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OueHka BepoaTHOCTU OTKA3d

np" NOYBJIEHUMU TPE6OBAHMUS
Ha cpabaTtbiBaHue P3A

Oner 3axapos

B craTbe nokazaH npakTMYECKMI NPpUMEpP OLLEHKM AJisl UMb POBLIX YCTPOMCTB penerMHOM
3awmTtbl U aeToMatkun (P3A) nokasarens «cpepHsis BepOSTHOCTb OTKA3d B cpabaTbiBaHMM
YCTPOMCTBA 30 rog (npu nosisneHnun TpeboBAHMS)» C UCNONb3OBAHUEM MHPOPMALMM,
NosTy4EHHOM OT 3KCMYATUPYIOLLMX OPraHU3ALUM.

BBEAEHMUE
B npenpiaymmx myoimKamusx [1, 2] 6b1-

JIA pACCMOTPEHbI METOAMKU OLIEHKU TAKUX

rnokasareJsieii Ha€>XXHOCTU, KaK HapaboT-

Ka Ha OTKa3 U COXPaHSIeMOCTb LIUM(PPOBBIX

YCTPOMCTB PENCHON 3aIUTHI.

IMomumo Hux B pazziese 3.6 HopMaTHUB-
HOTO TOKyMeHTa [ 3] mpuBeAeHbI 1Ba MOKa-
3aTessl HalEXKHOCTH, B HA3BAaHUM KOTOPbIX
HCTIONb30BaHbl CJOBa «TpeOOBaHME Ha
cpabaTbIBaHUE»:

@ cpeHssl BEpOsITHOCTb OTKa3a B cpaba-
TBIBAHUM YCTPOMCTBA 3a rox (mpu mo-
SIBJICHUU TpeOOBaHU);

@ MapaMmeTp MOTOKA JIOXKHBIX cpadaTbiBa-
HUI YCTPOICTBA B roJ (MpU OTCYTCTBUU
TpeOOBaHUs).

DTu 1Ba MOKAa3aTess MOXKHO BCTPETUTH
MPAaKTUYECKU BO BCEX paboTax Mo HaaexX-
HOCTH LI POBBIX YCTPOUCTB peJieiiHOM 3a-
LLMTBI, @ TAKXKE B pa0OTax, MOCBILIEHHbBIX
HaIEXKHOCTH TTOXKAPHBIX M3BeaTenci [4].
J17151 TIepBOTO 13 HUX B IOKYMeHTe | 3] peko-
MEHIYETCS1 BBIOMpAaTh OHO U3 ABYX 3HaYye-
Huit: 1x1075 wm 1x10~%. [l Broporo
5TUM XK€ JOKYMEHTOM PEKOMEHIOBAHbI He-
CKOJILKO MHBIe 3HaueHus: 1x107° wm
1x10~7. TIpu 3TOM He YKa3aHO, KAKOMY
BPEMEHHOMY MHTEPBAy COOTBETCTBYIOT
5T 3HaueHus. [IpumMeydaresbHO, 4YTO peKo-
MEHIIOBAaHHOE 3Ha4yeHUe ISl BTOPOTO U3
paccMaTpuBaeMbIX MTOKa3aTeseil mpusese-
HO U B cTaHaapre 5], cocTaBisisg BETUIUHY
coBceM jpyroro ropsiaka — 0,0011/rox.

Boi6upas 110060€e 13 peKOMeHI0BaHHbBIX
3HAYEHUI TOrO WJIK MHOTO NOKa3aTess u
(bukcupyst UX B TEXHUYECKUX YCIOBUSIX Ha
usngenue [6], pa3paGoTYMK ¥ IIPOU3BOI-
T€Jb JOJIKHBI MIPENYCMOTPETh METOLUKY
OLIEHKU UX (HAKTUIECKNX 3HAYCHUIA.

OOBIYHO TOCTUTHYTHIC 3HAYEHMSI TTOKA3a-
TeJIel ONpeAesIsSIIOT PU KOHTPOJbHBIX UC-
MBITAHUSIX Ha HAIEKHOCTD, OTHAKO B HOP-
MaTUBHOW Y TEXHUYECKOM JIMTEPATYPE OT-
CYTCTBYIOT KakKue-a100 METOAUKHU OIpe-
JIeJIeHUs] pacCMaTpUBaeMbIX ITOKa3aTesei,
YTO AeJIaeT HEBO3MOXHbBIM UX OLIEHKY JJIsI
LIM(POBBIX YCTPOUCTB peJCHHOM 3aIMTHI.

