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AHHOTaNINA

Huctumummna «IIporpaMMupoBaHie MUKPOKOHTPOJIEPOBY» BXOIHUT B 00pa30BaTEIbHYIO
IporpaMMy BBICIIET0 00pa3oBaHUs — MPOrpamMMy CHElHaTUTETa MO0 HAMPABICHUIO MOITOTOBKH/
CIEUAIILHOCTH 13.05.02 «CnenuanbHble JIEKTPOMEXAHUYECKHE CUCTEMBI»
HANpPaBJICHHOCTH/CIICIMATN3AIMH « DJIEKTPOMEXaHUUECKHE CUCTEMbI CIICIUATbHBIX YCTPOWCTB U
uznenuity. Juctunimnna peanusyercs kadeapoit «Ne32».

JucuumnnuHa HauejaeHa Ha GOpMHUPOBAHKE Y BBITYCKHUKA CIEIYIOIINX KOMIIETCHIINN

I1IK-1 «CrocoOHOCTh MPUHUMATh Y4acTHE B MPOCKTUPOBAHUH SJICKTPOTEXHUYECKHX MU
JNEKTPOIHEPreTUUECKUX  YCTPOMCTB, CHEUUATbHBIX  JJCKTPOMEXaHUYECKUX CHCTEM B
COOTBETCTBUM C TEXHHUYECKUM 3a/laHUeM U HOPMATHUBHO-TEXHHYECKOH JOKyMEHTAIUEH,
coOrofas pa3IU4HbIe TEXHUYECKHE, YHEProd(hPeKTUBHBIE U IKOJIOTHYECKHEe TPEOOBAHUS

[IK-2 «CnocoOHOCTh ydYacTBOBAaTh B KOHCTPYHPOBAHUHM DJICKTPOTEXHHMUYECKUX U
INEKTPOIHEPreTUUECKUX YCTPOICTB, ClIEUATbHBIX AJEKTPOMEXAaHUYECKUX CUCTEM

[IK-4 «CnocoOHOCTh yd4acTBOBaThb B IUIAHWPOBAHHH, MOJTOTOBKE, BBIMOJHEHUH U
00paboTKe pe3yIbTaTOB HAyUYHO-UCCIIEI0BATEIBCKUX U OMBITHO-KOHCTPYKTOPCKUX paboT»

[IK-6 «CriocoOHOCTh MCIOIB30BaTh TEXHUYECKUE CPEICTBA IJIsi U3MEPEHUSI U KOHTPOJIS
OCHOBHBIX MTaPaMETPOB IJIEKTPOIHEPTETHUECKOTO U STEKTPOMEXAaHUUECKOTO 000y I0BAHUS

ConepxaHue TUCHMIUIMHBI OXBAaThIBAET KPYTI BOIPOCOB, CBSI3aHHBIX C HM3yYCHHEM
IOPUHIIMIIOB PAa0OTHl YCTPOWCTB W CHCTeM Ha 0a3e MHKPOIPOLIECCOPHOM TEXHHKH M HX
IPOTPaMMHUPOBAHHUSL.

[IpenogaBanne AMCHUIUIMHBI MpeAycMaTpuUBaeT ciexyrompe ¢GopMbl OpraHu3aluu
y4eOHOTO Tporecca: JEeKIHH, JJA00paTOpHbIE padOThI, CAMOCTOSITEIbHAS PaboTa 00yUarOIIerocs.

[IporpaMMoil IHUCHUIUIMHBI TPETYyCMOTPEHBbI CIEAYIOIUE BHUABI KOHTPOJS: TEKYIIMMA
KOHTPOJIb yCIIEBAEMOCTH, MPOMEXKYTOUHAS arTecTanus B popme auddepeHnnpoBaHHOrO 3a4eTa
(7 cemectp).

OO0mast TpyA0eMKOCTh OCBOSHUS AWCIMILIUHBI COCTaBIseT 3 3adeTHhIX eawHmibl, 108
YacoB.

SA3bIK 00yUYeHUS 110 AUCIHUIUIMHE KPYCCKUN»



1. IlepedeHb IIAaHUPYEMBIX PE3YJIBTATOB O0YUEHHS 110 JUCLUILIMHE

1.1. Ilenu npenoaaBaHusi JUCIUTUIMHBI

Lespto TUCHMIIIIMHEI ABJISETCS (GOPMUPOBAHUE y CTYACHTOB 3HAHUH, YMEHUI U HaBBIKOB
B 00JacTH IpOrpaMMHUPOBAHUS YCTPOMCTB M CHUCTEM Ha 0a3e MUKPOIIPOLECCOPHOM TEXHMKH,
paboTa ¢ BBICOKOYPOBHEBBIMHU SI3bIKAMM IPOIPAaMMMPOBAHUS, Pa3pabOTKU BEPXHErO YpPOBHS
yIPaBJICHUS CHCTEMaMH.

JlucuuiuinHa BXOAMT B COCTaB 4acTH, GOpMHUPYEMOW ydaCTHMKaMHM 0Opa30BaTENIbHBIX
OTHOILIEHHIA, 00pa3oBaTeNbHON MPOrpaMMBI BeIciero oopazosanus (nanee — OI1 BO).

1.2. TlepeueHb MIaHUPYEMBIX PE3yJITATOB O0yUEHUS 10 AUCLHUILUINHE, COOTHECEHHBIX C
IUTaHUpYEMbIMU pe3yibTatamu ocBoeHust OIT BO.

B pesynbrare M3ydeHus AUCLMILIMHBI 0OydYaroluiics AOKEH o0janaTh CielyHOIUMU
KOMIIETEHIIMSIMU WM WX YacTsAMH. KoMIeTeHIIMM 1 WHAMKATOPHI UX JOCTHKCHUS TPUBEICHBI B
Tabymue 1.

Tabmuua 1 — [lepeyeHp KOMIETEHIIMHA U HHAMKATOPOB MX JOCTHKCHHS

Kareropus (rpynna) | Konx u HaumeHoBaHue Konx 1 HanMeHOBaHME HHIMKATOpa
KOMIIETCHIIMH KOMIIETCHIIMH JOCTHKCHMS] KOMIIETEHIIUU

IIK-1 CriocobHOCTE
NPUHUMATD y4acCTHE B
HpOCKTI/IpOBaHI/II/I
AIIEKTPOTEXHUYCCKUX U
AIIEKTPOIHEPTETUICCKUX

YCTPOWCTB,

CIIELMAJIbHBIX [1K-1.Y.2 ymeeT npuMeHsATh COBpEMEHHbBIE

HJIEKTPOMEXAHUUECKUX IPOrpaMMHbIE KOMILIEKChI U CHUCTEMBbI
[TpodeccuonanpHblie | cUCTEM B COOTBETCTBUM C | aBTOMAaTU3UPOBAHHOT'O IPOEKTUPOBAHUS C
KOMIIETEeHIIUH TEXHUYECKUM 33JJaHUEM | Y4ETOM TpeOOBAHUIN MPOMBIIUIEHHOMH,

¥ HOPMaTUBHO- MIOYKapHOW U B3PBIBOOE30ITACHOCTH, OXPAaHbI

TEXHUYECKOH TpyAa

JIOKYMEHTALHEM,

co0uro1ast pa3anyHbIe

TEXHUYECKHE,

sHeprodhpekTUBHBIC U

HKOJIOTMUECKHE

TpeOoBaHUs

[1K-2 CiocobHOCTE

JaCTBOBAaTh B
y [1K-2.B.2 Bnameer HaBBIKAMH UCIIOJIB30BAHUSI
KOHCTPYHPOBAaHUU

CIICHHUAIIN3UPOBAHHLIX MMAKECTOB IMPUKJIIAIHBIX
QJICKTPOTCXHUYUCCKHUX U

[TpodeccnonanbHbIe KOMITBIOTEPHBIX ITPOTPamMM IS
AIEKTPOIHEPrETUUECKUX

KOMITETEeHIIUH CTDONCTE rpauuecKoro 0ToOpakeHus
yerp ’ MPUHIUITHAIBHBIX JIEKTPUYECKHX,
CHeHaTbHBIX
(YHKIMOHATIBHBIX U CTPYKTYPHBIX CXEM
AIIEKTPOMEXAHHUUECKUX
CHCTEM
[1K-4 CriocobHOCTB
y4acTBOBAaTh B
IIJIAHUPOBAHUH, IT1K-4.Y.1 ymeeT npuMeHATh
MOJITOTOBKE COOTBETCTBYIOIIEE TPOTPAMMHOE
[TpodeccronanbHbIe A ’ yrotiiee nporp
KOMITETEHILH BBITTOJIHEHUH U oOecrieueHue A 0OPMIICHUS PE3yIbTaTOB
00paboTKe pe3ysIbTaTOB | HAYYHO-HUCCIIEAOBATEIbCKUX M OMBITHO-
Hay4HO- KOHCTPYKTOPCKUX padoT
UCCIIEIOBATEILCKUX U
OTIBITHO-




KOHCTPYKTOPCKUX padoT

ITK-6 CrocoOHOCTE
HCIIOJIb30BaTh
TEXHUYECKHE CPEJICTBA
JUTSL U3MEPEHUS 1
[TpodeccrnoHanbHbIe | KOHTPOJIS OCHOBHBIX
KOMIIETEHIIUHA rapaMmeTpoB
AJIEKTPOIHEPTETUYCCKOTO
nu
IIEKTPOMEXAHUIECKOTO
000py1I0BaHUs

I1K-6.3.1 3HaeT 0COOEHHOCTH KCILTyaTallun
000pyI0BaHUS B HOPMAJIbHBIX, aBAPUHHBIX U
MOCJICaBapUIHBIX PEKUMAX

2. Mecro nucuurmHbl B cTpykType OI1

JucuumnimHaa MoxeT 6a3upoBaThCS HAa 3HAHUSX, paHee MPUOOPETEHHBIX 00yUYaIOIUMUCS
MIPU U3YUYCHUH CIICTYIOUIUX TUCIUILIINH:

— «Mudopmaruka»,

— «BrIcmasg MaTeMaTHKa»,

— «DPu3uKa»,

— «ANTOpUTMHU3ALMS U IPOTPAMMHUPOBAHUEY,

— «IIpombllieHHAs 3JIEKTPOHUKAY.

3HaHuUs, TOJYyYECHHBbIC NPU M3YyUYEHUU Marepuaia JaHHOW JAUCIHUIUIMHBI, HUMEIOT Kak
CaMOCTOSTEJIbHOE 3HAUYEHHE, TaK U UCIIOJIb3YIOTCS MPU U3YUYEHUHN APYTUX JUCUUILIIUH:

— «KOMIIBIOTEpHBIE CETH B AIEKTPOMEXAHUYECKUX CUCTEMAX»,

— «[IpoekTupoBaHre U KOHCTPYUPOBAHUE HIEKTPOMEXAHUUYECKUX CUCTEM CIELHAIBHOTO
Ha3HAUYCHUS»,

— «Texnuueckoe 0OCITYy)KMBAaHUE€ W PEMOHT CIEHUATBHBIX 3JIEKTPOMEXaHUUYECKHUX
CHUCTEM.

3. OO0BEM ¥ TPYIOEMKOCTh JTUCITUTUIAHBI

Jlannable 00 o0meM oO0beMe MUCIUIUIMHBI, TPYIOEMKOCTH OTACNIbHBIX BHJIOB y4eOHOM
paboThI TTO AUCIUIUIMHE (U pactpeiesieHne dTOM TPYJ0EMKOCTH IO CEMECTPaM) MPECTaBICHBI B
Tabaure 2.

