IIPUJIO)KEHUE K PABOYEU ITPOI'PAMME JIUCL]UIT/IUHB]

MUHUCTEPCTBO HAYKHU U BBICIIEI'O OFPA30BAHUSA POCCUUCKOU
OEJIEPALINN

(benepanbHOE TOCYIAPCTBEHHOE OFOKETHOE 00pa30BaTEIbHOE YUPEKICHUE
BhIcIIero oOpa3oBanust «HoBOCHOUPCKUIT rocyapCTBEHHBIN
ApPXUTEKTYPHO-CTPOUTENbHBIN yHUBEepcUTET (CHOCTPUH)»

Kadenpa npukjiagHoii MaTreMaTuKu
Kadenpa crponTe/ibHbIX MATEPUATOB, CTAHAAPTH3ANUM U CePTUPUKAIIUH

JOKYMEHT NMOAMNMMCAH
ONEKTPOHHOW NOAMNCHLIO

Ceptudumkat: 41EOED25EA33E6F1A454F26B330C6026
Bnapgeneuy: bensesa Enena MNaenoeHa
[eiicTButeneH: ¢ 24.03.2023 no 16.06.2024

®OHJT
OLIEHOYHBIX CPEJICTB

O YYEBHOM JUCHUILJINHE

COBDGMGHHI)IG IIPOrpaMMHBIC 1 TCXHOJIOTHYCCKUC KOMIIJIICKCHI

08.04.01 CrpourenscTBO

ABTOMOOWJIbHBIE IOPOTH




1. ®opmupoBaHNe KOMIETEHIN I, KPUTEPHH OLCHMBAHUSI KOMIIETCHIMH, IIIKAJIbI OLlCHNBAHHUSA
OnennBanue (GopMUPOBaHMS KOMIETEHIMM MPOM3BOIUTCS Ha OCHOBE IOKa3zaTeslel OLCHMBAHUS,
yKa3aHHBIX B 11.2.2 paboyeil mporpaMMbl TUCIIUILIIHHEI.
CBs3b KOMIETEHIMM, MHIUKATOPOB JAOCTHXKEHHsSI KOMIIETEHIMM M MoKa3aTeneil oneHuBaHus (pe-
3yJIbTATOB O0YUYEHHS 10 JUCLUUIUIMHE) MIPUBEeHa B 11.2.2 paboyeil mporpaMmbl TUCIUILTHHBI.

1.1 @opmuposanue komnemeHyuu
OrneHMBaHUE YPOBHS OCBOEHUS O0YYarOIMMCsI KOMIETEHLUH OCYLIECTBISETCSA ¢ MOMOLIbIO (GOopM
IIPOMEKYTOYHOM aTTECTAllMHA U TEKYLIEro KOHTPOss. POpMBI IPOMEKYTOUYHOM aTTECTALUU U TEKYILETO
KOHTPOJIS YCIIEBAEMOCTH 110 TUCLUUIUIMHE, C IOMOIIBI KOTOPBIX IIPOU3BOJAUTCS OLICHUBAHME, YKA3aHBI B
yueOHOM 11aHe U B 11.4.1 paboueil mporpaMMbl AUCHUTUINHBL.
B pesynbrare 0CBOGHHUS TUCLMILIMHBI Y 00yYaroIIerocs: JOHKHbI ObITh CPOPMHUPOBAHBI KOMIIETEH-
LUU:

HaumeHnoBaHue kaTeropuu Kox 1 HauMeHOBaHME KOMIIETEHIIUU
(rpynmbl) KOMIETEHIIUH

Undpopmannonnass kynb- | OIIK-2. CniocoOeH aHalU3UpOBaTh, KPUTUYECKH OCMBICIMBATh U IpE.-
Typa CTaBIATh MH(OPMAIUIO, OCYIIECTBIATh MOMCK HAyYHO-TEXHUYECKOH MH-
¢dbopmanmu, MpruOOpETaTh HOBBIC 3HAHMSA, B TOM YHWCIIE C TIOMOIIBIO MH-
(hopMalMOHHBIX TEXHOJIOTHH.

Teopernueckass mpodec- | OIIK-3. CriocobeH cTaBUTh U pelIaTh HAYYHO-TEXHHUUECKUE 3a1a4l B 00-
CHOHaJIbHAs MOATrOTOBKA JacTU  CTPOUTENIbCTBA, CTPOMTEIBHOM MHIYCTPUHM M KWIUIIHO-
KOMMYHQJIBHOTO XO3sIICTBA HA OCHOBE 3HAHMS ITPOOJIEM OTPACIIU U OIBITA
UX PELICHHUS.

1.2 Kpumepuu oyenusanus Komnemenyuil U WKaibl OYeHUBaHus
[Ipu mpoBeneHUN MPOMEXKYTOUHOM aTTecTanud B (popMe 3auema WCIONB3YyeTCs IIKaaa OICHHBA-

HUS: «HE 3a4TEHO», «3a4TECHO».

[Toka3zaTensiMu OLICHMBAHUS SBJISIIOTCA 3HAHUS, YMEHHS W HaBBIKM OOY4alOLIErocs, MOJy4YEeHHBIE
IIPU U3YYECHUH TUCLUILINHEIL.

Kpurepusmu orieHHBaHUS TOCTUKEHUS ITOKA3ATENEH SBIISIIOTCA:

IToka3arenn

Kpurepuii onenuBanus
OLICHUBAHUs

3HAHUsl TEPMUHOB, ONIPEEIICHHU, TIOHATUN;

00bE€M OCBOEHHOTO MaTepHaia, yCBOCHUE BCEX TEM, pa3/IesiOB JUCIUTIINHBI,
3HaHus MOJIHOTA, CACTEMHOCTb, IPOYHOCTh 3HAHUIA;

MPaBUIILHOCTH OTBETOB HA BOIIPOCHI;

YETKOCTh U3JI0KEHHSI H3YYEHHOI0 MaTepuaa;

CTETEeHb CAMOCTOSITEIIbHOCTH BBIMOJIHEHUS IeHCTBUS (YMEHHS);
OCO3HAHHOCTb BBIIIOJIHEHUS AEUCTBUS (YMEHNUSA);

YmMenus YMEHHUE aHAJIU3UPOBATh N3YYEHHBIN MaTepHall;

yYMEHHE BHIOMPATh METOJUKY BBIITOJIHEHUS 3aJaHUS;

YMEHUE BBIIOJIHATH 3aJaHUs Pa3JIM4YHON CI0KHOCTH;

HAaBBIKH CAMOIIPOBEPKHU, KaueCTBO C(HOPMUPOBAHHBIX HABHIKOB;

HAaBBIKM aHAJIN3a PE3YJIbTATOB BBINOJIHEHUS 3aJaHN, PEIICHUS 3a]1ay4;

HABBIKU TPEICTABJICHUS PE3yIbTATOB PEIICHUS 3aa4, KayeCTBO 0OpMIICHHUS 3a/1a-
HUMH;

HABBIKM OOOCHOBAHUSI BHIMIOTHEHUS 3a/IaHUH, PUHATHUS PEIICHHIA,

OBICTPOTA M KAYECTBO BBITTOJTHEHUS 32/ IaHUIA.

HaBbeiku




2. TunoBble KOHTPOJIbHbIE 32JaHHUA 1JIs1 OLleHNBaHUs (JOPMUPOBAHUS KOMIIeTEHIMII PN NpoBe/e-

HHMU NPOMEKYTOUYHOH aTTecTALMHU

2.1 IIpomesicymounas ammecmayusi no OUCYUNIUHE
®opma NpOMEKYTOUHON aTTECTALIUU: 3auem
[TepedeHpr TUTIOBBIX BOIIPOCOB (3aaHuid) U1 MpOBeAeHUs 3adera Bo 2, 3 (1, 2, 3) cemecTpax:

Haunmenosanue
Kox dhopmu-
HaumenoBanue pas- . MPUMEHSEMbIX
Ne Tumnossie BOpOCHI/3a1aHHs pyeMOH KOM-
Jiena TUCIUILIAHBI OIICHOYHBIX
HNEeTeHINH
CPEICTB
1 | BBenenue B cuctembl OIIK-2.1 DK3aMeHAaINOH-
aBromatusupoBanHoro | Beenenne. ANSYS Workbench. . Mc- | OIIK-2.2 HBINA OmIeT
IIPOECKTUPOBAHUS topus nakera ANSY'S. OcHoBHbIE OIIK-2.3 KoHntposbHas
KOMITOHEHTHI MTaKeTa U TUIIbl aHAJIN3A. pabota
Pa6ora B 00osiouke ANSY S Pa3HoypoBHEBBIE
Workbench. Monyns DesignModeler. 3aJa4y v 3a1a-
Pa6ora B momyne DesignModeler. Co- HUS
3nanue u npeodpazosanue 3D moze- Jlokunan, cooOrie-
neit. Momyns ANSY'S Meshing. M- HUe
MOPT ¥ HANPaBJICHUE TEOMETPUH U3 PacuertHo-
BHemHUX CAD cucrem. [Toctpoenue rpaduyeckas pa-
cetku B Mostysie ANSY'S Meshing 6ota
(rmo0GanbHBIE METOIBI). Tect
Ketic-3amaua
2 | Pemenue 3a1a4 ¢ uc- OIIK-2.1 DK3aMeHaIHOH-
I10JIb30BAHUEM IIPO- OIIK-2.2 HBIH Omer
IPAMMHOTO KOMILIEK- OIlK-2.3 KoHntponbHas
ca ANSYS pabota
Pa3zHoypoBHEBBIE
Pemenwne 3anay mexanuku aedopMu-
3aJlaud U 3a]a-
pyemoro tBepaoro tena B [IK
HUS
ANSYS. Pemienue 3a1au MexaHUuKH
Jloknan, cooOrie-
nehopMupyeMoro TBEpI0To Tea B e
ITK ANSYS.
PacuerHo-
rpaduyeckas pa-
6ota
Tect
Ketic-3amaua
3 | Pa3zpabotka npocreii- | TexHomornueckuit mporecc, kak npo- | OIIK-3.1 Tect
LIEr0 TEXHOJIOTHYe- 1ecc JOCTUKEHUS 11enu, Kak cuctemM- | OIIK-3.2 Pa3noypoBHeBbIE
CKOr0 Tpoiiecca HBI Tportecc. Pa3paboTka yciioBuid, OIIK-3.3 3a7a4M U 3a]1a-
(ITTIT) HEOOXOUMBIX 7151 9P PEKTUBHOTO HUS
OCYIIECTBIIEHUS TEXHOJIOTHYECKOTO
npoiiecca.
4 | PaspaGorka cTpyKTy- TumoBas CTpyKTypa aBTOMaTU3UPO OIIK-3.1 Tecr
pet ACY TII ana IITII PYKTYP P OIIK-3.2 Pa3zHoypoBHeBbIE
BaHHBIX TEXHOJIOTHYECKUX KOMILICK-
OIIK-3.3 3aa4d U 3a1a-
coB. Pa3pabotka ctpykryp ACY TIL st
5 | Pa3zpabotka Texuuue- | Llenu u 3aaun COBpEMEHHBIX METO- OIIK-2.1 Tect
CKOTO 3aJaHUs [Tt JIOB TIPOCKTUPOBAHUS TEXHOJIOTHYE- OIlK-2.2 PasHoypoBHEBBIE
ITTTI ckoro mnporiecca. Pazpaborka cocraBa | OIIK-2.3 3a7a4M U 3a]1a-




Y TIPUHLHUIIOB pabOThl aBTOMATHU3UPO- HUS
BAHHBIX TEXHOJIOTHYECKUX KOMILICK-
COB.

