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METO/ PACUETA HAJTEXKHOCTHU CXEM PACIPEJEJIUTEJBbHBIX
JIEKTPUUECKHUX CETEN CEJbCKOXO3SIMCTBEHHOI'O
HA3HAYEHHS HA OCHOBE IPUMEHEHUS ®YHKLUIA
AJITEBPBI JIOTUKHA

JloKT. TexH. Hayk, npod. PYCAH B. .V, un:x. ITYXAJIbCKAS O. 10.”
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! Benopycckutl 20cy0apcmeennblii azpapholii MexHudecKuil yHueepcument,

2 o o o

) Fomenvekuii 2ocyoapemeenniii mexuuyeckuti ynusepcumenm umenu I1. O. Cyxozo

B nacrosiiiee BpeMst s pacuera HaAeKHOCTH 3JIEKTPOIHEPTETUUECKUX CUCTEM
HCIIONB3YIOTCS CIETYIONIIe MeTOAbI [1]:

1) aHaNMTUYECKHI HA OCHOBE BEPOSITHOCTHBIX MOJIEIIEH;

2) JTOTUKO-BEPOSTHOCTHBIN;

3) TabIUYHO-TIOrHYECKUT;

4) cratuctryeckoro MoaenupoBanus (Merox Monre-Kapio).
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s pacuera HaJISKHOCTH CXEMBl aHAJTUTUYCCKIM METOIOM COCTaBIISIETCA pac-
YeTHas CXeMa COEIMHEHMs €€ DIIEMEHTOB M MPOM3BOJUTCS PACUeT IIyTeM
3aMEHbI IMapAJUICNFHBIX W IOCIIEAOBATENLHBIX IENeil 3KBUBAICHTHBIMU OJIOKa-
Mmu. [Ipy npuMeHeHnn TaHHOTO METO/a MCIOIb3YIOTCSl MOJIENIN OTKa30B U MOJENIU
HaJEKHOCTH, ONrcaHHbIe B [1].

JIoruko-BepoSTHOCTHBIA METOJ, C HCIOJIB30BAaHMEM JepeBa OTKa30B SB-
JsieTcsl AeTyKTUBHBIM M MPUMEHSETCS B CIyYasix, KOrJla YHCIO OTKAa30B CHUCTEMBI
OTHOCHUTEIBbHO HeBenuko. [IpuMeHeHne qepeBa 0TKA30B ISl OMMCAHUS IPUYHH OT-
Ka3a CHCTEMBI JIeNlaeT Mepexo/l OT OOLIero OomnpeaeneHusl 0TKa3a K 4acTHBIM Oonee
npocTeiM. Mcnonp3ys JIorndeckyro (YHKIHIO OTKasa, MONy4yaroT (OpPMYNbI LIS
AHATMTUYECKOr0 pacyeTa rmokas3aTenel HaJle)KHOCTH CHCTEMBI.

TabnauuHO-OrMYeCKUi METOI — MHAYKTUBHBIH METOJl UCCIIEOBAHMUS, OH TpPHU-
MEHSAETCSl B TeX Cly4asX, KOrja HMMeeT MECTO OONbIIoe KOJIWYECTBO BapUaH-
TOB 0TKa30B. C MOMOMIBIO TaOJUYHO-TOTHYECKOT0 METOJa MOXKHO BBISIBUTH BCE
BUBl BO3MOXHBIX aBapHil, BOSHUKAIOUIMX IPHU HAJOKEHUH OTKAa30B 3JIEMEHTOB
TJIABHOM CXEMbI HA PEMOHTHBIE M SKCILUTyaTallHOHHbIE PEKHUMBI.