Tabmuia 2 — O0beM U TPYJ0EMKOCTh JUCITUTIIIUHBI

TpynoeMKocTb 1o
Bup yuebHoit paboThl Bcero ceMecTpam
Ne7
1 2 3
Oowan mpyooemKocmep OUCUUNTIUHDL, 3/ 108 3/ 108
3E/ (uac)
H3 nux uacoe npaxmuueckoil n0020moeKu 17 17
Ayoumopnuie 3anamus, BCEro vac. 34 34
B TOM YHUCIIE:
nekiuu (JI), (dac) 17 17
npaktudyeckue/cemunapckue 3anstus  (113),
(dac)
naboparopusie padbotsl (JIP), (dac) 17 17
KypcoBoil mpoekT (pabdota) (KII, KP), (gac)
9K3aMeH, (Jac)
Camocmosamenvnas paboma, Bcero (dac) 74 74
Buo npomesxcymounoit ammecmayuu: 3auet, | dudd.
audd. 3auger, sx3amed (3auer, udd. 3au, Dk3.) 3ad. Hndo. sau.




4. ConpepxaHue JUCITUTUTHHBI
4.1. Pacnpezgenenue TpyA0€MKOCTH TUCHUIUIMHEI 110 pa3JeiaM U BUAAM 3aHATUMN.
Pazgenbl, TeMbI TUCITUTIIIMHBI M KX TPYJIOEMKOCTh ITPUBECHBI B Ta0IUIIE 3.

Tabmuua 3 — Pazfesnbl, TeMbl TUCIMILINHBI, UX TPYA0EMKOCTh

Paznensl, TeMbI JUCLMIIIAHBI

Jlekun
(gac)

I13 (C3)
(gac)

JIP
(gac)

KII/KP
(gac)

CP (gac)

Cemectp 7

Paznen 1. BBeneHue B MUKpOKOHTPOJLIEPHI.
Tewma 1.1. Yto Takoe MUKPOKOHTpOLIIEp?
Tema 1.2. OTIU4YMs MEKPOKOHTPOJIIEPOB OT
MUKPOIIPOLIECCOPOB.

Tewma 1.3. CpaBHeHHE MUKPOKOHTPOJIEPOB C
mukpornpoueccopamu u [IJIUC (FPGA).
Tema 1.4. O630p MONyJISIPHBIX APXUTEKTYP
MHUKPOKOHTPOJIIICPOB.

Tema 1.5. Knaccudukarust MUKPOKOHTPOJUICPOB
M0 Pa3psAHOCTH, IPOU3BOIUTEIHHOCTH U
00acTsIM IPUMEHEHHSL.

Paznen 2. 2 Apxurektypa MUKPOKOHTPOJLIIEPOB.
Tema 2.1. CTpykTypa MUKPOKOHTpOJLIEpA.
LenTpansusiii mporeccop (CPU). OneparuBHast
namstb (RAM). ITocrosisanast mamsts (Flash,
EEPROM). Ilepudepuiinbie ycrpoiictBa
(taiimepsr, ALITI/IJAIL, UART, SPL 12C u np.).
Tema 2.2. OcoGeHHOCTH TapBapACKOn U GOH-
HeitmanoBckoii apxutektyp (RISC vs CISC).
Tema 2.3. PaboTa ¢ peructpamu
MHUKPOKOHTPOJLIEPA.

Tema 2.4. Kongeiiepu3zanus U ONTUMHU3ALNS
BBITTOJIHEHUS] KOMaH/I.

Tema 2.5. [IpuMepbl HHCTPYKIUH TS Pa3TUIHBIX
APXUTEKTYDP.

Tema 2.6. TakTupoBaHue u cOpoc
MHUKPOKOHTpOJuIepa. I 'eHepaTopbl TAKTOBBIX
curHayioB. Cxemsl copoca (Reset).
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Paznen 3. 3 UHCTpYyMEHTHI pa3pabOTKH.

Tema 3.1. aTErpUpOBaHHBIE CPENIbl pa3pabOTKU
(IDE): Atmel Studio. Keil uVision,
STM32CubelDE, Arduino IDE, PlatformlO, u ap.
Tema 3.2. SI3bIkH IPOrPaMMUPOBAHUS [
MUKpOKOHTposutepoB: C/C++, Accembiep,
Python (manpumep, MicroPython) u np.

Tewma 3.3. OTi1aoYHBIC HHCTPYMEHTHI:
nporpammatopsl u otnaauuku (ISP, JTAG,
SWD), noruyeckue aHalIn3aTOPbl, BAPTYaIbHbIC
COM-nopThl, HACTPOIiKa MPOEKTOB U yIpPaBICHUE
3aBHCUMOCTSIMHU.

Tewma 3.4. bubauoreku u ¢ppeitmBopku: HAL
(Hardware Abstraction Layer), CMSIS (Cortex
Microcontroller Software Interface Standard),
RTOS (Real-Time Operating System) u ap.

Paznen 4. Hanncanue u oTiiagka nporpamm.
Tema 4.1. GPIO (General Purpose Input/Output):
HACTpOIKa BbIBOJOB KaK BXOJIOB HWJIU BBIXOJIOB,
yIpaBJIeHUE CBETOIMOJaMH, KHOTIKAMU U
JIPYTUMH BHEITHUMHU yCTPOHCTBAMHU.

Tema 4.2. TaiiMepbl U CYETYHKH: HCIIOJIH30BaHHE
TAaitMEpOB ISl CO3JIAHUS 3a/IEPIKEK, TeHEePAITHS
cUrHajoB ¢ ucnosib3zoBanueM HIUM (PWM —
Pulse Width Modulation) ans ynpaieHust
CEpBONPHUBOJIAMH U JABUTaTEIIIMHU.

Tema 4.3. IIpepbIBaHus: MEXaHNU3M PaOOTHI
IpepbIBaHUM, IPUOPUTETHI TPEPHIBAHUI,
peanuzanus 00paboTYNKOB NPEPHIBAHUM.

Tema 4.4. AnanoroBo-uuQpoBsie
npeobpazoBarenu (ALIT): HacTpoiika u
ucronb3oBanue AL, uTeHne aHaIOTOBBIX
CUTHAJIOB, IPUMEPHI UCTIOIb30BAHMS] TATYUKOB.

20

Paznen 5. Untepdelicel cBs3m.

Tema 5.1. UART (Universal Asynchronous
Receiver/Transmitter).

Tema 5.2. SPI (Serial Peripheral Interface).
Tema 5.3. 12C (Inter-Integrated Circuit).
Tema 5.4. IlapamnensHbie UHTEP(EHCH.
Tema 5.5. USB u nipyrue BBICOKOCKOPOCTHBIE
uHTEpPENchI.

Tema 5.6. CAN (Controller Area Network).

Tema 5.7. Ilpumeps! B3aMOJEHCTBHS C BHEITHUMU
yCTPOHCTBAMHU 4yepe3 HHTEP(EnCHI.

10




Paznen 6. DHeprospheKTUBHOCTH U
ONITHMH3ALHSL.

Tema 6.1. PexxuMbl sHEprocOepeKeHHs
MHKPOKOHTPOJIIICPOB.

Tema 6.2. YpaBjieHue TaKTOBON YaCTOTOM. 2 2 10
Tema 6.3. OnTuMuU3aIKs KOJaa U1 CHUKCHUSI
SHEPromnoTpeOICHHS.

Tema 6.4. IIpumepsl peanu3anuy aBTOHOMHBIX
YCTPOMCTB.

Paznen 7. IlporpamMupoBaHue peaabHOIO
BPEMCHH.

Tema 7.1. OcuoBsl RTOS (Real-Time Operating
System): FreeRTOS, Zephyr, Contiki.

Tema 7.2. Co3ganue 33124 U yrpaBlieHUE 2 4 10
pecypcami.

Tewma 7.3. CuHXpOoHM3aIUs 3a/1a4 ¥ paboTa ¢
ouepeIIMU.

Tema 7.4. IlpuoputeTsl 3a/1a4 U MIAHUPOBIIUKH.

Paznen 8. OTianka v TeCTUpOBaHUE.

Tewma 8.1. MeToabI OTIAAKN: TOYKHA OCTAaHOBA
(Breakpoints), morupoBanue JaHHBIX., aHAIH3
pabOoThI IPOrPaMMBbI ¢ TTIOMOIIBIO OTJIaIYHKA. 2 2 6

Tema 8.2. TectupoBaHue MPOrpaMMHOTO
o0Oecre4yeHus: IOHUT-TECTUPOBAHUE,
MHTErPalliOHHOE TECTHPOBAHHUE.

Paznen 9. CoBpeMeHHBIE TEXHOJIOTHU M TPEH/IBI.
Tema 9.1. Untepuer Bemeii (IoT):
nporpammupoBanue Wi-Fi u Bluetooth monyneit,
B3aMMOJICICTBHE ¢ 00JaUHBIMH CEPBUCAMH, 2 4
CEHCOPHbIE CUCTEMBI M COOp JaHHBIX.

Tema 9.2. be30macHOCTb BCTPOCHHBIX CUCTEM:
3aIMTa NPOIIKUBKH, U(POBAHNE JAHHBIX.

Hroro B cemectpe: 17 17 74

Hroro 17 0 17 0 74

IIpakThueckass IOATNOTOBKA 3aKIIOYAETCAd B  HEMOCPEICTBEHHOM  BBINIOJIHEHUU
oOydJalImUMHUCs  OINpENeJeHHbIX  TPYAOBBIX  (YyHKUMH,  CBSI3aHHBIX ¢ Oyn;yuiei
npodecCHOHATBHOMN 1S TETbHOCTBIO.

4.2. CopneprxaHue pa3/ieioB U TeM JICKIIMOHHBIX 3aHITHH.
ConeprxaHue pa3/ieloB U TeM JIEKLIMOHHBIX 3aHATHI MPUBEICHO B TabauIe 4.

Ta6J'II/II_Ia 4 — Coz[epxcaHHe Pa3acyioOB U TCM JICKIHMOHHOI'O MUKJIa

Howmep HaszBanue u congepxanue pa3iesioB U TEM JICKIIMOHHBIX 3aHATHI
pasznena
Pasznen 1. BBeneHne B MUKPOKOHTPOJIEPHI.
1 Tema 1.1. Uro Takoe mMukpokoHTposuiep? Jlekuus-6ecena. [ToHMMaTh OmpenencHue
MHKPOKOHTPOJUIEPA, €r0 HA3HAYEHUE U MECTO B BCTpOeHHBIX cuctemax. MK, BcTpoeHHas
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CHCTEMa, OJHOKPHCTAIbHAS CHCTEMa, TTepudepus.

Tema 1.2. OTiMuns MUKPOKOHTPOJUIEPOB OT MHKPOIPOIIECCOPOB. Jlekimsa-Oecena.
YMeTh aprymeHTHpoBaHHO BbeIOMpaTh Mexay MK u MII ans xoHKpeTHOW 3amayu
pPOOOTOTEXHUKH. WNHaTerpanus nepudepu, SHEPTonoTpeOICHHE, CTOMIMOCTb,
HPOU3BOIUTEIILHOCTb.

Tema 1.3. CpaBHeHHME MHMKPOKOHTPOJUIEPOB ¢ MuKpompoueccopamu u ITJIMC
(FPGA). Jlexumns-6ecena. AHaIu3MpoBaTh NPEMMYyNIECTBA M OTPAHHYCHMS Pa3HBIX
wiatgopM JuIs 3amad  peajbHOro BpeMeHHW. [lapamienusm, OeTepMHHU3M, THOKOCTB
KOH(pUTYypanuu, BpeMs pa3padoTKH.

Tema 1.4. O030p MOMYJSIPHBIX APXUTEKTYp MHUKPOKOHTPOJUIEPOB. Jlekums-Gecena.
3nath ocobennocty apxutektyp ARM Cortex-M, AVR, PIC, RISC-V u ux npuMeHIMOCTh
B poOororexHuke. Habop WHCTPYKIHMI, DKOCHCTEMa HMHCTPYMEHTOB, IOJJICPXKKA
COOOTIIECTBOM.

