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PAEOYAA NPOFPAMMA YYEEHOM OUCUMUNINHDI

51.B./1B.04.02 NporpaMmMmmnMpoBaHUE MUKPOKOHTPOINEPOB

1. Koa v HaumeHOoBaHMe HanpaBaeHUA NOLrOTOBKU/cneunanbHoCTH:

09.03.02 'HpopMaLMOHHbIE CUCTEMbI U TEXHOJIOTUN
2. MNpodunb noarotosku/cneunanmsaums:
NHKeHepma MHPOPMALIMOHHbIX CUCTEM W TEXHONOTUI
3. KBanudukaumsa (cteneHb) BbINyCKHUKA:
bakanaspuat

4. ®opma obyuyeHus:

OyHasn

5. Kadeapa, oTBeualowasn 3a peanmsaumio AUCLUNIUHDI:

Kadenpa nHPopMaLMOHHbIX CUCTEM

6. CocraButenu nporpammbi:

CaBuHKoB AHApei lOpbeBuy, 4.T.H., npodeccop

7. PekomeHpoBaHa:

pekomeHaoBaHa HMC ®KH 05.03.2024, npoTtokon Ne 5
8. YuebHblii roa;:

2026-2027

9.Uenu n 3agaum yuebHoOM AUCLUNAUHDI:

Lenb: dopmupoBaHMe HEOBXOAMMbIX KOMNETEHUUI B NPeAMETHON 061aCTU MUKPOKOHTPOIIEPOB M TEXHONOTUI NX
NPOrpamMMmnpPOBaHUA, B TOM YUC/IE C UCMO/Ib30BAHMEM OMEPALLMOHHBIX CUCTEM PEasibHOTO BPEMEHMU

3agaum yyebHOW ANCUUNANHBI:

o npeacTaBnUTb OCHOBbI aPXUTEKTYPblI U OCHOBHbIE BO3MOXXHOCTU COBPEMEHHbBIX MUKPOKOHTPO1/1€p0B

o PacCMOTpPETb o6u.|,14e nogxo4bl K NporpamMmmMmmnpoBaHnNio MUKPOKOHTPO11EPOB

e  paccmoTpeTb APl onepaumoHHoM cuctembl FreeRTOS

o MNO3HAKOMUTbLCA CO CTAaHAAPTHbIMMU 6ubnnoTekamm u UHTETPUPOBAHHbIMU CpefaMU pa3pa60TKM ana Hanbonee

pacnpocTpaHeHHbIX MMKPOKOHTPONEPOB

L PaCcCMOTPETb METOAbl CHUXKEHUA 3HepI'OI'IOTp66ﬂ6HI/Iﬂ MUKPOKOHTPO/1I/1EPOB

10. MecTo yuebHOM aucuunNAnHbI B CTPYKType OOM:

YyebHan AUCUMNIMHA OTHOCUTCA K YacTu 610Ka b1, dopmmpyemoit yyacTHMKamm 06pa3oBaTe/ibHbIX OTHOLEHWI



11. NMnaHupyemble pesynbtaTbl 06yyeHUA No aucumnamHe/moaynio (3HaHUA, YMeHUsA, HaBblKU), COOTHECEHHbIe C
nnAaHMpyembiMM pe3ynbTaTamMu 0CBOeHUA 06pa3oBaTenbHOM Nporpammbl (KOMNETeHUMAMMU BbiNMYCKHUKOB) U
MHAUKATOPaMMU MX BOCTUNKEHUA:

Koga v Ha3BaHWe KomneTeHuumn

Koa v HasBaHWe MHAMKaTopa
KOMMeTeHL MM

3HaHUA, YMEHNSA, HaBbIKK

MK-2 Pa3paboTKka TpeboBaHuMi
M NPOEKTMpPOBaHUE
nporpammHoro obecnevyeHus

MK-2.3 MpoBepKa 1 oT1aaKa
NPOrpaMmMHOro Koga

3HaeT coBpemMeHHOe COCToAHME Pa3BUTHA U
OCHOBHble CEMENCTBa MUKPOKOHTPONEPOB,
TEXHONOrMM Pa3paboTKM BCTPOEHHOIO
nporpaMmHoro obecneyeHms gaa HUX U
nporpammHo-annapaTtHble CPeACcTBa OT/IaAKM
YMeeT NpaBuibHO CKOHGUIYpUpoBaTb
MUKPOKOHTPO//IEp ANA pelleHns
nocTaBAeHHOM 3a4a4n

VimeeT HaBbIKM pa3paboTKM 1 OTNa4KU
nporpamm Aa8 MUKPOKOHTPOIIEPOB, B TOM
yucae ¢ UCNoNb30BaHNEM OMepPaLMOHHbIX
CUCTeM peasibHOro BpemeHM

12. O6bem AUCUMNAUHDBI B 3a4ETHbIX eguHuuax/vac:

3/108

dopma NpomMeKyTOUHOMU aTTecTauuu:

3a4eT C OLEeHKoM

13. TpyaoeMKocTb No BuAam yue6Hoi paboTbl

Bug, yuebHoli paboTbl Cemectp 6 Bcero
AyaouTOpHbIE 3aHATUA 64 64
JIeKUMOHHbIe 3aHATUA 32 32
MpakTnyeckne 3aHATUA 16 16
JTabopaTopHble 3aHATUA 16 16
CamocToaTenbHan paboTa 44 44
KypcoBas paboTa 0
MpomexkyTouyHana aTTecTauma 0
Yacbl Ha KOHTPO/b 0
Bcero 108 108




13.1. CopeprKaHue gUCLUNINHDI

n/n

HavmeHoBaHue
pasgena AuCLUMnAnHbI

CopeprkaHue pasgena
ANCLUNANHBI

Peanusauusa pasgena AUCLUNANHBI C MOMOLLbIO
OHNavH-Kypca, SYMK

1. lekuun

1.1

ApXuTeKkTypa
COBpPEMEHHbIX
MWKPOKOHTPO/1/1IEPOB

OCHOBHble KOMMNOHEHTbI
cuctembl Ha Kpuctanne (CHK):
npoLeccopHoe a4po,
KOHTPO//IEp NPepbIBAaHNUN,
TakToBbINM reHepaTtop (RCC),
namaTtb, EEPROM un
nepudepuitHble ycTpomncTaa
(GPI1O, ADC, Talimepbl, yachbl
peanbHOro BpemMeHu,
KOMMYHUKALMOHHblEe
nHTepdelicsbl,
cneunannsMpoBaHHble
BbIYNCANTENIbHBIE MOAY/N,
conpoueccopsl,
pPagMoYyacToTHbIEe
npvemonepesaTinKkmn u T.n.),
afipecHoe NPoCTPaHCTBO
namaTu.

