MuHHCTEpPCTBO HAYKH U BbIcLIero oopa3osanusi PO
DenepanbHOE roCyJapCcTBeHHOE 0K0I:KeTHOE 00pa30oBaTe/IbHOE YUpPeKIeHNEe
BbICIIET0 00Pa30BaAHUA
«HanuoHanbHBIN HccIeI0BaTeIbCKUN yHUBepcuTeT « MIU»

Hanpasienue noaroroBku/cnenuanbHocTh: 15.04.03 Ilpuknagnas MexaHuka
HaumenoBanue o0pa3zoBare/ibHOM nporpamMmbl: JluHAMUKA U IPOYHOCTH MAIIIMH, NPUOOPOB U aANNAPATYPHI
YpoBeHnb 00pa3oBaHusi: Bbiciee 00pa3oBaHMe - MarucTpaTypa

®opma o0yuenusi: Ounas

Pabouass nporpaMma QM CHUILIHHBI
OIITUMAJIBHOE ITPOEKTUPOBAHUE

biaok:

Baok 1 «/Iucuuniunsl (MoxyJim)»

Yactb 00pa3oBaTesbHOM
NPOrpamMMblI:

Oo0s13aTeLHas

Ne IMCHUIIJIMHBI 0 YYeOHOMY
IJIaHy:

b1.0.11

TpynoeMKOCTh B 3a4eTHBIX
eIMHULAX:

3 cemectp - 2;

Yacos (Bcero) no yueoHomy
IJIAHY:

72 gyaca

Jexknun

3 cemecTp - 16 yacos;

HpaKTuquKne 3aHATHA

3 cemecTp - 16 yacos;

JlabopaTopHbie pa6oThI

He NMPeyCMOTPEeHO YUeOHbIM IIAHOM

KoncyabTanum

MPOBOJIUTCHA B paMKaX 4YaCoB ay/IMTOPHbIX 3aHSATHH

CamocrosiTesibHasi padoTa

3 cemectp - 39,7 yaca;

B ToM unciae Ha KII/KP

He MPeyCMOTPEHO YUeOHBIM MJIAHOM

HNnasi koHTaKkTHas padoTa

MPOBOJIUTCHA B paMKaX 4YaCoB ay/IUTOPHbIX 3aHSATHH

BKJIIOYAS:
TecTtupoBaHue
KontpoabHas padora

IIpome:kyTouHast aTTecTALUS:

3ayer ¢ OLEeHKOM

3 cemectp - 0,3 yaca;
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1. EJIX 1 3AJAYHN OCBOEHMUSA JUCIIUITJIMHbI

ILleab ocBoeHMsl AUCHMILIMHBI. V3ydeHune u peanus3anus MaTeMaTHUYECKUX METOAOB pEIICHUs
3a1a4y ONTHMAJBHOTO  IPOEKTHUPOBAHMUS, HEOOXOIUMBIX B IPOEKTHO-KOHCTPYKTOPCKOM,
IIPOM3BOJICTBEHHO-TEXHOJIIOTHYECKOI U HayYHO-UCCIIEI0BATENIbCKOM 1€ TEIbHOCTH CTY ICHTA.

3agauu AMCHMIIMHBI

- OOy4eHue CTyIeHTOB MaTeMaTHUYECKUM METOJIaM pelIeHUs 3a/1a4 ONTUMAJIbHOTO
IIPOEKTHPOBAHNUS;

- BbInonHenue 0CHOBHOIO IUKJIA PELIEHUs 3ajad ONTHMAJIbHOIO IPOEKTUPOBAHUS KOHCTPYKIIMH
(KOppeKTHasi IOCTaHOBKA 3a/1a4y, BIOOP U MCCIIEI0BAaHUE METOOB PEILICHNUS, aHAJIU3 PE3YJIbTATOB) HA
IIpUMeEpPEe MOJIENIBHBIX U PEAIbHBIX KOHCTPYKLUII;

- O0yueHue CTyICHTOB METOJJaM UMCIIEHHOTO PELIEHUS 3a7a4 ONTUMU3AalUY KOHCTPYKIUH,
pEaI30BaHHBIM B COBPEMEHHBIX POrPaMMHBIX KOMILIEKCaX;

- O0y4eHue CTyIEeHTOB IPUMEHEHHUIO CHEIMATU3HPOBAHHOTO TPOTPAMMHOT0 00ecTieueHus 11
pelLeHus 3a4a4 ONTUMH3ALHH.

CDOpMI/IpyeMLIC y o6yqafomeroc>1 KOMIICTCHIUHU U 3allJTAaHUPOBAHHLBIC PE3yJibTaTbl Oﬁy‘IEHHﬂ 10
JUCHUIITIMHE, COOTHCCCHHBIC C HHANKATOPaAMHU JOCTUKCHU A KOMIIeTEeHIIMIi:

KOI{ U HAMMCHOBAHHEC KOI[ 1 HAMMCHOBAaHHEC 3an.11almp03am{ble pe3yJabTaThl Oﬁy‘leHI/l‘il
KOMIIETEeHL MU MHAUKATOPA JOCTUKEHUsI
KOMIICTCHIUH

OIIK-3 Crnocoben NJI-201mk-3 ['oToB obecnieunTs | 3HATH:

OpPraHU30BBIBAaTh PAOOTY M0 | MAKCUMAJIbHYIO TEXHUKO- - OCHOBHBIC IPUHIUIIE! AITOPUTMU3ALHH

COBEPLICHCTBOBAHHUIO, 9KOHOMHUYECKYIO 1 IIPOrpaMMHUPOBAHUSA IIPOLECCOB

MOJEpHU3ALUN U 3 PeKTUBHOCTH OOBEKTOB IIPOCKTHPOBAHKA U KOHCTPYHPOBaHUA,

YHU(DUKALUYU BBITYCKAEMBIX | MPo(ecCHOHANbHOM - Merozp! pemenus 3ana4

U3JIEIIMNA U UX JJIEMEHTOB JESTCIIBHOCTH IIPU MHOTOKPUTEPHAJIbHON ONTUMHU3ALNH,
COGIIIOICHHY YCIIOBHIA METO/]IbI IOCTPOSHH MHOXKeCTBa [lapero-
HaJIeKHOCTH, OINTHUMAJbHBIX PELIEHUIL.;
TEXHOJIOTHYHOCTH, - CoBpeMeHHbIE HAYKOEMKHE TEXHOJIOTHH
JIOJITOBEUHOCTH JUIs pellieHHs 3a1a4 ONTUMAaIbHOTO

POEKTUPOBAHUS;

- OcHOBHBIE OJXO/BI B (hOPMUPOBAHUH
LEeNEeBbIX PYHKIMHA U (YHKIUOHATIBHBIX
OIpaHUYECHUH.

