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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, UHIUKATOPOB JAOCTHKEHMsI KOMIIETEHIIMHA U IOoKa3aTejaed oleHuBaHUs (pe-
3yJIbTATOB O0YUYEHHS 10 JUCLUUIUIMHE) MIPUBEeHa B 11.2.2 paboyeil mporpaMmbl TUCIUILTHHBI.

1.1 @opmuposanue komnemeHyuu
OneHnBaHUE YPOBHS OCBOCHHSI OOYYArOMIMMCS KOMIIETEHIIUN OCYILECTBISETCS ¢ MOMOIIbI0 (hopM
MPOMEKYTOUHOM aTTECTAI[MH U TEKYIIero KOHTpoJisi. DopMbl MPOMEXYTOUHOM aTTECTalluM U TEKYLIETO
KOHTPOJISI YCIIEBAEMOCTH T10 IMCUUIUIMHE, C TOMOIIbIO KOTOPHIX MPOU3BOIUTCS OIICHUBAHHE, YKa3aHbl B
yueOHOM 11aHe U B 11.4.1 paboueil mporpaMMbl AUCHUTUINHBL.
B pesynbTate ocBOEHUS AUCUUIUIMHBI Y 00yYaromerocs A0KHbBI ObITh COPMUPOBAHBI KOMITETEH-
WU

HaumeHnoBaHue kaTeropuu Kox 1 HauMeHOBaHME KOMIIETEHIIUU
(rpynmbl) KOMIETEHIIUH

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

[1IK-2. PykoBOACTBO MPOEKTHBIM IOAPA3JIEICHUEM IO MOATOTOBKE IPO-
eKkTHOI unu padoueit nokymenrtanuu (I1C10.021, 10.022).

1.2 Kpumepuu oyenusanus Komnemenyuil U wKaibl OYeHUBaHus
[Ipu mpoBeneHUN MPOMEXKYTOUHOM aTTecTanuud B (popMe 3auema UCIONB3YeTCs IIKajla OICHHBA-

HUS: «HE 3a4TEHO», «3a4TECHO».

[Toka3zaTensiMu OLICHMBAHUS SIBJISIIOTCA 3HAHUS, YMEHHS U HaBBIKM OOYYalOLIErocs, MOJTy4YEeHHBIE
IIPU U3YYECHUH TUCLUILIAHBIL.

Kpurepusmu orieHHBaHUS JOCTUKEHUS ITOKA3ATENEH SBIISIIOTCA:

IToka3arenn

Kpurepuit onenuBanus
OLICHUBAHUs

3HAHUsl TEPMUHOB, ONIPEEIICHHUM, TIOHSATUN;

00bEM OCBOEHHOTO MaTepHaia, yCBOCHUE BCEX TEM, pa3/IelIOB JTUCIUTIIINHEI,
3HaHus MOJIHOTA, CACTEMHOCTb, IPOYHOCTh 3HAHUIA;

MPaBUIILHOCTH OTBETOB Ha BOIIPOCHI;

YETKOCTh U3JI0KEHHSI H3YYEHHOI'0 MaTepuaa;

CTETEeHb CAMOCTOSITEIbHOCTH BBIMOJIHEHUS IeHCTBUS (YMEHHUS);
OCO3HAHHOCTb BBINOJIHEHUs eHCTBUS (YMEHHUS);

YmMenus YMEHHUE aHAJIU3UPOBATh N3YYEHHBIN MaTepHal;

yYMEHHE BHIOMPATh METOJUKY BBIIIOJIHEHUS 3aJaHUs;

YMEHUE BBIIOJIHATH 3aJaHus Pa3IM4YHON CI0KHOCTH;

HAaBBIKH CAMOIIPOBEPKHU, KaueCTBO C(HOPMUPOBAHHBIX HABHIKOB;

HAaBBIKM aHAJIN3a PE3YJIbTATOB BBINOJHEHUS 3aJaHUI, PEICHUS 3a/1a4;

HABBIKU TPEJICTABJICHUS PE3yIbTATOB PEIICHUS 3a7a4, KayeCTBO OOpMIICHHUS 3a/1a-
HUM;

HABBIKM OOOCHOBAHUSI BHIMIOTHEHUS 3a/IaHUH, PUHSATHUS PEIICHHIA,

OBICTPOTA M KAYECTBO BBITTOJTHEHUS 32/ IaHHIA.

HaBbeiku




2. TunoBbie KOHTPOJIbHbIEC 32JaHHUA 1JIs1 OleHMBaHUs (JOPMUPOBAHUA KOMIIETEHIMI NP NPOBe/ie-

HHMU NPOMEKYTOUYHOH aTTecTALMHU

2.1 IIpomesicymounas ammecmayusi no OUCYUNIUHE
®opma NpOMEKYTOUHON aTTECTALIUU: 3auem
[TepeueHbs TUMOBBIX BOIIPOCOB (3a/1aHUil) [IJIs1 MPOBEACHUS 3aueTa Bo 2, 3 cemecTpax:

HanmenoBanue
Kox dhopmu-
Haumenosanue pas- . MPUMEHSEMbIX
Ne TumoBsie BONPOCHI/3a1aHUs pyeMOH KOM-
Jernia TUCIUILTHBI OLIEHOYHBIX
HNEeTeHINH
CPEICTB
1 | BBeneHnue B cucTeMbl [K-2.1 DK3aMeHalOH-
aBToMatuszupoBanHoro | Beenenne. ANSYS Workbench. . Uc- | T1K-2.2 HBINA OmIeT
IIPOCKTUPOBAHUSA topus nakera ANSYS. OcHoBHbIE [IK-2.3 KoHntposbHas
KOMITOHEHTHI MTaKeTa U TUIIbl aHAJIN3A. pabota
Pabora B 060mouxke ANSYS PazHoypoBHEBBIE
Workbench. Monyne DesignModeler. 3aJa4y v 3a1a-
Pa6ora B moxyne DesignModeler. Co- HUS
31aHue u npeodpazosanue 3D moze- Jlokunan, cooOrie-
neii. Monyns ANSYS Meshing. M- HUe
MOPT U HAMpaBJICHHE FTEOMETPHH U3 PacuertHo-
BaemHux CAD cuctem. [loctpoenue rpaduyeckas pa-
cetku B Mosyie ANSYS Meshing 6ota
(rmo6anbHBIE METOTBI). Tect
Keitic-3amaua
2 | Pewenue 3a1ay c uc- OIIK-2.1 DK3aMeHaIOH-
II0JIb30BaHUEM IIPO- OIIK-2.2 HBIH Omer
IPAMMHOTO KOMILIEK- OIlK-2.3 KoHntponbHas
ca ANSYS pabota
Pa3zHoypoBHEBBIE
Pemienue 3a1au Mexanuku aedopmu-
3aJjauu U 3aj1a-
pyemoro tBepaoro tena B [IK
HUS
ANSYS. Pemenue 3a1ay MEXaHUKU
Jloknan, cooOrie-
nepopMUPYEMOTro TBEPOTO Tela B e
ITK ANSYS.
PacuetHo-
rpaduyeckas pa-
6ota
Tecr
Keiic-3amaua
3 | Pemenue 3anau mexa- | Pemenue 3agau mexanuku negpopmu- | [MK-2.1 DK3aMeHaIlOoH-
HUKH JlepopMupyeMo- | pyemoro tBepaoro tena B ANSYS [IK-2.2 HBIN Ouser
ro TBEPJOTO TeJIa Structural. Pemenue 3anay mexanuku | [1K-2.3 KoHnTtponbHas
nedopmupyemoro tera B ANSYS pabota
Structural. OcHOBHBIE TIOJIOKEHUS Me- PasnoypoBHEBBIE

TOJIa KOHEUHBIX 3JIEMEHTOB. Perenue
3amad B Moayiie ANSYS Mechanical.
Tunel aHanu30B (Mojieneii) u pemiare-
neit B ANSYS Mechanical. Untep-
¢eiic 1 ocHOBHBIE TPUEMBI paOOTHI B
ANSYS Mechanical. Yue6Hble npu-
MephI CTaTUYECKUX pacyeToB B AN-
SYS Mechanical. YuyeOuble npumepbl

3aJja4d ¥ 3a]a-
HUA

Jlokmaz, cooOre-
HHUC

PacuetHo-
rpaduyeckas pa-
oora

Tect




JMHamMu4yeckux pacuetoB B ANSYS
Mechanical. Pemenue 3ana4d B Mmoymne
ANSYS Mechanical. Buasr Harpy3ox
U 3aKperieHui. Pemenue 3agad B Mo-
nyine ANSYS Mechanical. YueGHbie
MIPUMEPHI CTATUYECKUX PACYETOB B
ANSYS Mechanical. Yue6Hubie npu-
Mepbl JMHAMUYECKUX PACUCTOB B
ANSYS Mechanical.

