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1. O6mue cBeaeHus O JUCHUIUIUHE (MOJTYJIE).

[emsamMu AUCIUTIIIUHBI (MOJTYJIs1) SIBJISETCSI:

- (hopMupoBaHUE HABBIKOB IPUMEHEHUSI MATEMATHYECKOTO MOJEITUPOBAHUS
U KOMITBIOTEPHOT'O aHAJIN3a B MHXKEHEPHBIX pacueTax;

- OCBOCHHUE COBPEMEHHBIX TEXHOJIOTM KOMIBIOTEPHOTO MPOEKTUPOBAHUS
(CAD/CAM/CAE) u npototunupoBanus (3D-neuats, na3zepHas peska, UITY);

- pa3BUTHE YMEHUI paOOThl C HOPMAaTUBHOW JOKYMEHTAMEN U CTaHAApTaMU
B 005acT 1u(pOBOro MPOESKTUPOBAHHS,

- HW3y4YEHUE MPHUHLMIOB pPa3padOTKH aNrOPUTMOB M IMPOTPAMMHOIO
oOecrieueHus il yIpaBiaeHusi pPOOOTOTEXHUYECKUMU CUCTEMaMU;

- (opmupoBaHue KOMIETEHIMH B 00JlaCTU aBTOMATU3MPOBAHHOIO
MPOEKTUPOBAHUS U ONITUMU3AIIUN NHKEHEPHBIX PEIICHHUIA.

3agayamMu JUCHUTLIAHBI (MOIYJIsS) SIBJISICTCS:

- U3y4YEHUE OCHOB MAaTEMAaTUYECKOI0 MOJIEIMPOBAHUS M YUCIEHHBIX METOI0B
JUTSl pELIEHUSI MHKEHEPHBIX 337124,

- ocBoeHHe coBpeMeHHBIX CAD-cuctem Il NPOEKTUPOBAHUA HETajed M
cOOpOK;

- pPUMEHEHHE METOJ0B KOHEYHO-31eMeHTHoro anHaimu3a (FEA) wu
KoMIibioTepHoro ukuHupuura (CAE) 1i1st mpoBepKy MPOYHOCTH U ONTHUMHU3ALUN
KOHCTPYKLIHM;

- W3Y4YCHHE TEXHOJIOTUH aIIUTHBHOTO mpou3BojactBa (3D-neuath) wu
cyoTpakTuBHOro npousBojcTea (UITY, nazepuas peska);

- pa3paboTKa aJrOpUTMOB YIpPaBIEHUS I POOOTOTEXHUUYECKUX CHUCTEM C
UCII0JIb30BAaHUEM IIPOIPAMMHBIX CPEJL;

- a”anu3 HopMmaTuBHO-TexHHuYeckol pokymeHtaunu (I'OCT, ISO) npm
MPOEKTUPOBAHUM U POTOTUITUPOBAHUH,

- UCIIOJIb30BAaHUE OOJIAYHBIX TEXHOJOTUH H IUGPOBBIX MmIatGopm s
COBMECTHOI MH)KEHEPHOH pabOThI;

- Ppa3BUTHE HABBIKOB KPUTHUYECKOIO aHanu3a HWHGOpMaluu U BbIOOpa
ONTHUMAJIBHBIX TEXHOJIOTHI MPOEKTUPOBAHUS;

- NPAKTUYECKOE TNPUMEHEHHE CHUCTEMHOIO IOAXOJAa MpU PEUICHUH
KOMIUIEKCHBIX 33]1a4 KOMITIbIOTEPHOTO0 MHXXUHUPHUHTA;

- 0TpabOTKa HABBIKOB MPE3EHTAIIMH U 3alIUTHI IPOEKTOB C HCIIOIb30BAaHHEM
1IM(POBBIX MHCTPYMEHTOB BU3yaIU3aIUH.

2. [Inanupyemsble pe3ysibTaTbl 00yUYeHHUs 10 AUCIUIUIMHE (MOAYJIIO).

[lepeyerr GopMHUpyeMBIX pe3yJbTaTOB OCBOCHHS 0Opa3oBaTEIHHOU
porpamMmbl (KOMITETEHIIUI) B PE3yIbTaTe 00yUEHHUs M0 AUCIHUILTAHE (MOIYIIIO):



OIIK-1 - CnocoOeH pemaTh HWHXEHEPHbIE 3a7aud B MPO(ECCHOHAIBHON
AESITETPHOCTH, HCIIONB3ySl METOABl ©CTECTBEHHBIX HAayK, MaTeMaTHYeCKOTrO
aHaM3a ¥ MOJICIIMPOBAHUS;

OIIK-3 - CnocobeH mpuMeHATh 06a30BbIe IUPPOBbIE U MHPOPMAIIUOHHBIE
TEXHOJIOTUH, BKIIOYas METOJbl HCKYCCTBEHHOTO HMHTEIUICKTA W MAIIWHHOTO
oOyuenus, st cOopa, oOpaOOTKM, XpaHEHHs, Mepelaydl M aHajlu3a JaHHBIX,
NPOTHO3UPOBAHUSA,  ONTHMM3AlMM W  ABTOMATU3allMM  MPOIECCOB B
npodecCuOHATBHON 1eATENbHOCTH;

YK-2 - CnocobeH ympaBisaTh MPOEKTOM Ha BCEX ATamax €ro XU3HEHHOTO
IUKJIA.

OOyueHue 1Mo JUCIUILTHHE (MOTYJIIO ) TIPEJIIToIaraeT, 4YTo 1o ero pe3yIbTraTaM
oOyyaromumiicst Oyier:

3HaTh:

- OCHOBBI MaTEMaTHMYECKOTO MOJICIMPOBAHUS M YHUCICHHBIX METOJIOB B
WH)XCHEPHBIX pacyeTax;

- npuHIMNBL padoTel coBpeMeHHbIX CAD/CAM/CAE-cucteM U TE€XHOJIOTHIA
UG poBOro Mpou3BOJICTBRA;

- HOpMAaTHBHbIC TPEOOBaHUS W CTAHAAPTHl B OOJACTH KOMITBIOTEPHOIO
npoektupoBanus (I'OCT, ISO);

- QIrOpUTMBI M  METOJIbI  MPOTPAMMHUPOBAHUS  JUIsl  yIPABJICHUS
POOOTOTEXHUYECKMMHU CHCTEMaMHU;

- TEXHOJIOTUW aJIUTUBHOTO U CyOTPaKTUBHOTO Mpou3BojcTBa (3D-meyars,
UITY, nazepHas pe3ka).

Ymersb:

- TPUMEHSTh METOJbl MATEeMATHYECKOTO0 MOJCIUPOBAHUS JUIsl PEIICHUs
WHXEHEPHBIX 3a]1ay;

- ucnonb3zoBatb CAD-cuctemsl 15 nipoektupoBanuss U CAE-cucremsl niis
WHXEHEPHOI'O aHAJIN3a;

- paboTaTh C HOPMATHUBHOUW MOKyMEHTaluend u oQopMIIATh TEXHUUYECKYIO
JTIOKYMEHTAIIHIO;

- pa3pabarbiBaTh MPOCTHIC AJTOPUTMBI yIpPaBIEHUS [JII MEXaTPOHHBIX W
POOOTOTEXHUYECKUX CUCTEM;

- BEIOMPATh U MPUMEHSATH TEXHOJIOTUU IPOTOTHUITUPOBAHUS B 3aBUCHMOCTH OT
MMOCTaBJICHHBIX 33/1a4.

Baaners:
- HaBbIkamMu paboThl ¢ mpodeccuoHambHbM [1O 1711 KOMIBIOTEPHOTO
WHXUHUPUHTA;



- METOoJAaMU ONTMMH3AaLUM KOHCTPYKLIHMM Ha OCHOBE PE3YJIbTAaTOB
KOMITBIOTEPHOTO MOJETIUPOBAHUS,

- TEXHOJIOTUSMH TTOATOTOBKH M 00pAaOOTKHM JAHHBIX JJISI CUCTEM IH(PPOBOTO
MPOU3BOJICTBA;

- HaBbIKaMU POrPaMMHUPOBAHMS JJIs1 aBTOMATU3AIlUU HH)KECHEPHBIX PACUETOB
U YIPABJIEHUS CUCTEMAaMU;

- METOJaMH CHUCTEMHOIr0 aHain3a M OUEHKH 3()(PEKTUBHOCTU MPOEKTHHIX
pEILIEHUM.

3. O0beM AUCITUTUTHHBI (MOTYIIS).
3.1. O6mas TpyA0eMKOCTb JTUCHUILUIMHBI (MOTYJIS).

OO0miast TPYJIOEMKOCTh AMCIUILIMHBI (MOIyisl) coctaBisier 8 3.e. (288
aKaJeMHYeCKuX Jaca(oB).

3.2. O06bem gucHUIUIMHBL (MOAYJsi) B (opMe KOHTAKTHOM pabOThI
oOydJarommxcss ¢ MEJarorM4YeCKUMH  padOTHUKaAMU U (WIM)  JIHUIaMH,
MPUBJIEKAEMBIMHU K peaju3aiii 00pa3oBaTeIbHON MPOrpaMMbl Ha HHBIX YCIOBUSX,
P MIPOBEJICHUHN YUCOHBIX 3aHITHI:

KommnuectBo yacoB
Tun yueOHbIX 3aHATHI Beero Cemectp
Nel | No2 | Ne3
KonrtaktHas paboTa mpu npoBeIeHIH YUeOHBIX 3aHATHH (BCETO): 80 16 16 48
B ToMm uncne:
3aHsATHSI CEMHUHAPCKOTO THIIA 80 16 16 48

3.3. O6beM mucCHUIUIMHBI (MOIyYJiA) B (OpME CaMOCTOSITENIbHONW pabOThI
oOyyJarormxcsi, a Takke B (opmMe KOHTAKTHOW pabOThl OOyYarOMIMXCS C
NeAarornyecKuMu pabOTHUKAMU U (WJIH) JIMIIAMH, TIPUBIIEKAEMbBIMH K peaTn3aIiu
o0pa3oBaTeNpHON MpOTrpaMMbl HA HWHBIX YCIOBUSIX, TPU TNPOBEIACHUU
MIPOMEKYTOUHOM aTTecTalu cocrapiisger 208 akageMuyeckux yaca (0B).

