degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI
2IPOKOCMHYECKUX TEXHOJIOTHIi

C.C. HeroasieB

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

10 AMCIMILINHE: YucneHHoe penieHne 3aa4 MeXaHuky 1e(hopMHUPYyEMOTO TBEPIOTO TeJla B IPOTPaAMMHBIX
KOMILIEKCaX

110 HANIPABJICHUIO: Texanueckas Qpusnka

npopuiIb NOArOTOBKHU: Texanyeckasi pU3nKa KOCMHUUYECKUX JIETATEJIbHBIX aIlllapaToB

dusTex-urkona A3pokocMuueckux TexHomoruit
kadempa MpuKIaAHON MEXaHUKH

Kypc: 1
KBAJM(PUKAIMA: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: 1 (oceHHui) - Dk3amMeH

AynutopHbix yacoB: 30 Bcero, B TOM YHCIIE:
nexuuu: 0 yac.
cemuHapsbl: () yac.
naboparopHsbie 3ausaTus: 30 yac.

CamocrositensHas pabora: 75 gac.
[ToaroroBka x sk3ameny: 30 yac.
Bcero gacos: 135, Bcero 3au. en.: 3

KonmnuecTBo KOHTPONBHBIX padoT, 3ananuil: 1

[Iporpammy cocrasuin: O.41. N3BekoB, kaH/l. Qu3.-Mar. HAyK

[Iporpamma obcyxaeHa Ha 3aceqannu Kadenpsl npukiaaHoi Mexanuku 18.03.2020



AHHOTANMA
Kypc mocesimeH H3y4eHHIO KIIACCHYECKHX OIPEESISIIONINX COOTHOIICHHH MEXaHUKH Je(OpMUPYEMOTO
TBEpIOro Tena (ympyrocTh, BSI3KOCTh, IUIACTHYHOCTH). B OCHOBY TeOpeTHYECKOW YacTH IOJIOKEH CJIMHBIHN
MOAXO0J K TTOCTPOCHUIO MOJIETICH TTOBEACHUSI MaTepUalioB, CBA3aHHBIN ¢ aHAJM30M HEPaBEHCTBA JUCCHUIIALINH.
B mpaktuyeckoil yacTH Kypca CTaBATCS W PEIIAIOTCS XapaKTEePHbIE 3aJaud MEXaHWKU JeGopMUpyeMoro

TBCPAOro TCjia C IPUMCHCHUCM IMMPUKIIAAHOTO KOHCUHO-2JICMCHTHOTO ITaKCTA.

1. leau u 3apauu

Meap AUCUMNIMHBI

- (I)OpMI/IpOBaHI/IC HaBbIKa TIPUMCHCHUS 3HAaHUM 110 MEXAaHHUKE CIUIOIIHEIX cpea 1Mmpu pPCIICHHUU
HWH)XCHCPHBIX 3aJlaq € UCII0JIb30BaHUCM COBPEMEHHBIX IPOrPaMMHBIX CPEACTB.

3agauu AUCHUILIHHBI

® 0606H_II/ITB N 3aKpCIIUTh HAKOIUJICHHBIC CTYACHTAMU 3HAHUA O (I)yHI[aMEHTaJ'IBHBIX IIOHATUAX H

3daKOHAaX MCXAaHUKH CIUIOMIHBIX CPCA;

° AaTb CTYACHTaAM CHUCTCMATUYCCKUC 3HAHUA O KIACCHUYCCKHUX MOICIAX NOBCACHUA TBCPAOTO

nepopMHPYEMOTO Tena,

*  Hay4uThb CTYJACHTOB paloTaTh C PA3IMYHBIMU THIAMH MOJENCH IOBEICHUS MaTepHalioB IpU
PEIICHNH HHXEHEPHBIX 33]1a4 C TIOMOIIBIO MPOTPAMMHBIX KOMIIIIEKCOB.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie [$1($9174:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN

I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

OIIK-3 Criocob6eH omnpeenuTs GU3NIECKYIO,
€CTECTBEHHOHAYYHYIO CYIIHOCTh IPOOIIEeM,
BO3HMKAIOIINX B X07i€ IpodeccHoHanbHOI
IeATeIIbHOCTH, IPOBECTH UX KaueCTBEHHBIHN 1
KOJINYECTBEHHBIN aHaIU3

OIIK-3.1 Cnoco0eH mpoBOIUTH aHAIM3 MPOOJIeM M 3ajad,
BO3HUKAIONIUX MpH pabore B obnacTu npodeccnoHaaIbHON
JEATEIEHOCTH

OIIK-3.2 CrocobeH TpuUMeHSTh 3HaHWST B  0O0NacTu
TEXHUYECKOM (M3MKH UIS TPOBENCHHS KAa4€CTBEHHOTO M
KOJIMYECTBEHHOTO  aHalmu3a  3a7a4,  (OPMYIUPOBAHUS
BBIBOJIOB U OIICHKH TTOJTyYSHHBIX PE3YJIbTaTOB

OIIK-4 CriocoOeH oCcyIIecTBISATh HAyYHbIH
MOUCK U Pa3pabOTKy HOBBIX MEPCIIEKTUBHBIX
MOIXOJIOB U METOJIOB K PELICHUIO
npodecCHOHaNIBHBIX 33/1a4, TOTOBHOCTb K
aKTHBHOMY YYaCTHIO B HAyYHOH 1
MHHOBAIIMOHHOM JeATEeIbHOCTH,
KOH(EPEHIUX, BBICTABKAX U MPE3CHTAIHIX

OIIK-4.1 CrocobeHn aHanm3upoBaTh 3ajady, [JIAHUPOBATDH
MyTH peIeHus], MpeiaraTh U KOMOMHHUPOBATh CIIOCOOBI
peleHus

OIIK-4.2 CrocobeH UCHONB30BaTh HCCIEAOBATEIbCKHUE
METObl TIPU PEIICHUH HOBBIX 3a]ad, MPUMEHSs 3HAHHS B
pa3IMUYHBIX 001aCTAX HAYKH (TEXHUKN)

OIIK-4.3 CriocoOeH BBIIBUTATH TUIIOTE3bI, CTPOUTH MOJIETH
JUIST  OMHMCAHWS M3Y4aeMbIX SIBICHUH M  IPOIIECCOB,
Mpenjarath HOBBIC ITyTH pelieHus] NPpo¢eCCHOHAIBHBIX
3aJ1a4

OIIK-4.4 CniocobeH MOATrOTOBUTH MaTepUaIbl JIISl YUaCTHsI
B KOH()EpPECHLMUSX, BEICTABKAX U MPE3CHTALUAX

[IK-1 Crioco0OeH KpuTHYECKH aHAJIM3UPOBATh
COBpPEMEHHBIE MTPOOTIEMBbI TEXHUUECKON (HU3HUKH,
CTaBUTh 33Ja49H U pa3padaThIBaTh MPOTPAMMY
HCCIIeJOBAHMS, BBIONPATh a€KBAaTHBIE CIIOCOObBI
Y METOJIbI PELICHUS SKCTIEPUMEHTAIbHBIX H
TEOPETUYECKUX 3a/1a4, MHTePIPETUPOBATH,
MPEACTABIATh U IPUMEHSTD TOTyYeHHBIC

NARUITETATLT

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaTh U 0000IIATH
nHpopMaIrio 00 akTyaJlbHBIX pe3yJabTaTax HCCIIeOBaHUN B
00JIACTH TEXHUYECKOU (HU3UKH

[IK-1.2 CnocobeH  craBuTh 3agayd B o0OJIacTH
mpo(eCCUOHATBHON JCATEIBHOCTH, Mpeaiararb MyTH HX
pelieHus

[IK-1.3 CnocobeHn pa3paOarbiBaTh U NMPUMEHATH HauOoiee
MOAXOMAIINE  TEOPEeTHYECKHE M AKCIEPUMEHTAJIbHBIC
METO/Bl HMCCICJOBAaHWN K KOHKPETHON Hay4yHOW 3ajade U
MHTEPIIPETUPOBATH MOTYUYEHHbIE PE3YIbTaThI