4 | Pemrenne 3amad Mexa-

HHUKHU }I(I/I,Z[KOCTeﬁ n
ra3oB

Pemienue 3a1au MeXaHUKHU KHUAKOCTCH
u ra3oB B ANSYS CFD. Marematnde-
CKME MOJIEJIH JIJIsl PEIICHUs 3a1a4
CFD. Pemienue 3agay MeXaHUKU KU I-
kocteii u ra3oB B ANSYS Fluent. Oc-
HOBHBIE TTpreMbI paboThl B ANSY'S
Fluent. [Tpumep pemieHus 3a1auu B
ANSYS Fluent. Pemenne 3amau me-
XaHUKH KUIKOCTEH 1 ra3oB B ANSYS

Fluent. [TocTpouieccuHT pe3ynbTaToB.

OIlK-2.1
OIlK-2.2
OIIK-2.3
pabora

HUWsA

HHUC

oora
Tect

2.2 Ilpomedcymounas ammecmayus 8 popme 3auumol Kypcosou pabomsl (Kypcoso2o npoekma)
He npeagycmorpeno.

3. MeTozmqecm/le MaTepHuaJibl, ONPEeaACIAIOIME MPOUCAYPHI OCHUBAHUS
Hpoueﬂypa IMPOBCACHUA HpOM@)KyTO‘IHOfI aTTeCTallu U TCKYHICro KOHTPOJIA YCIICBAEMOCTH pE-
TIIaMCHTUPYCETCH JIOKAJIbHBIM HOPMATUBHBIM aKTOM, OIIPCACTIAIOMIUM MOPAAOK OCYIICCTBIICHHUA TCKYIICTO

KOHTPOJIA YCIICBAECMOCTH U npOMexcyTquoﬁ aTTeCTallnuu 06yqa10u11/1xc;1.

3.1 Ilpoyedypa oyenusanus npu nposeoeHu’ nPOMeHCYmoyHou ammecmayuu 00y4arouwuxcs no OUcyu-

niaune 8 popme sK3amena u/unu oughghepeHyuposanno2o 3avema (3avema ¢ OYeHKol)

He nmpenycMoTtpeHo.
3.2 Ilpoyedypa oyenuganus npu nposedeHuu NPOMe’CYmoyHoU ammecmayuu 00y4aromuxcs no OuUcyu-

HpOMe)KYTO‘IHaSI arTecTaiusa 1Mo JUCIHHUIIIIMHE B (I)OpMe 3auéTa IMPOBOAUTCA BO 2, 3 CCMECTpax.

naune 6 gopme 3avema

Jl51g o1leHMBaHMs 3HAHUH ¥ HaBBIKOB MCIIOB3YIOTCSI KPUTEPUH U LIKala, yKa3aHHble 1.1.2.

Hixe IMPUBCACHELI ITpaBUJIa OUCHUBAHUA (I)OpMPIpOBElHHH KOMIIETEHIIUM MO MOKa3aTeNl0 OLICHUBA-

HUSA «3HAHUI.

Kpurepuit onenuBanus

ypOBCHB OCBOCHU U OLICHKA

He 3auteno

3autreHo

3HaHWsA TCPMUHOB,
ONPENEIICHUN, TTIOHATHIA;

He 3naeT TepMHHOB 1 onpeieneHni

3Haer TEPMUHBI U OIIPEACTICHUA

00BEM OCBOEHHOT'O Ma-
Tepuala, yCBOCHHE BCEX
TEM, pa3JIeIOB JUCIIH-
[JIMHBL,

He 3HaeT 3HaunTENLHON YaCTHU MaTe-
puana IUCUMILUIAHbBI

3HaeT MaTepuall TUCIUILINHBI B

[IOJIHOM 00BEME

Ketic-3amaua

DK3aMeHaInoH-
HBINA OWIeT
KoHntposbHas

Pa3znoypoBHeBbIE
3aJlauM U 3aja-

Jokmaz, cooOre-

PacueTno-
rpadudeckas pa-

Keitic-3amaua




IIOJIHOTA, CUCTEMHOCTD,
IIPOYHOCTH 3HAHW;

3HaHus MaTepuala 6eccucTeMHbIe, He
OTBeYaeT Ha OOJBITMHCTBO BOIIPOCOB

10 TEMaM JUCHUIIIINHBI

Jlaét mocTaToOYHO YEeTKHE U IOJIHEBIS
OTBETHI HAa BOIIPOCHI

IMPpaBHUJILHOCTb OTBCTOB
Ha BOIIPOCEHI;

HenpapuibHO OTBEYaeT Ha OOJIBIINH-
CTBO BOIIPOCOB, JIOITYCKaeT IpyOnie

OLITUOKH

OTBeuaer Ha BONPOCHI PABUIILHO

YETKOCTb HU3JIOXKCHUA
HU3YUYCHHOI'O MaTcpurajia,

H3naraer 35anus 0€3 JOrn4ecKoii mo-
CJIeI0BATEILHOCTH, HE COITPOBOK/IAET
OTBET PUCYHKAMH, CXEMaMHU

N3naraer maTepuan 10CTaTOYHO
YeTKO, 0€3 HapylIeHUH! B JIOTHYE-
CKOH 1oclieqoBaTeIbHOCTH. BEI-
TIOJTHSICT TOSICHSIONINE PUCYHKH H
CXEMbI KOPPEKTHO U TIOHSTHO

Hixe IMPUBCACHEI IIpaBUJia OCHUBAHUA (bOpMI/IpOBaHI/IH KOMHeTeHHI/Iﬁ I10 ITOKAa3aTeIio OLCHHUBA-

HUA «Y MEHUAY.

Kpurepuii onenuBanus

YpoBEHb OCBOEHHUSI M OLIEHKA

He 3auteno

3auteHo

CTENEHb CAMOCTOSITEb-
HOCTH BBIIIOJIHEHUS
neicTBus (yMEHUS);

He moxeT camocTosSITenLHO
BBIIIOJIHUTH 3aJaHUC

BrinosiHsieT 3a1anue caMOCTOSATEINBHO,
IPaMOTHO BbIOMpAeT CTaHAApPTHYIO METO-
JIMKY, UCTOJIB3YET HY>)KHYIO JIUTEPATyPy
pU HEOOXOIMMOCTH

OCO3HAHHOCTbH BBITIOJI-
HEHUsI IeUCTBUS (YMe-
HUA);

Brinonusier 3aganus no npu-
Mepy, HE OCO3HAHHO, HE MOXKET
OTBETUTH Ha BOMPOCHI MPeEro-
JlaBaTelis [0 allrTOPUTMY U Me-
TOJIMKE PEIICHUS

Bremmonnser 3aaHusl OCO3HAHHO, JOITyCKast
HEOOUYCTBI, MOXKXET YBEPCHHO OTBECTUTH HA
BOIIPOCHI ITIperIoAaBaTelIs 1o aJirOPUTMy U

MCTOAHKEC PCIICHUA

YMCHUEC aHAJIM3UPOBATH
H3y‘leHHLII>i MaTCpHuall;

He umeer HaBRIKOB aHam3a
M3y4EHHOI0 Marepuaa,

[lenaet KOppeKTHBIE BEIBOABI 110 U3YYCH-
HOMY MaTepuay,

yYMEHHE BBIOMPATh Me-
TOAMKY BBITIOJTHEHUS
3aJlaHus;

He moxeTt BbIOpaTh METOIUKY
BBIITOJIHEHUS 3aJaHUI

bes 3aTpyaHeHuii BEIOMpAET cTaHAapTHYIO
METOAMKY BBIIIOJIHEHU 3aJaHUI

YMEHUE BBINIOJIHATD 3a-
JlaHUs Pa3InYHOU
CJII0’)KHOCTH;

He uMmeeT HaBBIKOB BBITIONTHE-
HUS y4eOHBIX 3aaHUI

NmMeeTt HaBBIKM BBIMOJHEHUS CTAHIAPTHBIX
y4eOHBIX 3aJaHuM

Huxe IMPUBCACHELI ITpaBUJIa OLCHUBAHUA (I)OpMI/IpOBaHI/IH KOMIIETEHIIUM MO MOKAa3aTeNI0 OLICHUBA-

HUA «HaBBIKN).