Jl1s1 yeTpaHeHus1 9TOro nmpobesa mpej-
JlaraeTcsl MeToaMKa OLIEHKU, OCHOBaHHas
Ha uHGOPMALUM, TTOJTy4aeMoOl OT MOTpe-
ouTeseil, OSKCIUTyaTUPYIOIIUX JaHHbIE
YCTpOICTBA.

OLEHKA BEPOSSTHOCTH
OTKA3A AJid NEPBOro roga
PABOTbI YCTPOMCTBA

O6paTiM BHUMaHWe Ha TIePBbIii U3 ABYX
paccMaTpuBaeMbIX TOKa3aTesieit, KOTOPBIiA
XapaKTepu3yeT COBMEIIEHUE IBYX He3aBU-
CHUMBIX COOBITHUIA:
® OTKa3 ycTpoiicTBa (coobiTHE A);
® TpeboBaHMe Ha cpabaThiBaHUE (COOBI-

tue B).

Ecnu BeposAITHOCTH OTKa3a ycTpoiicTBa
3aBUCHUT OT €r0 HaAEXHOCTHU, TO BO3HUK-
HOBeHUe TpeOOBaHMSI Ha cpabaThIBaHUE
OTpenesieTCsT XapaKTepUCTUKaMU dHep-

TOCHCTEMBI, B KOTOPOU 3TO YCTPONCTBO
9KCILTyaTUPYeTCSI.

Kax u3BectHO [7], BEpOSITHOCTb OJHO-
BPEMEHHOTO BO3HUKHOBEHUS IBYX He3a-
BUCHUMBIX COOBITUI MOXET OBITh OTpese-
JIeHa KaK TpPOU3BEICHUE BEPOSTHOCTEN
KaX0TO U3 3TUX COOBITUIA:

P(AB) = Q(A) x P(B), (1
rae Q(A) — BEpoOSITHOCTh OTKasza YCT-
pOIICTBa;

P(B) — BepOSITHOCTb ITOSIBJICHUS TPeOO-
BaHMsI Ha cpabaTbiBaHUE.

7151 oLleHKM BepOSTHOCTU OTKa3a yCT-
portictBa Q(A) BOCTIONb3yeMCsI pe3yJibraTa-
MU, U3JTOXKEHHbIMU B [1].

HapaboTka Ha 0TKa3, onpeaeaéHHasI 1o
9KCIMEPUMEHTATbHBIM TaHHBIM, TTOJTyYeH-
HBIM OT OpPTraHU3aLUI, SKCIUTYaTUPYIOLINX
UG POBBIE YCTPOICTBA peIeHHOM 3aIUThI
M aBTOMATMKM, coctaBuia T, == 125 000
yacoB. BeposTHOCTb 6€30TKa3HOM pabOThI
ycTpoiicTBa 3a mepBbiii rox (8760 yacos)
SKCIUTyaTalluy TPU TaKoi HapaboTKe Ha
0TKa3 HAXOAWM T0 hopmyJie:

P(A) — e—t/TO — e—8760/125000 =0,932. (2)

1213 14 T, t rombl

Puc. 1. UsmeHeHue BepoATHOCTM Ge30TKa3HOI paboTbl ycTpoicTea npu Ty = 125 000 u
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st moctpoenus rpadrka U3MEHEHUS
BEPOSTHOCTH 0€30TKa3HOU pPabOTBI BO
BpemeHH (puc. 1) B hopmyie (2) UCITONb-
30BaHO TIOJYYEHHOE JKCIIePUMEHTAIb-
HBIM TIYTEM 3HAUYeHUE HapaOOTKU Ha OT-
ka3 Ty = 125 000 yacos. BeposHocTsb 0T-
Kaza yMeHbIIUTCs 10 3HaueHust 0,367 rnpu
paBeHCTBe (DaKTUUECKN OTPabOTaHHOTO
WU3IeTreM BpeMeH! 3HAaUeHNIO HapaboTKu
Ha oTka3. [Ipu dpakTrueckoit HapaboTke
Gombuie 37 BEPOATHOCTh GE30TKa3HOM
pabotsr P(A) < 0,05.

BeposiTHOCTE 0TKa3a ycTpoiictBa Q(A)
IUTST TIEPBOTO Toza HalEM 1o dhopmyre
TUTSI CYMMBI TIPOTUBOTIONIOKHBIX COOBITHIA:

0A)=1— P(A)=1-0,932=0,068. (3)

Ecnu moiitu 1o myTH 3aBeIOMO HauXyI-
1Iero ciydasl U MPeIoN0XUTh, YTO TIPU
OTKa3e yCTpoiicTBa oba COOBITUSI — TIO-
siBJieHWe TpeOoBaHMSI Ha cpabaThIBaHUE
yCTpoiicTBa, GOpMUPYEMOTO dIEKTpUYe-
CKOI CUCTEMOM, I OTCYTCTBUE TpeOoBa-
HUS Ha cpabaThIBAaHNE — PABHOBEPOSITHBI,
MOHO OLIEHUTh 3HAY€HUE BEPOSITHOCTHU
cobniTus B xak P(B) =0,5.