https://edu.vsu.ru/course/view.php?id=17576

1.2

TaKTOBbIV reHepaTop
(RCC)

MCTOYHWMKM TaKTOBOW YacToTbl,
PLL, TakTMpoBaHue
nepudepuitHoro
obopynoBaHMA Ha Npumepe
npoLeccopoB cemeicTaa
STM32

https://edu.vsu.ru/course/view.php?id=17576

1.3

[uncKkpeTHble BXoabl-
BbIXOZbl 06LLEero
Ha3HayeHua (GPIO)

Ha3HayeHune 1 BO3MOXKHOCTU
GPIO, KoHUrypmnpoBaHue n
pexumbl paboTbl GPIO Ha
npumepe NpoLLeccopos
cemeiictea STM32

https://edu.vsu.ru/course/view.php?id=17576

1.4

KoHTponnep
npepbiBaHU

BeKTop npepbiBaHuii,
NPUOPUTETbI NPEPbIBAHUN,
WCTOYHMKM NpepbiBaHUI B
MWKPOKOHTPOIEPax

https://edu.vsu.ru/course/view.php?id=17576

1.5

BctpoeHHblie LIAM n
AuUn

HasHauyeHne n BO3MOXHOCTH
LAM n ALN
MWKPOKOHTPO/INEPOB,
Kanmbposka ALM,
O[IHOKPATHOE U HemnpepbiBHOE
npeobpasosaHue,
KOHdUTrypupoBaHue n
peumbl paboTbl Ha Npumepe
NpoLLeccopoB CeMeCcTBa
STM32

https://edu.vsu.ru/course/view.php?id=17576

1.6

NHTepdericbl
UART/USART

HasHauyeHue 1 BO3MOXKHOCTH
UART / USART,
KOHbUTypupoBaHue u
pexxunmbl paboTbl Ha Npumepe
NpoLeccopoB cemeicTaa
STM32, nopaepka LIN n
RS485

https://edu.vsu.ru/course/view.php?id=17576




n/n

HavmeHoBaHue
pasgena AuCLUMnAUHbI

CogpepkaHue pasgena
AUCUMNANHDI

Peanusauua pasgena AMCLUNANHBI C MOMOLLbIO
OHNavH-Kypca, YMK

1.7

NuTtepdeiicsl SPI un 12C

HasHaueHWe 1 BO3MOXKHOCTU
nHTepoericos SPI u 12C,
KOHOUTYpUpOBaHME U
peKumbl paboTbl Ha Npumepe
NpOLLeCcCOpoB CEMENCTBA
STM32

https://edu.vsu.ru/course/view.php?id=17576

1.8

AnnapaTHble Talimepbl

dopmupoBaHMe 3a4aHHbIX
BPEMEeHHbIX MHTEPBasIoB,
dopmurpoBaHuMe curHana
LWNM (PWM), cuet
MMMNYNbCOB, PEXKUM
CpaBHEeHMSA, NoAAePKKa
9HKOAEPOB BbICOKOTO
paspelueHus,
KOHOUTYpUpOBaHME U
peumbl paboTbl Ha Npumepe
NpoLLeccopoB CeEMeCTBa
STM32

https://edu.vsu.ru/course/view.php?id=17576

1.9

NHTepderic USB

Ha3HayeHune 1 BO3MOXKHOCTU
nHTepdelica USB,
KOHdUTrypupoBaHue n
pexunmbl paboTbl Ha Npumepe
npoL,eccopoB cemencTea
STM32

https://edu.vsu.ru/course/view.php?id=17576

1.10

Yacbl peanbHoro
BpemeHu (RTC)

Ha3HayeHune 1 BO3MOXKHOCTU
4YacoB peasibHOro BPpeEMEHMU,
pe3epBHOE 3/1eKTPONUTaHNe
(backup domain), backup
perncTpbl Ha Npumepe
npoL,eccopoB cemencTea
STM32

https://edu.vsu.ru/course/view.php?id=17576

1.11

BcTpoeHHaa
3HeproHesaBncnMmasn
namaTb
MWKPOKOHTpONNEepa

MpuHumMnbl paboTbl co
BCTPOEHHOM
3HEeproHe3aBUCUMOM NaMATbIO
MUKPOKOHTPO/EPa,
BblpaBHWBaAHWE AaHHbIX,
CTUPaHKUE 1 3aMNuChb,
TEXHONOTMN OOHOBNEHUSA
BCTPOEHHOro NPorpaMmmHOro
obecneyeHus
MWKPOKOHTPONIEPOB

https://edu.vsu.ru/course/view.php?id=17576

1.12

OnepaunoHHas cuctema
FreeRTOS

API FreeRTOS: 3agauu (tasks),
nporpaMmmHble Taimepbl,
cpeacTsa U meToapl
CUHXPOHU3AUNH,
WMHCTPYMEHTbI YBEAOMIEHUA
0 cobbITUAX, OYepeam
cooblLeHnt n 0bmeH
AaHHbimK CtaHgapt CMSIS
(Common Microcontroller
Software Interface Standard)

https://edu.vsu.ru/course/view.php?id=17576

1.13

MeTozabl CHUXeHUs
3HepronoTpebnexHns

PexXvmbl aHepronoTpebaeHus
MUKPOKOHTpOAN/IEP],
ynpasneHue
sHepronoTpebnexvem,
npuembl CHUNKEHUA
sHepronotpebaeHun

https://edu.vsu.ru/course/view.php?id=17576




n/n

HavmeHoBaHue
pasgena AuCLUMnAUHbI

CogpepkaHue pasgena
AUCUMNANHDI

Peanusauua pasgena AMCLUNANHBI C MOMOLLbIO
OHNavH-Kypca, YMK

2. MpaKtnueckune
3aHATUA

2.1

MHCTpyMeHTbI
pa3paboTKu 1 OTNaAKM
BCcTpoeHHoro MO

MHCTpyMmeHTbl ana
MWKPOKOHTPONIEPOB
cemeictea STM32
(STMicroelectronics):
reHepaTop NPOEKTOB
STM32CubeMx,
WMHTErpupoBaHHas cpesa
pa3paboTku STM32CubelDE
MNHCTpYyMeHTbl gna
MWKPOKOHTPONIEPOB
cemeictea CC13xx (Texas
Instruments):
MHTErpupoBaHHas cpesa
pa3paboTkmn Code Composer
Studio, nporpamma SmartRF
Studio, nporpamma Sensor
Controller Studio

