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IToxa3aTenu U KPUTEPUH OLCHUBAHUS KOMIIETEHIMI, IIKAJIbI OLCHUBAHUSA
OnennBanue (GopMUPOBaHMS KOMIETEHIMM MPOM3BOIUTCS Ha OCHOBE IOKa3zaTeslel OLCHMBAHUS,
YKa3aHHBIX B I1.2. pabouell mporpaMMbl JUCIUIUINHBI.
CBs3b KOMIETEHIMI U UX KOMIIOHEHT IpUBEZAEHA B I1.2 paboueil mporpaMmbl AUCHUIUINHBL.

1.1 @opmuposanue u KoHmpob nokazamenei OYeHUBaHUs

OrneHnBaHUE YPOBHSI OCBOCHHS O0YYArOMIMMCSI KOMIIETCHIIUH OCYIIECTBISETCS C MOMOIIBIO opM
MPOMEKYTOYHOM aTTECTAI[MK U TEKYIIero KOHTPoJsi. DopMbl MPOMEKYTOYHOM aTTECTAllUM M TEKYIIETO
KOHTPOJISI YCIIEBAEMOCTH T10 TUCIUIUIMHE, C TTOMOIIBI0 KOTOPBIX MMPOU3BOJIUTCS OIECHUBAHUE, YKA3aHbI B
y4eOHOM IIJ1aHe U B 1. 3, 4 paboueli mporpaMMbl TUCIUILIAHEI.

B Tabnune npuBenena mHpopmanus o GOPMUPOBAHUU PE3YIbTATOB OOYyUEHHUS MO TUCIUTUINHE
pasjenaMu JUCUIUIUIMHBL, @ TAKXKE O KOHTPOJIE TIOKa3aTeel OlleHUBAaHHUS KOMITCTCHITUI.

HaunmenoBanue nokasa-

HUA

Monyne ANSYS Meshing. UmnopT u Ha-
npasJieHre reomeTpun u3 BHemHux CAD

TeJIsl OLICHUBAHUS . HaumenoBanue
Kontponupyemsiii pazzien (Tema IUCIHUILIH- Bun
(pe3ynbrara oOydeHus OLICHOYHOTO
HBI) aTTecTalu
10 JTUCITUTLIHHE) cpeacTBa
OIIK-2. Cnocoben anamu- | BBeneHue B CHCTEMbI aBTOMATU3UPOBAHHOTO | HPOMEXKY- Bompocs! k 3a-
3UPOBATH, KPHTHYECKH OC- | nnoekTHpoBAHHUS TOYHAs at- ety
MBICJIMBAaTh W MPEACTaB- TeCcTanus
IATH  MH(OPMAINIO, OCY- BBenenue B cucteMbl aBTOMaTU3UPOBAHHOTO (sauer)
IIECTBIATh MOUCK Hay4yHO- | IPOCKTHUPOBAHUA
TEXHHYECKOW  mH(popMa- | BBeseHHe B CHCTEMBI aBTOMATH3HPOBAHHOTO
UM, TPUOOPETaTh HOBBIE TIPOEKTHPOBAHHS
3HaHMUS, B TOM YHCJIE€ C I10- TeKyILIUI TeMmsl cooObite-
MOIIbIO MH(OPMAIHOHHBIX Pemenue 3aia4d ¢ UCIOJIB30BAHUEM TIPO- KOHTPOITE it
TeXHOJIOTHI rpammHoro komiuiekca ANSY'S
Komrmekt pas-
HOYPOBHEBBIX
3a71a4
KontponbsHas
pabora
Kommnekr tec-
TOBBIX 3aJaHUAMN
Keiic-3amaua
KowmrmutexT 3ana-
HUM 171 pacyeT-
HO-TpaduIecKon
paboThl
OIIK-3. Cnocoben craButh | Benenue. ANSYS Workbench. . Mctopus MIPOMEIKY- Bompocs! k 3a-
" pemarsb Hay4HO" | nakera ANSYS. OCHOBHBIE KOMIIOHEHTHI ra- | 101Had at- aery
TEXHUYECKUE 3a/aul B 00- TecTalus
AT cTponTenbeta, | KETA 1 THIbI aHATH3A. Pabora B 060mouke (sauer)
crpoutensroii  napycrpun | ANSYS Workbench.
u xumaiiHo- | Monyne DesignModeler. Pabota B Mmoyse
KOMMYHAIIPHOTO XO3SMCTBA | TyegionModeler. Co3nanue u npeobpa3opa- 5
Ha OCHOBE 3HaHUS MPobiIeM N TEeKYIIHH Temsbl coobe-
OTPACIM ¥ OMBITA UX pere- | HAC 3D mozenei. KOHTPOJIb HUH

Kommuiekr pasz-




cucreM. I[TocTpoeHne CETKU B MOJIyJIE HOYPOBHEBBIX
ANSYS Meshing (rino0anbHble METOIB). saja
Penrenue 3a1a4 MEXaHUKH 1e(pOPMUPYEMOTO

KonTponbsHas
tBepaoro tena B IIK ANSYS. Pemenue 3a-

pabora
a4 MEXaHUKHU AePOPMHUPYEMOTO TBEPIOTO

tena B [IK ANSYS. Komrmuiekt Tec-
TOBBIX 3aJaHUN

Keiic-3amaua

Kommiekr 3ama-

HUM 171 pacyer-

HO-TpaduvecKoit
paboTHI

1.2 Kpumepuu oyenusanusi komnemeHyuil U WKaIbl OYeHUBAHUS
[Ipu mpoBeneHUN MPOMEXKYTOUHOM aTTecTaluud B (popMe 3auema UCIONB3YeTCs IIKajaa OICHHBA-

Hus: «He 3a4TCHO», «3aurenoy. [lokazarensimu OLICHUBAHUS ABJIAIOTCS 3HAHUA, YMCHUS U HABbBIKU O6y—
YaroeTrocs, NOJTYUYCHHBIC ITPU U3YUCHUHN JUCHUIIIINHBI.
KpI/ITepI/IHMI/I OLCHHNBAaHUA JOCTHIXCHUA MoKa3aTejieH ABJISIOTCS:

IToka3arenn

Kputepuii onenuBanust
OLICHUBAHUS

3HAHUSI TEPMUHOB, ONIPEACICHUIN, TIOHATHI;

00BEM OCBOEHHOT'0 MaTepHasa, yCBOCHHE BCEX TeM, Pa3esiOB NUCIHUIUIINHBI;
3Hanus MOJIHOTA, CACTEMHOCTh, IPOYHOCTh 3HAHMIA;

MPAaBUJIBHOCTh OTBETOB Ha BOIPOCHI;

YETKOCTh U3JI0KEHHSI U3YYEHHOI0 MaTepuaa;

CTENEHb CAMOCTOSATEILHOCTH BBIIOJIHEHUS JEHCTBUS (YMEHMUS);

OCO3HAHHOCTb BBIIIOJIHEHUS IeUCTBUS (YMEHUs);
YMenust YMEHME aHAIM3UPOBATh U3YUYEHHBII MaTepHuall;
yYMEHHE BBIOMPATh METOJUKY BBIITOJIHEHUS 3aJaHUS;
YMEHHME BBIOJHATD 3aJJaHNsl PA3JIMYHOM CII0)KHOCTH,

HAaBBIKH CAMOIIPOBEPKHU, KaueCTBO C(HOPMUPOBAHHBIX HABHIKOB;

HAaBBIKM aHAJIN3a PE3YyJIbTATOB BBINOJHEHUS 3aJaHUI, pELICHUS 3a/1a4;

HaBBIKH MPEJICTABICHUS PE3YJIHTATOB PEIICHUS 3a]1a4, Ka4eCTBO O(popMIiIeHUS 3a/1a-
HUM;

HaBBIKK 00OCHOBAHUS BHITIOJHEHUS 3aJaHUH, PUHATHS PEIICHUH;

OBICTPOTA M KAUeCTBO BBITIOJIHEHUS 3aJJaHHIA.

