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[OqCHUTEJIbHAfl 3A[I,IC KA
Ilenu H 3aAaqn y.re6uofi AncurrtJIHHbI
I{eluro yve6Hofi Ar4cqr,rlJu4Hbr <PeureHIae rIpHKnaAHbIX 3al.aq MexaHHKI4 B

cnequanr43r4poBaHHbrx rraKerax)) flBJIflercfl yuy6neHl4e sHaHnft v pacIUIapeHI4e

HaBbrKoB r4 yMeuuir, npr4MeHeHnfl, coBpeMeHHbIX rlaKeroB rIpI4Kna.qHbIX rlporpaMM Anfl
perueHr4.fl rxr4poKoro KJracca Syn4arr,reHTaJIbHbIX I4 npIrKnaIHbIX 3aAarl MexaHlIKI4.

Ar,r cqun rrvlna <P eur euu e rrpHKJr aAHbrx 3aA aq M exaHI4KI4 B cil eIII4 anI43LIp oB aHHbIX

rraKerax)) cBfl3aHa c SopnrrapoBaHI4eM SyHaarureHTaJIbHbIX sHaHHft B o6lacru
T{I,ICJICHHOfO MOACNI4POBAHI4' 3AAAI{ MEXAHI,IKI4; OCBOEH14EM BblqI,ICJII'ITCJIbHbIX

MeroAoB vr reoperr4r{ecKnM o6ocsoBaHueM err6opa olrl4MaJlbHoro r{ucJleHHoro

MeroAa npta perueHzlr 3aAarr MexaHr4Kr4; nprao6pereHueM ilpaKTl4r{ecKl4x HaBbIKoB

r4H)KeHepHoro aHalrv34 lrocrpoeHr4eM MareMarl4rlecKl4x MoAeneir rtpu peIxeHLIla 3al.a'u

MEXAHI4KI4 C I4CIIOJIb3OBAHI'IEM COBPCMCHHbIX TIAKCTOB IIPLIKNAAHbIX TIPO|PAMM.

3 aAa.r u yue6Ho itt IvtcuuttJII4HbI :

- o3HaKOMJIeHI4e C TeOpeTI4rIeCKVMVt OCHOBaMV qr/^CrIeHHOfO MOAenI4pOBaHI'I-fl I,I

rrpt{Hqr4rraMr4 KoMrrb}orepuoil peanr43a\w B coBpeMeHHbIX IraKerax IrpIrKnaAHbIX

npofpaMM;

- o6yveHr4e cryAeHToB Kopperrsofi TeoperldKo-tll4creusoil [ocraHoBKe 3aAarr

MexaHI4Kr,r [pr4 r4crroJrb3oBaHr4r4 pa3n?rrrHblx cpeAcTB I4H)KeHepHOfO aHaJMA HA OCHOBe

coBpeMeHHbIX TIaKeTOB ilpI4KnaAHbIX rlpofpaMM ;

- SoprtrpoBaHr4e rrpaKTur{ecKr4x yMeHr4fi, u HasbIKoB peIIIeHI4 fl, 3a[a'l MexaHLIKI4

cpeAcTBaMr.r HHxeHepHofo alJ.arwl3a B BI4Ae COBpeMeHHbIX IIaKeTOB IIpI4KnaAHbIX

rrpofpaMM.
Mecro yve6Hoft AHcUHrrJrHHbr B cr4creMe noAroroBKl4 crlelll4aJrucra c

yrny6neHHbrM Bbrcrrrr4M o6pasonaHl4eM orHocl,ITct K MoAynlo <<r{ucleHHble v
alarrvrkrqecKr4e MeroAbr B coBpeMeHHofi trrexaHl4Ke. flaxeru ilpI4KnaIHbIX IIporpaMM)

KoMrroHeHTa yrrpelcA eHlafl o6pason aHnfl..

