degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

MO gupexTopa (pu3TeX-MIKOJIBI
PAJIMOTEXHUKH M KOMIIBIOTEPHBIX
TeXHOJIOTHH

J.A. T'agpusion

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o AMCHUIIJIMHE: Pa3pa60TKa BCTpanBACMbIX CUCTCM
0 HANIPaBJICHUIO: HpI/IKHaI[HBIC Mar€MaTuKa nu (1)I/I3I/IKa
HpO(l)I(lJIb MnoATrOTOBKMU: Pa):[I/IOTeXHI/IKa 1 KOMIIBFOTCPHBIC TCXHOJIOTUH

Oustex-mkona Paguorexuuku nu Komnsrorepubix TexHonoruii
kadempa MyJTbTUMEIUHHBIX TEXHOJIOTUN U TEIIEKOMMYHUKAITUH

Kypc: 4
KBAJM(PUKAIMA: OaxanaBp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 8 (BeceHHul) - JlnuddepeHunpoBaHHbIi 3a4eT

AynuTOpPHBIX YacoB: 45 BCero, B TOM YHCIIE:
nexuuu: 15 gac.
cemuHapsl: 30 gac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositenpHas pabora: 45 gac.

Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy coctaBui: A.B. AMenuH, acCUCTEHT

[Iporpamma obcyxaeHa Ha 3aceqanuu Kadenpsl MyJIbTHMEAMHHBIX TEXHOJIOTUN U TelnekoMMyHHuKanui 28.06.2021



AHHOTANMA
OCHOBHOWM 1LIE€TBI0O JTAHHOTO Kypca SIBISETCS 3HAKOMCTBO CTYACHTOB C OCHOBHBIMH  HJIEIMU
MPOTPaMMHPOBAHUS COBPEMEHHBIX MUKPOKOHTPOJIIEPOB U MPUMEHEHUS MUKPOKOHTPOJUIEPOB B (DU3UYECKOM
SKCIIEPUMEHTE U B MMPOTOTUIIMPOBAHUM YCTPOMCTB. B pesynbrare n3ydeHust JAHHOTO Kypca CTYIEHTHI Y3HAIOT
0 BO3MOXXHOCTSIX BCTPAaWBAaEMBIX OIIEPAIIMOHHBIX CHUCTEM, OCBOST MPUHIUIBI PaOOTHl MUKPOKOHTPOJLIEPOB,
KoHIenMK BcTpoeHHoro [10. DTu 3HaHUS B COBOKYMHOCTHU TMO3BOJISAT UM MPOEKTUPOBATh M OTiaxuBarh 110
Ha Pa3IMYHbIX MUKPOKOHTPOJLJIEpaX, MPOEKTUPOBATh YCTPONCTRA.

Kypc Oyzer mpoxoauTh B BUJE NPAKTHYECKUX 3aHATHH, B Hayalle KOTOPBIX CTyAEHTaM OyIeT BbIIABaThCS
HeoOxoauMasi 0a3za 3HAHWH, Ha OCHOBE KOTOPHIX OHM CMOTYT pPEaJM30BBIBaTh MPAKTHYECKHE 3aJa4d Ha
TEXHUYECKOM 000pY/IOBaHHH.

JIst yCHEenHoro MpoxXoXKAeHHUsI Kypca He0OXOANMO MOCEIIeHUE 3aHATHH, BBIIIOJTHEHHE TPAKTHUECKUX PadoT U
caMoCTOsATENbHAs padoTa ¢ JOMOIHUTEIBHOMN INTEPaTypOH.

1. leau u 3apa4u

eap AUCUMNIMHBI

[lo3HaKOMHTH  CTYOEHTOB C OCHOBHBIMH  HJEIMH TPOrPaMMHpPOBAaHUS U  NPUMEHEHUS
MHUKPOKOHTPOJIIEPOB B (PU3NIECKOM SKCIIEPUMEHTE U B IPOTOTUIIMPOBAHUN YCTPONCTB.

3agauu AU CHUILIHHBI

* pa3bACHEHHE MECTa M POJI COBPEMEHHBIX MHUKPOKOHTPOJIIEPOB B (PU3NUECKOM SKCIEPHMEHTE U B
MPOTOTHIIMPOBAHUH YCTPOHCTB;

*  npuoOpeTeHHe YyYallUMHUCS HadalbHBIX HABBIKOB PabOTHl ¢ MUKPOKOHTPOJIEpPAMH, H3y4YCHHE
OCHOBHBIX KOHIICTIIUI pa3paboTku BcTpanBaemoro [10;

* 03HAKOMJICHHE C 0COOCHHOCTSIMH BHYTPEHHETO YCTPONWCTBA BCTPOCHHBIX ONEPAIIHOHHBIX CUCTEM.
2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIIUHA WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

