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CO3AAHME LIMOPOBOIO ABOMHUKA
CTAZINM OKP, KAK OCHOBbI 1115
NOCTPOEHMA LA T B CUCTEME
OB BEKTA MPUMEHEHMSA

BuHorpanos Kupunn AHapeesuy

3amecTuTenb HadvaibHMKa OKb-1 no pacyeTHO-UcCnen0oBaTe/IbCKUM
paboTam, KaHANAAT TEXHUYECKUX HAYK
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OCOBEHHOCTU CO30AHNA TTA @ UEC | saturn

[a30TypOMHHBLIN ABUraTenb — 3TO CrOXHeuwana MynsTtudmusnyHaa cuctema

« CaMmble BbICOKME yaenbHbIE NoKa3aTenu
no mowHocTu un Tare (go 80000 n.c.)

e Cambln HU3KUN yOerbHbIN BEC
(1.5 kr maccbl Ha 100 n.c. MOLWHOCTH)

* Bblcoyanlume Harpysku Ha getanm
(> 38 TOHH Ha nonaTKy TYPOMHbI)

« MakcumanbHasa Temnepartypa >2000 K
(Ha 500 rpaaycoB Bblille TOYKU
nfaBneHUA matepuana)

« 10000+ peTanewn *  Bblcoyanwimnm ypoBeHb HageXHOCTH
* 10000+ ueneBsbix TpeGoBaHUI 50 M1TH. KM A0 KanUTanbHoOro
peMoHTa

« YacTtoTbl BpaweHna >10000 ob6/MuH




B  COKPALLEHWE CPOKOB PA3PABOTKM T/, B 3 PA3A @) 0K | carrer
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AU  VATEMATMHECKOE MOZE/MPOBAHME Y3/10B M CUCTEM @ OAK | carven

AHanns (I)yHKLI,MOHMpOBaHMﬂ n3genna nocpeacrsom YHMCAeEHHOIo moaeimpoBaHUA

MepeyeHb maTeMaTUYECKNX Modenen
(134 mopenn)

MpoekTt OCT
«KomnbtoTepHble mogenn n mogenuposaHue. Lindpposbie 4BOMHMKM n3genmin. ObLwme NoNOKEeHNA»

* [lepexopn OT BCNoMoraTenibHOMW poau pacyeToB K Beayuwen (Simulation Driven Design)

*  HOpuanyeckas N SKOHOMMYECKAs 3HAYMMOCTb KOMMbIOTEPHbIX MOAENEN: MOAENb - NPOAYKT
* Pa3BuTUE 31EMEHTOB CUCTEMbBI MEHEAKMEHTA KayecTBa 4/19 KOMMNbIOTEPHbIX MoAenen

*  KnaccuduKkaums, CTPYKTYPMPOBAHMUE U YY4ET MAaTEMATUUYECKMUX MOAENEN: MOAENb - AOKYMEHT

* YyeT 3aTpaT Ha CO34aHMe KOMMNbIOTEPHbIX Modeniei. Pa3paboTka HOpM BpeMeHM



i MHOTOKPUTEPUAJIbHAA ONTUMU3ALMA (aetepMuHMpoBaHHas) @ 0K | carve

= KOJIMYECTBO MEPEMEHHbIX 0 350

= ONTUMM3AUMA NPOPUNBHOM YACTU JTIONATOK MHOTOCTYMNEHYATbIX MALLMH
= ONTUMU3ALNA TPAKTOBbLIX MOJIOK

= ONTUMU3ALUNA STEMEHTOB CUCTEM OXNAXKAEHNA U BAHOAXHbIX MO/T0K

sssss
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MHorokpuTepuasnbHasi ONTUMKU3aLUMS 6aHAAXKHBIX
MOJOK M CUCTEM OXNTAXKAEHUS NTOMATOK

WM3MEHEHNE KpUTEPUA
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i MHOFOKPUTEPUATBHAA ONTUMM3ALMA (pobacTHas) @) OfK | carven
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MNoBbiweHMe 3P DEKTUBHOCTHU
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LIN®POBOW IBOVHUK — OBLEE NPEACTABIIEHME. KOHLEMNLNA @) oAk | carvex

[Moaoxon K NPOEKTUPOBAHUKD HA OCHOBE KOMIMJIEKCHOMW KOMMbIOTEPHOW MOAEenu, COCTosLen n3s
B3aMMOYBA3aHHbIX MaTeEMaTUYECKUX MoAerien pasHoro ypoBHs getanusauumn (0D, 1D, 2D, 3D),
00beANHEHHbIX B MH(POPMALNOHHOM cpede U UMEKLWMX BO3MOXHOCTb YTOYHEHUS MO LaHHbIM
9KCNepuMEHTOB 1 JKCnnyatauuu.

