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I'naBa 1 OcHOBBI TCOPUHA HAACKHOCTH IJICKTPUIECCKHUX CUCTEM

1.1 Pa3BuTHE HAYKH 0 HA/IEKHOCTH JJIeKTPHUYECKUX cucTeM. Ee ocodeHHocTH M 3a1a4n

[Ipobmema HAAEKHOCTH JJIEKTPHUUECKUX CHUCTEM OTHOCUTBCS K 3ajJadaM OIpeIeNieHUs W
ONTUMM3AllMM UX I[OKa3aTeled Ha »JTanax IUIAHUPOBAHUSA, NPOCKTUPOBAHUS, COOPYXKEHUSA U
skcruryatauuu. Hadexcnocmy - CBONCTBO 00BbEKTa WIIM TEXHUUECKOTO YCTPOMCTBA BBIMIOJIHATH 3a/l1aHHbIE
(GYHKIMH, COXpaHsAsi BO BPEMEHU 3HAYCHMs YCTAaHOBJIECHHBIX OHKCIUTyaTallHOHHBIX IOKa3aTeiaed B
3aJaHHBIX TpeAeNiaX, COOTBETCTBYIOUIMX 33JaHHBIM pPEXHMaM U  YCJIOBHSM  HCIOJB30BAHUS,
TEXHUYECKOT0 00CITy)KUBAHUsI, PEMOHTOB, XpaHeHus u TpancnoptupoBku. (FOCT 27.002-83).

Oovekm - npeaMeT 1HeJICBOr0 HAa3HAYCHMUH, paCCManI/IBaCMHﬁ B IIEpHuoJ MPOCKTUPOBAHUA,
IMPOU3BOACTBA, JKCIUIyaTalluW, HU3YUCHUA, HUCCICAOBAHHA MW HCIBITAHUA Ha HAACKHOCTDH (O6’I)GKT3,MI/I
MOTYT OBITH CHCTEMBI U HX 9JICMCHTHBI, B YaCTHOCTU COOPYKCHUA, YCTAHOBKH, TCXHUYCCKUC U3CIIUA,
yCTpOﬁCTBB,, MalllWHBbI, armaparsl, HpI/I60pI)I " X 4aCTH, arperarbl U OTACIILHBIC ACTAJIH.

B TexHHWKe HaIeKHOCTh MMeEeT ToyHOoe 3HadeHwe. OHa MOXKET OBITh OIpe/eicHa, pacCuuTaHa,
OLICHEHAa, W3MEpEeHa, WCIIbITaHa, paclpeaeNicHa MEXIy OTACIbHBIMU 4YacTSIMH CHCTEMbI, OOBEKTa,
anmapaTyphbl.

[IepBble cuCTEMAaTHYECKHE NOMBITKM HM3YyYEHHsI HAJEKHOCTH M CO3JAHUS €€ TEOPUH CBSA3AHBI C
TexHu4yeckuM nporpeccom B 40-50 rogax, korja HepocTaToyHasi HaJEKHOCTh CTajla TOPMO30M Ha IMyTH
peanu3alMi HOBBIX WJAEH B aBHallUM, KOPAaOJIECTPOECHUH, PAKETOCTPOEHUH, PAAMOTEXHUKH, SAEPHON U
KOCMHMYECKOU IPOMBILITICHHOCTH.

[TpyMeHHUTETHHO K SHEPTOCUCTEMaM OCHOBHBIC IIPHUHIIMIIBI pacueTa HaJeKHOCTH ObUIN JaHbl B 30-
40-x romax. IlepBeie cepbe3Hble pabOTHI B 00JACTH HAJCKHOCTH SHEPTOCUCTEM OBUIH TIOCBSIIIICHBI
pacueraM pesepBa. Teopus HaJIEKHOCTH MPUMEHUTENHFHO K SHEPTOCUCTEMaM HUMEET Psill 0COOCHHOCTEH U
ONMUPAETCS Ha CHCIUIUCHMILIMHBI («DJIEKTPUUECKUE CHUCTEMBI M ceTH», «IlepexoiHble MpOIEecChl B
IHEProcUcTEMAx», «INEKTPUICCKUEC MAIINHBI», «PeCHHYIO 3alIUTY U aBTOMATHUKY»).

Hayka o nadexcnocmu 3aHUMAETCS aHAIM30M OOIIMX 3aKOHOMEPHOCTEH, OMNpeAesSIOmNX
JIOJITOBEYHOCTh Pa0OTHI Pa3IMUHBIX YCTPOUCTB U COOPY’KEHUH, pa3pabOTKOI CIOCOO0B MpeLyIpexaACHUS
OTKa30B Ha CTagusAX IPOCKTUPOBAHUSA, COOPYXKCHHUS, OKCIUIyaTallud, OLEHUBACT KOJIMYECTBEHHO
BEPOSITHOCTh TOTO, YTO XaPAaKTEPUCTUKH O0BEKTa OyIyT B MpeaesaXx TEXHUYECKHMX HOPM Ha MPOTSKEHUU
3aIaHHOTO IIeproJa BpeMeHU. MaTeMaTuieCcKui anmnapar TEOpUU HAIEe)KHOCTU OCHOBAH Ha NIPUMEHEHUU
TaKMX pa3/JeiIOB COBPEMEHHONW MAaTEMAaTHUKH KaK TEOpHsl CIy4YaHHBIX IPOLECCOB, TEOPHUS MacCOBOIO
o0CITy’)KHBaHUs, MaTeMaTH4yecKasl JIOTMKa, TeopHus IpadoB, TEOpHs pPaCHO3HABaHUS 00pa3oB, TEOpHUs
JKCIEPTHBIX OLEHOK, a TAKXKE TEOPHUS BEPOATHOCTEH, MAaTEMAaTUYECKAsl CTATUCTUKA U TEOPUS MHOKECTB.
[Ipobnema HaJEKHOCTU B TEXHUKE BbI3Basla K JKU3HU HOBbIE HAyUHbIE HAIIPABICHUS TAaKUe KaK TEOpUs
HAQ/IOKHOCTH, (H3MKa OTKA30B, TEXHWYECKas JWAarHOCTUKA, CTATUCTHYECKAsh TEOpUs MPOYHOCTH,
HMH)KEHEPHAas IICUXOJIOT U, UCCIIEOBAHUE OIEPALIMiA, INIAHUPOBAHUE YKCIIEPUMEHTA U T.II.

B mpaktudeckoll AeSTENbHOCTH WHKEHEPY-SHEPreTHUKY MNPUXOIAUTHCS MPUHUMATh pPa3inyHbIe
pemenusa. Hampumep, BbIOMpaTh NPOEKTHBIM BapuUaHT SHEPrOCUCTEMbl WJIM €€ 4YacTH, MPOU3BOJIUTH
PEKOHCTPYKIIMIO €€ CeTel M CTaHIMil, Ha3HayaTh pEXHUMbl. B 3Hepretuke Ha BHIOOp pELICHHS BIUSET
0oJbIIOe KOMMUYECTBO (akTopoB. OTHM W3 HUX MOXXHO YHUCIICHHO MPOAHAIM3UPOBATH W COKPATHTH
o0jacTh BapuaHTOB pemieHus. Jlpyrue He HMEIOT TEOPETHYECKOM SICHOCTU [UIsl KOJIMYECTBEHHOTO
ormucanusd. IlosBisercs HCOMPCACIICHHOCTh, MPCOAOJICBATE €C IMOMOrarOT 3HAHWS, OIIbBIT, WHTYHLU:,
KauecTBEHHBIN aHanu3. [losBiseTCs pUCK BHIOOpA HEONITUMAIBHBIX U HEKAYECTBEHHBIX pemieHuit. Cpeau
Ipyrux (GakTopoB, HAJACKHOCTh MMEET 0co00e MECTO, €€ Hal0 yYHMThIBaTh Bcerda. [locrmeactBust OT
HEHAJIe)KHOCTU TaKHEe Cepbe3Hble, YTO TpedyeTcs TIOCTOSHHOE COBEPIICHCTBOBAHME METOOB
MNPOCKTUPOBAHUA, CTPOUTCIBLCTBA, I3KCIUTyaTallUKM JSHCProCUCTCM, IMO3BOJIAIOIHUX IIOJHEC YUYUTHIBATH
HaJeKHOCTh. OCHOBHOM 3a/1auell SHEPTOCUCTEM SIBIIICTCS CHAOKEHHE MTOTpEeOUTENEH AJIEKTPOIHEPTrUeH B



HY>XHOM KOJMYCCTBEC U IIpH HGO6XOI[I/IMOM KagectBe. Ha »T10 BIusior HECMPCABUACHHBIC TMPUYMUHBI -
OTKa3bl WM aBapuH B JHEProcHCTeMax, MmepeOOM B TOIUIMBHOCHAOXKAIOIICH CHCTEME, HEperyJsipHOe
IIOCTYIUICHHE TOIUIMBA, THUAPOPECYPCOB M T.I. M3BECTHBI pa3iauyHble CpPENCTBA, IOBBILIAIOIINE
HaJIOKHOCTh YHEPrOCHCTEM: peJieiiHasi 3alluTa OT KOPOTKHX 3aMBIKaHWI, aBTOMAaTHYECKHE IMOBTOPHBIC
BKJIIOYCHHUS, AaBTOMATMYECKHH BBOJ pe3epBa, AaBTOMATHYECKOE pEryJIMpPOBAaHUE BO30YKICHUS,
aBTOMAaTHUYECKas YacTOTHAs pasrpy3ka, aBTOMATHYECKOE pEryJHpOBaHHWE YaCTOTHI M MOIIHOCTH,
aBTOMAaTHU3allKsl TCHEPAaTOPOB, aBTOMATHUYECKOE OTKIIOYEHHE TeHEepPaTOpPOB Ha THApOCTaHUUsAX. Kpome
3TOro, CHEHUAJbHBIE CXEMHbIE U PEXKHMHBIC MEPOIPHATHS MO IIOBBILICHUIO HAJEKHOCTU
(HemoHO(a3HBIE PEKUMBI, TUIABKAa TOJIONieNa, AyOJIMpOBAaHHE T€HEPATOPHOW MOIIHOCTH, YBEIUYCHHE
HPOIYCKHOM CIOCOOHOCTH MEXCHCTEMHBIX CBs3€i, TpaHC(OPMATOPHBIX MOACTAHIMN, CHEIHATbHOES
AaBTOMAaTUYECKOE OTKIIOYCHHE HArpy3KH IPH CHUCTEMHBIX aBapHsX, pE3ePBUPOBAHHE MOIIHOCTH).
Jlenenne mnoTpeOuTeNeii Ha KaTETOPUHM 10 HAACKHOCTH W PEKOMEHIAUH II0 TOCTPOCHHIO CXEM
CIOCOOCTBYET 00€CIICUEHUIO CTPYKTYPHOU Ha/IEKHOCTH YHEPTOCHCTEM.

OT HaAEKHOCTU DJICKTPOCHAOKEHUS 3aBHUCIT IMPOMBIIUIEHHOCTh, OBIT, CEIBCKOE XO3SHUCTBO.
3aBUCUMOCTh 3Ta TaKasl CHJIbHAs, YTO €€ HapyIICHHE MPUBOAUT K OTPOMHOMY MaTepHALHOMY yIIepOy
MMEIoIeMy MacIITabbl HauoHaIbHoro 6enctaus. Hanpumep, Hero-Mopkcekas aBapus B HosOpe 19651 B
CIIA mpuBena kK TomMy, 4To Ha Tepputopun ¢ HaceiaeHueM 30 MiH. denoBek Oosiee 10 wacoB Obuia
MIPUOCTAHOBIICHA JKU3HEAEATENBHOCTh, yIepO oneHuBaics npubausutensHo 100 MuH. 10/utapos.
[TocnenoBaBmme 3a HEW MECATKH MOJOOHBIX aBapuii 3aBepiminch aBapuen 13 utons 1977 rona B Heto-
ﬁopKe c emre OoJee TSHKEIBIMH MOCIECTBUSIMU. B Teuenne 25 yacoB ObuIa Mapalin3oBaHa KU3Hb OJTHOTO
W3 KPYIHEHUINX TOPOJOB MHpa. YIIepO COCTaBWII MPUOIM3UTENIBHO 1 MiTpa. AoapoB. YepHOObUTbCKasS
aBapwuisi HA AaTOMHOM JIEKTPOCTAHIUY - caMasi CTpalrHas. Yiep0 OleHUBAETCS COTHIMHU MIIP. JOJUTAPOB.

B sHeprocucremax mocleAHHE HECKOJBKO JIECATKOB JIET HAOIIOAAeTCS TCHICHIUS YKPYITHCHHS
BCEX DJIEMEHTOB, YBEJIIMUCHUE UX €AUHUYHON MOIIHOCTU. Tak, Hanmpumep, B sHepretuke CCCP 3a nepuop
¢ 1970r mo 1985 rox Bo3pocia cTeneHb KOHIEHTPAIUH TeHePUPYIOMIUX MOIIHOCTE!: kKonmudectBo TOC u
ADC wmommuocTteio 2000 MBT u 6onee nmocturino 28, I'D9C mommuoctero 2000 MBt u Oonee - 6;
HauOobIas MomHOCTh arperata TOC yBemuumiack ¢ 800 no 1200 MBT1, ADC - ¢ 365 no 1500 MBT,
I'DC - ¢ 500 no 640 MBT. MomuocTs Hanbonee KpynHbIX dnekTpoctannuid focturia: TOC - 4000 MBT,
ADC - 4000 MBTt, I'SC - 6000 MBT (npotuB coorBercTByromux 3nadenuii 1970r - 3000, 575 u 5000
MBT). TexHudeckuii mporpecc B pa3BUTHH T€HEPUPYIOMIHNX MOIIHOCTEH MPOSBUIICS TaKXK€e B YBEIMICHUN
¢ 1970 no 1985r nonu KOHAEHCAIIMOHHBIX SHEPrOOJIOKOB HA CBEPXKPUTHUYECKHE MapameTpsl mapa, a
TaKKe JOJH TeIUIO(GUKAIIHOHHBIX arperatoB Ha gaBienue mapa 13-24 MIla. O6mast mpoTsKeHHOCTD (B
OJTHOIICTTHOM MCUMCIIeHHH) JInHui HanpspkeHrneM 220 kB u Boime - ¢ 9,8 no 35,9 Teic. kM. (B TOM yucie

750 kB - ¢ 0,1 10 4,35 ThIC. KM, 1150 kB ¢ 0 10 0,9 THIC. KM).

VYka3aHHble OOCTOATENHCTBA MPUBEIU K TOMY, YTO OOEcleyeHHe HAaJeKHOCTH SHEPreTUYECKUX
CUCTEM CTajJ0 KIIOYEBOW MpoOIeMOi COBpeMEHHOUW sHepreTuku. CBsi3b MEXIy JHEPrOCHUCTEMOH, ce
3JIEMEHTAMHU W BHEIIHEH CPEIOil HOCUT CTOXAaCTUYECKUH (BEPOSTHOCTHBIN) XapaKTep W MOXXHO TOBOPUTH
JUIIb O BEPOSITHOCTH MOJIHOTO JIOCTHUKEHUSI SHEPrOCUCTEMON CBOEH LIEIH - Mepefadyu 3IEKTPOIHEPTUU
notpebutento. [103ToMy HameKHOCTH PabOTHI IHEPrOCHCTEMbI BCET/Ia BKIIIOYACT omKa3 (Hapyuienue).
HemnonHoTa Ha/eKHOCTH SHEPTOCHCTEMBI JaeT MOTepH BBHIXOAHOTO 3(ddekTa ee pabOTHI, HA MPAKTHKE -
He00omnycK IHepZun nOmpeodumeam.

Teopust HaJIEKHOCTU PHEPTOCUCTEM OCHOBBIBAETCSl HA BEPOSITHOCTHO-CTATUCTUUYECKOM MpuUpoze ee
noBeJeHNs. B mocnenHee BpeMs ¢ yBeTUUYEHUEM CHCTEMHBIX aBapHii, pa3padaThIBAlOTCS METO/IbI OLIEHKU
BEPOSITHOCTH U IyTeM UX KacKaJHOTO pa3BUTHUS, OOYCIOBICHHBIX OTKa3aMU AaBTOMAaTHKU H
KOMMYTAIIMOHHOH anmaparypbl, BO3HUKHOBEHUE HEIOMYyCTUMBIX PEXHMOB PabOTHI IeMEHTOB. Tak Kak
OTKa3 3JIeMEHTa NMpU OOIIUPHOM 30HE JEHCTBUS Ha JPyrHe 3JEMEHTHI BHI3BIBAET HEOOXOIUMOCTh PaOOTHI
ABTOMATUYECKUX KOMMYTAIIMOHHBIX aIlllapaToB, KOTOPbIE TOXKE MOTYT OTKa3aThb. Bo3HHMKaeT 3amaua
COCTaBJICHUS PACYETHBIX CXEM I10 HAaJIEKHOCTH.

I[J'IH MPUMCHCHUA TP aHAJIM3€ HAACKHOCTU SHCPTOCUCTEMBI TCOPHUH BEPOATHOCTU SHEPTOCUCTEMA
JOJIDKHa OBITL H30BITOYHOMN (u36blm01lH06'mb - JOIOJIHUTCIIBHBIC CPEACTBA W BO3MOXHOCTHU [JIA



BBINIOJTHEHUSI DHEPrOCUCTEMOM 3aJaHHBbIX (QYHKIMH). M30BITOYHOCTh JHEPTOCUCTEMBI BBICTYMACT B
cnenyromux Ghopmax.

1.Pe3epBupoBanue (MOBBIIMIEHHE HAICKHOCTH JTyOJHMPOBAHHEM 3JCMEHTOB M (YHKIIMI,
OpeaoCTaBJICHUC OOIMOJHUTCIBHOIO BPEMCHH JIsI BbIIIOJIHCHHUA 3ad4d, HCIIOJIB30BAHUC
M30BITOYHO UHPOPMAITUH MIPH YIIPABICHUH);

2.COBepIICHCTBOBAHNE KOHCTPYKIIMA M MAaTepuajgoB M3 KOTOPHIX CHEJAHBl 3JIEMEHTHI
SHEPrOCUCTEMBbI, TOBBIIIEHWE WX 3aMacoB IMPOYHOCTH, JIOJITOBEYHOCTH, YCTOWYMBOCTHU
HEeOJIaronpusTHBIM SIBJICHUSM BHEIIHEH U BHYTPEHHEH CpeJibl;

3.CoBepIlIeHCTBOBAaHME TEXHUYECKOT0 OOCTY>KMBaHUS, ONTHMHU3ALUSA TMEPUOJUYHOCTH H
FJIYGI/IHBI KalluTaJIbHbIX U HpO(bI/IJIaKTI/I‘ICCKI/IX PEMOHTOB, CHMKCHHUC MNPOLOJIKHUTCIBHOCTH
ABAPHUITHBIX PEMOHTOB;

4.CoBepIICHCTBOBAHUE CUCTEM KOHTPOJS W YNPABICHUS MPOLECCAMH B 3JIEKTPUUECKHUX
CUCTEMaX.

Ilpoonema naoexcnocmu ynpaenenus uepzocucmem (Kak W JIPYrux TEXHUYECKUX CHCTEM) 3a
nociuenHue 2-3 NeCATHICTUS PE3KO 000CTpHIach. ITO BBI3BAHO CIEAYIOUIMMU IPUIMHAMU!

1. Pe3kum yBEIMYEHHEM CIIO)KHOCTH DHEPrOCHUCTEM, BKIIOYAIOUIMX  MMJUIMOHBI
noTpeOuTenei, ThICAYH y3/10B U 3JIEMEHTOB,;

2. DKCTPEeMaIbHOCTBIO YCIIOBUH SKCILTyaTallid MHOTUX 3JIEMEHTOB SHEPTOCHCTEM (BBICOKHE
CKOPOCTH, YCKOPEHHsI, TEMIICpaTyphl U TaBJICHU, BUOpAIIXsl, OBBIIICHHAS PaJHAIHs U T.1.);

3. [oBbimenne TpeOoBaHWil K KadecTBY paboThl (3PEKTUBHOCTH, BBICOKHE ITapaMeTphl
SHEPIHn);

4. YBenuyeHWe OTBETCTBEHHOCTH (DYHKIMI BBINOIHIEMBIX HSHEPrOCHCTEMOMN, BBICOKOU
9KOHOMHYECKOM U TEXHHUYCCKOU IICHOM 0TKa3a);

5. IlonHoW WM 4YacTUYHON aBTOMaTH3alMEW, MMPOKUM HcrHoib3oBaHueM [IOBM nnsa
YIPAaBIEHUS, U KaK CIEICTBUE, UCKIIOYCHUEM WIH YMEHBIIEHUEM HEMOCPEICTBEHHOIO KOHTPOJIA
YeJI0BEKOM pabOThl IHEPTOCUCTEMBI U €€ SJIEMEHTOB.

1.2 OcHoBHBIE NMOHATHSA, TCPMUHBI U ONIPEIC/ICHUA HAACIKHOCTH JICKTPUICCKUX
CHUCTEM

* Haoexcnocmo Inexkmpuueckoii cucmemovt (00veounenus) - CrIOCOOHOCTb BBIOJHCHUS i
OCHOBHOM (YyHKIMU - OecriepeOOMHOro 3IEKTPOCHAOKEHHUS MNOTpPEeOUTENeH 3IEKTpOIHEprHen
TpeOyemoro (HOPMATHBHOTO) Ka4yecTBA M HCKIIOYEHHE CUTyallMid OMACHBIX Ui JIFOICH |
OKpY’Kalolie cpenbl. DTO TEPMUH KOMILIEKCHOTO XapakTepa, MO (PyHKIMOHAIBHOMY IPU3HAKY
MMEEM MOHATHUS CTPYKTYPHBIX COCTaBIISIOUINX JIEKTPUUECKONU CUCTEMBI.

* Haoesxxcnocms cucmempl 2eHepayuu - CioCOOHOCTh AEKTPOCTAHLIMU MOAAEPKUBATh TPeOyeMbIii
OaslaHC MOITHOCTH TIPYU HOPMATUBHOM 3HAYEHUH YaCTOTHI.

* Haoesxtxcnocmov 0CHOBHOIL INeKMPUUECKOU cemu - CTIOCOOHOCTh YCTOMYUBO TepeaBaTh MOIIHOCTD
U3 9acTel YHEPrOCUCTEMBI C U30BITKOM B YAaCTH C €€ Ne(UIIUTOM.

» Haodexcnocms pacnpeoeiumenvHoll cemu - CIOCOOHOCTh OTOM CETH TOMJEPKUBATH
Oecrniepe0oliHOE MUTAHUE Y3JI0B HArPy3KH (OTIENBHBIX IOTPEOUTENCH WU UX TPYIII).

Kpowme atoro paznuyaror:

* Haoesxcnocmv ¢ ycmanosuswiemcsa pedcume 3INEKMPUYECKOU CUCMEMbl - CIIOCOOHOCTb
oOecrieyeHus OanaHca MOLIHOCTH M DJCKTPUYECKOH HHEPTUM MpPU HOPMATHBHOM KadyecTBE
3JIEKTPOIHEPIUH.

* Haoescnocms 31eKmpuiecKoii Cucmemsl 8 NepexoOHoM npoyecce - ClIOCOOHOCTD IEKTPUIECKON
CHUCTEMBI M €€ OTHCNbHBIX CTPYKTYPHBIX YacTeld TPOTUBOCTOSITH HAPYIICHHUSM pEeXHUMa H
obecrneunBaTh IEKTPOCHAOKEHUE TTOTPEOUTENEH.



" Ypoeenwv naoexcnocmu onpenensieTcss OTHOCUTEIbHBIM 3HAUCHUEM HEQ00MNyCcKa dICKTPOIHEPIUU
norpeburensm. Ero npuunnamu m.0.:

¢ ollepaTHBHbIC OTPAHUYEHUS M OTKIIOYEHMS MOTPEeOUTENel qUCIETYEpOM AJis JIUMKBUIALMY aBApUU
WIH €€ TIPeNyNPEXICHUS,

4 OIICpAaTUBHBIE OTKIIOUEHHUs B DJJIEKTPOYCTAHOBKAX IIEPCOHAIOM JUISl CIIACAHMS OT IOBPEKICHHUS
000pyI0OBaHUs U MPEAYNPEXKICHUS HAPYIICHNS TEXHOJIOIMYECKOTO MPOIEcCa B YCIOBUSAX PE3KOI0O
CHI)KEHHS KauecTBa DJIEKTPUUECKON YHEPTHUH;

¢ aBTOMAaTUYECKHUE AaBApPUMHBIC OTKIIOYEHHs IUTAKOLIUX DSJIEMEHTOB MWIIM IIOJIHOE IIOTalllCeHHE
NUTAIOMINX OJACTAaHIMH HU3-3a aBapuitHOTO HapyleHus cxemsl JC;

¢ aBTOMATHUYECKOE OTKJIIOYEHHUE DJIEKTPONPHEMHUKOB M YCTAHOBOK IOTpeOUTENIeH OT AEHCTBHS
IIPOTUBOABAPUMHON aBTOMAaTUKHM I[P AaABAPUMHBIX PEXUMAX DJIEKTPUYECKONM CHUCTEMBI WU
YMEHBILIEHUS YaCTOTHI WA HAIIPSKECHUS.

HanexxHOCTh 3JEeKTpUYECKOM CUCTEMBI SIBISIETCS KOMIUIEKCHBIM IMOKAa3aTelIeM, ONMPEACISIONINM €€
CBOMCTBA JITUTEIBHO COXPAHATh BO BPEMEHHM M YCTOWYMBO BOCIPOM3BOIUTH B MPOLECCE SKCILTyaTalluu
CBOM paboyrie XapaKTePUCTUKH MU TMapaMeTpbl. HaneKHOCTh AJEKTPUYECKON CHUCTEMBI 00CCIICUHBACTCS
TaKHMU CBOIiCTBaMM KakK 0€30TKa3HOCTh, JIOJITOBEYHOCTb, PEMOHTOIPUTOTHOCT,
YCTOMYHUBOCIIOCOOHOCTD, YIPABISIEMOCTb, )KUBYUYECTh, 0€30MaCHOCTh, KA4eCTBO.

" De30MKA3HOCHb _)J1eKmpuyeckoil _cucmemsl _(cemu) - ee CBONCTBO HENPEPHIBHO COXPAHSATH
paboTOCIOCOOHOCTh B TEUEHHUE 33/IaHHOTO UHTEpBaJla BpEMEHH;

" padomocnocoOHOCHmb _31eKmpudeckoil _cucmemsl (cemu) - BBINOAHEHHE €10 (QYHKIHMHA C
3a/laHHBIMH MTapaMeTpaMu dJIEKTPUUECKON IHEPTHH;

" 00/1206€UHOCHIb_INEKMPUYECKOoU _cucmembsl (cemu) - COXpaHEHHE €0 PabOTOCIIOCOOHOCTH [0
IpPEIEIbHOTO COCTOSHUs (T.C. CHW)KEHHS KauecTBa IepeaBacMoil dHeprud, 3PPEKTUBHOCTH €e
TPAHCIIOPTA, CHIYKCHHSI O€30MAaCHOCTH IKCILTyaTalliH);

" ynpasisemocms_djiekmpuyeckou_cucmemvl (cemu) - MPUCTIOCOOICHHOCTh €€ K YIPaBJICHUIO C
EJTBIO TTOJJICPKAHUS B HEH YCTAHOBUBIIIETOCS PEXUMa paOOTHI;

" PeMOHMONPUZOOHOCHb __ dieKkmpuyueckou __cucmemsl _ (cemu) - TPUCIOCOOJIEHHOCTh K
OPEAYIPEKACHUI0 U OOHAPYKEHUIO TMPUYMH OTKa3a (COOBITHS, 3aKIIOYAIONIETOCS B HAapyHIICHUN
paboTOCTIOCOOHOCTH) OTAETBHBIX JIEMEHTOB U MX YCTPAHCHHUS,

" pezonacnocmy nexkmpuueckou cucmemnt (cemu) - He TONyCKaHNUE B HEW CUTYAIMi OMACHBIX IS
JIOJIEN U OKPY2KarOLEen Cpeibl;

" JICUBYUECHIb JIEKMPUUECKOU CUCHIEMbL - CBOWCTBO CHUCTEMBI MPOTHBOCTOSATH BO3MYIICHHUSM HE
JOTIyCKasl UX KaCKaJHOTO Pa3BUTHS C MACCOBBIM HapYIIIEHHUEM MUTAHUS IOTpeOUTENeH;

" Kauecmeo INeKmpuueckou _cucmemol (cemu) - COBOKYIMHOCTh CBOWCTB, ONMPEICIISIONINX CTCIICHD
MPUTOTHOCTH CUCTEMBI MO0 Ha3HAUCHHUIO;

KpOMe OTOr0 JJICKTPUYCCKUM CHUCTEMaM U HUX DJJIICMCHTAM KakK 00BeKTaM (CI/ICTeMaM) JJIA
HCCIICA0OBAHMA HAAC)KHOCTHU IMMPUCYIIU B MTOJIHOM MTH YaCTUIHOM MEpPC CIICAYIOIINEC CBOICTBA.

"  cmapeHue - TPOLECC TIOCTENIEHHOIO W3MEHEHUs IIapaMETpPOB, BBI3BIBAEMBIN JIEHCTBHEM
pa3nu4HbIX (PAaKTOPOB, HE3ABUCUMBIX OT PeXHMa PabOThl 00BEKTA;

"  W3HOC - TIPOLIECC TOCTENEHHOI0 M3MEHEHMsI NapaMeTpOB, BBI3BIBAEMBIM AEWCTBUEM (PaKTOPOB,
HaJINYME KOTOPBIX 3aBUCHUT OT peKuMa paboThl 00BEKTa,

"  pe3epguposanue - CIOCOO TOBBIIICHUS HAAEKHOCTH OOBEKTa MyTeM  BKIIOUCHHS
JONOJTHUTENBHBIX 3JIEMEHTOB NPH MPOEKTUPOBAHUM WIJIM B MPOLIECCE SKCIUTyaTalluH, a Tak ke 3a
CYET UCIOJIB30BaHUS N30BITOUHON MHPOPMAIIMK WU U30BITOYHOTO BPEMEHU;

" 2ufKocmp - TIPUCTIIOCOOJIEHHOCTh OO0BEKTa K COXPaHEHHIO pabOTOCIOCOOHOCTH IyTeM
o0ecTeYeHNsI PA3TUIHBIX PEKUMOB pabOTHI,

" 20moeHOCHIb - CTIOCOOHOCTh 00ecneuuTh (PYHKIIMOHUPOBAHUE O0BEKTa B MPOU3BOJIHBIA MOMEHT
BpEMEHH;

"  onepamugHas 20MOGHOCHIb - CTIOCOOHOCTh 00BEKTa 00ECIIEYUTh UCIIPAaBHOE COCTOSTHHE 00BEKTa
B [IPOM3BOJILHBIA MOMEHT BPEMEHH U MTpopadboTaTh 0€30TKA3HO 3aJJaHHOE BpEMS,;




" CPOK cayxcObl - KaJCHIApHAs MPOJODKUTEIBHOCTh JKCIUTyaTallid OObEKTa OT e¢ Havaja WM
BO300HOBJICHHS TOCTIE PEMOHTA JI0 HACTYTUICHHS MTPEIEIIbHOTO COCTOSIHUS,

" gOCCMAHABIUBAEMOCHIb - CBOIICTBO O0BEKTA MOCIIE 0TKA3a YCTPAHUTh ITOBPEKIACHUE;

" HeBOCCMAHABIUEAEMOCHb - CBOWCTBO OOBEKTa OJHOKPATHOTO HCIIOJIB30BAHHS, CPOK CITYKOBI
KOTOPOT'O JIO0 IIEPBOT0 OTKa3a.

[IpuMeHHUTENHHO K MEePEUYUCICHHBIM CBOMCTBAM JJIEKTPUYECKON CHCTEMBI, KaK O0BEKTa M3YUCHHS
HAJIe)KHOCTH TI0J noKazamenem HaJleKHOCTH MMOHUMAETCA KOJMYECTBEHHAsI XapaKTEePUCTUKA OJHOTO WU
HECKOJILKUX €€ CBOMCTB.

B TexHHMKe IIpM HUCCIENOBAHMM HAJCKHOCTH, IIOHATHE CHUCTEMBI pPAaCCMAaTPUBACTCS Kak
COBOKYIHOCTb 3JIEMEHTOB B3aUMOJICHCTBYIOIIMX MEXIY COOOH B IpOLIECCE BBINOJHEHMS 3aJaHHBIX
¢byskumid. [l S7IeKTpUYEeCKOM CHUCTeMbl - 3TO MPOW3BOACTBO, INepefaya W  paclpeseieHue
AJIEKTPUYECKON SHEPIUU.

*  DnemeHmbl cucmembl - 3aKOHUCHHBIE YCTPOICTBA, CIIOCOOHBIE BBINOJIHATh JOKaJIbHbIE (DYHKIIUU
B cucteme. JIJisl SIeKTPHUUECKON CUCTEMBI - 3TO TeHEPaTOPHl, TpaHC(HOPMATOPHI, TUHUU U T.I. WU
TEHEPUPYIOLME HCTOYHUKH, CHUCTEMOOOpPA3yIOLIME CETH, paclpenenuTeNnbHble ceTd. JIrboi
3JIEMEHT, B CBOIO OYEPE]b, MOXKET paccMaTpUBaThcs Kak cucrema. Hampumep, TMHUSA COCTOUT U3
3JIEMEHTOB. M30JISTOPBI, OMOPHI, (PyHIAMEHTHI, IPOBOJIA, TPOCHI, 3a3€MIIUTENH U T.II.

PaccmarpuBasi CBOMCTBAa M XapaKTEPHCTUKU AJIEMEHTOB U CUCTEM NPH M3YyUYCHHH HX HAJIC)KHOCTH
CUMTAIOT MX HpeAMETaMH OIPEICIIEHHOTO IIEJIEBOr0 Ha3HayeHus - oObekTamu. Hampumep, npu
WCCIICZIOBAaHNH HAJIC)KHOCTH DJICKTPUYECKON CTAHIIMU CUYUTAEM €€ CHCTEMOM, a AJIEMEHTHI. TeHEPaTOPHI,
TpaHnchopMaTopsbl, BHIKIIOUATENH, MKUHBL. Eciin paccMaTpruBaeM HaJle)KHOCTb T€HEpaTopa, TO SJEMEHTHI -
CTaTop, POTOP, OOMOTKH.

JleneHre CHUCTEMBI Ha 3JEMEHTBHI 3aBHCHUT OT XapakTepa paccMoTpeHus ((pyHKIHOHAIBHOE,
KOHCprKTI/IBHOe, CXEMHOC, OHepaTI/IBHOC n T.II.), TOYHOCTHU HCCJICOOBAHUA, HAJIMUHUA CTATUCTHUYCCKHUX
MaTepHuasIoB, MacIITAOHOCTH OOBEKTA B IICJIOM.

1.3 CocTosiHUS M COOBITHS NPH U3YUYEHUH HATEKHOCTH FJIEKTPUYECKHX CHCTEM, THIbI
0TKa30B

» Padomocnocobnocme cucmemut (31emenma) - COCTOSHUE MPU KOTOPOM 3HAYCHUS €€ MTapaMEeTPOB
HaxoAATCA B IPEAENaX, YCTAaHOBICHHBIX JOKYMEHTALIUEH.

" Hepadomocnocodonocms _cucmemsvl (3nemenma) - COCTOSHUE, MPU KOTOPOM 3HAYEHHE XOTS ObI
OIHOTO MMapaMCTpa HAXOAUTCA HC B MIPCACIaX HOPMBI.

" omka3 - cOObITHE, 3aKII0YAONICECsS B HAPYIICHHH PaOOTOCIIOCOOHOCTH CHUCTEMBI (dJIEMEHTA) T.C.
Mepexo/ia €e U3 UCIPABHOTO B HEUCIIPABHOE COCTOSHUE.

" OmKa3 31eKmpu4eckoi _cucmemyl - CcOObITHE, TMPUBOJALICE K HEAOOTIYCKY 3JIEKTPUUYECKOM
SHEPTUu MOTpeOUTENIsIM (BCEM HJIM YacTH, COOTBETCTBEHHO TOJIHBIM WJIM YaCTHYHBINA OTKa3) MpH
MPEKpalIeHUH WIH OTPaHUYCHUU 3JIEKTpocHaOkeHus. OTKa30M 3JEKTPHUUYECKON CHUCTEMBI TaKkKe
CICAYyCT CUUTATb CHHXXCHUC YAaCTOTblI WM HAIPAKCHUA HHXKC HJOIMYCTUMBIX 3HA4YCHUN II0
JEUCTBYIOIIUM HOpMaM.

B Teopum HameXHOCTHM pa3Iu4alOT TPU XapaKTEPHBIX THUIIA OTKA30B, BHYTPEHHE IPUCYIIUX
TEXHUYECKUM yCTPOUCTBAM:

" omKa3bl ___npupadomouHble, TPOUCXONAINIUE  BCICACTBHE  HECOBEPLUICHHOM  TEXHOJOTHUHU
U3TOTOBJICHUS, 3T OTKa3bl MOTYT OBITh MCKIIIOUEHBI ITyTeM «OTOPAKOBKH» MPHU HUCHBITAHUU WIN
HaJlaJIKe YCTPOMCTBA,

" omKa3bl u3Hocosble (TIOCTETICHHBIC), BRI3BIBAEMbBIC H3HOCOM OTACIBHBIX YaCTEeH YCTPOMCTBA MK UX
CTapeHUEM, MOTYT MPEIOTBPAILATHCS IIyTEM IIEPUOANYECKON 3aMEHBI JIEMEHTOB;




" omkKkasbl gHezannble (CydaiiHbie), 00YCIOBICHHBIC CIyYalHBIMUA COYCTAHUSIMH MHOTMX BHEIIHUX
(bakTopoB, U MpeodIaaone Ha MPOMEXKYTKE HOPMAJIbHOM SKCILTyaTalliy yCTPOUCTBA.

XapakTepHbIMU BHE3alHBIMM OTKa3aMH B JJIEKTPUYECKOW CHUCTEME SBISIIOTCS OTKa3bl THIIA
«KOpPOTKOE 3aMbIKaHHE» U «OOphIB». BHe3amHble OTKa3bl MPOHUCXOIAT B AJICKTPUUYECKON CHCTEME MOJ
JNEUCTBUEM pEJIEHHON 3alllUThl. Pa3nnuaroT Takke omKaszwvl ycmouuugble W Heycmouuuewvle. llpu
YCTOWYMBOM OTKa3e JJIsi BOCCTAHOBJICHHH Pab0OTOCIIOCOOHOCTH HAJIO BMEMIATEIHCTBO OOCITYKUBAIOIIETO
nepcoHana. HeycTonumBbI OTKa3 CaMOYCTpaHSETCS WIM yCTpaHseTcs aBTomathdecku. K mociennum
MOXXHO OTHecTd mepexopsmue K3 Ha IHHHUSIX 3JIeKTpornepenadn, Koraa uX padoTra BOCCTAaHABIHBACTCS
aBTOMATOM IOBTOPHOTO BKJItoueHusl. KpoMe 3Toro B sHeprocucreMe HaOt01al0TCs OTKa3bl, BHIBIISIEMbIE
MIEPCOHAJIOM 110 KOHTPOJIBHBIM ITprOopam mpu 00X0oaax U 0OCMOTpax 000py10BaHUS.

OTnuuuTeNbHBIA TPU3HAK WM TPyNNa MPU3HAKOB 10 KOTOPHIM YCTaHAaBIUBAaeTCs (akT OTKasza -
Kpumepuu omkasa.

PaccmoTpum moHsATHE «Hapabomka 0o _omkaza». CuuTaeMm, 4TO CHCTeMa Hadana paboTaTh B
MoMeHT BpemerHu =0, Haxoasich B pabOTOCTIOCOOHOM COCTOSTHUH. J[OMyCTHUM, YTO CHCTEMa OTKIIOYaeTCsI
TOJIBKO BCeACTBUE OTKaza. O0o3HaumMm T - Bpems 10 OTKaza. IOTO BpeMsi - (DYHKIUS CIydalHBIX
OTKJIOHEHMM TEXHOJIOTUYECKUX YCIOBUM HW3TOTOBJICHHUS JJIEMEHTOB, YCJIOBHI MOHTa)ka, HaJaJKu
JKCIUTyaTalluu - ciydaiiHas BenuduHa. OTKIIOYEHHE CHCTEMbl MOXET OBbITh Ui TEXHHUYECKOTO
OOCITy’)KMBaHUs, PEMOHTa H3-3a I[MKIMYECKOTO Tpaduka pabOTHl, aBapuud B JAPYyTrUX OOBEKTax.
[IponomKUTENbHOCTh PabOTBI CUCTEMBI B ITOW CHUTYAllMH - Hapadomka, a CiydaiiHas BEJIUMYHMHA T.C.
JUTMTENFHOCTh PaboThl 0€3 OTKa3a - Hapadomka 00 omkaza. DTy BEIWYMHY Takke 0003HauuUM «T».
HapaGoTka 10 0TKa3a MOKET U3MEPSThCS BpeMeHeM (B OOJIBIIMHCTBE CIIyYacB) WA YMCIOM BKITFOUCHUN
(cpabaTbIBaHMIA, ITMKIIOB).

Hanpumep paccMoTpuM rpaduk SKCIUTyaTallui CUCTEMbl aBTOMaTHYECKOTo yrpasienus (puc. 1.1).

ta to ts ts ts t
3nech (puc. 1.1) numeem: T=t +(t3 B tZ) +(t5 - t4) (1.3
e
L - MOMEHT OTKITIOYEHHS CHCTEMbI ABTOMATHUYECKOrO YIPABICHHS H3-33 OCTAHOBKH

TEXHOJIOTMYECKOr0 arperara,
U5t - MOMeHT BKITIOUCHNMS CHCTEMBI B paborty;
ls - MOMEHT OTKJIIOUCHHS CHCTEMBI Ha poUIaAKTUKY;

t5 - MOMCHT OTKa3a CUCTCMBI.