VYK-1.1 AnanusupyeT 3aaady, BRI 3Tallbl €€ PelIeHus,
NeMCTBUS 1O PELICHUIO 3a1a91

VK-1.2 HaxomuT, KpUTHYECKH aHAIM3UPYeT U BbIOMpaeT
nH(pOpMaIIHI0, HEOOXOMUMYIO ISl PEIeHUs TTOCTaBICHHON

YK-1 CriocoGeH oCcyliecTBIsTh MOKCK, saaan

KPUTUYECKUAN aHAIN3 U CHHTE3 HH(POPMAITHIH,
MIPUMEHSITh CUCTEMHBIN TOAXO ISl pelIeHUs
OCTaBJICHHBIX 3a71a4

VYK-1.3 PaccmarpuBaeT pa3nuyHbIE BapUaHTHl pPELICHUS
3a[a4M, OLICHUBACT WX MPEUMYILECTBA U HEAOCTATKH

YK-1.4 I'pamotHO, JIOTUYHO, apryMEHTUPOBAaHHO
(dhopmupyeT cOOCTBEHHBIE CYKJICHHS U OLIEHKH

VYK-1.5 Ormpenenser W  OLEHHWBAaeT  MPAKTHUYECKUE
MOCJIEICTBUSI BO3MOXKHBIX BAPHAHTOB PEIICHUS 33/1a491

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3ajady,

OIIK-1 CniocobeH npuMeHSITh HAMEHATh TIyTH €€ PENICHHs

(dyHIaMEHTAIbHbBIC 3HAHUS, MTOJTyUYCHHBIC B
obnacty GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HAYK, U HCIIOJIb30BATh UX B

podeCcCHOHAIBHOMN JIeTeIBHOCTH

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKUe MOJIENH,
MPOU3BOIUTH KOJTMUECTBEHHBIE PACUETHl M OLICHKH

OIIK-1.3 CnocoOeH ompenensiTs T'paHHULbl MPUMEHUMOCTH
HOJIyYECHHBIX PEe3YJIbTaTOB

OIIK-4.1 Brmageer weTromaMu Hay4HOrO IIOMCKa |
WHTEJUIEKTYyaJlbHOTO aHalin3a WH(GOpMalH{ MpH PELICHUN

OIIK-4 CriocobeH ocymecTBIsITh cOop 1 9
3aj1a4 MpodeCcCHOHANBHOM e TeIbHOCTH

00pabOTKy HAYYHO-TEXHUYIECCKOH U (VITH)
TEXHOJIOTUYECKON MH(POPMAIHH /ISl PEIICHUS
(byHIaMEHTAIBHBIX M IPUKJIAIHbIX 33134

OIIK-4.4 Bnageer HaBbIKaMu pabOTHl C KOMIBIOTEPOM H
KOMIIBIOTEPHBIMU CETSMU C LIEJbIO NIOJyUEHUs], XpaHEHUS U
00pabOTKM Hay4yHOU (TEXHHYECKOHW, TEXHOJOTHYECKOMN)
nHpopMaIun

[IK-4.1 3naer ynciieHHbIE MOPSIIKH BEIUYHH, XapaKTEPHBIX

[MK-4 Crioco0OeH KpUTHYECKH OlIEHUBATh o o
JUIS COOTBETCTBYIOLIEH MpodeccnoHaIbHON 00acTu

NPUMEHUMOCTh UCIIOJIb3YEMbIX METOJUK U
METOIOB

[IK-4.3 Cnocobern 000CHOBaTh NPUIHMHHO-CIICIACTBECHHBIC
OTHOLLUEHHUSI UCIOJIb3YEMBIX IIOHATHI U MOJENEHN




3. [lepevyens mIaHUPYeMBIX Pe3yJbTATOB 00y4eHUs 10 AUCHHILUIHHE (MOIYJII0)

B pe3ynbrare 0CBOCHUS AUCIMIUTMHBI 00yYaOINecs JOJKHBI

3HATh:
*  IPUHIMIBI pabOTHl MUKPOKOHTPOJLIEPOB, KOHIENIUH BHyTpucucTeMHOro 10, OCHOBBI co3naHus
I10 Ha MHKpPOKOHTPOJUIEPAX, B TOM YHCIIE CBEICHHUS, OTHOCSIIMECS K YCTPOHCTBY U HCIIOIb30BAHUIO
BcTpoeHHbIX OC.

YMETh:
*  TPOCKTUPOBATH M OTIAKUBATH YCTPOWCTBA HAa COBPEMEHHBIX MUKPOKOHTpOJUIEpaX, MUCIOIb30BATh
BcTpoennsie OC.

BJIQJICT!

®  OCHOBHBIMM METOJAMM CO3JaHus, OTianku M TectupoBaHue [IO Ha MHMKpPOKOHTpOJUIEpax C
MpPUMEHEHHEM Pa3InIHON nepudepu.

