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JIUCT COI'JIACOBAHUA

PABOYAS ITPOI'PAMMA COCTABJIEHA B COOTBETCTBUH C TPEBOBAHUSMU ®ENEPAJIBHOI'O
T'OCYJAPCTBEHHOI'O OBPA3OBATE/IBHOI'O CTAHJAPTA BBICIIIET'O OBPA3OBAHUA (®I'OC BO)

27.04.04 Ynpas/ieHHe B TeXHHUECKHX CHCTeMax
rog, Habopa rpynrbl: 2024

IIporpamMmmMmy cocTaBuiI:

Kadenpa E6 ABTOHOMHBIE UHOOPMALIMOHHBIE U
YIPABJIAROILIWE CUCTEMBI
[TaBnoB Asnekcanzp CepreeBud, CTapIiuii MperojaBaresib

[TporpaMma paccMOTpeHa
Ha 3ace/laHuy Kadeapbl-pa3paboTurka
paboueti nporpammel E6 ABTOHOMHBIE TH®OPMAILIMMOHHBIE U YITPAB/IAHOIIIUE CUCTEMbI

3aBenytomuii kadenpoii Eropenkos JI.C., K.T.H., CHC

[Tporpamma paccMOTpeHa
Ha 3ace/JaHUM BhIMyCKaroIiei Kadeapbl

E6 ABTOHOMHBIE NTH®OPMAILIMOHHBIE 1 YITPAB/IAIOIIIUE CUCTEMBI

3aBeqyromii Kadezapoii Eropenkos JI.C., K.T.H., CHC




PABOYAS ITPOI'PAMMA JUCIIAII/INHBI
MATEMATUYECKOE MOJAE/IMPOBAHUE OBBEKTOB 1 CUCTEM YIIPAB/IEHUSA

Paspensl paboyeii mporpaMmsI

1. HEJIN OCBOEHUSA JNCHUITIINMHBI

2. MECTO INCLHUIIIIMHBI B CTPYKTYPE OOII BO

3. CTPYKTYPA 1 COOEPXXAHWE NUCLIAITJINHBI

4. ®OPMbBI KOHTPOJIA OCBOEHUMA ANUCLIUITIMHBI

5. YYEBHO-METOIMYECKOE 1 UTHOOPMAILIMOHHOE OBECITEYEHUWE OVCLUITIIHBI
6. MATEPUAJIBHO-TEXHMUYECKOE OBECITEUEHWE OVUCHUITJIMHBI

ITpusoxeHusi K padouyeii mporpaMme JUCIMILUIHHBI

o Tlpunoxkenue 1. AHHOTaLMsI paboueli IpOrpaMMbl
¢ TIpunoxenue 2. TeXHOTOTUU U GOPMBI 00yUeHUSA
o [Ipunoxenue 3. OHABI OLIEHOUHBIX CPEJCTB



1. OE/IM OCBOEHUSA JUCILUIIVIMHbBI

Lenbto 0CcBOEHUS AUCLUILIVHEI SIB/IsieTCst (POPMUPOBAHUE CIeAYIOIMX KOMITeTeHLUI:

IICK-4.1 — crocoO6HOCTh pa3pabaThiBaTh M PeaM30BLIBATH KOMITIEKCHBIE MaTeMaTHueCKue MOJen
aBTOHOMHBIX MH(OPMALMOHHBIX U yTIPABJSIOLIMX CUCTEM

OTIK-3 — cnoco6HOCTh CaMOCTOSITE/IBHO pelllaTh 33/laud YIIpaB/lIeHWs B TEXHMUECKMX CHCTeMaxX Ha 6asze
MOC/IeIHNX JOCTVDKeHUI HayKW U TeXHUKH

OIIK-8 — crocoOHOCTh BBIOMpATH MeTOAbI W pa3pabarhbiBaTh CHUCTEMbI YIPaBIEHUA CIOKHBIMU
TeXHUYECKUMU 00beKTaMH U TEXHOJIOTUUe CKUMH TPOLeCCaMU

DopMHUPOBaHUIO KOMITETEHLIMI CITY)KUT AOCTYKEHHUE C/IeyHOLINX pe3y/bTaToB 00pa3oBaHus:
IICK-4.1

3HAHUA:

METO/IbI MaTeMaTU4YeCKOTO0 MO/[eTMPOBaHUSI CTaTUYeCKUX U JUHAMHUECKHX TIPOL[ECCOB B TEXHUUECKUX
cucTeMax;

MeTO/bl ONTHMH3aL[UM NTapaMeTPOB aBTOHOMHBIX MH(OPMaL[MOHHBIX U YIIPABJISIOIINX CUCTEM;

MeTO/Ibl aHa/IM3a U CUHTe3a NMPOEeKTHBIX pellleHuH;

YMeHUs:

pa3paboTka MaTeMaTHUeCKUX Mojiefieli 0ObeKTOB M CUCTEM YTIpaB/IeHNS;

pa3paboTKa MaTeMaTHUeCKUX MOJie/ield MEXaHUKHU U 37IEKTPOJUHAMUKY CTUIONTHOM CPe/ibI;

HABbIKU:

WCIO/Ib30BaHUE UMC/IEHHBIX METOZI0B ITPU MO/|e/IMPOBaHUU 3a/,a4 MeXaHUKH CIJIOLIHBIX CPef;

MpoOBe/ileHe KOHCTPYKTOPCKOTO aHalv3a JeTajeil W y370B aBTOHOMHBIX HH(OPMALMOHHBIX U
YTPaB/ISIOLUX CUCTEM.
OIIK-3

3HAHUA:

METO/IbI MaTeMaTU4UeCKOTO MO/Ie/IMPOBaHMSI B CUCTEMaX WH)KeHePHOTO aHa/Th3a;

MeTO/bl ONITHMU3aL[UM [TapaMeTPOB TEXHUUECKHX CUCTEM;

TJIaHMPOBaHWe BBIUMC/IUTEILHOTO KCIIePUMEHTa;

YMeHUs:

TIPOBe/leHNe MaTeMaTUueCKOT0 MO/e/IMPOBaHUsI TeEXHUUeCKUX CUCTEM;

WCTI0/Tb30BaHUEe TEXHO/IOTHH 00paboTKY MH(MOPMAIMY TIPH aBTOMATH3MPOBAHHOM MPOEKTUPOBAHNHY;

HaBbIKU:

M/IaHMPOBaHWe BBIUMC/IATEIBHOTO SKCITIePUMEHTa B CHCTeMax NH)XeHepPHOro aHa/ln3a;

MpUMeHeHUe MeTOZAO0B ONTUMM3alMM TPU TPOEKTUPOBAaHWM aBTOHOMHBIX WH(OPMAllMOHHBIX U
YTPaB/ISIIOLUX CUCTEM.
OIIK-8

3HAHUA:

METO/IbI IOCTPOEHHSI MaTeMaTUIeCKUX MO/ie/ieli 00beKTOB M CUCTEM YTIPaB/IeHHs HA MUKPOYPOBHE;

MeTO/Ibl TIOCTPOEHUs MaTeMaTHueCKUX Moziesieli 00beKTOB 1 CUCTeM YTIpaB/ieHHs] Ha MAaKpOYPOBHE;

MEeTO/bl MOJIeJTAPOBaHUS CJTyYalHBIX COOBITHI U MTPOLIECCOB B TEXHUUECKUX CHCTEMaX;

YMeHus:

pa3paboTKa CHUCTeM yrpaB/ieHus;

pa3paboTKa MaTeMaTHUeCKUX Mojiesiel Jietaseli UM y3/0B aBTOHOMHBIX HMH(MOPMAI[MOHHBIX U
YTIPaBSIOUIUX CUCTEM;

HABbIKU:

TpOBeZleHre MaTeMaTUueCKOro MOJeIMpPOBaHUs CJIOXKHBIX TeXHUUeCKUX CHCTeM C MCI0JIb30BaHUEM
YUCJIEHHBIX METO/OB;

TIpOBe/leHNe ONTUMH3aL[| [TapaMeTPOB TEXHUUECKHUX CUCTEM.



2. MECTO ANCIIMIIVIMHBI B CTPYKTYPE OOII BO

Oucuuninna MATEMATUYECKOE MOJE/IMPOBAHUE OFBEKTOB 1 CUCTEM
YTITPAB/TEHUS siBnisieTCst AUCIHUITIMHON 00s13aTe/IbHOM YacTH 0y10Ka 1 mporpamMMbl MOATOTOBKU 110
Harpas/ieHuto 27.04.04 YnpaeneHue 8 mexHu4ecKux cucmemax.

CopepxaHue [OUCLIMIUIMHBI ~ SIBJISETCS JIOTUUeCKUM IpogospkeHueM auctuiuivdH: OCHOBBI
NCKYCCTBEHHOI'O WHTEJ/UIEKTA, 4YWC/IEHHBIE METOJABI MOJE/IMPOBAHUSA
IPOIIECCOB, MHOCTPAHHBIN $I3bIK, MATEMATUYECKHME METO/Ibl OBPABOTKU
NMH®OPMAIINNA, BBbBICIIASA MATEMATUKA B HAYUYHBIX MHCCJ/IEJOBAHUSAX,
IMPOEKTUPOBAHUE W MOJAE/INPOBAHUE 3JJIEKTPOMEXAHUYECKUX CHUCTEM,
OPTAHM3AIINSA PASPABOTOK Y UICCJIEJIOBAHUIA.

Copep>kaHue [UCLUIUIMHBI SIBSIETCS OCHOBOM [iisi ocBoeHusi auciumuiiH: ABTOMATU3AIIUSA
IMPOEKTNPOBAHUA ABTOHOMHBIX NTH®OPMAIIMOHHBIX U YITPAB/IAKOIIINX CUCTEM,
BBITIOJTHEHUE, TIOJATOTOBKA K IIPOLIEAYPE 3ANIUTHI W 3ANIUTA BBIITYCKHOM
KBAJTMOGUKAITMOHHOM PABOTHI, METO/bI UCIIBITAHUN ABTOHOMHBIX
NMH®OPMAIIMOHHLBIX N YIIPAB/IAHOIINX CUCTEM, MUKPOJ/IEKTPOMEXAHUYECKHUE
CUCTEMbBI, HAYUHO-UCCJ/IEJOBATEJ/IbCKASI PABOTA, OIITUYECKAA N KBAHTOBASA
JJIEKTPOHUKA B CHUCTEMAX YIIPABJIEHUA, IIPENOIUITVIOMHASA IIPAKTUKA,
YIIPABJIEHUE TIIPU HAJIMUMM HEOIPEJEJIEHHOCTEH, J®®EKTUBHOCTh WU
HAJJEJXKHOCTD, TEXHOJIOTMUYECKAS (ITPOEKTHO-TEXHOJ/IOTUYECKAS) ITPAKTUKA,
CITYTHUKOBBIE HABUTAITMOHHBIE CUCTEMBI.

