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1. Metog, i 3aco61 6araTosIpyCHOT0 anapaTHO-CUHXPOHI30BAHOTO MaXKOPUTYBaHHS 60PTOBUX LU(POBUX

00YHMCIIIOBATIBPHUX CUCTEM PAaKETHO-KOCMIYHOI TeXHIKU

2. The method and technique of multi-layer hardware-synchronised majority voting for onboard digital computing
systems of space-rocket engineering

Pedepar:

1. O6'exT - (PyHKLIOHYBaHHS OOPTOBUX KOMIT'IOTEPHUX CUCTEM KPUTUYHOTO NIPU3HAYEHHS B )KOPCTKOMY YaCOBOMY
perjaMeHTi; MeTa - MiJBUIEeHHS CTINKOCTi Ma)KOPUTAPHO-PE3EPBOBAHUX HOPTOBUX IU(MPOBUX OOUUCITIOBATILHUX
CHCTEM >KOPCTKOTO perjaMeHTy 4acy, BAKOHaHUX Ha OOHOKpUCTanbHUX MiKpo-EOM 1o 360iB, 06yMOBJIEHUX
PO3CUHXPOHI3alli€l0 KaHaiB, IIJISIXOM PO3POOKM Ta BIIPOBAIKEHHSI METOLY i 3aC00iB 6araTosipyCHOro anapaTHo-
CHHXPOHI30BaHOI'0 MaKOPUTYBAHHS; METOY -~ METOJ] CUHTE3Y JIOTIYHUX BY3J1iB [U(PPOBUX 00YNCIIIOBATIbHUX
MamuH 115 noo6ynosu FPGA peanizauii; MeTony imiTalliiHOro MOZIe/II0BaHHS B CEpPENIOBUILI IPOeKTyBaHHS FPGA
L7151 JIOTiIKO-4acOBOTO aHasli3y (pa304aCTOTHUX XapaKTEPUCTHUK NlepeaBabHOI PYHKLIi A1 pi3HUX MoJeel;
METOJIY Teopii IMOBIPHOCTI TP pO3pobLi MOAEEeN OLiHKY HaliiHOCTi; METOIY KOMII'IOTEPHOTO Ta (i3UYHOr0

€KCIIEPMMEHTY [1JIsl IePEeBipKU MOJiesiell; HOBU3HA - 3aIIPOIIOHOBAHA JIOTiKO-4acoBa MOJIeJIb MasKOPUTAPHOTO



