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3aB. kadenpoii A.A. HukonaeB

Pabouas mporpamma nepecMoTpeHa, 00cykieHa u oo0pena uist peanmsarmu B 2027 - 2028
yueOHOM rojiy Ha 3aceqaHuu Kadeapsl ABTOMATH3WPOBAHHOI'O 3JICKTPOIPUBOIA U

[IpoTokosm oT 20 . Ne

3aB. kadenpoit A.A. Huxonaes




1 eau ocBOeHUSI AUCHUNIMHBI (MOTYJISA)

[{enpro TMCHUILIMHEI SBIISETCA 3HAHUE OCHOBHBIX IIOHATHU U CTPYKTYPBI
MHUKPOTIPOIIECCOPa, BAPHAHTOB MaTEMATHIECKOTO M MPOTPAMMHOT0 00eCTIeUeHUS
MHUKPOIPOIIECCOPHBIX MOYJIEH ISl MOCIEAYIOLIEr0 UX UCIIOJIb30BAHUS ITPU
KOHCTPYUPOBAHUUN MHTCIJICKTYAJIbHBIX MCXAaTPOHHBIX U pO6OTOTCXHI/I‘ICCKI/IX CHUCTEM,

3HaKOMCTBO C MAaTCMAaTUUCCKUM U ITPOTpaMMHBIM 06GCH6‘-IGHI/IGM, IIO3BOJIAOIIUM

MO/IETUPOBATH PA3IMYHBIE MUKPOIIPOIIECCOPHBIE CTPYKTYPHI U aHATU3UPOBATh
IIPOLIECCHI,

MPOTEKAIOIINE B MUKPOIIPOIIECCOPaX. 3aauaMy JUCIIUIUIMHBI SBISIOTCS 1)
IIOBHAKOMUTH

oOydaronuxcs ¢ MOHATHAMH MHKPOTIPOIIECCOP, MUKPOTIPOIIECCOPHASI CHCTEMA;
OCHOBaMH

anmapaTHOM 4aCTH MUKPOTIPOLIECCOPHBIX CUCTEM, OCHOBaMH pa3pabOTKU
IIPOrpaMMHOIO

obecrnievyeHus; 2) Hay4YuTh M0Jb30BaThCS COBPEMEHHBIMU TPOrPaMMHBIMU
cpeacTBaMu 1A MOACTIUPOBAHUA CTPYKTYP MHTCIUICKTYAJIbHBIX MEXAaTPOHHBIX U
POOOTOTEXHUUECKHIX

CUCTEM, aHAJTM3UPOBATH MIPOIIECCHI, MPOTEKAIOIINE B ITHX CUCTEMAX; 3) HAYIUTh

IIPpUHUMATh U 000CHOBBIBATH KOHKPETHBIC TEXHUYCCKUE PEIICHUS ITPU ITOCICAYIONCM

KOHCTPYUPOBAHUHN MHTCIJICKTYAJIIBHBIX MEXAaTPOHHBIX CUCTEM U pO6OTOTCXHI/I‘IeCKI/IX

KOMIIJIICKCOB

2 MecTo TUCUMIITIMHBI (MOIYJIsS]) B CTPYKTYPe 00pa30BaTe/JIbHOM NMPOrpaMMbl

JucuuruimHa MUKPOTIPOIIECCOPHBIE CPECTBA B MHTEIUICKTYAIbHBIX MEXaTPOHHBIX
MOJIYJISIX U pOOOTOTEXHHUECKUX KOMIUIEKCAX BXOJHT B YaCTh YUEOHOTO TUIaHA
dhopMuUpyeEMyIO YIaCTHUKAMHU 00pa30BaTEIbHBIX OTHOIICHUH 00pa30BaTeILHON MPOTPAMMBI.

Jlist U3ydeHus: AUCIUTUINHBI HEOOXOIMMBbI 3HAHHS (YMEHWSI, BJIAJICHNU),
c(OpMHUPOBAHHBIC B PE3YJIbTATE U3YUCHHSI TUCIIUIUTHH/ IPAKTUK:

TpeboBaHus K «BXOJAHBIMY 3HAHUSM, YMCHUSIM, HABBIKAM CTYJICHTa, HEOOXOIUMBIM
MIPU OCBOCHHUH JJAHHOW JMCIUIUIMHBI U IPHOOPETCHHBIM B PE3YJIbTATe OCBOCHUS
MPE/IIIECTBYIONINX TUCIUILINH OTCYTCTBYIOT.

3HaHus (YMEHUS, BIAJICHUS), IOJYYCHHBIC TIPY U3yYCHUN JaHHOU JUCIUTUIAHBI
OyayT HeOOXOAMMBI [T U3YYCHHS TUCIUTUTHH/TIPAKTUK:

[Ipown3BoicTBEHHAS IPAKTUKA, TPEATUINIOMHAS TIPAKTHKA

3 Komnerennun ody4yaronierocsi, opmupyembie B pe3yJbTaTe 0CBOEHMSI

AUCHMILIMHBI (MOYJIsI) U IJIAHMPYeMbIe pe3y/ibTaThbl 00y4eHust

B pe3ynbraTe 0cBOCHUS AUCHUIUIUHBI (MOAY/s) «MUKpPONIPOLIECCOPHBIE CPE/ICTBA B
MHTEJUIEKTYaJIbHbIX MEXaTPOHHBIX MOIYISIX U pOOOTOTEXHUYECKUX KOMILJIEKCAX)
oOyyaromuiicst 10JkeH o0J1afaTh CICAYOIMMU KOMIIETEHIIUSMU:

KOI[ HHAUKATOpa I/IHI[I/IKaTOp JOCTHIKCHHUA KOMIICTCHIITUN

I1K-3 Crioco6eH ucnoib30BaTh COBPEMEHHBIE TEXHOJIOTUN 00paboTKH HH(OpPMAIIIH,
TEeXHUYECKHE CPEICTBA U BHIYMCIUTEIbHYIO TEXHUKY, UHCTPYMEHTapui 1711 pa3paboTKu U
peanu3aiyy aropuTMOB U (PPoBOI 06pabOTKH CUTHAIOB, paclo3HaBaHUs 00pa30B U
UACHTU(DUKALMU 3pUTEIbHBIX 00BEKTOB, MPU MPOESKTUPOBAHUU U KOHCTPYUPOBAHUHU
POOOTOTEXHUYECKUX CUCTEM