Meron Monte-Kapno siBisiercst yHUBepcalbHBIM IJIS1 pacdeTa U aHain3a O0olb-
IIMX CHUCTEM, XapaKTepHU3YIOIIMXCS BEPOSTHOCTHBIMH 3aBUCHMOCTSIMH. Pemenne
CBOAMTCS K TOJCTAHOBKE B 3aJady CIIy4alHBIX BEIWYHH, PAacHpenelcHHbIX 110 3a-
TAHHOMY 3aKOHY, U K OIPEIeNICHHUIO M OLICHKE BEPOSTHOCTHBIX XapaKTEPHCTHK pe-
3yABTHPYIOLIUX TapaMeTpPOB.

K 1oruko-BeposTHOCTHBIM METOJaM pacuera HaAeKHOCTH OTHOCHUTCS METO[,
OCHOBaHHBIA Ha TpuMeHeHWH ¢GyHKuui anreOpsl Joruku (DPAJ). CymHOCTHIO
JAHHOTO METO/a SABIISIETCSl OMMCAHHME CXEM IIpU MOMOIIM almnapaTa MaTeMaTH-
YECKOM JIOTHKH, YTO MO3BONSET aHAIM3UPOBATH HAJAGKHOCTh CXEM 3JIEKTpOCHA0kKe-
HUSI C OTHOCUTENBHOW IPOCTOTOW. B MaHHON CTaThe mpemiaraercs MPUMEHUTH
OAJI s cxeM pacrpenennuTeNbHbIX JEKTPHYECKUX CETel CelbCKOX03HCTBEHHO-
TO Ha3HAYCHUSI.

[TocnemoBaTenbHOCTh pacdera HAACKHOCTH CHUCTEM C HcIoiib3oBaHueM (DAJL
[2]:

. CiioBecHast (hopMyJIUPOBKA YCIOBHI PaOOTOCIIOCOOHOCTH CUCTEMBI,
. Cocrapnenue jjoruueckoit pyHkiuu paborocnocodnoctu F.

. MunuMuzauus F, U npuBeieHHe K OeCIIOBTOpHOH (opMe.
. Apudmernzaims F,, T. €. IpUBEAEHUE €€ K apu(METUIECKOMY BHLY.

. 3amMeHa CoOBITUH (BRICKA3BIBAHHI ) UX BEPOSTHOCTSIMHU.
. Pacuer HaAGKHOCTH CXEMBI.
. AHAIU3 MONYYEHHBIX PE3YIbTaTOB.

Ha npumepe cxem pacmpeneauTenbHBIX CeTe CeNbCKOXO03UCTBEHHOIO Ha3Ha-
YEHUs pPacCMOTPUM MOCIEI0BATENBHOCTh pacuera HaJeKHOCTH C HCIONb30-
Banuem G AJI 1 aHAMTUTUYECKOTO METOIA.

Ha puc. 1 npencraBiena cxema BJI 10 kB, ocHamieHHON IyHKTaMH aBTO-
matudeckoro cexkuuonupoBanus (ITAC). ABToMaTHyeckoe CEKIIMOHHUPOBAHUE
MPECTABIIACT COOO0M pa3ielicHUe JIMHUU 3JICKTPOIepeavyy Ha HECKOJIBKO YYacTKOB
C TIOMOIIBI0 KOMMYTAIIMOHHBIX amliapaToB, paboTammmx apTomaTiuecku. Cekino-
HUPYIOLIKE alnaparbl NO3BOISIOT aBTOMATUYECKH OTAENIUTH MOBPEXIAECHHBINA yya-
CTOK OT OCTajJbHOM JIMHUM M TEM CaMblM YMEHBIIUTH KOJWYECTBO aBApPUMHBIX OT-
KIIFOYCHHI TIOTPEOUTENICH TIPU MOBPEKACHUSAX HA JIMHUH, YCKOPUTH MPOIECC OThIC-
KaHUsI IOBPEKICHUI.