Tema 1.5. Knaccugukaiyss MUKpOKOHTPOJIJIEPOB MO Pa3psAIHOCTH,
MIPOU3BOIUTENHHOCTU U 00JIACTSIM NMpUMEHEeHHUs!. Jlekiusa-6ecena. KiaccuduimpopaTsb
MK 110 TeXHUYECKUM TapaMeTpaM U BBIOHPATh ONTUMAIBHOE PELICHHE [UIS 331a49H.
8/16/32-0uT, TakTOBas YaCTOTA, MAaMsITh, eprdepus, IeHa/KauecTBoO.

Pazgen 2. 2 ApxutekTypa MUKpPOKOHTPOJLIIEPOB.

Tema 2.1. Crtpykrypa wmukpokoHTposiepa. Llentpanpubiii mpomeccop (CPU).
OneparuBHas mnamiatb (RAM). Ilocrosunas mnamare (Flash, EEPROM).
[lepudepuiinbie yctpoiictBa (taitmeps:, ALII/LIAIL, UART, SPI, I2C u ap.).
Jlexumsa-6eceqa. lloHmmars (QyHKIMOHATBPHOE Ha3HaueHWe OmokoB MK w  mx
B3aumozeiictBue. IlluHa nmaHHBIX/afpeca, PETUCTPhl  CIICHUAIBHOTO  Ha3HAYCHUS,
0TOOpakKeHNE TTAMSITH.

Tema 2.2. Ocobennoctu rapBapiackoit u ¢pon-neriManoBckoil apxutektyp (RISC vs
CISC). Jlexuus-6ecena. OOBACHAT BIMSHHE APXUTEKTYPhI Ha MPOHU3BOAMTENLHOCTH M
a¢ddexkTuBHOCTh KOAa. PasznmeneHve mmH, KOHBeWep, HAOOp WHCTPYKIUH, MpeacKa3aHue
HePex0I0B.

Tema 2.3. PabGora c peructpamm MUKPOKOHTpoJuiepa. Jlekuus-Gecena. Ymerhb
KOH(HTYpHPOBaTh MepUdepuio uepes npsmyro paboTy ¢ peructpamu. butoBbie onepanu,
MAacKH, aTOMapHOCTb, BOJATHIIbHBIC TIEPEMEHHBIC.

Tema 2.4. KonBeiiepuzanus 1 ONTUMHU3AIMS BBHIIOTHEHUS KOMaH/. Jlekums-6ecena.
[loHnMaTh MPUHIMIB KOHBEWEPHOH 00pabOTKM M MPUMEHSATH ONTHMHU3AIUK HA YPOBHE
koja. KonBeliepHbie ctanuu, my3bIpbKH, TIpeaBbiOopka, branch prediction.

Tema 2.5. Ilpumepsl WHCTPYKIHMHA A Pa3iMYHBIX apXUTEKTYp. Jlekuus-Gecena.
YutaTh ¥ HHTEPIPETHPOBATH acCeMOJEPHBI KOJ Uil OTJIAAKA M ONTHMHU3ALIUH.
MHEMOHHKH, PEXXKUMBI aJipecalluy, (Gpaaru cocTosiHUS, CTEK.

Tema 2.6. TakTupoBaHue u cOPOC MUKPOKOHTPOIIIEPA. | eHepaTOpbl TAKTOBBIX
cur"HasioB. Cxemsl copoca (Reset). Jlekuusi-6ecena. Hacrpausath cucremy

TaKTUPOBAHUSA U 00ecTeunBaTh HAAEKHBIH COPOC CUCTEMBI.

Pazgen 3. 3 UncTpymeHTHI pa3paboTKH.

Tema 3.1. UnuterpupoBanubie cpeabl paszpadotku (IDE): Atmel Studio. Keil
uVision, STM32CubelDE, Arduino IDE, PlatformlO, u np. Jlekuus-Gecena.
Db dextuBHo ucnons3oBath coBpemeHHble IDE s paspadorku mox MK. Ilpoektnas
MOZCIIb, KOMITWJIALWA, TUHKOBKA, IIJIArMHbI, YIIPAaBJIICHUC KOHq)I/IpraL[I/IHMI/I.

Tema 3.2. SI3bIkM mpOrpaMMHUpPOBAaHUS [UIi MHKpPOKOHTposuiepoB: C/C++,
AccemOnep, Python (marmpumep, MicroPython) u np. Jlekuusi-6ecena. Boioupars s3Ik




NPOrPaMMHUPOBAHMSI B 3aBUCHMOCTH OT TPEOOBaHMH 3a/aud. YTpaBJICHHE IaMSTHIO,
JCTEPMUHU3M, a0CTPAKIIHS, HHTEPIPETALHUS VS KOMITAIISILIHSL.

Tema 3.3. OTnagouHble HHCTPYMEHTHI: TiporpamMMaTopsl u omnaguuku (ISP, JTAG,
SWD), mnoruueckue aHanum3zatopbl, BHpTyaibHble COM-moOpTHl, HACTpoOIiKa
MIPOEKTOB U YIPABJICHUE 3aBUCUMOCTIMU. Jlekuus-Oecena. [IpuMeHsATh anmapaTHbie U
MporpaMMHBIE CpPEICTBA OTMaAKHM i auarHoctuku cuctem. JTAG/SWD, breakpoints,
watchpoints, trace, orupoBanue, BUPTyaabHbIC TIOPTHI.

Tema 3.4. bubnuoreku u ppeitmBopku: HAL (Hardware Abstraction Layer),
CMSIS (Cortex Microcontroller Software Interface Standard), RTOS (Real-Time
Operating System) u ap. Jlekuus-6ecena. Ucnonb3o0Bath abCTPaKIUU 171 yCKOPEHHUSI
pa3paboTku 0e3 moTepu KOHTPOIIA HaJ pecypcaMu. AOCTpakiust 000pyaoBaHUS,
MEePEHOCUMOCTb, OBEpXell, KOHGUrypanus uepe3 KoHPUr-anmo.

Paznen 4. Hanucanue u oTi1ajika mporpaMmm.

Tema 4.1. GPIO (General Purpose Input/Output): mHacTpoiika BEIBOJOB KaK BXOJOB
WIM BBIXOJIOB, YIMPABJICHHE CBETOAMOJAMH, KHOMKAMH M JAPYTUMHU BHEUIHHUMH
YCTPOMCTBAMM. Jlexmus-6ecena. KoppekrtHo KOH(UTYPHPOBATH ¢ poBkIe
BXOJIbI/BBIXO/IBI [UTSl B3aUMOJICHCTBHUS ¢ iepudepueii podota. Pull-up/pull-down, debounce,
open-drain, TOKOBBIE OTpaHUYECHUS.

Tema 4.2. TaiiMepbl W CUETYHMKH: HWCIIOJB30BAHUE TAWMEPOB JUIS CO3IAHHS
3aJIepKEK, TeHepalusi CUTHAIOB ¢ ucnoib3oBanueM LM (PWM — Pulse Width
Modulation) mist ympaBieHHs CEpBONPUBONAMH M JIBUTATEISIMU. Jlekuus-Gecena.
reHepI/IpOBaTb TOYHBIC BPEMCHHBIC MHTCPBAJIbI U YIPABJIAIOIINE CUTHAJbI JJ1d IIPHUBOIOB.
Prescaler, auto-reload, PWM resolution, capture/compare, input capture.

Tema 4.3. IlpepsiBanusi: MexaHu3M pabOThl HpPEpPBIBAHUM, MPHUOPUTETHI
IpepelBaHuil,  peanuzanus  oOpaOOTUMKOB  mpepbiBaHUU.  Jlekums-Gecena.
Peanm3oBriBaTh peakTHBHOE TOBEJEHHE PoOOTa 4Yepe3 MEXaHHW3M IpephiBaHui. BexTop
MpepbIBaHHM, IPHOPUTETHI, BIIO)KEHHOCTh, KPUTHUECKHE CeKIHH, latency .

Tema 4.4. AnanoroBo-uudpossie npeodpaszosarenu (ALII): HacTpoiika u
ucnons3zoBanue AllIl, uTeHrne aHaIOTOBBIX CUTHAIOB, IPUMEPHI UCTIOIB30BAHUS
JaTYUKOB. .HQKI_[I/IX-6GC€IL8.. KOppeKTHO OI_II/I(I)pOBLIBaTB AaHaJIOTOBbIC CUT'HAJIbI JAaTYUKOB
JUISL HaBUTAIMK PoOoTa. Pa3psaHOCTh, 4acTOTa JUCKPETU3ALNH, peepPEHCHOE
HaIpsDKEHUE, 1IyM, YCPEIHEHHUE.

Paznen 5. UnTepdeiicer cBs3m.

Tema 5.1. UART (Universal Asynchronous Receiver/Transmitter). Jlekuus-Gecena.
Opranuzanus Haa&KHOTO MOCIIeI0BaTeIbHOro ooMena nanubivu ¢ [1IK/Moxynem. Bonosast
CKOPOCTb, CTapT/CTON-OUTHI, TapuTeT, Oydepusamusi.

Tema 5.2. SPI (Serial Peripheral Interface). Jlexuus-6ecema. Ilomxmrouenue
BbICOKOCKOpOcTHO# nepudepun. Master/Slave, CPOL/CPHA, nonnonymiekc, CS.

Tema 5.3. 12C (Inter-Integrated Circuit). Jleknusa-6ecena. [oakmodenne MHOKeCTBaA
ycTpoHcTB no AByxnpoBoguoi mune. Anpecanns, ACK/NACK, clock stretching, pull-up.
Tema 5.4. IlapamnensHbie uHTepdelichl. Jlekuus-Oecena. PaGora ¢ ycrpoiicTBamu,
TpeOYIOIMMUMH BBICOKOW TMPOMYyCKHOW crmocobnocTu. IllmHa maHHBIX, CTPOOHWpOBAHWE,
TaliMUHTH.

Tema 5.5. USB u papyrue BBICOKOCKOPOCTHBIE HWHTEpGeENcHl. Jlekimsa-Oecena.
Endpoint, descriptor, CDC/HID/MSC knaccsl.

Tema 5.6. CAN (Controller Area Network). Jlekuus-6ecena. Wnentuduraropsi,
apoutpax, CRC, error frames.
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Tema 5.7. IlpuMeps! B3aMMOJENCTBYS C BHELTHUMH YCTPOHCTBAMU Y€pe3
uHTepdeichl. Jlekuus-6ecena. MybTUILIEKCUPOBAHKE, TIPUOPUTETHI, OY(Pepbl, MOTOKH.

Paznen 6. DHeprodpPpeKTUBHOCTD U ONITUMHU3AIIHS.

Tema 6.1. Pexxumbl 3HeprocOepexeHuss MHUKPOKOHTPOJUICPOB. Jlekimsa-Oecena.
ITpuMeHSITh PEKUMBI CHA TS TIPOJIICHUS aBTOHOMHOM paboTsl. Sleep/Stop/Standby, wake-
up sources, leakage current, retention.

Tema 6.2. YmpaBieHue TakTOBOW 4acTOTOW. Jlekuums-Oecema. YMeTh JUHAMHYECKA
Macmtabuposats yactory. DVFS (Dynamic Voltage and Frequency Scaling), idle tasks,
clock gating.

Tema 6.3. OnTuMu3anuUs KoAa sl CHUKCHHS dHEpronoTpedieHus. Jlekuus-6ecena.
VYmeth mucath dHEprodGdexTuBHBIN Kox 0e3 moTepu (GyHKIHOHATBHOCTH. Busy-wait vs
interrupt, ONTUMHU3ALKS [IUKJIOB, OTKIFOYCHHE HEUCIIONb3yeMOi epudepuu.

Tewma 6.4. IIpumepbl peasii3aiiui aBTOHOMHBIX YCTPOMCTB. Jlekuus-Oecena. YMeTh
MPOEKTUPOBATH CUCTEMBI ¢ YUETOM Oananca "(yHKIHOHATLHOCTh <> aBTOHOMHOCTB".
Energy budgeting, duty cycle, harvesting, cynepBuzop muTanmus.

