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I'naBa 1 OcHOBBI TCOPUHA HAACKHOCTH IJICKTPUIECCKHUX CUCTEM

1.1 Pa3BuTHE HAYKH 0 HAJIEKHOCTH JIeKTPpHYecKuX cucreM. Ee ocobeHHOCTH M 3a1a4n

[IpoGnema HanEKHOCTH DSJIEKTPUUECKUX CHCTEM OTHOCUTBCA K 3ajadaM OIpeneeHUs MU
ONTUMM3AllMM UX IIOKa3aTeled Ha »JTanax IUIAHUPOBAHUS, INPOCKTUPOBAHUS, COOPYXKEHUS U
sKkcIutyatauun. Hadescnocms - CBONCTBO 00BEKTA MIIM TEXHUYECKOIO YCTPONCTBA BBIIOIHAT 3a/laHHBIE
(GYyHKIMH, COXpaHsAs BO BPEMEHU 3HAUCHMs YCTAaHOBJIECHHBIX OHKCIUTyaTallHOHHBIX IIOKa3aTelaed B
3aJlaHHBIX IMpeJenax, COOTBETCTBYIOIIMX 33JaHHBIM pPEXUMaM U YCIOBHUSIM  HCIOJb30BaHUS,
TEXHUYECKOT0 00CTyKUBaHUs, PEMOHTOB, XpaHeHus U TpaHcnopTipoBku. ('OCT 27.002-83).

Oovekm - npeaMeT 1HeJICBOro Ha3HAYCHUA, paCCManI/IBaCMHﬁ B IIEpHuoJ MPOCKTUPOBAHUA,
IMPOMU3BOACTBA, IJKCIUIyaTalluW, MU3YUCHHUA, HUCCICOAOBAHHA MW HCIBITAHUA Ha HAACKHOCTDH (O6L€KTaMI/I
MOTYT OBITH CHCTEMBI M HX 9JICMCHTEI, B YaCTHOCTU COOPYKCHUA, YCTAHOBKH, TCXHUYCCKUC U3CIIUA,
yCT’pOﬁCTBa, MalllWHBI, armaparsl, HpI/I60pI)I " X 4aCTH, arperarbl U OTACIILHBIC ACTAJIHN.

B TexHHWKe HaJIeKHOCTh MMEET TOYHOe 3HadeHwe. OHa MOXKET OBITh OIpejelicHa, paccuuTaHa,
OIICHEHA, W3MEpEeHa, WCIIbITaHa, paclpeaeNicHa MEXKIy OTACNbHBIMM YacTSIMH CHCTEMBI, OOBEKTa,
anmapaTyphbl.

[IepBble cucTEMaTHYECKME NOMBITKM HM3YyYEHHsI HAJEKHOCTH M CO3JAHUS €€ TEOPUH CBSA3AHBI C
TeXHU4YeCKUM mporpeccom B 40-50 romax, Korja HeJOCTaTOYHAs HAEKHOCTh CTajlla TOPMO30M Ha ITyTH
peanu3anii HOBBIX WICH B aBUAIMH, KOPAOJIECTPOSHHH, PAKETOCTPOSHHUH, PATUOTEXHUKH, SIIEPHOU U
KOCMHMYECKOW IMPOMBILLIJIEHHOCTH.

[TpuMeHHUTEIBHO K DHEPTOCHCTEMAM OCHOBHBIC MTPUHITUIIBI pacueTa HaJle)KHOCTH ObLTH NaHbl B 30-
40-x romax. IlepBele cepbe3Hble pPabOTHI B OOJACTH HAJCKHOCTH SHEPTOCUCTEM OBUIH TOCBSIIICHBI
pacueTam pe3epBa. Teopus HAIGKHOCTH MTPUMEHHUTEIBHO K SHEPrOCUCTEMaM UMEET psifi OCOOCHHOCTEH U
OIMmUpacTCda Ha CHCUHAUCHHUIIIMHBI («SHGKTPI/ILIGCKI/IC CHUCTEMBI U CCTH», ((HepeXO)IHBIC mponeccel B
JHEprocucTeMax», « JNEKTPUUECKIE MAITUHBI», «PeneiiHyto 3a1uTy 1 aBTOMAaTUKY» ).

Hayka o nadexcnocmu 3aHUMAETCS aHAIM30M OOIIMX 3aKOHOMEPHOCTEH, OMNpeAesIomnX
JIOJITOBEYHOCTh Pa0OTHI Pa3IMUHBIX YCTPOUCTB U COOPY’KEHUH, pa3pabOTKOIN CIOCOO0B MpeLyIpexaACHUS
OTKa30B Ha CTagusAX IPOCKTUPOBAHUSA, COOPYXKCHHUSA, OKCIUIyaTalldd, OLEHUBACT KOJIMYECTBEHHO
BEPOSITHOCTh TOTO, YTO XaPAKTEPUCTUKH O0BEKTa OyIyT B MpeaesaXx TEXHUYECKHMX HOPM Ha MPOTSKEHUU
3aIaHHOTO IIeproJa BpeMeHUu. MaTreMaTuuecKui anmnapar TEOpUU HAaIEe)KHOCTU OCHOBAaH Ha IIPUMEHEHUU
TaKMX pa3/JeiIOB COBPEMEHHONW MAaTEMAaTHUKH KaK TEOpHsl CIy4YaHHBIX IPOLECCOB, TEOPHUS MacCOBOIO
o0CITy’)KUBaHUs, MaTeMaTH4yecKas JIOTMKa, TeopHus IpadoB, TEOpHs pPaCHO3HABaHUS 00pa3oB, TEOPHUS
JKCIEPTHBIX OLEHOK, a TAKXKE TEOPHUS BEPOATHOCTEH, MAaTEMAaTUYECKasl CTATUCTUKA U TEOPUS MHOKECTB.
[Ipobnema HaJEKHOCTU B TEXHUKE BbI3BaJIa K JKU3HU HOBbIE HAyYHbIE HAIIPABICHUS TAaKUe KaK TEOpUs
HAQ/IOKHOCTH, (HU3MKa OTKA30B, TEXHHYECKas JWArHOCTHUKA, CTATUCTHYECKAsh TEOpHsS IPOYHOCTH,
HMH)KEHEpHAas IICUXOJIOTHs, UCCIIEAOBAHUE OIEPALIMiA, INIAHUPOBAHUE YKCIIEPUMEHTA U T.I1.

B mpaktudeckoll AeSTENbHOCTH WHKEHEPY-SHEPreTHUKY MNPUXOIAUTHCS MPUHUMATh pa3iHnyuHbIe
pemenusa. Hampumep, BbIOMpaTh NPOEKTHBIM BapuUaHT SHEPrOCUCTEMbl WJIM €€ 4YacTH, MPOU3BOJIUTH
PEKOHCTPYKIIMIO €€ CeTel M CTaHIUil, Ha3HayaTh peXHUMbl. B 3HepreTuke Ha BBIOOp pELICHHs BIUSET
0oJbIIOe KOMMUYECTBO (akTopoB. OTHM W3 HUX MOXXHO YHUCJICHHO MPOAHAIM3UPOBATH U COKPATHTH
o0jacTh BapuaHTOB pemieHus. Jlpyrue He HMEIOT TEOPETHYECKOM SICHOCTU [UIsl KOJIMYECTBEHHOTO
onucanus. [losiBisieTcss HEoNpeneneHHOCTh, MPEOo0JIeBaTh €€ IMOMOTAIOT 3HAHUsSA, OIBIT, WHTYHUIIUS,
KauecTBeHHBIN aHanu3. [losBaseTCs pUCK BHIOOpPA HEONITUMAIBHBIX U HEKaYECTBEHHBIX pemieHuit. Cpeau
Opyrux (GakTopoB, HAIACKHOCThH MMEET 0co00e MECTO, €e Hal0 YYHMThIBaTh Bcerda. [locrmeactBusi oT
HEHAJIe)KHOCTU TaKHE Cepbe3Hble, YTO TpedyeTcs TIOCTOSHHOE COBEPIICHCTBOBAHUE METOOB
MNPOCKTUPOBAHUA, CTPOUTCIBCTBA, J3KCIUTyaTallUWM JSHCProCUCTCM, IMO3BOJIIOIHUX IIOJHEC YUYUTHIBATH
HaJeKHOCTh. OCHOBHOM 3a/1auell SHEPTOCUCTEM SIBIICTCS CHAOXKCHHE MTOTPEeOUTENIEH AJIEKTPOIHEPTUEH B



HY>KHOM KOJIMYECTBE U NpU HEoOXOoAMMOM KayecTBe. Ha 3TO BIMSIOT HeENpenBHJIEHHBIE NMPUYUHBI -
OTKa3bl WJIM aBApUM B HJHEpProcucreMax, nepedbor B TOIIMBHOCHAOXKAIOWIEH cHUCTeMe, HeperysspHoe
IIOCTYIUIEHHE TOIUIMBA, TUAPOPECYPCOB M T.N. VI3BECTHBI pa3IMYHbBIE CPEICTBA, IOBBIIIAIOLINE
HAJC)KHOCTh DHEPrOCUCTEM: pEJICHHas 3allUTa OT KOPOTKUX 3aMBIKaHUM, aBTOMAaTUYECKUE IOBTOPHBIC
BKJIIOYCHHUS, AaBTOMATMYECKHH BBOJ pe3epBa, aBTOMAaTHYECKOE pETyJIHpPOBAaHHE BO30YKICHHUS,
aBTOMATHYECKasl 4YaCTOTHAas pAas3rpy3ka, aBTOMATHYECKOE PpEryJUPOBAHUE YaCTOTBI W MOILHOCTH,
aBTOMAaTHU3allMsl T€HEpAaTOpPOB, aBTOMATHUUYECKOE OTKJIIOYEHHE T'€HEepaTopoB Ha ruapocraHuusax. Kpome
JTOr0, CIELHAJIbHBIE CXEMHBIE M PEKHUMHBIE MEPONPHUATHA IO IOBBIIICHUIO HAICKHOCTH
(meronmHO(a3HbIe PEKUMBI, IUIaBKa rojojiena, AyOlMpoBaHHE T'€HEPAaTOPHON MOIIHOCTH, YBEJIWYECHUE
IIPOIYCKHOM CIIOCOOHOCTH MEXCUCTEMHBIX CBsi3el, TpaHC(OPMATOPHBIX MNOJCTAHLUH, CHEelHaIbHOE
aBTOMATUYECKOE OTKJIIOYEHHWE Harpy3Kd IpU CHCTEMHBIX aBapusiX, PE3EPBUPOBAHUE MOIIHOCTH).
Jlenenue mnotpebuTeneidl Ha KaTEropuu IO HAAEKHOCTH M PEKOMEHJALUHM 10 IOCTPOEHUIO CXEM
CIOCOOCTBYET 00€CIICUEHUIO CTPYKTYPHOM HA/ICKHOCTH SHEPTOCHCTEM.

OT HaAEKHOCTU DJICKTPOCHAOKEHUS 3aBHUCIT MPOMBIIUIEHHOCTh, OBIT, CEIBCKOE XO3SHUCTBO.
3aBUCUMOCTh 3Ta Takasl CUJIbHAs, YTO €€ HapylleHHe MPUBOAUT K OFPOMHOMY MaTepUalbHOMY yHIepOy
MMEIoIeMy MacIITabbl HauoHaIbHoro 6enctaus. Hanpumep, Hero-Mopkcekas aBapus B HosOpe 1965r B
CIIA mpuBena K TOMy, 4TO Ha TeppuTopuu c HaceiaeHueM 30 MiH. denoBek Ooisiee 10 yacoB Obuia
MPUOCTAHOBIICHA KU3HEACSITENHLHOCTh, YyIIepO oleHuBancs mnpubamsutensHo 100 MiH. momIapos.
[TocnenoBaBmme 3a HEW MECATKH MOJOOHBIX aBapuii 3aBepimminch aBapue 13 utons 1977 roma B Heto-
Wopke ¢ emie Gosee THKEIBIMH MOCICACTBUAME. B TeueHue 25 4acoB OblIa MapaiH30BaHa KH3Hb OJHOTO
W3 KPYIHEHUINX TOPOJOB MHpa. YIIepO COCTaBWII MPUOIM3UTENIBHO | MIIpa. goiapoB. YepHOObUIbCKAS
aBapwuisi HA AaTOMHOM JIEKTPOCTAHIUH - caMasi CTpalrHasi. YiepO OleHUBASTCS COTHIMHU MIIPA. JOJUIAPOB.

B sHeprocucremax mocleAHHE HECKOJBKO JECATKOB JIET HAOIIOAAeTCS TCHICHIUS YKPYITHCHHS
BCEX DJIEMEHTOB, YBEJIIMUCHUE UX €AUHUYHON MOIIHOCTU. Tak, Hanmpumep, B sHepretuke CCCP 3a nepuop
¢ 1970r o 1985 rox Bo3pocia cTeneHb KOHLUEHTPALUU FEHEPUPYIOIUX MoLHOCTeN: KoandecTBo TOC u
ADC momHocTeio 2000 MBT m 6onee gocturio 28, I'DC momHuocteio 2000 MBT u Gonee - 6;
HauOobIas MOmHOCTh arperata TOC yBemuumnack ¢ 800 mo 1200 MBT1, ADC - ¢ 365 no 1500 MBr,
I'DC - ¢ 500 no 640 MBT. MomHocTs Hanbosiee KpyMmHbIX ekTpocTaniuid nocturiaa: TOC - 4000 MBT,
ADC - 4000 MBTt, I'2C - 6000 MBT (mmpotuB cootBercTByromux 3HadeHuit 1970r - 3000, 575 u 5000
MBT). Texuudeckuii mporpecc B pa3BUTUN T€HEPUPYIOMIUX MOIITHOCTEH MPOSBUJICS TAK)KE B YBEITUUCHHUH
¢ 1970 nmo 1985r nonm KOHAEHCAIIMOHHBIX SHEProOJIOKOB HA CBEPXKPUTHUYECKHE TapameTpsl mapa, a
TaK)Ke IO TETUIO(UKAITMOHHBIX arperatoB Ha aaBiieHue mapa 13-24 Mlla. OGmas npoTsbKeHHOCTD (B
OJIHOLICTIHOM MCYUMCIICHUH) JIUHUK HanpsbkeHueMm 220 kB u Boime - ¢ 9,8 10 35,9 Thic. kM. (B TOM uuciie
750 xB - ¢ 0,1 10 4,35 ThIC. KM, 1150 KB ¢ 0 10 0,9 TBHIC. KM).

