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KYBERNETIKA CISLO 2, ROCNIK 4/1968

CratucTnuecKkasi OIICHKa (1)}7HKHI/II/I COXPaHHOCTH
TIpA OKCIIOHCHOMAJIbHOM 1 HEM3BCCTHOM 3aKOHE
HaJACYKHOCTH KI/I6€pH6TI/ILI€CKI/IX CHUCTEM

XK. B. JlunkoBcknit

Buauane pacCMaTPHBACTCS NOCTPOSHHE OLCHKM (YHKIMH COXDAHHOCTH CHCTEM IIPH 3KCITOHCH-
OUANBHOM 32KOHE HAXEKHOCTH HA OCHOBAHHW MAPAMCTPHYECKAX METOZOB CTATHCTHKH M HCIOJb-
30BaHMy OMHOI Teopemst Kpamepa, B ciyyae Gombluero ob6peMa HaBMone Uit 32 OTKA3aMA CHCTEM.
3aTeM CTPOUTCA CTATHCTHYECKAs OLEHKA (DYHKIMM COXPAHHOCTH TIPH HEM3BECTHOM 3aKOHE HAJCK-
goCcTH. Hcmob3yercs HpedeibHBIA CTATHCTHYECKMI HemapameTpuyeckuii kputepmit CmupnOoBa
u Teopema [nuBeHKO.

1. BBEJIEHUE

DynKust p(f) COXPAHHOCTH OJHOTHIHBIX KHOCPHETUHCCKUX CHCTEM (ITEMEHTOB,
6.10K0B, MaumiK U T. J.) 6bUTa BBeJeHA B Teopuy HajexHocTH ®. Mockosumem [1].
OHa ompesesieT KoAMYeCTBO OTKA3LIBAIOMMUX JJAEMEHTOB B €HHUYHOM HHTEpBaje
BPEMEHH B JIOJIIX OT yKe OTKA3aBIINX HJIEMEHTOB.

Ecnu f(f) — mnoTHOCTh BEPOSTHOCTH 0TKa30B (MacToTa oTkasos), Q(f) — Bepo-
ATHOCTH oTKa3a [2], To

t
6] u(t)=&; 120
o0
Ecm yepes ¢ 0603HaIUTH Cliydaliioe BpeMs IEPBOLoO 0Tkasa, To f(1) — ILIoTHOCTH
BEPOATHOCTH CJIYYaliHO BeMuuHBI £, a

o) = P(e < 1

— dynkuus F;(t) pacrpeesieHist BePOSTHOCTEl TOH e CiryqaiHOM BEJTMYNHEL, K HO-
ITOMY:

@ o) = j‘j((:)); = (i [0a)

\
t]; t=0.
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TIpu CTaTUCTHHECKOM MCCITenoBAHUN (DYHKUMM HaZEKHOCTH CHCTEM H3BECTHBI BbI-
GOPOYHBIC 3HAYCHUS CYYAMHOMN BEJUYUHBL £: ty, ty, ...y b, T. €. AaHA BHIOOPKA 0Ob-
emoM n. Ha ocHoBaummu sroro npu Gosburoit BeiGopke (n > 100) Heobxoammo,
B ACTHOCTH, IIPOU3BECTH CTATHCTUICCKYIO ONCHKY (GDYHKIMY COXPAHHOCTH k(f) C yKa-
3aHHEM JJ0BEPUTE/ILHBIX MHTEPBAIOB. BHAYAJIE PACCMOTPHM CJIy4all IKCIOHEHINATTb-
HOTO 3aKOHA HaIeXKHOCTH CUCTEMBI, KOTOPBIH OOBIKHOBE HHO HACTYNAET HOCTE TEPHO-
[a HauajbHON IKCIUTYATALMM, & 3aTeM, CJIyYail HEM3BECTHOTO 3aKOHA HAIEKHOCTH.

2. DKCTIIOHEHIIMATILHBIN 3AKOH HAJIEXXHOCTH

B stom cjrydyae uMeem:

o)y=1—e#
(3) ) , 120,
J(t) =2
rae 0 < A = const (IHOCTOSHHAS HHTCHCHBHOCTH 0TKa308). Toraa mosyunm:
/‘{efi.r )
“ ”(t)zif?zzﬁ’ tz0.

