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«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
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PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

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

M0 HAMPABJIEHUIO: [puknagHpie MaTemMaTHKa U Gpu3nka

npo¢uIb NOArOTOBKH: Kocmuueckue TexHonorun

dusTex-urkona A3pokocMuueckux TexHomoruit
HeHTp oOpazoBarenbHbIX TporpaMm GAKT

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 3aceanuu LeHTpa oopazosarenbHbIX mporpaMm GAKT 02.12.2024



AHHOTANMA

Kypc mocBsillieH HM3y4eHHIO KIACCMYECKHUX OIPENENSIONMX COOTHOLICHUHA MEXaHUKU Je(hOopMHPYEMOro
TBEpAOTo Tesa (YHpyrocTb, BSI3KOCTh, IUIACTHYHOCTH). B OCHOBY TeOpeTHUeCKON YacTH MOJOKEH €AMHBIN
MOJXO0A K TIOCTPOCHHUIO MOJIeNIel MOBEICHUSI MaTepHaiOB, CBSI3aHHBIN C aHAJM30M HEPABEHCTBA JUCCHIIAIINH.
B mpakTtudeckoil WacTH Kypca CTaBATCS M PELIAIOTCS XapaKTEpHBbIE 3aauydl MEXaHUKU J1e(OpMUPYyEMOro
TBEPJIOTO TeJla C MPUMEHEHUEM MTPUKIIAAHOTO KOHEYHO-3JIEMEHTHOTO MAKeTa.

1. leau u 3apauu

Meap AUCUMNIMHBI

- (I)OpMI/IpOBaHI/IG HaBbIKa TPUMCHCHUS 3HAHUM II0 MEXAaHHUKE CIUIONIIHBIX cpea Ipu peuICHUU
HWH)XCHCPHBIX 3aJlaq € UCII0JIb30BaHUCM COBPEMEHHBIX IPOrPaMMHBIX CPEACTB.

3agauu AU CHUILIHHBI

® O606H_[I/ITI> N 3aKpCIIUTh HAKOIUJICHHBIC CTYACHTAMH 3HAHUA O (t)YHZ[aMeHTaHBHBIX INOHATUAX U

3aKOHAaX MCXAaHUKH CIUIOMIHBIX CPC;

° AaTb CTYACHTAM CUCTCMATHUYCCKHUC 3HAHUA O KIIACCHMYCCKUX MOACIIAX IMOBCACHUSA TBEPAOIO

nepopMHPYEMOTO Tena,

*  HAy4YuThb CTYIACHTOB DPaboOTaTh C Pa3IUYHBIMH THUIIAMH MOJENEH IMOBEICHHS MarephalioB IpU
PEIICHNH HHXEHEPHBIX 33/1a4 C TIOMOIIBIO MPOTPAMMHBIX KOMILIIEKCOB.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPABJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN

I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

YK-2 CriocoGeH ynpaBisiTh IPOEKTOM Ha BCEX
JTanax ero peajan3anuu

VYK-2.3 CnocobeH opranu3oBaTh ¥ KOOPAUHUPOBATH paboTy
YYaCTHUKOB IMpOEKTa, o0ecreynBarh paboTy KOMaH[IbI
HEOOXOIUMBIMU PeCypcaMu

OIIK-3 Cnioco6en BbIOMpaTh 1 (MIIN)
pa3padaThIBaTh MOIAXO/BI K PEIICHHIO THIIOBBIX
Y HOBBIX 3371a4 B 00nactu npodeccrnoHansHon
JEATeIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH 1
OrpaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.2 CrnocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHUE
METOJbl TIPU PEIICHUH HOBBIX 3a]a4, NPUMEHss 3HAHHS B
pa3IMYHBIX 001aCTAX HAYKH (TEXHUKH)

OIIK-4 CriocoOeH ycIeniHo peain30BbiBaTh
pelleHue MOCTaBIeHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJbTrara v [IpeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKK B O0JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
WH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.2 CrnocobeH mNpUMEHATh 3HaHWS B 00JacTu
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
3a1au¥, (POPMYIHPOBAHUS BHIBOJIOB M OLCHKU ITOJIYYEHHBIX
pe3yabTaToB

[IK-1 CnocoGen cTtaBuTh, hOpMann30BHIBaTh U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIE0BATh MaTeMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4YHbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIEC PE3yJIbTaThl

[IK-1.2 CnocoGeH  BbABHrarb THIIOTE3bl, CTPOUTH
MaTeMaTUYeCcKue MOAEIM Ul ONMCAHUS H3ydaeMbIX
SIBICHUH W MIPOLIECCOB, OLICHUBATh KA4eCTBO pa3padOTaHHON
MOJENN

[1K-2 CnocobeH caMOCTOSTEIIEHO HITH B
Ka4yecTBe ujieHa (PYKOBOIUTEIS) MAJIOTr0O
KOJUICKTHBA OPTaHW30BEIBATh U IMTPOBOIUTH
HAyYHbIC UCCIICIOBAHMS U MX arpoOaIiuio

[IK-2.2 CnocobeH mpoBOAWTH ampoOaIfio pe3ylIETaTOB
HAyYHO-HCCIIE0BATEIHLCKON paboThI MOCPEICTBOM
MyONUKAIMY HAyYHBIX CTAaTe U yJacTusl B KOH(pepeHIuIx

3. IlepeyeHb NIAHMPYEMBIX Pe3y/IbTATOB 00yUeHHUsI 0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOHHS AUCLUIIMHBI 00y4aIOIINecs JOIKHbBI

3HATb.




. (GyHIaMEeHTaIbHbIC TOHSTHUS, 3aKOHBI, TEOPUH KIACCHYECKOM MEXaHUKH W TEPMOIMHAMUKU
CIUIOIIHBIX CPET;
* 0COOCHHOCTH, CXO/ICTBA M PA3JINYHUs KIACCHYCCKUX MOJIEIIeH TIOBEACHHS TBEPIOTO 1e(hOPMHPYEMOTO
Tena;
*  TOpPAAKH YHCIICHHBIX BEJIMYMH, XapaKTepHbIC Uil Pa3lIMYHBIX pa3/esioB MEXaHHKH TBEPIOro
nehopMUpPYEeMOTO TeTa;
* OCHOBHBIC MOHSITHUS METO/Ia KOHEYHBIX JJIEMEHTOB, aJITOPUTM pacyeTa Ha MPOYHOCTH 110 METONLY
KOHEYHBIX 2JICMEHTOB.

