MUWHUCTEPCTBO HAYKH 1 BBICIIIETO OBPA3OBAHNST POCCUICKON
®EJIEPALTIN

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

Kadenpa npuknagHoit MaTeMaTuku
(Haumenosamnue Kagpeopwvt)

~\

OOKYMEHT MOAMUCAH YTBEPXKXJEH
) ONEKTPOHHOW NOANNCHIO Ha 3acenanuu kadenps [IM

« 04 » wmrons_2021r., mporokon Ne 9

CepTucukat: 026869A00096ADEESA45DDFCI705B7C191
BnapeneL; ®MEOY BO "HIACY (CUBCTPUH)" 3aenyronuii kagenpoit  [IM
PekTop Ckony6osuy KOpwuii JleoHnaosuy

OevictButener: ¢ 01.09.2021 go 01.12.2022

/10.E. BockoOoiiHnukos/
(noonucy) [77(0]

®OHJL
OLIEHOYHBIX CPEJICTB

MO YYEBHOM JUCLHUIIIUHE

CoBpeMeHHEBIE TPOrpaMMHBIE U TEXHOJIOTHYECKHUE KOMILIEKCHI
(HaumeHo8aHUe OUCYUNIUHBL)

08.04.01 CtpouTtenscTBo

KOO U HAUMEHOBAHUEe Hanpaejlenus nodeomogku/cneuuaﬂbﬂocmu

ITpoMBININIEHHOE U I'PAXKIAHCKOE CTPOUTEIBCTBO: IPOSKTUPOBAHUE
naumenosanue OIIOII BO (nanpaenennocms/ npoghuns )

mazucmparnm
Keanugurayus eblnyCcKHUKa




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)

IIECTBIIAThH TONCK HaydHO- | IPOCKTUPOBAHUA

TEXHUYECKOH  uH(pOpMa- | BBeneHHe B CUCTEMbI aBTOMATH3UPOBAHHOTO
LU, MpHOOpeTaTh HOBBIE

IIPOCKTUPOBAHUA
3HaHUs, B TOM YHCJIC C IIO- P
MOIIIBIO HHq)OpMaHHOHHBIX CHICHHUC 3a/ia4 C UCIIOJIb30BAHHECM IIPO-

TEeXHOJIOTHI rpaMMHoro komiiekca ANSYS

TEKyIIHHA Temsb1 coobuie-
KOHTPOJIb HUI

Komrmekr pas-
HOYPOBHEBEIX
3aaq

KontponbHas
pabora

Kommiext Te-
CTOBBIX 3aJIaHUN

Keiic-3amaua

KommutexT 3ana-
HUM 1714 pac-
YeTHO-Trpaduye-
CKOU pabOoTHI
IIK-2. Perynuposanue, op- | Beenenue. ANSYS Workbench. . Mcropus npomexy- | Bompocsr k 3a-

TaHMU3alUsl W TUIAHUPOBA- TOYHas aT- 4yery

HHE B CEPC HIDKCHCPHO- MaKeTa 1 TUIIbI aHATH3a. PaBoTa B 060I0UKe | (ovr
TEXHUYECKOTO MPOEKTHPO- ) n (3auer)

BaHWS IJIs TPagOCTPOU- ANSYS Workbench.
TenpHOW  gesarensHOCTH | Moayns DesignModeler. Pabota B Mmonyiie
(I 10.003 OT® €) DesignModeler. Co3nanue u npeobpasosa-

gue 3D Mmoxeneii.

nakera ANSYS. OCHOBHBIE KOMIIOHEHTBI

TeKyIIAN Tewmsl cooOrie-
KOHTpOJIb HUHN




Kommuniekr pas-
HOYPOBHEBBIX
3a1a4

KonTponbHas
paborta

Kommiexr Te-
CTOBBIX 3aJaHUN

Keitic-3amaga

KommnekT 3ama-
HUM 1715 pac-
geTHO-Tpadude-
CKOH pa0oThI
IIK-3. Vnpasnenne npo- | Mogyns ANSYS Meshing. Ummopt u MPOMENKY- Bomnpocs! k 3a-

ueccaMn  MHQOPMALHMOH- | yannapnenye reoMeTpuy U3 BHemHux CAD | TOUHas ar- ety

Horo mogenupoBanus OKC n TecTauus
Ha STalax ero xusHenHoro | CHCTEM: OCTP OCHME CCTKH B MOALyTIC (3auer)
UKJIa ANSYS Meshing (rino6anbHbie METOBI).