3.4. IIpu 0Oy4eHuu o MHAMBUAYAIbHOMY Y4eOHOMY ILIaHY, B TOM YHCIIE IPU
YCKOPEHHOM 00Yy4YeHUHU, 00BEM JUCITUTUTHHBI (MOIYJIsI) MOXKET OBITh peasii30BaH
MOJTHOCTHIO B (POpME CaMOCTOSITENIbHON padOThl 00yUaromuxcs, a Takxe B popme
KOHTaKTHOM pabOThl 00YyYalolMXCsl ¢ MEAArorHuecCKUMu pabOTHUKaMHU U (MIIH)
JUIAMH, TIPUBJIEKaEMbIMH K peaiu3allii 00pa30BaTeIbHON MPOTrpaMMbl Ha WHBIX
YCIIOBUSIX, TIPH MTPOBEICHUHU TPOMEKYTOUHOU aTTECTAIIHH.

4. ConepxaHue JUCUUILIAHBI (MOIYJIA).




4.1. 3aHATHSA TEKIIMOHHOTO THUIIA.

He mpemycMoTpeHO y4eOHBIM TUTAHOM

4.2. 3aHATUS CEMUHAPCKOTO TUNA.

JlaGopatopHbie pabOThI

/o

HaumenoBanue nabopaTopHbIX padoT / KpaTKoe cofepxKaHue

NnTepdeiic KOMITAC-3D (ueprex, pparMeHT, aeTaib, cOopka, cnenudukanms)
CTyIeHThI JOIDKHBI OCBOUTE 0a30BbIe MpHUHIUITEI paboThl B cpene KOMITAC-3D, n3yunTs OCHOBHEIC
THUIIBI JOKYMEHTOB U MX Ha3HaUeHHE. B Xxoze BBIONHEHNS 3aJaHNs] HEOOXOIMMO: TIO3HAKOMHTHCS C
uHTEpdEicoM mporpamMMbl (MTaHEeTH HHCTPYMEHTOB, MEHIO, HACTPOHKH), pa300paTh paziIidus MEexXIy
TUIIaMH JOKYMEHTOB (UepTex, (hparMeHT, JieTanb, cOoOpKa, cennpuKaus), co31aTb NPOCThIE IIPUMEPHI
KaXXJI0TO TUTIA TIOKyMEHTa, HAYUYUTHCS MEPEKITI0YAThCS MEXKIY PeKMMaMu pabOThl U HACTPaUBaTh PabouyIo
cpeny.

ITo uroraM BeINONHEHHUS 1TaOOPATOPHOI PabOThI CTYACHTHI OYAyT: YETKO IOHUMATh Ha3HAYCHUE U
pas3Iuums MEX1y OCHOBHBIMH THIIAMH JOKYMEHTOB, CBOOOTHO OPUEHTHPOBATHCS B HHTEpdetice
KOMIITAC-3D, ymeTb co31aBaTh U COXPaHATh JOKYMEHTHI Pa3IIMYHBIX THUIIOB, BIAAETh 0a30BBIMU
HaBBIKAMU HACTPOHKH pabodeil cpeipl, UMETh (PyHIAMEHTAIBHYIO OCHOBY JUIS AATbHEHIIIET0 OCBOCHHS
(hYHKITIOHAJIa CHCTEMBI.

bazosbie nunctpymentsl 2D uepuenns KOMITAC-3D (3cku3, Touka, JIMHUSA, OKPYKHOCTb,

CILJIaiH)

CTyIeHThI OJDKHBI OCBOUTH OCHOBHBIC HHCTPYMEHTHI co3nanus 2D-3cku3oB B cucteme KOMITAC-3D,
BKJIFOYAsl: CO3J]aHUE U HACTPOMKY 3CKU3a, MOCTPOEHHE 0a30BbIX FEOMETPUYECKHX TPUMHUTHUBOB (TOYKa,
JIMHYSL, OKPYKHOCTb, JIyra), UCIOJIb30BaHUE CILIAHOB JJIsl CO3JIaHUS CII0KHBIX KPUBOJIMHEHHBIX (GopMm,
MIPUMEHEHHE pa3MepOB ¥ TEOMETPHUYECKUX 3aBUCHUMOCTEH JJIsI TOUHOT'O YePUCHHS.

[To uroram BeITIOTHEHHS JTAOOPATOPHOM PabOTHI CTYJECHTHI HAy4aTcs co3/1aBaTh 2D-3CKH3HI ¢
MCI0JIb30BaHnEM OCHOBHBIX HHCTpyMeHTOB KOMIIAC-3D, oBnasetoT HaBbIKaMU MOCTPOEHHUS MIPOCTHIX U
CJIOKHBIX TEOMETPUYECKUX (POPM, CMOTYT IPUMEHSTH pa3MepHbIE M T€OMETPHUECKHIE 3aBUCUMOCTH IS
TOYHOTO YEpUEHUs], TI0TydaT 6a30Bble KOMIIETEHIINN, HEOOXOANMBIE IS lasibHelero n3ydenus 3D-
MOJICTIMPOBAHUS U HHXEHEPHOTO TPOEKTUPOBAHMUS.

PaboTa ¢ IIIOCKOCTSIMH U MacCUBaMU

CTy}:[eHTI)I JOJIZKHBI OCBOUTH METOAbI pa6OTI)I C JOIMOJHUTEIBHBIMU IIJIOCKOCTAMHU U CO3JaHHSI MAaCCUBOB
anemeHToB B KOMITAC-3D, Bruttouast: co3gaHue U HACTPOHKY MOJIB30BATENbCKUX MIOCKOCTEH IS
TMOCTPOCHUSA OCKMU30B 1 3JIEMEHTOB, UCIIOJIb30BAHUEC MPAMOYTOJIBHBIX U KPYT'OBBIX MaCCHUBOB JIsA
THPAXHUPOBaHHS 00BEKTOB, YIPaBJICHHE MapaMeTPaMH MaCCHBOB (KOJIMYECTBO 3JIEMEHTOB, 1LIar, YII0BOE
pacnpezeneHue), IPUMEHEHHE MMOTyYeHHBIX HAaBBIKOB ISl IOCTPOCHHS CIOXKHBIX 3D-Monenei.

[o utoram BBITIOJTHEHHS J1TAO0OPAaTOPHOH pabOTHI CTYICHTHI HAy4aTcsl CO31aBaTh U HACTPAUBATh
BCIIOMOTaTEJbHBIE IFIOCKOCTH ISl PA3JIMYHBIX 3a]a4 MOJICIMPOBAHHS, OBJIAACIOT METOIaMH IOCTPOCHHUS
MacCHBOB (JIMHEHHBIX U KPYTOBBIX) JUIs OBICTPOTO THPAXKUPOBAHUS JIIEMEHTOB, CMOT'YT IPUMEHSITH
N3Y4YCHHBIC HHCTPYMEHTHI IJIs OIITUMHU3AIUN ITpoHecca 3D-Hp0€KTI/Ip0BaHHH, T10JIy4daT HaBBIKH,
HEOOXOAUMBIE IS CO3MaHUs OoJiee CIIOKHBIX M TOYHBIX 3D-Momeneii.

O630p DJICEMCHTOB ((BLII[E[BJ'II/IBE[HI/IC», ((BLIpe3aTB BbIAABJIIMBAHHUECM)), 3aJaHUC yCJIOBI/Iﬁ
CTyaeHTbI JOJDKHBI OCBOMTH 0a30BbIe ONepaluy TBepAoTeIbHOr0 MoienupoBanus B KOMITAC-3D,
Hay4YUTbHCS CO3/1aBaTh OOBEMHBIE Tella C OMOIIBIO ONepannii BEIJaBIMBAHUS U BHIPE3aHMUs, a TAKXKE
YIPaBIATh MapaMeTPaMU 3TUX ONepanuil.

[To uroram BeITIOTHEHHS 1A00PATOPHOI PabOTHI CTYJEHTHI 0OPETYT KOMIIETCHIIMH CAMOCTOSITEIbHO
CO3/1aBaTh MPOCThIE 0OBEMHBIE JIETANIN, BHIIIOJIHATH OCHOBHBIE ONepalii MOAU(UKAIINN MOJIEINIeH,
YIPaBILSITh TapaMeTpaMu MOCTPOEHHS C TOMOIIBI0 (JOPMYJI M YCIIOBHH, IPUMEHSTh OTy4YEHHbIE HABBIKH
JUTSA PEIICHNS TUITOBBIX 33]a4 HEYKEHEPHOTO TIPOEKTHPOBAHMUSL.




/o

HaumeHnoBanue 1abopaTopHbIX paboT / KpaTKOE CoJepKaHne

00630p a51emMenToB «Bparnienuey, «Boipe3ars BpalieHueM», 3aJjaHue yCIOBUM

CTy)leHTI)I JOJKHBI OCBOUTH TCXHOJIOTUU CO3AaHUA TCJI BpAallICHU U BBIITOJIHCHUSA onepaunﬁ BbIpC3aHUA
BpalICHUCM, HAYUYUTHCA YIPABJIATH MapaMeTpaMu 3TUX onepaum‘& C IIOMOIIIBIO YCHOBI/Iﬁ U 3aBUCUMOCTEH.
IIo uroram na60paTopH0ﬁ paGOTLI CTYACHTBI OCBOAT TCXHOJIOTUU JJI NPOCKTUPOBAHUA MEXAHNYICCKUX
nepeaad, KOpmyCHbIX z[eTaneﬁ, TPY6OHpOBOHHOﬁ apMaTyphbl U JPpYTrUuX TUIOBBIX 3JICMCHTOB MAlllH.

00630p antemenToB «Ilo TpackTopun», «BeIpe3aTh 0 TPaEKTOPUN», 3aJaHUE YCIOBUN
CTyI[eHTBI JOJIKHBI OCBOUTH TEXHOJIOTHUH CO3JaHUA CIIOKHBIX MTPOCTPAHCTBEHHBIX (1)0pM C IOMOIIBIO
orepanuil BbIAABIMBaHUS U BBIPE3aHMs 10 TPAEKTOPUHU, HAYYUTHCS YIPABIIATh IapaMeTpaMH 3TUX
omepanuil C UCIOJIb30BAHUEM YCIIOBUM U 3aBUCUMOCTEH.

ITo uroram BEITIOTHEHHS Ta00PATOPHOH PabOTH CTYIACHTHI M3y4YaT TEXHOJIOTHH VIS IPOSKTHPOBAHNUS
TpyOOIPOBOAOB, TUTEHHBIX (HOPM, TU3AHHEPCKHUX IEMEHTOB U APYTHX CIIOMKHBIX MPOCTPAHCTBEHHBIX
KOHCTPYKLIUH.

Br16op Marepuana Mojenu u3 6udamoTeku «MaTepraibl 1 COPTaMEHThD)

CryZaeHTbl JOJDKHBI OCBOMTH METOAMKY BBIOOpa M Ha3HAUeHHs MaTepuaiioB s 3D-Moznenei, n3y4uthb
BO3MOXKHOCTH OnOnmnoteku MatepraioB KOMITAC-3D u npuHIHIE! paboThH ¢ COPpTaMEHTaMHU.