Cesgu c Apyrr4rr,ru yue6HbrMr4 Ar4crIr4nJII4HaMH. Vqe6naq nporpaMMa cocraBJleHa

c yr{eroM Me)r(npelMerHbrx ceqseft c yve6HrtvrH AI4cIII4rt IrvHaMl.1. <I4sxeuepHble

rrpr4nox( elH]/tfl MeXaHr4KI4: IIpOeKTI4pOBaHI,Ie, pacrleTbl vr 3KCIIepI4MeHT)),

<KorunrlorepHoe npoexrnpoBaHr4e, MoAenI4poBaHI4e v aHaIwr3 cJIoxHbIX cl4creM)),

<ConpeMeHHbre rlr4cJreHHbre MeroAbI 14 rraKerbl npHKJIaAHbIX nporpaMM B MexaHI,IKe)).

Tpe6onaHnfl K KoMrIereHIII{flM
Oceoeuue yue6uofi Al,IcUr4rlirrrHbr <Peuregl4e rIpI4KnaAHbIX 3aAarl MexaHI4KI,I B

cneur4anra3r4poBaHHbrx rraKerax) AonxHo o6ecnequrs SoprvrrapoBaHl4e cneAyloueft

cne quan u3 up o 6 au u o ti K oM rI ereHIII4 H :

CauocroflTeJrbHo pa3pa6arrrsarb 14 rIpI,IMeHflTlo aHaJII4TI4r{ecKHe, npu6tvtxeHHble

v lq.vc]lleHHbre MeToIbr 14 lraKeTbr rrpr4KJIaAHbIX IIpOfpaMM K CIIeULIaJIbHbIM pa3AenaM

MexaHI4KI4 CIJIOITIHbIX CPeA.

B p e:y lbrare r43yr{ eH vr fl [vr c[r4rr Jr r,rHbl M arl4 c'rp aHT A o rI)K eH

3HAmbi

- Qusr,rKo-MareMarl4r{ecKl,Ie MoAenr4 14 rrI4cJIeHHbIe MeroAbI, I4clloJlb3yroul4ect

rrpr4 perueHpll,I 3aAaq MexaHHKI4 ;



Teoperl4qecKr,re ocHoBbI KOMrIbrOTepHofo MoAenI4poBaHI4fl V OCHOBHbIe

rrpr4Hur4rrbr pa6orsr coBpeMeHHbrx rraKeroB rrpr4KnaAHbIX rlporpaMM n.nfl peIUeHI4fl

3AIlq MexaHI4KI4;

J)Memb:
rrpr4MeH.rITb MeroAbr MareMarr4rrecKof o MoAenHpoBaHI,It IIpI4 peIXeH14I4

Te op eTI4r{ e OKI4X I4 TIpI,IKII aAHbIX 3 aA arr M exaHI4KI4 ;

14crroJIb3OBaTb BbrqpIcJII4TeJIbHbIe BO3MO)KHOCTI4 COBpeMeHHbIX rIaKeroB

Irpr4KnaAHbrx rrpofpaMM Anr r4HxeHepHofo aHaIII'il3A 3alarl MexaHI4KI,I, BKJIIOqaq BCe

3Ta[br: npe[poqeccr4Hr, pe[reHr4e, nocrllpoqeccHHr (pa6orarr c KOMIIOH9HTaMI4

rraKera rrporpaMM Anr co3AaHr4r rBepAoreJrbHoft tuoAell4, pacqeruofi o6lacru 14 ceroK;

ilpor43Bolr4TF, rrocraHoBKy 3aA aqvr; pa6orarr c $aftlanan, co3AaBaeMbIMI4 [aKeraMI4

(urranopr1apoBarb, 3Kcrroprr4poBarb, peAaKrraponars); co3AaBarb AouonHI4TeJIbHbIe

SyHxqrau; rpeAcraBJrflTb pacqerHr,re pe3ynbrarbr n rpa$uqecKoM BI,IAO 14 BbIrrI4cJI.tITb

IOrronHr4TeJrbHbre xapaKTep14crr4KH; CO3AaBarb AoIIonH14TeJIbHbIe rlpofpaMMHbIe

MOAynI4 K naKery; rapaMerpl43oBarb petuaeMylo sa4a'ry);

- rrpoBoAuTb aHaJrr,r3 pe3ynbraroB r,r Qopr'rynr4poBars o6reKTI4BHbIe QnrraqecKl4e

BbIBOAbI,

snadembz
MareMarr,rqecKr4Mr4 MeroAaMI4 pelxeHIl,tI cQopuynupoBaHHbIX 3al.a'u

MEXAHI,IKI4;

- HaBbrKaMr4 KoMrrbrorepHofo MoAenHpoBaHLrfl, rrpvt peIueHI4V 3AnAq MeXaHI4KI4.

