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Mo4enup.aHe r4 orIeHK a Ha
OegouacHo crra ua $yHrrlLroHup aHe
HA CI|ICTeMT{ 3a y[paBJreHlre

Aumouuo Audouoe, 3oa Xv6eHo6a*

Bucute soeHHo mpaHcnopmHo yqultuu4e, Cofiua
,* Ilucmumym ga Koc"rt4uqecKu usc./tedeauua, EAH

flpo6leurr 3a HaAexHocrra, ycrofiqr{Bocrra ra 6esonac-
HOCTTa Ha Cr{creMlrre 3a ylpaBneHve B peaJrHo BpeMe Ha noAB}rxnpr o6errz n
aBnalrysra' KocMoHaBTvrKara, percoBr'r.s rpaHc[opr I,I Ap. ps3Ko ]HapaaHa c
rloB[IrraHaHero Ha rtxHara cJIoxHocr. 3a pelrananero Ha nocraBeHr{.f, npo6leir.l e
ueo6xo4utrao B AorIbJrHeHlIe Ha o6rqousnecrHr{Te MeroAr,r sa o6esne.{'aBaHe Ha
HaAex(Hocr Aa ce I,I3rIoJI3Ba fipu paspa6orrara rrM T.Hap. 6esonacu'a rexHoJrorlr.f,,
3a Aa ce LI3KJrrOq[ Bb3MOXHOCTTa 3a rro.f,Ba Ha r{3xoAa Ha cucreMa-ra Ha orrac]Hkr
cro6rqennr vrpr cr4rHaru. flo raKbB :r'a.c.vt*, B AolbnHeHrre Ha roH.flTu.f,Ta
HaAexHocr I{ eKcrIJIoarau[oHHa roroBHocr e BbBeAeHo loHflTr,Iero 6esoracHocr
Karo BepoffTHocr 3a rlo.f,Bara B KoHKperHr.rq lpoqec Ha yrrpaBneHr{e Ha orras (unu
4e0err), rofiro Moxe Aa uva rarocrpo0amrr.rnocneacisu.s. Ho n upegnapr,rreJrHo
3aAaAeHa cl{creMa e neo6xo4zMo Aa ce ycraHoBr,r Mr{Hr,rMaJtro ueo6xoAnMoro
HprBo Ha 6esouacHocr, T,e. MaKCI{MaJIHO AOrIyCTI,IMara BeporrHocr 3a orKa3.
Haupr,rnrep B aBvalfLrsr a geitctsar cnerHl{Te vavrcKBaHrrsi

- Bepo.srHocrra 3a raracrposaJreH orKa3 B Cr{CTeMr{Te rpn6na Aa 6rAe no-
MaJrKa or l0-7 Ha eAuH qac JrerarenHo BpeMe;

-_BeposrHocrra 3a Kpr,rruqeH orKa3 B Cr{CTeMrlTe rpx6na ga 6s4e rro_MaJrKaor 10-5 Ha eAr,rH qac JrerareJrHo BpeMe.

- Mexgy BJraKa r{ caMoJrera uMa c:bulecrBeHo pa3nr,rrrue B cxeMlrre 3a
o6egneqasane na 6esonacHocrra. B cauonerure H.f,Ma ycipoficrna sa 6e:o11airrocr:
noAo6no Ea xene3olbrHprre cr{creMr{. Herosara 6esor'acHocT ce ollpeAen.q or
orKa3oycrofrqr.rsocrra Ha BceKu or eJreMeHTUTe U MOXe na 6rre Aocrt4rHara caMo
3A CMCTKA HA BI.ICOKOTO HI{BO HA HAAEXHOCT, KOETO CE O6CSIEqABA OT
KOHCTpyKTITBHHTe XapaKTepuc rvrKLr vtrv qpe3 p e3epBr{paHe. cr,qenp enaenno
6egouacnocrra Ha BJIaKoBere ce o6egue.raBa Fre qpe3 Hanl,rqr{ero Ha orKa3o-ycrofrvranocr Ha rexHr{Te cl{creMrl, a qpe3 npeKparrBaHe Ha ABrrmeHr{ero r{M B
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cnyqAfi Ha KaKBI4TO kt Ia e OTKa3I{, B qaCTHOCT C IIoMoIIITa Ha 3AIertcTBaHe Ha