Py

[IK-1.4 CnocobeH mNpoBOIUTH ampoOanuio pPe3yabTaToB

HAay4YHO —HCCJ'Ie,Z[OBaTeJ'ILCKOﬁ pa6OTBI

nocpeacTBOM

MyOIMKAIlMK HayYHbBIX CTaTel M yJacTusl B KOH(EPEeHINAX

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUUILIHHE (MOIYJII0)
B pesynberare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOIKHEI

3HAThb:

YMETB:

® (bYHI[aMeHTaHBHBIe IMOHATHA, 3aKOHbI, TCOPHU KJIaCCUYECKON MEXaHHUKU U TCPMOJAUHAMUKU

CINIOIIHBIX CPECI;

HHOCTH, CXOJICTBA M Pa3JIMuMs KJIACCHYECKHUX MOJCIICH OBEICHUS TBEPAOTO JI MHPYEMOT
* 0CcOOEHHOCTH, CXOJICTBA U pa3 KJIACCHUYECK ozeJIel OBEE epnoro aedo €MOr0

Tela;

® MOpAAKN YHCJIICHHBIX BCJIMYHH, XAPAKTCPHBIC IJIA PA3JIMYHBIX Pa3fejiOB MCXaHUKH TBEPAOIo

nehopMUpPyEeMOTO Tena;

® OCHOBHBIC MOHATUA METOAAa KOHCUHBIX 3JIECMCHTOB, aJITOPUTM pacde€Ta Ha MNPOYHOCTH IO METOLY

KOHCYHBIX 3JICMCHTOB.

® IIOJIb30BATbCsA CBOMMH 3HAHUAMH I PCUICHUA (bYHI[aMeHTaHLHLIX U NPUKIAJHBIX 3ada4 Hu

TCXHOJIOTHYCCKHUX 3a1a4,

¢ Je€JaTh IIPaBUJIbHBIC BLIBOJAbLI U3 COIIOCTABJICHUSA PE3YJIBTATOB TECOPHUU U OKCIICPUMEHTA.

BJIQJICT!
* HaBBIKAMH WH)XEHEPHBIX PAaCYETOB B IPOTPAMMHBIX KOMIUIEKCAX;
* HaBBIKAMHU OCBOCHHS 0OJIBIIOTO 00beMa HHpopMaITH;

* HaBBIKAMH CaMOCTOSTSIbHOMI pa6OTLI;

* KyJIbTYPOI MOCTAaHOBKM M MOZAETMPOBAHMS (PU3MUECKUX 3a/1ay;
*  HaBbIKAMH TPaMOTHOM 0OpaOOTKH pe3yJbTaToB OMNbITA W COMOCTABJICHUS C TEOPETHUYECKUMHU

JaHHBIMHU.

4. Conep:xanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKa3aHueM
OTBEJEeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB H BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl tuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb 10 BHJAM YY€OHBIX 3aHATHH, BKITIOYAs

CaMOCTOATCIIbHYTO pa60Ty, qac.

Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunaper | JlaGopat. paGoOTHI
pabora
1 OCHOBBI ~ IIPUMEHEHHUsS  HPUKIAIHBIX 6 18
MAKETOB B MHXKCHEPHBIX pacyeTax
) Kunematnka M 3aKkoHBI COXpaHEHHUS B 3 19
MCC
3 TepmoauHamuka H OCHOBLI  TEOPHH 3 19
OTIPEIENAIOMUX COOTHOICHUI
Krnaccuueckue peonoruueckue Moneny B
4 MEXaHUKe TBEPJOro JehopMUPyEeMOTO 18 19
Tena
Nroro gacos 30 75

HO,I[FOTOBKa K 3K3aMCHY

30 gac.

OO01mas TpynoEMKOCTh

135 ygac., 3 3aud.en.

4.2.

ConeprxaHue UCIUIUIAHBI (MOAYIIS), CTPYKTYPUPOBAHHOE TIO TeMaM (pasziesiam)




Cemectp: 1 (Ocennuii)
1. OCHOBBI TPUMEHEHUSI TPUKJIATHBIX TTAKETOB B MHKEHEPHBIX pacueTax

Henun u 3amaun kypca. OcHoBHble Bexu pa3BuTusi CAD cuctem. OcHoBHble urpoku peiHka CAD
cUCTEM. APXUTEKTypa MPHUKIaTHBIX nakeToB. ConBep, MOCTHPOLECCOp, B3aUMOACHCTBIE MOAYJCH.
ApXUTEKTypa, BO3MOXXHOCTH M OCHOBHBbIE oOTiIHuUTeNnbHbIe ocobenHocTn SIMULIA/Abaqus.
OcHOBHBIE 3Tanbl pacyéTa C MOMOIIBI0 METOJ0OB KOHEYHBIX 3JIEMEHTOB. BU/IbI KOHEUHBIX 3JIEMEHTOB
U CIIOCO0OBI MX MOoCTpoeHus. Pemenne cratuyeckoil 3a1aun Teopun ynpyroctu. Ilomyuenne MaTpuiibt
KECTKOCTH W BEKTOPOB BHEIIHHX Harpy3ok. [lpuHimmel uymcneHHoi peamuzammn MKD n
COCTaBJICHUS MpOorpaMM. MeTojbl pelieHns JTMHEHHbBIX aaredpandeckux cucteM ypaBHeHHi MKD,
ucnons3yemsie consepom SIMULIA/Abaqus. Umnopt reomerpun B SIMULIA/Abaqus.

2. Kunemaruka 1 3akoHbl coxpanenusi B MCC

OtcueTHas M TeKylias KOH(GUTypaiys. DlIeMeHTapHbIe CBEICHHS U3 TEH30PHOTO aHajau3a. TeH30pbI
rpaguenToB aedopmaunu. [lomsipHoe pasnokeHue TeH30pa TpaauveHTa JedopMmanuu. YpaBHEHHE
coBMecTHOCTH Jiedopmanuid u ckopocterd. [Ipubmmxenne manbix jaedopmaruii. TeHzop Manbix
nedopMannii 1 TEH30p MaJbIX IOBOPOTOB. 3aKOH coXpaHeHHs Macchl B opme Jlarpanxa u Dilnepa.
[ToBepxHOCTHBIE W OOBEMHBIE CHIIBI. BekTtop W TeH30p HampsbkeHuid. JlokanbHOEe ypaBHEHHE
IBIKeHUs. BekTrop TemnoBoro noroka. YpaBHeHue OanaHca SHEPTUU.

3. TepMOI[I/IHaMI/IKa 1 OCHOBBI TCOPHHU OMPCACIIAIOIINX COOTHOIICHHI

Temmneparypa u 3uTpormst. HepaBenctro Kiaysuyca-/liorema. luccunaruBraast pyukmnus. Paznmunsie
TPAaKTOBKH BTOPOTO Haudaja TepMoauHaMuKd. COCTOSHHE M PEaKIUs 3JIEMEHTa CIUIOIIHON Cpeibl.
OCHOBHBIC TIPHHIIMITEI TOCTPOCHHS  ONPEICSISIIONNX CcooTHomeHui. Ilamare marepuana.
BryTpennue napameTpsl.

