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IToxa3aTenu U KPUTEPUH OLCHUBAHUS KOMIIETEHIMI, IIKAJIbI OLCHUBAHUA

OnennBanue (GopMUPOBaHMS KOMIETEHIMI MPOM3BOIUTCS HAa OCHOBE IOKa3aTesled OLCHMBAHUS,
YKa3aHHBIX B I1.2. pabouell mporpaMMbl JUCIUIUINHBI.

CBs3b KOMIETEHLUI U UX KOMIIOHEHT IpUBEZAEHA B I1.2 paboueil mporpaMmbl AUCHUIUINHBL.

1.1 @opmuposanue u konmpons nokazamenei OYeHUBAHUS.

OrneHrBaHUE YPOBHS OCBOCHHUSI O0YYarOIIMMCSI KOMIIETEHLUH OCYHIECTBISETCS C MOMOLIbI0 (GOpM
POMEXKYTOUHON aTTECTAllMH U TEKYLIEro KOHTPOoJsi. DOpMbI MPOMEKYTOUHOH aTTECTALUH U TEKYIIETO
KOHTPOJISI YCIIEBAEMOCTH IO JUCLUUIUIMHE, C MTOMOIIBIO KOTOPBIX MPOU3BOAUTCS OLICHUBAHHE, YKa3aHbI B
y4eOHOM IJ1aHe U B 1. 3, 4 paboueil mporpaMMbl TUCIUILIAHEI.

B tabnuue npusenena napopmanus o GopMUpPOBaHUH PE3yIHTATOB 0OYUEHHUS 1O AUCHUILINHE pa3-
Je7IaMH TUCIUIUIMHBI, 8 TAK)Ke O KOHTPOJIE ITOKa3aTelei OlleHMBAHUS KOMITIETCHIIUH.

HaunmenoBanue nokasa-

HaumenoBa-
TeJA OLICHUBAHUS N Bug
KonTpomupyemsrit paznien (Tema Iuciu- HHUE OLIEHOY-
(pe3ynbrara oOydeHus arrecra-
o MCLUIIHE) TIJTUHBI) - HOTO cpejl-
CTBa
OIIK-2. Cnocoben ananu- | BBejeHue B CHCTEMbI aBTOMATU3UPOBAHHOIO | TpoMexy- | Bompocsl k 3a-
3I/Ip0BaTI:, KpI/ITI/I‘IGCKI/I HpOGKTHpOBaHHﬂ TOYHAA aT- quy
OCMBICJIMBATh U HpC[ICTaB- B TeCcTauus
19T MHpOPMALIIO, OCy- BEJICHUE B CHCTEMbI aBTOMATH3UPOBAHHOTO (sauer)

HIECTRIIATh TOUCK HayyHO- | [IPOCKTUPOBAHUSA

TEXHHYECKOW  uH(OpMa- | BBe[eHME B CHCTEMBI aBTOMATH3HPOBAHHOTO
LU, MpHOOpeTaTh HOBBIE
3HAHUS, B TOM YHUCIIE C TI0-

MOTIEI0 HH)OPMAITMOHHBIX
TEeXHOJIOTHI rpaMMHoro komiiekca ANSYS

MIPOEKTUPOBAHUS .
TEKyIIHHA Temsb1 coobuie-

Pemenue 3agay ¢ ncnoib30BaHUEM MPO- KOHTDOITS T

Komrmekr pas-

HOYPOBHEBEIX
3aaq

KontponbHas
pabora

Kommiext Te-
CTOBBIX 3aJIaHUN

Keiic-3amaua

KommutexT 3ana-
HUM 1714 pac-
YeTHO-Trpaduye-
CKOU pabOoTHI

Brenenue. ANSYS Workbench. . Uctopus
nakera ANSYS. OcHOBHbBIE KOMIIOHEHTHI
MaKkeTa U TUIbI aHanu3a. Pabora B o0oouke
ANSYS Workbench.

Monayns DesignModeler. Pabota B mozysne
DesignModeler. Cozganue u npeodpaszoBa-
Hue 3D moneneil.

Monyne ANSYS Meshing. Umnopt u
HampaslieHue reometpun u3 BHenHuX CAD




cucreM. IlocTtpoenue cetku B moayiie
ANSYS Meshing (rino0anbHbie METOMBI).
Pemenue 3a1a4 Mexanuku aeopMupyemMoro
tBepaoro Tena B IIK ANSYS. Pemenue 3a-
Jla4 MEXaHUKH 1e(OPMHUPYEMOTro TBEPIOTO
tena B [IK ANSYS.

1.2 Kpumepuu oyenusanus KomnemeHyull U WKaIbl OYeHUBAHUS
[Ipu npoBeieHnK MPOMEKYTOUHOM aTTecTaliu B popMe 3auema UCIONIb3YETCs IIKaJIa OLICHUBAHUS :

«He 3a4TCHO, «3aureHoy. ITokazarenamu OLICHUBAHMA SABJIAIOTCA 3HAHUSA, YMCHHUA U HABBIKH 06yqa}01ue—
rocs, MOJIY4YCHHBIC IIPHU U3YYCHHUU AV CIUILINHBI.
KpI/ITepI/IﬂMI/I OLCHUBaHUsA JOCTHXCHHUA MoKa3aTeJiel ABIISIOTCS:

IToka3arenn

Kpurepuii onenuBanus
OLICHUBAHMS

3HAHUSI TEPMUHOB, ONPEACICHUN, TIOHATUH;

00BEM OCBOEHHOTIO MaTcpHrajia, YCBOCHUC BCCX TCM, PA31CJI0B NUCIUILIINHBI;

3Hanus MOJHOTA, CACTEMHOCTb, IPOYHOCTh 3HAHMIA;

MMPaBUJIBHOCTH OTBECTOB HA BOITPOCHI;

YCTKOCTb U3JIOKCHUA N3YUYCHHOI'O MaTCpUaia,

CTEIIEHb CAMOCTOSTEIILHOCTH BBIIOJHEHUS JCHCTBUS (YMGHI/IH);

OCO3HAHHOCTb BBIIIOJIHEHUS I€UCTBUS (YMEHUs);

VYMmenus YMCHHUEC aHAJIM3UPOBATH I/I3y‘leHHHI71 MaTCpHra;

YMCHUC BI)I6I/IpaTI) MCTO/IMKY BBIITOJHCHHA 3aJIaHUA;

YMCHUC BBITIOJIHATH 3aJaHUA paanquﬁ CJIOXKHOCTH,

HAaBBbIKM CaMOITPOBCPKH, KAUCCTBO C(bOpMI/IpOBaHHI)IX HaBBbIKOB,

HABBIKW aHAJIM3a PC3YJIbTATOB BbIITOJIHCHU SaHaHHﬁ, PCUICHUA 3a1a4,

HaBBIKU TPEJICTABIICHUS PE3YIbTAaTOB PELIEHUs 3aj]a4, KayecTBO OpOpMIICHHUS 3a/1a-

HaBeiku o
HHH;

HaBBIKM 00OOCHOBAHUSI BLITOJIHEHHUS 3aI[aHI/II\/JI, IIPUHATHA pemCHHﬁ;

6LICTpOTa 1 Ka4eCTBO BBHINIOJHECHHUS 3aJaHUM.

2 TunoBble KOHTPOJIbHbIE 3aJaHUS 1JIsl OlleHUBaHNUs (POPMUPOBAHUS KOMIIeTeH N
NPHU NPOBeIeHUM NMPOMEKYTOUHOI aTTeCTAlNHU

2.1 Ipomesicymounas ammecmayus no OUCYUnIuHe

®opma(bl) NPOMEKYTOUHON aTTECTALUU: 3auem
[TepeueHb THIMOBBIX BOIIPOCOB (3a1aHuil) Ui MpoBeeHus 3aueTa B 1-3 cemecTpax:

Kox nannka-

Ne Hamvenoanue pasjena Tunosble BONpochl/3a1aHus ropa et

T CLUTITUHBI JKEHUS KOM-

NIETEHLIUH
BBenenue B cucTeMbl aBTOMa- 1. CocraB mnporpammHoOro kommiekca ANSYS.
1 TU3UPOBAHHOI'O MPOEKTUPOBA- | ['pacmueckue o0omouku U pemrarenu. [Tpunoxe- OITK-2
" | HHA mus  Workbench,  Workbench  Mechanical,
DesignModeler, SCDM, Mechanical APDL.




