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BBEJAEHHE

JucnnmmnHaa «lIporpaMMupoBaHue BBIYMCIUTEIBHBIX CUCTEM)» H3Yy4aeTCs
crynentamu HanpasieHus 11.03.01 — «PagnorexHuka» W CHENHATBHOCTH
11.05.01 «PagnosneKTpoHHBIE CHUCTEMBI W KOMIUIEKCH» 3a04HOM (HOpMBI
o0yueHus B 6-M cemecTpe.

Meroguyeckne pEeKOMEHJALMU 10 BBINOJHEHHIO KAXKJIOrO 3aJaHUs
CoZepKaT CIAEAYIOUIUE PA3AEibl: LEIb 3aJaHUs, TEOPETUUECKYIO YacTh, MOPAI0K
BBIMIOJTHEHUS 3a/1aHMsI, PEKOMEHIalliK 10 0()OPMIIEHHIO OTYETA.

IopsinoK BBINOJIHEHUS KOHTPOJbHON PadoThl

Bapuant omnpenensercst B COOTBETCTBUM ¢ Ta0i. 1 1o nocienHeil 1 npeanociaeaHen
udpam 3auetHor KHIKKH (3K).

Ta6n. 1 — Homep BapuanTa
Howmep Bapuanta [Tocnenuss mudpa 3K
0O 1 2 3 4 5 6 7 8 9

Ipenqmocnemqnssis 0 3 6 911 2 3 4 5 6 7 8 9 10
mudpa 3K 1 47 11 12 13 14 151 2 3 4 5
2 5 8 6 7 8 9 10 11 12 13 14 15

Hanpumep, npu nocnennnx mudpax 3K 12 Bapuant Oyner 13, mpu mocieaHux
mudpax 3K 95 Bapuant Oynuer 6.

B cooTBercTBHMM € BapHaHTOM IO KOHTPOJBHOH paboTe HEOOXOAMMO HamMucaTh
IpOrpaMMy Ha si3bIKe acceMOJiep Mo KaKI0MY 3aJaHHIO.

3amura oT4YeTa MO KOHTPOJIBHOM paboTe MPOU3BOAUTCA KAXKIBIM CTYIAECHTOM
UHAUBUAYaTbHO. B mporecce 3amuThl MPOBEPSIOTCA: MPABWIBHOCTH OGOPMIICHHUS
0TYeTa, YMEHHUE CTYICHTOB MOSICHATH UCIIOJIb30BAHHBIC PEIICHUSI, 3HAHUE UMH METOUKH
mporpaMMHpOBaHus Ha s3bike C, yMeHHe 000CHOBATh BBIBOIBI 11O padoTe.

TpeGoBaHus K 0TYETY 10 KOHTPOJILHOM padoTe

Otuer 1o pabore odopmisieTcs B COOTBETCTBHH C METOIUYCCKUMU
yKa3aHusIMHU M0 O(GOPMIICHHIO TEKCTOBBIX paboT Ha kadempe PT [1] m momxken
COJIepPKAaTh:

— TUTYJIbHBIN JIUCT;

— 3aJ]aHusl,;

— OJIOK-CXeMy ajropuTMa padoThl TPOTrPAMMBI KaXKIOMY 3aJIaHUIO;
— nporpammy Ha s3bike C ISl KaKJI0Tr0o 3a1aHus;

— BBIBOJIBI 11O padoTe.



1. OCHOBHBIE TEOPETUYECKHUE CBEJEHUS
1.1. OcHoBHBIE cBe/leHHsI 0 MUKPOKOHTpoJiepe STM32F103C8

MuxkpokonTtpomiepsl (MK) STM32 sBnsitorcst 32-OMTHBIMU MUKPOKOHTPOJIIEPAMH,
nocTpoeHHbIMU 10 apxuTekType ARM Ha ocHoBe mporieccopa ARM Cortex-Ma3.

CrpykrypHas cxema MK cemeiictea STM32F103x8 npuBenena Ha puc. 1.1.

" > POWER
JTAG & SWD x.:;E:_,f- Controfier [Voo=2to3.6v
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Puc. 1.1— Crpyxkrypnas cxema MK cemetictea STM32F103x8

MK conepxur ciemyromue nepudepuitHpie yCTpOMCTBA:

— yeThIpe 16-OUTHBIX TaliMep/CUeTInKa;

— 37 noptoB BBoga/BeiBOa (GP10);

— 16 kananos HI1M;



— 10 12-6utHbix kanamoB AT,
— unrepdeiice aus csasu ¢ nepudepueit: UART, SPI, USB, I1°C, CAN, DMA;

— U T.J.

[Ipornieccop MoxkeT paboTaTh ¢ TAKTOBOM yacToTOM 10 72 MI'11.

MK wumeer FLASH-mamsite o6bemom 64 Kbaitit u O3Y o6bemom 20 Kbaiir.
[Mutaercs MK nanpspkenuem 2-3,6 B, olHako 4yacTh MOPTOB BBOJA/BBIBOJA MOTYT
paboTaTh ¢ curHaiamu jo0 5 B.

Bonee nonpobuyro undopmariuto o q7annoM MK MoxHO HaiiT B ipriokenusix. 1.2.

OcHoBHbBIE cBe/leHNsI 00 OTJIAJOYHOM CTeH/Ie

OTnamouHbBIi CTEH BBIMOJIHEH Ha oTiamo4Hoi miate PinBoard Il (BHemHuii Buj
MoKa3aH Ha puc.1.2.), 0c0OEHHOCTh KOTOPOU 3aKITI0UAETCS B OTCYTCTBUU KECTKUX CBSI3EH
MEXIy JIEMEHTAMHU, YTO MO3BOJISIET CO3/IaBaTh Pa3IUYHbIC BAPUAHTHI KOHq)Hrypaum/I.
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Puc. 1.2— BHemrHuii 0T1a104HOM IUIATEI

Ha nnate umerorcs clie1yromne OCHOBHbIE MOJTYJIH:

— IIpoueccopubrit Moayib (MK ¢ HeoOXoauMoi 00Bs3KOI);
— JIuneiika u3 cBeToAMO0A0B (2);

— Tpexpaspsannbiii cemucermMmeHTHbIN nHAUKaTOp (1);

— Martpuunas knaBuatypa 3x4 (3);

— Ipe3ousmyuarens (4).



PaccMoTpuM nepeuucienHbie 3JeMeHThI 0oiee MoApoOHO.
Buemnuil BU1 npoieccopHoro MoayJjsi MpUBEIeH Ha puc. 1.3.

STM32F183xx

")
+

o

Puc. 1.3 — Buemnuii Bu npoueccopHoro MoyJast

ITopTe! BBOAa/BhIBosIa MK BBIBEICHBI Ha IITHIPEBBIC pa3beMbl U 0003HAYCHBI KaK
A00-A15 u BO0-B15, uto coorBeTcTByeT PORTA 1 PORTB. IToaxmtounB crona muehdol
MOXHO TOJKIIFOYaTh pa3IudHbIe Mepudepuitupie yCTpONCTBa UMEIOIIHMECS Ha CTEHIIE,
HanpuMep CBETOJANOIHYIO JIUHEHKY.

[TonkitoueHne KOHKPETHBIX MOJyJEH MOKa3aHO B COOTBETCTBYIOIIMX 3aIaHUSX.
IIpr  ocylIeCTBICHUM COCAMHECHHMM  CJIEAyeT PYKOBOJCTBOBATHCA  HAAMHUCIMHU,
HaHECEHHBIMU Ha IuiaTe. bosee neranpHble cBeneHns 00 omianounoil uiare PinBoard 11
MPUBEJCHBI B YUEOHBIX MPUIIOKECHUSIX.



2. 3AJIAHUE Nel
ITPOTPAMMHUPOBAHME CBETO/IMOIHBIX WHINKATOPOB

2.1. llean 3apanus

HGHBIO 3aJlaHuA ABJISICTCS U3YUYCHHC CII0CO00B nporpaMMHuUpOBaHusA CBETOJUOAHBIX
HHAUKATOPOB B MUKPOKOHTPOJUJICPHBIX CUCTCMAX.

2.2. TeopeTnueckue cBeieHHUs

Ecoim x mopry MK mnoakmouuTh JHUHEHKY CBETOAMOIOB M BBIBECTH B MOPT
HEKOTOPOE JIBOMYHOE YUCIIO, TO CBETOJIUO/IbI, HA KOTOPHIE MOJIaHa JIOTUYECKas €AMHUIIA,
3acBeTATCS. TakuM 00pa3oM MOKHO YNPaBISATh Pa3IUUYHBIMU  yYCTPOUCTBAMM:
CBETOJMO/IaMU, TPAH3UCTOPAMU U T.]I.

Hanpuwmep, ecnu BeiBectr B mopt yucio 0b10101010, To 3axryTcs cBETOAMOIBI
FXFX*X*X (*— CBETOAMO/ CBETUTCS, X — CBETOAMOJ HE CBETHUTCH). [IprudyeM, HEBa)KHO B
KakoM BHJIC 3aIllMChIBaTh YHCJIO B TOPT — B JIBOMYHOM, JICCSITUYHOM WIIH
mecTtHaaaTepuaHom, MK Bce paBHO mipeoOpasyer ero B IBOMYHBIN BUI.

UToObI BBIBECTH UYHCIO B TMOPT, CIEAyeT 3amucath ero B peructp ODR
COOTBETCTBYIOIIIETO MOPTA.

CeToauoiHas TUHENKA MOAKIIOYEHA TaKUM 00pa3oM, Kak n300paxeHo Ha puc.2.1.
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olo oo ;nlslwiral—

= DWW s WN =

0000000

SOl O 0N l“\ t.'\ l;\ at e -;AI

JP25 LEDS

Puc. 2.1— Cxema IOAKIIOYEHUST CBETOINOHOM JIMHEHKHA

Pazbem JP25 depes nuierid cremyeT moakiounTh K TeM BbiBogamM MK kotopsie
IJIAHUPYETCS UCIOJIB30BaTh JI yIpaBieHus cBetoanogamu. [Iporpamma, npuBegeHHast
B IIpUMeEpe TPEOYET TAKOTO MOJAKIIOUEHUSI CBETOIUOJOB K MPOLIECCOPHOMY MOIYJIIO:

JP25(1)<—A00; JP25(2)<—>A01; JP25(3)<—>A02; JP25(4)<—A03;

JP25(5)<—=A04,; JP25(6)<—>A05; JP25(7)<—>A06; JP25(8)<—A07;

[lpu co3manuu mpoekTa B pazjaenie Repository ciemyeT MocTaBUTh OTMETKY Ha
nyakte GPIO (aBTomarnuecku OyAeT BBIAEICHO €Ile HECKOJIBKO KaTETOPHii), 4TOOBI B
MPOEKT ObLTH T0OABICHB HEOOXOIMMBIE KOMITOHEHTHI.
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[Iporpamma 2.1 — I[lporpamma, BbIBOASINAS HAa JUHEHKY CBETOAMOJOB “IIKATY
3aIOJHCHUS

//monkroueHue OMOIMOTEK HEOOXOAUMBIX IJ1st paboTsl MK
#include "stm32f10x.h"

#include "stm32f10x_gpio.h"

#include "stm32f10x_rcc.h"

void delay(void)// oObsiBnenne GyHKIIMH BpEMEHHOU 3aI€PKKU

{
inti;
for(i=0;i<0x100000;i++);
}
[ ~m e

int main(void)// oObsiBIEHHE OCHOBHOM (DYHKIIMH {
RCC->APB2ENR|=RCC_APB2Periph_GPIOA;// BKItOUeHNE TaKTUPOBAHUS 1MopTa A
// IO yMOTTYQHHIO TAKTHPOBAHNE BBIKIIIOYECHO 11 5KOHOMUU SHEPTHU

GPIOA->CRL = 0b110011001100110011001100110011;// xonduryparus pexxuma padoThI
MITa e TPYIBI HopTa A, MaHHas KOMOWHAIIMS O3HAYaeT, YTO MOPT paboTaeT Ha BBIXOJI,

n3MeHsATh He caeayer while(1) // 6eckoHeuHbIN UK (3/1€Ch TTUIIIEM OCHOBHYIO MPOTpaMMYy)

{
GPIOA->0ODR=0b00000001; //ycTanoBKa COCTOSTHHS BHIBOJIOB IopTa A
delay(); // 3amepxka GPIOA->0ODR=0b00000011; delay();
GPIOA->ODR=0b00000111,;

delay();
GPIOA->ODR=0b00001111;

delay();
GPIOA->ODR=0b00011111;
delay(); GPIOA-
>0DR=0b00111111; delay();
GPIOA->ODR=0b01111111;

delay();
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GPIOA->0ODR=0b11111111,;

delay();
GPIOA->ODR=0b00000000; // TacuM Bce CBETOIHOIBI

2.3. IlopsiioK BHINOJTHEHUS 3a1aHUS

[Tonw3ysick mporpammoii 2.1 B kadecTBe oOpasiia, BHIIOJHUTH WHIWBUAYAJIBHOE
3aJlaHUE B COOTBETCTBUHU C TaOiuuei 2.1.