4. Kimaccuueckue peojorndeckue MoesId B MEXaHUKe TBEPJOro Je(pOopMUpPyEeMOro Tea

[locTpoeHne cucTeMbl OINPENESNAIOIIMX COOTHOUICHWH Ui YHpyroro marepuaina. JIuHeiiHas u
HeJIMHElHasl yIpyrocTb. PasiojkeHue ynpyroro noTeHuuana B psi 10 MaJbIM IIapaMeTpaM. 3aKOH
I'yka, 3akon @ypre. [loHsTrHEe O TUMO- U runepynpyrux cpenax. Pacder m3ruba ynpyroi Oanku c
nomoteio SIMULIA/Abaqus. CpaBHeHHE pe3ylbTaroB pacuéra HaNpsHKEHHO Je(opMUPOBAHHOTO
COCTOSIHUSL OalKH AJISl Pa3IMYHBIX THIIOB KOHEYHBIX JIEMEHTOB. KOHILEHTpATOphl B yHpyrom Tele.
Pacuer k03((GHUINMEHTOB KOHLEHTpPAlMUM B YNPYroM Teje, MWCCIEIOBaHUE BIHMSIHUS pPa3MEpOB
KOHEYHBIX DJJIEMEHTOB Ha 3HaueHUe KodpduuueHta KoHueHTpauuu. llocTpoeHne cucTemsl
ONIPEACISIOINX COOTHOIICHUN [UIsl JINHEHHO BSI3KOM JKUJKOCTH U JIMHEWHO BA3KOIO TBEPAOTO TEia.
VYpaBuenue Haewe-Ctokca. Temo ®@oiixra. [[uccumarus Bsiskoro TpeHus. llpuMeHeHune mertoma
BHYTPEHHUX IepeMeHHbIX. IlocTpoeHue onpenensomyx COOTHOUIEHHH JUIsi MaTrepuajioB ¢
3aTryxalomeil namaTeio. MpeanpHble W yONpOYHSIOMIMECS MaTepuaibl. TepMOOUHAMUYECKU
COIVIACOBAaHHOE KHHETUYECKOE YypaBHEHHE Ui BHYTpPEHHEro mnapaMerpa. Teno Makcseina.
[lonzyuects, penakcauus HanpspkeHui. [Ipunnun cynepnosunun bonbumana. TepmonuHamuyeckas
COITIACOBAaHHOCTh KOMOWHHPOBAaHHBIX Mojeieil. HemuHeiHas mnon3ydectb. UuciieHHOe pelieHHe
XapaKTepHBIX 3a7ad BS3KOYNPYrocTH. MieanpHble W yNPOYHSIOIIMECS YIOPYro IJIaCTUYECKHE
Marepuainsl. Juccunanus nuactudeckoro TeueHus. OopMyiaMpoBKa TEOPUM IUIACTUUHOCTU 4epe3
HanpsbkeHus: U aedopmanuu. [loBepXxHOCTH TeKydecTH. ACCOLMHUPOBAHHBIN 3aKOH IUIACTHYECKOTO
TEUEHUs AJIsl UI€aIbHOIO YIIPYTOMIacTUYECKOro Teia. JloNoIHUTENbHbIE SKCTPEMAIbHbIE IPUHIIMIIB]
(mpuHumn Mmuseca, npuHuun Jpykepa). TpaHCIsLMOHHOE M HM30TPONHOE ymnpodHeHue. DpdexT
Bbaymunrepa. AccounnpoBaHHbIN 3aKOH TE€UEHUS AJIsl YIPOUHSIOLIET0Cs YIIPYTroIJIaCTUYECKOIO Tejla.
Mopnens Tpecka, mozens Muzeca. [IpuMeHeHHe TeOpUHM MIACTUYHOCTH B MEXAaHUKE TPYHTOB W
TOPHBIX MOPOA. Moenu IUIaCTHYECKHX MaTepHajioB ¢ BHYTpEHHMM TpeHueM (Monenu Kyiona,
Hpykepa-Ilparepa, Camclay). Pemenue xapakTepHbIX 3agad  yNpPYrolUIACTUYHOCTH B
SIMULIA/Abaqus. M3ru6 ynpyroriactiuueckoi 6anku. CpaBHeHHEe KOIDGUIIMEHTOB KOHIICHTPAIIN
OKOJIO OTBEPCTHS B YNPYIOM U YIpPyro-miacTuyHoM Tene. OOpa3oBaHue WICHKU NMPU PACTKECHUU
crepxkHd. COOTHOIIEHHWE MCTUHHBIX CBOMCTB Marepuajga U HU3MEPSEMOro  IOBEACHUS
SKCIEPUMEHTAIILHOTO 00pasia.



5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLeCTBJIEeHHS 00pa30BaATEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

Heobxonumoe obopynoBaHue: 000py/I0BaHHBIE KOMITBIOTEPHOW TEXHUKOH MecTa CTYJCHTOB U
MpenojaBarelis, MyJIbTHMEANHHOE 000pynoBaHue (IIPOESKTOP, MHTEPAKTHBHAS JTIOCKA).
Heobxonumoe nporpammuoe odecnieuenne: SIMULIA/Abaqus, MS Power Point.

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas nuTeparypa

1. llpumenenne SIMULIA/Abaqus nipu u3ydeHnn Kypca MEXaHUKH TBEPAOTO e(hOpMUPYyEMOro Tea:
peonoruueckue moxenu [Tekct] : yue6. mocobue st By3os / O. £. Ussekos, 1. B. Kopues ; M-Bo
oOpa3zoBanus u Hayku PD, Mock. pus.-texH. un-1 (roc. yu-T) .— M. : MOTH, 2014 .— 146 c.

2. Mexanuka nedopmupyemoro tBepaoro Tena [Tekcr] : yaeOHOE mocoOue [ist yH-TOB : fo1. M-BoM
BhICII. | cpef. crnell. oopa3oB. CCCP / 1O. H. Pa6otHoB .— M. : Hayka, 1979 .— 744 c.

JomnonHurensHas aureparypa

1. MexaHrKa ¥ TepMOIMHAMHKA HACBIILIEHHOM opucToii cpensl [Teker] : yueO. mocobue 1ist By30B / B.
. Konnaypos ; M-Bo o6pazoBanus 1 Hayku Poc. deneparin, Mock. ¢pu3.-rexH. HH-T (TOC. YH-T) .—
M. : M®TH, 2007 .— 310 c.

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIs)

1 http://lib.mipt.ru/ — snexTpoHnas 6ubnmoreka duszrexa
2. http://www.edu.ru — penepanbublii mopran «Poccuiickoe o0pazoBaHuey.
3. http://benran.ru —6ubIMOTEKA 1O €CTECTBEHHBIM HaykaM Poccuiickolt akajieMun Hayk.

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIA, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00pPa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NPOrpaMMHOro odecrnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Hcnonp3yrorcst MyIsTUMEIUIHBIE TEXHOJIOTHH, BKIII0YAst JEMOHCTPALUIO MPE3EHTALUN.
9. MeToauyeckue yKazaHusi AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

VYenenrHoe ocBoeHne Kypea «UnciieHHoe pereHne 3a/1a4 MEXaHUuKH 1e(hOpMUPYyEeMOTo TBEPJOTO Tea B
MPOrpaMMHBIX KOMILJIEKCax» TpeOyeT OOJbIIOH caMOCTOSTeNbHOW paboThl cTyaeHTa. B mporpamme
Kypca IIpHUBeIeHO MUHUMAJIbHO HE00X0MMOe BpeMs 1Sl pabOoThI CTy/IeHTa HaJl TEMOH.

CamocrosiTenbHas padoTa BKIIOUAET B Ce0s:

— YTEHHE U KOHCIIEKTHPOBAHUE PEKOMEHIOBAaHHOM JIUTEPATYPBI;

— npopaboTKy yueOHOTO Marepuara,

— penieHue 3a/1a4 B iporpaMMHbIX komruiekcax (SIMULIA/Abaqus);

— pellIeHre MHANBHIYaIbHOTO 3aJaHusl, TIPEJIaraeMoro npero/iaBaresieM KaKJI0My CTY/ICHTY;
— MO/ITOTOBKY K 9K3aMEHY.

IIpu noaroToBKE MOXKHO UCIIOJIB30BaTh CIEAYIOLIME MaTepHaIbL:

1. Konnaypos B.U., ®oproB B.E. OcHOBB TepMOMEXaHUKN KOHIAEHCHpOBaHHOU cpensl. M.: MOTH,
2002.

2. 0. 3enkeBny, K. Mopran. Koneunsie anemenTs! u annpokcuManuu. M.: Mup, 1986.

