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MHCTMTYT SKCNnepumMeHTaribHoOMn cpmImKv

UcTtopusa cospganmnsa nakta nporpamm JIOFOC.CFD

2005
2005-2008
2008-2009
2008

2009
2009-2010

2010-2012
2010
2012

2012-2014

- T3 Ha nakeT nporpamm TMI

- PaboTta Ha 6a3e cpeabl FOAM

- Paspabotka co6CTBEHHOM CTPYKTYPbI AAHHbIX
- T3 Ha nakeT nporpamm JIATAK-OK

- MoarotoBka npoekta no CKT

- T3 Ha nakeT nporpamm JIOIOC gna pacyeTta 3agad rugpo- u
a’poaAUHaMMUKHN

- Co3paHue 6a30BOro BapuaHTa nporpamMmmbil

- T3 Ha npe n nocTnpoueccop

- EanHoe Ha3BaHue nporpammbl JIOTOC

- PazButne pyHkumoHana CFD n npo4yHocCTH, npe n noctnpoueccopa,
onTMMu3aTopa, CBA3aHHOro Koaa.



MpoeKT «Pa3BuTME CynepKoMnbOTEPOB U FPUA-TEXHONOMNIA»
Pa3BuTME KNOYEBbIX KOMMOHEHT CYNePKOMMbIOTEPHbIX TEXHO/10TUiA

™,

Co3pgaHue oTe4eCTBEHHOro NporpaMMHoOro obecneyeHuns ans :
[ o MMUTaLMOHHOIO MOAENMPOBaHUA Ha cynep-3BM 3aKasumk:
) 'K «PocaTtom»
4 aY OTBETCTBEHHbLIN:
- dryn «PosAL-
NMpoekTnpoBaHue n paspaboTka 6asoBoro psiga cynep-9BM BHANO® »

@ N 3aka34yuk: K «Pocatom»
& Pa3paboTkau BHeApEHUE OTEYECTBEHHBIX = OTBeTCTBEHHLIE:
e eonore oy oA BSon.
- ~@- ==  POMbILNEHHOCTU (ABMACTPOEHNE, aTOMHAS O:‘o HELE nyog),:o’ OCAI'CI)GX?BIISIEM
3HepreTMKa, aBTOMOOMNECTPOEHUE, PaKeTHO- OngV(')"I?ET(‘(’thO”P;‘ECC» 5 A’c’)
e «KAMA3», ®KM «HULL PKM»
. /
\
ae MoAroToBKa BbICOKOKBANMMULIMPOBaHHbLIX KaapoB B OTBEeTCTBEHHbLIN:
ﬁ obnactn cynepKkoMnbrOTEPHbIX TEXHONOIMN ) MIY um M.B. JloMmoHOCOBa
N
Co3aaHue UHMPaACTPYKTYpLI rpua-ceTn Ans OTBETCTBEHHbIIA:
BbICOKOMPOU3BOAMUTENbHLIX BbIYMCNEHUI MuHKoMmcBsi3b Poccum




PasButune n BHeApPeHUne oTe4HeCTBEeHHbIX CYNepKOMNbOTEePHbIX
TEXHOJIOTMU B NMPOMbLILWITIEHHOCTD.
BVIpTyaHbele MoAesin CNOXHbIX TeEXHUYEeCKUX Cuctem

* KoHuenuun BUpTyanbHbIX mogenen
* PacueTHO-3KcnepumeHTanbHaA 6a3a gnsa BepudpuKayum m Baampauum
* [lnnoTHblE Bepcuun

«BUPTYaNbHbIN camoner (gBurartenn)» S$SJ-100, T-50,
ABMaCTpOEHMe (OKB «Cyxoro», HMO «CaTypH» 1 ap.) SAM-146
«BupTtyanbHaa A9Cc BBIP» .
(CHEA5M, TMAPONPECC nap.) o s
«BUPTyanbHana KopabenbHasa AY» BbP-
JHEPreThKa (OKBEM AdpuKaHTOB M Ap.)
S KAMA3-43269,
ok «BUPTYaNbHbIW aBTOMO6U b > KAMA3-5308,
(KAMA3 u ap.) KAMA3-5490,
CTpoeHue ’ TabdyH
PaKkeTHoO- MoAeIMpoBaHMeE CTAPTOBOro KOMMNJeKca KoCMoApoma PN0146
KOoCMMUYecKas «BOCTOUYHDbINY, BUPTYa/ZIbHbIE€ UCNbITAHUA (HULL PKI, KBXA, A ’
oTpacnb LCKB-Mporpecc» n ap.) AHrapa-A5

* MonHomacwTabHble BUPTyanbHble Moaenu

* MpombiLINEHHOE BHEQPEHNE




BHMWMID<D

> AapoauHaMmuka

NOTOC-CFD

> f'mapoanHaMmuka

NOTroC-MNMpo4HoCTb NOrocC-Mpenocr

AuHaMuueckan NpoYHOCTb NOrocC- > FeHepaTtop GyIOMHO-perynspHbIX
e CtaTnueckasn NMPOYHOCTDL CeToK M MEeToAOM oTceuYeHMsA

OI'ITMMVI3aT0p > MocTpoeHue U pyuHoe
y KOHTaKTHO_e penaKTupoBaHue reoMeTpum
B3aMmMmopgeuucTeme > AHanuM3 KauecTBa, CraaXXVUBaHUE n
 PaspyweHue > PewweHnue sapgau . T;"°"°’"“°°Ka" K?P&‘*A":I"""vws
- MMOPT reoMeTpUi
* MHorokomnoHeHTHan MHOroKpurepuasnbHOM UNG, I':roIE, Par:solid, STEP, ..)
rasogMmHamMmmKa ONTUMMU3ALIUM > AHanu3 U 3KCNopT reoMeTpum;
e TennonpoBogHOCTb > ABTOoMaruueckoe ucnpasnexHue
HEeCcornacoBaHHOCTeN;
¢ TepMOIIPO‘IHOCTb > OrobGpaxeHue NnponsBosibHbIX
e NeToHauua B3pPbiBHUATBIX HeperynsapHbiX CeToK;

BelljecTB > OTobGpaxxeHue u pabora c
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KomaHpa pa3paboTtunkoB
oryn « PoAU-BHUMAOD UTMOD

NOrocC.nPENPOLECCOP - AHuweHko A.A. - 15u.

