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BBEJAEHHUE

Hucuuminna «IIporpaMMupoBaHue BBIUKUCIUTEIBHBIX CHUCTEM» H3y4daeTCst
ctynentamu HanpasieHus 11.03.01 — «PaanorexHuka» u cCHeNUaIbHOCTH
11.05.01 «PagnosnekTpoHHBIE CUCTEMBI U KOMIUIEKCHI» OYHOW W 3a09HON (hopM
oOyueHus B 6-M cemecTpe.

MeTtonuueckre peKOMEHIAIMU IO BBIMOJIHEHUIO KaXXJoW nabopaTopHOM
paboThl coaepKaT CIeAYIOUIe pa3felibl: 1eidb paboThl, TEOPETUUYECKYIO YaCTh,
MOPSITOK BBITIOJTHEHHSI pabOThI, PEKOMEHIAINH 110 O(POPMIICHUIO OTUYETA.

IopsinoK BbINOJIHEHNS JIA00PATOPHBIX PadoT

JlabopaTopHble padOTHl BBINOJHAIOTCS (PPOHTANBHBIM METOAOM, T. €.
CTyJCHUYECKasl TpyIa, pa3OuTas Ha TOATPYMIIbI, BBINOJIHSAET OJHY M Ty XK€
7a00paTOpHYIO padoTy, YTO MO3BOJISIET CUHXPOHU3UPOBATh U3yYEHUE MaTepraa
N0 JUCUUILIMHE, a TAKXKE JAET BO3MOXKHOCTh IIPEMNOIaBaTeN0 paboTaTh CO BCEH
IPyNIoN OAHOBPEMEHHO.

[lepen BbINOTHEHUEM JIAOOPATOPHOU PAOOTHI CTYJIEHTHI 00sI3aHBbI:

— 10 Hayajia 3aHsTUS CaMOCTOSTENIbHO M3YYUTh METOJAMYECKUE yKa3aHUs K
npeacTosIei 1abopaTopHOM padoTe;

— B Hayaje 3aHATUS TPEACTaBUTh MU 3alIUTUTh OTYET MO MPEabIAyLIeh
nabopatopHoil paborte;

— OTBETHUTh HA KOHTPOJIbHBIE BOIIPOCHI, CBA3aHHBIE C BBITOJIHAEMON
cienytonie paboThl.

Kaxaplii CTYJIEHT BBINOJIHSIET Ja0OpaTOpHYI0 pabOTy B COOTBETCTBUU C
WHIMBUIYAIbHBIM 3aJaHHEM Ha YydeOHOM otiagodHoM cteHae Pinboard II.
OTnamousHplii CTEHI MOCTPOeH Ha 0Oaze mukpokoHTposuiepa ARM Cortex-M3
STM32F103x8 u mporpaMMupyeTcsi ¢ MOMOIIBI0 TEPCOHATIEHOTO KOMITBIOTEpA.
Hcnonb3yemplil pOrpaMMHO—aIIAapaTHbIA KOMIUIEKC ITO3BOJISET OCYIIECTBIISITh
Ha0Op MpOTpaMMbI Ha SI3BIKE BBHICOKOTO YpoBHS C, BBINOJHATH €€ OTJIAJKy U
KOMIWINPOBAHUE, 3alIUCHIBATh MIPOrpaMMy B IaMATh OTJIaJ0YHOIO CTEH/IA, TOCIIE
4ero nporpaMMa HauMHaeT aBTOMAaTUYECKU BBITOJIHATHCS. [[paBUIbHOCTE pabOTHI
nporpaMmMbl  MOXET  ObITh  MPOKOHTPOJUPOBAHA IO  TOKAa3aHUSIM
MIPOTPAMMUPYEMbBIX UHIMKATOPOB OTJIaJ0YHOTO CTEH/A.

3amuTa oT4eTa 0 J1Ja00paTOPHOUH pabOTe MPOU3BOAUTCS KaXKIbIM CTYACHTOM
WHIMBUyaIbHO HAa OYEPEIHOM JIaDOpaTOpHOM 3aHSATHUU. B mporiecce 3amuThl
MIPOBEPSIOTCS: MPABUILHOCTH 0OPMIICHUS OTYETa, YMEHHUE CTY/ICHTOB MOSCHSTH
BBITIOJTHEHHBIE pPAacyeThl, 3HAHUE HMHU METOAUKH MOJICIMPOBAHUS, YMEHHUE
MOSICHUTH TIOJTYYCHHBIC 3aBUCUMOCTH U 000CHOBATH BBIBOJIBI IO padOTE.



TpeboBaHus K 0TYETY 110 J1a00PATOPHOI padoTe
Otyer mo pabore oQopMisieTcsi B COOTBETCTBUM C METOAMYECKUMU
yKa3aHUsIMU MO O(QOPMIICHHIO TEKCTOBBIX paboT Ha kadenpe PT [1] m momken

COJIEPKaTh:
— TUTYJbHBIH JIHUCT;
— 1EeJb PaboThI;
— 3aJaHHE;
— OJIOK-CXEMY aJrOpUTMa pabOThI IPOTPAMMBI;
— MIporpaMmy Ha acceMouepe;
— pe3ynbTaThl paboThl IPOTPAMMBI;

— BBIBOJIbI 11O paboTe.



1. OCHOBHBIE TEOPETUYECKUE CBEJEHUSA
1.1. OcHOBHbBIE CBeJleHUsI 0 MUKPOKOHTpo.iepe STM32F103C8

MuxkpoxorTposuiepsl (MK) STM32 senstorcs 32-OUTHBIME MUKPOKOHTPOJUIEPAMH,
MOCTpOCHHBIMU 110 apxuTekType ARM Ha ocHoBe mporieccopa ARM Cortex-Ma3.

CrpykrypHas cxema MK cemeiictBa STM32F103x8 npuenena na puc. 1.1.

" > POWER
JTAG & SWD \.,:;E:_/- Controfler ['v =2 to 3.6V
VOLT. REG. | 3 ’
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Puc. 1.1— Crpykrypnas cxema MK cemeiictea STM32F103x8

MK conepxurt ciemytromue nepudepuitHbie yCTPOUCTBA:

— yeThIpe 16-OMTHBIX TaliMep/CUeTUNKaA,;

— 37 noproB BBoja/BeiBoja (GP1O);

— 16 xananos IHINM;



— 10 12-6utHpix kanamoB ALl
— unTepdeiicsl 114 cBasu ¢ nepudepueii: UART, SPI, USB, 12C, CAN, DMA,;

— U T.1.
[Iporeccop MoxkeT paboTaTh ¢ TAKTOBOM yacToToM 10 72 MI'mI.

MK wumeer FLASH-namsare oowremom 64 Kbaiit 1 O3V oovemom 20 Kbaiir.

[Tutaercs MK Hanpsokenuem 2-3,6 B, ogHako yacTh MOPTOB BBOJA/BBIBOJIA MOTYT
paboTaTh ¢ curHajzamu J0 5 B.

bonee nonpoonyro nadopmariio o j7anHoM MK M0OXHO HaliTH B TpHIIOKEeHHX. 1.2.
OcHoBHbIE cBe/IeHUsI 00 0TJIaJ0OYHOM CTEH/Ie

JlabopatopHble pabOThI BBIIOJHSAIOTCS Ha oTiaago4yHor 1utate PinBoard 1l
(BHEIIHMI BUJ TOKa3aH HA puc.l.2.), 0COOEHHOCTh KOTOPOU 3aKII0YAETCSl B OTCYTCTBUU

KECTKHUX CBSI3€M MEXAY 3JE€MEHTaMH, YTO MO3BOJISIET CO3/1aBaTh Pa3IMYHbIE BapUaHThI
KOH(Urypanum.
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Puc. 1.2— Bremnut oT1a104HOM TUIATHI

Ha mate uMeroTcst ciieIyromnmue OCHOBHbIC MOJTYJIH:

— IIpoueccopusliii Moayns (MK ¢ He0OX01MMOM 0OBSI3KOM);
— Jluneiika u3 cBeTo1MO0B (2);

— Tpexpaspsinnbiii cemucermMeHTHbIM nHauKaTop (1);

— Matpuynas kiaBuatypa 3x4 (3);

— IIse3ousmyuarens (4).



PaccmoTpum nepedncieHHbIe 31EMEHThI 0oJiee TOAPOOHO.
BHemrHmii BUI IPOLIECCOPHOTO MOAYJIS IPUBEIeH Ha puc. 1.3.

STM32F183xx

")
+

o

Puc. 1.3 — BHeunuii Bua npoueccopHOro MOy Jist

[Topter BBOga/BhIBOAa MK BBIBEZIEHBI Ha IITHIPEBBIC Pa3beMbl U 0003HAYEHBI KaK
A00-A15 u B00-B15, uto cootBerctByeTr PORTA 1 PORTB. [onkmtouns croaa nuieidu
MOJKHO TOJKIIIOUaTh pa3luvHbIe MepudepuiiHble yCTPOMCTBA UMEIOIINECS Ha CTEHIIE,
HaIpUMep CBETOIUOTHYIO INHEHKY .

[TonkimtoueHne  KOHKPETHBIX  MOJyJied  IOKa3aHO B  COOTBETCTBYIOLIUX
nabopatopHbIX padoTax. [Ipu ocyliecTBiIeHNN COeIUHEHUH Ce1yeT PyKOBOICTBOBAThCS
HAAMUCSIMH, HAHECEHHBIMU Ha Tu1ate. boiee neranbHble CBeieHNs 00 OTIa0YHON TU1aTe
PinBoard II mpuBeeHsl B ydeOHBIX MPUITIOKEHHUSX.



2. PABOTA C OTJIAAJOYHBIM CTEHIOM

B cooTBeTcTBHM C WHAMBUIyAJIBHBIM 33aJaHWEM IO J1A0OpaTOpHOW paboTe
HEO0OXOMMO HaIUCaTh MPOrpaMMy Ha si3bike C, OTKOMITUIMPOBATh U BBECTH B TIAMSTh
MK, mocre gero nporpaMMa HaqHET BBIMTOJIHATHCS aBTOMATHYECKH.

[Iporpamma HaOupaeTcsi, KOMOWIUPYETCs U BBOAUTCS B amsiTh MK ¢ momoiiibro
OecruiaTHOM MHTErpupoBaHHOM cpensl pa3pabotku COIDE, koTtopyro paspaboTaia
¢upma CooCox. Ckauate COIDE u y3nars Gonee moapoOHyro uMH(OpMaiuio o Hew
MOKHO 110 ajapecy http://www.coocox.org/CooCox_ColDE.htm
(http://www.coocox.org/software.html). Ilociae ycraHOBKM HEOOXOIUMO OTACIBHO
cKaJartb KOMITHJISITOP GCC ARM Embedded c caiita
http://www.coocox.org/ColDE/Compiler_Settings.html u yctanoBuTs ero.

Jlst Havyasia paboThl He0OXoaAUMO 3amycTUTh porpammy COIDE myTtem aBoitHOTO
IIeJIYKa Ha COOTBETCTBYIOIIEM SIpJibIke Ha pabouem ctoiye. Ilocime 3Toro orkpoercs
pabouee okHO mporpammsl (puc.2.1), rae Bo Bkiaake Project ciemyer BbIOpaTh MyHKT
New Project.

o M. o
File Edit View Project Flash Debug Search Help
o B BHE B 00 6 B® £ i B-Frwera-

(@) welcome 52 ¢ maine |

Welcome to CooCox ColDE i e e

i
Component Repository

Browse in Repository

d ); Component repository contains a lot of high-quality and
L\ reusable source code which we call components, including
“ " peripherals, drivers, examples, and middleware components.

Quick Start

Create a New Project

Start the wizard that will guide you through the steps
- necessary for creating a new project.

Open a Project
Open an existing ColDE project.

¢

User Guide

3 ColDE User Guide (PDF version) provides details about how
to use ColDE.

Puc. 2.1 — I'maBHOE oKkHO Tporpammel COIDE


http://www.coocox.org/CooCox_CoIDE.htm
http://www.coocox.org/CooCox_CoIDE.htm
http://www.coocox.org/CoIDE/Compiler_Settings.html
http://www.coocox.org/CoIDE/Compiler_Settings.html
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Jlanee Bam OynmeT MpemJIOKEHO BBECTH Ha3BaHWE IMPOEKTA, JJIA yaoOcTBa He
CJIeMyeT M3MEHATH CTAaHAAPTHBIA MYyTh K IalKe MPOEKTa, TaK)Ke HE PEKOMEHIyEeTCS
WCITOJIB30BaTh B HA3BAaHUAX KUPWUIHIYY. B ciemyromem okHE, KOTOPOE MOSIBUTCS MPHU
Hakatuu kHomku Next, ciemyer BeiOpaTh Chip. ITocne vero Bam OyaeT MpemiokKeHO
BbIOpaTh kKoHKpeTHbIH MK. B Mmakere mcmnonb3yercs MK STM32F103C8, mostomy
BbiOMpaem: ST> STM32F103x> STM32F103C8. OcymiectBuB BoiOOp MK Haxumaem
Finish.

