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IIpenucnoBue

Hemn w npunnunsl cradgaptusauuu B Poccuiickon  ®Penepaunu  yCTaHOBJIEHBI
®denepanbHbIM 3akoHOM OT 27 nekadbps 2002 r. N 184-®d3 "O TexHUUECKOM peryiIupoBaHuu’, a
MpaBuJia MPUMEHEHHS HAIMOHANBHBIX cTaHAapToB Poccuiickoit denepanuu - 'OCT P 1.0-2004
"Cranmaptuzanus B Poccuiickoii @enepanyu. OCHOBHBIE TTOJIOKEHUS".

CenenHus 0 cTaHapTe

1. Tloarorosinen OTKpBHITHIM aKIMOHEPHBIM obmecTBoM "HayuHo-uccienoBarenbckuii
HEHTp KOHTPOJNS U AWAarHOCTUKH TexHuueckux cucreM" (OAO "HUI[ KJ/I") ma ocHoBe
COOCTBEHHOT0 ayTEHTHUUYHOTO IepeBO/ia CTaH1apTa, YKa3aHHOTO B MMYHKTE 4.

2. Buecen Texnuueckum komurerom no crangaptuzauun TK 10 "[lepcnextuBHBIE
IIPOU3BOJICTBEHHBIE TEXHOJIOTUH, MEHEPKMEHT U OLIEHKA PUCKOB'.

3. VYrBepxkneH u BBeneH B jeictBue IIpukazom @enepalbHOrO areHTCTBA 110
TEXHUYECKOMY PETyJINPOBaHUIO U MeTposoruu ot 27 nekadpst 2007 r. N 569-cT.

4. Hacrtosmmii craHaapT  SBISETCS  MOAM(PHUIMPOBAHHBIM IO  OTHOLIEHHIO K
MexyHapogHomy ctangapty MOK 61078:2006 "Metonbl aHain3a HaAEKHOCTH CHCTEM.
CrpykrypHas cxema HaaexHocTH 1 0yneBbl Metoabl" (IEC 61078:2006 "Analysis techniques for
dependability - Reliability block diagram and boolean methods") myrem BHeCEHHS TEXHHUYECKUX
OTKJIOHEHUH, 00BsICHEHNE KOTOPBIX MPUBEICHO BO BBEJICHUU K HACTOSILEMY CTaHIAPTYy.

HaumeHoBanue HacTosillero cTaHgapTa HW3MEHEHO OTHOCUTEIBbHO HAMMEHOBaHUS
yKa3aHHOTO MEXYHAapOJHOTO cTaHaapTa s npuseneHus B cootrBercteue ¢ 'OCT P 1.5-2004
(mompasmen 3.5).

5. B3amen I'OCT P 51901.14-2005 (M3K 61078:1991).
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Wudopmanus 00 M3MEHEHHMAX K HACTOSIIEMY CTaHAApPTy MNyOIHMKYeTCs B €XKEroJHO
n31aBacMoM MHGPOPMAIIMOHHOM yKasarene "HarmoHanbpHble cTaHIapThl", @ TEKCT HU3MEHEHUN U
MOMPAaBOK - B €KEMECSYHO H3/1aBaeMbIX HMH(DOPMANMOHHBIX YyKa3aTensx "HarmoHanabHBIC
crangapTel’. B cinyuae mepecMoTpa (3aMeHBI) WJIM OTMEHBl HACTOSIIET0 CTaHJapTa
COOTBETCTBYIOILIIEE  yBEAOMIIEHHE OyJeT OmyOJMKOBAaHO B  €XKEMECSYHO H3/1aBaeMOM
nHpopmanmonHoM ykaszarene "Hamuwonanbhbplie ctangapthl”". COOTBETCTBYOIIAs MHMOpMAIus,
YBEJIOMJICHHE ¥ TEKCThl pa3MEHIAlOTCS TakkKe B HHPOPMAIIMOHHOW CHCTeME OOIIero
MOJIb30BaHUA - Ha oduuuanbHoM caiite defepanbHOrO0 areHTCTBa IO TEXHUYECKOMY
PEryJIMpPOBAHUIO U METPOJIOTUU B ceTu HTepHeT.

Bsenenue

Cyl1ecTBYIOT pa3iMuYHbIE METOJIbl MOCTPOEHUS CTPYKTYpHOH cxeMbl HajnexHoctu (RBD
<1>). llenb npuMEeHEHUs KaXKJOr0 U3 ITUX METOJIOB M BO3MOXHOCTh UX MHIMBUAYAJIBHOTO MU
KOMOWHUPOBAaHHOTO NPUMEHEHHUs JUIS OLEHKH IoKa3areiei Oe30TKa3sHOCTH M TOTOBHOCTH
CHUCTEMBbl WJIM €€ KOMIIOHEHTOB JOJDKHBI ObITh OHpeseNieHbl A0 Hauyana pabotel Haj RBD.
HeoOxonnMo Takxke HpPOBECTH aHAINU3 PE3YJIbTATOB KaXJOr0 METoJa, TpeOyeMbIX MAHHBIX,
CJIO)KHOCTH METO/1a M IPYrux (pakTopoB, yKa3aHHBIX B HACTOSILEM CTaHAAPTE.

<1> Reliability block diagram methods.

RBD mpeacraBnsier coboil rpaduueckoe u300pakeHHE pPabdOTOCIOCOOHOTO COCTOSHHS
cuctembl. RBD moka3piBaeT JIOTHYECKYIO CBSI3b  (YHKIIMOHHUPYIOIIUX KOMIIOHCHTOB,
HEOOXOUMBIX JUTS YCIICIIHOM pab0ThI CUCTEMBI (JaJiee - YCIeX CUCTEMBI).

Koncynsrantlntoc: npumedanue.
CcplIKu Ha HalMOHAJIbHbBIE CTAHJAPTHI, BBIACICHHbIE KYPCUBOM B O(UIIMAIBHOM TEKCTE
JIOKYMEHTA, B 3JIEKTPOHHOM BEpCUU JTOKYMEHTAa OTMEUEHbI 3HaKoM "&".

B orianune OT mpUMEHSIEMOro MEXIyHapOJHOTO CTaHAapTa B HACTOSILMN CTaHIapT HE
BKJItoueHsb! ccbliIki Ha MOK 60050-191:1990 "MexayHapoaHblil 2JIEKTPOTEXHUYECKHM CII0BApb.
I'maBa 191. HagexHOCTh M KayecTBO YCIYr", KOTOPBIM HELENecoOo0pa3sHO MPUMEHSTh B
HAI[MOHAJIBbHOM CTaHIApTEe U3-3a OTCYTCTBUS IMPHUHITOIO FapMOHU3UPOBAHHOTO HAIIMOHAIBHOIO
ctanaapTa. CCbUIKM Ha HallMOHAJIbHBIE CTAHAAPTHI BbIIETICHBI B TEKCTE CTaHJapTa KypCHUBOM.

1. O6nacTe NpUMEHEHUs

Hacrosuuii crangapT ycTaHaBIMBAET METO/AbI TOCTPOSHHSI MOJIETN HAJECKHOCTH CUCTEMBbI
U MCII0JIb30BaHMsI 9TOM MOJENH JUIs BEIYUCIIEHUS MToKa3aTelneil ee 6e30TKa3HOCTH ¥ TOTOBHOCTH.

MeToapl MOJENMPOBAHUS HAa OCHOBE CTPYKTYPHOM CXEMbl HAJIEKHOCTH IpeIHA3HAYCHBI
JUIsl. HEBOCCTAHABIMBAEMBIX CHUCTEM, y KOTOPBIX NOPSAIOK IIOSBJICHHS OTKAa30B HE MMEET
3HaueHus. s cucteM, y KOTOpBIX MOPSAJIOK MOSIBIEHHS OTKa30B JIOJDKEH YYUTBIBATHCA, U
BOCCTaHABIMBAEMBIX CHUCTEM OoJiee MOAXOMAUIMMHU SBISIOTCS JAPYrMe€ METOJbl, Takhe Kak
MapkoBcKUil aHAJIN3.

Crenyer OTMETUTh, YTO JUI IeJIel HAaCTOSAIIEro CTaHAapTa TepMUHBI "O00K" U "37eMeHT"
SBIISIIOTCSL MJCHTUYHBIMM M O0O03HA4aloT TPYIIY U3 OJHOIO HIJIM HECKOJIbKHUX KOMIIOHEHTOB
CHCTEMBI, PAaCCMATPUBAEMYIO KaK HEJIEINMOE LIEJI0E.

2. HopmaTuBHBIE CCHIIIKH

B mHacrosmiem cTaHmapTe WCIOJB30BaHBI HOPMATHUBHBIC CCBUIKM Ha  CIICAYIONIUE
CTaHIapTHI:

&I'OCT P 50779.10-2000 (MCO 3534-1-93). CraTtuctuyeckue MeToabl. BeposTHOCTh H
OCHOBBI CTaTUCTUKU. TepMUHBI U ONpeAeTICHUS




Koncynprantlintoc: npumeydanue.
I'OCT P 51901.13-2005 yrpatun cuny ¢ 1 centsops 2010 rona B ¢Bsi3U C BBEJICHHEM B
nericteue 'OCT P 27.302-2009 (ITpuxa3 PocrexperynmupoBanus ot 15.12.2009 N 1249-cr).

I'OCT P 51901.13-2005 (MBK 61025:1990). MenemxMmeHT pucka. AHamu3 JepeBa
HEHUCTIPaBHOCTEU&.

[Tpumeuanue. [lpu MONB30BaHMM HACTOSIIMM CTAaHAAPTOM IIeNIeCOOOPa3HO MPOBEPUTH
JIeCTBUE CCBUIOYHBIX CTAHJAPTOB B MH(OPMAIMOHHOW cHucTeMe OOIero IOJb30BAHUSA - Ha
opunmansHOM caiite @Denepa’dbHOrO areHTCTBA IO TEXHUYECKOMY pETYIMPOBAHUIO U
METPOJIOTHH B CeTU VIHTEpHET WM 10 €XEroJHO M31aBaeMOMYy MH(OPMAILMOHHOMY yKa3aTellto
"HanuoHanpHble cTaHAAPTHI", KOTOPBIA OMYOJMKOBAH 10 COCTOSIHMIO Ha 1 sHBaps TEKYyIIEro
rofia, U IO COOTBETCTBYIOIIMM €XEMECAYHO H3JaBacMblM HMH(OPMAIMOHHBIM yKa3aTellsiM,
OIyOJIMKOBAaHHBIM B TEKyIleM ronay. Eciy cChlIouHBIM cTaHAApT 3aMEHEH (M3MEHEH), TO IpU
IOJb30BAHUM  HACTOSAIIMM  CTaHAAPTOM  ClEQyeT  PYKOBOJCTBOBATbCS  3aMEHSIOIIUM
(u3MeHeHHBIM) cTaHaapToM. Eciii cCbUIOUHBIN CTaHIApT OTMEHEH 0€3 3aMEHBI, TO MOJIOKEHHE, B
KOTOPOM JlaHa CChIJIKA Ha HEro, IPUMEHSIETCS B YaCTH, HE 3aTParuBarollel 3Ty CChUIKY.

3. TepMuHBI U onpeeneHus
B nHacrosimeMm crangapre npuMeHensl TepMuHsbl U onpenenenus no &I'OCT P 50779.10&.
4. YcnoBHble 0003HauCHUS

B HacTosimem cranmapTe MpUMEHECHBI CIISAYIONE 0003HAYCHUS
A, B, C - IIPM MCIOJIb30BAHMM B OYJIEBHIX BEHPAXEHMAX YyKa3bBAalT Ha TO,
uTo O0OBeKTH A, B, C Haxomarcsa B paboOTOCHOCOOHOM COCTOSHUMN;

v - IOPY MCIOOJb30BaHMUM B OYJIEBHIX BEPaXEHMSAX YKASHBAT Ha TO,
uTOo OOBeKTH A, B, C HaxomaTcsa B HepaboTOCIOCODOHOM
COCTOSAHUM;
S - BEPOATHOCTBL OTKasza CUCTEMEH;
fa(t)

- IJIOTHOCTBb paclpenejieHMrs Hapa®oToOK IO oTkaza OJjoka A;
P(SS|oTrkas X) - yCJOBHas BEPOSATHOCTbL YyCllexa CUCTEeMbl INPU YCJIOBUM,
uyTo 0OBekT X OoTkKaszall;

R, R(t), S() - BEPOSATHOCTbL 0Oe30TKa3HOM pabOoTH [BEPOATHOCTL TOTO, UYTO OOBEKT
MOXEeT BBIIOJHATE TpedfyeMyn OYHKLUMIO B BalaHHHX YCJIOBUSIX
B TeueHMe MHTepBaJjsa BpemeHu (0, t)];
A 1B - BEepPOATHOCTL BEe30TKAaBHOM pPaboTe OJOKOB A, B,...;
S - BEPOATHOCTL 0es30TKasz3HOM paboOTEl CUCTEMEH;
sw - BEpPOATHOCTEL BE30TKABHON PabOTH YCTPOMCTE MNePeKII0UeHMs
Y OAaTUUKOB;
SFE - OTKas3 CUCTeMHl (MCIIOJIb3yeTCsa B OYyJIEBHIX BHPaXEHUAX) ;
SS - yCIex CHUCTEeMBl (MCHOJIb3yeTCsa B OyJIeBHX BEPAXEHUAX) ;
t - 3amaHHas Hapab®oTka MM pPaCCMaTPUBAEMBEI MEPUOI BPEMEHMU;
A’ﬂB’ﬂc - NOCTOSHHas MHTEHCUBHOCTBH OTKas30B OJOKOB A, B u C;
Bd - MHTEHCUBHOCTBL OTKAB0B OJioka B, HaAxXOoI4meIrocsd B COCTOSHUM
HEHAT'PYXEeHHOT'O pesepBa;
Hnr Hey He - IOCTOSHHAS MHTEHCMBHOCTL PEeMOHTa OJIokoB A, B u C;
n

- KOJIMUECTBO CIIOCOOOB BHOOPA r OOBEKTOBR M3 N (UMCJIO COUYETaHUM



M3 N o r);

0, 1 — CHMMBOJIE, MCIIOJIb3YyeMEe B Tabjmliax MCTUMHHOCTM IJIS
0603HaUeHMa OTKaza M paboTOCHOCOOHOTO COCTOSAHMA OOBEKTa,
a TakXe B 3aroJIoBKax KOJIOHOK Tadsmii;

M. .
— CUMMBOJIEL OyJIeBOM ajredbprl, oOO3HauvawmMe Jjormdeckoe I,
AnB, AB=AB
HalpyMep (mepeceueHue A u B);
Ut - CHUMBOJIH OyJieBOM aJyiredbprl, obOos3Hauvaluyme Jorudeckoe WIN,
HaIpuUMep Av B’ A+B (oBwemomHeHMe A u B);

A

e = }o
B

le—— A |—e0

=

- HaATPYyXEHHB pe3epB (napajuyiejlbHOe COeIMHEHME) ;

- HEHAT'PYyXEHHE pPe3epB;

|

1

I

1

I— - m/n o3HavaeT, UTO IJid yClexa CUCTEMBE C HaTpyXeHHBM
pe3epBoOM HeoOxoamMo paboTOoCHOCOOHOEe COCTOSHME M
M3 N MOEHTUYHHX PE3E€PBHEIX 3BJIEMEHTOB;

I - BXOZX;

O - BHBIXOI.