YMETb:
*  [OJB30BAaThCS CBOMMH 3HAaHHMSMH JUIsl PEIICHUS (YHIAMEHTAIBHBIX M NPUKIAIAHBIX 3a1a4 U
TEXHOJIOTUYECKUX 33/1a4;
* JIe7aTh IPaBWIbHBIC BBIBOJBI U3 COIIOCTABIICHUS PE3YJIBTaTOB TEOPUH U IKCIICPHMEHTA.

BJIQJICT!
* HaBBIKAMH WH)KCHEPHBIX PAaCYeTOB B IPOTPAMMHBIX KOMIUIEKCAX;
* HaBBIKAMHU OCBOCHHS 0OJIBIIOTO 00beMa HHpOpMAaITH;
* HaBBIKAMH CaMOCTOSITEIBHON PaOOTHI;
* KyJIBTYpOil OCTAHOBKU M MOJCIHPOBAHUS (PU3MYESCKUX 3a/1a4;
*  HaBBIKAMU T'PaMOTHOW OOpaOOTKH pE3yIbTaTOB OINBITa W COMOCTABICHUS C TEOPETUYCCKUMHU
JaHHBIMHU.

4. Conep:xanne TMCUMILIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJE€HHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB H BH/I0B YUeOHbIX 3aHATHI

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

TpymoeMKOCTb IO BHJAM Y4eOHBIX 3aHATHH, BKITIOUAs
CaMOCTOSTENIbHYIO padoTy, Jac.
Ne Tema (pa3znen) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
1 OCHOBBI ~ NPUMEHEHHS  NPHUKIATHBIX 6 18
MAKETOB B MHXKCHEPHBIX pacyeTax
) Kunematnka M 3aKkoHBI COXpaHEHHUS B 3 19
MCC
3 TepMoauHaMMKa M OCHOBBI  TEOPHUH 3 19
ONPENETAIOMMNX COOTHOLIECHUN
Krnaccuueckue peonoruueckue Moneny B
4 MEXaHUKe TBEPJOro JehopMUPyEeMOTO 18 19
Tena
Nroro yacos 30 75
[TonroToBka k 3K3aMeHy 30 gac.
OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.

4.2. CopaepxaHue AUCHUILTAHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemectp: 1 (Ocennwii)

1. OcHOBBI IPUMEHEHUS IPUKJIAJHBIX [TAKETOB B MHKEHEPHBIX pacyeTax




Henm u 3amaun kypca. OcHoBHble Bexu pa3Butusa CAD cucrem. OcHOBHbIE UTpoku peiHKa CAD
cUCTeM. APXUTEKTypa MPHUKIATHbIX MakeToB. CojBep, MOCTIPOLECCOp, B3aUMOACHCTBUE MOIYIICH.
ApXUTEKTypa, BO3MOXXHOCTH ¥ OCHOBHBIE oTiIHuUTENnbHBIE ocobeHHoctn SIMULIA/Abaqus.
OcHOBHBIE 3Tanbl pacyéTa C MOMOIIBI0 METOJ0OB KOHEYHBIX 3JIEMEHTOB. BU/IbI KOHEUHBIX 3JIEMEHTOB
U c1I0co0bI UX MocTpoeHus. Pemenne crarndeckoii 3a1auun Teopun ynpyrocti. [lomydenne marpuiist
KECTKOCTH W BEKTOPOB BHEUIHMX Harpy3ok. I[IpuHIuUmNbBI yuciaeHHOW peamm3ammun MKD n
COCTaBJICHUS MPOrpaMM. MeTojbl pelieHns JTMHEHHbBIX alreOpandeckux cucteM ypaBHeHHd MKD,
ucnons3yemsie consepom SIMULIA/Abaqus. Umnopt reomerpun B SIMULIA/Abaqus.

2. Kunemaruka u 3akoHbl coxpanenusi B MCC

OtcueTHas U TeKymas KOHGUrypanus. DJIeMEeHTapHbIe CBEJCHUS U3 TEH30PHOTO aHaiuu3a. TeH30pb
rpaguenToB Aedopmauuu. [lonspHoe pasnokeHue TeH30pa rpagueHra aedopManuu. YpaBHEHHE
coBMecTHOCTH Jedopmanuii U ckopocteld. [Ipubmmkenue manbix nedopmanuii. TeH30p MabIx
nedopMannil 1 TEH30p MaJIbIX IOBOPOTOB. 3aKOH COXpaHeHus1 Macchl B popme Jlarpamxka u Diinepa.
[MoBepxHOCTHBIE W OOBEMHBIC CHIIBL. BekTop M TeH30p HampspbkeHuil. JlokanbHOe ypaBHEHHE
IOBIOKeHUs. BekTrop TemnoBoro noroka. YpaBHeHue OanaHca SHEPTUU.

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

Temmneparypa u suTponus. HepasenctBo Kitaysuyca-/lrorema. JluccumaruBaas GyHkims. Pasnnyasie
TPAaKTOBKM BTOPOTO Haudaja TepMoauHaMuKd. COCTOSHHE M PEaKIUsl 3JIEMEHTa CIUIOIIHON Cpeibl.
OCHOBHBIC TIPHHIUIIEI TIOCTPOCHHS  ONPENCNSIONIMX COOTHOIIeHwi. llamsaTe Mmarepuaa.
BryTpennue napameTpsl.