YMETh!
- Oco3HaBaTh OCHOBHBIE MTPOOIIEMBbI
ONTUMAJILHOTO MPOEKTUPOBAHUS
KOHCTPYKIIUH, IPH PEIIEHHH KOTOPHIX
BO3HHUKAET HEOOXOAUMOCTh B CIIOKHBIX
3ajja4ax BbIOOpa, TpeOYyIOmUX
UCTIOJIb30BAaHUS KOJIMUECTBEHHBIX U
Ka4eCTBEHHBIX METOJIOB;

- BoiOupate Hanbonee 3¢ hexkTUBHBIN B
JTAHHBIX YCIOBUSX METOJ] PEIICHUS 3a1a4n
ONTUMU3AINH;

- opmynnpoBaTh TEXHUKO-
HKOHOMHUECKOE COJIepKaHUe 3a1a4
ONITUMU3AIIHH;

- O60cHOBaHHO U 3()(PEKTUBHO MPUMEHSATH
COBPEMEHHBIE KOMITBIOTEPHBIE TEXHOJIOTUU
IPU IPOEKTHPOBAHUH.
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Koa u HaumeHoBaHue
KOMIIETCHIINH

Koa u HaumeHoBaHMe
HHAUKATOpa JOCTHKCHUSA
KOMIICTCHI U

3amiaHupoBaHHbIE Pe3YabTATHI 00yYeHUsI

[IK-1 I'oToB yuacTBOBaTH B
HAyYHBIX U pacYeTHO-
IKCIIEPUMEHTATBHBIX
UCCJIEIOBAaHUIX 00BEKTOB
npohecCHOHABLHOM
JESITEIIBHOCTH C LENbI0
obecrieueHus ux
MPOYHOCTH, KECTKOCTH,
YCTOMYUBOCTH,
JOJITOBEYHOCTH,
0€30MacCHOCTH U
HAJIC)KHOCTH

N /1-411k-1 CnocoOeH HaXOIUTh
ONTUMAJIbHBIE HHKEHEPHBIE
peuieHust

3HaTh:
- MeToabsl MHOrOMEpPHOW ONTUMU3ALUU:
CHUMILIIEKC-METObl, METObI CIIy4alHOTO
MOMCKA, METO/IbI MTOCJIEI0BATEIbHBIX
HamnpaBjieHUH, MeToll XyKa-J[>kuBca,
IPaJIMeHTHBIE METO/Ibl, HBIOTOHOBCKHE U
KBa3MHbIOTOHOBCKHUE METO/bL;

- MeToabsl MHOrOMEpPHOW ONTUMU3ALUU C
y4eTOM OorpaHnnueHuit: reopema Kyna —
Taxkepa, meton bokca, MeTos mTpadHbIX
dbyHKIMA, MeTo 0aphEPOB;

- Marematrueckyo OCTaHOBKY 3aja4
ONTUMU3ALMU U OCHOBHBIE OHSTHS:
uesneBast QyHKIUS, TAaCCUBHBIE U AKTUBHbBIC
OTpaHUYEHUs, KPUTEPUU 3aBEPLICHUS
MOUCKA, TTapaMeTPbl TPOCKTUPOBAHUS B
3a/1a4yax ONTUMAJIBHOI'O TPOEKTUPOBAHUS
KOHCTpYKLUI, MHOkeCTBO [lapero-
ONTUMAJIbHBIX PEIICHHUI;

- MeToabl 0OTHOMEPHON ONTUMU3ALIMU:
METOJ TUXOTOMHH, YETBIPEXTOUCUHBIE
CUMMETPUYHBIEC aJITOPUTMBI, METOIbI
MpOCTOro nepedopa u CIIydailHOTo MOUCKa,
METO/IbI TOJIMHOMHAJIBHON
anmpoKCUMaIUU.

YMETh:
- KoppekTHO cTaBUTh KOHKPETHBIE 3a/1a4H
ONTUMAJILHOTO NNPOEKTUPOBAHMUS:
BBIJIETISITH YIIPaBIIIEMbIE TApaMETPHI,
3aJ1aBaTh NPSMbIE OIPaHUYCHMUSI,
¢dbopMupoBath 1eneBble QYHKIUU U
(GYyHKINOHATIBHBIE OTPAHUYECHHUS;

- Pa3pabatsiBath (usnueckue u
MaTEMaTUYECKUE MOJIENH SBJIICHUN U
00BEKTOB, OTHOCSIIIUXCS K 00J1acTH
ONTUMAJILHOTO NPOEKTUPOBAHUS
KOHCTPYKLMH;

- [IpumMeHATh N3yUeHHBIE AITOPUTMBI
ONTUMM3AINH K PEIICHUIO MPUKIIaIHbIX
IIPOEKTHO-KOHCTPYKTOPCKUX,
MIPOU3BOJICTBEHHO-TEXHOJIOTHYECKUX U
HAyYHO-MCCIIEJOBATEIbCKUX 3a/1a4 Ha 0aze
COBPEMEHHBIX KOMIIBIOTEPHBIX
TEXHOJIOTHIi;

- Peanu3oBbiBaTh METO/IbI pEIICHUS
ONTUMM3ALMOHHBIX 337a4 Ha IOCTYITHOM
S3bIKE IPOTPAMMUPOBAHUS (MCIIOJIB3YETCS
APDL B cpene ANSYY);
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Koa u HaumeHoBaHue Koa u HaumeHoBaHMe 3anﬂaﬂnp03aﬂﬂue PeE3yJabTaThI 06yqemm
KOMIIETCHIINH HHAUKATOpa JOCTHKCHUSA
KOMIICTCHI U

- PemaTp 3a1aun onTUManbHOrO
IIPOCKTUPOBAHUS KOHCTPYKLIUM B
KOHEYHO-3JIEMEHTHBIX KOMIIJIEKCAX, B TOM
YUCJIE C TIOMOILBIO AJITOPUTMOB,
pEealn30BaHHBIX Ha SI3bIKE
nporpammupoBanusi APDL B cpene
ANSYS.

2. MECTO JJUCHHUILIMHBI B CTPYKTYPE OBPA3OBATEJIbHOM NPOT'PAMMBI BO

JlucuunianHa OTHOCHTCSI K OCHOBHOH podeccronanbHol o0pazoBarenbHON nporpamme JluHamuka
U MIPOYHOCTh MalIMH, npruOopoB u anmapatypsl (nanee — OIIOII), nanpasnenus noarorosku 15.04.03
[puknagHas MexaHuKa, ypoBeHb 00pa30BaHMUs: BbICIIEE 00pa30BaHUE - MarHCTPaTypa.

TpeOGoBaHMsI K BXOAHBIM 3HAHUSM U YMEHUSIM:

- 3"HaTh [Jucnunnuna 6a3upyercsa Ha AUCHUILTMHAX OakanaBpuata no HampasieHuto 15.03.03
[Ipukiianmnas MexaHuKa, a TakKe Ha TUCHUILTHHE «BhruncnuTenbHas MEXaHUKa U KOMITBIOTEPHBIH
WHXUHAPUHTY

- ymethb JucnumuinHaa 6asupyercst Ha AUCUMILIMHAX OakanaBpuara o HanpasieHuto 15.03.03
[IpuknagHas MexaHUKa, a TAK)Ke Ha JUCHUILINHE «BhIuncauTenpbHas MeXaHUKa U KOMITbFOTEPHBIN
WHXUHUPUHTY

Pe3ynbpTaThl 00y4eHus, MoJydeHHbIE TP OCBOCHUM JTUCLUIUIMHBI, HEOOXOIMMBI IIPU BBIITOJHEHUN
BBIIYCKHOM KBaJU(UKALMOHHON PabOTBHI.




3. CTPYKTYPA U COAEP)KAHUE JUCHUIIJIMHbI
3.1 CTpyKTypa THCHUNIHHBI

OO01as TpyJI0eMKOCTb JUCIUIUIMHBI COCTABIISIET 2 3a4€THBIX €IMHHMIIBI, 72 Jaca.