[1K-3.1 3HaeT: COBpEMEHHbIE CIIOCOOBI U TEXHUYECKUE CPEICTBA JUIsl 00paboTKH
nH(pOpMaIUK; TPOTPaMMHUPYEMbIe KOHTPOJIIIEPHI, IPUMEHsEMbIE TIPU
OpraHu3aluy rHOKKUX MPOU3BOJICTBEHHBIX CUCTEM; OPTaHU3ALUIO
MAIIMHHOTO 3pEHUS B POOOTOTEXHUUECKUX CHCTEMaX; YCTPOHUCTBO
MIPOMBIIIIEHHBIX POOOTOB, CTPYKTYPY U KOHCTPYKIIUM OCHOBHBIX




OJIOKOB MHTEIUIEKTYaIbHONH pOOOTOTEXHHUECKOW CUCTEMBI:
CHJIOMOMEHTHOI'O OUYBCTBJICHUS, TEXHUYECKOTO 3pEHUs, OPUEHTALIUU B
MPOCTPAHCTBE, KyPCOBBIX CHCTEM; OCHOBHBIE THIIBI M IPUHIUI PaOOTHI
MHTEJUIEKTYaJIbHBIX JaTYMKOB U UCIIOJHUTEIbHBIX 3JIEMEHTOB
HMHTEJUIEKTYaTbHON pOOOTOTEXHUYECKON CHCTEMBI; OCHOBHBIE
UCIIOJIb3yeMble IIU(PPOBBIE U aHATIOrOBbIE UHTEP(DENCHI B
MHTEJUIEKTYaIbHBIX POOOTOTEXHUYECKUX CUCTEMAX; COBPEMEHHBIE
IPOEKTHO- KOHCTPYKTOPCKUE PEILIECHUS [IPU CO3JaHUU
POOOTOTEXHUYECKUX YCTPOICTB, CUCTEM M KOMILJIEKCOB

[1K-3.2 YMeeT: NpUMEHATb COBPEMEHHBIE CIIOCOOBI U TEXHUUECKUE CPEJICTBA AJIS
00paboTKK HHPOPMALIUH; IPOTPAMMHUPOBATH KOHTPOJLIEPHI,
MIPUMEHSIEMbIE TIPU OpraHU3a[MH THOKUX TPOU3BOJCTBEHHBIX CUCTEM;
MIPUMEHSTh MAIIMHHOE 3pE€HIE B pOOOTOTEXHUYECKUX CUCTEMAX;
aHAJIM3UPOBATH OCHOBHBIE OJIOKM MHTEJUIEKTYaIbHbBIX
POOOTOTEXHUYECKUX cUCTEM; (POPMUPOBATh TPEOOBAHUS K KOMIIOHEHTaM
HMHTEJUIEKTYaJIbHON pOOOTOTEXHUUYECKON CHUCTEMBI, BKJIOUasi AATYUKU
nH(pOpPMaLUK U MUKPOIIPOLIECCOPHBIE YCTPOMCTBA yIIPaBIICHHUS;
OCYILIECTBISATH 000CHOBAHHBIIN BHIOOP ONTUMAIBHO MOIXOASIINX
TEXHUYECKUX CPEJICTB JUIsl pean3aliil UHTEJUIEKTyalbHON
POOOTOTEXHUYECKOM CHCTEMBI; MPUMEHATh HHTEIJIEKTYaIbHO-
nH(}OpPMaLMOHHBIE TEXHOJIOTUHU JJIs1 aBTOMATHU3allMH PacueToB;
HCI0JIb30BaTh MIPOrpaMMHOE 0OecTiedeHHEe sl MOAECTUPOBAHUS
MHTEJUIEKTYaJIbHBIX POOOTOTEXHUYECKUX CUCTEM.; 3PPEKTUBHO
HCIOJIb30BATh COBPEMEHHBIE TEXHUUYECKUE PEIIEHUS TIPU PeaTu3alun
MH(GOPMALIMOHHOTO, TPOrPaMMHOI0 M TEXHUYECKOT0 00ecreueHus
pOOOTOB- MaHHUITYJIATOPOB

ITK-3.3 HNmeet nmpakTHYeCKUi OMBIT: TPUMEHEHHUS COBPEMEHHBIX CIIOCOO0B U
TEXHUYECKUX CPEJCTB sl 00paboTKH MH(POPMAIIHH;
MIPOrpPaMMHPOBAHUS KOHTPOJLICPOB, TPUMEHSIEMBIX TIPU OPTraHU3aIHH
TUOKUX MTPOU3BOACTBEHHBIX CUCTEM; IPUMEHEHHS MAITUHHOTO 3PEHUS B
POOOTOTEXHUYECKHX CUCTEMAX; (OPMHUPOBAHUS TPEOOBAHHIA K
KOMIIOHEHTaM HHTEJUIEKTYAIbHBIX POOOTOTEXHHUECKIX CHCTEM,
BKJTI0Yasi HH(POPMAIMOHHO-U3MEPUTEIIbHBIE U UCTIOJTHUTEIILHBIC
AJIEMEHTHI, YCTPOUCTBA 0OPAaOOTKY, BEIYMCIICHHUS M YIIPABIICHHS; BBIOOpa
TEXHUYECKUX CPEJCTB IS TPEOYyeMOW HHTEIUICKTYaIbHON
POOOTOTEXHUYECKOH CHCTEMBI C YYETOM TEXHHUYECKOW CIIOKHOCTHU H
CPOKOB pealln3aliu; MPUMEHEHHS COBPEMEHHBIX
UH(POKOMMYHHKAIIMOHHBIX TEXHOJIOTUH MPH MPOSKTHPOBAHUHU U
KOHCTPYHPOBAHHH POOOTOTEXHUYECKUX CUCTEM

IIK-15 Cnocoben PYKOBOOUTH MIPOCKTAMU CO CTOPOHBI 3aKa3uuKa 110 CO3JaHUT0, MOAACPIKKE
" UCIIOJIB30BAHUIO CUCTEMbI HCKYCCTBCHHOI'O MHTCJIJICKTA HA OCHOBC HeﬁPOCCTeBBIX
MOJIeJIENl U METOJOB

