Bnagumup TATAPYEBCKUK
arktur04@mail.ru

NpumeHeHune SWITCH-texHONOruu
npu pa3paboTKe NPUKIaAHOMO
nporpamMmMHoro obecrnevyeHus

ANs MUKPOKOHTponepoB. HYacTtb 5

B npepbiaywmx cratbax yukna [1, 2] paccmatpusanca mexaHU3M peanusauuu
taiimepos B SWITCH-nporpammax. B gaHHoOM cTaTbe Gyaer npogonxkeHo

ob6cyxaeHue peannsayuu TaiMepoB.

cratbe [1] Ipu paccMOTpeHNH MeXaHu3-

Ma pabOThI TaliMepPOB BUPTYaJIbHbIE Tail-

mepbl B SWITCH-nporpamme Ob11 yc-
JIOBHO pPasjieJieHbl Ha /IBAa THUIIA: JIOKaJIbHbBIE
u rio6anbHble. [IpH 9TOM JIOKaJIbHBIM TaiiMe-
pom ObLT Ha3BaH TaiiMep, OTCIUTHIBAIOILIUIT Bpe-
MSI C MOMEHTA BXOJa B COCTOSIHIE' KOHETHOTO
ABTOMATa, KOTOPBII HCIIOTb3YeTCs IS OTIpefie-
JIEHUSI Y CJIOBUH BBIXO/A U3 TAHHOTO COCTOSTHIS
TI0 MICTeYeHNN OTIPeIe]IeHHOTO MHTEePBaIa Bpe-
MeHH. Taxke ObLIO OTMEYEHO, 9TO ITI0OIBHBII
TaiiMep, 06JIaCTh IEMCTBHUSI KOTOPOTO OXBATHI-
BAaeT HECKOJIBKO COCTOSIHMIA, 001aaeT ropasao
6omb1reit ru6rocThIO (puc. 1). UTak, paccmor-
PUM IIpuMep IPUMeHEHN I7100aIbHOTO TaliMe-
pa 1 eTo MpOTPaMMHYIO PeaNn3anuio.

Fno6anbHble TaliMepbl

[1o6anbHBIM OyieM Ha3bIBAaTh BUPTYAJIbHBII
TaiiMep, 3HaYeHNe KOTOPOTO HHUIUATH3HPYeT-
CS1 B OfHOM COCTOSTHUH aBTOMATa, 4 IPUMEHSI-
€TCs B KA9eCTBE YCJIOBHS [IEPEX0fia — B IPYTOM.
C ero MOMOIIBI0 MOXKHO HPHUAATH BPEMEHHOM
JIeTePMUHHU3M IIPOLIECCY, KOTOPBII YIIPABIIseT-
CS TPYIIION COCTOSTHUI aBTOMATa.

7151 TOrO 9TOGBI IIOHSITH, 3a9€M HYKHBI IJ10-
GaxbHBIE TaliMEPBI, PACCMOTPUM B KadeCTBe
IpuMepa CUCTeMY YIIPABJICHHUs YCTAaHOBKOI 110~
madu Bofibl B Tpy6ompoBoz. PyHKI[HOHAIbHASL
cXeMa yCTaHOBKH ITOIadH BOJIBI B TPY6OIIPOBOZI

1 B kayK70€ COCTOSHEE aBTOMATa, pasymeercs (npum. abmopa).
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Puc. 1. JlokanbHbie 1 rnobanbHbie TalMepbl:

a) NIoKasIbHbI TaiMep 3anycKaeTCcs B Kay[oM COCTOSHUM NPU BXOAiE B HETO KOHEYHOro aBToMara;
6) rnobanbHbiii TaliMep SBASETCS OBLLMM ANS rPYNMbl COCTOAHMN aBTOMaTa
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Puc. 2. ©yHKuMoHabHAs CXeMa YCTaHOBKHW Nojaqn BOAb! B Tpy6onposos,

IpuBeleHa Ha puc. 2. Bona mocrymaer B 6ax 4e-
pes KJIalaH HaJIuBa, a 3aTeM MOCTYIIaeT U3 6aKa
B TEXHOJIOTHYECKUIT TPyOOIPOBOJ Yepes Kiia-
TaH TOaYH.