3. Pabotnos IO0.H. Mexanuka nedpopmupyemoro tBepaoro tena. — M.: Hayka. 1979.

4. Konpaypos B.U., ®optoB B.E. OcHOBBI TepMOMEXaHUKH KOHACHCUPOBAaHHOH cpensl. M.: MOTH,
2002.

5. Tpycnenn K. IlepBoHadanbHbIM Kypc pallioOHATIbHON MEXaHUKHU CIUIONIHBIX cpea. — M.: Mup. 1975.

6. Pspoxax E.W. beckoopanmHaTHOe TEH30pHOE HCUMCIEHHE A MEXaHMKH CIUIOMIHBIX cped. — M.:
MO®TH, 2011. - 170 c.



7 Gerard A. Maugin The Thermomechanics of Plasticity and Fracture. Université de Paris VI (Pierre
et Marie Curie). 1992.

8. Abaqus Analysis User's Manual, Part V, “Materials”, 2010 r.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: Texanueckas Qpusnka

npopuJib NOArOTOBKHU: Texauveckas Gu3NKa KOCMUYECKUX JIETATEILHBIX allapaToB
dusTex-urkona ApokocMuueckux TexHomoruit
kadempa MpuKIaAHON MEXaHUKH

Kypc: 1

KBaJU(PUKAHA: MarucTp
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1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-3 CriocoOeH orpeneanTs GU3nIeCKyIo,
€CTECTBCHHOHAYYHYIO CYIIHOCTh MPOOIIEM,
BO3HUKAIOIIUX B X0JI¢ MPO(eCCHOHATHLHON
JIeATEIIbHOCTH, IPOBECTH UX KaUueCTBEHHbBIN 1
KOJTMUCCTBCHHBIN aHAIH3

OIIK-3.1 CrnocobeH MpoBOIUTH aHAIHM3 MPOOJIEM W 3ajiad,
BO3HHKAIOMIUX NpU padore B oOmacTu npodeccuoHaIbHON
AeSATEeIBHOCTH

OIIK-3.2 CnocobeH mnpuMeHSTh 3HaHUS B o0jacTu
TEXHUYECKOM (HM3MKHM JUId NPOBENEHHS KA4€CTBEHHOTO U
KOJIMYECTBEHHOTO  aHayiu3a  334a4,  (opMyaupoBaHuUs
BBIBOJIOB U OIICHKH TTOJTyYEHHBIX PE3YJIbTaTOB

OIIK-4 CriocoOeH oCcylIecTBISTh HAyYHBIH
MOMCK U Pa3pabOTKy HOBBIX EPCHEKTHBHBIX
MOXOJI0B ¥ METOJIOB K PELICHUIO
npo¢ecCHOHANIBHBIX 3a/a4, TOTOBHOCTD K
aKTHBHOMY y4YacTHIO B HAyYHOH U
WHHOBAaIIMOHHOW ACSTEIbHOCTH,
KOH(EepeHINAX, BBICTABKAX U MPE3CHTAIMAX

OIIK-4.1 CrocobeH aHamM3WpoBarTh 3ajady, MJIAHHUPOBAThH
MyTH PELeHHs, Mpeiaratb U KOMOMHHUPOBATh CIIOCOOBI
peneHuns

OIIK-4.2 ChoocoOeH HCIIOIb30BaTh HCCIIENOBATEILCKUE
METO/IBI TIPY PENICHUM HOBBIX 3aj/lad, MPUMEHSS 3HAHHS B
pa3nuyHBIX 001aCTIX HAyKH (TEXHUKN)

OIIK-4.3 CriocoOeH BBIABUraTh TUIIOTE3bI, CTPOUTH MOJICIH
JUIA  ONHUCAHMA M3y4aeMbIX SIBICHHMA M  IPOILECCOB,
npeasaratb HOBBIE IYTH peLIeHus NPOopeCCHOHATbHBIX
3a1a4y

OIIK-4.4 CnocobeH MOArOTOBUTH MaTepUaIbl JJISl yUACTHS
B KOH(EPEHILUAX, BHICTABKAX U MPE3CHTALMAX

[MK-1 CriocobOeH KpUTHYECKH aHATU3UPOBATh
COBpPEMEHHBIC MTPOOJIEMBbI TEXHUUECKON (PU3HUKH,
CTaBUTh 33Ja4M U pa3padaThIBaTh IPOTPaAMMy
WCCIICAOBaHMsI, BEIOUPATH aJIeKBaTHBIE CIIOCOOBI
Y METOJIbI PELICHUs SKCTIEPUMEHTAJIbHBIX U
TEOPETHUYECKUX 3a/1a4, HHTEPIPETHPOBATD,
MPEACTABIATh U IPUMEHSTD HOIy4CHHbIE
PE3yIbTaThl

[MK-1.1 CrocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyal bHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
00JIACTH TEXHUYECKOUW (DU3HKH

I[IK-1.2 ChoocobeH  craBuTh 3aJayd B 00JIacTH
MpoeCCUOHANIBHON JACATENbHOCTH, Mpeaiararb MyTH HX
perieHust

IIK-1.3 CnocobeHn pa3pabarbiBaTh U MPUMEHSATH Haunbolee
MOAXOASIIIUE  TEOPETHYECKHE H  OKCICPUMEHTAJIbHBIC
METOABl HCCIENOBAaHUN K KOHKPETHOM HaydHOHM 3ajaye u
WHTEPIPETUPOBATH MOTYUYCHHBIEC PE3YJIBTATHI

[IK-1.4 CnocobeH mNpOBOAWTH ampoOaIuio pe3yiIbTaToB
HAYYHO-HCCIIE0BATEIHLCKON paboThI MOCPEICTBOM
MyONUKAIMY HAyYHBIX CTAaTe U yJacTusl B KOH(pepeHIuIx

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA

B pesynbrare n3yueHus AMCHMIUIMHBI «YHCIEHHOE pELIeHHe 3aJad MEXaHWKH 1e(OpMHPYEMOro TBEPIOTrO
TeJa B IPOTPaAaMMHBIX KOMIUIEKCAX» 00y4aloUIUiCs JOIKEH:

3HAThb:

® (bYHI[aMeHTaHBHBIe IMOHATHA, 3aKOHbI, TCOPHU KJIaCCUYECKON MEXaHHUKU U TCPMOJAUHAMUKU

CINIOIIHBIX CPECI;

* 0COOEHHOCTH, CXOZICTBA U Pa3IN4Ms KIACCHYECKUX MOJIENIeH MOBEIECHUS TBEPAOro Je(GopMUpyeMOro

Tela;

® MOpAAKN YHCJIICHHBIX BCJIMYHH, XAPAKTCPHBIC IJIA PA3JIMYHBIX Pa3fejiOB MCXaHUKH TBEPAOIo

nehopMUpPYEeMOTO TeTa;

® OCHOBHBIC MNOHATUA METOHa KOHCUHBIX 3JIECMCHTOB, aJITOPUTM pacde€Ta Ha MNPOYHOCTH IO METOLY

KOHCYHBIX 3JICMCHTOB.

yMeTh:

® IIOJIB30BATbCSA CBOMMH 3HAHUAMH JId PCUICHUA qJYHI[aMeHTaHLHLIX U NPUKIAJHBIX 3ada4 Hu

TCXHOJIOTHYCCKHUX 3a1a4,

¢ Je€JaTh IPaBUJIbHBIC BLIBOJABLI U3 COIIOCTABJICHUS PE3YJIBTATOB TCOPHUU U OKCIICPUMEHTA.

BJA€Th:



* HaBBIKAMH WH)KEHEPHBIX PAaCYeTOB B IPOTPAMMHBIX KOMIUIEKCAX;
* HaBBIKAMHU OCBOCHHS 0OJIBIIOTO 00beMa HHpopMaIH;

* HaBBIKAMH CaMOCTOSITEIBHON PaOOTHI;

* KyJIBTYpO#l OCTAHOBKU M MOJCIMPOBAHUS (PU3MUYESCKUX 3a/1a4;

*  HaBBIKAMH TI'PAMOTHOH 0OpaOOTKM pE3yJbTarToOB ONbITA M COMOCTABICHUS C TEOPETHYSCKUMHU
JaHHBIMHU.