4. Kimaccuueckue peojorndeckue MOoJIesId B MEXaHUKe TBEPJOro Je(pOpMUpPyEeMOro Tea

[locTpoeHne cucCTeMbl OINMPEENSIONMX COOTHOIICHWH Al ympyroro marepuana. JluneliHas u
HeJIMHEHas yIpyrocTb. PasiokeHue ynpyroro noreHuuana B psj IO MajbIM IapaMmerpaM. 3aKoH
I'yka, 3akon @ypee. [loHsTrHe O TUMO- U runepynpyrux cpenax. Pacder m3ruba ynpyroi Oanku c
nomoteio SIMULIA/Abaqus. CpaBHeHHE pe3ynbTaToB pacdéra HampspKeHHO J1e(hOpMHUPOBAHHOTO
COCTOSIHUSL OaJIKH JJIsl PAa3JIMYHBIX THUIIOB KOHEUHBIX 3JIEMEHTOB. KOHIIEHTpaTopsl B ympyrom Tele.
Pacuer k03(¢GHUUNEHTOB KOHLEHTpPALUU B YIPYIrOM Tele, HCCIEIOBaHHWE BIUSHHUA pPa3MEpOB
KOHEUHBIX D3JIEMEHTOB Ha 3HaueHue Kkoddduuuenta koHueHTpauuu. IlocTpoeHue cucTremMbl
ONIPEACISIOINX COOTHOICHUH [UIsl JIMHEHHO BSI3KOWM JKUIAKOCTU W JIMHEWHO BS3KOTO TBEPAOTO TEJA.
VYpaBuenue Hapwe-Ctokca. Teno @oiixra. [luccumanms Bszkoro TpeHus. [IpumeHeHme merona
BHYTPEHHUX IlepeMeHHbIX. llocTpoeHue onpenensroluX COOTHOIIEHUM Uil MaTepualioB ¢
3aTyxalmeil namsaTeio. MpeanpHble W yNpPOYHSIIOIIMECS MaTephasibl. TepMOIMHAMUYECKH
COIVIaCOBAaHHOE KHHETUYECKOE YypaBHEHHE Ui BHYTpeHHero mnapaMerpa. Tesno Makcseiia.
[Tonzyuects, penakcauus HanpspkeHuil. [lpunnun cynepnosunun boneumana. Tepmonunamuyeckas
COIIACOBAaHHOCTh KOMOWHHPOBAaHHBIX Mojeieil. HemuHeiHas mnon3ydectb. UuciieHHOe pelieHHe
XapakTepHBIX 3a7iad BSI3KOYNPYroCTH. leanbHble M YNPOYHSAIOLIMECS YNPYro IUIACTHYECKHE
Marepuaisl. Juccunanus mniactudeckoro TedeHus. PopMylIupoBKa TEOpUHM IIACTUYHOCTH 4depes
HanpsbkeHus: U aedopmanuu. [loBepXxHOCTh TeKkyuecTH. ACCOUMHPOBAHHBIM 3aKOH IJIACTUYECKOTO
TEUEHUs AJIsl UI€aIbHOIO YIIPYTOMIacTUYECKOro Teia. JloNoIHUTENbHbIE SKCTPEMaIbHbIE IPUHIIMIIB]
(mpunumn Mmuseca, npunuun Jlpykepa). TpaHCIsILMOHHOE M H30TPONHOE yNpouyHeHHe. DPQexT
Bbaymunrepa. AccounupoBaHHbBIN 3aKOH TE€UEHUs JJIs1 YIIPOUHSAOLIETOCS YIIPYTOMJIaCTUYECKOIO Tea.
Mopnens Tpecka, mopens Muzeca. IlpuMeHeHHe TeopuM IUIACTUYHOCTH B MEXaHHKE TPYHTOB H
TOpHBIX IopoA. Mozjenu IIaCTUYECKUX MaTepuaioB C BHYTPEHHUM TpeHueM (Mmonenu Kyiowna,
Hpykepa-Ilparepa, Camclay). Pemenue xapakTepHbIX 3ajad  yNPYroIJIACTHYHOCTH B
SIMULIA/Abaqus. M3ru6 ynpyromnactaueckoi 6anku. CpaBHeHHE KOAQPHUIIMEHTOB KOHIIEHTPAIIUU
OKOJIO OTBEPCTHSI B YIPYIOM W YIpyro-ruiacTuaHoM Tesie. OOpa3oBaHHE LICHKH MPHU PACTSHKEHUU
crepxkHd. COOTHOIIEHHWE MCTUHHBIX CBOMCTB Marepuaga U M3MEPSEMOrO  IOBEACHUS
SKCIEPUMEHTAIILHOTO 00pasia.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, He00XOMMO AJIsl OCYIeCTBICHHS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0)



HeobxonuMoe 00opyaoBaHue: 000pyI0BaHHBIC KOMITBIOTEPHOW TEXHUKOW MeCTa CTYJACHTOB U
npenojaBaresis, MyJIbTHMEAUHHOE 000pynoBaHue (IIPOESKTOP, MHTEPAKTHBHAS JIOCKA).
Heobxonmumoe nporpammuoe obecnieuenue: SIMULIA/Abaqus, MS Power Point.

6.IlepeyeHb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. [lpumenenne SIMULIA/Abaqus nipu u3ydeHnn Kypca MEXaHUKH TBEPAOTO Jie(hOpMUPYEeMOTo Tela:
peonornyeckue monenu [Tekcr] : yue6. mocobue s By3oB / O. 5. Ussekos, /1. B. Kopues ; M-Bo
oOpazoBanus u Hayku PD, Mock. pu3z.-texH. un-1 (Toc. yH-T) .— M. : MOTH, 2014 .— 146 c.

2. Mexanuka agegopmupyemoro tBepaoro tena [Teker] : yueOHOe mocodue aiist YH-TOB : JIor. M-BoM
BBICIIL. U cpe. cretr. oopa3zoB. CCCP / FO. H. PabotHoB .— M. : Hayka, 1979 — 744 c.

JomnonHurenbsHas auTeparypa
1. MexaHrKa ¥ TepMOJIMHAMHKA HACBIIIICHHOW MOPUCTO# cpenbl [Tekc] : yueO. mocobue juist By30oB / B.
U. Konnaypos ; M-Bo o6pazoBanus u Hayku Poc. denepanun, Mock. ¢u3.-rexH. uH-T (Toc. YH-T) .—
M. : M®TH, 2007 .— 310 c.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT", HEOOXOTUMBIX
JJIS1 OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

1 http:/lib.mipt.ru/ — snexTponnas 6ubnmorexka Ousrexa
2. http://www.edu.ru — penepanbusrii mopran «Poccuiickoe 00pa3oBaHuE).
3. http://benran.ru —OnbaMOTEKA IO €CTECTBEHHBIM HaykaM Poccuiickoil akajeMun HayK.

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOIYJII0), BKJII0OYasi epeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXO0AMMOCTH)

Hcnonb3ytorca MyasTUMETUIHBIE TEXHOJIOTHH, BKIIIOYAs IEMOHCTPALIMIO TPE3CHTAIIHIHA.
9. MeTogu4yeckue yKkazaHHA /151 00y4aI0IMXCS M0 0CBOEHUIO TMCHUIJIMHBI (MOXYJIsl)

YenemrHoe ocBoeHUe Kypea «YUCIIeHHOE pelIeHne 3a1ad MEXaHUKH Je(pOpMUpYEeMOro TBEPAOTO Telia B
MPOrPaMMHBIX KOMITJIEKCax» TpeOyeT OOJbIION caMOCTOsSTeNbHOW paboThl cTyaeHTa. B mporpamme
Kypca MpuBeIeHO MHHUMAJIbHO HEOOXOMMOE BpeMsi JIIsl padOTHI CTY/IEHTa HaJl TEMOH.

