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1 I[EJIM ¥ 3AJIAY 1 KYPCOBOM PABOTbBI

KypcoBast paGota BeimonHsieTcss B 1 cemecTpe 0OydeHUs.
[Tpu BBIIOTHEHUU KypCOBOW pabOTHI Mo aucuurinHe «CoBpeMeH-
Hele POC cnenuanbHOr0 Ha3HAYEHHS: OCOOCHHOCTH MPOSKTHPOBA-
HUS ¥ SKCIUTyaTallMu» CTYICHTHI IOJKHBI HAYYUTHCS MPABUIBHO U
TBOPYECKHU HCIIOJIB30BaTh 3HAHUS, MOJYYEHHBIE UMHU MPU MPOXOK-
JIEHUU TEOPETUYECKUX AUCUUIUIMH: «Maremarukay, «Pusukay,
«Marepuanbsl 1 KOMIIOHEHTBI 3JEKTPOHHBIX CPEACTB», «DU3HKO-
XUMHUYECKHNE OCHOBBI TEXHOJOTHH 3JIEKTPOHHBIX CpencTB», «Du-
3UYECKHE OCHOBBI MHUKPO- M HAHOJJIEKTPOHUKH», «DIIEKTPOTEX-
HUKA U JJIEKTPOHUKa», «CXeMO- U CUCTEMOTEXHUKA AJIEKTPOHHBIX
cpeactB». CTyIEHTHl JOJKHBI O3HAKOMUTBCA C BUIAMH JINTEpa-
TYPHBIX HCTOYHHKOB, KOTOpPBbIE HEOOXOAMMO HCIIONB30BATh MPH
MIPOEKTUPOBAHUU PATUONIEKTPOHHOIO CPECTBA.

B pesynbrare BHIOTHEHUS KYpPCOBOM paOOTHl OHU JIOJIKHBI

YMETh PELIaTh CACAYIOIINE 3aJa4H:

- OCYIIECTBIISITH 0030p JHUTEPATYPHBIX HCTOUYHUKOB TIO 3a-
JTaHHOM TeMe;

- MPOBOJIUTH AHAIIU3 JIMTEPATYPHBIX MCTOUHHKOB C LIEJIBIO
BBISIBJICHHSI ONITUMAJIBHOTO HAIIPaBJICHUS TPOEKTUPOBAHUS;

- pa3pabaThiBaTh KOHCTPYKIHIO PaJAUOIEKTPOHHOTO YCT-
pOMCTBa;

- MIPOBOJUTH HEOOXOAUMBIC MPHU MPOCKTUPOBAHUU PACUETHI
C ucrnoJib30BaHueM aBToMaTu3upoBaHHbIx CAE cucrewm;

- [0 TOJYYEHHBIM pe3yJibTaTaM MPOBOJUTH ONTHUMHU3ALNIO
KOHCTPYKIIUH.

2 OFBEM KYPCOBOW PABOTHI

KypcoBast paboTa cOCTOUT U3 ABYX OCHOBHBIX YacTei: rpa-
¢uveckoil 4acTH M MOACHUTENbHOU 3amucku. ['padudeckas yactb
paboTHI TOJDKHA conepkath 0 1 jucta popmaTta Al, MOSCHUTEIB-

Has 3anucka 25 — 30 cTpaHMIl MAIIMHOMHMCHOTO TEKCTa (opmara
A4.



3 CTPYKTYPA IT'PAOUUYECKOM YACTH
KYPCOBOM PABOTBI

I'paduueckas yacTb KypcoBOii pabOThI JOKHA COAEPIKATh:

- KOHCTPYKIIHIO PaJAHO3IEKTPOHHOTO CPENICTBA,

- pesynbratel MogenupoBanus (CAE ananuza);

- pe3yJbTaThl ONTUMH3AIMN KOHCTPYKIIUH.

