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1. Coctoanna POCBH

C TOYKM 3peHnsa AMarHoCTUKN COCTOAHUA arnemMmeHToB (unm bnokos) POCBH
MOryT ObITb ABYX TUMOB: NCNPaBHOE U HENCNPABHOE.

[Tpouecc nepexona obbekTa U3 NCNpPaBHONO COCTOAHUA B HEUCTNPABHOE
Ha3blBaeTCSH OTKa30M.

[Tpn NpoekTupoBaHUN N N3FOTOBIIEHUN NOOOro PagmnoanNeKTPOHHOIO
yctponctea POCBbH HeobxogmMmo y4yuTtbiBaTb TpeboBaHus,
obecrnevnBatoLLMe HAOEXHOCTb ero paboThbl.

HadexHocmb - 3TO CBOWCTBO WU3Oenud BbINOMNHATb 3adaHHble
bYyHKUMM B onpeaeneHHbIX YCNoBUSX 3Kcnnyatauum npu CoXpaHeHuw
3Ha4YeHMs1 OCHOBHbIX MapaMeTPOB B 3apaHee YCTaHOBIEHHbIX Npeaenax.

HageXHocTb aBnsercs om3nyecknm CBOMCTBOM U3OENNA, KOTOPOE

3aBMCUT OT KONMMYECTBA M Ka4yecTBa BXOASLLMX B HEro anemMeHToB, OT
YCITOBUMI, B KOTOPbIX OHO 3KCMNyaTUPYETCH, 1 OT psga APYrnX MPUYnH.
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be3oTKa3HOCTb — CBOWUCTBO WU3OeNnnd COXPaHATb
PaboToCNOCOOHOCTL B TEYEHNE HEKOTOPOrO BPEMEHMW.

PeMoHTONPUrogHOCTbL — CBOWCTBO U3Oenusd, 3akno4vatolleecsd B
TOM, 4YTO wu3genue npucrnocobneHo: a) K npeaynpexgeHunto
BO3MOXHbIX MNPUYNH BO3HMKHOBEHUA OTKasa; 6) K OOHapyXeHUto
NPUYMH BO3HUKLLErNO OTKasa UMM NOBPEXOEHUA;, B) K YCTPAHEHMUIO
NoCcneacTBnm BO3HUKLLENO OTKasa Unu NoBpeXxaeHns nyTemM peMoHTa.

AnnapaTypy, KoTopasa yaoBMeTBOPSET YKa3aHHbIM TpeboBaHUSAM,
Ha3bIBalOT PEMOHTOMNPUroaHOMN.

CoxpaHsfieMOCTb — CBOWCTBO N3enNnsi HENPEepPbIBHO HAXOQUTCS B
MCMPaBHOM COCTOSIHUM NPU XPaHEHUN TN TPAHCMIOPTUPOBAHUM.

PaccmMoTpeHHble onpeaeneHnsa parwT KavyeCTBEHHYIo
XapakTepPUCTUKY HaaexXHocTn. YTobbl cpaBHUBATL pas3nn4YHble TUMbI
U3genun Wnu 9K3eMnnsapbl U3OENUiA OAHOMO W TOro e Tuna,
HeobX0ANMO UMETb KONMNYECTBEHHbIE XapakTePUCTUKN HAAEXHOCTMW.
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2.0t1ka3e1 POCBH

Ecnu Bce napameTpbl pagnoanekTPoOHHOIo YCTPOMCTBA COOTBETCTBYIOT Tpe-
boBaHMSAM HOpMaTUBHO-TEXHUYECKoM fokymeHTauun (HTL) - TOCTam,
OCTam, TY, Takoe ero coctosiHne HasbliBatoT paboTtocnocobHbIM. CobbiTue,
COCTOSsILLEE B HApPYLLEHNN pabOTOCNOCODHOCTM Ha3bIBalOT OMKa30M.

[1ns1 BOBHNKHOBEHUSA OTKa3a 4OCTaToOYHO yxoda XoTsa 6bl 04HOro napameTpa
3a npegensbl, yctaHosneHHoble HT. B 3aBUCMMOCTN OT NpUYMH U XapaKTepa
NPOSABNEHUA pa3nnyaroT BUAbl OTKa30B.

