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Bonpoc 1.
OCHOBHbIE NOHATUA TeOpPUN

HAaAeXHOCTW



HagesxHocTh ABJIseTCS OAHUM H3 Ba)KHEeHIIHUX ITOKa3a-
TeJlel KadecTrBa JC M BREIpakaeT IpeXjJge BCero CBOMCTBO

u3gennsa GYHKIUOHUPOBATE U COXPAHATH CBOU ITapaMeTphI
B TeueHHEe ONpeJejIeHHOTO CPOKa B 3aJaHHLIX YCJIOBHUAX.
Hape:xHoCTh sIBJIeTca KOMILJIEKCHBIM IIOKa3aTeJeM Kade-
CTBa, COCTOSIIMM M3 psAla YacTHBIX, TAKHX KaK 0e30oTkas-
HOCTh, JOJITOBEUHOCTH, PEeMOHTOINPHUIOAHOCTL, COXpaHde-
MOCTB U IP.

MaTteMaTHUecKHe MOJeJH HaJeKHOCTH HeOoOXOJUMEI IIPH
npoexkTupoBaHuu JC aaa BeIOopa HanboJIee MoaIX 0gAIIero Ba-
puaHTa, KOTOPBIHN OyaeT obecrieunBaTh 3heKTUBHOE DYHK-
IIMOHUPOBaHHUE amlllapaTyphbl IIPHU ee peaJbHOM 3KCILIyaTa-
nuu. Kpome Toro, Mogesiu HaJle:KHOCTH UCIIOJIB3VIOTCS B X0/le
pellleHHud 3aJad JHarHOCTHKH HeHcIIpaBHOCTel, IJIaHHpoBa-
HHA PeMOHTHO-IpoMIaKTHUYeCKHX padoT u popMHUpPOBaHUSA
KOMILIEKTOB 3allacHBLIX YacTeH.



ITocTpoeHHe Moey HaJAeXHOCTH HadHHaeTcsa ¢ (POpMHU-
pOBaHUA OTBETOB HAa TPU OCHOBHEIX BOIIpOCAa:
1. Kakue cOCTOAHUSA CUCTEMEI IPUBOJAT K €€ 0TKa3y?
2. KakoB xapakTep IIpOIeCCOB BOBHUKHOBEHUA OTKa30B?
3. Kaxkyo KoHQUrypanuno HMeeT cucremMa?



OTBeT Ha IepBLII BOMIPOC IIpealoJiaraeT IIpoBegeHIe aHa-
Au3a o0beKTa Ha IIpeIMeT BBIABJIEHHS TAKHUX IpeleJbHBIX
AKCILIyaTallMOHHBIX PEeXXKMMOB, BPeIHbIX BO3JeHCTBHI OKPY-
JKallell cpeabl, OIMMOOK OomepaTopoB, KOTOPhIE IO OTAEb-
HOCTH WJIH B COBOKYIIHOCTH IIPUBOAAT K OTKAa3y CHUCTEMEI,
npu 3ToM (paKT BO3SHHKHOBEHHsS OTKa3a yCcTaHABJIHBaeTCHA
COOTBETCTBYIOIIUMH KPHUTEPUAMH COIJIACHO HOPMATHBHO-
TeXHHUUYeCKON AokyMeHTanuu. Ciaenyer MMeTh B BHAY, UTO
IOJ OTKa30M IIOHHMAaeTcs coObITHe, 3aKJIOUallleecd B Ha-
pyuieHUH crnocobHocTH DC BBINOJIHATE 3aJaHHYVIO QVHKIIHIO.
PaznuuarT YacTHUYHBIN, IIOJHBINA, 3aBUCHUMbBIM W He3aBHUCH-
MBI oTKa3bl. IIpu vacTuuHOM oTKasze 3C MoKeT BBIIIOJIHATH
CBOH OTJeJIbHEIE (QDYHKIIUH, a ITIOJHBINA OTKa3 IPUBOLUT K I10JI-
HOH moTepe paborocrnocodbHocTH. IIprmunHOI 3aBUCHMOI0 OT-
kasa JC MoKeT cTaTh HeHCIIPAaBHOCTEh KAKOro-JIH00 aJIeMeHTa
nuian 0Jioka, BXomAmero B coctaB uagenns. CooTBeTCTBEeHHO
He3aBHCHMBIN OTKa3 He BHI3bIBaeTcA NPAMO HMJIH KOCBEHHO
KaKUM-TH00 IPYTUM OTKa30M WIH HEUCIIPABHOCTBIO.

OTBeT Ha BTOPOHM BOIpPOC HIpeAycMaTpUBaeT OMNHCaHHEe
IIPOIeCcCOB BO3HUKHOBEHH S OTKA30B C IIOMOIILI0 BePOATHOCT-
HBIX 3aKOHOB U JuddepeHIHaIbHBEIX YPaBHEHUN.

OTBeT Ha TpeTHUH BOIIPOC CBA3aH C ONpeeleHUeM CTPYK-
TYPBI CHCTEeMBbI, VUUTHIBAIOIEl XapakTep COefUHEHHUA KOM-
IIOHEHTOB, aJropuT™M (QYHKIMOHHPOBAHUA, HaJIUUHe pe3ep-
BHPOBaHHUA, cXeMy 0OCIAyKHUBaHUA U T. II.



Bakayio posnp npu paccMOTpeHHH HAAEXHOCTH HIrpa-
eT BhIJIeJICHHEe KJiacca CHCTeMEBI II0 OTHOHIEHHK K PEeMOHTY
1 BOccTaHOBJeHHIO. BocecranoBiaeHHe — 3TO mpoiecc obHa-
PYKE€HHUA U YCTPAHEHHUA OTKAa3a (IOBpe)KIeHUA) ¢ IeJIbI0 Boc-
craHOBJIeHUA ero paborocmocobHocTn. O6BeKT HasniBaeTcsH
BOCCTAHABJINBAEMBIM, ecJii paboTocnocofHOCTE ero B ciyudae
BO3HMKHOBEHHS OTKAa3a MOJJEXKHUT BOCCTAHOBJIEHHIO B pac-
CMATPHBAEMEIX VCJIOBHAX, H HEBOCCTAHABINBAEMBIM — €CJIH
He nogyexuT. OQuH U TOT ke 00beKT B 3aBHCHMOCTH OT CHTY-
aIuu MOJKeT OBITh BOCCTAHABJIMBAEMBIM HJIM HEBOCCTAHABIIH-
BaemeIM. Hanmpumep, annmaparypa KoOCMHUYECKOro ammapara
Ha 9Tare X paHeHUA U NOATNOTOBKH K CTAPTY — BOCCTAHABJIHN-
BaeMasi, & BO BpeMs I10JIeTa — HeBOCCTAHABJINBAEMAS.



PemonT npeacrasasier co6oit KOMILIEKC Oepalni 1o Boc-
CTAHOBJIEHHIO HCIpPaBHOCTH H paborocmnocobHocTH 0OBEKTA,
a TaK)ke BOCCTAHOBJIEHHIO pecypca 00'beKTa HJIH ero cOoCTaB-
HEIX UacTed. 3aMeTHM, 4TO pecypc (TeXHHYeCKH pecype) —
HapaboTka 06'beKTa OT HauaJia ero sKCILIYATAIIMH HJIH €€ BO3-
00HOBJIEHH S TIOCJIE CPeJHEro WM KAlUTAJIbHOTO PEMOHTA /10
HACTYIJIEHHS npejeabHOro cocrosauusa. [log mapaborkoi mo-
HUMAaeTcs MIPOoJ0JIKHATEILHOCTE HiIH 06/beM paboThl o6beKTa.

