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BBenenue

DneKTpuyecKoe 00OpYyIOBAaHUE CUCTEM 3JIEKTPOCHAOKEHHUS B MPOIECCE IKC-
IUTyaTallud OKAa3bIBAETCS MOJI BO3JIEMCTBHEM Pa3HOOOPA3HBIX AECTAOMIU3UPYIOIINX
(aKTOpOB: MOBBIIIEHHOW BJIAXHOCTU, arPECCUBHBIX CPE[l, MbUIM, HEOJIAronpusTHBIX
aTMOC(EpHBIX SBJICHUM, a TAK)KE MEXaHMYECKHX W AJIEKTPHUUECKUX Harpy3ok. [lpu
ATOM H3MEHSAIOTCS OCHOBHBIE CBOMCTBA MAaTE€PUAJIOB 3JIEKTPOYCTAaHOBOK, YTO MPHUBO-
IUT K BO3HUKHOBEHHIO KOPOTKHMX 3aMbIKaHUH, BBI3BIBAIOIINX OTKIFOYEHUE AIIEKTPO-
YCTAaHOBOK HJIM 3JIEKTPUYECKHUX CETEH, T.€. K IEpEepbIBaM B MOJAYE 3JIEKTPUUECKOU
SHEPIHUU.

B cucremax snexTpocHaOXkeHUsI BaKHEHIIMMHU 3a7auaMu SIBJIIOTCS oOecrieye-
HUE HaJEXKHOU, 0€30MacHON U paIMOHAIBLHON JIKCIUTyaTallud 3JIEKTPOYCTAHOBOK M
COJIepKaHUE UX B UCIIPABHOM COCTOSIHHH.

Huskasgs HaneXHOCTh 3JIEKTPOIHEPreTUYECKUX CHUCTEM HAHOCUT HapOJHO-
MY XO3SIICTBY CTpaHbl SJKOHOMHUYECKHUI U couuanbHbli yiiep6. [Ipodiema obecneye-
HUS HaJIeKHOCTH KOMIUIEKCHas. Ee pa3inyHble acneKkThl CBS3aHbl C BEIOOPOM IMOKa-
3aresiell HaJIeXXHOCTH M UX OLIEHKOM U OIIEHKOH MO pe3yJibTaTaM 3KCIEPUMEHTOB, C
MOMCKOM JIYYIIIMX CXEMHBIX PEIICHUH.

Hayuurtbces monb30BaThCs METOJaMU TEOPUM HAAECKHOCTH, IPUMEHUTEIBHO K CU-
CTEMaM 3JIEKTPOCHA0XKEHH I, HAXOIUTh UCXOJHbIE JaHHBIE JUIsl pacyeTa MokKa3aTesen
HAJEKHOCTH, UCXO/ISl U3 TUIIA 00OPYI0BaHUS, YCIOBHM €ro paboThl U SKCILTyaTaluy,
3aJ1a4a, MOCTaBJICHHAs Mepes CTYACHTOM B Kypce “HanexxHocTh anekTpocHaO) eHus”
KaK rnepej OyIyluM CHEIHaIUCTOM.

BellonHeHNe MPaKTUYECKUX 3aHATUNA CTAaBUT LEJBIO 3aKPEIUIEHUE M3y4aeMOro
TEOPETUUECKOro MaTepuana no kypcy «HamexHocTs 31eKkTpocHabKeHus», mpuodpe-
TEHHE WH)KCHEPHBIX HABBIKOB pacy€ra HaJEKHOCTU MPHU MPOECKTUPOBAHUM 3IIEKTPO-
HHEPreTUYECKUX CUCTEM U CETEH, pa3BUTUE TBOPUECKHUX CIIOCOOHOCTEH CTyEHTA.

ConeprxkaHue OTYETa O BBIMOJHEHUU MTPAKTUYECKOTO 3aHATUSL JTOJKHO BKIIFOUYATH:
KpaTKHe TEOPETHUYECKUE CBEICHUS, MOCTAHOBKY 3aJlayd, MOJAPOOHBIE YWCIICHHBIC
pacyeTsbl, aHaJIU3 Pe3yJIbTaTOB..

BapraHT MHIMBHIYaJIbHOIO 3aJaHMs 337Aa€TCsl IPENOAABATEIEM WIH MPUHU-
MaeTCsl B COOTBETCTBHH C MIM(PPOM 3a4ETHOM KHIDKKH CTY/ICHTA.



1 IIpakT4yeckoe 3ansitue Nel

Ueﬂb sarAamusd. OCBOUTb MCTOJUKY pacucTa rokasarejei HaaCKHOCTH
HCBOCCTAHABJIMBACMBIX HCPC3CPBUPOBAHHBLIX CHUCTCM.

3&,[[&‘{&. Pacuer nokazarenen HAaJAC)KHOCTH HCBOCCTAHABIMBACMBIX HCPC3CP-
BHPOBAHHBIX CUCTCM.
YcnoBue 3aJa41 U UICXOAHBIC JaHHBIC.

Cucrtema cocTout u3 N yCcTpoucTB. BeposTHOCTH 0€30TKa3HOM PabOThl KA 10-
ro M3 HUX B TeUeHHE BpeMeHH t yacoB paBHbl p(t) JlIs cUCTEMBI ClipaBeIIuB IKCIIO-
HEHITMAJIBHBIA 3aKOH paclpeeiicHus HaJeKHOCTH. HeoO0XoauMo HaWTH CPEIHIOIO
HapaOOTKy 10 TIEPBOrO OTKa3a CHCTeMBl. VICXO/IHBIC JaHHBIC MPUBEICHB B TaOJIH-
me 1.1.

Ta6mnma 1.1 — McxoaHble JaHHBIE
[Tocnenuss uudpa mudpa
1 2 3 4 5 6 7 8 9 0
n 5 10 3 6 9 8 4 7 11 2
t, gac. 100 | 150 80 | 120 140 | 220 | 280 90 200 | 300
p@®) 1095 |09 (0,98 |094 0,87 095 |0,81 0,99 (0,87 0,83

MCTOZ[I/I‘ICCKI/IG YKa3aHHs K BBIITOJIHCHHIO 3a/1a4n

1 Kpatkue TeopeTuiyecKkue CBeICHUs

B 3aBucumMocTH OT MOJHOTHI y4yeTa (DaKTOpOB, BIUSIONIMX HA PabOTy W3Aenus,
pa3IMyar0T OPUEHTUPOBOYHBIN U MOJIHBIM pACUYET ITOKA3ATENEH HAJICKHOCTH.

[Ipu opreHTUPOBOYHOM pacyeTe Mmokazaresneil Hae)KHOCTH He0OXOAMMO 3HATh
CTPYKTYPY CHCTEMBbI, HOMEHKJIATYPY NPUMEHSEMBIX 3JIEMEHTOB U MX KOJIUYECTBO.
OpuEeHTUPOBOYHBIN pacyeT YUUTHIBAET BIMSHUE HA HAJEKHOCTh TOJBKO KOJIMYECTBA
Y THUIIOB, BXOJSIIHUX B CUCTEMY 3JIEMEHTOB, U OCHOBBIBAETCS HA CIEAYIOLIUX HONY-
HICHUSX:

- BCE BJIEMEHTHI JAHHOTO TUIA PABHOHA/ICKHBI, T.€. BEJIMYMHBI NHTEHCUBHOCTH
OTKa30B A; ISl ’TUX DJIEMEHTOB OJIMHAKOBBI;

- BCE€ DJIEMEHTHI padOTalOT B HOMUHAJIHLHOM (HOPMAaJIbHOM) pEXUME, MPEemy-
CMOTPEHHOM TEXHUYECKUMHU YCIOBUSIMU;

- AHTEHCUBHOCTU OTKAa30B BCEX DJIEMEHTOB HE 3aBUCAT OT BPEMEHHU, T.€. B Te-
YeHUE CPOKa CIYKOBI Y AJIEMEHTOB, BXOSIINX B H3JENNE, OTCYTCTBYET CTapCHUE U
HU3HOC, CJIEJ0BATEILHO A, (t) =const

- OTKa3bl DJIEMEHTOB U3CIHS SBIISIOTCS COOBITUSIMU CITyYallHBIMU 1 HE3aBU-

CHUMbIMU;
- BCE DJIEGMEHTHI U3JIeTIUs paboTal0T OJHOBPEMEHHO.