4. Coaep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 110 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YACOB 1 BH/I0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekium | Cemunapsr | JlaGopar. paboTs
pabora
Beenenune B MHUKPOKOHTPOJIIEPHI.
1 Onucanue cpeacts  pa3pabOTKH U 1 2 2

OTIIaIKH, allliapaTHbIX CPCACTB.

YerpoiictBo aapa. CTpykrypa MNaMAaTH.
2 Peructper ob6mero HasHaueHus. O630p 2 2 2
0COOEHHOCTEH apXUTEKTYPHI.

Konrpomnep  mpepwiBanuii  (NVIC).

Cucremnble u nepudepuiinbie

3 MIpepPBIBaHUS. 00630p CTaHAAPTHOU 2 2 2
nepudepun, padoTta CcO CTOPOHHUMH
HAL.

OmepalioHHBIE  CHCTEMBI  PEabHOTO
BpPEMEHH, TepeKitoueHne norokos B MK.

Onucanue npobIeM  MHOTOMOTOYHBIX
5 npuioxeHuil. CpeacTBa CHHXPOHU3ALINH. 1 3 3
MexIpoueccopHoe B3aUMOIEHCTBHE.

OOume npuHOUNIBL padoTHl Tepudepuu.
6 0630p UART, SPI, 12C. Hcnonb3oBanue 1 3 3
HAL nns paGotsl ¢ iepudepuet.

CoeanHeHne €  CEThIO  HMHTEpHET.

7 1 3 3
[TpuHIHMIIBL, TOXOBI, CIO)KHOCTH.

] Pabora c KOMMYHHKaI[HOHHBIMA 1 ) 6
monyisimu: WI-FI, Bluetooth.

9 Kparkwuii 0630p (haiioBeIx cucTeM. 1 2 4

10  [PaGora c Flash namsTsto. 1 2 4
Oo6pabotka omuodoK u

11 HE3aIIaHUPOBAHHOTO IIOBEJCHUS 1 2 4
cuctembl. COOp CTAaTUCTUKHU U JIOTOB.
Cucrema 3amycka yCTpo¥icTBa.

12 . 1 2 4
Bootloader. OTka30ycTOHYHBOCTS.

13 Pa360p MPAaKTHYECKUX MPOEKTOB. 1 ’ 6

Ob6cy>xaeHne penieHui.




Hroro wacos 15 30 45
[loaroroska k sK3aMeHy 0 gac.

OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

4.2. CopaepxaHue TUCHUILTUHBI (MOYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemecrtp: 8 (Becennuit)

1. BBenenne B MHUKPOKOHTposuiepsl. OmnmcaHue cpeiacTB pa3paOOTKM M OTIAJAKH, alHapaTHBIX
CPEACTB.

BBenenue B copepikaHue Kypca, 3HAKOMCTBO C IIPENOJABATEIEM U €ro IPaKTUYECKUM OIIBITOM.
Kparkuii ucropuyeckuii sxckypce. O030p cpencts paspaborku. lIpommBka MHUKPOKOHTPOJIIIEPOB.
[Iponecc koMnmiIsALMY KOJa MO/ LEJIEBYIO apXUTEKTYPy. BHYTpUCXEMHBIN OTIaq4HK.

2. YerpomictBo siapa. Ctpykrypa mamsita. Peructpsl obmiero HazHaueHus. O030p ocoOeHHOCTEH
APXUTEKTYPBI.

Anpo. Peructpel. OyHKIMOHATBHOE YCTPONUCTBO MUKpPOKOHTpoJuiepa. CTpykTypa mamsTH: NaMsTh
BHEIIHMUX YCTPOMCTB, BHEUIHSISI ONEpaTHBHAs MaMsATh, NaMATh nepudepuu, oneparuBHasi NaMsThb.
Pacnonoxenue ucnoaHsAeMOro koja B naMsATH MUKPOKOHTPOJLIEPA.

3. Konrpomnep mnpepbBanuii (NVIC). Cucremusie u mnepudepuitibie mnpepbiBanus. O030p
cTa"napTHou nepudepuu, paborta co croponnumu HAL.

O0paboTka BHEIIHUX COOBITHI: TIOCTOSIHHBIM ONMPOC W TpepbiBaHue. J[eWCTBUS MPHU MpephIBaHUH.
BiioxxeHHBIE TpephIBaHMSA: BBITECHEHHE, OXHAaHHE. [IpHOpHUTETBI NpPEpBIBAHHUN, CTaTYyChI
npepeiBaHuil. Ynpasienue nepudepueit npu nomomn HAL npou3BoanuTensi MUKPOKOHTPOJIIEPOB.

