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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, MHIUKATOPOB JAOCTHKEHMsI KOMIIETEHIUI U MoKa3aTeneill oleHuBaHus (pe-
3yJIbTATOB O0YUYEHHS 10 JUCLUUIUIMHE) MIPUBEeHa B 11.2.2 paboyeil mporpaMmbl TUCIUILTHHBI.

1.1 @opmuposanue komnemeHyuu
OneHnBaHUE YPOBHS OCBOCHHS O0YYarOMIMMCSI KOMIIETEHLIUH OCYIIECTBISETCS C MOMOILBIO GopM
MPOMEKYTOUHOW aTTECTAIlMM U TEKYHIero KOHTPOoJis. DOpMbI MPOMEKYTOUHOH aTTECTalluM U TEKYIIETO
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

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

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 CAMOCTOSTEIbHOCTH BHIIIOJIHEHUS ASUCTBUS (y'MeHI/ISI);
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 PE3YJIbTATOB BBINOJHEHUS 3aJaHUI, PEICHUS 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 32JaHHUSA 1JIs1 OLleHNBaHUs (JOPMUPOBAHHA KOMIIETEHIMI IPHU NPOBe/ie-
HHUM NIPOMEKYTOYHOI aTTecTaluu

2.1 IIpomesicymounas ammecmayusi no OUCYUNIUHE

®opma NpOMEKYTOUHON aTTECTALIUU: 3auem
[TepedeHpr TUTIOBBIX BOIIPOCOB (3aaHuid) U1 MpOBeAeHUs 3adera Bo 2, 3 (1, 2, 3) cemecTpax:

Kox ¢pop- | HammenoBanme mpume-
Haumenoanue pas- MUpPYEMOi HSIEMBIX OLIEHOYHBIX
Ne Tumnossie BOpOCHI/3a1aHHs
JieNa AUCIUTLTTHBI KOMIIETEH- CpEICTB
02071
1 | Beenenue B cucremsl | Beenenne. ANSYS Workbench. | OITK-2.1 DK3aMeHaIMOHHBIN OU-
apTomMaTuzupoBaHHo- | Mcropus makera ANSYS. Oc- OIIK-2.2 JeT
r'0 NPOEKTUPOBAHUS HOBHBIE KOMIIOHEHTBI [TAKETa U OIIK-2.3 KonrponsHas pabora
Tumbl aHanusza. Pabora B 060- PazHoypoBHeBbIE 331241
nouke ANSYS Workbench. Mo- U 3aJjaHus
nyns DesignModeler. PaboTta B Jloknaz, cooOleHme
moxayie DesignModeler. Co3na- PacuerHo-Tpaduueckas
HUe U peodpazoBanue 3D mo- pabora
neneit. Moayns ANSYS Tect
Meshing. Umnopt 1 HanpaBe- Keiic-3anaua
HUE TEOMETPUHU U3 BHEITHUX
CAD cucrem. I[loctpoenue cetku
B Moayie ANSYS Meshing
(rmo0GambHBIE METOIBI).
2 | Pemenue 3agauy mexa- | Pemenue 3agau B Mogyse OIIK-2.1 DK3aMEHAIMOHHBINA Ou-
Huku gepopmupyemo- | ANSYS Mechanical. Bussr OIIK-2.2 Jer
ro TBEPJOro Tela Harpy3ok u 3akpemienuil. Peme- | OIIK-2.3 KonTponbnas padora
Hue 3a1a4 B Mmoayie ANSYS Pa3znoypoBHeBbI€ 3a1auK
Mechanical. Tunsl ananu3oB Y 3aJjaHust
(Mozeneit) u pemiareneii B Jloknaz, cooOrieHue
ANSYS Mechanical. UnaTepdeiic PacuetHo-rpadpuueckas
U OCHOBHBIE TTPUEMBI paOOTHI B pabota
ANSYS Mechanical. YueOubie Tect
MPUMEPHI CTATUYECKUX PACYETOB Keiic-3amaua
B ANSYS Mechanical. YueGubie
MpPUMEphl TUHAMHYECKHUX pacye-
ToB B ANSYS Mechanical. Pe-
HICHHE 3a/1a4 MeXaHUKu aedop-
MHUPYEMOTO TBEPAOTO TeJIa B
ANSYS Structural. Pemenue 3a-
Jlad MEXaHWKH JIe(popMHpPyeMOro
tena B ANSYS Structural. Oc-
HOBHBIC TIOJIOKEHHUS METO/Ta KO-
HEYHBIX JIEMEHTOB.
3 | Pemenue 3amau mexa- | Pemenue 3amad B nporpammuom | OITK-2.1 DK3aMeHaIMOHHbINA Ou-
HUKH )KHJIKOCTEH U komruiekce ZuluGIS.Coznanue OIIK-2.2 neT
ra3oB KapT B reorpaguueckux npoek- | OIIK-2.3 KonTponbhas pabota

LUSIX WIN IUIaH-CXEMBbI, BKIIFOYAst
KapThl U CXEMbl HH)XEHEPHBIX
ceTeit, paboTa ¢ OOIBIIUM KOJIH-
YECTBOM PACTPOB, COBMECTHBIN

