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920 npoeKTHpOBaHUe

Bnagumup TATAPYEBCKUM
arktur04@mail.ru

IHOM U3 TeXHOJIOTHU, 00/1er4aromux

paspaboTky BcrpoenHoro 10, sBister-

cst SWITCH-TexHOIOTHS, YIIOMUHAB-
mrasicst B pabore [1]. CeromHst MbI pacCMOTPUM
onuH u3 BapuanToB SWITCH-TexHonmorny, npu-
MeHsieMblil Tpu pazpaboTke [TO MUKPOKOHT-
posutepoB. JaHHBIN BapHaHT peaJu3aluu
SWITCH-rexHosoruu 611 pagpaboTaH aBTo-
POM JUIs CO3MIaHusI COOCTBEHHBIX IIPOEKTOB, 1,
KOHEYHO JKe, He SIBJISETC eIUHCTBEHHO BO3MOK-
HBIM. ABTOp HaMepeH U B IaJIbHENIIIeM PasBU-
BaTh IIpeIJIaraeMyIo KOHIEIIIHIO IPOrpaMMuU-
poBaHus, fienast ee 6osee rTHOKOI U IIPUCIIOCOO-
JIEHHOW K BechbMa HIIMPOKOMY KpPYTy 3ajad.
ABTOp TaKKe HaJeeTcs, YTO HaHHAs 1Ty OIIIKa-
I¥s1 IIOCITY KHUT CBOETO POJid IPUMEPOM JULS Py~
TUX IIPOrPaMMHECTOB, ¥ TOOYAUT UX K ITy6JInKa-
LUK CBOUX Pa3pabOTOK.

B mocrenHee Bpemst, [0 Mepe pOCTa MOIIIHO-
CTH MHKPOKOHTPOJIIEPOB, BCe GOJIBIIIYIO IOy~
JSIPHOCTD IIPHOOPETAIOT OIlepPaIlnOHHbIE CUCTE-
MbI peanbHOTO BpeMenu (OCPB), takue Kak
uC/OS 11, Embedded Linux u 1. 1. OgHako ux
IIPUMEHEHIE He peliaeT BcexX pobieM, BO3HU-
karomux 1pu paspaborke I1O. Bo-niepBbIx, mpu-
meneHne OCPB orpaHndeHo CpaBHUTEIHHO
MOIITHBIMUA MUKPOKOHTPOJUIEPAMHE U IIPAKTHU-
YeCKH UCKITIOYEHO JIJIs HanboJiee MacCOBOTO Cer-

——

NpuMeHeHHUe

SWITCH-texHonorum

npu pa3paboTKe NPUKAaLHOro
nporpamMMHoro obecneueHus

AN MUKPOKOHTposinepoB. HacTtb 1

B npeabigyueli cBoe ctatbe [1] aBTOp NpeAnpUHAN NONbITKY pacCMOTpPEHHs
psaa npobnem, BO3HUKAIOWMX NpU pa3paboTke NPUKAA[HOro MPOrpaMMHOro
ob6ecneueHus (M0O) BcTpoeHHbIX cucTeM (B fanbHelweM GyaeM Ha3bIBaTb €ro
«nporpaMmmHoe obecneueHune»). MHOrue NonoKeHUs cTaTtb MOMIM NOKa3aTh-
€A CMOPHbIMU, HO, 6€3 COMHEHUA, 3aTPOHYTble B HEW BONPOCHI ABNSAIOTCA aK-
TyanbHbIMH, YTO AEMOHCTPUPYET PSAA YUTATENIbCKUX OTKNMKOB. Mexxay TeMm, cy-
LEeCTBYIOT TEXHONOrMHU NPOrpaMMHUPOBaHHUS, CyLeCTBEHHO obneryalowme pas-

paboTky BcTpoeHHoro MMO.

MeHTa MEKPOKOHTPOJLIEPOB — 8-PaspsIIHbIX
ycrpoticT. Bo-BTopsix, OCPB npuMeHsIoT Tam,
I7ie He0OXO[IMO OPraHM30BATh BBIIIOIHEHUE
1 B3aHMOJICICTBHE HECKOJIBKIX IIPOrPaMMHBIX
IOTOKOB, IIPH 9TOM MHOTHTe IPOOIeMbI Pa3pa-
6O0TKHI He TOJIBKO CHUMAIOTCSI, HO M MOTYT YCy-
ry6uthcst. PazpaboTka IPUIOsKEHHE, COCTOSIIINX
U3 MHOYKECTBA aCHHXPOHHBIX IOTOKOB, BBIIIOJ-
HSIOIINXCS 3a9aCTYIO C Pa3HBIMH IIPUOPHUTETa~
MH, TpeOyeT OT IIPOrpaMMHUCTa IPUMEHEHHS
CJIOKHBIX CPEJICTB OPraHHM3aIliH B3aUMOJEHCT-
BHSL IIOTOKOB, UTO IIPHOOPETAET 0COOYIO CIIOK-
HOCTB IIPU OPTaHMU3ALUH JOCTYIIA Pa3INIHbIX
IIOTOKOB Y allllaDaTHBIM PeCypcaM MHKPOKOH-
TpoJuTepa. BripoueM, IOCTOMHCTBAM U HEIOCTAT-
kaM OCPB MOKHO IOCBATHTB OTIEIBHYIO CTa~
TBIO, @ 371eCh JOCTATOYHO CKA3aTh, 4TO IPHMe-
Herne SWITCH-rexHonornu B psjie cydaes
CHUMaeT HeoOXOUMOCTb ucnosb3osanus OCPB
3a CYeT TOTO, 4TO, BO-TIEPBBIX, B3AUMOJIEHCTBIE
MEX[Iy aBTOMaTaMH OCYIIeCTBILIETCS Goriee IIpo-
CTBIM 00pa3oM, 4eM Mexay norokamu OCPB,
BO-BTOPBIX, TPHIMEHEHIe aBTOMATOB JIe/IaeT 10~
BefleHHe TIPOrpaMMBI a6CONIIOTHO IeTePMUHH-
POBAHHBIM, a B3aUMOJIeHCTBIE IoTOKOB B OCPB
TpelyeT TOMOIHUTEIBHBIX (M HEMAJIbIX) Y CHIIHIL
1 yerpaneHus koymusuit. Onaaxo SWITCH-
TEXHOJIOTHS BOBCE He MCKIII0UaeT IPIMeHeHHe

Kak y>xke ynomunanocs B pabote [1], SWITCH-TexHonorus, kotopas TakyKe Ha3blBaeTcsl «aBToMar-
HOE NPOrpaMMUPOBAHHE», ABISIETCSH OTEUECTBEHHOM TEXHOIOTMEN NMPOrPaMMHUPOBaHUs, CO3AaHHOM
u paspabarbisaemoit A. A. LLlanbito u ero coasTopamu. Otnnunbiv Beegernem 8 SWITCH-texHono-
THIO MOXET CNy>KWTb KHWra [2]. Kpome Toro, AHatonuit Abpamosuuy LLlanbiTo siBnsietcs ocHoBatenem
«[lBU>KEHHUS 32 OTKPbITYIO NPOEKTHYIO fOoKyMeHTauuto» [3]. C matepManamu no aToM TEXHOIOrUH
1 «[IBUXKEHHUIO» MOXKHO 03HAaKOMMUTbCA Ha cante http://is.ifmo.ru/, a Takxxe B Bukuneguu
(http:/ /ru.wikipedia.org/, ctatbsi «Switch-TexHonorus).

OIEPAIIMOHHBIX CHCTEM (B YaCTHOCTH, OHA MO~
JKeT UCIIOIb30BaThCsA MpH paspadorke 11O s
MS Windows). HatipuMep, BO3MOKeH BapHaHT
peaym3sanuu porpamm 1o SWITCH-rexHo10-
TUH, B KOTOPOM Pa3JIMIHbIe aBTOMATHI BBIIIOJI-
HSIOTCS B PAa3IMYHBIX IIOTOKAX, 0OMEHHUBAsICh
Mexay coboit coobrenusimu. SWITCH-TexHO-
JIOTHSI MOKET IIPHMEHSTBCS IS Pa3pabOTKU CH-
CTEM CO CJIO)KHBIM IOBeJIeHHeM B Pa3IMIHbIX
IPeIMeTHBIX 00JIaCTsIX, OHA IIOIXOMUT U JUISI CO-
37IaHHSI CUCTeM JKeCTKOTO PeaIbHOTO BPeMeHN.
TeXHOIOTHSA MOKET TakoKe HCIIOTb30BaThCs UL
IOCTPOEHUS CIIOKHBIX 00pabOTINKOB IIPePHI-
BaHUIA, 9TO OyJleT PACCMOTPEHO B IOC/IEAYIOIINX
CTaTBSIX.

B 4eM jKe 3aKJIIOYAIOTCS IPEHMYIIeCTBA
SWITCH-rexuon0riu Boo6111e 1 IpefIaraeMoit
pean3ayy B 9aCTHOCTH?

[Ipenmy1mecTBo IepBoe (U IIaBHOE): IIPO-
IPaMMBI, IIOCTPOEHHBIE 110 IIPeJJIaraeMoil TeX-
HOJIOTHH, JIETKO JOKYMEHTHPOBaTh. B pamkax
3TOTO CTHJISL IPOrpaMMUPOBAHUS [4] mporpam-
Ma IIPeJCTaBIIsIeT COO0M COBOKYITHOCTb KOHEY-
HBIX aBTOMATOB, B3aHMOJIEHCTBYIOIINX JPYT
C IPYTOM H C «BHEIIHUM MHpOM». [Ipu aTOM
B HaNLIHO rpadudeckoit popme MOTyT ObITH
BBIP@KEHBI KaK CBSI3U MEXKIy aBTOMAaTaMH, TaK
U ¥IX BHYTPEHHSS CTPYKTYpa.

[TpenMyIIIeCTBO BTOPOE: BO3MOKHOCTD 110~
BTOPHOTO HCIIOJIB30BaHHs KOZA. 3a/ly MBIBAINCH
JIZ BBI O TOM, TIOYEMY CTOJIb BHICOKYIO IIOITYJISIp-
HOCTb 3aBOEBAJIH CPeICTBA OBICTPOI pa3paboT-
ki (Rapid Application Development — RAD) —
takue, kak Borland Delphi? Orser mpoct: moro-
MY 4TO IPOrpaMMa B HUX COCTOHT U3 KOMIIO-
HEHTOB, SBJISIOMINXCS B BBICOKOIH CTeIIeHH aB-
TOHOMHBIMH «CYIITHOCTSIME». KOMITOHEHT HMe-

o
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€T OrpaHUYEeHHOE KOJUYECTBO CBA3EH C OCTalb-
HOII IIPOIPaMMOIi, €T0 MOJKHO pa3pabaThIBaTh
1 TeCTHPOBATh OTAEJIBHO, & IPIMEHSATb MHOT'O~
KpaTHO, ¥ IMEHHO 3TO CBOUCTBO IOfI0OHBIX CU-
CTeM JienaeT pa3paboTKy ObICTPOIl U yHOOHOIL.

ABTOMAT B IIpeJIaraeMoM CTHJIe IPOTrpaM-
MHPOBAHHUSI TAKOKe SIBJISETCSI CBOETO POfia «KUP-
IIMYAKOM», aBTOHOMHOU eIMHHUIIEH IIPOrpaM-
ML Ero cBsI31 ¢ 0CTaIbHBIMU aBTOMATaMH CBe-
IeHBl K MUHUMYMY ¥ YHEUIupOoBaHEL Ero,
Kak 1 KoMIoHeHT RAD-cucrembl, MOKHO pas-
paboTaTh OTIEIBHO, a 3aTeM IIPUMEHST B pa3-
JIMYHBIX IPOTPAMMHBIX IIPOEKTAX.

13 CKa3aHHOTO BBITEKAET U TPEThe IIpenMyIIle-
CTBO: IIpOTpaMMEI, ocTpoeHHbIe o SWITCH-
TEXHOJIOTHH, JIETKO OANAIOTCS MOA(DUKAIIIH.
Tak Kak KOJIMIeCTBO CBA3EH MeKIY aBTOMAaTa-
MH MUHUMAJIbHO, H3MEHEHHS B ONHOM U3 HUX
Jalre BCEro He BIEKYT 3a 000 He0OX0IUMOCTh
KOPPEKIIMH KOZia B IPYTUX aBTOMATax.

B maHHOU 9acTH HACTOSIIIEH CTaThU paccMa-
TPHUBaeTCs 00Iast CTPYKTypa IPOrPaMMBI, 10~
crpoerHo Ha ocHOoBe SWITCH-TexHOMOT I,
1 ee 6a30Bast KOHCTPYKIIUS — aBTOMATBI.

B nanpHerieM OyyT paccMOTPEHBI MEXaHU3M
06paboTKH COOOIIIEHNIT 1 MEXaHU3M TaiiMepOB,
HeoOXOMMMBII 1151 IPHAaHUs IPOrpaMMe Bpe-
MeHHOTo fieTepMuHU3Ma. ITocite paccMoTpeHnst
6a30BBIX OHATHIA Oy/IeT IPUBEIeH IPHMe IIPO-
€KTUPOBAHUS PEAIBHOI IIPOTPAMMBI.

Bce ucxonnsle TekcThl IO B cTaThe IpuBene-
HBI Ha 513bIKe CH. DTO He 03HAYaeT, YTO PaccMa-
TPHUBAEMBIi1 CTHIIb IIPOTPAMMUPOBAHHUS MOYKET
OBITH PeaTM30BaH TOJIBKO Ha A3bIKe CH — ero
MOKHO IIePeJIOKHTh 1 Ha JIFO0OU SI3BIK IIPOTrpaM-
MHpPOBaHISI, BKIIIOYast A3BIK acceMbitepa u C++,
OJIHAKO UMEHHO 513bIK C1 Hanboree OAXOTUT
IULSL IeMOHCTPAIIIY BO3MOKHOCTEI TAHHOM TeX-
HOJIOTHH OJIaronapsi CBOei ITHPOKOH PacIpoCT-
PAaHEeHHOCTH CPelU CIIeUAIUCTOB II0 MHKPO-
KOHTPOJUIEPaM.

Bce MCXOIHBIE TEKCTBI IIPOTPAMM B3STHI U3
PEeaIbHOTO IIPOEeKTa, HAIIMCAHHOTO ISl MUKPO-
xouTposutepa AT91SAM7S256 (Ha sinpe ARM?7).
ITpu pa3paboTKe UCIOIb30BAICSI KOMIMIISTOP
IAR C/C++ Compiler for ARM 4.40A.

Tt TOro 4TOOBI He 3aTPYNHATH IIOHHMaHHe
UCXO[[HBIX TEKCTOB 0COOCHHOCTSIMH apXUTEKTY -
PBI JAaHHOTO IIPOLIECCOPA, B3 TEKCTOB IO BO3MOK-
HOCTHU UCKJIIOUEH alllIapaTHO-3aBUCHMBII KOfI,
KOTOPBII 3aMeHEeH B COOTBETCTBYIOIINX MECTAX
KOMMEHTapHAMH. DTO CIJIAHO ellle U JJI TOTO,
ITOOBI HOTUEPKHYTh He3aBICUMOCTD TEXHOJIO-
THH OT aPXUTEKTYPbI KOHKPETHOTO IIPOIIECCOpa.
Yurartenb MpuU )KeJTaHUH CMOKET BOCIIOJIHUTD
9TH «IIPOOEIBI», HAIIUCAB COOTBETCTBYIOLIIIA KO
IS CBOETO «IIOOMMOTr0» MIUKPOKOHTPOJIIEPA.

O6was cTpyKTypa NnporpaMmbl

Onuiiem u3jaraeMalii CTHIb IPOTPAMMUPO-
BaHHs. Ero cyTh MOXKHO c(hOpPMYIIPOBATH Clie-
IyIOImIEM 06pa3oM: IPOrpaMMa IpeCTaBIseT
c00011 COBOKYITHOCTb KOHEUHBIX aBTOMATOB, BBI-
IOJTHSIONTUXCS TapajlIeIbHO B 0OMEHUBAIO-
IIMXCSL MEKIY co6011 coobmeHnsaMu. Jpyrum

KJTIOYEBBIM CBOVICTBOM IIpefijIaraeMoil KOHIIe-
UM SIBJISIETCS] IIIPOKOE MCII0JIb30BAHHIE TaliMe-
POB, KOTOpPbIE NIpe/IHA3HAYEHBI IJISI HPUBSIZKI
PpaboTHI IPOTrPaMMBbl K PealIbHOMY BPEMEHH.
VTak, aBTOMAThI IOJDKHBI BBIIOJIHSITHCS I1a-
payutenbHO. Kak moctudas anHoro addexra 6e3
HCIIoNMb3oBaHus MHorosamaunoin OC? Ha camom
TIeJie, HITYero CJIOXKHOTO 37iech HeT. Bee merto B oco-
60J1 CTPYKType aBTOMATHOI1 IporpaMmslL. B pa-
6ote [5] mpuBeseHBI CJI0Ba H3BECTHOTO pa3pa-
6orunka sippa OC Linux Anana Kokca: «IToro-
KOBOE IPOTPaMMHPOBaHUE HYKHO TeM, KTO
HE yMeeT UCIIOJIb30BaTh KOHEYHbIE aBTOMATbI».
PaccMOTpUM CTPYKTYpY HPOrpaMM paccMaTpH-
BaeMoro Kiracca 6osee oxpo6Ho. Bynem mwst rpo-
CTOTBI CIUTATD, YTO KK/IBLIT KOHEIHBII aBTOMAT
(KA) orrcas B OTIEIBHOM MOJIYJIe IIPOrPaMMbl
1 MIMeeT, Kak MUHUMYM, JIBe BHEIITHHE (DY HKITHL:

void InitFSM(void);
void ProcessFSM(void);

Bmecro 6yks FSM B 00bsiBieHIN QYHKINI
HOJCTaBUM UM aBTOMaTa. [Ipu 9TOM, Hampu-
Mep, QYHKIUH:

void InitPasswordEditor(void);
void ProcessPasswordEditor(void);

OynyT npuHaIeKaTh aBTomary PasswordEditor,
OIMCaHHOMY B MozyJe password_editor.c.

ITpu arom ynkuus InitFSM, xak cenyer us
Ha3BaHU, THUITAIU3UPYET aBTOMAT (3TO 4TO-
TO BpOJie KOHCTPYKTOPa B 0ObEKTHO-OPHEHTHU-
POBAHHOM IIPOTPAMMHPOBAHHN),  QYHKIIUSL
ProcessFSM oTBevaer 3a pabory aBromara. [nas-
Hast 0COOEHHOCTB ITOCTIenHel (DyHKIUN: OHa He
IOJDKHA BBIIOJNHATH IPOIOJDKUTEIBHBIX BO Bpe-
MEHU JIeVICTBUIA, CBSI3aHHBIX C OXKHU/IAHHEM Ka-
Koro-Ji60o dJrara WIH ¢ HCTeYeHHeM BPeMeHHO-
IO HHTePBaJIa — TO €CTh B Hell He TOJDKHO OBITh
KOHCTPYKIIUI THIIA:

while(flag == 0);
Wi
for(i = 0;i < delay; i++);

Kaxk 6yzer IokasaHo f1ajee, B TAKIX KOHCT-
PYKIIHSX IIPOCTO HET HEOOXONUMOCTH.

3ajauell IJIaBHOTO IIUKJIA IPOrPAMMBI SIBJIA-
€TCsl II00YepeHbIi BbI30B (pyHKIM ProcessFSM
BCeX aBTOMATOB, COCTABJIAIOIINX IIPOTPAMMY:
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//main.c

#include «messages.h»
#include «timers.h»
#include «fsm1.h»
#include «fsm2.h»
#include «fsm3.h»

/IMopyib 06paboTKH COOOIeH I
/Imomynb TaiiMepoB

/Imomymns aBroMara fsm1
/Imopynb aBTomara fsm2
//momymnb aBroMara fsm3

void main()

{
InitTimers(); /lMHnIHaIN3aus TaliMepoB
InitMessages(); //MHAD A3 MEXaHH3Ma

/lo6paboTkn coobIIeHMit

InitFSM1(); //nannmanusanus asromara FSM1
InitFSM2(); //mEnnuanu3anys asromara FSM2
InitFSM3(); //uaunuanusanus apromata FSM3

SendMessage(MSG_FSM1_ACTIVATE); //axrusupyem asromar FSM1

// TTIaBHBII KT IPOTPaMMBbI

while(1)

{
ProcessFSM1(); /lareparus apromara FSM1
ProcessFSM2(); /lareparms aBromara FSM2
ProcessFSM3(); /luTepamus aBromara FSM3
ProcessMessages|(); /lo6paboTka coobIIeHMit

Tenepp CTaHOBUTCS IIOHATHO, KAKIM 00pa3oM
06ecIednBaeTCss <XMHOTOIIOTOYHOCTE» CHCTEMBI:
B Ka)KJIOF HTePaIi ITTABHOTO IIUKJIA T00Yepes-
HO BBI3BIBAIOTCS Process-(yHKINH KaKIOTO aB-
TOMAaTa — Ka)KIOMY aBTOMATY BBIZIEJIAETCS Bpe-
M1 [IJIS BBIIIOJTHEHNSI KaKOr0-JIHO0 9J1eMeHTap-
HOTO JeHCTBUS (MM, BO3MOKHO, IIPOCTO IS
IepeNadn YIIPaBJIeHUs lajiee 110 CIUCKY ). Takoi
HOPSIOK PAabOTHI HATOMIHAET KOOIIEPAaTHBHYIO
MHOTI'033JJaYHOCTb B PaHHUX Bepcrsax Windows:
IIPOrpaMMa BBIIIOHsET KaKoe-THO0 JeficTBHe
U IlepeiaeT yIpasjieHne Jajblile, HO eCJId OHa
«3aBHCAeT», TO «3aBUCAET» BCA CUCTeMa. VmeH-
HO JULS IIPeIOTBPALIeHUs TIO00HOM CUTYaIluH
BBOJMTCA ABHBIH 3aIIpeT Ha IEHCTBHA B aBTOMa-
TaX, KOTOPbIe 3aHIMAIOT ITPOJOJKUTEIBHOE HIII
HeOIIpeJie/IeHHOe BPeMsl.

PaccMoTpuM 6a30BYIO CTPYKTYPY, HCIIOIB3Y~
€MYIO B IPUBEIEHHOM BBIIIIe KOJIe — aBTOMATBL.

ABTOMaTbBI

BHe COMHEeHHUI, 6ONBITMHCTBY YHTaTeJeil
«KuT» reopus KA sHakoMa He IIOHACIIBIIIIKE.
OZHAKO B Pa3INYHBIX JIATEPATYPHBIX HCTOYHHU-
Kax I TepMUHOB Teopun KA npuBopsTcs He-
CKOJIBKO pasnyHble onpepenenus. [Toaromy,
He IIPUBOJIA 31€Ch CTPOTHX (POPMAIIBHBIX OIIpe-
IeJIeHHI, yTOYHIM HEeKOTOpbIe 6a30Bble MOHS-
st Teopun KA. MTax, aBromar Mypa — ato KA,
Y KOTOPOTO BBIXOJ, SIBJISIETCS PYHKIIUEH COCTO-
SHUS — BBIXOJIHBIE BO3JIEHICTBUSA OTIPe/ieJIeHbI

BXOAbI

KOHEUHbIW aBToMaT

BbIXOAbl

coobLeHus
cpabartbiBaHus TaiMepos

BO3BpalliaeMble 3HaueHHs
hYHKLMIA

_— ]
R ———
_— ]
R ———
_— ]
—_—

FSM1

coobLeHus
ynpaBieHus TaiMepamu

———
am—
———
am—
I— = BbI30B PpyHKLHMH
—

Puc. 1. KoHeuHbli aBToMar ¢ BXOfaMH W BbIXOAaMH
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KntoyeBbIM NOHATHEM B paccMaTp1BaEMOW TEXHOIOTUH MPOrPaMMUPOBaHUS SIBISIETCS KOHEUHbIH aB-
Tomart (KA). Teopusi KA uHTeHcHBHO passuBaiach B 50-e — 60-e rogbl NpoLL/ioro Beka v Haluia LWMpo-
KO€ NPUMEHEHUE BO MHOTHX 061acTAX TexHUKU. OCOBEHHO NIOAOTBOPHOM OHa OKa3anach NpH1 pa3pa-
60TKE TPAHCNATOPOB.

Mpy atom KA paccmatpuBaetcs kak cBoeobpasHoe CPeAcTBO AN1s «NepeBoda» LenoYek CUMBOJIOB
s3blka A B LIEMOYKK CUMBOJIOB si3blka B, a npasunia nepeeoga 3agarorcs ctpyktypoin KA. Takoe npume-
HeHWe KA npuBeno K Tomy, 4To 0 HacTosLLEro BpemMeHn Haubonee nosHoe uanoxkeHue Teopun KA mox-
HO HaMTH B yueBHUKaX NO KOMMUAATOPaM W MaTeMaTUUECKOM IMHIBUCTUKE.

[LoctartouHo wupokoe npumeHeHre KA Halwv TakKe B 3af,auax CUHTe3a LM POBbIX YCTPOUCTB, B 3a-
[lauax onucaHu sl MoBEAEHHS COXKHbIX CUCTEM (B OTPAC/IM CBA3W Aaxke Obln CO3AaH creuuanbHbii A3blK
OMMCaHWA TENEKOMMYHUKALMOHHbBIX cUcTeM, Hasupytowmiica Ha KA).

OpfHako B NporpaMMUpOBaHHH (B TOM YKCIie BCTPOEHHbIX cucTeM) KA He Haluim LUIMPOKOro npuMeHe-
Husi. Mo cyTH, eAUHCTBEHHBIM MHCTPYMEHTa/IbHBIM CPEACTBOM NPOrPaMMUPOBaHNUS MUKPOKOHTPOJ1IE-
poB, 0cHOBaHHbIM Ha KA W fOCTYnHbIM Ha CErofHsALWHWN feHb, siBnsietcs IAR Visual State.

Heckonbko MHaue 06CTOAT Aena ¢ NporpaMMUpyeMbiMu Torudeckumn kontponnepamu (MK). Ons Hux
cozgaH ctaHgapt IEC 61131-3, peann3oBaHHbIM BO MHOXKECTBE CUCTEM MPOrPaMMUPOBAHHSI, 3 KOTO-
pbIX, NOXasyM, CaMmbIMKU U3BECTHbIMU siBAstoTCs chcTeMbl CoDeSys (prpma Smart Software Solutions)
1 ISaGRAF (dpupma ICS Triplex ISaGRAF).