[TostBUTCS OKHO 7T OOABJICHMS JTOCTYITHBIX OMOJMOTEK B mpoekT (Repository),
BHEIIHUI BUJI KOTOPOTO MPUBEAEH HA pucC. 2.2.

| @:\' welcome 7 @, Repository £3 I
Step 3 Select Basic Components [ ST/ STM32F103C8 | % &
= COMMON =
[ ClLibrary Implement the minimal functionality required to allow newlib to link Avarleble%
[J Retarget printf Implementation of printf(), sprintf() to reduce memory footprint Available|
[J Semihosting Implementation of Semihosting GetChar/SendChar Availablej
CMSIS core CMSIS core for Cortex M3 V 3.01 Availablei
O pwMm Pulse-width modulation Availablei =
[J cmsis3.2 CMSIS for Cortex-M3 Downloei
- soor |
[0 SH70x READ-OUT Avsilable|
CMSIS_Boot STM32F10x CMSIS Boot Driver Avallablei b
= PERIPHERAL '
RCC STM32F10x Reset and clock control driver Available
[ CrC STM32F10x Cyclic redundancy check driver Available
0 PwWR STM32F10x Power control driver Available
[J Bkp STM32F10x Backup registers driver Available
@ GPIO STMB32F10x General-purpose /O ports driver
[0 exm STM32F10x External interrupt/event controller driver Available
[0 oma STM32F10x Direct memory access driver Available
[0 RTC STM32F10x Real-time clock driver Available
[ mwbG STM32F10x Independent watchdog driver Available
[] wwbG STM32F10x Window watchdog driver Available
[ s STM32F10x Serial peripheral interface driver Available
[0 B¢ STM32F10x Inter-integrated circuit driver Available
P E_l DRGMCII <TM:’!?”F]nV Nehiin micrncontraller unit driver Avﬂilaf;ls X

| Manufacturers Chips | Peripherals | Drivers | Others

Puc. 2.2— OxHo BbIOOpa OMOIHOTEK

[Ipu BBIMOMHEHUHM KaXIOM M3 JTa0OpaTOpHBIX pabOT OyneT yKa3aHO Kakue
KOMITOHEHTHI CJIETyEeT BRIOpaTh. Janmee HeoOX0aMMO pa3BEPHYTh OKHO «JIepeBa MPOSKTa»
1 B HEM JIBOMHBIM IIESTIKOM OTKPBITH (haiia HCXOAHOTO KoAa main.c. [Tocie BImoTHeHNS
ATUX JAEHCTBUI NOSIBUTCS pabouee noiie (puc. 2.3), rae ciaeayeT nucaTh KoJi IPOrpaMMBl.

Korz[a HaIllMCaHUC KOJa IIPOIrpaMMBbl 3aBCPIICHO HCO6XOI[I/IMO BBITTOJIHUTD C60pKy
IMPOCKTAa ITyTCM HaXaTHA KIIaBUIIINU F7 nmm xe IICJIYKOM MBIIIN Ha COOTBCTCTBYIOH.ICI\/'I



) Project &2 S — 08 ‘fo' welcome [€] *main.c &3
Target |LCD 'J *“—-f_
4 5 LCD 3 int main(void)
4 [y cmsis a{
[ core_cm3.h 5 while(1)
[€] core_cmFunc.h 2 %
€] core_cminstr.h 8}

4 [y cmsis_boot

4 (7 startup 10

e
9
2
[g)

[£] startup_stm32f10x_md.c 11
stm32f10x_conf.h L2
stm3210x.h :
system_stm32f10x.c
system_stm32f10x.h

11

4 [ stm_lib
4 (pinc
[€] stm32f10x_gpio.h
[£] stm32f10x_rcc.h

Zp Src

_|lg) main.c] >

Puc. 2.3— Pabouee none nporpammer COIDE

B pesynbrate nosiBUuTcst okHO (puc. 2.4) B KOTOpOM 0TOOpakaeTcs mpoiecc COOpKU
U KOMOWISIMU M, €CJIM KOJ HamucaH 0e3 OomuOoK, cooOiieHre 00 YCHEIHOM
3aBepmennn «Build successfuly. Ecnu ke mosiBunack nHaamuce «Build failed» cnemnyer
IPOBEPUTH KOJ HAa HaAIWYHe OMMOOK (B OKHE KOMIIMJISTOpPA BBIAEICHBI KPAacHBIM
mpu@TOM) U UCTIPABUTH UX.

Bl Console 5%
Build

[cc] O files to be recompiled from dependency analysis.
[cc] 0 total files to be compiled.

Program Size:
text data bss dec hex filename
S00 0 1024 1924 784 First.elf
‘BUILD SUCCESSFUL >
Total tmer 2 Seconds

Puc. 2.4— OxHo xoMOMISITOpPa C COOOIIEHUEM 00 YCIICIITHOM 3aBEPIICHUU

Temepp MOXHO 3arpy3uTh HpommMBKY B nmamsaTte MK, HO mepex sthm crnemyer
BBIOpATh MOJIEJh IPOTpaMMaTopa, AJsl STOT0 HAKMUTE MUKTOrpamMmy = . [losiBUTCSI OKHO
KoH(puryparuu npoekra (puc. 2.5), rme Bo Bkiagke Debugger HyxHO BbIOpaTh
nporpammarop Colink, ncrons3yemblit B 0TJIa09HOM CTEHIE.



P -
<27 Configuration &3 .

Configuration

[ Device I Compilel Link I Output I User WDwnlmﬂ

Debugger
Hardware

Adapter ({Colink) ~| port [1AG | MaxClockiHz) [300k

Startup
Run to main

Advance

Reset Mode |SYSRESETREQ ~

Semihosting Enable CacheRom Enable

TargetInfo

HostIP Address: 127 . 0 . 0 . 1 Port Number: 2009

Puc. 2.5— OxHO KoHpUTYpaITUy TPOSKTa

Jlns1 3arpy3ku mpomuBKY B naMsaTh MK HaXXMUTE HA TIUKTOTpaMMy

PACIIOJIOKCHHYIO Ha MMaHCJIIM HHCTPYMCHTOB.

Boibpanwmit daiin:

4414 hex

Tun daina:
(®) HEX
(BN

bin->HEX

>

Sarpysa... (F3)

Boibop nopra:

CropocTb:

‘com3

| |ss00

vl | def |

lcoms

[+ c8poc, ms: %
JarpysuMi: %

¥-modem (AVR)

CooBleHus: 12:3?:02: Jarpy3ka AaHHbIX 3aBeplueHa

B CJIydac yCIICIIHOTO BBIMMOJIHCHUS ITOSIBUTCA OKHO C TPCM COOGIIICHI/ISIMI/IZ Erase:
Done; Program: Done;Verify: Done. 3to 03HauaeT 4To NPOIIMBKA YCIICIITHO
3arpy’KcHa. Ter[epb MK JOJIDKCH aBTOMATHUYCCKHN HAYaTh BBIIIOJIHCHHUC IIPOI'PaMMBEI.

Taxke B mporpamme ectb pazuen «Help», rme MOXHO HaWTH pa3zHOOOpa3HYIO

uHOpMaIMIO O BoIIpocaM nporpammupoBanus MK.
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3. JABOPATOPHASA PABOTA Nel
ITPOI'PAMMUPOBAHUE CBETOANOJHBIX UHINKATOPOB

3.1. Lesan padoThl

L[CJ'II)IO pa6OTLI ABIICTCS N3YUCHHC CII0c000B IMporpaMMHupOBaHus CBETOANOAHBIX
HHAUKATOPOB B MUKPOKOHTPOJIJICPHBIX CUCTCMaAX.

3.2. TeopeTnueckue cBeaeHUs

Ecomu k mopry MK NOAKIIOYWTH JIMHEMKY CBETOAMOJIOB M BBIBECTH B TMOPT
HEKOTOPOE IBOMYHOE YUCIIO, TO CBETOMUObI, HA KOTOPBIE MO/IaHA JIOTHYECKAs €IUHUIIA,
3acBETATCA. TakuM 00pa3oM MOXKHO YIPaBJIATh Pa3IUYHBIMH ~ yCTPONMCTBAMM:
CBETOAMOAAMU, TPAH3UCTOPAMH H T.]I.

Hanpumep, eciau BeiBectd B mopt yuciao 0b10101010, To 3axryTcsi CBETOAUOABI
FX*X*FX*X (*— CBETOIMOM CBETUTCS, X — CBETOJUO]I He CBETUTCS ). [TprueM, HEBaXKHO B
KakoM BHJE 3alKChiBaTh YUCIO B TMOPT — B JABOUYHOM, JICCATUYHOM WIIU
mecTHaauarepuayHom, MK Bce paBHO npeoOpasyer ero B TBOUYHBINA BH/I.

UTtoObl BBIBECTM 4YHCJIO B TOPT, CHEAyeT 3amucaTth €ro B peructp ODR
COOTBETCTBYIOIIETO MOPTA.

CBeToaunoiHas TMHEWKA MOAKII0OUEeHA TaKUM 00pa3oMm, Kak n3o0paxeHo Ha puc.3.1.
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Puc. 3.1— Cxema noakIiIroueHNsT CBETOANOHON JIMHEUKHU

Pazbem JP25 uepe3 nuieiid ciuemyer moakitounTh K TeM BbiBogaM MK kotopsie
IUTAaHUPYETCS UCIOJIB30BaTh JUJIS YIIpaBJIeHUs cBeToaroaaMu. IIporpamma, npuBeaeHHas
B IpUMepe TpedyeT TaKOro MOAKIIOUEHUs CBETOIMOI0B K MTPOLIECCOPHOMY MOJYIIIO:

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 co3manmu mpoekTa B pasnenie Repository ciemyer MOCTaBUTh OTMETKY Ha
nyHkre GPIO (aBTomarnuecku OyAeT BBIJIETIEHO €Ile€ HECKOJIbKO KATeropuii), 4ToObl B
MPOEKT ObUTH J100aBJIEHBI HEOOXOIUMbIE KOMITOHEHTHI.
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[Iporpamma 3.1 — IIporpamma, BbIBOASAIAs HA JIMHEWKY CBETOIHMOAOB “‘HIKATY
3al0JIHCHUS
//monKIoYeHre OUOIMOTEeK HEOOXOIUMBIX JiJIst paboTel MK

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

void delay(void)// oObsiBIeHNE (YHKIIMK BPEMEHHOU 3a1CPIKKH

{
int i
for(i=0;i<0x100000;i++);
}
e m e

int main(void)// oObsBIeHIEe OCHOBHOM (PYHKIIUH {
RCC->APB2ENR|=RCC_APB2Periph_GPIOA;// BkIIto4eHHE TaKTHPOBAaHUS 1OpTa A
// IO YMOJTYaHUIO TAKTUPOBAHUE BHIKIIOYEHO JJIsl 5KOHOMUH SHEPTUU

GPIOA->CRL =0b110011001100110011001100110011;// kondurypamus pexxuma padoTbI
MITaJIIIei rpynmsl mopta A, JaHHas KOMOMHAIMS O3HAYaeT, 4TO MOPT paboTaeT Ha BBIXO/I,

U3MeHATh He cieayer while(1) / OeckoHeuHbI MK (34€Ch MUILIEM OCHOBHYIO MPOTrpamMmmy)
{
GPIOA->0ODR=0b00000001; //ycTaHOBKa COCTOSIHUSI BEIBOJIOB MOpPTa A
delay(); // 3agepxka GPIOA->ODR=0b00000011; delay();
GPIOA->ODR=0b00000111,
delay();
GPIOA->0ODR=0b00001111;
delay();
GPIOA->0ODR=0b00011111;
delay(); GPIOA-
>0DR=0b00111111; delay();
GPIOA->ODR=0b01111111,

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

delay();
GPIOA->ODR=0b00000000; // 'acuM Bce CBETOINOIBI

3.3. Ilopsiaok BbINOJIHEHUSI PA0OTHI

[Tonb3ysice nporpammoil 3.1 B kadecTBe 00pas3la, BBIIOJHUTH WHIMBHIYaTbHOE
3aJJaHuE B COOTBETCTBUHU ¢ Tabmuieit 3.1.

Tabnuna 3.1 — UnnuBuayansHOE 3aaHue 1o JabopatopHoil padore Ne 1

Ne 3aganue
BApHAHTA
1 [Tepemeniath KOMOMHALIMIO *x *x *x *x [IUKINYECKH CJIeBa HAIIPABO CO

CKOPOCTBIO OJHO ITOJIOKCHHC B CCKYHAY.

2 [lepemeniaTh KOMOMHAITUIO **xx **XXx [TUKINYECKHU CITpaBa HAJIEBO CO
CKOPOCTBIO 2 € Ha OJHO MOJIOKEHUE.

3 CnenaTh Tak, YTOOBI C MHTEPBAIOM B | C CMEHSUIHCH JIBE CUTYAIlUU:
XX FFRFE e g FE oo F,

4 ITOBTOPATH IMKINYECKU C UHTEPBAJIOM B | € ciienyromue Tpu
CUTYAIU: XXX **xxx, xx o ®ex, x oo .

5 Ha nunelike cBETOAMO0B YEThIpE MOPS CACIYIONUE “OroHpka”
JIOJKHBI CJIEI0BATh CJIEBA HAIIPABO CO CKOPOCTHIO 1 C Ha MO3UIIHIO.

6 [IpaBas u JieBast 1MOJIOBUHBI IMHEUKHA CBETOAUOIOB TOJIKHBI
3aKUTAThCS MTONEPEMEHHO C HHTEPBAJIOM 2 C.

7 Cnenathb Tak, 4TOOBI B TeUueHHE 1 ¢ cCBeTMJIaCh KOMOWHAIIHS
CBETOAMOIOB *xx**x*x, moTOM B TeueHue | ¢ UHBEpCHaA €ii, a TOTOM
BCE MOBTOPSJIOCH C Havaja.

