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1. O6mue cBeaeHNs O JUCHUIUIUHE (MOJIYIIE).

HensMu qucuIuinHbl (MOIYIIs) SBIISIETCS:

- (popmupoBaHUEe HABBIKOB MPUMEHEHUSI MATEMATUYECKOTO MOJACINPOBAHUS
Y KOMIIBIOTEPHOI'O aHaJIN3a B MH)KEHEPHBIX PacyeTax;

- OCBOEHHME COBPEMEHHBIX TEXHOJIOTMI KOMIIBIOTEPHOTO MPOEKTUPOBAHUS
(CAD/CAM/CAE) u nporotunupoBanusi (3D-nieuats, nazepHas peska, UITY);

- pa3BUTHE YMEHHI pabOThl C HOPMATUBHOM JOKYMEHTALMEN U CTaHapTaMu
B 00J1acTH IU(DPOBOTO NPOESKTUPOBAHNUS;

- UW3y4YeHUE TMPUHIUIOB pPa3pabOTKU aJrOPUTMOB M MPOTPaAMMHOTO
oOecrieueHus Ui yrpaBieHUs] pOOOTOTEXHUUYECKUMU CUCTEMAMU;

- ¢QopmupoBaHHE KOMIIETCHIIMA B O0JacTH aBTOMATH3UPOBAHHOTO
MPOEKTUPOBAHUS U ONTUMHU3AIUN UHKEHEPHBIX PEIICHUM.

3agayamMu AUCHUILIMHBI (MOIYJIs) SIBJISICTCS:

- U3y4YEHUE OCHOB MAaTEMAaTUYECKOTI0 MOJICIMPOBAHUS U YUCICHHBIX METOJIOB
JUTSL pelICHUsI MHKEHEPHBIX 337124,

- ocBoeHue coBpemMeHHbIX CAD-cucteM mjis MpOEKTHUPOBaHUS JETaled U
cOOpOK;

- TNOpUMEHEHHE METOJOB KOHeuHo-mnemeHTHoro ananu3za (FEA) wu
KoMmnbioTepHOro nHxuHupunra (CAE) nis npoBepky IPOYHOCTH U ONTUMH3ALIUU
KOHCTPYKLIWH;

- HM3Y4YCHHE TEXHOJIOTUH aJmuTHBHOTO mpou3BoiactBa (3D-neuath) wu
cyotpakTuBHOro npousBojicTea (UITY, nazepuas peska);

- pa3paboTka anTOpPUTMOB YIIPaBJICHUS I POOOTOTEXHUYECKUX CHUCTEM C
HCIIOJIb30BaHUEM MPOTPAMMHBIX CPE]I;

- a”Hanu3 HopmaTuBHO-TexHHueckoil aokymeHtauuu (I'OCT, ISO) npu
MPOEKTUPOBAHUM U IPOTOTUITHUPOBAHUH;

- HCIOJIb30BaHUE OOJIAYHBIX TEXHOJIOTMH M UU(GPOBBIX IUIaTGOpM st
COBMECTHOM MH)KEHEPHOU paboThI;

- Ppa3BUTUE HAaBBIKOB KPUTHYECKOTO aHalu3a HHPOpMalMK M BbIOOpa
ONTUMAJIBHBIX TEXHOJIOTHI MPOEKTUPOBAHUS;

- NPAaKTUYECKOE TNPHUMEHEHHE CHUCTEMHOIO IOAXOAA IPHU PELICHUU
KOMILUIEKCHBIX 33]1a4 KOMITbIOTEPHOI'0 HMHKUHUPUHTA;

- 0TpabOTKa HABBIKOB MPE3EHTALMU U 3AIIUTHI IPOEKTOB C UCIIOJb30BAHUEM
HU(POBBIX HHCTPYMEHTOB BU3yaJIU3al[1H.

2. [Inanupyemsble pe3yibTaThl 00y4eHHUs 10 AUCIUIUIMHE (MOAYJIIO).

[lepeuenb GopmupyembiX pe3ysbTaTOB OCBOCHHS 00pa3oBaTEIbHOMU
porpamMmbl (KOMIIETEHIINI) B PE3yJIbTaTe 00yUEHUs M0 TUCIHUIUTNHE (MOIYIIIO):



OIIK-1 - CniocoGeH NMpUMEHSTh €CTECTBEHHOHAYYHBIE U OOIIEHHKEHEPHBIC
3HAaHWS, METOAbl MaTEeMaTHMYeCKOro  aHaliuM3a W MOJCIMpPOBaHHUS B
npo¢eCCUOHANILHON JIeATEIbHOCTH;

OIIK-4 - CpoocobeH mNOHMMAaTh MPUHIMIBI PabOThl COBPEMEHHBIX
MH(POPMAIIMOHHBIX TEXHOJOTMH W HCIOJIB30BaTh MX JUIS pELIEHUS 3a]ad
po(hecCHOHATBHOM e TEIbHOCTH.

OIIK-5 - CnocoGen paboTaTh ¢ HOPMAaTUBHO-TEXHUYECKON TOKYMEHTAIIUCH,
CBSI3aHHOM C MPO(ECCUOHANBHON AESITENIBHOCTHIO, C YIYETOM CTaHAAPTOB, HOPM U
IPaBHI;

OIIK-11 - Coocoben pas3pabarbiBaTh M NPUMEHSATh aJTOPUTMBL U
COBpEMEHHbIE LIM(PPOBBIE NPOrpaMMHBIE METOJbl PACYETOB M IPOEKTUPOBAHUSA
OTJEJIbHBIX YCTPOMCTB U MOJCUCTEM MEXATPOHHBIX U POOOTOTEXHUUYECKUX CUCTEM
C HUCIIOJIb30BAHUEM CTaHAAPTHBIX HCIIOIHUTEIbHBIX U YIPABISIOIIUX YCTPOICTB,
CPEICTB aBTOMAaTHKH, H3MEPUTEIbHOW M  BBIYUCIUTEIBHOW TEXHUKH B
COOTBETCTBHH C TEXHUUECKHUM 3aJlaHUEM, pa3padaThiBaTh U(POBHIE ANITOPUTMEI U
IPOrpaMMBbl YIIPaBIECHUS pOOOTOTEXHUUECKUX CHCTEM;

YK-1 - Cnoco0eH ocylecTBISATh MOUCK, KPUTUUYECKUN aHAIU3 U CUHTE3
uHGOpPMAITUH, TPUMEHATh CHCTEMHBIN TIOIXO/ JIsl PEIICHHUS TOCTABJICHHBIX 3a/1a4.

OO0y4eHue 1o JUCUUILIMHE (MOAYJII0) MPEANOIaraeT, YTo MO €ro pe3yJibTaram
oOyuatoiuiicst 0yier:

3HaTh:

- OCHOBBI MaTE€MaTHYECKOTO MOJEIMPOBAHUS W YHCICHHBIX METOJOB B
WHKXEHEPHBIX pacyeTax;

- npuHMMbl paboTel coBpeMeHHbIX CAD/CAM/CAE-cuctem u TeXHOJIOTH
1 poBOro Mpou3BOJICTBA;

- HOpPMAaTHUBHbIE TpeOOBaHHS M CTaHJIAPTHI B O00JACTH KOMIIBIOTEPHOI'O
npoektupoBanus (I'OCT, ISO);

-  QITOPUTMBI W  METOJbl NPOTrPAaMMHUPOBAHMS  JUIsl  yHPABIICHUS
POOOTOTEXHUYECKUMU CUCTEMaMU;

- TEXHOJIOTUHU AJAUTUBHOTO U CYOTPaKTUBHOTO Mpou3BojcTBa (3D-neyars,
UITY, nazepHas peska).

Ymern:

- IPUMEHATh METOAbl MATEMAaTHYECKOIO MOJEIMPOBAHUS I PELICHUS
WH)XCHEPHBIX 3a/1a4;

- ucnoab3oBatb CAD-cuctemsl s npoektupoBanus 1 CAE-cucremsl i
MHXEHEPHOI'0 aHAJIN3A;



- paboTaTh C HOPMATHUBHOM JOKyMEHTAaIMe U OQOPMIISTh TEXHHUUYECKYIO
JOKYMEHTAIUIO;

- pa3pabaTbiBaTh MPOCThIE AITOPUTMbI YNPABICHUS ISl MEXATPOHHBIX U
POOOTOTEXHUYECKUX CUCTEM;

- BBIOMpAaTh U IPUMEHSATH TEXHOJIOTMH IPOTOTUIIMPOBAHUS B 3aBUCUMOCTH OT
ITIOCTABJICHHBIX 3a/1a4.

Baanern:

- HaBblKamMH paboThl ¢ npodeccruoHanbHbiM [IO 178 KOMIBIOTEPHOIO
WHXUHUPHHTA;

- MeToAaMHu ONTUMM3AlMU KOHCTPYKIMH Ha OCHOBE pE3yJbTaTOB
KOMITBIOTEPHOI'O MOJIEIIMPOBAHUS;

- TEXHOJIOTUSMHU MOJATOTOBKU U OOpaOOTKU JaHHBIX Ul CUCTEM LU(PPOBOTO
IIPOU3BOJCTBA;

- HaBBIKaMU POIPaMMHUPOBAHUS JIJIs1 aBTOMATHU3AL[MU NHKEHEPHBIX PACUETOB
U YNPAaBJICHUS CUCTEMAaMHU;

- METOJAMHM CHUCTEMHOI'O aHaiu3a M OUEHKH 3((PEKTUBHOCTU MPOEKTHBIX
peLICHU.

3. O06beM TUCUMIUTAHBI (MOYJIS).
3.1. O0mast Tpy10eMKOCTh AUCITUTUTHHBI (MOJTYJIS).

OO6mast TpynOEMKOCTh JUCIUIUIMHBI (MOIys) cocTaBisieT 7 3.e. (252
aKaJgeMUYECKUX Yaca(oB).

3.2. O6bem mucummuiiHbl (Momynsi) B (opmMe KOHTAaKTHOW pabOThI
oOyyarmuxcsi ¢  MeJarorMueckuMu  paboTHUKaMu ©  (WIM)  JIUIAMH,
MPUBJIEKAEMBIMHU K peain3aiuy o0pa3oBaTeIbHON MPOTPaMMbl HA UHBIX YCIIOBUSIX,
MIpU POBEJCHUN YUCOHBIX 3aHSATUMN:

Konnuectso yacos
Tun yueOHbIX 3aHATHH CemecTtp
Bcero
Nel | Ne2 | Ne3 | Ned
KonrakTHas paboTa rmpy npoBeieHUN Y4eOHBIX 3aHSTHH (BCET0): 128 32 32 32 32
B ToMm uncie:
3aHATUS CEMUHAPCKOTO THIA 128 32 32 32 32

3.3. O06bemM auCHUIUIMHBL (MOAYJiA) B (OpME CaMOCTOSITENIbHOM padOThI
oOyyaromuxcs, a Takke B (QopMe KOHTAKTHOM pabOThl OOydYaArOIIUXCS C
NEeAarorndyecKuMu pabOTHUKAaMHU U (UJIM) JIULIAMM, TPUBJIEKAEMbBIMH K pealu3aliu
o0pa3oBaTeIbHOM MpOrpaMMbl HA HHBIX YCIOBHUSX, IMpH MPOBEACHUU
IIPOMEKYTOUHOM aTTecTalMu cocTasisier 124 akageMuyeckux vyaca (0OB).