https://edu.vsu.ru/course/view.php?id=17576

2.2

Bubnunoteka HAL ana
MWKPOKOHTPOIIEPOB
cemeictea STM32

M3yyeHne oCHOBHbIX GYHKL M
6ubnnoteku, pabota c
nepudepuiiHbim
obopypoBaHnem
MWKPOKOHTPONIEPOB
cemericta STM32 ¢
ncnonb3osaHnem HAL

https://edu.vsu.ru/course/view.php?id=17576

2.3

Bubnnoteka Driver
Library ana
MWKPOKOHTPONIEPOB
cemeictBa CC13xx

MN3yueHne oCHOBHbIX GYHKLMA
6ubnunoteku, pabota c
nepudepuiiHbim
obopypoBaHnem
MWKPOKOHTPOINEPOB
cemerictBa CC13xx ¢

ncnonb3oBaHuem Driver

https://edu.vsu.ru/course/view.php?id=17576

Library
3. /labopaTtopHbie
paboTbl
3.1 3HAKOMCTBO C Mcnonb3osaHue https://edu.vsu.ru/course/view.php?id=17576
MUKPOKOHTPO/I/IEPOM STM32CubeMX anna co3pganuns
cemeictea STM32 npoekTa, cbopKa npoekTta 1
3anucb ero B NamaTb
MUKPOKOHTpO//IEpa
3.2 O6paboTka HacTpoiika KoHTpoasiepa https://edu.vsu.ru/course/view.php?id=17576
npepbiBaHMIA Ha npepbiBaHWIA, HacTPOKa
MUKPOKOHTpO/IEPE GPIO B KauecTBe BXxoAa
cemeiictea STM32 3anpoca npepbiBaHUA
3.3 Pa6ota c ADC Ha HacTpoiika ADC, nonydeHue u https://edu.vsu.ru/course/view.php?id=17576
MUKPOKOHTpOIEPE o6paboTka gaHHbix ADC
cemeiictea STM32
3.4 Pa6ota c nHTepdeincom HacTpoiika UART, nepenaya u https://edu.vsu.ru/course/view.php?id=17576

UART/USART Ha
MWKPOKOHTpOAIEpe
cemeictea STM32

npuem AaHHbix Yepe3 UART




n/n HavmeHoBaHue Copep:kaHue pasgena Peanusauwsa pasgena AUCLUNANHBI C TOMOLLbIO
pasgena ANCUMNANHDI ANCUMNANHDI OHNavH-Kypca, YMK
3.5 Paspabotka Peann3aums MHOronoTo4HOro https://edu.vsu.ru/course/view.php?id=17576
BcTpoeHHoro MO ana NPUNOXKEHNA C
OnepauyoHHOM MCNONb30BaHMEM BYHKLMIA
cucrembl FreeRTOS Ha FreeRTOS (cMHXpoHM3aLuMA
MMWKPOKOHTpO/INEpe 3a4a4, 06paboTKa cobbITUNA,
cemeiictea STM32 OBMeH AaHHbIMK,
NnporpamMmmHble Taimepbl) 1
BCTPOEHHOro nepudepuitHoro
obopygoBaHus
MUKpOKoHTponnepa (ADC,
Tanmepsl, backup peructpesl,
UART, USB, koHTponnep DMA
nap.)
13.2. Tembl (pa3genbl) AUCUMNAMHDI U BUADI 3aHATUIA
Ne HanmeHoBaHue Tembl JIeKUMOHHbIe MpaKTnueckne JlabopaTopHble CamocTtoAaTtenbHas Bcero
n/n | (pasgena) 3aHATHA 3aHATHA 3aHATUA paborta
1 ApXxuUTeKTypa 2 1 3
COBpPEMEHHbIX
MUWUKPOKOHTPO/1/1EPOB
2 TaKTOBbIV reHepaTop 1 1 2
(RCC)
3 [uncKkpeTHble BXxoabl- 1 1 2
BbIXOZAbl 0bLLEero
HasHauyeHus (GPIO)
4 KoHTponnep 2 1 3
npepbiBaHUM
5 BcTpoeHHble LATM 1 1 1 2
ALN
6 NHTepderichbl 2 1 3
UART/USART
7 NHTepdeiicol SPIn 12C 3 1 4
8 Talimepbl 4 1 5
9 NHTepdeiic USB 2 1 3
10 Yacbl peanbHoro 2 1 3
BpemeHu (RTC)
11 BctpoeHHan 2 1 3
SHeproHesaBMcumas
namaATb
MUKPOKOHTpO/EPA
12 OnepaunoHHaa cuctema | 8 4 12
FreeRTOS
13 MeToabl CHUXKeHUA 2 1 3
3HepronoTpebaeHna
14 NHCTpYMEHTbI 8 8 16
pa3paboTKM 1 OTNaaKK
BCTpoeHHoro MO
15 Bubnunoteka HAL ans 4 4 8

MWKPOKOHTPON/1EPOB
cemeiictea STM32




Ne

n/n

HanmeHoBaHMue Tembl
(paspena)

JleKuMOoHHbIe
3aHATUA

MpaKkTnueckne
3aHATMA

JlabopaTtopHble
3aHATUA

CamocTonATenbHasn
paboTa

Bcero

16

Bubnuoteka Driver
Library gna
MWKPOKOHTPO/INEPOB
cemeicta CC13xx

4

4

17

3HAaKOMCTBO C
MMUKPOKOHTPOIEPOM
cemeiictea STM32

18

O6paboTka
npepbIBaHUN Ha
MWKPOKOHTpOINEPE
cemeictea STM32

19

Pa6ota c ADC Ha
MUKPOKOHTpO1IEpPE
cemeliictea STM32

20

Pabota c nHtepdericom
UART/USART Ha
MWKPOKOHTpON/IEpe
cemeictea STM32

21

PaspaboTka
BCTpoeHHoro MO gna
onepaymoHHOM
cuctembl FreeRTOS Ha
MUKPOKOHTpOEpPE
cemeictea STM32

16

32

16

16

44

108

14. MetoguuecKkue yKasaHUA gnAa obyuyaloWmMxca N0 0CBOEHUIO AUCLUMNMUHDI

OucumnnavHa TpebyeT paboTbl ¢ paiilaMmn-NpeseHTaLNAMMN NEKLMUN 1 COOTBETCTBYIOLLMMM ITaBaMM PEKOMEHA0BAHHOM
OCHOBHOW /IUTEPATYpPbI, @ TaK}Ke, 0653aTeIbHOTO BbINOJHEHMA BCEX NabOpaTOPHbIX 3a4aHNI B KOMMbIOTEPHOM K/acce.