VYka3aHHble OOCTOATENHCTBA MPUBEIU K TOMY, YTO OOecleyeHHe HAaJEKHOCTH SHEPreTUYECKUX
CUCTEM CTajJ0 KIIOYEBOW MpoOIeMOi COBpeMeHHOUW sHepreTuku. CBsi3b MEXIy JHEPrOCHUCTEMOH, ee
3JIEMEHTAaMHU M BHEIIHEW CPeION HOCUT CTOXACTUUYCCKUN (BEPOSTHOCTHBIN) XapakTep U MOKHO TOBOPUTH
JUIIb O BEPOSITHOCTH MOJIHOTO JIOCTHUKEHUSI SHEPrOCUCTEMON CBOEH LIEIH - Mepefadyu 3JIEKTPOIHEPTUU
norpeburemnto. [loaToMy HaIeKHOCTh pabOThI SHEPrOCUCTEMbI BCETAA BKIIIOYACT OMKA3 (Hapyuwienue).
HemnonHoTa Ha/eKHOCTH SHEPTrOCHCTEMBI JaeT MOTepH BBIXOAHOTO 3(ddekTa ee pabOTHI, HA MPAKTHKE -
He00omnycK IHepZun nompeoumenam.

Teopust HaJIEKHOCTU PHEPTOCUCTEM OCHOBBIBAETCS Ha BEPOSITHOCTHO-CTATUCTUYECKOM MpuUpoze ee
noBeseHHs. B mocnenHee BpemMs ¢ yBeTUUYEHUEM CHCTEMHBIX aBapHii, pa3padaThIBAIOTCS METO/IbI OLIEHKU
BEPOSITHOCTM U IyTeM UX KacKaJHOTO pa3BUTHUS, OOYCIOBICHHBIX OTKa3aMU aBTOMAaTHKU H
KOMMYTAIIMOHHOH amnmaparypbl, BO3HUKHOBEHHE HEJOMYCTUMBIX PEXHMOB PabOTHI IeMeHTOB. Tak Kak
OTKa3 3JIeMEHTa MpU OOIIUPHOM 30HE NEHCTBUS Ha APyTrHe 3JEMEHTHI BHI3BIBAET HEOOXOJUMOCTh paOOTHI
aBTOMATUYECKUX KOMMYTALIMOHHBIX aIapaTroB, KOTOpBIE TOXE MOTYT OTKa3zaTb. Bo3HMKaeT 3agauda
COCTaBJICHUS PACYETHBIX CXEM I10 HaJIeKHOCTH.

I[J'IH MPUMCHCHUA TP aHAaJIM3€ HAACKHOCTU SHCPTOCUCTEMBI TCOPHUH BEPOATHOCTU SHCPTOCUCTEMA
JOJIDKHa OBITL H30BITOYHON (u36blm01lH06'mb - JOIOJIHUTCIIBHBIC CPEACTBA W BO3MOXHOCTHU [JIA



BBINIOJTHEHUSI SHEProCUCTEMOM 3alaHHBIX (QYHKIM). V30BITOUHOCTH HSHEPrOCUCTEMBI BBICTYIIAET B
cnenyomux Ghopmax.

1.Pe3epBupoBanue (TOBBIMICHUE HAJNCKHOCTH IyOJUPOBAHHEM OHJIIEMEHTOB M (YHKIIHH,
OpeaoCTaBJICHUC OOIMOJHUTCIBHOIO BPEMCHH [JIsI BbIIIOJIHCHHUA 3adda4d, HCIIOJIB30BAHUC
M30BITOYHO MH(GOPMAITUHU TIPH YIIPABJICHUN);

2.CoBEpIIECHCTBOBAHUE KOHCTPYKIMM M MaTepHaloB M3 KOTOPBIX CJHENaHbl 3JIEMEHTHI
SHEPrOCUCTEMBbI, TOBBIIIEHWE WX 3aMacoB IMPOYHOCTH, JIOJITOBEYHOCTH, YCTOWYMBOCTHU
HEeOJIaronpusATHBIM SBJICHUSM BHEIIHEH 1 BHYTPECHHEN Cpebl;

3.CoBepIlIeHCTBOBaHME TEXHUYECKOTO OOCTY>KMBaHUS, ONTHMHU3ALUSA TMEPUOJUYHOCTH U
FJIYGI/IHBI KalluTaJIbHbIX U HpO(bI/IJIaKTI/I‘ICCKI/IX PEMOHTOB, CHMKCHHUC MPOLAOJIKHUTCIBHOCTH
aBAPUITHBIX PEMOHTOB;

4.CoBEpUIEHCTBOBAHNE CUCTEM KOHTPOJII M YIPABIEHUS NPOLECCAMHM B 3JIEKTPUUYECKHUX
CUCTEMaX.

Ilpoonema naodexcnocmu ynpasnenusn nepzocucmem (Kak W JIPYTHX TEXHUYECKUX CHCTEM) 3a
nociuenHue 2-3 1ecATHICTUS Pe3KO 000CTpHIach. ITO BBI3BAHO CIEAYIOUIMMU IPUYMHAMU:

1. Pe3kuM yBeIMYEHUEM  CJIOXHOCTU SHEPrOCHCTEM, BKJIIOYAIOIIUX  MWIJIHMOHBI
NoTpeOuTENEH, THICSAYM y3JI0B U JJIEMEHTOB;

2. DKCTpEeMaIbHOCTBIO YCIOBUIN AKCIUTyaTalluM MHOTMX JIEMEHTOB YHEPIOCUCTEM (BBICOKHE
CKOpOCTH, YCKOPEHHMS, TEMIIEPATYPHI U 1aBJICHUs, BUOpALKs, MOBBILIEHHAs paguanus 1 T.1.);

3. IoBblmenne TpeOOBaHUI K KadyecTBY pabOThl (3(PPEKTUBHOCTb, BBICOKHE MapameTphl
SHEPTHH),

4. YBenuueHHe OTBETCTBEHHOCTH (DYHKUMI BBIMOJHSIEMBIX SHEPrOCHUCTEMOM, BBICOKOI
SKOHOMHUYECKON U TEXHHUYECKOM IIEHON 0TKa3a);

5. TlonHOW WM YAaCTUYHOM aBTOMAaTH3alUMEW, MIMPOKUM Hcrnoib3oBaHueM [IOBM nns
YIPAaBIEHUS, U KaK CIEICTBUE, UCKIIOYCHUEM WIM YMEHBIIEHUEM HEMOCPEICTBEHHOIO KOHTPOJIA
YeJI0BEKOM pabOThl IHEPTOCUCTEMBI U €€ 3JIEMEHTOB.

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

» Haodexcnocmos Inekmpuueckoii cucmemvl (00vbeOuHeHus) - CIOCOOHOCTH BBITIOJHEHUS €U
OCHOBHOM (YyHKIMU - OecriepeOOMHOro >IEKTPOCHAOKEHUSI MNOTPEOUTENeH 3JIEKTpOIHEprHen
TpeOyemMoro (HOPMAaTHBHOTO) KadecTBa M HCKIIOYCHHE CHUTYyallud OMACHBIX MJIA JIIOJEH |
OKpY’Karole cpenpl. DTO TEPMUH KOMILIEKCHOTO XapakTepa, MO (PyHKIMOHAIBHOMY IMPU3HAKY
MMEEM MOHATHUS CTPYKTYPHBIX COCTABIISIOUINX AJIEKTPUUECKONU CUCTEMBI.

* Haoexcnocmv cucmemul 2enepayuu - ClIoCOOHOCTb 3JEKTPOCTAHIMU MOAJEPKHUBATE TPEOYyeEMBbIi
0anaHc MOLTHOCTH MTPU HOPMATUBHOM 3HAYEHUU YaCTOTHI.

* Haoescnocmv 0CHOBHOIL I1eKMPUYECKOU cemu - CIOCOOHOCTh YCTOMYMBO NepeJaBaTh MOIIHOCTh
U3 4aCTel YHEProCUCTEMBI C H30BITKOM B YACTH C €€ JePHUIIUTOM.

» Haldexcnocms pacnpeoeiumenvHoll cemu - CIOCOOHOCTh OTOM CETH  TOANEPKUBATH
Oecriepe0oifHOE TUTaHUE Y3J10B HArpy3KH (OTACIBHBIX MOTPEOUTENEH WIH UX TPYIII).

Kpowme atoro paznuyaror:

* Haoejxcnocmv ¢ ycmanosuswiemcsa pejcume 3INEKMPUYECKOU CUCMEMbl - CIIOCOOHOCTb
oOecrieyeHus OanaHca MOLIHOCTH M DJCKTPUYECKOH HHEPTUM MpPU HOPMATHBHOM KadyecTBE
3JIEKTPOOHEPIUH.

* Haoesxcrnocms 31eKmpuieckoii Cucmemsl 8 NepexoOHoM npoyecce - ClIOCOOHOCTD IEKTPUIECKOM
CHUCTEMBI M €€ OTHCNbHBIX CTPYKTYPHBIX YacTeld IPOTUBOCTOSITH HAPYIICHHUSM peXHUMa W
obecrneunBaTh IEKTPOCHAOKEHUE OTPEOUTENEH.



" Yposenwv naoexcnocmu onpenensieTcss OTHOCUTEIbHBIM 3HAYCHUEM HEQ00MNycKa dICKTPOIHEPIUH
norpeburensm. Ero npuunnamu M.06.:

¢ ollepaTHBHbIC OTPAHUYEHUS M OTKIIOYEHUS MOTPEeOUTENEeH qUCIETYEPOM sl JIUKBUIALMY aBapUU
WIH €€ IPeNyNpPEeXKICHUS;

4 OICPATUBHBIE OTKIIOUEHHUs B DJJIEKTPOYCTAHOBKAX IIEPCOHAIOM JUISl CIIACAHUS OT IOBPEKICHHUS
000pyI0BaHUs U MPEAYNPEXKICHUS HAPYIICHUS TEXHOJIOIMUYECKOTO MPOIEcCca B YCIOBUSAX PE3KOI0O
CHI)KEHHS KauecTBa DJIEKTPUUECKON YHEPIHH;

¢ aBTOMATUYECKHE AaBApPUMHBIC OTKIIOYEHHs I[HUTAIOLIUX DJIEMEHTOB MWIIM IIOJIHOE IIOTalllCeHHE
NUTAIOIINX MOJCTaHIMM U3-3a aBapuiHOro HapyleHus cxeMbl OC;

¢ aBTOMATHYECKOE OTKJIIOYEHHUE DJIEKTPONPHEMHUKOB M YCTAHOBOK IOTpeOUTENIeH OT AEHCTBHS
IIPOTUBOABAPUMHONM aBTOMAaTUKM IIPU AaABAPUMHBIX pEXUMAX DJIEKTPUYECKONM CHUCTEMBI WU
YMEHBILECHUS YaCTOTHI WIA HAIPSKEHUS.

HanexHoCTh 3JIEKTPUYECKOW CUCTEMBI SIBISETCA KOMIUIEKCHBIM IMOKA3aTEJIEM, ONPEACISIOIUM €€
CBOMCTBA JIJTUTEIBHO COXPAHATh BO BPEMEHHM M YCTOWYMBO BOCIPOM3BOIUTH B MPOLECCE SKCILTyaTalluu
CBOM paboure XapaKTepUCTHKU M MapameTpbl. HajaeKHOCTh 3eKTpUYecKoil cucTteMbl 00ecreurBaeTcs
TaKUMU CBOMCTBaMHU KakK 0€30TKa3HOCTb, JIOJITOBEYHOCTb, PEMOHTONPUTOTHOCTb,
YCTOWYUBOCIIOCOOHOCTD, YIIPABIsIEeMOCTh, JKUBY4YeCTh, O€301MaCHOCTh, KAUeCTBO.

" 0e30MKA3HOCMb _IJIEKMPUYECKOU _cucmemsl _(cemu) - €€ CBOWCTBO HENPEPHIBHO COXPAHSITH
paboToCOCOOHOCTh B TEUEHHUE 33/1aHHOT0 UHTEPBAJla BpEMEHH;

" padomocnocoOHOCHIb IIEKMPUYECKOU cucmembl (cemu) - BBIIOJHEHHE €10 (QYHKUMHA C
3a/laHHBIMH MTapaMeTpaMu dIEKTPUUECKON SHEPTHH;

" 00/71206€4HOCHIL IIEKMPUYECKOU cucmembl (cemu) - COXpaHEHHE €10 pabOTOCIOCOOHOCTH [0
MPEeTbHOTO COCTOSIHMSI (T.€. CHIDKEHHUS KadyecTBa IepenaBaeMoil sHepruu, 3¢G(GEeKTUBHOCTH ee
TpPaHCIIOPTa, CHIXKEHUS O€30MMaCHOCTH KCILTyaTalun);

" YHpAagnAeMochib_3J1eKMpUYecKol_cucmemyl (cemu) - TPUCTIOCOOIIEHHOCTh €€ K YINPaBICHUIO C
IEJTBIO TTOJICP KAHUS B HEH YCTaHOBUBIIIETOCS PEXKHMa PaOOTHI;

" PeMOHMONPU2OOHOCHIL _ DJIEKMIPUYECKOU _cucmembl _ (cemu) -  TPHUCTOCOOIECHHOCTh K
MPEAYNPEKACHUIO U OOHAPYKEHUIO TIPUYMH OTKa3a (COOBITHSI, 3aKJIIOYAIONIETOCS B HAPYyIICHUH
paboTOCIOCOOHOCTH ) OTACIBHBIX JJIEMEHTOB U UX YCTPAHCHUS;

" §e30nacHoCHb IIeKMPUYEcKou cucmemsl (cemu) - HE JOIyCKAaHUE B HEW CUTYyalMil OMAaCHBIX JIs
JIIOJIEN M OKPYKAIOLIEeH Cpenbl;

" Jicugyuecmy INeKmpuieckol cucmemsbl - CBONCTBO CHUCTEMBI NMPOTUBOCTOATH BO3MYLICHHSIM HE
JOTTyCKasl UX KaCKaJHOTO Pa3BUTHS C MACCOBBIM HapYIICHHEM MMUTAHUS TIOTpeOUTENei;

" Kauecmeo 31eKmpuueckoil cucmemul (cemu) - COBOKYITHOCTb CBOWCTB, ONPEIEIISIOMINX CTENECHb
MPUTOTHOCTH CUCTEMBI IO Ha3HAYEHUIO;

KpoMe 53TOro »siekTpuueckuM cHCTEMaM M HUX JJIEMEHTaM Kak oOObeKTaMm (cucreMam) Juis
WCCIIEI0OBaHMS HAJIEKHOCTU MPUCYILY B IOJHOM MM YaCTUYHOM Mepe ClieyIolne CBOMCTBRA:

"  cmapeHue - TPOLECC TIOCTENIEHHOIO W3MEHEHHs IapaMETpPOB, BBI3BIBAEMBIN JIEHCTBHEM
pa3nuYHbIX (PAaKTOPOB, HE3ABUCUMBIX OT PEXHMa PabOThl 00BEKTA;