Ecnu kypcoBasi paboTa MMEET HCCIIEOBATENLCKYIO YacTb,
BBIXOJIAIIYIO 3a TpeIesbl 00beMa KypCcoBOM paboThl, TO pacmpee-
neHue rpaduIecKoro MaTepuana MOXeT ObITh U3MEHEHO IO COTJia-
COBaHUIO C PYKOBOJHUTENEM KypcoBoi paboTrel. Kpome Toro, co-
neprkaHue rpaduyeckoil 4acTH MOXKET KOPPEKTHPOBATHCS PYKOBO-
IUTENIeM B 3aBUCHMOCTH OT TEMbI KypCOBOM pabOTHI.

[Ipu pa3paboTtke rpaduyeckoil 4acTH KypcoBoil paboThI He-
00X0IMMO PYKOBOJICTBOBAThCS TpeOoBaHusMu ctanaapToB ECKJI.
[ToaroroBka rpauveckoil yacTu J0KHA OCYHIECTBIATHCS C MPH-
MeHenneMm coBpemeHHbIX CAIIP u Bo3moxHocTeir 3D Moxemupo-
BaHUS.

4 CTPYKTYPA U COJEPXAHHUE MOSICHUTEJIb-
HOM 3AIIMCKHA

4.1 O01me moJI0KeHUs

CTpyKTypa 3amuCKd JODKHA OBITh JOCTATOYHO YETKOU U
OTIPENIeNIATh TOCIEA0BATEIbHOCTh Pa3pabdOTKH KOHCTPYKLIUU pa-
IMO3JIEKTPOHHOTO  cpeAcTBa. Huke mNpUBOIUTCS MpUMepHas
CTPYKTypa TOSICHUTEIBHON 3alMCKH, COAeprKalleid oOIiyro, pac-
YETHYIO U 3aKJIFOUYUTENbHYIO YaCTH.

OO01m1ast yacTh MOSICHUTENILHON 3aITUCKH JIOJKHA COEPIKATh!

-tutynbHBIN nucT ([Tpunoxenue A);

-3a/1aHe Ha KypcoByio paboty (IIpunoxenue b) ;

-aHHOTAIIHIO;

-COZIepKaHMUE;

-TiepeveHb JUCTOB IpaduyecKoi yacTu;

-BBEJICHHE;
4



- ompeneneHrne o0iacTh MPUMEHEHHUS Palu0dJIEKTPOHHOTO
CPEACTBA, YCIOBUM dKCIUTyaTalluH;

- 0030p NTUTEPATypHBIX HCTOYHUKOB IO BO3MOXKHOCTSIM U
ocoOeHHOCThIO ncnonb3oBanuss CAE cucrem B aHanm3e KOHCTPYK-
muit POC Ha MexXaHUYECKUE U TEIUIOBEIE BO3IEUCTBU,

- 000CHOBaHME KOHCTPYKIIMH PAJAHOIICKTPOHHOTO CPECTBA
C YYE€TOM YCIIOBHI MPUMEHEHUS U KIMMAaTUYECKUX BO3JACHCTBHIA.

PacueTHas yacTh NMOSCHUTENBHOM 3alMCKHU JOJKHA COLEP-
*KaTh BCe HEOOXOAMMBIE ISl aHAIM3a KOHCTPYKUMHU naHHbIe. [lo-
JTy4eHHBIC PE3YNIbTaThl MHKEHEPHOT'O aHajan3a HEOOXOIUMO Ipo-
BEPUTHh Ha COOTBETCTBHE YCIIOBUSM IMpUMeHeHUs. B ciydae HeoO-
XOJMMOCTH HE0OXOAMMO BBIOpaTh M OOOCHOBATH MYTH ONTHMH3A-
MU KOHCTPYKIMU C BBHIOOPOB KPUTEPUEB U BapbUPYyEMbIX Mapa-
MeTpoB. ONTUMU3UPOBAHHBIA BapUAHT TAKXKE JOJDKEH OBITH MOJ-
Bepruyr CAE ananmm3y st MOATBEPKICHUS I1E€JIECO00Pa3HOCTH
MIPUHSATBIX PELICHUM.

