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PEKOH®UT'YPUPOBAHHUE BOPTOBOM BHIYMCJINTEJIbHON MAIIIMHBI
JIJISI HOBBIIIEHUS OTKA30YCTOMYMUBOCTH

PaccmarpuBaeTcs 3aada MOBBIMICHUS] OTKa30yCTOHYMBOCTH OECIMIOTHOTO JIETATEIFHOTO aIapaTa, HeCHOCOOHOro 10
Macce u rabapuTaM MMeTh B CBOEM COCTaBE PE3ePBHPOBAHHBIC MIEMEHTHI CHCTEMBI ynpaBiieHus. [loka3aHbl 0COOCHHO-
CTH HEpEe3ePBUPOBAHHON BBHIYMCIUTEIHHON MAIIMHBI Ha 0a3e CIerMalIn3upOBaHHBIX Beraucnuteneil. [Iposenena momqu-
(UKaus TPaAUIUOHHBIX AITOPUTMOB PabOTHI MEKMOIYIIFHOIO B3aNMOJICHCTBHUS, IPEIOKEH AITOPUTM PeKOH(pUTypa-
LU C TIepepacipeieNicHueM 3aad MEXTy UCIPaBHBIMU JIeMEHTaMH. [10sSICHACTCSI, TS KaKUX CITydaeB METOM OKaXKeTCs
3¢ HEKTHUBHBIM.

KiioueBble cioBa: cuctema ynpasieHust; 60opToBas I(poBasi BEIMUCIUTENIBHAS MAIIMHA; CHCTEMa KOHTPOJS U (QyHK-
IMOHAIBHON 3aIUTHL; PeKOH(DUTypartis.

B Hacrosiee BpeMsi CTAaHOBHUTCS aKTyaJbHBIM HCIIOIb30BaHNE OCCIMIIOTHBIX JIETaTENbHBIX anmapaToB
(BITA) B pasnuuHbIX cepax >KU3HENESITENbHOCTH YEIOBEKa, KOTOpPHIC BBIMONHSIOT pa3iuyHble (PYyHKIHH,
TaKue KaK JOCTaBKa MOCBUIOK, OpraHU3alus TeIeKOMMYHUKAIIMOHHBIX CETel, MOHUTOPHHT U (oTorpadupoBa-
HUE MECTHOCTH U T.[I.

[Ipu mpoexTupoBanum coBpemeHHbIX cucteM ympasieaus (CY) BIIJIA monaratorcst Ha cliemyronye
MPUHIUIBL: HAASKHOCTh M Majble TabapuThl. BaxXHBIM TpeOOBaHMEM TaKKe SBISETCS BOSMOKHOCTB MPOIOI-
XeHus! QYHKUHOHUPOBAHMSA MPH OTKa3ax 3y1eMeHTOB CVY, yToOBI MOBBICUTH BeposATHOCTH criacenus: BITJIA ans
MTOBTOPHOM 3KCIITyaTallly.

B ocnose coBpemennbix CVY JIA Haxomsarcs nuudposbie BeIuucauTenbHble MamuHbl (LIBM). Onn mpoek-
TUPYIOTCSL KaK CJIOKHBIE CHCTEMBI, COAEpIKaLINe HECKOIbKO NU(POBBIX BEIYUCIUTENEH, KOTOPBIE MOTYT pabo-
TaTh KaK B pEXKMUME HE3aBHCHMOTO pPEIIEHHs pa3HbIX 33Ja4, TaK ¥ B peKUMe pe3epBupoBaHus [1].

1. Onncanne 60pTOBON BLIYHCINTEIHHON MAIIMHBI

B paspabateiBaemoii CY ucnonsidyercs LIBM, crposimascst 1o MarucTpajabHO-MOIYIbHOMY NPUHILIMITY, B
OCHOBE KOTOPOT'O JIGKHT YIPABJISIOIINI TpeXKaHANbHBIN cHCTeMHbIH Moxynb (CM), obecreunBaromuii MoBbI-
IIEHHYIO 0TKa3oycToiunBocTh [IBM. CM coenuneH ¢ octambHbiMU MoAyisiMu [IBM (Berauciurenu (manee —
BM), monynu obmena (manee — MC) ¢ BHemHuMHU aboHeHTamu (BA)) pesepBHpOBaHHOH CHCTEMHOH Maru-
crpainbio [2, 3]. CM orBeuaeT 3a 0OMEH C BHEIIHUMH YCTPOICTBaMHU U UCTIOJIHUTEIBHBIMH OpranaMu, BM or-
BedaeT 3a oTpaboTKy JIOrMYECKOi yacTu (yHKIMOHAIBHBIX anroputMoB (puc. 1).

