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TI Ofl C HI{TE JIbHA' 3ATII4CKA

Ilenn r 3aAarrn yue6Hofi Ar.rcqnrJrr{Hbr
Ile.irr yue6nofi AI4cIIr4rrJrr4Hbr <TeopHr npoqHo cru u pa3pyil eHnfl,

HaHocrpyKryp) SopuzpoBaHl4e y Mafr4crpaHroB ocHoBorroJrararorqrzfi zua:auir u
HaBbIKoB rlocrpoeHl4t MexaHr4Ko-MareMarr,rqecKlrx MoAenefi uauocrpyKTyp Mero rauLr
MexaHI4KH ae$oprvu4pyeMoro rBepAoro reJra v MexaHVKkt pa3pyrx eHr4fl,) pa3Br4Tpre

npo$eccuoHaJlbHoro MbIrrIJreHLrfl. Anfl caMocrof,TeJrbHoro perxeHr,rr upaKTr4qecKhx
3aAaq.

3aAaqu yue6Hofi lucqurrJrrrHbr :

I43yrIeHI4e MeTOAOB OrIeHKr4 COCTOTHI"{S. MaTepr{anoB C HaHonoKpbrrr4flMr4 C

yqeroM BHyrpeunefi crpyKrypbl Ha ocHoBe rroAXoAoB Me3oMexaHkrKu 14 MexaHr4Kr.r

4eQopnu4pyeMoro rBepAoro rena;

- I43yqeHHe MeroAoB nporHo3r,rpoB aHkrfl, MHo)KecrBeHHux 4e$eKToB Ha ocHoBe
MeroAoB MexaHr4KH 4e$opvrvpyeMoro rBepAoro
perueHr4e c ooTBeTcTByrouv x MoAenbHbrx 3aI.aLr;

nupa6orKa HaBbrKoB rrpaKTr4qecKoro
KOMTTJTeKCOB aBTOMaTI4T{eCKO|O npOeKTI"4pOBAHIlfl

4e S opvu4po BaHHo ro c o cror Hkrfl. H aH o crpyKryp.
Mecro yue6 ofi AHcII[[JrHHrI B crrcreMe rroAroroBKr4 cnerlr4aJrvrcra c

yrry6neH HbrM Bbrc rxt4 vr o6pa3o BaHr4 erra (uarucrpa).
Yqe6naq AI4cIIun ilvrHa <<Teopu,a rporrHo cru H pa3pyrx eHufl. HaHocrpyKryp)

orHocl4rct K IIkIKny AHcIIurrJrrrH upo$unv3ar\r4v <<Teoperr4rrecKa.r 14 rrpr4Kna 4.Hafl
MexaHI4Ka) MoAyn.f, <<MexaHHKa Mr4Kpo- u HaHocr4creM) (ronrnoHeHT yqpe)KA eHr4fl
Bbrcrrero o6pa:onanrar).

lucqunlrr4Ha <<Teopzr rpoqHocrr,r 14 pa3pylrxunufl HaHocrpyKryp)) cBr3aHa co
cneAyroIrIkIMI4 ALIcIII4 TT rrr4HaMV: <<Teopvfl rrJracrr,rH u o6oloqeK)), <<MexaHr4Ka

culouruofr cpeAbl)), <<MareuarnrrecKr4e MeroAbr MexaHkrKZ
rnep.uofo TeJra r{ ocHoBbr MexaHr4Ku pa3pyueHr4D).

