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BBEJAEHHUE

HanexxHOCThIO  Ha3bIBAlOT CBOMCTBO OOBEKTa COXPaHATH BO BpPEMEHHU B
YCTAHOBJICHHBIX TMpeJiejax 3HAYeHHUs] BCEX MapaMeTpoB, XapaKTEpU3YIOMIMX CIIOCOOHOCTh
BBITIOJIHATh TpeOyemble (YHKIUM B 3aJaHHBIX pEXKUMaX M YCIOBHUSIX MPUMEHEHHUS,
TEXHUYECKOTO OOCIy>KHMBaHUsI, PEMOHTOB, XpaHEHUS W TPAHCHOPTUPOBKU. Pacmiupenue
yCIOBUH AKCIUTyaTaluH, MOBBIIIICHUE OTBETCTBEHHOCTH BBITIOTHSIEMBIX
paauosnekTpoHHbiMu  cpenctBamu  (POC) dyHKIMNA, WX yCIOKHEHUE TPUBOIUT K
MTOBBIIICHUIO TPEOOBAHUH K HAJICKHOCTH H3CITHA.

HanexxHocTh  ABSIETCS  CIOXKHBIM ~ CBOMCTBOM, M (OpPMHUPYETCS  TaKUMHU
COCTAaBIIAIONIUMHU, Kak O€30TKa3HOCTh, JOJTOBEYHOCTh, BOCCTAHABIMBAEMOCTh U
coxpaHsieMocTb. OCHOBHBIM 37€Ch SIBISIETCS CBOMCTBO O€30TKa3HOCTU - CIIOCOOHOCTh
W3MIeTUsT HEMPEPHIBHO COXPAHATH pPabOTOCIOCOOHOE COCTOSHME B TEUEHHWE BPEMEHHU.
[ToTomy Hambosiee BaKHBIM B oOecrieueHuU HaaexkHOCTH POC siBiseTcs MOBBIMICHHE HX
0€30TKa3HOCTH.

OcoOEHHOCTBIO TPOOJIEMBI HAJIEKHOCTH SBJSIETCS €€ CBSI3b CO BCEMHU dTanaMu
“xu3HeHHOTO 1uKIa” POC oT 3apoXIaeHus WIeu CO3JaHus A0 CIHCAHUS: MPH pacyeTe U
MMPOEKTUPOBAHUM H3IEIUS €r0 HAJECKHOCTh 3aKJIAaJIbIBAETCS B MPOEKT, IPU M3TOTOBIEHUU
HAJISKHOCTh OOecreunBaeTCs, MpPU JKCIUTyaTalluu - peanusyercs. [losromy mpobiiema
HAJIe)KHOCTHU - KOMIUIEKCHas mpolOsiemMa M pemiaTh €€ HEeoO0XOJMMO Ha BCEX dTamax M
pasHbIMU cpecTBaMu. Ha sTane mpoeKTUpOBaHUS U3JIENUs ONPEIEseTCsl €ro CTPYKTypa,
MIPOU3BOJIUTCS BHIOOp WM pa3pabOTKa SIEMEHTHOM 0a3bl, MOITOMY 3/1€Ch HMEIOTCA
HauOOJIbIIME BO3MOXKHOCTH oOOecrnedeHus Tpedyemoro ypoBHS HajaexHoctd POC.
OCHOBHBIM METOJIOM PEIICHUSI ITOW 3aJa4yu SIBJISIIOTCS pacueThl HAJEKHOCTH (B MEPBYIO
ouepelb - 0€30TKa3HOCTH), B 3aBUCUMOCTH OT CTPYKTYPhl OOBEKTA U XaPaKTEPUCTUK €ro
COCTABJISIFOLIMX YacTeH, ¢ mocienyromeil HeoOXoauMon Koppekiuei npoekra. Hekoropsie
CIIOCOOBI pacyeTa CTPYKTYPHOM HAJCKHOCTH PACCMATPHUBAIOTCS B IAHHOM MTOCOOUH .

1 KOJIMYECTBEHHBIE XAPAKTEPUCTHUKH BE3OTKA3HOCTH

be3oTtkazHocte (M Jpyrue cocTaBistonue cBoiicTBa HaaexkHoctu) POC CC
MPOSIBJISIETCSL  Yepe3 ClydyailHble BETUYHMHBI: HapabOOTKy 1O OYepeqHOTO OTKaza u
KOJIMYECTBO OTKA30B 3a 3a7aHHOe BpeMs. [109ToMy KONMMYeCTBEHHBIMU XapaKTEPUCTUKAMHU
CBOWCTBA 3/1€Ch BBICTYIAIOT BEPOSATHOCTHBIE TIEPEMEHHBIC.

Hapabomka ecth NPOJOIKUTENIBHOCTh UKW 00beM paboThl o0bekTa. s POC CC
€CTECTBEHHO HCYHMCIICHWE HapaOOTKM B €OWHHUIIAX BPEMEHHU, TOTJa KakK IS JIPYTHX
TEXHUUYECKUX CPEJICTB MOTYT OBITh yJnoOHEe HWHBIE CpPEICTBAa HW3MEpEeHHUs (Hampumep,
HapaboTKa aBTOMOOWJS - B KWwioMerpax mnpooOera). Jljiss HEBOCCTaHABIMBAEMBIX U
BOCCTAHABIIMBAEMbBIX M3JIENUI TMOHATHE HApaOOTKU pa3iIvyaeTcs: B TMEPBOM cliydyae
Mo/ipa3yMeBaeTcsl HapabOTKa JI0 MEPBOTO OTKa3a (OH )K€ SBIIETCS W MOCIEIHUM OTKa30M),
BO BTOPOM - MEXIY JBYMSI COCETHHMH BO BPEMEHU OTKa3zaMHu (IOCEe KaXKIIOTO OTKas3a
MPOU3BOJUTCS  BOCCTAHOBJIGHHE PabOTOCIOCOOHOTO  COCTOSHHUA). MareMaThuyeckoe
OXXuJaHue ciaydaitHoi Hapabotku T

ME = fif(ar =1, (L.1)



SBIISIETCS XapaKTEPUCTUKON 0€30TKa3HOCTU M HA3BIBACTCS cpedHell HapabomKol Ha OMKA3
(meancdy omkazamu). B (1.1) uepe3 t 0003HaUeHO TeKyllee 3HaueHHe HapaOoTku, a f(t) -
TUIOTHOCTBH BEPOSTHOCTHU €€ PacIpeIeTICHISI.

Beposmuocmo 6e30mkasHotl pabomsi - BEPOSITHOCTh TOTO, YTO B Mpeeiax 3aJaHHON
HapaOoTku t 0TKa3 00BEKTa HE BOSHUKHET:

p()=Bep(T 2t)=1-F(¢) =1~ [ f(t)dt. (1.2)

BeposiITHOCTh MPOTHUBOIIOIOKHOTO COOBITHSI HA3BIBACTCS 8EPOSMHOCHbIO OMKA3A W
JIOTIOJIHSAET BEPOATHOCTh 0€30TKA3HOM pabOThI 10 €TUHUIIBL:
q(t)=Bep(T <t)=1—p(t) = F(?). (1.3)
B (1.2) u (1.3) F(t) ectb uHTerpanpHas (QyHKUMS pacrpeacicHUEe CIydaiHOM
Hapabotku t. [ImoTHocTh BepositHOCTH f(t) Takke sBIsieTCS TOKa3aTelieM HaJeXKHOCTH,
Ha3bIBAEMBIM YACIMOMOLL OMKA308:.
F(t) = dr(t) _dq(t) _ d[l—p(f)]:_dp(f)' (1.4)
dt dt dt dt
N3 (1.4) o4yeBUAHO, YTO OHA XapaKTEPHU3YET CKOPOCTb YMEHBIIECHHS BEPOSTHOCTH
0e30TKa3HOW pabOThl BO BPEMEHH.
Humencusnocmovio omkazo6 Ha3bIBAIOT YCIOBHYIO IUIOTHOCTh BEPOSITHOCTU
BO3HHMKHOBEHUS OTKa3a M3JENUs MIPH YCIOBUH, UTO K MOMEHTY t OTKa3 HE BO3HHK:

/'L(Z):M__LM_ (15)

p(t)  p(r) dt
®dyukumu f(t) u 4 () usmepstores B u .

Wurerpupys (1.5), 1€rko noayyuTh:
p(t) = exp|:— J'/l (t)dt:|. (1.6)
0

OTO BBIpaXXECHHE, HA3bIBAEMOE OCHOBHBIM 3aKOHOM HAJEKHOCTH, IO3BOJISET
YCTAaHOBUTh BPEMEHHOE HM3MEHEHHE BEPOSITHOCTU O€30TKa3HOW paloThl MpU JIFOOOM
XapaKkTepe W3MEHEHUS! HMHTEHCMBHOCTHM OTKAa30B BO BpeMEHU. B dYacTHOM ciyyae
MOCTOSTHCTBA MHTCHCHMBHOCTH OTKa30BA () =24 = const (1.6) mepexoAWT B M3BECTHOE B
TEOPHUH BEPOSATHOCTEN SKCIIOHEHIIMAIBHOE pacipe/ieICHUE:

p(t)=exp(= At); F(1)=1-exp(- A1);
f(t)= Aexp(— A1) } (1.7)

[Totok oTka30B mpu A (t)=const Ha3bIBaCTCS npoCcmeluiyumM U UMCHHO OH pealTu3yeTcsl
st 6onpmmHcTBa POC B TedyeHuu mepuofa HOPMaJIbHOM 3KCIUTyaTalldd OT OKOHYaHUs
npupaOOTKU IO Havada CTApEHUs U U3HOCA.

[loncraBuB  BbIpaXKEHUE IUIOTHOCTHM BeposiTHOCTH  f(f)  SKCIOHEHIMATBHOTO
pactpenenenus (1.7) B (1.1), moayuum:

T,=Y . (1.8)

T.€. MPU MPOCTEHIIEM MOTOKE OTKAa30B cpedHsisi HapaboTka 7y  oOpaTHa WHTEH-
cuBHOCTH OTKa3oB A . C momompbio (1.7) MOXHO TOKa3zaTh, YTO 3a BpeMs CpeaHEl
HapaboTku, =T, BEpOSATHOCTH OE€30TKa3HOW pabOThl M3Aenusi coctaBisier 1/e. Yacro
HCTIOJB3YIOT XapaKTEPUCTUKY, HA3bIBAEMYIO y - HPOYEHMHOU HApabomkou - BpeMs, B

TEYCHHH KOTOPOTO OTKAa3 HE HACTYIUT C BEpOSITHOCTHIO y (%0):
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T —-—2=_TInP, P ——2—. (1.9)
4 2 7> 57 7100

BI)I60p mapameTpa mjist KOJIMUECTBEHHOU OOCHKH HAJACKHOCTU OIIPCACIIACTCA HASHAUCHHUCM,

pPCKUMaMn pa6OTBI N3ACJIU, y,HO6CTBOM INpUMCHCHHA B pacdCTax Ha CTaJAHUHU

IPOECKTUPOBAHHSI.
2 CTPYKTYPHO - JIOTTYECKH AHAJIN3 TEXHUYECKHUX CUCTEM

KoneuHoii 1eipl0 pacueTa HAJEKHOCTH TEXHUUYECKUX YCTPOMCTB SIBISAETCS
ONTUMHU3AIMS KOHCTPYKTHUBHBIX PEIICHUN U MapaMeTpoB, PEXKUMOB SKCIUTyaTalluu,
OpraHu3alysl TEXHUYECKOr0 OOCIY>KHBaHUS W PEMOHTOB arperatoB u cuctem. [lostomy
yK€ Ha paHHUX CTAIUSIX MPOEKTHUPOBAHUS BaKHO OLICHUTH HAJIEKHOCTh OOBEKTA, BHISIBUThH
HamOosee HEHaleXKHbIE Y37bl M JACTalu, ONpeAeNuTh Haubonee 3 EKTHBHBIE MeEphI
MOBBIIEHUSA TIOKa3aTelneld HaAeKHOCTH. PelieHue STUX 3a7ady  BO3MOXKHO MOCIE
MPEABAPUTEIBHOTO CTPYKTYPHO - JIOTUYECKOTO aHAIN3a CUCTEMBI.

BoabIMIMHCTBO TEXHUYECKHMX OOBEKTOB, B TOM UHCJIE arperaToB M CHUCTEM
BOOPYKEHMSI, SIBISIIOTCS CJIOKHBIMH CHUCTEMaMH, COCTOSIIMMHU W3 OTHEJbHBIX Y3JIOB,
JIeTaJIei, arperaToB, yCTPOUCTB KOHTPOJIS, yIpaBieHus U T.1.. Texnuyeckasn cucmema (TC)
- COBOKYIIHOCTh TEXHHMYECKHUX YCTPOWCTB (3JEMEHTOB), MpPEIHA3HAYEHHBIX JIA
BBITIOJIHEHUSI ompeneneHHo (QyHkiuu win  (QyHkiuil. COOTBETCTBEHHO, J1eMeHm -
COCTaBHAas 4YaCTh CUCTEMBI.

Pacunenenne TC Ha 351€MEHTBHI JOCTATOYHO YCJIOBHO M 3aBUCUT OT MOCTaHOBKH
3ajayd  pacyera HaAexxkHoctd. Hampumep mnpu  aHamuze  pabOTOCIOCOOHOCTH
TEXHOJIOTUYECKOW JIMHUU €€ JJIEMEHTaMH MOTYT CUHUTAThCA OTHCJIbHbIC YCTAaHOBKH U
CTaHKH, TPAHCHOPTHBIE W 3arpy304HbIC YCTPOMCTBA W T.A.. B CBOIO ouepeqb CTaHKU U
YCTPOMCTBA TaKK€ MOTYT CYUTAThCS TEXHUUYECKUMU CHUCTEMaMH W TMPU OLEHKE HX
HAJIS)KHOCTU JIOJDKHBI OBITH pa3/iefieHbl Ha AJIEMEHTHI - Y3JIbl, OJIOKH, KOTOPBIE, B CBOIO
o4depe/lb - Ha JeTaau U T.1..

[Ipu ompenenenun ctpyktypsl TC B TepByIO ouepenb HEOOXOAMMO OIICHHUTH
BIIMSIHUE KAKJIOTO DJIEMEHTA U €ro paboTOCOCOOHOCTH Ha pabOTOCIIOCOOHOCTH CUCTEMBI B
nejaoM. C 9TOM TOYKH 3pEHHs 1LEIeCO00pa3HO pa3[eiauTh BCE AJIEMEHThl Ha YEThIPE
TPYIIIBL:

1. DineMeHThl, OTKa3 KOTOPHIX MPAKTUYECKH HE BIUSET Ha PabOTOCTIOCOOHOCTH
CUCTEMBI (Harpumep, nedopmanus Koxyxa, I3MEHEHHE OKPACKH TOBEPXHOCTH U T.I1.).

2. DneMeHThI, paboTOCTIOCOOHOCTh KOTOPBIX 3a BpPEMs AKCILUTyaTallMd MPaKTUYECKU
HE H3MEHSETCS W BEPOSTHOCTh 0€30TKa3HOM paboThl OsM3ka K eAuHUIle (KOPITyCHBIE
JeTaau, MaJOHarpy>XE€HHBIE JIEMEHTHI C OOJIBIITUM 3al1acoOM ITPOYHOCTH).

3. DJIeMEeHThI, PEMOHT WJIM PEeryJIMpOBKa KOTOPHIX BO3MOKHA TpHU paboTe U3EIUs
WIM BO BpeMs IUIAHOBOTO TEXHMYECKOTO OOCIyXuBaHUS (HajdaJaKa WM 3aMeHa
TEXHOJIOTHYECKOTO MHCTPYMEHTa 000PYyI0BaHUS, HACTPOWKA YAaCTOTHI CEJICKTUBHBIX IeTen
arperaTtoB U CUCTEM BOOPYKEHHUS U T.1.).

4. DneMeHThl, 0TKa3 KOTOPHIX caM MO cede WM B COYETaHWH C OTKa3aMU JPYTHX
AJIEMEHTOB MPUBOJIUT K OTKA3y CUCTEMBI.

OueBuaHO, Ipu aHanu3e HajJie:kHOCTU TC MMeEeT CMBICH BKIIIOYATh B PACCMOTPEHUE
TOJBKO 3JIEMEHTHI TOCJIEAHEN TPYIIIHI.



JUis pacdyeToB MapamMeTpoOB HAAEKHOCTH YIAOOHO HCIHOJB30BaTh CMPYKMYPHO -
Jnocudeckue cxemvl HaoedxcnHocmu TC, xoTopble rpad@HUuecKd OTOOPaKAIOT B3aUMOCBSI3hb
AJIEMEHTOB M UX BIUSHUE HAa PabOTOCHOCOOHOCTH CHCTEMBbI B LEIOM. CTPYKTypHO -
JIOTHYECKasi cXeMma IPEACTaBseT COOON COBOKYNHOCTb PAHEE BBIJICICHHBIX AJIEMEHTOB,
COEMHEHHBIX ApPYyr C JPYyroM IOCJIENOBaTeNbHO WIM HapamienbHo. Kpurepuem aiis
OTIpe/IeNICHUs BUJIa COEIMHEHUS 2JIEMEHTOB (ITOCJIE0BATEIBLHOTO WK MapalIeIbHOI0) MIPH
MIOCTPOEHUH CXEMBI SIBJIIETCS BIMSIHUE UX OTKa3a Ha padorocrnocodHocTs TC.

Ilocneoosamenvubim (C TOYKU 3pEHHUS HAEKHOCTH) CUMUTACTCS COEAMHEHUE, MpHU
KOTOPOM OTKa3 JIF000T0 AJIEMEHTA MPUBOAUT K OTKa3y Bcel cucteMsl (puc. 2.1).

