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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 OOYYAIOMIMMCSI KOMIIETEHLUN OCYIIECTBISETCS C MOMOIIBIO GopM
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 NUCUUIUIMHBI Y 00yYaromerocs A0KHbBI ObITh COPMUPOBAHBI KOMITETEH-
WU

HaumeHnoBaHue kaTeropuu Kox 1 HauMeHOBaHME KOMIIETEHIIUU
(rpynmbl) KOMIETEHIIUH

OIIK-2. Cnoco0GeH MpUMEHSATh COBPEMEHHBIE TEXHUKU M METOJIUKHU cOopa
JAHHBIX, IPOABUHYTbIE METO/bI UX 0OpabOTKM M aHalu3a, B TOM YHUCIIE
HCII0JIb30BaTh HMHTEJIEKTyallbHble MH(POPMALMOHHO-aHAIMTUYECKUE CH-
CTEMbI, IPU PELICHUHU YIPABICHYECKUX U MCCIIEJOBATENIbCKUX 3a/1a4.

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

HUS: «HE 3a4TEHO», «3a4TECHO».

IToka3zaTensiMu OLICHMBAHUS SIBJISIFOTCA 3HAHUS, YMEHHS U HaBBIKM OOYYalOLIErocs, MOJTy4YEeHHBIE
IIPU U3YYECHUH TUCLUILIMHBL.

Kpurepusmu orieHHBaHUS TOCTUKEHUS ITOKA3ATENEH SBIISIIOTCA:

IToka3arenn

Kpurepuii onenuBanus
OLICHUBAHUs

3HAHUSI TEPMUHOB, ONIPEJCICHUIN, TOHATHI;

00bEM OCBOEHHOTO MaTepHaia, yCBOCHUE BCEX TEM, Pa3/IeNIOB AUCITUTUINHBI,
3HaHus MIOJIHOTA, CHCTEMHOCTb, IIPOYHOCTH 3HAHMUIA;

MPAaBWJIBHOCTH OTBETOB Ha BOIPOCHI;

YETKOCTh M3JIOKEHHSI U3YYEHHOI0 MaTepuana;

CTEIIEHb CAMOCTOSTEILHOCTH BBIMOJIHEHUS ASHCTBUS (YMCHI/I}I);
OCO3HAHHOCTh BBIIOJIHEHUS JCHCTBUA (YMCHI/IH);

YMmenus YMCHHUEC aHAJIM3UPOBATH H3y‘leHHHI>i MaTcpHuall;

YMCHUC BI)I6I/IpaTI) MCTOAWKY BBIITOJTHCHU A 3aaHNs,

YMCHUC BBITIOJIHATL 3aJlaHUA pa3J'IPI‘-IHOﬁ CJIOKHOCTH,

HAaBBIKH CAMOIIPOBEPKHU, KaueCTBO C(HOPMUPOBAHHBIX HABHIKOB;

HAaBBIKM aHAJIN3a PE3YyJIbTATOB BBINOJIHEHUS 3aJaHNI, PEIICHHS 3a/]1a4;

HAaBBIKH MPEJICTABICHUS PE3YJIHTATOB PEIICHUS 33/1a4, Ka4eCTBO O(popMIiIeHHS 3a1a-
HUM;

HABBIKM OOOCHOBAHUSI BHIMIOJTHEHUS 3a/IaHUH, PUHSATHUS PEIICHHIA,

OBICTPOTA M KAYECTBO BBITIOJTHEHUS 3a/IaHUIA.

HaBbeiku




2. TunoBble KOHTPOJIbHbIEC 32JaHHUA 1JIs1 OleHMBaHUs (JOPMUPOBAHUA KOMIIETEHIMII IPHU NPOBe/ie-

HHMU NPOMEKYTOUYHOH aTTecTALMHU

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

HanmenoBanue
Kon dopmu-
Haumenosanue pas- . MPUMEHSEMbIX
Ne Tunossie BOIPOCHI/3a1aHUs pyeMou Kom-
Jie1a AUCLUUTIIINHBI OLIEHOYHBIX
MeTeHIINH
CPEICTB
1 | BBegenue B cucteMbl OIIK-2.1 DK3aMeHaIMOH-
aBToMatusupoBanHoro | Beenenne. ANSYS Workbench. . Mc- | OIIK-2.2 HBIN OWJIET
IIPOCKTUPOBAHUSA topus nakera ANSYS. OcHoBHbIE OIIK-2.3 Kounrtponbnas
KOMITOHEHTHI ITaKeTa U TUIIbl aHAJIN3A. paborta
Pabora B 060mouke ANSYS PazHoypoBHeBBIC
Workbench. Monyne DesignModeler. 3a7a44 U 3a1a-
Pa6ora B moxyne DesignModeler. Co- HUS
31aHue u npeodpazosanue 3D moze- Hoxuan, cooOrie-
neii. Monyns ANSYS Meshing. M- HUE
MOPT U HANpaBJICHUE TEOMETPUHU U3 Pacuetno-
BHemHux CAD cuctem. [loctpoenue rpaduyeckas pa-
cetku B Mosyie ANSYS Meshing 6ota
(rmo6anbHBIE METOTBI). Tecr
Keiic-3amaua
2 | Pemenue 3anau c uc- OIIK-2.1 DK3aMeHaIOH-
I10JIb30BaHUEM IIPO- OIIK-2.2 HBII OmIeT
IPAMMHOTO KOMILJIEK- OIIK-2.3 Kontponbnas
ca ANSYS pabota
Pa3znoypoBHEBbBIE
Pemenue 3aiau Mexanuku aedopmu-
3aJa4u ¥ 3a/a-
pyemoro tBepaoro tena B [IK
HUS
ANSYS. Pemenue 3a1ay MEXaHUKU
Hoxman, cooOre-
nepopMUPYEMOTro TBEPOTO Tela B e
ITK ANSYS.
PacuerHo-
rpaduyeckas pa-
6oTa
Tect
Keiic-3amaua
Tabnuunblil nponiec- | HazHaueHne U OCHOBHBIE IOHSTHS. OIlK-2.1 Tect
cop MS Excel [Tonp30BaTenbCkuii nHTEpQEIiC. OIIK-2.2 PasHoypoBHEBEIE
Hacrpoiika nmapamerpos. bazoBbie OIIK-2.3 3a/1a4u U 3a11a-

anemenTsl MS Excel 2007, pabota ¢
¢aitnamu, ssueikaMu U Tuana3oHaMH.
Co3nanue U peaaKTUPOBaHUE DJIEK-
TPOHHBIX TabmuIl. PopMaTHpOBaHUE
JAHHBIX pa3HbIX TUNOB. OCHOBHbIE
onepanuu ¢ nanubiMu B MS Excel,
pabota ¢ mucramu. OCHOBHEBIE OTepa-
uuu ¢ faHHbIMuU. [IpoBenenue pacue-
TOB C MOMoIII0 (hopmyi. Berancne-
Hust B MS Excel ¢ momomipio hopmys.