Hpe,ELBapI/ITEIIbeIe KOMIIeTeHILIH, C('I)OpMHpOBaHHBIe y 06yqa}0Lueroc51 A0 HadadJ/la u3yueHud JUCLHUIIIMHBI:

¢ OIIK-1 — CrniocobeH aHaM3UPOBATh U BBIABIATH €CTECTBEHHO-HAYUHYIO CYII[HOCTh MpobiemM
yTIpaB/ieHuUs B TEXHUYECKUX CUCTeMax Ha OCHOBe IOJIOKeHUH, 3aKOHOB U MeTOZIOB B 00J1acTH
eCTeCTBeHHBIX HayK U MaTeMaTHKH

¢ OIIK-10 — CniocobeH pykoBOAWUThL pa3pabOTKOM METOUYECKUX U HOPMATUBHBIX JOKYMEHTOB,
TeXHUYeCKOU IOKYMeHTaIuy B 06/1aCTH aBTOMATH3aLMK TeXHOIOTHUECKUX TIPOLIeCCOB ¥ TIPOU3BO/ICTB, B
TOM YMCJIe TI0 )KU3HEHHOMY LIMK/Ty NPOAYKLIMU U ee KaueCTBY

¢ OIIK-4 — CrniocobeH 0CyIIeCcTBATh OIIEHKY 3Q(EeKTUBHOCTU Pe3y/IbTaToB pa3paboTKH CUCTEM
yTpaB/ieHUs] MaTeMaTUueCKUMH MeToZ,aMu

¢ OIIK-5 — CrniocobeH NPOBOAUTE MaTeHTHLIE UCC/Ie0BaHus, OTIpeesisiTh ()OPMbI ¥ METO/bI TIPaBOBOM
OXpaHbl U 3al[UTHI PaB Ha pe3y/bTaThl MHTe//IeKTYalbHOU JesTeTbHOCTH, PAClopshKaThesl MpaBaMy Ha
HUX [i/Is1 pelleHus 3a/ia4 B pa3BUTHS HayKU, TEXHUKU U TeXHOIOTUU

¢ OIIK-7 — CniocobeH oCyIiecTBAATE 000CHOBAHHBIN BHIOOP, pa3pabaThiBaTh U peaM30BbIBAaTh Ha
TPaKTHKe CXeMOTeXHUUYEeCKUe, CUCTEMOTEXHUYECKHe U alfapaTHO-MPOrpaMMHbIe pelleHus JJis CUCTEM
aBTOMaTU3aLl{ U yIpaB/ieHus

¢ [TK-91 — criocobeH K KOMMyHHKAalMX ¥ KOoTepalyy B LUPOBOi cpefie, UCIOIb30BaHMIO Pa3TAYHBIX
1M POBBIX CPe/ICTB, MO3BOJISIOIIMX BO B3aUMOAENCTBUM C APYTUMU JHOAbMU JOCTUTaTh MOCTaB/IeHHbIX
1esei

e TICK-4.1 — Cnocoben pa3pabaTbiBaTh U peairi30BbIBaTh KOMITJIEKCHbBIE MaTeMaTHUyeCK1e MOJeTn
AaBTOHOMHBIX WH(OPMAIIMOHHBIX U YTIPABJISIOIINX CHCTEM

¢ TICK-4.3 — Crioco6eH MpoBOAUTh MPOEKTHO-KOHCTPYKTOPCKHE PabOTHI 10 CO3JaHHI0
3JIeEKTPOMEeXaHNYeCKUX U MUKpOMeXaHUUeCKHUX YCTPOWCTB CUCTeM yIIpaB/eHus JAeliCTBUEM
MasiorabapUTHBIX JieTaTe/TbHbIX arfiapaTtoB

¢ YK-1— CrniocobeH oCy1eCTBSATh KPUTHUUECKHI aHamnu3 TPO0/IeMHBIX CUTYaLdi Ha OCHOBE CUCTEMHOTO
TI0/IX0/ia, BbIpabaThIBATh CTPATErUIO JeHCTBUH

¢ YK-2 — CrniocobeH yTipaB/sTh MPOEKTOM Ha BCEX 3Tarax ero KU3HEeHHOTO IUK/Ia

¢ YK-3 — CrniocobeH opraH130BBIBaTh U PyKOBOAUTH Pab0oTOM KOMaH/bI, BEIpabarkiBasi KOMaHHYIO
CTpaTeryio Js JOCTYKeHUs MOCTaB/IeHHOH 1iesTn

¢ YK-4 — CrniocobeH pUMeHSITh COBPeMeHHbIe KOMMYHUKATHBHbBIE TEXHOIOTHH, B TOM UHC/Ie Ha
MHOCTPAHHOM(BIX) s13bIKe(ax), /ISl aKaZileMUueCcKOro U IpodeccroHaIbHOTO B3aUMOAeHCTBYS



3. CTPYKTYPA U COAEPXKAHUE JUCIIUII/INHBI

OO0111as TPY/I0EMKOCTh JUCITUTUTUHBI COCTaB/seT 5 3.e., 180 u.

3.1. Copeprxanue (JUAAKTHKA) JHCLUATUTHHBI

AyguTOpHBIe 3aHATHS
B KOHTaKTHOIi (opme

HaumeHoBaHue Ppas3fieyioB U JUNAKTHYECKHUX eJUHHUIL]

KYPC
CEMECTP
BCEI'O

®dopmupyemast
KoMneTeHus, %

BCEI'O
Jlekuyun

3aHATUA
CamocrosiTe/IbHasA

pabora cTygeHToB

IIpakTHyeckue

TICK-4.1

OIIK-3

OIIK-8

Paspen 1. O6umume cB s1 0 MOJe/TH TEXHHYECKHUX CUCTEM.
1.1 MaTemaTuueckoe Mo/ie/TMpoBaHKe TeXHUUeCKUX cucTem. 1.2
OcCHOBHBIe 3Talbl MaTeMaTU4eCKOro MojenupoBanust. 1.3 MeTogonorus
5 10  |aBTOMaTM3MPOBAHHOTO NPOEKTUPOBaHUs. 1.4 CTPyKTypa U mapameTphl 23 4 2 2 19
00bEeKTOB MPOEKTUPOBaHUsl. 1.5 DOPMBI NPeCTaB/IEHHs MaTeMaTHUeCKHX
Mogeneid. 1.6 Kiaccudukalu MateMaTuueckux Mogenei. 1.7
TpeboBaHusi, MpefbsiB/IsIeMble K MaTeMaTHue CKUM MOZe/ISIM.

15

15

Paspesn 2. OCHOBBI IOCTPOEHHsI TeOPeTHYECKHUX MOAesIei cuctem. 2.1
OO6BeKTHI TPOEKTUPOBAHKS Ha MUKPOYpOBHe. 2.2 OCHOBBI ITOCTPOEHHS
MaTeMaTHuecKUX Mogesneii Ha MUKpoypoBHe. 2.3 O6beKTbI

5 10  |MPOEKTMPOBAHHs Ha MaKPOYPOBHe. 2.4 Crioco6bl MOCTPOEHUst 3 5 2 3 27
TeopeTUYeCcKUX Mozeneil. 2.5 ©opMsl Npe/icTaB/IeHNs] MaTeMaTHue CKUX
Mogiesield. 2.6 3a/jaun KaueCTBEHHOTO aHa/IM3a MaTeMaTHueCKUX Mogerneii.
2.7 OLjeHKa CBOMCTB MaTeMaTHueCcKoi MoZieny. 2.8 YnpoljeHre Mozenei
CHUCTEM.

15

15

15

dopmary IX U yIpas. mux cucreM. 3.1 Marematyeckui
anmnapar B MeXaHHKe CIUIOLIHBIX cpef. 3.2 MaTemaTuueckue Mojenu
MeXaHHKH U 3/1eKTPOJJMHaMUKH CTI/IOIIHOM cpefibl. 3.3 UucneHHsle
5 10 |MeTopI B MeXaHMKe CIUIOMIHBIX cpejl. 3.4 OCHOBHBIE TeOpeTHUecKHe 33 7 4 3 26
ToJIoKeHus 7isi MogenpoBanusi ALY C no obnactsam ananusa. 3.5 CAE-
CHCTeMbI HH)KeHEePHOTO aHa/Iu3a /I aBTOHOMHBIX MH()OPMAIMOHHBIX U
YTIpaB/SIOIMX cucTeM. 3.6 MeTo/ibl TpOBeieHusl MeXXUCLIUTIIMHAPHOTO
anaimsa B CAE-cuctemax.

Paspen 3. MaremaTnyeckoe Mo/e. aBT 1X
3

20

20

20

Paspen 4. MopenMpoBaHue ¥ aHa/IN3 BePOSITHOCTHBIX CHCTeM. 4.1
OCHOBHbI€ MOHSATUS TEOPUU BePOSITHOCTeH. 4.2 MojienpoBaHue

5 10 C/lydalHbIX BeIMuuH. 4.3 MogenpoBaHue peanu3alui ciydaiHbIX 30 6 3 3 o4
riporjeccoB. 4.4 OLjeHKH BepOSTHOCTHBIX XapaKTepUCTUK peanu3aliii
c/lydaiHBIX riporieccoB. 4.5 Ornpe/iesieHle CTaTUCTUUECKHUX OL{eHOK
YMC/IOBBIX BEPOSATHOCTHBIX XapaKTePUCTUK C/IyYaiHbIX BeTHUMH.

20

20

20

Pa3zpaen 5. BeluncMTe/1bHbIA 3KcnepuMent. 5.1 OcobeHHOCTH
9KCIepUMeHTa/IbHbIX (PaKTOpPHBIX Mozesield. 5.2 OCHOBHbIE PUHLIUITBI
/IaHAPOBaHUs dKcrepuMeHTa. 5.3 IaH skcriepumenTa. 5.4
PerpeccuonHelit aHanus. 5.5 OlLleHKa napamMmeTpoB perpecCMOHHOM
Mozenu. 5.6 TInaHbl SKCIIepUMeHTOB U UX CBOMCTBA. 5.7 CTaTUCTHUeCKUIt
5 1Q |2Ha/mM3 pesy/bTaToB aKTHBHOTO SKCTIePUMEHTa. 5.8 Onpenenenve 27 5 3 2 2
K03(h}HULIEHTOB perpecCOHHOI MOZe/M 1 MPOBePKa UX 3HAUMMOCTH. 5.9
TTpoBepKa ajleKBaTHOCTH 1 paboTOCIIOCOGHOCTH PerpecCHOHHOM MOZe.
5.10 ITnane! BTOpOro rnopsjxa. 5.11 PerpeccHOHHBIN aHaIN3 pe3y/bTaToB
BBIUMC/IMTE/ILHOTO KCIIePUMeHTa Ha JleTePMUHMPOBAHHOM TeopeTrHyeCcKoi
mogenu. 5.12 TTomyueHre MaTeMaTH4YeCKOM MOZie/I Ha OCHOBE
TIACCUBHOTO 3KCIIepUMEHTa.

15

15

15

Paspen 6. OnTuMu3anusA NapaMeTPOB TeXHHYECKHX cucTeM. 6.1
Peanusanus 3azia4 TOTOIOrMUeCKON U ITapaMeTpU4ecKol ONTUMH3aLiy B
pacyeTHO-aHa/MTHYeCKUX cucTeMax. 6.2 TIpUHLIMI JIoKa/IbHOM
ONTHMH3aL{M B METOZ0/IOTMH aBTOMATU3UPOBAHHOTO MPOEKTUPOBAHMUSL.
6.3 Tlapamerpuyeckas ontumusanus. 6.4 Onpe/ienieHne SKCTpeMyMa
aHa/IMTHYeCKoi LieneBoi ¢yHKumu. 6.5 Ionckosas onTuMu3aLus. 6.6

5 10  |TTocTaHOBKa 3aiay ontTuMuU3aLuu. 6.7 PopMupoBaHue LieseBol QyHKLUH 35 7 3 4 28
B MHOTOKPHTepHa/IbHOM 3a/aue onTrMu3aLiyy. 6.8 Bribop ynpasisieMbix
rapameTpoB. 6.9 MeTozb! 1oKCcKa SKCTpeMyMa LieeBoi (yHKLuH. 6.10
MeTogbl Ge3ycnoBHoOi onTrMHU3aLyy. 6.11 ONTHMH3aLyst B YCIOBUSIX
C/IOKHOTO pesbedha MOBepPXHOCTH LieeBoi (yHKLMHU. 6.12 OnTumu3saLus
rapamMeTpa TeXHUYeCKHX CHCTeM C y4eToM orpaHuyeHwil. 6.13
OnTrMuU3alys rapaMeTpoB Ha OCHOBe MaKCUMUHHOM CTpaTeruu.

15

15

15

Bcero 3a 10 cemecTp 180 34 17 17 146

100

100

100

Bcero no gucuuninHe 180 34 17 17 146

100

100

100

3.2. AyAMTOPHBIA MPAKTHKYM

Ne Homep 1 HanMeHOBaHue pasjesia

TeMa NPaKTUYECKOr'0 3aHITHUS
n/n JMCLMII/IMHbI

Oo0neMm,

dayA.
qacoB

Paszen 1. OBIIHe CBEICHHA O ITpumenenne CAE Ansys f1s1 aHanmsa

MOJIe/ITMPOBAaHUN TEXHUUECKHUX CUCTEM.
AEHP Maxwell 2D.

