, TOUYEYHBIE CHUMMETPUU KOTOPOI
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MOJIHOCTBIO COOTBETCTBYIOT «IEPBbIM MNpUHLMIAM» (U3UKA — O0a30BbIM 3aKOHAM
coxpanenus [1].

JlanpHeWmMe aHAIUTUYECKUE W YWCIEHHBIE WCCIeN0BaHus (PyHIaMEHTaIbLHOM
CHUCTEMBI ITPOBOJIATCS C YUETOM YCJIIOBUS COBMECTHOCTH YPABHEHUH, ONPEACIAIOIIECTO PAHT
HEJIIMHEMHOW  CUCTEMBI, TOPSAOK €€  JIMHEAPU30BaHHOM YaCcTU H  CTENEHb
XapaKTEepUCTHUECKOTo (anreOpanyeckoro) ypaBHeHus. [lpuBomutcs kimaccudukaims
KOMITOHEHT TIEPUOJNYECKUX TEUYEHUW, COCTABIAIOIIMX T[OJIHOE PEIICHUE CUCTEMBI B
OpUOTMKEHUN «MaJIOW JAMCCUMAIMN»), KOTOPOE BBIMOJHSIETCS JUIsl IIMPOKOro Kiacca
KHUIIKOCTEH B TEXHHUUCCKUX U MPUPOIHBIX YCIOBUAX [2].

MertogaMu TeOpUH CHHTYJISIPHBIX BO3MYIIEHHI HCCIENOBaHbl CBOMCTBA PEIICHUM,
OMKCHIBAIOIINX PACTIPOCTPAHCHHUE JTUHEHHBIX U CIa0OHEIMHEHHBIX BOJH (MHEPIUOHHBIX,
BHYTPEHHUX U TOBEPXHOCTHBIX T'PABUTAIMOHHBIX, AaKyCTHMYECKHX, TUOPUAHBIX) U
CONYTCTBYIOIIUX TOHKOCTPYKTYPHBIX KOMIIOHEHT B HEOJHOPOJHBIX BPAIIAFOLIUXCS
cpenax. OOCyXIar0TCsl pe3yJbTaThl Mepexoia K MPUOIMKEHUI0 OJHOPOIHON >KUIIKOCTH.
[TonyueHHbIE MOJIHBIE PEUICHUS YYUTBHIBAIOTCA MPU pa3pabOTKE YHUCIEHHBIX Mojeen
pacuera TMHAMUKHU U CTPYKTYPbl CIYTHBIX CTPATU(UIIMPOBAHHBIX TCUCHUN U BHYTPEHHUX
BOJIH. Pe3ynmbraThl pacyeToOB CpPABHUBAIOTCA C JIAHHBIMHA  BBICOKOPA3pPEIIAOIIETO
71a00paTOPHOTO MO/JIETUPOBAHUS BHYTPEHHUX BOJIH 151 COIMYTCTBYIOIIUX
TOHKOCTPYKTYPHBIX KOMITOHEHT B HEIIPEPBIBHO CTPaTH()HUIIMPOBAHHBIX cpenax [3-5].

OO0cyxmaroTcs yCIoBusl HaOM0aeMOCTU (PU3NYECKUX MMApaMEeTPOB TEUEHUM, a TAKKE
MIOJIHOTHI JTAOOPATOPHOTO U YUCIIEHHOTO SKCIIEPUMEHTA.
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"YUCJEHHOE MOJIETMPOBAHUE CBEPX3BYKOBBIX
T'A30BbIX HEJIOPACIHIUPEHHBIX CTPYH B TAKETE
OPENFOAM C UCITOJIB30BAHUEM OBJAYHBIX
TEXHOJIOTUI"

0061acTh HAYYHBIX HHTEPECOB:

1) CBepXx3ByKOBbBIE IT'a30Bbl€ CTPYH: IKCIIEPHUMEHT, TeOPHsl,

YK CJIEHHOE MOACJINPOBAHHUE;

2) 'a3oquHAMHKA H TENJIO(PU3NKA BLICOKOTOYHBIX MPOIECCOB

CYLIKH M HAIPEBA;

3) N'azopMHAMHKA, TEPMOTMHAMHUKA ¥ 2a9POONTHKA MOIIHBIX

XHMHMYECKHX JIa3epOB;

4) OnTuka atMocdepbl H INCTAHIHMOHHOE JIa3ePHOe 30HANPOBAHHE

aTmocgepsl.

A.B. CaBuHn, Cankr-Ilerep0Oypr, A.T.H., mpodgeccop,
BI'TY «Boeamex» um. /[.®D. YcTHHOBA,
3A0 "Konuepn ""Crpyiinble TexHoJ0oruu' " "',

AUPEKTOP MO pa3BUTHIO, izooandrey@inbox.ru,

ILI'.CmupHoB

CBepx3BYKOBBIE Ta30BbIE CTPYH — OTO OJMH M3 HHTEPECHEHUIINX OOBEKTOB s
YUCJICHHBIX OJKCIepuMeHTOB. MccneoBaHusi Takux CTPyH COXpaHSIOT — OOJbIIoe
npukiangHoe 3HadueHue [l]. Kpome Toro, B mocienHee BpeMs TMOSBWICS HWHTEpPEC
(byHIaMEHTAIBHOTO U TEOPETHUECKOTO XapaKTepa K psily HEOOBIUHBIX SBJICHHUMA, UMEIOIINX
MECTO B TaKUX CTpYsX [2, 3].

B nocnennee BpeMsi MOSIBUWINCH HOBBIE BO3MOKHOCTH, CBS3aHHBIE C Pa3BUTHEM
POTPAaMMHBIX HHCTPYMEHTOB ¢ OTKPBITBIM KojoM (Salome-OpenFOAM-Paraview [4]) u
00JIayHBIX  TEXHOJIOTMI  TapauieNIbHBIX  BBICOKOMPOU3BOJIUTEIBHBIX  BBIYUCICHUN
(mporpamma «YHHUBEPCUTETCKUN KiacTep» [5]). DTO OTKPBIBAET pEAIbHYI0 BO3MOXHOCTh
JUISl HEOOJIBIIIMX TBOPUYECKUX TPYMI U ISl OTACJIBHBIX MCCIeoBaTeNield BECTH paboThl 1O
YUCJIEHHOMY MOJICJIMPOBAHUIO CTPyH Ha BBICIIEM MHUPOBOM YpoBHe. OjHaKo He
CYIIECTBYET CTaHJIApPTHOM TakKoro MojenupoBaHus. B kaxaoMm ciydae HE0O0X0IuMO
KOPPEKTHO MPOBOJUTH MPOIEAYPHI Bepru(PUKALIMY U BaTUJAIUU.

B nactosmeit pabore MpUBOASTCS PE3yJbTaThl MOJACIMPOBAHUS OCECUMMETPUYHBIX
HEJIOPACITUPEHHBIX CBEPX3BYKOBBIX TYPOYJICHTHBIX CTpyW ¢ uuciom Maxa M,=3 u
creneHssiMu HepacuetHoctd N=0.3-2.3 Ha OCHOBe ypaBHEHHWI PeiiHonbaca B makere
OpenFOAM ¢ wucnons3oBaHueM JBYX Mmojeied TypOyiaentHoctu: K-[1 wu k-[1 SST.
[IpoBomuTCS CpaBHEHUE CTPYKTYPHI MEPBOM «OOUYKM» C IKCMEPUMEHTATBHBIMUA JTAHHBIMU
[6]. 3amaum paboThl: ompenenuTh, kKakod u3 pemarencii OpenFOAM ontumaneH mis
MOJICIIUPOBAHUSI HEPACUETHBIX CBEPX3BYKOBBIX CTPYH; HaWTH HamOoJiee KOPPEKTHHIN
croco® 3aJaHUs TPAHUYHBIX  YCJIIOBHM; OTpabOTaTh  TEXHOJIOTHIO  IOJTYYEHHS
CTallMOHAPHOT'O YHCIIEHHOTO PEIICHHUS.

Jlns pacueToB HCHOJIB3YETCS T€OMETPHUs, COOTBETCTBYIOIIAS SKCIEPUMEHTAIBHOU


izooandrey@inbox.ru

yctanoBke UTTIM CO PAH [6]: U3 KOHUYECKOTO CcoIlia ¢ pacueTHbIM yucioM Maxa 3.005
U yIJoM ToiypactBopa 15° B okpyxkawmryto cpeny ¢ ngasienuem 1.008 Gap u
temriepatypoil 294K wucrtekaer Bo3ayx c¢ Temmeparypod TopmoxkeHus 287K. Pacuers
npoBefeHbl B 2D  oceCUMMETpUYHOM TOCTAaHOBKE ISl TpeX 3HAYEHUM CTENEeHU
HepacueTHoctu: 0.303, 0.784, 2.314 ¢ momomsto pemateneii sonicFoam, rhoCentralFoam
u donsFoam. CtpykTyphbl iepBoii 00YKH CPaBHUBAIOTCS C SKCIICPUMCEHTATIBHBIMHU JTAHHBIMH
[6], a Takke cC pe3yJbTaTaMH YHCICHHOIO MOJEJIUPOBAHUS, IOJIYYEHHBIMH C
UCIOJIb30BAaHUEM KOMMEPYECKUX KOJOB.