JIOFOC.CETKHW - Tapacos B.I. - 20v.
NOrocC.noCTPOLIECCOP - MoTtexunH A.Jl. - 15y.
JIOroC.CFD - OeprorvH O.H., - 40u.
NNOroC.rnPOYHOCTb - CnnupnaoHos B.®P. - 30u.
NOroc.ontTMMmM3ATOP - CnnpnaoHoB B.®. - 5u.
TECTUPOBAHMUE - Flpe6eHHnKoB A.H. - 25y

OCHOBHbIe COUCMONMHUTENMN:
cnorny, erty «Boeumex», OO0 «TECUC», HUKMCU PAH, U[TM PAH, BLI PAH
UUAM, LUATN, ULHUWMMALL



Pewarenu JIOFrOC-CFD

OpueHTUpPOBaHbl HA HECTPYKTYPUPOBaAHHbIE
CeTKM, COCTOofIliMe U3 MHOrorpaHHMKoOB

npou3BonbHOMU (hoOpMbI

- FTasoguHamMmuka;

noroc-Ttvbo

* A3poamHamMuka;
* AKycTHMKa;

* FopeHue;

* AspoauHamuka J1A u PKT;

- Bosgyxo3abopHuku u conna;

» Typ6oasurarenu, Komnpeccopa;
* CTpyMHbIE TeUeHUR;

- FopeHMe B ABUrarensax;

JIOroc-
SIMPLE

 F'mppoaMHamMmuka;

* Mopucrebie cpeabl;

* Hecmewusawowmecs
XKMOKOCTM;

- TennonpoBoAHOCTb;

Noroc-
HEAT

- UsnyueHue;
* KuHeTMKa ropeHus;
- ®asoBbIM NEepexon;

- AspoguHaMmuka asToMmobunen;

* TeueHUA TENNOHOCUTENEW;

- CBOGOAHbIE NOBEPXHOCTM;

+ CucteMbl KOHOQULMOHUPOBAHMUA;

« CuctemMbl TepMoperynMpoBsaHus;

- BesonacHocTb 60enpunacos;

- TennoBoe coctonHMe o6bexToB M KA;
- HarpeB Typ6okomnpeccopos;

JIOFOC-
Adaptive

- F'mppoavHamMmuka;
 AspoaHaMuKa;
* TennonpoBoaHOCTb;

- PacueTtsl 3agau BbIYMCIIUMTENIbHOM

rMppoagHaMMKM M adpoaAMHaMMKM Ha
aganTMBHO-BCTpaMBaeMbIX
noaBMXKHbIX CeTKaX.




noroc-Ttvb

CoBmMelleHHbIN pewiaTtenb

=, TPAQHC- U CBePX3BYKOBLIC TCHCHMA

> MeTop, KOHEYHbIX 00 beMOB Ha HECTPYKTYPUPOBaAHHOU N BNOYHO-
CTPYKTYpPMUPOBaAHHOM CeTKax, NoABUXHbIe CeTKU, BpaLlaroLmMecs permoHbl,

» MHoro6no4Hble ceTkn “Xumepa”

> flBHble meToAabl PyHre-KyTTa,

> HesiBHble MeTOoAabl B Aensra-cpopme

> 'nbpuaHble cxeMbl

» HectaunoHapHble MHOFOKOMMOHEHTHbIE TeYeHUSs

» Monyamnupuyeckne RANS moaenu TypOyrneHTHOCTM U MOAENUN TaMUHapPHO-
TypOyneHTHOro nepexopaa (k-e, SA, SST,...)

» ABTOMAaTM4yecKne NpuUCTeHOYHble (PyHKLUN

> Buxpepaspewarowme mogenum typoyneHtHoctu (LES, DES,...)

» Mopenb KanenbHO-AUCNEPCHbIX cpen

» Moaenu ropeHns KMcrnopoa-soaopoaHbIX U yrineBogopoaHbIX CMecen (ausernb,
KEPOCWUH)

» Mopgenn oueHKM akyCTUYeCKOoro Lwym
> ...



‘ PaspeneHHbIM pewiarenb

Hecxumaembie u cnabocxxumaembie TeMeHUn
> C'I'aI.I,HOHaprIe M HeCTallMOHapHbIe Te4YeHMA

> NMonHOCTbIO HEesIBHaA cXeMa
> MHorocetrouHbiM arperarMueHbii Mmetop peuwieHun CJIAY

> Monyamnupuueckue RANS mogenu TtypbyneHTHOCTM M
Mopaenu naMmuHapHo-typ6yneHTHoro nepexopna (k-e, SA, SST)

> Buxpepaspewaowume mogenm typbynentHoctu (LES, DES)
> ABTOMaTMUYeCcKM e NPUCTEeHOUYHbIe (DYHKLMMN

> Mopenu bpuHkmaHa-®opxreumepa v flapcu pnsa
aHM3O0TPONHLIX NOPUCTLIX Cpen

> Mopenb cBO6OAHOM NOBEpPXHOCTH
> Mopenb HeSBHOro Conpa>XeHHoro rennoobmexa

0
‘?:?