IapannenvHvim (C TOYKU 3pEHUS HAZCKHOCTH) CYUTACTCA COSAMHEHUE, IPU KOTOPOM
OTKa3 J000Tr0 3JIeMEHTa HE MPHUBOJUT K OTKa3y CHUCTEMBI, MOKa HE OTKaXyT BCE
COEMHEHHBIE AIEMEHTHI (puc. 2.2).

Puc. 2.1. ITocnenoBarenbHoOe Puc. 2.2. IlpanienbHoe COCAMHEHUE
COE/IMHEHHE HJIEMEHTOB AJIEMEHTOB

OmnpeneneHHass aHaNOTUSl 3[€Ch MPOCIIEKUBACTCS C IIETbI0, COCTABICHHOW U3
NPOBOJSIIMX 3JIEMEHTOB (MCIpPaBHBIA 3JIEMEHT TMPOIMYCKAaeT TOK, OTKa3aBIIMA HE
mpomnyckaer): pabdorocrmocoOHoMy  cocTtossHui0O TC  COOTBETCTBYET  BO3MOXKHOCTH
IPOTEKaHUsl TOKa OT BXOJa 10 BbIXOJa LIETIH .

[Tpumepom MocCiIeA0BATEIBLHOTO COCIUHEHUS 3JIEMEHTOB CTPYKTYPHO - JIOTUUYECKOM
CXEMBbI MOXKET OBITh TEXHOJOTHYECKas JUHUS, B KOTOPON MPOUCXOIUT MepepadoTKa ChIpbs
B TOTOBBIM MponaykT, wiun POC, B KOTOPOM TOCIEAOBATENIbHO OCYIIECTBISETCS
npeoOpa3oBaHre BXOJIHOTO CUTHaja. Eciu ke Ha HEKOTOPBIX y4acTKaxX JTUHHUH, WU MyTH
CUTHaja, TNpPEeIyCMOTPEHa OJHOBpEMEHHass o00pa0oTka Ha HECKOJbKHX EIUHHIAX
o0OpyOBaHusl, TO TaKU€ DJIEMEHTHl (€AMHUIIBI OOOpPYAOBAHMS) MOTYT CUMTATHCS
COCTMHEHHBIMU TapajlIeTBHO.

OnmHako HE BCerja CTPYKTypHas cxeMma HaJCKHOCTH aHAJIOTUYHA KOHCTPYKTHB-HOU
WA DJIEKTPUYECKON CXEeMe pacIosIOKeHUs dJeMeHTOB. Hampumep, MOAMUITHUKY HA Baly
penykTopa paboTarT KOHCTPYKTHBHO TapajulebHO APYT C APYroM, OJHAKO BBIXOA W3
CTposi JIO0OT0 W3 HHUX TMPUBOAUT K OTKa3zy CHUCTEMbl. AHAJOTUYHO JIEHCT-BUE
WHAYKTUBHOCTH M EMKOCTH MapajjIeIbHOTO KOJIEOATebHOTO KOHTYpa B CEJIEKTUBHBIX
kackamax POC. Vka3aHHble »3J€MEHTbI C TOYKH 3pEHHUS HAAEKHOCTH OO0pa3yroT
MOCJIE0BATEIBHOE COSTUHEHHE.



Kpome TOro, Ha CTpyKTYpy CX€Mbl HaJIeXKHOCTU MOXKET OKa3bIBaTh BIUSHUE U BUJ
BO3HUKAIOIIMX OTKa30B. Hampumep, B JJEKTpUUYECKHUX CHCTEMax JUIsl TOBBIIIE-HUSA
Ha/JIe)KHOCTU B psj€ CIy4yaeB MPUMEHSAIOT MapaJJIeIbHOE WM TOCIEA0BaTEIbHOE
COEMHEHHE KOMMYTHUPYIOIIUX 31eMeHTOB (puc. 2.3). OTka3 TakuX H3AETUN MOXKET
IPOUCXOAUTH IO JABYM IpUYMHAM: OOpbIBa (T.€. HEBO3MOXXHOCTH 3aMBIKaHUs IIENH) U
3aMbIKaHus (T.€. HEBO3MOXKHOCTH pa3pbiBa coeluHeHus). B ciyuae oTkaza tumna “oOpbIB”
CXeMa HaJeKHOCTH COOTBETCTBYET »JJCKTPUUYECKON cXxeme cucteMsl (mpu “oOpbiBe”
J000r0 KOMMYTaTOpa IMpHU IOCIEI0BATEIbHOM HX COEAMHEHUM BO3HHUKAET OTKa3, IMpHU
napajyuieIbHOM - Bce (DYHKITMH YIIpaBieHUs OyAeT BHIOJIHATH UCIIPAaBHBIN KoMMyTaTop). B
clly4yae OTKa3a THUIA ‘‘3aMbIKaHUE  CXeMa HaJEeKHOCTU MPOTHBOIIOJIOKHA JIEKTPUIECKO (B
NapajyieIbHOM  BKJIIOYEHUM YTPATUTCS BO3MOXKHOCTb  OTK-JIKOYEHUS TOKa, a B
IIOCJIE0BATEILHOM OOLIETO OTKAa3a HE IPOUCXOIUT).

DneKTpuuecKas CTpyKTypHasi cxeMa HaJIeKHOCTH IPU OTKa3e THUIIA
cxema
00pBIB 3aMbIKaAHUE
_"/._'/Ft— — "] 2 - 1
1 2
2
1 1
41 g
2

Puc. 2.3. 9HeKTpI/I‘IeCKI/IC n CTPYKTYPHBIC CXCMbI COCOIMHCHUA KOMMYTallUOHHBIX
OJICMCHTOB IIPH PA3JIMYHBIX BHUAaX OTKAa30B

B unenom aHanmm3 cTpykTypHOM HanexkHocTH TC, Kak NOpaBWiIO, BKIKOYAECT
CIEAYIOIIUE ONIEPALUU:

1. AHanu3upyroTcsi yCTpPOMCTBAa M BBINOJHIEMBIE CUCTEMOW U €€ COCTABHBIMU
qacTAMHU (QYHKIIMH , @ TAKKE B3aUMOCBSI3b COCTABHBIX YacTeH.

2. @opmupyercs coiepKaHUE TMOHATUS “‘0e30TKa3HOM pPaboThI” s JTaHHOU
KOHKPETHOU CHUCTEMBI.

3. Onpenensitorcsi BO3MOYKHBIE OTKa3bl COCTABHBIX YACTEW U CUCTEMBI, UX TPUYUHBI
Y BO3MOJKHBIE TIOCJIEACTBUS.

4. OueHuBaeTcsi BJIMSHHUE OTKA30B COCTaBHBIX 4YacTeil CHCTEMbI Ha €€

PaboTOCIIOCOOHOCT.

5.  Cucrema paszensercs Ha ODJIEMEHTBHI, ITOKa3aTeau HaJIeKHOCTH KOTOPBIX
W3BECTHBI.

6. CocraBnsieTcss CTPYKTYpPHO - JIOTUYECKasl CXeMa HAJICKHOCTH TEXHUYECKOM
CHUCTEMBI, KOTOpast SBJISICTCSI MOJIEIBIO €€ 0€30TKa3HOUM paOOThI.

7. CocCTaBISItOTCSL  pacy€THBIC 3aBUCUMOCTH Ui OMNPENENICHUs TOoKazaTeen

HaaéxHoct TC ¢ UCnoyib30BaHUEM JAHHBIX MO HAJEKHOCTH €€ DJIEMEHTOB U C Yy4ETOM
CTPYKTYPHOU CXEMBI.



B 3aBUCHMOCTH OT MHOCTaBJICHHOU 3aladd Ha OCHOBAaHHUH PE3YJILTATOB pacycTa
XapaKTCPUCTUK HAJAC)KHOCTHU TC ACIAalOTCA BBIBOAbI W IIPUHHUMAIOTCA PCELICHUA O
H€O6XOI[I/IMOCTI/I NU3MCHCHHA HIIA I[Opa6OTKI/I AJIEMEHTHOM 6331;1, PE3CPBUPOBAHNN
OTACJIBHBIX JJICMCHTOB HWJIM  Y3JI0B, 00 YCTAHOBJICHHUHU  OIIPCACIICHHOTO PCKHUMaA
HpO(i)I/IHaKTI/I‘IGCKOFO O6CHy}KI/IBaHI/ISI, O HOMCHKJIATYPC U KOJIMYCCTBC 3alldCHBIX 3JICMCHTOB
oJsL pCMOHTA U T.I..

3 PACYETBI CTPYKTYPHOM HAJTEXKHOCTH CUCTEM

Pacuetsl nmokazateneit 6e30TkazHocT TC 0OBIYHO MPOBOMAATCS B MPEIANOI0KECHHUH,
YTO KaK BCSI CUCTEMa, TaK U JIt0OOM ee JIIEMEHT MOT'YT HaXOJIUThCS TOJIBKO B OTHOM U3 JIBYX
BO3MOXHBIX COCTOSTHUH - pabOTOCIIOCOOHOM M HEpabOTOCIOCOOHOM M OTKa3bl 3JIEMEHTOB
He3aBUCUMBI  Japyr oT jpyra. CocTosiHME  cuUcTeMbl  (paboTOCrocOOHOE WU
HEepabOTOCTIOCOOHOE) OMpeeseTcss COCTOSHUEM 3JIEMEHTOB M MX codeTaHueM. IloaTomy
TEOPETUYECKH BO3MOXXHO pacdeT Oe3oTkazHocTH Joboi TC cBectu K mepebopy Bcex
BO3MOYKHBIX KOMOWHAIIMA COCTOSTHHM 3JIEMEHTOB, ONPEACICHUIO BEPOSITHOCTH KaXKIOTO W3
HUX ¥ CIIO)KCHHUIO BEPOSITHOCTEH pabOTOCTIOCOOHBIX COCTOSIHUN CHCTEMBI.

Takoit meton (memod npsimoeo nepebopa - cM. 1. 3.3) TPaKTUUECKU YHUBEPCAICH U
MOXET HUCIOJIb30BaThCsl npu pacyere MoObix TC. OpHako mpu OOJBIIOM KOJIUYECTBE
AJIEMEHTOB CHCTEMBI N TAaKOW IMyTh CTAHOBHUTCS HEpPEaThbHBIM H3-3a OOJBIIOTO0 00BeMa
BBIYHMCIICHUN (HampuMmep, npu n=10 4ucio BO3ZMOKHBIX COCTOSIHHM CHUCTEMBbI COCTaBIISIET,
2"= 1024, npu n=20 npesbimaer 10°, mpu n=30 -Oomee 10°). [ToaToMy Ha MpaKTHKE
UCTIONB3YIOT Ooiiee 3(PPEeKTUBHBIE M HPKOHOMHYHBIE METOJIbl pacyeTa, HE CBSI3aHHBIE C
O0NBIITMM 00bEMOM BBIYUCICHUI. BO3MOXHOCTh TPUMEHEHHUSI TAKMX METOJIOB CBS3aHA CO
ctpykrypou TC.

3.1 CucreMbl € OC/I€10BATENbHBIM COCIHHECHHUEM 3J1EMEHTOB

Cucremolt ¢ nocnedosamenvHbIM coeOUHeHueM 31eMeHmo8 Ha3bIBAaeTCsl CUCTEMa, B
KOTOPOM OTKa3 JH0O0ro 3JeMEHTa NPUBOJIUT K OTKa3y BCed cucteMbl (cM. m. 2, puc 2.1).
Takoe coenMHEHHE 3JIEMEHTOB B TEXHHMKE BCTpEYAaeTCs HamboJiee 4acTo, MO3TOMY €ro
Ha3bIBAIOT OCHOBHbLIM COCOUHEHUEM.

B cucreme ¢ mocienoBaTeabHbIM COCIUHEHUEM JIsI 0€30TKa3HOM paboThl B TEUEHUU
HEKOTOpOW HapaOOTKU t HEOOXOIUMO U JOCTATOYHO, YTOOBI KaXKIbId M3 €€ N 3JEMEHTOB
pabotanm 0e30TKa3HO B TEYEHWM OTOM HapaOboTku. Cuurtas OTKa3bl DJIEMEHTOB
HE3aBHCUMBIMH, BEPOSTHOCTb OJHOBPEMEHHOM O0€30TKa3HON paboThl N 3JIEMEHTOB
ONpENENSAETCS 10 TEOPEME YMHOXKEHHSI BEpPOSTHOCTEM: BEPOSTHOCTH COBMECTHOTO
MOSIBJICHUS HE3aBUCUMBIX COOBITHI paBHA MPOU3BEICHUIO BEPOSTHOCTEN 3TUX COOBITUH:

P = pOp, @) p,) =] TP =] ]0-q.) (3.1)

(mamee aprymeHT ! B CcKoOKax , TMOKa3bIBAIOIIMN 3aBUCHMOCThH IOKa3aTesen
HAJISKHOCTH OT BPEMEHH, OIyCKaeM JJIs COKpaieHus 3anuceid popmyin). COOTBETCTBEHHO,
BEPOSATHOCTH OTKa3a Takoi TC

QZI_P:I_IiIPz‘ZI_lﬁ(I_%)- (3.2)

Ecnu cucrema coCTOUT U3 paBHOHAIEKHBIX AIEMEHTOB ( p;, = p ), TO



P=p', O=1-(0-9". (3.3)

N3 popmyn (3.1) - (3.3) odeBUHO, UTO )K€ MPU BHICOKOW HAJEKHOCTU HIIEMEHTOB
HAJIe)KHOCTh CHUCTEMBI MPHU TOCIEI0BATEIbHOM COEIWHEHUM OKa3bIBaeTCA TeM OoJee
HU3KOM, 4eM OO0JIBIIIe YHCIIO AJIEMEHTOB (Hampumep, pu p=095u n=10 umeem P =060,
npu n=15 P=046,anpu n=20 P=036). Kpome TOro, nockojibKy BC€ COMHOXHUTEIIU B
npaBoil yacTu BblpakeHHs (3.1) He NPEBBILIAIOT EAUHUIIBI, BEPOATHOCTh O€30TKa3HOMU
pabotel TC mnpu mociienoBaTEIbHOM COEIUHEHUHW HE MOXET ObITh BBIIIE BEPOSITHOCTU
0e30TKa3HOW paboThl CaMOI'0 HEHAJEAKHOTO U3 €€ JIEMEHTOB (MPUHLHUI “XYyXKe XYIIIEro”)
U U3 MaJOHAJEKHBIX OJJIEMEHTOB HENb3s CO3/laThb BbICOKOHaAexkHou TC ¢
MOCJIEA0BATEIbHBIM COCUHECHUEM.

Ecnmu Bce ameMeHThI cucTeMbl pabOTaloT B MEPUOJIC HOPMAIBHON JIKCIUIyaTallud U
MMEET MECTO MPOCTEUINHA MOTOK OTKa30B (cM. M. 1), HapaOOTKHU 3IEMEHTOB W CHCTEMBI
MOAYUHSIIOTCSL AKCHOHEHIIMaIbHOMY pactipenencHuto (1.7) u Ha ocHoBanuu (3.1) MOXKHO
3amucaTh

P=]]exp(— 4 t)= exp|:—(z/1 i )t} =exp(- A 1), (3.4)
i=1 i=1

rae

A =2, +A,+.+1, =D A, =const (3.5)
i=1
€CTh MHTEHCHUBHOCTb OTKA30B CUCTEMBbI. TakuM 00pa3oM, HHTEHCUBHOCTh OTKa30B CUCTEMBbI
IIPU MOCJIEIOBATEIBHOM COEAUHEHHUH 3JIEMEHTOB M MPOCTEUILEM IMOTOKE OTKA30B paBHA
CyMM€ MHTEHCUBHOCTEH OTKa30B 3JieMeHTOB. C moMortsio Beipakenuii (1.8) u (1.9) moryt
OBITH OTIPEJICTICHBI CPEAHSS U 7 - IPOILICHTHASI HAPAOOTKHU.

N3 (3.4) - (3.5) cnemyer, 4TO IJIsi CUCTEMbl M3 N PABHOHAIEKHBIX DJIEMEHTOB
(j« =4 )

A=na, T, =20 (3.6)
n

T.€. MHTEHCHUBHOCTh OTKAa30B B N pa3 OoJibliie, a Cpe/iHsAs HapaOOTKa B N pa3 MEHBIIIE,

YeM y OTJIEIIbHOTO 3JIEMEHTA.

3.2 Cucrembl ¢ NapajuieJibHbIM COeIMHEHHEM 3JIeMEHTOB

CucreMoil ¢ napannenvHblM coeouHeHueM 31eMeHmMOo8 Ha3bIBAaeTCsl CHUCTEMa, OTKa3
KOTOPOM MPOUCXOJUT TOJBKO B CIIyda€ OTKa3a BCEX €€ AJIEMEHTOB (CM. M. 2, puc. 2.2).
Takue cxembl HaIeKHOCTH XapakTepHbl i1 TC, B KOTOPBIX 3JIEMEHTHI AYOIHPYIOTCS WU
PE3EpPBUPYIOTCS, T.€. MapaUICIbHOE COCAMHCHHME WCIIONB3YETCS KaK METOJ TOBBIIICHHS
HajgexkHocTh (cM. 1. 4.2). OgHako TakUe CUCTEMbl BCTPEYAIOTCS M CaMOCTOSITENIbHO
(HampuMep, CHUCTEMBI JIBUTATEJICH YETHIPEXMOTOPHOTO caMoJieTa WM MapauIeIbHOE
BKJTFOYCHHUE TUOJIOB B MOIIIHBIX BBITPSIMHUTEIIAX ).