PacnpenencHue TpyoeMKocTH pasjena (B 4acax) Mo BHUIAM YIeOHOH paboThI

Pasesb1/TeMbl 8| a
Ne JTUCIUTUTAHBL/ (D OPMBI § % § KonrakTHas pa6ora cp CopneprkaHue caMOCTOSTENTFHON paboThl/
/i IPOMEXYTOTHOM o &| 3 Koncyubraums UKP PaGora s | LOATOTOBKA K METONYECKUE YKa3aHHsI
aTTeCTAINH 8| © | Jlex JIab | Ip — - VKK | TK A CeMECTDE aTTeCTalluu
/M P /KOHTPOJTB
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 MaremaTHueckas 6 3 2 - 2 - - - - - 2 - Ilo020mo6Ka K KOHMPOILHOU padome:
[IOCTAaHOBKA 3a/1a4 ITonrotoBka k Tecty 1. OcBoeHHUE 3HAaHUII 11O
ONTUMHU3ALUU paszneny 1. [Ipaktuka B hopMyTupoBaHHA
11 MaremaTtuueckas 4 1 - 2 - - - - - 1 - MPOCTEHIINX 3a/1a4 ONTUMHU3ALMNY:
MOCTaHOBKa 3aj1a4 oIpeieJIeHUe apaMeTPOB NPOSKTHPOBAHMS,
ONTUMHU3ALUU (dopMmynrpoBaHue LeneBol GpyHKINY,
1.2 O030p COBpEMEHHOTO 2 1 - - - - - - - 1 - cocTaBJIeHUE (QYHKIIHH-OrpaHUICHHH.
COCTOSTHHSI CPEJICTB Krnaccudukanms noryueHHOH 3a1a4qu.
penieHus 3agad H3yuenue mamepuanog 1umepamypHbix
ONTHMU3AINN UCIOYHUKOB:
[1]! -
[3]1 -
[6]7 -
2 MaremaTHyeckue 8 2 - 2 - - - - - 4 - I10020mogKa K KOHmMpPONbLHOU padome:
METO/Ibl OJHOMEPHOI IToxrotoBka k Tecty 2. OCBOeHHUE 3HAHUII 11O
ONTHMU3AIINU pazzeny 2. [IpakTuka UCIIOIB30BAHUS
2.1 OnHoMepHast 8 2 - 2 - - - - - 4 - aJTOPUTMOB OJJHOMEPHOU ONTUMHU3AIINH Oe3
ONTHUMHU3ALIHS OrpaHHYeHUii: Iepedop Ha CeTKe,

Y4eTHIPEXTOYCUHBIE METO/IBI, METOJI XyKa-
JxuBca, METOJT CITy4aifHOTO IIOUCKA.
OTpaboTKa NPUMEPOB, JEMOHCTPUPYIOIIAX
JIOCTOMHCTBA Y HEJJOCTATKUA U3YYEHHBIX
METOJI0B ¥ TPAHMILIbI KX IPUMEHUMOCTH.
Peanuzanus n30paHHBIX aITOPUTMOB Ha S3BIKE
APDL B xommiekce ANSYS.
H3yuenue mamepuanos iumepanmypHvlx
UCHOYHUKOG:

[1]7 -




(3], -
(6], -

3 Marematnyeckne 12.0 4.0 4.0 4.0 Ilodz0moska K KOHmMpPONbHOU padome:
METOJIbl MHOTOMEPHOI [Moaroroska x Tecty 3. OcBoeHUE 3HAHHH 110
ONTUMHU3ALNH pazzeny 3. IlpakTka UCTIONb30BaHUS
3.1 CuMIUIeKC-METOIBI B 2.5 0.5 1 1 ITOPUTMOB MHOTOMEPHOH ONTHMH3aLNH 0€e3
3a/1a4aX MHOTOMEPHOI orpaHu4eHuil: Meron Xyka-J[xuBca, MeTOX
ONTUMM3ALUH Hennepa-Mupa, rpalueHTHBIE METOABI,
3.2 MeTons! cxy9aitHOTO 1.0 0.5 - 0.5 HBIOTOHOBCKHE METO/IbI, KBa3HHHIOTOHOBCKHE
MOWCKA B 3a/1a9ax METOJIBI, METOJIBI CITyJaifHOTO MTOHCKA.
MHOTOMEPHOH BrisiBiienue u pukcauus 10CTOUHCTB U
ONTUMU3AIHNN HEJIOCTaTKOB U3yYEHHBIX METOJIOB U IPaHUI] UX
3.3 Meronast 2.0 0.5 1 05 npuMeHuMocTy. Peanuzanus I/136paHHbIX
TIOCIIEIOBATENBHBIX anroputMoB Ha s3bike APDL B koMILIekce
HampaBJIeHUH B 3a7auax ANSYS.
MHOTOMEPHOM H3yuenue mamepuanog 1umepamypHsix
ONTHMU3AINU UCHOYHUKO8:
3.4 | Meroa Xyka-/I)xuBca B 15 0.5 0.5 0.5 [1], -
3a7]la4aX MHOTOMEpPHOM [2], -
OIITUMU3alLUN [3]! -
35 I'pagrieHTHBIE METOIBI 25 1 1 0.5 [6], -
MHOTOMEPHOH
ONTUMU3AIHA
3.6 | HproTOHOBCKHE METOIBI 2.0 0.5 0.5 1
MHOTOMEPHOH
ONTUMU3AIHA
3.7 Jluneiinoe 0.5 0.5 - -
MIPOTpaMMHPOBAHHE
4 OCHOBHBIE METOJIBI 14 4 4 6 Ilo020mo6Ka K KOHMPOILHOU padome:
pelieHus 3auad ¢ [ToaroroBka Kk KOHTPOJBHOM pabdoTte 1.
aKTUBHBIMU U IloBTOpEHUE 3HAHMIA, ITOJIyYEHHBIX IIPU
MACCUBHBIMU n3ydeHur paszaenoB 1-3. OcBoeHue 3HAHUMN 110
OrpaHUYCHUSIMU pasneny 4. [IpakTuka penieHus 3aaad ¢
4.1 Onrumuzanys B 9 2 3 4 OrpaHUYCHUSIMUA-PABEHCTBAMU U
3aaa4ax C IIaCCUBHBIMH OrpaHNYCHUAMU-HCPABCHCTBAMMU. Pemenue
OrpaHUYCHUSIMU 3a71a4 ¢ OrpaHUuCHUSIMH-PaBEHCTBAMH C
4.2 MHorokpurepuajibHas 5 2 1 2 IIPUMEHEHNEM MeTola MHOKuTenel Jlarpanxa.
ONTUMU3AITHS Pewenue 3a1a4 ¢ orpaHn4EeHUSMU-

HEPABCHCTBAMHU C IPUMEHCHUCM TCOPEMbI
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Kyna-Takkepa. Pemenue 3amad ¢
OrpaHMYEHUSIMHU TP oMoIu MeToaa bokca.
dopmyupoBka MTpadHBIX U GapbepHBIX
¢ysakunit. Ucnonp3oBanue 0apbepoB Iyt
aNMpOKCHMAINN OTPAaHUYCHUH-PABEHCTB.
Peanm3anust n30paHHBIX aNTOPUTMOB Ha A3bIKE
APDL B kommiexce ANSYS.
H3yuenue mamepuanog 1umepamypHbix
UCIOYHUKOG:

[2], -

[3]7 -
[6]7 -

5 IIpumeHneHne MeTON0B 14 4 4 - 6 - Iloozomogka pacuemuo-zpaduueckozo
ONTUMM3ALUU K 3adanua: [TonroToBKa K BEINOJHEHUIO 3a1a4 1
pelIeHuto 3aaa4 u 2 PI'P. IloBTOpeHMe 3HAHUH, TOJTy4YEHHBIX