3.4. [Ipu oOy4yeHnH 10 UHAUBUAYAJTLHOMY Y4€OHOMY ILJIaHY, B TOM YHUCIIE IPU

YCKOPEHHOM O0Y4Ye€HHH, 00BEeM TUCIUIUIMHBI (MOJYJIs1) MOXKET ObITh peaan30BaH

MOJIHOCTBIO B (DOpME CaMOCTOSITENIbHON paboThl 00yYarouxcs, a Takke B hopme

KOHTaKTHOM pabOThl 00y4aloIUXCsl ¢ MeAaroruueckKuMu paboTHUKAMHU U (WJIHN)

JUIAMU, TIPUBJIEKAEMBIMH K pPeasiu3aIliu 00pa30oBaTEIHbHON MPOTrpaMMBbl HA HHBIX

YCIOBHAX, IIPHU IIPOBCACHUN HpOMe)KYTOLIHOﬁ aTTcCTalnu.

4. ConepxkaHue JUCHUTUIAHBI (MOIYJIA).
4.1. 3aHATHS JIEKUUOHHOTO THUIIA.

He npenycMoTpeHo yueOHBIM IIJIaHOM

4.2. 3aHATHS] CEMUHAPCKOTO THUIIA.

JlaGopaTopHbie pabOThI

HaunmeHnoBaHue 1abopaTopHBIX paboT / KpaTKoe cofiepKaHue

Wutepdeiic KOMITAC-3D (ueprex, pparMeHt, neTaib, cOopka, cnernudukanms)
CTyneHTsl TOHKHBI OCBOUTH 0a30BbIe MPHHIUIBI paboTH! B cperne KOMITAC-3D, n3yunts OCHOBHBIE
THUIIBI JOKyMEHTOB 1 MX Ha3Ha4YeHUE. B Xo/e BRIMOIHEHNS 3a/1aHUS HEOOXOIMMO: TTO3HAKOMHUTBCS C
uHTEepdeiicoM nmporpamMmel (TaHETH HHCTPYMEHTOB, MEHIO, HACTPOHKH), Pa300paTh pa3Inaus MEKIY
TUIIaMU JOKyMEHTOB (4epTeX, (PparMeHT, 1eTajib, cCOOpKa, crieliu(UKanys), CO34aTh IPOCThIE IPHMEPHI
Ka)XXJIOTO TUIIA JJOKYMEHTA, HAyYUThCS EPEKITIOYaThCsl MEXAY PeKUMaMH PabOThl M HACTpauBaTh pabodyro
cpeny.

ITo uroram BeIMOIHEHHMS JIAOOPATOPHOIT PabOTHI CTYAEHTHI OYyT: YeTKO HOHMMATh Ha3HAYEeHHE 1
pas3nuuus MeXAy OCHOBHBIMHU THUIIAMH JJOKyMEHTOB, CBOOOIHO OPHEHTHUPOBATHCS B HHTEpdetice
KOMIIAC-3D, ymeTb co3aaBaTh U COXPaHSTh JOKYMEHTBI Pa3JIHuHbIX TUIIOB, BIAJIETh 0a30BBIMU
HaBBIKAMU HACTPOMKHU paboueii cpeibl, UMETh (yHIAMEHTAILHYIO OCHOBY IS TAbHEHINIEIO OCBOCHUS
(YHKIIOHATIA CHCTEMB.

bazossie nncrpymentsl 2D uepuenus KOMITAC-3D (3cku3, TouKa, JIMHUS, OKPY>KHOCTb,

CILTAH)

CTyIeHTHI IOJDKHBI OCBOMTH OCHOBHBIE HHCTPYMEHTHI co3fanusi 2D-3ckn3oB B cucreme KOMITAC-3D,
BKJIIOYas: CO3JIaHUE U HACTPOHKY ICKH3a, TOCTPOEHHE 0a30BBIX FT€OMETPUIECKUX IIPUMUTHBOB (TOUKa,
JIMHUS, OKPYKHOCTB, AyTa), UCIOJIb30BaHUE CIUIAIHOB ISl CO3/IaHMsI CJIOKHBIX KPUBOJIMHEHHBIX (OpPM,
MIPUMEHEHHE Pa3MepOB U FeOMETPUUECKUX 3aBUCUMOCTEH AJI TOUHOTO YePUEHHUSI.

ITo uroram BeINOTHEHHUS J1AOOPATOPHOI PabOTHI CTYIEHTHI HAYJaTCsl CO34aBaTh 2D-3CKU3BI €
HCTOJIh30BaHNEM OCHOBHBIX HHCTpYMeHTOB KOMITAC-3D, oBnaseioT HaBbIKaMH MOCTPOCHUS POCTHIX U
CJIO’KHBIX TEOMETPHUYECKUX (POPM, CMOTYT IPUMEHSATH Pa3MEPHBIC X T€OMETPHIECCKUE 3aBUCHMOCTH IS
TOYHOTO YEPUCHHS, OTydaT 0a30BbIe KOMIIETEHINH, HEOOXOJMMBIE T AanbHeHmero n3ydenus 3D-
MOJIETTMPOBAHNS M MHKEHEPHOTO IPOSKTHPOBAHUS.

PaboTa ¢ IIOCKOCTIMH U MacCUBaMH

CTy)leHTbI JOJIKHBI OCBOUTH MCTO/IbI pa60T1>1 C JOIIOJTHUTCIBHBIMU INJIOCKOCTAMHU U CO3/IaHUA MAaCCUBOB
anemeHToB B KOMITAC-3D, BKmIOUasi: co3qaHne U HaCTPOHKY MOJIb30BATEIbCKUX TNIOCKOCTEH A1
MOCTPOCHUA 5CKMU30B U JIEMCHTOB, NCIIOJIB30BaAHUC MTPAMOYTOJILHBIX U KPYT'OBBIX MAaCCUBOB IJIA
TUPAKUPOBAHUSI 00BEKTOB, YIPaBICHHE TapaMETPaMHI MaCCHUBOB (KOJIMYECTBO IEMEHTOB, 1I1ar, YIIIOBOE
pacipezneneHue), IPUMEHEHNE MTOIyYE€HHbBIX HABBIKOB [UISl IOCTPOCHUS CIOKHBIX 3D-Monemnei.




n/n

HanmenoBanwue 1abopaTopHBIX paboT / KpaTKoe CoJepKaHue

ITo uroram BeITIOTHEHHS JIAOOPATOPHOI pabOTHI CTYJCHTHI HAY4aTCs CO3/aBaTh U HACTPaUBATh
BCIIOMOTaTeIbHBIE TNIOCKOCTH ISl Pa3JIMYHbIX 33/1a4 MOAEIHPOBAHNS, OBIAJICIOT METOJAMHU TTOCTPOCHUS
MacCHBOB (JIMHEHHBIX U KPYTOBBIX) TSI OBICTPOrO THPAXXUPOBAHHMS 3JIEMEHTOB, CMOTYT ITPUMEHATh
U3y4eHHbIE MHCTPYMEHTHI AJI ONTHUMHU3aLuUH npouecca 3D-npoekTupoBaHus, MOMy4yaT HaBbIKH,
HEOOXOAMMBIE JUISl CO3/1aHMs OoJIee CIIOKHBIX M TOUHBIX 3D-Moneneii.

00630p ameMenTOB «BbI1aBIMBaHue», «BbIpe3aTh BBIABIMBAHUEMY, 3a/IaHUE YCIIOBHMA
CTyeHTHI T0JDKHBI OCBOMTH 0a30BbIE Ollepaluy TBepAoTeIbHOro Moaenuposanus B KOMITAC-3D,
HAaY4HThCS CO31aBaTh 0ObEMHBIE TeJIa C TOMOIIBIO ONEPAINi BHIAABINBAHUS U BRIPE3AHUS, a TAKKE
YIPAaBISATh ApaMETPaMU 3THX OTIEPALHH.

ITo uroram BeITIOTHEHHS JIAOOPATOPHOIT pabOTHI CTYIEHTHI 0OPETYT KOMIIETEHIIH CAMOCTOSTETIHHO
CO3/1aBaTh MPOCThIE OOBEMHBIE I€TAJH, BBIIOJIHATE OCHOBHBIE ONIEpAIiiy MOAN(DHUKALINI MOETICH,
YIPaBIATh apaMeTpaMu IMTOCTPOCHUS € TIOMOIIBIO (POPMYIT M yCIIOBHH, IPUMEHSTH ITOJyICHHBIE HABBIKH
JUISL pEIICHNs] THTIOBBIX 337124 WH)KEHEPHOTO IIPOSKTHPOBAHUSI.

O0630p snemenToB «Bpaienue», «Boipe3aTs BpalieHuem», 3alaHue yCIOBHMA

CTyneHTH! TOJKHBI OCBOUTH TEXHOJIOTUH CO3/1aHUS TeJ BPallleHHsI U BRIIIOJHEHUS OTIEpaIliil BEIpe3aHus
BpAlIEHUEM, HAYUUThCS YIIPABIATH IapaMeTpaMH 3THUX ONEpaltii ¢ HOMOIIBIO YCIOBUH U 3aBUCUMOCTEHN.
ITo nuroram mabopaTopHOit pabOTHI CTYIEHTHI OCBOSIT TEXHOJIOTHH AJIS TPOCKTUPOBAHMUS MEXaHUIECKUX
nepenad, KOpIyCHBIX AeTajel, TpyOOIIpOBOAHON apMaTyphl U IPYTUX TUIOBBIX JIEMEHTOB MAIlINH.

00630p snemenToB «Ilo TpaeckTopum», «BeIipe3aTs 10 TPaeKTOPUN», 3aJaHUE YCIOBUN
CTyneHTH TOIDKHBI OCBOMTH TEXHOJIOTUH CO3/IaHMS CIIOXKHBIX MIPOCTPAHCTBEHHBIX (DOPM C ITIOMOIIBIO
orepanuii BbIJABINBAHNS U BBIPE3aHUS 110 TPACKTOPUH, HAYUUTHCS YIPABIATh TapaMeTPaMu 3TUX
oIepaiui ¢ UCTIOJIb30BaHUEM YCIOBUM U 3aBUCHMOCTEH.

ITo uroram BeIMOJIHEHHS J1AOOPATOPHOI PabOTHI CTYJCHTHI M3y4aT TEXHOJIOTHH JJIsl TPOSKTUPOBAHUSI
TpyOONPOBOIOB, TUTEHHBIX (HOPM, AN3AHHEPCKUX DJIEMEHTOB U JIPYTUX CJIO0XKHBIX MPOCTPAHCTBEHHBIX
KOHCTPYKLIHH.