OCHOBHBIE PE3YJIBTATHI:

1. OrpaGoTana MeTOAUKA MOJEIMPOBAHUS CBEPX3BYKOBBIX CTPYHMHBIX TEUEHHH C
UCIIOJIb30BaHUEM CTaHAAPTHBIX pemarened B coctaBe nmaketa OpenFOAM: koHBepranus
pacyeTHOM CETKH, 3aJaHuEe TPAHWYHBIX YCIOBUUA U IMapaMETPOB CXEM JIUCKPETU3AINH,
3allyCK MMapajuleNIbHOrO pEIIeHUs] Ha JIOKaJIbHOM KOMIBIOTEPE M KiacTepe web-
nabopatopun UniHUB, n3MeHeHne rpaHuuHbIX YCIOBUN B MPOIECCE pacyeTa, MOIydeHHe
CXOJSAUIErocs CTAlMOHAPHOIO PEUICHUS U aHAJIU3 PE3yJIbTaTOB.

2. IlpoBeneHO CpaBHEHHE C OSKCIHEPUMEHTOM CTPYKTYp MEpBOMl OOYKH CTpyH,
nonydeHHblx B Tpex pemarenix OpenFOAM. Jlana xapakTepHCTHKa OCOOEHHOCTEN
pemiateneil  MPUMEHUTEIBHO K  MOJICTMPOBAHUIO  CBEPX3BYKOBBIX CTPYH, JIaHbI
PEKOMEHJallMU 110 BHIOOPY peraTess.

3. IIpoBeieHO CpaBHEHUE PEIICHU, MOJIYYECHHBIX C UCIOJIb30BAHUEM JBYX MOJEIEH
typoynenaTHoctu: K-[1 wu k-[J SST. Jlaubl pexkoMeHAalHMKA 10 BBIOOPY MOJCIH
TypOyJIEHTHOCTH.

4. UccrnenoBaHa CXOOUMOCTb PELIEHUS IO CETKE.

Takum oOpa3oM, MOJy4YEHHBIE PE3yJbTaThl MO3BOJSIOT YCTAaHOBUTH OCHOBHBIC
MOJIOKEHUSI METOAUKHA MOJEIUPOBAHUS CBEPX3BYKOBBIX HEPACUETHBIX CTPYWHBIX TEUEHUN
B cpeae OpenFOAM c¢ ucrnonp3oBaHrEM TapajuIeNIbHBIX 00JIAYHBIX BBIYMCIICHUM, a TAKKe
o0ecreunTh BATUAAINIO MTPEAJIaraeMoil METOTUKH.
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"ONbIT UCITOJIB30BAHUS OPENFOAM JIJIs1 PEHIEHUSI UH)KEHEPHBIX
3AJIAY B YHUBEPCUTETE POCTOKA"
N.1lleBuyk, Universitat Rostock,
aCIIHpaHT Kaq)ellpbl YUCJTCHHOI'0O MOAC/IMPOBAHUS YHUBEPCUTETA POCTOKa,
ivan.shevchuk@uni-rostock.de, ivan.shevchuk@ymail.com
H.B. KopHes

PaccmatpuBaroTcsi OCHOBHBIE HAIlpaBJICHUS UCCIIEIOBAHUIA, TPOBOJIMMBIX HA TAHHBIH
MOMEHT Ha Kadeape YHUCIEHHOTO MOJETUpOBaHUs POCTOKCKOTO YHHMBEpPCUTETA.
[IpeacTaBieHbl OCHOBHBIE pe3yJIbTaThl, OJy4YeHHbIE MpU nomolu nakera OpenFOAM no
Ka)KJJOMY W3 HalpaBJICHUN.

"BBICOKOINNPOU3BOAUTEJBHBIE BBIYMUCJIEHUSA B 3ATAYAX
CYAOCTPOEHUA"
N.B. Tkayenko, Cankr-Ilerepoypr, CIIOI'MTY, nouenr,
igor.v.tkachenko@mail.ru,
A.O. lykapckuii, H.B. Tpsickun, C.A. Yenypko

CoBpeMEHHOE  CYAOCTPOCHHME  SBJISIETCSI  BBICOKOTEXHOJOTMYECKOM  OTPACIIBIO
MIPOMBIIIUIEHHOCTH, UCIIOJIb3YIOIIEH MOCTIeAHUE TOCTHKEHUS PA3IMYHbIX 00JIacTeil HayKu
u TtexHuku. K onHuM u3 Hamboiee BOCTPEOOBAHHBIX TEXHOJOTHA OTHOCATCA
BBICOKOIIPOU3BOIUTEIbHBIE BBIUUCIEHUS, KOTOPbIE HCIOIB3YIOTCS MPH CO3AaHUM HOBOM
MOPCKOM TEXHHKH.

[IIupokoe MpUMEHEHUE BBICOKOIPOU3BOAUTENbHBIE BBIUMCICHUS HAILIM B 3a/ayax
KopaOenpHON THUAPOJWHAMUKA M CTPOUTEIIbHOW MEXaHUKHU Kopadiis. BocTtpeOoBaHHOCTH
MOAOOHBIX TEXHOJOTMM B TUIPOJAMHAMHUKE KOpalisi oOO0YyCJIOBJIEHA CJIOKHOCTHIO
MOJEJIUPOBaHUSI OOTEKaHHUsI KOPIYCOB CYJIOB IMOTOKOM BSI3KOM HECKMMAEMOM KHUIKOCTH.
Tedenne HOCUT TypOYJIEHTHBIM XapakTep, MacTaObl BUXPEl KOTOPOTrO BapbUPYIOTCS OT
COTEH MHUKpPOH JI0 HECKOJbKMX MeTpoB. Bo3HHKaeT HEOOXOIMMOCTb MOJEIUPOBAHMS
pazHoMaciTabHbIx ddexroB. C npyroi CTOPOHBI, HA TPaHUIIE pa3liesia MOpCKas cpefa -
BO31IyX (POPMUPYIOTCSI KOpaOeIbHbIE BOIHBIL. J1JIsi KOPPEKTHOTO UX OMHCAHUS (pa3penieHus
uHTepdeiica) NpUXOAUTCS TMPUOEraTh K MHOTOMIJITMOHHBIM —PACUYETHBIM CETKaM.
Bo3nukaer HE0OX0IUMOCTh MCIOJIB30BAHUS CYNEPKOMITBIOTEPHON TEXHUKU M OOJIAYHBIX
CEPBUCOB.

B noknmage oOCyXaaroTcss ONBIT  MOCTPOCHHUS  MHOTOMWJIMOHHBIX  CETOK  Ha
MHOTOTPOIIECCOPHBIX crucTeMax Ha Oaze muatdopmbl «UINHUBY, pe3ynbrarhl pacyeToB
OoOTEKaHUsI KHUAKOCTHIO CYAOBBIX KOPIYCOB M HMX JJIEMEHTOB, BO3MOXHOCTHU

MOJCINPOBAHNA BOJIHOBLIX JIBI/I)KCHI/II\/'I KUAKOCTU C IMOMOIIBIO OTKPLITBIX IPOrpaMMHBIX
naketoB OpenFOAM u FlowFES.
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"MOAEJIMPOBAHUME ITPOINECCOB TEHEHUA
JIBYX®A3HON CMECH C MEXKX®A3HBIM
MACCOOBMEHOM U YYETOM CZ KUMAEMOCTHU CPE/
CPEACTBAMMU OPENFOAM"

W

00J1acTh HAVYHBIX MHTEPECOB:

IIpocTpancTBEeHHOE MO/IeJIMPOBAHNE CONPSIKEHHBIX TENJI0-MaCCo-

00MeHAa U MEXaHMKHN KOHCTPYKIM, pa3padoTKa YMCJIEHHbIX U

pacyeTHBIX MOJeJIel, mapaJjieJibHblie BbIYMCJIECHUS,

NMPOrpaMMHpoOBaHMe

M.B. Kpanomusn, MockBa, PHI{ KU, HauaabHuK JJabopaTopuu,
os-cfd@yandex.ru,

C.A. Kagum, A.M. Tarupos

B noknage paccMaTpuBaeTcs NpoLEcC pealn3aluyd HOBOW (DU3UYECKON MOJEeH
teuenus cpeactBamu OpenFOAM — nBrKeHHE HEPAaBHOBECHOU ABYX(a3zHOM CKUMAaeMOM
cCMecH ¢ MeX(a3HbIM TEIUIO- U MAacCOOOMEHOM (KOHJIEHCALMEW M UCHApEeHHEM 3a CUEeT
M3MEHEHUS KaK TEMIIEpaTyphl, TaK U JIOKATBHOTO JABJICHUS CPEABI) B ITUPOKOM JTHAIIa30HE
yucen Maxa. MaremaTudeckas MoOAENb NPEACTaBiIseT cO00M OMUCaHWE TEUYCHUS
TOMOTEHHOW cMecH (i1 BBIYHACICHUS NPHHAMICKHOCTH K OJHOW U3 JABYX (a3
UCIIOJIB3YETCsl 00BEMHOE COJIepIKaHUe TsKeJIon ¢asbl) ¢ 00muUMH Jisi o0eux (a3 MmoJIIMU
CKOpPOCTH, JIaBJICHUS W TEMIEpaTypbl, a TakXKe pa3IMYHbIMU I[JIOTHOCTSIMH,
TEIIO(PU3NYECKUMH CBOMCTBAMHM W YPaBHEHUAMH COCTOsiHUS. Mojens Oa3upyercsi Ha
cymecTByromux —«pemareinsix» OpenFOAM — compressiblelnterFoam (teuenue
nByxdazHoit mzoTrepmMudeckoil cxumaeMoit cpenbl) u interPhaseChangeFoam (teuenwue
nByX(ha3HON HEC)KMMaeMON M30TEPMUUECKOM Cpeibl ¢ MacCOOOMEHOM 3a CUET M3MECHCHUS
JIOKaJIBHOTO JAaBJICHUS — KaBUTAllMM) U BKIIOYAET B ceOs cleqyroniue Ja0padoTKH,
pacIIUPSIONINE 3TH MPUIOKEHUS 10 OoJiee OOIIEeTo ciayJast:

e Ilepenoc Temmeparypsl (OajnaHc SHEpPruu) Kaxaou u3 (as, BKIouUass MexdazHbIN
OasiaHc 1 paboTy CKaTUS/PACIIUPEHUS.
¢ BimsiHME naBiieHUs U TEMITepaTyphl Cpe/Ibl Ha INTIOTHOCTD (pa3sbl.
e VYuyer pa3nuuus B YPAaBHCHHHM COCTOSIHHSI TPU PACCMOTPEHUHM JIBYX Pa3IMYHBIX
TUTIOB cpeJl (CI1a00CKMMaeMON KUJKOCTH M CKMMAEeMOro UIeabHOTO Tra3a).
e Bgeneno paznnuue TerioGU3nYecKux CBOMCTB Kaxa0u u3 ¢as.
BriBox Mozienu CTpOUTCS Ha PacCMOTPEHHMHM OajlaHCa MacChl, UMITYJIbCa U DHEPTUU IS
KaKI0i u3 (a3 ¢ mocienyrommuMm oObeIUHEHHWEM U MoiydeHueM auddepeHnnaibHbIX
COOTHOIICHHM JJI1 CMECH B 11eI0M. [IpUBOIUTCS BBIBOJ YpaBHEHUS JJISl JABJICHUS KaK JJIst
ciydasi 6€3 BIMSHUS TEMIIEpaTyphl Cpebl Ha TUIOTHOCTh KaXa0u U3 (a3, Tak M ¢ y4eToM
TETIJIOBOTO PACIIUPEHHUSI.
B 3aBepmiennn paccmaTpuBAIOTCA CIENYIONIME TECTOBBIC 3aJa4ydl MPUKIATHOTO U
GyHIaMEHTAIBHOTO XapaKTepa C MeJIbI0 OIEHKH aIEeKBATHOCTH pa3paO0TaHHOU MOJIEIIH:
o Kunenue XUAKOCTH B KaBepHE C IMOJOTPEBOM HIDKHEW CTEHKH (Ha pPHCYHKax
TIOKa3aHbl MTHOBEHHBIC 3HAYCHHMSI TTOJIs1 00 BEMHOTO COJIepKaHUS BOIBI).


os-cfd@yandex.ru

e OOBEMHOE BCKUITAHKUE MEPETPETOM CPEIbI.

e KaBuranus npu npoaoIbHOM OOTEKaHUM LUJIMHIPUYECKOTO Teja co chepruuecKum
HAKOHCYHHUKOM.

e TeyeHus Ipu CMENIEHUM Iapa ¥ BOJBI B KaHaIaX MPOCTOU T€OMETPUH.

e MogenupoBanue BUOPAIMOHHOTO COCTOSIHUS CMECUTENSl MPU «BIPHICKUBAHUN
BOJbI (T=200C) B OKOJIO3BYKOBOM IIOTOK OCTPOTO I1apa.

Liquid vol. frac
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"O METOJIAX TAPAMETPU3AIIUM TEOMETPUU PACUETHOHM OBJIACTHU
IIPU PEHLIEHUUA 3ATAY OIITUMU3AIIUU TASOANUHAMUKHN"

C. 3unkeBuy, MI'TY um. baymana, M./I. Kaayrun, UCII PAH, M.B. KpanouuH,
PHII K4, O.1. Camosapos, UCII PAH, C.B. Crpu:kak, MI'TY um. baymana,
IO. TuxonoBa, UCII PAH, I''A. IlllersiioB, MI'TY um. baymana,

A.C Enuxun, MI'TY um. baymana

B Hacrosiiee Bpemsi 0COOCHHBINM MHTEPEC BBI3BIBAIOT 3a/1a4d TIOMCKA TaKOM (hOpMBbI
MPOTOYHON YACTH TEXHUYECKUX YCTPOMCTB, KOTOpas oOecneduBaia Obl ONTUMATbHOCTD
BBHIODAHHBIX  KPUTEPUEB  OLEHKH pabOThl  DHEPreTHUECKOr0  OO0OpYAOBaHHUS  C
ra3oJIMHAMUYECKOM TOUYKH 3peHus. TakuMH KPUTEPHUSIMU MOTYT OBbITh, HaAIpPUMEDP:
K02 PUIMeHTH T0O0BOTO COMPOTHUBICHUS U MOABEMHAS CHUJAa JICTATEIBHOTO ammapara,
BEJIMYMHA TUIPABINYECKOTO COMPOTUBIICHUS y4acTKa CETHU CO CJIOKHON CXEMOU TeueHUs,
pa3BUBacMbIii HacocoM Hamop W Tp. Jus pemieHuss TakuxX 3aja4  OpraHU3yeTcs
MUKIMYECKUM Tpoliecc nepedopa GopM MPOTOYHOM YacTu (MU BHEIIHEH MOBEPXHOCTHU
U3JIeNUsl) COINPOBOXKIAEMbIN pelIeHueM Tra3oJuHaMuueckod 3anauyu. llenpio 3TOrO
npoiiecca nepedopa sSBISIETCS HAIpaBJIECHHBIA MOUCK TAKUX T€OMETPUUYECKUX MMapaMeTpoOB,
OTIPENICIISIONIUX PACUETHYIO 00JIaCTh, MPU KOTOPBIX PacCUMTAHHBIE 3apaHee BBHIOPAHHBIM
cnocobom kputepun (CX, Cy, mepenaa HaBJICHUS WU TP.) JOCTUTAIOT ONTHUMAIBHOTO
3HaueHus. WHbIMU cioBamu, TpeOyeTcss penuTh 3a]ady ONTUMHU3AINH BEKTOPHOM



(dbyHKIUU (B 00IIEM CIydae) MHOTHX MEepeMEeHHBbIX. BeKTopoMm 3HaueHui Takod (yHKIIMH
SIBJISIFOTCSI 3HAYCHHS] KPUTEPHUEB, apTyMEHTAMU — HA0Op TEOMETPUUYECKUX XaPAKTEPHUCTHK,
onpenensonux GopMy pacieTHON 00IaCTH, a BRIUMCIECHUE 3HAYCHUS ()YHKIIUA COCTOUT B
WHTETPUPOBAHUN YPAaBHEHUH, ONMCHIBAIOIINX JBMKCHUE TIOTOKA.

[IporpamMmMHBIE KOMIUIEKCHI, pEeLIAOIIUE TOJO0HBIE 33a4H 0053aTEbHO BKIIOYAIOT B ce0s
CJIEYIOIIE KOMIOHEHTHI:

3. Moayns M3MEHEHHsI pacueTHOW 00yiacTu (B 3aBUCUMOCTH OT 3aJIaHHBIX 3HAYCHHM

napameTpoB Fr€OMETPUN).

4. Mopynp pelieHus ra30JuHaMUYeCKOMN 3a/1auu.

5. Moaynp opranu3aiyy rnorucka onTumMyma (TJ100aabHOTo dKCTpeMyMa QyHKITUN).
OObIyHO TIpH pa3pabOTKE MPOrPAMMHBIX KOMILJIEKCOB OCHOBHOE BHHMMAHHE YJEJSETCS
qyacTsiM 2 U 3 W3 BBIMICTIPUBEIEHHOTO CIUCKa. Bompockl ke MmepecTpoeHus reoOMEeTpUH,
KOTOpbIE MOTYT OKa3aThCsl PEHIAIOIIMMU MPHU MOUCKE ONTUMYyMa OCTAIOTCS «3a KaJpomy,
HECMOTPsI Ha CJIO)KHOCTh UX TEXHUYECKON peasln3aliu.