3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

Tekymuii KOHTPOJb OCBOCHHUSI MNPAKTHUYECKOW YACTH OCYIIECTBISIETCS HEMOCPEACTBEHHO Ha
[IPAaKTUYEeCKUX 3aHATUAX. CTyIeHThl JEMOHCTPUPYIOT F€OMETPUUECKYI0 MOJEb, I'PaHUUHbIE YCIOBUS,
pe3ynbTaTbl YMCIEHHOTO pacuera. TunuuHble 3agadd: W3ru0 ynpyrod Oankd, KOHLEHTpAIUs
HAaIpsDKEHNH B OKPECTHOCTH KPYIJIOrO OTBEPCTHS B IUIACTUHE (YIPYTOCTb); HOI3Y4ECTh Harpy >KEHHOTO
CTepKHA (BSI3KOCTB); M3rHO YNpyro-ruiacTUUeckoil Oanku, oOpa3oBaHHE MICHKH TPU PACTSHKCHUU
IHHIpUYECKoro o0pasna (mIacTU4HOCTh). KOHTpOmb OCBOEHHMS TEOpeTHYEeCKOoro Marepuala
OCYLIECTBIISIETCS HA SK3aMEHE.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

AtTecrarnys o quciuIUInHe «HuclieHHOe peleHue 3a1a4 MEXaHUKH TBEPJIOTo J1e(hOpMUpPyeMOro Teja
B IIPOTPAMMHBIX KOMIUIEKCAX» IMPOBOAUTCS B (JOPME IK3aMeHa.

B Owner BxomuT oauH Bompoc mo Teopuu. Ilocie ycmemrHoro OTBeTa Ha TEOPETUYECKUH BOIMPOC
9K3aMEHYEeMOMY IpeJyIaraercsi oqHa oosi3aTeNbHas 3a1a4a.

BMJIET Ne 1

1. OcHoOBHBIE 3Tambl pacyéra ¢ MOMOIIBIO METOJOB KOHEYHBIX 3JIEMEHTOB. BHUIbI KOHEUHBIX JIEMEHTOB
U CcII0COObI UX MOCTpOoeHMs. Pelienue crarmueckoit 3a1auu Teopun ynpyroctu. IlomyueHne mMaTpuiibt
YKECTKOCTH U BEKTOPOB BHEITHUX Harpy3okK.

2. 3anayva.

BUJIET Ne 2

1. IIpuHumme! yncnenHon peamnzaunu MKD u cocraBnenus nporpaMM. MeToapl pelieHus] TMHEHHBIX
anrebpanyeckux cuctem ypaHeHuit MK, ucnonszyemslie consepom SIMULIA/Abaqus.

2. 3agaya.

BIJIET Ne 3

1. ITocTpoeHue cHCTEMBI ONPENCISIONIMX COOTHOUIEHWM JUIsl ympyroro Marepuana. JIuHeiWHas u
HeJIMHElHasl yIpyrocTb. PasiiojkeHue ynpyroro mnoTeHIuajla B psij II0 MajbIM NapaMeTpaM. 3akoH
I'yka, 3axoH @ypse. [loHATHE O TUIIO- ¥ THIIEPYIIPYTHX CpElaX.

2. 3anayva.

Kputepun onennBanus
OIIEHKA «OTJINYHO (10)» BBICTABIISIETCS CTYNEHTY, MOKa3aBIIEMY BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, DIIYOOKHWE 3HaHUS Y4YeOHOH NporpaMMbl AMCLUIUIMHBL TPU  OTBETE
9K3aMEHAIIMOHHOTO OniieTa U OTBETE Ha BOIPOCHI IO MPOrpaMMe AUCIUIIIMHBL

oLeHKa «OoTIM4YHO (9)» BBICTABISIETCS CTYACHTY, IOKa3aBILIEMY CHUCTEMAaTH3HPOBAHHBIE, TIIyOOKHE
3HaHHUA Y4eOHOW IMPOTrpaMMbl IUCUUILIMHBI NPH OTBETE 3K3aMEHALIMOHHOTO Omiera W OTBETE Ha
BOIIPOCHI IO IPOrpaMMe AVCIHIINHEL,

OLICHKA «OTAMYHO (8)» BBICTABISETCS CTYAEHTY, IOKa3aBIIEMYy CHCTEMAaTH3HMPOBAaHHbIC, 3HAHMSA
y4eOHON IpOrpaMMbl IUCLUILIUHBI IPU OTBETE 3K3aMEHALMOHHOTO OHMJIETa M OTBETE Ha BOMPOCHI IO
[IporpaMme JUCLMITIMHBI;



oLeHKa «xopomio (7)» BBICTaBISETCS CTYACHTY, €CJIM OH TBEPJO 3HAET MaTrepHall SK3aMEHAIlMOHHOTO
Onrera, TpaMOTHO U IO CYIIECTBY M3JIaraeT €ro, yMeeT PUMEHATh NOIy4YeHHbIC 3HAHUS Ha MPaKTHKE,
HO JIOIYCKA€eT B OTBETE WJIM B PEUIEHUH 3a/1a49 HEKOTOPHIE HETOUHOCTH;

OIIEHKa «XOPOIIO (6)» BBHICTABISETCS CTYACHTY, €CIIM OH 3HACT MaTepHall IK3aMEHAIIMOHHOTO OHIIeTa,
[0 CYLIECTBY M3JIaraeT €ro, yMEeeT MPUMEHATh MOJYUYCHHBIC 3HAHMSI HA MPAKTHKE, HO JOIMYCKAET B
OTBETEC MHOI'O HETOYHOCTEH;

OIIEHKa «XOpOoIIo (5)» BBICTABISAETCS CTYIEHTY, €CIM OH 3HaeT Marepuas dK3aMEHAI[MOHHOTO OuieTa,
W3NIaraeT ero, yMeeT MPUMEHSAThH MOJyuYeHHbIE 3HAHUSI HA MPAKTHKE, HE JIOMyCKAaeT B OTBETE TPYyObIX
OIINOOK;

OLICHKA «YIIOBJICTBOPUTEIBHO (4)» BBICTABISIETCS CTYACHTY, €CIIM BO BPEMsI OTBETa IK3aMEHAIIHOHHOTO
Owsiera OH moKasain (parMeHTapHBIM, XapakTep 3HAHWH, HEJOCTATOYHO NPaBHJIBbHBIE (HOPMYIHPOBKU
0a30BBIX MOHATHIA, HO MpPH OSTOM OH BIAJCET OCHOBHBIMH pa3ieiaMd Yy4eOHOH MpOrpamMMEl,
HEOOXOUMBIMH 151 TalTbHEHIero 00yYeHHUS;

OLICHKA «YIOBJIETBOPHUTEIBLHO (3)» BBICTABIAETCS CTYIEHTY, €CJIM BO BPEMs OTBETA SK3aMEHAIIMOHHOTO
Ourera OH IOKa3aj pa3pO3HEHHBIN XapakTep 3HAHWH, HEIOCTATOYHO NpaBHIbHbBIE (HOPMYIHPOBKU
0a30BbIX TMOHSATHH, HapyLIeHHE JIOTMYECKOH IOCIICAOBATEIbHOCTH B HW3JIOKEHWH TPOrPAMMHOIO
Marepuaa, HO IpH 3TOM OH BJaJeeT OCHOBHBIMM pas/ieslaMH y4eOHOH NmporpamMMbl, HEOOXOIMMBIMU
JUI ajJbHEHWIero oOy4eHUsI ¥ MOXET NPUMEHSTH HOIYy4YEeHHBbIE 3HAHHs MO 0o0pas3ly B CTAaHAAPTHOU
CUTYyalluy;

OIICHKA «HEYIOBJIETBOPUTENHLHO (2-1)» BBICTaBIsiETCS CTYJAGHTY €CIM BO BpeMs OTBETa
9K3aMEHAIIMOHHOTO OwWiieTa, OH IOKa3aj 4TO He 3HaeT OOJbIIeH YacTH OCHOBHOTO COJCp)KaHHS
y4eOHOH TpOrpaMMbl JIUCIMIUIMHBI, JOIyCKaeT TpyOble OMHOKA B (OPMYIUPOBKAX OCHOBHBIX
MOHSATHH TUCHUIUIMHBI U HE yMEeT HCIOJIb30BaTh IOJYYCHHBIC 3HAHHS IPH PEIICHHH THUIIOBBIX
MPaKTHYECKUX 3a/1au.