/IeKTpoMexaHuueckux cucreMm. Msyuenne ANSYS

Pasgen 2. OcHOBBI IOCTPOEHUS ITpumenenne CAE Ansys f1s1 aHanmsa

Maxwell 3D.

2  |TeopeTHUYeCKUX Mojesell CUCTeM. /IeKTpoMexaHuue ckux cucreMm. Msyuenne ANSYS
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3 N3zyuenne ANSYS Maxwell Circuit Editor. 1
4  |Passen 3. Matemariueckoe Hp6aKTquCKoe 3asianue Nel. XI/(I)@GSHPOBEIHI/IE 9
MO/le/IMpOBaHle aBTOHOMHBIX PAbOTE! MHAYKTHBHOTO y>7a .
MHGbOPMALMOHHBIX 1 YTIPAB/ISIOLMX ITpakTnueckoe 3aganue Ne2. Pacuet TAroBoro
5 | cucrem. YCUMHUS 37IeKTPOMarHuTa 0/10Ka rnpefjoxpaHeHust 1
ANYC.
6 [IpoBeseHMe MeXAVUCLUIIMHAPHBIX PAaCYeTOB B ’
Pasgen 4. Mopenuposanue u adami3  [CAE Ansys. Msyuenne ANSYS Simplorer.
v BEPOATHOCTHBIX CUCTEM. IIpoBeseHne MeXUCLMILIMHAPHBIX PACUeTOB B 1
CAE Ansys. 3yuenune ANSYS AIM.
8 Pasgen 5. BeruncimTenbHbIN ITpakTnueckoe 3aganue Ne3. I[IpoBeseHue 2
3KCITIepUMEHT. CBA3aHHOT0 MeXAUCLUIIMHapHOro aHanu3a ANYC.
9 [IpoBefeHue TONMOIOTMUECKON U TapaMeTpUueCKOU 9
ontumur3anuu B CAE-cucremax.
ITpakTrueckoe 3amanue Ned. OnrTumu3alys
10 Pasyien 6. OnTUMU3aLs NaPaMETPOB rapaMeTpoOB MHAYKTUBHOIO y3/1a ANYC u 1
TeXHUUeCKUX CHUCTEM.
3/ieKTpomMariura 6sioka npegoxpanenuss AUYC.
1 ITpaktrueckoe 3aganue Ne5. OnruMusanys 1
TapaMeTpoB 3/1eKTpoMexaHnueckoro 6o0ka AYC.
Bcero 3a 10 cemecTp 17
3.3. CamocrosiTenbHas pabdora crygenrta (CPC)
No Homep 1 HaumeHOBaHUe Oomem,
Copep)xaHue yueGHOro 3afaHus
n/n pasjesa AMCHUIIMHBI 4acoB
Pazgen 1. O6mue ceesenusi o [[Ipumenenvie CAE Ansys /15 aHanmm3a
1 |MopgenvpoBaHWY TEXHUYECKUX [3/1eKTpOMexaHuuyecKux cucreM. Mzyuenue ANSYS 19
CUCTEM. Maxwell 2D.
ITpumenenvie CAE Ansys a1 aHanusa
2 JIeKTpoMexaHuueckux cucrtem. Msyuenne ANSYS 14
Pazpen 2. OcHOBEI TOCTPOEHHUS |y 1 wwell Curcuit Editor
TeopeTUYeCcKUxX Mogesiei
CHCTEM. ITpumenenne CAE Ansys aJis1 aHanusa
3 IeKTpoMexaHnueckux cucrteM. Msyuenne ANSYS 13
Maxwell 3D.
Homaninee 3aganve Nel. MogenvupoBaHue paboThbl
4  |Pasgen 3. MaTemaTruecKoe uHAYKTUBHOTO y31a ANYC. OdopmiieHre oTyeTa 1o 13
MOJIe/TMPOBaHNe aBTOHOMHBIX  |[[IDAaKTUUeCKOMY 3afiaHuio Nel.
MH(OPMAL[MOHHBIX 1 HowmartiHee 3aganue Ne2. PacueT TroBoro ycunus
5  |yHpaBJIAIOMIUX CUCTEM. 3/1IeKTpOMaruuTa 6/10ka npegoxpanenus ANYC. 13
OdopmiieHre oTueTa 10 MpakKTHUeCKOMY 3a/iaHii0 Ne2.
6 IIpoBegeHue MexquCLMILIMHAPHBIX pacueToB B CAE 16
Paspen 4. MogenupoBaHnue u Ansys. Vzyuennie ANSYS Simplorer.
7 dHa/IM3 BEPOATHOCTHLIX CUCTEM. |[IpoBefeHMe MeXOUCLMIIMHAPHBIX pacueToB B CAE 8
Ansys. N3yuenne ANSYS AIM.
Paszen 5. BoMHCTHTELHEG [Homarnee 3aganue Ne3. ITpoBezieHre CBA3aHHOIO
8 MeXXIUCLUMIMHApHOTo aHanu3a ANYC. Odopmienne 22
JKCIIePUMEHT.
oTueTa I10 IIPaKTUYeCKOMY 3aJaHuio Ne3.
HomarHee 3aganue Ned. OnTrMusanyis napaMeTpoB
9 UHAYKTUBHOTO y371a AMYC u 3neKTpoMarHura 610ka 10
nipepoxpaHeduss AMYC. OdopmiieHre oTyeTa 1o
Pazpen 6. OnTumusanus TpaKTH4eCKOMy 3a/jaHui0 Ned.
rapaMeTpoB TEXHUUECKHUX HomarHee 3asanue Ne5. OnTumu3anyis napaMeTpoB
10 |cucrtem. s/eKTpoMexaHrnueckoro 6o0ka AUYC. OdopmiieHue 10
oT4yeTa I10 IIPpaKTUYeCKOMY 3a[aHut0 Ne5.
1 N3yueHure uncieHHbIX MeTOL0B onTuMuU3anuu B CAE- 8
cucTemax.
Bcero 3a 10 cemectp 146
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4. ®OPMbI KOHTPOJII OCBOEHUSA TNCLHUIIVINHBI

CEMECTP HEJIE/TI CEMECTPA
1[2[3] 4 6 9 [10/11]12]13]14[15] 16 17
10 a3 | | op Komn | JIP 13 13 JIP | Bomp. Ok3

Ycii0BHBIe 0003HAYCHUSA:

[3 — nomaiiHee 3a/jaHue;
Komnn — konnokeuyw;

P — nuarHocTUueckasi paboTa;

Bomnp. OK3 — BONIPOCHI K 3K3aMeHy.

TEKyLuHﬁ KOHTPOJIb YCII€EBAE€MOCTH CTYI€HTOB IIPOBOJWUTCA B IVUCKPETHLIE BpEMEHHBIE MHTEPBAJ/IbI B

cnenyronumx hopMax:

e UHArHOCTHYECKasi paboTa;
¢ JIOMalllHee 33/]aHue;

*  KOJ/UIOKBUYM;

*  BOIMPOCHI K 9K3aMEHY.

IIpomexxyTouHas arTecranus IIPOBOJUTCS B hopMax:

® S5K3dMEH.
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5. YYEBHO-METOJIMYECKOE 1 TH®OPMAIIMOHHOE OBECIIEUEHUE
TCIUATUIVHBI

5.1. OcHOBHas iMTeparypa no JUCLUILIMHE:

1. B. I1. Tapacuk. . Marematiyeckoe MO/ie/IMpOBaHUe TeXHUUeCKUX chucTeM. MuHck: [lusaitn [1PO, 2004,
5J1. pec.

2. B. C. 3apyOuH. . MaTemaTHueckoe Mofie/TMpoBaHue B TexHuke. M.: M3g-so MI'TY um. H. 3. baymaHna,
2010, a51. pec.

3. K.-1O. Bare, 3. JI. BuncoH. . UnceHHble METObI aHa/IM3a U METO/] KOHEUHBIX 3/IeMeHTOB. M.:
Crpovinzgar, 1982, am1. pec.

4. H. H. ®énopoga, C. A. Banerep, M. H. /lanuios. . OcHoBsl paboTsl B ANSYS 17. M.: IMK Ilpecc,
2017, an. pec.

5. O. b. Bynb. . Metozpl pacuéTa MarHUTHBIX CUCTEM 3/1eKTpUUeCcKUX arraparos. IIporpamma ANSYS. M.:
Akapemusi, 2006, 351. pec.

5.2. J[lorionHUTeNbHAs IUTepaTypa Mo JUCLUIIUHE:
He TpebyeTcsl.
5.3. [lepuoguueckue U3gaHust:

1. ABTOoMaTH3aLMs NpPOLIeCCOB yIpaB/IeHus;
2. 'npopMaLiioHHO-U3MepUTe/IbHbIE U YIIPaB/IsIolye CUCTEMBI;
3. MopenvpoBaHue 1 aHa/u3 UH(POPMaLMOHHBIX CUCTEM.

5.4. TlepeueHb peCcypCcoB MHPOPMALIOHHO-TeIeKOMMYHUKALIMOHHOM ceTH "VIHTepHeT", He0OXOAUMBIX /IS
OCBOEHUS! TUCLIMIUIMHEI, 3/IeKTPOHHBIE OMO/THOTeYHbIe CUCTEMBI:

1. http://library.voenmeh.ru — ®ynzamenransHast 6ubnuoreka BI'TY « BOEHMEX» um. [1.®D. YcTHHOBS;

2. http://urait.ru — O6pa3oBaTe/nbHas maatrhopma «FOpaiT». []/s By30B U CCY30B.;

3. http://e.lanbook.com — 3BC JlaHs;

4. http://www.tnt-ebook.ru — TNT-EBOOK - DnekrpoHHO-0mbroTeuHasi cucteMa;

5. http://ibooks.ru — OBC AHGYKc.py - 3T0 OOMBIIION BEIOOP aKTya/lbHOM UTEpaTyphl [I7Is Balllei
O01O/INOTEKY B 3/IEKTDOHHOM BHUJIE.

CorpeMeHHbIe npodeccroHanbHbIe 0a3bl JAHHBIX:

1. https://rusneb.ru — HaijuoHansHas 3/ekTpoHHas 6ubmoreka (HOB);

2. https://cyberleninka.ru/ - HayuHast anekTpoHHasi 6ubsmoreka «KubepieHnHKa»;
http://www.rfbr.ru/rffi/ru/library - TlonHoTekcToBast 3nekrponHas 6ubmoTeka Poccutickoro oHza
(byHIaMeHTa/TbHbIX UCC/IeI0BaHUH.

VHdopmaLMoHHbIe CIIPaBOYHbIE CHCTEMBI:

1. Texa3kcriept — MIHGOpPMAaIMOHHBIM MTOPTal TEXHUUYECKOTO peryupoBanust: HopMebl, mpaBu/iia, CTaHAAPThI
P®;

2. http://library.voenmeh.ru/jirbis2/index.php?option=com_irbis&view=irbis&Iltemid=457 - /] 'OCTos
cobcrBenHoi reHepauyu BI'TY "BOEHMEX" um. []. ®. YcTuHOBa;

3. http://www.consultant.ru/- KoncyneranTtIntoc- nH(OpMalioHHBIH [TOpTaa paBoBOM MH(POPMAaLUH.

5.5. ITporpamMmHOe obecrieueHue:

1. Ansys Multiphysics 2019 Teaching Advanced,;
2. Matlab 2015a SP1;

3. SolidWorks 2015 R5;

4. KOMITAC-3D V17.

5.6. ndopmaliioHHbIe TEXHOIOTUH:

B3anMogeiicTBre ¢ obyuarouumucs nocpegcrsom SMOC Moodle BT TY «k BOEHMEX» um. [.®. YctuHOBa.