2. [TpoCTpaHCTBEHHOE U TPEXMEPHOE MOJICIHPOBa-
Hue KoHCcTpykiuu Ha OBM. CoBpeMeHHOe coCcTOs-
Hue MKD u nepcnektuBbl pa3Butus. [Iporpamm-
HbIi koMIiekec ANSY'S.

3. Co3manme mpoekta B obOosouke ANSYS
Workbench.

4. Pemenne nHx)eHepHbIX 3a71a4 B ANSYS.

5. Pabora B mogyne DesignModeler.

6. HWHcTpymMeHTBl JUisi CO3/aHUS 3CKHM3a B
DesignModeler.

7. Co3nanue u npeodbpazoBanue 3D moaenei.

8. IMnopT u HanpaBlieHHE TEOMETPUU U3 BHEITHUX
CAD cucrem.

9. Iloctpoenue cerku B moayine ANSYS Meshing
(To0anbHBIE METOBI).

10. Co3nanue KoH(OOPMHBIX U HEKOM(POPMHBIX Ce-
TOK.

11. IlocTpoenne MOBEpXHOCTHBIX U OOBEMHBIX Ce-
TOK, THOPHTHBIX CETOK.

12. Beienenue obnacteil TeUeHus U3 TBEpIOTEIb-
HOW F€OMETPUH.

13. ITocTpoeHwme CETOK B 00JIACTSX TCUCHHUI U TBEP-
JIBIX TeJIax AJIs 3a/1a4 CONPSKEHHOI O TEIJI000MEHa.

14. Pemienue nuddepeHnuanbHbIX YpaBHEHUH.
15. Pentenne HEMMHEWHBIX 3a1a4.

3 MeToauuecKkue MaTepHuaJbl, ONPEACIAIOIINE ITPOHECAYPHI OLCHUBAHUS
Hpouenypa IMPOBCACHUA HpOMe)KYTOqHOﬁ aTTeCTallu U TCKYLICTro KOHTPOJISA YCIICBACMOCTH periia-
MCHTHUPYCTCA JIOKAJIBHBIM HOPMATHBHBIM aKTOM, OINPCACIAIOIMINUM IMOPAAO0K OCYHICCTBICHUA TCEKYLICTO
KOHTPOJIA YCIICBAECMOCTH U HpOMG)KyTO‘-IHOﬁ aTTeCTalinuu 06y‘{aI-OH_II/IXC$I.

3.2. [IpomexyTouHas aTTeCTalus M0 AUCIUILTHHE B (hopMme 3auéTta nmpoBoaAuTcs B 1-3 cemecTpax.

Huxe npuBeaeHs! npaBuia olleHUBaHUs (OPMUPOBAHUS KOMIIETEHLIMH 110 MOKA3aTeI0 OLICHUBAHUS

«3HaHUAY.

Kpurepnii onieHnBanus

YPOBCHL OCBOCHHUA M OLICHKA

He 3aureno

3auTeHo

3HaHUA TCPMHUHOB,
ONPENCIICHUM, TOHSATHI;

He 3naet TepMHUHOB 1 onpeieIeHui

3HaeT TCPMHHBI U OIIPCACTICHUSA

00BHEM OCBOEHHOI'O Ma-
Tepuasna, yCBOCHHE BCEX
TEM, pa3JIeioB JUCIIH-
[IJIMHEL

He 3HaeT 3HaUUTENHLHOM YacTH MaTe-
puana IMCUUILTAHBI

3HaeT MaTepI/IaII OUCIIUIIJINHEBI B
[IOJIHOM O0BEME

IoJIHOTA, CUCTEMHOCTD,
IMPOYHOCTDH 3HaHI/II71;

3HaHMs MaTepHaa OeccucTeMHbIe, He
OTBEYaeT Ha OOJBIIMHCTBO BOIIPOCOB
110 TeMaM JHUCHUTIIINHBI

Jla€T 70CTaTOYHO YETKHE U MOJIHBIC
OTBETHI Ha BOIIPOCHI




IPaBUIBHOCTb OTBETOB
Ha BOIIPOCHI;

HemnpaBuibpHO oTBe4aeT Ha OOJIBIINH-
CTBO BOIIPOCOB, JIOITYCKAET IpyObIe

OLINOKHU

OTBevaeT Ha BOMPOCH! IPABUIIBLHO

YETKOCTDb MU3JIOKCHUA
HN3YUYCHHOI'O MaT€pHralia,

W3naraet 3HaHus 6€3 JIOTMYECKOM HO-
CJIEI0BATEIBHOCTH, HE CONPOBOXKIAET
OTBET PUCYHKAMH, CXEMaMHU

N3naraer maTepuas 10cTaTOYHO
4eTKO, 0€3 HapyIIeHUH B JJOTHYe-
CKOI mocJIeI0BaTeIbHOCTH. BEI-
MTOJTHSIET MOSICHSIIOIIUE PUCYHKH U
CXEMBI KOPPEKTHO U IIOHATHO

Hwxe npuBeneHs! npaBuiia olleHUBaHUs (POPMUPOBAHHS KOMIIETCHIIUHN MO TIOKA3aTENI0 OLIEHUBA

HUA «Y MEHUAY.

Kputepuii onenuBanust

YPpOBEHb OCBOEHUS U OLICHKA

He 3aureno

3auTeHo

CTENIEHb CAMOCTOSTENb-
HOCTH BBIIIOJHEHUS
necTBus (yMEHUS);

He mMoxeT camocTosITENHHO
BBIIIOJIHUTD 3aIaHUE

BremonHsaeT 3agaHue caMOCTOSITEIbHO,
IPaMOTHO BHIOMpAET CTaHAAPTHYIO METO-
JMKY, HCIOJIB3YET HYKHYIO JINTEPATYPY
py HEOOXOIMMOCTH

OCO3HAaHHOCTb BBIIOJI-
HEeHMs JieiicTBus (yme-
HUA);

Brimonmaser 3aZlaHuA 110 IIpu-
MEpPY, HEC OCO3HAHHO, HC MOKET
OTBCTUTH HA BOIIPOCHI IPCIIO-
AaBaTtelid 1o aJiropuTMy 1 Me-
TOAHKE PCIICHUA

Bremmonnser 3amanns OCO3HAHHO, JOITyCKas
HEAOYCThI, MOKET YBEPCHHO OTBCTUTH HA
BOITPOCHI NPCIIOAABATCIIA 110 aJITOPUTMY U

MCTOJUKC pCHICHUA

YMEHHE aHAJIU3UPOBATh
W3Y4YEHHBIN MaTepHall;

He nmeeT HaBBIKOB aHaIN3a
M3y4YEHHOr0 MaTepHaa,

JlenaeT KOppeKTHbIE BHIBOJIBI IO U3YUYEH-
HOMY MaTepuaiy,

YMEHHUE BBIOMpATh Me-
TOJMKY BBITIOJTHEHHS
3a/1aHus;

He moet BpIOpaTh METOIUKY
BBIIIOJIHCHUS 3aJaHUI

be3 3arpyanenuii BHIOMpaeT CTaHJapTHYIO
METOJUKY BBIIIOJIHEHUS 3aJaHUI

YMEHUE BBIOJIHATH 3a-
JIaHUS Pa3TINYHON
CJIO’KHOCTH;

He nMeeT HaBBIKOB BBIMIOJIHE-
HUA y4eOHBIX 3aJaHuI

ViMeeT HaBBIKM BBITIOJTHEHUS CTAHIAPTHBIX
y4eOHBIX 3aJaHu

Hixe IMPUBCJACHELI ITpaBUJia OLICHUBAHWA (I)OpMHpOBaHI/ISI KOMIIETEHITMN MO IMOKa3aTellr0 OLICHUBA-

Hus «HaBBIKMY.