C yderom TpeboBanuii mo croiikoctr s nudposoii yactu CY mpu pabore B 3KCTPEMAIbHBIX YCIOBUSIX
(mmpokuil Anana3oH U3MEHEHHs TEeMIIEpaTyp, MEXaHMYECKHE BO3JICHCTBUS B BHAE YIAPOB M HIMPOKOMOIOCHON
BHOpAIINH, TIOJIel MOHU3HUPYIOIIETrO U3ITYYCHHS U T.I1.) ¥ BO3MOKHOCTEH OTCUECTBEHHOM AJIEMEHTHOM 0a3bl 3aua-
CTYIO BO3HHMKAeT MpobieMa HEXBATKH MPOM3BOMUTENBLHOCTH OIHOTO BBIYMCIMTENS ISl PEIIeHHS BCEro CIeKTpa
3amad CY. Mcxons u3 aToro, s o0ecredeHus! petieHns: Heo0xoauMoro nepedts 3aaad CY npuberarotr K HCIoMb-
30BaHUIO CHEMUATM3UPOBAHHBIX BEIUHMCINTENEH, COCTABIIAIOIIMX PACIIPEACIEHHYIO BEIUNCIUTENBHYIO CHCTEMY.

OnHOBpPEMEHHO C 3THM, IIPU OTCYTCTBHH TpeOOBaHMU paOOTHI MPH OAHOW BO3MOXKHOHM HEHCIIPaBHOCTH
M3-32 HEBO3MOYKHOCTM NPHUMEHEHHUS CTPYKTYPHOIrO pe3epBHpoBaHMs ammaparypbl LIBM BcrienacTBue Mamibix
rabaputoB JIA, npenbsBIAIOTCS TpeOOBaHUS MO 0OECIIEUEHHIO criaceHus anmnapatypsl JIA B ciiydae cOoeB u
otkazoB anmnaparypsl CY. Takas 3agada TpeOyeT BEIpaOOTKH HOBBIX aITOPUTMOB (PYHKIIOHHUPOBAHUS BBIUHMC-
nmutensHoro nporecca [IBM CV BIIA.
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Puc. 1. CtpykTypHas cxemMa MarucTpalbHO-MOIYIIEHON BEIYUCITUTEFHON MAITHHBI
€ pacrpenenaeHreM 3aad M0 BEIYUCIUTENAM

2. [Iponecc pexoHurypannu

B mensix moBBIIEHUST OTKA30YCTOMYMBOCTH U BO3MOXKHOCTH oOecredeHus: aBapuitHoro cmaceHus CY
BIIJTA npepnaraercst cienyroliasi opraHu3anus BeludciauTenbHoro npouecca [IBM. Kaxapii BeIUHCIUTEND
COAEPKUT MPOrPpaMMHBIA KOJ BceX (PyHKIMOHANBHBIX 3afad, pemaeMbix LIBM. CM, paboTaromuii nukinye-
CKH, BBIJJAET B Ka)KJbI BBIUMCIUTEND KOMaH/Y, 3aIIyCKAIONIYIO CIEIYIONIYIO 3a1auy. DT KOMaH/Abl paciolio-
xensl B CM mocnenoBaTenbHO B TOpAOKE YObIBaHHS UX npuopuTtera. B Hauane nepBoro uukia CM pasgaer
3a/1a4¥l BCEM BBIYMCIUTEISAM U IUKIMYECKH aHAJIM3UPYET PETHCTP COCTOSHUS Ka)KJI0TO BBIYMCIUTENSA HA MpO-
croii. [lpu obHapyxeHnu cBoGogHOro Bhrumcautedst CM ompenenser eMy CIenyollylo 3ajady, NpenBapH-
TENBHO CIHCBIBAs €T0 CTEK, B KOTOPOM HaXOIATCS MPOMEKYTOUHBIE PE3yabTaThl BEIYUCICHUH, HEOOXOAUMBIE
JUTSL PELICHUs 3TOM K€ 3a7auil B CJICAYIOIIEM IMKJIC C HOBBIMU JAHHBIMU OT BHEIIHMX a00HEHTOB. CTeK KOMH-
pyeTcs o MaTeMaTHYECKOMY HOMEPY BO BCE BBIUMCIUTENN OAHOBPEMEHHO. B ciydae, ecnu onuH U3 BEIYHCIH-
TeNel BBIMIET U3 CTPOsi, APYTro CMOXKET MPOJOKUTH PEIICHUE 3TOM 3aa4yl, UMesl BCIO aKTyallbHYI0 HH(OP-
MaLMIO 33 MPEABIAYIINN UKII.

