[TpumeHeHne TexHoNormm LnMdpoBoro
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3aMeCcTuUTeNb IMaBHOIMO KOHCTPYKTOPA
bagepHuKoB Aptem Butanoesmny
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OCHOBHbIE KOHLENUWM LIMOPOBOIO ABOMHUKA B NMPOEKTE M-8 @) OaK | carven

sl LICOPOBON OBOMHUK KakK OOBLEKT

* Ha6op MynbTUONCUUTNITTIMHAPHbIX MaTeéMaTU4eCKnX Moenen ¢ BbICOKUM
YPOBHEM TOYHOCTW MNpeacka3aHnA pa6OTbI pearibHOro aAsurartend

sl  LIIOpOBOM OBOMHMK KAK METOLOMOINA

« CMeHa meTofonorun: «paspaboTka u 4oBoaKa ABUraTensi ¢ MoMouwlbo
software» — «paspaboTka asuratensd B undpe Kak software»

el LIIppOBON OBOVMHUMK KaK TEXHOMOIMNS

» CkBO3HOE Oe3bapbepHoe LMPpoBOE NPOEKTUPOBAHNE C LLMPOKOW
aBTOoMaTu3auunen pabot

LindopoBon 4BOMHUK Kak CTpaTerM4eckoe HanpasrieHne

* TexHOnorua-gpaneep, odbecnevnBaoLLLast CMbICIT U CUHEPreTUYECKNI
adopeKT oT undpoBon TpaHchopmaLmn
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LIMdPOBOWM ABONHUK n MATEMATUYECKAA MOJE/Tb @) OAK | carven

Heobxoanmoe ycnosme nosBneHus unpposoro ABOMNHUKA —
NPUBA3Ka MaTeMaTUYECKON MOAE/IN K KOHKPEeTHOMY
dusnueckomy obbeKTy yepes AaHHbIE U3 NPOU3BOACTBA

O6bEM N getannsauma MaTeMATUYECKNUX MOAENEN
LMdpPOBOro ABOMHWKA onpeaensierTca ucxoana U3 ueneum ero
CO34aHMuA.




KNHOYEBBIE PABOTbI MO MPOEKTY LA, N/-8 @ 0fK | carven
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1. YNNIPABJTEHUE TPEBOBAHNAMMU @ OfK | carveu

BbinyLLLeH pernameHT nNo ynpasieHUI0 maTpuuamu TpeboBaHuUii/cooTBeTCTBUA

B pernameHTe yCTaHOB/IEHbI:

* $popma 3anoNHEHUS maTpul,

* nopAaoOK U3BMEHEHMA MaTPUL, Ha OCHOBHble moaynun n cuctemol T4 MA-8
*  NopAAOK obmeHa maTpuuaMmmn mexay npeanpuaTuamm

YHUKanbHblie naeHTUPUKaTOPbl TPebOoBaHMN NPMBA3aHbl K PYHKLUMOHANbHbIM HOMepam [CE
— 3TO N03BOAAET YA06HO ynpaBnATb TpeboBaHMAMM Be3 NPUBA3KM K YEPTEKHBIM HOMEPAM.



2. YMPABEHUE AAHHBIMUW NPOU3BOACTBA L

2HaueHMe no
YepTerky,

¥zen uan cucrema HavmeHoeaHWe napamertpa YeprarHbld HoMep eAMHILI Aoryck
nzMepeHuA
MoHTa#HbIe sasopnl Boex 1Y
Jewraress SKCNEPHMEHTEALHbIE PACKCAHbIE
xapakTepucTrrM AMS, PO TEO,
TpyBonpoecgoE
PaaransHel sazopel Hag paboummu
et s P AR P o Py, 0 D1..0
Kemnpeccop NonaTkamu
EbICOKOrD A2BAEHUA
Yrawl yoTaHoeoK Acnatek HA P1 ... Pn, mana D1..0
YrAbl KOHYCOE Pacnblng TONAMES $OPCYHOK P1... Pn, mima Da... Do,
Kamepa cropaHua
MNpUEEOEHHbIE pAcXodbl TONAMES Fi... Fn, mna Da... 0
BeAnuMHbl paguancHbix sasopes B f1Y P1 ... Pn, mana D1...0n
TypBuHa BbICOKOrD o
AABARHUA 3azop Hag paboyel Aonatkod TBA P1... Pn, mima D1..0
T ama CMIEEHH 1 Pacxoar macna uepes dopoyHKM Fi... Fo, mana D1 O
SIS Pacxodbl macas Yepes MacAoarperar P1 ... Pn, mana D1 On
BbIXOU,D'HOE OBmepsl Tena LeHTpaALHor o F1...Pn, mana Da.. 0
YCTpoicTBO