NN NN W N =
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Bl TTIAC, TIAC, TITAC; TTIAC, >
_— L e S e I S e A e B N
l L L l L l (I l -
0,4 xB
I1

Puc. 1. Bapnanr ocnamenns BJI 10 kB myrnkramu aBromarndeckoro cexuuonuposanus: [1C-1 — mu-

Taromias moAcranius oauH; Bl — Beikmodatens Ha [IC-1; [TAC — myHKT aBTOMAaTHYeCKOTO CEK-

muonuposanus BJI 10 xB; PJI — numeinslit pa3sequnurens, 1-5 — Homepa ydactkoB BJI 10 kB;
1 — moTpeOuTeNs MEKTPOIHEPT UL

CrpykrypHas cxema ais pacuera HaaexHoctu BJI 10 kB mpu ocHamieHun ee
ITAC nmpencraBnena Ha puc. 2. B cooTBeTCTBHHU € YCIIOBHBIMH 0003HAYCHUSMH PUC.
1: anemenT a — y4yactok Ne 1 BJI (ronoBHO# y4acTok); aieMeHnT b — ydactok BJL, x
KOTOpOMY TIPUCOEIMHEH MOTPEOUTENb, T. €. Y4aCTOK Ne 2; 3JIeMEeHT ¢ — Y4acToK
BJI 3a morpebutenem, T. . yuactok Ne 3; anmement d — [TAC,.

Puc. 2. CtpykrypHas cxeMa pacuera HagexkHocTH cxemsl BJI 10 kB, ocramennoit [TAC

VYcnoBue paboTOCIIOCOOHOCTH ~CTPYKTYpBI Ha pHC. 2: cxemMa paboTocno-
coOHa, ecnu pabOTOCIIOCOOHBI 3JEMEHTHI 1enouek (a, b, ¢), wmm (a, b, d), nin
(a, b, ¢, d). DToMy yCIOBHIO COOTBETCTBYET JIOTMUecKas (YHKIUS, COAepKalias
Olepanuu TU3BIOHKIMK (JIOTHYECKOE CIOKEHHE) M KOHBIOHKIMH (JOTHYecKoe
YMHOXEHHE)

E =lanbac]lvlanbad]vanbarcard]l=abcvabd v abcd. (1)

[TpuBogum F, x 6ecrioBTOpHOH (hopme, T. €. K TaKOMy BUAY, Korga (GpyHKIus
COACPKUT MAHHUMAJIGHOE YMCIIO COCTABJISIIOIINX U B HEH HET IOBTOPEHUS apryMeH-
TOB

FE i =ab(cvdved)=ab(c(lvd)vd)=ab(cvd). (2)

ApudmernzupyeM QYHKIHIO, 3aMEHsIS IOTHYECKHE ONepaluy Ha apudmernyie-
CKHE

FE =ab(c+d—cd). 3)

3aMeHsIsT COOBITHS UX BEPOSATHOCTSIMHU, TTOJNYYHM BEPOSITHOCTh OE30TKA3HOW pa-
0OTBI CXEMBI

R=LEE+L-RE). (4)

BepOHTHOCTI/I 0e30TKa3HOI pa60T1>1 OTACIBHBIX 3JICMCHTOB CXCEM NPHUHATHI paB-
HBIMH
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ema BJI 10 kB ¢ yderoM yAenpHOM 4YacTOTBl YCTOMUYMBBIX OTKa30B
0,25 1/(xm'Ton) [3]: Pss = 0,779;

o 1151 [TAC [3]: Prac = 0,9;

* JUIsl MECTHOIO aBTOMATHYECKOrO BKIOUeHHUs pesepsa (ABP) [3]: £ "= 0,92;

o 1111 cereBoro ABP [3]: Py = 0,88.

C yderom (4) 1 yKa3aHHBIX BBIIIE 3HAYEHUH BEPOSTHOCTh O€30TKa3HON pabOTHI
cxeMsbl coctaBut P. = 0,593.

PaccMoTpuM  BhIpakeHUs, UCHONB3YIONIMECS B aHAJIMTHYECKOM METOJIC
pacuera.