Ecmu T, — cpenmnee Bpems 6¢30TkasHOH paboTEI (MaTeMaTiueCcKOE OKHIAHHKE CITy-
YaifHOHM BEJIMYUHBI é), TO KaK U3BECTHO:

) T,=1.
(6) 2=

CTaTHCTHYECKYIO OLEHKY mapameTpa A pacipeneicHis (3) Jierko moJyuuTs MO
onTHMATLHOMY METOJTy MaKCHMyMa Mpasomnogobus [3]:

0 = e

s |

B
i
-

rae A*¥ — BBIOOPOYHOE 3HAUCHIE MAPAMETpa A, IPHICM BeIGopouHOe (AMIMPHUECKOE)
3HaYeHUE Tf; cpeziHero BpeMeHH 6e30Tka3Hod paboTsl T,, COOTBETCTBEHHO PABHO:

1
(8) To=-

n
Takum 006pa3oM uMeeMm:

o) R
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2 %2
(10) DT, = LEIN EL,
n n

riae 3HaK NPUOIKeHHOrO PaBeHCTBA COOTBETCTBYeT ydeTy Oosbumx n. Ciydaiinas
Bernynna Top, PacTIpe/ie eHa aCHMITOTHIECKH HOPMATHHO (C POCTOM 1) CO CPETHIM:

(11) MTE = T, ~ T

cp

n ¢ mucnepeneii (10). B cBoto ouepelp, ciryyaiiHas Bemmunsa A* corstacho (9) siseres
QyHKIMEHR OT acCHMNTOTHYECKH HOPMAJIBHO PACIIPEICIICHHON CIIyIAKHON BEeIMUMHbE
TC’:, u no Teopeme Kpamepa [4] Taxxe pacupesesicHa aCHMITOTHYECKH HOPMAJILHO
€O CPEHUM U JMCIePCUEH, PaBHBIMU COOTBCTCTBEHHO!

(12) Mi* =2 + O(n~ Yy = 2* + O(n™") m 2*;
1
Di* = — DT, + O(n"*?) = —— + O(n™*?) »
p p
1 1
{13 N —— + 0(n"¥) » s
(13) nTH: ( ) nTi

TZie 3HAKY IPUGIIIOKEHHBIX PABEHCTB COOTBETCTBYIOT YueTy GOJIBIINX M.

3aMeTHM, 4TO BCIeACTBHE ACUMIITOTHYECKOI HOPMAJIBHOCTH CILy afHOM BeTMIHHBL
A*, hopMyna NOBEpHTENBHOTO WHTEPBANA IS MCTHHHOTO 3HAYEHHS A CTPOMTCH
06b14m0 (pn GoNbImUX 1)

14 P = Pi* — u J(DI*) < ) < 2% + u J(DI*)} =

1 u
=— | ‘eF24g;
J2r ),

TAe # > 0 — NPOH3BOIBHOE ASHCTBUTENBHOE YUCIO (OGBIYHO BRIGHPAXOT U = 3, uTO
COOTBETCTBYET HOBCPUTENBHOM BeposTHOCTH P = 0,9973), a B paBoif yactu coziep-
KUTCs TaGynupoBanHas GpyHkuus [5].

Haxnee, BEIGOpOYHOE 3HAueHHE p*(t) QYHKIMM cOXpaHHOCTH GYHeT:

. a
{15) ux(1) = TR

u siBysteTest PyHKIpei coyyaiinoi Bemmunnsl A*. Ilo Toif ke Teopeme Kpamepa ciyyaii-
Hasl BeamuuHa p*(f) TakKe pacHpeseseHa acHMITOTHYECKH HOPMAJbHO CO CPEJHMM
H Iucnepcuei, paBHbIMA (IIpy GOIBIIEX n):

(16) Mu*(t) = u(t) = u*(0) 5
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M __ 1 kgadtn2
(e L= A o

a D) =

JloBepUTEAbHbIi HHTEPBAJ IS HCTHHHOTO 3HAYeHHUs (QYHKIMM COXpaHHOCTH u(t)
CTPOMTCS! BIOJIHE aHAJIOTMYHO (IIpH GoNbILUX 1):

(18) P =P(t) — u J[Dp()] < ) < u*(t) + u O} =

1 * 2
=—| e *?dz.
NE J -
3. HEM3BECTHbBIN 3AKOH HAIEXHOCTU

B 3TOM cilydae Ipu HeU3BECTHOCTH IUIOTHOCTH BEPOSTHOCTH f(f) OTKA30B IpHEM-
JIEMast CTATUCTHYECKAS OLieHKA (DYHKIMK COXPAHHOCTH 44(?) MOXeT ObITh IPOU3BEACHA
Ha OCHOBAHMH LPHUBNEYEHNMS NPEJEIBHOTO HemapaMerpuueckoro kputepus H. B.
Cmuprosa [6], paspaboTaHHOro AN HEMAPAMETPHICCKHUX 33124 MATeMATHYCCKOM
CTATHCTHKY ¢ LEJIbIO OLEHHBAHMA HEU3BECTHON IUIOTHOCTH BeposTHOCTH f(f) onmo-
MepHOii ciydaiinoit Besmauusl £, B camoM Ieite, npenonoxuM, uro f(t) Hurjge He
oGpainaercs B HYJIb ¥ MMEET OTPAHHYEHHYIO BTOPYIO Npon3Boanyro f'(t). B samawax
HaJeKHOCTH OOBIYHO BBHIIONHACTCS 3TO YCAOBHE IS IUIOTHOCTH BEPOSTHOCTH f(1)
OTKa30B.