oclrrypureJrHrrre cr{creMr4 - cucreMr4Te 3a curHalrv3ar\ufl 11 6loruponra.
CleAonarelHo B aBr{aqusra h B pencoBr4s rpaHcnopr ce II3rIoJI3Bar pa3nv'lHLr
CrpaTefI4LI 3a peulaBaHe ua npo6neMa 3a 6e:onacuocrra: qpe3 orxaaoycroli-
uunocr(fault-tolerance) 14 qpe3 6esoracHo cJreA orKa3r4 rIoBeAeHI4e Ha cvcreMa^I'a
(fail-safe). IIpe: resr ABe crparell{I4 Molar Aa ce penar cneAHI4Ire lpo6lerratl:

a) B cucrerrar{, Ha Koprro e neo6xogr,rMa BHcoKa crerleH Ha 6e3orKa3Hocr :ia

ona3BaHe Ha XIIBoTa r{ oKonHaTa cpe!a,3a ynpaBneHlre Ha TIOJIeTI{ B:bB Bb3AyrlHI4.g
r{ B KocMuilecKvts. TpaHc[opT, za pa6ota Ha KSMyHIIKaqI,IoHHI{ cIIIsIHIIIILI u g'p.,

KOTaTO rlpeK:bcBaHeTo 3a peMoHT Ir BT,3TaHOB.f,BaHe e HeAonycTvrMo vlllr oIIacHo.
6) B cucreMn Ha KoHTo e Heo6xoAI,IMa BI{coKa roroBHocr, Karo MoLIIHTI

r43qr4crr4TerHr{ Marnr{Hr{ r4nr{ Mpexr{ oT KoMrrroTpra (Hanp. B 6aHKoBara cllcreva)
c xuns,Arl TepMr{Hanlr) crlcreMl'l c ocuryplrreJlHa oTfoBopHocr B pencoBu-s
rpaHcrropr v p'p., Koraro Hepa6orocnoco6Hocr e AonycruMa, Ho npeAV3BI{KEra

roJreMr4 :ary6u Ha xuBora Lrnri 3ApaBero Ha qoBeKa, Ha roJreMI{ HeMarepI{aJIHta,

AyxoBHr.r rr IlpplpoAHrI IIeHHOCTI{.
flpoyunanu.flTa [oKa3Bar, qe r{Ma r,r3o6r.rrr,re or ny6luraql{I{ IIo re3lr npoblevn.

Brnperu roBa ca HeperueHr{ trrv qaervtarHo perreHu HayqHo-TeoperldqHl4 I4

np aKTI,IqecKr{ BT,rrp o cu c f or.f,Ma 3HaqrrMo cr:- 
1. O6lryHoBeHo ce ybpcvr pelxeHl{e Ha rlpo6neMa 3a roroBHocrra, 6es [,a ce

flocraB-s aKueHT Ha 6e3orKa3Hocrra Ha cvcrella c orKa3r4, KoIiITo ce MacKllpetr
qpe3 I,r3rr4rx:bK;

2. Ha rouqenTyanHo paBHLIUe H-flMa eAI4HHo pa36upaHe 3a 6e3onacHocTTa lla
cr4cTeMr{ 3a yIIpaBneHI{e.

KounenqploHaJlHaTa Teopl{.f, Ha HaAexAHocTTa He ce I{HTepecyBa OT

noBeAeHr{ero Ha cI{creMara, B Ko.gro ca HacrG[IrJIl4 orKa3u. BcneAcrBrte
HacTbrrBaHeTo HM cplcTeMaTa Moxe .qa npeAI{3BI,IKa IoJIeMr{ sary6u (nanp. ntn
B:b3AyurHr{.f, rpaucuopr). B noseqero cnyqau B npaKTItKaTa o6aqe ecTecTBoTo IIa
KOHTpOnT4paHOTO CbCTOflIi^l4el.iJfir yflpaBJrf,BaHl{-f, npoqec e TaKoBa, qe IIOBeAeHI4eTO

Ha cr{cTeMara He Moxe Aa ce pa3AeJIIiI eAHo3HaqHo Ha orlacHo znra 6eeonacuo. B

TaKI{Ba cny'lapr 3a rlocruraHe Ha Br{coKa 6esoracHoct rpt6na ra ce rbpav BI{coKa
OTKa3OyCTOfr.rr.rBOCT, OUIe 11OBeile, qe aKO BCI{IIKIa OTKa3I{ Ca OlraCHU, T'O