Br16op matepuana monenu u3 0ubnnoreku « MaTepuaibl 1 COPTAMEHTHD)

CTyIeHTH IOJDKHBI OCBOMTH METOAMKY BBIOOpa M Ha3HAYECHUs MaTepuanoB i 3D-mozenel, n3yduTsb
BO3MOXKHOCTH Onbnrorekn matepraioB KOMITAC-3D n npuHIHUITEL pabOThI ¢ COPTAMEHTAMH.

ITo mroram BeIMOIHEHHS JIAOOPATOPHOI PabOTHI CTYJICHTHI ITOyYaT HaBBIKH JUISL CO3JJaHUS] KOPPEKTHBIX
pacyeTHBIX Mojieneil, Moa0opa aHaIoroB ¥ ONTUMU3AIMY KOHCTPYKIMH 110 KPUTEPHUIO "Macca-poYHOCTh".

Mertoap! npoektupoBanus coopok B KOMITAC-3D

CTyIeHTbI TOJDKHBI OCBOMTH METOIBI CO3JIAHMS M YTIPaBJIeHHs: cOOpKaMu, BKIFouasi JoOaBIeHUEe
KOMIIOHEHTOB, TPUMEHEHHE COIPSLKEHUI U aHAIN3 cOOMPAaeMOCTH KOHCTPYKLIUH.

[To nToram BEITIONHEHUS Ta00PATOPHON PabOTH CTYICHTHI MPUOOPETYT HABBIKA PaOOTHI CO COOpKAaMU ISt
MPOEKTUPOBAHMS MEXaHU3MOB, IIPHOOPOB M CIIOKHBIX W3ACIHI, oOecriednBas KOPPEKTHYIO padboTy
KOHCTPYKIUH U BO3MOXHOCTb I1OC/IEAYIOIEr0 KHHEMAaTHYeCKOTO aHaIN3a.

OO6mme cBeneHus o OnommoTeke « CTaHIapTHBIC U3IEITHS

CTyIeHTbI TOJKHBI U3YYUTh CTPYKTYPY U (PYHKIIMOHAT OMONIMOTEKH CTAHIAPTHBIX U3JICITUI, HAYYUTHCS
1oJ0UpaTh U BCTABIATh CTaHJIAPTHBIE KPENEKHbBIE AJIeMEHThI (O0JTHI, TaliKy, Mai0bl 1 Ap.), a TaKKe
HACTPauBaTh UX MapaMeTPhbl B COOTBETCTBUHU C TPEOOBAHHUSIMH YEPTEKA.

[To nToram BeIOTHEHHS Ta00OPATOPHOM PabOTH CTYIACHTHI MPUOOPETYT: 3HAHUE COCTaBa U
Kiaccu(pUKaMy CTaHIAPTHBIX U3JeHii B OMONINOTeKe, YMEHNE HAXOIUTh U BCTABJISATh CTAaHJAPTHBIC
KpenéKHbIE AIIEMEHTBI B COOPKY, HABBIKM HACTPOWKHU MapaMeTpoOB CTAaHJAPTHBIX JeTaleil (pasmep,
MaTepual, UCIIOJIHEHHUE ), OIBIT PA0OThI C TAOIMIIAMH CTAHIAPTOB M HOPMATHBHOW JIOKYMEHTALIUCH.

10

[IpoektupoBanue netaneit TUMna "Baia" UCHOIB3Ys BCTPOCHHBIE OMOIHMOTEKH

CTyneHTbI TOHKHBI OCBOUTH TEXHOJIOTHIO MPOSKTUPOBAHMS THITOBBIX JIETAJICH BpaleHHs (BaJIOB) C
HpI/lMeHeHl/IeM CTaH[lapTI/BI/lpOBaHH])IX DJICMCHTOB U3 6H6HMOT€K KOMIIOHCHTOB.

ITo uToram BEIMOJIHEHHS Ta00PATOPHOM PAOOTHI CTYIACHTHI OCBOSIT MaPaAMETPUICCKOE MOICTTUPOBAHHUE
BaJIOB, MPUMEHEHHE CTAaHAAPTHBIX 3JIEMEHTOB U3 OMOJIMOTEK, ONTUMH3AIUIO TIPOIECCca MPOSKTUPOBAHUS
TUNOBBIX JIETAJIEH.




n/n

HanmenoBanwue 1abopaTopHBIX paboT / KpaTKoe CoJepKaHue

11

[IpoexTupoBaHue aeraneld 3y04aTon nmepeaavn UCIoab3ysk BCTPOCHHBIC OMOIHMOTEKHI
CTyneHTHI TOHKHBI OCBOUTH METOUKY MIPOSKTHPOBAHNUS 3yOUaTHIX repenad (MMIHHIPUICCKUX,
KOHHYCCKHUX, IICI)BSI‘IHI:IX) C IPUMCHCHUEM CTAHAAPTU3NUPOBAHHBIX pCLHCHI/II;‘I 13 OMOIMOTEK KOMIIOHEHTOB.
I1o uToram BBIIOIHEHUS na60paTopH0171 pa60T},1 CTYACHTLBI OCBOAT CO3JaHUEC MapaMETPUICCKUX Moaeneﬁ
3y6anr,1x KoOJIeC, (bOpMI/IpOBaHI/Ie KOPPEKTHBIX 3y6‘laTI>IX 3auenneHnﬁ, HCIIOJIB30BAHNEC CTAaHAAPTHBIX
peLIeHUH U1 yCKOPEHUS IPOEKTUPOBAHHUS.

12

[TapameTpudeckoe MOICTHPOBAHHE

CTyneHTHI IOIKHBI OCBOUTH IIPHHIUITEI TAPAMETPUUECKOTO ITPOSKTUPOBAHUS U1 CO3/IaHMs a/lallTUBHBIX
3D-Mozerneii ¢ ynpaBisieMbIMH XapaKTEPUCTHKAMH.

I[To uroram BeIMOTHEHHS JJAOOPATOPHOI pabOTHI CTYIEHTHI HAY9aTCsl CO3aBaTh YHUBEPCATbHbBIE MOIEIH C
M3MEHSEMOI reoMeTprei, aBTOMaTH3UPOBATh MPOIECC MOAM(UKAIIMN KOHCTPYKIINH, ONTHMHU3HPOBATh
JIETaJIN TIOJ Pa3JINYHBIE YCIOBHUS SKCIUTyaTalliH, COKPAIIATh BPeMsI Ha MPOEKTHPOBAHNE THITOBBIX M3JIEITUH

13

Pabota ¢ APM FEMM, npoBeneHne MpoYHOCTHOTO pacueTa JeTaau

CTyneHTH! T0JKHBI OCBOUTH METOIbI KOHEUHO-31eMeHTHoro aHanu3a (KOA) B mporpamme APM FEM
(unmu ananornyHoit CAE-cucteme) At OIIEHKH MTPOYHOCTH, KECTKOCTH U YCTOHYHMBOCTH JeTasei oA
Harpy3KoHu.

ITo uroram BeITIOTHEHHS JJAOOPATOPHOIT pabOTHI CTYIECHTHI H3y4aT MPOBEPKY HAAEKHOCTH KOHCTPYKIUH [0
W3TOTOBJICHHS, ONITUMHU3UPOBATH TEOMETPHIO IETAH, IPEAYIPEKIATh BO3ZMOKHBIE Pa3pyLICHUS 1
nedopManny, COKpaaTh 3aTpaThl HA HCIBITAaHUS (PU3MYECKUX IPOTOTHUIIOB.

14

HpOBe,I[eHI/Ie TOIIOJIOTHYECKOM OIITUMH3allNH1

CTyneHTs! 1OJIKHBI OCBOUTH METO/Ibl aBTOMaTU3UPOBAHHOTO YIYUIIEHHUs] KOHCTPYKIUHU IE€TalIU C yUEeTOM
3aJlaHHBIX Harpy30K, yCIOBUH pabOThI M OrpaHUueHUH (Macca, IPOYHOCTh, KECTKOCTBD).

ITo uroram BeIMOJIHEHHS JIAOOPATOPHOI PabOTHI CTYICHTHI HAY4aTCsl IPOBOAUTH TOMOJIOTHUECKYIO
ontumuzanuio B CAD/CAE-cuctemax, aHamiM3upoBaTh U JOpadaThiBaTh MONTYyYSHHbIE KOHCTPYKIIHH,
MPUMEHSTh ONTUMU3UPOBAaHHbBIE (JOPMBI B aIIUTHBHOM IPOU3BOJICTBE, OPOPMIISATH OTYETHI C
000CHOBaHNEM U3MEHEHHH.

15

Odopmienue uepTexeit

CTyneHTs! TOJKHBI HAyYUThCS CO3/1aBaTh CTAHJApPTU3UPOBAHHBIE YEPTEKU JI€TANCH B COOTBETCTBUH C
I'OCT, Bxi1rO4ast BUMIBL, pa3pe3bl, pa3Mephl U TEXHUYECKUE TPEOOBaHUSL.

ITo uToraM BBIIOTHEHHS 1A0OPATOPHOU pabOTHI CTYICHTHI U3ydaT CO3[aHue PabouuX YepTexkel feTaneil B
KOMITAC-3D, npumenenue I'OCTos u ECKJI, uteHue u penakTupoBaHue CTOPOHHUX YEPTEKEH,
MOJTOTOBKY JIOKYMEHTALIUH AJIsl PEalbHOIO IPOU3BOJICTB.

16

Odopmiienre cOOPOUHBIX YepTeKeH

CTyneHTsl TOIDKHBI HAydUThes co3naBaTh coopounsie yepTexu (Ch) B coorBercteun ¢ 'OCT, Brirodas
n300pakeHne y3Ia, CIeUUKAINo, HOMepa ITO3UINH U TEXHHYECKIE TPeOOBaHUS.

ITo nroram BeIMOIHEHHMS JIAOOPATOPHOI pabOTHI CTYAEHTHI H3ydaT oopMIIeHne COOPOUHBIX YepTesKer
(CB), 0b03HaueHNS B3aUMOJICHCTBHS IeTajIel, COCTaBICHUE CIICIU(PHUKAIIH.

17

Knaccudukanus aaiuTHBHBIX TEXHOJIOTHIA

CTy)leHTbI JOJKHBI U3YyYUTh OCHOBHBIC BHU/IbI 3D'H6‘IaTl/I, UX IPUHIUIIBI, MaTEpUaIbl U O6J'laCTl/I
MIPUMEHEHHSI.