OpHUEeHTHUPOBOYHBIA METOJI pacueTa MUCIOJIb3yeTCsl Ha dTarne 3CKU3HOTO MPOCK-
THPOBAHUS IOCJIC Pa3pabOTKH MPHHIMITHAIBHBIX JJICKTPUYCCKUX CXEM HU3JCIUN U
MI03BOJISICT HAMETUTH ITYTH MOBBIIICHHS HAJICKHOCTH H3CIIHS.

OTka3bl PIEMEHTOB €CTh HE3aBHUCHUMBIC JIPYT OT Apyra coobiTHs. CucteMa pa-
0oTOCIOCOOHA, €Cii PabOTOCTIOCOOHBI BCE €€ DJIEMEHTHI, TO COTJIacHO TeopeMe 00
YMHOXCHHH BEPOSITHOCTCH BEPOSATHOCTH O€30TKa3HOM paboThl cuctemsl P, (t) paBHa
IIPOU3BEIACHUIO BEPOSTHOCTEH 0€30TKa3HOM pabOTHI €€ AIIEMEHTOB:

P.t)- p1<t>p2<t>....pn<t>=g p.(0), (1.1)

rie  Pi- BEpOITHOCTh O€30TKa3HOM pabOTHI I-ro dJIEMEHTA.

[IycTh AJist 37IEMEHTOB CIPABEAJIUB SKCIIOHEHIIMAIBHBIN 3aKOH pacHpeIelICHHs
HAJIC)KHOCTH M U3BECTHBI X MHTEHCUBHOCTU OTKa30B. Torjga u N CUCTEMBI CIipa-
BEJIJIUB SKCIIOHEHIIMAIBHBIN 3aKOH paclpeiesICHUs] HaAEKHOCTH:

— : 77“it — _tEXi — 77“ct
P)=]]e™ =e = =e™, (1.2)
i=1

rac ﬂ,c - HHTCHCHUBHOCTDb OTKa30B CUCTCMBI.

MHTEHCUBHOCTh OTKA30B HEPE3EPBUPOBAHHOM CHCTEMBI paBHAa CyMME HHTEH-
CHUBHOCTEH OTKAa30B €€ JJIEMEHTOB:

Ao =30 (L3)

Ecnu Bce 351eMeHThI JTaHHOTO TUIIA PAaBHOHA/I€KHbI, TO MHTEHCUBHOCTh OTKa-
30B CHCTEMBI OYJIET:

Ao =2 Niki, (1.4)

rie N; - 9UCIIo AIIEMEHTOB I-TO TUIA; I — YUCIIO THIIOB 3JIEMEHTOB.
Cpennee BpeMsi HapaOOTKH O OTKa3a M 4acTOTa OTKAa30B CHUCTEMBI COOTBET-

CTBCHHO PAaBHLI:

— 1 —A ¢t
To.c._i_ ) ac(t) =4 Ce . (15)

C
Ha npakTuke o4eHb 4aCTO MPUXOIUTCS BBIYUCISATH BEPOSITHOCTh OE30TKA3HOM
paboThl BBICOKOHAAEKHBIX cucteM. [Ipu aToM mpousseneHue A.l 3HAYUTENBHO

MEHBIIIC CMHUIIBI, & BEPOITHOCTh 0e30TKa3HOW paboThl P(t) Onm3ka k enunuie. B
ATOM CIy4ae KOJIMYECTBEHHbIE XaPAKTEPUCTUKHU HAJEKHOCTH MOXKHO C JJOCTATOYHOM
JUTSl IPAKTUKX TOYHOCTBIO BBIYUCIIHUTD 110 CIEAYIOIUM MPUOIMKEHHBIM (OpMyIam:

1
P =1-2t, A =3Ni&i, Toe =" a®)=40-4b). (L6)



IIpu pacuere HaJEKHOCTH CHUCTEM YacTO MPUXOAMUTCS MEPEMHOXKATH BEPOST-
HOCTH 0€30TKa3HOM pabOThl OTIAEIBHBIX AJEMEHTOB pacueTa U BO3BOJIUTH MX B CTe-
neHb. [Ipu 3HaYeHHUIX BepOSATHOCTH P(t), OJIM3KMX K €UHUIIE, 3TH BBIYUCICHUS MOX-
HO C JIOCTAaTOYHOM JIJIsl MIPAKTUKHU TOYHOCTHIO BBIMOJHUTH MO CIEAYIOIIUM MpUOIHU-
KEHHBIM (pOopMyIIaMm:

P.(t) = H1 0 zl—%qi ®), (L.7)

rae g; (t) - BeposiTHOCTB OTKa3a i-ro OJ0Ka.

[TonHbIil pacyeT Mmokas3aTesel HaJeKHOCTU M3/ENINS BBINOJHSAETCA TOrAa, KO-
I/1a U3BECTHBI pEajbHbIE PEXKHUMBI padOTHI JIEMEHTOB IOCJE UCIBITaHUS B Jabopa-
TOPHBIX YCJIOBHUSAX MaKeTOB U3/IEIHS.

DNeMEeHThI U3JIeUsl HaxXoAATCsl OOBIYHO B PA3JIMYHBIX PEKUMAX PAaOOTHI, CUIIb-
HO OTJIMYAIOIIMXCA OT HOMHHAJIBHOTO peXUMa. JTO BIMSIET HA HAJEKHOCTh KaK W3-
JeNHsl B 1IEJIOM, TaK M OTJIEJbHBIX €r0 COCTABIISIIOUIMX YacTei. BeinmoaHeHne okoHva-
TEJIBHOTO pacyeTa NapaMeTpOB HAZEKHOCTH BO3MOYKHO TOJIBKO IPH HAIMYUH TaHHBIX
0 koxhdUIMEeHTaX HArpy3KU OTJEIBHBIX 3JIEMEHTOB U MPU HAIWMYUU IPAPUKOB 3aBU-
CUMOCTH MHTEHCUBHOCTH OTKAa30B JIEMEHTOB OT UX JJIEKTPUYECKON HArpy3KH, TEM-
nepaTypbl OKpYyKarollel cpelibl U Apyrux (hakTopoB, T.€. Uil OKOHYATEIBHOI'O pac-
4yeTa He0OX0JUMO 3HATh 3aBUCUMOCTH

Ao = F(K,T7,..). (1.8)

OTH 3aBUCUMOCTH NMPUBOJAATCA B BUJIE TPaUKOB JHO0 UX MOKHO PACCUUTATBH C
MOMOIIIBIO TTOTIPABOYHBIX KOAPPHUIIMEHTOB MHTEHCUBHOCTH OTKa30B K; .

[Ipu pa3paboTke M HM3rOTOBJIECHUHM 3JIEMEHTOB OOBIYHO MPEyCMaTPHUBAIOTCS
OnpeeeHHbIe, TaK Ha3bIBAEMbIE «HOPMAJIbHBIE» yCIIOBUS paboThl. NHTEHCUBHOCTH
OTKa30B 3JIEMEHTOB B «HOPMAJIbHOM» PEKHUME 3KCIUTyaTalldd Ha3bIBA€TCS HOMHU-
HaJIbHOM MHTEHCUBHOCTBIO OTKA30B A,; .

MHTEHCHBHOCTD OTKA30B JIEMEHTOB MPH 3KCIUTyaTalluu B PEAJbHBIX YCIOBUAX
A; paBHa HOMWHAaJIbHOW WHTEHCHBHOCTHU OTKAa30B A, , YMHOKEHHOW Ha IOIPaBOY-

HbIe KodpdutmeHTs K; , T.€.
n
A; =2,Hi-k1-k2-...-kn:ﬂHl.Hki , (1.9)
i=1

rae: A, - 'HTCHCUBHOCTD OTKA30B AJIEMEHTa, pab0Taloero B HOpMallbHBIX yCIOBH-
X MPU HOMUHAJIBHOM 3JIEKTPUYECKON HArpy3Ke;
ki, Ks,...,K,, - TOIpaBo4HbIE KOA(PPHUIIMEHTHI, 3aBUCSINNE OT PA3IHYHBIX BO3JEHCTBY-
I0IKX (PaKToOpoB.

