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Pedepar:

1. O6'exT mociizKeHHs: MIpolieC IPOEeKTYBaHHS TEXHIYHUX i IPOrpaMHUX KOMIIOHEHTIB CUCTEM KPUTUYHOTO
3aCTOCYBaHHSA. MeTa JOCiIKeHHS: MiIBUIIEHHS [T0Ka3HUKIB 6€3M1€KN CUCTEM KPUTUYHOTO 3aCTOCYBAHHSI MIJISIXOM
PO3pOOKU METO[IB i 3aC06iB IPOEKTYBAHHS TEXHIYHUX i IPOrPaMHUX KOMIIOHEHTIB 00po6KM iHpopmariii Ta
(opMyBaHHS KepylOUunX BIJIMBIB Ha OCHOBI 6e3nedHux [1JIIC-KoHTposIepiB 3 apaesbHO0 apXiTeKTypolo. MeTonu

IOOCJIiIKEHHS: OCHOBHI TEOPETHUYHI MOJIOKEHHS JUCePTallii 6a3yl0ThCs Ha y3araJIbHEHUX 3aCaax Teopii cuHTesy



111 poBUX aBTOMATIB, sKa 6yJla BUKOPUCTaHA NpU po3po0b1li METO0JIOTi CHTe3y 6e3MeYyHrX aBTOMATIB 3
(dyHKIIOHATBHOIO Aerpanalielo i MaTeMaTUYHUX MOJieJiel IPUCTPOIB 6e3rnedHoro GopMyBaHHS KePYIOYMX BILJIUBIB.
[Tpu po3pob1i abCTPaKTHUX i CTPYKTYPHUX MOJieJiell 6e3l1eYHX aBTOMATIB LIUKJIYHOI [ii BAKOPUCTaHO METOIU
CHHTe3y Ta (POPMaIbHOTO ONUCY NapajesibHUX IPOrpaMOBAHUX JIOTIYHMX aBTOMATIB. [Ipy nobynoBi abCTpaKTHUX
Mogeel 6e3neyHrx aBTOMAaTiB BUKOPUCTAHO anapat mepex I[letpi. [Ipu po3po6ui TabauiHoi MOBU ONIUCY
arapaTrypy BUKOPUCTAHO MeTOAU pOpMajIbHOTO OIIMCY MOB IIPOrpaMyBaHHs. MeTo MaTeMaTUYHOro,
iMiTanifiHoro ta ¢isMYHOro MOJEI0BaHHSI BUKOPUCTAHO IIPU JOCIIKEHHI Ta aHali3i QyHKLiOHyBaHHS 0€3[1€4YHNX
[JIIC-KOHTpOJIEPIB 3 NapajesIbHOI aPXiTEKTYPOIO i IPUCTPOIB 6€31€YHOr0 (POPMYBAHHS KEPYIOUUX BILIMBIB.
MeTony MeTPUYHOI OLiHKY CKIafHOCTI 13 BUKOPUCTAHO [Py BUKOHAHHI NIOPiBHSIBHOI OLIIHKY PYHKIIOHAJIBHO]
6e3rexu MOB IporpamysaHHsl. [Ipy BUKOHaHHI OLiHKM QYHKIIOHa/IBbHOI 6€311eKH BUKOPHUCTAaHO TEOPilo HaiHOCTi,
rpao-aHaNiTUYHUI METOJ, PO3PaxyHKy (QyHKIiOHaNBHOI 6e3neku. Teopito IMOBIPHOCTEN i METOAM CTATUCTUYHOIO
aHasi3y BUKOPMCTAHO NPU oLiHLi 6e3nexu [13, po3po6s1eHoro Ha 3alpONIOHOBAHIH TabJIN4HIl MOBI ONUCY
anapatypu THDL. TeopeTuyHi Ta IpakTU4Hi Pe3yJIbTaTU: OTPUMAaHi pe3yJIbTaTH JO3BOJSIOTh BUPIIIUTHA KOMILJIEKC
3a/1a4, [TOB'I3aHUX 3 PO3POOKOI0 Ta MPOEKTYyBaHHAM Oe3neyHux [1JIIC-KOHTpoJepiB 3 NapajesbHOIO apXiTeKTyPOIo
IJIS1 CUCTEM KPUTHUYHOTO 3aCTOCYBaHHS B 00J1aCTi EHEPTETUKY, 3a/1i3HUYHOI aBTOMATHUKH, aBiaiii Tomo. Ha ocHOBI
OTPUMAaHUX METOZIB Ta Mojiesiell po3po06yieHo OGe3eyHi MoLyJli 06po6Ku iHpopMallii 3 KepyBaHHSM Jerpanalieto Ha
ocHoBi [1J1IC, 6e3neyHi Monysi popMyBaHHS BUXiITHUX KEPYIOUUX BILJIMBIB, 3aIIPOIIOHOBAHO IHCTPYMEHTAJIbHI
3aco0y Ta MOBY ITPOEKTYBAHHS IPOrPaMHOro 3abe3nedeHHs 1711 6e3neynux I1JIIC-KoHTpoiepiB i cTBOpEHO
