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CHHCOK TOKYMEHTOB H MAaTepPHAJIOB

. Ilepeuens miaHupyeMbIX pe3yiabTaTOB OOYyUEHHUS IO JUCHUIUIMHE, COOTHECEHHBIX C IUIa-
HUPYEMBIMU pe3yJibTaTaMH OCBOCHHS 00pa30BaTeIbHON IPOrPaMMBI

. Llenb 1 MECTO AMCHMILTUHBI B CTPYKTYpe 00pa3oBaTeIbHOMN MPOTrpaMMBbl

. Conepxanne paboueil mporpaMMbl (00BEM AWCHUIUIMHBI, TUITBI U BHUJBI YYEOHBIX 3aHS-
THH, y4eOHO-METOINYECKOe 00eCIIeueHne CaMOCTOSTEIbHOM padOThl 00YJIarOIITUXCS)

. @OHJ] OLIEHOYHBIX CPEJCTB MO AUCIUILTUHE

4.1. lepedeHb KOMITIETCHIIUN C YKa3aHHEM ITAlOB MX (OPMUPOBAHUS B MIPOIECCE OCBOC-
HUsl 00pa3oBaTelbHON mporpammbl. OnUcaHue MOKa3aTeliell U KPUTEPUEB OIICHUBAHWS
KOMIIETEHIINI Ha Pa3JIMYHBIX 3Tanax ux (OpMUPOBAHUS, ONKMCAHUE IIIKAJl OLICHUBAHUS
4.2. TunoBble KOHTPOJBHBIC 3a/laHUSI WIM WHBIE MaTepHUalbl, HEOOXOUMBIE IJI OILCHKU
3HAHWA, YMEHUH, HABBIKOB U OIBITA JCATEIHLHOCTH, XapaKTePUIYIOIINX 3Tabl (POPMHUPO-
BaHUs KOMIICTCHIIMA B IPOIIECCE OCBOSHUsSI 00pa3oBaTeNbHOUM MporpamMmbl. Meroamue-
CKHE€ MaTepHualbl, ONPEICNISIONINe IPOIEAYPbl OLECHUBAHUS 3HAHUM, YMEHUN, HABBIKOB U
OTIbITA JIEATEIHHOCTH, XapaKTEPU3YIOIINX dTarbl JOPMUPOBAHUS KOMIIETEHIIHIA

4.3. Petimune-naan oucyuniunsl (npu Heobxooumocmu,)

. Y4eOHO-MeToIn4YecKoe U HH(OPMAIIMOHHOE 00SCTICUCHNE TUCITUITITNHBI

5.1. IlepeyeHb OCHOBHOI W JTOTOJHUTENHHONW Y4eOHON JIUTEpaTyphl, HEOOXOAUMOMN IS
OCBOGHUS JUCIUITITUHBI

5.2. Ilepeuens pecypcoB HHPOPMAIIMOHHO-TEIEKOMMYHUKAIIMOHHOU ceTn «HTepHeT» u
IPOrPaMMHOTO 00ECTICUeHUs, HEOOXOUMBIX ISl OCBOCHHUS TUCITUTUIAHBI

. MarepuanpHO-TeXHHYecKast 0a3a, HeoOXOoAuMasi U OCYHIECTBICHHUS 00pa30BaTEIbHOTO

nmponecca no JUCHUIIINHE



1. IlepeyeHb MIaHNPYEMBIX Pe3yJIbTATOB 00y4eHUs N0 JUCIUIIHHE, COOTHECEHHBIX €
IVIAHNPYEMBIMH Pe3y/JIbTATAMH 0CBOCHHUSI 00pa30BaTeJbHOH NPOrpaMMbl
(c opuenmayueti Ha Kapmuvl KOMNemMeHyut)

B pe3ynbrate ocBoeHUs1 00pa30BaTeIbHON MIPOrpaMMbl 00yUYAIOLTUIICS T0JKEH OBJIa/IeTh Clle-
IYIOIIKUMU Pe3yIbTaTaMu O0YUYEeHHUSI 110 TUCIUILIMHE!

Kareropus (rpyn- | ®@opmupyemasi kommne- | Koa m HauMeHOBaHHe HHAMKATOPA A0CTHKEHHSA

na) KoMneTeHIui TeHUHs (C yKa3aHueM KOMIIeTCHIIUH
K0/13)
Cucremuoe u kputu- | OIIK-4. Cnocoben mpumeHITh | OIIK-4.1.
YC€CKOC MBIIIJICHUC COBPEMEHHBIC KOMIIBIOTCPHBIC | 3HaTh: COBPEMEHHBIE KOMIIBIOTEPHBIC TEXHOJIOTHH JUIA TOJI-

TCXHOJIOTHH I ITOATOTOBKH

TOTOBKM TEKCTOBOM U KOHCprKTOpCKO-TeXHOﬂOFI/I‘IeCKOﬁ
TCKCTOBOU U KOHCTPYKTOPCKO-

M JOKYMEHTAIIH, OCOOCHHOCTH BBIYHCIHNTENBHBIX SAPE CEMEH-
TCXHOJIOTHHCCIOR  AOKYMEH™ | - pa Cortex - A, R u M, sgpa Cortex-MO, Cortex-M3 n
Tallukd C y4eToM TpeOOBaHMM
HOPMATHBHOI 10KYMEHTALH Cortex-M4, ctpykrypa nporpammsl Ha si3e1ke CUL 111 MuKpo-
koHTpoimiepoB STM32, 3aronoBoYHBIH (haii, THIBI JaHHEIX,
MIEPEMEHHBIE W MACCHBBI, CTPYKTYpBI, (PyHKINH, OCHOBHBIC
XapakTepucTUKu MUKpokoHTposuiepa STM32F051R8T6, pe-
ructpsl oproB GPIO STM32 u ux MHULIMaNIU3anus, CTaH-
naptHas Ooubmmorexka CMSIS, cpenpl paspabotkun STM32,
CubeMX u CooCox IDE, oOubmuorekn HAL, ornamousie
TUIATHI STM32F407DISCOVERY u
STM32F051DISCOVERY, Ipeprmanns B STM32, TaitmMepst
B STM32:6a30Bble (basic timers), oOIIero Ha3HAYCHHS
(general-purpose timers), )npoasunyteie (advanced-control
timers),peanuzarust [IIMM ¢ moMoIipi0 MUKPOKOHTPOJLIEpa B
STM32. Moaynb 3axBaTa U CpaBHEHHUsI + TaliMep perucrpa
3axBata/cpaBHeHus (capture/compare register, CCRx), pabota
¢ monynsimu ADC, USART, SPI, DAC, DMA
OIIK-4.2.

YMeTb: HCTIONB30BATh COBPEMEHHBIE KOMITHIOTEPHBIE TEXHO-
JOTMM JUISl TIOATOTOBKM TEKCTOBOW M KOHCTPYKTOPCKO-
TEXHOJIOTHYECKON JOKYMEHTAIlMH, IPOrpaMMHpOBaTh  Ha
seike CU amst MukpokoHTpoiuiepoB STM32, oTiiaxuBaTh

nporpaMmbel st STM32 Ha  OTIago4HBIX IaTax
STM32F407DISCOVERY u STM32F051DISCOVERY.
OIIK-4.3.

BnageTs: HaBbIKaMM COBPEMEHHBIMHM KOMIBIOTEPHBIMHU TEX-
HOJIOTHSIMH JUISl TIOATOTOBKU TEKCTOBOM M KOHCTPYKTOPCKO-
TEXHOJIOTUYECKON JTOKYMEHTAllUY, HaBbIKAMU IIPOrpaMMU-
pOBaHMA U OTJIAAKU INPOrpaMM Ha MHUKPOKOHTPOJUIEPAX
STM32.

2. Ileab 1 MecTO TMCHUILUIMHBI B CTPYKTYpe 00pa3oBaTe/bHOIi MPorpaMMbl

Hucuumnuza «MHbOpMalnoOHHBIE TEXHOIOTUN» OTHOCUTCS K 0a30BOI YaCTH.

JucnunnuHa uzydaercs Ha 3-4 kypcee(ax) B 5-6 cemecTpe(ax).

enu n3ydeHus UCHMILTUHBL: SBISIOTCA (HOPMUPOBAHUE Y CTYJAEHTOB DJIIEMEHTOB Hay4-
HOTO MHPOBO33PEHHSI HA OCHOBE M3y4YEHHS OOIIHOCTH MPOTEKaHUS MH(POPMAIMOHHBIX MpoLec-
COB B CHUCTEMax pa3jM4HON MPUPOJBI (CONMATBHBIX, OMOTOTHUECKUX, TEXHUIECKHX ); PAa3BUTHE
OMNCpaOHHOI'O0 MBIIJICHUA HaIlpaBJICHHOTO Ha BI)I60p OIITUMAJIBHBIX HeﬁCTBHﬁ, Ha YMCHHC
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IUTAHUPOBATh CBOIO JESTEILHOCTh U MPEABUICTH €€ pe3yibTaThl, (OPMUPOBAHUE HABBIKOB Ipa-
MOTHOT'O TI0JIb30BaTENs NepcoHanbHOH OBM.

JlaHHBIA KypC NpeaHa3HayeH s cTylneHToB HampasieHusa 11.03.04 «DnexkrpoHuka u
HaHOANIeKTpoHUKay. Kype «HpOpMannOHHBIE TEXHOJOTHH» MO3BOJSET MOBBICHTH KadecTBa
MOJTOTOBKU OakalaBpoB B 001aCTH MHGOPMAIIMOHHBIX TEXHOJIOTUN, KOTOPHIE CTPOSATCS Ha Oa-
30BBIX TEXHOJIOTMYECKHX OMEPaIfii, HO KPOME 3TOT0 BKIIIOYAIOT Psiji cenu(puyecKux Mozenei u
MHCTPYMEHTAJIbHBIX CPEJCTB.

Jljis ycBOGHUS TUCIMILIMHBI 00ydaeMblid JOHKeH 001a1aTh 6a30BOM MaTEeMaTHUYECKOW U
¢bu3nyecKoil MOArOTOBKOM B paMKaX YHUBEPCUTETCKOTO Kypca JUIsl CTYJEHTOB (PU3UKOB U HABbI-
KaMH{ BJIaJICHUSI COBPEMEHHBIMU BBIUMCIUTEIBHBIMU CpecTBaMU. O0yyaeMblid JOIKEH BIIAJETh
OCHOBHBIMH MOHATUAMU (Pu3uku. [lo mpeamery u MeToay CBOMX HCCIEAOBAHUN NaHHBIA KypC
TECHO CBSI3aH C TaKMMHM Ipeameramu Kak «Hpopmaruka» u crnocodcTByeT HOpPMUPOBAHHIO Y
CTYJEHTOB 3JIEMEHTOB HAyYHOI'O MHPOBO33PEHHUSI HA OCHOBE M3YyU€HHUS OOIIHOCTH MPOTEKAHUS

MH(POPMALIMOHHBIX MPOLIECCOB B CUCTEMaX PAa3JIMYHOM MPUPOJIBI

HucuuiuinHa «MHpopMaoHHbIe TEXHOIOTUNY» NIPU3BaHA IOMOYb CTYJEHTaM OBJIAJEeTh
HaBBIKAMHU U 3HAHUSIMH, HEOOXOAUMBIMU JJIsl BBIMIOJIHEHUS! HAYYHO-HCCIIEI0BATEIbCKON PabOTHI,
BKJII0Yasl BBINOJIHEHUE BBITYCKHON KacCu(UIMPOBAHHOM pabOTHI.

3. Conepxanue padoyeii nporpaMmbl (00beM AUCUMIIHHBL, TUNIBI U BUbI Y4eOHBIX 3a-
HATHH, y4eOHO-MeToAn4YecKoe odecneyeHre CaMOCTOATeIbHOM padoThl 00yYaOIIHUXCS)

Copepxanue paboueii mporpaMMmsl npeactabieHo B [Ipunoxennn Ne 1.

4. ®oHJ OLEHOYHBIX CPEICTB MO JUCHHUIIIHHE

4.1. IlepeyeHb KOMIETEHIUI ¢ YKa3aHUEM 3TANOB UX ()OPMUPOBAHUS B NMPOLECCEe OCBOCHUS
o0pa3oBaTte/ibHOI NporpamMmmel. OnMcaHue NoKa3aTesed U KpUTepUeB OLIEHUBAHUS KOM-
neTeHUMi HA Pa3IMYHBIX dTANAaX UX (OPMUPOBAHUS, ONTUCAHME IIKAJ OLlEHUBAHUSA

Kon u popmynrpoBka KOMIETEHITNH
OIIK-4. CriocobeH mpUMEHSTh COBPEMEHHBIE KOMITHIOTEPHBIE TEXHOJIOTHUHU ISl TTOT0-
TOBKHU TEKCTOBOW M KOHCTPYKTOPCKO-TEXHOJOTHUYECKON JTOKYMEHTAllUU C Y4eTOM TpeOOoBaHUM
HOPMATHBHOM JTOKYMEHTAIIUH.

[Tmarupyemsie pe-
3yIIBTaThl 00YYICHUS
(Uemukatopsl 10-
CTHDKEHHS 3aJaHHOTO
YPOBHSI OCBOCHHSI
KOMITETEHITHI)

Kpurepun onileHnBaHMs pe3yabTaTOB 00yUCHHS

2 («He ynoBierBopu-
TEIBHOY)

3 («Y moBneTBopu-
TEITBHOY)

4 («Xoporoy)

5 («OTuaHOY)

Wupukarop moctu-
JKEHUSI KOMITETEH-
Uy (¢ KOJAOM)
OIIK-4.1.

3HaTh: COBpPEMEHHBIE
KOMITBIOTCPHBIC TEX-
HOJIOTHH JUTSL TIOJTO-
TOBKHA TEKCTOBOW H
KOHCTPYKTOPCKO-
TEXHOJIOTUICCKOM
JIOKyMCHTAIIUH, OCO-
OEHHOCTH BBIYUCITH-
TeNBHBIX SAPE  Ce-

He 3naet o coBpe-
MEHHBIX KOMIIBIOTEP-
HBIX TEXHOJIOTHSX JIJIsI
MOJITOTOBKU TEKCTO-
BOM U KOHCTPYKTOP-
CKO-TEXHOJIOTHYECKOI
JIOKYMEHTALIUH, 0CO-
OCHHOCTSIX BBIYHCITU-
TEJIbHBIX SIIEP ceMeii-
crBa Cortex - A, Ru
M, simpa Cortex-MO,
Cortex-M3 u Cortex-
M4, cTpyktype npo-
rpaMmebl Ha si3eike CU
JUTSI MUKPOKOHTPOJI-

Nmeer dpparmentap-
HbIE 3HAaHHA O COBpe-
MEHHBIX KOMITbIOTEP-
HBIX TEXHOJIOTUSIX ISt

MOJITOTOBKH TEKCTOBOM

U KOHCTPYKTOPCKO-
TEXHOJIOTUIECKOH J10-
KyMEHTAIIUH, 0COOCH-
HOCTSIX BBIYHCIIUTEIb-
HBIX sIJIEP CEMEHCTBa
Cortex-A,RuM,
sapa Cortex-MO,
Cortex-M3 u Cortex-
M4, cTpykType mpo-
rpaMmel Ha si3eike CU

JocrarouHo yBepe-
HO 3HAeT 0 COBpe-
MEHHBIX KOMITBIOTEP-
HBIX TEXHOJIOTHSIX
JUISI TIOJITOTOBKH TEK-
CTOBOM M KOHCTpPYK-
TOPCKO-
TEXHOJIOTUYECKOM
JIOKYMEHTAL1H, 0CO-
OCHHOCTSX BBIYHUC-
JIUTETBHBIX SIIEp ce-
metictBa Cortex - A,
R u M, sigpa Cortex-
MO, Cortex-M3 u
Cortex-M4, cTpykry-

YBEpEHHO 3HAET O
COBPEMEHHBIX KOM-
MBFOTEPHBIX TEXHO-
JIOTHSIX IS TIOJITO-
TOBKH TEKCTOBOM U
KOHCTPYKTOPCKO-
TEXHOJIOTMYECKOM
JIOKyMEHTAIIUH, 0CO-
OEHHOCTSAX BBIYKC-
JIUTENBHBIX SIIEp ce-
metictBa Cortex - A,
R uM, anpa Cortex-
MO, Cortex-M3 u
Cortex-M4, ctpykTy-
pe IpOrpamMMbl Ha
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meiictBa Cortex - A,
R u M, snpa Cortex-
MO, Cortex-M3 wu
Cortex-M4,  crpyk-
Typa MporpaMMBI Ha
s3pike CU 1t MuK-
POKOHTPOJLIEPOB