[TonHbBIN pacyeT HAJSHKHOCTH TMPUMEHSICTCS Ha JTale TEXHUYECKOTO MPOCKTH-
POBaHUS U3/IEIHAL.



2 Ilopsiiok BBIMOJIHEHUS U OPOPMIICHUS 3a/1a4H

1. Onpenensiercst BEpOSITHOCTh OTKa3a KaXKJI0I0 YCTPOMCTBA CUCTEMBI.

2. Bpruncnsiercsi BepOsITHOCTh O€30TKa3HOU pabOThl CUCTEMBI.

3. BerunciseTcss HHTEHCUBHOCTh OTKA30B CUCTEMBI.

4. Onpenensitorcst cpeHee Bpemsi HApaOOTKH JI0 EPBOTO 0TKA3a.CUCTEMBI.

2 llpakTuyeckoe 3ansiTue Ne?2

Ueﬂb sarAamusd. OCBOUTb MCTOJUKY pacucTa rokasarejei HaaCKHOCTH
HCBOCCTAHABIMBACMBIX PE3CPBUPOBAHHBIX CUCTCM.

3anaya. PacyeT nmokazaresnei HaIE)KHOCTH ~ HEBOCCTAHABIMBAEMbIX PE3EPBU-
POBAHHBIX CUCTEM.
YcnoBue 3a/1a4u ¥ UCXOTHBIE JTaHHEBIE.

Cucrema umeeT KpaTHOCTD 06HIGFO pe3epBHUpOBaHU M. OcHoBHas HCPC3CPBU-
pOBaHHasA CUCTEMA COACPKUT N paBHOHAACKHBIX DJIEMCHTA C JIOTUYECCKH IOCICA0BA~-

TENbHBIM COEMHEHUEM. VIHTEHCHBHOCTh OTKa3a OJHOro snemeHTa Al/4. McxoaHble
JTaHHbIE TIpUBEICHBI B Ta0ue 2.1.
OnpenenuTps XapaKTepUCTUKN HAJEKHOCTH CUCTEMBI 3a t 4acos.

TabOmuna 2.1 - Ucxoanble JaHHBIE
[Tocnenusst uudpa mudpa

1 2 3 4 5 6 |7 8 9 0

m 5 3 2 5 4 6 7 5 3 4

n 10 | 13 8 12 4 6 |5 9 7 5
A-10% 10,20 |0.25 |0,15 |0,41 |0,12 |0,28 | 0,31 0,29 |0,37 0,17

1/4
t,gac. | 1000 {800 |1200 |900 700 | 1300 | 1400(1500 | 800 |1100

M@TOIII/I‘ICCKI/IG YKa3aHHA K BBIITOJIHCHHIO 3a/1a41

1 KpaTKI/Ie TCOPCTUUCCKNC CBCIACHUA

B pe3epBupoBaHHON cHCTeME OTKa3 Kakoro-iaubo sjemMeHTa He 00s13aTeIbHO
MIPUBOJUT K OTKa3y Bcel chcTeMbl. CHCTEMaA OTKA3bIBAET TOT/A, KOT/Ia OTKA3bIBAOT
BCE €€ JJIEMEHTBI. TaKON THUIN pPEe3epBHUPOBAHUS HA3BIBAIOT MOCTOSHHBIM WJIM HArpy-
KEHHBIM M-KpPaTHBIM pPE3E€PBUPOBAHUEM.

B 3TOM citydae Bce 31€MEHTHI BBIMOJIHSIOT OJJHY U TY K€ (QYHKIHMIO, paboTaroT
OJIHOBPEMEHHO M PaBHOHAJEKHBI. [[0 TeopemMe yMHOMKEHHSI BEPOATHOCTEM HMEIOT
MECTO CIEAYIOIINE BBIPAKEHUSA:

RO =1-Q.0) =1-¢™" () =1-[L- p()]"", (2.1)



riae q(t), p(t) — coOTBEeTCTBEHHO BEPOSITHOCTH OTKa3a M OE30TKa3HOU pabOTHI OJHOTO
DJIEMEHTA.

Ecnu 11 371€MEHTOB CIpaBeIMB KCIIOHCHIIMATBHBINA 3aKOH PaCcIpe/Ie/ICHUS
HaJIC)KHOCTH, TO:

(t)=1-(—e™ )", (2.2)

J171s1 BHICOKOHAJIC)KHBIX CUCTEM, Y KOTOphIX At<0,1 u e M =1-/t , IMeeM.

P,(t) =1- ()™

(2.3)
Cpennee Bpemsi HapaOOTKHU J0 OTKa3a pe3epBUPOBAHHON CUCTEMBI:
T
A+l
0 (2.4)

NHTEHCUBHOCTh OTKA30B PE3EPBUPOBAHHON CUCTEM OMpeesaeTcs o popmyre:

g =Rt e ) (2.5)
1-(1—e7)

n

rae A, = ), Aj — MHTCHCHBHOCTb OTKa30B OCHOBHOM CHCTEMBI WIIH JIFO00ii U3 pe3epB-
i=1

HBIX CHCTEM..

BepositHOCTh O€30TKa3HOM pabOThI TAKOW CHCTEMBI BO3PACTacT C YBEIUICHHUEM
KpPaTHOCTH pe3epBUPOBAHUS M. DTOT BUJ pe3epBUPOBAHUS HaUOOIIEe 1EIeco00pa3HO
MCIIOJIb30BaTh JJIsI PE3EPBUPOBAHUS JIOCTATOYHO HAJEKHBIX CHUCTEM Pa30BOrO HC-
MOJIb30BAHUS C KOPOTKUM BPEMEHEM HEMPEPHIBHOM pabOTHI.

2 TlopsioK BBITIOTHEHUS U O(OPMIICHUS 3a/1a4u

1. OnpenensieTcs MHTEHCUBHOCTD OTKa30B OCHOBHOM CUCTEMBI.
2. Beruucnsiercst BEposITHOCTh 0€30TKa3HOM pabOThl CUCTEMBI .
3. Beruucnsiercst cpeiHee BpeMsi HapaOOTKH Ha OTKa3s.

4. Beruncnsercs NHTEHCUBHOCTb OTKAa30B CUCTEMBI.

3 lIpakTHyeckoe 3ansitue Ne 3

Llenv 3ansamus: OCBOUTH METOJIMKY pacyeTa IoKas3aTesied HaJeKHOCTH CUCTE-
MBI [IPH MOCJIEA0BATEIIBHOM COCIMHEHNUH 3JIEMEHTOB C YUETOM ITPEIHAMEPEH-
HBIX OTKJIFOUEHUU.



3anaua. PacueT nokasareneil HaJeKHOCTH CUCTEMBI ITPU MOCJIEI0BATEILHOM CO-
€MHEHUH 2JIEMEHTOB C YYETOM MPEIHAMEPEHHBIX OTKIIOYEHUH.

YcaoBue 3aJa41 U UCXOAHBbIC JaHHBIC.

OnpenenuTh MOKa3aTeIN HACKHOCTH ydacTKa dekTpocetu (pucyHok3.1). [{mm-
Ha BJI 110kB 6epercst u3 tTabnuipt 3.1MCXOMHBIX TaHHBIX

1
_%_QK

"

Pucynok 3.1 — Cxema ydacTka 3JIEKTPOCETH
QR-otaenmurens, QK-kopoTko3aMbIkaTenb, Q-BhIKIIOUATEb.