I1K-15.1 PykoBouT paboTamu 1o OIleHKe U BBIOOPY MO/ieNiei HCKYCCTBEHHBIX
HEMPOHHBIX CeTell U MHCTPYMEHTAIbHBIX CPEACTB ISl PEIICHUs
MOCTaBJIEHHBIX 3a]1a4 CO CTOPOHBI 3aKa3unKa

3HaeT: PYHKIMOHAIBHOCTh COBPEMEHHBIX MHCTPYMEHTAIBHBIX CPE/ICTB
U CUCTEM ITPOrpaMMHPOBAHUS B 00JIACTH CO3/IaHUsI MOIeen
UCKYCCTBEHHBIX HEHPOHHBIX CeTEH, B TOM YHCJIE CeTeii- TpaHC(POPMEPOB
U ceTell C aBTOMAaTHYECKU IF'eHEPUPYEMOil apXUTEKTYpOit

YMeer: mpoBOJIUTH OLIEHKY U BEIOOP MOJieNeil HCKYyCCTBEHHBIX
HEHPOHHBIX CeTel M HHCTPYMEHTAJIBHBIX CPEJCTB Ul PELIeHUs 3a1a4
MAaIIMHHOTO 00YYEHHUs; IPUMEHSATh COBPEMEHHbIE HHCTPYMEHTAIbHbIE
METO/JIbl ¥ CPEJICTBA 00yUEHHs MOJIETIe NCKYCCTBEHHBIX HEHPOHHBIX




cerel

I1K-15.2

PykoBOAMT CO34aHMEM CUCTEM MCKYCCTBEHHOI'O MHTEIIEKTA HA OCHOBE
MO/IEJIEN HCKYCCTBEHHBIX HEHPOHHBIX CETEN U MHCTPYMEHTAJIbHBIX
CPEICTB CO CTOPOHBI 3aKa34MKa

3HaeT: MPUHLMIIBI IOCTPOEHUS] CUCTEM UCKYCCTBEHHOTO MHTEJJIEKTa Ha
OCHOBE MCKYCCTBEHHBIX HEUPOHHBIX CE€TEH, METO/IbI Y TIOIXOIbI K
IUTAHUPOBAHMIO U PEAIN3ALMN IPOEKTOB 110 CO3AAHUIO CUCTEM
HCKYCCTBEHHOI'O MHTEIIJIEKTA

YMeer: pyKOBOJAUTH BBINOJHEHUEM KOJUIEKTUBHOM IIPOEKTHOU
JEATEIbHOCTH IS CO3JaHuUs, TOAIEPKKH U UCIIOIb30BAHUS CHCTEM
VCKYCCTBEHHOI'O MHTEJIJIEKTa HA OCHOBE UCKYCCTBEHHBIX HEMPOHHBIX
ceTen

I1K-15.3

PykoBoauT nmpoexkramu 1o pa3zpaboTKe, CUCTEM UCKYCCTBEHHOTO
MHTEJJIEKTa Ha OCHOBE MOJieJiel TITyOOKUX HEHPOHHBIX CeTel U
HEYETKHX MOJIETIEl 1 METO/I0B CO CTOPOHBI 3aKa3uMKa

3HaeT: MPUHLIMIIBI IOCTPOEHUS MOJiesiel TITyOOKUX HEUPOHHBIX CeTeH U
II1yOOKOTr0o MallIMHHOTO O0Y4YeHHUs; TOX0Abl K IPUMEHEHHUI0 MOIeTIel Ha
OCHOBE HEYETKOM JIOTMKH B CUCTEMAaX UCKYCCTBEHHOTO MHTEJIEKTa
YMeeT: pyKoBOAUTH BHIMOJIHEHUEM KOJUIEKTUBHON MPOEKTHOM
NEeSITeIbHOCTH JUISl CO3JIaHUsl, TTOAJIEP’KKH U MCIIOJIb30BaHUsI CUCTEM
HCKYCCTBEHHOT'O MHTEJJIEKTa HAa OCHOBE MOJeNiell TITyOOKUX HEHPOHHBIX
ceTeld U HEUETKUX MOJEIIEN U METOIOB

Nwmeet npakTuueckuii OMbIT: pyKOBOJCTBA pabOTaMu MO OIIEHKE U
BBIOOPY MOjIeJIeil HCKYCCTBEHHBIX HEUPOHHBIX HHCTPYMEHTAIbHBIX
CPENICTB JIJIsl CETEH U PELICHHUs TIOCTABJIEHHBIX 3a/1a4 CO CTOPOHBI
3aKa34MKa; pyKOBOJICTBA CO3/IaHUEM CHCTEM MCKYCCTBEHHOTO
WHTEJUIEKTA Ha OCHOBE MOJICJIEN MCKYCCTBEHHBIX HEHPOHHBIX CETEH U
WHCTPYMEHTAJIBHBIX CPEJICTB CO CTOPOHBI 3aKa34MKa; pyKOBOJICTBA
MMPOEKTaMH Ha OCHOBE MOJIeJICH TITyOOKMX HEHPOHHBIX CETEH M HEUETKUX
MOJIEJIEW U METOJIOB CO CTOPOHBI 3aKa34HKa




4. CTpyKTypa, 00b€éM U coep:kaHHue TUCHHUIINHBI (MOLYJIs1)

OO01mmast TpyI0eMKOCTh IUCIUTUIMHBI COCTaBISAET 5 3adeTHhIX eaunawmil 180 akaa. 4acoB, B TOM

YHUCIIC:

— KOHTaKTHast pabota — 64 akaJ. 4acoB:
— ayauTopHas — 64 akaj. 4acos;
— BHeayauTtopHas — (0 axaj. 4yacos;
— caMocTosTeNIbHas padoTa — 71 akaj. 4yacos;