dakTHYecK! BblJaua KOMaHAbI BRITJISAUT KaK 3alich B ssYeiKy maMsatH BM HoMepa 3amaun U3 TaOnuIsl
3aja4, 4To 00ecleYnT MHHUMAIBHOE BpeMsl OT MOMEHTa CUMTHIBAHHUS MH(POPMALMHU U3 SUCHKH 0 Mepexona
4yepe3 COOTBETCTBYIOUIYIO CTPOKY TAOJMHUIIBI K BBHITIOIHEHHUIO HY)KHOM 3a/1auu.

[TockonpKy HUKIOrpamMMa ONpEAENseTcsl TUHAMUYECKH, TpeOyercs cieayromee yciaoBue: nuukia [IBM
JOJDKEH OBITh B JIBa pa3a MEHbIIE HUKIa paboThl BHEIIHNX aboHeHToB. Takum oOpasom, LIBM Oyner nonydats
HOBYIO MH(OpMAIMIO U3 BHELIHUX CHUCTEM, HAIPUMEP OT WHEPUUAIFHON CHCTEMBbl HaBUIALWH, MPAKTUYCCKU
0e3 mpomyckoB. B cinydae eIMHUYHBIX cOOEB MPOMYLICHHBIC JaHHBIE MOTYT OBITH DKCTPAIOIUPOBAHBI, MO-
CKOJIbKY MH(pOpManus, MoidydeHHas: OT BHEIIHMX aOOHEHTOB, JUIS pEIleHHs 3ajad HaBUTAlMU MPEICTaBISET
co00i1 U3MEHEeHNE 110 CPABHEHUIO C MPOLUION UTEepaLneH.

Takas opraHu3anysi BBIYUCIUTENBHON CUCTEMBI JA€T BO3MOKHOCTh pABHOMEPHOT'O paclpeAeiaeHHs Ipo-
W3BOIUTEIBHOCTH MEXAY BBIUMCIUTEISIMA. MeXaHnu3M BbIJaul KOMaH[ 110 MPHOPUTETHOCTH OyAeT oTOpachl-
BaTh 3aJa4d, HAaMMEHee BIUAIOMINE HAa (PYHKIMH TOJIeTa, IPH CHIDKEHHH OOIIel MPOU3BOIUTEIBHOCTH CHUCTE-
MBI. JTH 33/1a44 BCe TakxKe OyoyT HAXOOUTHCS B OYepenH, HO, HE YCIIEB Ha Bblady 10 3aBEpLICHUS [IUKIa, Oy-
IyT TiepeMelieHbl 00paTHO B KoHel. HauMeHbIINi puOpHTeT, HallpUMep, MOTYT UMETh 3aJjau, KOPPEKTHPY-
IOIIME OCHOBHBIC BBIYUCIICHHS IS MOBBIIICHUS TOYHOCTH. BeneacTBue orOpackiBaHus 3TUX 3a1ad TOYHOCTh
moJjieTa Mo 3aJaHHOW TPaeKTOPHH ammapaTta ynajaeT, HO B TO e Bpems obecrieuuTcss QYHKIMOHUPOBAHHUE C 3a-
JeiCTBOBAaHUEM HEOOXOAMMBIX ajJrOPUTMOB CHACEHHS, YTO OKaxkercs 2(QQEeKTUBHBIM B CiIydasx, KOraa Hexe-
JaTeNnbHa MOTEPs BCETO M3ZEIHs WIN OTHENbHBIX ero yactei. [Ipu 3ToM OCHOBHOHM CIOKHOCTBIO Oyner obec-
MEYeHHE TOYHOTO OmpenesieHusl cO0eB Hepe3epBUPOBAHHOM YacTH ammapaTypbl, YTO HMOTpeOyeT peann3anun
JOMOTHUTENBHOTO PYHKIHOHATEHOTO KOHTPOJIS MPOrPaMMHO-aITOPUTMHUYECKUMHU CPEICTBAMH.