Kpbuibuatka u nonatku auddy3zopa koMmmnpeccopa

ABTOpBI TIpEJIaratoT BBECTU MOHITHE MAapaMETPUUECKON T'€OMETPHUH, OTIAEIMB METOA U
MPOIIeCC MOTYYEHUsI KOHKPETHBIX peaan3aiuii GopMbl pacyeTHOM 00JIacTU OT TE€OMETPHUH
B 0a30BOM BapuaHTe. Takoe pas3ielieHHe TMO3BOJSET CHOPMYIHPOBATh WHKEHEPHBIC
TpeOOBaHMSI K TIOCTAHOBKE 3aJa4ydl U BBECTH CJCAYIONIYI0  KJIacCU(UKAIUIO
MapaMeTpUIECKON T€OMETPUH:
® HHTEPNOJSALMOHHASA, [OJy4yaeMas IyTeM HM3MEHEHHs KOOpPAMHAT HEKOTOPOro
MHO’KECTBA TOUYEK Ha MOBEPXHOCTU PACUETHOM 00JIaCTH, B TO BpeMs KaK MOJIOKEHUE
OCTAJIBHBIX BEPILIMH NE€PECUUTHIBACTCA 110 HEKOTOPOI 00I1Ieil 3aBUCUMOCTH.

¢ HH)KEHEPHO-aHAJMTHYECKAasi, B KOTOPOW IIOJIHOCTHIO  OMNPEACIICH METOJ
IIOCTPOCHUSI PpPAacUCTHOM o00JacTH B 3aBUCUMOCTH OT 3aJaHHBIX IIapaMeTpOB
KOHCTPYKITUHU, UMEIONUX (PU3MUECKHUI CMBICT (HampuMep, TuaMeTp KaHana, ¢popma
KaHaJIa, 9¥CJIO JIOMATOK B TypOWHE U Jp.).

B noxnane paccMaTpuBaroTCs MOJIO0KHUTENBHBIE U OTPULIATENIbHBIE CTOPOHBI 000X
MO/IX0/I0B, TPUBOAATCS IPUMEPHI peaNIbHBIX YCTPOMCTB, ISl KOTOPBIX B HACTOSIIIIEE BPEMSI
pemraeTcs 3a7a4a ONTUMHU3ALMH C UCTIOJIb30BAHUEM BBILIEYKA3aHHBIX METOJIOB
napameTpH3aluy TeOMETPUU pacueTHOM o0nacTu (TypOoKoMIIpeccop (CM. pUCYHOK),
TUIEP3BYKOBOM JIETATENbHBIN anmapar, CTpyHHBIN Hacoc).



"OCOBEHHOCTHU MOJAEJINPOBAHUA OBTEKAHUA TEJI B
3AKPYYEHHOM JJO3BYKOBOM IIOTOKE I'A3A"
C.B. Crpmikak, MI'TY um. H.D. baymana, Beqymmii 3JIeKTPOHUK,
Tea. 8-916-6839754

MHorue TeXHH4eCKue yCTpOUCTBa (AMarHOCTUYECKUE IPUOOPHI, 30HbI, BO3YILITHBIC
CpelCTBa, JieTaTelbHbIe anmapatbl, opransl ynpaiaeHus Ha BITJIA u TCBII, rpy3sl Ha
BHEIIIHEW MOJIBECKE BepToJieTa) GYHKIMOHUPYIOT B 3aKPYUYEHHOM TYpPOYJIEHTHOM MOTOKE
raza. OCOOEHHOCTbIO OOTEKAHUS TAKUX TEJl SIBJISIETCS CYIIECTBEHHO HEPAaBHOMEPHOE TOJIE
BO3MYIIEHHBIX CKOPOCTEW, HAJIM4YME CKOIIEHHOTO IMOTOKAa W PEUUPKYISIIMOHHBIX 30H,
MHOT0()a3HOCTH Cpe/ibl, OTPAHUYEHHOE MPOCTPAHCTBO. DTU (PAKTOPHI MOTYT MPUBOJIUTH K
HEeXenaTeJIbHBIM PeKUMaM SKCILTyaTallii TEXHUYECKOro yCTpoicTBa (BUOpaluu, sSiBIICHUE
aBTOKOsieOanuif). M3BeCTHO, YTO CYIIECTBYIOT pa3JIMYHbIE THUIBI BUXPEH: CBOOOHBIM
(MOTEHLIUANIbHBIN), BBIHYKJICHHBIA (TBEpIIOTENIBHOE BpallleHHE), KOMOWHUPOBAHHBIN
(Buxpb Penkuna).

Puc. 1. Pacuer ob6Tekanust [MarHOCTUYECKOTO KoMILiekca « CKkaHIaitHep»:
a) ko3 durment nasnerus Cp; 0) 3HAUCHUSI MO TABJICHHS M IMHUW TOKA

[lonoOHbIE BHUXpPH XapaKTEPU3YIOTCS TAHTEHUUAIBHOM M YIJIOBOM  CKOPOCTHIO,
HUPKYJSIUEd W 3aBUXPEHHOCThIO, MpoduieM naBieHus. B pabore paccmaTpuBaroTcs
BO3MO>XHOCTH OTKPBITBIX MAKETOB JII MOJAETUPOBAaHUS OOTEKaHUs Pa3IMYHBIX TeNl MpPH
HaJU4YMKM BHUXPEH C LIENbI0 ONpenesieHUusT ONTHUMalbHONU (DOPMBI, U3YUEHHUIO CTPYKTYpPbI
teueHusi. Ha npumepe pacuera oOTeKaHUs 30HIOB J03BYKOBBIM 3aKpPYYEHHBIM MOTOKOM
MIPOJICMOHCTPHPOBaHbI BO3MOKHOCTH makeTta OpenFOAM st pemieHus mpakTHYeCKUX



3agad. OOcCyXJIarTcs BOMPOCHI HCIIOJIB30BAHMS CYLIECTBYIOIIMX M CO3JAaHMS HOBBIX
pemiaresneil , pa3paboTKH HEOOXOIUMBIX MPAHUYHBIX YCIOBUUA M MOIU(MUKALIMU MOJEIen
typoynentHoctu st URANS,LES. B pesynbrate pacuera momyueHsl 3HaueHus AJ[X,
pacueTHbIC HEBS3KU, KOAI(POUIUMEHT NaBICHUS, 3HAUYCHUS TOJIA JaBICHUS U JIMHUM TOKa
(puc. 1). BoiOpanbl onTHManbHBIE KOHCTPYKTHBHBIE MapaMeTpbl 30H1a. [laker Paraview
WCIIOJIb30BAJICS I BU3yallM3allUd peE3yJIbTaTOB pacueTa. PacdeTsl NpOBOAMINCH C
UCTIOJIh30BAHUEM BBIYHCIUTEIBHBIX pecypcoB Web-mabopatopun UniHUB.

"CPABHUTEJIBHBIN AHAJIN3 OTKPBITOI'O
IMPOT'PAMMHOI'O OBECIIEYEHUA JJ151 HIOJEBOI'O
MOJAEJINPOBAHUA ITOKAPOB"

00J1acTHL HAVYHBIX HHTEPECOB:
MaremaTn4yeckoe MoIeJTMPOBAHME TEMJIOMACCOOOMEHA B
XHMHYECKH Pearupylouux cucreMax

WS, IlleiinMAaH, K.T.H., JOLIEHT,
Cankr-Ilerepoyprexuii I'ocynapcerBennslii llonmurexHuyeckuilt Y HUBepcuTeT,
irina.sheinman@yandex.ru,

A.C. Ioii, A.IO. CHerupesn

[loneBoe MopaenupoBaHWE JUHAMHKKA TIOKapa — TMPaKTUYECKU  BaKHad,
MyJIbTQU3NYHASA U pecypcoéMKas 3a/1ava. B mocneqnee Bpems ajisi pemieHus dToi 3aaa4u
BCE dYallle MPUMEHSETCS CBOOOJHO pacHpoCTpaHseMoe MporpaMMHOe oOecreueHue ¢
OTKPBITBIM KOJIOM, MPU TOM HAUOOJBIIYI0O M3BECTHOCTH MOJYYMIIM JIBa MPOTPaAMMHBIX
OpoAyKTa: crneruanm3upoBaHHbli maker FDS [1] um pemarens FireFOAM  [2],
pa3paboTaHHBIE Ha 0aze OO0BEKTHO-OpHUeHTHpOBaHHOW Oubmorekn OpenFOAM.
OtmeruM, yto Oubmmoreka OpenFOAM Orina BEIOpaHa B Ka4eCTBE OCHOBHOTO CPEJICTBA
JUIS peIleHUs 3a7ad MEXaHWKH CIUIOIIHOW cpenasl npu co3fanuu Web maboparopun
UniCFD pecypca Unihub.ru, FDS Takxe goctyneH Ha 3ToM pecypce. B mpencraBieHHON
paboTe BBITTOJHEH CPABHUTEIBHBIA aHAIN3 BO3MOXKHOCTEH O00EHX MpOrpaMM Ha TIPHMEpE
peIeHUs 3a7aud O MOJCIMPOBAHWM YCTAHOBHMBIIETOCS €CTECTBEHHO-KOHBEKTHBHOTO
1 y3MOHHOTO TYpOYJIEHTHOTO TIUIAMEHH B OTKPBHITOM IPOCTPAHCTBE HAA KPYTJIOM
nopuctoil ropenkoil. [locraHoBka 3amaud COOTBETCTBYET YCJIOBHUSIM JKcHepuMeHTa [3].
st mMonenupoBaHus TypOYJIGHTHOTO TEYEHHUS Ta30BOM CMECH TMPUMEHSJICS METOJ
KpynHbIx Buxpei (LES).