Kpurepuii onenuBanus

YPOBCHL OCBOCHHUA M OLICHKA

BAaHHBIX HABBIKOB,

He 3aureno 3autreHo
HABBIKU CaMOIpoBepkH, | HaBbiku camomnpoBepku oTCyT- | VMeeT HaBBIKH CaMOMPOBEPKH, XOPOIIO
KayecTBO c(hopMHpO- CTBYIOT c(hOopMUPOBaHbI HABBIKY BBITIOJIHEHUS 3a-

TaHUN

HAaBBIKW aHAJIM3a pe-
3yJbTaTOB BBINOJIHEHUS
3aJ]aHUil, pEIICHHS 32a-
Jad;

Jlenaet HEKOPPEKTHBIE BbI-
BOZBI

Jlenaet KOppEKTHBIE BBIBOABI IO PE3YJiIb-
TaTaM PEILICHU 3a1a4u

HaBBIKH [TPEICTABICHHUS
pe3yabTaTOB PEIICHUS
3aj1a4, Ka4eCTBO
odopmIleHUs 3a1aHui;

He moxet npoustmroctpupo-
BaTh PEIICHUE 3a1a4H MOSICHS-
OIUMHU CXEMaMH, PUCYHKaMU

Bremonuser MOsACHAIOIINE PUCYHKH U
CXEMBbI KOPPCKTHO U ITIOHATHO

HaBBIKA 000CHOBAaHUS
BBITIOJIHEHMS 3aIaHHH,
MIPUHSATHUS PELICHU;

JlomyckaeTt rpyOblie OmuOKH
Ipy 000CHOBAHUH METOJIUKHU
BBIIIOJIHCHUN SaHaHHI\/’I, HE MO-
YKET IPUHATH BEPHOE PEIICHUE

AHFOpI/ITM BBIITOJIHCHHUA 3aIaHUA BEP-
HLIﬁ, MMPUHHUMACT BCPHBIC PCILICHUA




OBICTPOTa U KaUeCTBO | 3aJaHUs BBINOJHSET C HU3KUM | BbINoOTHSAET 3a1aHNs YBEPEHHO, C XOPO-
BBITIOJIHEHMS 3aJ]JaHUM. | KaueCTBOM, KpallHe MEJJIEHHO ITUM Ka4y€CTBOM

4 KoHTpoJbHbIe padoThI AJ1s1 OLeHUBaHNUsI GOPMHPOBAHMS KOMIIETEHIIUI
NpH NPOBeeHNHU TEKYIIero KOHTPOJIS M0 JUCIUIITIUHE
«CoBpeMeHHbIE TPOrPaAMMHBbIE U TEXHOJIO0THYECKHE KOMILJIEKChD)




MUHUCTEPCTBO HAYKHN U BBICHIET'O OBPA3OBAHUA
POCCHUMCKOU ®EJEPALINNA
denepanbHOE TOCYIaPCTBEHHOE OO KETHOE 00pa30BaTeIbHOE YUPEKICHUE
BhIcIIero oOpa3oBanus «HoBOCHOMPCKUIT rocyIapCTBEHHBIN
APXUTEKTYPHO-CTPOUTENbHBIN yHUBEpcUTET (CHOCTPUH)»

KOHTPOJIBHASA PABOTA
no teme «Co31aHue reoMeTpuIeCcKNX MojeJ1ei)

Co3znaTh reOMETPHUECKYIO (TBEPAOTENBHYIO) MOIEIH ICTAIH 0 €€ HATJITHOMY N300paXXeHHIO (pHC.
1). T'eomeTpuueckoe MOACTHUPOBAHUE BBIMOJIHUTH C IMOMOIIBIO MpHiIoKeHHi Ansys DesignModeler miu
Ansys SpaceClaim, nu6o apyroit mogooHoit CAD-cuctembl. ['0TOBYIO MOICb SKCIIOPTUPOBATH B OJIUH M3
YHUBEpCabHBIX (hopMaToB Qaiiios (*.sat, *.stp, *.X_t, *.iges).

Puc. 1. lerans



KOHTPOJIBHAS PABOTA
1o Teme «I'eHepanusa KOHEYHOIJIEMEHTHOM CETKHU»

[TocTpouts ceTKy Juisi pacueTHOM 00J1aCTH, 3aJaHHON T€OMETPUUECKOIN MOIEIbI0, N300paKeHHON Ha
pucynke 1. TpeOyemasi koH(pUTypalys CETKU: MpeoliaaHue MEeMEHTOB (OPMBI reKcadapa; JIEMEHTHI
nepBoro nopsaka (6e3 cpeIMHHBIX y3JI0B); YBEIHUEHHAs IUIOTHOCTh CETKH Ha KPUBOJIMHEHHBIX ITOBEPXHO-
CTSIX.

BhBITOMTHUTE aHANM3 KauyecTBa CETKU. BBIYMCIUTL 3HAUCHUS CIEAYIONIMX METPUK KA4eCTBAa CETKH:
SIKOOWaH, OPTOrOHAITBHOCTh, CKOLIIEHHOCTH U JIp.

Puc. 1. 'eomeTpuyeckas Mmoaenb



KOHTPOJIBHAS PABOTA
no Tteme «KoHe4YH031eMeHTHBIH AHAJIN3 HANIPAKEHHO-1e(OPMUPOBAHHOI0 COCTOSIHUSI KOHCTPYK-
U

JlaHa MexaHUYECKasi CHCTEMA, ITPEACTABICHHYIO TOJCTOCTCHHBIM MOJIBIM LMIMHAPOM (TpyOoit). Ha
BHYTPEHHIOIO CTCHKY TPYOBI A€ CTBYeT paBHOMEPHO paclipeeieHHas Harpy3Ka (JaBieHue), a nedopma-
MY OWIMHIPA B OCEBOM HAINPaBJICHHU CTECHEHBI (IEPEMELICHUSI B OCEBOM HAIIPABJICHHU OTCYTCTBYIOT,
T.€. IMCIOT HYJICBYIO BEITUUUHY).

TpeOyercst BBIYUCIUTH NEPEMEIICHUS, MEXaHHIeCKHe Te(opMaliy U HAPSDKSHUSI, BO3HUKAIOIINC B
JTaHHOM TBEPJIOM TeJIe, T.C. OIPEICIUTh HANPSHKEHHO-Ie(opMUpyeMOoe COCTOSIHUE JaHHON MEXaHHUYECKOM

CHCTEMBI, ONHMCHIBAEMOE BEKTOP-(QYHKIMEH IMepeMeIeHnit u(r, o, Z), BeKTOp-pyHKIMEH nedopmanunit
8( r,o, Z) U BeKTOp-(QyHKIMEH HanpspkeHuit O (I’, o, Z) .
Ha pucynke 1 nokasana pacuetHast 00JacTh M cXeMa TpaHHUYHBIX yCI0BUN. M300paxkeHa UIUHIPH-

4JecKast cucTeMa KOOpAUHAT (r, O, Z) , KOTOpas UCIIOJL3YETCH IIPU PEIICHUH 3aJa4H.

4 Z
/ le— —
- le— —
R v le— —
2 -~ —
R1 . P —
[ 4 —— —»
F ¢ : )
Z le— —»
R, R,

(@) (6)

Puc. 1. Cxema 3amauu Jlame

Cucrema ypaBHEHMI yIIPYrocTH UMEET €IMHCTBEHHOE pellleHue, KOT/ia Ha TpaHulle obmactu € 3a-
JTaHbI 3HAYEHUSI ICKOMBIX BeMUuH (U, €, g). [ToaToMy chopmynupyem kpaeByro 3anaudy. BBenem ciemyto-
M€ TpaHuYHbIe YCIOBHS (pHC. 2):

Dur,p,2) =0V {r, ¢, 2} €Ty

2) ore(r, 9, 2) =P V {r, ¢, 2} € I'2, rie P — BennurHa 1aBJICHUS Ha BHYTPEHHIOO MOBEPXHOCTH TPYObI

o (R)=-P. o,(R,)=0.
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Puc. 2. Cxema 3a1aHus TpPaHUYHBIX YCIOBUN

Ota KpaeBas 331a4a /Uil ypaBHEHHUI yIIPYrocTH HOCHUT Ha3BaHuUeE «3anada Jlame». M3BecTHO ee aHa-
JUTHYECKOE PelIeHNE, IPEACTABICHHOE (bopMyJIaMH'

0 ()= (1) s {(1 zv)HRZ}
5rr(r):g(l+v)%{(l 20) RZ}

gw(r):E(ljtv)%}{(l—Zv)lef—g}

2

o lr)=F Rl&{l_f_j}

(1+V€ +vg] P R1 {1+R—22}
-R; r

%o (1) = (1+v)(1 ZV)[
E

o \lN=———vle&, +& = V—Rlz
=)=y o o) =2P

R —R?’