CamocrosiTenbHas padoTa BKIIIOUAET B ce0s:

— YTEHHE ¥ KOHCIIEKTHPOBAaHNE PEKOMEHJOBAaHHOW JIUTEPATYPhI;

— npopaboTKy y4eOHOro Marepuaa;

— peuieHue 3a1a4 B nporpaMMHubIx komruiekcax (SIMULIA/Abaqus);

— pelieHne HHAUBUAYAIBbHOTO 3aaHus, IPEAIaracMoro npernoaaBaTesieM KaKaoMy CTYACHTY;
— MOATOTOBKY K 9K3aMEHY.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: IIpuknagaple MaTeMaTHKa U (pU3NKa
npopuJib NOArOTOBKHU: KocMuueckue TexHonoruu
dusTex-urkona ApokocMuueckux TexHomoruit
HeHTp odpazoBarenbHbIX TporpaMm GAKT
KYpC: 1

KBaJIH(UKALUS: MarucTp
Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: |1 (oceHHuil) - Dx3aMeH

PaszpatGoTunk: O.41. 13BekoB, kaH. Qu3.-MatT. HAyK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

VYK-2 CnocoGeH ynpasiaTh IPOEKTOM Ha BCEX
JTamax ero peajn3aun

VYK-2.3 CriocobeH opraHu30BaTh ¥ KOOPAUHUPOBATH paboTy
YYaCTHUKOB TPOEKTa, oOecreunBaTth padoTy KOMaHJIbI
HEOOXOIMMBIMHU pecypcamMu

OIIK-3 CniocoOeH BRIOUPATh U (HITH)
pa3pabaThIBaTh MOXO/IbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccuoHamTbHON
JIeATEIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.2 CnocobeH HCIOIL30BaTh HMCCIEI0BATEILCKUE
METObl NPH PEIICHUH HOBBIX 3ajad, NIPUMEHSs 3HAHWS B
pa3IMyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-4 Crioco6eH ycrenHo peann3oBbIBaTh
peleHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara M MPeACTaBUTh BHIBOIbI,
MPUMEHSS 3HAHNS ¥ HaBBIKU B 00JIaCTH
(U3MKO-MaTEeMaTHYECKUX HAYK U
MH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.2 CnocobeH mnpuMeHATh 3HaHHA B o0jacTu
(bHU3UKO-MaTEMaTHYECKUX HAyK JUIS PEeIICHUs IOCTaBICHHOM
3agaud, (popMyIMpPOBaHUS BHIBOAOB M OLEHKH MOIYYEHHBIX
pe3yabTaToB

[TK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIE/I0BaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

IIK-1.2 CnocobeH BbyIBHTaTh THIIOTE3bl, CTPOUTH
MaTeMaTH4ecKue MOACTH JUI ONHCAHUS H3y4aeMbIX
SIBIICHUI W TIPOIIECCOB, OIICHUBATh KAY€CTBO Pa3pabOTaHHON
MOJENN

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE 4ieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH U MIPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOaIUIo

[MIK-2.2 CnocobeH mNpoBOAUTH ampoOanuio pe3yiIbTaToB
Hay4YHO-HCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
NyONMKaluK HAYYHBIX CTATeH U y4acTusi B KOH()EPEHIUSIX

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B pesynbrare usydeHuss AMCUUIUINHBI «UHCICHHOE pelIeHUe 3a/1ad MEXaHWKH Ie(OpPMHPYEMOTO TBEPHOIO
TeJa B IPOrPaMMHBIX KOMILJIEKCAX» 00yUaroIHiCs TOIDKEH:

3HATb:

® (pyHI[aMeHTaJ]LHLIC IOHATHA, 3aKOHBbI, TCOPUU KJAaCCUYECKOM MEXaHUKU U TCPMOJUHAMUKHA

CIUIOIIHBIX CPECI;

* 0COOEHHOCTH, CXOJICTBA M Pa3/INUUs KJIACCHYECKUX MOJIeJIel IOBeIeHHS TBEPAOTO 1e(hOpPMUPYEMOTO

Tela;

® MOpAAKU YHCJIICHHBIX BCJIMYHH, XAPAKTCPHBIC UIA PA3JIMYHBIX pas3gc/ioB MCXaHUKU TBEPAOIO

nehopMUpPYEeMOTO TeTa;

® OCHOBHBIC MOHATUA MCTOAAa KOHCYHBIX 3JIECMCHTOB, aJITOPUTM pacye€Ta Ha NPOYHOCTHL IO METOAY

KOHEYHBIX 3JIEMEHTOB.
yMeTh:

® IOJIB30BATHCSI CBOMMU 3HAHUAMHU I PCUICHUA (I)yHI[aMeHTaJ'IBHBIX U TPUKIIAAHBIX 3aJa4 U

TCXHOJIOTHYCCKHUX 3a1a4,

¢ Je€JaTh IPaBUJIbHBIC BLIBOJABLI U3 COIIOCTABJICHUS PE3YJILTATOB TECOPHUU U OKCIICPUMEHTA.

BJIAA€Th:

* HaBBIKAMH WH)XEHEPHBIX PaCyeTOB B IPOTrPAMMHBIX KOMIUIEKCAX;
* HaBBIKAMU OCBOCHHS 0OJIBIIOTO 00beMa HHpopMaITH;

* HaBBIKAMH CaMOCTOSTSIbHOMN pa6OTLI;

* KyJIbTYPOI MOCTAaHOBKM M MOAETMPOBAHMS (PU3MUECKUX 3a/1a4;
*  HaBbIKAMH T'PaMOTHOIl 0OpaOOTKM PE3yIbTaTOB OMNbBITA M COIMOCTABICHHUS C TEOPETUUECKUMH

JaHHBIMHU.

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




Tekymuid KOHTPOJIbL OCBOCHHUSI TPAKTHYECKOW YAaCTH OCYLISCTBIISCTCS HEMOCPEACTBEHHO Ha
1a0opaTopHBIX 3aHATHAX. CTyAEHTHI JEMOHCTPUPYIOT TEOMETPUUIECKYI0 MOZIETb, TPAHUYHBIC YCIOBUS,
pe3ynbTaTbl UYMCIEHHOTO pacyera. TWUNUYHBIE 3aJadyd: M3ru0 ymnpyroil Oanku, KOHLEHTpPaLus
HAaIpsDKeHUH B OKPECTHOCTH KPYIVIOTO OTBEPCTHS B IJIACTHHE (YIPYTOCTH); MOJI3y4eCTh Harpy>KeHHOTO
CTepKHA (BS3KOCTh); M3rHO YHPYyro-IIaCTHUECKON Oanku, oOpa3oBaHHME MICHKM MPH PaCTHKEHUH
WINHIPUYECKOro obpasua (mIacTHYHOCTh). KOHTpOIb OCBOGHHS TEOPETHUYECKOro MaTepuana
OCYLIECTBIISIETCS HA SK3aMEHE.