[To uroram BEITIOTHEHHS 1TAOOPATOPHOM PabOTHI CTYJCHTHI NMOIYYaT HABBIKU JUIS CO3MaHMUs KOPPEKTHBIX
pacdeTHBIX MOJIEIICH, TT0100pa aHAJIOTOB M ONITHMHU3ANU KOHCTPYKIMH 110 KPUTEPHIO "Macca-IpoYHOCTh".

Mertons! npoektupoBanus coopok B KOMITAC-3D

CTyZaeHTbI JODKHBI OCBOMTH METO/BI CO3JJaHNUS U YIPaBJICHHs1 COOPKaMH, BKJIIOYast 100aBIeHIe
KOMITOHEHTOB, IIPUMEHEHUE CONPSDKEHHUI 1 aHATIH3 COOMPAEMOCTH KOHCTPYKIIHH.

ITo uToraM BBIMTOJHCHHUS JTAOOPATOPHOM PAOOTHI CTYACHTHI IPUOOPETYT HABBIKK PaOOTHI CO COOpKaAMU ISt
MPOCKTUPOBAHUS MEXaHU3MOB, IPHUOOPOB U CIOXKHBIX U3CIHIA, 00ecednBas KOPPEKTHYIO paboTy
KOHCTPYKIHU U BO3MOKHOCTH MOCJICAYIOIIET0 KWHEMATUYCCKOT'O aHaIn3a.

O6mme cBenenus o onbmmoreke «CTaHIapTHBIC U3ICTHUS»

CTyneHTbl JOJDKHBI U3YyYUTh CTPYKTYpPY U (pyHKIHOHAN OMOINOTEKH CTAHAAPTHBIX M3/ENNH, HAyYUTHCS
MOAOUpaTh M BCTABIATH CTAaHJAPTHBIC KPEMEKHBIC 3JIEMEHTHI (OOTHI, TaifKky, MaiObl 1 /Ip.), a TaKkKe
HaCTPanBaTh UX MTApaMeTPhl B COOTBETCTBUH C TPEOOBAHUAMH YEPTEXA.

ITo uroraM BBIIONHEHUS TA00PATOPHOI PabOTHI CTYAEHTHI IPUOOPETYT: 3HAHUE COCTAaBA U
KJIacCU(UKAIUY CTAaHAAPTHBIX U3AENUI B OMOIMOTeKe, YMEHHE HAXOAUTh U BCTaBIATh CTaHIAPTHBIC
KpETEXHBIE 3JIEMEHTHI B COOPKY, HABBIKM HACTPOIKH NMapaMeTpOB CTaHAAPTHBIX JeTaleil (pa3mep,
MaTepHall, UCIIOIHEHHUE), OIBIT PabOThI ¢ TAOIMIIAMH CTAaHAAPTOB M HOPMATHBHOI TOKYMEHTAIUEH.

10

[IpoexTupoBanue netaneit Tuna "Ban" UCHOIB3Ys BCTPOCHHbIE OUOIMOTEKN

CTyZ[GHTBI JAOJIKHBI OCBOUTDH TCXHOJIOTUIO NPOCKTUPOBAHNSA TUIIOBBIX Z[eTaJ'ICﬁ BpalICHUA (BaJ'IOB) C
MNPUMEHCHUECM CTAHAAPTU3UPOBAHHBIX 3JICMCHTOB U3 OHOIMOTEK KOMIIOHEHTOB.

Ilo uToram BEITTOTHEHHS na60paT0pH01‘/'I pa60TLI CTYACHTBI OCBOAT NMAPAMETPUICCKOC MOACIIMPOBAHNC
BaJIOB, IPUMEHCHUEC CTAHAAPTHBIX 3JICMCHTOB U3 6I/I6HI/IOT€K, OIITUMHU3ALNIO TpOoLEeCCa MPOCKTUPOBAHUS
TUIOBBIX JIE€TaICH.

11

[TpoexTrpoBaHue netaneit 3y0uaToi nepeaayn UCHOIb3ysl BCTPOSHHbIE OMOIMOTEKH
CTyneHTbI JOJKHBI OCBOMTh METOAUKY IPOEKTHPOBAHUS 3yOUaThIX nepeaad (LMINHIPUIECKUX,
KOHUYECKHX, YEPBSIUHBIX) C IPIMEHEHHEM CTaHJAPTU3NPOBAHHBIX PEIICHUI U3 OMOIHMOTEK KOMIIOHEHTOB.
o uroram BbIIIONHEHHS 1a00PATOPHON pabOTHI CTYIEHTHI OCBOAT CO3JaHUE IAPAMETPUUECKUX MOJeIel
3y0uaThIX Kojec, (POpMHUPOBAHUE KOPPEKTHBIX 3yOUaThIX 3aleIlIeHUH, UCII0Ib30BaHUE CTaHIaPTHBIX
pELIeHUH A7 yCKOPEHHs IPOEKTHPOBAHUS.

12

[TapameTpudeckoe MOJICITHPOBAHHE

CTyIeHTHI JOIDKHBI OCBOUTH MTPHHITUIIBI TAPAMETPUIECKOT0 IIPOSKTUPOBAHMS ISl CO3JAHNS aall THBHBIX
3D-Mozeneii ¢ ynpaBisieMbIMH XapaKTEPUCTHKAMH.

o uroram BeINOTHEHHS 1AOOPATOPHOI PabOTHI CTYIECHTHI HAYy4YaTCsl CO3/1aBaTh YHUBEPCAIbHBIE MOJIEIH C
N3MEHIEMOI reoMeTpHe, aBTOMaTH3UPOBATh MPOIECC MOTUDHUKAIIMN KOHCTPYKIIHH, ONITUMH3HPOBATH
JIETAJIH MOJ| Pa3JIMYHbIE YCIOBHS JKCIUTyaTallii, COKpPAIaTh BPEMs HA IIPOEKTHPOBAHHE TUIIOBBIX M3JENHI




/o

HaumeHnoBanue 1abopaTopHbIX paboT / KpaTKOE CoJepKaHne

13

Pa6ora c APM FEMM, nipoBejieHre NpOoYHOCTHOIO pacyeTa JIeTaan

CTyIeHTbI JOJDKHBI OCBOUTH METObI KOHEUHO-31eMeHTHOro aHanu3a (K9A) B nporpamme APM FEM
(unu ananoruuHoit CAE-cucreme) 1Uisl OLEHKU IPOYHOCTH, KECTKOCTH U YCTOMYMBOCTH AeTanel moy
Harpy3Koiu.

[To uroram BeINOIHEHHS J1AOOPATOPHOI PabOTHI CTYJEHTHI H3y4aT IPOBEPKY HAIAEKHOCTH KOHCTPYKIUH JI0
U3TOTOBIICHHUS, ONITUMU3UPOBATh FEOMETPUIO JETANHU, IPEAYNPEkKIaTh BO3MOKHBIE Pa3pyIICHHS U
nedopmanum, cokpamaTh 3aTpaThl Ha UCTIBITAHUS (PU3NIECKUX MPOTOTHIIOB.

14

IIpoBenenue TONONIOrnYECKON ONTUMHU3ALUN

CTyneHTbI JOJDKHBI OCBOUTH METOABI aBTOMATH3HPOBAHHOTO YIIyYLICHHS! KOHCTPYKIHMH Tl C y4eTOM
3alaHHBIX Harpy30K, YCIOBHUI paOOTH M OTPaHUIEHUH (Macca, IPOYHOCTb, KECTKOCTB).

[To uroram BeINOIHEHHS 1AOOPATOPHOI PabOTHI CTYJCHTHI HAY4aTCsl POBOANUTH TOHOJIOTHYECKYIO
ontumuzanuio B CAD/CAE-cucTemMax, aHATH3UPOBATh U A0pabaThiBaTh MOTYyYCHHbBIC KOHCTPYKIHH,
NPUMEHSTH ONTHMU3UPOBAHHbIE ()OPMBI B aJIZIMTHBHOM IPOU3BOACTBE, OYOPMIISATH OTUETHI C
000CHOBaHHEM M3MEHCHUH.

15

Odopmnenue ueprexeit

CTyneHTbl JOJDKHBI HAYYNUThCS CO3aBaTh CTAHAAPTU3NPOBAHHBIC YEPTEXKH JETANEH B COOTBETCTBHH C
T'OCT, Bxuirouast BUABL, pa3pe3bl, pa3Mephl H TEXHIYECKUE TPEOOBaHUS.

[To uroram BeITIOTHEHHS JTAOOPATOPHOI PabOTHI CTYICHTHI H3y4YaT CO3JaHue PabodnX YepTekel aeTanei B
KOMIIAC-3D, npumenenue I'OCToB u ECK/I, uteHue U pe1akTUpOBaHUE CTOPOHHUX YEPTEXKEM,
MOJATOTOBKY JTOKYMEHTALIMH JUIA PeaIbHOTO IPOU3BOJICTB.

16

Odopmienne cOOpOUHBIX YepTexKe

CTyIeHThI JOIDKHBI HAYIUThCS co3aBaTh coopounsle ueptexu (Cb) B cootBercTBUM ¢ 'OCT, BKITIOYas
H300paKeHHe y3iia, Creu(UKAINI0, HOMEpa MO3UIMKA U TCXHUYECKUE TPCOOBAHMU L.

I[lo uroram BBIIOTHEHHS 1a00PAaTOPHOH pabOTHI CTYyIEHTHI N3y4aT oopMiIeHHEe COOPOYHBIX YePTEKEH
(CB), 0603Ha4YeHHs B3aUMOJCHCTBUS AeTajeil, cCocTaBIeHHE CleHU(UKaLUH.

17

Kitaccudukanust ajiInTUBHBIX TEXHOJIOTHI

CryzneHTbl JOJDKHBI N3yYUTh OCHOBHBIE BHJIBI 3D-11edaTv, MX MPUHIMIIBI, MaTepraisl 1 001acTu
IIPUMEHEHUSI.

ITo nToraM BEITOTHEHUS TaOOPATOPHON PaObOTHI CTYACHTHI H3y4aT KIacCU(BHUKAINIO aIINTHBHBIX
TexHosoruu B cootBeTcTBUM ¢ 'OCT, Hay4arcs BRIOMpaTh ONTUMANIBHBINA METOJT AJIs1 KOHKPETHOM 3aa4H,
CHIDKATh c€0eCTOMMOCTh MPOTOTUITUPOBAHNS, HCIIOJIB30BATh IIPEUMYIIECTBA KaXK 00 METOAA (TOYHOCTS,
CKOPOCTh, IPOYHOCTB).