[lprMeuaHMe . Takme 0OO3HAUEHMS MUCIOJNBL3YITCS TOJBbKO OJjs ynmobcTBa. OHM He
obsa3aTesibHH, HO MOTI'yT OBITb TIIOJIE3HBE B CJlydYasaX, KOI'Ia HalpaBJIeHME UMeeT
3HAUYEeHUE;

[— A I—e0

— TI'pyllla OINHOT'O MJIM HECKOJIbKMX KOMIIOHEHTOB CHMCTEMEI.

5. IIpeanonoxeHust 1 OrpaHUYECHUS

5.1. He3aBUCUMOCTH COOBITHI

OfHMM U3 CaMBIX BaXKHBIX MPEIIOJIOKEHUN, HA KOTOPOM OCHOBaH METO]I, YCTAHOBJICHHBIN
B HaACTOAOIEM CTaHAApTe, MABJICTCA TO, UYTO JBJIEMCHTBI CHUCTCMBbIL (I/IJ'II/I 6J'IOKI/I, nux
npenctapisirorie B RBD) MoryTr cymiectBoBath TONBKO B OJHOM W3 JBYX COCTOSTHHIL:
paboTocrnocoOHOM MU HEPAOOTOCTIOCOOHOM (OTKa3).

JIpyruM BaXHBIM MPEINONI0KEHUEM SIBISIETCSA TO, YTO OTKa3 (MJIM PEMOHT) JH000ro Oiioka
HE BIUSET Ha BEPOATHOCTh OTKa3a (WJIM PEMOHTA) JHOOro JApyroro OJI0OKa CUCTEMBI. IJTO
03HAYaeT, YTO MMEIOTCS JOCTATOYHBIE PECypChl A OOCIyKUBaHHs OJIOKOB, HY>KIAIOIINXCS B
pPEMOHTE, W YTO J000E HEOOXOJAMMOE KOJHMYECTBO CIEIUAIMCTOB MOXET 3aHUMAThCS
BOCCTAHOBJICHHEM KOHKPETHOTO 0JI0Ka OJIHOBPEMEHHO, He Melias apyr Apyry. Takum obpazom,
npeamnojgarac€rcda, 4YTOo OTKa3dbl W PEMOHT OTACIBHBIX OJIOKOB SIBIIIFOTCSI CTAaTHCTUYECKU
HE3aBHCHUMBIMH COOBITHUSIMHU.

5.2. IlocnenoBarenbHbIe COOBITHS

Meton RBD He moaxomuT Ansi MOJAENUPOBAHHS COOBITHIA, 3aBUCAIIUX OT TOPSIKA HX
MOSABJICHUA WM 3aBUCHUMBIX BO BPCMCHHU. B Takunx cirydasax HeO6XOJII/IMO HCIIOJIB30BATh APYTHUC
METO/IbI, HanpuMep MapkoBckuii aHanu3 wiu cetu [lerpu.

5.3. Pacnipeenenue HapaOOTOK /10 OTKa3a

Ecnu BBIMONHAIOTCS TPEANONOKEHUs, ykazaHHble B 5.1, HET Apyrux orpaHuueHUil Ais
pacrpeesieH s, UCIIOIb3yeMOTo JJIs OIMCaHUs HapabOTOK JI0 OTKAa3a WM PEMOHTA.



6. OmnpeneneHne COCTOSTHUN ycrexa/oTKa3a CUCTEMBI

6.1. O0mue moyoKeHus

OcCHOBOH AJ11 IOCTPOEHUSI MOJIENH O€30TKA3HOCTH CUCTEMBI SIBJIIETCS YETKOE IIOHMMaHUe
BapHaHTOB (YHKIIMOHUPOBAHMUS CUCTEMBbL. YacTo A CHCTeMbl HEOOXOAMMO HECKOJIBKO
orpeneNeHuil ycnexa/otkasa. Bce oHM TOKHBI OBITH Onpeienensl U nepeunciensl. RBD moxer
OBITh TOCTPOCHA HA PA3IMYHBIX YPOBHAX: YyPOBHE CHUCTEMBI B IIEJIOM, YpPOBHE
MOJICUCTEMBI/MOAYISI WM YpoBHE cOopounbix enuHul. Ecmu RBD paspabateiBator ist
JATbHEHIIIETO aHajlu3a CUCTeMbl (Hampumep, s npumeHenus FMEA <1>), momkeH ObITh
BBIOpaH YPOBEHb, MOIXOSALIUHN AJIS TAKOTO aHAJIM3a.

<1> Failure for mode and effects analysis (FMEA) - anmanu3 BHIOB M IOCJCACTBHIA
OTKa30B.

Kpome Toro, JOIKHBI OBITh YETKO OIHCAHBI:

- BBITIOJIHAEMbBIE (PYHKIINH;

- KCIUTyaTalOHHBIC TAPAMETPhI M MX TOIMYCTUMBIC PE/CIbHbIC 3HAUCHNUS;

- YCIJIOBHS SKCIUTyaTalluy ¥ OKPYKAroIIeH Cpejibl.

[Ipu paszpadorke RBD nomyckaercs HCHONB30BaTh METOIbl KAYECTBEHHOI'O aHaIM3a.
[ToaTOMy NOIKHO OBITH YCTAHOBJICHO OINPEIEICHHE VIS ycIexa/oTKaza CHCTeMBl. [ Kak1oro
OIPE/ICIICHUs yCIIeXa/0TKa3a CUCTEMbl Ha CIICAYIOIIEM JTalle CHCTeMY HEOOXOIUMO pa3lieliiTh
Ha JIOTHYECKHE OJIOKH B COOTBETCTBHUH C OeasaMH aHaJIu3a. biokn MOTYT MPCACTABJIATH coboit
HO/ICHCTEMBI, KOTOPbIE B CBOK O4Yepelb MOTYT OBITh IMpEICTaBICHBI cOOCTBeHHbIMH RBD
(BoccTaHABJIMBAaEMBIX CHCTEM, CM. 8.4).

Koncynpsrantlintoc: npumedanue.
I'OCT P 51901.13-2005 yrpatun cuny ¢ 1 centsaops 2010 roma B CBsi3u C BBEJACHHEM B
neiicteue 'OCT P 27.302-2009 (Ilpuka3 PocrexperynupoBanus ot 15.12.2009 N 1249-cr).

Jlnia onpeneneHus: KOTUYECTBEHHBIX OLIEHOK MOKa3zaTeneil 6e30TKka3HOCTH Ha ocHoBe RBD
MPUMEHUMBI Pa3JIMYHbIE METOJIbI. B 3aBUCHMOCTH OT BHJA CTPYKTYPHOM CXEMbI HAJCKHOCTH
UCTIONB3YIOT TpocThie OyneBbl Metoabl (cMm. 8.1.3) w/unu ananu3 AepeBa HEUCIPABHOCTEH (CM.
&T'OCT P 51901.13&). Boruncnenusi MOryT ObITh CII€IaHbl C IPUMEHEHHUEM METOJ0B TEOPUU
HaJeKHOCTH, AHAIUTUYECKUX METOJ0B WM MozenupoBanus Monrte-Kapno. I[IpeumymiectBo
MozenupoBanuss MonTte-Kapiio 3akiodaercss B ToM, 4To cOObITHS B cooTBeTcTBHU ¢ RBD He
JOJKHBI OBITH OMUCAHBl AHAJTUTHUYECKU, TaK KaK MOJECIMPOBAHUE YUUTHIBACT JIHIIb COCTOSHUE
(paboTocmocoOHOe M HEPabOTOCTIOCOOHOE) Kaxkaoro 0s10ka (cm. 8.1).

Tak Kak CTpPYKTypHas CXeéMa HaJeKHOCTH OIMUCHIBAET JIOTUYECKUE OTHOILIEHHS,
HEoOXOaUMBbIE JUIsl ONMUCaHUs (YHKIIMOHAJIBLHOTO COCTOSIHHS CHCTEMBI, OHa HE 00s3aTENbHO
OTpakaeT Crmoco0 (U3NYECKOTO0 COEAMHEHMS allapaTHhIX cpeacTB, XoTs RBD o0wkuHO B
MaKCHMaJIbHO BO3MOKHOM CTETIEHH YYUTHIBAET (PU3HUECKUE CBA3H B CHCTEME.

6.2. [leTanbHble pacCCMOTPEHHUS

6.2.1. OyHKIIMOHUPOBAHUE CUCTEMBI

Bo3MoxHO, 4TO paccMaTpuBaeMblii 00bEKT PYHKIIMOHUPYET B HECKOJIBKUX pexumax. Eciu
JUTSL KQXKJIOTO PEeKUMA UCTIONB3YIOT OTJENBHYIO CUCTEMY, TO KX TaKOH pexUM HEOOXOIMMO
paccMaTpuBaTh HE3aBHUCHMMO OT JPYTUX U HCIOJB30BaThb MpPU OSTOM CBOU MOJENIHU
(GYHKIIMOHATIBHOTO COCTOSHUSI CHCTeMBbl. Eciu Bce (YHKIMM BBIONHSET OJHA CHUCTEMa IS
Ka)KI0ro TUIMa (QYHKIIMOHUPOBAHUS, CIelyeT UCcroiab30BaTh cBot0 RBD. IIpu aToM Heobxonumo
HAIMYUE YeTKUX OMHCAHUN (JIOTHUECKUX YTBEPXKIEHUH) yCrexa/oTKa3a CUCTEMBI JIJISl KaxI0u ee
GyHKIHH.

6.2.2. YcnoBus OKpy>Karollen cpesl

TpeboBanusi K (QYHKIMOHUPOBAHUIO CUCTEMBI JOJKHBI COIMPOBOXKIATHCS OINHUCAHUEM
BHEITHUX YCIIOBUHM, IS KOTOPBIX pa3paboTaHa cucTeMa. B omucaHue BHEIIHUX YCIOBUU



JOJDKHO OBITh BKJIIOYCHO OINUCAHHE YCJIOBUM, BO3JCHCTBHIO KOTOPBIX CHCTEMa Oyaer
MOJIBEPTaThCsl IPU TPAHCIIOPTUPOBAHHUH, XPAHEHUH U DKCIUTyaTaIl|H.

OObIYHO dYacTh O0O0OpYIOBaHWS TpEJHA3HAYCHA IS HCIIOJIb30BAHUS B HECKOJIBKUX
BHEIIIHUX YCJIOBUSX. Hampumep, Ha MOPCKOM Cy/IHE, B camMoJIeTe WK Ha 3emiie. B aTom cirydae
OILICHKU TOKa3aTesieii 0C30TKa3HOCTH MOTYT OBITh BBIMOJHCHBI C IOMOIIBIO OHON M TOH Ke
CTPYKTYPHOH CXEMbI HAJIC)KHOCTH M WHTCHCHUBHOCTEH OTKa30B, COOTBETCTBYIOIIMX KaXKIOH
BHEIIIHEHN CpeE.

6.2.3. Pabouunii nuki

JIOJOKHBI ~ OBITh ~ YCTAHOBJICHBI ~ COOTHOIICHHS MEKAY KaJICHIApHBIM  BPEMEHEM,
HapaOOTKaMH W IMKJIaMH BKJIIOYCHHS/BBIKIIOUEeHUs. Eciim  mpeamonararTr, 4YTO TpoIecc
BKJIIOYCHUS/BBIKIIIOUCHHST 000pYIOBaHMS HE MOPOXIAaeT OTKA30B W HHTEHCHBHOCTH OTKAa30B
00OpyOBaHUSl TIPU XPAHEHHH SIBJSICTCS HECYIIECTBEHHOH, TO CIEAYeT YYHUTBIBATH TOJBKO
dakTryeckoe BpeMsi paboThl 000pyIOBaHHUS.

OnHaKo B HEKOTOPBIX CIIydasX MPOIECCHl BKIOUEHHS W BBIKIIFOUCHHS SIBJISIFOTCS TJIABHOW
NpUYMHOIN OTKa3a oOopynoBanusi. Kpome Toro, o0opynoBaHue MOXKET UMETh Oojiee BBICOKYIO
WHTCHCUBHOCTh OTKa30B IPH XPAaHCHWH, YeM IpH padoTe (M3-3a BO3JCHCTBHS BIIAXKHOCTH,
KOppO3UM H Jp.). B CHOXKHBIX ciy4asx, KOrJa TOJIbKO YacTH CHCTEMBl BKIIIOYAIOTCS U
BBIKJIFOYAIOTCS, Oo0Jiee TOIXOASIIMMH Ui MOJCIUPOBAHMS SIBISIOTCS JIPYTHE METObI
(Hanpumep, MapkoBckuil aHaIu3).