Cranpapt IEC 61131-3 gkntouaet B cebs HECKOIbKO A3bIKOB, B TOM uncsie W a3bik SFC (Sequential
Function Chart). B pamkax atoro si3bika nporpamma npefcraeneHa Kak MHOXECTBO LUaroB (steps), Mexx-
Lly KOTOPbIMU OCYLLECTBJISIIOTCS YC/IOBHbIE NepexoApl (transitions v jumps). Mporpamma Moxket cosep-
LwaTb fencTeus (actions) Kak B cocTosiHUsAX (warax), Tak v Ha nepexogax. A3bik SFC nopnepyxveaert Tak-
>Ke napaJsisie/IbHOE BbIMOJHEHWE YHaCTKOB NMPOrpaMMmbl.

CnepyeT, 0fHaKO, OTMETUTb, UTO A3bikU cTaHgapTa IEC 6113 1-3 He sBnsOTCS MaeanbHbIM CPELCTBOM
NpOrpamMM1MpPOBaHUsi, UM NMPUCYLLIM U HEKOTOPbIE HEAOCTATKK. HacTb U3 HUX YCTpaHSeTCs 3a CYET BBEAE-
HWs paclunpeHuit ctaHgapta. OQHO U3 TakKMX pacluMpeHui, NpU3BaHHOE NPUAATh A3bikaM CTaHAapTa
06bEKTHO-OPUEHTUPOBaHHbIE CBOMCTBA, onucaHo B paborte [6].

B pamkax gaHHOM cTaTbu He BynyT paccMaTpyBaTbest 4OCTOMHCTBA M HegocTaTku IEC 61131-3. Otme-
TWM AIMLLIb TOT haKT, YTO AaHHbIM CTaHAAPT, XOPOLWO 3apeKoMeHAoBaBLLMi cebs npu paspaboTtke MO
ons MK, He oueHb XOPOLLIO NOAXOAMT A1l NPOrPaMMUPOBAHUSI MUKPOKOHTPOJIZIEPOB, U AENO TYT He
TOJIbKO B OTCYTCTBUW COOTBETCTBYIOLLMX MPOrPaMMHbIX CPEACTB.

70 CBA3AHO C TEM, UTO MUKPOKOHTPOIIEPHbIE CUCTEMbI 3a4acTylo 6onee CNOXKHbI U NpeanonaraloT
6onee rubkoe UcMob30BaHKe annapaTHbIX pecypcos, Yem nossonset craHaapt IEC 61131-3. UmeHHo
noaToMy 6a30BbIMH CPEACTBAMM NPOrPaMMHUPOBaHHSI MUKPOKOHTPO/IIEPOB IO CHX MOP SBASIOTCS A3bl-
Kku accembnepa 1 Cu.

SWITCH-TexHonorus genaet nporpaMMMpoOBaHKe HE3aBUCHMbIM Kak OT MPUMEHSIEMbIX annapaTHbIX
CPEACTB, TaK W A3blka NporpaMmMupoBaHus [2].

B COCTOSTHUSIX. ABTOMAaT MUIM — 9TO aBTOMAT,

y KOTOPOTO BBIXO/IHbIE BO3[IECTBU OIIpefielIe-
HBI 1IJIS1 IEPEXOMIOB MEKIY COCTOSIHISIMU. I, Ha-
KOHeII, CMEIIaHHBIA aBTOMAT — 9TO aBTOMaT,
Y KOTOPOTO BBIXOJJHBIE BO3IEHCTBHS MOTYT OBITh
OIpefIeIeHbl KaK B COCTOSIHHSIX, TaK U Ha Ilepe-
xopax. TaxKke HATOMHUM YUTATeJSIM, 4TO B aH-
DJIMIACKOM SI3BIKE TEPMUHY KOHEUHBII aBTOMAT
coorBeTcTByeT TepMuH Finite State Machine,
i, cokparieHHo FSM.

[Tox c7IOBOM «aBTOMAT» 311eCh U Jaiee Oymem
HOHUMATb HCKTIoUnTeNbHO KA. ITpeske ueM re-
PEIITH K PaCCMOTPEHUIO IPOrPAMMHBIX PeaIi3a-
IV aBTOMATOB, YK&KeM, 4TO aBTOMAT HMeeT BXO-
IIBI, BBIXONIBI 1 IIePEMEHHYIO COCTOSHIS (pHC. 1).

ITox BXOIOM ITOHHMAETCs COOOIIeHIe, Cpa-
GaTbIBaHMe TaliMepa, Pe3yJIbTaT BBIPKEHN, KO-
TOpOE MMeeT JIOTHIeCKoe 3Ha4eH e (B TOM uC-
JIe Bo3BpalaeMoe QyHKIUer JIOTHIecKoe 3Ha-
geHue). JoCTyn K amlmapaTHBIM pecypcam
MHUKPOKOHTpoILIepa (perucrpam mnepudepuit-
HBIX yCTPOJCTB, IIOPTaM BBOJA-BBIBONA 1 T. II.)
BBIIIOJTHSAETCS TAlKe ITyTeM BbI30Ba (DYHKIIUIL.

ITox BEIXO/IOM aBTOMATa IIOHUMAETCSI OTIIPAB-
Ka COOOIIEeHNST; 3aITyCK, OCTAHOB MJIX cOPOC Tail-
Mepa; BbI30B (DYHKIUN.

I[Tpu aTOM BBIfENAETCS 0COOast IIepeMeHHas
COCTOSIHUS — IIepeMeHHast, KOTOPast OIIpesiesis-
€T TeKyIllee COCTOSTHUE aBTOMATa. DTa IepeMeH-

Hast TOJDKHA GBITH JOCTYIIHA TOJILKO CBOEMY aB-
TOMATY, ee N3MeHEeHHe U3 IPYTHIX aBTOMATOB He-
IOMYCTHMO.

ABTOMAT MOXKET OCYIIeCTBIATD JeCTBUS
(action) u gesirenpHOCTH (activity) aBTomara.
U neATesbHOCTD, U AEHCTBIE aBTOMAaTa OTHO-
CATCA K €r0 BHIXOIHOM aKTUBHOCTH.

[Tpu 9TOM ZHeiicTBHEM HA3BIBAETCS BHIXOTHOE
BO3JIEIICTBILE, BBIIOJIHSIEMOE OTHOKPATHO IIPH

BXOJIe B COCTOSIHHE MJIU Ha TIEPEXOIe, a esATeNhb-
HOCTBIO — BBIXOJIHOE BO3/IEHICTBHE, BBIIIOJIHSA-
IolIieecs: HeITPepLIBHO B TeUeHMe BCErO BpeMeHI
HAXO’K[IeHUs aBTOMATa B OIIPelleJIeHHOM COCTO~
AHAN. Takke BO3MOKHA PeaIU3aIns JeACTBUL,
BBIIIOTHAIONINXCS Ha BBIXOJIE U3 COCTOSHUSL.

ABromat Mypa [2] i aBTOMAT CMEIIaHHOTO
THIIA MOTYT BBIIIOJHATD KaK JIEHCTBHS, TaK H Jie-
ATeTbHOCTH, @ aBTOMAT MMJIN MOJKET BBIIIOJ-
HATD TOJIBKO JIeHACTBHA.

B MEHEMaJIBHOM Buje 00bsIBICHHE aBTOMA-
Ta BBIIJIIHUT CJIeAYIOIIM 06pa3oM:

/I daiin fsm1.h
#ifndef FSM1_h
#define FSM1_h

void InitFSM1 (void);
void ProcessFSM1 (void);
#endif

HepeﬁneM K OITMCaHUIO aBTOMaATa:

/I aitn fsm1.c
#include «fsm1.h»
#include «timers.h»
#include «messages.h»

char fsm1_state; //mepemenHast cocTosiHms
void InitFSM1 (void)
{

fsm1_state = 0;
//31eCh MOYKHO BBILIOIHATS HHULUATHSALAIO IPYTHX
//HEPCMEH[‘[L[X ABTOMaTa IIpH UX HATHIUH

}
void ProcessFSM1(void)
switch(fsm1_state)

case 0: //HeaKTHBHOE COCTOAHIE
if (GetMessage(MSG_FSM1_ACTIVATE))

fsml_state = 1;
//311ech BBIOJIHAIOTCA IEIICTBHUSI, CBA3AHHBIE
/] ¢ akTUBH3aIIKei KOMIIOHEHTA

b
break;
case 1: //akTHBHOE COCTOSTHIE
if (GetMessage(MSG_FSM1_DEACTIVATE))

fsm1_state = 0;
//311€Ch BBINIOJTHSIOTCS JICHCTBN S, CBA3AHHbIE C
/I neakTHBH3aIElT KOMIIOHEHTa

b
break;
}
}

Mepexop Kk Ha4anbHOMy
COCTOSIHUIO

HeaktuBHOE
cocrosiHue

FSM1_ACTIVATE

CoobLeHue, No KOTOPOMyY
OCYLUECTBSAETCS NEPEXOS

Mepexop

CocrosiHue

AKTHBHOE
cocrosiHue

FSM1_DEACTIVATE

Puc. 2. l'pach aBTomara
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ITpuBeeHHBIN HCXOTHBII TEKCT COOTBETCT-
BYeT aBTOMAtry MM, KOTOPBIII HIMeeT /[Ba CO-
CTOSIHHSL: aKTHBHOE M HeaKTUBHOE, a TAlvKe JIBa
Bxopga: coobmenus MSG_FSM1_ACTIVATE
n MSG_FSM1_DEACTIVATE, xoropsle nepe-
BOJISIT aBTOMAT B AKTHBHOE M HEaKTUBHOE CO-
CTOSIHHE COOTBETCTBEHHO. ['pad aTOr0 aBTOMa-
Ta H3006paKeH Ha PHC. 2.

DTOT aBTOMAT BBIIOJHSIET IeICTBUS Ha Ilepe-
XOJ[aX U3 OITHOTO COCTOSIHHS B Ipyroe (MMeHHO
II09TOMY 9TO aBTOMAT MIIN), OJHAKO €T I0CTa~
TOYHO JIETKO ITpeo6pa3oBaTh B aBTOMaT Mypa
WM B CMEIIaHHbII aBTOMAT. [IoKa 9TOT aBTOMAT
He JieJIaeT HIIeTo II0JIe3HOTO, 9TO IMIPOCTO MIa6-
JIOH, Ha OCHOBE KOTOPOTO MOJKHO CTPOHTD aBTO~
MAaTHI ¢ 60JIee CJIOKHBIM IIOBEeIeHIEM, UTO U Oy~
ZIeT CIeJIAHO B AJIbHEHIIIEM.

B cenyrormeit YacTu cTaThy OyneT IPOIOI-
JKeHO PacCMOTpEHHe Pealn3ali aBTOMAToB,
a TaloKe MEXaHH3MOB TaliMePOB U COOOIIEHHUI.

Abmop bvipaxxaem eny6okyio 6naz00apHocmy
Anamonuio A6pamobuuy Illanvimo 3a pedaxmiui-
pobarue cmamou u yeHHble 3AMEHAHUS. [ |

——
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Bnagumup TATAPYEBCKUM
arktur04@mail.ru

TaK, MBI IPUBEJI KO IPOCTEHIIero

KOHEYHOTO aBTOMATa, MMEIOIIETo IBa

COCTOSIHUS ¥ TIPEJICTABIISIONIETO CO-
601t aBToMaT Muau. ABTOMAT epexoquT U3
OJIHOTO COCTOSIHUS B IPYTO€ IOJI BO3/IEHCTBH-
eM 71Byx coobrmennit: MSG_FSM1_ACTIVATE
u MSG_FSM1_DEACTIVATE. Y gurarensa mo-
JKeT BOSHUKHYTb BOIIPOC: OTKYZA 0Py TCs U KaK
06pabaThIBAIOTCS COOOIIEHUSI, €CIT MBI He HIC-
TIOJIb3yeM OTIepaIoHHYI0 cucTeMmy? OTBeT Ha
9TOT BOIIPOC OYEHb BaXKeH, I0ITOMY pazbepeM
ero moapo6Ho.

06paboTka coobLeHui

[ITupokoe mpuMeHeHHe COOOIIEHUIT SIBIISIeT-
s KJII0YeBO 0COOEHHOCTBIO BCEX COBPEMEH-
HBIX OITepaI[MOHHBIX cucteM — oT Windows 10
«maneHpkux» OCPB, npenqHasHaYeHHBIX LI
BCTpanBaeMbIX NIPIJIOKeHUIL. MeXaHnaM coo6-
IIIeHUI HACTOJIBKO YHOOEH JUIsl HPOrPaMMICTa,
970 6BUIO GBI CTPAHHO OTKA3aThCSI OT €T0 IIPH-
MEHEHHsI B aBTOMATHOI TexHostoruu. [Tepen tem
KaK [epeiiTH K peansalii COOCTBEHHOTO Me-
XaHn3Ma 00paboTKU COOOIIIEHHIT, PACCMOTPUM,
KaK YCTPO@HBI COOTBETCTBYIOI[HE MEXaHU3MbI
B OC Windows. B Windows coofrmienue Moxer
OBITH OTIIPABJICHO C IIOMOIIBIO OHOI U3 IBYX
¢dynkunmit: SendMessage u PostMessage:

LRESULT SendMessage(
HWND hWnd, // unentudukarop (handle) okna,
// KOTOpOMY aZipecoBaHO COOOIIEHIE
UINT Msg, /I unenTuduKaTop 06U
WPARAM wParam,  // mepBbIit mapamerp

LPARAM IParam /I BTOpOII MapameTp

)

BOOL PostMessage(

HWND hWnd, // unentudukarop (handle) okna,

// KOTOpOMY aZipecoBaHO COOOIIEHIE
UINT Msg, /I unenTuduKaTop coobIIeHUs
WPARAM wParam,  // mepBbIit mapamerp

LPARAM IParam /I BTOpOII MapameTp

lNpuMeHeHHUe

SWITCH-texHonoruu

npu pa3paboTKe NPUKAaLHOro
nporpaMmMHOro obecrnevyeHus

0N MUKPOKOHTponepos. Hactb 2

B npeapbigywiei ctatbe UMKAA Mbl HaYa/IM paccMaTpuBarb npumeHeHue SWITCH-
TeXHOJIOTMU AN NPOrPaMMHUPOBaHUA MMKPOKOHTPOJIIEPHBIX YCTPOUCTB. B aaH-
HOM cTaTbe Mbl NPOAO/IKUM PAaCCMOTPEHHUE peasiu3aLiuu Pa3IMuHbIX KOHCTPYK-
L1H, neXxkalwux B OCHOBe NpepsiaraeMoi KOHLEenu1u nporpaMM1poBaHHs.

OTr GYHKIINK UMEIOT OIMHAKOBbIE CIIUCKI
napamerpos. [Tapamerp hWnd ompenesnsier ok-
HO (a To4Hee, IpoLefypy 00paboTKH coobIie-
HUI1 0KHa, window procedure), koTropomy aj-
pecoBaHo coobIeHue, mapameTp Msg sBiser-
51 COGCTBEHHO UIEHTH(DUKATOPOM COOOIIIEHNS,
wParam u [Param ompenensiior mapamerpsI co-
o6renust. [TapameTpsl MOTYT IepenaBaThCs He-
HOCPE/ICTBEHHO B BH/Ie YNCJIOBBIX 3HAYCHUI
B mossix wParam u/mmu [Param, moryT comep-
JKAaThCSl B OT/IEJIBHOM CTPYKTYpe, IPH 3TOM
wParam n/unn IParam conepykar ykasaresnb Ha
9Ty CTPYKTYPY, U, HAKOHEII, MOTYT BOBCE OTCYT-
crBoBaTh. KOHKpeTHBIH cMbIcI TToJeir wParam
u [Param omnpepensiercst coobIiieHreM U IpUBe-
IeH B JoKyMeHTanuu Windows 1yt Kaxmoro
coob1enus. Takke MbI MOJKEM 3aMETHTb, YTO
¢dynknun SendMessage u PostMessage nmeroT
HECKOJIbKO pa3JIMYHbIe BO3BpalllaeMble 3HATe-
HUS, HO JUIS HaIlIUX JaJbHEMIINX PacCyKie-
HUI1 9TO HE CTOJIb BXXHO. [J1aBHOE pasnudue
MeXay 06euMH QPYHKIIUIMHI COCTOUT B TOM,
YTO OHM OTIIPABJISIOT COOOIIEHNE TT0-Pa3HO-
my. Oynkius SendMessage oTIpaBisieT c006-
IIIeHUE HeIIOCPEICTBEHHO afipecary (To ecTh
I ee BBI30BE, 110 CYTH, HAIPSMYIO BHI3bIBA-
€TCs1 COOTBETCTBYIOIIAsl OKOHHAs IIpoLieaypa),
a ¢pynkius PostMessage pasmeriaer coo61re-
HHe B oyepenn coobuieHuit. COOTBETCTBEHHO,
B 3aBHCHMOCTH OT CII0c06a OTHPaBKU CO06-
[IeHUsI TeaATCs Ha CHHXpOoHHBIE (queued)
u acuaxponusle (nonqueued). Ouepens co06-
meHui npeacrasiaser coboir FIFO-6ydep.
B OC Windows cy1mecTByer cucTeMHas 04e-
penb cooOIIeH It U OTHeTIbHbIE OUepen CO06-
IIEHUI 1711 KaXKIOTO IOTOKA (C [eIbI0 9KOHO-
MUH CUCTEMHBIX PECYyPCOB IIOTOK IIOCIIE HHU-
[[UAJTH3AIUU He UMeeT O49epeiu COOOIeHNMI,
OHa co3/iaeTcst Mo Mepe HagobHOCTH). TakuM
o6pasom, nepepava cooburennit B Windows
OCYILECTBIISIETCS ITOCPEACTBOM B3aUMOJIEHCT-

BUSI MHOYKECTBA OUepeieil COOOIIIeHNUIT: CUCTeM-
HOI ouepeny u odepeneit mpuioxenut. [lepe-
fada COOOIIEHUIT MOXKET OCYIIECTBIATHCS OT
OC k mpunoXkeHuw, ot npuaoxerus k OC,
OT NPUIOKEHUSA K APYTUM HPHUIOKEHUIM
U BHYTPH OIHOTO IpHUIoKeHus. bosee moapo6-
HO C MeXaHH3MOM OOMeHa COOOIIeHUSAMU
Windows MOKHO 03HaKOMUTHCA B [1].

Ouepepb coobueHUH

B pasnn4HBIX BapHAaHTaX MHOTOIIOTOYHBIX
CHCTEM IIPOTPaMMUPOBAHUS 1T MUKPOKOHT -
POJUIEPOB MOYKHO BCTPETUTH PA3INYHbIE pea-
JIM3alUK MeXaHn3Ma oOMeHa COOOIIEeHUAMU.
Hanpmmep, Becsma momryisipaass OCPB uC/OS 11
[IOZIIep)KMBAET IBa MeXaHn3Ma oOMeHa c000-
meHnsMu: Message Mailbox (1mo4ToBbIi SIITUK
coobmenuit) 1 Message Queue (ouepens coo6-
ieHuit). [109TOBbI AMMKUK HAKTHIECKU TIPefi-
CcTaByIseT co00i1 IIepeMeHHYI0-yKa3aTelb, COep-
JKAIIYIO CCBUIKY Ha COOCTBEHHO COOOIIeHNeE.
Ouepenb cOOOIIEHNIT TpeCTaBIIsIeT co60lt Oy-
dep dburcuposannoro pasmepa, TakKe comep-
JKamui ykasarenu. [Totoku u o6paboTanku
IIpepbIBAHUIT MOTYT CO3IABaTh U YIAIATh O4e-
Penu ¥ IOYTOBBIE SIIUKY, Pa3MeIaTh B HUX CO-
o6menns u morydars ux. B uC/OS II cymect-
BYET U CIEINaJIbHbIIA MEXaHU3M, 0CBOOOXKIAI0-
U OYepequ U SIIUKA OT COOOIIeHuUit,
He TIPUHATBIX B T€ICHHE OIIPENIEJICHHOTO BpeMe-
Hu. CHCTeMa MpefoCTaBIseT IPOTPAMMHUCTY
IIOJIHYIO CBOOO/Y NEHCTBUI B CO3/JAHUM SIIIIU-
KOB U OUepesieit COOOIIeHuiT: JII0060TT IIOTOK MO-
JKET CO3/IaBaTh TI000€e KOJIMIeCTBO ITHX 00beK-
TOB, pagMep Odepesielt ¥ BpeMst ©KH3HI» C000-
IIIeHUIT OTIPeNiesIsIeTCst IIPOrPAMMUCTOM [2].

JIpyroit moxxon K opranu3anuu o6MeHa co-
o6IIeHnsAMH OIHCaH B cTaThe «Get by without
an RTOS» Maiixia Menkonuana [3]. B pamxax
KOHIICIII[ Y, TIpe/yIaraeMoli MeJIKOHHaHOM,
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Ka)kK[asi 3aJa4a UMeeT COOCTBEHHYIO O4epe/b
COOOIIIEeHUIT, IPEICTABIIAIONIYI0 COO0M PO~
croit FIFO-6ydep. [Tpu aTom camo coobrieHwe
SIBJISITCS TIEPEMEHHOM CTPYKTYPHOTO THIIA,
OIIpeJiesIIeMOIt IPOIPAMMHUCTOM JJIS KaXKIOTO
IIOTOKA OTAENIBHO. [T0OTOK MOJKeT U3BJIEKaTh CO-
0OIIEeHNST TOJIBKO U3 «CBOE» OYepey U pas-
MeIIaTh COOOIIEHNS B 04epe/isiX T0ObIX py-
TUX ITOTOKOB. O4eBUIHO, YTO TAKO HOAXO[
MMeET LeJIbIil PSIfL HEIOCTATKOB. MBI He MOKEM
BBI3OBOM OZIHO¥ (YHKI[UH ITOCJIATh COOO0IIIe-
HUS BCEM IIOTOKAaM Cpasy, HaM IIPUJETCS 110~
CBITATh COOOIIEHUS KaXXJOMY ITOTOKY B OT-
IeTbHOCTH. ECIIM MOTOK He «ITPUHSI» co001I1e-
HUe, TO €CTh He U3BJIEK ero U3 04eped, OHO
OCTaHETCs TaM HEOTPAaHIYEHHO J0JIT0e BPeMs,
9TO MOJKET BBI3BATh Cephe3Hble cbou B pabore
IIPOTPaMMBIL.

BosmoskeH u ipyroii crioco6 06paboTku co06-
1ienuii B cucreme. [To ananorun ¢ OC Windows
MBI MOYKEM BCe TIOCJIAHHBIE ITOTOKAMU cO001IIe-
HUsI HAKAIIJIUBATh B €JTHOM CUCTeMHOM Oyde-
pe, a 3aTeM IepefaBaTh X (C MOMOIIBIO CHEIIN-
IBHOTO CHCTEMHOTO MeXaHH3Ma — MeHeJDKe-
pa cooOIIeHwiT) Ouepe/siM COOOIIIEHMUIT TOTOKOB.
DTy 3amavy MOKHO CYIIeCTBEHHO O0JIETIUTh
(B IUTaHe 3aTpaT pecypcoB MUKPOKOHTPOJLIEPA),
eciu Kaxjoe coobuierne 6yaeT UMeTh mapa-
MeTp — UJICHTU(UKATOP ITOTOKA, KOTOPOMY OHO
anpecosaHo. Ecin ske MbI XOTHM Tiepeznath co06-
II[eHIe BCEM ITOTOKAM Cpasy, TO MOXKEM BBbIJie-
JIATH 0COOBIN NICHTH(PHUKATOP, YKA3bIBAIOIIIHIT
MeHeJKepy COOOIIeHNMI, YTO JAaHHOE COO0IIIe-
HHe CJIeTTyeT CKOIMPOBATh BO BCE JIOKAJIBHBIE Ode-
pelu OTOKOB.

A cefiyac 3aaiuM IIPOBOKALIMOHHBIH BOIIPOC:
a HY)KHBI JIX BOOOII[e 09epenn cOOOIeHnit?
He sBngercs mu ux npumenenue B [10 BcTpo-
€HHBIX CHCTEM CKOpee Pe3yJIbTaTOM yCTOSIBIIIE-
TOCSI CTEPEOTHIIA, YeM JKU3HEHHOH HeoOXonu-
MOCTBI0? 1 B KaKUX CIIy49asX UX IPUMEHEHUe
OTIpaBIaHO?

PaccMoTpuM 3TOT BOIIPOC Ha IpUMepe Ha-
1I1e KOHIIETIIUH TporpaMMupoBanust. Bee mo-
TOKH B IIPOTpaMMe IPeJICTaBICHbI B BH/E aB-
TOMATOB, KOTOpPbIe «(pU3UIECKN» pearn3oBa-
HBI B Buzie pyHkunit tuna ProcessEFSM (6ymem
HA3bIBATH 9T QYHKUNH QYHKIUAME aBTOMA-
toB). Ha kakj0it uTepanuu 1I1aBHOTO IIUKIA
[IPOTPaMMBbI BBI3BIBAIOTCS BCe PYHKITMN aBTO-
MaroB. Takum 06pa3om, cooObIIIeH e, OTIPAB-
JIEHHOE JIFOOBIM aBTOMATOM, MOJKeT OBbITh IIPH-
HATO JIOOBIM IPYTHM aBTOMAaTOM 32 BpeMs,
He IIPEBBIIIAIOIIee IIOJHOE BPeMsI HCIIOITHEHUS
IJTaBHOTO IIMKJIA MporpaMMbl. COOTBETCTBEH-
HO, MBI MO’KEM CJIeJIATh BBIBOJI: BO BCSIKOM CITY -
4ae, B paMKaX OIKCbIBAEMOI HAMH KOHIICTIIHA
o4epeab COOOIIEHNIT He HY)KHA. 3/1eCh MOXKET
BO3HHUKHYTB /IBa BOIpoca. [1epBblil: 4TO neIaTh
C COOOIIeHUSIMHY, He IPUHATHIMY B TeUYCHHE
1uKIa? Bropoit: ecyn B TedeHne muKiIa Oymer
IHIepeIaHO HeCKOJIBKO COOOIIIEHMIT C PAasJIMIHBI-
MH [IapaMeTpaMHt, TO KaKoe U3 HUX Oy/eT aK-
TuBHO npu nnpueMe? OTBETH! HA TaHHBIE BO-
IIPOCBI CTAHYT SICHBI U3 IOCIIEYIOIIEro 00CyX-
IeHusL.
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Mpocreliwne coobweHus:
6e3 ouepepH, 6e3 napameTpos

Bo MHOruX ciiydasx mepenada cooOmeHnit
C IMapaMeTpaMH IIPOCTO He HyXXHa. [Ipu aTom
KaXXI0e COOOIIeH e TIPEICTaBIseT COO0I, IO Cy-
TH, drar. ABToMar, nepeaouii CoooieHme,
yCTaHaBJIMBaET COOTBETCTBYIOLIMI har, a aB-
TOMAT, IPUHUMAIOLINII COOOIIIeHNE, IPOBEpPS-
et cocrostare 9Toro ¢iara. Ogepens coobiire-
HUI TOKe He HY’KHA, TaK KaK HECKOJIbKO (hira-
0B (TO eCTb HECKOJIBKO PAsJIIHBIX COOOIIeHN)
MOTYT OBITH YCTAHOBJICHBI OJHOBPEMEHHO 0e3
BCSIKOIT O4Yepe/id, @ OTCYTCTBUE ¥ COOOIIeHMIT
IapaMeTpoB IPUBOJUT K TOMY, YTO JIePKaTh
B OYepely Ba OMHAKOBBIX co00IeHus Hec-
CMBICJICHHO. Pa3yMeeTcsi, aBTOMAT, IPHHUMAIO-
LI COOOIIIeHNe, TOJDKEH €r0 YIaIUTh, HHAYe
OHO OCTaHETCs aKTHBHBIM HaBcerja. Temepsb
BCIIOMHUM U3 TIPEIbIIYIIe CTaTbH, KaK Peasn-
30BaH IJIABHBII [TUKJI IPOTPAMMBI:

// TIaBHBII KT TPOTPaMMBI

while(1)

{
ProcessFSM1(); //mrepanus aBromara FSM1
ProcessFSM2(); //mrepanus aBromara FSM2
ProcessFSM3(); //mrepanus aBromara FSM3
ProcessMessages(); //o6paboTka coobIIeHMIT

[Tycts aBTOMaT FSM1 nepenaet HekoTopoe
coob1ienne aBromary FSM3, a aBromar FSM3
€ro IIPUHNMAET, TO eCTh IIEPEXOMIUT TIOJ eT0 Jeit-
CTBHEM B HOBOE COCTOsIHUE. B aTOM citydae Bce
paboTaer IpaBUIBLHO, TO €CTh pIar, COOTBETCT-
BYIOLHIT JAHHOMY COOOIIICHUIO, YCTaHABIINBA-
eTcsi 1 cOpachIBaeTCs B IIPefiesiaX OIHOIO IIMKIA
IIPOTPaMMBI.

