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1. llesu u 3212494 AU CIUILIHHBI

[ens n3ydeHus] TUCIMIUIAHEL: - JOPMUPOBAHKUE CHCTEMBI TPO(PECCUOHAIBHBIX 3HAHUN U
MIPAKTUYECKUX HABBIKOB UCIOJIb30BAHUSA COBPEMEHHBIX KOMIIBIOTEPHBIX TEXHOJIOTUN
MPOEKTUPOBAHUS U pa3pabOTKHU CIOXKHBIX KOHCTPYKIIMI B paMKaX aBTOMaTU3UPOBAHHBIX
xomruiekcoB CAJ[-CAM-CAE; penieHue 3aj1a4 MEXaHUKU TBEPJIOTO Tena (MPUMEHUTETBHO
K MH)XCHEPHOMY aHaJIM3y KOHCTPYKIUMA JIA) ¢ MOMOIIBIO METOAa KOHEUHBIX DJIEMEHTOB.
3agaun U3y4eHUs JUCHUIUIMHBL: - OCBOCHUE 3HAHUN U HABBIKOB MCIIOJIb30BAHUS
COBPEMEHHBIX KOMITBIOTEPHBIX TEXHOJIOTHI METOla KOHEYHBIX 3JIEMEHTOB MPU
MPOEKTUPOBAHUM KOHCTPYKIUM JIA.

Kparkoe cogepkanue TUCHMIIIMHBI

Brinonnenne nHxeHepHbIX pacu€ToB B nporpamMmHoi cpene MathCad (MathLab) npu
IPOEKTUPOBAHUU KOHCTPYKIMH JIA. MarpuuHblii METO/ IEPEMELIEHUI B PELIEHUH 3a1a4
CTaTUKU KOHCTPYKUIHNA. MeTO KOHEUHBIX 3JIEMEHTOB B MEXaHUKE KOHCTPYKIIMIA.
Koneunble 351eMEHTHI AJ11 MOJEIUPOBaHUA JedopMaliil CUJIOBBIX KOHCTpYKLuH JIA.
KoHeuHbIe 371EMEHTHI U1l MOJEIUPOBAaHUS CPEAbl U KOHTAKTHBIX B3aUMOJECHCTBUN
koHcTpyKuuid JIA CooTHONIEHUST METOJ]a KOHEYHBIX JIEMEHTOB B 33/1a4aX JUHAMUKH.
Oco0eHHOCTH MPAKTUYECKUX PACUETOB MPU MPOEKTUPOBAHUN KOHCTpYKuuii JIA ¢
MCITOJIb30BAHMMEM ITPOTPAMMHBIX KOMIIJIEKCOB KOHEYHO-2JIEMEHTHOTO aHAJIN3A.
BrinonHeHne npoeKTUPOBOYHBIX U MIPOYHOCTHBIX PACYETOB XapAKTEPUCTUK KOHCTPYKLIAN
JIA ¢ moOMOIIBIO0 COBPEMEHHBIX KOHEYHO-JIEMEHTHBIX IPOTPAMMHBIX KOMIUIEKCOB Nastran
U Ansys

2. Komnerenuuu ody4awmerocsi, opmupyemMbie B pe3yJbTare 0CBOEHMSI
AUCIHUANIMHBI

[Tnanupyemble pe3yabTaThl OCBOCHUS [Tnanupyemsble pe3yabTaThl
OIT BO (xomnieTeH1umn) o0yuenus no gucruruinHe (3Y Her)

3HaTh:COBPEMEHHBIE METO/IbI TIOMCKA HOBBIX
TEXHUYECKHUX PEIICHNUH; IPUHIUITEI X METOJIBI
(dopMHUPOBaHUS CTPYKTYPHO-(PYHKIIMOHAIBHBIX

[TK-4 cmtocoOHOCTHIO TPOBOAUTH TEXHUYECKOe — [MOJACJICH MPOLECCOB, KOHCTPYKIIMH]

IIPOEKTUPOBAHNE U3ACIINNA PAKETHON M PAKETHO- |YMETh:MCIOIb30BaTh METO/IbI AHAJIN3A

KOCMHUYECKON TEXHUKHU C UCIOIb30BaHUEM TCXHUYCCKOI'O YPOBHS aBHAIIMOHHOMN TEXHUKU U
TBEPAOTCIBbHOI'O0 KOMIIBIOTCPHOTO MOACIIMPOBAHUA B TeXHOJ'IOl"Hﬁ; CTPYKTYPHO - ®YHKHHOH3HBHBIﬁ
COOTBETCTBHU C €IMHOMN CHCTEMOI AHaJIN3 IIPpHU OLICHKE 3(1)(1)CKTI/IBHOCTI/I
KOHCTPYKTOPCKOﬁ JOKYMCHTAIIMH U Ha Oase IMPOCKTUPYCMBIX KOHCTPYKHI/II\/'I;
COBPCMCHHBIX MPOIPAMMHBIX KOMIIJICKCOB BJ'IaI[eTI):MeTOI[aMI/I pagpa60TKH CTPYKTYpPHO-

(bYHKIMOHATHHON MO KOHCTPYKIIMHU C TIENIBIO
BEISIBJIICHUS HEXKEIIATSIIbHBIX Y3P(EKTOB U
dbopmMupoBaHus 3a7a4 MO UX YCTPaHEHHUIO.

