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Bbi6op BapuaHTa 3a4aHuA

3amaHue cocTouT W3 TpEX pasznenoB. B mepBom pazaene HeoOX0AUMO
HaIMCaTh OTBET Ha OJJHU U3 TEOPETUYECKHUX BOIPOCOB, paclpe/eieHue BOMPOCOB
npuBegeHo B Tabnuie Ne 1. Bo-BTopom pazziene HE0OXOAMMO peaiu30BaTh Pl
nporpamm ¢ npuMmeHeHueM API-QyHKIMI onepalMoHHBIA CHUCTEMBI PEAIbHOTO
BpeMeHu (OCPB) FreeRTOS, cpsizanHbIX ¢ 0a30BBIMH MEXaHHU3MaMU palbOThHI
OCPB. B tperbem pa3zzaene HEOOXOIUMO BBIMOTHUTH PEATH3ALUIO MPOTPAMM C
npumenenneM APIl-pynkuuiit OCPB FreeRTOS, cBs3aHHBIX ¢ MeXaHU3MaMHU
KOHKYpPEHITUU 3a7a4. BTopoil u TpeTHil pa3ienbl, BHITOIHSAIOTCS 0€3 pacipeaeieHus
110 BapuaHTaM - BCE 3aJJaHUsI JIJIsl BCEX CTYCHTOB.

3A0AHUA MEPBOIO PA3AENA

Ta6muma Ne 1. Pacnipenenenrie BOmpocoB IMEpBOro paszzesa
KOHTPOJILHOM pabOTHI IO BapHaHTaM

TIOCJIEIHSISI LIUDPA 3AUETHON KHIDKKI

0 | 1| 2] 3] 4516 7] 8109
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S~ 5 | 6 | 16 | 26| 4 | 14 | 24| 3 | 13|31 ] 7
~2| 6 | 7 |17 [ 27 | 5 [15[ 25 | 4 [ 14 | 32 | 19
=5 | 7 | 8 |18 |28 | 6 |16 | 26 | 5 | 15 | 13 | 20
8 | 9 |19 | 29 | 7 |17 | 27 | 6 | 16 | 14 | 31

9 | 10 | 20 | 30 | 8 | 18 | 28 | 7 | 17 | 15 | 32

Bormnpocsl nepBoro paszena KOHTPOJIbHON pabOTHI:

1) Yto Takoe mepekIroYeHne KOHTEKCTa 3aJ1au IJIAHUPOBIIUKOM M JIJIS Yero
310 HeoOxoauMo B FreeRTOS?

2) Uto Takoe 6a30BbIil TN gaHHBIX B FreeRTOS u i1t wero on Ob11 BBENICH B
nannyro OCPB?

3) Kakue coctostnus 3amauu cymectBytoT B FreeRTOS, niis yero Heo6xoaumel
OTH COCTOSTHUS M KaKMM 00pa30M 3ajada NMEePEeXOAUT U3 OJHOTO COCTOSHUS B

JpyTOE.



4) Kak BbIONHAETCA IepeAada MapameTpa B 3aJadyy M BOCCTAHOBJICHUE
napamerpa B 3amade B FreeRTOS (mokaxkutre Ha mnpumepe Imepenayu
CTPYKTYPBHI)?

5) Urto Takoe 3amaua «be3nedcTBUS», Kak peaqu30BaTh CBOIO 3ajady
«bespaeiictBus» B FreeRTOS?

6) Kakue nBe 6a30BbIe cXeMBbI BhIeIeHHsI TaMsATh mpuMeHsitoTest B FreeRTOS?
7) Ilouemy cymiecTBYIOT pa3Hble cxeMbl BblaeaeHus namsatu B FreeRTOS?

8) Kaxoil anroput™m ucnoisib3yercs Jjisi IOUCKa HE3aHAThIX OJOKOB MaMsTH B
FreeRTOS u xak pabotaet 3TOT anroputm?

9) Kakue tunsl MHOT03aa4uHocTel peannszoBanbl B FreeRTOS?

10) IlpuBeguTe auarpaMMmy TMEpPEKIIOUECHHUS MEXAY 3aJadamMu  JUIs
BBITECHSIIOIIEH U KOOIIEPATUBHOM MHOTI'033aJa4YHOCTH ?

11) Kak opranu3oBaHo xpaHneHue nuHpopmanuu B ouepeasx FreeRTOS?

12) Kak opranuzoBath pa3dop coobmenuu B ouepeau FreeRTOS?

13) Uto Takoe otnoxkeHHas o0paboTka npepsiBanuii B FreeRTOS?

14) Yto Takoe aBonunbie cemadopsl U API-pyHkuuu nius paboTel ¢ HUMHU B
FreeRTOS?

15) Yro takoe cuetHbie ceMadopsl U API-Qpynkuuu aynsg paboTel ¢ HUMH B
FreeRTOS?

16) Kak peanmzoBarh Tepenady AaHHBIX Yepe3 o4depend B 0O0paboTIMKax
npepbiBanuii B FreeRTOS?

17) Kax moBbicuTh 3P (HEKTUBHOCTH IepeAadyud JaHHBIX 4Yepe3 ouepeau B
oOpabotumnkax npepeiBanuii B FreeRTOS?

18) Uto Takoe BinoxkeHHOCTh nipepbiBanuii B FreeRTOS?

19) Yrto Takoe MexaHnu3M B3auMHOro uckioueHust B FreeRTOS?

20) Kakune criocoObI HICTIONB3YIOTCS ISl OpTaHU3aIMH B3aUMHOTO HCKITFOYCHUS
B FreeRTOS?

21) Yro Takoe HeaTOMapHBIC OIMEpaIllid M PECHTEPaOCIbHOCTh (PYHKIUN B
FreeRTOS (npuBeaute mpumMepsl)?

22) Yto takoe kputnueckas cekius B FreeRTOS ?

23) Kakue cmocoObl opraHm3aiiui KPUTUYECKHX CEKIUWA MPUMEHSIOTCS B
FreeRTOS?

24) Yto takoe mbtoTekchl B FreeRTOS?

25) Yto Ttakoe pekypcuBHble MbloTeKChl B FreeRTOS?

26) [TosicuuTe npoOsieMbl BOZHUKAIOT MpU padoTte ¢ MpioTekcamu B FreeRTOS?
27) Jlma  kakux  1ened  moxker  moTpeboBatbes  API-gynkius
vApplicationTickHook() FreeRTOS (nosicaute Ha pumepe)?



28) Uto Takoe 3a7a4a-CTOpOX M KaK MOKET ObITh HMCIOJb30BaHA 3a/aya-
ctopox B FreeRTOS?

29) Yto takoe conporpamma B FreeRTOS u kakue y Hee npeumy1iectna’?

30) Kakue cymiecTBy1oT cocTossHus y conporpamMmmbl B FreeRTOS?