- ocHoBHbrMr4 CpeAcrBaul/, coBpeMeHHbrx rraKeroB rrpI4KnaAHbIX rIpOfpaMM Ant

peIrIeHI4 fl 3An.Aq MeXaHI4KI4.

Crpyrcrypa yve6soft AncqurJIHHbl
Ar,rcuun rvHa r43yr{aercfl Bo 2 ceMecrpe. Bcero Ha l43yrreHl4e yue6uofi

Ar4crlr4rrJrr4Hbr <Peureuue rrprlKnaAHbrx 3aAar{ MexaHnKI4 B cnOIII4anl43l4poBaHHbIX

IIAKETAX)) OTBENEHO:

- Infl o.{Hoft Sopnmr nonyqeH:zfl yrny6neHHoro Bblclrlero o6pasoBaHl4fl - 90

qacoB, B ToM rrr4cJre 52 ayluropHbrx uacu r43 Hr4x: neKuI4I4 - l8 qacoB, la6oparopHble

3a1flTnfl- 30 .uaca, ynpaBnfl,ewafl, caMocrotreJlbHar pa6ora- 4 qaea.

Tpy4oeMKocrb yue6no fi lrucl!;arrJrr4Hbr cocraBrlq er 3 3aqerHblx eAI4HI4ubI.

O opru a np oM ex{yrorlH oil arrecrallllll - 3 arl er.
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c oAE PII{AHI,IE I/II EEHO rI AId C IIVIWMHbI

pasAel 1. MareMarr{rtecKoe MoAeJrHpoBaHue H uH}I(eHepHblft aHalHs

Tevra 1.1. fIoHfTHe o MaTeMaTHqecKoM MoAeJIHpoBaHHH.

Mareuarr4r{ecKoe MoAerrnpoBaHr4e KaK cnoco6 [pI4MeH eHl/.fl HayrrHbIx

ilpr4HrII4rrOB H TTOAXOAOB r4H)r(eHepHofo aKa[rv3a B Kar{ecrBe I4HCTpyMeHTa BbIflBIreHI/.fl

QrasuuecKoro cocroflHr4r I,r3yrraeMofi rexgutqecxoft cl4creMbl, MaIIrI4HbI, ycrpoftcrea

vIrr4 KoHcTpyKuI4I'I.

Te*ra 1.2. floHqrue o QHsuKo-MareMarHqeCKOM TIpOeKTHpOBaHHH.

OUSUXO-MATCMATI4IICCKOE NPOEKTI4POBAHl/lE, BbIBOA AN|OPI4TMOB, KOMI]bIOTCPHOC

MOAenI4poBaHI4e Ant 3aAarl MexaHI',IKI4.

Tema 1.3. CoBpeMeHHbre [porpaMMHbre llaKerbl HHXteHepHofo aHaJIH3a.

o6sop coBpeMeHHbrx rrpofpaMMHbrx rraKeroB I4HXeHepHofo aHarv3a.

IrlHNeuepHbre cpeAbr v cr4Mynflropbr (ANSYS Inc., Siemens, Cd-Adapco, MSC

Nastran, nOfOC, OpenFoam, COMSOL Multiphysics, Mathcad, Mathematica,

LabView I4 Ap.). flpeuH,tyulecrBa I4 HeAocrarKl4.

parAel 2. TeoperHqecKHe ocHoBbr [pHMeHeHHfl MeTOAOB MareMaruqecKofo
MOAeJIHpOBaHUq

Teua 2.1. IIpHrueHeHue MeroIoB MareMarur{ecKofo MoAeJII{pOBaHHq B

3aAar{ax MexaHlIK[1.
ousuxo-MareMarprqecKafl 14 .{r4cKperHafl, MoAenI4. Klaccra0raxallJ/^fl Qrasuxo-

MaTeMaTHI{ecKI4x MoAen efi u III4cJIeHHrIX MeTOAOB AII.fl PCIIIEHI4 fl' 3ATA.{ MEXAHI4KI4.