ONTUMAJILHOTO IIpU U3y4eHUHU pasnenoB 1-4. OcBoeHue 3HAaHUH
MIPOCKTUPOBAHUS o paszaeny 5. [IpakTudeckoe npUMeHEeHNE
THUIIOBBIX KOHCTPYKITHH MOJTYYCHHBIX 3HAHUH K PELICHUIO 3a71a4
5.1 OntumansHOE 3 1 1 - 1 - ONTUMAJILHOTO IPOEKTUPOBAHHsI KOHCTPYKIIU.
MPOEKTHPOBAHNE ®dopmMynHupoBaHUE 33734 IPOCKTUPOBAHUS
CTEP>KHSI HOCTOSTHHOTO PaBHOINIPOYHBIX KOHCTPYKIUH NMPH HATUINU
U TIEPEMEHHOTO orpannueHuil. IlpakTuka pemeHus 3amaq
CEYEHHS C I[eIIBI0 MHOTOKPUTEPHAIFHON ONTHUMHU3AINHN. AHAITN3
OTCTPOMKU NEpBOI [TapeTo-onTUMaNbHBIX MHOKECTB, KpUTEPUU
COOCTBEHHOM YaCTOTHI BBIOOpA penieHus. Peanuzaiys n30paHHbIX
KoJIeOaHUI OT OMACHBIX anropuT™MoB Ha si3ike APDL B komIiekce
PE30HAHCOB C YYETOM ANSYS.
MUHHMHU3AIUN MacCHI H3yuenue mamepuanog 1umepamypnbix
5.2 OnTuManbHOe 4 1 1 - 2 - UCHOYHUKOG:
MPOEKTUPOBAHKE [4], -
KOJIbIIEBOH TIJIACTHHBI [5], -
MePEMEHHOI TOJIIINHBI
HIpU 0CECUMMETPUIHOM
n3rube
5.3 IIpoextupoBanue 7 2 2 - 3 -
PaBHOIPOUYHBIX
KOHCTPYKLHUH
3a4er ¢ OLEHKOi 18.0 - - 0.3 - 17.7
Bcero 3a cemecTp 72.0 16.0 16. 0.3 22.0 17.7




0 | | |

Hroro 3a cemecTp 72.0 16.0 - 16. - - 0.3 39.7
0

IIpumeuanue: Jlex — nexnuu; Jlab — mabopatopusie padotsl; [Ip — npakruueckue 3anatusi; KITP — ayautopHbie KOHCYIBTAIIMN 110 KYPCOBBIM
npoektam/padoram; UKKII — nnauButyanbHble KOHCYIBTALUH 110 KypCOBBIM IpoekTam/padoram; ['K- rpymnmoBsie KOHCYIbTallMK 1O pa3ienaM
mucturuael; CP — camoctosarensHas padora cryaenta; MKP — nnas konraktHas padota; TK — Texymmii KoHTpob; [TA — mpomexyTouHas
aTTecranus




3.2 KpaTkoe coaep:kaHue pa3iejioB
1. Mamemamuueckas nocmanoska 3a0ay ONMuMU3ayuY

1.1. MaremaTnueckas MOCTaHOBKA 3a/1a4 ONTUMU3ALAN

[TocraHoBKa  3a7ay  ONTUMAJbHOTO  INPOEKTUPOBAaHUS  KOHCTpykuuil.  Ilapamerpsl
IPOEKTUPOBAHUS, TapaMETPbl COCTOSIHUSA U IapaMeTpsl kauecTBa. LleneBas QpyHKIus, maccuBHbIC U
aKTUBHBIC orpaHndeHus. lleneBpie QyHKIMM (KPUTEPUH ONTHMH3AIMHK) B 33Ja4aX ONTHMAaJIbHOTO
IPOEKTHPOBaHUs KOHCTpyKuuid. Kiaccuduxanms ontumMuszanuoHHbIX 3ajgad.. OOmas cxema
pelleHus: ONTUMU3ALMOHHBIX 3a1a4.. Kpurepun 3aBepiueHus noucka..

1.2. O630p COBPEMEHHOI'0 COCTOSIHUSI CPEJICTB PEILIEHUS 3a/1a4 ONTUMHU3ALIH

[Tapamerpuueckasi, TONMOJOTHYECKAss M Tomorpaduyeckas onTUMH3aNMA. 3a7aud TII00AIbHOM
ontumuzanuu. [louck MuHUMyMa MyabTUMOAAIbHOM (QyHKIMH. COBpEMEHHBIE CTOXACTHUECKUE
METO/Ibl. DBOJIIOLIMOHHBIE anropuTMbl. PoeBrie anropurmsl. CoBpemenHoe [10 s pemenus 3anay
ontumuzaiuu. TecroBble GyHKIMU. O0IACTH NPUMEHUMOCTH Pa3IUYHBIX METOAOB ONTUMH3ALMH.
O BeIYHCAUTENBHOHN 3()(HEKTUBHOCTH PA3IMYHBIX METOOB ONITUMHU3AIIHH.

2. Mamemamuueckue memoobl OOHOM@DHOI:Z onmumusauyuu

2.1. OgHOMEpHas ONTUMHU3AITUS

Merton AMXOTOMHM B 3a7adyax OJHOMEPHOM onTuMu3zanuu. CKOpPOCTh CXOAMMOCTH METOJa
JUXOTOMUHU. YeTBIPEXTOUECYHBIE CHUMMETPUYHBIC QJITOPUTMBl  OJHOMEPHOW  ONTUMH3ALUU
(«3omoToro cedeHus», uncen Gudonauun). CKOPOCTh CXOIUMOCTH YETHIPEXTOUEYHOTO AITOPUTMA.
Meron Xyka — JIkuBca B 3aayax OJHOMEPHOW ONTUMHU3AIMU. MeToabl mpocToro nepedopa u
CIIy4yallHOTO MOMCKa B 33Ja4yax OJHOMEpPHOW onTtumu3auud. llosMHOMUanbHAs anmnpoKCUMALMs B
3a7a4ax OJJTHOMEPHOW ONTHUMU3AIUY.

3. Mamemamuueckue memoowl MHOZOM@DHOZ:Z onmumusayuu

3.1. CuMIuiekc-MeTO bl B 3a7ja9aX MHOTOMEPHOM ONTUMH3AIUN
Merton perymnspHoro Henedopmupyemoro cumiuiekca. Meton Hennepa-Muna.

3.2. MeTob! ciydaifHOTO MOMCKa B 337ja4aX MHOTOMEPHON ONTHUMH3AIUN
Henanpasnennslii cioy4ailHelii nmouck. HanmpasneHHsll ciaydaiiHblii mouck. CTaTUCTHUYECKUN
TPaJUEHT.

3.3. MeTo1bl TOCIIEN0BATENBHBIX HAPABIEHUH B 3a1a4aX MHOTOMEPHOM ONTUMHU3aLUU
IToxoopanHATHBIN OUCK. MeTO OpTOTOHANBHBIX HanpaBiaeHuid. Merox [Tayaima.

3.4. Meroa Xyka-Jl>xuBca B 3a/layaXx MHOTOMEPHOW ONTUMHU3ALINT
Uccnenyrommii mouck, mouck mo oopasiy. Moaudukanun metona Xyka-/[xusca.

3.5. 'pagueHTHBIE METOABI MHOTOMEPHOM ONTUMU3ALUN
Meron Hackopeimero cnycka. Merox Tspkenoro mapuka. OBpaxsslld Meton. Merox
COIPSDKEHHBIX I'paaueHToB (popmyna dnetuepa-Pusca, popmyna ITonaka-Paiidepa).