[To nToram BEIIOHEHHS 1a00PAaTOPHOM PaOOTHI CTYICHTHI H3ydaT KJIACCU(DUKALINIO aIIUTHBHBIX
TexHosioruu B cooTBeTcTBUH ¢ ['OCT, HayuaTcst BEIOMPATh ONTHMAaIBHBIN METO Il KOHKPETHOH 3a/1a4H,
CHIDKATh ce0eCTOMMOCTD IPOTOTHITMPOBAHMS, MCIIONB30BATh MIPEUMYIIECTBA KAXKIOTO METO/Ia (TOYHOCTH,
CKOpPOCTB, IIPOYHOCTB).

18

Kunemaruka npuntepoB. O630p 1 aHANIN3

CTyneHTHI TOJKHBI H3YYHUTh THITBI KHHEMATHIeCKUX cXeM 3D-TIpUHTEPOB U UX BIUSHUC HA TOYHOCTH
Meyvary.

[To uroram BeINOJIHEHHS JIAOOPATOPHOIT PabOTHI CTYJEHTHI U3yUaT IUIIOCH/MUHYCBI Pa3HBIX CHCTEM
KrHeMaTHK 3D-prHTEpOB, MPUOOPETYT HABBIKK JUATHOCTHKH MEXAHUYECKHUX MPOOJIEeM, THArHOCTHKH
pobiieM revaru (Bubparuu, o Thl), BRIOMPATh MPUHTEP IO KOHKPETHBIC TPSCOOBAHHS.
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19

®dakTopsl, Bausgtone Ha FDM 3D nedats

CTyneHTsl TOHKHBI H3YYHTh KITIOUEBBIE TTApaMEeTpEI, ompenensonue kadecteo FDM-nieuatn, u ux
B3aUMOCBS3b.

HO HUTOIr'aM BBIIIOJIHCHUSA na60paTopHof/'1 pa60T},1 CTYACHTLI HAy4aTCd ONTUMHU3HUPOBATH Ka4Y€CTBO I/I3I[€J'H/II>1,
CHUXKATb MPOLCHT 6pa}<a, BI)I6I/IpaTL OINTUMAJIbHBIC PEIKUMbI II€YaTH, HABBIKU JUATHOCTUKU I[e(l)eKTOB
rcyaru, yMeHI/Ie noz[61/1paT1) napaMeTpLI o1 KOHKpCTHyIO MOJCJIb, IOHNMaHUC HpI/I‘II/IHHO-CHe}ICTBeHHBIX
CBsI3€H B mpolecce neyaTu.

20

[Tycko-nananounsie padotsl FDM 3D npunaTepoB

CTyneHTsl TOIHKHBI OCBOUTH MTPOIEAYPHI TOATOTOBKH IpUHTEPa K paboTe 1 6a30BOT0 00CTYKIUBAHMS.

ITo uTOraM BBITIOTHEHHS 1a00PATOPHOI pabOTHI CTYICHTHI IPHUYOEpyT YMEHHUE CAMOCTOSTENILHO TOTOBUTh
NPUHTEP K paboTe, HaBBIKK 0A30BOT0 PEMOHTA U 00CITY)KUBaHHS, IOHMMaHUE IPUHIMIOB paboTel FDM-
000pymoBaHMUS.

21

Jloruka monenuposanus npu FDM 3D neuatu

CTyJeHTbl JOJDKHBI U3YYUTh PUHITUIIB IPOEKTUPOBAHUS MOjieNiel ¢ yueToM ocobenHoctelr FDM-
TEXHOJIOTHH.

[To uroram BeINOIHEHHS JIAOOPATOPHOIT PabOTHI CTYJCHTHI U3ydYaT ONTHMAJIbLHBIE METOIUKH
MIPOEKTUPOBAHUS MOEIIEH IS TIeYaTH, MEHUMHU3UPYIOIIKE HCIIOIB30BaHNE TIOAIEPIKEK, COXPAHSIOLIIE
(YHKIIMOHATHHOCTD.

22

Craiicepsl U MOAroToBKa Moaeneit Ha 3D nevyatsb

CTy,HeHTBI JOJIKHBI OCBOUTD IIPOIIECC HpeO6p330BaHI/I$[ 3D'MOZ[€J'I€I7[ B G'KOZ[ C UCIIOJIb30BAHUEM
CHaﬁC@pOB " ONITUMU3UPOBATH MApaMETPHI IICYATH.

I[To uroram BeIMOHEHHS J1AOOPATOPHOIT PabOTHI CTYJCHTHI H3ydYaT padoTy C MOMYJISPHBIMH Cllaiicepam,
YMEHHUE BbIOMPATh ONTUMAJIbHBIC TAPAMETPHI MI€YaTH, CIIOCOOHOCTh aHATU3UPOBATh U KOPPEKTUpoBaTh G-
KoOna.

23

Marepuansl, npumensieMslie npu FDM 3D neuatu

CTyneHTHl TOIDKHBI H3YYHUTh CBOHCTBA M OCOOCHHOCTH Pa3IMUHBIX MaTePHAIIOB, HCHIONB3yeMbIX B FDM-
reyary.

ITo mroram BeIMOIHEHHS 1Ta0OPATOPHOI PabOTHI CTYICHTHI HAy4aTcsl MOJ0NPaTh ONTHMAIIBHBII MaTepral
JUIS KOHKPETHBIX 3a/1a4, o0ecreunBacT IIOHNMaHNe OTpaHMYCHUH 1 BOZMOXKHOCTEH MaTepralioB, CHIDKAeT
PUCK Heyzad IIPU MeYaTH.

24

IToctobpaboTka netaneit, noayuyeHHsIx npu FDM 3D neuarun

CTyIeHTHI IOJDKHBI OCBOMTH METOIbI (PUHHIITHOM 00pabOTKM HalleyaTaHHBIX JeTalei ISl yIydlleHus uX
CBOICTB M BHEIIHErO BUA.

[To nToram BEITIOTHEHHS 1a00PATOPHON PaOOTHI CTYACHTHI U3ydaT METOIUKH MPO(ECCHOHATBHOMN
mocToOpabOTKY IeTael, yMeHHE BRIOMPATh ONITUMANIBHBIN METOT 111 KOHKPETHOTO MaTepHara,
CIIOCOOHOCTH yiay4duaTtb (byHKIII/IOHaHI)HLIe " JCKOPATHBHBIC CBOIiCTBa I/I3,HGJ'II/II>1.

25

PacnipocTpanennsie nedekThl aeTanei, moaydeHHubix npu FDM 3D nevaTtu

CTy)IeHTI)I JOJKHBI HAYYUTHCA I/IZ[CHTI/I(bI/IHI/IpOBaTL, AHAJIU3UPOBATL U YCTPAHATH TUITMYHBIC )Ie(l)eKTLI
FDM-neuatn.

[To nToram BhIOTHEHHS 1a00PATOPHON PAOOTHI CTYACHTHI H3ydaT aITOPUTMEI YCTPAHEHUS IPOOIIEM,
METOJIbI MPOPMIAKTHKH 1e(heKTOB, CHIDKEHHE TIPOIIeHTa Opaka Mpu TedaTH, ONTUMHU3AIUS BPEMEHH 1
PECYPCOB, MOBBINICHUE Ka4€CTBA T'OTOBBIX HSHCHHﬁ.

26

Marepuans! potonomumepHoit 3D meuaTn

CTy,HeHTBI JAOJIKHBI U3YYUTH CBOICTBA U 00JIACTH MPUMCHCHUSA (bOTOHOHHMepHLIX CMOIJI.

ITo uroram BeIMOIHEHHMS JTAOOPATOPHOI PabOTHI CTYIAEHTHI HAy4aTCsi BRIOMPaTh ONTUMAaJIbHBIA MaTepra
JJIs1 KOHKPETHBIX 3a/ia4, IpEAYIIPCIKACHUC OIIHO0K Ipu 1ne4arTu, obecrnieueHne 0€30IaCHOCTH pa60TBI.

27

[Tycko-HananouHble pabOThl M TEXHUYECKOE 00CTyKUBaHHE (POTOTIOIMMEPHOTO
IIpUHTEpPA
CTyeHTbI I0JDKHBI OCBOMTH MPOLEyPbl KamnOpoBku 1 o6cayxuBanus SLA/DLP/LCD-npuHTepOB.
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[To nToram BEITIOTHEHHS Ta00OPATOPHON PabOTHICTYICHTHI N3y4aT HaBBIKM TOUHOW KaTHOPOBKH,
TEXHOJIOTHSI 3aMEHbI PACXOIHMKOB, METO/IbI AMATHOCTHKH HENCIIPABHOCTEH.

28

Texnuka 0e30macHOCTH MpHU padboTe ¢ GOTOMOIUMEPHBIMUA IPUHTEPAMH.

CTyneHTbI TOJKHBI H3YYHTh TPaBUIIa 0€30aCHON PaOOTHI ¢ POTOMOTUMEPHBIMHE CMOJIAMHE U
000pyI0OBaHUEM, MUHIMHU3HPOBATH PUCKH IS 3I0POBbS U OKPYKAFOIICH CPEIbI.

ITo uToram BBIMOJIHEHHS J1a00OPATOPHOH PabOTHI CTYACHTHI H3ydaT SHAHUE HOPMATHBHBIX JOKYMEHTOB
(I'OCT 12.3.030-83), HaBbIKH O€30IIaCHOM PabOTHI HA BCEX JTAlax MMeYaTH, alTOPUTMBI ISHCTBUIN PU
aBAPUIHBIX CUTYAaIUSIX.

29

[TocToOpaboTka aeraneid, HOJy4eHHBIX P (POTOMOJIMMEPHON TIeYaTH

CTyneHTHl TOHKHBI OCBOUTH TeXHOJIOTHH (prHuIIHON 00padoTku SLA/DLP/LCD-neraneii ans
JIOCTHXKEHUSI TPEOYyEeMBbIX CBOMCTB.

[To uToram BEIMOJIHEHHS 1a00PATOPHOM PadOTHI CTYACHTHI U3ydaT [loBefeHUe NeTaleil 10 TOBapHOTO
BHJIA, YIYUIICHIEC MEXaHUIECCKUX XapaKTEPUCTHK, TOJArOTOBKA K IIOKPACKE WU TajbBaHUKE.

30

Pabota co cnaiicepamu a7t POTOMOTUMEPHBIX IPUHTEPOB (MHTEP(EiiC, HACTPOUKH)
CTyneHThl TOJDKHBI HAyYUThCs TOTOBUTH 3D-Momenu k neyaTs ¢ yuetom ocodennocteit SLA/DLP/LCD-
TEXHOJIOTUH.

[To nToram BEIIOTHEHHS Ta0OPATOPHOM PaOOTH CTYICHTH M3yUaT MOMYISIPHBIE CIaiicephl s
(OTOONMMEPHOM TIeYaTH, HAy9aTcs TOAOUPATh HACTPOUKY I MUHAMHU3AIIUH OpaKa MpH TIeYaTH,
ONTUMU3AINSI PacXojia MaTepHATIOB, 00ECIICYCHIE TOYHOCTH Pa3MEPOB, YMCHUE aHATH3UPOBATh 1
KOppeKTHpoBaTh G-KOJ, ONTUMH3ALNS BPpEMEHI/KauecTBa MeUaTH.