[IpOrpamMHO-arnapaTHi KOMIUIEKCH Ha iXHill ocHOBI. HoBM3HAa: YHiepiue 3arporoHOBaHa CYKYIHICTb MaTeMaTUYHUX
Mogesel i MeToJIiB CuHTe3y 6e3l1eYHUX JIOTIYHUX aBTOMarTiB napasnesnbHoi Aii (BJIIT-aBToMariB), sSIKi He BUMaraloTb
HAJJIMIIKOBOTO 6€3I1€4HOr0 KOAYyBaHHS BHYTPIIIHIX CTaHiB i, 32 paXxyHOK BUKOPUCTAHHS PO3POOJIEHUX IIPOLEAYP
IepeTBOpeHHs rpadiB ?-aBTOMATIB, 3a0€3Ne4yI0Th KePYBaHHS (PYHKLIOHAIBHOIO Jerpajalielo i 30epeKeHHs
peasizyeMux BiflIoBifanbHUX QYHKLIN IIpy BigMoBax. Ofep>kau oJaablinii pO3BUTOK METOAU 3aBAAHHS
0e3reyHrX aBTOMATIB, SIKi, Ha BiMiHY BiJ] BinoMux, 6a3yloTbcsl Ha GOpPMaIbHOMY OIKCI BUMOT [0 6e3NeKu ?-
aBTOMAaTHUMHU MOJenIMu M- i P-Tuny, a Takox Ha GOpMyBaHHI MHOXXUH BiJJ[TOBiIa/IbHUX ONepalLiil, o
peasnizyloTbCsl aBTOMATOM, L0 J03BOJIsIE BUKOPUCTOBYBATH KOH IOHKTUBY (DYHKIIiI0 KEPYBaHHSI Jlerpaali€lo.
YnockoHaneHui MeTos onucy nudposux npuctpois Ha [1JIIC: po3pobyieHi MOBa, TEXHOJIOTIS Ta iIHCTPYMEHTAJIbHI
3acoby IIporpamyBaHHs, SIKi, Ha BiiMiHY BiJl BiioMux, 6a3yl0TbCsl HA BUKOPUCTAHHI CIIPOLIEHUX TaOJINYHUX
KOHCTPYKIii1 17151 onucy npouenyp o6pooku indopmariii, HacTporiku GyHKIiH 3ab6e3rneyeHHs 6e31eKy Ta KOyBaHHS
BXiIHUX i BUXiIHUX CUTHAJIIB, [0 03BOJIsS€ 3MEHIINUTY KiJIbKICTh IIOMUJIOK i 32 paxyHOK LIbOTO HiABUIIUTH Ge3IeKy
IIPOrpaMHOro 3abesneyeHHs. Oepskany NoJaabInil pO3BUTOK METOIM POEKTYBAaHHS IPUCTPOIB 6€311€YHOT0
(POpMyBaHHS KEPYIOUMX BILJIMBIB 332 PaXyYHOK BUKOPUCTAHHS MPUHLUITY [TOCJIiIOBHOTO [IEPETBOPEHHS TapaMETPiB
CHTHAJIB, O JUHAMIYHO 3MIiHIOIOTHCS B Yaci, [0 BUKJIIOYA€ MOXJINBICTb (DOPMYBaHHS HEGE3IIEYHOT0 KePyIo4oro
BILJIMBY IIPM BiIMOBi KOHTPOJIbHUX 32C00iB i HasIBHOCTI x04a 6 OJHOTO Ipalle3JaTHOTo KaHaily. Yiepiue
3aIpOIIOHOBaHi MaTeMaTtnyHi Ta HDL-Mogei n-kKaHalnbHUX NPUCTPOIB 6€31€YHOro (POPpMyBaHHSI FApMOHIYHUX
CUTHAJIB, SIKi, HA BiIMiHY Bif] BiTOMUX, 30ilICHIOIOTh popMmyBaHHs LIIIM-curuauy 3a paxyHOK 3aCTOCYBaHHSI JIOTI4HOI
omnepaiiii "HeeKBiBaJIEHTHOCTI" [J151 ABOX CUTHAJIB i3 6JIM3bKUMU YaCTOTAMU Ta BUKJTIOYAIOTh MOKJIUBICTh TreHepatlii
Hebe3NevYHUX KEPYIUUX BIUIMBIB IIPU HasIBHOCTI (N - 1)-KpaTHUX BinMoB. OfiepsKaB MOJAJbIINIA PO3BUTOK METOZ,
Yemnina ouinku ckiagHocTi [13, mo 103BoJisie po3paxoByBaTy CKaagHicTs HDL-omnuciB 3 ypaxyBaHHAM
BUKOPUCTAHHS BepU(}PiKOBAaHMX IPOTPAaMHUX KOMIIOHEHTIB i iepapxiYHOro NpUHLUITY ONUACY LU(POBUX IPUCTPOIB
Ha ocHoBi [IJIIC. Ctyninb ynpoBamxxeHHs: KIT XapkiBcbkuil meTpornositeH. Cdhepa BUKOPUCTaHHS: CUCTEMU