3nech I, ¢, Z — KOOpAMHATHI TOYKH B IIWJIMHIPUYECKON CUCTEME KOOPANHAT, X = {r, o, Z} ,XeQ; U, (r) —
HepeMeNIeHNs B HalIPaBJICHUH ' (KOMIIOHEHTa BEKTOPA MIEPEMEILCHHUS); &,, (r) + €y (r) — OTHOCHUTEJIbHBIE
nepopmanuu (KOMIOHEHTHI TeH30pa Aepopmanuil); o, (I’) y Oy (I’), o, (I’) — MEXaHWYECKUE HampsixKe-
HUs (KOMIIOHEHTHI TEH30pa HanpskeHuil); P — BenmuurHa paBHOMEPHO-pacipeeIeHHO Harpy3ky; E, v —

MCXAaHUYCCKHEC XAPAKTCPUCTHUKHU MATCpHUaJla, Rl, Ry — BHYTpeHHI/Iﬁ U BHEIITHUM paanycChbl Tp}/'6LI, COOTBCT-
CTBCHHO.

Haiitn uyncnennoe pemenue 3agaun Jlame npu caeayromuyx napaMmeTpax:

- OCHOBHBIE reomeTpuueckue xapakrepuctuku: R1 = 0.03 M (BHyrpenHuit paauyc), Rz = 0.05 m
(Hapy>XHBIH paanyc);

- MexaHn4eckue xapakrepuctuku mMarepuana: E = 200 I'Tla, v = 0.3;

- BeJIMUMHA paBHOMEpHO-pactpeaenennoi narpysku P = 100 kITa.

BBINOJHUTE CpaBHEHWE YUCIEHHOIO M aHAJUTHYECKOro pemeHui. MccienoBaTh CXOAUMOCTH IO
CETKE.
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CocraBuTeNb

3aBenyronuit kadeapoit

« 1 » wronsa 2021 r.

(noonucs)

M.H. JlanuioB

I0.E. BockoOoiiHHKOB
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MHHHCTEPCTBO HAYKH U BBICIIEI'O OBPASOBAHMA
POCCHUNCKOUN ®ENEPALIMN

(benepanbHOE rocy1apCTBEHHOE OIOIKETHOE 00Pa30BATEIIBHOE YUPEKIECHUE
BbIcero obpa3oBanus «HoBocuOUPCKUil rocy1apcTBEHHBIN
apXUTEKTYPHO-CTPOUTENbHBIN yHUBEepcUTeT (CUOCTPUH)»

Kadenpa IlpukaaaHoii MaTeMaTHKH
(HanMeHOBaHHe Kadeapbl)

TEMbI COOBIIIEHUI

COBDCMCHHLIC IporpaMMHbI€ U TEXHOJIOI'NYECCKUEC KOMILJICKCHI
(HaumeHo8aHUe OUCYUNIUHBL)

1. O630p KOHEUHORIEMEHTHBIX MMPOTPAMMHBIX KOMITJIEKCOB JIJIsl pELICHHs 3a/1a4 MPOSKTUPOBAHUS
CTPOUTENBHBIX KOHCTPYKIIUH.

2. O630p COBPEMEHHOTO MPOrPaMMHOT0 00eCTIeUeHHsI JIJIsl TEHEPALIUU CETKHU.

3. AHanu3 HanpspKEHHO-1e(hOPMUPOBAHHOTO COCTOSTHHUS JKEJIe300€TOHHOM KOHCTPYKIIMH C MTOMOIIBIO
IIPOrpaMMHOT0 KomIuiekca ANsys.

4. OnbIT IPUMEHEHUSI IPOTPAMMHOI0 KOMILIEKca ANSYS K PEILICHUIO 3a/1a4K IPOCKTUPOBAHUS METAJI-
JINYECKON KOHCTPYKIUU.

5. Cucrema omnpeiensonX ypaBHEHUH TEOPUH IITACTHYHOCTH U YUCIICHHBIE METO bl HHTETPUPOBA-
Hus auddepeHnnanbHo-aIredpandeckux ypaBHEHUH.

6. UccnenoBanue npoiecca aeGopMupoBaHus KOHCTPYKIIUH C IPUMEHEHUEM KOHEYHOAJIEMEHTHOTO
MOJICTTUPOBAHUSI.

7. IlprMepsl IPUMEHEHHSI YUCIIEHHOTO MOJIEJIMPOBAHMSI IIPU BBIIOJIHEHUN HAYYHbBIX HCCIIEI0BAaHUN B
o0JacTu MEXaHHUKH JKee300eToHa.

8. UccnenoBanme BO3EHCTBUS BETPOBBIX HATPY30K HA BHICOTHBIC 3/1aHUsI. DKCIIEPUMEHT B adpOJIMHA-
MUYECKOU TpyOe U YMCIEHHOE MOJIETUPOBaHUE.

9. UcTtopus pa3BUTHS KOHEYHORJIEMEHTHOTO aHAJIN3a HaIPSHKEHHO-1€()OPMUPOBAHHOTO COCTOSTHUS
KOHCTPYKLIHH.

10. AcriekTbl NPUMEHEHUS] METO/1a KOHEUHBIX AJIEMEHTOB MPH PEILICHUH 33]ja4 MEXaHUKHU TPEILMH.

Kpurtepun onenku:

- OLIEHKA «3aYTE€HO)» BBICTABJIAETCS CTYJEHTY, €CJIM OH 3HACT TEPMHUHBI U ONpE/eICHus,
OCHOBHOM Marcepurajl AMCHUILINHBI, I[aéT MMPaBHUJIbHBIC OTBETHI HA JOIMMOJHUTCIIBHBIC BOIIPOCHI;

- OLIGHKA «HE 3a4TE€HO» BBICTABISAETCS CTYJCHTY, €CJIM OH HE 3HaeT TEPMUHOB U OMpee-
J'IGHI/II\/JI, 3HAYNTEILHON YacTH Marepurajia IMCUUIIJIMHBI, HCIIPABUJIIBHO OTBCYACT HA OOJIBIIIMHCTBO
BOIPOCOB, JIONyCKaeT IpyOble OIMOKH

e
CocraBuTenb M.H. /Janunos
TO/IITHCH)

« 1» mons 2021 .
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MMHUCTEPCTBO HAYKH 1 BbICIIEI'O OBPA3OBAHUA
POCCUNCKOUN ®ENEPAIIMN

(benepanbHOE rocy1apCTBEHHOE OIOIKETHOE 00Pa30BATEIIBLHOE YUPEKIECHUE
BbIcIero obpa3oBanus «HoBocuOUPCKUil rocy1apcTBEHHBIN
apXUTEKTYPHO-CTPOUTENbHBIN yHUBEepcUTET (CUOCTPUH)»

Kadenpa IIpukaaaHoii MaTeMaTUKH
(HanMeHOBaHKE Kadeapbl)

KommniekT pa3HOypOBHEBBIX 3a/1a4 (3aaHNH)

10 JUCOUITJIINHE COBpeMeHHLIe NMporpaMMHubI€ U TEXHOJIOI'HYCCKHE KOMIIVIEKCBI
(HaMMEHOBAHHUE JMCIUILTIHEI)

1 3agaum 6a30BOro ypoBH1

3apmaua 1. [loctpouts 2D reoMerprdecKyro MOAENb U BBINOJHUTH FEHEPALIUI0 KOHEYHORIEMEHT-
HOI CETKU U3 271eMEHTOB (pOpMy TPEyroJIbHUKA /Il 3aMKHYTOM 00J1acTH, 1300pa>keHHOM Ha pucyHKe 1.