Paznen 7. [IporpamMupoBaHue pearbHOTO BPEMEHU.

Tema 7.1. OcuoBet RTOS (Real-Time Operating System): FreeRTOS, Zephyr,
Contiki. Jlekuus-6ecena. Bribupats u HacTpauBath RTOS. 3amaun, miaHHpOBIIUK, TUKH, heap,
koHpuryparms uepe3 FreeRTOSConfig.h.

Tema 7.2. Co3nmanue 3amad W yIpaBJIeHHE pecypcamu. Jlekuus-Oecena. Ymers
KOPPEKTHO pa3JeiiaTh PECypchl MEKIy 3allayaMu 0€3 TOHOK U B3aUMOOJIOKHPOBOK.
KpuTnuaeckue cexium, MbIOTEKCHI, ceMadopbl, TIPUOPUTETHEIE HHBEPCHH.

Tema 7.3. CunxpoHM3aius 3ama4 U padbora ¢ odepedsMmu. Jleknusa-Oecena. YMeETh
OpraHu30BbIBATH O6MCH JaHHBIMH MEKAY 3aJadaMi 4Cpe3 OUCPpean U CO6I)ITI/ISI.

Tewma 7.4. IlpuopuTeThl 33/1a4 U TUIAHUPOBIIUKH. Jlekiusa-6ecena. YMeETh HACTpAUBaTh
MIPUOPUTETHI JIA O6CCHC‘ICHI/ISI ACTCPMUHUPOBAHHOI'O OTKJIMKA KPUTUYCCKUX 3aaad.

Pa3nen 8. Otnaaka u TecTupoBaHuE.

Tema 8.1. Meronsl ommankum: TOYkHM octaHoBa (Breakpoints), sormpoBanwme
JaHHBIX., aHAJIW3 pabOThl MPOrpaMMbI C TIOMOIIBIO OTIaa4YuKa. Jlekuums-Gecena.
CHUCTEeMHO TMOIXOMUTh K MOUCKY W YCTpaHEHHI0 OmHOOK B mpoekrax. Breakpoints,
watchpoints, ITM-noruposanue, core dump, stack overflow detection.

Tema 8.2. TectupoBaHue MPOrpaMMHOT0 OOECTIEUeHUs: FOHUT-TECTUPOBAHHE,
WHTETPAlMOHHOE TECTUPOBaHUE. Jlekuus-Oecena. YMeTs BHEPSThH MPAKTHKH
TCCTUPOBAHUA JIA MMOBBIMICHU A Haﬂé)KHOCTI/I KOJa.

Pazgen 9. CoBpeMeHHbIE TEXHOJIOTUU U TPEHIBI.

Tema 9.1. Unrepner Bemeit (IoT): mporpammupoanue Wi-Fi u Bluetooth
MOJyJieH, B3aUMOJIEHCTBHE C OOJaYHBIMU CEPBUCAMHU, CEHCOPHBIE CUCTEMBI U COOP
MaHHBIX. Jlekuusa-Oecena. YMeTh HWHTErpupoBath pobotra B skocucremy loT s
YIOAnEHHOTO YIPABICHUA U MOHUTOPUHTA.

Tema 9.2. be3onacHOCTh BCTPOEHHBIX CHCTEM: 3alllMTa MPOIIUBKH, MU(PPOBAHUE
JNaHHbIX. Jlekmms-Oeceqa. YMETh 3alTUIIATh MPOIIUBKY U JaHHBIE poOOTa OT
HCCAHKIIMOHUPOBAHHOTO JOCTYIIa U aTakK

4.3.

[TpakTHueckue (CEMUHAPCKUE) 3aHATUS

Tembl mpakTUUECKUX 3aHATHI U UX TPYJIOEMKOCTh IPUBEIEHBI B TAOIHILIE 5.

Tabnuua 5 —

HpaKTI/ILICCKI/IC 3aHATUS U UX TPYAOCMKOCTDb
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N3 aux Ne
Ne | Tewmsl npaktudyeckux | @opmel npakTUdeckux | TpyroeMKOCTb, |IIPAaKTHUYECKOM |pasnena
/1 3aHATHI 3aHATHI (uac) MOATrOTOBKH, | JACLIUI
("ac) JIUHBI
VY4eOHBIM MJITaHOM HE MPEAYCMOTPEHO
|
Bcero
4.4, JlabopaTopHBbIEC 3aHATHS
Tembl 1a00paTOPHBIX 3aHATHIA U UX TPYTOEMKOCTb IPUBECHBI B TaOIHIIE 6.
Tabmuna 6 — JlaboparopHble 3aHSITHS U UX TPYJI0OEMKOCTh
N3 Hux Ne
Ne Haumenosanue 1abopatopHbIx paboT TpyOEMKOCT®, | PAKTHUECKOH | pasjeiia
/1 (uac) MOJATOTOBKH, | JUCIIHII
(dac) JINHBI
Cemectp 7
1 | JIP 1 «YmpaBieHue OJTHUM U TPYIIIOH 2 2 1-9
CBETOJIMOJIOBY
2 | JIP 2 «YmpaBneH#ue OTHUM U TPYIION 2 2 1-9
CEPBOIPHUBOIOBY
3 | JIP 3 «YmpaBneHue oTHUM U TPYIION 2 2 1-9
IIarOBBIX JIBUTaTeJICH
4 | JIP 4 «Yupasinenue nu(ppoBbIM CETMEHTHBIM 2 2 1-9
WHIUKATOPOM»
5 | JIP 5 «IlogkimtoueHue v morydyeHue 2 2 1-9
nH(OPMALIUU C TaTYHKOB, OTOOpaKEHUE
nHGOpMAIMY HA JUCIIIIEE)
6 | JIP 6 «PaGora ¢ maccuBaMu TaHHBIX. 2 2 1-9
[Toaxmrouenue u ynpapiieHne MeMOpaHHOM
KJIABUATYPbD»
7 | JIP 7 «Pabota ¢ ananorossim u [IIIUM 2 2 1-9
MIOPTOM MHKPOKOHTPOJLIEPA»
8 | JIP 8 «Co3manne mporpaMMbl yIIpaBICHUS 3 3 1-9
YMHOU TEIUIULIEN»
Bceero 17 17

4.5. BeInonHeHne KypcoBOro NpoeKkTa/ KypcoBoi paboThl

VY4eOHBIM MJIaHOM HE MPEayCMOTPEHO

4.6. CamocrosTenbHas paboTa 00yJaroIIIXcs
Bunbl caMmocTosiTenbHON paboTHI U €€ TPYJA0EMKOCTh IPUBEIEHBI B Ta0uIIe 7.
Tabmmma 7 — Buasl caMOCTOSITENNbHOM paOOTHI M €€ TPYA0EMKOCTh

. Bcero, | Cemectp 7,
Bun camocrositensHO# paboTh
qac qac
1 2 3
N3yueHne TeopeTuyecKoro Marepuaia 56 56

qucturiaabl (TO)

KypcoBoe npoextuposanue (KII, KP)

PacuetHo-rpaduueckue 3ananus (PI3)

Brinonnenue pedepara (P)
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[ToaroroBka K TEKyiemy KOHTPOIIIO 10 10
ycneBaemoctu (TKY)
Homamnee 3aganue ([13)
KonTtposbabIe paboThl 3a09HuKOB (KP3)
IToaroroBka K MpOMeEXyTOYHOMU 8 8
arrectaruu (I1A)

Bcero: 74 74

5. IlepedyeHnb yueOHO-METOUYECKOTO 00ECTICUCHUS
JUISL CAMOCTOSITENIbHON PabOoThI 00yUYaIOMKXCS [0 JUCHUIUTHHE (MOJTYJIIIO)
Y4eOHO-METOIUYEeCKUE MaTepHalbl Ui CaMOCTOSITEIIbHONH Pa0OThl OOYYAIOUIMXCSl yKa3aHbl B
IL.11. pa3aenoB 6-11.

6. IlepeueHb MEYaTHBIX U ANEKTPOHHBIX YUEOHBIX W3aHUN

[lepeueHp mevaTHBIX U SJIEKTPOHHBIX YUEOHBIX U3/IaHUIN IIpUBeieH B Tabmule 8.
Tabmuua 8— [lepeyeHp MevyaTHBIX U JIEKTPOHHBIX YUEOHBIX H3TaHUI

Komiuectso
SK3EMILIIPOB B
Ulg_ll_ﬂj))lr;)/ec bubnuorpadudaeckas ccpuika 6H(6KH;)(;::KC
AJEKTPOHHBIX
HK3EMILISIPOB)
URL: Marromus, A.O. [IporpammupoBanue
https://znanium.c | MuUKpokoHTpoJuIepoB: cTparerus W Taktuka / A.O.

om/catalog/produ
/1027531

Martomus. - Mocksa : JIMK Ilpecc, 2017. - 356 c. -
ISBN 978-5-97060-098-6.

URL:
https://znanium.c
om/catalog/produ

ct/470093

bopucesnu, A. B. Jlabopatopnas pabGota No2.
[IporpammupoBanue LCD, ALIIT u 1-Wire 8 CodeVision
U Proteus TS MHKPOKOHTPOJLIEPOB AVR
[DnexTponnsblit pecypc] / A. B. bopucesuu. - Mocksa :
Wudpa-M, 2014. - 19 c.

URL:
https://znanium.c
om/catalog/produ

[IpakTHyeckoe pPYKOBOJCTBO IO MPOrpaMMUPOBAHUIO
STM-mukpokoHTposuepoB : yuebnoe mocoome / C. H.
Topraes, M. B. Tpury6, HU. C. Mycopos, H. C.

/701847 UYepruxuna. - Tomck : M3g-Bo Tomckoro mnomurex.
yHuBepcurera, 2015. - 111 c.
URL: [Ipenko, M. PIC-MHUKPOKOHTpOJIIEPHI: apXUTEKTypa H

https://znanium.c
om/catalog/produ
ct/2103606

mporpaMMupoBanue : cnpaBouHuk / M. [Ipeako ; mep. ¢
aarn. 1O. B. Mumenko. - 2-e m3a. - Mocksa : JIMK
ITpecc, 2023. - 513 c. - ISBN 978-5-89818-370-7.

URL:
https://znanium.r
u/catalog/product

Ab6nszoB, P. 3. [IporpammupoBanue Ha acceMOiepe Ha
mnathopme x86-64 / AbmazoB P.3. - Mocksa :JIMK
IIpecc, 2011. - 304 c.: ISBN 978-5-94074-676-8.

/409290
URL: JIucuumu, [JI. B. IlporpamMmmmpoBaHume Ha S3BIKE
https://znanium.c | accembrnepa : ydeOHoe mocobue / JI. B. Jlucumms. -

om/catalog/produ
/1866916

Horocubupck : M3a-so HI'TY, 2018. - 100 c. - ISBN
978-5-7782-3679-0.

URL:
https://znanium.r
u/catalog/product

HNBanoB, B. H. IlporpamMmupoBaHne JOTHYECKHX
KOHTpOJIIepoB : yuebHoe mocobue / B. H. VBanos. -
Mocksa : COJIOH-TTPECC, 2023. - 356 c. - ISBN 978-
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/2185847 | 5-91359-404-4. |

7. IlepedeHb 31EKTPOHHBIX 00Pa30BaTENbHBIX PECYPCOB
UH(POPMALIMOHHO-TEIEKOMMYHUKAIIMOHHOU ceTn «IHTepHeT»

Ilepeuens AIIEKTPOHHBIX 00pa3oBaTeIbHbIX pecypcoB UH(pOpPMaLMOHHO-
TEJIEKOMMYHUKAaLIMOHHON cetu «VHTepHeT», HEOOXOAUMBIX JJii OCBOCHHUS JIUCLUIUIMHBI
npuBe/ieH B Tadsmie 9.