HaBeiku

2 TunoBble KOHTPOJIbHbIE 3aJaHUS 1JIsl OlleHUBaHUS (POPMUPOBAHUS KOMIETEHIHIi
NPHU NPOBeIeHUM NMPOMEeKYTOUHON aTTeCTALNU

2.1 Ipomesicymounas ammecmayus no OUCYUnIuUHe

®opma(bl) MPOMEKYTOUHON aTTECTALlUU: 3auem
[Tepeuenb THIOBBIX BOIIPOCOB (3a1aHuil) Ui poBeieHus 3aueTa B 1-3 cemecTpax:



HaumenoBanue paznena
JTUCUUTIINHBI

TumnoBkie BOMPOCHI/3a1aHUs

Kon nannka-

TOpa 1OCTH-

JKEHUS KOM-
METEHIINU

BBenenue B cuctemMbl aBTOMaTH-
3UPOBAHHOTO TPOESKTHPOBAHUS

1. CocraB mnporpammHoro komiiekca ANSYS.
I'padmueckue o6oouku u pemarenu. [Tpunosxxenus
Workbench, Workbench Mechanical,
DesignModeler, SCDM, Mechanical APDL.

2. IlpocTpaHCTBEHHOE W TPEXMEPHOE MOJIEITHPOBA-
Hue KoHCcTpykiun Ha OBM. CoBpeMeHHOE cOCTOsI-
Hue MKD u mepcnektusbl pa3zputuda. [Iporpamm-
HbIM KoMiiekc ANSYS.

3. Co3manme mpoekta B obOomouke ANSYS
Workbench.

4. Pelienre nHKeHepHbIX 3a1a4 B ANSYS.

5. Pabora B moayne DesignModeler.

6. UWHcTpymMeHTBI Uil  CO3[aHUS OICKU3a B
DesignModeler.

7. Co3nanue u npeodpazoanue 3D Moenei.

8. ImMmopT ¥ HarpaBieHHUE T€OMETPHUH W3 BHEIIHUX
CAD cucrem.

OIIK-2

BBenenue B cucteMbl aBTOMaTH-
3UPOBAHHOI'O MMPOEKTUPOBAHUS

9. Iloctpoenue cetku B mMoayine ANSYS Meshing
(rnoGasibHbIE METO/IBI).

10. Coznanne KOHGOPMHBIX U HEKOM(MOPMHBIX Ce-
TOK.

11. ITocTpoeHre MOBEPXHOCTHBIX U OOBEMHBIX Ce-
TOK, THOPUIHBIX CETOK.

12. Beinenenue obnacteil TeUeHUS U3 TBEPIOTEINb-
HOW F€OMETPHUH.

13. TlocTpoeHue ceTok B 00acTAX TEUECHUN U TBEP-
JBIX TeJlax JUIsl 3a/1a4 CONPSHDKEHHOTO TEII000MEHa.
14. Pemenne nugdepeHnanbHbIX ypaBHEHHUH.

15. Pemenue HelnMHENHBIX 3a/1a4.

OIIK-3

3 MeToauuecKkue MaTepuaJbl, ONPECACIAIOIINE ITPOLHECAYPHI OLCHUBAHUS
Hpoueﬂypa IMPOBEACHUA HpOMe)KYTOqHOﬁ aTTeCTallu U TCKYLIECTO KOHTPOJIA YCIIEBACMOCTU PET-
JAMCHTHUPYECTCA JIOKAJIbHBIM HOPMATUBHBIM aKTOM, OIPCACIAIOIINM IMOPAA0K OCYHICCTBICHUSA TCKYIICTO
KOHTPOJIA YCIICBAECMOCTH U HpOMC)KyTO‘-IHOI\/'I aTTeCTalilun 06yqa10u1nxc;1.

3.2. [IpomexyTouHas aTTeCTalus 0 AUCIHUILTHHE B (hopMme 3auéTta nmpoBoauTcs B 1-3 cemecTpax.

Huxe npuBeneHsl npaBuia olleHUBaHUs (GOPMUPOBAHUS KOMIIETEHIIUH MO MOKAa3aTeN0 OLIEHUBa-

HUA «SHAHUAY.

ypOBCHB OCBOCHU U OLICHKA

Kpurepuii onieHuBaHus

He 3auteno 3auTeHo

3HaHUs TEPMHUHOB, OIl- He 3naeT TepMHHOB 1 onpeeneHni

pEeIEeNEHN, IOHATUH;

3Haer TEPMUHBI U OIIPEACTICHUA

00BEM OCBOECHHOT'O Ma- He 3HaeT 3HaUMTENHLHOM YacTH MaTe-

3HaeT MaTcpHraJl JUCHUIIIIMHBI B




Tepuaia, yCBOCHHE BCEX
TEM, pa3JIeoB JUCIIHII-
JIVHBI;

puana TUCIUIUIMHBI

[IOJIHOM 00BEME

HoJIHOTa, CHCTCMHOCTbD,
IMPOYHOCTb 3HaHHI>i;

3HaHus Marepuana 6ecCUCTEMHBIE, HE
OTBEYaeT Ha OOJIBIIMHCTBO BOIIPOCOB

110 TCMaM JUCLHUIIIINHBI

Ja€T 10CTaTOYHO YETKUE U TIOJTHbIC
OTBETHI Ha BOIIPOCHI

IIPaBUIBHOCTb OTBETOB
Ha BOIIPOCHI;

HemnpaBuibHO 0TBe4aeT Ha OOJIBIITHH-
CTBO BOIIPOCOB, JOIMYCKAET IpyObIe

OILINOKH

OTBeyaeT Ha BOIIPOCHI ITPABHUJIBHO

YETKOCTh U3JIOKCHUA
HU3Y4YCHHOI'O MaTr€purajia,

H3naraer 38anus 063 JO0rH4eCcKoil mo-
CJIeI0BAaTEIILHOCTH, HE COITPOBOXK/IAET
OTBET PUCYHKaMH, CXeMaMU

W3naraer maTepuai 10CTaTOYHO
4YeTKO, 6€3 HapyIIIeHUH B JJOoruye-
CKOM MOoCJIeJ0BaTEIbHOCTH. BEI-
MOJTHSIET TOSICHSIFOIITUE PUCYHKH H
CXEMBI KOPPEKTHO U IIOHATHO

Hwxe npuBeneHs! npaBuiia oleHUBaHMs (POPMHUPOBAHUS KOMIETECHIIUI IO IMOKA3aTeI0 OI[CHUBA-

HUSA «Y MEHUAY.

Kpurepuii onenuBanus

YpOoBEHBb OCBOEHHUSI M OLIEHKA

He 3auteno

3auteHo

CTENEHb CAMOCTOSITEb-
HOCTH BBIIIOJHEHUS
neicTBus (yMEHUs);

He mMoxeT camocToSTENLHO
BBIIIOJIHUTE 3aJaHuE

BrmonasgeT 3a7anne caMoCTOSTEIIBHO,
IpPaMOTHO BbIOMpAeT CTaHAApPTHYIO METO-
JUKY, UCIIOIB3YET HY)KHYIO JIMTEPATYPY
pu HEOOXOIUMOCTH

OCO3HAHHOCTbH BBITIOJI-
HEHUsI IeUCTBUS (YMe-
HUA);

Beinonzser 3aanus no npu-
Mepy, HE OCO3HaHHO, HE MOKET
OTBETUTH Ha BOIIPOCHI IIPEIO-
JlaBatess 1o ajJropuTMy 1 Me-
TOJIMKE PEIICHUs

Breimonnser 3aaHus OCO3HAHHO, JOITyCKast
HEOOUYCTBI, MOXKXET YBEPCHHO OTBECTUTH HA
BOIIPOCHI ITIperioAaBaTelis 1o aJirOPUTMy U

MCTOJHUKC PCIICHUS

YMCHUEC aHAJIIU3UPOBATH
H3y‘leHHLII>i MaTCpHuall;

He umeet HaBBIKOB aHan3a
M3y4EHHOI0 MaTepuaa,

[lenaet KOppeKTHBIE BEIBOABI 110 U3Y4ECH-
HOMY MaTepuay,

yYMEHHE BBIOMPATh Me-
TOAMKY BBITIOJTHEHUS
3aJlaHus;

He moxeTt BpIOpaTh METOIUKY
BBIITOJIHEHUA 3aJaHUI

bes 3aTpynHeHuii BEIOUpAET CTaHAAPTHYIO
METOAMKY BBIIIOJIHEHU 3aJaHUI

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

He uMeeT HaBBIKOB BBITIONHE-
HUS y4€OHBIX 3aaHuI

NMeet HaBBIKM BBIMOJHEHUS CTaHIAPTHBIX
y4eOHBIX 3aJJaHuI

Huxe IMPUBCACHELI ITpaBUJIa OLICHUBAHWA (I)OpMHpOBaHI/ISI KOMIIETEHITUM 10 IMOKa3aTelll0 OllEHUBA-

HUd «HaBBIKN).