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.

Cnucox TCOPETHYECCKUX BOIMMPOCOB K IK3aMEHY:

1. OcHoBHbIE 3Tambl pacdyéra C MOMOIIBI0O METOJOB KOHEYHBIX 3JI€MEHTOB. BHIIbI KOHEUYHBIX
AJIIEMEHTOB U CHOCOOBI MX MOCTpoeHus. PerieHue craTMUecKOM 3a/ladd TEOPUM YIPYTOCTH.
[TonyyeHue MaTpHIIbl dKECTKOCTU U BEKTOPOB BHELIHUX HArpy30K.

2. llpunnunel uncnenHod peanmm3ammun MKD u cocraBneHust mporpamMm. MeTOIbI pemieHus
JUHEHHBIX  anreOpanueckux  cucreM  ypaBHeHwii MKD, wucmonb3yemble  coiIBEpoM
SIMULIA/Abaqus.

3. [locTpoeHue cucTeMbl ONPEaeSIFOIINX COOTHOIICHUN Al yIpyroro marepuana. Jluneitnas u
HEJIMHENHas ynpyrocts. PasnoxkeHue ynpyroro moreHuuana B psAl IO MajblM IIapaMeTpaM.
3akoH I'yka, 3akoH @ypse. [loHssTHE O TUIIO- U TUNIEPYIIPYTUX CPElax.

4. TloctpoeHHE CHUCTEMBI ONPEACISIIONIUX COOTHOIICHUHN /Jii JIMHEWHO BSI3KOM JKUIKOCTH U
JMHEWHO BSA3KOro TBepnoro Tena. YpaBHeHue Hasbe-Ctokca. Teno @oiixra. Juccumnamms
BSI3KOT'O TPEHUS.

5. [IpumeHeHne MeToAa BHYTPEHHUX NepeMeHHbIX. [locTpoeHne onpeaensonux COOTHOMEHU
JUIi MaTepuajoB C 3aTyXawlled namaTbio. VneanbHble W YIPOUYHSAIOUIMECS MaTEpHAJIBI.
TepMOAMHAMHUYECKH COTJIACOBAHHOE KMHETHUYECKOE YPAaBHEHHWE JUIsl BHYTPEHHErO IapameTpa.
Teno Makcsemia. Ilon3ydects, penakcanus HalpsyKEHUN.

6. UneanpHple U YOpOYHSIONIMECS YOPYro IJacTHUeckue Marepuansl. Jluccumanms
IJIACTUYECKOro TedeHus. DopmMynupoBKa TEOPUM IUIACTUYHOCTH YEpe3 HAIPsDKEHUS U
negopmanuu. [IoBepXHOCTb TEKYyUYECTH.

7. AccounrpoBaHHBIN 3aKOH IJIACTHYECKOrO TEUEHUs AJI UACAIBbHOTO YNPYroIUIaCTUYECKOTro
Tena. JIomoNHUTEeNbHBIE SKCTPEMaTbHbIE MPUHIUIEI (MpuHLIKUI Museca, npunimn Jpykepa).

8. TpaHcHsIMOHHOE W HM30TpOnHOE ympouHeHwe. Dddext baymmnrepa. AccounnpoBaHHBIN
3aKOH TECYECHMS JJI YIPOYHSIOLIEroCs YIPYromiacTU4eCcKoro Tea.

9. Mogens Tpecka, monens Museca. [IpumeHeHne TeOpuH MIIACTUYHOCTH B MEXaHUKE TPYHTOB U
TOPHBIX MOPOJ. Moaenu MiIacTUYeCKUX MaTepuanoB ¢ BHYTpEHHUM TpeHueM (moaenu Kymona,
Hpykepa-Ilparepa).

10. Kunematuka crutomHod cpeasl. ['pagueHT nedopmMaiuu, TEH30pHBIE Mephl KOHEYHBIX
nedopManuii, TEH30p MalbIX Aepopmaliuii, TeH30p Jorapudmuyeckux aedopmanni.

11. MexaHuKka CIUIOIIHOW Cpeibl. YpaBHEHUE HEPa3phIBHOCTH, YpaBHEHHUE IBM)KEHUS. TeH30p
HaIpsOKEHU .

12. TepmoauHaMuKa CIUIONIHOM cpenbl. YpaBHEHHE OajaHca SHEPruM, BTOPOE Hayalo
tepmoanHamMuku B popme Knaysuyca-/lrorema. SHTponus, CBOOO HAS IHEPTHSI.

13. TlpuHIMIBI TOCTPOCHUS OMPEACNSIONUX CcooTHomeHui. [IpuHIHUN aeTepMUHU3MA,
JIOKAJIbHOCTH, 00bEKTUBHOCTH, TEPMOJMHAMHYECKOHN COTJIACOBAaHHOCTH.

14. TlamsTe MaTepuana. TUIIBI TAMSATH, TTPUMEPHI.



Cnucoxk OMJ1eTOB K IK3aMeHY:
BUJIET Ne 1

1. OcHOBHBIE 3Tambl pacdyéra C MOMOIILI0 METOJOB KOHEYHBIX AJIEMEHTOB. BHIBI KOHEYHBIX
9JIEMEHTOB W CIIOCOOBI HMX IIOCTPOCHHUsS. PelieHHe CTaTHYeCKOW 3a7add TEOPUH YIIPYTOCTH.
[ToryueHne MaTPUIILI JKECTKOCTH U BEKTOPOB BHEIIHUX HArPYy30K.

2. 3agayda.

BUJIET Ne 2

1. Ilpunuunel uucneHHod peanuzauuu MKD u cocrtaBinenus nporpamm. Metozasl pelieHus
JUHEHHBIX  alreOpanyeckux cucTteM ypaBHeHud MKD, wucmonas3yeMble  COJIBEPOM
SIMULIA/Abaqus.

2. 3agayda.