Jlnst cucteM Oe3 OTKiMOYeHHH (KpoMe OTKa3oB), HApabOOTKa J0 OTKa3a COBMAAACT CO BpeMEHEM
0e30TKa3HOU PabOTHI.

* Boccmanagnugaemocmsv cucmembt - COOBITHE, 3aKIIOUAlONICecs B €€ Iepexoje H3
HEpabOTOCIIOCOOHOTO COCTOSIHUSL B PabOTOCIOCOOHOE. ITO CBOWCTBO CHUCTEMBI (00BEKTa)
MO3BOJISIIOIIEE B CIy4ae OTKa3a YCTPAHWUTH MOBPEKICHHE, MOJIYYHTh 3HAYCHHS ITapaMeTpoB,
yZIOBJIETBOpsIOIIME TpeOoBaHUAM ee (yHKIMOHMPOBaHUA. COOTBETCTBEHHO MMEIOT MECTO
BOCCTaHABJIMBacMbIe CHCTeMbI (00BEKThI). K TakMM cHCTEMaM OTHOCSATCS M DICKTPHUCCKHE
CHCTEMBI, a TaKk)Xe OOJIBIIMHCTBO WX DJIEMEHTOB, B KOTOPBIX MPOHM3BOIMTCS BOCCTAHOBIICHHE
HI0CJIE OTKAa3a;

" HegoccmawHasuBaACMble  CUCHIEMDBL (06T)€KTI)I) - T€, BOCCTAHOBJICHHC KOTOPBLIX IIOCJIC
OTKa3a - HCBO3MOXHO HJIN HCHCHGCOO6paSHO. HeBoccTanaBanBaeMOCTb - CBOMCTBO OOBEKTA
OIHOKPATHOI'O0 MCIIOJIb30BaHUA, KOTOpLII\/JI HC moAdacTCA BOCCTAHOBJICHUIO B CJIydac¢ OTKasa.




CJ'ICI[yeT OTMCTUTL, YTO H3YUYCHHUC IIOKA3aTCIId HAACKHOCTH IJId HCEBOCCTAHABJIMBACMBIX U
BOCCTAaHABJIMBACMBIX CUCTEM ITPOU3BOAUTCA OTACIIBHO.



I'maBa 2. TexHoJIOrHYecKHe 0COOCHHOCTH 00ecreYeHUs HANeKHOCTH B
JIEKTPUYECKHUX CHCTEMAX

2.1 CBoiicTBa 2JIEKTPUYECKHX CHCTEM, BJINSIOIINE HA HANEKHOCTD UX Pa0OTHI

" HENpPEephIBHOCTh M JKECTKas CBSI3b BO BPEMEHHM IIPOIIECCOB TPOM3BOJICTBA, PACIPEICICHHUS U
nOTpeOJICHUS STCKTPUIECKOM U TETJIOBOM SHEPTHH;

" BEPOSATHOCTHBIN XapakTep (OPMHUPOBAHUS YHEPTETHUCCKUX U TEIUIOBBIX HATPY30K, OMPEAEISIEMbIX
YCIOBUSAMU  (YHKIIMOHUPOBAHUS ~ SHEPrOMOTPEOSIONIMX  OTpaciied  MPOMBIIUICHHOCTH |
W3MEHEHUEM KIIMMATHYECKUX (PaKTOpPOB;

" 3aBHUCHUMOCTh CTPYKTYPBI pacHojiaraéMbIX 3HEPrOpeCcypcoB OT CKJIQJBIBAIOMICHCS TOIUTMBHOMN
KOHBIOHKTYPBI, pa0OTHI TPAHCIIOPTHBIX CUCTEM, 00CCTICUCHHSI THIPOPECYPCAMH;

" OBICTPOTA MPOTEKAHUS aBAPHUITHBIX MTPOIIECCOB,;

" pelarIee BIUSHUE CTEICHH HAJICKHOCTH DJIIEKTpOCHAOKEeHUsT Ha paboTy BCeX OTpaciiel
X03SIICTBA, COIMANIBHBIX CTPYKTYP U YCIIOBHS )KU3HHU HACEIICHUS;

" BBICOKHE TpeOOBaHUA K cucTeMe ynpaieHus IC;

" OrpaHUYCHHOCTH PE3EPBOB I'€HEPUPYEMON MOIIHOCTH,

" YqyBCTBUTEIBHOCTh DC K BHE3AIMHBIM OTKJIOHEHHSIM YacTOTHI,

» pamuuue B ceTsix 110-330 kB Gonpiioro xonmyecTBa BBIKIIOUYATENCH OTKIIFOUYAIOIAs CIIOCOOHOCTD
KOTOPBIX HE COOTBETCTBYET YPOBHSAM TOKOB K3 B DC, 3TO MPUBOIUT K CEKIIMOHHUPOBAHHUIO CETEH
stux Hanpspkeruit (st EQC);

" BIMSHHE TIOHIKEHHS HANPSHKCHHS B  PaCHPEACIMTENbHBIX ceTAX (meduuur peakTHBHOM
MOIITHOCTH).

2.2 Cxembl coequnenns JC 1 UX HATEKHOCTD

Cxemsbl coeauHeHust OC UrparoT BaXKHYIO pOJib B 00ECHEUEHUM HAJEKHOCTU JIEKTPOCHAOKEHN,
KaK U CXEMBl €€ COCIMHEHHUS C MOTpeOHuTeneM syeKTpuueckor sHepruu. Cxemsl coenuHeHus IC ¢
NOTPEOUTENAMU  .BBINIOJIHAETCS B 3aBUCUMOCTH  OT  KAaTE€rOpPUM  DJIEKTPONpUEMHMKOB.  Jls
AJIEKTPOYCTAHOBOK, pPA0OTAIOMIMX KPYIJIOCYTOYHO, HEIOMyCKAIOIIUX TIepephlBa B NHUTAaHUU CXeMa
3JIEKTPOCHAOKEHHUS JOJIKHA OBITh BBHITTOJIHEHA TAKMUM 00pa3oM, 4TOOBI IIPH BBIXOJIE JIIOOOTO €€ JIeMeHTa
aneKkTpocHabxkeHne 0pu10 coxpaneHo. Cxema DC momKHA TpeAycMaTpUBaTh CHAO0KEHHE 3TUX 0OBEKTOB
OT /IBYX HE3aBUCHUMBIX HCTOYHUKOB ITUTAHUS.

1 3NEeKTpONpPUEMHHUKOB, TJleé NEPEpPbIB B AIEKTPOCHAOXKEHUM JAeT HEIOBBITYCK MPOIYKIHH
CO3JIAIOTCSl CXEMBbl, JOIyCKAloIUMe IEpPEephIB EKTPOCHAOKEHHUS Ha BpEMs BKIIOUEHHUS PE3EPBHOTO
MIATaHUS IeKYPHOIO IIEPCOHAIIA.

Jiist OCTambHBIX OTPEOUTENICH JOMYCKAIOTCS CXEMBI, CO3/IAI0NINe TIEPEPhIB AMEKTPOCHAOKEHHS Ha
BpEeMs PEMOHTA WJIM 3aMEH MOBPEKICHHOTO AIEMEHTA.

[Tpy IPOEKTHUPOBAHUHU CXEM DJIEKTPOCETEH HA0 MCIOJIb30BATh MPOCTHIC CXEMBI C MOBBIICHHBIMU
HanpsDKeHUsSMA. VICTOUHWKH TMHTaHUS CIeAyeT MPHONIKATh K IICHTpaM Harpy3KH MOTpeOuTeNel nenast
riy6okue BBoasl U=35,110,220 kB.

Breibop BapuaHTa ¢ HaJIeXHOM cXxeMoil anekTpuueckux coequHeHudt OC perraeTcss TEXHUKO-
SKOHOMHMYECKUMU pacyeTaMH HECKOJIbKUX BAPUAHTOB 10 HAMPSKEHHUIO U CXEME COEAMHEHUH.

Haodexcnocmb cxemvl coeduneHus MpoBEPSAETCs MO CIECAYIONIUM yCIOBUSAM:
= oOecriedyeHne KOd(QQUIMEHTa 3amaca CTATUYECKOW  YCTOMYMBOCTM 1O HOPMAalbHOMY U
MIOCJIEABAPUMHOMY PEXUMY;
= oOecredyeHne TUHAMHUYECKON YCTOMUNBOCTH;
®  OrpaHHYCHUE BEIIMYUHBI TOKA K3;
= oOecredyeHue pacrupeesieHus] MOIHOCTEN B IOCTIeaBapUMHBIX U PEMOHTHBIX PEXKHUMAX;




= obecrneyeHUe MPaBIWIBHONW PAOOTHI YCTPOMCTB pEIEHHOM 3alIUThI U CUCTEM aBTOMATHKHU,;
=  BO3MOXXHOCTb JATBHEHIIIETO PA3BUTHS HIEKTPUUCCKON CETH 0€3 KOPCHHBIX €€ N3MECHECHHM.

ITo MEPE pa3BUTHUA CCTHU BBICOKOI'O HAMPSXKCHUA SHEProCUCTEMBI U3MCHACTCA W 3HAYCHUA Ooiee
HU3KUX CTyneHeﬁ HaIpsKCHUS. OTH ceTn MMpeBpalIar0oTCAa B paCIpCACIUTCIBHBIC U UX CXCMbI MCHAROTCA.

OnHO U3 OCHOBHBIX CBOMCTB cxeMbl DC - jicecmkocmy ee y3106bix mouek. OHa XapakTepu3yercs
IV TOYKU Ge/IUYUHOI RNPUpOCmA HAazpy3Ku TIPH KOTOPOM BEIWYMHA Wi (a3a HampsHKCHUS B HEH
M3MEHSIOTCS Ha eIMHUILy. UeM Oosblie 3TOT IpUpoCT TeM Oobie xecTkocTh JC B 3TOi TOUKe.

[pupoct akTUBHOI MOIIHOCTH Harpy3ku(PH) MpUBOAUT K M3MEHEHWIO (a3bl HANPSIKEHHS, T.K.
IIPUTOK MOIIHOCTH U3 CMEKHBIX Y3JIOBBIX TOUEK MOXKET BO3HUKHYTbh JIMIIb IPU cIBUTE (a3HOrO yIia
HaNpsDKEHHsT B CTOPOHY oTcTaBaHus. [Ipupoct peakTwBHOW MomHOCTH Harpy3ku (QH) MpHBOAWT K
W3MEHEHHUIO BEJIMYMHBI HAIIPSHKEHHS T.K. IPUTOK PEAKTUBHOM MOIIHOCTH OT CMEXHBIX TOYEK BO3HHMKACT
IIpU IOHW>KCHUY HANPSKEHUS B JTAHHOW TOYKE.

KecTkocTh y3/10B TOYKHM €CTh (DYHKIUS OT OTHOCHTEIHHOTO CONPOTHUBIICHUS, CBS3BIBAIOIIETO ITY
TOUKY C JPYTHMMH; >KECTKOCTH APYTHUX Y3JIOBbIX Touek. Uem Onmke ToYka K IIMHAM OECKOHEYHOMU
MOIITHOCTH TE€M OHA KEeCTUe.

Certb BbIcOKOTO HampspkeHust DC onpezaenset xkecTkocTh IC, T0HKHA OBITh JOCTATOUYHO PAa3BUTOH,
pe3epBUPOBAHHOMN U CBA3BIBATH OCHOBHBIE YacTH DC U y31bl ¢ OOJIBIIUMH HArpy3KaMH.

Hawnyumiee ¢ TOYKM 3peHUst HAAECKHOCTH - 3aMKHYTBIE CXEMbl D3JEKTPHUUECKHUX CeTeH,
OMMHPAIONINECs] Ha HECKOJIBKO MCTOYHUKOB MUTaHUSA. CETH TOJDKHBI OBITh pacCUMTaHbl HA TOJACPKAHKE
3HAYEHUIN HaNpsDKEHHsS BO BCEX Y3/ax MPH OTKIIOUYEHHWH JI00OM JIMHHUU CETH, 3TO MPEIbSABISET
MOBBILIEHHOE TPEOOBAHHE K 20/108HbLM YIACTKAM CETH.

3aMKHYTBIE CETH MMEIOT OOJBIIME TOKH K3, IMO3TOMY B HOPMAJIbHOM DPEXHME JOIYCKaeTCs HX
paboTta Kak pa3oMKHYTHIX HO ¢ obecrieuenuem ABP.

2.3 HapexHoctb padoThl 00bequHeHHO# IC

[ToBeimienne HangexkHOCTH paboTel DC gocTuraercs Takke uX oObeauHeHueM. [Ipu sTom
YBEITUYMBAETCSI PE3€PB MOIIHOCTHU. J[71s1 yBeTWUYEHUS] THMHAMHYECKOW YCTOWYMBOCTH 0O0benuHeHHONH DC
pu MHOTO(A3HBIX K3 JKEINATEeIHHO IBYXIICMHAS CBsA3b. [Ipy olHOGA3HOM K3 HAa TUHUSIX CBSI3U pa3pbiB DC
MOXHO MPEJOTBPATUTH ITyTEM HCIIONB30BaHus ObicTpoaeiicTBytomiero OAIIB c tsxr = 0,3-0,5c¢.

3amac cTaTU4YecKOd YCTOMUMBOCTU TPH OJHOLEHHBIX CBS3AX JOJDKEH ObITh B Kaxkaod DC mpu
OTCYTCTBHHM  HEIOCTAaTOYHOM  MOIIHOCTH, OTOT 3amac JOJDKEH O0ecreyuBaThCs  aBapUMHOU
aBTOMAaTUYECKOHN Pasrpy3Koi.

AcCUHXPOHHBIN pexuM aByX DC omaceH - OoJblIMe KayaHHus BEIUYWH TOoka ¥ MomnHocTd (I u S)
0COOEHHO IS BIEKTPOCTAHIMI BOIM3K TuHUH cBsi3u OC.

Bennunna Toka KavyaHWs SBISETCS (QYHKIHUEH PEAKTUBHOCTH MEXCHCTEMHBIX CBS3CH, BIHSIOMICH
Ha BEJIMYUHY OOMEHHOTO TMOTOKA.

Korna acuMHXpOHHBIM peXHM HEXeNnaTeleH - MNpU €ero MOSBJICHUU CIEAYyeT aBTOMAaTHYeCKU
pa3pbIBaTh CBSI3U.

IIpn yBennuenun MomHOCTH DC W YBEJIMYEHHUS KOJIMYECTBA MEKCUCTEMHBIX CBA3EH pacTyT
BEJIMYUHBI TOKOB K3, YTO HOHUMcaen HadexcHochb. K3 CTaHOBSTCS ONMACHBIMU JJI BBIKIIOUATENIeH U
anmaparypbl, YCTaHOBJIEHHOW B TiepBble mnepuoabl pa3Butud IC. CHuxKaercs AUHAMHYECKas
YCTONYUBOCTb.

OrpaHu4eHus TOKOB K3:
" YCTaHOBUTH TOKOOI'PAHWUYHBAKOLIUE PEAKTOPHI,
" CEKLHUOHUPOBATH CCTH,



" YAaCTUYHO Pa33eMJIUTh HEUTpaIH TPaHC(HOPMATOPOB WU 3a3EMIIUTH UX YEPE3 COMPOTUBIICHHUE.

3ammTy anmapaTypbl, BbIKIIOUaTenel, kabeneil Ha BTOPUYHOM HANpSKCHUHU TMOJACTAHIMU M IIWH
JNEKTPOCTAHIAN OT TOKOB K3 IIPOU3BOJAT TOKOOTPAHWYMBAIOIIUMU peakTopaMmu. Mx mydnie ctaBuTh Ha
HU3KOM HaIPsDKEHHH CHIIOBOTO TpaHC(opMaTopa.

Ecnu Her peakTopoB [enaroT CEKLIMOHUPOBAHME, OHO CHMXKAET HECUMMETpPUYHBIE TOKHU K3, T.K.
MOBBIIIAIOTCS CONPOTUBIICHUS BCEX MOCIEN0BATEIBHOCTEN. [Ipy 3TOM Hapymaercs 2JIeKTpudecKas CBSA3b
MEX]y CEeKIIHOHUPOBAHHBIMU YaCTSIMH CETH, CBS3b COXPAHSAETCS TOJBKO depe3 TpaHC(HOpMATOPhl U CETH
BBICHIETO HAIIPSKEHUS.

Henocratky ceKIIMOHUPOBAHUSA:

» (CHMXaETCs KECTKOCTh CUCTEMBI,

" 3aTPYAHSIOTCS HOPMAJIBHBIE U YTSKEISIOTCS TIOCIE€aBAPUNHBIE PEKHUMBI,
"  YCIOXKHSIIOTCS YCJIOBHS PETYJIUPOBAHUS HAMIPSKEHUS;

" YBEJIMYMBAETCS MOTEPU MOIIHOCTH U YHEPTUU B CETH.

[ToaTOMy CEKIIMOHHPOBAHUSA CETel M30€raloT U CYUTAIOT BPEMEHHBIM, BBHIHYKJICHHBIM pEIICHUEM
JI0 MOMEHTA YCWJICHUS anlapaTypbl UM YCTAHOBKH PEaKTOPOB.

YacTuuHoe pa33eMiIeHUE HEUTpaiu WINM 3a3€MJICHHE YE€pe3 COINPOTUBICHUE IPOBOAUTCS IS
YMEHBIIEHUSI TOKOB HYJIEBOM IOCIEAOBATEIBHOCTH M YIYYIIEHUS JWHAMHYECKOW yCTOWYMBOCTU MPH
HECUMMETPUYHOM K3.

2.4 YcrpoiicTBa ynpasiieHusi pe:kumom IC, BIuAOLIHE HA €€ HATEKHOCTD

ABTomarnueckoe yrnpaniieHre DC B TEMIIE HOPMAJIbHBIX WJIM aBAPUUHBIX MPOILIECCOB MPOUCXOIUT C
MOMOIIIbI0 aBTOMAaTUYECKUX CUCTEM M YCTPOUCTB MOAJIEPKUBAIOIINX [TapaMETPhl PeKUMa B JJOMTYCTUMBIX
npezenax, MOMOTralmux n30eraTh aBapuiHbIX HAPYIICHUH WIM OTPAaHHUYMBAIONIUX pa3BUTHE aBapuid. K
HUM OTHOCSITCSL:

= Cuctembl APYU u orpaHnueHue MNEPETOKOB AKTHUBHOW MOIIHOCTH IO MEXKCHUCTEMHBIM |
BHyTpeHHUM cBsi3siMm DC (APUM);

= ycrpoiictBa APH — tpancdopmaropos;

* APB cuHXpOHHBIX MammMH ¢ (OPCUPOBKON BO30YXKIEHHS TPU aABAPUHHBIX OTKIOHEHHM
HaIpsOKEHUS,

" YCTPOMCTBAa PEJEHHOM 3allUThI, OTKIIOYAIOLINE MOBpEXIEHHBbIE 31eMeHThl DC U ycTpoiicTBa
ATIIB, BocCTaHaBJIMBAIOIINE CXEMY ITPU HEYCTONYUBBIX K3;

» ycrporictBa ABP (aBTOMaTHUECKOTO BBO/Ia PE3EPBHOIO MTUTAHUS);

" CHCTEMBbl M YCTPOWCTBAa MNPOTUBOABAPUUHOW aBTOMATHKH, MNPEAOTBPAIIAIOIIAE HAPYIICHUE
YCTOMYHUBOCTHU, JTUKBUIUPYIOLUIME ACUHXPOHHBIE PEXKUMBI U aBapHilHbIe OTKJIOHEHHS YaCTOThI U
HaIpsOKEHUS,

" YCTPOWCTBa, 00ECHEUMBAIONIME IOCTE YCTPAaHCHHS aBapUUHBIX HApPYIICHUHA aBTOMAaTHYECKOE
o0paTHOE BKIIIOUCHHE MTOTPEOUTENEH;

" YCTpOHCTBAa TEXHOJIOTMYECKON AaBTOMATUKHU DOJICKTPOCTAHIMA © ceTel, obecreunBaromme
yCTpaHEHUE OMACHBIX JJIi 00OpYyIOBaHHS HapyUIEHHH TEXHOJIOTMYECKOTo Ipolecca WUIH €ro
OTKJIIOYAIOIIUE ISl PEJOTBPAILICHUS TIOBPEKICHUM.

2.5 IlonsiTue 0 CTPYKTYPHOH M (PYHKIIMOHAJIBHOI HATEKHOCTH FIEKTPUYECKUX CHCTEM

Brinenenne B HagexxHoctn DC COCTaBISIOMMX: CTPYKTYPHOM M (DYHKIHMOHAJIHHON MO3BOJISET
YIPOCTUTH METOJIBI €€ aHAIN3a U TOYHEE HAMETHTD MEPOIIPHUATHS 110 U3MEHEHUIO €€ YPOBHS.

CmpykmypHnasa __HadeiycHocms - OO0yCIOBICHA COCTaBOM 3JeMeHTOB OC, WX CBS3SMH,
MPOITYCKHBIMU CIIOCOOHOCTSIMU 03 yueTa ux (GpyHKiui B cucreMe (0COOCHHO BakHA B IPOCKTUPOBAHHUH).




DYHKUUOHAIbHAA HAOEHCHOCHIL - OCHOBAHA HA aHAJIN3€ PEKMMOB, UX OFPaHUYEHUH, POITYCKHON
CIIOCOOHOCTBHH TIPH U3MEHEHUH CTPYKTYpbl DC (0COOCHHO BakHA B SKCIUTYaTAIHN).

[TokaszaTenu CTPYKTypHOH HAJAEKHOCTH OMPEACISAIOTCS Ui Y3J0B Harpy3ku (BEpOSTHOCTB
0e30TKa3HOI paboThI, BEPOSATHOCTH OTKAa3a, MapaMeTp MOTOKa OTKa30B, HapabOTKa 0 OTKa3a C 3a1laHHOU
BEPOSITHOCTHIO €€ MAaKCUMyMa, HHOT/[a HEIOOTITYCK SHEPTUH, YIIepO).

JIJIst OIEHKH CTPYKTYPHOM HaJIEeKHOCTH HCIIOJB3YIOTCS BEPOSITHOCTHBIC MOJIENH, OCHOBAHHbBIE Ha
CpCAHUX BCPOATHOCTAX COCTOAHUSA DISIJICMCHTOB (KF, Ko - BBIHYKACHHOI'O IIPOCTOs, IOTOK OTKa30B
(wacrota)).

éz ONYUWLCHUA .

¢ OTtkassl DJIEMEHTOB - HE3aBHCHUMBI, HCKJIIOYAIOTCSA OTKa3bl OT oOmmx ¢axkropoB (yparaH,
rOJIONEe).
¢ Bpewms 6e30Tka3zHON pabOTHI MHOTO OOJIBIIIE BPEMEHH BOCCTAHOBIICHUS.

2.6 [Toka3aTeyid KauecTBa JHEPI'vM, BJIUAIOIINEC HA HANCKHOCTD.

CyliecTBEHHOE BIMSHUE Ha HAJEKHOCTb OKa3blBACT CHIDKEHHE II0OKa3aTelled KadecTBa

ANEKTPOIHEPIUHU.

* JloHmKeHue HaNpsSHKEHUS B PACHpPEAEIMTENbHBIX CeTSAX H3-32 MECTHBIX JIe(UIMTOB PEAKTHBHOM
MOIIIHOCTH MPHUBOJUT K YMEHBIICHHUIO MPOIYCKHOM CHOCOOHOCTH CETH, KOTJa OHa OrpaHHyYeHa
NpeJesIbHBIMU TOKOBBIMU Harpy3Kamy,

® yMEHbILIECHUE HANpsSHKEHUS B OCHOBHBIX CETAX MPOIYCKHas CIIOCOOHOCTb KOTOPBIX OIpPEAEIseTCs
YCIOBUSMHU YCTOHYMBOCTU MPHUBOAMT K YMEHBIIEHUIO MPEACNIOB MEepeAaBaeMoil MOIIHOCTU 10
INEKTPUUYECKUM CBSI3SM;

* [pu paboTe C MOHMKEHHON 4acTOTOM M3-3a obuiero neduiura MoHocTH B OC «pe3epB M0 4acToTe»
YMEHBIIAETCS 10 Mepe €€ MPUOIIKEHNH K aBapuitHOMY 3HadeHUIo. 31ech padbora AUP moxeT ObITh
BbI3BaHa HEOOJBIINMH Je(QUIIMTAMU MOLIHOCTH (aBapHH, yTsHKEICHHE YCIOBUI paboThI);

= TpeOOBaHMS K HAJE)KHOCTHU AJIEKTpOocHaOX)eHUs ycraHaBiauBaeTcs [IYD B COOTBETCTBUM ¢ KaTeropueit
MIPUEMHUKOB, ONPENEIIEMOI CTENEHbIO UX OTBETCTBEHHOCTH C YUETOM PE3epBUPOBAHMUS;

"  KOJMYECTBEHHBIMHU MOKA3aTESIMM, XapaKTEPU3YIOIIMMU YPOBEHb HAJEKHOCTH AJIEKTPOCHAOXKEHUS
notpeOuTeneil M y3jnoB Harpy3kd MOTYT OBITh CpEAHHE M MaKCHMajbHble 3HAU€HHsI 4acTOTHI U
MIPOJOJKUTEIBLHOCTD NIEPEPHIBA IJEKTPOCHAOKEHUS.

2.7 TpynHocTH obecnieyeHus: HaieskHOCTH JC U ee )KMBY4YeCTH

[IpyuuuHbI:
= VYBenM4YeHHE KOJIMYECTBA B3aUMOCBSI3aHHBIX OOBEKTOB M Pa3MEPOB TEPPUTOPUHU UX PA3MEIICHHUS;
®  pPOCT MOIIHOCTH 3JIEKTPOCTaHIUH;
"  TIOBBINICHUE SAMHUIHON MOIIHOCTH arperatoB (OMacHO Mo yCTOHYHUBOCTH);
= Bpojg ADC;
"  mepexoj K 0oJiee BBICOKUM CTYIICHSIM HANPSHKEHUSI CUCTEMOOOPa3yoIIe CeTH;
®  YCJIOXHEHHEM CXEMbl OCHOBHOM CETHU U €€ PEKHUMOB;
®  yBEJIMYEHUE MAKCUMAJIbHOW MOITHOCTH, NepeaaBaeMoi o MmexxcucreMusiM JIOIT,
=  yBeJIMYEHHE OOMEHHON MOIIHOCTH M TOBBIIICHHEM SHEPreTHYECKON B3aMMOCBS3U MapauIeIbHBIX
3HEPrOCUCTEM;
"  YCJIOXXHEHHE YIPaBISIEMOCTH dHEProo0bhekToB, DC U 3HEProoOheIMHEHUH;
®  YBEJIMYEHUE KCBSA3ZHOCTU» OTJIEIbHBIX 31eMeHTOB DC, UX BIUSHUE [IPU aBapUU APYT HA Ipyra,
®  YCJIOXXHEHHE XapaKTepa U JJIUTEIbHOCTH 3JIEKTPOMEXAHUYECKUX MPOLECCOB.

2.8 HopmaTuBHbBIE MaTepHaJbl 110 HAJAEKHOMY ynpaBjenuro IC



Ha ympasnenre DC BiIHseT HaJEKHOCTh 000pYIOBaHMs, alapaTypbl, CPEJACTB aBTOMATH3AIMH U
ynpasienus. IIpu 3agaHHBIX TOKa3aTeNsiX HAAKHOCTH 000pYAOBaHMs, KAauyeCTBEHHOE YIpaBJICHUE
HanexHocteio ODC obecrieunBaercs:

»  (OO0ecreueHreM pe3epBa MOIHOCTH U MIPOITYCKHOM CIIOCOOHOCTBIO 3JIEKTPHUYCCKHUX CETEH;

*  peanu3anus TpeOOBaHHUI K HaJCKHOCTH CXEM IMPUCOCAMHEHUS SJICKTPOCTAHIIHMIA, CXEM ITUTAaHUS Y3JI0B
Harpy3KH OCHOBHBIX U paCHpeI[eHI/ITeJIBHBIX CeTeﬁ, T'JIAaBHBIX CXEM 3HeKTpI/I‘ICCKI/IX COCI[HHGHHﬁ, CXEM
COOCTBEHHBIX HY ] 3/CT | 11/CT.

st oGecnieueHust HaaeKHOCTH yipaBieHus: DC Heodx00umo onpeoenenue.

= (OObema oCHAIEHUs BCEH CHCTEMBI 3JIEKTPOCHAOKEHHS CPEACTBAMU PENICHHOM 3alUThl, TUHEWHOU U
MPOTUBOABAPUHNHON aBTOMATHKH;

" [PHHIUIIOB OPTaHU3AIMHU SKCIUTyaTallHu 3/CT U DJICKTPHUECKUX CETCH.;

"  CTPYKTYpBI OIIEPATHUBHO-AUCIIETYEPCKOTO YIIPABICHMS,

= coctaBel pabor mo ocHameHuto OC U 3HEProoOBEKTOB CPEACTBAMU  OIEPATUBHOIO U
aBTOMATHYECKOTO YIIPABJICHHUS;

" mopsaKa pa3paboTKu U BHeApeHHs pexxumoB OIC;

= Cucrema 0OyueHHs SKCIUTyaTHPYIOIIEr0 M ONEPaTUBHOIO INEPCOHANa METOJOM IpPEeJOTBPALCHUS
aBapuil.

B psine nelicTByOmMX OTPACIEBBIX JUPEKTUBHBIX IOKYMEHTOB UMEIOTCSI OCHOBHBIC HOPMAMUgHblE
mpedosanus N memooudeckue yKazanusa 1o OOCCICUYCHHUIO HAACKHOCTH TpH npoektupoBaHuu IC,
BEJICHUM SKCIUTyaTalliy U ONIEPaTUBHOMY yIpaBiieHHI0. K 3TUM JOKyMeHTaM OTHOCSTCS:
= PykoBoadiue ykazaHus MO IPOEKTUPOBAHUIO SHEPTOCUCTEM U YIHEPrOOOBHEKTOB,;
= TJITD s/cT u cerei;
= [IVD;
®  PYKOBOZSIIME yKa3zaHus 1o yctoiuusoctu IC;

" PYKOBOSIIME YKA3aHUS MO PEJICHHON 3alllUTe, CACTEMHON U MPOTUBOABAPUIHON aBTOMATHUKE;
"  HOpPMAaTUBHBIC MIOKA3aTEIM UCTIOIB30BAHUS 000PYI0BaHUs 3/CT;
® OrpaHuyeHue NOTPeOJICHUS U OTKIIOUEHUS FIEKTPOIHEPIHH.

2.9. TpedoBanus k Hage:xkHOCTH IC NPH NPOEKTUPOBAHUU

= bBanmaHc MOITHOCTH COCTaBISETCS ISl 3MMHETO TOA0BOTO Tpaduka HArpy3KH;

= jaercst oOmias OIEHKa JOCTaTOYHOCTH M 3((EKTHUBHOCTU CPEACTB MOBBIIIEHUS YCTONYUBOCTH
ABTOMATUYECKUX CHUCTEM YMPABJIEHHUS, BO3MOXKHBIE MOCIEACTBUSA OTKAa3a CPEACTB PEIECHHON 3aILMTHI,
ITA 1 KOMMYTaIMOHHBIX aNNapaToB;

" BBOJ MOIIHOCTH Ha 3/CT ONpeAeNseTcs yCIOBUSIMU TOKPBITHS MaKCUMAIbHON HArpy3Kd M CO3JaHHS
pe3epBa MOLTHOCTH;

u YUUTBIBAIOTCA CHWXXCHUSA MOIMHOCTH M3-3a OTpaHHUYCHUA IIpU €€ BbIAAYC, CHUIKCHHUC MOIIIHOCTHU
maHupyercs npuonu3uteabHo 10% oT ycTaHOBIECHHOM.

Pa3zmep pesepna mns KOC, TOI] ¢ arperatamu menee 100 MBT - 2%; 100-135MBT - 3,5%; 150-200
MBT - 4-4,5%; 250-300 MBT - 5%. JIns KOC ¢ sneprodmokamu ot 500 MBTt no0 1600 MBT - 5,5-7%; ns
ADC ¢ peakropamu 210-365 MBT - 3%, 440 MBT - 4%; 1000MBT - 5,5%; 1500 MBT - 6011¢ce 6%.

KanuraneHble peMOHTBI U CPEAHUE PEMOHTHI MPOBOISTCS B MEPUOJ CE30HHO20 ChAdA HArPy30K.
JUie  pEeMOHTOB NPUHATHI CIEAYIOLIME 3HAYCHUS CPEeOHe200060i  OIumenbHOCHU  NPOCcmos
obopynoBanus snekrpoctannuii: IDC u TADC - 4,1%, kanenmgapHoro Bpemenu (rox), KOC u TOC ¢
arperatamu MeHee 100 MBT - 2,5%; 100-135 MBT - 3,5%; snepro6nokamu 150-200 MBT - 3-3,5%, 250-
300 MBT - 5,5%; 500-1600 MBT - 6,8%. ADC ¢ peakropamu 210-365 MBT - 10%; 440 MBrT - 11,5%;
1000 MBr - 13-13,5%; no 1500 MBT - 14%.




Pexomenayembie IMOKAa3aTelIn HaJIC)KHOCTH - cpeonecmamucmuiecKue 3HAYEHUA
OMHOCUMENbHOU _ONUMEIbHOCHU K _HOPMAAbHOU_padome_asapuiinozo _npocmos;, arperaroB ['DC -
0,005; TOC - 0,02; sneprodmokoB TOC 500 MBT - 0,055; sneprodnokos TOC 1600 MBT, ADC - 2000,
1500 MBr - 0,13-0,14.

Yposnu moxkoe k3 (epruoaMUECKON COCTABIAIONICH) HA IMHUHAX 3/CT, I/CT HE JOKHBI PEBBINIATH
npu U=110-150kB - 31,5kA; 220-330xB - 40xA; 500-750xB - 63kA.

PexomMeHAYIOTCS  NPUHLMIBL  IIOCTPOCHUS  TOPOJACKOM  pPACHPENEIUTENIBHOW  CeTH  JUIA
anexTponpueMHHUKoB |-111 kaTeropumu.

Hampumep, ms | kareropun: nByxiydeBas cxema ¢ AByxcropoHHuMm nutanue 1 ABP na U=0,4xB
nByxtpancopmaropubix nmoactaniuii 10/0,4 npu moaxiIroueHny B3auMHO pe3epBupyeMbix uHuid 10 (6
) KB K pa3HbIM HCTOYHUKAM ITATAHWUS.

2.10 CucteMHasi aBTOMATHKA KaK cpeacTBO ynpapJjeHusi JC u odecnevyeHUs HATEKHOCTH
BricTpoe mpoTekaHWe ANEKTPUYECKUX TMPOIECCOB TMpH moBpexkaeHmsx B OJC Tpedyer

AgmMoMamu4ecKux ycmpoucme, o0eCIeunBaOIMX ObICTPOE BOCCTAHOBJIEHUE 3JIEKTPOCHAOXKEHHs U
JIOKaJIM3aIMIO TOBPEXKICHHOTO YYacTKa, 000py 0BaHMS.

K cucremaM aBTOMaTHUKH OTHOCSITCA.
= Penelinble 3a1UTHBIE ycTpoiicTBa P3Y;

=  AIIB;
= ABP;
= APB:;

= AC - aBTOMaTH4Y€ecKas CHHXpOHH3ALIMs TeHEPaTOpa;
=  AAPUY - pasrpyska OC 1o yacTore;
= APY - aBrOMarndeckoe peryJMpoBaHUE MO 4acTOTE.

ITpu skcrmyatanuu 9C HAIO CUMTATHCS C BO3MOXKHOCTHIO BOBHUKHOBEHHUS B HEW MOBPEXKIACHUS U
aBapUIHBIX PEKUMOB PaOOTHI.

Haubonee yacTrie MOBPEXACHUS K3, KX TIOCTICICTBHUS:
= Bosbmve MOHMKEHUS HANPSDKCHHS B 3HAYUTENbHOM yacTu DC, MPUBOIAIINE K HAPYIIEHUIO PaOOTHI
noTpeduTenei;
=  paspylieHUE ISKTPUUECKON TYTOH IJIEKTPOCHAOKEHUS C K3;

" HapylIeHHE CTaTUYEeCKOM M JuHaMudeckoi ycrolumBocTH DC, mapainu3yercs HOpMajabHas paborta
9C.

Bpemst oTkII0ueHHs MOBPEKICHHOTO AJIEMEHTA JI0JIM CEKYH/Ibl, CpabaThIBAIOT pelie, BHIKII0YATeNn
- pelieiiHas 3almTa.

AIIB - nmns BJI ynmaercs B 60-90% ciydasx aBapUHBIX OTKIIOYEHHH COXPAaHUTh IHUTaHHE
noTpeduTenei.

AIIB - ogHOKpaTHbIE, IBYXKPATHBIE 1 MHOTOKPaTHBIE.
Wx a¢dekTuBHOCTE: BTOpOro BrItoueHus - 15%, tpethero 1,5-3%.
Ha mmnax m/ct ¢ momomsio AIIB ymaercst B 70% npu MOBPEKICHHUSX IIHH COXPAHATH [MOJAUy

JIEKTPOIHEPI UH.
Taxoke BaXXKHBI U ApYTUE BUIBI agmomamuku nadedxcnocmu I3C.




I'naBa 3. Texun4ecKkue MOKA3aTeJIN HAAEKHOCTH JIEMEHTOB
JIEKTPUYECKHUX CUCTEM M MX Onpe/iesieHue

§ 3.1 INoka3aTenn HaJACKHOCTH HEBOCCTAHABIUBAECMBIX 3JIEMECHTOB 3JICKTPHYIECCKUX CHCTEM

Ilokazamenamu__HaoexicHocmu HA3bIBAIOT KOJMUYCCTBCHHBIC XAPAaKTCPHUCTUKU OJHOI0 HJIH
HECKOJIBLKHX CBOMCTB 3HCKTqueCKOﬁ CHUCTCMbI (9C) COCTaBIAIOIIUX €€ HAACKHOCTD.

K Takum XxapakTepucTMKaM OTHOCSIT, HallpUMep, BPEMEHHBbIE IMOHATHUA - HApabOOTKy 3JIeMEHTa
ANIEKTPUYECKOW CHCTEMBI JI0 OTKa3a, HapabOTKy MeXIy OTKa3aMH, CpOK CIIyXObl, Bpems
BOCCTaHOBJICHUS.

3Ha4eHMs 3THX MTOKa3aTeNeH MOMy4aroT 10 Pe3yJIbTaTaM UCTBITAHUN WU SKCIUTYaTal|H.

[1o BoccTanaBnuBaemMocTu 351eMeHTOB DC MOKa3aTenu HaJAeKHOCTHU MOAPAa3IEAI0T Ha MTOKa3aTeNN
JUIS. BOCCTAaHABJIMBAEMbIX M3ACJIHMI W IMOKAa3aTeNM JJIsI HEBOCCTAHABIMBAEMBbIX u3aenuil. [Ipumenstorcs
TaK)K€ KOMILUIEKCHBbIE TIOKa3zarenn. HajnekHOCTh 3JIEMEHTOB AJIEKTPUYECKON CHCTEMBI MOKHO OLIEHUBATD,
WCIIONIB3YS YacTh MOKa3aTeael HaJeKHOCTH, JIMOO BCe MOKa3aTeIH.

OCHOBHBIE TOKa3aTeN 0€30TKA3HOCTH

" gepoamuocmy_6ezomkaznoil_padomest P(t) - BeposTHOCTH TOro, YTO B MpEAeiax 3aJaHHOM
HapaboTku oTka3 DC uiu ee 3IeMeHTa He BOSHUKAIOT;,

= cpednee epems oOezomkaznou  padbomwvl (cpeomusnna napabomka 0o omkaza) (T) -
MaTeMaThudecKoe oxuaanre HapadboTku DC WK ee dJeMeHTa J0 MepBOro 0TKa3a,

" cpednsaa napabomka na omka3 (7, Tcp) - OTHOLICHHWE CyMMapHOH HapabOTKu
BOCCTaHaBJIMBaeMoro 31emMeHTa JC K MaTeMaTHYECKOMY OXKMJaHHIO YKCIIa €ro 0TKA30B;

" unmencueHocmb_omkazoe (A) - yCIOBHas IJIOTHOCTh BEPOSTHOCTH BO3HMKHOBEHHS OTKa3a
snementa JOC, ompezgensemas IpH YCIOBHHM, YTO JI0 pAaccMaTpUBaEMOr0 MOMEHTa BPEMEHHU
OTKa3 HE BO3HHK. DTOT MOKA3aTEh OTHOCUTCI K HEBOCCTAHABINBAEMBIM diieMenTaM DC.

C Y4€TOM Matcpuaja 110 MATEMAaTHYCCKMM OCHOBaM HAACKHOCTU HU3JIOKCHHOI'0O B KYypCC
«MareMaTH4YeCKHe OCHOBBI JHEPreTHKU» paccMOoTpuM TabOm.3.1 (yHKIHMOHATIBHYIO CBSI3b MEKIY
OCHOBHBIMH TIOKa3aTessiMu Haaexxnoctu: P(t), F(t), f(t), A(t), T, T.e. BeposTHOCTBIO O€30TKa3HOI pabOTHI;
GyHKIMU pacripeneneHus (BEPOSTHOCTHOTO OTKas3a - «Q»), IUIOTHOCTHIO paclpe/eeH s HapabOTKH /10
OTKa3a, ”HTEHCHUBHOCTBIO OTKA30B M CPEAHEH HapaOOTKH 10 OTKa3a.

B T1a6m.3.2 yka3aHHbIC BEIMYMHBI IPEICTABICHBI Ui OCHOBHBIX 3aKOHOB pacIpe/ICIICHHUs
ciyyaiinoii BenuuuHsl (CB).