@ oakK ‘ CATYPH

1. BbinyweH pernameHT Mo MNOJIYYEHUIO AAHHbIX
npoun3soacTea U3 cbopoyHoro uexa.

PernameHT noJpasymeBaeT CO34aHME NepeyHsA
KOHTPO/IMPYEeMbIX NapameTpoB B Buae Tabauupbl,

KOTOpan Hano/1IHAEeTCA NnacnopTHbIMH
napametTpamum c60potle|M uexom wu3 agena
nspgenvs, d TaKXe AoNo/IHUTEeNNIbHbIMU

napameTpamu No 3anpPocy KOHCTPYKTopa.

2. B Tabnnue coaepKatca NacnopTHblIe NapamMeTpbl
BK/toYatoliMe B ceba pagmanbHble 3a30pbl Hapg,
nonaTtkamm, 3a3opsbl B J1Y, pacxoabl BO34yxa, macna
MW TONAWUBA, YrAbl YCTAHOBOK /OMAaTOK W YIAbl
KOHYCOB pacnblsia TONANBaA.



3. YNPABNEHWUE PACYETHbIMW AAHHBbIMW B CML-BENCH @OJJ.K | catvew

HaBwnrauwns |

E14% nn-s

E " 1. Asanmpoexr * BbinonHaetca pasmewteHue B cucteme CML-

ﬁﬁ e Bench pacueTHbIX Moaenelt yxe NpoBeAeHHbIX 1
LI 4. Bunyer pin OyayWmMX UCNbITaHUNA.

I_—__l" 5. MaroToEneHKe 1M MCneITakua 00

= T 105-01 c6.2
- OaHHBIE MCNLITaH WA

Bl Zaie mponssoacras *  Mogenu pasmelLatoTcsa OTAENbHO NO KaxKaoMy
o NaHHble nponssoacTea MM105-01 c62 ,ﬂ,eraTeﬂ PO/I'a30I'EHepaTOpy

[=]+ PacueTHele aarH=ie

E| I 105-01 c6.2
[E1=* BixogHoe ycTpoiicteo

E| 0001-458-105-02-LC5-001_3D_razoguHamuyeckini pacdeT BY_KT419 * Pa3pa6OTaHa MHCprKL'IMﬂ no pa3MeLLI,eHM}O n
FFHES 0001-438-105-02-STP-001 COr/1IacoBaHMIO MoJe/ien B CUCTEME

: CyGMoaens (4)
E| 0002-458-105-02-DMU-001
: 0001-458-105-02-PRT-001 o

E15 irerpansrie toens * Ha gaHHbIM MOMEHT 3arpy»XeHo B cuctemy 746

% 0001-499-105-12-LCS-001 2D pacuyeT HOC I'T ~ ~

E % 0004-422-105-07-LC5-001 2D HecTau. Tenno-rugpaen. pacdet 105M-01 c6. 2 Cy6MO'D'eneM’ 12 COCTaBHbIX Cy6MO'D'eneM n 32
[} 0001-422-105-07-5TP-001 2D HecTau,. Tenno-ruapass. pacuer 105T-01 c6. 2 reomeTpuYeckux moaenu

% 0005-422-105-07-LCS-002

[E-=* 0006-422-105-07-LCS-003

IE‘ 0003-422-105-07-STP-003 Banugauua 2D Tenno-rugp. Mmogenu 105M-01 cb. 2
: CyGmogens (1)
E % 0007-413-105-01-LCS-004

| B4 0001-413-105-01-5TP-001

E * 0008-413-105-01-LCS-005
4~ 0001-413-105-01-STP-001 w12
[=1=* Komnpeccop

[+]-=* 0001-401-105-02-LCS-001 3D aspoavHaMuueckmii pacyeT KB/ Ha K.T. 187
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[#]-=* 0002-499-105-02-LCS-002 PacwmperHan 30 aspogMHaMWUeckan Mofens KB oolx o ] n B3 e
E5 ke i 1] 15 |0 : :