Kpurepnii oniennBanus

YpoBEeHb OCBOEHHUSI M OIIEHKA

BAaHHBIX HABBIKOB,

He 3aureHo 3auTeHO
HAaBBIKM CaAMOIIPOBEpKH, | HaBbiku caMonpoBepku oTcyT- | FIMeeT HaBbIKM CaMOIPOBEPKH, XOPOILIO
Ka4yecTBO c(hopMUpO- CTBYIOT c(hOpMHPOBAHBI HABBIKH BBITTOJIHEHUS

3aJaHuN

HAaBbIKW aHAJIM3a pe-
3yJbTAaTOB BBINOJHEHUS
3aJaHui, pEICHUS 3a-
aad;

Jlenaet HEKOPPEKTHBIE BBIBO-
JBl

[lenaet KOppeKkTHBIE BEIBOABI 11O PE3YIIb-
TaTaM pELICHUs 3a]a4l

HABBIKK TIPEJICTABICHHUS
pE3yJIbTaTOB PEIICHHUS
3aj1a4, Ka4eCTBO
oopMIIeHHS 3a/1aHU;

He moxet npoustmrocTpupo-
BaTh PEIICHUE 3a/1a4U MOsIC-
HAOIMHUMU CXEMaMH, pPUCYHKa-
MU

Brimmonnser MOSACHAOIMUEC PUCYHKH U
CXEMbI KOPPCKTHO U ITOHATHO

HAaBBIKA 00OCHOBAHUA

Jomyckaet rpyObie ommOKu

AJ'IFOpI/ITM BBITTOJTHCHUSA 3aJIaHUS BEP-




BBITIOJIHEHMS 3a1aHUN, pyu 000CHOBAaHUU METOIUKH HBIW, IPUHUMAET BEPHBIC PELICHUS
IIPUHATHS PELICHUN; BBIIIOJIHCHUH 3aJaHUH, HE MO-
XKET IPUHATh BEPHOE PEILICHUE
OBICTPOTA M KAUECTBO | 3aJlaHUs BBINOJIHSET C HU3KUM | DBblNosHsAET 3ajaHusl yBEPEHHO, C XOpO-
BBINIOJHEHUS 3aJaHUH. | KAa4eCTBOM, KpallHE MEJUICHHO IIMM KauyeCTBOM

3.3 Ilpoyedypa oyenusanus npu nposedeHuUu NPOMe’CYmoyHOU ammecmayuu 00y4arouuxcs no
oucyuniune 6 popme 3auumsol Kypcogou pabomsi (Kypcoo2o npoekma)

He npenycmotpeHo.

4. KoHTpoJIbHBbIE 321aHUS 1JI51 OLIeHUBAHUA ()OPMUPOBAHNS KOMIIETEHIIH
NPHU NPOBeIeHUH TEKYIIEero KOHTPOJIA 10 JUCHHUILIIIMHE
TumnoBbie KOHTPOJIBLHBIC 3aIaHUS JJIs1 OLICHUBAHUS (DOPMHUPOBAHUS KOMIIETCHIIUN U MPOIIETYPBI
OIICHUBAHUSI MPH MPOBEACHUHN MPOMEKYTOYHOTO U TEKYIIIETO KOHTPOJIS PEJCTABICHBI B COOTBETCTBYIO-

X npunoxenusx GOC.



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

Hampasnenue 08.04.01 CtpouTesibcTBO
Haumenosanue OIIOIT BO TenorazocHa0:xeHue 1 BeHTHJIAINS
Kadenpa npukiaaanoii MaTeMaTuKH

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 UCCIIEI0BAaHNE CXOAUMOCTH 110 CeTKe?

BUJIET Ne 2

1. Kakue 0CHOBHbIE ITPUJIOKEHUS, BXOASILNE B COCTaB IPOIrPaMMHOT0 KOMILJIEKCa Ansys, IPUMEHSIOTCS
IIPU BBINOJIHEHUH aHAJIM3a HANPSHKEHHO-Ie(OPMUPOBAHHOTO COCTOSHUS KOHCTPYKLUI?

2. IlepeunciuTe OCHOBHBIE BU/Ibl TPAHUYHBIX YCJIOBUM, IPUMEHSIOUIMXCS NIPU PEILICHUU KpaeBol 3a1aun
JUIsl YPaBHEHUN YIIPYTOCTH.

BUJIET Ne 3

1. Kak Ha3piBaeTcs cucreMa qudepeHMaTbHbIX YPaBHEHUH B YaCTHBIX IMPOU3BOJHBIX, OMHUCHIBAIOIIAS
HaNpsHKEHHO-/1e()OPMUPOBAHHOE COCTOSIHUE?

2. Ilepeuncnnte OCHOBHBIE METOIbl PEIICHUSI CUCTEM JMHEWHBIX alreOpandeckux ypaBHEHUi, KOTOpbIe
MIPUMEHSIIOTCS MPU PELICHUH 33/1a4 B KOHEUHOZJIEMEHTHBIX IPOrPAMMHBIX KOMITJIEKCaX.

BUJIET Ne 4

1. ®opmynupoBKa KpaeBoil 3a/1a4u JIJIsl YpaBHEHUH yIIPYTrOCTH.
2. JlaTh KpaTKo€ OMHCAaHHE MPOLEAYPhl PELICHUs 3a7aun (aHaIM3 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 KakuX OCHOBHBIX NMPUJIOKEHUM, BXOSAIIMX B COCTaB MPOTrPaMMHOTO KOMILIEKca Ansys,
MOYKHO BBINIOJIHATH TEOMETPUYECKOE MOAeIpoBanre? [ 4ero ucnosib3yroTcsi F€OMETPU-YECKUE MOJIE-
mm?

Kpurepun onenkmn:



- OLIEHKA «3a4TEHO» BBICTABISICTCS CTYACHTY, €CIIH OH 3HACT TEPMHHBI U OTPEACICHHS, OCHOBHOW MaTe-
pUaN TUCIUIUTMHBL, AT MIPABUIIBHBIE OTBETHI HA JOMOJHUTEIBHBIE BOIIPOCHI;

- OIICHKA «HE 3a4TEHO» BBICTABIISICTCS CTYJCHTY, €CJIM OH HE 3HACT TEPMHUHOB ¥ ONPEIACICHNUN, 3HAUH-
TEJBHON YaCcTH MaTepuaia JUCIUIUIMHBI, HEMPABUIBLHO OTBEYAET Ha OOJILITMHCTBO BOIIPOCOB, JOITYCKAET
rpyObI€ OIIHOKH.

CocraBurenp M.H. lanunos

3aBenyronuii kageapoit 10.E. BockoOoitHIKOB

«01» nrons 2021 .