[MoncraBuB 3HaueHust Q(A) u P(B) B
dbopmyny (1) MOXKXHO MOJYYUTh CIEAYIO-
11Iy10 TPYOYIO (IBHO 3aBBIIICHHYIO) OLIEHKY
3HAUEHMsI TOKa3aTessl «CPEeIHsIsi Bepo-
SITHOCTb OTKa3a B CpabaTbIBAHUU YCTPOI-
CTBa 3a MepBbIi rof (TIpU MOSIBIEHUU Tpe-
OoBaHUsI)» ISl pacCMaTpUBAEMOTO KJlacca
HUMPOBBIX YCTPOICTB:

P(AB)) 5 = O(A) x P(B) = 0,068 x 0,5 =
=0,034. 4

OpHako Ha caMoM Jeie 3HauyeHue P(B)
3HAYUTENLHO MeHbIIe 0,5, TaK KaK B JTI000H
SJIEKTPUUECKON CUCTEME «TpeboBaHUe Ha
cpabatbiBaHue» (HOPMUPYETCSI OTpaHU-
YeHHOE KOJIMIEeCTBO pa3, a BCE OCTAIbHOE
BpeMSI JIJIST CUCTEMBI XapaKTEPHO «OTCYT-
CTBUE TpeOOBaHUSI HA CPAOATHIBAHKE.

Jig mostydyeHust 6osiee TOUYHON OLEHKU
TI0Ka3aTesisi HEOOXOIMMO 3HATh KOJTMYECTBO
cpabaThIBaHU1 3ILUT B AJIEKTPUUECKON CU-
CTeMe 3a TOJ] U KOJIMYECTBO OTKA3aBIIKX 32
3TOT ke nepuo b poBbIX yeTpoiicTs. Ha-
npumep, 1o fauabiM OO0 «HTLL «Mexa-
HOTpoHUKa», B 2011 romy K mudpoBbIM
Osi0KaM pesieiiHOM 3allUThl, SKCIUIyaTU-
PYIOIIMMCST Ha DHEPTeTUUECKUX 00bEKTax
OAO «Poccuiickue xele3Hble TOPOTH» ObI-
Jla TIpebsiBJieHa OHA MpeTeH3us. 3a TOT
Ke TMepUOJ Ha 3TUX 00beKTax 3apuKCHUpo-
BaHO 515 oTkmoueHuit. B naHHOM ciydae
3HaueHue P(B) MOXET ObITh OLIEHEHO KaK
1/515=0,0019. Kpome Toro, cienyet yuu-
ThIBaTh, YTO Ha JIIOOOM DHEPTETUUECKOM
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Puc. 2. BepoaTHocTb 6e30TKa3HOM paboTbl yCTpoiicTBa B n-M roay npu Ty = 125 000 yacos

(To1 = 14,23 ropa)

00BEKTE OTHOBPEMEHHO HAXOISTCS B 9KC-
TUTyaTaluy U3aeausi ¢ pa3HoOU HapaboT-
koii. Tak Kak ¢ yBeJMueHrueM HapabOTKU
BEPOSITHOCTb OTKa3a OyIeT TOJIbKO PacTH,
TO BEPOSITHOCTh OTKa3a YCTPOMCTBa s
MepBOro roaa paboThl MOXXKHO paccMaTpu-
BaTh KaK MUHUMAaJIbHOE 3HAUEHUE IS JTI0-
6oro u3 HUPPOBBIX YCTPOUCTB, YyCTa-
HOBJICHHBIX Ha JAHHOM 3HEPTreTUYECKOM
0o0BbeKTe.