//»messages.h»
#ifndef MESSAGES_h
#define MESSAGES_h

#define MAX_MESSAGES 64
#define MSG_SOME_MESSAGE 0

void InitMessages(void);
void SendMessage(char Msg);
char GetMessage(char Msg);
#endif

//»messages.c»
char Messages|[ MAX_MESSAGES];

void InitMessages(void)

{
char i;
for(i = 0;i < MAX_MESSAGES; i++)
Messages[i] = 0;
}

void SendMessage(char Msg)
{

Messages[Msg] = 1;
}

char GetMessage(char Msg)

{
if (Messages[Msg] == 1)
{

Messages[Msg] = 0;
return 1;
b
return 0;
}
//aBTOoMaT FSM1
void ProcessFSM1 (void)
{

SendMessage(MSG_SOME_MESSAGE);
I

/laBromat FSM3
void ProcessFSM3(void)
{

switch(fsm3_state)

{

case OLD_STATE:
if (GetMessage(MSG_SOME_MESSAGE))
{
DoSomething();
Fsm3_state = NEW_STATE;
b
break;
case NEW_STATE:

break;

B ToMm ciyqae eciim aBTomaT FSM3 mepenaer
coob1rienne aBromatry FSM1, Bce Toske cpabora-
eT KaK Hago. OflHaKo Ha IIPAKTHKe TaKas peaju-
3anus Bee ske HenpurogHa. M Bot nmogemy. Ilpen-
CTaBUM cebe CUTYAIHIO, B KOTOPOI aBTOMAT
FSM1 nepenan coobitenre, HO OHO He IIPUHS-
TO HU OJHUM aBTOMATOM. Takas cUTyaIus Mo-
JKeT IIPOM30MTH, HAIIPUMEP, B TOM CJIydae, ec-
JIY TI0JIb30BATENIb HAKAJ KaKyl0-JIHOO KHOIIKY
MHKPOKOHTPOJIJIEPHOTO yCTPOMCTBA, aBTOMAT,
KOHTPOJIMPYIOIINI KJIaBUATYPY, ITOCITAI CO00-
menne MSG_KEY_PRESSED, o ycTpoticTBo
B 9TOT MOMEHT HAaXONHUTCS B COCTOSHUH,
He IIPeyCMaTPHUBAIOIIeM KaKoe-JIn00 BMeIIIa-
TEJIbCTBO 110JIb30BATEIS, H, COOTBETCTBEHHO,
HU OIWH aBTOMAaT He «KJAeT» CoolIeHue
MSG_KEY_PRESSED. B pesybrare duar, coot-
BercrByforuit MSG_KEY_PRESSED, ocranercs
YCTaHOBJICHHBIM B €JUHUYHOE COCTOSIHHE JIO TeX
TI0p, TIOKA IT0 JIOTHKE pabOThI IPOrPaMMBbI KaKO#-
7100 aBTOMAT He MOIAJIET B COCTOSIHIE, YCIOBH-
€M BBIXOJIa M3 KOTOPOTO SIBJISETCSI HMEHHO 3TO
coob1ieHwe, 1 9TOT repexoy cpaboraer. [Ipraem
CITy9UTBCS 9TO MOKET KOTZIa YTOJIHO: Yepe3 MUJI-
JIMCEKYHJTy MU 4epes Hezieltio. B riepBoM cirydae
II0JIb30BATEJIb, MOXKET OBbITh, HUYETO U HE 3aMe-
THT, 3aTO BO BTOPOM OH OyZieT HeMaJIO YIUBIIEH.
U B mo60M ciTydae HOpMaJIbHast JIOTHKA PabOThI
porpaMmsl OyzieT HapyineHa. Bot mogemy Bce
HeobOpaboTaHHbIe COOOIIeHNsI-(IaTH TOKHBI
cOpachIBaThCs B KOHIIE KKIOTO IUKIIA. J[J1st 91O~
ro 1 CtysKuT pyHKIms ProcessMessages(), BbI3bI-
BaeMasi B [JIABHOM ITHKJIE TI0CJIE BBI3OBOB (DYHK-
nuit ProcessFSM() Bcex aBromaroB. Ho eciin Mbr
6yneM IPOCTO YAALATH BCe COOOIIEHNS, He TIPU-
HSTBIE B Te4eHHe pab09ero UKJIA HPOrpaMMBl,
HAIpUMep, BOT TaK:

void ProcessMessages(void)

{

char i;
for(i = 0; i < MAX_MESSAGES; i++)
Messages|[i] = 0;

TO HAC JKIET ellle OMH CIOPIIPHU3, & UMEHHO CO-
061IIeHNs B 9TOM CIIydae CMOTYT IIepeaBaTh-
51 TOJIBKO CBEPXY BHUS I10 CIIMCKY BBI30BOB aB-
TOMATOB, HO He B 00PAaTHOM HaIpaBIeHUH.
15t Toro 4T066! N30€KaTh TAKOTO HEIPHUSTHOTO



COCTOsIHWE
HeaKTUBHO

COCTOsiHUE
YCTaHOBJIEHO,
HO HEeaKTUBHO

COCTOsiHHWE
aKTUBHO

Puc. 3. [pach nepexopos coobLuyeHmi

addexTa, HY’)KHO HECKOTIBKO YCIOKHATD Me-
XaHU3M Tepeiadn COOOIeHNI — CleIaTh
ero ABYXCTymeHdIaThIM. [1ycTh coobimenne-
(dbiiar umeer He 1Ba COCTOSHUS: «HEAKTHBHO»
1 «aKTHBHOY, & TPH: <HEAKTUBHO», «YCTAHOB-
JIEHO, HO HeaKTHBHO» U «aKTHUBHO». Toraa
coo0IIeHne, N3HAYATBHO HaXO/IAIIeecs B He-
AKTHBHOM COCTOSIHUH, IPU BBI30Be (DYHK-
uu SendMessage 1eperineT B COCTOSIHUE, «yC-
TAaHOBJIEHO, HO HEAKTUBHO», U aBTOMATHI, Ha-
XOMAIIMECS HUKe IO CIHCKY, Ha Hero
pearmpoBath He 6yayT. [Ipn mocTuKeHNN
MpOrpaMMoO¥i KOHI[A [TUKJIA COOOIeHue Te-
PEXOINT B COCTOSHUE «AKTUBHO» U HAXOIUT-
CsI B 9TOM COCTOSIHWHM B CIEAYIOI[eM IIHKIe
MPOrPaMMBbI JI0 €ro cOpoca NPUHSBIIUM €ro
aBTomMaToM nub0 10 KoHIa ukia (puc. 3).
Taxoit moaxo/ COBIamaeT ¢ IPUHIATHIM B [4]:
«BCe COOOIIeHNUsT JOJDKHEI ObITH 06paboTaHbI
Ha CJIeyIOIeM IIare Iocjie TeHeparnum».

[TpuBegeM 1 IPOTPAMMHYIO PeATH3ANHIO
TAaKOTO MEXaHU3Ma:

/I «messages.c»
char Messages|[ MAX_MESSAGES];

void InitMessages(void)
{
char i;
for(i = 0;i < MAX_MESSAGES; i++)
Messages|[i] = 0;
}

void SendMessage(char Msg)
{

Messages[Msg] = 1;
}

void ProcessMessages(void)
{
chari;
for(i = 0;i < MAX_MESSAGES; i++)
{
if (Messages|i] == 2) Messages[i] = 0;
if (Messages[i] == 1) Messages|[i] = 2;
}
}

char GetMessage(char Msg)
{
if (Messages[Msg] == 2)
{
Messages[Msg] = 0;
return 1;
I

return 0;

Y Takoi peanu3alyy, TeM He MeHee, eCTh
OIIHO CBONICTBO: IPUHATH COOOIIEHIE MOXKET
TOJIBKO OJJH aBTOMAT, HpUYeM HaXOJAIIHIl-
Csl BBIIIE IO CIIMCKY BBI3OBOB (YHKIHI
ProcessFSM(). OnHako 2T0 He ABJIsAETCS 6OJIb-
1ot npo6yiemoii. B 60IbIINHCTBE ClIydaes
B Ka)X[bIiI KOHKPETHBIA MOMEHT BpeMEeHU
Ka)k/[0e KOHKPeTHOE COOOIIeHNE U JODKeH
NPUHUMATh KaKON-T160 KOHKPETHBII aBTO-
mar. K mpumepy, ecu mporpamMmma peaausyer
[0JTb30BATENbCKUI HHTEPdEFC YCTPOICTBA,
TO cOOOIIeHMSI, IIepe/jlaBaeMble aBTOMATOM -
MeHEeIKepOM KJIABUATY PbI, JOJKEH IIPUHH-
MaTh TOJILKO aBTOMAT, OTBEYAIOIUI 3 dJIe-
MeHT nHTepdeiica, HaxosIuiics B poxyce
BBOAa. Eciiu ke Heob6xomuMa mepesada coob-
IIEHUsS CPa3y BCEM aBTOMATaM NPOTPAMMBI
(HasoBeM Takme COOOIIEHNS IIMPOKOBEIa-
TeNbHBIMH, uIu broadcast messages), To u Ta-
KOVl BAPHAHT BIIOJIHE Peaju3yeM:

/I «messages.c»

char Messages[ MAX_MESSAGES];
char BroadcastMessages[ MAX_BROADCAST_MESSAGES];

void InitMessages(void)
{
char i;
for(i = 0; i < MAX_MESSAGES; i++)
Messages[i] = 0;
for(i = 0; i < MAX_BROADCAST_MESSAGES; i++)
BroadcastMessages|[i] = 0;

}

void SendMessage(char Msg)
{

Messages[Msg| = 1;
}

void SendBroadcastMessage(char Msg)
{

BroadcastMessages[Msg] = 1;
}

void ProcessMessages(void)
{
char i;
for(i = 0;i < MAX_MESSAGES; i++)
{
if (Messages|i] == 2) Messages[i] =
if (Messages[i] == 1) Messages[i] =
}
for(i=0;i < MAX_BROADCAST_MESSAGES; i++)
{
if (BroadcastM
if (BroadcastM

3

(=]

i] == 2) BroadcastM [
i] == 1) BroadcastM: [i

r
I

char GetMessage(char Msg)
{
if (Messages[Msg] == 2)
{
Messages[Msg] = 0;
return 1;

I3

return 0;

}

char GetBroadcastMessage(char Msg)
{
if (Messages[Msg] == 2)
return 1;
return 0;

}

Mepepaua napameTpos:
ABa BapuaHTa

OpHako B psifie ciiy4yaeB 0e3 mapaMeTpos
He 0601THCh. [IpocTefininm mpuMepoM SIBIIsI-
eTcst Ta ke 00paboTKa COOOIIEHNIT KITABUATY PBI:
HaM MaJIO 3HAaTbh, YTO IOJTH30BATENb HaXKaJ
Ha KJIABUIITY, HAM HY’KHO 3HATb, Ha KaKyI0 HMeH-
HO KJIABUIITY OH Hakasl. KOHEeYHO, MOJKHO 1pu-
CBOUTBD OT/IEJIBHOE COOOIIIeHIE KaXKIOM KIIaBU-
111e, HalIpUMep, TaK:

//»messages.h»
#ifndef MESSAGES_h
#define MESSAGES_h

#define MAX_MESSAGES 64

#define MSG_KEY_0 0
#define MSG_KEY_1 1
#define MSG_KEY_9 9
#define MSG_KEY_LEFT 10
#define MSG_KEY_RIGHT 11
#define MSG_KEY_UP 12

#define MSG_KEY_DOWN 13

Ho Torga MOKHO HpecTaBuTh cebe, BO 4TO
BBUIBETCS YCIIOBHE TUIIA «[I0JIb30BaTeNb HaXKal
TMOOYIO0 KIaBHIITY»:

if (GetMessage(MSG_KEY_0) Il GetMessage(MSG_KEY_1) Il ... Il
GetMessage(MSG_KEY_DOWN))...

Kax-To He oueHb KpacuBo, mpasza? [opasno
Jyd4Ile MMeTh TOJIBKO ONHO COOOIIeHHE
MSG_KEY_PRESSED, a xop KOHKpeTHOI KJ1a-
BUIIN TOTYYaTh C MOMOIIBIO CHEIHaNbHOMI
dbynkmn:

if (GetMessage(MSG_KEY_PRESSED))
switch (GetKeyCode())
{
case KEY_LEFT:
/lo6paborxka naxarus LEFT
break;
case KEY_RIGHT:
/lo6paborxka Haxarust RIGHT
break;
case KEY_UP:
/lo6pabotxka Haxarust UP
break;
case KEY_DOWN:
/lo6pabotxka Haxarust DOWN
break;
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B nanHOM Cirydae mepefaya mapaMerpa (Ko-
71a KJIaBUIIH) OT/eJIeHa OT MEXaHU3Ma TPaHC-
nsnun cooburenuit. Koy KiIaBuIy XpaHUTCS
B OT/IEJIbHON TIePEMEHHON B MOJTyJIe CKAHUPO-
BaHMS KJIABUATYPBI, 3aIIOJHSIETCSI aBTOMATOM
MOIYJISl CKAHUPOBAHHS HETIOCPENICTBEHHO TIepert
nepenadeit coobmenust MSG_KEY_PRESSED
U JOCTYIEH JUJIs IOJIy4aTels IO BBI3OBY
dynknun GetKeyCode. Taxoit cioco6 mepe-
Ia4u apaMeTpOB IIPOCT, HO MOKHO U Iiepe-
IaBaTh ITapaMeTpPbl HEIIOCPECTBEHHO BMeEC-
Te ¢ coobuieHusmu. Bee, 4T0 11 3TOTO HYXK-
HO: 3aMEHHUTD B BBIIICIIPUBEICHHOM MOJIYJIe
messages.c CTPOKy

char Messages|[ MAX_MESSAGES];

Ha:

MSG_DATA Messages[MAX_MESSAGES];

rme MSG_DATA moxxer OBITH OIpesiesieHo, Ha-
IpuMep, Kak:

typedef struct
{
char Msg;
void *ParamPtr;

}

KOMMOHEHTbI ¥ TEXHOJIOTWU « Ne 12 '2006

1, COOTBETCTBEHHO, CKOPPEKTUPOBATh (PYHKINH
InitMessages, SendMessage, ProcessMessages,
GetMessage.

Temeps MBI MOKEM OTBETHTB Ha BTOPOII 13
BOIIPOCOB, 33/JaHHBIX BBIIIIE: YTO IIPOUCXOUT
C mapaMeTpaMu B TOM CJIydae, eCJIM B OfTHOM
[UKJIe PAGOTHI IIPOTPAMMBI [IEPEIaHO ABa CO00-
IIeHNS C Pa3INIHBIME TapaMeTpaMu? AKTHB-
HBIM CTaHeT, pa3yMeeTcs, BTOpoe CoOOIIeH e:
HOBBIE 3HAYEHUS [TaPaMETPOB IIPOCTO 3aTPYT
ycTaHOBJIeHHBIe paHee. OJJHAKO, KaK IPaBUIIO,
TaKasl CUTyallus COBEPIICHHO IIpUeMiIeMa.

Y BHEMATEJIBHOTO YUTATEJISI MOXKET BO3HUK-
HYTb CJIEYIOIINIT BOIIPOC: KaK COOOIIEHNUS TIe-
PefaloTCs B NIABHBLI IIUKJI IIPOTPAMMBI U3 06-
paboTynKoB mpepriBaHuit! He Moryt siut mpu
9TOM BO3HHUKATh Kakue-Ji6o koyuusuu? C 06-
CY)KIIEHHSI 9TOTO BOIIPOCA MBI HAYHEM CJIEIYIO-
LIYIO CTAaThIO. [ |
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74 npoeKTHpOBaHUe

Bnagumup TATAPYEBCKUMN
arktur04@mail.ru

O6MeH coobLeHUsIMH
MeXXAy aBTOMaTaMH: 3aKNloueHue

I[Tepen TeM Kak IPUCTYIUTD K 00CYKICHIIO
BOIIPOCA, BEIHECEHHOTO B IIO[3aT0JIOBOK, MOJI-
BeJleM KpaTKue HTOTU MaTepHala, N3JI0KEeHHO-
TO B IIPeIbIAYIIEeH CTaThe IIKIIA.

VITak, MbI YCJIOBHO JIEJIIM COOOIIIEHNS Ha /iBa
THIIA: «OOBIYHBIE» (Iajiee — IPOCTO COOlIIIe-
HUSI) U IupoKoBenarebHble. [Ilnpokosera-
TeJIbHOE COOOIIeHNE MOKET ObITh IIPUHATO He-
OTpaHIMYEHHBIM KOJIMIEeCTBOM aBTOMATOB B ITHK-
JIe, B TO BpeMsI Kak 0ObI9HOE coOOIIeHe —
TOJIBKO OTHAM aBTOMATOM, TIOCJIe 9er0 OHO yzia-
nsiercst (cOpachIBaeTCsl B HEAKTHBHOE COCTOSI-
Hue). Peansariys [INpPOKOBEIATEIBHBIX CO00-
ILIIEHUI TOBOJIBHO IIPOCTA, HO OOBIYHBIM CO00-
LIeHUSM MBI yJeJINM ellle HEMHOTO HaIIIero
BHUMAHUSI, OTMETHB P/ HIOAHCOB.

HioaHc nmepBhIil: Ha IPOTPAMMHUCTE JIEKHT
00513aHHOCTh OPTaHM30BaTh POrPaAMMy TaKUM
00pa3oM, 9TOOBI B KaKIbIil KOHKPETHBI MOMEHT
BpeMeHH KaXKI0e COOOIIIeHIE MOIJIO IIPUHIMATh-
€4 TOJILKO OJIHAM aBTOMAaTOM B IuKJIe (MIn He
IIPUHUMATHCST HU ogHuM). Hecobmonenue ato-
TO ITpaBUJIA BeleT K cirefyomemy. Jomycrum,
Hekoropoe coobierne MSG_SOME_MESSAGE
TIpUHUMaeTcs ByMs aBTomaramu FSM1 u FSM3
B OITHOM IIMKJIe IporpaMMmsbl. I Tpu aToM mepBbrit
aBTOMAT, IIPUHSB COOOIIeHEe, COPOCUT €ro,
a BTOPOI aBTOMAT, COOTBETCTBEHHO, €T0 He IIPH-
MeT. O4eBUIHO, UTO B JAHHOM CITydae IOBefie-
HIe IPOrpaMMBbI OyJIeT OIPeeIIsIThCS TOCIIEN0-
BATeJIbHOCTHIO BHI3OBOB aBTOMATOB B TJIABHOM

——

NpuMeHeHHUe

SWITCH-texHonorum

npu pa3paboTKe NPUKAaLHOro
nporpamMMHoro obecneueHus

0N MUKPOKOHTponepoB. Hactb 3

B npeabiayweii ctatbe 4MKNa 6bIn paccMOTPEH psij BONPOCOB, CBA3aHHbIX
C nepepauel coobueHui Mexxay aBTomataMu. Mbl BbISSCHUAIH, UTO B psfe
cnyyaes (a Ha caMoM fene B 60/bWIMHCTBE) MOXKHO 060MTHCH Be3 ouepepent
coobueHuii — ecnu ucnonb3oBaTh ropasfo 6onee NPpocToi MexaHU3M UX
o6paboTku. OfHaKO 32 paMKaMKU MaTepuana ocTascs psij HIOAHCOB, B YaCT-
HOCTH, BOMPOC OpraH13ayuu o6MeHa coobLEeHUAMU MeXXAY rMaBHbIM LUK-
nom nporpaMmbl U 06paboTunkamu npepbiBaHuii. [laHHas cTaTbs nocBsLe-
Ha npobnemaM, BOZHMKAIOWMUM NPU 06MeHe cooBLIeHUAMU, U APYTrOMY BadK-
HOMY acneKTy npepnaraeMoi TeXHOJNIOrMU NPOrPaMMUPOBAHUSA. @ UMEHHO

TalMepam.

IIMKJIe, €CJTU aBTOMATBI OY/TyT BBISBIBATHCS B 10~
cnenoBarenbHocTd FSM3, ... FSM1, nosenenue
HPOrPaMMBI CTaHET IPYTUM. MeKXIy TeM OfHUM
U3 OCHOBHBIX CBOVICTB IIpeJyIaraeMoil KOHI[eI-
I[[UY SABJISETCS IMEHHO HE3aBHCHMOCTh TIOBeEIe-
HUS IPOTPaMMBI OT TIOPSI/IKa BBIZOBOB (DYHKIIHI
aBTOMATOB (IIOTOKOB).

Hrak, kaxmoe coob1ieHne IpesicTaBIeHo KO-
HedHbIM aBroMaToM (KA), nMeroIum tpu co-
CTOSIHUS:

o Cocrostane 0: COCTOSIHUE HEAKTUBHO.
e CocrosiHue 1: COCTOsIHIE YCTaHOBJIEHO, HO He-

AKTHBHO.

o CocTostHmE 2: COCTOSIHUE AKTUBHO.

ABToMar, moceuTaoIImil coobiieHwe, hakTi-
YeCKH IePeBOIUT cOOTBETCTBYoIMI KA 13 co-
crostaust 0 B cOCTOsIHUE 1, @ B KOHIIE IIUKJIA IIPO-
rpammbl pyHKIHs ProcessMessages nepeBoguT
BCe COOOIIEHNST, HAXO/SIIECS B COCTOSHUM 1,
B coctosirue 2. Takum 06pasom, coOOIIIeH e B~
JISIeTCS] aKTHBHBIM C Hayala IUKIIA, CIIeNyIoLe-
IO IOCJIE €r0 FeHepaIluy, 10 MOMEHTA ero Mpu-
ema Jin60 10 KOHIIA I[UKJIA, CJIH OHO He OBLIO
npunsTo. Takke pyukius ProcessMessages
cOpachIBaeT Bce He IIPUHSThIE COOOIIEHNS B KOH-
1e 1uKia (mepexon 2-0).

barozapst TaKOMy pasfieJIeHUIO KH3HEHHO-
o HUKIa» coobMIeHwst Ha (hasbl COCTOSHUS, OT-
JagKa TPOrPaMMBbl CTAaHOBHUTCS IIPOCTBHIM
U yIOOHBIM IIPOIIECCOM, TAK KaK MbI MOKEM I10-
CTOSIHHO OTCJIEKMBATh B OTJIAMYUKE, KAKOI aB-
TOMAT ¥ B KAKOM COCTOSIHHHU CT€HEePUPOBAJI CO-
ob1enue, a kakoit ero npuHsul. [Tporecc otaz-
KI MOYKHO CJIeNIaTh elre 6oiiee YI0OHBIM, eCIIu

OpraHM30BAaTh Ilepefiady OTIaf0oIHON HHDOP-
Manun u3 pyrxmmi GetMessage n SendMessage
qepes, HarrpuMep, HopT RS-232, Torga Mer cMo-
KeM IOTYyIUTh HPOTOKOJI PabOTHI IPOIPaMMBI
Ha KOMIIBIOTepe.

Cy11ecTBYIOT ellie HeKOTOPbIe HIOAHCHI, CBSI-
3aHHbBIe ¢ 06paboTKOI Co0OIIeH I, [I0IycTHM,
MBI 3aIIUCAJIN yCJIOBHUS IIEPEXO/IOB U3 HEKOTO-
POTO COCTOSIHUS CIITYIOMINM 06pasoM:

case OLD_STATE:
if (GetMessage(MSG_SOME_MESSAGE) && GetInput(IN0))

{
DoSomething();

Fsm_state = NEW_STATE;

b
if (GetMessage(MSG_SOME_MESSAGE) && GetInput(IN1))

{

DoSomethingElse();

Fsm_state = ANOTHER_STATE;
b
break;

31ech JOJDKHBI BBITOJIHATHCS CIIEAYIOIIHE Y-
JIOBYSI IIEPEXOJIOB: €CJIU IIPUHATO COOOIIeHIe
MSG_SOME_MESSAGE 1 BBIIIOJIHEHO HEKOTO-
poe nomonuuTtenbHoe ycrosue GetInput(INO),
TO aBTOMAT BBITIONHsIET fieiicTBre DoSomething()
n nepexonut B cocrossane NEW_STATE,
a [P BBIIIOJIHEHUH IOTIOJHUTEIBHOTO YCII0-
Bus GetInput(IN1) BeIIOIHSETCS eICTBHE
DoSomethingElse() u ocymiectBisiercs nepe-
xop B coctossane ANOTHER_STATE. Onnako
SICHO, 9TO BTOPOE yCJIOBHE HUKOTZIA He cpaboTa-
eT, Tak Kak coobienue MSG_SOME_MESSAGE
6yneT cOpOIIIEHO TIepBOIT IPOBEPKOIT Iepexona

o
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npu BezoBe GetMessage, BHe 3aBHCHMOCTH
OT BBIIIOJIHEHHSI JOTIOTHUTEIBHOTO YCIOBHUS
GetInput(INO). TToaToMy Tak IHCaTh HEIb3SI.
ITpaBHIIbHOI pean3alneil MepexonoB ¢ TaKu-
MU YCJIOBHSMU OYIeT CIIeyIOIIHIT KOJ:

case OLD_STATE:
if (GetMessage(MSG_SOME_MESSAGE))
{
if (GetInput(INO))
{
DoSomething();
Fsm_state = NEW_STATE;

if (GetInput(IN1))
{
DoSomethingElse();
Fsm_state = ANOTHER_STATE;

U, pa3yMeeTcs, HeJIb3s UCII0JIb30BaTh YCJIO-
BUA IIEPEXOA0B TUIIA CIENYIOIIETO:

case OLD_STATE:
if (GetMessage(MSG_SOME_MESSAGE) &&
GetMessage(MSG_ANOTHER_MESSAGE))

{

DoSomething();

Fsm_state = NEW_STATE;
b
break;

JIpyrumu cI0BaMH, HUKOT/IAa HeJIb3sI HCXO0-
IUTP U3 IPEIIOI0KEHNS, 9TO [Ba Pa3HbIX CO-
006LIeHHS ITOCTYIIAT OTHOBPEMEHHO, B OTHOM
IUKIIe.