7. IlpocTeie MOAENH

7.1. Pazpaborka RBD

IIpu pa3zpa®oTke CTPYKTYpHOM CXeMbl HAJEKHOCTU CHCTEMbI CHayanga HEOOXOIUMO JaTh
OIIpEJIeTICHNe  COCTOSIHMSAM  ycIleXa/oTKa3a CHCTeMbl. EciM  HCHONB3YIOT — HECKOJBKO
OIpesieNIeHuH, TO JUIsl KaKJOro M3 HUX MOXKET MOTpeboBaThcs OTAEIbHAs CTPYKTypHas cxema
HAJIKHOCTH. 3aTeM HEOOXOIMMO Pa3/IeIUTh CUCTEMY Ha OJIOKH, OTpaXkast JJOTHKY WX ITOBEICHUS
B CHUCTEME TaKMM oOO0Opa3oM, 4YTOObI Kax/blii OJOK OBUI CTaTUCTMYECKHM HE3aBUCHUMBIM U
MakcUMaibHO OonbmiuM. B TO ke Bpemst Kaxzablii OJOK, MO BO3MOXKHOCTH, HE JIOJKEH
COJIEpKaTh PE3EPBUPOBAHUS.

Ha mnpaktuke Moxer mnoTpeOOBaThCS HECKOJIBKO IOMBITOK IOCTPOEHUS CTPYKTYPHOM
CXE€Mbl HAJEKHOCTH (KaXIbli pa3 MOBTOPsS OINUCAHHbIE BBIIIE I[IArW) I TOTO, YTOOBI
NOJTy4uTh noaxoasmyo RBD.

Crenyronuii mar OTHOCUTCS K OIPEJIEJIEHUI0 yCIleXxa/0TKa3a CUCTEMbI U BKIIIOYAeT B ceOs
MOCTPOCHUE JIMHUN, COEAMHSIOMMX OJokM M ¢dopMupyromux Mnyrb ycnexa. Ha pucyHkax,
IIPUBEICHHBIX HI)KE, IIOKa3aHbl pa3jdM4YHble IIyTH YycHexa OT BXxoJa A0 Bbeixoza. OHH
OOBEAMHSIOT TaKyl0 KOMOMHAIUI0 OJIOKOB, NpHU (PYHKIMOHHMPOBAHUHM KOTOPBIX CHCTEMaA
HaxoauTcss B pabOTOCIOCOOHOM cocTossHMM. Ecnmum  amd  QyHKIMOHUPOBAHHUS — CHCTEMBI
HE00X0auMO, 4TOObI (DYHKIMOHHPOBAIU BC€ OJOKH, TO B COOTBETCTBYIOUIEH CTPYKTYpHOI
CcXeMe HaJIe’KHOCTH Bce OJIOKM JOJDKHBI OBITh COEAMHEHBI MOCIEeI0BaTeIbHO, KaK MMOKa3aHO Ha

pucyske 1.

le- A B c p——----- — Z |—e0

| - mopt Bxoga; O - mopT Beixona; A, B, C, Z - 6J10KH cUCTEMBI
Pucynok 1. IlocnegoBarenbHasi CTpyKTypHasi cXxema HaJIeXKHOCTH

CTpyKkTypHBIE  CXE€MBl  TaKOro  THIA  HA3bIBAIOT  [OCJIENOBATEIBbHBIMU  WIH
"TIociIe10BaTEILHON MOJENIELIO".

Ecnu B cOOTBETCTBUU C ONpeAeNEHUEM YCIIeXa/0TKa3a CUCTEMBI OTKa3 OJHOTO KOMIIOHEHTa
WM 0JI0Ka He BIUSET Ha (YHKIIMOHUPOBAHUE CHUCTEMBbI, UCIOJB3YIOT JIPYTroi THUI CTPYKTYPHOM



cXeMbl cucTteMbl. Hampumep, ecnu Bcs TOCIeqOBaTeNbHAas LEMoYka OyOiuMpoBaHa, TO
CTPYKTypHasi CXeMa HaJIe)KHOCTU CHCTeMbl MMEET BHUJ, IOKa3aHHbI Ha pucynke 2. Ecmu
nyOnupoBaH KaXAbli OJIOK MOCJIEN0BATENIbHON IEMOYKH, TO CTPYKTYpHas CXeMa MMEET BH,
MOKa3aHHBIM Ha pucyHke 3. CTpyKTypHBIE CXEMbI TAaKOT'O BUA HA3BIBAIOT MapajlieIbHBIMU MU
"mapamnensHoi  Mozenbio".  Creayer  MOMHHTb, YTO  TEPMHUHBI "myOIMpoBaHHBIN",
"pe3epBUpOBaHHBIN" ¥ "MapauienbHBIH" OMWU3KUA MO 3HAYCHHUIO W Jlajiee HCIOJIB3YIOTCS Kak

CUHOHHMMBI.
A1 B1 C1 ————— 71
i 0
A2 B2 c2

—————] 22

Pucynok 2. [locnenoBatenbHo-napaienbHas CTPYKTYpHas
CXEMa HaJIe)KHOCTH

Al B1 C1 21
A e e
A2 B2 Cc2 zZ2

PI/ICYHOK 3. HapaJ'IJ'IeJ'ILHO'HOCJ'I@I[OB&TGJ'ILH&H CTPYKTYpHas
CX€Ma HaJC)KHOCTHU

CTpyKTypHBIE CXEMBI HAJEKHOCTH, UCIIONb3yeMbIC I MOJACIHPOBAHUS O€30TKa3HOCTH
CUCTEMBI, OOBIYHO TPEJCTABIAIOT CO0O0M CIOKHbIE KOMOHMHAIIMM TIOCIEIOBATENbHBIX U
napajuieNIbHBIX cXeM. Takylo cXeMmy HCIONIB3YIOT, €ClIM, HallpuMep, Hal0 y4ecTb COCIHMHEHHUE
Tpex 01okoB A, B u C u obmero 6:10ka snekrponurtanus (D). B aToM ciydae cxema umeer BU,
MOKAa3aHHBIM Ha pUCYHKaX 4 Wiu 5.

A1 B1 C1
o e
A2 B2 c2

Pucynok 4. KoMOuHupoBaHHasi CTpYKTypHas cXxeMa Ha/IeKHOCTH
C pe3epBUPOBAHUEM, BapUaHT |

A1 B1 C1
aatinl H e
A2 B2 Cc2

Pucynok 5. KomOuHUpOBaHHAs CTPYKTYpHAsi CXeMa HaJeKHOCTH
C pe3epBUPOBAHHUEM, BAPHAHT 2

g oOecniedyeHus CTaTHUCTUYECKOM HE3aBHCHMOCTH OTKa3 J000ro OJoka He 0JKEH
BBI3bIBAaTh M3MEHEHHE BEPOSATHOCTH MOSBJICHHUS OTKa3a JII0OOTo Apyroro Oioka cuUcTembl. B
YAaCTHOCTH OTKa3 pPE3epBHUPOBAHHOTO OJOKa HE JOHKEH BJIUATH Ha OJIOK DIIEKTPONMUTAHUS
CHUCTEMBbI WJIM UCTOYHUK CUTHAJA.

Yacto BO3HMKAaeT HEOOXOJUMOCTh MOJIEIMPOBAHUS CHCTEMbI, OIpeJIeeHHe Yycrexa
KOTOPOW  YCTaHaBIMBAaeT, YTO Uil  (YHKIMOHUPOBAHUA  CHUCTEMBI  HEOOXOAMMO
(GYHKIMOHUPOBAHKWE M WM OOJIBIIEr0 KOJMYECTBA MapaluIeTbHBIX AIeMeHTOB. CTpyKTypHast



CXEMa HaJeKHOCTH TaKOM CUCTEMbI IPUHUMAET BUJ, TOKA3aHHBIM HAa pUCYHKax 6 win 7.

X1

1 X2 0

X3

Pucynox 6. PezepBupoBanue 2/3

— X1

— X2
I o— 2/4 0
— X3

— X4

Pucynok 7. PesepBupoBanue 2/4

Takum oOpa3zom, 1 CUCTEMBI, U300paKEHHONW Ha pUCYHKE 6, OTKa3 OJAHOIO 3JEMEHTa
SBIISIETCS IOMYCTUMBIM, @ OTKa3 ABYX WU O0Jiee MPUBOJIUT K OTKAa3y CUCTEMBI.

BOnpIIMHCTBO CTPYKTYPHBIX CXEM HAJEKHOCTH SIBJIFOTCS NOHATHBIMM, a YCIOBUS yCIexa
CUCTeMBbl - O4eBHIHbIMH. OJHAKO HE BCE CTPYKTYpHBIE CXEMbl MOTYT OBITh CBEICHBI K
KOMOMHALMSIM TIOCJIEI0BATENbHBIX WM MHapalienbHbIX cucteM. Ilpumep Takol cTpyKTypHOM
CXEMbI HaJIEKHOCTH MOKa3aH Ha PUCYHKE 8.

— B1 S| c1 |-
I o— A —e 0
-4 B2 C2 =

Pucynok 8. CTpykTypHas cxema HaIe)KHOCTH
C MOCJIeI0BATENbHBIM U MapaUIeIbHBIM COETUHEHNEM OJ0KOB

Jng ycmexa cHCTeMBl HEOOXOJMMO, 4YTOOBI B pabOTOCTIOCOOHOM COCTOSIHUU OBbLIN
sneMeHTH Bl u C1 unu snementel A u Cl, wiin A u C2, muim B2 u C2.

Cxema, n3o00pakeHHasi Ha PUCYHKE 8, MOXKET MPEJICTABIISITh COOOM CXeMY CUCTEMBI TIOIa4H
TOIUTMBA Ha JBUTATENIM JIETKOTO camolieta. DineMmeHT Bl mpencraBisier coOod MOCTaBKY Ha
nsuratens jesoro 6opra (Cl), anement B2 - mocraBky Ha nBurarens npasoro 6opra (C2), a
MEMEHT A - pe3epBHYI0 TIOCTaBKY Ha o00a jBuratens. JImsi oTKa3a JaHHOW CHCTEMBI
HE00X0AMMO, YTOOBI OTKa3aau 00a JBUTATEIIA.

HeoO6xomumMo oTMeTHTH, YTO BO BCEX CXEMaxX, NMPHUBEJACHHBIX Ha pUCyHKax | - 8, HeT
OJIOKOB, TOSIBIISIFOIIMXCSL HA qUarpamme Heckolbko pas. [Ipouemypsl moctpoenus Gpopmyn amus
OIICHKH BEPOSTHOCTH O€30TKA3HOCTH M PAbOThI CHCTEM TOTO TUIIA IPUBECHBI B pasjere §.

7.2. OnieHka BeposTHOCTH 0€30TKa3HON pabOThI

. R, (t
BeposiTHOCTh 6€30TKa3HON pabOTHl CUCTEMBI s(0) 3TO BEPOSATHOCTH TOI'0, YTO CHUCTEMA
MOJKET BBIMOJHATh TpeOyeMyro (YHKIUIO B YCTAaHOBJIEHHBIX YCJIOBHSIX B TE€UEHHME 3a/laHHOTO



untepBasia Bpemenu (0, t). B oOmem ciaydae ans BepoATHOCTH O€30TKa3HOM pabOThHI
cripaBeyrBa hopmysia

R, (t) =exp —j.ﬂ(u)du

rac A(U) - MHTCHCUBHOCTb OTKa30B CUCTEMbI B MOMCHT BPEMCHHA t=u.
R (1) Ry Fs
[[anee 6y,I[eT 0003Ha4YaTHCS . BepOHTHOCTB OTKa3a CHUCTCMBI CBiA3aHa C

BEPOATHOCTBIO 0e30TKa3HOMI pa60TbI CHCTEMBI cneny}omeﬁ 3aBUCUMOCTBIO

F, =1-R,

7.2.1. IlocaenoBaTenbHBIE MOAEIN
Jia cuctem, RBD koToppix n300pakeHa Ha pPHUCYHKE |, 3aBHCHUMOCTh BEPOSTHOCTU

. R . .
0e30TKa3HON PabOTBI CHCTEMBI S OT BEpPOSTHOCTEH O€30TKa3HOW pPaOOThI SJIEMEHTOB
OMHCHIBACT opmyia

RS - RARBRC RZ ’ (1)

T.€. BEPOSTHOCTh OE30TKa3HOH pabOThI CHCTEMBI paBHA IPOHM3BEICHHIO BEPOSTHOCTEH
0e30TKa3HOM pabOThl BceX OJIOKOB, BXOJSALINX B CUCTEMY.

it

PI/ICYHOK 9. CTp}IKTypHa}I cX€Ma HaAC)KHOCTU CUCTCMbI
C MapauiCJIbHBIM COCANHCHUCM 0J10KOB

7.2.2. [TapamienbHble MOAETH
Jis cuctem, CTpyKTypHas cXeMa HaJeKHOCTH KOTOPBIX H300pakeHa Ha pUCYHKE 9,

F .
3aBUCHMOCTB BEPOSTHOCTH OTKa3a CHCTEMBI S OT BEPOSITHOCTEH OTKa3a 3JIEMEHTOB OMHCHIBAET
bopmyna

F=F,FK _
. R
CrnenmoBarenbHO, I BEPOATHOCTH O€30TKa3HOW pabOTBHl CHUCTEMBI S CIIpaBEeIJIHBa
dbopmyna

Ry =R, +Rs ~R\Rs ()

@opmynel (1) u (2) moryr ObITh 0OBeqUHEHBL. TakuMm o0O0pa3oM, €cClIu CHUCTEME
cootBercTByeT RBD, m3zobpaxenHas Ha pucyHke 2, HO ¢ Tpemsl OJJOKaMu B KaKJOW BETBH, TO
JUISL BEPOSITHOCTH O€30TKa3HOM pabOThI CUCTEMBI ClipaBeinBa hopMyiaa

RS = RAlRBlRCl + RAZRBZRCZ - RAlRBlRClRAZRBZRCZ . (3)



AHAJIOrMYHO Ui BEPOSATHOCTH O€30TKa3HOW pabOThl CHUCTEMBI, CTPYKTypHas CXema
HAJC)KHOCTH KOTOPOH M300pakeHa Ha PUCYHKE 3, cripaBeyiiBa Gopmyna

Rs = (R + Raz = RuRu2)(Re; + Ra, —RgiRe,)(Rey + Re, —ReiRe) . (4)

B O6H_ICM ci1ydac 1 BEPOATHOCTHU 0e30TKa3HOM pa60TI:>I HOCJ'IGI[OB&TCJ'II)HOﬁ CHCTEMBI U3 N
9JICMCHTOB CIIPAaBCJIMBO BBIPAKCHUC