JIOFrOC-HEAT

PacnpocrpaHeHMe Tensna B HenoaBMXHbIX cpepax

> CraumoHapHana M HecCTauMOHapHasa TennonpoBoaAHOCTb
> HenuHenHaa TennonpoBoaHOCTb

> HeaBHan kOHe4YHO-06béMHaA cxema

> AHU3OTpOMNHbIE MaTepuanbl

> Y4ér 06 BEéMHOro TennoBbigeneHms

> MNepeHoc nanyueHms ¢ aucpcdysHbIM NepeoTparkeHUem
> Mopenb ropeHusa no AppeHuycy

»TennonepeHoc c yuyeTtomMm pa30BbiX Nepexonos

JIOroC-Adaptive

3apaum BblMMCIIMTENbHOM rMopoavHaMMKM Ha NOABMIKHbLIX CeTKax

noroc-tvb
+

JIOrOC-SIMPLE
ih

JIOFOC-HEAT




Cratm4aeckoe
nedopmupoBaHMe

JIOrOC-SA

Pewenue sagauyu HAC Ha kOHe4YHO-
3NIeMeHTHbLIX ceTKkax

AvHaMmuueckan
NPOYHOCTb

HvHaMU4YecKoe KoHTakTHOE
. Paspymienne
Ilecl)opMI/IpOBaHI/Ie B3amMoaencreme

* PaspyweHme; * MogenupoBaHue aBapMMUHbIX

* KoHTakTHO®C cutyauumn (nocapkaJ1A, nageHue,
B3auMopgencTeue; o6pbiBbI U T.4.);

* PaanuuHbie mogenm * Kpaw-recrbl;
Marepuarnos; - B3pbiBHOE Harpy>xeHue;

* MopenuposaHue * MopenupoBaHue noBegeHUn
KMHeMaTMKM TBepaoro rena; KOHCTPYKUMMA BO BpEMEeHM;

CrarMueckasn - JiuHeMHas NPOYHOCTD; * ONTMMM3aumua BeCoBbIX
- HenuHenHas NPOUYHOCTL: XapaKTepucTuk;
NMPOYHOCTb M v couamueckas - Hecywasn cnoco6HoOCTb;
MOAa.l'IbI-IbIﬁ HeNMHEeHHOCThb; + HAC KOHCTpYKLUMA;
aH s v Gonbuue gecopMaunm; . Tepmouanpmxel-n-lo? HAC;
an /' KOHTaKT; * Pecypc KOHCTpPYKUuM;
J aEEEE * -
- - AHanus c yuetom - HaxoxpeHue KpUTUUECKMX
MopanbHbIN npensapurensHoro HAC; CO6CTBEHHBIX YaCTOT;
- AHanus c yyeTtom * HAXoXXaeHuue co6CcTBeHHbIX YacToT
a"_anua " npepsapurenbHOro M chopm KonebaHMM KOHCTPYKUMM C
yCcTOMuMMBOCTD KOHTaKTHOIro yyeTom npeasapurensHoro HAC

B3aMMOAENUCTBUA;
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> KoHeYHo-anemMmeHTHan annpokcuMmaiuimsa no npocrpaHCcTey, KOHe4YHO-
pa3HOCTHasa no speMeHM

» SIBHbI@ CXeMbl, NOJIHOe UNIM COKpalleHHOe MHTerpuposaHue
> 4 oneparopa CrnaXmpaHMa UCKaXXE€HMM CeTKM TMna “necouyHbix yacos”
» Habop cpencTB AnNA pelweHMA 3agad “meaneHHoOn AMHaAMUKK”
> 15 TMNOB KOHe4YHbIX anemeHToB (0-D, 1-D, 2-D, 3-D)
> COCPEenoTOUYEeHHbIe MaCChbl, NPY>XUHbI, WAPHUPLI, CNEL3JIeMEeHTbI
v OasiouHble 3N1IeMeHTbl, 060sioueUYHbIe 3JIeMEeHTbI
v 06 beMHbIe KOHe4YHbIe 3JIeMEeHTbI

> PasanuuHbie Mogienu auHamMmuueckoro aecdopmMupoBaHus MaTepuanos
> lMHaMMYyecKoe KOHTaKTHOe B3aMMOAEeMCTBME C aBTOMAaTUYeCKUM
CaMOKOHTAKTOM M MHOX>XECTBeHHbIH KOHTAKTOM




B POCCUMMMCKMMI DEOEPASNIBHBLIN FILIEPHbIM 0y
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CraTnyecKasa NpPoYHOCTb

> MeTon KOHe4YHbIX aedopMauMm ANA y4YeTa reoMmeTpuuecKom
HeJIMHEeMHOCTH
» 20 TUNOB KOHEYHbIX 3JIEeMEHTOB
v 2D-nnockue (TpeyrosfibHUK, YeTbipéxyrosibHMUK)
v 3D-06beMHble, 3D-o60noueuHble, 3D-6anouHbie
v AHTepnonsiuMOHHbIA 3JIEMEHT, XXeCTKaa CBA3b,‘cBapka”
> AAaI'ITHBHatI CXeéMa uara no Harpyske € asToMmaTmyeCKum

pa3bueHnuem
> Mopenu pecbopMmupoBaHmua maTrepuanos
v A3O0TPONHbLIA U OPTOTPONHDLIMA JIMHEUHO-YNpyrue marepmanbl
v Ynpyronnactuueckum wmarepuan ¢ OunuHeMHOM pauarpamMmom
aecdopMmupoBaHuna
v Yynpyronnacru4ecKkmm Marepuan c KYCO4YHO-NIMHENHOM
annpokKkcumMauuen guarpamMmmsl aecpopMMpoBaHus
v 3aBMCUMMOCTb MaTepuarnbHbIX NapaMeTpoB oT 'remneparypu

|
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MopanbHbIK aHaNn3

> HecTpyKTypupoBaHHaf NPOCTPaHCTBEHHAasA CeTKa:

e 00 bEeMHbIe WeCTUrpaHHblie 3JIeMEeHTbl, TeTpasaapbl

e o6onoueUyHblIe YeTbipexy3sioBble 3J/IeMEeHTbl, TPeyronbHUKHU

e 3D - 6anouyHbIe 35IeMeHTbI

e CNeuanusnpoBsaHHbie 35IeMeHTbl (JKecTKue CBA3U, CBapkKka, 1 Ap.)