(II® 16.151 OT® D) Pemenue 3anay MmexaHuku AepOopMUPYEMOTO

tBepaoro tena B [IK ANSYS. Pemenue 3a-

J1a4 MEXaHHUKH JIe(hOPMHUPYEMOTO TBEPIOTO
tena B [IK ANSYS.

TEKyIIHHA Temsb1 coobuie-
KOHTPOJIb HUI

Kommekr pas-
HOYPOBHEBBIX
3aaq

KountponbHas
pabota

Kommiext Te-
CTOBBIX 3aJIaHAN

Keiic-3amaua

Kommuiekr 3a-
JIaHWM 1714 pac-
4eTHO-Tpadu-
4eCcKOH pabOoThI

1.2 Kpumepuu oyenusamnusi KomnemeHyuil U WKauibl OYeHUSAHUS
[Ipu npoBeeHnN MPOMEKYTOUHOM aTTecTaliu B opMe 3auema UCTIONIb3YETCs 1IKaJla OIICHUBAHUS
«He 3auteHo», «3auteHo». [lokazaTensMu OlleHUBAHUS SIBISIFOTCS 3HAHUS, YMEHUS U HABBIKU 00yYarore-
rocsi, MOJIYYEHHbIE MPU U3YUYEHUN TUCUUILIIUHBIL.
Kpurepusmu orieHUBaHUs TOCTUKEHUS MTOKA3aTeNEN SABISIFOTCS:

[Toxazarens .
Kputepuii onieHnBaHus
OLICHUBAHUs
3HAHWS TEPMHUHOB, ONIPENEIICHNUN, TOHATUH;
SHanms 00BbeM OCBOEHHOI'O MaTepuaia, yCBOGHHE BCEX TeM, Pa3JIeNIOB TUCIUIIHHEI;
ITOJIHOTA, CHCTEMHOCTbB, IPOYHOCTh 3HAHUM;
IIPaBUIILHOCTh OTBETOB HA BOIIPOCHI;




YCTKOCTH M3JIOKCHHUA U3YUCHHOI'O MaTCpHralia,

CTCIICHb CaMOCTOATCIIbHOCTH BBIITIOJTHCHUA HeﬁCTBHH (YMGHHH),

OCO3HAHHOCTb BBIIIOJIHEHUS IEUCTBUS (YMEHUS);

VYMmenus YMCHHUEC aHAJIU3UPOBATH H3y‘{€HHBII>'I MaTcpHrall;

YMCHUC BLI6I/IpaTB MCTOAHWKY BBIINOJIHCHUA 3aaHWs,

YMCHUCEC BBIIIOJIHATD 3aJaHUA paSHHQHOfI CJIOKHOCTH,

HaBBIKH CAMOIPOBEPKH, Ka4eCTBO C(HOPMHUPOBAHHBIX HABBIKOB,;

HAaBBbIKH aHaJIM3a PE3YJIbTaTOB BBIIIOJTHCHU A 3a,I[aHI/II>'I, PEIICHUSA 3a4a4,

HABBIKU TPEJICTABJICHUS PE3YIbTATOB PEIICHUS 33]1a4, KaueCTBO OOPMIICHHS 3a/1a-
HU;

HaBbiku

HaBBIKH 00OCHOBAHMS BBIIIOIHEHUS 3a;[aH1/1171, IPUHATHA pelHeHHﬁ;

6BICTpOTa 1 Ka4C€CTBO BBIIIOJIHCHUA SaHaHHﬁ.