CamocTonTenbHasn paboTa NPOBOAUTCA B KOMMbIOTEPHbIX Knaccax PKH ¢ ncnonb3oBaHMem METOAMYECKMX MaTepranos
PacMnooMKeHHbIX Ha y4ebHo-meToandeckom cepsepe PKH fs.cs.vsu.ru\library u Ha cepsepe Moodle BI'Y moodle.vsu.ru.

Bo Bpemsa camocTosTeNbHON paboTbl CTYAEHTbI MCNOb3YIOT 3/1IEKTPOHHOBUBANOTEYHbIE CUCTEMbI, AOCTYMHbIE Ha

noptane 3oHanbHOM bubnunotekn BIY no agpecy www.lib.vsu.ru. YacTb 3aaHu1it MOXKET 6bITb BbINOSIHEHA BHE
ayaAUTOPUI Ha AOMALLHEM KOMMbIOTEPE, MOC/Ie KONMMPOBAHUA METOAMYECKUX YKa3aHuni n Heobxogumoro MO ¢ yuebHo-
meToanyeckoro cepsepa ®KH.

Mpu MCNONb30BaHUN AUCTAHLMOHHbIX 06pa30oBaTe/bHbIX TEXHO/IOTUI U 3/1EKTPOHHOTO 06y4YeHMsA BbIMONHATbL BCE
yKa3aHus npenogasaTteneii, BOBpemsa Noaxato4aTbea K online 3aHATUAM, OTBETCTBEHHO NOAXOAMTL K 3a4aHUAM A1A
CamMOoCTOATENIbHOM PaboTbl.

15. MepeyeHb OCHOBHOW U AOMONIHMTENBHON INTEPATYPbI, PECYPCOB UHTEPHET, HEOBXOAUMbIX ANA OCBOEHUSA

AUNCUUNJIUHDbI

a) OCHOBHaA AnTepaTypa:

Ne n/n NCTOYHUK

1 Cepsep STM32 Education // URL:
https://www.st.com/content/st_com/en/support/learning/stm32-education/stm32-step-by-step.html

2 TI-RTOS 2.20 for CC13xx/CC26xx SimpleLink™ Wireless MCUs Getting Started Guide // URL:

https://www.ti.com/lit/pdf/spruhu?

6) AononHuTeNbHaA AUTepaTypa:

Ne n/n NCTOYHMK
1 OduumanbHbiit caiT FreeRTOS // URL: https://www.freertos.org/
2 Cnpaso4Huk no CMSIS-RTOS API // URL:




| https://www.keil.com/pack/doc/CMSIS/RTOS/html/group_ CMSIS__ RTOS.html

B) MHOPMALMOHHbIE 3/1EKTPOHHO-06pa3oBaTe/IbHbIe PeCcypCbl:

Ne n/n NCTOYHMK

1 Bubnnoteka BIY, http://www.lib.vsu.ru

2 Cepsep yuyebHo-meToguueckmnx matepmnanos ®KH, \\fs.cs.vsu.ru\Library

3 O6pasoBaTenbHblii NopTan "IeKTPOoHHbIN yHuUBepcuTtet BIY", http://edu.vsu.ru
16. NMepeueHb yue6HO-meTOAUYECKOrO obecneyeHUa ANA CaMoCTOATeIbHOM paboTbl

Ne n/n NCTOYHUK

1 Cepsep yuebHo-meToauueckmnx matepmanos ®PKH, \\fs.cs.vsu.ru\Library

2 O6pasoBaTenbHblii NopTan "IN1eKTPoHHbIN yHuBepcuTeT BIY", http://edu.vsu.ru

17. O6pasoBaTtenbHble TEXHONOIMU, UCNOJIb3yeMble NMPU peannsaumum ydebHoi AMCUUNINHDI, BKOYaA
AUNCTaHUMOHHbIe obpasoBaTtenbHble TexHonoruu (O0T), anekTpoHHOe 06yyeHue (30), cmewwaHHoOe 06yyeHue):

Jlekumm-Bm3yanumsaumm c AeMOHCTpaLmen UANKCTPATUBHbIX U rpadUUecKMX maTepuanos, aHumaumum, 6aok-cxem
aNropMTMOB M MPUMEPOB UCXOAHOIO KoAa, AeMOHCTPaLMelt BbINOJHEHWUA KOMaHA onepaLoHHOW CucTemoi,
nabopaTtopHble paboTbl.

I'Ile peannsaunn ANCUNNINHbI MOTYT MCMNONb30BaTbCA TEXHO/TOTUN S/IEKTPOHHOIO o6yl-|eva N ANCTaHUMOHHDbIE
o6pa303aTeanble TEXHO/I0rMM Ha base nopTtana EdU.VSU.FU, a TaKXXe apyrne goCTtynHblie pecypcbl CETU MHTepHET.

18. MartepuanbHo-TeXHU4YecKoe obecneueHue AUCLUNJIUHDI:
1 JleKuMOoHHas ayamnTopuaA, OCHALWEHHAA BUAEOMNPOEKTOPOM.

2 KomnbloTepHbIN KNnacc Ana NpoBeaeHns 1abopaTopHbIX 3aHATUIA, OCHALLEHHbI BUAEOMPOEKTOPOM,
komnbtotepamm ¢ OC Windows ¢ ycTaHOB/IEHHbIMW MHCTPYMEHTaMM Pa3paboTKM AN MUKPOKOHTpoAiepoB STM32
M OTNaA0YHbIMKM NAaTamu Ha 6a3ze MCU STM32.