6egoracHocrra ce cBexAa Ao 6esorKa3Hocr.
Cupevenur{Te rIoAXoAr4 3a anJaJl]ld3 I{ cI,IHTe3 Ha cI4creMI{ 3a ynpaBneHrre (le

ocHoBaBaT Ha anapaTa Ha [pocTpaHcTBoro Ha clbcTosHr4sra. flpr4 To3I{ TIoAXOA

noH.sTr4eTo 6esonacHocT Ha cI{cTeMaTa 3a ynpaBneHlre Moxe Aa ce orrpeAenII IIo

cneAHI,Ig Haiu,IH: Hera V e MHOx(ecTBOTO LI3xOAHr Ck:r:nAJrul HA CtIcTeMara, Yu -
MHoxecrBoro 6e3onacHr4 H3xoAHrI curnaIrur Ha cllcreMara, yol - MHo)KecrBouo

orracHu rr3xoAHI{ cHTHaJII,I Ha CI,ICTeMaTa, ToraBa % u %" : y, tl ycnoBl{ero 3a

6esoracHocr e {0 %" : 0.
Cucrevara Sa ynpanneUue ce HapI,IqaLII\eanHO 6esonacHa caMo B TO3LI cnyllafr,

KOraTo 3a npol{3BoneH oT(a3 f, f e F, KbAeTO F e ruluOxecTBoTo [oBpeAI{ IIa
cr{cTeMaTa, Heir:aLrsT Il3XoAeH BeKTop y,qoBJIeTBopsBa ycnoBl4ero Vr€ Vu.I4geatua'ra
6e:onacna cHcreMa Bvnarv ocr4rypqBa 6egonacnu LI3xoAHLI cvrH{Irrr, Aoplr Koraro
ce HaMr{pa B HeI,I3rIpaBHO CBCTO.SHI{e.

IrlgrmoqureJrHo BaxHo Mrcro e o6uu.s npo6neM, cBbp3aH c I'I3rpaxAaHero
ua eSerrunHrr, HaAexAr^pr vt c 6esoracHo rrprl orKa3l4 rIoBeAeHI4 e cI{creMI{, 3ael\{a
up o 6l evllr 3 a o n ep arr{B na z4 euru$ vKarryrfl. Ha p;auaMuqrrl{Te IrM xap aKT ep I4 crt4l(Ll

[1, 2]. fIosHaBaHeTo Ha reKylllara HHO.opMa\ns.3a AI{HaMuqHoro cbcTotHl{e lla
Synxquorruparqara cllcreMa no3Bor.sBa or eAHa crpaHa r,a ce opraHr{3l'Ipa
orrTr{MaJrHo ynpaBneHr{e c al,anTar\nr oTHocHo I,I3MeHSUII,ITe Ce BbITIIIHI,I yCnOBUs,
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a oT Apyra, IIo3BOJLflBa Aa Ce B3eMaT rrpaBrirnHr{ pr cBoeBpeMeHHr{ pelreHr4r rrppr
B:b3HI{KBaHe rla Hapy[reHuIs.Bl.B QyHxquonupaHero Ha cr{cTeMara. Tara nanpur',aep
n [2] e lpenloxeHa crpyKrypa Ha aAanrr{BHa cr{creMa 3a aBroMarrrqHo yrlpaBneHr,re
c zgenruQuKall}rt Ha AIaHaMI{tIHnre xapaKTepHcrt4Kz, r,r3rroJr3Bax]a xbv6unupau
npI{HrII{[ Ha yIIpaBnealre: a4arrruBHo ynpaBJreHr.re np]r orHocprreJrno 6asgo
I43MeHeHI{e Ha IIapaMeTpI,ITe BCne.4CTBr{e Ha napaMeTpr.rqHr{ cMyrqeHr{_s t4 r43MeHeHUe
Ha crpyKTypara Ha ynpaBn.f,Baqara qacr Ha cr{creMara npr4 croroo6pa:uo
u3MeHeHrre Ha napaMerprrre, BcJreAcrBrre Ha orKa3r{ c orneA ocr4ryp.sBaHe Ha
6esonacHo noBe.qeHLIe Ha cl{creMara. Tyr rrolfl'tr4flTaHaAexrHocr lr 6eionacrrocr
ce I'IHTep[perI,Ipar Karo rpera r,r qerBbpra crerreH cJreA noH-f,Tunra yctoi.tqr,rBocr
I{ KarlecTBo Ha yIIpaBIeHLIeTO, KOI{TO r.r3rpaxAaT rrpeAcTaBI{T e HV 3a prgnaKBaHkrflTa
K:bM cr{creMara 3a ynpaBneHr.re. IIou HaAex.qHocr Ha ynpaBJreHrrero ce pa:6zpa
CBOIICTBOTO HA ANfOPI,IT'bMA HA YTIPABJIEHI,IC U CbOTBETCTBAIqATA CTPYKTYPA HA
ynpaBn.rrBarqara qacr Ha cr{creMara ra crxpaHflBa rrppreMnr{Bo KaqecrBo Ha
cvcreMara rlpu orKa3 Ha oTAeJIHI{ rroAcr{creMr.r. Cr4tpxaHr{ero Ha raK:bB rrptrHur4rr
3a nocrposBaHe Ha cr{creMr{ e rbpceHe a peanv3vpaHe Ha raKaBa xousurypaqu.a
Ha anropr,rrsMa Ha ynpaBJreHr,re r,r Ha ynpaBn.rrBarqara qacr, Ko.sro AaMvHkrMkr3vpa
rary6ure B KaqecrBoro Ha yrrpaBneHr,re, o6ycloneru{ or orKa3r,tre. C oana4 