Taomuna 3.1 — UcxoaHble TaHHbBIE

JnuHa [Tocnenuss uudpa mmudpa
BJI 1 2 3 4 5 6 7 8 9 0
110xB, | 15| 25 12 30 40 45 24 3 | 27 | 39

KM

MCTOI[I/IIICCKI/IG YKa3aHMs K BBIIIOJITHCHHUIO 3a/la4n

KpaTtkue Teopernueckue cBe1eHUA

[Ipennamepennnsie oTkmtoueHuss COC BIUSIOT Ha HAJAECKHOCTH IJIEKTPOCHAO-
xeHust notpeduteneit. C 0JJHOM CTOPOHBI, MPU MPETHAMEPEHHBIX OTKJIFOUCHHSIX BbI-
MIOJIHSIFOTCS TJIAHOBO-TIPEYTPEIUTEIbHBIE PEMOHTHBIE pa0OTHI, HAIlPUMEp, HaIpaB-
JICHHBIC Ha MOBbIIEHHE HajexkHOCTH COC, a ¢ Apyroil CTOPOHBI MpEIHAMEPECHHbBIC
OTKJIFOUCHMS TTIOHUKAIOT HAJEKHOCTh JIEKTPOCHAOKEHUS MOTpeOuTeNel, TaK KaK CO-
3/1aI0T HEPE3EPBUPOBAHHBIEC CXEMBI.

[IpennamMepeHHbIC OTKIIOYEHUSI CO3[IaI0T TMOTOK COOBITUH, HE SIBISIOIIUXCS
CIIy4yaliHbIMH, MTOCKOJIbKY OHHU BBI3BIBAIOTCSI HAIIPaBJIECHHBIM JEHCTBUEM OOCITY>KHUBA-
o1iero nepconana. [lpu onpeneneHun HaIEKHOCTH Ha KOPOTKUN MEPUO]T BPEMEHH,
HarpuMep, MPU PEIICHUU B CETSIX OINEPATUBHBIX 3aj]ay, CBA3AHHBIX C M3MECHEHUEM
PEXKUMOB, TIPETHAMEPEHHBIC OTKJIIOUYCHHSI CUMTAIOTCS JETEPMUHUPOBAHHBIMU COOBI-
TUSMH, U HAJC)KHOCTh PACCUUTHIBACTCA ISl PA3IMYHBIX pekuMoB pabotel COC, co-
OTBETCTBYIOIIUX MPEIHAMEPEHHBIM OTKIFOUCHUSM 3JIEMEHTOB.

Ecam HajmeXHOCTh aHAIU3UPYETCs 3a JJIUTENbHBIM MPOMEXKYTOK BpPEMEHHU,
Hanpumep npu npoektupoBanuu CIC, TO 3apaHee MPEayCMOTPETh YUCIO U JIJIH-
TEJILHOCTh MPEIHAMEPEHHBIX OTKIIIOUEHUH CI0KHO. B 3TOM citydae mocliieiHue pac-
CMaTPHUBAIOTCS KaK MOTOK CIyYalHBIX COOBITHI M UCIOJIb3YIOTCS MOJIOKEHUS! TEOPUU



BEPOATHOCTEM U MAaTEMaTUYECKOW CTAaTUCTHKHU. AHaIN3 OOJBIIOr0 00beMa CTaTUCTH-
YECKUX JAHHBIX IOKa3all, YTO IIPEIHAMEPEHHBIE OTKIIOUYEHUS MOYKHO CUMTATh CIIy-
YaiHBIMU COOBITHSIMH, €CJIM BPEMEHHOM MEPHOJ] PELICHUS 33/1a4M COCTABJISIET HE Me-
HEe roja.

[Tonarast mpenHaMepeHHbIE OTKIOYEHHSI HE3aBUCUMBIMU CITy4allHBIMH COOBI-
TUSMHM, XapaKTEPU3yeM UX MOKa3aTeIsIMU, ONPEIACISIOIMM HHTEHCUBHOCTD OTKa30B
U CpeJlHEE BpeMsl BOCCTAHOBJICHUS! CUCTEMBI.

MHTEHCUBHOCTh NPENHAMEPEHHBIX OTKJIIOYEHHUM IOCIIEN0BATENBHO COEAUHEH-
HBIX N 2JIEMEHTOB

VC=Zn:vi=v1+V2+...+vn, (3.1)

i=1

rac v, — MHTCHCUBHOCTDL IMPCAHAMCPCHHbBIX OTKJIIOYEHHH I-TO DIIEMEHTA.

CpGI[HCC BpCM:A O6CJIY)KI/IB3HI/I5I ,Z[aHHOﬁ CXCMBLI ITIOCJIC MPCAHAMCPCHHOI'O OT-
KIIIOYCHH, T.C. IPOAOJLKUTCIbHOCTH INJIAHOBO-IIPCAYIIPCAUTCIbHOTO PEMOHTA

Toe = VElZViTOi ’ (3.2)

i=1

rae T, — NPOJODKUATEIFHOCTD IJIAHOBO-TIPEIYIPEAUTEIILHOTO PEMOHTA I-TO dJIeMEH-

Ta.

OpHako mpU PEMOHTE DIEKTPOOOOPYAOBAHUS OOBIYHO OTKIIIOYAIOTCS OJIHO-
BPEMEHHO HECKOJIbKO B3aHMMOCBSI3aHHBIX 3JIeMeHTOB, Hanpumep JIDII u moHu3nuTe b-
Hasl IMOJICTAHIIUS, MUTAIOMIAsICS MO JAaHHOW JIMHWW, TpaHchOpMaTop W IIMHBI pac-
npemycrpoiictBa. [Toaromy cymmapHass HHTCHCUBHOCTh MPEAHAMEPEHHBIX OTKITIOYe-
HUH TICTIOYKH MEHBIIIE CyMMBI HHTCHCUBHOCTEH YaCTOT OTJEJIBHBIX AJICMEHTOB.

OnuH U3 2JIEMEHTOB IICTIOYKH, KOTOPBIM Yallle OTKIIYaeTCs, Ha3bIBaeTCs Oa-
306blM, a OTHOCUTEIIbHAS YacTOTa MPEAHAMEPEHHBIX OTKIIOYCHHH OCTAIBHBIX JIIe-
MEHTOB I10 OTHOIIEHHUIO K 0a30BOMY — Koapuyuenmom cosnadenus. CTaTucTuye-
CKH{ OH OTIpEJIeNIAeTCs KaK

g = m® (3.3)
M; (©)
rae M, (t) — grcio mpegHaMEePEHHBIX OTKIIOYEHUH I-T0 JIeMeHTa, IPOU3BEACHHBIX
COBMECTHO C MpeAHAMEPEHHBIM OTKIIFOUEHHEM 0a30BOT0 AJIeMEeHTa 3a epuo t;
M, (t) — oOmiee yrcIo npeHaAMEPEHHBIX OTKIFOUCHUH I-r0 DJIEMEHTa 3a TOT JKe TIepH-

OJ1 BpEMEHH.

OpHeHTHPOBOYHbIC 3HaUCHHUS KOI(DOUIIMCHTOB COBMAACHHUS OCHOBHBIX 3JIe-
MEHTOB 3JICKTPUYECKOM CeTH MPHBEACHBI B TabIuIe 3.2.

C yuerom ko3 dunuenta conaaenus Gopmyna (3.1), (3.2) s onpeneneHus
nokasaTesicii IpeJHaMEPEHHBIX OTKJIFOUEHHUH MOCeIOBATEIbHO BKIIFOUCHHBIX 3JIe-
MEHTOB IIPUHUMAIOT BU/I:

- JUI UHTEHCUBHOCTH MPEIHAMEPEHHBIX OTKIIIOUCHHH

Ve =Vy Tt ivi -9 (34)

i=1izh
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- U CPpCaAHCro BpEMCEHH BOCCTAHOBJICHUA ITOCJIC IIPCAHAMCPCHHOI'O OTKIIFOYC-
HUA

Toc = V(;l[VETOE +Viax (Tomax —Tos) + zviTOi 1-9)l (35)
i=l,i#h

rne v,,T,, — MHTCHCUBHOCTh NPETHAMEPEHHBIX OTKIIOYCHUN U CpeHee BpeMs 00-
CITy’KUBaHUsI 0230BOTO DJICMEHTA;