19. OueHouHble cpeacTBa ANA NPOBeAeHUA TEKYLE U MPOMENKYTOUHOM aTTecTauui

MNMopsAoK OLLEHKM 0CBOEHMA 0byyatowmmmca yyebHOro maTepurana onpeaensaercs coaepaHmem cneayrowmx pasaenos
AUCUMMIUHDI:

No Pasgenbl gucumnavHbl (Moaynm) Kog, Kog, OueHOoYHble cpeacTBa
n/n KomneTeHuumn MHAMKaTopa ONA TeKyLen
aTTecTaumm
1 ApXuUTEKTypa COBPEMEHHbIX MK-2 MK-2.3 CobecenoBaHue
MWKPOKOHTPON/1EPOB

TaKkTOBbIN reHepaTop (RCC)

JUNCKpeTHble BXOAbI-BbIXOAbl 06LLErO
HasHauyeHuAa (GPIO)

KoHTponnep npepbiBaHuUin

BctpoeHHble LAM n AUTM

NuTepdericbl UART/USART

NHTepdeiicol SPI un 12C

AnnapaTHble Talimepbl

NHTepdeiic USB

Yacbl peanbHoro Bpemenu (RTC)
BcTpoeHHan aHeproHesaBMcMMan NamaATb
MWKPOKOHTpO/1Epa

OnepaunoHHasa cuctema FreeRTOS
MeToapbl CHUKEHWNA 3HEpPronoTpebeHns
NHCTpYyMeHTbI pa3paboTKM 1 OTIagKK
BCTpoeHHoro MO

Bubnnoteka HAL ana
MWKPOKOHTpOepoB cemelicTea STM32




Neo Pasgenbl gucumnavHbl (Moaynm) Kog, Kog, OueHou4Hble cpeacTsa
n/n KOMMeTeHuumn MHOMKaTopa ON8 TekyLen
aTTecTauum

Bubnuoteka Driver Library ans
MWKPOKOHTpoNepoB cemerictea CC13xx

2 3HAaKOMCTBO C MMKPOKOHTPO/1/IEPOM MK-2 MK-2.3 NabopaTopHbie paboThbl
cemeiictea STM32

O6paboTKa npepbIiBaHWUIN Ha
MWKPOKOHTpOINepe cemenctea STM32
PaboTta c ADC Ha MMKPOKOHTpoiepe
cemeiictea STM32

PaboTa c nHtepdeiicom UART/USART Ha
MUKPOKOHTpoAepe cemencTea STM32
PaspaboTka BcTpoeHHoro N0 ana
onepaumoHHom cuctembl FreeRTOS Ha

MWKPOKOHTpoOINepe cemencTea STM32

MpomerKyTouHan aTTecTauma

dopma KOHTPONA - 3a4eT C OLLEHKOM

OugeHOYHble cpeacTsa A1a NPOMEXKYTOYHOM aTTecTaumm

CobecenoBaHue

20 TunoBble OLEeHOYHbIE CPeACTBA U METOAMYECKME MaTepuaibl, onpeaenstowme npoueaypbl OLLeHUBAHUA
20.1 TeKywMit KOHTPONb YCIEBAEMOCTH

TeKyLWwuii KOHTPO/Ib YCNEBAEMOCTHM BbINOAHAETCA NO [abopaTopHbIM paboTam.

Mo KaxAaoM BbINONHEHHOW paboTe A0/KeH ObITb NPeoCTaBAEH OTUET, BKOYAIOLWMA UCXOAHbIN KoA, pa3paboTaHHbIX
Nporpamm 1 onMcaHue Noay4YyeHHbIX pe3ynbTaTos. o oTYeTy NpenogasaTenb BNpase 3a4aTb AOMNO/AHUTE/bHbIE
BOMPOCHI A1 YTOYHEHMA YPOBHA MOHMMaHUA MaTepuana. JlabopatopHasa paboTta oueHMBaeTca Makcumym B 100
6annos.

anBEAéHHbIe HWXXe 3aaHNA peKoMeHOyeTCA NCNo1b30BaThb Npu nposeaeHUN ANAarHOCTUYECKUX pa60T ANA OLEHKN
OCTaTOYHbIX 3HAHWUI MO ancumnanHe

KomneteHuyusa MK-2

3a4aHu1s 3aKPbITOro TMna

1) B cocTaBe COBPEMEHHOIO MUKPOKOHTPO/IIEPA MOKET ObITb NpeAcTaBeHo ceaytollee nepudepuitHoe
obopynoBaHue

a) Mopaynb BbluncneHuns CRC
b) MukpodoH
c) AHanoroso-undpoBol NnpeobpasosaTtenb
d) UHTepdeiic USB
e) ¥ecTkuit amcK
f) Pagnomopem
2) MMpumeHeHWe onepauMoHHONM cUCTEMbI MPU pa3paboTKe BCTPOEHHOMO NPOrpamMmMHOro obecrneyeHus no3soaseT
a) MoBbICUTb NPOU3BOAUTENIBHOCTb BbIYUC/IEHWI
b) Ysennumntb 06bem A0CTyNHOM NamaATK
c) Ynpoctutb paspaboTky MO 3a cyeT noaaepKKM MHOro3agavyHocTu

d) YnpoctuTb paspaboTky MO 3a cyeT NpUMeHeHUA A3biKa NPOrPaMMMPOBaAHNA BbICOKOTO YPOBHS




3)

4)

5)

6)

7)

8)

9)

SHepronoTpebieHne yCTPOCTBA Ha OCHOBE MUKPOKOHTPO/I/IEPA MOXKET BbITb CHUMEHO 3a cyeT
a) CHMXKeHWA TaKTOBOW YacTOTbl MpoLeccopa v nepmudbepun 40 MUHUMAIbHO AOCTaTOYHOM
b) MoBblWeHNA TAKTOBOW YaCTOTbI MPOLLECCOPA A0 MAaKCUMaIbHO BO3MOMKHOW

c) OTKa3a OT NOCTOAHHOrO onpoca nepudepun B LMKAE U Nepexos K paboTe No NpepbIBaHUAM C BKAKOYEHUEM
CMALLEro pexuma npoueccopa npu oTCYyTCTBMM TEKYLLMX 33434

d) MepekntoveHms He3aAeNCTBOBAHHbIX IMHUI GPIO B peXXum ¢ MUHUMAa/bHbIM 3HepronoTpebaeHnem (Hanpumep,
B PEKMM aHaNOroBOro BXoAa A/ MUKPOKOHTpoAnepos STM32)