Kputepuii orieHnBaHus

ypOBeHB OCBOCHU U OIICHKA

He 3aureno 3aureHo
HAaBBIKU camMoIipoBepku, | HaBbiku camonpoBepku OTCyT- | VIMeeT HaBBIKM CaMOMPOBEPKH, XOPOIIIO
KauecTBO chopmupo- CTBYIOT c(hOpMHPOBAHBI HABBIKH BBITTOJIHEHUS

BAaHHBIX HABBIKOB,

3aJITaHUN

HaBBIKU aHaJIN3a pe-
3yJbTAaTOB BBINOJIHEHUS
3aJjaHui, pEIICHUS 3a-
aad;

Jlenaet HEKOPPEKTHBIE BBIBO-
JBl

[lenaet KOppeKTHBIE BEIBOABI 11O PE3YJIIb-
TaTaM pELICHUs 3aJa4u

HABBIKYU TPEJICTaBICHUS
PE3YNBTATOB PEIICHUS
3a/1a4, KayeCTBO

He moxer MMPOUJITIOCTPUPO-
BaThb pCIICHUC 3aJ1a4M I10C-
HAOIMHWMU CXCMaMH, pPUCYHKaA-

Brinmonnaser MOSICHAOUC PUCYHKH U
CXEMBbI KOPPECKTHO U ITIOHATHO




odopMIICHHUS 3a1aHH; MU

HaBBIKM 000CHOBaHUS Jomyckaet rpyOble ommoKu ANTOpUTM BBINIOJIHEHMS 3a/1aHUs BEp-
BBITIOJIHEHMS 3a/1aHUN, npyu 000CHOBAaHUU METOAUKHU HBIM, IPUHAMAET BEPHBIC PELICHUS
IIPUHATHS PELICHUN; BBIIIOJIHCHUH 3aJaHUH, HE MO-

KET MPUHATH BEPHOC PCHICHUC

6BICTpOTa 1 Ka4CCTBO 3aIIaHI/ISI BBITIOJIHACT C HU3KUM Brmmonuser 3alaHus YBEPCHHO, C X0OPO-
BBIITOJIHCHU AL 3aIlaHI/II7L Ka4yCCTBOM, KpaﬁHe MCEIJICHHO MM Ka4€CTBOM

4 KoHTpoJibHbIe padoThI sl OlleHUBaHKsI GopMHUpPOBaHHUS KOMITETEHIIUI
MPHU NMPOBeIeHUN TEKYIIEero KOHTPOJIS M0 JMCUMILIHHE
«CoBpeMeHHbIE IPOTPAMMHbIE U TEXHOJIOTHYEeCKHe KOMILIEKChI»




MUWHUCTEPCTBO HAVYKU U1 BBICIHEI'O ObPA3OBAHUA
POCCHUIMCKOU ®ENEPALINN
(benepanbHOE rOCy1apCTBEHHOE OIOKETHOE 00pa30BaTEIBHOE YUPEKICHUE
BbIcLIero oopasosanus «HoBocubupckuii rocyrapcTBeHHbIN
APXUTEKTYPHO-CTPOUTENbHBIN yHUBEpcHTET (CHOCTpUH)»

KOHTPOJIBHASA PABOTA
no teme «Co31aHue reoMeTpuIeCKNX MojeJei»

CoznaTh reoMeTpUYecKyIo (TBEpIOTEIbHYI0) MOJENh JETalld 10 €€ HArJsTHOMY H300paKEeHUIO
(puc. 1). 'eomeTprueckoe MOICIMPOBAHNE BHIMOIHUTE C MIOMOIIBIO IpuiiokeHuit Ansys DesignModeler
wm Ansys SpaceClaim, nu6o apyroit nogo6Hott CAD-cucteMbl. ['0TOBYIO MOJIENIb 3KCIIOPTUPOBATH B
OJIMH M3 YHHUBEpcaJIbHBIX (hopmatoB ¢aitnos (*.sat, *.stp, *.x_t, *.iges).

Puc. 1. lerans



KOHTPOJIBHASA PABOTA
o teme «I'eHepanusa KOHEYHOIIEMEHTHOMH CETKHU»

ITocTpouTh CeTKy Ul pacueTHOW 00IacTH, 3aJaHHOW IeOMETPUYECKON MOJEINBI0, H300pakeHHOM
Ha pucyHke 1. TpeGyemast koH(urypanus ceTku: npeoOnagaHue IEMEHTOB (pOpMBI reKcasapa; IeMeH-
Thl NIEPBOTrO MopsAaKa (6e3 CPeAUHHBIX Y3JI0B); YBEJIWYEHHAs IJIOTHOCTh CETKM HAa KPUBOJMHEHHBIX IO-
BEPXHOCTSX.

BbInonHuTE aHamu3 KayecTBa CETKU. BBIUMCINTD 3HAUEHUs CIEIYIOLUIMX METPUK KauyecTBa CETKHU:
AKOOMAH, OPTOrOHAJIBHOCTb, CKOILIEHHOCTb U JP.

Puc. 1. 'eomeTpuyeckas Mmoaenb



KOHTPOJIBHAS PABOTA
no teme «KoHe4YH031eMEeHTHBIH aHAJIN3 HATIPAKEHHO-1e(OPMUPOBAHHOT0 COCTOSIHUSI KOHCTPYK-
U

JlaHa MexaHUYECKasl CHCTEMa, MTPEACTABICHHYIO TOJICTOCTCHHBIM MOJIBIM LMIHHAPOM (Tpy0Ooit). Ha
BHYTPEHHIOIO CTCHKY TPYyOBI JA€iCTBYeT paBHOMEPHO paclipe/ie/ieHHas Harpy3ka (naBienue), a nedopma-
MY OWIMHIPA B OCEBOM HAINPABJICHHU CTECHEHBI (IIEPEMELICHUS] B OCEBOM HAIPABJICHHU OTCYTCTBYIOT,
T.€. IMCIOT HYJICBYIO BEITUUUHY).

TpeOyercst BBIYUCIUTH MEPEMEILCHHUS, MEXaHHYECKUE TeopMallii U HANPSDKCHHUS, BOSHUKAIOIINES
B JIaHHOM TBEPJOM Telie, T.€. ONPEACIUTh HAIPSHKEHHO-Ie(POPMUPYEMOE COCTOSIHHE JTAHHOW MeXaHHUYe-

CKOW CHCTEMBI, OIUChIBaEMOE BEKTOP-(YHKIIMEH MepeMenieHui u(r,(p, Z), BekTOp-(hyHKIIMEH nedopma-
005078 E(I’, o, Z) U BeKTOp-QyHKIMEH HanpskeHU O (I‘, 0, Z).
Ha pucynke 1 mokaszana pacueTHasi 006J1IacTh M CXe€Ma IpaHUYHbIX yciaoBuil. M300pakeHa [UIUHI-

pUdecKas cucteMa KOOpAUHAT (I’, o, Z) , KOTOpasi UCIOJIb3YETCsI IPU PEIICHUU 3a]a4H.