"  W3HOC - TIPOLIECC TNOCTENEHHOI0 M3MEHEHMsI NapaMeTpOB, BBI3bIBAEMBIN AeicTBUEM (aKTOPOB,
HaJINYMe KOTOPBIX 3aBUCHUT OT peskuMa paboThl 00bEKTa;

"  pe3epgupoeanue - CIOCOO TOBBIIICHUS HAAEKHOCTH OOBEKTa IyTeM  BKIIOUCHHSA
JONIOJTHUTENBHBIX 3JIEMEHTOB NPH MPOEKTUPOBAHUU WIJIM B MPOLIECCE SKCIUTyaTalluy, a Tak ke 3a
CYET UCIOJIb30BaHUS N30BITOUHON MH(POPMALIMK UIH U30BITOYHOTO BPEMEHU;

" 2ufkocmp - TIPUCTIOCOOJIIEHHOCTh OO0BEKTa K COXPAaHEHHIO pabOTOCHOCOOHOCTH IyTeM
o0ecTieYeHHsT Pa3INIHbBIX PEKUMOB PaOOTHI;

" 20moeHOCHIb - CTIOCOOHOCTh 00ecneuuTh (PYHKIIMOHUPOBAHUE O0BEKTa B MPOU3BOJIbHBIA MOMEHT
BpPEMEHU;

"  onepamugHas 20MOGHOCHIb - CTIOCOOHOCTh 00BEKTa 00ECIIEUUTh UCIIPAaBHOE COCTOSTHHE 00BEKTa
B IIPOM3BOJILHBIA MOMEHT BPEMEHH U ITPopadboTaTh 0€30TKAa3HO 3aJaHHOE BPEMS;




" CPOK cayxcObl - KaJCHIApHAs MPOJODKUTEIBHOCTh JKCIUTyaTallid OObEKTa OT e¢ Havaja WM
BO300HOBJICHHS TTOCTIE PEMOHTA 70 HACTYIICHHUS NIPESITHHOTO COCTOSTHUS;

" gOCCHAHABNIUBAEMOCHIb - CBOIICTBO 00BEKTA MOCIIE 0TKA3a YCTPAHUTh MOBPEKICHUE,

" HeBOCCMAHABIUBAEMOCHb - CBONCTBO OOBEKTa OJHOKPATHOTO HCIIOJIB30BAHHS, CPOK CITY)KOBI
KOTOPOTO JIO MIEPBOTO OTKa3a.

[IpuMeHHUTENHHO K MEePEUYUCICHHBIM CBOHMCTBAM JJIEKTPUYECKON CHCTEMBI, KaK O0BEKTa M3YUCHHS
HAJIe)KHOCTH TI0J noKazamenem HaJleKHOCTH MMOHUMAETCA KOJIMYECTBEHHAsI 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 SIeKTpUYECKOH CHUCTeMBbl - 3TO MPOU3BOACTBO, INepeAaya W  paclpeseieHue
AJIEKTPUYECKON SHEPIUH.

*  DnemeHmbl cucmembl - 3aKOHUCHHBIE YCTPOICTBA, CIIOCOOHBIE BBINOJIHATH JOKaJIbHbIE (DYHKIUU
B cucteme. JIJisl SIeKTPHUUECKON CUCTEMBI - 3TO TeHEPaTOPHhl, TPaHC(HOPMATOPHI, TUHUU U T.I. WU
TEHEPUPYIOLE HCTOYHUKH, CHUCTEMOOOpPA3yIOLIME CETH, paclpenenuTenbHble ceTd. JIroboi
AJIEMEHT, B CBOIO OYEPE]b, MOXKET paccMaTpHUBaThcs Kak cucrema. Hampumep, TMHUSA COCTOUT U3
3JIEMEHTOB: U30JISTOPBI, ONOPHI, (PyHIaMEHTHI, TPOBOJIA, TPOCHI, 3a3EMJIUTENIN U T.I1.

PaccmarpuBasi CBOMCTBAa M XapaKTEPHCTUKU AJIEMEHTOB W CUCTEM NPH M3YyUYCHHH HX HAJIC)KHOCTH
CUMTAIOT MX HpeAMETaMH OIPEACIIEHHOTO I[IEJIEBOr0 Ha3HayeHus - oObekTamu. Hampumep, npu
WCCIICZIOBAaHNH HAJIC)KHOCTH DIICKTPUYECKON CTAHIIMU CUYATAEM €€ CHCTEMOM, a AJIEMEHTHI: TeHEPaTOPHI,
TpaHchopMaTophbl, BHIKIIOUATENH, KUHBL. Eciin paccMaTpruBaeM Ha/le)KHOCTb T€HEpaTopa, TO 3JIEMEHTHI -
CTaTop, POTOP, OOMOTKH.

JleleHne cUCTEMBI Ha SJEMCHTBI 3aBHCHT OT XapakTepa paccMoTpeHus ((pyHKIHOHAIBHOE,
KOHCprKTI/IBHOe, CXEMHOC, OHepaTI/IBHOC 158 T.II.), TOYHOCTH HCCICOOBAHUA, HAJIM4YMUA CTAaTHUCTHYCCKHX
MaTepuasoB, MacIITAOHOCTH OOBEKTA B IICJIOM.

1.3 CocTosinusi M COOBITHS NPHU U3YYEHUH HAJEKHOCTH IEKTPUYECKUX CUCTEM, THIIbI
0TKa30B

» Papomocnocodonocmsy _cucmemsl (3j1emenma) - COCTOSHUE NMPU KOTOPOM 3HAUYEHUS €€ mapaMeTpoB
HaxXoOdATCd B MpCACiIax, YCTAHOBJICHHBIX I[OKyMCHTaI_[Heﬁ.

" HepadomocnocodHocmb _cucmemsl (Ij1emenma) - COCTOSHUE, IPU KOTOPOM 3HAUYEHHE XOTsA Obl
OIHOTO MMapaMCTpa HAXOAUTCA HC B MPCACIaX HOPMBI.

" omKa3 - cOOBITHE, 3aKJIIOYAIOIICECs] B HAPYIICHUH PpabOTOCIIOCOOHOCTH CHUCTEMBI (JIEMEHTA) T.€.
nepexojia €€ U3 UCMPABHOTO B HEUCTIPABHOE COCTOSIHUE.

" OmKa3 31eKmpu4eckou _cucmemyl - cOObITHE, MPUBOJALIEE K HEAOOTIYCKY 3JIEKTPUUYECKOU
DHEPrUH MOTPEOUTENSAM (BCEM WM YacTH, COOTBETCTBCHHO MOJHBIA WM YAaCTUYHBIN OTKa3) Mpu
MPEKpalIEHUH WIH OTPaHUYCHUU 3JeKTpocHaOkeHus. OTKa30M SJEKTPHUUECKON CHUCTEMBbI TaKkKe
CICAYyCT CUUTATb CHHXXCHUC YAaCTOTblI WM HAIPAKCHUA HHXKC HJOIYCTUMBIX 3HA4YCHUN II0
JEUCTBYIOIIUM HOpMaM.

B Teopum HameXHOCTHM pa3IUYalOT TPU XapaKTEPHBIX THUIIA OTKA30B, BHYTPEHHE IPUCYIIUX
TEXHUYECKUM YCTPOUCTBAM:

" omKa3bl ___npupadomouHble, TPOUCXONAINUE  BCIEACTBHE  HECOBEPLICHHONM  TEXHOJOTHUHU
U3TOTOBJICHUSA, 3T OTKa3bl MOTYT OBITh MCKIIIOUEHBI ITyTeM «OTOPAKOBKM» NPHU HUCHBITAHUU WIN
HaJlaJIKe YyCTPOMCTBA;

" omKa3zbl u3HOCoBble (TIOCTETICHHBIE), BBI3BIBAEMbIE H3HOCOM OT/IEJIBHBIX YAaCTEeH yCTPOICTBA MM UX
CTapeHUEM, MOTYT IPEIOTBPAILATHCS IIyTEM IIEPUOANIECKON 3aMEHBI JIEMEHTOB;




" omKa3zbl eHe3anHyle (COydaiiHbIe), 0OYCIOBICHHBIE CIyYaHBIMH COYETAaHUSIMU MHOTHX BHEITHUX
¢dakTopoB, U MpeodIagarone Ha MPOMEXYTKE HOPMAJIbHOM KCILTyaTalluy yCTPONUCTBA.

XapakTepHbIMU BHE3alHBIMM OTKa3aMH B JJIEKTPUYECKOW CHUCTEME SBIISIIOTCS OTKa3bl THIIA
«KOpPOTKOE 3aMbIKaHHE» M «OOphIB». BHe3amHble OTKa3bl MPOHUCXOIAT B AJICKTPUUYECKON CHCTEME IOJ
JIEUCTBUEM pEJIEHHON 3alllUThl. Pa3nnuaroT Takke omKaszwvl ycmouuugble W Heycmouuusvle. llpu
YCTOWYMBOM OTKa3e JJIsi BOCCTAHOBJICHHH PAaOOTOCIIOCOOHOCTH HAJI0 BMEMIATEIHCTBO OOCITYKUBAIOIIETO
nepcoHana. HeycToM4uuBbI OTKa3 CaMOYCTpaHSETCS WIM yCTpaHseTcs aBTomathdecku. K mociennum
MOXKHO OTHecTd mepexopsmue K3 Ha MHHHSIX 3JeKTpornepenadn, Koraa uX padoTa BOCCTAaHABIMBACTCS
aBTOMATOM IOBTOPHOTO BKItoueHus. KpoMe 3Toro B sHeprocucreMe HaOt01al0TCs OTKa3bl, BISBIIIEMbIE
MIEPCOHATIOM TI0 KOHTPOJIBHBIM MpHOOpaM MpH 00X0ax ¥ 0OCMOTpax 000py10BaHHUS.

OTnuuuTeNbHBIA TPU3HAK WM TPyNNa MPU3HAKOB IO KOTOPBIM YCTaHAaBIUBAaeTCs (akT OTKasza -
Kpumepuu omkasda.

PaccmoTpum moHsTHE «Hapadomka 0o _omkaza». CuuTaeMm, 4YTO CHCTeMa Hadana paboTaTh B
MOMEHT BpeMeHH t=0, HaXoJsCh B pabOTOCIOCOOHOM COCTOSTHHM. JlomycTHM, 4TO CHCTEMa OTKIIIOYAaeTCs
TOJIBKO BCIeACTBHE OTKaza. O0o3HaumMm T - Bpems 10 OTKaza. IOTo Bpemsi - (DYHKIUS CIydalHBIX
OTKJIOHEHMM TEXHOJIOTMYECKUX YCIOBUM HW3TOTOBJICHHUS JJIEMEHTOB, YCJIOBHI MOHTa)Ka, HaJaJKu
JKCIUTyaTalluu - ciydaiiHas BenuduHa. OTKIIOYEHHE CHCTEMbl MOXET OBbITh Ui TEXHUYECKOTO
O0CITy’)KNBaHUs, PEMOHTa M3-3a I[MKIMYECKOTO Tpaduka pabOTHl, aBapuud B JAPYyTrUX OOBEKTax.
[IpomomKUTENbHOCTh PabOTBI CUCTEMBI B ITOW CHUTYAIlMH - Hapadomka, a CiydaiiHas BEJIUYHMHA T.C.
JUTMTENHOCTh PabOThl 0€3 OTKa3a - Hapadomka 00 omkaza. DTy BEIWYMHY Takke o0o3HauuM «T».
Hapab6oTtka 10 0TKa3a MOXET U3MEPATHCS BpeMEHEM (B OOBIIMHCTBE CIyYaeB) WM YUCIOM BKIIOUCHUNA
(cpabaTbIBaHUH, IIUKIIOB).

Hanpumep paccmMoTpum rpaduk 3KCITyaTallMd CUCTEMbl aBTOMAaTHUECKOTO yrpasieHus (puc. 1.1).

t t t3 ta ts t
3necs (puc. 1.1) umeem: T:t1+(t3_t2)+(t5_t4) (1.1)
rae
i - MOMEHT OTKIIOUEHHS CHCTEMbl ABTOMATHYECKOTO YIIPABIEHHS H3-33 OCTAHOBKH

TEXHOJIOTMYECKOTr0 arperara;
15,14 - MOMEHT BKIIIOUEHHS CUCTEMBI B paboTy;
I3 - MOMEHT OTKJIIOYEHHs CHCTEMBI Ha MPODHIAKTUKY;

s - MOMEHT OTKa3a CHCTEMBI.

Jns cucteM 0e3 OTKIIIOYEHHH (Kpome OTKa3oB), HapaOOTKa J0 OTKa3a COBIAIAET CO BPEMEHEM
0e30TKa3HON paboTHI.

* Boccmanagnugaemocmoy cucmembl - COOBITHE, 3aKIIOUAIONICecs B €€ Iepexoje u3
HEepaboTOCHOCOOHOTO COCTOSIHUSL B paboTOCHOCOOHOE. ITO CBOWCTBO CHUCTEMBI (0OBEKTA)
MO3BOJISIOIIEE B CIy4ae OTKa3a yCTPAHWUTh MOBPEKICHHE, MOJIYYHTh 3HAYCHHS ITapaMeTpoB,
yZIOBJIETBOpsiIOIIME TpeOoBaHUAM ee (YyHKIMOHHPOBaHUSA. COOTBETCTBEHHO MMEIOT MECTO
BOCCTaHABIIMBAaEMble CHCTEMBI (00BEKTHI). K TakuM cucTeMaMm OTHOCSTCS M SJIEKTPHUECKUE
CHCTEMBI, a TaK)Xe OOJIBIIMHCTBO WX DJIEMEHTOB, B KOTOPBIX MPOHM3BOIMTCS BOCCTAHOBIICHHE
1I0CJIE OTKAa3a;

" HegoccmawHasuBACMble  CUCHIEMDBL (06T)€KTI)I) - T€, BOCCTAHOBJICHHC KOTOPBLIX IIOCJIC
OTKa3a - HCBO3MOXHO HJIN Heuenecoo6pa3Ho. HeBoccTanaBanBaeMOCTb - CBOMCTBO OOBEKTA
OOHOKPATHOI'O0 MCIIOJIb30BaHUA, KOTOpLII\/JI HC moAdacTCA BOCCTAHOBJICHUIO B CJIydac¢ OTKasa.




CJ'ICI[yeT OTMCTUTHb, YTO H3YUYCHUC IIOKA3aTCId HAACKHOCTH IJId HEBOCCTAHABJIMBACMBIX U
BOCCTAHABJIMBACMBIX CUCTEM ITPOU3BOAUTCA OTACIIBHO.