Kak o6bekT Kak TexHonorus
AQEKBaTHOCTb @ YnpaBneHne XO[OM MPOEKTa Ha OCHOBE MaTpuLibl
=)

TpeboBaHWI U MaTpuLbl COOTBETCTBUS

My nbTUANCLMIIIMHAPHOCTb e} MpoekTMpOBaHME M COMPOBOXAEHWE
3% y3penust Kak cUCTEMbl

: CkBo3HOe 6e36apbepHoe UndpoBoe NPOEKTUPOBaHUE
(dakTnyeckas reomeTpus %‘ (KOHCTPYKLMSI, pacyéTbl, UCMbITaHWs)
[laHHble 3KCNEepUMEHTOB %@ /7)) COMpOBOXAEHNE CUCTEMbI B TEUEHNN BCEro
&/ XU3HEHHOro umMkna

% *,’
[laHHble aKcnnyaTauum dunsnyeckoe U3roTossieHe agBuraTtens U UCnblTaHUA
Sy
TOJIbKO AJ14 NOATBEPXAEHUA 3aABNEHHbBIX XaPaKTEPUCTUK

10




B  TPAHCOOPMALMA CUCTEMbI PA3PABOTKM @ 0K | oxrvem

* VECTOYEHWE TPEEOBAHWI K U3OENUNAM — KAK CIEACTBME YBENMYEHUE KONMMYECTBA LIENEBbIX MOKA3ATE/NEN
= CHATbIE CPOKU PASPABOTKHN

* YPOBEHb PA3BUTUA TEXHO/IOTUW MOZENUPOBAHUA U YNPAB/IEHUA OAHHbBIMM
= [IEPEXOA OT MOAENN NPOAAX NMPOAYKTA K MOAE/IN NMPOAAXK YCNYT MO EMO UCMNOJ/Ib3OBAHUIO — SKOHOMWYECKUE LLEJTN

4 UwndpoBbie TexHONOrMmn
BaHk gaHHbIX onbITa
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TexHonornn ¢ npumMmeHeHnem L0
CokpawieHue
CPOKOB -
pa3paboTku i
Bpems Ha 30%
LLEJIW:

*  YBE/IMMEHWUE CKOPOCTU NPUHATUA TEXHUYECKMX PELLEHWIA
«  JOCTUMEHWE TPEGOBAHWUIN T3 C MUHUMAJIbHbIM KO/TMYECTBOM MOBTOPHbIX UCMbITAHUI

e CHWXXEHWE 3ATPAT HA NO34HUX 3TANAX OKP (M NMPU BbIMOTHEHNWX OKP MO MOANDUKALUAM)

e COXPAHEHWE 3HAHUIA
11



V' KNFOYEBBIE TPEEOBAHMA K LUMOPOBOMY [1IBOMHUKY @ 0aK | carven

1. TpeboBaHuA K coaep’KaHUio
L nonkeH cogeprkaTb AaHHble OCHOBHbIX 3Tanos KLU, nsgenma

2. TpeboBaHUA K pacnosioXKeHUI0

LA nonkeH pacnonaraTbCa B e4MHOM MHGOPMALMOHHOM NPOCTPAHCTBE, 0becneynBaloLL,em
KONNEKTUBHYIO paboTy cneumnanncros

3. TpeboBaHUA K TOYHOCTU U COOTBETCTBUIO peasibHbiM PU3MUECKUM 06beKTam

LA ponkeH obecneunBaTb YpPOBEeHb TOYHOCTM B CPeAHEM He nNpeBOCXoAAWMA MNOorpeLHoCTb
COOTBETCTBYIOLLUX SKCMEPUMEHTAIbHbIX NCCNEA0BaAHUN

4. TpeboBaHMA K CPOKamM MUCNO/Ib30BaHUA

U »n Bxogdwme B HEro /AaHHble [AO0/KHbl XPaHUTbCA B TeYEeHMe BCEro KM3HEHHOro UMKAa
n3genms

5. TpeboBaHusA K COCTaBHbIM 4acTAM

LI foNYKeH COCTOATb U3 AaHHbIX Pa3HOro YPOBHA (OT YPOBHA U3AenuaA A0 YPOBHA ero KOMMOHEHTOB),
NoATBEPKAAIOLWMX NOJHbIA NepedYeHb TPeboBaHUM K TEXHUKO-3KOHOMMYECKUM XapaKTePUCTUKaAM
N30eN1A Ha NPOTANKEHMUN BCEro XM3HEHHOro LKA

6. TpeboBaHuA K NpocCneXMBaAaeMOCTH

U AponxKeH NO3BONATb  OTC/IEXMBATb  MUCTOPUIKO  CO34aHMA UM pasBuTMA  U3genma Un - ero

KOMMOHEHTOB Ha NPOTAXEHUNU BCEro XN3HEHHOIo UUK/a
12
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®EQEPANIbHOE ATEHTCTBO
NO TEXHUYECKOMY PEMNYJIMPOBAHWIO U METPONOIMK

HAUMOHANbHBLIAW FOCTP
CTAHOAPT 57700.37—
POCCUMCKOW
®ENEPALMUM 2021

KOMI‘IbIOTeprIe Mogenu nu mogenuposaHue

LW®POBbIE ABOVUHUKU U3OENUA

O6wue nonoxeHun

FOCT 577700.37-2021

W3panue ocbuynansHoe

Mocksa

MHCTHTYT C pTHzaLMK
2021

CYWECTBYIOWAA HOPMATVBHAA BASA

3aKkpensieHbil:

OCHOBHblE TEPMUHBI 1 onpeaeneHns

Llenu 1 3agayn cosgaHuns umdpoBbIX 4BONHUKOB

Ob6wue TpeboBaHus Kk paspaboTke UMPPOBLIX ABONHNKOB
PekomeHgaumm no npumeHeHuio LmMdpoBon nratgopmebl
N ee cocTas