2 TunoBble KOHTPOJbHbIE 32JaHUA 1JIsl OLleHMBaHNUs (POPMUPOBAHUS KOMIIEeTEH Mt
NPHU NPOBeIeHUN NMPOMEKYTOUHON aTTeCTALNHU

2.1 Ipomesicymounas ammecmayus no OUCYUnIuHe

®opma(bl) IPOMEKYTOUHON aTTECTALUU: 3auem
[TepedeHb THIOBBIX BOIIPOCOB (3a1aHuil) Ui IpoBeieHus 3aueTa B 1-3 cemectpax:

Kox nannka-
HanmenoBanwue pa3nerna TOpa JA0CTH-
TunoBble BOMPOCHI/3aIaHUs
JUCHUILINHBI JKEHUS KOM-
[IETEHIINH

Bsenenue B cucremsr aroma- | 1. CocraB mnporpammHoro komiuiekca ANSYS.
TH3MPOBAHHOTO IIPOEKTUPOBA- I'paduueckue obonouxku u pematenu. [Ipunoxe-
HUA uuss  Workbench, = Workbench  Mechanical,
DesignModeler, SCDM, Mechanical APDL.

2. [IpocTpaHCTBEHHOE M TPEXMEPHOE MOJAEINPOBA-
Hue KoHCTpykiuu Ha OBM. CoBpeMeHHOe coCcTOs-
Hue MKD u nepcnektuBsl pazsutus. [Iporpamm-
HbIi koMriekec ANSY'S.

3. Coznanue mnpoekra B obonouke ANSYS
Workbench.

4. Pemienue nHxeHepHbIX 3a1a4 B ANSYS.

5. Pabota B monyne DesignModeler.

6. HWHcTpyMeHTBI [UIsl CO3laHUs  O3CKH3a B
DesignModeler.

7. Coznanue u npeodpazoBanue 3D mozaeneil.

8. IMmopT u HarmpaBiieHHE T€OMETPUU U3 BHEILTHUX
CAD cucrem.

OIIK-2

Beenenue B cuctemel aBToMa- | 9. [loctpoenue cetku B moayie ANSYS Meshing
TU3UPOBAHHOT'O IPOEKTHUPOBA- (FHO63.HBHBIC MCTO,Z[BI).

HUS 10. Coznanue KoHGOPMHBIX U HEKOM(POPMHBIX Ce-
TOK.

11. TocTpoeHne MOBEPXHOCTHBIX U OOBEMHBIX Ce-
TOK, THOPUTHBIX CETOK.

12. Boigenenue obnacteil TeueHHs U3 TBEPAOTENb-
HOW F€OMETPHUH.

TK-3, TIK-2




13. TlocTpoeHue CeTOK B 00JIACTSIX TCUCHHI U TBEP-
JIBIX TEJIaxX AJIs 3a/1a4 COMPSKECHHOTO TeIII000MEHa.
14. Pemenue nudepeHnnanbHbIX YpaBHEHUH.

15. Pemienre HeTMHENHBIX 3a/1a4.

3 Meroanyeckue MaTepUuAaJibl, ONpe/Ie/siIolIue MPOoIeTypPhbl OlleHUBAHUSA
[Ipouenypa npoBeaeHHs MPOMEKYTOYHON aTTECTALIMK U TEKYIIETO KOHTPOJISl YCIIEBAEMOCTH peria-

MCHTHUPYCTCA JIOKAJIbHBIM HOPMATHBHBIM aKTOM, OHNPCACIAIOIINUM MOPAAOK OCYHICCTBJICHUA TCKYLICTO

KOHTPOJISI YCIIEBAEMOCTH U MPOMEKYTOYHON aTTeCTallui 00y4YarOIUuXCsl.

3.2. [IpomexyTouHas aTTecTalus Mo AUCHUILTHHE B (hopMme 3auéTa nmpoBoaAUTCs B 1-3 cemecTpax.

Hwxe mpuBeieHsl paBuiia olleHUBaHUs (POPMHUPOBAHUS KOMITETCHIIUH 110 TOKA3aTeI0 OLEHUBAHUS

«3HaHUAY.