I'maBa 2. TexHoornuecKkue 0COOEHHOCTH 00ecneYeHNs HAAEe;KHOCTH B
JIEKTPUYECKHUX CHCTEMAX

2.1 CBoiicTBa 3JIEKTPUYECKHUX CUCTEM, BJIUSIONIHE HA HATEKHOCTh UX PadoThI

" HENpPEephIBHOCTh W JKECTKasl CBSI3b BO BPEMEHHM NPOLIECCOB IMPOU3BOJICTBA, PACIPENCICHUS U
noTpeOIICHUS STEKTPUUECKOM U TEIJIOBOM SHEPTHH;

" BEpPOSTHOCTHBIA XapakTep (pOpMHPOBAHUS SHEPreTUUECKUX U TEIIOBBIX HArpy30K, ONpeaessieMbIX
YCIOBUSAMU  (DYHKIIMOHUPOBAHUST  DHEPrOMOTPEOSIONIMX  OTpaciied  MPOMBIIUICHHOCTH |
U3MEHEHUEM KJIMMaTHYeCKUX (aKkTOpOB;

" 3aBHCHUMOCTb CTPYKTYpPbhl pacnojlara€MbIX 3HEPropecypcoB OT CKJIAJbIBAIOLIEHCS TOIUIMBHOU
KOHBIOHKTYPBbI, pab0Thl TPAHCIIOPTHBIX CUCTEM, 00€CIIeUeHHsI THAPOPECYPCaAMU;

" OBICTPOTA MPOTEKAHUS aBAPHITHBIX MTPOIIECCOB;

" pemiamplee BIMSHHE CTENEHH HaJeKHOCTH JJEKTpocHaOkeHuss Ha paboTy Bcex oTpacieit
X0351CTBA, COUATBHBIX CTPYKTYP U YCIIOBUS KU3HU HACEJICHHUS;

" BBICOKHE TpeOOBaHUA K cucTeMe ynpapieHus JC;

" OrpaHUYECHHOCTb PE3EPBOB FEHEPUPYEMOI MOIIIHOCTH;

" 4qyBCTBUTEIBHOCTh DC K BHE3AIHBIM OTKJIOHEHUSM 4acTOTHI;

» gamuuue B ceTsx 110-330 kB Gonpiioro xonmuyecTBa BBIKIIIOUYATENCH OTKIIFOYAIOIIAs CIIOCOOHOCTh
KOTOPBIX HE COOTBETCTBYET YPOBHSAM TOKOB K3 B DC, 3TO NPUBOIAUT K CEKIMOHHUPOBAHUIO CETEU
stux Hanpspkenui (st E2C);

" BIHMSHUE TIOHWKEHHUS HANpsSOKEHWsT B PACHpPENCNIUTENbHBIX CeTAX (IePUIUT pPEaKTUBHOM
MOIITHOCTH).

2.2 Cxembl coequnenus JC U UX HAZEKHOCTD

Cxemsbl coequaeHus DC UrpaloT BaXHYIO POJIb B 00ECICUCHUH HAJIS)KHOCTU AJIEKTPOCHAOKCHHS,
KaK M CXEMbl €€ COEAMHEHUs C TMoTpedureneMm snekTpudeckoi sHepruu. Cxembl coemuHenus DC c
MOTPEOUTENSIMI ~ .BBITIOJNIHACTCS. B 3aBUCHMOCTH  OT  KAaTE€rOPUH  DIIEKTPONpPUEMHHKOB.  Jlist
9JIEKTPOYCTAHOBOK, pPA0OTAIOMIMX KPYIJIOCYTOYHO, HEIOMyCKAIOIIUX TepephlBa B MHUTAHUU CXeMa
3JIEKTPOCHAOKEHUS JOJIKHA OBITh BBHITTOJIHEHA TAKMM 00pa3oM, 4TOOBI IIPH BBIXOJIE JIIOOOTO €€ JIeMeHTa
anekTpocHabxkeHne 0pu10 coxpaneHo. Cxema DC m0mKHA TpeAycMaTpUBaTh CHAOKEHHE 3TUX 0OBEKTOB
OT JIBYX HE3aBUCUMBIX UCTOYHUKOB ITUTAHUSI.

1 3NEeKTpONpPUEMHHUKOB, TJl€é NEPEpPbIB B ANEKTPOCHAOKEHUHM [aeT HEIOBBINYCK MPOIYKIHH
CO3JIAIOTCSl CXEMBbl, JOIyCKAloIUe IEpPephIB EKTPOCHAOKEHHUS Ha BpEMs BKJIIOUEHHUS PE3EPBHOTO
MIATaHUS IEKYPHOIO IepCOHAA.

Jnist OCTambHBIX MOTPEOUTENICH JOMYCKAIOTCS CXEMBI, CO3/IA0NIHE TIEPEPhIB AIEKTPOCHAOKEHHS Ha
BpEeMs PEMOHTA WJIHM 3aMEH MOBPEKICHHOTO AIEMEHTA.

[Tpu MpPOEKTHUPOBAHUM CXEM IJIEKTPOCETEH HAJ0 KCIOJIB30BATh MPOCTHIE CXEMBI C MOBBIIICHHBIMU
HanpsDKeHUsSIMA. VICTOYHWKH TMHTaHUS CIEAyeT MPHOIIKATh K IICHTpaM Harpy3KH MOTpeOuTeNel menast
riyookue BBoasl U=35,110,220 kB.

Beibop BapuaHTa ¢ HaaeXHOM cxeMoil anekTpuueckux coeauHeHuil DC pemaeTcs TEXHUKO-
SKOHOMHUYECKUMU pacyeTaMH HECKOJIbKUX BApUAHTOB 10 HAMPSKEHHUIO U CXEME COSAMHEHUH.

Haoexcnocmy cxemol coedunenus IpoBEPSIETCA MO CIAEAYIOIUM YCIOBHAM:
= of0ecrneyeHne Kod(p@HUIMEHTa 3amaca CTATHYECKOW YCTOMYMBOCTH IO HOPMAJbHOMY H
MIOCJIEABAPUITHOMY PEXUMY;
= o0ecrneyeHne JMHAMHUYECKOW yCTOMYUBOCTH;
" OIpaHAYCHHMC BCIIMYHMHBI TOKA K3,
= ofecneyeHue pacupeeeHUs MOITHOCTEH B OCIEaBaAPUMHBIX M PEMOHTHBIX PEXKUMAX;




= obecrneyeHue MPABUIHLHOM PAOOTHI YCTPOMCTB PEIICMHOMN 3aIIUTHI M CHCTEM aBTOMAaTHKU;
=  BO3MOXXHOCTb JJAJIbHEHIIIETO PA3BUTHSI JIEKTPUUECKON CETH 0€3 KOPEHHBIX €€ N3MCHEHUH.

ITo mepe pa3BUTHS CETH BBICOKOTO HANpsKEHUs 3HEPrOCUCTEMBI M3MEHSETCS W 3HaueHus Oosee
HU3KHUX CTYTIEHEH HalpsKEHUS. DTH CETU IPEBPAIIAIOTCS B PACIPEIEIUTEIbHBIE U X CXEMbI MEHSFOTCS.

OnHO U3 OCHOBHBIX CBOMCTB cxeMbl JC - jicecmkocmy ee y3106bix mouek. OHa XapakTepusyercs
U1 TOYKH 6eAUYUHOW NPUPOCINA HAZPY3KU TIPU KOTOPOM BEIMYMHA WM (a3a HaNpsHKeHUs B HeHl
M3MEHSIOTCS Ha eMHUILy. YeM OoJblie 3TOT IpUpOCT TeM Oobine sxecTkocTh JC B 3TOI TOUKe.

[Ipupoct akTuBHOW MOIIHOCTH Harpy3ku(PH) mpuBoAMT K M3MeHEHMIO (a3bl HANPSDKEHUS, T.K.
IIPUTOK MOIIHOCTH U3 CMEKHBIX Y3JIOBBIX TOUEK MOXKET BO3HUKHYTbH JIMIIb IPU cIBUTE (a3HOrO yria
HanpsDKeHUsT B CTOpPOHY oTcraBaHus. [IpupocT peakTuBHOW MONTHOCTH Harpy3ku (QH) HpUBOIUT K
W3MEHEHHUIO BEJIMYMHBI HAIIPSHKEHHS T.K. IPUTOK PEAKTUBHOM MOIIHOCTH OT CMEXHBIX TOYEK BO3HHMKACT
IIpU IOHV>KEHUY HANPSKEHUS B TAHHOW TOUKE.

KecTkocTh y3710B TOYKH €CTh (DYHKIUS OT OTHOCHTEIHHOTO CONPOTUBIICHHUS, CBS3BIBAIOIIETO ITY
TOUKY C JIPYTHMMH; >KECTKOCTH APYTHUX Y3JIOBbIX Touek. Uem Onmke TOYKa K IIMHAM OECKOHEYHOMU
MOIITHOCTH TEM OHa >KEeCTUe.

Certb BbIcOKOTO HarpspkeHHst DC onpezenseT xecTkocTs DC, N0MMKHA OBITh JOCTATOYHO PAa3BUTOM,
pe3epBUPOBAHHOMN U CBA3BIBATh OCHOBHBIE YacTH DC U y31bl ¢ OOJIBIIUMH HAarpy3KaMH.

Hawnyumiee ¢ TOYKM 3peHUS HAACKHOCTH - 3aMKHYThIE CXEMBl JJIEKTPUUYECKUX CETeH,
OIMHPAIONINECS] HA HECKOJIBKO MCTOYHUKOB MUTaHUS. CETH TOJDKHBI OBITh PacCUMTaHBl HA TOACPKAHKE
3HAYEHUN HaNpsDKEHUs BO BCEX Y3/ax MPH OTKIIOUYEHUU JI00OM JMHUM CETH, 3TO MPEIbSABISET
MOBBIIICHHOE TPEOOBAHHE K 20108HbLM YIACTKAM CETH.

3aMKHYTbIE CETH MMEIOT OOJBIIME TOKH K3, IMO3TOMY B HOPMAJIbHOM DPEXHME JOIYyCKaeTCs HX
paboTta Kak pa3oMKHYTHIX HO ¢ oOecrieuenueMm ABP.

2.3 HagexHocTh padoThl 00bequHeHHO IC

[ToBeimienne HangexkHOCTH paboTel DC mocTuraercs Takke uX oObeauHeHueM. [Ipu sTom
YBEITUYMBAETCSI PE3€PB MOIIHOCTU. J[7151 yBeTWUYEHUST THMHAMHUYECKOW YCTOWYMBOCTH 0OBbenuHeHHon DC
pu MHOTO(A3HBIX K3 JKEIATEeIHHO IBYXIICMHAsS CBs3b. [Ipu oiHOGA3HOM K3 HAa TUHUSIX CBSI3U pa3pbiB DC
MOXHO MPEOTBPATHUTH ITyTEM HUCIIOIB30BaHus ObicTpozaeiicTBytomero OAIIB ¢ tekn = 0,3-0,5c¢.

3amac CcTaTUYecKOW YCTOHUMBOCTU TPH OJHOLEHHBIX CBS3AX JOJDKEH ObITh B Kaxkaod DC mpu
OTCYTCTBHHM  HEIOCTAaTOYHOM  MOIIHOCTH, OTOT 3amac JOJDKEH OO0ecreyuBaThCs  aBapUMHOU
ABTOMAaTUYECKOU pa3rpy3KOu.

AcuHXpOHHBIA pexuM IByX DC omaceH - OOJbIMe KadaHus BeTWIHH Toka u MomHOcTH (I u S)
O0COOCHHO /IS DJIEKTPOCTAHIINHN BOIM3H TUHUH cBsizu DC.

Bennunna Toka KavyaHus SBISIETCS (PYHKIHUEH PEAKTUBHOCTH MEXCHCTEMHBIX CBS3CH, BIHSIOMICH
Ha BEJIMYUHY OOMEHHOTO TMOTOKA.

Korga acMHXpOHHBIM pEXUM HEXKENaTeIeH - IPU €ro IMOSBICHUU CJIEAYeT aBTOMAaTUYECKH
pa3pbIBaTh CBSI3U.

IIpn yBenuuenun MomHOCTH DC W YBEJIMYECHHUS KOJIMYECTBA MEKCUCTEMHBIX CBA3EH pacTyT
BEJIMYMHBI TOKOB K3, YTO HOHUMcaen HaldexcHochb. K3 CTaHOBSTCS ONMACHBIMU AJIA BBIKIIIOUATEIeH U
anmaparypbl, YCTaHOBJIEHHOW B TiepBble mepuoabl pa3Butud IC. CHuxaercs AUHAMHYECKas
YCTONYUBOCTb.

OrpaHu4eHust TOKOB K3:
" YCTaHOBUTH TOKOOIPAHUYHUBAIOLIUE PEAKTOPHI;
" CEKLHUOHUPOBATH CETH;



" YaCTHYHO Pa33eMJIUTh HEUTpanu TpaHC(HOPMATOPOB WIIH 3a3€MIINTh UX YEPE3 CONMPOTUBIICHUE.

3ammTy anmapaTypbl, BBIKIIOUaTenel, kabeneil Ha BTOPMYHOM HANpSKCHUHU TMOJACTAaHIMU M IIWH
3JEKTPOCTAHIMM OT TOKOB K3 MPOU3BOAAT TOKOOTPAHWUYUBAIOIMIMMH peakTopaMu. VX sydiie cTaBUTh Ha
HU3KOM HaIPsDKEHUH CHIIOBOTO TpaHC(opMarTopa.

Ecnu Her peakTopoB [enaroT CEKLIMOHUPOBAHME, OHO CHUXKAET HECUMMMETPUYHBIE TOKU K3, T.K.
MTOBBIIIAIOTCS CONPOTUBIICHUS BCEX MOCIEN0BAaTEIBHOCTEN. [Ipn 3TOM HapymaeTcs 2JIeKTpudecKas CBSA3b
MEX]y CEKIIHOHUPOBAHHBIMU YaCTSIMH CETH, CBS3b COXPAHSAETCS TOJBKO depe3 TpaHC(HOpMaTOphl U CETH
BBICIIETO HAIIPSKCHUS.

Henocratky ceKlIMOHMPOBAHNUSA:

» (CHMKaeTcs )KECTKOCTh CUCTEMBI;

" 3aTPYIHSAIOTCS HOPMAJIBHBIE U YTSKEISAIOTCS MOCICaBAPUNHBIE PEKHUMBI;
"  YCIOXHSIOTCS YCJIOBHS PETYJIUPOBAHUS HANIPSIKEHNUS,

" YBEJIMYMBAETCS MOTEPU MOIIHOCTH U SHEPTUU B CETH.

[ToaTOMy CEKIIMOHMPOBAHUS CETel M30€raloT U CYUTAIOT BPEMEHHBIM, BBHIHYKJICHHBIM pEIICHUEM
JI0 MOMEHTA YCWJICHUS anmapaTypbl UJIU YCTAHOBKU PEAKTOPOB.