> MopanbHbIX aHaNU3 ¢ yyeTtom npeasapurenbHoro HAC xoHCTpykuMn

> MopanbHbIX aHaNUM3 C YYeTOM KOHTAKTHOro B3aMMoOAeNCTBUA

> bubnuorexa EIGENSOLVER pns umcneHHoOro HaxoxxpeHus
COOCTBEHHbIX 3HA4Y€eHUU U COOCTBEHHbIX BEKTOPOB

> bubnuorexka Oryn «POSALl-BHUUIO» napannenbHbIX peliarenen
GonbuIMX pa3pexxxeHHbIX CUCTEM JIMHEeNHbIX anrebpanueckux
ypaBHEeHUM




OGpaboTka reomeTpuyecknx mogenemn

* MMNOPT/3KCNOPT reoMeTpum — ® ABTOMaTM4YecKoe ucnpasBrieHue
60SbLUMHCTBO PacrnpoCcTpaHeHHbIX POPMaToB (CATIA reomeTpum — ucnpasnenne bornee 70 Tnos
V4, CATIA V5, Unigraphics, Pro/E, Parasolid, ACIS, STEP, reoMeTpU4YECKMX N TOMOMOrNYeCKNX AeEKTOB B
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¢ [eHepaTop ONMOYHO-pPErynsipHbLIX CETOK

* ABTOMaTU4YeCKUN reHepaTop
HEeCTPYKTYPUPOBAHHbLIX MHOrOrpaHHbIX
CETOK C NOrpaHUYHbLIMMU CIIOSIMU

=nﬂ§auhra1n"

°* ABTOMaTU4YEeCKUN reHepaTop
HEeCTPYKTYPUPOBaHHbLIX TeTpas3apanbHbIX U
NPeMMyLL,eCTBEHHO LUeCTUrPaHHbIX CEeTOK

< e K

eHepaLKMs ceTOUYHbIX MOAenewn

¢ Onepauum nNnpsAMoun reHepaumm CeToK:

SKCTPY3usi, NepemeLLeHne, KONMpoBaHe,
MacLLTabupoBaHue, NoBOPOT, OTOGpaXKeHme

KL

* ABTOMaTU4YEeCKUM FreHepaTop TeTpaldapalrbHbIX
CEeTOK C NPpU3MaTU4ECKMMHU norpaHM‘-lelMI/I
crnosimu B

* MpeobpasoBaHue TeTpasapanbHbIX CETOK B
MHOrorpaHHble

o AHanus KayecTBa CeTKU

\al A T o0 Mo $opmn” . f
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Qaiin PepakTvposate  [letans Mogens Bua MHCTpYMEHTS

= 3apaHue napameTpoB, HaYanbHbIX U TPAaHUYHbIX YCIIOBUMA U

3alyCK 3aAa4 Ha c4eT

* 3a/aHne GU3NYECKUX NPOLLECCOB AN MOAENNPOBAHUA

=L

| @ | &

crs | - =y
S o5 | -

MNanens Ynpasnerms

Moaenu | Alepeso susyansays l Bnoxu |

ObvexTb!

+

+

+

+

+)

+

+

+

= #3 Mosem (1)
= 1-floroc - ApOrnapoMexarKa

1 Aetann
Chopka
Moaobnactu (1)
Buibop NapaMeTpos Ans ONTHMM3ALIM
U Wudoprawn o mogenm
Haboper aamHsx
CeTtka - onepawm
§ Ofwwue napameTpui
L Ousuueckan mogens
2. TypbynexTHoCTL
] Bewecrsa (1)
= @ ar_l
9 MonexynsapHan BRaxocTs [kr /(M )]
¥ 9  KomnorenTs!
L Pervore: (1)
*  MNopucrocTs
2 9 Mrasanisasn
9  JNasnenve 8 Tovxe pedepenca [Na)
L MapameTpo! Cxemsi
™ Napamerpo: spemerst
N Napamerpet pewarens
Fo pewaremt CNAY
- MNapameTpe: penaxcalym
[ NapameTtpet rparsresix yenoswn (7)
A, NloxansHsie GACcTeMs: KoopaMHaT
. WHTepdeno
s Pegaxrop dopHyn
o Macomsrbet akansp

(aapormp,pomexaHMKa, TennornapoanHaMmKa, TeENJ10 B
TBEpAOoM Tesie, NPOYHOCTb U T.,D,.)

MapameTpbl dpmnsmnyeckom mogenm (sHeprna, BpaLLLeHUs,
rpaBUTaLMA)

CBoncrBa U napameTpbl BeELWECTB

Ha4yanbHble U FpaHUYHbIE YCA0BUSA (CKOPOCTU MOTOKOB,
CUbl, HAarpy3Ku, JaBNEHNA, 3aKPENIEeHUSA ...)

TaKTUKa cyeTa U popmaT BbIBOAA PE3Y/IbTaTOB

3anycK mogenmpoBaHnA 3a4a4mn, B TOM YMcC/ie Ha
yaaneHHon cynepdBM B MHOronpoLueccCopHOM peKMme, C
obecnevyeHMem KOHTPOA 3a XO40M 3TOr0 MOAEe/IMPOBAHUA
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lNMocTnpoueccuHr

Ha3sHauyeHuMe:

AHanus pe3ynbTaToB MOAENMUPOBaHUA Pa3NIMYHbIX PU3NYECKUX NPOLLEeCCOB

v’ [paduyeckasa obpabotka (6onee 30
aNAropuTMOoB: BblOOPKA AaHHbIX, NOCTPOEHME
CeyeHun, rpadpunyeckas nHTepnpeTaumsa
noneun, NoCTPoeHne N30MnoBEepPxXHOCTEN,
y3KOCneumManm3npoBaHHble aAropuTMbl)

v" Yncnosas obpaboTka (TabnnuHoe
npeacTaBaeHne, KaibKynauus BeUYUH,
BbIYNC/NIEHME UHTErPabHbIX XapPaKTEPUCTHUK,
nocTpoeHune rpaduKoB 1N 3aBUCUMOCTEN
BE/INYNH)

v BusyanbHoe oTobpaxKeHue pe3ynbTaTos
MOZAENNPOBAHNA B AMHAMMUKE

v' dopmnpoBaHMe OTYETHBIX U
Npe3eHTaUMOHHbIX MaTepuanos




MoctnpoueccuHr. MapannenbHbI pexxum

OcobeHHOCTU peanusaumm

v ApXUTEKTypa KIMeHT-cepBep (KAMEHTCKaA 4acTb Ha
MK, cepBep Ha yaaNnEHHOM KNacTePHOM cncTeme)

v' KpoccnnatpopmeHHOCTb

v' O6paboTKa AaHHbIX Ha Cynep3BM, coaepskaLimx
6onee 1000 npoueccopos.