STM32, 3aronoBou-
HBIF  (haid,
JIAHHBIX,

THIIBI
NepeMeH-
HblE M  MAaCCHUBBI,
CTPYKTYpHI,  (PYHK-
LMK, OCHOBHBIC Xa-
PaKTePHCTHKNA MUK~
POKOHTpOJLIEpa
STM32F051R8T6,
PETUCTPBI MOPTOB
GPIO STM32 u ux
MHULIHATH3ALIS,
CTaHIapTHAs
JINOTEKA CMSIS,
cpemsl  pa3paboTKu
STM32, CubeMX u
CooCox IDE, 06u6-
moteku HAL, otna-

ouo-

JIOYHBIC TUIaThI
STM32F407DISCO
VERY "

STM32F051DISCO
VERY, IlpepsiBanus
B STM32, Taiimeps! B
STM32:6a30BbIe
(basic timers), o0rie-
TO Ha3HAYCHUS
(general-purpose
timers), )IpPOJBHHY-
ThIE (advanced-
control
timers),pea3ars
MM ¢ nomoIso
MHKPOKOHTpPOJLIEpa
B STM32. Moaynb
3axBaTa U CpaBHCHHS
+ TailMep perucrpa
3axBara/CpaBHEHHS
(capture/compare
register, CCRx), pa-
6ora c MomymsIMHU
ADC, USART, SPI,

nepoB STM32, 3aro-
JIOBOYHBIX (haiiiax,
THUINAX TAHHBIX, TIepe-
MCHHBIX M MACCUBAX,
CTPYKTYpax, QyHKIH-
SIX, OCHOBHBIX XapakK-
TEPHCTUKAX MUKPO-
KOHTpOIIIepa
STM32F051R8T6,
pErucTpax MOpTOB
GPIO STM32 un ux
MHATHATI3ALIH,
CTaHAapTHON OMOIMO-
texke CMSIS, cpenax
pazpabotku STM32,
CubeMX u CooCox
IDE, oubanoTeke
HAL, otnamo4ssix
TIaTax
STM32F407DISCOV
ERY u
STM32F051DISCOV
ERY, IlpepoiBanmsx B
STM32, taiimepax B
STM32:6a30BbI€
(basic timers), o01ero
HazHaueHus (general-
purpose timers), Jpo-
neuHyThIe (advanced-
control
timers),pea3ars
[II1M ¢ noMo1iso
MHKPOKOHTpOJLIEpa B
STM32, moxyse 3a-
XBaTa ¥ CPAaBHEHUS +
TailMep perucrpa 3a-
XBaTa/CpaBHEHUSI
(capture/compare
register, CCRx), pabo-
Te ¢ MoayisiMu ADC,
USART, SPI, DAC,
DMA.

JUTS. MUKPOKOHTPOJLIC-
poB STM32, 3aroso-
BOYHBIX (paiinax, Tu-
Max JaHHBIX, ICPEMCH-
HBIX M MAaCCUBAX,
CTpYyKTypax, QyHKIu-
SIX, OCHOBHBIX XapaKTe-
PHCTHKaX MUKPO-
KOHTpOJIIepa
STM32F051R8T6,
pErucTpax MOPTOB
GPIO STM32 n ux
WHUIAATU3AIIY, CTaH-
JTAPTHOM OMOIHOTEeKE
CMSIS, cpenax paspa-
6otk STM32,
CubeMX u CooCox
IDE, oubanoTeke
HAL, otnagodHbIx
TIaTax
STM32F407DISCOVE
RY n
STM32F051DISCOVE
RY, IlpepriBanusx B
STM32, taiimepax B
STM32:6a308BbIe (basic
timers), o011Iero Ha3Ha-
yeHust (general-purpose
timers), )IIPOABUHYTHIC
(advanced-control
timers),pean3ars
[II1M ¢ noMo1iso
MHKPOKOHTpPOJLIEpa B
STM32, moayne 3axBa-
Ta ¥ CpaBHEHHUA + Taii-
Mep perucrpa 3axpa-
Ta/CpaBHEHUS
(capture/compare
register, CCRx), padote
¢ moxyisimu ADC,
USART, SPI, DAC,
DMA

pe IpOorpaMMBbI Ha
si3p1ke CH 117151 MUK-
POKOHTPOJLICPOB
STM32, 3arosoBou-
HBIX (haiinax, THIax
JTAHHBIX, IEPEMCH-
HBIX H MaCCHBaX,
CTPYKTYpax, pyHK-
IIUSIX, OCHOBHBIX Xa-
PaKTEpPHCTHKAX MHUK-
POKOHTpOILIepa
STM32F051R8T6,
PErHCTpax MOPTOB
GPIO STM32 u ux
MHUIHATA3AIHY,
CTaHIIAPTHOM OHO-
mmotexe CMSIS,
cpenax pa3paboTKu
STM32, CubeMX u
CooCox IDE, 6u6-
ymoteke HAL, otia-
JIOYHBIX IDTaTaX
STM32F407DISCOV
ERY u
STM32F051DISCOV
ERY, IlpepbiBanusax
B STM32, Taiimepax
B STM32:6a30BbIe
(basic timers), oOriie-
TO Ha3HAUCHUS
(general-purpose
timers), )IPOIBHUHY-
ThI¢ (advanced-
control
timers),pea3ars
MM c nomouibio
MHKPOKOHTPOJIIEpA B
STM32, mopyrne 3a-
XBaTa U CPaBHEHUS +
TallMep perucrpa
3axBaTa/cpaBHCHIS
(capture/compare
register, CCRXx), pa-
0ote ¢ MOyIIMH
ADC, USART, SPI,
DAC, DMA, 1o 110-
IycKaeT HeOOobIIIe
OIINOKH.

si3p1ke CH 17151 MUK-
POKOHTPOJLICPOB
STM32, 3aroyioBou-
HBIX (aiinax, Tnnax
JTAHHBIX, TICPEMCH-
HBIX H MaCCUBaXx,
CTPYKTYpax, pyHK-
IIUSIX, OCHOBHBIX Xa-
PaKTepPHCTHKAX MHUK-
POKOHTpOILIEpa
STM32F051R8T6,
pETHCTpax IMOPTOB
GPIO STM32 u ux
MHUIAATA3AIHH,
CTaHIAPTHOM OHO-
mmotexe CMSIS,
cpenax pa3paboTKu
STM32, CubeMX u
CooCox IDE, 6u6-
ymoteke HAL, otia-
JTOYHBIX IDTaTaxX
STM32F407DISCOV
ERY n
STM32F051DISCOV
ERY, IlpepbiBanusax
B STM32, Taiimepax
B STM32:6a308BbIe
(basic timers), o0rie-
T'0 Ha3HAYCHUS
(general-purpose
timers), )IpoABUHY-
ThIC (advanced-
control
timers),peanm3arys
UM ¢ nomo1pto
MHKPOKOHTPOJIIEpA B
STM32, momyie 3a-
XBaTa ¥ CPaBHEHUS +
TallMep perucrpa
3aXBaTa/CpaBHEHUsI
(capture/compare
register, CCRXx), pa-
0oTe ¢ MOIyIIIMH
ADC, USART, SPI,
DAC, DMAu Mmoxer
OTBETHUTH Ha JIOTIOJ-
HUTEIbHBIC BOIIPO-
CBI.

DAC, DMA.

OI1K-4.2. He ymeer ucnonmp3o- | YactuuHo ymeeT uc- | YMeeT OOBSCHATH | YMEET  HCIOIB30-
YMeTp:  WCTONB30- | BaTh  COBPEMCHHBIC | ITOJB30BATh COBpe- | MCHOJNB30BaTh  CO- | BaTb COBPEMEHHbBIE
BaTh COBPEMCHHBIC | KOMIIBIOTCPHBIC TEX- | MCHHBIC KOMITBIOTEP- | BPEMCHHBIC KOMITb- | KOMITBEOTCPHBIC TEX-

KOMIIBIOTEPHBIE TEX-
HOJIOrMM J11 I1IOATr0-

HOJIOTUH JUIS ITOJrO-
TOBKH TEKCTOBOM H

HBIC TCXHOJIOTHH JJIA

IIOArOTOBKHU TEKCTO-

IOTEPHBIE  TECXHOJIO-
THHU JJI1 TIOATOTOBKH

HOJIOTUHX JIJI TIOATrO-
TOBKH TEKCTOBOM M




TOBKM TEKCTOBOM M
KOHCTPYKTOPCKO-
TEXHOJIOTHICCKOM
JIOKyMCHTAIIUH, TPO-
rpaMMHpOBaTh  Ha
s3pike CU 1st MuK-
POKOHTPOJLIEPOB
STM32, otnaxusarthb
MIPOTPaMMBI ISt
STM32 nHa ommagou-
HBIX mIatax
STM32F407DISCO
VERY i
STM32F051DISCO
VERY.

KOHCTPYKTOPCKO-
TEXHOJIOTHIECKOM
JIOKYMEHTAIMH, TPO-
rpaMMHUpOBaTh  Ha
s3eike CU it MuK-
POKOHTPOJLICPOB
STM32, ornaxuBaTh
MPOTPAMMBI IS
STM32 ma ommagou-
HBIX maTax
STM32F407DISCO
VERY u
STM32F051DISCO
VERY.

BOM M KOHCTPYKTOp-
CKO-TEXHOJIOTHUECKOM
JOKyMEHTALUH, TIPO-
TPaMMHPOBATh Ha
s3pike CU st Mukpo-
KOHTPOJIJICPOB
STM32, ornaxxuBaTh
MPOTPAMMBI ISt
STM32 na otmamou-
HBIX mIarax
STM32F407DISCOV
ERY u
STM32F051DISCOV
ERY.

TEKCTOBOM M KOH-
CTPYKTOPCKO-
TEXHOJIOTHICCKOM
JTIOKyMEHTAITHH,
MIPOTPaMMHUPOBATH
Ha spike CU mos
MHKPOKOHTPOJIIEPOB
STM32, OTJHaXKU-
BaTh  MPOTPAMMBEI
st STM32 ma ot-
JAJOYHBIX  IUIATax
STM32F407DISCO
VERY u
STM32F051DISCO
VERY, no wunHorma

KOHCTPYKTOPCKO-
TEXHOJIOTHICCKOMN
JIOKyMEHTAIIHH,
MIPOTPaMMHUPOBATH
Ha seike CU moa
MHKPOKOHTPOJIICPOB
STM32,  otrnaxu-
BaTh  MPOTPAMMEI
mia STM32 nHa or-
JAJ0YHBIX  IUIATax
STM32F407DISCO
VERY u
STM32F051DISCO
VERY.

omudaeTcst
OIIK-4.3. He Bnameer HaBbikamu | YacTHUHO Biajeer | Brnageer  HaBbIkaMu | YBEPEHHO  BIIAjieeT
BrageTh: HaBblkamu | Pa0OTBI C  COBpPEMEH- | HaBbIKAMH PabOTBl C | pabOTBI C COBPEMEH- | HaBbIKAMHM pPa0OTBI C
COBPEMCHHBIMHU  KOM- HbIMH KOMIIBIOTEP- COBPCMECHHBIMU KOM- HbIMU KOMIIbIOTEP- COBPECMCHHBIMU KOM-

MBIOTEPHBIMU  TEXHO-
JIOTUSIMA IS TIOATO-
TOBKH TEKCTOBOM U
KOHCTPYKTOPCKO-
TEXHOJIOTHYECKOH
JIOKyMEHTAlIUY,
HaBbIKAaMH TpOrpam-
MUpPOBaHUSI U OTIAJ-

KA TporpaMM  Ha
MHUKPOKOHTPOJIIEPAax
STM32.

HBIMH  TEXHOJIOTHSIMH
JUISL TIOATOTOBKH TEK-
CTOBOH M KOHCTPYK-
TOPCKO-
TEXHOJIOTUYECKOH
JOKYMEHTAIHH,
HaBBIKAMH IpOTpam-
MHUpPOBAaHUS MU OTIA[-

KM TporpaMM  Ha
MHUKPOKOHTPOJUIEpax
STM32.

MBIOTEPHBIMU TEXHOJIO-
THAMH TSI TIOJITOTOBKH
TEKCTOBOU U KOHCTPYK-
TOPCKO-

TEXHOJIOTUYECKOH  JI0-
KyMEHTAllUH, HaBbIKa-
MH  [POrPaMMHpPOBa-
HUA W OTJIaAKH IIpO-
rpamMm HA MHKpPO-
KoHTpoJsuiepax STM32.

HBIMH TEXHOJIOTHAMH
JUISL TIOATOTOBKU TEK-
CTOBOH M KOHCTpPYK-
TOPCKO-
TEXHOJIOTUIECKOM
JIOKYMEHTAIHH,
HaBBIKAMHU Tpo-
rpaMMHpOBaHUS U
OTJIIAJIKH  MIPOTPAMM
Ha MHKPOKOHTPOI-
nepax STM32, Ho He
BCET/Ia YBEPEHHO

TIBIOTEPHBIMA  TEXHO-
JIOTHSIMA [UTsSL TIOJTO-
TOBKH TEKCTOBOM U
KOHCTPYKTOPCKO-
TEXHOJIOTHIECKO#
JIOKYMEHTAITHH,
HaBbIKaMH npo-
rpaMMHUpPOBaHUA u
OTJIafKH MpPOrpamMM
HA  MHKPOKOHTDOJI-
nepax STM32.

3aueTr

IInanupyemsle pe3yabTaThl

o0y4eHust

(MIHauKaTophl JOCTIKEHUS
3aJJaHHOTO YPOBHS OCBOCHUS
KOMIIETCHIIHA)

Kpurtepnu onieHuBaHus pe3ybTaTOB 00y4eHH

«He 3auteno»

«3a4TeHO»

WHauKaTtop TOCTHKEHUSI
KOMITETCHIINH (C KOJIOM)

OIIK-4.1.

3HaTh: COBPEMEHHBIE KOMIIb-
TEXHOJIOTHH  JIJIS
IMOJrOTOBKH TEKCTOBOM U KOH-

FOTCPHBIC

CTPYKTOPCKO-
TEXHOJIOTHYECKOU

Cortex-M0,

JIAHHBIX, IIEPEMEHHBIE U Mac-
CHBBI, CTPYKTYpHI, (pyHKIWHH,

JIOKyMEH-
Talli, OCOOCHHOCTH BBIYHC-
JUTENIBHBIX SIIpE  CeMelicTBa
Cortex - A, R u M, smpa
Cortex-M3  u
Cortex-M4, crtpykTypa mpo-
rpammbl Ha si3eike CU st
MHUKpPOKOHTposiepoB STM32,
3aroJIOBOYHBIN  (baiin, THIIBI

Kax

1uy,

STM32F051R8T6, peructpax
ToB GPIO STM32 u ux mHALMann3a-
CTaHIApTHOU

OTtcyTcTBHE 3HAaHMW WM (pparMeH-
TapHblE€ MPEJICTaBICHUS
MCHHBIX KOMIIBIOTEPHBIX TEXHOJIOTU-
SIX JUISl IOATOTOBKY TEKCTOBOM M KOH-
CTPYKTOPCKO-TEXHOJIOIMYECKON

0 CcoBpe-

A0-

KyMEHTallM, OCOOEHHOCTSIX BBIYHC-
JUTENbHBIX siaep cemelictBa Cortex -
A, R u M, sapa Cortex-MO0, Cortex-
M3 u Cortex-M4, ctpykType mpo-
rpamMmbl Ha si3pike CH s muxpo-
koHTpOoimiepoB STM32, 3aromoBou-
HBIX (haiiax, TUMAX JaHHBIX, Iepe-
MCHHBIX H MacCCHUBax,