HeobxoanmocTb co3gaHna MHOMOYpOBHEBOW CUCTEMBI
TpeboBaHui

BaxHble MOMEHTbI:

n.5.3 «HanonHeHne n dyHkunoHanbHocTb LIL 3aBucut
cTagun XXU3HEHHOro LuKia nsgenusa»

n.5.3 «PeweHne o paspaboTtke, cocTtaBe MU
dyHKkunoHanbHoctTn L wvsgennda, B TOM  4ucne
ABYXCTOPOHHMX WH(OPMAaLUUOHHbBIX CBA3EW B COCTaBe
UMEPOBLIX  OBOMHWUKOB, oOrnpefenseTr 3akasyuMk Mo
cornacoBaHuto ¢ pas3paboTYnKom»

n.6.2 «TpebosaHua Kk LIl n coctaB OTYETHLIX JOKYMEHTOB
yCTaHaBIMBaAKOTCA 3aKa34MKOM B TEXHUYECKOM 3aaHUn»

@ oakK ‘ CATYPH
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m PE3YJIbTATbI KOMIMTJIEKCHbBIX NMPOEKTOB —

rN CATYPH
HOPMATVBHAA BASA KOPINMOPALIUNA @) OaK |

CchopmynupoBaHbl U 3aKpenseHbi:
« OCHOBHblE TEPMUHbI U OnpeaeneHns

.-\Rllll(lllk‘pll()(.‘ o0mecTBo

«OGre/mHCHEAR ABHTATEICCTPONTEIILHAN KOPIOPAIIH» * Llenu n 3agayn cosgaHunsa undposbiX ABOUHUKOB [T
\ * [MpwusHakun Hannuua UOW (T'TA)
(“ J OPFAHHIAIMY  CTOOMK 802022 » Ob6uwme TpeboBaHus K pa3paboTke LUdPOBLIX JBONHUKOB
k rma
S * [NpuHUUnbI NOCTPOEHUS LM pPoBbLIX JBONHNKOB

["enepanbibiii pekTop ra3OTyp6MHHbIX ﬂ'BV"_aTenel‘/'l

A.B. Apnioxos

 SEE— 202_r. BaxHble MOMEHTbI:

* N.4.5 «T3 Ha UOWN ctagum OKP paspabaTtbiBaeTcs Kak
Ynpagsienue pa3padoTkoii CH OKP »

Lindposoii aBoiinnk u3eans. Ofune noxoxenus * N.4.6 «O6bekTom mogenuposaHuna LION senaetca T B
uenoMm. KKM vy3rnoB u cuctem B COOTBETCTBUM C
dyHKUMOHanNbLHOM  cxemon  npoektuposaHna  [TA
(komnpeccop, TypOuHa, Kamepa cropaHus u T.4.)
asnaTca CH WOV I'TO.»

* N.6.2 «Ha kaxpgon ctagum wn 3tane co3ganua [T[
pornyckaetcs cyuiectsoBaHne Heckonbknx LION ogHoro u

o TOro xxe o6bekTa MOAENVUPOBAHUS»

CTO OK 480-2022

15



TpeboBaHus

3aKa34yukKa K n3genuto

LUNPPOBAA NJTATOOPMA — CXEMA B PAMKAX HUP « MI'TO»

UT-undpactpykrypa (MO, CXA, VDI, cobcTBEHHbIE BbIYUCNTE/NbHbBIE PECYPCbI)

YnpasneHue
KOHCTPYKTOPCKMMU
OAHHbIMU

A

LNPPOBAA NNATPOPMA

no pa3paboTke U NpUMeHEeHU0 UMPPOBbLIX ABOMHUKOB
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Cuctema ynpaBneHua TpeboBaHUsMMU
K uspenuio / yanam / ACE

Fggpn =~

() oakK ‘ CATYPH

basa gaHHbIX MaTepnanos <

A} A

A

A 4

—pe

Lol A gty

My e T st

DNeKTpoHHOE aeno
nsgenus

v

YnpaBneHue AaHHbIMMK

npon3soAacTBa

YnpasneHue
KoHUrypaumemn
nspenua

4

Ob6paboTKa AaHHbIX
NCNbITaHWM

4

h 4

———_y_

VYVY

YnpaBieHMe pacyeTHbIMU SAHHbIMK

BHewHMe 6a3bl
JaHHbIX
MmaTepuanos

s
A A

basza 3HaHuM
(pacueTtHble
METOANKN)

e e e e e e e

LUndposoit ABOMHUK
KOHKpeTHoro OO T/,

e e e

e e e

] o o
1 Undposoii LI,BOVIHMK:

stana OKP :
) H
1

——

e o o o o e e

ey S s e

| LindppoBoi A4BOMHUK KOHKPETHOTO 3KCNAyaTUPYEMOTO |

akzemnnapa MMM

ApeHayemble
BblYMCAUTENbHBIE

pecypcbl

Ucnbitanna OO; TU, TCU

16




KNIOYEBASA OYHKLMSA LMOPOBOM NATOGOPMbI @ 0K | carve

*  [lpocnexKmMBaemMocCTb AaHHbIX

*  ConpoBOXAEHME UCMbITAHWU

*  [lpMHATUE PEeLLeHNIt N0 OTKAOHEHMAM
*  basa 3HaHWI oNa aKCnayaTauum

*  [aHHble Nno KoHcTpyKumu [CE
e [laHHble No ¢pakTUyeckmm pasmepam ACE
* YBA3Ka M BaaMgauma mogenen no pesynbTataM UCNbITaHUM