3. CucreMa KOHTPOJISA M (PYHKIMOHAJIBHOM 3alUTHI

¢)YHKLII/IOHI/Ip0BaHI/IC KaXXZI0ro BbIYUCIIUTCIBHOIO MOAYJISI KOHTPOJIUPYCTCA CUCTCMHBIM MOJYJICM. CM
CUHXPOHU3UPYCT pa60Ty BBIYHCIINTCIIBHBIX MOZ[YJ'IGI;’I pa3 B UKJI C NTOMOLIBIO OZ[HOBpeMeHHOfI 3alluCh B HX
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TPUTTEPHI NpepbIBaHU. BeruncnuTenbubie MOAYIN CAMOCTOSATEIBLHO BEAYT CUET BBHIMTOJHEHHBIX IIUKIOB, KOTO-
pBIi IEPUOINYECKU CIIUCHIBACTCS CUCTEMHBIM MOAYJIEM IJI CPABHEHUS CO CBOUM CUETUYHUKOM.

[MoMrMO 3TOr0 B Ka)JIOM BBIYMCIHTEIC HAa OCHOBAaHWUM BBITIONHEHUS (PYHKIIMOHAIBLHOTO aJTrOPUTMa
(hopMupyercs mpu3HaK, MOATBEPKAAOINN paboTOCIOcOOHOCTh. CM KaXKIIblid IIUKII CYMTHIBACT JUIS aHAIIN3a B
CHEIHUATBLHYIO SYEHKY ¢ TaHHBIM MPU3HAKOM U TOcie 3Toro oouymser ee. [lpusnaku padorocnocobHoctn BM
cpaBHuBalOTCS B CM C 3TaloHOM. ANTOPUTMHYECKUI KOHTPOJIb OCHOBAH Ha TOM, YTO KaXkablii BM, BbINIONHSIS
pacyerhbl, TPOBEpsieT BXOXKICHUE PE3YyNbTaTOB B JOMYCTUMBIC 30HBL. Takke mepuoanuecku BM BeimomHsieT
TECTOBBIN MIPUMEp, CPAaBHUBAS PE3YJIbTAT C 3TAJTOHOM-KOHCTAHTOMW, 3alTUCAHHOW B 00JaCTh TOCTOSIHHOM MaMsi-
TU. TeCTOBBIMH IPUMEPAMH MOTYT SIBIISITHCSI IPOCTEHINNE apruMETUUCCKIE 3a]]a91, HAIIPUMEP CIIOKEHUE 11e-
JIBIX YMCEN WX C TUIaBaroIIel TOUYKOM, €Cu MO3BOJSET YCTaHOBJIECHHOE BpeMs IuKia. Beixon 3a pacyeTHbie
TPaHUIIBI WK OMMOKU B TECTOBBIX MpUMepax (GOPMHUPYIOT MPU3HAK, 0003HAYAOIINI BOSHUKHOBEHUE COOS B
MOJIETHOM TIpOorpaMme.

JlocToBepHOCTh TIepeaBaeMoil HH(OPMAIIUU TIPH MEKMOYTLHOM OOMEHE JIOMOIHUTEILHO 00eCIeuu-
BaeTCs MPOBEPKON KOHTPOJIBHON CYMMBI, KOTOPOU COIPOBOXAAETCS MacCUB HH(OpMaIny.

