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Jlekuusa 3

Byoem npepnonaratb, YTO Moc/ie OTKasa 3/1eMeHT (cuctema) npoxoauT npoueaypy
BOCCTAaHOB/IEHUSA; MPU 3TOM NPUMEM cneaytolme AonyLeHua:

. OTKa3 3/1IeMeHTa (cuctembl) 06Hapy>KUBAETCA MTHOBEHHO;

. cnefom 32 MOMEHTOM OTKa3a MFTHOBEHHO Ha4yMHaeTCA BOCCTAHOBAEHUE;

. BpemMA  BOCCTAHOB/MIEHMA — 3TO HenpepbiBHas  CAy4amMHas  BeAMYUHA,
pacnpeaeneHHas 3KCNOHEHUMANbHO;

. KOJIMYECTBO PEMOHTHbIX 6bpurag HeorpaHUW4YeHHO, T.e. eCAM OAHOBPEMEHHO

MMEIOTCA HECKONIbKO OTKas3aBLUMX 3N1EMEHTOB, KaAblii M3 HUX NpoxoauT npoueaypy
BOCCTaHOB/IEHUA 6e3 OXKnaaHusA B ouepeau;

. BOCCTAHOBJIEHHbIA 3/1eMeHT (cucTema) OO0 MOMEHTa BK/I4YeHuA B paboty
cuuTaeTca abCoNOTHO HAaAEXHbIM, T.€. 3/IEMEHT Moc/e peMoHTa 06/1aZlaeT TaKUMU Ke
XapaKTePUCTUKAMM, YTO N HOBbI 3/1€MEHT;

. nocse BOCCTAHOBJ/IEHUA 3/IEMEHT (cMcTema) MFHOBEHHO MNOoJK/toYaeTcs B pabory,
NMb60 3aHMMaeT MecTo cpean pe3epBHbIX 3/IEMEHTOB (€11 3TO NPeayCMOTPEHO).
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Hannume Takoro OONbLWIOro cnmMckKa LI,OﬂyU.LeHMVI CBA3dHO C TeM, 4TO
npoueanypa BOCCTaHOBJ/1IEHUA B 3HAYUTENIbHOM mepe CBA3adHA C
yesioeyeCKknMm CI)aKTOpOM, KOTOprl‘/JI O4EHDb CN1O0XHO OMUCAaTb
MaTeMaTUHECKMN.

Ha NPakTnKe Kaxagoe w3 npuBeaeHHbIX Bbllle yTBep)K,EI,eHVIl‘/JI MOXET

HapyLaTbCA:

* OTKasbl He Bcerga 3amMeyvyaloTcsa BoBpems,

* [EeMOHTaX OTKas3aBLUMX 3/1eMeHTOB (M MOHTaX BOCCTAHOBJIEHHbIX) MOIYT 3aHUMaTb
NPOAO/IKUTENIbHOE BPEMS,

*  KOJINYECTBO PEMOHTHbIX bpurag Bceraa orpaHNYeHo,

*  U34ennA nocne PemoHTa peako 061a4aloT TaKUM Ke YPOBHEM HaZEKHOCTU, YTO U
HOBbl€ 3N1eMEeHTbI, U T.A.
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BepoATHOCTb BOCCTAHOB/1IEHUA

MoMeHT BOCCTaHOBNEHMA paboTocnocobHOCTM O0ObeKTa Noc/ie OTKa3a
ABNAETCA CAy4YaMHbIM cobbiTnem. MoaTomy MHTEPBAN BPEMEHM OT MOMEHTA
OTKa3a A0 MOMEHTA BOCCTaHOB/IEHUA ABNAETCA CAY4aUHOW BENNYMHOWN N ANA
XapPaAKTEPUCTUKN  PEMOHTONPUIroAHOCTM  MOXeT ObiTb  MCNONb30BaHa
bYHKUMA pacnpeaeneHns sTom caydyanHom sennymHeol T.

