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AHHOTaNINA

Huctumummna «IIporpaMMupoBaHie MUKPOKOHTPOJIEPOBY» BXOIHUT B 00pa30BaTEIbHYIO
IporpaMMy BbICIIET0 00pa3oBaHUsl — MporpaMMy OakajaBpHara MO HAIpPaBIECHUIO MOJITOTOBKHU/
CIEUAIILHOCTH 13.03.02 «OIEKTpO3HEPreTUKa u INEKTPOTEXHUKA»
HAINpPaBICHHOCTH/CIICIMANTN3AMH « DHEPreTHYECKUE DIICKTPUUSCKHE MAIIUHbD. JIMCIHMIUIMHA
peanu3zyercs kKagenpoit «Ne32».

JucuumnnuHa HauejaeHa Ha GOpMHUPOBAHKE Y BBITYCKHUKA CIEIYIOIINX KOMIIETCHIINN

IIK-1 «cmocobeH TNPUMEHATH TEXHOJOTMH  HMCKYCCTBEHHOTO  HHTEIUIEKTa B
npodecCuOHANBHOM e TEIIbHOCTI

ConepxaHue TUCHMIUIMHBI OXBAaThIBAET KPYI BOIPOCOB, CBSI3aHHBIX C HM3yYCHHEM
INPUHLIMUIIOB PAa0OTHl YCTPOHMCTB W CHCTEM Ha 0a3e MHKPOIPOLECCOPHOM TEXHUKH M HX
IPOTPaMMHUPOBAHHUSL.

[IpenogaBanne AMCHUIUIMHBI MpeAycMaTpuBaeT ciexyrompe ¢GopMbl OpraHu3aluu
y4eOHOTO Mpolecca: JEKIHH, JJA00paTOpHbIe pabOThI, CAMOCTOSITEIbHAS paboTa 00yYaromerocs.

[IporpaMMoil IHUCHUIUIMHBI TPETYCMOTPEHBI CIEAYIOLUIUE BHUABI KOHTPOJS: TEKYIIMA
KOHTPOJIb yCIIEBAEMOCTH, MPOMEXKYTOUHAS arTecTanus B popme auddepeHnnpoBaHHOrO 3a4eTa
(7 cemectp).

OO0mast TpyT0EeMKOCTh OCBOCHHS IUCIMIUIMHBI COCTABJISET 2 3a4ETHBIX CJIMHHIBI, 72
Jaca.

SA3bIK 00yUYeHUS 110 AUCIHHUIUIMHE KPYCCKUN»



1. TlepeueHb MIIAHUPYEMBIX PE3YyJIBTATOB O0YUYEHUS MO TUCIUILINHE

1.1. Ilenu npenoaaBaHusi JUCIUTUIMHBI

Lenpro AUCIUTUIMHBI SABJISETCS (OpMUpPOBAHUE Yy CTYACHTOB 3HAHHM, YMEHHI U HaBBIKOB
B 00JIACTH TIPOrPaMMHUPOBAHUs YCTPOMCTB M CHUCTEM Ha 0a3e MHKpPOIPOIECCOPHONW TEXHUKH,
paboTa ¢ BBICOKOYPOBHEBBIMHU SI3bIKAMU TMPOTPAMMHPOBAHUS, Pa3pabOTKH BEPXHETO YPOBHS
yIpaBJICHUS! CUCTEMAMHU.

1.2. JlucummuiiHa  BXOJUT B  COCTaB  4YacTH, (OPMHPYEMOH  y4aCTHUKAMH
00pa30BaTeNbHBIX OTHOIIEHUH, 00pa30BaTENIbHON MpOrpaMMbl BhICILIETO 00pa3oBaHus (nanee —
OII BO).

1.3. TlepeueHb IUTAHUPYEMBIX PE3YJIBTATOB O0YUEHUS MO JUCHIUTLINHE, COOTHECEHHBIX C
IJIaHUpyeMbIMU pe3ysibTaTaMu ocBoeHus: OI1 BO.

B pesynbrare m3ydeHus AMCHUILIMHBI OOYYAIONIUICS JOJDKEH 001alaTh CIEAYIOIUMU
KOMITETCHIIMSAMU WJIM WX YacTsAMU. KOMIIETeHIIMM ¥ MHIMKATOPBI UX JTOCTHUKEHUS NIPUBEIACHBI B
Tabmuie 1.

Tabnuna 1 — [lepeueHp KOMOETEHIMN U UHAUKATOPOB UX JIOCTHXKEHUS

Kareropus (rpymnma) Kon u Kon n HanMeHOBaHNE HHIUKATOPA JOCTUKCHHS
HAaUMEHOBAaHHE
KOMIIETEHIINH KOMIETEHIINH
KOMIICTCHIINH
[IK-1.1.1 npuMeHseT OCHOBHBIE aJITOPUTMBI
ITK-1 criocob6en A1 mp p
MaIIMHHOTO 00y4YeHH s, KOMIIBIOTEPHOTO 3PEHHS,
MPUMCHSITh
00pabOTKH €CTECTBEHHOTO SI3bIKA, METOIbI
TEXHOJOTHUHI
[Tpodeccuonanpubie OLIEHKH TOYHOCTH MOJIeNiu Ha 0aze
HCKYCCTBECHHOTO o
KOMIICTCHITHH AQHATUTUICCKON MIaTGOPMBI U/WITH SI3bIKA
WHTEJJICKTa B
. | IporpaMMHpOBAHUS TSl PEIICHUS
poQeCCHOHAIBHON
npoeCCHOHATTBHBIX 3a/1a4 B 00JIACTH
JESITEIIbHOCTH
INEKTPOIHEPTETUKHI

2. Mecro nucuuminnbl B cTpykType OI1

Hucturinuna MoxkeT 6a3upoBaThCsl Ha 3HAHUSX, paHee MPUOOPETEHHBIX 00YyYaIOIUMUCS
MIPU U3YUYEHUH CIIETYIOLIUX TUCIUILINH:

— «Muadopmatuka»,

— «BpIcmias maTemMaTuka»,

— «®Duszuka»,

— «AJTOpUTMHU3ALNS U IPOTPAMMHUPOBAHUEY,

— «IIpombllieHHAs SJIEKTPOHUKAY.

3HaHUs, TMOJYyYEHHbIE NPH HM3YyUYEHUHM Marepuana JaHHOM AMCIMIUIMHBL, HUMEIT Kak
CaMOCTOSITEJIbHOE 3HAUYCHHE, TaK M UCTIOIB3YIOTCS MPU U3YUYEHUHU APYTUX TUCIUTIINH:

— «Cucrembl ¥ METO/Ibl UCKYCCTBEHHOT'O MHTEIIJIEKTA B AJICKTPOIHEPTETHKEY,

— «l/cnoiHUTENbHBIE YCTPOMCTBA CUCTEM YIIPABIICHUS.

3. OO0BEM | TPYJTOEMKOCTh JUCIIHILTAHBI
Jlanaple 00 o0meM oO0beMe MUCIUIUIMHBI, TPYIOEMKOCTH OTAENbHBIX BHJIOB y4eOHOI
paboTHI TTO TUCITUTUTHHE (M pactpeie]ICHHe dTOW TPYJOEMKOCTH 10 ceMeCTpaMm) MPeICTaBICHBI B
Tabnure 2.

Ta6mmma 2 — O0beM U TPYJ0EMKOCTh JUCITUTIIUHBI

TpynoemkocTs 1o
Bun yuebHoit paboTbl Bcero ceMecTpam
Ne7
1 2 3
Oowan mpyooemkKocmp OUCUUNIUHDL, 2/ 72 2/ 72
3E/ (uac)




H3 Hux uacoe npakmuueckoi no020moeKu 17 17
AyoumopHhuvie 3anamus, BCETO vac. 34 34
B TOM YHCIIE:
nexmu (JI), (gac) 17 17
npaktuyeckue/cemunapckue 3aastus  (113),
(dac)
naboparopusie padbotsl (JIP), (dac) 17 17
KypcoBoii nmpoekT (padota) (KII, KP), (uac)
9K3aMeH, (Jac)
Camocmosmenvnas paboma, Bcero (dac) 38 38
Buo npomescymounoin ammecmayuu: 3aqet, | Judd.
audd. 3auer, sx3amed (3auer, udd. 3au, Dk3.) 3a4. Hudd. sas,

4. ConepxaHue JUCITUTUTHHBI
4.1. Pacnpeznenenue TpyI10€MKOCTH JTUCHUILIMHEI 110 pa3/ieiaM U BUAAM 3aHATUMN.
Pa3nenpl, TeMbl AUCHUIIIMHBI U UX TPYAOEMKOCTh PUBEIEHBI B TabmuIe 3.

Tabmuua 3 — Pazesnbl, TeMbl TUCIMILINHBI, UX TPYA0EMKOCTh

Pazgenpl, TeMbI JUCITUTIIMHEI

Jlexkun
(dac)

3 (C3)| JIp
(dac) (uac)

KIT/KP
(dac)

CP (uac)

Cemectp 7

Paznen 1. BBenenue B MUKPOKOHTPOJLIIEPHI.
Tema 1.1. Yto Takoe MHKPOKOHTpOLIEP?
Tema 1.2. OTIM4Yus MEKPOKOHTPOJIEPOB OT
MHUKPOIPOIIECCOPOB.

Tema 1.3. CpaBHEHHE MUKPOKOHTPOJLIEPOB C
mukponpoueccopamu u IIJIMC (FPGA).
Tema 1.4. O630p NOMYISAPHBIX APXUTEKTYP
MUKPOKOHTPOJLIIEPOB.

Tema 1.5. Knaccugukaius MUKpOKOHTPOJIJIEPOB
0 PA3PSATHOCTH, TPOU3BOIUTEILHOCTH U
00J1aCTsIM IPUMEHEHHUSL.

Paznen 2. 2 ApxutekTypa MUKPOKOHTPOJLIEPOB.
Tema 2.1. CTpykTypa MEKPOKOHTpPOJIIIEPA.
enTpansusiii mporeccop (CPU). OneparuBHast
namsath (RAM). [Tocrossunas mamsts (Flash,
EEPROM). Ilepudepuiinbie ycTpoiicTBa
(tatimepsr, ALTT/IIAIL, UART, SPL, 12C u ap.).
Tema 2.2. OcoGeHHOCTH TapBapACKol U QOH-
HeriManoBckoi apxutektyp (RISC vs CISC).
Tema 2.3. PaboTa ¢ peructpamu
MHUKPOKOHTPOJLIEPA.