PemoHT 06beKTa MOKeT BHIIIOJIHATHLCHA 3aMEeHOH UJIH BOC-
CTAHOBJIEHHEM OT/eJILHEIX 3JIEMEHTOB H cOOPOUYHEIX €JHHHIIL,.
O6BbeKT Ha3LIBAETCS PEMOHTHPYEMBIM, €CJIH HCIIPABHOCTE €TI0
B CcJIyuae BO3HUKHOBEHHUA OTKA3a WIH IIOBPEXKIACHHUSA IMOJIe-
JKUT BOCCTAHOBJIEHHIO, IIPOBE/IeHHE PEeMOHTAa 00beKTa mpej-
ycMaTpHBaeTCsa B HOPMATHBHO-TeX HHUECKOH JOKYMEHTAIIHH.
O6BekT, HcIpaBHOCTEL M paboTOCIIOCOGHOCTE KOTOPOTO B CJIY-
yae BO3HHKHOBEHHS OTKasa (IOBPeXJeHHs) He IOJIeKHT
BOCCTAHOBJIEHHIO, — HEpPeMOHTHpyeMbIH. Takum obpasom,
NOHATHE ¢« PEMOHT» IpeAyCMATPHUBAET BO3ZMOKHOCTE 3aMEHbI
OTKa3aBIINX YacTel U He YBA3LIBAeTCHA C pacCMaTPHUBaeMbIMH
yeaoBuamu (curyanueii). Knacendpukanusa o6bekToB 1mo or-
HOIIEHHIO K PEMOHTY M BOCCTAHOBJIEHHIO NPHBEJeHA HA PH-

cyake 3.40.

HepemouTiupyemule PeMOETHDYEMEIS
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OCHOBHBIM KOMIIOHEHTOM MOJeJId HaJleXKHOCTH oﬁ'bex'ra,
T. €. TeXHHYeCKOro ua3jejJmnd (BJIEMGHTQ, CHCTGMI:I) onpenae-
JIEHHOTI'O I1eJIeBOI'O HadHavYeHHu A, pacCcMaTpHBaeMoro B nepuoja

IPOEKTHPOBAHHS, SBJIAETCHA 3aKOH paclpeesieHHsA Cayuai-
Horo BpemeHu 1T paGoTsl 0 oTKaza. CylmecTByOT ABA OCHOB-
HBEIX IYTH OIpeie/IeHus pacupeaetesuns spemesu 1. [lepeuiin
COCTOMT B HMCIIOJIL30BAHUH ATIPHOPHBIX CBEIEHUH O HAJEHKHO-
CTH 3JIEMEHTOB CHCTEeMbI B BU/le KPHBBLIX HHTEeHCHBHOCTEH OT-
KasoB. Bropoil MeTos onepupyeT ¢ SMOHPHUYECKHUMH JaHHLI-
MH, IIOJIYUYeHHBIMH B pe3yJjbTaTe NpoBeJeHHs U o6paboTku
Pe3yJIbTATOB MCHBITAHHH, a4 TaK:Ke NpHu HabIOAeHHH 3a pa-
6oToHM pasnHMUHLIX 00pasnoB o6OpPYAOBAHHUSA B MpoIlecce aKe-
ILTYATAIIHY CHCTEM, B KOTOPBIX IPHUMEHAIOTCA AHAJIOTHUHEIE
aJieMeHThI, paboraline B mogo0HbIX yeaoBuax. [Ipu rakom
MOAXO/Je II0 IOJYYEHHBIM OSKCHEePHMEHTAJBHBIM JaHHBIM
CTPOAT T'MCTOTPAMMY JJIA BpeMeHH 1 M onpeesiloT COOTBeT-
cTBYIOMVI0O (DVHKIHIO pachpefesieHHs oTkasoB. Haubonee
IIpeAIIOUTHTEIbHA KOMOMHAIINA VKA3aHHBIX METOJI0B, KOrja
7SI ONpeJieIeHHsl paclipejie/ieHUsi BpeMeHH 1 HCIIoJIb3YIOT-
cs JOCTATOUHBIE CTATHCTHUYECKHE JAHHBIE H NpeJCcTaBJIeHHEe
0 MeXaHH3Me BO3HHMKHOBEHHS OTKA30B HA OCHOBEe (PH3MKO-
XMMHUYECKHX U APYTrHX cooOparkeHHH.



Bonpoc 2

MaTtemMaTunyeckmue moaenu n metoabl
Teopun HaaeXXHOCTU 3NEKTPOHHbIX
cpencTB U CUCTEM



7151 KOTMUYeCcTBeHHOM OIEHKH HAJeKHOCTH HCIIOJAbL3VIOT
nokasatenu. HepemoaTupyemeie 06 beKThI paboTaioT 10 nep-
BOT'O OTKAa3a, OCHOBHEIE MOKAa3aTeJIH HAJAEXKHOCTH KOTOPBIX
1 (OpMYJIEI OIEHKH IIOKAa3aTejied 10 pe3yjbTaATaM HCILITA-
HUHM IpuBeaeHk! B Tabaune 3.5 [3].

BeposaTHOCcTh GeszorkasHou paborel R(f) Ha BpeMeHHOM
uaTepBaJie [0; ¢] u BepoaTHOcTs oTKa3a Q(t) (B 3apybexHOM
JIUTepaTYpe UX HHOTAAa Ha3bIBAIOT COOTBETCTBEHHO (DYHKIIHUA-
MH HaJeXHOCTH U HEHAJIe3KHOCTH) ONpelesIAI0TCH HernocpeI-
CTBEeHHO mo (pyHKOUH pacunpenenenus F(f) cayuaiiHoro Bpe-
MeHH HapaboTku jo orkasa T, T. e.

R(t) =P[T > t]=1-F(t), Q(t) =P[T < t]=F(2).



Tab6auya 3.5

[Mokazarean HagexHocTH H POPMYJILI HX OLICHKH

[lokazarean nagemuocTn

dopmyas onenkn

BeposaTrocTs 6e30TKazH0M paboThl — BEPOATHOCTE
BRINOJIHUTE 3aJaHHVI0 (QYHKIHIO IPH JaHHLIX
YCJIOBHSIX B Ipejiesiax uHTepBasa spemens [0; 7]

R(t)=N(t)/N

Cpeauas sapaboTka 10 OTKa3a — MATeMAaTH-
YecKoOe OXKHAanne caydanuoi sapaborrn T 1o
IIePBOTO OTKa3a, 4

HurencusuocTs 0TKa308B, 1/494 — ycaoBHas
IJIOTHOCTEL BePOSATHOCTH BOSHHKHOBOHHS OTKAa3a
o0 LeKTa, onpejiegeMas U pPACCMATPHBAOMO-
o MOMeHTa t HapaboTKH NPH VCJIOBHH, YTO JI0
ATOINO MOMEHTA OTKAa3 He BOZHHK

-~

)=

N(#)- N(t+At)

N(7)-At

3necks N(t) — uncno 06LekT0B, paboToCOCOOHLIX K MOMEHTY BpeMeHH t; N —
YHCJIO HCNILITRIBaeMEIX oberToB; T, — HapaboTka /10 oTKa3a i-1o odLeKTa.



dyHKNHOHAJILHBIE CBA3H MeXJy nokasateasmm R(t),
Q(t), M), M, 1 NJIOTHOCTHIO paciipe/ie/IeHUs BpeMeHH JI0 OT-
Kasa O(f) npuBegeHsl B Tabaune 3.6.