HUA




Hcnons3oBanme BCTPOSHHBIX (PYHK-
LIUH pa3iIMYHBIX KaTeropuii. Berauc-
nenus B MS Excel ¢ ucnonbp3oBanueM
¢bynkuuii. BeimonHenue oneparuii ¢
yCJIOBHEM. ABTOMAaTH3aIUs PacueTOB
MaccHUBOB J1aHHBIX. PaboTa ¢ popmy-
JIaMH, MacCHBaMH JaHHBIX. Co3manue
narpamm B MS Excel. Ucnonb3oBanne
Macrtepa AuarpaMm JUisi TOCTPOSHUS
Pa3IMYHBIX TUIIOB AUArpaMM U rpa-
¢duxoB. Hanctpoiiku MS Excel mns
pelieHus cnenuanbHbIX 3a1a4. Mc-
noib30Banue HajcTpoek "[logdop na-
pamerpa" u "llpunsatue pemenuit”
JUTSL pEIICHUS CTICIIMAIIBHBIX 3a71a4.

Cucrema yrpaBieHUs
Oasamu JaHHBIX MS
Access

Bo3moxunoctu CYBJ] MS Access.
OO0bekThl MS Access, MX Ha3HAYCHHE.
Coznanne TabauIl B pa3InvHbIX pe-
)uMax pabotel MS Access. PenakTu-
pOBaHKE, COPTUPOBKA U HUITBTPAIUS
naHHbIX B pexxume "Tabauner". Co-
31aHue 3anpocoB. KoHcTpynpoBanue
MpocThIX 3ampocoB. Co3aaHue MHOTO-
TaOMM9IHBIX 3anpocoB. Co3ganue u
UCIOJIb30BaHKeE POCThIX popm. Pado-
Ta C JJAHHBIMU B OJJUHOYHBIX TaOJIU-
nax. Co3anue M UCTOIb30BAHUE MTPO-
cteix hopm. Co3nanue oT4eToB. Bei-
TIOJIHEHUE B OTYETaX OINepaluii BbI-
YUCJICHUS, TPYNITUPOBKU U COPTUPOB-
KM JTaHHBIX. ITOTOBbIE pacueThl.
Odopmienne u nmeyats oT4yeTa. ABTO-
MaTHU3UPOBAHHOE YIIPABJICHHUE pa3pa-
OO0TaHHBIM MIPUIIOKEHHUEM. ABTOMATH-
3UpoBaHHas pa3paboTKa KHOMOYHOM
(hOpMBI 1O YIIPaBICHUIO MPUITOKEHH-
eM.

OIIK-2.1
OIIK-2.2
OIIK-2.3

Tect
PasnoypoBHeBbIE
3aJa4y | 3a7a-
HUSA

HNupopmaninonubie
CUCTEMBI M TEXHOJIO-
ruu B chepe KKX

MeTo10510THYeCKIE OCHOBBI 9KOHO-
MHUYECKOM HH(OpPMAIIMOHHOH cucTe-
Mbl. [ToHsITHE HHPOPMALIMOHHOM cH-
CTeMbl. JKOHOMHUYECKHe HHPOpMaIu-

OHHBIE CUCTEMBI U UX K.]'IaCCI/I(l)I/IKaHI/ISI.

ABTOMaTH3MpPOBaHHBIE HH(OPMAITH-
OHHBIE TEXHOJIOTHH, UX PA3BUTHE U
knaccupukanus. Kontyp nnpopma-
UOHHBIX TexHosoruii. Mudopmanu-
OHHBIE TOTOKH B 9KOHOMHUYECKOH HH-
¢dhopmarimonHoit cucreme. MiHTerpupo-
BaHHbBIE 3JICKTPOHHbIE HH(POPMAIIMOH-
HBIC CHCTEMBI yIpaBiieHus. Bo3moxk-
HOCTH JUJIs1 IJTAaHUPOBAHUS JIeSITEIbHO-
CTH TIPEIPHUSTHSI. DBOIIONHUS CHCTEM