"u6esonacHocrra Ha frynrqraonzpaHe Ha cnareMara, rrpr,r HapacrBaHe Ha :a.y6ure
HaA AaAeHO HHBO, OCHOBHaTa 3AnaLra, Ko.sro rpt6na Aa peuu cr{creMara or
pa3rnexAaHufl Krac e B npr,rBex4are Ha o6exra Ha ynpaBJreHr{ero B onpeAeJreHa
o6lacr r{Jrr4 ToqKa B npocrpaHcrBo Ha cr.croflHuflTa.-C'apyruAyMr4 B roiu cryvafi
cvcreMara 3a ynpaBJreHze r{3n:brHsna synrqnu v]ts,a ocu2ypumenHa cncreNaa. Brs
Bpb3Ka c ToBa npu npoeKTlapaHe Ha crrcTeMa 3a aBTOMarnqHo ylpaBneHrre [pr4
To3r4 [oAxo4 e neo6xo4r,rMo Aa ce u3ttbrHlT cneAHr{Te erall{:

1. ,{a ce onpeAeJ.sr [poMeHnl{Brrre Ha crcroflHuero Ha aBToMarLr3vpaHr4so6exr;
2' [a ce nocrpoI,I MareMarl{qeH MoAeJr Ha yrrpaBn-[eMoro 4nuxetrne ua o6erra

B rrpocTpaHcTBO Ha C'bCTOflHvflTA.
3' la ce Qopruynrapar u3I{cKBaHrrflTa ro orHorrreHrde ua 6egonacHocrra BbB

BIdA HA KOHKperHr{ OfpaHuqeHr4s, BT>pXy CrOfinOCrr,rre Ha rrpoMeHnHBure Ha
c:bcro.sHuero, Aa ce anpoKcHMr{par BT,B BI/.AA HA tluldeitttv, HepaBeHcrBa u Aa ce
TIOCTPOI{ LI3IIIbKHAJI MHOIOb|:bNHI{K HA OIPAHIdqEHId',.TA B TIPOCTPAHCTBO HA
c:bcTo{HH.rITa.

4. la ce orrpeAenl{ frynrquonaJlgr Ha KaqecrBoro Ha cr{creMara rr HeroBaratIYBcr Ha orpaHlltreHuflTai
5 anaqlare ylpaBneHu.s, lpe[.srcrBarqr{ pa3Br.rrr4ero

Ha Oy

-6. A" ce onpeAenr{ rrporr3BoArrreJrHocrra Ha yTtpaBns,Barrlara EIrIM
H€OOXOATTMa ,3a peanv3arrLrfl. Ha yilpaBJrflBarqr{T'e nt:geficrnz_s B:bpxy aBToMa_
Tpr3rrpaHvfl. o6err.