Ta6nuna 2.1 — MnauBuayanbHOE 3ajaHKE

Ne 3aganue
BapHaHTA
1 [lepememars KOMOMHALIMIO *X *x X *Xx [IUKIUYECKHU ClIeBa HAMPaBO CO

CKOPOCTBIO OAHO ITOJIOKCHHUC B CCKYHIY.

2 [TepeMeriath KOMOMHALIUIO ** XX **xx IUKINYECKH CIIpaBa HAJIEBO CO
CKOPOCTBIO 2 C Ha OJTHO TIOJIO’KEHHE.

3 CnenaTh Tak, 9TOOBI C MHTEPBAJIOM B | ¢ CMEHSUIHCH JIBE CUTYyaIlUH:
XX FFFR e g ¥R oo **,

4 [ToBTOPSTH HMKIWYECKHA C MHTEPBAJIOM B 1 C clieyIomnue Tpu
CUTyaru: xxx **xxx, xx ®ex ®xx, x*ooo*x.

5 Ha nunelike cBETOAMOIOB YETHIPE MOAPS CIAEAYIOMINE “OrOHbKA”
JOJDKHBI CJIE0BAaTh CJI€Ba HAIMPABO CO CKOPOCTHIO 1 ¢ Ha MO3UIIHUIO.

6 [IpaBas u sieBas MOJOBUHBI JUHEWKN CBETOAUOIOB JOJLKHBI
3aKUTAThCS TONIEPEMEHHO C UHTEPBAJIOM 2 C.

7 Crenathb Tak, 4TOOBI B T€UeHUE | ¢ CBETHMIACh KOMOMHAIIUS
CBETOAMOOB *xx**x*x, moTOM B TeueHHUe | ¢ MHBEpCHAs €, a MOTOM
BCE IMOBTOPSIOCH C HAaJasa.

8 [TortepemeHHO ¢ UHTEPBAIOM B |1 € TOIKHBI 32KUTaThCA
OJIHOBPEMEHHO 00a KpailHUX CBETOAMO/Ia U OJJTHOBPEMEHHO JIBa
LEHTPAJIBHBIX CBETOANO/A.
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Ne

BapHaHTAa

3aganue

9

Cnenatb Tak, 4ToOBI “O€TyIIUN OTOHEK ’, 3aHUMAIOIIUA OJTHY TTO3UIIHIO
Ha JJMHEHKe CBETOAMO/I0B, MPOBUTAJICS CIIEBa HAIIPABO, KAXIbIM pa3
nepecKakuBas 4epe3 oJHy no3uiuio. Hanpumep, cHagama *xxxxxxx,
MOTOM XX *XXXXX, TOTOM XXXX *xxx 1 T. 1. [lo JOCTUX)EHUU TIPaBOTO
Kpas MHANKATOpa NpOLecC TOHKEH IUKINYECKU TOBTOPSATHCS.

10

[TocnenoBaTenbHO AOMAKHBI CBETUTHCS TPH CJICAYIOIINE KOMOUHAIINH

FRFEXx, 00 T, oo * ¥, aTeM mporece TOMKEeH [UKITNYECKH

IMOBTOPATHCA.

11

KomOunarus xx **xx** nomxHa MUKINYECKU TTepeMeIaThCsl CIeBa
HAIPaBO CO CKOPOCTHIO 3 C Ha MO3UIIHIO.

12

Ha nunetike CBCTOAUOOHBIX MHANKATOPOB JIBA KpaﬁHI/IX JICBBIX
CBCTOAMOAA TOJIZKHBI 3aKUTI'aThCA IMTOIICPEMCHHO C IBYM: KpaﬁHHMH
IMpaBbIMH CBCTOANOAAMU C UHTCPBAJIOM B 3c.

13

KomOunamusa *xx *xx** nomkHa ocTaBaThCs HEMOABMKHON B TEUECHUE
1 ¢, 3aTeM caBUTATHCS BIIPaBO, HAXOJAUTHCS B HOBOM IIOJIOKCHHH B
TedeHue 1 ¢, a 3aTeM BepHYThCS B UICXOAHOE IMosioxkeHue. [locie aToro
OIMMCAHHOE JOJIXKHO ITOBTOPSITHCS ITUKINYCCKH.

14

Kombunarus **xx **xx momkHa MUKIMYECKU CIBUTAThCs BIIPABO HA
JIBE TIO3UIIMH, 3aTEM Ha OJIHY ITO3UIIMIO BIICBO M CHOBA BIIPaBO Ha JIBE
IIO3ULMHA U T. 1.

15

KombOunarms xxxxx*** nopkHa MUKINYECKH CABUTATHCS BJICBO HA TPU
MIO3UIMH, 3aTE€M BIIPABO Ha JBE MO3HUIIMH, IOTOM CHOBA BJICBO Ha TPH
IIO3ULMA U T. .

16

KomOuHamusa **x *xxxx qoaKHa CBETUTHCS B TeueHHUeE 1 ¢, 3aTeM
JOJDKHA OBITh MHBEPTUPOBAHA M CHOBA CBETHTHCS B TeUeHHUE 1 ¢, 3aTemM
JOJDKHA OBITH CABUHYTA BIPABO Ha | MO3UIIMIO M CBETUTHCS B TCUCHHUE
1 ¢, 3aTeM CHOBa MPOWHBEPTHPOBAHA U T. JI.

2.4. Conep:kaHue oT4eTa

Otuer o 3aJaHHUIO O(l)OpMJ'IHeTCH B COOTBCTCTBHH C Tpe6OBaHI/I$IMI/I, MMPUBCACHHBIMHU

BO BBCJCHHM.
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2.5. Bonnpochl 1J1s1 CAMOKOHTPOJIS

2.5.1. TloscHure, KakuM o0O0pa3oM MOXHO OpraHU30BaTh LMKINYECKOE
BBINIOJTHEHUE TTPOTPAMMBI.

2.5.2. Kakum 00pa3oM MOXXHO YyBEJIMYUTh WM YMEHBIIUTh CKOPOCTb
JIBUKEHUSI OTOHbKA Ha TUHEHKE CBETOANO10B?

2.5.3. Kak 3aeub CBETOUOMBI *X*X*X*X?

2.5.4. Kak BbIBECTH Ha JIMHEWKY CBETOAMOJIOB JBUKYILIUICS OTOHEK?

2.5.5. Kakue u3mMeHeHus: Hy’>KHO BHECTH B mporpammy 3.1, 4ToObl Ha JIMHEUKY
CBETOJIMO0B BBIBOJUJICS MEJICHHO ABMKYILUNCS MyIbCUPYIOUN OrOHEK?

2.5.6. Kakue m3mMeHeHUs HYXHO BHeCTH B mporpammy 3.1, 4ToObl Bpems
3aJ1€pPKKH YBEJIUUYUIIOCH B 2 pa3za’?

2.5.7. Kakue m3MeHeHMs HY>XHO BHeCTH B mporpammy 3.1, 4ToOBI Bpems
3a1epKKU yMeHbmiIoch B 20 pas?
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3. 3BAJTAHME Ne2
IMPOTPAMMUPOBAHUE CEMAUCETMEHTHBIX MHIAKATOPOB

3.1. Leab 3apanus

[enbro 3a1anust SABISAETCS U3YUYEHUE CIIOCOOOB MPOrPaMMUPOBAHUS
ceMucerMeHTHbIX uHaUKaTopoB (CCH) ¢ ucnosiib3oBaHUEM TUHAMUYECKON WHIUKAIIUU
B MUKPOKOHTPOJIJIEPHBIX CUCTEMAaX.

3.2 TeopeTuueckue cBeaeHUsI

Kaxk uzBectno, CCU conepxut 7(8) OTIENbHBIX CErMEHTOB, C TIOMOIIIBIO KOTOPBIX
dbopmupyertcst oToopakaeMoe YKUCIIO, TAKUM 00pa30M JJisl YIIPaBJICHUs] CErMEHTaMU
tpedyercs 7(8) BeiBogoB MK. Ognako npu ucnonszoBanuu CCHU ¢ HeCKOTBKUMU
paspsaaMy CTAaHOBHUTCS 3aTPYIHUTEIBHBIM HCIIOIB30BAHNE OTICIBHOMN JIMHUM IS
Ka)XJI0T0 CETMEHTA, HAaIlpUMeEDP IS TTOAKITFOUeHHS dyeThipexpa3psaaoro CCHU
norpedyercsa 4x8=32 IMHUM yIIPABICHUS.

B Takom ciydae nenecoo0pasHo ucrnonb3oBath CCH ¢ AMHAMUYECKOW MHIMKAIIUCH.
VY CcTpoHCTBO OJTHOTO U3 HUX NPUBEACHO Ha puc. 3.1,

& O E) [E) =
EE/ /O/ /O O\ay O

Puc. 3.1— Yetsipexpaspsanubiit CCU

OnHOMMEHHBIE CETMEHTHI U3 KaXJI0r0 pa3psia COSAMHEHBI MapauiebHo, a 001me
BBIBOJIbI (KaTOJbI UM aHOJIbI CBETOJIMOAOB) BhIBEJEHBI OTAENbHO. [logKmtouas K mmHe
NUTaHUS OOIIME BBIBOJABI MOXHO 3aKHraTh COOTBETCTBYIOIIME pa3psabl. Brimrouas
MOOYEPETHO KAXKABIA pa3psi ¢ 3a7ep>KKoi mopsaka 20 MC MOXKHO BBIBOAUTH Pa3HbBIC
udpel HA KaXAbIH paspsan. [Ipu 3ToM B KakIblii MOMEHT BPEMEHH TOPUT TOJIBKO OJIHA
udpa.

Ha ommamounoii rare PinBoard II ycranosnen tpexpaspsaabiii CCHU ¢ obmum
katojoM. Cxema IoJKITI0UYeHUS H300pakeHa Ha puc. 3.2.
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Puc. 3.2— Cxema noaxmrouenuss CCU wa PinBoard Il

IlonaBass yor. 1 Ha 0a3bl TPaH3UCTOPOB MOKHO BKJIIOUaThb COOTBETCTBYIOILHE
paspsiabl. Bece nuHuM ynpaBieHus: BbIBEICHBI HA IITHIPEBOH pazbeM (1), a cooTBeTCTBUSA
MPUBE/ICHBI HA OTJIAJIOYHOM TU1aTe B Buje Tadmuipl (2) (puc. 3.3).

p——— IIED) HD347889

Puc. 3.3 — Dnementsl HeoOxoauMmble 11 moakiroyeauss CCU

B ominunm ot nmporpaMMel U3 MpeabIAyeld paboThl 31€Ch HCTIOIb3YETCS
nupekTrBa define, ee cMbIc B TOM, 4TOOBI YIIPOCTUTh HAMIMCAHUE KOJIa, HATPUMED
omaronaps crpoke #define DO GPIO Pin_7 smecto GPIO Pin_7 moxHno nucats DO, a
KOMITUJISITOP BCE paBHO OyaeT monnMarh 310 kak GPIO Pin 7.

Taxoke ctout orMeTuth, 4to B JI.P. 1 mpu xoHpUTyparmm mopToB Mbl paboTayiu ¢
KOH(UTYpaIIMOHHBIMU PETUCTPAMH HANPSIMYIO, a 371eCh HCIOJIB3YIOTCS WHCTPYMEHTHI
OoubmmoTeKn CMSIS, MIPU3BaHHbIE MaKCUMaJIbHO YIPOCTUTh poILecc
nporpammupoBanus. [Iporpamma, TmpuBefeHHass B TpuMmepe, TpeOyeT TakoTo
noaxioueHuss CCU k nmporieccopHoMy MOYJIO:

D7<—A00; D5<—A01; D3<—>A02; D1 (4) <—=A03; D0 <—>A04;

D6<—A05; D4<—A06; RS<—>A08; RW<—>AQ9; E<—>A10;

[Tporpamma 3.1 — IIporpamma, ocymecTBistomias oopatasiid otrcuet ot 100 10 O:

// TlopkirouaeM HEOOXOAUMBIE OUOINOTEKH



#include "stm32f10x.h"
#include "stm32f10x_gpio.h"
#include "stm32f10x_rcc.h"

// Huke uayT TUpeKTUBBI mperporeccopa tumna define

// TlopT K KOTOpOMY MOAKIIFOUeH HHAUKaTop #define

IND_PORT GPIOA

// Ob111e BBIBOJIBI MHAUKATOPA
#define DO GPIO_Pin_7
#define D1 GPIO_Pin_8
#define D2 GPIO _Pin_9
#define D3 GPIO_Pin_10

// K xakol HOre Kako¥ CErMeHT IMOAKII0UEH
#define SEG_A GPIO _Pin 0
#define SEG_B GPIO_Pin_1
#define SEG_C GPIO_Pin_2
#define SEG_D GPIO_Pin_3
#define SEG_E GPIO_Pin_4
#define SEG_F GPIO_Pin_5
#define SEG_G GPIO_Pin_6