CucreMa I0JDKHA ITOZIaBaTh B TPyOOIIPOBOL,
BOJIY B KOJIMYECTBE (IIPEMIONIOKIM) JIECITH 00~

eMoB 6aka 3a onuH pabouanii ki1 C Herbio 9Ko-
HOMUH 060pynoBaHus 060feMcs 6e3 pacXomo-
Mepa, a Oy/ieM BBIYHUCIIATh 00beM BOJIBI HCXOJIS
U3 BpeMeHU 3aroHenus 6aka. [Ipu atom pac-
XOJI BOZBI B eIMHUIY BpeMeHH 3apaHee Hen3Be-
CTeH, HO TIPEMIIOJIAraeTcst, IT0 OH CYIIeCTBEHHO
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Puc. 3. KoHeuHbli aBTOMaT CUCTEMbI yNpaB/ieHUs yCTaHOBKOM NoJadu BOAbI
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Puc. 4. KoHeuHblit aBTOMaT, ONMCbIBAIOLLMIA 106aNbHbIN TalMep
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Puc. 5. YnpoLueHHbIi KOHeuHbll aBToMart r1obabHoro TaiMepa

He U3MEHSIeTCs 3a BpeMst OfIHOTO pab0dero K-
1. CKOpOCTb 3aI0JIHEHNsT OaKa JIETKO U3MEpPUTD
110 BpeMeHH €To 3ar0HeHns (0T cpabaThIBaHUs
JaTYMKA HIDKHETO YPOBHS 10 CpabaThIBaHUS
JaTYKMKa BEPXHErO YPOBHsI) IIPU OTCYTCTBUU OT-
60pa Bozer 3 Gaka (KiIamaH MOJaIy 3aKPhIT).
I[TycTp pu 9TOM CKOPOCTh HaOOpa BOZBI B OaK
BBIIIIe CKOpOCTH 0T6Opa Boxs! 13 Gaxa. [Toato-
MY HeJIb3sI IPOCTO OTKPBITH KJIAIIAH HAJINBA
7 OTCYHUTATD OIIpeIeJIeHHOE BPeMs, TaK Kak 6aKk
neperosiHUTCA. CllenoBaTeIbHO, HEOOXOIUMO
MPUMEHUTD 60Jtee THOKHIT IIOIXO].

M306pasuM aaroput™ paboTsl yCTaHOBKI
B BHJIe KOHEYHOTO aBTOMATA C ITI0OTbHBIM Tail-
Mepom (puc. 3).

LIuKII CHCTeMBI HAUMHACTCSI C OTKPBIBAHUS
KJIalaHa HaJIuBa. [Ipu 9TOM KJIaIaH [ojiaqy 3a-
KpbIT. OTHOBPEMEHHO € Ha4aJIOM pab0odero IuK-
JIa HAYMHAETCS OTCYET BpeMeHH TaiiMepoM (Co-
crosaue 1 «Havano Hanmsay). [Toctymenue Bo-
OBl TIPOMIOJIKACTCS 10 IOCTHKEHUS BEPXHETO
ypoBH# 6aka (coctosiHue 2 «KoHelr epBoro Ha-
smBa»). [Tocie 9TOrO 3aKpHIBAETCSI KTamaH Ha-
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JINBa, U3MepPsIeTCs BpeMsi 3aII0JTHeHUsT OaKa, BbI-
YUCISIETCS TI0JIHOE BPeMst HaJluBa TpeOyeMoTro
KOJIMYeCTBa BOJIbI, OTKPBIBACTCS KJIAIIAH HO/a-
4u B Tpybomposoy. [Tocne ocymienus 6aka as-
TOMAT IIepeXoauT B cocrosiaue «IIponosmkenue
HasmBa». [To Mepe 3amoHeHus 6aKa ¥ ero omy-
CTOILICHVSI ABTOMAT IIEPEKIIIOYACTCS MEXKIY CO-
crosHusAMIE 3 «3aronHeHne 6aka» u 4 «Onopox-
HeHue 6aka». [Ipu 9TOM OTCYeT BpeMeHH Ipo-
HCXOLMUT TOJIBKO IIPH OTKPBITOM KJIalaHe
HaauBa. [1o MPOXOK/IEHUN TIOJIHOTO BPEeMEHI
HaJINBa aBTOMAT IIEPEXOJUT B COCTOSIHUE 5
«CIuB OCTaTKa BOIBI», a 3aTEM 3aBepIIIaeT pa-
6oty (cocrostaue 6 «KoHer HanuBa»).

