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Ðàñ÷åò ïàðàìåòðîâ íàäåæíîñòè àïïàðàòíî-ïðîãðàììíûõ

êîìïëåêñîâ èíôîðìàöèîííûõ ñèñòåì

Çàäàíèå 1

Äàíî

(a)

P1 = 0.93

P2 = 0.985− 0.003 · 10 = 0.955

P3 = 0.092

P4 = 0.83 + 0.0055 · 10 = 0.885

P5 = 0.95

(b)

Ðèñ. 1: Ñõåìà ñèñòåìû

Íàéòè

Âåðîÿòíîñòü áåçîòêàçíîé ðàáîòû ñèñòåìû, èçîáðàæ¼ííîé íà Ðèñ. 1 (à).

Ðåøåíèå

Ïðåîáðàçóåì ñèñòåìó ê ýêâèâàëåíòíîìó è áîëåå óäîáíîìó äëÿ ðàñ÷¼òîâ âèäó.

Ðèñ. 2: Óïðîù¼ííàÿ ñõåìà ñèñòåìû

Òîãäà âåðîÿòíîñòü áåçîòêàçíîé ðàáîòû ñèñòåìû ðàñ÷èòûâàåòñÿ ïî ôîðìóëå äëÿ ñè-
ñòåì ñ îáùèì ðåçåðâèðîâàíèåì:

Pîáù = 1−
m+1∏
i=1

(1−
n∏
j=1

Pij) =

= 1− (1− P1P4) · (1− P1P3P5) · (1− P2P5) · (1− P2P3P4) =

= 1− (1− 0.93 · 0.885)(1− 0.93 · 0.092 · 0.95)(1− 0.955 · 0.95)(1− 0.955 · 0.092 · 0.885) =

= 1− 0.17695 · 0.918718 · 0.09275 · 0.9222439 = 0.986094311 ≈ 98.6%

2



Çàäàíèå 2

Äàíî

(a)

λ1 (5− 0.003 · i) · 10−4 = 0.000497
1

÷àñ

λ2 (0.1 + 0.006 · i) · 10−4 = 0.000016
1

÷àñ

(b) Èíòåíñèâíîñòü îòêàçà ýëåìåíòîâ

Ðèñ. 3: Ñõåìà ñèñòåìû ñ îáùèì ðåçåðâèðîâàíèåì (?i = λi)

Íàéòè

1. âåðîÿòíîñòü áåçîòêàçíîé ðàáîòû Pîáù çà âðåìÿ t = 200 ÷àñîâ

2. ñðåäíåå âðåìÿ áåçîòêàçíîé ðàáîòû Tîáù

Ðåøåíèå

Ðàñ÷èòàåì âåðîÿòíîñòü áåçîòêàçíîé ðàáîòû ïî ñëåäóþùåé ôîðìóëå, ãäå m = 1 � êîëè-
÷åñòâî ðåçåðâíûõ öåïåé, λ = λ1 + λ2.

Pîáù(t) = 1− (1− e−λt)m+1 = 1− (1− e−(0.000497+0.000016)t)2 = 1− (1− e−0.000513t)2

Òîãäà äëÿ t = 200 âåðîÿòíîñòü áåçîòêàçíîé ðàáîòû áóäåò ðàâíà

Pîáù(200) = 1− (1− e−200·0.000513)2 = 1− 0, 0975121042 = 0.99049139 ≈ 99%

Äàëåå íàéä¼ì ñðåäíåå âðåìÿ áåçîòêàçíîé ðàáîòû Tîáù

Tîáù =
1

λ
·
m∑
i=0

1

i+ 1
=

1

0.000513
· (1 + 1

2
) = 2923.976608187 ≈ 2923 ÷àñà

Çàäàíèå 3

Äàíî

Ðèñ. 4: Ñõåìà ñèñòåìû ñ ðàçäåëüíûì ðåçåðâèðîâàíèåì (?i = λi)

Çíà÷åíèÿ λi áåðóòñÿ èç çàäàíèÿ 2.

Íàéòè

1. âåðîÿòíîñòü áåçîòêàçíîé ðàáîòû Pîáù çà âðåìÿ t = 200 ÷àñîâ

2. ñðåäíåå âðåìÿ áåçîòêàçíîé ðàáîòû Tîáù
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Ðåøåíèå

Ðàñ÷èòàåì âåðîÿòíîñòü áåçîòêàçíîé ðàáîòû ïî ñëåäóþùåé ôîðìóëå, ãäå m = 1 � êîëè-
÷åñòâî ðåçåðâíûõ öåïåé, n = 2 � êîëè÷åñòâî áëîêîâ â ñèñòåìå, λ = λ1 + λ2.

Pîáù(t) = (1− (1− e−λt)m+1)n = (1− (1− e−0.000513·t)2)2

Òîãäà äëÿ t = 200 âåðîÿòíîñòü áåçîòêàçíîé ðàáîòû áóäåò ðàâíà

Pîáù(200) = (1− (1− e−0.000513·200)2)2 = (1− (1− 0.902487896)2)2 =

= (1− 0.00950861)2 = 0.981073193 ≈ 98.1%

Äàëåå íàéä¼ì ñðåäíåå âðåìÿ áåçîòêàçíîé ðàáîòû Tîáù ïî ôîðìóëå

Tîáù =
(n− 1)!

λ(m+ 1)
·
m∑
i=0

1

vi(vi + 1)...(vi + n− 1)
, ãäå vi =

i+ 1

m+ 1

v0 =
1

2
; v1 =

2

2
= 1

Tîáù =
1

0.000513 · 3
· ( 1

1
2
(1
2
+ 1)

+
1
1
2

) = 649.772579597 · 10
3

= 2165.909 ≈ 2165 ÷àñîâ

Çàäàíèå 4

Äàíî

1. Êîëè÷åñòâî óñïåøíûõ îïûòîâ n = 100 + 10 = 110

2. Äîâåðèòåëüíûé èíòåðâàë β äëÿ âåðîÿòíîñòè P ðàâåí 0.95

Íàéòè

Âåðõíþþ ãðàíèöó P2.

Ðåøåíèå

P2 = 1− n
√

1− β = 1− 110
√
1− 0.95 = 1− 0.9731336 = 0.0268664 ≈ 2.7%

Çàäàíèå 5

Ñêîëüêî ðàç íàäî óáåäèòüñÿ â áåçîòêàçíîé ðàáîòå èçäåëèÿ äëÿ òîãî, ÷òîáû ñ ãàðàíòèåé
96% óòâåðæäàòü, ÷òî â ïðàêòè÷åñêîì ïðèìåíåíèè îíî áóäåò îòêàçûâàòü íå áîëåå ÷åì â
4% âñåõ ñëó÷àåâ?

Ðåøåíèå

Âûðàçèì n èç ôîðìóëû ïðåäóäûùåãî çàäàíèÿ è ïîäñòàâèì çíà÷åíèÿ β è P2:

n =
lg(1− β)
lg(1− P2)

=
lg(1− 0.96)

lg(1− 0.04)
= 78.8515 ≈ 79 îïûòîâ
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