Kputepuii onieHuBanus

YPOBGHL OCBOCHH:A U OLICHKA

He 3aureno

3auTeHo

3HaHUSI TEPMHUHOB,
ONpeCICHUH, TOHATU;

He 3naet TepMHUHOB 1 onpeieeHui

3HaeT TCPMHHBI U OIIPCACTICHUA

00BEM OCBOEHHOTO Ma-
Tepuaia, yCBOCHUE BCEX
TEM, pa3iesioB AUCIIHU-
[IJIUHBL;

He 3naeT 3HaunTENHLHOM YacTH MaTe-
puana IUCIUILTAHBI

3HaeT MaTepuai TUCIUTUTMHEI B
[IOJIHOM O00BEME

II0JIHOTA, CUCTEMHOCTD,
IIPpOYHOCTb 3HaHHI>i;

3HaHMs MaTepuaia 0eccucTeMHbIE, HE
OTBEYAEeT Ha OOJIBIIMHCTBO BOIIPOCOB
110 TeMaM JHUCLUUIIIINHBI

Jla€T 70CTaTOYHO YETKUE U IOJIHBIC
OTBETHI HA BOIIPOCHI

MMPaBUJIBHOCTb OTBCTOB
Ha BOIIPOCKHI;

HenpaBuibHo oTBe4aeT Ha OOJIBIIUH-
CTBO BOIIPOCOB, JIOMYCKaeT IpyObIe
OIIUOKH

OTtBevaeT Ha BONPOCH! IIPABUIILHO

YCTKOCTDb U3JIOKCHUA
HN3YUCHHOT'O MaTcpHralia,

W3naraet 3HaHus 0e3 JIOTHYSCKOM MO-
CJICOOBATCIIBHOCTHU, HE COIMMPOBOXIACT
OTBCT pUCYHKaMH, CXEMaMU

W3naraer MmaTepual 10CTaTOYHO
4yeTKo, O3 HapylIeHUH B JIorHye-
CKOM mocieoBaTeabHOCTH. BbI-
TIOJTHSIET TIOSICHSTIOIINE PUCYHKU U
CXEMBbl KOPPEKTHO Y MOHATHO

Huxe IMPUBCJACHELI ITpaBUJIa OLICHUBAHWA (I)OpMPIpOBaHI/IH KOMIIETEHITUN 10 IMOKa3aTelll0 OLICHUBA-

HUSA «Y MEHUAY.

Kpurepuit oneHuBanus

YPOBCHL OCBOCHHUIA M OLICHKA

He 3aureno

3auTreHo

CTENEHb CAMOCTOSITEIIb-
HOCTH BBITIOJTHEHUS
NercTBUS (YMEHHUS);

He MoxkeT caMoCTOSTEbHO
BBITIOJIHUTH 3a/JaHUC

BrinonHseT 3agaHue caMOCTOSTENBHO,
IPaMOTHO BbIOMPAET CTaHAAPTHYIO METO-
JIUKY, UCIIOJIb3YET HYXKHYIO JINTEPATYPY

IpH HEOOXOTUMOCTH

OCO3HAaHHOCTb BBINOJI-
HEHUs JedcTBH (yMe-
HUSA);

Beinonusier 3axanus 1no npu-
Mepy, HE OCO3HAHHO, HE MOKET
OTBETUTH HA BONPOCHI IIPETIO-
JaBaTelis Mo aJropuTMy U Me-
TOJIMKE PEIICHHUS

Brinmonuser 3alaHuA OCO3HAHHO, NOITyCKad
HEAOYCTEI, MOXKXET YBEPCHHO OTBECTUTH HA
BOIIPOCHI NPCIOAABATCIIA 110 aJITOPUTMY U

MCTOAUKE PCIICHMA

YMCHUEC aHATITU3UPOBATH
I/ISY‘ICHHHﬁ MaTCpHrall;

He nmeer HaBLIKOB aHam3a
HW3Y4YEHHOTO MaTepuaia,

JlenaeT KOppEeKTHBIE BHIBOBI MO U3Y4ECH-

HOMY MaTepuaiy,




yMmeHue BeioOuparh Me- | He Moxket BeiOpaTh MeTonmuKy | be3 3aTpymHeHuii BHIOMpaeT CTaHIapTHYIO
TOJUKY BBITIOJTHEHHS BBIIIOJTHEHHMS 3aJaHHUI METOJIMKY BBITIOJTHCHUS 3a/JaHUH
3a/1aHUs,
YMEHUE BBITIOJIHATH 3a- | He umeeT HaBBIKOB BbINOJIHE- | VIMeeT HaBBIKM BHITIOJIHEHHS CTAHIAPTHBIX
JAHUS Pa3TnIHON HUS y9eOHBIX 3aaHUI y4eOHBIX 3aaHuI
CJII0’)KHOCTH;

Hwxe mpuBeneHbl paBuiia OleHUBaHUS (POPMHUPOBAHUS KOMITETEHITHI IO TIOKA3aTeI0 OLICHUBA-
Hug «HaBBIKN).