Jlmst oTka3a CHCTEMBI C IMapauIeIbHBIM COCIUHEHHUEM JJIEMEHTOB B TCUCHHUE
HapaboTKu t HEOOXOIMMO U TOCTATOYHO, YTOOBI BCE €€ DJIEMEHTHI OTKA3aIl B TEUCHHE ITON
HapaboTku. Tak 4TO OTKAa3 CHCTEMBI 3aKJIFOYAETCS] B COBMECTHOM OTKa3e BCEX DJIEMEHTOB,
BEPOSITHOCTh 4Yero (Mpu JOMYIICHUH HE3aBUCUMOCTH OTKAa30B) MOXKET OBITh HaiIeHa IO
TEOpEeMe YMHOKEHUS BEPOSITHOCTEH KaK MIPOU3BEJCHUE BEPOSITHOCTEH OTKA3a SJIEMEHTOB:



O=qq9---9, =lﬁq,- =lﬁ(l—pi). (3.7)

CoOTBETCTBEHHO, BEPOATHOCTH O€30TKa3HON PabOTHI

P=1-0=1-]q =1-T10- p. (38)
i=1 i=l
JI1s cuCTeM U3 paBHOHAIEKHBIX DJIEMEHTOB (P, = p)
O=q" , P=1-(-p", (3.9)

T.€. HAJEKHOCTh CHCTEMBI C IApaJUIC]IbHbIM COCJAMHEHUEM TMOBBIMIAECTCS IIPU
YBEJIUYEHUHU 4YHCJIa DJIEMEHTOB (Hampumep, mpu p=09 u n=2 P=099, a npu n=3
P =0999).

[Tockonpky ¢, <1, mpou3Be[eHHE B MpaBoil yactu (3.7) Bcerma MeHbIIe J000ro u3
COMHOKUTENEH, T.€. BEPOSITHOCTh OTKAa3a CHUCTEMbl HE MOXKET OBbITh BBILIE BEPOSTHOCTH
CaMOT0 HAJIEKHOTO €€ »dJeMeHTa (“‘mydmie Jay4dmero”’) M JaKe M3 CpPaBHUTEIBHO
HEHAJIeKHBIX 3JIEMEHTOB BO3MOKHO ITOCTPOEHHUE BIOJIHE HAJIEKHOU CUCTEMBI.

[Ipu osKcroHeHIMaNbHOM pactipeaesnenun Hapabotku (1.7) Bwipaxkenue (3.9)
MIPUHUMAET BU/T

P=1-[l—exp(- A0)]", (3.10)
oTKyAa ¢ nomoiuisto (1.1) mocne uHTErpupoBaHust U MPeoOpa3zoBaHUl CpeaHsss HapabOTKa
CUCTEMBI OIPEACIIAETCS

1 &1 71
Ty=o Yo =To (3.11)

rne T, =1/ A,- cpennsis HapaOoTka 3nemeHTa. [Ipu O0JbIIMX 3HAYEHUSX N CIIpaBeAJIMBa
npubamkeHHas Gpopmyia

T, =T,,(Inn+ 2L +0.577). (3.12)
n

Takum oOpa3zoM, cpeaHsissi HapabOTKa CHCTEMBbI C TapauIebHbIM COEAUHEHUEM
OosplIe cpefaHel HapaOOTKH €€ 3JEeMEHTOB (Hampumep, npu n=2 T, =157, npu n=3

T, =183T,).

3.3 Cucremsbl THNA “m U3 n”

Cucmemy muna “m u3 n’’ MOXHO pacCMaTpuBaTh KaK BapUaHT CHUCTEMBI C
napajyieIbHBIM COCIUHEHHUEM DJEMEHTOB, OTKa3 KOTOPOW MPOM30MAET, €Clu U3 n
DJIIEMEHTOB, COCIWHEHHBIX TMapajlyieIbHO, pPa0OTOCTIOCOOHBIMH OKaXyTCS MEHee m
aJeMeHTOB (m < n).

______

Puc. 3.4 CwcTema "2 ms 3"



Ha puc. 3.1 npencraBiena cucrema “2 u3 57, koTopas paboTOCHOCOOHA, €CIU U3
nsATh €€ JJIEMEHTOB paloTaroT JtoOble JBa, TPU, YEThIpe WM BCe MATh (Ha cXxeMme
MYHKTUPOM OOBeJeHbI (PYHKIIMOHAIBHO HEOOXOAMMBIE JIBa DJIEMEHTA, IPUYEM BBIJICTICHUE
ANeMEHTOB | U 2 TpOW3BEACHO YCJIOBHO, B JIEUCTBUTEILHOCTH BCE MATH SJIEMEHTOB
paBHO3HauHbI). CHCTEMBI TUIA “M U3 n” HauOOJIEe YaCTO BCTPEUAIOCS B DJICKTPUUECKUX U
CBA3HBIX cHUCTeMax (IpU OTOM DJIEMEHTaMU BBICTYNAIOT CBS3YIOIIME KaHaJbl),
TEXHOJIOTHYECKUX JIMHUH, a TAKKe MPU CTPYKTYPHOM pe3epBUPOBaHMH (CM. 11. 4.1, 4.2).

Jlnst pacdera HaIEKHOCTU CHUCTEM THIA “M M3 N° MPU CPABHHUTEIBLHO HEOOJBIIOM
KOJIMYECTBE 3JIEMEHTOB MOKHO BOCIIOJIB30BATBCA Memooom npsamoz2o nepebopa. OH
3aKJIIOYAeTCsl B OMpPEAENICHUH pPabOTOCTIOCOOHOCTH KaKIOTO W3 BO3MOXKHBIX COCTOSIHHIA
CHUCTEMBI, KOTOPBIC OIPEACIAIOTCS PA3TUYHBIMA COYECTAHHSIMH PAOOTOCIIOCOOHBIX U
HEpabOTOCIIOCOOHBIX COCTOSIHUN AIIEMEHTOB.

Bce cocrossHMs cuctembl ‘2 w3 5 3aHecensr B Tabm. 3.1. (B TaOmwmie
pabOTOCIOCOOHBIE  COCTOSIHHSI DJIEMEHTOB W CHCTEMBbI OTMEUEHBI 3HAKOM  ““+°,
HepaboToCOCOOHBIE - 3HakoM ‘=), Jlna 1maHHOW cucTeMbl PabOTOCTIOCOOHOCTH
OTIpEJIEISIETCS JHIIb KOJIMYECTBOM pabOTOCIIOCOOHBIX 3JIeMeHTOB. [1o TeopeMe yMHOKEHUS
BEPOSITHOCTEM BEPOSITHOCTH JIIOOOTO COCTOSIHUS ~ OMPEENseTCs KakK IPOU3BE/ICHUE
BEPOSITHOCTEM COCTOSIHMM, B KOTOPBIX MpPeObIBAIOT 3JeMeHThl . Hampumep, B crtpoke 9
OMMCAaHO COCTOSIHUE CHUCTEMBI, B KOTOPOWM OTKa3aJih 3JIEMEHTBI 2 M 5, a OCTaJbHbIE
pabotocnocoOHbl. [Ipu 3ToM ycioBue “2 u3 5% BBINOJHSIETCS, TaK YTO CUCTEMA B IEJIOM
paboTocnocoOHa. BepoaTHOCTh TAKOTO COCTOSIHUS

Py = P9, P3P,0s = p3q2
(mpenmojaraeTcs, 4To BCE JIEMEHThI paBHOHAJEKHBI). C yueTOM BCEX BO3MOXKHBIX
COCTOSIHUI BEPOSITHOCTh O€30TKa3HOM pabOThl CUCTEMBI MOKET OBITh HailieHa M0 TeopeMe
CJIO)KEHMSI BEpOSITHOCTEH Bcex paboTocnocoOHbIX codeTaHui. Ilockonpky B Tabn. 3.1
KOJIMYECTBO  HEPA0OTOCMOCOOHBIX  COCTOSIHMM ~ MEHbIIe, 4YeM paboTOCIOCOOHBIX
(cooTBeTCTBEHHO 6 U 26), MPOILE BHIUUCIUTH BEPOSITHOCTh OTKa3a CUCTEMBI. J[jig 3TOro
CYMMHUPYIOTCSI BEPOSITHOCTH HEpPaOOTOCTIOCOOHBIX COCTOSHUN  (TJIe HE BBIMOJHACTCS
ycioBue “2 u3 5 )
Q=P+ Py + Py + Pog+ Py + By =q° +5pq" =
= (1-p)° +5p(1—p)* =1-10p* +20p> —15p* +4p°.
Torna BepoSTHOCTh O€30TKa3HOM PAOOTHI CUCTEMBI
P=1-g=10p% —20p> +15p* —4p°. (3.14)
Pacder HageKHOCTH CHCTEMBI “m M3 N MOXET HPOU3BOIUTHCS KOMOUHAMOPHBIM
MemoooM, B OCHOBE KOTOpPOTO JIEKUT (opmyjaa OHMHOMHUAIBHOTO pacHpeaeiaeHusl.
buHomMuansHOMYy pachpenesieHUIO0 TMOAYMHSAETCS IUCKpPETHas ciydaiiHas BeiuunHa k -
YUCJIO TOSBJICHUM HEKOTOPOTO COOBITHS B CEPUM U3 N OIMBITOB, €CJIU B OTACIHLHOM OIIBITE
BEPOSATHOCTh TOSIBJICHUSI COOBITHSI COCTaBisgeT p. IIpu 3TOM BEpOSTHOCTH TMOSIBICHUS
coObITHS pOBHO K pa3 onpenensiercs

(3.13)

k k —k
B =Cp (1=p)"", (3.15)
rae CY - OMHOMHAIBHBINA KOA(P(HIIMEHT, HAa3bIBAEMBIH “UMCIIOM COYeTaHui 1mo k u3
n‘ (T.€. CKOJIbKUMHU Pa3HbIMU CIIOCOOAMHU MOXKHO peain3oBaTh cuTyauuio “k u3 n*):
!
k n:



3HadeHusi OMHOMUATBHBIX KOA((PUIIMEHTOB MPUBEIEHBI B IPUIIOKEHUH.

[lockonbKy aJis OTKa3za CHUCTEMbl “m U3 n* JOCTATOYHO, YTOOBI KOJUYECTBO
UCIIPABHBIX AJIEMEHTOB ObLIO MEHBIIE M, BEPOSTHOCTh OTKa3a MOXKET OBbITh Haif/ieHa Mo
TeopeMe ClIoKeHus BepostHocTed mist K =0, 1, ... (m-1):

m—1 m—1
0=>P =3C,p'a-p"*. (3.17)
k=0 k=0

AHaOrnYHbIM 00pa3oM MOKHO HAalTH BEPOSITHOCTh 0€30TKa3HOM pabOThI KaK CyMMY
(3.15) gg k=m, m+1, ..., n:

P= 3P =>Clpta-p*. (3.8)

k=m k=m

OueBugHo, uro Q+P=1, moaToMy B pacuerax cieayeT BbIOUpaTh Ty U3 (popmyi
(3.17), (3.18), xoTopass B JaHHOM KOHKPETHOM CJIy4ae COJSPKUT MEHBIIEE YHCIIO
cllaraeMbIX.

st cuctemsl “2 u3 5 (puc. 3.1) nmo dopmyne (3.18) nomyunm:

P=Cip*(1-p) +C3p*(1-p)* + G p*(1—- p)+ C3p° =10p*(1— p)* +

3.19
+10p° (1= p)* +5p*(1— p)+ p° =10p* —=20p> +15p* —4p°. (3.19)
BepostHOCTh 0TKa3a Toi e cuctemsl 1o (3.17):
=CJ1-p’ +Cipl-p* =(1-p)’ +5px1-p)* =
Q=Cs(1-p)"+Csp1-p)" =(1-p)” +5p1-p) (3.20)

=1-10p* +20p° —15p" +4p°,
YTO, KaK BUJHO, JAET TOT XK€ PE3ybTaT JAJI1 BEPOATHOCTH 0€30TKa3HOM pabOTHI.
B Tabn. 3.2 npuBeneHsl GopMyIbl sl pacueTa BEPOSTHOCTH O€30TKa3HOU paboThI
cucteM Tuna “mu3 n* npu m<=n<=5. OueBuAHO, Mpu M=1 cucrtema mnpeBpamaeTcs B

O6I>ILIHYIO CUCTEMY C MapaJUICIbHBIM COCIMHCHHMEM DJJICEMCHTOB, a IIpu M = N - C
IIoCjacaoBaTCIbHBIM COCIMHCHUCM.



Taoauna 3.1

Tabauma cocToSTHUNA CUCTEMBI “2 u3 5”7

N CocrosiHue JIEMEHTOB Cocrosinue BeposTHOCTS
COCTOSIHUS 1 2 3 4 5 CHCTEMBI COCTOSIHUSI CHCTEMBI

1 + + + + + + p°

2 + |+ ]+ | ] - + p'q’ = p*(1-p)

3 + + + - + +

4 + + - + + +

5 + - + + + +

6 - + + + + +

7 L R i - + p’a® = p°(1-p)°

8 + + - + - +

9 + - + + - +

10 - + + + - +

11 + + - - + +

12 + - + - + +

13 - + + - + +

14 + - - + + +

15 - + - + + +

16 - - + + + +

17 LA I I I * p’a® = p*(1- p)°

18 + - + - - +

19 - + + - - +

20 + - - - + +

21 - + - - + +

22 - - + + +

23 + - - + - +

24 - + - + - +

25 - - + - + +

26 - - + + - +

21 L S - - p'a‘ = p'(1-p)*

28 - + - - - -

29 - - + - - -

30 - - - + - -

31 - - - - + -

32 o R L R - q°=(@1-p)°

Tabauna 3.2
OO01mee 9ncyIo 3JIEMEHTOB , N

m 1 2 3 4 5
1 P 2p-p® |3p-3p*+p°|4p-6p°+4p’-p*| 5p-10p* +10p* -5p* +p°
2 _ pZ 3p2_2p3 6p2_8p3+3p4 1Op2_20p3+15p4_4p5
3 - - p® 4p® -3p* 10p*® —15p* +6p°
4 - - - p4 5p4 _4p5
5 - - - - p®




3.4 MocTHKOBBIE CXeMBbI

Mocmukosas cmpykmypa (puc. 3.2, a, 0) HE CBOAUTCA K MapaJlJIeIbHOMY WIH
MOCJIEIOBATEILHOMY THUITY COEIUHEHUSI SJIEMEHTOB, a MPEJCTaBIsET COOO0N MapasuienbHOe
COCIMHEHHUE TOCJICIOBATEIbHBIX IIETIOYEK DJJIEMEHTOB C OUACOHANbHLIMU DIIEMEHTAMH,
BKJIFOUEHHBIMU MEX]y y3JIaMU pa3JIMYHBIX MapajuleNibHbIX BeTBe (dseMeHT 3 Ha puc. 3.2,
a, ’JIeMeHThl 3 U 6 Ha puc. 3.2, 6). PaboTocnocOOHOCTh TaKO CUCTEMBI ONPEIEISETCS HE
TOJBKO KOJIMYECTBOM OTKA3aBIIUX 3JIEMEHTOB, HO M UX MOJOKEHUEM B CTPYKTYPHOM CXEME.
Hampumep, paborocnocoonocth TC, cxema KOTOpo# mpuBeneHa Ha puc. 3.2, a, Oymer
yTpadeHa IpHu OJHOBPEMEHHOM OTKa3e 3JeMeHTOB 1 u 2, umn 4 u 5, wim 2, 3 u 4 u T.4.. B
TO ke Bpemsi oTKa3 3JeMeHToB 1 u 5, umu 2 u 4, umu 1, 3 u 4, wim 2, 3 u 5 K oTKazy
CUCTEMBbI HE MPUBO/IUT.

a) 5
Puc.3.2. MocTHEDERIE CHCTEME

Jlst pacuera HaEKHOCTH MOCTUKOBBIX CHCTEM MOXHO BOCHOJIB30BATHCS Memooom
npsamoco nepebopa, Kaxk 3To ObUIO CIeNaHo I cucTeM “m u3 n* (1. 3.3), HO TpH aHaIu3e
PaboTOCTIOCOOHOCTH KaXJAOTO COCTOSHUSI CUCTEMbl HEOOXOJMMO YYHUTHIBATH HE TOJBKO
YHUCJIO OTKA3aBLIMX JJIEMEHTOB, HO M MX MOJIO)KeHHE B cxeMe (Tabn. 3.3). BeposTHOCTh
0e30TKa3HOM paboOThl CHUCTEMBI ONpPEACISIETCS KaKk CyMMa BEpPOSATHOCTEM  BCeX
PaboTOCTIOCOOHBIX COCTOSIHUM:

P = p1prp3paPs T P1P2P3P4qs + P1P2P3q4Ps5 + P1D2q3P4Ps T
+ P192P3P4Ps T 1P2P3PaPs + P1P293P4aqs5 + P192P3Paq5 + (3.21)
T q1P2P3P495 + P1P29394P5 + P192P394P5 T q1P2P394Ps +
+ D19293P4P5 + 91P293P4P5 + 419293P4P5 + P19293P495-
B cnyyae paBHOHAIEKHBIX 3JIEMEHTOB
P= p5 + 5p4q + 8p3q2 + 2192q3 = 2p5 - 5p4 + 2p3 + 2p2. (3.22)

Meton npsimoro niepedopa 3(h(HEKTUBEH TOJHKO MPU MAJIOM KOJIMYECTBE DJIEMEHTOB
N, 0 4eM TOBOPHUJIOCH B Haualie pa3i. 3, MOCKOJIbKY YHCIO COCTOSHUI CHCTEMBI COCTABIISIET
2". Hanpumep, nmst cxembl Ha puc. 3.2,0 UX KOJUYECTBO COCTABUT yxke 256. HexoTtopoe
VOPOIIEHUE JOCTUTAETCA, €CIM B TaOJMIy COCTOSHHUN BKJIIOYATh TOJIBKO COYETaHUA,
oTBeHaronye paboTocmocoOHOMY (MM TOJIBKO HEpabOTOCTIOCOOHOMY) COCTOSIHUIO
CUCTEMBI B LICJIOM.