Voo Tomex — TO K€ JUIS DJIEMEHTA IETIOYKH, Y KOTOPOTO MaKCUMaJLHOE BpeMsi 00-
CIIYyKUBAaHUA.
Tabnuma 3.2 — OpueHTUPOBOYHBIE 3HAYCHUS KOA(D(UIIMEHTOB COBIAACHHUS OCHOB-
HBIX AJIEMEHTOB 3JIEKTPUYECKOMN CETH
Ne se- DJIEMEHT CUCTEMBI ba3oBbie 211eMeHTHI
MEHTa BJI (KJI) | BJI(KJI) | Tp-p 110, | Tp-p 6,
35,110 xB| 6, 10xB | 35/10 kB | 10/0,4 xB
1 Boznymnas muaus (BJI) 6, 10 kB 0,7 1 0,6 -
2 Ka6enwnas munus (KJI) 6, 10 kB 0,6 1 0,5 -
3 Slugetixa PY 6, 10 xB 0,3 0,6 0,4 1
4 Slaetika PY 35, 110 xB 0,8 - 0,6 -
5 Sluetika BeIKIIOUaTenst 6, 10 kB 0,8 0,8 0,7 -
6 Tpanchopmarop 35, 110/10 kB 0,6 - 1 -
7 Tpauchopmarop 6, 10/0,4 kB 0,3 0,6 0,4 1
8 IMuuer 35, 110 kB 0,6 - 0,8 -
9 IIuue 6, 10 kB 0,75 - 0,7 0,8
10 Co6opka HH TIT - 0,4 - 0,8

dopmymnamu (3.4) u (3.5) MONB3yIOTCS, KOT/Ia CHCTEMa HE DKBUBAJICHTUPOBAHA.
[Tocre SKBUBAJICHTUPOBAHUS DJIEMEHTOB MpPETHAMEPEHHBIC OTKIIOUEHHUS CUUTAIOTCS
HE3aBUCUMBIMH COOBITHSMU U IPUMEHstoTCst popmyitbl (3.1) u (3.2).

2 [TopsiAoK BBIMOTHEHUSI U OPOPMIICHUS 3a/1a4u

1.CocraBisieTcsa cxema 3aMCIICHUS ydaCTKa 3JICKTPOCCTH 110 HAAC)KHOCTH.

2. Ucxonuble naHHBIE O HAJIE)KHOCTU AJIEMEHTOB B3sThl U3 Tabuuisl [11 (Tlpu-
JI0KEeHUs), KOA(DPUIIMESHTHI COBIMAJICHUS MPEIHAMEPEHHBIX OTKIIOUEHUN 3JIEMEHTOB
n3 Tadbaunsl 3.2.

3. OnpenensroTcss MHTCHCUBHOCTh OTKA30B M CPEJIHEE BPEMSI BOCCTAHOBJICHUS
CXEMBI.

4. PacCUMTBHIBAIOTCS HHTCHCUBHOCTD MPEIHAMEPEHHBIX OTKIIOYCHUM.

5. Onpenensiercs cpeiHee BpeMsi 00CITy>KMBaHUs, T.€. BOCCTAHOBIICHUS JaHHO-
ro ydacTKa CEeTH IOCJe MPeAHAMEPEHHOI0 OTKIIIOUEHHUsl 0e3 yueTa B3auMHOrO BIIMSI-
HUS IPETHAMEPEHHBIX OTKIIOUEHUUAIIEMEHTOB,
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4 TIpakTyeckoe 3anaTue Ned

Ueﬂb sarAamusd. OCBOUTb MCTOJUKY pacucTa MokKazaTeJiei HaACKHOCTH CHUC-
TCMBI C YUCTOM BJIMAHUA HAACKHOCTH KOMMYTaHHOHHOﬁ alapaTrypsl 1
YCTpOﬁCTB pGHCﬁHOﬁ 3allIUTBI U aBTOMAaTUKH HAa HAACKHOCTL CXCM.

3anmada. PacyeT nokasareneil HaIe) KHOCTH CUCTEMBI C YUETOM BIIUSHUS
HAJIC)KHOCT KOMMYTAIlMOHHOM anmnapaTypsl U yCTPOUCTB PENEMHON 3aIUTHI U
aBTOMATHKHU HA HAJIE)KHOCTh CXEM.

Ycnosue 3aJa4i U UCXOAHbIC JaHHBIC.

TpeOyeTcst onpenenuTs MoKa3aTeau HaJeKHOCTH B PACUETHOM TOUKE A CXEMBI
(pucynok 4.1). lnuna BJI1 u BJI2 (B kunometpax) 0epyres u3 tadmuisl 4.1. Tloka-
3aTeNd HaJeKHOCTU 3JieMeHTOB mpuBeneHsl B Tabmuie 11 (Ilpunoxenune) Hamex-
HOCTh BBIKJIIOUaTeNiel (MHTEHCUBHOCTh OTKa30B B CTATUYECKOM COCTOSIHHMU) U IIHH
PV ne yuutsiBaetcs. PY 110 kB ob6cmyxuBaercs OBb 1 pacnosioxkeHO B CENbCKOM
MECTHOCTH.

Q1 BJI1 Q2 — A

5
B2 o i ?

W1

Hil

Pucynox 4.1 — Cxema cUCTEMBI

Taomuma 4.1 — VcxonaHble JaHHBIE

[Tocnenuss mudpa mudpa
1 2 3 4 5 6 7 8 9 0
BJI1 5 25 15 20 14 8 14 12 10 15

|, km

b

[Ipeanocneanss mudpa mpudra
3 4 5 6 7 8 9 0
BJI2 4 29 11 15 10 5 10 8 6 12

L, km

b

[EEY
N

MCTOILI/I‘-ICCKI/IC YKa3aHUuA K BBIIIOJIHCHHIO 3aJla4r

1 Kpatkue TeopeTHYECKHE CBEICHUS

Jljis moxanu3aiuy OTKa3aBIIero 3JeMeHTa U MOJaud B y3eJl Harpy3KU MUTaHus
OT PE3EPBHOI0 MCTOYHHKA HEOOXOJUMO, YTOOBI CpabOTad YCTpPOMCTBA peleHHOM
3amuThl 1 aBToMatuku (YP3A), a Takxke kommyTarmonnsle annaparsl (KA), Ha ko-
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TOPBIE BO3JACHUCTBYIOT 3TH YCTPOMCTBA.

PaccmoTpum omnepanuu OTKIFOUEHUS! MOBPEXKICHHON JTUHUU U MOJIauy Pe3epB-
HOT'O MHUTaHUS B pacueTHBIM y3en Harpy3ku (pucyHok 4.1). meercs pacnpenenu-
TEJIbHOE YCTPONCTBO C ABYMS CEKLMSIMU IIMH, MEXAY KOTOPBIMUA YCTAHOBJIEH CEKI[H-
OHHBIN BBIKJIIOYATENb C YCTPOMCTBOM aBTOMAaTHYECKOro BBoja pe3epBa (ABP) nBy-
CTOPOHHETO JEUCTBUS. B HOpMaIbHOM peXHMe Ka)KJ1asi CEKLHs MUTACTCS MO CBOEH
JIMHHH, & CEKIIMOHHBIN BBIKJIKOYATEIb OTKIIIOUECH.

[Tpu noBpexaenHoi muaun BJI1 mpoucxoauT cienyroiiee: peneitHas 3amuTa
Ha BeIKIOYaTene Q1 momaeT KOMaHAYy Ha €ro OTKIOYeHHe; cpabaThiBaeT Ql, oT-
kmovarontuid BJI1 ot UII, peneiinas 3amura Ha Q2 mmojgaeT KoMaHy Ha OTKIIOUCHHUE
Q2; cpabateiBaeT Q2, orkmrovarommii JI1 oT y3nma Harpy3kd A; OT HCUE€3HOBEHUS
HaANpsDKEHUsST Ha CEKIMM IIUMH cpabarbiBaeT ycTpoictBo ABP u momaer komanmy Ha
BKutoueHue Q5; cpabarpiBaet Q5 u HanpsbxeHue ot JI2 yepes cexiuio muH 1 Q5 mo-
JAeTCs B TOUKY A.

Takum oOpaszom, st obecriedeHus MUTAHUSL y3ja Harpy3Kd MOHaI00UIOCH
BBINOJIHUTh IIECTh Onepanuii. B NeNCTBUTENTBHOCTH KOJMYECTBO OINEpPAUK 3HAYU-
TEJIbHO OO0JIbIIIE, TOCKOJIBbKY KaXablii KOMIIEKT YP3A COCTOUT M3 HECKOJIBKUX 3Je-
MEHTOB (peJie, KOHTaKTOpOB U 1p.). IIpu 3TOM Ha Kaxxq0ii U3 onepanuii padoTraromas
amnmaparypa MOXeT oTKazaTh. [[03ToMy [Jii TOUHOW OIEHKH HAJIEKHOCTHU AJIEKTPO-
CHAOXKEeHMS y3JIa Harpy3KU HY>KHO yUUTHIBaTh HaJeXHOCTh YP3A u KA.