OIlK-2.1
OIIK-2.2
OIIK-2.3

Tect
Pa3zHoypoBHEBbIE
3aa4y | 3a7a-
HUSA




YIPABJICHUS NpeanpusitieM. TeHaeH-
WU PA3BUTHS HHPOPMAIIMOHHBIX CH-
cteMm. Kpurtepun Bei6opa skoHOMHYE-
CKO# MH(POPMAIIMOHHOW CUCTEMBI.
[IpuHUKMIIBI OLIEHKH aBTOMATU3HPO-
BaHHOM cuctembl. HazHaueHnue npo-
rpaMMHoOro obecneuenus. [Inanupo-
BaHUE UH()OPMAIIIOHHBIX CUCTEM.
JKu3neHHbIH MUK HHGOPMAIIMOHHBIX
cucreM. BrnusiHue nHpopManmoHHbIX
TEXHOJIOTHI HA YIPABICHUYECKUE CU-
crembl. OLleHKa 3aBUCUMOCTH IIPei-
MPUATHS OT UHPOPMAITMOHHBIX TEX-
Honoruii. [InanupoBanue uHpopma-
LUOHHBIX CUCTEM. DTaIlbl IPOEKTUPO-
BaHUA MH(OPMALIMOHHBIX CUCTEM.
CornpoBOX/JI€HUE TPOEKTOB TUIAHUPO-
BaHud. CereBoe 1miaHupoBaHue. Bui-
60p 6a30Boii cTpareruu HHPpOpPMAIHU-
OHHOM cucTteMbl. MHpOopMalimoHHbIE
TEXHOJIOTHH U 33]1a4M YIPaBJICHUS B
rOpOJICKOM X03siiicTBe. Pa3BuTue ore-
YECTBEHHBIX CHCTEM aBTOMAaTU3ALUN
ynpaneHus. UupopmanroHHsie Tex-
HOJIOTUU Y TOPU30HTHI YIIPABICHUS.
KommiekcHas cuctema aBromaTusa-
uu. 3a7a4n CUCTEMbI KOMILIEKCHOMN
aBromMaTu3anuu. [[puHIHNIBI TPOEKTH-
pOBaHMsI aBTOMaTU3UPOBAHHBIX CHU-
creM ympasinenus. [Ipobnemsl BHe -
pEeHUS CUCTEM KOMIUIEKCHOW aBTOMa-
TU3aIUH. YHU(DUKALKS TEKCTOB
YIIPaBICHYECKUX TOKYMEHTOB. 1H-
(hopMaIlMOHHBIE CUCTEMBI B YIIpaBIIe-
HUH FOPOACKUM XO35MCTBOM. I'opo-
CKHE MH(OPMAIIIOHHBIE CUCTEMBI.
Cucrema HaBUTaluu U TeJIEMaTUKU
JUISl TOPOJICKOTO YIIPaBJIEHUs U Hace-
nenus. Equnas roponackas 6a3a naH-
HBIX 0 HaceneHuu. Cucrema Ge3omnac-
HOCTH Topojia. OpraHu3aoHHO-
9KOHOMMUYECKUN MEXAHU3M YIpaBIIe-
HUS KUTUIIHBIM (poHI0M. YTipaBiie-
HUE XWI()OHIOM YIIPaBIIAIONIEH KOM-
nannen. @ynknnn YK. Oynkium my-
HULIUMAJIBHON CTPYKTYpPBI BO B3aUMO-
JIEWCTBUU C YIIPABISAIONIEH KOMIIAHU-
eil. CucremMa KpUTEPUEB OLICHKHU Kade-
CTBa pabOThI YIpaBIIAOIIeld KoMIa-
HUU. ABTOMaTH3aUs YIIPABJIEHYECKO-
ro yuyera B cucteMe JKKX. Mertonono-
I'Msl YOIPABJIEHYECKOr0 y4eTa B paMKax




OTpaciiy yIpaBJiIeHUs KUJIBIMU I0Ma-
Mu. OnepaTuBHBIN yueT. byxranrep-
ckuit yuert. Kanpkynamus 3atpat. MH-
(dhopMaTuzanus OU3HEC-TIPOIIECCOB B
chepe XKKX.

2.2 IIpomesicymounas ammecmayus 6 popme 3auumsl Kypcogou pabomsi (Kypcoeo2o npoekma)
He npegycmorpeno.

3. MeTtoanyeckue MaTepuaJibl, ONpeaesolue Npoueaypbl OleHUBAHUS
[Ipouenypa npoBeaeHHs] MPOMEKYTOUHON aTTECTAllMM U TEKYIIEro KOHTPOJSI YCHEBAEMOCTU pe-
[JIAMEHTUPYETCS JJOKATbHBIM HOPMAaTUBHBIM aKTOM, ONPEACIISIIOIIUM MOPSIIOK OCYIIECTBICHUS TEKYIIETO
KOHTPOJISI YCIIEBAEMOCTH U MPOMEKYTOYHON aTTeCTallui 00y4YaOLUXCS.

3.1 Ilpoyedypa oyenusanus npu nposedeHuUu NPOMe’CYmMoyHOU ammecmayuu 00y4arouuxcs no Oucyu-

nauHe 8 (hopme IK3ameHa u/unu ougghepenyuposannoco 3avema (3auema ¢ OYeHKol)
He npemycMotpeHo.

3.2 llpoyedypa oyenusanus npu nposedeHuU NPOMe’CymoyHoU ammecmayuu 00y4aromuxcs no OuUcyu-
naune 6 gopme 3avema
[TpomexxyTouHasi arTecTanus Mo JUCHUILTUHE B (hopme 3auéra mpoBoautcs Bo 2, 3 (1, 2, 3) ce-
MecTtpax. [ olleHrBaHus 3HAHUM ¥ HABBIKOB UCIIOJIb3YIOTCSI KpUTEPHUH U IIKaJIa, yKa3aHHbIe 11.1.2.

Hwxe npuBeeHbl IpaBuiia OIICHUBAHUS (D)OPMUPOBAHKS KOMIIETSHITUI 10 MOKA3aTeJ0 OIICHUBA-
HUSA «3HAHUA.

ypOBeHb OCBOCHHA U OLICHKA

Kpurepuii onieHuBaHus

He 3auteno 3auTeHo

3HaHUA TCPMHHOB,
ONPENCICHUN, IOHATHIA;
00BEM OCBOCHHOT'O Ma-
Tepuaia, yCBOEHUE BCEX
TEM, pa3AesioB AUCIHU-
IUIMHEIL;

He 3naeT TepMHHOB 1 onpeeneHni 3HaeT TEpPMUHBI U OIIPE/IEICHUS

He 3HaeT 3HauuTENLHON YacTU MaTe-
puana IUCUMIUIUHBI

3HaeT MaTepI/IaH JUCHUIIJIMHEBI B
[IOJIHOM 00BEME

IOJIHOTa, CHICTCMHOCTbD,
IMPOYHOCTH 3HaHI/II\/’I;

3HaHMs MaTepHaa OeccucTeMHbIe, He
OTBEYaeT Ha OOJIBIIMHCTBO BONIPOCOB
110 TeMaM JMCUUIIIINHBI

Jla€T 10CTaTOYHO YETKHUE U TIOJTHBIC
OTBETHI HAa BOIIPOCHI

IPaBUJIBHOCTh OTBETOB
Ha BOIPOCHI;

HenpaBunbHo oTBe4aeT Ha OONBIINH-
CTBO BOITPOCOB, JIOITYCKAET TPyObIe
OLINOKH

OrtBeuaeT Ha BOITPOCHI IPABUIIBHO

YETKOCTDb HU3JIOKCHUA
HU3YUYCHHOI'O MaTc¢purajia,

W3nmaraet 3HaHKUA O€3 JIOTHYECKOH 110-
CJICAOBATCIILHOCTHU, HC COIIPOBOKIAACT
OTBCT pUCYHKaMH, CXEMaMU

N3znaraet maTepuan 70CTaTOYHO
4eTKO, 0€3 HapyIlIeHUH B JIoTHYe-
CKOH IIOCIIEIOBATEILHOCTH. BBI-
MOJIHSIET MOSCHSIIOUIUE PUCYHKH U
CXCMBbI KOppeKTHO U ITOHATHO

Huxe mpuBeneHbl mpaBuiia OLEeHUBaHUS (OPMUPOBAHUS KOMIIETEHIIUH 0 MMOKA3aTeI0 OLEHUBA-

HUA «Y MEHUAY.