v’ MNapannenbHble aAropuTMbl obecneynsaroT
KOM@OPTHbIN pekMm paboTbl B peasibHOM BPEMEHM
npu 06paboTke MMANMapA0B AYEEK, HA NOPALAOK
obxoas no gaHHOMY NapameTpy Kommepyeckoe MO

Mol LogosTVD Time -5.555500e+04
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—-- MpenocTnpoueccop - noaArotoBKka un ob6pabortka

CBA3dHHbLIX 33444

Mogenb “JIOTOC — AspornapomexaHuka’ Mogenb “10M0C — MNpoyHocTb”

anr
o

Mopenb “CBaA3aHHan 3aaa4a”

Oteexrs

B

* Peaymrarw
W Tameacusts

* Bancwbr 3 nerenres

#  Donomamencee napaserpe
o Tameacwta
Mpocsarp DataSet

= 3CaR0Mm0G 31043

A Nepawsmpe: cvers
o Mozemwi2)

= Wrrepeeice: monensh

A NporevcrnLimsasmnes
* (1 Pacwr

nﬁmraﬁrﬁmall J

CONprmis e st TAN0otemn (1)
ATepanie: Mogssy 80 1 Moaem NO 2:

& x

Wiapssic | {1-n0rec - Aspornaposscamea w| l.if'blu( < Nprti0c T

=

Irdet )
Wak2
Preinge3
Wakd
Symmetip 5
Syrmatiy &
Wak?

$b Mogens; 3-Comsarnan sanss | Ovma evspanoawe: | (] noroc -

AsaporngpomexaHuka

Nnoroc -
MpoYyHOCTb
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s TeHepaums CeTOK AN MHXEHePHbIX 3aAa4, PacCYMTbIBaeMbIX
" B MK JIOIOC no oteyecTBEHHbLIM CYETHLIM KOoAamM

[eHepaTOp GNOYHO-pErynspHbIX CETOK
[eHepaTop CETOK cneumanbHOro Tuna _
« [eHepauus npuamatumyeckoro cros(BL PAH nm. JopoaHuubiHa, Tecuc) £y
« [eHepaunsa ceTkn B CHETHOM aape
« MeTogom oTceveHud
« 3anonHeHveM TeTpasgpamMn UM NPeuMyLLeCTBEHHO
LUECTUrPAHHBLIMU SiYEerKamm
[MpeobpasoBaHne ss4E€EK B MHOrOrpaHHUKK
AHanu3 kayecTtBa
[eHepaToOp METOAOM JKCTPY3UWU, onepauun Hag CeTkamu: nepemMeLleHue,
KOnMpoBaHue, MaclTabupoBaHue, NOBOPOT, 3epkasibHoe OTobparkeHue
ABTOMaTUYECKUA reHepaTop (MOBEPXHOCTHbLIX/0ObEMHbIX CETOK)
(6ub-ka CM2MeshTools)
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lFeHepaymnsa ceTox MeTogoM OTCEYEHHNS

OcCHOBHbIe 3Tanbl:

[TocTpoeHne NoACETOYHOrO CIosi C NMOMOLLIbIO OMBNMoTEK
(paspaboTtka BL, PAH nm. lopogHuubiHa, Tecuc);

[MocTpoeHne aekapToBOro aganTMBHOIO LAbNoHa;
OTceyeHue;

YriyyleHue kadectBa NOCTPOEHHOM OTCEYEHHOU CETKMU;

NocTpoeHue npuamaTM4ecKoro cros.

-‘
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leneparop 6/7104HO-perysIsipHbIX CETOK

OCHOBHblIE (PYHKLMMU:
Co3naHue;

*Pa3buneHue;

ObbegnHeHue;

*YoaneHue;

[lepemelleHne TononormM4yeckou
BEPLLWHbI B MPOCTPAHCTBE UM C
NPUBA3KAMM K FEOMETPUM;
«CoxpaHeHune/3arpyska onmcaHums
TOMOSIOrnNn.




[Toozcomoska/Obpabomka 2ceomempuyeckux mooesnel

* B-Rep npencraeneHune, reom. agpo 3DTV
¢ [lapameTpunyeckoe/QnUCKpeTHOE NpeacTaBieHus

® AMNopT/OKCNoOpT reoMeTpun

¢ [InarHocTMka MMNopTUPOBaHHON reoMeTpum

e ABTOMAaTU4eckoe ucrnpaBreHne reoMetTpum (go 72
TUMNOB reoMeTpn4eCcKknx un TorioJsiormn4eCckmnx ,El,e(peKTOB)

¢ Pe,El,aKTVIpOBaHVIe reoMmeTpmun

N
R~ '

UmnopT: JKcnoprT. e
CATIAVA4,CATIAVS5 CATIAV4,CATIAVS : .:.,.3_ :
Parasolid Parasolid P
ACIS ACIS o
STEP,IGES,VRML STEP,IGES, VRML "o
STL STL g
3DTransVidiaXML  3DTransVidia XML TP
Unigraphics

Pro/E
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[eHepaTOp NOBEPXHOCTHbLIX CEeTOK

 JlBa OCHOBHbIX CLLeHapnA NCNON1b30BaHUA

— JTan aBTOMaTUYeCKOro nepecTpoeHmns NCXoaHOM NOBEPXHOCTHOM CETKU
KaK 3Tan reHepaunm o6BbEMHOM MHOFOMPaHHOM CETKU OTCEYEHMEM