3.6. Hpr0TOHOBCKHE METOIbl MHOTOMEPHON ONTUMH3ALINHI
Meton Herotona. Meton Heiorona-Padcona. JlocToMHCTBA W HENOCTAaTKH KJIACCHUYECKUX
HBIOTOHOBCKMX MeETOJI0B. KBa3MHBIOTOHOBCKHE METOAbI ONTHMH3aNuu: MeTon JlaBumoHa-
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Onetuepa-Ilaysmna (DFP), cummerpuunas ¢opmyna panra 1 (SR1), meron Bpoiinena-®neruepa-
INomsadapba-1llanao (BFGS).

3.7. JIuneitHOe IporpaMMuUpOBaHuE
JIuneiHOE MPOrpaMMHPOBAHKE - IOCTAHOBKA 33/1a4H, aJITOPUTMBI PEIICHHS.

4. Ocrosuvle Menoovl peuleHus 30044 ¢ AKMUBHLIMU U NACCUBHBIMU OZpaHUYerRuUAMU

4.1. Ontumu3anus B 33/1a4ax C NaCCUBHBIMU OTpaHUYEHUSIMU

IIpocreiiine BBIYMCIUTENBHBIE ANTOPUTMBI. MeTonbl MHOXUTENeH Jlarpanka B 3ajgadax c
MacCUBHBIMU orpannueHusiMu. Teopema Kyna-Takkepa. Meron bokca. Merox mrpadHbIX
¢ynkuunii. Meton 6apbepos.

4.2. MHOTOKpUTEpHaAIbHAS ONITUMHU3AIUS

MHorokpurepruanpHas — ontumusanus. MuoxectBo  IlapeTo-onTUManbHBIX — PELICHHUH..
Ckansgpusauuss BekTopHOM 1ieneBoi ¢yHkuuu. Ot6op pemenus u3 Ilapero-onTumanbHOro
MHO>€ECTBA.

J. HpuMeHeHue Memooos onmumu3ayuu K peueHuro 30044 ONMUMAALHO20 npoeKmuposearus
munoevlx KOHCWIDVKMUL?

5.1. OnTuManbHOE MPOEKTUPOBAHUE CTEPKHS IIOCTOSHHOTO U MIEPEMEHHOI0 CEYSHHUS C LIEIIbI0
OTCTPOMKH MEepPBOK COOCTBEHHON YaCTOTHI KOJICOAHUH OT OMACHBIX PE30HAHCOB C YUETOM
MUHMMH3ALUU MACChI

[TocTtaHoBKa 33724 ONTUMH3AIMK: BEIOOP HapamMeTpoB, (GopMyTupoBKa meiaeBod (QyHKIHH |
orpannueHuil. IlpuMeHeHne pa3nuyHBIX METONOB MOJYYEHHMsS ONTHUMAJIBHOIO pelieHus. AHaau3
pE3yIbTATOB.

5.2. OnTuManbHOE IPOEKTUPOBAHNE KOJIBLIEBOM TUIACTUHBI IEPEMEHHOM TONIIUHBI IPH
0CECHMMETPUYHOM U3rude

[TocTaHoBKa 3324l ONTUMM3ALMU: BBIOOP MapamMeTpoB, (GoOpMyTUpOBKa 1eaeBOM (QYyHKIMH U
orpanuueHuil. [IpumMeHeHHne pa3IUYHBIX METOJIOB IOJYYEHHS ONTHMAJIbHOIO pPELIeHHs. AHanu3
pE3yJIBTaTOB.

5.3. [IpoexkTrpoBaHre paBHOMPOYHBIX KOHCTPYKIUN

[TpoexTHpoBaHUEe PpaBHONPOYHOIO pe3epByapa. IIpoekTHpoBaHMe [HcKa pOTOpa TYpOUHBI
razorypounnoro asurarens (I'T/[), wucmonb3ys 3amacel 1O  Hecylled  CIIOCOOHOCTH.
[TpoexTrpoBanue paBHONpoUHOro aucka poropa Typouns! I'T/l. IIpoekTupoBaHre paBHONIPOYHOTIO
3aMKOBOTO COEIMHEHUS THIA «IaCTOYKUH XBOCT» pabouux konec I'T/I.

3.3. TeMbl NIpaKTHYECKUX 3aHATHI
1. Peanmzamus anroputma onpenenenns [lapeTo-onTHMaibHOT0 MHOXKECTBA Ha 6aze
pe3yiabTaroB ciydaiiHoro nepedopa. @pont Ilapero. [Ipobiema oTOopa oNTUMAIHLHOTO
pelIeHHS;
2. Pemenue 3a1aun 00 ONTUMAJIBLHOM MPOEKTUPOBAHMH KOHKPETHOTO HJIEMEHTa
KoHCTpykuuu. [TocTaHoBKa 3a7a4un, BEIOOP METO/1a, pELIEHUE, aHAIN3 PE3YIIbTATOB;
3. Peanu3anus Metoa neopmMupyemMoro MHororpaniuka (meroa Hennepa-Muna) s
(GYHKIIMM HECKOJIBKUX MepeMEeHHbIX. MUHUMU3alus TUIOBON (YHKIIMH JIBYX EPEMEHHBIX C
MOMOIIBIO CO3/IaHHOTO anroputMma. [IpuMeHeHne peaan30BaHHOTO METOA K PELLICHUIO
3a7a9u 00 ONTHMHU3AIIUH AJIEMEHTa KOHCTPYKIIAH;
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4. Peanu3anus 4€ThIPEXTOUEYHOTO CHMMETPUYHOIO ajIropuTMa. Peanu3zanus nouckoBoro
MeToa. MUHMMH3aUs TUTTOBOW (DYHKIIMH OJTHOM MMEPEMEHHOM C TTIOMOIIBIO CO3aHHBIX
aITOPUTMOB;

5. I[TocTanoBKa 3a1a41 ONTUMHU3AIMH U IIOUCK ONTHMAJILHOTO PEIICHHS Ha MPUMEPE
ONTUMHU3ALMHI KOHKPETHBIX KOHCTPYKTUBHBIX 3JIeMEHTOB. CTEp)KeHb EPEMEHHOTO CEUCHUS.
Konbuesas miacTuua.;

6. ABTOMAaTH3aIMs MPoIecca MOCTPOCHUS U MPOYHOCTHOTO aHAJIN3a SJIEMEHTOB MEXaHU3MOB
Y KOHCTPYKIIUH;

7. Beenenue B ANSYS APDL/(Fidesys+Python). O630p 10 mis ontumMu3zammy.
JleMOHCTpamoHHas 3aa4a.

3.4. Tembl 1a060paTOPHBIX padoT
HE TPEYCMOTPEHO
3.5 KoncyabTanuu

3.6 TemaTuka KypcoBBIX NPOEKTOB/KYPCOBBIX padoT
KypcoBoii npoekt/ pabota He IPeayCMOTPEHBI
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3.7. CooTBeTCTBHE Pa3/1eJIOB IHCHHMILIMHBI U OpMHUPYEMBbIX B HUX KOMIIeTEeHIIU

Howmep paznena
JUCIUILINHBI (B

OueHo4HOE CPeCTBO
(TUII ¥ HAUMEHOBAHUE)