Ha npuBeieHHOM ITpuMepe XOPOIIO BUTHBI
OT/INYHS NIOOATBHOTO TaliMepa OT JIOKAJIBHOTO.
I[TepBoe oriamyme, yiKe 00CysKaBIIIeecs BhIIIIE,
3aKJII0YACTCS B TOM, YTO 3aITyCK TaiiMepa Ipo-

HCXOZIUT B OJHOM COCTOSIHUU aBTOMATa, @ €ro
3HaYeHHUe CITY/KUT YCIOBHEM IIepexofa B APyroe
COCTOsIHHE (MJIN HECKOJIBK]j COCTOSHUQ). BTo-
poe OTIIIYHE COCTOHUT B TOM, 9TO OTCYET BpeMe-
HH I7100aJIbHBIM TaiIMEPOM MOKHO ITPHOCTAHO-
BUTB («IIOCTAaBUTD HA I1ay3y»)’, a IIOTOM CHOBA
3aITyCTUTh. biaromapst 5ToMy MBI MOKEM KOH-
TPOJIIPOBATh BPeMsI IIPOTEKAHUSI HE TOJIBKO He-
IIPEPBIBHBIX IIPOIIECCOB, HO M TAKKMX HPOIIECCOB,
BBIIIOJIHEHHE KOTOPBIX HEPUOANIECKH TIPHOC-
TaHABIUBaeTCs (Kak HAGOP BOMIBI B IIPUBEIEH-
HOM nipuMepe). TpeThbst 0cO6eHHOCTH IT06aTb-
HOTO TaliMepa COCTOUT B TOM, YTO MBI MOKEM
B J1I0601 MOMEHT BPEMEHHU IIPOYHUTATH €ro Te-
Kylllee 3HaYCHUE U MCII0JIb30BATh B BBIYUCIIE-
HUSX (17151 JIOKQJBHOTO TaliMepa MBI TOXKe MO~
JKeM IIPOYUTATD ero TeKylliee 3Ha4YeHHe, HO TaK
KaK OH «CYIIIECTBYET» TOJIBKO B IIPefieslaX OTHO-
IO COCTOSIHMS, 9TO He TAK HHTEPECHO C IIPAKTU-
YeCKOU TOUKU 3PEHUS).

HTax, moHsIB, 9TO TaKoe IOOATBHBII TaliMep
U [IJI1 4eTO OH HY’KEH, OTUIIEM €ro QyHKIIHO-
HupoBaHue Gosee hopmanbHo. [list obecreye-
HUs pabOTHI € TII00ATBHBIMY TaAIMEPAMU HC-
[OJIb3yeM CIeYIOonIie QyHKIN:

void StartGTimer(unsigned int GTimerID); //3amyck Taiimepa

void StopGTimer(unsigned int GTimerID); //Ocraros TaitMepa
void PauseGTimer(unsigned int GTimerID); //IIpiocTanoBKa pa6o-
ThI TaiiMepa

void ReleaseGTimer(unsigned int GTimerID); //IIpogomkennue pa6o-
ThI TaiiMepa

unsigned int GetGTimer(unsigned int GTimerID); //TTonygennue Te-
KYIIIEro 3Ha4eHus TaiiMepa

Temnepb MbI JIETKO CMOKEM OIMCATh MTOBELIe-
HHe I7700aJbHOTO TafiMepa B BUJie KOHEYHOTO
aBromara (puc. 4).