[=]-=*% 0001-405-105-02-LCS-001 MasoauHaMuueckuid 3D pacyér KC C ropeHneM 1 conpsxéHHLIM T8
IE‘ 0001-405-105-02-5TP-001




4. PACYETbI MPEABABNAEMbBIE HA 3TAME CEPTUOUKALNW ABUTATENA NA-8

KAK JOMNONHEHUA K CEPTUGUKALMOHHBIM OTYETAM

HanmeHoBaHue
MmaTemaTUyecKkoi moaenu

MyHKT cepTnd. basuca/ Homep

cepT. oTyéTa

OCHOBHbI€ LieIn pac4YEToB

Mopaenb Ten10BOro COCToAHMA
KHA, KB4, TBA n THA,

Mogaenb 3abpoca KpynHom
NTULbI B YCI0BUAX YCTAHOBKM

3abpoc cpeaHen U menKkom
NTULbI B YCI0BUAX ABUraTeNs

O6pbIB NOMNATKN BEHTUNATOPA B
YCNOBUSAX YCTaHOBKM

3abpoc KpynHoro rpasaa B
YCNOBUSAX ABUraTens

OuHamumyeckasa moaenb
ApuraTens

33.21/Ne015 «OxnaxaeHue
ABuUratena»

33.76/ Ne069 «MonagaHune
OTAENIbHOM KPYNHOM NTULbI»

33.76/ Ne070 «MonagaHne
MEeNKMX N CPeaHUX CTalHbIX NTULLY

33.94l(a)/Ne011 «YaepkaHue
NONAaToOK BEHTUAATOPA»

33.78/ Ne 073 «[MonagaHue
KPYMHOro rpaga»

33.94/ Ne 011 «YaepkaHue
NOMNaTOK BEHTUAATOPAY

OnpeaenvTtb TeMnepaTypbl HAPYHKHbIX
NoBepPXHOCTeM ABUraTeNa U ero KOMNOHEHTOB

Oﬂpeﬂ,eﬂMTb Harpy3km Ha OCHOBHbI€ 3/IEMEHTDLI,
CTEerneHb ﬂ,ed)OpMaLI,I/II/I J1I0MNATOK BEHTUIATOPA,
cnocobHoCTb YAEPHKaHUA NOMATOK B Ma3ax.

Moka3aTb cnocobHOCTb Koprnyca BEHTUNATOPA K
YAEPHKaAHUIO OTOpBaBIJJel';ICFI NNONATKH.

npOﬂ,eMOHCTpMDOBaTb, YTO rnorfagaHue 60/bLINX
r;paguH He AO0/1XKHO BbI3biBATb HEAOMYCTUMOTO
MeXaHN4YeCKoro noppexageHuma.

OnpeaenvTb BENMYNHBI ANCHANAHCOB NpU
paspyLUEHMN IONATKN BEHTUAATOPA
MokasaTb, 4To obecneymBaeTca
HenpobuBaemocCTb Kopnyca ABuraTens;
OnpeaennTb YPOBHW HArpy3oK Ha CTbIKK
KOPMNyCOB U y3/1bl KPENAEHUA ABUratens.

BknloueHue pacyétos B cepTUPUKaLUOHHbIE OTYETbI CerogHa 3aknagpisaer 6asy gna

«umndposoit ceptudpukaumum» B byayuwem

f\ @) 04K ‘ CATYPH



2. ULW®OPOBOW ABOVHUK ABUTATENA NA-8 (@ OfK | carven

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

MaTtemaTmnyeckad
Mmoaenb
«MnnoH + cmecutenb + BY»

MaTtemaTtnyeckas MaTtemaTtunueckasn
moaenb «KBO» =i mogenb «KC»

MaTemaTnyeckaa mogenb
«BxogHoe ycTponcteo + KHA»

e
o

i

| Vi

-
=

1"-

i A e
‘l

m ==t

/]

2D TepmomexaHnyecKasn
moaenb [T
(pacuet Tenna,
pPaAnanbHbIX N OCEBbIX
nepemMeLLeHUI, oLeHKa
3a30poB)