3anjgaHupOBaHHbIE PE3yJbTaThl 00Y4YEHUS 110 AUCLUILINHE Kozp!
COOTBETCTBUH C
(B COOTBETCTBUH C pa3zieiioM 1) HMHJIMKaTOpOB n3.1)
1[2]3]4]5
3HaTh:
OcHOBHbIE TOAX0/1bI B (POPMUPOBAHUH LIENIEBBIX QYHKIUI U V201113 + TectupoBanue/MaTtemarnueckas
(YHKIIMOHATBHBIX OTPAHUYCHUI ) [IOCTAaHOBKA ONTUMM3AIIMOHHBIX 3aja4
CoBpeMeHHbIE HAYKOEMKHE TEXHOJIOTUH I PELLIEHUS 3a1a4 V20113 + + TectupoBanue/MaTtemarnueckas
ONTHMAJIBLHOTO MPOEKTUPOBAHMUSI [IOCTAaHOBKA ONTUMM3AIMOHHBIX 3aja4
MeTtoapl pemeHus 3a1a4 MHOTOKPUTEpUAIbHON ONITUMU3ALINN, V201113 + Konrponsnas padora/Pemienue
METO/Ibl IOCTPOEHMSI MHOXKeCTBa [lapeTo-onTuManbHBIX pEeIICHUI. ONTUMM3ALMOHHBIX 3a7a4
OcHOBHbIE NPUHLUIIBI AITOPUTMU3ALIUY U IPOIPaMMHUPOBAHUS TectupoBanne/MaTemaTnieckas
IIPOLIECCOB IPOEKTUPOBAHUSA U KOHCTPYUPOBAHHUS IIOCTAaHOBKA ONTHUMM3ALMOHHBIX 3a7a4
WJT-20mc.3 I T R TectupoBanue/MeToapI MHOTOMEPHOK

ONTUMH3ALNH

Konrtponsnas padora/Pemienue

ONTUMM3AIMOHHBIX 3a7a4
MeTo/1bl 0OTHOMEPHON ONTUMHU3ALWN: METOJ TUXOTOMUH, TectupoBanue/MeToabpl OTHOMEPHOI
LICTBIpéXTO‘IeLIHbIevCI/IMMeTpI/I‘{HLIe ITOPUTMBI, METOJIbI IPOCTOrO V-4 + ONTUMH3ALNH
nepedopa U cily4aifHOro MOMCKa, METO/IbI TOJIMHOMHUAIILHOM
anmnpoKCUMaluu
MatemaTnyecKyro IOCTaHOBKY 3a/1a4 ONTUMU3ALUY U OCHOBHBIE TectupoBanue/MaremaTudeckas
MOHATUS: 1ieTeBast QyHKIMs, TACCUBHbIE U aKTUBHbIE OTPaHUYEHUS, IIOCTaHOBKA ONTHUMM3ALMOHHBIX 3a7a4
KPUTEPHH 3aBEPIICHIs 0UCKA, 1aPaMETPbl POEKTHPOBAHNS B N-4nk1 + KonTponssas paGora/Pemerne
3a7ia4ax ONTUMAILHOTO HPOSKTHPOBAHHA KOHCTPYKIIH, MHOKECTBO ONTUMI3AIHOHHBIX 33711
[TapeTo-onTUMaNbHBIX pelIeHnui
MeTo1p MHOTOMEPHOH ONTUMU3ALUHU C YI4ETOM OTPAaHUYEHUI: Konrponsnas padora/Pemienue
teopeMa Kyna — Takkepa, meron bokca, meton mrpagusix gynkumid, | M-4rk-1 + ONTUMU3ALMOHHBIX 3a7a4

MeTo]1 6aphepoB
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MCTO,Z[BI MHOFOMepHOﬁ OIITUMH3aIUU: CUMIIJICKC-MCTOAbI, METOAbI
CJIy‘-IElfIHOI‘O IHOMCKa, MCTOABI ITOCIICA0OBATCIIbHBIX HaHpaBHeHI/If/’I,

TectupoBanue/MaTemaTuyeckas
MOCTAaHOBKA ONTUMHU3AIIMOHHBIX 3a]1a4

Metol Xyka-/[uBca, rpalueHTHbIE METO/Ibl, HBIOTOHOBCKHE U W-4mk .
TectupoBanue/MeToabl MHOTOMEPHOM
KBa3WHBIOTOHOBCKHE METOJIbI
ONTHUMH3AINH
Ymersb:
O60ocHOBaHHO U YPPEKTUBHO MPUMEHITH COBPEMCHHBIE VJT-2 TectupoBanue/MeToapl MHOTOMEPHOM
-2011K-3
KOMITbIOTEPHBIE TEXHOJIOTUU MTPU MMPOSKTUPOBAHUH ONTUMU3AINH
DopMyTHpOBaTH TEXHUKO-DKOHOMUYIECKOE COJIEpPIKaHNE 3a1a V-2 KonTponbras padbora/Pemncane
-2011K-3
ONTUMU3AINH ONTHUMM3AIMOHHBIX 3a7a4
Bri6upats Hanbonee 3¢ (eKTUBHBIN B TaHHBIX YCIOBUSIX METO]T TectupoBanue/MeToabl MHOTOMEPHOM
pEIICHUS 33a/Ia9d ONTHMH3AIIH ONITHMH3AIHH
N-20mk-3 .
TectupoBanue/MeToabl 0OTHOMEPHOA
ONITHMH3AIAH
Oco3HaBaTh OCHOBHBIE TPOOJIEMbI ONTUMAILHOTO MPOSKTUPOBAHUS TectupoBanue/MaremaTudeckas
KOHCTPYKIIUH, TIPY PEIICHUN KOTOPBIX BO3ZHUKAET HEOOXOIUMOCTh B MMOCTAHOBKA ONITHMH3AIMOHHBIX 33724
CIIOKHBIX 33/1a4aX BBIOOpPA, TPEOYIOIMINX HCIIOIb30BAHUS WJ1-20mk-3
Kontposbnas padota/Pemenune
KOJIMYECTBEHHBIX M KAUeCTBEHHBIX METOJIOB
ONITHMH3AIIMOHHBIX 33724
Pematp 3a1aun ONTUMANBHOTO TPOESKTUPOBAHUS KOHCTPYKIIUN B KonTponbnas pabora/Perenue
KOHEYHO-DJIEMEHTHBIX KOMILJIEKCAX, B TOM YHCJIE C TIOMOIIBIO V-4 ONITHMH3AIMOHHBIX 337124
-4nk-1
QJIITOPUTMOB, PEATM30BaHHBIX Ha sI3bIKe MporpammupoBanusi APDL B
cpene ANSYS
Peann3oBbIBaTh METO/IBI pEIICHUS ONTUMH3AIMOHHBIX 33/1a4 Ha TectupoBanue/MaremaTndeckas
JIOCTYITHOM $I3bIKE MporpaMMupoBanus (ucnoiszyercs APDL B cpene IMOCTAaHOBKA ONTUMHU3AIMOHHBIX 33144
ANSYYS) .
ne TectupoBanue/MeToapl MHOTOMEPHOM
-Ank-1
ONITHMH3AIHH
TectupoBanre/MeTo1bl OTHOMEPHOI
ONITHMH3AIHH
[TpuMeHsITh U3y4eHHBIE AITOPUTMBI OITUMH3AINH K PEHICHUIO KonTponbHas pabora/Perenne
MIPUKJIATHBIX TIPOEKTHO-KOHCTPYKTOPCKHX, TPOU3BOICTBEHHO- N-4rx-1 ONITHMH3AIMOHHBIX 33714

TCXHOJIOTHYCCKUX U HAYUYHO-HUCCJICIOBATCIILCKUX 3a1a4 Ha Oaze

14




COBPCMEHHBIX KOMIIBIOTCPHBIX TEXHOJIOTHI

Pa3pabateiBaTh (M3HUECKHE U MATEMATHICCKUE MOJICIN SIBIICHUHN U

Konrponsnas padora/Pemenue

00BEKTOB, OTHOCSIIMXCS K 007aCTH ONTHUMAJIbHOTO npoekTupoBanus | M/1-4nk-1 ONTUMM3ALMOHHBIX 3a7a4
KOHCTPYKLUU