4eSopvu4pyeMoro

Tpe6on aln*rfl K KoMrrereHrlrrflM
OcsoeHze yue6nofi Ar,rcrlr4nJrnHbr

HaHocrpyKTyp) Aon)KHo o6ecnerrr4Tb

KOA4nemeHquu:

CK-9: IlpznaeHtrb coBpeMeHHbre MeroAbr MexaHHKH, MareMarr4qecKoro
MOAenI4pOBAHr4fl, SKCrIepI4MeHTaJrbHbre MeTOAbr K t4 CCneAOBaHr4rO MeXaHHqeCKr4X

ilpoqeccoB 14 cocroslauit MtrKpo- Lr HaHockrcreM.
B peeyJlbrare ocBoeH ut yue6rrofi Ar,rcqvlJrr4Hbr cryAeHT AorlrKeH :

3HATb:

- KrraccvQuraqr4ro HaHocrpyKryp ;

- oco6eHHocrl4 MoAenr4poBaHkrfl, HaHocrpyKTyp B paMKax Ar.rcKperHo-
KoHTr4 Hy€urbHbrx MoAenefi ;

- o c H o BH ble fI oJIo)KeHUfl. Te Op r4r4 KOMIO3T4TIITOHHbIX M arepr4 arroB ;

- Teopzz [poqHocrrr pa3nr,rqHbrx HaHocrpyKTyp ;

TeJIa U MeXaHr4Kr4 pa3pytueHr4fl,

r4cIIOJIb3OBaHr4q COBpeMeHHbrx

Infl I{CCneAOBaHVIfl, Hailpq)KeHHO-

<Teopur nporrHo crvr 14 pa3pyuJ eHhfl

SopvrnpoBaHrie cneryuclnu3uponauuori

- MoAenI4 noBeAeHr4fl, rBepAoro geSopMr4pyeMofo rena c rperqvrHaur4.



yMeTb.
- I4C[IOJIb3y.'I LI3yr{eHHbIe MeXaHI4KO-MaTeMaTZrIeCKLIe MOAenI4 MOAenI4pOBaTb

pa3nprqHbre HaHocTpyKrypbr ;

- p e III arb rlp I4 Kn aA HbI e 3a4aqu r4 c cn eA oBaHus, IIp orrH o cTr4 H aH o c rpyKTyp ;

- p ac cq r,rTbrBaTb ocHo BHbre napaM eTpbr pa3pyIII er{vlfl;
IIMETb HABbIK:

paooTbl c coBpeMeHHbIMI4 IIpofpaMMHbrMr4 KOMIJTeKCaMV qr4CJreHHOfO

pe IxeH 14fl M aTe MaTI4rIe C KI4X t4 IIpI4 KnaAHbIX 3 aAarl MeXaH LIKLI.

Crpyrcrypa yqe6Hofi lucuurrJr rrHb
Vqe6Has AI4cIIZT rvHa I43yr{aercr B I ceuecrpe. Bcero Ha r43yqeHr4e

AHCIII4TIJIHHbI <<TeOpnx npOrrHO CTkr vr pa3pyrr elHufl, HaHocrpyKTyp)) no yue6novry
nnaHy cnellkt€ubHocrt4 orBeAeno: 90 qacoB, B ToM rrr.rcre ayl.krropHblx - 36 qacoB, r43

Hr4x: neKrlr4r4 - 18 qacoB, na6oparopHhre saHflTkrs - 18 .racon.

Tpy4oeMKocrb yue6nofi prcqlrrrJrzHbr cocraBJrfler - 3 sa.rerHbre eAr4Hzrrbr.
@ opn ra np oM elr(yrorrH ofi arre c r ar\vrvr - s a.r dr.
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COAEPXAHI{E ) IEEHOI4 Ar4CIIVrfIJrVrHbr

Tema 1. OcHoBHbre MexaHnKo-MareMar[qecKrre MoAeJrIr HaHocrpyKTyp
lloHqrrae HaHoMarepr4anoB v HaHocrpyKTyp. MuoroMaclrlra6uoe

MoAenr,rpoBaHr4e. [racxperHo-KoHTr4Hy€rrrbHbre MoAelut. AroMapHble MoAeJII{, MoAeJIn

AzcKperHbrx cnoeB (xovrnosurut), KoHTI4HyaIIbHbIe MoAenI4.