6 | [loctpoenue TexHono- | OCHOBHBIE, BCIIOMOTATEIbHbIC U 00- OIIK-3.1 Tect
TUYECKOM CXEMBI MPO- | CIyKUBaroIIue mponeccbl. OnTumu- OIIK-3.2 PaznoypoBHeBbIE
n3BojcTBa ais I1TII 3a1us IPOLECCOB MPOU3BOICTBA OIIK-3.3 3aJ1a4uM U 3aj]a-

CTPOUTENbHBIX MaTepuaios. Pa3pa- HUS
00TKa cocTaBa M MPUHLIUIIOB PabOTHI

aBTOMATHU3UPOBAHHBIX TEXHO-

JIOTUYECKUX KOMIUIEKCOB.

7 | CocraBineHue TEXHHU- OIIK-3.1 Tect

YECKOI'0 3a/I1aHUs Ha . OIIK-3.2 PasnoypoBHeBBIE
CocraB 1aHHBIX U TpeOOBaHUIA, BKIIIO-

MPOEKTUPOBAHUE OIIK-3.3 3a7a4H U 3a1a-
YaeMbIX B 3a/laHU€ Ha POEKTUPOBA-

CIITK B cootBeT- HUS

. Hue. PazpaboTka TexHUUECKOro 3a/a-
CTBUU C TEMOIl Maru-
. Hus Ha npoektupoBanue CIITK.

CTEpPCKOM auccepTa-

017041

8 | Pa3paboTka texnono- | CocraB gaHHBIX U TpeOoBaHMii, BKiIto- | OITK-2.1 Tect
THYECKOT0 PErJIaMeH- | YaeMbIX B TEXHOJIOTMUECKUN peria- OIlK-2.2 PaznoypoBHeBbIE
Ta IPOU3BOJICTBA MEHT npous3BojacTBa. Paspaborka tex- | OIIK-2.3 3aJa4uM U 3aj]a-
CIITK B cootBet- HOJIOTUYECKOM CXEMBbI TPOU3BOICTBA. HUS
CTBHM C TEMOM Maru- | Bujpl cBsi3eil B JUCIIEPCHBIX CUCTE-

CTepCKOM auccepra- Max. BuJibl KOMITO3UIIMOHHBIX MaTe-

1007031 puanoB XapaKTEPUCTHKA CHIPbS B
TEXHOJIOTUYECKOM peryiamenTe. Pa3z-
paboTKa TEXHOJIOTMYECKOTO peria-
MEHTAa MPOU3BOJICTBA.
9 | Ananm3s pesynbraroB | [Ipunnumne! cuctemuoro ananmusa tex- | OIIK-3.1 Tect
MOJIyYEHHBIX B MPO- HOJIOTMH IpH 1ocTpoeHuu nporpamm- | OIIK-3.2 PasnoypoBHeBbIE
recce pa3paboTku HO-TEXHOJIOTHYECKUX KOMIUIEKCOB. OIIK-3.3 3a/1auu U 3aj1a-
TEXHOJIOTHYECKHX pe- | Pa3bop MeTona Ha KOHKPETHBIX MPHU- HUS
IJIaMEHTOB MPOU3BOJ- | Mepax. DTarbl CHCTEMHOTO HCCIIEe10-
crBa CIITK BaHMs MpoLecca: CTPYKTYPHBIN U OM-
MUPUIECKUN TTOAXOBI TP aHAIIA3E
cuctembl. Pazbop meTtona Ha KOH-
KpETHBIX npuMepax. Meroa nogodus
KaK OCHOBa MccienoBanuii. Pazoop
METO/Ia Ha KOHKPETHBIX IPUMEPAX.

10 | I[TocTpoenne Monenu OIIK-2.1 Tect

MopenupoBaHue KaK METOJI HAYYHOT'O

npoluecca nNpou3BO/I- OIIK-2.2 Pa3zHoypoBHEBBIE
uccienoanus. Pazpaborka Mmoaenu

CTBA MaTEPHUAJIOB I10 OIIK-2.3 3a7a4U U 3a1a-

., | mporecca Mpou3BOJICTBA KOHKPETHBIX

TeMaM MarucTepcKou HUS
CTPOUTENIbHBIX MaTEPUAJIOB.

JccepTaluu

11 | Pa3pabotka Texuuue- | MogenupoBanue kak meron HayuHo- | OIIK-3.1 Tect
CKOT'O 3a/IaHUs 1JIs ro uccienoanus. Pazpaborka 3ama- OIIK-3.2 Pa3HoypoBHEBEIE
ACY TII Hus Ha ipoektupoBanue ACY TII gns | OTIK-3.3 3aa4d U 3aj1a-

MPOTrPaMMHO-TEXHOJIOTHYECKOTO KOM- HUA
TIeKca.

12 | Pemenue 3amau Mexa- | Pemenue 3amau Mexanuku xugkocter | OITK-2.1 DK3aMeHaInoH-
HUKU KUJIKOCTEU U nra3oB B ANSYS CFD. Marematnue- | OIIK-2.2 HEBINA OMIeT
ra3oB CKME MOJIEIH IJIS PELICHU 3a1a OIIK-2.3 KonTponbHas

CFD. Pemenue 3ama4 MEXaHUKH KU I- pabora




kocrel 1 ra3oB B ANSYS Fluent. Oc- PaznoypoBHeBbIE
HOBHBbIE ITpreMbl paboTel B ANSYS 3a/1a4y U 3a1a-
Fluent. [Tpumep penienus 3agaduu B HUS
ANSYS Fluent. Pemenue 3a1au me- Jloknan, cooOrie-
XaHUKU XUIKOCTEHR U ra3oB B ANSYS HHE
Fluent. [TocTmpornieccuur pe3yabTaToB. PacuetHo-
rpaduveckas pa-
6ota
Tect
Keiic-3agaua

2.2 Ilpomedcymounas ammecmayus 8 popme 3auumsl Kypcogou pabomsl (Kypcoo2o npoekma)
He npengycmoTtpeno.

3. MeToan4yeckne MaTepHaJibl, ONpeaesiioIue Npoueaypbl OeHUBAHUA
[Ipouenypa npoBeaeHUs] POMEKYTOUHOM aTTECTALMU M TEKYLIEro KOHTPOJIS YCIEBAaeMOCTU pe-
IJIAMEHTUPYETCS JIOKAIbHBIM HOPMAaTUBHBIM aKTOM, ONPEACIIIOINM OPAJOK OCYILECTBICHUS TEKYIETO
KOHTPOJISl YCIIEBAEMOCTHU U MPOMEKYTOYHON aTTeCTallui O0yUYarOLUXCSL.

3.1 Ilpoyedypa oyenusarnus npu npogedeHUU NPOMEHNCYMOYHOU ammecmayuu 00y4arouuxcs no OUCyu-
niuHe 8 hopme 3K3ameHa u/unu oughghepenyuposanro2o 3avema (3auyema ¢ OYeHKol)
He npexgycmorpeno.

3.2 Ilpoyedypa oyenusanus npu nposedeHuu RPOMeNCYMoOYHOU ammecmayuu 00y4aromuxcs no OuUcyu-
niuHe 8 opme 3avema
[TpomexyTouHas arTecTanus Mo TUCHUIUIMHE B (opme 3auéra mposoautes Bo 2, 3 (1, 2, 3) ce-
MecTpe. JlJs olleHMBaHUs 3HAHUN U HABBIKOB HUCIIONIb3YIOTCSA KPUTEPUH U IIIKaa, ykazaHHble 1m.1.2.
Hwxe nmpuBeneHs! mpaBuiia orieHUBaHUs (HOPMUPOBAHHS KOMITIETEHIIMN 110 TTOKA3aTeNI0 OIIEHUBA-
HUS «3HAHUS».

YpoBeHb OCBOEHHUS U OLIEHKA
Kpurepuit ouctHBais He 3auTteno 3auTeHo
3HAHUSI TEPMUHOB, He 3naeT TepMHUHOB U onpeieneHnit 3HaAeT TEPMUHBI U OTIPEICICHUS
ONpeAeICHUM, TOHATHII;
00beM 0CBOEHHOTO Ma- | He 3HaeT 3HAUMTENIBHON YacTH MaTe- 3HaeT Marepuain AUCHUIUIMHBI B
Tepuasa, yCBOCHUE BCEX puana TUCIHUTIUIUHBI MTOJTHOM 00BEME
TEM, pa3JeJoB IUCLIH-
TUTAHBL,
MOJIHOTA, CUCTEMHOCTh, | 3HaHUA MaTepuasna OeccucTeMHble, He | J[a€T TocTaTo4HO YeTKHe U TOTHbIe
MIPOYHOCTH 3HAHH; OTBEYAeT Ha OOJIBIIMHCTBO BOIIPOCOB OTBETHI Ha BOIIPOCHI
110 TeéMaM JUCHUTUIUHBI
MPaBUIILHOCTH OTBETOB | HempaBuibHO oTBewaeT Ha OonbmnH- | OTBeYaeT Ha BOMPOCH! IPABUIHHO
Ha BOIIPOCHI; CTBO BOIIPOCOB, JIOITYCKAaeT TpyOnIe
OIIOKU
YETKOCTh M3JI0KEHUS W3naraet 3HaHus 0€3 JIOTHYECKOM I10- W3naraer maTepuai J0CTaTOYHO
M3y4EHHOTO MaTepHalia; | CJIeI0BaTEeIbHOCTH, HE COIPOBOXKIAET | YETKO, 0€3 HapyIIeHUH B JJOTHYe-
OTBET PUCYHKAMH, CXEMaMHU CKOM mocJie10BaTeIbHOCTH. BbI-
TIOJTHSIET TIOSICHSIONNE PUCYHKH H
CXE€Mbl KOPPEKTHO U MOHSITHO




Hwxe npuBenensl npaBuiia olieHUBaHUS (HOPMUPOBAHHS KOMIIETEHIIMI 110 MOKa3aTesio OLlEHUBA-

HUA «Y MEHUSY.

Kpurepuii onieHuBanus

YPOBCHI) OCBOCHUA U OLICHKA

He 3auteno

3aureHo

CTEIEeHb CAMOCTOSITEIIb-
HOCTH BBITIOJTHEHUS
nerncTBusl (YMEHUsA);

He MokeT caMOoCTOSITEIIFHO
BBIIIOJIHUTB 3aJaHUC

BrimosHseT 3a1aHiue caMOCTOSATENIBHO,
IPaMOTHO BBIOMpAET CTaHAAPTHYIO METO-
JTUKY, UCIIOJIb3YET HYXKHYIO JTUTEPATYpPy
IpY HEOOXOIMMOCTH

OCO3HAHHOCTbH BBIIIOJI-
HEHUsI IeUcTBUS (YMe-
HUA);

Beimonzser 3aganus no npu-
Mepy, HE OCO3HAHHO, HE MOKET
OTBETUTh Ha BOIIPOCHI IIPEIO-
JlaBaTelis 10 alITOPUTMY U Me-
TOJIMKE pelIeHUs

Brmonnaser 3aJlaHrA OCO3HAHHO, AOITYyCKasa
HCAO0YCThI, MOKCT YBCPCHHO OTBCTUTL Ha
BOIIPOCHI IIpe€TIoaaBaTeId 1o aJlrOPUTMy U

MCTOAHKEC PCIICHUA

YMCHUEC aHAJIIM3UPOBATH
H3y‘leHHHI>i MaTcpual;

He umeet HaBRIKOB aHan3a
M3yYEHHOI0 MaTepuaia,

Jlenaet KOppeKTHBIE BEIBOABI 110 U3YYCH-
HOMY Martepuaiy,

yYMEHHE BbIOMpATh Me-
TOJIUKY BBIIIOJTHEHUS
3aJlaHus;

He moxeTt BpIOpaTh METOIUKY
BBIIIOJIHEHUS 3aJaHUN

bes 3arpynHenuii BbIOUpaeT CTaHAAPTHYIO
METOAMKY BBINOJHEHHUS 3aJaHUI

YMEHHE BBIIIOJHATD 3a-
JIlaHUs Pa3InYHOU
CJIOKHOCTH;

He uMeeT HaBLIKOB BBIIIOJIHE-
HUS y4eOHBIX 3aJaHUN

HMeeT HaBBIKY BBITIOJIHEHUS CTAaHAAPTHBIX
y4eOHBIX 3aJaHuI

Hwxe npuBenens! npaBuia orieHUBaHus (HOPMUPOBAHHS KOMIIETEHIIMN 110 TTOKA3aTENI0 OIICHUBA-

Hus «HaBBIKMY.