Tervra 2.2. XaparcrepHble npaKTHqeCKHe 3aAaqu MexaHHKH'

OcHoeHbIe ypaBHeHllfl. Merorrt nx petueHnfl"

PasAer 3. rlHcleHHbte MeroAbr peureHwfl 3an.aq MexaHHKIr

TeUa 3.1. PaCqerHaf gOCTaHOBKa 3aAaq MeXaHI'lKI{.

MeroA KoHerrHbrx pa3uocrefi, MeroA KoHerrHbIX 3JIeMeHToB, MeroA KoHeqHbIX

o6leNtos.
Tevra 3.2. llpurueHeHHe qucJIeHHbIx MerogoB'

CxoAurvrocrb Bbrr{HcirprreJrbHbrx MeroroB vr anropl4TMoB. CouacoBaHHocrb.

Vcroilqr4Bocrb rlr4cJreHHbrx MeroAoB peureHl,Iq. To'IHocrr r{I4creHHoro pelxeHl4-fl.

Brr.{racrr,rreJrbHar eSQexu4BHocrb. MeroAu peIUeHI4t HeJll4Hefiustx 3aAar{ v

rpe6onaH4fl. Anfl r4x cxoAr4Mocrr4 r4TepaquoHHoro rlpoqecca. PacnapaJIJIeJII4BaHVe

B brq I,I c JI ele^uit . M ero A u p a crr ap aJI JI e iIIl B arrla fl' .

parAel 4. OpraHH3arIHs coBpeMeHHbIx rraKeroB TIIICJTeHHOfO MOAeJIHpOBaHHq u

HX llcfloJIb3OBaHUe IIq pelueHHf 3aAaq MexaHHKH

Tenaa 4.1. BUAsI I'I opt-aHusaunr rlaKeroB.



KlaccuQuxarlrax ro MeroAaM peueHl4t.3raurt pa6oru rplr qLIcJIeHHoM

M OAenI4p OBaHI4 fl. 3aIAl{ MeXaHI4KI4 .

Terrla 4.2. OprauH3arlr.rfl pa6oru B crIeIIHaJrI{3If poBaHHoM Arq 3aAaq

MexalrnKH rIaKeTe rIpuKJraAIrbIx rIpofpaMM.
flpvnr-1nn opraHr43awvr pa6ouero rpoqecca B rlporpaMusofi cpeAe ANSYS

Workbench, KaK rrpr4Mepa rraKera p,ilfl peIUeHI4q pa3ntrrrHblx 3aAar{ MexaHV KI4

cnlourHofi cpeAbr. Basosrrfi uHrepQeftc IIoJIb3oBareilfl. lUarn aHarvaa. lloAAepxKa

lapannelssoft o6pa6orKr4 .qaHHbrx Ha BbrcoKorrpor43BoAr4TeJlbHblx BsI.II4OJII4T9JIbHbIX

cr4cTeMax KaK c o6ulefi, tax 14 pacflpeAeneHHoft nau.sTbro.

Tenra 4.3, Llcuolu3oBaHue crreuuaJlu3npoBaHHoro AJIfl 3aAaq MexaHuKH

rraKeTa IIpHKJIaAHbIX ttp0fpaMM.
flpuvrepbr r4crroJrb3oBaHnfl rrporpaMMHoft cpegu ANSYS Workbench I,nr, 3aIaH