Oco6eHHOCTBIO TIpeiIaraeMoi MO/ B3aH-
MOIEIICTBHUS KOHETHBIX aBTOMATOB SIBILIETCS TO,
YTO OHU B OIPeJIeJIeHHOM CMBICJIe CHHXPOHHBI,
U eCJTH aBTOMAT FeHePHpYeT COOOIIeHNe, MBI MO~
KeM C YBEPEHHOCTBIO YTBEPIKIATh, UTO €I0 CMO-
JKeT IIPUHATH T00011 aBTOMAT B CJIEAYIOLIEM
nuKiIe pa6orsl mporpammMel. Ho B ToM ciydae,
©CJIM MBI IlepefiaeM COOOIIeH e U3 ITTABHOTO ITHK-
JIa IIPOTPaMMBbI B 00PaOOTINK IPePhIBAHNST, MBI
He MOKeM OBITh YBePeHbI, YTO IIpephIBaHHe Ha-
CTYIIUT B TeYeHHe CJIeAYIOIel NTepalliy IJIaB-
HOTO IIUKJI4, WU B Te4eHUe OIPENeJIeHHOTO Bpe-
MeHH, 11 Boob1e Korga-au6o. [Toatomy Ta-
KHe Iepefiadd COOOIIeHN HyKHO IPUMEHATD
C KpaifHell OCTOPO’KHOCTBIO. ABTOPY IPEICTaB-
JIIETCSL, 9TO B CITyYae, eCIU HeOOXOIUMO YIIPaB-
JIeHHe IIPOIeccaMy B 06pabOTIHKe IIPePhIBAHIS
13 JIABHOTO IIUKJIA, JIy4Ille IT0KePTBOBATD N~
CTOTOI KOHIIENIITUA 1 000MTHCh OOBIYHBIM Ha-
6opom (iaros. ITepenada coobrienuit B o6par-
HOM HaIIpaBJIeHUH, U3 00pab0TInKa IpephIBa-
HYS B ITaBHBII IIUKJI, JOITYCKaeT IIPUMeHeHHe
€o00111eH I (a BOT IPIMeHEHHe IPOCTHIX (ia-
TOB 3/IeCh KpailHe He>KeJIATeIbHO B CUITY TOTO,
9TO U3 3HAYECHUSI MOTYT U3MEHAThCS 06paboT-
YUKOM IIPePBIBAHUI aCHHXPOHHO, B CAMBbIe He-
mpencKkadyeMble MOMEHTHI). ONHAKO B CHITY
ACHHXPOHHOCTH IIPOIIECCOB B TAKOU Iepesade
COOOIIIeHHI CKPBIBAIOTCSI HEKOTOPBIE «IIOIBOJ-
Hble KaMHI». [IpefcraBuM cebe Takyo cuTya-
1UI0: 00pabOTIMK IIPEePhIBAaHUS IT0CIAT CO00-
merne MSG_SOME_MESSAGE aBromary FSM3

B IJTaBHOM IIMKJIe TporpaMmsal. I1pu atom KA,
COOTBETCTBYIOIINI JAHHOMY COOOIIEHHUIO, ITe-
perren B cocTostHue 1. B KoHIIe IuKIa QyHKINSL
ProcessMessages mepeBesia ero B COCTOsIHUE 2
(aKTHBHOE COCTOSIHUE), B KOTOPOM OH JIOJDKEH
HAXOIUTBCS 10 OKOHYAHMS CIIEAYIONIETo KA
760 10 TpreMa coobrenus apromarom FSM3.
Teneps npepacraBum cebe, 9T0 06pabOTINK
IIpepBIBAHUSA CHOBA IIOCJIAN 9TO JKe COOOIIIeHNe
IO €ro IIpueMa aBTOMAToOM. B pe3ysbTaTe OHO
CHOBA IIePEBOMIUTCS B HEAKTHBHOE COCTOSTHHE
7 He MOJKeT OBITh IIPHHATO aBTOMaTOM. Ectu
00paboTInK IpephIBaHUS OYIET TOBTOPSTH
OTIPaBKY COOOILIEHHUS C TEM JKe IePHOLOM,
€ KOTOPBIM BBIIIOJIHSETCS TJIABHBII ITUKII IIPO-
IpaMMBbl, N Jallle, COOOIeHne HIKOIa He
HepeieT B akTUBHOE COCTOSIHHE U, COOTBET-
CTBEHHO, HUKOTJa He OyeT NpHUHATO. Brixon
13 JAaHHOTO NOJIO’KEHNUS 0YeHb mpocT. HeMHO-
ro usmeHuM QpyHkiuio SendMessage, 9T06BI
He JIOIyCTUTh IIOBTOPHOU aKTHBHU3AINH CO00-
IIeHHUS:

void SendMessage(char Msg)
{
if (Messages[Msg] == 0)
Messages[Msg| = 1;
}

Ha 5ToM TeMy MaHHUITYJIAIHI C COOOIIeHNs-
MU II0Ka OCTaBHIM H IIepeiifieM K pacCMOTPEHHIO
IPYTOro BasKHOTO pasfiesia — IPOrPaMMHBIX
(«BEPTYaIbHBIX») TAIMEPOB.

Takmepsl

MexaHu3M TaiiMepoB MOXKeT ObITh addek-
THBHO ucnonb3oBad B SWITCH-nporpammu-
poBaHUH 1711 9 PEKTHBHOTO OIHCAHUS YCIIO-
BHII IIePEXO/IOB MKy COCTOSIHUSAMMU aBTOMAaTa
B TOM CJIyJae, eCJId IIepeXofl I0JDKEH IIPOH30ii-
TH 110 HCTeYEeHUH OIPeeIeHHOTO IPOMEeXXyTKa
BpeMeHN.

ITox TaiiMepoM MBI OyzieM OIpa3yMeBaTh He
aImapaTHoe YCTPOICTBO MUKPOKOHTPOJLIEPA,
a «BUPTYJIbHbII» 00BEKT, UMEIOIIUI YHUKAJIb-
HBII HIeHTH(HUKATOP U IPeNCTaBIIIOMINI,
10 CyTH, IIepeMeHHYIO0, YBEJIMINBAIOIIYIO CBOE
3HavYeHMe Ha eIHUITY depe3 OIpelie/IeHHbIe HH-
TepBaJIbl BpeMeHU. DTOT HHTePBaJ OIpeies-
€TCSI HACTPOUKAMU aIlllapaTHOro TaiiMepa. Bee
«BUPTYaJIbHBIE» TaliMepBI IIPOrPaMMbl 00CITy-
JKUBAIOTCSI OJTHUM IIPephIBAHIEM aIlllapaTHOTO
TaiiMepa.

#define MAX_TIMERS 16
unsigned int timers[ MAX_TIMERS];

//KonmdecTBO TafiMepoB
/ImepemenHbIE
//«BUpPTYaTBHBIX»
/[TaitmepoB

/06pa6oTHIK IpepHIBAHILS
/ITaiimepa/caeTanKa

void ProcessTimers(void)

{

char i;

unsigned int dummy; //BcioMoratenbHast
/ImepemenHast
dummy = AT91C_BASE_TCO0->TC_SR; //autaem dar craryca

/ImpeprIBaHUs

1/
/lyBenmunBaeM 3HaUeHHe BCEX NepeMEeHHbIX-TaiiMepOB Ha 1
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for(i = 0; i < MAX_TIMERS; i++)
timers[i]++;

}

ITonHy!o IpoLeypy NHUIMATHIAIIH allIla-
paTHOTO TaiiMepa MBI 3/IeCh IIPUBOAUTD He Oy-
ZeM, TaK KaK OHa 3aBHCHT OT THIIA IPHMeHsIe-
MOTO MUKPOKOHTPOJUIEPA U PeaTn3yeTcst AJst
Ka)KJIOTO THIIA MEKPOKOHTPOJUIEPOB [O-Pa3HO-
My (BBI MOJKeTe 00paTUThCSI K GUPMEHHOM 10~
KYMEHTAIIUH, B KOTOPOIT BOIIPOCHI OZ0GHOT0
pora, KaK IIPaBHUIIO, PACCMATPUBAIOTCS OYeHb
0ApOOHO).

VIHMIHATH3alis BAPTYaJIbHBIX TalIMEPOB CO-
CTOUT B HX OCHYJICHHUN:

void InitTimers(void)

{
char i;
for(i=0; i < MAX_TIMERS; i++)
timers[i] = 0;
//MHAIEAIN3a s ANIAPATHOIO TaiiMepa
timer_init();

Beeniem ernie ziBe pyrkuun — GetTimer u ResetTimer:
unsigned int GetTimer(char Timer)

{

return Timers| Timer];

}

void ResetTimer(char Timer)

{
Timers[Timer] = 0;

}

Oynxmus GetTimer T03BOJISET MOTYIATH Te-
Kyllee 3HaYeHHe TallMEepPHOM IepeMeHHOM,
a ResetTimer cOpacbiBaer TaiiMep B Ha4aJIbHOE
(HysIeBO€) cOCTOSIHUE. 3ar0JIOBOYHBII (hailt MO~
IyJisl TaIMEPOB MOJKET BBIIJISIIETh, HALIPHMeED,
CIIeIyIOImUM 06pasoM:

#ifndef TIMERS_h
#define TIMERS_h

/loTipesieieHst eIMHUIL BpeMeHI

#define sec 100 //mepuon Taitmepa 10 Mmc, T.e. 1 ¢ cooTsercrayer 100
TepuosaM

#define min 60 * sec

#define hour 60 * min

#define day 24 * hour

#define MAX_TIMERS 16 //MaKkcumasibHOe KOJIHYECTBO TAiiMepPOB
//B 9TOM paspene OOBABIAIOTCH KOHCTAHTBI, CITy/KAIHe HIeHTH(U-
KaTOPaMH TailMepoB.

#define KEYB_TIMER 0

#define CURSOR_TIMER 1

#define FLASH_TIMER 2

#define MENU_TIMER 3

#define UPDATE_TIMER 4

//byHKImn paboTsI ¢ TaitMepaMu
void InitTimers(void);

unsigned int GetTimer(char Timer);
void ResetTimer(char Timer);

#endif

B ciemylomeit cTaThe MBI IIPOJOJIKHM pac-
CMOTpEHHe MeXaHU3Ma JeHCTBHS BUPTYaJIbHBIX
tafimepoB cornacio SWITCH-rexnosmorun
U TIpUBeJieM KOHKPeTHBIe IIPHMephl HX IPHMe-
HEHISL.

Abmop Onazodapum Anamonusi Abpamobuua
HTanvimo 3a noddepxky npu HANUCAHUYU OAHHO-
20 yukaa cmamet. |
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Bnagumup TATAPYEBCKUH
arktur04@mail.ru

aK y’Ke yIIOMUHAJIOCh B IIPEABIIY LN CTa-
The 3], mox TaitMepoM Ml OyieM ITOHHU-
MaTh HE allllapATHBIN y3e] MUKPOKOHT-
poJuIepa, a HPOrpaMMHYIO0 KOHCTPYKITHIO (BUP-
TYQJIBHBIN TaiiMep), MO3BOJISIOIIYI0 BBECTH
B IIporpammy, ocHoBaHHYI0 Ha SWITCH-Texno-
JIOTHH, YCJIOBHA IIEPEXOJIOB, 3aBUCAIIIIE OT Bpe-
MeHu. [Tpu 9TOM MBI GyzieM TTOIpasaessTh Tail-
MepbI Ha JIOKaJIbHBIE 1 ITI00aIbHBbIe. JIOKaIbHBIM
TafiMepoM OyzieM CIUTATh TAKOM TaiiMep, IeiCT-
BHE€ KOTOPOTO OTPAHUYEHO OJHUM COCTOSHUEM
KOHEYHOTO aBTOMaTa, ¥ MbI MOJKEM HCII0JIb30-
BaTh €T0 3HAYEHUE /]I OIIMCAHNUSA Y CIIOBUH T1epe-
XOJIOB TOJIBKO JAHHOTO cocTostHus. O61acTh et
CTBUSI I7I00QJIBHOTO TaliMepa PacIpoCTPaHseTCst
Ha HECKOJIBKO COCTOSIHUI aBTOMara. I [porpamma
MOYKET COIEP/KAaTh MHOKECTBO JIOKAJIbHBIX U 710~
OaJIbHBIX TAfIMEPOB, HO BCE OHU YIPABIISIIOTCS
NIpepLIBAHMEM EIMHCTBEHHOTO AIIIapaTHOIO Tai-
Mepa MUKPOKOHTpOJLIEpa.
PaccMoTpuM BOIIPOCHI, CBA3AHHBIE C PeajIy-
3a1ieil ¥ IpUMeHeHeM TaliMepOB.

JlokanbHble TaliMepbl

JIOKaJIbHBIM TaliMepOM B IIpeJyIaraeMoil Mo~
JIeJIV SIBJISICTCS BBIIIEJICHHAS ITePeMEHHast, yBeJIH-
YHBAlOIIlee CBOE 3HAYeHNUE Yepe3 PUKCHPOBAH-
Hble HHTEPBAJIbI BpEMEHH (HarlpuMep, KaKIy1o
cexyHny). [Tpu Bxofie B COCTOSIHIE 3HAYCHHUE ITOI
TIepeMeHHOI 06HYIIsIeTCs (TaiiMep HHUIMAIN3H -
pyercsi). B pesysbrare NOSIBILSIETCS BOSMOYKHOCTD
YKa3bIBaTh B KA4eCTBE YCIIOBUS BBIXOIA M3 COCTO-
STHUSI OTIpefIeIeHHOE 3HAYCHNUE JAHHO TIepeMeH-
HOI1, COOTBETCTBYIOIIIee HeOOXOMMOMY UHTEP-
BaJIy BpeMeHHU. DTO O3BOJISIET YIIPOCTHTD rpad
Iepexo0B KOHeYHOTo aBTOoMarTa. Hapsany
C JIOKQJIbHBIMH TallMepaMU BO3MOKHO TaKKe
IIPUMEHEeHNUe U TJI00IBHBIX TallMepPOB, KOTO-
pble HHUIINATIN3UPYIOTCS B OTHOM, a SIBJISIOTCS

lNpuMeHeHHUe

SWITCH-texHonoruu

npu pa3paboTKe NPUKAaLHOro
nporpaMmMHOro obecrnevyeHus

ANs MUKPOKOHTpoanepos. Hactb 4

B npeabiaywux cratbax uukna [1—3] mbl nogpo6Ho 06cyaunm opraHusauuio
obMeHa coobLeHHs MY B NPOrpaMMHOM 0becrneyeHH, NOCTPOEHHOM Ha OCHOBe
SWITCH-TtexHONOrMM, U HaYaNIU paccMOTpeHUe MeXaHU3Ma TaiMepoB. B atom
Mmartepuane Mbl TPOAOIKUM 0BCY)KAEHHE TAMEPOB, a TaK)Ke NpUBeAeM NpUMep
peanusauyun SWITCH-nporpaMmbl Ha KOHKPETHOM NpUMepe.

Myck kn.1 Kn.2
1 X1 Z1 :
Cron 22 | 4
1L x 73 M
z4 \
X4
X3 A X4
1 T
‘ ®331
X3
2 T2
i D332 —‘ =
kn.3

Puc. 1. DyHKuMOHaNbHAsA CXEMA TEXHOMOMMUECKON YCTaHOBKHM: A — yNpaBAsioLLui asToMar;
331, D332 — dhyHKLHMOHANbHbIE 3NeMEHTbI 3afiepkku; M — MoTop; X3, x4 — AaTYUKW YPOBHS KMAKOCTH;

k1, kn2, Kn3 — KnanaHbl

YCJIOBUSIME BBIXOJIa — B IPYTOM COCTOSTHHH (CO-

CTOSIHUSIX).

PaccMoTpuM aBTOMAT, MCIONB3YIOIIMI Taki-
Mephl. B kauecTBe mprmMepa BO3bMeM TEXHO-
JIOTHYECKYIO YCTAaHOBKY, OIIMCAaHHYIO B pabo-
te [4]. Ee dyHKIMOHANbHAS cXeMa pUBefe-
Ha Ha puc. 1.

ITpuBeneM CJIOBECHOE OIIMCAHUE PabOTHI CHC-
TEeMBI:

1. B mcXomHOM COCTOSTHUM BCe KJIallaHBI 3aKPbI-
TBI, MOTOD (IBUTATENDb) «CMEIINBATEIS» BbI-
KITIOYeH.

2. Otan 1. [1pn mHaxkatnn kaonkn «ITyck» ocy-
IIIeCTBIIATCS HAJIUB SKUIKOCTH ITyTeM OTKpPhI-
THSI KJTamaHa 1 10 cpabaThIBaHUS JATIMKA X3.

3. Ortan 2. OcymecTBIseTcss HAIUB JKATKOCTH
ITyTeM OTKpPBIBaHUS KJIANaHa 2 0 cpabaThl-
BaHUS JaTdnKa X4.

4. Otan 3. BiogaeTcs ABUTATENb «MEITaTKI»
Ha Bpems tl.

5. Oran 4. [Ipon3BogHTCS CIIUB CMECH TTyTEM OT-
KpbIBaHM KJIallaHa 3 Ha BpeMs t2.

6. Iloce BbIIIOJHEHNS TYHKTA 5 CUCTEMa BO3-
BpAIIIAeTCs B IICXOTHOE COCTOSTHNE.

7. Ilpu Hasxatum KHOIIKU «CTOI» BO BpeMsI BBI-
TIOJIHEHUS ITYHKTOB 2—4 cHCTeMa IepeXoiuT
K CJIUBY CMecH (IIyHKT 5).

[TocTponm 1o CTOBeCHOMY ONIMCAHUIO aBTO-

Mat Mypa, HCIIOIb3YIOIIHI JIOKaJIbHbIE TafiMe-

poI (puc. 2).
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T oy et )
MCX. COCT. 1 aran 1 3
Q—— {21,22,23,24) = (21,22,23,24) = {21,22,23,24) =
{0,0,0, 0} {1,0,0,0} {0,0, 1,0}
N - 2 N 3
X2 X2
T aan 2 / A\
atan 3 stan 4
t1, X2 0
(Z1,22,23,24) = (Z1,22,23,24) =
{0,1,0,0} 4 {0,0,0, 1} 5
v Y

Puc. 2. ['pach KoHeuHOro aBTOMaTa CUCTEMbI YNpaBeHHs

3ameTnm, 9TO rpad mepexonoB Ha pC. 2 Co-
CTOUT BCEro U3 IISATH COCTOsIHUIL [Ipu aToM 3a
CYeT BBeJICHNUS JIOKAJIBHOTO TaiiMepa (Bcero ofi-
HO¥ TIepeMEHHOI Ha BeCh aBTOMAT) MbI N30aBH-
JIUCh OT «UCKYCCTBEHHBIX» BX0n0B 11, T2, BBI-
XozoB tl, t2 ¥ JBYX 971€MEHTOB 3aJJepPKKH —
OB31 n ®D32. MOKHO 3aMeTHTb, UTO Y JAHHOI
CXEeMBI €CTb OJITH HeIOCTaTOK — U3 BCeX «pado-
YHX» COCTOSIHHIA, KPOMe ITOCTIEIHETO, (13 COCTO-
STHUI1 2—4) B COCTOSIHHE 5 BETyT IIEPEXOMIBI C YCII0-
BHUEM X2, COOTBETCTBYIOIINM HAKATUIO KHOIIKI
«Crorm. C y4eToM TOTO0, 9TO B CJIOXKHBIX TEXHO-
JIOTHYECKHUX YCTaHOBKAX YMCIIO COCTOSIHUI aB-
TOMaTa B pab0deM IUKJIe MOKET JOCTUTATh He-
CKOJIbKMX JIeCATKOB (M Ia’kKe COTEH ), TAKue I1e-
PEXOJIBI MOTYT CHJIBHO 3aTPOMOJK/IATD CXEMY,
3aTPYAHSS €€ YUTAeMOCTbh. TaKKe MOT0OHBII
CIIPSIMOTT» TIOZIXON, MOJKET IIPUBECTH K OIINOKaM
pu pa3paboTke IPOrpaMMBbl B 0CO6EHHO mpU
ee mopudukanuu (HapuMep, U3 KaKOro-I1n60
COCTOSIHHSI 3a0BUIH IIPOBECTH TIEPEXO]] 10 KHOTI-
ke «Crom»). Teneps mpencraBuM cebe, ITO
B ITpotiecce pa3paboTKu OBUIO PEIIeHO UCIOb-
30BaTh B KadecTBe KHOMKH «CTOI» He HOpMaJjlb-
HO-Pa30MKHYTYI0, @ HOPMAJIBHO-3aMKHYTYIO CH-
creMy (KaK 9TO M UIMeeT MeCTO B CTaHJAPTHBIX
JABYXKHOIIOYHBIX [IOCTAX «ITyCK-CTOI»). [Ist 310~
T0 HeOOXOIMMO IIPOU3BECTU B COOTBETCTBYIO-
LUX [IePeX0laX U3 COCTOSHUN 2—4 3aMeHy X2
Ha ~x2 (x2 uuBepcHoe). [Ipu aToM HeboIbIIIOE,
Ka3aJIoch Obl, U3MEHEHHE SBIISIETCS «OIIHOKO-
OITACHBIM», TaK KaK 3aMeHY IIPUIETCS IIPOU3BO-
IUTH BO BCeX pabo4nx cocTosHUX. [ToaTomy
11e71ec0006pasHo mpeobpazoBaTh rpad mepexo-
JIOB Ha PUC. 2 B CXeMY C IapaJUIeIbHBIMU II0TO-
KaMH, n300pakeHHYIO Ha puC. 3.

HecMoTpsi Ha TO, YTO KOJIMIECTBO COCTOSTHHIL
B HOBOI1 CXeM€ YBEeJTMYMIOCH 110 IIECTH, YHCIO0
IIePEXO/IOB B HEMl YMEHBIIINIIOCH, @ €¢ HaTJIs/-
HOCTB BO3pocia. 1, 9To camoe I71aBHOE, BO3POC-
7a MonubHITIPYeMOCTD cxeMBbI. Termepb MOXKHO
BBeCTH JTI060€ KOJIUIeCTBO COCTOSHUI pabode-
TO IUKJIa BMECTO COCTOSIHUN 2—4, He 3a60TsCh
0 KOPPEKTHOCTHU CpabaThIBaHMUsI KHOIKH «CTOI»,
a 3aMeHa YCJIOBHSI OCTAHOBA CHCTEMBI (HAIIPHU-
Mep, 3aMeHa X2 Ha ~X2) BIeTeT 3a OO0 n3me-
HEHHeE TOJIBKO B OTHOM MeCTe IIPOTPaMMBIL.

PaccMOTpHM peanu3aniuio JaHHOTO aBTOMA-
ta (puc. 3) Ha sizpixe C:

while(1) {
//31ech IOIDKEH IPOU3BOAUTECS OTIPOC BXOJOB CHCTEMBI YIIPABJICHIIS

//ocHOBHOI TIOTOK IPOrpamMMBI (cocTostams 1-5 Ha puc. 3)
switch(state){

case 1: //cocTosame 1
/lycranaBinBaeM BBIXOJIBI aBTOMATA
z1=22=23=24=0;
/lyciosue mepexona
if(x1) state = 2;
break;

case 2: //cocTostHIe 2
/lycranaBiiBaeM BBIXOJIBI aBTOMATA
il =g
72=1723=74=0;
/lyciosue mepexona
if(x3) state = 3;
break;

case 3: //cocTostHIe 3
/lycranaBiiBaeM BBIXOJIBI aBTOMATA
z1=722=274=0;
5=l
/lyciosue mepexona
if(x4) state = 4;
break;

case 4: //cocTostHne 4
/lycranaBiiBaeM BBIXOJIBI aBTOMATA
z1=23=274=0;
)=l
/[3amycKaem JIOKabHBII TaitMep
starttimer();
/lyciosue mepexona

if (GetTimer(TimerID) >=t_1) state = 5;
break;
case 5: //cocrosnue 5
/lycranaBinBaeM BBIXOJIBI aBTOMATA
il =2 =75 =1y
74=1;
/[3amycKaeM JIOKaJbHBII TaiiMep
starttimer();
/lycnosue mepexozia
if (GetTimer(TimerID) >=t_2) state = 1
break;
I
//ROHTPOIL KHOTIKH «CTOII»
/*9TOT IIOTOK COCTOMT U3 OJHOTO COCTOSIHMS 1 BBIOIHSETCS apaJl-
JIeTbHO OCHOBHOMY HMOTOKY Hporpammbl. ITpu akTuBanuu Bxoma X2
(KHOIIKa «CTOII» ), 9TOT IIOTOK IPHHYANTENHHO IIePeBOIHT OCHOBHOM
KA B cocrostzie 5 (1B CMecH 1 3aBepiierie pa6oter).*/
if ((state > 1)&&(state < 5) && x2)
state = 5;
//3I[€Cb JOJIKHA MTPOU3BOIUTHLCA YCTAHOBKA BRIXOJIOB CHCTEMBI YII-
paBieHns
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CrieyeT OTMETHUTB, YTO B JAHHOM HCXOITHOM
TEKCTe IIPUBEJIEHA CKOpee «yCIIOBHAs» peansa-
ITUST, 9eM peasbHBIH KOMI, B HeM OITYIIIeHbI MHO-
rue monpPOOHOCTH PeTH3AIIH, TAKHe KaK 00b-
SIBJICHHSI TIEPEMEHHBIX U (DYHKIIMIL, OIIPOC BXO-
JIOB aBTOMATA ¥ BbIJa49a BO3/IEMCTBUI Ha BBIXO/BL.