Tema 2.4. KonBeiiepu3zanus 1 ONTUMHU3ALNS
BBITOJIHEHUS] KOMaH]I.

Tema 2.5. [IpuMepbl HHCTPYKIUH U1 Pa3TUUYHbIX
ApXUTEKTYDP.

Tema 2.6. TakTHpoBaHue 1 cOpoOC
MHUKPOKOHTpOJIepa. I 'eHepaTopbl TAKTOBBIX
curHayioB. Cxemsl copoca (Reset).




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.

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.




Paznen 6. DHeprospheKTUBHOCTH U
ONITUMU3ALIHSL.

Tema 6.1. PexxuMbl sHEprocOepeKeHHs
MHUKPOKOHTPOJIIICPOB.

Tewma 6.2. YrpaBiieHHE TaKTOBOW YaCTOTOM. 2 2 5
Tema 6.3. OnTUMHU3anUs KOJA UTSE CHUYKCHUS
9HEPronoTpeOIeHusI.

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. Co3znaHue 3a/1a4 ¥ yIpaBlIieHUE 2 4 5}
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 4

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

Paznen 9. CoBpeMeHHbIE TEXHOIOTHH U TPEHIBL.
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:
3aIuTa MPOIIUBKY, MU(POBAHNE TAHHBIX.

HWroro B cemecTpe: 17 17 38

Hroro 17 0 17 0 38

IIpakThueckass IOATNOTOBKA 3aKIIOYAETCAd B  HEMOCPEICTBEHHOM  BBINIOJIHEHUU
o0y4JallMMHUCS  OINpENeJeHHbIX  TPYAOBBIX  (YHKUMH,  CBSI3aHHBIX ¢ Oy;yuiei
npodecCHOHATBHOMN 1S TETbHOCTBIO.

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

Ta6m/1ua 4 — Coz[epxcaHHe Pa3acyioOB U TCM JICKIHMOHHOI'O MUKJIa

Howme
P Ha3zBanue u conepkanue paselioB U TeM JICKITHOHHBIX 3aHITHH
paznena
1 Paznen 1. BBenenue B MUKPOKOHTPOJIIEPHI.
Tema 1.1. Uto Takoe MukpokoHTposiep? Jlekuus-6ecena. [lonnmare onpeaencHue

7




MUKPOKOHTpOJUIEPa, €ro Ha3HaYCHHWE U MECTO B BCTPOCHHBIX cucteMax. MK, BcTpoeHHas
CUCTEMa, OJTHOKPUCTAIIbHAS CHCTEMa, Tiepudepus.

Tema 1.2. OTnuunsi MEKPOKOHTPOJIEPOB OT MUKPOIIPOIIECCOPOB. Jlekius-Oecea.
YMeTs aprymMeHTupoBaHHO BbIOMpaTh Mexay MK m MII mns koHKpeTHOW 3amadu
pobororexuuku.  MuaTerpamus  mepudepuu, — DHEPromoTpediIeHHe,  CTOMMOCTD,
MPOU3BOAUTEIBHOCTD.

Tema 1.3. CpaBHeHHWE MHKPOKOHTPOJUIEPOB ¢ Mukpomporeccopamu u [TJIMC
(FPGA). Jlexuus-6ecena. AHanM3MpoBaTh NPEUMYLIECTBA M OIPAHMYEHHUS Pa3HBIX
wiathopM U 3aa4 peabHOro BpeMeHW. [lapasienusM, JeTepMUHH3M, THOKOCTh
KOH(UTYpannu, BpeMs pa3padOoTKH.

Tema 1.4. O630p MOMYJSIPHBIX apXUTEKTYP MUKPOKOHTPOJIIEPOB. Jlekius-Oecena.
3nate ocobeHHocTn apxutektyp ARM Cortex-M, AVR, PIC, RISC-V u wux
NPUMEHUMOCTh B POOOTOTeXHHMKe. Habop HMHCTpYKIMH, 3KOCHUCTEMa HHCTPYMEHTOB,
MO IeP>KKa COOOIIIECTBOM.

Tema 1.5. Knaccudukaiums MUKPOKOHTPOJIJIEPOB 10 Pa3psAAHOCTH,
MIPOM3BOIUTEIHLHOCTH U 00JIaCTSAM MMPUMEHEHHUsI. Jlekiusa-0ecea.
Knaccupunuposats MK o TeXHHYECKUM MapaMeTpaM U BEIOUPATh ONTHMAIBHOE
peuienue st 3anaqn. 8/16/32-6ut, TakToBas 4acTora, HaMsATh, nepudepus,
[IeHa/Ka4ecTBO.

Paznen 2. 2 ApxurekTypa MUKPOKOHTPOJLIIEPOB.
Tema 2.1. Ctpykrypa MukpokoHTposuiepa. Llentpansubiii npoueccop (CPU).
OneparuBaas mnamsiath (RAM). Ilocrosuauas mamsare (Flash, EEPROM).
[Tepudepuiinsie ycrpoiictBa (taiimepsi, ALIT/LIAII, UART, SPL, 12C u nap.).
Jlexusi-Oecena. llonmmare (QyHKIMOHANBHOE Ha3HaueHwe OmokoB MK u  mx
B3aumMopeiicteue. IllmHa pmaHHBIX/azpeca, PETUCTPHI  CICIHAILHOTO HA3HAYCHUS,
O0TOOpaKCHHE TTAMSTH.
Tema 2.2. OcobenHnoctu rapBapiackoil u (oH-HeliMaHoOBCKO#M apxutektyp (RISC
vs CISC). Jlexuus-6ecena. OObACHATH BIMSAHUE aPXUTEKTYPhI HA TIPOU3BOAUTENLHOCTD U
s dexTuBHOCTD KOMa. Pasenenne mmH, KOHBeiep, HAOOP MHCTPYKIIMIA, MPEICKa3aHue
IEPEX0/I0B.
Tema 2.3. Pabora ¢ peructpamMu MHUKPOKOHTpoJulepa. Jlekuusi-Oecena. Ymerb
KOHQHUTYpHpOBaTh NepudepHio dYepe3 MpsIMyl paboOTy ¢ peructpamu. bBHTOBBIE
OIlepaIliK, MaCKH, AaTOMaPHOCTb, BOJATHIIBHBIC TIEPEMECHHBIE.
Tema 2.4. KonBeiiepuzanus 1 ONTHUMHU3ALNS BBIIIOIHEHUST KOMaH]I. Jlekiusa-Gecera.
[ToHMMAaTh MPHUHIIUIBI KOHBEHEPHOU 0OpabOTKU M MPUMEHSATh ONTHMH3AIUK Ha YPOBHE
koza. KonseitepHele cTaauu, My3bIpbKy, MpeaBeIOOpKa, branch prediction.
Tema 2.5. Ilpumepsl MHCTPYKUWH U pa3iIMYHBIX apXHUTEKTyp. Jlekuus-Oecena.
Yurath W HHTEPIPETHPOBATH aCCEMOJEPHBIA KOA JUI OTJIAJKH W ONTHMH3ALHH.
MHEMOHUKH, PEKUMBI aJipecalnu, (haard COCTOSIHUS, CTEK.
Tema 2.6. TakTupoBanue u cOpoc MUKPOKOHTpoJUIepa. [ eHepaTopbl TAKTOBBIX
curnasnoB. Cxemsl cOpoca (Reset). Jlekius-6ecena. Hactpausats cucremy
TaKTHPOBAHMUS U 00ecTIeunBaTh HAAEKHBIA COPOC CHCTEMBI.

Paznen 3. 3 UHCTpyMEHTHI pa3pabOTKH.

Tema 3.1. HurerpupoBanubie cpensl paszpadotku (IDE): Atmel Studio. Keil
uVision, STM32CubelDE, Arduino IDE, PlatformlO, u np. Jlekuus-6ecena.
OddextuBHO ncnonb3oBaTh coBpemennsie IDE mis pazpabortku mox MK. [MpoexTHas
MOJACIIb, KOMITWIALNSA, IMHKOBKA, IIJIArMHBI, YIIPABIICHUC KOH(bHpraL[I/IHMI/I.




Tema 3.2. SI3bIKM TNPOrpaMMHUPOBAaHUS Ui MHUKPOKOHTposuiepoB: C/C++,
Accembniep, Python (mampumep, MicroPython) u np. Jleknus-Gecena. Bwibupats
S3BIK TIPOrPAMMHPOBAHHSI B 3aBUCHMOCTH OT TPeOOBaHUA 3a1a4. YTIpaBJIeHUE TaMSThIO,
JIETePMUHN3M, a0CTPAKIUsI, HHTEPIPETALUS VS KOMITUAIISIIUSL.
Tema 3.3. OtrnagouyHble HWHCTPYMEHTHI: MporpamMmaropbl u otiamduku (ISP,
JTAG, SWD), noruueckue aHanu3aTopsl, BupTyanbabie COM-mopThl, HACTPOMKa
MIPOEKTOB U yNpaBJeHUE 3aBUCUMOCTAMU. Jlekuus-6ecena. [[puMeHsTh anmapaTHble 1
MpOTrpaMMHBIE CPEJICTBA OTIAAKH i auarHoctuku cuctem. JTAG/SWD, breakpoints,
watchpoints, trace, JTorupoBaHue, BUPTYalbHbIE TOPTHI.
Tema 3.4. bubnmoreku u dpeiimopku: HAL (Hardware Abstraction Layer),
CMSIS (Cortex Microcontroller Software Interface Standard), RTOS (Real-Time
Operating System) u ap. Jlekuus-6ecena. Mcnonb30Bath aGCTPAKIUM IS YCKOPEHUS
pa3paboTku 0e3 moTepu KOHTPOIIA HajA pecypcaMu. AOCTpakiust 000pyaoBaHUS,
MIEPEHOCUMOCTb, OBEpXel, KOH(PHUTyparws yepe3 KoHpUr-haniml.

Pasnen 4. Hanucanue u oTiiagka mporpaMmm.

Tema 4.1. GP1O (General Purpose Input/Output): HacTpoiika BEIBOJOB KaK BXO0B
WIH BBIXOJIOB, YINPABJICHHE CBETOAMOJAMH, KHONKAMU W JPYTHMMH BHCITHUMHU
ycrpoiictBamu.  Jlekums-Oecena.  KoppektHo — koHdurypupoBaTh — 1udpoBbie
BXOJIBI/BBIXO/IBI JUIS  B3aMMOJICUCTBUsl ¢ mepudepueii  podora. Pull-up/pull-down,
debounce, open-drain, ToxoBbie OrpaHUUCHHSI.