[1o cTeneHn pasyKkpynHeHuUsa crieqyet pasnuyaTtb OTKasdbl OTAENbHbIX
9NIEMEHTOB N OTKa3bl annapartypbl B LIENTOM.

[ToNHbIMW cyYMTaOTCA OTKa3sbl, 40 YCTPaAHEHUSA KOTOPbIX HEBO3MOXHO
MUCrnosib3oBaHWe annapaTtypbl N0 HasdHayeHuto. [pn YaCcTUYHLIX OTKa3ax
MOXHO UCMNONb30BaTh annapaTypy, HO C NOHUXKEHHOW 3(PIEKTUBHOCTbLIO.
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OTKa3sbl arnnapara MoryT ObITb BHE3arnHbIMW N NOCTENEHHbIMN

Brezannwtit omras Ifocmenennnili omxas
4 9bdeKTHBHOCTD 4 ODPeKTHBHOCTD
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BHe3anHble OoTKa3bl NPOABITAKOTCAH MocTeneHHblIe OTKa3bl BbI3bIBAOTCS

B BWOE CKayKooOpasHOro M3MeHeHus NOCTENEHHbIM WU3MEHEHMEM NapameTpoB
napamMeTpoB annaparta. [lpnynHon SJIEMEHTOB CXeMbl N KOHCTPpyKUWN.

BHE3anHoro otkasa MOXeT ObITb rnepe- Hanpumep, npn AnutensHOM SKCMyatauum
ropaHue TOKOMPOBOASALErO COS pagnoannapata KOHAEeHCaTopbl NOCTENEHHO
pesucTopa, I'IpO6OIZ KOHAeHcaTopauT. A. MEHAKT €MKOCTb, YTO BblI3blBa€T yXyAdLUEHNE

O[JHOrO 13 NapameTpoB, NPX KOTOPOM annapat
nepecTaeT BbIMNOMHATbL CBOU (PYHKLINM.
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B chny4dae, Korga oTkas3 T1oro njin UHOro ariemMeHTa paﬂMOGHGKTpOHHOﬂ arnna-
pPaTypbl Bbl3BaH OTKAa30M APYroro ee ariemMeHTa, T0 TakKme OTKa3bl Ha3blBAakOTCAH
3aBUCUMbIMN. |_|pl/l OTCYTCTBUA TaKkomn CBA3MN OTKa3bl CYHUTAKOTCSH HE3ABUCUMbIMMW.

Ecnun oTkas HeMNnpepbIBHO COXPaHAETCA BO BpeMEHU 1O MOMEHTa €ro yCctpa-
HEHNA, OH CHUTAETCHA yCTOIZ‘-II/IBbIM.

Ecnn Xe ycTpaHeHue oTKasa MNPOUCXOOUT camMocToATenbHO 06es3
NpoBeJEeHNA PEMOHTHO-BOCCTAHOBUTENbHbIX paboT, TO TFOBOPAT O
caMoyCTpaHsIloLLLEMCS OTKa3e.

Cboun - 970 TOXEe CaMOyCTpaHsALIMECs OTKa3bl, KOTOpble MPUBOAAT K
KpaTKOBPEMEHHbIM HapyLLEHUAM paboTocnocoOHOCTM annapaTypbl.

[epemexatolmecas oTKasbl NpeacTaBnaAlT coboli MHOTOKpaTHO BO3-
HUKatoLue c6our OJHOTO M TOTO XXe XapakTepa.
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Buabl 0TKaz0B paguo3NeKTPOHHOW annapaTtypbi

Mo ypoBHID pasykpynHeHus

BO3IHWMKHOBEHWA

3nemMeHTHbie

Mo cTeneHy BAWAHWS Ha

AnnapartypHbie

paborocnocobHocTb

MonHbie

Mo xapakTepy W3IMEHEHNSR NapaMeTpoB
annapaTtypbl BO BpEMEHU A0 MOMEHTA

HacTudHbie

BO3IHWKHOBEHWA OTKA3a

BHe3anHele

MocTeneHHbie

Mo saaumocensn mexay cobon

3asucumMble

He3asucumblie
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Mo xapakTepy CyWecTBOBaHNA OTKa3a
BO BPEMEHU