31ech.
Ol - BUJI TUIOTHOCTH PacIpe/IeICHus;
k - macitad pactipenenenust CB;
«I"» - raMma yHKIHS.



Ta6:m.3.1 dyHKIMOHATBFHAS CBA3b MEXKITY ITOKA3aTeNIIMU HAJIS)KHOCTH

1. F()) 2.P() 3.1(0) 4.0 (E
t t
1. F(t) 1-P(t) J‘ _
f(t)dt J
l—e ©
0
t 00 t
2. P(t 1-F
X X 1-[fa=[foa| -]
0 t e °
s dF(Y) | 9P t
o o -|
A(t)e °
| OF@/d [ dP()d (1)
1- F(t) 1-P(t) P(t)
o0 00 o0 t
5. 00
| [A-FOt | [P | [t ()t -Jac
0 0 0 I °
0
Ta6:m.3.2 [TokazaTenu HaIeKHOCTH /ISl OCHOBHBIX 3aKOHOB pacIpeIeICHHUs
P f(t) A(t)
Lo At A-e
pacnpene- e ﬂ/
Hopmainsnoe t (em? -m? —(t—-m)?
S P N B B o A

t
J2ro— J- g OY/20 gy




pacmpee- k k-1
JIeHUE —ot L - kt (04
Beitbymna- e €

I'nenenno 1 B

PaccmoTrpum 0oJiee AeTanbHO OCHOBHBIC MTOKa3aTeu (mapamMeTpbl) HaeKHOCTH:

1. Bepoamuocmo _oezomkaznou__pavomst P(1)=R(t) - BeposTHOCTH TOro, YTO B 3aJaHHOM

HMHTEpBajie BPEMCHU HE IPOU30MICT OTKA3
P(t)=1-q(t); 0<P(t) <1; P(0)=1; P(0)=0;

C npyroii ctoponsr: P(t)=1-F(t);

F(t)=q(t) - BepoSATHOCTH MOSBICHUS OTKa3a B TCYCHUH BPEeMEHH <«1»;

P(t) — MoHOTOHHO yOBIBaroIast GyHKIINS;

F(t)- MOHOTOHHO BO3pacTaromas GyHKIINS;

CraTtucTuyeckas OICHKa:

No — n(t)

P'(t) =
No (3.1

rie

NO - o011ee KOTMYECTBO IIEMEHTOB /ISl UCTIBITAHHS WIIN SKCILUTyaTUPYEMBIX;

N(t) - 4KcII0 AIIEMEHTOB, OTKA3aBIINX 3a BpeMs «i»;

P(t) - BeposiTHOCTH 6€30TKa3HOU pabOTHI.

be30Tka3HOCTh - CBOWCTBO CHCTEMBI COXPaHATh pabOTOCIOCOOHOCTh B TEYCHUE 3aJaHHOTO
MHTEpBaja BpEeMEHHU Oe3 BBIHYKICHHBIX IepepbiBoB. Eciam «tp» - Bpems Oe30TkazHOW pabOTHI, TO
P(t)=P(tp>t) - BeposTHOCTH TOTO, uTO Bpemsi Oe30TKa3HOW paborel > t. 3aBucumocts P(t) - 3axon

pacnpeoelenuss HA0eHCHOCHU.

2. Ha mnpaktuke Oonee ynoOHash XapakTepHCTHKA - GE€POAMHOCHIL OMKaA308 (BEPOSTHOCTD
HEHCIPAaBHOMN paboThI).

Orta xapakTepuctuka Oosiee ymoOHa ,B YaCTHOCTH , JJIsl CpPaBHEHHS pPE3EPBHPYEMBIX U
Hepesepupyemsix JIOII u T.1.

HcnpaBHas paboTa 1 0TKa3 - HECOBMECTHMBIE U ITPOTHUBOIIOJIOKHBIE COOBITHSI.
q()=1-P(t)=F(t) (32
rre
q(t) — pyHskMs pacnpeneneHus BpeMEHH O€30TKa3HOW pabOThI , MPEACTABISIONIAS BEPOSTHOCTH
TOSIBJICHUS OTKa3a B TCYCHUU BpeMeHH 1 .
[Moncrasnss popmyny (3.2) B (3.1) umeem:

No — n(t)
No | orkyna

No — No + n(t) _ n(t)

L-a = No No (3.3)

. _n(t)_
qO=1-" =

rac

g(t) - BeposTHOCTH OTKaza. OTKa3 - HapylieHHe PabOTOCIOCOOHOCTH (CIOCOOHOCTH CHCTEMBI
BBITIOJIHATH 33/1aHHbIC (QYHKINU ¢ TpeOyeMbIMU PeXKUMHBIME Mapamerpamiu). g(t)- BEpOsSTHOCTH TOTO, YTO
B 3aJJAHHOM HHTEPBAJIC BPEMEHHU MPOM30MIET XOTS ObI OJTHH OTKA3:

q(t)=a(tp<t),

[Tpu sTOM , eciu t=var (mepemenHast BeanuuHa) ot 0 10 o, To umeem ((t)=var ot 0 o 1.
Jlns BOCCTaHABIMBACMBIX (PEMOHTHPYEMBIX) AJIEMEHTOB MPEACTABISCT WHTEPEC 6EPOAMHOCHIb
omKaza 3a 0 iumesibiblii nepuod Haddenus cp(o), STy BEINYNHY HA3BIBAIOT TAKKE KOA(DDOUIIHEHTOM




sbinycoennozo npocmoa (KB) — 1ot KoadduimenT xapakrepusyeT BpeMsi BEIHYKICHHBIX IPOCTOEB 3a
TOJl, U U3MEPSETCS B OTHOCUTENBHBIX eIMHUIAaX. OJHOBPEMEHHO MOYKHO 3aIIUCATh!

q _ tai . . tpi
i — ., . i, . "
U + 1y tIoi +1, 3.0

Ot BeipakeHus (3.4) Takke MOIXOMAT Ui BOCCTaHaBIuBaeMoro semenTa JC. B atom ciyuae:
Ti=tpi+t4 - BpeMst HAOIIOCHHS 3a DIIEMEHTOM «i»;
t4 - BpeMs aBapHii dJIeMEHTa «i»;

tp — Bpemst 6e30TKa3HOM paboTs! “i™™ snemenTa.
f=ta
taI: | ,

rne )

Nj- YuciIo aBapuii “i'° seMeHTa;

t4- cpenHee BpeMs. aBapuu;

_ Nt PR
ottt o+t
pi ai pi a (3.5)

rae Gi(t)-pyHkums , onpenensiomas pacnpe/ecHue BEPOsSTHOCTH MOBPEXICHU(0TKa3a)

sreMenTa “i” Bo BpeMeH!
Ai(t)-HanéxHOCTH paboThl “i”3meMenTa B yacoBoM npesene(ty,ty):

t2
R () = expr(~[ A(t)dt]
t1 . (3.6)
I/IHTel"DaJ'II)HaSI d)VHKHI/ISI PaCIIpCaACIICHUA BeDOﬂTHOCTeﬁ OTKasza.

nt,,. <t) [0t=0
Not=0)  (Lt=oo] (3.7)

Ota ¢ynkuus (3.7) 4MCICHHO paBHA J10JIe HAYaIbHOTO KondecTBa 00bekToB No(t=0),

OTKA3aBIIKX J0 MPOU3BOJIBHOTO, HO PUKCHPOBAHHOTO MOMEHTa BpeMeHH "1, 4To cocTaBimsaeT Nty <t)

00BEKTOB.
Jst aTOTO CMydasi, BEpOSITHOCTh 0€30TKAa3HOW PabOTHI:

nt, >t) |Ot=o
() = Pl . >1) = e > .
No(t=0) |Lt=0 38)
Taxum 0Opa3oM UHTErpanbHas GYHKIUS pacIpeesieHHs BEpOATHOCTEH 6e30TKa3HOM paboThl
p(t) urciaenHo paBHa 10J1€ HaYaabHOTo KoauuecTBa 006eKTOB No(t=0) , He oTKa3aBIIKX 10
MIPOU3BOJILHOTO, HO (PMKCUPOBAHHOTO MOMEHTa BpeMeHH "t 310 N(tyr>t) 00bEKTOB.

F(t) =P, <t)=

I'paduyeckn umeem s "i" oobekTa (deMeHTa)

p(t)

1 O0sacTs BO3MOYXKHOI'O
nu3menenus P(t)

No(t=0)
No(t=0)

o

nt __>t)

omk

No(t =0)




s

tOTK < t to1‘1<>t
Puc 3.1

Ha puc. 3.2 npencrasnena rpaduyeckast 3aBHCHMOMTb MHTETPATBHOW (DYHKIH pacIipeieieHus
BEPOATHOCTEH OTKa3a

F(t)
1
O
N, (t=0)
N, (t=0) N
< 0JIaCTh BO3MOYKHOTO
Nt <) usmenenust F(t)
N, (t =0)
vO O
--->
0 t
tOTK < t tOTK>t

Puc 3.2.
W3 npusenennsix Gopmyi (3.7) u (3.8) u puc.3.1 u 3.2 BugHO, 4TO
N(tor>t) = N(t=0)- N(tor<t); N(tor<t) = N(t=0) - N(tor>t). (3.9)

CieqoBaTeibHO!
nt >t) nt <t N,(t=0
p(t)+F(t): (omK )+ (omK ): O( ):1
N, (t=0) No(t=0) Ny(t=0) (3.10)
Jns npousBonbHOro MomeHTa Bpemenn O < t < oo, TakuM 00pa3oM BEpOSTHOCTH 0e30TKa3HOU

paboThl 00bEKTa B TECUEHUH BpeMEHM { M BEpOSATHOCTH €ro OTKaza J0 MOMeHTa t 00pa3yloT MOJHYIO
TPYIILy HECOBMECTUMBIX COOBITHI

p(t)+F(t)=1, p(t)=1- F(t), F(t)=1- p(t). (311)

3. Cpeonee _epemsa_be3omkaznoil_padomel_uau_cpeonsas_mnapabomxa 0o _omkaza_(t, Tcp,To) -
MaTEeMaTHYECKOE OXKUAAHHE CIy4YailHOW. BEIMYMHBI BpeMEHU O€30TKa3HOU paboThl 3JIEMEHTa 0
NEepBPro 0TKa3a:T.e. MaTEMaTUUECKOE OKUJaHNE HapaObOTKHU 10 IEPBOro OTKa3a

—r=Tep=To= [t f(t)dt = jt-q'(t)dt: jt-a(t)dt

Y

0 0 0 , (812
rae
F(t)=8(t b pacrpeaeneHus HapaOOTKH IO 0TKa3a, YaCTOTa OTKA30B,;
0 BbIpAXXEeRHE A3 £M MHTETPUPOBAHMS 10 YACTSAM MOXKET OBITh IPeoOpa30BaHO

CIeTyIoIuM 00pa3oMm !

ta(t)dt = [ tp"()dt = to (1)

Q —y 8

[ p(t)at
O o

(3.13)



VYuaurteiBas ,urto t >0, p(0)=1 u p(0)=0,0k0OHUYaTENBEHO MOTy4aeM:

T- ]O P(t)dt

(3.19)
J1J1 SKCIIOHEHIIMAJILHOTO 3aKOHA paclpe/iesIeHnsl BpeMeHH 0€30TKa3HON padOThl UMEEM :

T = Te‘”dt _1
0

. (A=const) (3.15)

Takum oOpasoM, cpeaHee BpeMs HapaOOTKu 3jeMmeHTa(00beKTa) HAa OTKA3 YHCICHHO paBHO
CpelHeil , MO0 MHOXECTBY OOBEKTOB , MPOAOJDKHTEILHOCTH O€30TKa3HOM paboThl (MEXIy ABYMS
COCEJIHUMH OTKa3aMH ) , IPUXO/AIIEHCS Ha oauH 3jeMeHT (00bekT) , T.K. A(t)=const , To u T=const T.e.
9TH BEJIMYMHBI MOTYT OBITh BBIYHMCIICHBI JUIs BCeX 31eMeHTOB DC W CBEICHBI B TaOJUIIBI , OCTABLHBIC
MoKa3aTeIl HaJAEKHOCTH ONPEACIISIOTCS Yepe3 dTH BETHYHHBI.

[lo cratucTryeckuM JaHHBIM cpeiHee BpeMs HapaboTku 3iemeHTa DC 10 0TKa3a Onpeaensercs u3
BBIPAXKCHUSI
No
Dt
i=1

No (3.16)

T =Tcep” =

rae
ti- Bpemst 0€30TKa3HOI paboTHI i-ro 3nemenTta OC;
NO - o011iee YUCII0 3IEMEHTOB B3SITHIX AJISI HCTIBITAHUSL.

B Boipakenue (3.16) He0OXOAMMO 3HaTh MOMEHT BBIXOJAa M3 CTPOS KaXKIOro siemeHTa. boiee
yaoOHas (popma 3anucu :

No (3.17)
rae
Ni - YUCJIO AJIIEMEHTOB, OTKA3aBIINX B i-OM HHTEpBaJe;
tk - Bpems B TeueHHe KOTOporo otkaszano "No" 371eMeHTOB,;
At - BeIOpaHHas BeIMYMHA HHTEPBajla BPEMEHHU.

R VO o ¥

—t
N
|

2 - cpeaHee BpeMs I-T0 MHTEpBaJa; (3.18)
rie
ti-1 - Bpemst B HavaJje i-ro MHTEPBaa;
ti - Bpemsi B KOHIIC I-TO HHTEPBaA;

C npyroit CTOpOHBI, UMEEM:

r=Tep= [ P(t)dt
0 (3.19)

4. NnTteHcuBHOCTh OTKa3oB (A). Dra BenMyMHA MPEACTABISICT COOOH 6eposmHOCHb OmKa3a
HePEeMOHMUPYEeMO20 U30e U 6 e0CHUUY 6PEeMEHU Nocie OAHHO20 MOMEHMA 6PEeMEHU NpU yCA06UU,
Ymo omKaz 00 IMo20 MOMeHma He 603HUK . UNCIIEHHO OHA paBHA CPEHEMY YHCIy OTKA30B B €IUHUILY




BPEMEHH Ha OJUH OOBEKT M3 KoJuuecTBa 00BEKTOB N(to>t) HE OTKa3aBIIKMX 0 MPOU3BOJIBHOTO, HO
(buxcupoBarnHoro Bpemenu "t".

t t<t+ At
( omx > + ) (e().ep_l)
nt >t)At (3.20)

[loHaTHEe WHTEHCHUBHOCTh OTKAa30B YCTPOHCTBA B E€AMHHUILy BPEMEHH HCIIOJIb3YyeTCs Kak
KOJIMYECTBEHHAs XapaKTePHCTHKA IJIi MaTeMaTH4ecKOro ONpeAeiIeHUs Haa&KHOCTH. DJTa BeIWYHMHA
U3MepsIeTCsl B CpelHEM OOBIYHO YMCIOM OTKa30B 3a o1uH yac. OOparHas BenmumHa "A" - HapaboTKa 10
MEPBOTO OTKa3a B HYacax - OTHOIIEHHE OOIIeT0 BPEMEHM HCIBITaHUSA K OOIIEeMy 4YHCIy OTKa3oB. B
JHUTEpaType YacTo BCTPEYAETCs CIEAYIONIee OINpelesiecHHe MHTEHCHBHOCTH OTKAa30B @ 3TO_YCIO6HAA
HIOMHOCHb_pacnpedesieHus epeMeHu 0e30mKa3Hoil_padomsl JUTs MOMEHTa BpeMeHH t mpu ycioBuu,
4TO JI0 TOTO0 MOMEHT OTKa3a He MPOU30IIIeN. (HHTCHCHBHOCTD MOSBIICHUS OTKAa30B B CIMHUILY BPEMCHH)

A = &0
P rx. P <1, 10 A1) > a(t): (3.21)

At ="

OMmK

e
P(t) — BeposTHOCTB 6e30TKa3HO# paboOTHI 3eMeHTa DC
a(t) - vacrora otka3oB snementa JC.
Co CTAaTHCTHYECKON TOYKH 3PEHHS WHTCHCHBHOCTH OTKa30B A(t) - OTHOIIEHHME YHCIa OTKA3aBIIMX
snemerToB DC 3a HEKOTOPBIHA MPOMEKYTOK BPEMEHH K YHMCITy pabOTOCIOCOOHBIX 3JICMEHTOB B Hadaye
3TOTO MPOMEXKYTKA.

1) ~ An(t)

N(t)- At (3.22)
NnJIn
2(t) = n(At)

N-p- At (3.23)

rie
At - UHTEpBaJI BpEMEHHY,
AN(t) - 9ucIIo 371eMEHTOB, OTKa3aBIINX 3a Af;
At At

N(At) - uncio snemenToB oTKa3aBmux B uHTepBane or (2 )mo(  2);
N(t) - unco 21eMEHTOB, UCTIPABHO PabOTAIONIMX K HAYady IPOMEKYTKA BPEMEHH.

1
2N tN )
Ncp= 2 2 - cpemHee YHCIIO UCIPABHO pabOTArOMIMX JJIEMEHTOB B WHTEPBAJIC
At.

[MokaxxeM cripaBeNTUBOCTH 3TOH orleHKU. YuuTbiBas ,4to Ncp=No-n(t),monyunm :

N(t)-auco u3gennii ,0TKa3aBIIMX B TCUCHUH BpeMeHH "t

N(At)-umciio uznenuii (37eMEHTOB) OTKa3aBIIMX B TeUCHUE BpeMeHH" At"

N(At)=[N(t+ At)-N(t)],rne

N(t) u N(t+ At)-uncio uzaenwuii (3;1eMeHTOB) 6€30TKa3HO MPOPAOOTABIINX B TCYCHUH BpeMeHH {
u t+At COOTBETCTBEHHO.

[Ipu nocTaTouHO GOJBIIOM YKCIC U3AEHi (3JIEMEHTOB) ,[IOCTABJICHHBIX HAa UCIIBITAHHUE
(sKcIuTYaTannm),MOXKHO 3aITHCATh:

N(t)=NoP(t); (3.24)

N(t+At)=NoP(t+At) (3.25)
Orcrona:



~ No[P(t + At) — P(t)]

A )=
No[1- @]At
No (3.26)
I[Mpu gocTatouro 60bmoM «NO» MOXKHO 3aITHCaTh:
(1) = —[P(t + At) — P(1)]
P(t)At (3.27)
[Tpu At— 0 momyuum :
(1) = lim P(t + At) — P(t) _ - P'(t) _ a(t)
a0 P(t)At Pt)  P(t) (3.28)

Jlnst BeicokoHaAEXHBIX cucteM eciu P(t)=0.99,to kak cienyet u3 hopmyssl (3.25): a(t)~A(t)

Ommbka He 60see 1% u He mpeBbIIIAeT OMUOOK cTaTuCTHYecKoro onpeneneHus a(t) u A(t).

Craenyer noau€pkHyTh pasHully Mexxay Bennauaamu a(t) u A(t) .Bepostaocts a(t)dt
XapaKTepU3yeT BEPOATHOCTh OTKa3a CHCTEMBI (d1eMeHTa) 3a mHTepBai BpemerH (t,1+At),B3sa101(10)
MPOM3BOJILHBIM 00Pa30M M3 IPYIIIBI CUCTEM (JIEMEHTOB) ,TPUYEM HEM3BECTHO B KAKOM COCTOSIHUH
(paboTOCTIOCOOHBIM HITH HEPAOOTOCIIOCOOHBIM) HaxoauTcst cuctema(dmement). Beposithocts A(t)dt

XapakTepU3yeT BEPOATHOCTh OTKa3a cucteMbl(3aemenTa) 3a uatepsai (t,t+At),B3aTyro(ro) us rpymms
crcteM(3JIEMEHTOB),KOTOPbIE OCTATHCH PAOOTOCIIOCOOHBIMH MOMEHTY BpeMeHH “t”

a(t)
Wurerpupys seipakenue (3.25) A(t)= p() ,JAMEEM '

P(t) = exp[-tf/i(t)dt].

—j./l(t)dt ~InP(t)

HITH (3.29)
Tax kax: JI/1(0 = ?)((tt));: a(t)=-P'(t) = —dZEt);:
a=-FO 1 ha--PY.
dt P(t) P(t)

At)dt =1-dInP(t) = [ A(t)dt =—[d InP(t);=

j'z(x)dx: —j.d InP(x);= .t[/l(x)dx= —-In P(x)\ to;:>

t —j.z(x)dx:InP(t)—InP(O);: P(0)=1In1=0=

Puc. 3.3

—'t[ﬂ(x)dx =InP(t);

Ha puc. 3.3 npencrasiena THIMYHAs 3aBUCUMOCTD A(t) ,

rae
30Ha 1 - mepuoa npupaboTku 3nementa IC,
30Ha 2 - TIEPUO]] HOPMAJIBHOM SKCIUTyaTaluu 3jaeMenTa (A=const);
30Ha 3 - mepuo u3Hoca ementa JC.

Ecnau A=const, To nmMeeM - SKCMOHEHIMATIbHOE pachpeeneHie (Hanboyiee 4acTo MUCIOJIb3yeMOe B
SHEPreTHKE IS MIEPHOIa HOPMaIbHON paboThl 3eMeHTOB DC).



— At
Pt)=€e". (3.30)

— At
alt)=e". (3:31)

K 1
Tep = j efdt ==
0 A . (3.32)
Takum oOpazom, Beipakenus (3.31) u (3.32) cnpaBemuBbl U TEpHOJA HOPMAaIbHOW pPabOThI
JIEMEHTOB.
s anekrpudeckux cereit u JIDIT ¢popmyier (11),(12) cnpaBemuBel ocie 2-3 J1eT, SKCILTyaTaluH,
HO y4HUThIBasi, 4To cpok ciayk0b1 JIDIT 50-60 ner, To mpakTHYECKH MOKHO CUUTATh, YTO 3TU BHIPAKCHUS
MPUMEHSIOTCS JJIs1 OLEHKH HaieskHOCTH JIDII u anekTpruueckux ceTei.
3aBucumocts P(f) - wacTo Takke Ha3bIBAIOT HAJEHCHOCHIbIO PAOOTHI DJIEMEHTa B 3aJaHHOM
HHTepBaje BpeMeHu. Tak Kak:

p®)+at) =1 , qt)=1-p(t)=1-e* (3.33)

Bemnunny «((t)» Ha3bIBalOT HEHADEHCHOCHIbIO, 3TO BEPOSITHOCTH TOrO, 4YTO 3a Bpems «b»
MIPOU30MIET XOTs OBl OJIUH OTKa3.

Takum 00pa3oM, i XapaKTEPUCTHKH HAJCKHOCTH HaIo 3HaTh BenmduHy A(t) — cpemnee gucio
OTKa30B B €IMHUILy BPEMEHHU.

5. Hapabomka na _omkasz To - cpeaHee BpeMsi 0€30TKa3HOW pabOTHl HEBOCCTAHABIMBAEMBIX
OJICMCHTOB 10 OTKa3a WJIKW BOCCTAHABIIMBACMOI'0O 3JICMCHTA MCKY COCCAHUMU OTKAa3aMHU.

h
Dt
T’ = £ = A=

n n (3.34)

rae
N - 9UCII0 OTKA30B 3a BPEeMsl HCIIBITaHUs (KCIUTyaTanum) snemenTa JC,;
t - oOmee Bpems ucrpaBHO# paboThI dnemenTa JC;
ti - Bpems ucnipaBHO# pabotsl anemenTa JC mexay (i-1) u i oTkazamu.

6. Yacmoma omka3oe (8) - TUIOTHOCTh pacHpeseieHUs BPeMEHH Oe30TKa3HOW padoThl WK
MPOM3BOIHAS OT BEPOSTHOCTH OE30TKA3HOU PaObOTHI

a(t)=g'(t)=-p'(t) (3.35)

I[J'I}I OIIPEACIICHUS BCIININHDBI a(t) HMCIIOJIb3YETCA CICAYIOIIasd CTaTUCTUYCCKAS OLICHKA.

n(At
a*(t)= (4t
NoAt , (3.36)
rac
n(At) - 061_1_166 KOJIMYECTBO 3JICMCHTOB B3SThIX AJISI UCIIBITAHUA UJIN SKCILTYaTUPYCMBIX

At At

NO — 4KCII0 OTKa3aBIIUX JIEMEHTOB B uHTepBaie Bpemenn or (2 )mo(  2);
At — uHTEpBaJI BPEMEHH.

ITokaxxeM crpaBeNIMBOCTh 3TOM OLEHKU. YHUCIIO U3, OTKA3aBIINUX B TEUCHUH «AD»!



n(At) =—[N(t+At) - N(®)], (3.37)

e
N(t) u N(t+At) — grcno uzmenuii, 6€30TKa3HO MPOPAOOTABIIKX B TeUeHUH BpeMenu “t” u “ (At +
t)” COOTBETCTBEHHO.
[Ipr 1OCTATOYHO OOJBIIOM YHCIIE HM3ICIHiA, MOCTABICHHBIX Ha HCIBITAHHE WM SKCILIyaTallHIo,
uMeeM:

N(t) = N P(t); (3.38)
N(t + At) = N P(t + At); (3.39)
Torma
(0= N,[P(t + At) — P(t)]
N, _ (3.40)
ITpu At — O mosryamm:
at)=—Ii m P AA? PO =g (3.41)

OMHOBpEMEHHO  3TOT  KOJHMYCCTBEHHBbIH  ToOKaszaTeab  HandkHoctH  «a(f)»  sBiseTcs
muddepenmansHol  QyHKIMEH pacmpenelieHHs BEpOSTHOCTEH oOTKa3za (IUIOTHOCTBIO BEPOSITHOCTH
0TKa3a) YMCJICHHO PaBHOW CPEIHEMY YMCIY OTKA30B B €MHUILY BPEMEHH Ha OJUH O0BEKT U3 HAYAITIHLHOTO
konudectBa 00bekToB No(t=0) win mone HadanpHOro KonmdectBa 00bekToB No(t=0), oTka3zaBmmx mocie
MIPOU3BOJILHOTO, HO (PUKCHPOBAHHOTO MOMEHTA BPEMEHH t B TEUEHUH BHIOPAHHOTO TPOMEXYTKA BPEMEHHU
“At.

W3 Teopun BEpOATHOCTEN U3BECTHO, YTO:

n(t<t, <t+At) (cosperenu ™)

f(t)=
® N, (t = 0) At (3.42)

dF(t) _ dP(t)
t

]2 f(Hdt=1
dt d 0

()=

u (3.43)

Cnenosarenbho, rpapuk f(t) 3aBucur ot rpaduka F(t). 3aBucumocts ke f(At) sBusercs
IIPONOPLIMOHAIIBHOM, IOCKOJIBKY C POCTOM ITPOMEXKYTKa BpeMeHH “At” Bo3pacTaeT U BEPOATHOCTb OTKa3a
B TEUCHHH 3TOTO MPOMEIKYTKA.

CpaBuenue Gpopmyi mioTHocTH BeposTHOCTH f(t) (3.42) u unTeHcuBHOCTH 0TKa30B A(t) (3.44):

nt<t,,

<
<t+AD) (eo.epemenu™)
n(t

At) =
( ) ot >t) At (344)

MOKA3bIBA€T, YTO O3THU BEJIMYMHBI OTJIMYAIOTCS TOJBKO OOIIUM KOJIMYECTBOM OOBEKTOB B
3HaMEHATele, K KOTOPBIM OTHOCHUTCS KOJIMUECTBO 3JeMeHTOB B ynciuTene N (t <ty < t+ At), oTkazaBimx
1ocje NpOU3BOJIBHOIO0, HO (PMKCHPOBAHHOTO MOMEHTA BpeMeHH “1” B TeueHHe BHIOPAHHOTO MPOMEXKYTKA
BpeMenn “ At”



YacroTa OTKa30B, BEPOSITHOCTH 0€30TKa3HOW pabOTHl M BEPOSITHOCTH ITOSIBICHUSI OTKa3a CBS3aHEI
CJICAYIOUIMMHU 3aBUCUMOCTSIMHU

P(t)=Ta(x)dx q(t):ja(x)dx p(t)=1- Jt‘ a(x)dx.

’ ) t

(3.45)

]ga(x)dx—j.a(x)dX: ((——. )= Ta(x)dx
tak kak p(t)=1-q(t) =0 0 t

YacToTa 0TKa30B JIEMEHTOB TAKKE CBA3aHA C UX MHTEHCUBHOCTHIO OTKA30B

-0

P(t) (3.46)
Tak kak P(t) < 1, o Bcerma A(t) > a(t).
Jlnis BeIcOKOHAAEKHBIX cucTeM mpu p(t)>0.99 moxkuo npuauMaTh at) ~ A(t).

7. lucnepcus epemenu scuznu yaemenma 3C

D(t) = j 2 ()dt-T2 = 2[ tp(t)dt -T2
0 0 (3.47)

CraTtucTuueckas JUCTICPCHSL.

N, —13 , (3.48)

rac

Ha IMPAKTUKE B Ka4CCTBC OLCHKU HaJAEXKHOCTH dYalle HCIIOJIB3YIOT CPEAHEC KBAaAPATUYCCKOC

oTKJI0oHeHHE (G) :
o(T)=-/D[T] (349)

T —Bpemst xu3Hu ammementa IC.

rIe

3.2. JlocTOMHCTBA M HEAOCTATKH MOKa3aTeJeld HaEKHOCTH

1) BeposiTHOCTD 0e30TKa3HOiI padoThl p(t),

JlocTonHcTBA!
a. XxapakTepu3yeT U3MEHEHHUE HaAEKHOCTH BO BPEMEHH,;
0. 1a€T BO3MOXHOCTh HATJISAHO CYIUTh O HAAEKHOCTH;



B. ITIOKA3aTCJIb MOXET 6BITB HMCIIOJIB30BaAH IJIs pvaéTa HaI[é)KHOCTI/I HOBBIX CUCTEM 10 UX
peanu3anuu;

r. p(t) XapakTepu3yer CTOMMOCTh U3TOTOBJICHUS U SKCIUTyaTal[id CHCTEM,;

JI. TIOKa3aTellb OXBAThIBACT OOJBIIMHCTBO (PAKTOPOB, BIUSIONINX HAa HAEKHOCTD.

HenocraTku:

a. TIOKa3aTellb XapakTepu3yeT HaEKHOCTh BOCCTAHABIMBAEMBIX CUCTEM JI0 TIEPBOTO OTKAa3a M
SIBJISIETCS] JOCTATOYHO MOJIHOM XapaKTEPUCTUKON TOJIBKO CUCTEM PA30BOI0 MOJIb30BaAHMUS;

0. mTokazaTenb HE MaéT XapaKTePUCTUKH MEXKIy BPEMEHHBIMHU COCTABIISIIONTUMHU ITUKJIA
JKCIIyaTaluu,

B. OTa BEJIMYMHA HE BCEraa yA0OHAa /i OIEHKH HAAE&KHOCTH TMPOCTBIX AJIEMEHTOB IIPH
OTCyTCTBI/II/I CTapeHI/IH;

T. 10 TOMY ITOKa3aTENI0 JOBOJILHO TPYAHO HAWTU APYTUE TTOKA3ATEeIN HAAEKHOCTH.

2) Cpennee Bpems 6e30Tka3H0i pa6oTsl (T cp) STOT MOKA3aTeNb HANEKHOCTH SABISIETCS OJHUM W3
GOHCC HarJis1IIHBIX KOJINMYCCTBCHHBIX XapaKTepI/ICTI/IK Ha[[é)KHOCTI/I HO KaK MaTE€MaTHUYCCKOEC OKHUIAHUEC HEC
MOJTHOCTBIO XapaKTEPHU3yeT HAAEKHOCTh BOCCTAHABIMBAEMBIX CHCTEM , HAJO0 CHIE 3HATH JUCICPCHIO
BpEeMEHH O0TKa30B. Benmunna Tcp XxapakTepusyeT paboTy CHCTEMBI [0 TIEPBOTO OTKAa3a.

3) Hapaoorka Ha otka3 (T) DToT mokasaTesb HaJAEKHOCTH XapaKTEPHU3yeT BOCCTAHABIMBACMYIO
CUCTEMY.

4) Yacrora orka3oB” a" uiam' f" -mo3BoiseT CyauTh O KOJHYECTBE DJJIEMEHTOB, BBIXOISIINX M3
CTpOH B HpOMC)KYTKC BpeMCHI/I JUUIA HeBOCCTaHaBJ’IHBaCMOﬁ CUCTCMBbI U IOBOJIBHO HpOCTO BBIUUCJIIUTH
KOJIMYECTBO OTKA3aBIIIUX CUCTEM B MHTEpBaje " Al” JHO 1o €€ BeTMYMHE HEJb3s CYIUTh O HaIEKHOCTH.

5) MaTeHCMBHOCTH 0TKA30B (M) .

JloCTOMHCTBA.
a) A(t)-byHKIMS BpeMEHHU U MMO3BOJISET HATIISAHO YCTAHOBUTH XapaKTEPHbIE YYaCTKH PabOThI
CHCTEMBI.DTO AaET BO3MOXXHOCTh HAMETUTH MyTH T10 MOBBIMICHUIO HAIEKHOCTH
0) moxkasarento A(t)-mpocTo TOBOJIILHO HAWTH APYTHE XapaKTCPUCTUKU HATIEKHOCTH
HemocraTku: mokasareb UCIOIb3YETCS ISl HEBOCCTAHABIIMBAEMBIX CUCTEM (3JIEMEHTOB)

3.3 [Moka3aTe/ i HAIEIKHOCTH BOCCTAHABJIMBAEMbBIX 2JIEMEHTOB (00HEKTOB, CHCTEM)

I[JISI OICHKU HAACKHOCTU BOCCTAHABJIIMBACMBIX, T.C. PCMOHTONPUTOAHLIX 3JICMCHTOB (OGLGKTOB,
CI/ICTGM), HCIOJIB3YIOTCA CICAYIOIIUEC IMTOKA3aTC/IN HAACKHOCTH.

1. Beposamuocmsb soccmanosaenus (pyHKIus pacupeaeacHus BpeMeHN BoccTaHoBIeHHs — FB) S(t)
- BEPOSITHOCTb TOTO, YTO OTKa3aBlllee M3/eare OyIeT BOCCTAHOBJICHO B TEUCHHE 3aJaHHOTO BpemeHu "t”,
T.€. BEPOSATHOCTh CBOEBPEMEHHOT'O 3aBEPILICHHUS PEMOHTA.

OueBuaHo, yto 0<S(t)<1, §(0)=0, (0)=1.

Jlost onipeieniernst BeanauHbl S(t) MCMONb3yeTcst ClieIyommas CTATHCTHYECKAs! OICHKA:

* NB
S* ()=
OB | (3.50)

rae
Nop - YHCIIO U3/IEJINH, TOCTABJICHHBIX HA BOCCTAHOBJICHUE,;
NB - uncno usnenuii, BpeMs BOCCTAaHOBJIEHHS KOTOPHIX OBbIJIO MEHBIIE 33JaHHOTO BpeMEHHU 't

2. Bepoammnocmy neceoespemennozo 3asepuienus pemonma (HeBocctaHoBieHws) G(t) -
BEPOSITHOCTh TOT'0, YTO OTKA3aBIlIee U3/eNUe He Oy/IeT BOCCTAHOBIICHO B TEUCHHE 33 JaHHOTO BPEMEHH .
Craructudeckas oreHka Benuanabl G(t):




N, — N
G*(t) = %
OB , (3.51)

W3 ananu3a Beipakenwuii (3.50) u (3.51) cnenyer, uto:

S(t) + G(t) = 1. (3.52)

3. Yacmoma soccmanosnenus, %s(1) - miornocts pacmnpeseNneHrss BpeMeHH BOCCTAHOBJICHHUS -
ompenensercs mo popmyIie:

az(t)=S(t)=-G'(1) (3.53)

CraTucTrdueckas OlCHKA BEJIUYUHBI 45 (t)-

ng (At)
Nog - At (3.54)

a,*(t)=

rie
Nog - 4MCII0 U3/1eITHil, TOCTABJIEHHBIX Ha BOCCTAHOBIICHHE;
At At
t+—
Np(At) - YHCII0 BOCCTAHOBJIEHHBIX 3JIEMEHTOB Ha MHTEpBaje Bpemenu (2, 2).
4. Humencugnocmo goccmanognenus (t) - ycioBHas IUIOTHOCTb PACIpPE/CICHUS BPEMCHH

BOCCTaHOBJICHUSI JUIsi MOMEHTa BpeMeHHu '{” mpu yCIIOBUM, YTO JO ITOTO MOMEHTa BOCCTAaHOBJICHHE
HN3CIUA HE HpOI/I3OH_U10:

_ag(t)  ag(t)
C1-S(t) G(t) | (3.55)

u(t)

CraTtuctuyeckas oreHka BenduHbl [(t):

ng (At)
pux(t)= N A
B.CP. , (3.56)
rue
Ng.cp. - CpeHee YKCII0 U3EIHid, KOTOphbie He OBUTH BOCCTaHOBICHBI B nHTEpBajie Bpemenu (0,
t).
A A
[t _At i+ tj

Ng (At) - 4nCII0 BOCCTAHOBJICHHBIX M3/IEIIUN 32 HHTEPBAJ 1. 2 2

B otnnuune ot nmponecca OTKa30B, Pa3sBUBAOIINUXCA BO BPECMEHU CCTCCTBCHHBIM 06pa30M, mnmponecc
BOCCTAHOBJICHHA SABJIACTCA LHCIUKOM HCKYCCTBCHHBIM MW IIOJHOCTBIO ONPCACTIACTCA OPraHU3allMOHHO-
TEXHUUECKOU ACATCIIbHOCTBIO 3KCINTYATAlITUOHHO-PEMOHTHOI'O IICPCOHAJIA.

[ToaTOMY KpuBasi MHTEHCUBHOCTH BOCCTAHOBJICHUS, AHAJIOTMYHAs KPUBOW MHTEHCUBHOCTH OTKAa30B
oTcyTcTBYyeT. Tak Kak CyIIeCTBYIOT HOPMATHBBI BPEMEHHU Ha MPOBEJCHUE PEMOHTHBIX paboT, To u(t) = p
= CONSt ¥ 4YUCJIEHHBIE 3HAYEHUS] MHTEHCUBHOCTU BOCCTAHOBJICHUS CBEAEHBI B CIIPABOYHbIE TAOJIUIIBI 10
BUJaM OOOpYJIOBaHUS M PEMOHTOB. IIpM TOCTOSHCTBE BO BPEMEHM BEIMYMHBI «U» TOIy4aeM
JKCIIOHCHIIMAIILHOE PACIPEICIICHUE JIs1 BPEMEHH BOCCTAHOBIICHHMS



S(t)=1-e** G(t)=¢e* (3.57)

5. Cpednee epemsa esoccmanosnenus (TB) mpencraiser coOol MaTeMaTHUECKOE OXKHIAHUE
BpPEMEHH BOCCTAHOBIICHUS:

T, = [ G(t)dt To = [ tag (t)dt = [[1- S(t)]dt
0 ; 0 0 ; (3.58)
CrarrcTryecKkas OlleHKa BpEMEHH BOCCTAHOBIICHUS HAXOUTCS U3 BHIPAYKEHUS:
No
Ztsi
TB* — i=1
Nog - (359)
rac
tBi - BpeMsi BOCCTAHOBJICHHS i-T'O DJIEMCHTA,;
NOB — KOJIMYCCTBO HSHQHHﬁ, IIOCTABJICHHBIX HAa BOCCTAHOBJICHUC.
IIpu p = const umeeMm:
1
T,==
A (3.60)

CpenHee BpEMs BOCCTAHOBJICHHUS BKIHOYACT POAOJIKUTCIIBHOCTD nocneaBapHﬁHoro pPEMOHTa TAB
1 IPpOAOJDKUTCIIBHOCTD IJIAHOBOI'O PpEMOHTA THJ'I:

Tg =Tap + Tru - (3.61)

Craructuueckas OIICHKAa 3TOM BEIUYHMHEI OIIPCACIIACTCA U3 BhIPAXKCHUS

1 m
T,=—)1ti
B mg‘ , (3.62)

rIe
M - KOJIMYECTBO OTKA30B,
ti — BpeMsi BOCCTaHOBJICHHSI OJHOTO OTKAa3a.

Bpema goccmanosnenus - cpernee BpeMs BIHYKJICHHOT'O IIPOCTOsI, HEOOXOAMMOE /ISl OTBICKAHUS
U YCTpaHEHMsI OHOTO OTKa3a.

BpeMmsi BoccTaHOBJIEHMSI KaK MPaBUJIO MOAYMHSETCS HE SKCIIOHEHIIMAJIbHOMY 3aKOHY - Yalle 3TO
HOpMaJIbHOE pacrpenenenue, pacnpeneneHue BeiiOymia wim  Ilyaccona. AHamu3 cucteM C
HEAKCIIOHCHIIMAIBHBIM PACIIPEIeIIEHNEM YPE3BbIUAiiHO CIIOKEH W TMPAKTHYECKH €ro pacdyeTHas Gopmyra
He noajaercs GopMaIn3aluy.

B 10 Xe BpEMA 3aMCHA PpCAJIbHOTO 3aKOHa paclpelAcICHHUd SKCIIOHCHUOHUAJIBHBIM C TEM IKC

MAaTEMaTUYCCKUM OKNIAHUEM MaJIO UCKAXKACT KOHCYHBIC PC3YyJIbTAThI. HOBTOMy BO MHOT'HX CJIy4asaX 2Ta
3aMeHa 000CHOBAHA. HpI/I 3TOM.

ag(t)=u-e"" (3.63)



rac

a5(t) - gacrora BOCCTaHOBJICHUS,
L - ”HTEHCUBHOCTh BOcCTaHOBIeHus, [(t) = u = const.

BepOHTHOCTB BOCCTAHOBJICHHA

S(t)=1-e*" (364)

Cpennee BpeMsi BOCCTAHOBJICHHUS .