8 [TortepeMeHHO ¢ HHTEPBAIOM B | C TOMKHBI 3aKUTaThCS
OJIHOBPEMEHHO 00a KpallHUX CBETOAMOMAA U OJTHOBPEMEHHO JIBa
LIEHTPAJIbHBIX CBETOAUOA.
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Ne

BapuaHTa

3aganue

9

Cnenatb Tak, 4TOOBI “O€TyIINN OTOHEK ™, 3aHUMAIOIIUN OJTHY MO3HITUIO
Ha JMHEWKE CBETOMOI0B, MPOJBUTAJICS ClIeBa HAIIPaBO, KaXKIbIM pa3
nepecKakuBasi yepes oJHy no3uiiuio. Hampumep, cHavama *xxxxxxx,
MOTOM XX *xxxxx, moTOM XxXX *XxX ¥ T. A. [I0o JOCTHXKEHNHU TIPABOTO
Kpasi UHAUKATOPa MPOIIECC JOJKEH HUKINYECKUA MOBTOPSATHCS.

10

HOCJ’ICI{OB&TCJ’IBHO JOJIDKHBI CBECTUTHCA TPpU CIICAYIOIMINUC KOM6I/IHaHI/II/I

HFREXXAK, 00 FHFF R, xooxc* F** . 3aTem mporiece MOKeH MUKIMIeCKH

ITOBTOPATHCH.

11

KomOunarus xx **xx** nomkna NUKINYECKU NMEpEeMEIIaThCs CIeBa
HaIIPaBO CO CKOPOCTHIO 3 € Ha MO3UIUIO.

12

Ha nuneiike CBCTOIUMOAHBIX HHINKATOPOB JIBAa KpaﬁHHX JICBBIX
CBCTOAMOAAa OOJIKHBI 3AKUTAaTHCA ITIOIICPCMCHHO C IBYMS KpaﬁHHMH
IMpaBbIMH CBCTOAUOAaMU C HHTCPBAJIOM B 3c.

13

KomOunamus *xx *xx** nomkHa ocTaBaThCcsl HEHOJABIKHON B TCUECHHE
1 ¢, 3aTeM cIBHUTaTHCS BIPABO, HAXOIUTHCS B HOBOM ITOJIOKCHUH B
TeueHue 1 ¢, a 3aTeM BepHYThCS B UCXOIHOE ToJiokeHne. [locme aToro
OTMCAHHOE JOJDKHO MOBTOPSATHCS TUKIMYECKH.

14

KomOunarus **xx **xx nomxHa HUKIMYECKU CIBUTATHCS BIPABO HA
JIBE MO3UIMH, 3aTEM Ha OJIHY MO3UIIUIO BJIEBO U CHOBA BIPABO HA JIBE
MO3HUIUH U T. 1.

15

KomOunamus xxxxx*** qoympkHa HIUKIWYECKH CABUTATHCS BJIEBO HA TPU
MO3UIINH, 3aTEM BIPABO Ha JBE MO3UIIMH, TOTOM CHOBA BJICBO HA TPU
IMO3HULIMH U T. 1.

16

KomOunamus **x *xxxx qoaKHa CBETUTHCI B TeueHHUe 1 ¢, 3aTeM
J0JDKHA OBITh MHBEPTHPOBAHA M CHOBA CBETUTHLCA B TeUeHHE 1 ¢, 3aTeM
JI0JKHA OBITH CABUHYTA BIPABO HA | TIO3UIIMIO U CBETUTHCS B TCUCHHE
1 ¢, 3aTeM CHOBa MPOWHBEPTUPOBAHA U T. JI.

3.4. Conep:kanue or4yera

Otuet mo pabore oGopMIIIETCS B COOTBETCTBUHU ¢ TPEOOBAHUSIMHM, ITPHUBEICHHBIMU

BO BBCICHHU.
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3.5. Bonpocsl A1l CAMOKOHTPOJISE

3.5.1. TloscHure, kakuMm o0OOpa3oM MOKHO OpPraHMW30BaThb LUKINYECKOE
BBIIIOJIHEHHUE MTPOTPaMMBI.

3.5.2. Kakum o006pazoM MOXXHO YBEIUYUTh WJIM YMEHBIIUTb CKOPOCTh
JBUKEHHUS OTOHbKA Ha JIMHEWKE CBETOIUOOB?

3.5.3. Kak 3a)xedb CBETOAMOBI FX*X*X*X?

3.5.4. Kak BbIBECTH Ha JIMHEHKY CBETOJMOJIOB IBUKYIIUNACSI OTOHEK?

3.5.5. Kakue u3MeHeHus1 HyKHO BHECTH B nporpamMmy 3.1, 4ToObI Ha JTUHENKY
CBETOIHMOJI0B BBIBOJIMUJICS MEJJIEHHO JBUKYIIHUNCS ITyIbCUPYIOIINNA OTOHEK?

3.5.6. Kakue uM3MEHEHHMS HYXHO BHECTH B Iporpammy 3.1, 4ToOBI BpeMs
3aJIEp’KKU YBEIUYWIOCH B 2 paza?

3.5.7. Kakue u3MeHEHUs HY>XHO BHECTH B mporpammy 3.1, 4ToOBI Bpems
3aJ€P>KKH YMEHBIIWIOCH B 20 pa3?
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4. JABOPATOPHAS PABOTA Ne2
IMPOI'PAMMUPOBAHUE CEMUCEI'MEHTHBIX UHIUKATOPOB

4.1. Leab padoTsl

[{enpro paboThI SABJISETCS U3YYEHUE CIIOCOOOB MPOrPaMMUPOBAHUS
ceMmucerMeHTHbIX HHANKATOpoB (CCH) ¢ ncnonap30BaHUEM TUHAMUYECKOW WHIUKAIIUH
B MUKPOKOHTPOJUIEPHBIX CHCTEMaX.

4.2 TeopeTudeckue cBeIeHUS

Kak u3ectHo, CCU conepxut 7(8) OTAEIbHBIX CETMEHTOB, C TOMOIIBIO KOTOPHIX
(dopMupyeTcsi 0ToOpakaeMoe 4nciao, TAKUM 00pa3oM Uil yIpaBICHUS! CETMEHTaMH
tpedyetcs 7(8) BeiBooB MK. Onako npu ucnois3oBanuu CCU ¢ HECKOTBKUMU
paspslaMy CTAHOBUTCS 3aTPyAHUTEIIBHBIM UCIIOJIB30BAHUE OTIAEIBHON JIMHUU JJIS
KaKJIOr0 CETMEHTA, HAIIPUMEp JJIsI MOAKIKYEHUs yeTbipexpaspsaagaoro CCU
notpedyercs 4x8=32 NMMHUM yIIpaBICHUS.

B takoMm ciyuae nenecooOpazHo ucnoib3zoBaTh CCU ¢ quHamMuueckoi HHANKAUEH.
Y cTpoicTBO OJHOTO U3 HUX MPUBEAEHO Ha puc. 4.1.

£ [2] [=] [=] 1=
EE/ /o/ /o O O

Puc. 4.1— Yetsipexpazpsanusii CC1U

OOHOMMEHHBIE CETMEHTHI U3 KaXKI0T0 pa3psAa COeAUHEHBI MapaliebHO, a 001ue
BBIBO/IbI (KaTO/bI UJIM aHOJIbl CBETOJIMOIOB) BBIBEJEHBI OT/IEeNbHO. [loaKTIouas K muHe
MUTaHUS OOIIME BBIBOJBI MOXKHO 3aXHUTraTh COOTBETCTBYIOIIME pa3psiabl. Brirouas
MOOYEPEAHO KAXKIBIA paszpsia ¢ 3aaepx Kol mopsiaka 20 MC MOXKHO BBIBOJIUTH PA3HbIC
udpel Ha KX paspsan. [Ipu 5ToM B KaXKIblii MOMEHT BPEMEHU TOPUT TOJIBKO OJIHA
udpa.

Ha otmamounoit miare PinBoard II ycranosnen tpexpaspsausiii CCU ¢ oOrmm
kaTosioM. Cxema moAKIr0YeHus n300pakeHa Ha puc. 4.2.
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Puc. 4.2— Cxema noaxirouenust CCHU na PinBoard |1

[TogaBast nmor. 1 Ha 6a3bl TPaH3UCTOPOB MOKHO BKJIIOYaTh COOTBETCTBYIOIINE
paspsiabl. Bce muHuM ynpaBiieHUs! BbIBEICHBI Ha IITHIPEBOM pa3zbeM (1), a COOTBETCTBUS
MIPUBEICHBI HA OTJIaJ0YHOM T1aTe B BUjE Tadnuiibl (2) (puc. 4.3).

Puc.4.3 — Dnementsl HeoOXoaumbie 1 moakirouenuss CCU

B otiiumnm ot nporpammsl U3 npeaplayiend padoTsl 371€Ch UCTIONIb3YETCs
nupekxtuBa define, ee cMbICT B TOM, 4YTOOBI YIIPOCTUTH HAITMCAHKUE KOJIa, HATIPHMEP
onaronaps ctpoke #define DO GPIO_Pin_7 Bmecto GPIO_Pin_7 moxHo nucate DO, a
KOMITUJISITOP BCE paBHO OyaeT moHumath 310 kak GPIO Pin 7.

Takke cTouT OTMETUTh, 4TO B JI.P. 1 mpu xoH(urypauuu nopToB Mbl padboTaIu ¢
KOH(UTypallMOHHBIMU PETUCTPaMU HANpsIMYIO, a 3[1eCh UCIOJb3YIOTCS MUHCTPYMEHTHI
OMOIMOTEeKU CMSIS, MIPU3BAHHBIC MaKCHMAaJIbHO YIPOCTUTD po1ece
nporpammupoBanus. I[lporpamma, mpuBeneHHas B IpuMepe, TpeOyeT TaKoro
noakitoueHust CCU k npoueccopHoMy MOJTYJIIO:

D7<—=A00; D5<—A01; D3<—A02; D1 (4) <—>A03; D0 <—A04;
D6<—A05; D4<—A06; RS<—A08; RW<—AQ9; E<—>A10;

[Iporpamma 4.1 — IIporpamma, ocymiectBistoniasi oopatHsiii otcuet ot 100 10 O:

// TloakiroyaeM HeOOXOAUMbIE OUOJINOTEKH



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

// Hike utyT TUPEKTHBBI Mperpoieccopa tuna define

// TlopT K KOTOpOMY TIOJIKITFOUEH HHIUKaTop #define

IND_PORT GPIOA

// O01re BBIBOABI HHIUKATOPA
#define DO GPIO_Pin_7
#define D1 GPIO_Pin_8
#define D2 GPIO_Pin_9
#define D3 GPIO_Pin_10

// K xaKol HOore KakOW CerMeHT ITOAKII0UEH
#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 1udpb U3 CErMeHTOB

#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 | DO |D1|D2|D3)
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//DyHKIMs hopMUpyIOIIas HEOONBITYO 3aepkKy void
delay(void)
{int
i=0;
for (i=0; i '= 0x1000; i++); }
// ®yHKUHMSA, OCYIIECTBSITIONAs JMHAMHYECKYIO HHINKAIHIO
void indication(int chislo) {
// 0OBSBIISIEM MAaCCHB C 3JIEMEHTAMH COOTBETCTBYrOIMMH Iidpam 0-9  unsigned int
digit[]={DIG0,DI1G1,DIG2,DIG3,DIG4,DIG5,DI1G6,DIG7,DIG8,DIGY};
// nanee ompenenuM 3HaYCHUE (P B KAKIOM U3 pa3psiioB
unsigned char desyatki=0,sotni=0;

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

{
chislo-=100;

sotni++;
}

while(chislo>=10) //BTOpoii pa3psn — «aecaTkn»

{
chislo-=10;  desyatki++;

}

// TO 4TO OCTANIOCh — «EAUHULIBD)
IND_PORT->ODR|[=D1;// Bxitouaem nepBblii pa3ps
IND_PORT->ODR[=digit[sotni];//BsiBoauM 4ucio B pa3psan "cotHu"
delay(); // HeGonpbiioe Bpemst 3aJIep>KKH B TEUEHUH KOTOPOTO TOPUT paspsij
IND_PORT->ODR=0;// Beixirouaem mepBbIii pa3psin
IND_PORT->ODR|=D2;// Bkitouaem BTOpOii pa3psiz

IND_PORT->ODR|=digit[desyatki];//BbiBouM umciio B pa3psia "necaTku”

delay();
IND_PORT->ODR=0;// Boixitouaem BTOpoii pa3psn



IND_PORT->ODR|=D3;// Bkntouaem TpeTuii pa3ps
IND_PORT->ODR|=digit[chislo];//BsiBogum uuciio B pa3psna "equHub"
delay();
IND_PORT->0ODR=0;// Boikitouaem TpeTHii pa3psia
¥
// OCHOBHas TporpaMma
int main(void) {
//HacTpamBaeM Ha BBIXOJ BCE BBIBOJIBI ITOJIKJIFOYCHHBIC K HHAUKATOPY
RCC_APB2PeriphClockCmd( RCC_APB2Periph_GPIOA , ENABLE);
GPIO_InitTypeDef PORT; /CtpykTypa conepskaiiasi HACTPOUKH MOPTa
PORT.GPIO_Pin = ALL PINS; //Yka3piBaeM Kakue BbIBO/IbI HYy>KHO HAaCTPOHUTH
PORT.GPIO_Mode = GPIO_Mode_Out_PP; // Hactpausaewm kak Beixoa Push-pull
PORT.GPIO_Speed = GPIO_Speed_2MHz; // Yactota 2 MI'x
GPIO_Init(IND_PORT, &PORT); //Bbi3biBacM (pyHKIIHIO HACTPOWKHU TIOpTa
int n=0; inta=0; intb=0; while(1)
{
n=100;
while(n>0)
{
for (a=0; a '= 0x200; a++)
{

22

indication(n);// Be13piBaeM (pyHKIIMIO HHIMKALIMHU U IEpEeJaeM eil To, YTO HyKHO 0ToOpa3uTh for

(b=0; b 1= 0x100; b++);
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4.3. IlopsiioK BBINOJIHEHHUSI PA0OTHI

[Tonb3ysice mporpammoii 4.1 B xadecTBe 00pasiia, BHINOJIHUTH WHIMBHUIYATbHOE
3aJlaHi€ B COOTBETCTBUU ¢ Tabnuuei 4.1.