BepoamHocmbro 80CCMAHOB/AEHUA Ha3blBaeTcA BEPOATHOCTb TOroO, 4TO
BpemA BOCCTaHOBJ/1€EHWUA paGOTOCI'IOCOGHOFO COCTOSAHUA O0b6beKkTa He
NPEBbLICUT 3aaHHOIO:

P.(t) = Pr{T < t}, t > 0.
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BepoATHOCTb BOCCTAHOB/1IEHUA

dyHkuma P, (t)npeacraBnaeTt coboit MHTErpanbHyo GYHKLMIO pacnpeaeneHus ciy4yanHom
Be/MUMHbLI T, cnepoBaTeNibHO, BEPOATHOCTb BOCCTAaHOBNAEHUA ABAAETCA MOHOTOHHO
BO3pacTarowen PyHKUMNEN BPEMEHMN:

yem 6onbwe spemeHU MpPowsio C MOMEHMA Ha4yasa 80CCMAHO8seHUA, mem bonsuie
8epOAMHOCMb Mo20, Ymo u3odesnue byoem 80CCMAHOB/EHO.

Mbl NpeanonoKuMAM anpuopu, YTO 3aKOH pacnpefeneHnsa BpemeHu A0
BOCCTAHOB/IEHWA ABNAETCA IKCMOHEHLMaAbHbIM, TOFAA

P(t) =1—e ¥,
e [ - napameTp pacnpedeneHus, HasblBaeMbli UHMEHCUBHOCMBbIO
80CCMAHOB/MEHUH.
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CpeaHee Bpems BOCCTAaHOBAEHUA

Mo aHanormm co cpeaHeln HapabOTKOM A0 OTKa3a MmaTemaTumyeckoe
OXWUAaHNEe BPEeMEeHM BOCCTaHOB/MEHMA pPaboTocnocobHOro cocToAHUA
0bbeKTa HasblBaeTca cpejHUM BpeMmeHeM BOCCTaHOBNEHUSA:

0.0) 0.0)

T, = f tf,(t)dt = Of(l — B,(t))dt;

0

rae f,(t) = P/ (t) - nhoTHOCTb BEPOATHOCTN BPEMEHWN BOCCTAHOB/IEHUA.
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PYHKUUA rOTOBHOCTU

AHanorom BepoATHOCTM 6e30TKasHOM paboTbl HeBOCCTaHaB/MBAEMbIX
CUCTEM ANA CUCTEM C BOCCTAaHOBNEHUEM ABAsAeTcA hyHKYUa 20mosHocmu -
BEPOATHOCTb TOrO, YTO OOBEKT OKaXKeTcA B paboTocnocObHOM COCTOAHUM B
MPOWU3BOJIbHbIA MOMEHT BPEMEHU, Kpome MNJAaHUpYyeMblX Mepuoaos, B
TeYyeHUe  KOTOPbIX NpUMeHeHMe ob6beKTa No  HasHaYeHUIo  He
npeaycmatpuBaeTcs.

dyHKUMA rotoBHoctn A(t) ABNAeTCA MOHOTOHHO YbbiBatowen GyHKUMEN.
OaHako, B otinumm ot BBP oHa He ybbiBaeT A0 HyndA, a CTpemuTca K
HeKkoTopomy 3HayeHuto K. = A(o0), KoTopoe HasbiBaeTcs (CTauMoHaPHbIM)
KO3 PULMEHTOM rOTOBHOCTM.
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PacyeTt HaAeXXHOCTU CUCTEM C BOCCTAaHOBIEHUEM

PaccmMoTpum  TeXHUYECKYyo Ccuctemy C onpeaeneHHom MNOCTOSAHHOWM
MHTEHCUBHOCTbIO OTKa30B A.

[locne o0OTKasa cucTema MIHOBEHHO MNepexoamT B peXum (cocTosiHue)
BOCCTQHOB/IEHUA.

Bpema Ao BOCCTAaHOBNEHMA ABAAETCA HENPEPbIBHOU CAYYAaUHOMN BEIUHUHOMN,
pacnpeaeneHHOM 3KCNOHEHUMANIbHO C napameTpom (U (MHTEHCUMBHOCTb
BOCCTAaHOBNEHMUA).

[lo 3aBepweHMM BOCCTAHOBJIEHUA CUCTEMA MIHOBEHHO NepexoauT B
pabounin pexknm (coctoaHMe) — LMKA NOBTOPAETCS.
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PacyeTt HaAeXXHOCTU CUCTEM C BOCCTAaHOBIEHUEM

Hanbonee noaxoaswmm cnocobom npeacraBieHUA MNepexonoB AaHHOWM
CUCTEMbI U3 COCTOSAAHUA B COCTOAHME ABAAEeTCA rpad COCTOAHUN U NEepPexonos:

E’ n, ﬁ{,__,-f-’ Dy e, o P, )
S (1) @ \
. - ; s - .1. o -".