Tabmuua 9 — IlepedyeHb 3IEKTPOHHBIX OOpa30BaTEIbHBIX PECYPCOB HH(POPMALMOHHO-
TEJIEKOMMYHUKAaMOHHOM ceTH «HTepHET»

URL anpec HaumenoBanue

https://pro.guap.ru/ DJIeMEHTBI 3JIEKTPOHHOI0 Kypca M0 JUCIUIUIMHE pa3MeIleHbl BHYTPH
OUOC I'VAII «MuTerpupoBanHas cpeaa 00ydeHUs»

8. IlepeueHp MHPOPMALIMOHHBIX TEXHOJIOTUI
8.1. [lepeyenp mporpaMMHOr0 0OECHeUeHUs, HCIOJIb3yEeMOTO MpPH OCYLIECTBICHUU
00pa30BaTeNILHOTO MpoLecca MO AUCLUIIUHE.
[lepedeHp UCTIONB3yEMOTr0 IPOTPaMMHOTO obecnieueHus npeacrasieH B Tadumuie 10.

Tabmuna 10— [lepeuens nporpaMMHOro obecredeHust

Ne /i HaumenoBanue

1 DnexTpoHHas HHGopMaMoHHO-00pa3oBarenbHas cpeaa ['Y AIl «uTerpupoBannas
cpena ooyuenus» (https:/pro.guap.ru/) pazpaborana corpyaaukamu 'Y AIT
(BBeZeHa B aKcIuTyatanuio npukasom I'YAIT ot 06.06.2017 Ne 05-215/17),
nepeueHb MOTyJIeH U UX (QYHKIIMOHATHHOE HA3HAYCHHUE U3JI0KEHBI 110 CCBHUTKE
https://guap.ru/it/system/iso

2 OdunmanbHbIi caliT 00pa3oBaTeNbHON oprann3anuu B cetd « MHTepHeT
(https://quap.ru/), paspabotan corpyanukamu ['YAII (BBeeH B 3KCIUTyaTaIHIO
[Mpukazom ['VAIT ot 23.03.2023 Ne 05-145/23)

3 Microsoft Office 2019 (zoroeop I'Y AIl, uHbOpMAaLKs O JUIECH3UH TPEICTABICHA
o ceeutke https://guap.ru/it/system/iso/po)

8.2. IlepeucHb MH()OPMAITMOHHO-CITPABOYHBIX CUCTEM,HCIT0JIb3yEMBIX npu
OCYIIECTBIIEHUU 00Pa30BaTEIHLHOTO MPoIiecca Mo AUCIUILTUHE

[lepeuens WCTHONB3yeMBIX HH(POPMAIIMOHHO-CIIPABOYHBIX CHCTEM IIPEICTABICH B
Tabmmite 11.

Tabauna 11— Ilepeuenb MHGOPMAIITMOHHO-CIIPABOYHBIX CUCTEM

Ne i/ HanmenoBanue

1 OnexTpoHHbI Katajor Oubnuoreku ['YAIl ¢ poctymom k 6a3e MOTHOTEKCTOBBIX
uznanmii (https:/lib.guap.ru.), nocTyn 4epe3 JUYHBIA KaOMHET 4uTaTeNsi OMOIHOTEKU
I'YAII

2 Hayunas snextponnas oubmuoreka «eLIBRARY» (https://elibrary.ru/), nocryn gepes
TUYHBIN KabuHeT yntarens oubmuotrexu 'Y AIL a taxke o IP -anpecam ['VAIL

3 OBbC «Jlamb» (https://e.lanbook.com/), moctynm wepe3 nu4HBIA KaOWHET YHTATENS
oubmmorexku ['YAIL a taxoke mo IP -anpecam I'VAIIL

4 OBC Znanium (https://znanium.ru/), noctym d4epe3 JHYHBIA KaOWMHET YHTATENS
oubmmotexu I'Y Al a Takxe no IP -agpecam 'Y AII
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9. MarepuanbHO-TeXHUYECKas 0a3a
CoctaB  MaTepUaIbHO-TEXHUYECKOH 0a3bl, HEOOXOIUMOW Ui  OCYIIECTBICHUS
00pa3oBaTeNLHOTO MpoIiecca 10 AUCIUILTNHE, TPeCTaBiIcH B Tabiuiel 2.

Tabmuua 12 — CoctaB MaTepuaIbHO-TEXHHUYECKON 0a3bl

No HanmenoBanue coctaBHOM 4acTu Howmep ayautopuun
n/n MaTepHaTbHO-TEXHUUECKOU 0a3bl (pu HEOOXOMMOCTH)
1 | MynapTuMenuiiHas JEKIMOHHAS ay IUTOPUS: 21-21 (yn. bonpias

Crnenuanu3upoBaHHas MeOelb; TEXHUYECKHUE CPeACTBA Mopckas, 1.67, mut. A)

o0ydeHus1, CITy>Kallue s IPeICTaBICHUs yIeOHOU
nH(popManuu OOJIBIION ayTuTOpHUn; HAOOP
JEeMOHCTPAMOHHOTO 000opyaoBanus (MHTepakTHBHBIHI
MYJIbTUCEHCOPHBIN AUCIUICH Ha MepEeKaTHOM CTOMKE
FocusTouch Jluaronans 70" — 1 mr., [I9BM — 1 mr.);
ObecrieyeH TOCTYH B 3JIEKTPOHHYIO HH(GOPMAIMOHHO-
obpazoBarenbuyto cpeny ['YAII o nmokanpHON
BBIYMCIIMTEIILHON CETH WK To4Ke goctyna WiFi.

2 | Jlaboparopusi KOMITBIOTEPHOTO MOJCITUPOBAHUS 31-04 (yn. bonbras
— CHenuanu3upoBaHHas MeOeb; Mopckas, 1.67, mut. A)
— TEXHWYECKHE CpeIcTBa  OOyYCHHs, CIOyXKalme U
npenacraBieHust yueOHoi wundopmanuu; [IOBM - Jlucreit
unTepakTuBHbld HTC- 1 m.

Jlaboparopunoe ob6opynosanue: [I9BM — «Mecto pabouee
aBTOMAaTH3MPOBaHHOE» — 18 mIT.

ObecrieyeH TOCTYH B 3JIEKTPOHHYIO HH(GOPMAIMOHHO-
obpazoBarenbHyto cpeny ['YAII o mokanpHON
BBIYMCIIMTEIILHON CETH WK To4Ke goctyna WiFi.

10. OueHouHbIe cpeACTBA ISl MPOBEICHUS TPOMEKYTOUHOM aTTeCTAINH
10.1. CocTaB OIICHOYHBIX CPEICTB/JIS TPOBEACHUS TPOMEKYTOYHONH aTTeCTAIluU
oOydaromuxcs Mo AUCHUIUINHE IPUBEAeH B Tabnuie 13.
Tabmuna 13 — CocTaB OIEHOYHBIX CPEJCTB JIJIsl POBEACHHUSI POMEKYTOTHON aTTeCTaIlUN

By npoMeXyTOYHOM aTTecTalyu [lepeueHb OLICHOYHBIX CPENICTB
JuddepeHnpoBaHHbIN 3a4ET Crmcox sonpocos;
p p TecTsl.

10.2. B kayecTBe KpuUTEpUEB OIEHKH YPOBHA C(HOPMUPOBAHHOCTH (OCBOEHUS)
KOMITETEHIINI OOYyYalONMMHCS TPUMEHSETCST S-0ajuibHasi MIKajla ONEeHKH C(HOPMHUPOBAHHOCTU
KOMIIETEHIINH, KoTopasi mpuBejeHa B Tabuune 14. B TeueHne cemecTpa MOXKET UCIOIb30BaThCs
100-6annpHast ~ mKajma ~ MOXIYJILHO-PEUTHHTOBOW  CHCTEMBI ~ YHUBEPCUTETa,  IpaBHIA
UCIIOJIb30BaHUSI KOTOPOW, YCTAaHOBJIEHBl COOTBETCTBYIOIIUM JIOKAJIbHBIM HOPMATUBHBIM aKTOM
['YAIL
Tabmuua 14 —Kpurepuu oLieHKH YPOBHSI CPOPMHUPOBAHHOCTH KOMIETSHIIUI

Or1reHKa KOMITETEHITUHN

Xapaxreprctuka chOpPMUPOBAHHBIX KOMITETEHIINIA
5-0aiubHas mKana P P (popmpo

OOyyarommiics:

— rIy6OKO M BCECTOPOHHE YCBOMJI IIPOrPAMMHbIN MaTepual;
«OTIIHTHO» — YBEPEHHO, JIOTHYHO, TIOCIEI0BATENBHO U IPAMOTHO €T0 H3/IaraeT;
«3aUTEHO»

— ONMPAsCh HAa 3HAHWS OCHOBHOM W JIONOJIHUTEIBHON JIMTEpaTypHl,
TECHO CBS3bIBACT YCBOCHHBIE HAy4YHBIC IIOJIOKEHHS C IIPAKTUYECKOU
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Or11eHKa KOMITETEHITUH

5-0ayubHas mKana

XapakTeprcTrka c(hopMUPOBAHHBIX KOMITCTCHITHIA

JeATEILHOCTHIO HAIIPaBJICHUS;

— yMeJi0 00OCHOBBIBAET U apTyMEHTUPYET BbIJIBUTAEMbIE UM HUJICU;
— JIeJaeT BBIBOJIBI U 0000IIEHHMS;

— CBOOOJTHO BJIQJICET CUCTEMOM CIEIUATU3UPOBAHHBIX MIOHATHM.

— npaBWIbHO BBIMOIHWI OT 90% 10 100% TecToBBIX 3ajaHui .

«XOpoHIo»
(GauTCHO»

OO0yuaromuiics:

— TBEPJI0 YCBOWJI MMPOTPAMMHBIN MaTepUal, TPAMOTHO H IO CYIIECTBY
M3JIaraeT ero, ONupasiCh Ha 3HAHUS OCHOBHOU JIUTEPATYPHI,

— HE JIOMYCKAeT CYIMECTBEHHBIX HETOYHOCTEH;

— YBSI3bIBACT YCBOCHHBIC 3HAHUS C TPAKTHYCCKON JIEATEIBHOCTHIO
HaIpaBJICHUS;

— apTYMEHTUPYET Hay4YHbIC TIOJIOKEHUS;

— JIeJIaeT BBIBOIBI M 000OIIECHHUS;

— BJIQJICET CUCTEMOMU CIIelINaTN3uPOBAHHBIX TTOHSTUH.

— IIPABIILHO BBIIOIHII 0T 70% 10 89% TECTOBBIX 3aJaHUI .

«Y/IOBJICTBOPUTEITLHO»
«3AYTCHO»

— o0yyarouuiicss yCBOMJI TOJbKO OCHOBHOW IPOrpaMMHBIN MaTepual,
[0 CYUIECTBY HM3JIaraeT €ro, ONHpasch Ha 3HAHUSA TOJBKO OCHOBHOM
JIUTEpaTyphl;

— JIONYCKAeT HEeCYIIECTBEHHBIE OMOKHA U HETOYHOCTH;

— UCTIBITHIBACT 3aTPYAHEHUSI B MPAKTUYECKOM NPUMEHEHUW 3HAHUN
HarnpaBJICHUS,

— cnabo apryMeHTUPYET HayYHBIE MOJIOKEHNUS,

— 3aTpyAHSETCS B OPMYIMPOBAHUU BBIBOJOB U 0000IIEHUN;

— YaCTUYHO BJIAJICET CUCTEMOM CIIELIMATTM3UPOBAHHBIX MIOHITHH.

— MPaBHJIBHO BRINOJHUA OT 51% 10 69% TecTOBBIX 3aaHui .