[

N

I,

Puc. 1. 'eomerpuyeckas KoHQUTypauus

3agaya 2. YnciaeHHO pelnTh KpaeBylo 3a7auy JUisl ypaBHEHUSI TEIUIONPOBOAHOCTH C UCIOJIb-
30BaHHeM nakeTa Ansys. ['eomeTpust pacueTHO# obsacTh n300paxkeHa Ha pucyHke 1. Pazmeps! cTo-
poH ' u I's cocraBistoT 10 cm; paanyc KpUBOJMHENHON IrpaHulbl —2 ¢M. ['paHHYHbIE YCIOBUS:
1) T(x) =100 °C, vx eI,
aT (x)
on
3)T(x)=0°C, VxeIl,

2) =25vxeT,
2 3ajayM NPpOABMHYTOI0 YPOBHA
3apayva 1. Tloctpouts 3D reomerpudeckyto MOJIENb U BBITOJIHUTH TEHEPALHIO KOHEUHORIEMEHT-

HOU CETKH C MpeodIalaHieM AIEMEHTOB (POPMBI TeKcadIpa JJIsl 3aMKHYTON 001aCTH, N300paKEHHON Ha
pUCYHKe 2.
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Puc. 2. 'eomeTpuueckas kKoHpHUrypamms

3agava 2. YucneHHO peluTh KPaeByro 3a1ady JJis ypaBHEHMs TEIUIOIPOBOJHOCTH C UCIOIb-
3oBaHueM makera AnSys. ['eomerpusi pacueTHoil o6iacTu m300paxeHa Ha pucyHke 2I paHuuHbIe
YCIIOBHUSL:

1) na Hmwxue# rpanu T(X) = 100 °C,

2) Ha OCTaJIbHBIX TOBEPXHOCTSX 331aTh YCIOBUS KOHBEKTUBHOTO TEIUIOOOMEHA C OKPYKAIOIICH
Cpenou.

Omnpenenuts Temneparypsl B Toukax A, B u C. IlocTponTb N30KOHTYpPHI pactpeie]ICHUs TEM-
neparyp.

3. 3agaum yriy0JIeHHOT0 YPOBHS
3agauya 1. Iloctpouts 3D reomerpruueckyto MOJENb M BBIIOJHUTH TEHEPALIO KOHEYHOAJIE-

MEHTHOM CETKH C Tpeo0IagaHreM IeMEHTOB (hOpPMBI TeKcadipa ISl 3aMKHYTOM 001acTH, H300paKeHHOM
Ha PUCYHKeE 3.
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Puc. 3. Jlerans

3agauya 2. M3BecTeH maTepual, U3 KOTOPOro BbINOJIHEHA JeTanb — ctanb 36 HXTIO. [{ns nan-
HOTO MaTepHajia HaiTH B CIPABOYHMKAX 10 (PU3MKO-MEXAHUYECKMM CBOMCTBAM MATEpPHANOB : MO-
Oynb ynpyroctd, kodddunuent IlyaccoHa, MIOTHOCTb, Mpenen TeKY4eCcTH, TEeIIONpPOBOJHOCTD,
YAETBHYIO TEMJIOEMKOCTb, KOA(PGUIIUEHT JTUHEHHOr0 TEMIIEPAaTypHOTO pacIupEHUsI.
Bb1OpaTh Ipon3BOJIBHYIO CXEMY HArpyXeHHs AEeTall, BKIOYAIOLIYIO:
- PaBHOMEPHO PACIIPEIEIECHHYIO Harpy3Ky Ha HEKOTOPYIO TOBEPXHOCTH (J1aBJIEHUE);
- COCpPEIOTOYEHHYIO CHITYy Ha HEKOTOPOU MaJIO 4acTH MOBEPXHOCTH;
- MOMEHT (CHJIOBOM (haKTOp, BBI3BIBAIOLINI TOBOPOT);
- KECTKYIO 3a/IeJIKy (OTpaHMYEHHE TOCTYNATEIbHOTO JBUKEHHS U TOBOPOTOB).

BrIMOTHUTE KOHEYHODJIEMEHTHBIN aHAIN3 HaNpsHKEHHO-1e(OPMUPOBAHHOTO COCTOSHUSI Jie-
TAJIA B JUHEWUHO-YIIPYTrOM MOCTAHOBKE NIPU JEUCTBUU CTATUYECKUX MEXAHUYECKUX HArpy3ok. Bemnu-

* Cwm. Taxxe mapounvku ctanei, TOCTb
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YMHBI HATPY30K M3 I1. 3 10100paTh TAKUMH, YTOOBI SKBUBAJICHTHBIE HANPSDHKEHUS 0 Mu3ecy He mpe-
Beimaym 1/10 mpenena nmpodynoctu matepuana. OnpenenuTs NpeaeTbHYI0 BEIMUYHHY PaBHOMEPHO
pacripesielIeHHON Harpy3KH, KOTOPYIO JeTalb CIIOCOOHA BOCIIPUHATH 0€3 pa3pylIeHUs U Iepexo/a B
CTaJIMIO MJIACTHUYECKOTO Ae(OopMHUpOBaHUS (BCE OCTANbHBIE HATPY3KU IPUHATH HEU3MEHHBIMHU ).

BrimonHuTh aHanu3 pe3ynsTaToB pacueTa. [locTponTs H3010IIs HepeMeneH i, e opManuii u
HarpsbkeHud. Onucath MOJIy4eHHbIE Pe3yIbTaThl MUCbMEHHO.

BbIOpaTh Npon3BOJIBHYIO CXEMY TEIIOBBIX BO3/IEMCTBUI HA J€Talb:
- IIOCTOSIHHAs TeMIlepaTypa Ha HEKOTOPOU Majioil IOBEPXHOCTH JETalH,
-  TEIUIOBOM ITOTOK;,
- KOHBEKTHBHBIH TETJIOOOMEH C OKPY’KaIOLIeH Cpeou.

BBINONHUTE KOHEYHOIJIEMEHTHBIN aHAIN3 TEMIIEPATYPHBIX IIOJIEH B JI€Tald B CTALMOHAPHON
IIOCTAHOBKE (IIPH YCJIOBUH, YTO TEMIIEPATyphbl HE MEHSIOTCS B TEUEHUU BpeMeHN). Bennuunsl Tem-
nepaTypHBIX BO3AEHCTBHNA U3 M. 6 TOA00paTh TAKUMH, YTOOBI MaKCHMAJIbHASI TEMIIEpaTypa JIeTalu
coctasisiia 250-350 °C.

BrInonHuTh aHanu3 pe3ynbTaToB pacyera. IloctpouTs n3omons remneparyp, TEIIOBBIX OTO-
KOB. Onmucarhb NOJIy4EeHHBIE PE3YJIbTAaThl IUCEMEHHO.

BBINOTHUTE KOHEUHOZJIEMEHTHBIN aHAIU3 HaNpPsHKEHHO-1€(OPMUPOBAHHOIO COCTOSIHUS Jie-
TaJu B JINHEHHO-YNIPYTOM IIOCTAaHOBKE IIPH TEMIIEPATYPHOM BO3ICHCTBUM, paCCUNTATh TEMIIEPATYp-
HBIC HaNIpsDKeHMs U qedopmanuu. [TocTpouTs n3o0moss nepemMeniennit, 1eopManuii 1 HarpsoKEHHH.
Onucarb NOIY4YEHHBIE PE3YJIBTAThl IUCBMEHHO.

CocTaBUTb OTYET, COACPKAILUN: UCXOHBIE JaHHBIE, IOCTAHOBKY 3aJ1a4yM, OIIMCaHUE X0/a pe-
LICHMS 3a/1a4U, ITOJIy4EHHBIE PE3YJIbTAThI.

