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AHHOTaAUA

Jucuunimuna  «IIporpamMmMupoBaHue  BCTPOEHHBIX — NPUIIOKECHHM»  BXOJUT B
o0pa3oBaTeNbHYI0 MPOrpaMMy BBICIIETO OOpa30BaHMs [0 HANpaBJICHUIO MOJATOTOBKH/
cunenuanbHocty 09.03.04 «IIporpammuas uHxeHepus» HampaBiaeHHocTH «lIpoexkTupoBanue
MIPOrpaMMHBIX cuctem». JucuumnianHa peanusyercs kapeapoi «Ned3».

JucuuiuivHa HaneneHa Ha (JOpMUPOBAHKE Y BBIITYCKHHUKA CIIETYIOIUX KOMIETSHIUI:

IIK-2 «CnocoOHOCTh BIaAeTh METOJOJOTHEH NPOTPAaMMHONW WHXKEHEPHUH TIpU
[IPOEKTUPOBAHUM ITPOTPAMMHBIX CUCTEM PA3IMYHOTO HA3HAUYECHUS»

CopnepxaHue IUCUUIUIMHBI OXBAaThIBA€T KPYI BOIIPOCOB, CBS3aHHBIX C H3Y4YEHHUEM
OpraHM3aly IPOrpaMMHOTO OOECIEYeHHs] BCTPAaHUBAEMBbIX CHCTEM, IOJYYEHHEM 3HaHUH, O
CTPYKTYype, QYHKIIUSIX U OCHOBAX MPOrPaMMHUPOBAHUS MUKPOKOHTPOJIIEPOB.

[IpenogaBanue AMCHMILIMHBI IpEeAyCMaTpUBaeT clenyromue (GopmMbl OpraHusanuu
y4eOHOT0 TIpolecca: JIKINH, JabopaTopHbie paboThl, CaMOCTOsITEIbHAS paboTa 00yJaroIierocs,
KypCOBO€ IIPOEKTHPOBAHUE.

[IporpaMmoii AMCHUIUIMHBI TPETYCMOTPEHBI CIENYIOIIME BHJbl KOHTPOJS: TEKYLIUH
KOHTPOJIb YCIIEBAEMOCTH, IPOMEXKYTOUHAs aTTecTalus B hopMe IK3aMeHa.

OO0mas TpyA0eMKOCTh OCBOCHUS JIUCIUILIMHBI COCTaBISET 6 3adeTHBIX enuHul], 216
4acoB.

S3bIK 00yUYeHHS MO JUCHUIUINHE KPYCCKUM»



1. TlepeueHb MIAHUPYEMBIX PE3YABTATOB OOYUCHHUS 110 TUCIUTUTHHE

1.1. [enu npenoaaBaHust JUCHUIUIHHBI

enpro M3y4eHHUS MUCHUIUIMHBI SBISETCS IMOJIy9eHHE OOYYaIOIIMMHUCI HEOOXOIUMBIX
HAaBBIKOB B OO0JIACTH apXUTEKTYyphl M MPOTPAMMHOTO OOECIICUEHHUsT BCTPOCHHBIX CHCTEM,
MOJIyYeHUEM  3HaHUW, O  CTPYKType, QYHKIUSIX W  OCHOBAaX MPOTPaAMMHUPOBAHUS
MHUKPOKOHTPOJUICPOB, TO3BOJIAIOIIMX pelIaTh BOMPOCHl aHamu3a (DYHKIMOHUPOBAHUS U
000CHOBaHHS TPEOOBAaHUN K apXUTEKType W MPOrPAMMHOMY OOCCIICUCHHIO BCTPAMBACMBIX
CHCTEM.

1.2. JlucuurimHa  BXOJUT B COCTaB  4YacTH, (QOPMUPYEeMOH  y4aCTHUKAMH
00pa30BaTeNIbHBIX OTHOIICHHUN, 00pa30BaTEILHOM MPOTpaMMBI BBICIIETO 00pa3oBaHus (nanee —
OIl BO).

1.3. TlepedeHb MIIAHUPYEMBIX PE3yIbTATOB OOYUCHHSI IO TUCIIUTUIMHE, COOTHECCHHBIX C
IUIaHUpyeMbIMU pe3ynbTratamu ocBoenus OIT BO.

B pesynmbraTe m3ydeHUs AUCHUILIAHBI OOYYAIOIIUINCSA JOJDKEH 00J1a/1aTh CIETyIOIUMU
KOMITETEHITUSIMU WJIH WX JacTsaMu. KOMITETEHITMN W MHAUKATOPHI MX JOCTHKCHUS TTPUBEIICHBI B
Taommie 1.

Tabnmuna 1 — IlepeyeHs KOMIETEHIIMI ¥ MHIUKATOPOB WX JIOCTHIKEHUS

Kareropus (rpynma) Kon u Koy n HanMeHOBaHWE HHIUKATOPA JIOCTIKCHUS
HauMEHOBaHUE
KOMITeTECHITUH KOMITCTCHITHH
KOMITETEHITUT
TIK-2 Crioco0nocts | IIK-2.3.1 3HaeT u BiageeTr METOHOIOTASIMHA
BIIAJIETh MPOCKTUPOBAHMSI, TECTUPOBAHUS H
METOJI0JIOTHEH COTIPOBOK/ICHHSI IPOTPAMMHBIX CHCTEM
MIPOrPAMMHO Pa3TUYHOTO Ha3HAYCHHS HA BCEX dTarax
[TpodeccnonanpHbIC
WHXEHEepUHU Ipu YKU3HEHHOTO 1IMKJIa
KOMITETEHIINH
MPOEKTUPOBAHUM I1K-2.B.2 BnajgeeT HaBbIKAMU UCIIOJIb30BaHUS
MPOrPaMMHBIX METOJIOB M CPEJICTB MPOEKTUPOBAHUS
CUCTEM pa3IUYHOTO | IPOrPaMMHOTO 0OecTeueHus], MPOrPaMMHBIX
Ha3HAYCHHS nHTepdericoB u 6a3 JaHHBIX

2. Mecto mucuumuiuHb B cTpykType Ol

JuctumauHa MOKeT 0a3upoBaThCs Ha 3HAHUAX, paHEee MPUOOPETEHHBIX 00YJYAIOITUMUCS
MIPU U3YYCHHUH CIICTYIONTUX TUCIUATIINH:

— «HHbDopMaTHKaY,

— «JluckpeTHas MaTeMaTHKa,

— «OCHOBBI IPOrPAMMHUPOBAHUS,

— «CTpYKTYpHI U aJITOPUTMBI 00paOOTKH JAHHBIXY,

— «Apxutekrypa 9BM u cucrem».

3HaHUs, NOJYYEHHbIE NpPH HM3YyYEHUU Marepuana JaHHOW JUCIUIUIMHBI, UMEKT Kak
CaMOCTOSITENIbHOE 3HAYCHUE, TAK U MOTYT HCIIOJIb30BAThCS MPU U3YUCHHUH IPYTUX AUCHHUTUINH:

— «lIporpamMmmMupoBaHre MOOUIBHBEIX YCTPONCTBY,

— «OnepanuoHHbIC CUCTEMBIY.

3. OOBeM u TPyJOEMKOCTh TUCIUTLIAHBI
Jlanabie 006 o0meM oO0beMe MUCIUILUIMHBI, TPYJOEMKOCTH OTAETBHBIX BUIOB y4eOHOI
paboThI MO AUCUHUIUIHHE (U paclpeie]IeHHe STOM TPYA0EMKOCTH TI0 ceMecTpaM) MpeACTaBIEHBI B
Tadmuie 2.




Tabnuma 2 — O0beM U TPYAOEMKOCTh JUCIUATIIHHBI

TpynoemMKOCTb 110 cemecTpam

Bun yae6HOMI paboThI Bcero No6 No7
1 2 3 4
Oowan mpyooemKocnb oucyuniuHl,
6/ 216 4/ 144 2/ 72
3E/ (4ac)
AyoumopHhvle 3anamus, BCETo 4ac. 85 68 17
B TOM YHCJIE:
nexiuu (JI), (qac) 34 34
npaktudeckue/cemunapckue 3anarus  (113),
(dac)
naboparopusie paboTsl (JIP), (dac) 34 34
KypcoBoit poekt (pabota) (KII, KP), (gac) 17 17
9K3aMeH, (Jac) 36 36
Camocmosmenvnas padoma, Bcero (dac) 95 40 55
Buo npomesxcymounoii ammecmayuu: 3a4er,
mubd. 3auer, sk3amen (3auer, dudd. 3ay, OK3., OK3.

DK3.**)

[IpuMeuaHue: KaHIUIATCKHI SK3aMeH

4. CopaeprxaHue TUCIUTITUHBI

4.1. PacmpeneneHue TPyJOEMKOCTH JTUCIUTIINHBI 110 Pa3zesiaM U BHIaM 3aHSTHH.

Pasnemﬂ, TEMBI JUCHUILIMHBI U UX TPYAOCMKOCTh IIPUBCACHEI B Ta6n1/1ue 3.