PaznoypoBHEBBIE 331241
U 3aJIaHHs

Jloknaz, cooOleHmne
Pacuetno-rpaduueckas




CEMAHTUYECKUH U MPOCTpaH-
CTBEHHBIH aHAJIN3 IrpadUueCKuX
U TaOJMYHBIX JaHHBIX, CO3JaHHE
Pa3JIMYHBIX TEMATUYCCKUX KapT,
HKCIIOPT ¥ UMIIOPT JAHHBIX.

pabora
Tect
Ketic-3amaua

Nudopmarnmonnsie
CHCTEMBI U TEXHOJIO-
ruu 00paboTKH
YIIPABJIEHYECKOU WH-
dbopmaru

MeTrononornyeckue OCHOBBI
HKOHOMUYECKOHN MH(OpMALIHOH-
HOW cuctembl. [lonstue uupop-
MalMOHHON CUCTEMBL. DKOHOMHU-
4yecKre NHPOPMALMOHHBIE CH-
CTEMBI U UX KJIacCU(pUKAIHUS.
ABTOMAaTU3MpOBaHHBIE HH(DOP-
MAaIMOHHbIE TEXHOJIOTUH, UX
pa3sBUTHE U KJIACCH(PHUKAIINS.
KonTyp uHpopMaIoHHbIX TeX-
HoJsioruii. Tnpopmanmonsele mno-
TOKHU B 9KOHOMUYECKOW HH(POP-
MalMOHHOM cucteme. MuTerpu-
POBaHHBIE JIEKTPOHHBIE UH(DOP-
MAaIMOHHBIE CUCTEMBI yIpaBJie-
Hus. Bo3MokHOCTH TSI TIJIaHU-
pOBaHMUSI I€ATEINBHOCTH Mpe-
MOPUATHSL. DBOJIOLHUS CUCTEM
yIpaBiaeHUS NPEAIPUITHEM.
Tennenuuu pa3ButHs uHPopma-
IMOHHBIX cucteM. Kpurepuu
BBIOOpA DKOHOMHUYECKOH HHPOP-
MAaIMOHHOM cuctemsl. [IpuHIU-
IIbl OLICHKY aBTOMAaTU3HPOBaH-
HOU cuctembl. HazHaueHue mpo-
rpamMMmHoro obecrieuenus. [lna-
HUPOBaHNE UH(POPMAITUTOHHBIX
cucteM. JKu3HEHHBI LIUKII UH-
¢dbopMarmoHHbIX cucteM. Brns-
HUe HH(POPMAIIMOHHBIX TEXHOJIO-
T'Mi Ha yIIpaBJIEHYECKNUE CUCTE-
Mbl. O1ieHKa 3aBUCUMOCTH MpeJ-
NPUATUS OT UH(DOPMAITMOHHBIX
TexHoJoruil. [InanupoBanne
MH(POPMALIMOHHBIX CHCTEM. JTa-
IIbI IPOEKTUPOBAHUS HHPOpMa-
LIMOHHBIX cucteM. ColpoBOXKie-
HUE MPOEKTOB IJIAHUPOBAHUSI.
CereBoe mianupoBanue. Beioop
0a30Bo# cTpaTeruu nHGopMalu-
OHHOI1 cuctemsl. Mudpopmanu-
OHHbIE TEXHOJIOTUH U 33/1a4U
yIpaBJIEHUS B TOPOACKOM XO351H-
cTBe. Pa3BuTHE 0TEUECTBEHHBIX
CUCTEM aBTOMAaTH3aLlMHU YIIPAB-
nenus. UnpopmanrionHsle TeX-
HOJIOTUU ¥ TOPU30HTHI yIpaBJie-

OIIK-2.1
OIIK-2.2
OIIK-2.3

DK3aMeHAIIMOHHBIN OH-
JeT

KonrponsHas pabora
PaznoypoBHeBbI€ 331241
U 3aJJaHus

Jlokiaz, cooOmieHue
PacuerHo-rpaduueckas
pabora

Tect

Ketic-3amaua




Hus. KommnekcHas cuctema aB-
TOMaTHU3aIMH. 3aa4l CUCTEMBbI
KOMIUIEKCHOM aBTOMaTH3aIl1H.
[TpuHIMITEI TPOSKTUPOBAHUS aB-
TOMAaTU3UPOBAHHBIX CHCTEM
ynpasienus. [Ipodiaems! BHEO-
pPEHHS CUCTEM KOMIUIEKCHOM aB-
TOMaTH3aIUK. Y HUDUKAIIUS TEK-
CTOB YIPaBJIEHYECKUX JOKYMEH-
TOB. IHpOpMAIIMOHHBIE CUCTEMBI
B yIPaBJICHUH TOPOJICKUM XO-
3stiictBOM. ['opoackue napopma-
MOHHBIE cucTeMbl. CucTema
HABUTaLUU U TEJIEMATUKU JIs
TOPOJICKOTO YIIPaBJICHUS U Hace-
nenus. Equnas roposckas 6a3za
JaHHBIX 0 HaceneHuu. Cuctema
6e3omnacHoctu ropoja. Opranu-
3alIMOHHO-D)KOHOMHUYECKUI Me-
XaHU3M YIIPABIICHUS KUIUITHBIM
donmom. YrpasneHue xKuidoH-
JIOM YIIPaBJISOIIEH KOMIIaHUEH.
Oyukuun YK. OyHKIUHA MyHU-
UTATBHON CTPYKTYPHI BO B3aU-
MOJICHCTBUU C YIPABJISIOLIEN
KoMIanueil. Cucrtema KpuTepueB
OLICHKH KadecTBa pabOThl yIpaB-
JSIOLIEH KOMITAaHUU. ABTOMATHU-
3a1Ms yIpaBIeHUYECKOIrO yueTa B
cucteme JKKX. Merononorus
YIPaBIEHYECKOIO yueTa B paM-
Kax OTpaciiv yIpaBICHUS KUIIbI-
Mu qomMamu. OTiepaTUBHBIA yYET.
byxranrepckuii yuer. Kanpkyns-
nus 3arpar. Uapopmaruzanus
Ou3HEC-TIPo1IecCOB B cepe
KKX.