[[Cobupaem nupbl U3 CETMEHTOB

#define DIGO (SEG_A | SEG_B |SEG_C |SEG_D | SEG_E | SEG_F)
#define DIG1 (SEG_B | SEG_C)

#define DIG2 (SEG_A |SEG_B |SEG_G | SEG_E |SEG_D)

#define DIG3 (SEG_A |SEG_B|SEG_G|SEG_C|SEG_D)

#define DIG4 (SEG_F | SEG_G | SEG_B | SEG_C)

#define DIG5 (SEG_A |SEG_F|SEG_G |SEG_C|SEG_D)

#define DIG6 (SEG_A |SEG_C |SEG_D | SEG_E |SEG_F|SEG_G)
#define DIG7 (SEG_A | SEG_B | SEG_C)

#define DIG8 (SEG_A |SEG_B |SEG_C |SEG_D | SEG_E | SEG_F | SEG_G)
#define DIG9 (SEG_A |SEG_B|SEG_C|SEG_D | SEG_F | SEG_G)
#define ALL_PINS (DIG8 | D0 |D1|D2|D3)
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//DyHKI1IM hOopMUpPYIOIIAs HEOOIBITYIO 3aaepKKy void
delay(void)
{int
i=0;
for (i=0; i 1= 0x1000; i++); }
// OyHKIHS, OCYIIECTBSUTIONIAs TMHAMUYCCKYI0 HHIUKAIUIO
void indication(int chislo) {
// 0OBSBIISIEM MAaCCHB C 3JIEMEHTaMU COOTBETCTBYromuMH Irdpam 0-9 unsigned int
digit[]={DI1G0,DI1G1,DIG2,DIG3,DIG4,DIG5,DIG6,DIG7,DIG8,DIGY};
// manee ompenenuM 3HadeHHe U(p B KAKIOM U3 Pa3psaoB
unsigned char desyatki=0,sotni=0;

while(chislo>=100) // nepBblit pa3psg — «COTHH»

{
chislo-=100;

sotni++;

¥

while(chislo>=10) //BTopoii pa3psg — «IeCATKN

{
chislo-=10;  desyatki++;

¥

// TO 4TO OCTAJIOCh — «EIUHULIBIY

IND_PORT->ODR|=D1;// Bxntouaem nepBbiii pa3psi
IND_PORT->ODR|=digit[sotni];//BsiBogum yucno B pazpss "coru"
delay(); // HebGomnpIioe Bpemst 3aA€pKKU B TEUEHUH KOTOPOTO TOPUT Pa3psi
IND_PORT->ODR=0;// Beixitouaem nepBblil paspsizn
IND_PORT->ODR|=D2;// Bkntouaem BTOpO# paspsiz

IND_PORT->ODR|=digit[desyatki];//BsiBonum umcio B pa3psn "necaTku"

delay();
IND_PORT->ODR=0;// Beixiitouaem BTOpoii pa3psia

16
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IND_PORT->ODR|=D3;// Bkitouaem TpeTuii pa3psia
IND_PORT->ODR|=digit[chislo];//BeiBogum grcno B paspsi "eauHUALBT"
delay();
IND_PORT->ODR=0;// Beikitoqaem TpeTHid pa3psi
k
// OcHOBHasi mporpaMmma
int main(void) {
//HacTpamBaeM Ha BBIXOJ] BCE BBIBOIBI ITOIKIIOYCHHBIE K HHIUKATOPY
RCC_APB2PeriphClockCmd( RCC_APB2Periph_GPIOA , ENABLE);
GPIO_InitTypeDef PORT; //CtpykTypa conepkaiias HaCTpOMKHU OpTa
PORT.GPIO_Pin= ALL PINS; //Yka3piBaeM Kakue BbIBOJIbI HY’>KHO HACTPOUTH
PORT.GPIO_Mode = GPIO_Mode_Out_PP; // HacrpanBaem kak Bbixoxa Push-pull
PORT.GPIO_Speed = GPIO_Speed_2MHz; // Yactora 2 MI'1
GPIO_Init(IND_PORT, &PORT); //Bb13siBaecM (hyHKIMIO HACTPOUKH TTOPTA
int n=0; inta=0; intb=0; while(1)
{
n=100;
while(n>0)
{
for (a=0; a != 0x200; a++)
{

indication(n);// Be3piBaeM (yHKIMIO HHIUKAIIMK U TIEPEIaeM €i TO, 9TO HY’)KHO 0TOOpa3uTh for
(b=0; b 1= 0x100; b++);
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3.3. [lopsiioK BBINOJIHEHHS 3aJaHUS

[Tonw3ysick mporpammoii 3.1 B kaduecTBe oOpasiia, BHIMOJHUTH WHIWBUAYAIBHOE
3aJlaHUE B COOTBETCTBUH C Tabiauneit 3.1.

Ta6nuna 3.1 — MnauBuayanbHOE 3aaHKe

Ne

BapHAHTA

3axanue

1

Uucno 123 Ha ceMUCETMEHTHBIX WHIUKATOPax JOJKHO CBETUTHCS B
TeueHue | ¢, moTom racHyTh Ha | c. 3aTeM npouecc A0JKEeH
MTOBTOPSITHCHL.

B 2-M u 3-M pa3psnax nHIMKATOpa € 3aJEpKKOM Ha 1 ¢ uncio
no/mkHO yBennuuBatbes oT 0 1o FFh. Tlocie Toro, kak 4uciio craHeT
paBubM FFh, nporiecc nomkeH moBTOpsATHCS CHavaIa.

L[H(bpa 5 AOJDKHA IMCPeMCIIAThCA IO MHAUKATOPY CJICBA HAIIPABO
(OCTaJ'IBHBIG HWHIUKATOPBI JOJIDKHBI OBITH HOI‘&IIIQHBI). Hpouecc
JOJDKCH HNUKIIMYCCKHU ITOBTOPATHCA.

Ha unaukatop BRIBOAWTH MOCJIEIOBATENIHHO (C UHTEPBAJIOM 1 C)
YICHBI T€OMETPUICCKON MPOTPECCHH C HaYaIbHBIM 3HaUCHHEM | 1
3HaMeHaTeJeEM 2.

Cnenatp Oerymyro TOYKy cjeBa HalpaBoO Ha CEMHCETMEHTHOM
nHaukarope. [1o 1oCTHKeHNHN TOUKOM KpalHE MpaBOM MO3ULIUH
MPOIECC JIOJKEH MOBTOPSITHCS.

Ha cemucerMeHTHOM HHAMKATOPE YUCIIO 15x (X — HHAUKATOP
noraiieH) MeHsAThCs Ha unciio x20, moToM cHOBa Ha 15x u T. 1.
Kaxknoe u3 aAByX uncen 10 Toro, Kak OyJaeT u3MEHEHO, JTOJKHO
CBETUTHLCS B TeueHHe 1 c.

BeiBoMTE MO OYepear HA CEMUCETMEHTHBIA HHAUKATOp uncaa 111,
222,333, moTOM IpoIIeCcC IOKEH MOBTOPSThC. Kaxkaoe uncio
JIOJDKHO MHIUIMPOBATHCS B TeueHue 1 c.

BreiBonuth yobiBaromue yuciia or FFh o 0 B 1Byx paspsgax
CEMHCETMEHTHOr0 MHAUKaTopa (JIEBOM U CPEHEM), OCTABIIUICS
paspsia AomkeH ObITh moramieH. Kaxmoe 9ucio 10 n3MEeHEeHHsI
JIOJXKHO MHJMLIMPOBATHCS B TeUeHUE | C.
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Ne

BapHaHTAa

3aganue

9

BpiBOAUTH B ABYX JIEBBIX pa3psaax CEMHUCErMEHTHOTO UHANKATOP
YUCII0, HAaYMHAs ¢ 1, yBeInunBaroleecs Kax/Jbli pa3 B JIBa pas3a.

K&)KI[OG COCTOAHHEC OOJDKHO HHAWIHUPOBATLECS B TCUCHUC Ic.

10

BreiBouTh nepeMeniaoieecs ciaeBa HalpaBo yBEIHUNBAIOLIEECS
OJTHOPA3psAHOE Yncio oT 1 10 3 1o pa3psiaM CEMUCETMEHTHBIX
UHANKATOPOB.

11

[ToBepx paspsaos uncia BBBh cneBa HanpaBo mpoimkHa
nepemematbes nudpa Ah.

12

Ha neBoii yactu HHAUKATOpA YUCJIO0 AAh JOJI2KHO MHUTATh C 4acTOTOM

1 I'u, Ha mpaBoM HHAKMKAaTOpe YKcio Bh mommkHO MUTaTh ¢ 4acTOTOM
2 '

13

BriBoguTh nepemernaronieecs: IUKINYECKH CIpaBa HAJIEBO
yMEHbIIAIOIIEECH 0T 8 10 6 0OAHOPA3PSATHOE YHUCIIO MO pa3psiaam
CEMHCETMEHTHOTO UHAUKATOPA.

14

Yucno FFh na reBoit yacTi MHIMKATOpa JOKHO MUTHYTH J1Ba pasa.
[Tocne 3Toro MHAUKATOPHI TOKHBI OBITH BHIKJIIFOYEHBI HAa 2 €. DTOT
IIPOIIECC JOJIKEH ITUKIMYECKU TOBTOPSATHCS.

15

B nByx npaBbIx pa3psaax CEMUCETMEHTHOTO MHAMKATOPA JOJIKHO
MOOYEPEIHO MIECTHAAATEPUYHOE YNCIIO, KAXKIYIO CEKYHIY
YBEJIMYUBAIOIEECS HA €INHUILY, HAUMHAS CO 3HaYeHUs 1.

16

BEIBOIHUTE B CpeHEM pa3pse CEMUCETMEHTHOTO HHAMKATOPA YHCIIO,
YBEIIMYMBAIOIINECS KaXKIyI0 CeKyHay Ha 1, HauuHast ¢ 1h u qo Fh.
DTOT MPOIECC TOJDKEH IUKIMYECKH TOBTOPSITHCS.

3.4. Coaep:xkanue oTYeTA O 32JAHUIO

OtyeT 1o 3a7aHu0 0OPMIISIETCS B COOTBETCTBUH C TPEOOBAHUSIMH, TPUBEICHHBIMHU

BO BBCJCHHH.
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3.5. Bonpochl i1 CAaMOKOHTPOJISE

3.5.1. Kak 3axeub TOYKY B OJHOM pa3psie CTaTUYECKOTO CEMHUCEIMEHTHOIO
WHAUKaTopa?

3.5.2. Kak moracutb Bce pa3psi/ibl CTATUYECKOIO CEMUCETMEHTHOrO MHANKATOpa?
3.5.3. Uem oTim4aeTcsi cTaTUYecKasi MHIUKAIUS OT JUHAMUYECKOM?

4.5.4. Kak OCyIIECTBUTh YBEIWYECHUE YHUCIA, BHIBOAUMOrO HA HHAMKATOp, HA
€UHHUILY?

3.5.5. M0XHO 71 BBIBOJUTH IPOU3BOJIbHYIO IIECTHAIATEPUUHYIO LU(DPY B OJTUH
paspsii CTAaTUYECKOTO CEMUCErMEHTHOTO MHIMKATOPa (MIPU MOTaIlIeHHBIX
OCTaJIbHBIX pa3psaax)?
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4. SATAHUE Ne3
ITPOTPAMMWPOBAHME BHEIITHNUX MPEPHIBA HUM

4.1. lean 3a1anusa

Lenbto 3amaHus ABISIETCS UW3Y4YEHUE TMPUHIMUIOB pabOThl C BHEIITHUMH
npepsiBanusiMu B MK cemeiictBa STM.

4.2. TeopeTuyeckue cCBeJIeHUS

[IpepbiBaHrE — 3TO COOBITHE, TPU KOTOPOM MPOUCXOJUT MPUOCTAHOBKA OCHOBHOM
MPOrpaMMBbl U MEPEXO]] Ha BIMOJIHEHUE MOANPOrpaMMBbl ipepbiBanus. [IpepriBanus B
MK ObIBatoT BHELIHKE U BHYTpeHHHE. [I[ppuMepoM BHEIIHETO NpephIBAaHUS MOXKET
CILYKUTb TIPEPhIBAHUE OT U3MEHEHUS JTOTHYECKOTO COCTOSHHS KAKOTr0-TM00 13 BXOOB
MK.

B MK STM32F103C8 noctymnHo 16 BbIBOIOB JjIsl BHEITHUX MPEPHIBAHUMA —
EXTIOEXTI1S, npuuem MO>KHO Ha3HAYaTh KaXKJ10€ U3 HUX Ha Jto0o# u3 moproB GPIO.
Hasnauenue ocymectsisiercs: ¢ momoipto peructpa AFIO_EXTICR. Peructp
EXTI_IMR pa3pemaer win 3anpeiiaer npepbiBaHus OT OTJAEIbHBIX KaHAJIOB.

JUis ocCyllecTBIEHMs] BHELIHETO IpepbIBaHUS HCIoNb3yeTcss KHomka BTN3
(BBIIEIIEHA KPAcHBIM IIBeTOM Ha puc. 4.1.).