BUJIET Ne 3

1. [TocTpoenue cuCTEMBbI OMPEEISIONIUX COOTHOIIEHUN JJI ypyroro Marepuana. JInneitHas u
HEJIMHEHHas ynpyrocts. Pa3noxeHue ynpyroro moreHuuanza B psAl MO MajblM IapaMeTpam.
3akoH ['yka, 3axoH ®ypre. [loHsTHE O TUTIO- ¥ TUTIEPYIIPYTUX CPEIaX.

2. 3amauqa.

BUJIET Ne 4

1. TlocTpoeHue cucTeMbl ONMPEACITSAIONMIMX COOTHOIIEHUW ISl JIMHEHHO BSI3KOM J>KHIKOCTH H
JMHEWHO BA3KOro TBepnoro Ttena. YpaBHeHue Haswbe-Crokca. Teno @oiixta. Jluccumnamms
BSI3KOTO TPEHUS.

2. 3amauqa.

BUJIET Ne 5

1. Ilpumenenne MeTo/1a BHYTPEHHHUX MepeMeHHBIX. [locTpoeHne onpeaensonmx COOTHOEHHUH
JUIT MaTepuajoB C 3aTyxawlled namsaTbio. WneanbHble W YIPOUYHSIOMIMECS MaTepUabl.
TepMoIMHAMHYECKH COTJIACOBAHHOE KMHETUYECKOE YpPaBHEHME JIsI BHYTPEHHEIro Iapamerpa.
Teno Makcsemna. [Ton3ydecTs, penakcanus HanpsHKEHUM.

2. 3anava.

BUJIET Ne 6

1. UneanpHble W  yOPOUHSIIOIIMECS YOPYro IjacTUYeckue Martepuansl. Jluccumanms
IIACTUYCCKOTIO TCUYCHMHA. cDOpMy.]'II/IpOBKa TGOpI/II/I IIJIACTUYHOCTH t{epe3 HaprI)KeHI/ISI nu
nedopmaruu. [IoBepXHOCTh TEKYUYECTH.

2. 3amaua.

BUWJIET Ne 7

1. AccoruupoBaHHBIN 3aKOH IJIACTHYECKOTO TEUSHUS IS UACATBLHOTO YIIPYTOILIACTHISCKOTO
Tena. JlomoNHUTENbHBIE SKCTPEMaTbHbIE MPUHIUIEI (MpuHLIKUI Museca, npunimn Jpykepa).
2. 3amaua.

BUJIET Ne 8

1. TpancnsaunoHHOE M M30TpOINHOE yrnpouHeHue. Dddekt baymmHrepa. AcconuupoBaHHBIM
3aKOH TE€YEHMSI ISl YIPOUHSIOLIET0Cs YIPYTrOIUIaCTUYECKOTO Tea.
2. 3amauva



BUJIET Ne 9

1. Mogens Tpecka, Mogens Museca. [IpuMeHeHne TeOpuH MIACTUYHOCTHA B MEXaHHUKE TPYHTOB H
TOPHBIX TIOPOJ. MoJenu MmIacTHYeCKUX MaTepUaioB ¢ BHYTPEHHUM TpeHueM (Moxenu Kynona,
Hpykepa-Ilparepa).

2. 3agaya.

BUJIET Ne 10

1. Kunematuka crutomHoi cpensl. ['paameHT aedopMaiuu, TEH30pHBIE MeEpbl KOHEYHBIX
negopmanuii, TeH30p MajbIX JedopManuii, TeH30p Jorapumudeckux aehopmMarui.
2. 3anaua.

BUJIET Ne 11
1. MexaHuka CIUIOIIHON cpeabl. YpaBHEHHE HEpa3pbIBHOCTH, ypaBHEHME IBMKEHUs. TeH30p
HaIPSKEHUN.
2. 3amauqa.

BUJIET Ne 12

1. TepmoauHaMHuKa CIUIONITHOW cpeapl. YpaBHEHHE OanaHca »SHEPrud, BTOPOE HAYaJIo
TepMoauHamMuKu B opme Knaysuyca-J[rorema. DHTpOIHs, CBOOOIHAST YHEPTHSL.
2. 3amauqa.

BIWJIET Ne 13

1. HpI/IHHI/IHBI IMOCTPOCHHUA  OIPCACIIAIOIIUX COOTHOIIICHUH. HpI/IHI_II/IH ACTCpMHUHNU3MA,
JIOKaJIBHOCTH, O6’b€KTI/IBHOCTI/I, TepMOHHHaMHHeCKOﬁ COI'JIaCOBAaHHOCTHU.

2. 3amaua.

BUJIET Ne 14
1. ITamsate matepuana. TUMbl TaMSITH, TPUMEPHI.
2. 3amaua.

le/IMepl)I 3alaY, npeajaraeMbix AJsl peIICHUS HA JK3aMEHE.

3az[aq1/1 B Ouierax MMPOBCPAOT ITOHUMAHUC KaUCCTBCHHBIX 3aKOHOMepHOCTCﬁ IMOBCACHUA
MaTCpraJioOB B Pa3JIMYHBIX YCIOBHAX W B OCHOBHOM IIOCBALICHBI BOIIpOCaM JIMHEITHOM
MOJI3y4CCTHU U pClIaKCallun HaHpH)KeHHfI.