Tabnuna 4.1 — UnauBuayanbHOE 3aaHue 1Mo JabopatopHoit pabote Ne 2

Ne

BapuaHTa

3aganue

1

Yucno 123 Ha ceMUCErMEHTHBIX HHANKATOPAX JOJKHO CBETUTHCS B
TedeHue | ¢, noTom racHyTh Ha | ¢. 3aTeM npouecc J0JKEeH
ITIOBTOPATHCS.

B 2-Mm u 3-M pa3psigax uHIMKaTOpa C 337ep>KKoi Ha 1 ¢ yucio
nospkHO yBenmuuBathes oT 0 o FFh. TTocie Toro, kak 4ucio ctaHer
paBHbIM FFh, iporiecc momkeH MoBTOPATHCS CHavaua.

[Hudpa 5 nomwkHa mepemMeniaThCcsl 0 UHIUKATOPY ClIeBa HAIIPaBO
(ocTanpHbIe MHIUKATOPHI IOJDKHBI ObITH TIOTateHsl). [Ipoiece
JOJKEH [IUKIINYECKU TOBTOPSITHCA.

Ha unnukarop BEIBOAUTE MOCIEA0BATEIBHO (C MHTEPBAIOM 1 ¢)
YJICHBI TEOMETPUICCKOM MPOTPECCHH ¢ HaYaJIbHBIM 3HaUeHUEeM | u
3HAMEHATEJIEM 2.

Cnenatp OeryInyr TOYKY CJIeBa HaIlpaBO Ha CEMHCETMEHTHOM
nHaukarope. [1o JoOCTHKEHUM TOYKOM KpalHEHN MPaBOX MO3UIUH
MIPOLIECC JIOJIKEH MTOBTOPSATHCA.

Ha cemMucerMeHTHOM MHIMKATOPE YHCI0 15x (x — MHIUKATOP
roraiieH) MeHsThcs Ha yucio x20, moToM cHOBa Ha 15x u T. 1.
Kaxxnioe u3 AByX ymucen 10 Toro, Kak 0yJaeT M3MEHEHO, J0JHKHO
CBETUTHCA B TEUEHHUE | C.

BriBomuTh 110 0YEpeEaN HA CEMUCETMEHTHBIN MHAMKATOP uncna 111,
222,333, moTOM MpoLECcC N0JKEeH NOBTOPAThCS. Kaxaoe uucio
JOJKHO MHJIMLMPOBATHCS B TEUEHHE | C.

BeiBouTh yobIBatomue uncia ot FFh 1o 0 B 1Byx paspsaax
CEMHUCErMEHTHOT0 UHAMKATOpa (JIEBOM U CPEAHEM), OCTABILIUNCS
paspsa A0JbKeH ObITh nmoranieH. Kaxaoe 4uciio 10 u3MeHeHUst
JOJKHO MHJIMLIUPOBATHCS B TeueHue 1 c.
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Ne

BapHaHTa

3aganue

9

BBIBOI[I/ITB B JIBYX JICBBIX pa3pAaaax CCMHUCCTMCHTHOI'O MHAUKATOP
YnucCJjI0, HAYMHasi C 1, YBCINYHUBAIOIICCCS KEDKI[I)Iﬁ pa3 B IBa pasa.

KEDKI[OQ COCTOAHHNC NOJKHO MHAUIUPOBATHCA B TCUCHHC Ic.

10

BriBoauTh nepemMeraronieecs ciieBa HalpaBo yBEJINUUBAOIIEECs
OJIHOpAa3psIAHOE YKciio OT 1 10 3 1o pa3psiaaM CeMUCErMEHTHBIX
WHJIUKATOPOB.

11

[ToBepx pa3psinoB yrcina BBBh crieBa HanpaBo gomkHa
nepemerniatses mudpa Ah.

12

Ha neBoii wactu nnankaropa uuciio AAN T0JDKHO MHTATh ¢ YaCTOTOM

1 ', Ha mpaBoM MHAKMKAaTOpE Yuciio Bh 10/KHO MHTaTh ¢ 4acTOTOM
2 '

13

BI)IBOI[I/ITB MNEPCMCIIArOCCCs MUKIIMICCKHU CIIpaBa HAJICBO
YMCHBIIAIOIICCCA OT 8 a0 6 OJHOPA3pPAIHOC YUCJIO II0 pa3paaamM
CCMUCCTMCHTHOI'O MHAMUKATOpPA.

14

Yucno FFh Ha sieBoit yacTn MHIMKAaTOpa TOHKHO MUTHYTH JIBa pasa.
[Tocne 3Toro MHAMKATOPHI JOHKHBI OBITH BHIKJIFOUEHBI Ha 2 C. DTOT
MPOLIECC AOJIKEH HUKINYECKH MTOBTOPSATHCS.

15

B nByx npaBbIX pa3psiax CEMUCErMEHTHOTO MHIUKATOPA JOJKHO
ITOOYEPETHO MIECTHAAUATEPUIHOE YUCIIO, KAXKIYIO CEKYHY
YBEJIUYMBAIOILIEECS HAa €UHUILY, HAUMHAs CO 3HaYeHus 1.

16

BEIBOIUTH B CpeiHEM pa3psie CEMUCETMEHTHOTO HHIUKATOPA YKCIIO,
YBEJIIMYUBAIOIIUECS KAKAYIO CeKYHy Ha 1, HaumHas ¢ 1h u go Fh.
DTOT NPOIIECC AOJKEH HUKINYECKU TTOBTOPSTHCSL.

4.4. Conep:kanue oT4era

Otuet no padore opopMIIIeTCs B COOTBETCTBUU € TPeOOBaHUSIMHU, TPUBEICHHBIMU
BO BBCJICHUM.




25

4.5. Bonpocsl 1151 CAMOKOHTPOJISI

4.5.1. Kak 3axeub TOUKY B OJIHOM pa3psl€ CTATUYECKOTO CEMHUCETMEHTHOIO
WHJUKaTopa?

4.5.2. Kak noracuth BC€ pa3psi/ibl CTATHYECKOT0 CEMUCErMEHTHOIO HHAUKATOpa?
4.5.3. YeM oTnuyaercs cTaTUyecKas MHAMKALMUS OT JMHAMUYECKOMN?

4.5.4. Kak ocCylmecTBUTh YBEIMYEHHE 4YHMCIA, BBIBOJUMOIO HAa WHIUKATOP, HA
eAuHUILY?

4.5.5. MOXHO 711 BBIBOJUTH IPOU3BOJIbHYIO IIECTHAALATEPUUHYIO IUPPY B OJUH

paspsl CTaATUYECKOTO CEMUCErMEHTHOTO HHIUKATOpa (TIpU MOTalleHHbIX
OCTaJIbHBIX pa3psiax)?
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5. JABOPATOPHAS PABOTA Ne3
MPOTPAMMUPOBAHUE BHEIIHUX ITPEPBIBAHUI

5.1. Lesan padoTbl

[lenpto pabOTBI SBISETCS M3Y4YCHHE MPHUHIMIIOB pa0OThl ¢ BHEIIHUMHU
npepbiBanusmMu B MK cemeiicta STM.

5.2. TeopeTnueckue cBeaeHUs

[IpepriBanre — 3TO COOBITHE, TPU KOTOPOM MPOUCXOIUT MPUOCTAHOBKA OCHOBHOM
IPOrpaMMBbl U NIEPEXO0/1 Ha BBIIOJIHEHNE IOAIPOrpaMMBl IpepbiBaHus. [IpepbiBaHus B
MK 6pIBatoT BHEIIHUE U BHYTpeHHUE. [ [pMepoM BHELIHETO NPEpbIBAHUS MOKET
CIIY’KUTb NIPEPHIBAHUE OT U3MEHEHHUS JIOTUYECKOTIO COCTOSIHUS KaKOro-JIn0O U3 BXOJI0B
MK.

B MK STM32F103C8 noctymHo 16 BEIBOIOB /ISl BHEITHUX MPEPHIBAHUN —
EXTIOEXTI1S, npuueM MOKHO Ha3HA4aTh KaXkJ10€ U3 HUX Ha Jto0o# u3 noprtos GPIO.
Hasnauenue ocymectsisiercs ¢ momortsio peructpa AFIO_EXTICR. Peructp
EXTI_IMR paspemiaer nim 3anpemaer npepbIBaHus OT OTAEIbHBIX KaHAJIOB.

JUis  ocylIecTBIEHUS BHEIIHEro MpepbiBaHUs HCHoib3yercsd KHomka BTN3
(BBLIEJIEHA KpaCHBIM I[BETOM Ha puc. 5.1.).

[Iporpamma, mpuBeneHHas B mnpuMmepe Tpedyer Ttakoro mnoakiatodeHuss CCHU,
CBETOJMOJIHOM IIKaJIbl U KHOMKH K MPOILIECCOPHOMY MOIYJIIO:

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

D4<—>A06; RS<—>A08; RW<—=>A09; 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 cienyer yOeaUThCS, UTO YCTAHOBJIEHA MEPEMbIUKA TaK, KaK MMOKAa3aHO Ha
puc. 5.1.

! :4 - "
- 4.2)] £ =
Puc. 5.1 — Heo0Oxoaumele COEIMHEHUS
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[Tporpamma 5.1 — Ilporpamma ocymectBisieT oopaTHbIit orcueT ot 100 10 0, a npu
HAXXaTUM KHONKU BBITIOJIHSET TMOANPOrpaMMy OOpaOOTKM TIpephIBaHUS B BHJIE
«3aTOJIHAIONICICS IIKaJIbD» Ha CBETOJMOMHOW JMHEHKE, MOCIEe Yero BO3BpalllaeTcs K
BBITIOJIHEHUIO OCHOBHOM TIPOTPaMMBI.

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

#define LB PORT GPIOB // B kauectBe nopTa aJis yrpaBieHHsI CBETOANOTHOMN IIKATION
// (Led Bar) Betoepem PORTB
#define IND PORT GPIOA // TTopT k KOTOpOMY MOAKJIIOYEH UHAUKATOP

// OO61IHe BBIBOJIBI HHIUKATOPA
#define DO GPIO_Pin_7
#define D1 GPIO_Pin_8
#define D2 GPIO_Pin_9
#define D3 GPIO_Pin_10

// K xaKoMy BBIBOJly KaKOW CETMEHT IOJIKIIOUECH

#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 mudps! U3 CErMEHTOB

#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)



28

#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 DIGY9 (SEG_A | SEG_B |SEG_C | SEG_D | SEG_F | SEG_G)
#define ALL PINS (DIG8 | DO | D1 | D2 | D3 ) void delay(int k) // ®yHkuus, ocymiecTBsITOmas
BPEMEHHYIO 33JICP)KKY 3aJaHHOU JITMTEILHOCTH
{int
i=0;
for (i=0; i '= k*4000; i++);
¥

// @yHKIUS, OCYIIECTBSUTIONIAS TMHAMHYECKYI0 WHANKALUIO void
indication(int chislo)
{
unsigned int digit[]={D1G0,DIG1,DIG2,DIG3,DIG4,DIG5,DIG6,DIG7,DIG8,DIGY9},
unsigned char desyatki=0,sotni=0; while(chislo>=100)

{
chislo-=100;

sotni++;

k
while(chislo>=10)

{
chislo-=10;  desyatki++;

}
IND_PORT->ODR|=D1;// Bkiarogaem nepBsiii pa3psi

IND_PORT->ODR|=digit[sotni];//BsiBoguM 4ucio B pa3psan "coTHu"
delay(1);// Hebonbimoe Bpemst 3aep>KKH B TEYCHUU KOTOPOTO TOPUT Pa3psia
IND_PORT->ODR=0;// Boixntouaem nepBblil pa3psiz

IND_PORT->ODR|=D2;// Bkntouaem BTOpoii pa3psiz
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IND_PORT->ODR|=digit[desyatki];//BsiBogum uncio B paspsia "necsaTku”
delay(1);

IND_PORT->ODR=0;// Brixirouaem BTOpO#t pa3psija
IND_PORT->ODR|=D3;// Bkntouaem TpeTuii pa3ps
IND_PORT->ODR|=digit[chislo];//BeiBoguM uncio B pa3psn "eTuHUIIBI"
delay(1);
IND_PORT->ODR=0;// Boixitouaem TpeTuit paspsin
}int
main()
{
//Bxirounm taktupoBanne PORTA u PORTB
RCC_APB2PeriphClockCmd(RCC_APB2Periph_GPIOA , ENABLE);
RCC_APB2PeriphClockCmd(RCC_APB2Periph_GPIOB , ENABLE);
RCC_APB2PeriphClockCmd(RCC_APB2ENR_AFIOEN , ENABLE);

LB_PORT->CRH =0b110011001100110011001100110011;// xordurypanus pexuma padoThI
cTapuieil rpymnisl nopta B (pabotaeT kak BHIXOM)

LB_PORT->CRL = 0b1000;// xondurypauus pexuma padoTsl MiIaIeH rpynmsl Iopra
B(pabotaeTt kak BX0[ C MOATSIKKOMN )

IND_PORT->CRL =0b110011001100110011001100110011;// xondurypauus pexxuma
paboThl Miaael rpymnmsl nopra A (paboTaeT Kak BHIXO)