OCT P 57700.37-2021

6.3 [na cospgaHma undposbix mogenen u (nnn) LI, nposeaeHns undposbiX (BUPTyanbHbIX) UCMbITAHUK, NPUMEHEHUA Pe3ybTaToOB MaTeMaTUYeCKoro
N KOMMbIOTEPHOTO MOAENMPOBAHMA U OpPraHU3aLMmM COBMECTHOM paboTbl NO CO34aHUI0 LMPPOBOro ABOMHUKA U3AENNA PEKOMEHAYETCA NPUMEHATb
NPOrpaMMHO-TEXHO/IOrMYECKYIO NaaThopmy 17




W  B3AMMOAENCTBME PACYETHBIX MOZE/EN U TPEEOBAHMIA @ 0K | carven

TPEEOBAHUA

CEPTU®ULIMPOBAHHOE
. 3AKA34YUNKA

N3OENE
O

TPEEOBAHWA K U3AE/INIO OTKNOHEHWA U3AENNA

BAIMANPOBAHHAA LMDPOBAA

PE3Y/IbTATbI UCMbITAHUIA
MOZAENb U3AE/TNA

N3OENNA

TPEBOBAHWMA K Y3/TY OTK/IOHEHUA Y3NA

BANMONPOBAHHAA LMDPOBAA

PE3Y/IbTATbI UCMNbITAHUIA
MOZJE/1b Y3/1A

Y3/1A

TPEBOBAHWMA K AETAJTN OTK/TIOHEHWA OETANN

BAIMANPOBAHHAA LMDPOBAA

PE3Y/IbTATbI UCTBITAHUI
MOZE/b AETANN

LOETANN

nPOM3BOACTBO

18




W  B3AMMOAENCTBME PACYETHBIX MOZE/EN U TPEEOBAHMIA @ 0K | carven

TPEEOBAHUA

CEPTU®ULIMPOBAHHOE
. 3AKA34YUNKA

N3OENE
O

TPEBOBAHWA K U3AENNIO BA/IMAALMA OTR/IOHEHWA U3LE/INA

BAIMANPOBAHHAA LMDPOBAA

PE3Y/IbTATbI UCMbITAHUIA
MOZAENb U3AE/TNA

N3OENNA

TPEBOBAHWMA K Y3/TY BA/IMOALUA OTK/IOHEHUA Y3NA

BANMONPOBAHHAA LMDPOBAA

PE3Y/IbTATbI UCMNbITAHUIA
MOZJE/1b Y3/1A

Y3/1A

TPEBOBAHWMA K AETAJTN OTK/TIOHEHWA OETANN

BAIMANPOBAHHAA LMDPOBAA

BAIMOALMA
MOZE/b AETANN

PE3Y/IbTATbI UCTIbITAHWUI
LOETANN

nPOM3BOACTBO

19




A  B3AMMOAENCTBME PACYETHBIX MOZE/EN M TPEBOBAHWIA @ 0aK | earven

TPEEOBAHUA
C 3AKA34YUNKA

«YBSAI3KA»
MO/AENEN

TPEBOBAHWMA K U3OEUIO

BAIMANPOBAHHAA LMDPOBAA
MOZAENb U3AE/TNA

TPEBOBAHWMA K Y3/TY

BANMONPOBAHHAA LMDPOBAA
MOZJE/1b Y3/1A

TPEBOBAHWMA K AETAJTN

BA/IMAMPOBAHHASA LUOPOBASA
MOZE/b AETANN

«YBA3KA»
MO/JENEN

nPOM3BOACTBO

«UNDPPOBAA TEHb»

CEPTU®ULIMPOBAHHOE
VI3,£I,EJ'IVIEO

OTRNOHEHWNA N3OENNA

PE3Y/IbTATbI UCMbITAHUIA
M3OENNA

OTK/IOHEHUA Y3NA

PE3Y/IbTATbI UCMNbITAHUIA
Y3/1A

OTK/TIOHEHWA OETANN

PE3Y/IbTATbI UCTIbITAHWUI
LOETANN

20




UcnbiTaHuAa B cocTaBe

YnpaBneHue
o6GbeKTa NnpuMeHeHus

CucremHoe npoektuposaHue I'T TpeGoBaHuAMu

(10000+ ueneBbIX NokasaTtenen) Q

OeTtanbHoe

MoaenupoBaHue UCNbITaHWIA Bl NPOGKTUPOBaHNe
300+ BUPTYyarnbHbIX UCMbITAHWI y3nos u cuctem I'TA,

LUundpoBon ABOVHUK - noaxo K NPOEKTUPOBaAHWUIO HA OCHOBE KOMMIMEKCHOW KOMMbIOTEPHOW Moaenu,
COCTOSILLIEN N3 B3aUMOYBSI3aHHbIX MaTeMaTUYECKUX MOAENEel pasHOro ypoBHS AeTannsaumm,
00bEeANHEHHBIX B MHPOPMALIMOHHOM cpeae U UMERLLINX BO3MOXHOCTb YTOYHEHUS! MO AaHHbIM

9KCMEPUMEHTOB N IKCMNyaTaLun.