4. OmniepaiiuOHHbBIE CHCTEMBI PEaJIbHOTO BPEMEHH, MepeKIIoueHrne nmoTokos B MK.

Omnucanue mpocteix OC peanpHOro BpeMeHu. OmucaHUs MEXaHM3Ma CO3[aHUS U TEPEKITIOYCHUS
notokoB. Pabora mnanuposmuka. Mcnonszosanne OC BO BCTpanBaeMbIX yCTPOUCTBAX.

5. Onwmcanume mpoOieM  MHOTONMOTOYHBIX  mpuwioxkeHnd. CpeacTBa  CHHXPOHHM3ALMU.
MexIpoueccopHoe B3aUMOIEHCTBHE.

[TpobnemMbl MEXITPOIIECCOPHOTO B3aUMOJICHCTBUS M METOJBl UX pelleHus. BHyTpeHHee ycTpoicTBO
CPEICTB CUHXPOHM3ALUH.

6. O6ume npunuunsl padotsl nepudepun. O630p UART, SPI, 12C. Ucnonws3zoBanue HAL nns
pabotsl ¢ iepudepuei.

Onucanve HauOoee MOMYISPHBIX MepUPEPUIHBIX TIPOTOKOJIOB. OCOOCHHOCTH PabOThI MPOTOKOJIOB.
HUcnonb3oBanue nepudepun npu nomomn HAL npousBoautens.

7. CO@,Z[I/IHGHI/IC C CCTbIO UHTCPHCT. HpI/IHI_H/IHI:I, IoAXO0AbI, CJIOKHOCTH.

Oco0EHHOCTH ¥ CIIOKHOCTH COCIUHEHHS C BHEIIHHMMH CETSIMH BO BCTPOCHHBIX YCTPOWCTBAX.
CoenuHeHne ¢ 00JaYHBIMU XPAHUIIHIIAMH.

8. Pabora ¢ kommyHuKanmoHHbIME Monyisimu: WI-FI, Bluetooth.

O6mmit 0630p mporokonoB Wi-Fi 1 Bluetooth. BzaumoneiictBue 10 MukpokoHTpoiiepa c
MOAYJISIMHA BHEIITHEH CBSI3H.



9. Kparkuii 0630p (ailioBbIX CUCTEM.

OnucaHne OCHOBHBIX KOHIENIMHA (ailoBelx cucteM. Vcmonb3oBanue (aMIOBBIX CUCTEM BO
BcTpoeHHoM [10.

10. Pabora ¢ Flash mamstero.

Onucanne Flash mamsatu. Onucanue nntepgeiicoB padorsl ¢ FLASH namsareio. Hoctyn k FLASH
namMaTy ucnoisizyio HAL mpousBoguTenss MUKpOKOHTPOJLIEpa.

11. O6paboTka OMMOOK M HE3AMIAHUPOBAHHOTO TOBEACHUS crcTeMbl. COOp CTaTHCTUKH U JIOTOB.

Berpoennsie MexaHu3MBbl Iporieccopa no 00paboTKe HE3alIaHHPOBAHHOTO MOBe/IeHHE. AJTOPUTMBI
aBTOMAaTHYECKOr0 BOCCTAHOBJEHHUS pabOThl BCTPOEHHBIX ycTpoiicTB. Co3qaHus  CHCTEMBI
JIOTHPOBAHMSI.

12. Cucrema 3amycka ycrporctsa. Bootloader. OTka30ycToiiunBOCTS.

3amyck mMukpokoHTpoiuiepa. Cozganue Bootloader. Omnucanue 3agauy u ¢ynkumonana Booloader.
OOHOBIIEHUE MIPOIIUBKY, TPOOIEMBI, CIIOCOOBI PELICHHUS.

13. Pazbop npaktudeckux npoekToB. OOCyX IeHUE PEIICHU.
Pa3bop npaktuaeckux npoekToB. OOCYKIeHHE PEIICHHH.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYlIeCTBJIECHHS 00pa30BaATEILHOIO
npouecca 1no JUCUUILInHe (MOIYJII0)

Heob6xoaumMoe ocHaleHue:

* OmnagouHas miara.

* HeoOxomumblie pagrodIeKTPOHHBIE KOMITOHEHTHI: PE3UCTOPHI, TPAH3UCTOPBI, HHTETPATBHBIC CXEMBI,
MHUKPOTIPOIECCOPHI, MAKETHAS T1J1aTa, CBETOAMOABI, COequHUTENbHEIe mpoBoaa, OLED nucrei,
MbE30/IMHAMHK, CEMUCETMEHTHBIN nHaukatop, USB kabens, USART.