BepositHOCTh 0€30TKa3HOW pabOThI MM, COCTOSIICH W3 7 MOCIENOBATEIBHO
COCJIMHECHHBIX DJIEMEHTOB, OMPEIIEIIICTCS 110 BEIPAKEHHIO [4]

B()=RB()-B(t)-... B() =] [ B(0), 5)
i=1
rae R(t), B(t), ..., B(t) — BepoATHOCTU 06€30TKa3HON pabOTHI OTAEIBHBIX dJIEMEH-

TOB, BXOJIIINX B IMOCJIEIOBATENBHYIO CTPYKTYPY.
BeposTHOCTE 0TKa3a mocienoBaTenbHOU 1enu [4]

0,0)=1-Bw)=1-[ [ B0)=1-[J0= 00 ©)

BepositTHOCTh OTKa3a napamiensHou nenu [4]

0,(0=0)- 0, = Q0 Q)
rae O (1), O,(1), ..., O,(f) — BEpOATHOCTH OTKa3a OTAECIbHBIX DJIEMEHTOB, BXOJ-

IMX B TAPAUICIEHYIO TPYIIILY.
BeposiTHOCTE O€30TKa3HOM paboThI MapaLICIBHO 11y [4]

B=1-0,0=1-[[0,®=1-[[0-P,0) ®

j=l
B cooTBeTCIBHY C aHAIIMTUYECKUM METOIOM pacueTa

P=PR(1-P)1-F).

[Tociie mpeoOpa3zoBaHuii BEIpaKEHUE ISl ONPEAEICHUST BEPOATHOCTH Oe30TKa3-

HOU PaObOTBI CXEMBI IPUMET BH]
R=LEER+E-RE),
YTO B YHCJIECHHOM BHJIE TakKe cocTaBHuT P, = (0,593.

Ha puc. 3a paccmorpena cxema mectaoro ABP B TII 10/0,4 kB ognoctoponHe-
ro u puc. 30 — IBycTOpoHHETO NeiicTBus. MecTHblit ABP npemnasHadeH 11 BKITIO-
yeHus: pesepBHoro nutanus TII 10/0,4 kB unu PII 10 kB mocne mcuesHoBeHUs
HaIpspKEHUsT OT OCHOBHOTO MCTOYHMKA NuUTaHusA. B cxemax ABP ogHOocTOpOHHErO
NecTBUS MPUCYTCTBYET oJlHa pabouas CeKIUs MUTaromen
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CeTH U onHa pe3epBHasA. B ciydae moTepu muTaHus paboueil CeKIUH MYCKOBOW Op-
rad ABP otkmouuT pabounii BBOJ, MOCTE YEro MOAKIIOUNT PE3EPBHYIO CeKIuio. B
cxeme ABP nBycropoHHero aeiicTBus Jt00ast U3 IBYX JHMHUN MOXKET OBITh Kak pa-
Ooueii, Tak ¥ pe3epBHOIA.

10 xB BI B2

1 2
TC-1 H H Ic-2
l ABP

0,4 xB

10 kB Bl B2

1 2
T1C-1 H H IC-2
I ABP

04 xB
11

Puc. 3. Bapuant ocnamenus BJI 10 kB mectHpiM ABP: a — oqHOCTOpOHHETO; 6 — TBYCTOPOHHETO

nevictBust: [IC-1 u IIC-2 — nwraromme mnonctanmuu; Bl w B2 — Beikmouarenn wa T1C-1

n IIC-2 coorBercTBeHHO; ABP — ImyHKT aBTOMAaTHYecKOro BKIIOUCHHMS pe3epBa; 1-2 — HoMmepa
yaactkoB BJI 10 kB; I1 — noTpebutens 31eKTpoIHEeprun

CrpykTypHas cxema s pacdera HaaexHoctd BJI 10 kB mpu ocHamenun
MecTHBIM ABP onHOCTOpOHHETO AEHCTBUS MPEACTABICHA HAa pUc. 4a; IPU HATUYUU
ABP nBycroponnero neiictBust — Ha puc. 40. B cooTBeTcTBUUM C yCIOBHBIMU 000-
3HAUEHUAMHU pHC. 3: 351eMeHT a — ydacTok Ne 1 BJI; anement b — ygacrok Ne 2 BJI
(pe3epBHOIi); 37eMeHT ¢ — ycTporicTBo ABP.