Tervra 2. Crepll(HeBafl MoAeJrb

BgaraNaoAeficrnze aroMoB reKcaroualruofi rlJrocKocru. XuuuqecKl4e cBfl3vr v
crep)KH eBafl MoAenb B3ar.rMo leitcrr;ufl, aroMoB yrnepoAa. llocrpoeHl,Ie crep)KHeeofi

MoAenr4 yrnepoAnofi HaHorpy6rcu. Pacqer Quszxo-MexaHllrrecKrlx rapaMerpoB

crep)KHeeofi cr4creMbr. Pacqer HalrpffKeHHo-AeSoprr,rllpoBaHHoro cocroqle'lafl,

yrnepoAHofi HaHorpy6xu. MoAenupoBaHLIe AucnoKa\uit v npoqHocrHble
pacrrerbr yrnepo4nofi HaHorpy6rcu.

Tevra 3. KomrIo3lIII[oHHbIe MarepnaJrbl
OcHoeHHe floJro)KeHvIfl. TeopHI{ cJror,Icrbrx rrJlacrllH. Bu4u KoMTIo3I4IIHoHHIIX

Marepr4uuroB. KounoszrHHfi MoHocJrofi. leSopMaIII4vI, ckrlrbr I,I MoMeHTbI, MarpI,IIIbI

)KecrKo crrL Hanpr)K eHr4fl, cJror4croro KoMrro3vra. Teopzu npoqHo crr4. MeroAst
rrporHo3r4poBaHufl. [por{Hocrr4 cJror4croro KoMrlo3vrra. MeroA nocneAoBareJlbHoro

pa3pyrx eHvrfl, cJroeB. MeroA HaKorrJr eHvrs. MI4KponoBpe)KA elauit. PaccloeHl4e

KoMrro3r4ToB c r4crroJrb3oBaHr4 eM MoAenu Kofe3l4sHofi 3oHbI. MoAerupoBaHI4 e

Tperrlr4H. 3aAa.rv pacfipocrpaHeHus, Tpelqr,rH B KoMrIo3I4Te c yrreroM crarl4crl4r{ecrofi
HeoilpeAeneHHocrll vr HeIroJrHorbI I4cxoAHbrx AaHHIIX. Pac.Ier KoMrIo3I,IToB B

nporpaMMHoM KoMrIJIerce Ansys CompositePrepPost.
Tenaa 4. KoHTrIHyaJrbHbIe MoAeJrlI

Kourusy€rrrbHbre MoAenr4 [nfl pacqera HaHocrpyKTyp. Pacqer Hailpq](eHHo-

4e$opvu4poBaHHoro cocroqHr4fl. yrnepoAuofi HaHorpy6xu. MoAelI4poBaHI4e

paccno eHvrfl, HaHorpy6on c ucrroJrb3oBaHl4 eM Kore3l,IsHofi MoAenI,I. Moa eIrI4

HaKorrJr e:nkrs, noBpe)K 4elauit. [erepul4HkIpoBaHo-Bepof,THocrHble roAXoAbI K

r43yqeHnro rroBpe)K [oauit B crpyKrypHo-HeoAHopoAHblx cpeAax. Kpurepvrkr

pa3pynteHnfl, TeJr c rperrlr4HaMn. MoAerI4poBaHVe v pacqer rpeIqLIH B nporpaMMHoM

KoMrrJrercce Ansys Workbench.
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llepe.reHb peKoMeHAyeMbrx cpeAcrB AIrarHocrHKH r MeroArrKa

QoprvrupoBaH[fl nroronofi orMerKlr

O6lerronr ArrarHocrr.r1lr rounerenquft cryAeHToB tBJl.f,Iorct 3HaH[t, yMeHnt,

loJryqeHHbre uMI,I B pe3yJlbTaTe LI3fIeHI,It yqe6nofi 4nCqnurtmrrr. BrrsBlenne yre6nrrx

AOCrrlxenufi cryAeHToB OCyqecTBJIteTCq c [OMOIqrIO MeporrplltTzfr rerylUero
KonrpoJrf r.r flpoMexyro.rHoft arrecraquz.