 JlaGopaTopHbIil HHCTPYMEHT

6.IlepeyeHb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. ITone3Hble cxeMbl ¢ puMeHeHneM MukpokoHTpoiuiepoB u IJIUC [Tekcr] /O. . Bansna. -M., JIMK
[Ipecc, 2017

JlononHuTenbHAs TUTEpaTypa
1. Ilpumenenne MUKpOKOHTposIepoB [ Teket] : yued. mocodbue ans By3oB / I. U. Jonos ; M-Bo
oOpazoBanus u Hayku Poc. @enepanuu, Mock. pus.-texH. un-t (toc. yH-T .— M. : MOTH, 2007 .—
160 c.

2. OcHoBbl u(poBoit anekrponuku [Tekcer] : yue6. mocodue it By3oB / A. JI. Jlapun ; M-Bo
oOpaszoBanus u Hayku PD, Mock. ¢pus.-texH. uH-T (TOoC. yH-T) .— 2-€ u31., nepepad. u gon. — M. :
M®TH, 2014 .— 281 c.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

1. http://lib.mipt.ru — s3nexTponnas 6ubnmorexka dOusrexa
2. http://www.edu.ru — penepanbnsrii mopran «Poccuiickoe 00pa3oBaHUE).
3. http://benran.ru — GuONMMOTEKA MO ECTECTBEHHBIM HayKaM Poccuiickoii akajieMiH HayK.



4. http://minsvyaz.ru/ru/documents/ — HOpMaTHBHO-IIPABOBbIE JJOKYMEHTH MUHHCTEPCTBA CBSI3U U
MaccOBbIX KOMMYHHKanuid Poccuiickoit deaepanuu

5. http://www.itu.int/pub/T-REC/ — Pekomennannu Cextopa cTaHAapTU3ALUHU TEICKOMMYHHUKAIIUN
MexnyHapomHOTO cor03a 31eKTpocBsi3u MCO-T

6. http://www.itu.int/pub/R-REC/ — Pexomennanuu CexTopa paguocBs3u MexIyHapoaHOTO COr3a
anekrpocsszu MCD-R

7. http://www.etsi.org/standards-search/ — crangaptsl EBponeiickoro HHCTUTYTa cTaHAapTH3aLUN
tenekommyHuKauit ETSI

8. http://www.ietf.org/rfc.html/ — noxymenTh MH)XeHEpHOU padoueii rpymmsl MaTepaer RFC IETF

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIA, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepeyeHb He00X0AUMMOro NpOrpaMMHOro odecnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

+ Git

* Cmake

» Toolchain

* OpenOCD
* Notepad++

9. MeToauyeckue yKazaHusi AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

VYenemHoe ocBoeHHE Kypca TpeOyeT OONbLION caMOCTOSTENbHOHW paboThl cTyneHTa. B mporpamme
Kypca IIpHUBeIeHO MUHUMAJIbHO HEO0X0JMMOe BpeMs 1Sl pabOoTHI CTy/IeHTa HaJl TEMOH.

CamocrosiTenpbHas paboTa BKIIOUAET B Ce0s:

* YTEHHE U KOHCIIEKTHPOBAHUE PEKOMEHIOBAaHHOM JIUTEPATYPBI,

*  mpopaborky ydyeOHOro marepuana (MO KOHCIEKTaM JICKIIMH, CEMHUHApOB, Y4eOHOW W HAydHOM
JUTeparype);

* pelIeHue 3a/1a4, IpeAaraeMbIX CTYJICHTaM Ha JICKIHAX U PAKTHYCCKUX 3aHATHSX,

* BBINOJIHCHUE NMPAKTUIECKUX PA0OT B BBIOPAHHBIX MPOTPAMMHBIX Cpe/iax,

* TOATOTOBKY K KOHTPOJBHBIM, CAMOCTOSITEIILHBIM Pa0OTaM U TECTaM.

PYKOBO):[CTBO U KOHTpPOJIb 3a CaMOCTOSITCIIEHOM pa60T0171 CTyACHTA OCYHICCTBJIACTCA B PE3YJIbTATC
aHaJin3a UTOIr0OB KOHTPOJIbHBIX, CAMOCTOATCIIbHbIX pa60T, a TaK)XXC MHANBUAYAJIbHBIX KOHCYJII)TaHI/Iﬁ.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: IIpuknagaple MaTeMaTHKa U (pU3NKa
npopuJib NOArOTOBKHU: PaanorexHuka 1 KOMIIBIOTEPHBIC TEXHOIOTUU
Oustex-mkona Paguorexuuku nu Komnerorepubix TexHonoruii
kadeapa MyJTbTUMEIUHHBIX TEXHOJIOTUN U TEIIEKOMMYHUKAITUH
Kypc: 4
KBaJupuKaAnus: OaxanaBp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 8 (BeceHHul) - JlnddepeHunpoBaHHbIi 3a4eT

Pa3paborunk: A.B. AMenuH, acCCUCTEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

VYK-1.1 Ananusupyet 3aaady, BBIAEISSA 3Tallbl €€ PelIeHus,
JeMCTBUS IO PELICHUIO 3a1a91