— [MocTpoeHMne NOBEPXHOCTHOM CETKU NO reOMeTPMUU B aHaIMTUYECKOM
npeacTaBAeHUN

UcxopHasa moaenb WpeanuanpoBaHHasa moaenb OuckpeTHasa mogenb

. .
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- @YHKUMOHaNbHbIe BO3MOXXHOCTU

CeuyeHune NNOCKOCTbIO

MocTpoeHne usonoBepxHOCTEM

OTobparkeHne BEKTOPHbIX NoJei U AMHUIA TOKa
MNoctpoeHue rpaduKoB pacnpepeneHus
Be/IMYUH(BAONb IMHUM, KOHTYpa, 3aBUCUMOCTb OT

nocrnpoueccopa

ApxuTtekrypa
KKNNeHT-cepsep»
* MapannenbHbIN
pexum padoTbl
* PacnpepenéHHbIn

H UHF
BpeMeHHM) pPeHAep
MocTpoeHune rucrorpamm
leomeTpuyeckoe CKpbITHE YacTU AaHHbIX (3 b il kil

anroputma)

CKpbITUE AAHHDbIX NO Pa3/IMYHBbIM KPUTEPUAM
(4 anroputma), aHanus Tononorum
lpaduueckana pedopmauus/passopot/

oTpa)keHue/KNOHMpPOBaHUEe 06BHEKTOB - ‘ : ' i,s_,,m,g
bonee 10 AONONHUTENbHbIX . 3 = > 117342061
y3KOCneLwMaamsMpoBaHHbIX aJiroputmos — & 717130

BbluMCIEHNE MHTErpaNbHbIX XapaKTepUCTUK
(cpepHue 3HauYeHMA, naowagn, UHTErpanbl,
pacxopg,, aKCTpeMymbl)

KanbKynAaTop HOBbIX CETOYHbIX XapaKTepPUCTUK
Pa3nnyHble TUNbl MHTEpPNONALUU

* Hacrpoiika pexumos oTobpaxkeHusa/npoeKkuuu,
LLBETOBOM MHTEPNpPETALLMM CETOUHDbIX Be/IMYUH

P~



POCCUMNCKNIA GELOEPASNBLHBLINA SIAEPHINATIE
RAR BCEPOCCHMMNCKNNA HayYHO-Nccrnenoeareifsci

MHCTUTYT SKCNepyMeHTasr IbHoOM (bNIMKA

Tononornyeckaa AeKOMNoO3nLUs CeTKU
Meton pa3buenus rpada: Multilevel-KL (Kernighan-Lin)

Pa3bueHune

Pac4yéTHas ceTka [lekoMno3nunst CETKU
9KBMBASIEHTHOro rpadpa

HecTtpyktypupoBaHHas cetka G4,
Pa3bueHne Ha 30 yacTen




BHMWI<D

Cerka UC04
8 482 618 a4eek

MeTtog ynopsagoymBaHus.
reverse Cuthill-McKee (RCM)




AnrebpanyeckmMm MHOroceTo4HbIM MeToA,

3pdeKTnBHoe orpybneHune cetku B
napannenbHOM pexxmme

v v v v

v v v 1 g_i ]I :

P M |\ A 7
XpaHeHme MaTpuLbl B A4EEYHO- ’Q%a

rpaHeBom dpopmaTe 7

]

S \ T

= &5
~

T —n

PasnnyHble TUNbl LUKNOB




AnrebpanyeckmMm MHOroceTo4HbIM MeToA,

CywecTtByeT npobnema C
NCNosb3oBaHUEM rpybbix ypoBHEN B
napannesibHOM pexume, KoOTopad
COCTOUT B  TOM, yto  M3-3a
Heboblworo pa3mepa MaTpuL
Bpema, 3aTpayeHHOe Ha o06bmeHbl,
3aMeTHO npesocxoguT Bpems,
3aTpayeHHOoe Ha BbluncaeHua. [ina eé
pelweHna peannsoBaH cbop maTtpuu
rpyboro ypoBHA Ha OAHOM NpoLecce,

rae  npoucxogut  bopmMmMpoBaHme . LT .=
rob6anbHOro ypoBHA M AanbHeNllee
N 4 7
NPOAO/IKEHUNE orpybneHun 7
peweHuna C/1AY B nocnegosaTelbHOM 4 E. N
pexxmnme. Nob6anbHbIN
YpOBeHb G
- o Y




!’ [ 1] lﬂ

: POCCUMNCKMNN SEOEPAJIGHBLIN FIJJEPHI:IVI ,.J J{,,m ",l Jidaps
BN BCepOCCcCHMMCKNIA Haquo-uccnenoea’ré Tis » Thilau

. )

‘ ATomHas 3HepreTuKa: ABunactpoeHue:
Obecne4yeHne HOBOIro PaspaboTka v BHedpeHe
KayecTBa Mnpu CYNnepKOMMbLIOTEPHO U
NpOeKTNpOoBaHUN, TEXHOJIOrMN NPOEKTUPOBaHUA
COOPYXXEHUN U SKCnnyaTauum N pa3paboTku }
A0epPHbIX 3HepreTndecKux KOHKY PEHTOCMOCOOHOA
yYCTaHOBOK. OTe4eCcTBEHHOM
KomnbloTepHblie mogenu aBMaLlMOHHON TEXHUKWN.
«BuptyanbHass A3C c BBOP», KomnbloTepHasi mogenb
«BUpTyanbHasi KopabenbHas «BUpPTYyanbHbIA CAMONET

\AIY» (aBuraTenb)» Y.
ABTOMOGVIHQCTpoeHMe PakeTHO-KOCMUYecKas A

oTpacClib.
PaspaboTka 1 BHeapeHve P

CYNepKOMMbIOTEPHOW CynepKkoMnbloTepHbIe
TEeXHONOrMn NPoOEeKTUpPOBaHUSA TEXHOorMn Ans rnpoekTMposa-
KOHKYPEHTOCMNOCOBHOA HUA 1 Ha3eMHOW OTpaboTKM
oTEeYeCTBEHHO COBpPeMEHHbIX 0b6pa3sLoB

PAKETHO-KOCMMUYECKON TEXHUKMN.