18

Kunemaruka npuntepoB. O030p U aHanu3

CryzneHTbl JOJDKHBI N3yYUTh THIBI KHHEMATHYECKHX cXeM 3D-NpUHTEpOB U UX BIMSHHE HA TOYHOCTD
nevary.

[To uroram BeITIOTHEHHS JJAOOPATOPHOI PabOTHI CTYAECHTHI H3y4aT IUTIOCH/MUHYCBI pa3HbIX CHCTEM
KrHeMaTuK 3D-npuHTEepoB, IPHOOPETYT HABBIKM THArHOCTUKN MEXaHWYECKHUX MPOo0IIeM, THaTrHOCTHKH
npobuiem neyatu (BUOpauuu, JOQThI), BHIOUpATh IPUHTEP 110]1 KOHKPETHBIE TPEOOBaAHMSI.

19

®axkropsl, Biausomue Ha FDM 3D neuats

CTy}leHTBI JOJI)KHBI I/I3y‘II/ITB KJIFOUCBBIC napaMeTpH, onpe)lenﬂ}oume Ka4yeCTBO FDM-]’[C‘[&TI/I, n nx
B3aUMOCBS3b.

HO HWUTOr'aM BBIIIOJIHCHUST na60paT0pH01‘/'I pa60TLI CTYACHTHI HAy4aTCd ONTUMHU3UPOBATHL KAY€CTBO PI3Z[€J'IPII7[,
CHUIKATb NPOLCHT 6paKa, BBI6I/IpaTB OINTUMAJIbHBIC PEIKMUMBI 1I€YATHU, HABBIKU JUATrHOCTUKHU ,Z[C(l)eKTOB
rne4vaTtu, ymMeHue HOJIGI/IpaTI) napaMeTpbl IO KOHKPETHYIO MO/JICJIb, IOHUMAHNUE MPUINHHO -CJICACTBECHHBIX
CBH3€I7[ B IIpoHeCcCe rnevaTu.

20

[Tycko-nananounsie pabotst FDM 3D npunTepos

CTyzeHTB!I JOJDKHBI OCBOUTB IIPOLIEAYPHI IOATOTOBKH IPUHTEpa K paboTe U 6a30BOro 00CIyKUBaHUA.

o uroram BhIIIOTHEHHS 1a00PATOPHOH pabOTHI CTYIEHTHI NPUyOepyT yMEHHE CAMOCTOATEIBHO TOTOBHTh
MpUHTEP K paboTe, HaBBIKK 0a30BOTO PEMOHTA M 00CITy KHBaHU, TOHUMaHUe TPUHIMIIOB paboTel FDM-
00opymoBaHus.
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21

Jloruka monenuposanus npu FDM 3D neuaru

CTyZaeHTbl JODKHBI U3yYHUTh IIPHHIMITEI TPOSKTUPOBAHMS MOAENei ¢ yueToM ocodbeHHocteit FDM-
TCXHOJIOTHH.

IIo uroram BeINOTHEHUS na60paT0pH0171 pa6OTLI CTYACHTHI U3y4aT ONTUMAJIbHBIC METOAUKHN
MMPOCKTUPOBAHUA Moz[eneﬁ JUTA TICYaTu, MUHUMU3UPYIOMINUE UCIIOJIB30BaHUC MMOAACPIKCK, COXPAHAIOIINC
(YHKIIMOHAJIBHOCTD.

22

Crnaiicepsl 1 OAroToBKa Mojeneit Ha 3D neyats

CTyneHTHl TOIDKHBI OCBOUTH Iporiece mpeobpazoBanust 3D-moxpenel B G-KOA ¢ MCIIOIE30BaHUEM
CclIalicepoB U ONTHMHI3HPOBATh IIApaMETPHI ITeYaTH.

o utoram BBIIOTHEHHS 1a00PATOPHOI pabOTHI CTYIEHTHI U3y4aT paboTy C HOITYJSIPHBIMH CllalicepaMH,
YMEHHE BEIOUpATh ONTHMAaJbHBIE TapaMeTPhl eYaTH, CIOCOOHOCTE aHAINU3UPOBATh U KOPPEKTUPOBaTh G-
KO,

23

Marepuaisl, npumensieMbie ipu FDM 3D neuatu

CTyZaeHTbI JOJDKHBI H3yYUTh CBOICTBA U OCOOCHHOCTH Pa3IMuHbIX MaTepHaJIOB, UCIIOJIb3yeMbiX B FDM-
MEeYaTH.

[To uroram BeITIOTHEHHS JJAOOPATOPHOI PabOTHI CTYACHTHI HAy4aTCst HOAOHPATh ONTHMANIBHBIA MaTepuat
JUISL KOHKPETHBIX 3a7a4, o0ecrieunBaeT MOHNMaHNE OTPaHMYCHUH U BO3MOXKHOCTEH MaTepHaIOB, CHIDKAET
PHCK HEya4 IpH NeYaTu.

24

[ToctobpaboTka netaneit, monydeHusx npu FDM 3D neuatu

CTyZaeHTbI JOJDKHBI OCBOMTH METOBI (PMHUIIHON 00PaOOTKH HaleYaTaHHBIX JeTallei AU yIIydIIeHus X
CBOWCTB UM BHEIIHETO BUJIA.

ITo uroraM BeIIONHEHHUS 1Ta0OPATOPHOI PabOThI CTYACHTHI N3y4YaT METOAMKU NMPOpeCCHOHATIBHON
MOCTOOPa0OTKH AeTaliei, yMEHUE BBIOMPATh ONTUMAJIbHBIA METO/ JJIsl KOHKPETHOTO MaTepHuala,
CIIOCOOHOCTH yiay4dymaTtb Q)yHKHHOHaHBHLIe 1 ACKOPAaTHBHBIC CBOMCTBa HSHGHHﬁ.

25

Pacripoctpanennbie nedekThl aeraneid, momydeHHbx ipu FDM 3D nevarn

CTyZ[eHTBI JAOJIKHBI HAYYHUTBCA I/I,I[GHTI/ICI)I/IHI/IPOBaTL, AHAJIU3UPOBATH U YCTPAHATH TUIINIHBIC ,Z[e(beKTLI
FDM-nieuarn.

[To uroram BEIOTHEHHSI TAOOPATOPHON pabOTHI CTYACHTHI H3yUYaT aITOPUTMBI YCTPAaHEHHSI TPOOIIEM,
METOAbI HpO(bI/IJ'IaKTI/IKI/I )Ie(beKTOB, CHW)XCHHUE TPOLCHTA 6paKa Ipy nie4aT, ONTUMH3ALUA BPEMCHU U
pecypcoB, MOBBILIEHUE KaueCTBa TOTOBBIX U3JIETUI.

26

Marepuans! porononumepHoit 3D nevatu

CTyZ[GHTBI JAOJIKHBI U3YyYUTH CBOMCTBA M 00JIaCTH MNPpUMEHCHUA q)OTOHOHHMepHLIX CMOJI.

[To uroram BEIIOTHEHHS Ta00PATOPHON PabOTHI CTYICHTHI HAy4aTCsl BRIOMPATh ONITUMAILHBIN MaTepra
JJI1 KOHKPETHBIX 3a4a4, IPESAYIPECIKIACHUC OIIMOOK npu neyary, obecneueHue 0€30MaCHOCTH pa6OTBI.

27

[Tycko-HanagouHbie pabOThl U TEXHUYECKOE 00CITYyKUBaHUE (POTOMOIMMEPHOTO
IIPUHTEPA

CTyZaeHTbI JOJDKHBI OCBOMTH MPOLEAYyPbl KannOpoBku 1 obciyxuBanus SLA/DLP/LCD-npuHTepOB.
ITo nToraM BeIOTHEHHS TaOOPATOPHON PaOOTHICTYACHTHI H3ydaT HaBBIKM TOYHOM KaINOPOBKH,
TEXHOJIOTHS 3aMEHBI PACXOJHUKOB, METO/IBI JUATHOCTUKH HEHCIIPABHOCTEH.

28

TexHuka 6e3onmacHOCTH Mpu padoTe ¢ HOTOMOIUMEPHBIMU IPUHTEPAMHU.

CryneHTbl JOJDKHBI N3y4YHTh NpaBuiia 0e30macHoi paboThl ¢ pOTOMOIMMEPHBIMI CMOJIAMH 1
000pyoBaHNEM, MUHIMHU3HPOBATh PUCKH IS 3/I0POBBS M OKPYKaIOIIEH Cpebl.

[o uroram BeITIOIHEHHS 1A00PATOPHOM PabOTHI CTYJCHTHI H3y4aT 3HAHHE HOPMATHUBHBIX JIOKYMEHTOB
(I'OCT 12.3.030-83), HaBbIKK Oe30macHOi pabOTHI HA BCEX ATanax MevyaT, alnropuTMbl IEHCTBHH MTpH
ABapUHUHBIX CUTYAIHSX.

29

[TocroOpaboTka aeranei, MOIy4eHHBIX TP (HOTONOIMMEPHOH MeyaTu

CTyAEHTHI TOJDKHBI OCBOUTH TeXHONOTHH (puHUITHON 00padoTku SLA/DLP/LCD-netaneit aus
JIOCTHKEHUS TPEOYEMBIX CBOMCTB.

ITo uroram BEIOHEHHS Ta00PATOPHOH PabOTHI CTYACHTHI U3ydaT JloBeeHUE IeTaei 10 TOBAPHOTO
BUJA, YIYUIIEHUE MEXaHUYECKUX XapaKTEPUCTHK, MOATOTOBKA K MOKPACKE UJIU rajbBaHUKE.
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30

Pabora co cnaiicepamu a5t POTOMOIMMEPHBIX IPUHTEPOB (MHTEP(DEiiC, HACTPOUKH)
CryZneHTbl JOJDKHBI HAy4YUThCsl TOTOBUTH 3D-Mozmenu k nedatu ¢ yuerom ocobennocreir SLA/DLP/LCD-
TEXHOJIOTHH.

[To uroram BeINOIHEHHS 1TAOOPATOPHOI PabOTHI CTYIEHTHI H3y4aT MOIYJISPHbIE Cllaiicephl s
(oTonoauMepHOIt eyaTH, Hay4yaTcst NoAOUpaTh HACTPOUKH JUIsi MUHUMHU3allMK Opaka IpH nevaru,
OITUMM3ALIUS PACX0Jia MaTepUaoB, 00eCIeueHue TOUHOCTH Pa3MePOB, YMEHUE aHATM3UPOBATh U
KOppekTHpoBaTh G-KOJI, ONTUMH3AIHS BPEMEHN/KaueCcTBa IEIATH.

31

Ocob6ennoctu 3D neuatu Ha POTOMOIMMEPHBIX IPHHTEPAX

CTyneHTHl JOIDKHBI N3yYUTh TexHomornueckue Hroancsl SLA/DLP/LCD-newaru, oTnndatoniue e€ oT
JIPYTHX aIIUTUBHBIX METOJIOB.