Kpurepuii onienuBanus

ypOBeHB OCBOCHU U OIICHKA

BAaHHBIX HABBIKOB,

He 3aureno 3auTreHo
HaBBIKU camoIipoBepku, | HaBbiku camonpoBepku oTCyT- | VMeeT HaBBIKM CaMOMPOBEPKH, XOPOIIIO
KauecTBO chopmMHpo- CTBYIOT c(OpMHPOBAHBI HABBIKY BBITTOJIHEHUS

3aJlaHuN

HAaBbIKW aHAJIM3a pe-
3yJbTAaTOB BBINOJHEHUS
3aJjaHui, pEICHUS 3a-
Jad;

Jlenaet HEKOPPEKTHBIE BBIBO-
JBl

[lenaet KOppeKTHBIE BEIBOABI 11O PE3YJIb-
TaTaM peLICHUs 3a1a4l

HABBIKW NIPEJICTABICHHUS
pe3yJIbTaTOB PEIICHHUS
3aj1a4, Ka4eCTBO
oopMIIeHHS 3a/1aHU;

He moxet npousumrocTpupo-
BaTh PEILICHUE 3a/1a4U MOsIC-
HAOIMHUMU CXEMaMH, pPUCYHKa-
MU

Brimonnaser MOACHAIOMUC PUCYHKH U
CXEMbI KOPPCKTHO U ITOHATHO

HaBBIKA 00OCHOBAHUSA
BBLITTOJIHEHHS 3aJTaHUMH,
MIPUHATHS PELICHU;

HomyckaeT rpyObie omuOKu

pu 000CHOBAaHUH METOJAUKHU
BBITIOJTHEHUHN SaJIaHHﬁ, HE MO-
JKET IPUHSATH BEPHOE pEUICHUE

A.]'Il"OpI/ITM BBITIOJTHCHUSA 3aJIaHUS BEP-
HBIfI, IMPUHHUMACT BECPHLIC PCIICHUA

OBICTPOTA U KAUYECTBO
BBIITOJTHEHUS 3aJaHUH.

3agaHus BEIIOIHSIET ¢ HU3KUM
Ka4yeCTBOM, KpailHE MEIJIEHHO

BrinonnseT 3aganus yBepeHHO, C XOpO-
ITUM KaueCTBOM

3.3 Ilpoyedypa oyenusanus npu npoeoeHUU NPOMENCYMOUHOU AMMeCmayu 00y4arwuxcs no
oucyuniuxe 8 hopme 3auumol Kypcosou pabomsl (Kypcosozo npoexma,)

He npenycmotpeHo.



4. KoHTpoJIbHBbIE 3a]aHUsI /I OlleHUBAHUS ()OPMHUPOBAHHUS KOMIIETEHIU I
NP MPOBeIEHNH TEKYIIEro KOHTPOJIS 10 THCIIATIIHHE
TumnoBbie KOHTPOJIBLHBIC 3aIaHUS JJIs1 OLICHUBAHUS (DOPMHUPOBAHUS KOMIIETCHIIUN U MPOIIETYPHI
OILICHUBAHHMS ITPH MMPOBEICHUHN IIPOMEKYTOYHOTO M TEKYIIIEr0 KOHTPOJIS MPEJCTABIICHBI B COOTBETCTBYIO-
X npuioxenusx GOC.



MUWHUCTEPCTBO HAYKU U BBICIHET'O OFPA3OBAHU A
POCCUNICKOU ®EJEPALINU
(enepanbpHOE TOCYIapCTBEHHOE OI0PKETHOE 00pa30BaTeIbHOE YUPEkKICHIES
BhICIIero oOpasoBanus «HoBocnOMpcknii TOCy1apCTBEHHBIN
APXUTCKTYPHO-CTPOUTENBHBIN YHUBepcUTET (CUOCTPUH )»

Hanpasnenue 08.04.01 CtpourtenbcTBo
HaumenoBanue OIIOITI BO ABTOMOOM/IbHBIE JOPOTH
Kadenpa npuxnaaHoii MaTeMaTHKH

I[I/ICI_[I/IHJII/IHa «COBpeMeHHbIe NMporpaMmMHbI€ U TEXHOJIOIHYECCKUE KOMIVIEKCBD)>

BUJIET Ne 1

1. IlepeuncauTe OCHOBHOE IpOrpaMMHOE OOecreyeHHe, OCHOBAaHHOE Ha METOJIe KOHEYHBIX 3JEMEHTOB
(CAD/CAE, CAIIP), koTOpoe MPUMEHSETCS U pacdeTa CTPOUTEIBHBIX KOHCTPYKITHA.

2. Yto Takoe KOHE4YHO3JeMeHTHast ceTka? Kak oHa BiuseT Ha pe3ynbTar perieHus 3axaun? Kak Bbinosi-
HSIETCS UCCIIEI0BAaHUE CXOAUMOCTH 110 CeTKe?

BUJIET Ne 2

1. Kakue oCHOBHbIE IIPUIIOKEHHUS, BXOASIINE B COCTaB MPOrPaMMHOI0 KOMILIEKca Ansys, IPUMEHSFOTCS
IIPU BBINOJIHEHUH aHAJIM3a HANPSHKEHHO-Ie(OPMUPOBAHHOTO COCTOSHUS KOHCTPYKLUI?

2. IlepeuncauTe OCHOBHBIE BU/Ibl TPAHUYHBIX YCJIOBUM, IPUMEHSIOIIMXCS MIPU PELLIEHUU KpaeBoil 3a1aun
JUIsl YPaBHEHUN YIIPYTOCTH.

BUJIET Ne 3

1. Kak Ha3piBaeTcs cucreMa TuddepeHMaTbHbIX YPaBHEHHH B YaCTHBIX MPOM3BOJHBIX, OMHUCHIBAIOIIAS
HaNpsHKEHHO-/1e()OPMUPOBAHHOE COCTOSIHUE?

2. Ilepeuncnante OCHOBHBIE METObI PEIICHUSI CUCTEM JIMHEWHBIX alre0pandeckux ypaBHEHUi, KOTOpbIe
MIPUMEHSIIOTCS MPU PELICHUH 3a/1a4 B KOHEYHOZJIEMEHTHBIX POrPaMMHBIX KOMITJIEKCaX.

BUJIET Ne 4

1. ®opmynupoBKa KpaeBoil 3a/1a4u JIJIsl YpaBHEHUH yIIPYTrOCTH.
2. JlaTh KpaTKoO€ OMHCAaHHE MPOLEAYPhl PEUICHUs 3a7aun (aHaIK3 HaMPsHKEHHO-AePOPMUPOBAHHOTO CO-
CTOSIHUSI KOHCTPYKITUH) C TIOMOIIBIO MMPOTPAMMHOTO KOMITJIEKCa Ansys.

BUJIET Ne 5

1. YeM oTimyaeTca aHAIMTUYECKOE PEIICHHE MAaTEMATHYECKOM 3a1a4uM OT YUCICHHOTO pelieHus?

2. C noMonibl0 KakUuX OCHOBHBIX NMPUJIOKEHHUM, BXOJSIIMX B COCTaB MPOTPaMMHOTO KOMILIEKca Ansys,
MOYKHO BBINIOJIHATH TEOMETPUYECKOE MOAeIpoBanre? [ 4ero ucnosib3yroTcsi F€OMETPU-YECKUE MOJIE-
mm?



Kpurepun onenkmn:

- OLIEHKA «3a4TEHO» BBICTABISETCA CTYACHTY, €CIIM OH 3HACT TEPMHHBI U ONpPEACICHNs, OCHOBHOW MaTe-
pHaT JUCIUILINHEL, 1aET NPAaBIIIBHBIC OTBETHI HA JIOTIOJHUTEIBHBIE BOIPOCHI;

- OIICHKA «HE 3a4TE€HO» BBICTABIISICTCS CTYJCHTY, €CJIM OH HE 3HAET TEPMHUHOB U ONPEACICHNIA, 3HAUHU-
TEJIFHOM YacTH MaTepHaja AUCHUILIMHBL, HEMIPAaBIIFHO OTBEYAaeT Ha OOJIBIIMHCTBO BOIIPOCOB, JIOMTYCKAET
rpyObIe OIIHOKH.

CocraBuTeib M.H. [Jaaunos

3aBenyromuii kageapoii 10.E. Bocko6oiHUKOB

«01» nrons 2021 r.



MUHUCTEPCTBO HAYKHU U BBICILIETO OBPA30BAHUS
POCCUIICKOI ®EJIEPALTIN

(benepanbHOE rocy1apCTBEHHOE OIOIKETHOE 00pa30BATENBHOE YUPEKACHUE
BbIcIIero obpazoBanus «HoBocuOUPCKUil rocy1apCcTBEHHBIN
apXUTEKTYPHO-CTPOUTENbHBIN yHUBEepcUTET (CUOCTPUH)»

Kadenpa npukiaanoii MaTeMaTuKH

KoMILJIeKT TeCTOBBIX 3aJaHUM

IO JUCHUITIIMHE «COBpeMeHHbIe NporpaMMHbI€ 1 TEXHOJIOIHYECCKUE KOMILVIEKCBD»

Coneprxanue 3agaHus

IIpa-
BHJIb-
HBIN
OTBET

dopmupy-
emasi KOM-
IIETEHLHS

Bpewms
BBIIIOJI-
HEHUs
3a/laHus,
MUH

3aaHusl 3aKPbHITOr0 THIA

Br16epuTe TUIIBI TEJ, KOTOPHIE UCTIONb3YIOTCSI B TEOMETPU-
YEeCKUX pelaKTopax Ansys.

1. Tena-nmuHMUN, TENa-IIOBEPXHOCTH, OObEMHBIE TEIA.

2. 'unepIiocKoCTH, Tena-IOBEPXHOCTH, KOOPIUHATHBIE
IUIOCKOCTH.

3. Ilupamuipl, IPU3MBI, TEKCAIAPBI, TETPAIIPHI, TPEYTOJIb-
HHUKHU, YCTBIPEXYT'OJIbHUKH, OTPE3KHU, MHOI'OMECPHBIC TECJIA.

4. Tena-muHUM, CIUTAHHBI TEJIA-TIOBEPXHOCTH, 0OBEMHBIE Te-
J1a, OJTy0eCKOHEeUHbIE 00J1aCTH MPOCTPAHCTBA.

OIIK-2

Bri6epuTe TUIIBI TPAaHUYHBIX YCIOBHM ISl ypaBHEHHSI CTa-
MOHAPHOW TETUIONPOBOJHOCTH.