Cucrema ynpaBieHus
Oasamu gaHHBIX MS
Access

Bo3moxunoctu CYBJI MS
Access. O0nexTEl MS Access, ux
HazHayeHue. Co3anue Tadiuil B
Pa3IMYHBIX PEKUMAX PAOOTHI
MS Access. PenaktupoBanue,
COPTUPOBKA U (DHUIIBTPAITUS JaH-
HbIX B pexkume "Tabmuuer". Co-
3maHue 3anpocoB. KoHcTpympo-
BaHHE MPOCTHIX 3arpocos. Co-
3/JaHuE€ MHOTOTA0JIMYHBIX 3aMpo-
coB. Co3aHue 1 UCIOJIb30BAHNE
npocTeix ¢popm. PaboTa ¢ maH-
HBIMH B OJIMHOYHBIX TaOIUIIAX.
Co3maHue ¥ UCIIOIb30BAHNE
npoctbixX ¢popm. Cozanue oTye-

OIIK-2.1
OIlK-2.2
OIIK-2.3

DK3aMeHAIIMOHHBIN Ou-
JIeT

KonTponbnas pabota
Pa3znoypoBHEBbIE 331241
U 3aJaHus

Jlokmaz, cooOmmenne
PacuetrHo-rpaduueckas
pabora

Tect

Keitic-3amaua




TOB. BhINOTHEHHE B OTUETaX
orepanuii BEIYUCICHHUS, TPYIIITH-
POBKHU ¥ COPTUPOBKH TaHHBIX.
Hrorossie pacuetsl. Odopmite-
HHE ¥ [1eYaTh oT4eTa. ABTOMATHU-
3UPOBAHHOE YIIpaBJICHHE pa3pa-
OOTaHHBIM MTPUIOKEHHEM. AB-
TOMAaTH3UPOBaHHAs pa3padoTKa
KHOIOYHOH (hopMBI 10 yrpasiie-
HUIO MPUIIOKCHUCM.

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

3. MeToan4yeckne MaTepHaJibl, ONpeaesiioIue Npoueaypbl OeHUBAHUA
[Ipouenypa npoBeneHUs] IPOMEKYTOUHOM aTTECTALlMU U TEKYLIEro KOHTPOJII YCIEBAaeMOCTH pe-
IJIAMEHTUPYETCS JIOKAIbHBIM HOPMAaTUBHBIM aKTOM, ONPEACIIIOINM OPAJOK OCYILECTBICHUS TEKYIETO
KOHTPOJISl YCIIEBAEMOCTHU U MPOMEKYTOYHON aTTeCTallui O0yUYarOLUXCSL.

3.1 Ilpoyedypa oyenusanus npu nposedeHuu RPOMENCYMOYHOU ammecmayuu 00y4arowuxcs no OUcCyu-
niuHe 8 hopme 3K3ameHa u/unu oughgepenyuposanrHo2o 3avema (3a4ema ¢ OYeHKol)
He npexgycmorpeno.

3.2 Ilpoyedypa oyenusanus npu nposedeHuu RPOMeNCYMoOYHOU ammecmayuu 00y4aromuxcs no OuUcyu-
nauHe 8 ghopme 3auema
[TpomexyTouHas arTecTanus Mo TUCHUIUIMHE B (opme 3auéra mposoautes Bo 2, 3 (1, 2, 3) ce-
Mmectpe. JlJist olleHUBaHUS 3HAHUI U HABBIKOB MCIIOJIL3YIOTCS KPUTEPHUH U IIIKaJa, yKa3aHHbIC I1.1.2.

Hwxe npuBeaeHs mpaBuia olleHUBaHUS (HOPMUPOBAHUS KOMIIETEHITUH 11O MOKA3aTe0 OICHUBA-
HUA «3HAHUA.