6. MATEPUAJ/IBHO-TEXHUYECKOE OBECIIEYEHUWE JUCITUII/INHBI

6.1. JleKijnoHHbIE 3aHATHSA:

CreLa/IM3UpOBaHHbIe TpeOOBaHus 110 000PYZAOBaHMIO OTCYTCTBYIOT; ayAUTOPHUS C TIOCAZOUHBIMU
MeCTaMHU I10 KOJIMYeCTBY CTYZIeHTOB; [OCKa.

6.2. IIpakTHyeckue 3aHATHA:

1. ITpoekTop;

2. lHTepakTHBHas [0CKa;

3. Ansys Multiphysics 2019 Teaching Advanced,;
4. Matlab 2015a SP1;

5. SolidWorks 2015 R5;

6. KOMITIAC-3D V17.

6.3. Ilpouee:

1. pabouee MecTo TIperofaBare/isi, OCHAIlleHHOe KOMITBIOTEPOM C JOCTYToM B IHTepHeT;
2. pabourie MecTa CTyIeHTOB, OCHAII[eHHbIe KOMITbIOTEPAMH C JAOCTYIOM B IHTepHeT, npeHa3HaueHHbIe
[71s1 pabOThI B 3/IEKTPOHHOM 00pa30BaTe/IbHOU Cpejie.
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ITpunoxenue 1
K paoueii mporpaMme AMCLUILIHHbI
MATEMATUYECKOE MOJJE/TMPOBAHUE OFBEKTOB 1 CUCTEM YIIPAB/IEHUST

AnHoTanusa paboueii nporpaMMsl

Ouctiuminia MATEMATHUUYECKOE MOAE/IMPOBAHUE OBBEKTOB U CHUCTEM
YIIPAB/IEHUS siBfisieTcs AWCLUIVIMHON 00s3aTe/IbHOM 4YacTH 0/io0ka 1 mporpamMmbl IOATOTOBKH T10
HarpapieHuto 27.04.04 YnpaeneHue 8 mexHuueckux cucmemax. JuciuruiiHa peanusyercs Ha dakynbrere E
Opysxue u cucremsl Boopyxenusi BI'TY "BOEHMEX" um. [1.®. YctunoBa kadenpoit E6 ABTOHOMHBIE
NHOOPMALMOHHBIE U YTIPAB/IAOIINE CUCTEMBL.

JucrunivHa HatjesieHa Ha hopMHpOBaHHe KoMhemeHYuli:
TICK-4.1 criocobHOCTh pa3pabaThiBaTh U peanin30BbIBaTh KOMILJIEKCHbIE MaTeMaTHUeCKHe MOJZIe/IM aBTOHOMHBIX
MH(GOPMALIMOHHBIX U YTIPaBISIONUX CUCTEM;
OITK-3 ¢cnocoOHOCTh CaMOCTOSTENBHO pelllaTh 3a/jaud YIIpaBjieHUs B TEXHUYECKUX CHUCTeMax Ha 0ase
MOC/eTHUX TOCTV)KeHUN HayKU U TeXHUKU;
OITK-8 criocobHOCTh BhIOMpPATh METOABI M pa3pabaThiBaTh CUCTEMbBI YIIPABAEHUS CJIOXKHBIMHM TEXHHUECKUMH
00BEKTaMH ¥ TEXHOJIOTHUECKUMH TIPOL[eCCaMHU.

Copep>kaHue AUCLUIIMHBI OXBaThIBaeT KPYT BOIPOCOB, CBSI3aHHBIX C MaTeMaTUUeCKUM MOJe/lUpOBaHUEeM B
TeXHUUeCKUX CUCTeMax, YUC/AeHHBIM MOJe/IMPOBaHHeéM AaBTOHOMHBLIX WH(OPMALIMOHHBIX U YIIPABJSIOIIUX
cucreM, CAE-cucTteMaMy HH)KEHEPHOTO aHa/Iu3a.

[MporpamMmMoii AUCLUTIIMHBI TIPeyCMOTPEHBI C/lefiyIoliie BUABI KOHTPOJIS:

TeKyluii KOHTPOJIb YCIIEBAEMOCTH CTY/[eHTOB TIPOBO/JTUTCSA B JUCKPETHBIE BpEMEHHbBIE UHTEPBAJIBI B
ciefyroumx popmax:
e UArHOCTUYeCKas pabora;
e JOMalllHee 3aJjaHue;
*  KOJUIOKBUYM,;
e BOMPOCHI K 3K3aMEHY.

HpOME)Ky'TO‘lHaH dTTecTalusa rMpoOBOJUTCA B CbOpMaXI
¢ D3K3dMeH.

OO01jast  TPYZI0EMKOCTh OCBOEHHSI UCILUIUIMHBI cocTaBisgeT 5 3.e., 180 u. TIporpamMmoili AWCIUTUTHHBI

MpeAyCMOTPeHbI JieK[MOHHbIe 3aHsATus (17 4.), mpakTtudeckve 3aHsTusi (17 4.), camoctosTesnsHast pabora
cTypeHra (146 u).
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IIpuioxenue 2

K paoueii mporpaMme AMCLUILUIHHbI
MATEMATUYECKOE MOJJE/TMPOBAHUE OFBEKTOB 1 CUCTEM YIIPAB/IEHUST

TEXHOJ/IOI'U 1 ®OPMbI OBYUYEHUSA

PekoMeH/Jaliy 110 0CBOEHHIO JUCHUILTHHBI /I CTyAeHTa

TpynoeMKOCTb 0CBOEHHUS AUCLMIVINHBI cocTaBgeT 180 4., U3 HUX 34 4. ayJUTOPHBIX 3aHATUH, U 146 u.,

OTBeZIEHHBIX Ha CaMOCTOSITE/IbHYIO PaboTy CTyzeHTa.

PekoMeH/IalIMM  TI0  pacrpe/ie/ieHHI0  yueOHOrO BpeMeHHW M0 BH/]AM CAMOCTOSITE/TBHOM paboThl |

pasjeniam JVCIUI/IMHLI TIPUBE/IeHbI B TabTHIIE.

KoHTponb 0CBOeHUMs! AWUCLMIUVIMHBI TIPOM3BOAWUTCS B COOTBeTCTBUM C IlonokeHHMeM O TeKylleM,
py6eKHOM KOHTpOJIe yCI1eBaeMOCTH U TIPOMEKYTOUHOM aTTecTariiy 00yJarouxcs.

®opMBbl KOHTPOJISI M KPUTEPUH OLIeHUBAHUS TPYBe/ieHbl B TPUIoKeHHH 3 K Paboueii mporpamme.

HaumeHoBaHue paboTbI

PexkomeHpyemMasi iMTeparypa

TpyRoeMKOCTB,
Jac.

Pazgen 1. O01ue cBeieHUsI 0 MOJe/TUPOBAHUM TeXHHUUYECKHX CHCTEM.

[Tpumenenne CAE Ansys i aHanusa
s7ieKTpoMexaHudeckux cucreM. Msyuenre ANSYS
Maxwell 2D.

B. II. Tapacuk. . MaTemaruueckoe
MOJie/IMPOBaHNe TeEXHUUeCKHUX CUCTEeM:
Mutck: du3atia ITPO, 2004 (I'naBsr 1,

11)

B. C. 3apybuH. . MaremaTuueckoe
MOZe/IMpOBaHue B TexHuKe: M.: N3n-
Bo MI'TY um. H. 3. baymana, 2010
(I'naBsr 1-3)

O. b. Bynb. . MeTogs! pacuéTa
MarHUTHBIX CUCTEM 3JIeKTPUYeCKUX
armaparos. [Iporpamma ANSYS: M.:
Axkagemus, 2006 (I'masa 1)

19

Wrtoro no pasgeny 1

19

Pa3nen 2. OCHOBBI MOCTPOEHUA TEOPETHUECKHUX MO}I[Eﬂeﬁ CHUCTEM.

IIpumenenne CAE Ansys s aHamisa
3JIeKTpoMexaHuueckux cucrem. Msyuenne ANSYS
Maxwell Curcuit Editor

IIprmenenue CAE Ansys /s aHamv3a
JIeKTpoMexaHnueckux cucreMm. Msyuenne ANSYS
Maxwell 3D.

O. b. Bynb. . MeToge! pacuéra
MarHUTHBIX CUCTeM 3JIeKTpUUeCKUX
anmaparos. [Iporpamma ANSYS: M.:
Axagemusi, 2006 (I'maga 1)

B. I1. Tapacuk. . Maremarrnueckoe
MOJIe/TMPOBaHue TeXHUUECKUX CUCTEM:
Munck: [Juzaiin [1PO, 2004 (I'maBsl 2-
4,7)

B. C. 3apy6uH. . MaTeMaThuecKoe
MOZenupoBaHue B TexHuke: M.: U3a-
Bo MI'TY um. H. 3. Baymana, 2010
(I'naBbi 1-3)

14

13

Wtoro mo pa3neny 2

27

Pa3gen 3. MaremaTnueckoe Moje/IMPOBaHUE ABTOHOMHBIX HH(OPMALIOHHBIX U YIPAB/ISIIOIHX CHCTEM.

Homarnee 3aganve Nel. MogenupoBaHue paboTbl
uHAYKTHUBHOTO y371a AUYC. OdopmieHre oTueTa 1mo
rpakTH4eckomy 3azaHuio Nel.

HomarHee 3azanue Ne2. PacueT TATOBOIo ycunus
y/IeKTpoMaraura 6/;10ka npegoxpanenus ANYC.
OdopmiieHne oTyeTa MO NIPaKTUYeCKOMY 3a/laHUI0
No2.

12

K.-FO. Bbare, 3. JI. Bucos. .
UncneHHbIe METO/bI aHa/IN3a U METOZ,
KOHEUHBIX 371eMeHTOB: M.:
Crpoiiusgar, 1982 (I'naBel 2, 6)

H. H. ®énopoga, C. A. Banbrep, M. H.
Hanusos. . OcHoBbl paboThl B ANSY'S
17: M.: IMK Ilpecc, 2017 (I'naBe1 1-4)
O. b. Bynb. . MeToge! pacuéra
MarHUTHBIX CUCTEM 3/IeKTPHUeCKUX
anmnaparos. [Iporpamma ANSYS: M.:
Axkapmemust, 2006 (I'maBel 1-3)

B. C. 3apybuH. . MaremaTnyeckoe

13

13
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MOZe/IMpOBaHue B TexHuke: M.: N3n-
Bo MI'TY um. H. D. baymana, 2010
(I'naBsr 4-7)