OTMeTHM, YTO Ha IPAKTUKE KOHEIHBIIT aBTO-
Mar, IIPUBE/ICHHBII Ha PHC. 3, MOKHO YIIPOCTHUT,
00benMHUB COCTOSIHYS | U 3 ¥ 130aBUBIINCH
ot ¢yuxnun StopGTimer (Tak Kak OHa CTaHO-
BUTCSI 9KBUBATEHTHOH (yHKunu PauseGTimer).
YporreHHbIi TakuM 00pa3oM KOHEYHBII aBTO-
Mar u306pakeH Ha puC. 5.

[lepefineM K IpOrpaMMHOI peaau3auy Me-
XaHU3Ma [I0OATbHBIX TalIMEPOB.

2 MoskeT GbITh, BbIPaKEHHE «IIOCTABUTH TAiiMep Ha [ay3y» HECKOJIBKO IPOMO3JIKO I He CIIMIIKOM y[Q4HO, HO [03BOJIseT GoJiee 4eTKO PasrpaHi-
YHTb COCTOSIHIE II0JIHOIO OCTAHOBA TaiiMepa, B KOTOPOM OH COPOLLIEH «B HOJIb», 1 COCTOSHIE BPeMEHHOI! IPUOCTAHOBKHU ero paGoThl, B KOTOPOM
OH COXpaHseT TeKyIllee 3HAYCHUE CIeTINKA BPeMeHIL. 3/1eCh MOKHO IIPOBECTH AHAJIOTHIO C MArHUTO(DOHHOI KaCCETOl, KOTOPYIO MOKHO [ePeMO-
TaTh K HadasTy (IIepeBecTH TaiiMep B COCTOSIHIIE OCTAHOBA) MM HAJKATh KHOIIKY «I1ay3a», a 3aTeM, Yepes KaKoe-TO BPeMsl, IPOIOJIKUTH BOCIIPO-

ussenenue (npum. abmopa).




MporpaMmMHas peanusauus
MexaHW3Ma rnobanbHbIX TaiiMepos

#ifndef TIMERS_h
#define TIMERS_h

#define MAX_GTIMERS 16 //MakcumaibHOE K-BO I0GIBHBIX Taii-
MepoB B cuCTeMe

//MnenTnduxatopsr r1o6aIbHEIX TaiMepoB

#define GTIMER1 0
#define GTIMER2 1
#define GTIMER15 11

/|®yHKIMK PabOTHI € IOGAIBHBIMHA TaiiMepaMu

void InitGTimers(void); //MHnipaimsarus ro6aibHbIX TaitMepoB
void StartGTimer(unsigned int GTimerID); //3amyck Taitmepa

void StopGTimer(unsigned int GTimerID); //Ocraros Taitmepa
void PauseGTimer(unsigned int GTimerID); //ITpuocranoska pa6o-
THI TaiiMepa

void ReleaseGTimer(unsigned int GTimerID); //ITpogoskerne pa6o-
ThI TaiiMepa

unsigned int GetGTimer(unsigned int GTimerID); //ITomy4enue Te-
KYIILEro 3HaYeHUs1 Taiimepa

#include «timers.h»

unsigned int GTimers|MAX_GTIMERS]; //B maccuBe XpaHsTcs Te-
KyII¥e 3HaYeHNsl 17100/ IbHBIX TAIMEPOB

//Cocrosiaus TaitmMepa

#define TIMER_STOPPED 0 //Taitmep ocraHOB/IeH
#define TIMER_RUNNING 1 //Taitmep pa6oraer
#define TIMER_PAUSED 2 //Taiimep Ha mayse

char GTStates] MAX_GTIMERS]; //B maccuBe XpaHsITCs TeKyIIjue co-
CTOSIHUSI IJI0GATBHBIX TaiMEPOB

void InitGTimers(void) //Munimannsanus r106aibHEIX TaitMepOB

char i;
for(i = 0; i < MAX_GTIMERS; i++)
GTStates[i] = TIMER_STOPPED;

void StartGTimer(unsigned int GTimerID) //3amyck Taiimepa
if(GTStates[GTimerID] == TIMER_STOPPED)
{