— B JopMe IpaKTUIEeCKOH moaAroToBKH — 0 akaj. vac;
— MOJATOTOBKA K dK3aMeHy — 45 akaj. Jac

dopma arTecTanum - 3K3aMeH, KypcoBasi paboTta

AynuTopHast g
o KOHTaKTHas paborta E z dopma TeKyIero
Pasnen/ Tema 5 (B akas. yacax) 8 S Bun } KOHTPOJIS Ko
g 3 © | caMOCTOATEeNnbHOM | ycreBaeMOCTH U
JUCLIMITITHHEI 3 2 " KOMIIETEHLIUN
O g 5 paboThI MPOMEKYTOTHON
Tlek. nmab. | mpaxr. ze aTTecTalllH
3aH. 3aH. O &
1. Beenenue
g ITIK-3.1, TIK-
1.1 OcHOBHBIE IOHATHUS O TeHHIe . . 3.2, IIK-3.3,
1 1 JIOTIOJTHUTEIIbH 01 YcTHBII orpoc
MHUKpOIIpoLieccopax epa IIK-15.1, TIK-
) AHTCPATypE! 15.2, TIK-15.3
Yrere ITIK-3.1, TIK-
1.2 Knaccuguxarus rerue 5 3.2, TIK-3.3,
1 1 JIOTIOJTHUTENLHON YcTHBII orpoc
MHUKPOIIPOLIECCOPOB epa IIK-15.1, IIK-
THTCPATypE! 15.2, TIK-15.3
Wroro no pazaeny 2 2
2. ApxurekTypa
MHKPOIPOIECCOPHBIX CHCTEM
ITIK-3.1, TIK-
Urenue 3.2 [K-3.3
2.1 RISC, ARM, Cortex 1 4 4 JIOITOJTHUTEIbHON YcTHBII orpoc TK-15.1, TTK-
JUTCPATYPE! 15.2, TIK-15.3
Hroro no pazaeny 4 4
3. IloHsiTHE KOMaH/I,
MHKPOIIPOIIECCOPA,
XapaKTePUCTHKNA KOMAHI
Yreme IIK-3.1, TIK-
3.1 CrpyxTypa THIosoii 2 2 JOTIOJTHUTENBHOM YcerHblit ompoc 3.2, [IK-3.3,
KOMaH/Ibl MHKPOITpOIIeccopa [ IK-15.1, TIK-
paTyp 15.2, [IK-15.3
Yreme IIK-3.1, TIK-
3.2 Jlornyeckue KOMaHIbl TeHH N N 3.2, IIK-3.3,
1 2 2 JIOITOJTHUTEIbHON YcTHBII orpoc
MHKpPOIIpOIIeccopa HTEDATVDbL IIK-15.1, TIK-
paTyp 15.2, [IK-15.3
g IIK-3.1, TIK-
3.3 MareMaTH4eCcKue TeH1e . N 3.2, IIK-3.3,
4 4 JIOTTOJTHUTETBHOM VeTHbIi orpoc
KOMaH/Ibl MUKPOIIpOIleccopa HTEDATVDbL IIK-15.1, TIK-
paryp 15.2, [IK-15.3
Uroro no pazueny 8 8

4. IlamMATh MUKPOIIPOIIECCOPHBIX




CUCTEM

IK-3.1, K-
Hrertite 3.2, TIK-3.3
4.1 O3V, 113V, Flash 4 5 JIOTIOJTHUTEITbHOM YcrHbI onpoc TIK-15.1, TTK-
JHTCPATYPHI 15.2, TIK-15.3
Uroro no pazaeny 4 5
5. NnTepdeiicet
MUKPOIPOIIECCOPHBIX CHCTEM,
opraHu3aiys 0OMeHa TaHHBIMH
IK-3.1, K-
Hrere 3.2, IK-3.3
5.1 UART 2 4 JIOTIOJTHUTEHHOU VYcrHbll onpoc TIK-15.1, TTK-
fHTepaTypet 15.2, TIK-15.3
Yrenme IK-3.1, IK-
. N 3.2, TIK-3.3,
5.2 SPI 2 4 JTOTIOJTHUTETBHON YcTHBIi orpoc TIK-15.1, TTK-
fHTepaTypet 15.2, TIK-15.3
IK-3.1, TK-
Hrenie 3.2, TIK-3.3
5.3 CAN 4 8 JIOTIOJTHUTEIBHON YcTHBII orpoc TIK-15.1, TTK-
JIATCPATYPBI 15.2, TIK-15.3
Hroro 1o pazueny 8 16
6. MukpoxkoHTposuiepsl STM32
6.1 Kontpomnep UreHue 1;[};31_&(’_1;};_
STM32F407VGT6. 2 4 JIOTIOJTHUTEIIbH 01 YcTHBII orpoc HI.<-,1 ) HK’-
XapakTepUCTHKI JUTEpaTyphl 15.2 H.K,-l 53
6.2 Kontpomnep UreHue l;[I;BHi(’_gﬁé_
STM32F407VGT6. 2 6 JIOTIOJTHUTEIIbH 01 YcTHBII orpoc HI.<-,1 ) HK’-
[epudepus JIUTEPATYpPbI 152 H.K’-15 3
Yrere IK-3.1, TTK-
6.3 Cpeet paspaborku 2 6 OHOH;H?IC/IHBHOIZ YcTHBII orpoc 3.2, 1IK-3.3,
nporpamm st STM32 n p IIK-15.1, TIK-
THTCPATYPHL 15.2, TIK-15.3
IToaroroBka k IIK-3.1, TIK-
6.4 TloaroroBka mpoexTa ¢ 3amura
. BBITIOJIHEHHIO N 3.2, [1IK-3.3,
WCIOJIb30BaHKUEM (aiina 16 —— MPAKTUIECKON K-15.1. TTK-
coopku Makefile fpaKTh " paboThI -
paboThI 15.2, TIK-15.3
IToaroroska k 3a a I1K-3.1, TIK-
6.5 Iporpamma Hello World 16 20 BBITTOJTHEHHTO - aKTLPI;I‘I;I:CKOfI 3.2, TIK-3.3,
s STM32 MPAaKTUIECKON p AGOTEL IK-15.1, K-
PaBOTHI p 15.2, TIK-15.3
Hroro no pazaeny 6 32 36
7. Kontpons
IK-3.1, TTK-
3.2, TIK-3.3,
7.1 KontposnbHas pabora TIK-15.1, TTK-
15.2, TIK-15.3
IK-3.1, TTK-
3.2, TIK-3.3,
7.2 DK3aMeH TK-15.1, TTK-
15.2, TIK-15.3
Hroro no pazzpeny
HUroro 3a cemectp 32 32 71 9K3aMeH,Kp
HToro no qucuuruinHe 32 32 71 OK3AMCH, KypeoBas

pabota




5 O0pa3oBaTe/ibHbIE TEXHOJIOTHH

Jlekuuu mpoXoaAT B TPAJAUIIMOHHON opme U B popMe JeKIMii-KoHCynpTamii. Ha
JEKUUAX-KOHCYJIbTALUAX U3JI0KEHNE HOBOTO MaTepHajla CONIPOBOXKAAETCS IOCTAHOBKOM
BOIIPOCOB U TUCKYCCHEHN B ITOMCKaX OTBETOB HA 3TU BOIPOCHI.