e) YMeHbleHMsA pasmepa CTeKa 3aay
Mporpamma STM32CubeMX nossonset
a) CKoHdUryprpoBaThb BbIBOAbI MUKPOKOHTPO/I/IEPA C aBTOMATUYECKUMM OBHapyKeHnem KOHGANKTOB
b) BKAounTb 1 ckoHUrypupoBaTb Heobxoaumoe nepudepmninHoe obopyaosaHMe MUKPOKOHTPOIIepa
c) HanucaTb Kog, 0bpaboTumnKa npepbiBaHU
d) CreHepupoBaTb C-KoA MHULMANM3ALMM MUKPOKOHTPOAIEPA
MpeaBapuTenbHbin aennTens (prescaler) Tanmepa nossonseT
a) MoHU3UTb YACTOTy TAKTMPOBaAHMA Talimepa
b) MoBbICUTb Pa3psAAHOCTb CHETYMKA TallMepa
c) Mcnonb3osatb Tarimep Bmecto ALMN
OTMeTbTe BO3MOKHble GYHKL MU TaliMepa MUKPOKOHTPOIEPA
a) PopmunpoBaHMe 3a4aHHbIX BPEMEHHbIX MHTEPBAJIOB
b) ®opmuposaHue curHana LM
c) NoaaeprKKa MHKPEMEHTaIbHbIX SHKOAEPOB BbICOKOIO paspelleHusn
d) TakTupoBaHue nHTepdelica USB
UnTepdelic i%s npeaHasHaveH
a) A HU3KOCKOPOCTHOM Nepenayun Hebonblmx BNOKOB AaHHbIX MeXAY UHTErpaabHbIMU CXeMaMW Ha O4HOW naaTte
b) Ons 6ecnpoBoAHONM CBA3N MEXKAY YCTPOUCTBAMM B CEHCOPHbIX CETAX
c) ns nepefayn BUAEO BbICOKOro paspelueHna mexay MCU 1 Buaeokamepoi
d) na nepenaun oTcHETOB 3BYKOBOTO cMrHana mexay MCU 1 3ByKOBbIMU KOAEKAaMM
NHTepdetic SPI npegHasHayeH
a) na becnpoBoAHOM Nepeaayn AaHHbIX U Bbixoda B MIHTepHeT
b) Ona nepesaun BMAEO BbICOKOrO paspelLeHns

¢) Ana ceasu MCU ¢ gpyrumm MHTErpasbHbIMKU CXeMaMK, OObIYHO PACMONOKEHHBIMM Ha TOM »Ke nsiaTte (NamsTb,
pacLMpuTeNv NopToB U T.M.)

d) OnA nepefayum BbICOKOKAYeCTBEHHOIO 3BYKa
MHTepdelic i’c npeaHasHayeH ana

a) CBA3UN MeXAY MHTErPa/ibHbIMM CXEMAMM BHYTPU 3/IEKTPOHHbIX NPUOOPOB AN COeaUHEHNA HU3KOCKOPOCTHbIX
nepudepminHbix KomnoHeHToB ¢ MCU

b) Mepenaum BbICOKOKAYECTBEHHONO MHOTOKaHaIbHOTO 3ByKa Mexay MCU v BHELWHMM ayAMOKOAEKOM

C) MNepenauun LI,VId)pOBbIX AAHHbIX Ha 3Ha4YUTE/IbHblE€ PACCTOAHUA B CUCTEMAX I'IpOMbILIJ}'IeHHOl‘/'I dBTOMATUKKM B YCNOBUAX
CUNBbHbIX 2/TEKTPOMATHUTHbLIX MOMeX

d) Mepepauv BMAEO BbICOKOrO paspelleHus B peasibHOM BpemeHu mexay MCU 1 BHellHel Buaeokamepon

10) BcTpoeHHbIli KoHTpoanep npepbiBaHuit (NVIC) B sapax ARM cemeictsa Cortex-M



a) He noaaepxuBaeT NpropuTeTbI NPEpPbIBaHUM
b) NoaaepkmBaeT GUKCMPOBAHHbBIE MPUOPUTETLI NMPEPbIBAHMI
¢) NoagepknBaeT HacTpanBaemble NPUOPUTETLI NPepbIBaHMM
11) BbibepuTte npaBubHOE yTBEPKAEHNE
a) Kaxkgoe annapaTtHoe npepbiBaHne B8 ARM Cortex-M Bbi3BaHO annapaTHbiM cobbiTem (event)

b) Kaxkgoe annapatHoe cobbiTve B ARM Cortex-M Bbi3biBaeT npepbiBaHne

12) OnepauymoHHas cuctema FreeRTOS peanmnsyeT noaaepHKy

a) BbiTecHAowWel MHOro3a4a4HoCcTU Ha OCHOBE NPUOPUTETOB
b) KopnopaT1eHoi MHOro3a4a4HoCTM Ha OCHOBE NPUOPUTETOB

c) He noaaepskmMBaeT MHOr03aa4yHoCTb

OTBeTbl Ha BONPOCHI

Homep Bonpoca OtseT (byKBa)

a,c,d,f
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3a4aHuMA OTKPLITOro TMNa

1) KaKkoe maKkcumasibHOe KoiM4ecTBO BbiBoA0B GPIO morKeT bbITb 0O4HOBPEMEHHO HACTPOEHO A5 PaboThbI C
BHELUHUMMW NPepbIBAHNUAMM B MUKPOKOHTpOANEpax cemelicTBa STM32

2) Kakoe maKcMmasibHOe YMCI0 NPUOPUTETOB 33434 MOXKET BbiTb CKOHOUIYpUpoBaHo B cucteme FreeRTOS npu
NCMONb30BAHUM ONTUMMU3UPOBAHHOIO NAAHUPOBLLMKA B 32-6UTHOM MUKPOKOHTponepe STM32

3) KakoW makcMmanbHbl KOIPPULMEHT AeNEHNA MOXKET BbITb YCTaHOBEH ANa 16-6UTHOro NpeaBapuTeIbHOTO
aenntens (precaler) B MMKpokoHTponnepax STM32

OTBeTbI Ha BOMPOChHI

Homep Bonpoca OTser
1 16
2 32
3 65536

3a4aHusA C pa3BEPHYTbIM OTBETOM

1) Yem MUKPOKOHTPONEP OTMYAETCA OT MUKpONpoLeccopa



2) OnuwwuTte npuHUMN GopmMmmnpoBaHus curHana LLUMM c ncnonb3oBaHuem annapaTHOro Taimepa B
MMKPOKOHTponnepax STM32