- ~.,__~.r¥..ﬂ_____. P;]1 f’/_f

—

Ha puUCyHKe cOCTOSIHUA cUCTeMbl NpeacTas/ieHbl BeplnHamu rpada (Kpyru),
a nepexoabl — Ayramun. O603HauyMm paboTocnocobHoe cocTossHME KakK
cocTosiHMe 1, cocTosHMe OTKa3a (BOCCTaHOBNAEHMUS) — KaK COCTosAHME 2.
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PacyeTt HaAeXXHOCTU CUCTEM C BOCCTAaHOBIEHUEM

[nAa Ka)aoro MOMeEHTa BpPEeMEHU CYLLEeCTBYeT BepPOATHOCTb MNepexoaa
CUCTEMbI M3 TeKyllero coctoAaHus B cneayowee (P, n P,q), a TakxkKe
BEPOATHOCTM TOrO, YTO CUCTEMA B CAeAyHOLWMA MOMEHT BPEMEHWN OCTAHETCH
B ucxogHom coctosiium (P;; n P,,). B paHHOM cny4dae BepoATHOCTb Pj,
npeactaBnsetr coboil BepoATHOCTb OTKasa, a P,; - BepoATHOCTb
BOCCTQHOB/EHMUS.

[na Kaxporo i-ro coctoAaHMA Cymma BeposaTHOCTen nepexodos P (j = 1,2)
QaBHa eanHMULLE.
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PacyeTt HaAeXXHOCTU CUCTEM C BOCCTAaHOBIEHUEM

Cuctema ypaBHEHUN, onpeaenstollan BepoATHOCTU COCTOAHUM, TaKOBa:

P, (t + At) = Pi(8) - [1 — P (At)] + P, (t) - Py1(AL);
P,(t + At) = P,(t) - [1 — Py1 (At)] + Py (2) - P12 (At).

Ona npoctoTbl 0b6bACHEHMAs Oyaem Ha3biBaTb MOMEHT BpemMeHu t -—

| «cenyac», a t + At — «cneayowmm MOMEHTY., |
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PacyeTt HaAeXXHOCTU CUCTEM C BOCCTAaHOBIEHUEM

Pi 7 P gf’gg
(1 2
. P -

Toraa nepsoe ypaBHEHUE MOXKHO NPoYnUTaTb cneayowmm obpasom:

Py (t + At) = Py(t) - [1 — P15 (At)] + P,(¢) - Py, (At);

BepoATHOCTb TOrO, YTO CUCTEMA B CAEAYHOLLMIM MOMEHT BpEMEHW ByAEeT HaX0AUTHCA B COCTOAHMUM
1, paBHa...

... BEPOATHOCTW TOrO, YTO Cenmvyac OHa HaxoAMTCA B COCTOAHMN 1 1 3a Bpema At He nepenaeT B
cocToAaHuMe 2...

... NJ1OC BEPOATHOCTb TOrO, YTO CEMYAC OHA HAaXOAMTCA B COCTOAHMM 2 1 3a Bpemsa At nepenaet B
COCTOAHMe 1.
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PacyeTt HaAeXXHOCTU CUCTEM C BOCCTAaHOBIEHUEM

Npn At - 0, P;j(At) - y;; - At, rae  y;j - WHTEHCMBHOCTb nepexoaa.
Mcnonb3ya onpeaeneHune NnpomMsBoaHON, NONYyYaEM:

{P{ (t) = —APy(t) + uP,(t);
Py(t) = AP (t) — uP, (1),

TK. V12 = ANy = L
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PacyeTt HaAeXXHOCTU CUCTEM C BOCCTAaHOBIEHUEM

[1nA KaxKA0ro cOCToOAHUA MMeeM ypaBHEHMeE,
B JIeEBOI YaCTU KOTOPOro CTOMUT NPOU3BOAHASA
BEPOATHOCTU 3TOT0 COCTOAHMUA.

B npaBoi YacTK ypaBHEHUA COAEPIKUTCS CTONbKO caaraemblX, CKONbKO ayr
CBA3aHO C JaHHbIM COCTOAHUEM.