Jns anammza HagexHocth TC, CTPYKTypHBIE CXEMBI KOTOPBIX HE CBOIATCS K
napajuieIbHOMY WM MOCJIEI0BATEIbHOMY THUITY, MOXHO BOCIOJIb30BAThCS TAKKE MEmOo0OM
JI02UHeCKUx cxem ¢ npumeneruem aneeopwi jocuxu (OyneBou anreopsl). [Ipumenenue sToro
MeTo/1a cBouTCA K coctaBienuto it TC hopmynbl areOpbl J0rUKHU, KOTOpasi onpeenser
yClIOBUE PaO0TOCIIOCOOHOCTH CHCTEMBI.



Tabmuma 3.3

Tabmnia coOCTOTHUA MOCTUKOBOM CHCTEMBI

N | Cocrosuue snementos | Cocrosiaue BeposTHOCTL cocTOSTHIS
coct. [ 1 | 2 [ 3] 4|5 | cucrems B 00IIEM clydae IIPH PABHOHAIEXKHBIX HIEMEHTAX
1 L I L B + P, P, P3P, Ps p°
RS R * PP, P3 P40 p‘g=p*(l-p)
S I T e * P: P, P30, Ps
SO L e B B * P P25 P4 Ps
5 | A I B * P02 P3P, Ps
6 + | + |+ ] + + 0, P, Ps P4 Ps
7 A R I B - P. P, P;9,0s p’g® = p*(1- p)?
8 A R e B + P. P25 P,0s
SO IR R B B * P9, P P,0s
10 + | + | + + 0, P, PsP.0s
11 + + + + pl p2q3q4 p5
12 + + + + P, P50, Ps
13 i * * 01 P, P4 Ps
14 + + + + p1q2q3 p4 p5
15 * e * 0, P,05 P, Ps
16 ul I 0,0, P3P, Ps
17 [+ [+ P, P,050,0s p’a’ = p*(1-p)°
18 |+ ¥ P.d, P30.40s
19 i d; P> P2040s
20 1+ * 10,0504 Ps
21 * * * 0, P, 0504 Ps
22 e 0,020 P4 Ps
23 1+ * * 010,05 P, Ps
24 * ¥ 0, P, 05 P,0s
25 ¥ * 0,01, P5d, Ps
26 i 0,0, P3P, 0s
27 |+ P0,059,0s pa‘=p (1-p*
28 * 0, P,050,0s
29 ¥ 0,0, P39,s
30 * 0,0,05 P, s
31 * 0,01,01504 Ps
32 0,9.9,9,9s q°=(1-p)°




[Ipn 3TOM 11 KaXKIOro HJIEMEHTa M CUCTEMBbl B LIEJIOM pacCMaTpHUBAIOTCS JBa
POTHUBOIOJIOAKHBIX COOBITHUS - OTKa3 U COXpaHEHUE pabOTOCIIOCOOHOCTH.

Jns cocTaBineHusl JTIOTMYECKOW CXEMbI MOYKHO BOCIOJIB30BATHCS JIBYMSI METOJAMM -
MUHHMAaJIbHBIX IIyT€d U MUHUMAJIBHBIX CEYEHUH.

PaccMoTpum memoo munumanvuvix nymeti Il pacuera BEPOSITHOCTH O€30TKa3HOM
paboThI Ha MPUMEPE MOCTHUKOBOM cxeMblI (puc. 3.2,a).

Munumanvrvim nymem Ha3bIBaeTCS TMOCIEAOBATEIbHBIA HabOp pPabOTOCIOCOOHBIX
AJIEMEHTOB CHCTEMBI, KOTOPBIN o0OecreunBaeT ee paboTOCIMOCOOHOCTh, @ 0TKAa3 JI000TO U3
HUX NPUBOJUT K €€ OTKa3y.

MuHUManbHBIX NYyT€H B CUCTEME MOKET OBITh OJUH WM HECKOJIbKO. OYeBHUIHO,
CHUCTEMa C MOCJIEAOBATEIbLHBIM COCIMHEHUEM 3JIEMEHTOB (puc. 2.1) MMeeT TOJIbKO OJUH
MHUHUMAJBHBIA IyTh, BKJIIOYAIOIIMM BCE DJIJIEMEHTHl. B cucreme ¢ mapamienbHbIM
coelMHEHHEM (pucC. 2.2) YHMCII0 MUHUMAJIbHBIX IyTE€H COBHAAAET C YHMCIIOM 3JIEMEHTOB U
Ka)XZIbIi ITyTh BKJIIOYAET OJUH U3 HUX.

JU1s MOCTHMKOBOM CHCTEMBI M3 ISTH 3JIEMEHTOB (pHC. 3.2,a) MUHUMAJbHBIX MyTeH
yeTbipe: (3neMenTsl 1 u4), (2us), (1,3 us5), (2,3 u ). Jlornyeckas cxema TakKOi CUCTEMBI
(puc. 3.3) cocraBisercsi TakuM 00pa3oM, 4TOObI BCE 3JEMEHTHI KakKJ0Or0 MHUHHUMAaJIbHOTO
nyTd OBUIM COENMHEHBI JIPYr C APYroM IOCIEN0BaTENbHO, @ BCE MUHUMAJbHBIE ITyTH
[apajuIeIbHO.

Piac 3.3 Monggeckaa crema Pic. 3.4 MonHeckad cxema
MOCTHROE N CHCTEMBI MO MOCTMROEDN CHOCTEMBI OO
METONY MHMMANEHBE My TERA, RAE T RAMHMMENEHEL CEXEHE,

3aTeM I JJOTUYECKON CXeMbl COCTaBIsETCS (DYHKIMS anreOpsl JOTUKH A 1O 00IIHUM
mpaBujaM pacdeTra BEpOATHOCTH O€30TKa3HOW paboThl , HO BMECTO CHMBOJIOB
BEPOSITHOCTEM 0€30TKa3HON padOThI PJIEMEHTOB P, U CUCTEMbI P UCIOJIb3YIOTCSI CUMBOJIBI
coOBITHS (COXpaHEHHS PabOTOCTIOCOOHOCTH 3JIeMeHTa ai U cucteMbl A). Tak, “orkas®
JOTUYECKOM CXEMBl pPHUC. 3.3 COCTOMT B OJHOBPEMEHHOM OTKa3€ BCEX YEThIPEX
napajulesibHbIX BETBEM, a ‘“‘Oe30Tka3Hasi paboTa” KakJa0oW BETBHM - B OJHOBPEMEHHOMU
O0e30TkazHOM paboTe ee 2yeMeHTOB. IlociegoBaTenbHOE COEAMHEHHUE DJIEMEHTOB
JIOTUYECKON CXEMBI COOTBETCTBYET Joruueckomy yMHoxkeHuto (“N”), mapasmienbHoOe -
norudeckomy choxenuto (“MJIN”). CnepoBaTenbHO, cxema puc. 3.3 COOTBETCTBYET
YTBEPXKICHUIO: CUCTeMa paboTOCTIOCO0HA, eclii paboTOCTOCOOHKI AIeMeHTHI 1 u 4, unu 2 u
S5,umn 1,3 u 5, wim 2,3 u 4. OyHK1US anreOpbl JIOTUKU 3aMHIICTCS:

A=1-(-aja,)1-axas 1 - ajazas 1 - ayazay). (3.23)

B Beipaxenuun (3.23) mepeMeHHbIE a PAacCMATPUBAIOTCS Kak OyJEBHI, T.€. MOTYT
NPUHUMATHCS TOJIBKO /1Ba 3HadeHus: 0 wim 1. Toraa mpu Bo3BeAcHUH B JIIOOYIO cTeneHb K
arobast mepeMeHHas a COXpaHseT CBOE 3HAuYcHMe: af =a,. Ha OCHOBE 3TOro CBOWCTBA

dbyHKkIus anredpsl Joruku (3.23) MoxkeT ObITh TpeoOpa3oBaHa K BUTY



A= aya, +aras +ajazas +a,aza, — aya,aza, — (3.24)
—a1a,03a5 — 2010,A405 — A2A30,405 + 2a10,030,405. '
3amMeHUB B BbIpaXxeHUH (3.24) CUMBOJIBI COOBITUI &, UX BEPOSTHOCTSIMH p; , HOJYYUM
ypaBHEHUE JJIs1 ONPEIETICHUSI BEPOSITHOCTH 0€30TKa3HOM pabOThl CUCTEMBI
P=pip4 + P2Ds + P\P3Ds + P2P3P4 — P1P2D3P4a —
— P\P2P3Ps — 2P\P2PaPs — P2P3P4aPs +2P1P2P3PaDs-

Jlnst cucteMbl paBHOHANEKHBIX dSJIEMEHTOB (p, = p) BbeIpaxkeHue (3.25) mnerko
npeobpaszyercs B popmyimy (3.22).

MeTon MUHUMAIBHBIX MyTEH Jla€T TOYHOE 3HAYEHUE TOJIBKO JUIsl CPABHUTEIHHO
MPOCTBIX CHUCTEM C HEOOJBIIMM YHUCIOM »dJIEeMEHTOB. Jljisi 0oJiee CIOXKHBIX CHCTEM
pe3yJabTaT pacuera SABISIETCS HUKHEW IpaHullel BEpOSITHOCTH O€30TKa3HOU pabOTHI.

Jlns pacuera BepXHEU rpaHUIbl BEPOSATHOCTU 0€30TKa3HOM pabOThl CUCTEMBI CITYKUT
MemooO MUHUMATLHBIX CeYEeHU.

Munumanvroim ceuenuem Ha3bIBaCTCSl HAOOP HEPAOOTOCTOCOOHBIX AIEMEHTOB, OTKA3
KOTOPBIX MPUBOJUT K OTKa3y CUCTEMBI, & BOCCTAHOBJIEHHE PAOOTOCIIOCOOHOCTH JIFOOOT0O U3
HUX - K BOCCTAaHOBJICHHIO PabOTOCHOCOOHOCTH CUCTeMBbl. Kak M MUHUMAaIbHBIX ITyTEH,
MUHUMAJIBHBIX CEYEHHMM MOXKET OBbITh HECKOJbKO. OUeBHJIHO, CUCTEMA C MapaijieIbHbIM
COEIMHEHUEM JJIEMEHTOB UMEET TOJIBKO OJJTHO MUHUMAIIBHOE CEUCHUE, BKIIOYAIOLIEE BCE €€
AJIEMEHTHhI (BOCCTAHOBJICHUE JIOOOTO BOCCTAHOBUT pPabOTOCIOCOOHOCTh CcHCTEMBI). B
CUCTEME C TOCJIEIOBATEIIbHBIM COCIMHEHUEM DJEMEHTOB YHCJIO MHHUMAJbHBIX MyTEH
COBIIAJIAET C YUCIIOM JIEMEHTOB, U KAXK/I0€ CEUYCHUE BKIIFOUYAET OJIUH U3 HUX .

B moctukoBoii cucteme (puc. 3.2, a) MUHUMAJIbHBIX CEUECHUN YeThIpe (JIEMEHTHI | U
2),4us),(1,3u5), (2,3 u4). Jlorudeckas cxema cucrembl (puc.3.4) cocTaBuseTcs
TakuM 00pa3oMm, 4YTOOBI BCE JIEMEHThI KaXKJI0r0 MUHUMAJIBHOTO CEUCHUS OB COCUHEHBI
Ipyr C JpyroM TapajuleibHO, a BCE€ MHUHHUMAJbHBIE CEYEHHUS - TOCJIEI0BATEIIBHO.
AHQJIOTUYHO METOJly MUHHMMAJbHBIX IyTeW, cOCTaBisieTCs (DYHKIUS anreOpbl JIOTHUKH.
“be3oTka3zHasi paboTa” JIOTMYECKOW CcHUCTeMbl puc. 3.4 3akioyaercs B “‘0e30TKa3HOU
paboTe” BceX TOCJEAOBATEIbHBIX YYacTKOB, a ‘‘OTkKa3” KaxJoro U3 HHUX - B
OJHOBPEMEHHOM “‘0TKa3e” BCEX IMapajlyieJbHO BKIIOUEHHBIX 3jeMeHTOB. Kak BuAHO,
MOCKOJIBKY CX€Ma METOJIa MUHUMAJILHBIX CeYeHUN (hOpMYITUPYET YCIOBUS OTKa3a CUCTEMBI,
B HEMl TMOCIeIOBAaTEeIbHOE COEIUHEHUE COOTBETCTBYeT Joruueckomy “UJIN”, a
napajienpHoe - jorudeckomy “U”. Cxema puc. 3.4 cOOTBETCTBYeT (POPMYIHUPOBKE:
CHCTEMA OTKAXET, €CJIU OTKAXKYT 3JeMeHThl 1 u 2, umu 4 u 5, unu 1,3 u 5, wim 2, 3 u 4.
OyHKIMS anreOphl JOTUKH 3aITUIIETCS

A=[-1-a)t-ay) J-A-ap-as) *
*|--ap-a)1-as) *|-(1-a)1-a3)1-ay) .

[Tocne mpeobpa3oBaHMii C MCIOIH30BAHUEM CBOMCTB OYJIEeBBIX MepeMeHHBIX (3.26)
npuodperaetr dopmy (3.24), mocie 3aMeHbl COOBITHI UX BEPOSTHOCTAMH TEPEXOJIUT B
BbIpaxkeHue (3.25).

Taxkum 00pa3oMm, JIIT MOCTHKOBOM CHCTEMBI U3 TISATH DJICMEHTOB BEPXHSS U HIKHSS
TPAaHMIIBI BEPOSATHOCTH O€30TKa3HOH pabOThl, IMOJIYYEHHBIE METOJaMH MHHUMAIbHBIX
CCYCHUN M MHUHMMAJIBHBIX MYyTEH, COBNAIM ¢ TOYHBIMU 3HaUYCHUSAMH (3.22), MOTydYEeHHBIMHU
METOJIOM MpsMoro nepedopa. s CIOXKHBIX CUCTEM 3TO MOXKET HE MPOU30NTH, MOITOMY
METObl MUHUMAJIbHBIX ITyTeH 1 MUHUMAIBHBIX CEYCHHH CIIEyeT MPUMEHSTh COBMECTHO.

(3.25)

(3.26)



B psge cnyudaeB ananmuza HagexkHoctu TC ynaercs BOCMOJIB30BAaTHCA MemoooM
PA3N0JCEeHUsL  OMHOCUMENIBHO 0C00020 djleMeHmd, OCHOBAHHBIMA Ha W3BECTHOW B
MaTEMaTUYECKOM JIOTUKE TeOpeME O Pa3NIoKeHUH (GYHKIIMU JIOTUKH MO JTI000MY apryMEeHTY.
CornacHo eil, MOYKHO 3aIuCaTh:

P=p,P(p;=1)+q;P(p; =0), (3.27)
rne p; U g, =1-p, - BEpPOSATHOCTH OE30TKa3HON pabOTHI M OTKa3a | - TO 3JIEMEHTa,
P(p, =1) u P(p, = 0) -BEpOATHOCTH PabOTOCIIOCOOHOTO COCTOSIHUSI CHUCTEMBI NPU YCIOBHH,
9TO 1 - ¥ SJIEMEHT a0COJIFOTHO HAJIC)KEH M YTO | - i 3JICMEHT OTKa3aJl.
JIJ1ss MOCTHKOBO# cxeMbl (pHc. 3.2, a) B Ka4ecTBE 0COO0T0 3JIEMEHTA IEIeCO00pa3HO
BBIOpaTh OUAroOHANBHBIN d31eMeHT 3. Ilpu p, =1 MOCTHKOBas cxema IpeBpalacTcs B

napajyieIbHO - TOCIeoBaTeabHOe coequHenue (puc. 3.5, a), a mpu p,=0- B
MOCJIEIOBATEILHO - TapayuieabHoe (puc. 3.5, 0).

1 4} {’l 4
2 5 2 5

Puc.3 8. MpeofpasosaHME MOCTIKDEOR CXEMBl MM aBC0M0THD HAgEKHOM (&)
W OTKS3SE Wen (5] USHTRSNEHOM 3NEMEHTE.

Jlist mpeoOpa3oBaHHBIX CXEM MOKHO 3aITMCaTh:
P(ps=D= -1~ p)1-py) | |-~ p)1-ps) ] (3.28)
P(p3 =0)=1~(1~pips)1- pops). (3.29)

Torna Ha ocHoBaHuM GopmyJibl (3.27) moaydum:
P=ps[-(-p)U=py) J[-0=p)1-ps) Jr
+(1= p3) |-~ pp)1~ paps) |

Jlerko yoeauThes, 94TO JIs paBHOHAIEKHBIX d1eMeHTOB dopmyia (3.30) obparraeTcs

B (3.22).
OTHM METOJIOM MOXKHO BOCIIOJIB30BaThCSI M TIPU PA3JIOKCHUH OTHOCHUTEIHHO

HECKOJIBKUX “0CcO0BIX” ayieMeHTOB. Hampumep, s aByx 3ieMeHTOB (I, J) BBIpaKCHHE
(3.27) npumer BuA:

P=ppP(p,=Lp,=D+pq; P(p,=1,p; =0)+

(3.30)

(3.31)
+qZ'ij(pi = O:pj =1 +qz'q]'P(pi = Oopj =0).
BepositTHocTh 0€30TKa3HOM pabOThl MOCTHKOBOM cxembl (puc. 3.2, 0) mnpu
Pa3N0KEHUH OTHOCUTENIBHO AUaroHajabHbIX A5ieMeHTOB 3 u 6 1o (3.31) onpeaenurcs:

P=ppsP(ps =L ps =D+ p3gs P(p; =1, ps =0)+

+q; 0P (p; =0, ps =1) + q39,P(p; =0, ps = 0).
BepositHOCTH P(psPs) JIETKO CTaBUTh, BBIIIOJIHUB IPEIBAPUTEIILHO
peoOpa3oBaHHBIC CXEMBI, TOJI00HO pHc. 3.5, a, 0.