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 3HAYMTENBHON 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
MPaBUILHOCTH 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) OCBOCHUS 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 JINTEPATYPY
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
HCOO0YCThI, MOKCT YBEPCHHO OTBCTUTH HA
BOIIPOCHI IIpe€TioaaBaTeid 1o alrOPpUTMy 1

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
BBITNIOJIHEHUS 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

Huxe npuBenens! npaBuiia oleHUBaHUs (OPMUPOBAHUS KOMIIETEHLUH 110 ITOKA3aTel0 OLEHUBA-

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
o(opMIIeHHS 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 000CHOBAHUH METOJIUKH
BBITIOJTHEHUHN 3aJIaHPII>'I, 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 oyeHusanus npu nPoseoeHu’ NPOMeHCYymoyHou ammecmayuu 00y4arouuxcs no
oucyuniune  ghopme 3auumsl Kypcosou pabomsl (Kypco8o2o npoekma)

He mpenycmotpeHo.



4. KoHTpoJIbHBIE 321aHUS 1JI51 OLIEHNBAHUA (DOPMHUPOBAHUS KOMIIETEHIU
MPHU NMPOBeIeHUN TEKYIIEero KOHTPOJIS M0 JMCUMILTHHE
TunoBbie KOHTPOJILHBIE 3a/IaHUS JJIs1 OLICHUBAHUS (POPMHUPOBAHUS KOMIIETEHIIUI U MPOLIETYPHI
OLICHUBAHUS MPU MIPOBEACHUH MPOMEKYTOUHOTO M TEKYILIETO KOHTPOJIS IPE/ICTABIICHBI B COOTBETCTBYIO-
mux npuinoxkeHusx @OC.



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

Hanpasnenue 08.04.01 CtpourtenbcTBo
Haumenosanue OIIOII BO YnpasiieHne HHBeCTHIIHOHHO-CTPOMTEILHOM 1eATEJIbHOCTHIO
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 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, IPUMEHSIIOLUIUXCS MPU PEIICHUU KPaeBOH 3aJ1auu
JUIsl YPaBHEHUN YIIPYTOCTH.

BUJIET Ne 3

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

2. Ilepeuncnnute OCHOBHbIE METOIbI PEIICHUSI CUCTEM JMHEWHBIX alre0pandeckux ypaBHEHUI, KOTOpbIE
MIPUMEHSIIOTCS MPU PELICHUH 33/1a4 B KOHEUHOZJIEMEHTHBIX IPOrPAMMHBIX 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 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 JUCIUIUIMHBL, 1aET NPaBIIbHBIE OTBETHI HA JIOTIOJIHUTEIBHBIE 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.
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MUHUCTEPCTBO HAYKHU U BBICILIETO OBPA30BAHUS
POCCUIICKOI ®EJIEPALTIN

(benepanbHOE rocy1apCTBEHHOE OIOIKETHOE 00Pa30BaATEIILHOE YUPEKIECHUE
BbIcIIero obpazoBanus «HoBocuOUPCKUil rocy1apCcTBEHHBIN
apXUTEKTYPHO-CTPOUTENbHBIN yHUBEepcUTET (CUOCTPUH)»

Kadenpa npukiaanoii MaTreMaTuku

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, YCTBIPEXYTI'OJIbHUKH, OTPE3KKU, MHOTOMCPHBIC TECJIA.

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 TEMITEPATYPhl, 3aJaHHBIE TETJIOBBIC TIOTOKH,
KOHBEKTHBHBIN TETNIOOOMEH C OKpYXKAroIIel cpeoit, 3a1an-
HBIC JIOTHOCTH TEIUIOBBIX TOTOKOB, YCIIOBHS TyYUCTOTO
TerI000MeHa.

3. 3a1aHHBIE CKOPOCTH U3MEHEHUS TEMIIEpaTyp.

4. 3ajaHHble TEIJIOBBIE MOTOKU, KOHBEKTUBHBIN TEIIIO0OMEH
C OKpY>KalollleH cpeion, 3aJaHHbIE TTIOTHOCTHU TEIMJIOBBIX
MMOTOKOB, 00BEMHBIN UCTOYHHK TETIa.

OIIK-2

[Iepeuncinte TUIBI TPAHUYHBIX YCIIOBHM JUUISl yPAaBHEHUI
YIIPYTOCTH.

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

2. CocpeI0TOYEHHBIE CUIIBI, PACTIPEEIICHHBIE IT0 TOBEPXHO-
CTH CHJIbl, BHYTPEHHHUE CUJIBI, THIPOJUHAMUYECKHUE CUIIBI.

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

4. 3ajaHHbIe IEpEMENECHNs], 3aJaHHbIE HANIPSKEHUS.

OIlK-2

UccnenoBanue cX0QUMOCTH MO CETKE BBIMOIHAETCS C 11e-
JIBIO:

1. onpeneneHus KauecTBa CETKU

2. IOATBEPKICHUS JOCTOBEPHOCTH MOJIYYEHHOTO pe3yJIbTa-

OIIK-2

10
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Ta YUCJIICHHOI'O pCHICHUSA

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

Anmnpokcumupyromas QyHKIUs 1711 KOMIIEKC-3JIeMeHTa
COJICPKHUT:

1. TpaHCLeHIEHTHBIE (PYHKIIUU

2. KOHCTaHTY, YICHBI BTOPOTO, TPETHETO B 00JIee BHICOKUX
MOPSIAKOB

3. KOHCTaHTY, JINHEWHBIC YWICHBI

4. KOMIUIEKCHBIE Yncia

OIIK-2

10

Annpoxcumupyrouiast QyHKIHS U1 CUMILIEKC-2JIEMEHTa
COZICPIKUT:

1. TpaHCIeHeHTHBIEC (QYHKIIUN

2. KOMIUIEKCHBIC YHCIa

3. KOHCTaHTY, JTHHEWHBIC YJICHBI

4. KOHCTaHTY, YICHBI BTOPOTO, TPETHETO U 00JIee BBICOKHX
MTOPSIKOB

OIIK-2

10

['eomeTpuyeckue peaaKkToOpbl, BXOASIINE B COCTaB MPO-
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

OIIK-2

CerouHble reHepaTOphl, BXOAAIIUE B COCTaB IPOrPaMMHOTO
KoMmIuIeKkca Ansys:

1. CFX, Fluent, Mechanical APDL

2. Ansys Meshing, ICEM, SpaceClaim Meshing, Fluent
Meshing

3. Gmsh, SALOME

4. Mechanical APDL, Workbench, Ls-dyna

OIIK-2

Cucrema ananuza B obonouke Workbench, npennasnauen-
Has JUIsl aHaJIM3a HapsKeHHO-e(OPMHUPOBAHHOTO COCTOS-
HUs KOHCTPYKIUH B CTATHYECKON ITOCTaHOBKE:

1. Steady-State Thermal

2. Static Structural

3. Transient Structural

4. Mechanical Model

OIlK-2

10

MeTo KOHEUHBIX 3JIEMEHTOB — 3TO:

1) MeTo anmpoKkcUMaIui GYHKIIMA 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

OIIK-2

11

Cuctemsl ananuza B obonouke Workbench, npeanasnayen-
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-

OIIK-2

12



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, YACTbHAS
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 HIKenepeuynciIeHHbIX CBOMCTB MaTepUalIOB 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, TBEPIOCTD.

4. Moayns ynpyroctd v kKoapduuuent [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

13



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

CKOH ITIOCTaHOBKE?

1. KoapummeHT Tpenusi, maoTHOCTh, MPeIesl IPOUYHOCTH.
2. [Tpegen npoYHOCTHU U NMPeEJET 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 3JIEMEHTOB, UMEIOIIUX
(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 TEIJIONPOBOJAHOCTH? | HOCTh

5 Kakumu ciocobamu ocymects- | M3omosns, TabnuyHoe mpecTaBiie- OIIK-2 5
nsieTcs rpaguyeckasi BU3yasu- HUE QYHKIINH
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 kpaeBol | @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 / Hauanbhbie | OITK-2 5
CTallMOHAPHOM TEIUIONPOBOJIHO- | TEMIIEpaTypbl
CTH KPOME I'PaHUYHBIX yCIOBUU
Heo0XO0InMO 3a1aTh ...

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

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

14



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
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MUHUCTEPCTBO HAYKHU U BBICILIETO OBPA30BAHUS
POCCUIICKOI ®EJIEPALTIN

(benepanbHOE rocy1apCTBEHHOE OIOIKETHOE 00Pa30BaATEIILHOE YUPEKIECHUE
BbIcIIero obpazoBanus «HoBocuOUPCKUil rocy1apCcTBEHHBIN
apXUTEKTYPHO-CTPOUTENbHBIN yHUBEepcUTET (CUOCTPUH)»

Kadenpa BogocHadxkeHUs1 M BOTOOTBETEHUSA
KoMiuiekT TecToBBIX 3a1aHMil

IO JUCHUITIIMHE «COBpeMeHHbIe NporpaMMHbI€ 1 TEXHOJIOIHYECCKUE KOMILVIEKCBD»

No 3a- Conepxanue 3aJjaHus [IpaBuibHBIN OTBET dopmupyemas Bpewms BbInos-
JaHus KOMITETCHIIHS HEHUS 3a/IaHMs,
MUH
3a/laHus 3aKPHITOrO THIA
1. Buner undopmannonnsix | Pyunbie, aBromaTusu- OIIK-2 1
CHCTEM IO CTETICHH aBTO- | POBAaHHbBIC, aBTOMATH-
MaTH3alUuu YECKHUe
2. VYkaxute cucreMsl, nipea- | ['eounpopmannoHHbie OIIK-2 1
Ha3HAa4YCHHbIE JIJIS T10- CUCTEMBI

CTPOEHHS DJIEKTPOHHOMN
MOJIEJIH CETEN U KOMMY-

HUKaIUH
3. HazoBurte ocHOBHOE OT- ITonnas wim yacTuu- OIIK-2 1
mune ACYTII ot ACVYII Hast aBTOMAaTU3aIUsI
MIPOU3BOJCTBEHHOI'O
nporecca, To ecTb 6e3
y4acTHs IepcoHana
4. VYkaxure Hanbosee yacto | AKyCTHUECKUH cr1oco0 OIIK-2 3
MIPUMEHSIEMbIE CTTIOCOOBI Y TEJICUHCTIEKIIHS
O0OHapyXKEHHS CKPBITBIX TpyOompoBoa
yTE€UEK Ha CEeTSIX BOJIO-
IPOBOJIA.
5. VYkaxute 000opynoBaHue, I'eopanmap OIIK-2 1

M03BOJISAIOLIEE OIpesie-
JUTH TOYHOE MECTOII0JIO-
KeHUe (HampaBJeHue, 3a-
riyoneHue, npuodIn3u-
TEJIbHBIA AUaMeTp U Jp.)
«HEHM3BECTHBIX)» CETEH.