MexaHVKr4 cnlorusofi cpeAbr: flpor{HocrHble pacr{erbl, o[peAeJIeHI4e Harlpflx{eHHoro

geSopvrupyeMoro cosroflHuq MexaHH.Iecroft cHcreMbI; pacrrer rI4ApoAlaHal.r'laKvr

Bfl3Kr4x Nt'tgxocrefi c yueronr KoHBeKTI4BHofo rerlJloo6nrena; MoAenl4poBaHI4e

ryp6yneHTHbrx reqeHrafi Bfl3Kr4x cpeA; 3a4ruv rasonofi AlalnaulaKuT; 3al.aqv

TerrJrorpoBoAHocrr,r B rn€pArtx reJlax. 3aAasue pacuerHofi o6lacru, flocrpoeHl4e

cerKr4 r,r rrocraHoBKa rpaHr4rrHbrx ycnoBl,Ifi. Bu6op I4 HacrpofiKa peuarenefi. Brr6op

MeroAa perxeHr4.r{ CIIAy, uacrpofiKa rlapaMerpoB rlpoqecca petu eHvrfl. O6pa6orKa,

aHaJrr43 Lr Bv3yaJrn3arlur AaHHbrx pacqeroB (nr,rsyanv3al!:r,fl sKanrpHblx I4 BeKTopHbIX

nolefi, rvt:nvtit roKa, I43oJII,IH ufi, wzorloBepxuocrefi v r . I.
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I{HOOPM AUI4OHHO-METOAU.IE CKAS qACTb
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flepeveHb peKoMeHAyeMbrx cpegcrB AHarHocrr.IKH H MeroAHKa QopmupoBaHlrq
HToroBoft ornnerKn

[raaruocrr4Ka pe3ynbraroB yue6nofi leflreJrbHocrr4 no AI,IcuI4IIJII4He <Peureuue

npI4KnaAHbIX 3a.qar{ MexaHI,IKI4 B CIIeIIVaII43I4pOBaHHbIX rIaKeTaX)) IIpOBOAVITCfl,, KaK

rrp aB lrn o, B o Bp e Mq ayAr{Top Hbrx zawsrufit. !.rq AH arH o crI,IKI4 I,I crl o JIb3y rorc-f, :

- rlpoBepKa orr{eroB uo ra6oparopHblrta pa6orartr;
- co6eceAoBaHl4e Ha ayAI{TopHbIX 3alnflTnflx;
- KoHTpoJrbHar pa6ora.
Oruerxa 3a orBerbr Ha rreKrlvrflx (co6eceAoBaHr4e) u BbIrIoJIHeHI4e orqeroB rlo

na6oparopHbrM pa6oravr BKrroqaer B ce6s flonHory orBera, HarHr{I4e apryMeHToB,

npr4MepoB r43 rrpaKTr4ru. KoHTponbHax pa6ora BbIrIoJIHterct rlo reMaw 2-4.

Oopl,rofi lpoMe)KyrorrHofi arrecra\vvr rro lncur{rrJrr,rHe <Peruenl4e npI,IKnaAHbIX

3aAarl MexaHrrKr,r B cnerlr4anlr3r4poBaHHbrx rraKerax > yue6nblM TIJIaHoM [pelycMorpeH
3aqer.

IlpunrepHsrfi repeqeHb 3aAaHufi AJrs yilpaBJrsenaoft caMocroqrerbHofi pa6orur
cryAeHToB

Ynpann fl,eMafl caMocroflTeJrbH an pa6ora cryAeHToB no AI4oIITITIJII4He <Perueuue

rrpvKnaAHbrx 3aAar{ MexaHr4Kr4 B c[ellr4anr43l4poBaHHbrx rlaKeTax) ocyuecTBJlfleTc.tl B

Qopve KoHTporsuoft pa6oru ilo pa3AerlaM 3 u 4.

Teua 3.2. [IpnrrreHeHl{e qHcJIeHHbIx MeroAoB.
CxoAul,rocrb Bbrrrr4cJII4TeJIbHbrx MeroAoB u anropLITMoB. CorlacoBaHHocrb.

Vcrofi.rl,IBocrb rrr4creHHbrx MeroIoB perrreHprt. To.rHocrs qI4cJIeHHofo perueHla,g.