, KasaHo c Apyru AyMr{, oqe npu [poeKTrrpaHe Ha cr{creMara, or rJreAHa roqKa
ua 6esonacuocrra BI3HI{KBa galaqara3a yA:bpxaHe Ha BeKTopa Ha rrpoMeHJrI{Br{Te
Ha cbcro.sHr{ero B 3ananeHa o6lacr x_.- or npocrpaHcrBo Ha crcrosuusra x.
npl{ BT,3HI'KBaHe Ha orKa3rl. a 

'n

[nec, BT,B Bpb3Ka c BHe.qpsBaHero Ha KoMrrrorr,pHa rexHI{Ka B cHCTeMLITe 3a
aBToMarl{qHo ynpaBJreHI{e, MeroAr{Te Ha r,Hap, 6e:onacna rexHoJlorq_tr I11npoKo
ce I{3rIoJI3BaT B pa3nl{qHu orpaclr,r Ha rrpoMr{rrrJreHocTTa ilptr ynpaBnerrr{e Ha
orroBopHlr rexHororl{ilHu rrpoqecu. Pazpa6orerpr tt [3rII{TaHI{ ca pa3rlrqHr{
6e:ouacnz Mr,IKpolpoqecopHlr cvtcreMvr sa ylpannenpre. 3a Lr3rrbJrHeHr{ero Ha
3Ara!,eHId QyHKrIHr.r npI,I ocurypflBaHe Ha HaAexAHOcr r.r 6esonacHocr crpyKTypara
HA CIICTEMATA CE CBCTOH OT ABC HI.IBA, EAHOTO OT KOIITO HE E CB:bP3AHO C
6egonacnocrra, aApyroro e 6egonacHo. EesonacHoro Hr{Bo ce ngrp3.1Kraor^6rorose
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c rro-Bl{coKa HaAexAHocT tr rro- BLIcoKr{ xaparTeplrcTr,rKr{ Ha 6esonacHocTTa. B To'3LI

acrreKT Moxe Aa ce pa3rJreAa ct4creuara 3a yrrpaBJreHue . B o6qlr x ctyuaft cl{creMarTa
3a yrrpaBneHne ce cbcTolr oT ABe ocHoBHI4 qacTI,I -- OOeKT Ha yrIpaBJIeHlIeTO' H
ylpaBn.sBalla iracr - perynarop. Crrrynnocrra or Kpl,Irepurr 14 \paBvIra,, B

cborBercrBue c KoI{To Syurqnonupa peryJlaropa, [pecJlegnaftru uenrrre Ha
ynpaBneHuero, rrpeAcraBrs,Ba anropl,ITbMa Ha yrrpaBJreHrrero. flpu rona
rtpeAcraB.f,He Ha cncreMara, 6e3orlacHocrra fi ua $ynrquoHrlpaHe Moxe Aa ce
rIocTI{fHe IIo IIBT.f, Ha BbBexAaHe Ha pa3IIlIqHI,I Bl{AOBe I'I3JII{rXbK: alapaTeH,
unQopvraqnoHeH, [porpaMeH, BpeMeBI{ u 4p. Moxe Aa ce BbBeAe rloH-f,Tl{ero
eneMeHTapHa clrcreMa [1,2], r,e cncreMa 6ea Iasrlaum. Karo ce B3eMe [peABIIA,
qe cTpyKTypaTalna rrpolr3BonHa clITeMa e cbcTaBeHa oT TexHllqecru ycrpoficrnra n
cborBercrBue c :r'eirnala QynrquouaJlHa cxeMa I,I MHoxecrBo Bp63KI,I MexAy rf,x,
oc[rypsBallu $ynrquoulrpaHero fi s c:borsercrBue c onpeAeJIeH aJlroplrrbM, ro
eneMeHTapHara cucreMa Moxe Aa ce o[peAenl,I Karo cl{creMa, Kogrcr e

pa6orocnoco6na caMo npra orcbcrBr4e Ha orKa3r,r s HefiHure rexHr{qecKr{
ycrpoftcrna r,r Bpb3KH MexAy r.sx. Torana cnoco6ure 3a o6egneqanaHe Ha
6e:onacnocr rrpu rfyurquour,rpaHe ce cBexAar Ao:

- pe3epBr,rpaHe, T.e. AooaBqHe Ha TexHI{qecKI.I ycTpoI.IcTBa I,I Bp'F,3KI{ K:6M

eneMeHTapHaTa cvcTeMa, TaKa qe HepIHrI.f,T aJIropI{TbM Ha ynpaBneHne [tt e

HEI,I3MEHEH;

- aJrropuTMlrqno o6egneqaBaHe, T.e. Bb3Moxno upeo6pa3yBaHe Ha crpyKTyperra
Ha eJreMeHTapHara cr.rcreMa .rpes 4o6anflI{e Ha ycrpoficrna lr Bpb3KIa rlo raxbB
Haqr{H, qe Aa ce usMeHLr aJrropr{TbMbT Ha ylpaBJIeH}Ie.

3a pegnqa crrcreMr{, BKJrroqr{TeJrHo rr B TpaHcrlopra, BvleoKara crerleH,Ha
anapaTeH I{3JIIIIIrbK e HexeJIaTeJrHa, a B H.f,KolI cryr{au (aBI,IauI{.s, QnoTa,l e

HeAorrycruMa. 3arosa paspa6ornaHero Ha Mero.qu 3a aJIropI,ITMurIHo ocurypsBa.He
ua 6egorrasHocr , [o3Bor.sBaul:a ra ce HaMaJru anaparnirflT LI3JIrIrrrbK, e oco6eHo
aKTyanHo.

,{a pasrne4aMe cr{creMa, clcraBeHa or o6o6u1en o6err, BKnIoqBaIII o6er:ra
Ha yfipaBneHue, I{3[T,JrHr{TeJIHr,ITe opraHu il rarqvr\Lr,3arBopeHa .rpes o6paTna
Bpb3Ka trpe3 peryJlarop, Qoprraupaq aJlropurbMa Ha ynpaBneHl,Iero. IIle cill,Irat\de,
qe o6o6qenr{sr o6eKT [pr,I HoMHHaneH pexI,IM ce rlpeAcraB{ c ypaBHeHrsra Ha

cScTo.sHueTo:
x':A(t)x*B(t)u,

y:C(t)x,
KtAero r€R e BeKTopBT Ha ctcro.flHvrlralr'a cl,IcreMara; ue R - BeKTopBT Ha
BbHrrrHr.rre srsAeficrsn4 A(t), B(t), C(t) ca cborBerHo rlpexoAHara Ma'Ipril\a Ha
cbcroflH[ero, Marprruara Ha yflpaBJreHrlero I,I Marplllrara na na6lrogeuuero. [a
NPCATIONOXI{M, IIE B CI{CTEMATA MOIAT AA HACTbI.ST IIOCTCNEHHI{ IIAPAMETPITIHI,I
cMyqeHr{s v v,alpugaA(/), nnesannu orKa3r{ B r{3rrbJrHrrreJrHure opraHr,I (uarpuqa
B(t)) u BHe3arrHlr orKa3u B Aarqr,rqprre nln nilga Ha flosBara Ha AonbJrHI{TeJreH
Jrbx(Jrr,IB cI{fHaJI B cborBercrBalrlara KoMrIoHeHera Ha BeKTopa Ha na6moAeHlle'ro.
Hera xpurepvfrT 3a KauecrBo e 3aAaAeH nrn nn4a [1]:

v[e(t), u(t)] : er(t) 9e(t1 + ) f (z)dz,

K:rAero e(t):y(t)-y0(t) e curua:lbr Ha rpeuxara, Q - clrMerpr,rqHa, rroJloxrrrerHo
orrpeAeneHa Marpr,rqa, f (t) - Qyuxqur, oIrIcBalqa I{3xoAHH.s 3aKoH Ha
y[paBJreHrrero, peaJru3rrpaHa or perynaropa, z(t) - nocrbnBarlu.f,T B perynaropa
crrrHaJr. Heo6xoArzvro e Aa ce orrpeAenu crpyKTypara Ha peryJraropa, MLIHIzIMI43rrpirul
fopHr{r QynrquonaJr Bbpxy MHoxecrBoro orKa3l{ Ha cl{creMara, T.e. ocurypffBarq
acuMlrorrr.*ra ycrofiquBocr Ha pe[reHr,rero. Crpyrrypara Ha crrcreMa'ra,
[o3Bon.sBanla ra ce perrru [ocraBeHara 3ar,a't^a e noKa3aHa na $ur.1.