Tabauuya 3.6

Cuazs MeX1y NIORasaTeJIAMH Ha1eKHOCTH

Onpenef.- HapecTuniit nokazaTeas HATEKHOCTH
AsIeMBIH
NOKa3aTe b
HaTeW- R(t) Q(t) (1) M)
HOCTH
w t
R(t) R(t) 1-Q(t) f¢(x)d(x) exp[—jk(x)dx]
t 0
Q1) 1-R(1) Q1) Joax |1 ‘9"9[“.‘“")‘”‘]
t 0
o(t) -2 Rt 4 o) 9(1) Mt)exp[-j Mx)dx]
dt dt A
1 d 1 d L
A1) ‘mamt) l—Q(t)EQm .'(p(x)dx Mt)
o o - P t
m(t) _!R(t)dt {[1 - Q(1)]dt bt(p(t)dt !exp[-gx(x)dx]dt




BeposaTHocTs GesorkasHol paboThl B TeueHHe HHTEpPBa-
na [t,; t,] onpenensiercs mo popmyie

R(t;)
R(t))

= exp —Jal(t)dt :
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R(t), t,)=

KoukperHbiil Buj QyHKIHH
P(t), Mt) oupepensiercsa 3aKo-
HOM paclnpefejleHHs CJydan-
HOM Hapaborkum g0 orkasza T.
Bo MHOrHX cayuasx Ha npakTH-
Ke GpyHKIuA A(1) HMeeT BHJ, IIO-
KasaHHBLIN Ha pucyHKe 3.41. Puc. 3.41

31IeCI: MOXHO BBIJICJIUTH Buj dyarmun A(t)
vuactku npupaborku (I), HOp-
masibHOM paboTsl (1) u «crapennsi» (III). Usorga kak moka-
3aTejIb pACCMATPHUBAIOT CPEIHIOI HHTEHCHBHOCTEL OTKA30B 71
3a BpeMs, COOTBeTCTBYIOIee TeXHUUeCKOMY pecypey i, T. e.
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A

+[aea, (3.47)
Po

a TaKk)Xe CyMMapHYy HapaboTKy f, A0 Hauajga MacCcoOBBIX ma-
paMeTpHUYeCKHX OTKAa30B, KOTOPLIE X apAKTEPHU3VIOTCH OTKJIO-
HeHHEeM 3HaueHus XoTsA 6wl ogHOro pabouero mapamerpa 3a
IIpejesibl IoNycKa.



Ecnm cucrema cocToOHT M3 71 3JIeMEeHTOB M OTKa3a Jiioboro
U3 HUX IIPUBOJINAT K OTKA3y BCeH CHCTEMEI, TO TAKOe coeJHHe-
HHe 3JIEMEeHTOB B CMBICJIE HAJIe:KHOCTH Ha3bIBaeTCH MOCJeHN0-
BaTeabHBIM. [lokasaTenn HaZIEKHOCTH CHCTEM IO H3BECTHBIM
XapakTepHUCTHKAM 3JIeMEeHTOB B HPeAIOJIOKeHHH, UTO OHH
cOoeINHEHEI MOCJIeIOBATEIbHO, PACCUMTRIBAIOTCS MO CJIeAVIO-
muM hopmysiam.

BeposTHOCTE Geaorkasron paborel R(t) cucreMbl Ha Bpe-
mMeHHOM nHTepBase [0; ¢] papra npouaBeeHUIO BepOATHOCTEH
f6esorkasnou paborel R(t), i=1,n anemeHnToOB, T. €.

Re)=] R, (3.48)
i=1

WJIH JIJIS1 OTPe3Ka BpeMeHH [i,, t,+1]:

R(to,to+t)=ﬁR,-(to,to+t). (3.49)
i=1



HUuTencusroCcTs 0TKa30B A(f) cucTeMBI paBHA CYMMe WH-
TeHCHBHOCTEH OTKAa30B A{f) 3JIeMeHTOB, T. e.

A(2)=) 1, (2). (3.50)
i=1

[InorHOCTEL BeposiTHOCTH [(1) BpeMeHH paboThl A0 OTKAa3a
CHCTEeMEI onpejiesisgercs mo popmyie

5 o.()
f(t)y=R(t)y —, 3.51
2 R) (2-58)

rae ©;(¢f) — NJIOTHOCTL BEPOATHOCTH OTKA30B i-T0 3JIeMeHTA.
Cpennee Bpems m, paboTeI CHCTEMEI JI0 OTKAa3a IPH CPoKe

cayKOEbl ., pACCUNTEIBAETCSH CIAEAVIONINM obpasom:

n B fea
m, =(ZX‘] ’ X,‘ =tL J A,(t)dt-
i=1 0

ci

Ecnn g5 aileMeHTOB HMeeT MeCcTO MOKa3aTeIbHEIH 3aKOH
pacnpegesieHHsI BpeMeHH paboThl 10 OTKa3a, T. €. BLINOJIHA-
eTcs YCJIOBHE 3KCIOHEHIIHAJILHOIO 3aKOHA HAJeKHOCTH, TO
dopmyasl (3.48)-(3.51) npuEUMAIOT CAEAVIONIHA BHI:

R(t)=e; R(tg,tp+1)=e%; A=zl,-; f(t)=Ae™; m, =

i=1

1
e



3HAUUTENbHAS J0JA OTKA30B CHCTEM CBA3aHA C BEIXOJ0M
ee ImapaMeTpoOB 3a Ipejeibl AONYyCKa, T. €. YCTAHOBJIEHHEIE
pacueToM WJIH SKCIEePHMEHTAJIBHO IPAHUILI, IPH KOTOPHIX
00 BbeKT crnocobeH BBIMOJMHATHL 3ajJaHHLIe GYHKIHH. 3agaua
YCTAHOBJIEHHUSA JONYCKOB € yUeTOM TpebGoBaHMH HaAeKHOCTH
M IIpoBepKa MX obeclieueHHs ABJsETCA OJAHOM M3 Hamboiee
CJIOKHBIX H OTBETCTBEHHBIX IIPH NPOEKTHPOBAHHMH CHCTEM
H aHAJIN3e MeTpoJIOTHUecKHX Xxapakrtepuctuk IC [3].