3) OnuwuTe NPeMMyLLECTBA U HEAOCTATKM UCMO/Ib30BAaHMNA ONEPaLMOHHOM CUCTEMbI 418 NPOEKTa Ha OCHOBE
MUKPOKOHTpO/IEPa

OTBeTbl Ha BOMPOChHI

Homep Bonpoca OtserT (byKBa)

1 MMWKPOKOHTPOIEP COYETAET B O4HOM KpucTanne mmkponpoueccop (MPU), namaTb
(RAM 1 ROM), nntepodeiicol (GPIO, UART, ...), Apyrue nepudepuitHbie ycTpolictea 1
npeacraBnseT coboi yHMBEPCabHbIM CAMOAOCTATOYHbIN OAHOKPUCTAIbHbIM

MWUKPOKOMMblOTEP

KpuTepun oueHnBaHuMS LLIkana oueHoK (B 6annax)
O6yyatoLwmiica TOYHO OMMCaN OTANYNE MUKPOKOHTPO/Iepa OT 3 6anna
MUKpomnpoLeccopa

O6yyvatoLminca TO4HO ONMncan OTANYME MUKPOKOHTPOIIEPa OT 2 6anna

MUKponpoueccopa. OTBer COOEPHKUT HE3HAYUTENbHbIE HETOYHOCTU

O6yyvatowmiica HegOCTaTOYHO TOYHO ONMcan oTanyme 1 6ann
MWKPOKOHTPOANEPA OT MUKponpoueccopa. OTBET He COAEPKUT rpybbIX
OWMBOK NN HETOYHOCTEN

Obyyatowmiics HegoCTaTOYHO TOYHO OMNuUcasn oTinume 0 6annos
MMKPOKOHTpPOJI/Iepa OT MUKponpoueccopa. OTBET coaepuT rpybble
OLUMBKN U HETOYHOCTM

Homep Bonpoca OtserT (byKBa)

2 AnnapaTtHble Talimepbl MOryT popmMmmnposaTtb curHan LUMM 3a cyeT cpaBHeHUs
TEKYLLLEero 3HayeHus perncrpa cyetymka (CNT) ¢ uncnom, 3anncaHHbIM B pernctpe
cpaBHeHusa (CCR). Mpu LOCTUNKEHUN CHETYMKOM 3HAYEHMA B PETUCTPE CPABHEHMS,
YpPOBEeHb curHana Ha sbixoge LUMM nameHAeTca. YpoBeHb cMrHana Ha sbixoge LLUINMM
onpeaenseTcs HaCTPOMKamu, ANA onpeaeseHHOCTM byaem npegnoniaraTb, YTO
YpOBEeHb curHana Ha Bbixoge LUMM ycraHasamsaeTca 8 0 Npu BbINOJHEHUW YCNOBUA
CNT >= CCR. 3HauyeHMe cyeTunKa byaeT MHKPEMEHTUPOBATLCA Ha KarKA0M MMMybce
TAKTOBOrO CMTHaa Taimepa A0 AOCTUXKEHUA 3HAYEHMSA, 3aNNCAHHOTO B PErnCTp
aBTOMaTMyecKol nepesarpysku (ARR), nocsie Yero cyeTumK cbpacbiBaeTcs, YpOBEHb
curHana Ha sbixoge WM yctaHaBnmBaeTca B 1 1 LMkn GopmupoBaHMA UMNYAbca
LLIMM HaumHaeTcA 3aHOBO. Taknm obpasom, 3HaveHue B pernctpe ARR onpegenset
nepuog UMM, a 3HaveHue B pernctpe CCR — 3anonHeHue. 3anonHenne LUINM B
NpoLeHTax MOXHO onpeaennTs no ¢dopmyne CCR/ARR*100, npu 3Tom 3anosiHeHue
LWINM He moxkeT npesbicnTb 100%, paxe ecnm CCR > ARR

KpuTepuun oueHmBaHuA LLIkana oueHok (B 6annax)

ObyyatoLmincs TOYHO onurcan NPUHLMNbI GopMnpoBaHusa curHana LM 3 6anna
C MCMNO/Ib30BaHMEM annapaTHOro Talimepa

ObyyatoLMincs TOYHO onmcan NPUHLMNLI GopMUPOBaHKUA curHana LM 2 6anna
C MCNo/b30BaHMEM annapaTHoro Taimepa. OTBET COAEPKUT




He3Ha4ynTe/NbHble HETOYHOCTU

ObyyatoLMnCcs HeQOCTAaTOYHO TOYHO ONMCan NPUHLMNBLI GOPMUPOBAHMA
curHana WWM ¢ ncnonbsoBaHnem annapaTHoro Taimepa. OTBET He
COAEPHKUT rpybbIX OLUIMOOK UAN HETOYHOCTEN

1 6ann

Ob6yyvatowminca HegoCTaTOYHO TOYHO ONMcan NPUHLMIMbLI GOPMUPOBAHUA
curHana WM ¢ ncnonbsoBaHuem annapaTHoro Talimepa. OTseT
COAEPHKUT rpybble OLWMOKN U HETOYHOCTH

0 6annos

Homep Bonpoca OtserT (byKBa)

3 Mcnonb3oBaHWe onepaumMoHHON CUCTEMbI, MPEXKAE BCErO, YNPOLLAET peasn3aumio

nepnoan4ecKoro Bbi3oBa npoueayp.

6onee BeECOMbIMU.

napannenbHbiX MOTOKOB yrpaBAeHWs B MporpammHom obecnedeHunn. Moaaepika
napanfefbHbiX MOTOKOB MO3BO/IAET MPOBECTU AEKOMMO3ULMIO 06LLen DYHKLMUK
ynpaB/eH1s Ha NPOCTble MPoLLeaypbl, 33 CYET YEro AOCTUraeTcsa yCKopeHue
HanucaHusa Koaa, ynpoLeHue oTaAKN M CYLLLECTBEHHO CHUMKAETCA PUCK COXPaHEHUs
B Mporpamme HeobHapyKeHHbIX OLIMBOK. TaKKe onepaunoHHasa cucTema peanunsyet
bYHKUMM yBEAOMIEHUA MOTOKOB O COBLITUAX, CUHXPOHM3ALMIO MOTOKOB M 06MeEH
[aHHbIMUM MeXay HUMK, obecnedunBaeT NoAAEPKKY KPUTUUECKMX CEKLMIA.
OnepaunoHHas cucTema peanamnsyeT NporpammHble Takmepbl 417 OT/IOKEHHOTO UK