3akirounTenbHas 4acTh 3alMCKU JIOJDKHA COJAEpXKaTh: 3a-
KJIFOUEHHE, CITUCOK UCTIOIb30BAHHBIX UICTOYHUKOB, MPUIIOKEHHUS.

4.2 Copepxxanue pa3ieioB KypcoBoii padboTsl

Annomayus ( pepepam).

B aHHOTanuMu KpaTKo H3JIaraeTcs OCHOBHOE COJEp)KaHUe
paboThl, MaeTcs KpaTKas XapaKTEepPHCTHUKA pPa3padOTaHHOTO YCT-
pOIiCTBa U MEpeUYeHb METOAOB, UCIIOJIb30BAHHBIX MPU PEIIEHUU T0-
CTaBJICHHOM 3a/1a4H.

Cooeporcanue.

B conepskanuu mocieqoBaTeIbHO MEPEYUCIISIOTCS 3ar0JI0B-
KM pa3JielioB, MOAPA3JeNoB U MPHIOKEHUH, YKa3bIBAIOTCS HOMepa
CTpaHUIl, Ha KOTOPHIX OHH HAYMHAIOTCS.

Beseoenue.

Bo BBeseHUM W31araloTCs COBPEMEHHBIE TEHICHIIUN Pa3BH-
THs npoekTupoBanusi POC B ToM HampaBiIe€HHH, K KOTOPOMY OTHO-
CHUTCSl TeMa KypCOBOI pabOTHI.

0630p 1umepamypHbixX UCMOYHUKOS.
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O0630p nUTEpaTyphl, MOCBSIICHHBIN M3yYEHUIO COCTOSTHUS
npobnemsl CAE ananmuza ¥ ONTHMHU3AIMM KOHCTPYKLUU PaIHO-
ANEKTPOHHBIX CPENICTB, MPOBOJUTCS KaK MO KHUKHBIM H KypHallb-
HBIM HCTOYHHMKAM, TaK ¥ MO MaTeHTaM. B KauecTBE MCTOYHUKOB
nH(pOpMaLlUd MOTYT HUCIOJIB30BAaThCA YYEOHHMKH, HayuHbIe H3/a-
HUS, CIEeUUaIN3upPOBaHHbIE MOHOTpaduu, COOPHUKH TPYAOB U
KOH(EepeHIM, CTaThbU U3 HAayYHBIX >KYPHAJIOB, & TaKXe MMaTeHTHO-
TEXHUYECKHE MCTOYHUKH, CTAaHAAPTHI M JAPYrUe HOPMATHBHBIC J0-
kymeHThl. Kpome Toro, gomyckaercs ucnosib3oBaHue Internet mc-
TOYHHUKOB CO CCHUTKAMH Ha COOTBETCTBYIOIIUE O(UIIMATHHBIC Caii-
THI.

CHHCOK HCIIOIb30BAHHBIX UCTOYHHUKOB JIOJDKEH COJIEPIKATh
He MeHee 15-20 ccputok. B 0030pe omkeH ObITh MPUBEICH aHAN3
PaCCMOTPEHHBIX CHUCTEM MOJCIUPOBAHMS W omTumm3armu. [Ipu-
MEpHBIN 00BEM pazzesnna T0JDKEeH COCTaBIATh 8 -10 cTpaHuil.

Obocnosanue KOHCMPYKYUU paouodieKmpoHHO20 CPeoch-
aa.

Ha ocHoBaHMM aHanm3a MpOBEIEHHOTO 0030pa U B COOTBET-
CTBUU C TIEJbI0 pabOTHl pa3padaThIBacTCsl KOHCTPYKIIUS pPajno-
ANIEKTPOHHOTO CPEACTBA C MPUMEHEHHEM BO3MOXHOCTEH COBpE-
MeHHBIX cucTeM 3D MonenupoBaHus.