IND_PORT->CRH =0b110011001100110011001100110011;// kouuryparms pexuma
paboThl MiaIIel Tpymnnsl nopTa A (paboTaeT Kak BBIXO)

AFIO->EXTICR[0]|=AFIO_EXTICR1_EXTIO PB; // BoiOupaem B kauecTe BbIBOJA AJIS
BHenHero npepsiBanusg EXTIO BeiBog GPIOB 0

EXTI->IMR|=EXTI IMR_ MRO ; // pa3pemraem npepsiBanue EXTIO
EXTI->FTSR|=EXTI_FTSR TRO; /TlpepsiBanus no crnagaromemy GppoHTYy
NVIC EnableIRQ (EXTIO IRQn);//Pa3periaem npepbsiBaHuEe B KOHTPOJIJIEPE MPEephIBAHUI

LB_PORT->BSRR=GPIO BSRR BS0; // BkitouaeM MOATSXKKY K Jior. "1" Ha BeIBO/IE
GPIOB_0

// cny»xeOHbIe IepeMeHHbIe AJIs1 OpraHU3aIui 00OpaTHOTO OTCYeTa
int n=0; inta=0; intb=0; while(1)
{
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n=100;
while(n>0)
{
for (a=0; a '= 0x200; a++)
{
// Bei3pIBaeM (hYHKIMIO HHIUKAIIMK U TIEpeacM €il TO, YTO HY)KHO OTOOPa3UTh
indication(n); for (b=0; b 1= 0x100; b++);
}
n--;
}
¥

// O6padotuuk npepeBanus EXTIO void
EXTIO_IRQHandler(void)
{

IND_PORT->ODR=0; // otkmtouaem CCHU
LB_PORT->BSRR=GPIO_BSRR BSS;//ycranoBka cocrosiaus BeieojjoB 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_BSO0;

EXTI->PR|=0x02; //COpacbiBaeM ¢uar npepbIBaHUs



5.3. Ilopsinok BbINOJIHEHUS PA0OTHI
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Hcnonb3ys nporpamMmy 5.1 B kauecTBe 00pasiia, BEIIOJHUTH HHANBUYAIbHOE
3aJlaHi€ B COOTBETCTBUU ¢ Tabnuuei 5.1.

Tabnuna 5.1 — MuauBuayansHOe 3a/1aHue 10 JlabopaTopHoi padote Ne 3

Ne 3ananue
BapHaHTAa OcHoBHas mporpamMmma [Toanporpamma 06padoTKu
MpepbIBAHUS

1 [TepemernaTh KOMOMHAITUIO BriBoguTh B cpeiHEM paszpsijie
**xx #¥xx IUKINYECKH CIpaBa CEMHUCErMEHTHOTO0 MHIUKATOpa
HaJIEBO CO CKOPOCTHIO 2 C HAa OIHO  |YHUCJIO, YBEIMYHUBAIOLIUECS
[IOJIOKECHHUE. KaXIYI0 CEKyHly Ha 1, HaunHas

¢ 1h u go Fh. DtoT mpouecc
JOJKEH LIUKINYECKH
MTOBTOPSITHCS.

2 Cnenath Tak, 4To0bl ¢ MHTEpBaoM |Ywuciio 123 Ha ceMHCEerMEeHTHBIX
B 1 ¢ CMEHSUIHCH IBE CUTYAllUU: WHJIUKATOPaX JOJKHO CBETUTHCS
b Aukaioisw 'l { Bhaioh @ @ dalal B T€YeHue | ¢, HOTOM racHyTh Ha

1 c. 3arem nporuecc N0JKEH
MTOBTOPATHCS.

3 [1OBTOPATH LIMKINYECKH C B 2-M u 3-M pa3psgax
MHTEPBAJIOM B 1 ¢ cieAyronme TpU |MHIMKATOpA C 3aJ€pKKoM Ha | ¢
CUTYaImu: xxx **xxx, xx*xx *xx, YUCJIO JIOJXKHO YBEIIMYHUBATHCS
X Fxxxx *x. ot 0 o FFh. ITocxae Toro, xak

YKCII0 cTaHeT paBHBIM FFh,
IIPOLIECC JOJIKEH OBTOPSATHCS
CHayaJa.

4 Ha nuneiike ceeroguonioB uetsbipe |Ludpa 5 nomkna nepemematbes
MOAPSIA CIIEYIOIIHNE “OTOHbKA” 10 UHAUKATOPY CJIEBA HAIIPaBO
JOJIKHBI CIIEZIOBATh ClieBa HANpPaBo |(OCTalbHbIE HHIUKATOPbI
CO CKOpPOCTBIO 1 ¢ Ha MO3HULIUIO. JIOJKHBI OBITH TIOTAILICHB ).

[Iporecc nOKEH HUKINYECKH
MOBTOPATHCS.
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Ne 3ananue
BapHaHTAa OcHoBHas mporpamma [Toanporpamma 06paboTKu
MpepbIBAHUS

) [IpaBas u neBas MOJOBUHBI TMHEHKH | Ha MHIMKATOP BHIBOAUTH
CBETOIUOJIOB JOJDKHBI 3aKMraThcsi | TOCIEI0BATEIBHO (€
MOMEPEMEHHO C UHTEPBAJIOM MHTEPBAIOM | C) {iICHBI
7 c. r€OMETPUYECKON MPOTPECCHUHU C

HavyaJIbHBIM 3HaUYCHUEM | U
3HAMEHAaTeJIeM 2.

6 Cnenath Tak, 4ToObl B TeueHue 1 ¢ |CuenaTh OETyIIyI0 TOUKY ClieBa
CBETUJIACh KOMOMHAIUS HaIpaBO Ha CEMUCErMEHTHOM
CBETOAMOJIOB *xx **x*x, moTOM B unaukatope. [lo noctmxenun
TeueHue 1 ¢ uHBEepCcHas €i, a TOTOM |TOYKOM KpaillHEel mpaBoi
BCE IMOBTOPSJIOCH C Hayaja. MTO3UIIMU TPOLIECC TOTIKEH

MTOBTOPATHCS.

7 ITontepemenno ¢ uatepBaiom B 1 ¢ |Ha cemucermenTHOM
JOJDKHBI 32)KUTaThCsl OJTHOBPEMEHHO | MHAUKAaTOpe Yuciio 15x (x —
00a KkpaliHUX CBEeTOaMOAA U WHJIUKATOP TMOTAaIleH) MEHAThCS
OJIHOBPEMEHHO JIBa LICHTPAJIbHBIX  |Ha yucio x20, MoToOM CHOBa Ha
CBETOIMOIA. 15x u . 1. Kaxngoe u3 1syx

quces 10 TOro, Kak OyaeT
M3MEHEHO, JOJI)KHO CBETUTHCS B
TeueHue 1 c.

8 Cnenath Tak, 4To0bI “Oerymnuit BriBoauTh o ouepeaun Ha

OTOHEK”’, 3aHUMAIOIIUNA OJTHY
MMO3UIMIO HA JTUHEHKE CBETONO/IOB,
MIPOJABUTAJICS CJIE€Ba HAIIPaBO,
KaXIbIM pa3 MepecKkakuBas 4yepes
oaHy no3uiuto. Hanpumep, cHauana
FXXXXXXX, TIOTOM XX *XXXXX, TOTOM
xxxx*®xxx n 1. 1. Ilo mocTmxeHun
MPaBOro Kpas MHIUKATOpa MPOIECcC
JOJDKEH IUKITNYECKU TTOBTOPSITHCA.

CEMHUCETMEHTHBI UHIUKATOP
yucaa 111, 222, 333, motom
MPOLIECC TOJKEH TTOBTOPATHCS.
Kaxxnoe uncio J101KHO
WHIUIMPOBATHCA B TeueHue 1 c.
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Ne 3aganue
BapHaHTa OcHoBHas mporpaMmma [ToamporpamMmma oOpaboTKU
MpepbIBaHUS

9 ITocnenoBaTenbHO AOJKHBI BbIBOIUTE yOBIBAOIIKE YUCIA OT|
CBETUTHCS TPU CIECAYIOIINE FFh o 0 B aByX paspsnax
KOMOMHAITIN ****xxxx, xx****yy, ~|CEMHCETMCHTHOIO HHNKATOpPA
P——— (JIeBOM U CpeIHEM), OCTABIIUHNCS

paspsi1 T0JKEH OBITH MOTalleH.
3aTeM Mpouecc N0KEH HUKINIECKH K
a)KJ10€ YHCJI0 IO U3MECHEHUS
TOBTOPATBCA. JOJDKHO WHJIUIIMPOBATHCS B
TeueHue 1 c.

10 KomOunamus xx **xx** nomkaa BriBoIUTH B ABYX JIEBBIX
MUKIMYCCKHU IICPCMCIIATHCA CJICBA pa3psaax CEMHUCEITMEHTHOTI'O
HaIpaBO CO CKOPOCTHIO 3 ¢ Ha WHJIMKATOp YKCJIO, HaYnHasi ¢ 1,
TO3UIIHIO. YBEJINYUBAIOIIEEC KaXKIbIH pas

B JIBa pa3za. Kaxoe cocTosinue
JIOJKHO MHIULIMPOBATHCS B
TeueHue 1 c.

11 Ha nunelike cBeTOAMOIHBIX BriBoguTh nepemMenaromnieecs
WHJIUKATOPOB JIBa KpaHUX JIEBBIX |CJIEBA HAPABO
CBETOJIMO/A AOJIKHBI 3AKUTAThCSl | yBEITMYUBAIOIIEECS
ITIONIEPEMEHHO C ABYMsI KPalHUMH  |OAHOPA3psIAHOE Yncio OoT 1 1o 3
MPaBbIMU CBETOAMOJIAMHU C 0 pa3psiaM CEMUCETMEHTHBIX
MHTEPBAJIOM B 3 C. VHJIUKATOPOB.

12 [TepemeniaTh KOMOMHAITUIO [ToBepx pa3psinoB urciaa BBBh
*x*x *x *x IUKJINYECKH CIIEBa CJIeBa HaIIPaBO JOJKHA
HaIPaBO CO CKOPOCTBIO OJTHO nepemernathes nudpa Ah.
MOJIO’KEHUE B CEKYHITY.

13 KomOunamus *xx *xx** nomkaa Ha neBoit wactu uuauKaTopa

0CTaBaThCs HEIMOJBMKHOM B
TedeHue 1 ¢, 3aTeM CIABUTAThCS
BIIPABO, HAXOJAUTHCS B HOBOM
MOJIOKEHUHU B TeueHue 1 ¢, a 3atem

BEPHYTHCS B UCXOJIHOE TOJIOKEHUE.

ITocae sToro onucanHoe JOJIDKHO
IMOBTOPATHCA HUKINYCCKU.

yucio AAh J0JKHO MUTaTh C
yactoToit 1 I'11, Ha mpaBom
uHAMKaTOpe yncio Bh gomkHo
MHUTaTh ¢ yacToToM 2 ['11.
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Ne 3aganue
BapHaHTAa OcHoBHas mporpaMmma [ToamporpamMmma oOpaboTKU
MpepbIBaHUS

14 KomOunarus **xx**xx nomkaa BriBonuTth nepemeniaronieecs
IIUKJIMYECKH CJIBUTAThCS BIPABO HA |IIMKJIMYECKHU CIIpaBa HAJIEBO
JIBE MO3UIIMHU, 3aTEM Ha OJHY yMeHbIIaromieecs ot 8 10 6
MTO3UIIMIO BJICBO M CHOBA BIIPABO HA |OAHOPA3PSAAHOE YHUCIIO TIO
JIB€ MO3HUIIMU U T. II. paspsiiaM CEMHUCETMEHTHOTO

WHJIMKATOPA.

15 KomMOuHaims xxxxx*** nomkaa Yucno FFh ua nesoii vactu
IIAKJIMYECKH CIBUTATHCS BJIEBO HA | MHIWKATOPA JIOHKHO MUTHYTh
TpH MO3UIINH, 3aTEM BIIPABO Ha JiB€ |JliBa pa3a. [locie aToro
MO3UIMH, IOTOM CHOBA BJIEBO Ha WHIUKATOPHI JOJIKHBI OBITH
TPU NIO3ULIUU U T. [I. BBIKJIIOUEHBI Ha 2 ¢. DTOT

MPOIIECC JOJDKEH HUKIUYECKU
MTOBTOPSATHCS.

16 KomOunarus **x*xxxx qomkaa B nByx npaBbIx pazpsigax
CBETHUTLCS B TeucHHE 1 ¢, 3aTeM CEMHCETMEHTHOTO HHIHUKATOpa
JOJDKHA OBITh HHBEPTHPOBAaHA U JIOIDKHO [I0OUYEPEIHO
CHOBA CBETHUTHCS B TeueHue 1 c, [IeCTHAIIATEPIIHOE THCITO,
3aTeM JO0JDKHA OBITh CIBUHYTA KAKIYIO CEKYHY
BIIPABO HA | TTO3HIINIO U CBETUTHCS B

yBEJIMUHBAIOIIEeCs Ha CAMHUILY,
TeueHue 1 ¢, 3aTeM cHOBa
MPOMHBEPTHPOBAHA 1 T. I Ha4yuHas Cco 3Ha4YeHU 1.

5.4. Conepxxkanue oTyera

Otuer 1o pabore odopmisieTcss B COOTBETCTBUM C TPeOOBaHUSAMH,

IMPpHUBCACHHBIMU BO BBCIACHHHU.

5.5. Bonpochl 111 CAMOKOHTPOJISA

5.5.1. CKOJABKO BHEUIHUX MPEPHIBAHUNA MOKET ObITh B MHUKPOKOHTPOJUIEPE
STM32F103x8?
5.5.2. Jlaiite onpeaeneHrue BEKTOPY MpepbIBaHMUS.