[Iporpamma, mpuBeneHHas B Ipumepe TpeOyer Takoro mnoakimoueHus CCU,
CBETOJMOJHON LIKAJIbl M KHOTIKH K MPOLIECCOPHOMY MOJYJIIO:

D7<—>A00; D5<—A01; D3<—>A02; D1 (4) <—>A03; D0 <—>A04; D6<—>A05;

D4<—A06; RS<—A08; RW<—AQ09; E<—>A10;

JP25 (1) <—=>B08; JP25 (2) <—> B09; JP25 (3) <— B10; JP25 (4) <— B11; JP25

(5) <= B12; JP25 (6) <—> B13; JP25 (7) <— B14; JP25 (8) <— B15; COL1<—>

BOO;

Taxxe cinenyer yOeauThCs, YTO YCTAHOBJIEHA MEpEMbIUKa TaK, KaK MOKa3aHO Ha
puc. 4.1.

£ ©
- 4.2)] £ =
Puc. 4.1 — HeoOxoauMble COEIUHEHUS
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[Iporpamma 4.1 — I[Iporpamma ocyiectsisget oOpaTHbiid orcueT oT 100 g0 0, a npu
HAXaTUM KHONKU BBINOJIHAET MOANPOrpaMMy OOpaOOTKM MpephIBaHUS B BUJE
«3amNOJIHAOIIEHCS MIKaIbl» HAa CBETOAMOJHOM JMHEHKE, MOCie Yero BO3BPAIIAETCs K
BBINIOJIHEHUIO OCHOBHOM MPOrPaMMBI.

#include "stm32f10x.h"
#include "stm32f10x_gpio.h"
#include "stm32f10x_rcc.h"

#define LB PORT GPIOB // B xauecTBe nopTta /sl yIpaBJI€HHs CBETOIMOIHOM IIKaION
// (Led Bar) Beibepem PORTB
#define IND_ PORT GPIOA // TIopT kK KOTOpOMY NOJKIIOYEH UHIUKATOP

// Ob1ne BHIBOJIBI HHAUKATOPA
#define DO GPIO_Pin_7
#define D1 GPIO Pin_8
#define D2 GPIO Pin_9
#define D3 GPIO _Pin_10

// K KakoMy BBIBOJTy KaKOW CErMEHT MOIKII0UEH
#define SEG_A GPIO_Pin_0
#define SEG_B GPIO_Pin_1
#define SEG_C GPIO_Pin_2
#define SEG_D GPIO_Pin_3
#define SEG_E GPIO_Pin_4
#define SEG_F GPIO_Pin_5
#define SEG_G GPIO_Pin_6

[ICobupaem nupbl U3 CETMEHTOB

#define DIGO (SEG_A |SEG_B |SEG_C|SEG_D | SEG_E | SEG_F)
#define DIG1 (SEG_B | SEG_C)

#define DIG2 (SEG_A | SEG_B |SEG_G | SEG_E |SEG_D)

#define DIG3 (SEG_A |SEG_B|SEG_G|SEG_C|SEG_D)

#define DIG4 (SEG_F |SEG_G |SEG_B|SEG_C)

#define DIG5 (SEG_A |SEG_F|SEG_G |SEG_C|SEG_D)
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#define DIG6 (SEG_A | SEG_C |SEG_D | SEG_E | SEG_F | SEG_G)
#define DIG7 (SEG_A | SEG_B |SEG_C)
#define DIG8 (SEG_A | SEG_B |SEG_C | SEG_D | SEG_E | SEG_F | SEG_G)
#define DIGY (SEG_A | SEG_B |SEG_C | SEG_D | SEG_F | SEG_G)
#define ALL PINS (DIG8 | DO | D1 | D2 | D3 ) void delay(int k) / @ynkuusi, ocyiecTBsITIOmAsN
BPEMEHHYIO 3aJICP>KKY 3alaHHOM AJIUTEIbHOCTH
{int
i=0;
for (i=0; i 1= k*4000; i++);
¥

// ®YHKIHS, OCYIIECTBSITIONIAS TUHAMUYECKYI0 HHIUKAIHIo void
indication(int chislo)
{
unsigned int digit[]={D1G0,DIG1,D1G2,DIG3,DIG4,DIG5,DIG6,DIG7,DIG8,DIG9};

unsigned char desyatki=0,sotni=0; while(chislo>=100)

{
chislo-=100;

sotni++;

}
while(chislo>=10)

{
chislo-=10;  desyatki++;

¥
IND_PORT->ODR|=D1;// Bxnrouaem nepBblii pa3psi
IND_PORT->ODR|=digit[sotni];//BsiBogum uucno B pazpss "coru"
delay(1);// Hebonbiioe BpeMs 331€p>KKU B TEUEHUH KOTOPOT'O TOPUT pa3psil
IND_PORT->ODR=0;// Beixiitouaem nepBblii pa3psn

IND_PORT->ODR|=D2;// Bkntouaem BTOpO# paspsin



IND_PORT->ODR|=digit[desyatki];//BbiBogum uuciio B pa3ps "maecaTku"
delay(1);

IND_PORT->ODR=0;// Beiximtouaem BTOpOii pa3psia
IND_PORT->ODR|=D3;// Bkitouaem TpeTnii pa3psia
IND_PORT->ODR|=digit[chislo];//BerBogum griciio B pa3psiy "eauHALBT"
delay(1);
IND_PORT->ODR=0;// Beikitoqaem TpeTHid pa3psi
}int
main()
{
//Bxmounm taktupoBanre PORTA u PORTB
RCC_APB2PeriphClockCmd(RCC_APB2Periph_GPIOA , ENABLE);
RCC_APB2PeriphClockCmd(RCC_APB2Periph_GPIOB , ENABLE);
RCC_APB2PeriphClockCmd(RCC_APB2ENR_AFIOEN , ENABLE);
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LB_PORT->CRH =0b110011001100110011001100110011;// xonduryparmmus pexxuma padoTh

crapiiei rpymnmsl opta B (paboTaer kak BBIXO[)

LB_PORT->CRL = 0b1000;// xonpurypanus pexxuma paboThl MIAIICH TPy TOpTa
B(paboTtaet kak BX0J C MOATSHKKOM )

IND_PORT->CRL =0b110011001100110011001100110011;// xorduryparus pexuma
paboThI MyaAMIeH IpymIbl mopTa A (paboTaeT Kak BBIXO.)

IND_PORT->CRH =0b110011001100110011001100110011;// xorduryparus pexuma
paboThI MyaAMIeH IpymIbl mopTa A (paboTaeT Kak BBIXO.)

AFIO->EXTICR[0]|=AFIO EXTICR1 EXTIO PB; // BeiOupaem B kauecTe BbIBOA JIJIS
BHemHero npepeiBanug EXTIO BeiBog GPIOB 0

EXTI->IMR|=EXTI IMR_ MRO ; // pa3pemaem npepoiBanue EXTIO

EXTI->FTSR|=EXTI FTSR_TRO; //IIpepriBanus no cnajgaromemy GpoHTy

NVIC_EnablelRQ (EXTIO IRQn);//Pa3peiiaemM npepbiBaHKE B KOHTPOJLIEPE MPEPhIBAHUI

LB_PORT->BSRR=GPIO_BSRR_BSO0; // Bkirouaem noaTs KKy K jor. "1" Ha BbIBOJIE
GPIOB_0

/! CJ'IY)K66HLIC NEPEMECHHBIC IJIA OPpraHU3alnuu O6paTHOFO OTCUEeTa
int n=0; inta=0; intb=0; while(1)
{



n=100;
while(n>0)
{
for (a=0; a != 0x200; a++)
{
// Bei3piBaeM (QyHKIIMIO WHAMKAIIMH U TIEPEIaeM €i TO, YTO HY>KHO OTOOPa3uTh
indication(n); for (b=0; b 1= 0x100; b++);
¥
n--;
¥
¥

/I O6padotuuk npepeiBanust EXTIO void
EXTIO0_IRQHandler(void)
{

IND_PORT->ODR=0; // otkmrouaem CCH1
LB_PORT->BSRR=GPIO BSRR BSS;//ycTtanoBka coctosiaus BeiBojjoB PORTB
delay(1000);

LB_PORT->BSRR=GPIO_BSRR_BS9;  delay(1000);
LB_PORT->BSRR=GPIO_BSRR_BS10; delay(1000);
LB_PORT->BSRR=GPIO_BSRR_BS11; delay(1000);
LB_PORT->BSRR=GPIO_BSRR_BS12; delay(1000);
LB_PORT->BSRR=GPIO_BSRR_BS13; delay(1000);
LB_PORT->BSRR=GPIO_BSRR_BS14; delay(1000);
LB_PORT->BSRR=GPIO_BSRR_BS15; delay(1000);
LB_PORT->0ODR=0b00000000;
LB_PORT->BSRR=GPIO_BSRR_BS0;

EXTI->PR|=0x02; //COpacbiBaeM (ar npepbiBaHUs
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4.3. Ilopsinok BbINOJHEHNS 32 IaHUSA
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Hcnonb3ys nporpammy 4.1 B kauecTBe 00pa3siia, BEIIOIHUTh UHANBUAYAIBHOE

3aJlaHUE B COOTBETCTBUH C Tabiauneii 4.1.

Ta6nuna 4.1 — MnauBuayanbHOE 3ajaHKE

Ne 3ananue
BapHAaHTAa OcHoBHas mporpamma [Tonnporpamma 006paboTKH
TIpEepPhIBAHUS

1 [lepemerniath KOMOMHAIIHIO BeIBOAUTE B CpeTHEM pa3psiie
**xx *¥*xx HIUKIMYECKH CTpaBa CEMHUCErMEHTHOI'0 UHIMKATOpa
HAJIEBO CO CKOPOCTHIO 2 C HA OJIHO  |YKCJIO, YBEIUYMBAIOIINECS
MOJIOYKEHUE. KKy CEKyHAY Ha |, HaunHas

¢ 1h u mo Fh. DtoT mpomecc
JOJDKEH ITUKITHICCKU
TIOBTOPSTHCS.

2 Cnenath Tak, 9To0bl ¢ MHTepBaJoM |Ywmcio 123 Ha ceMHCErMEHTHBIX
B | C CMCHSUIHCH JIBE CUTYyaIlUH: WHIUKATOPAaX JOHKHO CBETHTHCS
XX EFEER Y 1R oot B TeueHue 1 ¢, mOTOM racHyTh Ha

1 c. 3aTeM nmpouecc A0JKEH
MTOBTOPATHCS.

3 [ToBTOPATH HUKINYECKH C B 2-M u 3-m pazpsigax
WHTEPBAJIOM B | C cleAyromue Tpu |MHIUKATOpa C 3a/Iep>KKoi Ha 1 ¢
cUTyaruu: xxx **xxx, xx *x *xx, YHCJIO JIOJDKHO YBEIMUYHUBATHCS
X oo *x. ot 0 o FFh. TTocxue Toro, kak

9HCI0 cTaHeT paBHbIM FFh,
MIPOIIECC JOJIKEH MTOBTOPSATHCS
cHayJasa.

4 Ha nuneiike ceeroanonoB ueteipe |ludpa 5 nomkna nepemeniatbes
OIS CIASTYIONINE “OroHbKa’™ 110 UHAUKATOPY CJIEBA HAIIPABO
JIOJIKHBI CTIEZIOBATh CJIeBa HAMPaBO |(OCTAIbHBIE WHANKATOPHI
CO CKOPOCTHIO 1 ¢ HA MO3HULIHIO. JTOJKHBI OBITh ITOTAIICHB ).

[Ipouecc NOJKEH NMKIMYECKU
TIOBTOPSATHCS.
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Ne 3aganue
BapHaHTAa OcHoBHas mmporpamma [Tonnporpamma 006paboTKH
npepbIBaHuUs

5 [IpaBas u neBas MoJ0BUHBI JIMHEHKY | Ha MHAMKATOP BHIBOAUTH
CBETOIMOOB JOJKHBI 3KUTAThCSL | TTOCIIETIOBATENBHO (C
MONEPEMEHHO C UHTEPBAJIOM MHTEPBAJIOM | C) WieHbI
7 c. r€OMETPUUECKOM MPOTPECCUU C

HaYaJbHBIM 3HaueHHEM 1 1
3HaMEHAaTeIeM 2.

6 Cnenatb Tak, 4to0bl B TedeHue 1 ¢ |Cnenath Oeryuyr TOUKy ciieBa
CBETHJIaCh KOMOMHAIIHS HaIpaBoO Ha CEMUCErMEHTHOM
CBETOJIMOJIOB *xx **x *x, moToMm B unaukatope. [lo qocTmkeHuun
TeyeHue | ¢ nHBEpCHas €, a TOTOM |TOYKOM KpalHe! MmpaBoi
BCE MOBTOPSJIOCH C HAJasa. MO3UIIMH TPOLIECC TOKEH

MTOBTOPATHCS.