MHWHUCTEPCTBO HAVYKHU 1 BBICIHEI'O ObPA3OBAHUA




POCCHUMCKOU ®EJEPALIMNA

(enepanpHOE roCcyJapCTBEHHOE OIOXKETHOE 00pa30BaTEIbHOE YUPEKICHUE
BbIcLIero oopazoBanus «HoBocubupckuil rocy1apcTBeHHbIN
ApXUTEKTYPHO-CTPOUTENbHBIN yHUBEpCUTET (CHOCTPUH)»

Kadenpa npukiagnoii MaTeMaTuKu

KoMmiekT TecToBBIX 3aaHUI

1O JUCLMIIIIMHE «COBpeMeHHbIe NporpaMMHbI€ 1 TEXHOJIOIHYE€CKHEC KOMILVIEKCBD)

3a7a
Aa-
HUA

Coneprkanue 3a1aHus

[Ipa-
BUJIb-
HBIN
OTBET

dopmupy-
eMasi KOM-
MeTEHITUS

Bpewms
BBITIOJI-
HEHUS
3a/1aHusl,
MUH

Sana}mﬂ 3aKPLITOI'0 THIIA

BeiOepure TUIIBI T€NI, KOTOPbIE UCIOIb3YIOTCS B TEOMETPHU-
YECKUX PEeIaKTOpax Ansys.

1. Tena-nmuHuM, TENA-NOBEPXHOCTH, OOBEMHBIE TEJNA.

2. 'unepriockocTH, Tena-MmoBEPXHOCTH, KOOPAUHATHbIE
IJIOCKOCTH.

3. [lupamu b1, TPU3MBI, TEKCA3IPbI, TETPA3IPbI, TPEYTOJIb-
HUKH, YEThIPEXYTOJIbHUKHU, OTPE3KH, MHOTOMEPHBIE Tea.

4. Tena-nMHUM, CIUIAMHBI T€JIA-IIOBEPXHOCTH, 0ObEMHBIE Te-
J1a, 10Jy0ecKOHEeuHble 001aCTH POCTPAHCTBA.

OIIK-2

BriGepuTe TUIBI TPAaHUYHBIX YCIIOBHH JIJIsi ypaBHEHUS CTa-
LUOHAPHOW TETJIONPOBOAHOCTH.

1. OxnaxxieHre Wi HarpeBaHUe.

2. 3ajaHHble TEMIEPATYPHI, 3a/IaHHbIE TEIJIOBBIE TOTOKH,
KOHBEKTHUBHBIN TEIJIOOOMEH C OKPYXKaIoIel cpeioi, 3a1aH-
HBIE TUIOTHOCTH TETUIOBBIX MIOTOKOB, YCIOBUS JTyYUCTOTO
TEeTUI00OMEHa.

3. 3agaHHbIe CKOPOCTH U3MEHEHHUS TEMIIEPATYD.

4. 3aaHHBIC TEIUIOBLIC ITOTOKU, KOHBEKTUBHELIN TEIIOOOMEH
C OKpYXarollel Cpeioi, 3a/1aHHbIE TUIOTHOCTHU TETIOBBIX
IMOTOKOB, OObEMHBIN HCTOYHHK TETLIA.

I1K-2

[Iepeuncinre TUIBI TPAHUYHBIX YCIIOBHU JUUISl yPAaBHEHUI
YIPYTOCTH.

1. O6bemMHbIE CUITBI, CUIIBI TPEHUS, BHYTPEHHHUE CUJIBI, CHUIIBI
WHEPITUH.

2. CocpeioTOYECHHBIE CHIIBI, PACIpe/eNIeHHbIE 110 TIOBEPXHO-
CTH CWJIbI, BHYTPEHHUE CHJIBI, THAPOJTHAMUYECCKHAE CHITBL.

3. Cxopoctu aedopMaiiui, Ha4aIbHBIE CKOPOCTU ABUKCHUS
T€J, 3aJlaHHbIE YCKOPEHUSI.

4. 3aaHHble IepeMelleHus, 3a/JaHHbIE HATPSKEHMSL.

OIlK-2

HccnenoBanue cX0QUMOCTH MO CETKE BBIMOIHAETCS C 11e-
JIBIO:

1. onpeneneHus KauecTBa CETKU

2. OATBEPKICHUS JOCTOBEPHOCTH MOJIYYEHHOTO Pe3yiIbTa-
Ta YUCIIEHHOTO PEHICHUS

OIIK-2
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3. OLICHKH BEJINYMHBI IOTPEITHOCTH YUCIEHHOTO PEIICHUS
4. OLICHKU BJIMSIHMSI CETKH Ha PE3yJIbTaT YUCIEHHOTO pellle-
HUs

5 | Aunpoxcumupyromas GyHKIHS 111 KOMILIEKC-3JIeMEHTa I1K-2 10
COJICPKUT:
1. TpaHCcUeHeHTHBIC (DYHKIIUN
2. KOHCTaHTY, YICHBI BTOPOTO, TPETHETO U 00JIee BBICOKUX
MOPSITKOB
3. KOHCTAHTY, JINHEWHbBIC YWICHBI
4. KOMIUIEKCHBIE YKCIia
6 | Anmpoxcumupyromias GyHKIHS 71 CHMILIEKC-3JIEMEHTa [1K-2 10
COJIEPKUT:
1. TpaHcueHIeHTHBIE HYHKIIUU
2. KOMIUIEKCHBIE Ynciia
3. KOHCTAHTY, JINHEWHbBIC YWICHBI
4. KOHCTaHTY, YJIEHbl BTOPOTO, TPETHETO U 00JIee BBICOKUX
TIOPSIKOB
7 | I'eoMerpruueckue peaakTopbl, BXOASIIME B COCTaB MPO- OIIK-2 5
rpamMmMHoro kommiekca Ansys (CAD-cucremsr):
1. DesignModeler, SpaceClaim Direct Modeler
2. AutoCAD, ArchiCAD, NanoCAD
3. DesignModeler, SpaceClaim Direct Modeler, Parasolid
4. Parasolid, STL, STP, SAT, IGS, DWG
8 | CerouHble reHepaTopbl, BXOASAIINE B COCTAB IPOrPAMMHOT0O [1K-2 5
KOMIUIeKca 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 ananu3a B obonouke Workbench, npeanaznaden- I1K-2 5
Has JJI aHaJIM3a HallpsHKeHHO-1e(OpMUPOBAHHOTO COCTOS-
HUSL KOHCTPYKIIUI B CTATUYECKOM MOCTAHOBKE:
1. Steady-State Thermal
2. Static Structural
3. Transient Structural
4. Mechanical Model
10 | MeToa KOHEUHBIX 3JIEMEHTOB — 3TO: OIIK-2 5
1) MeTon anmpokcuMauu GyHKIIMH MHOTUX TIEpEMEHHBIX
2) METOJT YMCIICHHOTO WHTETPUPOBAHUS (DYHKITUH MHOTHX
MIePEeMEHHBIX
3) meton pemeHus 3anaun Kommm 1 0ObIKHOBEHHBIX (-
(hepeHInaTbHBIX YpaBHEHUI
4) MeToJ1 peleHUs] CUCTEM JIMHEHHBIX aare0panyecKux
ypaBHEHUH
11 | Cucremsl ananu3a B o6onouke Workbench, mpennaznauen- OIIK-2 5

HBIE JIJIS aHAJIM3a HAPsHKEHHO-1€(OPMHUPOBAHHOTO COCTOSI-
HUsI KOHCTPYKIIUM B TMHAMHYECKOU ITOCTaHOBKE:

1. Transient Thermal, Coupled Field Transient

2. Rigid Dynamics, Explicit Dynamics

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

10



4. Eigenvalue Buckling, Modal, Harmonic Response

12

Cuctema ananusa B obonouke Workbench, npennaznauen-
Hasl JUTsl pEIICHHsI YPaBHEHHsSI CTAIIHOHAPHOW TETIONPOBOI-
HOCTH:

1. Steady-State Thermal

2. Static Structural

3. Coupled Field Static

4. Transient Thermal

OIIK-2

13

Cucrema ananuza B obonouke Workbench, npenna3naden-
Has JIJIs PEIICHUsS] ypaBHEHUS HE CTAllMOHAPHOM TEIUIONPO-
BOJIHOCTH:

1. IOTHOCTD, yAeNbHAS TEIIIOEMKOCTh

2. IJIOTHOCTb, KOA((HUIUEHT TEIIOMPOBOTHOCTH

3. K03 (HUIIUEHT TETIONPOBOTHOCTH

4. JI0THOCTbH, KOA(P(GUIIUEHT TEIIONPOBOIHOCTH, YACIbHAS
TEIUIOEMKOCTD

I1K-2

14

Cucrema ananuza B obonouke Workbench, npenna3nayen-
Hasi JJIs onpeesieHus: OpM NOTePH YCTOWIMBOCTH KOH-
CTPYKIIMIA U KPUTHUECKUX CHIL:

1. Transient Structural

2. Eigenvalue Buckling

3. Coupled Field Transient

4. Ls-dyna

OIIK-2

15

Kakue u3 HrmxenepeyncaeHHbIX CBOMCTB MaTEPUAIIOB TPe-
OyeTcs 3a7aTh JIsl BHIIIOJIHEHUS aHAJIM3a HECTAI[MOHAPHBIX
TEMIIEPATYPHBIX 0JIEH B KOHCTPYKLUU?

1. KoaddurueHT TpeHus, MI0THOCTb, MIPeied MPOYHOCTH.
2. [Ipenen npoyHOCTH U TIPEEN TEKYUYECTH.

3. IInoTHOCTH, TBEPIOCTS.

4. Monyne ynpyroctu u koapdunuent Ilyaccona.

[1K-2

16

B 6ubnuoTeke KOHEUHBIX 2NIeMEHTOB permarens Ansys Me-
chanical APDL snemMeHTBI Ha OCHOBE TEOPHH M3rHda 0amox
HOCST Ha3BaHUs (Teopuss TUMOIIEHKO):

1. BEAM, LINK, CABLE, REINF

2. BEAM, PIPE, ELBOW

3. SOLID, SHELL

4. MPC, COMBIN, REINF

I1K-2

17

B 6ubnuoTexe KOHEUHBIX 3J1IeMeHTOB permarens Ansys Me-
chanical APDL syieMeHTBI Ha OCHOBE TEOPHH M3rHba ria-
CTHH U 00osouek (Teopus MunanuHa-Peiicuepa):

1. BEAM, LINK, CABLE, REINF

2. BEAM, PIPE, ELBOW

3. SOLID, PLANE, SHELL

4. SHELL, SOLSH

OIIK-2

18

[lepeuncnute TUIIBI TPAHUYHBIX YCIIOBUH, HCTIONB3YIOIIHNECS
B cucTteMe aHanusa 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 Hrm>kenepeynciaeHHbIX CBOMCTB MaTEPUAIIOB TPe-
OyeTcs 3a7aTh JIsl BHITIOJIHEHHUS aHAJIN3a HAMIPSHKEHHO-

[IK-2

11



ne(OPMUPOBAHHOTO COCTOSIHHSI KOHCTPYKIIMU B CTaTH4E-

CKOH ITIOCTaHOBKE?

1. KoaddunueHT Tpenusi, IOTHOCTh, PEAET IPOYHOCTH.
2. [Ipenen npo4yHOCTH U IpeseN TEKYUECTH.

3. IInoTHOCTH, TBEPAOCTD.

4. Monyne ynpyroctu u ko3 durment [lyaccoHa.

3aiaHus OTKPHITOrO THIIA

1 | PesynpraT nuckperusanuu pac- | KoHeuHosneMmeHTHas ceTka I1K-2 10
4eTHOM 0011acTH, ONMCaHue ee
re€OMETPHH C TIOMOILIbI0 Habopa
IPUMUTHBHBIX (UTYp, KOHEU-
HBIX 2JIEMEHTOB, UMEIOLIUX
(opMy YETBIPEXyroJbHUK, Tpe-
YTOJIbHUK, OTPE30K, FEKCa’p,
IMpaMua, IprU3Ma, TETPasap —
370 ...

2 | Kakue marepuanbhsbie napamer- | [LnoTHOCTB, MOZYJIB yHIpyrocTu, [1K-2 10
PbI BXOAAT B YpaBHEHUS JIMHA- kod¢purment [lyaccona
MUYECKOH TEOPUU YIIPYrocTh?

3 | Kakue marepuanbubie mapamer- | Koaddumuent remnonpoBognoctu | OITK-2 10
PBI BXOJAT B ypAaBHEHUS CTallU-
OHAPHOM TEIIONPOBOAHOCTH?

4 | Kakue matepuanbibie napamer- | Koadduuuent remnonposognoctu, | OITK-2 10
PBI BXOJIAT B yPAaBHEHUS HE CTa- | yJeJbHAasl TEIIIOEMKOCTb, IIOT-
LIMOHAPHOW TEIUIONPOBOAHOCTH? | HOCTh

5 | Kakumu criocobamu ocymect- | M3onods, Tabnuunoe npencrasie- | [1K-2 5
nsietrcs rpadguueckasl BU3yaiu- HUe QyHKIUH
3auus PyHKUIMNA MHOTUX Iepe-
MEHHBIX, IOJY4EHHBIX B PE3YJIb-
TaTe PEIICHH 3aa4n?

6 | PesynpTaToM pemieHus kpaeBoil | Bekrop-dyHkuus nepemenieHui, [1K-2 5
3aJ]auy ISl CHCTEMbI YPaBHEHUS | BEKTOP-(DYHKIUS HapsHKEHUH
YOPYTOCTH SIBJISIFOTCH ...

7 | PesynpraTom pemeHus kpaesoil | DyHKIMA TeMIEpaTypsl, BEKTOP- I1K-2 5
3a/1a4M JUIsl ypaBHEHUSI TEILI0- (GYHKIMS TNIOTHOCTH TEJIOBOTO
ITPOBOJHOCTH SIBJISIFOTCH ... IIOTOKA

8 | Ilpu pemenun 3anaun quHamMu- | Hauanwpabie ycnoBus / Hadanbable | [TK-2 5
KM KOHCTPYKLIUU KpOME Ipa- CKOPOCTH
HUYHBIX YCIIOBUH HEOOXOAUMO
3a]1aTh ...

9 | Ilpu pemeHnn ypaBHEHUs He- Hauanpubie ycnoBus / HauanbHble | [1K-2 5
CTallMOHAPHOM TEIUIONPOBOJHO- | TEMIIEPATYPhI
CTH KpOME I'PaHUYHBIX yCIOBHM
HE00XO0AMMO 33/1aTh ...

10 | B mpouecce penieHust HenuHen- | CXOOQUMOCTH OIIK-2 5

HOH 3aJ1a4M IOJIb30BaTelb JOI-
KCH OCYHICCTBJIATH KOHTPOJIb ...

Kpurepun onenkn:

12



- OIICHKA «3aUTEHO» BBICTABIISIETCS CTYICHTY, eciiu HabpaHo cBbiie 70 6aios;

- OLIEHKA «HE 3a4TCHO) BBICTABIISIETCSI CTYACHTY, eciiu HabpaHo MeHee 70 6auios.

CocTaBuUTeNb

3aBenyronui kadeapoit

«01» nrons 2021 r.

M.H. [Jaaunos

IO0.E. Bocko0OoiiHnKOB
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MUHUCTEPCTBO HAYKU U BBICILIETO OBPA30BAHUSA
POCCUIICKOI ®EJIEPALTIN

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

Kadenpa npukiiagHoii MaTeMaTHKH
KommniekT pa3HOypOBHEBBIX 3a/1a4 (3a1aHN)

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

3agauu 6a30B0ro ypoBHsi

3amaua 1. [loctpouts 2D reoMeTpruecKyro MOJIENb U BBITOJHUTH TEHEPALMI0 KOHEYHOIJIEMEHTHOW CETKU U3
ANIEMEHTOB ()OPMY TPEYTOJIBHHKA JUIS 3aMKHYTOH 00J1aCTH, N300paXKEHHOW Ha PUCYHKE 1.

