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In this research was analyzed real-time systems which make some
adjustments to the classical theory of automata, namely, they introduce delays in
states and transitions of automatons, use temporal graphs of transitions, different
types of delays, events as one form of input actions. The issues of construction
of timed finite-state machines that take into account timing constraints, timeouts
and output delays are considered. To describe these models in the language of
the description of the VHDL equipment in computer aided design developed a
three-process template in the style of automatic programming.

Cepen yciei MHOXKHHU CHUCTEM YIIPABIIIHHSA 3HAYHY YacCTHHY CKJIaJar0Th
cuctemu Jsoriunoro ynpasiinas (Logical Control System), y sikux kepyrodi
CUTHAJIM MPUUMAIOTh 3HAYEHHS JIOTTYHOTO HYJIs a00 OJWHUII B 3aJICKHOCTI BiJl
IPaHUYHUX 3HA4YCHb (DI3UYHUX BEJTUYHH, [0 BU3HAYAIOTH JaHl napameTpu. Jis
TEXHIYHOT peanizaimii 3a3HaueHMX CHCTEM HAWOUIBII NPHUIATHOK € MOJEb
ctpyktypHoro aBtomara (Finite State Machines), a Bi3yaJlbHUM TOJaHHIM
anroputMy (yHkiioHyBaHHs € Tpad mepexoniB (State Diagram). BimminHOIO
OCOOJIMBICTIO aBTOMATIB JIOTIYHOTO YIMPABIIHHSA € HAasBHICTh CEepell BXITHUX
curHaiiB (Input Values) He TUIBKM OMOBICTHUX CHUTHAJIB OIEPAIIHOTO
aBTOMara, a ¥ 30BHINIHIX IO BIJHOIICHHIO 10 KEPOBAHOI CHUCTEMI IO
30BHIIHBOTO CBITY (external events). Kinmesi kepytoui aBTomatu (FSM)
(GYHKIIIOHYIOTh B aBTOMAaTHOMY dYacy, SKMH BHU3HAYAEThCSA TaKTaMU POOOTH
aBToMarta. Asie OUIBIIICTh PEAIbBHUX CHUCTEM JIOTTYHOTO YIIPABIIIHHS B3a€EMO/IIIOTh
13 30BHIIITHIM CBITOM B METPUYHOMY Yacy, TOOTO € CHCTEMaMH PEIbHOTO Yacy.

Cucrema ymnpaBIliHHsS peajbHOTO Yacy - CUCTEMa, B SIKil pe3yJbTyio4a Jis
3QJICKATh HE TUIBKW Bij JOTIYHHMX 3HAY€Hb MPOCTHX KEPYHOUUX i, a ¥ Bix
gacy, MPOTITOM SKOTO IIi Jii MpOBOJATHCSA. ['0J0OBHA BIAMIHHICTH 3aBJaHb B
peaNbHOMY 4Yaci BiJ 3aBllaHb, HE 3aJIEKHUX BiJ] 4acy, MOJATAa€ B TOMY, IO B
CHUCTeMaX peajbHOTO Yacy 3aBJIaHHs MOBUHHI 3aBEPIIUTUCS B MEXKax 3aJlaHOTO
MIPOMDKKY 4acy, SIKHI JI03BOJISIE KOPEKTHO 3aBEPIIUTH MPOIIEC 0OPOOKH TaHUX.
s ix peamnizarlii MpUAHATO BUKOPHCTOBYBATH MOJIETh YAaCOBOTO aBTOMATa
(timed FSM), sika 103BoJIsIE BpaXOBYBAaTH BIUIMB METPUYHOTO Yacy Ha MEPEXOU
MDK TEXHIYHUMH CTaHaMU KEpPOBaHOI cHUCTeMU. byab-skuii JTOKaIbHUI
mupoBUN TPUCTPIN, MO peanizye aiaropuTM o0poOku iHdopmarii ado
VIOpPaBIIHHS, MOXe OyTH peani30BaHWN JBOMA CIOCOOaMu: amapaTHUM abo
nporpaMHo-anapatHuMm. I[lpu amapatHoMy cmoco01 peanizamii  3agaHui



QIrOpUTM OMNMUCYe€ThCA Ha MOBI onwucy amapatypu (HDL) 1 cuHTe3yeThcs
IHCTpyMEHTaTbHUMH 3ac00aMU CHUCTEM aBTOMATH30BAHOTO IPOEKTYBaHHS
(CAIIP) B IIJIIC (mporpamoBaHi JOTi4HI I1HTerpajibHi cxemu). llepeBaroro
TAKOr0 MIAXOAY € anapaTHa THYYKICTb (MOJIMBICTh peayli3yBaTH Oyab-sKHil
aJITOPUTM) 1 JOCUTH BEJUKA IIBUIKOIIS.