N YPpOBEHb OCBOEHUS U OLICHKA
Kpurepuii onennBanus
He 3aureno 3auTeHo
HaBBbIKU camoIlpoBepkH, | HaBbiku camonpoBepku oTcyT- | VMeeT HaBbIKM caMONPOBEPKH, XOPOIIO
KayecTBO c(hopMHpO- CTBYIOT c(hopMUPOBaHbI HABBIKH BBITIOJIHEHUS 3a-
BAaHHBIX HAaBbIKOB; JaHUM
HaBBIKM aHAJIN3a pe- Jlenaet HEKOPPEKTHBIE BbI- Jlenaet KOppEKTHBIE BBIBOJABI IO PE3Yiib-
3yJbTAaTOB BBIIOJIHEHUS BOJbI TaTaM pelIeHUs 3a/1a4u
3a/laHui, pelIeHus 3a-
nad;
HaBbIKM MpeacTaBieHus | He Moxker npousuiocTpupo- BrinonHseT nosCHAIINE PUCYHKU U
pEe3yJIbTaTOB PELIEHUs] | BaTh PELICHUE 3a/1a4U MOSACHS- CXEMBbI KOPPEKTHO U OHATHO
3a/1a4, Ka4eCTBO IOIIUMH CXEMaMHU, PUCYHKaMU
oopmIIeHUS 3aTaHUM;
HaBbIKM 00OCHOBaHUS JlomyckaeT rpyOble OmnOKu ANTOpUTM BBHIIIOJTHEHUS 33/1aHUS BEp-
BBIIIOJIHEHUS 3aJJaHUN, py 000CHOBAHUH METOJAUKHU HbIi, IPUHUMAET BEPHBIE PELICHUS
IIPUHSATHUS PELICHUM; BBIITOJIHCHUM 33JJaHUM, HE MO-
YKET IPUHATh BEPHOE pEIICHUE
OBICTPOTA M KAYeCTBO | 3aJaHus BBIMOJHSCT C HU3KUM | BEIMONHSACT 331aHUsT YBEPEHHO, C XOPO-
BBINIOJIHEHMS 33JJaHUM. | KauyeCTBOM, KpaliHe MEJJIEHHO IIUM Ka4y€CTBOM

4  KoHTpoJbHBbIe padoThl 1151 OLleHUBAHUS (JOPMUPOBAHUS KOMIIETeHIUI
NpH NPOBeeHNH TeKYyero KOHTPOJIs 10 JAUCHUIITIHHE
«CoBpeMeHHBIE IPOTPAMMHBIE U TEXHOJOTHYECKHE KOMILIEKChI»



MUWHUCTEPCTBO HAYKHU U1 BBICIIEI'O OBPA3OBAHUA
POCCHUMCKON ®EJEPALINHA
dbenepanbHOE roCyIapcTBEHHOE OFOKETHOE 00Pa30BaTEIBHOE YUPEKICHUE
BbIcIero obpa3oBanus «HoBocuOUPCKUil rocy1apcTBEHHBIN
APXHUTEKTYPHO-CTPOUTENbHBIN YHUBEpCUTET (CHOCTPHH)»

KOHTPOJIBHAS PABOTA
no teme «Co3nanne reoMeTpu4ecKHX Mojaeaein»

Co31aTh reOMETPUYECKYIO (TBEPIOTEIBHYIO) MOICIH IETAIH 10 €€ HATISTHOMY H300paKeHHIO (pHC.
1). I'eomeTpuUecKoe MOIEIMPOBAHKME BBITOJHUTL C MOMOIIBIO MpHIoKeHuit Ansys DesignModeler wiu
Ansys SpaceClaim, mu6o apyroi mogo6Hoit CAD-crucTeMbl. '0TOBYIO MO/IETb 9KCIIOPTUPOBATH B OJIUH U3
YHUBEpCcalbHBIX (hopmaToB daiiaos (*.sat, *.stp, *.X_t, *.iges).