OnHako Ha IpIMepe TaHHOTO MCXOTHOTO TeK-
CTa MBI elIle pa3 MOKeM YOeIUThCS B IIPEUMYy-
mectBe SWITCH-texHOMOT MY TIepen TpafuIu-
OHHBIM ntozrxonoM. B camom nerre, SWITCH-mipo-
TpaMMa BCeT/[a BBIOMHACTCS IUKIMIeCKH, 1 Ha
KaKJIOM ITFIKJIe MBI CIUTBIBAEM COCTOSTHUE BXOJI-
HBIX JITHUH KOHTPOJIIEPA ! YCTaHABIMBAEM BbI-
XOZIHBIe CHTHAJIBI KOHTpoJiepa. [Iporpamma Hi-
I7le He UMEET «II€TeJIb», BIOKEHHBIX IIUKJIOB
OKUJIAHUS TOTO VWJIM HHOTO COOBITHS, KOTOPbIE
HoMernany 6bI HaM 00ecrednTh KOPPEKTHYIO pa-
60Ty mapaJIeIbHbIX OTOKOB U (DYHKITHIT 00~
CITy’KMBaHNS BBOJIa/BBIBOTIA.

BepHemcs Kk TaliMepHBIM yCJIOBUSAM IIepPexo-
noB. Ha puc. 3 us cocrosanuii 4 u 5 BenyT nepe-
XOIIBI C TOMeTKaMH t1 1 t2 COOTBETCTBEHHO. DTO
O3HAYaeT, ITO MepeXof IIPOUCXOIHT MO NCTede-
HHHJ BPEeMEHH t 11ocyIe 6x00a aBTOMara B COCTO-
suue. [IporpaMMHO Takoe MOBeIeHNe pean3y-
€TCsI TOCTATOYHO MPOCTO:

case N:; /N — HOMep TeKyIIero CoCTOSHUS

starttimer(); //06HYJIsleM TaiiMep IPH BXOJie B COCTOSTHIE

if (GetTimer(TimerID) >= t) state = N_1; //ecii BpeMst t HCTeKIO,
coBepIaeM mepexost B cocrosuue N_1

break;

VN VP RN Y T E
WCX. COCT. artan 1 3tan 2 atan 3
X1 X3 X4 t1
O—+ (21,22,23, 24} = | (Z1,22,23,24) = (Z1,22,23,24) = (21,22,23,24) = | (21,22,23,24} =
0,0,0,0 1,0,0,0 0,0,1,0 0,1,0,0 0,0,0,1
{ } 1 { } 2 { } 3 { } 4 { } 5
Koo eaomen )
KoHTponb KHOMKK
«Cron» X2
N 7

Puc. 3. Fpaq) KOHEYHOro aBTomMara CUCTeMbI ynpassieHUs C napasi/iesibHbIMU NOTOKaMHh
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BpeMms t MOXKHO YKa3bIBaTh KaK HEIIOCPEN-
CTBEHHO B [IEPUOJIAX ANAPATHOTO TaiiMepa
(t >=1234), TaK U B «€CTECTBEHHBIX» €IMHU-
11ax, 00bSIBUB MX B TEKCTE IPOTPAMMBI:

#define sec 100 // mepnoy anmapatHoro Taiimepa 10 Mmc
#define min 60 * sec

#define hour 60 * min

#define day 24 * hour

Torna ycnoBue nepexona MOKET BBIIJIAIETD,
Hanpumep, Tak: (GetTimer(TimerID) >= 5*min
+ 30*sec), 4To ropaszo HarAHEe. Pagymeercs,
MBI MO’KeM OIMCHIBATh U CJIOKHbIE yCIIOBHS, Ha-
mpuMep:

If ((GetTimer(TimerID) >= t) && GetInput(1)) state = N_1; //eciu
Bpemst t MCTEKJIO U BXOJ| 1 AKTHBEH, COBEPIIIAEM ITEPEXO]T B COCTOSHNE
N_1

Dynknus starttimer(), oOHysIsIIOIIAS TafIMEp-
HYIO [IePeMEHHYIO0, TOJDKHA BBIIIOTHATCS TOb-
KO IIPU [IePBOM BXOJIe B COCTOSIHHUE, ITO Pellia-
€TCsI, HAIPIMeEP, CIeAYIOmIM 06pasom:

int state, _state; //state — IepeMeHHasI COCTOSIHHS aBTOMATa
//_state — BcrioMoraTe ibHasi [lepeMeHHasi, PeHa3HAYeHHas JUIS OI1-
penernerus (hakTa BXOJa aBTOMATa B COCTOSIHITE
void starttimer(char TimerID)
{

if (state <> _state)

ResetTimer(TimerID); // o6mysiem TaitMepHyIO IIepeMEHHYIO

[IPU CMeHe COCTOSHHS aBTOMATa

_state = state;

}

PasymeeTcst, MbI IOJDKHBI HHKPEMEHTHPOBATH
[IepeMeHHYIO TaliMepa depe3 paBHBbIe IIpOMe-
XKYTKU BpeMeHH B 00paboT4HKe IIpepbhIBaHUS
annapamHozo TaiiMepa MUKpOKOHTpoJtepa [3].

U HakoHel], CJIefyeT 3aMeTUTD, ITO IIPU HC-
II0JIb30BAHNH B IIPOTPAMMe HECKOIBKHUX [apasi-
JIeTbHBIX aBTOMATHBIX IIOTOKOB MBI OJDKHBI

BBECTH OTJEJIBHYIO TAIMEPHYIO IEPEMEHHYIO
IJISE KKJIOTO OTOKA.

Y IpuBeeHHOM IPOrpaMMBbI €CTh OIUH He-
nocTaTok. B cocrostamsx 2, 3 (puc. 3) mporpam-
Ma OXKHJaeT CpabaThIBaHUsI TATIMKOB X3 U X4
COOTBETCTBEHHO. Eciu kakoi-Jn6o U3 9Tux aar-
YUKOB He cpaboraer (Hampumep, IO IPUINHE
OTCYTCTBYS SKHIKOCTH B TPyOOIIPOBOJiE), TIPO-
rpaMma OyzieT HaXO[UThCS B COOTBETCTBYIOIIEM
COCTOSIHMU HeoTrpaHmdeHHoe Bpemsi. [IpuseneH-
HYIO paHee IIPOrpaMMy MOYKHO HECKOJIBKO YTyd-
IIUTh, €CJTH BBECTH HEPEXO/IBI 110 BPEMEHHU 13
cocTostHuUI 2, 3 (puc. 3) B HEKOe COCTOSIHIE, KO-
TOPOE MOKHO Ha3BaTh «aBapUilHbIM». BooOiiie,
JIOKaJIbHbIE TalIMePbI OYeHb YOOHDI /IS OIIU-
CaHMS PEaKI[MH CUCTEMBI Ha Pa3/IMIHbIe HEIlITaT-
HbIE CUTYAIIUH, 1711 KOHTPOJIS HICIPABHOCTH CU-
CTEeMBI 110 BPEMEHH BBINOJTHEHUS KaKUX-JI100
omepanuii u T. 11. M B marrOM cityqae SWITCH-
TEXHOJIOTHUSI IEMOHCTPHPYeET SIBHOE IIPEUMYIIie-
CTBO Ilepell «TPAIUIIMOHHBIMY TOAX0oM. [Ipu-
BeleM HUTATY U3 [5]: «...aITOPUTM LOJDKEH
OBITH JIOTIOJIHEH «HEXOPOUIMMI» YCIOBHUSMH H,
COOTBETCTBEHHO, NEHCTBUSIMH ISl BHIXO/A U3
«HEXOPOIIUX» CUTYAIMIL. DTO OTPA3UTh HA CXe-
Me aJrOpUTMa, CHIBHO He Iepe/iesbIBas ero,
He 1IpocTo... Takas cxema ajropuTMa 0ObIYHO
OYeHb I'POMO3JIKA, U IO3TOMY OHA Ha IIPAKTHKE
HOYTH HUKOT/IA HE HCIIOJIb3YEeTCsI: CXeMY aJiro-
pUTMa OJUH pa3 elle MOXHO IIOCTPOUTB,
HO YYHUTHIBAaTh B Hell Gce 0COOEHHOCTH peabHO-
ro aJIrOPUTMa, a TeM 6oJiee BHOCUTD B Hee 13-
MEHEHHsI Ha BCeX Tallax JKU3HEHHOTO ITIKJIA
HPOrpaMMBbl He Oy/IeT IIPAKTUYECKU HUKIIO0».

W3nosxeHHbIH TOIXO7 K IPUMEHEHUIO TaliMe-
poB B SWITCH-miporpammax mmMeet psif O9eBH/-
HBIX IIPEUMYIIIECTB MePell «IIPSIMBIM» HCII0Ib-
30BaHMEM aIIapaTHOTO TailMepa MUKPOKOHT-
poJutepa. Bo-TiepBbIX, IOSBIISETCS BOSMOYKHOCTD
OpraHM3AIIH HEOTPAHUIECHHOTO KOJTUYeCTBA
«BUPTYAJIbHBIX» TAlIMEPOB, YIIPABIISEMBIX Ol

HIPM alIIapaTHBIM TaliMepoM (SKOHOMUS pecyp-
COB KOHTpOJUIEpa). Bo-BTOPBIX, He TpebyeTcs Iie-
penporpaMMHUpOBATh AlIAPATHBIA TaliMep U1
TOTO, YTOOBI IPOU3BONUTE OTCUET PA3TUIHBIX
MHTEPBAJIOB BPEMEHH. B-TpeThux, B IporpaMme
MOYKET IPOU3BOJUTHCS OTHOBPEMEHHBIH OTCIET
HECKOJIBKIX BPeMEHHBIX HHTEPBAJIOB B Pa3HBIX
IIOTOKAX.

Kak yske yIIOMHHAJIOCh paHee, TOKaTbHbIE
TaliMephl UMEIOT OTPAHNIEHHYIO (PyHKIIMOHATb-
HOCTB, C FIX IOMOIIIBIO MBI MO’KeM BCETO JIUIIb
OIICBIBATH YCIOBUS IEPEXOI0B II0 BpeMeHH!,
HpOIIEIIeMy C MOMEHTA BXOJ]a aBTOMATa B CO-
crostaue. T'opasmo GoJbireit TMOKOCTHIO 067Ta-
HaroT r1o06aabHble TaliMepbl, KOTOpbIe Oy Ay T
PacCMOTPEHBI B CIIEYIOMIEN CTaThe IIMKIIA.

Abmop bvipaxxaem znybokyto 61azodapHoco
Anamonuto Ab6pamobuuy Ilanvimo 3a yentvie 3a-
Meuanusi u pedakmupobarue crmamou. |
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Bnagumup TATAPYEBCKUH
arktur04@mail.ru

NpumeHeHne SWITCH-texHONOrMM
npu pa3paboTKe NPUKIaAHOMO
nporpamMmMHoro obecrneuyeHus

AN MUKPOKOHTponepoB. HYacTtb 5

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

ob6cyxaeHue peannsayuu TaiMepoB.

crarbe [1] Ipu paccMOTpeHNH MeXaHu3-

Ma pabOThI TaliMepPOB BUPTYaJIbHbIE Tail-

mepbl B SWITCH-nporpamme Ob11 yc-
JIOBHO pPasjieJieHbl Ha JIBAa THUIIA: JIOKaJIbHbBIE
u rio6anbHble. [IpH 9TOM JIOKaJIbHBIM TaiiMe-
pom ObLT Ha3BaH TaiiMep, OTCIUTHIBAIOIIIUIT Bpe-
MSI C MOMEHTA BXOJIa B COCTOSIHIE' KOHETHOTO
ABTOMATa, KOTOPBII HCIIOTb3YeTCs IS OTIpefie-
JIEHUSI Y CJIOBUH BBIXO/A U3 TAHHOTO COCTOSTHIS
TI0 MICTeIeHNN OTIpeIe]IeHHOTO MHTEePBaIa Bpe-
MeHH. Taxke ObLIO OTMEYEHO, YTO ITI0OAIBHBII
TaitMep, 06JIaCTh IEMCTBHUSI KOTOPOTO OXBATHI-
BAaeT HECKOJIBKO COCTOSIHMIA, 00JIaaeT ropasao
6omb1reit rubxrocThio (puc. 1). Urak, paccmor-
PUM IIpuMep PUMeHEHNS I7100aIbHOTO TaliMe-
Pa 1 eTo MPOTPaMMHYIO PeaNn3anuio.

Fno6anbHble TaliMepbl

[1o6anbHBIM OyieM Ha3bIBAaTh BUPTYAJIbHBII
TaiiMep, 3HaYeHNe KOTOPOTO MHUINATH3HPYeT-
CS1 B OfHOM COCTOSTHUM aBTOMATa, 4 IPUMEHSI-
eTCs1 B Ka4eCTBE yCIIOBHS IIEPEXOIa — B IPYTOM.
C ero OMOIIBI0 MOXKHO IPHUAATH BPEMEHHOM
JIeTePMUHHU3M IIPOLIECCY, KOTOPBII YIIPABIIseT-
CS TPYIIIION COCTOSTHUM aBTOMATa.

7151 TOrO 9TOGBI IIOHSITD, 3a9€M HYKHBI IJ10-
GaxbHBIE TaliMEPBI, PACCMOTPUM B KadeCTBe
IpuMepa CHCTeMY YIIPABJICHHUS YCTAHOBKO 110~
madu Bofibl B Tpy6ompoBoy. PyHKI[HOHAIbHASL
cXeMa yCTaHOBKH IIOJIadH BOJIBI B TPY6OIIPOBOZ

1 B kayK710€ COCTOSHIE aBTOMATa, pasymeercs (npum. abmopa).

O

CocrosiHue 1

O

CocrosiHue 2

O

CocrosiHue 3

2]

CocrosiHue 1 CocTtosHue 2

CocrtosHue 3

Puc. 1. JlokanbHbie 1 rnobanbHbie TaMepbl:

a) NIoKasIbHbI TaiMep 3anyCKaeTCs B KaX[OM COCTOSHUM NPH BXOAiE B HETO KOHEYHOrO aBToMara;
6) rnobanbHbil TaMep ABASETCA OBWMM AAA FPYNNbl COCTOSHMM aBTOMaTa

KnanaH Hanusa
(KH)

(Kn)

KnanaH nogauu

[Latuuk Bbicokoro yposHs ([BY)

LBY KH
] KoxTponnep e
[HY Kn

[Natunk Huskoro yposHs (AHY)

Puc. 2. ©yHKuMoHaIbHAs CXeMa YCTaHOBKHW NoJaqn BOAb! B Tpy6onpoBos,

IpuBeleHa Ha puc. 2. Bona mocrymaer B 6ax 4e-
pes KJaliaH HaJIMBa, a 3aTeM MOCTYIIaeT U3 6aKa
B TEXHOJIOTHYECKUIT TPyOOIPOBOJ Yepes Kiia-
TTaH TOAYH.

CucreMa IOJDKHA ITOfIaBaTh B TPYOOIIPOBOT,
BOJY B KOJIMYECTBeE (IIPEIIONIOKIM) JIECATH 00~

eMoB 6aka 3a onuH pabounii ki1 C merbio 9K0-
HoMuH 060pynoBaHus 060feMcs 6e3 pacxomio-
Mepa, a Oy/ieM BBIYUCIIATh 00beM BOJIBI UCXOJIS
U3 BpeMeHU 3aroHenus 6aka. [Ipu atom pac-
XOJI BOZIBI B eIMHUIY BpeMEHH 3apaHee Hen3Be-
CTeH, HO IIPEMIIOJIAraeTcst, IT0 OH CYIIeCTBEHHO
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T \ Tait ==
(T ) ABY (" 2. KomeL nepeoro Hanusa N\ OHY 3. 3anonHerue ) Taiimep (5. Chve IHY 5, (e R
O—> 3akpbits K (Gax nonor) MocTasuTb TaliMep Ha nays: (Gaknyer) | 6axa nonH_epems | ocratkos sogbi | (6ak nyct)

Otkpbite KH OrkpbiTb KM ? > gTKp"m’ :é: 3akpbite KH 3akpbitb KIM1

3anyck Taiimepa 3akpbiTb KH Ciﬁ::ﬁme OrtkpeiTs KM 3akpbitb KH

nosiH_spems = Taimep * 10 ) e P )
ABY JHY
(6ak nonoH) (6ak mycr)

4. OnopoxxHeHwe
6aka

3akpbite KH
Ortkpbits KIM

MocTaBuTb Taimep
Ha naysy

Puc. 3. KoHeuHbii aBTOMaT CUCTEMbI yNpaB/ieH!s yCTaHOBKOM Nojadu BOAbI

StartGTimer

timer =0; Mpepbisatue
( ) > 1. Talimep 2. Tarmep an::;;;:gro
OCTaHOBJIEH paboraer e

StopGTimer imerr;

StopGTimer

PauseGTimer

ReleaseGTimer

3. Taiimep
Ha nayse

Puc. 4. KoHeuHblit aBTOMaT, ONMCbIBAIOLLMIA r106aNbHbIN TaliMep

StartGTimer

timer = 0;

IIpepsiBanne

PauseGTimer

1. Taiime -
P ReleaseGTimer 2. Taitmep annaparioro
OCTaHOBIICH/ Taiimepa
paGoraer —
Ha mayse timer++;

Puc. 5. YnpoLueHHbii KOHeuHbll aBToMart r1obasbHoro Taimepa

He U3MEHSIeTCs 3a BpeMst OfTHOTO pab0dero K-
11a. CKOpOCTb 3aI0JIHEHNsT OaKa JIETKO U3MEpPUTD
110 BpeMeHH €ro 3aroHeHns (0T cpabaThIBaHUs
JaTYMKA HIDKHETO YPOBHSI 10 CpabaThIBaHUS
JaTYHMKa BEPXHErO YPOBHsI) IIPU OTCYTCTBUU OT-
60pa Bozbr 3 Gaka (KJIamaH MOJaIy 3aKPhIT).
I[TycTp mpu 9TOM CKOPOCTh HaOOpa BOZBI B 0aK
BBIIIIe CKOpOCTH 0T6Opa Boxs! 13 Gaxa. [Toato-
MY HeJIb3sI IPOCTO OTKPBITH KJIAIIAH HAJINBA
1 OTCYHUTATD OIIpeJIeJICHHOE BPeMs, TaK Kak 6aKk
neperosiHUTCA. CllenoBaTeIbHO, HEOOXOIUMO
MPUMEHUTD 60Jtee THOKHIT TIOIXO].

M306pasuM aaropuT™ paboTsl yCTaHOBKI
B BHJIe KOHEYHOTO aBTOMATA C ITI0OAIbHBIM Tail-
mepowm (puc. 3).

LIuKII CHCTeMBI HAUMHACTCSI C OTKPBIBAHUS
KJIalaHa HaJuBa. [Ipu 9TOM KJIaIaH 1ojiaqy 3a-
KpbIT. OHOBPEMEHHO € Ha4aJIOM pab0odero IuK-
JIa HAYMHAETCS OTCYET BpeMeHH TaiiMepoM (Co-
crosaue 1 «Havano Hammsay). IToctymenue Bo-
OBl TIPOMIOJIKACTCS 10 OCTHKEHUS BEPXHETO
ypoBHst 6aka (cocrosiaue 2 «KoHery mepBoro Ha-
smBa»). [Tocie 9TOrO 3aKpHIBAETCsI KTamaH Ha-
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JINBa, U3MePsIeTCs BpeMsI 3aII0JTHEeHUsI OaKa, BbI-
YUCISIETCS TI0JIHOE BPeMst HaJluBa TpeOyeMoTro
KOJIMYeCTBa BOJIbI, OTKPBIBACTCS KJIAIIaH HO/a-
4u B Tpybomposoy. [Tocie ocymienus 6aka a-
TOMAT IIepeXoauT B cocrosiaue «[Iponosmkenue
HajmBa». [To Mepe 3amoHeHus 6aKa 1 ero omy-
CTOILICHYSI aBTOMAT IIEPEKIIIOYACTCS MEXKIY CO-
crosHusAMH 3 «3aronHeHne 6aka» u 4 «Onopox-
HeHue 6aka». [Ipu 9TOM OTCYeT BpeMeHH Ipo-
HCXOLMUT TOJIBKO IIPH OTKPBITOM KJIalaHe
HaauBa. [10 MPOXOK/IEHNN TTOJIHOTO BPEeMEHI
HaJINBa aBTOMAT IIEPEXOJUT B COCTOSIHHUE 5
«CuB OCTaTKa BOILI»,  3aTEM 3aBepIIIaeT pa-
6oty (cocrostaue 6 «KoHer HanmBa»).

Ha npuBeeHHOM ITpuMepe XOPOIIO BUIHBI
OT/INYHS NIOOATBHOTO TaliMepa OT JIOKAJIBHOTO.
I[TepBoe oriamyme, yiKe 00CysK/aBIIeecs BhIIIIE,
3aKJII0YACTCS B TOM, YTO 3aITyCK TaiiMepa Ipo-

UCXOZIUT B OJHOM COCTOSIHUU aBTOMATa, @ €ro
3HaYeHHUe CITY/KUT YCIOBHEM IIepexofia B Apyroe
COCTOSIHHE (MJIM HECKOJIBK]j COCTOSHUQ). BTo-
poe OTIIYHE COCTOHUT B TOM, 9TO OTCYET BpeMe-
HH [J100aJIbHBIM TaiIMEPOM MOKHO ITPUOCTAHO-
BUTb («IIOCTAaBUTD HA I1ay3y»)’, a IIOTOM CHOBA
3aIyCTUTh. biaromapst 5ToMy MbI MOKEM KOH-
TPOJIIPOBATh BPeMsI IIPOTEKAHMSI HE TOJIBKO He-
HPEPBIBHBIX IIPOIIECCOB, HO M TAKUX HPOIIECCOB,
BBIIIOJIHEHHE KOTOPBIX HEPUOANIECKH TIPHOC-
TaHaBIUBaeTCs (Kak HAOOP BOMIBI B IIPUBEICH-
HOM nipuMepe). TpeThbst 0cO6eHHOCTH I106aTb-
HOTO TaliMepa COCTOUT B TOM, YTO MBI MOKEM
B JII0601 MOMEHT BPEMEHHU IIPOYHTATH €ro Te-
Kylllee 3HaYCHUE U MCII0JIb30BATh B BBIYUCIIE-
HUSX (IJIS1 JIOKQJIBHOTO TafiMepa MbI TOXKEe 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 I0OAIBHBII TaliMep
U 711 9eTO OH HY’KEH, OTIUIIEM €r0 QyHKIIHO-
uHuposanwue 6oiee hbopmanpro. [lyist obecrede-
HUs1 pabOTHI € TII00AIBHBIMY TAIMEPAMU HC-
HOJIb3yeM CIeyIOonIre (yHKIN:

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

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

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

unsigned int GetGTimer(unsigned int GTimerID); //ITonygenne Te-
KYIIIEro 3Ha4eHHs TaiiMepa

Temnepb MbI JIETKO CMOKEM OIMCATh MTOBELIe-
HIe I700aJbHOTO TaifiMepa B BUJie KOHEYHOTO
aBromara (puc. 4).

OTMeTHM, 4TO Ha IPAKTUKE KOHEIHBIIT aBTO-
Mar, IIPUBE/ICHHBII Ha PHC. 3, MOKHO YIIPOCTHUT,
00benMHUB COCTOSIHUS | U 3 U 130aBUBIINCH
ot ¢pyuxnun StopGTimer (Tak Kak OHa CTaHO-
BUTCS 9KBUBATEHTHOH yHKunu PauseGTimer).
YrporreHHbIi TakuM 00pa3oM KOHEYHBII aBTO-
Mar u306pakeH Ha puC. 5.

I[lepefineM K IpOrpaMMHOI peaau3auy Me-
XaHM3Ma [JI00ATbHBIX TalIMEPOB.

2 MoskeT GbITh, BbIPaKEHHUE «IIOCTABUTH TAiiMep Ha [ay3y» HECKOJIBKO IPOMO3JIKO 1 He CIIMIIKOM y[Q4HO, HO [03BOJIseT GoJiee 4eTKO PasrpaHi-
YHTb COCTOSIHNE IIOJIHOIO OCTAHOBA TaiiMepa, B KOTOPOM OH COPOLIIEH «B HOJIb», i COCTOSIHIE BPeMEHHOI! IPUOCTAHOBKHU ero paGoThl, B KOTOPOM
OH COXpaHseT TeKyIllee 3HAYCHUE CIeTINKA BPeMeHIL. 3/1eCh MOKHO IIPOBECTH AHAJOTHIO C MArHUTO(DOHHOI KaCCeTOl, KOTOPYIO MOKHO [ePeMo-
TaTh K HavayTy (IlepeBecTH TaifMep B COCTOSIHIIE OCTAHOBA) MM HA/KaTh KHOIIKY «I1ay3a», a 3aTeM, Yepes KaKoe-TO BPeMsl, IPOIOJIKUTH BOCIIPO-

ussenenue (npum. abmopa).




MporpaMmMHas peanusauus
MexaHW3Ma rnobanbHbiX TaliMepos

#ifndef TIMERS_h
#define TIMERS_h

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

//VnenTiduxatopsr r1o6aIbHEIX TaiMepoB

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

/|®yHKIMK paboTHI € IOGATBHBIMA TaiiMepaMu

void InitGTimers(void); //MHniuaimsarus 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); //TTomy4enue Te-
KYIIEro 3HaYeHUsI Taiimepa

#include «timers.h»

unsigned int GTimers|MAX_GTIMERS]; //B maccuBe XpaHsTcs Te-
KyIIye 3Ha4eHusl 17100/ IbHBIX TAIMEPOB

//Cocrosiaus TaitmMepa

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

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

void InitGTimers(void) //Munimanusanus r106aibHEIX TaitMepOB

chari;
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 3HAa4YeHHUs TaiiMepa

{

return GTimers[GTimerID];

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

{

chari;

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

He6onbmoe orcrymnenue. Kak BunHO U3
IPUBEJECHHOTO BBIIIE JIUCTHHIA, IPOTPAMMA,
KOTOpasi peajnu3yeT ylpaBjieHHe II100aabHbI-
MU TaiiMepaMu, HOCTPOeHa 10 rpady KOHed-
HOTO aBTOMAaTa, TI0OKAa3aHHOTO Ha PUC. 4, IIpef-
HasHaveHa Jis ucnoab3osanus B SWITCH-
IporpaMMax, OJHAKO caMa II0 cebe oCTpoeHa
He mo SWITCH-texHOMOTHN. DTO BBI3BAHO
TeM, YTO IIEPEXOIbl MEKY COCTOSIHUSIMHU Tail-
Mepa IPOUCXOJAT 110]] BO3JEHCTBHEM BBI3O-
BOB YHKIIMIT U HanboJee yroOHOI B JAHHOM
CiTydae SIBJSIETCS PeIn3alisl 9TUX [ePeX0I0B
HEIIOCPENCTBEHHO B QYHKIUAX yIPABIEHUS
TaiiMepoM, a He B eIMHOM omepaTope switch.
Takum 06pa3om, MbI HECKOJIBKO ITOXKEPTBOBA-
JIM «9UCTOTON KOHIIEIIIUI» PAIH MIPOCTOTHI
peayusanuu.

Ceifgac MBI JIETKO CMOKEM HOCTPOUTD IIPO-
TpaMMy, peaqusyIoNlylo KOHEYHBIIT aBTOMAT,
n306paXKeHHBII Ha PUC. 3.