KomnbloTepHasa mogenb aBuraTtens
P-0146 pakeTHbIX HOCUTENENn
«AHrapa-A5» n «Pycb-M»

aBTOMOOWUINMbHOW TEXHUKMW.

KomnbroTtepHasa moaenb
«BUPTYanbHbLIX aBTOMOOUIb»

\_




Bepudukauna n sBanupaumnsa naketa nporpamm JIOFOC B uHTEepecax
aBUaLUOHHOU NPOMbILUNIEHHOCTH

BEPUPUKALMOHHBIN BA3NC HEMOHEBPEHHLIX AA

Eadi=s

BaA./NOcC. NOASTH. Koucpwypaunﬂ
KOHDUYROLMN

PeAAbHUE U3ASAUA U CUCTEeMb! BEPUOUKALMOHHBIN Basumc A

KPBIADC + DKO3, + M/T +1.O

r '

) (B2

KPBIAD + HO3. + M/T M/T + BEHTUASTOD ITA

A )

\ ==os J \. = . J
MEXQOH. KPLIAG + D03 KDBIAD + DIO3EASIHK KPBIAQ + M/T N crynenez komnpec. N cryneHen TypourHb
y V A

Al 1 [A33 ) (A9 - A12, A20 1 (Br4 s )
\ J \ J \ - — J L J

STAAOHHbLIS KPBIAOD TRONSUSBMAH. PIHOIBATK mazlxwpoeou $CTYNeHb KoMNPeccopa 2 CTYNeHU TYPOMHbI
pelueHus v ¥ ) ¥ . ¥

(A21,A22,A23 | [A3 A18 A32 T3, — (r2 === | i (A7.A8.13-76 ]
S [ / - 4 _W s
\f

S o’ - L - - > . f
pospe:;or—cu;m NpPOPAL B/3000PHMK + KOHOA  OCECUMMETD. con/\o PEWETKA NPODUASHA

(A28 ] 'A29 1 [A30 {A31; q )
canrminbie | | ML > 48l % ¢
o L |
L — -— —
PO3PE3aHHOS NADCK, MAOCK. ﬂ/\C_ICYMHO. LM/\MH_A[). NAOCK I<QHO/\, Cyx DO(.,LUMP COnNAQ, pPaLeTka NAOCK
NACICTAMG ACMUHOPRHBIN, TYREYA ATMUHOPRHBIW, TYREYA,  AGMMHAOPHLIA, TYROYA,  AGMMHOPRHBIM, TYREYA MAQCTAH

BepudumkaumoHHana copepxut 6onee 300 3agay pa3nnMyHOro ypoBHA CIOXHOCTU ANA
Bepudmkaumm n sanugaumm broO no BblYMCNUTENBLHOU rMApPoOANHAMUKE, a3poaNHaAMUKe,
aKyCTUKe, TensIOBOMYy aHanu3y, MPoO4YHOCTU, a TaKXKe CBA3HbIe 3a4a4n U 3aaadm reHepauum

AUCKPEeTHbIX Moaenen.




KopabenbHana PY

dHeprobnok
A3C CBB3P

PEAJ/IbHbIE
U3NENNUA U
CUCTEMBI XONOAHAA roPAYAA
BETKA PY BETKA PY
SNIEMEHTbI
OBOPYJOBAHMA :
Py : i
HAMOPHAA NATPYEOK- JVUCTAHLMOHUPYIOLLL. U TPOUHUKOBOE KAMEPA CTAT.
JIONATKU [APOCCE/b
KAMEPA KA3Y PEAKTOP FONIOBKATEC NEPEMELLI. PELLIETKU COEAVHEHUE DAB/IEHUA
('~ (7 - o« -
' |
— P>
EAVNHUYHDIE F‘-“L \ | c— { L
3ALI,A‘-IM TEYEHUE B ACUMMETP. CMELLEHUA CMELLEHWA U3OTEPMMY.  TEYEHME B PA3AE/IEHHOM TEUEHME B OTBOMAX ECTECTB. KOHBEKLIUA B
INODY30PE HEM3OTEPMMWY. MOTOKOB NOTOKOB KAHANE AA KBAZP. O/IOCTU
IS
3TAI10HHbIE ( a
PELLEHUA
"

TEYEHUE B TPYBAX
PA3/IMMHOI O CEYEHMA

CTAL. OBTEKAHUE LLAPA

—_

OUNBTPALIUA HYEPE3
MOPUCTYIO CTEHKY

OBTEKAHME OBPATHOIO
YCTYMNA

OXNAXAEHUE

OBTEKAHUE UMWNTUHAPA
TBEPAOTE/IbHbIX B/IOKOB

BepudunkaunoHHaa 6asa cogepxut 6onee 300 BapnaHTOoB 3apau

Pa3siIn4HOIro ypoBHA CJI0OXXHOCTU
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POCCUMNCKNIN DEOEPASNBHBIN SAOEP H AN
RAR BCEpPOCCUMMCKNNA HayYHO-Nccnenoeareise

MHCTUTYT SKCNepyMeHTasr IbHoOM (bNIMKA

YHuBepcarnbHbI CETOYHLIN MHTEPJENC —
( nnockun u umnuugpunyecknn GGl )

GGl — cnocob crnvaHna HecornacoBaHHbIX

pPerMoHoB C HecoBnajawLwmmMmmn ysrnamm v' [paHn — Nnpon3BoOsibHbIE MOMNUIOHbI
v' OTtcyTcTBUE TpeboBaHus K
Ncnonb3osaHne GGl oCHOBaAHO Ha TOYHOM BblpaBHMBAHUIO TOMOJIOMMM CETOK Ha

BblHUCIIEHN NepeceyveHnd BHELUHUX rpaHel7| NMOBEPXHOCTU MeXOy permoHamum




BCEepOCCMMCKNM HayvYHO-nccrnegoearey,
MHCTMTYT SKCNepMeHTariHoOoOn <MK

[ Du3MYECKWE KOHCTAHTHI
= ﬁ WHTepdeics
P Nepuoguueckne
ﬁ Potop-Cratop
= [ G&IQ)
=e 1
= 'i_' Oce ynnuHapa