1. ITyctb u3BecTHa QyHKIMS MOI3ydecTH U MoAyiIb FOHra Matepuana. Mcrnonb3yst NpuHIKI
cynepno3unuu boiabiMana, KauecTBEHHO N300pa3UTh 3aBUCUMOCTD IOJTHOM JeopMaliuu
CTEPXHS OT BPEMEHH JUIsl 3a/IaHHOM NIPOrpaMMbl HarpyXeHHsI.
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2. Ilyctp u3BecTHA (PYHKIUS MOI3Y4ecTH U Moayab FOHra marepuana. Mcnonb3ys mpuHIUT
cynepno3unuy bospliMaHa, Ka4eCTBEHHO M300pa3UTh 3aBUCUMOCTb MTOJIHOM Jedopmanuu
CTEPKHsI OT BPEMEHH JUIs 3aJaHHOM IPOrpaMMBbl HArpyKEHUS.
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3. lan martepua, CBOMCTBA KOTOPOTO 3a/laHbl CXEMOH, KaK MIOKa3aHO Ha PUCYHKE.
BoccranoButh rpaguk 3aBUCUMOCTH TIOJTHOH JleopMalvu CTEP>KHS U3 JaHHOTO MaTepuaia OT
BPEMEHU, €CJIM U3BECTHA 3aBUCUMOCTD HAIIPSHKEHUS B IIONIEPEYHOM CEYEHUU CTEPIKHS OT
BPEMEHU.
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4. lan Marepuall, CBOWCTBAa KOTOPOTO 3a/1aHbl CXEMOM, KaK MIOKa3aHO Ha PUCYHKE.
BoccranoButh rpaduk 3aBUCMMOCTH MOJTHOU JAeopMaliii CTePKHS U3 JaHHOTO MaTepuana OT
BpPEMEHH, €CJTM U3BECTHA 3aBUCUMOCTD HAIIPSKEHUS B TIONIEPEUHOM CEUCHUU CTEP>KHS OT
BpPEMEHH.
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5. laH ynpyro-njaacTH4eCKUii MaTepual, CBOMCTBA KOTOPOTO 3a/IaHbl CXEeMOM, KaK IM0Ka3aHo Ha
pucyHke. [IporpaMmMa n3MeHeHus1 HapsKEHUS IPU PACTSKEHUU-CIKATUN CTEPIKHSI U3 TaHHOTO
MaTepuaia U3BECTHA. BelnynHa o* COOTBETCTBYET MOPOTY CyXOr0 TPEHMS HA CXEME
MaTepuaia. BoccTaHOBUTH 3aBUCMMOCTB TIOJTHOW AepopMaliii OT BpEMEHU U 3aBUCHMOCTb
HaINpsDKEHUs B CEYCHUU CTEPXKHS OT MOJIHOH JieopMaluy.
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Hpyrue 3agaun GopMyIHpyOT aHAIOTHYHO. BMecTo nmporpaMMbl U3MEHEHUS HaPsKEHUS
MOYKHO TPEJIOKUTH IPOrpaMMy U3MEHEHUs 1ehopMariHid.



HpI/IMepBI HHAUBUAYAJbHBIX 3aJaHMH JJISI CAMOCTOSITEJIbHOT0 BHINOJTHEHHUSI.

1. Yucnenno onpenenuts Ko3QHUIMEHT KOHIIEHTPALMH JUIs JITACTUHKH, U3TOTOBJICHHON U3
YIPYTroro MaTepuaia, ¢ OTBEPCTHEM B LIEHTPE, Ui CIEIYIOIIETO Cayyasi HarpyKEeHUs:
Pa3meps! mnactunku 1MXx 1M, TonmuHaa 1 MM, OTBEpCTHE PACIIONIaraeTcsi CTPOTO MO UEHTPY,

ARNARAN]
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paamyc orBepcTrs R=5 cm. Bennunna noronnoi cwitel — F=1000H/m. PaccmarpuBaTh TOIBKO
YEeTBEPTHUHKY IUIaCTUHKH. PaccMoTpeTs pa3ouBky Ha ~300 snemenToB U ~ 1000 351eMEeHTOB.
KoadduumeHT KOHIIEHTpaluy pacCUNTHIBaTh KaK OTHOLICHNUE CPETHEH HHTEHCHUBHOCTH
HANPSDKEHUH K MaKCUMaIbHOW MHTEHCUBHOCTH HANPSKEHUH B OKPECTHOCTH OTBEPCTHSL.

2. PaccunrtaTh, HACKOJIBKO 32 15 J1eT HenpephIBHON pabOTHI MPOBUCHET MO/ COOCTBEHHBIM
BECOM MeJHas TpyOa, cirykaias ajisi 0TBojaa ropsiuero mnapa (235°C) na ADC, u3-3a BIUSHUS
nomyuectu. Jyimna tpyosl — L = 5 M, BHemHUI nuametpom 20 cM, TOJIIIMHA CTEHOK 4
MM. Tpy6a ¢ 060uX KOHIIOB IMIAPHUPHO 3aKpeIyieHa Ha KPOHIITeHHaX (Ha KOHIaX 3alpelleHbl
TOJIbKO nepeMelienus). CpoiicTBa Meau npu temmneparype 235°C (B muunMerpoom CH):
p=7.8x10-9 1/MM3, E = 1.8%105 MIIa, v = 0.33. XapaxTtepuctuku nonaszyuectu npu T=235°C:
k =1.564x10-12(MIla)n/c (Power Law Multiplier), n = 2.16 (EqStressOrder), m = 0
(TimeOrder). TpyOy MoaenupoBaTh 0AIOYHBIMH JICMEHTAMH.

3. HucneHHo omnpenennuTh K03 (UIMEHT KOHIEHTPALMH J1s TUIACTUHKH, U3TOTOBJICHHOM U3
YIPYTo-IUNIACTUYHOTO MaTepuaa, ¢ OTBEPCTUEM B LIEHTPE, VIS CIEAYIOLIETO Clydas
HarpyXeHus:

IALARRAR;
WL




Pasmeps! mmactuaku 1MX 1M, TonmuHa 1MM, OTBEPCTHE paCIIONaraeTcsi CTpOro Mo LeHTpy,
panuyc otBepctust R=5 cM. Matepuan njaacTUHKU— aTlOMUHUEBBIN CIIIaB CO CIEAYIOIUMU
MexaHudeckuMu cBoiictBamu: E = 7x1010 I1a, v = 0,33. luarpamma pacTsiKeHus ¢ JTHHEHHBIM
YIPOYHEHUEM:!

omn 0 =1,401848x108 Ila
omn_1=3,069397x108 Ila, enn_1 = 0,053884

[TonyunTth K03 PHUIUEHTH KOHLIEHTPAIMH 111 HOrOHHOU cuiibl — F=1x105H/m, 1.2%x105H/Mm,
1.5x105H/m. PaccmatpuBarh TOJIBKO YETBEPTHHKY IIACTUHKHU. J{J1s1 mydiieii cXoquMOCTH
3aj]auyl 3alpPeTUTh epEeMEICHHs 110 JTMHUAM CUMMETPUHU B HAIIPABJICHUH, NEPIEHAUKYIIPHOM
MJI0CKOCTH T1acTUHKH. Yucio anemenToB ~ 1000. KoaddurmeHT KoHIIEHTpaIluu pacCUUTHIBAT
KaK OTHOILIEHHE CPEeJHEH HHTEHCUBHOCTHU HAIIPSKEHUH K MAaKCUMaJIbHOW MHTEHCUBHOCTH
HaNpsKEHUH B OKPECTHOCTH OTBEPCTHSL.