[Ipu onuci anroputMy (PyHKIIOHYBaHHS UU(POBUX MPHUCTPOIB JOTTYHOTO
kepyBaHHsl B CAIIP uudpoBux mNpucTpoiB OJHUM 13 CTHIIIB HaUCAHHS KOAY €
CTHJIb aBTOMATHOTO MPOTPaMyBaHHA. Y aBTOMaTHOMY MpOTpaMyBaHHI B SKOCTi
0a30BOr0 BUKOPUCTOBYETHCS TMOHATTS «cTan» CTaH - 1€ MaTeMaThyHa
abCTpakilis, sika OJHO3HAYHO CTaBUTHCA Y BIAMOBIAHICTH KOKHOMY 3 (PI3UUHUX
CTaHIB 00'€eKkTa yHpaBiiHHS, Tak SK 3a3BUYail (DYHKI[IOHYBaHHS TEXHIYHHX
CHCTEM MPOSIBISETHCS Yepe3 3MiHY 1X CTaHiB.

[Ipu omuci MOBEMIHKM CHCTEM YIPAaBIiHHSA PEATBHOTO 4Yacy HEOOXiTHO
BpPaxXOBYBAaTH YacOBi acMeKTH B iX MOBeAiHII. /[ 1bOro Monensh KiHIIEBOTO
aBTOMaTra PO3IIUPIOETHCS BBEACHHAM YacOBOI 3MIHHOI, 1 BBOJAMTHCS TMOHSTTS
yacoBoro aBTomara (timed automata, timed FSM). YacoBa 3minna (timed
variable) mocTiitHO 30UblIye CBO€ 3HA4YeHHs 1 "ckupaeTscsa" B 0 mpu mepexoni
BXIIHOTO CHTHANy 1 Mepexoji aBToMara B HOBUH cTaH. [ omucy dYacoBuX
aCTeKTiB B aBTOMATHOI MOJENli BHKOPHUCTOBYIOTBCS, SIK MPaBWIO, TPH
napaMmeTpa: 4acoBi oOMexeHHs tc. (timing constraints), (BXiIHi) TalMayT ti
(timeouts) 1 BUXiJIH1 3aTPUMKH tg (output delays), 1HOA1 HA3UBAIOTHCSA BUXITHUMU
TaliMayTamMu. BxigHuil TaliMayT BH3Haua€ MAaKCHMAJIBHHM Yac OYiKyBaHHS
BX1IHOT'O BIUTMBY (TOi{) /ISl KOKHOTO CTaHy aBTOMaTa. SIKIIo BXITHUNA CUMBOJI
He OyB MOJaHWW A0 3aKiHYEHHS Yacy O4YIKyBaHHsS, TO aBTOMAaT IIOYMHAE
OTMMUTYBAHHS BX1THUX 3MIHHUX 1 MOK€ IEPEUTH B IHIITUN CTaH.

Batpumka T; (dka Moxe po3risaatucs sk timeout) 3mificHIOETHCS
O0araTokpaTHUM TIE€PEXOJIOM 13 CTaHy B LEd JK€ CTaH, NPU LBOMY YHUCIO
NEePEXO0/IiB BU3HAYAETHCS YMCIIOM TaKTiB 3aTPUMKH. 3HAUCHHS JIIYMIIBHUKA count
nopiBHIOETHCS 3 Tj-1, OCKUIBKM TpH TEpexoil B CTaH aj, aBTOMAT OJWH TaKT
3HaXOJUTHCA B HIM JI0 TIEpeBipKH count, 1 o0 3aTpuMKa Oysa To4HO Tj TakTiB,
HeoOxiaHo 11e Tj-1 TakTiB MOBTOPEHHS.

MonenroBanns po3pooienoi VHDL-moneni B cucremi Active-HDL 1 cunTe3
cxemu iHcTpyMeHTanbHUMH 3acobamu CAITP XILINX ISE B IUIIC na mmati
Spartan 3E moka3anu mnpaine3gaTHICTh 3anpornoHoBaHoi mogneni. [Ipu mpomy
armapatypHi BUTpaTH HE BUXOJATh 32 MEXKI CTAaHAAPTHUX TTOKA3HUKIB JIJIST KOTyBaHHSI
CTaHIB aBTOMaTa i pOpMyBaHHS PO3PSIIB JTIUMILHIUKA aBTOMAaTHHUX TaKTIB.
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