YCTORYUBLIE

CbBowu

flo nocnencTBMAM 0TKa3a

[epemexawwuecs

CamoycTpanaciwme

He3aHavydTenbHble

Me c8R3U MeXAy OTKa3aMu u
CBOWCTBAMW annaparypbl Npu
MCNBITAHUARX

3HavYuTenbHsle

Kputnyeckme

HeyuuTbiBaemble

YyuTeliBaeMele
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3. BepoATHOCTbL NOABIIEHUS OTKAa30B

BeposiTHOCTb 6e30TKa3HoM paboThbl NOKa3bIBAET, Kakasi YacTb n3genuin oyoet
paboTaTb UcrnpaBHO B Te4eHne 3a4aHHOro BpemeHn t..

1>P(t )>0

[TOSACHMM CMBbICIT 3TOW XapaKTEPUCTUMKU Ha npumepe. [Jonyctum, 4Tto paboTaer
KornunyectBo A usgenuu ogHoro Tuna. B TeyeHme BpemeHu t. 3a HUM BeOeTcs
HabngeHne 1 K KOHLY ero yctaHoBreHo, 4To B nsgenuin pabotatot ncnpasHo, a (A-
B) BbILLINM N3 cTpod. Torga BeposiTHOCTb 6e30Tka3zHOU paboThl

P~ (A-B)/A

BeposTHOCTb 6€30TKa3HOW paboTbl KpoMe PU3NYECKNX CBOUCTB 3aBUCUT
OT BpeMeHu t, B TedeHne KoToporo nsgenne JomKHo paboTtaTtb 0e30TKasHo:

P(t,) = e "

rje e — OCHOBaHME HaTypalibHbIX J'IOFapI/I(*)MOB; A - UHTEHCUBHOCTb OTKa30B
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MIHTEHCMBHOCTb OTKa30B MNOKa3bIBAET, Kakasi [0nsa BCex W3genum wunu
9NEeMEHTOB JaHHOIo TUMa B cpeaHeM BbIXoauT U3 cTpos 3a 1 4 paboTbl. Hanpumep,

ecnn A=10"°, To 3TO O3HayaeT, Yto 3a 14 paboTbl U3 CTPOSA BbLINOET OAHA
CTOTbICAYHAs Aonsi anemMeHToB; cooTBeTcTBEHHO 3a 1000 4 paboTbl MOXHO
oXXmnaaTtb BbiIXoga U3 CTPOS O4HOW COTOU A0NU BCEX 3NIEMEHTOB AaHHOro TUna.

[pyron xapakTepncTUKon HaaexHoCTU U3Oenui ABNAeTca cpeaHsasa HapaboTtka go oTkasa T,

Ecnn N annapaTtoB OAHOrO M TOro e Tuna aKcnnyaTupyeTcs 3agaHHOe BpeMs B
onpeaeneHHbIX YCHOBUAX U NPY 3TOM PETMCTPUPYETCH CYMMapHOE KONMYECTBO Yacos t,
KOTOpoe npopaboTanu Bce annapaThl, U KONMMYECTBO BO3HUKLUMX OTKa3oB N. B aTom
crny4yae cpeaHsas HapaboTka [0 oTkasa

{

I,~— UYem 6ospire T

n op? TCM BbBIIIC HAJACKHOCTD HU3JICIINAL.

Mepon HagexXHOCTU 4ABISIETCA cpeaHAs HapaboTka OO0 OTKasa, NnoryvyeHHasi npu
npoBepke OonbLUOro Konvyectsa nsgenun. Yem oonblue T, TeM Bbille HAOEXHOCTb
n3genus.
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Benuunny, obpatHyto Tp, Ha3bIBAOT MHTEHCUBHOCTBLIO OTKa30B M 0003Ha4aloT A:
A=/ Tep

PasmepHOCTb MIHTEHCUBHOCTU OTKa3oB — 1/u.

bonblunHcTBO U3genun POCBH KOHCTpYUpYIOT Tak, YTODbLI MNpu BbIXOAE U3
CTPOSI UX MOXHO ObINO peMoHTUpoBaTbh. [Na HMUX dakTnyeckaa HageXHOCTb
3aBUCUT He TOSIbKO OT TOro, KakK 4acTo MPOUCXOAAT OTKa3bl, HO U OT TOro, Kak
MHOIo BpPEMEHW 3aTpauMBa€EeTCcCad Ha OTbiCKaHME W YyCTpaHeHue
HEUCNPaBHOCTEMN.