NPUMEP B3AMMOZENCTBMA PACYETHbIX MOAENEN B COCTABE LA

TypbuHa
Romnpeccop Kamepa P BbIxodHoe
BbICOKOIoO BbICOKOrIro

YCTPONCTBO aBneHMS cropaHusi aBneHA YCTPOWCTBO

BxoagHoe

TepmognHammKa

3

3D-aspoanHaMMKa

3D-aspoanHaMMKa C yHeTOM
nepeteyek noag HA, npenapauuu u BY

‘ - BepuduKaLma no
l— nepepava Ny - nTepaumu - «KaK CNPOEKTUPOBaAHO» - «KaK M3roTtoBAEHO»

MHeBmocxema (1D rmapaBnnyeckaa mogenb) + oceBas CUna

13

2D Tenno-rngpasnmyeckaa moaesb

(<4~

2D MpOoYHOCTHAA MoAeNb pacyeTa NepemeLLeHnmn

@ oakK ‘ CATYPH

T Yar Y

Y Yar Y
Y W Yoy

A7 Yar Y
Y Yar Y

7 Yar YaY

o - HEeT ps?msmm
pe3ynabTatam UcnblTaHUA




B 0CHOBHbIE MATEMATUYECKME MOZE/N LIUGPOBOIO ABOMHMKA N/1-8 No1 (@) OfK | carves

MaTemaTnyeckaa mogenb
«BxogHoe ycTponcteo + KHA»

e |

ity
Sl

iy

MaTtemaTunyeckasa
moaenb
«TB,D,+T_H,£I,+3Cy»

MaTtemaTmnyeckad
Mmoaenb
«MnnoH + cmecutenb + BY»

Matematuyeckaa | MaTtematnyeckas
moaenb «KBO» - moaenb «KC»

2D TepmomexaHunyeckasn

mogeno [T
(pacuet Tenna,

paAuanbHbIX U 0CeBbIX
nepemeLeHnin, oLeHKa

3a30pos)




AU  O5LUAA CTPYKTYPA ABTOMATU3MPOBAHHBIX PACHETHBIX LIEMOYEK T (@) OAK | carves

YrouneHHbie xapaktepuctuku | 1+ APLL «3D aspoauHamuyeckni
/:I< | pacueT 0606LWEHHDbIX

XapaKTepUCTUK Komnpeccopa»
®©
a 8‘ FpaHMqule ycnoBusa no aaBlieHUro
5 3 B NPOTOYHOM YacTu
I3
s c / \ m
]
"4
Urepaums 1 N
O6HoBNEeHHanA ||:> 2. APL, «AapoguHamunuecKui O6HoBneHHasn Cxoaumoctb\ HET
\| TepmoauHamuyeckaa | Vrepauus 2 pacueT NpoTouHOi YacTM | > TépMoMmexaHUUeCKan AOCTUrHYTA
P moaens 1 y3n108 IM» ) Mmogaenb ABuUraTens
s PapnanbHble 3a30pbl —BA
3 «KaK CNPOeKTUPOBaHO» <
3: 3 S
= I
S . |
qI) Banu.qauuﬂ N KOPpPEeKTpoBKa nNo AaHHbIM UCNbITaHNN E s
= $ 38
o
o (( 5 - 2
o
o 4 O6HoBNEHHaA
6. TepmoaMHaMmunyecKas «yBﬂ::Ka» 5. TepMoANHAMMYECKMI pacyeT a5POANHAMMYECKAA MOAECNb <‘__//
no pe3ynbTaTtam UCNbITaHUNA. <: «KaK N3roTOBEHOY <: "
UaeHTndukaums MM. OCHOBHbIX Y3/10B NPOTOYHOM
~ yacTu

[aHHbIe ucnbITaHUn
[daHHble npon3BoAcTBa

24




‘m ABTOMATM3UPOBAHHASA PACYETHAA LIEMOYKA IT N/-8 @) OfK | carven

*  Bknatouaet B ceba: pacyeT TepMogMHAMUKKN Ha pexume (B ThermoGTE) n aspoanHammky
npoTo4yHoun Yactu (B8 ANSYS CFX) ana KB/, KC, TB/l 1 BbIxogHOro yCcTpoicTBa
Llenoyku pacyeTa y3108 06MEHMBAOTCA MHTErPaIbHbIMU AaHHbIMK (060POTbI, pacxoapl rasa
W T.A4), a TaK XKe paanasbHbiMU 3Mopamm

Peann3oBaH aBTOMATU3MPOBAHHbIM 3anycK 3aga4 B ANSYS CFX Ha BbluMCINTENBHOM KnacTepe

Llernoyka pacyema
mepmMOOUHAMUKU

l

. p PDBTG
‘TD ThermoGTE x64 ¢ Workflow by link
o PDEKVD L
v ¢ Workflow by link » PD8 KS
@ Workflow by link
e Python script |
l » PDETVD
& Workflow by link
o PDEVU
2 Workflow by link
o i
bnok co30aHus ¢halina c
CSV_output

pe3ynbmamamu pacyemos E——— i

U aHasnusom

1 I — I% CFXPre session —3 CEX CFXPre —> CFX CFX-Solver Siurm 3> CFX CFX Post

Tunossle yenovKku 018 pacyema a3pooOuHAMUKU npomoy4yHol yacmu 8 ANSYS CFX .