1. OxnaxxeHue UM HarpeBaHue.

2. 3a/laHHBIC TEMITEPATYPHI, 33JaHHBIE TETJIOBBIC TTIOTOKH,
KOHBEKTHBHBIN TETNIOOOMEH C OKpYXKAroIIel cpeoit, 3a1an-
HBIC IJIOTHOCTH TEIUIOBBIX TOTOKOB, YCIIOBHS TyYUCTOTO
TerI000MeHa.

3. 3a1aHHBIE CKOPOCTH U3MEHEHUS TEMIIepaTyp.

4. 3ajaHHble TEIJIOBBIE MOTOKU, KOHBEKTUBHBIN TEIIIO0OMEH
C OKpY>Karollen cpeio, 3aJaHHbIE TTIOTHOCTH TEIJIOBBIX
MMOTOKOB, 00BEMHBIN UCTOYHUK TEIIA.

OIIK-3

[Iepeuncinre THUIIBI TPAHUYHBIX YCIIOBHM JUUISl ypaBHEHUHN
YIIPYTOCTH.

1. O0beMHbIE CUITBI, CUIIBI TPEHUS, BHYTPEHHHUE CUJIBI, CHIIbI
MHEPLHNH.

2. CocpeIOTOYEHHBIE CUIIBI, PACTIPEAEIICHHBIE IT0 TOBEPXHO-
CTH CHJIbl, BHYTPEHHHUE CHUJIBL, THIPOJUHAMUYECKHUE CUJIBI.

3. Cxopoctu nedopmaruu, Ha4aJIbHbIE CKOPOCTH JBUKEHUS
TEJ, 3aJaHHbIE YCKOPEHMUS.

4. 3ajaHHble IEpEMEIECHNs], 3aJaHHbIE HANIPSKEHUS.

OIlK-2

UccnenoBanue cX0QUMOCTH MO CETKE BBIMOIHAETCS C 11e-
JIBIO:

1. onpeneneHus KauecTBa CETKU

2. IOATBEPKICHUS JOCTOBEPHOCTH MOJIYYEHHOTO pe3yJIbTa-

OIIK-2

10

10



Ta YUCJIICHHOI'O pCHICHUSA

3. OICHKHU BCIIMYUHBI TOTPCUIHOCTU YHUCJICHHOTO PCIICHU A
4, OLICHKHU BJIMAHUA CETKH HA PE3YJIbTAT YHCICHHOI'O PEIIC-
HHUA

5 | Annpokcumupyromas GyHKIUS IS KOMITIEKC-3JIeMEHTa OIIK-3 10
COJIEPKUT:
1. TpaHCLeHIEHTHBIE (PYHKIIUU
2. KOHCTaHTY, YWIEHBI BTOPOTO, TPETHETO U 00JIee BHICOKHX
MOPSAIKOB
3. KOHCTaHTY, JTUHEHHBIC YICHBI
4. KOMIUJICKCHBIE YKCIia
6 | Annpoxcumupyromas GyHKIHS 11 CUMILIEKC-3JIeMEHTa OIIK-3 10
COJICPKUT:
1. TpaHCcUeHeHTHBIC (DYHKIIUN
2. KOMIUJIEKCHBIE YHCIia
3. KOHCTAHTY, JIWHEHHBIC YWICHBI
4. KOHCTaHTY, YJIEHBI BTOPOTO, TPETHETO U 00Jiee BEICOKUX
TTOPSIJTKOB
7 | I'eoMmerpruueckue peqakTopsl, BXOAALIME B COCTAB IIPO- OIIK-2 5
rpammHoro komiuiekca Ansys (CAD-cuctemsi):
1. DesignModeler, SpaceClaim Direct Modeler
2. AutoCAD, ArchiCAD, NanoCAD
3. DesignModeler, SpaceClaim Direct Modeler, Parasolid
4. Parasolid, STL, STP, SAT, IGS, DWG
8 | CerouHble reHEPATOPHI, BXOASAIINE B COCTAB POIPAMMHOIO OIIK-3 5
KoMmIuIekca Ansys:
1. CFX, Fluent, Mechanical APDL
2. Ansys Meshing, ICEM, SpaceClaim Meshing, Fluent
Meshing
3. Gmsh, SALOME
4. Mechanical APDL, Workbench, Ls-dyna
9 | Cucrema ananuza B obonouke Workbench, npennasnayen- OIIK-3 5
Has JJIs aHAJIM3a HaIPsHKeHHO-1e()OpMUPOBAHHOTO COCTOS-
HUs KOHCTPYKIUN B CTATHYECKON ITOCTaHOBKE:
1. Steady-State Thermal
2. Static Structural
3. Transient Structural
4. Mechanical Model
10 | MeToa KOHEUHEBIX DJIIEMEHTOB — 3TO: OIIK-2 5
1) MeToJ anmpokcuMaIuu GyHKIIMH MHOTHX TIEPEMEHHBIX
2) METOJT YMCIICHHOTO UHTETPUPOBaHUS (DYHKITUH MHOTHX
MIePEMEHHBIX
3) meton pernenus 3aaa4u Komu 171 0ObIKHOBEHHBIX JTU (-
(dhepeHIManbHbIX YpaBHEHUH
4) MeTOJT pelIeHUS] CUCTEM JIMHEHHBIX anre0pandecKux
YpaBHEHUI
11 | Cucremsl ananuza B obonouke Workbench, npeanasnayen- OIIK-2 5

HBIC JIJISl aHAJIM3a HAPSHKEHHO-TIE(OPMHUPOBAHHOTO COCTOSI-
HUS KOHCTPYKIMH B JMHAMUYECKOM MOCTaHOBKE:

1. Transient Thermal, Coupled Field Transient

2. Rigid Dynamics, Explicit Dynamics

3. Transient Structural, Ls-dyna, Explicit Dynamics, Har-

11



monic Response
4. Eigenvalue Buckling, Modal, Harmonic Response

12

Cucrema ananuza B obonouke Workbench, npenna3nayen-
Has IJIs PEIICHUs] YpaBHEHUS CTAllMOHAPHOM TEIIONPOBO/I-
HOCTH:

1. Steady-State Thermal

2. Static Structural

3. Coupled Field Static

4. Transient Thermal

OIIK-2

13

Cucrema ananusa B obonouke Workbench, npennaznauen-
Hasl JUTsl PEIICHHsI YPAaBHEHHSI HE CTAllMOHAPHOM TETUIONPO-
BOJIHOCTH:

1. TUIOTHOCTB, yAeNbHAs TEIUIOEMKOCTh

2. IOTHOCTh, KOAPDUIIUEHT TEIIIONPOBOTHOCTH

3. k03P PHUITUEHT TEMIONMPOBOHOCTH

4. IUIOTHOCTB, KO3(P(PULIMEHT TETIIONPOBOAHOCTH, YACTbHAS
TEIIOEMKOCTb

OIIK-3

14

Cucrema ananmsa B obomnouke Workbench, npennaznauen-
Hasl JUIsl onpeieneHus GopM moTepu YCTOMYMBOCTH KOH-
CTPYKIUH U KPUTHYCCKHUX CHIL:

1. Transient Structural

2. Eigenvalue Buckling

3. Coupled Field Transient

4. Ls-dyna

OIIK-2

15

Kakue u3 HIKenepeurciIeHHbIX CBOMCTB MaTepUaIOB Tpe-
Oyercs 3a7aTh JJIs1 BBIOJIHEHHS aHAJIN3a HECTAITMOHAPHBIX
TeMIIepaTypHBIX MO B KOHCTPYKLUU?

1. KoaddunmeHT Tpenus, mioTHOCTb, IPEeAe MPOYHOCTH.
2. IIpenen npoYHOCTH U IPEJEN TEKYUECTH.

3. [110THOCTD, TBEPIOCTb.

4. Moayns ynpyroctd v Koapduuuent Ilyaccona.

OIIK-3

16

B 6ubnnoTexe KOHEUHBIX 351IeMeHTOB permarens Ansys Me-
chanical APDL snemeHTHI Ha OCHOBE T€OpUU U3rHba 6amok
HOCST Ha3BaHUs (Teopusi TUMOIIEHKO):

1. BEAM, LINK, CABLE, REINF

2. BEAM, PIPE, ELBOW

3. SOLID, SHELL

4. MPC, COMBIN, REINF

OIIK-3

17

B 6ubnuoTeke KOHEUHBIX 2NIeMEHTOB permarens Ansys Me-
chanical APDL srnemeHTBI Ha OCHOBE TE€OPUU U3rMoa 1ia-
CTHH U 060souek (Teopus MunanuHa-Peiicaepa):

1. BEAM, LINK, CABLE, REINF

2. BEAM, PIPE, ELBOW

3. SOLID, PLANE, SHELL

4. SHELL, SOLSH

OIIK-2

18

[TepeuncnuTe TUIIBI TPAHUIHBIX YCIIOBUH, HCTIOIB3YIOIIHECS
B cucTeMe aHanu3a Static Structural:

1. Force, Moment, Pressure, Displacement

2. Temperature, Heat Flow, Heat Flux

3. Normal Stress, Force Reaction, Moment Reaction

4. Sliding Distance, Frictional Stress

OIIK-2

19

Kakue u3 HWXXCIICPCUNCIICHHBIX CBOMCTB MaTCpUaJIOB TPC-

OIIK-3

12



OyeTcs 3a7aTh JIsl BHIIIOJIHEHUS aHAIN3a HAIIPSKEHHO-
1e(OPMUPOBAHHOTO COCTOSIHHSI KOHCTPYKIIMH B CTATHYE-

CKOH ITOCTaHOBKe?

1. KoapummeHT Tpenusi, maoTHOCTh, MPeIesl IPOUYHOCTH.
2. [Tpenen npoYHOCTHU U NMPEJET TEKYUECTH.

3. I1n0THOCTB, TBEPIOCTb.

4. Monaynb ynpyroctu u kodddunuent [lyaccona.

33}13]—[1/[5[ OTKPLITOI'0 THUIIA

1 | Pesynbrar nuckperusanuu pac- | KoHeuHossieMeHTHas ceTka OIIK-3 10
YETHOH 00JIaCTH, OIIMCAHHE €€
reOMETPHH € IIOMOLIbI0 Habopa
NPUMUTHBHBIX (QUTYp, KOHEU-
HBIX 2JIEMEHTOB, UMEIOILUX
(bopMy YETBIPEXyroIbHUK, TPe-
YTOJIBHUK, OTPE30K, FeKca’ip,
nupamua, IpusMa, TeTpasap —
370 ...

2 | Kakue matepuanbHble napamer- | [1m10THOCTH, MOAYIb YIPYTOCTH, OIIK-3 10
PBI BXOAST B ypaBHEHUs JMHA- ko3 duuuent [lyaccona
MUYECKOW TEOPUH YIPYTOCTH?

3 | Kakue matepuanbuble napamet- | Koaddunuent reronposoanoctu | OITK-2 10
PBI BXOJIAT B ypPAaBHEHUS CTallU-
OHAPHOI TEIIONPOBOAHOCTU?