Kpurepuu ouenku:

- OIIEHKA «OTJIMYHO» BBICTABISETCS CTYICHTY, €CIIM MPOM3BENICHBI BCE pacdyeThl 0e3
OomKOOK, TaHBI MOSICHEHUS K MTOJTyYSHHBIM Pe3yJIbTaTaM C MPHIIOKEHHEM TMOPSAKA X MOITY-
YEHUS;

- OIIEHKAa «XOPOIIIO», €CJIN TPOU3BEICHBI BCE pacueThl 6e3 OmMOOK CTYIEHT MOXKET
OOBSICHUTB X (PU3UUECKUIN CMBICI;

- OIIEHKA «yJOBJIETBOPUTEIHHOY, €CIIN PACUETHI MIPOU3BEICHBI C OMIHMOKAMH, OTHAKO
CTY/IEHT MOHUMAET UX (PU3NYECKOE 3HAUCHUE;

- OLICHKA «HEYOBJIETBOPUTEIBHOY» €CIIU MIPOU3BEICHHbBIE PACUETHI CAETIAaHbI C OINO-
KaMU U CTYJICHT HE MOXKET OOBSICHUTh UX (PU3UUECKUI CMBICI.

—
CocraBurenb M.H. JlaannoB

(TIoTHICH)

« 26 » ¢espans 2021
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MHHHCTEPCTBO HAYKH U BBICIIEI'O OBPASOBAHMA
POCCHUNCKOUN ®ENEPALIMN

benepanbHOE TOCYIaPCTBEHHOE OO KETHOE 00pa30BaTeIbHOE YUPEKICHUE
BhIcIIero oOpa3oBanus «HoBOCHOMPCKUIT rocy1apCTBEHHBIN
ApPXUTEKTYPHO-CTPOUTENbHBIN yHUBEepcUTET (CHUOCTPUH)»

Kadenpa IIpukjaaaHoii MATEMATHKH

(HamMeHOBaHUe Kadeapol)

KommnuiekT 3axanuii 11 pacyeTHO-Tpaguueckoid padoThbl

10 IUCOUITJIINHE COBpeMeHHbIe MNPpOrpaMMHbI€ U TEXHOJIOIHYE€CKHE KOMIIJIEKCBI
(HaMMEHOBaHUE JMCIUILINHEI)

1. PeanmzoBats B nakere MathCAD ueTbipexyrobHbli JIMHEHHBIA KOHSUHBIH AJIEMEHT (y3J10-
BOI1 m1a0110H, 6a3uCcHbIE PYHKIIMM U UX YAaCTHbBIC IPOU3BOHBIC). BBHINOIHUTE MHTEPIOIALUIO QYHK-
LIUU IBYX NIEPEMEHHBIX C TIOMOLIBIO0 METOIa KOHEUHBIX 3JIEMEHTOB. BBIUMCINTE onpeaeneHHbli NH-
terpai no obnactu K3 ¢ nomoineko kBagpatypHbix popmyn ['aycca.

2. PeanuzoBath B makere MathCAD BbIUHCIMTENBHBIN aJITOPUTM JUTS PELICHUS KPaeBoOi 3a-
nauau i ypaBHeHus [lyaccoHa ¢ mpuMeHeHHEM KOHEYHORJIEMEHTHOM arpoKcuManuu (QyHKITAH

MHOTI'UX IICPCMCHHBIX.

Ha PUCYHKEC 1 moka3ana pacdyc€THasA 00/1acTh U cXeMa 3a/laHuA I'paHUYIHbIX YCHOBHﬁ.

1
Puc. 1. Cxema 3a1aHust rpaHUYHBIX YCIIOBHM, CeTKa (YMCIaMU OTMEYEHBl HOMEPA Y3JI0B U AJIEMEH-
TOB)

Pa3meps! npsimoyronbpHUKa: AsMHa 6 ex, mupuHa 1 ex. Yroa HakioHa 30°.

B Toukax 4 u 6 3amans! 3HadeHUs: QyHkuu U (ycmoBus Jupuxiie), a Ha rpaHuie, oopa3oBaH-

. ., ou .
HOM y3namu 1, 2 U 5 3a1aHO 3HaYEHUE TPOU3BOAHON 6_ (ycnmoBus Heiimana).
n

HctounnkoBblii uieH B ypaBHeHUH [lyaccoHa OTCyTCTBYET:
f =0.

3anaya pemraercs B 2D mocraHoBke.
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KoneuHnosnemeHTHas ceTka moka3aHa Ha pucyHke 1. OOmiee KoiamdecTBo y310B — 6. OOmee
KOJIMYECTBO JIEMEHTOB — 2. KoOpIWHATHI y3JI0B IPUBEICHEI B TAOJIHIIC:

No yama X Koopaunara ;
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

ATNNpOKCUMAIIUIO HCKOMOM (QYHKITUH U(X) BBIIOJIHUTH C TIOMOIIBIO YETHIPEX yTONbHBIX JIH-
HEWHBIX KOHEYHBIX 3JIEMEHTOB.

3. Pemuth KpaeByro 3a1a4dy, chOpMYIHPOBAHHYIO B II. 2, C TOMOIIBIO IPOTPaMMHOTO o0ectie-
gyenust AnSys. CpaBHUTh U TIPOAHATU3UPOBATH PE3YJIbTAThI, OTyUeHHbIE ¢ omoInbio MathCAD u
Ansys.

4. C moMoIIbI0 MPOrpaMMHOT0 obecrieueHust ANSYS MOJIYyIUTh YUCIEHHOE PEUICHUE 3a/1a4u
Kupma

PaccmarpuBaercs miockas 001acTh MPOU3BOIBHOTO pazmepa u popmel (puc. 1), pactsanyras
paBHOMEPHO pachpeielIeHHO Harpy3koi P, neiicTByrolel Ha TpaHuIle 00JacTH B HaNpaBiIeHUH X.
OO6macTh mpruodpeTaeT OHOPOAHOE HANPSHKEHHO-IEPOPMUPOBAHHOE COCTOSIHHUE. B 001aCTh BBO-
JMTCS OTBEpPCTUE KPpYriioi Gopmbl. Jrnamerp oTBepcTus paseH d.

Puc. 0. Cxema

Tpe6yeTc>1 ONPCACIINTDL HAIIPS)KCHUA B OKPECTHOCTU OTBCPCTHA.
M3BeCTHO aHATUTHYECKOE peHICHUC 3aJaYH. B MOJIAPHBIX KOOpAWHATAX HAIIPSKCHUS Gr (pa—

JralibHasi KOMIIOHEHTA), Gy (OKpYXHasi KOMIIOHEHTA) U Tre (KacaTeJIbHOE) ONPEEIIIOTC PopMy-
JaMH:
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2 2 4
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Ha rpanune orBepcrus (npu r = d/2)
g,=0.0,= P(l—2cos20):

S

(au} =3p npu @==+

(SR

((J’m] . =—p npu @=0.7

CpaBHI/ITI) YHCJICHHOC U aHAJIMTUYCCKOC PCHICHUA. HccnenoBaThk CXOAMMOCTD IO CETKE.

Kpurepun oneHku:

- OICHKAa «OTJIMYHO» BBICTABIIACTCS CTYIACHTY, €CIIM IPOU3BEICHBI BCE pacyeThl 0e3
OIIMOOK, JaHbI MOSCHEHUS K MOJIYYSHHBIM PE3yJIbTaTaM C MPHIOKEHUEM MOPS/IKA UX MOy~
YCHUS;

- OIIEHKAa «XOPOILOY», €CIIH MPOU3BEICHBI BCE PacueThl 0€3 OMMNOOK CTYACHT MOXKET
OOBSICHUTB UX (PU3UIECKUIN CMBICIT;

- OIIEHKA «yJOBJIECTBOPHUTEIBHOY, €CIIU PACUETHl IPOU3BEICHBI C OIIMOKAMH, OJTHAKO
CTY/ICHT MIOHMMAET UX (PU3NIECKOE 3HAUYCHHE;

- OLICHKA «HEYJOBJICTBOPUTEIHLHOY» ECIIU MPOU3BEICHHBIC PACUETHI CACTIaHbI C OIINO-
KaMH M CTYJCHT HE MOXKET OOBSICHUTD X (PU3UUECKUN CMBICII.