3. MecTo nucuumiudsl B cTpykrype Ol BO

[Tepeuens npenmecTBYOMUX AUCIUILINH, [TepeueHp MoCIEAYIOMUX AUCIUIUINH,
BUJIOB pabOT yueOHOro IjiaHa BUJIOB paboOT

J/I1B.1.08.01 MeTom KOHEUHBIX 3JICMEHTOB B
MPOCKTUPOBAHUH aBUAIIMOHHBIX U PAKETHBIX He mpenycmoTpensr
KOMIIJIICKCOB,




b.1.36 BriunciaurenbHas TEXHUKAa B MH)XEHEPHOU
[paKTHKE

Tpe60BaHI/IH K «BXOJAHBIM)» 3HAHUAM, YMCHUAM, HaBbIKaM CTYJICHTA, HGO6XOI[I/IMBIM
ITpHU OCBOCHHUU I[aHHOfI JUCHUITIINHBI 1 HpI/IO6pCT€HHBIM B PC3YJIbTATC OCBOCHUA

MpeAMCCTBYIOINMNX AUCIUIIINH:

JlucuurirmHa

TpeboBanus

J1B.1.08.01 MeTon KOHEUHBIX 3JICMEHTOB B
[MPOCKTUPOBAHUU ABUAIIMOHHBIX U PAKETHBIX
KOMILJIEKCOB

OcBoeHHE 3HAHUN M HABBIKOB HCIOJIB30BaHUS
MCTOAAa KOHCUYHBIX 3JIECMCHTOB IIPpHU NIPOCKTHUPOBAHUHN
KOHCTPYKLII/Iﬁ paKCTHO-KOCMI/I‘-ICCKOI\/'I TCEXHHUKU C
[MOMOIIBIO COBPEMCHHBIX KOMIIBIOTCPHBIX

TEXHOJIOT UM METOAAa KOHCYHBIX 3JICMCHTOB.

b.1.36 BoluncnurenbHas TEXHUKA B MHKEHEPHOU
[MPAKTUKE

3HaTh: 0COOEHHOCTH CUIIOBOM pabOThI TUTIOBBIX
KOHCTPYKILIHMI a3pOKOCMUYECKONW TEXHUKHU;
0COOEHHOCTH MPUMEHEHHUS YacTO HCIOIb3YEMbIX
KOHEUYHBIX JIEMEHTOB; &JITOPUTMBI, peaIn30BaAHHbBIC
B METOZIC KOHEUHBIX 2JIEMEHTOB; 0COOEHHOCTH
BHEJIPEHUSI CUCTEM aBTOMATU3HPOBAHHOTO
MPOEKTUPOBAHUS B MIPOLIECC Pa3pabOTKH U3IETH
A9POKOCMUUYECKON OTpaciiu. YMETh paboTaTh C
COBPEMEHHBIMU MPOrPAMMHBIMU ITPOTyKTaMH,

peanusyromumu MKD.

4. O0béM 1 BUABI y4eOHOI1 padoThI

OO6m1ast TpyA0€MKOCTh TUCHUIUIMHBI cOCcTaBiseT 4 3.e., 144 .

Pacnpenenenue o cemectpam
. Bcero B Hacax
Bun yuebnoi paboret 4acoB Howmep cemectpa
11
OO6mmast Tpy10EMKOCTh AUCIIUTUTMHBI 144 144
AyoumopHvie 3auamusi: 72 72
Jlexruu (JI) 36 36
[IpakTudeckue 3aHATHS, CEMUHAPBI U (MITN) IPYTHE BUIBI
aynuTopHbIX 3aHsaTui (I13) 36 36
Jlabopatopusie pabotsl (JIP) 0 0
Camocmosmenvuas paboma (CPC) 72 72
KonrtponbsHoe 3ananue 1 20 20
[ToaroroBka K 3K3aMeHy 15 15
KonrtposnpHoe 3ananue 2 30 30
[Toaroroska k 3ayety 7 7
By uToroBoro KOHTpoJis (3auet, Aud.3a4yeT, SK3aMeH) - 9K3aMeH