KorcTpyupyemeiil 06beKT OOBIYHO XapaxkTepuayercs ps-
IOM IapaMeTpoB, OT 3HAUEHHII KOTOPBIX 3aBHCHT KadecTBO
ero pyHKIMOHHpOBaHUsA. K TaKMM mapaMeTrpaM OTHOCATCSH
XapaKTepHUCTHKH 2JIeMeHTOB, MOJAYJIeH, yajIoB, GJIOKOB, cCHCTe-
MEI B IesioM. Hanmpumep, pazmeps! geTasy, oMHUYeCKOe CONpPo-
THBJICHHE PEe3HCTOpa, eMKOCTh KOHJAeHcaTopa, KoadpHIIHeHT
VCHJIEHHA U T. Jl. 3HAUEeHHE [IapaMeTpa 3aBHCHT OT OOJIBIIOro
upcsa (GaKTOpoOB, IIO3TOMY €r0 pacCcMaTPHBAIOT KaK CIIyua-

HVIO BeJIMUHHY.



ObnacTe JonycTHMOro H3MeHeHHA NapaMeTpa HaskIBaeT-
cs JonycKoBOH obaacTeio, oboanaunm ee S,. Ilna n-mepHoOro
BeKTOpa mapamerpoB y=(y;, ..., Y,) obiactb S, sABIAeTcA
NM-MepHBIM IapasjieJIelIHIeIoM. ¥ CJIOBHe Y€ S, T. €. UYTO 3HA-
YeHHe y NPHHAJJIEKUT JONYCKOBOM objiacTu, ImpoBepseTcs
BEITIOJTHEHHEM COOTHOIICHHH Y; , < Y; < Y; 4, i=1,1, TAE Y; 4
Y; » — TPAaHMYHEIe 3HAUEHHUSA JJIA cocTaBjAiomen y;. Beixox
BeKTOpa y U3 obsacTu S, paccMaTpHBaeTcA KAK OTKA3 00beK-
ta. Hapazny ¢ obmacteio S, Mmoxker BBoguThHCA 001aCTE paboTo-
CII0cOOHOTO COCTOAHUA S|, TAKAA, UTO

S, &S, (3.52)

N3 coorromennsn (3.52) caeayer, uTo npuMeHeHHe 00J1a-
cTH S, BMecTO S, IpU BEIYHCIeHUH I0Ka3aTe el HaleXKHOCTH
naeT HEKOTOPVI H30BITOUYHOCTH MOJIYUAEMBIX pPe3yJbTaTOB.



Honycku gensarcs Ha IBe OCHOBHEIE IPYINEI — JABYCTOPOHHHE
u ogHOCTOpOHHHE (puc. 3.42a—-8).
el a

Y

Puc. 3.42
Jlonycxn:

a — ABYCTOPOHHHNN; 6, 6 — OJHOCTOPOHHME.

B ogromeprOM ciryuae obsacTs S, onpejesiseTcs cieayo-
MMM XapaKTepHCTHKAMHM: MoJie AomycKa 20, HIKHAA U,
H BEPXHAA Y, 'PAHUILLI ITOJIA JONYCKA, cepeiMHA MOJIA Jony-
CKa Y., HOMHHAJIbLHOE 3HAUeHHe [IapaMeTpa Y, ¥ CMeleHue Y,
OTHOCHTEJbHO HOMHHAJILHOTO 3HaUeHHuA A.. ITH XapakTepu-
CTHKH CBA3aHEI COOTHOIIEHUAMH:

8=(yb—ya)/29 ycz(ya+yb)/2’ Aczyc_yw



[Ipu amanmuse cucTeMbl MOTYT pemiaThes HNpAMas U JABe
obpaTHBIe 3aJ]auH, KOTOPLIe CBA3aHEI C COMOCTABJIEHHEM pac-
npejeeHHUs IapaMeTpa § 1 XapaKTepHCTHK II0JIA JOIyCKAa.

B cayuae npsaMoil 3ajaum sajaercs 3aKOH pacrpejelie-
HUA DapaMeTpa iy, HallpuMep B BH/e IIJIOTHOCTH BEPOATHOCTH
©(y), 1 mojie JONyCKa, XapakTepuayeMoe IapaMeTpaMHu Y,, Us
u y.. Tpebyercs onpeie INTL BepOATHOCTE BEIXO0/a IapaMeTpa
M3 JonycKoBoi obractu, T. e. Ply e S, |=P,,,.

[Ipu mepBoit obparHON 3ajaue 3ajaeTcs IJIOTHOCTE (V)
u gonycrtumas BepoaTHocTs P, .. Tpebyercsa onmpeaenurs
XapaKTepUCTHKH IIOJA JONYCKA TaKHe, YTOOHI AJisi HUX BEI-
MOJIHSAJIOCE YCJIOBHE

PSP ne (3.53)

Bo BTOpo# ofpaTHON 3ajaue MO M3BECTHEIM XapaKTepH-
CTHKAM NOJIA JOINyCKa M JOINyCTHMOH BepoaTHocTH P, .
HAJI0 ONpeJesINTh XapaKTePHCTHKH paclupejesieHHs Yy, IIpH
KOTOPEIX 6y/ieT BEINOJIHATLCS yesaosue (3.53).

B ocHOBe pemreHus aTHX 3ajau JeKaT cieAyiomue dop-
MyJbl pacueTa BeposiTHOCTH P, , COOTBETCTBYIOIIHE TPeM
cJayuasiM, IpHBEeJAeHHLEIM Ha pUCYHKe 3.42:

Pam = Pnux.ab = Pnux.a 2 Paux.b =
Us Yp+ A +0
3.54
=1-[ow)dy=1- [ o(y)dy; (3.59)
Ya Ya +A. -8
B =Paia=1- j o(y)dy; (3.55)
Yy _8¢
Yu+p

.

BRIX

= Pm.tx.b =1- (p(y)dy. (3-56)



HecenepoBarnsa nokaselBawT, UTO B ODOJBOIMHCTBE CJIyUa-
eB pacupejiejileHHe 3HAUHHUA INapaMeTpa Y 110 MOJI0 JonycKa
st (PUKCHPOBAHHOTO MOMEHTA BpeMeHH OJIM3K0 K HOPpMAaJib-
somy. Ilpn HOpManbHOM 3akoHe pacnpejeseHus y (opmy-
asl (3.54)—(3.56) ana pacuera P, NpHHEUMAIOT CJAeAYIONIAN

BHI:
Pm.ab =1_|¢(yb -my)_d)(ya -my ]];
oy Oy

-m -m,
Paux a= (D(M]; Paux b= 1 —(b(yb—y}
' oy - Gy

rae m,, 0, — MaTeMaTHYeCKOe OKHJaHHe H cpejlHee KBajpa-
THUYHOE OTKJIOHEeHHE CIAYUanHOH BeJUUHHEI y; O(2) — pyHK-
ouA pacnpefejeHus HopmajgsbHoro sakoHa (m=0, o=1),
T. @.

d(2)=

-4
1 J‘e"f2 2dx
\,"211: ¥ -



s peMOHTHpPYEMBIX BOCCTaHABJINBaeMEIX (obcay:xuBae-
MEIX) 00BEKTOB IIPH MX HCIIOJL30BAHHH B TeUeHHE 3aJaHHOTO
BpemeHH paborml [t,, ] ZomycKalooTCA OTKA3EI M BLI3BAHHEIE
UMH KPaTKOBpPeMeHHEIe IlepepkiBLl B pabore. B mpomecce ske-

IUIYATAIIHHE TAKOTO 00'beKTa ue-
pPeAvIOTCH cayUalHbIe IePHOALI
BpeMeHH 0e30TKaszHou paboThl
T® u BpeMeHH BOCCTAHOBJIE-
Hu#A (pemonTa) T9) (puc. 3.440),
T. €. HMeeT MeCTO AJLTepPHHPY-
IOIIUH Ipolece (PyHKIIMOHHUPO-
BaHHUA 00BEKTA.