Kaxpas ayra  npeacraB/ieHa  CBOeM WMHTEHCUMBHOCTbIO — Nepexosa,
VMHOMEHHOMN Ha BEPOATHOCTb COCTOSAHWUSA, U3 KOTOPOTro 3Ta Ayra BbIXOAMUT.
Mpn 3TOM BXOASALLIME AYIN YYUTHLIBAOTCA CO 3HAKOM «+», UCXOAsLLIME — CO
3HaKOM «-».
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PacyeTt HaAeXXHOCTU CUCTEM C BOCCTAaHOBIEHUEM

ORE®
A

{P{(t) = —AP;(t) + uP,(t)

\ Py(t) = APy (t) — puP,(¢) /
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PacyeT HaJ4eXHOCTU CUCTEM C BOCCTaHOBNEHNEM

PeweHne nony4yeHHON CUCTEMbI MOXKHO MPOBECTU C MUCMOb30BAHMEM
npeobpa3oBaHuA Jlannaca. 370 no3BosAeT npeobpa3oBaTb CUCTEMY
oanbdepeHuUmanbHblX  YPaBHEHUM B CUCTEMY  anrebpamyeckmx
YPABHEHUN.

p(® 5 p(s)
p'(t) 5 sP(s) — p(0%)

MpuMedaHue. VIcTopnyeckn NpPUHATO Ana 0603HauveHus nlobparkeHuit no Jlannacy MCnosib30BaTb
nponucHble OyKBbl, a ANs8 0003HAYeHUs OpPUrMHaNOoB GYHKUMA — CTPOYHble. MOCKOMIbKY Mbl YrKe
NPUBbLIKAN 0603HaYaTb BEPOATHOCTb NPONUcHoM bykson (P(t)), Mbl He Byaem NpuaepHKmMBaTbca 34ech

3TOro npasuna.
OaHako cneayeTt NOMHUTL, YTo P(t) u P(s) — aTo coBeplueHHO pa3Hble dyHKUMKM, npudem P(s)=L{P(t)}.
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PacueT HAAEeXHOCTU CUCTeM C BOCCTAHOBJIEHNEM

CyMTas, 4YTO B Haya/bHbIA MOMEHT BPEMEHW CUCTEMA OnpeaeneHHOo
Haxo4MTCsA B COCTOAHUM 1, NOAYYUM:

P,(t) = AP (t) — uP,(t) sP,(s) = APy (s) — uPy(s)

N3 BTOpPOro ypaBHeHMA

{P{(t) = —AP;(t) + uP,(t) — {SP1(S) = —AP;(s) + uP,(s) + 1

A
P,(s) = S+MP1(S)

-~
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PacueT HAAEeXHOCTU CUCTeM C BOCCTAHOBJIEHNEM

[MoacTaBMB 3TOT Pe3y/ibTaT B NepBoOe ypaBHEHWE, B UTOre NOJIYYUM:

JTO ABAAeTCA pelweHnem cuctembl B obsactm msobparkeHun. [ns
nepexo/a K OpUTMHaNaMm, BOCMO/1b3YEMCH obpaTHbIM
npeobpasoBaHmem Jlannaca:

- u y
P,(t) = L~1(P,(s)} = T+ n T A+t

-~
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PacyeT HaJ4eXHOCTU CUCTEM C BOCCTaHOBNEHNEM

- u y
P,(t) = L~1(P,(s)} = i n ypts A+t

Mo onpepenenunto, P;(t) - 3TO0 BEPOATHOCTb TOro, YTO CUCTEMA B
MOMeHT t 0OyaeT HaxoanTbcA B paboToCcnocobHOM COCTOAHUM —

dyHKUMA roToBHOCcTM A(t) = Py (t).

[To cmbICly 3TO O4YeHb MNoXoxe Ha onpedeneHne BBP, oaHako, aAnA
dyHKUMK P; (t) He BbinonHAeTca ycnosne Py(o0) = 0.

