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1. MeTonu Ta 3aco6u [IPOEKTYBaHHS TEXHIYHUX i IPOrPaMHUX KOMITOHEHTIB 6e3neynux I1JIIC-koHTposepiB 3
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Pedepar:

1. O6'eKT HOCHIIPKEHHS: TIPOLeC MPOEKTYBaHHS TEXHIYHUX i IPOIrPaMHUX KOMIIOHEHTIB CUCTEM KPUTUYHOTO
3aCTOCYBaHHS. MeTa [OCIiI>)KeHHSI: MiABUILIEHHSI IOKA3HUKIB 6€31eKU CUCTEM KPUTUYHOTO 3aCTOCYBAHHS LIJIIXOM
PO3POOKU METOIIB i 32C00iB MPOEKTYBAHHS TEXHIYHUX i IPOrPAaMHUX KOMIIOHEHTIB 0OpO0OKM iHpopmalii Ta
dhopMyBaHHS KepylOunX BILJIMBIB Ha OCHOBI 6e3neunux [1JIIC-KoHTpoJepiB 3 mapaiesbHO0 apXiTeKTypolo. Metonu
IOCJIiI)KEHHSI: OCHOBHI TEOPETHYHI MTOJIOKEHHS cepTallii 6a3yloThCsl Ha y3arajJbHEHUX 3acajiax Teopii cuHresy
M(pPOBUX aBTOMATIB, gKa OyJia BUKOPUCTaHa IpU po3po0OLi METONOJIOTII CUHTe3y 6€3MeYHMX aBTOMATIB 3
(PYHKIIOHAJIBHOIO Jlerpajalielo i MaTeMaTU4HMAX MOJieJiell MPUCTPOIB 6e3MevHoro GopMyBaHHS KEPYIOUMX BILJIMBIB.

[Tpu po3po6bi1ii abCTPaKTHUX i CTPYKTYPHUX MOJieJiel 6e3l1eYHrX aBTOMATIiB UKJIYHOI [ii BUKOPUCTaHO METOIHU