Tabnuma 3 — Pa3fensl, TEMbI TUCIUIUIMHBI, UX TPYI0EMKOCTh

Paspgensl, TeMbI JUCHMITINHBI

Jlexkniun
(qac)

n3(C3)| Jp
(qac) (gac)

KII
(dac)

CPC
(dac)

Cemectp 6

Paznen 1. ApxutekTypa BCTPOECHHBIX CUCTEM.
Tema 1.1. OcHOBHBIEC OHATHUS U PUHIIUIIBI
MTOCTPOCHUSI BCTPOCHHBIX CUCTEM.

Tewma 1.2. Opranu3anusi 1 TPUHITUIIBI paOOThHI
RISC-nporeccopos.

10

10

10

Paznen 2. [TpuHuunsl mporpaMMUpOBaHUS
BCTPOCHHBIX MPUIIOKEHUH.

Tema 2.1. [IpuHUMIIBI TPOTPAMMHOIO YIIPABJICHUS
MoJICHCTEeMaMU MUKPOKOHTpPOJLUIEpa.

Tema 2.2. Uepapxus 6ubamnorexk STM32.
Crenudukanuu mmH.

Tema 2.3. MeTtozpl iepeiadyn JaHHbIX.
Opranuzanus uatepdercos.

Tema 2.4. Ananoro-uudpoBsie U 1udpo-
aHaJIOTOBbIE MPeoOpa3oBaTey.

20

20

22

Paznen 3. [Tpuniuns! pa3paOoTKH NpUI0KEHUH
JUIl BCTPOEHHBIX CUCTEM.

Tema 3.1. OCHOBHEBIE TTOAXOOEI K
IIPOrPaMMHPOBAHHIO BCTPOCHHBIX CUCTEM.

HUroro B cemectpe:

34

34

40




Cemectp 7

BrinosiHeHue KypcoBoro npoexTa 17 55
Hroro B cemectpe: 17 55
Uroro | 34 0 34 17 95

4.2. CopnepxaHue pa3ieioB U TEM JICKIIMOHHBIX 3aHSATHH.
Coneprxkanue pa3iesioB U TEM JICKIIMOHHBIX 3aHATUI PUBEACHO B Ta0IuIE 4.

Tabnuia 4 — Conepkanue pas/ieioB U TEM JISKIIMOHHOTO ITUKJIIA

Howmep
paszena

HazBanue u copepxanue pa3zieioB U TeM JEKIIMOHHBIX 3aHATUM

1

APpXHTEKTYpPa BCTPOEHHBIX CHCTEM.
Tema 1.1. OcHOBHbBIE NOHATUS U MPUHIUIIBI IOCTPOEHUS BCTPOEHHBIX CUCTEM.
Jlexus Nel. OOuiue noHATUS IPOEKTUPOBAHUS U IPOTPAMMHUPOBAHUS BCTPOEHHBIX
cucreM. [lonsiTre nporpaMmHoro ynpasieHus. CHCTEMbl aBTOMaTHYECKOTO
ynpasieHusi. Bctpauaemble cucreMsbl. [IpoekTupoBaHie BCTpauBaeMbIX CHCTEM.
Muxkpoxontposuiepsl (MK).
Tewma 1.2. Opranuzanus 1 npuHIUIBEL padoTsl RISC-tiporieccopos.
Jlexiust Ne2. Opranusanus B3auMoIecTBUs OaHKa PErucTPOB C ONEPALMOHHBIM
ycrpoiictBoM(OVY) B RISC-niporieccope. CtpykrypHas cxema OV, npuHIUT
KOJIMPOBAHUS OTIEPALIHI.
Jlextus No3. [loHaTHE apXUTEKTYpbl CUCTEMBI KOMaH/. [[pUHIMITBI B3aUMOIEUCTBUS
nporieccopa ¢ namsaTbio. @opmatel komana. lemmdparop komanm. [Ipunmmn
coBMeleHus onepanuii akagemuka C.A. JleGenena.
Jlexmusa Nod. DnemenTsl apxutekTypsl mporeccopoB ARM Cortex-M. Pexxumbl
pabotsl u coctosaus. [IporpamMmmuast moens. Moaens namsatu. Cucrema KOMaH 1.
Jlexmusa No5. Meronae! aapecanimu. Homenknatypa MK STM32. CtpykrypHas cxema
STM32F3x, STM32F1x, naznauenue noacucrem. Cranmapt CMSIS.

IIpuHIUNIIBI IPOrPaAMMHMPOBAHHUSA BCTPOCHHBIX NIPHUJI0KEHH.
Tema 2.1. [IpuHUMITBI TPOTPAMMHOTO YIIPaBICHHS MOJACUCTEMAaMU
MHKPOKOHTpOJLIEPA.
Jlexumst Ne6. Knaccuduxarus namsitu. OCHOBHBIE XapaKTEPUCTUKH TTAMSTH.
CermenTtanus namartu. [loncucrema takrupoBanus u copoca MK STM32F3x (RCC).
Ha3nauenue, cTpykTypHas cxema, perucTpbl yIpaBiI€HUsI CUCTEMO.
Jlexmust Ne7. TloHsATHE AUCKPETHBIX HU(PPOBBIX CUTHATIOB, JTOTHUECKUX
BXOJI0B/BbIX0JI0B. OCHOBHBIE CXEMBbI OpPraHU3aIlMU JIMHUI TIOpTa BBO1a/BbIBOIA
(GPIO). Peructpsr ynpasienus GPIO.
Jlexmus Ne8. Cuctema npepbiBanuii. Apxurekrypa uckitoueHniit ARM Cortex-M.
KonTposiep BiokeHHbIX BeKTOpHBIX MpepbiBanuil (NVIC). Peructpel HacTpoiiku
NVIC. Cucremnsiii Taiimep SYSTICK.
Jlexuus Ne9. Jluarpamma paboTs! cuctemsl npepbiBanuii NVIC. PacminpeHnHsiii
KoHTpoJuiep npepbiBanuil u coobiTuii EXTI, 610k-cxema, HazHaueHue. Peructpsr
EXTI. Ilopsatox HaCTPOMKU BHEUIHETO MIPEPBIBAHMUS.
Jlexuus NelO. ITonsTue taiimepa Ha ocHoBe cuéTumka. [IpuHIIMT pabGoTH MPOCTOrO
Taiimepa, Taiimepa o011ero Ha3HAYeHUs, TaiiMepa ¢ PacCIIMPEHHBIM (PYHKIIMOHATIOM.




DopMUpOBaHNE UMITYJIBCHBIX [1OCIIEI0BATEILHOCTEN € 3aJaHHBIMU IIapaMETPaAMH.
[Tousarue LLIMM. Dukonep.

Tema 2.2. Uepapxus 6ubnuorek STM32. Criennukannu mvH.

Jlexmust Nell. CranmaprHas 6ubiaroreka nepudepun. [lopsaok paboTs ¢
O6ubnmoTeko, cTpykTypa. HuskoypoBHeBbie apaiiBepsl nepudepun 6ubimorexu
HAL LL. [Topsimox paboTel ¢ OnOImMoTeKo, cTpykTypa. CTaHAapT BHI30BA IPOIICITYP
st apxutekTypsl ARM (AAPCS). Cnenndukammn ARM AMBA. [luna
nepudepun APB. BeicokonpousBoautenpHas muaa AHB.

Tema 2.3. Metop! nepenaun JanabX. Oprannsanus nHTepdercos.

Jlexus Nel2. [IpuHuun paboTsl KUAKOKpUCTaIMYecKoro skpana. [IInHubIi
untepdeiic Intel 8080. BpemenHnsie quarpaMmbl 0OOMeHa TaHHBIMU ¢ KOHTPOJIEPOM
LCD ILI9325. Peructpsl ynpapieHUs] KOHTPOJIJIEPOM.

Jlexuumst Nel13. Metonast nepenaun nanubix. [lonstue narepderica. Konrpoimep
UART. ®opmar ¢ppeiima. BpemeHHble AuarpaMMbl oOMeHa.

Jlexus Nel4. Unrtepdeiic 12C, noaxntouenne k mvHe, Gu3nueckuii mpoToKoJI.
WNurepdeiic SPI. [Tonstue nquddepennmansaoro curnana. Murepgeiic CAN.
Opranu3zanys nNpsMoro J0CTyna K naMst, KoHTposeép DMA.

Tewma 2.4. Ananoro-uudpoBsie U ITU(PO-aHATIOTOBEIE TTPeoOpa3zoBaTeH.

Jlexust Nel5. [Nonsitre undpoBoro currana. Jransl MpeoOpa3oBaHus CUTHAJIOB B
uudposyto hopmy. AHanmoro-udppoBbie U HUpPO-aHAIOTOBbIE TPE0Opa30BaTEH.

IpyuHOMNIBI pa3padoTKH NMPUJI0KEHUI JJI51 BCTPOEHHBIX CUCTEM.
Tema 3.1. OcHOBHBIE MOAXO0AbI K TPOTPAMMHUPOBAHUIO BCTPOCHHBIX CUCTEM.
Jlexrusa Nel6. [TpuHuunel aBToMaTHOTO MporpamMmMupoBanus. [lonstre
MIPOrpaMMHOTO KOHEUHOTO aBTOMaTa, COOOIIeHHMs], BUPTyallbHbIE TaliMepsl. [loHsTre
MYJIbTH3aIa9HOMN CHCTEMBI, BCTpanBaeMoii onepannonnoi cucremsr (OC), mporiecca
(3amaum), MoTOKA.
Jlexumst Nel7. IlmanupoBanue 3a1ay, peeHTepadenbHocTh. [lonsTue sapa
BctpauBaemort OC u ero ¢pynkuuu. OC peanbsaoro Bpemern CMSIS-RTOS RTX.