VYK-1.2 HaxomuT, KpUTHYECKH aHAIM3UPYeT U BbIOMpaeT
nH(pOpMaIINI0, HEOOXOMUMYIO ISl PEIeHHUs TTOCTaBICHHON

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK, saaan

KpI/ITI/I‘IeCKI/Iﬁ aHaJIn3 U CUHTEC3 I/IH(I)OpMaLII/II/I,

N VYK-1.3 PaccmarpuBaeT pa3iuuyHble BapUaHThl PELLCHUS
MPUMEHSATh CUCTEMHBIH MOXOJ TS PELICHUS

3alauu, OICHUBACT UX MPCUMYIICCTBA U HCAOCTATKU

[TOCTABJICHHBIX 3a/1a4
YK-1.4 I'pamotHO, JIOTUYHO, apryMEHTUPOBAaHHO

(dhopmupyeT cOOCTBEHHBIE CY)KICHHS U OLIEHKH

VYK-1.5 Ormpenenser W  OLEHHBAaeT  MPAKTHUYECKUE
MOCJIEICTBUSI BO3MOXKHBIX BAPHAHTOB PEIICHUS 33/1a491

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3ajady,

OIIK-1 CniocobeH npuMeHSITh HAMEHATh TITH €€ PENICHHs

(bYHZ[aMeHTaJ'ILHLIG 3HaHUWA, [TOJTYYCHHBIC B

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKue MOJIENH,
obnact GpU3NKO-MaTeMaTHUECKUX U (HITH)

MPOU3BOAUTDH KOJIMYCCTBCHHBIC PACUCTLI U OLICHKHA

CCTCCTBCHHLIX HAYK, U UCIIOJIb30BAThH UX B

MPODECCHOHATBHOM MEATETBHOCTH OIIK-1.3 CnocoOeH omnpenensiTs I'paHULbl MPUMEHUMOCTH

IIOJIyYEHHBIX PE3yJbTaTOB

OIIK-4.1 Brmageer weTromaMu Hay4HOrO IIOMCKa |
WHTEJUIEKTYyaJlbHOTO aHalin3a WHGOpMalHud MpH PEIICHUN

OIIK-4 CriocobeH ocymecTBIsITh cOop U 9
3a/1a4 MPoQeCcCHOHANBHOM e TeIbHOCTH

00pabOTKy HAYYHO-TEXHUIECCKOH U (VITH)
TEXHOJIOTUYECKON MH(POPMAIHH /ISl PEIICHUS
(byHIaMEHTAIBHBIX M IPUKJIAJHbIX 33134

OIIK-4.4 Bnageer HaBbIKaMu pabOTHl C KOMIBIOTEPOM H
KOMIIBIOTEPHBIMU CETSMU C LIEJbIO NOJIyUEHUs], XpaHEHUs U
00pabOTKM Hay4yHOW (TEXHHYECKOW, TEXHOJOTHYECKOMN)
nHpopMaIun

[IK-4.1 3naer ymnciieHHbIe MOPSIIKN BEITWYHH, XapaKTEPHBIX

[MK-4 Crioco0GeH KpUTHYECKH OIIEHUBATh o o
JUIS COOTBETCTBYIOLIEH MpodeccnoHaIbHON 00acTu

NPUMCHUMOCTDB UCITIOJIB3YCMBIX MCTOJAUK U

[IK-4.3 Cnocobern 000CHOBaTh NPUIHMHHO-CIICIACTBEHHBIC
METO/IOB

OTHOLLUEHHUSI UCIOJIb3YEMBIX IIOHATUI U MOJENEHN

2. Iloka3zare/iM OLCHMBAHMS KOMIICTCHIMIA
B pesynbrare nzyueHus AucuMIUIMHbL «Pa3zpaboTka BCTpauBaeMbIX CHCTEM» O0YUarOUIHIACS TOTKEH:

3HATb:

*  OPUHIMIBI pabOTHl MUKPOKOHTPOJLIEPOB, KOHIENIUH BHyTpucucTeMHOro 10, OCHOBBI co3naHus
I10 Ha MHKpPOKOHTPOJUIEPAX, B TOM YHCIIE CBEICHHUS, OTHOCSIIMECS K YCTPOHCTBY U HCIIOIb30BAHUIO
BcTpoeHHbIX OC.

yMeThb:
* IPOEKTUPOBATh M OTJIAXKHUBAaTh YCTPOMCTBA HA COBPEMEHHBIX MHUKPOKOHTPOJIIEPAX, MCIOIb30BATH
BcTpoennsie OC.