[Ipu BeINONIHEHNY 1a00PAaTOPHBIX PaOOT CTYACHTHI ydaTcs MPaKTUYECKUM HaBbIKAMU
MIPOEKTUPOBAHMS U MOJIETUPOBAHUS YCTPOUCTB, PACCMOTPEHHBIX Ha JIEKIIMOHHBIX 3aHATHUSIX.
[Ipu 3amure 1abopaTopHBIX padOT NEpe] CTYACHTaMU CTaBATCA 3aJauu, TpeOyrolue
JIOTUYECKOTO MBIILJIEHUS, IPUHIMIA 0000IEHNs U CONIOCTABICHUSI.

CamocrosiTenpHas paboTa CTUMYJIHPYET CTYACHTOB B IPOIecce MOATOTOBKU
JOMAILHUX 33JIJaHUH, IPU PELICHUH 33/1a4 Ha JJaOOPaTOPHBIX 3aHATUSX, IPU IOJTOTOBKE K
HUTOTOBOM aTTECTallUN.

6 YueOHO-MeTOqMYECKOE OOecTiedeHHe CAMOCTOATEILHOM padoThl 00yUaromuXcst

[IpencraBneHo B npuiIoKeHuH 1.

7 OneHOYHbIE CPEACTBA ISl IPOBEACHHUS MIPOMEKYTOYHOM aTTecTAllul
[IpencraBieHbl B IPUIIOKEHUH 2.

8 YueOHO-MeTOAMUYECKOE U MH(OPMAIIMOHHOE O0ecTIiedeHUe TN CIIUTIINHbI

a) OcHoBHas JMTEpaTypa:

1. Oropoanukos, M. H. MukpormpomneccopHas TexHuka: Beegenue B Cortex-M3:
Yyebnoe nocobue / Oropoauaukos M.H., - 2-e uza., crep. - Mocksa :@nunta, U3n-Bo Ypai.
yH-Ta, 2017. - 116 c. ISBN 978-5-9765-3194-9. - TekcT : anektponHnsbIit. - URL:
https://znanium.com/catalog/product/951093 (nara obparuenus: 18.04.2025). — Pexum
JOCTYTIA: MO MOJIMTUCKE.

2. I'ypos, B. B. MukpormportieccopHbie CUCTEMBI : yueObHoe nmocodue / B.B. I'ypoB. —
Mocksa : UTHOPA-M, 2023. — 336 c. + Jlon. maTepuansl [ DIEKTPOHHBIN pecypc]. —
(Beicizee ob6pasoBanue: bakanaspuar). — DOI 10.12737/7788. - ISBN 978-5-16-009950-7. -
Tekcr : anextponnsiii. - URL: https://znanium.ru/catalog/product/1984021 (mara
oOpamenus: 18.04.2025). — Pexxum ocTymna: 1mo moAmnucke.

3. Tpodumos, B. b. UHTEmIeKTyapHbIE aBTOMATU3HPOBAHHBIE CUCTEMBI YIIPABICHUS
TEXHOJIOTHYECKUMHU 00bekTamu: yueoHoe nocooue / B. b. Tpodumos, C. M. Kynakos. - 2-¢
u31., uctp. - Mocksa ; Bosoraa : Uadpa-Umxenepus, 2020. - 256 c. : win., Tadn. - ISBN 978
-5-9729-0488-4. - Tekcr : anexTponHbiid. - URL:
https://znanium.com/catalog/product/1167725 (nata obpamenus: 18.04.2025). — Pexum
JOCTYTIA: MO TOJIMTUCKE.

0) lonosiHuTeIbHAS JINTEPATYpPA:

1. Cumakos, I'. M. LludgpoBsie ycTpoiicTBa U MUKPOIIPOLIECCOPHI B
aBTOMaTU3UpPOBAaHHOM 3nekTponpuBoje/CumakoBl .M., [TankpaitO.B. - HoBocubupck :
HI'TY, 2013. - 211 c.: ISBN 978-5-7782-2210-6. - Tekcr : anexTpoHHsIii. - URL:
https://znanium.com/catalog/product/546371 (mara obpamenus: 28.04.2024). — Pexxum
JOCTYIA: MO MOAIMKCKE.

2. AunpeiiunkoB, A. B. UnTennekryansHbie IU(POBBIE TEXHOIOTUN
KOHIIETITYaTbHOTO MPOEKTUPOBAHMSI MHKEHEPHBIX pelieHuil : yueOHuk / A.B. AHIpeiunkoB,
O.H. AnpgpeiiunkoBa. — Mocksa : UHOPA-M, 2021. — 511 c. + lon. marepuaisl
[DnexTponHbIH pecypc]. — (Briciiee oOpa3oBanue: Marucrparypa). — DOI
10.12737/textbook_5cde57b7228885.60898513. - ISBN 978-5-16-014884-7. - Tekcer :
anektpoHHbId. - URL: https://znanium.com/catalog/product/1241808 (nata oOparieHus:
28.04.2024). — Pexxum JtocTyma: 1mo MO IIHCKeE.