4 | Kakue matepuansubie mapamer- | Koadduuuent rermonpoognoctu, | OIIK-2 10
PBI BXOAST B ypaBHEHUS HE CTa- | yJelbHas TeIIOEMKOCTb, IJI0T-
LIMOHAPHOM TEIJIONPOBOAHOCTU? | HOCTh

5 Kakumu ciocobamu ocymects- | M3omoss, TabnuyHoe mpeicTaBie- OIIK-3 5
nsieTcs rpaguyeckasi BU3yasu- HUuE QYHKIUU
3anus GyHKLIMH MHOTHX Iepe-
MEHHBIX, IOJTYYEHHBIX B PE3YJIb-
TaTe peUIeHMs 3a1a4u?

6 | Pesynprarom pemenus kpaeBoil | BexTop-dyHKIMs nepemerieHuii, OIIK-3 5
3aJ1a4M JUIsl CHCTEMBl YPaBHEHUSI | BEKTOP-(YHKIUS HANPSKEHUI
YIIPYTOCTH SBJISIOTCS ...

7 | PesynpraToMm pemeHns kpaeBol | @yHKIMA TEMIEpaTypsl, BEKTOP- OIIK-3 5
3aJ1a4M JUIsl YpaBHEHUSI TEILI0- (byHKLUS TUIOTHOCTH TEIJIOBOTO
MIPOBOJHOCTH SIBJISIFOTCH ... MOTOKA

8 | Ilpu pemenuu 3ai1aun quHamu- | HaganbHble yenoBus / HadansHble | OIIK-3 5
KM KOHCTPYKLIUU KpOME Ipa- CKOPOCTH
HUYHBIX YCIIOBUI HE00X0AUMO
3a]1aTh ...

9 | Ilpu pemieHnn ypaBHEHHUs He- Hauanbuble ycnoBus / HauanbHbie | OITK-3 5
CTallMOHAPHOM TETIONPOBOJIHO- | TEMIIEpaTyphbl
CTH KPOME I'PaHUYHBIX yCIOBUU
Heo0XO0InMO 3a1aTh ...

10 | B npouecce pemenus HenuHen- | Cxoaqumoctu OIIK-2 5

HO 3aa4M I10JIb30BaTCIIb JOJI-
JKCH OCYHICCTBIIATH KOHTPOJIb ...

13



Kpurepun onenkmn:

- OLIEHKA «3aYTEHO» BBICTABIIAETCS CTYAEHTY, €Clii HabpaHo cBbliie 70 6aios;

- OII€HKA «HE€ 3a4TCHO» BBICTABJIACTCA CTYACHTY, €CIIN Ha6paH0 MeHee 70 0aIoB.

CocraBuTenb

M.H. /{anunos

3aBenyromuii kadeapoit

«01» urons 2021 .

IO.E. BockoOoitHHUKOB
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MUHUCTEPCTBO HAYKHU U BBICILIETO OBPA30BAHUS
POCCUIICKOI ®EJIEPALTIN

(benepanbHOE roCy1apCTBEHHOE OIOIKETHOE 00pa30BATENIBHOE YUPEXKACHUE
BbIcIIero obpazoBanus «HoBocuOUPCKUil rocy1apCcTBEHHBIN
apXUTEKTYPHO-CTPOUTENbHBIN yHUBEepcUTET (CUOCTPUH)»

Ka(bez[pa CTPOUTECJIBHBIX MATEPUAJIOB, CTAHAAPTU3AlINA U CepTI/I(l)I/IKaIII/II/I

KoMILJIeKT TeCTOBBIX 3aJaHUM

IO JUCHUITIIMHE «COBpeMeHHbIe NporpaMMHbI€ 1 TEXHOJIOIHYECCKUE KOMIIVIEKCBD>

Ne ConepxaHue 3a1aHus IIpa- ®opmupye- Bpems
3a1a BWJIbHBIM | Masi KOMIE- | BBIIOJHE-
na- OTBET TEHLUs HUs 3a]a-
HUS HUS, MUH
3agaHus 3aKpbITOr0 THIIA
1 | Tunel CTpYKTYpHBIX CBA3EH B IUCIEPCHBIX CUCTEMAX: 4 OIIK-2, 5
1. Ban-nep-BaanbcoBble, 1CEBIOKOH/IEHCAIMOHHBIE, OIIK-3
KOaryJisi{uOHHbIE
2. KonaeHcaloHHbIe, XUMUYECKUE, KPUCTAUIN3ALIH-
OHHBIE
3. Koarynsauuonnsie, Ban-nep-Baansca
4. KoHzieHCallMOHHO-KPUCTAIUIN3allMOHHBIE, KOAryJIs-
LMOHHBIE, TICEBJIOKOHICHCAIIIOHHBIE
3ajaHus OTKPHITOr0 THIA
1 CKOIBKO OIBLITOB HEOOXOIUMO 4 OIIK-2, 10
IIPOBECTHU NIPH IUTAHUPOBAHUH 2- OIIK-3

9 (paKTOpHOTr0 dKCrIepuMeHTa?

Kputepun onenkn:

- OIIEHKA «3aUTEHO» BBICTABIISIETCS CTYACHTY, eclii HabpaHo cBbie 70 6amios;
- OLIEHKA «HE 3aUYTE€HO» BBICTABIISIETCS CTYJEHTY, €clii HaOpaHo MeHee 70 Gaios.

Cocrasutens: I'.11. CtoposkeHKO




MUHUCTEPCTBO HAYKU U BBICILIETO OBPA30BAHUSA
POCCUIICKOI ®EJIEPALTIN

(benepanabHOE rocy1apcTBEHHOE OIOKETHOE 00PAa30BaTEIIBHOE YUPEXKICHUE
BbIcIIero obpazoBanus «HoBocuOUPCKUil rocy1apCcTBEHHBIN
apXUTEKTYPHO-CTPOUTENbHBIN yHUBEepcUTET (CUOCTPUH)»

Kadenpa npukiagHoii MmaTeMaTuKu
KommniekT pa3HOypOBHEBBIX 3a/1a4 (3a1aHN)

IO JUCLMIIIIMHE «COBpeMeHHbIe NpOorpaMMHbI€ 1 TEXHOJIOIHY€CKHE KOMIVIEKCBD>

3agauu 6a30B0ro ypoBHsi

3amaua 1. [loctpouts 2D reoMeTpruecKyro MOJIENb U BBITOJHUTH T€HEPALMI0 KOHEYHOIJIEMEHTHOW CETKH U3
ANIEMEHTOB ()OPMY TPEYTOJIBHHKA JUIS 3aMKHYTOH 00J1aCTH, N300paXKEHHOW Ha PUCYHKE 1.

Puc. 1. 'eomerpuyeckas KoHQUTypauus

3anaya 2. YHUCIEHHO peUINTh KPaeBYIO 3a/auy Ul YpaBHEHUS TEIJIONPOBOJHOCTU C HCIIOJIb30BAHUEM
naketa Ansys. ['eomerpus pacueTHoii obiactu nzobpakeHa Ha pucyHke 1. Pasmeps! cropon 'y u I's co-
ctaBisAtoT 10 cM; pannyc KpUBOJIMHENMHOM TpaHuIbl —2 cM. ['paHnYHbBIE yCIOBUS:
1) T(x) = 100 °C, VX eI,
oT (x)
n
3) I(x)=0°C, VXeI}

2) =25, vxel,

3aga4yu MPOABUHYTOI0 YPOBHA

3agava 1. IToctpouts 3D reoMeTpUYECKyrO MOJENb M BBINOJIHUATH TEHEPALMIO KOHEYHOIEMEHTHOM CETKU C
npeobIaaHueM I1eMEHTOB (OpMBI TeKcadIpa sl 3aMKHYTOM 001acTH, N300payKEHHOM Ha PUCYHKE 2.
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Puc. 2. 'eomerpuueckas KoHpUrypanus

3anaya 2. YUCIEHHO peLINTh KPaeBYIO 3a/auy JUlsl YPAaBHEHUS TEILIONPOBOJHOCTU C HCIIOJIb30BAaHHEM
naketa Ansys. ['eomeTpust pacueTHOM oOmacTn n300paxkeHa Ha pucyHKe 2. [ paHUUYHBIE YCIOBHS:

1) Ha HwkHel rpanu 7(x) = 100 °C,

2) Ha OCTaJbHBIX MOBEPXHOCTSIX 33J1aTh YCIOBUS KOHBEKTHBHOTO TEINIOOOMEHA C OKPYKAIOIIEH CPeIoi.

Omnpenenuts Temneparypsl B Toukax 4, B u C. [1ocTpouTbh H30KOHTYpBI pacipeesieH s TeMIepaTyp.
3agauu yriiy0JieHHOTro ypOBHA

3amaua 1. [loctpouts 3D reomeTpudecKyro MOJENIb U BBIIOJHUTH FEHEPALMI0 KOHEYHOIJIEMEHTHOM CETKU C
npeobIaaHueM IEMEHTOB (POpMBI TeKcadIpa ISl 3aMKHYTOM 00J1acTH, N300paKEeHHON Ha PUCYHKE 3.

T

\-\ "
a8

Puc. 3. lerans

17



3anava 2. M3BecTeH maTepuai, U3 KOTOPOro BbiojgHEHa AeTanb — ctanb 36HXTHO. Jlns nanHoro mare-
pHana HAlTH B CIPABOYHHKAX 10 (PM3HUKO-MEXAHHUECKHM CBOMCTBAM MAaTEPHANIOB : MOIYNb YIIPYTOCTH,
kodpunuent Ilyaccona, mIOTHOCTh, MpeAET TEKYYECTH, TEIIONPOBOAHOCTD, YACIbHYIO TEIUIOEMKOCTD,
KO3 PHUIMEHT TMHEHHOTO TEMIIEPATYPHOTO PACIIMPEHHSL.
Bb10paTh IpON3BOIBHYIO CXEMY HarpyKE€HUs J€Tajau, BKIIOYAIOILYIO:

- pPaBHOMEpPHO paclpe/eieHHYI0 Harpy3Ky Ha HEKOTOPYIO TOBEPXHOCTb (AaBICHUE);

- COCpPEIOTOYECHHYIO CHIIYy Ha HEKOTOPOW MaJIOW YaCTHU MOBEPXHOCTH;

- MOMEHT (CHJI0BOM (paKTOp, BBHI3BIBAIOIIHI TTOBOPOT);

- KECTKYIO 3a/IeJIKy (OrpaHUYEHHE NIOCTYNATEIbHOTO JBUKEHUS U IOBOPOTOB).

BBINONHUTE KOHEYHORJIEMEHTHBIN aHAINU3 HaNpsKEHHO-Ie(OPMUPOBAHHOIO COCTOSIHUS JETaI B
JIMHEWHO-YIIPYTrOMf IIOCTAaHOBKE IIPU JEWCTBUU CTATHYECKUX MEXaHUYECKUX HAarpy3ok. BennunHbl Harpy-
30K M3 . 3 mopoOpaTh TaKMMHM, YTOOBI SKBUBAJEHTHBIE HalpspKkeHHs 1o Musecy He mpesbimanu 1/10
npenena MNpoOYHOCTH Marepuasia. OnpenenuTb NPEeAcibHYI0 BEIUYMHY PaBHOMEPHO paclpelesIeHHON
Harpy3kH, KOTOpPYIO JieTallb CHOCOOHA BOCIIPHHATE 0€3 paspylleHHsl U Mepexo/ia B CTa/INI0 IJIaCTHYECKO-
ro neopMupoBaHus (BCe OCTaIbHbBIC HATPY3KH MPUHITH HEM3MEHHBIMH).

BeimonHuTe aHanu3 pesynbraToB pacdera. [locTpouTh M30mois nepemelneHuil, nepopmauuii u
HanpspkeHnd. Onucarh MOJydYeHHbIE PE3YJIbTaThl MUCbMEHHO.