«HCYHAOBJICTBOPUTCIILHO»
«HE€ 3a4TCHO»

— oOyvaromuiics He YCBOWJ 3HAYMTENbHOW YacTH IPOrPaMMHOIO
MaTepuana;

— JIOTyCKaeT  CyNIECTBEHHbIE  OIMMOKHM W  HETOYHOCTH  TIpU
paccMOTpeHHH POOJIEM B KOHKPETHOM HaIPaBJICHUM;

— UCTBITHIBAET TPYAHOCTH B MPAKTHYECKOM IMPUMEHEHUH 3HAHHIA;

— HE MOXET apTryMEHTHPOBATh HAYYHBIE MTOJIOKECHHS,

— He (popMyIHpPYET BHIBOJAOB U 000OLICHHIA.

— NPaBUJILHO BBINOJHUI MeHee 51% TecTOBbIX 3aaHuil .

10.3. TunoBble KOHTPOJILHBIC 3a/IaHUS WM UHBIC MaTEPHAIIBI.
Bompocs (3agaun) Ass 9K3aMeHa mpeIcTaBiIeHb B Tabuie 15.

Tabnuna 15 — Bonpocs! (3agaun) 11 9K3aMeHa

Ne n/n Ilepeuenb BonpocoB (3a7au) i FK3aMeHa Koz
WHIMKaTopa
Y4eOHBIM IIJIAHOM HE MPEAYCMOTPEHO
Bomnpocs! mud¢. 3auera npencraineHsl B Tadmuie 16.
Tabnuua 16 — Borpocs! aiist aud¢. 3auera
Kon
Ne i/t [Tepeuens BompocoB mist nudd. 3aueta HHKATOPA
1 YT0 Takoe MEUKPOKOHTpOJLIEP? [IK-1.¥.2
2 Kakue ocCHOBHbIE apXUTEKTYPbl MUKPOKOHTPOJIJIEPOB CYLIECTBYIOT? MK-1.Y¥.2
3 IlepeuncirTe OCHOBHBIE SI3bIKH ITPOTPaMMUPOBAHUS [IK-1.V¥.2
MHUKPOKOHTPOJIJIEPOB.
4 YTto Takoe perucTp MUKpPOKOHTpoOJuIepa? [IK-1.¥.2
5 Kak pabotaeT npepsiBaHue B MUKPOKOHTpoJuiepe? K-1.¥.2
6 Yro Takoe PWM u rze on npumensiercs? K-1.¥.2
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7 Kakue Tunpl naMaTy UCHOJb3YIOTCSl B MUKPOKOHTpOJIepax? MK-1.¥.2
8 Urto takoe UART u xak oH paboraet? I1K-1.Y.2
9 Kakue npeumyiectBa umeer ucnoiaszopanue SPI no cpaBHeHuto ¢ [IK-1.¥ .2
12C?
10 UYro Takoe TaliMep B MUKPOKOHTpoJuiepe? [K-1.¥.2
11 Kak pa6ortaer ALIII (ananoro-nmdpoBoii npeodpazoBaresn)? I1K-1.Y.2
12 Uro Takoe cropoxkeBoi Taiimep (Watchdog Timer)? [IK-1.Y¥ .2
13 Kakue pexuMbl sHEprocOepesKeHHsl CyIECTBYIOT B [IK-1.¥ .2
MUKPOKOHTpoJuiepax?
14 Uro Takoe DMA u 3a4eM OH Hy»eH? [K-1.¥.2
15 Kak pabortaet nporokon [2C? I1K-1.Y.2
16 Uro takoe GPIO? MK-1.Y¥.2
17 Kaxkue (hakTopbl BIHMSAIOT HA BEIOOP MUKPOKOHTPOJLIEpA ISl MPOEKTa? I1K-1.Y.2
18 Uro Takoe RTOS u 3aueM oH HykeH? [K-1.¥.2
19 Kakue stamnsl BKIto9aeT pazpaboTka mporpamMmbl 71t [IK-1.¥ .2
MHUKPOKOHTpoJLIepa?
20 Uro takoe bootloader? [K-1.Y¥.2
21 Kak paboraet npotokon CAN? [IK-1.Y.2
22 Uro Takoe EEPROM u kak oHa ucnosib3yercs? [IK-1.¥.2
23 Kak paboraet npotokon USB? [IK-1.Y.2
24 Urto Takoe cTeK BHI30BOB? [IK-1.¥.2
o5 Kakue omnOku MOryT BO3HUKHYTb IIpH paboTe ¢ [IK-1.¥ .2
MHUKPOKOHTPOJIJIEpAMH?
26 UTto Takoe HHKPEMEHTHOE U IEKPEMEHTHOE KOJUPOBaHUE? [IK-1.¥.2
27 Kak paboraet npotokon Modbus? [IK-1.Y.2
28 Uro takoe CRC u 3aueM OH HYXeH? [K-1.Y¥.2
29 Kak pa6oraet npotokon Ethernet? [IK-1.Y.2
30 UTto TaKkoe MyJIBTHINICKCHPOBAHUE? IK-1.V.2

[lepeuenp Tem Uil BHIOJHEHUS! KypCOBOIO MPOEKTa/ KypcoBOil pabOThl MpEeCTaBIICHBI
B Tabmmie 17.
Tabauna 17 — IlepeyeHb TeM JUisl BHIIOJHEHUS] KYPCOBOTO MPOEKTA / KYpCOBOM pabOThI

Ne 11/ [TpumepHBIii IepedeHs TEM JIJIsl BHITTOJIHEHUS KYPCOBOTO MPOEKTa/ KYPCOBOM
B paboThI

Y4eOHBIM MJIAHOM HE IPEIYCMOTPEHO

Bompockl st mipoBeleHUsST TIPOMEXKYTOYHOW aTTECTallMM B BHJIE TECTUPOBAHHUS
npeJcTaBiIeHbl B Ta0nuie 18.

Tabnuua 18 — IIpumepHbIii iepeueHb BOIIPOCOB ISl TECTOB

Ne . Kog
[TpuMepHBIii nepedeHb BOIPOCOB I TECTOB
n/n MHIMKATOpa

1 mun. 3a0anue KOMOUHUPOBAHHO20 MUNA C BLIOOPOM OOHO2O BEPHO20 ONEEMA U3 Yembipex
NPeONoNCEHHBIX U 0O0CHO8ANUEM 8bIOOPA

Wnctpykuus: [Ipounraiite Tekct, BeIOEpUTE IPABUIBHBIA OTBET U 3AIMLINTE APTyMEHTBHI,
000CHOBBIBaIOIINE BEIOOpP OTBETA

1 Yrto Takoe MUKPOKOHTPOJIIEP? IK-1.1.1

A) YCTpONCTBO A7 yIpaBICHHSI JJIEKTPUIECKUMH LIETISIMHU;
b) UnaTerpanpHas cxema, 00beIMHSIONIAS TPOLIECCOP, TaMSTh U
nepudepuio;
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B) [Iporpamma mi1st pa3pabOTKH 3JICKTPOHHBIX YCTPOUCTB;
I") MaTepdeiic mist cBA3U MEKIY KOMITBIOTEPOM U BHEIITHIMH
YCTPOMCTBAMH.

Kaxoii peructp ucmonp3yercs Ijs HACTPOHKH HampaBIeHUs PaOOThI
BBIBOJIOB IOPTa B MUKPOKOHTpoJuiepax AVR?

A) PORTX;
b) DDRYX;
B) PINX;
I') REGx.

TK-1.]1.1

Uro Takoe PWM (IInpoTHO-UMITY IbCHAS MOTYJISALINS)?

A) MeTox 3aIuThl MUKPOKOHTPOJUIEpPA OT TIePEeTrpeBa;

Bb) Crioco6 yBenuueHus: TAKTOBOM YacTOTHI;

B) TexHomorus peryaupoBaHus MOIIHOCTH IIyTEM U3MCHEHUS IIIUPUHBI
HMMITYJIECOB;

I') Meton nepenaum JaHHBIX 1O MOCIIEA0BATSIILHOMY HHTEP(EICy.

TK-1.]1.1

UTo Takoe npephiBaHUE B MUKPOKOHTpoILIEpe?

A) Ilpomecc 3arpy3ku IpOIINBKY;

b) Ommbka B mporpamme;

B) Co6oit nutanus;

I') CoGpiTHE, KOTOPOE BPEMEHHO MTPUOCTAHABIMBACT BBHITIOJTHEHHUE
OCHOBHOM ITPOrpaMMBl.

TK-1.J1.1

KakoBa ocHOBHas QyHKIIUS TaliMepa/cueTyrKa B MUKPOKOHTpoJuiepe?

A) YrpasieHue nmutaHueM;

b) O6paboTka qaHHEIX;

B) Usmepenne BpeMeHH Wi KOTHYECTBA COOBITHIA;
I') 'enepanins 3ByKOBBIX CUTHAJIOB.

MK-1.]1.1

2 mun. 3adanue KOM6MHMp06aHH020 muna c 6bl60p0/l/l HECKONbKUX eapuarnmoe omeema u3

NPeOIOJNCEHHBIX U PA3BEPHYMBIM 0OOCHOBAHUEM 8b1O0ODA

Wuctpykuus: [Ipounraiite TekcT, BEIOEpUTE MPABUIBHBIC BAPUAHTHI OTBETA U 3AIHIITUTE

ApPryMCHTHI, O6OCHOBI>IBaIOH_II/Ie BI)I60p OTBECTOB

Kakwue 13 nmepednciieHHbIX apXUTEKTYp OTHOCITCA K MUKPOKOHTpoJIIepam?

A) ARM Cortex-M;
B) x86-64;

B) AVR;

I PIC.

MK-1.]1.1

Kakwue peructpbl 00bIYHO PUCYTCTBYIOT B MUKPOKOHTPOJIIEPE AJIS
yHpaBieHHs TOpTaMHU BBOJIa-BBIBOIA?

A) PORT (Port Output Register);
B) PIN (Port Input Register);

B) CACHE (Cache Register);

I') DDR (Data Direction Register).

MK-1.]1.1

UTto Takoe mpephIBaHUSI B MUKPOKOHTpouIepax?

A) IlporpaMmmHbIe KOMaHABI AJIS1 YBEITHMUEHUS CKOPOCTH PaOOTHI;
b) Crioco6 opraHu3aliiy MHOT03a/1a4HOCTH;

MK-1.]1.1
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B) Mexann3m 00paboTku ommnooK;
I") CoObITHs, KOTOPBIC BpEMEHHO OCTAHABIIMBAIOT BBHITTOJIHCHHE OCHOBHOM