Puc. 1. [lerans

KOHTPOJIBHAS PABOTA
1o Teme «I'eHepanus KOHEYHO3JIEMEHTHOM CETKH»

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

BBIOMTHUTE aHAMM3 KauyecTBa CETKU. BBIYMCIUTEL 3HAUCHUS CIEAYIONIMX METPUK KA4eCTBa CETKH:
SIKOOWaH, OPTOrOHATBHOCTh, CKOIIIEHHOCTH U JIp.

Puc. 1. 'eomerpudeckas MOAeIb



KOHTPOJIBHAS PABOTA
1o TeMe «KoHeYH03/1eMeHTHbI AaHAJIHU3 HANIPAKEHHO-1e()OPMHPOBAHHOI0 COCTOSAHUA KOHCTPYK-
U

Jlana MexaHu4ecKasi CUCTeMa, MPEICTABICHHYIO TOJICTOCTCHHBIM ITOJIBIM IUIUHIpOM (TpyOoii). Ha
BHYTPEHHIOIO CTEHKY TPYOBI JCHCTBYET paBHOMEPHO pacrpe/ie/icHHass Harpy3ka (jaBienue), a nedopma-
LMY LWIMHAPA B OCEBOM HAIIPaBICHUU CTECHEHBI (IEPEMEILEHUSI B OCEBOM HAIPABICHUHM OTCYTCTBYIOT,
T.€. IMEIOT HYJICBYIO BEJITUUHHY).

Tpebyercs BBIYMCIUTD IEpEMEIICHHSI, MEXaHHUECKUE Ae(popMaIiui 1 HalPsHKEHU ST, BOSHUKAIOIIUE B
JTAHHOM TBEPJIOM TeJIe, T.€. ONPEACIUTh HANPSKEHHO-AePOPMUPYEMOE COCTOSTHUE TAaHHOW MEXaHUYECKOU

CHCTEMBI, ONHCHIBAEMOE BEKTOP-(QpyHKIMEH mnepeMerneHui u(r, o, Z), BEKTOpP-(hyHKIMEH nedopmanmit
8( r,o, Z) U BeKTOp-(QyHKIMEH HanpspkeHuit O (I’, o, Z) .
Ha pucynke 1 noka3zana pacuetHast 006JacTh M cXeMa TpaHMYHBIX YCIOBUHN. M300paxkeHa UIHHIPH-

YecKast cucTeMa KOOpAuHAT (r, O, Z) , KOTOpas UCIIOJIB3YETC IIPU PELICHUH 3aa4H.

$Z
R,%; L3 — ]
Rl P —
[ 4 le—— —
/ l— —
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R, R,
() (0)

Puc. 1. Cxema 3amauu Jlame

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

Dur,p,2) =0V {r, ¢, 2} €Ty

2) ore(r, p,2) =P V {r, ¢, 2} € I'2, rie P — BennurHa 1aBICHUS 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. OG30p KOHEYHOIIEMEHTHBIX IPOrPAMMHBIX KOMIUIEKCOB JUIs pEILIEHHs 3a]1a4 TPOEKTUPOBAHMS
CTPOUTEJIbHBIX KOHCTPYKIIHH.

2. O630p COBPEMEHHOI'0 MPOrPaMMHOI0 00eCIIeYeHMsI JJIsl TeHEPaLu CETKH.

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 ompeesonmx ypaBHEHUH T€OpUH IJIACTUYHOCTH U YUCJIEHHBIE 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 MEXAHUKH XKeIe300€TOHa.

8. HccnenoBanue BO3AEHCTBUS BETPOBBIX HAIPY30K HA BHICOTHBIE 3aHUsI. DKCIEPUMEHT B a3pOJInHa-
MUYECKOU TpyOe U YMCIEHHOE MOJIETUPOBaHUE.