.I[,nr 4uarnocu.IKl'I KoMfierenqufi Ir'roryr llcloJlb3oBarbct cJreAylourlle cpeAcrBa

TeKyrrlero KoHTpoJIt: yctnrrfi onpoc, co6eceAoBaHue, orqer rro I'IH.q[BI'rAyanLHbIM

pa6orana / la6oparopnrura pa6orair,r c ycrnofi sarquroft.
ooprraofi flpoMexyToqHoft arrpcraqur4 rro A]Icq]rrrJrnne <<Teopur uporrHocTT r,I

pa3pyrueHltq HaHocrpyKTyp>> yue6nrru TIJIaHoM flpeAycMorpen gaqdt.

Ilpuuepuan reMarltrca .na6oparopnrrx ganstufi
'Iewa2.
l. flocrpoenze ctepxxenoft MoAeJIII nanorpyorn B [porpaMMHoM KoMtIJIeKce

KoHeqHo-gJIeMeHTHoro MoAeJILIpoBaHr.rr Ansys Workbench.
2. Ilpovnocrnrrfi pac-rer MoAeJILI.

. 3. MoAenupoBaHl{e Aucloraqufi u fipoqHocrHbli pacver.

Tenra 3.
1 . Mo4ernponanue KoMIro3I{roB B nporpaMMHoM KoMnJIeKce Ansys

CompositePrepPost.
2. flpovuocrxrrfi pacver MoAeJII4.

3. Paccloenue KoMlo3tlToB c I{c[oJIb3oBaH[eM MoAeJI]r roregusHoft goHlt.

Tevra 4.
1. Pacqer HarrpDKeHHo-Ae$opvil,rpoBaHHofo cocTotIH'I4fl, yfnepoAHol4

HaHorpy6rv e Ansys Workbench.
. 2. MoAenvpoBaHrre paccno envrfl. HaHorpy6ox c ucnoJlb3oBaHlleM Kore3zBHofi

Monenu.
3. MoaenupoB aH:ze v .uvcreHHbrfi pacrrer rperrlr4H BcrpoeHHbIMI4 Synrqra flMLr

Fracture->premeshed crack, arbitrary crack, semielliptical crack.

4. MoAeru4poBaHr4e pocra rpeIrII4H BcrpoeHHbIMI4 Qynrcqu flv'r4 Fracture-

>SMART.
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OnncaHue rrHHoBarlrroHHbrx rroAxoAoB u MeroAoB K rlpe[oAaBaHuro
yue6Hofi lucqr rIJrrrHbI

llp" opraHrr3ar\vrr4 o6pasoBareJrbHoro rlpoqecca zcnoJlb3yerct npaKmuKo-

o p ue H m up o 6 a H u ut it n o dxo d, Koropblfi npe4noJlaraer.'

- ocBoeHr4e coAep)KaHne o6pa^:oBaHr4s. qepe3 pelrleHufl rIpaKTI,IqecKI4x 3aAar{;

uprao6pereHr,re HaBbrKoB eS$errv BHoro BbIrIoJrH eHufl, pa3HbIX BHAoB

npo Sec c I4oHuLIIrsofi AetrenbHocrll ;

r4crroJrb3oBaHlre ilporleAyp, cnoco6os oueHrIB alar4fl, Sur<cupyloult4x
c SopvrnpoBaHHocrb upo S ec cuoHaJIbHbIX KoMrlereHrlufi .

MeroAnqecKrre peKoMeHAaUr{n rro opraHll3aIIHH rr BbIrIoJrHeHI{Io

caMocroflTeJrbHofi pa6oru

flpu vr3yqeHvrvL Arrcrlr4nJrr4Hbr opraHl4 3argLrfl. caMocrotreJlbnofi pa6oru
cryAeHToB AoDKHa npeAcraBJrf,Tb eAZHcrBo rpex B3aI4MocBt3aHHbIX Sopnr :

I . BneayAr4ropHafl. pa6ora, Koropar ocyqecrBJl.lerc.f, noA HenocpeAcrBeHHbIM

pyKoBoAcrBoM nperloAaBaren{ ;

2. Ay4uropHas, caMocrorreJrbHafl, pa6ora npu BbIrroJIHeHr4Lr MarvcrpaHroM

yue6nux I4 TBopqecKl4x 3aAarr.