4.3. Tlpaktnueckue (CEMHUHAPCKHE) 3aHATUS
TeMbl MpaKTHUECKUX 3aHATHIA U X TPYAOEMKOCTh IIPUBEICHBI B TAOJHIIE 5.

Ta6Jmua 5-— HpaKTI/I‘IeCKI/Ie 3aHATUA U UX TPYAOCMKOCTb

No
/a

No
TeMbI MpaKTHYECKUX .| TpymoemkocTs, | pa3aena
" ®dopMbI MPAKTUIECKUX 3aHATHI
3aHATUN (dac) JIUCLIAIL
JINHBI

Y4eOHbBIM MIIaHOM HE MPETYCMOTPEHO

4.4. JlabopaTopHbI€ 3aHATHS
Tembl 1a00paTOPHBIX 3aHATHH U UX TPYAOEMKOCTb IPUBEJCHBI B TabH1Ie 6.




Tabnuna 6 — JIabopaTopHbIe 3aHATHS U UX TPYJOEMKOCTh

Ne
Ne HaumenoBanue mabopatopHbIX paboT Tpynoemkocte, | pasiena
/i (dac) JUCITUTI
JIHBI
Cemectp 6

1 | BBoagHOE 3aHsITHE, MHCTPYKTAX IO TEXHUKE 0€30M1aCHOCTH. 6 1
Nzyuenne nuugposoro ocumuiorpada u 0TIIag0IHOTO
KOMILJICKTa. Y CTAHOBKA, HACTPOWKA U TIOPSIOK paOOTHI C
MHTETpUPOBaHHOU cpenoit pazpadotkun MDK Keil pVision,
U3Y4YEHUE CPEJICTB OTIAIKH.

2 | 3yyeHne OCHOBHBIX NPHUHIIMIIOB Pa3padOTKU U OTIIAJKH 4 1
nporpaMMm MukpokoHTtpoJsuiepa (MK) B nunTerpupoBanHoit
cpene paszpabotku Keil.

3 | M3yyeHne mpUHIIMTIOB TPOTPAMMHOM HACTPOUKH 4 2
nojcucTeMsl copoca u Taktupoanust MK.

4 | VI3yyeHue NpUHIUIIOB IPOrpaMMHON HACTPOUKHU 4 2
nojcucTemsl npepsiBanuil MK.

5 | U3ydyeHue npuHIMIIOB MPOrPaMMHOI HACTPOUKH TaltMEPOB 4 2
MHUKpPOKOHTPOJLIEpA.

6 | M3yueHne mpUHIMTIOB TPOTPAMMHOM HACTPOUKH 4 2
YHUBEPCAJIHLHOTO ACHHXPOHHOIO MpHEMOIIepeiaTuuKa
(UART), conpspxerre MK ¢ »XHAKOKPUCTATITHYECKAM
SKpPaHOM.

7 | 3y4eHune IpUHITMTIOB IPOTPaMMHOM HaCTPOMKH aHAJIOTO- 4 2
udgpoBoro U 1Udpo-aHAIOTOBOTO MPEe0Opa3oBaTEIICH.

8 | Uzyuenne onepanmonnoit cuctembl CMSIS-RTOS RTX. 4 3

Bcero 34

4.5. KypcoBoe nmpoeKTUpoBaHKE/ BHITOJTHEHUE KypCOBOW PabOTHI
Ienb KypcoBOTo MpOEKTa: IMOJNyYCHHWE MPAKTUUYECKHMX HABBIKOB IPOTPaMMHPOBAHUS
OCHOBHBIX JIECMEHTOB BCTPaWBAEMBIX IPUIIOKEHHUI B X0/1€ Pa3padOTKH KOHKPETHOTO MPOTOTHIIA

YCTpOMCTBA.

[IpumepHbIe TEMBI 3a/1aHUI Ha KypCOBOM MPOEKT NpuBeeHbI B pazaene 10 PII/I.

4.6. CamocrosTenbHas paboTa 00y4aronuxcs

Bunel camocTositensHON paboThI U €€ TPYAOEMKOCTh IIPUBEIEHBI B Ta0nuIie 7.

Tabnuna 7 — Bunel camocTosTensHON paboThl U €€ TPYA0EMKOCTh

Bun camocrositenbHOM paboTh BZZI;O’ Cewmectp 6, yac Cemectp 7, yac
1 2 3 4
W3ydeHue TeopeTH4eckoro Marepuana
36 36
mucruruHel (TO)
KypcoBoe npoektupoBanue (KI1, KP) 55 55
PacuetHo-rpaduueckue 3ananus (PI'3)
Brinmonnenue pedepara (P)
[TonroToBka K TEKyLieMy KOHTPOJIIO 2 2

ycneBaemoctu (TKVY)

Jlomamraee 3aganue (/13)

KonTtponshsie paboTsl 3a04HnK0B (KP3)




IToaroroska k mp
arrecrauuu (ITA)

OMEKYTOYHOU
yr 2 2

Bcero: 95 40

55

5. IlepeueHnb y4eOHO-METOIUIECKOTO 0OECIICUCHUS

JUIS CAaMOCTOATEIbHON PabOThI 00yJarOMUXCs IO JUCITUIUINHE (MOYIIO)
Y4eOHO-MeTOIMYEeCKHe MaTepHaIbl Uil CaMOCTOSITETIbHONH Pa0OThl OOYYaIOUIMXCSl yKa3aHbI B

. /-11.

6. IlepeueHb MEYATHBIX M AIMEKTPOHHBIX YUEOHBIX U3AaHUI

[lepedyeHpb nevaTHBIX U AIEKTPOHHBIX YIEOHBIX W3/IaHUI MPUBEJICH B Ta0IUIE 8.

Tabmuna 8— IlepeueHp MeYaTHBIX U AJIEKTPOHHBIX YICOHBIX H3TaHUH

Komuectso
HK3EMILISIPOB
Ug_ll_ngjll;/ec bubnuorpaduueckas ccbuika i 6?55;1;26@
AIIEKTPOHHBIX
HK3EMILISIPOB)
https://urait.ru/bc | Oropomuukos, M. H. MukponpoiieccopHast TEXHUKA:
0de/453337 BBeneHue B Cortex-M3 : yueOHOe mocobue st By3oB / . H.
OropoaankoB. — Mocksa : U3garensctBo IOpaiT, 2020. —
116 c. — (Bricmee oopazoBanue). — ISBN 978-5-534-
08420-7. — Texcr : anexrponnsiit // ObC IOpaiit. — URL:
https://urait.ru/bcode/453337
https://e.lanbook. | Txo3ed, YO. SAmpo Cortex-M3 kommanuu ARM. TToaHoe
com/book/69941 | pykoBoacTBo : pykoBojcTBo / FO. JIko3ed ; mepeBo ¢
anrymiickoro A. B. EctudeeBa. — Mocksa : JIMK IlIpecc,
2012. — 552 c¢.— ISBN 978-5-97060-307-9. — Texkcr :
AIEKTPOHHBIN // JIaHb : AJIEKTPOHHO-OMOINOTEUHAS
cucrema. — URL.: https://e.lanbook.com/book/69941
https://znanium.c | Bapperrt, C. ®. BcrpanBaemsie cucteMsl. [IpoekTupoBanue
om/catalog/produ | mpunoskenuit Ha MEKpPOKOHTpoOJLIepax cemeiictea 68HC12 /
Ct/406520 HCS12 ¢ npumenenuewm si3bika C [ DneKTpoHHBIH pecypce] /
C. @. bapperr, . Ix. I1ak. - Mocksa : JIMK npecc, 2010. -
640 c. - ISBN 5-9706-0034-2. - TekcT : 37€KTPOHHBIH. -
URL.: https://znanium.com/catalog/product/406520
7. TlepeueHb IEKTPOHHBIX 00pa30BaTEIBHBIX PECYPCOB
UH(POPMALMOHHO-TEIICKOMMYHHUKAIIMOHHOU ceTn «HTepHeT»
[epeuenn AJIEKTPOHHBIX 00pa3oBaTeNbHBIX pecypcoB UH(POPMAIIMOHHO-

TEJICKOMMYHUKAIIMOHHONU ceTh «MHTepHeT», HEOOXOAMMBIX i OCBOCHHUS JIUCIUILIAHBI
npuBesieH B Tabmuie 9.