YacTuuHoe pa33eMiIeHUE HEUTpaliu WINM 3a3€MJICHHE 4YEepe3 COINPOTUBICHUE MPOBOAUTCS IS
YMEHBIIEHUSI TOKOB HYJIEBOM IOCIEAOBATEIBHOCTH M YIYYIIEHUS JWHAMHYECKOW yCTOWYMBOCTU NPH
HECUMMETPUYHOM K3.

2.4 YcrpoiicTBa ynpasienus pe;kuMmom JC, Biusiioniue Ha e€é HAAEKHOCTh

ABTomarnueckoe yrnpaniieHre DC B TEMIIE HOPMAJIbHBIX WJIM aBAPUUHBIX MPOLIECCOB MPOUCXOIUT C
MOMOIIIbI0 aBTOMAaTUYECKUX CUCTEM U YCTPOUCTB MOAJIEPKUBAIOIIUX [MapaMETPhl PeKUMa B JTOITYCTUMBIX
npezenax, MOMOTralImux n30eraTh aBapuiHbIX HAPYIICHUH WIM OTPAaHHUYMBAIONIUX pa3BUTHE aBapuid. K
HUM OTHOCSITCSL:

= Cucrembl APYU u orpaHndeHue MNEPEeTOKOB AKTUBHOM MOIIHOCTH IO MEXCHUCTEMHBIM U
BHyTpeHHUM cBs3aM OC (APUM);

= ycrpoiictBa APH — Tpancdopmaropos;

* APB cuHXpOHHBIX MammMH ¢ (OPCUPOBKOI BO30YXKIEHHS TPU aABAPUHHBIX OTKIOHEHHM
HaIPSKEHUS;

" YCTPOMCTBAa PEJECHHON 3allUThI, OTKIIOYAIOLIME MOBpEXAEHHBbIE 31eMeHThl DC U ycTpoiicTBa
ATIB, BocCTaHaBJIMBAIOIIME CXEMY ITPU HEYCTOMYUBBIX K3;

= ycrpoiictBa ABP (aBTOMaTHueckoro BBOJia pe3epBHOTO MUTAHU);

" CHCTEMBl M YCTPOWCTBAa MNPOTUBOABAPUMHOW aBTOMATHKH, MNPEAOTBPAIIAOIIAE HAPYIICHUE
YCTOMYHUBOCTHU, JTUKBUIAUPYIOLIME ACUHXPOHHBIE PEKUMBI U aBapHUilHbIe OTKJIOHEHHS YaCTOTHI U
HaIPSKEHUS;

" YCTPOWCTBa, 0OECHEUMBAIONIME IOCTE YCTPAaHCHHS aBApUUHBIX HApPYIICHUHA aBTOMAaTHYECKOE
o0paTHOE BKIIIOUCHUE MTOTPEOUTENEH;

" YCTpOHCTBAa TEXHOJIOTMYECKON AaBTOMATUKHU DJJCKTPOCTAHIMA © ceTel, obOecrneunBaromme
yCTpaHEHUE OMACHBIX AJIi 00OpYyIOBaHHS HapyUIEHHH TEXHOJOTMYECKOTo Ipolecca WUIH €ro
OTKJIIOYAIOLIUE JJISl IPEAOTBPAILCHUS TOBPEKICHUM.

2.5 llonsiTHEe O CTPYKTYPHO! M (PYHKIMOHAJIBbHON HAMEKHOCTH NIEKTPUYECKUX CHCTEM

Briienenne B HagexxHoctn DC COCTaBISIONMX: CTPYKTYPHOM M (DYHKIHMOHAJIBHON MO3BOJISET
YIPOCTUTH METOJBI €€ aHAIN3a U TOUHEE HAMETUTHh MEPOIIPUATHS 110 U3MEHEHUIO €€ YPOBHSL.

CmpykmypHnasa _HadeycHocms - OOYyCIOBICHAa CcOCTaBOM 3JeMeHTOB OC, HX CBS3SMH,
MPOITYCKHBIMU CITIOCOOHOCTSIMU 0€3 yueTa UxX (PYHKIHA B cucTeMe (0COOEHHO Ba)KHA B MPOCKTHUPOBAHUN ).




DYHKUUOHAIbHAA HAOEHCHOCHD - OCHOBAHA HA aHAIIN3E PEKUMOB, X OTpaHHYCHHM, TPOIYCKHOM
CIOCOOHOCTBHY TIPH W3MEHEHUH CTPYKTYphl DC (0COOCHHO BaskHA B IKCIUTYaTalllH).

[TokazaTtenu CTPYKTYpPHOHM HAIEKHOCTH OIpPENEISIOTCS IS Y3JI0B Harpy3ku (BEpOsSITHOCTH
0e30TKa3HOI pabOThI, BEPOSATHOCTh OTKAa3a, MapaMeTp MOTOKa OTKA30B, HapabOTKa 0 OTKa3a C 3a1laHHOU
BEPOSITHOCTBIO €€ MAKCUMYMa, HHOT/Ia HEJJOOTIYCK SHEPTUH, yuiepo).

JI7isl OLEHKHM CTPYKTYPHOH HAJEKHOCTH HCIOJIB3YIOTCS BEPOSTHOCTHBIE MOJEIH, OCHOBAHHBIC Ha
CpCAHUX BCPOATHOCTAX COCTOAHUSA DISJICMCHTOB (KF, Ko - BBIHYKACHHOI'O IIPOCTOs, IIOTOK OTKa30B
(wacrora)).

éz ONnyuwieHuA .

¢ OTka3bl DIIEMEHTOB - HE3aBHCHMBI, HCKIIOYAIOTCS OTKa3bl OT oO0mwux (akTopoB (yparaH,
roJIONEN).
¢ Bpewms 6e30Tka3zHOl pabOTHI MHOTO OOJIBIIIE BPEMEHH BOCCTAHOBIICHUS.

2.6 Iloka3aTesin KavyecTBA IHEPrUM, BIUAIONINE HA HAEKHOCTD.

CyliecTBEHHOE BJIMSHUE Ha HAJAEKHOCTh OKa3blBAET CHWIKEHUE TIOKa3aTelled KauecTBa

AEKTPOIHEPTUH.

= [loHMKeHUEe HaMpsHKEHUS B PACIpPEACNUTENbHBIX CETSIX M3-32 MECTHBIX ACPHUIIMTOB pPEaKTUBHOMN
MOIITHOCTH TPUBOAUT K YMEHBIICHHIO MPOMYCKHOW CHOCOOHOCTH CETH, KOTJla OHAa OrpaHUYeHa
npeeIbHBIMUA TOKOBBIMU HArpy3KaMu;

"  YMECHBIIICHHE HAMPSDKEHUS B OCHOBHBIX CETSIX IMPOMYCKHAs CIIOCOOHOCTh KOTOPBIX OINpPEACIsSIeTCs
YCIIOBUSIMU YCTOWYMBOCTA TPUBOAMT K YMEHBIICHHUIO MPENETIOB IepeaaBacMoil MOIIHOCTU IO
AJIEKTPUUYECCKUM CBSI3SM;

" [pu paboTe ¢ MOHMKEHHOM YacToTOl u3-3a 061ero aeduiura MomHocTd B OC «pe3epB Mo 4acToTe»
YMEHBIIIAETCS 110 MEpe €€ MPHUOIIKEHUU K aBapuiHOMY 3Ha4eHHUI0. 31ech pabota AUP MoxkeT OBITh
BbI3BaHA HEOONBIINMU AePUIIMTAMU MOIIHOCTH (aBapHH, YTSHKEICHHUE YCIOBUN paboThI);

= TpeOoBaHUs K HAJIC)KHOCTH AIEKTPOCHAOKEHUs ycTaHaBauBaeTcsa [IYD B COOTBETCTBUU ¢ KaTeropueit
MIPUEMHHKOB, OTIPEIENISIEMOI CTETIEHbIO UX OTBETCTBEHHOCTHU C YYETOM PE3EPBUPOBAHMUS;

®  KOJIMYECTBEHHBIMU MOKA3aTEIISIMU, XapaKTEPU3YIOIMIUMH YPOBEHb HAJIEKHOCTH SJIEKTPOCHAOKECHHS
noTpeduTeneil U y3/I0B HArpy3kd MOTYT OBITh CpPEeIHHE U MaKCHMAalbHbIE 3HAYEHHUS YacTOTHl U
MIPOJOJIKUTEIILHOCTD MEpPEPhIBa JEKTPOCHAOKEHUS.

2.7 Tpyanoctu obecnevyeHuss Hajie:kHOCTH JC U ee KUBYYIeCTH

[IpyuuuHbL:
= VYBenM4YeHHE KOJMYECTBA B3aUMOCBSI3aHHBIX O0BEKTOB M PA3MEPOB TEPPUTOPUHU UX Pa3MEIICHHUS,
®  pPOCT MOIIHOCTH 3JIEKTPOCTaHLINH;
®  [IOBBIIICHUE €AMHUYHOW MOIIHOCTH arperaroB (0MacHo M0 YCTOMYUBOCTH);
= BBog ADC;
* mepexoj K 0oJiee BRICOKUM CTYTICHSM HAIPSsDKEHUST CUCTEMOOOpa3yIomiei ceTu;
"  YCJIOXHEHHMEM CXE€Mbl OCHOBHOW CETH U €€ PEKHUMOB;
®  yBEJIMYEHUE MAKCUMAJIbHOW MOUTHOCTH, NepeaaBaeMoi o MexxcucteMubiM JIOIT;
=  yBeJIMYEHHE OOMEHHON MOIIHOCTH U TOBBINICHHEM SHEPreTHYECKON B3aMMOCBSI3U MapauIeIbHBIX
3HEPrOCUCTEM;
"  YCJIOXXHEHHE YIPaBISIEMOCTH YHEProo0bheKkToB, DC U 23HEProoOheAMHEHU;
®  YBEJIMYEHUE «CBSA3ZHOCTUY» OTIEIbHBIX 31eMeHToB DC, UX BIUSHUE [PU aBapUU APYT HA JIPYTa;
"  YCJIOXXHEHME XapaKTepa U JJIUTEIbHOCTH 3JIEKTPOMEXAHUYECKUX MPOLECCOB.

2.8 HopmaTuBHBIE MaTEepPHAJIbI 110 HA/IEXKHOMY yHpaBjieHuio JC



Ha ympaBnenune OC BiusieT HaJCKHOCTh 00OPYAOBaHMS, anlapaTyphl, CPEICTB aBTOMATH3ALUUA H
ynpaBienus. IIpu 3agaHHBIX TOKa3aTeNsIX HAAEKHOCTH O0OpYAOBaHMS, KAauyeCTBEHHOE YIpaBJICHUE
Hanexaocteio ODC obecrieunBaercs:
=  (OO0ecmneueHUEM pe3epBa MOIIHOCTH U TIPOIMYCKHOW CITOCOOHOCTBIO DJIEKTPUIECKUX CETEH;
= peanu3anus TpeOOBAaHUN K HAJIC)KHOCTH CXEM IPUCOCTUHEHUS dJIEKTPOCTAHITUHN, CXeM MTUTaHUS y3JI0B

Hany3KI/I OCHOBHBIX U pacnpeﬂenHTeanHx ceTeﬁ, T'JIAaBHBIX CXEM BHGKTpI/I‘ICCKI/IX COC,[[I/IHGHPIfl, CXEM
COOCTBEHHBIX HYXK]I 3/CT U TI/CT.

st oGecnieueHust HafekHOCTH yripaBieHUs: DC Heodx00umo onpeoenenue:

= (OObema OCHAILEHUs BCEH CHCTEMBI 3JIEKTPOCHAOKEHHS CPEACTBAMU PENICHHOM 3alUThl, TUHEHHOU U
MPOTUBOABAPUNHON aBTOMATHKHU;

"  JPUHIMIIOB OPraHU3AIMU YKCIUTYyaTaIlH 3/CT U JIEKTPUUYECKHUX CETeH.;

"  CTPYKTYpBI ONIEPATHBHO-AUCIIETYEPCKOTO YIIPABICHHUS;

= coctaBel pabor 1o ocHameHuto OC U DHEProoOBEKTOB CPEACTBAMU  OIEPATUBHOIO U
aBTOMATHYECKOT'O YIIPABIICHUS;

"  mopszaKa pa3paboTKu u BHeApeHus pexxumos OOC;

= Cucrema 0OyueHMs SKCILTyaTHPYIOIIET0 M ONEPaTUBHOIO INEPCOHANa METOJOM IPEJOTBPALCHUS
aBapuil.

B psine nelicTByIOmMX OTPACIEBBIX JUPEKTUBHBIX IOKYMEHTOB UMEIOTCSI OCHOBHBIC HOPMAMUgHblE
mpedosanus N memooudeckue yKkazanusa 1o OOCCTICUCHHIO HAJICKHOCTH TpH TpoekTupoBaHuu IC,
BEJICHUM SKCIUTyaTalluy U ONIEPaTUBHOMY yIpaBiieHHI0. K 3TUM JOKyMEHTaM OTHOCATCS:
= PykoBoadinue ykazaHus MO IPOEKTUPOBAHUIO SHEPTOCUCTEM U YPHEPrOOOBHEKTOB;
= JITD 3/ct u ceTel;
= [IVD;

"  PYKOBOZSIIKE yKa3zaHus 1o ycroiunsoctu IC;

" PYKOBOSIIME YKA3aHHS MO PEJICHHON 3allliTe, CACTEMHON U MPOTUBOABAPUNHON aBTOMATHUKE;
" HOpPMATUBHBIC MMOKA3aTEIN HCIIOIB30BAHUS 000PYIOBAHHUS 3/CT;

® OrpaHuyYeHue NOTPeOJICHUS U OTKIIOUEHHUS ANEKTPOIHEPTUH.

2.9. TpeooBanus K Hages;kHOCTH JC NPHU NPOEKTHPOBAHUM

= banaHc MOIIHOCTH COCTABIIETCS JUIsl 3MMHET0 TOJI0OBOTO TpaduKa Harpy3Ku;

= jaercst oOmias OIIEHKa JOCTaTOYHOCTH M 3((EKTHUBHOCTU CPEACTB MOBBIIIEHUS YCTOHYUBOCTH
ABTOMATHYCCKUX CUCTCM YIHPABJICHUSA, BO3MOKHBIC MTOCICACTBUA OTKAa3a CPCACTB peneﬁHoﬁ 3aIUTHhI,
ITA 1 KOMMyTallMOHHBIX aNlapaToB;

® BBOJI MOLIHOCTH Ha 3/CT OIpPEIENIAETCS YCIOBUSAMH MOKPHITUS MAaKCUMAIbHOW HArpy3KH U CO3JaHHS
pe3epBa MOIIHOCTH;

u YUUTBIBAIOTCA CHWXXCHUS MOIMHOCTH M3-3a OTpaHHUYCHHA IIpU €€ BbIAAYC, CHUIKCHHUC MOIIHOCTU
wiaHupyercs npuodausutensHo 10% oT ycTaHOBICHHOM.