5. ConepkaHue TUCHMIIMHBI

Ne

O6beM ayIUTOPHBIX

HanmeHnoBanue pa3aciioB JUCHUIIJIMHBL 3aHATHI 110 BUJIaM B

Pas3aciia

gacax




Bcero [JI| II3 | JIP
1  |[Taket mporpamm MathCad anst BBIMONTHEHUS WHKEHEPHBIX PacueTOB 8 6| 2 0
Marpuynast opMyIUpOBKa COOTHOIIEHUH TEOPHH YIPYTOCTH U
2 |cTpouTeIbHON MEXaHUKHU JeTaTeIbHbIX anmnaparoB. Merox 8 6| 2 0
repeMeleHUu N
3 |[MeTrona KOHEYHBIX 3JIEMEHTOB B MEXaHUKE KOHCTPYKIMM JIA 8 6| 2 0
4 KoHeuHble 371IeMEHTBI AJI1 MOJEIUPOBAHUS Je(hOpMaIuii CUITOBBIX 14 6| 3 0
KOHCTpYKIHit JIA.
5 KoHeuHbIe 371IEMEHTHI 1J11 MOIETMPOBAHUS CPEJIbl U KOHTAKTHBIX 2 6| 2 0
B3aUMOJICHCTBUIM KOHCTpYKIMH JIA
6  |CooTHOIIEHHS METOJ]a KOHEYHBIX AJIEMEHTOB B 3a7a4aX JTUHAMHUKU 18 61121 0
Oco0eHHOCTH MPAKTUYECKUX PACUETOB MPH MOSKTUPOBAHUN CHIIOBBIX
7 |pieMeHTOB KOHCTPYKIMM JIA ¢ MCIIOIB30BaHMUEM MPOTPAMMHBIX 8 0f 8 0
KOMIIJIEKCOB KOHEYHO-3JIEMEHTHOTO aHaJn3a
5.1. Jlekuun
Ne Ne Kox-
HanmenoBanme nim KpaTkoe cofepKaHne JEKIIMOHHOTO 3aHTH BO
NeKuujpas3aena 4ACOR
1 1  |[Taket mporpamm MathCad amnst BeIMONTHEHUS WHKXEHEPHBIX PAcueTOB 6
5 5 Marpuynast opMyIHpPOBKa COOTHOIIEHUN TEOPHH YIPYTOCTH U CTPOUTEIHHON 6
MEXaHHUKH JIETAaTeJIbHBIX anmapaTtoB. MeTon nepeMenieHui
3 3 |MeTon KOHEUHBIX 2IIEMEHTOB B MEXaHUKE KOHCTpyKUui JIA 6
4 4 KoHeuHble 2IEMEHTHI AJIs1 MOJAEIUPOBAHUS Je(hOpMaIUil CHITOBBIX KOHCTPYKIIUN 6
JIA.
5 5 KoHeuHbIe 37IEMEHTHI 171 MOICTTUPOBAHUS CPEJIbI M KOHTAKTHBIX B3aUMOICHCTBUN 6
KOHCTpyKLMi JIA
COOTHOIIIEHUS METOAA KOHEYHBIX 3JIEMEHTOB B 3a/ja4aX TUHAMUKU 6
5.2. IlpakTHyecKne 3aHATHS, CEMUHAPBI
Ne Ne Kox-
HanmeHnoBanue win KpaTkoe COAEp:KaHUe MPAKTUUECKOTO 3aHIATHS, CEMUHApa BO
3aHATUA[pa3IeNa] HACOR
Hcnonp3oBaHue MporpaMMHO-BeIUKCTUTENRHOTO KoMIuiekca MathCad mpu
1 | [BBIMOHEHUI HHYKEHEPHBIX PACUETOB. Pemenue cucrem J'II/IH'CI\/'IHBIX‘ Y HEJIMHEHHBIX 1
anreOpandeckux ypaBHeHuil. Meron Hetotona (dynkuuu Find, Minerr), metox
cexkymux (pyHKIuUSA root). DkcTpeMyM QyHKIUH.
Oco0eHHOCTH UCTIONB30BAaHUS POTPAMMHO-BBIUUCIUTENFHOTO KOMILJIEKCA
2 1 [MathCad nmpu BbIOJTHEHNH UHXEHEPHBIX pacdeToB. DopMHUpOBaHHE MaTPUUHBIX 1
ypaBHEHUH C HCIIOJIb30BAaHUEM MOAMATPUI]. BhIoNHEeHnE MAaTPUYHBIX Onepauit
Pacuet HarpyxeHHOCTH U JAeopMupoBaHus PepMEHHON KOHCTPYKIMH OoTceka JIA
3 2 |MaTpU4YHBIM METOAOM IepeMenieHn. MaTpullbl y3710BbIX CUI U CMELICHUM. 1
Pemenne cucremsl ypaBaeHnit MKD ¢ momompro MathCad
MeTo1 KOHEUHBIX IEMEHTOB B MEXaHNUKE KOHCTPYKIUi. KpaTkas Xxapakrepructruka
4 2 |COBpEMEHHBIX MPOrPAMMHBIX MAKETOB, PEATU3YIOIINX METO]T KOHEUHBIX 1
DIIEMEHTOB
Oco0eHOCTH COBPEMEHHBIX MPOTPAMMHBIX MTAKETOB, PEATU3YIOIIUX METOT
5 3 |KOHEYHBIX 3J€MEHTOB. [[prMepbl BBIOIHEHNS HHKEHEPHOTO aHa3a MpU 1
[IPOEKTUPOBAHUN KOHCTpyLuit JIA
6 3 [KoHe4HbIe 2IeMEHTHI JUIsl MOJCIMPOBaHHS AeOpPMaIiii CHIIOBBIX KOHCTPYKIUH 1




JIA. PacueT xapakTepuCTHK 1e(OPMHUPOBAHUS KOHCTPYKIUHU pambl Y meTomom
KOHEYHBIX 2JIEMEHTOB C IIOMOIIIBIO TorpaMMHoro nakera Ansys (Nastran)

MonenpoBaHUE JIEMEHTOB KOHCTPYKIHH JIA ¢ UCIONB30BaHUEM IUIOCKUX U
[IPOCTPAHCTBEHHBIX KOHEUHBIX dJIEMEHTOB (TUIAaCTHHA, 000I0YKa, JTUCK).
Oco0eHHOCTH 3aKPEeTTIEHHUS] MOJIETU. CUJIOBOE U TEIJIOBOE BO3/CHCTBHE.