5. MeTonuveckne MaTepuabl, onpeneasone Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

OOy4varomuiics JODKEH CaMOCTOSITENIbHO — TMOJATOTOBUTH — pacdyeT WHXXCHEPHOW  3ajadyu 110
WHIMBH/yaJ bHOMY 3aJIaHUI0, BBIJAHHOMY IMPENoJiaBaTeiio. 3aTeM I0Ka3aTh CO3/[aHHBIM MPOEKT B
SIMULIA/Abaqus mpenogaBarento. OOyJaromuiicsi TODKEH OOBSICHUTH MPOIECC CO3MaHUS MOJEIH,
BBIOOp TPaHWUYHBIX YCIIOBHM, MPOJAEMOHCTPUPOBATH PE3yNbTaThl pacueToB. [locne ycmenHo# cpadn
CaMOCTOSATEIHHON PabOTHI OOYUAIOIIUIICS TOMYCKAETCS IO C/Iaul IK3aMEHa.

[Topsimok mpoBeeHUs IK3aMeHa.

Bo Bpems mpoBeneHus 3K3aMeHa IIPH IOATOTOBKE OTBETAa Ha OWIET OMYCKAeTCS WCIIOIb30BAHUE
KOHCIIEKTOB JIEKIIMH, CEMHHApPOB M JI000W JApyroil nurepatypbl. Bo Bpemsi oTBeTa HCHONB30BaHHUE
JIUTEPATYPHI HE JIOMyCcKaeTcs. 3ajaya dK3aMeHYEMOMY BBIJIAETCS TIOCIIE YCIIEITHOTO OTBETAa HA BOMPOC
ounera. [Ipu pemenny 3aa4m UCTIONB30BAHUE TUTEPATYPHI HE JIOMYCKACTCA.



3. [lepeyeHb THUNOBBIX KOHTPOJIBHBIX 3aJaHHIl, HMCHOJb3YeMbIX /AJsl OUEHKU 3HAHWI,
YMEHHIi, HABbIKOB

AtTtecTaumsi 1o AMCUHUIUIMHE «YMCIEeHHOe  pelieHue 3aJad  MEXaHUKH  TBEPAOro
nehopMUPYEMOTO TeJla B IPOTPAMMHBIX KOMILIEKCaX» MPOBOAUTCS B popMe dK3aMeHa.

[TpomMexyTOUHBI KOHTPOJIb OCYIIECTBIIAETCS B (POPME CaMOCTOATENBHON PabOThI, KOTOpasi HE
OlleHUBAaeTcs B Oajuiax, HO KOTOPY HEOOXOJUMO 3aIlUTUTh Ul JOIYCKa J0 3K3aMeHa.

IIpumepsbl OMJ1€TOB, HCIOJIB3YEMbIX HA IK3aMeHe.
B Ounet BxoauT oauH BOIpoc 1Mo Teopuu. [lociie ycrnemHoro oTBeTa Ha TEOPETUYECKUN BOIIPOC
9K3aMEeHyeMOMY IpeJiaraeTcsl oJjHa o0s13aTenbHas 3a/1a4a.

BMJIET Ne 1

1. OcHOBHBIC ATambl pacdyéra C MOMOIILI0 METOJOB KOHEYHBIX JJIEMEHTOB. BHIIBI KOHEYHBIX
JJIEMEHTOB W CIHOCOOBI WX IOCTPOCHUS. PelieHHe CTaTW4eckod 3ajaud TEOPUU YIPYTOCTH.
[TorydeHre MaTPUIILI JKECTKOCTH U BEKTOPOB BHEITHUX HATPY30K.

2. 3amauqa.

BUJIET Ne 2

1. Ilpunuunel yucneHHod peanuzauuun MKD u cocrtaBnenuss nporpamm. Metozsl pelieHus
JUHEHHBIX  aireOpanueckux cucreM ypaBHeHuili MKD, wucnonb3yemble — cosBepoM
SIMULIA/Abaqus.

2. 3amaua.

BIJIET Ne 3

1. ITocTpoeHue cucTeMbl ONPEAETSIONIUX COOTHOLIEHUH /Ui yrpyroro Matepuana. JInnelinas u
HEJIMHEWHAsT yIpyrocTh. PasiokeHWe ynpyroro TMOTEHIIMANAa B PSI TI0O MaJBIM ITapaMeTpaM.
3akoH ['yka, 3akoH @ypbe. [ToHsATHE O TUIIO- U TUIIEPYNIPYTUX CPEAAX.

2. 3amaua.

BUJIET Ne 4

1. TlocTpoeHue cuUCTEMBl OMPEACTAIONINX COOTHOIICHUN [JISi JTUHEHHO BS3KOM KUIAKOCTH H
JUHENHO BA3KOro TBepaoro tena. YpaBHeHue Habe-Ctokca. Teno ®oiixta. uccumanms
BSI3KOTO TPEHUS.

2. 3amaya.

BUJIET Ne 5

1. Tlpumenenne MeTo/1a BHYTPEHHHUX MepeMeHHbIX. [locTpoeHne onpeaensonmx cCOOTHOUICHHUM
JUIL MaTepuajoB C 3aTyXawlled namsaTblo. MieanbHble W yIPOYHSIOIIMECS MaTepUalbl.
TepMoIMHaAMHYECKH COTJIACOBAHHOE KWHETHYECKOE YPAaBHEHME JUIsI BHYTPEHHErO IapameTrpa.
Teno Makcsemia. Ilon3ydects, penakcanus HalpsyKEHUN.

2. 3amaua.

BUJIET Ne 6



1. UneanpHble ¥  YOPOYHSIIOMIMECS YOPYro IUIAaCTUYECKHME MaTtepuanbl. Jluccumanus
IUTACTUYECKOr0 TedeHHs. DOopMyTUpOBKa TEOPHUM IUIACTUYHOCTH 4Yepe3 HaNpsHKCHHS U
nedopmaruu. [IoBepXHOCTh TEKYUYECTH.

2. 3agayda.

BUWJIET Ne 7

1. AcCOIMUpPOBaHHBIN 3aKOH IJIACTHYECKOTO TEUCHHS JJIS HJICaIbHOIO YIPYroIiacTHYeCKOrO
Tena. JIomoHUTENbHBIE SKCTPEMaTbHBIC PUHIUTIEI (puHIIUI Museca, npuHimn Jpykepa).
2. 3agaya.

BUJIET Ne 8

1. TpancnsiumoHHOE W M30TpomHOE yrpoyHeHue. Dddekr baymmurepa. AcconuUpOBaHHBIHN
3aKOH TE€YEHHUs AJIS YIPOUHSIOUIErocs yIPpYyromacTHUecKoro Tea.
2. 3amauda

BUJIET Ne 9

1. Monenb Tpecka, mogens Museca. [IpuMeHeHre TEOPUH IIIACTUYHOCTH B MEXAHUKE TPYHTOB H
TOPHBIX TOPOJ. Moaenyu MIACTUYECKIX MaTepUaIoB C BHYTPEHHUM TpeHueM (Monenu Kyrona,
Hpyxepa-IIparepa).

2. 3amaya.

BUJIET Ne 10

1. Kunematuka cruiomHod cpensl. ['paaueHT aedopmainuu, TEH30pHbIE MeEpbl KOHEUHBIX
nedopMaruii, TeH30p MaJbIX AeopMariuii, TeH30p JorapudmMudeckux aedopManui.
2. 3amauqa.

BUJIET Ne 11
1. Mexanuka CIUIONIHOM cpeabl. YpaBHEHUE HEPA3PBIBHOCTH, YpaBHEHHE IBWKEHUA. TeH30p
HaIpsHKCHUN.
2. 3amaua.