Wrtoro no pasgeny 3 26
Paspen 4. MojenupoBaHue U aHa/ I3 BePOATHOCTHBIX CUCTEM.
B. II. Tapacuk. . MaTemaruueckoe
[IpoBegenue MeXxaucLUIIMHAPHBIX pacueToB B CAE MO/IE/TMPOBAHNE TEXHIHECKUX CUCTEM.
Ansys. Viayuenue ANSYS Simplorer. Munck: duzaiin [TPO, 2004 (I'mara 10) 16
H. H. ®énopoga, C. A. Bansrep, M. H.
IMannnos. . OcHoBbl pabotel B ANSYS
17: M.: JMK Ilpecc, 2017 (I'naBsI 1-4)
[TpoBeaeHne MeXXAUCIUIITMHAPHBIX pacueToB B CAE O. b. byzb. . Metojpi pacuéra
Ansys. Vizyuenye ANSYS AIM. MarHUTHBIX CUCTEM 3JIEKTPHUYeCKUX 8
arnimapatos. [Iporpamma ANSYS: M.:
Axagemust, 2006 (I'maga 1)
Uroro no pa3peny 4 24
Pa3fen 5. BelunciuTeNbLHBINA IKCIIePUMEHT.
B. C. 3apybuH. . MaremaTnyeckoe
MOZe/IMpOBaHue B TexHuke: M.: N3n-
Bo MI'TY uwm. H. 3. baymana, 2010
(I'naBsr 4-7)
B. II. Tapacuk. . Maremaruueckoe
HomamHee 3aganre Ne3. [IpoBefeHre CBI3aHHOTO MO/|e/TMPOBaHUe TeXHUUYeCKHUX CUCTEM:
MeXIMCIUTTHHAPHOTO aHam3a ANYC. Mumck: Tu3atia ITPO, 2004 (I'masa 11) 2
OdopmneHne oTueTa Mo NPakKTUYECKOMY 3a/IaHHI0 O. b. Byns. . MeTtoge! pacuéra
Ne3. MarHMTHBIX CUCTEM 3JIEKTPUYECKUX
arnmaparos. IIporpamma ANSYS: M.:
Axkapemust, 2006 (I'maBa 1)
H. H. ®énopoga, C. A. Banbrep, M. H.
Hanusos. . OcHoBbl paboThl B ANSY'S
17: M.: IMK IlIpecc, 2017 (I'naBb1 1-4)
Wrtoro no pa3zeny 5 22
Paspen 6. OnTumMM3anusa NapaMeTpoB TeXHUYECKUX CHCTeM.
IomaniHee 3aganve Ned. OnirumMu3arnyis apameTpoB O. b. Bysnib. . Metoget pacuéra
UHIYKTUBHOTO y371a AVYC 1 371eKTpoMaruuTa 6/0ka| MarHUTHBIX CUCTeM 3/1eKTpHUYeCKUX 10
npezpoxpanenust ALYC. OdopmiieHre oTueTa 1o armaparos. [Tporpamma ANSYS: M.
MpaKTUUeCKOMY 3aJaHui0 Ned. Axagemus, 2006 (Pasgenst 1-3)
B. II. Tapacuk. . Maremaruueckoe
Homarnee 3aganre Ne5. OnTumusaus napaMeTpos .
MOZle/TMPOBaHUe TeEXHUUECKUX CUCTEM:
1eKTpoMexanuueckoro 6moka AUYC. Odopmnerue Musick: Tuzaits TIPO, 2004 (Taga 12) 10
oTueTa M0 MPakKTA4YeCcKomMy 3azaHuto Neb. H. H. dénoposa, C. A. Bamsrep, M. H.
I/IB}/‘-IGHI/IE YUCJ/IEHHBIX METOZ 0B ONITHUMU3aLl1 B HHHH 710B. . OCHOBBI paﬁoTbI B ANSYS 8
CAE-cucremax. 17: M.: IMK TIlpecc, 2017 (I'nasel 1-4)
Wrtoro no pasgeny 6 28

13

21948




IIpunoxenue 3
K paoueii mporpaMme AMCLUILIHHbI
MATEMATHNYECKOE MOJE/IMPOBAHUE OBBEKTOB 1 CUCTEM YIIPAB/IEHUS

®OH/] OODEHOYHBIX CPEICTB

®oH/[| O1[eHOYHBIX CPe/CTB, MO3BOJISIOIIHE OL[eHUThL Pe3y/IbTaThl 06yUeHH s 10 JaHHOM AUCIUIT/IMHE, BKIFOYAIOT
B ce0s:

e UarHocTuueckas pabora
e /IOMalllHee 3a/laHue;

*  KOJ/UIOKBUYM;

e BOMPOCHI K IK3aMEHY;

e 5K3aMeH.

KpuTtepuu onjeHuBaHus

JuarHocruyeckasi pabora
HOuarnoctryeckasi pabora rpoBoauTcs B ¢popme Tecta B SMOC Moodle:

* IIpW IIPaBUJIBHOM OTBeTe MeHee ueM Ha 60% BOIIPOCOB - He arTecTaLys;
 TIpY NPaBU/ILHOM OTBeTe Ha 60% BOTIPOCOB | Oostee - aTTecTaLusl.

JomaiHee 3aiaHue
[TepeueHb TeM [OMaLIHUX 3a/JaHUN:
- pacueT TATOBOTO YCHUJIUSA 37eKTpoMarHuTa 0sioka ripefoxpaHenus AUYC;
- MoZieTMpoBaHue paboTel MHAYKTUBHOTO y371a AUYC;
- IpOBeJleHHe CBSI3aHHOTO MeXAUCLUIITIMHAapHOro aHanu3a ANYC;
- ONTUMU3ALMSA [TapaMeTPOB UHAYKTHBHOIO y31a AUYC u snekTpomaraura 6/10ka npegoxpanenus ANYC;
- ONTUMH3AL[MS [IapaMeTPOB 3/IeKTpoMexaHnueckoro 6/oka AUYC.

PelieHnsi JOMallIHUX 3a[jaHWH MIPeACTaB/ISIOTCS B TIeYaTHOW MM pyKonucHOM Gopme. Kaxkzoe 3aaHre
cozepxxut 1 3azauy. 3aluTa oT4eTa MPOXOAUT B OpMe JOK/IaJa CTy[eHTa 10 BBIIIOJHeHHOH paboTe U OTBETOB
Ha BOTIPOCHI TIPeTofiaBareyisi.

OrleHKa KaueCTBa BBITIOJTHEHHS JOMAIIIHEeH paboThI OCYIIeCTBSETCS TIPENo/jaBaTesieM 10 YeThIPEXOaTbHOM
cucreme.

OrjeHKa CHWKaeTCs:

- Ha 0,5 basia ipyu HeOPE>KHOM BBITIOJTHEHUH,

- Ha 0,5 basiia Ipy HU3KOM KauecTBe Tpaduueckoro Mareprana (pacueTHbIX CXeM, TpahHKOB U TaOJIuII),
- Ha 2 6Gasia pu OIMMOKaxX B aHATUTUYECKUX U UHUCJIEHHBIX pacyeTax.

WToroBas orjeHKa 3a ioMalliHee 3ajlaHue:

- «OT/IMYHO» - TIPH CyMMe 6asiioB ot 4,5 710 5,

- «XOpOLIO» - TIpU cymMMe 6ansoB oT 4 10 4,5,

- «yIOBJIETBOPUTE/LHO» - TIPK CyMMe 0asijioB He MeHee 3.

ITo pe3ynbTaTam ciaul 00yJaroMMCs JOMAIITHeTo 3ajaHus TPerofaBaTesib BBICTAB/IsIET OL[eHKY COTVIacCHO
BbIIIIeYKa3aHHBIM KPUTEPUSIM, TIPH 3TOM KOHTPOJIbHOE MePOTPHUSATHe CUNTAETCS YCIIeTHO POUJeHHbIM B
C/lyuae TIoTyueHust 00yUaroI[UMCS OI[eHKU He HIDKE, UeM «Y/[OB/IETBOPUTEIHLHO.

KonnokBuym
IMpoBoautcs B ycTHOM dopme. Ha KOJIIOKBHYM BBIHOCHTCS YaCcThb Marepuasa SK3aMeHa; OljeHKa 3a
KOJIJIOKBUYM YUUTBIBAETCSI PU BBICTAB/IEHUH OLIEHKU [10 UTOraM 5K3aMeHa.

OTBeT OLleHMBAETCsI MPerofaBaTesieM 10 YeThIPEX0a/IbHON CHCTeMe; OLIeHMBAIOTCsI KOPPEKTHOCTD U MOTHOTa
OTBeTa.

OlleHKa BBICTaB/IsI€TCS COIVIACHO CJIeYIOIIUM KPUTepUsIM:

«OTJIMYHO» - ITyOOKOe yCBOeHHe MaTepuaria - IoJIHbIe, 10C/Ie[joBaTe/IbHble, TPAMOTHBIE 1 JIOTHYeCKH
M3/1araeMble OTBETHI TIPH BH/[OM3MeHEeHHH BOIPOCa, IPaBUIbHO 000CHOBaHHbBIE PelleH!s], BlafieHne
Pa3HOCTOPOHHUMH HaBbIKaMH Y TIpHeMaMU;

«XOpOIIO» - 3HaHWe NMPOrPaMMHOI0 Marepuasa - TpaMOTHOe U3JIooKeHHe, Oe3 CylieCTBeHHbIX HETOUHOCTe B
OTBeTe Ha BOIPOC, TIPaBU/IbHOE NMPUMeHeHHe TeOpeTHUeCKUX 3HaHWM, BiiaieHre HeoOX0AUMBIMUA HaBbIKaMy
TIPU BBITIOIHEHUM TIPAKTUYeCKUX 3a/iay;
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«yZIOBJIETBOPUTE/ILHO» - YCBOEHME OCHOBHOIO MaTepuara - Ipy OTBeTe [J0MYCKatTCsl HeTOUHOCTH,
HeJI0CTaTOYHO I1paBU/IbHBIE POPMY/IMPOBKH, HApYILIEHNe T10C/Ie[0BaTe/IbHOCTH B U3/I0XKEHUH MaTepuara,
3aTpyAHeHUs B BBITIOJTHEHUH NPAKTUUECKUX 38/ aHUl;

«HeyIOB/IETBOPUTETBLHO» - He3HaHHe MaTepualia, TIPY OTBeTe BO3HUKAIOT OLIMOKH, 3aTpyAHEeHHs IPU
BBITIO/IHEHUH TIPAKTUUECKUX PaboT.

ITo pe3ymnbTaTaM czauu 00yUaroMcst KOJUIOKBHYMaA TIperofiaBaresib BBICTABIISET OL|eHKY COIVIaCHO
BbIlIIeyKa3aHHBIM KPUTEPUSIM, IIPY 3TOM KOHTDPOJIBHOE MepPOTIPUSATHE CUMTAETCS yCIIeIIHO TIPOIeHHBIM B
CJlydae TIOMyueHUs: 00yUarolUMCsl OL|eHKU He HIDKe, UeM «YZOB/IeTBOPUTEIEHO.

[TepeueHbs BONPOCOB, BLIHOCHUMBIX Ha KO/VIOKBUYM:

- MareMaThueCKoe MOZe/MpOBaHue KaK 3/IeMeHT KOHCTPYKTOpCKoro aHanusa ANYC;
- OCHOBBI [TIOCTPOEHUsI MaTeMaTUYeCKUX MO/iesieli HA MUKPOYDOBHE;

- OCHOBBI ITIOCTPOEHUsI MaTeMaTH4YeCKUX MoZe/iell Ha MaKpOyPOBHE;

- CrIOCOOBI TIOCTPOEHUS TEOPETUUECKUX MO/Iesiel;

- (hopMBI TIpe/ICTaB/IeHUs] MaTeMaTUYeCKUX Mogesiel;

- OL[eHKa CBOMCTB MaTeMaTuueCKOU Mo/ieny;

- yIIpOITieHre MOojie/ielt CUCTeM;

- mateMmatuueckoe mogenupoBanre ANYC B CAE-cucremax;

- yucieHHble MeTobl B CAE-cucTemMax;

- peas3alysl MeToZla KOHeYHbIX 371eMeHTOB B CAE-cucremax;

- peanu3aiysi MeToJia KOHTPOJIbHBIX 00beMoB B CAE-cucTemax;

- peanu3alysi MeTofla KOHeuHbIX pa3Hocreii B CAE-cucTemax;

- peanu3aLsl MeToZa JUCKPEeTHBIX 31eMeHTOB B CAE-cucremax;

- peanv3alys MeTo/ia rpaHUYHbIX 371eMeHTOB B CAE-cucreMax;

- pean3anysi MeToza CrieKTpanbHbIX 1eMeHToB B CAE-cucremax;

- MOZ|le/TMPOBAaHUE U aHa/IN3 BePOATHOCTHBIX CUCTEM;

- MOJle/TMPOBaHMe CTallMOHAPHBIX 3a/jau MeXaHWKH CIIOLIHBIX CpeJ;

- MOJle/TMpPOBaHUe HeCcTalMOHAPHBIX 3a/ia4 MEXaHUKU CIJIOLLHBIX Cpef,.