I1I3NGJIHI{TEJIH14
MEXAHI43MI{

o6eKT Ha
yrrpaBneHr,reTo

6rox ga
o6parua Bpb3Ka

Qur.l. O6o6ueHa crpyKrypa Ha orrasoycroiiqnBa cr.rcreMa

Blorrr na o6parHara Bpb3Ka Qopnrupa ynpaBnsBailItr cvr:r,arr4 z(t) n v(t),
IlbpBlr.sr or Koprro KoMrreHcprpa [apaMerpr{irHr,rre cMyrrleHr4.fl Bbpxy o6erra, a
BTOpIT-f,T OCI,Iryp.sBa I,I3KIIOqBaHe Ha oTKa3anv 4aT:qvr\kr r{ r{3[BJrHr{TeJIHr,r OpraHrj
r{ BKJrroqBaHe Ha pe3epBHH. flpra rora Morar ga 6r4ar perreHr4 clequuri rpra
3aIaqu:

l. B san[cuMocr or cr{rHaJra Ha rperrrKara e(t) ce ycraHoB.sBa Qarrrr sa
HaJII{rII{e I{JII{ orcbcrBlle Ha orra3 Ha cucreMara, Karo nefinoro HoMr{HaJrHo
c.bcro.sHHe ce Bb3[pOI{3Bex(Aa Hanpr,rMep qpe3 MeroAa na na6ttoAarens. Ha
JLoen6eprep [1].

2. C novoulra Ha anroplilrlM 3a pa3no3HaBaHe ce onpeA enfl,Bz4A:t,T na orrasa [3].3. Clel AlltarHocrllpaHe Ha cvrcreMara [3,4] ce oCrrqecrnxBa KoMreHcarlr{.f,
Ha orKa3HTe, r.e . cHHTe3ilpar ce ynpaBn.f,Barlr,rre cvrlJanv z(t) uv(t), ocuryp_flBarqu
ycrofiuunocr Ha cLlcreMara B rlpocrpaHcrBo Ha c.r,crofl:anflTa.

Czruanrr, locrbnBarq Ha BxoAa Ha perynaropa, ce Qoprr,rupa BbB BtrAa:
z(t) : Kr e(t),

rrgeroffr e BeKroprjr Ha rrapaMerpure. Ha 6azaraHa npeKr,r.fl Mero.q na Jlxnyuon,
:a rofiro B KaqecrBoro Ha $ynrqnr na Jlrnyuon ce ui6upa [ocotreHr.r_f, no-rope
QynrqzoHan ira ra.recrBoro, Moxe Aa ce olpeAenr,r o6racrra rra AolycrtrMr,rre
croftnocrr,r uaK,3anuceua or orKa3a, v Aa ce us6epe crofinocr or ra:n o6racr.

B np_ocrpancrBo Ha c'bcroflHLrfl'Ia Ha cr{creMara orKa36r Mox(e Aa ce cB6pxe
cTib sary6ara Ha ycrofiql,IBocr Ha cr{creMara. Torasa c ornea KoJrr4qecrBeHara
orIeHKa na 6esonacHocrra, noAo6no Ha onpeAenrr{ero Ha noH.rrrr.,rero nu$opuaqux
B TeXHI{qeCKI{Te CI{CTeMrr KaTO BeposTHocr, c Kotro 3aeMa I{3BecrHo cbcTo.flrrl{e
na $usuvecKa clrcreMa, 6e3onacuocrra Ha cr4cleMara Moxe Aa ce orIeHI{ ilpe3
BeposTHocTTa 3a TOBa, lle C6CTOqHT{eTO Ha cr{cTeMara IrIe npI.IHaAnexLr KbM
MHOXCCTBOTO AONYCTIIMI{ C6CTOg,HLIg, V CAHOBPCMEHHO UIC CC I{3TbIH.'IBAT
ycroBr{.fl Ta, rap aHTr,rp arqv r exHvtfl. ycrofi .run xapaKTep, T. e. :

P6.,(t): P (Xexo,n , Real P, o 0; i:1,'..,n)
KT'AerO Xoon e MHOXeCTBOTO OT AOrlyCTI4MI4 CbCTO-rIHI4fl Ha CI{CTeMara, a
Real p, <0 ca ycrroBr4s,, o',peAen.sqz ybrofivunocrra Ha crcroflHr4flTa.