TZ
- R, — P
4 P I
f 1 x
P () T N
R, R,
(a) ©)

Puc. 1. Cxema 3amauu Jlame

Cucrema ypaBHEHHI yIIPYrocTH UMEET €AMHCTBEHHOE pellleHne, KOT/a Ha TpaHulle oomactu € 3a-
JaHbl 3HAYCHUsI UCKOMBIX BenmuuH (U, &, ). [ToaTomy chopmynupyem kpaeByro 3amady. Beemem cie-
IyIolle TpaHU4YHbIe ycioBus (puc. 2):

Dur,p,2) =0V {r, ¢, 2} €Ty;

2) o (r, ¢, 2) =P V {r, ¢, 2} € T',, rne P — BenuunHa JaBJCHUs Ha BHYTPEHHIOI MOBEPXHOCTH
TpYyOBI

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

Orta KpaeBas 3ajia4a Il ypaBHEHUH yIIpyrocTu HOCUT Ha3BaHue «3anaya Jlame». M3BecTHO ee aHa-
JUTUYECKOE pelIeHue, IpecTaBIeHHoe hopMyIamMu:

ur(r)=g(l+v)$2Rf{(l—2v)r+RT§:;
;. (r)=g(1+v)%{(1_zv)—f—§: ;
gw(r){(lw)%{(l_zvyf—g:;
o, (1) = p%[l-f—g};
%(r)zm[aw)% +ve, = p%{uf—f}
E R

2

)v(grr +6‘W)EZPVR22—.

()=

31ech I, ¢, Z — KOOPAMHATHI TOYKU B MUJIMHAPUUECKONW CUCTEME KOOpJIMHAT, X = {r, O, Z} XeQ ; U, (r) —
IIEpEMEIIEHNS B HAIIpaBJICHUU I (KOMHOHeHTa BEKTOpa nepeMemeHI/m); & (I’) v Epp (I’) — OTHOCHTEIIb-

Hble JedopManuu (KOMIOHEHTHI TeH30pa Aedopmanuii); o, (I’), O'W(I’), o, (I’) — MEXaHWYEeCKHE Ha-
NpsDKEHUs (KOMIIOHEHTHI TEH30pa HaNpsbKeHui); P — BellMunHa paBHOMEPHO-PACIIPEIETICHHON Harpy3KH;
E, v — MexaHn4eckue XapakTepUCTHKH Marepuaina; Ri, R, — BHyTpeHHUIl M BHELIHUHA paanychl TpyOsl,

COOTBETCTBCHHO.

Haiitn yncnennoe pemenue 3agaun Jlame npu caeayromuyx nmapaMmeTpax:

- OCHOBHBIE reomeTpuueckue xapakrepuctuku: Ry = 0.03 M (BHyrpeHHuit paamyc), R, = 0.05 m
(Hapy>XHBIH paanyc);

- MexaHnveckue xapakrepuctuku marepuana: E =200 I'Tla, v = 0.3;

- BeJIMUMHA paBHOMEpHO-pacmpeaenennoi narpysku P = 100 xITa.

BBINOJHUTE CpaBHEHWE YUCIEHHOIO M aHAJUTHUYECKOro pemieHuid. MccienoBaTh CXOAUMOCTH IO
CETKE.
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CocraBuUTENb

3aBenyronuit kadeapoit

« 1 » wronsa 2021 r.

(noonucs)

M.H. Janunos

IO0.E. BockoOoitHHKOB
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MMHUCTEPCTBO HAYKH U BbICIIEI'O OBPASOBAHMA
POCCHUNCKOUN ®ENEPALIMN

(benepanabHOE rocy1apcTBEHHOE OIOKETHOE 00PAa30BaTEIIEHOE YUPEXKICHUE
BhIcIero obpazoBanus «HoBocuOUPCKUil rocy1apcTBEHHBIN
apXUTEKTYPHO-CTPOUTENbHBIN yHUBEpcUTET (CUOCTPUH)»

Kadenpa IlpukaaaHoii MaTeMaTHKH
(HanMeHOBaHHe Kadeapbl)

TEMbI COOBIIIEHUI

COBDCMCHHLIC IporpaMMHbI€ U TEXHOJIOI'NYECCKUEC KOMILJICKCHI
(HauMeHo8aHUe OUCYUNIUHbBL)

1. OG30p KOHEYHOIIEMEHTHBIX IPOrPAMMHBIX KOMIUIEKCOB JUIsl peILICHHs 3a/1a4 TPOEKTUPOBAHUS
CTPOUTENIbHBIX KOHCTPYKIUII.

2. O630p COBPEMEHHOI'0 MPOrPaMMHOI0 00ECIIEYeHMsI JJIs TeHEPALU CETKH.

3. AHanu3 HanpspKEHHO-1e(hOPMUPOBAHHOTO COCTOSTHHS JKEJIe300€TOHHOM KOHCTPYKIIUHU C MTOMOIIIBIO
IIPOrpaMMHOT0 KomIuiekca ANsys.

4. OnpIT NpUMEHEHMSI POTPAMMHOI0 KOMIUIeKca ANSYS K PEIIEHUIO 3a/1a4l IPOEKTUPOBAHUS METAJI-
JINYECKON KOHCTPYKIUU.

5. Cucrema onpeaensonmx ypaBHEHUH T€OpUH MJIACTUYHOCTH U YUCIIEHHBIE METO/Ibl HHTETPUPOBA-
Hus auddepeHnnanbHo-aIredpandeckux ypaBHEHUH.

6. UccnenoBanue nporecca 1ehopMUPOBaHNS KOHCTPYKLIUHU C IPUMEHEHHEM KOHEYHOIEMEHTHOTO
MO/JICJINPOBAHMUSL.

7. IlprMepsl IPUMEHEHHSI YUCIIEHHOTO MOJIEJIMPOBAHMSI IIPU BBIIOJIHEHUN HAYYHbBIX HCCIIEI0BAaHUN B
00JIaCTH MEXAaHUKH XKeJIe300€TOHa.

8. HccnenoBanue BO3AeHCTBUS BETPOBBIX HAIPY30K HA BHICOTHBIE 3aHUsI. DKCIEPUMEHT B a3pOJIn-
HaMUYECKOU TpyOe U YHCIEHHOE MO/IETUPOBaHUE.

9. UcTtopus pa3BUTHS KOHEUYHORJIEMEHTHOTO aHAJIN3a HAPSHKEHHO-1€()OPMUPOBAHHOTO COCTOSTHUS
KOHCTPYKLIHH.

10. AcnieKkTbl IPUMEHEHUS] METO/1a KOHEUHBIX 3JIEMEHTOB IIPH PELLICHUH 337a4 MEXaHUKH TPELIHH.

Kpurtepun onenku:

- OLIEHKAa «3aYTE€HO)» BBICTABJIAETCS CTYJCHTY, €CJIM OH 3HAeT TePMUHBI U ONpE/eIeHus,
OCHOBHOM Marepurajl JUCHUILINHBI, I[aéT IMPpaBHUJIbHBIC OTBETHI HA JOIMMOJIHUTCIIBHBIC BOIIPOCHI;

- OLIGHKA «HE 3a4TE€HO» BBICTABIISAETCS CTYICHTY, €CJIM OH HE 3HaeT TEPMHUHOB U OIpejie-
J'IGHI/II\/’I, 3HAYNTETLHON YacTH Marcepurajia IMCHUILNIMHBI, HCIIPABUJIIBHO OTBECYACT HA OOJIBLIIIMHCTBO
BOIPOCOB, JIONyCKaeT IpyOble OMIMOKH

CocraBuTenb M.H. /Janunos

TIO/IITHCH)

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

(benepanabHOE rocy1apcTBEHHOE OIOKETHOE 00PAa30BaTEIILHOE YUPEXKIECHUE
BbIcIero obpa3oBanus «HoBocuOUPCKUil rocy1apCcTBEHHBIN
apXUTEKTYPHO-CTPOUTENbHBIN yHUBepcUTET (CUOCTPUH)»

Kadenpa IIpukaaaHoii MaTeMaTUKH
(HauMeHOBaHKE Kaderpbl)

KommnieKT pa3HOypoBHeBBbIX 3a/1a4 (3aaHUil)