C oanoit croponsl, KA sBisieTcst 31€EMEHTOM CHIJIOBOM 3JIEKTPUYECKOW LENH U
HECEeT Harpy3Ky (JIEKTPUYECKYI0, MEXaHUYECKYI0) B HOpMAJIbHOM pexkume. [loaTomy
KA, xak u gpyrue 31eMeHThl 3JIEKTPUYECKON CETH, MOYKET OTKAa3aTh B HOPMaJIbHOM
pexume. Takue OTKa3bl HA3BIBAIOT cmamuyeckumyu (HAIpUMEp, MEPEKPHITUE OMOP-
HOM M30J1511MHU, neperpeB KOHTAkToB). C npyroi ctopoHbl, Ha KA BO3A€HCTBYIOT
VYP3A 115 BBINOTHEHUS OCHOBHBIX (DYHKIMH MO BKJIIOYEHHUIO (OTKIIOYEHHIO). Bo3s-
MOYEH OTKa3 B yJIOBJIETBOPEHUU TpeOOBaHUAM Ha cpabaThiBaHue. C 5TOM TOUKH 3pe-
Hust KA MOXHO paccMmarpuBaTh Kak 3jeMeHT KoMmiuiekta YP3A. Takue oTkaszbl
Ha3bIBAIOTCS OTKa3aMU (PYHKIIMOHUPOBAHMUS.

Ortkasbl pynkimonupoBanust YP3A u KA ObIBatoT Tpex BUIOB:

- oTKa3bl B cpabaTbiBanuu (HeBbinoaHeHUue YP3A u KA tpeGoBanuii Ha cpaba-
THIBAHUE);

- HeceJIeKTUBHBIE cpadatbiBanus (cpadbarsiBanue YP3A u KA npu tpeboBanuu
Ha cpabaThIBaHKeE, IOCTYIAIOIIEM HE Ha JJaHHOE, a Ha JApyroe cpadbaTeiBaHuE);

- ToxHBIe cpabaTbiBanus (cpabateiBanue YP3A u KA mpu orcyrcTBum Tpebo-
BaHMI Ha cpabaThIBaHUE).

Ecnu paccmarpuBath HaIe)KHOCTh KOMMYTAlIMOHHBIX OTEpAIHil, MPOU3BOAU-
MBIX IO KOMaHAaM OT YP3A, TO 3jeMeHThI pesIeHOM 3alluThl, aBTOMAaTUKH, UCTIOJI-
HUTEJIbHBIX OPraHOB KOMMYTAIIMOHHOTO ammapaTa SKBHUBAJICHTHUPYIOTCS CHCTEMOM
MOCJIEA0BATEILHO COCAUHEHHBIX AJIEMEHTOB, Kbl U3 KOTOPBIX MOXET OTKa3aTh.
OTtka3 m000r0 U3 AIEMEHTOB MPUBOJIUT K 0TKazy KA, KOJIUYECTBEHHOM XapaKTepu-

CTUKOM KOTOPOTO SIBJIAETCS BEPOSTHOCTh HecpabaThiBaHUS 0, , ONpeaeseMas Kak

OTHOULIEHUE Yucia HecpaOdaThIBAaHUM My, YCTPOICTBA pENEHHOM 3allUThl U aBTOMA-
TUKHU U YKClia HeCcpaOaThIBAHUUN My, HCIOJIHUTEILHOTO OpraHa KOMMYTallMOHHOTO
amnmapara K o0miemy unciay TpeboBanuii M(t) Ha paboTy 3THX YCTPOMCTB 3a MEPUOJ
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HaOIIOAEeHUH t:

1

MO
OpHEHTUPOBOYHBIC 3HAYCHHS BEPOSITHOCTH HeCcpaOaThIBAHHS THITMYHBIX CXEM

PENCHHOM 3alTUThI U YCTPOWCTB aBTOMAaTHYCCKOTO BBOJA Pe3epBa MPHUBEIACHBI B Ta0-

e 4.2.

Oka [Myps, (1) + M, (0] (4 1)

Tabnuma 4.2 3HaueHust BEpOATHOCTU HEeCpaOaThIBaHUSA TUITMYHBIX cxeM P3A

HaumeHoBaHue ycTpolicTBa BepostHOCTh HecpabaThIBaHUS
Aka
U=6, 10 kB U=35, 110 xB
Penetinas 3ammra nuauu (BMecte ¢ KA) 0,020 0,015
Peneiinas 3amuTa Tpancpopmaropa (emecre ¢ KA) - 0,010
ABTOMAaTHYECKHI BBOJ pe3epBa 0,022 0,020

NHTEHCUBHOCTh OTKA30B B PACUETHOM TOUKE CXEMBI JICKTPUUECKUX COCIAUHE-
HUM, 3aBUCSIIASA OT Haie)KHOCTH paboThl YP3A u KA, cocraBut

Z’KA =0y, (4-2)

I7I€ @ — UHTEHCUBHOCTh TpeOoBaHumi, moctynaronmx Ha YP3A u KA.
TpeOoBaHUSIMH CUUTAIOTCS YCTOMYHMBBIE OTKA3bl, KOTOPbIE (PUKCUPYIOTCS KaK OTKa-
3bl B 3JIEKTPOCHAOKEHUHU, U HEYCTOWYUBBIE OTKA3bl, KOTOPBIC JTUKBUIUPYIOTCS MpPU
MCUYE3HOBEHUH HampsikeHus. HeycroiiumBbie oTkasbl 11 Bo3aywHbx JIDII coctas-
nsitot 50-70 % ot Bcex oTkazoB. i Apyrux BUIOB OCHOBHOTO oOopynoBanus COC
YUCJIO0 HEYCTOMYMBBIX OTKAa30B MEHBIIE U B pacueTax HaJACKHOCTH HUX MOXKHO HE
YUUTHIBATb.

Jns BJI oxxupaeMas MHTEHCUBHOCTh TpeOOBaHMI Ha cpabateiBaHue YP3A u
KA

Ay = kHﬂ’S]lﬁ , (4.3)

rae: kH- KO3(PUIIMEHT yBeIWYEHUs 4Yuciaa TpeOOBaHMI Ha cpabaThIBaHUE 3a CUET
y4yeTa HEyCTOMYMBBIX OTKAa30B;

A), — yIelbHas MHTEHCUBHOCTh 0TKa30B BJI;

| , — nuHa 3amuimaemoit BJI.

[Ipumepnbie Bemuumubl: K, =16 mnna BJI35,110kB u K, =15 nus
BJI 6, 10 xB.

[Tpu otkaze B cpabateiBanuu YP3A u KA ynpasnistomas koMaHaa nocTynaeT
Ha cpabaThIBaHUE COOTBETCTBYIOIIMX YCTPOMCTB 00Jie€ BBICOKOIO CTPYKTYPHOIO
YPOBHSI.
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2 [lopsanox BBIMONHEHUS U O(hOpMIIEHUS 3a7a4u

1. CocraBisieTcs cxeMa 3aMeIleHU.
2. UnucreHHbIC 3HAYCHMS IOKa3aTelICH HaIeKHOCTH OepyTcs U3 TaOJH-
sl 4.2 u tabmmier 111,

3. PaccunThIiBaroTCs TOKa3aTeny HaJACKHOCTH 3JIEMEHTOB 1o dopMam s ma-
paIeTbHO COEIUHEHHBIX AJIEMEHTOB C YYETOM MPEAHAMEPEHHBIX OTKIIOYSHHI.

5 IlpakTuyeckoe 3anaTHe Ned

L]env 3anuamusa: OCBOUTb METOAUKY pacdeTa OKa3aTeaeH HaJeKHOCTH CUC-
TEMbl C YYETOM BIIMSHUSA HAJECKHOCTH KOMMYTAIIMOHHOW amnmaparypbl U
YCTPOMCTB PENEHHON 3aIUTHI U ABTOMATUKU HA HAJIE)KHOCTH CXEM.