Tema 4.2. TaiiMepsl M CUCTYHMKHU: HWCIIOIH30BAHHEC TAaHMEPOB I CO3JIaHUS
3ajIep)KeK, TeHepallsi CUTHAJIOB ¢ ucnois3oBanueM [IIMM (PWM — Pulse Width
Modulation) nns ynpaBieHus cepBONPUBOAAMM U JBUTATENsIMU. Jlekius-Oecena.
reHepI/IpOBaTb TOYHBIC BPEMCHHBIC MHTCPBAJIbI U YIIPABJIAIOMIWMEC CUTHAJIBL JJI1 IPHUBOIOB.
Prescaler, auto-reload, PWM resolution, capture/compare, input capture.

Tema 4.3. IlpepeiBanus: MexaHW3M paOOThl NPEPHIBAaHUHA, MPUOPUTETHI
IpepelBaHUM,  peanu3zauus  0OpabOTUMKOB  mpepbiBaHuU.  Jlekums-Oecena.
PeanuzoBriBaThH PCAKTUBHOC IMOBCACHUC p060Ta qepe3 MCXAaHU3M HpCpBIBaHHﬁ. BeKTOp
NpepBIBaHUH, IPHOPUTETHI, BIIOKEHHOCTh, KPUTHYECKHE CeKIIHH, latency.

Tema 4.4. Ananoroso-uudposslie npeodbpazoBarenu (ALIT): HacTpoiika u
ucnonbs3oBanue ALIIl, uTeHne aHATOTOBBIX CUTHAIOB, IPUMEPHI UCTIOIB30BAHUS
JaTYUKOB. .HCKI_II/IH'6GC€IL3.. KOppeKTHO OLII/I(I)pOBBIBaTB AHaJIOTOBbBIC CUT'HAJIbI JATYUKOB

JUTSL HaBUTAIMK poOoTa. Pa3psaHOCTh, YacTOTa JUCKPETU3ALNH, peepPEHCHOE
HaIpsDKEHUE, IyM, YCPEIHECHUE.

Paznen 5. Untepdeiicel cBs3m.

Tema 5.1. UART (Universal Asynchronous Receiver/Transmitter). Jlexuus-6ecena.
Opranm3anysi HaA&KHOTO IOCiIeAoBaTeibHOr0 oOMeHa nmaHHbIMH ¢ [IK/mMomynewm.
BonoBast ckopocTbh, CTapT/CTOI-OUTHI, TAPUTET, Oy pepu3arius.

Tema 5.2. SPI (Serial Peripheral Interface). Jlekuusa-6ecena. Iloaxmouenue
BBICOKOCKOpocTHO# niepudepun. Master/Slave, CPOL/CPHA, nonnoxymuiekce, CS.

Tema 5.3. 12C (Inter-Integrated Circuit). Jlekuus-6ecena. [loaxmoueHne MHOKECTBA
yCTpOKMCTB no AByxnpoBoaHoi mune. Anpecanus, ACK/NACK, clock stretching, pull-up.
Tema 5.4. [Mapamnensupie uHTEpPEich. Jlekus-6ecena. Pabora ¢ ycrpoiicTBamu,
TpeOYIOLUIMMHU BBICOKOH TPOMYCKHO#M crnocoOHocTh. lllMHa naHHBIX, CTpOoOMpOBaHHE,
TaMUHIH.

Tema 5.5. USB wu gapyrue BBICOKOCKOPOCTHBIE HWHTEp(deuchl. Jlekius-6ecena.
Endpoint, descriptor, CDC/HID/MSC knacchi.
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Tema 5.6. CAN (Controller Area Network). Jlekuus-6ecena. Unentuduratopsi,
apourpax, CRC, error frames.

Tewma 5.7. IIpumepbl B3aMOICHCTBHS C BHEITHUMHU YCTPOMUCTBAMHU Yepe3
uHTepdenchl. Jlekusa-6ecena. MyIbTUILIEKCHPOBAHKE, IPHOPHUTETHI, Oy()EpPBI, MOTOKH.

6 Paznen 6. DHeprodpPpeKTUBHOCTD U ONTUMU3AIIHS.

Tema 6.1. Pexxumbl 3HEProcOEpeeHUS MHUKPOKOHTPOJUIEPOB. Jlekius-Oecena.

[IpuMeHAT, peXKUMBI CHa IS TPOIJIEHHS aBTOHOMHOM pabotel. Sleep/Stop/Standby,

wake-up sources, leakage current, retention.

Tema 6.2. YnpaBieHue TaKTOBOW 4YacTOTOM. Jlekmus-Oecena. YMeETh JIUHAMHYECKH

Mmacmrtabuposats yactory. DVFS (Dynamic Voltage and Frequency Scaling), idle tasks,

clock gating.

Tema 6.3. OnTumu3zanus Koja sl CHHXKEHUS SHepronoTpedienus. Jlekus-6ecena.

YMeth nucath 3HEProdhPpeKTUBHBINA Ko 6e3 motepu (GpyHKIHOHATBHOCTH. Busy-wait vs

interrupt, ONTUMH3ALMS [IUKJIOB, OTKIFOUCHHUE HEMCIIONB3yEeMO MepUpepHH.

Tema 6.4. [Ipumepsl peanuzanuy aBTOHOMHBIX YCTPOUCTB. Jlekiusi-6Gecena. YMersh
MIPOEKTUPOBATH CHCTEMBI C YUETOM Oananca "(pyHKIMOHATFHOCTh <> aBTOHOMHOCTE'.

Energy budgeting, duty cycle, harvesting, cynepBuzop nutaHusl.

Paznen 7. IlporpammMupoBaHne peaabHOTO BPEMEHHU.
Tema 7.1. Ocuoel RTOS (Real-Time Operating System): FreeRTOS, Zephyr,
Contiki. Jleknus-6ecena. Beibupats 1 Hactpansath RTOS. 3a1aun, miaHApoBIINK, THKH, heap,
koHurypamus gepe3 FreeRTOSConfig.h.
Tema 7.2. Co3maHme 3amad W yIpaBlIeHHWE pecypcamu. Jlekuus-Oecena. YMeTb
KOPPEKTHO pa3felsiTh Pecypchl MeXKIy 3aJadaMu 0e3 TOHOK ¥ B3aMMOOIOKHPOBOK.
Kpurtndeckue cekiimm, MbIOTEKCHI, ceMadopbl, MPHOPUTETHBIE HHBEPCHH.
Tema 7.3. CunxpoHm3anusi 3a1a4 U padbora ¢ ouepensmu. Jlekuus-6ecena. YMeTh
OpraHu30BbLIBATH obMeH JaHHBIMH MCXKAY 3aJadaMy 4€pe3 OUCpeau U CO6I)ITI/I}I.
Tewma 7.4. IlpuopuTeTsl 33124 U TJIAHUPOBINUKH. Jlekius-Oecena. YMeTh
HaCcTpanBaTh NPHUOPUTCTHI JI1 obecrieueHust ACTCPMHUHHUPOBAHHOI'O OTKIIMKA
KPHUTUYCCKUX 3aa4.

Pa3nen 8. Otnaaka u TecTupoBaHue.

Tema 8.1. Meronsl otnaaku: Touku ocTaHoBa (Breakpoints), morupoBanue

JAHHBIX., aHAIU3 PabOThl MPOTPAMMBI C MOMOIIBI0 OTJIAaTuuKa. Jlekuus-Gecena.

CHCTEeMHO TOJIXOJHMTh K TOHCKY M YCTpaHEHHIO OImHMOOK B mpoekTax. Breakpoints,

watchpoints, ITM-noruposanwue, core dump, stack overflow detection.

Tema 8.2. TectupoBaH#e MPOrPAMMHOTO OOECTICUCHUS: FOHUT-TECTHPOBAHHE,
WHTErPAIMOHHOE TECTUPOBAaHUE. Jlekuus-Oecena. YMeTh BHEAPATH MPAKTUKA

TECTUPOBAHUSA JIA MOBBINICHU Ha,[[é)KHOCTI/I KoJa.

Paznen 9. CoBpeMeHHbIE TEXHOJIOTUU U TPEH IBI.
Tema 9.1. Hnarepner Bemieir (IoT): mporpammupoanne Wi-Fi u Bluetooth
MOJlyJIel, B3aUMOJICHCTBUE C OOJAYHBIMU CEPBHCAMM, CEHCOPHBIE CUCTEMBI U
coop nmaHHBIX. Jlekuus-Oecena. YMers UHTErpupoBath podora B skocucremy [oT st
yIAIEHHOTO yIIPaBJICHHS 1 MOHUTOPHUHTA.
Tema 9.2. Be3onacHOCTh BCTPOCHHBIX CHCTEM: 3alllMTa MPOIIMBKH, ITH(PpPOBaHNE
JaHHBIX. Jlekmusa-0ecena. YMETh 3alIUIaTh MPOIIUBKY | TaHHBIE poOOTa OT

HCCAHKIIMOHUPOBAHHOTO JOCTYIIAa U aTaK

4.3. Tlpaktudeckue (CeMUHAPCKUE) 3aHATHUS
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Tembl mpakTUUECKUX 3aHATHI U UX TPYJOEMKOCTh IPUBEICHBI B TAOIHUIIE 5.