10 JUCOUITJIINHE COBpeMeHHLIe NMporpaMMHbI€ U TEXHOJIOI'HYCCKHE KOMIIJIEKCBI
(HaMMEHOBAHHUE JMCIMILTHHEI)

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

Puc. 1. 'eomerpuyeckas KoHQUTypanus

I,

3apaua 2. YucieHHO pemmuTh KpaeByIO 3a/ady Ui YpaBHEHUS TEIJIOMPOBOIHOCTH C HC-
nmoJsib30BaHueM nakera Ansys. ['eomeTpus pacueTHoit o0nacTu n3o0pakeHa Ha pucyHke 1. Pazmepsl
ctopoH ['4 u I's coctaBmsitor 10 cM; pagnyc KpUBOJIMHEHHON TpaHUIlbl —2 ¢M. [ paHUYHBIE YCIOBHS:
1) T(x) =100 °C, vx T,
2) aT—(X):ZS,VXGFZ
on

3)T(x)=0°C, vxeI
2 3ajayM NPOABMHYTOI0 YPOBHA

3agauya 1. Iloctpouts 3D reomerpuyeckyto MOJETb U BBIIOIHUTH T€HEPAIMIO KOHEYHOAJIE-
MEHTHOW CETKH C MPeoOIagaHueM JIEMEHTOB (DOPMBI TeKCadIpa sl 3aMKHYTOW 00JIaCTH, N300paKeH-
HOI Ha pUCYHKe 2.
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Puc. 2. 'eomeTrpudeckas koHpurypamms

3anava 2. YucneHHO peluTh KpaeBylo 3a/1ady AJis ypaBHEHUs TEIUIONPOBOAHOCTH C UCIOJb-
3oBaHueM makera AnSys. ['eomerpusi pacueTHoil obiactu m300paxkeHa Ha pucyHke 2I paHuuHbIe
YCIIOBHUSL:

1) na Hmwxue# rpanu T(X) = 100 °C,

2) Ha OCTAJbHBIX MOBEPXHOCTSX 331aTh YCIIOBUS KOHBEKTHBHOIO TEINIOOOMEHA C OKPYXKAar0-
men cpenoi.

Onpenenuts Temneparypbl B Toukax A, B u C. [locTpouTh M30KOHTYpHI pacrpeneneHus
TeMIeparyp.

3. 3agaum yriy0JIeHHOT0 YPOBHS
3agauya 1. Iloctpouts 3D reomerpuyeckyro MOJENb U BBINOJHUTH TEHEPALMIO KOHEUHORIE-

MEHTHOH CETKH C MpeoOialaHieM 3J1eMEHTOB (hOpMbI TeKcadipa Il 3aMKHYTOH 00JIacTH, H300pakeH-
HOW Ha pUCYHKE 3.

14



Puc. 3. Jlerann

3agaua 2. l3BecreH Marepuain, U3 KOTOPOrO BBINNOJNIHEHA JeTanb — ctanb 36HXTIO. A
JAHHOT'O MaTepHajia HalTH B CIIPaBOYHUKAX MO (PU3MKO-MEXaHUYECKHM CBOMCTBAM MaTEpUasoB :
MOJyJb YOpyroctu, koag¢uiuent IlyaccoHa, mIoTHOCTb, Ipeaen TeKy4eCTH, TeIIONPOBOIHOCTb,
YAETbHYIO TEMJIOEMKOCTh, KOA(PGUIMEHT JTUHEHHOTr0 TEMIIEPAaTypHOTO pacIIupEHUsI.

Bb1OpaTh Npon3BOJIBHYIO CXEMY HarpyXeHus AEeTall, BKIYAIOLIYIO:

- PaBHOMEPHO paclpe/IeICHHYIO Harpy3Ky Ha HEKOTOPYIO TOBEPXHOCTH (J1aBJIEHUE);
- COCpENOTOUYEHHYIO CHITy Ha HEKOTOPOW Majiol 4acTH MOBEPXHOCTH;

- MOMEHT (CHJIOBOM (pakTOp, BHI3BIBAIOIIUI ITOBOPOT);

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

BBINONMHUTE KOHEYHORJIEMEHTHBIA aHAJIN3 HAIpPsHKEHHO-AS()OPMUPOBAHHOTO COCTOSHUS Jie-
Taay B JIMHEHHO-YIPYroil MOCTAaHOBKE NPH JEWCTBUM CTATHYECKMX MEXAaHUMYECKUX Harpy3ok. Be-
JIMYMHBI HArPY30K U3 1. 3 Moa00paTh TaKUMHU, YTOOB! SKBUBAJICHTHBIE HANpPsDKEHUS 10 Musecy He

* (v
Cw. taxxke Mapounuku ctaneid, FOCTrl
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npesbimany 1/10 mpenena npounoct Matepuana. OnpeaeauTs NpeAeabHYI0 BEIHUYUHY paBHOMEP-
HO paclpe/ielIeHHONW Harpy3Kku, KOTOPYIO J€Tajlb CIIOCOOHA BOCIPUHATh 0€3 pa3pylleHus U epexo-
71a B CTaJIUIO0 TNIACTHYECKOTO 1e(hOpMUPOBaHHS (BCE OCTAIbHBIC HATPY3KH MPUHITH HEM3MEHHBIMH).

BeinonHuTh ananu3 pe3ynbraToB pacdera. [loctpouTs n3zonosns nepemernieHui, nehpopmaruii
1 HanpsbkeHuil. OnrcaTh NOJIy4YEHHbIE Pe3YIbTaThl MMCbMEHHO.

Br10paTh Ipon3BOJIBHYIO CXEMY TEIUIOBBIX BO3JECHCTBUIM Ha JE€TANIb!
- IIOCTOSIHHAs TeMIlepaTypa Ha HEKOTOPOW Majoi MOBEPXHOCTH JI€TalIH,;
- TEIUIOBOM IOTOK,
- KOHBEKTHBHBINA TEIJIOOOMEH C OKPYXKAIOIIEH CPEeIOH.

BBINOIHUTE KOHEYHOZJIEMEHTHBIN aHAIU3 TEMIIEPATYPHBIX MOJIEH B IE€TaJIM B CTAllUOHAPHOU
IIOCTAaHOBKE (IIpU YCIIOBUH, YTO TEMIIEPATYpbl HE MEHSIOTCS B TEUEHUU BpeMEHM). BeauunHbl Tem-
HepaTypHbIX BO3AEHCTBUNA U3 II. 6 OA00paTh TAKUMHM, YTOOBI MaKCHMAaJIbHAs TEMIIepaTypa JeTalu
cocrasisia 250-350 °C.

BeinonHuTe aHanu3 pesynbTaToB pacdera. [locTpouTs M3omois teMmeparyp, TEIJIOBBIX I10-
TOKOB. Onucarh NOJy4YeHHBIE PE3YIbTaThl TUCHMEHHO.

BBINONMHNATE KOHEYHORJIEMEHTHBIH aHAJIN3 HAIPSKEHHO-AS()OPMUPOBAHHOIO COCTOSHUS Jie-
Taly B JIMHEHWHO-YIPYTrOM ITOCTAHOBKE IIPU TEMIIEPATypHOM BO3JEHCTBHM, PAacCUUTATh TEMIIEpa-
TypHbIE HanpspkeHus u nedopmanuu. I[Toctpouts H3omnons nepeMmeunieHui, nedpopmanuii u Hamnps-
KeHui. OnucaTh NOJIy4eHHbIE PE3YIbTAaThl MUCbMEHHO.

CocTaBUTh OTYET, COAEpIKAIIMN: MCXOAHBIE IAHHbBIC, IIOCTAHOBKY 3aJayd, OIMCAaHHE XOZAa
peLIeHus 3a/1a4y, II0JyYEHHBIE PE3YJIbTATHI.

Kpurepun oueHku:

- OLIEHKA «OTJINYHOY» BBICTABJISIETCS CTYIEHTY, €CJIM IIPOU3BENIEHBI BCE pacyeThl 0e3
OLIMOOK, 1aHbl MOSICHEHUS K MOJyYEHHBIM pe3yJibTaTaM ¢ MPUIIOKEHUEM MOopsAKa UX MOJY-
YEeHMUS;

- OIICHKA «XOpOIIO», €CJIM MPOU3BEAEHBI BCE pacueThl 0e3 OMHUOO0K CTYIEHT MOXKET
OOBSACHUTH UX (QUZNYECKUIN CMBICI,

- OILICHKA «yJIOBJIETBOPUTEIBHO», €CIIU PacyeThl MPOU3BEAEHBI C OIIMOKaMH, OJTHAKO
CTYJCHT TIOHUMAET UX PU3NYECKOE 3HAUCHUE;

- OLICHKA «HEYAOBJIETBOPUTEIBHO» €CIU IIPOU3BEIEHHBIE pacdeTbl CHAEIaHbl C
OLIMOKaMU M CTY/IEHT HE MOXKET OOBACHUTh UX (PU3NUECKHUI CMBICII.