7 [Tonepemenno ¢ untepBasiom B 1 ¢ |Ha cemucermeHnTHOM
JOJKHBI 3Q)KMTaThCS OJJHOBPEMEHHO | MHHIUKaTOpe Ynciao 15x (x —
00a KpaltHUX CBETOAMO/IA U WHUKATOP TIOTAIICH ) MEHSATHCS
OJTHOBPEMEHHO JBa IICHTpPaJIbHBIX |HA yKcio Xx20, MOTOM CHOBA Ha
CBETOIMO/A. 15x u 1. 1. Kaxnoe u3 nByx

quce 10 TOTO, Kak OyaeT
W3MEHEHO, JOKHO CBETUTHCS B
Teuenue 1 c.

8 Cnenatb Tak, 4To0bI “Oeryniui BriBouTh MO 04epenu Ha

OTOHEK”’, 3aHUMAIOIIUN OJTHY
TTO3UIIMIO Ha JIMHEHKE CBETOIMOIOB,
IIPOJIBUTAJICS CJIEBA HAIIPaBoO,
KQXKJIBIH pa3 MepeckakuBas yepes
oaHy no3unuio. Hanmpumep, cHauana
FXXXXXXX, TIOTOM XX *XXXXX, TTOTOM
xxxx*xxx u T. 1. [lo mocTrmxkeHUN
MPaBOro Kpasi HHIAUKATOPa MPOIIecC
JOJKEH IIUKJINYECKU MMOBTOPSITHCS.

CEMMCETMEHTHBIN UHIUKATOP
yucaa 111, 222, 333, motoMm
MPOIECC OJKEH MOBTOPATHCS.
Kaxxnoe uncino T0mKHO
WHJIUIIUPOBATHCS B T€UeHHUE 1 C.
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Ne 3aganue
BapHaHTAa OcHoBHas mmporpamma [Tonnporpamma 006paboTKH
MIpEepPhIBAHUS

9 ITocnenmoBaTeIbHO JTOJDKHBI BriBoUTH yOBIBAIOIINME YKCIIA OT
CBETUTHLCS TPHU CJIELYIOLINE FFh mo 0 B 1ByX paspsinax
KOMOMHALH ****xxxx, xx***%(y |CCMHCCIMCHTHOIO HHIMKATOPA
P— (JIeBOM M CpEJIHEM ), OCTaBIIHICS

paspsl 1OJKEH ObITh MOTAIlICH.
3aTeM MpoIece NOMKEH UKINYECKH K
a)KJ10€ YHCJIO JIO M3MECHEHHUS
MOBTOPATECA. JIOJDKHO MHUIIUPOBATHCS B
Teuenue 1 c.

10 KoMOuHnanus xx **xx** gomxHa BbIBOAUTH B ABYX JIEBBIX
MUKIIMYICCKHU MMCPCMCIIATHCA CIICBA pa3psaax CEMUCCTMEHTHOT'O
HAIpaBo CO CKOPOCTHIO 3 € Ha WHJIUKATOP YUCJI0, HaYMHasi ¢ 1,
HOSHIHUIO. YBEJINUMBAIOLIEECS KaX bl pa3

B 11Ba pasza. Kaxoe coctosiHue
JIOJDKHO WHIUIIUPOBATHCS B
Teuenue 1 c.

11 Ha nunelike cBETOIMOIHBIX BriBouTh mepemMeriaromieecs
WHJUKATOPOB JIBa KPalfHUX JICBBIX |CJIeBa HAIPaBO
CBETOJMO/IA JIOJIKHBI 3QKUTAThCA | YBEITMYHBAIOIIECECS
MOTIEPEMEHHO C ABYMs KpalHUMU | OJTHOpa3psAHOE Yyucyo ot 1 o 3
IIPaBbIMU CBETOJIMOJIAMH C 0 pa3psaaaM CEMHUCETMEHTHBIX
WHTEpPBaJIOM B 3 C. WHJIUKATOPOB.

12 [TepeMerath KOMOMHAIIUIO [ToBepx paspsmos urcia BBBh
*x *x *x *x MUKINYECKHU CIIEBA cJIieBa HaIpaBo JOJDKHA
HaIpaBO CO CKOPOCTHIO OJTHO nepemerarbes mudpa Ah.
MOJIOKEHHUE B CEKYHITY.

13 KomOunammsa *xx *xx** nomkaa Ha neBoit yactu uHAMKATOpA

OCTaBaTbCS HEMOABMKHON B
TeyeHue 1 ¢, 3aTeM cABUTaThCS
BIIPABO, HAXOJAUTHCSI B HOBOM

MOJIOKEHUH B TeueHHe 1 ¢, a 3aTeM
BEPHYTHCS B UCXOJTHOE TTOJI0KEHHUE.

Ilocne »Toro onucanHoe JOKHO
MOBTOPATHCS IIUKIUYECKH.

yuciio AAh DomKHO MHTATh C
yactoToH 1 ['n, Ha mpaBom
uHAUKaTope yucio Bh momkHo
MHUTaTh ¢ yacToToM 2 I'1I.
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Ne 3ananue
BapHaHTa OcHoBHas mporpaMmma [Toanporpamma 06paboTKu
MIpEepPhIBAHUS

14 KombOunarus **xx **xx nomxua BriBoauTh nepemeniaronieecs
IIUKITUIECKY CABUTATHCS BIIPABO HA |IIUKIWYCCKU CIIpaBa HAJICBO
JIBE TIO3ULINH, 3aTEM HA OJIHY yMEHbIIAoIIeecs oT 8 10 6
MIO3UITHIO BJIEBO M CHOBA BIIPABO HA |OJHOPA3PSAIHOE YUCIIO T10
JIBE TIO3UIINH U T. II. pa3psiiaM CEMHUCETrMEHTHOTO

WHIMKATOPA.

15 Kombunarus xxxxx*** nomkna Yucao FFh Ha neBoit yacTu
IIUKJTUYCCKU CIBUTATHCS BJCBO HA  |MHIUKATOPA JTOJDKHO MUTHYTh
TPH MO3MIIMH, 3aTEM BIIPaBO HA JIBE |1Ba pa3a. [lociie aToro
TIO3UIUH, TIOTOM CHOBA BJICBO Ha WHIUKATOPHI JOKHBI OBITH
TPH TTO3UIIMH H T. . BBIKJTIOUEHBI HA 2 C. DTOT

MIPOIIECC JOJDKEH ITUKITUICCKU
TIOBTOPSTHCS.

16 KomOunarus **x*xxxx qomkHa B nByx mpaBbIx pazpsgax
CBETUTKCSA B TeueHUe | ¢, 3aTem CEMHCErMEHTHOIO MHIHUKATOPa
J0JI’KHA OBITh MHBEPTUPOBAHA U JIOIKHO [I00YEPEIHO
CHOBA CBETUThCS B TeueHue 1 c, IIeCTHAIATEPUIHOE THCIIO,
3aTeM JI0JDKHA OBITh CIBUHYTA KaKIYIO CCKYHITY
BIIPaBO Ha | MO3UIIMIO U CBETUTHCS B

yBEJIMYUBAIOIIEECS HA €AUHUILY,
TedyeHue 1 ¢, 3aTeM CHOBa
POMHBEPTUPOBAHA H T. I Ha4YMHAas co 3Ha4YeHUS 1.

4.4. Conep:kaHue oT4eTa 1Mo 3a1aHUIO

Otuer mo 3amaHuio oOQOpMISIETCS B COOTBETCTBUUM C TpPEOOBAHUSIMH,

IMPUBCACHHBIMH BO BBCICHHNU.

4.5. Bonpochl 1J11 CAMOKOHTPOJISA

4.5.1. CKOJIbKO BHEIIHUX MPEPhIBAHUA MOXET OBITh B MHUKPOKOHTPOJUIEpPE
STM32F103x8?
4.5.2. laitTe onpeniesieHHe BEKTOPY MPEPbIBAHMUS.

4.5.3. Yto Takoe UCKIIOYEHHUS U KaK OHH CBA3aHbI C IPEPHIBAHUSIMHU?

4.5.4. Yto Takoe npepriBaHue?

4.5.5. YeM oTnnyaroTcsl BHEIIHUE MPEPHIBAHUS OT BHYTPEHHUX MPEPbIBAHUI?

4.5.6. Kak mporpaMMHO pa3peiinTh UIU 3alIPETUTh BBITTOJIHEHUE MPEPHIBAHUI?

4.5.7. I'ne xpaHsATCA BEKTOPHI MPEPhIBAHUIA?

4.5.8. TloueMy s 0OpaOOTKU PEPHIBAHUIN TOTKEH ObITh MHUIIMATU3UPOBAH

cTeK?
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5. SATTAHUAE Nod
WCTIOJIL30BAHUE AIIIT

5.1. Leanb 3apanus

Lenbio 3ananus sBisercss uzydyenue npuHuunoB padotsl ¢ AL B MK cemeiicTBa
STM32.

5.2 TeopeTuueckue cBeAeHUsI

Jnist paGoTsl ¢ ananorossiMu curnaigamu MK nyxaaercs 8 ALIL. B STM32F103x8
MoxeT ObITh 10 10 kanano ALIII (B 3aBUCUMOCTH OT MOJI€NIN) C pa3psiAHOCTHIO 12 OUT.
Hns pa6orsl AL HeoOxoammo obecneduTh CTaOWUIIBHOE OINMOPHOE HAIpsKEHUE Ha
BbiBoie VDDA, mnocKoigbKy HMEHHO OTHOCHUTEIBHO JTOr0 HampshKeHus OyayT
MPOBOJUTHCA H3MepeHHs. UToObl ompeneiauTh aOCOIIOTHOE 3HAYEHUE HaIPSKEHUS
CJIeIyeT BOCIOIb30BaThCA (POpMyIIOi

- Vger * ADC_RES
212

rae Vref — BenuuuHa onopHoro HanpsbkeHusi, ADC_RES — pe3ynbTaT u3smepe-

uust ALLIL

B kauectBe HU3MCPACMOT0O UCITOJIB3YCM HAIIPAKCHUC C ITOTCHIIMOMETPA (BI)I,Z[CJ'ICH
KpaCHBIM HBGTOM), MMOAKIIFOYCHHOI'O MCKIY IIMHOM MUTaHUSA U O6IHHM IMPpOBOAOM TaKUM
O6p&30M HAIIPSKCHUC MOKCT UBMCHATHCA OT 0 a0 Vcc-

[Iporpamma, mpuBeAeHHass B mpumepe, Tpedyer Takoro mnoakimtouenus CCU k
MPOLIECCOPHOMY MOJIYIIIO:

D7<—=>B00; D5<—>B01; D3<—>B11; D1 (4) <—>B12; D0 <—>B05; D6<—>B06;

D4<—B07; RS<—>B08; RW<—>B09; D2<—>B14.

©
(D)
©

©)

Puc. 5.1 — HeoOxoanuMele COSIUHEHUS
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[lpn cozmanmu mpoekTa B pasfene Repository cieayer MOCTaBUTH OTMETKY Ha
nyHktax GP1O u ADC, 4yToObI B IpOEKT ObUIH 100aBI€Hbl HEOOXOIUMbIE KOMITIOHEHTHI.

[Iporpamma 5.1 — IIporpamma oTOOpakaeT u3MepseMoe HampsbkeHue (c
noteHmomMerpa) Ha CCHU ¢ tounoctrio 0,1 B.