oprany niig bIJOC >KOpCTKOro persiameHTy 4acy, sIKa Ha BiIMiHy Bif BilOMUX BPaxXOBYe Pi3Hi BapiaHTU IIO€HAHHA
(a3 craHy KaHaJIiB i 3aTPUMOK IIOIIMPEHHS CUTHAJIB y MiXKKaHaJIbHUX iHTepdelicax, 1o J03BOJIsi€ BUSBISTU
KPUTHYHI 32 4aCOM JIQHIIIOTH i €JIEMEHTH, a TAKOXK OLIIHUTHU Mipy AOIyCTUMOrO aCMHXPOHI3My KaHaJIiB i po3noginy
4acy y TaKTi ollepaliliHOi CUCTeMU; BIOCKOHAJIEHI METOZ, i apXiTeKTypa 6araTosipyCHOro MaKOpUTapHOTo
pesepByBanHa BLIOC muIsxoM 4aCTKOBOTO i IIOBHOTO allapaTHOTO CMHXPOHI30BAaHOT'O MaKOPUTYBAHHS, 1110 JO3BOJISIE
NiABUIIWTY CTIMKICTb 10 300iB, CIPUYMHEHUX PO3CUHXPOHI3alli€l0 KaHaiB, @ TAKOX MiJBUIIUTU CUCTEMHY
mBuaKozio BIIOC 3a paxyHOK 3MEHIIEHHS BUTPAT 4acy Ha BilHOBJIEHHS 1palle3aTHOCTI; HabyJia [10albIIoro
PO3BUTKY MOJI€JIb OLIiHKM 6€3BiIMOBHOCTI MaXXOpUTapHO-pe3epBoBaHuX BIJOC misaxoM ypaxyBaHHsI 00XBaTy
Ma>KOPUTAPHUMM €JIEMEHTAMMU JIQHLIOTIB CUHXPOHI3allil i JaHUX, [0 LO3BOJISIE MiIBUIIATA TOYHICTb PO3PaXyHKy
IIOKa3HMKa 6€3BiIMOBHOCTI; pe3yJIbTaTh - PO3PO6JIEHO iHKEHEPHI METOIUKHU, aJITOPUTMU i iHCTpyMeHTanbHi FPGA-
peaizauii Mozesell CMHXPOHI30BaHOTO (yHKIIOHYBaHHS Ipolecopis B KaHasax BIIOC Ta ypaxyBaHHS OI0
KOMIIeHcallii MDKKaHaIbHOI PO3CMHXPOHI3allii Ik annapaTHUMH, TaK i IPOrpaMHUMU 3aco6amu; CHOPMYJIbOBaHi
IIPOIIO3MLIii 17151 IPOEKTIB, 110 BU3HAYAIOTh OCOOIMBOCT] 3aCTOCYBAaHHS METOIVKU JIOTIKO-4aCOBOTO aHali3y
()a3049aCTOTHUX XapaKTEPUCTUK MOJEJIEN i NepexifHuxX PYHKLIMH, o IpoeKTyoTbcs 3 FPGA 6710KiB 11py po3pobii
BLOC i3 He0oO6XigHMM MOKAa3HUKOM HAMliMHOCTI; yIOCKOHAJIEHO METOAMKY BUOOPY i MOENHAHHS CTPYKTYP alapaTHUX

i mporpaMHuX 3aco6iB 3abe3nedeHHs BigmoBocTiiikocTi BIIOC; ranyss - pakeToOyIyBaHHSI.

2. The object - functioning of onboard computer systems of critical purpose in severe scheduling of time; the
purpose - rise of firmness of the majority redundancy up onboard digital computing systems of severe scheduling
of time, fulfilled on single-crystal microcomputers to the failures caused by mistiming of channels, by development
and implantation of a method and ways many-tier hardware-synchronised majority voting; methods - methods of
synthesis of models of logical units of digital computers for implementation construction on chips FPGA of cells;
methods of simulation modelling in the environment of designing FPGA for the logical- timing analysis of phase-
frequency characteristics at a transfer function of the synthesised models; probability theory methods - by
development of models of an estimation of reliability; novelty - the logical-timing model of majority element for
hard time limit On-Board Computing Systems which unlike the known considers various combinations of phases
of channels condition and delays of signals distribution in interchannel interfaces is proposed at the first time; it
allows to reveal critical chains on time and elements, and also to estimate degree admissible channels
asynchronism concerning time distribution in hard limit time operational system cycle; method and architecture
of multilayer hardware-synchronised majority voting in onboard digital computing systems on the basis of partial
and full hardware synchronised majority voting is improved. It allows to raise stability to the failures caused
channels asynchronism, and also to raise system speed of On-Board Computing Systems; the model of an
estimation of reliability of majority reservation has received the further development regarding the coverage
account majority elements of chains of synchronisation and data that allows to raise accuracy of calculation of
indicators of non-failure operation; results - are developed engineering techniques, algorithms and tool FPGA -
implementations of models of the clocked functioning of processors in OBC channels; sentences for the projects
defining features of application of a technique of the logical timing analysis phase-frequency of characteristics of
models and transition functions, projected in FPGA a LSI of blocks are formulated at engineering OBC with a
demanded metric of reliability; techniques of a choice and combination of structures of hardware and program
ways of support of fault tolerance OBC on the basis of theoretical positions, concrete engineering techniques of
the analysis, an estimation of support of reliability are improved; branch - rocket production.
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