Tabmuma 9 — IlepedeHb SIEKTPOHHBIX O0pa30BaTEIbHBIX PECYPCOB HH(POPMAITMOHHO-
TEJICKOMMYHUKALIMOHHOM ceTu «HTepHeT»

URL anpec HaumenoBanue

http://www.keil.com/demo/ Keil MDK-ARM Development Software
(becrutaTHas Bepcus)

https://www.keil.com/dd2/stmicroelectronics/stm32f | ITaker Keil. STM32F1xx_DFP.2.3.0.pack
103c8/

https://www.keil.com/dd2/stmicroelectronics/stm32f | IMTaker Keil. STM32F3xx_DFP.2.1.0.pack
303vetx/

https://www.st.com/en/microcontrollers- [lepeueHp JTOKYMEHTAIMU Ha
microprocessors/stm32f303vc.html#resource mukpokouTposuiep STM32F303VC
https://www.st.com/content/st_com/en/products/micr | [TepedeHr TOKyMEHTAIUK Ha
ocontrollers-microprocessors/stm32-32-bit-arm- MuKpokoHTposuiep STM32F103C8

cortex-mcus/stm32-mainstream-mcus/stm32f1-
series/stm32f103/stm32f103¢c8.html#resource

8. Ilepedenr MHPOPMAITMOHHBIX TEXHOJIOT I
8.1. [lepeyeHp TPOTPAMMHOTO O0OECHEUEHUS, HCIIOIB3yEeMOTO TPH OCYIIECTBICHUU
00pa30BaTeNILHOTrO NpoLiecca M0 AUCLUIIIMHE.
[lepedyeHpb UCTIOIB3yEMOTO MTPOrPAMMHOTO oOecrieueH s npeicTasieH B Tadmmie 10.

Tabmuma 10— [TepedeHs mporpaMMHOTO 0OECIICUCHIS

Ne i/ HaunmeHnoBanue

1 OmneparmonHas cucremMa Microsoft Windows

2 Keil MDK-ARM Development Software (6ecruratHast Bepcrst)

8.2. Ilepeuenp WH(POPMAIIMOHHO-CITPABOYHBIX CHCTEM, UCTIOTh3YEMBIX npu
OCYIIECTBIICHHH 00Pa30BaTEILHOTO MPOIecca MO AUCIUILTHHE

[lepeyeHp WCMONB3yeMbIX HH(POPMALMOHHO-CIIPABOYHBIX CHUCTEM TMPEICTABICH B
Tabymue 11.

Tabnuna 11— [lepeuens HHGOPMAITMOHHO-CIIPABOYHBIX CUCTEM

Ne i/ HaumenoBanue

He npenycMmotpeno

9. MarepuanbHO-TeXHUYECKas 0aza
CoctaB MarepHallbHO-TEXHMUYECKON  0a3bl, HEOOXOAMMOW [  OCYIIECTBIICHUS
00pa3oBaTeNIbHOTO TpoIlecca 10 AUCIHUILIMHE, IPEACTaBIeH B Tabuie 12.

Tabmuma 12 — CoctaB MaTepHaIbHO-TEXHUUECKOU Oa3bl

No HanMmenoBaHue cocTaBHOM yacTu Howmep aynuropun
n/m MaTepuaIbHO-TEXHUYECKOM 0a3bl (ipu HEOOXOTMMOCTH)

1 MynbsTUMeniHAs JTEKITMOHHAS ayIUTOPUS

Crnenuanu3upoBaHHas 1abopatopus «MUKPOIPOLIECCOPHBIX
CUCTEM»

3 Otnanounsiii komiekt Open32F3-D




10. OuenouHsle cpeaCcTBa I MPOBEICHHS MPOMEKYTOYHON aTTeCTalluu
10.1. CocTaB OLIEHOYHBIX CpPEACTBIUIA NPOBEACHUS IMPOMEKYTOUHOH aTTeCTalllH
oOyuaronuxcs 1Mo AUCHUIUINHE MPUBEACH B Tabmuie 13.

Tabmunua 13 — CocraB O1EHOYHBIX CPEICTB AJISl IPOBEICHHS TPOMEKYTOUHOM aTTeCTaIlH

By npomexyro4Hoi arrecTanuu IlepedyeHb OLICHOYHBIX CPEACTB
DKk3amMeH Crnircok BOIPOCOB K 3K3aMEHY;
3amauu;
TecTsl.
BrinosineHue KypcoBOro rnpoekra DKcrepTHasi OIIEHKa Ha OCHOBE TPEOOBaHHMA K
COJIEP’KAHMIO KyPCOBOI'O ITPOEKTA.

10.2. B xadecTBe KpHUTEpPHEB OIECHKA YPOBHS CHOPMHUPOBAHHOCTH (OCBOCHHS)
KOMITETEHIMI 00yJyaronMMucs MpuMeHsieTcsl S-0ajuibHasi IIKana OLEHKH CPOPMHPOBAHHOCTU
KOMIIETEHIIN, KoTopas npuBeaeHa B Tabnuie 14. B TeueHune cemecTpa MOXKET HUCIOJIb30BATHCA
100-6amnmpHast ~ mIKasia  MOAYJIBHO-PEHTHHTOBOW  CHCTEMBI ~ YHHUBEPCHUTETa,  IpaBWIIA
HCI0JIb30BAHUSI KOTOPOM, YCTAaHOBJIEHBI COOTBETCTBYIOIIMM JIOKAJbHBIM HOPMATHUBHBIM aKTOM
I'VAIL

Tabnuma 14 —Kpurtepuu onieHkH ypoBHS ¢(hOPMHUPOBAHHOCTH KOMITETEHIIUI

Or1reHKa KOMITETEHITIN

XapakTtepucTuka c(hOpMHUPOBAHHBIX KOMIIETEHIIHIA
5-0aiubHas mkana P P (op

— oOyyarouiuiicss TiIyOOKO U BCECTOPOHHE YCBOHWJI IPOrPaMMHBIM
MaTepualr;

— YBEPEHHO, JIOTUYHO, TTOCIIEIOBATEIFHO W TPAMOTHO €T0 M3J1araeT;

— ONMpasch Ha 3HAHUS OCHOBHOH M JOTOJHUTEIBHOW JHMTEpaTypHl,
TECHO TPUBSI3BIBACT YCBOCHHBIC HAYYHBIC MOJIOXKEHUS C MPAKTHYECKOI
JEATEIbHOCTHIO HAIPABIICHHUS;

— yMeno 00OCHOBBIBACT M ApTyMEHTUPYET BBIZBUTaEMbIC M UJICH;

— JIeJIaeT BBIBOJBLI M 00OOIICHHUS;

— cBOOO/THO BJIAJICET CHCTEMOH CHeNNAIN3UPOBAHHBIX TOHITHH.

«OTIIMYHO>)
(Ga4YTCHO»

— 00yyJarouiics TBEPIO YCBOWJ MPOTPaMMHBIA MaTepHasl, TPaMOTHO U
0 CYIIECTBY H3JlaraeT e€ro, ONUpasCh Ha 3HAHUSA OCHOBHOMU
JUTEPaTypPhI;

— HE JIONYCKAEeT CYIIECTBCHHBIX HETOYHOCTEH;

— YBSI3BIBACT YCBOCHHBIC 3HAHUSA C IPAKTHYCCKON JESATEIbHOCTHIO
HaIpaBJICHUS;

— apryMEHTUPYET HAyYHBIC TIOJIOKEHUS;

— JIeJIaeT BBIBOJIBLI M 00O0OIIECHHUS;

— BJIQJICET CHCTEMOH CIIeNUaIM3UPOBAHHBIX TIOHSITHH.

«XOpOLIO»
(Ga4YTCHO»

— o0y4aroluiicss yCcBOMJI TOJBKO OCHOBHOHM IpOrpaMMHBIN MaTepuall,
[0 CYLIECTBY H3JIaraeT ero, OMUpasch Ha 3HAHHUS TOJBKO OCHOBHOM
JUTEPATYPHI;

— JIONyCKAeT HECYLLECTBEHHbIE OIINOKN U HETOYHOCTH;

— HCIIBITBIBAET 3aTPYJHEHUS B IMPAKTHUECKOM NPUMEHEHUU 3HAHUHN
HalpaBJICHUS;

— cn1abo apryMeHTHPYET HaydHbIe MOJIOKEHHUS,;

— 3aTpyaHseTcs B (OpMYIMPOBAHUY BBIBOJIOB M 0000IIEHNUH;

— YaCTUYHO BJIAEET CUCTEMOH CIENMAIN3UPOBAHHBIX TOHITHH.

«YHOBJICTBOPUTECIIEHO»
<Ga4YTCHO»




«HEYIOBJIETBOPUTEIILHO
«HE 3aYTCHO»

— o0ydarouiiics He YCBOWJI 3HAYUTEIBHOH 4YacTH MNPOrPaMMHOTO
Marepuana;

— JIOMyCKaeT  CYIIeCTBEHHbIE  OMMOKM W  HETOYHOCTH  IpH
paccMOTpeHUH MpoOIeM B KOHKPETHOM HalpaBJICHHUH;

— MCIIBITHIBACT TPYJHOCTH B MPAKTHYECKOM IPUMEHEHUH 3HAHUI;

— HE MOYKET apryMEHTHPOBATh HAYYHbIE [TOJIOKEHHS;

— He (opMyIHpYeT BBIBOAOB M 0000IICHH.

10.3. TunoBbie KOHTPOJIBHBIC 33/IaHUS WX HHBIE MATCPHAIIBI.
Bomnpocsr (3amaun) asis sk3ameHa mpeicTaBiieHsl B Tadnuie 15.

Tabmuua 15 — Borpocs! (3aga4n) Ais 5K3aMeHa

IEQH [Iepeuens BonpocoB (3a1a4) /Ui SK3aMeHa

1. | [lonsTue mporpaMMHOTO yrpaBiieHus. CucteMa aBToOMaTH4YeCcKOTo yrpanieHnus. [lonsrue
BCTPAWBAEMON CUCTEMBI. XapaKTePHbIE OTINYHS BCTPOCHHBIX CUCTEM OT OCTAJIbHBIX.