(3.32)



3.5 KoMOMHUpPOBaHHbIE CUCTEMBI

BonbmmacTBO peanbHbix TC UMEET CIOKHYI0 KOMOUHUPOBAHHYIO CIMPYKMYPY, YacCTh
AJIEMEHTOB KOTOpPOM o0pa3yeT MocCienIoBaTeIbHOE COCIWHEHHE, Jpyras 4YacTh -
napajuiesIbHOE, OT/ICJIbHBIC BETBHU DJIEMEHTHI WJIM BETBU CTPYKTYPhI 00pa3yl0T MOCTHKOBBIC
CXEMBI WJIM THMA “m u3 n’.

Meton mnpsmoro mepedopa sl TaKUX CHCTEM OKa3bIBAe€TCS IPAKTHUUYECKH HE
peamu3yeMm. bonee menecooOpasHO B O3THX ClOydasx MPEABApPHUTEILHO IPOU3BECTH
JEKOMITO3UIIMIO CHUCTEMBI, pa3OWB €€ Ha MPOCThIE TMOJCHUCTEMBI - TPYMIBI AJIEMEHTOB,
METOJIMKa pacueTa HaJIe)KHOCTH KOTOPBIX U3BECTHA. 3aTEM 3THU MOJICUCTEMbBI B CTPYKTYPHOMU
CXEeMEe HaJIC)KHOCTH 3aMCHSIOTCSI KBa3UDJIEMEHTAMH C BEPOSITHOCTSAMH 0€30TKa3HOM pabOThI,
PaBHBIMH BBIYHCIICHHBIM BEPOSTHOCTSIM O€30TKa3HOW pPaboThl 3TuX moacuctem. [lpu
HEOOXOJIMMOCTH TaKyl0 MPOIEAYPY MOXKHO BBIIIOJIHUTH HECKOIBKO pa3, A0 T€X MOp, MOKa
OCTaBIIMECS KBAa3WAJIEMEHTHI HE 00pa3ylT CTPYKTYPY, METOAMKA pacyeTra HaJIe)KHOCTH
KOTOpPOW TaK>Ke U3BECTHA.

2 58 12

e 16
T (1 9 63

)
Puc.3.6 McxogHaa cHoTems Prc.3.7 Mpeodpas0esHHEIE CHCTEME

B kauecTBe npumepa paccCMOTPUM KOMOMHUPOBAHHYIO CUCTEMY, MTPEACTABICHHYIO
Ha puc. 3.6. 3nech anemenTei 2 1 5,41 7,9 u 12, 11 u 14 nomapHo 00pa3yroT Apyr ¢
IPYTrOM IMOCJEA0BATENbHBIE COEIMHEHUS. 3AMEHUM X COOTBETCTBEHHO KBa3H3JIEMEHTaMU
A, B, C, I, 15t KOTOPBIX pacyeT HaJIeKHOCTH JIEMEHTAPHO BBIMIOIHSIETCS 0 (popMyiaM II.
3.1. Dnementsr 15, 16, 17 u 18 06pasyrot napamiensHoe coequuenue (1. 3.2), a 2JIeMeHTbI
3,6,8,10m 13 - cucremy “3 u3 5” (1. 3.2). CoOTBETCTBYIOIIHE KBA3UAJIEMEHTHI 0003HAYNM
E u F. B pe3ynbrare npeoOpazoBaHHasi cxeMa MpUMET BUJI, MOKa3aHHbIN Ha puc. 3.7, a. B
Hel B CBOIO ouepean dnieMeHThl A, B, C, [I, F 006pa3ytoT MocTukoByto cxemy (1. 3.4),
KOTOPYIO 3aMEHsEeM KBa3udjeMeHToM 6. Cxema, MojlydeHHas Mocje Takux Mpeoopa3zoBaHuil
(puc.3.7,06), oOpasyeT mocliieoBaTelibHOE coeauuenue aemMeHToB 1, G, E, 19, nns
KOTOPBIX CIPABEIJIUBBI COOTHOIIEHUS 1. 3.1. OTMETUM, YTO METO]I PSMOro nepedopa st
UCXOJIHOM CUCTEMBI MOTPEOOBA OBl pAaCCMOTPETh 2% =524288 BO3MOXKHBIX COCTOSIHUH.

4 HOBBIINIEHUE HAAEKHOCTHU TEXHUYECKHUX CUCTEM

4.1MeToabl NOBBIIEHUA HAEKHOCTH

PacyeTHble 3aBUCUMOCTH JIJISI OTNIPEICSICHUSI OCHOBHBIX XapaKTEPUCTUK HAICKHOCTH
TC noka3bIBaloT, YTO HAAEKHOCTh CHUCTEMbI 3aBHUCUT OT €€ CTPYKTYPbI (CTPYKTYPHO -
JIOTUYECKON CXEMBbI) U HAJIEKHOCTHU JIEMEHTOB. [103TOMY /JI CIIOXKHBIX CUCTEM BO3MOKHBI
JIBa TIyTH TMOBBIIICHUS HAJCKHOCTH: TOBBIIICHUE HAJEKHOCTU JIEMEHTOB M HM3MEHEHHUE
CTPYKTYPHOU CXEMBI.

[ToBbIllIeHHE HAACKHOCTH AJIEMEHTOB Ha MEPBBIN B3IJISA MPEACTaBIseTCs Haubosee
MPOCTBIM MPUEMOM TMOBBIIICHUS HAAEHKHOCTH CUCTEMBI. [[€CTBUTENBHO, TEOPETUUECKU



BCerga MOXKHO YyKa3aTb TaKU€ XapaKTepUCTUKH HAJEKHOCTH JIIEMEH-TOB, YTOOBI
BEPOSITHOCTh 0€30TKa3HOM pabOThl CUCTEMBI YIOBJIETBOpSAJA 3aJaHHBIM TPEeOOBAHUSAM.
OpHako mpakTUYecKas peanu3aiusi TaKoW BBICOKOM HAJEKHOCTH DJIEMEHTOB MOXKET
OKa3aThCsl HEBO3MOXHOU. PaccmMoTpeHrne MeTofoB oOecreyeHus HaJeKHOCTU DJIEMEHTOB
TC sBnseTcss MNpeAMETOM CHEIUANbHBIX TEXHOJOTUYECKUX U (PUBUKO-XUMUYECKHUX
JUCIUIUIMH W BBIXOJMUT 3a paMKU TEOpUHM HajexHocth. OpHako, B JIIOOOM ciydae,
BBICOKOHAQ/IC)KHBIE DJIEMEHTBI, KaK TMPaBWJIO, HMEIOT OOJbIIHe TabapuThl, Maccy U
CTOUMOCTh. MCKJIIOYEHHE COCTaBIISIET HMCIOJIb30BaHHE OO0JIEe COBEPIICHHON 3JIEMEHTHOM
0a3pl, peanu3yeMoll Ha MPUHIUINAIBLHO HOBBIX (PU3NYECKUX U TEXHOJIOTHUYECKHUX
npuHiunax (Hampumep, B POC - mepexoa OT DHCKPETHBIX 3JEMEHTOB Ha MHTETPaJIbHbIC
CXEMBI).

N3MeHeHne CTPYKTYpPhl CUCTEMBI C 1I€JIbIO TTOBBIIIECHUS HAJICKHOCTU MOAPA3yMEBAECT
JIBa aCIICKTA.

C omHOM CTOPOHBI, 3TO O3HA4YaeT MEPECTPOUKY KOHCTPYKTUBHOM  WIIH
¢bynkunoHansHOM cxeMbl TC (CTPYKTYphI CBSI3€ MEXIYy COCTAaBHBIMU JJIEMEHTAMH),
W3MEHEHUE MPUHIUIOB (DYHKIIMOHUPOBAHUSA OTIEIBHBIX YacTell CHUCTEMBbI (Hampumep,
Mepexo;] OT aHAJIOTOBOM 00pabOTKU CUTHAJIOB K UG poBoii). Takoro poaa npeodpa3oBaHus
TC BO3MOXHBI HUCKIIOUUTEIHLHO PEIKO, TaK YTO AITOT MpHUEM, B OOIIeM, HE peliaer
MPOOJIEMBI HAJIEKHOCTH.

C npyrom CTOpOHBI, WU3MEHEHHME CTPYKTYpbl NOHMMAaeTcs Kak BBeaeHue B T1C
JOTIOJIHUTENIbHBIX, HW30BITOYHBIX JJIEMEHTOB, BKJIIOUAIONIUXCS B pabOTy IMpU OTKasze
OCHOBHBIX. [[pMeHeHNe NONOTHUTENbHBIX CPEACTB U BO3MOXKHOCTEHN C IEJIBI0 COXpaHESHUS
paboTOCTIOCOOHOTO COCTOSIHUS OOBEKTa IMPU OTKa3€ OJHOIO WM HECKOJBKHX €ro
AJIEMEHTOB HA3bIBACTCS pe3ep8Upo8aHUeM.

[IpuHuMn pe3epBUpPOBaHUS TOAOOCH PACCMOTPEHHOMY paHee MapaljieIbHOMY
COCMHEHUI0 3JIeMEeHTOB (M. 3.2) W coeauHeHuto Tuma ‘“n u3 m” (m. 3.3), rae 3a cuer
M30BITOYHOCTH BO3MOXKHO oOecriedeHue 0osiee BBHICOKON HAJICKHOCTH CHCTEMbI, YeM €€
AJIEMEHTOB.

BbIensitoT HECKOJIBKO BHJIOB PE3EepBUPOBaHUS (BpeMEHHOE, HH(POPMAIMOH-HOE,
dbyHkunoHaneHOoe W np.). Jna ananmza cTpykTypHOM HaaexxkHoctu TC  uHTEpec
MPEJCTABISIET CMPYKMYPHOE pe3epeuposaHue - BBEIEHUE B CTPYKTYpy OOBEKTa
JIOTIOJTHUTENIBHBIX DJIEMEHTOB, BBIMOJHSIOMNX (DYHKIIMA OCHOBHBIX AJIEMEHTOB B ClIydae MX
OTKa3a.

Knaccudukanuss  pa3iuyHbIX  CIIOCOOOB  CTPYKTYPHOTO  pe3epBUPOBAHUS
OCYILIECTBIISIETCS 0 CIACAYIOIIUM MTPU3HAKAM:

1) mo cxeme BKJIIOUEHHUSI pe3epBa:
- o011ee pe3epBUPOBAHUE, IPU KOTOPOM PE3EPBUPYETCSI OOBEKT B 1EIOM;
- pazlenbHOe pe3epBUPOBAHHE, MPU KOTOPOM PE3ECPBUPYIOTCS OTIAEIbHBIC
AJIEMEHTHI UM UX TPYIIIbI;
- CMEIIaHHOE PE3EPBUPOBAHUE, TP KOTOPOM PA3JIMUHBIEC BUJIBI PE3EPBUPOBAHMS
COUYETAIOTCS B OJJTHOM OOBEKTE;

2) o cnoco0y BKJIIOYEHUS pe3epBa:

- TIOCTOSIHHOE DPE3epPBUPOBaHHE, 0€3 MEePEeCTPOUKH CTPYKTYpbl OOBEKTa MpHU
BO3HUKHOBEHUHU OTKa3a €ro 3JIEMEHTA;

- JMHAMUYECKOE PE3epBUPOBAHUE, IPU KOTOPOM IIPU OTKa3e DJIEMEHTa
IPOUCXOJIUT MIEPECTPONKA CTPYKTYphI cXeMbl. B CBOIO o4epeb nmoapasaesnsercs Ha:



a) pe3epBUpPOBAHHE 3aMEIIeHHWEM, IIPU KOTOPOM (DYHKIIMU OCHOBHOI'O
AJIEMEHTA MEePEeIal0TCs PE3EPBHOMY TOJBKO MOCIIE 0TKa3a OCHOBHOTO;
0) CKoJBb3sllee pPe3epBUPOBAHUE, TIPU KOTOPOM HECKOJIBKO OCHOBHBIX
AJIEMEHTOB PE3EPBUPYETCS OJHUM HJIM HECKOJBKUMH PE3E€PBHBIMH, KaXKIABIM M3 KOTOPBIX
MOKET 3aMEHHUTh JIF0OOM OCHOBHOM (T.€. TPYIIIIBI OCHOBHBIX W PE3EPBHBIX SJIEMEHTOB
UJICHTUYHBI).
3) MO COCTOSIHUIO pe3epBa:
- HaArpy»eHHOE€ Pe3epPBUPOBAHUE, IPU KOTOPOM PE3EPBHBIE FJIEMEHTHI (MU OAUH
13 HUX) HaXOJSTCA B PEKUME OCHOBHOTO AJIEMEHTA,
- o0JIeTYCHHOE pE3ePBUPOBAHKME, MPH KOTOPOM PE3EPBHBIC JJIEMEHTHI (IT0
KpaifHell Mepe OAMH U3 HUX) HAXOSATCA B MEHEE HArpy>KEHHOM PEXHUME MO CPABHEHUIO C
OCHOBHBIMU;
- HEHarpy>X€HHOE€ pPE3EpPBUPOBAHUE, NMPU KOTOPOM PE3EPBHBIEC BJIEMEHTHI 10
HayaJia BBIOJHEHHS UMU QYHKIIUNM HAXOAATCSI B HEHArPY>KEHHOM PEXKHUME.

OCHOBHOW XapaKTEPUCTUKON CTPYKTYPHOTO PE3ECPBUPOBAHUS SIBISECTCS KPAMHOCHb
pe3epsuposanis - OTHOLIEHUE YKCIIa PE3EPBHBIX AJIEMEHTOB K YUCIY PE3EPBUPYEMBIX UMU
OCHOBHBIX 3JIEMEHTOB, BBIPOXKCHHOE HEcOKpaliaemMoil apoOwrto (tuma 2:3; 4:2 u T.1.).
Pe3epBupoBaHue 0JIHOTO OCHOBHOTO 3JIEMEHTA OJHUM PE3EPBHBIM (T.€. C KpaTHOCThIO 1:1)
Ha3bIBACTCS OYOIUPOBAHUEM.

KonruecTBeHHO MOBBINICHUE HAACKHOCTH CUCTEMBI B PE3YyJbTATE PE3ECPBUPOBAHUS
WM TPUMEHEHMS] BBICOKOHAJCKHBIX AJIEMEHTOB MOXHO OLEHUTh MO Ko3@guyuenmy
BbIUSPBIUUA HAOEHCHOCHU, OTIPEACIISIEMOMY KaK OTHOIIICHUE MOKa3aTessl HaJle)KHOCTU 110 U
nocje mnpeoOpa3oBaHus cCUCTEMbl. Hampumep, s CUCTEMBI M3 N TOCJIEAOBATEIBHO
COCIMHEHHBIX DJIEMEHTOB IOCJE pe3epBUPOBAaHUS OAHOTO U3 dnemMeHToB (k-T0)
AQHAJIOTUYHBIM 10 HAJIEKHOCTH DJIEMEHTOM KOA(PPHUIMEHT BBIUTPHIIIA HAJEKHOCTH 10
BEpPOSITHOCTH 0€30TKa3HOI pabOThl COCTABUT

' 2
G P DPiP2--- Pkl I—(l—Pk) Pk+1---Pn 1—(1—pk)2 _
PP P1D2 -+ Pk—1PkPk+1-+ P Pk
N3 dopmynsr (4.1) crnenyet, uto 3(PEeKTUBHOCTh pe3epBUPOBaHUS (UM APYTroro

npueMa TOBBIINICHUS  HAACKHOCTH) TeM  OOJbllle, 4YeM MEHbIIEe HaJACKHOCTh
pesepBupyemMoro sneMenTa (mpu p, =09 G, =11, npu p, =05G, =15). Cinenosa-TeabHO,

2—pg. 4.1)

IIPH CTPYKTYPHOM PE3EPBHUPOBAHUM MaKCUMaJbHOTO 3¢ @deKTa MOXKHO H0-OUThCS MpHU
PE3EpBUPOBAHNHU CAMBIX HEHAJICKHBIX 3JIEMEHTOB ( WJIM TPYMI JIEMEH-TOB).

B o6mem cnyudae mpu BeIOOpE dieMeHTa (WM TPYIIBI SJIEMEHTOB) JIJISl TIOBBIIICHUS
HaJIe)KHOCTH WJIM PE3EPBUPOBAHUS HEOOXOJAMMO HUCXOIUTH U3 YCJIOBHUS oOecCTeUeHUs] MpU
ATOM MakcuMaiibHOoro 3¢ddexra. Hampumep, nns MOCTHKOBOM cxeMmbl (puc. 3.2,a) u3
dbopmyiibl (3.21) MOXKHO TOJTYYUTHh BBIPAXKEHUE ISl YACTHBIX MPOU3BOJHBIX BEPOSITHOCTH
0e30TKa3HOM pabOThl CHUCTEMBbI IO BEPOSITHOCTH O€30TKa3HONW pabOThl KaXIOTO U3
AJIEMEHTOB, KOTOpbIE ISl MACHTUYHBIX I10 HAJEKHOCTH DJJIEMEHTOB MPUHUMAIOT
CIICIYIOIIUMN BUL:

dp dp dp dp
dpy dp, dps dps
dp

= =2p%¢°. 4.3

= pq° +4pq* + p’q, (4.2)



O4eBUIHO, MaKCUMAJIbHOE YBEIMYEHHE HAJEKHOCTH CHUCTEMBI  00€CIeUuT
YBEJIMUEHHUE HAJICKHOCTU MM PE3EPBUPOBAHUE TOTO JIEMEHTA, YACTHAsl IPOU3BOIHAS IS
KOTOPOTO TPHU J@HHBIX YCIOBUSIX MPUHUMAET MAKCHUMAJIbHO TOJIOKUTEIIbHOE 3Ha4YeHUE.
CpaBHenue BwlpakeHuit (4.2) u (4.3) MOKa3bIBae€T, YTO MPH JIFOOBIX IOJOKUTEIbHBIX
3Ha4YeHUsAX P W ( BbIpaxkeHue (4.2) Oousbiie BoipaxkeHus (4.3) u, clenoBaTelbHO, B
MOCTHKOBOM CXe€M€ C HWJEHTUYHBIMH 3JeMeHTaMu 3(P(GEKTUBHOCTh  IMOBBIIICHUS
HAJECKHOCTH WM pe3epBUPOBaHUs “niepudepuitHpix’” aneMeHToB 1, 2, 4 u 5 (cm. puc. 3.2,
a) BBIIIE, YeM TUArOHAJIBHOTO JJIEMEHTa 3, ecliu B KauecTBe KpuTepus 3(PpPexkTUBHOCTU
B3SITh BEPOSTHOCTh O€30TKa3HOM PabOTHI.