HageXXHOCTb Takmx usgenuini OONONHUTENbHO XapaKTepusyoT CpeaHuM
BpeMeHeEM BOCCTaHoBrneHns T, . Ecnu B paccCMOTpPeHHOM rnpumepe
PErncTpmpoBaThb BpeMS, 3aTpadmMBaeMOe Ha OTbICKaHUE N YCTPaHEHUE KaX40U
HEUCNnpaBHOCTU, a 3aTeM HalTU cymMMapHoe Bpem4A t,, TO cpeaHee BpeMms
BOCCTAHOBJIEHUS

T, =tJ/n
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CnenyeT MMeTb B BUAY, YTO BPEMS, 3aTpaYyeHHOe Ha OTbICKaHue W ycTpa-
HEeHMEe KOHKPETHOW HENCNPAaBHOCTU, MOXET ObITb OonbLUe Unu MeHbLue T,.

OKCnepuMeHTanbHO YCTAHOBMIEHO, 4YTO Ans OONbLUMHCTBA JJIEMEHTOB,
NCNONb3yeEMbIX B PaduO3NEKTPOHHOW annapaType, 3aBUCMMOCTb A OT BPEMEHMU
NMeEET BUA, N300pakeHHbIN Ha PUCYHKE.

AYT

4

A il

Ctporo roopsi, A =A(t)
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Bpema or Havyana paboTbl Oo t, HasbiBalOT Mepnoaom

npmnpaboTkn. B TeyeHne 3TOro BpEMEHU U3 CTPOA BbIXOOAT
9NEMEHTLI, uUMewwmne rpybble BHYTPEHHUE OedeKThl,
OoCTaBLUMECs He3aMe4deHHbIMWU npu KoHTpone. [lo mMepe
BbIXx0o4da M3 CTPOSA TaKMUX 3N1IeMEHTOB MHTEHCUBHOCTL OTKA30B
yMeHbLUaeTca U Ha oTpeske (t, — t,) ocTaeTca npakTU4ecku
HEN3MEHHOW. OTO BPEMSA Ha3blBAOT NEPMOOOM HOPMabHOM
paboTbl. B 3TO BpemMsa npoucxogsaT OTAefibHble CriydanHble
OTKasbl. Ay

r*
|
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CTPOIrOE PACCMOTPEHUWE BEPOATHOCTHOI'O XAPAKTEPA
OTKA3OB.

BepoaTHoCTe Be3oTkasHom paboThl 0bbekTa £2(f) 1 BEpoATHOCTL oTkaza (J(¢).

Ecnu npeanonoXuTtb, YTO CYLLECTBYET HEKOTOPbLIN CJ‘IyHaI;IHI:ItFI MOMEHT BpemeHn L, B
KOTOPBIA NMpoUcXoauT oTkas, To P(i)= P{’c }!} " ()(I)—Q T {tj B3aUMOCBS3aHbl MeXay
cobon:

P(t)+O(1) =1. (1)
CMbICN 3TOr0 paBeHCTBa ACEH: ODBLEKT KOHTPOMHA HAX04UTCA B KAKOM-TO COCTOSHUMN.
[na kpanHWx cuTyauuni:
B HavanbHbIn momeHT f = () 06bekT ewe TovHo ncnpaeeH. P(0)=1,a Q(0)=0.
Uepea o4eHb DONbLIOWN MHTEpBAN BPpeMeHU 00LekT 0ba3aTtensHO BeIMAET U3 CTpod. Ecnn
{ — o, T0 odeBnaHo P(o) >0 un O(x)—> 1.

BepoAaTHOCTE Be30TKaszHoW padboThl B 3HAYUTENBHON MEpPE MNO3BONAET OUEHWUTE pPEecypc
ODBbeKTa W HABNASTCHA BaXHOW xapamepmmm{oﬁ BEPOATHOCTHOIO OrMMCaHnAa HaeXHOCTH.