Pa3mep pesepsa s KOC, TOI ¢ arperatamu menee 100 MBT - 2%; 100-135MBT - 3,5%; 150-200
MBT - 4-4,5%; 250-300 MBT - 5%. Ins KOC ¢ sneprodmokamu ot 500 MBt mo 1600 MBT - 5,5-7%; nns
ADC c peakropamu 210-365 MBT - 3%, 440 MBT - 4%; 1000MBT - 5,5%; 1500 MBT - 601¢e 6%.

KanuranpHble peMOHTHI U CpPETHUE PEMOHTHI TPOBOJATCS B MEPHUON CE30HHO20 ChAdd HATPY30K.
JUie  pEeMOHTOB NPUHATHI CIEAYIOLIME 3HAYCHUS CPEeOHe200060i  OIumenbHOCHU  NPOCmos
obopynoBanus snektpocraniuii: 'OC u 'ADC - 4,1%, xanennapuoro Bpemenu (roa), KOC u TOC c
arperaramu Menee 100 MBT - 2,5%; 100-135 MBT - 3,5%; sneproomnokamu 150-200 MBrT - 3-3,5%, 250-
300 MBT - 5,5%; 500-1600 MBT - 6,8%. ADC c peakrtopamu 210-365 MBT - 10%; 440 MBT - 11,5%;
1000 MBT - 13-13,5%; no 1500 MBT - 14%.




Pexomenayemblie IMOKAa3aTeIIn HaJIC)KHOCTH - cpeonecmamucmuiecKue 3HAYEHUs
OMHOCUMENbHOU _ONIUMEIbHOCHU_K_HOPMAAbHOU_padome_asapuiino2o _npocmos; arperaroB ['DC -
0,005; TOC - 0,02; aneprodmokoB TOC 500 MBT - 0,055; sneprodnokos TOC 1600 MBt, ADC - 2000,
1500 MBT - 0,13-0,14.

Ypoenu moxos k3 (neprnouyecKoi COCTABIISIIONIECH) HAa IIMHAX 3/CT, TI/CT HE JOJDKHBI MPEBHIIATh
mpu U=110-150xB - 31,5kA; 220-330xB - 40xA; 500-750kB - 63kA.

PexomMeHAyIOTCS  NPUHLMIBL  IIOCTPOCHUS  TOPOJACKOM  pPACHPENEIUTENIBHOW  CeTH  JUIA
anekTponpuemMHukoB [-111 kaTteropun.

Hanpuwmep, nns [ kateropuu: AByxJjyueBas cxema ¢ IByXcTopoHHUM nutanue u ABP na U=0,4xB
nByxTpaHcopmaTopHbix nmoactanmmii 10/0,4 nmpu MOIKIIOYEHUH B3aUMHO pe3epBUpyeMbIX JuHui 10 (6
) KB K pa3HbIM HCTOYHHMKAM ITUTAHUS.

2.10 CucTeMHasi aBTOMaTHKA KakK cpeacTBO ynpasJjeHus JC u odecneyeHUsI HAEKHOCTH
BricTpoe mpoTekaHWE ANEKTPUYECKUX TMPOIECCOB TMpH moBpexkaeHmsx B OJC Tpelyer

AsMoMamu4eckKux ycmpoiicme, 00ecTeunBaoluX ObICTPOE BOCCTAHOBJICHHE 3JIEKTPOCHAOXKEHUS U
JIOKAITM3AIIHIO TIOBPEKICHHOTO y9acTKa, 000pya0BaHUSI.

K cucremaM aBTOMaTHKH OTHOCSITCS:
= Penelinble 3anuTHBIE ycTpoiicTBa P3Y;

= AIIB;
= ABP;
= APB;

= AC - aBTOMaTH4Y€ecKasi CAHXpOHH3AIIMs T€HEPATOPAa;
=  AAPUY - pasrpyska OC no yacrore;
= APY - aBroMarnyeckoe peryJMpoBaHUE MO 4acTOTE.

ITpu skcrmyatanuu 9C HAZO CUMTATHCS C BO3MOXKHOCTBIO BOBHUKHOBEHHUS B HEW MOBPEXKIACHUS U
aBapUIHBIX PEKUMOB PaOOTHI.

HaH6onee YaCTbIC MOBPCIKACHUSA K3, UX MMOCIICACTBUA:
= Bosbmve MOHMKEHUS HANPSDKCHHS B 3HAYUTENbHOM yacTu DC, MPUBOIAIINE K HAPYIICHUIO PAOOTHI
norpeOuTenei;
= pa3pylieHUE ICKTPUUECKON TyTOH JIEKTPOCHAOKEHUS C K3;

" HapylIeHHE CTaTUYEeCKOM M TuHaMudeckoi ycroluymBocTH DC, mapainu3yercs HOpMmajibHas paborta
9C.

Bpemst oTkIII0ueHHs MOBPEKICHHOTO AJIEMEHTA JI0JIM CEKYH/Ibl, CpabaThIBAIOT pelie, BHIKII0YATENN
- pelieiiHas 3anuTa.

AlIB - mna BJI ynaercs B 60-90% ciydasx aBapUMHBIX OTKIIOYEHHH COXpaHUTh HUTaHHE
noTpeduTene.

AIIB - ogHOKpaTHbIE, IBYXKPATHBIE © MHOTOKPAaTHBIE.
Ux s dexTrBHOCTB: BTOpOro BKItoueHus - 15%, tperbero 1,5-3%.
Ha mmnax n/ct ¢ nomomsio AIIB ymaerca B 70% npu moBpeXACHUSX IIUH COXPAHATH MOJAAdy

JIEKTPOIHEPTUU.
Taxoke BaXXKHBI U ApYTUE BUIBI agmomamuku Hadexcnocmu IC.




I'maBa 3. Texunueckue nMoKa3aTejad HAJAEKHOCTH DJIEMEHTOB
JIEKTPUYECKHUX CUCTEM M MX Onpe/iesieHue

§ 3.1 Iloxa3aTe/iM HAIEKHOCTH HEBOCCTAHABJINBAEMbIX 3JICMEHTOB JJIEKTPHYECKHUX CHCTEM

Ilokazamenamu__HaoeicHocmu HA3bIBAIOT KOJMUYCCTBCHHBIC XAPAKTCPHUCTUKU OJHOI'0 HJIH
HECKOJIBKHX CBOMCTB 3HCKTqueCKOﬁ CHUCTCMbI (9C) COCTaBIAIOIIUX €€ HAACKHOCTD.

K Takum XxapakTepucTHKaM OTHOCSIT, HallpUMep, BPEMEHHbIE IMOHATHUA - HapaOOTKy 3JIeMEHTa
ANIEKTPUYECKOW CHCTEMBI JI0 OTKa3a, HapaOOTKy MEXIy OTKa3aMH, CpOK CIIyXObI, Bpems
BOCCTaHOBJICHHSI.

3HadueHHUA 3TUX MoKa3aTelei MOJIY4YaroT IO pe3yJibTaTaM HUCIIBITAHUN WU IKCILTyaTaluu.

ITo BoccTraHaBmmBaeMoCTH 3jieMeHTOB DC moKa3zaTelln HAACKHOCTHU NOAPA3ACIIAIOT HAa IMTOKA3aTCIIN
JUIS. BOCCTAHABIIMBACMbIX M3JICIHMHM M IOKA3aTEIH IS HEBOCCTAHABIMBACMBIX H3JICITHH. HpI/IMeHﬂIOTCﬂ
TaK)Ke KOMIIJIEKCHbBIC Moka3arenn. HameKHOCTh 2JIEMEHTOB SHGKTqueCKOﬁ CHUCTCMbI MOXHO OLICHUBATD,
HCIIOJIB3YS 4aCTh MoKa3aTeseH HaaACKHOCTH, 100 BCE MOKA3aTEIIH.

OCHOBHBIE TOKa3aTeN 0€30TKA3HOCTH:

" gepoamHocmy 0e30mKa3noi_padomul P(t) - BepOATHOCTh TOrO, YTO B IpeJeNax 3aJaHHOM
HapaboTku oTKa3 JC uiu ee 371eMeHTa He BO3HUKAIOT;

= cpednee epemsa  0e30mKaznoi  paoomuvl (cpeousasn unapadomka oo omkxaza) (T) -
MaTeMaThudecKoe oxkuaanue Hapabotku JC WK ee 3JeMeHTa 10 TIEPBOT0 0TKA3a;

" cpeduasa Hapabomka Ha omka3 (%, Tcp) - OTHOIIEHHE CyMMapHOHW HapaOOTKH
BOCCTaHaBJIMBaeMoro »1emMenTa JC K MaTeMaTHYECKOMY OXKHJIaHHUIO YUCIIa €T0 OTKA30B;

"  UHMEHCUBHOCIb OMKA3086 (ﬂ) - YCJIIOBHas IINIOTHOCTb BEPOATHOCTH BO3HHMKHOBCHHUA OTKasa
JJICMCHTAa 9C, omnpeacisicMasa 1nmpu ycjaoBUH, YTO OO0 pacCMaTpuBacMOro MOMCHTa BPEMCHU
OTKa3 HE BO3HMK. JTOT ITOKA3aTeJIb OTHOCHUTCS K HEBOCCTaHABIMBAEMEIM 3jieMeHTaM JC.

C Y4€TOM Matcpuaja 10 MATEMAaTHYCCKMM OCHOBaM HAACKHOCTU HU3JIOKCHHOI0O B KYypCC
«MaTemMaTu4eckue OCHOBBI JHEPreTHKH» pPaccMOTpuM Ta0m.3.1 (QyHKIMOHANIBHYIO CBSI3b MEXIY
OCHOBHBIMHM TOKa3aTesnsaMu HazxexHoctu: P(t), F(t), {(t), A(t), T, T.e. BEpOSITHOCTBIO O0€30TKa3HOM pabOThI;
dbyHKIMKM pacnpeneneHus (BEPOITHOCTHOTO OTKa3a - «{»), IUDIOTHOCTHIO pacmpenesieHus HapaOOTKH 10
0TKa3a, THTEHCUBHOCTBIO OTKA30B M CpeIHEH HapaOOTKH /10 OTKa3a.

B Ta0n.3.2 yka3aHHble BENMYMHBl NPEICTABICHbl [UII OCHOBHBIX 3aKOHOB paclpeaeeHus
ciydaitHoi BennuuHsl (CB).

31ech:
Ol - BUJI IUIOTHOCTH pacIipe/lesIeHus;
k - macmrab pacnpenenenus CB;
«I'» - ramma QyHKIHSL.



Tabn.3.1 @yHKMOHAIbHAS CBS3b MEXK/1Y IOKAa3aTEIIMU HAJEKHOCTH

1. F(t) 2. P(t) 3. f(t) 4.0t
t t
1. F(t) 1-P(t _
© [ £oar | J
—e
0
2. P(t) 1-F(t) t I t
. -F(t
[ fde=[ feoyar |~ A
0 t e 0
sy | AF() _ap) f
s dt -
A(t)e °
4D dF(t)/dt | dP(@t)/dt f(@)
1- F(t) 1= P(1) P(t)
0 o0 o) t
5.
=Tep j 1 F (1))t j P(t)dt jt - f(t)dt 2 Jac
0 0 0 je 0
0
Tab6:mn.3.2 TTokazaTenu HaIe)KHOCTH /711 OCHOBHBIX 3aKOHOB pacIpeIeICHHUs
P(t) f(t) A(t)
DKCIOHECH-
MaJIbHOE — At l e A
;lacnpene- e ﬂ/
Hopmansnoe t o (emy —m)? —(t—m)?
ool PR e B - I 1
\/ZZ.O-_OO \/ZZ'O- \/ZZ' o— j-e—(x—m)z/Za2 dx 1/272'(




pacmpene-

k = ko - 57!
JIeHUe — .
BeiiOymna- e at o kt €

I'uenenno

]-

PaccmoTpum Gosee aeTabHO OCHOBHBIC MTOKA3aTeNH (MMapaMeTphl) HAJE)KHOCTHU

1. Bepoamnocmb _6He3omkaznou_padomst P(t)=R(t) - BepoATHOCTH TOTO, YTO B 3aJaHHOM

WHTEpBaJie BpEMEHH HE IPOU30MIET 0TKa3
P(t)=1-q(t); 0<P(t) <1; P(0)=1; P(o0)=0;

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

F(t)=q(t) - BeposATHOCTh TOSIBJICHUSI OTKA3a B TEUCHUU BPEMEHHU «t»;

P(t) — MoHOTOHHO yOBIBarommas (GpyHKINS;

F(t)- MoHOTOHHO BO3pacTaromas GyHKIUS;

CratucTtuueckas OIeHKa:

P (1) = No — n(t)

(3.1)

rre

No - of111ee KOJIMYECTBO JIEMEHTOB /ISl UCTIBITAaHUSI UM SKCIUTyaTUPYEMBbIX;

n(t) - YKUCII0 FIIEMEHTOB, OTKA3aBIIUX 32 BpeMs «t»;

P(t) - BeposiTHOCTH 0€30TKa3HON PaOOTHI.

be30TKa3HOCTh - CBOKMCTBO CHCTEMBI COXPaHATh PabdOTOCIOCOOHOCTh B TEYEHHE 3a/JaHHOTO
UHTEpBaJlla BpeMEHM Oe3 BBIHYXKAEHHBIX IepepblBoB. Ecim «tp» - Bpems Oe30Tka3zHOH paloOThbI, TO
P(t)=P(tp>t) - BeposATHOCTH TOTO, YTO BpeMs Oe30TKa3HOH paboTel > t. 3aBUCHUMOCTH P(t) - 3akon
pacnpeodesieHus HadeHCHOCHLU.

2. Ha mnpaktuke Ooyiee ynoOHas XapaKTEPUCTHKA - 6EPOAMHOCHIbL _OMIKA306 (BEPOSITHOCTH
HEUCTIPAaBHOU pabOThI).

Orta XxapakTepuctuka Oosee ynoOHa ,B YaCTHOCTH , JJIsl CpPaBHEHHS pPE3EPBHPYEMBIX U
HepesepBupyembix JIOII u T.1.