#include<stm32f10x_rcc.h>

#include<stm32f10x_gpio.h>

#include "stm32f10x.h"

#define IND_PORT GPIOB // TIopt Kk KOTOPOMY MOJKJIIOYSH HHIUKATOP

// Ob111e BBIBOJIBI MHAUKATOPA
#define D1 GPIO Pin_8
#define D2 GPIO_Pin_9
#define D3 GPIO_Pin_10

// K kakoMy BBIBOJTy KaKOW CETMEHT MOIKIIOUEH
#define SEG_A GPIO _Pin_ 0

#define SEG_B GPIO_Pin_1

#define SEG_C GPIO_Pin_11

#define SEG_D GPIO_Pin_12

#define SEG_E GPIO_Pin_5

#define SEG_F GPIO_Pin_6

#define SEG_G GPIO_Pin_7

#define DOT GPIO_PIN_14

//CobupaeM mudpsl U3 CETMEHTOB

#define DIGO (SEG_A | SEG_B |SEG_C|SEG_D | SEG_E | SEG_F)
#define DIG1 (SEG_B | SEG_C)

#define DIG2 (SEG_A | SEG_B |SEG_G | SEG_E |SEG_D)

#define DIG3 (SEG_A | SEG_B |SEG_G | SEG_C|SEG_D)

#define DIG4 (SEG_F | SEG_G |SEG_B |SEG_C)

#define DIG5 (SEG_A | SEG_F |SEG_G |SEG_C|SEG_D)

#define DIG6 (SEG_A | SEG_C |SEG_D | SEG_E |SEG_F | SEG_G)
#define DIG7 (SEG_A | SEG_B | SEG_C)



#define DIGS ( SEG_A | SEG_B | SEG_C | SEG_D | SEG_E | SEG_F | SEG_G)
#define DIGY ( SEG_A | SEG_B | SEG_C | SEG_D | SEG_F | SEG_G)
#define ALL_PINS (DIG8 | DO | D1 |D2 | D3)

void sdelay(void)
{ int

k=0;
for (k=0; k 1= 0x1000; k++);
}

void delay(uint32_t i) {

volatile uint32_t j; for

(j=0; j'=1i*1000; j++)

}

/! DyYHKIMSA, OCYIIECTBSUTIONIAA TUHAMUYECKYI0 WHIUKAIIAIO

void indication(float chislo)

{
unsigned int digit[]={D1G0,D1G1,DIG2,D1G3,DIG4,DIG5,DIG6,DIG7,DIG8,DIGY};

unsigned char edinici=0,desyatie=0; while(chislo>=1)
{
chislo-=1; edinici++;
}
while(chislo>=0.1)

{
chislo-=0.1;

desyatie++;
¥
IND_PORT->ODR|=D1;// Bkitouaem nepBslii pa3psia
IND_PORT->ODR|=digit[edinici];//BbBoauM 4rcio B pa3psi "eAuHULBT"
IND_PORT->BSRR=GPIO_BSRR_BS14; sdelay();

IND_PORT->ODR=0;// Beixiitouaem nepBblil pa3psn
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IND_PORT->ODR|=D2;// Bkmtouaem BTOpoii pazpsin  IND PORT-
>0ODR|=digit[desyatie];//BeiBogum umcio B paspsa "necsateie qomu"  sdelay();
IND_PORT->ODR=0;// Beixiitouaem BTOpOii pa3psia
}int
main(void)
{
GPIO_InitTypeDef PORT;

//Bkimodaem mopTel A u B

RCC_APB2PeriphClockCmd((RCC_APB2Periph_GPIOB | RCC_APB2Periph_GPIOA) ,
ENABLE);

//HacTpanBaeM Bce BbIBOJIa MopTa B Ha BBIXO]

PORT.GPIO_Pin = GPIO_Pin_All;

PORT.GPIO_Mode = GPIO_Mode_Out_PP;

PORT.GPIO_Speed = GPIO_Speed_2MHz;
GPIO_Init( GPIOB , &PORT);

//TlopT A HacTpauBaTh HE HYKHO,TaK KaK BCE €r0 BHIBOJIbI YMOJYAHHUIO BXO/IbI

RCC_APB2PeriphClockCmd(RCC_APB2ENR_ADCIEN, ENABLE); //Bxitouaem
taktupoBanue ALIIT

ADC1->CR2 |= ADC_CR2 CAL; //3amyck kanmmubpoBku AL

while (I(ADC1->CR2 & ADC CR2 CAL)); /OxunaeM OKOHYaHHS KaTuOPOBKU

ADC1->SMPR2 |= (ADC_SMPR2_SMP1_2 | ADC_SMPR2_SMP1_1|
ADC SMPR2 SMP1 0); //3amaemM 1iuTeIbHOCTD BHIOOPKH

ADC1->CR2 |= ADC_CR2_JEXTSEL,; /TIpeobpa3oBaHre HHKEKTHPOBAHHOMN TPYIIIIBI
//3amyctutcs ycranoBkoi 6uta JSWSTART

ADC1->CR2 |= ADC CR2 JEXTTRIG; //Pa3pemiaeM BHEIIHUI 3a11yCK HHKEKTUPOBAHHOM
TPYIIIBI

ADC1->CR2 |= ADC_CR2_CONT; //TIpeobpa3oBanus 3amyCKatOTCs OTHO 3 JIPYTUM

ADC1->CR1 |= ADC _CR1 _JAUTO; //Pa3peminth npeodpazoBaHNe NHKEKTUPOBAHHOM
TPYIIIBI

//mocne perynspHoOi.
ADC1->JSQR |= (1<<15); //3agaem Homep kaHana (BeiOpan ADCI)
ADC1->CR2 |= ADC_CR2_ADON:;//Teneps Bkmouaem ALIT
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ADC1->CR2 |= ADC_CR2 JSWSTART; //3anmyck npeoOpa3oBaHmii
while (I(ADC1->SR & ADC_SR_JEOC)); //xnem noka nepBoe mpeoOpa3oBaHue 3aBEPIIATCS
//Teriepb MOKHO YMTaTh pe3ynbTaT u3 JDR1

uint32_t adc_res; // float voltage=0;//

3HaueHue HanpsbkeHus: while(1)

{
adc_res=ADC1->JDR1;

voltage=2.56*2*adc_res/4096; indication(voltage);
}}

5.3. Ilops10K BHINOJHEHUS 3aaHUS

Ucnonw3ys mporpammy 5.1 B kauecTBe oOpasiia, 00€CTICUUTh MPHU BBIOJTHEHUH
WHJIMBUIYaJIbHOTO 3aJlaHKsl 3aBUCUMOCTh BBIBOJMMBIX 3HAYCHUN S OT HaAmpsKEHUs Ha
noTeHImomeTpe Vi, 3a1aBaeMyro B COOTBETCTBUHU ¢ Tabi. 5.1.

Ta6muna 5.1 — MaauBuayanpHOE 3aaHKE

Ne 3aganue

Ba-
puaHTa

1

s A

>

Vcc VBX
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5.4. Conepskanue oT4eTA MO 32AHUI0

Otyer no 3agaHui0 odopmisieTcss B COOTBETCTBUU C TpeOOBaHUSIMH,
MIPUBEJICHHBIMU BO BBEJICHUM.

5.5. Bonipocsl 1iIsi CAaMOKOHTPOJISE

5.5.1. Cxonbko kanamoB ALl 8 MK STM32F103x8?

5.5.2. Kaxkoga paspsannocts ALl 8 MK STM32F103x8?

5.5.3. JIns yero mpu aHanoroBo-UKM(pPOBOM MpeoOpa30BaHUU HCTIONB3YETCS
ONOPHOE HaIpsKEHNe?

5.54. C «xakoro WHCTOYHMKA Tmogaercss Hanpsbkenne Ha ALl
MUKPOKOHTpOJIEpa B 0TiaaouHoi miare Pinboard 11?7

5.5.5. Kakue peructpsl ynpasisitor padotoit ALIT MK Cortex-M3?

5.5.6. ®opmupyet i ALIIT Cortex-M3 3anpoc Ha npepriBaHue?

5.5.7. Kak cBs3aHbI 4HCIIO YPOBHEH AUCKpeTU3anuu u paspsaHocts ALIT?

5.5.8. Uem ormpezensercs CKOPOCTh AaHAIOTOBO-IIM(POBOTO peodpazoBaHus?
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6. SATAHUE Ne5
PABOTA C MATPUYHOM KJIABUATYPOM

6.1. Lleanb 3aganus

Lenpro 3agaHus ABIAETCS M3y4YEHHE MPUHILIMIIOB OPraHM3allMy BBOJA JAHHBIX C
MaTpUYHOM KJIaBHATypbl B KOHTpOJUIepaxX, MOCTpoeHHbIXx Ha Oaze STM32 ARM
MUKpPOKOHTpPOJLIEpoB ceMericTBa Cortex-Ma3.

6.2 TeopeTnueckue cBeAeHUs

Jlna BBOJA JAHHBIX B MMKPOKOHTPOJUUIEPHYIO CHCTEMY 4YacTO MCIOIb3yETCs
kinaBuatypa. B 3ananun Ne 3 Gpu1 npuBeieH IpUMep UCIIOJIB30BaHMs KHOTIOYHOTO BBO/JIA,
OJIHAaKO B cily4ae, korja Tpedyercs noakmounth K MK HeCKoJIbKO KHOMOK, HAanpuMmep,
knaBuatypy 3x4 (12 KHOIOK), HEMOCPEJACTBEHHOE MOJKIIOYEHUE KaXKIOM KHOIMKH K
BeiBoly MK craHoBuTCS HeompaBmaHHbIM. B Takoit curyanmuu 1enecooOpa3Ho
UCIIOJIb30BaTh MATPUYHYIO KIABHATYPYy, IIOCKOJIBKY JTO YMEHbIIAeT Tpedyemoe
konuuectBo BbIBOZoB MK. Ha puc. 6.1 mpuBegeHa cxema, MOSICHSIOUIAs MPUHIUI
paboThl MATPUYHOM KIaBUATYPHI.
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Puc. 6.1 — Cxema MaTpu4HON KJIAaBHATYPHI

BriBoibl cTpok U cTosi010B nojkiovaoress K MK. Onpoc MaTpuU4HON KIIaBUATYPBI
OCYHIECTBIISIETCS JTMOO MO CTPOKaM, TuOOo 1Mo cToidmam. [l ompoca mepBoi CTPOKH Ha
€€ BBIBOJ TMOJAETCS JOTHYECKHUH ypoBeHb (), MpW 9TOM Ha BCEX BBIBOJAX CTOJIOIOB
BKJIFOUEHA MOJTKKA K BBICOKOMY JIOTUYECKOMY ypoBHIO 1. Haxkatme mepBoii, BTOpoOi
WM TPEThel KHOMOK 3aMKHET COOTBETCTBYIOIIMN CTONOEI Ha 3eMII0 (JOTHYECKUI
ypoBeHs (), uro peructpupyercss MK. Onpoc ocTanbHBIX CTPOK aHAJIOTHYEH.
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Ha nnare Pinboard II peanuzoBana marpuuHasi kiaBuatrypa 3x4, pacroyioxKeHUe
KOTOpOM MOKa3aHo Ha puc. 6.2.

. = O I¥ OO;."I ‘
ol & ATO0PEY, S,

Puc. 6.2 — Marpuunas knaBuarypa Ha Pinboard II

Baumanne! O)IHOBDGMGHHOG HaXaTuC HCCKOJBbKHUX KHOITOK HCAOIIYCTUMO,

ITOCKOJIBKY IMPUBCIACT K KOHd)JII/IKTV JIOTUYCCKUX YPOBHEH MK

[Iporpamma, mpuBeneHHass B mpumepe, TpeOyer Takoro mnoxaxmouenus CCU u
KJIaBUATYPHI K MPOLIECCOPHOMY MOYJIIO:

D7<—>405; D5<—=>A407; D3<—>A10; D1 <—=>409; D0 <—>A404; D6<—>A06;

D4<—AQ08;
COL2<—>402; COL3<—>A01; COL4 <—>A400;

ROW1<—>B05; ROW2<—>B06; ROW3<—B07; COL1<—>A403;

[Mpu co3manuu mpoekTa B pasnuerne Repository cieayer mocTaBUTh OTMETKY Ha

nyakte GPIO , 9To0bI B IPOEKT ObLIN J0OABICHBI HEOOXOAMMbIC KOMITOHEHTHI.

[Iporpamma 6.1 — I[Iporpamma orobpaxkaeT Homep HaxaToi kHonku Ha CCU

#include "stm32f10x.h"
#include "stm32f10x gpio.h"
#include "stm32f10x rcc.h"

#define HIGH GPIO SetBits // Komanzma ycTaHOBKKM Oura B 1

#define LOW GPIO ResetBits // Komanma coOpoca 6ura B 0

#define READ GPIO ReadInputDataBit // Komanmza cumMTEBaomLas COCTOSHME MNMHA
#define IND PORT GPIOA

// K xakoil HOTe KaKO¥ CEeIMEHT IIOIKJIOUEeH

#define
#define
#define
#define
#define
#define
#define

SEG_A
SEG B
SEG_C
SEG_D
SEG_E
SEG_F
SEG_G

GPIO Pin 5
GPIO Pin 7
GPIO Pin 10
GPIO Pin 9
GPIO Pin 4
GPIO Pin 6
GPIO Pin 8

//Cobupaem LUUbPH U3 CETMEHTOB
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#define DIGO ( SEG A | SEG B | SEG C | SEG D | SEG E | SEG F )
#define DIGl ( SEG B | SEG C )

#define DIG2 ( SEG A | SEG B | SEG G | SEG E | SEG D )

#define DIG3 ( SEG A | SEG B | SEG G | SEG C | SEG D )

#define DIG4 ( SEG F | SEG G | SEG B | SEG C)

#define DIG5 ( SEG A | SEG F | SEG G | SEG C | SEG D )

#define DIG6 ( SEG A | SEG C | SEG D | SEG E | SEG F | SEG G )
#define DIG7 ( SEG A | SEG B | SEG C )

#define DIG8 ( SEG A | SEG B | SEG C | SEG D | SEG E | SEG F | SEG G)
#define DIGY ( SEG A | SEG B | SEG C | SEG D | SEG_F | SEG_G)
#define A ( SEG A | SEGB | SEG C | SEG E | SEG F| SEG G)
#define B ( SEG C | SEG D | SEG E | SEG F | SEG G)

#define NONE (SEG G)// npouepx

int

n=12;

//dyuKklMa bopMmypyomas HeOOJbIYD 3aldepPXKy
void delay (void)
{
int i1=0;
for (i=0; i !'= 0x5000; i++);
}
void initGPIO (void)
{
RCC_APB2PeriphClockCmd( RCC_APB2Periph GPIOA|RCC APB2Periph GPIOB , ENABLE);