BJIA/IeTh:

®  OCHOBHBIMM METOJAMM CO3JaHus, OTiIanku M TectupoBaHue [IO Ha MHKpPOKOHTpOJUIEpax C
MpPUMEHEHHEM Pa3InIHON nepudepu.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

B kypc umerorcss HabOp MpakTHYECKUX 33/aHUM, B PE3yJbTaTe BBITOIHEHUS KOTOPBIX OOYyYarOLIUiiCs
[OJIy4aeT OLIEHKY.

Tembl NpakTUYECKUX 3aaHUM:

1. Pazpabotka miuaHa paboT Ha ceMecTp

2. Pazpaborka B rpynmax 10 mist mpocroro ¢urHec Opaciiera
3. Hamucanwue TectoB ans pazpaboranHoro [10




4. KoopauHaiys 4JIeHOB IPYIIIbI sl peLIeHUs o01Iel 3a1auu
5. TlpoBenenue (hMHAIBHOW MPE3EHTALNN

3a KaX1oe 3aJaHue CTYAEHT IOJIyyaeT OILEHKY B COOTBETCTBHMU C TaOIMILEH KpUTEpus OLIEHUBAHUS,
KoTopasi OyIeT yUHUTHIBaTHCS MIPHU MPOMEKYTOUHON aTTeCTalHH.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB M TeM JJISI IPOBeAEeHHUA NIPOMEKYTOYHOM aTTecTalluu
o0y4yarommxcst

[Tepeuen BorpocoB A npoBeeHNs An(epeHINPOBAHHOTO 3a4eTa:

1. HCTpYMEHTHI, HEOOXOAUMBIE IJIS IPOrPaMMHUPOBAHUS MUKPOKOHTPOJIJIEPOB
2. YcrpoiictBo aapa. CTpyKTypa maMsT

3. OnepannoHHBIE CUCTEMBI PeaJbHOTO BpeMeHU. BHyTpeHHnE ycTpOHCTBO.

4. CpencTtBa CHHXPOHHU3AIIUU MTOTOKOB.

5. Konrpomnep npepeiBanuiit (NVIC). Cucremuble u nepudepuiiHbie pephIBaHUS
6. UART, SPI ucnonb3oBanne HaCTpoHKa.

7. FLASH namsaTts 0COGEHHOCTH HCTIOJIb30BAHUSL.

8. ®dailoBbIe cHCTEMBI O0OIIME IPUHITHUITHL.

9. Bootloader ¢hyHKIIMOHAT, peanu3anysi.

10. O6paboTka OMMUOOK U HE3ATUIAHUPOBAHHOTO MTOBEICHHS

Kpurepun onennBanus

Onenka otnuano (10) BeICTaBIsIeTCS CTY/ICHTY, IOKa3aBIIEMy BCECTOPOHHUE, CUCTEMAaTU3HPOBaHHbIE,
IyOOKHe 3HAaHUs Y4eOHOU MPOrpamMMbl AUCHUIUIMHBL, TPOSIBISIONIEMY HHTEPEC K JaHHOU MPEIMETHOM
o0nacTu, NPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKHM IMPUMEHATh UX Ha MPAKTHKE MPH
pelIeHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIBHOE 000CHOBAHNE IPUHSTHIX PEILICHHA.

Onenka ominyHO (9) BBICTaBISIETCS CTYAEHTY, MOKa3aBIIeMy BCECTOPOHHHE, CUCTEeMAaTU3UPOBAHHBIE,
IyOOKHe 3HaHUSl yueOHOM mporpaMMbl AUCHUIUIMHBI U YMEHHUE YBEPEHHO NMPUMEHATH WX Ha MPAKTHKE
IIPU pEeIICHUN KOHKPETHBIX 3a/1a4, CBOOOIHOE U IIPAaBMIILHOE 000CHOBAaHHE MPUHATHIX PELICHUI.

Onenka oTAMYHO (8) BBICTABIISIETCS CTYACHTY, [TOKa3aBIIEMy CHCTEMAaTU3UPOBaHHbIE, [ITYOOKHE 3HAHUS
y4eOHOW MporpaMMbl AUCHMIUIMHBL U YMEHHE YBEPEHHO NPHUMEHSATh MX Ha MPAKTHUKE IPH PELICHUH
KOHKPETHBIX 3a]a4, IPaBHJIbHOE 000CHOBAaHHUE MPUHSATHIX PELICHUH, C HEKOTOPBIMH HEIOYETaAMH.

Ouenka xopomio (7) BBICTABIAETCS CTYACHTY, €CIM OH TBEpAO 3HAET Marepual, IPaMOTHO M IO
CYILIECTBY M3JIaracT €ro, yMeeT NPHUMEHSTh IMOIYy4YEHHBIC 3HAHMS Ha NPAKTHKE, HO HEIOCTAaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.