Jliist o6enx mporpaMM pacCUYMTaHHBIE BEPTHKAIBHBIC M PaUaIbHBIC pacIpeIeeHus
OCPETHEHHOW TemmepaTtypbl W BEPTHUKAIbHOM KOMIOHEHTHl CKOPOCTH  XOPOIIIO
COTJIACYIOTCS C DKCIIEPUMEHTATBHBIMH JTAHHBIMHU.
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Puc. 1. a) MrauoBeHHOE 1MOJIe TEMIIEpaTypHl.
0) Pacnpenenenue OCpPETHEHHOM

TEMIIEPATYPHI BAOJb BEPTHKAILHOM ocy g YCOKOPCHWA 0T - qucia  AACp  MpH
IUIAMEHH MOIIHOCTBIO 37,9 KBT. 1- pacyer OUTHMAJILHOM PasMCINCHHUN MPOHCCCOB

FDS, 2 — pacuer, FireFOAM, mapkepsr — 0 y3J1aM KJIac1epa
AKCIIEPUMEHT [3]

Uncno Azgep

Puc. 2. FireFOAM, 3aBucuMoCTb

DHepreTUYecKne CIEeKTPhl KPYMHOMACIITAOHBIX MYyJIbCAIMI JTydIlle OMUCHIBACTCS B
pacuetax ¢ nomoinrsto FireFOAM. Tak e Oblia UcclieoBaHa MacIITabUPyeMOCTh 00enX
nporpaMM [4], MOMXy4deHBl 3aBUCHUMOCTH YCKOpPEHHUS W 3(PPEKTUBHOCTH MapajlieIbHBIX
BBIYHCIICHUH MPH PA3IMYHOM pPa3MEIIEHUH MPOIIECCOB Ha y3JaxX KiacTepa. Y CTaHOBJICHO,
gyro 1 FireFOAM Ha pacu€THBIX CeTKaX JOCTATOYHO OOJNBIION pasMepHocTH (7.2 MIIH.
A4YeeK) YCKOpEeHHEe MpUOIIKaeTcs K JMHEHHOMY, a 3ppeKkTuBHOCTH fJocTturaet 80%.
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"MOJIEJTMPOBAHUE MOKAPOTYIIEHUSA PACOBIIEHHOM BOJOM C
IMOMOIIBIO FDS: ONBIT OBJIAYHBIX BBIYUCJIEHAMN"
A.C. Iloii, Cankr-IleTepOypr,
Cankr-IlerepOyprcekuii I'ocynapcreennsiii Iloimrexunueckuii Y HUBepCcHUTeT,
acnupant, anna-tsoy@list.ru
A.1O. Cuerupes, N.51. lHleiinman

CB000IHO pacrnpocTpaHseMblid kommbroTepHbIi kKoa FDS (Fire Dynamics Simulator)
[1] 6611 pa3paboTan B HarpionaibHoM HHCTHTYTE cTaHaapToB U TexHosoruid CIIIA (NIST)
TS MOJICTTUPOBAHUS TMHAMUKH TT0Kapa.

MaremaTnueckas MOJENb, 3aJOKEHHas B KOJ, TIO3BOJSET MOJEIUPOBATH
TypOyJICHTHOE TOPEHUE M PaCIpPOCTPAHEHUE NbIMa TPH TOXKape, a TakkKe cpabaThiBaHUE
CUCTEM TMIOKApPOTYIICHUSI W TOJABJICHWE IUTAMEHH pachbUIEHHON Bomoil. OOadHbIe
BBIYMCIICHHS] OTKPBIBAIOT HOBBIE BO3MOKHOCTH JyIsi Oosiee mupokoro npumeHeHus FDS B
VHKCHEPHOU MPAKTHUKE.

200 6 w=Jw Coarse mesh, n,=10e3
I B A Fine mesh, n,=10e3
| v Fine mesh, n,=15e3
= i — | A - Fine mesh, n,=20e3
£ 150 » 5k ™, <G Fine mesh, n,=30e3
E 3 /D/D/ E 3 —.— Experiment (SAND2007-3220)
% i Extinction E I )
= 100 s 4
A g’ i
] | S—a e |
g 50 e — . E 3
I — — — - Critical boundary l
3 (m] Experiment (SAND2007-3220) 3
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Injection pressure [bar] Injection pressure [bar]
Puc.1.Mooenuposanue nooasénenus naamenu [4]: a) — Kpumuueckue ycnoseus
nooaeieHus NiAAMeHUu u pe3yiomamobl IKCREPUMEHMO6 (eu3yaﬂu3auuﬂ naamenu c
nomowpio FDS-Smokeview); 6) — usmepennoe u pacuémmnoe epemsa nooasnenus

naamenu (Ng — KOJIUUECM B0 bIUUCIUMETbHBIX YACMUY, UCHYCKaemblx 3a Ic).
Web-nadopatopust UniCFD texnonorndeckoi miardopmbr Unihub.ru mporpammer
«YHUBEPCUTETCKUN KJIacTep» MPEIOCTABIET CBOUM IMOJIb30BATEISIM BO3MOKHOCTh
MCIIOJIh30BaTh OTKPBITBHIA KoMmbioTepHBIM Koa FDS. Jlns sddexTtuBHOrO mpuMeHeHHs
JAHHOTO MHCTPYMEHTa HEOOXOAMMa BCECTOPOHHSS anpoOaIus MoAeNd, KOTOpasi MO3BOJIUT
OLICHUTbH JIOCTOBEPHOCTH MOIYyYaeMbIX PE3yJIbTATOB.
B nannoil pabore nns anpoOau MOJENH MOXKAPOTYIIEHUS MPOBEIEHa CepUsl pacuEéToB
[S], COOTBETCTBYIOMIMX YCIOBUSIM IKCHEPUMEHTOB [2-4]. Ha mepBoM 3Tamne nposepsieTcs
CIIOCOOHOCTh MOJIEJIM  BOCIPOM3BOJIUTH paclpelesieHue Kamellb [0 pa3Mepam B
TypOyJIeHTHON ra3okamnenbHoM cTpye [2]. [amee B pabore wuccienyercs BIUSHUC
pacibUIEHHON BOJBI HA IUIaMs M BOCXOJSIIME MOTOKH NMPOAYKTOB cropanus. CpaBHEHUE
pPE3YyJAbTATOB C 3KCIEPUMEHTOM M0 TYLICHUIO MJIAMEHU HaJ Ta30BOW TOPEIKON (IHaMETp
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0.18 M, TeroBas MoutHOCTh 15 KBT) [3] 1 Hajg MOBEPXHOCTHIO KUIKOTO rOproyero (2 m,
2.5 MBT) [4] meMOHCTpUpYeT CIMOCOOHOCTH MOJETH BEPHO OMPEICNATh KPUTUUYECKHI
pacxoa BOJIbI, HEOOXOAUMOM mJid MojaBieHusl rameHu (puc.l, a) u Bpems MOJHOIO
noxasienuss 1iameHu (puc. 1, 0). Coryacue C SKCIEPUMEHTOM JOCTUraeTcs Mpu
HaJJIeXKaleM BbIOOpe pacu€THOM CEeTKM U JOCTAaTOYHO OOJBIIOM  KOJIWYECTBE
BBIYMCIUTEIBHBIX YaCTUI], UMUTUPYIOIIUX KaIlIH.

B paGote BBIsSIBICH psi HEAOCTATKOB TeKyIied Bepcuu monenu FDS. B wactHOCTH,
MOJIe]Ib HE TMO3BOJIAET YYHUTHIBATh 3aBUCUMOCTH CKOPOCTH pacmpocTpaHeHus (ppoHTa
IUJIJAaMEHH [0 TIOBEPXHOCTH TOPIOYEro Mmarepuana OT HWHTEHCUBHOCTH OPOILICHUS
MOBEPXHOCTH.
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"IMIPUMEHEHUME OBJIAYHBIX BBIYUCJIEHUN B PACUETAX
HUHTEPOEPEHIIMOHHbLIX DO®EKTOB IIPU HECTAIIMOHAPHOM
BUXPEBOM OBTEKAHUMU JIETATEJIBHBIX AIIITAPATOB"
A.C. Ennxun, MI'TY um. H.J. baymana, acnupanr,
andy e@bk.ru,