CocraBurenb ' M.H. /Janunos
(monmnuce)

« 26 » espamns 2021
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MHHHCTEPCTBO HAYKH U BBICIIEI'O OBPASOBAHNMA
POCCHUNCKOUN ®ENEPALIMN

denepanbHOE TOCYIaPCTBEHHOE OO KETHOE 00pa30BaTeIbHOE YUPEKICHUE
BhIcIIero oOpa3oBanus «HoBOCHOMPCKUIT rocy1apCTBEHHBIN
ApPXUTEKTYPHO-CTPOUTENbHBIN yHUBEpcHTET (CHOCTPUH)»

Kadenpa [IpukjaaaHoii MATEMATHKHI
(HamMeHOBaHUe Kaeapol)

KommnuiekT 3axanuii 11 pacyeTHO-Tpaguueckoid padoThbl

10 IUCOUITJIINHE COBpeMeHHbIe MNpOrpaMMHbI€ U TEXHOJIOI'HYC€CKHUE KOMIIJIEKCBI
(HaMMEHOBAHHUE JMCIMILINHEI)

1. PeasmzoBats B nakere MathCAD 4eTbipexyroibHbli TMHEHHBIA KOHEUHBIH IeMeHT (y3-
70BOH 11a0J10H, 0a3ucHbIe PYHKIUU U UX YaCTHBIC POU3BOHbIC). BBITOIHUTH HHTEPIOIALMIO
(GyHKINHU IBYX IEPEMEHHBIX C IIOMOIIBIO METO/1a KOHEYHBIX 3JIEMEHTOB. BBIUHCINTE OrpeeseH-
HbII uHTErpai no obdmactu K3 ¢ momoibto kBagpatypHbsix hopmyn [aycca.

2. PeanuzoBath B makete MathCAD BbIYHCIMTELHBIN aITOPUTM IS PEIICHHS KPaeBoi 3a-
nauu 1y ypaBHeHus [lyaccoHa ¢ mpuMeHeHHEM KOHEYHORJIEMEHTHOM arpoKcuManuu QyHKITAH

MHOTI'MX IICPCMCHHBIX.

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

ug=-10

1
Puc. 1. Cxema 3a1aHusl rpaHUYHBIX YCJIOBHH, ceTKa (YMCIaMU OTMEUEHBI HOMEPA Y3JI0B U AJIEMEH-
TOB)

Pa3meps! npsimoyronbpHUKa: AsMHa 6 ex, mupuHa 1 ex. Yroma HakioHa 30°.
B Toukax 4 u 6 3amansl 3HaueHUs1 Qynkuu U (ycrmoBus Jupuxiie), a Ha rpaHuie, oopa3oBaH-

y . ou .
HOW y31mam¥ 1, 2 1 5 3a1aHO 3HAYEHHUE POU3BOIHOM P (ycnoBust Heiimana).
n

HcrounnkoBbi wieH B ypaBHeHuu [lyaccoHa OTCyTCTBYET:
f =0.

3amaua pemraercs B 2D mocranoBke.
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KoneuHnosnemeHTHas ceTka moka3aHa Ha pucyHke 1. OOmiee KonumdecTBo y3ia0B — 6. OOmee
KOJIMYECTBO 3JIEMEHTOB — 2. KOOpAWHATHI y3J10B IIPUBEICHEI B TAOJIHIIC:

Ne 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

ANmpoKCUMAaIU0 UCKOMOU (QyHKIHH U(X) BBIMOJIHUTH C TOMOIIBIO Y€THIPEX yrOIbHBIX JTH-
HEWHBIX KOHEYHBIX 3JIEMEHTOB.

3. Pemuth kpaeByro 3a1ady, chopMyIMPOBAHHYIO B I1. 2, C TOMOIIBIO IPOrPaMMHOTr0 obec-
neuenust Ansys. CpaBHUTD U IPOAHATM3UPOBATh PE3yJIbTaThl, MOJy4YeHHbIe ¢ moMoipio MathCAD
u Ansys.

4. C moMo1Ipko MporpaMMHOT0 odecreueHus: ANSYS MOTy4YuTh YUCIEHHOE PEIIeHUE 3a]a9u
Kupma

PaccmaTpuBaetcs miockast 06J1acTh MPOU3BOIBHOTO pa3mepa U GopMsl (puc. 1), pactanyras
PaBHOMEPHO pacIipeieICHHOW Harpy3koil P, neficTByroiiel Ha rpaHuile 00JIaCTH B HAPABJICHUH X.
Ob6nacTh npuodpeTaeT OAHOPOAHOE HANPSHKEHHO-IeOpMUPOBAHHOE cOCTOssHUE. B 001acTh BBO-
JMTCSI OTBEpPCTUE KPYTiioi gopmbl. Juamerp oTBepcTus paseH d.

Puc. 0. Cxema

Tpebyercs onpeaenuTs HaNPSYKEHUS B OKPECTHOCTU OTBEPCTHSI.
N3BecTHO aHamMTHYECKOE pellieHue 3a7aud. B moaspHBIX KOOpAMHATaX HanpsbKeHus oy (pa-

AnalibHask KOMIIOHEHTA), G, (OKPYKHasi KOMIIOHEHTA) M Try (KacaTeNbHOE) ONpeesatoTes popmya-
MU:
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2 2 4
a a a
J;:%{[I—F—EJ‘F 1_4}"_2—'—3?__1]&‘032@)
P 1 ﬂz. 1 %(!4. -
a _; +— |- —i—_?’—4 cos=@

2 4
P a a .
—|| 1+2——-3— |sin2¢
] . .
£ ¥ I

Ha rpanune orBepcrus (npu r = d/2)
og,=0.0,= p(l—2cos2p):

S

(au} =3p npu @==%

2| A

((J'm] . =—p npu @=0.7

CpaBHI/ITI) YHCJICHHOC U aHAJIMTUYCCKOC PCHICHUA. HccnenoBaThk CXOIUMMOCTD IIO CETKE.

Kpurepun oneHku:

- OLIEHKA «OTJINYHOY» BBICTABJISIETCS CTYIEHTY, €CJIM IPOU3BENIEHBI BCE pacyeThl 0e3

OIIMOOK, JIaHbI MOSCHEHUS K MOJYYEHHBIM pPe3yJbTaTaM ¢ MPHUIIOKEHUEM MOPSJIKA UX MONTY-
YCHUS;

- OIIEHKAa «XOPOILOY, €CIIH MPOU3BEICHBI BCE PacueThl 0€3 OMMOOK CTYIEHT MOXKET
OOBSICHUTB UX (PU3UIECKUIN CMBICIT;

- OLICHKA «yJIOBJIETBOPUTEIBHO», €CIIU PAcUEThl IPOU3BEAEHBI C OIIMOKaMH, OJTHAKO
CTY/ICHT MIOHMMAET UX (PU3NIECKOE 3HAUYCHHE;

- OIICHKA «HEYAOBJIETBOPUTEIHHO» €CITU MPOU3BEIEHHBIE pacdeThl CAeNaHbl C
OImUOKaMH U CTYJCHT HE MOXKET OOBICHUTH UX (PU3UUECKHUI CMBICTT.

s

Ve
CocraBuTenb M.H. lanunos
(rozrvcH)

« 1» wronsa_2021 r.
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MMHUCTEPCTBO HAVKH 1 BBICIIET'O OBPA3OBAHUA
POCCHUNCKOUN ®ENEPAIIMA

(enepaibHOE rOCYJapCTBEHHOE OIOKETHOE 00pa30BaTEeIbHOE YUPESIKICHUE

BbIcLIero oopazoBanus «HoBocubupckuil rocy1apcTBeHHbIN
ApXUTEKTYPHO-CTPOUTENbHBIN yHUBEpCUTET (CUOCTPUH)»

10 JUCIUILINHE

Kadenpa IIpukjiaaaHoii MATEMATHKH
(HauMeHOBaHME Ka(erpbl)

KoMmieKkT TecToBBIX 3aaHMi

COBpeMeHHbIe MNpOrpaMMHbI€ U TEXHOJIOI'HYC€CKHUE KOMIIJIEKCBI
(HaMeHOBaHNE AUCIUILIIHBI)

3aganue Ne 1

VKaXuTe COOTBETCTBUE AJIfA KAXKIOI0 HyME-

VKaxuTe Ha3BaHUS TUIIOB QJIEMCHTOB, U30- POBAHHOI'O 3JICMCHTA 3alaHUs

Opa’KEHHBIX HIKE

A)

b)

- BIIEMEHTHI TIEPBOTO MOPsIKa (JTMHEHHbIE Oa-
3UCHbIE (PYHKILIUN);

- QIIEMEHTHI BTOPOTO MOpsiKa (KBaJpaTUIHbIC
0a3zucHbIe (YHKINN);

- DIIEMEHTHI BHICOKOTO TIOpsIKa (KyOuuecKue
0a3ucHbIe QYHKIINN).