AHannsnpysa nosydyeHHoe peweHune, BuaHo 4to Py (o) = K. = FroR
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PacueT HAAEeXHOCTU CUCTeM C BOCCTAHOBJIEHNEM

U A
Pi(t) = LTHP ()} = —— + —— e+l
1 (8) tP1(s)} PR e
i
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PacyeT HaJ4eXHOCTU CUCTEM C BOCCTaHOBNEHNEM

HecmoTpss Ha OTHOCUTENbHYHO NPOCTOTY MeToda onpeaeneHus
HaJEeXHOCTWU BOCCTAHaBAMBAEMbIX CUCTEM C MOMOLLbIO rpados,
CYLLECTBYIOT M onpeaeneHHble Npobaemsi:

. ONA  C/NydalHbIX BpemeH [0 OTKa3a WM [0 BOCCTAaHOB/EHMUS
MCMONb3YeTCs TO/IbKO dKCNOHEHLUMANbHOE pacnpeleneHue;

. Npu yBeIMYEHUN YNC/a DIEMEHTOB B pacCMaTpUBaEeMOM cucteme
3HAYUTE/IbHO YBE/IMYMBAETCA YNCAO BO3IMOMKHbBIX COCTOAHUN CUCTEMBI, 3,
c/el0BaTE/IbHO, N KOJIMYECTBO YPaBHEHWM B CUCTEME.
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[Tpnmep 1

[laHa nocnefosaTenbHas CUCTEMa, COCTOALLAA U3 ABYX 31EMEHTOB A I
B, ¢ WHTeHcmBHOCTAMM oOTKasa A, = 0,001 4™, A =0,0024™ ! u c
MHTEHCMBHOCTAMM BoccTaHoBnenua iy = 0,044~ 1, ug = 0,01 41,

Hantm  QyHKUMIO TOTOBHOCTM W CTAUMOHAPHbLIA  KOIPPUUMEHT
rOTOBHOCTM.

PeweHue:
CocTaBMM rpad COCTOAHUM U NEepexoaoB ANA AaHHOWM cUCTeMbl. [1pu
3TOM bygem He ToNbKO 0603Ha4YaTb COCTOAHUA CUCTEMbI YUCAAMU, HO U
NoAnucbIBaTb WX, WUCNONb3YA NOrMKO-OyKBEHHble 0D03HaYeHua ANA
COCTOAHUN 3/1EMEHTOB (MHBepcKsa obo3HayYaeT, YTO COOTBETCTBYIOLLMNA
3/IEMEHT OTKa3an).
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[Tpnmep 1

B HayanbHOM cocTtoAaHMM 1 o0ba 31eMeHTa CUCTEMDbI
paboTocnocobHbl. B 3TOM COCTOAHMM BO3MOXKHbI ABa
Pa3HbIX COOLITMA: OTKA3 a1emeHTa A 1 OTKa3 3/IeMeHTa
B. Tloatomy, pucyem aABe wUCXodAllne CTPenkm — B
COCTOAHMA 2 1 3.

anMe‘-IaHMe. Mbl npeanosiaraem, 4To NOTOKU OTKA30B N MOTOKU BOCCTAHOB/IEHUNI ABAAIOTCA I'IpOCTEﬁLLIMMM.
N3 aToro cneayeT, YTo NOTOKU ABAAKOTCA TaKXKe U OAHOPOAHbIMMU.

Taknum obpaszom, HEBO3MOXKHO OZlHOBPEMEHHOE NoaBaAeHne ABYX U bonee cobbITUN.
Mo3ToMy, HEBO3MOXHbIM AB/IAETCS U 0AHOBPEMEHHbIN OTKa3 3iemeHToB A 1 B.




[Tpnmep 1

B coctoaHMAX 2 M 3 OAMH 3N1eMeHT OTKa3a/, a OAUH
HaxoauTca B paboTtocnocodbHom cocTosHMM. OAHaKo
paboTocnocobHble 3/IeMEHTbl HE MOryT OTKas3aTb W3
COCTOAHMM 2 U 3, T.K. CUCTEMA B LEJOM B 3TUX
COCTOAHMAX YXe He paboTocnocobHa.

TaKk¥ke, B  COCTOAHMAX 2 WU 3 HayMHaeTcH
BOCCTAHOB/IEHME OTKa3aBLUMX 3/IeMEHTOB, MO3TOMY
pucyem CTpesikn obpaTHO B cocTosiHMe 1.