Tabmuua 5 — [IpakTuyeckue 3aHsATHs U UX TPYIOEMKOCTb

N3 aux Ne
Ne | Tewmsbl npaktudeckux | @opmel IpakTU4ecKuX | TpyroeMKOCTh, |IPAaKTHUYECKOM |pasnena
/1 3aHSTUN 3aHATUN (gac) MMOATOTOBKH, | THUCITHII
(Jac) JIUHBI
VY4eOHBIM MJITaHOM HE MPEAYCMOTPEHO
| |
Bcero
4.4, JlabopaTopHbIEC 3aHATHS
Tewmbl 1a00paTOPHBIX 3aHATUH U UX TPYJAOEMKOCTh MPUBEACHBI B TA0IHIIE .
Tabnuna 6 — JlabopaTropHble 3aHATHS U UX TPYJIOEMKOCTh
N3 Hux Ne
Ne HaumenoBanue nabopatopHbix paboT TpynoemKocTs, | MPakTHHECKOR | pasiena
/11 (gac) MOJATOTOBKH, | JUCITHII
(gac) JIUHBI
Cemectp 7
1 JIP 1 «YnpaBneHue OAHUM U TPYMIION 2 2 1-9
CBETOJIMOJIOBY
2 JIP 2 «YupaBieHue OAHUM U TPYyNIon 2 2 1-9
CEPBOIIPUBOJIOBY
3 JIP 3 «YnpaBneHue oAHUM U TPYNION 2 2 1-9
[IarOBBIX JIBUTaTENCH
4 | JIP 4 «Yupasnenue nu(ppoBbIM CETMEHTHBIM 2 2 1-9
WHIUKATOPOM»
5 JIP 5 «[logkmrouenune v mory4eHue 2 2 1-9
nH(OpPMAIIUU C TaTYHNKOB, OTOOpAKEHUE
nH(OpMAaLIUY Ha IUCILIEE»
6 JIP 6 «Pabora ¢ MaccuBaMH JAHHBIX. 2 2 1-9
[Toakmrouenure u ymnpapiieHrne MeMOpaHHOM
KJIAaBUATYPBD»
7 JIP 7 «Pabota c ananorossiM u [IIUM 2 2 1-9
MIOPTOM MUKPOKOHTPOJLIEPA»
8 JIP 8 «Co3ganue nporpaMMbl yIpaBJICHUS 3 3 1-9
YMHOU TEIUIULIEN»
Bceero 17 17

4.5. BeInonHeHne KypcoBOro NpoeKkTa/ KypcoBoi paboThl
VY4eOHBIM MJIaHOM HE MPEAyCMOTPEHO

4.6. CamocrosTenpHas padoTa 00yJatONIIXCs
Bunbl camocTosiTenbHON paboTHI U €€ TPYJA0EMKOCTh IPUBEIEHBI B Ta0IuUIIe 7.
Tabmmma 7 — Buasl caMOCTOSITENNbHOM paOOTHI M €€ TPYA0EMKOCTh

. Bcero, | Cemectp 7,
Bun camocrosiTensHO#M paboTh
qac qac
1 2 3
M3y4yeHne TeopeTHIecKoro MaTepraia
20 20
qucturiaael (TO)
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KypcoBoe npoektuposanue (KII, KP)

Pacuetno-rpaduueckue 3aganus (PI'3)

Brimonnaenue pedeparta (P)

[ToaroroBka K TeKyIieMy KOHTPOJIIO

ycneBaemoctu (TKY)

10 10

Homamnee 3amganue (/13)

Kontponbusie pabotsl 3a04nukoB (KP3)

IToaroroBka K mMpOMeEXyTOYHOMU

arrectanuu (I1A)

8 8

Bcero: 38 38

5. IlepedyeHnb yueOHO-METOUYECKOTO 00ECTICUCHUS
JUISL CAMOCTOSITENIbHON PabOoThI 00yUarOMIMXCS [0 JUCHUIUTHHE (MOJIYJIIIO)

yLIe6HO'MeTOI[I/ILIeCKI/Ie MaT€puaibl IJIA CaMOCTOSTEILHOM pa60TbI 06yqalonmxc51 YKa3aHbl B

IL.11. pa3aenoB 6-11.

6. IlepeueHb MEYATHBIX M ANEKTPOHHBIX YUCOHBIX W3aHUN

[lepeueHb neyaTHBIX U 3JIEKTPOHHBIX YUEOHBIX M3/IaHUH MpHUBeieH B Tabaule 8.
Tabmuua 8— [lepeyeHp mevyaTHBIX U JICKTPOHHBIX YUEOHBIX H3TaHUI

Komuectso
SK3EMILIIPOB B
Ullélil_ﬂj))lr;)/ec bubnuorpaduyeckas ccpuika 6H(6KH;I)(;I:KC
AJIEKTPOHHBIX
9K3EMILISIPOB)
URL: Martomus, A.O. [IporpammupoBanue
https://znanium.com/ca | MUKPOKOHTPOJUIEPOB: CTPATErvst U TAKTHKA /
talog/product/1027531 | A.O. MariommuH. - Mocksa : IMK Tlpecce, 2017.
- 356 c. - ISBN 978-5-97060-098-6.
URL: bopucesuu, A. B. JTabopatopnas padota Ne2.
https://znanium.com/ca | ITporpammupoBanue LCD, AIIIT u 1-Wire B
talog/product/470093 CodeVision u Proteus 111 MUKPOKOHTPOJLIEPOB
AVR [OnextponHslii pecypc] / A. B.
Bbopucesuu. - Mocksa : Uadpa-M, 2014. - 19 c.
URL.: [IpakTHueckoe pyKoOBOACTBO 1O
https://znanium.com/ca | nporpamMupoBanuio STM-MHKPOKOHTPOJIJICPOB
talog/product/701847 : yuebnoe nocooue / C. H. Topraes, M. B.
Tpury6, U. C. Mycopos, JI. C. UepTuxuna. -
Tomck : U31-Bo ToMckoro moanurex.
yHuBepcurera, 2015. - 111 c.
URL: [Ipenko, M. PIC-MUKpOKOHTpOJIIIEPHI:
https://znanium.com/ca | apxuTeKkTypa 1 IpOrpaMMUPOBAHHUE :
talog/product/2103606 | cipaBounuk / M. Ilpenko ; nep. ¢ anri. 0. B.
Murienko. - 2-e u31. - Mocksa : JIMK TIlpecc,
2023. - 513 c. - ISBN 978-5-89818-370-7.
URL: AGns308, P. 3. TIporpammupoBanne Ha
https://znanium.ru/catal | accemOiepe Ha mnardopme x86-64 / AGJisA30B
0g/product/409290 P.3. - Mocksa :/IMK Ilpecc, 2011. - 304 c.:
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ISBN 978-5-94074-676-8.

URL: JIucuuun, 1. B. IIporpaMMupoBaHue Ha s3bIKE
https://znanium.com/ca | accemOuiepa : yueOHoe mocodue / /1. B.
talog/product/1866916 | JIucuumn. - HoBocubupck : U3a-so HI'TY,
2018. - 100 c. - ISBN 978-5-7782-3679-0.

URL: HBanos, B. H. I[IporpamMmmupoBanue J0rHYeCKuX
https://znanium.ru/catal | xoaTposutepoB : yue6HOe mocobue / B. H.
og/product/2185847 WBanos. - Mocksa : COJIOH-TTPECC, 2023. -
356 c. - ISBN 978-5-91359-404-4.

7. IlepedeHb 31EKTPOHHBIX 00Pa30BaTENbHBIX PECYPCOB
UH(POPMALMOHHO-TEIEKOMMYHUKAIIMOHHOU ceTn «IHTepHeT»
Ilepeuens DIIEKTPOHHBIX 00pa3oBaTeIbHbIX pecypcoB MH(pOpPMaIMOHHO-
TEJIEKOMMYHUKAaLIMOHHON cetu «VHTepHeT», HEOOXOAUMBIX JJii OCBOCHHUS JUCLUIUIMHBI
npuBe/ieH B Tadimie 9.

Tabmuma 9 — IlepedyeHb SIEKTPOHHBIX OOpPA30BATEIBHBIX PECYPCOB HH(POPMALMOHHO-
TEJICKOMMYHUKAIIMOHHOU ceTtn «HTepHeT»
URL anpec HaumenoBanue
https://pro.guap.ru/ DJIeMEHTHI 3JICKTPOHHOTO Kypca M0 AUCIUILUINHE pa3MeIleHbI
BHYTpu DUOC I'VAII «MuTerpupoBanHas cpea o0yueHus»

8. Ilepeuenr HHPOPMAITMOHHBIX TEXHOJIOTUI
8.1. IlepeyeHp TPOrpaMMHOTO OOECHEYCHHMS, MCHOJIB3YEMOI0 IpPHU OCYLIECTBICHUU
00pa30BaTEILHOTO MPOoIEcca M0 JUCIUIIIHHE.
[Tepeuenp UCTONIB3yEeMOr0 IPOrPaMMHOTO oOecTieueHHs peacTabieH B Tabuuie 10.

Tabmuna 10— [TepeueHs mporpaMMHOT0 00€CIICUCHMS
Ne ni/mt HaunmenoBanue

1 DnekTpoHHas nH(popMamoHHo-o0pa3oBatenbHas cpena ['Y Al «MaTerpupoBanHas
cpena ooyuenus» (https://pro.guap.ru/) pazpaborana corpyaaukamu ['Y All
(BBemeHa B dKcIutyartaiuio npukazom ['YAIT ot 06.06.2017 Ne 05-215/17),
nepeveHb MOJYJICH U UX (YHKIMOHATBHOE Ha3HAYCHUE M3JI0XKEHBI IO CChUIKE
https://guap.ru/it/system/iso

2 OdurranbHBIN calT 00pa3oBaTeIbHON OpraHu3anuu B ceTH « HTepHeT
(https://quap.ru/), pazpaboran cotpyauukamu ['YAII (BBeeH B dKCILTyaTaIHIO
[Mpukazom I'VAII ot 23.03.2023 Ne 05-145/23)

3 Microsoft Office 2019 (morosop I'VAIIL, undopmarius o JIUIEH3UH MTPeICTaBIcHA
o cceuike https://guap.ru/it/system/iso/po)

8.2. IlepeucHb MH()OPMAITMOHHO-CIIPABOYHBIX CUCTEM,HCITOJIb3yEMBIX npu
OCYIIECTBIIEHUU 00pa30BaTEIHLHOTO MPOoIIecca MO AUCIUILTHHE

[lepeuens WCHONB3yeMBIX HH(POPMAIIMOHHO-CIIPABOYHBIX CHCTEM IIPEJICTaBICH B
Tabmmuie 11.

Tabmuna 11— Iepeuenb nHGOPMAIIMOHHO-CIIPABOYHBIX CUCTEM

Ne i/ HaumeHnoBanue

1 OnexktpoHHblid katanor Ombnuorekn ['YAII ¢ moctymoMm k 0asze MOJHOTEKCTOBBIX
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m3nanuii (https://lib.guap.ru.), moctyn yepe3 JUYHBIA KaOUHET YUTATENs OMOIHMOTEKH
I'VAII

2 Hayunas snextponnas 6ubinoreka «eLIBRARY» (https://elibrary.ru/), noctym uepes
JTUYHBIA KaOuHeT untatens ononuorexku ['Y ALl a taxxe no IP -agpecam 'Y AII

3 OBC «Jlaub» (https://e.lanbook.com/), moctym depe3 u4HBIM KaOHMHET YHTATENS
ouommorexu ['Y Al a Taxxe no IP -agpecam 'Y AII

4 ObC Znanium (https://znanium.ru/), moctyn depe3 JIMYHBIA KaOMHET YUTATEIs
oubmmotexku I'YAII, a Taoke no IP -anpecam 'Y AIT

9. MarepuaiabHO-TeXHHUYECKas O0a3a
CoctaB  MaTepUAIbHO-TEXHUYECKOH 0a3bl, HEOOXOIUMOW Ui  OCYIIECTBICHUS
00pa30BaTeNBFHOrO MpoIiecca Mo AUCHUIIIMHE, TPEACTaBIeH B Tabuuiel 2.