Kpurepuii orieHnBaHus

YPpoBEHb OCBOEHUS U OLICHKA

He 3auteno

3aureHo

CTCIICHb CaMOCTOATCIIb-

He moxeT camocTosSTENHHO

BrmmonasgeT 3agaane caMoOCTOSTEIIRHO,




HOCTHU BBITIOJTHEHUS
nercTBUs (yMEHUs);

BBIIIOJIHUTH 3a1aHUC

IpaMOTHO BBIOMPAET CTaHJIAPTHYIO METO-
JIUKY, UCIIOJIb3YET HYXKHYIO JINTEPATYPY
IIPU HEOOXOIUMOCTH

OCO3HAHHOCTbH BBINOJI-
HeHus AeicTBus (yme-
HUS);

Brimonuser 3alaHuA 110 IIpu-
MEPY, HE OCO3HAaHHO, HC MOXET
OTBCTUTH HA BOIIPOCHI ITPCIIO-
JaBaTelid IO aJIlrOpUTMy U ME-
TOJAUKEC PCIICHUSA

BrinmonnaseT 3amanus OCO3HAaHHO, JOITyCKas
HEOOYCTHI, MOXET YBEPCHHO OTBECTUTH HA
BOIIPOCHI NPCIOAABATCIIA 10 AJITOPUTMY U

MCTOOUKE PCIICHUA

YMEHHE aHAIU3UPOBATh
M3Y4YEHHBIN MaTepUal;

He nmeer HaBBIKOB aHan3a
M3y4YEHHOI0 MaTepuaa,

JlesaeT KOppeKTHBIE BHIBOABI 110 U3YYEH-
HOMY Marepuaiy,

yYMEHHE BBIOMpATh Me-
TOJMKY BBIMOJTHEHUS
3aJlaHus;

He MoxeT BBIOpaTh METOIUKY
BBIIIOJIHEHUS 3aJaHUN

bes 3aTpyaHeHuii BEIOUpaEeT CTaHAAPTHYIO
METOAMKY BBIMOJHEHUS 3aIaHUI

YMEHHE BBITOJIHSATD 3a-
JIaHUS pa3IMYHON

CJI0’KHOCTH;

He uMeeT HaBBIKOB BBIIIOJIHE-
HUS y4eOHBIX 3aJaHUN

Nmeet HaBBIKM BBIMOJHEHUS CTAHIAPTHBIX
yueOHBIX 3aJaHU

Hwxe npuBenensl mpaBuiia orieHUBaHus HOPMUPOBAHHS KOMIIETEHIIMN 110 TTOKA3aTENI0 OIIEHUBA-

Hus «HaBBIKMY.

Kputepuii onieHuBanus

ypOBeHb OCBOCHU U OLICHKA

BAaHHBIX HABBIKOB,

He 3aureHo 3ayTeHO
HAaBBIKM CaMOIIpOBepKH, | HaBbiku camonpoBepku orcyT- | FiMeeT HaBbIKM CaMONPOBEPKH, XOPOLIO
Ka4yecTBO c(hopMUpO- CTBYIOT c(OpMHPOBAHBI HABBIKH BHIMOJIHEHUS

3aJIaHUN

HAaBbIKH aHaJIM3a Pe-
3YJIbTAaTOB BBITIOJTHCHUSA
3a,[[aHI/II>'I, peuicHus 3a-
Aay;

JlemaeT HEKOPPEKTHBIE BHIBO-
Bl

HCHaCT KOPPEKTHLBIC BBIBOJELI 110 PE3YJIb-
TaTaM pCUICHUA 3a1a4n

HABBIKYU TPEJICTaBICHUS
PE3YJIBTATOB PEIICHHUS
3a/1a4, KauecTBO
odopMIIeHUS 3a/TaHHI;

He moxert MMPOUJITIOCTPUPO-
BaTh pCHICHUC 3ala4M I10C-
HAOIMHWMU CXCMaMH, pUCYHKaA-
MU

Brinmonnaser MOSICHAIOUC PUCYHKH U
CXEMbI KOPPCKTHO U ITOHATHO

HaBBIKH 00OCHOBaHMS
BBITIOJTHCHMS 3aTaHHIA,
MIPUHATHUS PELICHUN;

Jomyckaet rpyOble omnoKu
py 000CHOBAHUM METOJIUKH
BBINOJIHEHUH 33JaHUH, HE MO-
KT IPUHSATH BEPHOE pENICHUE

ANTOpUTM BBINIOJIHEHMS 3a/1aHUs BEp-
HBIH, IPUHUMAET BEPHBIE PEIICHUS

OBICTPOTA U KAUeCTBO
BBIIOJIHEHUS 3aJaHUN.

3aaHus BBINOIHSIET C HU3KUM
Ka4yeCTBOM, KpallHE MEJUIEHHO

BrinonnseT 3amaHus YBEPECHHO, C XOpPO-
MM Ka4€CTBOM

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

He npenycmotpeHo.

4. KonTposbHbIe 3a1aHusl 11 OLeHUBAHUA ()OPMHUPOBAHNS KOMIIETECHIUH
NPHU NPOBEICHUH TEKYIIero KOHTPOJIsSl 10 AUCUHMILINHE
TunoBble KOHTPOJIBbHBIE 33JJaHUA JJIs1 OLIEHUBaHUS (POPMHUPOBAHUS KOMIIETEHIIMNA U MPOLIEAYPHI
OLICHUBAHUs IIPY IPOBEICHUH MPOMEKYTOYHOTO M TEKYILETO KOHTPOJIS IIPEICTABIEHBI B COOTBETCTBYIO-

X npuioxenusx GOC.