B.T.Kanyrun

PabGoTta mocBsimeHa pacdeTy BUXPEBBIX TEUCHHM C HCIOJIb30BAaHUEM OOJAYHBIX
Berunciennii WEB ma6oparopun UniHUB. beutn npoBenieHbl cepunl TECTOBBIX PacdyeToB
Ha MOJIENBHBIX 3a/Jadax, a TakKe OCYIIEeCTBICHO MOJICIUPOBAHUE OOTEKaHUs
A’POJMHAMUYECKUX YIPABIISIIONIUX MMOBEPXHOCTEH, U MX BIUSHUE HA CTAOMIM3UPYIOIINE
OpraHbl yNpaBJICHUS JIETATEJIBHOTO armmapara. Pacyer mpoBOAMICA C HCHOJB30BAaHUEM
OTKPBITON MHTETPUPYEMOH TIATGOPMBI IS YACTIECHHOTO MOJICITUPOBAHUS 33/1a4 MEXaHUKU
crtomHbix cpen — OpenFOAM. Ilaker comepXKUT TOIAEPKKY 3amycka pacu€ToB Ha
kinactepe uepes3 MPI. Kpome npuinoXeHuid, BBITOTHSIOIIUX HEMOCPEICTBEHHbBIC
BbiuncieHus, OpenFOAM colepKUT BCIOMOTATeNbHBIE MPOrpaMMbl JIJI MOJATOTOBKHU
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CETOK W mocToOpaboTku pe3ynpTaTroB. Mcmomnb3zoBancs pematens pisoOFOAM,
MO3BOJIAIOIINN OMPEEIUTh NapaMeTphl HECTALIMOHAPHOTO HEC)KUMAEMOTO TYpOYIEHTHOTO
IIOTOKA, MOCTPOEHHBI Ha ocHOBe anroputma PISO miig cBA3M ypaBHEHUsI CKOPOCTU H
naBieHusa. Marematudeckass MoOfelb B pemiarene pisoFoam ocHoBaHa Ha pelieHHE
ocpeHeHHBIX 10 PeitHonbacy ypaBHenuii HaBbe-CTOkca, KOTOpBIE 3aMBIKAIOTCS C
MOMOIIBIO Pa3IMYHBIX MoJeNel TypOyneHTHocTH. B nanHoi# paboTe mpuMeHsiach MOJEIb
TypOynentHoctu LES (MonenupoBanye OONbIINX BUXPEH).

OCHOBY pacueTHOTO METO/a COCTAaBJISIET METOJ KOHTpOJIbHOTro oObheMa. PacuerHas
cXeMa uMesa BTOPOM MOPSIA0K TOYHOCTH 10 TPOCTPAHCTBY U BPEMEHH.
Jlist ompenenieHdss KOHBEKTMBHOIO 4Yi€Ha B YpaBHEHUSX BblOupanach cxema (Gauss
Gamma, i pacuera audQy3UOHHOTO YJieHAa HCHoyib3oBanach cxema Gauss linear
corrected, I BENMYMH TpaJueHTa CKOpPOCTH U JaBieHus cxema Gauss linear.
[IpuMeHsTUCh HECTPYKTYPUPOBAHHBIE CETKH Ha 0a3e TeTpad’apoB. PeleHus momydeHHBIX
CJIAY ocymecTBisiioch MetojoM OuconpsbkeHHbIX TpagueHToB PBiCG (Preconditioned
Biconjugate Gradient) ¢ mnpenoOycnaBnuBateniem DILU (Diagonal Incomplete LU).
Kaxnpiii pacuer npoBoauicsa Ha 32 anpax BeruucaurenasHoro cermenta MCL[ PAH npu
MoACpKKe porpaMmbl « Y HuBepcutTeTckuil kiacrep” WEB nadopatopun UniHUB.

TecTOBBIMH MOJIENBHBIMU 3a/lauaMy OOTEKaHMsI SIBJSIUCH: a) LMJIMHIPUYECKOE TENO,
0) mpaBuJibHAs TpeyrojbHas Npu3Ma. B Xoje NpoBeleHHs JTaHHBIX PacyeTOB ObUIM
ONnpeaeneHbl MUHUMAalbHbIE TpPEOOBaHUS K CETKE, IOJYyYEHbl BUXPEBBIE CTPYKTYpPbI
OOTeKaHUsT W 3HAUCHUS a’POAMHAMMUYECKUX KOd(puuueHToB. Pe3ynbTarhl pacueToB
YJIOBJIETBOPUTEIBHO COTJIACYIOTCS € AKCIIEPUMEHTAIbHBIMU Pa0OTaAMHU.

Ha ocHOBaHMM »3THUX JaHHBIX OBLI BBIIIOJHEH pacdeT W IPOBEACHA OILIEHKa
BO3MYLIAIOLIEr0Csl BO3JAECHCTBUSA TOPMO3HOIO IIIUTKA HA KWJIb JIETATEJILHOTO anmnapara. s
CHIDKEHUS JUHAMMYECKHUX HArpy30K ObUI TNPEASIOKEH BapHaHT TOPMO3HOIO MIMTKA C
nepdoparuei. IIpoBeneno CpaBHEHUE PE3YJIBTATOB MOJEIIMPOBAHUS C
AKCIEPUMEHTAIbHBIMA JAHHBIMU, TOJYYEHO MNPHUEMIIEMOE [JIsi WHKEHEPHOM NPAKTUKU
COBNAJEHHUE PE3YyJIbTATOB.

"IIPOEKTUPOBAHUE TPUEMHWKOB BO3JIYIITHBIX JIABJJEHAMN"
M.M. /IyounuHa, marucTpanTt kadgeapol « M3MepuTEIbHO-BbIYUCIUTEIbHbIE
KOMILTEKChD), HHKEHEP-KOHCTPYKTOP PACYETHO-TEOPETHYECKOI0
ornena OAO "YKBII", masha dubinina.73@mail.ru,

M.IO. CopokuH, K.T.H., 10ueHT Kad. «MUBK» Yal'TV,
HayaabHuk otaea OAO "YKBII'", asTop psajaa crareii u n3o0pereHuii,
Teu. 8(8422) 76-10-80, rto@ukbp.ru, minich80@mail.ru

st u3MepeHusi BHICOTHO-CKOPOCTHBIX MapaMeTpoB JieTaTesibHBIX amnmnapatoB (JIA)
HeoOXxouMa WH(OpMaIKs O MOJHOM U CTATHYECKOM JaBJIECHUSX HaOEraromero moToka
BO3/1yXa. 3ajiaya BOCIPUATHS YKAa3aHHBIX JABJICHUN PEIIACTCAd C TOMOIIBIO CHEIMaIbHBIX
YCTPOUCTB — mpueMHUKOB BO3aymIHbIX AaBiaeHuid (IIBJ]). Ilpu ycranoBke IIB]] Ha
drozemsoke  JIA  MOXKET TMOSIBUTBCS  JIOMOJIHUTENbHAS COCTABJISIOIIAs TOTPENTHOCTH,
KOTOpass KOMIICHCUPYETCS IIyTEM  BBEICHUS KOMIICHCALIMOHHOTO KOHTYpa, KOTOPBIA
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OKa3bIBA€T FEOMETPUUECKOE BO3/ICICTBUE HA BO3AYIIHBIN MOTOK.

B a’pPOAMHAMUYECKOM JabopaTtopuu OAO «YKBII» MIPOBEICHBI
JKCIIEpUMEHTANIbHBIE ucciienoBanus [IBJl ¢ KOMIEHCAIMOHHBIM KOHTYPOM B BUJE
roppupoBaHHO MOBEpXHOCTU. B ogHOM cioyyae OTOOp HaBICHUS MPOU3BOAMICS C
MOMOIBIO 8 OTBEpCTH AuamMeTpoM 1.5 MM, pacHoJIOKEHHBIX [0 OKpPYKHOCTH
npoQUINPOBAHHOTO YYacTKa, B APYroM ciydae OTOOp MPOW3BOIWIICS IIEIbI0 IMIMPUHOU
0.5 MM, umerolel BUJI KpyrOBOrO CeKTopa ¢ yriioM 90°. DKCepuMeEHThI MPOBOIUIUCH B
nuanasoHe ckopocrteid oT 50 mo 200 xkm/4.

Taxxe TpOBEAEHO MaTeMaTHYECKOE MOJECIMPOBAHUE CIEKTpa OOTEeKaHUS
paccMaTpuBaeMoro mnpueMHuka ¢ ucrnosibdoBanueM FlowVision m OpenFoam Ha 06aze
texHojoruueckor miargopmel UniHUB. B mpouecce MoaenupoBaHus HCIIOJIb30BAJICS
pemarens SimpleFoam — cranumonaphass mporpamMma pemieHust Ais TypOYJIEHTHOTO
TE€YEHUsI HEHBIOTOHOBOM KUAKOCTU. [IpM BBIYMCIIEHHH HE YYUTBHIBAIKMCH LIEPOXOBATOCTb
MOBEPXHOCTU M KpeIUIeHWe MPpUEMHUKA K MoBepXHOCTU JIA. MCXOIHBIMU TaHHBIMU JIs
MaTeMaTHYECKOr0 MOJEIIMPOBAHUS SBISUIMCh CKOPOCTh MOTOKA, a TaKXe IUIOTHOCTh
BO3/lyXa B COOTBETCTBHUM C TMPOBEACHHBIMH JKCHepUMEHTamH. lcnosb3oBanach
TeTpajapaibHasl CEeTKa C MPU3MATUYECKUM CJIOE€M BOJM3HM MOBEPXHOCTU MPUEMHUKA IS
ydeTa IOTPaHUYHOrO Cios. B memoM mapameTrp y+ He mpeBbluan |, 4ro sABIsIETCA
[IOKa3aTeJIeM IPAaBUJIBHOTO OINKCAHMS INPOLIECCOB B MOIPAHMYHOM ciioe. s cpaBHEHUs
BBIOpaHbI MosieNu TypOyneHTHocTH: SpalartAllmaras, kOmegaSST.