B) MeToanyecKue yKa3aHus:

1. Manaxos O. C. Hudpossie ycTpoiicTBa : mpakTukyM [a7s By3oB] / O. C. Manaxos,
C. A. JIunpkoB ; Marautoropckuii roc. rTexuuueckuit yu-T uM. I'. M. Hocosa. -
Maruurtoropck : MI'TY um. I'. U. Hocosa, 2020. - 1 CD-ROM. - 3arm. ¢ TUTYyI. 9KpaHa. -
URL.: https://host.megaprolib.net/MP0109/Download/MObject/2864. - Tekcr :

JJIEKTPOHHBIH.

r) [Iporpammuoe ob6ecneuenue u UHTepHeT-pecypceni:

IIporpammHoe oGecrieyenne

HaumenoBanue .
o Ne noroBopa Cpok JieficTBUS JIMIICH3UN
MS Office 2007
Professional Ne 135 o1 17.09.2007 0eccpoyHO
7Zip cB00OIHO pacnpocTpansemoe [10 06eccpovHO
CooCox IDE v.
178 cB0OOTHO pacmpocTpansemoe [10 06eccpovHO

IIpodeccuonanbHbIe 6a3b1 JAHHBIX U HH(OPMAILMOHHBbIE CIIPABOYHbIEC CHCTEMbI

HasBanue Kypca Cchlika

DrekTpoHHas 0a3a MepuoIMUeCKuX u3aanuii East View

Information Services, OO0 «MBUC» https://dlib.eastview.com/

Hanmonansnas nHpopMannoHHO-aHATUTHYECKAs URL:
cucrema — Poccuiickuit nuaekc Hayanoro murupoBanust | https://elibrary.ru/project_risc.
(PUHII) asp

9 MaTepuajibHO-TEXHHYECKO0e o0ecnevyeHue TUCHUIIJIMHBI (MOMLYJIA)

MartepuanbHO-TeXHUYECKOE oOecrieueHre TMCIUILUINHBI BKIIOYAET:

VY4eOHble ayIUTOPUH AJI MPOBEACHUS 3aHIATHH JIeKIIMOHHOTO Thma (ayma. 023 M,
123M, 227M)

MYJIbTUMEUIHBIE CPEICTBA XPAHEHUS, IEpeJaud U MpeJCTaBIeHUs HH(OpMaLUU

VYyeOHast ayuTopus IS MPOBEACHHMS JTab0opaTopHbIX 3aHaTuil (aya. 023M, 227a)

kommbioTepsl Syntex mod-1+ LCD LG TFT19; (aya. 023M, 227a)

Y4eOHble ayIUTOPUHU JJIs TPYIIIOBBIX U UHAUBHUIYATbHBIX KOHCYIbTAI[UH, TEKYIIETO
KOHTPOJISI K POMEXKYTOUHOU arTtectanuu (ayma. 023M, 123M, 227M)

Y4eOHble ayIUTOPUHU I CAMOCTOSITENIbHOM paboThl 00yuaromuxcs [lepconanbHbie
koMmibroTepsl ¢ [10 u3 n. 8(r), BerxogoM B UHTEpHET U € JOCTYIIOM B AJIEKTPOHHYIO
nH(popMaMOHHO-00pa30BaTeNbHYIO Cpeay YHUBepcUuTeTa (aya. 227a)



IIpuiaoxenune 1
Y4eOHO-MeTOAUYECKOE 0O0ecTeYeHHe CAMOCTOATeIbHOMH padoThl 00yYaromuxcs

[lo npucuunnmHe «MUKpPOIPOLIECCOPHBIE CPEACTBA B MEXATPOHHBIX  MOJAYJISAX»
IPeAyCMOTPEHA ayIUTOPHAs U BHEAYJUTOPHAsI CAMOCTOSITENIbHAs paboTa 00yJaromuxcs.

AynuTtopHas caMoCTOsATeIbHasi paboTa CTYIEHTOB IPENIoJiaraeT OTBEThl HAa BOIMPOCHI Ha
MIPaKTUYECKUX 3aHATUAX [IPHU 3alIUTE padoT.

IIpuMepHbie BONpPOCHI VI YCTHOTO ONPOCa M 3alMThl MPAKTHYECKHX PadoT H
IK3aMeHa:

1. [IpuBeauTe OCHOBHBIE XapaKTEPUCTUKU MUKPOKOHTpOJUIepoB ceMeiictBa STM32F4.

2. TlosicauTe cxemy TakTupoBanus koutposuiepa STM32F407VGT6.

3. Kak HactpauBaercs taktupoBanue nepudepun koutposuiepa STM32F407VGT6?

4. Yro npencrasinser u3 cedst unrepdeiic FSMC B kontposnepe STM32F407VGT6?

5. Yro mpeacrasisiet u3 cedst uarepdeiic SDIO B koutposmepe STM32F407VGT6?

6. Kakue pexuMbpl MOHIKEHHOTO JHETPOTOTPEOICHNs MPUCYTCTBYIOT B KOHTPOJUIEPE
STM32F407VGT6?

7. YeMm oTnmyarotcs apyr ot apyra oubnuotexku SPL u HAL?

8.  Omnmmure O0OmMMA  TPUHIOMII  WCIOJB30BaHHS  Tepudeprur  KOHTpOJUIepa
STM32F407VGT6.

9. Kakue cpencra nmporpamMmmupoBaHusi KoHTpautoepoB STM32 Bel 3HaeTe?

10. Yto Takoe OpenOCD? Kak u 114 4ero oH UCHoIb3yeTcs?

11. Yro Takoe Bare Metal? Kak u jy1s1 yero oH ucnoJib3yercs?

12. Kak wnactpoutrp Coocox IDE pana nHanwcanuss mnporpaMMHOTo oOecreueHus
KOHTpoJiiepa?

13. Kakue cucreMbl COOpKH MPOCSKTOB BhI 3HaeTe?

14. Yro Takoe Makefile? Kak u my1st 4ero oH ucmosib3yercs?

15. YUto Takoe GDB? Kak u aJist 4ero oH ucnojab3yercs?

16. Kakoit KoMIuisITop HE0OXO0 UM ISl KOMITUJISAIIAN MTPOrpaMM KOHTpoJuiepoB STM32?



IIpuioxenne 2

a) Ilnanupyemble pe3yiabTarbl 00yYeHHsl M OLCHOYHBIC CPeACTBA /sl NPOBedeHHSA
NPOMEKYTOYHOM aTTeCTAlliu !