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

unsigned int full_time;//monHoe Bpems HaymBa
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: //Havasno HaimBa
if (entry) //mpu BXOzie B cocTOsSIHEE

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

b
if (GetInput(DVU))//Ecii Gak samosHer
state = 2;//1lepexoM K COCTOSHHMIO 2
break;
case 2: //KoHeI IIepBOTO HajMBa
if (entry) //mpu BXOzie B cocTOsIHIE
{
PauseGTimer(TIMER1); //CraBum Taitmep Ha Tay3sy
SetOut(KP, on);// OTKpbIBaeM KJIanaH HOaqH
SetOut(KN, off);// 3akpsiBaeM Ki1amaH HaJiBa
full_time = GetGTimer(TIMER1) * 10; /BbrauciiseM mos-
HOe BpeMsl HaTHBa

b
if (GetInput(DNU))//Ecu 6ak mycr
state = 3;//mlepexoIMM K COCTOSHMIO 3
break;
case 3: //3anonsenne 6aka
if (entry) //mpu BXOzIE B coCTOSTHIE
{
ReleaseGTimer(TIMER1); //Crumaem Taiimep ¢ may3st
SetOut(KP, off);//3akpbiBaem KianaH noxadu
SetOut(KN, on);//OTkpbiBaeM KIamaH HaIuBa

b
if (GetInput(DVU))//Eciu 6ax sanonsen
state = 4;//mepexoanuM K COCTOSIHIIO 4
if (GetGTimer(TIMER1) >= full_time)//Ecin Bpemst HanuBa
HCTEKIIO0
state = 5;//1lepexoJMM K COCTOSHHIO 5
break;
case 4: //OnoposxHeHne 6aka
if (entry) //mpu BXOzIE B COCTOAHME

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

{

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

5
if (GetInput(DNU))Eciu 6ak mycr
state = 6; IIepeXOIUM K COCTOSHHIO 6
break;
case 6: //Komen HaiBa i 3aBepIeHne paboThb!
if (entry) //mpu BxOzE B COCTOSHIE
{
SetOut(KP, off);//3akpriBaem kiraman nogaqn
SetOut(KN, off/ 3akpsiBaeM Ki1amnas HaauBa
15
state = 0;//3aBepiraem paboTy U IePeXOIIM B HEAKTHBHOE CO-
CTOsIHHE
break;
b
state = state;

}

CrenaeM HEKOTOpPBIE HMOSICHEHUS K KOAY.
B nporpamme npucyTcTByeT (iar entry, mpu-
HUMAIOIUH 3HaYeHne 1 Ha cienyroles urepa-
I[IU IUKJIA TOC/Ie N3MeHEeHNS aBTOMaTOM CO-
crostaust. OH HyJKeH JUISl TOTO, YTOOBI IeHCTBUS
B COCTOSTHHISIX BBITIOJTHSUINCH OTHOKPATHO IO~
CJle BXOJa aBTOMaTa B COCTOSTHME. B camoM fie-
JIe, ecu TafiMep OyzeT cOpachIBaThCS Ha KakK-
IOVl UTepaliy IIUKJIA, TO OH IIPOCTO He OyneT
paborars! JIJIst OTCIEKUBAHUS U3MEHEHHUS CO-
CTOSTHHH CJTYKUT BCIIOMOTaTeIbHasl IepeMeH-
Hag _state. [Tocie kaxxmon UTEpaluu IIepeMeH-
Has _state IpUpaBHUBAETCA K II€PEMEHHOM CO-
CTOSHMS aBTOMATa state.

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

Ha 9T0M MBI 3aKOHYUM 0OCY’K/IeHHE TaiiMe-
POB 1 IepeieM K ONUCAHIIO HEKOTOPBIX MPaK-
THYeCKUX puMepoB npumenenns SWITCH-
TEXHOJIOTU.

Abmop bvipaxaem znybokyto 61azodapHoco
Anamonuto Ab6pamobuuy Ilanvimo 3a yennvie 3a-

Meuanus u pedakmupobarue cmamou. |
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NnpoeKTupoBaHHe

Bnagumup TATAPYEBCKUH
arktur04@mail.ru

Kpatkoe BBegeHue
B npotokon Modbus

I[Tporoxon Modbus mosyamt mupokoe pac-
[IPOCTpaHeHNe B COBPEMEHHBIX CUCTEMAX aBTO-
matuky. CrierruuKarys mpoToKoIa He OIpe-
mensieT THI (DM3NIECKOTO YPOBHS CETH Iepefa-
I JTAHHBIX, OCTABIILS BBIOOP 32 Pa3pabOTINKOM.
Ha mpakTrKe [IIMPOKOe PACIPOCTPAHEH e TTOJTY-
YHJIa CBA3KA, COCTOSIIAs U3 ceT RS-485 B Kave-
cTBe (GU3NIECKON Cpelbl Mepefadn JaHHBIX
u nporokona Modbus B kadecTBe JTIOTHIECKOTO
YPOBHI ceTH. Takoe pelieHue MO3BOISIET HCIIOIb-
30Bath Modbus B caMOM IIIPOKOM CITEKTpe MHU-
KPOKOHTPOJUIEPHBIX YCTPOICTB, HAYMHAS C Ca-
MBIX IIPOCTBIX, TAKUX KaK PasIMIHbIE HHTEJLIEK-
TyaJIbHblEe TATINKH, U 3aKaHIUBAS CIIOKHBIMH
pacIpe/eleHHBIMI CHCTeMaMH Ha Gase Iporpam-
MHEPYEMBIX JIOTHIECKUX KOHTPOJIIIEPOB.

ITpOTOKOJI ITOCTPOEH IO CXEMe «BeTyII[Hii-Be-
IoMbIi» (master—slave). B cucreme Bhigensercs
OJIHO BefyIilee YCTPOMCTBO (MacTep), KOTOpoe
MHAIUATA3APYET JIOOYI0 TPAH3AKIMIO B CETH.
Bce ocranpHBIe YCTPOHCTBA SBISIOTCS BETOMBI-
MU U BBIIIOJHSIOT KOMAaH/IbI MacTepa WIH [epe-
Hal0T HHPOPMALIKIO B OTBET Ha 3aIIPOC MACTe-
pa. [IpoToKox mpenycMaTpuBaeT Ba THIIA af-
pecanny: HHINBAAYATbHYIO, KOTZIa COOOIIIeH e
ampecyeTcs OMHOMY BEIOMOMY YCTPOHCTBY
u mrpoxoBenarenpHyo (broadcast messages),
IIPM KOTOPOIT COOOIIIeHNe afpecyeTcst BCceM yc-
TporicTBaM ceTu. [Ipu HHAMBUIYaTbHOM anpe-
Cal[MM BEIOMOE YCTPOHCTBO BO3BPAILIAET MaC-

——

lNpuMeHeHHUe

SWITCH-texHonoruu

npu paspaboTke NPUKIagHOro
nporpamMMHoro obecneueHus
02151 MUKPOKOHTPOJ1/1EPOB.

YacTb 6. Peanusaumsa npotokona Modbus

B npeablgywmx CTaTbsiX LUKIIA Mbl NOAPOGHO paccMOTpenu pspj acneKkToB, CBs-
3aHHbIX ¢ npumeHeHWeM SWITCH-TexHONOrMM B MUKPOKOHTPO/IZIEPHbBIX YCT-
poricTtBax. Bbinu paccmoTpeHbl TakMe BaXKHble NPOrpaMMHbIe CTPYKTYpPbl, KaK
MexaHW3M nepeaayun coobuieHUM, ToKanbHbie U robanbHbie Taimepbl. Celi-
Yyac Mbl MOXXE€M NepPeiTH K PaCCMOTPEHHIO psiia pacnpocTpaHEHHbIX a/iFOPHUT-
moB Ha 6a3e SWITCH-TrexHon0rMu, HaxoAsWMX NPUMEHEHWE B COBPEMEHHbBIX
MHUKPOKOHTpONNEpPHbIX ycTpoicTBax. B kauecTBe nepBoro npumepa paccMorT-
pYM peasiu3aLMio LIMPOKO PacnpoCcTPaHEHHOro B CHCTEMaX NPOMbILLIEHHOM

aBTOMaTUKH npotokona Modbus.

Tepy OTBETHOE COOOIIIeHNe, IIPU IITHPOKOBEIIa-
TeJILHOU afipecalliyl OTBETHBIE COOOIIEHNUS He
HOCBUTAIOTCS.

Coo01eHus, HOChUIaeMBble MaCTEPOM, HMe-
10T CJIENYIOIIYIO CTPYKTYPY: ajipec BeflOMOTO yC-
TPOICTBA (MM KOJI ITHPOKOBEIATeIEHOTO CO-
0OIIIeHsT), KOJ, OIIPeNIeIIOI NI TeCTBHUS Be-
IOMOTO YCTPOWCTBA, NaHHBIE M KOHTPOJIbHAS
cymma. OTBeTHOE COOOIIeHNe COCTOUT H3 110~
JI51, HOITBEP/K/IAIOIIIEr0 BBINOJIHEH e IeHCTBIS,
IaHHBIX ¥ KOHTPOJIBHOU cyMMBL. Ecim ipu mpu-
eMe COOOIIIeHHs OT MacTepa IIPOU3OIIIIA OIIN6-
Ka, JII60 BeIOMOe YCTPOMCTBO 110 KaKUM-JIHO0
IPHIMHAM He MOJKeT BBIIIOJHHUTH 3aIIPAIINBa-
eMoe JIelICTBHe, BEIOMOe YCTPOMCTBO ITOChIIA~
eT MacTepy coobirenue 06 ommoxe.

CyIecTByeT TakKe pacIIMPeHHas BepCus
pOTOKOJIa, HasbiBaemast Modbus Plus. ITporo-
ko1 Modbus Plus popmupyer ogHOpaHTOBYIO
CeTb, B KOTOPOI1 JII000E yCTPOICTBO MOKET HHI~
[UAIN3UPOBATh TPAHIAKIIUIO U, TAKIM 00pa-
30M, KaK[j0€ YCTPOMCTBO MOKET BBICTYIIATh
B POJIU KaK Be[yILEero, TAK ¥ BeJOMOTO B PAa3HBIX
TpaHsakusx. OxHako MbI He OyzieM paccMar-
pusatb Modbus Plus B paMKax JaHHOII CTaThu.

Cerp Modbus mosker pa6oTaTh B OTHOM U3
1Byx peskumon: RTU u ASCIL B pexxume RTU

Ta6nuua 1. Mepenaua cumsona ASCll-koga

nHGOPMAIIHS TepPeIaeTCs <KaK eCThb», B IBOUY-
HoM kope. B pesxume ASCII nadopmarius nepe-
JIaeTCsl B TEKCTOBOM BHJIe KaK ITOCIIeOBATeNb-
HOCTb cuMBoJoB '0'-'9', 'A'-'F' B ASCII-xonu-
pOBKe.

Ba16op pexxnma RTU mu ASCI], a Taxke Ha-
CTPOVIKH CEeTH, TaKHe KaK CKOPOCTb Ilepefadn,
6UT YeTHOCTH U T. II., BEIOUPAIOTCS OJIB30BA~
TeJIleM IIpU KOHPHUTYPHPOBAHUY KOHTPOJLIEPOB
U JIOJDKHBI OBITH OIMHAKOBBI UL BCEX YCTPOIICTB
B CTH.

Paccmotpum 06a pexxima porokosa Modbus.

Pesxum ASCIT

[JTaBHBIM IIPEUMYIIeCTBOM JAHHOTO PeXKHU-
Ma SIBJIETCS TO, YTO CHMBOJIBI MOTYT Ilepesia-
BATBCsSI C THTEPBAJIOM BILIOTH 110 OITHOU CEKYH/IbI
6e3 BOSHUKHOBEHIISI OILIMOKY Iepeadl JaHHbIX.
HemocTaTKoM JaHHOTO PeKHMa SIBILIETCS €ro
CHIDKeHHas1 (6osiee 4eM B 1Ba pasa) uHdpopma-
IIOHHAs IIPOITY CKHASI CIOCOOHOCTD II0 CPaBHe-
Huio ¢ pexxumoM RTU npu paBHO# ckopocTn
¢busneckoit muHun. ITepenada cuMBoIa OCy-
IIeCTBIISIETCS B CllefylomeM dopmate: 1 crap-
TOBBI OUT, 7 OUT JaHHBIX (MIIA[IINI pas3psiy
HepenaeTcs MepBbIM), 1 GUT KOHTPOJLI YeTHOC-
TH (M1 HeIeTHOCTH; IIPH OTCYTCTBUH KOHTPO-

C KOHTpONIEM YETHOCTH CrapToBbii 61T

7 6UT paHHbIX

BuT KOHTpOAS YeTHOCTH Cronosbii 61T

Bes KoHTpons YeTHOCTH CraproBbii 61T

7 6UT paHHbIX

CronoBbiit 61T

Cronosbiit Gut

o
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Ta6nuua 2. CtpykTypa coobuierus 8 hopmare ASCII

Tabnuua 3. MNepeaaua cumsona ASCll-koaa

npoeKTupoBaHUe

B 2 2 n 2
3Ah | cumeona | cumBona | cumBonOB cumBoNa

CRLF
0D0Ah

C KOHTpO/IEM YETHOCTH CraproBblit 61t

8 6T paHHbIX

BWT KOHTpOIS YeTHOCTH Cronosbiit 61T

Bes KoHTpons YeTHOCTH CrapToBbiii 6uT

8 BUT fJaHHbIX

Cronosblit 6uT CronoBbiit 61T

JISL 9eTHOCTH JIAHHBI OUT OTCYTCTBYeT), 1 CTO-
IIOBBII OUT, €CTN KOHTPOJIb YeTHOCTH IPHCYT-
CTBYeT, 2 CTOIIOBBIX OUTA IIPU OTCYTCTBUH KOH-
Tposs 4etHocTH (Tabu. 1).

Coob1ieHre B TaHHOM PeXUMe Ha9MHACTCS
¢ cuMBosta gBoerouns (kox 3Ah), sakanuuBaer-
51 TTIOCJIEIOBATENBHOCTBIO CMBOJIOB «BO3BPAT
KapeTKm», «trepeoy crpoki» (CRLEF, kom 0D0Ah).
Mexny mepeadeii CHMBOJIOB BO3MOKHBI MH-
TepBaJIbl BpeMeHH 110 1 cexyHibl. [Ipu mpeBsI-
ILIIEHUH TaiM-ayTa IIPUHIMAIOII[ee YCTPOICTBO
¢ukcupyer ommbky nepenaqu. Crpykrypa co-
o01eHNs IpUBeJeHa B Tabnue 2.

B HEKOTOPBIX PAHHUX peaTH3aIHSIX IPOTOKO-
J1a COOOIIeHNe 3aKaHIMBACTCSI KOHTPOJIBHOM
cymMotit, 6e3 nocrenosarenbHoct CRLE. Takum
06pa3oM, IPHHUMAIOIIIEE YCTPOCTBO JOJDKHO
BBDKJIATh KaK MEHUMYM 1 CeKyH/y HOCIIe TIpU-
eMa KOHTPOJIBHOM CYMMBI, U €CJIH [OCTIe[IoBa-
tesbHOCTH CRLF He oy deHa, coob1iieHune can-
TAETCs YCIEIIHO IPUHATHIM.

Pes>xum RTU

[Nepenawa cumBoia B pexxume RTU cocrout
13 CIeIyIOIIUX 9TaIoB: 1 cTapTOBBI 6UT, 8 6UT
JaHHBIX (MJIAIIINI Pa3psi IIepeaeTcst IepBBIM),
1 6UT KOHTPOJISI YeTHOCTH (HEYeTHOCTH ), [IPH OT-
CYTCTBUH KOHTPOJISL 9€THOCTH JAHHBII OUT OT-
CYTCTBYeT, | CTOIIOBBIII GUT, CIIM KOHTPOJIb YeT-
HOCTH IIPHCYTCTBYET, 2 CTOLIOBBIX OHTA IIPH OT-
CYTCTBHM KOHTPOJIS 4eTHOCTH (TabiL. 3).

Coob1eHue pefcTaBisieT COO0I IOCIenoBa-
TeJIbHOCTb CHMBOJIOB, IIepelaBaeMbIX HElIPephIB-
HO, 6e3 mays. IIpu BOSHHKHOBEHUH May3bl 1)1~
TeJIBHOCTBIO 6oIee 1,5 t, re t — BpeMs Iepefa-
M OJHOTO CHMBOJIA IIPH 3aJaHHOM CKOPOCTH
Iepefayy, IPUHIMAIOIIee YCTPOUCTBO (HDUKCU-
pyeT ommOKy B IIpreMe COOOIIeHUs ¥ HadrHa-
eT IIpUeM HOBOTO COOOLIEHNS IOCIIe May3bl.
CrpyKTypa coOOLIeHH s IPUBeJeHa B Tab/uIe 4.

Ta6nuua 4. Crpykrypa coobiueHus 8 hopmare RTU

1 cumeon 1 cumeon n CUMBONOB 2 cumBona

Coo61eHe IpeaBapsIeTcs] 1 3aKaHIUBACTCS Ia-
Y3011 He MeHee 3,5t IpY TUIINYHOM 3HAYeHHH 4t.

Adpecayus 6 npomoxone Modbus

3HaueHHe afpeca BeJOMOTO yCTPOICTBA Ha-
XonuTcs B fuanasoHe 1-247. Illupokosernaresb-
HbIe COOOIIEHNSI TTepeatoTcs ¢ agpecoM 0.

Kop xomanasr Modbus

Kon xoMaHIbI MOKET IPUHUMATD 3HaYeHUEe
B fuanaszone 1-255. Korma Beomoe ycTporicT-
BO OTBeYaeT Ha 3aIIpOC MacTepa, OHO UCIIONb3Y-
€T KOJl KOMaH/IbI UL THIMKALUU IPaBUIBbHOC-
TH BBIIIOJHEHMs KOMaHbL. Ecin onepanys BbI-

MIOJIHEHA YCIIeNIHO, BeIOMOE YCTPOCTBO PO~
CTO TIOBTOPsIET KO KoMaHbl. Ecin Bo Bpemst
BBIIIOJTHEHNUS OTIEPAIIH II0 KaKOM-JTHO0 IpUYn-
He IPOM3OIILIA OIIHOKA WK OTIePAIIUIO BBIIIOJ-
HUTb HEBO3MOJKHO, BEIOMOE YCTPOFCTBO yCTa-
HABJIMBaET CTAapIINil OUT KOMAaH/BI B 1.

IToste manubIx B mpoToxose Modbus

CopepskaHue U CTPYKTypa I10JIs JaHHBIX 3a-
BHUCHT OT KOHKPETHOI KOMaH/IBI, 1 JUIS psiia KO-
MaH[ MOKeT BOOO1IIe OTCYyTCTBOBaTh. CTPYKTY-
PbI JaHHBIX UL KK0H KOHKPETHOI KOMaH/[bl
ONHKCaHbl B ClenuUKALUN IPOTOKOIa [1]
U B TQHHOII CTaThe He PaCCMAaTPHBAIOTCSL.

KoHTpoibHasg cyMMa coo01IeHIs

B iporoxosre Modbus

KouTtponbHas cymma nis peskumon ASCII
u RTU paccauThIBaeTCst IO pasHbIM aJITOPHT-
MaM. AJITOPUTM I0ICIeTa KOHTPOJIBHOM CyMMBI
mis pexuma ASCII HocuT HasBamme LRC
(Longitudinal Redundancy Check), pesysibrarom

Check), pesynpratom paboThl KOTOPOTO SIBJISIET-
cs1 16-6urHOE yncio. O6a aropurMa nogpooHo
OIHCHIBAIOTCS B PYKOBOZICTBeE [ 1] 1 371ech He 1mpu-
BOTSITCSL.

Peanusauusa nporokona Modbus

PaccmoTpuM peanuzaruio nporokona Modbus
Ha ocHoBe SWITCH-Texnonornu. Cnenyer ot-
METHUTb, 9TO HPEUMYIIIECTBOM pEaTN3ALIHU AJl-
roputMa oOMeHa TaHHBIMH B BUJIe KOHEIHOTO
aBToMata ¢ npumeHenneM SWITCH-Texno0-
TUH SIBJISIETCS] BO3MOKHOCTD PabOoThI IPUKIA/-
HO IIPOT'PaMMBbI OJHOBPEMEHHO C IIPUEMOM

Ta6auua 5. Crpykrypa bychepa AaHHbIX A/1st nepesaqn
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Appec Begomoro 1
ycTpoicTea

Addr

ero pabotsl siBistiorcst 2 ASCII-cumBorna, a st 2| Conmend KK°“ "°"'a”2"'u L
0NnyecTBo Hant
pesknma RTU koHTpobHASI CyMMa BBIYHCIISET- 3 | Num_bytes AaHHbIX !
cs1 o anroputmy CRC (Cyclical Redundancy 4 patall] Hiailizie e T2IE §
CoobueHue
«Ha4yaTb
nepegavy»
)
YcTtaHoBuUTL Mepenatb
O—- Oxupanve cnar cumeon :'
—— 1 3aHATOCTHU 2
~ @7
) /S
L MNepepatb _ MNepepatb _ MNepepatb
1-i cumeon 2-i cumeon 1-i cumeon
agpeca 4% agpeca 5% KOMaHAapl %
—— 7 ——— v
)
L MNepepatb _
2-i cumBon i=0;
KOMaHppl 7% 8 4]
~ @Y
{ -
4 N\
[JlaHHble MNepepatb MNepepatb _
nepegaHbi? 1-# cumBon 2-ih cumBoN i++;
9 Data[i]  10% Data[i] 11%) 12)
i == Num_Bytes;
)
Bbiuncnntb _ Mepepatb - MNepepatb
LRC 1-i cumBon 2-% cumBon
13 LRC 14* LRC 15% 4]
_
MNepepatb Mepepatb CHsTb chnar
cumeon CR - cumson LF = 3aHATOCTH
16* 1 18

Puc. 1. Mepepaya coobuetns B pexxume ASCII
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NnpoeKTupoBaHHe

1 Iepefadeil COOOIIeHHIA, YTO CBOIUT K COKpa-
IIIeHHIO 10 MUHIMYMa 3aIep)KKH B paboTe Ipu-
KJIAJJHOM IPOrpaMMBbI Ha BpeMsI IIpreMa IJIH Tie-
penadu cooOILIeHNs, B 0COOEHHOCTH B PeXKUMe
ASCII. MuHuMHu3anus 3aep/KeK Ipu oOMeHe
IaHHBIMHU HMeeT 0COOCHHO Ba)KHOE 3HAUeHHe
IIPH IIOCTPOEHHHU CUCTEM PeabHOTO BPeMeHH,
TAaKHX KaK CHCTEMBI YIIPABJIeHHS TeXHOJIOrIde-
CKUMH TIPOL[eCCAMHL.

Peanusayus nepeda4uu coo6ujen

ust macmepom 6 pexxume ASCII

ITpu nepenade cOOOIIEHNS MACTEPOB B PEKH-
me ASCII mporpamma KOHTpoJIIepa MOATrOTaB-
JIMBaeT JaHHBIE, COlepKallire apec yCTPOCT-
Ba, KOJ| KOMAHIIBI, JAaHHbIe KOMaH/BI U Pa3Mep
II0JISI TAHHBIX B 6AHTaX, M 3aIIHCBIBAET UX B BBI-
ZeseHHbII Oydep, IMEIOIIMII CTPYKTYPY, KOTO~
past IpeficTaBiIeHa B TaOIuIe 5.

Ykasarenp Ha Oydep mepeaercs aBTOMaTy
Modbus B KadecTBe Iapamerpa cOOOIIEHHS I1e-
penaun. Bo Bpems nepenauu apromat Modbus
YCTaHABJIMBAET CIIEIMaJIbHBII (JIar 3aHATOCTH,
KOTOPBIII NOJDKHA IPOBEPATH IIPUKJIATHAS IIPO-
rpaMMa Ilepe nepenadeit. B cirydae, ecan ar
yCTaHOBJIEH, IIPUKJIaHAas IPOTrPaMMa JJOJDKHA
SKIIATh €T0 0CBOOOYKIEHISL. 151 IIpeooIeH s TaH-

UART
csoboneH?

MNepepatb
cumBon

Puc. 2. Mepepnaua cumeona

HOTO OTPaHIYEHHs BO3MOKHO BBeJIeHIE aBTOMa-
Ta, PEAIH3YIOIIEro Ouepesib COOOIIeHUI U CITy-
KAILlero IPOMEKYTOUYHBIM CJIOEM MEXKLY TIPH-
KJIaJIHO¥ IporpaMmoii u aBTomaroM Modbus.
I'pacp aBTOMaTa Iepenadn COOOIEHNS B PEXKI-
Me ASCII uso6paker Ha puc. 1. 113 pucyHka Buzi-
HO, YTO CMBOJIBI TIEPEAI0TCS 110 OFHOMY, B Pa3-
JMYHBIX COCTOSTHUAX, IPH 9TOM IMPHUKIaTHASA
nporpamma (Taxke HanucanHas no SWITCH-
TEXHOJIOTHU ) MOKET BBIIIOJHATECS OTHOBPEMEH-
HO ¢ Iepefiadeit coobuienust. CoCTOSHUS, HoMe-
Pa KOTOPBIX OTMEYEHBI 3Be3[J0YKOM, SABJIAIOTCS
CJIOXKHBIMU COCTOSTHISIMU (CYTIEPCOCTOSTHHSMH),
1 MIMeIOT JULSL JaHHOM rpadp-CXeMBbl OHY CTPYK-
TYPY, II0OKa3aHHYIO Ha puc. 2. CMBICI BBefIeHUs
CYHEPCOCTOSHUM B TAHHOM CJTydae 3aKII09aer-
cs1 B ToM, 9T0 UART MOsKkeT He ycreTs mepenath
HPeNbIY Ui CUMBOJL, TI09TOMY IIepef TIepefa-
Jeil 0YepeHOr0 CHMBOJIA OCYIIECTBIIAETCS IIPO-

Bepka 3aHsTocTw UART. B cmry cBoiicTB
SWITCH-TexXHOJIOTHH OCTAaHOBKY MIPUKJIATHON
IPOrpaMMBI IIPH 9TOM He IPOHCXOnuT. ExuHcr-
BEHHBIM OTpaHMYeHUEM Ha PaboTy IUKIIA IIPU-
KJIATHOU IIPOIPAMMBI SIBJIIETCS TO, TO [JTUTENb-
HOCTb OJTHOH HTePalluy TaHHOTO I[HKJIA He MO~
KT IIPEeBBIIIATh | CEKYH/IBI B COOTBETCTBUH CO
crerucpukarueit nporoxosna Modbus.

B ciemyromer craTbe MBI IPONOJDKUAM pac-
CMOTpeHHe peaTusanuy Ipotokora Modbus Ha
ocaose SWITCH-rexHomornn.