O6ocHOBaHNE KOHCTPYKIIUU JTOJDKHO COJEPIKATh: HAUMEHO-
BaHHE U COCTaB yCTPOMCTBa, Ha3HAUEHUE M 00JIACTh MPUMEHEHHUS,
TeXHUYECKHe TpeboBaHUs (KAaTeropusi pa3MElIeHUs, KINMaTHde-
CKOE€ HCIIOJHEHNEe, OCOOCHHOCTH KOHCTPYKIIMH, MacCora0apuTHBIC
napameTpsl, CTOUMOCTb H T.]1.).

Pacuemnas uacme.

CopepxaHue pacueTHOUN YaCTH 3aIUCKH

Ha ocHoBanmm pa3paOOTaHHOW CTYACHTOM KOHCTPYKIIUU
HE0OXOIMMO TPHUBECTH WH)KCHEPHBIA aHAN3 HAa MEXaHUYECKUE
BO3JICHCTBUS B COOTBETCTBHUH C YCIOBUSMH SKCIUTyaTallUU:

- 000CHOBaHME BBIOPAHHBIX CIIOCOOOB 3aKpEIUICHUH 3i1e-
MEHTOB KOHCTPYKIIMH U Ha3HAaYCHHE Harpy30K;

- 3aJ1aHUEe CBOMCTB MPUMEHSIEMBIX MaTEPHAIIOB,

- pacuer CTaTU4EeCKUX Harpy3oK Ha KOHCTpyKiuto POC;
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- pacyeT MOAAJIBHOTO AaHAJIU3a C ONPEICIICHUEM HE MEHEe
TpeX COOCTBEHHBIX YaCTOT KOHCTPYKIINY,

- aHaJIU3 pPE3ylbTATOB MOJCIMPOBAHMS HAa COOTBETCTBUE
YCIJIOBUSIM IKCILTyaTaluy,

- BBIOOp IyTeH ONTMMHU3ALUU KOHCTPYKIMM B CIIydae He-
YIOBJIETBOPUTENIBHBIX PE3YJIBTATOB MOAECINPOBAHNUS;

- IPOBEPKA ONTHUMHU3UPOBAHHOTO BApUAHTA.

Jlia mpumepa INpencTaBUM pe3yibTaTbl MOJAEIUPOBAHUS
KPBILIKHA PAJUOIEKTPOHHOIO CPENICTBA, YCTAHABIMBAEMOIO HA aB-
TOMOOWJIBHBIN  TpaHcIopT. MoJenupoBaHiue MpPOBEACHO B
Pro/Engineer Wildfire 5.0.

Buewnuil BuA KpbIIKM npeactasieH Ha puc. 1. Kpeimka
M3TOTABIIMBACTCS U3 MOJIMBUHUIXJIOPUAA. Y KPBILIKU 3aKPEIUICHUS
BBINOJIHEHBI 110 6 oTBepcTusiM. Harpyska 3amana B obnactu coenu-
Hurens (puc. 2).

-ﬂ'—'—’_—;\l\
=i "

~

Puc. 1. Buemnuii Bua kpeiku POC

Pesynbrar aHanu3a Ha cTaTUYECKUE HArpy3KHU MPEICTABIIEH HA PUC.
3. Ilpu >TOM MaKCHMaJbHBIH MPOTUO KOHCTPYKIIUU COCTABIISCT
0,15 MM, uro sBnsiercs HeOombInoi BenumumHOM. Ha pucynke 4
MPE/ICTaBJICHO HalpaBieHue aedopManuyu KOHCTPYKIIMHM KPBILIKH.
Pe3ynbTarsl s HarJsIHOCTU TAaK)K€ MOYKHO IPEICTaBUTh B BUJE



rpaduka (puc. 5). Ocblo abcumcc SBISETCS KOOPAWHATA BJIOJb
MPaBOW CTOPOHBI KPBIIIKK, HAYWHAS OT TIPABOTO yTJIa.