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

Hamnpagnenue 38.04.02 MeHex:kMeHT
HaumenoBanue OIIOIT BO CTpaternveckoe u KOpnopaTuBHOE yIpaBJieHHe
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 UCCIIEI0BAaHUE CXOAUMOCTH IO 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» BBICTABISETCA CTYACHTY, €CIIM OH 3HACT TEPMHHBI U ONpPEACICHNs, OCHOBHOW MaTe-
pHaT JUCHUILINHBL, 1aET IPaBIIbHBIC OTBETHI HA JIOTIOJIHUTEIBHBIC BOIPOCHL;

- OIICHKA «HE 3a4TE€HO» BBICTABIISCTCS CTYJCHTY, €CJIM OH HE 3HACT TEPMHUHOB M ONPEACICHUN, 3HAUHU-
TEJIFHOM YacTH MaTepHaja AUCHUILIMHBL, HEMIPAaBIIFHO OTBEYAaeT Ha OOJIBIIMHCTBO BOIIPOCOB, JIOMTYCKAET
rpyObIe OIIHOKH.

CocraBuTeib M.H. [Jaaunos

3aBenyromuii kadeapoit 10.E. Bocko6oiHUKOB

«01» nrons 2021 r.



MUHUCTEPCTBO HAYKHU U BBICILIETO OBPA30BAHUS
POCCUIICKOI ®EJIEPALTIN

(benepanbHOE rocy1apCTBEHHOE OIOIKETHOE 00Pa30BaATEIILHOE YUPEKIECHUE
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, KOOPIUHATHBIC
IUIOCKOCTH.

3. Ilupamuipl, IPU3MBI, TEKCAIAPBI, TETPAIIPHI, TPEYTOJIb-
HHUKHU, YCTBIPEXYT'OJIbHUKH, OTPE3KU, MHOI'OMCPHBIC TCJIA.

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

OIIK-2

Bri6epuTe TUIIBI TPAaHUYHBIX YCIOBHM ISl ypaBHEHHSI CTa-
IMOHAPHOW TETUIONPOBOJHOCTH.

1. OxnaxxeHue UM HarpeBaHue.

2. 3a/laHHBIC TEMIIEPATYPHl, 3aJaHHBIE TETJIOBBIC TIOTOKH,
KOHBEKTHBHBIN TETNIOOOMEH C OKpYXKAroIIel cpeoit, 3a1an-
HBIC JIOTHOCTH TEIUIOBBIX TOTOKOB, YCIIOBHS TyYUCTOTO
TerI000MeHa.

3. 3a1aHHBIE CKOPOCTH U3MEHEHUS TEMIIEpaTyp.

4. 3ajaHHbIe TEIJIOBBIE MOTOKU, KOHBEKTUBHBIN TEIII000OMEH
C OKpY>Karollen cpeio, 3aJaHHbIE TTIOTHOCTH TEIJIOBBIX
MMOTOKOB, 00BEMHBIN UCTOYHHK TETIa.

OIIK-2

[Iepeuncinte TUIBI TPAHUYHBIX YCIIOBHM JUUISl yPAaBHEHUI
YIIPYTOCTH.

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

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

3. Cxopoctu nedopmaruu, Ha4aJabHbIE CKOPOCTH JBHKEHUS
TEJ, 3aJaHHbIE YCKOPEHUS.

4. 3ajaHHbIe IEpEMENECHNs], 3aJaHHbIE HANIPSKEHUS.

OIlK-2

HccnenoBanue cX0QUMOCTH MO CETKE BBINOIHAETCS C 11e-
JIBIO:

1. onpeneneHus KauecTBa CETKU

2. IOATBEPKICHUS JOCTOBEPHOCTH MOJIYYEHHOTO pe3yJIbTa-

OIIK-2

10

10



Ta YUCJIICHHOI'O pCHICHUSA

3. OICHKHU BCIIMYUHBI TOTPCUIHOCTU YHUCJICHHOI'O PCIICHUA
4, OLICHKHU BJIMAHUA CETKH HA PE3YJIbTAT YHCICHHOI'O PEIIC-
HHUA

5 | Annpokcumupyromas GyHKIUS IS KOMITIEKC-3JIeMEHTa OIIK-2 10
COJIEPKUT:
1. TpaHCLeHIEHTHBIE (PYHKIIUU
2. KOHCTaHTY, YWIEHBI BTOPOTO, TPETHETO U 00JIee BHICOKHX
MOPSAIKOB
3. KOHCTaHTY, JINHEWHBIC YWICHBI
4. KOMIUJICKCHBIE YKCIia
6 | Annpoxcumupyromas GyHKIHS 11 CUMILIEKC-3JIeMEHTa OIIK-2 10
COJICPKUT:
1. TpaHCcUeHeHTHBIC (DYHKIIUN
2. KOMIUJIEKCHBIE YHCIia
3. KOHCTaHTY, JINHEWHBIC YWICHBI
4. KOHCTaHTY, YJIEHBI BTOPOTO, TPETHETO U 00JIee BEICOKUX
MOPSIIKOB
7 | I'eoMmerpruueckue pegakTopsl, 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 | Cerounble reHEPATOPHL, BXOASAIINE B COCTAB POIPAMMHOIO OIIK-2 5
KoMmIuIeKkca 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-2 5
Has JJIs aHAJIM3a HaIPsHKeHHO-1e()OpMUPOBAHHOTO COCTOS-
HUs KOHCTPYKLIUH B CTATHYECKON ITOCTAaHOBKE:
1. Steady-State Thermal
2. Static Structural
3. Transient Structural
4. Mechanical Model
10 | MeToa KOHEUHEBIX DJIIEMEHTOB — 3TO: OIIK-2 5
1) MeTo anmpoKkcUMaIui GYHKIIMA MHOTHX TIEPEMEHHBIX
2) METOJT YMCIIEHHOTO UHTErPUPOBaHUS (PYHKIIUNA MHOTHUX
TepeMEHHBIX
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 KOHCTPYKIMHA B JMHAMHUYECKOW 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, KOA(P(GUIIUEHT TETIIOMPOBOTHOCTH

3. k03P PHUITUEHT TEMIONPOBOTHOCTH

4. IUIOTHOCTB, KO3(P(PUIIMEHT TETITONPOBOAHOCTH, YACIbHAS
TEIIOEMKOCTb

OIIK-2

14

Cucrema ananmsa B obomnouke Workbench, npennaznauen-
Hasl JUIsl onpeieneHus GopM moTepu YCTOMYMBOCTH KOH-
CTPYKIUI U KPUTHYCCKUX 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 BBIITOJHEHHS aHAJIN3a HECTAI[HOHAPHBIX
TeMIepaTypHBIX MOJIEeH B KOHCTPYKIUH?