MPOTPaMMBI.
9 Kaxue pynkunm BeimonHseT croposkeBoit Taimep (Watchdog Timer)? MK-1.1.1
A) KoHTpomnb BpeMeHH BBITIOTHEHHS TPOrPaMMBL;
b) O6paboTka mpephIBaHHU];
B) YBenunuenne npon3BoAUTENEHOCTH MUKPOKOHTPOILIEPA;
I') [lepesarpy3ka cucTeMbl IPU 3aBUCAHUH.
10 Yro takoe GPIO (General Purpose Input/Output)? IK-1.1.1
A) TopT mst mepenavn 3ByKa;
B) YHuBepcanbHbie OPTHI A7l BBOAA U BHIBOJA JAHHBIX;
B) CneunanusupoBaHHble TOPTHI IS K GPOBAHNUS,
I') UnTepdetic ans moaxmroueHNs] BHEITHUX yCTPOWCTB.
3 mun. 3aoanue 3aKkpvimo20 Muna Ha yCmMaHosleHue coomeemcmesus
Nuctpykuus: [IpounTtaiiTe TEKCT U YCTAHOBUTE COOTBETCTBUE. K Ka)Kq0i MO3ULIMY, JAHHOU B
JIEBOM CTOJIOIIE, IOJ0EPUTE COOTBETCTBYIOIIYIO MO3UIMIO B IIPABOM CTOIIOIIE
11 VYcTanoBUTE COOTBETCTBHE TEPMUHOB IK-1.1.1
1GPIO A) Monymsmus TIUpUHBL IMITYITBCA TS
YIpaBJICHUS MOITHOCTBIO.
2PWM B) Unrepdeiic ans npeodpazoBaHus aHAIOTOBOTO
CUTHaJa B TU(POBOH.
3ADC B) IopT BBO2-BBIBO/AA IS TIOJKITFOYEHUS
BHEILIHUX YCTPOUCTB.
I') [IpoToko: mepenayn JaHHBIX MEXKITY
MHKPOKOHTPOJUIEPAMHU.
12 VYcTaHOBHTE COOTBETCTBHE TEPMUHOB IK-1.14.1
1UART A) ACHHXPOHHBIN TPOTOKOI Il OOMEHa
JAHHBIMH MEXTy YCTPOHCTBAMHU.
2 SPI b) [locnenoBaTensHbIi HHTEPGEHC IS CBSI3U C
WCIIOJIb30BAaHUEM JIBYX IPOBOJIOB.
312C B) BBICOKOCKOPOCTHOM CHHXPOHHBIH HHTEpdEric
C IIOJLJIEPI)KKOM HECKOJIBKUX YCTPOMCTB.
I') Ilporokon ajis nepenauu faHHbix yepe3 USB.
13 YcraHoBUTE COOTBETCTBUE TEPMHUHOB IK-1.1.1
1 EEPROM A) BricTpast Ka1I-namMsTh BHYTPH MPoIeccopa.
2RAM b) DHepronezaBucrMast TaMsITh I XpaHESHUS
MPOrpaMMHOT0O KOJa.
3 Flash B) DHeproszaBucrumas namsTh AJ1s1 BPEMEHHOTO
XpaHEHUSs JIAHHBIX.
I') DHeprone3aBrcuMas MaMATh ISl XpaHEHUS
JAHHBIX.
14 Y CTaHOBHUTE COOTBETCTBHE TEPMHHOB IK-1.1.1

1 Watchdog Timer

2RTC
3DMA

A) Monynb Ui OTCIIGKUBaHUSI PEaIbHOTO
BPEMEHH.

B) YcrpoiicTBo /1t reHeparuy CITyYaiHbIX YHCeT

B) Taiimep, KOTOpBIi Iepe3arpyxaeT CUCTEMY
TIPY 3aBUCAHUU.

I') Konrposuiep a1t mpsiMOTo JOCTYTA K MaMSITH
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0e3 y4dacTud mpoueccopa.

15 VYcTaHoBUTE COOTBETCTBHE TEPMUHOB MK-1.1.1
1 Oscillator A) Moyt U1l YMHOXKCHUSI WITH ICTICHUS
YaCTOTHI.
2PLL b) 'enepatop TakTOBBIX CUTHAJIOB AJIS
CHUHXPOHM3ALUH PabOTHI.
3 Clock B) Yerpo#cTtBo it co3aanust cTaOuiIbHOM
YaCTOTHI.
I') YcrpoiicTBo [uis mpeoOpa3oBaHus HAIPSHKCHUS
4 mun. 3adanue 3aKpbimo2o Muna Ha YCMAaHos1eHue nocie008amenbHOCU
WNuctpyknus: [IpounTaiiTe TEKCT U YCTAHOBUTE MOCIIEAOBATEIEHOCTD. 3aITUIIIATE
COOTBETCTBYIOIIYIO ITOCIIEIOBATEIEHOCTE OYKB CJI€Ba HAIPaBo
16 KakoBa nmpaBuiibHast OC/I€A0BATENBHOCTh 3TANlOB POrpaMMHUPOBAHMUS IK-1.11.1
MUKpPOKOHTpoIiepa’?
A) Komnunsus;
b) [IporpammupoBanue;
B) Hammmcanwme kona;
I') Otnaaxa.
17 YKaxuTe MpaBWIIbHYIO MTOCIE0BATETHHOCT padboTsl ¢ GPIO-mopramu IK-1.1.1
MHUKPOKOHTpOJLIEpa:
A) Hactpoiika pexnma;
b) ; Maunuanu3anus mopra
B) Utenue/3anmch JaHHBIX.
18 Iopsinok padotsl ¢ UART i nepenaun JaHHBIX: IK-1.11.1
A) ; Hactpoiika napamMeTpos;
b) I[Ipuem naHHbBIX;
B) Mannmamuzanus UART;
I') Ilepenaua maHHBIX.
19 Kakas nocnenosarensHocth 1pu padore ¢ UM (mmporno-umnynscuon | TTK-1./1.1
Moaysnuei)?
A) Hacrpotika ko3 ¢uIrieHTa 3anoIHeHs;
b) Nanumanu3zamnus taitmepa;
B) I'enepanus curnaia.
20 Kaxkas nocnenoBaTenbHOCTh ACUCTBUI NpH UCTIONb30BaHUU SPI? IK-1.1.1
A) Ilpuem naHHBIX;
b) Naunmanuzanus;
B) Ilepenaua naHHBIX;
I') Hactpoiika mactepa/BetomMoro.
5 mun. 3a0anue omxpoimozo muna c pa3zgepHymviM 0meemom
Wuctpykuus: [IpounTtaiiTe TEKCT U 3aUIINTE Pa3BEPHYTHIII OOOCHOBAHHBIN OTBET WIIH
HaIMLINTE MPOIYLUIEHHOE CI0BO/CIIOBOCOYETAHHE
21 Urto Takoe MUKPOKOHTPOIUIEP ¥ KAKOBBI €r0 OCHOBHBIE KOMIIOHEHTHI? ITK-1.J1.1
22 UTto Takoe perucTphbl B MUKPOKOHTPOJIIEPE M KAK OHU MCITOJIb3YIOTCS? IIK-1.1.1
23 Yto Takoe NpephIBaHKs U KaK OHM 00pabaThiBatoTcsi B MuUKpokonTpoitepax? | ITK-1./1.1
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24 Kak paboraet TaiiMep B MEKpOKOHTpOJIIepe? MK-1. 1.1

25 Yro takoe AIIIT 1 Kak OH UCIIONB3YETCS B MEKPOKOHTPOJLIEpaX? IK-1.1.1

[lepeyeHb TeM KOHTPOJBHBIX PadOT MO AMCHUIUIMHE OOYYAIOUIMXCS 3a04YHON (HOPMBI
o0ydeHus1, IpeICTaBIeHbI B Ta0uie 19.

Tabauna 19 — IlepeyeHb KOHTPOJIBHBIX PadOT

Ne i/m [TepeueHb KOHTPOJIBHBIX PAOOT

He npenycmorpeno

10.4. MeTtoauueckre  MaTepuaibl,  ONPEACNSIONME  HPOUEAYpPhl  OLCHUBAHUS
UH/IMKATOPOB, XapaKTEpU3YIOMMX dSTanmbl (HOPMUPOBAHMS KOMIIETCHLUH, COAEp)Karcs B
JIOKAJIbHBIX HOpMAaTUBHBIX akTax [YAIL, pernmameHTHpPYONIMX MOPSAIOK U IPOLEAYpPY
NPOBEICHUS TEKYIIET0 KOHTPOJISI YCIIEBAEMOCTH U MPOMEKYTOUHOM aTTeCTaluyu 00ydYaroImIuXCs
'VAIL

11. MeTtoanueckue YKa3aHus AJid o6yqa}om1/1xc;1 110 OCBOCHHUIO JUCHUIIIIMHBI

11.1. Meroauueckue yka3aHus s OOy4yaroIIMXCs [0 OCBOEHHMIO JIEKLIHOHHOTO
MaTepuaia.

OcHOBHOE Ha3HA4Y€HUE JIEKIIMOHHOIO MaTepuana — JIOTUYECKH CTPOMHOE, CHUCTEMHOE,
riyOOKoe W SICHOE W3JIOKEHHE ydeOHOro marepuaina. HasHadeHune COBpEMEHHOH JIeKIMU B
paMKax TUCHMIIJIMHBI HE B TOM, YTOOBI MOJIyYUTh BCIO MH(MOPMALMIO 1O TEME, a B OCBOCHUHU
(GyHIaMEHTaIbHBIX MpOOJEM JUCHMIUIMHBI, METOAOB HAYYHOIO II03HAHUSA, HOBEHIIMX
JOCTHOKEHUI Hay4dHOH MbIciu. B yueOHOM mporiecce JeKIUs BBINOJIHSAET METOA0JIOIHYECKYIO,
OpPraHU3alMOHHYI0 U MHPOPMALMOHHYIO (YHKUIMHU. JIEKIMs pacKpbIBaeT MOHATUHHBIN anmapar
KOHKpETHOH o0jacTu 3HaHud, €€ MpoOJeMbl, JAeT LEeNbHOE MPEJCTABICHUE O TUCIUILIMHE,
IIOKa3bIBAET B3aUMOCBS3b C IPYTUMU AUCLUAIIIIMHAMM.

[InaHupyemMble pe3yibTaThl IPU OCBOEHUU 00YYaIOUIMMUCH JIEKIIMOHHOTO MaTepuaa;

— TIOJyYeHUE COBPEMEHHBIX, LEJIOCTHBIX, B3alUMOCBA3aHHBIX 3HAaHUN, YpPOBEHb
KOTOPBIX OINPEEISIETCS LEIEBOM YCTAHOBKON K KaXK/10M KOHKPETHOU TEME;

— TIOJy4Y€HUE OIbITa TBOPUYECKOM pabOThl COBMECTHO C MPEIO/IaBATEEM;

— pasBuTHE TNPO(ECCHOHATHLHO-IENOBBIX  KadecTB, JIIOOBH K  TpeAMETy U
CaMOCTOSITEIBHOTO TBOPYECKOI'O MBIILITICHHUS.

— TOsIBJIEHUE HEOOXOAMMOr0 UHTEpeca, HE0OX0AUMOTO Uil CAMOCTOSITENIbHON pabOThI;

— TIOJYy4YEHUE 3HAHUH O COBPEMEHHOM YPOBHE pAa3BUTHS HAyKM U TEXHUKU U O
IIPOTHO3€ UX Pa3BUTHSI HA ONMKaiIine rofbl;

— HAY4YUThCS METOAMYECKH 00pabaThiBaTh MaTepuai (BBIAECNATH IJIaBHBIE MBICIU U
MIOJIOKEHUS, MPUXOAUTh K KOHKPETHBIM BBIBOJAM, IOBTOPSATh HUX B  Pa3IMUYHBIX
bopMyIIMpOBKax);

— TOJy4YeHUE TOYHOIO MOHWMAaHHUS BCEX HEOOXOAUMbIX TEPMUHOB U TIOHATHUH.

JIekuMOHHBI MaTepual MOXET CONPOBOXKIATbCA JIEMOHCTpaluuend CIaioB H
UCMOJIb30BAaHUEM pA3laTOYHOIO MaTepuajia IpH TNPOBEIEHHUH KOPOTKUX JHCKYCCHH 00
O0COOEHHOCTSIX MPUMEHEHHUSI OT/AECTbHBIX TEMATHUK I10 TUCHUIUIMHE.

CrpyKTypa npeaocraBicHus JEKIHOHHOIO MaTepuana:

— JIEKLIMOHHBIN MaTepuall PeICTaBIseTCs IPENOJABATENSIM YCTHO;

— JEeKUUs COCTOMT U3 TpPEX OCHOBHBIX 4YacTeW: BCTYNUTEIBbHOH, OCHOBHOM H
3aKIIIOYNTEIIHHOI;

—  BCTYNHTEJbHAs 4acTh ONpe/eNsieT Ha3BaHUe TeMBbI, IIaH U LIeJb JIEKIHH,

— B OCHOBHOI YacTu JIEKIIMM PEATU3YETCs] HAyuyHOE COJIep’KaHuEe TEMbI, BCE IJIaBHbIE
y3JI0BbI€ BOIIPOCHI, MPOBOJUTCS BCSA CHUCTEMa JOKa3aTeNbCTB C MCIIOJIb30BaHHMEM Hauboee
1eJ1eCO000Pa3HBIX METOANUECKUX MPUEMOB,
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— 3aKIIOYMTENbHAs 4YacTh MMEET IIeNbl0 0000maTh B KpaTKUX (OPMYIHPOBKax
OCHOBHBIC UJICH JICKIIMH, JIOTHYECKU 3aBepIasi e€ Kak LEeJIOCTHOE TBOPEHHE;

—  OTAenbHBIC BUIBI JEKIHA MOTYT HMETh CBOM OCOOCHHOCTH KakK IO COAEPIKaHUIO, TaK
U 110 CTPYKTYpe.