CTPYKTYpaX,

(DYHKIMSAX, OCHOBHBIX XapaKTepPHUCTH-

MHKPOKOHTpOJLIEpa
Top-

OuoIIMOTEKE

CdopmupoBanHbie (BO3MOKHO HEIOTHBIC)
MIPEJICTaBICHMSI O COBPEMEHHBIX KOMITBIO-
TEPHBIX TEXHOJIOTHSIX JIJIsl TOATOTOBKU TEK-
CTOBOI U KOHCTPYKTOPCKO-
TEXHOJIOTUIECKON IOKYMEHTAIINH, OCOOEH-
HOCTSIX BBIYHCIHTEIIHHBIX SIIEp CeMeiicTBa
Cortex - A, R u M, sapa Cortex-MO, Cortex-
M3 u Cortex-M4, ctpyKType nporpaMmmsl Ha
si3bike CUL 17151 MUKPOKOHTPOJIIIEPOB
STM32, 3aroj0BOYHBIX (haiiiax, THIIAX
JTAHHBIX, IEPEMEHHBIX U MacCHBaX, CTPYK-
Typax, QyHKIHMIX, OCHOBHBIX XapaKTepH-
CTHKaX MHKPOKOHTpOJIIEpa
STM32F051R8T6, peructpax mopToB
GPIO STM32 u ux UHUIMATIU3AI|H, CTaH-
naptHoi oubmmoteke CMSIS, cpenax pas-
padotku STM32, CubeMX u CooCox IDE,
oubaroreke HAL, oTnaouHbIX miaTax
STM32F407DISCOVERY u
STM32F051DISCOVERY, IlpepsiBanusix B
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OCHOBHBIE  XapaKTEPHCTHUKU
MHKPOKOHTpOJIIEpa
STM32F051R8T6, peructpsr
noproB GPIO STM32 u ux
MHAAATI3ALS, CTAaHAAPTHASL
oubmorexka CMSIS, cpenst
pazpabotrku STM32, CubeMX
u CooCox IDE, 6ubnuotexu
HAL, ommamoynsle IUIATHI
STM32F407DISCOVERY wu
STM32F051DISCOVERY,
IIpepeiBanus B STM32, Taii-
Mepel B STM32:6a30BbIe
(basic timers), o0miero Ha3zHa-
YeHUS (general-purpose
timers), TPOJIBUHYTHIC
(advanced-control
timers),peanu3zaius  [1IMAM ¢
TIOMOIIBI0  MHUKPOKOHTPOJIIE-
pa B STM32. Moxyns 3axBara
W CpaBHEHHs + TaiiMep peru-
cTpa 3axBara/CpaBHEHHUS
(capture/compare register,
CCRx), paboTa ¢ MOIYyIIMHU

CMSIS, cpenmax paszpabotkun STM32,
CubeMX u CooCox IDE, oOubmuote-
ke HAL, oTmagouyHeIX ImiaTax
STM32F407DISCOVERY u
STM32F051DISCOVERY, Ilpepsr-
BaHusx B STM32, taiimepax B
STM32:6a30Bbie  (basic timers), 00-
mero HasHaveHus (general-purpose
timers), )mpomsuHyThle (advanced-
control timers),peammzanust [1IUM ¢
MOMOIIBI0  MHKPOKOHTpOJUIepa B
STM32, Mofyne 3axBaTa U CpaBHEHHS
+ Tanumep peructpa
Ta/CpaBHCHHUS (capture/compare
register, CCRx), paboTte ¢ Momymsimu
ADC, USART, SPI, DAC, DMA

3axBa-

STM32, taiimepax B STM32:6a308sb1e (basic
timers), oO1iero Ha3Ha4yeHwus (general-
purpose timers), JupoasuHyThie (advanced-
control timers),peanu3arnms HIVM ¢ momo-
IbI0 MUKpOKOHTposiepa B STM32, moxyne
3aXBaTa M CpaBHEHUs + TaiiMep perucrpa
3axBara/cpaBHEHU (capture/compare
register, CCRx), pabote ¢ momymsimu ADC,
USART, SPI, DAC, DMA

ADC, USART, SPI, DAC,
DMA
OIIK-4.2. OtcyTrcTBHe yMeHM win ¢parMeH- | B merxom ycmemHoe (BO3MOXHO HE CH-

YMeTh: HMCMONIb30BaTh COBpE-
MCHHBIC KOMITBIOTEPHBIE TeX-
HOJIOTUY JIJISI TIOJITOTOBKH TEK-
CTOBOM W KOHCTPYKTOPCKO-
TEXHOJIOTUYECKOH  JIOKyMEH-
Taluy, IPOTPaMMHUPOBATh HA
CU gnnms  MuKpo-
koHTposuiepoB STM32, otna-
JKUBATh JUTST
STM32 Ha omIaoYHBIX IIIa-
Tax
STM32F407DISCOVERY u
STM32F051DISCOVERY.

S3BIKC

MPOTPaMMBI

TapHble yMEHHUS MHCIOJb30BaTh CO-
BPEMCHHbIE KOMIBIOTEPHbIE TEXHOIIO-
TMU Ul TIOJTOTOBKM TEKCTOBOW U
KOHCTPYKTOPCKO-TEXHOJIOTNUECKOM
JIOKyMEHTAIIHH,
Ha si3bike CU 111 MUKPOKOHTpOJLIE-
poB STM32, oTmaxuBaTh HpOrpam-
MBI 1t STM32 Ha oTiIafoYHbBIX IIa-
tax  STM32F407DISCOVERY u
STM32F051DISCOVERY.

HIpOTPaMMHUPOBATH

cTeMaTHYecKoe)
COBPEMEHHBIE KOMITHIOTEPHBIC TEXHOJIOTUH
JUIT TIOATOTOBKUA TEKCTOBOM M KOHCTPYK-

YMEHHE HCIIO0JIB30BATH

TOPCKO-TEXHOJIOTHIECKON JTOKyMCHTAIIHH,
mporpaMMupoBath Ha sizbike CU my1st Muk-
pokoHtposuiepoB  STM32,
nporpamMmsel st STM32 Ha OTJIaIO9HBIX
mwiatax ~ STM32F407DISCOVERY u
STM32F051DISCOVERY.

OTJIA’KMBATh

OIIK-4.3.
Bnagers: HaBbIKaMmM  coBpe-
MEHHBIMH  KOMITbIOTEPHBIMU

TEXHOJIOTUSIMU JUIS  TIOATOTOB-
KH TEKCTOBOH M KOHCTPYKTOp-
CKO-TEXHOJIOTUYECKOH  JIOKY-
MEHTalliM, HaBBIKAMH IIPO-
TpaMMHUPOBAHUA W OTJIAAKH
nporpamMmm Ha  MHKpO-
KoHTpoJuiepax STM32.

OTcyTcTBHE BIafieHUs Wi (parMeH-
TapHOE BJIAJICHHE HABBIKAMU COBpE-
MEHHBIMH KOMITBFOTEPHBIMH TEXHOJIO-
THSIMH JIJISL TIOATOTOBKH TEKCTOBOH U
KOHCTPYKTOPCKO-TEXHOJIOTMYECKOM
JIOKYMEHTAIlM, HaBBIKAMHU IPOrpam-
MHUPOBAHHUS ¥ OTJIAJKH NPOrpaMM Ha
MHUKpOKOHTposuiepax STM32.

B nenom ycrienHoe (BO3MOXKHO HE CHCTe-
MaTHYeCKOEe) HaBbIKAMH  COBPEMEHHBIMHU
KOMIIBIOTEPHBIMH TEXHOJIOTHSIMU TSI TIOJ-
TOTOBKM TEKCTOBOM M KOHCTPYKTOPCKO-
TEXHOJIOTUYECKON JOKYMEHTAIMH, HAaBbI-
KaMH MPOTrpaMMHUPOBAHKS U OTJIAJKU IPO-
rpaMM Ha MHKpOKOHTposuepax STM32.




Kputepusimu orieHUBaHHS SBISIOTCS OJlIbl, KOTOPHIE BBICTABJISIOTCS MPEIMOIaBaTeIeM 3a
BUJIbI IEATEIILHOCTH (OLICHOYHBIE CPEJCTBA) 10 UTOraM M3ydeHUs MojyJied (pa3/ieioB TUCIUILIN-
HBI), IEPEUUCIICHHBIX B PEUTHHT-IIAaHE JUCIUILUIUHBI (0151 9K3aMeHA. TEKYIUH KOHTPOIh — MaKCH-
MyM 40 G6ayoB; pyOekKHBINH KOHTPOJIh — MakCUMyM 30 0ajioB, OOLIPUTEIIbHBIC OaJUTbI — MaKCH-
myMm 10; 012 3auema: TeKyIui KOHTPOIb — MakcuMyM 50 OaiioB; pyOeKHBIH KOHTPOIh — MAKCH-
MyM 50 6aJIJIOB, TOOIIPHUTENBbHBIEC OAJIITBI — MakcUMyM 10).
[Tkasbr oLleHUBaHUS:
(0ns ox30MeEHQ:
oT 45 10 59 6ann0B — «yI0BIETBOPUTEIBLHO;
ot 60 110 79 6aJIOB — «XOPOIIIOY;
ot 80 0aJJIOB — «OTJIMYHON.
ons 3auema:
3auTeHo — oT 60 10 110 peliTuHroBbIX 6aymIoB (BKiItoYast 10 mOOIIPHUTENHHBIX OATIIOB),
He 3auTeHO — OT 0 10 59 peHTHHTOBBIX OAJLIIOB).

4.2. TunoBble KOHTPOJIbHbIE 32/IaHUSI WJIM HHbIE MATEPHAJIbI, HE00X0IUMBbIe [JIsl OLIEeHKH 3Ha-
HMii, YMeHHIi, HABHIKOB U ONBITA JeSITeJIbHOCTH, XapaKTePU3yIOUMX 3Tanbl popmMupoBa-
HUSl KOMIIETEHUMH B Npoliecce 0CBOEHUsI 00pa30BaTeIbHOI NporpaMmmbl. MeToan4veckue
MaTepuaJibl, ONpee/solue NPouea1ypbl OeHNBAHNS 3HAHUI, YMEHUI, HABBIKOB U OIbI-

Ta 1eSITeJIbHOCTH, XapPAKTEePU3YIOIIHX ITAaNbl (POPMUPOBAHNUS KOMIETEHIIUI

Komnerentust PesynbTarsl 00yueHus OlLleHOYHBIE Cpe/iCTBa
(c ykazanueM Koja) Hnouxamop docmuoicenus komne-
menyuu (¢ kooom)

OIIK-4. CiocobeH mpUMEHSITh OIIK-4.1. JlabopaTopHbie pabOThI; KOH-
COBPEMCHHBIC KOMITBIOTCPHBIC 3HaTh: COBPEMEHHBIE KOMIIbIOTEPHBIE TPOJIbHBIC paGOTLI; 3a4eT, dK3a-
TCXHOJIOI'MH JJI1 IIOATOTOBKHU TCK-
CTOBOM U KOHCTPYKTOPCKO-
TEXHOJOTMIECKOI JAOKYMCHTAlMH
¢ y4eToM TpeOOBaHUIT HOPMATHB-
HOU JIOKyMEHTAIl!

TEXHOJIOTUU 71l TOATOTOBKM Tekcro- | MEH.
BOM u KOHCTPYKTOPCKO-
TEXHOJIOTUYECKON JIOKYMEHTALIHH,
OCOOEHHOCTH BBIYMCIIUTEINILHBIX sIEp
cemeiictea Cortex - A, R u M, snpa
Cortex-M0, Cortex-M3 u Cortex-M4,
CTPYKTYpy Tporpammbl Ha si3bike CHU
JUIL MUKpOKOHTposiepoB STM32, 3a-
TOJIOBOYHBIN (DailI, THITHI JAHHBIX, TIe-
PEMEHHBIE W MACCHBBI, CTPYKTYPHI,
(YHKIIMY, OCHOBHBIC XapaKTCPHUCTUKH
mukpokonTposiepa STM32F051R8T6,
peructpel ioproB GPIO STM32 u ux
WHHULIMATIN3AlKMs, CTaHgapTHas Ouo-
nmroreka CMSIS, cpeapl pa3paboTku
STM32, CubeMX u CooCox IDE,
oubmotek HAL, oTiaiouHbIe MiaThl
STM32F407DISCOVERY "
STM32F051DISCOVERY, IlpepsiBa-
Hus B STM32,  Tailimepsl B
STM32:6a30BbIe (basic timers), oOIe-
ro HasHaueHus  (general-purpose
timers), )mpomBuHyThle (advanced-
control timers),peammzarus  [HNUM ¢
MOMOIIBI0  MHKPOKOHTpOJUIEpa B
STM32. Monayns 3axBata ¥ CpaBHEHHS
+ Talimep peructpa 3axBara/cpaBHEHHS
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(capture/compare register, CCRx), pa-
6ota ¢ moxyisimu ADC, USART, SPI,
DAC, DMA

OIIK-4.2.
YMeTh. HCHONIB30BaTh COBPEMEHHBIE

KOMITbIOTEPHBIC TEXHOJIOTHH UL TIOA-
TOTOBKH TEKCTOBOH M KOHCTPYKTOPCKO-
TEXHOJIOTHIECKOI JOKyMEHTALHH,
nporpamMMupoBaTh Ha si3bike CU s
MHUKpOKOHTpoiutepoB  STM32, otna-
xuBaTh mporpammbel it STM32 Ha
OTJIa/I09HBIX IaTax
STM32F407DISCOVERY u
STM32F051DISCOVERY.

OTIK-4.3.

BiameTs: HaBBIKAMH — COBPEMEHHBIMU
KOMITBIOTEPHBIMH ~ TEXHOJIOTHSMH  JIJIsI
TIOJITOTOBKH TEKCTOBON M KOHCTPYKTOP-
CKO-TEXHOJIOTHYECKOM  JTOKYMEHTAIUH,
HaBBIKAMH TIPOTPAMMHPOBAHUS M OT-
JIaJKHd TPOrpaMM Ha MHUKPOKOHTPOJI-
nepax STM32.

4.3. Peiimunz-nnan oucuyuniunot
(npu neobxooumocmu)

Petitnar—Imman JAUCHUTIUIMHBI MIPCJACTABJICH B IPUJIOKCHUHN 2.

Bonpocskl k TekymemMy H py0e:KHOMY KOHTPOJIIO M0 TEOPEeTHYECKOMY MaTepHATY

[TpumepHBIE BONIPOCHI ISl YCTHOTO OIPOCa:

1. BreruncnutensHaele sapa cemericta Cortex - A, R u M. Cortex-MO0, Cortex-M3 u Cortex-
M4,

2. Crpykrypa nporpamMmsl Ha s3pike CH 11 mukpokoHTposuiepoB STM32. 3arosioBouHsIi
daiin

3. Tunbl faHHBIX, TepeMeHHble 1 MaccuBbl. KimtoueBoe cioBo typedef.

4. Crpykrypsl. @ynkiuu. O0bsBIEHUE U ONpeaeseHne QyHKIUN

S. JlokanbHble U TI00anbHbIe TepeMenHble. DyHkIus main()

6. Apudmernaeckue onepaTopsl. OnepaTopsl OTHOIIEHHUNA U JIOTHYECKUE ONePaTOPhI

7. Onepartop nonmyyeHus aapeca &.Onepatop pa3bIMEHOBaHUs ajpeca *.Yka3zareib

8. oTepalii ¢ MPUCBAUBAHUEM: *=, /=, +=, -= %=, <<=, >>= &=, "=, |=. Onepanuu c bura-

MU (BBICTaBUTH, CHATH , ”THBEPTUPOBATH) ONPEACTCHHBIA OUT ¢ TOMONIBIO onepanmii &=, =, |= .

IIpuBecTn mpuMepsL.