Tabmuua 12 — CoctaB MarepuaIbHO-TEXHUYECKON 0a3b13

Ne HanmeHnoBaHue cocTaBHON 4acTH Howmep aynuropun
/T MaTepuaIbHO-TEXHUYECKON Oa3bl (Ipr HEOOXOTUMOCTH)
1 | MynsTuMeauiiHas JeKIMOHHAS ayAUTOPUS: 21-21 (yn. Bonbimas

Cnenunanu3upoBaHHas MeOellb; TEXHUYECKHE CPEICTBA Mopckas, 1.67, muT. A)

o0yueHus, CITy’Kallye s peICTaBlIeHUs] y4eOHOM
nH(popManuy OOJBIION ayAUTOPHH; HA0OP
JI€MOHCTpallMOHHOT0 060pynoBanus (MHTepakTUBHBIHI
MYJIbTUCEHCOPHBIN AMCIUIEH HA IIEPEKATHON CTOMKE
FocusTouch lnaronans 70" — 1 mr., [I9BM — 1 mrt.);
ObecnieueH IOCTYT B AJIEKTPOHHYIO HHPOPMAIIMOHHO-
obpazoBatenbHyto cpeny I'YAIl no nokansHoH
BBIYHCIIUTEIILHOM ceTH win Touke nocryna WiFi.

2 | JJaboparopusi KOMIIBIOTEPHOTO MOJIETMPOBAHUS: 31-04 (yn. Bonbiast
— CHenuaJn3upoBaHHasi MeOeb; Mopckas, 1.67, mat. A)
— TEXHUYECKHWEe CpelcTBa  OOydeHus, ciayxamue JUis
npenacraBieHuss yuyeOHod wunHpopmaumu; [IOBM - Jlucrneit
nHTepakTuBHbId HTC- 1 .

JlabopatopHoe oGopynoBanue: [I9BM — «Mecto pabouee
aBTOMaTU3MpPOBaHHOE» — 18 mIT.

ObecrieyeH 10CTyN B 3JIEKTPOHHYIO HH(OPMAIMOHHO-
obpazoBatenbHyto cpeny I'YAII no nokansHoOH
BBIYMCIIMTENILHON ceTH win Touke gocryna WiFi.

10. OueHo4HBIE CpeICTBA ISl MPOBEICHUS TPOMEKYTOUHOUN aTTECTAINH
10.1. CoctaB OIEHOYHBIX CPEACTBAJISI MPOBEIACHHS TMPOMEKYTOYHOW AaTTeCTalluu
00yJaroIuXcsl 1o JUCIUTUINHE MPUBEACH B Tadymie 13.
Tabnuna 13 — CocTaB OIEHOYHBIX CPEJCTB JJIsl MPOBEACHHUSI MPOMEKYTOYHON aTTeCcTalluu

Bug HpOMC)KyTO‘-IHOﬁ aTrTeCTalnuun HCpC‘-ICHB OICHOYHBIX CPCACTB

Cnucok BONpocoB;
TecTsl.

JuddepeHunpoBaHHbIi 3a4ET

10.2. B kayecTBe KpUTEpUEB OIECHKH YPOBHA C(HOPMUPOBAHHOCTH (OCBOEHUS)
KOMIIETEHIMI OOYYaIONMMHCS TPUMEHSETCST 5-0ayulbHasi MIKajla OIEHKH C(HOPMHUPOBAHHOCTH
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KOMITETCHIINM, KOTOpasi puBeieHa B Tabimie 14. B Tedenne cemMectpa MOXKET MCIOJIb30BAThHCS
100-0annpHast ~ mKama ~ MOXYJBHO-PEUTHMHTOBOM  CHUCTEMbl ~ YHUBEPCUTETa,  IpaBHUIIa
UCIIOJIb30BaHUSI KOTOPOH, YCTAaHOBJIEHBl COOTBETCTBYIOILUM JIOKAJIbHBIM HOPMATUBHBIM aKTOM
I'VAIL

Tabnuna 14 —Kputepuu ouieHKH ypoBHS ¢(hOPMUPOBAHHOCTH KOMIIETEHIIUI

OI11eHKa KOMITETEHITUN

XapakTepucTrka c(hOPMUPOBAHHBIX KOMIIETEHMIA
5-0ayuipHad IIKaIa PAKTEp (op

OOyuarommiics:

— TJIyOOKO M BCECTOPOHHE YCBOMJI MPOTPAaMMHBIA MaTepra;

— YBEPEHHO, JJOTUYHO, ITOCJICIOBATEILHO M TPAMOTHO €r0 U3J1araer;

— ONMUPAsICh HAa 3HAHUS OCHOBHOM W JIONMOJIHUTEIBHON JIUTEpaTyphl,
«OTJIIAYHOY TECHO CBSI3bIBAET YCBOCHHBIC HAYYHbBIC MOJOXKEHHUS C MPAKTUYECKOU
«3a4TEHO» JeATEIbHOCTHIO HAIIPaBJICHUS;

— yMesi0 000OCHOBBIBAET U apTyMEHTUPYET BBIJIBUTAEMbIC UM HJICH,

— JIeJaeT BBIBOJIBI U 0000IIEHHMS;

— CBOOOJIHO BJIAJICET CUCTEMOM CIIeIIMaTH3UPOBAHHBIX TTOHSTHH.

— npaBmIbHO BeIIOJHUI OT 90% 10 100% TecToBBIX 3ajaHuil .

OO0yuaromuiics:

— TBEPJIO YCBOMJI MPOTrPaMMHBINA MaTepuall, TPAMOTHO U TI0 CYIIECTBY
M3JIaraeT ero, ONMupasiCh Ha 3HAHUS OCHOBHOM JINTEPATYPHI,

— HE JIONYCKAaeT CYIIECTBEHHBIX HETOUHOCTEH;

«XOPOILIO» — YBSI3BIBACT YCBOCHHBIC 3HAHUS C MPAKTHYCCKOW JCSITEIBHOCTHIO
«3a4TEHO» HaIPaBJICHUS;

— apTYMEHTUPYET Hay4YHBIC TIOJIOKEHUS;

— JIeJIaeT BBIBOIBI M 000OIIEHHS;

— BJIaJICCT CHCTEMOM CIIeMaIM3UPOBAHHbIX TTOHITHH.

— npaBWIIBHO BEIMOIHII OT 70% 10 89% TecTOBBIX 3aaHui .

— o0yyarouuiicss yCBOMJI TOJbKO OCHOBHOW IPOrpaMMHBIM MaTepual,
IO CYWIECTBY M3JaraeT €ro, ONMpasch HA 3HAHUSA TOJIBKO OCHOBHOMU

JIUTEpaTyphl,
— JIOITyCKaeT HeCYIECTBEHHbIE OIIMOKN U HETOYHOCTH;
«yJIOBJICTBOPUTENIBHO» | — UCHIBITBIBAET 3aTPYJHEHHUS B IPAKTUYECKOM IPUMEHEHUM 3HAHUMN
«3a4TEHO HaIlpaBJICHNUS,

— cnabo apryMeHTUPYET HayYHBIE MOJI0KEHNUS,

— 3aTpyAHseTCs B (OPMYTUPOBAHUU BBIBOJOB U 0000IIIEHUT;

— YaCTUYHO BJIQJICET CUCTEMOM CITEIMATTM3UPOBAHHBIX MOHITHH.
— IIPaBUJIBHO BBIMOIHUI OT 51% 110 69% TeCTOBBIX 33[aHH .

— o0yyarouuiicss He YCBOWJI 3HAYUTENBHOM YacTH MPOTPaAMMHOIO
MaTepuana,
— JIONyCKaeT  CYIIECTBCHHBIE OIMMUOKM W  HETOYHOCTH  TIPH
«HEYJIOBJICTBOPUTEIIHHO» | PACCMOTPEHUH TIPOOJIEM B KOHKPETHOM HAIPaBIICHHH,
«HE 3a4TEHO» — UCTIBITHIBAET TPYAHOCTH B MPAKTUYECKOM NMPUMEHEHUH 3HAHMUIA;
— HEe MOKET apryMEHTUPOBATh HAyYHBIE TTOJTOKECHHUS;
— He (popMyIHpPYET BHIBOJAOB U 000OLICHHIA.
— IIPaBUJIGHO BBINOIHUI MeHee 51% TeCTOBHIX 3aIaHUH .