PeanuzoBanHble MoOJenM TypOYJEHTHOCTH B  Pa3jMYHBIX @porpaMmax cC
MCIIOJIb30BaHUEM PA3JIMYHBIX CETOK JAIOT OJMHAKOBBINA PE3yJIbTaT, KOTOPHIN TaKXKe OIM30K
K pe3yJibTaTaM 3KCIIEPUMEHTANbHBIX HCCIENOBaHUM. B 1enoM mnoka3aHo, 4TO YacTh
SKCIEPUMEHTAIIbHBIX HCCIIEIOBAHUN MPU NPOCKTUPOBAHUHU NPUEMHHUKOB BO3IYIIHBIX
JaBJICHUN MOKET ObITh 3aMEHEHa MAaTeMaTUYECKUM MOJECIUPOBAHUEM C UCIOJIb30BAaHUEM
160 kKoMMepueckux mporpamm tuna FlowVision 1160 mporpamm ¢ OTKPBITHIM UCXOIHBIM
kosioM tuna OpenFOAM.

"TECTUPOBAHME ITAKETA OPENFOAM HA 3ATAYAX
MEXJIYHAPOJHOM OTKPBITOM BA3bI JIAHHBIX
ERCOFTAC"

006acTh HAYYHLIX HHTEPECOB:
™ y IMocTpoeHne NMPOCTPAHCTBEHHBIX CETOK, YMCJIEHHOE MOIeJIMPOBAHNE
\/’ \M 3aga4 ruapoanHamMmuku, SALOME

C.A. Ka.]mm, HUII "KypuaroBckmii uHcTHTYT", H.C., Kalishser@gmail.com,
M.B. Kpanomun, A.M. Tarupos

[lenapro paboThl SIBIsUIACH TPOBEpKa MaTeMaTudeckux mojener koma OpenFOAM. B
paboTe OBUIU PaCCMOTPEHBI HECKOJBKO 3a7au U3 OTKpbITOW 0a3bl naHHbix ERCOFTAC —
European Research Community on Flow, Turbulence and Combustion Database
(EBpomnetickoe CoobmectBo MccnenoBanusa Teuenuit, TypOynentHoctT u l'openusi), B
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KOTOPOH cojiepaTcs pe3ysbTaThl SKCIEPUMEHTOB Ul pa3iMyHbIX ciydaeB TeueHus (90

HauMeHOBaHMi). HekoTopble SKCIEPUMEHTHI SBIAIOTCS (DU3HMUECKUMU C H3MEPEHUEM

JIOKaJBHBIX XapaKTEPUCTHK IMOTOKA, apyrue — unciaeHnbivu (LES, DNS).

Cpenu Bcero Habopa 3a1au ERCOFTAC Obutn 0TOOpaHsl cieayIoniie XxapakTepHble 3a/1a4u:
e MogenupoBaHue MEPEXOAHOr0 IOIPAaHUYHOTO CJOS Ha IIOBEPXHOCTU IUIOCKOH

TUIACTHHBI.

MopenupoBanue TeueHus B TpyOe KBaJAPaTHOTO CEYCHUS C U3TUOOM.

MonenupoBaHye MOTPAHUYHOTO CIIOS ¥ CIIYTHOTO CJie/1a KpbLia.

MonenupoBaHue Te€UEHHs MPH MJIABHOM CYKCHHH U PACIIMPEHUU MTOTOKA.

MonenupoBaHue T€USHHs PU BHE3AIMHOM PACIIUPEHHUH.

MopenupoBanue 00TEKaHUS BHICTYIIA HAJl IIOBEPXHOCTBIO.

U Magnitude
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Pacnpeoenenue mooyna ckopocmu npu meueHuu HcuOKOCHU 8 KAHAJle C PE3KUM
pacuiupenuem.

Ha pucynke mokaszaHo pacrpesiesieHre MoJisi CKOPOCTel MOJyuYeHHOE MPU MOJICTUPOBAHUU
TEUEHUS B KaHAJIE C PE3KUM PACITUPEHUEM.

Bo Bcex ciydasx TIONy4€HO YAOBJIETBOPUTEIBHOE COTJIACOBAHME PACUETHBIX M
OKCIIEPUMEHTANBHBIX JaHHbIX. HawuOonbiiee oTiauuMe HAOMIOAATOCh B IPOQPHIIIX
HOPMAJIBHBIX KOMITOHEHT CKOPOCTH, KOTOPOE MOXKET OOBSCHATHCS KaK pazIudusIMU B
MTOCTAaHOBKE 33J1a4H, TaK M BEIOOPOM 3aMBIKAIOITUX MOJIEIICH.



"AHAJIN3 DOPEKTUBHOCTU METO/10B PELHLIEHUSA
CUCTEM AJTEBPAMYECKHWX YPABHEHU,
PEAJIN3OBAHHBIX B IAKETE OPENFOAM™

00J1acTh HAYYHBIX HHTEPECOB:
BpiuuciaureabHasi THAPOANHAMHUKA, BUXPEBble METO/Ibl, TEOPUS
YCTOMUYMBOCTH, NapaJljieibHbIe BHIYHCJIEHUS, KOMIILIOTEPHASA
: aareopa
N.K. MapueBckuii, K.(p.-M.H., 1oueHt, MI'TY um. H.J. baymana,
iliamarchevsky@mail.ru,

B.B. Ily3ukoBa

OcHOBHOI 00BEM BBIUMCIUTENBHOW PabOTHI MPU YUCIEHHOM MOJIETUPOBAHUMN TEXHUYECKUX
cucteM, GU3NUECKUX SBJICHUM U TEXHOJIOTMYECKHUX MPOIIECCOB, KaK MPaBUIIO, TPUXOIUTCS Ha
pelieHue CHUCTeM JMHEHHbIX anreOpanueckux ypaBHeHuil (CJIAY), BO3HHMKaONUX MpU
JTUCKPETU3ALMKU COOTBETCTBYIONUX NU(PdepeHINANIbHBIX YpaBHEHUNU. PaccMOTpeHbl METO/IbI
pemenns CJIAY, peanm3oBannbsic B makere OpenFOAM. Jlns BeiOOpa ONTHMAILHOIO B
CMBICJIE BBIYUCIUTENBHON A()(PEKTUBHOCTH HUTEPALUOHHOTO METOJa MOMHUMO CKOPOCTH
CXOJIMMOCTH TIPEJIaraeTCsl yYUThIBATh U JIPYTU€ XapaKTEPUCTUKU: YUCIO OOYCIOBICHHOCTH,
KO3 GULIMEHT CriIayKUBaHUs, IOKA3aTeIb «3aTPATHOCTH.

"TIAPAJJIEJIbHBIA BBIYMCJINUTEJIBHBINA AJITOPUTM JIJISI PEHIEHUASA
3AJAYHU PABMEHIEHUS OCTAHOBOK OBLHIECTBEHHOI'O TPAHCITIOPTA™
A.A. I'pebeHOK, /lanbHeBOCTOUYHBIN DeepaibHbI YHUBEPCUTET
(r. BmaguBocTok), cryaent, 19vov9l@gmail.com

B mpakThueckoll JESATENBHOCTM HEPEIKO BO3HHUKAIOT 3aJa4d  «HAWIYYILEro»
pa3MeIleHUs LIEHTPOB OOCTY)KMBaHUS B ropojax M peruoHax. lLlenbp Takux 3amay —
pPa3MECTUTh HEKOTOpble OOBEKTHI TakK, YTOObl MHUHUMHU3UPOBATH MAaKCHUMAaJbHOE W3
paccTosiHUM (MM BpeMsi Mpoe3/ia) OT ATOTO 00BEKTa 0 CaMOW OTIaJICHHOW TOYKHU ropo/ia.
JlaHHBII Ki1acc 3a1a4 Ha3bIBAIOT MUHUMAKCHBIMU 3a/1a4aMU Pa3MeIlEHUS.

Lenpto naHHON pabOTHl SBISETCA HCCIEAOBAaHUE MMOAXOJOB K PEIICHUIO 3ajad
pa3MeleHuss MHQPACTPYKTYPHBIX OOBEKTOB Ha CETSIX C MOMOUIBIO TEOPUU PEIICHHS
AKCTpPEMAJIbHBIX 33/a4 Ha rpadax, B YaCTHOCTH, PEIICHUE MOJIEIbHOM 3a/1auil Ha IpUMepe
pa3MelieHHsl Ha4yaJIbHOM OCTaHOBKH OOIIECTBEHHOTO TpaHCIOpTa B ropoje BiaguBocTok.

CraBuTcs psax 3aad MO OpraHu3allM MEepEeMEIEHUs] CTYICHTOB U IpenojaBareiei
JNB®Y c¢ marepuka B kamnyc yHuBepcutTeTa. OIHOW W3 3a4ad SIBIIAETCS PACIIOIOKEHUE
MeCTa OCTaHOBKH aBTOOYCOB JJIsl IEPEBO3KHU MACCAKUPOB.