1
T,=—

kS

(3.65)

6. Ilomok omka3zoe (1) - MaTeMaTHYECKOE OXKUJIAHHE YHCIIA OTKA30B AJIEMEHTOB, MPOUCIIC/IICE
3a eIMHUIly BPEMEHHU, MpPH YCJIOBHM, YTO OTKA3aBIIKE 3JEMEHTHl 3aMEHSIOTCS HOBBIMH, T.€. YHCIIO
HCIIBITHIBAEMBIX 3JIEMEHTOB COXPAHSIETCSl OIMHAKOBBIM B IIPOLIECCE IKCILTyaTalUH.

Benuunna - cpenHAg HapaOoTKa Ha OTKa3.

[TapameTp MOTOKAa OTKA30B BOCCTAHABJIMBAEMOTo 3jeMeHTa - m(t) - cpeqHee KOJMYECTBO OTKA30B
JJIEMEHTA B IMHUILY BPEMEHH, yIeJIbHAS TIOBPEKIAEMOCTh DJIEMEHTA.

ITo manHBEIM 9KCILTyaTaluu 13 CTaTUCTUYECKON MOJIEIU UMEEM.

AN(t,t+At) _ n(At)

w*(t) =
NO * At NO * At , (3.66)
rae
An(t, t+ At) | Ni(At) - KOJMYECTBO 3JIEMEHTOB, OTKA3aBIIMX 33 MHTEpBaJl BpeMeHH Al wiu
At At
)
2 2 ) 1w yCIOBHH, UTO OTKA3ABIIEE W3/ICTHC HEMEUICHHO 3AMEHSCTCS HOBBIM;

No - 9HCII0 3JIEMEHTOB Ha UCIIBITAHUH, TIPH yYCIOBUU 3aMEHBI OTKA3aBIINX 3JIEMEHTOB.
wo(t)=A(t)=w=1=const.
1
Cpennee BpeMst HApaOOTKH Ha OTKA3:

1 8760

1
T’ — = =

A ® 200" (367)

Eciu o(t) - mocnenoBaTeabHOCTh CIIydailHBIX MOMEHTOB OTKa3a BOCCTaHABJIMBAaEMOM CHCTEMBI,
o0pa3yeT TOTOK OTKa30B, TO BPEMEHHas IIOCJIEOBATEIILHOCTh COCTOSHUI 0ObekTa (M3HOC, OTKa3,
BOCCTaHOBJICHHE, paboTa U T.1.) 00pa3yloT MepeMeHHbIN (aITePHUPYIOIINI) MPOIIECC BOCCTAHOBIICHUSI.
Ecin 1mutenbHOCTh COCTOSTHUN OIMCHIBACTCS] SKCIIOHECHIIMAIBHBIM 3aKOHOM PACIpeeICHUs, TO POLece
CUMTAETCS TPOCTCUIIMM ITyacCOHOBCKUM. Jlisi HeEro XxapakTepHbl CBOICTBA cmauuoHapHocmu,
OpPOUHAPHOCMU Y OMCYMCMEUS NOCTEOeIICMEUS.

a) IToTok oTKa3aB - CHAYUOHAPHDBLIL, €CTTU BEPOATHOCTD IMOABJIICHUA TOI'O WJIIKM MHOI'O YHCJia OTKa30B
Ha 3aJaHHOM OTPE3KEC BPECMCHU 3aBUCUT TOJILKO OT €TO JJIMHBI U HC 3aBUCHUT OT TOI'O, rIC OH HAXOAUTCHA.




0) IToToK O0TKa30B - OPOUHAPHBLI, SCITH BEPOSITHOCTH TOSBJICHHS JBYX U 00J€e OTKa30B HA MAJIOM
OTpE3Ke BPEMEHHU - MPEHEOPEIKUMO Malla TI0 CPABHEHHIO C MOSBICHUEM OJHOTO OTKAa3a.

B) [1oTOK OTKA30B - HOMOK Oe3 nociedeiucnmeus, eCiii BEPOSITHOCTD TOSBICHUS YHCIIa OTKA30B Ha
HEKOTOPOM OTpPE3Ke BPEMEHM HE 3aBHCHUT OT YMCJIa M XapaKTepa OTKa30B, BO3HUKIIKMX J0 3TOTO OTpe3Ka
BPEMEHHU.

Takum oOpazom ®(t) - mocienoBaTEIBHOCTh OTKA30B AJIEMEHTa BO BPEMEHH, XapaKTepHh3yemas
MapaMeTpOM MOTOKA OTKA30B - «m», KOTOPBIN SBISETCS AHAJIOTOM «A».

JUise OpAMHApHBIX MOTOKOB ATHU TMOHATHS COBHANAIOT, HO «®» M «A» HUMEIOT pas3Hyl0 MPUPOIY.
IToTok oTKa30B () - He3ycioenan BEpOSITHOCTH OTKa3a JIEMEHTA 33 €ANHHIYY BpeMeHH. VIHTEeHCHBHOCTh
0TKa30B (A) - ycio6nas BEpOSTHOCTh OTKa3a DJIEMEHTAa 3a €AWHMIYy BPEMEHH, IPH YCJIOBHH, YTO OH
npopadoTai 10 MOMEHTa «t».

Ha puc 3.4 npexacrasiena rpadudeckas 3aBUCUMOCTh TTOTOKA
OTKa30B B ()YHKIIUH BPEMEHH.

o(t) U3 puc 3.4 BujiHO, uto: @ = CONSt B mepuos
HOPMaJIbHOU pabOThI, YTO TOBOPHUT O TOM, YTO OTKA3bI
\L CHCTEMbI BO3HHKAIOT
MPUMEPHO Yepe3 OJMHAKOBBIC IPOMEKYTKH BPEMEHH,
@ = const paBHbIC ee HapaboTKe Ha oTka3 (puc3.4).
0 . 0 Gt
Puc 3.4

Ha puc 3.4 umeem uHTEpBaI BpPEMCHH O+t . npupadboTOUHbIC JTe(PEKTHl M3TOTOBICHUS W MOHTaXKa
anementa JC, Hanpumep, 1 JIDII sto Bpems cocrasnsier 1-3 rona,

unTepsan Bpemenn b1+ L2 - nopmanbras paGora snementa IC;

HUHTCPpBAJI BpEMCHHU t2 - t3 - U3HOC U3ACIIUA.

BepoATHOCT BO3HMKHOBEHMsI «M» OTKa30B 3a BpeMs <«{» IMpH YacTOTe OTKa30B «®» B
MIyaCCOHOBCKOM TIOTOKE COOBITHI (OTKa3, BOCCTaHOBJCHHE, T.C. OPAMHAPHOM, CTAllMOHAPHOM, Oe3
MOCJICACUCTBHS) BBIUUCIISIOTCS TI0 POpMYyJIe:

m m
P (t) = (@17 et @ g
ml ml . (3.68)
[Tpu pmurensHOCTH Nepuona padboTsl snementa IC t=1roxy.
NN
m
Pt)=" e
ml (3.69)
rac

M — 41CJI0 BOCCTAHOBJICHUMN (‘H/ICJ'IO OTKaSOB) B pacCMAaTpUBAEMOM HHTCPBAJIC BPCMCHHU.

BeposiTHOCTh 0€30TKa3HON pabOTHI ANIEMEHTA!

0
[0
NV=p . =—€?="

- 9TO BEPOATHOCTH TOT'O, UTO 3a o HC 6y,[[eT HHW OJHOI'O OTKa3sa 3JICMCHTA.

(3.70)

3.4 KoMIjieKCHBIE TIOKA3aTe TN HAJIC)KHOCTH BOCCTAHAB/IMBACMbBIX JJIEMEHTOB JJICKTPUHYECCKUX
CHUCTEM



Jlnst BocCTaHABITMBAEMOM CHCTEMBI Hapsiy C TOKa3aTeNsIMU, XapaKTePH3YIOUIMMH €€ OTIEIIbHBIC
COCTOSIHUS, BBOAATCA KOMIIJICKCHBIC MOKA3aTCIIN, XapaKTCPU3YIOIIUC BOCCTaHAaBJIMBAaeMbIl 06I>CKT C ABYX
u 0oJiee CTOPOH:

* MaremMaTHuecKoe 0KUIaHUE JITUTEIBHOCTH UK paOb0Thl 00BhEKTA!
Tuukma =T + T, (3.72)
rie
T - cpennee Bpemst HapaOOTKH 710 OTKa3a 00bEeKTa (IJIEMEHTA);
TB - cpeaHee BpeMst BOCCTAaHOBJICHHS 00beKTa (3JIEMEHTA).
* YacToTa NOsBJICHUS OTKa30B O0BEKTA
1
f="—
Tyukna (3.72)

» Koadpoumuent rotoBHOCTH, «KIr» - BepOATHOCTH TOrO, 4YTO OOBEKT pPabOTOCHOCOOEH B
POM3BOJILHBIE MOMEHT BPEMEHHU

. r T u
C Tyuxna T+Te u+A 3.73)

KF

KoaddunmeHT ToTOBHOCTH MMEET CMBICT HAJAEKHOCTHOTO KOd((UIIMEHTa TOJE3HOTO ACHCTBHS,
T.K. YACTUTEIb PEJCTABIISICT MOJIE3HYIO COCTABIIAIONIYIO, 2 3HAMEHATE b OOIIHE 3aTPaThl BPEMCHH.

Koadpdumument «KI'» oreHuBaeT 5SKCIUTyaTallMOHHBIE KadecTBa OOBEKTa W KBaJTU(DHUKAIIHIO
00CITy’>)KMBAIOIIIETO TEpPCOHANIa, XapaKTepU3yeT TOTOBHOCTh OO0bekTa (dyemeHta) Kk pabdore. Ero
HE/IOCTATKOM SIBIIIETCSI TO, YTO 10 HEMY HEJb3sl CYJUTh O BPEMEHH HETPEPHIBHON pabOTHl 00bhEeKTa Oe3
OTKa30B.

Cratuctuueckas ouenka ko3 durmenta «KI'»:

*

KF — i=1

m m

D+t
=1

=) i , (3.74)
rme

ti - Bpems Oe30TKazHON paboThl 00beKTa (AsemenTa) JC;

tsi - BpeMst BoccTaHOBIICHUS AieMeHTa JC;

M - 4yKcio 0Tka30B 00bekTa (dnmemenra) DC.

*  KoadduumeHT HEeroToBHOCTH (BBIHYXKIECHHOTO IPOCTOS) - BEPOSTHOCTH TOTO, YTO OOBEKT
HepaboTOCTIOCOOEH B MPOU3BOIHLHBI MOMEHT BPEMEHH

T T A
e = T T Tna 2
+ ‘ yuxKna +/,l (375)

Cratuctuueckas orneHka «Km»:



Zm: tel
i—1

Ky =%
D tei+ Dt
= = (3.76)
ITpu sTOM:
K, +K,=1 (377)

* BeposTHOCTH pabOTOCIIOCOOHOTO COCTOSHUS OOBEKTa U COCTOSIHMSI BOCCTAHOBJICHHS JUIS
IEPEeMEHHOTr0  (ANTepPHHUPYIOIIEro) Mpolecca BOCCTAHOBJICHHS C  OKCIIOHEHIUAIbHBIM
pacrpeielIeHueM JUTUTEIBHOCTH COCTOSIHUI ONPEEISIOTCS U3 BRIPAKCHUN:

P,(t) = B A gy
Atu p+i : (3.78)
P(t) = A 4 M g
Atp p+a ; (3.79)

rae
Pp(t) - BeposiTHOCTH pabOTOCIIOCOOHOTO COCTOSIHUS 00BEKTA (IIEMEHTA),
PB(t) - BEpOsITHOCTH COCTOSIHHSI BOCCTAHOBJICHUSI 00BEKTA,
W - HHTCHCUBHOCTb BOCCTAHOBJICHUA O6’BeKTa,
A\ - HIHTEHCUBHOCTb OTKa30B O0BEKTA.

KoaddurmeHTsl roTOBHOCTH ¥ HETOTOBHOCTH MOXHO paccMaTpuBath kKak npeaen Pp(t) u Pe(t) mpu
t—o0.

Ortcrona ciemyer:

Y7 1
KF = =
_ A W
b= =
Bemmuuna ¥ =Au=24-Te _ CKOpee MareMarudeckas, 4eMm Qu3Hdeckas, T.K. 3aBHUCUT OT

MaTeMaTH4ecKoro mapamerpa «A». OJHAaKO NMPUHHUMAs BO BHUMAaHHUE, 4YTO A= f (gacToTe moOSIBICHUS

OTKa30B), MOXHO CYHMTaTh, YTO <«y» OMNpPEICISCT CyMMapHYIO [UIMTEIBHOCTh MPOCTOS CHCTEMBI,
OTHECEHHYIO K €MHUIIC BpeMeHHU (FO/) MK OTHOCUTEIbHYO [UTHTEIBHOCTD MPOCTOSI.

o K, =2 S
1+y . 1+y. K, (3.82)
YacTtoTa MosBICHUS] OTKA30B:
f=g 1 4 ik
—+T Ly

(3.83)



»  Koapdumment oneparuBHoii rotoBHOCTH Kor(t, T) - BeposSTHOCTH TOrO, 94TO 00BEKT (IJEMEHT)
Oyner paboTocnocoOeH B MPOM3BOJILHBIE MOMEHT BpeMeHHM "1 u 06e30TKa3HO mnpopalboTaeT
3a/IaHHOE BPEMSI «T» B aBAPUIHBIX YCIIOBHUSIX.

Kor(t,t) = Kr(t) P(7) (3.84)

Koadpduruent «Kor» mo3BosisieT O1eHUTh HaJeKHOCTh 000PYI0OBaHUS B aBapUNUHBIN MTEPHO/I.

»  KodpduIHeHT TEeXHHYECKOr0 UCIMOJNb30BaHHsS  (JJIEMEHTa, CHUCTEMBI), XapaKTepH3yeT
IPOIOJKUTEIBHOCTh BPEMEHU PaOOTHI:

TPAE + TPES’

K. =
" TPAE+TPE3+TAB+THP (3,85)

rie
Tpap - BpeMst HaX0XKICHHS dJIeMeHTa (CHCTEeMBbI, 00bEKTa) B paborTe;
TpE3 - BpeMst HaXOKJICHHS dJIeMeHTa (CHCTEMBI, 00BEKTa) B PE3EPBE;
Tap - BpeMst HAXOXKICHHUSA 3IeMeHTa (CHCTEMBI, 00BEKTa) B aBAPUIHOM MPOCTOE;
Trp - BpeMst HaX0KICHHS dJIeMeHTa (CHCTEMBI, 00bEKTa) B IIIAHOBOM PEMOHTE.

3.5 I[loka3aTeu HAIEKHOCTH CHCTEMBI, COCTOSIIIEH U3 He3aBHCHUMBIX 3JIEMEHTOB
Beskas cucrema xapakTepu3yercss O€30TKAa3HOCTbIO M PEMOHTONPUTOAHOCTBIO. B KkauecTBe

OCHOBHOH XapaKTEpUCTUKN OE30TKA3HOCTH CHUCTEMBI CIIYKUT @IVHKUUA HAOEHCHOCHU, KOTOpas
MPECTaBIsAET OO0 BEPOATHOCTh 0€30TKa3HOM pabOTHl B TEYEHUH HEKOTOPOTO BPEMEHH «i».

[TycTh cucTeMa COCTOMT W3 DIEMEHTOB (PYHKIMH HAJCKHOCTU KOTOPBIX 0003HaumM uepe3 pi(t),
p2(t),...,.pn(t). T.K. 9TH d7I€MEHTHI - He3asucumble, TO BEPOSITHOCTh OE30TKa3HOM pabOThI CHCTEMBI:

pt) =pi(t)- p,(1)...p, (1) (3.86)

Ecan (1)YHKLII/II/I HAaACKHOCTU 3JICMCHTOB HUMCHOT 3KCIIOHCHUOUAJIBHOC PACHpPCACIICHUE C
IIOCTOSIHHBIMU MHTCHCHUBHOCTSIMH OTKAa30B, TO.

(3.87)

OnHOM M3 BaKHEHIIMX XapaKTEPUCTHK OE30TKa3HOCTH CHUCTEMbI (dJIEMEHTA) SIBISICTCS CpEIHEe
BpeMs €€ JKU3HHU:

(3.88)

Cpe;[Hee BpCMs ) KU3HU CUCTCMBI UJIU Hapa60T1<a €€ Ha OTKa3 paBHa.

(3.89)

rac



T - cymmapHas HapaOOTKa CHCTEMBbI, IOJy4Y€HHas IO pe3yibTaTaM WCIBITAHUNH WIH
JKCILTyaTalyHu,
M - CyMMapHOE YUCIIO 0TKa30B, 3a()MKCUPOBAHHOE B MPOLIECCE UCTIBITAHUN MM SKCILTyaTallHuH.

B kayecTBe OCHOBHOI XapaKTEPUCTUKH DPEMOHTONPUTOAHOCTH CAYHCUIN CPEeOHee epems
80CCMAHOGICHUA CUCHIEMDL.

(3.90)
rae S(t) = Fy(t) — yukius pacnpeneseHns BpeMEHH BOCCTAHOBIICHHS.

,Z[J'IH ClIy4as IyaCCOHOBCKOT'O ITOTOKA BOCCTAHOBJIICHHUSA UMECM.

(3.91)
rae
As = g — MHTEHCUBHOCTbh BOCCTAHOBJICHUS,
t - BpeMs BOCCTaHOBJICHUS.

Cpe;[Hee BpeMA CTaTUCTUYECKOM MOZACIIN BOCCTAHOBJICHHA CHUCTCMBI IO PE3YyJIbTaTaM HCIILITAHUA
HJIM 3KCIITTyaTalyu.

(3.92)

rae
M; - YKCII0 OTKA30B I-TO 3IeMeHTa; tB; - BpeMsi BOCCTAHOBJICHUS i-TO OTKa3a JIEMEHTA.

Besikasi cuctema XapakTepu3yeTcsi KOMILICKCHBIMHU TMOKA3aTeNIIMH HaJIe)KHOCTH, OCHOBHBIMH H3
KOTOpbIX siBIsitoTcsl  kKoddduimentsr  roroBHoctn  (Kr), TexHuueckoro wucnonb3oBanus (Kry),
onepaTtuBHO ToToBHOCTH (Kor).

Koapdumment «KI'» xapakTepu3yeT TOTOBHOCTh 3JIEMEHTAa K NPUMEHEHHIO IO HAa3HAYCHHUIO B

HpOH3BOJ’ILHHfI MOMCHT BpPCEMCHHU, KPOMC IIIAHUPYCMBIX IICPUOLOB O6CJIy>KI/IBaHI/I$I. ITokazarenn -
KOMHJ’IGKCHHﬁ, T.K. 3aBHCUT OT O€30TKA3HOCTH U PEMOHTOIIPUTOHOCTH.

(3.93)

rie
T - cpennss HapaOoTka cucTeMsbI (3J€MEHTa) Ha OTKa3;
TB - cpenHee BpeMsi BOCCTAHOBJICHHS OTKa3a.

(3.94)



rae
S(t) - byHkHs pacnpeneneHuss BpeMeHH BOCCTAHOBIICHHS
ap (1) - IUIOTHOCTH pacHpeeICHUs] BPEMEHH BOCCTAHOBIICHHS.

. * *
CraTtuctudieckas oreHka nokaszarenei Hané&xuoctu (T, , T ) cocTaBisieT BeU4YHHY:

(3.95)

rae
tsi - BpeMsi BOCCTAHOBJICHUS I-TO OTKA3a;
M - YKCJIO OTKA30B B pacCMaTPUBAEMOM IIPOMEKYTKE BPEMEHH.

(3.96)

rae
ti - HapabOTKa CHCTEMBI JI0 i-I'0 OTKa3a;
M - YKCJIO OTKA30B B MHTEPBAJIC CyMMapHO HaApaOOTKHU.

Koygppuuuenm mexnuueckozo ucnonv3oganusn, <Kry», njis He3aBUCUMBIX 3yeMeHTOB OC,
XapaKTepU3yeT OO0 HaXOXKJEHHUS DJJIeMEHTa B pabOTOCIOCOOHOM COCTOSHUM OTHOCHUTEIBHO
paccMaTpuBaeMor MPOJOJIKUTEIHLHOCTH IKCILTyaTallMii. DTOT MEPUOJ JOJKEH OOBEAMHSITH BCE BHJIBI

TCXHHUYCCKOI'O O6CJ'Iy>KI/IBaHI/I$I U PEMOHTOB.

KOB(I)q)I/ILII/ICHT «Ktm» YYHUTBIBACT 3aTPaThl BPEMCHHU HaA MJIAHOBBIC X BHCIIJIAHOBBIC PEMOHTHI:

(3.97)

(3.98)

riue
T» - mepuon 3KkcIuTyaTanuy,
Tp - cymmapHoe Bpems Ha Bce BHJIbI 00CITy’>KMBaHUS 3a MEPHO SKCILUTyaTalluy,
tBI - BpeMsi BOCCTaHOBJICHUSI I-TO OTKa3a;
M - YKCII0 OTKA30B B MHTEPBAJIE CyMMapHON HapaOOTKH.

B ¢dopmynax st Kr u Ky cpeanee BpeMst ®U3HH M CpPEIHEE BPEMsi BOCCTAHOBJICHHS JJICMEHTA
orpaxaetcs Beipakenusmu (3.88-3.92).

Koyphuyuenm onepamuenoii  2omosenocmu, <«Koz», 171 HE3aBUCUMBIX 3ieMeHTOB OC,
XapaKTepU3yeT HAJCKHOCTh CHCTEMbI, HEOOXOIMMOCTh TPUMCHCHHS KOTOPOW BO3HUKAaeT B
MPOM3BOJILHBIA MOMEHT BpeMeHU (KpoMe IUIAaHHPYEMBIX MEPUOAOB, B TEYEHHE KOTOPHIX MPUMEHEHHE
CHCTEMBI 10 HA3HAYEHHUIO HE MPEIyCMaTPHUBACTCs), HAUYMHAs C KOTOPOro cHcTema OyaeT paboraTh
0€30TKa3HO B TEYCHHE 3aIaHHOTO HHTEPBAIA BpEMEHH «i».

(3.99)



3.6 Iloka3zaTesin HAAEKHOCTH KOHUEHTPUPOBAHHON IC U MeTOAbI HX oNpeaeseHus!
a) BeposiTHoCTh cHUsKeHHs1 MotHOCTH DC

OpnnopoaHas koHUEHTpupoBaHHas DC - U3 OJMHAKOBBIX IO BCEM IapaMeTpaM I'€HEpaToOpoB ,
paboraronux Ha o0ILyI0 Harpy3Ky. [lokasatenu Haa&KHOCTH TeHepaTopoB-C , i(BEpOATHOCTh OTKa3a ,
yactoTta nonaganus B He€).Hucno cocrosuuit IC (6e3 mianoBbIX peMoHTOB)-"2".Eciu 6e3pa3indHo u3-
3a 0TKa3a KakKhuX UMEHHO reHepaTopoB DC HaXOIUTCS B TOM WJIM HHOM COCTOSTHHH , @ BaKHO Ha CKOJIBKO
CHU3MJIACch MOIIHOCTh cTaHui DC , To konudyecTBO coctosiHui JC n3mensiercs 10 Benudunsl ' N+1".Ilpu
3TOM :HyJieBoe coctosinne DC - Bce TeHepaTopsl B padoTe, nepoe coctosare IC - OJIMH TeHEepaTop HE
paboTtaer , BTopoe-IBa  T.1.

[Momaganme DC B OAHO M3 COCTOSHHUH COOTBETCTBYET cxeme bepHyuin W oTBedaer
OMHOMUHAJILHOMY pacHpe/IesICHUIO:

(3.100)

rac

g - BEepOSITHOCTh CHIDKeHUs MolHOCTH DC , mpu BIXojie u3 cTpos "K" reHeparopos;
N — o011ee KOJIUYEeCTBO pabOTAIOIINX I€HEPATOPOB.
WHTerpanbHbiil 3aK0H pacipeneaeHusi CHUkeHUs MmoutHoctu JC:

(3.101)

6) Yacrora nonaganus J¢ B K° cocrosnme:

(3.102)
rae
2C/

ok~ -uactora nonaganus DC B K™ cocrosiaue mytém "cBepxy” npu nepexoje B K

cocrostHue u3 (k-1) cocTostHHE

O)KBC I qacrora nonananus IC B K* cocrosaue myrém "camsy” u3 (k+1) cocrosuus IC.

[IyTs “cBepxy”:

- (3.103)

rae
- BEpOSITHOCTH ,4TO (K-1) reHepaTOpOB MPOCTAUBACT

Cpennsis Hapabotka K-ro reneparopa B JaHHOM COCTOSTHUU 3a Bpemst “1”.

(3.104)

KonuuectBo otka3oB K-ro renepatopa 3a Bpems “t” B (k-1)-m cocrostaun IC:



(3.105)

rIe
(®-4aCTOTa OTKa30B T'e€HepaTopa.

Yacrora nepexonoB cuctembl B K-oe coctosiaue u3 (k-1) u3-3a otkasza K-ro reneparopa

(3.106)

Yacrora paccMaTpuBaeMbIX COOBITHIA , 00YCIIOBIEHHAs! OTKa30M JI000T0 U3 «N>» reHepaTopoB:

(3.107)

(3.108)
3.7 Iloka3aTe/iM HAJeKHOCTH pacnpeeuTeJTbHbIX
3JIEKTPHYECKHX CeTell, MPH MoCJeI0BATeILHOM H MAPa/LIeIbHOM COeTHHEHUN Leneii
Jlns aHaJIM3a HAJC)KHOCTH PACIPECITUTEIbHBIC CETH MPEICTABIISIOTCS B BUJIE CTPYKTYPHOM CXEMBI
NnJIn 6J'IOK-CXCMI)I, B KOTOpOﬁ peaJ'II)HBIC CBA3HU 3aMCHAIOTCA YCJ'IOBHI)IMI/I C y‘-IeTOM BIIMSAHHUSA KaXI0T'0
DJIEMEHTA HA HAJEKHOCTH ceTH B HeiaoM. CoennHeHne OJI0KOB B cXeMe M.0. MOC/IEI0BaTebLHLIM, KOTIa
OTKa3 JI000ro 3JIEMEHTAa MPHUBOJIUT K OTKAa3y CUCTEMBl M TapajlIeIbHBIM, KOT/Ia OTKAa3 CHCTEMBI HMEET
MECTO TpHU OTKa3e XOTs Obl OJHOTO JJIEMEHTa B KaKIoW Iend. Hamuuume mnocinenoBaTeNbHBIX U
MapajIeNIbHBIX CBSA3CH B Pa3IMYHBIX COUYCTAHMSIX OMPEICIIIET MHOT00Opa3ne OJIOK-CXeM, MTPUMEHSICMBIX

IIpu paCyCTC HAACKHOCTHU BHCKTpOCHa6)KeHI/I$I.

s pacuera HaACKHOCTU PACHPEAEIUTENBHBIX JJIEKTPUUECKUX CETEH MPUMEHSIOTCS YHMCIICHHBIC
ITOKA3aTENN HAJIE)KHOCTH €€ OTIEIbHBIX MIEMEHTOB, IPUHUMAEMBIE U3 CIIPABOYHOM JINTEPATYPHI.

ITokazarenu HaACKHOCTHU IICIIH, COCTOSIICH H3 «k» OCICA0BATCIIBHO COCIHMHCHHBIX 3JICMCHTOB
OIIPCACIIAIOTCS IO BBIPAXKCHUSM

1. [TapameTp noTOKa OTKA30B LIETIH:

(3.109)

2. Bpems HapaOOTKH LIENU 10 OTKa3a!

(3.110)

3. BepositHOCTh 06€30TKa3HON pabOTHI IIEH B TEYSHHE To/1a



(3.110)

4, CpenHee BpEMsI BOCCTAHOBJICHUSA LICIIN.

(3.112)

5. KoadduimeHT HeroToBHOCTH (BBIHYKICHHOTO MPOCTOS)

(3.113)

JIsst ayIeMeHTa e BEPOSITHOCTh 0€30TKa3HOM paboThI 3a BpeMst t pH 3KCIOHEHIIHAILHOM 3aKOHE
pacnpenenenus (o=const)

(3.114)

BepOHTHOCTb OTKa3a 3JICMCHTA L CIIN.

(3.115)

[Mpu manbix 3HaYeHUSAX «oOt» MOxHO npHHATH ((t) = ®t, Torna BeposTHOCTh O€30TKa3HOM paboTHI B
TE€YEHUE Tofa!

(3.116)
Cpennsis HapaboTKa 10 OTKa3a!

(3.117)
KoadduimenT roroBHOCTH:

(3.118)

[Ipu «nN» mapamienabHBIX MLENSIX C OJUHAKOBBIMU XapaKTePUCTHKAMH CpelHee BpeMs
BOCCTAHOBJICHUSI CUCTEMBI:

(3.119)

Cpennee BpeMsi pabOTHI CHCTEMBI MEKIY JBYMsS OTKa3aMH:



(3.120)

HpI/I JABYX LICIIAAX CPECOHEE BPEMS BOCCTAHOBIICHMS .

(3.121)

Bpewmst HapaboTku ABYX Lieneit (CHCTeMBbI) 10 OTKa3a!

(3.122)

3.8 OcHOBHBIE MOKA3aTEJIH PEMOHTONPUTOTHOCTH 3j1eMeHTOB JC

PemonTOnpuronHocte-cBOMCTBO  dmeMenta  OC  (oObekTa), 3aKirovarolieecs B - €ro
MPUCTIOCOOJIEHHOCTH K NPEeayNpekIeHUI0, OOHApYKEHUI0 M YCTPAHEHHIO OTKAa30B M HEHCIPABHOCTH
nyTéM TMPOBEACHUS TEXHUYECKOro OOCITy)XMBaHUS W pPEeMOHTOB. EE KoIMYecTBEHHbIE NOKA3aTeIH-
CIIy4dailHble BEJIMYMHBI, OMpEAeNsieMble ¢ MOMONIBI0 Marematudeckoro amnmapara TB , MC u teopun
MaccOBOT'0 00CITyKHBAHUS.

EnuHuyHble mokazarenu:

1. Cpenmnee  BpeMsi  BOCCTaHOBJICHHUA-M[t;]-MaTeMaTHueckoe  OXHIaHUE  BPEMEHU

BOCCTaHOBJICHUS PaOOTOCTIOCOOHOCTH 00BeKTa. [Ipr M3BECTHOM 3aKOHE pacTpe/IeICHUS:

, (3.123)

rae
fs(t)-TUTOTHOCTH pacmpe/ieieHust BpeMEHH BOCCTaHOBIICHHMS.

ITo craTnaeckum JAHHBIM.

: (3.124)
rnie
t;i-BpeMs yCTpaHEHHs i-r0 0TKa3a ;
M-YKCII0 OTKA30B B MPOLIECCE AKCILUTyaTallH WIIK HCIIBITAHUH.
2. XapaKTepuUCTHKH PacCesHUS:

; (3.125)



(3.126)

3.BeposTHOCTh BOCCTaHOBIEHHS 00BEKTA B 3aJJaHHOE Bpemsi 't

(3.127)

CraTtuctuueckas OILICHKA ITOKa3aTeyd.
P, (1)=1-n(t)/N(t), (3.128)

rme
N(t)-aucno u3aenuii He BOCCTAHOBJICHHBIX 33 IIPOMEXYTOK BpeMeHH t
(t)-urcio u3menuii moyIeKaIIuX BOCCTAHOBICHHUIO 32 TPOMEKYTOK BpeMeHH t
Jns onpenenenus BenuunHbl Py(t) Hamo 3HATh 3aKOH pacipe/ie/ieHHs] BDEMEHHM BOCCTAHOBJICHHUS
4, VIHTEHCUBHOCTh BOCCTAHOBJICHHS — BEPOATHOCTH BOCCTAHOBJICHHS PaOOTOCIIOCOOHOCTH
OGT:GKTa B CIMHUIY BPCMCHU IPU YCIOBHUHU , YTO 10 HETO BOCCTAHOBJICHUA HC 6]:.1)'[0.

n(0)=fa(t)/(1-Fa(t)) (3.129)

rae
Fu(t)-pyHKums pactnpeneneHus BpeMEHN BOCCTaHOBIICHHUSI.
Craructuyeckasi OlleHKa HHTCHCUBHOCTH BOCCTaHOBJICHUSI:

(3.130)
rae
At-paccmaTpHuBaeMblil IPOMEXYTOK BPEMEHH
M, (t+At)-unciio BoccTaHOBIICHHIA B HHTEpBasie BpeMeHH oT t 10 t+At;
N,(t)-4KCII0 He BOCCTAHOBJICHHBIX M3/ENI HA MOMEHT BpeMeHH t
n()=1Tg W ()=UTg (3.131)
Jliist Harboutee pacmpoOCTPaHEHHOTO DKCIIOHEHIIMATBHOTO 3aKOHA!
P,(t)=1-¢"'=1-e"", P,(t)=1-¢"'=1-¢"T, (3.132)
YHCIio 0TKa30B , KOTOPOE MOXET OBbITh YCTPAHEHO 3a BpeMms «t”:
m=AT(1-e" (3.133)

rne
A-MHTEHCHUBHOCTb OTKAa30B , [ -BpeMsl SKCILTyaTalluu.

Ecnu “K” —cpeaHee 4nciio BOCCTAHOBIJICHUI 3a 3aJaHHOE BpeMs {,

K=ut (3.134)



TO JUIsl OIIPEIETIEHHSI BEPOSITHOCTH “M” BOCCTAHOBJIEHUH MCHOJIB3yeM 3aKkoH Ilyaccona:

(3.135)

[Tpm k<1:

(3.136)

5.ViydiieHne pPEeMOHTONPUTOAHOCTH 3aBHCHT OT Tokazateneid Hané&xkuHoctu W,ALT. Ilpu
SKCIOHEHIMAIIbHOM 3aKOHE PACIpEICTICHUS] OTKAa30B U UX BOCCTAHOBJICHUS :

(3.137)

VYpaBHeHHe ompeaessieT Kakash BEpPOSITHOCTh OOIIEro YMcia OTKa30B 3a BPEMsI SKCIUTyaTalluy ,
KOTOpoe M.0. ycTpaHeHo 3a Bpems “t”

KoMijiekcHbIe MOKA3aTe Il PEMOHTONPUIOAHOCTH

1) KoadurmeHT roTOBHOCTH AJ1s1 HE pe3ePBUPOBAHHON CHCTEMBI
K=To/ To+ Ts (3.138)
rne

To —napaboTka Ha OTKa3;
T, —cpeaHee BpeMs BOCCTAHOBJICHHS OTKa3a

K=u/(A+u) (3.139)

n=1/Tg; A=1/T, (3.140)
2) Koo HImeHT peMonTa (IIPOCTOA) A1 HE Pe3epBHPOBAHHOM CHCTEMBI:

K,=Tp/(T+Tp) (3.141)

WITH
Kp=A/(A+1) (3.142)
rie
Tp- BpeMs peMOHTa;
T- paGouee Bpemst (BpeMst SKCILTyaTaI|H)
Ot kodpdunmentsr (K, K,) mia HavanpHOro mepmosa SKCIUTyaTalnH , KOTJa BEPOSTHOCTD

0e30TKa3HOM pa6OTBI BbhIIC , YEM B KOHIEC , C y‘IéTOM SKCIIOHCHIHMAJIbHOT'O 3aKOHa IIOABJICHHUA H
BOCCTAHOBJICHUS OTKAa30B.

K =/ (v )+ T )-Aexp[ - () THT (), (3.143)

K= (L +1)-M T +p) +aexp[-(A+p) T/ T (). (3.144)



3) s pe3epBUPOBAHHON CHCTEMBI TIPH SKCIIOHEHIIMATHLHOM 3aKOHE BOCCTAHOBJICHHS OTKA30B U
YCTaHOBUBILIEMCS ITPOLIECCE -

, (3.145)

rIe
N-4KCIIO PE3EPBHBIX AITEMEHTOB.

Korna nomyckaercs npezenbHoe BpeMst o0ciTykuBaHus - “t”

(3.146)

Takum oOpa3zoMm cucremMa pabOTOCHOCOOHA, €ciaM OJUH K3 €€ D3JIEMEHTOB MOXKeT OBITh
BOCCTAHOBJICH [0 HOPMAaJIbHOTO peXrMa paboThl B TeUeHUHU BpemeHu “t”.
4) KoappHIMEeHT TEXHUIECKOTO UCIIOIb30BAHHMS

(3.147)

3.9 Boi0op , 060cHOBaHUE U Nepepacnpe/ie/ieHue MOKA3aATeH HAIEKHOCTH NMPOeKTHPYeMO
CHCTEeMBbI

ITpu npoeKTUPOBaHUH OYEHBb BaXKHO MPABUIILHO BBIOPATh MOKA3aTeNN HAIEKHOCTH .

[Tpu 3TOM y4HTBHIBAacTCS Ha3HAYCHUE CHCTEMBI (00BEKTA) ,yCIIOBHS M PEIKUMBI € paboThI U
pemMoHTOcocoOHOCTh. Ha3HaueHne cuctemsl orpeaenser 00JacTb 1 MHTEHCUBHOCTD €€ PUMEHEHUS.
HNudopmanmio 00 ycIoBUAX U peKUMax pabOThl CUCTEMBI HCIIONB3YIOT IS KOJIMYECTBEHHON OLIEHKU
BIMSIHUA (PAaKTOPOB OKPYKAIOLIEH cpelibl Ha €€ paboTOCIIOCOOHOCTS , a TaK)Ke ACHCTBUS Harpy30K Ha
HPOITYCKHYIO (HECYIIy0) CIOCOOHOCTh CHCTEMBI H €€ 31eMeHTOB. [Ipn BoccTaHaBmiBaeMOCTH (PEMOHTE)
cUCTeMBbI BEIOMpatoT K03()(QUIIMEHT TOTOBHOCTU M TEXHUYECKOI0 MCIob30BaHus. Eciu oTka3 cucremMsl
MIPUBOJUT K HEBBINOJIHEHUIO BaKHOM 3a/1a4y , BBI3BIBACT YIpO3y JUIS 340POBbS U AKU3HU JIIOJEH , TO
OCHOBHBIM ITOKa3aTesleM HaJ&KHOCTH —0e30I1aCHOCTb , BhIpajkaeMasi B BUJIe HapaOOTKU Ha OTKa3 WU
BEPOSATHOCTH O€30TKa3HOH PabOTEHI.




Ecim ipu ipocToe cHCTEMBI IOCIIe 0TKa3a MMeeM OOJIBIION yiepd , To HeoOXoaruMa XopoIast
DPEMOHTOCHOCOOHOCTE M BBICOKAs 0€30TKa3HOCTh. ECiiM cucTeMa MOMISKUT JIMTESIbHOMY OKHIAHUIO
paboThI , TO OHA JJOJHKHA UMETh BHICOKHE MTOKA3aTEIH COXPAHIEMOCTH .

[TokazaTenn HaIEKHOCTH MPOSKTHPYEMOM CUCTEMBI TOJDKHBI 00ECIIeYnBaTh €€ HOpMaJIbHbBIS
(YHKIIMOHMPOBAHKE B TEYCHHE 3aIAHHOTO CPOKA IKCILTyaTallUH.

Ecnu Py,Ps,.....Pr-HanéxHOCTS MOICHCTEMBI , OTKA3 KKI0H M3 KOTOPOH Ja€T OTKa3 CUCTEMBI , TO
HaJIEKHOCTb CUCTEMBI

P=P\P,....P, (3.148)

I[Ipu sTOM Tpebyemas Hanéxuocts cucremsl (PF): PP>P

ITpu noBeieHry Haa&KkaocTu :P>PP  Heo0X0MMBI IONOIHUTEIBHEIE 3aTpaThl(pe3epBUPOBAHIE
nim 6osiee HaEKHBIC SIIEMEHTHI)

MeTtoauka nosbimenus Haaéxkuocru P 1o PP ceonutes k cnenyomemy:
1) HanéxHOCTH MOJCHCTEM PACIIONATraloT B HEYOBIBAIOIICH TOC/ICI0BATEIbHOCTH

PL<P2<Ps <. <P, (3.149)

2) Kaxxnyro u3 Hanéxuocteit Py,Ps,..., P yBenmuuusaror 1o Po™ ,a manéxnocTy, HaunuHas ¢
Pk+1 .....,Pn ocTarotrcs HemsmennbivMu. Homep “K” BBIOHpAIOT U3 “jmay”

(3.150)
riae
Pn+1=1 mo onpeneneHuto:
3uauenue Po™:
(3.151)
IIpu >TOM :
(3.152)

3.10 KotnyecTBEeHHBIE OLICHKH MOKAa3aTe el HAXEKHOCTH

Hcnons3yrores npu pacuére Heooxoaumoro pesepBa DC U apyrux pacuérax Haa&KHOCTH,
0a3upyOTCs Ha CTATHYECKHUX MOKA3aTeNsX.
Tabnuua 3.3



KB tn
Tum s/ct (cymMMa ipo10JKUTETBHOCTH
(BBIHYKIEHHOTO ITPOCTOS)
IUIAHOBBIX PEeMOHTOB 32 1 ron),Mec
I2C 0,005 0,5
TOC ¢ nonepeyHbIMH CBS3IMU 0,02 1,0
TOC ¢ 6i10KaM#u MOIIIHOCTBIO,
MBrT. 100-200 0,045 12
300 0,055 14
500 0,065 1,6
800 0,075 18
1200 0,085 2,0
Taomnuua 3.4
HaumenoBanue Yacrora Bpewms Yacrora [Iponoxk.
o0BeKTa OTKJTIOUEHUH , BOCCTAHOBJICHHSI MTAHOBBIX [TranoBoro
Urox na 100 kM T8, u peMoHTOB W, I/ron | pemonta Tm, 4
Tp-p ¢ BH 500xB 0,03 300 1,0 60
330 0,025 300 1,0 50
220 0,02 250 1,0 40
110 0,015 200 1,0 30(25)
35-20 0,02 150 1,0 30(20)
6-10, kal. ceTh 0,005 100 0,5 10
6-10, Bo311. ceThb 0,05 100 0,5 10
BJI ¢ AIIB 04 20 10 8
Hanpspkenuem 500
kB Ha met. wim x/6
oropax
330 05 18 8 8
220 0,7 16 6 8
110 1,0 14 5 8
35 2,0 12 5 8
110, na gep. onopax 0,5 10 7 8
35 1,2 8 6 8
10 2,0 5 4 8
Kab6enu 6-10 kB, B 3,0 40 1 8
TpYHTE
6-10 kB, B Gi10Kax 0,5 5 1 8

Jns JIDII ycroitunssie oTkasbl (Heycnemnsie AIIB) cocrasistror mpubnusurensao 10-40 %.