YMNPABJIEHUE NAPAMEPAMW U3OEJ/INA HA STANE ONMPEAENEHNA @) 0fK | carven
OCHOBHbIX MAPAMETPOB S

KpnTepvm N apryMmeHTbl.
GB’ Ty Mks GT"' T reats N Nk

Kputepun

[ - YpoBeHb NapaMeTpoB C U3BECTHLIMU OTKITOHEHUSMU Ha 3Tane
NPOEKTUPOBAHUSA

[] - YpoBeHb NapameTpoB C OTKIOHEHUAMU, NONYYEHHBIMI B
npoLecce NPOM3BOACTBA U UCTbINAHWI OMNbITHOrO obpasua

[ - YpoBeHb NapameTpoB HE OTBEYAIOLLMIN TEXHUYECKOMY
COBEPLUEHCTBY NPOEKTUPYEMOrO U3OENUA

AprymeHT 0




6. MEPEYEHb MATEMATUMYECKMX MOZENEM LUMOPOBOIO ABOMHUKA 105IT
B ABTOMATWU3NPOBAHHOWM PACYETHOWM LIEMOYKE (1/3)

@ oakK ‘ CATYPH

Neo «KaK cnpoeKTun- MNporpammHoe
HanmeHoBaHue
n.n. POBAHO» obecneyeHune
PacuetHble mogenu IT (MHTerpanbHbie)
1 |TepmogmHammyeckasa mogenb 1051 B ThermoGTE . ThermoGTE
3 |2D npo4HOCTHaA moAgenb pacyeTa NepemeLleHmn . 2D Ansys
4 |2D-tennormvapasanyeckas moaenb . 2D Ansys
PacueTHble mogenu y3nos 3tana Tl u PR/,
5 |[3D-aspoanHamunyeckaa mogens KB/ . 3D Ansys CFX
6 |3D-aspoamHammyeckas moaens TBL . 3D Ansys CFX
7 |3D-aspoanHamuyeckasa moaenb KC c ropeHnem . 3D Ansys CFX
8 |3D aspoanHammyeckaa moaenb BbIXOAHOrO YCTPOMCTBA . 3D Ansys CFX

PeannsoBaHo B
PaCYETHOM LIEMOYKe

B pa3pabotke

MaTtemaTnyeckne mogenu pea/in3oBaHHbIE B pvaéTHOIz LEeNOYKe ABNAIOTCA
6a3oBbiMM ANA ,a,aaneﬁLumx paC‘-IéTOB NMHEBMOCXEMbI, OCEBbIX ycmnmﬁ,
Tennorngpasanku U I'IEpEMEIJ.I,eHMﬁ Ha 3Tane «KakK CMpPoOeKTUPOBAHO»
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6. CXEMA CBA3UN MATEMATUYECKMX MOAENEN LNOPOBOIO ABOVHUKA @) UEC | sarumn
105IT B ABTOMATWU3UPOBAHHOW PACYETHOW LIEMOYKE (2/3)

‘ TepmogmHamunKa

MNapameTpobl " —
DEKMMA 0*60pOTbI, P *BX, i
T*BX, GBX, TT*K... *K, KMNO4_K
" O*KC
- BxogHoe ycTtpouctso + KB/, P*Bx, T*BX, 060pOoTHI T, KN T

yrnbl I'IOTOKa Tt*BbIX_Y, R_BbIX_\i

Kamepa cropaHua
* P*Bx, T*BX
e o VrﬂbI'I'IOTOI-'(a TBA+CA+3CY S:HB:’J:f;’(a
T, KNA_T ( BbixoaHOe
T*BbIX_Y, R_BbIX_Y L YCTPOWCTBO
v
P{ Pe3ynbTtatbl M
Ne HammeHoBaHue mogenm no Cpepa
1 TepmogmHamunyeckaa moaenb ThermoGTE MK
2 AspoanHammyeckaa moaenb «BxoagHoe yctponcteo+KB» ANSYS CFX Knactep
3 AspogunHammyeckaa mogesb « Kamepa cropaHma» ANSYS CFX Knactep
4 AspogmnHammyeckaa mogenb « TBA, cnpamnatowero annapata n 3CY» ANSYS CFX Knacrtep
5 AspoamHammyeckas moaenb «BbixogHOE yCTPONCTBO» ANSYS CFX Knacrtep 12