Puc. 1. 'eomerpuyeckas KoHQUTypauus

3agada 2. YncneHHO pemMTh KpaeBylo 3ajady il YPaBHEHUS TEIUIONPOBOAHOCTH C UCIOJIb30BAHUEM
naketa Ansys. ['eomerpus pacueTHoii obsactu nzobpakeHa Ha pucyHke 1. Pazmeps! cropon 'y u I's co-
ctaBisAtoT 10 cM; pannyc KpUBOJIMHENMHOM TpaHuIbl —2 cM. ['paHnYHbBIE yCIOBUS:

1) I(x) = 100 °C, vx eI,

oT (x)
on
3) T(x)=0°C, VX eT,

2) =25,vxeT,

3aga4yu NPOABHHYTOI0 YPOBHSH

3amaua 1. IToctpouts 3D reomMeTpHyecKyr0 MOJETb M BBIIOJHUTH I'€HEPAIMI0 KOHEYHORJIEMEHTHOM CETKH C
npeobiIaJaHueM 311EMEHTOB (POpMBI reKcad ipa sl 3aMKHYTON 00J1acTH, N300payKeHHOM Ha PUCYHKeE 2.

14
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Puc. 2. 'eomerpuueckas KoHpUrypanus

3anaya 2. YUCIEHHO pEeUIMTbh KPaeBYyIO 3a/auy Ul YPaBHEHUS TEIIONPOBOJHOCTHU C HUCIIOJIb30BAHUEM
naketa Ansys. ['eomeTpust pacueTHOM oOmacTn n300paxkeHa Ha pucyHKe 2. [ paHUUYHBIE YCIOBHS:

1) Ha HwkHel rpanu 7(x) = 100 °C,

2) Ha OCTabHBIX MOBEPXHOCTSIX 33JaTh YCIOBUS KOHBEKTHUBHOI'O TEIIIOOOMEHA C OKpY>Kalollei cpeaou.

Omnpenenuts Temneparypsl B Toukax 4, B u C. [1ocTpouTh H30KOHTYpBI pacipeesieHus TeMIepaTyp.
3agauu yriiy0JieHHOTro ypOBHA

3amaua 1. [loctpouts 3D reomeTpudecKyro MOJENIb U BBIIOJHUTH FEHEPALMI0 KOHEYHOIJIEMEHTHOM CETKU C
peobIaaHueM IEMEHTOB (POpMBI TeKcadIpa ISl 3aMKHYTOM 00J1acTH, N300payKEHHOMN Ha PUCYHKE 3.

T

\-\ "
a8

Puc. 3. lerans
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3anava 2. M3BecTeH maTepuai, U3 KOTOPOro BbiojgHEHa AeTanb — ctanb 36HXTHO. Jlns nanHoro mare-
pHasa HAWTH B CIIPABOYHHKAX 10 (PM3HKO-MEXAHHUECKHM CBOMCTBAM MATEPHATIOB : MOIYNb YIPYTOCTH,
kodpdunuent [Tyaccona, MIOTHOCTH, MpeAET TEKYYECTH, TEIIONPOBOAHOCTD, YACIbHYIO TEIIOEMKOCTH,
KO3 PHUIMEHT TMHEHHOTO TEMIIEPATYPHOTO PACIIMPEHHSL.
Bb10paTh IpON3BOIBHYIO CXEMY HarpyKE€HUs J€Tajau, BKIIOYAIOILYIO:

- paBHOMEpPHO paclpe/IeIeHHYI0 Harpy3Ky Ha HEKOTOPYIO ITIOBEPXHOCTH (J1aBJIeHNUE);

- COCpPEIOTOYECHHYIO CHIIYy Ha HEKOTOPOW MaJIOW YaCTHU MOBEPXHOCTH;

- MOMEHT (CHJI0BOM (paKTOp, BBHI3BIBAIOIIHI TTOBOPOT);

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

BBINONMHUTE KOHEYHORJIEMEHTHBIN aHaIU3 HaIpPSKEHHO-I1e(OPMUPOBAHHOIO COCTOSIHUS JETaU 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 MPOYHOCTH Marepuasa. OIpeneiauTb NPEAesIbHYI0 BEIMYMHY PaBHOMEPHO paclpeesIeHHON
Harpy3kH, KOTOpPYIO JieTallb CHOCOOHA BOCIIPHHATE 0€3 paspylleHHsl U Mepexo/ia B CTa/INI0 IJIaCTHYECKO-
ro neopMupoBaHus (BCe OCTaIbHbIE HATPY3KH MPUHITH HEM3MEHHBIMH).

BeimonuuTe ananu3 pesynbraToB pacdera. [loctpouTs u3omons nepemerneHuil, aeopmanuii 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 KOHEYHOZJIEMEHTHBIM aHAJIW3 TEMIEPATypHBIX IMOJEW B JETaIW B CTAllMOHAPHOW IIO-
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 aHAINU3 HaNpsKeHHO-Ie(OPMHUPOBAHHOTO COCTOSHUS JETaIH B
JMHENHO-YIPYro MOCTaHOBKE MPU TEMIEPATYPHOM BO3JEHCTBUH, PACCUUTATH TEMIIEpaTypHbIE HaIpsi-
xKeHus u nepopmaruu. [loctpouts n3omois nepeMerieHuii, negpopmanuii 1 HanpsbkeHuid. Onmcath mo-
Jy4YeHHbIE PE3yIbTaThl TUCHMEHHO.

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

Kpurepun ouneHku:

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

OLIEHKa «XOpOIIO», €CIIM MPOMU3BEIEHBI BCE pacyeThl 0e3 OMMOOK CTYIEHT MOXKET 00b-
SICHUTb UX (PU3UYECKUI CMBICIT;

OLIEHKA «yJIOBJIETBOPUTEIBHO», €CIIM pacyeThl MPOU3BEACHBI C OLIMOKaMHU, OTHAKO CTY-
JICHT MOHUMAeT UX PU3NYEeCKOl 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
CM. taxxke Mapounuku craieid, [OCTst
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MHWHHUCTEPCTBO HAYKH 1 BBICIITET'O OBPA3OBAHMS
POCCUNCKOUN ®ENEPAIIMN

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

Kadenpa npuxiaaHoii MaTeMaTHKH
KommuekT 3aganuii 1JIsi KOHTPOJIbHON PadoThl

IO JUCHMITIIMHE «COBpeMeHHLIe NMporpaMmMHbI€ U TEXHOJIOTHYCCKUE KOMIIJIEKCBD)

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 nonobnoit CAD-cuctemsl. ['0TOBYI0 MOZENb SKCIIOPTUPOBATH B OJUH
13 yHUBEpCcalIbHBIX opMmaToB (aiinos (*.sat, *.stp, *.x_t, *.iges).

Puc. 1. [erans
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Tema «I'eHepanusi KOHEYHOIJIEMEHTHOM CETKH»
[TocTpouTh CeTKy I pacyeTHOW 00JIACTH, 3aJaHHON T€OMETPUUYECKON MOJIENbI0, H300paKEHHOM Ha pH-
cynke 1. TpeOyemast KoH(UTYpaLusl CETKH: MPe0OIagaHue 3JIEMEHTOB (POPMBI TeKCadIpa; IEMEHTHI Mep-
BOro mopsiika (0e3 CpeIMHHBIX Y3JIOB); YBEJIHUEHHAs TJIOTHOCTh CETKH Ha KPHUBOJMHEHHBIX MOBEPXHO-
CTSIX.

BbInonHuTh aHaMM3 KayecTBa CETKU. BBIUMCINTB 3HAUEHUS CIEAYIOIIMX METPUK KauyecTBa CETKU:
AKOOHMAH, OPTOrOHAJILHOCTh, CKOILIEHHOCTb U JP.