1. KoaddunneHT TpeHus, mI0THOCTh, IPEAET IPOYHOCTH.
2. IIpenen npoYHOCTH U NIPEJEN TEKYUECTH.

3. [110THOCTB, TBEPOCTD.

4. Moayns ynpyrocta ¥ koapduuuent [lyaccona.

OIIK-2

16

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

1. BEAM, LINK, CABLE, REINF

2. BEAM, PIPE, ELBOW

3. SOLID, SHELL

4. MPC, COMBIN, REINF

OIlK-2

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

[Tepeunciute TUIBI TPAHUIHBIX YCIIOBUH, HCIIOTB3YIOIIHAECS
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-2

12



OyeTcs 3a7aTh [Tl BHIIIOJIHEHHUS aHAJIW3a HaIPSHKEHHO-
1e(OPMUPOBAHHOTO COCTOSIHHSI KOHCTPYKIIMH B CTATHYE-

CKOH ITIOCTaHOBKE?

1. Koo uument tpenusi, maoTHOCTh, MPEIEs IPOUYHOCTH.
2. [Tpeaen npoYHOCTHU U NMPEET TEKYUECTH.

3. I[I10THOCTB, TBEPOCTb.

4. Monayne ynpyroctu u kodddunment [lyaccona.

33}13]—[1/[5[ OTKPLITOI'0 THUIIA

1 | Pesynbrar nuckperusanuu pac- | KoHeuHossieMeHTHas ceTka OIIK-2 10
YETHOH 00JI1aCTH, OIIMCAHHE €€
reOMETPHH € IIOMOLIbI0 Habopa
NPUMUTHBHBIX (QUTYp, KOHEU-
HBIX 2JIEMEHTOB, UMEIOILUX
(bopMy YETBIPEXyroIbHUK, TPe-
YTOJIBHUK, OTPE30K, FeKca’ip,
nupamuia, IpusMa, TeTpasap —
370 ...

2 | Kakue matepuanbHble napamer- | [1m10THOCTH, MOAYIb YIPYTOCTH, OIIK-2 10
PBI BXOAST B ypaBHEHUS JIMHA- ko3 duuuent [lyaccona
MUYECKOU TEOPHUH YIIPYTOCTH?

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

4 | Kakue matepuansubie mapamer- | Koadduuuent rermonposoanoctu, | OIIK-2 10
PBI BXOAST B ypaBHEHUS HE CTa- | yJelbHas TeIUIOEMKOCTb, IJI0T-
LIMOHAPHOM TEIJIONPOBOAHOCTH? | HOCTh

5 Kakumu ciocobamu ocymects- | M3omosns, TabnuyHoe mpecTaBiie- OIIK-2 5
nsieTcs rpaguyeckasi BU3yasu- HUE QYHKIMU
3anus GyHKLIMH MHOTHX Iepe-
MEHHBIX, IOJTYYEHHBIX B PE3YJIb-
TaTe peuIeHMs 3a1a4u’?

6 | Pesynprarom pemenus kpaeBoil | BexTop-dyHKIMs nepemerieHuii, OIIK-2 5
3aJ1a4uM JUIsl CHCTEMBl YPaBHEHUS | BEKTOP-(QYHKIUS HAPSKEHUM
YIIPYTOCTH SBJISIOTCS ...

7 | PesynpraTom pemenns kpaeBo | @yHKIMA TEMIEpaTypsl, BEKTOP- OIlK-2 5
3aJ1a4M JUIsl YpaBHEHUSI TEILI0- (byHKLUS TUIOTHOCTH TEIJIOBOTO
MIPOBOJHOCTH SIBJISIFOTCS ... MOTOKA

8 | Ilpu pemenuu 3a1aun quHamMu- | HaganbHble yenoBus / HadanbHble | OITK-2 5
KM KOHCTPYKLIUU KpOME Ipa- CKOPOCTH
HUYHBIX YCIIOBUI HE00X0AUMO
3a]1aTh ...

9 | Ilpu pemieHnn ypaBHEHHUs He- Hauanbueie ycnoBus / Hauanbhele | OITK-2 5
CTallMOHAPHOM TEIUIONPOBOJIHO- | TEMIIEpaTypbl
CTH KPOME I'PaHUYHBIX yCIOBHUU
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 6ayios;

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

CocraBuTenb

M.H. /{anunos

3aBenyromuuii kageapoit

«01» urons 2021 .

IO.E. BockoOoitHHUKOB

14



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 TEHEPALMI0 KOHEYHOIJIEMEHTHOW CETKU U3
ANIEMEHTOB ()OPMY TPEYTOJIBHHKA JUIS 3aMKHYTOH 00J1aCTH, N300paXKEHHOW Ha PUCYHKE 1.

Puc. 1. 'eomerpuyeckas KoHQUTypauus

3anaya 2. YuCIEHHO peUINTh KPaeBYIO 3a/auy Ul YPaBHEHUS TEIJIONPOBOJHOCTU C HCIIOJIb30BAHUEM
naketa Ansys. ['eomerpus pacuetHoii obsactu nzo0paxkeHa Ha pucynke 1. Pasmepst ctopon I'y u I's co-
ctaBystoT 10 cM; pannyc KpUBOJIMHENMHOM TpaHullbl —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 YPOBHS

3agaya 1. IToctpouts 3D reoMeTpUYECKyrO MOJEIb M BBINOJIHUATH TEHEPALMIO KOHEYHOMIEMEHTHOM CETKU C
npeobIaaHueM I1eMEHTOB (POpMBI TeKkcadIpa sl 3aMKHYTOM 00J1acTH, N300payKEHHOM Ha PUCYHKE 2.

15
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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 OCTaJbHBIX MOBEPXHOCTSX 33JaTh YCIOBUS KOHBEKTUBHOIO TEMIOOOMEHA C OKPYXKAIOIIEeH Cpeioit.

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).