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

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

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» BBICTABIISETCS CTYACHTY, €CJIM OH HE 3HaeT TEPMUHOB U OIpeie-
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 32124 (3aaHUil)

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.

BBINOJIHUTE KOHEUYHORJIEMEHTHBIN aHAIU3 TEMIEPATYPHBIX MOJIEW B IETAIM B CTALIMOHAPHOU
MMOCTaHOBKE (TMPU YCIIOBUH, YTO TEMIIEpATypbl HE MEHSIOTCS B TEUCHHH BpEeMEHHU). BeTnyuHbl TEM-
MepaTypHBIX BO3ACUCTBHIA U3 1. 6 TIOJ00PATh TAKUMH, YTOOBI MaKCUMAJIbHASI TEMIIepaTypa AeTaau
cocrasisiaa 250-350 °C.

BrinosiHuTE aHANK3 pe3yapTaToB pacuera. [locTpouTs U30mosis TeMIeparyp, TEMIOBBIX OTO-
KOB. Onucarb NOJy4YE€HHbIE PE3yJIbTaThl TUCBMEHHO.

BrInoTHUTE KOHEYHOSJIEMEHTHBIN aHaIM3 HaNpsHKEHHO-1e(OPMUPOBAHHOTO COCTOSIHUS Jie-
Tajy B JUHEHHO-YIIPYTroi MOCTAHOBKE MPU TEMIIEPATYPHOM BO3JEHCTBUH, PACCUUTATH TEMIIEPATYP-
HBIC HaNIpsDKEHMS U fedopmanuu. [TocTponTs n30moss nepemMeniennit, 1eopManuii 1 HarpspKEHHH.
Onucatp Mony4eHHbIE Pe3ybTaThl IUCbMEHHO.

CocTaBUTh OTUET, COACPIKAIINI: UCXOIHBIC JaHHBIC, TOCTAHOBKY 3aJa4H, OIMMCAaHUE X0/1a pe-
LICHUS 3a/1a4U, TIOJIyY€HHbIE PE3YJIbTATHI.

Kpurepuu ouenku:

- OIIEHKA «OTJIMYHO» BBICTABISICTCS CTYJCHTY, €CII MPOM3BEICHBI BCE pacdyeTsl 0e3
OomKOOK, TaHBI MOSICHEHUS K MTOJTyYSHHBIM Pe3yJIbTaTaM C MPHIIOKEHHEM TMOPSAKA X MOITY-
YEHUS;

- OIIEHKa «XOPOIII0», €CJIN POU3BEAEHBI BCE pacueThl 0e3 OMHUOOK CTYAEHT MOXKET
OOBSICHUTB X (PU3UUECKUIN CMBICI;

- OIIEHKA «yJOBJIETBOPUTEIHHOY, €CIIN PACUETHI IPOU3BEICHBI C OIIHOKAMH, 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
APXUTEKTYPHO-CTPOUTENbHBIN yHUBEpcUTET (CHOCTpUH)»

Kadenpa [IpukjiaaaHoii MAaTeMATUKHI

(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 ¢ nomoiueto kBagparypsbsix hopmyn ['aycca.

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

MHOTI'MX 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 3amansl 3HaueHUs: 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 moctaHoBke.
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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
pPaBHOMEPHO pacmpeelIeHHON Harpy3koi P, neficTByrolel Ha TpaHuIle 00JIacTH B HaNpaBiIeHUH X.
OO6macTh mpruodpeTaeT OHOPOAHOE HANPSHKEHHO-IEPOPMUPOBAHHOE COCTOSIHHUE. B 001aCTh BBO-
JMTCSI OTBEpPCTUE KPYTiioi Gopmbl. Juamerp oTBepcTus paseH d.