31) Kak BBIMONHAIOTCS COMPOrpaMMbl M Kak paboTal0 MPHOPUTETHl Yy
conporpamm B FreeRTOS?

32) Kakue cymecTByIOT OTpaHWYCHHs MPH HCIIOIB30BAHUU COMPOTPaMM B
FreeRTOS?



Ba3oBbIi NpMmMep NPOrpaMmbl Ha A3blKe NPorpaMmmMpoBanuna Cun ans
MUKpPOKOHTpoanepa ¢ OCPB FreeRTOS

Hwuxe npuBeeH TMCTUHT TPOrpaMMBbl Ha SI3bIKE MporpammupoBanust Cu ajist
MUKPOKOHTpPOJIJIEpAa C ONEpalMoOHHOM cuctemMoil peanbHoro BpemeHu (OCPB)
FreeRTOS, no3BoJisitonieil KOMMYyTHPOBATh OJTHUM CBETOIUO0M. JIaHHBIN JTUCTUHT
MpOTrpaMMbl MOXKET CIYKUTh KapKacom JJisl 3aJaHuil B JAHHOM METOJAMYECKOM
yKa3aHUU.

// nomkijouyaeM Ombamorexky ¢ OCPB FreeRTOS
#include <Arduino_FreeRTOS.h>

// TmomkJouaeM CTaHOAPTHY Oubimoreky mias MK AVR
#include <avr/io.h>

// cosmaemM OYHKIUMIO OJd OPUKJIAOHOM 3aIaun
void vTask (void *pvParameters)
{
// «BeckoHeuHad» KOMMYyTalusa cBeTommomoM VD1
while (1)
{
PORTB ~= (1 << PB5);
vTaskDelay (100 / portTICK PERIOD MS) ;
}
vTaskDelete (NULL) ;

}

void setup() {
// HacTporka nopra PORTB Ha BHEBOI IaHHBIX
DDRB = OxFF;
PORTB = OxFF;
// co3maém u3 OYHKUMM OPUKIAOHYD 3amady,
// xoTopyil OymeT BHNOJHATE OCPB FreeRTOS
xTaskCreate (
vTask,
mww
configMINIMAL STACK SIZE,
NULL,
1’
NULL
);
// BanyckaeMm maHupoBimmk OCPB FreeRTOS BHIIOJIHEHUE
vTaskStartScheduler() ;
}
// naHHy®n OYHKIMIO OCTAaBJIIeM B KOIEe IIyCTOM, OHa TpebyeTcs g
KOMIMNIALUMY HNpoekTa B Arduino IDE

void loop () {}



3A0AHUA BTOPOIO PA3ZENA

3AOAHWNE Ne 1. UccnepoBaHne NpOrpaMMHOro ynpasieHua
KOMMyTaumMen sbiBoaos nopta MK noa ynpasneHnem OCPB FreeRTOS

[enu: 1) u3y4nTh OpraHU3aluio IPOrpaMMsbl Ha si3bIKe IporpaMMmupoBanus Cu, npu
ucrnosib3oBaHuu APl-QyHKIMI TpUKIaAHBIX 3a/lad  ONEPAMOHHON CHCTEMBbI
peansHoro BpemeHu (OCPB) FreeRTOS;

2) M3y4YuThb MPUHIUI TICEBAOMAPAIIECILHON padOThl MPUKIAJAHBIX 3a7a4 B
OCPB FreeRTOS Ha oqHOKpUCTAIIBHHOM MUKPOKOHTpoOJuiepe Atmega328p.

Tab6muua Ne 1.1 Pecypcbl i1 BBITOJIHEHHSI IPAKTUYECKOW paOOTBHI.

Ha3Banue kaTeropuu pecypca

Pecypc

O6opynoBanue

koHTpoJuiep Arduino UNO

crena Ne |

[MoaxarouaeMblie OMOIUOTEKU

Arduino_FreeRTOS.h
avr/io.h

util/delay.h

API|-byHKIMM 1 KOHCTAHTBI
OCPB FreeRTOS

xTaskCreate(...)
vTaskDelete(NULL)
vTaskStartScheduler()

configMINIMAL_STACK_SIZE

OrpannueHus

HEJb34 UCTIOIH30BaTh TJI00ATbHBIC
NIEPEMEHHbIEC

MPUOPUTETHI 3a1a4 OJJMHAKOBBIE,
HarpuMmep, paBHbie |

Onucanue




1) Peann3oBaTh CHHXPOHHYI0 KOMMYTAITUIO JIIOOBIX ABYX CBETOJAHMOJIOB,
MOAKIIOUEHHBIX K BBIBOJIaM MHMKPOKOHTpoJuiepa. Ilox cHHXpOHHOM
KOMMYTaIuel 1mojpa3zyMeBaeTcs BKIFOUCHNE U BBIKIIFOYEHUE CBETOIMOIOB B

KpaTHbIE MOMEHTBI BpEMEHHU, Hanpumep, 1 cekyHaa, 2 CeKyHbl, 3 CEKYH]IbI
u Tak pganee. Pucynke 1.1. (a) mokazaHa CHHXpPOHHAs KOMMYTalMs
CBETOJMOJIOB, KAK MOKHO BHUJETh, BPEMEHHBIE WHTEPBAJIbl BKIOUYECHHOTO
cocTostHus cBeTo1Mo010B VD1 1 VD2 paBHBI MEX Ty COOOM.

2) Peanu3oBaTh ACHHXPOHHYI) KOMMYTAIIUIO JIFOOBIX JBYX CBETOIHOJIOB,

MOAKIIOUYEHHBIX K BBIBOJAM MHMKpPOKOHTposuiepa. llox acumHXpoHHOM
KOMMYTAaIUEN MOAPAa3yMEBAETC BKIFOUYEHNE U BBIKIIFOUEHUE CBETOIHOIOB B
HEKpaTHble MOMEHTHI BpemeHu. Pucynke 1.1. (0) moka3zaHa acMHXpOHHas
KOMMYTallUsl CBETOAMOAOB, KAK MOYKHO BHUJIETb, BPEMEHHBIE WHTEPBAJIbI
BKJIFOYEHHOTO COCTOsIHUA cBeToauoAoB VD1 u VD2 HepaBHBI MeXTy cOOO0M
HE CMOTpPS Ha TO, YTO NEPUOAbI BKIIOUECHUS U BBIKIIFOYEHHUS KaXIO0IO M3
ceeroguoaoB VD1 u VD2 He m3mensatorca. Ho nepuonbl BKIFOUEHHOTO U
BBIKJIFOUEHHOI'O COCTOSIHUSI CBETOIMOIOB HE SIBJISFOTCS KPATHBIMM.

T ™
VD1
(a) g
VD2 . |
T2 T2 | t,’C
VD1
(6) t o
VD2
r
t o

Pucynox 1.1 - Bpemennast quarpamMma CHHXpPOHHOH (@) U aCHHXPOHHO# (0)
KOMMYTAIUU CBETOIUOIOB



Bomnpocs! Aj1s1 camonpoBepKu

1) YUro takoe OC u B yeM oTiauune Mexay OC MSITKOro U KECTKOTO pa3/IesICHHs
BpeMeHu?