MozenupoBaHue C UCTIOJIb30BAHUEM OJJHOMEPHBIX, INIOCKUX U MPOCTPAHCTBEHHBIX
KOHEUHBIX 3JIEMEHTOB (CTepKEeHb, IUIACTUHA, 000JI0YKa, IUCK, MaccuB). Perenue
3a/1a4 HeJIMHEWHOTo JedopMupoBaHus KOHCTpYyKIuil. [loreps Hecymeit
CMOCOOHOCTH MPU CKUMAIOIIUX HAPSKEHUAX U YIIPYTO- TIIACTHYECKOM
neopMUPOBaHUY.

Pemenwe 3a1a4 HeMMHEWHOTO NehopMupoBaHus KOHCTPYKIHii. [ToTepst Hecymei
CHOCOOHOCTH MPH CKUMAIOIINX HAMPSHKEHHUSIX U YIIPYTO- MITACTHUECKUX
nedopmanusax. DKCIIepUMEHTAIbHOE UCCIeI0OBAHNE TPOAOILHOTO U3rnba
CTEP>KHEW TOHKOCTEHHOTO CEYEHHUs ITPU OCEBOM CHKATUU

10

PacuérHble Moaenu u3ruda CTepHs U JJOKAJIBHOTO JehopMHUpoBaHUs
TOHKOCTEHHBIX AJIEMEHTOB €ro ceueHus. [loTepst ycToWdnBOCTH B 001I1eiH 1
MecTHOU (popme. CpaBHEHHE IKCIIEPUMEHTAIIBHBIX KPUTHYECKUX 3HAYCHUI
CKMMAIOILEN Harpy30K C MOJyYEHHBIMH B PE3YJIbTAaTE AHAIMTUUECKOTO pacyera u
aHanu3za MKDO

11

Pemenue 3ama4 HenmuHEWHOTO AehOpMHUpPOBaHUs KOHCTPYKIHi. [loTeps Hecyme
CHOCOOHOCTH TIPH CKUMATOIINX HAMPSIKSHHSIX, YIIPYTO- MIIACTHUYECKOE
nedopmupoBanne. Bepudukanus pacu€THBIX MOJIENICH Ha MpUMeEpe 3a/1a4u
MPOAOIBHOTO M3TH0a CKATOTO CTEPIKHS TOHKOCTEHHOTO cedeHus. CpaBHEHHE
KPUTUYECKUX 3HAYEHUI COKUMAIOIIEH HArpy30K, MOJIYYEHHBIX B PE3YJIbTATe
aQHAJIMTUYECKOro pacyera, aHainza MKD B nuHeitHOM U HeTMHENHON NOCTaHOBKE
1 UCTIBITAHUHN CTEP’)KHEW TOHKOCTEHHOTO MPOQHUIIS

12

KoHeuHbIe 3J1eMEHTHI AJIs1 MOJIETMPOBAHUS CPEIbl U KOHTAKTHBIX B3aUMOJICHCTBHI
KOHCTpYKIMI JIA. KoHeuHble 351eMeHTHI AJ11 MOIEIMPOBaHUS KOHTAKTHBIX
B3aMMOJICHCTBUI pa3IMUHBIX TUIIOB. 3a1a4a ['epiia. AHaTUTHYECKOE pellIeHre 1
pemenue MKDO.

13

KoHeuHble 37IeMEHTHI AJI1 MOJEIUPOBAHUS CPEIbl U KOHTAKTHBIX B3aUMOCHCTBHIA
koHCTpyKk1Mil JIA. Koneunsle anemenTri3agada ['epia. AHanuTHYeCKO€E pelIeHne
u pemienne MKD. MonenupoBaHie KOHTaKTHBIX B3aUMOJEHCTBUN Pa3IMUHbBIX
THIIOB.

14

MozenupoBaHue KOHTAaKTHBIX B3aUMOJEUCTBUN pa3inyHbIX TUIIOB. Pacuér HJIC
¢nanneBoro coennHeHusa. CpaBHEHUE ¢ U3BECTHBIMU pe3ylbTaTaMu pacuéra u
JTAHHBIMU MCIIBITAHU

15

HJIC ¢nanueBoro coequnenus. CpaBHenue pacuéta MKD ¢ n3BecTHbIMU
pe3yabTaTaMu pacy€Ta U JAaHHBIMU MCTIBITAaHUM

16

CooTHoIlIeHUsI METO1a KOHEYHBIX 3JIEMEHTOB B 3aJa4ax quHaMuKu. OnpeneneHue
cOOCTBEHHBIX (pOopM U yacToT KojeOaHui koHcTpyKimu MKD B Ansys

17

Omnpenenenne cOOCTBEHHBIX (DOPM M YaCTOT KoJleOaHMI OaTKH.
DKCIepUMEHTAIbHOE HCCIIeI0OBaHNE COOCTBEHHBIX (DOPM M 4acTOT KoseOaHu
OaJIK{ C UCTIIOJIb30BaHKEM MPOrpaMMHO-araparHoro komruiekca "LDS-LMS".

18

OKCHEPUMEHTAIBHOE UCCIIeI0BAHNE OTKIMKA OalIKi Ha UMITYJIbCHOE BO3/IEHCTBHE
C MCIIOJIb30BAHUEM COBPEMEHHOTO ITPOrPaMMHO-aIIapaTHoro komruiekca "LDS-
LMS".