10.3. TunoBble KOHTPOJILHBIC 3a/IaHUS WM WHBIC MaTePHAIIBI.
Bompocs (3amaun) ass 9K3aMeHa mpeIcTaBIeHb! B Tabuie 15.

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

Kon

Ne /i [Tepeuens BompocoB (3a1a4) AJsl IK3aMeHa
WHAMKATOpa

Y4eOHbIM MJIAHOM HE IPEAYCMOTPEHO

Bomnpocs! st nudd. 3auera npeacrasieHsl B Tadmuie 16.
Tabnuna 16 — Bonpocs! muis nud¢. 3adera
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Kon
Ne i/t [Tepeuens BompocoB A qudd. 3auera —
1 Yto Takoe MUKPOKOHTpoJLIep? NK-1.J1.1
2 Kakue ocHOBHBIE apXUTEKTYPbl MUKPOKOHTPOJLJIEPOB IK-1.1.1
CYILIECTBYIOT?
3 [Tepeuncnute OCHOBHBIE SI3BIKK TPOTPAMMHUPOBAHUS IK-1.1.1
MHUKPOKOHTPOJLIEPOB.
4 UTo Takoe perucTp MUKpPOKOHTpoJLIepa? IK-1.J1.1
5 Kaxk paboraer nmpepbiBaHr€ B MUKPOKOHTpOJLIepe? IK-1.14.1
6 UYro Takoe PWM u rze on npumensiercs? NK-1.J1.1
7 Kakue Tumbl naMsiTi UCIIOJIb3YIOTCS B MUKPOKOHTpOJIIEpax? IK-1.J1.1
8 Uro Takoe UART u kak oH paboraer? MK-1.J1.1
9 Kakue npeumymiectBa umeer ucnosyibzoBanue SPI o MK-1.1.1
cpaBHenuto ¢ 12C?
10 UTto Takoe TaliMep B MUKPOKOHTpoOJLIepe? IK-1.J1.1
11 Kak paboraer ALl (ananoro-mudpoBoi mpeodpa3zoBaTelib)? MK-1.J1.1
12 Uro Takoe cropokeBoi Taiimep (Watchdog Timer)? IK-1. 1.1
13 Kakue pexumbl 23HEprocOepexeHus CyIecTBYIOT B IK-1.14.1
MHUKPOKOHTpoJIIepax?
14 Uto takoe DMA u 3a4eM OH HY)XeH? IK-1.11.1
15 Kak paboraer nmporokon 12C? IK-1.1.1
16 Uto Takoe GPIO? TIK-1.J1.1
17 Kakwue ¢akTopsl BIUSIOT Ha BEIOOP MUKPOKOHTPOJIIEPA ISt NK-1.J1.1
npoeKkTa?
18 UYro takoe RTOS u 3auem oH HYXeH? MK-1.1.1
19 Kakwue 3tamnsl Bki1rodaer pa3paboTka nporpamMmsl AJis NK-1.1.1
MHUKPOKOHTpoJIIepa’?
20 Uro Takoe bootloader? MK-1.J1.1
21 Kak pabotaet nporokona CAN? MNK-1.J1.1
22 UYro Takoe EEPROM wu kak oHa ucnonb3yercs? NK-1.J1.1
23 Kak pabotaet nporokona USB? MK-1.J1.1
24 UTo Takoe CTeK BHI30BOB? TK-1.J1.1
25 Kaxue ommOku MOryT BO3HUKHYTH IIPH paboTe C NK-1.J1.1
MHUKPOKOHTpOJIIepaMu?
26 Uto Takoe HHKPEMEHTHOE U IEKPEMEHTHOE KOAUpPOBaHHUE? NK-1.J1.1
27 Kak pabotaet nporokoa Modbus? MNK-1.J1.1
28 Yro takoe CRC u 3aueM OH HYXeH? MK-1.1.1
29 Kak pabotaet nporokoia Ethernet? NK-1.J1.1
30 UTto Takoe MYJIbTHIIIICKCUPOBaHUE? MK-1.J1.1
[lepedyeHp TeM AJIsi BBIOJTHEHUST KypCOBOTO MPOEKTa/ KYPCOBOM Pa0OTHI TPEICTABICHBI

B Tabmmie 17.

Tabauna 17 — Ilepeyerb TeM JUisl BHIIOJHEHHUS] KYPCOBOTO MPOEKTa / KYpCOBOM pabOThI

No /i [TpuMepHBIii IepedeHb TeM ISl BBITOTHEHHS KYPCOBOTO TIPOEKTa/ KypCOBOM
paboThI
Y4eOHbIM MJIAHOM HE IPEAYCMOTPEHO
Bonpockl s mpoBeneHHS MPOMEXKYTOYHOH aTTeCTallMd B BHIE TECTHPOBAHUS
npeJIcTaBIeHbI B Ta0nuie 18.
Tabmmma 18 — [IpumepHBIi IepeueHb BOIIPOCOB JUIsI TECTOB
| Ne | [TpuMepHBIii IepeyeHb BONPOCOB Il TECTOB | Kog
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n/n ‘ MHAMKATOpa

1 mun. 3a0anue KOMOUHUPOBAHHO20 MUNA C BLIOOPOM OOHO20 BEPHO20 OMEEMA U3 Yembipex
NPeONIOANCEHHBIX U 0OOCHOBAHUEM 8bLOOPA

Wuctpykuus: [IpounTaiiTe TEKCT, BHIOSPUTE MPABWILHBINA OTBET U 3AIHUIIUTE aPTyMEHTHI,
000CHOBBIBAIOITHE BHIOOP OTBETA

1 Y10 Takoe MUKPOKOHTpPOIIIEP? IK-1.14.1

A) YCTpoHCTBO TS yIPABICHHS DIEKTPUIECKUMH TETISIMI,

b) NHTerpansHas cxema, 00beIUHSIONIAS ITPOIIeCcCcop, MaMATh U
nepudepuio;

B) [Iporpamma i1t pa3pa®OTKH 3JEKTPOHHBIX YCTPOUCTB;

I') UnTepdetic ans cBsi3n MeX Iy KOMIBIOTEPOM M BHEITHUMU
YCTPOMCTBAMH.

2 Kaxoii peructp ucmonp3yercs Ijs HACTPONKY HampaBiIeHUs PaOOThI IK-1.4.1
BBIBOJIOB ITOPTa B MUKPOKOHTpoJuiepax AVR?

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

3 Yro takoe PWM (IIMPOTHO-UMITYIbCHAS] MOTYJISIIIHS)? MK-1.4.1

A) Meton 3auThl MEKPOKOHTPOJLIEPA OT TEPETPEeBa;

b) Crioco6 yBenuueHus TAKTOBOW 4aCTOTHI;

B) TexHomorus peryarpoBaHus MOIIHOCTH IIyTEM U3MEHEHHUS IIIUPUHBI
HMMITYJTCOB;

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

4 Yto Takoe mpephIBaHUEe B MUKPOKOHTpOJLIEpe? IK-1.11.1

A) Ilpomecc 3arpy3ku IpOIINBKH;

Bb) Ommnbka B mporpamme;

B) Co6oit mutanus;

I') CobGbITHE, KOTOPOE BPEMEHHO TPUOCTAHABIMBAET BBHIIIOJIHEHUE
OCHOBHOM IPOTPaMMBI.

5 KakoBa ocHOBHasi (pyHKIIHS TaiiMepa/cueTyrKa B MUKPOKOHTpOJuIepe? IK-1.1.1

A) YmpasieHue muTaHueM;

b) O6paboTka qaHHEIX;

B) Usmepenne BpeMeHH WK KOJIHMYECTBA COOBITHIA;
I') 'enepaninst 3ByKOBBIX CUTHAJIOB.

2 mun. 3a0anue KOMOUHUPOBAHHO20 MUNA C 8bIOOPOM HECKOILKUX 8APUAHMOE OMEEMA U3
NPeOIOJNCEHHBIX U PA3BEPHYMBIM 0OOCHOBAHUEM 8b1O0ODA

Wuctpykuus: [Ipounraiite Tekct, BEIOEpUTE NIPABUIIBHBIC BAPUAHTHI OTBETA U 3AIHIITUTE
apryMeHTbI, 000CHOBBIBAIOLIE BEIOOP OTBETOB

6 Kakue n3 nepeyncieHHbIX apXUTEKTYP OTHOCATCS K MUKpoKoHTposutepam? | TTK-1./1.1

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

B) AVR,;

I') PIC.
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Kakwue pernctpsl 00BIYHO MPUCYTCTBYIOT B MUKPOKOHTPOJLIEPE IS
yIpaBJIeHUs [IOPTaMU BBOJA-BbIBO/AA?

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

B) CACHE (Cache Register);

I') DDR (Data Direction Register).

TIK-1.J1.1

Yro Takoe IIpEephLIBaHUs B MHKpOKOHTpOHHean?

A) [IporpaMMHbIe KOMaH/IBI TS YBEJINYCHHSI CKOPOCTH PaOOTHI;

Bb) Cnioco6 opranuzariy MHOT03a1a9HOCTH;

B) Mexanun3m 00paboTku ommooK;

I') CoObITHSI, KOTOpBIE BPEMEHHO OCTAHABIMBAIOT BHIOJHEHNE OCHOBHON
MPOTPaMMBL.

MK-1.]1.1

Kakue QyHkiun BeImonHseT croposkeBoi Taiimep (Watchdog Timer)?

A) KoHTposb BpeMeHH BBITIOTHEHHS TPOrPaMMBL;

b) O6paboTka npepbIBaHH;

B) YBennuenue npon3BoAUTENEHOCTH MUKPOKOHTPOJLIEPA;
I') Ilepe3arpyska cCUCTEMBI IPU 3aBUCAHH.

MK-1.]1.1

10

Yro takoe GPI1O (General Purpose Input/Output)?

A) Ilopt nnst mepenauu 3ByKa;

b) YHuBepcanbHbIie TOPTHI 47151 BBOAA U BHIBOJA JAHHBIX;
B) CneunannsupoBaHHbIe TIOPTHI AJIsl ITUPPOBAHUS;

I') MaTepdeiic mis MOAKIIOUSHUS BHEITHUX YCTPOUCTB.

MK-1.]1.1

3 mun. 3aoanue 3AKpsblmoco muna Ha yCnaHoeleHue cCoomeemcmeust

Wuctpyxus: [IpounTtaiiTe TEKCT U YCTAHOBUTE COOTBETCTBUE. K Ka)K0i 1MO3ULIUY, JAHHOU B
JICBOM CTOJIOIIE, IOJIOEPUTE COOTBETCTBYIOIIYIO MO3UIHIO B IIPABOM CTOJIOLIE

11

YcTaHoBUTE COOTBETCTBHE TEPMUHOB

1GPIO A) Moaysimys LIMPYUHBL UMITYJIbCA [T
YIPaBJICHUS] MOIIHOCTHIO.

2PWM b) NnaTepdeiic mist mpeodpazoBaHUs aHATIOTOBOTO

CUTHaJIa B IU(PPOBOK.
3ADC B) IopT BBO2-BBIBO/IA TSI TIOTKITFOYEHUS
BHEIITHUX YCTPOMCTB.
I') IIpoToko:n nepenayn JaHHBIX MEXITY
MHUKPOKOHTPOJIIEPAMHU.

MK-1.]1.1

12

VY cTaHOBUTE COOTBETCTBUC TECPMUHOB

1UART A) ACHHXPOHHBIH TPOTOKOI JJIsi OOMEHa
JaHHBIMU MEXAY YCTPOHCTBAMHU.
2 SPI B) [NocnenoBaTenbHblii HHTEPEHC IS CBSI3H C
WCIIOJIb30BaHUEM JIBYX IPOBOJIOB.
312C B) BBICOKOCKOPOCTHO# CHHXPOHHBIH HHTEphEc
€ OJJIEP’)KKOM HECKOJIBKUX YCTPOMCTB.
I') IlpoTokon ayist nepenaun ganHbix gepe3 USB.

IK-1./0.1

13

VYcTaHOBUTE COOTBETCTBUC TCPMUHOB

1 EEPROM A) BricTpast K31I-namMaTh BHYTPH MIPOLIECCOPA.

2RAM b) DHepronezaBucumMas HaMsTh I XpPaHEHUS
HPOrPaMMHOTO KOJIa.