Karro e rr3BecrHo, nr,treftHIare upeo6pasynaHr{.f, cborBercrBar Ha BapvarJkrLr
Ha cTpyKTypaTaHa cvcTeMaTa' onpeAeneHa qpe3 MaTpI,IqeH MoAen B npocTpaHcTBo
Ha cbcro.flHusra. klunapuaHTzTe Ha Marpktrlara Ha cbcroqHr.rero olpeAen_f,T
ycroBr.r.f,Ta :a QusuvecKa peanr,r3yeMocr. crrxynnocrra Ha r{HBapr,raHTr{Te B
onpeAeneH MoMeHT XapaKTepr,r3npa HlrrrnHo cbcro.sHr{ero Ha cucreuata. 14
cboTBeTHo, Ha Bc.f,Ka TpaeKTopI'Is B IIpocTpaHcTBo Ha cbcTo-flHllsTa oTroBapq
cbBKynHocr or crofrsocrv Ha HHBapLIaHTI{Te Ha Marpurlara Ha cbcro-rrHr4.rrra.
flpe4loxenara orIeHKa sa 6egonacHocrra Moxe Aa ce cBbpxe c neo6xogzuzre
crofiHocru Ha r,rHBapuaHrr.rre I, (i:r,...n). Ho rrfi Karo BcsKa Qyuxqur na
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vHBApVrAHTr4Te CbrrIO e r,rHBapr,raHT, To [po6neM5T 3a oIIeHKa Ha 6e3olacHocTTa
Moxe Aa 6r{e $opvrynvpaH Karo ycnoBr{e 3a roBa, rle o[peAenena $yuxqux ua
BeJrr{qrdHr{re 1,, T.e. S:f (Ip 12, ..., In) lpr'1na Aa rlppleMa c onpeAeJreHa rollHocr
crofinocru or 3aAaAeHa o6rac'r, a ga4aLrara 3a Kort4ilecrBeHo ollpeAen-f,He Ha

6esonacHocrra ce cBexAa Ao o[peAenrHe Ha Bepo.srHocrra 3a u3rIbJIHeHI,Ie Ha

roBa ycnoBue [1].
B sarmoqeHl{e Moxe Aa ce floAqeprae, qe eAHo3HarIHoro otrvcaHue Ha

csofrcrsara Ha rrpou3BoJrHa cvc'Iell'la e eKBI{BaJIeHTHo Ha HaMLIpaHero Ha
cboTBeTHrrTe aHBapuraETr4 Ha cboTBeTHLI.fl Marpl{qeH MOAen B rlpocTpaHcTBo Ha

c'bcr ofl.HLrs.Ta Ha cr,rcreMara . VIusapuaHTLITe Bfir'arv orp a3tBar p eanHo
cbrrrecrByBaulure cnoftcrBa ,r orHorrreHl{.s, o6rqu 3a q.f,Jloro pa:uoo6pasrle or
TexHr{trecKpr cr{creMr{ or AaAeH rI,In. Brs Bpb3Ka c roBa uiuroqurenHo aKTyaJIH(l e

IIO - HaTaTbIIIHOTO p a3BLITII e Ha Te Op eTI,IqHpITe I4I IIp I{IOXHI{T9 V3C ile EBaHIlg. HA

3aqa,4ara 3a anropprrMuqHo ocuryp.sBaHe Ha orKa3oycrofiuunocrraHa cLIcreMI4:Te

34 ABTOMATUIIHO YIIPABJIEHLIE.
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Modelling and evaluation of the safety

of the functioning of an electronincs system

for a moving objects control

Antonio Andonov, Zoja Hubenova

(Summary)

In this paper the methds for providing the safety of the furrc-
tioning of systems for a moving objects control in real time, in the aviation and
the rail transport, are studied. The similarity and diferences among these sastems
are analysed. A general method for modelling and evaluation of the safety is elabo-
rated based on the contemporary automatic control theory (the methods of the
states space). The condision and requirements concerning the automatic control
systems are definited by making possible its functioning as a safety system. A pro-
posal of a criterion for quantitative evaluation of the degree of safety in the sys-
tems functionins is made.