Kon
MHIUKATOpPA

NnaukaTop 10cTHKEHUS
KOMIIETEHIINH

OueHoOYHBIE CPEeACTBA

TIK-3: Cnocoben ucnonv3osams cospemMernble mexnoiocuy 0opabomxku ungopmayuy, mexuuieckue cpeocmed u
BbIYUCTUMENTLHYIO MEXHUKY, UHCIPYMEHmMaputl 0 paspabomKu U peaiu3ayuu aizopummos yugpoesot oopabomru
CUSHANI08, PACNO3HABAHUSA 00OPA306 U UOSHMUDUKAYUL 3PUMETbHBIX 00BEKMO8, NPU NPOEKMUPOBAHUU U
KOHCPYUPOBAHUU POOOMOMEXHUYECKUX cucmem

[K-3.1 3HaeT: cOBpeMEeHHbIE CIOCOObl 1 | Bompockl i1l yCTHOTO 0npoca | 3alUThl MPAKTHYEeCKUX
TEXHUYECKUE CPEICTBA IS paboT u IK3amMeHa:
00paboTku uHpOpMAaIHY; 1. [IpuBeanTE OCHOBHBIE XapaKTEPUCTUKH MUKPOKOHTPOJLIIEPOB
[IPOrpaMMHpyeMbIe cemeiictea STM32F4.
KOHTPOJUIEpbI, NpuMeHsieMble ipu | 2. [losicHUTE cXeMy TaKTHpOBaHUsI KOHTpOJIepa
OpTaHU3aIK THOKUX STM32F407VGT6.
MPOU3BOACTBEHHBIX CHCTEM; 3. Kak HacTpanBaercst TakTUpOBaHHe nepudepun KOHTpoIIepa
OpTraHMU3aII0 MAIIUHHOTO STM32F407VGT6?
3peHHS B POOOTOTEXHUYECKHUX 4. Yto npexacrannset u3 ceos uarepdeiic FSMC B koHTpoOsuiepe
CUCTEeMaX; yCTPOUCTBO STM32F407VGT6?
MPOMBIIIICHHBIX POOOTOB, 5. Yto mpencrapisier u3 ceds uarepderic SDIO B xoHTpOILIEpE
CTPYKTYPY ¥ KOHCTPYKIIMU STM32F407VGT6?
OCHOBHBIX OJIOKOB 6. Kakue pexuMbl MOHIKEHHOTO SHErponoTpeOeH s
UHTEIUIEKTYaIbHON HpUCYTCTBYIOT B KoHTporiepe STM32F407VGT6?
POOOTOTEXHUYECKOH CUCTEMBI: 7. Uem otnuyarorcs Apyr oT Apyra 6ubnuotexu SPL u HAL?
CHJIOMOMEHTHOTO OYyBCTBJICHUs, | 8. OmnuiimTe 00NN PUHIMIT KCIIONB30BaHus neprdepun
TEXHUYECKOTO 3pEHMUs, koHTporiepa STM32F407VGT6.
OpHEHTALMH B IPOCTPAHCTBE,
KyPCOBBIX CHCTEM; OCHOBHBIE
THIIBI ¥ TIPUHLUIT PAOOTHI
UHTEIUIEKTYaJIbHbIX JaTIUKOB U
UCIIONIHUTENbHBIX 3JIEMEHTOB
MHTEIJUIEKTYaJIbHON
POOOTOTEXHUYECKON CUCTEMBI;
OCHOBHBIE UCITIONIb3yEMbIE
uUQpOBbIC U aHAJIOTOBbIC
uHTepdeiice B
HHTEJIIEKTyaJIbHBIX
pOOOTOTEXHUYIECKUX CHCTEMAX;
COBPEMEHHBIE ITPOCKTHO-
KOHCTPYKTOPCKHE PEIIEHUs TIPH
CO3JTAaHUU POOOTOTEXHUIECKUX
YCTPOWCTB, CHCTEM M KOMILJIEKCOB
IK-3.2 YMeeT: IpUMEHATh COBpEMEHHBIE | BoNpockl /sl yCTHOTO OPoCca U 3alIMTHI MPAKTHYECKHX

CIOCOOBI U TEXHUYECKHE
cpencTBa st 00paboTKU
nH(OPMaLUK; TPOrPAMMHUPOBATH
KOHTPOJIJIEPHI, IPIMEHAEMBIE TIPH
OpTaHU3aIH THOKUX
MIPOU3BOICTBEHHBIX CHCTEM;
NPUMEHATH MalIMHHOE 3peHHUE B
POOOTOTEXHHYECKHX CHCTEMAX;
aHaJN3UPOBATH OCHOBHBIE OJIOKH
HHTEIIEKTYalIbHBIX
PpOOOTOTEXHIUUECKUX CUCTEM;
(hopmupoBaTh TpeOOBAHUS K
KOMITOHEHTAaM MHTEIUIEKTYaIbHON
pOOOTOTEXHUIECKOH CHCTEMBI,
BKJIFOYasl JATYMKU HHPOPMAIIUK U
MHKPOITPOIIECCOPHBIE YCTPOICTBA
YIIPaBIIEHUST; OCYIIECTBIISATH
000CHOBaHHBII BBIOOD
ONTHMAJIBHO TTOIAXO/SIINX
TEXHUYECKUX CPENCTB ISt

padoT U IK3aMeHa:

1. Kakue cpencrea mporpaMMupoBaHus KOHTpamtoepoB STM32
BBI 3HaeTe?

2. Uro takoe OpenOCD? Kak u 111 4ero oH Ucmons3yercs?

3. Yto takoe Bare Metal? Kak u 151 4ero oH ucronb3yercs?

4. Kak nactpouts Co0cox IDE nist Hanmcanust mporpaMMHOTO
obecriedeHns1 KOHTporuepa?

5. Kakue cucteMbl cOOpKH MPOEKTOB BEI 3HaETE?




peau3aiyy HHTEIIEKTYalbHOM
POOOTOTEXHHYECKOW CHCTEMBI;
MIPUMEHATHh UHTEJIEKTYaIbHO-
UH(OPMAIIMOHHBIE TEXHOIOTUH
JUTSl aBTOMATH3aI[HHA PACUETOB;
HCIOJIb30BAThH MPOrPaAMMHOE
obecrniedeHue st
MOJICTTUPOBAHHS
HHTEJUIEKTYaIbHBIX
POOOTOTEXHHYECKHX CHCTEM. ;
3¢ (eKTHBHO HCIIOTB30BaTh
COBpEMEHHBIE TEXHHUYECKHE
PEIIeHHs TPU peau3ariuu
MH(OpPMALIMOHHOTO,
MPOrPaMMHOIO U TEXHHYECKOTO
obecrieueHus: poOOTOB-

MaHHUIYJSITOPOB

MK-3.3 Nmeet nmpakTHyecKkuii OMBIT: Bomnpocs! 17151 yCTHOT0 onpoca 1 3alUThl MPAKTHYECKHX
NPUMEHEHHUS] COBPEMEHHBIX pa6oT u ’K3amMeHa:
CIOCO0O0B U TEXHUICCKUX 1. Yo Takoe Makefile? Kak u ays yero oH ucnomnb3yercs?
CpencTB At 00paboTKu 2. Yro takoe GDB? Kak u 7151 4ero oH ucnonb3yercs?
uHbopmanum; 3. Kaxoli KoMnHIsITOp HEOOXOAMM JUTS KOMITHIISIIIMK TIPOTPaMM
MpOrpaMMHUPOBAHUS KoHTposutepoB STM32?