3 Flash B) DHeproszaBucumasi namMsTh JJisi BPEMEHHOTO

TIK-1.J1.1
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XPaHCHUS JIaHHBIX.
I') DHeprone3aBrcuMas MaMATh ISl XpaHEHUS
JTAHHBIX.

14 YcTaHOBUTE COOTBETCTBUE TEPMUHOB

1 Watchdog Timer A) Monynb Uit OTCIIGKHBaHUSI PEabHOTO
BpPEMECHHU.
2RTC B) YcrpoiicTBo It reHepaliiy CIyYaiHbIX YHCe
3DMA B) Taiimep, KOTOpBIi Tiepe3arpykaeT CUCTEMY
NpY 3aBUCAHUU.
I') Kontpomep mist mpsMOro JOCTyTa K MaMSITH
0e3 yJacTus mporeccopa.

MK-1.]1.1

15 YcTaHOBHUTE COOTBETCTBHE TEPMUHOB

1 Oscillator A) Monynb Uil YMHOXKECHUS MITH JCTICHUS
YaCTOTBHI.
2PLL b) I'enepaTop TaKTOBBIX CUTHAJIOB JUISI
CHHXPOHH3ALUH PAOOTHL.
3 Clock B) YerpoiicTBo i1t CO37aHUS CTAOMITBHOM
YaCTOTHI.
I') YerpoiictBo a1 mpeoOpa3oBaHus HATPSHKCHIS

MK-1.]1.1

4 mun. 3aoanue 3AKpblmMoco muna Ha yCmaHoelenHue nocne0o08amenbHOCmu

Wnctpykuus: [lpodnTaiiTe TEKCT U yCTAaHOBUTE MOCIEA0BATEILHOCTD. 3aMUIINTE
COOTBETCTBYIOILYIO ITOCIIEIOBATEILHOCTE OYKB CJI€Ba HAIIPABO

16 KakoBa mpaBuiibHas OCIEI0BATENbHOCTh 3TAOB IPOrPaMMUPOBAHUS
MHKPOKOHTpoOJuiepa’?

A) KoM,

b) IIporpammupoBaHnue;
B) Hammcanwme kona;

I') Otnagxa.

TK-1.J1.1

17 YkakuTe NpaBUIBHYIO MOCIeN0BaTEeNbHOCTE paboTsl ¢ GPIO-nopramu
MHUKPOKOHTpOJLIEpa:

A) Hacrpoiika pexxnma;
b) ; Mannmanu3amnus mopra
B) Urtenue/3anuch JaHHBIX.

MK-1.]1.1

18 [opsnok pabots ¢ UART i nepenadn JaHHBIX:

A) ; Hactpotiika mapaMeTpos;
b) [Ipuem nanHbIX;

B) Naunmanuzamust UART;
I') Ilepenaua maHHBIX.

TIK-1.J1.1

19 Kakas nmocnegoBarensHOCTS mpH pabote ¢ HIVM (ImupoTHO-UMITYIECHOM
MOIYJISIIIACH)?

A) Hactpoiika ko3¢ dunpienTa 3aroiHeHus;
b) Maunmanuzanus TaiiMepa;
B) I'enepaums curnana.

MK-1.]1.1

20 Kakas nocnenoBareabHOCTh ISHCTBUI IPH UCITOb30BaHUH SPI1?

A) Ilpuem naHHBIX;
b) Ununmanu3zanus;

MK-1.]1.1
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B) Ilepenaua naHHbBIX;
I') Hactpoiika MacTepa/Be10MOrO.

5 mun. 3a0anue omKpuIMO20 MUNA C PA36EPHYMBIM OMBETNOM

Wuctpyknus: [lpodnTaiiTe TEKCT U 3aMAIINTE Pa3BEPHYTHIII 0OOCHOBAHHBIN OTBET WIIH
HAMUIINTE TPOITYIIEHHOE CIIOBO/CIIOBOCOYETAaHUE

21 Urto Takoe MUKPOKOHTPOJIIEP M KAKOBBI €r0 OCHOBHBIE KOMITOHEHTHI? IK-1.1.1
22 YTo Takoe PEerucTpbl B MUKPOKOHTPOJIEPE U KAK OHU UCTIONIB3YIOTCS? IK-1.J1.1
23 YTo Takoe npephIBaHKs M KaK OHM 00padaThiBaroTcsi B MUKpokonTpoimtepax? | ITK-1./1.1
24 Kak pabotaet Talimep B MUKPOKOHTpoOJLIEpe? IK-1.J1.1
25 Uro Takoe ALIIT 1 kak OH KCITOJIE3YETCS B MUKPOKOHTPOJIEPAx? IK-1.J1.1

[lepeyeHb TeM KOHTPOJBHBIX PabOT MO AMCLUUIUIMHE OOYYAIOUIMXCS 3a04HON (HOPMBI
00yueHus1, IpeIcTaBIeHbI B Ta0ymie 19.

Tabmuna 19 — IlepedeHb KOHTPOJIBHBIX PadOT

Ne n/m [lepeueHb KOHTPOJIBHBIX PabOT

He npenycmorpeno

10.4. Meroguueckue  Marepuaibl,  ONPEACHSAIONIME  HPOIEIyphl  OICHUBAHHS
UH/IMKAaTOPOB, XapaKTepU3YIOIIMX d3Tanbl (HOpPMUPOBAHMS KOMIIETEHLHUH, COAEpKarcs B
JOKaJIbHBIX HOpMaTuBHBIX akrtax [VYAIIL, peraMeHTHPYOIUX MOPSIAOK U IHPOLEAYypYy
IPOBE/ICHUS TEKYIIEro KOHTPOJISI YCIIEBAEMOCTH U MPOMEKYTOUHOM aTTecTaluyi 00ydaromuxcs
I'VAIL

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

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

OcHOBHOE Ha3HA4Y€HHE JIEKIIMOHHOIO MaTepuana — JIOTUYECKH CTPOMHOE, CHUCTEMHOE,
IyOOKOe U SICHOE HU3JIo)KeHHEe ydeOHoro marepuana. Ha3HaueHue COBpPEMEHHOM JEKIUH B
paMKax TUCHMIIIMHBI HE B TOM, YTOOBI MOJyYUTh BCIO MH(MOPMALMIO 1O TEME, a B OCBOCHUHU
(GyHIaMEHTaIbHBIX MpOOJeM JUCHMIUIMHBI, METOJAOB HAYYHOIO T[IO3HAHUSA, HOBEHIIMX
JOCTH)KEHUH Hay4dHOH MbIciu. B yueOHOM mporiecce JeKIHs BBIMOJHAET METOA0JIOIHYECKYIO,
OpraHU3aIMOHHYI0 U MHPOpMAMOHHYIO0 (pyHKUMHU. JIeKHs pacKkpbIBaeT MOHATHHHBIN anmapat
KOHKPETHOW o0yiacTH 3HaHus, €€ MpoOsieMbl, AAaeT LEeIbHOE NPEACTaBICHUE O AUCIUIUIMHE,
MOKAa3bIBAET B3aUMOCBS3b C APYTUMU AUCLUTIIIMHAMH.

[Tnanupyemble pe3yabTaThl IPH OCBOEHUH 00YYarOMIMMUCS JIGKIIMOHHOTO MaTepuaa;

— TIOJyYEHUE COBPEMEHHBIX, LEJIOCTHBIX, B3aUMOCBA3aHHBIX 3HAaHUH, YpPOBEHb
KOTOPBIX OINPEEISIETCS LEIEBOM YCTAHOBKOW K Ka)K/10M KOHKPETHOU TEME;

— TIOJyY€HUE OIbITa TBOPUYECKOM pabOThl COBMECTHO C MPEIO/IaBATEIEM;

— pa3BuUTHE NOPOPECCUOHANBHO-JENOBBIX  KayecTB, JIOOBM K MpeaAMeTy H
CaMOCTOSITENIbHOTO TBOPUYECKOT'O MBIIITICHHUS.

— TIOSIBJIEHHWE HEOOXOAMMOTro HHTEpeca, HEOOXOAMMOTO JIJIsi CAMOCTOSITEIIbHONW PabOTHI;

— TIOJy4YeHUE 3HAHUW O COBPEMEHHOM YpPOBHE pAa3BUTHS HAyKH U TEXHUKH U O
IPOTHO3€ UX pa3BUTHs Ha OJMIKaMIINeE TO/IbI;

— HayuyuThCs METOJUYECKH oOpabaTbiBaTh MaTepuan (BBIACIATH TJIaBHBIE MBICTH U
MOJIOKEHUS, TMPUXOAUTh K KOHKPETHBIM BBIBOJIAaM, MOBTOPSATh HUX B  Pa3IMUHBIX
bopmyarpoBKax);

— TOJIyu€HHe TOYHOI'O IOHUMAaHHUs BCEX HEOOXOUMBIX TEPMUHOB U TIOHSATHH.
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JIeKUMOHHBIA MaTepuall MOXKET COMNPOBOXKIATHCA JAEMOHCTpPALMEl  CIAliIoB U
WCIIONIb30BAaHMEM pa3aTOYHOTO MaTepuaja TMpH MPOBEIECHUU KOPOTKUX JHCKYycCUH 00

0COOEHHOCTAX IMPUMCEHCHHUA OTACIBbHBIX TEMATUK 110 JUCHUIIJIUHE.
CTDVKTVDa OpeaoCTaBJICHUA JCKIIMOHHOTO MaTepuraia:

—  JIGKITMOHHBIA MaTepual MpeCTaBISAETCS MPEIO0/1aBaTelIsIM YCTHO;

— JIGKIIUS COCTOUT U3 TPEX OCHOBHBIX 4YacTEH: BCTYNMUTEIbHOH, OCHOBHOH |
3aKJIIOUYUTEIILHOM,

—  BCTYNHTEJIbHAS YacTh ONPEIeIsIeT Ha3BaHUE TEMBI, IUIaH U 1eJb JICKIUH

— B OCHOBHOHM YacCTH JICKIIUH PEATM3YETCS HAyYHOE COJIEP)KaHUE TEMbI, BCE TJIaBHBIC
y3JI0BBIE BOIIPOCHI, TPOBOAMTCS BCS CHCTEMa JOKa3aTelbCTB C HCIOJIb30BaHHWEM Hamboliee
11€7I€CO00PA3HBIX METOANYECKUX MPUEMOB;

— 3aKJIIOYMTENIbHAs 4YacTh HMMEET IMeJbl0 0000maTh B KpaTKUX (OPMYITUPOBKAX
OCHOBHBIE UJIEU JIEKIIUU, TOTUYECKHU 3aBepiast €€ Kak 1eTOCTHOE TBOPEHUE;

—  OTJAETbHBIC BUJBI JICKIIUI MOTYT UMETh CBOM OCOOCHHOCTH KaK IO COICPXKAHHIO, TaK
U TI0 CTPYKTYPE.