V' ABTOMATW3ALMA TUMOBbIX PACYETOB @) 0AK | carven

e PaspaboTtaHbl APL, ana TMNOBbIX, TPYA0EMKUX PACYETOB: HAMOPHbIX BETOK N CTaTUYECKOM
NPOYHOCTN Komnpeccopa (3D), a TaK e TennornapaBanKM U pacyeTa nepemetteHni (2D)

* APL, odopmneHbl B BUAE Web-npnnoxeHun

* APL no3BonstOT 3HAYMUTENIbHO COKPATUTb BPEMA PAacYeTOB 33 CYET UCK/IOYEHUA K PYUHDbIX»
onepauuit No co3AaHUI0 MOAesNeN, MOCTPOEHUIO PACYETHbIX CETOK, MHTEPMNOAALMUM Pe3yNbTaToB U
T.[., @ TAKXe UCKNOUYNTb KOMMYHUKALMOHHbIE NOTEpPU NpU Nepeaaye AaHHbIX

Saturn_3d_CFD 2D_Saturn

PacueTHas MojAenb leomeTpuyeckas MoAeNb MapameTpsi

Wabaon mogenn s CFX WaGnon NX Kpwrepwii ocranosKkm

‘ Buiepure daiin Bubepure...

acopocts spamenns (06/muk) Waermuduratop nosepxuocn [P g————

‘ Face:C-461-33

B Coxpanenve Gaiinos pesynstaTos pacuera 8 CFX v Reviaces OTHOCHTENEHAA NOTPEWIHOCTE

-~ v i i il
3arpysKa $aiinos HauanLHOrC MPUGAKEHUA MRS DELIIc ViMn KOMNOHEHTE! POTOpa B NPOMHOCTHOM MOAeY

[T a epxunn rpanmia v FormTurboBlade |
€KO CKO| ay

Bepeus Ansys Mechanical APDL 4s NpO4HOCTHOTO aHanu3a

| 195

V' Tepmormapasanyeckuii pacuet

Wurepnonsaumna temneparypbl
POpMMpPOBaHME PACYETHOW CETKU MapameTpbl cTynexei

3arpyaka wabnoHa geomturbo 3arpyska ¢aiinos npogpunaTopa

Bribepute daiin ‘ Buibepure daiibi

lMpunoxceHue 014 pacyema menano2udpasauKu u
nepemew,eHull

MpunoxceHue 08 pacyema KOMnpeccopa



ABTOMATU3ALMSA PACYETA TENIOTUAPAB/IMKN U MEPEMELLEEHUIA

BNoK ynpasneHus
MTEPALMOHHLIM LHUKIIOM
YTOUHEHWA paaHanbHbIX
3330pOB.

Loop driver
Python script

\

ée

KOMMO3NTHLIH Gnok
pacueTa paanansHbiX
3330pOB Ha TeRyLUe

@ oakK ‘ CATYPH

7102U0pPasAUYecKul
pacyem

MTEPALIMK .

) Com
Composite

KonupoBaHWe HY#HBIX
dhainoe QnA pacyeta Ha
TeKYLLeH HTepaLmMu

Files Copying

é Python script

Brinonxexmne
MTEPaLMOHHOND Tenno-
TMAPaBNM4ECKOre
pacueta g HidraTherm

|

HidraTherm

[

¢ Files cleanup
-2l d Python script

W

¢ Gaps calculation
G‘ Python script

)

YaaneHue NuLLHKL
hainoe W3 pacueTHOM
[IAPEKTOPHN.

Pacuer paananbHbxX
3330p0B.

BKCNOPT TEMNeLaTYPHLIX NONed 0TAEN:HO ANA
K0 W3 EMMOHEHT TENNOBOA K3 Mofenw.
VIHTEpNOrALMA Nonesi TeMNepaTypel ana
KOMMO!.2HT NPOYHOCTHOR K3 Mofieny
Cor'BeTCTBME KOMNOHEHT TEnnoi 1

04 i K3 i

TEKCTOBLIM thaiinom
configuration_file_for_model components.txd
CoxpaHeHie NPOUYHOCTHOR db Mosenu ¢
NPHNOXEHHEIMA TEMMNEPATYPHLIMK HArPy2KaMI

—— ) A

Structural

€ r‘ ANSYS APDL

BrinonueHwe
NPOYHOCTHOMO pacueTa.

MpoBepka kaye_Tea
EINONHEHHOY.
MHTEPNONAL MK N0
KoMIoHer: am K3
MOJENPA.

Quality check
é Python script

Input file

UHmepnonayusa
pe3yanbmamos
mens02uopasauU4ecKo20
pacyema

Pacuem nepemew,eHuli

Python script

A

GopuupoBaHie APDL dhaiina AnA Npo4HOCTHOM
pacueTa:

+ noGaEneHne WHePLIMDHHOTD HArPY3KM K
KOMIMDHEHTE poTopa;

« nobasneHwe Harpy3oK 13 pres maﬁ.r[a c
NpoBE/IEHWEM Er0 NPENBapPUTENbHOM
thuneTpaLm (NMpw Hanwuuu danna
pres_file_filtering.txt);

AobasneHue NONONHWTENLHLIX CTPOK Y U3
dhaina BC_file.dat (npu ero Hanuuum).