2. | Opranu3zaius BBIYHCIHTEIBHOTO Mpoliecca Ha npuHiunax Helimana-JIebenesa-I mymkoBa.
[Ipouecc mpoexkTupoBaHue BcTpanuBaeMbix cucteM. O01mas popMynupoBKa 3a1aun
npoektupoBaHus. [IpoOGremMbl MPOSKTUPOBAHUS BCTPOEHHBIX TPHIIOKEHUH.

3. | IlonsiTHE MUKPOKOHTPOJUIEPA U €T0 MECTO cpen BeruuciuTeneit. Kinaccnpukanmonnsre
npusHaku MK. OcHoBabie cemerictBa MK. Mapuipyt co3nanus [1O MukpokoHTpoiepa.
Hasznauenne nporpamMmmaropa.

4. | IlonsTue 6aHKa perucTpoB oOmero HazHaueHus. Opranuzaius paboThl ONEPaITMOHHOTO
ycrpotictBa (OY). O600miénnas cxema B3anMoaeicTBust OY ¢ GaHKOM PEerucTpoB.

5. | Ilonstue apxutekTypa cucteMbl komana. @opmatel komana. OOmmas cxema padOThI
nporieccopa mpu B3auMoieicTBUH ¢ TaMsIThio. [Topsmok padotert O3Y. [IpuHiun BEIOOpKH
JAHHBIX U3 MaMSTH 10 KOy ajpeca.

6. | [lonsTue apxuTeKTyphl ¢ penynupoBanHoit cuctremor komana (RISC). Cuérunk xomans,
Ha3HAYCHHE, peaTu3yeMbIil JIMHEHHBIN 3aKoH aapecanuu. [Ipuamuner padotsr RISC
npoueccopa. Jlemudparop KoMaH/.

7. | Ilpuanun coBmemmenus oneparuii akanemuka C.A. JlebeneBa. [IoHITHE KPUTHIECKOTO
IYTH BBINOJIHEHUSI KOMaHpl. HazHaueHne ocHOBHBIX cTaauii kouserepa RISC
rpoleccopa.

8. | Ilpoueccop Cortex-M3/4. SIMD apudmernka. YnporeHHas 0I0K-cxeMa Mmporieccopa.
OcHoBHBIE MIUHBI TTpolieccopa. Konseiiep komaHI.

9. | Pesxxumsl paboThl U cocTosiaus mporeccopa Cortex-M3/4. Peructpsl nmporeccopa. Turbn
koManJ. Peructpsl cienmanbHoro HazHadenus. [lopsinok paboTsl nocie copoca.

10. | Mogens namstu mporeccopa Cortex-M3/4. OcHoBHbIe pasnenbl. Haznauenue paszenos u
MoApa3esioB. AJipecaliys ¢ IpsIMbIM U 0OpaTHBIM nopsiakoM Oaiit. Kapra namsitu
STM32F303xC, STM32F103x.

11. | Mojaenu 31eMEHTOB apXUTEKTYpPhI BhIUKCIUTENEH. MeToAbl apecaliy mpoieccopa
Cortex-M3/4.

12. | Homenknarypa cepuu STM32F3. Ocobennoctu cepun. brnok-cxema MK STM32F303xC,
STM32F103x. Haznauenue noacucrem MK.

13. | Uepapxus opranuzanuu namsaTiH. OCHOBHBIC IIMHBI U CUTHAIIBI YIIPABJICHHS MaMSITHIO.
Knaccudukanus namsatu. XapakTepUCTUKH MAMSITH.

14. | Cermenranus namsatu. OCHOBHBIE cerMeHThl. Ha3HaueHne cerMeHTOB.

15. | Crangaptr CMSIS. O6nacte crangaptuzanuu. YpoBHu abctpakuuu. Komnonentst CMSIS
B npoekTe. VX CTpyKTypa ¥ Ha3HAUYEeHHE.

16. | Iloxcuctema cOpoca u TaktupoBanus. Hasnauenue. [lonstue HSI, HSE, LSI, LSE, PLL,

SYSCLK, HCLK ux Ha3HaucHHE.




17. | Hoacucrema copoca u TaktupoBanus. O0mas cxema Hactpoiikn PLLCLK, SYSCLK,
HCLK. Peructpsl ucnoJib3yemsle il HACTPOHKH.

18. | CrpykrypHas cxema copoca MK. Haznauenue u npunimn paboTsl CHCTEMBI cOpoca.

19. | duckpeTHble 3neKTpuUeckue curHaisl. [loHsATHE JOrMYecKrX BX0A0B/BbIX010B. [TopThl 1
CUTHAJIbHBIE JIMHUH.

20. | JIByxTakTHbIi BeIX0. CxeMa, mpuHIMI (GYHKIIMOHUPOBAHUS, TOCTOWHCTBA, HETOCTATKH.

21. | OmMHOTaKTHBIN BBIXO]] C TACCUBHOW HArpy3koi. Cxema, mpuHIUN (PyHKIMOHUPOBAHHUS,
JIOCTOMHCTBA, HEJJOCTATKU.

22. | Cocrostane muaMi HU3Koe (Low), Beicokoe (High), kordmukra (X), uiaBaromee (Z).
[IpuHIMI KCnoJIb30BaHUS Z COCTOSIHMSI BBIXOJA C OTKPBITBIM cTOKOM. [loarsarusatomniue
PE3UCTOPBI U UX Ha3HAUYEHUE.

23. | CrpykrypHas cxema Outa opra BBoaa/BeiBoga MK STM32. [TpuHIIMTT HACTPOWKH H
paboTel cxemsl. Tpurrep lImusra.

24. | Peructpsl ynpasienus nopra Boja/seioga MK STM32. Haznauenue u ux GyHKITUH 110
YIPABJICHUIO CXEMOM NOpTa.

25. | Cucrema npepbiBannid. OrnipeniesieHus: pepbIBaHms, 3a1poca MpepbIBaHs, 00padoTInKa
MIpepbIBaHUS, IPUOPUTET MIPEPhIBaHUS, COOBITHS, UCKITIoueHUs. Kitaccupukanus
npepsIBaHUM. M31epKKU B OpraHu3any CUCTEMBbI IPEPHIBAHMIA.

26. | Apxutektypa uckimoueHuit ARM Cortex M3/4. CuctemHble nckiroueHus. Baenrane
npepsiBaHus. [[pyHIIMI HACTPONKY PEpPHIBAHUM.

27. | KonTpomnep BinokeHHBIX BeKTOpHBIX pepbiBannii (NVIC). ba3oBsie cpencraa
KoH(purypauuu npeposiBanuii. [locnenoBaTenbHOCTh 00paObOTKU IPEpPhIBAHUNA/UCKIIIOUEHHH.

28. | Peructps pazpemrenus u 3anpenieans npepbBanuii NVIC. Peructpbr ycraHoBKH/cOpoca
npu3HaKa oTyIokeHHOro npepbeiBanus NVIC. AKTHBHOE COCTOSIHUE.

29. | AnmapartHble U TpOrpaMMHBIE IPEepPhIBaHUs. Y POBHHU MpuoputeTa. [ pynmupoBka
IIPUOPUTETOB. JlnarpaMMel: NepeBoi MPEPbIBaHMS B aKTUBHOE COCTOSIHUE, yIIEepKaHHUe
3ampoca mpepbIBaHusl, 00pad0TKa BIOKCHHBIX TPEPHIBAHU.

30. | Cucremnsiit Taitmep SYSTICK. Peructpsl cucremMHOr0 TaiiMepa.

31. | Pacmupennsiii koHTpoJep npepbiBanuii u coobiTnii EXTI. brok cxema, HazHaueHue,
TIPUHIIATI PaOOTHI.

32. | Peructphl pacmimpeHHOT0 KOHTPOJUIEpa MpephiBaHnid U coObITHH. [Topsimok HacTpoitku
BHENTHEro npepbiBaHus ¢ Bxoja [1BB.

33. | IlonsTue Taiimepa. OnpezaeneHne, OCHOBHbIE MOJTYJIM, IPUHIMI pabOThl, MECTO B CUCTEME.

34. | bnok-cxema 6azoBoro taiimepa STM32F3x. [Tpuniun paboTel. YIpaBisomue perucTpsl.

35. | biok-cxema taiimepa ¢ pacmmpeHHbIM GpyHKInoHaToM STM32F3x. [Tpunnun padboTsI.
Pexxumbl paboTHI.

36. | [loHsTHE MUPOTHO-UMITYJIBCHOM MOy sitiuu curHaia (IIIMM). PaGora Taiimepa B pesxxume
HIVM.

37. | llonstue sukoepa. [IpuHIMD AEHCTBUS TPU U3MEPEHUH JTMHEHHBIX U BpalllaTeIbHbIX
TIEPEMEILICHUI.

38. | Crneunduxanmn ARM AMBA (apxuTekTypa IHHBI MUKPOKOHTpoJuiepa). Micnonb3yemblie
TEPMUHBI IPU PaCCMOTPEHUU MH. HazHaueHne BbICOKOPOU3BOAUTENbHOM IHbI AHB.
biiok-cxema munel AHB.