Puc. 2. 3akpermnenus u Harpy3ku Kpbimku POC

L.4%0e-21

Puc. 3. Pe3ynpTatr MOaEIMpOBaHUS CTATUUECKUX HArPY30K

1. 453

Puc. 4. HaHpaBJIHH JZ[eOpMaI_II/II/I KPBILIKU
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Puc. 5. I'paduk BeTMUIMHBI IEPEMEIICHHS OT KOOPIUHATHI

3atemM HE0OXOAMMO MPOBECTH OMpeaeiieHne 3 Pe30HAHCHBIX
9acTOT KOHCTPYKIMH. B pe3ynbrare nepBas rapMOHUKA COCTABIISET
250 I'y (puc. 6), Bropast rapmonuka 381,5 I'y (puc. 7), TpeThs rap-
monwuka 587 I'ry (puc. 8).

1.880=+20

Puc. 6. AMIuuTy1p1 nepeMereHus oo6aacteit KOHCTPYKLUHU TPH
250 I'.



1.000e+08

“wondow] Analysis? Anatysis2

Puc. 7. AMnuTyel mepeMenieHust 001acTeil KOHCTPYKIIUH TIPU
381,5 I'.

1.0888e+80

2.000¢+00

Puc. 8. AMmuTypl mepeMenieHust 001acTeid KOHCTPYKIIUH TIPU
587 I'n.
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Pe3ynbrarel MOAeMMpOBaHUs TOKA3aJId, YTO PE30OHAHCHBIC
9acTOTBl HAXOJATCS JalleKO 3a MpeaelaMH JKCIUTyaTallMOHHBIX
(120 T'm gy aBTOMOOMIIBHOW TeXHUKH). BumHO, 4TO 3amac Oosee
4eM JBYKPaTHBIN.

CTOUT OTMETHUTD, YTO JJIsl YBETUUYCHUS TOYHOCTH MOJICIIH-
POBaHMSI MOKHO U3MEHSATH BEIMYMHY CETKH KOHEYHBIX DJIEMEHTOB.
Hanpumep npuBeneHHbIC PEe3yJIbTaThl OJYYCHBI C UCTIIOJIb30BaHU-
€M CTaHJapTHON BeMWuuHBI (puc. 9) WM YMEHBIICHHOH 5 MM.

(puc. 10).

Puc. 9. CrannapTHas BeIM4YMHA CETKHU.

Puc. 10. CeTka BeTHUMHOM 5 MM.
11



CTOUT OTMETUTH, YTO BpPEMs MOJECIUPOBAHMS MPHU ITOM
PE3KO0 BO3pacTaer.

3aknouenue.

B 3akitoueHun M3NAraroTCsi OCHOBHBIE PE3yIbTaThl MPOCK-
TUpoBaHus. OTMEYaI0TCsl OPUTHHAIBLHOCTD, IPEUMYILIECTBA pa3pa-
0oTaHHOW KOHCTpYKUIUU. OIEHUBAIOTCS PE3yIbTAThl MPOEKTHUPO-
BaHUA C TOYKHU 3PEHUSI COOTBETCTBUS TPEOOBAaHUS TEXHHUYECKOTO
3aJlaHusl.

Chucox ucnonb308anHbIX UCOYHUKOS.

B crimcok BKITIOYAOT BCIO MCIIOJIB30BAHHYIO TIPU BBITIOTHE-
HUS KypcoBOM paboTsl auteparypy. B Tom umcine 'OCTso1, naTen-
THI 4 T.].

Cnucok COCTaBISIIOT B MOPSIKE yIMOMHHAHUS (CCBUIKH) B
Tekcre 3anmucku. CBeneHUs 00 MCTOYHMKAX, BKIFOYECHHBIX B CIIH-
COK, HE00X0IMMO JaBaTh B cOOTBETCTBUHU ¢ TpeboBanusmu ['OCT.

Tpunoorcenus.