9. Omnepatop J0cTymna K 4ieHaM 00beKTOB

10.  Omepartop if — else. Oneparop while

11.  OcHoBHBIE XapakTepuCTUKH MUKpOKOoHTposuiepa STM32F051R8T6

12.  Tloscuuts HazHaueHue moayieid STM32 : FPU, USART, SPI, 12C, CAN, USB, RTC,
WatchDog, ADC, DAC, DMA, Ethernet MAC 10/100,

13.  CranpaptHas 6ubmmoreka CMSIS.

14.  Buibop cpensi pazpadotku STM32. [Touemy ucnonb3yercs cesizka CubeMX u Atollic
TrueStudio? bubnuorexu HAL.
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15. Otmmanounas wiata STM32F051DISCOVERY. OtnamoyHas moiara
STM32F407DISCOVERY. CocTaB, BO3MOKHOCTH, OTJIHYHS.
16.  Yro Takoe mpenpoueccop? Urto Takoe kommmiaTop ? Uto Takoe komnoHoBIIMK Link?
17.  Hasmauenue omepatopa #include , #define
18.  Kakue oneparopsl OpraHu3aluy LUKIOB U YCIOBHBIX I1epexooB ecTb B CHU?
19.  Orkyna kommuarop «3HaeT» Mmapky MK u onucanue sagpa MK?
20.  OTkynma KOMOWISATOP «3HAET» apXUTEKTypy (Habop DyHKIMOHATBHBIX Moaynei(DPM)),
aapeca u coctaB Beex peructpoB ®M) MK miist kotoporo co3aaérest mpoexT?
21. Hasznauenue momyns TUCKpeTHOTo BBOoAa/BbiBoga GPIO?
22.  Cxombko pa3psanoB B kaxaom nopty GPIO y MK STM32F0517?
23.  Ckomapko optoB GPIO umeercs y MK STM32F051, B oTinagouHoii miate?
24.  BO3MOXXHOCTH MOZYJS JUCKpeTHOTro BBOa/BbiBoAa GPIO?
25.  Kakwue perucTpsl €CTh y MOIYJIS TUCKPETHOTO BBO1a/BhiBOJIa GPIO?
26.  MO>HO JM ¢ TIOMOIIBIO MOAYJISL AMCKPETHOTO BBOa/BbiBoa GPIO m3Meputs (BBECTH)
YPOBEHb HaPsKEHUA?
27.  CKOIBKO CBETOAMOJOB M KAKUE HMEIOTCS Ha OTJIQ0YHOM TUIaTe, UCTIOIh3yeMOu B J1al. pa-
6ore?
28.  CKOJBKO KHOIIOK U KaKHe UMEIOTCS Ha OTJIaIOYHOH IIaTe, UCII0JIb3yeMoi B J1ab. pabore?
29.  C noMoIIbl0 KaKHX amnapaTHbIX CPeICTB MPOUCXOAUT Nepeaada (aitina npomuBku B MK?
30.  Kaxkwue unrepdeiicel B MK ncnonb3yrores A «3aIMBKU» IPOIIUBKY U oTiaaku? Kakoi
uHTepdelic NCIIoIb30BaIM BhI B J1a0. padoTe?
31.  UYro o3nHavaer onucarens Tuna void? CKOJIBKO apryMEHTOB M KaKOTO THITa HaJl0 MepeaTh
¢byukun BBB u uto Bo3BpaTHT 3Ta QyHKIMS, €ciau oHa onucaHa kak «void BBB(int ¢, long d,
char*mas);» ?
32.  Tlouemy GPIOC->ODR |= LED3 green|LED4 blue; 3a)xuraer CBETOAHOIbI?
33. ITouemy GPIOC->ODR "= LED3 green|LED4 blue; nuaBeptupyet ceeuenne LED?
34.  PaBHO3HAYHBI JIK CTPOKH :
35.  #define LED3_green GPIO_ODR_8
36. #define LED3_green GPIO_IDR_8
37.  #define LED3_green 0x100
38.  #define LED3_green 256
39. Cxema mopra BBOJIa-BbIBOJIa KOHTpOILIepa. PexxuMbI paboThI BBIBOJIOB ITOPTa
40.  Peructpst GPIO. Peructpsl konpurypauuu GPIO
41.  Peructpsl nanusix GPIO.Peructp ycranosku/copoca GPIO. Peructp 6moxuposku GPIO
42.  JpaiiBeps! LL, HAL-npaiiBepsl —oTanuue, MperMyliecTBa U HEJOCTATKH UCIIOIb30BaHMUS.
OO6ocHOBaTh B KaKUX CIy4asiX UCIOIb30BATh TOT WJIM UHOM.
43.  Ilouemy onTuManbHO KOMOMHUpPOBaTh Ucnonb3oBanue LL u HAL, kak 310 nenaercs B
CubeMX u kax MOJAKJIIOYAOTCS OT/ICIbHBIC, CAMHUYHBIC paiiBepa (HE Bcs OMOIMOTEKA)
44,  ]JIns ucnonb3oBaHus Oubnuorexu LL HyXHO 11 3HATH peKUMBI pabOThl HACTPAUBAEMOTO
y37a? Ha3BaHUs PETUCTPOB U OUTOB, TpEOyeMbIe 3HaUECHUS OUTOB?
45.  Ilpunuumsl pabotsl ¢ peructpamu STM32 yepes 6ubanoreky CMSIS. Otnunuue, npeumy-
IECTBAa M HEJIOCTATKU TAKOTO METO/1a IO CPaBHEHHIO C APYTUMH - 0OOCHOBATh B KAKHMX CITydasix
UCIIOJIb30BATh.
46.  I'me Opatb ommcaHue HACTPOEK PEKUMOB PAOOTHI y3JIIOB MHKPOKOHTpPOJIIEpA, T.€. T/Ie
y3HaTh Kakue OUTHI B KAKUX PErUCTpax M Kak yCTaHABIMBAThH
47. T'me nHaxoauTp AedailHbl A HyKHBIX PETUCTPOB U OUTOB (MackKu OUTOB).
48.  Kak ycranaBnuBaroTcs (cOpachIBatOTCs, HHBEPTUPYIOTCS) OUTHI C TOMOIIBIO MacKH OUTOB.
ITokazars Ha mpuMepax.
49.  Peructpsl noptoB GPIO.
50. Kak m3MeHATh CKOPOCTh pabOTHI BBIBOJIA TIOPTA? 3a4eM MEHSTh CKOPOCTh?
51. Yem oTnmyaroTcs CrocoObl MAHUTYIISIIUU C OUTaMHU

® [IpU IOMOIIM PErUuCTPOB OUTOBBIX ONEpaLnit
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® [IpU MOMOIIM MAaCOK OUTOB
[Tpenmy1iecTBa M HEJOCTATKH KaXI0TO CII0OCO0a

52.  Pexumbl paboThl TOPTOB - 000CHOBATH B KAKUX CIyYasX MCIIOJIb30BaTh KAKOW PEKHM.
OOBACHUTE CMBICH U MpE€aAHa3HA4YCHUE PEKUMOB
e Input floating
e Input pull-up
e Input-pull-down
e Analog
e Output open-drain
e Output push-pull
Alternate function

53.  Cucrema taktupoBanust STM32, kak KOHUTYpUPOBATh CUCTEMY TakTUpoBaHus? McTou-
HukH TaktupoBaHus. O0bscauTh Tepmunbl — FCLK, HCLK to AHB, APB1, APB2, ADC, HSI
(High speed internal ) , HSE (High speed external), LSI, LSE, RTC.

54, Hacrpoiika TaktupoBanus nopra RCC->APB1ENR.

55.  IlocnenoBaTenbHOCTh MHUIIMATU3ALUN TIOPTOB.

56. IIpepsiBanust B STM32. NVIC Settings, uro Takoe NpHOPUTETHI MPEPHIBAHMIA, KAK OHH 3a-
natorcsi. Pabota ¢ BHemHUMM npepbiBaHussMU B STM32

57.  rtaiimepsl B STM32:6a308sie (basic timers), obmero HasHaueuus (general-purpose timers),
Juponsunytsie (advanced-control timers)

58.  CrpykTtypa npuHIun paboTsl 0a30BOro TaiiMepa

59.  Counter Register (TIMX_CNT) — cuéruunk

Prescaler Register (TIMx_PSC) — npenaenuress

Auto-Reload Register (TIMX_ARR) — peructp nepe3arpy3ku

60. OOBACHUTH KaK HACTPOUTH OA30BBIN TaiiMep Ha MpPEpHIBAHUE Yepe3 HEKOTOPOE BpeMsl C Io-
motpto CubeMX. O6mmue noHsTHs -cTaHAapTHas HacTpolika TakTupoBanus. APB1, APB2, NVIC
Settings. daiin Stm32f4xx_it.c, 06pabOTUMKK PEPbIBAHU

61. punanun padots! LLINMM, cdepa npumenenus. 32-ps3psaaHoro sapa Cortex pa3imyHbIX
Bepcuil (B MUKPOKOHTPOJUIEPE, YCTAaHOBICHHOM Ha I1aTe ucrnoib3yercs aapo Cortex-M4). Peanu-
3arust [IIVM anmapatHo — 6€3 KoHTposuiepa.

62.  Peamuzauusa LIVMM c nomoursio MukpokonTposuiepa B STM32. Monyns 3axBara 1 cpaBHe-
HUS + TaiiMep

63. peructpa 3axBara/cpaBHenus (capture/compare register, CCRX)

64.  Counter Register (TIMx_CNT) — cuérumnk

Prescaler Register (TIMx_PSC) — npennenutens

Auto-Reload Register (TIMX_ARR) — peructp nepe3arpy3ku

65. 00BsicHUTH Kak HacTpouTh LLIMM ¢ momomipto CubeMX . Kak 3anate yactory HIINM, kak
MEHSITh B IPOTPaMMe CKBa)KHOCTb.

66. CpexacrBa oToOpaXxkeHHUs HHPOPMALIUH 111 MUKPOKOHTPOJUIEPHBIX CUCTEM — CBETOAMO/-
Hele, JKKU, cemucermenTHsle, anpaBUTHO-LIM(PPOBBIE, TpapuuecKre TUCIUIEH - OTIHYNE, pe-
UMYIIIECTBA M HEJOCTATKU, O0OOCHOBATh B KAKUX CIIy4asX MCIOJIb30BATH TOT UJIM HHOW BapUaHT
67. Cnoco0Obl monkirouenus (80uTHbIH, 40uTHBIH, yepe3 12C pacumpurens nopra), pacliiHOB-
ka BeIBOJIoB WH1602 —nipeHazHadeHHE KaXKI0TO BBIBOJIA.

68.  IIpunuuns! pabotsl ¢ nucmiees Ha 6aze HD44780 — kakue KOMaH[bl , B KAKOM TOPSIJIKE,
Kak MoIaroTcsl. B kakom BUJE, Kak MOJAl0TCs TaHHbIe. 3adeM Hy»KeH B nuciiee DDRAM.

69. CrangapTHas Mocae0BaTeIbHOCTD ONEpalyii s BbIaYH B ONPEIEICHHYIO TO3ULHIO
Kypcopa CTpOKH CHMBOJIOB.

70.  Hcnonb3oBaHue roToBbIXx OuOMMoTek. Ha mpumepe 6ubnmoreku Icd . Uto 310 3a daiiisr
Icd.h, lcd.c - uto HaxoauTcs B (aiinax, Kyaa HEOOXOAUMO UX MOJIOKUTH JUTS TIOKTFOUEHHS U KaK
NOIKJIIOYHUTH ¢ TOMONIbo AupekTuBsl #include. Uto takoe u rae nexat nedaiiHbl, 00bsIBICHUS
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byHKIMA, mpotoTunbl GyHKIUNH? Kak MOXKHO Ha3HAYMTH HY)KHBIC UIMEHA BBIBOJIaM ITOPTOB B CO-
OTBETCTBHH C OMOIIMOTEKOM — KaK 3TO c/eNaTh BPYUHYIO U Kak ucnonb3yst CubeMX. [lnis yero
npeaHa3zHauyeH ¢aia main.h?

71.  Pexumsl padotst ALIL

72.  Otnnuune, IperMyIIECTBA U HEOCTATKU MeToaa ooMeHa mo DMA 1o cpaBHEHHIO ¢ ApYTH-
MH - 000CHOBAaTh B KAKUX CIIy4asiX UCIOIb30BATh.

73.  Pexumsr mogynss DMA. Ucnons3oBanue B cBsizke ADC+DMA

74.  Kak nactpouts AL, BeIOpaTh kanam, ¢ ucnonb3oBanuem CubeMX. ®ynkiun HAL s
pabotel ¢ ALIIL. Kak momyuuts pesynbTaTta B BosibTax? [IpeoOpa3oBaHue pe3yibTrata B CHMBOJIb-
HYIO CTPOKY.

75.  Tlporoxon unrepdeiica UART

76.  Peructpsl UART. Ilopsinok HacTpoiiku uepes peructpst CMSIS

77.  USART_SR - peructp cocrostaus ( B STM 32F0 —peructp ISR)

78. ourel TXE, TC, RXNE,ORE,,NE,FE,PE

79. USART_DR - peructp nanusix. ( B STM 32F0 2 perucrpa — 6ydep npuemuuka RDR,
Oydep nepenarunka TDR)

80. USART_BRR - peructp, 3aiarmmuii CKOpocTb 0OMEHa..

81. USART_CR1- ympasmsrormii peructp 1. butet TXEIE, TCIE, RXNEIE, TE, RE,

82.  Peructpst USART_CR2, USART_CR3 —penko ucnoiab3yroTcs

83. Kak mepenatp kagp OOBIYHBIM CITIOCOOOM (HE IO MPEphIBaHUI0)? B Kakol perucTp J0XKHTb,
Kakue OUThI TOTOBHOCTHU KaK MPOBEPATH?

84. Kak mepenath Kaap 1O IpepbIBAaHUIO?

85.  Kak npuHsTh KaAp OOBIYHBIM CIIOCOOOM (He Mo npepbiBaHuio)? C KaKoro perucTpa cuu-
TaTh, KAKUE OMTHI TOTOBHOCTHU KaK MPOBEPSTH?

86. Kak npuHATh KaAp MO NPEpPHIBAHUIO?

87.  IIporokoxn 12C . Chepa npuMeHeHHs, TPEUMYILIECTBA U HEJOCTATKU 110 CPABHEHHIO C JIPY-
TUMH POTOKOJIAMHU.

88.  Kak mpoucxoaut oOMeH - OIMCcaHue MOCIeA0BATEILHOCTH ONlepaliii 0OMeHa MEeXIy Ma-
CTEpOM H cIeiiBOM. Afpecarius.

89.  Monyns gacoB peanpHoro Bpemenn (RTC), mpeqHa3zHaueHme u kak peann3oBaHo. Pabora ¢
MOJIyJIeM — B KakoM (popmaTe TJe JeXaT JaHHbIe, KaK CYMTaTh BPeMsl, 3a/1aTh BpeMsl.

90. Hcnomnw3oBanue ¢pyakruin HAL mns oomena mo 12C.

91. Pab6ora c SPI.

92.  Pabora co BctpoenHbM MoaysieM LIAIT (DAC).

93. IIpsamoit noctyn B namsats (DMA), pabota B cBsizke ADC-DMA.

94.  OmepamronHsle cuctembl peanbHoro Bpemenu (RTOS).

Oo0pa3sen 3K3aMeHAIMOHHOTO OMJIeTa:
[TpuBeneH B mpuiioKeHuu 3.

[TepeBon onienku u3 100-6ayTbHOM B YETHIPEXOATUTHHYIO TIPOU3BOJAUTCS CIEAYIOIINM 00pa3oM:
- otinyHO — oT 80 1o 110 6amnoB (Bkimtoyas 10 mOOIMPUTENBHBIX 0ANIOB);
- xoporo — ot 60 1o 79 6anoB;
- YJIOBJIETBOPUTEIHHO — OT 45 110 59 6amios;
- HEYJIOBJIETBOPUTENIHLHO — MEHee 45 0allsioB.

078 3auema:
3auteHo — oT 60 1o 110 peliTuHroBhIX OannoB (BkiIroudas 10 MOOMIPUTENBHBIX OANIOB),

He 3auTeHO — 0T 0 10 59 peUTHHTOBBIX OAJTOB).

Kpumepuu ouenku (¢ oannax):
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- 25-30 6annoe svicmasnsiemcs cmyoeHmy, eciu CmyOeHm 0ajl NOIHble, PA36ePHYMble OMmee-
mbl HA 8Ce meopemuyecKue 6ONPocyl buiema, npoOeMOHCMPUPOBAl 3HAHUE PYHKYUOHATbHBIX 803-
MOANCHOCMEU, MEPMUHONO2ULU, OCHOBHBIX INEMEHMOS, YMEHUE NPUMEHSMb MeoPemuyecKue 3HAHUL
npu 8bINOIHeHUU npakmudeckux 3adanui. Cmyoenm 06e3 3ampyoHeHUli Omeemui Ha 6ce 0ONOIHU-
menvhbie gonpocwl. [Ipakmuueckas wacms pabomol 6bINOIHEHA NOJHOCHbIO €3 HeMOYHOCmel U
owubdOoK;

- 17-24 6annoe svicmasnsemcs cmyOoeHmy, eciu CmyOeHm PAcKpblll 8 OCHOBHOM meopemuye-
cKUe 80NpoChl, 0OHAKO OONYUeHbl HeMOYHOCMU 8 OnpedesieHul OCHO8HbIX nouamuil. Ilpu omeeme
Ha OONOJIHUMENbHblE B0NPOCHL OONYUEeHbl HeboIbuue Hemounocmu. Ilpu evinoaHenuy npakmuye-
cKotll yacmu pabomsl OONYujeHbl HeCyecmeeHHble OUUOKU,

- 10-16 6annoe evicmasnsiemes cmyoenmy, eciu npu omeeme Ha meopemuiecKue 60npochl
CcmMyO0eHmoM OONYUWeHO HECKOIbKO CYUWeCMBEHHbIX OUUOOK 8 MOIKOBAHUU OCHOBHBIX NOHAMUU. Jlo-
2UKA U NOTHOMA OMEEema CMpaoaiom 3aMemublMuU U3bIHAMU. 3amemHbl npodeivl 8 3HAHUU OCHOB-
HbIX Memo0os. Teopemuyeckue ONPOCHL 8 YELOM U3NI0AHCEHBL OOCMAMOYHO, HO € NPONYCKAMU MAa-
mepuana. Umeomcs npuHyunuaivhvle ouuOKY 8 1o2uKe nocmpoeHusi omeema Ha eonpoc. Cmy-
OeHm He pewu 3a0a4y Uil npu peueHuy 0Onyujensl epyovie oumuoKu,

- 1-10 dannoe svicmasnsiemcs cmyoeHmy, eciu Omeen Ha meopemuieckue 60npocyl Ceude-
menbcmsyem 0 HeNOHUMAHUU U KpatiHe HeNnOJIHOM 3HAHUU OCHOBHLIX NOHAMUU U Memo0os8. ObHa-
PYIHCUBACICS OMCYMCIBUE HABLIKOG NPUMEHEHUs MeOpemuiecKux 3HaHUull npu 6bINOIHEHUU NPAK-
muyeckux 3a0anuil. Cmyoenm ne cmMoz omeemums HuU Ha 0OUH OONOJIHUMENbHBLL 80NPOC.