39. | bnok-cxema munbl nepudepun APB. Curnans! munsl APB. /luarpamMmma cocTosHUM MIMHBI
APB. Bpemennast quarpaMMa TpaH3aKIUH YTSHUS.

40. | Uepapxus 6ubmuotexk STM32. IIpumenumocTs Oubanorek no cemericream STM32.

41. | CrannaprtHas Oubanoreka nepudepun. CTpykTypa, opsJoK paboThI.

42. | HuskoypoBHeBble apaiiBepbl 6uOnuorekn HAL LL. CTpykTypa, HOpsSA0K pabOTHI.

43. | IlpuHiun paboTel KUIKOKpUCTaIINUecKuX 3kpaHoB. [lonatue GRAM. Crangapt

npoTokosia napaensHoi muHsb! Intel 8080.




44. | biok cxema koHTposuiépa IL19325. [IpuHuun HacTpolku KOHTposuIEpa. Peructpsl
HacTpoMkH. BpeMeHHbIe fuarpaMMbl YTCHHSI/3aMMCH JTAHHBIX B KOHTPOJLIED.

45. | ACUHXPOHHBIN U CHHXPOHHBIM PEXUM NIepelaun JaHHbIX. PeKuMbl niepenauu
napajIeNIbHOro KOJa co cTpoOupoBanueM, ¢ kButupoBanueMm. Ilonarue unrepdeiica.

46. | YauBepcanbHblit acuaxponubiii npuémonepenarduk (UART). [Tpunmun paGoTel
nepenaTurka, npuémanka UART.

47. | ®opmar ¢peirima UART. OcHOBHBIE PETUCTPBI YITPABICHHSL.

48. | UnTepdeiic 12C, cxema MOIKIIOYCHUS K IIWHE, POTOKOJT IITHHEI.

49. | Unrepdeiic SPI, cxema moAKIIFOUEHUs K IIMHE, TPOTOKOJI IHUHBI.

50. | [Nonstre «iuddepermumansuerii curaamy. CAN uHTEpdeiic, o0mue CBeaCHHUS.

51. | IlonsiTre UGPOBOro CUrHaNa. DTaIbl IPeoOpa30BaHus aHAJIOTOBOTO CUTHAJIA B
nupposoit. Teopema KorenbHukosa.

52. | Ilpunmmn padotsr AL mpsimoro npeoOpazoBanus. ALIII mocienoBaTensHOTO
NPUOTMKEHHUS.

53. | [Ipuammm padote! curma-aenbra AL Pesxxumer paboter ALTT.

94. | Ipunuun padots! LIAIL. ®opmar nanusix HHAIL Pacuér nHanpsxenus Beixonaa LTAIL

55. | TlonsTre MynbTU3aIauHOM cUCTEMBI, BcTpauBaemoin OC, mporiecca (3a1a4n), moToKa.
Pecypcol mporiecca. [Tnanuposuuk 3agau. CocrosiHus 3a1auu. OTHOMIOTOYHBIE U
MHOTOINOTOYHBIE cHCTeMBI. PeeHTepadenbHOCTb.

56. | [Tonstre sapa BcrpanBaemoir OC u ero ¢pynakmun. OC peabHOTo Bpemenn (RTOS).
Apxurektypa OC. Oynkiuu 6J10Kka yrpaBiieHus npoiieccom(3anaueii). Ouepenp 3a1aHuil.
JlocTym K pazziensieMbIM pecypcam.

57. | daitnosas crpykrypa BHeapsieMoir CMSIS-RTOS RTX. Kondurypamus siapa. OyHKIun
JU1g paboThl ¢ NOTOKaMU. ATpUOYTHI TOTOKA.

58. | Paccuntarh K03 HUIMEHTH HACTPOUKH TIOJICHCTEMBI TAKTUPOBAHUS U 0a30BOTO TaiimMepa
TIMx a1 HaCTpOMKM MpepbIBaHUS OT TakMepa pa3 B J1Ba yaca.

59. | Paccunrtarh k03 HUIIMEHTH HACTPOUKH TaiiMepa ¢ paciupeHHbIM QyHKInoHamom TIMx
it HacTporiku [IIMM curnana yactotoit 500 't u ko3 duiinenTom 3armoTHeHUS
kw=0,135. Yactora taktupoBanus Taiimepa FCK INT = FCK PSC = 72 000 000 I'11.

60. | IToctpouTs ananoroBsii curHan e(t)=5*sin(900*t), oCyImecTBUTh €ro TUCKPETU3AIUIO C

yactoToit 5 ', 3aTem nepeBecT B HUPPOBYIO GopMy U 3amucaTh B BUAE TaOIUIIBI.
Bennuuny kBaHTa 110 ypoBHIO NpHUHATH paBHBIM (.5, BpeMeHHoi oTpe3ok [0;1] cexyna.
VYka3arp B Ta0nuile olMOKY KBAHTOBAHMS 110 YPOBHIO KQXKJIOTO OTCYETA.

Bomnpocsr (3amaun) ais 3avera / mudd. 3adera npeacrapieHsl B Tadnuie 16.

Tabnuma 16 — Boripocs! (3amaun) s 3auerta / qudd. 3auera

Ne ni/m [Tepeuens BonpocoB (3a1au) s 3aueta / nudd. 3auera

V4eOHBIM IUTAHOM HE NpeaAyCMOTPCHO

[lepeuenr TeM s KypCOBOTO MPOEKTUPOBAHUS/BBINOIHEHUSI KypCOBOM pabOThI

MpeACTaBJICHBI B Ta0OwuIe 17.

Tabnuna 17 — IlepeueHb TeM 7151 KypCOBOTO MPOEKTHUPOBAHMS/BBITIOJIHEHUS! KypCOBOM paboThI

[TpumepHbIil TepeyeHb TeM JUTsl KypCOBOTO MTPOEKTHPOBAHUS/BBITIOTHEHUS

Ne n/n .
KypCOBOH pabOThI

KanpKkyasTop apugMeTu4eckux onepamnmi.

Kanbkynstop rpaukoB cTeNeHHbIX (QYHKIHUI.

BBIHOCHON KOMaHIHBIN MYJIBT YIIPaBICHUS.

[udposoii camonucel.

SHESIE I IN

BBIHOCHOM NyJIBT KOHTPOJISL.




Yacsl.

CropoxKeBO MyJIbT.

I'eneparop [LIMM 3ByKOBOI YaCTOTHI.

©|w|~|o

TaiiMep oO6paTHOTO OTCUETA.

10.

Tpanciarop uncia B kox Mopse.

BOHpOCBI L MIPpOBCACHUSA HpOMe)KYTO‘-IHOI\/JI arrécCralui B BHUIAC TCCTUPOBAHHA

mpecTaBiIcHbl B Tabmuie 18.

Tabmuua 18 — [IpumepHbIii mepeueHb BOITPOCOB ISt TECTOB

li\/@n [IpumepHBbIi IEpeYeHb BOMPOCOB VISl TECTOB

1. [ToHsITHE TPOTPaMMHOTO YITPABIICHHSL.

2. [TpuHIMITE TPOTPAMMHOTO YITPABIICHHSL.

3. Paznnumns MUKPOKOHTPOJIIEPOB 10 HAOOPY MHCTPYKLHUH.

4. XapakTepHble uepThl nporieccopoB ¢ RISC-apxurektypoi.

5. Oranbl KoHBeliepa ARMvV7.

6. Moenb npolieccopa ¢ TOUKH 3peHUs] IPOrpaMMUCTa.

7. OYHKIIY KHOTIOK B PEKUME OTJIAIKH.

8. Tuner namsitu SRAM u DRAM.

9. Oco0eHHOCTH YTeHHs/3anuCH (PIAII-NTaMSATH.

10. | Paszmensl agpecHOro nmpocTpaHcTBa MEKPOKOHTpouiepoB ARM Cortex-M.

11. | Ilonstue «rouka Bxoaa» («Entry point») B mpuIoXKeHUN.

12. | BoussHue ypOBHEW ONTHMH3AINH ITPH KOMITHIISIIUH.

13. | Pasmemenre KOMOWISITOPOM MIEPEMEHHBIX pa3HOTO THIIA.

14. | Pasmep pa3HBIX TUIIOB JJAHHBIX B apxuTeKType ARM.

15. [Tonsatue onepanya.

16. | PeructpoBas mamsate MUKpOKOHTpOJIepoB ARM Cortex-M, Ha3HaYeHHE.

17. | Ha3naueHue perucrtpa cu€TyrKa KOMaH]I.

18. | Ha3znauenue perucrpa ykaszarens CTeKa.

19. | Ha3zHayenue perucrpa COCTOSHHUS IPOrPAMMBI.

20. | Pacnionoxenue creka u “heap” B mamsTH.

21. | Ha3nauenue ¢uiaroB B perucrpa COCTOSHUS IPOrPaMMBI.

22. | IloHsiTHE KBApIIEBOTO PEe30HATOPA, TAKTOBOTO renepaTopa HSE

23. | Ilonstue ®AITY (PLL), HaznaueHwue.

24. Hasznauenue HSE, HSI, MCO, LSE, LSI.

25. | Bayrpennue Harpysounsie pe3uctopsl Pull-up (down) MuKpokoHTposiepa, Ha3HaYCHHE.