R, =1-[[a-R)

R
Hns RBD, wu3oOpaxeHHbIX Ha pucyHkax 4 u 5, ¢Gopmynbl, CBS3BIBAalOLIHE S C
BEPOSTHOCTSIMH O€30TKa3HON paOOThI JJIIEMEHTOB, MOJIYYalOT YMHOXKEHHEM Bbipaxenui (3) u (4)
R
D

7.2.3. Mogenu m u3 n (MIEHTUYHBIE SJIEMEHTHI)

Jlnst BeposiTHOCTH 0€30TKa3HOM paboThl cucTeMbl, RBD KkoTOphIX H300pakeHBI Ha
pucyHkax 6 u 7, ONKMCHIBAIOIIME 3aBUCUMOCTb OT BEPOATHOCTEM O0€30TKa3HOM padoThI
3JIEMEHTOB, HEMHOTO ClIOXKHee. Ecim cucrema MOXeT OBITH MpeAcTaBicHa NapauieIbHBIM
COCTMHEHUEM N WICHTUYHBIX 3JEMECHTOB, a JUIsl TOTO, 4TOOBI OHa ObLIa PabOTOCTIOCOOHOM,
HE0OX0oauMO, YTOOBI OBLIM PabOTOCIOCOOHBIMM HE MEHEee m OJJIEMEHTOB W3 N, TO s
BEPOSATHOCTH 0€30TKa3HOH pabOThl CHCTEMBI CIIPABEIIIMBO BHIPAKEHUE

Ha

n—-m n
Ry=>| R"(1-R)
oA .(5)

Takum 00pa3oM, BepoOSITHOCTh O€30TKa3HOM pabOThl CHCTEMBI, CTPYKTypHas cxema
Ha/IeKHOCTH KOTOPOH M300pakeHa Ha pUCYHKe 6, UMeeT BUJ]

_Rs 2011 _PY_2p2__o9p3
R, =R*+3R*(1-R)=3R*-2R" (o

rae R - BeposiTHOCTh 6€30TKa3HOM pabOThI A71€MEHTA.
AHAJIOTUYHO BEpPOSATHOCTh OE30TKa3HOM pabOThl CHUCTEMBI, CTPYKTypHas cxema
HAaJIeKHOCTH KOTOPOU IPUBEJICHA HA PUCYHKE 7, UMEET BUJL

R, =R’ +4R°(L-R) +6R*(L-R)* =3R' ~8R’ +6R" 7y

Jlns ciydast, korga m = (n - 1), Ry =nR™-mR )

Ecnu He Bce n »/IeMEHTOB HICHTHYHBI, PEKOMEHAYETCs HCIOJIb30BaTh Oojee 0OIIyio
nporeaypy (cm. 8.3).

7.2.4. Mognenu ¢ HeHarpyXeHHbIM PE3EPBOM

Jlpyroil 10CTaTOYHO 4YacTO HCHONB3yeMOH (QOpMOH  pe3epBUpPOBAHMS  SABISETCS
HEHarpy>KeHHbIH pe3epB (pezepBupoBaHue 3amenieHneM) (cm. [lpunoxenue A). CTpykTypHas
CXeMa HaJeKHOCTH IPOCTOM CUCTEMBI C HEHArpy>KEHHBIM pe3epBOM H300pakeHa Ha pucyHke 10.



I.I A l.O

trs

Pucynok 10. CTpykTypHas cxema HaJe)KHOCTH CUCTEMBI
C HEHArpy>XKeHHBIM pe3epBOM (PEe3epPBUPOBAHUE 3aAMEILIEHUEM )

Ha pucynke 10 610k A sBIsieTCs aKTUBHBIM JJIEMEHTOM, a 070k B HaxomuTcs B craguun
OKUJIaHUS ¥ BKJIFOYACTCS JIJISl 3aMEHBI AJIEMEHTa A B cllydae ero otkaza. Hajae:KHOCTh yCTpOWCTB
NEPEKIIIOUEHNUS U 1aTYMKOB Ha pucyHke 10 He paccMaTpuBaeTcs.

dopmyiia, OMKUCHIBAIOIIAS CBS3b BEPOSTHOCTH O0€30TKa3HOW paboThl R(t) Takoi crcTemsl ¢
BEPOSTHOCTBIO 0OE30TKA3HOW pabOTHI FJIEMEHTOB, MOKET OBITh MOJyYeHa IMOCe PACCMOTPEHUS
COOBITHI, KOTOPBIE MOTYT NMPOU30MTH B TEUYEHHUE 3aJlaHHOW HApaOOTKH t. DTUMH COOBITHSIMHU
MOTYT OBITH CIIEYIOLIHE:

a) 3JIeMeHT A paboTOCIIOCOOEH B TEUCHUE BPEMEHH t;

An f (7), T <t
b) 251eMeHT A ¢ HHTEHCHBHOCTBIO OTKAa30B ~ A M IIOTHOCTBIO PAaCIPEIC/ICHHUS

B HAYANIBHBIA MOMEHT BPEMEHH paBoTOCIIOCOGEH U OTKA3bIBACT B MOMEHT Bpemenn 7 <!

A .
- ieMeHT B (MHTEHCHBHOCTH OTKa30B ~Bd) B Ha4aJbHBIH MOMEHT BPEMEHU HAXOIUTCS B
HEHATrpy)KEHHOM pe3epBe (0e3aeiicTByeT 0o 6e3 Harpy3KkH, MO0 co cliaboi HAarpy3Koi ),
- 9JIeMEHT B HaXoauTCs B COCTOSIHMU OKUIAHUS OTKa3a 3jieMeHTa A (BpeMs 7 ): B MOMEHT

A
OTKa3a »jaemMeHTa A sneMeHT B NepexXoauT B aKTUBHOC COCTOSAHUC (I/IHTGHCI/IBHOCTB OTKa30B B)

. Ry, (7
C TIOMOIIBIO TIEpEKITIoYaTelIs S (BEpOATHOCTh OE30TKAa3HOM paboThI sw ( )) Y 3aMEHSIET DJIIEMEHT
A

- asieMeHT B coxpaHsieT paboToCIocOOHOE COCTOSIHHE B TEYCHHUE OCTABILETOCS BPEMEHH C

Re(t—7)

BEPOSITHOCTHIO :
C yueToM BO3MOXHBIX COOBITUH BEPOSTHOCTH O€30TKa3HOW pabOTBl  CHUCTEMBI

COOTBETCTBYET popMyIia

Rs(t) =R, (1) + j fa(?)Req (7)Rsy (7)Re (t—7)d7

Eciu Bce aeMeHThl MMEIOT IOCTOSHHYKO HHTEHCHBHOCTh OTKAa30B B AaKTUBHOM WJIU
NaCCHBHOM COCTOSIHUH, TO NPUBEIEHHYIO (POPMYITYy MOXKHO YIPOCTHTD

t
R, (t) = Mt 4 .[/»tAe—AAre—ABdre—zswre—AB g7
0

[Ipumeuanue. Ecinu BeposITHOCTH 0€30TKa3HOM pabOThl MEPEKIIoYaTeNsi He 3aBUCHUT OT
BpEMEHH, HO sBIIsieTCs (DYHKIMEH Ipyroil mepeMeHHO# (HampuMmep, KOJHMYecTBa BKIHOUEHUI
Harpy3kd U T.JI.), pEKOMEHAYETCSl HE HCIIOJIb30BaTh 3Ty (PYHKIMOHAIBHYIO 3aBHCHUMOCTH, a

. R
YUUTBIBATh BEPOATHOCTh O€30TKa3HOU pabOThI epekitogarens, obo3Havas ee SV .

B sTom cnyuae nmpuBeneHHas popmysa UMeeT BU

_ A _ _
RS (t) =€ Aat + A e gt _ e (Aat+Asw +gq )t]
ﬂA +ﬂ€w +/IBd _ZB



A
B npennonoxenun 06 nacanbHOM nepekiioueHu oW = () BeIpakKeHUE TPUHUMAET BUJT

R (t) =e ™™ + A [e‘ﬁf“ — g Uate )t]
Ap+ Agg — Ay

Ecnyu MHTEHCHBHOCTH OTKAa30B 3JIEMEHTAa B B MACCMBHOM COCTOSIHUM IPUHSTH PABHOM
HyIO0, TO (opMmyna s BEpOSTHOCTH O€30TKa3HOW pabOThl CHUCTEMBI, PE3ePBUPOBAHHOU
3aMeleHueM, OyIeT UMETh CISAYIONINI BUT

A
R(t)=e ™ 4+ A gk g™
° }“A - ﬂ“B [ ] .

A=A =1
Ecnu x Tomy e 00€e HHTEHCUBHOCTH OTKa30B paBHBI (A u z ), TO opmyna JIst
BEPOATHOCTH 0€30TKa3HOI pabOoThl CUCTEMBI OYJIET UMETh CIIEYIOIIMI BU]L

R, (t) =e ' (L1+ At) .

Ecnu B Takux uAeanbHBIX YCIOBUAX HMMEETCS HE OJMH, a N PE3EPBHBIX DIEMEHTOB,
dbopMyIia it BEPOATHOCTH 0€30TKA3HOH padOThI CUCTEMBI OYJIET HMETh CIICIYIOIINIA BH]T

2 3 n
R(t)=e™" TP S N G G
2! 3! n!

[Ipumeuanue. CTpyKTypHas cxema HaJIeKHOCTHM CHCTEMBbI JOJKHA BKIIOYaTh B ce0s
OJIOKHM, XapaKTepu3ylole padoTOCIOCOOHOCTh YCTPOMCTB MEPEKIOYEeHUs M JATYUKOB,
KOTOpPBIE YacTO SIBJISIFOTCS CJIA0BIM 3BEHOM CHUCTEMBI.

Heo0Oxo1uMo 0oTMETUTH, YTO B OTIMYHE OT BCEX MPUMEPOB, PACCMOTPEHHBIX B HACTOSAILIEM
CTaHJapTe, 3/1eChb BEPOSITHOCTh 0€30TKa3HOI padoThl 371eMeHTa B 3aBUCUT OT BpeMeHH, Korjaa
OTKakeT 3jeMeHT A. B arom ciydae oTka3bl 2meMeHTOB A u B He Moryr cumrtaThes
HE3aBUCHMbIMM U TIO9TOMY Ui aHaju3a CUCTEMbl HEOOXOJMMO HCIOJIb30BaTh JApYyrue
Ipoueaypsl, HanpuMep MapKoBCKUI aHAIIN3.

8. boxnee crnoxHabIC MOACIHN

8.1. O0ume nporenypsl
8.1.1. OCHOBHBIE TIOJIOKECHHS

BepositHoCTh 6€30TKa3HOM pabOTHI Rs (1) BCEX CHCTEM, PAaCCMOTPEHHBIX BBIIIE, MOKHO
OLICHHUTH C MMOMOIIBIO COOTBETCTBYIOIIEH (OPMYIIBI, MTONydeHHOW Ha ocHOBe (opmyn (1) - (7).
OnHako CYHIECTBYIOT CHUCTEMBI, BEPOSTHOCTH O€30TKa3HOM padOThl KOTOPBIX HEBO3MOXKHO
OLIEHUTHb HH MO OFHOI U3 BBIIIEYKa3aHHBIX (GOPMYJ. DTH CUCTEMBI ABISIOTCS 00Jee CIOKHBIMU
U JUIsl HUX HEOOXOJMMO MCIIONb30BaTh APYrue METONbl aHalIW3a HaJAEeKHOCTH. [ cuctem co
cioxkHoii RBD 00b14HO HCmonb3yloT MeToj MojenupoBaHus Monrte-Kapno (B HacTosiiem
CTaH/JapTe OH HE pacCMaTPUBAETCS).

Crangapt pacnpocTpaHSETCsl Ha METOABI, B OCHOBE KOTOPBIX JIEKHUT INPEANOIOKEHUE O
HE3aBHCHMOCTH OTKa30B B COOTBETCTBUHU C 5.1.

8.1.2. Mcnionb3oBanue GpopMysibl MOTHON BEPOSITHOCTH



Hns pabotel ¢ RBD, ananornyHoil n300pa)keHHOM Ha pUCYHKE 8, MCHOJIB3YIOT OPyrue
METOJIBI.

OnvH W3 BO3MOXKHBIX METOJIOB OCHOBaH Ha (hopMyiie TOJTHON BEPOSTHOCTH, KOTOPAs
MOYKET OBITh MOJIyY€Ha CIEeIyIOIUM 00pa3oM.

JI1st n B3aMMHO MCKJTFOYAIONTUX COOBITUI A A, , CyMMa BEpOATHOCTEH KOTOPHIX paBHA
CAMHMIIC, P(B)=P(BIA)P(A)+..+ P(BIA)P(A) , e B - npousBoibHOE COOBITHE; P(A) .

P(B
BEPOSTHOCTD MOSIBICHUS COOBITHS A ; (BIA) . YCJIOBHAsI BEPOSITHOCTH IOSIBIIEHUS cOObITHS B

IIPY YCIIOBUY MOSBJICHUS COOBITHS A :
OpauH U3 METOJ0B, UCTIONIb3yEeMbIX Ul aHanu3a RBD cuctem, cBOOUTCS K MHOTOKPAaTHOMY
IIPUMEHEHHUIO CIIENYIOLIET0 COOTHOIICHHUS

RS = P ( SS | X PpaboTOCTIOCOOHBII ) P ( X PpaboTOCTIOCOOHBIIT ) + P (SS | X OTKa3aBILMiT ) P ( X OTKa3aBIIHit )

R .
rme S - BCPOATHOCTD 0e30TKa3HOHI pa60TBI CHCTCMBI,

P(SS| X " .
(SS] P‘"*6°T°°"°°°6“"‘“) - BEpOSITHOCTh 0€30TKa3HON pabOThl CUCTEMBI (BEPOATHOCTH ycIexa

CUCTEMBI) MPHU YCIOBHH, YTO 3NIeMeHT X paboTocmnocoOeH;
P(SS| X

OTKa3aJl.
Hampumep, ecnmu B cucreme, RBD koTopoit m3o0pakeHa Ha pPHUCYHKE &, 3JeMEHT A
OTKa3aJl, CTPYKTYpHasi CXema HaJEeKHOCTH CHUCTEMBbl TMPUHUMAET BHJ, H300pKCHHBIA Ha

pucynke 11.
B1 C1
oL :
B2 c2

Pucynok 11. CtpykrypHas cxema HaJeKHOCTH,
n300pakeHHas Ha pUCYHKE &, B CIydae OTKasa djeMeHTa A

OTKa?‘aB“Mﬁ)- BCPOATHOCTD 0€30TKa3HOM CHCTEMBI npu YCJIOBHUH, YTO 3IJICMCHT X

P(SS | Ay asanumi) = ReiRer + ReaRey —Rg Re ResRe .