JlabopaTropHbie padoThl
Hwxe nepeunciiena TeMaTHKa JJaOOpaTOPHBIX PadoT:
1. Jlaboparopnas paborta Nel. ['eHepupoBaHHE NpPOEKTa U MPOTPAMMHPOBAHUE PAOOTHI IMOP-
TOB BBOJa-BhIBOZA B CubeMX u Atollic TrueStudio
2. JlaGoparopnas pabora No2. Pabota c¢ peructpamm STM32 uepe3 6ubamoreky CMSIS.
JIaboparopHas pabora Ne3. Kcmonb3oBanue 6ubimoreku LL s HACTpOHKH MOPTOB |
BBOJIa- BBIBOJIa MH(OpMAIUH
3. Jlabopatopnas padota Ne4. Hacrpoiika MOpPTOB JUIsl Pa3JIMYHBIX BApUAHTOB BBOJA U BbI-
Boja uH(popmaruu ¢ ucnonbzoBanuem CubeMX , Atollic TrueStudio, 6ubmmuoreku HAL
. BoimonHeHne MHAMBUAYaIBHOTO 3a/laHusI CO COOPKON U MPOBEPKOI pabOThl HA MaKETHON
riaTe
4. JlabopatopHas pabora NeS. ['eHepupoBaHue mNpoeKkTa U MPOrpaMMHUpPOBaHHME PaOOTHI Oa-

30Boro Taitmepa B cBsizke CubeMX u Atollic TrueStudio
5. Jlaboparopnas pabora Ne6. I'enepupoBaHHe TpOEKTa M MPOrPaMMHUPOBAHHE PaOOTHI
INM B cBsizke CubeMX u Atollic TrueStudio

JlaboparopHast pabota Ne7. Pabota ¢ nucrieem Ha 6aze HD44780

Jlaboparophas pabota Ne8. Mcmnons3zoBanue ALIII ¢ BEIBoIOM Ha quctieit

JlabopaTtopHas padota Ne9. UcnonszoBanne USART c BeIBOOM Ha qucrieit
JlabopaTtopHas pabota NelO. Hcnonb3oBanue Moayisi 4yacoB peanbHoro BpemeHu (RTC)
peanu3oBaHHbIX Ha MuUKpocxemax DS1307 wnm DS3231 ¢ noakiroueHHuEM 1Mo MPOTOKOILY
12C ¢ BEIBOZIOM Ha IUCILIEN

10. Jlaboparopnas padota Nell. Tloakmrouenue nucruies WH1602 ¢ BeiBogom Ha 1o 12C, BbI-

BOJ MOKa3aHW ¢ MOAyis 4yacoB peanbHOro BpemeHu (RTC) peanmnzoBaHHBIX HA MHKPO-
cxemax 1307 mwmm DS3231

© N o

[Tpumep 3aganus K 1a0OpaTOpHBIM paboOTaM:
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JlaGoparopHasi padora Ned.
I'enepupoBanre NMpoeKTa U MPOrpaMMHUPOBaHUE PA00OTHI 0230BOT0
Taiimepa B cBsizke CubeMX u Atollic TrueStudio

2.1.1leab pa6oTsl: HayunThes paboTath ¢ 6a30BbIME TaiiMepamu ¢ ucrosb3oBanueM CubeMX u
Atollic TrueStudio — ckoHpHUTypHpOBaTH MUKPOKOHTPOJLIEP PACIIONOKEHHBIN Ha Tuiate STM
Discovery, 1 BBITIOJIHUTh THITOBBIC OTIEPAIlU pabOThI ¢ 0A30BBIM TaiiMEPOM - TIOMUTATh CBETO-
JIMOJ/IOM MCTIOJB3Ys 33/IEPIKKY Ha TaiiMepe.

2.2 KpaTKue TeopeTHYeCKHE CBEIeHMsI

B STM32 BooO111€e cy1iecTByeT TpH BHJia TaliMEPOB:

1) 6a3oBble (basic timers)

2)o0miero HazHaueHus (general-purpose timers)
3)npoxsunytsie (advanced-control timers)
[IponBuHYyTHIE TaliMEPBI CAMBIE KPYTHIE M B C€0€ COYETAIOT BO3MOKHOCTH JIBYX TPEIBITYIINX
TPy, IJTIOC K ATOMY €1Ié MHOXECTBO JOMOJIHUTENbHBIX (PYHKINN THIIA paboTa ¢ TpEXPa3HBIMU
MOTOpaMH ! T.J. U T.II. J|0o HUX HaMm emé Jajeko, Mo3TOMY B JAHHOH YacTh Mbl Oy/IeM paccMaTpH-
BaTh paboty ¢ 6azoBbIMH (basic timers).
s Hadana gaBaiTe pacCMOTPUM, Kakue eCTh TaitMepsl Ha HameM npoueccope STM32F407VG
(BBI CMOTPHTE MPO CBOM MPOIIECCOPHI C KOTOpbIMU paboTtaete)). B mporeccope STM32F407VG 14
TaiimepoB — 12 — 16Ti OUTHBIX U 2 32 OGUTHBIX

Table 52. Characteristics of TIMx connected to the APB1 domain(!

Symbol Parameter Conditions Min Max Unit
[/\\) AHB/APB1 1 = triMxcLk
prescaler distinct
from 1, frvxck = | 11.9 . ns
tres(riv) | Timer resolution time 84 MHz
AHB/APB1 1 - trivxcLk
prescaler = 1,
frivecLk = 42 MHz | 238 ) i
f Timer external clock 0 FrimxcLi/2 MHz
EXT frequency on CH1 to CH4 0 42 MHz
Restim Timer resolution - 16/32 bit
16-bit counter clock 1 65536 riMxCLK
period when internal clock -
is selected Fivcui = 84 MHZ | g 9119 780 Hs
tcOUNTER APB1= 42 MHz
32-bit counter clock 1 - trimxcLK
period when internal clock
- 65536 x 65536 | t
tmax count | Maximum possible count —F i
L = ’ s

1. TIMx is used as a general term to refer to the TIM2, TIM3, TIM4, TIM5, TIM6&, TIM7, and TIM12 timers.
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Table 53. Characteristics of TIMx connected to the APB2 domain(!)

Symbol Parameter Conditions Min Max Unit
AHB/APB2 1 - trivxcLK
prescaler distinct
from 1, fimxcik = 5.95 = ns

tresTivgy | Timer resolution time 168 MHz
AHB/APB2 1 - triMxCLK
prescaler = 1,
frimeck = 84 MHz | 119 i T

Timer external clock 0 frimxcLx2 MHz
fext frequency on CH1 to
CH4 0 84 MHz
Restq | Timer resolution frimxcLk = - 16 bit
168 MHz
16-b|t counte_r clock APB2 = 84 MHz
tcounTter | period when internal 1 65536 triMxCLK
clock is selected
tmax_count | Maximum possible count - 32768 tTIMxCLK

1. TIMx is used as a general term to refer to the TIM1, TIM8, TIM9, TIM10, and TIM11 timers.

Kax mb1 Buum Ha kaptuHkax k mHe APBI1 noakmtodenst Taitmepst TIM2, TIM3, TIM4,
TIMS, TIM6, TIM7, TIM12
A x mmue APB2 — TIM1, TIMS, TIM9, TIM10, TIM11
Tenepsb naBaiiTe pacCMOTPUM KapTUHKY HAaCTPOMKH HaIIero TaKTUpoBaHus B nporpamme CubeMX.
CucreMy TakKTUPOBaHMsI HACTPOUTH TaK YTOOBI TAKTUPOBATH HAILIM TaliMephl UCII0JIb3Ysl BHYTPEH-
HUH UCTOYHMK TakTHUpoBaHus HSI.
Bor naia cranapTHast HacTpolika TaKTUPOBaHUsI 0€3 BCAKUX ITEPEMHOXKUTENEH 4acToT U T.1. Eé
MbI ¥ OyJIeM UCIOJIb30BAaTh.

o STM32CubeMX Untitled: STM32F407VGTx custom == oy )
File Project Clock Configuration Window Help

iy B : d5 ssqaqme®@: 0P

Pinout| Clock Configuration | Conf | Power C Calasator |

e e TaKTUpoBaHue UAET OT BHYTPeHHero MCTOYHUKa
| Kse.RTe TakTMpoBaHua HSI - 16MINy 6e3 aeneHna U 1.4.

N — 32 To RTC (KHz)

v = ~>- Ethernet PTP clock (MHz)
sty | o = |
HCLK to AHR bus, core, =
System Clock Mux i1 > To Cortex System timer (MHz)
HSI
| o[ e comesdock (i
il svsc.xm‘ AHE Prescaler  HOLK (MHS) APB1 Prescaler -
4SE A K
+ > = 16 * /1 v > L —T— ;;—:-;—‘Apex peripheral clocks (MHz)'
PLL Source Mux e " X1 -!Illws: Timer clocks (MHz)
Hst A APE2 Prescaler
e ! | I paK2
LR ; U= ol AAPBZpen'pherﬂdodu(MHx)
ot Biciomi | [rlelev i o2
2 o R I / APB2nm¢rdoclu(HNx)
426 MHz U . » 4 48MHz docks (MHz)

Main PLL

12S source Mux

12SQX PULI2SQK
— X192 v [2 vt >3

A BOT BapuaHT yckopeHUs: paboTel. Ho Takme omepanuu MOTYT OBITH OTMACHBI BBIBOJOM H3
cTpos nporieccopa. Kak BugHO mporpamMma cooOmaet o0 ommoke.
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Wmdodep-

| File Project Clock Ce
' RoRUE &8

AQAR 2 0O

2 P

CTyAus pyraeTcs 4To wuHa APB1
He MOXeT ObITb ObiCcTpee Yem
42Mry

—i 4% IMP‘I‘PM(NNQ
HCLK to AHB bus, core,

—’l : Imvndm(mlz)

"‘ETO Cortex System timer (MHz)

PQ.KI

APB1 peripheral clocks (MHz)

—- % | Ape1 Timer clocks (M)
APB2 Prescaier

Lol ',:T;Emz peripheral docks (MHz)
APB2 timer docks (MHz)

9%

| Pnout| €3 Clock Configuration | Configuration | Power Consumption Calculator |
RTC Clock Mux
HSE[ 75 4| HSERTC
Input frequency =
76 g | s } 155, e 3 |ToRTC(KH2)
01000 Kz Ryl syl
[ 1 n To IWDG (KHz)
32 Kz
HS1 RC Systam Clock Mux
Input freguency
s
426 MHz

48MN1 clocks (MHz)

125 source Mux
Pu2sQK

Window Help

m._luté &g

LAR9 00

2 P

L__] Clock Configuraton | Configuration | Power Consumption Cakaator |

RYC Clock Mux
T T — T
HSETTS 5 HSERTC
L [——— 2 | ToRTC {KHz)
[ P
»®
'\ n To IWDG (KHz)
[
System Clock Mux
SYSCIX (MHz)
> 4 |
{Ensiscns]

‘lllv

Amm HOK

] POLK!
[ -+ e ot
x2 | APB1 Timar clocks (MHz)

168 MHz max

~i s IMWPM(HM)

HCLK to AHB bus, core,
s IR [-o=obAac ot )
L s ] To Cortex System timer (1i2)
A——-l : Immm(ﬂm)

APB1 Prescaler

4P22 Prescaler
e

POK2

Ls-i Mz max
X1

APB2 peripheral docks (MHz))

APB2 timer clocks (MHz)

9% | 4BMHz docks (MHz)

OtkpeiBaeM Reference Manual va F4 ceputo MukpokoHTpoIiepoB, TaiiMepst 6 u 7 sBISIFOTCS 0a30-
BbIMHU TaiiMepamu. Cuzar onu Ha mmHe APB1 kak Mbl BUIUM Ha KapTUHKE U3 reference manual.
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1343 RCC APB1 peripheral clock enable register
(RCC_APB1ENR)

Address offset: 0x40
Reset value: 0x0000 0000

Access: no wait state, word, half-word and byte access.

31 3 2 28 27 2% 2% 24 23 2 21 20 19 18 17 16
DAC | PUR | CANZ | CAN1 | 1263 | 1262 | 12C1 | UARTS | UART4 | USORT | USART ,
EN | EN |Reser-| EN | EN |[Reser| EN | EN | EN | EN | EN eser-

Reserved ved ved EN EN ved
w w w w w ™ w w w w w

5 14 13 12 1 10 a 57 6 5 4 3 2 1 0

SPI3 | sPi2 WWDG TIM14 | TIMA3 [ TIM12 | TIM7 | TIM6 | TIM5 | TiM& | TIM3 | TiM2

EN | EN e EN Hisorvid EN | EN | eN | eN | EN | EN | EN | EN | EN

w w w w w ™ w w w w w w

bazosble Taiimepsl 6 1 7 — 16Tu OUTHBIEC, IMEIOT HaCTpauBaeMblii ipeaaenuTens oT 0 10 65535.
J1is 3TUX TaHMEPOB €CTh BOT TaKWE PETHCTPHI TOCTYITHBIC JJI YTCHUS \3aIlHCH.

Counter Register (TIMX_CNT) — cuéruunk

Prescaler Register (TIMx_PSC) — npennenurens

Auto-Reload Register (TIMXx_ARR) — peructp nepe3arpy3ku

AsTomaTuueckn

20 Basic timers (TIM6&TIM7)

This section applies to the whole STM32F4xx family, unless otherwise specified.

TIM6&TIM7 introduction

The basic timers TIM6 and TIM7 consist of a 16-bit auto-reload counter driven by a
programmable prescaler.

They may be used as generic timers for time-base generation but they are also specifically
used to drive the digital-to-analog converter (DAC). In fact, the timers are internally
connected to the DAC and are able to drive it through their trigger outputs.

The timers are completely independent, and do not share any resources.

TIM6&TIM7 main features

Basic timer (TIM6&TIM7) features include:
¢  16-bit auto-reload upcounter

*  16-bit programmable prescaler used to divide (also “on the fly”) the counter clock
frequency by any factor between 1 and 65536

Synchronization circuit to trigger the DAC
Interrupt/DMA generation on the update event: counter overflow

He 6ynem cunmbHO yriyOasThCs B MOAPOOHOCTH pabOTHI, TaK Kak TaM cTpaHuIl 10 omucanus
JOCTYITHBIX HAM PETUCTPOB U T.J, HAM XBaTUT TPEX — HANMCAHHBIX BbIIIE. VITak, 4To 3TO 3a peru-
CTPBI U JUIsl Y€r0 OHU HaM HYXHbI. 3aJaHU€E - TOMHUTaTh CBETOMO/IOM, HACTPOUTh MUTaHHE OJTHUM
CBETOJIMOJIOM C MEPHOJIOM I0JI CEKYH/IBI, @ BTOPHIM C IIEPHOJIOM B CEKYHY.

Jst TOro 94TOOBI ATO HAM PEATM30BaTh HY)KHO BCETO S5 IIaroB:
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1) 3anyctuth CubeMX 1 co31aTh MPOEKT MO/ HAIll KOHTPOJLIEP.

2)B CubeMX BbICTaBUTH paboOTy TalilMEPOB

3) creHepupoBaTh MPOeKT U OTKPHITH ero B CooCox IDE

4)IpOMHULIUATTU3UPOBATH TakMEpHI (110 OJIHOM CTPOUYKE Ha TalMep)

S)mponucaTh B IpepbIBaHUN KaXA0r0 TaiiMepa KO/ MOCTOSHHOTO U3MEHEHHS COCTOSIHUS HOXKKH K
KOTOPOM MOJAKJIIOUEH CBETOIUO.