KE€pYyBaHHA ob'eKTaMu KPUTUYHOI'O 3aCTOCYBaHHI.

2. Research object: the process of designing the hardware and software components of systems for critical
application. Research purpose: safety of critical systems by developing methods and tools of design of hardware
and software components of data processing and formation of control actions on the basis of safe FPGA-
controllers with parallel architecture improving. Research methods: the automata theory was used in developing of
the methodology of synthesis of safe controllers with degradation and models of safety devices of forming of
control actions. In the development of models of safe controllers with cyclic action methods of synthesis of parallel



programmable logic controllers were used. In constructing of models of safe controllers Petri nets were used.
When designing a language THDL for FPGA methods of description of programming languages were used. Methods
of simulation, mathematical and physical modeling in the analysis of safe FPGA controller and safe devices of
forming of control actions were used. Methods for evaluation of the complexity in carrying out a performance
assessment of functional safety of THDL were used. When performing a functional assessment of the safety
reliability theory, graph-analytical method of calculating the functional safety were used. Probability theory and
methods of statistical analysis were used to assess the safety of software, developed at the THDL. Theoretical and
practical results: the obtained results allows to solve problems associated with designing safe FPGA-controllers
with parallel architecture for critical systems. Based on the obtained methods and models safe modules of the data
processing with the degradation control based on FPGA, safe modules of forming of the output control actions,
tools and design language for safe FPGA-controller and hardware and software complexes based on them are
developed. Novelty: At first a set of mathematical models and methods of synthesis of safe Automata with parallel
action which do not require redundant safe coding of internal states and, through the use of established
procedures of transformation of graphs of ?-machines, provide management of functional degradation and
conservation implemented responsible function failures were proposed. Methods of specifying of safe Automata,
which, unlike the well-known, based on the formal description of safety requirements by ?-automaton models of
the M-and P-type, as well as the formation of sets of responsible operations which are realizable by machine
allowing use of conjunctive management of functional degradation were further developed. Method for describing
digital devices in the FPGA were improved: language, technology and programming tools, which, unlike the well-
known, based on the use of simplified tabular structures to describe the procedures for processing information,
settings, security features, and coding input and output signals, thereby reducing number of errors and thus
improve the safety of software were developed. Methods for designing of safety devices forming control actions by
using the principle of the progressive transformation of signal parameters that are dynamically changing over the
time, which precludes the formation of dangerous control actions in case of failure of control of funds and there is
at least one working channel were further developed. For the first time the math and HDL-models of n-channel
devices of safety formation of harmonic signals, which, in contrast to the well-known that generates the PWM
signal through the use of logical operations “exclusive OR” for the two signals with close frequencies and preclude
the generation of hazardous control actions in the presence of (n - 1)-multiple failures were offered. The method of
Chapin assess the complexity of software that allows to calculate the complexity of HDL-descriptions with the use
of verified program components and hierarchical descriptions of digital devices based on FPGA was further
developed. Degree of introduction: Kharkiv Metro. Sphere of the use: critical application systems control.
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