Ecmm snmemenT A paborocmocoOeH, CTpYKTypHasi cxema HaJIeKHOCTH, U300paKeHHasi Ha
pHUCYHKE 8, IPUHUMAET BU/I, MPUBEJICHHBINA HA pUCyHKe 12.

C1
gl IO
c2

Pucynok 12. RBD, u3o0paxenHas Ha pucyHke 8,
B ciTydae pab0TOCIIOCOOHOCTH dJIEMEHTa A

Takum o6pazom,
P(SS | AaaGOTmnoco6HLIﬁ) = RCI + RC2 - RCIRCZ ,

CJICO10BAaTCIIBHO,



Rs = (Rm +Re, - RClRCZ)RA + (R51R01 +RgRe, — RBlRC1RBZRC2)(l_ RA) )

Ecnu Rt =Re2 =Re u Rer = Re =Re , BUJI BBIPAXKECHUS YIIPOIIAECTCSA
R, = (2R, ~ROR, + (2R;R. ~RERDA-R) (g

Jlist ipoBepKH BeIpaskeHuit (6) u (7) MOXKeT ObITh IPUMEHEH METO/I, OIMCaHHbIN B 8.1.2.

8.1.3. Mcnonp3oBanue TaOIUIl HCTHHHOCTH

[Tyt paborocrocoOHOCTH (ycrexa) CHCTEMBbI, H300paKeHHbBIE ¢ TIOMOIIbI0 cxembl RBD,
MOTYT OBITH OTIMICAHBI OYJIEBBIMU BhIpaKCHHsIME. Hanpumep, cucreMe, COCTOSIIEH U3 3JIEMEHTOB
A, B u C, coemuHEeHHBIX TapauieJbHO (11 TOro, 4ToObl CHCTEMa ObLTa PabOTOCTIOCOOHOM,
JOCTaTOYHO OJHOTO PaboTOCIOCOOHOTO 3JeMeHTa), cooTBeTcTByeT RBD, m3o0pakeHHas Ha

pucyske 13.
=]
Ie B 0

L=

Pucynox 13. [lapamnensHnoe coenquuenue "oauH u3 Tpex"

PaboTocnocoOHOE COCTOSIHUE CHCTEMBI OMTUCHIBAET OYyJI€BO BBIPAKEHHE

SS=AUBUC (9)

rae SS - coObITHE, COCTOSIIIEE B TOM, YTO CHUCTEMA HAXOAUTCS B PabOTOCTIOCOOHOM
COCTOSIHUH;

A, B u C - coObITug, cocrosmye B TOM, 4yTo 3ieMeHThl A, B m C nHaxomsarcs B
paboTOCIIOCOOHOM COCTOSTHUU.

Opnnaxo co6siTust A, B u C He MOTryT OBITH HEMOCPEICTBEHHO 3aMEHEHBI B BbIpaxeHHUH (9)

COOTBETCTBYIOIIUMH BEPOSTHOCTSIMH Rar Re, Re JUISL OTIPENIeNICHHs] BEPOSTHOCTH OE30TKa3HOM
paboThl CHUCTEMBI, TIOTOMY 4TO BbIpakeHue (9) mpeacTamisieT coOOM MOCIIENOBATEILHOCTh
o0beIMHEHUH (IU3BIOHKIMM) mnepecekaomuxcs coobituii (cm. B.3  Ilpunoxenus B).
Breipaxxenue (9) MOXKHO 3amucaTh Kak CyMMY HEMEPECEKAIOMIMXCS COOBITUN CIEeNYIOUIUM
o0Opazom

SS = ABC L ABC LU ABC U ABC LU ABC U ABC U ABC _(10)

C mnosummii OyneBoit anreOpbr Boipaxenuss (9) u (10) oskBuBaneHTHb. OJHAKO B
BeipakeHnn (10) kaxmoe cobObitme SS, A, 'E\, B, |§, C, C Moxer OBITH 3aMeHEHO
COOTBETCTBYIOIIEH BEPOSTHOCTHIO 0€30TKa3HOU PabOTHI RS, RA, (1_RA), RB, (1- RB), RC,
(1_Rc)

Taxum o0Opazom,

Ry = RA(l_ RB)(]-_ Rc) +(1- RA)RB(l_ Rc) +(1- RA)(]-_ RB)RC +



+R,(1-Rg)R. +RRz(1-R.) + (1-R,)R;R. + R,R;R. L (11)

CymecTByeT Takke Ipyroi MpOCTOH Crmoco0 3amucu BhipakeHUs (9) ¢ MOMOIIBIO
HETIEPECEKAIOIINXCS COOBITUI

$S=AUANBUBNANC (12)
CnenoBarteibHO,

Ry =R, +(1-R)Rs +(1-R.)A-R)R: (13,

Boipaxenust (11) u (13) uneHTUYHBI.

[Iponiecc BbiBoma ¢Gopmyinbl (11) MOXKET OBITH YHPOIIEH 3a CUET NMPUMEHEHHS TaOJWIIbI
UCTHUHHOCTH (Tabimna 1), mo3Bossomied 00erynTh mnpeodOpazoBanue BbipaxeHus (9) B
BeIpakeHwue (10).

Tabmuua 1

Tabnuia HICTUHHOCTH JUI ITpUMepa, 300pakeHHOT0 Ha pUCYHKE 13

CocTosaHMEe 3JIeMEeHTa CocrosaHue
CUCTEMEI
A B C
0 0 0 0
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 1
1 1 1 1
[IpuMeydaHHKE . OBbo3HaueHUs:, NIPUHSATEE B Tabanue :
1 - paborocnocobHoe cocrosaHue, 0 - oTkas.

[IpocmatpuBasi Tabmuily 1 cBepXy BHHM3, MOXHO 3allicaTh CIEIYIOIIHE BBIPAKEHUS,
COOTBETCTBYIOIIHE pa00OTOCIIOCOOHOMY COCTOSIHUIO CUCTEMBI

AnBNC,AnBNC, AnNBNC, AnBNC, ANBNC, AnBNC, ANBNC

O6benuHeHne 3TUX 3anucell ¢ nmomoiuisko Jornueckoro "MJIN" nmpuBoIUT K BhIpaXKeHHUIO
(10).

Bce Bo3moxHbIe KOMOMHanuu (Bcero 32) paOOTOCIOCOOHOTO COCTOSHHMS W OTKasa
AIIEMEHTOB CHCTEMBI, CTPYKTypHas cXeMa HaJIe)KHOCTH KOTOpOW M300pakeHa Ha PHCYHKE 8,
MpUBENIEHBI B Tabnue 2.



Tabnuia uCTUHHOCTHU U1 TPUMeEpa, U300PaKEHHOT0 Ha PUCYHKE 8

CocTosaHMe 3JIeMEeHTa CocrosaHue
CUCTEMEH

Bl B2 Cl Cc2

0 0 0 0 0
0 0 0 0 0
0 0 0 1 0
0 0 0 1 1
0 0 1 0 0
0 0 1 0 1
0 0 1 1 0
0 0 1 1 1
0 1 0 0 0
0 1 0 0 0
0 1 0 1 1
0 1 0 1 1
0 1 1 0 0
0 1 1 0 1
0 1 1 1 1
0 1 1 1 1
1 0 0 0 0
1 0 0 0 0
1 0 0 1 0
1 0 0 1 1
1 0 1 0 1
1 0 1 0 1
1 0 1 1 1
1 0 1 1 1
1 1 0 0 0
1 1 0 0 0
1 1 0 1 1

Tabmanma 2



1 1 0 1 1 1

1 1 1 0 0 1

1 1 1 0 1 1

1 1 1 1 0 1

1 1 1 1 1 1

[IpumeyaHue . OBosHaueHus, IPUHSATEE B TadauLe :
1 - paborocnocoBHoe cocTosHue; 0 - oTkas.

C nmomomplo TaOmuibl 2  MOXHO 3amucaTh KOMOWHAIMK, COOTBETCTBYIOIIUE
PaboTOCIIOCOOHOMY COCTOSTHUIO CHCTEMBI, UCITOJIB3YSI TIPOTHUBOITOIOKHBIE COOBITHS

SS=B1nB2nC1nC2nAUB1NB2NnC1nC2nAU...U
UBINB2NCINC2ZNA (14)

Ha ocnoBe Qopmynsr (14) nerko BeiBecTH (OpPMYIY, CBS3BIBAIOIIYIO BEPOSTHOCTH
0€30TKa3HOI PabOTHI CUCTEMBI C BEPOSITHOCTIMU O€30TKa3HOHW pabOTHI €e 3JIEMEHTOB

Rs = (1_ RBl)(l_ RBZ)(]-_ Rc1)Rc2RA + (1_ RB1)(1_ RBz)RC1(1_ Rcz)RA e
+RBlRBZRC1RCZRA .

Breipaxkenne (14) mpencraBisier coboif  oObeAMHEHWE — EBATHAANATH  YJICHOB,
OIKCBIBAIOLINX KOMOUHAIIMK PabOTOCIIOCOOHOIO U HEPAOOTOCIIOCOOHOTO COCTOSTHUS 3JIEMEHTOB,
NPUBOJALINE K ycreXy cucTeMbl. O4eBHIHO, UTO OYJIE€BbI TaOIMIIBI HCTUHHOCTH C YBEIUYEHUEM
KOJINYECTBA HJIEMEHTOB OBICTPO CTAaHOBSATCS T'POMO3AKMMHM U HEOOO3PUMBIMHU, XOTS MPHHLHUIT
paboTel ¢ HMMH OueHb MpocT. JleranbHoe onucaHue OyJaeBbIX METOJOB IPHUBEACHO B
[Tpunoxennn B.

8.2. Monenu ¢ o6mumu Onokamu

B pazgene 7 Bce Gmoku BxonaT B RBD Tonbko oauH pas. 1o yaoOHO mpU MOCTPOSHUH
CTPYKTYpPHBIX CXEM BHJa, [TOKa3aHHOTO Ha pucyHke 14. Hampumep, 61oku C u D mMoryT ObITh
(YHKLIMOHATIBHO MOJOOHBIMU M TPEACTABIATH COO0H NyOnmupyromue JIpyr Apyra 3JIEeMEHTHI:
AJIEMEHT A TOJaeT MUTaHue TOJbKO Ha 3neMeHT C, a aneMeHT B MoeT nojgaBaTh NUTaHHUE Ha
aneMmeHTel C 1 D. Ha pucynke 14 npencraBieHO HE TOJIBKO PAcHOJIOKEHUE JJIEMEHTOB, HO U
CTPYKTYpHasl CXxeMa HAJIe)KHOCTH. B Takoil CTpYKTypHOH CXeMe HAJIeKHOCTH CHUCTEMBI BAKHO

HaIpaBJIEHUE CTPEIIOK.
A c
[}
B D

Pucynox 14. CtpykTypHas cxema HaJIe)KHOCTH CUCTEMBI
CO CTPEJIKOH

AnbTEepHATUBHBIE MYTH YCI€Xa CHUCTEMBl B BBHIIICYIIOMSHYTOM IPUMEPE MOTYT OBITh
MIPEACTABICHBI CTPYKTYPHOW CXEMOUW HAJIEeKHOCTH, B KOTOPOM HEKOTOPBIC OJIOKH TOSBIISIOTCS
HECKOJIbKO pa3, Kak H300pakeHo Ha pucyHke 15. B ocCHOBe 3TOi CXEMBI JIEKUT CXeMma,
n3o0paxkeHHass Ha pucyHke 14, mociae ee aHanM3a ¥ BBUICNCHUS TMap dJIEMEHTOB,



OJTHOBPEMEHHBIM OTKa3 KOTOPBIX MPUBOAMT K OTKa3y CHUCTeMbl. TakuMm oOpa3zom, cxema,
MpeJICTaBICHHAs Ha pUCyHKe 15, mpencraBisieT coO0i mociae10BaTeIbHYI0 KOMOMHALIUIO TaKUX

Hap 3JICMEHTOB.
A B C

A e He e
B Cc D

Pucynok 15. AnsrepnaTuBHoe npencrasienue RBD, nzo0paxennoi
Ha pucyHKe 14, ¢ 1croyib30BaHNEM NapaljiesIbHbIX 0J0KOB

[Tpu pabote ¢ maHHOW CTPYKTYpHOH CXEMOW HaJIeKHOCTH HETPaBHIBHO PACCMATPUBAThH
O05moku, oObeAMHEHHBIE B Tapy Kak HE3aBUCHMBIC, W 3aT€M OIpPEAeIsATh BEPOATHOCTh
0e30TKa3HOI paboTHI cUcTeMBl. B 3TOM ciydae HEOOXOMMO UCIIOIB30BATH JII000H U3 METOOB,
npuBeneHnbix B 8.1.2 u 8.1.3. Hanpumep, B COOTBETCTBUU C METOJIOM, ONTMCAHHBIM B 8.1.2:

R, =P(SS|B

)+P(SS|B )P(B

OTKa3aBIINI )
EHl

pa60Tocn0006HLH7r) ( PpaboTOCTIOCOOHBII OTKa3aBIINi

P(SS|B " .
1€ BEPOSITHOCTD (SS] Pa6“f°°“°°°6“"‘“) YCTaHaBJIMBAIOT B COOTBETCTBHU CO CTPYKTYPHOU

CXEeMOU HaJIeKHOCTH, BKIIIOYarolie B cedst napaensubie 010ku C u D. [Tockonbky

P(SS | Bomasasumﬁ) = P(SS | B |C )P(C

+P(SS | B(m(asaanﬁ | COH(aSaBmHﬁ) P(mewa}smnﬁ) = RARC + O

OTKa3aBIINit ) +

PpaboToCTIOCOOHBIH PaboToCTIOCOOHBII

CnenoBarteibHO,
Rs = (Rp +Re ~RpR)R; +RR.(1-Rg) ’

T.C. Rs = RyRe +RgR: +RgRy —R\RgR. =Ry RgR: ]

Ha pucynkax 14 u 15 noka3aHsl pa3Iu4Hble CLIOCOOBI MOJIETUPOBAHUS OTKa3a CUCTEMBL. A
UMEHHO, OTKa3 CUCTeMbI BO3HMKAET TOr/Aa, Korjaa orkaszainu 610k A u B wnu B u C unu C u D.