HapgexxuocTh 00 BEKTOB
AAHHOTO KJlacca XapaKTepH3y-
eTcA PAAOM KOMILJIEKCHBIX (KO-
a(pduHeHTEI rOTOBHOCTH,
OIlepATUBHOM FOTOBHOCTH, TeX-
HUYECKOr0  MCIIOJIL30BAHHA,
XapakTepuaymomux OesoTkas-
HOCTh M PEMOHTONPHIOJHOCTE)

Cocrosnuua 4 a

HepaboTto-
crocobnoe

Paboro-
crocobHoe

Cocrosuua 4 6

Paboro-
cnocobuoe Af, Aty

l’\ln-_)

Hepaloro- |
cnocobDHOS

- X © x o =
Bk by by

a2
Puec. 3.44
ITorok orraszos (a)
H peaJIN3aIHs CAYYailHOro
Ipolecca SKCIJIyaTalluy
BoccTaHapauBaemMoro obnexTa (6)

Bl

¥ efMHUUYHEIX (m,, R(t, t+ 1), xapakTepuaynomux 6ezorkas-
HOCTb, WJIH CpeJHee BpeMs BOCCTAHOBJIEHHS, X apaKTepHaYIo-
Iiee peMOHTOIIPHUIOJHOCTE) IOKAa3aTeJei.



1718 MOBBINNIeHU A HaJleXHOCTH PeMOHTHPYEeMBIX BOCCTAa-
HaBJ/IHBaeMbIX 00'beKTOB, He JONIYCKAIIIUX IIepephIBOB B pa-
boTe (00BLIYHO M 3-3a OMACHBIX ITOCJIEACTBHUI OTKa30B), BBOLUT-
cA pe3epBHpPOBaHHe, IIPHU 3TOM OTKa3aBIIHH 3JIEMEHT MOKeT
PEeMOHTHPOBaThCA BO BpeMsa paboThl pesepBHOro. 114 TaKuX
00'beKTOB B OCHOBHOM HCIOJIB3VIOTCA Te Ke IoKa3aTeJIn Ha-
IeXHOCTHU, YTO U AJA PEMOHTHPYEMbBIX HeBOCCTaHaBJIMBae-
MBIX 00beKTOB. PazanuarT OATH BUAOB pe3epBUPOBAHUA:

1) cTpyKTYpHOe (anmapaTHoOe), IIpeAycMaTpUBaloIlee Uc-
[I0JIb30BaHHEe HU30BITOUHBIX CTPYKTYPHBEIX 3J€MEHTOB (3JIeK-
TPOHHBIX MOAVJIei);

2) BpeMeHHOe (¢ IpIMeHeHHeM pe3epBa BpeMeHH);

3) Harpy3ouHoe (ACII0JIb3yeTCcs 3alac 10 Harpys3Ke);

4) byHKOUOHAIBHOEe (KOMIIOHEHTBI ¢ M30BITOUYHBEIMU
GYHKIUAMHA);

5) na(popManuoHHOe (H30BEITOUYHOCTL IpHeMa, Iepegadn
U XpaHeHHuA HHoOpMaIun).



Haubojsiee uacTo mMcnoasayoTcss CTPYKTYPHOE M Bpe-
MeHHOe pesepBupoBasue. [log cTpyKTYpHEIM pesepBHpoOBa-
HHEeM NOHHMAaeTcHd MeTOJ] NOBLIIIeHNA HAJAEeKHOCTH CHCTe-
MBI, NpeAyCMATPHBAKINHA HCIOJL30BAHHEe H3OBITOUHBIX

CTPYKTYPHBIX 3JIEMEHTOB.

Kaaccupuranus cnoco6oB cTPYKTYPHOTO pesepBHPOBaHH S

Ipuznar
KaaccHpPHKAITHH

Cnocob
pe3epBHPOBAHHA

Omucaune

IMocTosinnoe pe-

PesepBuLie 2/1eMeHTLI YYACTBYIOT
B QVHKIHOHHPOBAHHUH HaPDaBHe

S T 3epBHPOBAHHE o it
HeHHHA pesepBa PosepsHpoBanme DOyHKIHE OCHOBHOIO 2JIeMOHTA IIepe-
acaTiaTvais JlAaI0TCS Pe3ePBHLIM 3JIeMEHTaM 10csIe
ero oTkasa
Ob6miee pesepsn- | Peseps npegycMarpuBaeTcs Ha Cy4ai
poBaumue 0TKAa3a 00'LEeKTa B IleJIOM

Cxema Brio-
YeHHS pesepsa

Paspentuoe pe-
3epBHPOBAHHE

Peseps npegycMaTpuBaeTes Ha CIyYal
OTKA30B OTAEJILHLIX 2JIeMOHTOB HIIH
HX I'DYIII

Henarpy:xen-
HEIN peseps

PeszepBuLie 21eMeHTLI IPAKTHYECKH He
HeCYT Harpysok

Peaepnnue AJIeMEeHTLI HaXoAATCH

Co;em:: e Oﬁ;leer:ennun B MeHee HArPYXKeHHOM pPe:KHMe, YeM
pesep peow OCHOBHOM
Harpysenuwmit | PesepBunie aneMenTs! paboTaior B TOM
peseps e peXXHMe, YTO H OCHOBHOM 2JIeMeHT
Peszepeuposanne uMeeT OAHH BHJ 110
Oauopoauoe
OnanopoanocTs sgmnpggnann‘;e' COOTBETCTBYIOIEMY IPH3HAKY KJIACCH-
pesepBHpOBa- buranun
HHA Cvmemannoe pe- |Cosmemenne B 00/LeKTe PA3IHYHLIX
3epBHPOBaHHE BH/IOB Pe3epPBHPOBAHHNSA
Opuoxparuoe pe- | KparuocTs pesepsuposanus pasHa
Kpartuocrs 3ePBHPOBAHHE eauuune (AybaupoBanue)
pe3epBHpOBa-
HHS Muoroxparaoe |KparHocTs pesepBHpoBaHNS CBLINIIE

pesepBHpOBaHHEe

eIHHHIEI




JineMeHT (y3eJ1), MUHHMAJILHO HeOOX 0THMBIH JJIS BEIIIOJI-
HeHH S CHCTeMOH 3aIaHHEIX QYVHKIIUH, HA3EIBA€TCA OCHOBHEIM
unu pabouum, ajeMeHTHI, obecneunBawiue paborocmnocob-
HOCTH CHCTEMEI B CJIVUaE OTKAa3a OCHOBHOIO JIeMeHTa, — pe-
sepBHBIMH. Ha cTpyKTYypHOH cXeMe pacueTra HaJIe3KHOCTH pe-
3epBHLIE 3JIEMEHTEI pa3dMellaTe NapajiejbHO OCHOBHOMY.
PesepBHEIE 2/1eMeHTEI MOTYT HMETh COeJHHEHHE ¢ OCHOBHBLIM
aJeMeHTOM Oe3 mepekJIlouaTelIs U ¢ NepeKJiouareseM, Kak
IIOKA3aHO HA PUCYHKEe

a o
—_— 10 ——— —_— nU 10 Pl

- 27 Ho HZ7
JHEEH G

: .