Jlyis moBkIIIeHHsT HAAGKHOCTH (DYHKITMOHUPOBaHUS JIA mporpamMmbl KOHTPOJIS HAXOJATCS B 3a0JIOKHPO-
BaHHOM Ha 3aIUCh YaCTU MOCTOSHHON MaMsITH 7Sl UCKIIOUCHUSI BOBMOXHOCTH HETIpeAHAMEPEHHON KOPPEKIIUU
WJTU CIIy4aifHOT'O MCKAXKECHUS.

3akaoueHne

B pabote paccMoTpeH BapuaHT pelICHHs aKTyaJbHOH HayYHO-TEXHHYECKOW 3amaud: oOecrieueHue mo-
BbIieHHOU skuBydectu BIIJIA ¢ HepesepBupoBanHOi anmapatypoii CY B ycIOBUSX BO3HHKHOBEHHS cOOEB U
OTKAa30B.

[Ipeanoxensl Moaens opranuzauu padotsl [IBM u anroputmsbl nepepacnpeneneHus 3a4ad Mo BeIYHC-
JUTENSIM B COOTBETCTBHUHU C MX COCTOSHHMEM. JIaHHBIM MeTox mepepacnpenenceHus 1eaecoo0pa3Ho MPUMEHSTh
TOJILKO B OTOBOPEHHBIX CIIy4asiX C ONpeneieHHBIMH TPeOOBAaHUSAMHM, TIOCKOJIBKY IPH OTKa3ax ammapar MOXET
MOTEPATh 3HAYNTEIBHYIO YacTh (DYHKIMOHAA, pean3ysl BBIIIOJHEHHUE TONBKO 0a30BBIX (PYHKIHHA, HApUMEp
crabunuzanmio B atMocdepe. B yacTHOCTH, Takoe pelieHrne MOKET 0Ka3aThesl 9Q(OEKTUBHBIM B CIydasx, Koraa
He Jonyckaercs moreps anmapatypsl U BIIJIA nomkeH nepeiiTu, HalpuMmep, Ha BBIIOJIHEHNE MPOrpaMMbl 1O
BO3BpALICHUIO HA 0a3y.
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The article examines the problem of increasing the stability of the onboard computer compact unmanned aerial vehicle in case of
failure. The problem of the use of traditional redundant structure and its disadvantages was under review. We offer organization of com-
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puting process on the basis of already used the onboard digital computer (OBDC) with a clear interaction. Board computer is based on
the main-modular. It is based on a reliable three channel system module (SM).

We pose the following problem: used board computer does not allow the use of computing modules (CM) required performance.
Thus, there is a need for multiple CM, which are distributed parallel system. The algorithm of redistribution of tasks requires a dynamic
sequence diagrams, and SM distributes tasks to perform in real time. Each sequence diagram is given strictly defined time limit. With
the condition of the length of the cycle SM is half the length of the external subscribers cycles, achieved no omissions of relevant infor-
mation.

The programming code of the functional tasks is written in all the computing modules. The ability to solve the same tasks on differ-
ent devices is achieved through the distribution of the stack with intermediate data between all CM.

Completing the performance of a tasks computer generates a signal for claim line. It needs to check the status registers of CM seek-
ing the released. His stack SM copies to all the other devices and sets the following priorities tasks.

This algorithm makes sense in cases where the unit, which has a failure, is expected by the operator at the base, instead of continu-
ing the full functioning. The return of the entire apparatus enables reuse of its constituent parts. This decision sets another problem: the
precise definition of equipment failures.

The control system includes a number of ways to determine the fault. Algorithmic methods include counting and comparing the cy-
cle number of the modules, the analysis of the results of calculations for entry into certain limits or repeated calculations on a simplified
algorithm, as well as the decision calculators test examples and results are compared with the standards. The transfer of accurate infor-
mation is analyzed with the help of checksums.

Thus, we propose an algorithm for the realization of functioning of small-sized unmanned aerial vehicle in case of faults and failures.
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