3. TnopqecKar, B ToM rrracJre Hayr{Ho-r4ccneAoBareJlbcKafl pa6ora.

Ay4raropnafl, caMocroqrenb:nafl pa6ora Mox(er pealrvr3oBblBarbct trpvr

npoBeA IHVV npaKTr4qecKHX zauxruit, ceMI4HapoB, BbInoJIH eHur4 la6oparopHoro
rrpaKrr4KyMa Ir Bo BpeMt qreHl4f, nerqnft.

llpu rrreHr4t4 neKrlr4oHHoro Kypca HerrocpeAcrBeHHo B ayp.rTopr4r4 seoSxoAuMo

KoHrponr4poBarb ycBoeHr4e Marepr4 aJra ocHosHofi tuaccofi MarI4crpaHToB IryreM

rrpoBeA elJvlfl, SKcIIpecc - ollpocoB flo KoHKpeTHbIM TeMaM.

Ha na6oparopHbrx salflTr4flx pa3nuqHble BTIAII caMocro.nreJlbnofi pa6omr

rro3BoJrf,ror cAenarb npoqecc o6yLreHufl, 6olee I{HTepecHbIM 14 rloAHtrb aKTI4BHocrb

3Harrvremnofi qacrkr MarI4crpaHToB B rpylrne.
Pe:ynrrarkrBHocrb caMocrorreJlbHofi pa6oru Bo MHoroM onpeAeJlf,erct

HaJrr4rrr4eM aKTr4BHbrx MeroAoB ee KoHTponr. CyuecrByror cneAyroilIl4e BI4A;I

KOHTpOnT:

- BXoAnofi KoHTpoJrb 3HaHuit u yrvreuuit MarI4crpaHToB [pu Harlare r43yrreHnfl'

or{epeAnofi AI4cIII4rIII4HbI ;

- reKyrr\vi4 KoHTpoJrb, To ecrb perynrpHoe orcJlexuBaur4e ypoBHt ycBoeHLIt

Marepr4 aJra Ha neKIII4f,x u ta6oparopHblx 3aHflTuflx;

- [poMexyror{uufi KoHTpoJrb rro oKoHqaHvrr4 v31nreHns. pa34eIra vnn MoAynr

Kypca;
caMoKoHTponb, ocyqecrBJrreuufi MarvcrpaHToM B rlpoqecce v3yqeHvrfl,

Ar4 CUr4 rrJr r,rHbr npr4 rr oAf oTo BKe K Ko HTp OJI bH bIM Mepo lpkIflTvrflM;

- r{TorosHfi KoHTpoJrb rro Ar4crlr4rrJruHe B BI4Ae 3arrera vrrv SK3aMeHa;
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flpHnaepHufi repeqeHb BorrpocoB rc sa.rEry

1. llonqrue HaHoMarepvanoB r4 HaHocrpyKTyp.
2. MsoroMacrrrra6uoe MoAenr4poBaHrre.

3. lucxperHo-KoHTr4HyuubHbre MoAenu.
4. ArovrapHbre MoAenr4.

5. MoAenu Ar4cKperHbrx cJIoeB (xovrnosursl).
6. Konrzuy€urbHbre MoAenv.
7. BsazNaoAeficrsuearoMoBreKcafoHarmHofi [nocKocru.
8. XzunqecKr4e cBfl3r4 vt crep)KHeBafl, MoAenb B3ar4Mo4eitcrsufl. aroMoB

yfnepoAa.
9. flocrpoeHr4e crep)KHeeofi MoAenr4 yrnepoAnofi HaHorpy6xz.
10. Pac.rer Szszro-MexaHr4rrecKr4x rrapaMerpoB crep)KHesofi cl4creMbl.