\ L7 . H7

Puc
[lapannensHoe coefHHEOHHE JIEMEHTOB B CTPYKTYPHOM CXeMe HAJIeHOCTH:

a — Harpy»XeHHLIN pe3eps; 6 — HeHarpy)XeHHLIH Pes3eps ¢ Neper/II0uaTe I AMM.




Jln51 HeBOoCcCTAHABIMBAEMOH CHCTEMbI BePOATHOCTD R, ()
H6eszoTkasHoM paboThl i-ro yaja Ha nHTepBase Bpemenu [0; ]
IpH M-KPaTHOM HaArpy:XeHHOM peaepse (6e3 mepexjmouare-
JIel) onpejenasiercs no popmyJie

Ry (t)=1- ﬁ[l = Rij(t)}
j=0

rae Ry(t), R;{t), j=1,m — BepoaTHOcTH Ge3oTkaszHoU pabo-
ThEI OCHOBHOT'O H j-TO Pe3epBHOI0 3JIEMEeHTOB COOTBETCTBEHHO.

B namHOM ciyuae oTkas i-ro yajia HacTylaer, Korjga
BRIMAYT U3 cTpos Bce M + 1 amemernTrl. Eciin ocHOBHOM H pe-
3epBHBIE 3JIEMeHTEI, pafoTaIinue B OJJHOM pe:kHuMe, OJHuHAa-
KOBBI, TO

Ri(m)(t)= L ) L Ri;(t)]m B



Bonpoc 3

MeToAabl Teopuun rpadoB npu oLleHKe
HageXHOCTU 3NIeKTPOHHbLIX cpeacTB
N CUCTEM



OCHOBHBIM MPU3HAKOM pabOTOCIOCOOHOTO COCTOSTHUSI HEKOTOPOU PaMO3ICKTPOHHON CUCTEMBI,
MozeaupyeMon rpadom, SIBISETCS HAIUYUE ceéa3Hocmu (T.e. HAJIMYMUS XOTS Obl OJTHOTO MYTH)
MEK]ly BceMU (MY 3aJJaHHBIMK ) BEpPIIMHAMU Tpada.

JIist cBsI3HBIX TpadoOB UCTIOIB3YETCA KOJMYECTBEHHAS XapaKTEPUCTUKA CBSI3HOCTH, SIBIISAIOIIASCS
Mepor cmpykmyphoii  Haodexcnocmu. Ceaznocmoio I'papa G (eepuwiunnoit ceéaznocmuio)
Ha3bIBACTCSI HAMMEHBIIEE YHWCIO BEPIIMH, YIAJICHUE KOTOPBIX MNPHUBOAHUT K HECBA3HOMY WU
TpuBHaibHOMY Tpady. Tak, Hampumep, mnoiHbld rpad u3 N BEpUIMH HMMEET CBA3ZHOCTH
(koappunment ceasnoctu K_) N-1; mpocrast 1ens u3 Jr000ro Yrcia BEPUINH HMEET CBI3HOCTh
l; mpocToil UK M3 JIIOOOrO YKCIIa BEPIIMH UMEET CBA3HOCTh 2; «KOJECO» U3 JIIOOOro 4yucia
BEPILIVH UMEET CBSA3HOCTb 3.

N /N

a) 0) 6) 2)
N=6, K,=5 N=6, K =1 N=6, K_=2 N=7, K3
MOJIHBIN rpad MpOCTas IENb POCTOM LUK «KOJIECOY

Hanmensiee uncio pédep rpada G, ynaneHue KOTOPBIX MPUBOAUT K HECBSI3ZHOMY mHoArpady,
Ha3bIBaeTCsl pébepnoii ceaznocmuito Tpada G. Jlns wmuorux rpadoB, B HYACTHOCTH, IS
NIPUBEICHHBIX BBIIIE HA PUCYHKE, BEPIIMHHAS CBI3HOCThH COBMAIAET C PeOSPHOM.

[Ipu omenke HaaexHoctTu POC, momenupyeMbix ciydaiHbiIMU Tpadamu, oprpadamMu u
MyabTUTpadamMu ynoOHee y4YHTHIBATh UMEHHO PEOCPHYIO CBSI3HOCTH. [Ipu 3TOM BCEe BEPIIMHBI
CUMUTAIOTCA HAcaTbHBIMU (0€30TKa3HBIMHU), a HAACKHOCTh COCIWHEHHMM 000 Maphl BEPIIWH
OILICHUBAETCS 10 BEPOSTHOCTU UX CBA3HOCTHU C YUETOM HAJEKHOCTH COSAMHSIONMNX UX pedep.



" Onpenenenne 1. I'pap G(VU) HasblBaercs ©-CBSI3HBIM, €eCJIH

) — HauMeHbIIIee YHCJO0 BEpIUHH, KOTOpBE HYXKHO yAaauTb U3 G, 4TO-

bl OCTaBLIHiicA moarpad ObLT HECBA3HBIM HJH TPHBHAJbHBIM (0=
=w(0)).

- U3 onpenenenus caeayer, 4To CBSA3HOCTb HECBS3HOro rpacda paBHa

ya10. [TonHocBs3HBI rpad Heab3si caeqaTh HECBA3HBIM, CKOJBKO Obl

epLIHH M3 Hero He YAaJsiTh, a TPUBHAJBHBIH Trpad moJydyaercs mnocie

JlaJieHHss U3 Hero n—| BeplIHH (72— YHCJO BEPUIHH MOJHOCBSIBHOTO
paha). Muorna o(G) Ha3pBalOT BepUIMHHOH CBA3HOCTHIO.

- Onpenenenne 2. PeGepuas cBsisiocts A=A (G) rpada G(V, U)

[peesisieTcs] KaK HauMeHbllee KOJHYecTBo pebep, yaajeHHe KOTOPBIX

DHBOANT K HecBs3HOMY rpady. OueBuano, uto A(Gy), rie G, — TpH-

HaJibHBIH rpad, paBHO HYJIIO.

. MutepecHa H OyeHb BaxKHa MO0 CBOEMY COJAEPKAHHIO TeopeMa

HTHH, OObeIHHSAIOUIAs CBSI3HOCTb, pebepHYI0 CBSA3HOCTh H HaHMeHb-

1VIO CTeneHb BeplInH rpagda.

- Teopema 1 . das moboro rpadpa G(V, U)

o (G) <A (G) <3 (0),

Ne 0(G)— MHHEMaJbHAs CTelleHb BepuinH B rpade G.




JIHHEHHbBIA MOKA3ATEJIb CBA3HOCTH
CTPYKTYPbl CETH CBS3H

OrpanuyeHHble BO3MOMKHOCTH NPHMEHECHHS H3BECTHBIX [OKasaTesei:
CBA3HOCTH IIPH pELICHHH 3ajay aHaJH3a H CHHTE3a ceTel CBS3H Bbi-
HYXKAAI0T HCCJejoBaTe/elf PaclIHPHTh NMOHCK TAKOBLIX, YTOOBI CHSATL
(HACKOJIbKO BO3MOXKHO) OTME@YEHHbIE BhINIE TPYAHOCTH, a TaKikKe NOIbi-
TaTbCs PEWIHThL elle HepelleHHbie 3ajaud. llpeaaaraemblii HHXKe Ma-
TEpHAJ ABJAAECTCA OHOM H3 TAaKHX NONBITOK.