19,20

Bepudukanus quHaMuueckoi pacuéTHOM MOJIeN Ha OCHOBE aHaJIKM3a pe3yJbTaToB
DKCIIEPUMEHTAIIBHOIO UccienoBanus. VccienoBanue KOHEYHO-JIEMEHTHOU
Mojeny Konebanuit 6anku. OnpeneneHue BIUSHUS I1ara UHTETPUPOBAHUS 110
BpPEMEHH, 111ara y3J10B (KOJIMYECTBA HJIEMEHTOB), IeMI(UPOBaHUS Ha
TMHAMAYECKUI OTKJIMK CUCTEMBI

21,22

JluHaMu4YecKue MOJIEIH 3JIEMEHTOB KOHCTpyKinu JIA. @opmupoBanue

CMENIaHHOM, 0a7109H0-0007109eYHOM Moien KOHCTpyKImH JIA. OdopmiieHne




oT4éTa 110 pe3yIbTaTamM I/ICCHG,Z[OBaHI/Iﬁ " peIICHUMA 3ala4 UHAUBUAYAJILHOTO
3amanus B cootBeTcTBUM ¢ [[OCTamu Ha oopmileHHe HaydYHO- TEXHUYIECKUX
OTUYETOB.

5.3. JIaboparopHbie padoThI
He npenycmorpeHnsl

5.4. CamocrosiTeqibHasi padoTa CTyIeHTa

Brimonuenue CPC

Crmcok urepaTypsl (C yKa3aHHEM
Bun pabotsl u conepkanue 3ajaHus Kous-Bo wacos
pa3zelios, MJIaB, CTPAHNULL)
ocH. uT-pa [1] ¢.28-43, [2] ¢.125-129, [4]c
KOHTpOJIbHOE 3a/1aHue | pa[l] - [2] - [4] 20
43-48
KOHTPOJIBHOE 3a7jaHue 2 [5],c.52-61 30
[ToaroroBka K K3aMeHy OcHOBHas U JOTIOJIHUTENbHAS JIUTEpaTypa 15
[loaroroBka k 3adery OcHOBHas U JOTOJIHUTENbHAS JIUTEpaTypa 7

6. UnHOBaMOHHBIE 00pa30BaTe/IbHbIEC TEXHOJIOTUH, HCIOJIb3yeMble B y4eOHOM
npouecce

Komn-Bo
WHHOBanMOHHBIE (POPMBI Bun pabotsr KpaTkoe OHCAHIe Ayt
y4eOHBIX 3aHATUI (JI, 113, JIP) P YA
4acoB
KoMIibroTepHOE MOZIEMPOBaHHE MpaKTHaecKie PacueT HanpsKeHUH B 000104Kax
U PAKTUYECKUI aHAIU3 P (MemMOpaHax 1 6akax) Harpy>KEHHBIX 10
3aHATHSA U CEMUHAPBI
pE3yIBTAaTOB naBjieHUEeM. AHaJIN3 PE3yJIbTaToOB.
KoMIibroTepHOE MOZIEIMPOBaHHE .
PHOC MOACTHP [IpakTnueckue Pacuer peanbHbIX KOHCTpYKIHM JIA.
U IPAKTHICCKUI aHAIH3 20
3aHATHSA U CEMUHApbI{AHAIN3 PE3YIIbTATOB
pe3yabTaToB
.. |[IpakTnueckue AHanu3 pe3yJbTaToB JIa0OPaTOPHBIX U
Pa300p KOHKPETHBIX CUTyalUil . . 5
3aHATHS U CEMUHAPBI[HATYPHBIX MCIBITAHUI KOHCTPYKIUI

Co0cTBeHHBbIE HHHOBALIMOHHBIE CIIOCO0BI M METObI, HCIIOJIb3yeMble B
oOpa3oBaTeJILHOM Ipoluecce

KpaTKOG OIMMCAaHUC U TPUMEPBI UCITOJIB30BAHUA B TCMAX

NuHOBanmonHbie GopMbI 00yUeHUS
U pazzernax

Vcnionb30BaHuEe MHPOPMALIMOHHBIX PECYPCOB U

5 http://rudocs.exdat.com http://mirknig.com
a3 TaHHBIX

Hcnonb3oBaHue pe3yabTaTOB HAyYHBIX UCCIEA0BAHUM, TPOBOIMMBIX YHUBEPCUTETOM, B
paMKax JaHHOW JUCUMIUIMHBL: B JIEKIUAX U MPAKTUYECKUX 3aHATUSIX UCIIOJIb3YIOTCS
METOJIbl TPOCKTUPOBAHUS M HHKCHEPHOTO aHaIM3a KOHCTpyKuuid JIA, copMupoBaHHBIE
npu BeimosiHeHuH HUP no kontpakTam qist OAO "I'PL] Makeesa": Pacuer pazopoca
Harpy30k npu crapre Ha TIIK ¢ mpou3BonbHON HENPSAMOJIMHENHOCTBIO IS
dbopMUpOBaHUS TTPEIBAPUTEIHHBIX PEKUMOB HArPYKEHHS CTATUUECKUX UCTIHITAHUN.
KonTpakr NeH/2/5/11-11-J1'0O3 ot 21.07.11 Pa3paboTka METOAUKH H IIPOBEICHHE
Pacy€TOB MO MOATBEPAKACHUIO U YTOUHEHUIO Ta30JJUHAMUYECKUX U YIaPHO-BOJIHOBBIX
Harpy30K Ha pakeTy, TPaHCIOPTHO- MYCKOBOW KOHTEUHEP U IIAXTHYIO MTyCKOBYIO