KOppekTHO CTaBUTh KOHKPETHBIE 33/1a4l ONTUMAJILHOTO TectupoBanue/MaTtemarnueckas
IIPOEKTUPOBAHUSA: BBIICIATH YIIPaBIsEeMbIE IIapAMETPBI, 3aaBaTh V-4 IIOCTaHOBKA ONTUMU3ALMOHHBIX 33124

MpsiMble OTpaHUYEHUS, POPMHUPOBATH 1ieJieBble (PYHKIMH U
(YHKIIMOHATILHBIC OTPAHUYCHUS
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4. KOMIIETEHTHOCTHO-OPUEHTAPOBAHHBIE OIIEHOYHBIE CPEJICTBA JUISA
KOHTPOJISI OCBOEHMS PE3VJIbTATOB OBYUEHMS 11O JUCIMUIIIMHE
(TEKYIIU KOHTPOJIb YCIIEBAEMOCTH, IPOMEKYTOUYHASI ATTECTALMSA
1O JUCLMILINHE)

4.1. Tekymuii KOHTPOJIb yCIIeBA€MOCTH
3 cemecTp

Dopma peanuzaruu: [lncemennas padota
1. Marematuueckasi HOCTAaHOBKA ONTUMU3AIMOHHBIX 3a1a4 (TecTupoBanue)
2. Metoasl MHOTOMEpHOH onTuMu3anuu (TecTupoBaHue)
3. Meroasl ogHoMepHoO# ontumu3anuu (TectupoBanue)
4. Pemenue ontumuzannoHubix 3a1a4 (KontposbHas padora)

banmibHO-peHTUHIOBasA CTPYKTYpa AUCLUILINHBI SBIISETCS NPUIOKEHUEM A.

4.2 IIpoMe:xyTOUYHasI aTTECTALUSA 110 AUCHMUILJIMHE

3auem c oyenxou (Cemecmp Ne3)
Onenka omnpezensercs MO0 COBOKYIMHOCTH Ppe3yJIbTaTOB TEKYLIEro KOHTPOJIS YCIIEBa€MOCTH B
cootBeTcTBUU C [lonoxeHnem o OamIbHO-peUTUHIOBOI cucteMe ais cryaeHTos HUY «MOW». B
NPUIIOKEHUE K IUIUIOMY BBIHOCUTCS OLIEHKA 3a 3 CeMecTp.

B numiom BeICTaBIsIETCS OLICHKA 32 3 CEMECTP.

IIpumeuyanue: OLeHOYHBIE MaTEpUAIbI 110 TUCLMITIIMHE IPUBEICHBI B (DOHIE OLIEHOYHBIX
matepuaios OITOII.

5. YYEBHO-METOJUYECKOE OBECIIEYEHHUE JUCHUIIJIMHBI

5.1 IleyaTHbIEe M JIEKTPOHHbIE U3AHUA:

1. Pexneiituc, I'. Ontumu3zanus B Texuuke. B 2-x kH. Ku.1 : nep. ¢ anrn. / I'. Pekneiituc, A.
PeitBunpan, K. Parcnen. — M. : Mup, 1986. — 349 c.;

2. Pexneiituc, I'. Ontumu3zanus B Texuuke. B 2-x ku. Ku.2 : nep. ¢ anrun. / I'. Pekneiituc, A.
PeitBunpan, K. Parcnen. — M. : Mup, 1986. — 320 c.;

3. banau, b. Metonsl ontumu3anuu. BBoauslii kypc : nep. ¢ auri. / b. banau. — M. : Paguo u
cBs3b, 1988. — 127 c.;

4. bacoB K. A.- "ANSYS: cnpaBounuk nosns3oBarens”, U3garenscto: "JIMK Ilpecc", Mocksa,
2008 - (640 c.)

http://e.lanbook.com/books/element.php?pll_cid=25&pl1 id=1335;

5. A. 1. Bunorpanos- "[Ipo0iema onTUMalIbHOTO MPOEKTUPOBAHUS B CTPOUTENBbHON MEXaHUKE:
uka nekuuid”, 3garensctBo: "Bumia mikona", Xapekos, 1973 - (167 ¢.)
https://biblioclub.ru/index.php?page=book&id=613963;

6. A.T. Cyxapes, A. B. Tumoxos, B. B. ®enopos- "Kypc meronoB ontumuzanuu', (2-e u3z.),
W3narensctBo: "®usmarnut", Mocksa, 2011 - (368 ¢.)
https://biblioclub.ru/index.php?page=book&id=76629.

5.2 JIunieH3M0HHOE ¥ CBOOOHO pacnpocTpaHsaieMoe MPOrpaMMHOe odecrneyeHHe:
1. Ansys / CAE Fidesys;

2. Python;

3. Libre Office;

4. GNU Octave.
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5.3 UaTepHeT-pecypcsl, BKJAIOYas NpodeccHOHAIbHBIE 0a3bI JaHHBIX 1 HH(POPMAIIHOHHO-

CIIPpaBOYHbBIC CUCTEMBI:

1. 3BC Jlans - https://e.lanbook.com/
2. baza nannbix Web of Science - http://webofscience.com/
3. ba3za nannbIx Scopus - http://www.scopus.com
4. HauuoHabHasi JIeKTPOHHAs1 0ubmoTeka - https://rusneb.ru/

5. Dnexrponnas 6udmoreka MOU (36 MOH) - http://elib.mpei.ru/login.php

6. ITopTan oTKpLITHIX AaHHBIX Poccuiickoii ®@exepanuu - https://data.gov.ru

7. ba3a oTKpBITHIX JaHHBIX MUHHCTEPCTBA TPYAA U COUMATbHOM 3a1IUTHI PO -

https://rosmintrud.ru/opendata

8. ba3a oTKpBITHIX JaHHBIX NPO(ecCHOHAIBLHBIX CTAHAAPTOB MUHHMCTEPCTBA TPYAA U
connajbHoi 3amuThl P® - http://profstandart.rosmintrud.ru/obshchiy-informatsionnyy-

blok/natsionalnyy-reestr-professionalnykh-standartov/
9. ba3a oTKpBITHIX JaHHBIX MHUHHUCTEPCTBA IKOHOMHYECKOro pa3Butusi PO -

http://www.economy.gov.ru

10. ba3a oTKpbITHIX JaHHBIX PochuumonnTopunra - http://www.fedsfm.ru/opendata
11. DnexkTpoHHas oTKpbITas 0a3a naHHbIX ''Polpred.com O630p CMU" -

https://www.polpred.com

12. HauMoHaIbHBII MOPTAaJI OHJIAIH 00yueHus1 «OTKpBITOE 00pa3zoBanme» - https://openedu.ru
13. O¢puunanbublii caiit @eaepaabHOI0 areHTCTBA M0 TEXHUYECKOMY PeryJHpPOBAHUIO H

MeTpoJioruu - http://protect.gost.ru/
14. OTkpbiTas yHuBepcuterckas nngpopmaunontas cucrema «POCCHUSD -

https://uisrussia.msu.ru

6. MATEPUAJIBHO-TEXHUYECKOE OBECHHEYEHUE JUCHUITJIMHBI

Tun nomemeHus Homep aynuropun, OcHaleHue
HaAaMMEHOBaHUE
Y4eOHbIe ayIUTOPUU AJIS K-120, MamuHHBIH 3a71 cepBep, KOHAUIMOHEP
MPOBEAEHUS JEKIIHOHHBIX NBI],
3aHATUHN U TEKYLLIETO b-412, Yuebuas CTOJI IpenoaaBaTess, CTOMN, CTYJ, JOCKa
KOHTPOJIA ayIUTOpUs MeJoBasi, KOMIIBIOTEpHAs CETh C