Jlns BJI Ha MBYX LETIHBIX OMOpax WA OJHO-IIETHBIX 10 1-0# Tpacce , 11t KabenbHBIX JIMHUU B
1-oi1 TpaHIee , HaIO BBIACIATH OTKA3bI JIJIS ABYX IIETICH.

Jnst oTka3oB ¢ mpoctoeM 2-x 1ieneit coctarisieT 10-30 % obmiero uynciaa 0oTKa30B OJHOU IIETIH.

Takxum o6pazom ist 1BYX HenHbix JIOII:

1. 4acToTa OTKa30B KaKA0U U3 Llenei

o’ :(.II.'KZH)O)n




2.

4acTOTa OTKA30B /IS JBYX IIETICH

o’ =K,,0,

K2,=0,1-0,3-moss1 oTka30B FO nmpuBOsAIIMX K MPOCTOIO 00€UX Ienen
JInst HOBBIX cepHii TypOOarperaTtoB rmokasaresy Haa&KHocTH (Tabi.1) HeoOX0IMMO YMHOXKATh Ha
1,5 B nepBoie 3-4 rofa.
st Tpex 00MOTOUHBIX TpaHC(HOPMATOPOB , ABTOTPaHC(HOPMATOPOB MOKA3ATEIH YACTOTHI
OTKJITIFOYeHUH (MOTOK 0TKa30BOOOBIYHO yBEIMYMBAETCS 110 CcpaBHEHHMIO ¢ Tab.2 Ha 20%.

[IpuBeaémM xapakTepUCTUKH OCHOBHBIX 3JIEMEHTOB DC:
1. XapakTepuCTHKHN HaIEXHOCTU arperaToB 3JE€KTPOCTAHIUI

Tabmnuua 3.5

IToka3za- I'DC I'2Cc KBC ADC
Tenu MOTICPEYHBIMHU
CBA3SIMHU
Jlo >100 Jlo >100 | 100 | 200 | 300 | 500 | >550| 1000
100 MBT 100 MBT MBT | MBT | MBT | MBT | MBT MBT
MBT MBT
o,l/roxn 1 1 3 3 4 4 6 8 10 5
TB,u 40 60 50 70 50 60 90 100 | 110 200
Wre, 1/TON 2 2 2 2 2 2 2 2 2 3
Trex,d 0 0 15 15 20 20 30 50 90 240
Myar, 1/TOTT 0.2 0.2 0.25 0.5 0.5 0.5 05 0.5 05 1
Tan, 4 100 200 700 | 1000 | 700 | 900 | 1100 | 1400 | 2000 | 1100

[Ipumedanue: reg, Uxan, Lrexs Lxan - 94CTOTA U JUIUTEIBHOCTH TEKYIIETO U KATUTAIIBHOTO PEMOHTOB.

2.XapakTepucTuka HaJAEKHOCTH TPaHCHOPMATOPOB M aBTOTpaHC(HOpMaTOpOB

Taonumua 3.6
HomuuansHOE ITokazaTenu
HaMnpsHKEHUE, KB
o,lron TBu u,Uron Tan,4 Ugan, /TO T Trex,d
10 0.005 60 0.17 100 2 6
35 0.01 50 0.17 200 2 10
110 0.02 100 0.17 300 2 12
150 0.02 200 0.17 300 2 12
220 0.02 200 0.17 350 2 14
330 0.04 250 0.17 350 2 15
500 0.03 500 0.1 400 1 60
<500 0.03 625 0.1 490 1 60

3.XapakTepucTUKH HAJEKHOCTH BBIKITIOUaTeNnen

Tabmuua 3.7



THUII Homu- [Tokaszarenu
HaJIbHOE
HarnpsHKe-
HHE,KB
o, o5 | T84 | e ron | Teand | prex,/rom | Trew,d
Yron | lron
o 20 0.04 | 0.04 10 0.2 80 2 6
35 0.04 | 0.08 12 0.2 100 2 6
Boznymssie 110 0.05 0.1 25 0.2 230 2 10
150 006 | 0.13 30 0.2 300 2 12
220 0.06 | 0.15 40 0.2 500 2 24
330 0.07 0.2 60 0.2 750 2 36
500 0.08 0.2 90 0.2 900 1 90
<500 0.12 0.3 120 0.12 1200 0.5 325
Macnsabre 10 001 | 0.01 10 0.17 30 2 6
35 001 | 0.02 12 0.17 40 2 6
110 0.01 | 0.03 25 0.17 160 2 12
220 0.01 | 0.07 40 0.17 250 2 24
IIpumeuanue:

®,-B nernsax BJI
(®-B OCTAJIbHBIX CITy4asiX

4.XapaKkTepUCTUKH HAJEKHOCTH BO3LYIIHbBIX JTUHUH




HomunansHOE
HaIPsOKEHUE, KB [Tokazarenu
THUII
®,1/(ron100 TB.4 Wrex,1/TONT Trex,4
KM
10 1.6/0.4 7/20 2/14 10/10
JIBYXIICTTHBIC 35 1.1/0.3 7/20 3/6 12/12
110 0.9/0.2 4/27 4/8 12/12
220 0.5/0.1 2/36 5/10 12/12
10 2 ) 2 10
35 14 9 3 12
OJHOLETTHBIE 110 1.1 9 4 12
220 0.6 10 5 12
330 0.5 12 I 12
500 0.4 17 9 12
<500 0.2-0.3 20-6 10 12
[Ipumeyanue :
3HavYeHMs B YMCIUTENE JJIs OAHOU LIETH ,
B 3nameHnarene — s AByX,
Wrex-TUTs1 cpenuux amun JIDIT.
5.XapaKTeprucTUKU HaAEKHOCTU OT/IENICHUI U KOPOTKO3aMbIKaTeIe
Homunansnoe [Tokazarenu
HaIpsHKEHUE o, Wiy Wrex,
KB Uron | Tsu Uron Tan, 4 Uron T,
110 0.02 4 0.33 30 2 5
220 0.04 4 0.33 40 2 6

6.XapakTepuCTUKH HAIEKHOCTH COOPHBIX MIMH (Ha OJJHO MPUCOCIMHECHHUE)

HomunansHoe IToxazarenu
HaIpsKeHUE, KB o, Lrexs
1/ron Ts,4 1/ron Trex,d
10 0.005 2 1 1
35 0.01 2 1 1
110 0.01 2 1 2
220 0.01 4 1 35

Tabmuua 3.7

Tabnuua 3.8

Tabmnuua 3.9



I'maa |V CtpykTypHasi HaiéKHOCTH pad0Thl OCHOBHBIX 3J1eMeHTOB JC

4.1 OcHOBHBIE NOHATHUS U MOKA3ATEJIH HAIEKHOCTH BO3IYIIHBIX JUHUI JIeKTponepeaaqyu

Bozaymaeiv  uausam  (BJI) nmpuHamiexur BaxkHas posib B pabore OC u Haa&KHOM
anekTpocHaOxeHun norpedureneit. Ha nomo BJI 35-750kB npuxoauTcst 3HaYUTeNbHAs YaCTh OTKA30B U
OTKJTIOYCHHUH 3JIeKTpruUecKkoro obopymaosanus (~ 35% -50 %)

IIpnuyvHbl BLICOKON nmoBpe:xkaaemoctu BJI:

* BiusHue KIMMaTHYECKUX BO3ACHCTBHI (rOJ0IE€IHO-BETPOBBIC HArpy3KH, aTtMochepHbIC
HepCHANPSKECHUS U T. 11.);

» JloctynHocTh BJI mOCTOpOHHMM BMemIaTeabCTBaM (HAe37bl HA OMOPHI, OOPHIBBI MMPOBOJIOB,
«paccTpe» U30JATOPOB);

*  CJI0XHOCTh KOHTPOJISI TEXHHUYECKOTO COCTOSIHUA 71eMeHTOB BJI.

HN3vuenue Hagéxxuoctu BJI umeer neau:

*  Ouenky Haa&KHOCTH cxeM pa3BuTws JC, 311. ceTel, CUCTEM DIIEKTPOCHAOKECHHS OTIEIbHBIX
noTpeOuTeneH;

* AHanu3 KOHCTPYKIHH, 000opyaoBanus, coopyxenus BJI;

* TexHUKO-PKOHOMHUYECKHUN aHalu3 BapuaHTOB BJI CBEpXBBICOKOTO HaIpsOKEHUS U BBHIOOD
KOHCTPYKLUH, onop, (yHIaMEHTOB, TPOBOJIOB, YPOBHEW U3O0JIAIIUH;

*  AHaIW3 ¥ palldOHATM3AIUI0 CUCTEMBI PEMOHTOB M TEXHUUYECKOTO 00cykuBanus BJI,

* Pemenne 3aga4  IUTAHUPOBAHHWs, YIPABICHUS W IPOU3BOACTBEHHO-XO3MCTBEHHOU
JEeATeIbHOCTH TIpH dKcIutyarauu BJI;

* PenieHue 3a1a4 IUCHETYEPCKOrO YIIPABJICHUS HA Pa3HbIX YPOBHSX;

= Pa3paboTka HOpMATHBOB aBapUIHOTO 3amaca 000PyI0BaHUs U 3amacHbIX yacten mis BJI;

* Pa3zpaboTka peKOMeHIAlMii U yKa3aHu# 1o s3kcruryatanuu BJI ¢ yuéToM MEeCTHBIX yCIOBHH,

* Omnpenenenne HEOOXOTUMOCTH U CTeNEHU 3PPEKTUBHOCTH MEPOIPHUSTHI MO MOBBIIICHUIO
HanéxHoctu BJL.

Hanéxnocts BJI 35-750kB onieHnBaeTCsi KOMILIEKCOM MOKA3aHUM U3 5-TH rpyI:

IToka3zatenu O€30TKa3HOCTH,
PemonTONIpUTrOAHOCTH;
JlOJIrOBEYHOCTH,
KoMmnekcHble mokasareny,
DKOHOMHUYECKHE ITOKA3aTEIIH.

* & & o o

1) Iloo é6e3omkaznocmuto  BJI moHuMaeTcss e©€ CBOWCTBA HENPEPHIBHO COXPAHSIThH
paboTocrocoOHOE  COCTOSSHME B TEUEHHWE HEKOTOPOTO BpeMeHW wiu  Hapabotku. BJI —
BOCCTAHABIIMBAEMbIl OOBEKT M €€ MoKa3aTelb 0€30TKa3HOCTH —IlapaMeTp MOTOKA 0TKAa30B — B O0IIeM

ciyqae  o(t) — T.e ¢yHKiMs BpemMeHH. Ha BenwuuHy «» BIUSIOT: (PAKTOpbI CTApeHUs M HM3HOCA
3JIEMEHTOB, a TaK)Ke TIaHOBBIC peMOHTHI (puc.4.1):
{1, To, 3, MOMEHT BpEMEHHU BBHITIOJIHEHUS KAITUTAJIIBHBIX PEMOHTOB,

t -oxoHuaHue MpupabOTKH (IIepruoa OCBOCHUSI).

(4.1)



e
M —maremarndeckoe oxumanue otkaszos BJI;
r(t) —amcio oTka3oB 3a Bpems {;
r (t+At) umcio otkasos 3a Bpems (t+At);
o (t) —cpemHee YKCII0 OTKA30B, 0KUAAEMBIX B MaJIOM HHTEPBAJIC BPEMEHH.

o (f)
o (t)
Ocp (cpemHmit)
A t
0 to E ! ) ts

Puc. 4.1

N3 ananusa npuuun otkasa BJI cienyer:

0=01(t)+ o, (4.2)
rae
® —I10TOK 0TKa30B BJI ,
0 CBsi3aH C U3HOCOM M cTapeHueM BJI u 3aBucut ot cpoka ciryx6s1 BJI ,

® - CBSA3aH ¢ BHEUIHUMU Bo3aeiicTBUIMU Ha BJI
IloTok OTKa30B «® » BBI3BIBACTCA 3arHUBAHUEM JPEBECUHBI, KOPPO3UEU METAILINYECKUX

OIIOp, U3HOCOM apMaTyphl, IPOBOJOB ,TPOCOB, Pa3pyLIEHUEM HU30JIATOPOB, COCTABIAIONIAS ITOTOKA «® »
CBfI3aHA C TOJIOJENHO-BETPOBBIMU HArpy3kamu, Ae(ekTamMu MOHTaxa, oOpbIBaMU MPOBOJOB, yJapamu
MOJIHUH, JIEAOXOJIOM, IT0KapaMu U T.1.

Bennunnaa @ =CONSt ¥ HE 3aBUCHUT OT JUIMTEIBHOM DKCIUTyaTalluM, KallUTAJIbHBIX PEMOHTOB T.€.
ONpENENAeTCS CIIy4YalHbIMU IPUYUHAMM.
B skcmmyaranmonHoit u mpoekTtHoil npaktuke OC mist BJI B mepumon HOpMaTMBHOIO Cpoka
CITy OBl TIOJIB3YIOTCS 3HAUEHUEM CPEJHETO MOTOKA OTKA30B «(Mcp» HE 3aBUCSIIET0 OT CpoKa ciryx0b1 BJL.
[leprnoarYHOCT KaUTAIBHBIX peMOHTOB BJI mpunumaercs 3-6 jer.
C BeposTHOCTBIO Oe30TKa3HOM padoTel BJI cBs3ano monarue (ynkiun Haaéxaoctu BJI

-p(b).
p()=1-2p ()q (1); (4.3
rac

i- BO3MOXHBIE cocTOossHUA BJI;
pi (t) —BepositHOCTH HaxoskAeHus BJI B MoMeHT Bpemenu “t” B coctostaum “i”
0 — BEpOATHOCTH HapylieHus Haaéxuoctu BJI B MomeHT Bpemenu “t” B coctostaum “i”

2)  Pemonmonpuzoomocmov __ BJI __—cBoiictBo  BJI, 3akmrouaromeecs B €€
MPUCTIOCOOJICHHOCTH K OOHApYXXEHUI0 TPUYMH OTKAa30B, NPEIYNPESKICHUIO OTKAa30B |
BOCCTAQHOBJICHHIO pabOTOCHOCOOHOCTH MYTEM TEXHUYECKOTrO0 OOCITY>KMBAaHHS M PEMOHTA.
PemonTonpuronnocts BJI onpeaensieTcs cieyrommuMu OCHOBHBIMH MOKa3aTESIMHU:

" CpeJHUM BpPEMEHEM BOCCTAHOBJICHHMS JTUHUU P oTKa3ze (Ty);




= cpedHed IPOIOJLKUTEILHOCTEIO IpeaHaMepeHHbIX oTkirouenui BJI (T,);
p
" CpeaHel MePHOAMYHOCTHI0 peMOHTOB (L);

" CpeIHUMH TPYI03aTpaTaMu Ha KAUTAIbHBIM PEMOHT U TEXHHYECKOE 00CITyKUBaHUE
BJI (Np).

PaccmoTpuM conepikaHue OTAeIbHBIX MOKa3aTeJIei:
Bennuuna «T» - MaTeMaTHueckoe OXuJaHWe BpeMeHu ais npuseaeHus BJI B paboTocnocoOHOe
COCTOSIHME TIOCJIE OTKa3a.
Bemnunna «Np» mns BJI 35-750kB xapaktepusyeT ux MOTpeOHOCTb B IIAHOBBIX PEMOHTaX H
Apyrux Bugax oocimyxuBanus. Cpeanue 3HaueHus Benuunnsl «Np» 111 BJI npencrasnenst B Tabauue 4.1

Taomuua 4.1
CpenHue Tpyao3aTpaThl Ha KAIUTAJIBHBIM PEMOHT U TEX00CTYKUBAaHUE

Tpyno3zatpatsl, yen.-u/kM Ha kanpeMoHT BJI Ha omopax
U, kB

JIEPEBSHHBIX | XKeJIe300€TOHHBIX METANINYECKUX

OJHOLEIHBIX | IBYXUEHHBbIX | OJXHOLEMHBIX | JBYXLEIHBIX

35 5300 3000 5700 6250 7300
110 6200 3450 5450 5300 6400
220 7600 4250 - 7150 9000
330 - 5120 - 7650 -
750 - - - 13600 -

3) Jonzoeeunocms _BJI — wux CBOWCTBO COXpaHATh pabOTOCHOCOOHOCTH IPH
YCTAHOBJICHHON CHCTEME PEMOHTOB M TEXOOCIYKMBAaHHM JO IMPEACIbHOTO COCTOSHUS TpU
KOTOPOM JajbHENIIas IKCILTyaTalusl HEBO3MOXKHa.

s BJI Ha nepesinabix onopax — 30 5ieT, Ha MeTainyeckux u /0 omopax — 50 ser.

Nznoc BJI umeet 5 dhopwm:

* DKOHOMHMYECKMM WM HOPMAIbHBI M3HOC, ONPEIENSIEMbII BHEAPEHUEM B
sKcrutyaTanuio 6osnee addextuBHbIX W HaASkHBIX BJI nu6o BJI ¢ MeHbmmMwu
3arpatamu  Ha 1kBt, mnepenaBaemblii MomHocTH win KBT u  nepenaHHOU
3JIEKTPOIHEPIHH;

» TexHu4yeckuil M3HOC — HecmocoOHOCTh BJI cOOTBETCTBOBATH BO3POCIIEMY YPOBHIO
TpeOOBaHMIl K KAUECTBY 3JI. DHEPTUH;

» ComnuaibHbBII U3HOC, BBI3BAHHBIM HECTIOCOOHOCTHIO BJI 0TBeUaTh 0K€CTOUYMBIIUMCS
TpeOOBAHUAM COIMANBHBIX CTaHIAAPTOB (0OE30MACHOCTH MEPCOHANIA, HACCICHUS HIIH
KUBOTHBIX, CIIOKHOCTh OOCITYKUBAHUS U T.1.;

=  DKoJIOTMYECKMH Hu3HOC — Korna BJI He cOOTBETCTBYIOT HOBBIM HOpMaTHBaM IO
OXpaHe OKpY KaroUleil cpenpl,

"  (usnueckuii W3HOC, OOYCJIOBJIEHHBIN  SBJICHUSMHU
W3HAIIUBAaHUs, 3aTHUBAHMS U T.I1. 3eMeHToB BJI.

TakuMm o0OpazoM mpezaensHOe coctosiHue BJI ompenensiercs HE TONBKO (PU3UISCKUM
W3HOCOM, XOT$SI OH B OOJIBIIIMHCTBE CIy4aeB — OCHOBHOA.

CTapeHHs, pa3pylICHHU,

4) Komnjexcuvle noxazamenu_ nadéycuocmu BJI. DT ToOKa3aTead XapaKTEPU3YIOT
HECKOJIbKO CBOWMCTB, COCTaBISIOMUX HaA&kKHOCTH BJI  (0€30TKa3HOCTh, JA0OJTOBEYHOCTD,
PEMOHTONPHUTOAHOCTH).

a) KoaddunmueHT TEXHMYECKOTO WCIOIb30BAHHUS XapaKTEpU3yeT [OJK BPEMEHH
HaxoxaeHus BJI B paboTOCOCOOHOM COCTOSHUM OTHOCHUTEIBHO TMEpHOJa SKCIUTyaTaluu
YUYHUTBIBACT 3aTPAThl BPEMEHU Ha BCe BUBI MpocTost BJI B mpoiiecce 3KCIuTyaTaiuu mocjae 0TKa30B
U B pe3yJbTaTe MpeHaAMEPEHHBIX OTKIIOYCHHIA:



, (4.4)

rae

T - cpennee Bpems pabotsr BJI Mmexay oTkazamu (HapaOOTKa Ha OTKa3);
Tp - cpennee Bpemst BoccraHoBieHus BJI;

Tp - cpeaHee BpeMs IpegHaMEepEeHHOro oTkIroueHus BJI,

® — IMapaMeTp NoToka oTka3zoB BJI,;

L - CpEHss IEPUOAUYHOCTD PEMOHTOB.

0) KoaddummeHT roTOBHOCTH — BEPOSTHOCTH TOT0, uTo BJI okaxercss paboTOCIIOCOOHOM
B IIPOM3BO/JICTBEHHBII MOMEHT BPEMEHU, UCKJII0Uasl IPOCTOU IIPU PEMOHTAX !

) (4.5
rae
T - cpennee Bpems pabotsl BJI Mmexmy oTkazamu (HapaOOTKa Ha OTKas);
Ty - cpennee Bpems BoccTaHoBieHus BJI.
B) K03 durment npocrost BJI u3-3a 0Tka30B:
(4.6)
r) Koaddurment npocrost BJI npu pemoHTax:
; 4.7)
rae
Tp —cpennee BpeMs peMonTa BJIL.
5) Ikonomuueckue nokazamenu Haodéxcuocmu BJI.
a) D heKTUBHOCTD 3aTpat Ha MOBBIICHUE Haa& ) HOCTH BJI:
OH = , (4.8)

rae
- noBbIlIeHUE HaAExHOCTH BJI B pe3ynpTaTe BBEICHUS pe3epBa
3n - BEeJIMYMHA IIPUBEACHHBIX 3aTpaT Ha 00pa3oBaHME pe3epBa.
[Ipumep. Eciiu na BJI BBoauTcs M30BITOYHOCT yTEM 3aMeHBbI IpoBosia A Ha AC, TO BEpOSITHOCTh

oOpbIBa MPOBOJA YMEHbBINAETCS U BEpOsATHOCTh oTKa3za BJI ymeHbIaercs, BpemMsi BocCTaHOBIEHUS — 0e3
W3MEHEHUS.

6) CyvmmapHble 3aTpaThl Ha NPOBEJCHUE TEXOOCTYy)KMBAaHHMsS WIA PEMOHTa 3a
ONpPEACIEHHBIN CPOK IKCILTYyaTalluu T.€. MaT.0KUJIAHNE 3aTpaT Ha HHTEPBAJIC BPEMEHHU.

B) Yep6 ot otkaza BJI. DToT skOHOMHUYECKHIi MOKa3aTeslb COCTOHUT U3 TPEX 3BEHBEB

*  yuiep6 sHeprocHabkaromiero npeanpustus (I12C, POC,D/CT);

*  ymepb norpedbureneit s3Hepruy;



"  yiiepO CMEXHBIX 3BEHbEB HAPOJIHOTO XO35MUCTBA.
[Ipoananu3upyem 3T COCTaBISAOIMNE yiiepoa

3BeHO | :

¢ 3arpatsl Ha BoccTaHoBleHue BJI;

¢ Ilorepu ot 3amensl 31emMentoB BJI (omop, mpoBo0B, H30ISTOPOB);

¢ IloTtepu OT yBeNMYEHHs TEXHOJOTHMYECKOTO PAcXoja dHEPrHU B JJICKTPOCETH H3-3a
OTKJIOHEHHS 3J1. peXKHUMa OT ONTHMAIBHOTO 3HAUCHHUs TIpH oTKaze BJI;

¢ 3arparhl Ha TOIUTMBO, PACXOMyeMOE Ha IyCKH 3HEProOJOKOB, PacTONKH KOTJIOB Ha
PE3EpBHBIX CTAHIIMAX, BBOJMMBIX BCIeACTBUE 0TKa3a BJI;

¢ 3arpathl Ha BEIPAOOTKY SHEPTUHU HA PE3EPBHOM 000PYIOBAHHH,

¢ Ilotepu oT mpocTOsi OOOPYAOBaHUS U OOCY)KMBAIOIIETO MEPCOHANA CBA3aHHOTO C
otkazom BJL.

3BeHo | 1:
¢ Tllotepu OT mTPOCTOS W CHWKEHHUS MPOU3BOJUTEILHOCTH TEXHOJIOTHYECKOTO
000py10BaHuS;
¢ llorepu ot Opaka NMPOIYKIINU, CHUKECHUS €€ KauecTBa,
¢ Ilotepu ot mpocTost pabouux;
¢ 3arpathl Ha CO/IEpPIKaHUE PE3EPBOB M 3aI1aCOB CHIPHS U T.II.
3BeHo |11:

¢ [loxapsl B roposiax, JECHOM XO3SIHCTBE;
¢ 3arpaThl OT aJeHUs OIOp, IPOBOIOB HA IOPOTH U T.J.

4.2 HanéxxHocTh AByXuenHbIx BJI

Honsa aeyxuensasix BJI 8 9C CHI: 7% - 35kB, 26% - 110xB, 154kB; 18% -220xB; 5% -
330xB

[IpeumyiectBo crpoutenbcTBa AByXxuenHbiX JIDII — cokpalenne 3aTpaT Ha CTPOUTENBCTBO U
SKCIUTyaTallMi0, YMEHBIICHUE 30HBI OTUY>KIEHUS U T.M., YTO TIO3BOJISIET OXUIATh YBEIUYCHHUS HUX
KOJIMYECTBA.

«Otka3» qias  AByxuenHblx BJI  —1oHATHE HEOAHO3HAYHOE: M 3aBUCUT OT CXEMBbI
anekTpocHabxenus u poau BJI B cxeme. [Ipumep : 0Tka3 mepBoit enu win ABYX SBJISETCS OTKa30M, 3TO
3aBUCHUT OT TpeOOBaHUI MOTpeOUTENEH.

3n1ech MOTYT OBITh TPU BapUaHTA!

1. Otka3 nmro60it oxHOM nenu aByxienHoi BJI - oTka3 3Toi IMHUY WK OTKA3 ABYX IICTICH.

2. OTka3 oIHOM OMpeeAEHHON e - OTKa3 JIWHWH, WM OTKa3 ABYX ILICTICH.

3. OTka3 nByX Liemnei — 0TKa3 JIMHUU.

B cooTBeTcTBUM € 3TUMH BapHaHTaMHM KBaJIH(PULIUPYIOTCS U NPEIHAMEPEHHBIE OTKIIOUYCHHS
nByx uemneit BJI.

CrpykTypHble CXeMbl pacuéra HaIEXHOCTH IBYX uenHod BJI B 3aBUCHMMOCTH OT TOHSTHUS
OTKa3a.

Ha puc 4.2 npexncraBiensl cxembl 3aMenieHus BJI mo BapuaHTam IpH aHalu3e CTPYKTYpPHOM
HaIEKHOCTH.

1,2 (O] 2 ®12



1 Bapuant — — H [~  2Bapumanr —[  |— o1

w1

™12
3 BapuaHT o>

Puc. 4.2
Cratuctuueckas nHpopMauus s aHaiau3a HaaékHocTH nByxuenHbixii JIDII coctout u3 aByx
IpyII NOKa3aTenes HaIEKHOCTH!
1 Tloka3arenu, XxapakTepHU3yIOIUE OTKA3bl U MPEIHAMEPEHHBIE OTKIIOUEHHUS JIBYX LENEeH IBYX
LEMHOW JIMHUU OJIHOBPEMEHHO 0 OJAHOW MPUYHHE:!

®12; Te12; M2 Traz2,
rae
1,2 - MTAPAMETP MOTOKA OTKA30B ABYX Leneit BJI;
Tg12 - cpenHee BpeMs BOCCTaHOBIIECHHUS ABYX 1enei BJI,;
H12 - CPEIHSS NEPUOAUIHOCTh PEMOHTOB ABYX Lerneit BJI;
Tp12 - CpenHsIs IPOAOIDKUTEIBHOCTD IPEIHAMEPEHHOT0 OTKIIOYEHUS ABYX Lenen BJI.

2 ITokasarenu, XapakTepu3yIOIIUe OTKa3bl U MPEAHAMEPEHHBIC OTKIFOYCHHUS JTI000M OHOU I1enu
JBYX LEMHOW JMHUH, BTOpas 1Ienb B paboTe

012 ; Tp12; pa2; Triz,
rae
®1-2 - TApaMEeTPbl MOTOKA OTKA30B MEPBOM WK BTOpoi enu BJI;
Tg1-2 - cpeHee BpeMs BOCCTAHOBJIEHUS NIEPBOM WK BTopoi nenu BJI,
H1-2 - CPETHUH IIEPUOJT PEMOHTOB NEPBOW Uiu BTOpou nenu BJI;
Tp1-2 - cpeaHsia NPOAOJKUTEIIBHOCTh MPEAHAMEPEHHBIX OTKJIIOUEHUN MEPBOM WM BTOPOU
neru BJI.

B aTroMm ciyuae aus mepBoro BapuaHTa oTkasa JAByx LenHoi BJI umeem crnenyroniue 3HauyeHUs
oKa3aTejied HalEKHOCTH.

(4.9

(4.10)

(4.12)

(4.12)

rmue
®p] — MOTOK OTKA30B JIBYXIICMTHOM JINHUH;



WUBJ1 — CPENHSA IEPUOAUYHOCTE PEMOHTOB,
Tg B — cpennee Bpems BocctaHoBieHus BJI;
Tp g — CpeaHsst IPOIOIKUTEIBHOCTD IPEIHAMEPEHHBIX OTKIIOUCHU.

1 BTOPOro BapuaHTa: 0TKa3a (0TKa3 ONpeaeaEHHOM IeNH — OTKa3 JTUHUU WK JABYX Ilernei):
Jlist onHOM 1Ienu:

(4.13)

Jlng neyxuiennoit BJI:

(4.14)

(4.15)

(4.16)

(4.17)

Paccmotpum Gosiee neTanbHO TpeTHii BapuaHT oTka3a BJI (oTka3 qByx 1eneil — 0TKa3 JHHUN).
3neck Ha puc.4.2 mapajuieIbHO BKIIIOUEHHBIE OJIOKM XapaKTepU3YIOT BO3MOXKHBIE SIBICHUS HAJIOKEHUS
OTKa3a OJIHOM IIeTn Ha 0TKa3 (PEMOHT) BTOPOH LEIH

[ToTok 0TKa30B AJI1 CXEMBI, COCTOSALIECH M3 MapauieNbHO BKIIOUEHHBIX OJIOKOB, YUHUTHIBAIOLIECH
HAJIOXKCHUE OTKA30B OJIHOM IIeMN Ha OTKa3bl (DEMOHTBI) IPYTOM, IIOTOK OTKA30B COCTABUT BEIIMYHHY:

(4.18)

3amensis cocrasistionme, (cM. 4.13 ) mociie moCTaHOBKH UMEEM:

(4.19)

CpeL[Hee BpPEMA BOCCTAHOBJICHUA JIA CXEMbI U3 ITAPAJIJICIIbHBIX 0JI0KOB:

. (4.20)

rIe
Y - KOO(QUIUEHT, YUYUTHIBAIOIINUNA HAJIOXEHHE OTKa3a ofHou menu BJI Ha oTka3 wiu peMOHT
BTOPOM LIEIIH.



Orot ko3 duitueHT (y) onpeaenseTcss B 3aBUCHMOCTH OT COOTHOIICHHUS

(4.21)

Ecan a<1, 1o a eciii a>1 ,To nmeeM:

(4.22)

Hcxons u3 cumMMerpun OJIOKOB B CXEME UX MapajuIeIbHOTO COEIMHEHUS 3HAUYEHUE BEJIUYUHBI
«T  »mocne npeobpa3zoBaHUl MOXKHO 3aMKCaTh B BHJIE!

, (4.23)
rae

T —cpennee BpeMs BOCCTAHOBJICHUS JUIsl CXEMBI U3 MapajlIeTbHBIX OJIOKOB.
OxoHYATEJLHO JUISA TPeThero Bapuanta oTrka3a BJI (otka3 aByx neneii — otka3 BJI), ucxons

W3 CTPYKTYpPHOM CXeMbl pacuéra HaJE€KHOCTH JIBYX LEMHOW JIMHHI, UMEEM CIEQyIOIHUE MOKa3aTeIn
HaAEXKHOCTH.

; (4.24)

; (4.25)

: (4.26)

, (4.27)
rac

- TIOKa3zaTenu  HAASKHOCTH  ONOKa, HDKBHUBAJIECHTHPYIOIIETO
OJTHOBPEMEHHOE OTKJIFOUCHHUE 00erX IeTeH 10 OAHOU MPUIHHE.

Takum 00pa3oM OIEHKa TOKa3aHWK Han&KHOCTH IBYX IenmHbiXx JIDII 3aBucuT OoT BapuaHTa
WCTIONIb30BAHUSI JTUX JIMHUH B CXeMe DJJIEKTPOCHAOKEHUS TMOTpEeOUTEeNeld WM y3/1a Harpy3kKu |
(hOpPMYITUPOBKY TOHSATUN «OTKAa3 JBYXIEMTHOW JIMHUM» W «IPEIHAMEPEHHOE OTKIIOYCHHUE ABYXIICTTHON
auHun». [Ipy 3TOM MEHSETCS YMCIICHHOE 3HAYEHHE I0Ka3aTelie HAalEKHOCTH JIBYXLIENHOM JIMHUM B
3aBUCHMOCTH OT BapuaHTa €€ MCIOJIb30BaHUS W 3(P(HEKTUBHOCTH MPUMEHEHUS ABYXIICTHOW JUHUHU TIO
cpaBHeHHIO ¢ AByMs Takumu ke (U,L) ogHOIenHBIMY.

PaccmarpuBas a¢dextuBHOCT, BJI Kak cooTHOIIEHHE pe3ysNbTaTOB W 3aTpatr, Mpou3BenEM e
onpeJieTIeHuE:!



Pacuér s pexTuBHOCTH ABYX LIEMTHON BO3IYIIHOW JINHUH:

(4.28)

rIe
Kry - K03 dumeHT TeXHUIeCKoro UCIOIb30BaHus IBYX 1emHoi BJI, T.e. Bpemsi HaX0IeHUs B
paboTOCITOCOOHOM COCTOSIHMHM OTHOCHTENIBHO Mepro/ia €€ IKCIUTyaTalluy,
Kg1 - kanuTanbHbIe BIOKEHUS B JAHHYIO JTUHUIO;
KT,I/I 8760 = Tr;
Tr — o0mmee cymmapuoe Bpems padotsl BJI B Teyenue roaa.

(4.29)

rae
Mp)1 — apaMeTp MOTOKA OTKA30B JABYXIIEMTHOMN JIMHUU;
WBj1 — CPEIHSS IEPUOANYHOCTD MTPeAHAMEPEHHBIX OTKIt0ueHui BJI;
Tg B — cpeaHee BpeMsi BOCCTaHOBJIEHU ABYXLenHON BJI;
Tp g1 — cpeHAs TPOIOTKUTEILHOCTD MPEIHAMEPEHHBIX OTKIIOUCHUH.

B xauectBe nmpumepa npuBenéM rnokaszartenu HanéxHocTy U croumoctd BJI 110 kB, tabnuna 4.2:

Tabmuna 4.2
Tun BJI, U =110 xB ITapameTp notoka | Tg, 4y i, Tp, u Kgi
0TKa30B, ®, 1/ron lron (uens  1980r),
T.py6/100 km

ongouemnuas BJI: 0.27 8.8 1.86 15.4 333
neyxienHas BJI: | orknroueHa 0.35 6.9 3.2 14.8 507

OJ1Ha LIEIb

OTKJIIOYEHBI 0.04 10.3 0.17 21.8 507

JIBE LIENU

4.3. Hagéxuocrs JIDII ¢ mocieoBare/ibHO COCAUHEHHBIMMY YJIEMEHTAMMU.

[Ipennonaras , uro orka3bl JIDII u 31mekTpUyYECKUX CeTel — HE3aBUCUMBbI MOJYYUM OCHOBHBIE
(dbopMyItBl 1715 pacyéTa HaAEKHOCTH KOMOWHAITUH IBYX JICMCHTOB.
1. Ecnu p; — Han&XKHOCTh OJHOTO AJIEMEHTA , P2-APYroro, TO BEPOSATHOCTh TOTO, 4TO 00a OyIyT
paboTtaTh 0€30TKa3HO B TE€UEHUU BpeMeHH “t":

(4.30)

rae
A1, A2-MHTEHCUBHOCTHU OTKA30B JIEMEHTOB , KOTOPbIE M.0. IOCTOSIHHBIMU WJIM NIEPEMEHHBIMH BO
BPEMEHH;
P1, P2— BEPOSATHOCTH 0TKa30B 35eMeHTOoB JIOII.



2. BEeposSTHOCTB TOTO , YTO OJUH WM 00a JIEMEHTA OTKAXKYT :

Olnoca(£) = (1) +02(t) -0 (1) +C2(t) =1-Py () +1-Po(t)-[1-Py ()] [1-P2(t)] =
=1- Pl(t) PZ(t) =1- Pnocn (t) ’ (4- 31)

rne
01, J2 — BEPOSITHOCTb OTKa30B 31eMeHTOB JIDII.

3. BeposaTHOCTH TOTO , 4TO OyIyT paboTaTh OJHMH WM JIBA DJIEMEHTA!

(4.32)

4.BeposTHOCTD , UTO OTKaXyT 00a anementa JIDII:

qnapan (t) :ql(t) qZ(t) =[ 1-p1(t)] [ 1-p2(t)] = 1-p1(t) _pZ(t) +p1(t)p2(t) = 1-pnapaﬂ(t) (433)

Cnyuan 1 u 2 — mpeACTaBISAIOT MPOTHBOIIOIOXKHBIE COOBITHS T.€. ProcitCOnocn=l , MOCKOIBKY
MIPOTHBOTIOJIOKHBIE COOBITHSI JUTsl 0€30TKa3HOM PabOTHI IBYX AJIEMEHTOB OCYIIIECTBIISACTCS TPEMS Iy TSIMH
. OTKa3bIBa€T OJMH U3 3JEMEHTOB , JO0 oba Bmecte. ClieOBATENbHO, BEIUYUHBI Procy® U «Cocn®
MOJKHO COOTBETCTBEHHO HAa3BaTh HAAEKHOCTBIO M HEHAAEKHOCTHIO MOCJIEAOBATEILHOIO COEAUHEHUS
AJIEMEHTOB WJIU MOCIEA0BATEIHLHON CHCTEMBI .JTO 03HAYaeT , YTO OTKA3 JHOOOro 3JIEMEHTa , MPUBOIUT K
otkazy cucteMbl .Caydau 3 U 4 —IPOTHUBONOJOXKHBIE COOBITHUS T.€. PrapantQuapan=1 , T.K.
MIPOTUBOTIONIOKHBIE COOBITHS AJISI IBYX OTKA3aBIIUX CUCTEM — COOBITHS , KOTJa OAWH Wi 00a dJieMeHTa
paboTaroT 0e30TKa3HO. BEMMUUHBI «Prapar® M «COuapar® HA3bIBAIOTCS COOTBETCTBEHHO HAAEKHOCTBIO U
HEHAJAEKHOCTHIO MapaIeIbHOTO COSAMHEHUS DJIEMEHTOB WJIM CHCTEMBI C TIOCTOSITHHBIM PE3epPBOM .ITO
03HA4YaeT , YTO €CJIM OJWH DJIEMEHT OTKa3aj, TO CYIIECTBYET APYTOM SJEMEHT , KOTOPBIM BBITOJIHSCT
Tpebyemyro Qynkmuro JlapannenpHas cucteMa U3 JBYX 3JIEMEHTOB HE OTKa3bIBAaeT MPH OTKa3e OJHOTO
3JIEMEHTA , €CJIM OCTABIIHUICS yIOBIECTBOPUTEIILHO BHITIOJIHSIET TPEOYEMYIO (QYHKIIHIO .

[IpuBenénnpie (GOpMysBl HCHONB3YIOTCS TMPU SKCIOHEHIIMAIBHOM M HEIKCIOHEHIIMATHHOM
pacrpenesieHu 0TKa30B 3JIEMEHTOB .B mepBoM ciiydae OHU yIpOIIArOTCs

X (4.34)
; (4.35)
X (4.36)

. (4.37)

JIOIl wm onekTpuyeckue CceTh OOBIYHO COCTOST U3 OONBLIOrO YHWCHIA  COEAMHEHHBIX
MOCJIEI0BATEIBHO IEMEHTOB WK OJ0KOB .B HEKOTOPBIX cIydasx K 3aB€AOMO MAJIOHAAEKHBIM DIEMEHTaM
JISII nnia moBbIIEHUST HAAEKHOCTH MOJKIIOYAKOTCS PE3EPBHBIE DJIEMEHTHI , MHOTJA K LEJIBIM Ipylnam
AJIEMEHTOB MOJKIIOYAIOTCS TaKHe WJIM JKe TOA0OHBIC TPYIIBI , BKIIOYaeMbIe MapaylieibHO (Hampumep
rpynmnoBoe BkItoueHus: BeHTiaed Ha m/ct JIDIT moctosiHHOrO TOKa).Takue mapaiuiesibHbIe COCAMHCHUS
MOJKHO paccMaTpuBaTh Kak OJOKHM , COEIUHEHHBIE MoOciaenoBaTenbHO .CHCTEMa OTKa3blBaeT , €ClU
OTKa3bIBACT TAaKOM OJIOK B LIEJIOM .



JUIst «n» 3JIEMEHTOB WM OJIOKOB , COSAMHEHHBIX TOCICIOBATEIBHO , HAJIEKHOCTH CHCTEMBI
BBIpaXkaeTcsi GOpMYJIOH :

] (4.38)

Bripakenue (4.38) npecraBiiseT 3aKOH IPOU3BEACHUS HaIEKHOCTH,
rie
Pi-HAIEKHOCTH i- TO AJIEMEHTA WK OJI0Ka B MOCIIE0BATEIBHOM COCAMHCHUH.