Takum o0pazoMm, HambOojblllee BIUSHUE HAa HAJIE)KHOCTh CHCTEMBI OKa3bIBAIOT

. d
DJICMCHTHI, 06J'IaI[aIOHII/IC BBICOKUM 3HA4YCHHUCM IIPOHU3BOAHOU d—p, a IIpu 10CJICJ0Ba-

i
TCJIBHOM COCIMHCHHUH - HAMMCHCC HAaJIC)KHBIC.
B Ooinee cloKHBIX clydaiax IoJisd BBI60pa QJICMCHTOB, INOMJICKAIIIUX HW3MCHCHHIO,

HCIIOJIB3YIOTCA KaK aHAJIMTUYICCKUC, TAK U YHCJICHHBIC MCTOAbI OIITUMHU3allU HAACKHOCTH.

4.2 Pacuer HageKHOCTH CHCTEM C pe3epBHPOBAHHEM

PacueT KONMYECTBEHHBIX XAPAKTEPUCTUK HAJIEKHOCTH CUCTEM C PE3EPBHPOBAHHUEM
OTIENBHBIX 3JEMEHTOB WJIM TPYII 3JIEMEHTOB BO MHOIOM ONPEIEISIETCS BUIOM
pesepBupoBaHus.  Hwuke  paccmaTpuBaroTCs ~ CXE€Mbl  PacuyeToB  JUIsl  CaMbIX
pacIpoOCTpaHEHHBIX  CIy4aeB IPOCTOIO  pPE3EpBUPOBAHMS, K  KOTOPBIM  IyTEM
npeoOpa3oBaHUl MOKET OBITh IIPUBEICHA U CTPYKTYypa CMEUICHHOTO pe3epBupoBanus. [lpu
TOM pacyeTHbIE€ 3aBUCUMOCTU IIOJIyY€Hbl 0O€3 ydeTa HAaJeKHOCTU MEepeKIIOYaroIuX
YCTPOMCTB, OOecneunBaoluX IepepacipeesieHue Harpy3kd MeXAy OCHOBHBIMH H
pEe3epBHBIMU dJIeMEeHTaMu (T.e. I “‘WAealbHbIX” TepeKitoyaTeneii). B peanbHbIX
YCIIOBUSIX BBEACHUE NEPEKIItoUaTesiel B CTPYKTYPHYIO CXeMy HEOOXOIUMO YUYUTHIBATh U B
pacdeTe HaJIeXKHOCTH CHCTEM.

Pacuer cucrem c uaepysrcennvim pezepsuposanuem OCYLECTBISIETCS MO (opMysiaM
MOCJIEIOBATEILHOIO M TNapaJlIEIbHOTO COEIMHEHMS] 3JEMEHTOB aHAJIOTUYHO pacyueTy
KOMOMHHpOBaHHBIX cucteM (1. 3.5). Ilpum sTOM cuuTaeTcsi, YTO PE3EPBHBIE AIIEMEHTHI
paboTalOT B peXUME OCHOBHBIX Kak JI0, TaK M MOCIE UX OTKa3a, MO3TOMY HaAEKHOCTb
PE3EPBHBIX 3JIEMEHTOB HE 3aBUCUT OT MOMEHTA MX MEPEeXoAa U3 PE3epPBHOIO COCTOSIHUS B
OCHOBHOE M PaBHA HAa/Ie)KHOCTU OCHOBHBIX 3JIEMEHTOB.

Jlnst cucteMbl € TMOCHEA0BATENbHBIM COEAMHEHUEM n 3jemMeHToB (puc. 2.1) mpu
o0111eM pe3epBUpOBaHKHU ¢ KpaTHOCTHIO | (puc. 4.1, a)

P ,=1-(1-P)Y*" =1--[]p)™"" (4.4)
i=1
B wactHocTH , ipu nyOaupoBanuu (1=1)
P .=1-(1-P)y’ =PQ2-P). (4.5)
[Tpu paznensHOM pe3epBupoBanuu (puc. 4.1,0)
n & -
ppa3 = H [_ (_pl/ s (46)
i=1 -

a pu pasjaeabHoM ayonupoBanuu (1=1)
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Puc. 4.1. O6uiee (a) u paznenpHOe (0) HArpy>KE€HHOE PE3ePBUPOBAHHE

Torna k03(QQUUMEHTH BBIMIPHINIA HAJAEKHOCTH IO BEPOSATHOCTH OE€30TKA3HOM
paboThI pU AyOIMPOBAHUH

Boo - ~
G06: ;) :2_P’ Gpa3: :Hé_pi) (48)
i=1
OTKyJla CJIEZyeT, YTO pa3/ielbHOE pe3epBUpoBaHue 3(pdexkTuBHee 001ero (Hapumep,
JUISL CHCTEMBI U3 TPEX OAMHAKOBBIX JJIEMEHTOB Ipu p=09 G, =127, G, =133).

[Ipu nenacpyoicennom pesepsuposanuu PE3EPBHBIE DIIEMEHTH MOCIIEI0BATEIBHO
BKJIIOUYAIOTCS B pabOTy MpHU OTKA3€ OCHOBHOTO, 3aTEM IMIEPBOI0 pe3epPBHOIO U T.1. (puc. 4.2),
MO3TOMY HAJECKHOCTh PE3EPBHBIX JIIEMEHTOB 3aBHCUT OT MOMEHTa HX I[epexojaa B
OCHOBHOE cocTosiHne. Takoe pesepBupoBaHue B pasznuuHbix TC BcTpeuaercs HamOoJsiee
4acTo, T.K. OHO IO CyTH aHAJOTMYHO 3aMEHE OTKAa3aBIIKX 3JIEMEHTOB U y3JIOB Ha 3alacHbIE.

—1 1 . 3 1 . 3
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B . P
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Frc.4 2. HeHamy#eHHOE pesep s MpoEaHME Prc.4.3. CkonesAWwees pesepEMpoE aHWe

Ecnmu pe3epBHBIC 3JEMEHTHI 10 WX BKJIFOUEHUS aOCOJIIOTHO HAIEXKHBI, TO JUIs
CUCTEMBI C HCHarpy>KCHHBIM pe3epBI/IpOBaHI/IeM kpatHoctH | (Bcero anemenToB 1+1)

1 [1+1 [+1
= 5 P= 4.9
T.€. BEPOATHOCTHh OTKa3a B (|+1)! pa3 MeEHbIIEe, YeM IIpH HArpyKE€HHOM

(mapanienbHOM coeuHeHHH, cM. hopmyny (3.7)).
JI1s MASHTUYHBIX 1O HAJIC)KHOCTH OCHOBHOTO M PE3EPBHOIO JIEMCHTOB

1 L
P=1-—(0-p"~ 4.10
(I+D! (4.10)
[Tpu sKCIIOHEHIIMATIBFHOM pacIipeieICHUH HapaOOTKH (IIpOCTeiIeM MOTOKE OTKA30B,
cMm. 1.7) Bciydae At <<1 MOXKHO BOCHOJIB30BaTHCS MPUOIMKEHHON (HOopMyIoi



(ﬂ,t)lﬂ
U+

HpI/I HCHArpy>XCHHOM PC3CPBUPOBAHUN CPCAHAA Hapa60TI<a Ha OTKa3
[+1

T=> T, (4.12)
i=1

a JUIsl UICGHTUYHBIX JJIEeMEHTOB  Tpy = nTy;.

Obnecuennoe pezepeupoganue WCMIOIb3YEeTCS TMpU OOJBIION HWHEPLUHOHHOCTU
MEePEXOAHBIX MPOIIECCOB, MPOUCXOAIINX B AIEMEHTE NPH €T0 MEePEeXoAe U3 PE3ePBHOTO B
OCHOBHOM peXHM, U HelleJecoo0pa3HOCTH MPUMEHEHHSI HATPYKECHHOT'O PE3EPBUPOBAHUS U3
- 332 HEJIOCTATOYHOTO BBIMTPHIIIA B HAJS)KHOCTH (B POC 3TO XapakTepHO I YCTPOHCTB Ha
AJIEKTPOBAKYYMHBIX  mpubopax).  OueBuAHO, OOJETYCHHBIH  pE3epB  3aHUMACT
IPOMEKYTOUHOE MOJIOKCHUE MEXKTy HArPYKECHHBIM U HEHATPYKECHHBIM.

TouHble BBIpaXEHUS JJIA pacdyeTra HAJSKHOCTH CHUCTEM TIpH  OO0JIETYCHHOM
pE3epBUPOBAHUU BECbMa IPOMO3JIKM M HEOJHO3HAYHBI, OJIHAKO IMPHU IKCIOHEH-IUATHLHOM
pacrpeieseHud HapaOOTKU CripaBeyinBa MpuomkeHHas Gpopmyna

P:LA(A + A ) A +24 ). fldy 7 =

(+1)!
I (4.13)

_ —(lt+ 1)!11(,1 +ido),

rae A, - MHTCHCUBHOCTh OTKA30B 3JIEMEHTOB B OOJICTYCHHOM peXuMe, | - KpaTHOCTH

P~1 (4.11)

pe3epBUPOBAHUS.

Ckonb3swee pezepsuposariie NCTIONb3YETCS I PE3ePBUPOBAHUS HECKOIBKHUX
OJIMHAKOBBIX AJIEMEHTOB CHUCTEMBbI OJJHUM HMJIM HECKOJIBKUMH OJIMHAKOBBIMU PE3EPBHBIMU
(puc. 4.3, 31€Ch BCE DIIEMEHTHI HICHTHYHEI, a DJIEMEHT 4 - H30bITOUHbIH). OUYeBHIHO, OTKA3
CHUCTEMBI POU30UICT, €CITU U3 OOIIEro KOJINYeCTBa HACHTUYHBIX 2JIEMEHTOB (OCHOBHBIX U
PE3EPBHBIX) YHCJIO OTKA3aBIINX MPEBBIIIACT YHUCIIO PE3EPBHBIX. Pacuer BeposSTHOCTH
0€30TKa3HON PadOThI CHCTEM CO CKOJIB3SIINM PE3EPBUPOBAHUEM aHAJIOTHYCH pacueTy
CHCTEM THIIA “m U3 n’”’, cM. 1. 3.3.

5 METOANYECKHUE PEKOMEHJIALIMHU

3aganue Ha KypcoByro pabotry (KP) comepkutr B KauecTBE HCXOAHBIX JAaHHBIX
CTPYKTYPHYIO CXEMY HaJeKHOCTH TexHU4YecKoi cuctembl (TC) m HHTEHCHBHOCTH OTKa30B
ee A1eMeHTOB (CM. 1. 7). To ecTh CTYJIEHT OKa3bIBACTCSl B CUTYAIIMH, KOT/1a BBITIOJHEHBI T1. 1
- 6 ananuza cTpykTypHoi HanexxkHoctu TC (cM. pasn. 2), U €My HaIJeKUT B TEPBYIO
ouepelb BBITIOJHUTH M. 7 - COCTaBUTh pacyYETHBbIC 3aBUCUMOCTH JUIsI ONPEICICHUS
MoKa3zaTesie HaJeKHOCTH CHUCTeMbl IS Pa3IMYHBIX 3HAUYCHUW HapaboTku 1, 49TOOBI
rpadudecky n300pa3uTh BEPOATHOCTH Oe30TKa3HOM paboThl P(t) kak (hyHKIHMIO HaApaOOTKH.

[TockonbKy 3amaHHasi cxema HaJeKHOCTU SIBISIETCS KOMOWHHPOBAHHOM, €€ CIIeayeT
MOABEPrHYTH JAEKOMIIO3UIMHU, KaK 3TO onucaHo B M. 3.5. Jlayiee, BBOAS COOTBETCTBYIOIINE
KBa3MAJIEMEHTHI, MPeoOpa3oBaTh UCXOAHYIO CXEMY K MPOCTEHIEMYy BUAY U , UCIIOIB3YS
cootrBeTcTBytomue Gopmynsr 1. 3.1 - 3.4, nna psga 3HadeHWd HapaboTtku t B
NPEANOI0KEHNN MPOCTEHIEro MOTOKa OTKa30B ¢Gopmynbl (1.7) BBIYMCIUTH 3HAYEHUS
BEpOSITHOCTEW 0€30TKa3HOW pPabOThl AIEMEHTOB, KBa3MAJIEMEHTOB M Bceil cucrtembl. B



NOSCHUTEIBHON 3alMCKEe CJIEAyeT IPHUBECTH BCE IPOMEKYTOUHBIE IPeoOpa3oBaHuUs
HCXOJHON CXEMbI, KOHKPETHblE pabouue pacdyeTHble (OpPMYJibI C MX OOOCHOBAHHMEM, a
pe3ysbTaThl pacyera MpEeACTaBUTh B BUJAE TAOJIMIIbI, B KOTOPOW MO CTOJOLIAM HU3MEHSETCS
3HaueHue HapaboTKu f, a Mo CTpokaM B CTOJOLAX MPHUBOJATCS BBIUMCICHHBIC 3HAUCHMS
BEPOATHOCTEW O€30TKa3HOW pabOThl 3JIEMEHTOB, KBa3WAJIEMEHTOB M BCEH CHUCTEMBI,
HOJTy4yeHHbIE 10 padouum Gopmyinam. [Ipu 3ToM auana3on n3mepeHus HapabOTKH t ToJKEH
o0ecneunTh CHIKEHUE BEpOSTHOCTU 0e30TKa3HOU paboThl cuctemsbl A0 ypoBHs 0.1 - 0.2 u
cozepxaTh He MeHee 8-10 3HaueHHi apryMeHTa.

[Tocne atoro ctpoutcs rpaduk 3aBucumoct P(t) mo pesympratam pacuera. M Hero
rpaUyecKy 10 3aJaHHOMY 3HAYeHHIO y( P,) ompenenserca y - NPOLICHTHas HapaOOTKa

cucremsl (cm. (1.9)), T,.

[lo 3amanuio TpeOyeTcs MNPENTIOKUTh CIOCOOBI YBEIMYEHHUS » - MPOIEHTHOU
HapaboTku B 1.5 pasa 3a cUET MOBBIIIECHUS HAJCKHOCTH JIEMEHTOB U 32 CUET CTPYKTYPHOTO
pE3epBUPOBAHUA.

[IpenBapuTENbHO CIEAYET ONPEIEIUTh IEMEHT WIH KBa3HUAJIEMEHT OKOHYATEIbHO
peoOpa30BaHHOM CXEMbl, MOBBIIIEHHE HAJEKHOCTH KOTOPOro JacT MaKCHUMAaJIbHBIN
3¢ (}exT B OTHOIIEHUH HAJEKHOCTU BCell cucteMbl. Kpurepuu BeiOOpa npuBeeHsbI B 11. 4.1.
[TockoJIbKy aHATUTUYECKH ONPEIeTUTh MPOU3BOAHBIC Bua (4.2), (4.3) oObIYHO HE ynaeTcs,
BBIOOp 3JIEMEHTa MOXXET OBITh OCYIIECTBIEH IO BEJIMYMHE BEPOATHOCTU O€30TKa3HOU
paboTHI.

Jns nanpHEMIUX JEeUCTBUM HEOOXOAMMO BBIYUCIUTH TpeOyemMoe YIIy4dIIEHHOE
3HAQUY€HHE j - IMPOLECHTHONM HapaOOTKuM 7, DIEMEHTapHbBIM yMHOXeHWeM T, Ha 1.5.

CrnenoBatesibHO, YTOOBI YJIOBJIETBOPUTH 3aJJaHUI0 B OTHOIICHUM TOBBIIICHUSI HAIC)KHOCTH
CHCTEMBI, HEOOXOIUMO OOECIIEUYNTh BEPOATHOCTh O€30TKa3HOM paboTel P =P, 3a BpeMms

t=T,'=T15. Teneps cieayer NOBTOPUTH PACUET HAIEKHOCTH DJIEMEHTOB, KBA3UDJIEMEHTOB
U BCEH CUCTEMBI 32 BpeMsl 7, W JONOJHHUTH 3TUM CTOJIOLIOM MPENBIIYLIY 0 TaOnuiy . 3Has

BEPOSITHOCTH 0€30TKa3HOM pabOThI BCEX AIEMEHTOB MPE0OPa30BaHHOM CXEMbI U TpedyeMoe
3Ha4YeHHe P,, JIETKO ONpPENENUTh, KaKyl0 BEPOSTHOCTb O€30TKa3HOM paboThl P' 3a BpeMs

T) IOIDKEH MMETh KBa3UDJIEMEHT, U30PAHHBIA 11 MOAEPHHU3ALMH.