Jlekuua 3
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[Tpnmep 1

3anuwem  cucTemy  ypaBHeHuMM B obnactu
n3obparkeHn no Jlannacy: a)

(SP(s) = —(Aa + Ag)P1(S) + paPs(s) + pgPs(s) + 1
SPy(s) = 4P (s) — puyPy(s)
\SP3 (s) = ABP1(S) — UgPs (s)

Bbiparkaem 13 noaydyeHHon cuctembl Py (s) n P;(s) uepes Py (s):

A

Ag

A
P(8) = 3= Pi(®)  Pa(9) = s Pils)

\ N NOoACTaB/IAEM UX B MNMNepBOe YypaBHEHUNE CUCTEMDbI /




Jlekuusa 3
’ [Tpnmep 1 \

A A
AHA P, (s) + BHB
S+ Ug S+ Up

sPi(s) = —(A44 + Ag)P1(s) +

P,(s)+1

Bbipaxaem P; (s):

s% + (ug + up)s + palip
P,(s) =

$3+ (Ag + A + ug + pp)s® + (Aapp + Appig + uapip)s

[loacTaBnAa  4YMCNEHHble  3HAYeHWA  MNapamMeTpoB, WM BbINOAHAS  obpaTHoe
npeobpa3oBaHue Jlannaca, NOAYy4YMM BbipakeHne Ana BepoATHOCTM 1-ro coCToAHMSA
(PyHKUMM  TOTOBHOCTM CUCTEMbI) W 3HAYeHWe CTAUMOHAPHOro Ko3dpPULUMEHTa
rOTOBHOCTM:

A(t) = Pi(t) =~ 0,816 + 0,028 004107t 4 (,156¢~0.011%¢

\ K. = A(x) ~ 0,816. /
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3HAYNTENbHO YNPOCTUTL pelleHne NoAoOHbIX 33434 MOMHO B YaCTHbIX

CJZIly4aAXx, d MMEHHO, ROrAad MHTEHCUMBHOCTU OTKa30B I/I/I/IJ'II/I
BOCCTAHOB/IEHUN 9N1EMEHTOB PdBHbI.

B Takux CNIy4aAXx, nocnedCrBnMA OTKA30B Pa3HbIX 3/1eMeHTOB OAMNHJKROBbI,

T.€. HEeT HMKAKOW pPa3HMULbl, KaKOM M3 3/1eMEHTOB OTKasan NepBbiM, 3
KaKOM BTOPbIM.
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[Tpnmep 2

[laHa nocnenoBaTtesibHaA CMCTEMA, COCTOALLAA M3 ABYX 3/1eMEHTOB A U
B, C WHTeHCMBHOCTAMM oOTKasa Ay, =Ap =0,0014™! u c
MHTEHCMBHOCTAMM BOCCTaHOBNEHMA Uy = ug = 0,01 971,

Hantm  QyHKUMIO TOTOBHOCTM W CTAUMOHAPHbLIA  KOIPPUUMEHT
rOTOBHOCTM.

PeweHue:
OTKa3 ntoboro anemeHTa CUCTeEMbl MPUBOAUT K €e O0TKa3y. [pn aTom HeT
HMKAaKOM pa3HuLbl B MHTEHCMBHOCTM BOCCTAaHOB/EHUA, KakoM Obl
3/1eEMEHT HM OTKa3an. [1ogobHylo 3a4adyy TaKKe MOXMHO pelaTb C
mcnonb3oBaHnem rpada m3 [pumepa 1, ogHaKo ropasao yaobHee
YNPOCTUTb rpad.
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a) AB

A

CocTtosiHMe 1 3KBMBA/NEHTHO MEPBOMY COCTOAHMIO M3 [pumepa 1 — B HEM TaK¥XKe
paboTocnocobHbl 06a anemeHTa.

B cocToAHMM 2 OTKa3a/s Kakon-TO OAMH 31eMeHT — A nan B, - Ho He oba anemeHTa
cpasy (!).

B coctoaHum 1 ABa anemeHTa HaxodaTca B paboyem COCTOAHWU, MO3TOMY MX
CYMMapHas MHTEHCUMBHOCTb OTKa30B byaeT pasHa 2A.