VYcnoBue paboTociocOOHOCTH CTPYKTYypel Ha puc. 4a: cxema paboTOCIHO-
coOHa, eciti padOTOCIIOCOOHBI IIEMEHT @, WU JIEMEHTHI (b, ¢), WK DIIEMEHTHI (a,
b, ¢).

Jlorndeckast hyHKIMS 1 ee OecrioBTOpHAas (opma:

F =av(brc)v(anbnrc)=avbcvabe;, F, . =a(lvbc)vbc=avbc. (9)

Apudmernzauns GyHKIUH JaeT clIeqyIoliee BpaKeHHe:
F, =a+bc—abc. (10)
BeposiTHOCTE 6€30TKa3HOI pabOThI CXEMBI
P=P,+RP-PRP=093T. (11

B cooTBeTCcTBUH C aHATUTHUYECKUM MCTOJOM pacycTa IJId CXEMbI Ha pHUC. 4a mo-
JTy4uM
P =1-(1-P)(1-BP)=0,937.
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Puc. 4. CtpykTypHas cxeMa pacueTa HaJle)KHOCTH CXeMbI MeCTHoro ABP:
a — OTHOCTOPOHHETO; O — IBYCTOPOHHETO ACHCTBHS

Hns cxembl nBycroponHero ABP  (puc. <40) ycnoBuem paGoTOCIOCOOHO-
CTH SIBJISCTCSI pa00TOCIIOCOOHOCTh 3JIEMEHTA @, MITH 3JIEMEHTa b, Win d1IeMeHTOB (b,
), WM 3JIEMEHTOB (@, ¢), WU 3JIEMEHTOB (a, b), Win dIeMeHToB (a, b, ¢).

DTOMY YCIOBHIO COOTBETCTBYET JIoTHUeckast HyHKIUsS

F =avbvbevacvabvabce. (12)

[IpeoOpasoBanue k 6ecrioBTOpHOI hopme F),

E . ..=avbvbevacvabvabc=a(lvc)vb(lve)vab(lvce)= (13)
=(avbvab)lvc)=avh.

Apudmernzupyst GyHKIUIO, TOTYIUM
F,=a+b-ab. (14)
BeposiTHOCTE 6€30TKa3HOI pabOThI CXEMBI

P=P+P—-PR. (15)

c a a

B uncnennom Buge P. = 0,951.
CoryacHO aHAJIMTUYECKOMY METOJly pacdera JJis YIPOUIEHHONW CXEMbI Ha PUC.
40 nonyynm

P=1-(1-P)1-R)=0,95.

Ha puc. 5 npencraBnena cxema pacnpenenutensHoil cetu 10 kB ¢ cereBpiM
ABP. 3Ototr Bung ABP npumensercs Ans B3aMMOpPE3EpBUPOBAHUSA IBYX JHMHUH, OT-
XOJSIIUX OT Pa3HbIX MOJACTAHIIMN UK pa3NuyHbIX cekiuil muH 10 kB oaHol mon-
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cranmuu 110(35)/10 kB, u ycraHaBimBaercsi, Kak NpaBWiIO, BOIM3M TOYKH HOP-
MajbHOrO Tokopaszaena. ITyckoBoi opran cereBoro ABP neiicTByeT Ha BKIIIOUEHHE
CETEBOr0 BBIKJIIOYATENS], HAXOAIIEr0Cs B PE3EPBE.