Puc. 1. 'eomerpudeckas 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 CHCTEMBI, OTMCHIBAEMOE BEKTOP-PYHKIMEH NepeMelIeH I.I(r, (D,Z) , BeKTOp-pyHKLIKEN nedopma-
005078 E(r, (o,z) U BeKTOp-QyHKIMEH HanpsokeHuil O (r, (p,z).
Ha pucynke 1 moka3zana pacueTHast o0JacTh U CXeMa I'paHMYHBIX ycloBui. M300paxeHa nuinH-

ApHUYCCKas CUCTEMA KOOPAHUHAT (1", O, Z) , KOTOpasd UCIOJIB3YCTCA MPU PCHICHUHA 3a/1a4H.
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Puc. 1. Cxema 3amaun Jlame

Cucrtema ypaBHEHUH yIpYrocTH UMEET eIMHCTBEHHOE pelIeHne, KOTaa Ha rpaHuie obmactu € 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-VV(RI)Z_P’ o, (R,)=0.
I

L

\\ N\ \\\\

L,

~

N\

i

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

Dta KpaeBas 3a/1aua JiJIsl ypaBHEHUM yIpyrocTd HOCUT Ha3BaHUE «3ajnaya Jlamey. M3BecTHO ee aHa-
JUTUYECKOE peLIeHHe, MTpe/IcTaBIeHHOe (OopMylIaMu:

P R} :
ur(r)=E(1+v)Rz—'Rz{(l—2v)r+ & }

—R, 7
gw(r)zg(lw)%[(l—zv)—f—g};

P B[ R
SW(I’)ZE(I'FV)ﬁ[(l 2V)+ rz :|,

1
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R} R} |.
a,r(r)zp—Rz_le 1—r—§ ;
2

1
E R? R?
-—— = I =P——|1+—=2|;
(1+v)(1—2v)[( V) V8, [2 P 143

o (r):#v(e +& )EZPVR—lz.
i (1+v)(1-2v) V7 % ) —R}

O-‘P‘ﬂ (V)

2 1

31ech 7, ¢, z — KOOPAUHATHI TOYKHU B IMJIMHIPUIECKON CUCTEME KOOPAMHAT, X = {r, (o,z} ,XeQ; u, (r) -

HEepeMEILEHHs B HAIIPABICHUU 7 (KOMIIOHEHTA BEKTOPA MEPEMEILEHUs); &,, (r) s Epp (r) — OTHOCHTEIIb-

Hble AedopManuu (KOMIOHEHTHI TeH3opa aedopmanuii); O, (r), O,y (r), o, (r) — MEXaHUYECKHE

HanpsKeHUs (KOMIIOHEHThI TEH30pa HaNpsKeHUi); P — BelIMYMHA paBHOMEPHO-pACIIPECIIEHHON Harpys3-
Ku; E, v — MexaHMuYecKne XapakTepUCTUKHU MaTtepuaina; R;, Ry — BHyTpEHHUH U BHEILHUN pauychbl TPYOBI,
COOTBETCTBEHHO.

HaiiTu uncnennoe peuienue 3ana4yu Jlame npu clieqyomux napameTpax:

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

- MEXaHU4YeCcKHe xapakrepucTuku 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.

Kputepun onenkmn:

OLIEHKA «OTJIMYHO» BBICTABJISIETCS CTYJIEHTY, €CJIN IIPOU3BEJCHBI BCE pacueTsl 03 OIIM-
00K, 1aHbl NOSCHEHMS K MTOJYYEHHBIM pe3yiIbTaTaM C MPUI0KEHUEM MOPSJIKA UX TOTYYEeHUS;

OLIEHKA «XOpOLIO», €CIIU MPOU3BEIEHBI BCE pacdyeThl 0€3 OMIMOOK CTYIEHT MOXKET 00b-
SCHUTH UX (PU3MUECKUI CMBICI;

OLICHKA «yJJOBJIETBOPUTEIBHO», €CIIM PacueThl IPOU3BEAEHBI C OLIMOKAaMU, OJHAKO CTY-
JIEHT TIOHUMAeT UX (U3NYECKOH 3HaUCHHE;

OLCHKA «HCYIOBJICTBOPUTECIIBHO» €CJIM NPOU3BCACHHBIC PAaCYCThl CACIIaHbI C OIIMOKaMH
U CTY/IEHT HE MOXeT OOBSCHUTh UX (PU3NUYECKUN CMBICIL.

<Ll
CocraBurenb M.H. /lanunoB

«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 «CoBpeMeHHble MPOrpaMMHbIe U TEXHOJOTHYeCKHe KOMILJIEKChD)

1. O030p KOHEYHORJIEMEHTHBIX TPOrPAMMHBIX KOMIUIEKCOB JJISl pEIICHU 33/1a4 IPOEKTUPOBAHUSI 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 IpUMEHEHUs MPOrpaMMHOI0 KOMIUIEKCa Ansys K PEIICHUIO 33aud IPOEKTUPOBAHUS METalIu-
YeCKOW KOHCTPYKIHUU.

5. Cucrema onpeAemnsomuX YpaBHEHH T€OPUH MJIACTHYHOCTH U YUCIIEHHBIE METO/bl MHTETPUPOBAHUS
nuddepeHInanTbHO-aIre0panyecKux ypaBHEHHH.

6. HccnenoBanue mporuecca aeGopMUpOBaHUS KOHCTPYKIIMH C MPUMEHEHHUEM KOHEYHOIJIEMEHTHOTO MO-
JIeIMPOBAHMUS.

7. Ilpumepbl IPUMEHEHUS YUCIEHHOTO MOJEIMPOBAHUS MPU BBIIIOJHEHUN HAYyYHBIX UCCIIEI0BAaHUN B 00-
JIaCTH MEXaHUKU jKeJie300€eToHa.

8. UccnenoBanue BO3IEHCTBUS BETPOBBIX HAIPY30K HA BBICOTHBIE 3/1aHUS. DKCIEPUMEHT B a3pO/IMHAMMHU-
4eCcKOU TpyOe U YMCIIEHHOE MOJIETMPOBaHNE.

9. Ucropus pa3BUTUS KOHEYHORJIEMEHTHOTO aHalIM3a HAINpPsHKEHHO-Ae(OPMHUPOBAHHOTO COCTOSIHUS KOH-
CTPYKLIHUM.

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

Kputepun onenkmn:

- OLICHKA «3aYTE€HO)» BBICTABISETCA CTYJIEHTY, €CIIM OH 3HaeT TEPMUHBI U ONpEEICHHs, OCHOBHOW MaTe-
pyal TUCIUILTUHBI, TaéT TPAaBUIBHBIE OTBETHI HA JIOTIOJHUTEIBHBIE BOTIPOCHI,

- OLICHKa «HE 3aYTeHO» BBICTABISETCS CTYICHTY, €CIM OH HE 3HAeT TEPMUHOB M ONpE/eICHUH, 3HaUU-
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 roCcyJapCcTBEHHOE OIOXKETHOE 00pa30BaTEIbHOE YUPEXKICHUE
BbIcLIero oopazoBanus «HoBocubupckuil rocy1apcTBeHHbIN
ApXUTEKTYPHO-CTPOUTENbHBIN yHHUBEPCUTET (CHOCTPUH)»

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

IO JUCHMITIIMHE «COBpeMEHHBIe NMporpaMmMHbI€ U TEXHOJIOTHYCCKUE KOMILJICKCHD)

1. PeanuzoBarp B makete MathCAD 4eThIpexyronbHbIi JTMHEHHBIM KOHEYHBINA 3JIeMEHT (y3JI0BOM IIal-
JIOH, 0a3UCHBIC (PYHKIIMHM W WX YaCTHBIC MTPOU3BOHBIC). BBIOIHUTE HHTEPIOIAINIO (GYHKITUH IBYX TIe-
PEMEHHBIX C TOMOIIbIO METO]a KOHEUHBIX 3JIEMEHTOB. BHIUMCIUTH ONpeaeNneHHbI HHTErpal mo 00JacTH
K93 ¢ momomsto kBagpaTypHsIx Gopmyn ['aycca.