BBIXOA0M B MIHTEpHET,
MYJIbTUMEIUNHBIN TPOEKTOP, IKPaH,
JIOCKa MapKepHas

Y4eOHble ayAUTOpPUH IS
MIPOBEACHUS TTPAKTUUECKUX
3ansatui, KP u KII

b-112, JIaboparopus

CTOJI, CTYJI, JOCKAa UHTCPAKTHBHAA,

BBIYMCIIATEIIBHOMN MYJIbTUMEIUNHBINA TPOEKTOP,
MEXAHUKHU KOMIIBIOTEP NEPCOHAIBHBIN

I'-401, Yyebnas rapTa co CKaMbeid, CTOJ MPEMOJaBaATEIs,
ayIUTOpHUs CTYJI, IOCKa MEJI0Bast, KOMIIBIOTEPHAsI

CCTh C BBIXOJOM B I/IHTepHeT

VYyeOHble ayIUTOPUH IS
MIPOBEACHUS
IIPOMEKYTOUHOU
aTTecTaluu

b-112, JIaboparopus

CTOJI, CTYJI, JOCKa UHTCPAKTHBHAA,

BBIYMCIIATEIIBHOMN MYJIbTUMEIUNHBINA TPOEKTOP,
MEXAHUKHU KOMIIBIOTEP NEPCOHAIBHBIN

b-412, YueOunas CTOJI PENOAABATENS, CTOJI, CTYJI, TOCKA
ayIUTOpHUSs MeEJIOBasi, KOMIIBIOTEPHAS CETh C

BBIXOJ0M B IHTEpHET,
MYJIBTUMEIUNHBINA IPOEKTOP, IKPaH,
JIOCKa MapKepHas

ITomemeHus s
CaMOCTOSITENTbHOM pabOThI

HTB-302, YuraneHbIi
3aJ oTzeNna
00CITy’)KUBaHUS y4eOHOM
JUTEPATYPOU

CTYyJI, CTOJI HHCBMCHHBIﬁ, KOMIILIOTCPHAA
CCTh C BBIXOIOM B I/IHTepHeT,
KOMIIBIOTCP HCpCOHaHBHLIﬁ
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HTB-303, JlekuuoHHast
ayauTOpHs

CTOJI KOMIIBIOTEPHBIH, CTYJI, CTOJ
MIACbMEHHBIN, BEIAIKA ISl OJEXKIbI,
KOMIIBIOTEPHAsI CETh C BBIXOJIOM B
HHTepHeT, KOMIIBIOTED NIEPCOHANIBHBIN,
IPUHTEP, KOHJUIMOHED

ITomenienus miis

B-110/1, Kabunet

Kpeciio pabouee, CTOIM, CTYII, mKad,

KOHCYJIbTUPOBAHHMS COTPYJHHUKOB Kad. KOMITBIOTEP MEPCOHATBHBIN
"PMulIM"

[Tomemnienus st XpaHeHUs Bb-06a, YueOnas CTeJUIaX JJIsl XpaHEHUsI KHUT
o0opynoBaHus U y4eOHOTO naboparopus

HHBCHTAps
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IIpunoxenne A

BAJJIBHO-PEUTUHITOBAS CTPYKTYPA JIUCHOUILJIAHBI

OnTuMansHOe IIPOCKTUPOBAHUC

(Ha3BaHME AUCIMILIMHBI)
3 cemecTp

IlepeyeHb KOHTPOJIBLHBIX MEPONIPUSITHI TEKYIIIET0 KOHTPOJISI YCIE€BAEMOCTH MO THCIUILTHHE:
KM-1 Maremarudeckasi IOCTaHOBKa ONITHUMHU3AIMOHHBIX 331a4 (TectupoBanue)

KM-2 Meroasl omHoMepHOU onTumu3aun (TecTupoBaHue)

KM-3 Mertoasl MEHOrOMepHO# onTumu3anuu (TectTupoBaHue)

KM-4 Pemenue ontuMu3anuoHHbIX 3a1a4 (KoHTponsHas padora)

Bujx npome:xyTo4HOI aTTecTanMu — 3a4€T C OLIEHKOM.

HNnnexc KM- | KM- | KM- | KM-
Homep Paznen nucrunianHbl KM: 1 2 3 A
paznena Henens 4 8 12 16
KM:
1 MaremaTtnueckast HOCTaHOBKA 3aJa4 ONTUMHU3AINU
1.1 Maremarndeckast nocTaHOBKA 33714 OIITUMU3AINU + + +
12 0O0630p COBPEMEHHOT'0 COCTOSIHUS CPEJICTB PELIEHUS 3a7au + + +
) ONTHUMMU3ALAU
2 Marematrueckrue METOIbl OAHOMEPHON ONTUMH3ALIUH
2.1 OnxHomepHasi ONTUMH3ALUS + + + +
3 MaremaTrueckue METOIbl MHOTOMEPHON ONTUMH3ALINHI
3.1 CHuMILIIEKC-METOAbI B 3a1aUax MHOFOMepHOﬁ OIITUMHU3AITNH + + + +
39 MeTtoapl ciiy4ailHOTO IOMCKA B 3a/1a4aX MHOTOMEPHOU + + +
' ONITUMM3ALIHU
33 MeTtoabl ociie10BaTENbHBIX HAIIPaBICHUH B 3a/1a4ax + + +
' MHOTOMEPHOM ONTUMM3AIUN
3.4 Meron Xyka-/[»xuBca B 3aja4aXx MHOTOMEPHOM oNTUMM3anuu |+ + +
3.5 ['pagueHTHBIE METOIBI MHOTOMEPHOU ONTUMU3AIINT + + +
3.6 HbroToHOBCKHE METOABI MHOTOMEPHOM ONTUMH3ALUN + + +
3.7 JIuneitHOe mporpaMMHpOBaHUE + + +
4 OCHOBHBIE METO/IBI PEIICHUS 3a7]a4 C AaKTHBHBIMHU 1
MACCUBHBIMU OI'PaHUYCHUSIMHU
4.1 Onrtumu3anys B 3a1a4ax ¢ MaCCUBHBIMU OTPaHUYCHUSIMU + + + +
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4.2 MHorokpurepuanbHas ONTUMU3ALUS + + + +
5 [IpuMeHeHre METOJ0B ONTUMHU3ALUY K PEIICHUIO 3a1a4
ONTUMAJIBHOIO IPOEKTUPOBAHUS TUIIOBBIX KOHCTPYKIIUH
OnTumanbHOE NPOEKTUPOBAHUE CTEPHKHSI IIOCTOSTHHOIO U
51 IIEPEMEHHOT0 CEYEHMS C LIEJIBI0 OTCTPOMKHU IIEPBOI + +
' COOCTBEHHOM 4acTOThI KOJIe0aHUH OT ONAaCHBIX PE30HAHCOB C
Y4€TOM MHUHMMH3ALHUHA MACChI
59 OnTumabHOE NPOCKTUPOBAHUE KOJIBLIEBOH INIACTHHBI + +
' NEPEMEHHOM TOJIIIMHBI TPU OCECUMMETPHYHOM U3rude
5.3 ITpoexTrpoBaHKe paBHONPOUYHBIX KOHCTPYKIUHI + +
Bec KM, %: | 15 25 25 35
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