AU ABTOMATV3ALMA PACHETA KOMMPECCOPA. ASPOLIMHAMMKA (@) 0aK | carven

Main driver

e Python script

h Single branch
Composite

single point
Composite

lModzomosKa npogpuneli
ek amems e = : /710M1aMOoK U co30aHue

L J pacyemHol cemku

J © Fyinon corst

¥~ C6opka, pacuem u
nocmobpabomka
20300UHAMUYECKO20
pacdyema




S ABTOMATV3ALMA PACHETA KOMMPECCOPA. POYHOCT

Main driver

e Python script

h Single velocity
Composite

WBE Driver
. —_—
e Python script [Out]

lMpoyHocmHol
pacyem

- x_t generator

all e Python script ’\ LS WS

| . lNMocmpoeHue 3D
> g Dymon st 7
g poghuneli 1o0Namok




ABTOMATWU3MPOBAHHbIE PACYETHBIE LLEEMOYKM THA, (@ OfK | carven

| CFD1 Run directory |

CFD2 Run directory

, CFD1 Run data

| Initial data OR

Directory with the | CFD1 CFD1 Run |CFD2 Run | FEA FEA Run |
{in] —‘ CFD1 resuits from | > @ Python script data i T|data Python script directory | >
‘previous Run = ' 1

[Out]

Directory with the CFD2 ‘
results fro n previous Run ‘

Pacyem npoyHocmu

3anyck pewarensi CFX
3anyck pewarens CFX
* WCNONb3yeTcA CO3AaHHbIA
def-taiin;
« MOXeT GbiTb J06aBNeH

(aiin pesynbTaTos B

KayecTBe HavanbHoro 3anyck CFD Post ¢

NPUONMKEHMS; 3apaHee CO3aHHbIM
3anyck CFD Post ¢ 3apatee o
coaganmu CKpUnTOM ps csv- Sanyck CFX Pre, MOXET ObiTh nuﬁfmn‘en CcKpunTOM: B CSV-chaiinbl
hainbl BbINPYKAOTCA nons CoxpateHue HoBoro def- gnar:-‘on""menww 0 :;;ﬁg:g‘:“ Lo
[aBneHuii Ha nepbs Nonarok Paina

* wMcnonbayetca

COo3AaHHbIA def-(hain;
« MOXET ObiTh 106aBNeH

aiin pe3ynkTaTos B
KaYECTBE Ha4anbHOMo

3anyck CFX Pre, NPUGIIMKEHUA,

coxpaHeHue HoBoro def- MOXeT GbiTb A0GaBneH

auna JAONONHUTENbHbIA cck
dain.

CFX Pre CFX Solver CFD post
CFX-Pre CFX Solver CFX Post e‘ Python script e Python script e Python script
é Python script l'-' Python script e Python script

Com?S mer 1
> Initial Data : 1073.156
g — H 1005.855

# Python script ) Initial data 555

) é Python script 285

CuMTBIBaHHE (aiNoB ¢ 0. g | B! T

WCXOAHBIMY AaHHBIMM x V. L CunTHIBaHUe (aANoB ¢

(TND.rez u Euler3D.3d), - ! | ucxonHbIMK paHHbIMK

NIOATOTOBKA CKpUNTa AN 1 (TND.rez u Euler3D.3d),

CFX Pre = | norotosxa ckpunta ans
\ |CFX Pre

raszoouHamuyeckul - ; Pacyem
pacyém ‘ COMpPA*EeHHo20

menanoobmeHa




\"“ UHTerpaumna CML-Bench n pSevenEnterprise @ OAK | carvew

I

I

| pacuerta B LI, nonyyeHue
: MaTpULLbl COOTBETCTBUA
I

|

e N CML-Bench pSevenEnterprise
e B ix04
I : I
| | fmmmmm e y
| : Pa3paboTtka TpeboBaHuM K ; basa TMnoBbIx :
| | --»  uspgenuio (LeneBbix 3HaYEHU : wabnoHos APL] ;
| | 7 1
I K pacuery) i nspenui ,
I_ _________ - == ————— ==
1
esieevble 3Ha4YeHuUA i
1
1
i' [T O 62-0291-70-0001 00 sspommammsc preer 'i A4 y
| = prmeiepeptvirnintiit et | MoAaroTtoBKa UCXOAHDbIX N Bbi6op wabnoHa APL|,
| e e et soononoo.cueoot | pacyeTHbIX AaHHbIX N eé HacTpoWKa
! [k 462-14791-70-0001_00-5UB-
: | T samunei o105, 3 remern :
{obe 462-1091-01-003_01 reometpus
e I
PacuemHsie OaHHbIe
i?e[cy_me:m;m;o‘;u:a;l _______ \ 4
I JOBID PARTITION ABTOMaTM3MpOBaHHaﬂ
Frsces7  conputs BbinonHeHue pacyeta Ha -~
I 5780693  compute L 06pa6OTKa
| e KNacrtepHbIX pecypcax | | o0 __
sreoee pe3y/bTaToB pacyeTa | = |
I e o |
I
I
I b | v |
MHTerpaumsa pesynbraTos :
I
I

Pe3synemamel pacyema

- Pabota cuctem B 06Lem pani1oBOM XPaHUNULLE;

- UM ynpaBnaet busHec-npoueccamm 1 pecypcamu;

- B p7E B KauectBe ncxoaHbIx Bbibupatotca ¢pannbl u3 CML-Bench;