Torna upu GombImMX n ToBepHTeNbHAsl obnacTb st f(f) crponres no GpopmyJie:

(19 P =P{y,() < i) < ya)} - C(O)),
Tae
2 2
(20) yx(l) = ({):,k{t) + uz—B — ug /(w:(t) + %)7
2 2
@1) yalt) = o}()) + 2+ u V/ (@‘(r) + f)

0 < f < 1 xo3bduipesT goBepus (IOBEPUTEIbHAS BEPOATHOCTD), C(O;) — (ynk-
st CMUpPHOBA, paBHAS:

(22) C(0,) = B =cxp[—27].

@yrKunn ¢, (f) ONpeneNAIOTCS CHETYIOIHM TyTeM. [JaHHbIE BHIGO DKM 3aKITIOUSHEL
na uHTepBase [a, b]. Pasoosem [a, b] Ha psf 9aCTHUHBIX OTPE3KOB

4 = [tk’ ’k+1] , k=1, 2,...,8
PaBHOMH UTUHBL




O603HaINM 4epe3 My, YUCIIO HAGIIONCHHI, NOMAaBIINX HA OTPe30K A, M uepes a; —
nupaBklii KoHen oTpeska 4,. B kaxmoMm 4, umeem:

23 1) = Mt Pes o Myey = My
{23) @ (D) BT (t —a) =

Benmuuna uy B (20) 1 (21) npu 3ajanHol JoBepUTETbHOM BepoaTHOCTH f§ (0GBMHO
B = 0,9 u 0,95) GyzeT pasHa:

I + 041,
(24) p = AL
\/(nh)
Oy = —In |E‘—ﬁ—l;
2

]s HaxoJUTCs KaK KOPCHb CIIEAYIOUICTO YpaBHEHUA:

1.
@) . -Lj gz =1,
2 o), s

rae s = n* (3 < a < 1); unrerpan B (25) TaGymuposan [5]. W3 (19) nomyuaem:

—pful ZOIN
@9 P_P{mo<“°<gm} ¢

Cormacro Teopeme B. U. Tmuserko [7] nmeer mecto
*
0.0 - 2@
B CMBICIIC CXOJMMOCTH 0 BeposITHOCTH, IAe Q)(f) — sMumputccKas (BbIGopodnas)
(yHKIUS pacHpelieieHus BEPOATHOCTEl clrydaiinoll BeTuduHbl &1

@7) xm=%,

n, — YUCIO BHIOOPOYHBIX 3HAYECHUIT, PACTIONOKCHRLIX JeBee | Ha ocu t. Iloatomy
B NPAKTHYECKAX pacuerax (Mpw GoJNbLmX n:n = 200-—300) dpopmyna A0BepHTETD-
Holt o6nactu st pynkuum coxparnocty p(f) GyneT IMETh BUI:

~p 0 »0] g
@9 Pop a0 < =

Takum MyTEM HPOH3BOAUTCA CTATHCTHIECCKAA OLEHKA (byHKLIHPI COXPAaHHOCTH IpH
HEU3BCCTHOM 3aKOHC HAICIKHOCTH KMGCPHCTH‘ICCKOﬁ CHCTEMBL.

(Tloctymuno 2. mast 1967 r.)
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VYTAH

Statistické odhady funkce bezpecnosti pro exponencialni
a neznamy zékon vyskytu poruch kybernetickych systéma

Z. B. LINKOVSKIY

Necht £ je ndhodnd prom&nnd oznacujici dobu provozu sledovaného zafizeni do
prvni poruchy. Potom distribuéni funkce F, é(t) nahodné proménné ¢ je pravdépodob-
nosti vyskytu poruchy za dobu ¢

00) = Fel) = PE < 1}

hustota pravdépodobnosti je

70 = 440

V ¢ldnku se odvozuji odhady funkce bezpe&nosti u(r) (byHrimus coxpanrocrn, safety
function [1]) uddvajici podil poctu porouchanych prvkl za jednotkovy d&asovy
interval k celkovému poétu jiZ porouchanych prvki,

_ 1)
) ”(t)_aij’ t=0

z n zndmych realizaci ndhodné proménné &: ¢y, t,, ..., 1, (pro velkd n).

Pro exponencidlni zdkon vyskytu poruch (3) byl za pouziti Cramerovy véty odvo-
zen konfidentni interval (18) a to prostfednictvim odhadu intenzity poruch A*
respektive stfedni doby Zivota T,



Pro nezndmy zdkon vyskytu poruch se odhaduje podle limitniho neparametrického 133
Smirnovova kritéria hustota pravdgpodobnosti f(r) (19) a pomoci Glivenkovy véty
se dochdzi k odhadu funkee p(r) (28).

K. b. JIunxoeckuii, Hoeo-Ilecuanan ya. 0. 25,’ 7, k6. 356, kopnyc 35, Mockea A-252. CCCP.
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