31

Oco6ennoctu 3D neyat Ha POTOMOTUMEPHBIX IPUHTEPAX

CTymeHTBI OIDKHBI H3yYUTh TeXHOIOTHUecKhe HroaHcsl SLA/DLP/LCD-neyaru, oTianvaronme eé ot
JNPYTUX aJJUTABHBIX METOJOB.

[To uroram BeIMOJIHEHHS JTAOOPATOPHOIT PabOTHI CTYJICHTHI M3yUaT TEXHOJIOTHH JIJIsl TOYHBIX JieTalei,
ONTUMU3AIIH IPOM3BOJICTBEHHOTO TIpoIlecca, MOHNMaHNe (HPU3NKO-XUMHIYECKIX OCHOB IIpOIIecca, HaBBIKI
amarrrarn Mogeneit mox SLA/DLP/LCD, ymeHune BEIOMpATh ONITUMAIBHBIE PEKUMBI TICUATH.

32

dakTopbl, BAUSAIOMINE HA TOYHOCTD (hoTononumepHoit 3D meuatn

CTyaeHTHI IOJDKHBI BBISIBIAT M HAYYHTHCS KOHTPOJIMPOBATH [IAPaMETPBI, BIHSOLIIE HA FeOMETPUUYECKYIO
TOYHOCT.

ITo uTOram BBIMOIHEHHS JTaGOPaTOPHOI pabOTHI CTYICHTHI H3y4YaT OCHOBBI JUArHOCTHKH MIPHYNH
HETOYHOCTEH, METOJTUKH KaTMOPOBKH 000pYJOBaHHMS, TPUEMBI ITPOCKTUPOBAHUS C YUETOM yCaIKH,
KaTHOpOBKa MO TECTOBBIM 00pa3iiaM, TepMocTabunn3anus pabodeil 30HbI, UCTIOIB30BaHHE
KOMIICHCAITHOHHBIX KO3()PHUIIUCHTOR.

33

O603HaueHus rpapuuecKre MaTepraioB U MpaBuiia UX HAHECEHUS Ha YepTekax
CTyneHTHl TOHKHBI OCBOUTH CTAaHIAPTU3UPOBAHHBIC CITOCOOK YKa3aHHs MATCPHAIIOB HA YepTEKaX.

[To uToram BEIMOHEHHS 1a00PaTOPHON PaOOTHI CTYACHTHI U3ydaT YTCHUE U CO3IaHNe 0003HAYCHHUH 110
I'OCT, naBeiku pabotel B CAD-cuctemax (ciou, ONOTHMOTEKH), TOHMMAHHE TEXHOJIOTHICCKOH JTOTHKH
0003HaYEHHH.

34

Buapl 1 KOMIIIEKTHOCTh KOHCTPYKTOPCKHUX JJOKYMEHTOB.

CTyneHTsl TOJHKHBI H3YYUTh CHCTEMY KOHCTPYKTOpCKo# nokyMmeHTanuu coriaacHo ECK//TI'OCT, Bxirogast
COCTaB U Ha3HAYEHHE PA3INYHBIX BUAOB JOKYMEHTOB.

ITo uToram BBITIOJTHEHHS 1a00PATOPHOM pabOTHI CTYIEHTHI HAydaTcsi 00eCIIEYEeHHIO MTOTHOTHI TPOSKTHON
JOKYMEHTALIH, COOTBETCTBYIOIIME TPEOOBAHHSM IIPOU3BOACTBA, YHU(PHKALNH U CTaHIAPTU3ALNH
paspadoTku, ymeHHo hopMupoBath nosHbIi komrutekT KJI, HaBbiku padotst ¢ 'OCT 2.102-2013,
MIOHUMaHHEe HePapXUH JOKYMEHTOB.

35

KBanurersl, JIOITYCKM M IIOCAJKH.

CTyneHTbl TOJKHBI OCBOUTH CUCTEMY JIOIYCKOB U MOCAIOK ISl 00SCIICUCHUST B3aUMO3aMEHAEMOCTH
JeTanei.

[To nToram BEIIOIHEHHS 1a00PATOPHOM PaOOTHI CTYICHTHI M3ydYaT pacyeT JOIMyCKOB U IMOCA 0K,
MpUOOPETYT HABBIKH BEIOOpA KBAIMTETOB TOYHOCTH, ONITUMH3AIINIO BEIOOPA TEXHOIOTUIECKHUX MPOIECCOB,
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HaBBIKH BbIOOpa normyckoB mo 'OCT 25346-2013, ymenue pacimmdpoBeIBaTh 0003HaAUSHHS MOCATIOK,
NOHMMaH¥e IIPUHLUIIOB B3aMMO3aMEHIEMOCTH.

36

Pepepc-nrxuHupuHr. OCHOBHBIE HHCTPYMEHTBI

CTyneHTHI TOKHBI U3YYHUTh METOJIBI 1 HHCTPYMEHTBI JIJIs1 0OPATHOTO MPOSKTUPOBAHMUS CYIIECTBYFOIUX
HU3JICITUH.

[To uroram BeINOJIHEHHS J1AOOPATOPHOI PabOTHI CTYICHTHI TPHOOPETYT HABBIKK BOCCTAHOBIICHUS
YTpaueHHOW TOKYMEHTALMH, MOICPHU3AIINY YCTAPEBILEro 000pyI0BaHUs, aHAIN3a KOHKYPEHTHOM
npoxaykiun, Biaagerue [10 mis o6paboTku obaka TO4eK, METOAUKH CO3IAaHHS MTapaMeTPUIECKUX
MOJIENEN.

37

OcHoBbI pa0boThI ¢ 3D ckaHupoBaHUEM (TIPUHITUT JICHCTBUS, BUIbI, 0COOCHHOCTH)
CTyneHTH TOIDKHBI H3YYUTh IPUHIUIIEI paO0THI, BUIBI M 0cOOeHHOCTH 3D-cKaHMpOBaHUS 1Sl O POBKH
¢du3HyecKnX 0OBEKTOB.

[To mroram BeIMOHEHHS J1A00PATOPHOI PabOTHI CTYJEHTHI H3y4aT KOHTPOJIb Ka4eCTBA U3TOTOBIICHHBIX
neranei, coznanue CAD-Mo/eneli o peajibHbIM 00beKTaM, IOHUMaHKHe TIPUHIUIIOB paboThl 3D-craHepos,
HaBbIKH BI)I60pa METOAa CKaHMPOBAaHUA I10J 3a/la4y, YMECHHUEC MMOATr0TaBJIMBATH OGT)CKTI)I JJIs OI_II/I(prBKI/I.

38

O6paboTka ckaHUPOBAHHBIX AeTanel u noydenue CAD monenn

CTyneHTHI TOJHKHBI OCBOUTH MpoIiece peoOpa3oBaHus TaHHBIX 3D-CcKaHUPOBAaHNUS B MapaMeTPUIECKYIO
CAD-Monens.

[To uToram BEIIONHEHMS 1a00PATOPHON PaOOTHI CTYICHTHI H3ydaT KOPPEKTHPOBKY T€OMETPHH IS
MIPOU3BOJICTBA, CO3/IaHUE MU(PPOBBIX TBOMHUKOB, IPHOOPETYT HABBIKH 00Pa0OTKH 00JIaka TOYEK, CO3/IaHIe
napaMeTpuICCKUX MOZ[eﬂeﬁ 0 CKaHaM, 1 Hay4aTcCAa BepI/I(I)I/IHI/IPOBaTL TOYHOCTb PEKOHCTPYKIIUU.

39

OCHOBBI PabOTHI ¢ MEKPOKOHTpOsiepoM Arduino (oCHOBHBIE (PYHKITHH, OTIEPATOPHI,

CUHTAKCHC)

CTyneHTHI TOHKHBI OCBOUTH 0a30BBIE MPUHIUIIB IPOTPAMMHUPOBAHHS MUKPOKOHTPOJUIEPOB Ha TIATGOpMe
Arduino.

[To nToram BEITIOTHEHHS Ta00OPATOPHOH PaOOTH CTYICHTH HU3ydaT MPOTOTUIHPOBAHUE FIEKTPOHHBIX
YCTpOﬁCTB, ABTOMATU3ALIO IPOCTBIX MPOLECCCOB, HAIMCAHUC IPOCTBIX MMPOTPpaMM I Arduino,
IIOAKIIFOYCHUE U HaCTpOﬁKa JaT4YUKOB, IOHKMMaHHUEC OCHOB MHKpOHpOHGCCOpHOﬁ TEXHHUKU.

40

Pabota ¢ 6a30BbIMU HaTYMKaMU (MIOTEHIIMOMETP, TEpONapa, IHKoIep, (hoTopesuctop,
UK-naTuuk, ¥Y3-1aT4uuK)

CTyIeHTHI TOJOKHBI OCBOMTH METOIBI ITOKITIOYEHHUS U IIPOrPAMMHUPOBAHMS KIIFOYEBBIX THIIOB JaTYHKOB
JUIs cOOpa JaHHBIX M YIIPABJIEHHUS CUCTEMAMH.

ITo uToram BBITIOITHEHHS Ta00OPATOPHOM pabOTHI CTYICHTHI H3YYaT CO3aHUe CHCTEM MOHHUTOPHUHTA
apaMeTpoB Cpeibl, pa3paboTKy aBTOMAaTH3UPOBAHHEIX YCTPOWCTB, OCHOBHI TSt [0 T-TIPOEKTOB, HABBIKH
KaITHOPOBKHY ATYNKOB, yMEHHE 00pabaThIBATH PA3IMIHBIC THITHI CHTHAIOB, CO3AHUE TIPOCTBIX CHCTEM C
00paTHOM CBA3EIO.

41

AmHanorossle BBOABI U BBIBOABI B Arduino, ESP32, Rasberry Pi

CTyAeHTBI TOMKHBI H3y4UTh PabOTy C aHATOTOBBIMU CHTHATAMH Ha MOMYJISPHBIX IIaTGOopMax.
[To uroram BeINOIHEHHS JIAOOPATOPHOI PabOTHI CTYJCHTHI H3yUYaT NPOrpaMMHUpPOBaHUE 00pabOTKU
curHanoB, noakiouenne sHemrHuX ALIT mas Raspberry Pi.

42

[udpossie BBoabI 1 BHIBOIBI B Arduino, ESP32, Rasberry Pi

CTyneHTH IOIDKHBI H3YYUTh IPUHIUITEI pa00TH! IN(POBEIX HHTEP(EHCOB MOy IIPHBIX
MHUKPOKOHTPOJUIEPHBIX MIIAT(HOPM, OCBOSIT METObI ITOJKIIOUCHNUS U YIIPABICHHUS BHEITHUMH
YCTPOUCTBaMH.