BUJIET Ne 12

1. TepmonmHaMuKa CIUIOIIHOM cpedbl. YpaBHeHHE OanaHca »SHEpPruM, BTOpPOE Hadajo
TepMoauHamMuKu B popme Knaysmyca-/[rorema. DHTpOIHs, CBOOOIHAS YHEPTHSL.
2. 3agaya.

BIWJIET Ne 13

1. IlpuHuuMnOBl MOCTPOEHUS OMNPENENAIOIINUX CcoOTHoumeHud. [IpuHnun perepMuUHU3MA,
JIOKaJIbHOCTH, 0OBEKTUBHOCTH, TEPMOJMHAMUYECKOI COTIIaCOBAaHHOCTH.

2. 3amaua.

BUJIET Ne 14
1. [TamaTe matepuana. Tumbl MaMsITH, TPUMEPHI.
2. 3agauva.

IIpumepsl 3aga4, npeaiaraeMbIx AJIsl pelICHUs] HA JK3aMeHe.



3amaun B OwieTax MpPOBEPSIOT IMOHMMAaHUE KAaueCTBEHHBIX 3aKOHOMEPHOCTEH IOBEACHUS
MaTEpUaJIOB B PA3JIMYHBIX YCIOBHAX M B OCHOBHOM IIOCBAILICHBI BONPOCAM JIMHEHHOU
IIOJI3YYECTH U PEJIaKCAL[UU HAIIPSKCHUN.

1. ITycth u3BecTHa QYHKIHS MOI3Y4ecTH U MOy FOHra Matepuana. Mcrnonb3ys IpUHINIT
cyneprno3uuu bospliMana, Ka4ueCTBEHHO M300pa3UTh 3aBUCUMOCTb MTOJHOHU AedopMaiiu
CTEPKHs OT BPEMEHH JUIs 3aJaHHOM IPOrpaMMBbl HArpyKEHUS.
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2. ITycTtp n3BecTHA QYHKIMS TOA3YYECTH B MOYJIb FOHTa MaTepuana. Vcrnonb3ys mpuHIIIT
cyrneprno3uiuu boiapiMaHa, KaueCTBEHHO N300pa3uTh 3aBUCUMOCTD TIOJTHOW e opMaIiun
CTEpIKHS OT BPEMEHH ISl 33/IaHHOM MPOrpaMMbl Harpy>KEHUsI.
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3. lan martepuas, CBOMCTBA KOTOPOTO 3a/laHbl CXEMOH, KaK MIOKa3aHO Ha PUCYHKE.
BoccranoButh rpaguk 3aBUCHMOCTH TIOJTHOH JleopManuy CTEP>KHS U3 JaHHOTO MaTepHraia OT
BPEMEHU, €CJIM U3BECTHA 3aBUCUMOCTD HAIIPSHKEHUSA B IIONIEPEYHOM CEYEHUU CTEPIKHS OT
BPEMEHH.
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4. JTan matepua, CBOMCTBA KOTOPOTO 3a/laHbl CXEMOH, KaK MOKa3aHO Ha PUCYHKE.
BoccTanoButs rpaduk 3aBUCMMOCTH MOJIHOM JiehopMaliuu CTEP KHS U3 TaHHOTO MaTepualia oT
BPEMEHU, €CJIM U3BECTHA 3aBUCUMOCTD HAIIPSKEHUS B ITIONIEPEUYHOM CEYCHUU CTEPIKHS OT
BPEMEHU.
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5. I[aH ynper-HJ'IaCTI/ILICCKI/Iﬁ Marcpuall, CBOMCTBaA KOTOPOI'O 3a/1aHbL CXCMOﬁ, KaK ITOKa3aHO Ha
PUCYHKE. HpOF paMMa UBMCHCHU HAIIPSAKCHUS ITPU PACTSIKCHUHN -CKATUH CTCPIKHA U3 JAHHOT'O
MaTcpHrajia U3BCCTHA. Bemuuuna o * COOTBCTCTBYCT IMOPOT'Y CYXOI'o TPCHHA Ha CXEMC



MmatepHaia. BocctaHOBUTH 3aBUCHMOCTb MOJIHOM JiepopMaIiui OT BpEMEHU U 3aBUCHUMOCTD
HaIPsKEHUS B CEUYCHUU CTEPKHS OT TOJIHON AehOopMaIinid.
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Hpyrue 3anaun GopMyIHpPYyIOT aHAIOTUYHO. BMecTo mporpaMMbl H3MEHEHHS HallPSHKECHUS
MO>KHO MPEJIOKUTh TPOrpaMMy U3MEHEHHUs 1ehopMalinui.

HpI/IMepLI HHAUBUAYAJIBbHBIX 3aualmﬁ AJId CAMOCTOATEJIBHOI'O BBINIOJITHCHUS.

1. Yucnenno onpeaenuTs KOOPPHUIUEHT KOHICHTPALUH IS IJIACTUHKHU, U3TOTOBIICHHON M3
YIIPYroro MaTepHaia, ¢ OTBEPCTHEM B LICHTPE, ISl CIEAYIOLIETO CIydasl HarpyKEHUs:
Pa3smeps! mnactuaku 1M* 1M, Tonmuza 1MM, OTBEpCTHE pacmonaraeTcst CTporo 1o LeHTpy,

ARNANAN

IALARRAR;
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W

panuyc orBepctusi R=5 cM. Benuunna noronnoit cuisl — F=1000H/m. PaccmarpuBath TOIBKO
YeTBEPTUHKY IIacTUHKU. PaccmoTpeTs pa3ouBky Ha =300 snemenToB 1 = 1000 31eMeHTOB.
KoadduineHT KOHIIEHTpalluu pacCUUThIBaTh KaK OTHOLIEHHE CPeIHEH MHTEHCUBHOCTH
HaNpPsDKEHUN K MAaKCUMaIbHOW MHTEHCUBHOCTH HAINPSKEHUM B OKPECTHOCTH OTBEPCTHS.

2. PaccunrtaTh, HACKOJIBLKO 32 15 J1eT HenpephIBHOM pabOTHI MPOBHUCHET IOJT COOCTBEHHBIM
BECOM MeJHas TpyOa, ciykamas s oTBoja ropsiuero napa (235°C) va ADC, u3-3a BIUSHUS
nonzyyectu. Jnuna Tpyosl — L = 5 M, BHemHui tuamerpoM 20 cM, TONIIMHA CTEHOK 4
MM. Tpy6a ¢ 060MX KOHIIOB IIAPHUPHO 3aKpeIyieHa Ha KPOHIITeHHaX (Ha KOHIIaX 3alpelieHbl
TOJILKO nepemMertenusi). CpoiicTBa Meau npu temmneparype 235°C (B muumnmerpoom CH):
p=7.8x10-9 T/mMmMm3, E = 1.8x105 MlIla, v = 0.33. Xapakrepuctuku nonsydectu npu T=235°C:
k = 1.564x10-12(MIla)n/c (Power Law Multiplier), n = 2.16 (EqStressOrder), m =0
(TimeOrder). TpyOy MoaenupoBaTh 0AIOYHBIMH JIECMEHTAMH.