B KauecTBe HeAOoCTaTKa MCMO/1b30BaHMA ONEPaLMOHHON CUCTEMbI MOYKHO OTMETUTb
Heb60/blIOe A0N0NHUTEIbHOE NoTpebaeHne NaMATU U BbIYMCAIUTEIbHOTO pecypca,
HO 06bIYHO NPEeNMYLLLECTBA MCMNO/b30BaHMA ONepPaLMOHHON CUCTEMbI OKa3blBaOTCA

Kputepun oueHnBaHms

LLIkana oueHokK (B Bannax)

ObyyatoLMincs TOYHO ONKMcan NPEUMYLLECTBA M HEAOCTaTKU
MCMO/Ib30BaHWA ONepaLMoHHON CUCTEMbI A1 MPOEKTa Ha OCHOBE
MWKPOKOHTpOINEPA.

3 banna

ObyyatoLMncs TOYHO ONKMcan NPEUMYLLECTBA M HEAOCTAaTKU
MCMO/Ib30BaHWA ONepaLoHHON CUCTEMbI A1 MPOEKTa Ha OCHOBE
MWUKPOKOHTpoANepa. OTBET COAEPIKUT HE3HAYUTE/IbHbIE HETOYHOCTM

2 banna

ObyyatoLmincs HegOCTaTOYHO TOYHO OMNKUCaN NPEUMYLLECTBA U
HeA0CTaTKM UCMO/Ib30BaHNA OMepaLMOHHON CUCTEMbI A4 NPOEKTA Ha
OCHOBE MWKPOKOHTpoANepa. OTBET He COAEPKUT rpybbIX oLWMBOK nan
HeTo4YHoCTeM

1 6ann

Obyuatowmiics He4oCTaTOYHO TOYHO OMMcan NPenMmyLLECTBa U
HEe0CTaTKM UCMO/b30BaHMA OMepaLMoHHON CUCTEMbI A1 MPOEKTA Ha
OCHOBE MUKPOKOHTpoinepa. OTBET COAEPKUT rpybble ownbKu 1
HETOYHOCTU

0 6annos

20.2 T[lpomexKyTouyHasa aTrecTraumsa

Bonpocbl K cobeceaoBaHUIO

1. OCHOBHble KOMMOHEHTbI COBPEMEHHOM CUCTEMbI HA KPUCTaNNE, PeannsyroLein MUKPOKOHTPOAED

TaKTOBbIN reHepaTop MUKPOKoHTponnepa (RCC)
KoHTponnep npepbiBaHUi
BcTpoeHHble Talimepbl MUKPOKOHTPO/IIEPA

> wnN
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11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

WM (PWM)

CToporkeBoli Tarimep (watchdog)

[OVcKpeTHble BXOAbI-BbIXoabl 06LLero HasHayeHus (GPIO)

BcTpoeHHbIn ALIM MUKPOKOHTpOINEPa, KaAMBPOBKA M cnocobbl MOy4eHMA AaHHbIX
KoMMyHMKaLMOHHbIE MHTEPDENCHI MMKPOKOHTPO1/1IEPA

. Yacbl peanbHoro Bpemenu (RTC), pesepsHoe anekTponutaHue (backup domain), backup-perncrpbl

MWKPOKOHTpoOEpa

BcTpoeHHan sHeproHe3aBUCMMana NamMATb MMKPOKOHTpoAIepa

OCHOBHble BO3MOXHOCTM onepaLymoHHoOM cucTemMbl FreeRTOS

3apaun FreeRTOS, co3gaHue v yganeHue, npuopuTeT 3a4a4mM, CTEK 3a4a4M
Cemadopbl FreeRTOS, 6MHapHble U cunTatoLLme cemadopbl

MbtoTekcbl FreeRTOS, peKkypCcrBHbIE MbIOTEKCbI

Ouepean coobueHnin FreeRTOS

MexaHM3Mbl 0XKMAAHUA COOLITUI U yBEAOMIEHMA 3334 O HAacTynaeHUn cobbiTuii B FreeRTOS
Talimepbl FreeRTOS

CraHgapT CMSIS (Common Microcontroller Software Interface Standard)
MeToabl CHUXKEHMA SHEPronoTPebAEHNS MUKPOKOHTPOINEPOB

OnucaHue TeXHONOrUmn nposeaeHuUA

CO6ECEAOBaHMe npon3BoAnNTCA B d)opme YCTHOro OTB€Ta Ha 3a,£|,aHHbIVI BOmnpocC. |-|pl/| H806XOAMMOCTM npenogasaTesib
MOXEeT 3a4aBaTb YTOYHAKOLWME BOMPOCHI.

Tpe6oBaHMA K BbINONHEHUIO 3a4aHUN, LWKaAJbl U KPUTEPUU OLLEHUBAHUA

OugeHKa 3HaHWI, YMEHUI U HAaBbIKOB, XapaKTepuaytoLlan stanbl GopMMUPOBaHMUA KOMMNETEHLMI B pamKax U3ydeHus

OMCLMNIMHDI, OCYLLECTB/ISETCA B XO4E TEKYLLEN M MPOMEKYTOYHOW aTTecTaumit. Mpu oueHMBaHMM pPe3ybLTaTos
NPOMEXKYTOYHOM aTTeCTaLMmM UCNO/b3YETCA KONIMYECTBEHHAA WKana oLeHOK. OueHKM 3a nabopaTopHble paboTbl 1
cobecefoBaHe CyMMUPYHOTCA M pe3ynbTaT HopmupyeTcs K 100 6anbHol wkane. NMonydyeHHoe 3HayeHWe onpegenset

YpOBeHb CPOPMMUPOBAHHOCTM KOMMETEHLUIM N UTOTOBYHO OLEHKY (40CTAaTOUYHbIN — YA0BNETBOPUTENBHO, XOPOLLO,
OT/INYHO UM HEAOCTATOUHbIN — HEYA0BNETBOPUTE/IbHO) COMMACHO CeAytoLei WKane:

OLLeHKa «0T/IMYHOY» - 90..100 6annos

oueHKa «xopoluo» - 70...89 6annos

oLgeHKa «ygoBneTsoputenbHo» - 50..69 6annos
OLEeHKa «HeyaoBneTsopuTenbHo» - 0..49 6annos