1 1. MoAelr4poBaHue AncnoKarlr4fi u uporrHocrHbre pacrlerbl yrnepo4nofi
HaHorpy6rcu.

12. OcuosHbre rroJro)KeHr,r.f, Teopzu cJrorrcrbrx rrJIacrHH.

13. BzAu KoMno3r4rlr4oHHbrxMarepz€uroB.

14. KouuogurHHfi uosocrofi.
1 5. Ae$opMa\r4vr, ckrJrbr vr MoMeHTbr, Marplrrlbr )KecrKo crrL Harlpflx eHwfl,

CJI OI4CTOfO KOMIIO3I.ITA.

16. Teopura ilpor{Ho crr4.

17 . MeroAbr nporHo3r4poBaHufl, lporrHocrlr cJrot4croro KoMno3vrra.

1 8. MeroA rrocneAoBareJrbHoro pa3pyru elr,.vrfl, cJIoeB.

19. MeroA HaKonJreHr4fl, MkrKpoloBpe)KAeuuit.
20. PaccloeHl4e KoMrIo3I,IToB c rrcrroJrb3oBaHl,IeM MoAenu Kofe3veFlofi 3oHbI.

21. MoAerr4poBaHr{e rperquH.
22. 3a4a'ru pacnpocrpaHeHvrfl, Tperqr{H B KoMno3I4Te c yrreroM

crarr4crr4q ecKo fi Heonp eAeneHHo crr4 r,r HenoJrHorbr r{cxoAHbIX AaHHrIX.
23. Pac.rer KoMrro3r,rroB B nporpaMMHoM KoMrrJIeKce Ansys

CompositePrepPost. .

24. Kourzuy€rrrbHbre MoAenvr p^nfl pacrrera HaHocrpyKTyp.
25. Pac.rer HarrpffKeHHo-Ae$opnrrapoBaHHoro cocrotnufl yrnepo4Hofi

-HaHOrpyOKH.

26. Mo4envpoBaHr,re paccno eHus, HaHorpy6or c zcrroJlb3oBaHl4eM

Kore3r4BHofi MoAenr4.

27 . Mo4eru HaKorrJreHur rroBpe)K geuuit.
28. Kpurepr4u pa3pylrreHl4.f, reJI c rpeqkrHauvr.
29. MoAenurpoBaHpre kr pacrrer rperrlr4H B rrporpaMMHoM KoMrrJlexce Ansys

Workbench.
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IIP O T OK OJI C OIJIAC OB AH.TTfl )TqE EHOIZ IIP OTPAMMbI Y O

HagsaHlre

yue6Hofi

A14CII14TIJII4HbI,

c roropofi
rpe6yercr
cofJracoBaHHe

HassaHIae

raQe4pu

llpe4roxeHLI.f,

o6 usNdeHeHpltx B

coAeplKaHvIr4

yue6nofi uporpaMMbl

yqpexAe}Jnfl,

BbICllrelo

o6pa:oBaHr4fl, rra

yue6nofi

Ar4 CTIT4IIJII4He

PeureHue,

nprrHsToe

ra$e4pofi,
pazpa6oraeruefr

yre6uyro
rrporpanrvry (c

yKa3aHI{eM narbJ v

HOMepa

rrporoKona)

Vqe6naq

AT4CIII4IJILIHa He

rpe6yer
cofJracoBaHnfl,

3ane4yrorqufi xa$e4pofi

(yueu

dI_

aq creneHb, yqeHoe snauue)

2+ 2o /!r.

t2



ASTI9JIHEH mfl,rr rr3MEHEHttfl,K ytIEEHofr IPOTPAMME yo
sa I yue6nufi roA

J\bn/

II
[ouolu eHnfl, LI I43MeHeHI{t OcnosaHze

y.re6Haq rrporpaMMa rrepecMorpeHa H oAo6peHa Ha 3aceRali{uv raQe4pu
(nporoKoJr J\b 

- 

or zuz202-r.)

3ane4yroulufi ra$e4pofi

YTBEPXAAIO
,{erau Sarylrrera
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