Bompocs! K 3K3aMeHy
IToHsATHS MaTeMaTHUeCKOW MOZEIN U MeTo/ja MOZle/TUPOBaHUsl.
Maremarnyeckoe Mo/ie/IIpOBaHMe Kak 3/IeMeHT KOHCTPYKTOPCKOTO aHan3a. Posib KOHCTPYKTOPCKOTO aHair3a
rpu ripoektrpoBanuu ANYC.
[ToHsITUS NPUKJIAZHOrO MareMaTUueCKOro MOZe/IMPOBaHus M MPUKJIaJHOTO NTaKeTa MareMaThUueCKOro
MO/Ie/TUPOBaHUsI.
Krnaccuduikaryst MaTeMaTrueCKAX MOJiesieit.
TpeboBaHusl, MpebsIB/sIEMbIe K MaTEMaTHUECKHUM MOJIEJISIM.
OCHOBBI TOCTPOEHHUsI MaTeMaTH4eCKUX Mozierield Ha MUKpOYPOBHE.
OCHOBBI ITOCTPOEHHUsI MaTeMaThyeCcKUX Mojiesiell Ha MakpOypOBHe.
Criocobbl TOCTPOEHUS TEOPETHUECKUX MOJIEIEH.
®opMbl NpeICTaBAeHUs] MaTeMaThueCKUX MOZeJen.
OLleHKa CBOMCTB MaTeMaThueCKOW MOJesu.
MeTozpb! YTIpOIIeHMSI MaTeMaTH4eCKUX MOZiernen.
KpuTepuu aZieKBaTHOCTA MaTeMaTHUeCKHUX MogeJieit.
Teopust NpUHATHSA pellieHui. DTarbl IPUHSATHS PellleHusl.
Teopus CJIOKHBIX CUCTEM.
Teopust m1aHMPOBaHKsI BEIYUC/IUTENBHOIO SKCIIepuMeHTa. Pa3HOBUIHOCTH BBIUMC/IUTEIBHOTO SKCIIEPUMEHTA.
[TnaHupoBaHUe BEIYMC/IUTENBHOTO SKCIIEPUMEHTA.
[TnaHb! BEIUMCUTETBHBIX 9KCTIEPUMEHTOB U X CBOMCTBA.
[TonyyeHre MaTemMaTHueCKOW MO/ZieJTM Ha OCHOBE [TaCCUBHOT'O 3KCIIEPUMEHTa.
CraTucTHUeCKUid aHa/Iu3 pe3y/IbTaToB akTUBHOT'O SKCTIepUMeHTa.
KoppesnsaioHHbIi aHamu3.
PerpeccroHHbINM aHaNU3.
Onpepenenvie kK03hOUIMEHTOB PerpeCcCHOHHON MO/IeJTH U TIPOBepKa MX 3HaUMMOCTH.
[TpoBepKa a/IeKBaTHOCTH U pabOTOCIIOCOOHOCTH perpecCHOHHON MOJEH.
PerpeccrioHHBII aHaMU3 pe3y/bTaToB BHIYMCIUTENBHOIO SKCTIepUMeHTa Ha JleTePMUHUPOBAaHHOM
TeopeThyecKoil MoJieNu.
MeToz0/10TYsI UMHUTALIMOHHOTO MOZIeTMPOBaHusl. [IpUHIMITEI BEIOOpAa MaTeMaTHieCKUX Mogienei.
Craructrueckas 06paboTKa IKCIiepUMeHTaTbHBIX JaHHbIX. [IUCTIepCUOHHBIN aHaN3.
MogenvpoBaHye U aHa/Ii3 BEPOSITHOCTHBIX CUCTEM.
MogenvpoBaHye ciy4alHbIX BeJuunH. OripefjesieHde CTaTUCTUYeCKUX OLIEHOK YMCJ/IOBBIX BEPOSITHOCTHBIX
XapaKTepPUCTUK CJTyYaiHbIX BeJTMUKH.
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MopgenvpoBaHye peany3anyii CIy4aiHbIX COOBITHI U rpoiieccoB. OL{eHKH BepOSTHOCTHBIX XapaKTePHUCTHK
peanu3aliii Cy4alHbIX MPOLIeCCOB.

[ToHsATHE ONTUMHM3aL[MM TeEXHUYEeCKUX cUcTeM. Byubl ontuMusanuy. 3aauul ONTHMU3aLIN.
Kputepuu ontumusanu.

[TpyHLMI JIOKaNbHOM ONTUMU3ALMY B METOJ,0/I0TMU aBTOMAaTH3MPOBAHHOIO [IPOEKTHPOBAHUS.
[TapameTpryeckasi ¥ IIOMCKOBasi ONTUMU3ALIYSI.

dopmupoBaHye 1e/1eBOM (YHKLM B MHOTOKPUTEPHUATBbHOM 3a/iaue ONTUMH3aLY. BbIO0Op yrpaB/sieMbIx
rapaMeTpOB.

MeTozbI TIOMCKA 3KCTPeMyMa Lie/ieBoM yHKLIWH.

MeTozbl 6e3yC/IOBHOM ONTUMH3ALIUH.

OnTuMHK3aLKs TapaMeTpoB Ha OCHOBe MaKCUMUHHOW CTpaTeruu.

MeToj0/10rUs1 aBTOMaTH3UPOBaHHOTO NpoekTrpoBaHusi AMY C. MaTtematuueckoe MofienpoBadie ANYC B
CAE cucremax.

CucreMbl aBTOMATU3aLMK HAyUHbIX UCC/Ie0BAaHNI U MH)KEHEPHBIX PacueToB.

MeTo/, KOHEYHBIX 3/IEMEHTOB.

MeToz KOHTPOIBHOTO 06BeMa.

MeTo/ KOHEUHBIX Pa3HOCTe.

Mertoz, AUCKPETHBIX 371eMEHTOB.

Mertoz, rpaHUYHBIX 3/IEMEHTOB.

Metog ruipOAMHAMUKH CIVIa)KeHHbIX yactul SPH.

MeToy 6/I0UHOM UTepalyH MOANPOCTPAHCTB.

MeTop CynepriosuLuu Mog.

MeTo[, B3BellleHHbIX HEBS30K.

JIuHelHbIN TTpouHOCTHOM aHam3 AUYC.

HenmHeliHbIi ipouHocTHOM aHammu3 AUYC.

JuHaMyyeckuil mpoyHOCTHOU aHannu3 ANYC.

AHanu3 ycroiumBoctd ALY C.

Mopanbhbiii ananusz ANYC.

Fapmonnueckuii ananuz ANYC.

Ananu3 ciayuvaiiHbeix Bubpanuii ATYC.

CriektpasnbHbIi aHam3 AUYC.

Kunemarnueckuii ananuz ANYC.

CranuoHapHbIi TeryioBoi aHamm3 ANYC.

HecraumionapHhsiii TennoBoit aHanis AUYC.

MogenpoBaHye HeJTMHEHHBIX OBICTPOIIPOTEKAIOIMX TIPOL[ECCOB.

MogenmpoBaHye CTalMOHAPHBIX 3a/iau BBIUMC/IMTEIbHON THAPOra30juHaMUKU.
MogenmpoBaHye HeCTaljMOHAaPHBIX 33/ja4 BbIUMC/IUTENbHON TH/IPOra3sojUHaMUKH.
DneKTpOMarHuTHeIN aHaausz ANYC.

MeTop! NapameTpruUeCcKol ¥ TomosIornyecko ontumusanuu B CAE cucremax.
MexaucuunanHapHbid aHamu3 AUYC.

JK3amMeH
Bompockl K 5k3aMeHy ohopMIIsIIOTCS B BUfie Oueta. BuseT BKtouaeT B cebs /1Ba TeOPETHUE CKUX
BOIIPOCA Y NMpaKTUUYeCcKoe 3alaHue.

O11eHKa BBICTaB/SIETCS COTVIACHO CJIeYIOLUM KPUTEePHSIM:

«OTJIMYHO» - ITyOOKOe yCBOeHHe MaTepualia - IoJIHble, I10C/Iej0BaTe/IbHble, TPAMOTHBIE 1 JIOTHYeCKH
M3/1araeMble OTBETHI TIPH BH/[OM3MeHEeHHH BOTPOCa, IPaBUILHO 000CHOBaHHbBIE PellleH!s], BlafieHne
Pa3HOCTOPOHHUMH HaBbIKaMH 1 [IpHeMaMU;

«XOpOILIO» - 3HaHWe NMPOrPaMMHOI0 MaTepuasa - TPaMOTHOe U3JIoKeHHe, Oe3 CylieCTBeHHbIX HETOUHOCTel B
OTBeTe Ha BOIPOC, TIPaBU/IbHOE MPUMeHeHHe TeOpPeTHUeCKUX 3HaHUM, BiajieHre HeoOX0AUMBIMU HaBbIKaMy
TIPY BBITIOIHEHUM MTPAKTUYeCKUX 3a/iay;

«y/l0BJIETBOPUTE/ILHO» - YCBOEHUE OCHOBHOIO MaTepuasia - IIpY OTBeTe [J0IYyCKarTCsl HeTOUHOCTH,
HeJ/|0CTaTOYHO I1paBU/IbHbIE (POPMY/IMPOBKY, HapyllleHHe [10C/1e/l0BaTe/IbHOCTH B

W3/I0’KeHNU MaTepyasna, 3aTpyJAHEeH!s B BBIIIOJIHEHUH [TPaKTHUeCKUX 3a/jaHuH;

«Hey[OoB/IeTBOPUTEILHO» - He3HaHHe MaTepuaia, IIpY OTBeTe BO3HUKAIOT OLIMOKH, 3aTPyAHEHHs IPU
BBITIOJTHEHUM TIPaKTU4YeCKUX padoT.
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[MacriopT doH/1a OLIEHOUHBIX CPeJICTB
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Pazgen 1. O0myue cBegeHus KonnokBuywm,
5 10 |o mogenupoBaHUM" 23 4 2 2 19 15 | 15 | 15 | [JomaiuHee
TeXHHYECKHX CHCTeM. 3a/laHue
Paspen 2. OcHoBbI KonnokBuywm,
5 10 |mocTpoeHMs TeopeTHUYecKHux | 32 5 2 3 27 15 15 | 15 | HdomaiuHee
Mopesieil CUCTeM. 3a/laHue
Pa3pen 3. Maremaruueckoe
Mojie/TMpOBaHNe HomaiiiHee
5 10 |aBTOHOMHBIX 33 7 4 3 26 20 20 | 20 3ajlaHue,
uH(OpMaLHOHHBIX U KosnokBuym
YHPaBJ/ISIIOIIUX CUCTEM.
Pazpgen 4. MopgenupoBaHue u Tomammee
5 10 |aHa/IM3 BepOSITHOCTHBIX 30 6 3 3 24 20 | 20 | 20
3alaHue
CHUCTeM.
Paspen 5. Tomansee
5 10 |BeruncivTe/TbHBIA 27 5 3 2 22 15 | 15 | 15
3a/laHue
3KCIIepUMEeHT.
Pa3pen 6. OnTumMu3anus 'ZizMg}Lﬁiee
5 10 |mapamMeTpoOB TeXHUYECKHUX 35 7 3 4 28 15 | 15 | 15 A ’
Bormpocs! k
CHUCTEeM.
9K3aMeHy
Bcero 3a 10 cemectp 180 | 34 | 17 17 146 | 100 | 100 | 100
Bcero no gucnuniuHe 180 | 34 | 17 17 146 | 100 | 100 | 100
17 21948




Kputepuu oneHuBaHus

IICK-4.1

Ne 1

Ne 2

Ne 3

Ne 4

Ne 5

Bonpocbl omKkpbimozo muna:
MeTop cetounoro pazouenust CutCells g CFD-periateneii CAE ANSY'S no3BossieT:

a) CTPOUTH HECTPDYKTYPUPOBAHHBIE CETKU C UETBIPEXYT'O/IbHBIMU 3/IEMEHTAMU;

0) MPOM3BOANTL AaBTOMATUUECKYIO IEKOMITO3ULMIO CJIOXKHOM reOMeTPHH Ha OT/|e/TbHbIe
OJ10KH C MOC/IeYIOLIMM TIOCTPOEHHEM Ha KaXK/IoM O/10Ke HeCTPYKTYPUPOBaHHOM CeTKY;

B) pa3buBaTh 00/1aCTh HECTPYKTYPUPOBAHHOW CETKOM C 3/IeMEHTaMH TPeYrobHON
¢opmbr;

I') BBITTO/THSTH ITOCTPOEHKEe CeTKU Ha OCHOBE TMPABWIBHBIX T'eKCa3/[POB C MOC/IeAYIOIINM
oTceueHreM 00bEMOB, He BXOJIAIIUX B TEOMETPHIO, /ISl KOPPEKIIUY TTOBEPXHOCTHON
CETKH.