Jisg  pemieHust 3afadyd  HaXOXKJIEHUS OCTAHOBKM OOIIECTBEHHOIO TpaHCIIOpTa
(LeHTpaIbHOTO MyHKTa cOOpa MaccakupoB) HEOOXOAUMO MPEACTABUTH CETh JOPOT ropojaa
B BUjie rpada, rie BepiinHaMy OyayT SIBJIATHCS NEPEKPECTKH, COSIUHSIONINECS AyraMu — B
HalieM ciydae joporamu. [[js moCTaHOBKHM 3a7jaud HEOOXOJIMMO OMNpPENENUTh BEC JOPOT,
PaBHBI MPOU3BEACHUIO MJUHBI IMYTH MEXAY COOTBETCTBYIOIIMMH MEPEKPECTKAMHU U


kalishser@gmail.com
19vov91@gmail.com

KOJIMYECTBA JKUTEIEH, MPOXKMUBAKOIIMX HA JaHHOM oTpe3ke. OCTaHOBKM MOTYT
pacronaraTbCsl He TOJIbKO B BEPIIMHAX, HO U HA JyTrax.

B kauecTBe OCHOBBI IJIsi MPOTPAaMMHOM peanu3alvi BbIOpaH MOAU(PUIIMPOBAHHBIN
anroput™ XakuMmu. [Tporpamma BeinosHeHa Ha s3bike CH++.

Anroputm XakuMu TpeOyeT pelieHHs 3a/1a4yi OUCKAa MUHUMAJIBHOTO PACCTOSHHS 110
camMoil OTHIaJCHHOW BEPIIMHBI JJIs KaxJoro pedpa M BpIOOpa TOYKHU, COOTBETCTBYIOLICH
MHHHMMAaJIbHOMY PACCTOSHHUIO CPEIU MOJy4YEHHBIX. B CHily TOro, 4To HaxoKJIE€HHE OTBETa
U KaXJ0ro pedpa MPOMCXOAMUT HE3aBHCHMO, PEIICHO BBINOJHATH WX B NapajuIeIbHBIX
BBIUMCIIMTENBHBIX Mpolieccax. PazpaboTan BapuaHT NMporpaMMHOMN peaan3aluy Ha OCHOBE
TEXHOJIOTMH I1apajuIeIbHbIX BbIYUCIECHUM MPI, 4TO MO3BOJIMIIO 3HAYMTENBHO YCKOPHUTH
BBIYMCIINTEIIBHBIN pouecc. MccnenoBana 3aBUCHMOCTb BPEMEHU BBIIIOJIHEHUS] IPOTPAMMBI
OT KOJIM4YecTBa pebep B rpade U KOIMYECTBA UCTIOIb3yEMbIX BBIYMCIUTENIBHBIX ITPOLIECCOB.

"HCHOJb30OBAHUE JUP®DPY3ZNOHHOI'O ITPUBJINKEHUSA 1)1
YPABHEHUA NEPEHOCA U3JIYYEHUA"
E.A. Janninenko, JlaabHeBocTouHbIH PegepabHbIil YHUBEPCUTET
(r. BnaguBocTok), MmarucTpanr, sfinksl7@mail.ru

B pabore paccmaTpuBaeTcs ~ MaTeMaTHuyecKas ~ MOJETb,  ONMUCHIBAIOIIAsS
CTAIlMOHAPHBIN TMPOILIECC PACHPOCTPAHECHUS HEMOISIPU30BAHHOTO MOHOXPOMATHYECKOTO
U3TyyeHUus: B OECKOHEYHOH JBYXCIOHMHOW cpele, HMEIIIEH IUIOCKONapajielIbHOe
ctpoeHue. Cpena COCTOMT M3 JIByX IUIACTHH, OOJIQJAIOIIMX PA3IUYHBIMU ONTUYECKHUMHU
XapaKTepUCTHUKaMH U IUIOCKOCTb SIBJIIETCS TpaHUIIEW pas3aena OJHOPOJIHBIX CIIOEB.
[Ipouecc pacnpocTpaHeHUs U3TYyYEHUSI MOKET ObITh ONMCaH YpaBHEHUEM IEPEHOCA.

BBenem moHsiTHE IUIOTHOCTU TOTOKA W3NMy4deHUs, KO3 (UIIMEHTa OclabieHus U
ko3¢ ¢unueHT paccesHus. C ux nomoipko 3anuieM OpeHeneBcKue yCIOBHs Ha TPaHULE
pasJiesna MiacTyH, a TaK e KpaeBbIe YCIOBUS HA BHEITHUX TPaHUIAX.

IIpu mnocTtpoeHun P; npuOMKeHHs B ABYXCIOWMHOW cpefe HMCHOJb3yeM psif
MOJICTAHOBOK, B UTOT€ MOJy4YaeM TPAIUIIMOHHBIC YCIOBUS MPUOIMKESHHSI, KOT/Ia TPaHHIIA
paszjiesia He OTPaKaeT U He MPEJIOMIISIET CBET.

JIeHcTBysl TeM K€ METOIOM HIIEM YCIOBUS MPUOIMKEHUS ISl IBYXIIOTOKOBOI'O
MPUOJIMIKEHUS B IBYXCIIOHHOM cpeie.

[TpoBenst cpaBHEHUS Mbl HAaXOJUM 3aKOHOMEPHOCTh: B Cilydae CJIab00IHOPOIHOU
CpeIbl YCIIOBUSI CONPSDKEHHUS Ha TpaHMIle pasfena Juisi P; mpuOmmkeHus COBHAAAIOT C
YCIOBUSIMU JJIs1 yIBOEHHOTO Py MpUOIMKEHHUS.
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"BBIYUCJIMTEJBHBIE AJITOPUTMbI PEHIEHUSA 3AJAY OIITUMHU3ALIUN
C UHTEPBAJIBHBIMHU TAPAMETPAMM"
O. Bukropus, JlansHeBocTouHbIH PegepaabHblil yHHBepcuTeT (. BiaguBocTok),
ovioy@list.ru

3agauv ONTUMAJLHOIO YIPABJICHUS CHUCTEMaMU C HMHTEPBAJIbHBIMU IMapaMeTpamu
MPEJCTABIAIOT UHTEPEC C MPAKTUYECKOM TOUKHU 3PEHUSI B CBSI3M C HEOINPEEICHHOCTHIO
JAHHBIX, HA OCHOBE KOTOPBIX CTPOSATCS COOTBETCTBYIOIIME MaremaTthueckue monenu. C
JIPYroil CTOPOHBI, PACCMOTPEHHWE MHTEPBAJIBHBIX 3aJa4 ONTUMAJIBHOTO YIpaBICHUS
MHTEPECHO C TEOPETUYECKOM TOYKU 3PEHUS, MOCKOJbKY BO3HUKAIONIME SKCTEMAaJIbHbIE
3a/layd  SBJISIIOTCS HEJIMHEWMHBIMU JIaKe, €CIM YyIpaBisieMas cucTemMa JIMHEHHa TMpu
KOHKPETHBIX 3HAUEHUSIX HEOMPEIeJICHHBIX TapaMETPOB.

B  Hacrosmeit paboTe paccMOTpeHa IOCTAaHOBKA HHTEPBAJbHOM  3a7audu
ONTUMAJIBHOTO  yIPABJICHUS] [UJII  ONEPATOPHOTO  YIpPABICHUS B  TUILOEPTOBOM
npoctpaHcTBe. llpennaraercs pemienne 3aaui, OCHOBAHHOE Ha MOHATUHA YHUBEPCAIBLHOTO
pelIeHus.

OCHOBHO pe3ynbTaT padOThl COCTOUT B MPECTABICHUU U OOOCHOBAHUU aJlTOpPUTMa
HaXO0JICHUS YHUBEPCAIBHOTO ONTHUMAJIBLHOTO COCTOSIHUSI CUCTEMBI U YHUBEPCAILHOTO
ONTUMAJILHOTO YIPABJICHUS. YHHUBEPCAIbHOE ONTHUMAJIBHOE COCTOSIHHE HIIETCS B BUJC
Pa3NOKEHHsI IO COOTBETCTBYIOIIEMY Oa3ucy THiIbOEpTOBa MPOCTPAHCTBA COCTOSHUN
(cymma rapmoHuk). OCOOEHHOCTH MPEACTABISIEMOTO QJITOPUTMA  3aKJIIOYaeTcs B
HEOOXOJMMOCTH YHMCIICHHOTO HAXOXXJEHHUS IMapaMeTpOB, OMPENEIsiEMbIX YHUBEPCAIbHOE
ONTUMAJIbHOE COCTOSIHME CHCTEMBI, cpa3y [ MHorux rapmoHuk. Ilociennee
oOyciaBiuBaeT HEOOXOAMMOCTb HCIOIB30BaHUS JIsi PEIICHUS WHTEPBAIbHBIX 3a]1a4y
YIPaBJICHUS BEIYUCIUTEIBHBIX KIACTEPOB.
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