Abmop Buipaxaem 2nyboxyto 61az00apHocmb
Anamonuto A6pamobuy Illanvimo 3a yeHHvle 30~
Mmeuanust u pedakmupobarue crmamou. |

Jlutepartypa

1. Modicon Modbus Protocol Reference Guide. MOD-
ICON, Inc., Industrial Automation Systems, 1996.
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Bnagumup TATAPYEBCKUK
arktur04@mail.ru

0606ueHHbIN aNroputm obmeHa
AaHHbIMU no npotokonay Modbus

O600111eHHBII AITOPUTM 00MeHa JTaHHBIMI
MeXIy BeIYIIUM U BEIOMBIM YCTPOICTBOM
MOJKHO TIPE/ICTABHUTD B BUJE, T300PAKEHHOM Ha
puc. 1. B mpenpiny1ueii cratbe GbUIO IPUBENEHO
Kparkoe onucanue paborsl mporokoia Modbus.
CdopmynupyeM mopsaox paGoThl BeAyIIero
(master) u BefoMoro (slave) ycTpoitcTB B KpaT-
xoit hopme.

NpuMeHeHHUe

SWITCH-texHonorum

npu pa3paboTKe NPUKAaLHOro
nporpaMmMHOro obecrnevyeHus

AN MUKPOKOHTposinepoB. Hactb 7

B npeabigyweti cratbe yukna [1] 6b1no HauaTo paccMoTpeHUe peanusaLmum
npotokona Modbus Ha ocHoBe SWITCH-TexHonoruu. Mbl kpaTko paccmotpe-
nu pBa pexxuma paborbl npotokona Modbus: ASCIl u RTU, a takxe onucanu
aNropuTM nepepaum coobueHus ycrporctsom-macrepom B pexkume ASCIL.
B aToii cTarbe Mbl NPOAONYKUM ONMUCAHUE peanu3aluu npotokona Modbus Ha

ocHoBe SWITCH-texHonorum.

Hraxk, BefiyIeMy yCTPOICTBY B IPOIIECCE BBI-
OJTHEHNS IIeJIeBOII IPOrpaMMeI (cocrostHue 1.1
Ha pHC. 1) HOTpe60BaIOCh 3aIIPOCHUTD JaHHBIE
YZIaJIeHHOTO MOJYJISI OO YCTaHOBUTD BBIXOJbI
YIJIEeHHOTO MOJYJIS B OIIpefieJIeHHOE COCTOs-
Hue. Beymee ycTpoiicTo (nasee Bedyuyuti nim
macmep) popmupyer coobienre Modbus, ko-
TOpOE B O6LIEM CIIydae CONEPIKUT: afjpec Beflo-
MOTO, KOJ] KOMaH/Ibl, IOTIOJIHATEIbHBIE TAHHbIE
1 KOHTPOJIBHYIO cyMMy. ChopMupoBaHHOE CO-
obuienue mepenaercst vepe3 UART MUKPOKOH-

e\ Befyllee yCTPOMCTBO
(master)
OCHOBHas
nporpamma
\ 1.1 )
4 N
npuem oXuaaHue nepegaya
coobuieHns Modbus oTBeTa coobuieHns Modbus
/ 1.4 \_ 1.3) 1.2
OTBETbI KOMaHAbl
BEAOMOro BeayLiero
4 N
nepepgaya oXuaaHue npuem
coobuenns Modbus KOMaHpAbl coobuienns Modbus
2.4 \_ 2.1 ) 2.2
obpaboTka
1 BbINONIHEHWE
KoMaHApl 3 BElOMO€ YCTPOMCTBO
(slave)

Puc. 1. O6061ueHHbIN anropuT™ 06MeHa faHHBIMU MEXKAY BEAYLLUM 1 BEAOMbIM YCTPOHCTBAMM

TpoJIepa U PU3NIECKYIO JINHUIO CBSI3H BeJ0-
MOMY yCTpOUCTBY (coctosHEe 1.2). ITocie me-
penadn cOOOIIeH s BeYIIUil IEPEXOIUT B CO-
CTOSIHHE OJKH/IAHHSI OTBETa BEIOMOTO (COCTOSI-
He 1.3). BemoMoe ycTporicTBO, HaxofsIIeecs
B COCTOSHUH OKMJAHUSA KOMAHIbI BEJYIIIEro
(cocTostHme 2.1) IpH HOCTYIJIEHUH NaHHBIX
B 6ydep UART mepexonuT B COCTOSIHUE IIPU-
ema (cocTostHUe 2.2) U B CITydae yCIIeITHOTO 3a-
BepIlIeHHs [TpueMa IePeXoauT K IeKOUPOBa-
HUIO U BBITIOJIHEHNIO KOMAH/IBI (COCTOSIHHEE 2.3).
IToce BBITIOTHEHNS KOMAHIBI BEIOMOE YCTPOIi-
cTBO (DOPMHpYeET OTBETHOE COOOIIIeHNe, KOTO-
poe B 00IIIeM CITydae COIEpPKUT afipec BeTOMO-
O yCTpoiicTBa (TO ecTh COOCTBEHHBII afipec),
KOJl KOMaHJIBl, IOTIOTHATEIbHbIE JTaHHbIE 1 KOH-
TposbHYI0 cymMy. ChopMupoBaHHOE cO0061IIe-
HHe IepelaeTcsl BeLyIeMy yCTPOHCTBY (cocTo-
sHHe 2.4), U TI0CTIe YCIIeITHOTO IIPHeMa OTBeTa
BelOMOro (cocTostHMe 1.4) BemyIiee yCTPOMCT-
BO IIPOJIOJDKAET PaOOTY II0 OCHOBHOI IIPOTrpaM-
Me, a BelOMOe IIePeXOIUT K O/KUIAHHIO CIIeTy-
fomteit koMaunel. Ha atom Tpansakuus Modbus
3aBepIIaeTcs.

B mpenpInyInest craThe ObUIHM YIIOMSHYTEI [BA
pexxnma paboter mporokosa Modbus: ASCII
n RTU. HamoMHUM 4nTaTeNIo, 9TO B peKIMe
ASCII coob1ieHus IepeialoTcst B BUE TEKCTA,
COCTOSIIIETO U3 YUCeN B IIeCTHAIATePUIHOMI
¢dbopme (cumsoinsr '0'-'9', 'A'-'F'), cooburenne
HAYMHAETCA CO «CTAPTOBOI0» CUMBOJIA — JIBO~
eTouns ;' ¥ 3aBepIIIaeTCsl «CTOIOBOL» TOCIIEN0-
BarenbHOCThI0 CR LF (BosBpar cTpokw, mepe-
BOJL KapeTKH, COOTBETCTBYI0INI Kozt 0A 0D).
ITpu nepeyade KOy CKAIOTCS Tay3bl MEXKITY CHM-
BOJIAMH IIPOJOJKUTETBHOCTBIO 710 1 ¢, B pexxu-
Mme RTU nndopmarius nepenaercs «kak eCTb»
B BUJIe OaliTOBBIX 3HAYEHUIT; CIIeNHAIbHBIE CTap-
TOBbIE U CTOIIOBBIE CHMBOJIBI OTCYTCTBYIOT; Cy~
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coobuieHue:
NPUHAT cuMBon ch

coobueHue:
NPUHAT CUMBON

’

olwmnbKa:

HeT npuema
(cocTosiHWe oXKMAaHHs)

i=0

agpec
He coBnagaet

npoBepKa nons agpeca

ch¢{0..9, A..F, CR, LF} ‘

He,ELOI'IyCTVIMbIﬁ cumBON

agpec
cosnagaert

BblYMC/IEHUE

time 1s . owmbKa:
o Taim-ayT
NOMECTUTb CUMBOJI Ch
ELabelE e i >=BUF_SIZE . ownBKa:
Data[i] = ch; - nepenosnHerue bydepa
(it 2

KOHTPO/IbHas cyMMa
He coBnajaet

KOHTPO/JIbHas cymma
cosnagaet

owmbka:
HecoBNafieHHe KOHTPObHOM CyMMbI

KOHTPOJIbHOW CYyMMbl

np1vem 3aBepLueH ycnewHo

Puc. 2. KoteuHblit asTomar npuema coobiueqns Modbus e pesxiume ASCII

IIIeCTBEHHbIE ITay3bl MEKITY OTAeIbHBIME OaliTa-

MH COOOIIEHHs HeIOITy CTHMBI, CaMU JKe 000~

IIIeHNsI Pa3[esIIIOTCS TIay3aMHy IIUTeIbHOCTBIO

He MeHee 3,5t, I7ie t — BpeMsI Ilepefiadll OTHOTO

6aitra npu ganHoi ckopoctu UART [2].

Ortn pasnnuus mexnay pexnMamu ASCII

1 RTU umeror Ba)KHbIE CIEICTBU:

o Cuencrsue 1. Tak Kak /I Ilepenadd OFHOTO
6aitra nHopmanun B pexxume ASCII Tpeby-
eTCsI epefiaTh 110 JIMHUY CBSI3U [[BA CHMBOJIA
(To ecTp nBa Gaitra), pexxum ASCII npumep-
HO B [IBa pa3a MellJIeHHee, 9eM pesxuMm RTU
(pu omuHakoBoI ckopoctu UART).

e CrnencrBue 2. B cuny ToOro, 94TO B peskumMe
ASCII cymiecTByT 0cOOBIe «CTAPTOBBIE»
U «CTOIIOBBIE» CHMBOJIBI, IIPOIPaMMa MOJKET
(bUKCHPOBATh HAYAJIO U KOHeI] TIepefady C Io-
pasgo 6osee BBICOKOU CTENEHBIO IOCTOBEP-
HocTH, 4eM B pexuMe RTU, rie enuHCTBeH-
HBIM [IPU3HAKOM KOHIIA TIepeadll CITy>KUT He-
6oJpImas maysa.

e Crencrsue 3. Tak xak B peskume RTU mayssr
MKy Hepefadeil OTHeNbHBIX 6AlTOB B CO-
OOILeHNN HeIOITy CTHMBI, 9TO MOYKET BBI3BATh
HEKOTOPBIe TPYLHOCTH B IIPOIPAMMHON pea-
JM3aIMH JaHHOTO pexkuMa. Harmpumep, ecin
Hepenada cOOOIIeHNs TpepBaHa KaKAM-TTI00
06paboTINKOM IPePBIBAHUS, YCTPOICTBO —
IPHEMHUK COOOIIEHNST — COUTET 3Ty [ay3y
KOHI[OM IIepelladd CO BCeMH BBITEKAIOIIUMU
OTCIOfIa TIOCJIeICTBUSIMU B BUJIe HECOBIIaJie-
HISI KOHTPOJIBHOI CyMMBI, TOT/Ia BCIO TPaH-
3aKIIHIO IPUJEeTCSl HAYMHATh 3aHOBO. B pe-
3yJIbTaTe B IIPOrPaMMy IPUXOIUTCS BBOJHUTD
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IIOIIOTHHUTENIbHBIE MEXaHU3MBI, IPU3BAHHBIE
o6ecIednTh HeIPepPbIBHOCTD epeladn coo6-
IIeHus. B pspe cirydaeB 10CTaTOYHO 32010~
KHPOBATh IIPePBIBAHIS Ha BpeMs Iepefain
COOOIIEHNST, €CITU ITOTO CIeTIaTh Helb3sl, BO3-
MO’KHO OTJIOXKUTB IIepefjady Ha BpeMeHHOM
IIPOMEKYTOK, B KOTOPOM IaPaHTHPOBAHHO He
MOJKeT BOSHUKHYTb IIpephIBAHIE C JJIHTeIb-
HOI1 06pabOTKOIL, ClIOCOOHOI HAPYIIUTS IIPO-
Iecc mepeadn COOOIIeHNs.

MBI BUIHM, 4TO 062 pe)kuMa HMEIOT CBOU
IIPeNMyIIIeCcTBa M HeIOCTATKU, 1 HeBO3MOKHO
OJTHO3HAYHO PEeKOMEHIOBATH IIPUMEHEHHE Of-
HOTO U3 HUX «Ha BCe CIIyJau sKU3HW». Hamryd-
MM pelleHneM OyZeT MOoJepsKKa B pazpaba-
TBIBaeMOM IPHOOpe 0O0UX PEKIMOB IIPOTOKO-
1a Modbus.

BepHeMcst k aHanu3y puc. 1. M3 Hero cireny-
€T, 9TO JISI IIOJTHOLIeHHOU nopaepskku Modbus
B BEJIOMOM H BeJlyIlleM yCTPOICTBe HaM Heo0-
XOJIIMO Pean30BaTh ABa 6a30BbIX AITOPUTMA:
nepenady coobrreHus (coctosiHus 1.2 u 2.4)
1 TIpueM coo01rienus (coctosiaus 1.4 u 2.2), npu-
qeM Ka)K/blil U3 HUX NOJDKEH OBITh Pealn30BaH
B IBYX BapuanTax: mys1 peskuma ASCII u st pe-
xuma RTU. Anroputm mepeadu cOoOIeHUs
BexymuM ycrporictBoM B peskume ASCII yske
paccMaTpUBaJICS B IPeIbIIyIIeil CTaThe, Iepe-
lada OTBETHOTO COOOIIIEHHS BEOMBIM YCTPOi-
CTBOM IIOJIHOCTBIO QHAJIOTITIHA, TI03TOMY Cefrdac
MOYKHO IIepeiiTH K OIIICAaHHIO IIpUeMa coo01IIe-
uus B pexumMe ASCII (aHHBII aITOPUTM TaKKe
OJITHAKOB KaK ISl BEMIIIero, TaK U IS BEOMO-
IO yCTpOICTBa). KOHeUHbIil aBTOMAT, BBIIIOIHS-

fomuit mpueM cooburerust Modbus B pesxime
ASCII, npencrasiien Ha puc. 2. Ero pa6ota mpo-
cra. B cocrostauu 1 o6uyIIsIeTCs caeTdnk Oydepa
I, 1 aBTOMAT JKIET mpreMa CUMBOJIA @' (CUMBOII
Hadasa COOOIIeH s). B cocTOSHUE 2 KaXKIblil
HPUHSTHII CHMBOJI 3aIchiBaeTcst B 6ydep Data
o morydennst cumsoa LF (kog xx), cirysxarie-
T IPU3HAKOM KOHIIA COOGIIIEHHsI, T0CIIe Iero
ABTOMAT IEPEXOJUT B COCTOSIHHUE 3, B KOTOPOM
IPOMCXOUT IPOBepKa II0JISL apeca coobre-
HusL. [I7151 BeIOMOTO yCTPOICTBA 9TO IOJIE IOJDK-
HO COBIIAZIaTh C a[jpecoM ycrpoiicTsa. Ecmu ke
IPHEM OCYIIeCTBIISIETCS BEAYIIIUM YCTPOHCT-
BOM, TO €CTb COOOIIIeHNe SIBIISIETCSI OTBETOM Be-
IIOMOTO Ha paHee OCIAHHYI0 KOMAaH/Y, B I10JIe
ajipeca JOJIKEH COZIepyKaThCsI afjpec OTBETHBIIIE-
ro Begomoro. Eciu aTo He Tak, To coobreHme
aIpecoBaHO APYTOMY yCTPOICTBY, B aBTOMAT
CHOBA IIEPEXOIUT B COCTOSIHNE | M OKH/IaeT Ha-
Jaso cregyomuero coobmenust. Ecm sxe agpec
COBIIAIaeT, ABTOMAT IIEPEXOAUT B COCTOSIHIE 4
«BBIYHCIIEHNE KOHTPOJIBHOI CyMMBI». ECITi KOH-
TPOJIbHASI CYMMa COBIIAIAeT C [IePEIAHHOI B CO-
OO1IIeHNH, IPHeM COOOIIIEHIIST CIUTACTCST Y CIIeLI-
HO 3aBepIICHHBIM 1 aBTOMAT LIPEKparriaer pabo-
Ty. ABTOMAT TaK)Ke OCYIIeCTBIsIeT 06paboTKy
Psifia HEIUITaTHBIX CUTYALIHIT, KOTOPbIE MOTYT BO3-
HUKHYTSH IIpH 1preMe coobenust. K rakum cu-
TyaIlHsIM OTHOCSITCS CIIeAyIOLLIIe:
® [IPUHST HE[OITYCTHUMbII CUMBOJI ([IPUHSITBIH
CHMBOJI He TIPUHAIUIEKUT MHOKeCTBY {'0'—'9',
'A'-'F, ", CR, LF});
® [I0CIIe IpHeMa CHMBOJIA, He SIBJISTIOLIETOCS 3a-
BepuratonuM (LF), mporo 6oiee 1 ¢;
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dhopmMUpoBaHue UART

coobLueHus

==

ceobopneH?

nepepatb
coobLueHne

nepegadva

3aBepLieHa

Puc. 3. KoHeuHbiit aBTomar nepegauu coobueHist Modbus 8 pexxiume RTU

e pasmMep Gydepa IPeBBICHIT MAKCHMAJIBHO JI0-

nycrumMblil (koHcranTa BUF_SIZE Ha puc. 2);
® He COBIIAJaeT KOHTPOJIbHAS CyMMa.

BO3HHKHOBeHHE OIIIOOK TAKOTO Poza IpU
paboTe yCTPOICTBA CBUETEIBCTBYET O IIJIO-
XOM KadecTBe CBA3H (CUJIbHBIE JIeKTPOMar-
HUTHBIE IIOMeXH, IJIOX0e 9KpaHHPOBAHHE,
CJIMIIKOM OOJIBbIIAs NIMHA JINHUYU CBSI3H, He-
cob6mofieHre TPaBIII MOHTaKa | T. I1.). [TosiB-
JIeHHe OINHO0K MOKET TaKKe CBUIETeIbCTBO-
BaTb O HEKOPPEKTHOII paboTe Mepenaroliero
ycrpoiicrBa. O6paborka omnbox 6yaer pac-
CMOTpeHa 4yTh IIO33Ke, a celfuac mepeigeM
K OIICAHHIO AJITOPUTMOB IIepelady U IpHeMa
coobrennit B pexxume RTU.

Mepepgaua u npuem coobueHH
B pexkume RTU

ITepenada cooburenust B pexxume RTU ocy-
ILIIeCTBIISETCS IPOCTEHIINM 00pa3oM (puc. 3):
Iepefalolee yCTpOUCcTBO hopMupyer coobme-
HEe (cocTosIHUe 1), ToXKuaercs, B Crydae He-
006X01uMOCTH, 0cBo60KIeHNs Oydepa mepenar-

yuka UART (cocrostHue 2) u oTIIpasiseT coo6-

mienne (cocrosuue 3). Kakux-1mm60 HelTaTHbIX

CUTYaIUi1 U OIINOOK 371eCh OKUIATh He IIPUX0-

IIATCS.

ITpuem coobuiennii B pexxume RTU (puc. 4)

B IIJIOM QaHAJIOTWYEH IIpHeMYy COOOIIEHNUS B pe-

sxxume ASCII. PazHnia Mexny HUMH COCTOUT

B CJIEAYIOIIEM:

e Tlepexon U3 cocTostHUSA 2 (OMeIeHre 006~
mieHust B 6ydep) B cocrostaue 3 (poBepka
TI0JISL a/jpeca) OCYIIIECTBILIETCS He 110 IPHeMY
3aBEPIIAOIIETO CUMBOJIA, @ [0 TaliM-ay Ty, Be-
JIMYUHA KOTOPOTO 0J/DKHA OBITH paBHA 3,5
IJIATEIbHOCTH TIepejadll ONMHOYHOTO OaifTa.

e OTCyTCTBYeT IIPOBEpKa Ha OMYCTUMOCTD
CHUMBOJIA, TaK Kak B peskume RTU Bce BO3MOX-
HBIE KOIBI B MuarasoHe 0...255 SBIISFOTCS 0-
ITYCTUMBIMU.

e OrcyTcTBYyeT olMOKa TafiM-ayTa, TaK KaK I1a-
y3a MEXly CUMBOJIAMH HHTEPIIPETUPYETCS
B IAHHOM PeKHMe KaK IIPU3HAK 3aBEPIICHUS
THepenadn COOOIeHIs.

e TIpuem cooOLICHUSI HAYMHACTCS [IPH TIOJTyYe-
HUH JIF000T0 CMBOJIA (TIePeX0ft M3 COCTOSIHMS 1

B COCTOSIHHE 2), TaK KaK CIeI[HaIbHBII «CTap-

TOBBII» cuMBOI B pexkume RTU orcyrcrsyer.

B 3aBepureHne o6CyKIeHUS peann3ainn
npotokosia Modbus npusenem 06061ieHHbIE
QJITOPUTMBI ITOJIEPIKKH IIPOTOKOJIA JJISI By -
IIIer0 ¥ BEJIOMOTO YCTPOICTBA, NeTAIH3UPYIO-
1ine 1300 pakeHHbII Ha prC. 1 TOPsOK o6me-
Ha TAHHBIMI.

0606weHHbIH anropuTm paboTbl
Bepyuiero yctponctea Modbus

O60611eHHBII aITOpUT™M paboThI BeyIe-
ro ycrpoiicrBa Modbus nso6paken Ha puc. 5.
ITepen TeM KaK IIepeiiTi K MOAPOOHOMY 0OCYsK-
JICHUIO er0 PabOoThl, HATIOMHUM YHUTATEIIO, ITO
MBI pacCMaTpUBaeM aJTOPUTMBI B paMKax
SWITCH-TexHOMOrNM KaK KOHETHbIE aBTOMa-~
ThI, BBIIOJIHSIOIINECS II00YePeHO B [JIABHOM
IIUKJIe IIPOTPaMMBI, aHAJIOTHIHO TOMY, KaK BbI-
HOJHSAIOTCA 3a1a4H (IIOTOKH) B OIIePAIIMOHHOM
CHCTeMe C KOOIIePaTHBHOI MHOT033/[aYHOCTBIO.
IToaToMYy aBTOMAT MOKHO CIUTAaTh AHAJIOTOM
IIOTOKA U IIPEICTABUTh ce0e, ITO BCe TAKHE aBTO~
MAaTBI-TIOTOKH BBIIIOIHSIIOTCS HapajIe]bHo.
Ha puc. 5 n306pakeH IMEHHO TaKOil aBTOMAT-
IOTOK, KOTOPBII BBIIIOJIHAETCS apaJUIeIbHO
C OCHOBHOI ITPOrpaMMOil KOHTPOJLIEpa U 06~
CITy’KHBaeT BBOTI/BBIBOJL COOOIIIEHHII 110 IIPOTO-
kory Modbus. Pabora aBTomara ynpasiseTcst
IBYMSI COOOLIEHUSMHU «U3BHE»: «HAYaTh TPAH-
3aKIIMIO» — COOOIIEHIe OT OCHOBHOI IIPOrpam-
MBI (Ipefmosaraercs, 4To nocsuika Modbus

coobleHue:
NPUMHAT cuMBOA ch

coobLeHue:
NPUHAT CUMBON Ch

HeT npuema

appec

npoBepKa nons agpeca

(cocTosiHWe oXKMAaHus)
i=0
1
o ipee /I/

coBnagaet

NoMecTUTb cMMBOA ch
8 Bycbep npuema

i >=BUF_SIZE

Datali] = ch;
i++; %)

coobLieHue:
TauM-ayT npuema

aapec
BblUMC/IEHUE
KOHTPOJIbHOM CyMMbl

cosnagaet

KOHTpPOJ/IbHaaA cymma

owwubKa:
nepenonHeHue bychepa

‘ olwmbka:
KOHTPOIIbHaN CyMMa HecoBnazieH1e KOHTPO/IbHOMN CyMMbl

He coBnagaet

np1em 3aBepLUeH yCnewwHo

Puc. 4. KoHeuHbiit aBTomar npuema coobuuetns Modbus 8 pexxume RTU
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coobuieHue:
HauaTb TpaH3aKLMio

uuuunanusaums UART

coobuierne:
Hauano npuema
(B 6ycpep UART
NoCTynWA CUMBOJ)

1

y

nepepada 3aseplueHa

0XMAaHKE KOMaHAbI nepejava
Ha nepejavy OT OCHOBHOM coobLueHust
nporpaMmbi Modbus

2

]

npuvem 3aBepLueH ycnewHo,
TPaH3aKLuuUAa 3aKkoHYeHa

OXupaHue oTeeTa
BeaomMoro

NN

npuvemM OTBETHOIrO
coobuienns Modbus

owwmbKa:
Tanm-ayT

1

owmbka:

HEeAOMyCTUMbIA CUMBO
owwmnbKa:

naysa nepeg

1

L NOBTOPHOM nepefayen

obpaboTka ownbok

Tanm-ayT

owwubKa:

nepenonHetue bydepa

owwubka:

HEeCoBNazieH1e KOHTPO/IbHOM CYMMbI

Puc. 5. 0606wweHHbIN anroputm paboTbl BeayLuero yctpoictaa Modbus

dopmupyercs u pasmermaercs B 6ydepe mepe-
a4y OCHOBHOM ITPOTPaMMOII) M «HA4aJIo IIPU-
eMa» — COOOIIeHIe, KOTOPOe CUTHATH3UPYeT
0 IIOCTYIUIEHUH CUMBOJIA B IpUeMHBII Oydep
UART u popMHpYeTCst COOTBETCTBYIOIIUM 00~
paborurkom npepsiBanus UART. Mtak, moTokx
nocie nannuanusanun UART (cocrosuue 1)
IIePEXOIMT B COCTOSIHME OKHflaHus 2. Kak Toy1b-
KO OCHOBHasI IIPOTpaMMa OTZ[aeT KOMaH/y Ha Ha-
JaJI0 TPaH3aKI[UH, aBTOMAT IIePEXOIUT B COCTO-
sHUE 3, B KOTOPOM IIPOMCXOIUT Ilepenada coo0-
I1eHus (B 9TOM COCTOSIHUH «3aKTIOYeH» ONUH
13 PaCCMOTPEHHBIX BBIIIIe AITOPUTMOB Iepefia-

qu cooburenus B pesxume ASCII in6o RTU).
ITocite mepenadn COOOIIEHUSI KOHTPOILIEP 0K~
JIaeT OTBeTa BEJlOMOIO YCTPOIICTBa (cocTosIHME 4).
Oknpanue oTBeTa OTPAHIIEHO [0 BPEMEHH
1 0OBIYHO He IIPEeBBIIIAeT HECKOIBKIX CeKYHI.
IIpu mOCTYIICHNH IIePBOTO CHUMBOJIA OTBETHO-
ro coobrenus B 6ydep UART aBromar mepe-
XO[UT B COCTOSIHHME 5 (B 9TOM COCTOSHUH Pag-
MeIIIeH OJUH U3 PACCMOTPEHHBIX BBILIIE AJIT0-
purMOB npuema coobenust). [Ipu ycrerraom
prieMe COOOIIECHIS TPAH3AKIIHS CINTACTCS 3a-
BepILIEHHOI, i aBTOMAT [IEPEXOUT B COCTOSIHIE 2,
OKHJast CIIeYOIIelt KOMAH/[bl OCHOBHO IIPO-

rpaMmbl. II1pu BOSHUKHOBEHHH OMIMOKH IPH
IpreMe aBTOMAT BbIIEP/KUABAET I1ay3y (COCTOsI-
HHe 6) 1 IOBTOpSIET Iepeaady coobireHus (co-
crosiaue 3). Mo)XHO 0OpaTHTh BHUMAHNUE Ha TO,
9TO MEKIY COCTOSHUSAMU 5 1 6 Ha puc. 5 1306~
paxkeHO cocTosiHUE 7 «06paboTKa OIIHOOK».
B npunnumne, mporokon Modbus He mpegycma-
TPUBaeT KaKkoi-1ubo crenuduieckoi obpa-
60TKH OmMHUOOK B HPUHATHIX COOOIIEHHIX
(B ciTy4ae BOSHUKHOBEHUSI OLIMOKH TP IIPH-
emMe BeffyIIiee YCTPOHCTBO IOJIKHO IPOCTO [IOBTO-
puth mepegady koMauasr). OHAKO MBI MOXKeEM
BBECTH B IIPOTPAaMMY yCTPOICTBa, HAIIpUMep,

nuHuuranusauus UART

1

npuem coobLuieHus
Modbus

owwubka:

owmbKa:
Tanm-ayT

obpaboTka ownbok owmbka:

owwubka:

Np1eM 3aBepLUEH YCNeLwHo

[neKoaupoBaH1e
coobuieHns

UCNOJIHEHWE KOMaH bl

4

HefonyCcTtuMmbl 1 cumBoN

nepenonHexue Bydepa

HecoBnageHwe KOHTpOHbHOﬁ CYMMbl

OTBETHOrO CoObLLeHHS

hopMHpoBaHHue

nepenaya oTBeTHOro

Modbus coobuieHust

Puc. 6. 0606wweHHbIN anroputm paboTbl Beaomoro yctpoictaa Modbus
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JKYPHAI OLIHOOK, IPUIeM C HOIpasuesieHneM
[IPMYUH BOSHUKHOBEHWS TOH MJIH HHOM OInG-
KU (HecoBIajieHre KOHTPOJIBHOM CYMMBI 1 T. I1.).
Hanwawe Takoit nHbopManun MoxeT GbITh
OYeHb [OJIE3HO [PH OTJIanKe CucTeMbl. Harpu-
Mep, HabJTI0ast 32 MHTEHCUBHOCTBIO BOSHUKHO-
BeHM OIIMOOK B KaHaJIEe CBSA3HU, MBI MOYKEM I10-
IOOPaTh OIITUMAIBHYIO CKOPOCTH [IepeNadn JaH-
HbIX B cetd Modbus.