ITo uroram BeIMOIHEHHS J1AOOPATOPHOI PabOTHI CTYJEHTHI 0CBOSIT HacTpoiiky GPIO uepes peructpsl n
BBICOKOYPOBHEBBIE OMOIMOTEKH, PadOTy C pa3aIMYHbIMU npoTokoiamu (1-Wire, PWM, smyusinus
MIPOTOKOJIOB), 0OCOOEHHOCTH MYJIbTHIICKCHPOBaHUs BbIBOIOB HA ESP32, peanuzaiuu 00padboTku
NpepbIBaHUN C Pa3IMYHBIMU TPUTTEPaMH, CO31aHus UHTEp(EHCOB yrpaBiIeHus s nepudeprn, OTIaIKN
mpo6JIeM ¢ YPOBHSAMH HAIIPSDKCHUH M HAarPy309HOH CITIOCOOHOCTHIO.
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N3yuenune paboThI CEpBOMPHUBOIOB

CTyZAeHTBI IOJDKHBI CTYACHTHI IOJDKHBI M3YYHUTh MIPUHLIUI pabOTHI CEPBONPHBOJIOB, X KOHCTPYKTHBHbIE
0COOCHHOCTH, OCHOBHBIEC XapaKTEPUCTHKU M CIIOCOOBI yIpaBieHus. B X0/ BBITOTHEHHS 3aaHHs
HEOOX0ANMO cOOpaTh CXEMY C CEPBOIPHUBOJIOM, 3alIPOTPAMMHUPOBATh €TI0 Ha BBHITIOIIHEHNE 3aJaHHBIX
JIEMCTBUH ¥ POAHATU3HPOBATH PA0OTY CUCTEMBI.

ITo uToram BHIMOJHEHHS J1a00PATOPHOM PabOTHI CTYACHTHI IPUOOPETYT: IOHUMAHUE YCTPOWCTBA U
MIPUHIUIA JEUCTBUS CEPBOIIPUBOIOB, 3HAHUE OCHOBHBIX ITapaMeTPOB CEPBOIIPUBOIOB (MOMEHT, CKOPOCTb,
yToJ noBopoTa, TOUYHOCTH HO3I/II_H/IOHI/IpOBaHI/I$[), HaBBIKH IMMOJAKIIOYCHHA CEPBOIIPUBO/JIA K
MHUKpOoKoHTposuiepy (Arduino, Raspberry Pi i 1p.), yMeHue mporpaMMHpPOBaTh CEPBOIIPUBO IS
BBITIOJIHEHHS Pa3JINYHbIX PEKUMOB paboTHI (HO3ULHMOHUPOBAHKE, INIABHOE BIKEHHE, YIIPABIICHHE 10
CHTHAITY), OIIBIT OTJIAIKK ¥ TECTHPOBAHHS CEPBONPHUBOIHBIX CHCTEM, IOHUMaHHE 00IacTeii IPUMEHEHUS
CEPBOIPHBOJIOB B POOOTOTEXHUKE, ABTOMATHKE M MEXaTPOHHBIX CHCTEMaX.

44

Ilepenaya nanueix no SPI mune u 12C

CTyAeHTBI OMKHBI H3yYHUTh MPOTOKOJIBI MEXMHUKPOCXEMHOI CBSI3H TS paboThI ¢ mepudepUitHbIMU
YCTpOICTBaMH.

[To uToram BBIMOJIHEHHS J1a00PATOPHOM PabOTHI CTYACHTHI IPUOOPETYT HABBIKU PabOTHI C OCIHLTOrpadom
JUTSL aHAJIA3a CHTHAJIOB, ONITHMH3AIIHS CKOPOCTH Mepelaul JaHHBIX, OTIajIKa POOIIeM C IIHHAMH.
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AIIT u LHAII B Arduino, ESP32, Rasberry Pi

CTyneHTHI TOIDKHBI H3yYUTh IPUHIUIET aHanoro-mudposoro (ALIT) u mudpo-ananorosoro (LIAIT)
peoOpa3oBaHus Ha NOMYJISIPHBIX MUKPOKOHTPOJUIEPHBIX IIIaTGOpMax.

ITo uroram BeITIOTHEHHS J1AOOPATOPHOI PabOTHI CTYJCHTHI H3ydaT

npuHOUIB! aHanoro-uugposoro (ALIT) u mudpo-ananorosoro (LJAIT) npeoOpazoBanust Ha MOMTYJISIPHBIX
MHUKPOKOHTPOJUIEPHBIX IU1aThopMax. 3aganue GopMHUPYeET KITIOUYEBbIE HABBIKH /151 pabOThI C aHAIOTOBOM
3JIEKTPOHHUKOM, HEOOXOJMMBIMH B poboTOTexHHKE, [0T 1 aBTOMaTH3amKu, HaBbIKK padoTel ¢ ALITT/ITATT
Ha pa3HbIX UIaTGopMax, yMeHHe GUIbTPOBATh U 00pabaThIBaTh aHAIOTOBBIE CUT'HAIIBI, TIOIKJIIOUSHNE
BHEITHUX MOJyJICH JUIsl TIOBBIIIEHHSI TOYHOCTH, TPUMEHEHHE B PEajbHBIX MPOEKTaX (JaT4HKH,
yIpaBJCHUE).

46

B3anmoaeiicTBrie MUKPOKOHTPOJIBHOM U MUKPOIIPOIIECCOPHOM TexHUKH. [lepenaya

naaablx mo UART

CTyIeHTHI I0JDKHBI OCBOMTH TIPHHIIHITBI TIOCIIEIOBATENLHOM CBSI3U MEXIY MUKPOKOHTPOJIIEpAMHU 1
nepudepuiiHpIME ycTpolicTBamu yepes nnrepgeiic UART.

ITo uroram BeIMOIHEHHS J1AOOPATOPHOI PabOTHI CTYICHTHI H3yYaT OPraHU3aIii0 0OOMEHa JaHHBIMH MEXKITy
YCTpOHCTBaMU, MOAKIIOUeHUE AaTYuKoB U Moayiei (GPS, GSM), otnanka nporpamm uepe3
MOCJIEI0BaTENbHBII MOPT, 00padOTKa MpephIBAHMIA TIPH MTPUEME JIaHHBIX, PELICHHE PodeM ¢
CUHXPOHHU3ALUE.

47

VYnpasnenue miaroir ESP32 uepes Muateprer

CryneHTsl 10JDKHBI HayuuTbesd nogknouats ESP32 x ceru IHTepHET U ynpaBisaTh UM yJAJIEHHO.

I[To uroram BeIMOTHEHHMS J1AOOPATOPHOIT pabOTHI CTYIECHTHI H3y4daT OCHOBHI paboTel ¢ Wi-Fi na ESP32,
co3/1aHue BeO-cepBepa Ha MUKPOKOHTPOJLIEPE, HHTErPAIlHsl ¢ 00JIAYHBIMU TUIAT(HOPMaMHU.

48

[Tpumenenue Bluetooth BLE munatet ESP32

CTyIeHTbl T0JDKHBI OCBOMTH TexHomoruio Bluetooth Low Energy asist 6ecnipoBoiHO# cBsizu ©
MOOWJIBHBIMH YCTPOHCTBAMH.

[To uTOraM BBITIOJTHEHHS 1a00PATOPHON pabOTHI CTYIEHTHI U3Y4aT CO3AaHNEe HOCHMBIX YCTPOUCTB,
9HEepProdPPEeKTUBHBIX TaTINKOB, B3aHMOICHCTBHE CO CMApT(POHAMI.

49

Pabota ¢ mUPOTHO-UMITYILCHON MOIYJISIIUEH

CTyneHTsl TOJKHBI OCBOUTH IPUHLUIBI TeHepauuy U npumenenus [IIMM-curnanos s ynpaBieHus
3JIEKTPOHHBIMU YCTPOUCTBAMU.

I[To uroram BeINOJIHEHHS J1A0OPATOPHOI PabOTHI CTYJAEHTHI H3ydaT HacTpoiiky LLIMM Ha paziaundHbIx
wiaropmax, pacueT MapaMeTpOB CUTHAJA JIs KOHKPETHBIX 3a1a4, Guiasrpamus IUM s nonydeHus
aHAJIOTOBOTO CUTHAJIA.
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OCHOBBI CXEMOTEXHUKHU

CTyneHTHl TOHKHBI H3YYIUTh 0a30BBIE IPUHIIUIIBI IPOSKTHPOBAHUS SJICKTPOHHBIX CXEM.

[To uToram BEITIOTHEHHS 1a00PATOPHOM PaOOTHI CTYACHTHI U3ydaT pacyeT MPOCTHIX CXeM (IETUTENH,
¢GUIBTPHI), COOpPKAa MaKeTOB Ha MaKeTHOH ILIaTe, IOHUMaHNE TPUHIMIIOB PAOOThI AJIEKTPOHHBIX
YCTPOMCTB.

51

OcHoBsl paboTsl ¢ cuctemamu LIDAR

CTyZeHTHI IOJDKHBI OCBOUTH IPHHIMIBI PA0OTHl M IPUMEHEHUS J1a3ePHBIX CKAaHEPOB JUIS M3MEPEHUS
PaCCTOSHUM.

[To nToram BEIIOTHEHHS 1a00OPATOPHOM PabOTH CTYACHTHI U3ydaT HACTPOUKY  KannOpoBka LIDAR,
00pabOoTKy JaHHBIX CKAHUPOBAHUSL.
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OCHOBBI HaBUT'alluU p06OTOTeXHI/I‘IeCKI/IX KOMIIJICKCOB (I/IHepI_[I/IaJ'II)HBIe CHCTEMBI,
SLAM)

CTyIeHTH TOJDKHBI H3yYUTh METO/Ibl HABUTallMH MOOMIIBHBIX POOOTOB € HCIIOIb30BaHHEM WHEPIHAIBHBIX
cucteMm (IMU) u SLAM (Simultaneous Localization and Mapping).

[To uroram BeINOIHEHHS J1AOOPATOPHOIT PabOTHI CTYJICHTHI H3yYaT aBTOHOMHOE TiepeMellieHre poOOTOB B
HEM3BECTHOI cpefie, MOCTPOSHHE KapT NOMEIIeH i, HaBbIkK KannOposku IMU-gatunkos, padoTa ¢
SLAM-anroput™Mamu, noctpoenue 2D/3D-kapT cpeasbl.
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MamunHnoe 3peHue Ha 6a3e Rasberry Pi onpenenenue ¢popMsl u 11BeTa 00bEKTOB
CTyneHTH TOJDKHBI HAYIUThCS PACIo3HaBaTh (POPMy M IIBET OOBEKTOB € TIOMOIIBIO KaMephl U OMOIMoTeK
KOMIILIOTEPHOT'O 3pCHU.