[To uroram BeIMOIHEHHS 1TA0OPATOPHOM PabOTHI CTYJCHTHI H3y4aT TEXHOJIOTHH JUIS TOUHBIX JleTanei,
ONTHMU3AIIMH ITPOM3BOACTBEHHOT'O MPOIIecca, IOHNMaHue (PU3UKO-XUMHYECKUX OCHOB IIPOIEcca, HABBIKH
ananranuu mozeneit nog SLA/DLP/LCD, ymeHne BEIOHUpaTh ONTHMAIbHbBIE PEXKUMBI ITEYATH.

32

®DakTOpHI, BIUAIOIIKE HA TOYHOCTH poTonosmmepHoi 3D nevaru

CTyIeHTbI JOJDKHBI BBISBISTh M HAYYUTHCS KOHTPOIUPOBATH MAPAMETPBI, BIUSION[IE HA TEOMETPUUECKYIO
TOYHOCTb.

[o uroram BhIMOJIHEHHS JTAOOPATOPHOI PabOTHI CTYJCHTHI U3y4aT OCHOBBI AUATHOCTUKU MPHIHH
HETOYHOCTEH, METOJJMKH KaTHOPOBKU 000PYA0BAHUS, NPUEMBI IPOCKTUPOBAHHUS C YUETOM yCAJIKH,
KaIuOpOBKa MO TECTOBBIM 00pa3iiaM, TepMOCTAOMIN3alHs paboueii 30HbI, HCIIOIb30BAHUE
KOMIICHCAIIMOHHBIX K03()(HUITUCHTOB.

33

0603HaquI/I5{ rpacbnquKHe MAaTCPpHaAJIOB U IIpaBUJla UX HAHCCCHHA Ha YCPTCIKAX
CTyIeHThI JOJDKHBI OCBOUTH CTaHIAPTU3UPOBAHHBIC CIIOCOOBI YKa3aHUs MaTePHAIOB HA YCPTEKAX.

ITo uToraM BBIMOJHCHHUS JTA0OPATOPHOM PAOOTHI CTYACHTHI H3yUyaT YTCHUE U CO3[aHie 0003HAYCHUH 110
T'OCT, naBeiku pabotsl B CAD-cuctemax (cnou, OMOTHOTEKH), IOHIMAaHUE TEXHOJIOTHIECKOH JIOTHKH
0003HAYECHMIA.

34

Bubl 1 KOMIUIEKTHOCTh KOHCTPYKTOPCKHUX IOKYMEHTOB.

CTyIeHTHI JOIDKHBI U3yYUTh CUCTEMY KOHCTPYKTOpPCKo# nokymerTtanuu cornacHo ECKI/TOCT, Bxirouas
COCTaB M Ha3HAUEHHE PA3IUYHBIX BHJIOB JOKYMEHTOB.

[To uroraM BeIIIONHEHHUS 1Ta0OPATOPHOIT PabOTHI CTYACHTHI HAay4aTcs 00ECICYSHHUIO MTOTHOTHI IPOSKTHON
JIOKyMEHTaI[1, COOTBETCTBYIOIIME TPEOOBAHUAM ITPOU3BOACTBA, YHU(DUKAIIMU U CTAaHIAPTH3ALUH
pa3paboTKu, yMEHHUIO (opMHUPOBATh MONHBIA KoMmIuiekT KJI, HaBbiku padotel ¢ TOCT 2.102-2013,
MOHUMAaHNE HepapXxyuu JTOKyMEHTOB.

35

KBaJ'IHTeTLI, AOIYCKH U IMMOCAJIKH.

CTyZaeHTbl JOJKHBI OCBOMThH CUCTEMY JIOITYyCKOB U TTOCAIOK JUIS 00ECIeYeHNs B3aNMO3aMEeHIEMOCTH
JeTalen.

[To uroram BeITIOTHEHHS JJAOOPATOPHOI PabOTHI CTYIECHTHI H3ydYaT pacdeT JOIyCKOB U MOCAJIOK,
MpHOOPETYT HABBIKM BBIOOPA KBAJIMTETOB TOYHOCTH, ONITUMH3AIIHNIO BEIOOpA TEXHOIOTHUECKUX MPOIECCOB,
HaBBIKH BeIOOpa fgomyckoB 1o I'OCT 25346-2013, ymenue pacimmdpoBbIBaTE 0003HaYCHUS TOCAIOK,
MOHUMAaHNE TIPUHIIUIIOB B3aMMO3aMEHIEMOCTH.

36

Pesepc-nnxnHupuHr. OCHOBHBIE HHCTPYMEHTBI

CTyIeHTHI JOJDKHBI U3yYUTh METOJIBI 1 HHCTPYMEHTHI JIJIsl 0OPaTHOTO MPOCKTHPOBAHUS CYIIECTBYFOIIUX
H3OCITUI.

ITo uroram BEIIOHEHHS Ta00PATOPHON PabOTHI CTYACHTHI IPUOOPETYT HABBIKKA BOCCTAHOBIICHUS
yTpa4eHHOH TOKYMEHTAINH, MOJICPHU3AINH yCTapeBIIero 000pyIOBaHUs, aHAIIN3a KOHKYPEHTHOMH
npoayku, Biagenue [10 1 00paboTku obiaka TOUEK, METOIUKH CO3JaHUs MapaMeTPUICCKUX
MO/JIEJICH.

37

OcHoBbl paboThI ¢ 3D ckaHUpoOBaHUEM (TIPUHIUM TEHCTBUS, BUABI, 0COOCHHOCTH)
CTyIeHThI JOIDKHBI H3yYUTh IPUHITUIEI paOOTHI, BUIBI B 0COOCHHOCTH 3D-CKaHNPOBaHUS I OLU(POBKA
(u3nIecKux 0OBEKTOB.

[To uroram BeITIOIHEHHS 1TAOOPATOPHOM PabOTHI CTYICHTHI H3Y4aT KOHTPOJIb Ka4eCTBA N3TOTOBJICHHBIX
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neraneii, cozqaane CAD-Mopenelt o peanbHBIM 00BbEKTaM, IIOHUMAaHHE MTPUHITUIIOB paboTsl 3D-ckaHepos,
HaBBIKH BBIOOpA METO/]a CKAHUPOBAHHUS 0] 33]1a9y, YMECHHUE MOATOTABINBATh OOBEKTHI IS OI[U(PPOBKH.

38

O6paboTka ckaHUPOBaHHBIX AcTayiel u noinydenue CAD monenun

CTyIeHTHI JOJDKHBI OCBOUTS IIPOIECC MPpeoOpa3oBaHust JaHHBIX 3D-CKaHUPOBAHMS B TAPAMETPHICCKYIO
CAD-mopens.

o uToram BBIIOTHEHHS 1a00PATOPHOM pabOTHI CTYNEHTHI H3y4aT KOPPEKTUPOBKY I€OMETPHHU IS
MIPOM3BOJICTBA, CO3AaHHUE IUPPOBBHIX JTBOWHIKOB, MPUOOPETYT HABBIKK 00PAaOOTKH 00JIaka TOUEK, CO3IaHHe
HapaMeTPUYEeCKUX MoJesIell o CKaHaM, ¥ HaydaTcs BepH(HIUPOBATH TOYHOCTH PEKOHCTPYKIIHH.

39

OcHOBBI pabOTHI ¢ MUKPOKOHTpOJLIepoM Arduino (OCHOBHBIE (PYHKIIHH, OTIEPATOPHI,

CHHTAaKCHC)

CTy)leHTI)I JOJIZKHBI OCBOUTH 0a30BbIE MPUHIHUIIBI TPOTrpaMMHUPOBAHUSA MUKPOKOHTPOJIJICPOB Ha HJ'IaT(i)OpMe
Arduino.

Ilo utoramM BBEIIOJIHEHUS na60paT0pH0171 pa6OTI>I CTYACHTHBI U3Yy4YaT NPOTOTUIIUPOBAHUC IJICKTPOHHBIX
YCTPOMCTB, aBTOMATH3aLIMIO ITPOCTHIX MPOLIECCOB, HAITMCAHUE TPOCTHIX Mporpamm juist Arduino,
INOAKJIIFOYCHUEC U HaCTpOﬁKa JaTYUKOB, IOHUMaHHUEC OCHOB MHKpOHpOHCCCOpHOﬁ TCXHUKH.

40

Pabora ¢ 6a30BbIMU JaTYUKaMU (TIOTEHITMOMETP, TEpOIapa, YHKoAEP, PoTope3ncTop,

UK-naruuk, ¥Y3-gaT4uK)

CTyAeHTbI 1OJKHBI OCBOUTH METOJIbI MOAKIIOUEHUS U IPOrpaMMHUPOBAHUS KIFOUEBBIX TUIIOB JaTYMKOB
JUTst cOopa JaHHBIX W YIIPABJICHUS CUCTEMaMHU.

ITo uToraM BBIMOJHEHHUS JTA00OPATOPHOM PAOOTHI CTYACHTHI H3ydyaT CO3/IaHHE CUCTEM MOHUTOPHHTA
MapaMeTpoB CPebl, pa3padoTKy aBTOMAaTH3UPOBAHHBIX YCTPOUCTB, OCHOBHI s [0T-npoeKTOB, HABBIKU
KaJHOPOBKHU JaTYUKOB, YMCHUE 00pabaThIBATh PA3IUYHBIC THITBI CUTHAJIOB, CO3/IaHUE MTPOCTHIX CUCTEM C
00paTHOH CBSI3BIO.

41

Amnazorossie BBOJIBI 1 BBIBO/IBI B Arduino, ESP32, Rasberry Pi

CTyIeHTH TOIDKHBI H3yYUTh paboTy ¢ aHAJIOTOBEIMH CUTHAJIAMH Ha TIOMYJLIPHBIX IIaThopMax.
ITo uroram BEIIOTHEHHS Ta00PATOPHOM PabOTHI CTYICHTHI H3yYaT IPOTrPaMMHUPOBAHUE 00PaOOTKH
curHaios, nmogkrodeHue BHemHUX AL s Raspberry Pi.

42

[Mudpossie BBoABI 1 BeIBOABI B Arduino, ESP32, Rasberry Pi

CTyaeHTbI JOJDKHBI N3yYUTh MPUHIMIIBI pa00Thl HU(POBBIX HHTEP(DEHCOB NOMYIISIPHBIX
MHKPOKOHTPOJUIEPHBIX MIAT(HOPM, OCBOSIT METOBI MOIKIIFOYEHHS U YIIPABICHUS BHEITHUMHU
YCTPOICTBAMU.