[IpepbiBanus — MEXaHU3M, KOTOPBIi MMO3BOJISIET alllapaTHOMY 00€CIIeYeHHIO CO00aTh O
HACTYIUICHUH BaXXKHBIX COOBITHI B CBOEH paboTe. B MOMEHT, KOT/1a MPOUCXOIUT pEephIBaHUE, MTPO-
[[ECCOP MEPEKII0YAETCS C BBIIOIHEHHUSI OCHOBHOM IIPOrpaMMBbl Ha BHIMOJIHEHHE COOTBETCTBYIOIIETO
oOpaboTrunka npepsiBaHuil. Kak ToIbKO BBITOIHEHHE 00pabOTUMKa 3aBEPIICHO, TPOAOIDKACTCS
BBITNIOJIHEHHE OCHOBHOM MPOTrpamMMbl C MECTa, B KOTOPOM OHa Oblila IpepBaHa.

JU71st KCTI0NIb30BaHMsI TPEphIBAaHUI HEOOXOAMMO BHAaYaIe HACTPOUTH PETHCTP, KOTOPBIi
HasbiBaeTcst Nested Vector Interrupt Controller (NVIC), BcTpoeHHBII KOHTPOJLIEP BEKTOPA MPEPhI-
BaHUM. J|aHHBIN perucTp ABJIsSETCSA CTaHIAPTHOM YacThio apxutekTypbl ARM u BcTpedaercs Ha
BCEX Ipolieccopax, HezaBucumo ot npousBoautens. NVIC paspaboran Takum oOpa3om, 4To 3a-
Jeprkka npepeiBanus MUHUManbHa. NVIC noaaepxuBaer BCTpOEHHbIE IPEpbIBaHUs ¢ 16-10 ypoB-
HSIMU TIPUOPUTETA.

Muxkpokoutpoiiep STM32F407VG conepsxut 14 taiimepoB. B 001iem Bujie cxema yrnpas-
JICHUS TTOACYETOM UMITYJIBCOB MOYKET OBITh MpECTaBICHA clieayronuM odpazom (puc. 2.1): Kax-
JIBIA TaliMep MOXKET UMETh 110 4 JTMHUI 3aXBaTa/CpaBHEHHS (MMEHHO OHH HUCTIOIB3YIOTCS B PEXKUME

TMx CLK
¥ YVIOpaRIAROITHH
— | CK_PSK TPHITED
L .J
/ \
JarpyEaemoe
. mqe_nnr. B
" v - —— S
PSC CK CNT . CNT
_.L IIpegnenirens J_ — CueTaHE
. 4

redepanuu HINM).

Puc. 2.1. Cxema ynpaBieHHs IOJICYETOM HMITYJIHCOB

2.3. Tlopsiiok BbINOJHEHHS PAdOTHI:

Paccmotpum Gostee moapoOHoO. 3amyckaeM Haury nmporpammy CubeMX

2. HactpauBaem Hamu 2 BeiBoga PD12 u PD13 Ha BbIBOJ (HOKKH Ky/ia TIOAKITIOYEHBI CBETO-
nuozpsl). YcranaBiuBaeM A HUX pexxuM GPIO_Output, u pexxum Output Push_Pull.

3. [arnee cneBa akTHBHpYEM HallM 0a30BbIe TaiiMepsl 6 U 7.

=
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| & STM32CubeMX Untitled®: STM32FA07VGTx custom (==
File Project Pinout Window Help h
B B UE & O [FkeepcurentSonasplacement 9 o [ = @ < Find v o,y = [V]Show user Label 2 P
Pr\oul{dgd;r figuration | Cor | Power Calasator |
T SPI3 =
*- o SYS
o Ty ERRAEREARAERREEEERAREEEER
#- 0 TIM2 -
-5 TIM3
w0 TIM4
®- o TIMS
STM32F407VGTx
LQFP100
Lines Mcu Package Required Peripherals
[sTMsZF407/417 [STM32F407VETx 1LQFP100 None -

4. Tlepexomum B BKIAAKY KOHuUTrypanuu. Kak Mbl TOMHHM, MBI HE CTAJIM HUYETO MCHSTH B
HACTPOMKAX YacTOT JJIsl HAIIETO Mpolieccopa, MOATOMY Y HaC BCE IIMHBI TAKTHUPYIOTCS Ya-
croToit -16MI'u. Tenepb UCXO/IS U3 ATOTO, U UCXOASA U3 TOTO YTO HAM HY>KHO MOJIY4UTh, Aa-
BaliTe HACTPOUM HAIIIM 3HAYCHUS TIPEIICTUTENICH U PETUCTPa aBTONEPE3arpy3KHu.

5 STMB2CubeMX Untitled®:
File Project Window Help

BoRBUR 68 +- -

1"

(V] Activated
L [F] One Pulse Mode

Middlewares

Multimedia

TIM: Timer
This IP is correctly configured. You can generate co:

=l B WWING.

MCUsSekcbm | Output|

Series
_jsMsZe

Mau Package
S PINSERONENX _LOPI100

5. Kak MbI nOMHMM, HaM HY»XHO YTOOBI OJIMH CBETOIUO MUTaJI ¢ yactoToi 111y (mepuoy
1000mcek), a BTOpoii ¢ wactoroi 211 (mepuoa 500 mcek) . Kak Ham 310 momyunts?. Tak
kak npeaaenutens Ha CTM32 MOXKHO CTaBUTH JIF000#, TO MBI IPOCTO BBIUKCIIMM €r0 3Haue-
Hue. Utak gacrora y Hac 16 000 000 TukoOB B CeKyHIIKY, a HY>kHO 1000 THKOB B CEKyHIY.
3uauut 16 000 000 \ 1 000 = 16 000. D10 YncI0O MUHYC | U BIHUCHIBAEM B 3HAYCHHE TIPE/I-
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nenutend . To ecTe yncno y Hac nojyqaerca 15999. Teneppb Ham TaitMep TUKAET ¢ YaCTOTOM
1000 pa3 B cexyHay.

6. /[lanee, Mbl JOHKHBI YKa3aTh KOTJa K€ HAM HYKHO ITPEpPhIBAHKE IO MEePErnoTHeHHI0. [
3TOT0 MBI 3aMKChIBaeM Hy»xHoe Ham uncio B Counter Period (autoreload register). To ectb
HaM HYHO MOJIYYUTh OJIHO MPEPbIBaHUE B CEKYH]y, @ KaK Mbl IOMHUM HaIll TakMep TUKAET
1 pa3 B munucekynay. B ognoit cexknyne — 1000 Mcek — 3HaYUT 3TO 3HAUEHHE U BIUCHIBA-
€M B perucTp aBromnepe3arpy3ku. Jljis Toro, 4ToObl MOJIY4YUTh IPEPHIBAHKUE Pa3 B IO Ce-
KYH/JIbI — 3amucbiBaeM cooTBeTcTBeHHO — 500.

=

& M'Cbn?guraiion e

Qﬁ Parameter Settings l Qﬁ NVIC s";‘tﬁngs I Qﬂ DMA Settings
Configure the below parameters :

[=] Counter Settings

[= Trigger Output (TRGO) Parameters

rescer 5 15 bis o) we

Counter Mode Up
Counter Period (AutoReload Register - 16 bits value ) 500

Trigger Event Selection Reset (UG bit from TIMx_EGR)

Prescaler (PSC - 16 bits value)
Prescaler must be between 0 and 65 535.

[ Aey ]| ok ] [ Conce

7. Jlamee, He 3a0bIBaeM aKTHBUPOBATH MPEPHIBAHUS JUTsl TaHHBIX TaiiMepoB B BKIaake NVIC
Settings, ycraHaBiMBas rajJouky. Bc€ 9To neno npoaensiBaeM U Uik BTOPOTo Taimepa.
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=

 TIM6 Configuration

| o/ Parameter Settings | &// NVIC Settings || o/? DMA Settingsl%

Interrupt Table
'TIM6 global interrupt, DAC1 and DAC2 underrun error interrupts

Preemption Priority  Sub Priority

b

() [0 ) (e ]

© ®©

Htak — HacTpouiu, TeNepb MOXHO CMEJIO TeHEPUPOBAThH HAIIl MPOEKT..
OTKpbIBa€M Halll IPOEKT. Y HAC B MPUHIIUIIE BCE HACTPOEHO U TOTOBO, TOJIBKO HYKHO 3a1y-
CTUTH HaIIU TaiiMepbl, Tak Kak XoTb CubeMX Bc€ 3a HaC U 1e7aeT — TUM OH YXKe He 3a-
HuMaeTcs. Tak- MHUIMATU3UpyeM HaIllk TalkMepbl BOT TAKUMH CTPOUYKAMHU:
HAL_TIM_Base_Start_IT(&htim6);
HAL_TIM_Base_Start IT(&htim?7);
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] mainct | v X
68 A
69 /* USER CODE END 1 */

70

71 /* MCU Configuration */

72

73 /* Reset of all peripherals, Initializes the Flash interface and the Systick. */

74 HAL Init():

75

76 /* Configure the system clock */

77 SystemClock Config():

78 E

79 /* Initialize all configured peripherals +*/ ‘—

80 MX_GPIO_Init(): —

81 MX_TIM6_Init():

82 MX_TIM7 Init():

83

/% USER CODE BEGIN 2 */

85 HAL TIM Base_Sctart_IT(&htimé):

86 HAL TIM Base Start IT(&htim7):

7 /* USER CODE END 2 */

89 /¥ 1Y

20 /* USER CODE BEGIN WHILE */

91 while (1)

92 |

93 /* USER CODE END WHILE */

94

as /* USER CODE BEGIN 3 */ =
< = [ »

10. U nanee nepexomum K daiiry Stm32f4xx_it.c

mea' llu .‘ L] main.c*
2% Project: Urok4_bacis_timers | 68
=) s Urokd_bacis_timers Configuration 69 /* USER CODE END 1 */
3 Application/MDK-ARM ;g s _
e . * onfiguration-—-—-————=——--
1 Drivers/CMSIS 72 Z
-3 Drivers/STM32F4xx_HAL_Driver ‘ 73 /* Reset of all peripherals, In:
=% Application/User 74 HAL Init();
L:I main.c ;2 "
r * Configure the system clock ¥,
@ L stm32fdoc hal msp.c 77 SystemClock Config():
Y stm32fd0c it.c 78
% 79 /* Initialize all configured pe:
[ 80 MX GPIO_Init():
81 MX TIM6 Init():
82 MX TIM7 Init():
83
84 /* USER CODE BEGIN 2 */
85 HAL TIM Base_Start_ IT(&htimé);
g6 HAL TIM Base_Start_ IT (&htim7);
87 /* USER CODE END 2 */
88
89 /* Infinite loop */
S0 /* USER CODE BEGIN WHILE */
91 while (1)
92 ¢
93 /* USER CODE END WHILE */
94
95 /* USER CODE BEGIN 3 #*/

11. ImeHHO B HEM M HAXOAATCS HAIIK 00paOOTUYKM MpEephIBaHUS JJIS HAINX TalkMepoB. Bot

00paboTUrK MpephIBaHUs IS TaiiMepa 7
void TIM7_IRQHandler(void)
{

[* USER CODE BEGIN TIM7_IRQn 0 */
[* USER CODE END TIM7_IRQn 0 */
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HAL_TIM_IRQHandler(&htim7);
/* USER CODE BEGIN TIM7_IRQn 1 */
/* USER CODE END TIM7_IRQn 1 */

}

BriceiBaeM B 00pabOTUHK MPEPHIBAHUS TO YTO MBI XOTHM JIeJaTh — a Mbl XOTUM B
Ka)KJOM IIPEPhIBAHUH MEHATH COCTOSTHUE HAIIUX HOXKEK K KOTOPBIM MOJKIIIOYEHBI CBETOIU-
OJIBL.

Hcnonb3yeM BOT TaKyl0 KOHCTPYKIUIO:

HAL_GPIO_TogglePin(GPIOD, GPIO_PIN_13);

74 L
75 void TIM6é_ DAC IRQHandler (void)

76 B4
77 /* USER CODE BEGIN TIM6 DA

78 HAL GPIO_TogglePin (GPIOD,G

79 /* USER CODE END TI

83 /* USER

 m m m
Wm0 wm

USER

97 /* USER CODE END TIM7_IRQn 1 */

100 /* USER CODE BEGIN 1 */

12. Haxumaewm F7, cMoTpuM 4TOOBI HE OBLIO OMMOOK — U MOKEM 3aJMBaTh B HAIll TIOIOTBIT-
HBII IIPOLIECCOP.

1.3. KOHTpOJIbHLIe BOIIPOCHI U 3a{aHUA:

1. Crpykrypa nporpammsl Ha si3bike CU miist MukpokonTposmiepoB STM32. 3aroioBovHbIH
daiin

2. Tumel aHHBIX, IEpEeMEHHBIC U MaccuBEIL. KittoueBoe cimoBo typedef.

3. Crpykrypsl. @yHkiun. O0baBICHNE U OnpeeneHre GyHKINN

4. JlokanbHble U riao0anbHble nepeMeHHble. OyHKIMsg main()

5. Apudmernueckue oneparopsl. OnepaTopbl OTHOIIEHHUH 1 JIOTHYECKHUE ONIEPaTOPhI

6. Omnepatop momyueHus aapeca &.Oneparop pa3pIMEeHOBaHHS aapeca *.Ykazarenb

7. omepanuii ¢ MpUCBaMBaHuEM: *=, /= +=, -= Y%=, <<=, >>= &=, "=, |=. Onepauuu ¢ 6uTa-
MU (BBICTaBUTh, CHATH , ”THBEPTUPOBATH) ONPEAETICHHBIA OUT ¢ MOMOIIbIO onepanuii &=,
A=, |= . IlpuBecTH nMpuMepsI.

8. Omepatop J0cTyIa K WieHaM 00BhEKTOB

9. Omepatop if — else. Oneparop while

10. Yto Takoe npemnporneccop? Uto Takoe komnuistop ? Uto Takoe KOMMoHOBIIUK Link?

11. Ha3znauenue oneparopa #include , #define

12. Kakue onepaTopsl OpraHu3aliy HUKJIOB U YCIOBHBIX Mepexo/ioB ecTb B CU?

13. OTkyna kommwrsaTop «3HaeT» Mmapky MK u onucanne simpa MK?

14. OTkyna KOMOWIATOP «3HACT» apXUTEKTYpy (Habop PYyHKIMOHATIBHBIX Moayiei(DPM)), axa-
peca u coctaB Bcex peructpoB ®M) MK nnist kotoporo coznaércs mpoexT?

24



15. Taiimepsr B STM32:6a308s1e (basic timers), obrero naznauenus (general-purpose timers),
Jupoasunyteie (advanced-control timers)

3ananue: Crenepupyiite koa nauimanu3anuu B CubeMX, nepenecute ero B CooCox IDE u
cpeactBamu 6ubimorekn HAL HanummTe Ko/ BBIMOIHSIOUIMNA CIETYIONINI adrOpuTM: MPH HaXKa-
M KHONIKU PAQ , 1 yaepxuBaHuu ee B Te4eHUM N CEKYH/ , CBETOUO N JOJKEH TOpeTh B T€Ye-
HUU N CEeKyH/ U MOTYXHYTh. 3aJePXKKY OPTaHU30BaTh IO MPEPHIBAHHIO C IIOMOIIBIO JIF000T0 6a30-
BOIr'0 TanMepa.

CxoMnmmpyiite IpoekT (cuenante cOOpKy MpoeKTa), Ipy MOSBICHUN OUIHOOK YCTpaHHUTE X, 3a-
Ipy3UTe KOJ B OTJIAJIOYHYIO IUIaTy U yOeIuTech B IPABUIBHOCTH PAOOTHI IPOrPaMMBI.

Kpurtepuu ouenku (B 6ajiiax)

IHony4eH qonyck Ha BbINOJHEHHE JIa0OPATOPHOM PadoThI 1 6ann
Boinosinenue paéorsl 2 oann
Od¢opmienue oTyera 2 6ann
OTBeT HAa KOHTPOJIbHbIE BONIPOCHI S 6ann

HpI/IBe}IeHO IMOJIHO€ NMPaBUJIBbHOEC PEHICHHUE, BKJIIOYaomee l'lpaBH.]'IbeIﬁ OTBET U
HCYEPNBbIBAKOIHUE BEPHBIC PACCYKICHUA C NMPAMBIM YKa3aHUEM HaGHlOIlaeMbIX
sIBJICHUH U 3aKOHOB

JlaH mpaBWIbHBII OTBET, U NMPHUBEIEHO 00bSICHEHHE, HO B PelIeHUH MMEKTCH 2 o6ann
OJIMH UJIM HECKOJIbKO HEI0CTATKOB
Het npaBuibHOr0 oTBeTa 0 6annoe

JlaGopaTopHble padoThl ONMCAHBI B METOAUYKE:

Y4eOHbIN Kypc MO MPOrpaMMHUPOBAHHIO MHKPOKOHTposuiepoB STM32. [DnekTpoHHBIA pecypce] :
na0opaToOpHbI mpakTUKyM Mo aucuumiuHe "MHpopmannonnsie Texnomoruun". / bamkupckuii
rocy/apcTBeHHbI yHuUBepcuteT; coct. B.X. AOapaxmanoB .— VY¢a : PULl baml'Vy, 2019 .—
OJNeKTpoH. BepcHs mned. myOiaukanuu .— JlocTynm BO3MOKeH yepe3 DJEKTPOHHYI0 OMOIHOTEKy
baml'Y .— <URL: https://elib.bashedu.ru/dl/local/Abdrahmanov_sost_Uceb kurs po programm
mikrokontrollerov_2019.pdf>.