GTimers[GTimerID] = 0;
GTStates[GTimerID] = TIMER_RUNNING;
}
}

void StopGTimer(unsigned int GTimerID) //Ocranos Taitmepa
GTStates| GTimerID] = TIMER_STOPPED;

void PauseGTimer(unsigned int GTimerID) //IIpiocraroBka pa6o-
TBI TaiiMepa
{
if (GTStates[GTimerID] == TIMER_RUNNING)
GTStates|GTimerID] = TIMER_PAUSED;

void ReleaseGTimer(unsigned int GTimerID) //TIponomkenue pa6o-
TBI TaliMepa

if(GTStates[GTimerID] == TIMER_PAUSED)
GTStates| GTimerID] = TIMER_RUNNING;
}

unsigned int GetGTimer(unsigned int GTimerID) //IToxygenue Te-
KyIIETo 3Ha4YeHHUs Taiimepa

{

return GTimers[GTimerID];

void ProcessTimers(void) //o6pa6oT4iK mpephIBarms TaiiMepa/caeTdnKa

{

char i;

for(i = 0; i < MAX_GTIMERS; i++)
if(GTStates[i] == TIMER_RUNNING)
GTimers[i]++;

He6onbmioe orcrymnenue. Kak BupHO 13
IPUBEJECHHOTO BBIIIE JIUCTHHIA, IPOTPAMMa,
KOTOpasi peajnu3yeT ylpaBjieHue II100aabHbl-
MU TaliMepaMu, HOCTPOeHa 10 rpady KOHed-
HOTO aBTOMAaTa, TIOKAa3aHHOTO Ha PUC. 4, TIpef-
HasHaveHa Jis ucnoab3osanus B SWITCH-
IporpaMMax, OJHAKO caMa II0 cebe oCTpoeHa
He mo SWITCH-texHOMOTHN. DTO BBI3BAHO
TeM, YTO IEPEXOIbl MEKY COCTOSIHUSIMMU Tail-
Mepa IMPOUCXOJAT T10]] BO3JEHCTBUEM BBI3O-
BOB (yHKUNIT 1 Hanboree yI0OHOM B TaHHOM
CiTydae SIBJSIETCS PeasIu3alisl 9TUX [ePeX0I0B
HEIIOCPENCTBEHHO B QYHKIUAX yIPABIECHHS
TaiiMepoM, a He B eIMHOM omepaTope switch.
Takum 06pa3om, MbI HECKOJIBKO ITOXKePTBOBA-
JIM «9UCTOTON KOHIIEIIIUI» PATH IPOCTOTHI
peayusanuu.

Ceifgac MBI JIETKO CMOKEM HOCTPOUTD IIPO-
TPaMMYy, peaausyIoNlylo KOHEYHBIIT aBTOMAT,
n306paXKeHHBII Ha PUC. 3.

char state; //mepeMeHHas COCTOAHMSA aBTOMATA
char _state; //mpepinyiiee cocTosiHIE aBTOMATa
char entry; //nar = 1 mpu BXojie aBTOMATa B HOBOE COCTOSIHIIE

unsigned int full_time;//monroe Bpems HasmBa
void InitFSM(void)
{

state = _state = 0;

entry = 0;

}
void ProcessFSM(void)
{
if (state != _state) entry = 1; else entry = 0;
switch(state)
{
case 0: //HeakTHBHOE COCTOSIHIE
if (GetMessage(MSG_ACTIVARE)) state = 1;
break;
case 1: //Havaso HanmBa
if (entry) //mpu BXOzIe B cocTOSIHIE

StartGTimer(TIMER1);//3amyckaem Taitmep
SetOut(KP, off);//3akpriBaem Kianas noxadu
SetOut(KN, on);//OTkpbiBaeM KIIallaH HaIMBa

b
if (GetInput(DVU))//Eciu Gak samosHer
state = 2;//1IepexouM K COCTOSHHMIO 2
break;
case 2: //KoHeI 1IepBoTo HajiBa
if (entry) //mpu BXOzIe B cocTOSIHIE
{
PauseGTimer(TIMER1); //CraBum Taitmep Ha Tay3y
SetOut(KP, on);// OTKpbIBaeM KJIanaH MOaqH
SetOut(KN, off);// 3akpsiBaeM KiiamaH HaJiBa
full_time = GetGTimer(TIMER1) * 10; //Bbraucisem mos-
HOe BpeMsl HaTHBA