6. OBLLMI BUO, ABTOMATU3UPOBAHHOWM PACYETHOM LIEMOYKM 105 B (@) UEC | sarua
CPEJE PSEVEN (3/3)

TepmoguHaMMHKa P Komnpeccop
Workflow by link ¢ Workflow by link

|

Kamepa cropanus
Workflow by link

l

BbixogHoe ycTp... » TypOuHa
Workflow by link < ¢ Workflow by link

Pe3ynerathl
Python script

d‘?

Cxema 6nokos B pSeven Enterprise v2022.04.13 CTpyKTypa 610Ka

»  APL, coctouT U3 KOMNO3UTHbIX B6JIOKOB, KOTOPbIE CoAeprKaT BHYTPU cebs pacyeTHbIe LLenoYKu
OTAE/IbHbIX Y3/108B.

»  [na coeanHeHns 61OKOB MCMNONb3YHOTCA CBA3K, KOTOPbIE NepeaatoT IOTMUYECKYIO U YNCNEHHYIO
nHpopmaumio 6e3 NpomerKyTo4HbIX Ppannos.

»  APL BbINONHAETCA NONHOCTbIO B aBTOMaTU3UPOBAaHHOM pPeXKUMe.
13



YPOKW NMPOEKTA CO34AHUA UMDPOBOTO ABOMHUKA @ UEC | saturn

3rtan KnioueBoe gencrteme

Haradukaumsa pusmueckoro [NlepeBof GYHKUMOHANBHBIX BO3MOXHOCTEN

MMpa M OKTMBOB B CETb

CodrBepusauma busHeca OuundpoBbiBaHUE LENOYEK NPUHATUS
peLeHUH

Co3pdHMe NoToKA AAHHBIX Coapanue uHtepdeiicoe APl ans

nonyyeHusa 0AaHHbIX

Monnas perMcTpauM4a AAHHBIX PEFHCTPGLIHFI XKHEBIX OOHHBIX BO BCEH MUX
NOoNHOTE
anMEHEHHE AQnropMTtmMoB KDDPHHHHPDBGHHE H ONTHMHU3IALUMA

MAQWMHHHOTIO Oﬁ}i"lEHHH

1. UenenonaraHue AoKHO MATK OT NOTPeObHOCTEN KOHKpeTHOro npoekTta. Cos3gaHue U/,
KOHKPETHOro 06beKkTa — He CaMouEeNb, @ MUHCTPYMEHT peLleHNA KOHKPETHbIX Npobiem.

2. He nbiTatbcA nepenpbirnBaTb YeEpPE3 3Tallbl. OHu MOTYT NATU NapannenbHo, oaunH 13
3TanoB A0/1XKEH ObITb r/1aBHbIM. 14



BbIBOAbI @

OpraHu3oBaHa cucTema YynpasaeHna TpeboBaHMAMKU C MNOMOLLbIO
MaTpUL, COOTBETCTBMA HA YPOBHe pa3paboTkm asuratensa, CUCTEM U
Y3/10B, OCHOBHbIX aetanen N1-8

ObecneyeHbl B uudpposom aABoMHMKe [1-8 npuHUUNBI  «KaK
CMPOEKTUPOBAHO», KKAK U3rOTOBJIEHO», KKAK UCMbITAHO»

OpraHn3oBaHa CTPYKTYPUPOBAHHAA cuctema XpaHeHus
MATEMATUYECKUX MOAENEeN [ABUraTenss C MNPUBA3KON K OTYETHOMU
AOKYMeHTaUum

MpoBeaeHa BanAugauua MaTeMATUYECKMX moaenenm  umndposoro
ABOMNHUKA B obecneyeHmne ncnoitanni asuratena M-8

Co3pgaHa aBTOMAaTU3MPOBAHHAA pPacyéTHaA Lenoyka B3aMMOCBA3aHHbIX
MaTeMaTUyecKux moaenein Asuratensa n ero CoCTaBHbIX YacTeu

UEC ‘ SATURN
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@ oakK ] CATYPH

CMACNBO 3A BHUMAHWE!
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