[To uroram BEITIOHEHHS Ta00PATOPHOH PabOTHI CTYACHTHI 0cBOAT HacTporky GPIO uepes peructps! u
BBICOKOYPOBHEBBIE OMOIMOTEKH, PaboTy ¢ pa3nuaHbIME npoTokonamu (1-Wire, PWM, smysims
MPOTOKOJIOB), 0COOEHHOCTH MYJIbTHILIEKCHPOBaHUsI BEIBOJI0B Ha ESP32, peanmzanmun o6paboTku
NpephIBaHUN C PA3IMIHBIMU TPUITEPAMH, CO3/IaHNSI HHTEP(ENCOB yIpaBIeHHs sl nepudepun, OTIaaKu
po0OJIeM ¢ YPOBHSAMH HANPsDKEHUH W Harpy304HOM CIIOCOOHOCTBIO.

43

Nzydenne paboThI CEPBOMIPUBOJIOB

CTyaeHTbI JOJDKHBI CTYACHTBI JJOJDKHBI U3Y4YHUTh MIPUHIMI pabOThl CEPBOIPHBOJIOB, UX KOHCTPYKTHBHBIC
0COOEHHOCTH, OCHOBHBIE XapaKTEPUCTHKH U CIIOCOOBI yIpaBiieHus. B Xxo/ie BBINOIHEHHS 3a/1aHUs
HE00X0AMMO coOpaTh CXEMY C CEpBOIPUBOIOM, 3aIIPOrPAMMHUPOBATH €r0 Ha BHIITOJHEHHE 33/IaHHBIX
JEWCTBUI M IPOAHAIM3UPOBATh PAOOTy CUCTEMBI.

[To uroram BeIOIHEHHS 1A00PATOPHON pabOTHI CTYIEHTHI IPHOOPETYT: TOHUMAaHHE YCTPOHCTBA U
NPUHIMIIA ISHCTBUS CEPBOIIPHUBOJIOB, 3HAHHE OCHOBHBIX ITAPaMETPOB CEPBOIPHUBOJIOB (MOMEHT, CKOPOCTb,
YTOJI TOBOPOTA, TOYHOCTH MO3UIIMOHUPOBAHUS ), HABBIKH ITOJIKITIOYEHUS CEPBOIIPHUBOJIA K
MHUKpokoHTpoiutepy (Arduino, Raspberry Pi u ap.), yMeHHe IporpaMMHpOBaTh CEPBOIIPUBOT LIS
BBITIOJIHEHHS PA3JIMYHBIX PEXKUMOB PabOThI (TI03UIIMOHUPOBAHHKE, IUIABHOE IBIKEHNUE, YIIPABICHHE 110
CHTHAJIY), OIBIT OTJIAJIKK U TECTUPOBAHHS CEPBONPUBO/IHBIX CUCTEM, IOHUMaHKE 00JIacTel IPUMEHEHUsI
CEepBOIIPUBO/IOB B POOOTOTEXHUKE, aBTOMATHKE U MEXaTPOHHBIX CUCTEMAX.
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[Tepenaua nanubix no SPI mune u [2C
CTyZaeHTbl JOJDKHBI N3YyYHUTh IPOTOKOJIBI MEXXMHUKPOCXEMHOI CBSI3U [UIsl paboThI ¢ ieprdepuitHbIMU
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YCTpONCTBaMH.
[To uroram BeINOIHEHHS 1AOOPATOPHOI PabOTHI CTYIAEHTHI TPUOOPETYT HABBIKK Pa0dOTHI C OCcLHILIOrpadoM
JUISL aHAJTM3a CUTHAJIOB, ONITUMHM3ALIMs CKOPOCTH NEpeiau JaHHBIX, OTIaKa NpoOJieM ¢ IHHAMH.
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AIIT u IHAIT B Arduino, ESP32, Rasberry Pi

CryZaeHTbl JOJDKHBI N3yYUTh PUHIMIBI aHanoro-mudposoro (ALIT) u nndpo-ananorosoro (LIAIT)
npeoOpa30BaHKs Ha MOMYJIIPHEIX MUKPOKOHTPOJIIEPHBIX ITAT(GopMax.

[To uroram BeITIOTHEHHS Ta00PATOPHOI pabOTHI CTYJEHTHI H3y4aT

nprHIUIE aHanoro-uugposoro (AL u mudpo-anamorosoro (L{AIT) mpeoOpa3oBaHus Ha TOMYIAPHBIX
MHUKPOKOHTPOJUIEPHBIX IUIaTopMax. 3aganue (GopMupyeT KIF0UeBbIe HABBIKA IS paOOTHI C aHAIOTOBON
3JIEKTPOHUKON, HeOOXOIMMBIMH B poboToTexHuKe, [0T u aBTOMaTH3anmu, HaBBIKH padoTsl ¢ ALITT/IATL
Ha pa3HbIX IuaTdopmax, yMeHne GpUIbTpoBaTh U 00pabaThIBaTh aHAJIOTOBBIE CUTHAIIBI, ITOJKIIIOYEHHE
BHELTHUX MOZYJICH JJIs TOBBIIIEHUS] TOYHOCTH, IPUMEHEHNE B PETbHBIX NPOEKTax (IaT4nKH,
yIpaBleHUE).
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B3aumopeiicTBue MUKPOKOHTPOJIBHON M MUKPOIIpOIiecCCOpHOU TexHUKH. [lepenaya

nauubix mo UART

CTyZaeHTbl JOJDKHBI OCBOMTH NPHUHIIMITHI ITOCIIEIOBATEIBHON CBS3H MEX Ty MUKPOKOHTPOJUIEPAMH U
nepugepuitHpIMu yeTporicTBamu yepe3 uaTepdeiic UART.

[To uroram BeITIOTHEHHS JTAOOPATOPHOI PabOTHI CTYACHTHI H3y4daT OPTaHU3AIMI0 OOMEHa JaHHBIMH MEXIY
YCTPOUCTBaMH, TIOAKITIOYCHNE NaTINKOB 1 Moxyiert (GPS, GSM), oTaaka nmporpamm uepes
TIOCJIEIOBATENBHBIN OPT, 00paboTKa pephIBAaHUMN MTPH IIPHEMeE JaHHbBIX, pelIeHne pobieM ¢
CHHXPOHM3ALUEH.
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VYnpasnenue naroid ESP32 uepes natepuer

CryIeHThI JOIDKHBI Hay4uuThes noaxttodats ESP32 k cetn IHTepHET U yHpaBiaTh UM yAaJI€HHO.

ITo uroram BEITIOTHEHHS Ta0OPATOPHOI PabOTHI CTYICHTHI M3yYaT OCHOBHI paboTel ¢ Wi-Fi mHa ESP32,
co3JaHue BeO-cepBepa Ha MUKPOKOHTPOIIIEPE, HHTErpanys ¢ 00JIauHBIMI IUTaT(opMamu.
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[Tpumenenne Bluetooth BLE muratet ESP32

CTyIeHTHI JOIDKHBI OCBOUTH TeXHONOTHIO Bluetooth Low Energy mmnst 6ecripoBoiHOM CBSI3H C
MOOUIILHBIMU YCTPOWCTBAMHU.

[To uroram BEIOTHEHHSI TAOOPATOPHON pabOTHI CTYACHTHI H3yUaT CO3/IaHNE HOCUMBIX YCTPOMCTB,
9Hepro3(pPeKTUBHBIX TATYUKOB, B3aUMO/ICHCTBHE CO cMapT(HOHAMHU.
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PaboTa ¢ mupoTHO-UMITYJILCHON MOIYJIsIIHEi

CryzneHTbl JOJDKHBI OCBOMTH NIPUHIIMITE TeHepanuy 1 npumenenus 1LIMM-curnanos amst ynpasieHus
3JIEKTPOHHBIMH YCTPOHCTBAMH.

[To uroram BEIIOTHEHUS Ta0OPATOPHOI PabOTH CTYACHTH N3ydaT HacTpoiky [IIMM Ha pa3nmuaHbIX
wiaTdopmax, pacdeT apamMeTpoB CHTHaa st KOHKPETHBIX 3a1a4, Guibrpanus [HIVMM s nomydenus
AHAJIOTOBOTO CHTHAJIA.
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OCHOBBI CXEMOTEXHHKH

CTyAEHTBI TOJDKHBI U3YYUTh 0a30BbI€ IPUHIIMITEI MPOSKTUPOBAHUS IIEKTPOHHBIX CXEM.

[To uroram BEIMOTHEHHSI TAOOPATOPHON pabOTHI CTYACHTHI H3yUYaT pacyeT MPOCTHIX CXeM (JIeTUTENH,
(bunpTpEI), COOpPKa MAaKETOB HA MaKETHOH IJIaTe, MOHUMAHKUE MIPUHIIMIIOB PA0OTHI 3JIEKTPOHHBIX
YCTPOMCTB.
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OcHoBbI paboTsI ¢ cucteMamu LIDAR

CTyZaeHTbl JOJDKHBI OCBOUTH IPUHIIMITEI PAOOTHI M TPUMEHEHHS JIA3EPHBIX CKAHEPOB ISl H3MEPEHHS
pPaccTOSIHUM.

ITo uroram BEIIOTHEHHS Ta00PATOPHOM PabOTHI CTYACHTHI U3ydaT HACTPOUKY 1 KannopoBka LIDAR,
00paboOTKy TaHHBIX CKAHUPOBAHUS.
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OCHOBLI HaBUT'allUN pO6OTOTGXHI/I‘-IeCKI/IX KOMIIJICKCOB (I/IHCpI_II/IaJ'ILHBIe CHUCTCMBI,
SLAM)

CTyIeHTHI JOIDKHBI U3yYUTh METOJIbI HABHTAIIMYA MOOMIHLHBIX POOOTOB C HCIIOJIH30BAHUEM HHEPIIUATBHBIX
cucreM (IMU) u SLAM (Simultaneous Localization and Mapping).
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o utoram BBIIIOTHEHHS 1a00PATOPHOH pabOTHI CTYACHTHI H3y4YaT aBTOHOMHOE IIepeMelleHne poOoToB B
HEHU3BECTHOM cpeJie, HOCTPOSHHE KapT OMELIeHHH, HaBbIkK KanuOposkyu IMU-naTunkoB, pabora ¢
SLAM-anroput™Mamu, nocrpoenue 2D/3D-kapT cpeasl.
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MammunHnoe 3peHue Ha 6a3e Rasberry Pi onpenenenne ¢popmbl u iBeta 00bEKTOB
CTy}leHTLI JAOJKHBI HAYYUTHCA PACIIO3HABATH (bOpMy " IBECT 00BEKTOB C NOMOIIBIO KaMEPhbI U oubanoTEK
KOMITBIOTEPHOTO 3pEHHS.