06061eHHbIN anropuTM padoTbl
Befomoro yctpoctea Modbus

OG60011IeHHBII AITOPUTM PabOThI BEJOMOTO
ycrporictBa Modbus nzo6pasken Ha puc. 6.
OH 10X0’K Ha COOTBETCTBYIOIIHII AITOPHTM Be-
IYIIETO YCTPOMCTBA, C TOM JIUIIb PasHUIIEN, 9TO
oIepanuy IPOUCXOIAT B 00PaTHOM IIOPSIIKe:
CHaYajIa IPHHUMAETCS cooOmIeHne (COCTOs-

HHe 2), 3aTeM, I0CJIe IeKOTUPOBaHMs KOMaH]IbI,
ee HCIOIHeHNs 1 POPMHUPOBAHUS OTBETHOTO
co0011IeHus (COCTOSHUS 3—5) MIPOUCXOAUT IIe-
pefada oTBeTa BeMyIIeMy yCTPOUCTBY. OTimame
3aKJII0YAETCS U B TOM, UTO IIPH BO3HUKHOBEHHH
OIMIIOKY IIpHeMa BeIOMOe YCTPOICTBO He 0051~
3aHO IIOCBUIATh OTBETHOE COOOIIIEHHe, OHO IIPO-
CTO IOJDKHO JJOXKIAThCSI, KOT/Ia MacTep MepenacT
KOMaH[y oBTOpHO. COCTOSIHHME 7, KaK H B IIpe-
IBIAYIIEM CITydae, He BILIeTCS 0013aTeIbHBIM,
HO BecbMa II0JIE3HO IIPH OTJIAKE.

Ha 6ase SWITCH-TexHOIOTHE MOTYT OBITH
PeaI30BaHEL U APYTHE IPOTOKOJBI Ilepeadn
JNAHHBIX [3, 4].

B ciepyormel ctatbe OyIeT paccMOTpeHa
peanusanus Ha ocHoBe SWITCH-rexnonmorun
psifia AITOPUTMOB, NOJIE3HBIX IIPH Pa3paboTKe
IPOrPaMMHOTO 00eCIIedeH s Il MUKPOKOHT-
poJIepos.

Abmop Buipaxaem 2nyboxyto 61az00apHocm
Anamonuto Abpamobuuy Illanvimo 3a 3ameuanus
u HayuHoe pedakmupobanue cmamoil. |
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Bnagumup TATAPYEBCKUM
arktur04@mail.ru

[OIABIIIONEeM GOJBIIIHCTBE YCTPOICTB

Ha 6a3e MUKPOKOHTPOJUIEPOB IIPUMEHI-

eTCsI KITABUATYPa, IMEIOIIast, Kak IIPaBHU-
JI0, MATPIIHYIO Opranusamnmio. CrenoBarenb-
HO, B IPOrpaMMe TaKOTO YCTPOMCTBA JOJDKEH
COTEPIKATHCS AITOPUTM, TPOU3BOISAIIMI OTI-
POC KIABHATYPHOI MATPHUIBI M OCYIIIECTBILS-
IOl TofaBIeHne fpebe3ra KOHTAKTOB.
Bo MHOTHUX CITy9asx 9TOT AITOPUTM TAK)Ke 10T
JKeH KOPPEKTHO 06pabaThIBaTh PasJIMIHbIe CO-
YeTaHMs HAKATHIX KIABUIL. AJTOPUTMBI TAKO-
TO pojia He OYeHb CIIOKHBI M MOTYT OBITH pea-
JIM30BAHBI HA OCHOBE [[HKJIOB U 3a/iepIKeK.
[IprMepBI IPOTPaMM MOFOGHOTO PoOfIa MOKHO
HailTH B [1, cTp. 156]. OnHaKo Takas «04eBus-
Hasl» peannsanus nMeeT HeJOCTATOK: Oyaydu
BCTPOEHA B OCHOBHYIO IIPOTPAMMY, 9T IIOJ-
porpamMma GJIOKIpyeT HCIOIHEHe OCHOBHOM
IIPOTPAaMMBI Ha BPEMSI CBOEr0O LUKJIA. DTOTO

NpuMeHeHHUe

SWITCH-texHonorum

npu pa3paboTKe NPUKAaLHOro
nporpamMMHoro obecneueHus

ONS MUKPOKOHTponepos. Hactb 8

B npepabiaylwMx cTaTbAX UUKNA Obl1 PACCMOTPEH Psf aCNEKTOB UCMONb30Ba-
Husa SWITCH-texHon0OrMM Npu NnocTpoeHUU NporpaMmMHoOro obecneueHus BcTpa-
MBaeMbIX CUCTEM Ha 6ase MUKPOKOHTponiepos.. B aTol ctatbe NnpeacTaBneHsbl
anropuTMbl, YHacTO NPUMEHsSEMble B NPOrpaMMHOM obecneyeHUH MUKPOKOHT-
pOnNepHbIX CUCTEM, U UX peanusauusa Ha ocHoBe SWITCH-texHonoruu.

HeJOCTaTKa JHUIIeHa peaTus3alys Ha OCHOBE
SWITCH-TexHOMOTHAM.

B xadecTBe IIprMepa paccCMOTPUM HPOrpaMm-
My 00CITy KUBAHIs BBOJIA JULSI KJIIABHATYPBI, IO/~
KJTIOYEHHO! K MUKPOKOHTPOJUIEPY 110 CXeMe,
HpuBeleHHOM Ha puc. 1. [Iporpamma gomkHa
IPOU3BOJUTH OIPOC KIABHATYPHOM MaTpPHIIBL,
HMeTh 3aIIUTY OT fpebesra KOHTAKTOB KJIaBHa-
TYPBI, KOPPEKTHO 06pabaThIBaTh COUETAHUS
IBYX KJIABUII (HAIIpEMep, COYeTaHMe KIaBHII
Shift+6 MOKHO OIIpenessAThCS KaK HaKaTue
«BUPTYaJIbHOM» KJIABUIIIH «CTPEJIKA BIEBO»).
Taxwxke nporpaMma I0JDKHA UMeTh (DYHKITHIO aB-
TOIIOBTOPA, MOI0OHO TOMY, Kak paboTaer BBOJ,
C KJIABHATYPbI KOMIIBIOTEPA.

Ha puc. 2 npuseneH rpad aBromara, peaju-
3YIOIIEro TIepednciieHHbIe (QYHKIIH.

V3 puc. 2 BUHO, 9TO YCTPOMCTBO MPeICTaB-
Jistet co6oit aBromMat Muu (Bce IefiCTBHS IIPO-

P2.1

(F1 )(F2 ) 4 )[F3 )
p1o |—
N 2 3 4
. J \\ J \ J \ S
{ N/ N/ { \
|12 + <+ ->
P1.1 <
. 5 J \\ 6 J \ 7 J \. 8 S
4 N/ — AY 4 N/ N\
L1 3 ¥ CLEAR
P1.2 SHIFT
N 9 0 ENTER
\ J \ J \\ J \\ S
a| b c| d
P2.0

P2.2

P2.3

Puc. 1. Mpumep nopkntoueHUs MaTPUUHOM KNaBHATYpbl K MUKPOKOHTPOAIEPY

U3BOJSTCS Ha IIEPEXOfiax). ABTOMAT HCIIOIb3Y -
er onuH taitvep (KEYB_TIMER). Besraussi 3a-
JIepIKeK OIIPe/IeIIIIOTCS CIIeMY FOIIMMU KOHCTAH-
TaMu (OHU OIIMCAHBI B IPOrpaMMe):

/Imepwop Taitmepa 10 mc

#define debouce 10 //3amepsKkKka st mojasieH s pebesra
//(10 * 10 = 100 mc)

#define first_delay 50 //3azepskka 11epBOro mMoBTOpa KOjia KJIaBUILIH
/Impu ee yneprxarmm (50 * 10 = 500 mc)

#define auto_repeat 10 //3azepskKka aBTOIIOBTOPA KOJa KIIABHILH [P
/lee ynepsxarmm (10 * 10 = 100 mc)

Ha puc. 3 mokasaHa BpeMeHHas JuarpaMmma
paboTHI aBTOMATa IIPH [OJa4e Ha BXOJI CHTHAJIA
OT KHOIIKH C Ipe6e3rom.

Ha puc. 3 uucima 0603HaYaIOT COCTOSHUS aB-
TOMaTa B COOTBETCTBUH C PHC. 2. BpeMeHHBIe
3aJIep’KKU 0003HAUeHBI CJIEAYIOIIIM 06pa3oM:
td (debounce) — sanepskka nmogasnenus apebesra,
tfr (first repeat) — 3amepykka mepe IIepBbIM 10~
BTOPOM Ha)KaTHsI KJIABHUIIIH, tar (auto repeat) —
IIepHOJ] aBTOIIOBTOPA HAYKATHI KJIaBHIIIA.

IIpu ananuse puc. 2, 3 MOXKeT CJIIOKUTHCA
BIIEYaTIIeHHeE, UTO TaKas IPOrpaMMa IIpeHas-
HadeHa 711 06paboTKU Ha)KaTHI TOJIBKO OfI-
HOII KJIaBHIIIH, TOTZIA KaK Heo6Xonumo obpaba-
THIBATh Ha’KaTHe BCeX KJIABHUII KJIABHATYPHI.
KpoMme Toro, Ha puc. 2 He IIOKa3aH CaM UK CKa-
HHUPOBAHU KIaBUATYPHOU MaTpuubl. OTHAKO
HUKAKOII OIIMOKY 37ech HeT. LIuKI cKaHupo-
BaHUs (OH He IPHBOAUTCS 37€Ch, TAK KaK
OYeHb IIPOCT) aKTUBUPYETCS Iepe]] BEI30BOM
dynxunn ProcessKeyFSM, peasnusyiorieit aB-
TOMAT, H300paKeHHBII Ha puc. 2. B Hem dop-
MHPYeTCs CKaH-KOJ — 9HCJI0, COOTBETCTBYIO-
IIee TeKyIeMy («MTHOBEHHOMY») COCTOSHHIO
KJIaBHATyPHOU MaTpuIbl. Takoil cKaH-KOJ MO~
JKeT IIPeICTaBIIATh COOOIT, HarpuMep, 16-6urto-
BOe 0e33HaKOBOE IIeJIoe, 12 MITa[IINX Pa3psoB
KOTOPOTO COOTBETCTBYIOT 12 KHOIIKAaM KJIaBHa-
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Knasuwa Knasuwa Knasuwa
oTnyLieHa otnywena t=first_delay oTnyuieHa
N 4 4
Knasuwa t=
oXKuaaHue HakaTa 3anepxKa ebounce 2 Sanepxa nepen aBTOMOBTO
HaXKaTus KNaBuLLK nopaenexus ppebesra KaBHllaHaoKaTa: HauanoMm aBTONoOBTOPA P
1 4
Y - . 3
t=auto_repeat
W KNnaBuLa Haxkata
coobuieHne coobuieHune
MSG_KEY_PRESSED MSG_KEY_PRESSED
coobLieHne
MSG_KEY_PRESSED
Puc. 2. AsTomar gpaiiepa Knasuatypbl
t t t t t t if (key_code == _key_code){
d fr ar ar ar d ResetTimer(KEYB_TIMER);
SendMessage(MSG_KEY_PRESSED);
key_state = 3;
}
CocrosiHne else
P 0 12 3 4 | 4 4 (40 1[4 o ey, state = 0;
break;
[*cocrosnue 3. B aToM cocrostmm aBToMat hopMupyeT coobuienue
| MSG_KEY_PRESSED, eciut 1o/1b30BaTeJIb y/iep/KiBaeT KIaBUIITY B Te-
l wenne Bpemenn first_delay. Eciu kiraBuiia oriryiena, Bo3Bpar B co-
"
CocrosiHue 3amMKHYTO E:::gne 0*/
KOHTaKTOB if (key_code == _key_code){
knaguiumn if (GetTimer(KEYB_TIMER) >= first_delay){
PasomkHyTO

ResetTimer(KEYB_TIMER);
SendM MSG_KEY_PRESSED);

Puc. 3. BpemeHHas guarpamma paboTbl asTomara

TypBI (pHC. 1), IPH 9TOM HYJIIO B paspsifie COOT-
BETCTBYeT Pa30OMKHYTas KHOIIKA, a eIUHNUIIe —
3aMKHYyTast. TakuM 06pas3oM, KasKI0il KIIaBHIIIe
1 Ka)KIOMY COYETaHUIO HaXKaThIX KIIABUII COOT-
BETCTBYeT YHUKAJIbHBII CKaH-KOJI (eCIn HU Off-
Ha KJIABUIIIA He Ha)KaTa, CKAH-KOJI paBeH HYJIIO).
B nmcTHHTe IPOrpaMMBl (OH IIPUBENIeH flajee)
CKaH-KOJ] KJIABUATYPbI COIEP>KUTCS B IIepeMeH-
Hout key_code. Taxke nMeeTcs mepeMeHHast
_key_code, B KoTOpOI1 COmEPIKUTCS COCTOSTHHIE
KJIaBHATYPBI B IpedblnyIeM ukie. OHa HYK-
Ha JIJIs TOTO, YTOOBI aBTOMAT MOT KOPPEKTHO 00~
paboTaTh CUTYALHIO, IIPX KOTOPOI HOJIb30Ba~
TeJIb HOKIMAET KIABUIITY, yIEPKUBasi IIPH 9TOM
IpyTyIo (HIM OTIIyCKaeT ONHY KJIABHUIIY, yiep-
JKUBAst HAKATOM IPYTYIO). st KOppeKTHOI 06~
PabOTKH OTOOHBIX CHTYAIHil IOCTATOYHO 0~
JIaraTh, 4TO U3MEHEHUe CKaH-KOJla KJIaBHATyPBI
PaBHO3HAYHO OTITyCKaHMIO K1aBuIy. Torma mpu
U3MEeHEeHUH CKaH-KOJja aBTOMAT IepeiiieT B Co-
crosHue 0, ¥ CoTeyrommast KOMOMHAIIUS KJIaBHIII
6yner o6paboTana BHOBb. Takum 06pasoMm, TOJIb-
ko miepexon 0-1 («KJTaBUIlIa Ha)KaTa») peajnsy-
ercst 6YKBaJIBHO:

if (key_code > 0) {...};

ITepexopst 2-0, 3-0, 4-0 («KkJIaBuIIa OTIyIIIe-
Ha») U 2-3, 3-4, 4-4, BKyIovaroniye B ce0st yco-
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BUE «KJIaBUIIIA HAXKATA», PEATUIYIOTCA KaK IPO-
BEpPKa COBIIal€HUA TEKYIIIEro CKaH-KOAa U Ipe-
ABIOYIIEro €ro 3Ha9eHus:

if (key_code == _key_code){
//knaBuIIa HaKaTa

}

else{

//KnaByIIa OTIyIEHA

5

TCHCPL MOJKHO 3aITACaTh peayn3anuio aBTo-
Mara Ha s3bike Ci.

char key_state;//nepeMeHHas COCTOSIHIS aBTOMaTa

void ProcessKeyFSM(void){

switch (key_state){

[*cocrosirue 0. B 9T0M COCTOSIHIM aBTOMAT OJKUJIAeT HAYKATUS Ha KJla-
BHIITY*/

case (: //k/1aBuIla He HaXkaTa

if (key_code > 0){

_key_code = key_code;

ResetTimer(KEYB_TIMER);

key_state = 1;

b

break;

[*cocrostame 1. B 970M cocTOSHIM BBOTHTCS 3ajiepykKa Ha Bpemst debounce
(O)KI/I}Ja}lﬂe 3aBEPIIECHHS IIEPEXOTHOTO IpOoIecca Mpu 3aMbIKaHUU
KOHTAKTOB KJIABULIN)*/

case 1: //3azieprkka mojasiieHus gpebesra

if (GetTimer(KEYB_TIMER) > debounce)

key_state = 2;

break;

/*cocrosnne 2. B oToM cocTosHIE GUKCHPYeTCst (haKT HaKaTIs KiTa-
Buim 1 popmupyercs coobmenne MSG_KEY_PRESSED. Eciu xita-
BHIIIA He Ha)KaTa, BO3BPAT B cocrosuue 0%/

case 2: //ec KJIaBHIIIa Ha)KaTa, TIOChLIAeM COOOIeHHe

key_state = 4;

15

}

else

key_state = 0;

break;

/*COCTOHHI/]E 4.B 9TOM COCTOSIHUU aBTOMAT Cl)OPMPIPyET nocienoBa-
teapHOCTh coobimennit MSG_KEY_PRESSED ¢ nepuogom auto_re-
peat, ecju 110/1b30BaTe b IPOJIOIIKALT YAePKUBaTh Kiapuity. Eciu
KJIABUILIA OTIIYIIEHa, BO3BPAT B COCTOsIHIE 0%/

case 4:

if (key_code == _key_code){

if (GetTimer(KEYB_TIMER) >= auto_repeat){
ResetTimer(KEYB_TIMER);

SendMessage(MSG_KEY_PRESSED);

b

}

else

key_state = 0;

break;

b

}

Cremyer OTMETHTb ellle OfIH BayKHBIIT MO-
MeHT. [Ipe/icTaBIeHHBLI aBTOMAT [OCBUIAET CO-
0OIIeHNsT OCHOBHOII IIPOrpaMMe IIPU HaXKaTHH
KJIABHUIIL, HO He COO0IIaeT, Kakasi IMEHHO KJIa-
BHIIA (MM COYeTaHMe KIIABUIN) Hakara. Eciu
B IIPOTpaMMe PeaIH30BaH KaKoi-JIiH60 Mexa-
HH3M COOOIIECHNUIT C TapaMeTPaMu, TO KOJ, Ha-
KaTON KJIABUILIE MOJKHO IepelaBaTh B KadecT-
Be rmapamerpa coobuienust. [Ipu ucmonpsosa-
HHU B IIPOTPaMMe IPOCTENIIero MexaHn3ma
Hepeadn cooOIeHnit 6e3 apaMeTposB, IOy -
JeHwMe KOfia HayKaToil KIIABUIIIN OCHOBHOI IIPO-
rPaMMOIl MOKET OBITh PeaTH30BAHO CIEYI0-
M 06pasom.

B mporpamme epedncIsoTCst BCe HCIIOIb3Y -
eMble KJIABHIIIH ¥ X COYETAaHHs (COUeTaH e Kila-
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NnpoeKTupoBaHHe

BHIII, IMeIOIIee CAMOCTOSATEIIbHBIN CMBICT, Oy~
ZieM Ha3bIBaTh «BUPTYaIbHON KJIABHIIIe»):

#define KEY_0 1
#define KEY_12

#define KEY_9 10
#define KEY_ENTER 11
#define KEY_F1 12
#define KEY_F2 13
#define KEY_F3 14
//Koj1bI BUPTYaIbHBIX KIABHII (codeTaHmst Kiauia + «Shift)
#define KEY_UP 15
#define KEY_DOWN 16
#define KEY_LEFT 17
#define KEY_RIGHT 18
#define KEY_MINUS 19
#define KEY_DOT 20
#define KEY_CLEAR 21

Taroke B IporpaMMy BBOAUTCS (DYHKIIHS, IIpe-
o6pasyIolas CKaH-KOJl B KOJI KJIaBUIIN (ee pe-
aJIM3aIys 371eCh He IPUBOHUTCS):

char GetKeyCode(void);

Teneps 0OCHOBHAsI IPOTPaMMa, IOJIYIUB CO-
o6urerne MSG_KEY_PRESSED, mosket moiy-
YHUTb KOJ] HOKATON KJIABUIIH U MIPEJIPUHSITD
Kakue-1100 JeiCcTBUS:

if (GetMessage(MSG_KEY_PRESSED)){
switch(GetKeyCode()){
case KEY_ENTER: //ENTER — saBepurenne paGoTst

break;
case KEY_CLEAR: //CANCEL — ormeHna

break;

ITpuBeNeHHBIII 31eCh MOIYJIb PAOOTHI € KJIaBH-
arypoit urpaetr B SWITCH-nporpamme posts cBo-
eo0pa3Horo JpaiiBepa KIaBuaTypsl. ITo cpaBHe-
HUIO C «TPAIUIIIOHHON» Pean3ariyiel Tako! IO -
XOJ] IMeeT psf tpeumMyIrects. OfHO U3 HUX YKe
6BUIO IIPUBENIEHO: IPH paboTe OpaiiBepa KIIaBU-
aTypbl OCHOBHAs IIPOrPaMMa He MCIIbIThIBAET CY-
IIeCTBEHHBIX 3a/IePKeK, CBA3aHHBIX C paboTOM
aHTH/IPe6e3rOBOr0 AIrOpUTMa. [IpyTHe IpenmMy-
I1eCTBA 3aK/II09AIOTCA B caefytomeM. [Ipaiisep
HMeeT BBICOKYIO CTelleHb aBTOHOMHOCTH: €r0 pa-
60Ta He 3aBUCHT OT (DYHKIHOHIPOBAHIS OCHOB-
HOM 11porpaMmbl. OCHOBHas IPOrpaMMa TakKe
He 00s13aHa «3HaTb» O BHYTPEHHEM aJITOPUTME
paGoTEI IpaiiBepa, OHA TOJIBKO HOJTYIaeT OT He-
IO COOOIIEeHNsI O HayKaTUH KIABUIIL, U BCe, ITO
HY)KHO IJIs1 06ecTIedeHHs] KOPPEKTHOTO B3aHMO-
JeCTBYUA OCHOBHOM IPOTPaMMBI 1 ipaiiBepa —
OIHUCATh HECKOJIBKO COOOIIEHNUIT U KOJbI BUPTY-
aabHBIX KIaBuII. OTCIONA BBITEKAET ellfe OfHO
Ba)KHOE IIPEUMYIIECTBO UCIIOIb30BaHKS aBTO-
MaroB-paiBEPOB: OYeHb BHICOKAS CTEIIEHb MO-
nuduIIpyeMocTy nporpaMmsl. [1pn BHeceHHH
U3MeHeHHI B ipaiBep He TpeOyeTcs] HUKAKIX U3~
MeHEHHUII B OCHOBHOU IIPOrpaMMe I Ha060pOT.
[Tpn nsMeHeHNH aNmapaTHOM JacTH yCTPOKCTBA

U3MeHEeHNUs] BHOCSTCS TOJBKO B Ipatisep. Jake mpu
TIepeHoce IIPOrpaMMbl Ha MUKPOKOHTPOJLIEp APy~
TOTO THII4, C JPYTOl OpTraHU3aIKeil IOPTOB BBO-
J1a/BBIBOJIA OTPEOYETCSI TOJIBKO KOPPEKTHO IIepe-
IIACATh IPAFiBEPhI C y4eTOM M3MEHUBIIIEHCS apXH-
TEKTYPbI CHCTEMBI; Te YaCTH ITPOrPaMMBI, KOTOPBIE
OTBEYAIOT HETIOCPEICTBEHHO 3a JIOTUKY (YHKIIH-
OHUPOBAHIIS IIPOIPaMMBL, OCTAIOTCS €3 H3MeHe-
Huii. Ellle omHIM GOJIBIIIM IPEIMYIIIECTBOM aB-
TOMATHOTO IOJIXO/Ia ABJIIETCS BHICOKAs CTETIeHb
HIOBTOPHOTO UCIIO/IB30BAHNU PaHee HaIlUCAHHO-
ro xopa. Hamucas fpaiiBep ofiuH pas, €ro Bo3-
MO’KHO HCIIOJIb30BATh B IIOCIEAYIOIINX pa3pa-
60TKaX MHOTOKPATHO, ysKe He BHUKAsI B ITOPUTM
ero paboTel. ABTOHOMHOCTb JpaiiBepa, OrpaHu-
YEHHOCTH €r0 CBA3€M ¢ OCHOBHOM IPOrpaMMO
TaIoKe TI03BOJISIOT I0CTHYb 9 (HEKTHBHOTO pa3-
JieJIeHns TPyZia MeKIy IPOrpaMMUCTaMH-Pa3pa-
6OTIHKaMU IpaiiBepPOB U IIPOIPaMMHCTAMU-Pa3-
PaboOTINKAMU «OCHOBHOI» IPOTPAMMBI, TO €CTh
BBICOKOII CTeIIeHN ITapaJUIeIbHOCTU HX PabOTEL

Abmop Bvipaxcaem 6nazodaprocmo Anamonuo
Abpamobuuy Ilanvimo 3a yexHvle 3amedaniis
u HayuHoe pedakmupobanue cmamvil. |
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