KonTpoabnas padora
[TpumepHbie 3a1aHus 151 KOHTPOIBHOU pabOThI

1. Tlouemy GPIOC->ODR |= LED3_green|LED4 blue; 3axuraer cBeTOHOIbI?
2. Tlouemy GPIOC->ODR "= LED3 green|LED4 blue; unBeptupyer ceeuenue LED?
3. PaBHO3HAYHBI JIU CTPOKH :
#define LED3_green GPIO_ODR _8
#define LED3_green GPI1O_IDR_8
#define LED3_green 0x100
#define LED3_green 256
4. PaccuuTaiiTe, Kakue 4yuciia Hy)kKHO BOUTh B PETUCTPHI yIIpaBiieHUs] 0a30BBIM TaliMepoM,

4yt00bI mostyunth N cexynn 3aaepxku(N- Homep BapuaHTa) 1Mo npepsiBanuio. Yacrora
APB1 8MTI.
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5. PaccuwmTaiiTe, Kakue 4yncia Hy>)KHO BOUTB B PETHCTPHI YIIPABICHUS TAHMEPOM C PEKUMOM
PWM, 4T00bI mostyuuTh ckBaykHOCTH Ha BbiBOZie PC9 N%, (N- HoMep BapuaHTa)4acToTy
WM 1xI'n. Yacrora APB1 8MI'L.

Kpurepuu ouenku (B 6ajiax)
IIpuBeeHO NMOJIHOE NMPAaBUJIbLHOE pellleHHe, BKIYaoliee NpaBuibHblii otBeT 1 10 d6anna

HCYEePNbIBAIOIINE BEPHbIE PACCYKAEHHUSI C MPAMBIM YKa3aHHeM Ha0/110JaeMbIX
AIBJICHUH M 3aKOHOB

JlaH mpaBW/IbLHBII OTBET, U NMPHUBEJAEHO 00bsICHEHHE, HO B pPellleHUH HMeIOTCs S bann
O/IVH WJIH HECKOJIbKO HeJ0CTATKOB
Her npaBuibHOro orpera 0 6annos

Yuactue B KOH(pepeHUHsIX, NyOJIMKANUA cTaTel

1. Myoaunkanus crareii — 5 6annos

Kputepun Onenka (B Oamnax)
Tun paboTsr PedeparuBnas pabora 0,1
PaboTa HOCHT HCCIIeIOBATEIILCKHIA XapaKTep 0,3
Pabora saBisieTcsa ucciaeqoBaHueEM 0,6
Hcnonp3oBanue nu3BecTHRIX | He ncnonbp3yeT HUKaKuX JaHHBIX 0
ZIQHHBIX U HAYIHBIX PaKTOB ABTOp HCITOJIb30BAJI U3BECTHHIC JAaHHBIC 0,4
Hcnonp30BaHbl yHUKAIBbHBIC HAYYHBIC JTAHHBIC 0,6
[TonHoTa nuTHpyemoit nu- | Mcnonb3oBan yueOHBIN MaTepual 0,1
TCpatTyphl, CCBUIKA HA YI€ | [lcnonp30BaHbl CENMATH3HPOBAHHbIE U3IAHUS 0,3
HBIX
Hcnonp30BaHbl HHTEPHET PECYPCHI 0,6
AKTyanbHOCTb pabOThI W3yueHne Bonpoca He ABJISETCS aKTyaJIbHBIM 0
[IpencraBnennas pabora npuBiekaer uarepec ceo- | 0,4
el aKTyaJIbHOCThIO
Pabota coliepKUT HAyUHBIN XapakTep 0,6
CreneHb HOBU3HBI MOTY- Pabota He cogep >KUT HUYETr0 HOBOTO 0
HCHHBIX pE3y/IbTATOB B pabote q0Ka3aH yKe yCTAHOBIEHHBIH (haKT 0,4
B pabote nony4eHbl HOBbIE TaHHBIE 0,6

2. Yuactue B KOH(pepeHIIUU- 5 da106

TBopueckuii moaxoa Kk 0OTOOPY M CTPYKTYPUPOBAHUIO MaTepuaia - 1 b6ann
HoBu3zHa u caMoCTOATEIbHOCTD IPU MOCTAHOBKE MPOOIIEMbI - 1 b6ann
BricTyniieHue He sIBIIsieTCs IPOCTBIM YTEHUEM C SKpaHa - 1 6ann

B BEICTYIIICHHN JOTIOTMHSFOTCS U PACKPBIBAIOTCS KITFOYEBBIE MOMEHTHI,

NpeJICTaBJICHHbIEC Ha craiiax - 1 6ann

Bo Bpemst BRICTYIUICHUS TIOICPIKUBACTCS 3PUTEIBHBIN KOHTAKT C ayIHTO-

pHeii, pedb OTIuYaeTcst 60raTcTBOM MHTOHAIMN - 1 é6ann
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5. YueOHO-MeTOAMYECKOEe U HH(POPMALIMOHHOE 00ecTedeHue JUCIUILIMHBI
5.1. [lepeyeHb OCHOBHOM M JONOJHUTEIbHON YUeOHO JIUTEpPaTypPbl, HEOOXOAMMOM VISl 0OCBO-
€HHSA TUCIHUTLTHHBI

OcHoBHas JuTepaTypa:

1. VYuebHbI Kypc MO MPOrpaMMHUPOBAHUI0O MUKPOKOHTposuiepoB STM32. [DnexkTpoHHBIH pe-
cypc] : mabopatopHblii mpakTUkyM mo aucuurumae "MHpopmannonnsie TexHomoruu". /

Bamkupckuii rocynapcTBeHHbIN yHUBepcHuTeT; cocT. B.X. A6apaxmanoB .— Yda : PUILL
baml'V, 2019 .— DaextpoH. Bepcus ned. myoaukanuu .— JlocTyn BO3MOXKEH depe3 DIiek-
TPOHHYIO OoubIMOTEKY bamlVy — <URL:

https://elib.bashedu.ru/dl/local/Abdrahmanov_sost_Uceb kurs po programm
mikrokontrollerov_2019.pdf>.

2. IlpakTuyeckoe PyKOBOJACTBO MO MpPOrpaMMHUpoBaHui0 STM-MUKPOKOHTPOJUIEPOB [DIeK-
TpoHHBIH pecypce] : yue6HOoe ocodue / C.H. Topraes [u np.]. — DnektpoH. nan. — Tomck :
TITY, 2015. — 111 c. — Pexum goctyna: https://e.lanbook.com/book/82855. — 3aru. ¢
JKpaHa.

3. ARM (apxurektypa) [OnektpoHHbli pecypc] — Pexum gmoctyma :  URL:
http://ru.wikipedia.org/wiki/ARM _(apxutexrypa)/.

4. STM32F4DISCOVERY, Otnagounsiii kominiekT Ha 0Oaze STM32F407VGT6 ARM
CortexM4-F [D11eKTpOHHBII pecypc] - Pexxum JlocTyna : URL:
http://www.chipdip.ru/product/stm32f4discovery/.

JlonoTHUTeILHAS JTUTEpPaTypa:

5. 5. STM32F4 GPIO tutorial [DOnekrponnsnii pecypc] — Pexum nocryma : URL:
http://eliaselectronics.com/stm32f4tutorials/stm32f4-gpio-tutorial/.

6. 6. STM32F4: PWM [Onexrtponnsni pecypc] — Pexum goctyma :  URL:
http://amarkham.com/?p=37.

7. 7. STM32F4: INTERRUPT TIMER [Onextponnsiii pecypc] — Pexum nmoctyma : URL:
http://amarkham.com/?p=29. — 3aroun. ¢ skpaHa. (onucaHue pabOThI ¢ MPEPHIBAHUSIMH Taii-
Mepa)

5.2. Ilepeuensb pecypcoB HH(POPMALMOHHO-TEIEKOMMYHUKAIIMOHHOM ceTu « AHTEepHET» U
NMPOrPaMMHOI0 o0ecredeHnsl, He0OXOAUMBIX /ISl OCBOCHHS M CHHUILTHHbI

DJIEKTPOHHBIE pecypchl (I0NOJHEHHE CIIMCKA JIUTepaTyphbl)

1. GNU Tools for ARM Embedded Processors [DnekTponHsiit pecypc] — Pexxum mocty-
na : URL: https://launchpad.net/gcc-arm-embedded/+download.. (cpenctBa amst Kom-
TIAJISIIIAN )

2. IlpakTHuyeckoe pPYKOBOJACTBO IO HpPOrpaMMupoBaHHi0 STM-MUKPOKOHTPOIIEPOB
[DnexTponHsbIit pecypc] : yueoHoe mocodbue / C.H. Topraes [u ap.]. — DAEKTpoOH.
maH. — Tomck : TIIY, 2015. — 111 ¢ — Pexum jgocryna:
https://e.lanbook.com/book/82855. — 3aru. ¢ skpaHa.

3. IporpammupoBanue STM32F4. USART. Ilpumep mporpammsl. [DIeKTPOHHBIA pe-
cypc] — Pexxum mocryma : URL: http://microtechnics.ru/programmirovanie-stm32f4-
usart-primer-programmy/.

4. Muxkpokontpomiepsl AVR. UART. Hcnonb3oBanue npepblBaHUN. [DIeKTPOHHBIN
pecypc] — Pexum moctyna : URL: http://microtechnics.ru/mikrokontrollery-avr-uart-
ispolzovanie-preryvanij/.

5. STM32 ADC Ilpumeps! ucnonb3oBanus. Illar 1 [DnextponHsii pecypc] — Pexum
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noctyna : URL: http://mycontroller.ru/stm32-adc-primeryi-ispolzovaniya-shag-1/.

Pecypcbl UnTepHeT

1. ®depepanbhsiii nopran «Poccuiickoe odpazoBanue» http://www.edu.ru/

2. ®enepanbHoe xpaHmuile «EnnHas koiieKnus HUPpPOBbIX 00pa30BaTeIbHBIX PECYp-

cos» http://school-collection.edu.ru/

3. Poccuiickuii mopran «OTkpeiToro oopasoBanus» http://www.openet.edu.ru

www.affp.mics.msu.su

CobcTBEeHHas AIEK-
TpOHHAas OubIMOTE-
Ka y4yeOHBIX U Hay4-
HBIX AJIEKTPOHHBIX
W3JaHUI, KOTOpast

ONEKTPOHHO- O1O-
JMOTEYHAs CUCTE-

Ma «9b baml'V»
BKJIIOYAET U3JaHUS
IIpEenoIaBaTeIe
bamly
DJIEKTPOHHO-

[TonnorekcroBas b/]
y4eOHBIX M HAyYHBIX
SJIEKTPOHHBIX U3/1a-
HUU

onbIMoTeyHas Cu-
cTemMa «YHUBEPCH-
TeTcKas OnoImo-
Teka online»

DIIEKTPOHHO- [TonHnoTekcToBas b/]
OnbauoTeyHasi cu- y4eOHBIX M HAyYHbIX
CTEMa U3/1aTelb-  DJIEKTPOHHBIX U3/a-
cTBa «JlaHb» HH

Perucrpanus
ABTO HsoBaHan?IB Bubmore-
P ke baml'Vy,
JIOCTYII 110 Tapo- P —
X0 U3 TH000H https://elib.bashedu.ru/
JIOCTYT U3
Touku cetu UH- "
reDHET JIF000H TOY-
p KU cetd UH-
TEpHET
Perucrpanus
ABTOPHU30BaHHBIN 13 ceT
p BamTV,
JIOCTYT IO Mapo- nanbHeHIH
JIFO U3 JTF000M http://www.biblioclub.ru/
JIOCTYT U3
Touku cetu UB- "
FeDHET JIF000H TOY-
p KU cetu UH-
TEPHET
Perucrpanus
ABTOPHU30BaHHBIN M3 COTH
p baml'V,
JIOCTYT IO Mapo- P —
10 13 JIF000i http://e.lanbook.com/
JIOCTYII U3
Touku cetu UB- .
TeDHET JIF000H TOY-
p KU ceTh UH-
TEpHET

6. MaTepI/laﬂbHO-TeXHI/I‘leCKaﬂ 6333, HeoOXoauMast 1Jisl OCYyIECTBJICHUA 06p830BaTeJH)-

HOTI'0 IMpouecca 1o J1uCumIiJjanHe

Jly1st mpoBeieHUs JICKIIMOHHBIN 3aHATUN UCTIONIb3YeTCS ayAUTOPHBIN (GoHT (PU3UKO-
TEXHUYECKOTO MHCTUTYTA. JIJis mpoBeeHus 1a00paTOpHBIX PabOT UCTIONB3YIOTCS
nporpammbl STM32 CubeMX u Atollic TrueStudio.

HanmeHnoBaHue cnenuaiu-

Bun 3angarui

HaumenoBanue 060pyn0BaHys, IPOTPAMMHOTO

3UPOBaHHBIX aYJAUTOPHIA, obecrieueHns
KaOMHETOB, JabopaTopuit
1 2 3

Aynuropus (415 xabuner) | Jlekuuu

Jlocka, yueOHast Mebenb , IPOEKTOP
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Aynuropus 414  (dusmko-
TEXHHIECKOTO KOPITyC
y4eOHoe)

VYuebHass ayauTopus
JUTSL IPOBEICHUS 3aHs-
THi  1abopaToOpHOTrO
THUIA

YuebHas MeOenb, MOCKa ayIuTOpPHAs, MOHOOJIOK
ThinkCentre (12 mT)
[TporpamMmmHoOe obecrieueHue:

1. Windows 8 Russian; Windows Profes-
sional 8 Russian Upgrade. Jlorosop
Nel04 or 17.06.2013 r. JInueusus-
OLP NL Academic Edition. beccpou-
Hasl.

2. Microsoft Office Standard 2013 Rus-
sian. Torosop Nel14 or 12.11.2014 r..
JInnensus-OLP NL Academic Edition.
beccpounast.

3. STM32 CubeMX. ®dupmennas mpo-
rpamma STM. Pacnpoctpansiercs: Gec-
IJIATHO.

4. Atollic TrueStudio. ®upmenHast mpo-
rpamma STM. Pacnpoctpansiercs: Gec-
IJIaTHO.

Uwutaneueiit 3a1 No2 (kop-
nyc ¢usmara, 2 3Tax).