Puc. 0. Cxema

Tpe6yeTc>1 ONPCACIINTDL HAIIPSP)KCHUA B OKPECTHOCTU OTBCPCTUA.
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

c, :%{[1_%}[1—4:2 +3ff—4Jcositp
_P|[4 a* 1 %54' R
J‘P_E +rl —| 1+3— |cos2¢

Ha rpanune orBepcrus (npu r = d/2)
g,=0.0,= P(l—2cos20):

S

(au} =3p npu @==+

(SN

((J’m] . =—p npu @=0.7

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

Kpurepun oneHku:

- OIICHKA «OTJIMYHO)» BBICTABIICTCS CTYJICHTY, €CIIM MPOU3BENICHBI BCE PAacUeThl O3
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);

- QJIEMEHTBI BBICOKOTO TIOpPsi/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. Terpasap
7. Honekasrap
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3amaune Ne 3

Anmpoxkcumupyromas GyHKIUs U1 KOMIUIEKC-3JIEeMeHTa 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. 3amaHHbBIC 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 HAPSKCHUS

4. O0GbEeMHbIE CHUITBI

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. OLIEHKH BEIIMYMHBI 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

3amanne Ne 8
VY CTaHOBUTE COOTBETCTBHE MEKIY CrieuduKa- Vv (651’ §2) =, + &+ a,é, + bl +
nueit KO 1 BuaoM anmmpoKkCuMH eun kuuu: | ® 2 2
P pyIo by +a,6" +ass,
&2
2 1 * 1
[ . ]
° V(Sgl’éz):ao“'algl"'azéz
2
V(ﬁl’ 52) =y 6+ 6, o+
[ ]
2 2 2
- +a,6,6, + 06, + 46,8, + 46,6,
-1 1 3
I ° V(fl’ égz) =+ + 6, + 4,68
,® T 'Y
3 = 4
1)
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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 apyroi nogo6uoit 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 (PU3NKO-MEXaHUISCKUM CBOWCTBAM MaTepHaJIOBT: MOJYJIb YIIPY-
rocty, KoaddunueHt [lyaccona, mmoTHOCTh, IpeeN TEKYYeCTH, TeIJIONPOBOJHOCTD, YAEIbHYIO TETl-
JI0OEMKOCTh, KO3 PUITUCHT THHSHHOTO TEMIIEPATyPHOTO PACIIUPCHHSL.

3. BriOpaTh IpOM3BOJIBHYIO CXEMY Harpy>KeHHs AeTalld, BKIIOYAIOIIYIO:
- paBHOMEPHO paclpe/ieIeHHYIO Harpy3Ky Ha HEKOTOPYIO TOBEPXHOCTH (J1aBJIeHNUE);
- COCpPEIOTOYEHHYIO CHIIYy Ha HEKOTOPOW MaJIOW YaCTH MOBEPXHOCTH;
- MOMEHT (CHJIOBOM (paKTOp, BBI3BIBAIOLIHI TOBOPOT);
- JKECTKYIO 3aJIeNIKy (OTpaHHYeHHE TIOCTYNATEeIHbHOTO JIBIKEHHS U TIOBOPOTOB).

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-
Beimasii 1/10 mpenena mpoyHocTH marepuana. OnpenenuTs NpefebHyI0 BEITUYUHY PAaBHOMEPHO
pacnpeieNieHHON Harpy3Kku, KOTOPYIO JeTallb CIIOCOOHA BOCIIPUHSATH 0€3 pa3pylleHus U epexo/ia B
CTaJUIO MIACTUYECKOT0 1e(hOpMUpPOBaHUS (BCE OCTATIbHbBIC HAIPY3KU MPUHATH HEU3MEHHBIMH).

5. BeinmonHuTh aHanmu3 pe3ynbTaToB pacueTa. [locTpouTs n3onons nepeMenieHui, nehopmaruii
1 HanpsbkeHuil. OnucaTth NOJyYeHHbIE Pe3yIbTaThl TUCBMEHHO.

6. BeiOpaTh IpOM3BOJIBHYIO CXEMY TETUIOBBIX BO3CHCTBUI Ha JETAIIb:
- TMOCTOSIHHAs TeMIlepaTypa Ha HEKOTOPOM Majioil TOBEPXHOCTHU JAETAJIH;
- 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 BO3ACHCTBHIA 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. BBIIOTHUTH KOHEYHOAIEMEHTHBIN aHAIN3 HANPsHKEHHO-Ae(OpPMUPOBAHHOTO 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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TIOJITTHCH)
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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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