3agaua. PacueT noka3aTeneil HaJIEKHOCTU CUCTEMBI C YUETOM BIUSIHUSI Ha-
JIEKHOCTU KOMMYTAIMMOHHOM ammaparypbl U YCTPOMCTB PEIEIHHOMN 3aIIHUThI
M aBTOMATHKHU Ha HAJIe)KHOCTb CXEM.

YciaoBue 3a1aun ¥ UCXOAHBIC JaHHBIC

OnpenenuTs MokaszatelIn HaaeKHOCTH Ha muHaxX 10 kB moHu3uTensHOM 1mo/1-
crannuu 110/10 kB (pucynok 5.1). IToacranius ¢ 3akpeiteiM PY 10 kB o6cmyxu-
BaeTcs 0e3 JIGKYPHOTO IMepcoHajga U UMeeT YeThipe oTxonsmue Juauu 10 kB, 06-
mass aauHa KoTopeix | m mmmuaa muratomein BJI 110 kB Gepyrcst u3 Tabiuibl
5.1.IToka3arenu HaAEKHOCTH 3JIEMEHTOB mpuBeAcHbl B Tabnumax 4.2 u 111 (Ilpu-
JI0)KEHUE).

Q 11010 Q
Bl
) N ()
%YK

Pucynok 5.1-CxemMa noHU3UTEIBHOHN MOACTaHIIUN

Tab6muma 5.1 -McxonHele JaHHbIE
[Tocnenuss uudpa mudpa

BJI 10 1 2 3 4 5 6 7 8 9 0

kB 15 20 | 35 20 25 18 24 32 28 50
(oOmmas)

L, xm

[Mpeanocneaussuudpampudra

BJI 1 2 3 4 5 6 7 8 9 0
110 xB. 3 5 4 2 1 2 3 4 5 2

I, kM
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MGTOI[I/I‘ICCKI/IC YKa3aHH: K BBIITOJIHCHHUIO 3a/1a4n

1 Kpatkue TeopeTH4ecKue CBEAECHUS

B cxeme snexTpudeckoil mienu TpeOyeTcs ONpeAeuTh MOKa3aTen HaIe)KHOCTH
COCIMHEHUI TPEJICTABIISACTCA CXEMOU 3aMelIeHus 10 HaJlexHoCTH. [Ipu 3TOoM crieny-
€T YUUTBHIBATh PEXKUM PAOOTHI CUCTEMBI, IEUCTBUS KOMMYTAIIMOHHOM ammapaTypsl
(KA) u ycrpoiicTB peneitHoi 3ammtel 1 aBromatuku (YP3A) nmpu oTkazax, mpomyck-
HYI0 CIIOCOOHOCTH 3JIEMEHTOB B MOCIIE€ABAPUNHBIX pexkuMax. BXoJpl B CUCTEMY BBI-
OuparoTcsl TakuM 00pa3oM, YTOObI MX HAJIEKHOCTh Oblia abCOJIOTHOM, T.e. 3HAYH-
TEJILHO BBIIIE HAJIEKHOCTH TaHHOM cxeMbl. [Ipu pacuerax HagexHoctn COC ob1ero
HAa3HAYCHUSI WCTOYHUKAMH TMHTAHUS SIBJSIIOTCS PaCHpelIeUTeNbHbIE YCTPOKWCTBA
ANEKTPOCTAHIIMM M Y3JIOBBIX MOJICTAHIIMN, UMEIOIIME HE MEHEE JIBYX CHUCTEM IIWH
BBICILIETO HANPSIKEHUS U HE MEHEe JBYX TpaHC(HOPMATOPOB.

DNeMEeHThI CXEMBI MPEJCTABIISIIOTCS B BUJIE YY4acTKOB M y3JI0B. Ha cxeme 3a-
MEILICHHS MPOCTABIIAIOT TAKKE HAMPABICHUS IBUKEHUS DJICKTPOIHEPTUU TIO IJIEMEH-
TaM OT BBICIIIETO HAMPSIKCHUS K HU3IIEMY, OT HICTOYHUKOB MUTAaHUS K TOTPEOUTEIIO.
[To TpaH3UTHBIM 3JIEMEHTaM, CBSI3bIBAIOIINM TPOMEKYTOUHBIC Y3JIBI CXEMBI, YHEPTHS
MOJKET MepeaBaTbCs B 000UX HAIMPaBICHUSIX.

OnpenenstoTcsi YUCICHHBIE 3HAYEHHUS TOKa3zaTeNied HaJeKHOCTU AJIEMEHTOB
(Y3JI0B M y4aCTKOB) CXEMbI, YaCTh U3 KOTOPBIX HAXOJAUTCS HEIOCPEICTBEHHO MO CTa-
TUCTUYECKUM JIAaHHBIM O MOBPEKIAEMOCTH 000PY/I0BaHHUS, & YACTh PACCUUTHIBACTCS.

CxeMa 3aMmelIeHus MO3TAIHO KBUBAICHTUPYETCS OOBEAMHEHUEM TI0CIIEI0BA-
TEJIHHO W MapaJiIeNIbHO COSAMHEHHBIX JIEMEHTOB. B pe3ynbrare cxema rpeoOpasyet-
Csl B IBYXIIOJIFOCHYIO HEPA3JAEIUMYIO CTPYKTYpPY (rpad), BXOJOM B KOTOPYIO SIBJISIOT-
Csl UICTOYHUKH, a BBIXOJIOM — pacueTHasi TOUKa CETH.

[TokazaTenu HaJEKHOCTH YYACTKOB, MPECTABIISIIOIIMX COBOKYMHOCTh TECHO
CBSI3aHHOT'O O0OPY/IOBAHUS, ONIPEICIISAIOTCS PaCUeTaMHU.

Jlnst ydeta OJTHOBPEMEHHOCTH OTKA30B JABYXIICMHBIC JIMHUU UM KaOelu B OJI-
HOU TpaHIllee Ha PUCYHKE. 5.1 MPUHUMAIOTCS KaK CUCTEMAa CO CMEIIAaHHBIM COEUHE-
HUEM DJIEMEHTOB, TJe TapaJlJIeIbHO COEAMHEHHBIC 3JEeMEHTH 1, 2 — moka3aresnu
HaJIeKHOCTH OTACIBHBIX IETeH (IByX KaOesel) U uX OTKa3bl — HE3aBUCUMBIE COOBI-
THS, a OOIIMI AJIEeMEHT 3 XapaKTepu3yeT OJHOBPEMEHHBIH OTKa3 oOeux uernen (JIu-
HUI), KOTOPBIE MOXKHO OTPEACIIUTh TAK)KE [0 CTATUCTUYECKUM JaHHBIM.

1

— ;
] - L e
L

Pucynok 5.1 — CmemanHoe COeTMHEHHUE PJIEMEHTOB
[Tokazarenn HaIEKHOCTH IIMH PaCHpeaeTUTEIIbHBIX yCTpOﬁCTB (y3J10B) TAKXe
OIIPCACIAIOTCA paCuUCTaMU. PaCCMOTpI/IM HAJACKHOCTD y3Jia — CCKIIMKU IIHNH pacCIpe/ic-

JIMTEIIBHOTO YCTPOKCTBA (PUCYHOK. 5.2).
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ABRP

Pucynok 5.2 — Cxema y3mna

[IunbI MOTYT OBITH 00€CTOYEHBI B CIACAYIOIIUX CITydasix:
1) npu oTka3e camMuX IIMH Ha BpeMs PEMOHTA, MPU 3TOM UHTCHCUBHOCTH OTKa-
30B IIYH IIPUHUMAETCS IPSAMO IPOIOPLIHMOHAIBHON KOJIUYECTBY IpucoequHeHui N,

A =2N, (5.1)

rac ﬂfl)ﬂ — HHTCHCHUBHOCTDH OTKA30B OJHOT'O COCANHCHMUAA,

2) npu OTKa3ze mpucoeauHenus (sueiiku PY) Ha BpeMs, HeoOXoaumMoe Jist OTCO-
CAMHEHUS ITON SYEHKU U MOaud MUTAHUS Ha IITUHBI,
3) npu oTkaze pabodero nmutaHus cekuuu U HecpabateiBaHuu YP3 u KA Ha
nutatomeid muHud win ABP u KA cekuMoHHOTO BBIKIIIOUATessl Ha Bpems, HeoOXo-
JUMOE JIJISl TI0JIaYU TUTAaHUS HA CEKIIUIO IIIUH BPYYHYIO:

ﬂ“P?A = ﬂ’pu6(qP3 + qABP) ; (52)

r7i€ ps , Jusr— BEpOATHOCTH HecpabaThiBanusi P3 u ABP (Ta6mnuia 4.2).