Komanza "/mesh/smooth” B CAE Ansys Fluent HaripaBsieHa Ha ciiefiyroiijee /ielicTBUe:
a) UCIpaB/ieHHe OTPULIATeNbHBIX 00bEMOB;

6) CHATHE OTPaHUYEHHS Ha IepeMelleHre nmorpaHnYHbIX y3/10B TIPpU UCTIPpAB/I€HUA
OTpHLlaTe/IbHbIX O6”beMOB;

B) HCI10/Ib30BaHKe MpoLeayphbl CITIa>)KUBaHUA C YKa3dHHEM IIPOLeHTa A4YeeK HU3KOIro
KaueCTBa,

T') CHSITHie OTPAaHMYeHKs Ha TiepeMellleHre TOrPAaHUYHBIX y3/I0B TIPH BBITIOTHEHHUH
TIPOLeIyPhI CITIaXKUBAHUS.

Komanga "/mesh/repair-improve/repair" 8 CAE Ansys Fluent HanpaBieHa Ha
cnenytoliee JeiCTBUeE:

a) UCTpaB/ieHHe OTPULIATeNbHBIX 00bEMOB;

6) CHATHE OTPaHUYEHNS Ha IepeMelleHre nmorpaHMYHbIX y3/10B TIPpHU UCTIPpABI€HUA
OTpHLaTe/IbHBIX O6”beMOB;

B) HCI10/Ib30BaHKe Mponeaypbl CITIa>)KUBaHUA C YKa3dHHEM IIPOLeHTa A4eeK HU3KOIro
KaueCTBa,

T') CHSITHie OTPAaHMYeHHs Ha TiepeMellleHre TOTPaHUYHBIX y3/I0B TIPH BBITIOJTHEHHUU
TIPOLeIyPhI CITIaXKUBAHUS.

MeTop cetouHoro pa3ouenust Multizone B cucteme ANSY'S Meshing mo3Bosisiet:

a) CTpOUTh HECTPYKTYPUPOBaHHbIE CETKU C UETHLIPEXYTOJLHLIMUA U TPEYTO/IbHBIMU
371IeMEeHTaMU;

0) IpOU3BOAUTL ABTOMAaTUUECKYHO [IEKOMITO3UIUIO C/IOXKHON reOMETPUH Ha OT/AEe/bHbIE
O/I0KM € TIOC/IeIyIOLIUM TIOCTPOEHHEM Ha KaX/[oM 0J0Ke CTPYKTYPHUPOBaHHOMN WK
HeCTPYKTYPUPOBAHHOMN CETKU;

B) pa3buBaTh 00/1aCTh HECTPYKTYPUPOBAaHHOW CETKOM C 3/ieMeHTaMH TPeyroibHON
thopmei;

I') CTPOUTH HECTPYKTYPHPOBAHHbBIE CETKH C TPEYTObHBIMU 3/1eMEeHTaMU.

Cnouctoe TeueHre 6e3 C/Ty4alHbIX My/IbCALMNA CKOPOCTH, IaB/IeHHs], TEMIIepaTyphl U
IPYTUX XapaKTePUCTUK TeYeHUsI:

a) TypOy/IeHTHOEe TeUeHHUe;
0) TaMUHapHOE TeUeHHUE;

B) BsI3KOe TeUeHUe,;
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Ne 7

Ne 8

Ne 9

Ne 10

Ne 2

Ne 3

Ne 4

Ne 6

Ne 7

') CBepX3BYKOBO€E TeUeHUe.

BecceTounblii urc/IeHHbIM MeTo/, MOZe/IMPOBaHKS SBOJIFOLIMY MaTepUabHOr0
KOHTHHYYMa pa3/IMuHoM (r31deCcKoi MPUPO/Ibl, OCHOBAHHBIN Ha MOTyUeHHH OOJIBIIOTo
YKC/1a YMC/IeHHBIX peanu3anyii cy4aiHoro mpouecca:

a) MEeTO/ BA3KUX BUXPETEIUIOBBIX /IOMEHOB;
0) meto ByOHOBa-I"anepkuHa;
B) MeToZ, MonTe-Kapio;

r) Metog, Hengepa-Muga.
ITporjecc rpu MOCTOSTHHOM TIJIOTHOCTH

a) M30XOPHBIN MPOLIECC;
0) U309HTPONMUUECKHU TIPOLIECC;
B) n30bapruecKuii porecc;

r) asuabaTrueCcKui mporiecc.
K ypaBHeHMIO COCTOSIHUS TIPOYKTOB [IeTOHALNU U3 TIepeunC/IeHHBIX MOYKHO OTHECTH:

a) YpaBHeHue [I)koHa- YunkuHca-J1u;
0) YpaBuenue Haxiy;
B) YpaBHeHUe TWII0TCOHa;

r) YpaBHeHUe [I)KkOHCOHa- XO/IMKBUCTA.
K MopensiM NpouyHOCTH MaTrepuasoB MOXKHO OTHECTHU:

a) mogesnb >xoHcoHa-Kyka;
0) mopens CretinOepra-I'yuHaHa;
B) Mojie/Tb 3epWIIU-APMCTPOHTa;

r) MoJienb Mu-I'proHatizeHa.
K mopensam TypOy/ieHTHOCTH MOXKHO OTHECTH:

a) k-e;
0) k-w;
B) Criasiapra-AimMapaca;

r) [pykepa-Ilparepa.

Bonpocbl 3akpbimozo muna:

®dusnyeckast Moze/lb IIPOYHOCTH MaTeprasa, OCHOBAHHAs Ha TeOPUH JUC/I0KALMIOHHOU
[IVUHAMUKU, OMUCBIBAIOIIasl POCT HAaNPsUKEHWH C yMeHbLIeHHeM pa3Mepa 3epHa:
PaccrosiHve, Ha KOTOpOe paclipoCTpaHseTcs IelCTBHe siipa CIVIa)KUBAHKS B METO/|e
SPH:

CyTb MeTOZja ONTHMU3ALIMH 3aK/IF0YaeTCsl B [0C/Ie[,0BaTe/IbHOM I1epeMeLlieHnH 1
IeopMHUpOBaHUM CUMILIEKCAa BOKPYT TOUKH 3KCTpeMyMa:

Pa3sHOBHAHOCTH BUXPEBOT'O 3/IeMeHTa B IJI0CKONAapaslie/ibHbIX TeUeHUSIX-CUHTY/ISPHO
COCpeJlOTOUeHHOe B TOUKe pacripe/iesleHre 3aBUXPeHHOCTH:

IMozknacc 6eCCeTOUHBIX YMC/IEHHBIX METOZOB /i/Isl PellieHus 3a/lau TMPOra30AHAMUKH,
OCHOBaHHBIN Ha HEIMOCPeJCTBEHHO JIarpaH)XKeBOM MOZ,eJIMPOBAaHNH 3BOJTIOLIAY MO/
3aBUXPEHHOCTH C UCTOIb30BaHUEM MHTerpaabHOM NpoLieAypbl BOCCTaHOB/IEHHUS
KWHeMaTu4yeCKUX U JUHaMHU4YeCKUX To7el ABWKYILecs HeCKUMaeMoM >KUKOCTH:
OTMuMe 3TOro MeTozia OT K/1aCCUUeCKOro MeTO/a KOHEeUHBIX 3/1eMEeHTOB 3aK/II04aeTcs B
MCTI0/Ib30BaHUM KOHEUHBIX 37ieMeHToB Heferneka:

OO6nacTb uccnefoBaHusl, BOB/IEKAIOLAst TIOHSATHS M METOJbl MaTeMaTHKH, CTAaTUCTUKH,
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OIIK-3

Ne 8

Ne 9

Ne 10

Ne 1

Ne 3

Ne 4

Ne 5

Ne 6

9KOHOMMKH, MeHe/PKMEHTa U TICUXOJIOTHH C L]eJIbI0 U3yUeHHs 3aKOHOMepHOCTell Bbibopa
JIIOIbMU TIyTeH pelieHuys pobsieM ¥ 3a/iau, a TakyKe CrIoCOO0B 0CTHKEHUS JKeIaeMOro
pesy/bTara:

ITpoMexKyTOUYHbIe AaHHbIE, BO3HUKAIOLL[Ke BO BpeMsl BbIUMC/IEHUH 00paTHOTO X0/4a B
CBEPTOYHOM HEMPOHHOM CeTH aHaJIOTUYHO TOMY, KaK KapThl IPU3HAKOB BO3HUKAIOT BO
BpeMsi BBIUMC/IEHUH TPSIMOTO XO7a:

CoO0TBeTCTBUE pe3y/bTaTOB BEIYUC/TUTELHOTO SKCIIEPUMEHTa MOJIe/TUPYeMOMY
W3[e/uio (SIBJIeHHIO, TTPOL{eCCY) TI0 000CHOBAHHOMY ITePEYHI0 XapaKTepUCTHK:

Kpwutepuii kauectBa cerouHoro pa3ouenus: Orthogonal Quality gns CFD-pemareneii B
cucreMe ANSYS Meshing MokeT TpUHUMATh 3HaUEHUS:

Bonpocbl omkpblimoz0 muna:
Lens ananusa:

a) TIOJIy4YXTh MH(GOPMALMIO 0 XapakTepe (GhyHKIIMOHUPOBaHKUS 00beKTa MPOeKTUPOBAHKS;
0) BbIOpaTh WM pacCUUTaTh 3HAUEHUS OT/e/IbHBIX ITapaMeTPOB IIPOEKTa;
B) OTpeJie/IUTh MHOKECTBO BO3MOKHBIX IMPOEKTHBIX pellleHui;

r) pa3paboTaTh TEXHUUECKOE 33/JaHHe Ha MMPOEKTUPOBaHUE.
3ajaua CTpyKTYpHOTO CHUHTE3a:

a) MoJTyuuTh MHGOPMALIMIO 0 XapakTepe (PyHKIIMOHUPOBAHHSI 00beKTa MPOEKTUPOBaHMUS;
0) BEIOpATh UM PaCCUUTATh 3HAUEHUS OT/E/TbHBIX NapaMeTPOB MPOEKTa;
B) OTIpe/ie/TUTh MHOXKeCTBO TTPOEKTHBIX PellleHul;

r) pa3paboTarh TeXHUUECKOe 3a/jaHie Ha TIPOeKTHPOBaHMUe.
MaremaTrueCcKol MO/e/TbI0 KOHMIMKTHBIX CUTYaLUH SIB/SIeTCS:

a) cucTemMa MacCoBOTO 00CTY>KUBaHUS;

0) Teopust BEPOSITHOCTEH;

B) TEOpHSI UIP;

r) Teopusi rpadoB.

Kputepuii yCTOMUMBOCTH IBHOTO UHUC/IEHHOTO pelieHus JuddepeHIiaibHbIX
ypaBHEHUM B YaCTHBIX IMPOW3BO/IHBIX:

a) Kypanra-®puapuxca-JleBy;

0) ®wuepa;

B) JleBeHOepra-MapKBap/Ta;

r) xoHcoHa-Kyka.
CoO6CTBeHHbIe YaCTOThI U3rMOHBIX KOIeOaHUM 6aKu NPy HaTMYKMU TIPe/[BapUTETbHBIX
HarpsDKeHUH pacTsHKeHUSI:

a) paBHBI HYJIIO;
0) YBe/TMUUBAIOTCS;
B) YMEHBILIAIOTCS;

I') HEeT BEPHBLIX OTBETOB.