KOHTPOJUJIEPOB, IPUMEHIEMBIX
NPU OpraHU3aluK THOKHX
MPON3BOACTBEHHBIX CUCTEM;
NPpUMEHCHUA MAIlIMHHOI'O 3pECHUA
B POOOTOTEXHUYECKHUX CHCTEMaX;
(dopmupoBanus TpeOOBaHUN K
KOMIIOHEHTaM
MHTEIJICKTYaJbHBIX
POOOTOTEXHUYECKUX CHCTEM,
BKJTIOYAS
UH(POPMALMOHHO-U3MEPUTEIbHBIE
Y UCIIOTHUTETIbHBIE YJIEMEHTBI,
yCTpOiicTBa 00pabOTKH,
BBIYHCIICHHS 1 yIIPaBIICHUS;
BBIOOpA TEXHMYECKUX CPEACTB
Ut TpeGyeMoi
HUHTEIJIEKTYaIbHON
POOOTOTEXHIMYECKOH CUCTEMEI C
Y4EeTOM TEXHHYECKOH CIOKHOCTH
1 CPOKOB peasii3aliy;
NPUMEHEHHS COBPEMEHHBIX
UH()OKOMMYHHKAIIMOHHBIX
TEXHOJIOTUH [TPU
MPOEKTUPOBAaHUH U
KOHCTPYUPOBaHUH
pOOOTOTEXHIMUECKUX CHCTEM

0) ITopsinox mpoBegeHUsI MPOMEKYTOUHOI aTTeCTAIUM, IOKA3aTeIN U KPUTEPHU OLIEHNBAHUA:

[IpomexxyTouHasi aTTecTalys 10 JUCLMILIMHE «MHUKpPOIPOIECCOPHBIE CPEICTBA B MEXATPOHHBIX MOIYJIAX»
BKJIIOYAET TEOPETUYECKHUE BOIPOCHI, MO3BONSIOLIME OLCHHTh YPOBEHb YCBOCHHUS OOYYarONIMMHCS 3HAHMH, WU
MpaKTHYECKUE 3aaHHs, BBIBISIONINE CTEIIEHb COPMUPOBAHHOCTH YMCHHUH U BIIAICHHUH.

DK3aMeH 0 JaHHOHM JUCLMIUTHE IIPOBOJUTCS B YCTHOM (opMe MO SK3aMEHALMOHHBIM OMIIeTaM, KaKIbIid U3
KOTOPBIX BKIIFOYAET 2 TEOPETHYESCKUX BOIPOCA.

IMokazaTesin M KPUTEPUH OLIEHMBAHMS IK3aMeHa:

— Ha OIEHKY «OTINYHO» (5 6aJI0B) — 00YHJarOIHIACS JEMOHCTPUPYET BHICOKHUI YPOBEHb C(OPMHUPOBAHHOCTH
KOMIIETEHIIMH, BCECTOPOHHEE, CHCTEMAaTHYECKOe W ITyOOKOe 3HaHWE y4eOHOro marepuaia, CBOOOIHO BBITOIHSET
MIpaKTHIECKNE 3a/1aHNs, CBOOOTHO OMNEpHpYeT 3HAHMSAMH, YMEHHMSMH, NPUMEHSET X B CHUTYalMsX MOBBIIICHHOH
CJIOKHOCTH.

— Ha OIEHKY «X0pomo» (4 Gamia) — oOyJaromuiics JEMOHCTPUPYET CPEAHUA ypOBEHb C(OPMHUPOBAHHOCTH
KOMIIETEHII: OCHOBHBIE 3HAHWS, YMEHHS OCBOCHBI, HO JIOIMYCKAalOTCS HE3HAYWTENbHbIE OMIMOKH, HETOYHOCTH,
3aTpyIHEHUs IPY aHAINTHIECKUX OIepalysiX, IepeHoce 3HaHUH 1 YMEHHI Ha HOBBIE, HECTaHJAPTHBIC CUTYALUH.




— Ha OLEHKY «YIOBJeTBOPUTeIbHO» (3 Oamna) — oOy4arommiics TEMOHCTPUPYET IMOPOTOBHIH YpOBEHBb
c(hOPMUPOBAHHOCTH KOMIIETCHIIMI: B XO/I€ KOHTPOJBHBIX MEpOIPUSTHH [IOMYCKAIOTCS OIIHUOKHM, MpOSBISETCS
OTCYTCTBHE OTJENbHBIX 3HAHWH, YMEHHi, HAaBBIKOB, OOyJarOUIUIACS MCIBITHIBACT 3HAYUTEIbHbBIC 3aTPYIHEHUS TPH
OIIEpUPOBAHUH 3HAHMSIMH U YMEHHSMH TIPU UX IIEPEHOCE Ha HOBBIC CUTYAILIHH.

— Ha OLEHKY «HeYIOBJIeTBOPHTEJIbHO» (2 0ama) — oOydaromuiicsi 1eMoHCTpupyeT 3HaHus He Oonee 20%
TEOPETHYECKOr0 MaTepHaia, AOIMYCKaeT CYIIECTBEHHbIE OMHOKH, HE MOKET NOKa3aTh WHTEIUIEKTYaJIbHbIE HaBBIKH
peLIeHus MPOCTHIX 3a/1ad.

— Ha OIIEHKY «HeYIOBJIeTBOPHUTeJabHO» (1 Oamn) — oOyJaronuiics He MOXKET TI0Ka3aTh 3HAHWS Ha YpOBHE
BOCITPOHM3BEACHUS U 00BSICHEHUsSI HHPOPMAIIMH, HE MOXKET MT0Ka3aTh WHTEIUIEKTyalIbHbIE HABBIKM PEIIEHUsT POCTHIX
3aja4.