B cocTosiHMM 2 TONbKO OANH 3N1E€MEHT BOCCTAHABAMBAETCH, MO3TOMY MHTEHCMBHOCTb
nepexoaa 13 2-ro coctoAHms B 1-oe paBHa U.
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Mbl  yXe noaydnnm peweHne ana CUCTEMbI, COOTBETCTBYHOLLEWN
nonyvyeHHomy rpady. C y4yeTomM M3MEHMBLLUENCA WHTEHCUBHOCTU
OTKA30B:

21 5 1
A(t) = L7YP,(s)} = ——— 4+ 2

_- 4 —(a+wt — Z 4 — ,-0,012t
2A+u 20+ u © 6 6 ©
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[TOCKONIbKY 00blMHO W > A, OQYHKUMA TOTOBHOCTM O4YeHb ObICTPO
CTPEMMUTCA K CBOEMY CTalMoHapHOMY (YCTaHOBMBLUEMYCA) 3HAYEHMUIO.
3a4acTyl0 Ha MPaKTUKe onNpeaenatT AULb CTAaUMOHAPHbLIN KO3PPNUUMEHT
rOTOBHOCTM. 3TO NO3BOAAET 3HAYUTENbHO COKPATUTL 0OBEM BbIHYUC/IEHUN.

[TOCKONbKY  CTAUMOHAPHbLIM  pPEXUM  XapaKkTepusyeTca TeEM, 4YTO
NPOM3BOAHbIE PABHbI HYAtO (PYHKLUMKW BONbLIE HE MEHAIOTCA), B CUCTEME
apdepeHUManbHbIX YypaBHEHMM HEODBXOAMMO NPUPABHATL K HY/IHO JIEBbIE
4aCTW YPABHEHUN N AONOJHUTb CUCTEMY YPABHEHNEM

Pi:1

N
=1

rne N — KONnM4ecTtBO COCTOAHUN.
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[Tpnmep 3

[aHa Mnapajne/ibHad CUCTeMa W3 AOBYX 3/1EMEHTOB C «TOPAYUM»
pe3epBNPOBaHNEM. MHTEHCMBHOCTM OTKa30B W BOCCTAHOBJ/IEHUM

5NeMeHTOB OAMHakoBbl M paBHbl A =0,001u*wn pu=0019"1
COOTBETCTBEHHO.

HanTh cTaumMoHapHbIM KOIPDOULIMEHT rOTOBHOCTM.




Jlekuua 3

[Tpumep 3 AB
PeweHue: A A
COCTaBMM HeynpoWEHHbIM rpad COCTOAHUM W AB AB
nepexoaos ANs AAHHOW cucTeMbl. B Haya/ibHOM @
coctoAHMn 1 oba osnemedHta A w©n B

paboTocnocobHbl, CcneaoBaTebHO, BO3MOMHbI
nBa cobbITMsa — oTKa3 A 1 0TKa3 B.

JTO NPUBOAMUT HAC K ABYM HOBbIM COCTOAHUMAM — 2 M 3 — B Ka*XKAOM M3
KOTOPbIX He paboTaeT (BoccTaHaBAMBAETCA) OANH /IEMEHT.

OQHAKO, B Ka)KJAOM M3 3TUX ABYX COCTOAHWUMN OAMH INEMEHT MO-MPEKHEMY
paboTocnocobeH.




Jlekuua 3

[Tpnmep 3 AB

OTKa3aBLlune 3N1eMeHTb! MOTYT ObITb A
BOCCTAQHOB/IEHbI, YTO BO3BpalLaeT cuUcTtemy B AR
Haya/IbHOe COCToAHMKe. a
JNeMeHTbI, BCe elle paboTarolime B COCTOAHMAX

2 N 3, TaKXKe MOryT 0TKa3aTb, NepeBoA CUCTEMY

B COCTOsiHME OTKa3a (4). AB




Jlekuua 3

[Tpnmep 3 AB

M  HaKoHeu, OTKas3aBlWKMe  31eMeHTbl U3
coctoAHMa 4 moryT OblTb  BOCCTaHOBAEHbI, AB
nepeBoaA CUCTEMY B COCTOAHME 2 WU
COCTOAHME 3.

[TonyyeHHbIn rpad MOMKET MUCMOAb30BaTbCA A5
onpeaeneHns roTOBHOCTU CUCTEMbI, OHAKO ero 1B

MOXHO yMPOCTUTb. B camom Jene, TMOCKOAbKY MNPU  «ropad4em»
pe3epBMpoBaHMM 0Oa 3/71emMeHTa HaxodATcas B OAMHAKOBbLIX YCAOBUAX
(HecyT NOAHYIO HaArpysky), WX JOeneHue Ha OCHOBHOW U pe3epBHbIM

2/1EMEHTbI YHNCTO YCJ/TOBHO.