4) mpu oTkaze B cpadaTeiBanuu YP3 u KA oTxoasmmx jquHMil Ha BpeMsl OTCO-
€UHEHHUS STYEHKH U MOJJauy MUTAHUS HA IIUHBIL:

Aomx = Z//{ﬂikHiqP% J (53)
i1

rae n g — HHUCJIO OTXOOAIINX JIMHUU.

Cxema 3aMelIeHUs MO HAJEKHOCTH PACCMOTPEHHOTO y3Jia MpEeJCTaBiIeHa Ha
pUCYHKE 5.3.

I

2 3 4
—

Pucynok 5.3 — Cxema 3aMenieHus

Pacyer mokaszareneil HaAEKHOCTH CXEM DJIEKTPOCTAaHOBOK (DY) OTHOCHUTCS
MPEXKIE BCEro K MOHU3UTEIBHBIM MOJICTAHIUSAM W PACHPEACIUTEIIbHBIM MyHKTaM.
DJIEKTPOYCTAHOBKHU Pa3IMYaOTCsl CXEMOM MOCTPOEHUS, CTOCOOOM BBOJIa PE3E€PBHOIO
MUTAaHUS, TTPUMEHsSIEMBIM O0OopyaoBaHueM. [lokazaTenu HaaeKHOCTH JJIsl TOICTaH-
LU, KaK IIPaBUiIo0, ONPEAEIISIIOTCA Ha KMHAX PY Hu3mero HanpsokeHusl.

Brixoa u3 cTpost 1100010 U3 2JI€MEHTOB HEPE3EPBUPOBAHHOM AJIEKTPOYCTAHOB-
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KU WM YCTAHOBKH C PYYHBIM PE3EPBUPOBAHMEM NPUBOJIUT K MCUEC3HOBEHUIO HAIIPSI-
KEeHMs Ha mmHax PY: B coydae HepesepBUpoOBaHHOW DY — Ha BpeMsl peMOHTa OTKa-
3aBLIETO 3JIEMEHTA, a I DY, pe3epBUPOBAHHBIX BPYUYHYIO, — Ha BpPEMS MOAKIIOUE-
HUsl pe3epBHOro nutanus. Takum oOpa3zom, cxema 3aMelleHus 3TuX DY MpeacTaBis-
€T co00i1 cucTeMy MOCNIeI0BATEIbHO COSIUHEHHBIX AJIEMEHTOB.

2 Tlopsimok BBIMOTHEHUS ¥ OOPMIICHHS 3a1a4U

1. CocraBigeTcaM cxemMa 3aMelleHus noHu3uTeabHoi noacrtanuuu 110/10 xB

10 HaJICKHOCTH.

2. VcxoHple TaHHBIC O HAACKHOCTH AJIEMEHTOB B3STHI U3 TAOIHIIEI 5.1, K03b-

(GUIIMEHTHI COBMAJECHUS MPEAHAMEPEHHBIX OTKJIIOUCHHM AJIEMEHTOB — HM3Ta0-

munpll 1 (ITpunoxenue).

3. OnpeaensroTcss ”YHTEHCUBHOCTH OTKA30B U CPEAHEE BPEMsI BOCCTAHOBIICHUS

BCEX DJICMEHTOB MOJICTAaHIHUH.

4.PacyuThIBaIOTCI OKOHYATEILHO MOKA3aTeIU HaaeKHOCTH Ha muHax 10 kB
MOJICTAHIINH.

5. PaccunMThIBAIOTCS XapaKTEPUCTUKHU HAJIC)KHOCTH TOJCTAHIIMU C YYETOM
MpeHAMEPEHHBIX OTKJIIOUCHU (32 0a30BbIN puHUMaeM s1emMeHT 1 — BJI 110 kB).
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IIpuioxenune

Ta6J'II/IHa I11 - PacueTHbIC 3HAUYCHMS OKa3aTeICH HaJCKHOCTH OCHOBHBIX 3JIC-
MeHTOB COC JJIA OKCITOHCHIIMAJIBbHOI'O 3aKOHA HAACKHOCTH

o Q
DJeMeHT o & é " % E é =) g =
225 (82|28 255 |Es
T 22 |8 | 2aF 5o =
252 |5dlggs |52E% |73
=E= IS T 9| O < H o< % = 3 g
~2 8 |2E|25 EEE =
3 T 5|29 Z o 5 2 >
Boznymnas muaus 35, 110 kB JI 0,08 8 0,15 8
oJlHOIleNHas, Ha | KM JIJIMHBI
Boznymnas munaus 35, 110 kB 2J1 0,008 10 0,01 8
JBYXIEMHAs, Ha | KM JUTUHBI
Boznymnas muaus 6, 10 kB JI 0,25 6 0,25 5,8
OJHOLIENHAs, HAa 1 KM JJIUHBI
Kabenpuas muuus 6, 10 kB K 0,10 25 0,5 3
Ha 1KM JUIHHEI
JIBe kaOeabHBIC TUHUHU 2K 0,05 15 0,05 3
B OJIHOM TpaHIiee, Ha 1 KM JTMHBI
Boznymnas muams 0,38 kB, JI 0,20 4 0,3 5
Ha | KM JUIMHEI
Tpancdopmarop T 0,03 30 0,4 22
¢ BelcIMM HanpsbkeHuem 35, 110 kB
Tpancdopmarop T 0,035 8 0,3 8
C BeICHINM HamnpsbkeHueMm 6, 10 kB
Sluetika BeIkIIOUarens 35, 110 kB Q 0,02 7 0,3 6
Slgetika BeIkIrOuarens 6, 10 kB Q 0,015 6 0,2 6
BHYTPEHHEN YCTaHOBKU
Sluaetika Beikmrouarens 6, 10 kB KPYH Q 0,05 5 0,3 5
Hapy>KHON YCTAaHOBKH
Suaeiika otaenurens (O) QR 0,05 4 0,3 5
nau koporkozamMbikaTens (K3) 35, 110 (QK)
Sueiika pazsequanTens 35, 110 kB QS 0,005 4 0,25 4
Sueiika pazpequnutens 6, 10 kB QS 0,002 3 0,2 3,5
BHYTPEHHEN YCTaHOBKH
Sueiika pazpequnurens 6, 10 kB KPYH QS 0,01 3 0,2 35
Hapy>KHON YCTAaHOBKH
Slyetika npenoxpanuTend 6, 10 kB FU 0,05 2,5 0,2 3
JluneiHbId pazpequanTens 6, 10 KB QS 0,08 4,5 - -
Iuaer OPY 35, 110 kB, I 0,001 5 0,15 6
Ha OJTHO MTPHCOCANHCHUE
Iuner PY 6, 10 kB I 0,001 4 0,16 5
Ha OJIHO IPHCOETUHECHHE
Co6opka HH-0,4 xB TIIT Cc0,4 (0,007 4 0,2 5
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Y4eOHOe u3nanue

Jlonatun Urops EBrensesuu

MeabankoB AJsiekcanap FOpbeBuu

Ha,HG)KHOCTB QJICKTPOSIHCPICTHICCKUX CUCTEM

MCTOI[I/I‘ICCKI/IG YKa3aHH: 110 BBIITOJIHCHHIO ITPAKTUYCCKUX 3aHATUMN

[ToanucaHo B reyath . Tupax 30 3k3.

Ps3anckuii unCTUTYT ((prmtnan) MOCKOBCKOTO MOJTUTEXHUYECKOTO YHUBEPCUTETA