5.5.3. YUTo Takoe UCKIIIOYEHNS U KaK OHU CBSI3aHBI C IPEPHIBAHUSIMU?

5.5.4. Yto Takoe npepbiBaHue?

5.5.5. Uem oTanyaroTcsi BHEIIHUE NPEPHIBAHUS OT BHYTPEHHUX MPEPHIBAHUI?

5.5.6. Kak nporpaMMHO pa3peliuTh WK 3alIPETUTh BBIIOJIHEHUE MPEPhIBAHUI?

5.5.7. I'ne XpaHATCs BEKTOPHI PEPHIBAHUI?

5.5.8. Tlouemy mist 0OpabOTKM MPEPHIBAHUN JTOHKEH OBITh MHUITHATH3UPOBAH

cTek?
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6. JABOPATOPHASA PABOTA Ne4
HNCIHOJb30OBAHUME AT

6.1. Llesab padoTbI

[lenbto pa®oThl siBIsieTcs u3ydeHue npuHiunoB padotsl ¢ ALIT B MK cemeiicTBa
STM32.

6.2 TeopeTnueckue cBeJeHUA

Jnis pabotsl ¢ ananoroBbimu curHanamu MK nyxnaetrcs B ALIIL. B STM32F103x8
MoxeT ObITh 10 10 kananoB AL (B 3aBUCHUMOCTH OT MOJIENIN) C Pa3psSIAHOCTHIO 12 OUT.
Hna paboter ALIl HEeoOxomumo oOecreunTh CTaOMIIBHOE ONMOPHOE HAIpsDKEHHE Ha
BoiBoZic VDDA, mMOCKONBbKY HMEHHO OTHOCHUTEIBHO JTOTO HAMNpsDKEHUs OyayT
MPOBOJUTHCA uU3MepeHus. UToObl ompeneanuTh aOCOMIOTHOE 3HAUYECHUE HAMNpPSHKEHUS
ClIeyeT BOCIOJIb30BaThCS (POPMYIIOif

_ Vgey *ADC_RES
212

rae Vgef — BenuunHa onopHoro Hanpsikxenusi, ADC_RES — pe3ynbTat usmepe-
Hus ALIIIL.

B kadecTBe m3MepseMOro UCIOIb3yeM HAMPsHKEHUE ¢ TTOTCHIIMOMETpa (BBIICTICH
KPaCHBIM IIBETOM ), TIOJKIFOUEHHOT'O0 MKy ITMHOM MMUTAHKS U OOIIUM ITPOBOJIOM TaKHM
00pa3oM HaIpsHKEHUE MOXKET U3MEHAThCS OT 0 10 V.

[Iporpamma, mpuBelneHHasi B mpuMmepe, TpeOyeT Takoro mnoaxitoueHuss CCU k
IIPOLIECCOPHOMY MOJYJIIO:

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

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

'40
BTN3 OOrr-:
BTN2 OO' JL
B S0y £

Puc. 6.1 — HeoOxogumele coeInHEHNS
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[lpu coszmanmu mpoekta B pasnuene Repository cieayeT mocTaBUTh OTMETKY Ha
nynkTax GP1O u ADC, uto6b! B poeKT ObutH J00aBICHBI HEOOXOANMbIE KOMIIOHEHTHI.

[Iporpamma 6.1 — Ilporpamma oroOpaxkaeT wu3MepsieMoe HamnpshkeHue (C
noternuomerpa) Ha CCU ¢ tounoctrio 0,1 B.

#include<stm32f10x_rcc.h>

#include<stm32f10x_gpio.h>

#include "stm32f10x.h"

#define IND PORT GPIOB // TTopT kK KOTOpOMY HOJAKJIFOYSH HHIUKATOP

// O061IHe BBIBOIBI HHIUKATOPA
#define D1 GPIO_Pin_8
#define D2 GPIO_Pin_9
#define D3 GPIO_Pin_10

// K xakoMy BBIBOJly KaKOI CETMEHT MOAKIIOYECH
#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 nudpsl U3 CErMEHTOB

#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)
void sdelay(void)
{ int
k=0;
for (k=0; k 1= 0x1000; k++);
¥
void delay(uint32_t i) {
volatile uint32_t j; for
(=05 j!=1* 1000; j++)
¥
// @yHKIMS, OCYHIECTBSITIOMIAs TUHAMHYECKYIO HHINKAIIHIO

void indication(float chislo)

{

unsigned int digit[]={DIG0,DI1G1,DIG2,DIG3,DIG4,DIG5,DIG6,DIG7,DIG8,DIG9};

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

{
chislo-=0.1;

desyatie++;
k
IND_PORT->ODR|=D1;// Bxitouaem nepBblii pa3psn
IND_PORT->ODR|=digit[edinici];//BeiBoaum 4mcio B pa3psf "eAuHULIBI"
IND_PORT->BSRR=GPIO_BSRR_BS14; sdelay();
IND_PORT->ODR=0;// Boixntouaem nepBblil pa3psi
IND_PORT->ODR|=D2;// Bkmtouaem BTopoii pa3psiny IND PORT-

>0ODR |=digit[desyatie];//BriBoguM umcio B pa3psn "necsareie noau"  sdelay();

37
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IND_PORT->ODR=0;// Boixitouaem BTOpoOii pa3psn
}int
main(void)
{

GPIO_InitTypeDef PORT;

//Bxmrouaem mopTel A 1 B

RCC_APB2PeriphClockCmd((RCC_APB2Periph_GPIOB | RCC_APB2Periph_GPIOA) ,
ENABLE);

//HacTpanBaeM Bce BhIBO/IA MOpTa B Ha BBIXO.T

PORT.GPIO_Pin = GPIO_Pin_All;

PORT.GPIO_Mode = GPIO_Mode_Out_PP;

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

// HOpT A HACTpPpanuBaTh HEC HYKHO,TaK KaK BCC €0 BLIBOJIbI YMOJIYAHUIO BXOAbI

RCC_APB2PeriphClockCmd(RCC_APB2ENR_ADCIEN, ENABLE); /Bxirouaem
takTupoBanue ALIIT

ADC1->CR2 |= ADC_CR2_CAL; //3amyck kanmubpoBku ALIT
while (I(ADC1->CR2 & ADC_CR2 CAL)); //Oxumaem OKOHYaHUS KaTHOPOBKH

ADC1->SMPR2 |= (ADC_SMPR2_SMP1_2 | ADC_SMPR2_SMP1 1 |
ADC_SMPR2 SMP1 0); //3agaem miutenbHOCTh BEIOOPKH

ADC1->CR2 |= ADC_CR2_JEXTSEL; //TIpeoOpa3oBaHre HHKESKTUPOBAHHOW TPYIIIIbI
//3amyctutcst ycranoBkoi 6uta JSSWSTART

ADC1->CR2 |= ADC_CR2 _JEXTTRIG; //Pa3pemaem BHEIIHUH 3ayCK HH)KEKTHPOBAHHON
TPYTIIBI

ADC1->CR2 |= ADC_CR2_CONT,; //TIpeoOpa3oBanus 3amyCKarOTCs OHO 3a IPYTUM

ADC1->CRI1 |= ADC _CR1 _JAUTO; //Pa3pemmts npeoOpa3oBaHue HHKEKTUPOBAHHON
TPYIIIBI

//mocne perynsipHoOil.
ADC1->JSQR |- (1<<15); //3amaem HOMep kaHana (BeiOpan ADC1)
ADC1->CR2 |= ADC_CR2_ADON;//Teneps Bkatogaem ALII
ADC1->CR2 |= ADC_CR2 JSWSTART; //3amyck npeobpa3zoBaHuii
while (I(ADC1->SR & ADC_SR _JEOC)); //5xnem mnoka rnepBoe npeoOpa3oBaHUe 3aBEPIIATCS
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//Tenepb MOXHO 4yUTaTh pe3ynbTaT u3 JDR1
uint32_t adc_res; // float voltage=0;//
3HaueHue HanpspbkeHus while(1)
{
adc_res=ADC1->JDR1;
voltage=2.56*2*adc_res/4096; indication(voltage);

}r

6.3. Ilopsinok BbINOIHEHHS PadOTHI

Hcnons3yst mporpammy 6.1 B kauecTBe 00pasiia, 00ECleUnTh MPU BHITOJTHEHUU
WHANBUIYAIBHOTO 33JJaHUSl 3aBHCUMOCTh BBIBOJUMBIX 3HAYEHUH S OT HANpsDKEHUsS Ha
noTeHIMOMETpe Vyy, 337JaBa€MyI0 B COOTBETCTBUU C Ta0II. 6.1.

Tabmuua 6.1 — MunuBuayansHOE 3a1aHue 1o gadbopatopHoit padote Ne 4

No 3aganune

Ba-
pHaHTa

1

s A

>

Vcc VBX
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3aganue

s A |
|
|
>
Vcc VBX
s A |
AN / |
| >
Vcc VBX
s A
>
Vcc VBX
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HHHHH

3aganue

s A
|
|
' >
Vcc VBX
6
s A
|
|
' >
Vcc VBX
7
s A
|
|
>
Vcc VBX
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3aganue

s A
|
|
>
Vcc VBX
9
s A
|
|
' >
Vcc VBX
10
s A
>
Vcc VBX
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Ne 3aganue
11
s A
|
|
' >
Vcc VBX
12
s A
|
|
' >
Vcc VBX
13
s A
S
|
' >
Vcc VBX
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3aganue

s A
|
|
' >
Vcc VBX
15
s A
|
|
' >
Vcc VBX
16
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>
Vcc VBX
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6.4. Conepxanue oryera

Otyer mno pabGote odopmisieTcsi B COOTBETCTBUM C TpeOOBaHUSIMH,
MIPUBE/ICHHBIMU BO BBEJICHUM.

6.5. Bonnpocs! Aj1s1 CAMOKOHTPOJISA

6.5.1. Croabpko kananoB ALl 8 MK STM32F103x8?

6.5.2. KakoBa pa3psaHocts ALIIT B MK STM32F103x8?

6.5.3. Jlns dero mpu aHaAIOTOBO-IM(PPOBOM MpeoOpa3oBaHUM HCIIONb3YETCs
OIOPHOE HAaIpsKeHue?

6.54. C Kkakoro uCTOYHMKA Tojaercs Hanpsbkenue Ha AL
MUKPOKOHTpOJUIepa B 0TiiaiouHou riate Pinboard 11?

6.5.5. Kakue peructpsr ynpassitor padoroit ALIIT MK Cortex-M3?

6.5.6. ®opmupyet nu ALIT Cortex-M3 3anpoc Ha npepbriBaHue?

6.5.7. Kak cBA3aHbI 4HCIIO YPOBHEN AUCKpETH3aLNK U pa3psiagHocTs ALTT?

6.5.8. Uem onpenensieTcs CKOPOCTh AHAIOTOBO-LU(POBOro Mpeodpa3zoBaHus?
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7. JABOPATOPHAS PABOTA Ne5
PABOTA C MATPUYHOM KJIABUATYPOM

7.1. e padoTbl

[lenpto paboTHI SIBISETCA M3yYeHHE MPHUHIMIIOB OPTaHMU3AIMK BBOJA JIaHHBIX C
MaTpUYHON KJIaBUATyphl B KOHTpOJUIEpaX, MOCTpoeHHbIX Ha 0Oaze STM32 ARM
MUKPOKOHTPOJIIIEPOB ceMeiicTBa Cortex-Ma3.

7.2 TeopeTnueckue cBeAeHUS

Jns BBOAA JaHHBIX B MHMKPOKOHTPOJUIEPHYIO CHCTEMY 4YaCTO HCIOIb3YETCs
kiaBuarypa. B maGopatopHoit pabore Ne 3 Obul mpuBeeH MpUMEpP HCIOJb30BaHUS
KHOIIOYHOT'O BBOJIa, OJTHAKO B cliydae, Korjaa tpedyercs noakimounth kK MK Heckoabko
KHOIIOK, Harpumep, kinaBuatypy 3x4 (12 KHOMOK), HEMOCPEACTBEHHOE IMOJIKIIOUEHUE
KaXnod KHomkd K BeiBoAy MK craHoBUTCS HeompaBaaHHbIM. B Takoil cutyauuu
1[EJIeCO00pa3HO KCMOJIb30BaTh MATPUUYHYIO KIIABHATYPY, MOCKOJIbKY ATO YMEHBIIAET
Tpebyemoe konmdecTBO BbIBOJoB MK. Ha puc. 7.1 npuBeaeHa cxema, MOSICHSIOLIAs
MPUHIUIN pabOThl MATPUYHOU KIIaBUATYPHI.

Ctonbupl
N N 8
& —
o el llae
1 2 3
. -
<
- po o— ¢o o— @o o—
X o 4 5 6
=
&) L L
) 7 8 9
@
1 . i
Ll o— Lo o '—a o
* 0 #

Puc. 7.1 — Cxema MaTpuU4HOM KJIaBHATYPHI

BrIBoBI CTpOK M cTOI01OB mokrouatotTes K MK. Onpoc MaTpuyHON KIIaBHATYPHI
OCYIIECTBIISIETCS MO0 O CTpOKaMm, MO0 1mo crosdnam. st orpoca mepBoi CTPOKH Ha
ee BBIBOJ| MOJAETCs JOruyeckuili ypoBeHb 0, mMpu 3TOM Ha BCEX BBIBOJAX CTOJOIIOB
BKJIFOYEHA MOJTSKKA K BBICOKOMY JIOTHUECKOMY ypoBHIO 1. Haxkatue mepBoii, BTOpoii
WIN TPETbEe KHOMOK 3aMKHET COOTBETCTBYIOIIMM CTOJOEl Ha 3eMJI0 (JOTHYECKUU
ypoBenb 0), uro peructpupyercs MK. Onpoc ocTaibHBIX CTPOK aHAJIOTMYEH.
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Ha mnare Pinboard Il peammn3oBana matpuuHas kiaBuatypa 3x4, pacroiOKCHHE

KOTOpPOM MOKAa3aHO Ha puc. 8.2.