yctanoBKy npu crapre . OAO "I'PI] Makeesa" Kontpakt NeH/2/5/11-11-AT'0O3 ot
21.07.12 Pa3paboTka METOJUKH U IIPOBEICHUE PACUETOB I10 MOATBEPKICHHUIO U
YTOYHEHHIO TEIUIOBBIX HArpy30K Ha TEIIO3aIUTHOE TOKPHITHE THIIEP3BYKOBBIX
netarenbHbIX amnmaparoB Kontpakt NeH/2/5/11-11-II'O3 ot 21.07.13 Pa3pabotka u
AKCIIEPUMEHTAIbHAS OTPA00TKA METOAMYECKUX MaTEPUAIIOB JIJIsl yTOUHECHHUS
MaTeMaTUYeCKUX TUHAMUYECKUX Mojenen nznenus [IporpammHo-anmapaTHblii KOMILICKC

MOJIAJIbHBIX UCTIBITAHUM CIOXKHBIX TexHuueckux cuctreM OAO "I'P1] MakeeBa KonTpakr
NeH/2/5/11-11-1'O3 ot 21.07.14

7. ®onj oneHouHbIX cpeacTB (POC) niis npoBeIeHUs TEKYLIEro KOHTPOJIS
ycreBaeMoOCTH, IPOMEKYTOUHOI aTTecTAlMU [0 UTOraM OCBOEHUsI JUCHUNIMHBI

7.1. Ilacnopt ¢oHIa OLIEHOYHBIX CPEACTB

Bun
Haumenosanue
KOHTPOJISI NoNo
paszuenos Kontponupyemas xomnerenuus 3Y Hbt .
(BxuIrOUAs |3a7aHUM
JUCLIMILIINHBI .
TEKYIIHN)
[1K-4 ciocoOHOCTBIO TPOBOUTH TEXHUYECKOE
IIPOEKTUPOBAHUE U3JEIINN PAKETHON U PAKETHO-KOCMHYECKOM
TEXHUKH C UCIIOJIb30BAaHUEM TBEPAOTEIBHOIO KOMIIBIOTEPHOTO
Bce pasnensl . 9 JK3aMEeH 1-29
MOJEIIMPOBAHUS B COOTBETCTBUU C €IUHONU CUCTEMOMU
KOHCTPYKTOPCKOH JIOKyMEHTAallUU U Ha 6a3e COBPEMEHHBIX
IIPOrpPaMMHBIX KOMIIJIEKCOB

7.2. Buabl KOHTPOJIs1, IPOLEXYPbI NPOBEAeHN s, KPUTEPUM OlleHMBAHUSA

Bun
KOHTPOIIS [Tpouenypsl NpoBeACHUS U OLICHUBAHUS Kpurepuu oniennBanus
OTJINYHO: NIOJIHBINA U IIPaBUIIBHBIA OTBET HA
TEOPETUYECKUI BOIIPOC, BEPHOE PEILICHUE 3a1ay.
XOpOoLI0: HEMOJIHBIE OTBETHI HA TEOPETUYECKUE
Ha sk3ameHe cTyaeHTy HEOOXOIMMO  (BOIIPOCHI IIPU MPaBUWIBHBIX PEIIEHUAX 3a1a4, WIN
OTBETUTH Ha O/INH TEOPETUUECKUI BOIIPOC (B CIIyyae HEBEPHOI'O OTBETA HA TEOPETUUECKUI
oxsamer | A PELIHTD JIBE 3a/1a4H. Bomnpoc n 3agaun  [BOIIPOC M IPAaBUIIBHOE BBIITOJHEHUE OCTAJIbHBIX
nogo0paHbl TakKUM 00pa3oM, YTOOBI 3aJaHUI.
OXBaTbIBaTh Pa3JIUYHBIC TEMbI YIIOBJIETBOPUTENBHO: IPAKTUYECKOE OTCYTCTBHE
JUCLUILIVHBL. OTBETOB Ha TEOPETUYECKUI BOIPOC WJIM HEBEPHO

peIlIeHa OJTHA 3a/1a49a.
Hey,[[OBJICTBOpI/ITeJILHOI HeBepHLIC OTBCTHI 110
IByM H 00Jiee 3a/IaHHsIM.

7.3. TunoBble KOHTPOJIbHBIE 321aAHUS

Bug

TumnoBsie KOHTPOJIBHBIC 3a/laHUA
KOHTPOJIA

5. OcHOBHBIE OHATHUS BAPUALIMOHHOTO MOAX0/a B MEXaHHUKE CILJIOLIHBIX CPe.

6. Pabora BHemHux cuil. JlomonnutensHast padora. IloTeHnnan BHEIIHUX CHUIL.

7. Dueprus aedopmanuu. JlononHuTenbHas SHEprus aeGopmaiuu.

sK3aMeH |8. B uem 3akirouaercs MaTpUYHBIA METO IEPEMEILIEHUN AJIs1 CTEPKHEBBIX CUCTEM.

9. IlonsiTHE O MaTpHULIE KECTKOCTH.

10. Yto Takoe y3i10BbI€ CUJIbI U IEPEMELLIECHUSI.

11. TlonsTre 001IeH M MECTHOW KOOPJIMHATHBIX CUCTEM ISl TeopMUPYEeMO KOHCTPYKIIHH.




Uto Takoe MaTpuia IpeoOpa3oBaHMs KOOPIUHAT.