3amanue Ne 2

VkaxuTe He MeHee ABYX BApHUAHTOB:

[Toctpoenue ceTku asst 00beM- 1. KBagpar
HBIX TeJl B makere ANSYS Bbl- 2. 'excasap
MOJTHSAETCS C UCTIOIB30BaHUEM 3. OxTtasip
KD crnenyronmx dpopm 4. Ilupamuna
5. Ilpuzma
6. Terpasip

7. Honexasnp

20




3ananue Ne 3 VYKaxuTe He MeHee JBYX Bapu-

Anmpoxkcumupyromas QyHKIUs 11 KOMIUIEKC-3JIeMEHTa aHTOB

COJICPKUT 1. TpancuenneHTHbIe GYHKIIUU

2. Koncranry
3. JlunelnHble YIeHbI
4. YneHbl BTOPOTO, TPETHETO U
0oJ1ee BHICOKOTO MOPSIKA

5. KoMIuiekcHbIe ynciia

3ananue Ne 4
Bri6epeTe TUIIBI TeJ, KOTOPBIE HCTIONb3YIOTCS B 1. Tena-nunuu
FeOMETPUUECKHUX peaakTopax Ansys 2. l'unepruiockoctu

CTBa

7. Cruiaiigel

3. KoopauHatHbIE IIIOCKOCTH
4. Tena-moBepXHOCTH
5. O0beMHBIE Tena

6. [TomyOeckoHeuHbIe 001aCTH IPOCTPaH-

3amganue Ne 5
Ilepeuncinre rpaHUYHBIE YCIIOBUSA JUIsl YPABHEHHSI CTAllMOHAPHON

TCILIOIIPOBOAHOCTH

1. 3amanubie Temiie-
patypbl
2. 3aaHHBIE TEIJIOBLIC
IMOTOKH
3. 3a1aHHBIE CKOPOCTH
U3MEHEHUs TeMIepaTyp
4. KoHBEKTUBHBIHA TEIIO-
0o0OMeH ¢ OKpy»Karolei
cpenou
5. 3amaHHbBIC INIOTHOCTH
TEIUIOBBIX ITOTOKOB
6. YcioBus J1y4ucToro
TEIIO0OMEHA
7. O0OBEMHBIH UCTOYHHK
Temna
8. Oxyaxxaenye Win Ha-

TpCeBaHuC
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3amaune Ne 6

[lepeuncnure rpaHUYHbIE YCIOBUS JUISl YPaBHEHUN YIIPYTOCTH

1. 3agaHHbIe MEepeMenIeHUS
2. 3amaHHbIe MOAYIN YIIPYTOCTH
3. 3aaHHbIe HATPSHKCHUS
4. OObEeMHBIC CHJIBI

5. Cxopoctu nedopmaruu

6. Cocpe1OTOUCHHBIE CUIIbI

3aganue Ne 7
UccnenoBanue cXOOUMOCTH O CETKE BbIMOJI-

HACTCA C LICIIBIO

1. onpenenenus kauecTBa CETKU

2. IOATBEPKJICHHs JOCTOBEPHOCTH IOJTyYEH-
HOT'O pPe3yJIbTaTa YUCICHHOIO pEeLICHUS

3. OLIEHKHU BEJIMYMHBI TOTPEUTHOCTH YHCICHHO-
ro pelIeHus

4. uccneoBaHusl BIUSHUS IVIOTHOCTH CETKU
Ha PE3yJIbTAaT YUCICHHOI'O pPELIEHUs

5. IOMCKA ONTUMAJIBHOW CETKH IS PEILICHUS

KOHKPETHOM 334K

6. BBISIBIICHUSA KOHIOCHTPATOPOB HaHpH)KeHI/Iﬁ

3ananue Ne 8

Y CTaHOBUTE COOTBETCTBUE MEXKTY CIICIIH(HKAIIH-

et KO u Buom annpokcuMupyromeil pyHKIuu:
-

A

LS

V(é:l’ 52) =0y + & + 4,6, + a8 8, +

2 2
+a,8" + a6,

V(é:p é:z) =, +0!1§1 +0!2§2
V(&&= +aé + o, + il +
+a4§l§2 + a5é':22 + a6§12§2 + a7§l§22

V(§11 égz) =0, + alegl + azfz + aSé:léZ

22



2\
4 1] 7 3
L .
8 6
L — =
-1 1
&;
L N o 5
1 15
)
<)
3
1 2 fl
©) )
5!
3
6 5
_ &
1 4 2 £
(4) 7!
Y —
CocraBurenb M.H. lanunos
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MMHUCTEPCTBO HAVKH 1 BBICIIET'O OBPA3OBAHUA
POCCHUNCKOUN ®ENEPALIMN

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

Kadenpa IIpukjiaaaHoii MATEMATHKH
(HauMeHOBaHME Ka(erpbl)

Keiic-3agaua

10 JUCLHUITIIINHE COBpeMeHHbIe MNpOrpaMMHbI€ U TEXHOJIOI'HYC€CKHUE KOMIIJIEKCBI
(HaMeHOBaHNE AUCIUILIIHBI)

KoHeuHO03/1IeMEeHTHBI aHAJINU3 HANPS’KEHHO-1€()OPMHUPOBAHHOI0 COCTOSTHUSA AeTa Il

1. Co3aare 3D-mMonens (TBEpAOTEIBHYIO MOJIEIb) JACTAIN M0 €€ HAMISITHOMY H300pakeHUI0
(puc. 1). T'eomeTpuyeckoe MOJCIUPOBAHUE BBIIOJHUTHL C IOMOIIBI0 MPWIOKCHHNA Ansys
DesignModeler wiu Ansys SpaceClaim, qu6o apyroi nogo6uoit CAD-cuctemsl. ['0TOBYIO MOETH
IKCIIOPTUPOBATh B OJIMH M3 YHUBEPCAJIbHBIX (opMaToB Qainos (*.sat, *.stp, *.x_t, *.iges) u npu-
JIOXKHUTh K OTUETY.

2. N3BecTeH Marepuall, U3 KOTOPOTO BhIMOJHEHA AeTanb — ctaib 36HXTHO. Jlna nannoro ma-
Tepuaja HAUTH B CIPAaBOYHUKAX MO (PU3UKO-MEXAaHUYECKUM CBOMCTBAM MaTepI/IaJIOBTI MOZYJIb YII-
pyroctu, ko3ddumment [lyaccona, mioTHOCTb, IPeaEN TEKYUYECTH, TEIJIONPOBOIHOCTh, YACIbHYIO
TEIIOEMKOCTh, KO3()PHUIIMEHT THHEWHOTO TEMITIEPaTyYPHOT'O PACIIUPECHHUS.