6. YKaxXuTe OCHOBHOE MoHuTOpUHT, BU3Yya- OIIK-2 1
HazHaueHne SCADA- Ju3anus, yaaJieHHOoe
CUCTEMBI. yIpaBJIEHUE

7. VYkaxurte nporpaMMHOE 1C: TOuP OIIK-2 1

oOecnieuenue (maardopma
1C), mo3BoIsIroIIee mo/I-
TOTaBIMBATh TPahuKu
IUIAaHOBO-
peayNpeIUTeNbHOTO pe-

16



MOHTa 000PYOBaHUS.

HazoBuTte Tpu OCHOBHBIX Zulu, InGeo, [Tanopa-

reorH(OpPMaIIMOHHBIX
CHCTEMBI, pa3paboTaHHBIX
Y UCTOJIb3yeMbIX B PD

Ma

OIIK-2

HazoBute yHuBepcaib- Shapefile

HBII opMar oOMeHa
nanHbIMu Mexay GIS-
CHCTEMaMH

OIIK-2

10.

Kak Ha3pIBarOTCS CHUCTE-
MBI, TTO3BOJISIFOILIUAE MPO-
N3BOJAUTH HpOCKTI/IpOBa-
HUE BCEX Pa3/ICJIOB B €]I1-
HOU Cpefie.

BIM

OIIK-2

3a,ZlaHI/I$I OTKPLITOI'O THIIA

Bribepete U3 ykazaHHOIO Ipo-
rPaMMHOTO O0ecreueHus: mporpam-
My, O3BOJISIOILYIO BECTH CKJIaj-
CKOH y4eT OCHOBHBIX CPEJICTB:

- 1C: byxranrepus 8.0;

- 1C: Ynpasnenue toprosueit 11;

- 1C: Oxpana tpyna;

1C: PemoHT-DKCnepr.

1C: byx-
rajtepus

OIIK-2

Kakas u3 HI>KeyKa3aHHBIX IIPO-
rpaMM sBJIsi€TCsl FeOMH(pOpMaIOH-
HOM cucreMoit?

- Renga;

- ACVYII «Bogokanan;

- [Tanopama;

- PipeComander.

[Tanopama

OIIK-2

[Ipn nomomy kakoi NporpaMmsl
BO3MO>KHO TIPOU3BECTU TUPABIIN-
YECKUH pacyeT BOAOIPOBOIHOM ce-
™?

- PipeSystem;

- ZuluHydro;

- ZuluGIS;

- Bentley SewerGems.

ZuluHydro

OIIK-2

Uro Bausier Ha 3¢ (HEKTUBHOCTH HC-
II0JIb30BaHUs reopagapa?

- CHET;

- nen;

- IIECOK;

- IJIMHA.

I'nmuua

OIIK-2

Ha3oBute ycTpoicTBO, O3BOJISAIO-
11ee OTCIIeKHUBATH HanboJIee TOUHOe
MECTOIOJIO)KEHNE aBTOMOOMIIS:

- GPS-Tpexep;

- GPS-momem;

- cMapTQOH;

- HABUTATOP.

GPS-Tpekep

OIIK-2

HazoBute yHuBepcanbHblil popmat

Shp

OIIK-2
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daiina sxcriopra/ummnopra GIS:
- Shp;

- Xlsx;

- Sxf;

- Map.

Kak pacummdpoBsiBaeTCcs TEpMUH
BIM?

- MOJICTTUPOBAHUE CTPOUTEIHHBIX
00BEKTOB;

- CTPOUTENHCTBO UHKCHEPHBIX MO-
b1 (S (7

- CTPOUTENBCTBO MHKCHEPHBIX
KOMMYHUKAaIU;

- "H(OPMAIMOHHOE MOICTUPOBAHUE
3IaHUMN.

Hndopma-
LIMOHHOE
MOJIETIUPO-
BaHHUE 3]1a-
HUM

OIIK-2

VYkaxute poccuiickyto SCADA-
CUCTEMY:

- InTouch;

- TRACE MODE;

- Genesis64;

- WinCC.

TRACE
MODE

OIIK-2

Kak Ha3bIBarOTCS CUCTEMBI, II03BO-
JSIOUINE YAaJeHHO CHUMATh MOKa-
3aHMsI IPUOOPOB yuera?

- U3MEPUTEIbHBIC;

- GSM-cucreMmsr;

- OMJIJIMHTOBEIE;

- YMHBII TOPOJI.

bunnuaro-
BEIE

OIIK-2

10.

Web-cepBuc, M03BONIAIONINI TPOU3-
BOJIUTH BBITPY3KY KapT:

- OpenStreetMap;

- SASPlanet;

- Google Earth;

- 2GIS.