2) Kakue npeumymectsa y OCPB npu npumenenust ¢ MK?

3) Kakue Henocratku ucnoiw3oBanus OCPB nis MK?

4) Yto Takoe mepeKIIOueHUue KOHTEKCTa 3a7a4 IJIAHUPOBIIUKOM U JJISI YEro 3TO
HeoOxoaumo B FreeRTOS?

5) Uro Takoe 6azoBwlii Tun gaHHbIX B FreeRTOS u mis yero on ObLT BBEICH B
nannyro OCPB?

6) Kakue coctostHus 3aaun cymectByioT B FreeRTOS, mis yero Heo6XouMbl 3TH
COCTOSIHUS M KAaKUM 00pa3oM 3a/1ada MepexoquT U3 OJTHOTO COCTOSIHHS B IPYTOE.

7) Urto o3Hauvator mapamerpsl y API-QyHkmmm, koTopas HCHONB3yeTcs s
co3maHus 3ana4d B FreeRTOS?

8) Uro o3Havaet koHcTaHTHOE 3HaueHUE configMINIMAL_STACK_SIZE?



3AJAHUE Ne 2. icchepoBaHMe BO3MOXHOCTEN NapaMeTpum3salmMm 3a4au
OCBP FreeRTOS

[enu: 1) u3yunTh NPUHUMITBI ONTUMHU3ALHUNA IPOIPAMMHOIO KOa, TPH NPUMEHEHUU

3agau OCPB FreeRTOS;

2) U3y4uTh METOAMKY TEpeaaun U ModyueHus napameTpoB B 3anauy OCPB

FreeRTOS.

Tabnuua Ne 2.1 Pecypchl 17151 BBIOJIHEHUS TPAKTUYECKOU PabOTHI.

Ha3Banue kaTeropum pecypca

Pecypc

O6opynoBaHue

koHTpoJuiep Arduino UNO

crteaa Ne |

[MoaxmroyaeMble OMOINOTEKHU

Arduino_FreeRTOS.h
avr/io.h

util/delay.h

API-pyHKIIMY 1 KOHCTaHTHI
OCPB FreeRTOS

xTaskCreate(...)
vTaskDelete(NULL)
vTaskStartScheduler()

configMINIMAL_STACK_SIZE

OrpannueHus

HEJIb3s1 UCIOJIb30BaTh IN100AJIbHbIE
nepeMeHHbIE

IIPUOPUTETHI 3a7a4 OJUHAKOBBIE,
HaIrpuMep, paBHbIE |

Ha yTo0 00paTtuTh BHUMaHUE

KAaK ONPEACIISIIOTCS CTPYKTYPBI B SI3BIKE
nporpamMmupoBanus Cu

KaK OIPEIEIISIFOTCS M0JIb30BATEIIbCKUE
IIEPEMEHHBIE THUIA CTPYKTYPbI

nepenaya u MnoJiydeHus mapaMeTpoB B
(YHKILHIO MO CCBIIKE

IMPUBCACHNUC THUIIOB
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Onucanue

Peanu3oBaTh KOMMyTaluIo0 BCEX YETBIPEX CBETOAMOJOB, IOAKIFOYEHHBIX K
BBIBOJIaM MHKpPOKOHTpoyiepa. B mporpamme momkHa ObITh OJHA 3ajaaya,
KOTOpasi OyJeT mojydyaTh MapaMmeTp THUMa CTPYKTYpbl, MOJs KOTOPOU
IIPUBEICHBI HUXKE:

user_structure

{
// Homep BbIBOAA
type_field pin_number;
// Bpems B OTKAHOUYEHHOM WU BKIIOYEHHOM
// cocToAaHuM
type_field period;
}

BpeMH KOMMYTalluH KaX10I'0 U3 I-ICTI)IpéX CBCTOAMOAOB pa3HoOC. MoskeT OBITh
CMHXPOHHBIM HUJIM ACUHXPOHHBIM.

Bonpocs! Aj1s1 caMONIPoOBepPKHU

1)  Kak BbImonHsETCS Tepeaya mapamerpa B 3a7adyy U BOCCTAHOBJICHUE
napametpa B 3agade B FreeRTOS (mokaxute Ha mnpumMepe nepenaydu
CTPYKTYpBI)?

2)  Tlouyemy mapamerp 3ama4u UMeET TUI Void*?

3) B uém omimMume omnepaliyii 10CTyna K MoJisiM CTPYKTYPHI . («TOUKa») U
-> («cTpenkay)?

4)  Kak MOXXHO peajM30BaTh OINEPAIHUIO JOCTyIA K MOJIIM CTPYKTYphI ->
(«cTpenka») uepe3 COBMECTHOE HCIOJb30BAaHUE Olepanuil . («Touka») u
IIpUBEJICHUE TUNA?

11



3AJAHUE Ne 3. UccnhepoBaHue API-¢pyHKUMK 3aaepxkKkn OCBP FreeRTOS

Llenb: M3y4ynTh NPUHIMIIBI OpraHu3anuu BpemeHHo# 3aaepkku B OCPB FreeRTOS.

Tabnuua Ne 3.1 Pecypchl 17151 BBIIOJIHEHUS TPAKTUYECKOU PaOOTHI.

Ha3Banue kaTeropuu pecypca Pecypc

O6opynoBaHue e xoutposuep Arduino UNO

e creHa Ne |

[Toaxmrouaembie OUOIMOTEKN e Arduino_FreeRTOS.h
e avr/io.h
e util/delay.h
API-pyHKIIMY 1 KOHCTaHTHI e xTaskCreate(...)
OCPB FreeRTOS

e vTaskDelay(...)

e vTaskDelete(NULL)

e vTaskStartScheduler()

e configMINIMAL_STACK_SIZE

e portTICK_PERIOD_MS

OrpannueHus ® HEJb3s UCTIOIB30BATh II100aIbHBIC
NIEPEMEHHbIE

® TPUOPUTETHI 3a]1a4 OJIMHAKOBBIE,
HarpuMmep, paBHbIe |

Ha uro oOpatuts BHUMaHHE ® Kak OMNpPEIEISAIOTCSA CTPYKTYPBI B SI3BIKE
nporpamMmupoBanus Cu

® KAaK ONPEIEISAIOTCA MOJIb30BATEIbCKUAEC
IIEPEMEHHBIE THUIA CTPYKTYPbI

e [iepefaya v MoJy4eHHs TapaMeTpoB B
(YHKIHIO MO CCBIIKE

® TIPUBCACHNC TUIIOB

12



Onucanue

1)  PeanusoBathb KOMMYTaIlHIO JIFOOBIX TIBYX CBETOIHO/IOB,
MOJKTIOYCHHBIX K BBIBOJIAaM MHUKPOKOHTpOJuIepa. BpeMeHHyIo 3alepkKy
BKJTFOUCHMS U BHIKJIFOUCHHSI CBETOIMOIOB PEATM30BATh B BUJIE ITUKJIA WITH TIPU
noMomM (QpyHKIMKU ctaHgapTHoi Oubamoreku AVR - _delay_ms(...), mpu
PaBHLIX IIPUOPUTETAX 3a4a4.