ITo nToram BBINOIHEHUS na60paTopH0171 pa6OTI>I CTYACHTHBI U3y4aT COPTUPOBKY 00BEKTOB Ha KOHBeﬁepe,
JACTCKTUPOBAHUEC TOPOKHBIX 3HAKOB, pO6OTI>I, B3aI/IMOZ[eI‘/'ICTBy}OHII/Ie C OKPYKCHUEM.
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MammmnHOe 3penue Ha 6a3e Rasberry Pi onpenenenne koopauHaT 00beKTOB BEIOPAaHHOTO

[IBETa B KaJpe

CTyZAeHTHI IOJDKHBI HAYYHUTBCS ONPEIeIATh KOOPAHHATE 0OBEKTOB BEIOPAHHOTO IIBETa B KaApe U
peoOpa3oBEIBATE UX B CHCTEMY KOOPIUHAT poboTa.

ITo uroram BeIMOHEHHS JTAOOPATOPHOI PaOOTHI CTYJECHTHI H3ydYaT TOYHOE MTO3UIMOHUPOBAaHKE poOOoTa-
MaHUMYJIATOPA, aBTOHOMHAsI HABUT AL 1O IIBETOBBIM METKaM, JACTCKINUS LeJIeii B pOOOTOTEXHUYECKUX
COPEBHOBaHUSIX.

55

TCCTI/IpOBaHI/IC HCTOYHHUKOB ITUTaHUA

CTyJeHTBl IOJDKHBI HAYIUThCS TTPOBEPSTH M aHAITM3UPOBATh TapaMeTphl HCTOYHUKOB MUTAHUS
(CTabMIN3aTOPBI HAMTPSDKEHISI, aKKYMYJISITOPBI, OJIOKH MTUTAHUS ) I 00CCIICYCHUS HaIC)KHOM PabOThI
3EKTPOHHBIX YCTPOMICTB.

[To uToram BEITIOTHEHHST Ta0OPATOPHON PabOTHI CTYICHTHI M3yUYaT BOJNBT-aMIIEPHEBIC XapaKTePUCTHKH
pa3TMYHBIX UCTOYHHUKOB IUTaHUS, ONTUMH3ALINIO YHEPTOTIOTPEOICHUS YCTPOUCTB, BBHIOOD MOIXOIAIICTO
HMCTOYHHUKA MUTAHUS IJIS1 IPOEKTA.
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IoT na 6a3e Rasberry Pi

CryneHTsl 105bKHBI co3aTh loT-ycTpoticTBo Ha Raspberry Pi ¢ mepenadeii naHHbIX B 00J1aKO U
YAQJICHHBIM YIIPaBJICHUEM.

1o nToram BhIIOIHEHHS 1a00PaTOPHON PabOTHI CTYACHTHI H3ydaT HacTporKy loT-ycrpoiicTBa Ha
Raspberry Pi, pabota c 001auyHBIMHU CEpBHCaMH, CO3/IaHUE ITPOCTOTO BeO-MHTEpdETica.
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Cucrembl 00paTHOM CBSI3H JJIsI TPUBOIOB

CTyI[eHTLI JOJDKHBI I/ISY‘II/ITB METOAbI KOHTpOJDI IIOJIOKCHUA U CKOpOCTI/I HUCIIOJIHUTCJIBbHBIX MEXAHU3MOB C
HUCIIOJIB30BAHUEM JAaTYUKOB 06paTHOI>i CBJsI3U.

HO HWUTOI'aM BBIITOJIHCHHUA na6opaTopH0171 pa60T},1 CTYACHTHBI U3y4aT MCTOJAWKHU MOBBIMICHUSA TOYHOCTU
MO3UIIMOHUPOBAHUS PUBOIOB, CTAOMIN3AIMIO CKOPOCTH JIBUTATENICH, 3AlUTY OT MEPErpy30K.
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N3ydenne paboThI IATOBBIX IBUTATENICH

CTyaeHTbI TOJDKHBI U3YUUTh PUHIUIT ASHCTBHUS, OCHOBHBIE XapaKTEPUCTUKU M METO/Ibl YIIPABICHHS
IIarOBBIMH JBHTATeNsIMH. B X0e mabopaTtopHOit paboTs! OyneT BRIIOIHEHA cOOpKa YIpaBIsieMOi
CHCTEMBI C IIArOBBIM JIBUTATEIIEM, TPOrPAMMHPOBAHUE KOHTPOJLIEPA U HKCIIEPUMEHTAILHOE UCCIICJOBAaHHE
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pabounx peKNMOB.

ITo uToram BBITIOJTHEHHS 1a00PATOPHOI pabOTHI CTYIEHTHI N3y4aT: KOHCTPYKTUBHBIE OCOOCHHOCTH U THITBI
IIATOBBIX JABUTATENCH (OUIONApHBIE, YHUIONAPHBIC, THOPHIHBIE), IIPUHIIUIT JUCKPETHOTO YTIIOBOTO
nepeMeIIeHHs POTOpa, OCHOBHBIE XapaKTEPUCTUKY: IIar JUCKPETHOCTH, MOMEHT YJIEpKaHHUsI, CKOPOCTb
BpalIeHUsI, METO/IbI YIIpaBIeHHUs (IIOJTHOLIATOBBIH, MOIYIIAroBbIH, MUKPOIIATOBBIA PEXXUMBI),
MOJIKJIFOYEHHE JABUTATENS K JIpaiBepy U MHKPOKOHTPOJLIEPY.
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N3yuenne pabOThI KOJUIEKTOPHBIX U OECKOJIJICKTOPHBIX JBUTaTEIIeH

CryneHTsl TOHKHBI H3YYUTh IPUHINT IeHCTBHA, KOHCTPYKTHBHBIE OCOOCHHOCTH, XapaKTePUCTHKH U
MeTob! yrpasieHus KoiuiekTopHbx (DC) u 6eckomnextopubsix (BLDC) nurareneir. B xone
nmabopaTopHOil paboTHI OyeT BHIITOIHEHO CPaBHEHHE X pad0UHX IMapaMeTPOB, UCCIIEAOBAHUE CHCTEM
YIpaBJICHUS U aHAIIN3 00JIacTel IPUMEHECHUS.

[To uToram BEIIOTHEHSI Ta00PATOPHON PaOOTHI CTYIACHTHI M3y4YaT: YCTPOUCTBO U MPHUHIIUT paOOTHI
KOJUICKTOPHBIX JBHTATEJICH MOCTOSHHOTO TOKA, KOHCTPYKITHIO U 0COOCHHOCTH OECKOILICKTOPHBIX
JBuratenet, ocHoBHbIe XapakTepucTuku: KI1/I, MOMEHT, CKOPOCTh, YIIPABIIEMOCTh, IPUHIIUIT BEKTOPHOTO
ypasinenus BLDC-nBuratensMu, TOIKITIOYSHUE IBUTATENEN K KOHTPOJIJIepaM U UICTOYHHKAM TTHUTaHUS.
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W3zyuenue paboThl ¢ cucreMamu ciryTHuKoBor Hapurarmu (GPS)

CTyneHTH IOIDKHBI H3yYUTh PHHIUIBL PAa0OTHI INT00ATBHBIX HABUTAIIMOHHBIX CITyTHUKOBBIX CHCTEM
(GNSS), ux anmapaTHbIe U IPOTPaMMHBIE KOMIIOHEHTHL. B X0/1e mpakTHYecKuX 3aHATHI OyAeT BHIIIOTHEHA
HacTpoiika GPS-npueMHIKOB, 00paboTKa HABUTALMOHHBIX JAaHHBIX U pa3paboTKa MPOCTHIX TPEKWHTOBBIX
MIPWIOKEHHUH.

ITo uroram BeIMOTHEHHS JJAOOPATOPHOI pabOTHI CTYIECHTHI H3y4aT: apXUTEKTYPY ¥ MPUHINIBI paboThI
GPS u I'JIOHACC, dpopmarsl HaBuranmoHHbIx cooduennii (NMEA-0183), dakropsl, Biustomue Ha
TOYHOCTb TTO3UIOHUPOBAHNUS, OCHOBHBIE XapakTepucTuku GNSS-npreMHUKOB, HOAKIIOYEHHE U
Hacrpoiiky GPS-monyneii (UART, 12C unrepdeiicsr), MeToibl 00pab0TKU CHIPHIX HABUTAIMOHHBIX
JIAHHBIX.
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HcnonszoBanne GSM B poOOTOTEXHHUECKHUX YCTPOHUCTBAX

CTyneHTsl TOIHKHBI H3YYUTh PUHIUTE paboTel GSM-ceTel, apxuTekTypy coBpemeHHbIx GSM/GPRS-
MOJyJIel M UX IPUMEHEHHE B pOOOTOTEXHUYECKHX CHCTeMaX. B xone nabopatopHoil paboTsl OyaeT
BBITIOJTHEHA HacTpoiika GSM-mMonysis, mporpaMMHUpOBaHHe OOMEHA JaHHBIMH U PEATH3aLHsl CHCTEMBI
yIanéHHOr0 MOHUTOPHHTA H YIIPaBJICHHSI.

ITo uToraM BBIIOTHEHHS 1A00PATOPHOU pabOTHI CTYIEHTHI U3y4aT: OCHOBBI COTOBOI CBSI3U
(GSM/GPRS/LTE TexHonorun), noaxiitoueHue 1 koudurypuposanne GSM-monyieii uepe3 UART/AT-
KOMaH/bl, pa3pabOTKH CUCTEMBI YAATEHHOTO YIIPABICHUS POOOTOM.
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N3yuenue paboThl O€CTIPOBOAHBIX CUCTEM YIPABICHUS MAJION JAIbHOCTH

CTyneHTH! TOIDKHBI H3yYUTh IPUHIUIEI PaOOTHI, MPOSKTHPOBAHHA M ONTUMHU3AIMN OECIIPOBOIHBIX CHCTEM
ynpasJieHus Majion gaapHOCTH (10 100 M).

ITo uroram BeIMOTHEHHS JIAOOPATOPHOI PabOTHI CTYJCHTHI IOJDKHBI U3yUUTh TeXHOJornu RF-cBs3m (433
MTI'm, 2.4 I'T, Zigbee), MeTOABI MOIYJISIINH U KOTUPOBAHUS CUTHAIOB, (DAaKTOPHI, BIUSIONIAC HA
JIATBHOCTB M TIOMEX0YCTOHYNBOCTb, pa3pab0TKK KaHAJIOB YIPaBICHUS Ul pOOOTOB/IPOHOB.
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[TpoektupoBanue U cOOpKa TEIEMETPUH IS YIPABICHUS MEXaTPOHHOTO MAHUITYJIATOPA
CTyIeHTb T0JDKHBI pa3paboTaTh cUCTeMy cOopa U MepeAadu AaHHbIX JUIs YIPABICHHS MAHUITYISITOPOM.
[To uroram BeINOJIHEHHS JIAOOPATOPHOIT PAOOTHI CTYACHTHI CIPOSKTUPYIOT H COOEPYT IKCIIEPUMEHTATIBHY O
YCTaHOBKY ¢ mepenauel nanHbIX depe3 Wi-Fi, ¢ Busyammsannu tenemerpun (Python) u oGpaTHoOi CBsI3U 1O
MTOJIOKEHHIO/HATPY3KE.
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CoBpeMeHHbIE METO/Ibl YIYUILIEHHUs] CUCTEMBI YIIpaBJIeHUs akkymyistopamu (BMS)
CTyAeHTBI TOJKHBI HCCIIE0BATh AITOPUTMBI YIIPABICHUS aKKYMYJISITOPHBIME OaTapesmMu.