11.2. Meroaudeckue yka3aHus 111 00y4YarOIUXCs 10 YYaCTHIO B CEMHHApaXx.
Yyebnvim nnianom He npedycmompeHo.

11.3. Metoauyueckue yka3zaHUs Uisi OOyYalOMUXCS O TPOXOXKICHUIO MPAKTHUECKUX
3aHATHHI
Yyebnvim nnianom He npedycmompeHo.

11.4. Meroauueckue yKa3aHus sl OOy4aroIIMXCS IO BBIIOJHEHUIO J1a0OpaTOPHBIX
pabor

B xozme BeImoMHEHHS J1a0OpaTOpHBIX paboT oOyyaromuMiCcsS [OJDKEeH YIIyOuTh U
3aKpeNUTh 3HAHMS, NMPAKTHUECKUE HABBIKHM, OBJAJETh COBPEMEHHOH METOAMKOW M TEXHHKOU
OKCIIEPUMEHTAa B COOTBETCTBHUH C KBATU(HUKAIMOHHONW XapaKTEPUCTHKOW OO0YyYaromerocs.
Beinonnenue nabopaTopHbIX paboT COCTOMT M3 3KCIIEPUMEHTAIbHO-IIPAKTUYECKOM, pacyeTHO-
AQHAJIMTUYECKON YaCTeH U KOHTPOJIBHBIX MEPOIIPUATU.

BeinonHenue 51ab0paTopHbBIX paboT OO0yyaromMMCs SBJISIETCS HEOTHEMJIEMOH 4YacThIO
U3yYeHHs] JUCHMIUIMHBI, OIpeneisieMoil ydeOHBIM IUITAaHOM, W OTHOCHUTCS K CpEICTBaM,
o0ecreynBaroIUM pelIeHUe CIeIyIoIUX OCHOBHBIX 33a4 00y4aroIerocs:

— T[pHOOpeTeHHEe HAaBBIKOB HCCIEIOBaHMs IPOLIECCOB, SBIEHUH U OOBEKTOB,
M3Yy4aeMbIX B paMKaxX JaHHOM JUCIUIINHBI,

— 3aKpeIuleHHEe, Pa3BUTHE U JeTajlu3alls TEOPETUYECKUX 3HAHUN, MOJYYEHHBIX Ha
JEKIMX;

— IoJIyueHHe HOBOM MH(OpMAIMK 110 H3y4aeMON AUCIUILINHE;

— T[pHOOpeTeHHe  HABBIKOB  CAMOCTOSITEIbHOM  paboThl ¢ J1a0OpaTOpHBIM
000pyI0BaHUEM U PUOOPAMH.

3ajianue ¥ TpeOOBaHUs K MPOBEACHUIO Ja00OPATOPHBIX PaboT

Crnucok 3amanuii mpenctaBieH B m 4.4, tabmuma 6. JlabopatopHbie paboThl clemyer
BBITIOJIHSTH B XOJI¢ TIPOXOXKIEHUS Kypca, BHHUMATEIbHO pa30upas Mpe/cTaBICHHBIN
METOIUYECKUIl MaTepuan MpernojaBaTelieM, C 3arpy3kKod BBIIOJHEHHBIX pPabOT B JIMYHBIN
kaOuHeT oOydJaromierocss B ycraHoBieHHbIE B «JIuunom kabunere ['YAIID» cpoku mms xaxmoi
paboTHI.

Crpykrypa u ¢hopma oTueTa 0 JabopaTOpHOH paboTe

Otyer o mnaboparopHoii paboTe MOMKEH BKIOYaTh B Ce0s: TUTYJIBHBIA JIHCT,
(GOpMyIMpPOBKY 3a/aHUsl, TEOPETUYECKUE IIOJIOKEHHsI, MCIIOJIb3yeMble MpPU BBIOJHEHUU
1abopaTopHOM paboThl, OMMCAHKUE MPOLEcCca BBIITOJIHEHUS 1a00paTOpHOM paboThI, OTyYEHHbIE
pEe3yJIbTAThI U BBIBOABI.

TpeboBanus k ohopMIEHUIO OTYETA O JTAOOpaTOpHOU paboTe

ITo xaxmoit mabopaTopHOil pabOTE BHIMOIHIETCS OTACIBHBIN OTYeT. TUTYJIBHBINA JUCT
opopmisieTcss B COOTBETCTBHHM C IIa0ioHOM (oOpasiioMm), mpuBeneHHbIM Ha caiite ['YAII
(www.guap.ru) B pasaene «['YAIl/Hopmartusuas moxymentanus/Joxkymenrarus/J{ns yae6HOrO
nporeccay. TekcroBele U rpaduyeckue Marepuansl OQOPMISIOTCS B COOTBETCTBUHM  C
nerctytomumu ['OCTamu u TpeboBaHUsIMHU, IPUBEIEHHBIMU Ha caitte ['YAIl (www.guap.ru) B
paznene «I'Y AIl/HopmaTtusHast nokymeHnrtanus/Jlokymentanus//ns yuebHoro npoueccay.
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11.5. Meroauyeckue yka3aHus JJIsi 00y4JaronuXcsl 10 BHITIOJHEHUIO KyPCOBOTO MPOEKTa/
KypCOBOH pabOThI
Yuebnvim nianom He npedycmompero.

11.6. Mertoauueckue ykazaHus JUIsl OOyYalOUIMXCS M0 MPOXOXKICHUIO CAMOCTOSITEIHLHOM
paboThI

B Xo/e BBITIOJHEHHUSI CaMOCTOSITEIbHON PabOThI, 00YYAIONIUIICS BBIMOJIHAET PadOTy 1O
3aJ]aHUI0 U TP METOJUYECKOM PYKOBOJICTBE IpEINoaBareis, Ho 0e3 ero HermocpeACTBEHHOTO
YYaCTHSL.

s oOywarommxcsi 1Mo 3a04HOM (opMe OOydeHHs, CaMOCTOsTEIbHas padoTa MOXKET
BKJTIOYATh B Ce0s1 KOHTPOJIBHYIO padoTy.

B mporecce BBIMONTHEHHUS CaMOCTOSITEIIBHON paboThl y oOyuaromierocss (GopMupyercs
nenecoo0pa3Hoe IIaHupOBaHUEe PaboUyero BpeMeHH, KOTOPOE MO3BOJISIET €My Pa3BHBATh YMECHUS
N HABBIKM B YCBOCHHHU W CHCTCMATHU3ALIUH HpI/IOGpeTaeMBIX 3HaHI/If/'I, 06CCHC‘-II/IBaeT BBICOKHUH
YPOBEHb YCIEBAaGMOCTH B TIEpUOJ OOydYEHHS, IIOMOTAeT IOJYYUTh HABBIKH TIOBBINICHHS
npo¢eCCHOHATIBHOTO YPOBHSI.

MeroauyeckiMH ~ MaTepuallaMH,  HANpaBJSIONIMMU  CAMOCTOSITEIIBHYKO — paboTy
00y4aroUUXCASBISIOTCS:

—  y4eOHO-METOANYECKUN MaTepuas o AUCLUILIIMHE.

11.7. Metoauueckue ykKazaHusl JUIsl OOyYaroIMXCS IO MPOXOXKICHHUIO TEKYILEro
KOHTPOJISI YCIIEBAEMOCTH.

Texkymuil KOHTPOJIb YCIEBAEMOCTH IIPELyCMaTpPUBAET KOHTPOJIb KayecTBAa 3HAHUU
00yyaroIuxcs, OCyLIECTBISEMOIO B TEYEHUE CEeMecTpa C LIeJbl0 OLECHMBAHUSA X0Jla OCBOEHUS
JUCLUIUINHBI.

IIpoBenenue Tekylmero KOHTPOJIS yCIEBAEMOCTH OCYILIECTBIISIETCA C IOMOILIBIO TECTOB,
npuBeieHHbIX B Ta0auue 18. OueHnBaHue TEKYIIEro KOHTPOJIS yCIIEBAEMOCTH OLIEHUBAETCS 110
YEThIPEX OanbHOMN CUCTEME: «OTJIIMYHOY, «XOpOILOY, «YIOBJIETBOPUTEIBHOY,
«HEYIOBJIETBOPUTEIHHOY.

11.8. MeToauyeckue yKazaHUs JUIs OOyYaIONIUXCS 10 TMPOXOKICHHUIO MPOMEKYTOTHON
aTTeCTalUu.

[IpomexxyTounast ~ aTTecTaimusi  OOy4alOIUXCS  TMPEAyCMaTpUBAaeT  OlLICHUBAHUE
MPOMEKYTOUHBIX U OKOHYATEIbHBIX PE3yJIbTaTOB OOy4YeHHs MO auciuruiiHe. OHa BKIIIOYAET B
cedst:

— muddepeHIMpoBaHHBI 3a4eT — 23TO (opMa OIEHKH 3HAHWM, TIOTYyYEeHHBIX
00y4JarmuMcs TpU U3YYCHUH AUCIMUILTUHBL, TPU BHIMOTHEHUH KYPCOBBIX MPOEKTOB, KyPCOBBIX
paboT, HayYHO-KUCCIAEA0BATEIILCKUX Pa0OT M MPOXOKIACHUU MPAKTUK C aTTECTAIIMOHHOMN OIIEHKOMN
«OTIUYHOY, «XOPOULIO», KYIAOBIETBOPUTEIBHOY, «HEYIOBIETBOPUTEIHLHOY.

[IpomexxyTouHast arTecTamusi OLEHMBAETCS TI0 pe3yjbTaTaM TEKYIIETO KOHTPOJIs
ycrneBaeMoCcTU. B ciyuae, ecnu CTyJeHT M0 YBaXHUTEIbHOW MPUYUHE HE BBIMOJIHUI TPEOOBaHUs
TEKYIIEro KOHTPOJS, €My HPEIOCTaBIsSETCS BO3MOXKHOCTh CAATh 3aJ0JDKEHHOCTH IO
nponyueHHbIM TeMaMm. dopma npoBeieHNs MPOMEXKYTOYHOM aTTeCTallul — MUCbMEHHas!.

JubdepeHnmpoBaHHbIil 3aUeT OO0YyYaIOIMIMNUCS TOMyYaeT MPU BBHIMOTHEHUU W cladye He
meHee 80% 1abopaTopHBIX paboT, BRIMOJIHEHHBIX B MOJTHOM 00beMe, IPOHACHHOMY U CTAHHOMY
TECTUPOBAHUIO  TEKYIEro KOHTPOJs C OIEHKOM HE HIKE «YJIOBIECTBOPHUTEIBHOY,
YAOBJIETBOPUTENBHOM MOCENIAEMOCTH 3aHATUM.
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Jluct BHeceHUs U3MEHEHUH B pabouyto IporpaMMy JTUCIUILINHBI

JlaTta BHECeHUs
N3MEHCHHI 1
JIOTIOTHCHUH.

IToanuce BHECHIETO
W3MEHEHHUS

ConeprxaHne N3MEHEHHH W JOTIOTHEHUI

JlaTa 1 Ne

MPOTOKOJIA
3aceaHus
Kadeapsl

Iommuce
3aB.

kadempoit
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