10xB g, TAC, AC, TAC; TAC, ABP
1 2 3 4 5

3 [ ] ] [
fict Hj L L L] L ]

-—

0,4 xB
I
Puc. 5. Bapumanr ocnamenus BJI 10 kB cereeim ABP: IIC-1 — mnuraromas mnoAcTaHIuS;

Bl — Beikmowatens Ha [IC-1; ITAC — myHKT aBTOMaTHdeckoro cekiuonupoBanusi BJI 10 kB;
ABP — myHKT aBTOMaTH4eCKOro BBoaa pesepsa; 1-5 — Homepa ydactkoB BJI 10 kB; Tl — morpebu-
TEJNb IEKTPOIHEPT UK

CrpykrypHas cxeMa jis pacuera HajgesxkHoctd BJI 10 kB npu ocHamienuu cere-
BbIM ABP mpencrasiena Ha puc. 6. B cooTBeTCTBHM € YCIOBHBIMH 0003HAYEHUSIMH
pHC. 5: aeMeHT a — royioBHO# ydactok BJL 1. e. yuactok Ne 1; snement b — yua-
ctok Ne 2 BJI, T. e. y4acTok, OT KOTOPOTO MUTAETCSI MOTPEOUTEND; HIEMEHT ¢ — yda-

crok BJI 3a morpebutenem, T. e Ne 3; oamemenr d - [IIAC;;
anemeHT e — ABP; anement f— I1AC,.
a c
L™ ] L™ |
d e f
L® | L | L. |

Puc. 6. CtpykrypHas cxema pacuera HanekHocTH cxemsl BJI 10 kB,
OCHAIIeHHOH ceTeBsIM ABP

YcnoBue pabOTOCTIOCOOHOCTH - CTPYKTYphI Ha pHC. 6: cxema paboTOoCIo-
coOHa, eciu pabOTOCHOCOOHBI AMeMeHTHl nenouek (b, a, c¢), wm (b, a, f), win
(b, d, e, ¢),unu (b, d, e, f), nm (b, a, d, e, ¢), wu (b, a, d, e, f), wmu (b, a, c, f), nau
(b,d, e, c,f),nm (b, a,d,e,c,f.

Jlornueckas hyHKIUS 1 ee OecrioBTOpHAs (hopma:

F, =bac v baf v bdec v bdef v badec v badef v bacf v bdecf \ badecf; (16)
B =blav do)e v f). (17)
Apudmernzupys GyHKIHUIO, TOTYIUM
F, =b(a+de—ade)(c+ f —cf). (18)
BeposiTHOCTE 6€30TKa3HOI pabOThI CXEMBI
R=R(L+BE-EEE)NE + B —RF). (19)
B uucnennom Beipakenuu P. = 0,742.
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Pacuerbl aHanUTHYECKHM METOJIOM JAt0T CIENYIOIICe BhIpaKCHHE:
R =E[1-(1-F)d-ER)I1-(1-E)1-F)]=
=B(P,+ PP ~PEP)P+P, ~PP)
M YhcleHHoe 3HaueHue P. = 0,742.
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cxeM arnekrpocHabxenus norpedoureneii AIIK ¢ oTHOCUTENBHON MPOCTOTON pacue-
TOB, OCHOBAHHBIX Ha UCIOJIb30BaHUM MAPAIIIEIbHO-TI0CIEA0BATENBHBIX CTPYKTYP.

2. AHanu3 NOJTy4YEHHBIX PE3yJIbTaTOB MOATBEPHKAAET MEPCIEKTUBHOCTD aBTOMa-
THU3ALMN IIEKTPUUECKUX PACHpPEETUTENBHBIX CETEeH, B YaCTHOCTH MecTHOro ABP
JIBYCTOpPOHHETO JieiicTBus U cereBoro ABP kak cpencTBa MoBBIIIEHMS HAJISKHOCTH
AJIEKTPOCHAOKEHHS TOTpeduTeNnei.
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