2) YcTaHOBUTE U1 OMHOM M3 3aJlad OPUOPHUTET BBIIIIE, YEM YV JIPYITOU U

IPOCIEANTh KaK OMEHSETCS] padoTa MUKPOIIPOLIECCOPHOUN CHCTEMBI.

3) Peanm3oBaTh KOMMYTAlMIO JBYX CBETOAMOJIOB, MOJKIIOYCHHBIX K
BBIBOJIAM MHUKPOKOHTpoJuiepa.  BpeMeHHYI0 3aJ1epKKy BKIIOYEHUS U
BBIKJIIOYEHHUS. ~ CBETOAMOAOB  peanu3oBatb  yepe3  APIl-pynkuuio
vTaskDelay(...), mpyu paBHBIX IpUOPUTETAX 3a/a4.

4)  YcTaHOBUTH OJHOW M3 3aJa4 MPHOPUTET BBINIC, YeM Yy IPYyrod u
IPOCJIEIUTh KaK MOMEHSETCsI paboTa MUKPOIIPOLIECCOPHOU CUCTEMBI.

Bonpoce! ajs1 camonpoBepku

1) OOBSICHUTE YTO TMPOUCXOAUTH C BBI3OBOM 3ajJay MpU peaTu3aiuu
BPEMEHHOM 3aJIEP’KKH Yepe3 MUKII?

2)  OOBsACHUTE YTO MPOUCXOIWTH C BBI3OBOM 3ajau IPH peaTn3aiuu
BpeMeHHOU 3anepxkku uepe3 API-gynkiuto vTaskDelay(...)?

3)  Kakoii BapuaHT peanu3aiiyu 3aaepxkku 3phekTuBHEH ¢ TOUKH 3pEHUs
pacxoja MpoIecCOPHOro BpeMEHN MUKPOITPOIIECCOPHOU CUCTEMBI U ITOYeMYy ?
4)  Jnsa 4ero UCIIOJIB3YETCS KOHCTaHTHOE 3HA4YCHUE
portTICK_PERIOD_MS?

5)  UYro nenaer API-dynkius vTaskDelete(NULL)u mouemy eit nmepenaercs
B KauecTBe nmapamerpa 3Hauenue NULL?

13



3ANAHUE Ne 4. UccneposaHue API-¢pyHKLM OCPB FreeRTOS ana
OpraHu3auuMm BbINOJHEHUA NPUKNAAHON 334341 BO BPEMSA
"Bespenctena" MK

]_[eJILZ HU3YYUTh IIPUHOUIIBI OPraHU3alIuU IIPOrpaMMBbI JJIA BBITIOJTHCHUA HpHKJIElI[HOfI

3aaum Bo Bpems «be3nerictBush» MukpokoHnTposuiepa B OCPB FreeRTOS.

Tabnuua Ne 4.1 Pecypchl 17151 BBITIOJIHEHUS TPAKTUUECKOU PabOTHI.

Ha3BaHue kaTeropuu pecypca

Pecypc

O6opynoBaHue

koHTpoJuiep Arduino UNO

creaa Ne |

[MoaxaroyaeMble OMOIMOTEKHU

Arduino_FreeRTOS.h
avr/io.h

util/delay.h

API-pyHKIIMM 1 KOHCTaHTHI
OCPB FreeRTOS

xTaskCreate(...)
vTaskDelay(...)
vTaskDelete(NULL)
vTaskStartScheduler()
configMINIMAL_STACK_SIZE
portTICK_PERIOD_MS

vApplicationldleHook(void)

OrpannueHus

HEJIb3s1 UCIOJIb30BaTh IN100aJIbHbIE
nepeMeHHbIe

Onucanue

1) Peanu3oBaTh KOMMYTAIMIO JIFOOOTO OJHOTO CBETOAMONA B BHUJE

npuknagaon 3agaun OCPB FreeRTOS. Jlna nydmero HabGmiomeHus 3a

14



poIeccoM paboThl MUKPOIIPOIIECCOPHON CHUCTEMBI PEKOMEHIYETCSI BpeMs
BKJIFOUEHUS M BBIKIIFOUEHUS CBETOIMO 1A BBIOpaTh B peaenax 0,5 cexyHbl.
2)  PeanmzoBaTh «rmepexBaT» 0€37CHCTBUS MUKPOKOHTPOJUIEPA, BO BpeMs
KOTOPOTO TIEPEOJUYECKH KOMMYTHPOBATh JIFOOOWH Jpyroid CBOOOTHBIN
CBETOIHOI.

3) B Hagaiie peanm30BaTh 3aJICPKKY B 3a/1a4e B BUJIC ITUKJIA WU (PYHKIIHN
ctangapTHoi Oubauoreku AVR delay_ms(...), 3aTteM - uepe3 API-pynkiuro
vTaskDelay(...) u mo Habm0AaTH 32 pAOOTOM CUCTEMBI.

4)  Cpnenatb BBIBOJIBI.

Bonpocs! ajs1 camonpoBepku

1) Yro Takoe 3anaua «be3neiictBusa» B OCPB FreeRTOS?

2)  Kakoii mpuoputeT umeet 3anaua «besneiictBus» B OCPB FreeRTOS u
MOXET JIM MPUKIaJHAs 3a/lada UMETh MPUOPUTET BbIIIE, HUKE WIIM PABHBIN
3agaue «be3nenctBusy B OCPB FreeRTOS?

3) Kak peammsyercs mnepexBar 3amaun «besgeiictBus» B OCPB
FreeRTOS?

4)  Jlns KakuX TPaKTHYSCKUX IEJIeH MOXKET HCIOJB30BaThCS IepeXBat
3agaun «be3nericTBus?

5) Kakue ecTh orpannueHusi Ha UCIOJIb30BaHUE 3a/1aun «be3nencTBus» B
OCPB FreeRTOS?
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3AJAHUE Ne 5. UcchepoBaHue API-QyHKLMIA ANHAMUYECKOTO
ynpasaeHuA COCTOAHNEM 33434 B nporpamme ¢ OCPB FreeRTOS

[enb: M3y4ynTh OPUHIUIIBI TUHAMUYECKOTO YIPABICHUS COCTOSHUEM MPUKIATHBIX
3anad B nporpamme ¢ OCPB FreeRTOS.

Tabmuma Ne 5.1 Pecypchl Asist BEITOTHEHHSI IPAKTUYECKON PaOOTHI.