YuuThiBas 3TO U MOACTABUB MOJYYEH-
Hoe 3HaueHue P(B) B hopmyay (1), MOXXKHO
HaWTH:

P(AB) . = 0,068 x 0,0019 = 0,00013. (5)

min

[TomyyernHoe o hopmysie (5) 3HaUeHUE
P(AB) ., = 0,00013 mna nznennii ¢ Hapa-
6otkoii Ha otkas T() = 125 000 yacoB Ha
TIEPBBII B3IJISI TIPEICTABIISIETCS HE COOT-
BETCTBYIOIIUM HU OTHOMY U3 IBYX 3HAUE-
Huit (1x1075 wim 1x107°), pexomenmo-
BaHHBIX B PYKOBOJISIIIEM TOKYyMeHTe [3],
OTJIMYAETCS OT HUX HE MeHee YeM Ha To-
psnok. BeposiTHee Bcero, 4To mpu ycTa-
HOBJICHUY JaHHBIX 3HAYEHU ! He Oblia yu-
TeHa B3aMMOCBSI3b TAKUX ITOKa3aTeseil Ha-
NEXHOCTH, KaK BEPOSITHOCTh OTKA3a 1 Ha-
paboTtka Ha otka3. [ToaTomy obpaTrm oco-
0oe BHUMaHHME Ha PEKOMEHIOBAHHBIE
3HAYEHMUs IMOKa3aTesei.

OLEHKA 3HAYEHMSA,
PEKOMEHAOBAHHOIO
B HOPMATUBHOM AOKYMEHTE
B cBsi3u ¢ TeM, 4TO BCe MOKa3aTeau Ha-
NEXHOCTU B3aMMOCBSI3aHbI, MPOBEPUM,
HACKOJIbKO MPABUJIbHO 3a/laHbl PEKOMEH -
JIOBaHHbIC 3HAYEHUsI B TOKYMEHTE [3].
Ipu O(A4) = 1x10~5 BeposTHOCTb 6e30T-
Ka3HOi1 pabOThI COCTABUT:

P(A) =1—0(4)=1—0,00001 =
=0,99999. (6)

Wcnionwaysa dopmyiy (2) MOXHO orIpe-
JeTUTh MUHUMAaJTbHOE 3HaUeHUe HapaboT-
Ki Ha 0TKa3 Tjy, KOTOPOE COOTBETCTBYET
sHaueHuo P(A) = 0,99999:

Ty = —8760 /1 0,99999 =
= 8760 /(—0,00001) = 876 x 105.  (7)

Takum 06pa3om, OKa3bIBAETCS, UTO MIPU
0(A) = 1x107> dakTuyecKoe 3HAYCHUE
HapabOTKU Ha OTKa3 Toq) JIOJDKHO, KaK MU-
HUMYM, B HECKOJIbKO TBICSIY Pa3 TPEBBI-
IaTh PEKOMEHI0OBAaHHOE 3HAUeHNe Hapa-
6otku Ha otkas Ty = 125 000 vacos, 3a-
TAHHOE B 9TOM e TOKYMEHTE.

TIpousBenénnsie 1o Gopmynam (2), (6),
(7) BBIYMCIICHUS TTO3BOJISIIOT 0O0OCHOBAaHHO
TIPETIONOXHUTh, YTO B PyKOBOISIIIEM JOKY-
MeHTe [3] OTCyTCTBYeT MpuBsI3Ka 3HAYSHU I
BEpPOSITHOCTH OTKa3a K TMPUBEAEHHOMY
3[eCh XK€ 3HAaUeHUIO0 HapaOOTKM Ha OTKa3.

OLLEHKA NOKA3ATENS
ANg NOCJNEAYIOWMUX NET
PABOTbI YCTPOMCTBA

IIpyu HeoOXOMMMOCTU OLIEHKU BEpO-
SITHOCTHU 0€30TKa3HOI pabOoThI 32 BTOPOIA
U TIOCTIEAYIOIINe TONbl DKCITyaTaluu
HCITOJIb30BaTh (hopMyITy (2) HelIb3s, TaK
Kak 1ocJie OICTAHOBKY B He€ 3HAUeHUS
t = n x 8760 (KoJIM4eCTBO YaCcOB B 7 TOIaX
MPOIOJIKUTEIbHOCTBIO KaXKIbIi 365 qHEi)
MOJTY4YUM 3HAUeHUE BEPOSTHOCTU 0e30T-
Ka3HOU paboTHI 32 /# MPOIIEAIINX JIET, a He
3a n-1 rof.

IIpennonoxus, 4To 3a KaxXAbIi TOI pa-
00ThI HapaboTKa Ha OTKAa3 yMEHbIIAeTCs
Ha 3HaueHue !/ = 8760, MOXHO IIpe1Io-
XKUTh Gopmyy (8), KoTopass TO3BOJUT
OLIEHUTb BEPOSITHOCTh O€30TKa3HOM pabo-
TbI 32 n-1 TOA:

P(A) — e—8760/[T0— (n—1)8760] —
:e—l/le (n—l)]’ (8)

rmen=1,2,...,int (Ty; + 1) — rox, ans ko-
TOPOTO HEOOXOAWMO OIIEHUTH BEPOSIT-
HOCTb 0€30TKa3HOI paboThI;
T}y, — HapabOTKa Ha OTKa3 B TOJaX.
Ilpu n = 1 (TO ecTh mJIA TIEPBOTO TroOJa)
dopmyna (8) ma€T TOT Ke pe3yyabTaT, YTO U
dopmyna (2).