BH.rracrr4TeJrbHa-rr eSSexu4BHocrb. MeroArr pe[IeHI4.tI HeJIHHefiunx 3alarr v
rpe6onaHnf, 1.nfl vx cxoAr4Mocrr4 r,rrepaur4oHHoro npoqecca. PacuapaJIJIeJILIBaHlae

B br rr pr c Jr ele^uit . M ero I u p aanap aJI JI e JI I4 B a[l/. fl, .

3aAauue: nrr6parb caMocrorreJrbHo 3aAar{y MexaHI,Ixu. llocrpol4Tb tII4cJIeHHyro

MoAenb Ha ocHoBe pa3nr4qHbrx qr4cJreHHbrx MeroAoB. OupegeJII4Tb cxoAl4Mocrb,

corJracoBaHHocrb v ycroftvr4Bocrb MeroAoB. Cpanuurr [onyqeHHble pe3ynbrarbl
perrreHr4fl.

Ooprua KoHTpo lrr, - KoHTpoJIbHafl pa6ora (2 q).

Tema 4.3. Llcnolu3oBaHne cfleunaJru3lrpoBaHnoro AJIfl 3aAaq MexaHI{KI{

rraKeTa rrpr.rKJr aAHbIx rlpofpaMM
3aAasne: r4crroJrHr4rb rronHylo ttpoueAypy ttocrpoeHlafl reoMerpl4qecKH

crrox{Horo o6reKra B rrporpauuuoft cpeAe ANSYS Workbench. Bunolnl4rb pacr{erbl

,Infl caMocrotreJlbHo eu6paHHofi gap.a'rv MexaHI4KI,I cTIJIoIITHIIX cpe,q Anfl 3Toro

o6rexra. O6pa6orarb 14 npoBecrvr aHaJrr{3 c Bn3yanvza\uefi AaHHsIX pacrleroB.

Oopnra KoHTporrfl - KoHTpoiIbHa-q pa6ora (2 q).
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llpurvrepHsrfi repeqeHr "na6oparopHbtx 3aH sruit

1. OnpegeJreHr4e Hanp.rrlxeHHoro cocroflHufl rIJIacrHHbI c yr{eToM

rracrnrrecKr4x 4eQopl,r a:qJ,I^ft, B cpeAe ANSYS Workbench
2. Pac.Ier 6alox I4 paM B cpeAe ANSYS Workbench.
3. Perueuue crarlr4oHapHbrx 14 HecraulroHapHbrx 3aAaq rerIJIo[poBoAHocrI4 B

cpeAe ANSYS Workbench.
4. Peureuue 3araq MexaHr4KH xnrKocrr4 v ra3a B cpeAe ANSYS Workbench

(o6rexaHl4e IIprnI4HApa, [pI4creHor{Hbre reqeHI4,fl, TerIeHI,Ie Bfl3KHX xl,t4xocrefi B

xauarax).
5. KorunuorepHoe MoAeJII4poBaHI4e rlpoqeccoB

KoHcrpyxur,rft B cpeAe ANSYS Workbench.

geSoprtrI4poBaHI4r

flo xaxAofi na6oparopuofi pa6ore r43 crrncxa ueo6xo.ul4Mo rlpoBecru Qusraro-
MareMarr4r{ecKy}o rrocraHoBKy 3a4al]v, [ocrpor4Tb pacrrerHy]o MoAenb Ha ocHoBe
rrr4cJreHHbrx MeroAoB, BbrrroJrHr4Tb pacrrerbl Ant nu6pansoil 3ahaq.pr, o6pa6orarb vr

rrpoBecrn aHarru3 c Blr3yarrr4sarlneft AaHHrIX pacrreroB B BI4Ae rpaQuxon, ra6lnu,
rrp o crp aH crB eHH brx p acilp eA en eH uit Suzuq e cKr4x rl ap aM erp o B 3al.av'u 14 n oAroro BLIrb

orr{er no ra6oparopHofi pa6ore.