GPIO InitTypeDef PORTA; //CrpykTypa, comepxallad HaCTPOMKM IIOpPTa
PORTA.GPIO Pin = GPIO Pin All; //VxasmBaeM, KakKue BEIBOIE HYXHO HaCTPOMTH
PORTA.GPIO Mode = GPIO Mode Out PP; // HacrpamsaeMm kxak BexOn Push-pull
PORTA.GPIO Speed = GPIO Speed 2MHz; // Yactora 2 MIL

GPIO Init (GPIOA, &PORTA); //BuzbBaeM (QyHKLUMIO HaCTPOWKM IOPTa

GPIO InitTypeDef ROWS; //CrpykTypa, comepxamas HaCTPOWKM [OpTa

ROWS.GPIO Pin = GPIO Pin 5|GPIO Pin 6|GPIO Pin 7; //YxaseBaeMm, KakKyMe BHBOJIE
HYXHO HacCTpOMTb

ROWS.GPIO Mode = GPIO Mode IPU; // HacrpaupaeM Kak BXOJ C MOOTSXKOM K Jjor 1

ROWS.GPIO Speed = GPIO Speed 2MHz; // Yacrora 2 MI1

GPIO Init (GPIOB, &ROWS); //Bu3eBaeM QyHKLMIO HaCTPOMWKM IIOPTa
}
void indication (int n)
{
// obBABIISEM MACCUB C 3JIEMEHTaMM COOTBeTCTByumMMM Lubpam 0-9
unsigned int
digit[]={DIGO,DIG1,DIG2,DIG3,DIG4,DIG5,DIG6,DIG7,DIG8,DIGY,A, B, NONE};
HIGH (IND_PORT,GPIO_Pin_12);// Bxjouaem NepBelt paspan

HIGH (IND PORT,digit[n]); // BximoduaeMm HYyXHbHE CEI'MEHTEH
delay();
LOW (IND_ PORT,digit[n]); // BHxmouaem ux

}

void read keyboard (void)
{
// ycTaHOBKa BCex CTOJIOLOB B JiOT. 1
HIGH (GPIOA,GPIO Pin 0|GPIO Pin 1|GPIO_Pin 2|GPIO_Pin 3);
LOW (GPIOA,GPIO Pin 3);// omnpaumpaem NepBRHif CTOJOEL]

if (!READ(GPIOB,GPIO Pin 5)) n=1;
if (!READ(GPIOB,GPIO Pin 6))
n=2;

if (!READ(GPIOB,GPIO Pin 7))
n=3;
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HIGH (GPIOA,GPIO Pin 3);//Bo3BpamaeM Kak OHJIO

LOW (GPIOA,GPIO Pin 2);// ompaummpaeMm BTOPON cToJbel
if (!READ(GPIOB,GPIO Pin 5))

n=4;
if (!READ(GPIOB,GPIO_Pin_6))
n=5;
if (!READ(GPIOB,GPIO Pin 7))
n=6;

HIGH (GPIOA,GPIO Pin 2);

LOW (GPIOA,GPIO _Pin 1);// ompammpaeMm TpeTwuii crojber
if (!READ(GPIOB,GPIO_Pin_5))

n=7;

if (!READ(GPIOB,GPIO_Pin_6))

n=8;

if (!READ(GPIOB,GPIO_Pin_7))

n=9;

HIGH (GPIOA,GPIO_Pin_l);

LOW (GPIOA,GPIO Pin 0); // ompammsBaeM 4YeTBEPTHII CTOJOEL]
if (!READ(GPIOB,GPIO_Pin_5))
n=10;
if (!READ(GPIOB,GPIO_Pin_6))
n=0;
if (!READ(GPIOB,GPIO Pin 7))
n=11;
HIGH (GPIOA,GPIO Pin O0);
}
// OcHOBHasa nporpamMma
int main (void)
{
initGPIO() ;
while (1)
{
read keyboard() ;
indication(n);

}

6.3. IlopsiI0K BBINMOJTHEHUS 3aaHUS

Hcnonw3ys nmporpammy 6.1 B kadecTBe 00pasiia, BBITOJIHUTh HHINBUyATEHOE
3aJjaHre B COOTBETCTBUHU ¢ Tabauuein 6.1.



45

Tabnuna 6.1 — MaauBuayanbHOE 3aaHKe

Ne

BapHaHTAa

3aganue

1

C nomomnipio KJIaBUATYyPhl BBECTU TPEX3HAYHOE 1IEJIOE JIECATUYHOE
yucio. OTo0pa3uTh 3TO YUCIO HA CEMUCETMEHTHOM HHAUKATOPE.
Ecnu BBeneHHOE uncio 6ombiie 512, To BRIBECTH HA TUHEUKY
cBeTOoIMOA0B Oerymuii oronek. Ecinu BBeneHHoe uncio paBHo 333, To
BCSI JIMHEWKA CBETOAMOAO0B IO KHA MUTaTh ¢ yactoror 1 ['u. Ecnu
BBeJIeHHOE uncio MeHbine 700, To ero n3oOpaxeHue Ha
CEMHMCETMEHTHBIX MHAMKATOPaxX AOJKHO MUTaTh ¢ yactotou 1 I'm.
OpHa KHOMKA JOJIKHA UCTIOJB30BaThCs JIs cOpOCa BBEICHHOTO
YyuCoa, MPU €€ HAXKaTUU HA CEMUCETMEHTHBIA UHAMKATOP JTOKEH
MOTaCHYTb.

Pazpaborarh KanbKyJIAaTOp, CHOCOOHBIN CKIIaIBIBATh BBEICHHBIC C
KJIaBUATYPHI ABY3HAUHbIC JIeCATUUHBIE uncia. [IpegycmoTpeTs
OYHCTKY.

Pa3zpaboTarh KaabKyJISITOP, MEPEBOISAIINI BBEICHHOE TBOUYHOC
YUCII0 (JJOJDKHO 0TOOpa)kaThCsl Ha JIMHEHKE CBETOAMO/IOB) B
IIeCTHAAIIATEPUYHOE YUCIIO0, OTOOpakaeMoe Ha CEMHUCETMEHTHBIX
uHAuKaropax. [Ipu BBoje umnciia uCroap30BaTh ABe KHOMKA: O u 1.
[IpemycMOTpeTh OYUCTKY BBEACHHBIX 3HAUCHHIA.

PazpaboTath KanbKyISITOP, NEPEBOISAUININ BBEIEHHOE ABY3HAYHOE
JECATUYHOE YUCIIO (JIOJHKHO OTOOPAKaThCS CEMUCETMEHTHOM
WHANKATOPE) B JBOMYHOE YHCIIO, OTOOpakaeMoe Ha JIMHEWKe
cBeToauoa0B. IIpenycMoTpeTh OUNCTKY BBEEHHBIX 3HAYCHUM.

Pazpaborarh KaabKyJIATOpP, IEPEBOISIINI BBEICHHOE IBY3HAYHOE
JECATUYHOE YUCIIO (JIOJHKHO OTOOPAKaThCS CEMUCETMEHTHOM
WHINKATOPE) B IMIECTHAAIIATEPUIHOE YUCIIO, OTOOpakaeMoe Ha
CEMHUCETrMEHTHBIX MHANKaTopax. [IpeobpasoBanue 10MKHO
IIPOMCXOJUTH [0 HAXKATUIO KHONIKU. [IpenycMoTpers ouncTKy
BBEJCHHBIX 3HAYCHU.

Pa3zpaboTath KanbKyISITOP, CHOCOOHBIN TPUHUMATH YHCIIA B
JIBOMYHOM KOJie (0TOOpakaroTCs Ha JTMHEWKE CBETOAMOA0B) U
BBITIOJTHSITH HAJT HUIMH OTICPAIMH CIIOKEHUS U BEIYUTAHUS.

Pa3zpaboTath KanbKyISITOP, CKIAABIBAIOIINI BBOIUMBIC
OJIHOPA3PSAIHBIE NECATUYHBIEC YKCiia. BBOAMMBIE YnCIIa TOJKHBI
0TOOpaKaThCs B IBOMYHOM KOJI€ Ha JIMHEHKE CBETOAMOIOB, a
pe3yJIbTAT CIOKEHUSI — B JECATUYHOM KOJI€ HA CEMUCETMEHTHOM
VHJIUKATOPE.
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Ne

BapHaHTAa

3aganue

8

PazapaboTarh KanbKyJISITOP, CKIaAbIBAIOIINM J1Ba BBOJUMBIX B
JBOMYHOM KOJI€ Yucia. BBOAMMBIE YnCa U pe3yNbTaT CIOKEHHUS
JOJIKHBI OTOOpaXkaThCsl B ABOMYHOM KOJI€ Ha JIMHEUKE CBETOUO/IOB.
Ecnu nomyuuBLieecs 4uciio HEYETHOE, TO HA CEMUCETMEHTHOM
UHAMKATOpE JOJIKHO oToOpaxkarhes «111», ecnu yetHoe —
murarouee ¢ yactoroit 1 I'u 3Hauenue «000».

3anporpaMMUpOBaTh Ha KJIaBUAType KHOMKHU TaKUM 00pa3oM, YTOOI
NP HAKAaTUU OJTHOM U3 HUX JIBM)KEHHE OeryIero oronbka Ha
JUHENKe CBETOAMOI0B OBLJIO ClIeBa HAIMIPaBO, MPU HAXKATUU APYTON —
CIIpaBa HaJIEBO; HAXATHUS HA TPEThIO MPUBOIUIU Obl K YBEJIUUYECHUIO
CKOPOCTH JBUKEHUSI OTOHbKA (4eM OOJIblle HaXKaTHii, TeM OoJIblIe
CKOPOCTb); HAXKaTHs Ha YETBEPTYIO MPUBOIMIN Obl K YMEHBIIIEHUIO
CKOPOCTH JBUKEHUSI OTOHBKA (4eM OOJIbIlle HaXKaTHii, TEM MEHbIIE
cKOpocCTh). [Ipu 3TOM CKOPOCTH IBUKEHUSI OTOHbKA (B YCIOBHBIX
eAMHMIIAX) AOJHKHA 0TOOpaXaThCsl HA CEMUCETMEHTHOM MHAMATOPE.

10

Brectu nBy3HauHOE YKCIIO B JECATHYHOM KOJI€ (JIOTKHO
0TOOpakaThCs HA CEMUCETMEHITHOM MHJIMKATOPE), KOTOPOE B
JBOMYHOM Kojie (TI0 HaKaTHIO BRIOPAHHOW KHOTIKU ) JTOJDKHO
UKJINYECKHU MepEeMENIAThCs Ha JIMHEHKE CBETOIMO/IOB.

11

Pa3zpaboTarh KanbKyISITOP, CHOCOOHBIA MPUHUMATH YHUCIIA C
KJIaBUATYPHI B IBOMYHOM KOjIe (0TOOpakaroTCsl Ha JTHMHEKE
CBETOAMO/IOB) U BBIMOJHATH HaJ HUMHU OINE€pallid YMHOXEHUS U
cioxeHus. Pe3ynabTaT NomKeH 0ToOpakaThCsl HA CEMUCETMEHTHOM
WHJMKATOPE B IIECTHAALATEPUYHOM KOJIE.

12

C nomo1ipio KJIaBUATyphbl BBECTH JIBY3HAUHOE 1I€J10€ AECATUYHOE
guciao. OToOpa3uTh 3TO YUCIIO B IBOMYHOM KOJIE Ha JTUHEHKE
cBeToanooB. Ecin BBeeHHOE unciio 0oJibie 32, TO BEIBECTH
ceMucermeHTHbIN nHANKaTop «000». Ecnu BBeI€eHHOE YUCIIO PABHO
21, TO 3TO YUCJIO JOJDKHO OBITH BEIBEICHO HA CEMUCETMCHTHBIN
WHIUKATOp U Murath ¢ yactorou 1 I'n. Eciim BBegeHHO€E unciio
MeHblie 70, To ero n300pakeHue Ha CEMUCErMEHTHBIX UHINKATOPaXx
0TOOpa3HTh

«333». OHa KHOIIKA JIOJKHA UCITOIh30BaThCs JJIs cOpoca
BBEJICHHOI'O YHCIIA.
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Ne 3ananue
BapHaHTAa
13 Pa3paboTtars nporpammy, BeinoHsomyto nercteus A*B+C nan

TpPEMs BBEJICHHBIMU C KJIIABUATYPbI JBY3HAUHBIMU JECATUYHBIMU
gyuciamu A, B, C. BRogumeie uucna u pe3yiabTaT 0ToOpaxaTh Ha
CEMHUCETMEHTPOM MHAMKATOPE B AECATUYHOM KOJI€ U HA JINHEWKE
CBETOAMO/0B B JBOMYHOM KOJIE.