ITomemenus nus camo-
CTOSITENTLHON paboThI:

Hayunstii 1 yaeOHbIi (OHJ, Hay4Has IEPHOINKA,
Wi-Fi noctyn is1st MOOMIIBHBIX YCTPOMCTB, He-
orpannyeHHblid Joctyn Kk ObC u B/I; konuuecTtBo
mocago4HeIx Mect — 50.
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[Tpunoxenue No 1

OEJIEPAJIBHOE I'OCYJAPCTBEHHOE BIOJDKETHOE OBPA30OBATEJIBHOE YUPEX/IE-
HUE BBICIIEI'O OBPASOBAHUA
«BAIIKMPCKHUU I'OCY AAPCTBEHHbBINM YHUBEPCUTET»

COJIEP)KAHUE PABOYEHN ITPOT'PAMMBI

muctuinHel MHDOpMannoHHBIe TEXHOJIOTUN HA 5-6 cemecTpax

(HaMMeHOBaHUE AUCITUTLIHHBI)

O4Hasd
(bopma 00yueHust
O0BeM TUCHUILINHBI
Buj pa6orsl 5 ce- 6 ce-
o0ee
MecTp MecTp

O6mas tpynoeMmkocth quctuiuiibl (3ET / gacoB) 71252
Y4eOHBIX YaCOB Ha KOHTAKTHYIO paboTy ¢ IpernoiaBaTesieM: 48.7 37.7 85.9

JIEKIIUHT 16 18 24

MPAKTUYECKUX/ CEMHUHAPCKUX - - -

71a00PaTOPHBIX 32 18 50
IOpyrux (rpynmnosasi, UHAUBUYyalbHasi KOHCYJIbTALUS U UHbIE BUJbI yueO- 0,2 1,7 1,9
HOM JIeATENbHOCTH, IPEAyCMaTPUBAIOIINE padOTy 00yUaroXcs ¢ Ipe-
noxgasatesiem) (OKP)
Y4eOHBIX YacOB Ha CAMOCTOATEIbHYIO0 paboTy obyuaromuxcs (CP) 60 63 78
Y4eOHBIX 9acOB Ha IMOJATOTOBKY K dK3aMme- 0 43.8 43.8
Hy/3auery/auddepenunpobanHomy 3auety (Kontposns)

®opma(bl) KOHTPOJIA:
3ader 5 cemecTp
9K3aMeH 6 ceMecTp

30



dopma U3yueHus: MaTepUaloB: JEKIUY,
IIPAKTUYECKUE 3aHATHsI, CECMUHAPCKUE 3aHsI-
TUs, 1a00paTOpHBIE PabOTHI, CAMOCTOSATEIb-

OcHoBHas u 010J]-
HUTEJbHAS JTUTEpa-
Typa, peKOMeHIye-

3aianus Mo caMo-
CTOSITEJIBHOM pa-

dopma TEKyIIEero
KOHTpOJISl yCIIeBae-
MOCTH (KOJIJIOKBUY-
MBI, KOHTPOJIbHBIC

Ne Tema u conepxanne Mas CTyJI€HTaM 00Te CTYICHTOB
w/n Has paboTa U TPYJOEMKOCTh (B 4acax) (HoMepa 13 crcka) paboThl, KOMITBIOTEP-
p HBIC TE€CTHI U T.II.)
JIK [TP/CEM JIP CP
1 2 3 4 5 6 7 8 9
Moayas 1. O6uiue cBeeHus 0 6 8 20
siapax ARM u STM32. OcHo-
BbI si3bika CU 1151 MUKPO-
KOHTpoJ1epoB STM32
1. BreraucnuTenbHbIE siIpa ceMeii- 3] 8 20 [1]: §1-11 [Moarororka k ma6. | OTueT 1Mo J1aboparop-

ctBa Cortex - A, R u M. Cortex-
MO, Cortex-M3 u Cortex-M4.
CtpykTypa nporpamMmsl Ha sI3bl-
ke CU 111 MUKPOKOHTpOJLIIE-
poB STM32. 3aronoBoYHbII
¢aiin Tunel JaHHBIX, IEPEMEH-
Hble 1 MaccuBbl. KirtoueBoe
cioBo typedef. CTpykTyphI.
Oyukun. OObsIBICHNE U
onpenenenue GpyHkuun. Jlo-
KaJbHBIE U TTI00aTbHBIE TIepe-
MeHHble. Oynkus main().
Apudmernueckue onepaTopsl.
Oneparopbl OTHOLIEHUH U JI0-
rudeckue oneparopsl. Onepa-
TOp MOJIyYEHUSs ajpeca
&.Omneparop pa3bIMEHOBaHUS
azpeca *.Ykazaresb oneparnuii
C MpHUCBaMBaHUEM: *=, /=, +=, -

paboteNel,2

HO¥t paboTe. 3amuTa
nmabopaTopHO paboTEHI.
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=, (%):7 <<=, >>=, &:, ’\:, =,
Omneparuu ¢ 6utamu (BbICTa-
BUTH, CHITh , UHBEPTUPOBATH)
OIIpEIEIICHHBIN OUT C MTOMOIIBIO
omeparuit &=, "=, |= .. One-
parop JocTyna K 4ieHam 00b-
extoB. Oneparop if — else. One-

patop while..

Mopayab2: OcHOBBI padoThI €O
CTAaHJAPTHOM OUO/IMOTEKOM
CMSIS. Cpens! pazpadoTkn
STM32. CubeMX n Atollic
TrueStudio . buéaunorexkn HAL.

12

20

IIpenpoueccop. Kommumistop.
Kommonosmuk Link. Haznauenue
onepatopa #include , #define. Omne-
paTophl OpraHU3aIUU ITUKIIOB U
ycioBHbIX nepexoqoB B CU. 3ana-
BaHUE B KOMIWISATOPE apXUTCKTYPhI
(HaOop DyHKIMOHAIBHBIX MOJLY-
neii(dM)), ampecoB u cocTaBa Bcex
peructpoB ®M) MK 11st KOTOpOTO
co3aércs mpoekT. Mojynb auc-
KpeTHoro BBoja/BeiBosia GPIO.
Peructpsr MomyIst AUCKPETHOTO
BBoja/BeiBoaa GPIO.

OCHOBHBIE XapaKTEPUCTUKHU
MUKPOKOHTpPOJIIIEPA
STM32F051R8T6.

OtnagoyHas miaTa
STM32F051DISCOVERY. Otna-
JIOYHAas 1iaTa
STM32F407DISCOVERY. Cocras,

12

20

IToxroroBska k 1a0.
pabote Ne3 4.

Otuer no 1abopatop-
HO¥1 paboTe. 3amuTa
J1a00paToOpHO PaboTHI.
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BO3MOKHOCTH, OTJINYU.

Peructpsl noptos. [lociaenona-
TETHHOCTh MHUIIMATU3AIUHU TIOP-
ToB. CTanmapTHas OubIMoTeKa
CMSIS. Beibop cpensi pa3pa-
6otk STM32. [Touemy ucmob-
3yercs cBsizka CubeMX u
CooCox IDE? bubmmorekn HAL

Moay.ib3: OcHOBBI paboThI ¢ 1me- 12 20

pudepuitHbIMUA MOAYIAMHA

STM32

IpepsiBanus B STM32. PaGora ¢ 12 20 [1]: §30-31 IMoaroroBka k 1a6. | OT4eTHI 10 Ja6OpATOP-

BHEIIHUMH HPEPHIBAHUSMH B
STM32.Taiimepsl B
STM32:6a30BbI¢ (basic timers),
obmrero Ha3HaveHus (general-
purpose timers), )IIpOJBUHYThIC
(advanced-control timers). Ctpyxk-
Typa MPUHIHI PaboThl 6a30BOTO
taiimepa Counter Register
(TIMX_CNT) — cuérumk Prescaler
Register (TIMx_PSC) — npenze-
JIUTENb

Auto-Reload Register (TIMXx_ARR)
— peructp nepesarpy3ku. CraH-
JapTHAas HACTPOIKa TAaKTUPOBAHMUSI.
APBI1, APB2, NVIC Settings. daitn
stm32f4xx_it.c, 00paboTurku npe-
poiBanwii . [TpuHIMI paboTHI
UM, cepa npumenenns. 32-
paspsinHOro sipa Cortex pa3IHuHBIX
Bepcuil (B MUKPOKOHTPOJLIEDE,
YCTAHOBJICHHOM Ha TUIATe UCTIONb-
3yercs sapo Cortex-M4). Peanuza-
st 1IMM anmapartHo — 6e3 KOH-

[2]:

paboteNe5,6,7

HBIM pabotam. 3ammra
mabopaTOPHBIX padoT.
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TpoJunepa. Peanuzanus MM c no-
MOIIbE0 MUKPOKOHTPOJIJIEPA B
STM32. Moayns 3aXBaTa U CpaBHe-
HUs + TaliMep pEerucTpa 3axBa-
Ta/cpaBHEeHuUs (capture/compare
register, CCRXx). Counter Register
(TIMx_CNT) — cuéruuxk. Prescaler
Register (TIMx_PSC) — npeane-
murensb. Auto-Reload Register
(TIMx_ARR) — peructp nepesa-
rpy3ku.Hacrtpoiika IIIMM c nomo-
e CubeMX |, 3a1aHue 4acTOTEI
III1M, n3mMeHeHNnEe CKBa)KHOCTH.

Bcero yacos:

18

32

60
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5 cemecmp

CDopMa HN3YUCHUA MaTCpUaJIOB: JICKIWH, IIPAKTHYC-

OcHoBHas " JOITO0JI-
HUTCJIbHAA JIUTCpa-

3amanus 0o ca-

dopma TEeKyIIero
KOHTpOJISI yCIeBae-
MOCTHU (KOJIJIOKBUY-

CKHE 3aHATHUS, CEMUHAPCKUE 3aHATHUS, JJaDOpaTOpHbIE MOCTOSITEIbHON MBI, KOHTPOJIbHbBIE
Typa, peKOMeHye-
paboThI, caMOCTOsATeIbHAS paboTa U TPYJ0EMKOCTh (B Mas CTy/IeHTaM (HO- paboTte CTyACHTOB | paboThl, KOMITBIO-
Ne | Tema u conep:xanue qacax) Mepa 113 crivcka) Bceero TEpHbIE TECTHI U
n/m T.I1.)
JIK
JIK [TP/CEM JIP CPC

1 2 4 5 6 1 2 3 4
Monyas 4: Padora ¢ 10 - 10 30
nepugpepuiiHBIMHA MO-
ayasmu STM

1 | Pabora co BcTpoeH- 10 - 10 30 [2]: [TonroroBka k 3a- | 3arura 1a00paTOPHOIL
HbiM ALIIT. §2.1-2.3, muTe 1o Jabopa- | pabotsr Ne
Pabora ¢ BcTpoeH- TOpHOIT pabote Ne8
aeivi USART. [MoaroroBka K 3a-
PaGora ¢ SPI mre 1o slabopa- | 3amura 1abopaTopHOi
Pabora co B C:[‘p OCH- TopHOM padote Ne9 | paGoTsr Ne9
HbIM MoayseM L{AII
(DAC).
Monyas 5: 8 - 8 33
IIporpammupoBaHue

padoThI B pexxnMe
NPSIMOTO 10CTYNA B
namatb (DMA).
OnepanuoHHbIE CH-
CTeMBbI pPeajbHOro
Bpemenu (RTOS).
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Pa6ora ¢ SPI 8 8 33 [1]: [ToaroroBka k 3a- | 3amura J1abopaTopHOM
HpHMOﬁ JIOCTYTI B § 62, TuTe o0 Jabopa- paboThI NelO

namsts (DMA), pa- [2]: TOPHOI pabore

6ota B cBsi3ke ADC- NelO 5
DMA. [ToxroroBka k 3a- | 3arrura 1a60paToOpHOiL
0 ) mruTe 1o jJabopa- | paboter Nell

MepalOHHBIE CU TopHoii pabore

CTEMBI peabHOI0 Nell

Bpemenn (RTOS).
Bcero yacos: 18 18 63
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PenTunr-niad AUCIIATUINHEI

[Tpunoxenue Ne 2

NudbopMalinoHHbIE TEXHOIOTUH

(Ha3BaHUE TUCIUIUIMHBI COTJIACHO paboueMy yueOHOMY IIIaHy)

CIIEIUATBHOCTD DIIEKTPOHKKA ¥ HAHOAJIEKTPOHHU-
Ka
KypcC 3 , cemectp 6

Buner yaeOHON A€ATEIHHOCTH CTY- bamn 3a Yucno 3ana- banel

/ICHTOB KOHKpeT= HiH 3a ce- MuHuManbHbINA MakcumanbHbIi
HOE 3aJa- MecTp
HUE
Moayas 1. O6mme ceenenust o aapax ARM u STM32. OcHoBbl 0 30
si3spika CHU a1 MukpoxoHTposiepoB STM32
Tekymuii KOHTPOJIb
1.YcTHBIi onpoc 4 5 20
2. BreimonHenue nadopaTtopHoi pado- 10 1 0 10
THI
Py0e:xxHbIil KOHTPOJIb
1. IlnceMeHHass KOHTpOJIbHAsL paboTa 0 10
Mopnyian2: OcHOBBI padOTHI €O CTAHAAPTHOI OMOJIMOTEKOMH 0 34
CMSIS. Cpensi pazpaborkn STM32. CubeMX u Atollic
TrueStudio. buéanorexkn HAL
Tekymuii KOHTPOJIb

1.YcTHBIi onpoc 4 5 0 20
2. BeimonaeHue mabopaTopHO pado- 10 1 0 10
THI
PyGesknblii KOHTPOJIBL
1. IluceMeHHass KOHTpOJIbHAsL paboTa 1 10 0 10
Monyab3: OcHOBBI padoTHI ¢ IEepHU- 0 36
depuiinsivu Mmoayiasimu  STM32
Texkymuii KOHTPOJIb
1.YcTHBIii ompoc 4 5 20
2. BeimonaeHune mabopaTopHOi pado- 10 1 0 10
THI
PyGesknblii KOHTPOJIb
1. IluceMeHHass KOHTpOJIbHAsE paboTa 1 19 0 10
HoompurenbHbie HaLIbI
1. Yaactue B KoH(epeHIUSX, TyOTH- 10 1 0 10
Kalus crareu
IocemaemocTh (6a/1J1b1 BBIYMMTAIOTCS U3 0011ell cyMMbl HA0paHHBIX 0AJIJIOB)
1. Tlocemenne TEKIMOHHBIX 3aHATHIA 0 -6
2. Tlocemenue 1abOpaTOPHBIX 3aHs- 0 -10
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HNToroBblii KOHTPOJIb

1. 3auer




(Ha3BaHUE MUCIUILUIMHBI COrTIACHO paboueMy yueOHOMY IUIaHYy)

I/IHd)ODMaI_II/IOHHBIC TCXHOJOTHH

CIICINAJIbHOCTDH 3JICKTpOHI/IKa N HAHOJJICKTPOHUKA
Kypc 4 , cemectp 7
Buabl yueOHoil 1esiTeb- bann 3a kon- | Ywmcio 3a- banel
HOCTH CTY/JI€HTOB KpeTHOE 3a- JaHMi 3a VTV [V S p—
JlaHue ceMECTp
Mopnyas 4: Padota ¢ nepudepuniiHbIMH MOIYIAMH 0 35
STM32

Tekymuii KOHTPOJIb
1. YcrHbIH onpoc 5 2 0 10
2. Beimoninenue gabopaTop- 10 2 0 20
HOM pabOTHI
Py0e:xHbIli KOHTPOJIb
1. [TucbmMeHHast KOHTPOJIb- 0 10
Hasi pabora
Monayas 5: 0 35
IIporpammupoBanue padoThl B peskuMe NPsIMOTO /10-
cryna B namats (DMA). OnepanuoHnblie cucTeMbl pe-
aabHOro Bpemeru (RTOS).
Texkymmii KOHTPOJIb
1. YcTHbI# onpoc 5 2 0 10
1. Bemmoninenue gabopatop- 10 2 0 20
HOM pabOTHI
Py0e:xHbIli KOHTPOJIb
1. ITnceMeHHast KOHTPOJIb- 0 10
Has paboTa
KonrtponsHast pabora 1 10 0 10
IHoompurenbHbie 0aJIbI
1. Yuactue B koH(pepeHIu- 10 1 0 10
X, MyOnMKauus crarei
ITocemaemocTs (0271161 BHIYUTAIOTCS U3 0011eli CyMMbI HAOpPaHHBIX 0aJ1J10B)
3. Iocemenne JTeKIIHOHHBIX 0 -6
3aHATHI
4. Tlocemenue mabopaTop- 0 -10
HBIX 3aHSITUU
HToroBbiii KOHTPOJIb
1. Dx3ameH 30




[Tpunoxxenue No3

®opma IK3aMEeHAINMOHHOTO OUIeTa

MHWHOBPHAYKU POCCUN

OEJIEPAJIBHOE I'OCY JAPCTBEHHOE BIOJKETHOE
OBPA3OBATEJIbBHOE YYPEXIEHWUE BBICIIEI'O OBPA3OBAHIA
«BAIIKMPCKUU T'OCYJAPCTBEHHbBIM YHUBEPCUTET»

®U3UKO-TEXHUYECKUIA MHCTUTYT
KA®EJPA NTHOOKOMMYHUKAIIMOHHBIX TEXHOJIOI'MW 1 HAHOSJIEKTPOHUKHA

AK3AMEHAIIMOHHBIN BUJIET Ne 1
no nucuurimHe MHdopmamoHHble TEXHOJIOTUN
Hanpasnenue 11.03.04 snexTpoHrKa 1 HAHOSJIEKTPOHUKA
[Tpodunb DnekTpoHHBIE MPUOOPHI U YCTPOKUCTBA

1. Beruucnurenshsie sapa cemeiictBa CorteX - A, R u M. Cortex-MO0, Cortex-M3
u Cortex-M4.
2. OmneparmonHble cucteMbl peaabHoro Bpemenu (RTOS).

7

J

3ase/yronuii kadeapoi / Camuixos P.B./