Hpyrumu crnoBamu, OyieBbl BblpakeHHMs A ycnexa (SS) wnm ortkasa (SF) cucremsl,
n300pakeHHOH Ha pucyHkax 14 u 15, 6yayT OAMHaKOBBIMU:

SS=ANBUBNCUBND: SF=ANBUBNCUCND,
[Ipumensist metoa, onucanubii B 8.1.3, MOXHO cocTaBUTh TabauIy 3.

Tabmuma 3

Tabnuia UICTUHHOCTH I CUCTEM,
n300pakeHHBIX Ha pucyHkax 14 u 15

CocTodgHue nJjaeMeHTa (6Joka) CocTosgHUe
CUCTEME

A B C D




1 1 1 1 1
1 1 1 0 1
1 1 0 1 1
1 1 0 0 0
1 0 1 1 1
1 0 1 0 1
1 0 0 1 0
1 0 0 0 0
0 1 1 1 1
0 1 1 0 1
0 1 0 1 1
0 1 0 0 0
0 0 1 1 0
0 0 1 0 0
0 0 0 1 0
0 0 0 0 0
[IpuMeuaHMe . ObosHadeHMs, IPMHATEE B Tabnule:
1 - paborocnocofBHoe cocTosHMe, 0 - oTkas.

B coorBeTcTBHM C T&6J’II/IHGI71 3 MOHO BBEIBECTH CJICOAYIOUICC BBIPAKCHUC JIA OIMMUCAHUA

. R . .
BEPOSITHOCTH O€30TKa3HOM pabOThl CHCTEMBI  ° Kak (YHKIHUM BEPOATHOCTEH Oe30TKa3HOU
paboThI AIIEMEHTOB

Rs = RARBRCRD + RARBRC(]'_ RD)+ RARB(]'_ RC)RD + RA(l_ RB)RCRD +

+RA(1_ RB)RC(]‘_ RD) + (1_ RA)RBRCRD +(1_ RA)RBRC(l_ RD) +
+(1-Ry)Ry (1-R)Ry,

DTO BBIPAKEHUE MOKHO YIPOCTUTH JIO CJIECIYIONIETO BHU A

Rs = RyRe +RgRp + RgRe —R\RgR. =Ry RgR: )

Eme omur wmetonm paboTel ¢ oOmuMu OJOKaMu COCTOMT B crheayromeMm. CHauama
UTHOPHUPYIOT TO, YTO HEKOTOpBIE OIOKH BXOJAT B CTPYKTYPHYIO CXEMY HAJEKHOCTH CHCTEMBI

. R
HECKOJIBKO pa3 M 3allMChIBAIOT BBHIPAKEHUE I BEPOSTHOCTU 0€30TKAa3HON pabOThl CUCTEMBI — °
OOBIYHBIM CIIOCOOOM:

Rs = (Ry+Rg —RyRg)(Rg + Re —RgR)(Re + Ry —R:R;) )

Ecnu ckoOKku mepeMHOXHTH (ITOJIyYUB BBIPAYKEHUE B BUIE CYMMBI 27 YJIEHOB) M TaKHe



RWReRZ | RoRR? RiRsR: ,, RoRR:

cJlaracMabIC, KaK c , 3AMCHHUTH Ha UX 6y.HeBI>I 3KBHUBAJICHTHI

. R
COOTBCTCTBCHHO, TO BBIPAXKXCHUC IJI1I BECPOATHOCTU 0e30TKa3HOU pa60TbI CHUCTCMBI S MOKHO

YOPOCTUTH A0 CICAYIOMICTO BUAA

Rs = RyRe +RgRp + RgRe —R\RgR. =Ry RgR: )

8.3. Moaenu m u3 n (HEUACHTUYHBIC HIIEMEHTHI)
Meron, onucanHbli B 7.2.3, B JaHHOM cilydae He mpuMmeHuM. Kak mpumep paccMoTpum
CTPYKTYPHYIO CXEMY HaJI€KHOCTH, IPECTABICHHYIO Ha PUCYHKE 16.

— A

Ie- Cc )

Pucynok 16. Cucrema 2 u3 5 (HEeUJCHTUYHBIE SIIEMEHTHI)

JIJIss OLIGHKH BEPOSITHOCTH O€30TKa3HOM padOThl TaKOW CHUCTEMBI MOXKHO HCIIOJIb30BaTh
MeTojbl, onucanaeie B 8.1.2 mim 8.1.3. B cooTBeTcTBUM ¢ METOIOM, omMcaHHbIM B 8.1.3, mis

F
BCPOATHOCTHU OTKa3a CUCTCMbI S , CIIPaBCAJIMBO CJICAYIOIICC BBIPAKCHUC

Fs = (1_ RA)(]-_ RB)(l_ Rc)(l_ RD)(]-_ RE) + (1_ RA)(]-_ RB)(l_ Rc)(l_ RD)RE +
+(1_ RA)(l_ RB)(]-_ RC)RD(]'_ RE) +(1_ RA)(l_ RB)RC(]'_ RD)(l_ RE) +
+(1_ RA)RB(l_ Rc)(l_ RD)(]'_ RE) + RA(l_ RB)(l_ Rc)(l_ RD)(]'_ RE) ]

. R
BepositTHOCTh 0€30TKa3HON pabOThI CUCTEMBI  ° OIpPENENsIoT o Gopmyie

R, =1-F,

[Ipumeuanue. bonee 3¢ dhekTrBHBIE METOBI ISl JTAHHOTO cilydas onucanbl B [Ipunoxenun

8.4. Meton penykuuun

WNHorma CTpyKTypHBIE CXEMBl HAJEKHOCTH BBHIMJSIAT OYEHb CIOXHBIMH. OIHAKO
npeBapUTeNbHBIA aHalN3, KaK MPaBUJIO, MO3BOJISET CTPYNIHPOBATH OTJIENbHBIE JJIEMEHTHI B
CTaTUCTHYECKH HE3aBUCHMBIC OJIOKM. DTO O3HAyYaeT, YTO B JaHHOM CHCTEME HET TpYIII,
coJiepKaliX OJJUHAKOBO 0003HAYEHHBIE OJIOKH.

Hanpumep, paccMOTpUM CTPYKTYPHYIO CXE€MY HaJ€KHOCTH, U300paKEHHYIO Ha PUCYHKE
17.



l T |
X1} — A D b+ [ I X2
N IR A
| [ |
| |

1 B 1ii G 2/3

|

| i!'_

| Lo H

R =

e ) T _
1 o— —e O
e e s e e — e — — 'Il_ ___________________
z |

| b N

1 ]

; J K L '1_P
H=H=H= 1+ 2

A

xs - LS : - L 2 aad
|

| e
- I _

Pucynok 17. CtpykTypHas cxeMa HaJie)KHOCTHU C IPYIIHUPOBKON
AJIEMEHTOB B OJIOKH JJIS1 pEAYKIIUU

OTy CTPYKTYPHYIO CXEMY MOXHO YIPOCTHTH JI0 CXEMbI, H300pakeHHOI Ha pucyHke 18a,
MyTeM IPYNIUPOBKU 3JIEMEHTOB B ueThipex Omokax X1, X2, X3 u X4, 00BeIeHHbIX MyHKTUPHOMN
JUHHUCH, U OIEHKU BEPOSITHOCTH O€30TKa3HOM paboThI 3THX OJIOKOB B cooTBeTcTBHH ¢ 8.1, 7.2.3,
8.2u7.23.

CrpykTypHasi cxeMa HaJeKHOCTH, U300pakeHHas Ha pucyHke 18a, MokeT ObITh najee
ynpoieHa 10 RBD, nzo6paxxenHoii Ha pucynke 18b.

X1 X2
TEER
X3 X4

X1 N X2
T
X3 M X4

Pucynok 18. YpomieHHbIE CTpYKTYpHBIE CXEMbI HaJIEXKHOCTH
CrnenoBarenbHo, (GopMyna Ui BEpPOSTHOCTH  0€30TKa3HOH  paboOThl  CHUCTEMBI,

COOTBETCTBYIOIIAs CTPYKTYPHOH CXeMe HaJeKHOCTH, M300pakeHHOW Ha pucyHke 18b, Oynmer
uMeThb Buj (cM. 7.2.2)

Rs = ReiRyz + RysRxs = RiaRiaRyaRx4 .

9. HpI/IMCHCHI/IC METOAa JJIA BBIYMCICHUA KOB(I)CPI/IL[I/ICHTQ.
TCXHUYCCKOI'O UCITOJIb30BaHUA



B HekoTophIxX citydasix Bce (pOpMyINbI U METOIBI, TIPUBEACHHBIC B HACTOSIIEM CTaHIapTe,
MOTYT OBITh NPUMEHEHBI I BBIYUCICHUS KO3((HULIMEHTa TEXHUYECKOTO HCIONIb30BaHus. [1iis
9TOr0  HEOOXOJAMMO 3aMEHHUTh O00O3HAuUCHHsI BEPOSITHOCTH OE€30TKa3HOH paboThl  Ha
COOTBETCTBYIOIIKE 0003HaAYCHHSI KO(D(PHUIIMEHTa TEXHUIECKOTO UCITOJIb30BaHUS.

[IpuMeHeHHe METOJ0B IMPAaBOMEPHO TOJBKO B TOM CIIydae, €CIH OTKa3bl M PEMOHT
AIIEMEHTOB HE 3aBHCAT JPYT OT JIpyra. Ha mpakTuke 3TO 03HA4aeT, 4TO OTKA3 OJHOTO 3JIEMEHTA
HE BJIMSCT Ha BOSHMKHOBEHHE OTKa3a JIPYroro 3JIEMEHTa U MMEETCS JOCTYITHBIH OeCKOHEYHBIH
HapK 3aracHbIX YacTeil U Ciry:k0 peMoHTa.

JlpyrumMu  CIIOBaMH, CpellHee BpeMs TIPOCTOSI JIIOOOro 3JEeMEHTa JIOJDKHO OBITh
XapaKTEPUCTUKON TOJBKO 3TOTO JJIEMEHTa M HE JIOJDKHO 3aBHUCETh OT TOTO, CKOJIBKO JIPYTHX
AJIEMEHTOB OTKa3aJlo W HYXJaeTcsi B peMoHTe. Ha mpakTuke 3TO O3Ha4aeT, 4TO OCHOBHOE
BHUMAHHC CICAYCT YACIATH CXEMC COCAMHCHUS 3JICMCHTOB U TIIATCIIBHO IMPOBCPATH, ABJIACTCA
JIM KaX]IbI 3JIEMEHT JIETKO JIOCTYITHBIM JIJII PEMOHTA M HE BJIMSET JIM €r0 COCTOSHHUE HA JIPYTHe
DJICMCHTHI.

[Tpunoxenue A
(cipaBOYHOE)

PACYHETHBIE ®OPMYVYJIbI

B rtabnune, mnpuBeIeHHOH B HACTOSIIEM NPUIOKEHUH, MCIOJIb30BaHbl TEPMHHbI
"HarpykeHHbI pe3epB" u "HeHarpyxeHHbId pe3epB". TepmuH "HarpykeHHbI pe3epB"
UCIIOJIb30BaH I YKa3aHUsS TOrO, YTO COOTBETCTBYIOLIME OJOKU (Ka)bli M3 KOTOPBIX MOXKET
COCTOSITh U3 2JIEMEHTOB IOJICUCTEM, CUCTEM M T.J.) HaXOJATCS MOJ Harpy3koi (BKJIIOYEHBI) U,
CJIEIOBATENIbHO, MOTYT OTKa3aTh. Te€pMHH "HEHArpyXKEHHBIN pe3epB" UCIOIb30BaH AJIs yKa3aHUs
TOTO, YTO OJIOK WM OJIOKM HE HAXOJATCA IO Harpy3kou (BBIKIIOUEHBI) M, TAKUM 00pa3oM, He
MOTYT OTKa3aTh.

Tabmmia
Konbpmurypaumsa RBD dopmyJia OJis1 BEPOATHOCTM Oe30TKa3HOM
PaboOTEl CHCTEMEL
1. IlocnenmoBaTeJyibHOE COeIMHEHUE A. OBbumM cijydamn
R. =RR,..R
OJIOKOB S Rl 2 n
— R 4R HH Ry b——--—] R, e
- R1::R2: ::Rn::R,
_pn
R, =R
2. lapajnnenpHOe coenuHeHUe OJIOKOB A. HarpyxeHHHM pe3epb. O0mMy ciydan

R, =1-(1-R)(1-R))..1—-R))

B. HarpyXeHHHM pesepsB

R=R,=..=R

4



R, =1-(1-R,)’

HarpyXeHHEM pe3epB

C. HeHarpyxXeHHHII pe3epB
_ At
R=e™
(Ate) e

Ry=e " +Ate™™ +..+
(z-D)!

HeHarpyXeHHHM pe3epB
R -——T-.

il
g |

adings!

A. HarpyxeHHHM pez3epk. O00mmy ciydan

R, =1—H(1— RuRz--R;)
j=a

3. IapaiiesbHO-TIOCIeIOBATEIbHOE

coenmHeHue OJIOKOB (cucTemMa COCTOUT

3 Pe3epPBMPOBAHHEIX IIOCJIeOBaTeJIbHEIX

LIENIOYEK 3BJIEMEHTOB) B. HarpyXeHHEM pe3epB

Ry=Ry,=..=R,

R,=R,=..=R
HarpyXeHHE pe3epB bl b2 b;

R,=R,=..=R,

Rs=1-]J(1-R))
j=a

Rp1 [ Rz — Ran ]

| Rz2 =" Rzn

C. HarpyxXeHHEI peseps

R,=R,=..=R,=R
ona j =1,..., n;
R, =1—(1—-R")’

D. HeHarpyXeHHEI pes3sepB
R — e—ﬂ,t
(nite)z—le—nlt
B s —
(z-1)!

HeHaTpyXeHHBM pe3epB

R, =e ™ +nite™ +..