[NoaTOMy BEPOSATHOCTL OTKa3a BbipaxarT Yepes P(£) v3 (1):

O(t)=1- P(t) (2)

To4euHbIM (J'IOI{ElﬂbHI:IM) NnoKasartenem HageXXHOCTHU ABNAeTCH MHTeHCUMBHOCTE OTKA30B

A (t).
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:’L(f) - BEPOATHOCTb HEBOCCTAHABJIIMBACMOIQ OTKasa W3deliid B e4WMHKUY BPEMECHK
nocrie HEkoTOpPOrd MOMEHTa BPpEMCHK TPy YCNoBAK, TG 40 3TOr0 BPEMCHW OTKA3 HE BO3HWKAT.
O+ AD
r(t) = : (3)
At
WHTEHCUMBHOCTL OTKA30B :‘L(f) - OAWMH K3 Hanbonee YE,DE}HI::IX KONMMYEeCTBEHHbIX

nokasaTtenen HaaexKHOCTU U3Oenuin ANeKTPOHNKM.
MaTeMaTuyeckn OOKa3biBAETCH, YTO CBA3b BEPOATHOCTM DesoTkaszHoW pabotel P(f) c

WHTEHCUBHOCTBIO OTKA30B 4. (f) uMeeT BUA:

P(r)=cxp| —[L(e)dt | (4)
]

Adpyroil BaXHOW XapaKTepUCTUKOW aHanu3a HaaeXHOCTW ABMnsAeTcAa 4acToTa OTKasoB
/(1) - NNOTHOCTL BEPOSITHOCTU BpeMeHn paboTkl U3Aenusi Ao NepBOro oTkasa

L dO®)
f(t)= i (5)

CBA3b BEpOATHOCTM 6830TKa3HOM paboTkl C YACTOTON OTKA30B MOXHO HAaUTU U3 (5) n (2):

dO() = £ (1)dt,
0()= [ Syt

P(t)=1-0() =1~ [ f()dr. (6)
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OgHon K13 Haubonee WUCNONL3YEMbIX HAa MNPAKTUKE WHTEerpanbHbIX XapakTepucTuk
HafleXHoCcTU aBnaeTcs Hapabotka Ao oTkasa 1,. C Toukn 3peHua maTematuku 7

npeacraensetT cobol maTemMaTuyeckoe OXWgaHve MOMEHTa BPEMEHM T, B KOTOPbIA
NPONCXOANT OTKa3.

,400)

ol

dt —]rdQ(z). (7)

i]

B martaHanuize [OokasbiBaeTcs judv:uv—jvdu. Mcnonb3yss 9T0  COOTHOLWEHWE

NPUMEHNTENBHO K (7), nonqum

T, = jrdQ(s) fmf(l—P(r)) ~[t-dP(),

T = ufr dP(1)=| —t- P(r)]ﬂ +JP(:)d¢
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T, =[Py (8)
(]

BoipaxeHuve (8) aBnseTca 0CHOBHLIM AN pacdeTta , KOHKPeTHbIX N3Aenui.

B kauectBe ynpoweHuMs pacHeTOB  ONA  NPaKTUYeCKM  3HAYMMBIX  ODBLEKTOB
npeanonaraetcsi, 4to A(f)=A =const. 3T0 npeanonoxeHne CcOoOTBETCTBYET BPEMEHU

HOpMarneHOW paboTtkl (cm. puc 2.1).
B aTtom cny4vae
P(t) = exp{—jh(:)dr} = exXp [—}-vr]

1]

P(ty==exp(—ht) (9)
BeipaxeHne (9) aBnAeTcA OCHOBHbIM B NPakTU4ECKUX
pacyeTax. 2, T,

—

Ecnn paccmoTpeTs cObeKT, COCTOAL MM M3 0gHOro brnoka

PucyHok 1
(PUCYHOK 1), TO MOXHO NONYYNTb, UCNOME3ys (8):

e

L]

T = Texp(—hf)d! = (—ij : Texp(—}-,f)cf (—M)z[—l] exp(—At)
‘ AJ L | )

0 \

i) i

Iy=—. (10)
e
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