HcnpaBHas paboTa U OTKa3 - HECOBMECTUMBIE M TPOTHBOIOJIOKHBIE COOBITHS.
q(H)=1-P(O=F(t) (3-2)
rnue
q(t) — QyHKIUSA pacmpeneneHuss BpeMEHH 0e30TKa3HOH paboThl , TMPEACTaBISIONIAs BEPOSITHOCTh
MOSIBJIEHUS OTKa3a B TEYEHUU BpeMeHU t” .
[MoxcraBnsis hopmyiry (3.2) B (3.1) umeem:

No — n(t)
No | orkynma

No — No + n(t) _ n(t)

1-g ()= No No (3.3)

. __n(t):
g (1)=1 No

rac

q(t) - BeposTHOCTH OTKaza. OTKa3 - HapymieHHe pabdOTOCIOCOOHOCTH (CIOCOOHOCTH CHUCTEMBI
BBINOJIHATH 33JaHHBIE (QYHKIMU C TPeOyeMBIMHU peKUMHBIMU NTapameTpami). q(t)- BEpOSTHOCTb TOTO, YTO
B 33JJaHHOM WHTEpBajie BPEMEHH MPOU30MIET XOTs OBl OJJMH OTKa3:

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

[Ipu sTom , ecnu t=var (nmepemennas Benuunna) ot 0 10 oo, To umeem q(t)=var ot 0 o 1.
g BoccTaHaBIMBAEMBIX (PEMOHTHPYEMBIX) DJIEMEHTOB MPECTABISAET UHTEPEC GEPOAMHOCHIL
OMKa3a 3a 01umenbHblil nepuod Had.1wdenusn qcp(eo), 3Ty BEIMYHHY HA3bIBAIOT Takke KO OUIIMEHTOM




ebiHYHcOenn020 npocmoa (KB) — 3ToT K03 duuneHT xapakTepusyeT BpeMs BBIHYKIEHHBIX IIPOCTOEB 3a
rOfl, U U3MEPSAETCS B OTHOCUTENBHBIX eIMHUIAaX. OJHOBPEMEHHO MOYKHO 3aIIUCATh!

ZLai . tp i

l' — .
[ .+t .
pt a 3.4)
Otu Beipaxenus (3.4) Taxke NOAXOIAT A BoccTaHaBiauBaeMoro anemenTa JC. B atom ciyuae:
Tiztpi+tai - BpeMsd HaOJIOEHUS 3a DJIEMEHTOM «i»;
tai - BpEMsI aBapHil dJIEMEHTA «1»;

¢e:T0¢c

tpi — BpeMs 0€30TKa3HOM paboThI “1 * AIeMEHTAa.
ti — tai
— “ai
n.

ti= t,

rIe

q; = >
tpi + tai

¢:r0”

nj- YUCJIO aBapuM “1  JIIEMEHTA;
tai- CpeaHee BpeMsl. aBapuy;

q = nt, . 1 = n;
P = » A =
tpi +1, tpl. +1, ’ (3.5)

rae qi(t)-byHKuus , onpenenstonas pacnpeaeieHue BepOsSITHOCTH MOBPEKICHUA(0TKA3)

areMeHTa “i” BO BpeMEHHU
Ai(t)-HanéxHOCTH PabOTHI

73T
1

3JIeMEeHTa B 4acOBOM mipezene(ty,ty):

P.(t) = expﬁ[—]ﬂ,(t)dt]

) (3.6)
I/IHTCFDaJ'II)HaSI d)VHKHI/Ifl pacupeacICHUA BCDOﬂTHOCTCﬁ OTKa3za.
n(t <t 0,r=0
Ft)=P,, <ty="Uom =D _ .
N,(t=0) |Lt=0o 3.7)

Orta Qynkuus (3.7) 4MCICHHO paBHA J0JIe€ HAYaJIBbHOTO KOJIMYecTBa 00beKTOB No(t=0),
OTKa3aBIIUX J0 MPOU3BOJIBHOTO, HO PUKCUPOBAHHOTO MOMEHTa BpeMeHH "t", 94To cocTaBiseT N(tor<t)
00BEKTOB.

Jst aTOTO CTydast, BEpOsITHOCTh O€30TKAa3HOU PaOOTHI:

nt, >t) |0,t=00
p(t):p(tomx >t): = M
Ny(t=0) |Lt=0 38)

Taxum 0Opa3oM UHTErpanbHas GYHKIUS pacIpeesieHHs BEpOATHOCTEH 6e30TKa3HOM paboThI
p(t) uncneHHo paBHa J10JI€ HAYaIbHOTO KoudyecTBa 00heKTOB No(t=0) , He 0TKa3aBIINX /10
MIPOU3BOJILHOTO, HO (PMKCUPOBAHHOTO MOMEHTA BpeMeHH "t" 3TO n(ton>t) 0OBEKTOB.

OMK

Hi”

I'paduuecku nmeem ams "i" oObekTa (3E€MeHTa)

p(t)

1 O0sacTs BO3MOYXKHOI'O
n3MeHeHus p(t)

N,(=0)
Ny(t=0)

o

n(t,,. >t)
N, (1=0)




st

t0'1‘1< < t t0'1‘1<>t
Puc 3.1

Ha puc. 3.2 npencrasnena rpaduyeckast 3aBHCHMOMTb MHTETPAITBHOW (DYHKIH pacIipeieeHus
BEPOATHOCTEH OTKa3a

F(t)
1
O
N,(=0)
N, (t=0) N
< 0JIaCTH BO3MOYKHOI'O
n(l e <1) n3meHenus F(t)
Ny(t=0)
VO O
T
0 t
tOTK < t tOTK>t
Puc 3.2.

W3 npusenennsix popmy (3.7) u (3.8) u puc.3.1 u 3.2 BuaHO, 4TO
N(ton>t) = N(t=0)- n(tonc<t); n(tore<t) = N(t=0) - n(ton>t). (3.9)

CJ'IeI[OBaTeJ'IBHOZ
o)+ F(y = "Com >0 1o SO _No(0=0) _
N,(t=0) N,(t=0) N,(t=0) 6.10)

Jlnst ipou3BosibHOrO MOMeHTa BpeMeHn 0 < t < oo, TaKMM 00pa3oM BEPOSTHOCTH 0E30TKa3HOMN
paboThl 00bEKTAa B TECUEHHUH BPEMEHM t M BEPOSTHOCTh €ro OTKa3a J0 MOMEHTa t 00pa3yloT MOJHYIO

IpyNIly HECOBMECTUMBIX COOBITHIA

p(H)+F(t)=1, p(t)=1- F(t), F(t)=1- p(t). (3.11)

3. Cpeonee epemsa_0Oe30mKasHoul_padomovl_uiu_cpeonas _napadomka 0o _omkaza (t, Tcp,To) -
MaTEeMaTHYECKOE OXKUAAHHE CIy4YailHOW. BEIMUYMHBI BpeMEHU O€30TKa3HOW paboThl 3EeMEHTa 0
NEepBPro 0TKa3a:T.€. MaTeMaTUYECKOE OKUJaHHe HapaOOTKHU 10 IEPBOro OTKa3a

+00

—r=Tep=To= |t f(t)dt = Tr Lq'(t)dt = Tr -a(t)dt

Y

0 , (3.12)

rie
f(t)=alt)~ b pacnpeaeNeHus HapaOOTKH 10 0TKa3a, 4aCTOTa OTKA30B;

0 BeIpakeRHe A3 gM WHTETPUPOBAHUS TI0 YACTSIM MOXKET OBITH IPe0OpPa30BaHO
CIIeTyIOIUM 00pa3oM :

- 1 _
talt)dt (Ode=1p(t)

.

f :+ ! p(t)dt

c'—.—’S

(3.13)

—
Il



VYuursiBas ,uro t 20, p(0)=1 u p(0)=0,0xk0HUaTEIBHO NOTYUYAEM:

T = TP(t)dt

(3.14)
JIJIs 5KCIIOHEHIMAIBHOTO 3aK0HA Paclpe/Ie]IeHHs] BpDEMEHH O€30TKa3HOM PabOTHI HMEEM :
s 1
T = j e Mdt =—
0 . (A=const) (3.15)

Takum oOpa3om, cpemHee BpeMs HapaOOTKH 3JeMeHTa(00beKTa) Ha OTKa3 YHCICHHO PaBHO
CpeaHel , MO0 MHOXXECTBY OOBEKTOB , MPOJOJKMTENIBHOCTH O€30TKa3HOH paboThl (MEXIy IBYMs
COCETHUMH OTKa3aMH ) , MPUXOASIICHCS Ha OJIUH AJIeMEeHT (00BeKT) , T.K. A(t)=const , To u T=const T.e.
9TH BEIUYMHBI MOTYT OBITh BBIYMCICHBI A7l BceX 3MeMeHTOB DC U CBEACHBI B TAONHUIBI , OCTAbHBIC
MOKa3aTe HAAEKHOCTH ONPEACIISIOTCS Yepe3 ITH BEITUIHHEI.

[lo cratucTryeckuM JaHHBIM cpeiHee BpeMs HapaboTku 3iemenTa DC 10 0TKa3a OnpeaesseTcs u3
BBIPKCHUS:

*

No
Dt
_ =l

No (3.16)

b

rre
ti- Bpemst 0e30TKa3HON paboTHI i-ro memenTa IC;
No - oO11ee YuCII0 JIEMEHTOB B3STHIX JUIS UCTIBITAaHHS.

B Beipaxenue (3.16) HE0OXOAMMO 3HATh MOMEHT BBIXOJa M3 CTPOS KaXIOro 3jeMeHTa. boiee
yaoOHas (popma 3anucu :

No (3.17)

rae
nj - YUCJIO BJIEMEHTOB, OTKA3aBILUX B 1-OM UHTEpBAJIE;
tK - BpeMsl B T€UEHHE KOTOPOT0 0TKa3ay1o "No" 31eMEHTOB;
At - BeIOpaHHas1 BeJIMUMHA UHTEPBaia BPEMEHHU.

- Lot

2 - cpeaHee BpeMs 1-To HHTepBaJa; (3.18)
rne
ti-1 - BpeMst B Havase i-ro HHTEpBaa;
ti - BpeMsl B KOHIIE i-T'O MHTEpBaJa;

C npyroii CTOpOHBI, UMEEM:

t=Tcp= IP(t)dt
0 (3.19)

4. VHTeHCUBHOCTb OTKa30B (A). DTa BeIMYMHA NPEICTABISIET COOON @epoamHocHmb OmKasza
HEePEeMOHMUPYEeMO20 U30e U _6_e0CHUUY 6PEeMEHU Nocie 0AHHO20 MOMEHMA 6PEeMEHU NpU_yClo6uu,
Ymo omKaz 00 I3Mo20 MOMeHma He 603HUK . UNCIIEHHO OHA paBHA CPEHEMY YMCIy OTKA30B B €IUHUILY




BPEMEHHM Ha OAMH OOBEKT M3 KOJIMYEeCTBAa OOBEKTOB N(tor>t) HE OTKAa3aBIIMX 1O MPOU3BOJIBHOTO, HO
(buxcupoBaHHOTO BpemMeHH "t".

t t<t+ At
l(t)zn(o’""> + At)

(e0.ep™)
n(t, —>t)At (3.20)

[loHATHEe WHTEHCHUBHOCTh OTKAa30B YCTPOHCTBa B E€AMHUILy BpPEMEHH HCIOJIb3YyeTCs Kak
KOJIMYECTBEHHAs XapaKTepHCTHKA Ui MaTeMaTH4ecKOro ONpeAeTIeHUs Haa&KHOCTH. DJTa BeIWYHMHA
U3MEpsIeTCsl B CpelHEM OOBIYHO YMCIOM OTKa30B 3a ojxuH yac. OOparHas BennumHa "A" - HapaboTKa 10
MEPBOTO OTKa3a B dYacaxX - OTHOIIEHHE OOIIeT0 BPEMEHM HCIBITAHWS K OOIIEeMy YHCIy OTKa30B. B
JHUTEpaType YacTo BCTPEYAETCs CIEAYIOIIee ONpelesiecHHe MHTEHCHBHOCTH OTKAa30B @ 3TO_YCR06HAA
NIOMHOCHb_pacnpedesieHus 6peMeHu _0e30mKa3Holl_padomsl Il MOMEHTA BPEMEHH t NPH YCIIOBHH,
9TO JI0 3TOTO MOMEHT OTKa3a He MPOMU301IeN. (HHTCHCHBHOCTD TOSIBIICHHS OTKA30B B €IMHHILY BPEMEHH)

A =20

P(1) 1k Pt)<1, To A(t)> at); (3.21)

OMmK

rne
P(t) — BeposTHOCTH G€30TKa3HOI paboThI 3nemenTa DC
a(t) - vactora oTka3oB 3nemeHTa IC.
Co cTaTuCTUYECKOM TOYKHM 3pEHMS] HHTEHCUBHOCTbH OTKa30B A(t) - OTHOILIEHHE YMCIIa OTKa3aBIIMX
eMeHTOB DC 3a HEKOTOPBII MPOMEKYTOK BPEMEHH K YHCIYy paboTOCHOCOOHBIX 3JIEMEHTOB B Hayale
3TOrO MIPOMEXKYTKA.

20~ An(t)

N(t)- At (3.22)
NnJIin
A (1) = M

N-p- At (3.23)

rae
At - UIHTEpBaJI BPEMEHU;
An(t) - 9KCIIO DJIEMEHTOB, OTKA3aBIINX 3a At;
At At

t—— t+—
n(At) - 4KcyI0 2JI€EMEHTOB OTKa3aBUIMX B uHTEpBaie or (2 )mo( 2 );
N(t) - 4MCII0 2IEMEHTOB, UCIIPABHO PabOTAOIINX K HAYAly TIPOMEKYTKA BPEMEHH.

1
2 e N )
Ncp= 2 2 - cpemHee YUCIIO MCIPABHO padOTAIONIUX 3JIEMEHTOB B MHTEPBAJIC
At.

[Tokaxem cripaBeUIMBOCTh 3TOM OLEHKU. YuuThiBast ,uTo Ncp=No-n(t),1oaydnm :

n(t)-4Mcao U3eInii ,0TKa3aBIIuX B TCYCHUH BpeMeHH "t";

n(At)-uncio uzzenuit (3JIeMEHTOB) OTKa3aBIINX B TeUeHHE BpeMeHu" At"

n(At)=[N(t+ At)-N(t)],rme

N(t) u N(t+ At)-uncio uzaenuii (31eMeHTOB) 6€30TKa3HO MPOPAOOTABUINX B TECYCHUN BPEMEHH t

U t+At COOTBETCTBEHHO.
[Ipu nocTaTodHO GOIBIIOM YHCIIE U3/IEIHN (3JIEMEHTOB) ,[IOCTABJICHHBIX HA NCIIBITAHHUE
(3KCIITyaTalyn ),MOXKHO 3alHCaTh:

N(t)=NoP(1); (3.24)

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



7ty = = NP+ M)~ P(0)]

No[l - @]At
No (3.26)

[Ipu nocrarouno 60mbmOM «NOY» MOKHO 3aIHCATh:

*

7 (6= ~LPU+A) = PO)]

P(1)At (3.27)

[Tpu At— 0 nosyyum :

0= tim PCEAD=P@O)_=P®) _a(0)
At—0 P(t)At P(t) P(t) (3.28)

Jlns BeicokoHan&xHbIX cucteM ecnu P(t)=0.99,To kak cnemyet u3 ¢popmyisl (3.25): a(t)=A(t)

Ommbka He 60see 1% u He MPEeBBIIAST OMHOOK CTATHCTUYECKOTO onpenencHus a(t) u A(t).