Be1OpaTh Npon3BOJIBHYIO CXEMY TEIIOBBIX BO3/IEHCTBUI HA JETalb:

- TIOCTOSIHHAs TeMIlepaTypa Ha HEKOTOPOW Majoi IOBEPXHOCTH JI€TaNH;
- TEIUIOBOM IOTOK;
- KOHBEKTHUBHBINM TEIJIOOOMEH C OKPYXKAIOIIEH CPEeIOH.

BBINOIHUTE KOHEYHOZJIEMEHTHBIN aHAJIW3 TEMIEPAaTypHBIX MOJEW B JETAIM B CTAllMOHAPHOW IO-
CTaHOBKE (TpU YCJIOBUH, YTO TEMIIEPATyphl HE MEHSIOTCSA B TEUEHUU BpeMeHHU). BennunHsl Temneparyp-
HBIX BO3EUCTBUM M3 M. 6 m0J00paTh TaKUMM, YTOOBI MaKCHUMajbHasl TEMIIEpaTypa JeTajld COCTaBIsjia
250-350 °C.

BbInonHuTE aHanM3 pe3yapTaToB pacdera. [IocTpouTs M30mo0i TeMIeparyp, TEIUIOBBIX MOTOKOB.
Onucarb NMOIy4YE€HHbIE PE3YJIbTAaThl IUCbMEHHO.

BBINONMHNUTE KOHEYHOZJIEMEHTHBIN aHAIN3 HaNpsHKeHHO-Ie(OPMHUPOBAHHOTO COCTOSHUS JETaId B
JUHENHO-YIPYro MOCTaHOBKE MPU TEMIEPATYpPHOM BO3JIEHCTBUH, paccUUTaTh TeMIIepaTypHbIE HaIpsi-
xKeHus u nepopmaruu. [loctpouts n3omois nepeMerieHuii, negpopmanuii 1 HanpsbkeHuid. Onmcath mo-
Jy4YeHHbIE PEe3yIbTaThl TUCHMEHHO.

CocTaBuTh OTYET, COAEPKALLMI: NCXOJHBIE JAHHbBIE, TOCTAHOBKY 3aJa4H, ONIMCAHNE XO0/a PEIICHUS
3aJ1a4M, MOJIyYE€HHBIE PE3YIbTaThI.

Kpurepun ouneHku:

OLIEHKa «OTJIMYHO» BBICTABIISIETCS CTYJEHTY, €CIIU NPOU3BEJCHBI BCE pacueTsl 0e3 OIIu-
00K, TaHbl IOSICHEHHUS K MTOJIyY€HHBIM PE3yJIbTaTaM C MPUIIOKEHUEM MOPSJIKA UX MOTYUECHHUS;

OLIEHKA «XOpOIIO», €CIIM MPOMU3BEIEHBI BCE pacdyeThl 0e3 OmMOOK CTYIEHT MOXKET 00b-
SICHUTb UX (PU3UYECKUI CMBICIT;

OLIEHKA «yJIOBJIETBOPUTEIBHO», €CIIM pacyeThl MPOU3BEACHBI C OLIMOKaMHU, OTHAKO CTY-
JICHT MOHUMAeT UX PU3NYECKON 3HAUEHUE;

OLIEHKA «HEYJOBJIETBOPUTEIBHO» €CIH MPOU3BEICHHBIE PACUEThI C/AETaHbl ¢ ONIMOKaMuU
U CTYJCHT HE MOKET OOBSICHUTD UX (PU3NYECKUI CMBICII.

S
CocraBurenb M.H. /Janunos

«01» nrons 2021 .

* (v
Cw. taxxke Mapounuku ctaneid, [OCTrl

18



MUHUCTEPCTBO HAYKU U BBICILIETO OBPA30BAHUSA
POCCUIICKOI ®EJIEPALTIN

(benepanbHOE rOCYAapCTBEHHOE OIOIKETHOE 00Pa30BATEIBHOE YUPEKIECHUE
BbIcIIero obpazoBanus «HoBocuOUPCKUil rocy1apCcTBEHHBIN
apXUTEKTYPHO-CTPOUTENbHBIN yHUBEepcUTET (CUOCTPUH)»

Kadenpa crponTtesibHbIX MAaTEPHATOB, CTAHAAPTU3ANUM U CePTUPUKAIIUH
KommniekT pa3HOypoBHeBBIX 3a/1a4 (3a1aHUil)

IO JUCLMIIIIMHE «COBpeMeHHbIe NpOorpaMMHbI€ 1 TEXHOJIOIHY€CKHE KOMIVIEKCBD>

3agauu 6a30B0ro ypoBHsi

3anaua 1. Pa3Butue U cOBEpIIEHCTBOBAHNE METOIOB BEICHHSI KJIACCUUYECKON TEXHOJIOTHH.
3amaua 2. [Tonck HOBBIX, IPOTPECCUBHBIX TEXHOJIOTHYECKUX MPOIIECCOB ISl BBITYCKA MPEXHEH MPOIYK-
M.
3anaya 3. Co3aHue HOBBIX TEXHOJOTMYECKUX IPOLIECCOB B CBSI3U C MOSIBJIEHHEM HOBBIX BUJOB IPOAYK-
M.

3agaum NpoABUHYTOI0 YPOBHS

3anaua 1. [TepBblii (HUKHUIT) YPOBEHb COCTOUT U3 ...

3amaua 2. Bropoii (cpennuii ypoBeHb — ypOBEHb MPOU3BOJICTBEHHOTO y4acTKa (11€Xa) COCTOUT HU3: ...
3amaua 3. K kakoil cucreMe OTHOCUTCS TPETH (BEpXHUI) YPOBEHb MTPOrPaMMH-TEXHOJIOTHYECKOTO KOM-
iexca?

Kpurtepun onenku:
- OIICHKA «3aUTEHO» BBICTABJISIETCS CTYACHTY, €CJIM CTYJACHT MMEET HABBIKM BBINOJTHEHUS! CTaHJAPTHBIX
y4eOHBIX 3aJaHHUIA;

- OLIEHKA «HE 3a4TE€HO» BBICTABIISIETCS CTY/JIEHTY, €CJIM HCTY/ICHT HE UMEET HaBBIKOB BBIMOJHEHUS yueO-
HBIX 3aJIaHUN.

Cocrasutens: I'.11. CTopokeHKO
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MHWHHUCTEPCTBO HAYKH 1 BBICIITET'O OBPA3OBAHMS
POCCUNCKOUN ®ENEPAIIMN

(enepanpHOE rocyJapCcTBEHHOE OIOIXKETHOE 00pa30BaTEIbHOE YUPEXKICHUE
BbIcLIero oopazoBanus «HoBocubupckuil rocy1apcTBeHHbIN
ApXUTEKTYPHO-CTPOUTENbHBIN yHHUBEPCUTET (CHOCTPUH)»

Kadenpa npuxiaaHoii MaTeMaTHKH
KommuekT 3aganuii 1JIsi KOHTPOJIbHON PadoThl

IO JUCHMITIIMHE «COBpeMeHHLIe NMporpaMmMHbI€ U TEXHOJIOTHYCCKUE KOMIIJIEKCHD)

Tema «Co31aHne reoMeTpuYeCKUX Mojaesiein»

CoznaTh reoMeTpuuecKyto (TBEpIOTEIbHYI0) MOJIENb JIETAIN 0 €€ HarliaIHOMY H300paxenuto (puc. 1).
I'eomeTpuueckoe MOJEIMpPOBaHKUE BBINOJHUTH C MOMOLIBIO MpuiiokeHuid Ansys DesignModeler nmm
Ansys SpaceClaim, mu6o apyroit nonodnoit CAD-cuctemsl. ['0TOBYI0 MOZENb SKCIIOPTUPOBATh B OJUH
U3 yHUBEpcalIbHBIX opMmaToB (aiinos (*.sat, *.stp, *.x_t, *.iges).

Puc. 1. [erans
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Tema «I'eHepanusi KOHEYHOIJIEMEHTHOM CETKH»
[TocTpouTh CeTKy I pacyeTHOM O0JIACTH, 3alaHHON T€OMETPUUYECKON MOJIENbI0, H300paKEHHON Ha pH-
cynke 1. TpeOyemast KoH(UTYpaLusl CETKH: MPe0dIaaHue JIEMEHTOB (POPMBI TeKCadIpa; SIEMEHTHI Iep-
BOro mopsiika (0e3 CpeIMHHBIX Y3JIOB); YBEJIHUEHHAs TJIOTHOCTh CETKH Ha KPHUBOJMHEHHBIX MOBEPXHO-
CTSIX.

BbInonHuTE aHaMU3 KayecTBa CETKU. BBIUMCINTD 3HAUEHUS CIEAYIOIIMX METPUK KauecTBa CETKHU:
AKOOHMAH, OPTOrOHAJILHOCTh, CKOILIEHHOCTb U JP.

Puc. 1. 'eomerpuueckast MOAeIb

Tema «KoHeuHO03/1eMEeHTHBIH aHAJHU3 HANIPSIKEHHO-1e()OPMUPOBAHHOI0 COCTOSHUA KOHCTPYKIMID)

JlaHa MexaHMYecKas CHCTeMa, IMPEACTaBIEHHYIO TOJCTOCTEHHBIM MOJIBIM IMIUHApOoM (TpyOoif). Ha
BHYTPEHHIOIO CTEHKY TPYyObI A€HCTBYET paBHOMEPHO paclpeeieHHas Harpy3ka (JaBieHue), a qedpopma-
LMY LWIMHAPA B OCEBOM HAIpPAaBJIEHUU CTECHEHBI (IIEpEeMEIEHUs] B OCEBOM HAIPaBICHUU OTCYTCTBYIOT,
T.€. UMEIOT HYJICBYIO BEJTUUHHY).

Tpebyercs BBIYMCIUTD NEpeMEIIeHHs, MEXaHUUecKue neopMallii U HaNpsHKEHUs, BOZHUKAIOIINE
B JJAaHHOM TBEPJIOM TeJle, T.€. ONPENEIUTh HANPsHKEHHO-1e(opMUpyeMoe COCTOSTHIE JaHHOW MeXaHuve-

CKOIl cHCTEMBbI, OMMCHIBAEMOE BEKTOP-PYHKIMEH MepeMeneHuit U(l”, go,z), BEeKTOp-pyHKLIMEN Aedopma-
005078 E(r, (p,Z) U BeKTOp-QyHKIMeH HanpsokeHuil O (r,(p,z).
Ha pucynke 1 mokazana pacueTHast o0jacTh M CXxeMa I'paHHYHBIX ycioBUM. M300pakeHa uiIMH-

JIpUYecKasi CUCTEMAa KOOPINHAT (I’, 0,z ) , KOTOpasi UCMOJB3yeTCs IPU PEIICHUH 3aJaUH.
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Puc. 1. Cxema 3amaun Jlame

Cucrtema ypaBHEHUH yIpYrocTH UMEET €IUHCTBEHHOE pelleHHe, KOTAa Ha TpaHule obnactu  3a-
JlaHbl 3HaYEeHUs1 UCKOMBIX BeIMUUH (u, €, o). [loaTromy chopmynupyeM kpaeByro 3anauy. Beenem crneny-
I0IIIME TPAHUYHbBIE YCIIOBUA (pHC. 2):

Dufr,p,z2) =0V {r,p,z} €I'y;

2) o,(r, ¢, z) =P VY {r, ¢, z} € I'y, Tne P — Benu4ynHa aBICHUS Ha BHYTPEHHIOIO MOBEPXHOCTh
TpyOBI

O_rr(Rl)z_P’ O_rr(RZ)z 0.
I

L

\\ N\ \\\\

L,

~

N\

i

L

Puc. 2. Cxema 3a/1aHusl TpPaHUYHBIX YCIOBHI

Dta KpaeBas 3a/1aua JiJIsl ypaBHEHUN yIpyrocTH HOCUT Ha3BaHUE «3ajnaya Jlamey. M3BecTHO ee aHa-
JUTUYECKOE peLIeHHe, IPeJICTaBIeHHOE (GOopMyIaMu:

2 2
u, (r) =§(1+V)%{(1_zv)r+&}
2 1

P R2 2
&, (i") =E(1+V)r]]22|:(1—2\/)—f2_2:| 5

P R’ R?