Ipadpuk nsmeHeHus1 BeposITHOCTH 6e3-
OTKa3HO# paboTHI TIO TOAM, OTIPENe/IEH-
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Hoii o dopmyie (8) nist Ty = 125 000 va-
coB (Ty; = 14,23 rona), mpuBeacH Ha
puc. 2. Oco6eHHOCTBIO TaHHOTO TpaduKa
SIBJISIETCST OTpaHUYeHHAsT 00J1aCTh OTpee-
JIEHWST: TIPU TIPEeBBIIIEHNN (PaKTUUEeCKUM
BpeMeHEeM TeKyIeil HapabOTKM 3aIaHHOTO
BpeMeHM HapabOTKu Ha 0TKa3 (opmyna
(8) TepsieT U3MUECKUI CMBICT.

3aech HeOOXOMMMO elIé pa3 0OpaTUTh
BHMMaHUE Ha TO, YTO Mmokasatenu P(A) u
0(A) xapakTepu3yIOT HaAEKHOCTb UG PO-
BOTO YCTPOMCTBA, TOTA KaK BEPOSITHOCTh
MOSIBJIEHUsI TpeOOBaHMsI Ha cpabaTbiBaHUE
OTpenesieTCsl XapakKTepUCTUKAMU K-
TPUYECKOHN CUCTEMBI, B KOTOPOU YCTAHOB-
JICHBI 3TU YCTPOMCTBA.

BuiBOAbI

1. [1penyioxxeHa METOAMKA OLIEHKU TTOKa-
3aTeJIsl «<BEPOSITHOCTD OTKAa3a B cpabaThi-
BaHWU YCTPOKCTBA 3a TOJ (TIpU TOSIBIIE-
HUU TpeOGOBaHUsI)» 32 TIEPBLII TOI IKC-
TTyaTalli Ha OCHOBaHWU WHQOpMa-
LIMY, TOJIYYEHHOW OT 3KCIUIyaTUpPYIO-
LIUX OPTaHU3aLUK.

2. B cBs13u ¢ TeM, YTO JaHHBIH MOKa3aTeab
HE OTHOCUTCS K UHAUBUAYAJIbHBIM Xa-
paKTEepUCTUKaM HaAEXHOCTU YCTPOWi-
CTBa, BKJIIOYATb €ro B TEXHUYECKUE
yca0BUsI Ha IMGPOBBIE YCTPOIICTBA pe-
JIEAHOW 3a1IUATHI HE CIEAYET.

3. 3HaueHus MToKa3aTensl «BEPOSITHOCTh
oTKaza B cpabaTelBaHUU YCTPOICTBA
3a Tof (TTpY TOSIBIIEHUU TpeOOBaHUsI)»
1x10=5 u 1x10~%, pekoMeHIOBaHHBIE
B [3], He YYMTHIBAIOT B3aMMOCBSI3b
pPa3IMYHBIX TOKAa3aTeaelt HaTEXXKHOCTU
MeXIy co00li 1 TOATOMY HE COOTBET-
CTBYIOT YKa3aHHOMY B 9TOM Xe IOKY-
MEHTE 3HaUYeHUI0 HapabOTKU Ha OTKa3
T, = 125 000 4acoB u Tem Gomee
T, = 100 000 yacos.

4. [1pu HeoOXOAMMOCTH OLIEHKU TOKa3a-
TeJIsI «<BEPOSITHOCTD OTKA3a B CpabaThIBa-
HUU YCTPOKCTBA 32 TO1 (TIPY MTOSIBTICHU T
TpebOBaHUs)» IS SHEPTETUYECKUX
00BEKTOB, Ha KOTOPBIX UCITOIH30BaAHbI
mudpoBbie YCTPOUMCTBA peJICiHOMN 3a-
IIUTBI, PEKOMEHAYETCSI TPUMEHSITh Me-
TONIMKY, ONTMCAHHYIO B JAHHON CTaThe.

5. [pennoxeHa popmyna (8) mist ompene-
JIEHUsT BEPOSITHOCTHU 6€30TKa3HOi1 pabo-
ThI 32 BTOPOI1 U TIOCTIEAYIOIINE TOIbI Pa-
0OTHI YyCTPOIICTBA TIPU U3BECTHOM 3HAa-
YeHMU HapabOTKMU Ha OTKa3. @
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