3. BriOpaTh IpOM3BOJIBHYIO CXEMY Harpy>KeHHs AeTalld, BKIIOYAIOIIYIO:
- paBHOMEpPHO paclpe/ieIeHHYIO Harpy3Ky Ha HEKOTOPYIO TOBEPXHOCTD (J1aBJIE€HUE);
- COCpPEIOTOYEHHYIO CHIIYy Ha HEKOTOPOW MaJIOW YaCTH MOBEPXHOCTH;
- MOMEHT (CHJI0BOM (paKTOp, BBI3BIBAIOLIHNI TOBOPOT);
- JKECTKYIO 33JIeNIKy (OTpaHHMYeHHE TIOCTYNATEeIHHOTO JIBHKEHHS U TIOBOPOTOB).

4. BbBINOJHUTH KOHEYHORIEMEHTHBIM aHajIu3 HalpsKEHHO-1e(OpMHPOBAHHOIO COCTOSHUS
JIETAlI B JMHENHO-YIIPYTOM MOCTAaHOBKE IIPU JEHCTBUU CTATUUECKUX MEXaHUYECKUX HArpy3ok. Be-
JUYMHBI Harpy30K U3 M. 3 nogo0paTh TaKUMH, YTOOBI SKBUBAJIEHTHBIE HANpshKeHUs o Muszecy He
npesbimany 1/10 mpenena npoyHoct Matepuana. OnpeaeauTs NpeAeabHYI0 BEIMUYUHY paBHOMEp-
HO pacHpeielIeHHON Harpy3ku, KOTOPYIO JIeTajlb CIOCOOHA BOCHIPUHATH 0€3 pa3pylleHus U nepexo-
Jla B CTaJIUIO0 TNIACTUYECKOT0 1ehopMUpOBaHMs (BCE OCTaIbHbBIE HATPY3KH MPUHATH HEM3MEHHBIMHU).

5. BBIMOMHUTH aHAJIN3 pe3ynbTaToB pacyera. IlocTpouts m3omnons nepemerieHuil, negpopma-
IW{ 1 HarpspkeHud. OnucaTe NOJIy4eHHbIE PE3YIIbTaThl IHCBMEHHO.

6. BeiOpaTh MpOoM3BOJIBHYIO CXEMY TETUIOBBIX BO3CHCTBUI Ha JETAIIb:
- TMOCTOSIHHAs TeMIlepaTypa Ha HEKOTOPOM Majioil TOBEPXHOCTHU JETallu;
- TEIIOBOM ITOTOK;
- KOHBEKTHBHBIU TETNTIOOOMEH C OKPYKAIOIIEeH CPeIoi.

T Cm. TaKoke Mapounuku cranei, FOCTst
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7. BBINOJHUTH KOHEYHORJIEMEHTHBIM aHAJIW3 TEMIIEPATYPHBIX MOJIEN B JETald B CTAl[MOHAp-
HOM TOCTaHOBKE (MPH yCIOBUH, YTO TEMIIEPATYphl HE MEHSIOTCS B TCUCHUH BpeMeHH). BennmunHb
TEMIIEPATYPHBIX BO3ACUCTBHIA U3 1. 6 TOI00paTh TAKMMH, 9YTOOBI MaKCHMallbHAsI TeMIIeparypa Je-
Tanu cocrasiaiaa 250-350 °C.

8. BolmonHuTh aHaNM3 pe3ynbTaToB pacuera. [locTpouTh M30MOIIS TeMIEparyp, TEIIOBBIX
MoToKOB. OnucaTh MOJIyYeHHbIEC PE3YNIbTAThl TUCHbMEHHO.

9. BBINOJHUTH KOHEYHORJIEMEHTHBIH aHAIN3 HaANPsSIKEHHO-IE(POPMHUPOBAHHOTO COCTOSIHUS
JETAlIU B JJMHEHHO-YIIPYTOil MOCTAHOBKE IIPU TEMIIEPATypPHOM BO3JEHCTBUH, PACCUUTATh TEMIIEpa-
TypHBIE HanpspkeHus U nedopmanuu. [TocTpouTs U30mois nepeMenieHui, nedopmanuii 1 Hampsi-
XKeHui. OnucaTh NOIy4eHHbIE PE3Y/IbTAaThl IMCHBMEHHO.

10. CocTaBUTH OTYCT, COZ[Cp)KﬂH.[HﬁZ HNCXOJHBIC JaHHBIC, IIOCTAHOBKY 3aJa4ul, OIIMCAHUEC XO04a
peliCHusd 3aa41, IMMOJTYUCHHBIC PC3YyJILTAThHI.

Puc. 1. [derans
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« 1» nrons 2021 r.

Y

TIOJITTHCH)

M.H. JanunoB
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MMHUCTEPCTBO HAVKH 1 BBICIIET'O OBPA3OBAHUA
POCCHUNCKOUN ®ENEPALIMN

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

Kadenpa IIpukjiaaaHoii MATEMATHKH
(HauMeHOBaHME Ka(erpbl)

Cnucok BONPOCOB K 3a4eTy

10 JUCLHUITIIINHE COBpeMeHHbIe MNpOrpaMMHbI€ U TEXHOJIOI'HYC€CKHUE KOMIIJIEKCBI
(HaMeHOBaHNE AUCIUILIIHBI)

1. IlepedncnuTh OCHOBHOE MPOTPaMMHOE 0OeCIIeYeHNEe, OCHOBAaHHOE Ha METO/1€ KOHEUHBIX JIEMEH-
toB (CAD/CAE, CAIIP), KoTOpOE IpUMEHSETCS AJIsl pacyeTa CTPOUTENbHBIX KOHCTPYKLIUH.

2. Kakue 0CHOBHBIE IPUIIOKEHUS, BXOJAIINE B COCTAB IIPOIPaMMHOI0 KOMILIEKca Ansys, IpuMe-
HSIOTCS [IPU BBIIIOJIHEHUH aHAJIN3a HAIPSKEHHO-1€(OPMUPOBAHHOTO COCTOSIHUSI KOHCTPYKLIUH.

3. Kaxk Ha3wBaetcs cuctema audepeHraIbHbIX YPaBHEHUH B YaCTHBIX POU3BOIHBIX, OTHCHI-
BalOLIasl HAPSKEHHO-1€(OPMHUPOBAHHOE COCTOSIHUE.

4. ®opMynupoOBKa KpaeBoOii 3a/1a4uu JIJIsl YpPaBHEHHUM YIIPYTOCTH.
5. UeM oTnn4aeTcs aHATUTUYECKOE PEIICHUE MAaTeMaTHYECKON 3a/1a4H OT YMCIICHHOTO PELIeHUs?

6. Urto Takoe xoHeuHORIeMeHTHas ceTka? Kak oHa BiauseT Ha pe3yibTaT peUICHUA Saﬂa‘ll/l? Kaxk
BBITTOJIHACTCA UCCIICA0BAHUEC CXOJUMOCTH I10 ceTke?

7. Ilepeuncinte OCHOBHBIE BUbI TPAHUYHBIX YCIOBUH, IPUMEHSIOIUXCS IIPU PELICHUU KPAaeBON
3a/1a4ul Ul YPaBHEHUN YIIPYTOCTH.

8. Hepqu/ICHI/ITe OCHOBHBIC MCTOJIbI PCHICHUS CUCTEM JIMHEMHBIX aﬂFe6paI/I‘leCKI/IX ypaBHeHPIfI, KO-
TOPBIC IPUMCHAIOTCA ITPU PCIICHUH 3aa4 B KOHCYHOJJICMCHTHBIX IPOTPAMMHBIX KOMIIJICKCAax.

9. laTh KpaTKOe ONMUCAHUE MPOIICAYPHI PEIICHUS 3a/1a49H (aHAIH3 HAPSHKEHHO-ISPOPMUPOBAHHOTO
COCTOSIHMSI KOHCTPYKIIMH) C IIOMOIIBIO TPOTPaMMHOTO KOMILJIEKCa Ansys.

10. C noMonibI0 KaKuX OCHOBHBIX NMPUJIOKEHUM, BXOASIIMX B COCTaB IPOrPaMMHOT0 KOMILJIEKCa
Ansys, MO>XHO BBITIOJIHSITh T€OMETPUIECKOE MOIeTupoBanue? J{Jis 4ero ucnoyib3yrTcsi TEOMETPHU-
YeCcKUe MOJIETN?

—
CocraBurenb M.H. JanunoB
TOJITTHCB)

« 1» mons 2021 .
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