OI_IGHKa XOopo1Io (6) BBICTABJIACTCA CTYACHTY, €CJIIM OH TBEPAO 3HACT MATCpHajl, r'paMOTHO U IIO
CyHI€CTBY MU3JIarac€T €ro, yMmeeT NpUMCHATDH IMOJYUYCHHBIC 3HAHUA HaA MMPAKTUKE, HO OOITYCKACcT B OTBETEC
HJIW B PCIICHUHU 3aa49 HCKOTOPBIC HCTOYHOCTH.

Ouenka xopomuio (5) BBICTaBISAETCS CTYIEHTY, €CIIM OH B OCHOBHOM 3HAaeT MarepHual, 'paMOTHO U IO
CYILIECTBY M3JIaraeT €ro, yMeeT MPUMEHATh MOJIYyYEHHbIC 3HAHUS HA MIPAKTHKE, HO JOIYCKAET B OTBETE
WIN B PELICHNH 3a]1a4 JOCTATOYHO OOJIBIIOE KOJMYECTBO HETOUHOCTEH.

OneHka YIOBIETBOPUTEIbHO (4) BBICTABISIETCS  CTYIEHTY, TIOKa3aBIieMy (QparMeHTapHBIMH,
pPa3po3HEHHBIA XapakTep 3HAHWH, HEJOCTATOYHO MpPaBUJIbHBIE (DOPMYITMPOBKH 0a30BBIX MOHSITHMH,
HapyLIEHUs JOTMYEeCKON MOCIIe0BATEIbHOCTH B N3JIOKEHUH MPOrPaMMHOTO MaTepuana, HO IpU 3TOM
OH OCBOMJI OCHOBHBIE pa3lieibl yueOHOH MporpamMmbl, HEOOXOAUMBIE IJIs JalibHeimero o0ydeHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.

OneHka yIOBIETBOPUTETbHO (3) BBICTABISIETCS  CTYIEHTY, TIOKa3aBIIeMy (QparMeHTapHBIMH,
Pa3po3HEHHBIH XapakTep 3HaHWM, AOMycKaloulemMy OomHOKH B (GopMyaupoBKax 0a30BbIX MOHATHH,
HapyLIEHUs] JIOTHYECKOM IOCIEeOBAaTEIbHOCTH B M3JIOKEHHUH IPOrPaMMHOIO MaTepuana, ciado
BJIaJIe€T OCHOBHBIMH pa3ielaMi y4eOHOH MporpaMMbl, HEOOXOJUMBIMH AJIsl JalibHEHIIero o0y4eHus u
C TPYAOM IIPUMEHSET MOIy4YEeHHbIC 3HAHUS JJa’Ke B CTAHAAPTHON CUTYallHH.

OueHka HEyJOBJIETBOPUTENIBLHO (2) BBICTABISETCS CTYIEHTY, KOTOpPBHIH HE 3HAaeT OojblIeld 4YacTu
OCHOBHOTO COZCP)KaHUSl Y4eOHOH TporpaMMbl JUCHMIUIMHBI, JOMYCKaeT rpyOble OMMOKH B
(bopMyIHPOBKaX OCHOBHBIX NPHHIMUIIOB U HE YMEET UCIIOJIB30BaTh IOJyYCHHBIEC 3HAHUS NPH PEIICHUN
TUTOBBIX 3a]a4.



OueHka HeyaOBIeTBOPUTENLHO (1) BBICTaBIsSETCA CTYAEHTY, KOTOPBI HE 3HAaeT OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILTUHBI, JOIycKaeT rpyOeiimne omuOKd B (HOPMYTUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE MMEET HABBIKOB PEIICHUS THIIOBBIX MPAKTUYECKHX
3a/1ad.

5. MeTonuueckune MaTepuasbl, Onpeaeasonie NPpoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

JuddepeHnmpoBaHHbIN 3a4€T MPOBOIUTCS B YCTHOH Qopme.

ITpu npoBexenun muddepeHInpoBaHHOrO 3aueTa oOydvaromemycs npenocrapisercs 20 MUHYT Ha
noAroToBKy. Onpoc o0yvarouierocst MpoBOAUTCS B TedeHrne 30 MUHYT.

Bo Bpemss mpoBenenus audQepeHIpOBaHHOTO 3adera OOydaloumMecs MOTYT —IOJIb30BaThCs
HPOrpaMMO¥ TUCIMIUINHEL

B kypc umerorcss HabOp NMPaKTUYECKUX 3aaHUil, B PE3yJIbTaTe BBHIIOIHEHHS KOTOPBIX OOYYarol[HHCS
MOJTy4aeT OLCHKY.

HToroBasi oreHKa 3a Kypc BBICTABISIETCS C yYETOM DPE3yJIbTaTOB 3aIlIUTHl NMPAKTUYCCKUX 33aJaHUN B
COOTBETCTBUH C TAOJIUIICH KPUTEPUH OL[CHUBAHHSL.