12. ®epMeHHBII 3JIEMEHT.

13. Marpuiisl y3J0BBIX CHII M IEPEMEIICHUH ()epMEHHOTO AIIEMEHTA.

14. Matpuia >xecTKkocTH (pepMEHHOTO dIeMeHTa. MaTtpuiia mpeoopa3oBaHusl.

15. IlpuHiun y4yeTta BHEY3J10BOM Harpy3Ku.

16. Ocuosneble 3Tansl pacuera HJIC dpepmennoit koncTpykiuu M KD.

17. OcHOBHBIE TOMYLIEHHSI METOJ]a KOHEUHBIX AIEMEHTOB B MEXAHUKE KOHCTPYKIUH.

18. OcHOBHBIE COOTHOIICHHUS VISl IEPEMENICHHH, Teopmariuii ¥ HAMPsHKEHUH B KOHEYHOM
DIIEMEHTE.

19. CB43b y3JI0BBIX CUJI C Y3JIOBBIMHU NEpEMENIEHUSIMU. bliouHas CTpyKTypa MaTpHuil.

20. Yuer BHEY3JI0BOM Harpy3Ky ¢ TIOMOILBIO SKBUBAJIEHTHBIX Y3JIOBBIX CHIL.

21. Onpenenenue y3noBbeix nepemeniennii MKO.

22. CBsi3b METO/Ia KOHEUHBIX 3JIEMEHTOB ¢ MeTo0M Putiia.

23. Ilnockuii TpeyroabHbIN AIEMEHT. ATITPOKCUMUPYIOIINE TOJTUHOMBI.

24. Yto npeacTaBnsioT GyHKIMHA (HOPMBI.

25. IlpuBeneHne BHEY3I0BBIX HArPy30K K SKBUBAJICHTHBIM Y3JIOBBIM CHUJIaM.

26. IlosicHuTE MOHATUS BHYTPEHHUX y3J10B U OAKOHCTpyKLui B MKDO.

27. Ucnionp3oBanue moaKOHCTPYKIui B pacdetax HJIC ClIOXHBIX TEXHUUECKHUX OOBEKTOB..
28. COBMECTHBIN 1 HECOBMECTHBIH 3JIEMEHT.

29. N3onapaMeTpU4eCKUE AIEMEHTHI.

30. OcoGeHHOCTH BbIUMCIIeHUs HanpspkeHUH. Crila)kuBaHUe HANPSHKSHUH.

31. MarpuuHoe ypaBHEHHE JBUKEHHSI KOHCTPYKIIUU METO/1a KOHEUHBIX JIEMEHTOB B 3aJa4ax
TMHAMUKHU.

32. Marpuiia Macc KOHEYHOTO0 3JIeMeHTa. Marpuiia MacC KOHCTPYKIIHH.

33. Marpuna Macc KOHEYHOT'O 2JIEMEHTA € JTMHEWHBIMH CMEILIEHUSMU Y3JI0B.

34. CoOcTBeHHbIE KoebaHust KOHCTPYKIUU. OCOOCHHOCTH pacyeTa Ha MPUMEpPe CTEPIKHS.

8. YueOHO-MeTOAMUYECKOE M MH(OPMAIIMOHHOE O0ecriedeHUe TUCHUIITIMHBI

IleyaTHas y4eOHO-MeTOANYECKAS JOKYMEHTALUSs
a) ocHo6Has Iumepamypa:
He npenycmorpena

0) OononHumenvbHas Iumepamypa:
1. Ilymn, T. E. Pemienue nnxxenepusix 3aaad Ha 9BM Ilpakr. pyk. T. E.
[Iyn; [TepeBon ¢ anr. B. A. Xoxpskosa; [lox pen. B. b. Munocuesa. - M.: Mup,
1982. - 235 c. u.

8) omeuecmeenHvle U 3apyOedtCHble HCYPHANbL NO OUCYUNTUHE, UMelowuecs: 8 bubiuomexe:

1. 1. Maremaruuyeckoe MOJEIHpPOBaHUE: exeMec. )KypH. / Poc. aka. Hayk,
Otn-uue mat. Hayk, MH-T mat. monenupoBanusi PAH

2. 2. Kocmuyeckwue uccieoBanus : Hayd. KypH. / Poc. akan. Hayk,
[Ipe3nnnym PAH

3. 3. BectHuK aBHanuu U KOCMOHABTHKH : Bcepoc. aspokocM. KypH. /
3A0 "U3a. nom uM. C. CKpbIHHHKOBA

4. 4. ABuanaHopama : )XypH. aBuail.-kocM. komiuiekca/ OOO "Bricokue
TEXHOJIOTUU U UHHOBAIMKU"

5. 5.Tloner: ABuanus. Pakernas texuuka. KocMonaptuka: OO01iepoc.
Hay4.-TexH. XXypH. / U31-Bo "Mamu-noctpoenue”

6. 6. Aspoxkocmuueckuit kypbep / 3A0O "Uznart. nom "Co3Be3aue-4"

2) MemoouuecKkue YKazaHus 0is Cmyo0eHmos8 no 0C80EHUIO OUCYUNTUHDL.




l.
2.

BapuaHTbI KOHTPOJIBHBIX 3a1aHUM
Yepusasckuii A.O. [IpumeHeHue MeTo1a KOHEYHBIX 3JIEMEHTOB B

3a/layax pacuera Ha MPOYHOCTh. / YueOHoe nocodue - Yensodunck, 2000. - 90 c.