PaccmoTpuyM HEKOTOPBIH JiHHeHHbIH PYHKUHOHAM, NPeAcTaBASIOUIHI]
co00it JIHHEHHYI0 KOMOHHAUHIO onpeje/eHHbIM 00pa3oM BBIOPAHHBIX
napamMeTpoB CBfI3HOCTH, COCTABJEHHYIO 10 BCeM y3jaMm (BepiiHHaM)
ceTH cBa3H (rpacda). Takumu napamerpaMH MOryT ObITh OTHOCHTEb-
Hast 1 abCcoNOTHAS CBA3HOCTH Ka/KA0ro y3jaa (Ka)10i BepIUHHB) pac-
cMaTpuBaeMoil cetu cBs3u (rpada).

Ha ocHoBannH paccMOTPEHHBIX MapaMeTpoB 3anHuieM OOUIHA BHJ
HHEHHOro (yHKUHOHAJA:

A’
K= %“‘[N— N, T fv']'

e [— HomMep y3zaa (BepuinHbl) B cetH cBa3u (rpade); N — oGuiee
c/10 y3a0B (BepwnH) cerw cBs3n (rpada); Hi— paur i-ro yana
eplHHbl); Ni— yucao y3,08 (BepluiHH), ¢ KOTOPLIMH i-H y3ea (Bep-
Ha) MOXeT HMeTb CBfi3b B ceTH (rpade); ai— ko3appHuHeHT Beca
0 _y3/1a (BepluHHbI).




{ AHAJIH3 CBA3HOCTH CTPYKTYPbl CETH CBSI3H
HA OCHOBE OCTOBHbIX JNEPEBLEB

Onpepenenne 3. OcTtoeHbiM noarpadpom G, rpada G HasbiBaercs
ap G(V, Up), aas KOTOpOro UpccU.

Taxkum o6pa3om, ocToBHOH noArpad HMeeT TO Ke MHOKeCTBO
KK, 410 H rpad G, HO MHOXKecTBO pebep noarpada G, ssuasercs
MHOXKeCTBOM MHOXKEeCTBa pedep HCXOAHOTO rpaga.

Onpenenenne 4. Huxecaeayouiue ONpeaeJeHHs HEOPHEHTHPO-

IHOrO JlepeBa IKBHBAJIEHTHBI APYT APYrY .

-'HeopueHTupoﬁaHHuM JlepeBoM SABJASAETCS

1) cBA3HBIA rpad, He HMEIOUIHH ILHKJIOB,

2) rpad, He coaepKaUlHil LHKJIOB H HMelownii n— 1 pebdep;

3) cBA3HbI rpad, cogepxkaiiuii n BepwHH H n— 1 pebep;

4) rpag, B KOTOpOM KaK/lasi napa BepUIHH COeHHEHa OJAHOH H

bKO OJIHOi NIPOCTOH IENBIO.

Onpepenenne 5. Ecan G(V, U)— neopuenTHpoBaHHblii rpad

BepIIHHAMH, TO OCTOBHBIM /1eP@BOM (HJIH OCTOBOM ) rpa(j)a G Hasbl-
BH rpad rpada G, ABJAAIOWIHICA AE€PEBOM.




ITpumep ucxonHoro rpada

ITpuMepsl OCTOBHBIX NTOATrpadOB HCXOIHOTO r}Ja(pa
2

2 1




1. Hanuune B rpade G mo kpaiiHell Mepe OAHOrO OCTOBHOrO jie-
peBa 7'(G) osHavaer, uTo JaHHBI rpad G sBISETCSH CBA3HBIM TpadoM.
UTCYTCTBHE 7K€ OCTOBHHIX jaepeBbeB (7 (G)=0) NPHBOZHUT K HeCBS3-
HocTH rpada G.

. 2. OgeBugHo, uyro ueM GoJiblle OCTOBHBIX aepeBbeB T (G) comep-
KHTCs B rpade G, tem OoJiee CBSI3HBIM OH SBJSETCS.

Teopema - B rpage G 6e3 neteb UHC/JIO OCTOBHBIX JIepPeBbeB
paBHO MHHOpPY JIOOOro M3 3JeMEHTOB rJaBHOH AMAroOHaJH KBaJApaTHOI!
MaTpHIB (S;') nopaaka n, rae

degv; (i=]j)
—1 (i % j, ['vp 'U;]EU);
0 (i#], [0, 5] S0

(deg v; o3nauaer creneHb BepuiHHB U; B rpade G, a [v;, v;]— pebpo,
COETHHSAIOLEee BEepLIHHBI U; H U;).

|
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HE3ABHCHMBbBIE OCTOBHBIE NLEPEBbBA.

JABa OCTOBHBIX HepeBa HA3LIBAIOTCA HE3aBHCHMBIMH, €CJAH OHH
HMeloT obuux pebep (BerBeit) . Ilo onpenenennio, kaxioe
DCTOBHOE JepeBO COAEpPXKHT n-— 1 pebep (BeTBeil) W ABAACTCH MHHH-
aJIbHBIM CBsisHBIM moArpadom. Orciona caeayer, YTo MakcHMaJjbHOE
HCJI0 HE3aBHCHMBIX OCTOBHBLIX JepeBbeB B rpacge nopsaaxa n ¢ m pe6-

aMH (BeTBAMH) OyaeT OnpeaesaThes OTHOEHHEeM . Jas noauno-

n—1 i
Bs3Horo rpadga, y koroporo uucao pebep (BeTBefi) paBHO "—("Qﬁ,

AKCHMAJLHO BO3MOXHOE YHCJO He3aBHCHMBIX OCTOBHBIX jepeBbeB
' n

VAeT paBHO [7] :

. Hesasucumbie ocToBHBle 1epeBbsi B rpade MOMKHO paccMaTpHBaTh
aK' caMocTrosiTesbHble rpadb OJAHHAKOBOrO NOPSAAKA C OJAHHAKOBLIM
HcaoM peGep (BeTBeii), a B rpade OHM HaJOXKeHH APYr Ha Apyra
IyTeM COBMEUIeHHsi COOTBeTCTBYIOUHX BeplwHH. [ToHATHO, uTO Yyem HX
Jblle B rpade, tem oHn Ooaee xuByyHil. Bo BesikoM caygae, ecau

pa) HMeeT ! He3ABHCHMBIX OCTOBHBIX JEPeBbEB, TO IS HapYILICHHSA

0 CBA3HOCTH NOTPeOVEeTCs H3BATH M3 Hero He MeHee ! peben (Bert-
ei).



Boofue 0 cTpyKTYpHOIi' KHBYY€CTH MOXKHO Obli0 Obl CYAHTDH
YHCJy He3aBHCHMBIX OCTOBHBIX JepeBheB B rpade, OAHAKO 3Ta
€HKa elle Jdajeka OT coBeplueHCTBA. Tak, B rpade OAMHHAAILATOID
opsiika (n==11) MakcHMa/jbHOEe YHC/JO HE3aBHCHMBIX OCTOBHBIX Je-