- Wcnonb3osaHue APLL cokpallaeTt Bpemsa NoaroToBKKU M Nepeaavn AaHHbIX
MeXay AMCUUNANHAMU, MUHUMAN3UPYET OLLMOKM M KOMMYHUKALMOHHbIE

notepu, obecneymBaeT NOBTOPSAEMOCTb Pe3yNbTaToB.
S

Mampuya coomeemcmeus

31



B  BVPTYANIbHBIE UCMBITAHWA ABUTATENS M-8 AN1A CAMO/ETA SSI-NEW (@) OfK | carven

10000+ LeneBbLIX NokKasaTtenemn
300+ BupTyanbHbIX UCNbITAHUNA




-‘“V! BI/IP'I:’yA!'IbeIE NCMbITAHUA MOPCKUX IT'TA HA OCHOBE LUM®POBOIO @ OfK | carve
ABOVNHUKA

IMABHBbIA TASOTYPBEUHHBLIA ATPEFAT M55P

rma Mo9oodP Pepyktop PO55
(6000+ LeneBbIX NokasaTenen) (150+ ueneBbIx NoOKasaTenen)

Mogenwu y3noB n cuctem  VIHTerparnbHble Mogenu

T




= r =

PA3PABEOTKA LIM®POBOIO ABOMHMKA STANA SKCNTYATALIUN @ OOK | carven

v
> _/7

OBopore: HIL 2 3 O8oporsi B @ O6opors CT 2 03 UHmezpayuda ¢
[Conem v] (0% S [oomm v] ives ssmsen [ v] % = damyukamu Ha
dsuzamene

NHTepdelic cuctembl NPOrHo3npoBaHUA
TEXHUYECKOro COCTOAHMA

Anpobaums cucteMol Npu MCI‘IbITaHMHX-Pgo-OZ c6.5

<10°

Adanmauyus u 0.
oby4eHue Ha
aksemnaape T[]

04
X
«3amellatoas» bbicTpaa moaenb

Mopgenu B coctase LU/
LA ctagmum OKP SKCAAVATaLLUM Ha ocHose memodos mawuHHo20 obyyeHusa u UM




A YTOHOBOrO MOTYT MPEAMOXUTb LINOPOBBIE ABOVHUKA? @ OAK | cxrves

YMeHblUeHne CPOKOB
cepTUdUKaLUmM, YaCTUYHDIN
nepexos Ha 3N1eKTPOHHYIO
ceptmdmKaumio

YCKopeHune aHannsa BANAHUA
OTKNOHEHUN U MOAUPUKAL M
KOHCTPYKUWUN Ha XapaKTepuctnku M4

Co3paHne moaenen,
No3BONAOWMX NPEeACKA3bIBATb
COCTOSIHME U34eNUA Ha
HECKO/IbKO Heaenb Bnepes,

YBennyeHue gonun peleHun,
NPUHMMaeMbIX HA OCHOBE PaCYyeTos,
a He dKCNepTHOro 3aK/oyeHna




A BbiBOAb @ 0AK | carren

U CdopmupoBaHa meToponorma cosgaHusa u npumeHenua LWAWU T4 stana OKP;

0 3aduKcnposaHbl n popmann3oBaHbl B paMKax HOPMATUBHOM JOKYMEHTaLUN
OCHOBHbl€e nNpoueaypbl ee NCN0Nb30BaHUA U MPUMEHEHUS;

U

MeToa0o0/10rMa akTUBHO NPpMMeHAETCA Ha NMPaKTUKE B PaMKaX HECKOJ/IbKNX MPOEKTOB,

U

B pamkax HUOKP Beaytca paboTbl N0 paclIMPEHUIO MEeTOA0/10TUN N A0PabOoTKe
OTAE/IbHbIX ee 3/1eMeHTOB.

O MpopabaTtbiBatoTca BONPOChI cO34aHMA UUdPOBbLIX ABOMHMKOB 3Tana 3KCnayaTauum

O Tekywmit ypoBeHb pa3BUTUA TEXHONOTNI LMPPOBOro ABOMHMKA U ero
bYHKLUMOHaNbHbIE KayecTBa 4atOT BOSMOXKHOCTb MHTErpaummn ¢ o6bekTom
NPUMEHEHUA

36



A OTKPLITLIE BOMPOCHI HA CEFOAHSA @) 0K | carrer

d Heobxoaumblit ypoBeEHb B3aMMOCBA3U U UHTerpauum moaenen LA IO c moaenamu A
O Ontumunsaums napametpos [T B cucteme JIA. BosmoxkHa? JA. Heobxoguma??

U YposeHb B3aumogeinctema mexxay paspabotunkom M, paspaboTynkom ob6beKTa,
3KCnayaTaHTOM. Ha Kakom 3Tane HauMHaeTca M Kak noaaepkusaerca. Yem
pernameHTmMpyeTca?

O Kak gonkeH nameHntbea noaxos K OKP no cosgaHuto IO npu ncnonbsosanumn U4 m
ero BO3MOXHOCTEN?

1 Kakum TpeboBaHMAM JONKEH YA0BNETBOPATb UMPPoBOM ABOMHUK T/ Kak 06beKT Ans
NMPMMEHEHUS NMPU CONPOBOXKAEHUM SKCNAyaTaLuUm U3aenmin’?

d KT0 «X038MH» AaHHbIX 3KCNAyaTaumMu ABUratens, U Kak B3aumoaemncTBoBaTb C HUM?



KAKOBO MECTO TEXHO/IOT'MU LUN®OPOBOIo ABOUHUKA B
TEKYLLLEEW NAPAAUTME CO34AHUA ABUALLMOHHOM
TEXHUKU U APYTUX OBBEKTOB MPUMEHEHUA ITA?




CMACNBO 3A BHUMAHWE!

@ oakK ] CATYPH
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