BBINONHUTE KOHEYHORJIEMEHTHBIN aHaIM3 HANPSHKEHHO-Ie(OPMHUPOBAHHOIO COCTOSIHUS JETaId 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 MNPOYHOCTH Marepuana. OnpeneiuTb NPEAesIbHYI0 BEIMYMHY PaBHOMEPHO paclpelesIeHHON
Harpy3kH, KOTOpPYIO JieTallb CHOCOOHA BOCIIPHHATE 0€3 paspylleHHsl U Mepexo/ia B CTa/INI0 IJIaCTHYECKO-
ro neopMupoBaHus (BCe OCTaIbHbIE HATPY3KH MPUHITH HEM3MEHHBIMH).

BeimonHuTe aHanu3 pesynbTraToB pacdera. [locTpouTh u30mmoisA mepeMenieHui, 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;
- KOHBEKTHBHBIH TEINIOOOMEH C OKPYKAIOIICH CPEIOi.

BBINOIHUTE KOHEYHOZJIEMEHTHBIM aHAJIW3 TEMIEPATypHBIX IMOJEW B JETaIW B CTAllMOHAPHOW IIO-
CTaHOBKE (TpU YCJIOBUH, YTO TEMIIEPATyphl HE MEHSIOTCSA B TEUEHUU BpeMeHHU). BennunHsl Temneparyp-
HBIX BO3/EUCTBUM M3 M. 6 MOJ00paTh TaKUMM, YTOOBI MakCHUMallbHas TeMIlepaTypa AETalyd COCTaBisia
250-350 °C.

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

BBINONMHNUTE KOHEYHOZJIEMEHTHBIN aHAIN3 HaNpsHKeHHO-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 PEe3yIbTaThl TUCHMEHHO.

CocTaBUTh OTYET, COAEPIKALLMI: UCXOJHBIE JAHHbIE, [IOCTAHOBKY 3aa4i, ONIMCAHNUE XO0/1a PEIIEHUS
3aJ1a4M, MOJIyYEHHBIE 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 «XOpPOLIO», €CIIM MPOU3BEIEHBI BCE pacyeThl 0e3 OMMOOK CTYIEHT MOXET 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
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 npuxknaaHoii MaTeMaTuKH
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
U3 yHUBEpcalIbHBIX 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: MPe0dIaaHue JIEMEHTOB (POPMBI TeKCadIpa; SIEMEHTHI Iep-
BOro mopsiika (0e3 CpeqMHHBIX Y3J10B); YBEIHMYEHHAs! IUNIOTHOCTh CETKH HAa KPUBOJMHEHWHBIX MOBEPXHO-
CTSIX.

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

Puc. 1. 'eomerpuueckast MOAeIb

Tema «KoHeuHO03/1eMEeHTHBIH aHAJM3 HATIPSZKEHHO-1e()OPMUPOBAHHOI0 COCTOSTHUS 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 HAIPABJICHUU CTECHEHBI (IIEpEMEIEHUs] B OCEBOM HAIPaBJICHUU OTCYTCTBYIOT,
T.€. UMEIOT HYJICBYIO BEJTUUHHY).

Tpebyercs BBIYMCIUTD NEpeMEIIeHHs, MEXaHUUecKue neopMallii U HaNpsHKEHUs, BOZHUKAIOIINE
B JJAaHHOM TBEPJIOM TeJle, T.€. ONPENEIUTh HANPSHKEHHO-1e(opMUpyeMoe COCTOSTHIE JaHHON MeXaHWude-

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 U CXxeMa I'paHUYHBIX yciaoBHM. M300paskeHa LUINH-

JIpUYecKasi CUCTEMAa KOOPINHAT (I’, 0,z ) , KOTOpasi UCMOJB3YETCs IPU PEIICHUN 3a0a4H.
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Puc. 1. Cxema 3amaun Jlame

Cucrtema ypaBHEHUH yIpYrocTH UMEET €IUHCTBEHHOE pelleHHe, KOTAa Ha TpaHule 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_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 ypaBHEHUM yIpyrocTd 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 yncnennoe penieHue 3aaa4yu Jlame npu cieayromux napaMmeTpax:

- 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:

OLCHKA «OTJIMYHO» BBICTABIACTCA CTYACHTY, CCJIN MMPOU3BCACHBI BCC PACUCTEI 0es3 ormru-
00K, 1aHbl MOSICHEHMSI K MTOJyYEHHBIM pe3ysbTaTaM C MPUIIOKEHUEM MOPsIIKAa UX NOTYYECHUS;

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

OLICHKA «YyJJOBJIETBOPUTEIBHO», €CIIM PacueThl IPOU3BEAEHBI C OLIMOKAaMH, 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
BhIcLIero oopasoBanus «HoBocubupckuil rocy1apcTBeHHbIN
ApXUTEKTYPHO-CTPOUTENbHBIN yHUBEPCUTET (CUOCTPUH)»

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

1. O030p KOHEUYHORJIEMEHTHBIX MPOrPaMMHBIX KOMILJIEKCOB JIs PEHICHUs 3a7a4 MPOCKTUPOBAHUS CTPOU-
TEJIbHBIX KOHCTPYKIIHA.

2. O0630p COBPEMEHHOTO TPOrPAMMHOTO 00ECIIEUEHUS JIsl TeHEePAIlUU CETKHU.

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

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

5. Cucrema onpeAensouuX ypaBHEHHH TE€OPUH MIACTUYHOCTU U YUCIIEHHBIE METO/bl UHTETPUPOBAHUS
nuddepeHInanTbHO-aIre0panyecKux ypaBHEHHH.

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

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

8. UccrnenoBanue BO3IEHCTBHSI BETPOBBIX HArpy30K Ha BBICOTHBIC 3/1aHUsI. DKCIEPUMEHT B adPOJUHAMHU-
4eCcKOU TpyOe U YMCIIEHHOE MOJIETMPOBaHNE.

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

10. AcrnieKThl IPUMEHEHHUS METOJa KOHEYHBIX JIEMEHTOB IPU PEIICHHUH 33/1a4 MEXaHUKHU TPEIHUH.

Kputepun onenkmn:

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

- OLICHKa «HE 3aYTeHO» BBICTABISETCSA CTYICHTY, €CIM OH HE 3HAeT TEPMHMHOB U ONpEENCHHUM, 3HAUU-
TEJNBHOM YacTH MaTepualia JUCIUTUINHBL, HEMPABIIIBHO OTBEYAET Ha OOJBIIMHCTBO BOIPOCOB, JIOIYCKAET
rpyObie OIINOKH.

<2
CocraBurenb M.H. /lanunoB

«01» uronsa 2021 r.