*— RmMMRI
UrlL=1

t_ RHRIF

———{ R

e

7
]

4. [locyenopaTesibHO-NIapallJjleJibHOE

coenmMHeHue OJIOKOB

M3 TII0CJIeIOBaTEeJIbHOT'O COeIMHEHMA

(cuMcTeMa COCTOUT

PEe3EepPBUPOBAHHEIX 3JIEMEHTOB)

HaTpyXeHHEI pes3epB

9
11

) I

o
L

Rat —l |— Rpq Rn
an | I sz == an
[ | |
[ | I
| 1 I I
Rl YH Ry LR,
R R R
R R R
HeHaTrpyXeHHEM pe3epB
AUt Uz

-
i

A. HarpyxeHHHMN pezepb. O0mmy ciydamn

Ry ={1-(1-R,)L-R,,)-.(1-R,)}x
x{1- (1= R)A=R,,)..(L-R,)} x
X{l_ (1_ Rnl)(l_ an)"'(l_ an)}

B. HarpyxeHHEIl pes3eps

R,=R,=..=R,
Ru=Rp=-=R,_
Rnl = an == Rn .

Ry =1-(1-R))(1-(1-R))A-1-R)")

C. HarpyXeHHHM pesepB. Bce OJIOkK
MMEnT OIMHAaKOBYI BEPOSTHOCTHb
Oe30TKa3HOM pPabdoTH

Ry=Ry=-=R,=R_

RS — (2e—1t _e—ZM)n

D. HeHaTpyXeHHBHI pe3epB
-
R=e™

Ecim TO

Ry =(e" +Ate™™)"

5. IlocinemoBaTesIbHOE COEIMHEHUE

PE3EPBUPOBAHHEIX OJIOKOB C
YCTPOMCTBaAMU [IepeKJIoUeHU S

A. HarpyxeHHHM pe3epB. Bce 3JeMeHTH
VMET OINVMHAKOBYI BEPOATHOCTH
fe30TKa3HOV pPab®oTH



Ry=Ry=-=Ry=R Ry,
z-1\"
Ry ={1-(1-R)(L-RRy,)""|
Ra‘i Ran

® Rb1 1 st - Rbn ™ st ®

| | |

| L

L Rz1'—'st—“ — Rzn_st—'

B. HarpyxeHHEN peseps
z =2, n=1;
. D _aAt
Raj RbJ T sz =R=e , Kpowme Rsw ;
At —Jt 2t
R, =e "+ Ry, e —Ry,e
R
R st
IpuMmeuanusa. 1. QOpMyJiEl IJIS Pe3ePBUPOBAHHEIX cucTeMm OCHOBAHEL Ha
IIPEnONOJIOXEHUM, UTO BEPOSTHOCTL Oe30TKa3HOM paboTh YyCTPOMCTB IIepeKJIoUeHUS
R

M OaTuMKOB pabBHa 1 ( W= 1),

At
y R(t)=e
2. ,I[.HF[ IIOCTOAHHOM MHTEHCMBHOCTIM OTKa330B () .

IIpunoxenue B
(cipaBoYHOE)

BYJIEBBI METO/IbI

B.1. BBogurnle 3amMedyanusa

Kpome OyneBbix Tabnuil UICTUHHOCTH, onucaHHbIX B 8.1.3, mpu ananmuze RBD, rinaBHbIM
00pa3oMm, UCTIOIB3YIOT OOBIUHBIE MaTeMaTuyeckue Gopmyinbl. OxHako 11 aHanuza RBD moxer
OpUMEHAThCA Takke OyneBa anreOpa. Bo MHOrumx ciydasx 3To sBiIseTCs HaMHOro Ooiee
s ¢dekTuBHBIM. B yacTHOCTH, OyneBa anreOpa MOXKET IPUMEHSATHCS B TEX Clydasix, KOrjaa:

a) RBD conepxur obuie 610ku (cM. prCcyHOK 15);

b) RBD conepxur crpenku (cMm. pucyHku 8 u 14);

C) cUCTE€Ma OYEHb CIIOJKHAS;

d) nerde mocTpouth OyJIE€BO BRIpAKEHHUE TSI OTMMCAHMS ycrexa (MM 0TKa3a) CUCTEMBI, 4eM
cooTBeTCTBYHOIYI0O RBD.

B oTHomenuu ciydas, yKazaHHOTO B InepeducieHuu d), cienyeT 3aMeTUTh CIlIeyIolee.
JUIs MHOTMX CHCTEM OIMCaHHWE YClexa WIM OTKa3a C IMOMOINbI0 OyneBod anredpbsl 4acTo
aBisercss Oosiee MpOCTOW M MOHATHOM 3adauedt, yem mnoctpoenne RBD. Hcnonb3oBanue
OyJeBOro MeToa MpH aHaiu3e HaJeKHOCTU CUCTEMBI IT03BOJIIET U30ekaTh ONIMOOK B Ipoliecce
noctpoenust RBD.

B.2. O603naueHus

CumBosibl Y W M paHee HCTHOIb30BAIUCH st 0003HaueHus jnorudeckux "MIJIA" u "N"



cooTBeTcTBeHHO. OmHako Oonee yAOOHO WHCMONB30BaTh cUMBON "+" s oOoO3HaueHUs
noruueckoro "MJIN" wu toukm "." nmus o6o3Havenms sormueckoro "M" <1>. YUeprouka Han
JIOTUYECKOW TEepEeMEHHOW 0003HauaeT WHBEPCUI0 WM JONOJIHEHHUE COOTBETCTBYIOLIETO

coObITHs, HatpuMep, & o6o3Hauaer "He a". Bolpaxkenue (a.b.c.e+ f.g ) cieyeT unuTaTh Kak "a
NUbWUHEcHe WIN fU g". Tekct, B KOTOPOM HCIIONB3YIOT CHUMBOJbBI, JOHKEH YETKO
ONMCHIBATh UX 3HAYCHHUE.

<1> IIpenmy1iecTBa TaKON 3aMEHbI CTAHOBSITCSI OUEBUIHBIMU B BHIDAKEHUSAX BU/1A

SSl=ab+aeb+aed+abed+acd+abcd.  3amucs  sroro  mepawenms ¢
HCITIOJIB30BAHHUEM JIOTHYCCKHUX CHUMBOJIOB HMCCT BH /]

SSl=anbuanenbuanenduanbnenduancnduanbncnd

910 BbIPAXXCHHUC ABJISICTCA 0oJiee CI0KHBIM JJIS aHaJIn3a.

B.3. Jlornyeckue nepeMeHHbIE U BEPOSITHOCTH

Paccmotpum cuctemy U3 IBYX pe3epBUPOBAHHBIX JJIEMEHTOB, H300paKCHHYIO HAa PUCYHKE
9. OueBuaHo, 4To cucreMa OyneT padorocmocoOHa, eciu OyneT paboTOCOCOOEeH OAMH U3
0610Kx0B A mim B.

BbyneBo Beipaxenue 11s ycnexa (paboTocrnocoOHOro COCTOSIHUS) CUCTEMBI UMEET BH]L

SS=a+Db, (15)

ra€ a u b - moruueckue INEPEMCHHBIC, COOTBCTCTBYIOIIUC pa6OTOCHOCO6HOMy COCTOSAHHIO

Ra Rb
61oxkoB A u B cootBercTBenHo. Ecnu 3amenuTh a u b Ha u COOTBETCTBEHHO, (hopmyna
(15) mpumer Bua

RS = Ra + Rb_ (16)

K coxanenuto, Gopmyna (16) siBisieTcs HEKOPPEKTHOM sl 3aBUCUMBIX cOObITHHA. Eciu
dopmyny (15) 3anucaTh B Buje

SS=a+ab (17)

— (1_

R, 7 R.) R,
TO 3aM€Ha a Ha 2, ¢ Ha a/ p b Ha MO3BOJISIET BBIBECTH KOPPEKTHYIO (popMyiy Juist

. R
BEPOSTHOCTH O€30TKa3HOM pabOThI CUCTEMBI =

RS = Ra +(1_ Ra)Rb . (18)

[Tpornecc 3amensr Gpopmyssl (15) Ha Gopmyiy (17) Ha3bIBAIOT €€ MPEACTABICHUEM B BUIE
HemnepeceKamuxcs (He3aBUCUMBIX) coObiTuil. @opmyny (15) MOXHO 3amucaTh B JIpYyrou

dopme: SS= b+5-a. ITpu 3amene b Ha Ry ub mHa (1-Ry) noJjryyaeM KOPPEKTHYIO (popMyiy

. R
BEPOSTHOCTH OE30TKa3HOM PabOThI CHUCTEMBI ()

Ry =R, +(1- Rb)Ra_ (19)

OueBuaHo, uyto ypaBHeHus (18) u (19) skBUBaJIEHTHBI.
Takum 00pa3oM, OCHOBHOW IIENIbIO SIBJISIETCS COCTaBJIEHHE OylieBa BBIPAKEHUS IS
ONKCAHMsl YCIeXa CHUCTEMBI C IOMOUIbIO HENEPECEKAIOLINXCSl COOBITMH. DTO 0O3HA4aeT, 4YTo



KaXIbI WIEH 3aKIIOYUTEIbHOro OyieBa BBIPAXKEHHUS AJS yclexa CUCTeMbl JTOJDKEH OBbITh
HE3aBUCHMBIM 10 OTHOIIEHUIO K KQKJIOMY JPYTOMY YJIEHY 3TOTO BBIPAXKEHUSI.

B.4. Meron coctaBieHus OyneBbIX BBIPAKCHUN

B.4.1. OcHOBHBIE ONOXKEHUSA

JIBa usieHa SBJISAIOTCS B3aUMHO HENIEPECEKAIOIIMMHUCS (IU3bIOHKTHBIMU), €CIIH, 10 KpaiiHel
Mepe, OJlHa IepeMEHHas MEepPBOro WieHa NOSABISAETCS B BUJAE €€ JIONOJIHEHUS B PYroM YJIeHE.
Harpumep, wienbl (KaIblii COAEPIKHT MO UETHIPE JOTMYECKHX MepPeMeHHbIX) p.q.r.s u S-LUV
SIBIISTIOTCS HETIEPECEKAIOIIMMUCS 3a CUET IepeMeHHoi s. OOpaTHOe Takke BepHO. B To ke Bpems
JIBa 4YJI€HAa HE SIBIIIOTCS HENEepeceKaroUMMUCcs (T.€. SBISIOTCS MEPECEKAOIUMUCS), €CIU HU
O/lHa W3 IEPEMEHHBIX OJHOI0 YJ€HAa HE IMOSBISAETCS B JAPYIOM B BHJE €€ JOIOJIHEHUS.
Hanpumep, 1Ba uieHa p.q.r.s 1 S.t.U.v He SBJIAIOTCS MEPECEKAIOIUMHUCH.

B.4.2. [Ipunuun qu3blOHKINNA

T T T.
Ecnu nBa wiena ! u 2 He SABJIAIOTCSA HEMEPECEKAIOIIMMUCST M HEOOXOAMMO CHeNaTh 2
T T
HE3aBUCHMBIM OT !, TO CHayaja HEOoOXOAMMO BbIOpaTh BCE IEPEMEHHBbIE B 1, KOTOpbIE HE

T . T T
BXOZAT B 2. Takoi 4ieH Ha3pIBalOT OTHOCHUTEIBHBIM JIONIOJNIHEHUEM 2 10 1. IIpenmonoxum,
V,.V, .V,

T,

T
YTO OTHOCUTEJIBHOE JIOTIOJIHEHHE - 3TO ( 4). Torpa npu 3amMeHe 2 u

T, =V,.T, +V\V,.T, +V,.V, ,.T, +V,.v, .V, .V,.T, ’

*

T +T
BbIpaxkeHue (1~ 2 ) OyAeT COCTOSTh TOJIbKO U3 HETIEPECEKAIONINXCS YICHOB

(M +T, =T, +V.T, +V,.V,.T, +V,.V,V, T, +V,.V,.V,.V,.T,)

H T,=de.f T,=ab.cd.e
anpuMep, 4TOOBI CACNIaTh YWICH ,

HCO6XO,I[I/IMO BBITIOJIHUTB CJICAYIOIINC JIeHCTBHS.

HEIICPECCKAIOIMMCA C YJICHOM

T. T T.
OTHOCUTENHHBIM JOMOJHEHHEM 2 10 ! sBIIseTCSA NepeCceUCHUC a.b.c, MMO3TOMY €CJIN 2

*

(T =d.e.f) 3amenuth Ha T2

T, =adef+abdef+abcde.f

*

o on T (r.e. Bce wumensl a.b.c.d.e, é.d.e.f’ a.b.d.e.f’ abc.def

HeNepeceKaIuMucs (HE3aBUCUMBIMU) OTHOCUTENBHO JIPYT Ipyra.

) Oyayr

*

T
HpI/IMe‘IaHI/Ie. HGCMOTpH Ha TO, YTO MOKHO 3aIlliCaTb JaHHOC BBIPAKCHUC IJISA 2 B BHJE

T, =d.e.f(@+ab+abt)

Takasi popma He MOAXOIUT JUI IPOLeTyphl, OMUCaHHOM B B.4.3.

B.4.3. Ilponienypa nepexo/ia K HE3aBHCUMBIM COOBITUSIM
[Iponeypa mepexo/ia K HE3aBUCUMBIM COOBITHSIM COCTOHT B CIIEAYIOIICM.

SS
a) 3anuchIBalOT BBIpAKEHUE JUISl yclexa CUCTeMBbl (0003HayaeMoro ~ 1), MCIOJb3ys BCE

T, T, e
yJieHb! OyNieBa BBIpAKEHHs 1 0003HAYas X cleBa HampaBo <> " '117 1122 137 we

<1> Ilpocteie OyneBbl BBIpAXKEHHSI [JIs ycllexa CHCTEMbI MPEACTABIAIOT CcOOOM



MMPOU3BCACHUC OAHOTO, IBYX HJIN 0oJiee YJICHOB.