Onucaune uHHoBarruoHHbrx rroAxoAoB H MeroAoB K rlperloAaBaHnro yve6Hofi

AHCIIHTIJIHIIbI

B xa.recrBe r4HHoBaur4oHHbrx rroAXoAoB 14 MeroAoB K nperIoAaBaHI4Io yue6nofi

AracrlplnJrlrHbr <PeureuHe rrpr,rKnaAHbrx 3aAar{ MexaHI4KI4 B cneqnanl43l4poBaHHblx

rraKerax)) HctroJrb3yrorcfl rrpaKTr{Ko-opueHTnposaHHutft rIoAxoA, MeroA aHaJII{3a

r(oHKperHbrx curyaqufi v MeroA rpyrrfloBoro o6yveHnn, Koropble [o3Boilqror
cryAeHTaM OCBOT4Tb COIepXaHr4e lr4oqr4rrJrr4Hbl r{epe3 peIrIeHI4e rIpaKTHqecKI4x 3aAar{

MexaHr.rKr4 c nprao6pereHr4eM eQQexu4BHbIX HaBbIKoB npoBe l.eHlafl, KoMrlblorepHoro
MoAenr4poBaHr4q c pa3Br4Tr4eM cnoco6socreft aHalrvsvrpoBarb nonyqaeMylo HayqHo-

TexHr,rqecKyro uuSoprr,rarluro, r4crronb3yr o6uIeAocryIrHbIe npoSecc14oHaJIbHbIe

3Halavrfl, a raKxe cb6crseHsrrft orrbrr. B KarrecrBe Qoprvru opraHl43 a\uvr yue6Ho-

rro3HaBarelssoft Ae.rrrenbHocrra rrpu BsITIoJIH envrv na6oparopHblx pa6or
rrpeArroJraraercfl pa6ora MaJrbrMrr rpynrraMn HaA c[euu$I4rrecKI4MI,I yue6Hstuu

3ANAHI"4flMI'.I.

MeroAuqecKl{e peICoMeHAaIIITH rIo opraHI{3aII}tll
caMocroqrerbsoft pa6oru

Ilpr,r lr3yqeHr4r4 Ar,rcrlr4rrJrr4Hbr opraHl43 a:q;'lrfl caMocrosrelruofi pa6orrr
Marr4crpaHToB AonxHa npeAcraBJr.rrrb eAr4HcrBo rpex B3aHMocBq3aHHbIX Qopnr:
BHeayAlrropHafl, ay2.vrropHa.fi 14 TBopr{ecKat caMocroflTeJlbHsle pa6oru. Ay.ul4TopHa.fl

caMocroflTeJrbHafl pa6ora ocyuecrBJr.rrercfl rIoA HerIocpeAcrBeHHbIM pyKoBoAcrBoM

[perroAaBareJrfl. TsopqecKafl pa6ora BKJI]oqaer sJIeMeHTbI HayrIHo-

I4 cc JI e.II oBare JIb c ro fi .

Ha la6oparopHbrx 3aH.rrrr4.rrx ro Ar,rcqu[Jrl4He <Peruesne ilpI4KnaAHbIX 3aAar{
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MexaH14Kr4 B Crreur4anH3r,rpoBaHHbIX IIaKeTaX)) peKoMeHAyeTcfl ilpl4MeHqTb

MHof oBapr4aHTHbre vHilvrBl'rAyanbHble 3a1aHrrfl p'nfl npI,Io6peTeHI4s HaBbIKoB

caMocroflTeJrbHoro perxeHr,rq [paKTI4tIecKI,IX 3a1aq. B cuny pa3nl,IrlHof o ypoBH,tI

roroBHocrr4 MarHcrpaHToB Ha la6oparopHblx 3aHflTl4flx IIo AI4cIIHTIJII,IHe cneAyer

ilpoBoAHTb rrpr4 geo6xoAlrMocrr4 AononHI4TeJIbHbIe KoHcynbralllz,:a p,nfl, o6lscueHnfl, kr

3aKpe[n eHrdfl cJIo](HOfO Marepvana.

flpuvreprrstfi repeqeHb BorlpocoB K 3aqery

l. I4HxeHepHufi anarrv3, Hayr{Hbre rrpr{HIII{IrbI I4 noAXoAbI.