26. | Hasnauenue tpurrepa Llmurra.

27. | PaccranoBKa mpHOPHUTETOB MpepbIBaHUN MO yMOI4aHuIo nocie copoca MK.

28. | Bo3moxnoctu cuctemsl npepbiBanuii MK 1o HacTpolKy BHEUTHUX MTPEPhIBAaH M.

29. | BpemenHnbie xapakTepHCTUKH cucTeMbl npepbiBanuii MK.

30. | Peructpsr MK ynpaBnenust cucteMoi IpepbIBaHUM, pa3pelIeHHUs], 3apeIieHus,
MacCKHUPOBaHMUsI, IPHOPUTETA, TPYINTTUPOBKU PUOPUTETOB.

31. | CocrostHMs mpepbIBAaHUS U NOPSI0K €ro N3MEHEHMS.

32. | ®yukuuu CMSIS ynpaBieHus cucteMoil mpepbIBaHUi.

33. | Cucremuslii TaiiMepa (SYSTICK), HazHaueHue, pa3psAHOCTb, HAlpaBJIeHUE CUETA.

34. | Ha3znauenue TaiiMmepoB, Tumsl TaiimepoB B MK.

35. | [Ipunin opranu3zanuu paboTel 6a30BOT0 TaiiMepa, OCHOBHBIE PETHCTPBIL.

36. | [IpunHIun opranu3anuu paboThl KaHalla 3axBaTa-CpaBHEHUS TaiiMepa o0IIero
Ha3HA4YEHUs,, OCHOBHBIE PETHCTPBI.

37. | Pacuéra 3HaueHus 4acTOTHI TAKTUPOBAHUS TaiiMepa B 3aBUCUMOCTH OT HaCTPOCK




PETUCTPOB MOJACUCTCMBI TAKTUPOBAHUA.

38. | Pacuéra 3Ha4yeHus perucTpa aBTo-nepe3arpy3K TaiiMepa B 3aBUCUIMOCTH OT YaCTOTHI
TaKTHPOBAHMS, 3HAYCHHUN NPEJICIUTENEH U YaCTOThI COOBITHSL

39. | Buasl untepdeiicoB nepupepuitHbIX YCTPOUCTB.

40. | Opranmsanus uarepderica USART.

41. | Opranmsanus untepdeiica 1°C.

42. | Opranmszanus unrepdeiica SPI.

[TepeueHs TeM KOHTPOJBHBIX PabOT MO JUCHUIUIMHE OOYYAIOUIUXCS 3a09HOU (hOPMBI
oOyueHus1, IpeICTaBICHbI B Ta0mie 19.

Tabmuia 19 — [lepedeHb KOHTPOIBHBIX padOT

Ne /it [TepeyeHb KOHTPOJILHBIX PabOT

He npexycMotpeno

10.4. Meroguueckie  MaTepualbl,  ONPEACISIOMNE  TPOUEAYPHl  OLCHUBAHHS
WHIMKAaTOPOB, XapaKTepU3YIOLIUX JTanbl (OPMHUPOBAHUS KOMIIETEHLMH, coaepxkarcs B
JIOKaNbHBIX HOpMaTUBHBIX akTax [YAIL, permamMeHTHUpyIOIIMX NOPAIOK U HPOLEAYPY
MIPOBEJICHUS] TEKYLIET0 KOHTPOJISI YCIIEBAEMOCTH U MPOMEKYTOUHOM aTTecTalluu 00y4aromuxcs
I'VAIL

11. Meroandeckue ykazaHus IJIs1 00YJarOIIUXCs IO OCBOSHUIO JTUCITUTTAHBI

11.1. Meroaudeckue YyKa3zaHUS JUIsi OOy4alONMXCS TI0 OCBOCHHUIO JISKIITHOHHOTO
Marepuaa.

OcHOBHOE Ha3zHauYeHHWE JICKIIMOHHOTO MaTepuajia — JIOTUYECKH CTPOMHOE, CHUCTEMHOE,
riy0okoe W SCHOE HU3JIoKeHue ydyeOHoro marepuana. HazHaueHue COBpEeMEHHOW JIEKIIMU B
pamMKax JUCHMIUIMHBI HE B TOM, YTOOBI MOJYYUTh BCIO MH(POPMAIUIO 10 TEME, a B OCBOCHUU
(GyHIaMEHTaIbHBIX MPOOJEeM JIUCHUIUIMHBI, METOJOB HAy4YHOrO TIO3HAHMS, HOBEUIINX
JNOCTHKEHUI HayyHOUW MbIciu. B yueOHOM mporecce JIeKIHs BBIIOJIHSAET METOA0JIOTHYECKYIO,
OpraHU3aIMOHHYI0 U UHQOpPMAMOHHYIO GYHKIMU. JIeKuus pacKkpbplBaeT MOHATHHHBIN anmapaT
KOHKpETHOW oOnacTu 3HaHMS, €€ MpoOJieMbl, JaeT LEIbHOE MPEICTaBICHHE O AUCLUIUIMHE,
MOKa3bIBAaET B3aUMOCBSI3b C APYTUMU AUCLUILTMTHAMH.

[InanupyemMble pe3ylabTaThl IPU OCBOCHUU O0YUYAIOUTUMHUCS JIEKIIMOHHOTO MaTepHaa;

— TOJy4eHHE COBPEMEHHBIX, IEJIOCTHBIX, B3aMMOCBSA3aHHBIX 3HAHUH, YPOBEHb
KOTOPBIX OMPEEIACTCS 1eI€BOM YCTAHOBKOM K Ka)K/10 KOHKPETHOW TEME;

— TOJy4eHHE OIbITa TBOPUYECKOM pabOThl COBMECTHO C MPEMNO/IaBaTEIIEM;

— pa3BuTHE NpPO(EecCHOHATBHO-IETOBBIX  KayecTB, JIIOOBU K  NpPEeaMETy H
CaMOCTOSITEIBHOTO TBOPYECKOTO MBIIILJICHHUS.

— TOsIBIEHHE HEOOXOAUMOT0 HHTEepeca, HEOOXOAUMOTO AJIsi CAMOCTOSITENIbHOW paboThI;

— TONy4eHHe 3HAaHUH O COBPEMEHHOM YPOBHE pa3BUTHS HAYKM M TEXHUKH U O
MIPOTHO3€E UX Pa3BUTH Ha ONvKailiue Tobl;

— HAY4YUTbCS METOJMYECKH 00pabaThiBaTh Marepuai (BBIICIATH TIJIaBHbIE MBICIU U
MOJIOKEHUSI, TMPUXOAUTh K KOHKPETHBIM BBIBOJIaM, TOBTOPATH HMX B  Pa3IMYHbIX
bopMyTUpOBKax);

— TONy4eHHe TOYHOTO MOHUMAaHHUS BCEX HEOOXOIMMBIX TEPMUHOB U MOHSATHI.

JIeKUMOHHBI MaTepualm MOXET COINPOBOXKIATbCSA JIEMOHCTpalMed CIaioB U
WCIOJIb30BAHMEM pa3IaTOYHOTO Marepualia TMpH MPOBEACHUU KOPOTKUX JAUCKYCCHUH 00
O0COOCHHOCTSIX MPUMEHEHHS OTACTBHBIX TEMATUK 10 IUCIUTUIHHE.




11.2. Meroauueckre ykazaHHs Ui OOY4YalOMIMXCS IO BBINOJHEHHIO J1TAOOPAaTOPHBIX
pabor.

B xozme BwimosHeHHs 1abopaTOpHBIX paboT oOyyaromuicss JOJDKEH YriyOuTh u
3aKpENUTh 3HAHMS, NPAKTHYECKUE HABBIKU, OBJIAJETh COBPEMEHHOM METOAUKOW M TEXHUKOU
OKCIIEPUMEHTAa B COOTBETCTBUH C KBaJH(PHUKAIIMOHHON XapakTEPUCTUKON 0O0ydaromerocs.
Boinosinenue nabopaTopHbIX pabOT COCTOMT W3 3KCIEPUMEHTAIbHO-IIPAKTUYECKON, pacuyeTHO-
AQHAJIMTUYECKOMN YacTel U KOHTPOJIBHBIX MEPOIIPUATHH.

BoinosnHenue 1abopaTtopHbIX padOT 00ydaroUMCS SIBISIETCS HEOTHEMIIEMOM YacThIO
W3yYeHHs] TUCHUIUIMHBI, OTpEACTsIeMON YUeOHBIM IJJAHOM, W OTHOCHUTCS K CPEICTBaM,
00eCTIeYnBarOIINM PEIICHUE CIETYIONIINX OCHOBHBIX 33124 00yJaromerocs:

— TMpHOOpETeHHWE HAaBBIKOB HCCIEIOBAaHHUS MPOIECCOB, SBICHUH ©  OOBEKTOB,
M3Yy4aeMbIX B paMKax JaHHOW TUCIUIUIMHBI,

— 3aKpeIuieHHe, Pa3BUTHE M JleTalu3alMs TEOPETUYECKUX 3HAHWM, MOJy4YEeHHBIX Ha
JIEKLUSX;

— TOJy4eHHe HOBOM MH(OpMaINK [0 U3y4aeMON AUCLUIIIINHE;

— TnpuoOpeTeHHe  HAaBBIKOB  CAMOCTOSITENBHOW  paboThl ¢ JaOOPATOPHBIM
000pyI0BaHUEM U TTPUOOPAMHU.