CocraBurenb M.H. Jlaauios

(TToIHCE)

« 1» wronsa_2021 r.
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MHWHUCTEPCTBO HAYKU U1 BBICIHEI'O OBPA3OBAHUA

POCCUNCKOU ®EJIEPALINU

(enepanpHOE roCcyJapCTBEHHOE OIOKETHOE 00pa30BaTEIbHOE YUPEXKICHUE
BbIcLIero oopazoBanus «HoBocubupckuil rocy1apcTBeHHbIN
APXUTEKTYPHO-CTPOUTENbHBIN yHUBEpcUTET (CHOCTpUH)»

Kadenpa IIpukjaaaHoii MATEMATHKH
(mauMeHOBaHME Kadenphl)

KoMmieKkT TecToBBIX 3aaHMi

10 JUCLHUITIIINHE COBpeMeHHLIe MNPpOrpaMMHbI€ U TEXHOJIOIHYE€CKHE KOMIIJIEKCBI
(HaMeHOBaHHE AUCIUILIIHBI)

3aganue Ne 1

VKaxuTe Ha3BaHUS TUIIOB 3JICMCHTOB, H300-

PAKCHHBIX HUKC

A)

b)

YKaXXuTe COOTBETCTBHE AJIS1 KAXKIAO0I0 HYyMEpO-
BAaHHOI'O 3JICMCHTA 3a1aHusA

- QIIEMEHTHI TIEPBOTO MOPs/IKA (JIMHEHHbIE Oa-
3UCHBIC (YHKIINN);

- QJIEMEHTHI BTOPOTO TOpsA/IKa (KBaApaTUIHBIC
0asucHble QYHKIUN);

- QIIEMEHTHI BBICOKOTO HOpsi/IKa (KyOudeckue

0asucHble QYHKIUN).

3ananue No 2
[Toctpoenue ceTku Ass 00beM-
HBIX TeJ B TakeTe ANSYS BBITIOI-

HseTCA C CHoJib3oBanmneM KO

crenyrmux Gopm

YKaxuTe He MeHee ABYX BApUAHTOB:

1. KBagpar
2. I'excasp
3. Oxrasap
4. Ilupamuia
5. Ilpuzma

6. Terparap
7. Honekasrap
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3amaune Ne 3

Anmpoxkcumupyromas GyHKIUs U1 KOMIUIEKC-3JIeMeHTa aHTOB

COACPIKUT

VYKaxxuTe He MeHee JBYX Bapu-

1. TpancueHaeHTHbIC (HYHKIIHH
2. Koncranry
3. JluneliHble 4JICHbI
4. YneHbl BTOPOTO, TPETHETO U
0o0J1ee BHICOKOTO MOPSJIKA

5. KoMIuiekcHBIE ynciia

3amanue Ne 4
Bri6epere Turbl T€1, KOTOPBIE UCIIONB3YIOTCS B

FEOMETPUUECKUX pefaKkTopax ANsys

1. Tena-nunuu

2. 'unepruiockocTH

3. KoopauHaTHbIE TIIOCKOCTH

4. Tena-moBepXHOCTH

5. O6beMHBbIe Tena

6. [TomyOeckoHeuHbIe 001aCTH IPOCTPaH-
CTBa

7. Cruiaiigpl

3amganue Ne 5

Ilepeuncinre rpaHUYHbBIE YCIIOBUSA JUIsl YPABHEHHsI CTAllMOHAPHON 1. 3agansble Temie-

TCILIOIIPOBOJHOCTH

patypbl

2. 3aaHHBIE TEIIJIOBLIC
IMOTOKH

3. 3aiaHHBIE CKOPOCTH U3~
MEHEHHS TeMIIepaTyp

4. KoHBEKTUBHBIHA TEIIO-
0o0OMeH ¢ OKpy»Karolei
cpenou

5. 3ajmaHHbBIC INIOTHOCTH
TEIUIOBBIX ITOTOKOB

6. YcioBus 1y4ucToro
TEII00OMEHa

7. O0BEMHBIH UCTOYHHK
Terma

8. OxyaxkneHue win

HarpcBaHue
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3ananue Ne 6

[lepeuncnure rpaHUYHbIE YCIOBUSA Ul ypaBHEeHUH yripyroctd | 1. 3amaHHbIe nepeMenieHus

2. 3ajaHHbBIE MOAYJIU YIIPYTO-
CTH

3. 3agaHHbIe HAPSIKCHUS

4. O0GbeMHbIE CHUJITBI

5. Cxopoctu aedopmariu

6. Cocpe1oTOYEHHBIE CHUITbI

3amanue Ne 7 1. onpeneneHust KauecTBa CETKU
HccnenoBanne cXOOUMOCTH O CETKE BBIIOI- 2. TIOATBEPXKICHUSI TOCTOBEPHOCTH TOTYYCH-
HSIETCS C 1IEJIbIO HOT'O pe3yJIbTaTa YUCICHHOTO PEIICHUS

3. OLIEHKHU BEJIIMYMHBI TOTPEITHOCTH YHCIICH-
HOI'O PEILIECHUS

4. uccneoBaHusl BIUSHUS IUIOTHOCTH CETKU
Ha Pe3yJIbTaT YUCICHHOTO PEIEHUs

5. IOMCKA ONTUMAIBHOM CETKH IS PEIICHUS
KOHKPETHOM 3aJauu

6. BBISIBIICHUSA KOHICHTPATOPOB HaprI)KeHI/Iﬁ
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MHHHCTEPCTBO HAYKH U BBICIIEI'O OBPASOBAHMA
POCCHUNCKOUN ®ENEPALIMN

(enepanpHOE roCcyJapCTBEHHOE OIOKETHOE 00pa30BaTEIbHOE YUPEXKICHUE
BbIcLIero oopazoBanus «HoBocubupckuil rocy1apcTBeHHbIN
APXUTEKTYPHO-CTPOUTENbHBIN yHUBEpcUTET (CHOCTpUH)»

Kadenpa IIpukjaaaHoii MATEMATHKH
(mauMeHOBaHME Kadenphl)

Keiic-3agaua

10 JUCLHUITIIINHE COBpeMeHHLIe MNPpOrpaMMHbI€ U TEXHOJIOIHYE€CKHE KOMIIJIEKCBI
(HaMeHOBaHHE AUCIUILIIHBI)

KoHeuyHO03/1eMEeHTHBII aHAJIN3 HANIPS’KEHHO-1e()OPMHUPOBAHHOI0 COCTOSTHUS €Tl

1. Co3aare 3D-mMozens (TBEpAOTEIBHYIO MOJIEIb) JACTAIN M0 €€ HAIISTHOMY H300pakeHUIO
(puc. 1). T'eomeTpuyeckoe MOJCIUPOBAHUE BBIMOJHUTHL C IOMOIIBI0 TMPWIOKCHHNA Ansys
DesignModeler wiu Ansys SpaceClaim, qu6o apyroit nogoouoit CAD-cuctemsl. ['0TOBYIO MOETH
IKCIIOPTHPOBATH B OJIMH M3 YHUBEpCAbHBIX hopmaroB daitnos (*.sat, *.stp, *.x_t, *.iges) u mpusio-
KHTb K OTYETY.

2. N3BecTeH Marepuall, U3 KOTOPOTO BhIMOJHEHA AeTanb — ctalb 36HXTHO. [lna nannoro ma-
TepHalia HAUTH B CIIPABOYHUKAX 110 (U3NKO-MEXAaHUIECKUM CBOWCTBAM MaTepHaJIOBT: MOJYJIb YIIPY-
rocty, KoaddunueHt [lyaccona, mmoTHOCTh, IpeeN TEKYYeCTH, TeIJIONPOBOJHOCTD, YAEIbHYIO TETl-
JI0OEMKOCTh, KO3 PUITUCHT THHSHHOTO TEMIIEPATyPHOTO PACIIUPCHHSL.

3. BoiOpaTh NpOoM3BOJIbHYIO CXEMY HArpy»XeHHs J1€Tall, BKIIOYAOLLYIO:
- PAaBHOMEPHO PACIPENEIECHHYIO Harpy3Ky Ha HEKOTOPYIO IOBEPXHOCTH (J1aBJICHUE);
- COCpPEIOTOYEHHYIO CHIIYy Ha HEKOTOPOW MaJIOW YaCTH MOBEPXHOCTH;
- MOMEHT (CHJIOBOM (paKTOp, BBI3BIBAIOLIHI TOBOPOT);
- KECTKYIO 3a/IeJIKy (OrpaHUYEHHE OCTYNAaTEIbHOTO IBUKEHHUS U IOBOPOTOB).