ITo uToram BBITIOITHEHHS 1TAOOPATOPHOH pabOTHI CTYICHTHI H3yYaT: apXUTEKTypy 1 padboty BMS
(6amancuposka, SOC/SOH estimation), anroput™msl (KysioHoBckuit moacuér, EKF, Helfipocererbie
MoJienH), 3amuTHbIe Mexannu3mbl (OV/UV, thermal runaway), cuctemy monuropunra Li-ion/LiPo 6artapei,
moaenuposanre B PLECS/Simulink, uaTerparmuo ¢ 3apsgHbIMH CTAaHIIUSIMHU.




4.3. CamocrosTenbHas padoTa 00y4aroImuXCs.

Ne Buna camocrositensHOM paboThI
n/m

1 |Tekymas NoAroToBKa K JJaOOPaTOPHBIM paboTaMm.

2 | [loaroroBka K KOHTPOJIBHOU paboTe.

3 [ToaroToBka Kk MpOMEXKYTOUHOM ATTECTALIUH.

4 | [loarotoBka K TeKyLIeMy KOHTPOJIIO.

4.4. ITpumepHbIi IEpeUYeHb TEM KOHTPOJIBHBIX padoT
1. Co3nmate ueprex Bana ¢ ykazanuem pasmepos 1o I'OCT

2. [MocTpouts 2D-3cku3 (priaHiia ¢ OTBEPCTUSIMU MO KPEex

3. Pazpaborats 3D-mopens raiiku ¢ pe3pooit M12

4. CnpoekTupoBath cOopky "Ban-ctynuia" ¢ npuMeHeHUEM CONPSKEHUN

5. Co3naTh napaMeTpuuecKyto MoJieib mectepHu (m=2, z=20)

6. [TocTpouTh ACKU3 KPOHIITEHHA ¢ acKaMu U PaJNyCHBIMH TIEPEX0IaMU

7. Pa3paboTrath 4epTexX MIACTUHBI C TEXHUYECKUMHU TpeboBaHusamu o ['OCT

8. Coznatb 3D-mMoz€enb KOPIYCHOM JETald C ONEpalMsIMUA BbIIABIMBAHUS U
BBIpE3aHUS
9. Iloctpouts 3D-Mo1€71b Bajia CO MITTOHOYHBIM MMa30M

10. CnpoextupoBats cOopky "[loammnHKOBEIHN y3en" co cnennudukanuen
1. Co3paTe napaMeTpruyecKyr0 MOAENb PYKUHBI CKATHUS
2. IIpoBecTy MPOYHOCTHOM aHaIW3 KPOHIITEWHA oA Harpy3kou 500 H

3. PazpabGortath Mozenp UYEpBAYHOM mepeaaun ¢ OMOIMOTEYHBIMU
AJIEMEHTaMHU

4. BBINOJHUTH TOMOJIOTMYECKYIO ONTUMHU3AINIO OMTOPHOM MIIUTHI

5. CnpoeKTHpOBaTh KOPITYC peayKTOpa ¢ peOpaMu KeCTKOCTH

6. [TocTpouTs MOENH TPYOOTIPOBOA C U3THOAMH 10 TPACKTOPUHU

7. [IpoBecTu aHaNIN3 TEIJIOBLIX Jegopmaliuii paguaTopa

8. Coznath coopky "KpuBOMIMITHO-IIIATYHHBIA MEXaHU3M'" C aHUMAaIe
9. PazpaboTath MOJI€Ib IUTEUHON (DOPMBI C TUTEHHBIMU YKIOHAMHU

10. BBIOMHUTD pacyeT KOHTAKTHBIX HAMPSKEHUH B 3y04aToi nepenaye
1. IToaroroButk Moaens aetanu 1t FDM-nieuatu ¢ noaaepxkaMu

2. PaccunTath BpeMs 1 MaTepua Jyis nedatu kopnyca Ha SLA-nipuntepe




. Pazpabortars cTpareruto noctoopaboTku POTONMOIUMEPHON JeTaTn

. ONTUMU3UPOBATH OPUEHTALIMIO MO JUIsI MUHUMU3alUU J1e(hEeKTOB
. I[Ipoananu3upoBaTh npu4rHbI Opaka npu nevyaru (mpumep ¢ GoTo)

. llonroroButh G-KOJ AJIS A€TATH C BHYTPEHHUMH TOJIOCTIMU

. Pa3pabotats meTonuky kanubposku FDM-nipunTtepa

. CpaBHuts cBoiictBa PLA u ABS mu1s 3amanHOl Harpy3ku
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. CipoeKTHpoBaTh pa3dOpHYIO0 MOJISh IS TIeYaTH 0e3 MOIACPIKEK

10. Pa3zpaboTaTh TEXHOJOTUUECKYIO KapTy MOCTOOPAOOTKH METALINYECKOTO

MIPOTOTHIA

1. 3amath ympaBieHHE IaroBeIM JIBUrareiaem uepes3 Arduino
2. Pa3zpaboTtaTh cxeMy noakiatoueHus 3ukoaepa k ESP32

3. Coznate anroputm I ]I-perynstopa st cepBOIpPUBOIA
4. HacTpouTh niepeady JaHHBIX C IaTYUKA TEMIIEPATYPBI

5. 3amporpaMMHUpOBaTh CHCTEMY aBapUMHOroO octaHoBa no curHairy HK-

IaT4ynKa

6. Paspabotats loT-y3en qyst MonuTopuHTa BUOpaiuii 000py10BaHus

7. PeanuzoBate SLAM-HaBUranmio ajas MOOMIBHOTO poOoTa (aJropuT™)

8. Hactpouts cucremy ynpasnenus BLDC-aBurarenem ¢ 00paTHO# CBSA3bIO
9. CnpoektupoBath cxemy BMS nis Li-ion akkymynaropa

10. Pa3paborats anroput™m pacrno3HaBaHus oObeKTOB 1o 1Bety (Python +

OpenCV)

5. llepeuenb wu3NaHMI, KOTOpPbIE PEKOMEHAYETCS UCIOIb30BaTh MpHU

OCBOEHUHU JTUCIUIUIMHBI (MOJTYJIST).

Ne

i bubnuorpaduueckoe onucanue MecTo nocryna

1 AxcenoBa, E. A. [IpyHIUTIBI IOJKITFOUEHUS K URL:
koHTpostepy Arduino UNO R3 narumkos, https://e.lanbook.com/book/454343
WHNKATOPOB, UCTIOJHUTEIILHBIX MEXaHU3MOB U (nata obpamenus: 05.05.2025). -
YCTPOHCTB : yueOHOe mocobue s By30B / E. A. Texer: SMeKTPOHHBII.
AkceHoBa, B. B. bypkos, A. B. BacuibkoB. —
Cankr-IlerepOypr : Jlans, 2025. — 84 ¢. — ISBN
978-5-507-51674-2.

2 [TopOyHnoB, H. A. AnautuBHbIe TeXHOJIOTHH U 3D- URL:
MozenupoBanue. CucreMa aBTOMaTU3UPOBAHHOTO https://e.lanbook.com/book/454220
npoeKTHpoBaHus. JIaGopaTopHble paboTE : yueOHo- | (AaTa odpamenns: 05.05.2025). -

TeKCT: AIeKTPOHHBIH.

meTtonudeckoe mocooue / H. A. T'opOynos, P. M.




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

3 | 3D-MomenupoBaHue B MH)KEHEPHOU TpaduKe : URL:

yue6Hoe mocobue / C. B. FOmxo, JI. A. Cmuprosa, P. | https://e.lanbook.com/book/101868
H. Xycaunos, B. B. CaraneeB. — Kaszauns : KHUTY, (nata obpamenus: 05.05.2025). -
2017. — 272 c. — ISBN 978-5-7882-2166-3. Texer: S1eKTpOHHBIH.

6. IlepeyeHb COBpEMEHHBIX MPOPECCHOHANBHBIX 0a3 JaHHBIX U
WH(OPMAITMOHHBIX CIIPABOYHBIX CHUCTEM, KOTOPBIE MOTYT HCIOJB30BAaThCS IIPHU
OCBOEHUHU JTUCIUIUTHHBI (MOTYJIS).

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

Hayuno-rexanueckas o6udmuoreka PYT (MUUT) (http:/library.miit.ru).

DnekTpoHHO-0mOnmoreunas cuctema Elibrary.ru (http://elibrary.ru/).

DNEeKTPOHHO-0MOIMOTeUHAS cucrema Cyberleninka.ru

(https://cyberleninka.ru/).
Oo6pa3zoBarenbHas mwiathopma «tOpaiit» (https://urait.ru/).
DNEeKTPOHHO-ONOIMOTEIHAS cucTema U3/IaTeIhCTBA «JIaub)
(http://e.lanbook.com/).

DnexkTpoHHO-0MbMMoTeunas cucrema Znanium (http://znanium.ru/).

7. IlepeueHb  JUIEH3UOHHOTO U  CBOOOJHO  PACHPOCTPAHIEMOTO
IporpaMMHOr0 OO€CTeUYeHUs, B TOM YHCJIE OTEUECTBEHHOIO MPOU3BOICTBA,
HEO0OXOIMMOTO /11 OCBOCHHUSI TUCITUTIIIUHBI (MOIYJIs).

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

8. OmnucaHue MaTepuaIbHO-TEXHUYECKOM 0a3bl, HEOOXOIUMOU IS
OCYIIECTBICHUSI 00pa30BaTEIHLHOTO MPOIIecca MO MUCIHUILTHHE (MOIYITIO).

YyeOHble aynuTOpUM JUIsl MPOBEACHUS YUYCOHBIX 3aHSATUN, OCHAIEHHBIC
KOMITBIOTEPHOU TEXHUKON ¥ HA0OpaMu IEMOHCTPAITMOHHOTO 000PYI0BaHMUS.

9. ®opma NpOMEKYTOUYHOM aTTECTALIUM:

3auer B 1, 2, 3 cemecTpax.
DK3aMeH B 4 ceMecTpe.

10. OuieHOUHBIE MAaTEpUAIBI.

OHGHO‘{HLIG MaTCpualibl, IPUMCHACMBIC IIPU ITPOBCACHUU HpOMe}I(YTOqHOﬁ

aTTeCcTally, pa3padaThIBAIOTCS B COOTBETCTBHHM C JIOKAJIbHBIM HOPMATHBHBIM
aktom PYT (MUNT).
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