Open-
StreetMap

OIIK-2

Kpurepuu onenkmn:

- OIIEHKA «3auTEHO» BBICTABIISIETCS CTYICHTY, €ciiu HabpaHo cBbiie 70 6amios;
- OIIEHKA «HE 3aYTEHO» BBICTABIISIETCS CTYACHTY, eclIi HaOpaHo MeHee 70 GaoB.



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 KOHEYHORJIEMEHTHOM CETKU U3
ANIEMEHTOB (hOpPMY TPEYTOJIbHUKA AJIsl 3aMKHYTOM 0071aCTH, N300pasKeHHON Ha pUCYHKE 1.

Puc. 1. 'eomerpuyeckas KoHQUTypauus

3anaya 2. YuCIEHHO peUINTh KPaeBYIO 3a/auy Ul YPaBHEHUS TEIJIONPOBOJHOCTU C HCIIOJIb30BAHUEM
naketa Ansys. ['eomerpus pacueTHoil obsnactu nzo0paxkeHa Ha pucynke 1. Pasmeps! ctopon 'y u I's co-
ctaBisAtoT 10 cM; pannyc KpUBOJIMHENMHOM TpaHuIbl —2 cM. ['paHnYHbBIE yCIOBUS:

1) I(x) = 100 °C, VX eI,

oT (x)
2) ———+=25,Vxel,
on
3) T(x)=0°C, VxeI,

3aga4yu NPOABHHYTOI0 YPOBHS

3amauda 1. IToctpouts 3D reomMeTpHyecKyr0 MOJETb M BBIIOJHUTH T'€HEPAIMI0 KOHEYHORJIEMEHTHOM CETKH C
npeobiIaJaHueM 3J1EMEHTOB (POpMBI reKkcad ipa sl 3aMKHYTON 00J1aCTH, N300payKeHHOM Ha PUCYHKE 2.
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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 MMOBEPXHOCTSIX 33JaTh YCIOBUS KOHBEKTHUBHOIO TEINIOOOMEHA C OKPYXKAIOIeH cpe1oit.

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-
pHana HAWTH B CIPABOYHHKAX 10 (PM3HUKO-MEXAHHUECKHM CBOMCTBAM MAaTEPHANIOB : MOIYNb YIPYTOCTH,
kodpdunuent [Tyaccona, MIOTHOCTH, MpeAET TEKYYECTH, TEIIONPOBOAHOCTD, YACIbHYIO TEIIOEMKOCTH,
KO3 PHUIMEHT TMHEHHOTO TEMIIEPATYPHOTO PACIIMPEHHSL.
Bb10paTh Ipon3BOIBHYIO CXEMY Harpy>KE€HUs JAETalu, BKIIOYAIOIIYIO:

- paBHOMEpPHO paclpe/IeIeHHYIO Harpy3Ky Ha HEKOTOPYIO IOBEPXHOCTD (J1aBJIEHUE);

- COCpPEIOTOYECHHYIO CHIIYy Ha HEKOTOPOW MaJIOW YaCTHU MOBEPXHOCTH;

- MOMEHT (CHJI0BOM (paKTOp, BBHI3BIBAIOIIHI TTOBOPOT);

- KECTKYIO 3a/IeJIKy (OrpaHMYEHHE [TOCTYNATEIbHOTO IBUKEHUS U [IOBOPOTOB).

BBINONHUTE KOHEYHORJIEMEHTHBIN aHAIU3 HaNpsKEHHO-Ie(OPMUPOBAHHOIO COCTOSIHUS JIE€TaId B
JIMHEWHO-YIIPYTrOMf IIOCTAaHOBKE IIPU JEWCTBUU CTATHYECKUX MEXaHUYECKUX HAarpy3ok. BennunHbl Harpy-
30K M3 I. 3 mopoOpaTh TaKMMM, YTOOBI SKBUBAJEHTHbIE HaNpspKeHUs 1o Musecy He npesbimanu 1/10
npenena MNpoOYHOCTH Marepuasa. OmnpelnenuTh NPEeAcbHYI0 BEIMYMHY PaBHOMEPHO paclpeesIeHHON
Harpy3kH, KOTOpPYIO JieTallb CHOCOOHA BOCIIPHHATE 0€3 paspylleHHsl U Mepexo/ia B CTa/INI0 IJIaCTHYECKO-
ro nehopMupoBaHus (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 HEKOTOPOU Majol OBEPXHOCTH AETalH;
- TEIUIOBOM IOTOK;
- KOHBEKTHUBHBINM TEIJIOOOMEH C OKPYXKAIOIIEH CPEeIOH.