4, Kputepuu onleHUBaHUS
IK3aMeH

oyenka «omauyno  (10)»  ewvicmasnsiemcs  cmyoemmy, nokasaswemy — 6CecmopoHHUe,
cucmemMamu3upoanuvie, 21y00Kue 3HAHUS Y4eOHOU Npocpammbl OUCYUNIUHBL NPU Omeeme
9K3AMEHAYUOHHO20 OUlema u omeeme Ha 8ONPOCHL O NPOSPAMME OUCYUNTIUHDL,

OYeHKa «omiau4Ho (9)» eblcmaejisemcs cmydeHmy, noxKasaesuwemy cucmemamusupoeannble,
2Jzy601<ue 3HAHUA yl{€6H012 npozpammbosl ducuunﬂqul npu omeeme 9K3dMEHAYUOHHO20 ounema u
omeeme Ha 60npocsvl no npoepamme ducuunﬂuﬂbl;

OYEeHKa «omiau4Ho (8)» eblcmaejisemcs cmydeHmy, nokasaewemy cucmemamusupoeaHHhbvle,
3HAHUA ylle6HOL7 npozpammbol OZ/lCI/ﬂ/H’UZUHbl npu omeeme IK3AMEHAYUOHHO2O ounema u omeeme
HA 60npocsl no npocpamme ducuunﬂqul;

oyenxa «xopowo (T)» evicmagnsiemcsi cmyOeHmy, eciu OH meepoo 3HAem MAamepudi
9K3AMEHAYUOHHO20 Ounema, 2pamomuo U NO CYWecmey usiazaem e2o, ymeem NPUMEeHAmMb
NOYYeHHble 3HANUA HA NPAKMUKe, HO OOnycKaem 6 omeeme Ui 6 peueHuu 3a0ay HeKomopbie
HemoyHoCmu,

OYEHKA «XOpPOouto (6))) 8blCcmaeiAemcs cmy()eHmy, €eC/iu OH 3rHaem mamepuanl IK3aMeHayuOHHO20
6uﬂema, no cywiecmey usiaeaem eco, ymeent npumMenims nojly4ernnvle 3HaHus Ha npaKkmuke, Ho
donycxaem 6 omeeme MHO20 Hemoqﬁocmed;

oyenra «xopowo (5)» evicmagnsemcs cmyoeHmy, eciu OH 3Haem Mamepual IK3aMeHAYyUOHHO20
ounema, usnazaem e2o, ymeem npuUMeHsIms NOJYUEeHHble 3HAHUSL HA NPAKmuKe, He 0ONycKaem 6
omeeme 2pyovIX OUUDOK,

oyenka «yoosremeopumenvro (4)» evicmagnsemcs cmyoenmy, eciu 80 6pems Omeemd
IK3AMEHAYUOHHO20 OUlema OH NOKA34] (PPACMeHMApHblll, Xapakmep 3HAHUU, HeOOCMAMmo4HO
npasuibhbie GOPMYIUPOSKU 6A306bIX NOHAMUL, HO NPU SMOM OH 61adeem OCHOBHBIMU
pasoenamu yueOHoU nPocpammbl, He0OX0OUMbIMU OISl OdbHeliue20 00yYyeHUs,

oyenka «yooeremsopumenvro (3)» evicmagnsemcs CmMyoeHmy, eciu 80 6pems O0meemd
9K3AMEHAYUOHHO20 Oulema oM HNOKA3ANL PA3PO3HEHHblU Xapakmep 3HAHUU, HeOOCmAamoyHo
npasuivhvie opMyIUpoOSKY 6A306bIX NOHAMUL, HAPYUIEHUE J102UYeCKOl NOCIe008aAMeNbHOCU 8



UBTIOJCEHUU NPOSPAMMHO20 MAMeEPUand, Ho npu dMoM OH 61adeem OCHOBHbIMU pPA30endmu
VUeOHOU Npocpammvl, HeoOX00UMbIMU Ol OdlbHelueco 00y4eHuss U Modcem NPUMEHAMb
NOYYEeHHble 3HAHUA N0 00paA3Yyy 8 CIMAHOAPMHOL CUMYAYUU,

oyenxa «Heyoosnremsopumenvro (2-1)» evicmasisiemcs cmyodenmy eciu 80 6pemsi omeemd
9K3AMEeHAYUOHHO20 Oulema, OH NOKA3al, 4Ymo He 3Haem Oojabulell 4acmu OCHOBHO20
cooepocanust Y4eOHol npocpammvl OUCYURIUHBL, donycKaem 2pyovie OuudOKYU 8 YOpMYIUPOBKAX
OCHOBHBIX NOHAMUL OUCYUNTIUHBL U He YMeem UCNOIb308amb NOJLYYeHHble 3HAHUS NPU peueHuu
MUNOBbIX NPAKMUYECKUX 3A0aY.

5. MeToauyeckue MaTepuaJibl, onpeaesiioiue nNpoueaypbl oueHNBaHUA 3HAHUH, YMEeHUId,
HABBIKOB M (MJIM) ONBITA JeSITeJILHOCTH

IHopsinok 3aMUTHI CAMOCTOSITEIbHOH PA0OTHI:

OOyyaromuiicss JOJKEH CaMOCTOSITEIbHO IIOATOTOBUTH pacdyeT WHXKEHEPHOH 3agaud 1o
WHAUBUAYAIbHOMY 33JJaHUIO, BBIJAHHOMY IpernojaBaTelto. 3aTeM MoKa3aTh CO3/IaHHBIA MPOEKT
B SIMULIA/Abaqus mpernogaBatento. OOyJarOUUiics TOMKEH OOBICHUTH MPOIECC CO3MaHUS
MOJIeJIM, BBIOOpP TPAHUYHBIX YCJIOBHM, MPOJEMOHCTPUPOBATH pPe3yibTaThl pacyeroB. llocie
YCIIELIHOM cJauy CaMOCTOATENbHON pabOThl O0yUaIOLIUIICs TOMYCKaeTCs A0 CAAYU K3aMEeHa.
Ilopsinok npoBeieHUsI IK3aMeHA!

Bo Bpems mpoBenieHus 5K3aMeHa IIPU MOrOTOBKE OTBETA HA OHMJIET JIOIYCKAETCs MCIIOIb30BaHUE
KOHCIIEKTOB JICKI[MH, CEMUHApoB H 000N 1pyroi nutepatypbl. Bo Bpems orTBera
UCIIOJIb30BAaHUE JIUTEpPATypbl HE JOIMYCKaeTcs. 3ajadya HK3aMEHYEeMOMY BbIJaeTcs Iocie
YCIIEITHOTO OTBETa Ha Bompoc Owusnera. [Ipu pemieHuu 3aadu MCMONB30BAHUE JIMTEPATYpPHI HE
JIOITYCKaeTCsl.