B npunoxenusx cieayer noMmemarsh TabIUIlbl, CIPABOYHbBIE
JaHHBIE K TEKCTY 3alMCKH, CIelu(UKaluy K YyepTexaMm rpaduye-
CKOH YaCTH U T.I.

5 OBINHUE TPEBOBAHUA K O®OPMJIEHUIO
HOACHUTEJBHOM 3ANIMCKH W TEMBI KYPCOBBIX
PABOT

TekcT MOSICHUTENIbHON 3alUCKH KYpPCOBOM pabOTHI JOJDKEH
OBITH BBITIONHEH IO MpaBWIaM O(QOPMIICHUS TEKCTOBOW JOKYMEH-
Tanu B cooTBeTcTBHM ¢ TpeboBanusmu CTII BI'TY 005-2007.

TuTynbHBIA JTUCT OQOPMIIIETCS B COOTBETCTBHH C TPHIIO-
KEHHEM A, 3aJlaHue C MPUJIOKEHUEM b, pUCYHKH € MPUITOKEHUEM
B, crincok surepatypsl ¢ npuinoxeHuem I
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[MPUJIOXEHHUE A

OO6pa3zerr TUTYJIBHOTO JIUCTA KYpPCOBOW pabOThI

MMHHUCTEPCTBO OBPA3OBAHHMS 1 HAYKU
POCCHUMCKOU OEJJEPALINN

®EJIEPAJIBHOE TOCYJAPCTBEHHOE BIOJDKETHOE
OBPA3OBATEJIbHOE VUYPEXEHWE
BBICHIET'O TMTPOD®ECCUOHAJIBHOTO OBPA30OBAHUS
«BOPOHEXCKHI I'OCYJIAPCTBEHHbBIM TEXHUYECKUI YHHBEP-
CUTET»
(®T'BOY BIIO «BI'TY», BI'TY)

(paxymnbTer)
Kadenpa

KYPCOBAA PAGOTA

10 JTUCLMITTIMHE

Tema

PacueTHO-nOsICHUTEIbHAS 3aNIHCKa

Paspabotan(a) crynent(ka)

IToanucek, nara
PykoBoaurenn

Wunnmanel, paMumms

Iloanuce, nata
YreHpI KOMHUCCHUH

Wunnmanel, pamumms

Iloamnuce, nara

Wautmanel, pamumas

Iloamucs, mara
HopmoxkonTponep

Wautmanel, pamumms

Ilonmmce, nata

3amnuiieHa OreHka

WHautmanel, pamumms

nara
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I[MTPUJIOXEHUE b

O6pa3err aucTa 3aaHUs KYPCOBOM pabOTHI

MUHUCTEPCTBO OBPA30OBAHIS I HAVKU POCCUIICKOM
®EJIEPALIINA

®EJIEPAJIbHOE I'OCY JIAPCTBEHHOE BIOJ)KETHOE
OBPA3OBATEJIbHOE YUPEXIEHUE
BBICIIIETO TTPO®ECCUOHAJILHOTO OBPA30OBAHUS
«BOPOHEXCKHI I'OCYJIAPCTBEHHBIA TEXHUYECKUI YHHBEP-
CUTET»
(®I'BOY BIIO «BI'TY», BI'TY)

Kadenpa

3AJJAHUE
Ha KypCOBYIO paboTy

10 JTUCHHMITTIMHC

Tema paboTsr

CTyAeHT rpynmnsl

Damunus, UMsl, OTYECTBO
Howmep BapuanTa
TexHuueckue ycioBus

Coneprxanue u 00beM paboThl (rpaduueckue paboThl, pacdeThl U MpoUee)

CpOKI/I BBITIOJTHCHUS 3TAIlOB

CpOK 3aluThl KypcoBOH paboThI

PykoBoaurenn

Ionnucse, nara Wunnmansl, hamuims
3agaHue NPUHSI CTYACHT

Ilonmuce, mata Wauntmansl, Gamuims
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