=@ Touka Ha ocn
“-@  HanpaeneHne

GGL g X
Mapamerp 3HadeHmne

HaBop rpanei 1 Master -

HaBop rpanei 2 Slave -

Tun LIAMMHA PHYECKIRA -

Paauyc yununapa ]

GGI:

patch name 1: Master

patch name 2: S5lave
type: cylindrical
axi=:
point: {X: 0, ¥: 0, Z: 0}
direction: {¥: 0, ¥: 0, Z: 1}
radins: ©

CornacoBaHue NpoUCXoauT Ha
aTane 4eKOMMNO3NLNN CETKN
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: POCCUNCKNN SEAEPANBHLIN SOEPH I TTIERNS
oA BCEpPOCCUMCKUI Hay Y HO-NCCnenoeareisers

- - 3
MHCTMTYT SKCNnepmmMmeHTansHoum cbmiazm "’" !

YHuBepcanbHbI ceTouHbIM MHTepdenc B JIOTOC
TecTnpoBaHue Ha 3agade ‘[ nywurens”

..........

pr6a ‘‘‘‘‘ .

Tpyba

.........................

KonnyectBo A4eek B pacquHof/'l CeTKe

Tpyba [Mmywmrens Tpyba NToro
4409118 (4.4M) | + | 10819344 (10.8M) | +| 5878530(5.9M) | = | 21106992 (21.1M) | GGl
62M | + 10.8M | + 83M | = 155.8M | 6e3 GGl

bornee 4em B 7 pa3 MeHbLUE A4YEEK MPU UCMONb30BaHNN
YHMBEpCanbHOro CeToMHOro nHTepdenca
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@ BCepoccvimmciKmm Haquo—mccnegoaaTe-* S H

MHCTMTYT SKCNepMeHTariHoOoOn <MK

Moaenb namuHapHO-TypOyneHTHOro nepexona

NlamuHapHO-TypOyneHTHbIN Nepexoa Ha NNOCKOW NacTuHe

T34(3.3%) I3B(6.2%
o0t

a0

eparment ——mp e et

—BOI0C_SST

ooos - e ——— — 0008 —OC0C_Gammia_SwTete
= LOGOS5_Ganma_fe_Theta

e 0FOC_55T
0,006 0,006
cf cf
0,004 > oo
0002 o007 +
o 64 .
000E+00 100E+05 2,00€+05 3006405 A00E+03 500E405 GOOE+0S 7.0CE+05 B8.0C€-05 OO0EOC  100EO5 2000405  300F-05 400605 SO0C+05 600605 7.006+05  3,006+05
Rex
Rex

B oTtnuuume ot ctangapTHon SST moaenu HEO6X0ANMO KOHTPONMPOBaTb MHTEHCUMBHOCTbL TYPOYNIEHTHOCTH
HaberaroLlero noTokKa



BCEepOCCMMCKNM HayvYHO-nccrnegoearey,

MHCTMTYT SKCNepMeHTariHoOoOn <MK

LOGOS TVD. Knacchbl pewaemMbiXx 3aga4
BHelwHAR asapoauHaMmuka

‘=' LOuOs D el - —aetnt 8 Testit
- oy b o sanud S AMNtLDGOA Tewe -5 S8800Cw004 Arwy X Msirine 730000001 | 8 56221 TwelO1

Pacqer ALAX moaenw $5J-100

squn . waiosiion — M=0.7

e "0 ome a0 1o o s am




LOGOS TVD. Knacchbl pewaemMbiXx 3aga4
BHyTpeHHAA aapoanHaMuKa

M=1,56

#ncnepenenr w06F =09F O07F




POCCUMNCKNN SEOEPANBHBLIN SOEPHBIVI
BCEPOCCHMMCKNM HAyYHO-nccnenoearerfisch

MHCTMTYT SDSKCNepMeHTaNIbLHOM (pbnaImK

LOGOS TVD. Knacchbl pewaemMbiXx 3aga4
TeueHus B kaHanax Typ6omatumH

BN A e TV Tene 4 P L — ' B A LT pa— I thei 004

G, wric G, krle



G < -~
D BCepoCcCCVMMCKMNMM HayvyHO-MNmcocrnegoeare!

MHCTMTYT SDSKCNEepMMeHTaNIbLHOM (I MKM

A3bIk nporpammupoBsanuusa — C++(Mpe,Moct u CFD)
Fortran ( AvHaMmuka m NPOYHOCTbD).

PacnapannenueaHue - MPL.
BbinycKkaloTcsa exxerogHo aBa penu3sa nporpammbi JIOIOC.
MmeeTca [OKYMEHTaUMA HA OoTAEerNbHbIe YaCcTu.

Mpoesoautrca obyueHue cneuManuMcToOB U3 pa3fiIMYHbIX OpraHu3auun.

Co3paerca nporpamma Ha 9BM ¢ rubpmaHOn apXTeKTypom.



POCCUMNCKNIA GELOEPANBLHLINA SIAEP HSIAT
RAR BCEpPOCCUMMCKNNA HayYHO-Nccnenoeareise

MHCTUTYT SKCNepyMeHTasr IbHoOM (bNIMKA

1. Co3paHme yHMBepcanbHOM cpeabl ANA NOAroTOBKM pacCUYeTHbIX
Mopaeriem U HanMcaHue pacuyeTHbIX KOaoB,

2. CospaHue BepuchmkaumoHHOM 6a3bl NO pa3nNMMUYHbLIM HanNpaBfeHUAM:
e [MasoBas auHaMukKa

e A’spoamHamMmuka

e I'mppoavHamMmuka

e TypbyneHTHOCTDL

e MHorocdhasHoCTb

3. BHegpeHM e naKkeToB B npouecc obyueHus cneunanmcros

4. OpraHm3saumsa perynspHbiX CEeMMHAPOB MeXAay pa3paboTrunkamm
NakeToB U NMPOMbLILUJIEHHbIMM OpraHu3auaMm.