22



MUHUCTEPCTBO HAYKHU U BBICILIETO OBPA30BAHUS
POCCUIICKOI ®EJIEPALTIN

(enepanpHOE roCcyJapCcTBEHHOE OIOXKETHOE 00pa30BaTEIbHOE YUPEXKICHUE
BbIcLIero oopazoBanus «HoBocubupckuil rocy1apcTBeHHbIN
ApPXUTEKTYPHO-CTPOUTENbHBIN yHUBEepcUTeT (CHOCTpUH)»

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

IO JUCHMITIIMHE «COBpeMEHHBIe NMporpaMmMHbI€ U TEXHOJIOTHYCCKUE KOMIIJIEKCBD)

1. PeanuzoBarp B makete MathCAD 4eThIpexyronbHbIi JTMHEHHBIM KOHEYHBINA 3JIeMEHT (Y3JI0BOH mmI1ao-
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 KOHEYHOZJIEMEHTHON amnmnpoKcHManuu (QyHKIMH MHOTHX mepe-
MeHHBIX. Ha prucynke 1 mokaszana pacueTHast 007acTh M cXeMa 3aJJaHus TPAaHUYHBIX YCIOBHH.

“52_10

1
Puc. 1. Cxema 3a1aHus IpaHUYHBIX YCIOBUM, CETKa (YMCIIaMU 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, 00Opa3oBaHHON y3mamu 1, 2 u 5 3amaHO 3HaYe-

. Ou . .
HHE NIPOU3BOJHOMN 2n (ycnoBusa Heiimana). VictounukoBbiii uiieH B ypaBHeHuU IlyaccoHa oTcyTcTBYeT:
n

f =0. 3anaua pemaercs B 2D nocranoske. KoHeuHoaieMeHTHas ceTka MoOKa3aHa Ha pucyHke 1. OOmiee
KOJINYECTBO y3J10B — 6. O0111ee KOIMYeCTBO 37eMEHTOB — 2. KoopIMHATHI y3710B IPUBEIEHBI B TAONIHUIIE:

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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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-
CMaTpUBAaETCs IIIOCKasi 00JacTh MPOU3BOJIBHOIO pasmepa u Gopmbl (puc. 1), pactsaHyTas paBHOMEPHO
pacmpesieieHHON Harpy3koi P, neicTByromel Ha rpaHulie oonactu B HampasieHuu 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 HaNpPSHKEHUSI B OKPECTHOCTU OTBEpcTUs. V3BECTHO aHAIMTHUYECKOE pellie-
HHE 3aJa4yd. B MOJIApHBIX KOOpAMHATAX HANPSDKEHUA O, (paauaibHas KOMIOHEHTA), G, (OKpYXKHas KOM-
MIOHEHTA) U Ty, (KacaTeIbHOE) ONPEACISIOTCS (HOpMyTaMHu:

2 2 4
a a a
v, =2 1——7J+ 1—4—,+3—4]c052tp
2 I r- r

? o) 7

2 4
o, =L 1+”—11— ]+3”—41c052(p
> .

2 4

P a a -
'E“D:—: 1+2T—37 51112([)
£ ¥ 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 (PU3NYECKUIT 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 daiino (*.sat, *.stp, *.x_t, *.iges) U MPUIOKUTH K OTUETY.

2. N3BecTeH marepuall, U3 KOTOPOTo BbINOJIHEHA AeTaib — cTayib 36HXTIO. [Inst nannoro marepua-
Ja HallTH 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 HArpyK€HUs J1eTalli, 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 KOHEYHOAJIEMEHTHBIN aHAU3 HaIMPsHKEHHO-Ae(QOPMUPOBAHHOTO COCTOSIHHSI JETaIH
B JIMHEMHO-YNPYroll MOCTAHOBKE MPH JCHCTBHUM CTAaTUYECKUX MEXAHMYECKHUX Harpy3ok. BemnduuHbl
Harpy3ok u3 M. 3 mogo0paTh TaKMMH, YTOOBI YKBHUBAJEHTHBIE HAMpPsDKEHUs Mo Musecy He MpeBBIIIATN
1/10 mpexnena npouHocTu MaTepuana. OnpeaenuTh NpeaeIbHYI0 BETHYUHY PABHOMEPHO paclpeaeieHHON
Harpy3Kku, KOTOPYIO JeTallb ClIocoOHa BOCIPUHSTH 0€3 pa3pylIeHUus U Nepexoa B CTaIuI0 MIaCTHYECKO-
ro neopMupoBaHus (BCE OCTAIbHbBIE HATPY3KH MPUHITH HEU3MEHHBIMU ).

5. BeinmonHUTh aHanM3 pe3yiabTaToB pacuera. [loctpouts uzomnons 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 TEMIIEPATypPHBIX MOJIEH B AETAIH B CTALIMOHAPHOM IT0-
CTaHOBKE (TIpU YCJIOBHH, YTO TEMIIEPATYphl HE MEHSIOTCSA B TEUEHUH BpEMEHH). BennunHbl TeMneparyp-
HBIX BO3JIEHCTBHUIA U3 M. 6 MOa00paTh TaKUMH, YTOOBI MaKCUMasbHasl TEMIEpaTypa JACTald COCTaBIIsja

250-350 °C.

¥ Cm. Taxoke Mapounuku cranei, FOCTst
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8. BBINOIHUTH aHaIU3 pe3yapTaToB pacuera. IlocTpouTs n30mons TeMneparyp, TEIIOBBIX IOTOKOB.
Onucarb NONY4YEHHBIE PE3YJIBTAThl MUCEMEHHO.

9. BbBINOIHUTE KOHEYHORJIEMEHTHBINA aHaIN3 HANPSHKEHHO-1e(OPMUPOBAHHOTO COCTOSIHUS JI€TaNIN
B JIMHEWHO-YNPYrol IOCTaHOBKE MpPH TEMIIEPaTypHOM BO3JICUCTBUHM, pPACCUUTATh TEMIEPATypHbIC
HanpspkeHus u nedopmanuu. [locTpouts u3omods nepemMenieHui, aedpopmanuii U1 HanpsbkeHui. OnucaTth
MOJTyYEHHBIE PE3YIbTaThl MUCHbMEHHO.

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

Puc. 1. [leranp

Kpurepun onenkmn:

- 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 ONpPEICNICHHUM, 3HAUH-
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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