Ha3Banue kaTeropuu pecypca Pecypc

O6opynoBaHue e xoutposuiep Arduino UNO

e creHa Ne

[Toaxmouaembie OUOTMOTEKN e Arduino_FreeRTOS.h

e avr/io.h
API-pyHKIIMM 1 KOHCTaHTHI e xTaskCreate(...)
OCPB FreeRTOS

e vTaskDelay(...)

e vTaskDelete(NULL)

e vTaskStartScheduler()

e configMINIMAL_STACK_SIZE
e portTICK_PERIOD_MS

e UBaseType_t
uxTaskPriorityGet(TaskHandle_t xTask)

e vTaskPrioritySet(TaskHandle_t xTask,
UBaseType_t uxNewPriority)

Onucanue

1)  Peamu3oBaTh KOMMYTAIlMIO JIBYX JFOOBIX CBETOJUOJOB B BHJIC
OTJENBHBIX (TO €CTh JIJIsl MPOCTOTHI peain3aluu 0e3 nepeaadn napaMmeTpoB B
3amaun) npukinaaabix 3agad OCPB FreeRTOS.

2)  CoxpaHHUTh [JECKPHUIITOPHI (CCBUIKM) HAa CO3/JaHHBIC TMPUKIATHBIC
3aJlayy B BUJIE TJIOOAIbHBIX MEPEMEHHbIX.

3)  3amaTh NPHOPUTET OJHOM MPHUKIIAIHON 3a/1a4H BBIIIIE, YEM Y IPYTOM.
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4)  3amycTUTh MPOrpamMMy Ha UCIIOJIHEHHE U 110 HAO 0 1aTh 3a €€ paboTOil.
5)  Bxectu B mporpaMMy M3MEHCHHS:

a. JloOaBuTh TJIOOANBHBIC TICPEMEHHBIC, B KOTOpPBIC 3aIlUCHIBATh
KOJMYECTBO BKIIFOUCHHH Ka)KJIOTO W3 CBETOIHOJIOB B COOTBETCTBYIOIICH
IIPUKJIATHOM 3a/1a4€;

b. Korma koanyecTBO BKIIIOYEHHH CBETOAMONA B 3amadye ¢ OOJIBIINM
IPHOPHUTETOM OyJIeT paBHO, HAIIPUMED, TISATH, TO BBIITOJHUTH JHHAMHYECKOE,
TO €CTh BO BpEeMs BBHINOJHCHUS IPOrpaMMbl Ha MHKPOKOHTpPOJUIEpE,
U3MCHCHHE IPHUOPHUTETOB MPHUKIATHBIX 3a7ad - 3ajJada ¢ OOJIBIIUM
IPUOPUTETOM JIOJDKHA TOJTYYHTh MCHBIIIHHA MPUOPUTET, a 3a7a4a ¢ MCHBIITUM
IMPUOPUTETOM JOJIKHA IMOTYYUTh OOIBIIHA TPUOPUTET. TO €CTh BBHIOJIHUTH
OOMEH MPHOPUTETAMH MEXJIy JBYyMs MPHUKIAJAHBIMU 3amadamu. s
peaM3alyy JUHAMHYSCKOTO M3MCHCHHS MTPUOPUTETOB NMPHUKIATHBIX 33134

cieayet ucnoiibzoBath cooTBeTcTByIONME API-gpynkunu OCPB FreeRTOS:
UBaseType_t uxTaskPriorityGet(TaskHandle_t xTask)
void vTaskPrioritySet(TaskHandle_t xTask, UBaseType_t uxNewPriority).

6) 3amyCTUTh MPOTpaMMy Ha MCIIOJIHEHHUE U TI0 Ha0II0aTh 3a €€ padoToi.
Bonpocsl Aj1s1 caMonpoBepKHU

1)  Yro m3 cebs mpeacTaBiseT ISCKPUIITOP MPUKIIAJTHON 3a/a4d B 3a4eM
OH HYKEH?

2)  Jlns xakux nener ucnoip3yrorcs API-pynkimun OCPB FreeRTOS
uxTaskPriorityGet(...) u vTaskPrioritySet(...)?

3)  MoryT 1 0iHa 3aj7]a4a YHUUTOKUTh JPYTYIO 3a/1a4y ¥ €CIIH MOXKET, TO
Kak 3To peanmzoBaTh npu nomoinu API-pynkiuit OCPB FreeRTOS?

4)  Ecnu orpaHuueHHs Ha HOMEpa MPUCBAMBACMBIX PUOPUTETOB U €CIIU
€CTh, TO Kakue?

5)  Kakoe npeuMyIiecTBO JAaeT YHHYTOKCHUE HEHCIIOIb3YEMbIX 3a/1a4 B
FreeRTOS?

6) Kakas nmamsaTh 0cBOOOXTaeTCs NpH yaajacHuu 3a1a4u B FreeRTOS?

7)  Kakue nBe 0a30BbIe CXEMBI BBIICICHHS MaMITH NPUMEHSIOTCS B
FreeRTOS?

8) Ilouemy cCyIIeCTBYIOT pa3HbIC CXEMbl BBIJICICHUS IaMATH B
FreeRTOS?

9) Kakoit anropuT™M HCHOIB3yeTCS IS TOWCKA HE3aHATHIX OJIOKOB
namsatu B FreeRTOS u kak padoTaeT 3TOT asiroputm?

10) Kakwue Tumsl MHOTO3a1auHOCTEl peann3oBanbl B FreeRTOS?

11) [TIlpuBeaurte guarpaMMmy TMEPEKITIOUCHHS MEXKIY 3agadaMu IS
BBITECHSIIOIIEH U KOOTIEPATUBHON MHOT'033JaYHOCTH ?
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3A0AHUA TPETBbEIO PASLAENA

3AJAHUE Ne 6. UccneposaHume API-byHKUMIA ana paboTbl € o4epeasmu
B OCPB FreeRTOS

[lenb: W3yuyuTh MNPUHLUUIBI OE30MACHOM Mepelayd  COOOLICHUHA  MEXIY
npUKIaaHbIMU 3a1a4yamMu B iporpamme ¢ OCPB FreeRTOS.

Tabnuua Ne 6.1 Pecypchl 17151 BBIIOJIHEHUS TPAKTUYECKOU PaOOTHI.

Ha3Banue kaTeropum pecypca Pecypc
O6opynoBanne e koHtpoiuiep Arduino UNO
ITonkarouaembie OMOINOTEKH e Arduino_FreeRTOS.h

e queue.h
API|-QyHKIMM 1 KOHCTAHTBI e xTaskCreate(...)
OCPB FreeRTOS

e vTaskDelay(...)

e vTaskDelete(NULL)

e vTaskStartScheduler()

e configMINIMAL_STACK_SIZE

e QueueHandle_t
xQueueCreate(UBaseType_t
uxQueuelength, UBaseType_t
uxltemSize)

e BaseType_t
xQueueSendToBack(QueueHandle_t
xQueue, const void * pvitemToQueue,
TickType_t xTicksToWait)

e BaseType_t
xQueueReceive(QueueHandle_t xQueue,
void *pvBuffer,TickType_t xTicksToWait)
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Onucanue

1)  Co3paiite  1I00aNbHYIO  TEPEMEHHYIO JUISS  O4Yepeqd  Tuma
QueueHandle_t.