2. IrlncrpyMeHrbl I4HXeHepHoro aHanv3a.

3. Maretrarr4r{ecKoe MoAeJrr4poBaHr4e KaK I4HcrpyMeHT n.nfl BbItBJIeHVfl,

$uszuecKoro cocroflHr4f r43yqaeMofi rexsn.{ecxofi cncreMbl, MaIIII,IHII, ycrpoftcrea
vrv KoHcrpyKrlr4r4. 9ro BKJrloqaer B ce6s MareMarl4qecKoe MoAenuponaune?

4. OcHosubre 3Tarrbr r4H)KeHepHoro aHarrvrca c lloMoulbto MareMarllqecKoro

MO.[enI4pOBaHHs.

5. 3ransl npoBeA eHufl MareMarr4r{ecKoro MoAenI4poBaHVfl, v aHarv3a 3a4a9vr

MEXAHI4KI4.

6. llaxerrr rporpaMM Anfl r{r,rcJreHHoro MoAenvpoBaHI4 fl trpv pe[IeHl4vr 3ana'+

MEXAHI4KI4.

7 . Crpyxrypa rraKeroB rrporpaMM Anfl qI4cJIeHHoro MoAenHpoBaHI4fl 3aAarr

MEXAHI4KI4.

8. llarerrpexMepHororBepAoreJlbHoro MoAenI4poBaHI4fl.

9. llaxersr Anq rrpoBeAennfl, KoMrlbrorepHoro MoAenllpoBaHl4.f, B 3aAar{ax

Teopr4r4 yrlpyfo crvr, ilpor{Ho srv.
10. llaxeru p.nfl npoBeAeunfl, KoMrlblorepHoro MoAenI4poBaHI4q B 3ana.rax

MCXAHI4KI'I XI4IKOCTI4 V fA3A.

I l. I{uCleuHble MeToAbI Anfl peueHI,Ifl,3a4aq MeXaHI4KI4.

12. MeroA KoHer{HbIX pa3Hocrefi.

13. MeroA KoHer{HbIX 3JIeMeHToB.

14. Mero,u KoHerlHstx o6teMoB.
1 5. MeroA arrrpoK cvrMarlvrlt Ar,rQ$epeHIII4anbHbIX ypaBHesuit clacreltofr

anre6par4r{ecKr4x ypaBHeuuit B HeKoropoM Ha6ope AI4cKperHbIX IloroxelHuit B

npocTpaHcTBe I,I BpeMeHI4.
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Peuregue, [pI,IHflToe

raQegpoil,
paspa6oraeuefi
yue6uyrc rporPaMMY
(c yrasaHl,IeM Aarbl I4

HoMepa rporoKona)

llpelnoxeHlls
o6 HgN,IeHeHIlgx B

coAepx anrrv Yue6Hofi
rrpofpaMMbl

Y'IPC)KACHHfl BbICIUC|O

o6pasonaHl,Ifl rlo
qe6Hoil .IIlIcuI4rIiILIH e

HasgaHI,Ie

raSe4pst
HagsaHI,Ie

AHCUI,IIJII,IHbI,

c rotopoil
rpe6yercr
COfJIACOBAHI,IC

V.Ie6Haq

AI4CIIUIJII'IHa He

rpe6yer
COfJIACOBAHI,Ifl

rrpoToKoJr c orJIAcoBAHI4q vqEBHofr IIp OTPAMMbI vo

3ane.qyroullfi raQeaPofi reoperuqecKon I,I

rrp LIKJI a4n o fi M exaHI4KI'I

At*rop Qrasraro -MareM ar'rrecKr'x HayK, up o Q ecco M.A.XypaBKoB

@- gem.EPq zffir. /
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AOTIOJIHEHVTI,I,I H3MEHEHLIfl K yTIEEHOIZ IIpOrpAMME yO

Ha I yqe6Hbril roA

Nq

u/u [ononH eHkrfl, rr r,I3MeHeHH.rI OcHogaHI,Ie

V.re6Ha.r rporpaMMa rrepecMorpeHa n ogo6peHa Ha 3aceAaHzu xaQeApsr
(upororor J\b _ or 202_r.)

?:

3anegyroqr4fi raSegpofi

YTBEPXTAIO
,{eraH SaryruTera
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