[To uroram BEITIOTHEHHS Ta00PATOPHOH PabOTHI CTYACHTH H3ydaT COPTHPOBKY OOBEKTOB Ha KOHBEHepe,
JIETEKTHPOBAHIE JOPOXKHBIX 3HAKOB, pOOOTHI, B3aNMOICHCTBYIOMINE C OKPY KCHHUEM.
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MammunHOe 3peHne Ha 6a3e Rasberry Pi onpenenenne koopauHaT 00beKTOB BEIOPAaHHOTO

LBETAa B KaJpe

CTyZaeHTbl JOJDKHBI HAYyYUThCS ONPEAEIISTH KOOPIMHATH 00BEKTOB BEIOPAHHOTO IIBETA B KaApE U
npeoOpa3oBhIBaTh UX B CUCTEMY KOOPAMHAT poOOTa.

[o uroram BeINOIHEHHS J1TAOOPATOPHOI PabOTHI CTYAEHTHI U3ydYaT TOYHOE MO3UIMOHUPOBAaHKHE pOOOTa-
MaHUIYJISATOPa, aBTOHOMHAsI HABUTALMA 110 [IBETOBBIM METKaM, JIETEKIH [eJiel B pOOOTOTEXHUYECKUX
COPEBHOBAHHMSAX.
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TeCTI/IpOBaHI/Ie HCTOYHHUKOB IIUTAaHUA

CTyZneHTbl JOJDKHBI HAY4YNUThCS TIPOBEPATHh U AaHATM3UPOBATH MTapaMeTPhl HCTOYHUKOB ITUTaHUS
(cTabmIM3aTOPHI HANPSDKCHUS, aKKYMYJIITOPHI, OJIOKH MUTaHUA) 71 00ecTieueHIsT HaIeKHOH paboThI
9JIEKTPOHHBIX YCTPOMICTB.

I[To uroraM BhINIONHEHHUS 1a0OPATOPHOI PabOThI CTYACHTHI N3y4aT BOJIBT-aMIIEPHbIE XapaKTePUCTUKH
Pa3IMYHBIX HCTOYHUKOB MUTAHMsI, ONITUMH3ALIMIO SDHEPTONOTPEOICHHS YCTPOUCTB, BHIOOP ITOIXOISIIETO
MCTOYHMKA MIUTAHUS IS TIPOEKTA.
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IoT na 6a3e Rasberry Pi

CryneHTsl [oIDKHEL co3nath loT-yerpoiictBo Ha Raspberry Pi ¢ mepenadeit maHHBIX B 0051aK0 U
yIQJIICHHBIM YIIPaBJICHHEM.

ITo uroram BEITIONTHEHHS Ta00pAaTOPHON PabOTH CTYACHTHI U3ydaT HacTporKy loT-ycTpoticTBa Ha
Raspberry Pi, pabota ¢ 001a9HBIMU CEpBHCAMH, CO3IaHUE ITPOCTOTO BeO-HHTEpdeiica.
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CucreMsl O6p3THOI>i CBA3U AJId ITPUBOJAOB

CTyIeHTbI JOIDKHBI H3yYUTh METO/IBI KOHTPOJIS MOJ0XKEHUS M CKOPOCTH UCTIONHUTENFHBIX MEXaHU3MOB C
UCIIOJIb30BAaHUEM JATYUKOB OOPaTHOM CBSI3H.

ITo nToraM BEIIOTHEHUS TaOOPATOPHOH PabOTHI CTYACHTHI H3y4YaT METOANKH HOBBIICHUS TOYHOCTH
MO3UIIMOHNPOBAHUS ITPUBOJIOB, CTAOMIIN3ANNIO CKOPOCTH ABUIATEIICH, 3aIUTy OT IEpPerpy3oK.
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N3ydenue pabOTHI MIArOBBIX JBUTATENICH

CTyZ[GHTBI JAOJIKHBI U3YYUTh MMPUHIUIT I[efICTBPIﬂ, OCHOBHBIC XapPAKTECPUCTUKU U METOAbI YIIPABJICHUS
[IarOBBEIMH ABHUTATEISIMH. B X0/1e mabopaTopHOit paboTHI OyIeT BEITIONHEHA COOpKa YIIpaBIIeMOH
CHUCTEMBI C INAroBbIM ABUTATCJIEM, IPOTrPAMMHUPOBAHUEC KOHTPOJJIEPA U SKCIIEPUMECHTAJIILHOE NUCCIICAOBAHNUE
pabounx peKNMOB.

ITo nToraM BeIOTHEHUS TaOOPATOPHON PaOOTHI CTYACHTHI H3y4aT: KOHCTPYKTUBHBIE OCOOCHHOCTHU M THIIBI
IIarOBBIX ABUTaTeNel (OUMONSIpHBIE, YHUIIONSAPHBIE, THOPUAHBIE), IPUHIUI JUCKPETHOTO YTIIOBOTO
MEPEMEUICHUA POTOPA, OCHOBHBIC XaPAKTEPUCTUKHU: 1HAr' TUCKPETHOCTU, MOMEHT YJCPKAHUA, CKOPOCTH
BpaIlleHHs, METObI yIPaBJIeHNs (II0JIHOMIATOBBIH, TOJYIIaroBbIid, MUKPOIIAroBbIA PEKUMBI),
HNOJKJIIOUEHHE ABUraTeNs K JpaiiBepy 1 MUKPOKOHTPOILIEPY.
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N3yuenne paboThl KOJJIEKTOPHBIX U OECKOJITIEKTOPHBIX JABUTATEIICH

CTyneHTbl JOJDKHBI N3yYUTh IIPUHIINI 1€HCTBUSI, KOHCTPYKTHBHBIE OCOOEHHOCTH, XapaKTEPUCTUKHU U
MeToAb! ynpasieHus kojurekTopHbIX (DC) n 6eckomnexropusix (BLDC) neurateneii. B xozne
nabopaTopHOi paboThl OyAET BHIMOIHEHO CpaBHEHNE UX Pab0OUHX MapaMeTpoB, UCCIEI0BAHNE CUCTEM
YIpaBJICHUSI U aHAIU3 00JIacTel IPUMEHEHUSL.

ITo uroram BhIIOTHEHHS Ta00PATOPHON PaOOTHI CTYACHTHI H3ydaT: YCTPOUCTBO M MIPUHIIUI PaOOTHI
KOJUIEKTOPHBIX JABHUIaTeleil HOCTOSHHOTO TOKA, KOHCTPYKIHIO U 0COOEHHOCTH OECKOJUIEKTOPHBIX
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JBuraresei, ocHoBHble Xapakrepuctuku: KIIJ[, MOMEHT, CKOPOCTb, yIPaBIs€MOCTb, IPUHLUI BEKTOPHOTO
ynpasnenuss BLDC-aBuratensmu, NOAKIIOUEHHE JBUraTeNeil K KOHTpouIepaM U UCTOYHUKAM IMUTaHUS.
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N3yuenune paboThl ¢ cucTreMaMu ciryTHUKOBOM HaBuramuu (GPS)

CTyZaeHTbl JODKHBI N3yYUTh IIPHHIUIBI PAOOTHI ITI00aIbHBIX HABUTAIIMOHHBIX CITyTHUKOBBIX CUCTEM
(GNSS), ux annapaTHbIe U IPOrpaMMHbIE KOMIIOHEHTHI. B X0/1e MpakTHYeCKHUX 3aHATHI OYIET BHINOJIHEHA
HacTpoiika GPS-mpueMHNKOB, 00pab0TKa HABUTAIIMOHHBIX TaHHBIX U pa3padoTKa MPOCTHIX TPEKIMHTOBBIX
MIPUIIOKEHUH.

o uroram BBIIOITHEHHS 1a00PATOPHOH paOOTHI CTYACHTHI H3y4aT: aPXUTEKTYPY M IPHHIMIIEI PaOOTHI
GPS u I''TOHACC, ¢opmats! HaBurannoHHEIX coobmenuit (NMEA-0183), dpaxTopsl, Bausronie Ha
TOYHOCTH ITO3HUIIMOHNPOBAHUS, OCHOBHBIEC XapakTepucTHKH GNSS-TIpHeMHUKOB, HOAKIIOYESHHE 1
Hactpoiiky GPS-monyneit (UART, 12C unrepdeiicsr), MeTonsl 00pabOTKH CHIPBIX HABUTAIIMOHHBIX
JIaHHBIX.
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Hcnonb3zoBanne GSM B poOOTOTEXHUYECKUX YCTPOMCTBAX

CTyZaeHTbl JOJDKHBI U3yYUTh NPHHIMIEI padoTel GSM-ceteii, apxutektypy coBpemeHHbIXx GSM/GPRS-
MOAyJIel U HX IPIMEHEHHE B pOOOTOTEXHUYECKUX cucTeMax. B xone nabopaTopHoii paboTsl Oyaet
BBITIOJTHEHA HacTpoiika GSM-Moyiis, IporpaMMHpOBaHHE OOMEHa JaHHBIMH U Peajli3aliys CHCTEMBI
yIaNéHHOr0 MOHUTOPHHTA U YIIPABIICHUSL.

[o uroram BBIIOTHEHHS 1a00PATOPHOH pabOTHI CTYICHTHI U3y4aT: OCHOBBI COTOBOI CBSI3U
(GSM/GPRS/LTE TexHonorun), moakitoueHue u konpurypupoanne GSM-monyneit uepes UART/AT-
KOMaH/Ibl, pa3padOoTKU CUCTEMBI YAAIEHHOTO YIIPaBICHUS POOOTOM.
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I/I3yquI/Ie pa6OTBI 6CCHpOBOI[HBIX CHUCTCM YIIpaBJICHUA MaJIon JaJIbHOCTH

CTyZaeHTbl JOJDKHBI U3yYUTh MPUHIMITBI pA0OTHI, IPOSKTUPOBAHUS U ONTUMH3ALUK OECIIPOBOAHBIX CUCTEM
yIpaBieHus Majoi fansHocTH (1o 100 m).