3ajanue u TpeOOBaHUS K MPOBEICHUIO JTA0OPATOPHBIX PaboT
[IpuBenensr Ha cepBepe Kadenpel 43 B pasgene .../Meroauueckoe oOecnedeHue
kadenpsr 43/[IporpaMMmupoBaHre BCTPOSHHBIX MTPHIIOKEHUT/

CrpykTypa u opma oTdera 0 1abopaTopHOU padboTe
[IpuBenensl Ha cepBepe Kadenper 43 B paszene .../Meroauueckoe obOecreyeHue
kadenpsl 43/[IporpaMmupoBaHre BCTPOSHHBIX MTPHIIOKEHU/

TpeboBanus k opopmIIeHIIO OTYETA O JIaOOpaTOPHO paboTe
[IpuBenensr Ha cepBepe Kadeapbl 43 B pasumene .../Metomuueckoe oOecnedeHHe
kadenpsr 43/[IporpaMMupoBaHre BCTPOSHHBIX MTPHIIOKEHUT/

11.3. Meroaudeckue ykazaHus i1 OOYYAOIIMXCS IO MPOXOKACHHIO KypPCOBOTO
MIPOCKTHPOBAHMS/BITIOJTHCHHS KYPCOBOW PabOTEHI.

KypcoBoii mpoekt/ paboTa MpOBOIUTCS C ISJIbIO (POPMUPOBAHUS Y 00YUAIOIIUXCS OIBITA
KOMILJICKCHOTO PEIICHUsT KOHKPETHBIX 3a/1a4 MPO(PeCCHOHAIBHOMN JIeTeIbHOCTH.

Kypcosoii mpoekt/ paboTa mo3BoJisieT 00yJaromemMycs:

— CHCTEMAaTH3UPOBAaTh M  3aKPEIUTh IOJIyYCHHBIC TCOPETHYCCKHE 3HAHUSA U
MPAKTUYECKHE YMEHHUS IO MPO(PEeCCHOHAIBHBIM YYeOHBIM JUCHUIUIMHAM HM MOJIYJISIM B
COOTBETCTBUU C TPEOOBAHUSAMH K YPOBHIO IOJrOTOBKH, YCTAHOBJICHHBIMU IIPOTPAMMO# yueOHOM
JMCUUIUIMHBL,  TPOTPAMMOM  MOATOTOBKM  CIEIUAIUCTa  COOTBETCTBYIOIETO  YPOBHS,
KBaTM(UKALIHH;

— TPUMEHUTH TOJYYCHHBbIC 3HAHUS, YMEHHS WM TPAKTUYCCKUH OIBIT MPU PEHICHUU
KOMIIJICKCHBIX 3aJ1a4, B COOTBETCTBHH C OCHOBHBIMH BHJaMH ITPO(HECCHOHATBLHOM JeITeIbHOCTH
10 HAMPaBJICHHUIO/ CIICIIMATBLHOCTH/ IPOrPaMME;

— YIIIyOUTh TEOPETUYECKUE 3HAHUS B COOTBETCTBUHM C 33IaHHOM TEMOW;

— chopmHupoBaTh YMEHHS TPHUMEHITh TEOPETHUECKHWE 3HAHUS TMPH  PEIICHUU
HECTaHapPTHBIX 3a/1a4;

— MPUOOPECTH OMBIT AHATUTUYECKOW, pacy€THON, KOHCTPYKTOPCKOW paboThl U
chopMHUPOBaTh COOTBETCTBYIOIINE YMEHHUS;

— chopmupoBaTh yYMEHHS pPaOOTHl CO CHENHATBHOW JUTEPaTypoOl, CIPABOYHOM,
HOPMAaTUBHOI U MPaBOBON JOKYMEHTalUe! U UHBIMU WH(GOPMAITMOHHBIMU HCTOYHUKAMU,

— chopmupoBaTh yMeHUs (OpPMYIHPOBATH JOTUYECKH OOOCHOBAHHBIE BBIBO/IBI,
MpeJIOKEHUs M PEKOMEHIAINY TI0 PE3yabTaTaM BBITIOJTHEHUS PabOTHI;



— Pa3BUTH MPOHECCHOHATBHYIO TUCBMEHHYIO M YCTHYIO pedb 00y4aromerocs;

— Ppa3BUTh CHUCTEMHOE MBIIUICHHE, TBOPYECKYI0 HWHULHMATHUBY, CaMOCTOSTEIbHOCTD,
OpPraHM30BaHHOCTb U OTBETCTBEHHOCTD 3a IIPUHUMAEMBbIE PEILICHMUS;

— cdopMHUpOBaTh HABBIKM IUIAHOMEPHOH pPETyIsIpHOM paboThl HAJ peUIeHHEM
IIOCTABJICHHBIX 3a1a4.

CrpyKTypa MOsICHUTEIbHOM 3aMCKH KyPCOBOTO IPOEKTa/ paboThI
[IpuBenenst Ha cepBepe Kadenpel 43 B pasgene .../Meromumdeckoe obOecrieueHue
kadenpsr 43/[IporpaMmmupoBaHUE BCTPOCHHBIX MTPHUIIOKECHUT/

TpeGoBanwus K 0hOPMIICHUIO IOSICHATEILHOM 3aIMCKH KYPCOBOTO MPOEKTa/ paboThI
[lpuBenenst Ha cepBepe Kadenpbl 43 B pasgene .../Meromumdeckoe obecrieueHue
kadenpsl 43/[IporpaMMupoBaHre BCTPOSHHBIX MTPUIIOKEHU/

11.4. Meroauueckue yka3zaHus A 0Oy4yarolMXcs MO MPOXOKICHUIO CaMOCTOSTEIbHON
paboThl

B xoze BBINOJIHEHUSI CaMOCTOSITENIHLHON PabOThI, 00YJAIONTUNCS BBHITIOJNHIET padboTy IO
3aJIaHUI0 U TIPU METOJMYECKOM PYKOBOJCTBE IpernojaBaTelis, HO 0€3 ero HemocpeaCTBEHHOTO
y4acTusl.

B mporiecce BBITOTHEHUST CaMOCTOSATEIBLHON paboThl, y oOydaromierocs (popmupyercs
1enecooOpa3Hoe MIaHUpOBaHUE pabOYero BpeMeHHU, KOTOPOe MO3BOJISET UM pa3BUBATh YMEHUs
Y HaBBIKM B YCBOCHHWW HM CHCTEMATH3alMH NMPUOOPETAEMbIX 3HAHHMA, 00SCIICUNBACT BBICOKHIA
YPOBEHb YCIICBACMOCTH B TIIEPUOJT OOYYCHHS, ITOMOTACT IOJIydUTh HABBIKA TIOBBITIICHUS
po¢heCcCHOHATBHOTO YPOBHSI.

MetonuyeckumMi ~ MaTepuajgamMH,  HAOpaBiSIOU[MMU  CaMOCTOSITENIbBHYIO — paboTy
oOyyarouuxcs SIBISIOTCS y4eOHO-METOIUUECKHEe MaTepHalibl 10 TUCIUILIMHE MPUBEICHHbBIE Ha
cepBepe Kadeapbl 43 B paznene .../Metonuueckoe obecrieueHne
kadenpsl 43/I[IporpaMmupoBaHre BCTPOSHHBIX MTPHIIOKEHUT/

11.5. Meroaudeckue ykazaHUs JUIsl OOYyYarOMIMXCS 0 MPOXOXKICHUIO MPOMEKYTOYHOU
aTTeCTAIIHH.

[Ipomexxyrounass  arrecramust  oOy4aromuxcs — MpEAyCMaTpHBAcT  OIICHUBAHHE
MIPOMEKYTOYHBIX ¥ OKOHYATEIBHBIX PE3yJbTaTOB 00yueHHs 1Mo auciuiuinHe. OHa BKIIIOYAET B
ce0s1 aK3aMeH — (hopMa OICHKH 3HAHUH, TOJTYYCHHBIX 00YJaIONIMMCS B IPOLIECCE N3YUSHHSI BCeH
JTMCUUIUIMHBI WM €€ YaCTH, HABBIKOB CaMOCTOSITEIBHOM pa0OThl, CIOCOOHOCTH MPUMEHSTh HX
JUIL  PEUICHUsT TPAKTUYECKUX 3aJad. OK3aMEH, KaK TIpPaBWIO, MPOBOJUTCS B TMEPUOJ
9K3aMEHAIIMOHHON CECCMU M 3aBEpIIACTCS ATTECTAI[MOHHOW OIICHKOH «OTIUYHOY», «XOPOIIOY,
«YIIOBJICTBOPUTEILHOY», «HEYOBICTBOPUTEIHHOY.



JIuct BHECEHUs U3MEHEHUH B pabouylo IporpamMmy AUCLHUIIINHBI

Jlata BHeceHus
U3MEHEHUH U
JIOTIOJTHEHUH.

IToamucey BHecHIEro
U3MEHCHHUS

CozaepxaHye U3BMEHEHUM U JTOTIOHEHUH

Hata u Ne

MPOTOKOIA
3acefaHus
kadenpol

IToamuce
3aB.
Kadenpoit