[To mepBoMy BapuaHTy MOJAEpPHHU3ALMU HEOOXOIMMO OMPEISIUTh WHTEHCHUBHOCTHU
OTKa30B DJIEMEHTOB, BXOSIIMX B JAaHHBIA KBa3WAJIEMEHT, PU KOTOPHIX MPH HEM3MEHHOU
CTPYKTyp€ KBa3udJIEMEHTa 00ecnednBanoch Obl HeoOxoxmmoe 3HaueHue p'(T,'). Ilpome

ATO OCYIIECTBUTH TIpadoaHATIUTUUECKUM METOJ0M, 3a7aBas psJ MPOMOPIHOHATBEHO
YMEHBIIICHHBIX (M0 CPABHEHUIO ¢ UCXOIHON) MHTEHCUBHOCTEHW OTKA30B JJISl COCTABJISIFOITUX
KBa3UDJIEMEHTA U IPOCYMTHIBASA KaXIAbIM pa3 BeauuuHy p'(T,'). M3 mocTpoeHHoro mno stum

JaHHBIM ~ Tpauka MOXHO  ONPENSIUTh HEOOXOJAMMYIO  KpPaTHOCTh  CHHIKEHUS
MHTEHCUBHOCTH OTKA30B 3JIEMEHTOB M CaMU 3HAYE€HUsS UHTEHCUBHOCTHU. /{11 HaWIEHHOTO
pelieHus CIeayeT BBINMOJHUTH MPOBEPOUHBIA pacueT BEPOSTHOCTU OE30TKa3HOU pabOThI
CUCTEMBI 32 BpeMs 7)) .

[To BTOpOMY METOAY HAJEKHOCTH BHIOPAHHOTO KBa3WAJIEMEHTa MOXKHO TMOBBICUTH 32
CYET pe3epBUPOBaHMs 0€3 M3MEHEHUS HAJeKHOCTH COCTABJISIOMIMX dJeMeHTOB. [Ipu 3TOM,
OCHOBBIBAsCh Ha PEKOMEHAAIUAX U COOOPAKEHUSIX, UJIOKEHHBIX B M. 4.1, 4.2, yuuThiBas
CTPYKTYpPY  MOJIEPHHU3UPYEMOTO  KBa3UAJIEMEHTa, HYXHO BbIOpaTh, KakKHU€ €ro



COCTABJISIFOIME AJIEMEHThl U KaK CIeAyeT Pe3epBUPOBATH JJISl JOCTHUKEHHUSI HAauOOJBILErO
ap¢ekra. Jlanee ocraercs ONpeNeUTh HEOOXOJUMYIO KPaTHOCTb pPE3EPBUPOBAHUS /.
[TockonbKy ¢ €CThb BEIWYMHA JMCKPETHAs, aHAJIUTUYECKU €€ OIpPENEIUTh HEBO3MOXKHO.
JUi peleHus 3aauu Hy»KHO IOCJIE0BaTENbHO YBEIUUYUBATh KPAaTHOCTh PE3EPBUPOBAHMS,
HauMHas C €AUHMIIBI, KAKIBIA pa3 0 COOTBETCTBYIOIIUM (opMyJiaM U3 1. 4.2 onpenensarThb
BEJIMYUHY BEPOSATHOCTH O€30TKa3HOM pabOTHI KBa3UAJIEMEHTA B Te4eHUU BpeMeHu 7, . Kak

TOJIBKO HeoOxoaumoe 3HaueHue p'(T,') OymeT oOecredeHO, OKAXKETCs pPealn30BaHHBIM

BTOPOIl METOJ| TOBBIIICHUS HAJEKHOCTU CUCTEMBbI. J[Ji1 HAWACHHOTO pENICHUs TaKXKe
HEOOXOJAMMO TIPOBECTH MPOBEPKY BEPOATHOCTH OE30TKAa3HOW pPabOThI CHCTEMBI 32
BpeMs 7, . MOIEpHU3UPOBAHHYIO CTPYKTYPy C PE€3€pPBHPOBAaHHEM CIIEAYET IPHBECTH B

MOSICHUTEJIBHOW 3aITUCKE.

JlJis TOCTpOEHHS 3aBUCUMOCTEN BEpOSITHOCTEH 0e30TKa3HOU paboThl OT BpEMEHU IS
MOJECPHU3UPOBAHHON CUCTEMBI MO MEPBOMY M BTOPOMY METOJY YAOOHO JOIMOJHUTH paHee
COCTABJICHHYIO TaOJMIy COOTBETCTBYIOIIMMH CTpOKaMHu. ['paMKu 3THUX 3aBUCUMOCTEHN
clIelyeT U300pa3uTh COBMECTHO ¢ KpuBOH P(t) HCX0HOM CUCTEMBI.

[lomyyeHHOE CEMEWCTBO KPHUBBIX MO3BOJIIET MPOBECTH CPABHEHHE JIBYX BapHAHTOB
MOJIEpHU3AIMH, KOTOPOE CIEAYET MPUBECTU B KAUE€CTBE BHIBOJA K padoTe.

[TosicauTenpHas 3anucka AobkHa ObITh odopmiieHa B cootBeTcTBUU ¢ CTII KplIU
3.1 - 92 «TekcTtoBble JOKYMEHTHI. TpeboBanus k odopmieHuio». Bce paeiictBus u
MCIIOJIb30BAHUE PACUETHBIX COTHOUIEHUHN JNODKHBI OBITh OOBSICHEHBI U 00OCHOBaHBI. J[Jis
3auMcTByeMoil uHbopmanuu (PopMyIibl, YUCICHHbIC 3HAYEHHUS] KOHCTAaHT) HEOOXOIUMO
yKa3aThb UCTOYHUK 3aUMCTBOBAHUSI.

3amanusi Ha KypcoBYIO pabOTy MPUBENICHHI B pa3. 6, a B pa3a. 7 - mpuMep pacuera
HaJIE)KHOCTH.

6 UCXOAHBIE JAHHBIE K PABOTE

[Io CcTpyKTypHOU CXEM€ HAAECKHOCTH TEXHUYECKOM CHUCTEMBI B COOTBETCTBUHU C
BApUAHTOM 33JIaHHs, TPEOYeMOMY 3HAUCHHIO BEPOSITHOCTH O€30TKa3HOW pabOThI CHCTEMBI
7 Y 3HAYEHUSIM UHTEHCHUBHOCTEH OTKA30B €€ 3JIeMEHTOB A , (Tabxa. 6.1) TpeOyercs:

1. Iloctpouth rpadmiKk M3MEHEHHS BEPOSTHOCTH O€30TKa3HON PabOTHI CHCTEMBI OT
BpEMEHHU HapaOOTKH B TUAMAa30HE CHIKEHUS BeposTHOCTH 10 ypoBHs 0.1 - 0.2.

2. Onpenenuts y - NPOUEHTHYIO HapaOOTKy TEXHUYECKOU CHUCTEMBI.

3. O0ecrnieunTh yBEIMYECHHUE ¥ - MPOIIEHTHOW HapaOOTKU HE MeHee, yeM B 1.5 pasa 3a
CYET:

a) TMOBBIIIICHUS HAJC)KHOCTH AJICMCHTOB;

0) CTpYKTYpPHOTO PE3E€PBUPOBAHUS JJIIEMEHTOB CUCTEMBI.



Bce »nemeHTBHl cucTeMBl pa0oOTalOT B PEKUME HOPMAJIBHOW HSKCIUIyaTallUu
(mpocTedmMii MOTOK OTKa3oB). Pe3epBUpoBaHUE OTAENBHBIX 3JEMEHTOB WIA TPynn
AJIIEMEHTOB OCYILIECTBIAETCS UICHTUYHBIMU 10 HAJIEKHOCTH PE3EPBHBIMU AJIEMEHTaAMH WJIU
IpyIIIamMu JIEMEHTOB. [lepexntoyaTenu npyu pe3epBUPOBAHUM CUUTAIOTCS UIEAIBHBIMHU.

Ha cxemax oOBeneHHBbIE MYHKTHPOM M 3JIEMEHTOB SIBISIOTCA (YHKIIMOHAIBHO

H€O6XOI[I/IMI>IMI/I H3 n apaJjICJIbHbIX BCTBECH.
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Tabmuma 6.1

YucieHHbIC 3HAYCHUS INapaMCTpOB K 3aJaHUIO

Ne Ne | v, VHTEeHCHBHOCTH OTKA30B 2JIEMEHTOB, A ., X10° 1/4

Bap. [cxem | % | 1 2 3 4] 5 6 7 8 9 |10 11|12 |13 |14 | 15
1 1 [90]o01 1.0 0.5 1.0 0.1

2 2 [95] 0.2 0.5 | 1.0 0.1
3 3 |80] o1 1.0 | 20 | 1.0 | 5.0 0.2
4 4 170]0.05 1.0 0.5 0.2 0.02
5 5 |s50[001] 0.5 0.1 0.5 1.0

6 6 |75[001] 005 1.0 005 [01] -
7 7 | 65005 0.5 | 0.05 | 0005 |o0.1 0.2 01| -
8 8 |85] 01 0.5 0.2 0.01 0.5 0.1] -
9 9 |60/[0.03 0.5 0.2 1.0 0.03 01| -
10 | 10 [50] 0.1 0.5 | 1.0 0.5 | 1.0 01| -
11 [ 11 [75]0.05 0.2 0.5 0.2 0.1
12 | 12 [65]0.02 0.1 1.0 | 2.0 0.1 0.05
13 | 13 [70]0.01 0.2 | 01 1.0 | 0.5 01| -
14 | 14 |50]0.01 0.1 10.0 0.2 | 10.0 | 05 -
15 | 15 [85]0.01 1.0 5.0 | 02 | 5.0 01| -
16 | 16 [80] 0.1 1.0 2.0 1.0 5.0 | 3.0 | 10 0.05
17 | 17 [95] 0.1 5.0 1.0 5.0 100 | 5.0 | 1.0 0.2
18 | 18 [ 60]0.01 1.0 0.1] -
19 | 19 |75] 0.1 50 |05] 50 [10] 30 [10] 50 [05 5.0
20 | 20 [90] 0.1 10.0 20.0 10.0

21 | 21 |90] 0.1 1.0 0.5 | 20 [os5| 02 | 10
22 | 22 |80 1.0 0.2 0.5 1.0 | 0.5 1.0 | 10 | 01
23 | 23 |70] 05 02 [10]05[/10]05]1.0 0.2 05| 1.0 0.2
24 | 24 |60] 1.0 2.0 4.0 2.0 1 4.0 | 5.0 1.0

25 | 25 [50] 05 10.0 0.5 | 5.0 |08]50] 10 5.0
26 | 26 |60 1.0 | 20 |30 5.0 2.0 5.0 1.0
27 | 271 |70 5.0 | 10.0 | 15.0 10.0 10.0{ 15.0] 10.0
28 | 28 [80 1.0 2.0 | 5.0 2.0 1.0
29 | 29 [90 5.0 20.0 50.0 30.0 1.0
30 | 30 [80]20]10] 20 |10 5.0 2.0 5.0 20[10[20[10][20] 1.0
31 | 31 [70]20]10] 20 [10 5.0 2.0 5.0 20]1.0[20[10[20] 10
32 | 32 [60 5.0 2.0 5.0 1.0 2.0 3.0 1.0
33 | 33 |60 1020 3.0 |40 2.0 3.0 | 5.5 02| 05
34 | 34 [90] 6.0 3.0 6.0 3.0 6.0 20.0 | 10.0

35 | 35 [95] 1.0 2.0 1.0 2.0 1.0 5.0

36 | 36 |80 2.0 1.0 0.6

37 | 37 [70 10.0 30.0 50 | 2.0

38 | 38 [90 3.0 | 20 1.0 | 20 |30 2.0

39 | 39 |90 8.0 3.0 | 5.0 | 2.0

40 | 40 |80 2.0 5.0 8.0 2.0 | 50 | 80
41 | 41 90| 0.1 1.0 0.5 1.0 | 0.1

42 | 42 |95] 0.2 0.5 | 1.0 0.1
43 | 43 [80] 01 1.0 | 20 | 1.0 | 5.0 0.2
44 | 44 [70]0.05 1.0 0.5 0.2 0.02
45 | 45 |50[001] 005 | 0.1 0.5 1.0




/ IPUMEP PACYETA HAAEKHOCTH

CtpykTypHasg cxemMa HaJIe)KHOCTH MpUBEJIeHa HA puc 7.1. 3HaYeHUs] UHTEHCUBHOCTHU
OTKA30B 3JIEMEHTOB JaHbl B 10°° 1/4.

2] (81—l A= 0.001;

M é o3 A= A3=As=As=0.1;
1] i ol Ae=A7=0.01;

4k rlid——id- hsg=Ao=A=A;=0.2;

5] | [1]—13- A=Ai=h=A5=0.5;

Y= 50%.
Puc.7.1. UcxogHas cxeMa CUCTEMBI
1. B ucxomHoil cxeme dJeMEHTHl 2 W 3 00pa3yloT MapajljieIbHOe COCIMHEHUE.
3aMeHseM UX KBa3UJIEMEHTOM A. YUHTBIBasA, YTO p, = p, , HOJIYYUM
pAZI_Q2‘]3:1_‘]22:1_(1_p2)2- (71)
2. DnemeHTHl 4 1 5 Takke 00pa3yroT mapaieIbHOE COSTUHEHNE, 3aMEHUB KOTOPOE
aneMeHToM B u yuuThiBas, 4to p, = p, = p, , HOJIYy4YUM
Py=1-qqs=1-q;=p,. (7.2)
3. DneMeHTEI 6 1 7 B UCXOQHOM CXEME COEOUHEHBI IIOCIEN0BATEIbHO. 3aMEHSIEM UX
anemeHTOoM C, 1711 KOTOPOTO NIPH  p, = p,

2
Pc = PsP7 = Ps - (7.3)
4. DnemeHThl 8 U 9 00pa3ylOT NapaieIbHOE COSAMHEHUE. 3aMEHSIEM UX IJIEMEHTOM
D, aig KOTOpOro npu p, = p, , NOJIyIUM
pDzl_q8q9:1_CI§:1_(l_p8)2- (74)
5. Dnementsl 10 m 11 ¢ mapamienbHbIM COEIUHEHHEM 3aMEHsieM 3JieMeHTOM E |
IIPUYEM, TaK KaK p, = p,, = p;, TO
pE:I_%o‘Zn:l_%zo:1_(1_p10)2:p0 (75)
6. Onementsl 12 , 13, 14 u 15 oOpasyroT coeauHenue “2 u3 4”, KOTOpOe 3aMEHsIEM
anemeHToM F. Tak Kak p,, = p,; = p,, = p;s, TO I ONPEIECICHHUS] BEPOSTHOCTH OE30TKA3HOU
paboThI A1eMeHTa F M0XKHO BOCTIOJIB30BaThCsI KOMOMHATOPHBIM METOI0M (cM. pazaen 3.3):
4 4
Pe =20 =2 Ciph(1-py)*" =
k=2 k=2

4, T 4,
=S Pe=pu) + 3 po(=pp)+ 0 o = (7.6)
=6pp(1=py) +4p, (1= py)+ p' =6p), = 8p;, +3py,.
7. Tlpeobpa3oBaHHas cxeMa M300pakeHa Ha
— puc. 7.2.
IB 8. DnemeHTHI A,

B, C, D u E ob6pazytor (puc. 7.2) MOCTHUKOBYIO
Puc.7.2. IlpeobpasoBanHas cXeMa  CHCTEMY, KOTOPYIO MOYHO 3aMCHUTh
kBasmdseMentoM G. Jlns pacdera BepoOATHOCTH
0e30TKa3HOW pabOThl BOCIONB3YEMCS METOIOM



Pa3NIOKEHHs] OTHOCUTENIBHO 0c000ro anemeHTa (cM. paszzaen 3.4), B KauecTBe KOTOPOIo
BbiOepeM anemeHT C. Toraa

Pi =PcPs(Pe =D+qepc(pe=0), (7.7)
rae p,(p.=1) - BEpOATHOCTh 0OE30TKa3HON pabOThI MOCTHUKOBOH CXEMBI MPHU a0OCOIOTHO

HagexxHoMm snemente C (puc. 7.3, a), p.(p.=0) - BEpPOATHOCTb OE30TKA3HOW PabOTHI
MOCTHKOBOM CXeMBbI IIpH 0TKa3zasieM ateMmente C (puc. 7.3, 0).

——EI} —El}
[Bl——E] [B—E]
0

a

Puc.7.3. IlpeobpazoBaHuss MOCTUKOBOM CXEMBI TPH
abCOTIOTHO HAIEKHOM (a) U oTKazaBmieM (0) smemente C.