Jlekuua 3

[Tpnmep 3

OTKka3 nwboro M3 371emMeHTOB NpmBeAEeT K TOMY, 4YTO 3TOT
SNemMeHT byaeT BOCCTAHaBAMBATLCA C  WMHTEHCUMBHOCTbIO 2N | | M
BOCCTAHOB/IEHNA  OAMHAKOBOM AN BCEX  3/IEMEHTOB; 2
MHTEHCMBHOCTb OTKA30B OCTAaBLUEroCs 3/1EMEHTa TaKKe He
byaeT 3aBUCETb OT TOrO, KaKOWM 3/1eMEHT NPOAOMKNT PaboTy.

B ynpoweHHOM rpade COCTOSiHME 2 3KBMBA/NIEHTHO
obbeaMHEHNIO COCTOAHMKM 2 M 3 ucxodHoro rpada, a
COCTOSAHME 3 3KBMBANNEHTHO COCTOAHMUIO 4.




/ Jlekuusa 3 \
[Tpymep 3

3anmem CUMCcTemy ypaBHeHuin B 061aCTU BpeEMEHMN: 1
, 22 | T
Pi(t) = =2AP(8) + pP,(0); ,
{Py(t) = 24P (t) — (A + )P, (t) + 2uP;3(t);

\ P3(t) = AP,(t) — 2uP5(t)

[pupaBHAEM NPOU3BOAHbBIE K HY/O M A40OaBUM YpaBHEHME
( 0= —2AP, + uPs;

\ 1:P1+P2+P3




/ Jlekuusa 3 \
[Tpymep 3

cnonb3ya nepBoe U TpeTbe YPaBHEHMA, NOJIYYUM 1
p=tp. p-lp PR
|_|O,£I,CTaBl/IIV\ 2T BblpaXXeHWA B NnocjegHee ypaBHeHWE:!
“P+P+/1P 1:>“+1+’1P—1
2074 "% T o2ut it 2 2ul *
[Tonyymnm
22 2 2422
p=—"t . p-_t . k_pip=L""_ 0099

A+w?2 A+ wp? (A + w)?

-~



Jlekuua 3

Ewe oaHoM obnactblo npumeHeHma rpadoB ABAAETCA onpeaeneHue
cpeiHero BpeMeHu 10 0TKa3a BOCCTaHaBAMBAEMOM CUCTEMbI B LLE/IOM.

AHaNOrMYHO pacyeTy KOaPpPULMEHTA TOTOBHOCTK, cCpeaHAa HapaboTKka Ao
OTKa3a JA0/KHa OblTb paBHa CyMme CcpeaHux BpemeH npebbiBaHMUSA
CMCTEMbI BO BCeX ee paboTOCMOCOOHbIX COCTOAHMUSAX.

[ns 3T0Oro B CUCTEME VYpPaBHEHUM B UM300parkeHusax no Jlannacy
HeobxoaAMmo 3ameHunTb Bce P; Ha T;, npnpaBHATb S = 0 1M UCKNKOYNUTL U3
CMCTEMbI BCE YPAaBHEHMA, ONUCbIBatOWME HEPABOTOCNOCOOHbIE COCTOAHMSA
M BCeE C/laraemble, cogepalme BepoOATHOCTU HepaboToCnOCOOHbIX
COCTOAAHUMN.




/ Jlekuua 3 \
[Tpnumep 4

HanTtn cpeaHolo HapaboTKy /A0 OTKasa CUCTEMbI K3 1
[Tpmepa 3. 20 | T
PeweHue: 2

[ sP(s) = —2AP.(s) + Py (s) + 1;
SP5(s) = 2AP,(s) — (A + )Py (s) + 2pPsts)
5 Pys)- =P — 2pPals)

\

{0=—2/1T1+,uT2+1;
0=

A




/ Jlekuusa 3 \
[Tpnumep 4

(0= —2AT, + uT, + 1; !

0= 2AT; — (A + )T, (s); 2 | Ju

. 2
Pelins cuctemy, NOAy4YUM

A