b
if (GetInput(DNU))//Ecu 6ak mycr
state = 3;//mlepexoIMM K COCTOSHMIO 3
break;
case 3: //3anonHenne 6aka
if (entry) //mpu BXOfie B coCTOSIHUE
{
ReleaseGTimer(TIMER1); //Crumaem taitmep ¢ may3ast
SetOut(KP, off);//3akpbiBaem KianaH noxadu
SetOut(KN, on);//OTkpbiBaeM KIamaH HaIMBA

b
if (GetInput(DVU))//Eciu 6ax sanonnen
state = 4;//1lepeXOANM K COCTOSIHUIO 4
if (GetGTimer(TIMER1) >= full_time)//Eciu Bpemst HanuBa
HCTEKIIO0
state = 5;//11epexoJIMM K COCTOSIHHIO 5
break;
case 4: //OnoposxHerne 6aka
if (entry) //mpu BXOzIE B COCTOAHIE

PauseGTimer(TIMER1); //CraBum TaiiMep Ha maysy
SetOut(KP, on);// OTkpbIBaeM Ki1anaH mogaqn
SetOut(KN, off);// 3akpsiBaeM KiiamaH HajiBa
I
if (GetInput(DNU))//Eciu 6ak mycr
state = 3;//mepexouM K COCTOSHHIO 3
break;
case 5: //CnuB ocraTka BOJIbI
if (entry) //mpu BXOzIE B COCTOSTHEE

{

SetOut(KP, on);// OTkpbiBaeM KIIamaH I0a4n
SetOut(KN, off);// 3akpbiBaem KIIamaH HaIuBa

5
if (GetInput(DNU))Eciu 6ax mycr
state = 6; IepeXOIUM K COCTOSHHIO 6
break;
case 6: //Komer HaTiBa i 3aBepIeHHe PaGOTEHI
if (entry) //mpu BxOZE B COCTOSHIE
{
SetOut(KP, off);//3akpriBaem kiraman nogaqn
SetOut(KN, off/ 3akpsiBaeM Ki1amnaH HaauBa
15
state = 0;//3aBepiraem paboTy H IePeXOIIM B HEAKTHBHOE CO-
CTOsIHHE
break;
15
state = state;

}

CrenaeM HEKOTOpBIE MOSICHEHUS K KOAY.
B nporpamme npucyTcTByeT (iar entry, mpu-
HUMAIOIUH 3HadeHne 1 Ha cienyrones urepa-
1[I IUKJIA TOC/Ie N3MeHEeHN aBTOMaTOM CO-
crostaust. OH Hy)KeH JUISl TOTO, YTOOBI IeHCTBUS
B COCTOSTHHSIX BBITIOJTHSUINCH OTHOKPATHO IO~
CJle BXOJAa aBTOMaTa B COCTOSTHME. B camoM fie-
JIe, ecu TafiMep OyzeT cOpachIBaThCS Ha Kak-
IOVl UTepaliy IIUKJIA, TO OH IIPOCTO He OyneT
paborars! [t OTCIEKUBAHUS U3MEHEHHUS CO-
CTOSTHHH CITY’KHUT BCIIOMOTaTeIbHasl TepeMeH-
Hag _state. [Tocie kaxmon UTEpaluU IIepeMeH-
Has _state IpUpaBHUBAETCA K IIEPEMEHHOM CO-
CTOSHMS aBTOMATa state.

O HEKOTOPBIX aCTIeKTax MPUMEHEeHHS TafiMe-
POB B aBTOMAaTHOM IIPOTPAMMHPOBAHUH BBI MO~
JKeTe IPOIUTATh B [3-7].

Ha 9T0M MBI 3aKOHYIM 0OCY’K/IeHHE TaiiMe-
POB 1 IepeiieM K ONTUCAHIIO HEKOTOPBIX IPaK-
THYIeCcKUX puMepoB npumenenns SWITCH-
TEXHOJIOTU.

Abmop bvipaxaem znybokyto 6nazodapHocto
Anamonuto Ab6pamobuuy Ilanvimo 3a yennvie 3a-

Meuanus u pedakmupobarue cmamou. |
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