OlO)r |
TOOPEHI, 24

Puc. 8.2 — Marpuunas knaBuatypa Ha Pinboard 11

Buumanue! OnHoBpeEMEHHOE HAXKATHUE HECKOJILKHUX KHOITOK HEAOITYCTUMO,

MOCKOJBKY MPUBEJIET K KOHDIUKTY JIOTHYECKUX YpoBHENH MK

[Iporpamma, mpuBefeHHass B npumepe, TpeOyeT Takoro mnoxakitodeHuss CCU u
KJIaBHATYPHI K IPOILIECCOPHOMY MOIYIIIO:

D7<—>A405; D5<—>407; D3<—>A10; D1 <—=>409; D0 <—=>404; D6<—>A06;

D4<—>A08;
COL2<—>402; COL3<—>A01; COL4 <—=A00;

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

[lpu co3manmu mpoekTa B pasnene Repository ciemyeT MOCTaBUTh OTMETKY Ha

nyHkTe GPIO , uToOb1 B ipoekT ObuH 100aBIeHB HEOOXOIUMbIE KOMITOHEHTHI.

[Iporpamma 8.1 — IIporpamma otobpaxkaet Homep HaxkaToil knonku Ha CCU

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

#define

HIGH

GPIO SetBits // KomaHna ycraHoBku Gura B 1

#define LOW GPIO ResetBits // Komanna ctbpoca 6ura B 0
#define READ GPIO ReadInputDataBit // KoManna CumMTEERAmAS COCTOSHUE OUHA
#define IND PORT GPIOA

// K Kaxo¥ HQOTDe KAKQU CeTMeHT OOOKINUEH

#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 UMUQPEI 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 | SEG B | SEG C | SEG E | SEG F| SEG G)
#define B ( SEG C | SEG D | SEGE | SEG F | SEG G)
#define NONE (SEG G)// mpouepx
int
n=12;
//oyHKIMg QopMupyiomasa HeOOIBIIVI 3AMePKKY
void delay (void)
{
int i=0;
for (i=0; i !'= 0x5000; i++);

}
void initGPIO (void)
{
RCC_APBZPeriphClockad( RCC_APBZPeriph_GPIOAIRCC_APBZPeriph_GPIOB , ENABLE) ;

GPIO InitTypeDef PORTA; //CrpykTypa, comepxallas HAaCTPOMKM OpTa
PORTA.GPIO Pin = GPIO Pin All; //Yxas3mBaeM, KaKMe BEIBOIL HYXHO HaCTPOUTH
PORTA.GPIO_Mode = GPIO Mode Out PP; // HacTpauBaem Kak Beixoa Push-pull
PORTA.GPIO Speed = GPIO Speed 2MHz; // UYactora 2 MI'u

GPIO_Init(GPIOAj &PORTA) ; //%HSHB&EM bYHKLMIO HACTPOMKM IOopTa
GPIO InitTypeDef ROWS; //CrpykTypa, comepxamas HaCTPOMKM NOpTa
ROWS.GPIO Pin = GPIO Pin 5|GPIO Pin 6|GPIO Pin 7; //VYkasmBaeMm, Kakue BEBOIE
HYXHO HACTPOUTH
ROWS.GPIO Mode = GPIO Mode IPU; // HacrpauBaeM Kak BXOJ C MIONTAXKONW K Jjor 1
ROWS.GPIO Speed = GPIO Speed 2MHz; // YacTora 2 MI'
GPIO_InitTGPIOB, &ROWST; //B;SHBaeM bYHKLMIO HACTPOMKM IopTa
}
void indication (int n)
{
// OOBABIISEM MACCHUB C B3JIeMeHTaMy COOTBeTCTBybmmMu Lumubpam 0-9
unsigned int
digit[]={DIGO0,DIG1,DIG2,DIG3,DIG4,DIG5,DIG6,DIG7,DIG8,DIGY,A,B,NONE};

HIGH (IND PORT,GPIO Pin 12);// BkiouaeMm NepPBHI pPaspal
HIGH (IND PORT,digit[n]); // BximouaeM HYXHEE CETMEHTEH
delay();

LOW (IND_PORT,digit[n]); // BuxiouaeMm ux

}
void read keyboard (void)
{
// ycTaHoOBKa BCex CTOJIOLOB B JiOoT. 1
HIGH (GPIOA,GPIO_Pin_OIGPIO_Pin_l|GPIO_Pin_2|GPIO_Pin_3);
LOW (GPIOA,GPIO_Pin 3);// omnpaummreaeMm NepBHNI CcTOJOEL]

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);//moszBpamaeM Kax ObIJIO

LOW (GPIOA,GPIO Pin 2);// ompaummpaeM BTOPON cToJOel
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);// ompaummpaeMm TpeTuii crTojber
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 1);

LOW (GPIOA,GPIO Pin 0); // ompammsBaeM 4YeTBEPTENI 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_O);
}
// OCHOBHas NporpamMMma
int main (void)
{
initGPIO() ;
while (1)
{
read keyboard() ;
indication(n) ;

}

7.3. llopsiAoK BbINOJIHEHHS PadOThI

Hcnons3ys nporpammy 7.1 B kauecTBe 00pasiia, BBIOJIHUTh MHANBUTYaTbHOE
3aJlaHU€E B COOTBETCTBUHU ¢ TaOmumen 7.1.
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Tabmuma 7.1 — UunuBunyansHOE 3a1anue 1Mo JabopaTopHoit padote Ne 5

Ne

BapuaHTa

3aganue

1

C nmoMo1IbI0 KJIaBUATYpbl BBECTH TPEX3HAYHOE 1ETO0E IECITUIHOE
gucio. OToOpa3uTh 3TO YKCIO HA CEMUCETMEHTHOM MHANKATOPE.
Ecnu BBeaeHHOE unciio 6oibiie 512, To BEIBECTH Ha JIMHEHKY
CBETOIMO010B Oeryiuii oronek. Ecnu BBenenHoe uucio pasHo 333, To
BCS JIMHEWKA CBETOJIMOJIOB JOJKHA MUTATh ¢ yacToTou 1 I'. Ecin
BBeJZIeHHOE yKciio MeHbIie 700, To ero n3oopaxeHue Ha
CEMHMCETMEHTHBIX MHJUKATOPax JOJLKHO MUTATh ¢ 4acToTou 1 I'm.
OpHa KHOTIKA JTOJIKHA UCIIOJIB30BATHCS IS cOpOca BBEJCHHOTO
4yucia, Ipyu €€ Ha)KaTUM Ha CEMUCErMEHTHBIN MHIUKATOP JOJKEH
NOTACHYTh.

P33pa60TaTI) KaJIBKYJIATODP, CITOCOOHBIN CKJIaAbIBAaTh BBCACHHLIC C
KJIaBUATYPbI ABY3HAYHBIC ACCATUYHBIC YHUCJlIA. HpeﬂYCMOTpCTB
OYHCTKY.

Pa3paboraTh KanbKyJIsATOp, HEPEBOASILINN BBEJCHHOE ABOUYHOE
YHCIIO (JOJHKHO 0TOOpakaTbes Ha JIMHENWKE CBETOIMO/I0B) B
IIECTHAAATEPUYHOE YUCII0, 0TOOpakaeMoe Ha CEMUCEIMEHTHBIX
uHauKaropax. IIpu BBoie uncia UCnoap30BaTh e KHONKMU: O u 1.
[IpemycMOTpETh OUUCTKY BBEACHHBIX 3HAYEHUM.

Pa3zpaboTaTh KanbKyIsTOp, IEPEBOAAIINN BBEICHHOE JBY3HAYHOE
JECATUIHOE YUCIIO (JIOJHDKHO OTOOPaKaThCsl CEMUCETMEHTHOM
WHJIUKATOPE) B IBOMYHOE YUCIIO, OTOOpakaeMoe Ha JIMHEHKe
cBeTOIMOA0B. [IpeaycMoTpeTh OUMCTKY BBEJICHHBIX 3HAUYCHUM.

Pa3zpaboTaTh KanbKyIsTOp, IEPEBOAAIINN BBEICHHOE JBY3HAYHOE
JTECATUYIHOE YUCTIO0 (JIOJKHO 0TOOPaKaThCsl CEMHUCETMEHTHOM
WHJIUKATOPE) B MIECTHAAIATEPUYHOE YKCIIO, OTOOpakaeMoe Ha
CEMUCETMEHTHBIX UHANKaTopax. [IpeoOpazoBanue q0KHO
MPOUCXOJUTH MO HAXKATHUIO KHOMKU. [IpenycMoTpeTs 0UnuCTKY
BBEJCHHBIX 3HAUCHUM.

PazpaboTath KalbKyJISITOp, CIIOCOOHBIN MPUHUMATD YUCTIA B
JBOMYHOM KOJIe (0TOOpakatoTcsl Ha JTUHEHWKE CBETOJUOOB) U
BBITIOJIHATH HAJl HUMU OTEPALINU CIOKEHHS U BEIYUTAHUS.

Pa3zpaboTaTh KambKyIsSTOp, CKIAABIBAIOIINI BBOANUMBIC
OJHOPA3PSAIHBIE NECCATUYHBIE YKCiia. BBOIUMBIE YHCIa JOKHBI
0TOOpaXKaThbCsl B ABOMYHOM KOJI€ Ha JIMHEHWKE CBETOMOIOB, a
pe3yJbTaT CIOKEHUS — B JECITUYHOM KOJE Ha CEMUCETMEHTHOM
WHJIUKATOPE.




o1

Ne

BapuaHTa

3aganue

8

PazapaboTaTh KalbKyJISITOp, CKJIA/IBIBAIOIIUHN JBa BBOJAUMBIX B
JIBOMYHOM KO/l yucia. BBoumbie unciia u pe3yabTar CI0XKeHUs
JIOJDKHBI OTOOpakaThbCsl B JBOMYHOM KOJI€ Ha JJUHEHWKE CBETOIMOIOB.
Ecnu monyuuBiieecs 4uciio He4eTHOE, TO Ha CEMUCETMEHTHOM
WHJIMKATOPE TOJDKHO 0ToOpaxkathes «111», ecnu yeTHoe —
muraromiee ¢ yactotou 1 'ty 3Hauenne «000».

3anporpaMMHUpOBaTh Ha KJIABUATYPE KHOMKH TaKUM 00pa3oM, 4TOObI
MIPU HAXKATUU OJJHOM M3 HUX JBHKEHHUE OCTYIIEro OroHbka Ha
JUHENKE CBETOIMO/IOB OBLIIO ClIeBa HAMPABO, IPU HAXKATUU APYTol —
CIIpaBa HaJIEBO; HAXKATHS HA TPETHIO MMPUBOAMIIN OBl K YBEIIMYEHUIO
CKOPOCTHU JIBUXKEHUS OTOHBKA (4eM OOJIbIIe HAXKaTHii, TeM OOJIbIIIe
CKOPOCTbD); HAXKaTHUsl HA YETBEPTYIO MPUBOAMIN Obl K YMEHBIIICHUIO
CKOPOCTHU JIBMYKEHUS OTOHBKA (4eM OOJIbIIe HAKATHIA, TEM MEHBIIE
ckopocth). [Ipu 3TOM CKOPOCTH JBUKEHUSI OTOHBKA (B YCIOBHBIX
€AMHUIAX ) JOJKHA OTOOPaXKaThCA Ha CEMUCETMEHTHOM MHAMATOPE.

10

BBectu By3HAYHOE YKCIIO B IECITUYHOM KOAE (IOKHO
0TOOpaXaTbCsl HA CEMUCETMEHITHOM MUHIUKATOPE), KOTOPOE B
JIBOMYHOM KOJI¢ (110 HaXKaTUIO0 BEIOPAHHOW KHOTIKH) JTOJKHO
UKINYECKU MePEeMENIaThCs Ha IMHEUKE CBETOIUOIOB.

11

Pa3paboTaTh KanbKyasTOpP, CHOCOOHBIN MPUHUMATH YHCTIA C
KJIaBUATYPbI B IBOMYHOM KOJi€ (0TOOpa’KarOTCs HA JIMHEUKE
CBETOAMO/IOB) U BBINOJHATH HAJ HUMH ONEpaIlii YMHOXEHUS U
cioxeHus. Pe3ynprar 10KeH 0ToOpaxaThCs Ha CEMUCETMEHTHOM
MHJUKATOPE B IIECTHAIATEPUYHOM KOJIE.