Hanéxuocts JIDII ¢ mapamienbHO COSTMHEHHBIMHU DJIIEMEHTAMH .

Ecnu umeetcst cTpyKTypHasi cxema HaJI€KHOCTH C IMOCJIEI0BATEIbHBIM COSIMHEHUEM 3JIEMEHTOB,
KorjJa oTka3 1-To aJieMeHTa BBI3bIBAET OTKA3 2-TO, 3aT€M 3-TO U T.J., TO UMEEM CXEMY C MOCJIeI0BATEIbLHBIM
COCJIMHEHUEM 3aBHCUMBIX 3j1eMeHTOB (puc 4.3)

P P2 Pn

Puc 4.3
B aToMm citydae, eciti «A» - COOBITHE 3aKITIOYAIOIIEECs B TOM, YTO CHCTeMa paboTaeT 6e30TKa3Ho, a

«A»(i=1,2....n) — COOBITHS COCTOSAIINE B UCIPABHOU pabOTe 3JEMEHTOB CHCTEMBI, TO COOBITHE «A» MMeeT
MECTO, €CJIM UMEIOT MECTO COOBITHA «A». HanéXHOCTh CUCTEMBI:

(4.39)

OnHako Ha TMpaKTHKE OTKa3 JIFOOOro 3JIEMEHTa — OTKa3 CHCTeMBbl. BeposTHOCTH 0e30TKa3HOM
paboTHhI, B 9TOM CiTydae, POU3BEICHNE BEPOATHOCTEH IS HE3aBUCHMBIX COOBITHIA :

(4.40)

Tak xkak IIPOU3BCACHNUE BCIWYHMH «(» €CTh HAMHOTO MCHBIIC OT CYMM OTHX BCIMYHH JUII
OTACIBHBIX 3JICMCHTOB

e (4.41)

B ynpoméHme pacqéTaX, JJI1 CXEMbI C ITOCIICA0OBATCIIbHBIM COCAMHCHUEM J3JICMCHTOB, MOXHO
IIPUHATD.

(4.42)
Ommbka mpu 3TOM YNPOLICHUHM HE MPEBBIIIAeT HECKOJbKO MpoueHToB. Koaddumment orkaza
(aBapwmitnoctn) «gp» 00brun0 It JIDIT nmeet Beamuuny: g < 0.01.

4.4. Hapéxnocts JIDII ¢ mapanjieJbHbIM cOeINHEHUEM 3JIEMEHTOB.



Hns ompenenenus ontumaibHOM Hane€xkHocTH JIDII M 37eKTpUYECKMX CeTed Ha CTaiuu uX
MPOCKTUPOBAHMS TPUXOJUTCS MHOTAA MyOIMpOBaTh OTICIBHBIE DJIEMEHTHl WM IEMH — HCIOJIb30BaTh
pe3epBupoBanue .Ha mpakTHKE UCIONB3YIOT HATPY)KCHHBIH (TOCTOSHHO BKIIOYEHHBIN) U HE HATPYKCHHBIH
(xomomHbIi) pe3epBbl. B mocieanem ciydae , Korja padoTaeT 3JeMeHT (Lelb) UMeeTcs OIUH Wi Oojee
PE3epBHBIX AIIEMEHTOB (IIeMeit) , KOTOPbIe MOTYT BCTYMAaTh B ICHCTBHUS MPH OTKa3¢ OCHOBHOTO PACCMOTPUM
Hajé&xHocTh JIDI npu Harpy>KEeHHOM pe3epRBe.

Hmeem amst 2-X 3J1I€MEHTOB: BEPOSTHOCTH TOTO, UTO OyIyT paboTaTh OJMH UJIU JIBA SJIE€MEHTA!

(4.43)
BeposTHOCTB , UTO OTKaXKYT 2-a 3JIEMEHTa:

Oapan()=01(t) Q2(t)=[ 1-p2(t) [ 1-p2()]=1-P1(t)-P2(t) +P2(t) P2(t) =1-Prapas(t). (4.44)

®opmyisl (4.43) u (4.44) — npeacraBiieHbl B MyHKTe 4.3 MpebIIyIICH TEMBI.
B sKkcroHeHIMaTBHOM ClTydae:

(4.45)

(4.46)

O060061MM 3T popMyIIBI U151 OOILIETO ClTyyasi:

Cdopmynupyem npaBuiio Ajs BBIYUCIEHUS BEPOATHOCTU TOTO , YTO U3 TpEX cobbitnii A , B, C ,
umeronux BepositHoctu P(A) , P(B) , P(C) Bemonustores mu6o A , nmu6o B , mmubo C , nubo mrobas
KOMOWHAIHS 3THX TPEX COOBITHH .ITO MPABUIIO 3aIUILETCS B BUE

P(A+B+C)=P(A)+P(B)+P(C)-P(A)P(B)-P(A)P(C)-P(B)P(C)+P(A)P(B)P(C). (4.47)

Ecnu coOBITHS MMEIOT OJWHAKOBYIO BCPOSATHOCTD.

P(A)=P(B)=P(C)=P, (4.48)
P(A+B+C)=3P-3P+P". (4.49)

AHaJIOTHYHO MOXKHO UMETh (POPMYJIbI Ul YETHIPEX U OoJiee COOBITUH .
Ucnonb3yst  BeipakeHue (4.47) MOXHO ONpPEACTHTh HAASKHOCTh Uil TPEX MapalieIbHO
COEMHEHHBIX IEMEHTOB , KaK BEPOSITHOCTb TOTO , YTO XOTs ObI OZJMH U3 3JIEMEHTOB Oy/1eT UCIIPABEH:!

.(4.50)
Ecnu

(4.51)



AHaJIOrM4YHO OIpeeseTcsl HaAEKHOCTh paboThl 4-X 1 OoJiee napaiebHbIX AIEMEHTOB.
Bosnee mpocto onpenenuts Benmuunny «((t)» , a morom 3uagenue p(t)=1-q(t) .
BeposiTHOCTB 0TKa3a 2-X 31eMeHTOB =010 ;3-X g=Q10203 a “N” 371eMEHTOB:

(4.52)

(4.53)
Ecau pa60Ta101uHe napajjiCJIbHO 3JICMCHTBI OJUHAKOBEI IO BEPOATHOCTH OTKA34, TO.

qnap:qn ; pnap:]-'qn- (454)

Jlnst mapanienbHON paboThI TPYTIIBI SJIEMEHTOB !

Prap=1-Oap=1-q"=1-(1-p)", (4.55)
rje

p - HaAEKHOCTh 1-T0 3JIEMEHTa, T.€. BEPOSITHOCTh 0€30TKa3HON pabOTHI.

Ecnu nmapannenbHO coeMHUTh “N’ TPy 3JIEMEHTOB , B KKIOM M3 KOTOPHIX ‘M’ 3JIEMEHTOB
pabotaet nocnenoBarensHo (puc 4.4), To :

p1 pi

(4.56)

Puc.4.4

Hanéxuocts ogHOM 1€ W3 M IMOCIEAOBATEIbHBIX 3JEMEHTOB M3 KOTOPBIX ‘B 3JIEMEHTOB
nyomupoBansl (puc 4.5):

p1 Pa Pm

Pa+1 Pa+2 Pm

Puc 4.5



(4.57)

riae
P, — Hax&XHOCTD i-I0 HE pe3epBUPOBAHHOTO HJICMEHTA;
P, — HagE&XKHOCTB |-TO PE3ePBUPOBAHHOTO HJIEMEHTA,;
a — YMCJIO0 He AyOJUPOBAHHBIX 3JIEMEHTOB (2 = M = B);
M — YKCIIO0 TOCIENOBATENBHO COEAUHEHHBIX DIIEMEHTOB;
B — KOJIMYECTBO AJICMEHTOB JAyOJIIMPOBAHHOE U3 &M,

HanéxHocTh cucteMsbl U3 IBYX NMapajuieabHbIX nenei (puc 4.6):

P

Puc.4.6

Prap=1-(1-p)°. (4.58)

rIe
P — HaI&KHOCThH OJTHOM JIMHUH

4.5. Hapéxnoctb BJI ¢ napanjieJbHbIM COeJHHEHHEM 3JIEMEHTOB NIPH HEHATPY:KEHHOM
pe3epse.

3nech (puc.4.7) DOMOMHHUTEIBHBIN 3JCMEHT BCTYyNAeT B JCHCTBHE NPH OTKa3e OCHOBHOTO
.Pe3epBHBIe 3JIEMEHTHI — B OTKJIIOUEHHOM COCTOSHHU. I[JIH BKJIFOUCHUSA PE3CPBHLIX 3JICMCHTOB TpeGYIOTCH
KOHTPOJIbHBIE MPUOOpPHI , OOHAPYKUBAIOIIKUE OTKa3 M MEPEKIIIOYAONINE YCTPOHCTBA Ui BKJIIOYCHHUS
PE3EPBHBIX JIIEMEHTOB .

Pacuér HaméxkHOCTM B O3TOM ciy4ae cocrout B onpeaencaun f(t) —pyHKnuum mroTHocTH
pacnapeaciicCHud OTKa30B I[aHHOﬁ KOM6I/IH3.LII/II/I 9JICMCHTOB B HC HATPYKCHHOM PE3CPBC U BLIYUCICHUU
HaIEKHOCTH CUCTEMBI Iy TEM MHTETPUPOBAHUS 3TON (PYHKIIHH .

Jlns OAHOTO SJIEMEHTa INPH HEHArpy)KeHHOM pe3epBe (H.p.) MMeeM CJCAYIOUIYI0 BEIHYUHY
mokasaress 6e30Tka3Hoi padots! (PH.p.):

P P

O
h h

Puc 4.7




(4.59)

BI)IBOI[ 3TOT'0 BBIPAXKCHUS COCTOUT B CICAYIOIICM:

TaK KaK
OnpenenuM (YHKIHMIO TUIOTHOCTH OTKa30B cuctembl (f), cocTosimeld w3 ABYX 3JEMEHTOB WU

LeTel ¢ BeJMYMHAMU WHTEHCHUBHOCTEW OTKaza “A;” W “Ap” , M3 KOTOPBIX OJIHA IieNb padbouas , OJHa —
pe3epBHas .

Homyctum paboumii 3IeMEHT OTKa3bIBa€T BO BpeMs «i1» , pe3epBHBIN cpa3y HauMHAET padoOTaTh
.MoMeHT oTKa3a pe3epBHOro aneMeHTa «tr=t-t1» , ecnu Bpemsi paboThI 3TOro d7eMeHTa «Ir» a «t» —Bpems
0€30TKa3HOI pabOThI CHCTEMBI OTCYUTHIBACTCSI OT MOMEHTA , KOTJIa TIEPBBI AJIEMEHT OTKa3al ; «t1»u «fo» —
IIEpEMEHHBIE BeIMYUHbL. Torna:

(4.60)

Brisox:

Jlnst mepBOro 3JIEMEHTa BEpOSITHOCTh OTKa3a Ha MaiioM uHTepBayie dt ecTh , s

BTOpPOTO

BeposTHOCTH OTKa3a CHCTEMbl Ha MAaJOM HMHTEpBajie OT «t» g0 «t+dt» mis cucremsr ¢
HEHArpyKEHHBIM PE3EPBOM:

(4.61)

Tak kxak o0mast popmya BEpOSTHOCTH OTKa3a 3JIEMEHTA:

OmnpenenuM COBMECTHYIO IUIOTHOCTh OTKa3oB “f(f)” cucremsl M3 OByX di1eMeHTOB, Tae 1-brid
AJIEMEHT OCHOBHOI ; 2-0M - HeHArpy KEeHHbIH (Pe3epBHBIN):



(4.62)

[IprMeuaHue: pu BBIBOJAE BBIPAKEHUS BBEICHA IIEPEMEHHAS

; d(Aot)=d(const)=0 ; Tak kak Bpemst “t" — BepxHHii IpeIe] HHTErpaa, T.c.
KOHKPETHOE 3HaYEHHE.
Bripaxkenue npoauddepenippoano pru gomyimeHusx: (Ax-A1)dt;=dx, ciemoBareabHo

dti= [penensl 11 HOBOW MepeMeHHOI (X)
Hwxunit npenen: ecnu t1=0 , To x=-Ast
Bepxuuii npenen: ecnu t1=t , To x=(Ao-A1)t-Ast=-A1t

Jlist 3-X 37eMeHTOB (01H pabo4mii , 2-a pe3epBHbIC) aHATOTUYHO MMOIYYaeM:

(4.63)

rue
t1 —MOMEHT oTKa3a paboyero 3J1€MEHTa,;
t, — MOMEHT O0TKa3a 2-ro pe3epBHOIO IEMEHTa, OTKAa3bIBAIOIIEr0 B MOMEHT BpeMeHH t>1; .
BeposiTHOCTS 0€30TKa3HON pabOTHI AJIs ABYX AJIEMEHTOB IPU HEHATPY>KEHHOM PE3ePBE COCTAaBUT
CIIEIyIOlIIee 3HAUYCHUE!

(4.64)

Cpennee Bpems 0€30TKa3HOM pabOTHI CHCTEMBI U3 IBYX JIEMEHTOB IPU HEHATPY>KEHHOM
pesepse:



(4.65)

4.6. Hané:KHOCTh CJIOKHBIX CXeM JJIEKTPOCHAOKeHUsI

He Bce 3agaun cBOAATCS K IMOCIIEIOBATEIBLHBIM U TTApAJUIETBLHBIM cucTemMam .Jlpu
MPOEKTUPOBAHUH AJIEKTPOCHAOKEHUS DHEPTeTUYECKUX cUcTeM M.0. 6osee CloxKHble KOMOMHALIUN
JJICMEHTOB .

ITpumep :Pacuét cxemsbl anekTpocHabxenus (puc .4.8)

OmunakoBele 1enu  AA’, BB’ — Bxirouensl
A C B napaiensHo. [Ipu pabore gake oIHON M3 HUX OTKAa30B
B OJieKTpocHaOkeHnu Her. Ecnmm smementsl A, B —
\L HEIOCTATOYHO HAAEKHBI, BBOAUM 3jeMeHT C (MCTOYHHMK
3JIeKTpOCHAaOXKeHus1), oH cHabkaer A’ u B’ .Hmeem
A’ B> komOunamuu: AA’ ,CA’ ,CB’ ,BB’.
Jliist onipeniesieHusI HaJIEKHOCTA CXEMBI HCIIOJIb3yeM
4 v TEOpeMy TOJTHOM BEepOSTHOCTH MK Teopemy baiieca:
Ecnu A — coObITHE, 3aBHCAIIEE OT OJHOIO U3 2-X
Puc 4.8 HECOBMECTUMBIX coObITHI — B uiu B; , n3 xotopsix

XOTSIOBI OJTHO TIPOMCXOJIUT, TO BEPOSTHOCTD MOSBICHHS
COOBITUA A

P(A)=P(A/B;)P(B;)+P(A/B;)P(B)) (4.66)

ITepeBeném 3TO Ha A3BIK HAIEKHOCTH:

A — otka3s cucteMsl; B, B; - 6e30Tka3Has paboTa U 0TKa3 HEKOTOPOIO AJIEMEHTA, OT KOTOPOro
3aBHCHUT HaAEKHOCTb CUCTEMBI.

IIpaBujio: BeposTHOCTH OTKa3a CUCTEMblI paBHA BEPOSATHOCTH OTKa3a CUCTEMBbI MPU YCIOBUHU
YTO BBIJEJICHHBIN 3JIEMEHT MCIPABEH, YMHOKEHHOW HA BEPOATHOCTH TOTO, YTO ATOT 3JEMEHT UCIPABEH
IUIIOC BEPOSITHOCTh OTKAa3a CUCTEMBI IPU YCIOBHUH, YTO TOT K€ JJIEMEHT HEUCIPAaBEH, YMHOXXEHHOM Ha
BEPOSATHOCTH TOT'0, UTO 3TOT AIEMEHT HEUCITPABEH.

Oeuer=Ceucr (ecrmu «x» ucnpaseH) PxtQeucr (€cim «x» He ucnpasen) Ok, (4.67)

PCI/ICTzl_qCI/ICT ’ (4.68)
rIe
Peucr — HAIEKHOCTD CUCTEMBI, BEPOSTHOCTH OE30TKA3HOM pabOTHI;

Ocner — HEHAZEKHOCTD CUCTEMBI, BEPOSITHOCTh OTKAa3a.

B namem npumepe “x” —anement C , Torna

Ocner=Cencr (ecimu «C» ucnpasen) Peteyer (ecm «C» He ncnpasen) (c . (4.69)

Jns Beipaskenus (4.69)
a) OTKa3 CHCTeMBI TIPH OJHOBPEMEHHOM OTKa3e d1eMenTos cucreMbl A’ i B | Tak kak snemeHTbI
cucremst A’ n B/ — napajuieIbHbl HMEEM:



Ooner (ecmmu «C» ncnpasen) = (1-pa’) (1-pg) ; (4.70)

. / ;.
0) oTka3 31eMeHTa «C» HMEeT MECTO MPH 0TKase mapasuienbHbix 1eneii (AA" u BB'):

_ / /
Oexer (ecmu C ne ucnpasen) = (1-papa’) (1-peps), (4.71)
rac
ITepBbIii COMHOXHUTEIIb — BEPOSTHOCTb OTKA3a LEMH (Cers), 1€ d1eMeHThl A 1 A’ coenuHeHsI
HOCIIEI0BATENBHO

. /
Bropoii cOMHOXUTENb — «Quemy®, T/A€ 7€MEHTHI B 11 B' coequnens! mociaenoBaTenbHO.

BeposTHOCTE OTKa3a BCel CUCTEMBI (qcm) BCEIl CUCTEMBEL.
Oener=(1-Pa") (1-P5')Pc+(1-PaPa’) (1-PsPs ) (1-Po). (4.72)

B Oonee cnoxHbIX pacuérax HaA&KHOCTH npaBwio (4.67) mpuUMEHsETCS B HECKOJIBKO ITaroB.
dopmyia (4.67) — mo3BoseT pacuéT HaAEKHOCTH JFOOBIX CIIOKHBIX CHCTEM.

U3 ¢opmynsr (4.67) mnomyuaercss mpaBwiIo pacyéra HAIASKHOCTH IIOCICIOBATEIBHBIX U
napasiesbHbIX COeIMHEHUN JIEMEHTOB.

[Ipumepl: »sneMeHTBI € BEpPOSTHOCTAMHU O€30TKa3HONM paboThl p1 U P2 — COEIUHEHBI
nocnenoBatenbHo (puc 4.9). OmpenenuTh BEpOSTHOCTh OTKa3a CHCTeMbl. B kauectBe snmemeHra “X”
BO3bMEM 3JIEMEHT C BEPOSITHOCTBIO 0€30TKa3HON pabOTHI «po»:

—

p1 P2 — DIEMEHT «X»

Puc 4.9

TakiM 00pa30M IMEMEHT «X> - JIIEMEHT C MOKa3aTeaeM HaaEKHOCTH «py». Bocmonb3yemcst
npasusioM (4.67) s Halero ciaydvas:

Oener=(1-p1)p2+1(1-p2)=p2-p1p2+1-p2=1-pip2 (4.73)

[Ipumeuanue: Eciaun He ucpaBeH BTOPOM 3JIEMEHT T.€. OTKa3 IIPU 3TOM CHCTEMBI.
g=1 , T.K. 3MeMEeHT BKJIIOYEH B CXEMY IOCIENOBaTElIbHO, BeIMUMHE 1-p; —
BEPOSITHOCTH TOTO, YTO HEUCTIPABEH 2-0H 31eMeHT. Takum 00pa3oM HaIEKHOCTh CUCTEMBI :

pCI/ICT: 1'CIcmT:p1p2 ; (4-74)

IMpumep 2: Ilpumenss Beipakenue (4.67) mans aByx mnapauienbHbix 37aeMeHTOB (prc 4.10)
OTIPEJICTTUTh BEPOSITHOCTh OTKa3a CUCTEMBbI. B KauecTBe 5eMeHTa “X” BO3BMEM 3JIEMEHT C BEPOSITHOCTHIO
0e30TKa3HO# paboThI «po». CornacHo BeipaxeHus (4.67) onpeensieM BEPOSTHOCTh OTKa3a CUCTEMBI:

P1

[ ]
L

[ ]
L

P2 — JJIEMCHT «X>»

Puc 4.10

Oener=0 Po+(1-P1) (1-P2)=1-P1-P4P,P; ; (4.75)



[Mpumedanue: Qeuer = 0, IPU P2 = X, Qeyer = 1-P2, IpH G = X.

HanéxHoCcTh CUCTEMEL.

Peucr=P1tP2-P1P2- (4.76)

4.7. MeTtoasbl nojiydenus nugopmauuu o Haaéxuoctu BJIL.

Hns wuccnenoBanus HaaéxHoctn BJI 35 — 750 TpeOyercst menblii KOMIUIEKC TEPBUYHOM
nHpopmanmu. E€ METo/IbI MOTy4eHHs CIIeAyIOIHe:

Ucnerranne BJI Ha HaEKHOCTD.

AHanu3 MaTeMaTHYeCKHX U aHaJIoroBeIX Mojenei BJI.

PacueT Ha ocHOBE JAHHBIX O HAAEKHOCTH djieMeHTOB BJI.

C6op u o6paboTka cratnueckoil nHpopmarmu o6 3xcryatanuu BJI.

Kaxnpiii MeTon uMeeT NpeuMyllecTBa M HEJOCTaTKU [0 BO3MOXKHOCTAM peal3allud U
pe3yJbTaram.

HcnbiTanusg Ha HaA&KHOCTh NPHUMEHSIOTCS K B3HEpreTudeckoMy obopynoBanuto u BIIL
HmeroTesa cTaHaapTel U METOIMKU MpOBeNeHUs U o0paboTku pesynbraToB. HemocraTku —
BBICOKAss CTOMMOCTh OOOpYJOBaHHsS, pa3sHOOOpa3ue pEXKHMOB OJKCILTyaTauuu (TPyIaHO
IpOrpaMMy COCTaBUTH). YacTo 93TOT METON HCIONB3YyeTcs Ul  BBIKIIIOYATENeH,
pa3beIUHUTENIEH, OTACIUTENCH, KOPOTKO3aMBIKATENIEH, YCTPOUCTB aBTOMaTUKU U PEIIEHHON
3aIUTBHI.
AHanu3 MaTeMaTUYECKUX U aHAJIIOTOBBIX Mojeliel — ucnonb3ytores A BJI. I[Ipeumymectsa
— MaJIbIE 3aTPaThl U UMUTALMS IIUPOKOTO AUANAa30HA YCIOBUM U PEKUMOB.

Pacuér Ha ocHOBe maHHBIX 0 Han&xHOCTH 3meMeHToB BJI 35 — 750 kB — cnoxeH T.k.
IUI0XO pa3paboTaHbl CTPYKTYPHBIE MOJIENIN AJIs pacuéTa HaAEKHOCTH KaK CUCTEMBI.
C6op u o6paboTka cratnueckoil wuHbopmarmu. OnNbIT €€ MOMyueHHs HaKOIUIEH B
Coroszrexanepro, BHUND, DHeproceTblpoekTOM W psiioM sHeprocucteM. Mmeercs psia
HOPMATUBHBIX U JUPEKTHUBHBIX JOKYMEHTOB 1O cOOpy U 00pabOTKe JAaHHBIX O HAIEKHOCTH
BJI. McTounuk nHpOpMaLuu — SKCIUTyaTallMOHHAsl CTAaTUCTHUKA, YUUTHIBAIOILAS CIIEIYIOIINe
ocobennoctu BJI:

¢ KOHCTPYKTHUBHOE pa3HOOOpa3ue JIMHUN AaKe B IPEenax OJHOTO

HaIpsHKEHUS,

. HEOJHOPOJHOCTh MPUPOJHO — KIMMATHYECKUX BO3aeWcTBUi Ha BJI mpu BbICOKOM
YyBCTBUTEIBHOCTU K 3TUM BO3ACHCTBUSIM;

¢ pasnuuus B CpoKax 3kcruryaraunu BJI Ha MOMEHT uccrienoBaHus;

¢ pa3IuyMs B METOJAX M XapaKTEpUCTUKAX dKCIUTyaTallMOHHOTO obcimysxkuBanus BJI.

Hns cOopa manHbix o BJI BbIpaGoTaHbl cnenuaibHble (OPMBI NEPBUYHON HH(pOpMAImH,
coJiep Kalie BOMPOCHl O MX JUTMHHE W KOHCTPYKTUBHOM HCITOJTHEHHH, BBEIIEH MOPSAAOK yUETa aBapuil U
OTKa30B C MCIOJIb3bIBAHUEM KapT OTKA30B, TJI€ OTPAYKAFOTCS:

.

* & O o o

Pexxum paboThl 10 BOSHUKHOBEHHSI OTKA34;

OO6cTosTenbCcTBAa ¥ MPUUMHA OTKA34,

PaboTa 3amur, aBTOMaTUKH, CUTHAJIU3aIIMH;

OTKITIOUEHMSI IPYTUX JTUHUH, X0 BOCCTAHOBJICHUS SKCIUTyaTalllu;
Onucanue nopexaeHus. [IpuunHbl 0TKa3a;

MeponpusTas o MPEAOTBPAIIESHUIO TIOJOOHBIX CITyYacB.

Ortxka3sbl BJI nensrcs Ha rpynmst:

.
*

Ortka3 BJI ¢ noBpexaeHnemM o00pya0BaHus;
Otka3 BJI 6e3 moBpexacHUs 000pymoBaHusi (CXJIECTHIBAHWE IPOBOJOB, MEPEKPHITHE

M30JIAIINH, TUTAHOBO — MIPEAYIPEIUTEIbHBIC PEMOHTHI);

¢

PEBU3USIX).

[ToBpexxaenne oOopymoBanus 0Oe3 orkaza BJI (oOHapyxuBaroTcss mpu 00XoJax H



Kapts! oTka30B nepegatorcs B “ DHeproymnpasiieHne” B CIIyk0y HaIEKHOCTH U O€30MACHOCTH.

4.8. CtaTH4eckne MeToAbl 00padoTku HH(popManuu o Hafaé:xHocTH BJI 1 06opynoBaHust
2C.

4.8.1. CtaTnueckasi OlieHKa 3aKOHOB pacrpe/ejieHus otka3oB BJI u o6opynoBanus IC.

Jlnist penieHns TeOPETHYECKUX U MPAKTUYECKHUX 3a7au HAAEKHOCTH MPOU3BOACTBEHHBIX DC U ux
JIEMEHTOB HAJ0 3HATh 3aKOHBI paclpeieiaeHus UX 0TKa30B. OHU NOIy4aroTcs MOCPEACTBOM 0000IIEHUs
cTaTHYecKoro mMarepuaia o0 orkazax. [Ipumem ciyuaiinyio Benuuuny (CB) “T” 3a Bpems 0e30TKa3HOI
paboThl. 3a BpeMs SKCIUTyaTalldd BOCCTAHABIMBAEMBIX 3JIeMeHTOB DC — «t» BenmumHa “T" mpuHUMaeT
“n” 3Hauenuii. COBOKYIMHOCTh 3TUX CIIyYyallHBIX 3HAUYEHUI BEIMYMHBI — CTaTH4YecKas BbIOOpKa 0O0bEMa
“n”. Ecom 3nauenns CB “T” pacrnonoxuts B Bo3pacTamomieM (yObIBaroiieM) IMOPSAKE M yKas3aTh
OTHOCHUTEJIFHO KaXJIOT0 KaK 4acTO OHO BCTpeyaercs, TO umeeM pactpeneneniue CB mnn BapuariioHHbBIN
P Ha OCHOBaHMU KOTOPOT'O ONpENeNsieM aHAINTHUECKYI0 (POPMY HEM3BECTHOM IJIOTHOCTH BEPOSITHOCTH

f(t) = o(t) wim dpynkuuto pacnpeneneuus F(t).

Jlnst mocTpoeHusT BapHaIlMOHHOTO psifa auana3oH 3HaueHuit CB “T” pasOuBaem Ha MHTEpBAJIbI.
[ToncuntsiBaem konnuecTBO 3HaueHUM «M» CB T, mpuxopsuieiics Ha KaxAblid HUHTEPBAI U ONpeaesieM
4acTOTy €€ NONaJaHNs B JAHHBIA NHTEPBAJ:

(4.77)
rae
N — qrcio HabmoIeHn i, 00bEM BHIOOPKH.
BapuanuonHslii (cTaTuaeckuil) psij
Tabmuna 4.3
I/IHTepBaJI tl — t2 t2 - t3 ves tk — tk+1
YacTota P P, . Py
OntuManbHas BEJIMYMHA UHTEPBAJIa;
(4.78)
rae
N — YKCII0 CIUHUII B COBOKYITHOCTH (BBIOOpPKE);
(tmax - tmin) — pa3max Bapuanuu CBT.
Yuciio HHTEpBAJIOB :
(4.79)

WJIY TIPOIIIE:



(4.80)

Bonbmoe 3nauenue umeet rpaduueckuil MeTo1 n300pakeH s BAPHALIMOHHOTO Psijia:

. [Monuron pacnpeneneHus (MHOTOYTOJBHHUK): MO OCH a0CHHCC OTKJIAIbIBAEM HHTEPBAJIbI
3HaueHuil CB, B uX cepeluHax CTPOMM OpJIMHATHI, IPONOPLUOHAIBHBIE YACTOTAM M KOHIIbl OpJAUHAT
COEIHSEM.

= l'ucrorpamma pacnpenenenus. Hax KaXabIM OTpe3KOM OcH abcLHUCC, M300pakaroliem
uHTepBasl 3HaueHuid CB, cTpouTcs NpsIMOYroJbHHMK, BBICOTA KOTOPOTO MPONOPLHUOHANBbHA YaCTOTaM
MHTEpBaa.

[Ipr yMeHBIIEHUU AJMHHBI Ka)XXJOr0 HHTEpBaJia T'MCTOrpaMMa HpUOIMKAeTCsl K HEKOTOpOH
TUTABHOM KPHBOM, COOTBETCTBYIOIIEH IJIOTHOCTH pacrpeneneHus BenuuuHsl “T". Takum oOpasoM mpu

MMOCTPOCHUU TMCTOTPAMMBI IOJTy4aeM MpecTaBieHue o AuddepeHunaib-HoM 3aKoHe pacipeneneHus CB
T.

*
- Cratnueckas ¢yHkuus pacnpenenenus F () — gacrora cobeituit T < t B gaHHOM
BBIOOpKE:

F(t) =p (T<t) (4.81)

rIe

t — Teky1uas nepeMeHHas;

*

p - HaCTOTa UJIU CTATHYCCKAA BEPOATHOCTDH COOBITHS.
F (t) = n/n (4.82)

rne
N; — YUCJI0 OTKA30B, pH KOTOpbIX T <t ;
N — yrcio HaOIIOAEHUIA.
Ecnu T — HenmpepeiBHAS BENMYMHA, TO NpH yBeIHdeHHH “N”’ (0oO6béma BeIOOpkm) F () —
MHTEerpaibHas GYHKIHS pacupeaeneH s BennanHbl T.
TakuM 00pa3oM, MOCTPOCHHE CTATHUECKOH (yHKImK pacnpenenenns F (t) pemaer Bompoc 06
YCTaHOBJICHHH HAa OCHOBE 3KCIIEPUMEHTAJIBHBIX TaHHBIX 3aKoHa pacupenenenus CB.

4.8.2. Ilon6op TeopeTHYeCcKOro 3akoHa pacnpenejenus CB 06 oTkasax.

ITonmb3oBanne F (f) HEyZoGHO TakuM 0Opa3oM HSKCIEPHMEHTAIBHBIC TOYKH THCTOrPAMMBI
KOJICOJTIOTCST OKOJIO HEM3BECTHOM KPHBOW MCTHHHOTO pacrpeaesieHus. [t BBISICHCHUSI TEOPETHIECKOTO
3akoHa pacnpenaenenuss CB 3amannoro F(t) wmm f(t) = ¢(t) mpoumsBogurcs 00paboTKa CTaTHUSCKHX
naHHbIX. BreiOupaercs ampokcumupytomas ¢yukuus f(t) = o(t), xoropas cormacyercss ¢ JaHHBIMH
skcriepumenTta fo(t) = f(t). g omenkun mnpaBaomogoOus 3TOr0 MPUOIHKEHHOTO BEPOSTHOCTHOIO
paBeHCTBa pa3pabOTaHO HECKOIBKO KPUTEPUEB COTIACHS MPOBEPSIEMBIX TMIIOTE3 OTHOCHTEIBHO BHA
byHkiuK (ampoOKCUMUPYIOIICH U TaHHBIX dKcriepuMenTa) fo(t) u f(t).

TTopsioK MPUMEHEHHUS KPUTEPHSI COTITACHS

» [Ipeamonoxum , uto CB T (HapaboTka 10 OTKa3a) , MOJy4YEeHHAst B BUE CTATUYECKOTO psijia

MOTYMHEHA HEKOTOpOMY 3aKoHy pactpeaeneansi CB , npunuceiBaemomy F(t).
» Jliasi TPOBEPKH CIPABEIIMBOCTH THUIOTE3bl BBOAWUTCS CIydYaifHAs BeJMYMHA - Mepa
PaCXOXJEHUA MEXAY TEOPETUYSCKUM 3aKOHOM M CTAaTUYECKUM pachpeneieHueM.”
MOXET OBITB : a) MAaKCHManbHOE oTKIOHeHHe F (t) ot F(t) ; 6) cyMMa KBagpaToB OTKIOHCHHT
TeopeTHyeckux BepositHocter nonananus CB T B i-blit uHTEpBai- P 0T cOOTBETCTBYIOIIMX
qacTOT Pi*.



* Ecuu runoresa o Tom , uto CB T nmomuuHsieTcs 3akoHy pacnpeznencuus «F(t)» cnpasemimsa
,To “ 7 Oyzmer ompenensatcs 3akoHoM pacnpenaeneHus CB T u uucmom orBeToB N.OTO
YCTaHABIIMBACT COTJIACHE MEXKAY TEOPETUYECKHUM M CTaTHYECKHM DAaCIpeNelIeHHEM , eClii

M3BECTEH 3aKOH pacrpeaeyienus "

ITpumep:

» 3aKoH pacmpeneneHus © " U3BECTEH.

¢ B pe3ynbTare npoBeAeHUs SKCIEPUMEHTA PACXOXKIECHUd = U,

¢ BpuicHseM = U cily4ailHO 3a CYETOTrpaHUYEHMS YMCia OTKA30B WM M3-33 PA3HULIBI MEXKY

x
F () u F(t).Jlas 3Toro BbIUKCISAEM BEPOSTHOCTh MOJAYYCHHS TAKOIO PACXOMJICHUS MPU
3aganHbiX F(t) ¥ yrcie ombITOB «N» . DTO CBOJUTCS K OMPEICICHHIO BEPOSITHOCTH:

F )=PU ) (4.83)

Ecnu BepoATHOCTh — Mana , TO TEOPETUUYECKOE pacipenesieHne — HeyiauyHo. Ecinu BeposiTHOCTD —
3HAYUTENIbHA , 3aKOH pacIpe/ieleHHs BbIOpaH yIauHo .

[Ipu HekoTOophIX crocobax BwIOOpa “ 3aKOH €€ pacIpeaesieHuss MOXKET OBITh BBIOpaH
TEOPETUYECKH, UCXOIs M3 00muX nojoxkeHuit TB u mpu 10cTaToyHO OONIBIIOM «N» HE 3aBUCUT OT BUAA
byukun «F(t)» , uTo obiieryacT MpUMeHEHHE KPUTEPHEB.

4.8.3. Kputepuu coryiacus 1Jisi OlleHKH HA/18KHOCTH dJ1eMeHToB JC

= Kpurepmii “y*’K.Ilupcona .B kauecTse MEpbl PACXOXKACHUS MEXKIY OIBITHBIM U

. _ 2
TCOPCTUUCCKHUM PACTIPCACIICHUEM 6epeTC$[ BCIIMYMHA =X

(4.84)

rIe
K- YHCJIO UHTEPBAJIOB CTaTUYECKOIO Psa,;

- 4acToTa i-ro HHTEpPBAa CTATHYECKOTO PAA;
mM; —konuuectBo 3HaueHuit CB T Ha untepsan,
N-00BEM CTaTUYECKOW BHIOOPKH , 00111€€ KOJTUYECTBO OIBITOB,;
P-teopetndeckas BeposTHOCTD nonaganus CB T B i-blif HHTEpBAJ.

Ipy yBENMUEHUH «N» 3aKOH paclpeeeHns “ " MpHOIIKaeTes K “y>" PacrpeieleHHio i He
3aBUCUT OT Buaa «F(f)» W umcna wWcmbITaHUE «N» , a OmpeaenseTcsi TOJBKO YuciioM pas3pagoB “K”
CTaTHYECKOTO psijia.

Kputepuit A.H.Konmoropona:

OmnbsITHOE pacupCaAcCICHUC TPAKTUYCCKHU COTJIACyCTCA C BbIGpaHHBIM TCOPCTUYICCKHUM , CCIIN

BBITIOJTHSICTCS YCIIOBHE:

D n 1 (4.85)
rae
D- wnaumbonbpiee OTKIOHEHHE OKCICPUMEHTAIBLHOW KPUBOM  pachpeneieHus OT
TEOPETUYECKOM;

N;- o0I1Iee YMCIIO SKCIIEPUMEHTALHBIX TOYEK.



4.8.4. JloBepuTe/ibHbIe HHTEPBAJBI IPU CTATUCTHYECKOH OLlEHKE MapaMeTPOB HAIEKHOCTH

CraTtuctudeckas OlIEHKa IapaMeTpoB HAAEKHOCTH TeM OlMKe K MCTUHE 4eM Oojbllie 00bEM
BbIOOpKU. Tonpko OeckoHewHo Oombinas BeiOOpka MokeT natb 100% yBepeHHOCTh , YTO OLIEHKA
rnapamMeTrpa coBmagaeT ¢ UCTHHHOU. [lonsatus "kordduruent mosepus”, " moBEpUTEIbHAS BEPOSTHOCTH-
0003HaYaIOT BEPOSITHOCTD , CBSA3BIBAIOIIYIO HCTHHHOE 3HAUCHHE MapaMeTpa U ero ouneHky. Koraa onenka
MOJTy4YeHa Juisl OOJIBIION BBIOOPKM , HCTMHHOE 3HAYEHHE — CIpaBa OT He€ miM ciesa. [loaTomy myuine
BBIP@)KaTh CTATUCTUYECKYIO OLEHKY C MOMOIIBI0 MHTEpBalia C yKa3aHHEeM BeposTHOCTH (kodddurmeHt
JOBEpHs) , YTO UCTUHHOE 3HAUYCHHE — BHYTpPH ero. [Ipu aHaim3e CTaTHCTHYECKUX JTAHHBIX OCHOBHBIC
MOHATUS — IOBEPUTEIbHBIN YpOBEHb' W “ KOX(QQHUIMEHT A0oBepus . DT UCTUHHBIC JaHHbBIE YacTO
MPEACTABISIOT HE “ TOYEUHBIMH OIEHKaMH , a C TOMOIIBI0O MHTEpBaia C 3aJaHHOW JIOBEPUTEIHHOU
BEPOSATHOCThIO WiH KodpduuueHt nosepus “ ".IlociegHuii , BeIpakaeT BEPOSTHOCTH TOTO , YTO
HCTUHHOE 3HaY€HHE BEIMYMHbBI — BHYTPH MHTepBaia. I'paHuIlbl HHTEpBala — JOBEPUTEIbHbBIE IPAHUIIBL.
YpoBeHb 3HAYMMOCTH — BEPOSITHOCTH TOTO , YTO 3HAYEHHWE MCKOMOW BEIMYMHBI BBIWJET U3 TPAHUIL

unatepana: =1- ;Yacro =0.9;0.95;0.99u =0.1;0.05; 0.01.

Koadpdpumment " XapakTepuszyeT CTENEHb JOCTOBEPHOCTH pE3YJbTAaTOB JBYXCTOPOHHEH
OLICHKHM TMapameTpa HaA&KHOCTU. JloBepHUTENnbHBIE WHTEPBAJbl CTATHYECKHX OLICHOK MapaMeTpoB
HaJEKHOCTH UMEIOT HUKHIOKO U BEPXHIOIO TPAHHUIIBI.

HpI/IM*ep:

Tgp, T cpr - CPETIHEE BpEMs 0€30TKa3HOI PabOTHI:

TepuuT g s “HIDKHSIS M BEPXHSA TPAHHIIBI 10OBEPHTEIIBHOIO HHTEPBAIIA,

Bemnunna T p- HAXOAUTCA MEXKIY THMU IIPEAEIaMH.

[Tpumep. BolunciieHbl I0BEpUTEIbHBIC TPAHHIBI TS BEPOATHOCTH Oe30TKa3zHON paboThl p(t)
anementa OC mopsaka 0.9.9t1o 3maunt 90% ciiydaeB UCTHHHOE 3HAYCHHE HAAEKHOCTH — B ITHUX
npenenax , a B 10% -BHe 3THX TpaHUIl.

4.9. CraTuuecKue NoOKa3aTeJu HaJEKHOCTH COBOKYIIHOCTH BO3YIIHBIX JIMHHUM.

Baxueiimum nokaszarenem HanéxkHocta BJI 35-750 kB — mapamerp moToka 0Tka3oB , oTka3/100
KM TOII.

, (4.86)
rae
P, —uucno otkazos i —oii BJI;
Li — nauHa JTUHUAH, KM,
I'i — mepuon skcrutyarauu BJI, ner.
[Mapamerp moToka oTKa30B (cpeanee 3HaueHue)BJI maHHOrO THMa OmpeneNseTcs Ha OCHOBE
OlIeHOK mapametpa “ ;" BJI , BXOISAIINX B COBOKYITHOCTD:

(4.87)
rIe
B — YHMCJIO OTKJIKOYAEMbIX JMHUN , BXOJAIIKUX B COBOKYNHOCTh BJI nanHoro Buaa.
Jlnsi OpMEeHTHPOBOYHBIX PACUETOB HAAEKHOCTH B BBIOOPKY M.0. oOwemuHeHsl BJI omnoro
HaMpPsDKEHUs JTI000T0 MaTepuasia v TUIa OIop.