2 1

™
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R? R?

Gr"(r)zpﬂ 1_7/._; ;
E RZ Rz .
ow(i’):m[(l+v)g¢w+1/(9W]EPR22f1R12 1+r_§ ;
E R]2

2 1

o.. (r)=mv(gw +6‘W)52Pl/ﬁ.

3neck 7, ¢, z — KOOPAUHATHI TOUKU B IIMIIMHIPUUYECKON CUCTEME KOOPJAUHAT, X = {r, gD,Z} ,XeQ; u, (r) -

HEepeMEILEHNs B HAIIPABICHUH 7 (KOMIIOHEHTAa BEKTOpA MEPEMEILICHUA); &,, (I”) s E4p (I”) — OTHOCUTEIIb-

Hble AedopManuu (KOMIOHEHTBl TEeH30pa negopmauuil); O, (r), O (r), o, (r) — MEXaHUYECKHE

HanpsKeHUs (KOMIIOHEHThI TEH30pa HaNpsKeHUi); P — BeJIMYMHA paBHOMEPHO-PACIIPECIIEHHON Harpys3-
Ku; E, v — MexaHMuyecKnue XapakTepUCTUKHU MaTtepuaina; Ry, Ry — BHyTpEHHUHN U BHEIIHUN pauychbl TPYOBI,
COOTBETCTBEHHO.

HaiiTu uncnennoe pemienue 3ana4yu Jlame npu cieqyomux napameTpax:

- OCHOBHbIE reoMerpuueckue xapakrepuctuku: R; = 0.03 M (BHyTpeHHui paguyc), R, = 0.05 m
(Hapy>KHBIH paanyc);

- MEXaHUYeCKHe xapakTepucTuku marepuana: £ =200 ['Tla, v=0.3;

- BEJIMYMHA paBHOMEpHO-pactpeaeneHHon Harpy3ku P = 100 kI1a.

BreimonHuTth CPaBHCHUC YHUCJICHHOI'O M aHAJIIUTHUYCCKOI'O peH.IeHPIﬁ. HccnenoBaTh CXOAUMMOCTh IO
CCTKC.

Kpurtepun onenkn:

OLIEHKA «OTJIMYHO» BBICTABJISIETCS CTYJIEHTY, €CJIN IIPOU3BEJCHBI BCE pacueTsl 0€3 OIIM-
00K, 1aHbl NOSCHEHMS K MTOJYYEHHBIM pe3yibTaTaM ¢ IPUI0KEHUEM MOPSJIKA UX TOTY4YEHUS;

OLIEHKA «XOpOLIO», €CIIU MPOU3BEIEHBI BCE pacdyeThl 0€3 OMIMOOK CTYIEHT MOXKET 00b-
SCHUTH UX (PU3MUECKHUI CMBICIT;

OLICHKA «YyJIOBJIETBOPUTEIBHOY, €CIIM PacueThl IPOU3BEAEHBI C OLIMOKAMU, OJHAKO CTY-
JIEHT TIOHUMAET UX (U3NYECKOH 3HaUCHHE;

OLICHKA «HCYIOBJICTBOPUTCIIBHO» €CJIM NPOU3BCACHHBIC PAaCUYCThI CACIIaHbI C OIIMOKaMH
U CTY/IEHT HE MOXeT OOBSCHUTh UX (PU3NUYECKUN CMBICIL.

"
CocraBurenb M.H. /{anunoB

«01» uronsa 2021 r.
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MUHUCTEPCTBO HAYKHU U BBICILIETO OBPA30BAHUS
POCCUIICKOI ®EJIEPALTIN

(enepabHOE roCcyJapCTBEHHOE OIOXKETHOE 00pa30BaTEIbHOE YUPEKICHUE
BbIcLIero oopasosanus «HoBocubupckuil rocy1apcTBeHHbIN
ApXUTEKTYPHO-CTPOUTENbHBIN yHUBEPCUTET (CUOCTPUH)»

Kadenpa npukiaaanoii MaTeMaTuKH
TeMmbl cOO0LIEHMIT
no aucuuiuinie «CoBpeMeHHblIe MPOrpaMMHbIe U TeXHOJI0THYeCKHe KOMILJIEKChD»)

1. O030p KOHEUYHORJIEMEHTHBIX TPOrPaMMHBIX KOMILJIEKCOB I PEIICHUs 3a7a4 MPOSKTUPOBAHUS CTPOU-
TEJIbHBIX KOHCTPYKIIHA.

2. O0630p COBPEMEHHOTO TPOrPAMMHOTO 00ECIIEUEHUS JIsl TeHEePAIlUU CETKHU.

3. AHanu3 HaNpsHKEHHO-AC(OPMHUPOBAHHOTO COCTOSIHUS KeJIe300€TOHHON KOHCTPYKIIMH C TMOMOIIBIO
IIPOrPaMMHOTIO KOMILJIEKCa Ansys.

4. OnpIT IPUMEHEHHS MPOTPAMMHOI0 KOMILIEKCa Ansys K PEHICHUIO 3a/1a4i MPOSKTHPOBAHUS METaJUIH-
YeCKOW KOHCTPYKIHUU.

5. Cucrema onpeAensomuX ypaBHEHHH TE€OPUH MJIACTUYHOCTU U YUCIIEHHBIE METO/bl MHTETPUPOBAHUS
nuddepeHInanTbHO-aIre0panyecKux ypaBHEHHH.

6. HccnenoBanue mpouecca aehopMupoBaHUs KOHCTPYKIMH C IPUMEHEHHUEM KOHEYHOIJIEMEHTHOTO MO-
JIeIMPOBAHMUS.

7. llpumepbl IPUMEHEHUS YUCIICHHOTO MOJICJTUPOBAHUS MIPU BBHIMOJIHEHUH HAYYHBIX UCCIIEIOBAHUMI B 00-
JIaCTH MEXaHUKU jKeJie300€eToHa.

8. UccrnenoBanue BO3IeHCTBUSI BETPOBBIX HArpy30K Ha BHICOTHBIC 3/1aHMs. DKCIEPUMEHT B adPOIUHAMHU-
4eCcKOU TpyOe U YMCIIEHHOE MOJIETMPOBaHNE.

9. UcTopust pa3BUTHS KOHEYHOSJIEMEHTHOTO aHallM3a HaMpPsHKeHHO-1e()OPMUPOBAHHOTO COCTOSIHUS KOH-
CTPYKLIHUM.

10. AcrieKTbl IPUMEHEHUS METOJa KOHEYHBIX 3JIEMEHTOB MPU PEIICHUH 33/1a4 MEXaHUKH TPEIIUH.

Kpurtepun onenkn:

- OLICHKA «3aYTE€HO)» BBICTABISETCA CTYJIEHTY, €CIIM OH 3HaeT TEPMUHBI U ONpEEICHHs, OCHOBHOW MaTe-
pyal IUCIUILTUHBI, TaéT IPaBUIbHBIE OTBETHI HA IOTIOTHUTEIILHBIE BOIIPOCHI;

- OLICHKa «HE 3aYTeHO» BBICTABISETCS CTYICHTY, €CIM OH HE 3HAeT TEPMUHOB M ONpe/esICHUH, 3HaUM-
TEJNBHOM YacTH MaTepualia JUCIUTUINHBL, HEMPABIIIBHO OTBEYAET Ha OOJBIIMHCTBO BOIPOCOB, JIOIYCKAET
rpyObie OIINOKH.

<2
CocraBurenb M.H. /lanunoB

«01» uronsa 2021 r.
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MUHUCTEPCTBO HAYKHU U BBICILIETO OBPA30BAHUS
POCCUIICKOI ®EJIEPALTIN

(enepanpHOE rocyJapcTBEHHOE OI0IKETHOE 00pa30BaTEIbHOE YUPEXKICHNE
BbIcLIero oopazoBanus «HoBocubupckuil rocy1apcTBeHHbIN
ApXUTEKTYPHO-CTPOUTENbHBIN yHHUBEPCUTET (CHOCTPUH)»

Kadenpa npuxiaaHoii MaTeMaTHKH
KommuiekT 3aganuii 1J1s1 BHINOJHEHUs] pac4éTHO-rpadpuyeckoii padoTol

IO JUCHMIIIIMHE «COBpeMEHHBIe NMporpaMmMHbI€ U TEXHOJIOTHYCCKUE KOMIIJIEKCBD)

1. PeamuzoBare B makere MathCAD 4eThIpexyronbHbI JTMHCHHBIM KOHEYHBINA 3JIeMEHT (y3JI0BOH MmIald-
JI0H, 0a3UCHBIC (PYHKIMH W WX YaCTHBIC MTPOU3BOJHBIC). BBIOIHUTE HHTEPIONAINIO (QYHKITUH IBYX TIe-
PEMEHHBIX C TOMOIIbIO METO/]a KOHEUHBIX 3JIEMEHTOB. BBIUHCIUTE ONpeeieHHbIH HHTErpal o 00J1acTu
K93 ¢ momomsto kBagpaTypHsIx Gopmyn ['aycca.

2. PeamuzoBars B maketre MathCAD BBIUMCIHMTENBHBIA aNTOPUTM IS PEHICHUS KPAeBOW 3ajadd JUIs

ypaBHeHus [lyaccoHa ¢ mpuMEHEHHEM KOHEYHORJIEMEHTHOW almpoKCHUMaluu (YHKIUH MHOTHX Hepe-
MeHHBIX. Ha prucynke 1 mokaszana pacueTHast 007acTh M cXeMa 3aJJaHus TPAaHUYHBIX YCIOBHH.

“52_10

1
Puc. 1. Cxema 3a1aHus IpaHUYHBIX YCIOBUM, CETKA (YUCIaMU OTMEUYEHBI HOMEpA y3JI0B U 3JIEMEHTOB)

Pa3meps! npsimoyronsHuka: miuHa 6 e, mupuna 1 ea. Yron nakiona 30°. B toukax 4 u 6 3a7aHbl
3HaueHus: pynkuuu u (ycnosus Jupuxie), a Ha rpaHuile, oOpa3oBaHHOM y3namu 1, 2 u 5 3amaHo 3Haue-

. Ou . .
HHE NPOU3BOJHON 2n (ycnoBusa Heiimana). VictounnkoBslii uiieH B ypaBHeHuu IlyaccoHa OoTCyTCTBYeT:
n

f =0. 3anaua pemaercsa B 2D nocranoske. KoHeuHoaneMeHTHas ceTka 1MokazaHa Ha pucyHke 1. OOmiee
KOJINYECTBO y3J10B — 6. O0111ee KOIMYEeCTBO 3JeMEHTOB — 2. KoopiMHATHI y3710B IPUBEIEHBI B TAOIHUIIE:

Ne ya Koopnunara
X J
1 0 0
2 0.025981 0.015
3 0.020981 0.02366
4 —-0.005 0.0086603
5 0.051962 0.03
6 0.046962 0.03866
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ATNIpPOKCUMAIINIO UCKOMOM (YHKUIUHU #(X) BBIIOJHUTH C IMTOMOIIBIO YETHIPEXYTOJIIBHBIX JIMHEHHBIX
KOHEYHBIX JIEMEHTOB.