BBINOIHUTE KOHEYHOZJIEMEHTHBIM aHAJIW3 TEMIEPATypHBIX IMOJEW B JETaIW B CTAllMOHAPHOW IIO-
CTaHOBKE (TpU YCJIOBUH, YTO TEMIIEPATypbl 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 KOHEYHORJIEMEHTHBIN aHaINU3 HaNpsKeHHO-Ie(OPMHUPOBAHHOTO COCTOSHUS JETaId 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 MTOJIyY€HHBIM PE3YJIbTaTaM C MPUIIOKEHUEM MOPSJIKA UX MOTYUYECHHUS;

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 pU3NYECKOl 3HAUCHUE;

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
ApPXUTEKTYPHO-CTPOUTENbHBIN yHUBEepcUTeT (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-

CKOM CHCTEMBI, OIUCHIBAEMOE BEKTOP-(PYHKIIMEH mepeMereHuit U(l”, (p,Z), BEKTOp-pyHKIMEH nedopma-
805051 E(r, 0,z ) U BeKTOp-(yHKIMEH HanpsokeHuit O (r, (D,Z).
Ha pucynke 1 mokazana pacueTHast o0JacTh M CXxeMa T'paHHYHBIX ycioBUM. M300pakeHa 1UIMH-

ApUYCCKasd CUCTEMA KOOPAHUHAT (7" .0,z ) , KOTOpad UCIIOJIb3YCTCA IPU PCHICHUHA 3aJ]a4H.
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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

Jrr(Rl):_P’ O_rr(RZ):O'
I

L

L,

SO\

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, MTpe/IcTaBIeHHOe (OopMylIaMu:

2 2
u, (r) =§(1+V)—R2]§R2 [(1—2v)r+£}
2 1

r
o (=L v | 1-2v)- B |;
" E R, —R’ r?
P R2 2 .
gw(r)=E(1+v)ﬁ[(l—2v)+f2—z}
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R’ R?
Gr)‘(r)zpﬁ 1_]/‘_; s
E R2 R2 )
GW(V):WI:(I_'—V)S(M’+Vgrr]EPﬂ 1+r—§ 5
E R2
o () =ty O o) =P

3neck 7, ¢, z — KOOPAUHATHI TOYKU B HWJIMHAPUYECKON cUcTeMe KOOpAUHAT, X = {r, o, Z} ,XeQ; u (r) -
IIEpEMEIIEHHUS B HAIPaBJIECHUU 7 (KOMIIOHEHTA BEKTOpa NEpPEMELICHUs); &,, (r), &y (r) — OTHOCHTEIIb-
Hbele AedopManu (KOMIOHEHTHI TeH3opa aedopmanmii); O, (r) s Oy (r), o, (r) — MEXaHUYECKHUe
HarpsHKeHUs (KOMIIOHEHTHI TEH30pa HaIpsKeHuM); P — BeIMunHa paBHOMEPHO-pACcpeIeNIiEHHON Harpys3-
ku; E, v — MeXxaHM4YecKue XapakTepUCTUKH MaTtepHuana; R, Ry — BHyTpEHHUN U BHEIIHUN pauyChl TPYOBI,
COOTBETCTBEHHO.

Haiitn yncnennoe pemienue 3agaun Jlame npu caeayromuyx napaMmeTpax:

- OCHOBHBIE reoMeTpuueckue xapakrepuctuku: R; = 0.03 M (BHyTpeHHuil pamuyc), R, = 0.05 m
(Hapy>XHBIH paanyc);

- MEXaHUYecKue xapakrepuctuku matepuana: £ =200 I'Tla, v=0.3;

- BEJIMYMHA paBHOMEpHO-pacnpezeneHHoi Harpy3ku P = 100 kI1a.

BpINOJIHUTE CpaBHEHME YMCIEHHOIO M aHAJUTHUYECKOro pemeHuid. MccnenoBaTe CXOAUMOCTD IO
CETKE.

Kpurepun ouneHku:

OLIEHKA «OTJIMYHO» BBICTABJISIETCS CTYJIEHTY, €CIIM MPOU3BEICHBI BCE pacueThl 0€3 OIIM-
00K, TaHbl IOSICHEHHUS K MTOJIyY€HHBIM PE3yJIbTaTaM C MPUIIOKEHUEM MOPSJIKA UX MOTYUECHHUS;

OLIEHKA «XOpOIIO», €CIIM MPOU3BEIEHBI BCE pacdyeThl 0e3 OMMOOK CTYIEHT MOXET 00b-
SICHUTDh UX (PU3UYECKUI CMBICIT;

OLIEHKA «yJIOBJIETBOPUTEIBHO», €CIM PacyeThl MPOU3BEACHBI C OLIMOKAMHU, OTHAKO CTY-
JICHT ITOHUMAeT UX PU3NYECKON 3HAUCHUE;

OLIEHKA «HEYJOBJIETBOPUTEIBHO» €CIH MPOU3BEICHHBIE PACUEThl C/AETaHbl ¢ ONIMOKaMHU
U CTYJEHT HE MOKET OOBSICHUTH UX (PU3NUYECKUI CMBICII.

i
CocraBurenb M.H. /Janunos

«01» nrons 2021 .

25



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 . o
HUE MPOU3BOIHOM P (ycrmoBust Heitmana). MIcTOYHUKOBBIN 4iieH B ypaBHeHUU [lyaccoHa OTCYTCTBYET:
n

f =0.3anava pemaercsa B 2D mocranoBke. KoHeuHo3/IeMEeHTHAs CeTKa 1moka3aHa Ha pucyHke 1. Obmee
KOJIMYECTBO y37I0B — 6. O0111ee KOIMYeCTBO AIeMEHTOB — 2. KoopIuHaTh! y3J10B IPUBEICHBI B TA0IHUIIE:

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-
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
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 (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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