14 Ha ceMucerMeHTHOM MHAMKATOPE AOHKHO OTOOpaXKaThCsl YUCTIO,
U3MEHSIONIEECS HAa BEIMUYUHY A CO CKOPOCTBIO OJTHO UBMEHEHNUE B
CEeKyH]ly. 3HaueHHE A JOJKHO BBOJUTHCS C KJIABHATYphl O Ha4aJia
cuera. HarmpaBnenue cuera JOMIKHO MEHITHCS HA)KaTHEM BbIOpaHHOM
KHOIIKU KJIaBUATypbl BO BPEMS CUETA.

15 P33p36OTaTI) KaJIBKYJIATOD, BLI‘II/ICHSIIOIIII/Iﬁ 3HA4YCHUA CUHYCa U
KOCHHYCa BBCACHHOT'O C KJIaBUATYPhI YKMCJIa B paaruaHaX B Q)opMaTe
«X.XX», TIEC X — ACCATHUYHBIC III/I(l)pBI, OTO6pa}KaCMBIC Ha
CECMUCCTMCHTPOM MHIAUKATOPC. P€3yHBTaT JOJIZKCH BBIBOAUTHCA HaA
CEMUCCTMCHTHOM MHIWKATOPC B BUJC «0.xx».

16 Pa3paboTrarh KaabKyJIATOP, PACCUUTHIBAIONINN ITTHHY BekTOpa A+B,
rae BekTopsl A u B umeror Bua: A=(x, 0), B=(0, y). 3nauenus x, y
JOJKHBI BBOJIUTHCS C KJIABHATYPhI B BUJIE€ IBY3HAYHBIX JI€CITUYHBIX
yucedn. Llenas yacTe pe3ynbTaTa B BUAE AECATUYHOIO TPEX3HAYHOTO
qKclia JOJDKHA OTOOpaKaThCsA Ha CEMUCETMEHTHOM MHIUKATOPE.

6.4. Coneprkanue oT4eTa MO0 32aAHUI0

Otuer mo 3amaHuio oOQOpPMISIETCS B COOTBETCTBUUM C TPEOOBAHUSIMH,
IIPUBEICHHBIMUA BO BBEJICHUH.

6.5. Bonpochl 1J1s1 CAMOKOHTPOJIS

6.5.1. To HYXHO caenaTb, 4TOOBl MOXHO OBIJIO 00pabaThHIBATH CHUTYAIUIO
OJIHOBPEMEHHOTO Ha)KaTHsI HECKOJIbKUX KJIABHIII?

6.5.2. Kak ocymecTBisercs omnpeeiaeHnue cToiliia KiIaBUaTypbl, B KOTOPOM
Ha)KaTa KJiaBuIa?

6.5.3. Kak mnpousBoautcs uAcHTU(HKAIMS KIABHIIA B Mpeaeiax OJHOIO
CTONOIIA KIIaBUATYPHI?

6.5.4. Kak oprann3oBaTh 0JTHOKPATHOE BBHITIOJHEHNE KAKOTO-HUOYIb COOBITHS
MIPU OJTHOKPATHOM KPAaTKOBPEMEHHOM HAXKaTHUU KJIABUIIN KIIABUATYPbI?
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6.5.5. Kak opraHn3oBarh LMKIMYECKOE BBINOJIHEHHUE COOBITHA Ha BpeMs
yAepxKaHUs KJIAaBULIU HaXXaTou?

6.5.6. Kak opraHu3oBaTh BBINOJIHEHUE COOBITHS 3aJaHHOE YMCIO DPa3 MpHU
KPaTKOBPEMEHHOM OJTHOKPATHOM HA)KaTUU KJIABUILN?
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7. SAJAHUE Ne6
ITPOT'PAMMUPOBAHUE TAUMEPA-CYETYHUKA
7.1. Heanb 3aganus

Lenbro 3aganus sBISeTCS U3ydeHUE 0a30BbIX BO3MOXKHOCTEH TaliMepa-cueTurKa B
MK cemeiictBa STM32.

7.2 TeopeTnueckue cBeAeHUs

OnnuM 3 BaxkHenmmux moxayined B MK sBisrorcs Ttaiimepsi-cuetunku. B MK
STM32F103C8 ecth HecKkONIBKO THIIOB TaiimMepoB: general-purpose timers,
advancedcontrol timer, watchdog timers, SysTick timer. B nannoit pabote uccieayroTcs
generalpurpose timers. Taiimep-cuetunik B MK mo3Bosiser (hopMUpOBaTH TOYHBIC
UHTEpBajbl BpeMeHH, ocywecTsiaTh HMM-mMonynsauuroo W 1OACYeT BHELIHUX
UMITYJIBCOB U T.[.

Paccmotpum npuHnun (GopMUpOBaHUS TOYHBIX BPEMEHHBIX WHTEPBAJIOB M
TEHEPALMIO aHAJIOTOBBIX CUTHAIIOB MeToaoM [ITUM.

[Iporpamma, puBeIeHHAsI B MEPBOM MIpHUMeEpe, TpeOyeT yCTaHOBKH pKamIiepa Ha
MPOIIECCOPHOM MOJyJI€ TaK, KaKk MOKa3aHO Ha puc /.1, mpu 3TOM NbE30U3IIy4YaTelb
noakirovaercs k Beisoay A00 (PAO) MK.

Puc. 7.1 — HeoOxoanuMeble COCIUHEHUS

[Iporpamma 7.1 — Ilporpamma oCylIeCTBISIET TEHEPAIMIO CUTHAJA B BUJIE MEaHApa

C CKBaXXHOCTBIO 2 ¢ YaCTOTOM, TMHEHHO n3MeHstomeiics ot 1 k' go 9 kI'1.

#include "stm32f10x.h"
#include "stm32f10x gpio.h"
#include "stm32f10x rcc.h"
int n=0
void delay (void) // oOwaBienme QYyHKLUUM BPEMEHHOM 3alepXKN
{
int i;
for (i=0;1<0x50000; i++);
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int main ()
{
GPIO InitTypeDef PORT;//BrximouaeMm nopT A 1 Tavmep 4
RCC APB2PeriphClockCmd (RCC APB2Periph GPIOA , ENABLE);
RCC_APBlPeriphClockCmd (RCC_APBlPeriph TIM4, ENABLE) ;
PORT.GPIO Pin = (GPIO_Pin O0);
PORT.GPIO Mode = GPIO Mode Out PP;
PORT.GPIO Speed = GPIO Speed ZMHz;
GPIO Init (GPIOA, &PORT);

TIM4->PSC =1; // HacrTpaupBaeMm »OeluTellb TanMepa

TIM4->DIER |= TIM DIER UIE; //UYroOw TaiMep T'eHepMpoOBasl IIPepHBaHMA
TIM4->CR1 |= TIM CR1 CEN; // Banyck TaiMepa
NVIC EnableIRQ(TIM4 IRQn); //PazspeleHre NPEpHBaHKA OT TalMepa
while (1)
{// obecneumpBaHMe B LUKJE JMHENHOE M3MeHeHMEe UYaCTOTEH
n=3000;

while (n<25000)
{
n+=1000;
TIM4->ARR = n;
delay();
}

}// or comepxumoro ARR 3aBMCUT UYaACTOTa CJIEINOBAHUS VMIIYJIHCOB

}
// OBpabBorumk mnpepuBanmsa TIM4 DAC

void TIM4_IRQHandler(void)

{
TIM4->SR &= ~TIM SR UIF; //CGpaceBaeMm Ojar IpepeBaHMa [0 TanMmepy 4
GPIOA->ODR”"=(GPIO Pin 0); //VmBepTupyem cocrosaume sBeBoma PAQ }

[IporpamMma, puBeIeHHAs BO BTOPOM IpUMEpE, TpeOyeT YCTAaHOBKHU JKaMIiepa Ha
OTJIaJIOYHOM IIaTeTe TaK, KaK MOKa3aHo Ha puc 7.2, a TakKe COCTUHEHHS] KOHTAaKTOB
A02 ¢ PW LEDO, ipu aTom obecnieunBaetcs nogada MM curnana gepes RC ®HY na

[IbE€30U3J1y4aTEeNb.
3TOT KOHTAKT
COeOUHHTE C
KoHTakToM BZR
Puc. 7.2 — HeoOxoauMeble COSIUHEHUS
[Iporpamma 7.2 — TIIporpamMma OCYIIECTBISIET T'E€HEPAIUI0 TapPMOHUYECKOTO

curHaia ¢ gyactorou 1 xl'm.

#include "stm32f10x.h"
#include "stm32f10x gpio.h"
#include "stm32f10x rcc.h"
void delay (void)
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volatile uint32 t i;

for (i=1; 1 != 580; i++);

}

int main ()

{
//BrkmouyaeM OopT A
RCC_APBZPeriphClockad(RCC_APBZPeriph_GPIOA , ENABLE) ;
//BrnnuaeM TaiMep 2
RCC_APBlPeriphClockCmd (RCC_APBlPeriph TIMZ2, ENABLE) ;

GPIO InitTypeDef PORT;

// HacTpouMm BEIBOI Ha BHEIXOI

PORT.GPIO Pin = (GPIO Pin 2);

//ByIeM MCIOJIb30BATh ajlbTePHATUBHBEI pexuM (BeiBom VM)
PORT.GPIO Mode = GPIO Mode AF PP;

PORT.GPIO Speed = GPIO Speed ZMHz;

GPTIO TInit (GPIOA, &PORT);

//PaspeliaeM TaMMepy UCHOONL30BATE BHEBOIN PAl nng MMMa

TIM2->CCER |= (TIM CCER CC3E);

TIM2->CCMR2|=( TIM CCMR2 OC3M 1 | TIM CCMR2 OC3M 2);
//3anyckaeM TamMep

TIM2->CR1 |= TIM_CRI_CEN;

TIM2->ARR = 255 ;// mamvep cumrTaeT mo 255
//YTO aHaJIOTUYHO 8-MM Pas3pAOHOMY TalMepy, OOHAKO 0 (akTy CcueTumk 16pas3psaiaHbii
// MaccuB OTCUETOB CUHYCOMUIEL
int sin[l6]={127,176,217,244,254,244,217,176,127,79,37,10,0,10,37,78};
int 1i;
while (1)
{
for (i=1;i<=15;i++)
{
// BaHOCUM B PETMCTP CpaBHeHud TpebdyeMbil KO2OOULMEHT SaroJjIHeHUS
TIM2->CCR3=sin[i];
// %kmeMm repen TeM KaK BHIOATH CJEOYKIMI OTCUeT
delay();

}

7.3. IlopsiioK BBINMOJHEHUS 3aIaHUS

[Tonw3ysics mporpammamu 7.1 u 7.2 B KadecTBe 00Opasiia, cO3/aTh MEPHUOTNICCKUAM
curHai ¢ nepuoaoM T (Tab:a. 7.1) 1 3aBUCUMOCTBIO BBIBOJIMMBIX 3HAYCHHUM S OT BpEMEHHU
B COOTBETCTBHUU C Tabm. 7.2. CHHTE3UPOBAHHBIN CUTHAJ BRIBECTH Ha ocuusuiorpad.

Tabmuna 7.1 — VHauBuyanbHbIE 3a]aHUs IEPUOIA CUTHAJA

[Tepuon T
cursaina, kI 11
1 2
2 4
3 15
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Ne Ilepuon T
n/m cursana, kl 1
4 5
5 1
6 6
7 10
8 9
9 7
0 8
11 11
12 14
13 16
14 12
15 4
16 13

Tabnuna 7.2 — VHauBuayaibHbIC 3a1aHUS 3aBUCUMOCTH BBIBOJUMBIX 3HAYCHUHN S
OT BpEMEHU

Ne 3aganue

Ba-
pUaHTa




53

Ne 3aganue
Ba-
puanTa
2
s A
|
|
| >
T t
3
t
4
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Ne 3aganue
5
s A
T
6
s A
|
|
I
T
7
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Ne 3aganue
Ba-
aaaaa
8
s A
[}
|
|
T
9
s A
[}
|
|
T
10
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Ne 3aganue
Ba-
puanTa
11
s A
[}
T
12
s A
|
|
I
T
13
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3aganue

puaHTa

14

15

16
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7.4. Coneprxanue 0T4eTa 10 32JAHUI0

Otyer no 3agaHui0 odopmisieTcss B COOTBETCTBUU C TpeOOBaHUSIMH,
MIPUBEJICHHBIMU BO BBEJICHUH.

7.5. Bonnpochl 1J1s1 CAMOKOHTPOJIS

7.5.1. CkoibKO W Kakux TaWMEpOB/CUETUUKOB BXOJUT B COCTaB
MukpokoHTpoiuiepa STM32F103C8? 8.5.2. Kakue Tumbel npeppiBaHUN MOTYT
reHepUpOBaTh TAMEPbI-CUETUNKH?

7.5.3. B yem coctouT oTiinuue paboThl TaiiMepa/cueTynka B pexxume Taimepa
U B PEKUME CUETUHKA?

7.5.4. JInsg yero UCTONIb3YETCsl CTOPOKEBOU Taimep?

7.5.5. B kakoil o61acTi maMsITH HAXOASTCS PETUCTPbl TAMEPOB-CUETYUKOB?
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