U3 HUX. yue6H0—Mem00uquKoe obecneverue camocmosmenbHou pa60mbz

cmyoenma.

BHCKTPOHHaH yqe6H0-MeTozmquKaﬂ HOKYMECHTaAIlUA

JoctynHoCTh
Haumenosanue | (cetb UHTEpHET /
Bu ecypca B JIOKaJIbHAS CETh;
No g HaunmenoBanme pa3paboTku peeyp . .
JTUTEPATYPHI AIIEKTPOHHON |aBTOPU30BAHHBIH /
dbopme CBOOOTHBIH 10-
CTYTI)
MoieTupOBaHNE TEXHUYECKUX CUCTEM:
YueOHOe mocobue ABTOp/co3maTeNb:
psukoB FO.A., Toponues WN.I1.,
MeToauueckue UepemmanoB M.A. T'oa: 2011 .OcHoBbI
1 MoCcoOus st METOJ1a KOHEUHBIX 3JIEMEHTOB CTaTHUKH, nature.com WNuTepuer /
CaMOCTOSITEJIbHOM  [yCTOMYMBOCTH, TMHAMUKHU CTEPIKHEBBIX ’ CBOOOIHEBIN
paboThI CTyIeHTa  [CHCTEM U IPOTrpaMMHUpOBaHKE Ha GopTpaHe.
Nudopmarmonnas cucrema "Ennnoe okHO
mocTymna K o0pa3oBareIbHBIM pecypcam”
(window.edu.ru)
AmxsaH, A.Il. PakeTHo-KOCMUYecKast
TeXHUKa. MalmmHOCTpOeHHE. DHIIUKIIONEIUS.
ononuutenbHas |T. IV-22 B nByx kuurax. Kaura nepsas. / . . WNurtepuer /
2 /L By P ScienceDirect p N
ureparypa A.IL. Amxsn, O.J1. Akum, O.M. Anudanos, ABTOpU30BaHHBIN
A.H. AunpeeB. — M. : MammHOCTpOEHUE,
2012. — 925 c.
/IpsikoHOB, B.I1. I'enepanns u reneparopel  (QIEKTPOHHO-
CUTHAJIOB. [ DNIEKTPOHHBIN pecypc| — OounbamoreyHas
OcHoBHas [ p pecypc] WutepHer /
3 OnexrpoH. naH. — M. : JIMK Ilpecc, 2010. |cuctema .
muTeparypa CBOOOHBII
— 384 ¢. — Pexxum nocryna: W3/1aTeIbCTBA
http://e.lanbook.com/book/892 Jlanb
[{bsikonos, B.I1. Duuuknoneaus JIEKTPOHHO-
KOMIBIOTEPHOH anreOpsbl. [ DNeKTpOHHBIH OubmmoTeyHast
OcHoBHas WNuTepuer /
4 TeDarvDa pecypc] — Dnektpon. aan. — M. : JIMK cucrema P ——
patyp [Ipecc, 2010. — 1264 c¢. — Pexum gocTyna: [M31aTeabCTBa p
http://e.lanbook.com/book/1179 Jlanb
DJIEKTPOHHO-
3apyoun, B.C. PacueT TerioHanpsKeHHBIX p
N . oubnuoreyHas
5 OcHoBHas KOHCTPYKIHA. [DnekTpoHHbIi pecype] / B.C. CHCTEMA WuTepuer /
TUTEpaTypa 3apyoun, N.B. CtankeBu4. — DIIEKTPOH. ABTOPH30BaHHBII
M3/1aTENbCTBA
naH. — M. : Mammnoctpoenue, 2005. Mams

9. UuopManiuoHHbIE TEXHOJIOTHH, HCIIOJIb3yeMble IPU OCYLECTBICHUH
00pa3oBaTeJIbLHOIO Npouecca

[TepedeHpb UCTIONB3YEMOTO MTPOTPAMMHOTO OOCCIICUCHHS:

1. Microsoft-Windows(6eccpodno)




2. Microsoft-Office(6eccpouno)

3. ANSYS-ANSYS Academic Multiphysics Campus Solution (Mechanical, Fluent,
CFX, Workbench, Maxwell, HFSS, Simplorer, Designer, PowerArtist,
RedHawk)(6eccpouno)

[Tepedenp UCTONB3yeMbIX HHGOPMAITMOHHBIX CIIPABOYHBIX CUCTEM:

1. -baza manasix BUHUTU PAH(Geccpouno)

10. MarepuajibHO-TEXHUYECKOe O0ecnedeHue TUCIUIIINHBI

No OcHoBHOE 000pyJOBaHKE, CTEH]IbI, MAKEThI, KOMIIbIOTEPHAs TEXHUKA,
Bup 3anstuii a I_l MpelyCTaHOBICHHOE IPOrpaMMHOE 00eCTIedeHIEe, UCTIOIb3yeMOe s
YA Pa3IMYHBIX BUJIOB 3aHATUN

110 Kitacc BBIUMCIUTENBHON TEXHUKH, OCHAIEHHBIN coBpeMeHHbIMH [1K.
[Iporpammuoe ob6ecnieuenue: Microsoft Office, MathCad, NASTRAN,
ANSYS

[IpakTnueckue
3aHATHUS U CEMUHApPHI [(2)