3. Pemnts KpaeByto 3anaqy, cOpMyIMPOBAHHYIO B II. 2, C HOMOIIBIO IPOrpaMMHOI0 obecrneyeHust An-
sys. CpaBHHUTb U POAHAIM3UPOBATH PE3YIAbTATHI, OoMy4eHHbIe ¢ ToMomsio MathCAD u Ansys.

4. C nomol11p0 TporpaMMHOro odecreueHusi Ansys MojayduTh YucieHHoe perienue 3anauu Kupa. Pac-
CMaTpUBAaETCs IIIOCKasi 00JacTh MPOU3BOJIBHOIO pasmepa u Gopmbl (puc. 1), pactsaHyTas paBHOMEPHO
pacmpesieieHHON Harpy3koi P, neicTByromel Ha rpaHulie oonactu B HampasieHuu X. O6macTs mpruood-
peTaeT OJHOPOJHOE HANPSHKEHHO-Ie(OPMUPOBAHHOE COCTOsIHME. B 065acTh BBOAUTCS OTBEpCTUE KPYT-
noi ¢popmbl. Jlnamerp oTBepCcTUs paBeH d.

Puc. 0. Cxema

Tpebyercst onpenenuTh HaPsDKEHUS B OKPECTHOCTU OTBEpCTUsl. VI3BECTHO aHAIMTHUYECKOE pellie-
HHE 3aJa4yd. B MOJApHBIX KOOpAMHATAX HANPSHKEHUA O, (paauaibHas KOMIOHEHTA), G, (OKpYXKHas KOM-
MIOHEHTA) U Ty, (KacaTeIbHOE) OTPEACISIOTCS (POPMYTaMH:

2 2 4
a a a
g =2 1——7J+ 1—47+3r—4]c052w

2 re 7
) a’ at
o, =2|| 1+ 55 || 1435 |cos29
2 e r
p at  _at
'E“D:—: 1+2T—37 51112([)
- 7 7

Ha rpanune otBepctus (ipu » = d/2)
o,=0,0,=p(1-2co0s2¢):

[ T
(rJU_} =3p [pH (pzi:

“

((J’m] =—p npu @=0.7
CpaBHI/ITB YHCJICHHOC U aHAJIUTUYCCKOC PCIHICHUA. HCCJ’IG}IOB&TB CXOOUMOCTD ITO CETKE.

Kpurtepun onenkmn:
OLIEHKA «OTJIMYHO» BBICTABJISIETCS CTYJIEHTY, €CJIN IPOU3BEJCHBI BCE pacueTsl 03 OIIM-
00K, 1aHbl OSCHEHMS K MTOJYYEHHBIM Pe3ybTaTaM ¢ MPUII0KEHUEM MOPSIKA UX TOTYUYEeHUS;

OIIEHKA «XOpPOILIO», €CIIU MPOU3BEIEHBI BCE pacdyeThl 0e3 OmHMOOK CTYyJIEeHT MOXKET 00b-
SICHUTDb UX (PU3UYECKHI CMBICIT;

OIICHKA «YHOBJICTBOPUTCIIBHO», €CJIU paCyYCThl ITPOU3BCACHBI C OH_II/I6KaMI/I, OJHAaKO CTYy-
JACHT ITIOHUMACT UX (I)I/I3quCKOI>'I 3HA4YCHHC,
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OIICHKA «HEYJOBJICTBOPUTEIHHOY» €CIH MPOU3BEICHHBIC PACUETHI CIIEIAHbI C OIUOKaMU
U CTYJCHT HE MOKET OOBSICHUTD UX (PU3NYECKUIT CMBICI.

<R
CocraBurenp M.H. lanunos

«01» urons 2021 .
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MUHUCTEPCTBO HAYKHU U BBICILIETO OBPA30BAHUS
POCCUIICKOI ®EJIEPALTIN

(enepanpHOE rocyJapcTBEHHOE OI0IKETHOE 00pa30BaTEIbHOE YUPEXKICHNE
BbIcLIero oopazoBanus «HoBocubupckuil rocy1apcTBeHHbIN
ApXUTEKTYPHO-CTPOUTENbHBIN yHHUBEPCUTET (CHOCTPUH)»

Kadenpa npukiaaanoii MaTeMaTuKH
Keiic-3agaua

IO JUCHMIIIIMHE «COBpeMEHHBIe NMporpaMmMHbI€ U TEXHOJIOTHYCCKUE KOMIIJIEKCBD)

1. Co3nate 3D-monens (TBEpAOTEIBHYIO MOJCIB) ST 0 €€ HArsJHOMY H300pakeHHUIo (puc.
1). T'eomeTpuveckoe MOAETHUPOBAHNE BBIIIOJHUTH ¢ IOMOIIBI0 puiioxkeHnid Ansys DesignModeler nm
Ansys SpaceClaim, nu6o apyroit mogo6Hoit CAD-cuctembl. ['0TOBYI0 MOJENb SKCIIOPTUPOBATH B OAHMH
U3 YHUBEpCAIbHBIX (hopMaToB daiino (*.sat, *.stp, *.x_t, *.iges) U NMPUIOKUTH K OTUETY.

2. N3BecTeH marepuall, U3 KOTOPOTo BbINOJIHEHA aeTainb — cTayib 36HXTHO. [Ins nannoro marepua-
Ja HaifTH B CIIPABOYHHKAX MO (H3MKO-MEXaHHUYECKHM CBOHCTBAM MATEPHAIIOB : MOLYNb YIPYroCTH, KO-
spdunuent IlyaccoHa, MIOTHOCTb, NMpeAEN TEKy4eCTH, TEIUIONPOBOJHOCTh, YAEIbHYIO TEIUIOEMKOCTS,
K03 HUIMEHT TMHEHHOTO TEMIIEpaTypHOTO PaCUIHPEHNUSI.

3. BeIOpaTh NpoU3BOJIBHYIO CXEMY Harpy»KeHuUs JeTalli, BKIIOYAIOILYIO:
- PaBHOMEpPHO paclpe/IeICHHYIO Harpy3Ky Ha HEKOTOPYIO IOBEPXHOCTD (J1aBJICHUE);
- COCPEIOTOYEHHYIO CUJIy Ha HEKOTOPOM MajIoi 4acTH MOBEPXHOCTH;
- MOMeHT (CuII0BOH (paKTOp, BBI3BIBAIOIINI TOBOPOT);
- JKECTKYIO 3aJIeJIKy (OrpaHMYEHHE OCTYNATEeIbHOTO IBUKEHUS U TIOBOPOTOB).

4. BBINONMHUTH KOHEYHORJIEMEHTHBIN aHallM3 HAMPSKEHHO-AePOPMUPOBAHHOTO COCTOSIHHSI JETaIH
B JIMHEMHO-YNPYroll MOCTAaHOBKE NPH JCHCTBHUM CTAaTUYECKUX MEXAHWYECKUX Harpy3ok. BenuuuHbl
Harpy3ok u3 M. 3 mogo0paTh TaKMMH, YTOOBI YKBHUBAJEHTHBIE HAMpPsDKEHUs Mo Musecy He MpeBBIIIATN
1/10 mpenena npouynocTu MaTepraia. OnpeaenuTh NpeaeTbHYI0 BETHYUHY PABHOMEPHO pacIpeaeIeHHON
Harpy3Kku, KOTOPYIO JeTallb ClIocoOHa BOCIPUHSTH 0€3 pa3pylIeHusl U Mepexo/ia B CTaUI0 IIIACTHUECKO-
ro neopMupoBaHus (BCE OCTAIbHbBIE HATPY3KH MPUHITH HEU3MEHHBIMU ).

5. BeInonHUTE aHanM3 pe3yapTaToB pacuera. [locTpouth u30mons nepeMerieHui, nepopManuii u
HanpspkeHni. OnucaTh MOJydYEeHHBIE PE3YJIbTaThl MUCBMEHHO.

6. BeiOpaTh MpoN3BOIBHYIO CXEMY TETLIOBBIX BO3/ICUCTBUN HA JI€TANb:
- TIOCTOSTHHAs TeMIlepaTypa Ha HEKOTOPOW Majoi MOBEPXHOCTH JIETaJH;
- TEIJIOBOU MOTOK;
- KOHBEKTHBHBINA TETJIOOOMEH C OKPYXKAIOIIEH CPEIOH.

7. BBINOJHUTH KOHEYHOAIEMEHTHBIN aHAIN3 TEMIIEPAaTypPHBIX MOJIEH B AETAIH B CTAlMOHAPHOM I10-
CTaHOBKE (TIpU YCJIOBHH, YTO TEMIIEPATYphl HE MEHSIOTCSA B TEUEHUH BpEMEHH). BennunHbl TeMneparyp-
HBIX BO3JIEHCTBHIA U3 M. 6 MOJ00paTh TaKUMH, YTOOBI MaKCHMallbHAs TeMIIepaTypa JAeTajld COCTaBJsia

250-350 °C.

¥ Cm. Taxoke Mapounuku cranei, FOCTst
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8. BBINOIHUTH aHaIu3 pe3yapTaToB pacuera. IlocTpouts n3onosns temneparyp, TEIIIOBBIX TOTOKOB.
Onucarb NONY4YEHHBIE PE3YJIBTAThl MUCEMEHHO.

9. BhBINOIHUTE KOHEYHORJIEMEHTHBINA aHaIN3 HANPSHKEHHO-1e(OPMUPOBAHHOTO COCTOSIHUS JI€TalN
B JIMHEWHO-YNPYrod TIOCTAaHOBKE MpPH TEMIEpPaTypHOM BO3JIEUCTBUH, PACCUUTATh TEMIIEpaTypHbIC
HanpspkeHus u nedopmanuu. [loctpouts u3omods nepeMenieHui, Aedhopmanuii U HanpspkeHuid. Onucarthb
MOJTyYEHHBIE PE3YIbTaThl MUCHbMEHHO.

10. CocTaBUTh OTUYET, COAEPKALIUNA: UCXOAHBIC JIAHHbIE, TOCTAHOBKY 3aJlayH, OMHCAHUE XOJa pe-
LIeHUSI 33/1a4H, TIOJTyY€HHbIE PE3YJIbTaThI.

Puc. 1. [erans

Kpurepun onenkn:

- OLICHKA «3a4YTCHO» BBICTABJIACTCA CTYACHTY, €CJIM OH 3HACT TCPMUHBI U OIIPCACIICHUA, OCHOBHOI MaTe-
puail IMCHUIIIINHBI, JlaéT MMpaBHUIIBHBIC OTBETHI HA JOIIOJHUTEIIBHBIC BOIIPOCHI;
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- OIICHKA «HE 3aYTEHO» BBICTABISETCS CTYICHTY, €CIM OH HE 3HACT TEPMUHOB M ONpEACIICHUM, 3HAUM-
TEJIFHON YacTH MaTepuana AUCLUITIMHBL, HETIPABUIBHO OTBEYAET HAa OONBIIMHCTBO BOIIPOCOB, JIOMTYyCKACT
rpyObIe OIINOKH.

Y —"
CocraBuTeib M.H. [Jaaunos

«01» nrons 2021 r.
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