)ICBHEB
n

Ecan m=40, 10 unc/JI0 HE3aBHCHMBIX OCTOBHHIX JePeBbEB

40
{8

-~ Has m=30 yncs0 HE3aBHCHMBIX OCTOBHBLIX JICPEBbeB He TIPEBOCXO-
ur 3. Oanako mexay m=30 u m==40 cymecTByeT MHOXeCTBO 3

—C,af’ (rae p= Ch) PasJHUYHBIX CTPYKTYP (rpagoB), npuuem Makx-
MaJbHOE VBEJIHYEHHE YHC/Ja HEe3aBHCHMBIX OCTOBHBIX JepeBbeB
' 3TOr0 OrPOMHOrO MHOYKeCTBa CTPYKTYp (rpadoB) MoKeT mpoH3OfiTH
Oosiee ueM Ha eAuHHly. Takas «mKajJa H3MEpPeHHs» 3HAUEHHI
'PYKTYPHOH JKHBYYECTH, KOHEYHO, sIBJjsieTcsi oueHb rpyGoit. Hampu-
€p, AHana3oH H3MEHeHHs YHCJa OCTOBHBIX AepeBbeB sl MpHBeeH-

ro npuMepa Oyaer ompejaeasaTbesi 3HaueHusivH 2770509 aaa m=30
67 807 924 ana m=40.



Anaruz sepostHocTHbIX ceTesolx modened

BeposTHOCTHO/ ceTeBOil MOJe/]bI0 HasbiBaeTcs rpad ¢ 3aLaHHBIM
pacupelie/sieHHeM CBsi3ed H COBMECTHBIM pacrhpejejeHHeM BeposiTHOCTEN
COCTOSAHHH AYT.

BeposiTHOCTHAst ceTeBasi MOJeJb OT/HYAETCS OT CETEBON TeM, YTo
MOMHMO CBsi3ell JMOJIKHBI ObIThb 3aJaHbl BEPOSTHOCTH HX COCTOSHHIL
M1 onucaHust COCTOSIHAS CBA3EH BBOAAT CJAEAYIONIHE XapaKTePHCTHKH:

- — Pi, j— BepOATHOCTb HCMPABHOIO COCTOSIHHS AYTH;

— P_.i &, ....j> — BEePOSATHOCTb HCIPABHOTO COCTOSHHSA Mapupyra;

— P(li, j) — BeposATHOCTL HCIPABHOrO COCTOSIHHS HAIpABJEHHS:

— (@i, j — BEPOSITHOCTb OTKa3a AVTH;

—{q<i,k,...,j> — BEPOSTHOCTb OTKa3a MaplupyTa;

— q(li, j) — BeposATHOCTL OTKa3a HanpaBJeHHs.

OueBHAHBIMH SIBJSIIOTCS PaBEHCTBA

Pz.1+41.;= 1; p<i.k,....;> +Q<l.k. ey J 1; P(h,;)-{—q(l;,,) —%

BepoATHOCTb HCIPaBHOTO COCTOSIHHS CeTH CBS3H ONpeAessaeTcs
COCTOSIHHEM €€ 3JIeMEHTOB: y3Ji0B H JHHuil cBasu. Kak npasuso, co-
CTOSIHHSL y3JIOB H JIHHHH CBsI3H B3auMosaBHCHMBL Hampumep, oTkas
y3Jla CBfI3H NPHBOJAHMT K OTKa3y HMHUMAEHTHHIX ¢ HHM JHHHI CBS3H.



Pacqer BePOSTHOCTH CBAZHOCTH HPHUBO-
JAUMBIX JIBYXIKUBOCHBIX CETCH JOCTATOMHO
NPOCT ¥ NPOBOAUTCH MyTeM 3aMeHbl TPyt
HOCHCAGBATEABHO MW DAPAUICIBHO COC-
ANAESHABIX pedep HA OO IKBHBAJIGHTHOC
iy :

{Ipy 2T0M
BEPOATHOCTH CYIHECTBOBAHMS TAKHX JKRM-
BICHTHBIX pelep onupeacisrores no §op-
MYIAM!

Paoes = P1-Ph;

Paap = L % {1 iL: ?)2}-“{1 ~ Pk

CAE Proca M Prap -~ BEPOATHOCTH CYIIECTBO-
BAHMN pedep, 3aMEHAIOMMX COOTBEICTBCH-
HO PPYHfbl NOCACAOBATEALHO W NAPAIIC
ABHO COEAUBEHRBLIX pedep; py...pr ~ BEPOLT-
HOCTH CYLICCTROBAHMH pelep 3aMEHREMOH
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K coxamenuro, Oombplmass 4YacTh CETEH HMMEET
HENPUBOAUMYIO CTPYKTYPY, U HX BEPOATHOCTH
CBSI3HOCTH HE MOXKET OBITh pacCuWTaHa CTOJb K€
MPOCTO.

JIJist ynpoIieHus: pacyeToB IeJIeCO00pa3Ho Jearh
BO3MOKHBIE ~ 3aMEHBI  IMOCIICOBATEIIbHO  WJIU
MapajuieIbHO COSAMHEHHBIX pedep B OJHO Pedpo.
OmHako CBECTH BCIO HENPHBOAMMYIO CETh K
OJIHOMY peOpy HeBO3MOXKHO. IIpocTteliumii mpumep
HCTIPUBOIUMOM  CTPYKTYpHI ~ J1a€T  HM3BECTHAS
MOCTHKOBas cxeMa (puc. a).

[IpocroTa pacyeToB BEPOSATHOCTh CBSI3HOCTHU
OPUBOAUMBIX CETEH IO3BOJISIET HMCIOJIB30BATH HX
Ui TOJIYYEHHs  JABYXCTOPOHHUX  OILIEHOK
BEPOSITHOCTH CBSI3HOCTU HEIMPUBOJAUMBIX CETEH.
Jlnst ucxonHoit cetu ¢ rpagom G CTpOSITCA Takue
JIBE€ OLICHOYHbIEC MPUBOAUMBIE ceTu ¢ rpadamu G,
1 G, 9TO 171 UX BEPOSATHOCTEH CBA3HOCTH UMEIOT

MECTO HEPABFIETB () < p(G").

[Ipu »ToM Onarogapsi IPUBOAUMOCTH CTPYKTYPHI
OlleHOUHKIX ceTeil pacuer P(G,) u P(G) ansa HUX
ropasio Impomie, 4YeM JUIsi HMCXOAHOM CETH.
N3BeCTHBI HECKOJIBKO CIOCOOOB  MOCTPOCHUS
OIICHOYHBIX ceTell (o1ieHka I3apu-IIpomana — puc.
0, B; orieHKa JIuTBaka-YiiakoBa — puc. T, 1).




JKcnpecc-MeTo OLEHKN HUXKHEN rpaHnLLbl BEPOATHOCTU CBA3HOCTH
(MeToa «Hanxyawum cnydam»)

KBa3n-akBMBaneHTHasi CTpykTypa

P =1- (1 —-PpP NpeTp+1 )KCB
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