4. BoINOJTHUTH KOHEYHORJIEMEHTHBIN aHaIU3 HANPSHKEHHO-1e(OPMUPOBAHHOTO COCTOSHUS JIe-
TaJM B JIMHEHHO-YIIPYTOM OCTaHOBKE ITPH IEHCTBUU CTaTHUECKUX MEXaHWYECKUX Harpy3ok. Benu-
YUHBI HArPY30K U3 1. 3 M10A00paTh TAKUMU, YTOOBI IKBUBAJICHTHBIE HANIPSKEHUsI 110 Mu3ecy He npe-
Beimasin 1/10 mpenena mpoyHocTH Mmarepuana. OnpenenuTs NpefebHYy0 BEITUYUHY PABHOMEPHO
pacnpeieNieHHON Harpy3Kku, KOTOPYIO JeTallb CIIOCOOHA BOCIIPUHSATH 0€3 pa3pylleHus U epexo/ia B
CTaJUIO MIACTUYECKOT0 1e(hOpMUpPOBaHUS (BCE OCTATIbHbBIC HAIPY3KU MPUHATH HEU3MEHHBIMH).

5. BeINoJIHUTB aHaIU3 pe3ysbTaToB pacyeta. [locTpouTs H30m0iIs nepeMenieHuil, redpopmannit
1 HanpsbkeHuil. OnucaTth NOJyYeHHbIE Pe3yIbTaThl TUCBMEHHO.

6. BeiOpaTh IpOM3BOJIBHYIO CXEMY TETUIOBBIX BO3CHCTBUI Ha JETAIIb:
- TMOCTOSIHHAs TeMIlepaTypa Ha HEKOTOPOM Majioil TOBEPXHOCTHU JIETAJIH;
- TEIIOBOM ITOTOK;
- KOHBEKTHBHBIN TETNTIOOOMEH C OKPYKAIOIIEeH CpeIoi.

T Cwm. Taxxe mapounvku craneii, TOCTw
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7. BBIIIOJIHUTH KOHEYHODJIEMEHTHBIN aHAJIN3 TEMIIEPATYPHBIX I10JIEN B JCTAJIA B CTALIMOHAPHOU
IIOCTAHOBKE (IIPH YCJIOBUH, YTO TEMIIEPATYphl HE MEHSIOTCS B TEUEHUU BpeMEHN). Bennuunsl Tem-
NepaTypHBIX BO3ACHCTBHUMA U3 M. 6 TOJ00paTh TAKUMH, YTOOBI MaKCHUMaJlbHasl TEMIEpaTypa AeTalln
coctasisiia 250-350 °C.

8. BuimmosHUTE aHAIN3 PE3YJIbTAaTOB pacycTa. HOCTpOI/ITI) H30I10JI1 TEMIIEPATYpP, TEIIJIOBBIX I10-
ToKOB. Omucarh MMOJIYYCHHBIC PC3YJIbTAaThl IMCbMCHHO.

9. BBIOTHUTH KOHEYHOAIEMEHTHBIN aHAIN3 HANPSHKEHHO-Ae(OPMUPOBAHHOTO COCTOSHUS JIe-
TaJM B JINHEHHO-YIIPYTON IIOCTaHOBKE IIPH TEMIIEPATYPHOM BO3ACHCTBUH, PACCUUTATH TEMIIEPATYP-
HBIC HaNpspKeHMs U qedopmanuu. [TocTponTs n30moss nepemMenienuit, 1eopManuii 1 HarpsHKEHHH.
Onucarb NOIY4YEHHBIE PE3YJIBTAaThl IUCEMEHHO.

10. CocTaBUTh OTYET, COJACPIKAIINN: UCXOHBIC TaHHBIC, TOCTAHOBKY 3a/1au, ONTMCAHUE XO0/1a
pelIeHus 3a/1auu, MOJyYCHHbIC PE3YJIbTATHI.

Puc. 1. lerans
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MHHHCTEPCTBO HAYKH U BBICIIEI'O OBPASOBAHMA
POCCHUNCKOUN ®ENEPALIMN

(enepanpHOE roCcyJapCTBEHHOE OIOKETHOE 00pa30BaTEIbHOE YUPEXKICHUE
BbIcLIero oopazoBanus «HoBocubupckuil rocy1apcTBeHHbIN
APXUTEKTYPHO-CTPOUTENbHBIN yHUBEpcUTET (CHOCTpUH)»

Kadenpa IIpukjaaaHoii MATEMATHKH
(mauMeHOBaHME Kadenphl)

Cnucok BONPOCOB K 3a4eTy

10 JUCLHUITIIINHE COBpeMeHHLIe MNPpOrpaMMHbI€ U TEXHOJIOIHYE€CKHE KOMIIJIEKCBI
(HaMeHOBaHHE AUCIUILIIHBI)

1. Ilepedncnuts OCHOBHOE NMPOTPAMMHOE 00eCIIeYeHNE, OCHOBAHHOE HAa METO/1€ KOHEYHBIX JIEMEH-
toB (CAD/CAE, CAIIP), KoTOpOE mpUMEHSETCs AJIsl pacyeTa CTPOUTEIbHBIX KOHCTPYKIIUM.

2. Kakue 0CHOBHBIE IPUIIOJKEHUS, BXOJAIINE B COCTAB IIPOIPAMMHOI0 KOMILIEKCAa Ansys, IPUMEHS-
I0TCS IIPU BBIIIOJIHEHUH aHAJIN3a HAIPSKEHHO-1€()OPMUPOBAHHOIO COCTOSIHUSI KOHCTPYKIIMH.

3. Kaxk Ha3zwiBaetcs cucrema audQepeHnnanbHbIX YpaBHEHUH B YaCTHBIX TIPOU3BOIHBIX, OITMCHIBA-
I0L1ast HaPsSHYKEHHO-/1e(OPMHUPOBAHHOE COCTOSIHUE.

4. ®opMynupoOBKa KpaeBoii 3a/1a4uu JIJIsl YpPaBHEHHUM YIIPYTOCTH.
5. UeM oTnM4aeTcs aHATUTUYECKOE PEIICHHUE MAaTEeMaTHYECKOM 3a/1a4kl OT YUCICHHOTO PEeIIeHUs?

6. Urto Takoe xoHeuHORIeMeHTHas ceTka? Kak oHa BiauseT Ha pe3yiabTaT PCIICHUA Saﬂa‘ll/l? Kak BuI-
MOJIHACTCA UCCIICA0BAHNUEC CXOJUMOCTH 110 ceTke?

7. Ilepeuncinte OCHOBHBIE BUbI TPAHUYHBIX YCIOBUH, IPUMEHSIOINXCS IIPU PELICHUU KPAaeBOH
3a/1a4ul Uil YPaBHEHUN YIIPYTOCTH.

8. Hepe“II/ICHI/ITe OCHOBHBIC MCTOJbI pCHICHUS CUCTEM JIMHEMHBIX aJ'IFe6paI/I‘leCKI/IX ypaBHeHI/II\/’I, KO-
TOPBIC TPUMCHAIOTCA ITPU PCILICHNH 3aJa4Y B KOHCYHOJJICMCHTHBIX IPOTPAMMHBIX KOMITJICKCAaXx.

9. laTh KpaTKOE ONMMCAHUE MPOIICTYPhI PEIICHUS 3a/1a4M (aHAIH3 HAMPSIKESHHO-ASPOPMUPOBAHHOTO
COCTOSIHUSI KOHCTPYKIIMH) C TIOMOIIBbIO POTPAaMMHOTO KOMITJIEKca Ansys.

10. C moMonipi0 KaKux OCHOBHBIX MPUJIOKEHHM, BXOASAIIMX B COCTaB MPOTPaMMHOT0 KOMILJIEKCA
Ansys, MO>XHO BBITIOJIHSTh T€OMETpUYECKOE MojienupoBaHue? JJis 4ero ucroib3yrTcs T€OMETPH-
YeCcKUe MOJIETN?

Y—
CocraBurenb M.H. Janunos
TOJITTHCB)

« 1» mons 2021 .
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