crHTe3y Ta (OPMaIbHOrO OMUCY NapajesIibHUX IIPOrpaMOBaHUX JIOTIYHUX aBTOMATIB. IIpy o6ynoBi abCTpakTHUX
Mogeieil 6e3rneyHrx aBTOMATIB BUKOPUCTAaHO arapat Mepex Ilerpi. [Ipy po3po6ii TabinyHOI MOBY ONIUCY
araparypy BUKOPUCTAHO METOAU POPMajIbHOrO OIIMCY MOB IIPOrpaMyBaHHs. MeTou MaTeMaTUYHOro,
iMiTanifiHOro Ta (i3MYHOro MOJEIOBAaHHSI BUKOPUCTAHO IIPU NOCIIKEHHI Ta aHali3i PyHKLiOHYBaHHS 0€3M1€UYHUX
[IJIIC-KOHTpOJIEpiB 3 NapajesbHOI0 APXITEKTYPOIO i IPUCTPOIB 6€3MeYHOr0 POPMYBAHHS KEPYIOUUX BILJIUBIB.
MeToayu MeTpUYHOI OLiHKY CKIafHOCTI 13 BUKOpPUCTAHO [IpY BUKOHAHHI NIOPiBHSIBHOI OLIIHKY PYHKIIOHAJIbHO]
6e31exku MOB IporpamyBsaHHsl. [1py BUKOHaHHI OLiHKM (QYHKIiOHa/IBbHOI 6€311€KM BUKOPHUCTAHO TEOPil0 HaAiHOCTI,
rpado-aHaNiTUIHUI METOM PO3paxyHKy GyHKIiOHaNbHOI 6e3neKky. Teopilo IMOBIPHOCTEN i METOAM CTATUCTUYHOTO
aHasli3y BUKOPUCTAHO IpH OLiHLi 6e3neku [13, po3po6yieHoro Ha 3alpoNOHOBAHIl TabINYHIN MOBi OIIUCY
anapatypu THDL. TeopeTuyHi Ta IpakTU4Hi Pe3yJIbTaTU: OTPUMaHi pe3yJbTaTH 4O3BOJISIOTh BUPIIIUTHA KOMILIEKC
3a/1a4, [TOB'I3aHUX 3 PO3POOKOIO Ta MPOEKTYBaHHAM Oe3neyHux [1JIIC-KOHTpoJIepiB 3 NapajesbHOIO apXiTEKTYPOIO
D711 CUCTEM KPUTUYHOTO 32CTOCYBaHHS B 00JIaCTi €HepreTUKY, 3a/1i3HUYHOI aBTOMATUKH, aBiarii Tomo. Ha ocHOBI
OTPUMAaHUX METOIB Ta Mojieslell po3po06JieHO Oe3leyHi MoLyJli 06poOKY iHpopMallii 3 KepyBaHHSM Jerpajallieto Ha
ocHoBi I1JIIC, 6e3neynHi Monysi popMyBaHHS BUXiIHUX KEPYIOUUX BIIJIMBIB, 3aIIPOIIOHOBAHO iHCTPYMEHTAJIbHI
3aco6u Ta MOBY ITPOEKTYBaHHS IIPOrpaMHOro 3abe3nedeHHs 17151 6e3neynux I[1JIIC-KoHTposepiB i cTBOpeHo
IIpOrpamMHO-anapaTHi KOMIUIEKCH Ha iXHill OCHOBI. HoBM3HA: Yriepie 3alIpornoHOBaHa CYKyIIHICTb MaTEMaTUYHUX
Mogesieil i MeTOIiB CHHTe3y 6€3NeYHMX JIOTIYHMX aBTOMaTiB napasnesnpHoi gii (BJIT1-aBToMariB), sIKi He BUMaraloThb
HAJJIMIIKOBOTO 6€3I1€4HOr0 KOAYBaHHS BHYTPIIIHIX CTaHiB i, 32 paXxyHOK BUKOPUCTAHHS PO3POOJIEHUX IIPOLEAYP
NepeTBOPEHHS rpadiB ?-aBTOMATIB, 320€3Me4yI0Th KEPYBaHHS (PYHKLIOHAIBHOIO Aerpajalielo i 30epesKeHHs
peasnizyeMUx BifilIOBifanbHUX PYHKLIN IpU BigMoBax. Ofep>kau [ofaablinii pO3BUTOK METOIU 3aBAaHHS
0e3IeyHrX aBTOMATIB, $SIKi, Ha BiAMiHY BiJ] BinoMux, 6a3yloTbCsl Ha GOpPMaIbHOMY OIKCI BUMOT [0 6e3NeKu ?-
aBTOMAaTHUMHU MOJesiIMU M- i P-Tuny, a Takox Ha GOpMYyBaHHI MHOXKUH BiJIIOBiIQJILHUX ONEpaLiil, Mo
peasizyloThCsl aBTOMATOM, L0 J03BOJIsIE BUKOPUCTOBYBATH KOH IOHKTUBY (DYHKIIiI0 KEPYBaHHSI Jlerpasali€lo.
YnockoHaneHui MeTos, onucy uudposux npuctpois Ha [1JIIC: po3pobsieHi MOBa, TEXHOJIOTIS Ta iIHCTPYMEHTAJIbHI
3acoby IporpamyBaHH4, SIKi, Ha BiiMiHY BiJl BiloMuXx, 6a3yI0TbCSl HA BUKOPUCTAHHI CIPOILIEHUX TaOJINYHUX
KOHCTPYKIi#1 17151 onucy npouenyp o6pooku indopmariii, HacTporiky GyHKIiH 3abe3reyeHHs 6e31eKy Ta KOyBaHHS
BXiZJHUX i BUXiTHUX CUTHAJIB, 1[0 J03BOJIsSI€ 3MEHIINUTH KiJIbKiCTh IIOMUJIOK i 32 paxyHOK LIbOTO IiABUIMTH G€3IeKy
IIPOrpaMHOro 3a6e3sneyeHHs. Onepskany MoJaabIni PO3BUTOK METOAY IPOEKTYBAaHHS IPUCTPOIB 6€311€UHOT0
(opMyBaHHS KEPYIOUMX BILIUBIB 32 paXyHOK BUKOPUCTAHHS IPUHLIMIY OCiJOBHOTO IEPETBOPEHHS IT1apaMeTPiB
CHTHAJIIB, O JUHAMIYHO 3MIiHIOIOTHCS B 4aci, [0 BUKJIIOYA€ MOXJINBICT (DOPMYBaHHS HEOE3IIEYHOT0 KePYI04Yoro
BILJIMBY IIPY BiIMOBi KOHTPOJIbHUX 32C00iB i HasIBHOCTI x04a 6 OJHOTO Ipalle3JaTHOro KaHaily. Yiepiue
3aIpOIOHOBaHi MaTeMaTtnyHi Ta HDL-Mogei n-kaHalbHUX NPUCTPOIB 6€3M€YHOro (POPMyBaHHSI FApMOHIYHUX
CUTHAJIB, SIKi, HA BiIMiHY Bif] BiOMUX, 30ilICHIOIOTh popmyBaHHs LIIIM-curuaiy 3a paxyHOK 3aCTOCYBaHHSI JIOTI9HOI
omepaiiii "HeeKBiBaJIEeHTHOCTI" [J151 ABOX CUTHAJIB i3 6JIM3bKUMU YaCTOTAMU Ta BUKJIIOUAIOTh MOKJIUBICTh reHepallii
Hebe3Me4YHNX KEPYIUUX BIUIMBIB IIPU HAasIBHOCTI (N - 1)-KpaTHUX BiiMoB. OfieprKaB NOJAJbIINANA PO3BUTOK METOZ,
Yemnina ouinku ckiagHocti [13, mo 103BoJise po3paxoByBaTy CKiaagHicTs HDL-omuciB 3 ypaxyBaHHAM
BHUKOPHCTaHHS BepH(iKOBaHUX POrPaMHUX KOMIIOHEHTIB i iepapxiYHOro MPUHLUILY ONKCY LUPPOBUX IPUCTPOIB
Ha ocHoBi [IJIIC. Ctyninb ynpoBaaxxeHHs: KIT XapkiBcbkuil metponositeH. Cepa BUKOPUCTaHHS: CUCTEMU

KE€pYyBaHHA ob’eKTaMu KPUTUYIHOI'O 3aCTOCYBaHH.

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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