2. PeamuzoBare B makete MathCAD BBIUMCIHTENBHBIA ANTOPUTM JUIS PEIICHUS KPAeBOW 3adadd IS

ypaBHeHus [lyaccoHa ¢ mpuMeHEHHMEM KOHEYHORJIEMEHTHOW anMpOKCHUMAaluU (YHKIUI MHOTUX Iepe-
MeHHBIX. Ha prucynke 1 mokaszana pacueTHast 007acTh M cXeMa 3aJJaHus TPAaHUYHBIX YCIOBHH.

“52_10

1
Puc. 1. Cxema 3a1aHus rpaHUYHBIX YCIOBUHM, CETKa (YMCIIaMU OTMEUYEHBI HOMEpA Y3JI0B U 3JIEMEHTOB)

Pa3meps! npsimoyronsHuka: qpiuHa 6 en, mupuHa 1 ex. Yron Hakiona 30°. B toukax 4 u 6 3a7aHbl
3HaueHus: pynkuuu u (ycnosus Jupuxie), a Ha rpaHuile, 00Opa3oBaHHON y3mamu 1, 2 u 5 3amaHO 3HaYe-

. Ou y y
HHE MPOU3BOIHON . (ycnoBust Heitmana). VicTouHMKOBBIN 4iieH B ypaBHeHUU [lyaccoHa oTCyTCTBYeT:
n

f =0. 3anaua pemaercs B 2D nocranoske. KoneunosnemeHnTHas ceTka rnokasana Ha pucyHke 1. OOmiee
KOJIMYECTBO Y3JI0B — 6. O011ee KOJIMIECTBO 3JIeMEHTOB — 2. KoopAuHATHI y3710B PUBEACHBI B TAOIHIIC:

No yama Koopnnnara
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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ATNIPOKCUMAIINIO UCKOMOHM (YHKUIUHU #(X) BBIMOJHUTH C MMOMOIIBIO YETHIPEXYTOJIBHBIX JIMHEHHBIX
KOHEYHBIX JIEMEHTOB.

3. Pemnts KpaeByto 3a1aqy, cOpMyIMPOBAHHYIO B II. 2, C IOMOIBIO IPOrpaMMHOr0 obecrieyeHus An-
sys. CpaBHHUTb U POAHAIM3UPOBATH PE3YIAbTATHI, OoMy4YeHHbIE ¢ momoubio MathCAD u Ansys.

4. C momMoIIpIo MPOrpaMMHOTO oOecriedeHusl Ansys MOJyduTh YUCIIEHHOE perieHue 3aaaun Kupma. Pac-
CMaTpUBAETCs IIIOCKasi 00JIacTh MPOU3BOJIBHOIO pasmepa U (opmbl (puc. 1), pactsaHyras paBHOMEPHO
pacmpesieieHHON Harpy3koi P, neicTByromel Ha rpaHuile oonactu B HampaBieHuun X. O6macTs mpruood-
peTaeT OJAHOPOAHOE HANPSKEHHO-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 MOJIApHBIX KOOpAMHATAX HANPSKEHUA O, (paauaibHas KOMIOHEHTA), G, (OKpYXKHas KOM-
MIOHEHTA) U Ty, (KacaTeIbHOE) ONPEACISIOTCS (HOpMyTaMHu:

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» BBICTABIISIETCS CTYJEHTY, €CJIU NIPOU3BEJCHBI 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 «YIOBJICTBOPUTECIIBHO», €CJIKW paCyYCThl ITPOU3BCACHBI C OH_II/I6KaMI/I, OIHAaKO 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 (U3NYECKUIN CMBICI.

<R
CocraBurenp M.H. lanunos

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

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

Kadenpa npukiaaanoii MaTeMaTuKH
Keiic-3agaua

IO JUCHMITIIMHE «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-cuctemsl. ['0TOBYI0 MOJENb SKCIOPTUPOBATH B OAMH
U3 YHUBEpCAIbHBIX (hopMaToB Qaiino (*.sat, *.stp, *.x_t, *.iges) ¥ NIPUIOKUTH K OTUETY.

2. N3BecTeH marepuall, U3 KOTOPOTo BbINOJIHEHA AeTaib — cTayib 36HXTIO. [Inst nannoro marepua-
Ja HailTH B CIIPABOYHHKAX 110 (PH3HUKO-MEXaHHUYECKHM CBOHCTBAM MATEPHAIIOB : MOLYNb YIPYroCTH, KO-
spdunument IlyaccoHa, MIOTHOCTb, MpeeNn TEKy4eCTH, TEIUIONPOBOJHOCTb, YAEIbHYIO TEINIOEMKOCTb,
K03 HUIMEHT TMHEHHOTO TEMIIEpaTypHOTO PaCUIHPEHNUSI.

3. BeIOpaTh NpoU3BOJIBHYIO CXEMY HarpyKeHus JeTajli, BKIYAIOLIYIO:
- 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 KOHEYHOAJIEMEHTHBIN aHAU3 HaIMPsHKEHHO-Ae(QOPMUPOBAHHOTO COCTOSIHHSI JETaIH
B JIMHEMHO-YNPYroll MOCTAHOBKE MPH JEHUCTBHUM CTAaTUYECKUX MEXAHWYECKUX Harpy3ok. BenmnduHbl
Harpy3ok u3 M. 3 mogoOpaTh TaKMMH, YTOOBI YKBUBAJICHTHBIE HAMpPsDKEHUs M0 Musecy He MpEeBbBIIIATH
1/10 mpexnena npouHocTu MaTepuana. OnpeaenuTh NpeaeIbHYI0 BETHYUHY PABHOMEPHO paclpeaeieHHON
Harpy3Kku, KOTOPYIO JeTallb ClIocoOHa BOCIPUHSTH 0€3 pa3pyllieHus U mepexoa B CTANIO TIaCTUYECKO-
ro neopMupoBaHus (BCE OCTAIbHbBIE HATPY3KH MPUHITH HEU3MEHHBIMU ).

5. BelnmonHUTE aHanM3 pe3yiabTaToB pacuera. [loctpouts uzomnons nepemenieHui, 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 TEMIIEPATypPHBIX MOJIEH B AETAIH B CTAlMOHAPHOU MO-
CTaHOBKE (TIpU YCJIOBHH, YTO TEMIIEPATYphl HE MEHSIOTCSA B TEUEHUH BpEMEHH). BennunHbl TeMneparyp-

HBIX BO3JIEHCTBHIA U3 M. 6 MOM00paTh TaKWUMH, YTOOBI MaKCHMaJbHAs TeMIIEpaTypa JAETald COCTaBIIsLIa
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 HaIpPsHKEHHO-1e(OPMUPOBAHHOTO COCTOSIHUS JI€TalIN
B JIMHEWHO-YNPYrol IOCTaHOBKE MpPH TEMIIEPaTypHOM BO3JICUCTBUHM, pPACCUUTATh TEMIEPATypHbIC
HanpspkeHus u nedopmanuu. [locTpouts u30mods nepemMenieHui, aedpopmanuii ¥ HanpsbkeHui. OnucaTth
MOJTyYEHHBIE PE3YIbTaThl MUCHbMEHHO.

10. CocTaBUTh OTUYET, COACPKALIUN: UCXOAHBIC JAHHBIE, TOCTAHOBKY 3aJlayM, OMMCAHUE XOJa pe-
LIeHUSI 33/1a4H, TIOJTyY€HHbIE PE3YJIbTaThI.

Puc. 1. [erans

Kpurepun onenkmn:

- OLICHKA «3a4YTCHO» BBICTABJIACTCA CTYACHTY, €CJIM OH 3HACT TCPMUHBI U OIIPCACIICHUA, OCHOBHOI MaTe-
pual IMCUUILIINHEIL, }IaéT MIpaBHUJIBHBIC OTBETHI HA JOITOJIHUTEIIBHBIC BOIIPOCHI;
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- OIICHKA «HE 3aYTEHO» BBICTABISETCS CTYICHTY, €CIM OH HE 3HACT TEPMUHOB M ONpPE/IEICHUHN, 3HAUU-
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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