Y4auteIBas, 4To p, = p,, MOTYIHM
pe=pc|=0-p)=py) - [-A-p)1-p,) +
+(1+ p) |- = pars)1-popy) =
=pc |-(-p) - |-0-p,) +U-p)|--pD)1-p}) = (7.8)
=pc(2p = P)2pp = )+ (L= p)Pi + Py = PiPy) =
=puPcPp(2=p)2=pp)+(1=p )Py + Py = PiPD).
9. Tlocne mpeoOpazoBanuii cxema n300pakeHa Ha puc. 7.4.
10. B mpeoOpa3zoBanHoi cxeme (puc. 7.4)
{1—c—F- anemeHTsl 1, G u F oOpasyior nocrienoBarenbHOE
coenuHenue. Torga BepoOATHOCTh OE30TKA3HOM
Puc.7.4. TlpeoGpaszoBannas cxemMa  paOOTBI BCEH CUCTEMBI
P=p,psPr- (79)
11. Tak kak MO YCJIOBHIO BCE€ DJIEMEHTHI
CUCTEMBI pabOTalOT B MEPUOJEC HOPMAIBHOM KCIUTyaTallid, TO BEPOSITHOCTh 0€30TKa3HOM
paboTel 35ieMeHToB ¢ 1 1o 15 (puc. 7.1) NOAUMHSAIOTCS SKCIIOHEHIIMAIbHOMY 3aKOHY:
p; =exp(=4;1). (7.10)
12. Pe3ynbTaThl pacyeTOB BEPOSITHOCTEH 0€30TKa3HOM PabOThI 2JIEMEHTOB 1-15
ucxomaHou cxembl o ¢opmyine (7.10) mas Hapa®oTku g0 3-10° YacoB MPEACTaBICHBI B
tabnuie 7.1.
13. Pe3ynbTaThl pacueTOB BEPOATHOCTEM O€30TKa3HOW pabOThl KBAa3UAJIE-MEHTOB A,
B, C, D, E, Fu G no dopmynam (7.1) - (7.6) u (7.8) Taxxe npeacTtaBieHbl B Tadonuie 7.1.
14. Ha puc. 7.5 npeacraBieH rpaduk 3aBUCUMOCTH BEPOSITHOCTH O€30TKa3HOM
paboTel cuctemsl P oT BpemeHu (HapaboTKM) t.
15. Ilo rpaduky (puc. 7.5, xkpuBas P) mHaxomum mis  y=50% (B, =05) y -

NPOLEHTHYIO HapabOTKy cucTeMbl 7, =19-10° 4.

16. IlIpoBepouHsni pacuer mpu ¢=19-10° 4 mokaspiBaet (Tabmuma 7.1), 9TO
P =04923~05.



17. Tlo YCIOBUAM 3aJaHusA IOBBINICHHAA y - IPOLCHTHAsA Hapa60TKa CHUC-TCMBI

T =15-T, =15-19-10° = 285-10° u.

Tabmuna 7.1
Pacuer BeposiTHOCTH 6€30TKa3HOM PabOThI CUCTEMBI
DJIeMEeHT i, Hapa6otka t, x 10°4
x10°«*| 05 | 10 | 15 | 20 | 25 | 30 1,9 2,85
1 0,001 0,9995 10,9990 0,9985 0,9980 0,9975 0,9970 | 0,9981 | 0,9972
2-5 0,1 0,9512 0,9048 0,8607 0,8187 0,7788 0,7408 | 0,8270 | 0,7520
6,7 0,01 0,9950 0,9900 09851 09802 0,9753 0,9704 | 0,9812 | 0,9719

8-11 0,2 0,9048 0,8187 0,7408 0,6703 0,6065 0,5488 | 0,6839 | 0,5655
12 -15 0,5 0,7788 0,6065 0,4724 0,3679 0,2865 0,2231 | 0,3867 | 0,2405

A, B - 0,9976 0,9909 09806 0,9671 09511 0,9328 | 0,9701 | 0,9385
C - 0,9900 0,9801 09704 0,9608 0,9512 0,9417 | 0,9628 | 0,9446
D, E - 0,9909 09671 09328 10,8913 0,8452 0,7964 | 0,9001 | 0,8112
F - 0,9639 0,8282 0,6450 04687 0,3245 0,2172 | 0,5017 | 0,2458
G - 09924 10,9888 09863 0,9820 09732 10,9583 | 0,9832 | 0,9594
P - 0,9561 | 0,8181 | 0,6352 | 0,4593 | 0,3150 | 0,2075 | 0,4923 | 0,2352
122-15 | 0,322 | 08513 07143 0,6169 05252 0,4471 0,3806 | 0,5424 | 0,3994
F - 0,9883 0,9270 0,8397 0,7243 0,6043 0,4910 | 0,7483 | 0,5238
2 - 0,9803 | 0,9157 | 0,8270 | 0,7098 | 0,5866 | 0,4691 | 0,7343 | 0,5011
16 - 18 05 | 07788 06065 04724 073679 0,2865 0,2231 | 0,3867 | 0,2405
F - 09993 0,9828 09173 0,7954 0,6413 0,4858 | 0,8233 | 0,5311
p> - 0,9912 | 0,9708 | 0,9034 | 0,7795 | 0,6226 | 0,4641 | 0,8079 | 0,5081
P

1 =
- . —
0,9 ~— ~ P |-
0,8 ..‘\'ﬁ = = =p |
\ ~ L] ~ h \ — -Pn
0!7 \ N . N
06 N b h\_h \
) n
N
0,5 \\ \\ =
0,4
0,3
0,2
01 t, X 10°q
0
0 0,5 1 1,5 2 25 3

Puc 7.5. V3MeHeHHEe BEpOATHOCTH O€30TKa3HOW paboThl ucxomHou cucreMbl (P), cucremsr c
TTOBBIIICHHOW HaJIeKHOCTHIO (P*) M cCTeMBI CO CTPYKTYPHBIM pe3epBHPOBAHUEM d1eMeHTOB (P7).



18. Pacuer moxaspBaer (tabmuma 7.1), uro mpm ¢=285-10° 4 AJA DIEMEHTOB
npeodpazoBaHHON cxemsl (puc. 7.4) p, =09972, p.=09594 u p, =02458. CnenoBaTeNbHO,
U3 TPEX MOCJIEI0BATEIBHO COCIMHEHHBIX AJIEMEHTOB MUHUMAIIbLHOE 3HAUEHHUE BEPOSITHOCTU
0e30TKa3HoM paboThl mMeeT demMeHT F (cuctema “2 u3 4” B ucxoguoit cxeme (puc. 7.1)) u
MMEHHO YBEJIMYCHHE €ro HaJACKHOCTH JacCT MAaKCUMaJIbHOE YBEIMYCHHE HAIAC)KHOCTU
CUCTEMBI B IIEJIOM .

!
19. Ina toro, utoObl mpu 7, =285-10° 4 cucTeMa B IEJIOM HMMEIAa BEPOATHOCTb
0e30TKa3HOil pPaboTBl P, =05, HEOOXOOMMO, YTOOBI dyeMeHT F uMen BEpOATHOCTH

0e30Tka3HoU paboThl (cM. popmymy (7.9))
P, 05

"~ ppe 09972-09594
[Ipu sTom 3HaueHuu sneMeHT F ocTtaHeTcss caMbIM HEHalEKHbIM B cxeme (puc. 7.4) u
paccyxaeHus B .18 ocTaHyTCSl BEpHBIMH.

O4eBUIHO, 3HAUEHHE p, , IOTydyeHHOE 1o ¢opmye (7.11), sBisgeTcs MUHU-MaTbHBIM
JUTSL BBITIOJIHEHUS YCJIOBUSI YBEJIMUYEHUS HapaOOTKU HE MeHee, ueM B 1.5 pasza, mpu Ooiee
BBICOKHMX 3HAYEHUSIX p, YBEIMUEHUE HAJECKHOCTU CUCTEMBI OYAET OOJIBLINM.

20. Jlns ompeneneHuss MUHUMAIbHO HEOOXOJAMMOW BEPOSITHOCTU O€30TKa3HOU
paboTel aemMeHToB 12 - 15 (puc. 7.1) HeoOxonumo pemuTh ypaBHeHue (7.6) OTHOCUTEIBHO
p, OIpH p,. =05226. OnHAKO, T.K. AHAJIUTHYECKOE BBIPAKEHNUE ITOIO0 YPABHEHUS CBA3AHO C
ONpENENCHHBIMH  TPYJHOCTSIMH , OoJjiee 1EJIecOoOO0pa3HO  HUCIOJIb30BaTh  TIpado-
aHanuTH4eckuii Merox. s 3Toro mo naHHeM Tabn. 7.1 ctpoum rpaduk 3aBHCHUMOCTH
pr=f(p,)- I'paduk npeacrasien Ha puc. 7.6.

P = 05226, (7.11)

1

P 0,9 ;L ] Puc. 7.6. 3aBucumocTb BEpPOSITHOCTH
F 0.8 ~ 2 13 2

’ 0e30TKa3HOM paboThl cuctemsl “2 u3 4” oT

7 .

36 o BEPOSITHOCTH  Oe30TKa3HOW  paboThl  ee

0,5 e DJICMEHTOB.

0,4 /

0,3 rg

0,2 >

0,1 1=

0

0 0,2 04 0,6 038 1
P12

21. Tlo rpaduky mpu p, =0.5226
HaxXoauM p,, ~04.
22. Tak Kak 1O yCJIOBHUSIM 33JaHUs BCE JIEMEHThI padOTaIOT B NMEPHOJIE HOPMAILHOM

AKCIUTyaTalluy U NOJYUHSIOTCS 3KCIOHEHIIMAIBbHOMY 3aKkoHYy (7.10), To 151 31eMEHTOB
12 - 15 npu ¢ =2.85-10° HaX0aUM

Inp,, In04 6
h=AL=A, = A=~ =-— =0322-10> . 7.12
ﬂ"lZ ﬂ"l?) ﬂ'14 215 ¢ 2.85'106 ( )
23. Takum o00pa3oM, IJsi YBEIUYEHUS » - MPOLUEHTHOM HapabOTKU CHUTEMbI

HEO0OXOAMMO YBEJIMYHUTh HAJICKHOCTH 3JIeMEeHTOB 12, 13, 14 1 15 1 CHU3UTH THTEHCUBHOCTD
UX OTKa30B ¢ 0.5 70 0322-10°u', T.e. B 1.55 pa3a.



24. Pe3ynbTaThl pacueToB JJII CUCTEMBI C YBEJIIMUCHHOM HAJCKHOCTHIO 3JIEMEHTOB
12, 13, 14 u 15 npuBenensl B Tabnuie 7.1. Tam ke mpuBeAeHbI pacueTHbIE 3HAYEHUS
BEpPOSITHOCTH 0€30TKa3HON paboThl cucteMbl “2 u3 4” F' u cucremsl B 1enom P°. Ilpu
t=285-10°d  BEPOSATHOCTh OC30TKAa3HOM pabOTBl CHCTEMBI P’ =05011~05, dYTO
COOTBETCTBYET YCJIOBUAM 3ananus. ['paduk nmpuBeeH Ha puc 7.5.

25. Jlnsg BTOporo crnoco0a yBeJIMUCHHS! BEPOSATHOCTH 0€30TKa3HON pabOThl CUCTEMBI -
CTPYKTYpPHOTO PE3€PBUPOBAHUSA - TIO TEM K€ COOOpakeHUsIM (cM. 1. 18) Takxke BeIOMpaeM
aneMmeHT F, BeposaTHOCTH 0€30TKa3HON pabOTHI KOTOPOTO TMOCIE PE3ePBUPOBAHUS JTODKHA
OBITh HE HUXKE py = 05226 (cM. popmymy ( 7.11)).

26. Jlnsa snementa F - cucremsl “2 u3 4” - pe3epBUPOBAHHE O3HAYAET YBEIUUYCHHE
o0Iero 4yucjaa »dJEMEHTOB. AHAIWTUYECKH OIpPEAeIuTh MHHUMAJIBbHO HEO0OX0AuMOe
KOJMYECTBO AJIEMEHTOB HEBO3MOXKHO, T.K. YHCJIO 3JIEMEHTOB JOJDKHO OBITh IIEIBIM H
byHKUUS p, = f(n) TUCKpPETHA.

27. J1nsa MOBBIIICHUS HAICKHOCTH CHUCTEMBI “2 u3 47 nobaBiseM K HEW 3JIEMEHTHI,
WJICHTUYHBIE TI0 HAJAEKHOCTH HCXOJHBIM »3JeMeHTam 12 - 15, go Tex mop, Moka
BEPOSATHOCTh 0€30TKa3HOM pabOThI KBa3udaeMeHTa F He JOCTUTHET 3aJJaHHOT0 3HAYEHUS.

Jlnst pacdeTa BOCIOJIb3yeMCSl KOMOMHATOPHBIM METOAOM (CM. pazzaen 3.3) :

- nobaBiisieM ayieMeHT 16, monyyaem cuctemy “2 u3z 57:

1
qr = chkplkz(l_plz)s_k = Cso(l_plz)s + Cslplz(l_plz)4 =
=0

=(1=p,) +5p,(1-p;,)* = 06528,
pr=1-¢q, =1-0.6528 = 03472 < 0.5226; (7.14)
- mob6agssieM 25ieMeHT 17, mosydaem cucremy “2 u3 6”:

1
qr = Z Cé‘plkz(l — P )6_k = Cg(l —Pn )6 + Céplz(l — P )5 =
=0

=(1-py, )’ + 6p,(1-p), )’ = 05566,
pr =1—¢qr =1-0.5566=04434 <(0.5226, (7.16)
- 1o0aBJsieM 35ieMeHT 18, moyvyaem cucremy “2 u3 77

1
dr = Z Cécplkz 1- p12)7_k = C;)(l — P )7 + C;plz(l — P2 )6 =
k=0

=(-p, )7 +7p,(1-p, )6 =0.4689,
pr=1-q, =1-04689=05311> 05226 (7.18)

(7.13)

(7.15)

(7.17)



—:— 28. Takxum oOpa3om, g TOBBIIMICHUS

1| HAJEKHOCTH  JIO Tp€6y€MOFO YpOBHSI
13 i HEOOXOJUMO B HUCXOJHOU cxeme (puc. 7.1)
Iél 14— cucteMy ‘2 u3z 4” AOCTpPOUTH dJIEeMEHTaMu 16,

i 3l ol 17 n 18 o cucremsl “2 u3 77 (puc. 7.7).
alle  [2]- _@__B__ 29. Pe3ynbTaThl pacyeTOB BEPOATHOCTEH
| —{1d— 0e30TKa3HoM paboThl cucTembl “2 w3 7”7 F'* u
5] Wy cucTeMbl B 1enoM P mpencraBiieHbl B

1 Tabmuue 7.1.

—{14— 30.  Pacuersl MOKa3bIBAIOT, YTO TIpH

Puc.7.7. CTpykTypHast cxema cucteMsl ¢ =285-10°4 P"=05081>05, dYTO  COOT-

IIOCJIC CTPYKTYPHOI'O PE3CPBUPOBAHUA BeTCTByeT YCJIOBI/IIO 3aTaHU.

31. Ha puc. 7.5 HaHeceHbI KpUBBIE 3aBUCUMOCTEHN BEpOSITHOCTH 0€30TKa3HON pabOThI
CUCTEMBI TOCJ€ MOBBIIIEHUS HAJEKHOCTH 3JeMeHTOB 12 - 15 (kpuBas P') M mocie
CTPYKTYPHOTO pe3epBUpOBaHuUs (KpuBas P").

BriBogbI:

1. Ha puc. 7.5 mpencraBieHa 3aBUCUMOCTb BEPOSITHOCTU 0O€30TKa3HOM pabOoThI
cucteMbl (kpuBasi P). U3 rpaduka BuaHo, yto 50% - HapaOOTKa MCXOJHOM CHUCTEMBbI
cocTaBisieT 19-10°94acoB.

2. Jlns moBbImIeHUsT HaAEKHOCTH U yBenmmueHus: 50% - Hapa®oTku cuctemsl B 1.5
pa3a (J1o 2.85-10°94acoB) MPeII0KEHBI JBa CrIoco0a:

a) TOBBIIICHUE HANIEKHOCTU 3JieMeHTOB 12, 13, 14 u 15 u yMeHbIIeHUE HUX
OTKa30B ¢ 0.5 10 0322-10° gu';

0) Harpy)XeHHO€ pe3epBUPOBaHUE OCHOBHBIX 3yiemeHTOB 12, 13, 14 u 15
MJCHTUYHBIMU 10 Ha/IKHOCTHU pe3epBHBIMU 37ieMeHTamu 16, 17 u 18 (puc. 7.7).

3. AHanu3 3aBUCHMOCTEN BEPOSATHOCTH O€30TKa3HOU pabOThl CUCTEMBI OT BPEMEHU
(HapaboTkm) (puc. 7.5) MoKa3bIBaeT, YTO BTOPOM CIIOCOO MOBBIIICHUS HAC)KHOCTH CHCTEMBI
(CTpyKTypHOE pe3epBUpPOBaHNE) NPEANOUYTUTENIbHEE IEPBOr0, TaK KaK B MEPUO HAPpAOOTKU
10 2.85-10° 4YacoB BEpPOATHOCTh OE30TKA3HOH padOThl CHCTEMBI TNPU CTPYKTYPHOM
pe3epBUpOBaHUU (KpuBasi P") BBIINIE, YeM TMPU YBEIWYEHUU HAJIEKHOCTH DIIEMEHTOB
(kpuBas P').
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Bunomuasbubie Kodpounuentsr C =

IMTPUJIOKEHUE

n!

m!(n — m)!

n m

0 1 2 3 4 d) 6 I 8 9 10
0|1
111 1
2 |1 2 1
311 3 3 1
4 11 4 6 4 1
5 |1 5 10 10 5 1
6 |1 6 15 20 15 6 1
/711 7 21 35 35 21 7 1
8 |1 8 28 56 70 56 28 8 1
9 |11 9 36 84 126 126 84 36 9 1
10 1 10 45 120 210 252 210 120 45 10 1
1111 11 55 165 330 462 462 330 165 55 11
1211 12 66 220 495 792 924 792 495 220 66
1311 13 78 286 715 1287 1716 1716 1287 715 286
1411 14 91 364 1001 2002 3003 3432 3003 2002 1001
151 1 15 105 455 1365 3003 5005 6435 6435 5005 3003
16 | 1 16 120 560 1820 4368 8008 11440 12870 11440 8008
17 | 1 17 136 680 2380 6188 12376 19448 24310 24310 19448
18 | 1 18 153 816 3060 8568 18564 31824 43758 48620 43758
191 1 19 171 969 3876 11628 27132 50388 75582 92378 92378
2011 20 190 1140 4845 15504 38760 77520 125970 167960 184756

HpI/IMeanI/IeI I[JIH m>10 MO>XHO BOCIIOJIb30BaThCSI CBOMCTBOM CUMMCTpPUU:

cr=cr