11.2. Mertoauyeckue yKa3aHus JijIsl 00y4arolIiXcs M0 Y4acTUIO B CEMUHApax.
Yuebnvim nnianom He npedycmompeHo.

11.3. Metoau4ueckue yka3zaHUs UIsi OOyYalOMIUXCS IO TPOXOXKICHUIO TPAKTHUYECKUX
3aHITUU
Yuebnvim nianom He npedycmompeHo.

11.4. Metoauueckue ykasaHUsl A OOy4YarOIMXCSl MO BBIIOJHEHUIO J1ab0paTOpHBIX
pabor

B xozme BeIONHEHHS Ja0OpaTOpHBIX paboT OOydYarOMmMKCS MOJKEH YIIIyOUTh H
3aKpeNUTh 3HAHUS, MPAKTUYECKUE HABBIKM, OBIAJETh COBPEMEHHOW METOJIMKON M TEXHUKON
OKCIIEPUMEHTAa B COOTBETCTBHUH C KBAJTU(HUKAIMOHHONW XapaKTEPUCTHKONW OO0YyYaromerocs.
Brimonnenne nabopaTtopHbIX pabOT COCTOUT M3 IKCHEPUMEHTAIbHO-TPAKTUYECKOM, pacueTHO-
AQHAJIMTUYECKON YaCTeW U KOHTPOJIBHBIX MEPOITPUATHI.

BrinonHenue 51a00paTopHBIX paboOT OO0yyaromuMCs SBJISIETCS HEOTHEMJIEMOH 4YacThlO
U3yYeHHsS] JUCIHIUIMHBIL, OIpeNeIsieMoil ydeOHBIM IUTAaHOM, W OTHOCHUTCS K CpPEICTBaM,
o0ecreynBaroIuM pelIeHue CIeIyIoIUuX OCHOBHBIX 33/1a4 00y4aroIerocs:

— TIpHOOpeTeHHEe HAaBBIKOB HCCIEIOBaHMS IMPOLIECCOB, SBICHUH U  OOBEKTOB,
M3y4aeMbIX B PAMKax JAaHHOW JUCIUTUTIHBI;

— 3aKpeIuleHHe, Pa3BUTHE U JeTalu3allds TEOPEeTUYECKUX 3HAHUN, TMOJYYEHHBIX Ha
JEKIUSX;

— ToJlyueHHe HOBOM MH(OpMAIMH [0 3y4aeMON AUCIUIIINHE;

— TnpuoOpeTeHHe  HaBBIKOB  CAMOCTOATEIbHOW  paboTel ¢ 1a00paTOpHBIM
000py10BaHHEM U TPUOOPaMHU.

3ajilaHue ¥ TpeObOBaHUs K IPOBEICHUIO J1a00paTOPHBIX paboT

Cnucok 3amaHuil mpenctasieH B 1 4.4, tabnmuua 6. JlaGopaTopHble paGoThl ciemyeTr
BBIIIOJIHATH B XOJ€ TIPOXOXKACHUS Kypca, BHHMATENbHO pa30upas TpencTaBICHHBINA
METOAMYECKHI Marepuan TMpenojaBaTeieM, C 3arpy3Kod BBIMOJIHEHHBIX pabOT B JIMYHBINA
kaOuHeT oOydJaromierocss B ycraHoBJeHHbIE B «JInunom kabmaete ['YAIID» cpokm mms xaxmoi
paboTHI.

CrpykTypa u hopma oTueTa 0 1abopaTopHOM paboTe

Otuer o mnabopaTopHOW paboTe [ODKEH BKIIOYATh B Ce0S: TUTYIBHBIN JIHCT,
(GOopMyJIMPOBKY 3aJlaHUsl, TEOPETHUYECKHE IOJIOKEHHUS, MCIONb3yEeMbIE IPU BBIMOJTHEHUHN
n1abopaTopHOil paboThI, OMKMCaHUE MPOIecca BHIMOTHEHUS 1a00paTOpHO paboThl, MOTYUYEHHBIE
pe3yIbTATHI U BBIBOBI.

TpeboBanus k 0ohopMIECHUIO 0TYETA O TAOOpPaTOpHOU paboTe

21




ITo xaxmoit mabopaTopHOil pabOTE BHIMOJHSIETCS OTIAEIbHBIN OTYeT. TUTYJIBHBIA JUCT
opopmIisieTcsT B COOTBETCTBHHM C Ia0ioHOM (oOpasiom), mpuBeneHHbIM Ha caiite ['YAII
(www.guap.ru) B pasaene «I['YAIT/HopmaruBuas moxymentanus/J{oxymenranus/J{ns yae6HOro
nporeccay. TekcroBele u TpaduyecKkue wmarepualibl OQOPMISIIOTCS B COOTBETCTBHH C
nerictByromumu 'OCTamu u TpeboBaHUsIMHU, IPUBEICHHBIMU Ha caiite 'Y AII (www.guap.ru) B
paznene «I'Y All/HopmatuBHas nokymenTanws/JlokymenTamnus/J{ns yaeOHOTO TIpoIieccay.

11.5. Metoauyieckue yka3aHus JJisi 00yJarOIIUXCsl IO BRITIOJHEHUIO KYPCOBOTO TIPOEKTa/
KypCOBOi1 pabOThI
Yyebnvim nnanom He npedycmompeHo.

11.6. Mertoauueckue ykazaHus JUIsl OOYYarONIMXCS M0 MPOXOXKICHUIO CAMOCTOSITEIHHOMN
paboThI

B Xo/e BBITIOJIHEHUSI CaMOCTOSITEIbHON PabOThI, O0YYAIONIUIICS BBIMOJIHAET PabOTy 1O
3aJJaHUI0 ¥ TIPU METOJMYECKOM PYKOBOJCTBE IperojaBaTelisi, Ho 0e3 ero HemocpeICTBEHHOTO
YYaCTHSL.

s oOyyarommxcsi 1Mo 3a04HON (opMe OOyYCHHs, CaMOCTOsATEIbHAas padoTa MOXKET
BKJIIOYATh B Ce0s1 KOHTPOJIBHYIO paboTy.

B mpormecce BBIOTHEHHS CAaMOCTOSITENFHOW pabOThl y oOydaromerocss (popMHpYeTcs
1enecoo0pa3Hoe IIaHUpOBaHUe Pabouero BpeMeHH, KOTOPOE MO3BOJISICT €My Pa3BUBATh YMCHUS
N HABBIKM B YCBOCHHHU W CHCTCMATH3ALIUH HpI/IO6pCTaeMI)IX 3HaHHI>'I, o0ecrieunBaeT BBICOKUH
YPOBEHb YCIEBAGMOCTH B TIEpUOJ OOydYEHHS, IIOMOTAeT IOJYYUTh HABBIKH TTOBBINICHHS
Ipo(hecCHOHAIBLHOTO YPOBHS.

MetoauyeckiMH ~ MaTepuallaMH,  HANpaBJSIONIMMU  CAMOCTOSITEIIBHYKO — paboTy
00y4aroUXCASBISIOTCS:

— y4eOHO-METOANYECKUN MaTepuas Mo AUCLUILIMHE.

11.7. MeTtoauueckue yKa3aHusl JUIsl OOyYaroIMXCS IO MPOXOXKICHHIO TEKYILEro
KOHTPOJISI YCIIEBAEMOCTH.

Texkymuil KOHTpPOJIb YCIEBAEMOCTH NIPEIyCMaTpPUBACT KOHTPOJIb KayecTBAa 3HAHUU
00yyaroImuxcs, OCyLIECTBISEMOrO B TEUEHUE CEeMecTpa C IIeJbl0 OLEHMBAHUS X0Jla OCBOEHUS
JTUCIUIUIAHBI.

IIpoBeneHne TeKyIero KOHTPOJIS yCHEBAEMOCTH OCYLIECTBIISIETCA C IOMOIIBIO TECTOB,
npuBeneHHbIX B Ta0aue 18. OueHnBaHue TEKYIIEro KOHTPOJIS yCIIEBA€MOCTH OLIEHUBAETCS 110
4EThIPEX OanbHOMN CUCTEME: «OTJIIMYHOY, «XOpOILOY, «YIOBJIIETBOPUTEIBHOY,
«HEYJIOBJIETBOPUTEIBHO.

11.8. MeToauyeckue yKazaHUs JUIs OOyYaIONIUXCS 10 MPOXOXKICHHUIO MPOMEKYTOTHON
aTTeCTalUu.

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

— muddepeHIMpoBaHHBIA 3a4eT — 23TO (opMa OIEHKH 3HAHWUM, TMOTYyYEeHHBIX
00y4JarmuMCs TPU U3YYCHUH JUCIHUILTUHBL, TIPU BHIMOTHEHHH KYPCOBBIX MPOEKTOB, KyPCOBBIX
paboT, HAYYHO-UCCIIEIOBATEILCKUX PA0OT U MPOXOKICHUH MPAKTUK C aTTECTAIMOHHOM OIEHKOU
«OTIUYHOY, «XOPOUIOY, KYIAOBIETBOPUTEIBHOY, «HEYIOBIECTBOPUTEIHLHOY.

[IpomexxyTouHast arTecTamusl OIEHWBACTCS IO pe3yJbTaTaM TEKYIIEro KOHTPOJIS
ycrneBaeMoCTH. B ciyuae, eciiu CTYJIEHT M0 YBaXHUTEIbHOW MPUYUHE HE BBIMOJHUI TPeOOBaHUs
TEKYIIero KOHTPOJS, €My MPeIOCTaBIsSeTCs BO3MOXKHOCTh CAaTh 3aJ0JDKEHHOCTH TIO
nponyueHHbIM TeMaMm. dopma npoBeieHns MPOMEXKYTOYHOM aTTeCTallui — MUCbMEHHas!.

JubdepeHnmpoBaHHbIil 3aueT 00YYaIOMIUNUCS TOMyYaeT MPU BBHIMOTHEHUH W cladye He
meHee 80% 1abopaTopHBIX paboT, BRIMOJIHEHHBIX B MOJTHOM 00beMe, MPOHACHHOMY U CTAHHOMY

22



TECTUPOBAHUIO TEKYIIEro KOHTPOJs C OLEHKOW HE HIXKE «YyJIOBIECTBOPHUTEIBHOY,
YIAOBJIETBOPUTEIBHON IMOCEIIAEMOCTH 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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