12

C noMonIp0 KJIaBUATYpPhl BBECTH JIBy3HAYHOE 1EJI0€ JECATUIHOE
yucao. OToOpa3uTh 3TO YKUCIO B JBOMYHOM KOJI€ HA JIMHEUKE
cBeTono10B. Ecin BBeJIeHHOE YK CI0 00bIle 32, TO BEIBECTH
ceMucerMeHTHbIN nHAUKaTop «000». Eciin BBEAEHHOE YUCI0 PaBHO
21, TO 3TO YHCIO JOJLKHO OBITH BBIBEJECHO HA CEMHUCETMEHTHBIN
WHJIMUKATOp U MUTaTh ¢ yactoror 1 ['n. Ecau BBemeHHOE YMCII0
MeHbIIe 70, To ero n300pakeHue Ha CEMUCETMEHTHBIX MHINKATOpax
0TOOpa3HTh

«333». OHa KHOIKA J0JIKHA UCTIOIB30BaThCA JIJIsl cOpoca
BBEJEHHOI'O YMCIIA.
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Ne 3aganme
BapHaHTa
13 Pa3paboTaTs nporpamMmy, BeIOJIHAIONIYIO nericTBus A*B+C Han

TpEMs BBEICHHBIMU C KJIABUATYPHI JBY3HAYHBIMH JICCITHUYHBIMHU
gucinamu A, B, C. BBogumbie uncia u pe3ysabTaT 0ToOpa)xaTh Ha
CEMHUCEIrMEHTPOM MHIUKATOPE B ACCITUYHOM KOJIE M Ha JIMHEHKE
CBETOAMOJIOB B JBOMYHOM KOJIE.

14 Ha cemucerMeHTHOM MHAMKATOPE TOJKHO OTOOPayKaThCs YUCIIO,
M3MEHSIOIEECs] Ha BEIMYMHY A CO CKOPOCTBIO OJTHO U3MEHEHHE B
CEeKyH[y. 3HaueHHE A JTOJKHO BBOAUTHCS C KJIAaBUATYpPbl O Havaia
cuera. HampaBnenue cuera TOJKHO MEHATHCS HaXKaTUEM BbIOpaHHOMN
KHOIIKHM KJIaBUATypPbl BO BPEMS CUETA.

15 Pa3zpaboTaTh KaabKyJIsSTOp, BEIYUCISIONINMN 3HAUCHHS CUHYCA U
KOCHHYCa BBEJICHHOTO C KJIaBUATyphl UKclia B paJiiaHax B (hopmarte
«X.XX», TI€ X — JIeCATUYHBIE ITUPBI, OTOOpakacMble Ha
CEMHUCETMEHTPOM MHAMKATOpE. Pe3yNnbTaT 10KEH BEIBOJUTHCS HA
CEMHUCETMEHTHOM MHIUKATOpE B BUIE «0.XX».

16 Pa3zpaboTaTh KaabKyJIsSTOp, paCCUMTHIBAIOIINI JJIMHY BekTOopa A+B,
riae BekTopbl A u B umeror Bua: A=(x, 0), B=(0, y). 3nauenus x, y
JOJKHBI BBOJIUTHCS C KJIABUATYPbl B BUAE ABY3HAUHBIX I€CATUYHBIX
yucen. llenas yacTs pe3ysibraTa B BUJIE€ AECATUYHOTO TPEX3HAYHOTO
YKCiIa JOJKHA OTOOPaKaThCsl HA CEMHUCErMEHTHOM MHIUKATOPE.

7.4. ConepxxaHue oT4eTa

Otuer 1o pabore odopmiasercs B COOTBETCTBUM C TPeOOBAHUSIMH,
IIPUBEICHHBIMHU BO BBEJICHHH.

7.5. BonipocsI AJ1s1 CAMOKOHTPOJIS

7.5.1. TO HYXHO cJlienaTh, 4YTOObl MOYKHO ObUIO 00padaThiBaThb CUTYAILMIO
OJTHOBPEMEHHOI'0 HaXKaTHUsI HECKOJIbKUX KJIaBHUIII?

7.5.2. Kak ocyImiecTBIseTcsl onpeesieHue CToja0ma KiIaBHaTyphl, B KOTOPOM
Ha)kaTa KjaBuIa?

7.5.3. Kak mnpousBoauTcs UASHTU(PUKAIMS KIABUIIM B TMpelesiax OJHOTO
cTOJI01Ia KJIaBUATYyPhI?

7.5.4. Kak oprann3oBaTh OJJHOKPATHOE BHITIOJIHEHUE KAKOTO-HUOYIh COOBITHUS
MIPU OJTHOKPATHOM KPAaTKOBPEMEHHOM Ha)KaTUH KJIABUIIIU KIaBUATYPHI?
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7.5.5. Kak opraHuzoBaTh IMKJIMYECKOE BBIMOJIHEHHE COOBITHS Ha BpeMs
yAEpKaHUS KIABUILIN HAKaTOMN?

7.5.6. Kak opraHu3oBaTh BBINOJHEHHE COOBITHS 3aJlaHHOE YHCIIO pa3 IpHU
KpPaTKOBPEMEHHOM OJHOKPAaTHOM Ha)KaTHH KJIABUILIH?
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8. JABOPATOPHAS PABOTA Ne6
INPOIT'PAMMHPOBAHUE TAUMEPA-CYETUUKA
8.1. Hean padoTsl

[{eapro pabOTHI SBISCTCS M3yYCHHE 0a30BBIX BO3MOJKHOCTEH TaliMepa-cueTYnKa B
MK cemerictBa STM32.

8.2 Teopernueckue cBeaeHUsI

Opaum u3 BaxHenmux moayied B MK sBastorcs taiimepbi-cuetunkn. B MK
STM32F103C8 ecth HecKONBKO THIIOB TaiiMepoB: general-purpose timers,
advancedcontrol timer, watchdog timers, SysTick timer. B nannoii pabote uccieayroTcs
generalpurpose timers. Taiimep-cuetunik B MK mo3Bosiser (hopMuUpOBaTh TOYHBIC
HHTCpBAJIbl BPCMCHH, OCYIOCCTBJIATDH HII/IM-MOI[YJI}IHI/IIO n IIOACYCT BHCHIHUX
HMIIYJIBCOB U T.n.

Paccmorpum mpuHImNI GOpMUPOBaHHS TOYHBIX BPEMEHHBIX HWHTEPBAJIOB U
TE€HEPaLNIO aHAJIOTOBBIX CUTHANOB MeToaoM [TINM.

[TporpamMma, mpuBeieHHasT B IEPBOM IIpUMeEpe, TpeOyeT YCTaHOBKH JKaMIiepa Ha
MPOIIECCOPHOM MOJyJie TaK, Kak MoKa3aHO Ha pHuc 8.1, mpH 3TOM MbE30U3ITydaTeNb
noakiovaetcs K Beioay A00 (PAO) MK.

Puc. 8.1 — HeoOxoauMmele coeIMHEHUS

[Iporpamma 8.1 — [Iporpamma ocyiecTBIsS€T FeHEpaAllMIO CUTHAJIA B BUJIE MEaHIpa

C CKBA)KHOCTBIO 2 ¢ YaCTOTOM, IMHEHHO n3MeHsromeics ot 1 k' qo 9 xI'm.

#include "stm32f10x.h"
#include "stm32f10x gpio.h"
#include "stm32f10x rcc.h"
int n=0
void delay (void) // o6nbaBieHre QYHKUMM BPEMEHHON 3alepXKu
{
int i;
for (i=0;1<0x50000; i++);



55

int main()
{
GPIO_ InitTypeDef PORT;//BxjouaeMm nopT A u Tarmep 4
RCC_APB2PeriphClockCmd (RCC_APB2Periph GPIOA , ENABLE);
RCC_APBlPeriphClockCmd (RCC_APBlPeriph TIM4, ENABLE) ;
PORT.GPIO Pin = (GPIO Pin 0);
PORT.GPIO Mode = GPIO Mode Out PP;
PORT.GPIO_ Speed = GPIO Speed 2MHz;
GPIO Init (GPIOA, &PORT);

TIM4->PSC =1; // HacrpamBaeMm mejuTejib TanMepa

TIM4->DIER |= TIM DIER UIE; //UYToOn TaliMep TeHepMUpPOBaJl NPEpPHBaHNA
TIM4->CR1 |= TIM CR1 CEN; // Bamnyck raiimepa
NVIC EnableIRQ(TIM4 IRQOn); //PaspemeHue NOPEPHBaHMA OT TalMepa
while (1)
{// obecneumBaHme B LMKJIE JIMHENHOE M3MEHEHMEe UaCTOTEH
n=3000;

while (n<25000)

{
n+=1000;

TIM4->ARR = n;
delay();
}

}// OoT COOEepPXMmMMOI'O ARR 3aBMCUT UYacToOTa CJIeLOBaHMA MMIIYJILCOB

}
// Obpaborumux npepesanmsa TIM4 DAC

void TIM4 IRQHandler (void)

{
TIM4->SR &= ~TIM SR UIF; //COpacereaeMm Oyar NpepeHBaHMs IO TakMepy 4
GPIOA->ODR”"=(GPIO_Pin 0); //VuBepTupyem cocrosaume supoma PA(0 }

[Iporpamma, npuBeieHHAsI BO BTOPOM MpUMepe, TpeOyeT YCTaHOBKH JKaMIiepa Ha
OTJIAJIOYHOM TUTaTeTe TaK, KaK MOKa3aHo Ha puc 8.2, a TaKKe COSAMHEHUS KOHTAKTOB
A02 ¢ PW LEDO, npu sTom obecrnieunBaercs nogayda LM curnana uepe3 RC ®HY na

MTbC30U3ITYYaTENb.
3TOT KOHTAKT
COE€OMHHMTE C
Puc. 8.2 — Heo0xoaumele coeTMHEHUS
[Iporpamma 8.2 — IIporpaMma OCYIIECTBIISIET T'E€HEPALMIO TapMOHUYECKOTO

cur”aia ¢ yacrtoroit 1 k1L

#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; i != 580; i++);

}

int main()

{
//BrOonyaeM mopT A
RCC_APBZPeriphClockad(RCC_APBZPeriph_GPIOA , ENABLE) ;
//BrawyaeM TarMep 2
RCC_APBlPeriphClockCmd (RCC_APBlPeriph TIMZ2, ENABLE) ;

GPIO InitTypeDef PORT;

// HacTpouMm BHBOI Ha BHXOI

PORT.GPIO Pin = (GPIO Pin 2);

//ByIeM MCIOJIb30BaTh ajlbTEPHATUBHEM pexuM (Bueox VM)
PORT.GPIO Mode = GPIO Mode AF PP;

PORT.GPIO Speed = GPIO Speed 2MHz;

GPIO_Init(GPIOA, &PORT) ;

//PaspemaeM TamMepy UCIOONLB30BATEH BHBON PAl mmg lIMMa

TIM2->CCER |= (TIM_CCER_CC3E);

TIM2->CCMR2|=( TIM CCMR2 OC3M 1 | TIM CCMR2 OC3M 2);
//3amnyckaeMm TanMep

TIM2->CR1 |= TIM CR1 CEN;

TIM2->ARR = 255 ;// maimep cuuraer no 255
//YTO aHAJOTMYHO 8-MM pPaspamgHOMYy TalMepy,onHako 0 GakTy cueTuuk 16paspamHbi
// MacCuB OTCUETOB CUHYCOMIE
int sin[l16]={127,176,217,244,254,244,217,176,127,79,37,10,0,10,37,78};
int i;
while (1)
{
for (i=1;i<=15;1i++)
{
// BaHoCuUM B PErMCTP CpaBHeHMS TpebyeMul KOo2bOMIUMEeHT 3arnoJiHeHUS
TIM2->CCR3=sin[i];
// %meM repen TeM KakK BBIOATH CJEIYKIU OTCUeT
delay();
}

8.3. llopsinok BbINOIHEHHS PadOThI

[Tonw3yscek nmporpammamu 8.1 1 8.2 B KauecTBe 00paslia, co3/aTh NEPUOTNICCKUM
curHai ¢ nepuogom T (Tadm. 8.1) ¥ 3aBUCHMOCTBIO BBIBOJIMMBIX 3HAYCHUH S OT BpeMEHHU
B COOTBETCTBUU C Ta0. 8.2. CUHTE3UPOBAHHBIN CUTHAJ BHIBECTH Ha ociuiuiorpad.

Tabnuna 8.1 — MnauBuayansHbIe 3a1aHUs TIepUOa CUTHaIa

Ne ITepuon T
n/m cursana, kI I
1 2
2 4
3 15




Ilepuon T
n/m curgana, kI 11
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

S7

Tabmuma 8.2 — VHauBuIyanbHBIC 3aaHUS 3aBUCUMOCTH BBIBOJIUMBIX 3HAUCHUN S

OT BpEMEHU

Ne

Ba-
puaHTa

3aganue

1
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Ne 3aganue
2
s A
|
|
| >
T t
3
s A
|
|
>
T t
4
s A
V
| >
T t
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Ne 3aganue
5
s A
T
6
s A
|
|
I
T
7
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Ne 3aganue
pnl:m-Ta
8
s A
[}
|
|
T
9
s A
[}
|
|
T
10
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Ne 3aganue
Ba-
nnnnn
11
s A
[}
T
12
s A
|
|
I
T
13
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3aganue

puaHTa

14

15

16
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8.4. Conepikanue or4yera

Otyer mo pabore odopmiseTcss B COOTBETCTBHH C TPEOOBAHHUSIMH,
MIPUBECHHBIMHU BO BBEJCHUH.

8.5. Bonpochl 1J11 CAMOKOHTPOJISA

8.5.1. CkompkO H KaKUX TallMEpOB/CUETYMKOB BXOAUT B COCTaB
mukpokontpouiepa STM32F103C8? 8.5.2. Kakue Tumbsl mpepbIBaHUN MOTYT
r€HEPUPOBATh TAUMEPBI-CUETUUKN?

8.5.3. B ueM coctout oTiimune paboThl TaiiMepa/cueTynka B peKUMe TaliMepa
U B PEKUME CUETUMKA?

8.5.4. Jlyis yero ucnosb3yeTcsi CTOPOKEBOU TauMep?

8.5.5. B kakoii 001acTu maMsaTi HaXOASITCSI PETUCTPhl TAMEPOB-CUETYUKOB?
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