3. YucneHHo onpeaenuTs KO3PGUIUEHT KOHIIEHTPAIUH JIJIs TNIACTUHKY, U3TOTOBJICHHON U3
YIPYTro-IJIaCTUYHOTO MaTepuaa, ¢ OTBEPCTUEM B LIEHTPE, VISl CIEAYIOLIETO CiyJas
Harpy>KeHus:

IARARRAN;
WHH

Pa3meps! mnactuaky 1M* 1M, TonmuHa 1MM, OTBEpCTHE pacoaraeTcsi CTporo Mo UeHTpy,
pamuyc otBepcTus R=5 cm. Marepuan miacTUHKH— aJIFOMUHUEBBIN CILJIaB CO CIEAYIOIIMMHI
MexaHn4ecKuMu cBoiictBamu: E = 7x1010 I1a, v = 0,33. [Inarpamma pacTsKeHHs C THHEHHBIM
YIIPOYHEHHUEM:

omi_0=1,401848x%108 Ila
omn_1=3,069397x108 Ila, enn_1 = 0,053884

[TomryunTs K03 GUIUEHTH KOHIICHTPAIIUH 17151 TOTOHHOM cuiibl — F=1x105H/m, 1.2x105H/Mm,
1.5x105H/m. PaccMaTpuBaTh TONBKO YE€TBEPTUHKY TUIACTUHKU. J1Jis Tydiel cXOAUMOCTH
3aJ]a4M 3alpeTUTh NIEPEMEILECHNUS 110 JUHUAM CUMMETPUH B HAIIPABJICHUH, IEPIICHIUKYJIIPHOM
IUIOCKOCTH MIacTUHKU. Yncno snementoB =~ 1000. Koa¢ddunueHT KoHIEHTpallii pacCYUThIBAT
KaK OTHOILIEHUE CpeHEW NHTEHCUBHOCTU HAMPSKEHUI K MaKCUMaJIbHON MHTEHCUBHOCTH
HaNpPsDKEHUH B OKPECTHOCTU OTBEPCTHSL.

4, Kputepuu onleHUBaHUS
JK3aMeH

oyenka «omauuno  (10)»  evicmasnsemcs  cmyoemmy, nokasaswiemy — 6CecmopoHHUE,
cucmemMamu3upo8anuvle, 21y00KUe 3HAHUS Y4eOHOU NpocpamMmbl OUCYUNIUHBL NPU omeeme
9K3AMEHAYUOHHO20 OUema u omseeme Ha 6ONPOCHL NO NPO2PpAMME OUCYUNTUHDBL;

oyenka «omauuno (9)» evicmaeniemcs cmyoeHmy, HOKA3ABUIeMY CUCMEMAMU3UPOSAnHbLe,
2nyboKue 3Hanus Y4eOHOU npocpammbvl OUCYUNTUHBL NPU OMEeme IK3AMEHAYUOHHO20 Oulema u
omeeme Ha 60NPOCHL NO NPOSPAMME OUCYUNTIUHDL;

OYEHKaA «Omiau4Ho (8))) eblcmaeisAemcs cmyOeHmy, nokasaewemy cucmemamusupoeaHHvle,
3HAHUA yll€6H0ﬁ npozpammbol auCZ/;ul’lﬂqul npu omeeme IK3AMEHAYUOHHO2O bunema u omeeme
HA 60npoOCsbL NO npozpamme ()qu;ul’l]Zqul;

oyenrka «xopouwo (7)» 6vicmaegnsiemcss Cmyoenmy, eciu OH MmMEepoo 3Haem Mamepua
9K3AMEHAYUOHHO20 OUlema, 2pamomuo U HO CYWecmey usiazaem e2o, ymeem NpPUMeHsAmbs
NONYYeHHble 3HAHUS HA NpaKmuke, HO OONYcKaem 6 omeeme Uil 8 peuleHuu 3a0a4 HeKomopbwie
HEMOYHOCTU,



OYEHKA «XOpOouto (6))) 8blCmMAeBIAemcs cmy()eumy, eClit OH 3Haem mamepuail IK3admMeHauuoOHHOo20
6wzema, no cywyiecmey uszjiacaent €20, ymeen npumMerAntb noay4eHnble 3HaHUusl Ha npakmuKke, Ho
OonyCKaem 6 omeeme MHO20 Hemounocmed;

oyenka «xopowto (5)» evicmasnsemcs cmyoeHmy, eciu OH 3Haem Mamepual IK3aMeHAYUOHHO2O0
ounema, usnazaem e2o, ymeem npuMeHAmMsb NOJIYUEHHble 3HAHUA HA NPAKMUKe, He 0OnycKaem 8
omeeme 2pyovIX OUUDOK,

oyenka «yooeremeopumenvho (4)» evicmasnisemcs cmyoenmy, eciu 80 6pems Omeemd
9IK3AMEHAYUOHHO2O0 OUlema OH NOKA3al (hpazMeHmapHblil, Xapakmep 3HAHUL, He0OCMAamoyHo
npasuivhblie GOPMYAUPOSKU OA306bIX NOHAMUL, HO HPU SMOM OH 61a0eem OCHOBHbIMU
paszoenamu yueOHoU nPocpammbl, He0OX0OUMbIMU OJis1 OdbHele20 00yYeHUs;

oyenka «yooeremsopumenvro (3)» evicmagnsemcs CcmyoeHmy, eciu 80 6epems Omeemd
9K3AMEHAYUOHHO2O Oulema OH NOKA3AN PA3PO3HEHHbI XApAKmep 3HAHUU, HeOOCMAMmOYHO
npasuivhvie GopmMyauUposKY 6A306b1X NOHAMUL, HAPYULeHUe J102UYeCKOl NOCIe008aMeNbHOCU 8
UBTLOJICEHUU NPOSPAMMHO20 MAMepuand, HO Npu SMOM OH 61adeem OCHOSHbIMU pazoenamu
VUeOHOU Npocpammvl, HeoOX00UMbIMU Ol OdlbHeluleco 00y4eHus: U Modcem NPUMEHIMb
NOJYYEeHHbLE 3HAHUSL N0 00PA3YY 8 CIAHOAPMHOU CUMYAYUU,

oyenka «Heyooeremeopumenvio (2-1)» evicmasisemcs cmyoeHmy eciu 60 6pems Omeemad
9K3AMEHAYUOHHO20 OUlema, OH NOKA3al Ymo He 3Haem Oonbuiell Yacmu 0CHOBHO20 COOEPHCAHUSL
VuebOHOU npocpammbl OUCYUNTIUHBL, OonycKaem 2cpyovie OuudOKU 6 PopmMyIuUposKax OCHOBHBIX
NOHAMUU OUCYUNTUHBL U He YMeem UCNOIb3068aMb NOJYYeHHble 3HAHUA NPU PeueHUU MUNnosblx
NPAKMUYECcKUx 3a0au.

5. MeTtoauyeckue MaTepuaJibl, ONpeae/silolue nMpouelypbl OeHNBAHUS 3HAHWH, YMEHMI,
HABBIKOB M (WJIH) ONBITA 1eATEJILHOCTH

ITopsigok 3a1UTHI CAMOCTOATEIbHOI PadOTHI:

OOyuaronuiics JOKEH CaMOCTOSITEIbHO MOJArOTOBUTH pacueT HHXKEHEPHOM 3adaud 1o
VHAMBHUYaJIbHOMY 33JIJaHUIO, BBIJAHHOMY IpernojaBaTelito. 3aTeM MOoKa3aTh CO3/IaHHBIM MPOEKT
B SIMULIA/Abaqus npemnoaasatento. OOydaromuiicss T0KeH OOBSICHUTH MPOLECC CO3AaHHs
MOJIEJH, BBIOOP TPaHUYHBIX YCJIOBHM, MPOJEMOHCTPUPOBATH pe3yibTaThl pacderoB. llocie
YCIIEIIHOM cZJauu CaMOCTOSTENbHON PaboThl 00yUaroIUICs TOMyCcKaeTcs 10 Claun IK3aMeHa.
ITopsinok npoBeeHusi IK3aMeHa:

Bo Bpems npoBeneHMs SK3aMeHa MpyU MOATOTOBKE OTBETa HA OUJIET JJOMYCKAETCs UCIIOJIb30BaHHe
KOHCIIEKTOB JIEKI[MH, CEeMUHApoB M JI000M Jpyrod muteparypbl. Bo Bpems orTBera
WCIIOJIb30BAaHUE JINTEPATypbl HE JOIyCKaeTcsA. 3ajada HK3aMEHYEMOMY BBIIAETCS I10CIIe
YCIIEIIHOTO OTBETa Ha Bompoc Owsera. [Ipu pemieHnn 3aadu UCIONB30BAHUE JINTEPATYpPhl HE
JIOITYCKaeTCsl.