2)  Cospmaiite ouepens mnpu nomomu  API-pynkunmu  FreeRTOS
xQueueCreate(...).

3)  Co3paiite 1Be MPUKIIAJIHBIC 33Ja49H.

4)  OpnHa npuKiIagHas 3amada OyJeT 3arpykaTh B Odepelb JaHHbIC MPU
nomom API-¢pynkunn FreeRTOS xQueueSendToBack(...).

5)  Bropas npuknanHas 3a1a4a Oy/IeT CUMTHIBATH JaHHBIC U3 OUYEPEIH IIPH
nomomu API-¢pyuakmuu FreeRTOS xQueueReceive(...).

6) Jua oroOpaxkeHus pabOTBI MpPOrpaMMBbl, 3ajada, KOTOpas JOJDKHA
3aMMChIBAaTh JAHHBIE B OYEPE/lb MOKET BBINOJHATH UHKPEMEHT JIOKAJIbHOM
LEJIOYMCIECHHOW TEePEMEHOM M KaXkJI0€ HOBOE 3HAUEHHUE 3allChIBaTh B
ouepenp. 3amada, KOTOpast JOJDKHA CUUTHIBATH JAaHHBIE U3 OYEPETU MOXKET
BBIBOJIUTH MX B MOHUTOP MOPTA JJI YETO MOKHO HCIIOIH30BaTh CTATUIECKHMA
KJIacC U3 cTaHapTHON 6mbmmoreku Arduino - Serial.

CnooicHocmy  3aKkn0uaemcs 6 6vloope pazmepa ouepeou, maum-aymos u
3a0depoicex. Bce oondcno pabomamsv Ha npuemiemou ckopocmu be3 nomepu
OaHHDIX.

Bonpocsl aj1s1 caMonpoBepKHU

1) JInst gero ucnonb3ytorces ouepenu B FreeRTOS?

2) Kak oprannzoBano xpanenue uHpopmaryu B ouepesx FreeRTOS?

3) B kakux ciy4asix BO3HHKACT OJIOKUPOBKA TPH YTCHUH U 3aIIMCH B 04Yepeb?
4) Kakue API-dyHKIMH HCTIOIB3YIOTCS 111 paboThI ¢ oyepeasmMu FreeRTOS?
5) Kak opranuzoBatb pa3dop coobmiennu B ouepenu FreeRTOS?
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3A0AHUE Ne 7. UccnepoBaHue API-¢yHKLMIM ana paboTbl C ABOMYHbIMU
cemadopamu 8 OCPB FreeRTOS

[lenb: W3y4YUTh MNPUHIMUIBI CHUHXPOHU3AIMK NPUKIAIHBIX  3a7ad4  [pHU
Bo3HUKHOBeHUU npepoiBanus B OCPB FreeRTOS.

Tabmuma Ne 7.1 Pecypchl Asisi BBITOTHEHHS TPAKTUYECKON PabOTHI.

Ha3Banue kaTeropuu pecypca Pecypc
O6opynoBanne e koHtposuiep Arduino UNO
e creHa Ne 2
ITonkarouaembie OMOINOTEKH e Arduino_FreeRTOS.h
e semphr.h

e avr/interrupt.h

API|-pyHKIMM 1 KOHCTAHTBI e xTaskCreate(...)

OCPB FreeRTOS
e vTaskDelay(...)

e taskYIELD(...)
e vTaskStartScheduler()
e configMINIMAL_STACK_SIZE

e SemaphoreHandle_t
xSemaphoreCreateBinaryStatic(StaticSem
aphore_t *pxSemaphoreBuffer )

e xSemaphoreGiveFromISR(SemaphoreHan
dle_t xSemaphore, signed BaseType_t
*pxHigherPriorityTaskWoken)

e xSemaphoreTake(SemaphoreHandle_t
xSemaphore, TickType_t xTicksToWait)
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Onucanue

1)  CosnaiiTe rio0abHYIO IEPEMEHHYIO IS ABOMYHOTO ceMadopa Tuma
SemaphoreHandle_t.

2)  Cospaiite nBonunsiii cemadop npu nomonu API-¢pynkuun FreeRTOS
xSemaphoreCreateBinaryStatic(...).

3)  Co3paiite 00paboTUuK BHELIHETO IIPEPBIBAHUS INTO
MHKPOKOHTpoJIIepa Atmega328p.

4) B obpaboTunke mpepbiBaHus OyaeT HHKPEMEHTHPOBATHCS II00aIbHAs
NepeMeHHasi count TOCNie Yero «BblAaBaTcs» JBOMYHBIN cemadop API-
¢yuximeit FreeRTOS xSemaphoreGiveFromISR(...).

5)  Cospaiite 1Be NPUKIIAJIHbIC 33]1a4H.

6) Onna npukiagHas 3aj1ada OyJeT BRIBOAUTE CTPOKY «lt is ordinary task»
B MOHUTOp MOPTa ¥ UMETh IPUOPUTET PaBHBIN 1.

7) Bropas npukinaaHas 3amaya  OyJIeT SABISATBCS  OTJIOKCHHBIMHU
00pabOTYMKOM TpEphIBAaHUS M BBIBOJUTH JIaHHBIE W3 TJ100aJBHOM
NEPEMEHHOI count, HO TOCJIE TOro Kak OyIeT «3aXBayeH» JBOMYHBIN
cemadop npu nomomu API-¢pynkiuu FreeRTOS xSemaphoreTake(...). Ota
3a/1aya JOJKHA UMETh IPUOPUTET PaBHBIN 2.

8) s otoOpakeHHs pabOThI MPOrpaMMBI B MOHHUTOPE TOPTa MOXHO
UCITI0JI30BaTh CTATUYECKHUM KJIACcC M3 CTaHAapTHOM OmOnunoreku Arduino -
Serial.

Bomnpocs! Aj1s1 caMONIpoOBepKHU

1)Uro Takoe otioxeHHas oOpaborka mpepsiBanuii B FreeRTOS u uem ona
MOJKET OBITh MOJIe3Ha?

2) Uto Takoe nBowuHble cemadopbl U API-pyHKIMM 1j1s1 paboThl ¢ HUMH B
FreeRTOS?

3) Kak nBondnbie ceMadopbl pealin3yloT CHHXPOHHU3AIIUIO 3314 TP JOCTYIIE K
OTrpaHUYEeHHBIM pecypcaM (MexaHu3M paboThl IBOUYHBIX ceMadopoB)?