4.10. O6pa6oTKa UCXOAHBIX CTATHYECKHX JAHHBIX BO3AYIIHBIX JJUHUIH MO PA3HOPOTHOM
HHopMaLUH.



Llens: onpeneneHne KOMIUIEKCHOW BETUYMHBI HAAEKHOCTH.
COop u mpeaBapuTeNbHy0 00paboTKy mMH(popMmanuu ot otka3za BJI mo pacmomaraemeim “K”
HUCTOYHHUKAM CBOAUM B CUCTCMY JAaHHBIX.

N  ucrouynuka | uncio BJI MPOTSKEHHOCTD | ITapaMeTphl CpeaHEKBaIpaTUYHbIC
nHpopmarun Bcex BJI MOTOKA OTKA30B | OTKJIOHEHUS

1 my L1 01 ofo]

2 my Lo ®2 o[w]

K m g L « ok olo]

I[JISI OIICHKHU XapaKTCpa pacCXOKACHUA MCKAY MATCMATUUYCCKUMU OXUIAAHUSAMU TapaMCTpPOB
MoTOKOB 0TKa30B BJI nucnonb3yem kputepuii Ban-gep-Bapaena.

(4.88)

rjae
®j — IapameTp 1moToka oTka3oB BJI mo mHpopManuu j-ro HCTOYHHUKA;
®j - MapaMeTp MoToka oTka3oB BJI mo nHpopmanuu i-ro HCTOYHHUKA
D[®]- aucniepcust MmaremMatudeckoro oxuaanus “m” BJI
O - KpUTHYECKUH KOd((UIIMEHT, OMpEeIeNIOmUil TOBEPUTEIHHYIO BEPOATHOCTh OIICHKU
XapakTepa PaCXOXKICHUS MEXAY CTAaTUYECKUMH XapaKTePUCTUKAMH 10  KaXIOMY
HCTOYHUKY HH(POPMAIIIH.

4.11 Anaiaus orkiaouennii BJI 35-750xB

AHaIN3 COCTOUT U3 2-yX JTAIOB:

1. Jlns aBTOMaTHYECKUX YCTOMYMBBIX OTKIFOUCHUM.

2. Jlns mpeHaMepeHHBIX OTKIIOUCHHH.

[Ipoananu3upyem 3TH STallbI:

[lepBbIii 3Tan BHI3BIBAIOT CHIIbHBIC M3MEeHEHHs pexrmMa DC (BIUIOTH 10 «pa3Bajiay).

Jnst ero HACTYIUIGHHS JOCTaTOYHO OTKa3a OJTHOTO OCHOBHOTro 3jeMeHTa BJI. Ananm3 Tpebyer
OLIEHKU XapPaKTEPUCTUK OTKIIOUEHUH Kak (YyHKIMM OT 3KCILTyaTalMOHHBIX (hakropoB BJI ¢ yuérom mx
KOHCTPYKTUBHBIX ocoOeHHocTel. Kak wucxomnas uHpopmamus s H3ydeHUS HAAEKHOCTH 37eCh
Tpebyercs:

"  JaHHbIC 00 OTKIIIOUCHHSX (MPUYMHBI, BPEMs, [UTUTEIBHOCTB)

* nacnopTHble AaHHble BJI (KOHCTpYKTHBHBIE OCOOCHHOCTH, IO/ BBOAA U T.II.)

» xapakrepuctuku I[I19C (00BEM cereif, KOIWUYECTBO MAIHMH, YHCICHHOCTH IE€PCOHAa,

uH(popMaIKs 0 KIMMATUYECKOM pPaioHe).
Baxueimmii mokazarenb Uil OLEHKA HAAEXKHOCTU: CPEIHUN MapaMeTp MOTOKa OTKIIOYECHHM
g1 (0TK/TOM) BBIpaXKaeTCS ypaBHEHHEM PETrPECCHH:

oy =wo+ oL L,
rie
o — cocrasisromas BJI, He 3aBucsamas ot quasl BJI Ly, oTk/Tox;
(ML — COCTaBIJISIONIAs CPETHEr0 3HAUEHHUs TMOTOKAa OTKA30B «®» Ha eAWHMIY IIHHHBI BJI,
otk/(rox km);
JI71s1 OLIEHKH TIOKa3aTeNiel «®p» M «m| » M0 CTATUCTHYCKUM JaHHBIM MCIIOJIL3YIOTCS YPAaBHCHHUS



(4.89)

(4.90)

rie
X; — mHa -1 BJT;
Yi —4ncio oTka3oB i-ii BJI B rox;
N —yuuncao BJL

JIisi TIaHUPOBaHKsT PEMOHTHBIX padoT Ha BJI, opranuzauusi Opuran, ynpapieHHE aBapHHHBIMU
3amacaMy MaTepHasioB HeoOxomuma WHpopMmanus 00 WU3MCHEHHHM XapaKTePUCTUK aBTOMATHUYECKOTO
ycroiturBoro otkitoueHuss BJI B 3aBHCHMOCTH OT ce30Ha roja u uHTepBana Bpemenu cytok (0-8, 8-16,
16-24 gacos).

H3menenne BpemeHH BoccTaHOBieHHs (TB) 1Mo ce30HAM M BPEMEHH CYTOK MOXKHO OOBSCHHTH Ha
OCHOBE aHAJIN3a €r0 COCTABIISIOIINX !

100~ 12% 43% 39% 6%
Te =Ts,n+ TB,a+ Ts,p +TB,B (4.91)

rIe
TB,I1 —BpeMs Ha MOUCK U JIOKAJIU3aL1I0 MECTa MOBpexkIeHUs BJI;
TB,m1 — BpeMs Ha OpraHU3AIMIO0 aBAPUHUHO-PEMOHTHOTO TNEPCOHANA, JTOCTaBKY OpHUTambl W
MaTEepHUaIoB K MECTY palOTHI,
TB,p —BpeMsl Ha BBITIOJIHEHUE PEMOHTHO BOCCTAHOBUTEJIBHBIX OIEPAIINii;
TB,B — Bpems Ha BkIroueHue BJI nox HanpspkeHue.

Koaddumment pemontonpuromHoctu BJI (xapakTepusyeT ypoBeHb OpraHH3alldH PEMOHTHO
BOCCTaHOBHTENBHBIX padoT B [19C):

(4.92)
AHanu3 NpUYMH aBTOMaTUYECKUX YCTONUMBBIX OTKIr0UeHU BJI:
= KJIMMaTu4eckue Bo3aciicTBus — 38% (rpo3oBbie MEepeHANPSHKCHHMS, TOOIEIHBIE H BETPOBBIC
NIepeHANPSHKCHUS, HABOJHCHUS U T.I1.);
] nedexTsl skcruryaTauu — 9%;
. MIOCTOPOHHUE BO3/eHCTBUS — 22%0;
] ne(heKThl MOHTaXa U KOHCTPYKIHH — 4%0;
= HEBBISICHEHHbIE PUYHHBI —290.

B Ta6J'II/II_Ie 4.5 MPpUBCACHA CTATUCTUKA OTKA30B IO HUX PACIIPCACIICHUIO MCKAY 3JICMCHTaMU BJI
(CLLIA, ®PT), %:

Tabnuna 4.5
CIDA | ©PT
1. | Onopsl 29 16

2. | IIpoBona 21 34




3. | Tpocsr 4 1

4. | l'upasHABI U30IATOPOB 30 37
5. | Apmarypa u coenunuTenn | 8 4
Bcero: 100 100

Bropoii stan ananuza otkimtouenuid BJI 35-750kB — npennamepennbie oTkmodeHus. Mx uucio
Ha NOpANOK BbIlIe yucia otka3os BJIL. IIpennamepennsie otkntodeHus BJI npuMeHArOTCS B ClIeyOMUX
ClIyvasix:

® IPOBEJICHHE PEMOHTOB M TEXHUYECKOTO 0OCITY>KUBAHHMS;

" PEKOHCTPYKIUHU CIIOKHOTO oOopyaoBanust JIDII (ummH, TpaHchOpMaTOpOB, KOMMYTAI[MOHHBIX
anrmaparos);

» pexoHcTpyKiuK BJI (M3MeHeHHe THIIa OTIOp, MapKH MPOBO/IA, TPACCHI H T.I1.);

® 110 3asiBKaM opranuzaiyii (padotel B 30ue BJI).

Bo Bcex ciy4yasx uMMeeM HMHTEPBAI BPEMEHM MEXAY PEIIEHUEM M MOMEHTOM OTKJIHOYEHHUS.

[Ipennamepennsie oTkimoueHus BJI cozpatoT 00mbIoit 00bEM pabOT U CyIIECTBEHHO BIUSIOT HA UX

HaAEKHOCTh. VX y4€T HeoOX0 UM MO CIEAYIOMIUM TPHYNHAM!

®"  HeoOXOIMMOCTH MOBBIIIEHUS HAIEKHOCTH U KauecTBa MOHTaxka BJI;

» ympasieHus padoroit [13C;

"  [OBBILIEHUS HANEKHOCTH IEKTPUUECKOUN CETH.

IToTOK npelHaMEPEHHBIX OTKIIFOUEHHUI UMEET JIBE COCTABIISAIOIINE!

( TUIAHOBBIX OTKJIIOUEHUH U () BHEIUIAHOBBIX OTKIIFOYEHUM.

I1aHOBBIE OTKIIIOUEHUS CIIY)KAaT JJISI PEMOHTOB M peKOHCTpykuuu BJI u cMexHOro
o0opysOBaHus MO 3asBKaM opraHu3anuid. [IoTOK MIaHOBBIX OTKIIOYEHHH — AETEPMUHHPOBAHHBINA, HO
NOTOK BoccTaHoBNeHU# BJI — cityyaiiHblil (MOTOAHBIC YCIIOBHS, JUCTIETYEPCKHE (AKTOPBI YIIPABICHUS U
T.1.). CyMMa 3THX JIByX ITOTOKOB IPEACTABJISIET HOBBIN CITydaliHbIN MOTOK 0TKa30B. [TapaMeTpsl MOTOKOB
oTKa30B BJI olieHMBaeM ¢ MOMOIIBIO MATEMATUYECKOM CTATUCTUKH.

O6paboTka nmepBUYHON HHGOPMAITMH METOIAMH MaTEMAaTHYECKOW CTATUCTUKHU AAET OLICHKY 2-yX
OCHOBHBIX IIOKAa3aTellel: CPEAHIO IEPUOJMYHOCTh IIPEIHAMEPEHHBIX OTKIOUeHHd B rox BJI
omnpeaenéHHoro Tumna (o) ¥ CPEIHIO MPOIOIKUTEILHOCTD MPEAHAMEPEHHBIX OTKItoYeHuit BJI B rox Ha
eMUHHMILY JUTUHBI (1), T.C.

B= pot L (4.93)

e
L — mmua BJI.

[IpakTuka noka3zana, uro BenuauHoN « » Ha BJI 35-750 kB moxHO npeneOpeus. CocTaBiaeHBI
TaOIMIBI cpeaHel nepeoauunoctu (W) u npoxokurenbHocTr (Tp — BpeMs peMoHTa) mpeaHaMEPEHHBIX
OTKJIFOUCHUH, KOTOPbIE SIBISIOTCA (QYHKIMEH OT MaTepHajia Omop, THIA OMOp, BUIOB MPEIHAMEPCHHBIX
orkiroueHuid. (Tabmuua 4.6, 4.7).

Tabmuna 4.6
1)
U, kB 35 110 22 33 500
u 1,25 2,3 2,31 2,43 1,48
U, kB 35 110 22 33 500
Tp, q 17,9 14,3 16,8 17,6 19,0
Tabmnuua 4.6

2)



U, xB [ peMOHTa CMEKHOTO s pekoHCTpyKIMH 1o 3asaBKam
000py1oBaHUS OpraHu3aINi
u Tcep, u u Tcep, u u Tcep, u
35 0,8 8,2 0,2 17,7 0,3 18
110 1,1 111 0,3 23,6 0,4 18,4
220 0,8 21 0,2 15,5 03 14,5
330 0,6 17,7 0,1 27,5 0,2 29,5
500 0,6 21,6 0,3 a7 0,3 11,3
Hcnonp3oBanue XapakTepUCTHUK peMoHTonpurogHocty BJI B pacu€rax HanéXKHOCTH
JJIEKTPUUYCCKUX ~ceTell  Tpebyer cBeacHHMii o0 «M» (MaTeMaTH4ecKOM OXKHIAHHHA) H  «O»

(cpemHeKBapaTUYHOM OTKIOHCHHUH), a TAKXKE O 3aKOHAX MX pacmperesieHus. [IpakTuka mokasaia, 4To
palLoHaIbHO 3/1€Ch UCIOIb30BaTh 3aK0H Beltbyna-I'HeneHko:

rac

M —uucno [19C no kotopeiM coOpana nH(GOpMarus;
N; — uncno npegnamepeHHsix otkitoueHuit BJI B I19C;
I'i —uucno ner, o KOTopbIM ecTh HH(popMalys 1o JanHomy 119C.

4.12 Orkarouenus u nospexaenus BJI 35-750 kB B Munsnepro Pb

(4.94)

(4.95)

B Tabmume 4.7 npuBOAMTCS aHaIW3 OTKIIOYEHUW M TOBPEXKACHUN Ha TpUMEPE TaHHBIX

Munsnepro Pb B 1995r.

Taomuua 4.7
Hampsixenus BJI, kB 35 110 220 330 Wroro:
[Tokazarenu ananusa HaAEKHOCTH
1. ITpotsuxénnocts BJI (km) 12006 | 15597 | 2280 | 3616 | 36410
2. KonnuecTBO aBTOMaTHYECKUX OTKIIOYEHUH (IIT) 293 841 86 42 1262
3. Orxirouenus ¢ yenemssiM AIB (ir) 127 672 81 34 944
4. OTKII0OYEHHE ¢ MOBPEXKAeHUEM diieMeHToB BJT (11T) 47 59 4 1 111
5. Orxmouenns Ha 100 km (1r) 2,4 53 3,8 1,2 3,6
[lepuIrHBI OTKITIOUCHHS . 138 304 48 5 495
6. AtMocdepHbie Bo3aeicTBus (11T)




7. Ilocroponnue Bo3aewcTrst (IIT) 27 128 7 11 173
8. 3meHeHune MaTepuana B Mpolecce IKCILTyaTaliu 3 5 1 - 9
9. JledeKT KOHCTPYKITHH 3 3 - - 6
10. Pa6ota o6opynoBanus I1C u noxnast padora P3A 8 43 3 1 55
11. Tlpoune mpuanHBI 15 171 17 9 212
12. IlpuunHBI HE YTAaHOBJICHBI 74 130 12 16 332

B cratunctmueckmnx JAHHBIX IS aHAIW3a HAaAEKHOCTH HMMEIOTCS TAKXKE YACJIBHBIC IMOKA3aTCIIn

ABTOMATUYECKUX OTKIIOUEHUN U moBpexnaeHuilt Bn 35-750 kB suprocucrem Pb na 100 kM moromam
(tabmurs 4.8, 4.9)

Tabmnuua 4.8
Ne [Tokazarenu Muncksnepro — 1995 .
35kB 110 kB 220 xB 330 kB 35-750
1 | Bcero 1,93 6,95 41 0,84 4,12
2 | YcrouuBsix 1,58 1,09 0 0 0,99
3 | C noBpexaeHneM 0,35 0,57 0 0,37 0,37
3JIEMEHTOB
Taonumua 4.9
No [TokazaTenu Munsnepro — 1995 r.
35kB 110 xB 220 kB 330 xB 35-750
1 | Bceero 2,24 5,27 3,77 1,16 3,65
2 | YcrouuBsIx 1,33 0,87 0,22 0,08 0,88
3 | C noBpexaeHueM 0,35 0,4 0,17 0,03 0,32
SIIEMEHTOB

B suprocucremax Pb Taxke Benércst aHamm3 aBapUMHBIX OTKIIIOUCHHH U noBpexaeHuil BJI 35-
750 xB. B Tabauue 4.10 npuBoasATCS CBOAHBIC MMOKAa3aTeIH KOJIMUYECTBA OTKIoueHUH BJI 1 ux mpuyuH mo

Munsnepro Pb.
Tabmuma 4.10

Mumssepro — 1995 . | U, kB 35750 | 35 110 220 330
1. YcroiiunBbIX oTKIFOUeHHH BJI 313 166 169 5 3
2. [ToBpexneno anementon BJI 111 47 59 4 1
B ToM yucne:  omnop METAJUIMYECKUX 1 - 1 - -

x/0 1 - - 1 -
W3onsaropos, mect 29 11 14 3 1
[TpoBoOB, MecT 66 34 32 - -
['po3o3amuTHeIf TPOC, MECT 10 1 9
JIuneiiHasg apmaTtypa, MecT &) 1 4 - -
3. CpenHee BpeMs aBapUIMHOTO OTKIIFOUCHHUSI, 4ac 5 4-50 4-12 6-10 1-25

4.13 CtaTucTHKa NoBpexIeHUi 3j1eMeHTOB JC B pacnpeaeuTe/IbHbIX CeTAX

Yucio moBpekaeHni B pacupeaeauTeabHbix ceTsax (PC) 3aBUCHT OT KOHCTPYKIIMHK JIMHUHN, CPOKa
WX CIy»OBbl M YpOBHS dKcIiuTyaranuu. [laHHble 0 moBpexaeHusx B Bo3AymHbix PC B roj Ha mpumepe
pacnpenenuTeIbHON CETH UMEIOLIEN XOPOIIUA YPOBEHb SKCILTyaTallhH.
[ToBpexnenus B cetu BH 3a roa:



»  VYcroiuussie noBpexacHus Ha 100 kM nuHMI 5, B TOM 4uncie: n30iasaTopoB — 1,5, mpoBooB
0,25, onop — 1.5 +2, paspenunureneit — 1.

» [loBpexaenus Ha 100 TpanchoOpMaTOPHBIX MYHKTOB — 5, B TOM YHUCIE: TpaHC(HOPMATOPOB —
2,25, BeHTWIIbHBIX paspsaHukoB — 0,8, meperopanue a3 mpenoxpanureneit BH na 100 km
smani —0,1.

IToBpexnenus B cetu HH 3a rox:

»  Vcroituussie noBpexaeHus Ha 100 km nuHuit — 13;

» JloBpexxaenus Ha 100 TpanchopmaTopHbix myHKTOB — 80;

» [loBpexaeHus ycTpaHseMble 3aMeHOM npenoxpanuteneit — 40;

» pospexacaus Ha 100 km nmunuit — 23.1:

¢ omop (B Oypro) —48;
¢ ycranoBok HH (ma 100 TIT) — 80.
JIis IMKBUAIIMH OHOTO MOBPEXKACHUS TPAHCTIOPT MPOXOIUT B CPEHEM /3 KM.

Pacnpenenenue nospexaenuii B PC

[ToBpexacHMs BRI3BAHHBIC:
¢  npupoaHbIMU Bo3aeicTBUSAMEU 35+50;

¢ EeITelIbHOCTRIO IO 25:-35;
[ToBpexneHus:
¢ HA JIMHUAX 75;
¢ BTI 74
¢  y abOHEHTOB
17,6;
IToBpexnacHus:
¢ B CIWIBHYIO OypIO
33;
¢ T[IPOBOJIOB 22,
¢  U30JTOPOB 19;

¢ KPIOKOB H30JIATOPOB 8.



3aBUCHMOCTE  OTHOCHTEIBHOTO

qucia

MOBPEKICHHI

(%) no ngHAM Hemenu
npenctaniena Ha puc 4.11. B tabnune 4.11 npuBeneHbl 3aBUCUMOCTH YHcIia oBpexaeHuii B PC
0 MEeCsIIaM U 9acaM CYTOK.

Ta0muma 4.11
Mecsibt 1 2 |3 |4 5 6 7 8 10 11| 12
Yucio 85 |4 |4 |45 118 12 14,3 14,5 75 |4 |85
MOBPEXACHUHN
Yacel cyTOK 3 6 9 |12 15 18 21 24
Yucno 5 2 13 | 22 18 17,8 | 116 45
MOBPEXACHUHN
Go ]
18 —
16 —
14 —
12 —
10 —
8
6
0 1 2 3 4 5 6 7 IHU Heneau
Puc 4.11
4.14 TIpu4uHBI 0TKA30B OCHOBHBIX dJieMeHTOB DC
JIDII  mambonee  wacto  moBpexmaembie  OC  W3-3a  TEPPHUTOPHATBHOU

paCCpeHOTO‘-IeHHOCTI/I n HOI[BGp)KeHHOCTI/I BIIMAHUIKO BHCIHIHUX He6HaFOHpI/ISITHI>IX yCHOBI/Iﬁ
OKPYKaIOIIEeH Cpeibl.
Hpuuunsl noppe:xaenus JIIII:

roJI0NEAHO-BETPOBBIE HATPY3KH;

NEPECKPHITUEC U30JIAHUU BCICACTBUC I'PO30BLIX PaA3pPAa0B;

MOBPEKACHUE ONIOP U MIPOBOJOB aBTOTPAHCIIOPTOM U APYTUMHU MCXAaHU3MaMU,

nedeKThl U3TOTOBICHUS OIMOP, TPOBOIOB, H30JIATOPOB,;
MEePEKPHITUE U3OJIALIMH U3-32 TITHUII;
HECOOTBETCTBHE OMOP, MPOBOJIOB, U30JISTOPOB KIMMATY;
HETNPABIIHLHBIA MOHTAX OTIOP H MTPOBOIOB, HE COOJIFOICHNE CPOKOB PEMOHTA M 3aMCHBI

000pyI0BaHUS.

O1H IPUYHUHBI IIPUBOAAT B OCHOBHOM:

K OCJIa0JICHUIO WM HapYLIEHUIO MEXaHUYECKOM MPOYHOCTHU OTOP, TPOBOOB, U30JISATOPOB,;

MOJIOMKE JIeTajei onop;




KOPPO3UHU ¥ THUEHUIO METAJUIMYECKHUX U JICPEBSIHHBIX YacTeH;
u3 JIDII u3-3a BuOpanuu, «Iuscku» u 00pbIBa MPOBOIOB.
IIpuunHbI 0TKA30B KaleabHbIX JIIII:
HapylLICHUE MEXaHMYECKOH MPOYHOCTH 3€MIICPOMHBIMU MallMHAMH W MeXaHu3Mamu (710
70% Bcex MOBPEXKICHU);
AIIEKTpUYECKHE MPOOOU B KaOeNbHBIX My(TaxX U Ha KOHILIEBBIX BOPOHKAX;
CTapeHue U U3HOC U30JIINHY,
NOTIAJaHUE BJIaTH B KaOEIbHYIO JIMHUIO,
KOPPO3HsI METAJUTMUECKHUX JacTeil.
IIpu4MHbI 0TKA30B CHI0BLIX TPaHCGOPMATOPOB:
HapylLIeHHE H30JIAIH OOMOTOK M3-3a BHEUIHUX M BHYTPEHHUX MEPEHANPSHKCHUI, CKBO3HBIX
TOKOB K.3., Ie()eKTOB U3TOTOBJICHUS, CTAPCHUE BCIIECTBUE MEPErPY30K;
MOBPEXJCHUE YCTPONCTB, PETYIHPYIONINX HAMPSHKEHUE,;
HIOBPEX/ICHHE KOHTAKTHBIX COCMHEHH,
MOBPEXKICHHE BBOJIOB TPAHC(HOPMATOPOB U3-32 MIEPEKPHITHS U3OJISIIH;
HOHIDKEHHUE YPOBHS Maca.
KoMMyTanmonHnple annapatbl (BBIKIIOYATEIH, OTACIHUTEIN C KOPOTKO3aMBIKATEISIMH,

ABTOMATBI, Pa3beIUHUTEIH, PyOUITLHUKHN):

HecpabaThIBaHHE TIPUBOIOB,;

o0ropaHue KOHTaKTOB,;

U3HOC 1yTOracUTENbHBIX KaMep;

HEePEKPBITHE U30JIALUY NPH NEPEHANPIKECHUSX;

OTKa3bl M3-32 MOBPEKICHUS IMOAIIHITHAKOB U OIS THUKOB,;

HECKAUYeCTBEHHBIH MOHT&X M PEMOHT (HampuMep: OTKa3bl BBIKIIIOYATENCH H3-3a IUIOXOil
PETYJIMPOBKY MEePeJaTOYHBIX MEXaHU3MOB U PHBOJIOB);

HEYIOBJICTBOPUTENbHAS OKCIUTyaranusi (HampuMep: IUIOXOH yXOJ 32 KOHTAKTHBIMH
COCIMHECHUSIMH, UTO TIPUBOIMT K UX MEPETPEBY, Pa3phIBY LENU paboyuero ToKa u K.3.);

ne(eKThl KOHCTPYKIMI U TEXHOJIOTUH U3TOTOBJICHHS (3aBoJCKUE 1e(eKThI);

CTapeHue ¥ U3HOC U30JISILINH;

IpO30Bble UM KOMMYTAllMOHHBbIE MepeHamnpsbkeHus. Ilpu sToM moBpexmaercs H30ISILUs
TpaHc(hOpPMATOPOB, BEIKITIOUATEIICH, pa3beTUHUTEICH;

Ype3MepHOe 3arps3HeHUE U YBIaXHEHUE U30JSLMH,;

onHO(a3HbIe K.3. HAa 3eMJTI0 B ceTsaX 6-35 KB conmpoBOKAArOTCS TOPEHUEM 3a3eMIISFOIINX JTyT
(BcencTBHE  HEOCTATOYHOW  KOMIICHCALMM EMKOCTHBIX TOKOB) M IPHBOIAT K
MEPEHANPSHKCHNUSAM  MPOOOSAM  HM30JSIIMK  DJCKTPUYECKAX  MAIllMH, a BO3JCHCTBUE
3a3eMJIIOIIMX YT K Pa3pyLICHUIO U30JIATOPOB, PACILIABICHHUIO IIWH, BBHITOPAHUIO IieTei
BTOPUYHOM KOMMyTauu B ssueiikax KPVY;

olIMOOYHbIE AEUCTBUS NEPCOHAJIA IIPU BBIIOJHEHNUH MEPEKITIOUEHHH.

OT1ka3bl _YCTPONCTB _pejieiiHOM 3alMThl, ABTOMATHKH, anmaparypbl, BTOPHYHOM

KOMMVHHUKAIINN.

HEUCIPAaBHOCTH JEKTPUUECKUX U MEXaHUUECKHUX YacTel perie;

HapyLICHUs KOHTAKTHBIX COCIUHEHUH;

OOpBIBBI JKUJI KOHTPOJIbHBIX KaOeel U 1enel ynpaBiaeHus,

HeNpaBWIbHBIA BEIOOP MM HECBOEBPEMEHHOE U3MEHEHHE YCTABOK M XapaKTEPUCTHK pelle;
OmMOKH MOHTaXKa U 1e()EKThI B CXeMaX PEJICHHO 3aIUThl 1 aBTOMAaTHKH,

HeNpaBWIbHbIE JCUCTBUS MEpcoHaa MpH OOCITYyKMBAHUU YCTPOMCTB peleHHON 3aIllUThl U
aBTOMATHUKH.

4.15 Mopenb BHE3aIIHOT0 0TKA3a HA MpUMepe Ka0eJbHOM JIMHUH C.H.



70% oTKa30B KabeNbHBIX TUHUI — CllydaliHble MEXaHWYeCcKhe MOBpexaeHus. PaccMoTpum
OIMCaHNEe BPEMCHH 0€30TKa3HOM pa0oThl kabenbHOU uHIH. OCcO0eHHOCTH PAOOTHI JIMHUU:

" MEXaHUYeCKasl Harpy3Ka — [OCTOSHHA,;

®"O0TKa3 — CJEACTBHE BHEIIHEr0 BO3AEHCTBUA. OTH BO3IACHCTBUS HE3aBUCHMEBI, H

BO3HMKAIOT B CIIy4ailHble MOMEHTHI BPEMEHHU.

3anuinemM BepOSTHOCTD MPEBBINICHUST MAKCUMATBHON MTPOYHOCTH KaOCIBHOH JIMHUU B K-OM
UHTEpBase, PU YCIOBHHU JeeHus mepuoaa padbotel kabens (0,t) Ha uaTepBansr (A, 1 =
1,2...n):

(4.96)

rac
Oly - BEPOATHOCTb IPEBBIIICHUS MEXaHNYECKOW Harpy3KH Kaberns B i-M HHTEpBaJe,;
Ol — BEPOATHOCTbH MPEBBIIICHUS IPOYHOCTH KAOEIsl B «K» UHTEPBAJIE;
B — coObITHE He MOSIBJICHHSI MMKOBOI HATPY3KH B HHTEPBAJIe «i»;
Ax — coObITHE TTOSBICHHS MTUKOBON HArpy3Ky B MHTEPBAJIE «K».

[Tpu MOCTOSIHHBIX YCIOBUSAX IKCILTyaTalluu KaOes:
BepositHOCTB TOTO, 4TO Bpems Oe30TKa3HON paboTh! Kabemns pasHo (K=1) I/IHTepBaJ'IOB

(4.97)

Jnst monyvenust GQYHKIUH pacrpeelieHHs BpEMEHU 0€30TKa3HO# pabOThl, BBIPAKCHHOW B
YHCIIC HHTEPBAJIOB BPEMEHH, CYMMHUPYEM BEPOSITHOCTH IOSIBICHHSI OTKA30B, HAYMHAS C IEPBOTO
unrepBana: P(t<T=K)

(4.98)
C I[OCTaTOqHOﬁ TOYHOCTBIO MOKHO 3aMCTUTH
P(t<T)=q(t)=1-1%“ (4.99)
Ilepexosisi K HENPEPLIBHOMY apI'yMEHTY BPEMEHM:
q(t)=1-1" (4.100)

rae
A - mapamerp pacrhpeeieHUsT — CPEIHee YHUCIO MOBPEXKACHHI (OTKA30B) B CIUHHILY
BPEMCHH.

[110THOCTH BEPOSATHOCTH CIIy4YaiiHOW BEJTUYUHBI:

f(H)=q/(t)=re™ (4.101)



Cpennee Bpems 0Oe30TKa3HOW pabOTHI MpH CXeMe BHE3ANHBIX OTKA30B W IOKA3aTebHOM
BPEMEHH pacpeIesICHUs] MEXKIy OTKa3aMHu:

(4.102)

NHTEHCUBHOCTL OTKA30B:!

(4.103)

4.16. PacuéT HaIé:KHOCTH IJIeKTPUIECKOI CeTH M0 HEA00TIYCKY IJIeKTPOIHEPTUH.

HenooTmyck ayieKTpodHEepruM OOBSCHSICTCS IEpephblBAMU M OTPAHHUYCHUSIMU B
anekTponorpedaeHnu. Pasmep yObITKOB onpeensieT Haa&KHOCTh CXEMbI AIEKTPUIECKOM CETH.
VcxoaHble JaHHBIC NI aHATN3a HAJAEKHOCTHA CXEM JJICKTPHUYSCKOM CeTH:
" [OKa3aTenu Ha/I&KHOCTHU TUIAHOBBIX PEMOHTOB €€ AJIEMEHTOB,
"  XapaKTCPUCTUKU HArpy3KH U HCTOYHHUKOB ITUTAHUS,
" pacu€THas CXxema CeTH.
[lpy aHanM3e YYHUTHIBAIOTCS CICAYIONIUE ITOKa3aTeld HAA&KHOCTH W IUIAHOBBIX
PEMOHTOB!
» Tg _ BpemMs  BBIHYXIECHHOIO  MPOCTOS  (BOCCTAHOBIICHHE,  CPEIHSS
MPOIOJKUTEIBHOCTh aBAPUIHOTO PEMOHTA, rO//0TKa3);
" ®, — MapaMeTp IOTOKa BBIHYXJICHHBIX OTKa30B (CpeIHssi 4YacToTa OTKa3a),
oTkaz/ron;
» Kg=wpTg — KOIPOUIMEHT BBIHYKACHHOTO  mpOCcTOs (KO3 UIMEHT
BOCCTAHOBJICHHUS,
" ®p— CPEIHssI YaCTOTA IUTAHOBBIX PEMOHTOB, IPOCTOM/TO;
» Tph—cpenHss IIUTEIbHOCTD ITAHOBOIO PeMOHTa (POCTOs), FO/IPOCTOI;
» K,onTh— k03¢ HUIHEHT MIIaHOBOTO IPOCTOS.
Bo muorux cnpaBounukax Tg,Tn — maércsa B uacax, 4TO MOHSTHO, HO YCIOXHSET
pacuérabie Gopmyinbl. s onpeneneHus ymiepoa «Y>» mpu CpaBHEHUH BapUAHTOB CXEMBI CETH
OyZIeM Y4YuTBIBaTh TOJIBKO JIMHUH 3JIEKTpOIEepelayd, KOTOphble HauMeHee HaIEKHBIA AIIEMEHT

cetu. B tabmmie 4.12 npuBOIATCS 3HAYCHUS IMOKa3aTeliel HaIEKHOCTH M IUIAHOBBIX PEMOHTOB
JIDII.

Taonuua 4.12
DJIEeMEHTHI CETH IIokazatens HaOEKHOCTH HomunanbHoe Hanpsikenue BJI,
kB

500 330 220 110 35

OnHorenHbIC g, 0TKa3/ron 0.4 0.5 0.6 11 14

BO3YIUHBIC IMHUK | Ty, 107, ner/oTkas 1.7 1.3 1.1 1.0 1.0
®n , TPOCTOM/TOA 10 12 13 15 9
Kn 10, o.c. 12 9 7 5 4




JIByxuenHsie ®'p, OTKa3/rO1 - - 0.5 0.9 11

BO3AYLIHBIC TMHUK | T’y 10°°, net/oTKa3 - - 0.2 04 | 08
(otxas nern) o, pOCTO/TON 10 12 13 15 9
K107 o.e. 12 9 7 5 4

JIByxuennsle (0TKa3 | o'p, 0TKas/rox - - 0.1 0.2 0.3

JIBYX 1Lienei) T, 107, ner/otkas - - 4.0 3.0 25

B tabmuue 4.12 3nauenue “," maércs Ha 100 kM uMHBI TUHUU J{7IS KOHKpETHOM
JUTHHBI JINHUY

o= ogl /100.

Bmecto mokazarens “Tn” (mwmanjdjuj mpocrost ) mnpuBoautcs 3HaueHue “Kp”
(ko3 GHUIMEHT MIAaHOBOTO MPOCTOS) T.K. MOCIACIHUI IOKa3aTelib B PAaCYETHBIX (opMysax
ucrnonp3yercs vaime. /s ABYXIeMHBIX JIMHUNA MPU OTKa3e ABYX Lenel mokasarenu o ,K, He
NPHUBOJATCS TaK Kak JBE IENU OJHOBPEMEHHO HE pPEMOHTHUPYIOTCs. K xapakTepucTukam
HArpy3KHd OTHOCATCS: MapamMeTpbl HATPY3KU T,yax ;Puax B3SATBIC UISI MAaKCUMAIIBHOTO PEXHMa, a
TaKk)Ke pacYETHBIC TOJIOBBIC YJIENbHBIC YIIEPOBI OT aBAPHMHBIX W IUIAHOBBIX OTPAHUYCHUN
MUTaHUS.

Jdnsi pasHoil cTpyKTypbl Harpy3ku (tabmuna 4.12), wa puc. 4.12 mnpeacraBiicHbI
3aBUCHUMOCTH YJIEIbHBIX yIIepOOB MPU aBapUITHBIX U MJIAHOBBIX OTPAaHUYCHUSAX MUTAHUS.

yb:Ot yn: B
N A
1
2
3 2 4
4 3
4
1
puc.4.12

st puc 4.12 numeeM 1o KOOpMHATAM:
" Vp=o - yOenbHBIA ymiep0d NpH aBapHMHBIX orpaHudeHusx (umHmekc “b” — Bpewms
BBIHYKJICHHOTO HPOCTOSI)
* V.= [ - yneneHbIil yiiep0 npH IUIaHOBBIX OrpaHWYCHUsIX nuTaHus (MHACKC “N” —
BpeMsI IUTAHOBOT'O TIPOCTOS).
" £a,6n— KO3(ULIMEHTHI OrpaHUYEHHs HArpy3KU MOTPEOUTENs MpU aBapUHHOM U
TUTAHOBBIX PEMOHTAX.

[Toxazarenb «€» - CTENEHb OrpaHMYEHUs OTPEOUTENEH 110 AKTUBHOW MOIIIHOCTH:

€= , (otH.c11.), (4.104)




TIe

PoTk — oTKIIrO9aemasi MOIIHOCTD MTPU OTPAaHUYECHUH HATrpy3KH.

Tabmuma 4.13
Crpykrypa Harpy3ku(Ha puc 4.12) 1 2 3 4
MPOMBIIUIEHHOCTH ,%0 15 70 10 35
CEJIBCKOE X0351cTBO ,% 5 - 55 30
OBbIT U cepa obcnykuBanus ,% 50 25 25 25
TPAHCIIOPT U CTPOUTEITHCTBO ,%0 20 5 10 10

K xapaktepucTikaM UCTOYHMKOB IMUTAHUS IPUHAJJIEKAT!

YCTAHOBJICHHAs MOIIHOCTh AJIEKTPOCTAHIIMU; pe3epB MOIIHOCTU DC KOTOPBIA MOMKET
ObITH TepelaH B CeTh uYepe3 pailloHHylo mnoxactanuuioo .Kak ObUIO OTMEUeHO, HEeIOOTIIYCK
JJIEKTPOIHEPTUU BO3HHKAET MPHU OrPAHUYCHUSIX W TepepbiBax (€=1) B 3ieKTpONOTpeOICHUN
notpebureneit. Co Bcex BHUIOB OrpaHUYEHHUs MOTpPeONeHUs OyleM YYHUTHIBATh TOJBKO
OrpaHU4YCHUA IMPU Pa3gcjic NCTOYHHUKOB [MUTAHUS.DTOT BU/ OFpaHI/I‘-IeHI/If/'I - HaI/I6OJ'Ie€ TUITNYCH
IUIsE pa3pabaThiBaeMbIX B TPOEKTE MPOCTONW CTPYKTYpbl CXEM CETH, 3alHUTaHHBIX OT JBYX

HCTOYHUKOB.

ITepepbIBbl AyiekTpocHaOkeHus .PaccMaTpuBaeTcs Kaxaplil moTpeduTens o popmyie:

Vi=V.it Vi,

rIe

Vi — yliep6 moTpeGuTeneii 0T mpocTos B pe3ysibTaTe aBapuu

Vi —ymep6 oT mpocTosl MPH TIIAHOBBIX PEMOHTAX

[Tpu mOTHOM OrpaHMYEHUH MUTAHUS MOTpeOUTENel UMeeM:

Yi:Pmax(O(, e=1 KBi+ Bs=1 Kni)a

rac

Ksi — K03 .BEIHYKIEHHOTO TIPOCTOs, Kii = 5T
Ky —koad.mmanoBoro npoctost, Kn = onTh
Prmax — MaKCUMyM Harpy3Ku i-ro moTpeOuTes.

(4.105)

(4.106)

B cnywae wuacThyHOro orpaHuyYeHUs TNHUTaHUS MOTpeOuTenel yuepOd COCTaBUT

BCHI/I‘{I/IHy:
yi =Pmax(a8BKBi +B8nKni) ’

8B:I)BOTK/ PmaX ; 8l'I = PH.OTK/ PMaX ;

Ol - YACNIBHBIN yIiepO OT aBapUUHBIX OTKIIOUEHHUH MUTaHUs TIOTPEOUTEIS,
B - ynenpHBIN yepO OT IUTAHOBBIX OTKIIFOUYCHUH TTUTAHHUS.;

(4.107)

Piorc » Pnom - OTKIIFOWaeMasi 4acTh HArpy3Kd Ha BpPEMs BOCCTAHOBJICHHUSI aBapUHHBIX
HOBpe)KI[eHI/Iﬁ HNJIN TIJIAHOBBIX peMOHTaX CCTU.
VYiep0d oT HeIOOTITyCKa JEKPOIHEPTUHU IO CETHU PaBHAETCS CyMMe yIepOoB Bcex “N’

noTpeduTeneii:



y= (4.108)

[Tokazarenn wHapéxHocTH K, , Ky pacuuThIBaroTcs Ha OCHOBE TPeOOpazoBaHHS
pacuyéTHON CXeMbl HaASKHOCTH I-r0 TMOTpeOuTens. B cxeme Haa&KHOCTH KakIas JHHUSA
oTtoOpaxaetcst 6J0KoM | 3aaéres mokazarensmu Ty , Kpy , ©p .YYUTBIBAIOTCS TOJIBKO TE JIMHUH
KOTOpbIE CBSI3bIBAIOT JAHHBIM MOTpEOUTENb C HMCTOYHMKAMU NUTaHUA. VICTOUHMKM NuTaHuA
CUUTAIOTCS OECKOHEYHOM MOIITHOCTH U 3aKOPAaYHBAIOTCS B OJJTHOM Y3JI€.

Asyxunenusie guHun 35-220 kB 3amemarorcs tpems Onokamu./[Ba mapamienbHBIX
610Ka yUNTHIBAIOT OTKA3bl OT/IAENbHBIX JIMHHI M 3ajafotcs mokasatemsmu T, , Tpn @ , On
IlocnemoBarenbHbI OJIOK YYHTHIBAET OJHOBPEMEHHO OTKa3 [BYX JIMHHA U 3a1aéTcs
TMOKA3aTEIAME © , Ty

JAsyxnennpie guauu 330-750 kB y4uThIBalOTCS ABYMSI HE3aBUCHUMBIMH OJOKaMU C
nokaszareasiMu Ty, Tn ,@s , ®n 3HAYEHUS KOTOPBIX OepyTCsl KaK JUIsl OHOLEITHBIX JIMHUH.