T . T, . T

b) Beigensror ! xak "OCHOBHOW" WiIEH U cpaBHHUBAIOT 1 ¢ 12,
T
c) [Ipu HeoOxoaumocTH (T.€. eciu JBa YieHa SBIISIFOTCS MEePeceKalolUMUCs) ealoT 12
Tll
HETIEPECEKAIOUIUMCS C B COOTBETCTBUU C B.4.2.
T T

d) [Ipu HE0OXOAMMOCTH JENar0T 13 HemepeceKarmmmcs ¢ 1L,

e) [IpomoinkaroT mporece Uit OCTABIIMXCS WICHOB BBIPAKCHUS 55, .

f) IIpoBepsrOT HECKOJBKO pPACHIMPEHHOE (M3-32 JONOJHHUTEIBHO T00AaBICHHBIX YJICHOB)
MOJy4eHHOE Ha 3TOM JTale BBIPAKEHHE M YIPOLIAIOT €ro (M0 BO3MOXKHOCTH), HCIIONb3YS
npaBuja OyneBoi anreopsl (0ObI4HO MPUMEHSIOT npaBuia

(X+x)=X (X+xy)=X (Xy+X.y)=y ). TlonydeHHOE B Pe3yNbTaTe BHIPAKEHUE 0003HAYAIOT

SS T, Ty Toay cev
2 a ero WiICHBI CJIeBa HAMpaBo 0003HayaroT " 217 "227 "23) =,

SS

. T. T T
g) BeiOupatoT B kauectBe "OCHOBHOTO" BTopoi wieH ~ 2 ( 22), cpaBHHBAIOT 2 ¢ & |

. SS
BBIIIOJIHAIOT ACHCTBUS, OIIMCAHHBIC B IICPCUUCIICHUAX C) - f) JJIA 2, HonyquHoe B pE3YyJIbTATEC

BbIpaXEHHE 0003HAYAIOT 883.

h) TIponomkaroT BBIIONHATH ONMMCAHHYIO TPOLEAYPY IO TEX MOp, NOKAa BCE UICHBI HE
OynyT HMcnosibp30BaHbl B KadecTBe "OCHOBHBIX". Takum 00pa3oM, B IOIyYEHHOE BBIPAKEHUE
6YIIYT BXOAUTH TOJIBKO HEIICPCCCKAIOIIUECA UYJICHBI. HOJ’Iy‘IGHHOG BBIPAXKCHUC IMIPCACTABIACT

€000 JU3BIOHKTHYIO BEPCUIO UCXOJIHOTO BBIPAXKECHUS Ssl. Eciu B TakoM OyJ€BOM BbIpaKEHHUU
JUIsL yclleXa CHCTEMbl KaKAYK0 JIOTUYECKYHO IIEPEMEHHYIO 3aMEHUTb COOTBETCTBYIOLIEH
BEPOSTHOCThIO 0€30TKa3HOCTH paboThl, TO Oyner moiydeHa QopMmyna st OINpeneeHus
BEPOSITHOCTH 0€30TKa3HOM palboThl cucteMbl. Ilpu mojcTaHOBKE B 3TO BBIPAKEHHE YHCIOBBIX
3HAUEHUIN MOYKHO IMOJIYUYUTh YHCIIOBOE 3HAYCHHE BEPOSITHOCTH 0€30TKa3HOM pabOThI CUCTEMBI.

IIpumep npuMeHeHNs JaHHOM NPOLEAYPhI IPUBEIEH B nIoapaszaeie B.6.

B.5. KommeHTapun

CaMoe BaXHO€ CBOMCTBO METOAA COCTOMT B TOM, YTO Ha OCHOBE IOCJIEN0BATEIBHOCTU
[1aroB MOKET OBITh COCTaBJI€HA KOMIIbIOTEpHas IMporpaMma. lcrnonap3oBaHuE COBpEMEHHBIX
KOMITBIOTEPOB IO3BOJIET MOYTH MIHOBEHHO MOJYYMTh (OPMYJBI A TOCTATOYHO CIOKHBIX
OyJeBBIX BBIPAXKEHUH.

JIpyruM JOCTOMHCTBOM METOJla SBISETCS TO, YTO OIMCAHHAs MPOLEAYpa MOXKET ObITh
IpPUMEHEHa K OYJIEeBBIM BBIPAXKEHHSM, IOJYYEHHBIM B pe3yJbTaTe HCCIEIOBAaHUS JiepeBa
HEUCIPaBHOCTEM.

Emie onHO BaxkHOE CBOMCTBO CBA3aHO C TEM, YTO MOJYYEHHOE BHIPAKEHUE UCTIOIB3YIOT JUIS
BBIUUCIICHUS] BEPOSITHOCTEH, a Takke Kod((UIMEeHTa TEXHHYECKOTO HCIOJIb30BaHUs. B 3TOoM
Cllydae KakJloe COOBITHE JIOJKHO OBITh HE3aBHCHMBIM OT JIPYrHMX. DTO O3Ha4yaeT, YTO OTKa3 U
PEMOHT J11000T0 3JIEMEHTa HE BIMAIOT HAa OTKA3 MJIM PEMOHT JIIOOOTO JPYroro 3jieMeHTa (CM.
Takxe pazzaen 9).

B.6. [Ipumep npuMeHEeHNsI TU3BIOHKTUPYIOIIEH TPOLEAYPBI

[Ipeanonoxxum, 9TO cUCTEMa COCTOUT U3 TiATH AeMeHToB A, B, C, D u E. O603HaunM nx
COOTBETCTBYIOLIMMH OyJIeBBIMU MIEPEMEHHBIMH a, b, ¢, d, e. [Ipeanonoxum, 4To ycrnex cucTeMbl
B TepMHHax OyneBoil anreOpsl (SS) omuchiBaeT BbIpaK€HHE, BKIIOUAloliee B ceOs 4yeThIpe
YJIeHa!

SS=ab+eb+ed+cd.

21.]'[5{ IMMOJIYYCHHA BBIPAXKCHUA C HCIICPECCKAIOMIUMUCS YJICHAMU HGO6XOHI/IMO BBIITIOJIHUTH
CIEAYIOLIME JECUCTBUA.



[Tar 1.1. Kaxaplii wieH aenatoT HEeNepeceKarommuMcs ¢ MePBbIM. BBINOIHAIOT Ipoueaypy
JUTSL TIOJIY4E€HUS BTOPOTO 4JieHa, HE MEPEeCeKarolIerocs ¢ NepBbiM. AHAIM3UPYIOT Ha HAJUYKE B
MIEPBOM YJICHE JTOTIOJHEHHI TIEPEMEHHBIX BTOPOTO WieHa. ECIiM 3TO BBIMONHSIETCS, TO ABa WiCHA
ABIISIOTCS HEMEPECeKaIoIMMUCS, TOATOMY JallbHEHIINX JedcTBUN He TpeOyercs. B nmporuBHOM
cilydyae HEOOXOIUMO BHIOpATh BCE MEpEeMEHHbIE NepBOro wieHa (a.b), KOTopbie HE MOSBISIOTCS
BO BTOpoM wieHe (e.b). B TtepmmHax OyneBod anreOpsl ITO HA3bIBAETCS OTHOCHTEIHLHBIM
JOTIOJTHEHHEM BTOPOrO WIEHAa 10 TepBOro. B 1maHHOM mpuMepe pe3yiabTaToM  SIBIISETCS
nepeMeHHas a.

[ar 1.2. 3amMeHsroT BTOpoi WwieH (e.b) Ha (@.eb) <1>.
<1> TIlepBelli W BTOPOH WUJICHBI TENEPb SBISIOTCS HENEPECCKAIOMIMMUCST 33 CUeT
nepeMeHHoOil a. OHa NPHCYTCTBYEeT B NEPBOM YJIEHE, a BO BTOPOM UJIEHE NPHUCYTCTBYET €€

JIOTIOTHEHKE @ |

[ar 1.3. @opMUpyIOT TpPETUN UJIEH, HE MEPECEKAIOLIUNCA C MEPBbBIM. AHAIU3UPYIOT
MEPBbI U TPETHM WICHBl HA HAJIWYUE JIOMOJIHEHUS MEPEMEHHBIX MEPBOT0O 4j€HA B TPEThEM
yrieHe. Tak Kak 3TO HE BBINOJHSIETCA, HACHTU(OUIUPYIOT OTHOCUTENIHFHOE JAOMOJIHEHUE TPETHETO
YJieHa 70 TMepBoro. JTo mepeMeHHbie a U b. CremgoBarenbHO, HEOOXOJUMO 3aMEHHUTH TPETHI

Y4JICH Ha YJICH (a.ed+ab.ed) .

ar 1.4. ®opmupyrorT uyerBepThiii uwieH (c.d), HE TMepeceKaloUMiics ¢ TepPBBIM.
OTHOCHUTEIBHOE JIOTIOJIHEHHE YETBEPTOI'0 WIEHA /10 IEPBOIo - IepeMeHHbIe a U b.

HOSTOMY 3aMCHAIOT ‘ICTBCpTHﬁ YJICH Ha (a.C.d +a.b.C.d). Takum 06p2130M, BBIPAXXCHHUC
AJId yCriexa CUCTEMbBI Ha JaHHOM 3TaIl€ IPUHUMACT BU]L

SS,=ab+aeb+aed+abed+acd+ab.cd

3arem MOBTOPAKOT NPOUECC, HAYHUHAA CO BTOPOT'O WICHA (3Tal'[ 2)

sS, (a.ed) (@eb)

Har 2.1. @opMUPYIOT TPETUH WIEH , HE TIEpECEKaroUNcs CO BTOPbIM

OTHOCHUTEILHBIM JIOIOJIHEHHUEM SIBIIIETCS b. 3aMEHIIOT (a.ed) Ha (b.aed) .

SS, (ab.ed)

[Iar 2.2. ®opMUPYIOT YETBEPTHIA UeH , HE TIEPECEKAIOIINIC CO BTOPHIM

(@.eb) . B aToM ciiydae uneHsl yke SBISIFOTCS HEMepeceKamuMucs (M3-3a MEPEMEHHBIX a U b),
MO3TOMY JallbHEHIINX AeHCTBUI HE TpedyeTcs.

. SS, (a . a
ar 2.3. ®opMUPYIOT NATHIA WIEH ! (a.cd) , HE IIEPECEKAIOIIUNC CO BTOPBIM (a.eb) :
OTHOCHUTEIBHBIM JIOTIOJTHEHUEM SIBJISIIOTCS TEPEMEHHbIE € M b. 3aMeHSI0T NATHIA 4JieH Ha

(r.a.cd+eb.a.cd)
. SS, .
[ar 2.4. ®opMUpYIOT MIECTON WIEH , HE TIEpEeCEKaroInics co BTOPBIM. B 3TOM cirydae
YICHBI YK€ SABJIAIOTCA HCIICPCCCKAOIMIUMUCH (I/I3-3a HepeMeHHOﬁ b), IMO3TOMY IIaHLHefII.HHX

neiicTBuil He TpeOyercs.
Taxum 00pa3oM, BeIpaKeHHE ycIieXa CUCTEMbl Ha JaHHOM 3Tare MPUHUMAeT BUJ

SS,=ab+aeb+b.aed+ab.ed+eacd+eb.acd+ab.cd

Ha »stoii ¢aze Tperuit unen "morjomaer" MMIECTOW, a TPETHM M YETBEPTHIA UJIEHBI
o0benuustoTCs U Aatot (b.e.d). JIpyrumu cnoBamu

b.aed+eb.acd=b.aed(l+c)=b.aed,



baed+abed=bed(@+a)=bed

SS,
Takum o6pazom, HAMEET BU

SS,=ab+aeb+bed+gacd+ab.cd

3areM MOBTOPSIOT MPOLIECC, HAYMHASI ¢ TPEThEro wieHa (3tar 3).

SS, (e.a.cd)

[Iar 3.1. ®opMUPYIOT YETBEPTHIN YJICH , HE TIEPECEKAIONINICA C TPEThUM

(bed) .B JaHHOM CJIydac€ 3THU YJICHBI YK€ ABJIAIOTCA HECIICPECCKAOIIUMHUCA (I/I3'3a HCpCMeHHOﬁ

€), MOATOMY JaTbHEHIITNX IEHCTBHUI HE TpeOyeTcs.

. SS, .
[lar 3.2. ®opMupyroT [ATHIA YieH , HE TepeceKaroluiics ¢ TPEThUM.

(ab.cd)

OTHOCHUTEILHBIM AOMOJIHCHUEM ABJIACTCA NICPEMCHHAA €. Taxum o6pa30M, 3aMCHAIOT

ua (€2b.cd)

BBIpa)KeHI/Ie A yCrieXxa CUCTEMbBI Ha JaHHOM J3Tall€ NPpUHUMACT BU

SS,=ab+aeb+b.ed+eacd+eab.cd

Tak kak JanpHeiliee yNpoIIeHWE HEBO3MOXKHO, 3TO BBIPAKEHHE SBISETCS HCKOMBIM
pe3ynbTaToM. 3aMeHss NepEeMEHHbIC HAa COOTBETCTBYIOIINE BEPOSATHOCTH 0OE30TKa3HOH paboTHl,
HOJIy4at0T BBIPQXKEHUE JUIsl BEPOATHOCTH 0€30TKa3HON pabOThl CUCTEMBI

RS = RaRb +(l_ Ra)ReRb + (1_ Rb)ReRd + (1_ Re)(l_ Ra)RcRd +
+(1_ Re)Ra(l_ Rb)RcRd

dopma 3aKIIOYUTEIBLHOTO pe3ysibTaTa (B ITOM Cilydae 3) 3aBUCUT OT TMOpPSIKA, B

KOTOPOM 3alrcCaHbl WICHBI B UCXOAHOM 6y.]'IeBOM BBIPpAXKCHUMU. HaHpI/IMep, CCJIn 1 UMeeT BU

SS, =cd+ed+eb+ab

TO UTOI'OBOC BbBIPAKCHUC 6yI[CT HUMCTb BU

SS,=cd+ced+hde+abce+abede

*

SS, SS
Xors BBIPpAXKCHUSA IJIA Su 3 BBIMISISAT OYEHD pa3HbIMHU, OHHU S5KBHUBAJICHTHBI.
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