4) ns gero ucnonbzyercst API-pynkuus taskYIELD(...)?
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3A0AHUE Ne 8. UccneposaHume API-¢pyHKLMM ana paboTbl CO CHETHLIMMU
cemadopamu 8 OCPB FreeRTOS

[lenb: W3y4YUTh MNPUHIMUIBI CHUHXPOHU3AIMK NPUKIAIHBIX  3a7ad4  [pHU
Bo3HUKHOBeHUU npepoiBanus B OCPB FreeRTOS.

Tabmuma Ne 8.1 Pecypchl Asist BBIOTHEHHS TPAKTUIECKON PaOOTHI.

Ha3Banue kaTeropuu pecypca Pecypc
O6opynoBanne e koHtposuiep Arduino UNO
e creHa Ne 2
ITonkarouyaembie OMOINOTEKH e Arduino_FreeRTOS.h
e semphr.h

e avr/interrupt.h

API|-pyHKIMM 1 KOHCTAHTBI e xTaskCreate(...)

OCPB FreeRTOS
e vTaskDelay(...)

e taskYIELD(...)
e vTaskStartScheduler()
e configMINIMAL_STACK_SIZE

e SemaphoreHandle_t
xSemaphoreCreateCounting(UBaseType
t uxMaxCount, UBaseType _t
uxInitialCount)

e xSemaphoreGiveFromISR(SemaphoreHan
dle_t xSemaphore, signed BaseType_t
*pxHigherPriorityTaskWoken)

e xSemaphoreTake(SemaphoreHandle_t
xSemaphore, TickType_t xTicksToWait)
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Onucanue

1)  Cospaiite TI00aTBHYIO IMEPEMEHHYIO JJIsI CYETHOTO cemadopa TUIa
SemaphoreHandle_t.

2)  Cospaiite cuérHbiii cemadop mpu momorm API-pynkunu FreeRTOS
xSemaphoreCreateCounting(...).

3)  Co3paiite 00paboTUnK BHEILTHETO IpEepPbIBaHUS INTO
MHKPOKOHTpoJIIepa Atmega328p.

4) B obpaboTunke mpepbiBaHus OyaeT HHKPEMEHTHPOBATHCS II00aIbHAs
nepeMeHHasi count TOCIe 4ero «BblaaBaTcs» cu€THbIM cemadop API-
¢ynxmueit FreeRTOS xSemaphoreGiveFromISR(...). Jns Toro uTtoOsI
CMOJIEIMPOBaTh MHOXECTBO OBICTPO HAYLIUX JPYr 3a JPYrOM BHELIHUX
IpepbhIBaHUNA MOXKHO HECKOJIBKO pa3 (HampuMep, TpU pa3a) NpoayompoBaTh
BbI30B API-pynkuuu FreeRTOS xSemaphoreGiveFromlISR(...), To ecTh
HECKOJIBKO pa3 «BbLAATH» cemMadop.

5)  Cozpnaiite 1Be MPHUKIIAIHBIC 32/1a9H.

6)  Onmna npukiaaHas 3a1a4da OyIeT BEIBOAUTH CTPOKY «It is ordinary task»
B MOHMTOD IOPTa U UMETh IPUOPUTET PaBHBIN 1.

7) Bropas mnpukimamgHas 3amaya  OyneT SBISTBCA — OTJIOKEHHBIMHU
00pabOTYMKOM TMpEephIBaHUS M BBIBOJUTH JIaHHbIE W3 IJ100aJbHOM
IEPEMEHHO count, HO TOCJIE TOrO0 Kak OYIeT «3axBay€H» JBOMYHBIM
cemadop mpu nomommu API-¢pyukiuun FreeRTOS xSemaphoreTake(...). OTa
3a/1a4a TOJKHA UMETh PUOPUTET PABHBIN 2.

8)  Jlns oToOpakeHus: pabOTHI MPOrpaMMbl B MOHHUTOPE MOPTa MOXHO
UCIOJIb30BaTh CTATUYECKUM KJIAcC M3 CTaHAapTHOM Oubnunoreku Arduino -
Serial.

Bonpocs! Aj1s1 caMONIPOBepPKHU

1)Uro Takoe oTioxeHHas oOpaborka mpepsiBanuii B FreeRTOS u dem ona
MOKET OBITh MOJie3Ha?

2) Uem oTinuaroTcst cuéTHbIC ceMadophbl OT JBOMYHBIX ceMahopoB?

3) Kak co3nmate B mporpamme cu€THbiii cemadop npu nomomu API-pyHkmmit
FreeRTOS?
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3A0AHUE Ne 9. UccneposaHue API-PyHKLMM paboTbl C KPUTUYECKUMMU
cekunamm n mototekcamm B OCPB FreeRTOS

HeJIBI N3YYUTb MCXAaHM3Mbl B3aMMHOI'O HCKIIIOYCHUS IIPUKIAJHBIX 3aJa4d IIpUu

JIOCTYNE€ K OTpaHUYEHHBIM pecypcam MukporpoieccopHoit cucremol B OCPB

FreeRTOS.

Tabmuma Ne 9.1 Pecypchl Asist BBIOTHEHHSI TPAKTUYECKON paOOTHI.

Ha3Banue kaTeropuu pecypca

Pecypc

O6opynoBaHue

koHTpoJuiep Arduino UNO

[MoaxaroyaeMble ONOINOTEKHU

Arduino_FreeRTOS.h

semphr.h
API-pyHKIIMM 1 KOHCTaHTHI xTaskCreate(...)
OCPB FreeRTOS

vTaskDelay(...)

vTaskStartScheduler()

configUSE_ MUTEXES 1 (8
FreeRTOSConfig.h)

SemaphoreHandle_t
xSemaphoreCreateMutex()

xSemaphoreTake(SemaphoreHandle_t
xSemaphore, TickType_t xTicksToWait)

xSemaphoreGive(SemaphoreHandle_t
xSemaphore)

Onucanue

1)  Co3zpaiite rI00aNbHYIO MEPEMEHHYIO ISl MbIOTEKca THma Vvolatile

SemaphoreHandle_t.
2)  CosmaiiTe MBIOTEKC

xSemaphoreCreateMutex(...).

npu mnomomnin  API-¢pynkinun  FreeRTOS
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3)  CospaiiTe 1Be NPUKIIAJIHbIC 33]a4H.
4)  Opna mpuKIaaHas 3a7ada OyJeT BBIBOJAUTH IO-CUMBOJBHO CTPOKY
(CRRRsRsRck ok eick R 3ok B MOHMTOP TIOPTa M UMETh TPUOPUTET PaBHBIN

1.
5)  Bropas npukiiagHas 3agada OyJeT BRIBOJUTH I0-CHMBOJIBHO CTPOKY «

-------------------- » B MOHUTOp ITIOPTa U UMETH IPUOPUTET PABHBIN

6) Jns otoOpakeHuss pabOTHl IMPOrpaMMbl B MOHHUTOPE IMOPTa MOYKHO
HCIIOJIB30BaTh CTAaTHYECKUM KJIacC M3 CTaHAapTHOM Oubmuoreku Arduino -
Serial.