KpuTtepuii kauecTBa ceTOUHOro pa3bduenus B cucteme ANSYS Meshing, koTopbiii
ornpeersieT HACKOJIbKO O/113Ka (hopMa 371eMeHTa K WJeabHOM (PaBHOCTOPOHHUM
TPEYTO/IbHUK, TIPIMOYTO/TBbHUK):

a) Orthogonal Quality;
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6) Skewness;
B) Sweep;

r) Maximum Corner Angle.

Ilnst Kakux obnacteli aHanu3a Mpe/jHa3HaueHbI CIeIyIole TiporpaMMHubie Mmoaynu CAE
ANSYS:

a) Steady-State Thermal;

6) LS-DYNA;

B) Transient Thermal;

r) Modal.

BapuaHTbI OTBETOB:

1) HecTaLMOHAPHBIN TEMJIOBOW aHa/u3;

2) MoJanbHBIN aHa/In3;

3) aHa/mM3 BBICOKOCKOPOCTHBIX HEIMHEHHBIX AMHAMHUYEeCKUX TPOLIeCCOB;

4) cTauKMOHAPHBIN TEIJIOBOK aHa/Iu3.

I'panmunoe ycimosue B CAE Ansys Steady-State Thermal, mpenycmarpusatoiriee
3a/jaHKe TUIOTHOCTH TETVIOBOTO TTOTOKA:

a) Convection;
6) Heat Flow;
B) Perfectly Insulation;

r) Heat Flux.

I'panuunoe ycnoBue B CAE Ansys Maxwell, mpegHazHaueHHOe [1/151 3a7jaHUST
0eCKOHEUHBIX TPAHMUL] paCUeTHOH 00/1acTu:

a) Balloon;
0) Vector Potential;
B) Flux Lines;

r) Scalar Potential;
K mMozensam TypOy/ieHTHOCTH MOYKHO OTHECTH:

a) k-e;
0) k-w;
B) Crnianapra-AJsisiMapaca;

r) [pykepa-Ilparepa.

Bonpocb! 3akpbimozo muna:

CraTucTryeCKUii MeTo/| aHa/I3a Pe3y/IbTaToB Hab/MIoeH U, 3aBUCSIIMX OT Pa3/IMUHbIX
OJHOBPEMEHHO JIeMCTBYIOLMX (aKTOPOB, 0CHOBaHHBIM Ha CPAaBHEHUH OLIeHOK
JVCTIEPCHUI COOTBETCTBYIOIIMX TPYIIT BEIOOPOUHBIX IaHHBIX:

KoopauHaTs! yaCcTULIBI CIIZIOIIHOM Cpefibl, KOTOpble COOTBETCTBYIOT ee TeKyIleMy
TOJIO’KeHUI0 OTHOCHTE/IbHO (PMKCUPOBAHHOM CHCTeMbl KOODJMHAT:

YpaBHeHue, CBsI3bIBaOLee MeXXAY o000l TepMOAMHAMUYeCKHe TTapaMeTPhbl CUCTEMBI,
Takue KaK TeMIlepaTypa, jjaB/jeHue, 00beM 1 MaccoBasi CKOPOCTb, @ TAKXKe UX
IIpYpallleHUst:

MuHMMaIbHOM HeBS3KOM M0 MeTO/ly B3BellleHHbIX HeBSI30K CUMTAeTCs Ta HeBsI3Ka,
KOTOpast:
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ITporjecc repeHoca TerIoBOW SHEPryU TIPU TiepeMeltieHHH 00beMOB KUKOCTH WU ra3a
B TIPOCTPAHCTBe U3 00/1aCTH C OIHOM TeMIiepaTypoi B 00/1aCTb C APYroi Ha3bIBAETCS:

Upe3MepHbIe UCKa)KeHHs paCuYeTHOM CeTKU MPU MCI0J/Ib30BaHNU JlarpaHkeBoro
pemarenss B CAE Ansys Autodyn mo tury «mecouHbix yacoB» («Hourglass»)
YCTPaHSIOTCS IIyTeM BBeZIeHUs CJIeIVIOLero ajJrOpUTMa:

HauxyzaieMy KaueCTBY OPTOrOHA/IBHOCTU siU€eK CeTOK COOTBETCTBYeT 3HaueHue:
IIpouecc ¢ Hy/seBbIM BHELIHUM [IPUTOKOM SHEPryvy Ha3bIBAeTCs:

OTHoLllIeHre CKOPOCTU CpeJibl K MECTHOM CKOPOCTU 3BYKa Ha3bIBaeTCsl:

HeMOHOTOHHOCTB pellieHrs B MeToAe TrMApOAMHAMUKHN CIVTIaXK€HHBIX UaCTUL]
CIVIaXKUBAETCA ITyTEM BBE€AEHUA:

Bonpocbl omKpbimoz2o muna:

Inst kakux obnacteli aHany3a MpeJjHa3HaueHbl CIe/lyole porpaMmMHbie Moayni CAE
ANSYS:

a) Autodyn;

6) Fluent;

B) Maxwell;

r) Motion.

BapuaHTel OTBETOB:

1) aHa/IN3 3/1eKTPOMarHUTHBIX TT0JTel;

2) AMHAMUKa >KUAKOCTel U ra3oB;

3) aHa/mM3 BBICOKOCKOPOCTHBIX HEIMHEMHBIX AMHAMUYeCKHUX TPOLIeCCOB;

4) KuHeMaTh4YeCKUM aHau3.
K MopesisiM MpoyHOCTH MaTepHaiOB MOXXHO OTHECTH:

a) mogesnb I>xoHcoHa-Kyxka;
0) mopens CretinOepra-I'yuHaHa;
B) MoJie/ib 3epWIIU-APMCTDPOHTa;

r) Mogenb Mu-I'proHaiizeHa.
K BapuarmoHHBIM MeTO/[laM MOYKHO OTHECTH C/Ie[[yIOL[HI MeTOZ;:

a) metos Panes-Puriia;

0) metop Pynre-KyTTa;

B) MeTo[, STKoOu;

r) MeTog, Kpamepa.

Kpurepuil ycTOHUHMBOCTH SIBHOTO UMCJ/IEHHOTO pellieHust AuddepeHLuaTbHbIX
ypaBHEHUM B YaCTHBIX MMPOW3BOJHBIX:

a) Kypanra-®pugpuxca-JleBy;

0) duiepa;

B) KoxpeHa;

r) [I>xoHcoHa-Kyka.
3ajiaua napaMeTpUueCcKoro CUHTe3a:

a) MMOJIy4YUTh I/IHq)OpMaL[I/II-O 0 XapdkTepe d)YHKLII/IOHI/IpOBaHI/ISI o0neKra TTPOEKTHUPOBAHUSA;

0) BbIOpaTh WM PaCCUMTATh 3HAUEHHSI OT/e/IbHBIX TTapaMeTPOB ITPOEKTa;
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B) OMpe/ie/IUTh MHOXKECTBO MPOEKTHBIX pellleHnl;

T) pa3paboTaTb TeXHUUECKOe 3aflaHHe Ha TPOEeKTUPOBaHUe.

Kakyto Mozenb IpOYHOCTH U3 TIePeUrC/IeHHBIX 1[e/1eco00pa3HO UCIIOb30BaTh IS
aHaJM3a BEICOKOCKOPOCTHOTO Pa3pylieHust 0eTOHHOU KOHCTPYKLIUH:

a) xoncona-Kyka;
0) Xy-Barmuiy;
B) Pupesns-Xapmaiiepa-Toma;

r) Creiin6epra-I'ynHaHa.
Kakyro Moziesib TPOYHOCTH U3 TTePeurCIeHHBIX 1]e/1ec000pa3Ho UCI0/B30BaTh /IS
OMYCaHus M0Be/IeHUs TPYHTOB U TOPHBIX MOPOJ;:

a) dpyxkepa-Ilparepa;
0) TT2XuHbI;
B) xoHCcoHa-Kyka;

r) [I>xoHa- YusmkuHca-JIn.

YpaBHeHHe COCTOSTHHSI, YCTaHAB/IHUBAOII|ee 3aBUCUMOCTh MEX/Y aBlIeHIeM, MOJISIPHBIM
00beMoM 1 abCOJTFOTHOM TeMIlepaTypoH HzieabHOro rasa:

a) MeHpeneeBa-KianeiipoHa;
0) Haxau;
B) TunoTCcoHa;

r) Mu-I'pronaiizeHa.
JIuneiinbie KoHTakTel B CAE ANSYS Mechanical, paccunTriBaeMble 3a OfHY UTepaLIO:

a) Rough;
0) Frictionless;
B) No separation;

r) Bonded.
Henunetinbie koHTakTel B CAE ANSY'S Mechanical, TpeGytoriue rcnonb3oBaHus
MeToza HetoToHa-PadhcoHa v 60/BILIOTO UKMC/Ia UTepaI|Ui:

a) Rough;
0) Frictionless;
B) No separation;

r) Bonded.
Bonpocbl 3aKkpbimozo muna:

B ocHoBe MeTO[a JIEXXUT Pa3/IoKeHHe HEUM3BECTHOT'O pellieHus 110 CcOOCTBEHHBIM MO4aM
U riepexo K MOJa/IbHbIM KOOpAWHATaM:

B meToze ruapoguHaMUKY CTyIaXkeHHBIX yacTull SPH BecoBasi hyHKIUS 3a[aHHOTO
BU/Ia, TIO3BOJISIFOLLAS] CTPOUTH HellpephIBHbIE pacrpe/iesieH s TapaMeTPOB CIJIOLIHOMN
cpezbl 10 AUCKPETHOMY MHOXKECTBY YCJIOBHBIX YaCTHL;

Hawnxynmemy KkaueCcTBy OPTOrOHA/IBHOCTU U€eK CeTOK COOTBETCTBYET 3HaueHue:
MuHuManbHOM HEBSI3KOM 10 METOAY B3BELLeHHBIX HEBSI30K CUMTAETCS HeBsI3Ka, KOTOpasi:

YpaBHeHHe, CBsI3bIBaOLee MeXy c000i TepMOAYHAMHUECKHE ITapaMeTpbl CHCTEMBI,
TakHe KaK TeMIleparypa, /jaBjieHre, 00beM U MaccoBasi CKOPOCTb, a TAKXKe MX
TIpYpaLeHust:

Cucrema, B 00111eM C/Ty4yae COCTOSIIast U3 TEXHUUECKUX CPe/ICTB, TPOrPaMMHOTO,
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METO/IMUeCKOr0 ¥ OPTaHU3al[MOHHOTO 0becreueHus U KBaIU(pUIMPOBaHHOTO TIepCoHaa,
TpefHa3HaYeHHas /IJ1s1 POBeIeHHsT TIOJIMTOHHBIX UCTIBITAaHUN KaK pe3yJibraTa
WCCefIOBaHUs CBOMCTB 1[U(POBOI Mozenu (Wiv [udpoBoro JBoMHUKA) 00beKTa
WCITBITAaHUM:

HeMOHOTOHHOCTS pellieHUsI B MeTO/e TUAPOAUHAMUKY CTIa)KeHHBIX UYaCTHI]
CI7Ia’KUBAeTCs ITyTeM BBeJleHUsI:

Merto, perieHUs1 KpaeBOU 3a/jauu, B KOTOPOM 0J1aro/japst UCTIO/Ib30BaHUI0 (PyHKITHIA
I'pyHa, OHa CBOAMTCSA K UHTErPabHOMY YPaBHEHHIO Ha IPaHUIle pacyeTHOM 06/1acTH:
MeTo/; COCTOUT B CHHXPOHHBIX UTEPAI[USIX COOCTBEHHOTO BEKTOPA B TIOATIPOCTPAHCTBE
33/JaHHOTO U3MepeHUsI:

CyTb MeTo/la OITUMHU3ALIUU 3aK/TI0UaeTCs B TIOC/Ie[l0BaTe/IbHOM TepeMellleHud U

e opMUPOBaHUU CUMITIEKCa BOKPYT TOUKH KCTpeMyMa:
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