ITo uroram BEITIOHEHHS Ta00PATOPHOH PabOTH CTYACHTHI JOJDKHBI H3Y4IHTh TexHoioruu RF-cszm (433
MI'm, 2.4 I'T, Zigbee), MeTobI MOIYIISIIMHA U KOJUPOBAHUS CUTHAJIOB, ()aKTOPHI, BIUAIOIINC Ha
JAbHOCTh W TIOMEX0YCTOWINBOCTD, Pa3paOOTKH KaHAIOB yIPaBICHUS I pOOOTOB/APOHOB.
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[IpoexTupoBanue u cOOpKa TeIeMETPUH Ui YIPaBICHUS MEXaTPOHHOTO MaHUITYJIATOPA
CTyIeHThI JOIDKHBI pa3paboTaTh CHCTEMY cOopa ¥ Mepeaayy JaHHbIX AJIS YIPABICHUS MAHUITYISTOPOM.
ITo nToraM BEIOTHEHUS TaOOPATOPHON PaOOTHI CTYAECHTHI CIIPOSKTUPYIOT U COOEPYT IKCIIEPHUMEHTAIBHYIO
YCTaHOBKY C nepenaueii JanHbix yepe3 Wi-Fi, ¢ Bus3yanu3zaimu tenemerpuu (Python) n o0partHoii cBsi3u 1o
MOJIOKECHUIO/HATPY3KE.
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CoBpeMeHHbIE METO/Ibl YITYUIIEHUS] CUCTEMBI YIIpaBJeHus akkymyistopamu (BMS)
CTyneHTbI JOJDKHBI HCCIICA0BATh AITOPUTMBI YIIPAaBICHHS aKKyMYJIATOPHBIMH OaTapesiMu.

[o utoram BBITIOTHEHHS 1a00PATOPHOI pabOTHI CTYIEHTBI U3YYaT: apXUTEKTypy U padoty BMS
(6amancuporka, SOC/SOH estimation), anroput™msr (KynoHosckwii moacuét, EKF, HeiipoceTeBbie
MoJenn), 3amuTHele Mexarm3Mbl (OV/UV, thermal runaway), cuctemy Mmorutopurra Li-ion/LiPo 6arapetf,
mojenupoBanue B PLECS/Simulink, naTerpanuro ¢ 3apsiHbIMHU CTaHIUSIMH.

4.3. CamocrosiTenbHas paboTa 00yJarommxcsl.

Bun camocrositensHo# paboTh

Teky1as mOArOTOBKA K TaOOPAaTOPHBIM paboTaM.

IIoarororka k HpOMC)KyTO‘-IHOﬁ aTTeCTaluu.

IIoarororka k TCKYILIEMY KOHTPOJIIO.

4.4. ITpumepHbIN IEpeueHb TeM KOHTPOJIbHBIX padoT
1. Co3natp uepTex Baja ¢ ykazanueM pasmepos 1o ['OCT




2. IMocTpouts 2D-3cku3 ¢uiaHiia ¢ OTBEPCTUSAMU MOJT KPETIeK

3. Pazpabotate 3D-mMoaens raiiku ¢ pe3sooid M12

4, CripoekTrpoBath cOOpKy "Ban-ctymnuia" ¢ mpuMeHeHUEM COTPSKEHUM

5. Co3naTh mapaMeTpUUeCcKyIo MOJIEb IecTepHu (m=2, z=20)

6. [TocTpouTh 3CKKU3 KPOHILITEHHA ¢ (hacKaMu U paJInyCHBIMU TEPEX0/IlaMU

7. PazpaboTath 4epTex IIIACTUHBI ¢ TeXHUYeCKUMU TpeboBarusmu mo ['OCT

8. Coznarb 3D-Mo/emnb KOPITyCHOM AeTalld C ONepalusiMy BbIIaBIMBAHUS U
BbIpE3aHUs
9. IToctpouts 3D-moaens Bajia CO MIMOHOYHBIM TA30M

10. CrpoextupoBath cOopky "[loammnHuKoBEIN y3en" co crenudukanmen
1. Co3marh mapaMeTpu4EeCKy0 MOJIEIb IIPYKUHBI CHKATHS
2. IIpoBecTy IPOYHOCTHOM aHAIN3 KPOHIITENHA o Harpy3kon 500 H

3. PazpaGotarb Monenb YEpBIYHOM TMepenayd ¢ OMOIMOTEYHBIMU
JJIEMEHTaMU
4. BBIITOTHUTH TONOJIOTHYECKYIO ONITHMU3ALUIO OIMTIOPHOM TUIMTHI

5. CripoeKTHpoBaTh KOPIYC pelyKTOpa ¢ pedpaMu )KeCTKOCTH

6. [Toctpouts Mozens TPyOOIpPOBOIA C U3rHOAMU IO TPACKTOPHH

7. IlpoBecTu aHaIu3 TEIUIOBBIX AepopMaiuil paguaropa

8. Coznatb cOopky "KpuBOMMIHO-IITIATYHHBIA MEXaHU3M'" ¢ aHUMAaIuen
9. PazpaboTaTh MOJENb TUTEHHON POPMBI C IUTEHHBIMH YKIOHAMHU

10. BbImoHUTE pacdyeT KOHTAKTHBIX HANPSDKEHHM B 3yOuaToil mepenaye
1. IToaroroBuTk Monenb aetanu 1t FDM-nieyatu ¢ nogaepxkaMu

. Paccunrate BpeMs 1 MaTepuain Juis nedatu kopnyca Ha SLA-npuHTepe
. PazpaboTtath cTpaTteruto noctoopadoTku (OTOMOIUMEPHON JeTaau

. ONTUMHU3UPOBATH OPUEHTALIMIO MOJENHN JJIsI MUHUMHU3ALUU Ae(PEKTOB
. [Ipoananu3upoBath NpUUUHBI Opaka npu neyatu (mpumep ¢ GoTo)

. [TogroroButk G-KOA 7151 IETAIM C BHYTPEHHUMH MOJIOCTIAMHU

. Pazpabotaths MeTonuky kanudposku FDM-npunTtepa

. CpaBuurts coiictBa PLA u ABS j1s 3ananHoi Harpy3ku
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. CipoekTrupoBaTh pa3d0pHYIO0 MOJIEIh IS TIeUaTu 0€3 MOAEPIKEeK

10. Pa3zpaboTaTh TEXHOJOTUUYECKYIO KApTy MOCTOOPAOOTKH METAITUYECKOTO
MPOTOTHUTIA



1. 3agaTh ynpaBiieHUE 1IaroBbIM aBUrareseM yepes Arduino
2. PazpaboTtaTh cxeMy noAkItoueHus 3HKoaepa kK ESP32

3. Coznate anroputm [I1]I-perynstopa st cepBONPUBOIA
4. HactpouTh niepefady JaHHBIX C TaTYUKA TEMIIEPATYPHI

5. 3anmporpaMMupoOBaTh CUCTEMY aBapuUHHOro octaHoBa 1o curhamry MK-
JaTyrKa
6. Pa3pabotats loT-y3en 1151 MOHUTOpUHTA BUOpanuii 000py10BaHUs

7. PeanuzoBath SLAM-HaBuraiuio st MOOMJIBHOTO poOoTa (AJIrOpUTM)
8. Hactpouts cucremy ynpasiennss BLDC-nBurarenaem ¢ 00paTHON CBSI3bIO
9. CnpoektupoBath cxemy BMS miia Li-ion akkymynsitopa

10. Pa3zpaborare anroputm pacrno3HaBaHus oObekToOB 1o 1Bery (Python +
OpenCV)

5. IlepeueHp wu3MaHMN, KOTOpPBIE PEKOMEHAYETCS MCIOJIb30BATh IIPH
OCBOEHUU JUCHUIUIUHBI (MOAYJIA).
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MozienupoBanue. CHcTeMa aBTOMATU3HPOBAHHOTO https://e.lanbook.com/book/454220
npoektupoBanus. JlabopaTopHbie pabOTHI : yueOHO- (nara obpamenns: 05.05.2025). -

metoanueckoe nocodue / H. A. TopOyHos, P. M. Texcr: SneKTPOHHBIL.

Uynunckuii. — Boponex : BI'TIY, 2024. — 120 ¢. —
ISBN 978-5-907621-97-8.

3 | 3D-mozenupoBaHue B HHXEHEPHOH rpaduKe : URL:

yue6Hoe nocobue / C. B. FOmxo, JI. A. Cmuprosa, P. | https://e.lanbook.com/book/101868
H. Xycaunnos, B. B. Caranees. — Kazaus : KHUTY, | (nara odpamenns: 05.05.2025). -
2017. — 272 c.— ISBN 978-5-7882-2166-3. Texer: anexTpomHbIii,

6. IlepeueHb COBpEMEHHBIX MPOPECCHOHANBHBIX 0a3 JaHHBIX U
UH(GOPMAIIMOHHBIX CIIPABOYHBIX CHUCTEM, KOTOpPbIE MOTYT HCIOJB30BaThCS IPH
OCBOEHUU JUCUUIUIAHBI (MOAYJIA).

Odunumanehuseiii caiit PYT (MUUAT) (https://www.miit.ru/).



Hayuno-texuuueckas o6udauoreka PYT (MUUT) (http:/library.miit.ru).

DnexTpoHHO-0MOMmMoTeuHas cuctema Elibrary.ru (http://elibrary.ru/).

DNEKTPOHHO-OMOIMOTEIHAS cuctema Cyberleninka.ru
(https://cyberleninka.ru/).

Oo6pazoBatenbHas miardopma «¥Opaitt» (https://urait.ru/).

DNEeKTPOHHO-ONOIMOTeUHAs cucTema U371aTeIIbCTBA «JlaHbY
(http://e.lanbook.com/).

DneKkTpoHHO-0nbnoTeyHas cuctema Znanium (http://znanium.ru/).

/. llepedyeHb JHIEH3UOHHOTO W  CBOOOJHO  PacHpOCTPAHSIEMOIO
MpOrpaMMHOr0 OO€CTedYeHus, B TOM YHCJIE OTEUECTBEHHOI'O MPOU3BOJICTRBA,
HEO0OXOUMOTO JIJISl OCBOCHUSI IUCUUTLTUHBI (MOYJIs).

Microsoft Office (Word, Excel); Komnac 3D; Python.

8. Ommcanme MaTepHATBHO-TEXHUYECKOW 0a3bl, HEOOXOTUMON IS
OCYILIECTBJICHUSI 00pa30BaTEILHOrO Mpoliecca Mo TUCIUIUIMHE (MOIYJIIO).

YyebHble ayIUTOpUM JUIsl TPOBEACHUS YUYEOHBIX 3aHSATUN, OCHAIEHHBIC
KOMIIBIOTEPHOU TEXHUKON U HAOOpaMu IEMOHCTPAIIMOHHOTO 000PYy10BaHUS.

9. ®opma MPOMEKYTOUHOM ATTECTALINU:

3auer B 1, 2 cemecTpax.
DK3aMeH B 3 ceMecTpe.

10. OueHouHbIE MaTEPHUAIIBI.

OreHOYHBIE MaTEepUAIbI, TPUMEHSIEMbIE TIPH TIPOBEICHUN MPOMEKYTOUHON
aTTeCTallui, pa3padaThIBAlOTCA B COOTBETCTBUHU C JIOKAJIbHBIM HOPMATHBHBIM
aktrom PYT (MUUT).
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