7) B Hauasne BBITIOTHUTE TTO-CUMBOJIBHBIN BBIBOJ CTPOK 0€3 J00aBJICHUS
MpOrpaMMHOTO KOJAa B TPUKJIAAHBIE 3aJadyd C  «3aXBaTOM» W
«OCBOOOXKIEHHEM» MbIoTeKca. ClieaiTe BEIBOIBI.

8) Tenepb 100aBbTE B MPOTPaMMHBINA KOJT MPUKIIAIHBIX 33]1a4 «3aXBaT» U
«0CBOOOKIEHHE» MbIoTekca. CaelaiiTe BBIBOIBI.

Bonpocsl 1j1s1 caMonpoBepKHU

1) Uto Takoe MexaHW3M B3aUMHOT0 McKitoueHus B FreeRTOS?

2) Kakue crioco0bl HCIIOMBb3YIOTCS U OPTaHU3aIiy B3aUMHOTO UCKITFOUCHUS B
FreeRTOS?

3)Urto Takoe HeaTOMapHBIC OINEpallMd U PECHTEPaOEeNbHOCTh (YHKIMHA B
FreeRTOS (npuBeaute nmpumepsi)?

4) Yro takoe kputHueckas cekius B FreeRTOS ?

5) Kakue crnocoObl OpraHu3alMd KPUTHYCCKHX CEKIM TPUMEHSIOTCS B
FreeRTOS?

6) Uto Takoe MbroTeKchl B FreeRTOS?

7)Kaxue API-pynkmun mnpumenstorcs B FreeRTOS  ams  pabGoter ¢
MBIOTEKCAMHU?

8) Uto Takoe pekypcuBHbIe MbloTEeKChI B FreeRTOS?

9) Kakue API-pynkiun npumenstores B FreeRTOS  anms  paboter ¢
PEKYPCUBHBIMHU MBIOTEKCAMU ?

10) [TosicauTe TpoOIEMBI BO3HHKAIOT TMPU pabOTE C MbBIOTEKCAaMH B
FreeRTOS?

11) Jns  kakux  mened  moxker — norpedboBarbes  API-pynkuus
vApplicationTickHook() FreeRTOS (mtosicaute Ha ipumepe)?

12) Yro Takoe 3a/1aya-CTOPOK U KaK MOXKET ObITh MCIOJIb30BaHa 3ajayva-
ctopox B FreeRTOS?
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3AJAHUE Ne 10. UccneposaHue API-¢yHKUMIA ana paboThbl ¢

conporpammamm B OCPB FreeRTOS

[enu: 1) u3y4unTh OpraHU3alyio IpOrpamMmsl Ha si3bIKe porpamMMmupoBanus Cu, npu

ucnonb3zoBanuu API-gpynkuunii mpuknaaasix conporpamm OCPB FreeRTOS;

2) U3y4MTb

NPUHLKN  T[ICEBAONAPAIIEILHON  paOOThI

IMPUKIAIHBIX

conporpamMm B OCPB FreeRTOS Ha OgHOKpHCTaJIbBHHOM MHMKPOKOHTPOJLIEPE

Atmega328p.

Ta6muia Ne 10.1 Pecypchl /15t BEITIOTHEHUS TPAKTUISCKON PaOOTHI.

Ha3BaHue kaTeropuu pecypca

Pecypc

O6opynoBaHue

koHTpoJuiep Arduino UNO

crena Ne |

[MoaxarouaeMble OMOINOTEKU

Arduino_FreeRTOS.h
croutine.h

avr/io.h

API|-pyHKIMM 1 KOHCTAHTBI
OCPB FreeRTOS

xTaskCreate(...)

configUSE_IDLE_ HOOK 1 (B
FreeRTOSConfig.h)

configUSE_CO_ROUTINES 1 (8
FreeRTOSConfig.h)

configMAX_CO_ROUTINE_PRIORITIES 3
(8 FreeRTOSConfig.h)

vTaskStartScheduler()

BaseType_t
xCoRoutineCreate(crCOROUTINE_CODE
pxCoRoutineCode, UBaseType_t
uxPriority, UBaseType_t uxindex)

void crSTART(crCOROUTINE_CODE
xHandle )

void crEND()
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e void crDELAY(CoRoutineHandle_t
xHandle, TickType_t xTicksToDelay)

e void vCoRoutineSchedule(void)

¢ void vApplicationldleHook(void)

OFpaHquHI/ISI e HEIb3s MCHOJIb30BaTh III00AIbLHBIC

EpeMEHHbBIE

® IIPUOPUTETHI NPUKIIATHBIE CONPOrPaMM
OJIMHAKOBBIE, HAIIPUMED, paBHbIE |

Onucanue

1)  Co3paiiTe nBe COMPOrpaMMbl, KaKJaasi U3 KOTOPBIX OyJIET BBITOJHATH
MEPUOIMYECKYI0 KOMMYTAIIMIO OJTHOTO U3 CBETOIM010B VD1 1 VD4,

2)  Kaxnmas conporpamMmMa J0/DKHA OyJIET BBIMOJHUTH 3...5 KOMMYTaIui
COOTBETCTBYIOIIUM CBETOAMOAOM, 3aTeM IepedTH B OJOKHMPOBAHHOE
coctosiiue (API-pynkius crDELAY(...)).

3) PeanmsyiiTe mnpaBWIBHBIA 3allyCK COMPOrpaMM HUCTHOib3ys API-
¢ynkunn OCPB FreeRTOS.

4)  3amycThTe NpOorpaMMy Ha HWCIIOJIHCHHE M MPOAaHATU3UPyHTe e
BBITIOJIHEHUE.

5)  3akommentupyiite BbI30B API-byHkimu crDELAY(...) BHyTpH KaxKaou
3a7a4M M 3alyCTUTE TporpamMMy Ha ucnoyiHeHue. [Ipoanamusupyite €€
pabory.

Bonpocsl aj1s1 caMonpoBepKHU

Uro Takoe conporpamma B FreeRTOS u kakue y Hee npeumyniecra?

Kakue cymectByroT coctosinusa y conporpammsl B FreeRTOS?

Kak BBINOJHAIOTCS CONpPOrpaMMbl M Kak paldoTaroT MNPHOPUTETHL Y
conporpamm B FreeRTOS?

Kak peanuzoBats conporpammy B FreeRTOS (nokaxute Ha npumepe)?
Kakue cymectBytor API-pyHkumu s co3ganust U 3amycka COnporpaMm B
FreeRTOS, rae u korja ux Hy’>KHO BbI3bIBaTh B Mporpamme?

Kak mneobxomumo wHactpouth OCPB FreeRTOS gans  Bo3moxkHOCTH
MCIIOJIb30BaHUs COMPOrpamMmm?

Kakue cymecTByrOT OrpaHU4e€HHs] NPU MCIOJB30BAHUU CONPOTpaMM B
FreeRTOS?
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