[IpeoOpazoBanust  (YnpouieHHs)) pacyEéTHBIX CXEM  BBINOJHSIOTCS HAa  OCHOBE
IKBUBAJICHTUPOBaHUs (pacuéra SKBUBAJICHTHBIX MOKa3aTelel HaAEKHOCTH) MOCICAOBATEIBHO U
napaielibHO coeiuHsAeMbIX 0510KkoB. [Iporecc mpeodpa3zoBaHuil cXeMbl CBOIUTCS K MOIYUYEHHUIO
pe3yJIbTHPYIOMETO OJIOKa , TOKa3aTend HaA&KHOCTH M IUIAHOBBIX PEMOHTOB KOTOPOTO
COBIMAJAIOT C IOKa3aTeIsIMH HAJEKHOCTH SJIEKTPOCHAOXKEHUS MOTpeOHTeNs , Uil KOTOPOro
COCTaBIISJIACH CXeMa. DTH MOKA3aTeIH UCIOJIB3YIOTCS JJISl ONpeesieHus yepOoB mo gopmyie
(4.107).I1apannenbHO COCHUHEHHBIC 3JCMEHTBI CETH OOECHEeYMBAIOT BBICOKYIO CTEICHb
Ha/IEKHOCTH U B PSJIC CIIy4aeB MOTYT HE YYUTHIBATh MPH ONpEeNIeHHH yiiepOa oT He0O0TIyCKa
SHEpIUH.

[Tpumep 1. CocTaBUTH CTPYKTYPHYIO CXEMY HaJEKHOCTH OTHOCUTENBHO y3na “I1”

vl 1 UI2
2 17
| / ©
714 75 716
—
v A 4
Puc 4.13
HUCTOYHUK ITUTAHUA
HUCTOYHUK ITUTAHUA
7




Puc 4.14 Puc 4.15

L

Puc 4.16 Puc Puc 4.18

[Tpumep 2.CocTaBUTH CTPYKTYPHYIO CXeMy HaAEKHOCTH OTHOCHTENbHO y310B [1 1 u 11
2. Pemenue 3amaun npeacrasineno Ha puc 4.20, 4.21.

1 HCTOYHHUK ITUTAaHUA HCTOYHHK ITUTAaHUA

1 1 1 D 2
12
1. -
12 D 1" 112

(moTpebuTenn)

NIT 1

111
(moTpebuTenn)




Puc 4.19 Puc 4.20 Puc 4.21
4.17 PacyéT )KBHBAJIEHTHBIX XaPAKTePUCTHK HAIEKHOCTH PabOThI
JJIeKTPUYECKUX ceTell MPH OLeHKe yiepoa.

[TocnenoBarenbHOe coenuuenue .JlapameTp MOTOKOB OTKa30B 0JIOKA , SKBHBAJICHTHOTO
“n” mocnenoBaTeNbHO COSAMHEHHBIX AIIEMEHTOB , PACUUTHIBACTCS 1O (hopMmyIie:

(4.109)

rae
M- TapaMeTp MOTOKA 0TKa30B (CPEIHSS YacTOTa OTKA30B ), 0TKa3 /TO/I.

Cornacao BwlpaxkeHuto (4.109) oTka3 menw HacTymaeT NpPU OTKa3e OJHOTO W3
anemeHToB. KoadhunmeHT BEIHYKICHHOTO POCTOs (BOCCTAHOBIICHHMS) SKBHBAICHTHOTO OJIOKA!

(4.110)
rae
K;i=0gi Tsi- KO3 OHUIMEHT BBIHYKIACHHOTO IIPOCTOS i-T0 JIEMEHTA CETH;
Tsi — cpenree Bpemst BocctaHoBieHus, (T 10‘3neT/0TKa3) i-TO 3JIEMEHTA.
CpenHee BpeMsi BBIHYKICHHOTO TIPOCTOSI SKBUBAJICHTHOTO 0JIOKa
Tw=Ks, [ 0y, (4.111)

[TokazaTenu MIAHOBBIX PEMOHTOB JIA LENU M3 ‘N’ MOCIEI0BATEIbHO BKIFOYEHHBIX
JJIEMEHTOB OINpPEACNAIOTCS Ha OCHOBE TIpaduka IJIAHOBBIX PEMOHTOB , YUYHUTHIBAIOILIETO
COBMEILIEHUE PEMOHTOB IEMEHTOB.IIpn 3TOM CcpeaHss YacToTa IIAHOBBIX MPOCTOEB — M,
kodpduument ruaHoBoro mpoctosi —Kp,, cpemHee BpeMs IUIAHOBOTO MPOCTOSL  JUIs
SKBHUBAJIEHTHOTO 010Ka — 115, ONPEENSIOTCS U3 BBIPAKECHU:

: (4.112)

(4.113)



(4.114)

rie
Kii — kK03 (dHUIMEHT MIaHOBOTO MPOCTOsS i-ro 3jeMeHTa cetH, K 10'3, otH.en., Ky
:wniTni ;
Oy — TMapamMeTp MOTOKAa OTKa30B (YacTOTa) IUIAHOBBIX 3JIEMEHTOB i-T'O AJIEMEHTA CETH,
nmpoctoi/rox;
T, — cpeaHss AIUTEIBHOCTh IUIAHOBOTO PEMOHTA(IIPOCTOs) I-TO DIIEMEHTa CETH,
ro/TpoCTOH.

[lapajutenpHOe  coeAuHEHHME . DKBHUBAJIEHTHLIE IOKa3aTelId  HAAEXHOCTH  M.O.

“an e,

YCTaHOBJ'IeHBI TOJIBKO IJIA ABYX HapaJIJICJIBHO COCI[I/IHéHHbIX 3JICMCHTOB 3C 1" 1 J
(4.115)
(4.116)
Ts,=K/ s, (4.117)

rae
Ky - xodhuIMeHT ydHUTHIBAIONIMI CHIKEHHE BEPOSTHOCTH HAKIAJIKH aBapUHHOTO
OTKa3a Ha IUIAHOBBIA PEMOHT B IEPUO]T CHIPKCHHON HHTEHCUBHOCTH 0TKa30B, K, =0,5;
KBiKBj — mpousseaenne k03(h(UIIHEHTOB YUYUTHIBAIOIIEE HATOKEHHE OTKA30B I-T0 U |-
r'0 3JIEMCHTOB;

Kbi,Nj - K03 GUIHEHT YyUNTHIBAIOMNIT HAJIOXKEHNE OTKA30B i-I'0 3JEMEHTa Ha IUIAHOBBII
NPOCTOii |-TO 3JICMEHTA!

0.50,i K Tnj,mipu Ty > Ty
KBi,nj: 4 (4.118)

Ksi (Knj-0.5TBi on)mpu Ty < Thj

Ksi,Nj - K03 duimeHT yunTeBaronmii HaJIO)KEHHE OTKA30B J-TO JIEMEHTa Ha ITaHOBBIN
IPOCTOi i-TO :

0.50;i K Ti,ipu Tyi>Tnj
K = (4.119)

Ksj (Kni-0.5 TBj o) mpu TBj < Tni

[Tpu SKBUBAJICHTUPOBAHWU OJIOKOB TOKA3aTeNd IUIAHOBBIX PEMOHTOB HCKIIOYAIOTCS
MTOCKOJIBKY JIBa OJI0Ka OJTHOBPEMEHHO B IIJIAHOBBIM PEMOHT HE BBIBOJISTCS.

Ecnu mocne HECKONBKMX HSKBUBAJICHTUPOBAHHBIX LIENEH C MOCIEIOBATEIbHBIMU M
napauieJIbHBIMHU JIEMEHTAMU PacuéTHAsi CXeMa CBOJMUTCS K OJHOMY PE3yJIbTHPYIOIeMy OJIOKY,
TO €ro MOKa3aTeau HAAEKHOCTH Mgy, Kp,, Ty, U IUIAHOBBIX PEMOHTOB Mny,Kny, Tny-TlOKa3aTeNN



HAAGKHOCTH TUTAHWS TOTPEOUTENT W IMO3BOJSIIOT — pacumrarh ymepd 1o dopMmyiie
(4.107).IToka3areny IMJIaHOBBIX PEMOHTOB OYAyT JIMIIb TOTAA, KOrJa MOTPEOHMTENh CBS3aH C
CETHIO OJTHOIICITHOM JTMHHCH.



I'naBa 5. ®yHKIMOHAJILHASA HAXEKHOCTD JIEKTPHYECKUX CHCTEM.

5.1. ®yHKuMOHAJIbHASL HAEKHOCTH B CXeMe CTAHIHMSA-CHCTeMAa

Hocturaercs mpu MPOTHBOABAPUITHOM YIIPABJICHUH OTKIIOUCHHUEM T'€HEPATOPOB U OBICTPOM
pasrpy3Koii mapoBbIx TypouH. PaccMorpum cxemy (puc.l)

_/\/W\_{ CTAH- 3¢
; Xe E. A

puc.5.1
31ech MpU OTCYTCTBUHM CPEICTB IOBBIIICHHUS yCTOWYHMBOCTH HMMEEM IpH K3 €€ HapylIeHHUE
(puc.5.2) OtkitoueHne reHepaTtopoB. Eciu npu OTKIIIOYEHUH K3 OTKIIOYHUTh 4aCTh 'eHEPaTopoB
(puc.5.3) ycTOWYMBOCTH COXPAHUTCA.
Sr, Sy — mmomanaku Topmokenuss U P1, P2, P3, - xapakrepucTHKN MOIITHOCTH,
YCKOPEHHUSI. BBIJIABAEMOH B CUCTEMY IIPH HOPMAJILHOM,
IIOCJIEABAPUMHOM U aBAPUUHOM PEXUMAX.

P A / Pl P A
P3 P1/
Sr Po=Pr 5, Po=Pr
9 \\
P2 @
3 o
B\g74 1
> —
do ) do )
puc.2 puc.3
po/=Po , (5.1)

rae
N-9uCiI0 paboTaIOIIUX TEHEPATOPOB CTAHIIMH
N-9UCII0 OTKIIOYEHHBIX TEHEPATOPOB

Po’ - MOIIIHOCTE TE€HEPATOPOB MOCTE OTKIIOYCHUS  N.
[Tpy 3 TOM CHMKAETCS M XapaKTEPUCTUKA MOITHOCTH MTOCIICABAPUITHOTO peKUMa.

: (5.2)
rae



/
X4y X1, X1, Xc — COOTBETCTBEHHO, MEPEXOAHOE CHUHXPOHHOE COINPOTUBIICHHE
SKBHUBAJIEHTHOTO T€HEPATOPa, COMPOTUBIICHHE TpaHCPopMaTOpa, TUHUH, CUCTEMBI.
Ha puc. 5.3 BUOMM, 4YTO CHHXEHHE XapPaKTEPUCTUKN BBIJAYM MOIIHOCTA B CHCTEMY

MEHbIIE YMEHBIICHHUSI MOLIHOCTH TypOMHbI Pi<  Pr , mpu 3TOM NpOUCXOAUT yBEIUYEHHE
mwiomaan Topmoxxenus: (Sr). Kpome 3TOro mpu OTKIIOYEHHH YacTH T'CHEPATOpPOB TEPSETCS U
qacTb Wiy (KMHETHYECKOH »SHepruu 3amacéHHOW pOTOpaMH TeHepaTopoB B Mpolecce
yckopeHust Wiy, OCTaBIIMXCSI TCHEPATOPOB MPANOPIIMOHATBHA II0IAAN YcKopeHus (Sy).

S U YCJIOBUS NPABUJIIO TUIOLLAJICH

s, <R (53)

T.o.umeem STT lSy - TOECTh OTKJIIOUEHHE reHeparopa sBiseTcs 3()(HEeKTUBHBIM
CPEJICTBOM YBEJIMYEHHUSI yCTOMYUBOCTH MPH K.3.

Pasrpyska TypOuH:

Jnst ObIcTpol pasrpy3Kd MapoBBIX TYPOMH HCHOJIB3YIOTCS 3JIEKTPOTHAPABIMYECKUE
npeoOpa3oBaTelidi W JJICKTPOINPUCTABKH (IJIEKTPUUECKAss YacTh CHCTEMBI PETYJIHPOBAHUS
9aCcTOTHI) , KyJa BXOJST YCHJIUTEIA M 3JICMEHTBI IS yIYUIICHUs PEryJHpPOBaHHs YaCTOThI U
CHI)KCHUS MaKCHMAaJIbHOM YacTOTHI BpallleHUs TypOWHBI mocie cOpoca Harpy3kud. MoITHOCTh
TYpOHMHBI YCIICBA€T CHU3UTHCS BO BpeMs IEPBOro BbUICTa yria reneparopa(puc.5.4) , uro
MPUXOIUT K YBEIUYECHHIO TUIOLIAAN TOPMOKEHHS U TIOBBILIEHUIO TMHAMUYECKOM YCTOMUYUBOCTH.

[enenue cuctemsl:

Hcnonb3ytoTcst B OTAENBHBIX CIydasx , KOrJa CTaHLMs BBIIAET MOIIHOCTH B DC Mamnoit
MOIIIHOCTH ¥ CBsI3aHA C OOJBIIIOW CHCTEMOM , pa3rpy3Ka CTaHIUHU JJIs YCTOWYUBOCTH CBSI3H C
Masloil cuctemoit — He »ddexTuBHa. [IpuMeHseTcs neneHue cucreMbl. PaccMoTpum aeneHue
cucteMbl s cxembl ctanmus — OC Mamoit momuoctd — ODC (0ObeauHEHHAS MOIIHAS
3HEprocucrema) puc. 5.5

Pa

P1

P3
Po =Pt

9
&_P/T ST/ P2

/ |-
do dork o

Puc. 5.4. XapakrepucTuka MOIIHOCTH TypPOUHBI.

CT-1
—
—_ /
B Po
Po = P'o +APo
JI1
JI2 | g
09C APo 3C
—>

Po



Puc.5.5

B HOpManbHOM pexuMe Harpy3ka JUHHKA COOTBETCTBYET HOPMHUPOBAHHOMY 3amacy
cratnueckoil ycroitunBoctu. [Ipu otkmouennn JI1 nnm JI12 Psmax<Pimax ucxomgHoro pexuma,
NPOMCXOMUT HapylieHue ycronumBoctu (puc.5.6). Pasrpys3koil cTaHIMU 0O0CCICYHUTH
COXpAHEHUE YCTOMYMBOCTHM HEBO3MOXKHO T.K. MPH 3TOM YMEHBIIAETCA TOJIBKO MOIIHOCTD,
BeLIaBaemast B OOC. YMEHBIIUTh HOTOK MOIIHOCTH, BhIIaBaeMbId B DC MOKHO { PH,. wim nipu

JeNieHUH cTaHuu. B atom ciyyae (nenenue cranuuu) P,=P u ycroituusocts JIDIT (JI11,J12) m.6.

COXpaHEHa, (mocne aBapuitHOrO pexknma); Po { 10 P umeem neuiuT MOITHOCTH B
3C u f . Ipu HemocraTounom Bpamamomemcs pesepse B IC MoxeT geiicTBoBats AUP, Ha
MOIIHOCTh OTKJIIOUEHHBIX MOTpeOuTenei meHbine yem npu npumeHenun CAOH. [lenenue
BBITOJIHAETCS OTKIIIOUEHUEM BbIKIIIoUaTess «B» npu otkimtouenun —JI1 win JI2 u nepenaBaemoit
MOITHOCTH, TIPEBBIMIAIONICH TPOITYCKHYIO CIOCOOHOCTH B ITOCIIEC aBApUHHOM PEKHME.

P A
P
PO A
Ps APo
PIO v
» O

Puc. 5.6

5.2 Pacuét pyHKIHOHAIBHON HAIEKHOCTH B 00beMHeHuH 13 ABYX JC co ci1adoii

CBSI3BIO.
T Xen JI Xeo
3C-1 DC-2 }_m Py m
—
JI
Ec I Ec,
Puc.5.7

[Tpu 06bequHennn IC (puc.5.7) OCHOBHYIO OMACHOCTD IS HaAEKHOCTH TPEACTABISIET:
1)otkmouenue nunui cs3u JI1 wm J12;
2)nosIBIICHHE  aBapHMHOTO HebamaHca MOMIHOCTH  (IOTEps TeHEPHPYOIIEi
MorHocTH B DC-2, OTKIIOUeHHE Y37I0B Harpy3ku B DC-1) B 00beJMHAEMBIX CHCTEMAX.
3nech (puc.5.7) Xc1 M X2 — DKBUBaJEHTHBIC compotuBienuss B OC-1, DC-2, x,; —

conpotusnenue JI1 nnuJl2;



Pri u Pyi, Pr2 u P2 — reHepupyembie MOIIHOCTH U MOIIHOCTH Harpy3ok B DC-1 u 2C-

P, —MoniHoCTh, IEpeaBacmas no MeKCUCTEMHOM CBSI3H.
DneKTpoMeXaHNYEeCKUe NePEXOAHBIE MPOIIECChl B Kaxa0u u3 IC:

(5.4)

(5.5)

rIe
Tj1, Tj2 — Mexannueckue nocrosiuable nHepuun 9C-1u 9C-2

; (5.6)

X (5.7)

(5.8)

Jlns  monydyeHHWs ypaBHEHHUS JJICKTPOMEXaHWYECKOTO TEPeXOJHOro Tpolecca B
00bEeTMHEHNH U3 IByX DHEPTOCHCTEM HCITONL3ys ypaBHeHus (5.4, 5.5) numeem:

(5.9)

rae (5.10)
(5.112)

OTKIIFOUYECHHE OJTHOM MEeTTH MEKXCHUCTEMHOM CBSI3M MPECTaBICHO Ha puUC. 5.8:
A

P

2uenu

1
\

v
(o2)

Puc. 5.8



Jns 2-yx ueneii: Po=Pyu o=
ITocne oTkimroueHU

Jis obecrieueHust yCTOMYMBOCTH HAJ0 pasrpy3ka MEKCHUCTEMHON CBSI3M 0, YTOOBI
o0ecrevynTh yCTOMYMBOCTh JUHAMHYECKOIO MEPEXoJa U CTATUYECKYH0 YCTOWYMBOCTH HOBOI'O
ycTaHoBMBIIErocst pexuma. Jlng oOecnieueHuss IUHAMHUYECKONM YCTOWYMBOCTH  JOJDKHO

cobmoaaThes ycnoBue: Sr>Sy (- p — yros, mpu KOTOPOM HMEEM pasrpy3Ky MEKCHCTEMHOU

nepenayu, T.e. nepexo ¢ ypoBHsa Pora P . 3anmac cratnyeckoi yCTOMYMBOCTH

Cuumxenue Po no BO3MOKHO 32 CUET YMEHbIICHUS WIM YMEHBIICHUS (nnm

YMCHBIICHUSA HJIM YMCHBUICHUA

(5.12)

Otkypa pa3rpy3ka CBS3HU :
[TpuurHO# HapyIIEHUsI YCTOMYMBOCTH MOXKET OBITh U MOSBICHHE HeOaTaHca MOLTHOCTH
B OC-1 nmu D3C-2. U3 puc.5.9 BUAHO, 4TO K yBEIMYCHHUIO TIEPETOKA MOITHOCTH MOXET OBITh

NOTEPsT YaCTH HArPY3KH ( ) 8 OC-1 (wn B o0mmeM ciydae 3170 MOKET OBITh aBapus
Jaromast

V3MeHeHre MOLITHOCTH u BBI3BIBAIOT OTKJIOHEHUE YaCTOThI

) )
(5.13)
rie
Kr;, Ku,j, - KpyTH3Ha 4YacTOTHOW XapaKTEPUCTUKH MOIIHOCTH, HArpy3Kd I-Oi
CUCTEMBI;

N — KOJINYECTBO CUCTEM B 06’BC,Z[I/IHCHI/II/I.

P
m OTHUM yCIIOBHEM OTpaHUYEH HaOpoC
Plo — ' MOIIHOCTHUMEKCUCTEMHOM CBS3H IIPU
AN 5 i .
PO Sy ycToiuuBoii pabore
E>F, 2uern (P> Y)
» O




Puc. 5.9

[Tpu HeOanmance MOIIHOCTH «AP» nMeeM OTKJIIOHEHHE YacTOThl ~ Af”:

: (5.14)



5.3. Kpurepnu pe:kuMHOMH HAZEKHOCTH U UX HOPMHPOBaHHe

Hanéxuocth pexxnma IC — e€ criocOOHOCTh BBIJIEPKUBATH BO3MYIIEHUS. DTOT (hakTop
OIIEHUBAaETCs yCTOMUUBOCThIO DC .

PaccMoTpuM Be TUNIMYHBIC CXeMbl, mpuBoamBIIHecs B 5.1, 5.2 pesynbrarsl ananmsa
KOTOPBIX MOXKHO PaclpOCTPaHUTh Ha ciaoxkHbIe DC:

Cxema 1
Cxema 2 Mexcuct. BJI
CT
AC-1 3C-2
/ = Xc T Xer
74 _A/\/\A_{ m m
/e
I
Puc. 5.10. ECZ = ConSt

HanéxHOCTh HOPMHUpPYETCS B BUJIC KPUTCPUCB PEKUMHON YCTOWYMBOCTH B Y3JIOBBIX
toukax DC, orpaxaronux e€ 3amac (Kp, Ku) u pacuéTHoro Bo3MyIimeHust st IPOBEPKH JAWH YCT.
YucrneHHbIC 3HAUCHHS STUX BEITUYNH OMPEICIIAIOTCS COOTHOIICHUSIMH:

(5.15)

(5.16)

rae
APHep — yBenuueHue nepeaaBaeMor MOITHOCTH HEPETYJSIPHBIMH KOJICOAHUSMU TI0
MEKCHUCTEMHOM Iepeadye Uisl CXEMbl CTaHIUS — 3JIEKTpONepeaaroas
CUCTEMA;
P —nepenoBaemas akTuBHasi MOIIHOCTb.
[Ipumeuanne:
Ukp — 3HaueHHe HaNpsHKEHUS IPU KOTOPOM HapyIIaeTcsl yCTOMYUBOCTb;
APHep ~ 2 . Pren MeHbIIei 13 00beANHEHHBIX IEKTPHUCCKUX CHCTEM;
KoaddurmenTsr 3anaca cTaTHYECKON YCTOWYUBOCTH HOPMHUPYIOTCS B CJICTYIONTUX
npejenax:
Kp > 20%, Ku > 10% - HopmanbHbIi pexum IC;
Kp > 8% - aBapuiiHblil pexum.

st uccnenoBanust cTaTH4ecKor ycTonunBocTH JC COCTaBIsIEM CXEMbI 3aMEIIICHUS



Cxema 1

Xn
E Xr Xt VeV VN Xc Ec
YYD YT e VeV
Xy
Cxema 2
Xr Xt X Xc
P VY AN~ ~Ee
= (X'd)
Puc 5.11

I[JIH HepBOﬁ CXEMBI MOIIIHOCTH I€peaaBacMas B CUCTEMY.

(5.17)

riae
X = Xr + Xt + Xu/2 + Xc;

(5.18)

Ha puc. 5.12 npeacraBieHa yrioBasi XapakTepUCTHKA MOIIHOCTH!

A

P

Puc. 5.12

Touka «a» — ycraHoBuBIeiics pexum. Ilokaxem 3T10: da +A3, AP/IAS > 0 —
TIOJIOKUTEIbHOE 3HAaUeHHE CUHXpOHM3Upyomei mourHocty (dP/dS) obecnieunBaeT cratndeckyro
ycroiunBocth IC.

Ha ycroitunBocTh monoxutenbHo BiauseT APB renepaTopoB, yBennumBas MmpeeibHO
nepeaBaeMyr0  MOIIHOCTh, Prpea (eciu HCMONB3yeM B CXEME 3aMEIICHUs X'd — APB
HPOMOPLUUOHATBHOTO JCUCTBHUS)

3uass Pmax mo (5.15) mnpu AP = 0, HaxomuMm mepeaBacMyid MOIIHOCTb,
COOTBETCTBYIOIUIYI0 HOPMaTHBHOMY KO3()(UIMEHTY 3araca CTaTHIECKyI0 YCTOHYNBOCTD:



CBs3H

K.3..

(5.19)

[ mocneaBapuiHOTO pexkuMa

(5.20)

Jns cxemsr 2.

(5.21)
3/1ech cUMTaeMCsl C HEYperyJIMpOBAaHHBIMH KOJIEOaHUSAMHU MEPeTOKa MO MEXCUCTEMHOM

B HOpManbHOM pexuMe:

(5.22)
B aBapuiiHoM pexume:

(5.23)
JluHamudeckass yCTOHYMBOCTh HOPMHUPYETCS PACUETHBIMU: BUIAMH U JITUTEIBHOCTHIO
JByxdaznble k.3. Ha 3eMuIto JuymtenbHocThio 0,18 ¢ ais cereii 110-220 kB

JByxda3znblie K.3. Ha 3emmto JuiutensHocThio 0,12 ¢ muis cereit 330-750 kB
Hns cereit 500 kB wm BbIIE B OTHEIBHBIX CIydasx JOMycKaeTcsi obecreueHue

JUHaMU4ecKoil ycToitunBoctu. [Ipu ogHodasHbix K.3. ¢ yuérom HeycnemHoro AIIB.

5.4 O6ecnieuenue pe;kUMHOI (PYHKIIMOHAIBLHOW) HATEKHOCTH
cucremoodpasyromux cereid IC.

Jl1s 3TOr0 MpUMEHSETCS] KOMIUIEKC CPEACTB MOBBIIIEHUS YCTONYUBOCTH PEKUMOB
pabotsr OC.

* VioyudnieHMe ~— XapakTEpUCTUK  OCHOBHBIX  31eMeHToB OC ¢ IOMOIIBIO
KOHCTPYKTMBHBIX U3MEHEHMI. B yacTHOCTH, yiydlieHue napameTpoB reHepaTopoB,
T.e. cHmkenne Xg X', yBenuueHue Tj MOBBINICHHE MOTONKA BO30OYXKICHUS U
OBICTPONICUCTBHS BO3OYIUTENEH, CHI)KCHHS WHIYKTUBHOTO compoTuBieHus JIOII
IIyTEM PacILEIUICHUs IIPOBOJOB, YMECHBIICHUE BPEMEHU JECHCTBUS PEIECHHOMN 3aILUTHI
Y BBIKJIFOYATENEeH U T.1II.

* ViyuynieHue XapakTEpUCTUK OCHOBHBIX 3J1eMEHTOB DC cpeacTBaMU aBTOMAaTU3ALIUU.
Oto npumenenus APB, B wactHoctu APB cuibHOTO neiictBusi ¢ (hopcupoBKoit
BO30YXIeHUsT MpH MIyOOKMX mocaakax HampspkeHus, AIIB TtpéxdasHoro m mo
¢dazHOro, OBICTPOJEHCTBYIOMIMX 3AIIUT, PEryJIUPOBAaHUS MEPBUYHBIX JBUTATENEH U
T.IL.



* JlOmOJIHUTENbHBIE CPEACTBA IMOBBIIIEHUS YCTOMYMBOCTU — MPOJOJIbHAS EMKOCTHAs
KOMIICHCAIMs, NIepeKItouaTeabHble MyHKThI Ha JIOII, sanekTpuueckoe TOpMOKEHUE,
CHHXPOHHBIE KOMIleHcatopel ¢ APB  cwibHOro naeicTBus, IONEPEYHBIE
peryaupyemMble peakTopbl UM KOMIIEHCATOPHI U T.1I.

* MeponpusiTiusi 3KCIUTyaTallMOHHOTO XapakTepa — BbIOOP CXeMbl COEAMHEHUH,
obOecrieunBaronieid Hauboliee YCTOWYMBOCTh; PEryJIHMPOBAHUE WM OrpaHUYCHHE
MEPETOKAa MOIIHOCTH MO MEXCHUCTEMHBIM CBS3SIM; OTKJIFOUEHUS YacTH I'€HEpPaTOpOB
WIM DSKCTpEHHas Harpy3ka TypOuH; (opcupoBaHHe MPOJOIBLHON EMKOCTHOM
KOMIIEHCAIINH; OTKJIIOYEHHE TOMEPEUHBIX PEAKTOPOB; OTKJIFOUEHUE YAaCTH Harpy3KH;
JIEIeHHe CHCTEeM Ha HE CHHXPOHHO paloTaromue paioHbl; MpeaoTBpalleHUuE
HapyUIeHHs] yCTOWYUBOCTHU U T.II.

W3 Ha3BaHHBIX CPEACTB, CPEICTBA aBTOMATU3ALMHM U MEPOIIPUATHS SKCILUTYaTallMOHHOTO
Xapakrepa TpeOyIT MEHBIINX 3aTpaT U LIMPOKO UCHOJb3yI0TCsA. Hané&XHOCTh peskUMOB paboThI
OC obecreunBaeTcs HEPapXUIeCKOi(B CTPYKTYPHOM M BPEMEHHOM pa3pe3ax) CHCTEMOit
MPOTUBOABAPUINHON PEKUMHON ABTOMATHUKU:

*  VYCTpOHCTBO aBTOMATUYECKOTO OrpaHWYeHUs (peryJupoBaHUs) TEPETOKOB

mortHoctd (AOIIM) no mexcuctemusim JIDII.

* VYcrpoilcTBa aBTOMAaTUYECKOTO  YIPAaBICHUS MOIIHOCTBIO JUISI  COXPAHEHUS
ycroitunBoctd AYMCY).

* VYcTpoicTBa aBTOMATHYECKOTO MpeKpalieHus (Mpea0TBPAIICHUs) aCHHXPOHHOTO
xona AITAX).

* ABTOMaTHYeCKas 4acToTHas pasrpyska (AUP).

* ATOMAaTHYECKMH YacTOTHBIH TycK ruaporeHepaTopoB(AUIl) mms  ObicTpoi
JUKBUAALIMY aBapHUH.

* YacToTHOE aBTOMaTH4eCKOE, MoBTOpHOE BKiItoYeHus (HATIB) notpeduTeneii.

AOIIM ciyXuT AJis NPeAOTBPALLEHNS HAPYIICHUS] CTATUCTUYECKON YCTOMYMBOCTH IIPH
OTHOCHUTEJIFHO ~MEUICHHOM H3MEHEHHHM IIepeTOKa MOIIHOCTH, BBI3BAHHOIO  OIIMOKON
nporHo3upoBanusi rpadukoB Harpy3ku OC HeOONbIIUMU HeOalaHCaMH MOIIHOCTH H3-32
OTKJIIOYEHUSI TEHEepaTOpOB HJIM  HEPEryJsIpHBIX  KojeOaHWil  Harpy3ku. ABTOMAaTHKa
KOHTPOJIMPYET NEPETOKHM MOIIHOCTH NO OTHAEIbHBIM CBs3saM. [Ipu nocTikeHuM 3a1aHHOU
BEJIMYMHBI (YCTABKHU) YBEIMYMBACT WIM YMEHBIIAET HATPY3KH BBIACICHHBIX CTAHIIHA.

AYMCY o0ecrieunBaeT TUHAMHYECKYI0 YCTOMYMBOCTH MPU OOJBIIUX BO3MYIICHUSIX
pexxuma (K.3., MOTEepsi TEHEPUPYIOMICH MOIIHOCTH) U CTaTUCTHYECKYIO YCTOMYHMBOCTH IIOCIIE
aBapuiiHoro pexxuma AYMCY oxBaTbhiBaeT paiiOH MPOTHBOABAPHUHOTO yIpaBieHus (Harpumep,
cxeMy BblIa4H MoIIHOCTH cTaniuu(uit)). AYMCY paboTaroT o nporpaMMHOMY IPUHIUILY:

® KOHTPOJb JO aBAPUUHON CXEMbI U PEKUMA,

" [I0JyYeHHE U OLEHKA MH(OPMAIMH [0 BO3MYIIICHHUIO HA OCHOBE PacyéTa yCTOWYHBOCTH,

= BbIJaya yrnpapisiiomux komanag AYMCY Bo3aeiCTBYeT Ha OTKIIOYEHUE MEHEPAaTOPOB,
pa3rpy3ky TypOuH, otkimtodeHue norpeourencii (CAOH), nenenne DC. Coueranue
3TUX CpeACTB moadupaercs ¢ yu€rtom YMIN y morpeduresieii OT HEAOOTIyCKa
anexkTpo3Heprun. AYMCY He paccunTaHbl Ha yCTpaHEHHE KaCKaJHbBIX aBapuil.

AITAX oTnenstoT BbIIIABIIME U3 CHHXpOHU3MA yacTu JC, T.e. JIOKaAIU3yI0T aBapuio. B
OTICNUBIIUXCS YacTAX — JAepuuur MomHocTH, neiictByer AYP, coxpanss mnuTaHue
OTBETCTBEHHBIX OTpeOUTENEH.

5.5 CpeacrBa 1 MeTO/IbI OBbIIEHUS HAIEKHOCTH paciipeleIuTeIbHbIX ceTeil.

HanéxHocTh (Kak CBOMCTBO TEXHHUYECKOTO OOBEKTA BBIMIOJIHSITH 33JaHHbIC (DYHKIUH B
3aJ]aHHOM 00BEME MPH ONPEACIEHHBIX YCIOBHIX ) 3aBUCUT OT OOJIBIIOTO KOJHYECTBA (haKTOPOB
CIy4yallHOTO W HeciIy4yalHoro xapakrepa. CpeacTtBa MU METOAbl M3MEHEHUS KOJIUYECTBEHHBIX
XapaKTEPUCTHUK JTOTO CBOWMCTBA AJIEKTPUYECKUX CETEeH OTIWYaloTcs MHoroooOpasmem. Ha



MPaKTUKE TP HKCIUTyaTallud AJICKTPUUECKUX CEeTEH KaK TEXHUYECKHX CUCTEM OOBIYHO CTaBUTCS
3a/1aua U3MEHEHUS MTOKa3aTesed HaIEXHOCTH B CTOPOHY MOBBIIIEHUS €€ YPOBHS.

OCHOBHOM METOJT TOBBIIMICHHUS HAAEKHOCTH DIIEKTPUUECKUX CETe — BBISBICHUE
HanOoee HEHAASKHBIX (Ky3KHX») YacTell CHCTEMBI MEpedayd W PachpeeeHUs] SHEPrUH |
W3MEHEHUE YPOBHA HAJIEKHOCTH B PE3yJIbTaTe BBEACHUS PA3TUUHBIX (POPM U30BITOUHOCTH:

= Pe3epBUpOBaHUS.

= CoBepIICHCTBOBAHUSI KOHCTPYKIIMA U MaT€pPUAJIOB.

» TexHuueckoe 00CITyKHUBAHHE.

* 3amuThl ¥ aBTOMAaTU3aIIUH.

* VYCcTaHOBKAa KOMIEHCUPYIOIIUX U PETYIUPYIOIIUX YCTPONUCTB, MOBBIIIAIOIIMX KAYECTBO

HaIpsKEHUs U T.11.

[ToBbIIEHNE HAIEKHOCTH PACTIPEACIUTENIbHBIX CUCTEM HAIPABJICHO HA CO3JaHUE!
" palMOHAIBHBIX CXEM JJIEKTPUYECKUX COCAMHCHHUH (CXeM  pacmperyCTpOWCTB

MOJCTAHIIUI M CTAHIIN);

" ONTUMAJIBHOE HACBIIICHUE CETH ABTOMATHYECKHUMH YCTPOWCTBAMH W YCTPOMCTBAMH

ABP;

® HaCHIIICHHUE CETU HEABTOMATUYECKUMH KOMMYTAallMOHHBIMU aIlllapaTamu,
" YCTAaHOBKHM PETYJHUPYIOUUX U KOMIICHCUPYIOIIUX PEAKTUBHYIO MOIIHOCTb YCTPOWCTB Y
noTpeduTene;
* 000pyIOBaHMS MOJCTAHIIUN YCTPOMCTBAMHU TEIEU3MEPEHUS U TelleMEXaHU3allHH;
* aproMaru3anuu Ha 6aze JIDBM onepaTuBHBIX MEPEKITIOUEHHH B CIIOKHBIX CETSX;
" COBEpIIECHCTBOBAHME PEJICHHON 3aIIUThl U AaBTOMATUKH;
B BO3IyIIHBIX 1 KaOCIBHBIX CETSIX MOBBIMAIOT HAJIEKHOCTD:
" BBEJICHUE YCTPOWCTB MOMCKA MOBPEKICHUMN;
" COKpAILEHHE NPOJOKUTEIIBHOCTH aBAPUHHBIX PEMOHTOB;
* o0ecrneuyeHueM PEMOHTHBIX 0a3 3am4acTsIMH 3JIEKTPOYCTaHOBOK;
" ONTUMH3ANUN TPOPUITAKTHUECKUX PEMOHTOB, OCMOTPOB, 3aMEH M3HOCHBIIIUXCS YaCTEH.

Ot MeporpusaTHs TpeOyIOT 3HAUMTEIbHBIX MaTepualbHbIX 3aTpar. Kpome storo,
0oyblIOE 3HAYEHHE MMEET COBEPIICHCTBOBAHHE CXEM pAaClpeIWINTENIbHBIX CeTed W
pacnpenenuTeNIbHbIX YCTPOMCTB MOICTAHIUMN.

5.6 MeToanka pacuéTa HaJéKHOCTH cucTeMooOpa3syromux cereit IC.

OTH CETH CBS3BIBAIOT AJIEKTPUUECKUE CTAHIIMU U y370BbIe nojcTaHuu DC, OT KOTOPBIX
yepe3 HEeMOCPEACTBEHHO MIIM Yepe3 paclpeesuTeIbHble CETH MUTAIOTCS noTpedurenu. OueHka
HaJEKHOCTH 3/1€Ch IOJ)KHA YUUTHIBATD!

® BO3MOXXHO€ HapYyIICHHE YCTOWYMBOCTU MapaUIeIbHON padOThl CTAHITUN M HATrPY3KH
13-32 OTKA30B DJIEMEHTOB CETU U T€HEPATOPOB,;

" OrpaHUYE€HUsl MO YPOBHIO HANpPSIKEHWM W TOKOB MpHU OTKazax ajeMeHToB JC B
HOPMAJBHBIX U PEMOHTHBIX CXEMax M PEXHMax paOOTHI CETH, T.€. OTPAaHUYCHUS IO
MPOIMYCKHOW CIIOCOOHOCTH AJIEMEHTOB CETH, YPOBHIO HaIPsDKEHUS, MOIIHOCTH
MCTOYHMKOB NTUTAHUS B [1OCJIE aBaPUIHOM pEXKUME;

" OTKa3bl 3JIEMEHTOB PaCIpPEIEIUTEIbHBIX CTAHIUN U MOJCTAHIINH ;

" [UJIAHOBBIE PEMOHTHI 21eMEHTOB JC

Heab pacyéra — omnpenesieHHWe 4YacTOThl M BPEMEHHU NEPEPHIBOB U OTrPaHUYCHHI
3NIEKTPOCHAOKEHHUS Y3JI0B Harpy3Kku. Pacuér nenurcs Ha 2 srana:

I-p1ii 3Tan. Pacuér HaméKHOCTM HOPMAIBLHOTO pEeXHMa pPAOOTHI CETH, KOTOPBIHA
BKJIIOYAET:

"  BbISBJICHHE HOPMaJIbHBIX CXEM U PEKUMOB PabOThI CETH U UX JTUTEITbHOCTEH;

"  ONpe/AeNICHUE YacTOT U BUJIOB PACUETHBIX OTKA30B 3JIEMEHTOB M JJIUTEIBHOCTH UX

BOCCTaHOBJICHHS (BBIHYKICHHOTO PEMOHTA);




pacyér yCTOHUMBOCTH (CTAaTHYECKOM, AMHAMHYECKOM) M pacyér Mociie aBapuiiHOTO
peKHMMa IIPU OTKa3ax;

OIpPENICICHNE 4YacTOT, IIyOMH M JUINTEIILHOCTEH INepephIBOB IEKTPOCHAOKEHUS
y3JI0B Harpy3KH BO BCEX HOPMAJIBHBIX PEKUMaXx.

[Ipy BBISBIIEHUH CXEM M PEXUMOB pabOTHI BBIIEISEM OCEHHE-3UMHUN U BECEHHE-
neTHud nepuosl. s mexcucreMHbix JIOII yunTeiBaeM HeperyssipHble U3MEHEHUS Harpys3KH.
Nx mouHocTh 3a71a€TCst PyHKIMEN pacripefieieHus. Y YUThIBAEM:

otkasel JIDII, BKIIOYas B3aMMOCBsI3aHHbIC (Ha ABYXIEIHBIX OTMOpPAX KU MO OJHOM
Tpacce);

TeHEePUPYIOLINX OJIOKOB,;

BBIKJTIOUATEJIEH CTAaHIINKU U ITOJACTAHIIAHA.

|1-0# 3Tam.

BrisiBneHre pacy€THBIX PEMOHTHBIX CX€M, HX YacTOT M JJIMTENbHOCTEH, H
OIpe/ie]ICHue PEeKUMOB PAOOTHI A 3THUX CXeM. DTO HaIo A IJIaHUPOBAHUS
PEMOHTOB 3JEMEHTOB JyiekTpuueckux cered JIOII u pexumHOl mnpopaboTKu
PEKUMHBIX 3aBOK.

- IIpU BBIABJICHHUU PEMOHTHBIX CXCM YUYHWUTBIBAEM IIJIAHOBLIC U aBapI/If/'IHI)IC PEMOHTEIL

JIOIL

Pacu€r ycroiiunBocTH (CTaTHUECKOM, IMHAMHYECKON M pacu€T Mocie aBapHiHOIO
pEeKHMMa IIPU OTKa3ax.

Pacuér wacrtoT, riyOMH W IJTUTENBHOCTEH IEPEpPBIBOB DIIEKTPOCHAOKEHHUS Y3JIOB
Harpy3KH Ul PEMOHTHBIX PEKUMOB.
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