CrnenyeT noquépKHYTh pa3HUIY MKy BenuunHaMu a(t) u A(t) .BepositHocTs a(t)dt
XapaKTEPU3YET BEPOSITHOCTh OTKa3a CUCTEMBI (JIEeMEHTa) 3a MHTEpBaJ BpeMeHH (t,t+At),B3aT0H(TO)
MPOU3BOJILHBIM 00Pa30M M3 TPYIIIBI CUCTEM (DJIEMEHTOB) ,IPUYEM HEM3BECTHO B KAKOM COCTOSIHUU
(paboTOoCTIOCOOHBIM HITH HEPaOOTOCTIOCOOHBIM) HaXxoquTCs cucteMa(deMeHT). BepostHocTs A(t)dt
XapaKTEPU3YET BEPOSITHOCTh OTKa3a CUCTEMBI(dJeMeHTa) 3a uHTepBa (t,t+At),B3ITyI0(r0) U3 TPYyMIIIbI
cucTeM(3JIEMEHTOB),KOTOPhIE OCTAIMCH PA0OTOCIIOCOOHBIMA MOMEHTY BpeMeHH ““t”

a(r)
Wnrerpupys Beipaxenue (3.25) A(t)= P Q) ,JAMEEM :

P(t) = exp[—j A(t)dt].

- j./l(t)dt — In P(¢)

W (3.29)
Tak xkak:  A(¢) = ;l’((tt));: a(t)=-P'(t)= _dl;gt);
At =— dP(t) /1 = A(0)dt = — dP(t) :
dt P'(t) P(t)

Ayt =1-d In P(t) = [ At)dt =—[ d n P(t);=

A=Const

j.i(x)dx = —j.d In P(x);= j/l(x)dx =—In P(x)‘ ;;:

t —j.l(x)dx =InP(¢)-In P(0);= P(0)=1,In1=0=

Puc. 3.3 ¢
~ [ A(x)dx =n P(2);
0

Ha puc. 3.3 npeacraBnena TunuyHas 3aBUCUMOCTb A(t) ,

rne
30Ha | - mepuox npupadbotku snementa IC,
30Ha 2 - IepUOJ] HOPMAJIBHOM KCIUTyaTalluy 37aeMeHTa (A=const);
30Ha 3 - mepuoj u3Hoca snementa JC.

Ecnmu A=const, To MMeeM - SKCIIOHEHIIMAIFHOE pacipeeneHne (Hanboee 9acTo UCIOIb3yeMoe B
SHEPTETUKE IS NePHoIa HOPpMaIbHOU padboThl 351ieMeHTOB DC).



P(t)=e" ;

(3.30)

a(t)y=e™” : (3.31)
Tep = J‘e_ﬂ’dt L

0 A (3.32)

Takum oOpa3zom, BeipakeHus (3.31) u (3.32) cnpaBeanuBbl AJs NEpUOJAa HOPMAIBbHOM pabOTHI
JJIEMEHTOB.

st anexrpuyeckux ceret u JIDII ¢popmyast (11),(12) cnpaBennussl nocie 2-3 neT, SIKCIUTyaTalu,
HO YYHUTBIBasi, 4To Cpok ciayk0b1 JIDIT 50-60 sner, To mpakTUYECKU MOKHO CUUTATh, YTO 3TU BHIPAKCHUS
MIPUMEHSIFOTCS 17151 OLIEHKH HaneskHOCTH JIDII n anekTpuueckux ceTei.

3aBucuMocTh P(t) - 9acTo Takke Ha3bIBAIOT HAOJEHCHOCHbIO PAOOTHl 3JIEMEHTAa B 3aJaHHOM
HHTEpBaJie BpeMeHU. Tak Kak:

pO+q®)=1_, q()=1-p()=1-e" (3.33)

Bennuuny «q(t)» Ha3bIBAlOT HEHADEHCHOCHIbIO, STO BEPOSTHOCTH TOTrO, YTO 3a Bpems «t»
MIPOU30MIET XOTs OBl OJIUH OTKa3.

TakuMm 00pazoM, JUIs XapaKTePUCTHKH HAJC)KHOCTH HAJ0 3HATh BEIUYHMHY A(t) — CpeIHEe YHCIIO
OTKa30B B €IMHUILY BPEMEHH.

5. Hapabomka na _omkasz To - cpeaHee BpeMsi 0€30TKa3HOW pabOTHl HEBOCCTAHABIMBAEMBIX
OJICMCHTOB 10 OTKa3a WJIKW BOCCTAHABIIMBACMOI'0O 3JICMCHTA MCIKY COCCAHUMU OTKa3aMHU.

h
Zti
o5
n n (3.34)

rue
N - YHACJIO OTKA30B 3a BpeMsI UCIIBITaHUs (IKCIUTyaTaun) nementa JC;
t - oOmee Bpems ucrpaBHOH paboThl dementa IC;
ti - Bpemst ucnpaBHOM paboTel anemenTa DC mMexny (i-1) u 1 oTKazamu.

6. Hacmoma omkazoe (a) - TUIOTHOCTh pacHpeiesieHUs BpeMEHH Oe30TKa3zHOW paboThl MU
MPOM3BOIHAS OT BEPOSTHOCTH OE30TKA3HOU PaOOTHI

a(t)=q'(1)=-p'(?) (3.35)

I[J'I}I OIIPECACIICHUS BCIININHDBI a(t) HCIIOJIB3YCTCA ClIeayromas CTaTUCTUYICCKAas OLICHKA:

n(At
a*(t)= 7( )
NoAt . (3.36)
rac
n(At) — o011iee KOJUYECTBO FIEMEHTOB B3STBIX ISl HCIIBITAHUS HJIH DKCILTYaTHPYEMBbIX;

At At

t—— t+—
No — 4KCII0 0TKa3aBLIMX DJIEMEHTOB B HHTepBaie Bpemern ot (2 )mo( 2 );
At — UHTEpBaJI BPEMEHH.

ITokaxxeM crpaBeNIMBOCTh 3TOM OLEHKU. YHUCIIO N3NNI, OTKA3aBIINUX B TEUCHUH «At»:



n(At)=—[N(t+ A1) - N(1)]. (3.37)

rie
N(t) u N(t+At) — uncno uznenuii, 6e30TKa3HO MPOpPadOTABIINX B TEUEHUHU BpeMeHH “t” u “(At +
t)” COOTBETCTBEHHO.
[Tpu mocTato4HO OOJBIIOM YHUCIE W3/ETUI, MOCTaBICHHBIX Ha HCIBITAHHE WM SKCILTyaTaluio,
nMeeM:

N(t) = N, P(1); (3.38)

N(t+ At) = N P(t + At), (3.39)
Torma

()= N [P(t + At) - P(1)]

N, _ (3.40)
[Ipu At — 0 nonyuum:
. Pit+Ar)-P
a=—lim" ) =0 =40) G4

OnHOBpPEMEHHO  3TOT  KOJIMYECTBEHHBIM  IIOKa3aTenb  HAAEKHOCTH  «a(t)»  sABIsgercs
muddepeHnanbHol  QyHKIMEH pacnpeieieHuss BEepOoATHOCTEH oOTka3a (IIOTHOCTBIO BEPOATHOCTH
0TKa3a) YUCJIECHHO PaBHON CPEIHEMY UUCIy OTKA30B B €IMHHIYy BPEMEHH Ha OJIUH OOBEKT U3 HA4aJIbHOIO
Kor4uecTBa 00beKTOB No(t=0) mimu mone HavanpbHOro KonmdecTBa 00beKTOB No(t=0), 0TKa3aBIIKMX MOCIE
IIPOU3BOJILHOTO, HO (PUKCHPOBAHHOI'O MOMEHTA BPEMEHH t B TEUEHUH BBIOPAHHOTO IIPOMEXKYTKA BPEMEHU
“At”.

W3 Teopun BEpOATHOCTEN U3BECTHO, YTO:

n(t<t, <t+At) (cspenent ™)

f(t) B NO (t = O) At (342)

()= dF (1) _ dP(1) I Fdi=1

dt dt (3.43)

CnenoBarenbHo, rpaduk f(t) 3aBucut ot rpaduka F(t). 3aBucumocts xe f(At) sBusercs
IIPONOPLIMOHANIBHOM, OCKOJIBKY C POCTOM ITPOMEXKYTKa BpEMEHM ““At” BO3pacTaeT U BEPOATHOCTH OTKa3a
B TEUEHHUH TOTO TIPOMEXKYTKA.

CpaBHenue gpopmya mioTHocTH BeposiTHOCTH f(t) (3.42) u nHTEeHCUBHOCTH 0TKa30B A(t) (3.44):

n(t<t, <t+Ar)
n(t

A1) =

(eo.epemenu™)
one > 1) Al (3.44)

MOKAa3bIBAa€T, YTO O3TH BEJIIMYMHBI OTJIMYAIOTCS TOJBKO OOIIUM KOJIMYECTBOM OOBEKTOB B
3HaMeHareJse, K KOTOPbIM OTHOCUTCS KOJIMYECTBO 3JIE€MEHTOB B yuciauTeNe N (t < ton < t+ At), OTKa3aBIIMX
rocje MpOU3BOJIBHOI0, HO (PMKCHPOBAHHOTO MOMEHTA BpEMEHH “t” B T€UeHHE BHIOPAHHOTO MPOMEXKYTKA
BpeMeHH “At”



Yacrora 0TKa30B, BEPOSTHOCTh 0€30TKa3HOW pabOTHl M BEPOSITHOCTH TOSIBICHUSI OTKa3a CBS3aHEI
CJICAYIOLIMMHU 3aBUCUMOCTSIMHU:

t

P(t):Ta(x)dx q(z‘):_[a(x)dx p(t)=1- J‘ a(x)dx .

) t

(3.45)

0 t 0

Ja(x)dx — Ia(x)dx = (0 —> ) = Ja(x)dx
Tak Kak p(t)=1-q(t) =0 0 t

YacToTa 0TKa30B JIEMEHTOB TaKKE CBA3aHA C UX MHTEHCUBHOCTHIO OTKA30B

A =2

P(D) (3.46)
Tak kak P(t) < 1, To Bcerma A(t) > a(t).
J71s1 BBICOKOHAIEKHBIX cucteM npu p(t)>0.99 MmoxHO npuHUMATh a(t) = A(t).

7. Aucnepcus epemenu sxcusnu 3nemenma 3C

D(t) = j £f(@dt -T2 =2 j to(t)dt T
0 0 (3.47)

CraTtucTuueckas AUCTICPCHUSL:

: (3.48)
rae
o i
T=—>T
N, ‘3

1=

Ha IMPAKTUKE B Ka4CCTBC OLCHKU HaJAEXKHOCTH 4Yalle HCIIOJIB3YIOT CPEAHEC KBAAPATUYCCKOC

OTKJIOHEHHE (O) :
G(T)Z«/DlTI (3.49)

T — Bpemst xu3Hu amementa JC.

rIe

3.2. JIOCTOMHCTBA M HEOCTATKH MOKa3aTeJieil HaJeKHOCTH

1) BepositHOCTH 0€30TKa3HOM padoThl p(t),

JlocTonHcTBA:
a. XapakTepu3yeT U3MEHEHUE HAJEKHOCTH BO BPEMEHHU;
0. 1a€T BO3MOXHOCTh HATJSAHO CYIUTh O HAAEKHOCTH;



B. ITIOKA3aTCJIb MOXET 6I)ITI) HCIIOJIB30BaAH IJIs pvaéTa HaI[é)KHOCTI/I HOBBIX CUCTEM 10 UX
peanu3ainy,

r. p(t) XapakTepuszyeT CTOUMOCTh U3TOTOBJICHUS U SKCILTyaTalluu CUCTEM;

JI. TIOKa3aTellb OXBAThIBACT OOJIBIIMHCTBO (PAKTOPOB, BIUSAIONINX HA HAJEKHOCTD.

HenocraTkm:

a. TIOKa3aTellb XapaKTepu3yeT HaIEKHOCTh BOCCTAHABIMBAEMBIX CHCTEM JI0 TIEPBOTO OTKa3a U
SIBJISIETCS] JOCTATOYHO MOJIHOW XapaKTEPUCTUKON TOJIBKO CUCTEM Pa30BOr0 MOJIb30BAHMUS;

0. mTokazaTenb HE MaéT XapaKTePUCTUKH MEXKIYy BPEMEHHBIMHU COCTABIISIIONTUMHU ITHKJIA
3KCHJIyaTaI_[I/II/I;

B. OTa BEJIMYMHA HE BCEraa yA00HA I OLEHKH HAAEKHOCTH TMPOCTBIX 3JIEMEHTOB TPH
OTCyTCTBI/II/I CTapeHI/IH;

T. 10 TOMY ITOKa3aTeNI0 JOBOJILHO TPYAHO HAWTU APYTUE TTOKA3aTEeNIN HAAEKHOCTH.

2) Cpennee BpeMs 0e30TKka3HO0I padooThl (Tcp) dTOT MOKa3aTeb HaAEKHOCTH ABIAETCI OQHUM U3
60.]166 HarJisIIHBIX KOJIMYCCTBCHHBIX XapaKTepI/ICTI/IK Haﬂé)KHOCTI/I HO KaK MaTE€MaTHU4YCCKOEC OKHUIAHUEC HEC
MOJTHOCTBIO XapaKTepU3yeT HaIEXHOCTh BOCCTAHABIMBAEMBIX CHCTEM , HAJ0 €mI€ 3HATHh JUCIECPCHIO
BpeMeHH 0TKa30B. Bennmunna Tcp xapakrepu3yer paboTy CUCTEMBI O IEPBOTO OTKa3a.

3) Hapaborka Ha otka3 (T) DToT mokasarenb HaIEKHOCTH XapaKTEPU3yEeT BOCCTAHABIMBAEMYIO
CUCTEMY.

4) Yacrora orka3oB''a'"'uam''f'"-nmo3BoiseT CyauTh O KOJHMYECTBE SJIEMEHTOB, BBIXOISANIUX U3
CTpOH B HpOMe)KYTKe BpeMCHI/I JUUIA HGBOCCTaHaBHHBaCMOﬁ CUCTCMBbI U ITOBOJIBHO HpOCTO BBIYUCIINTH
KOJINYECTBO OTKA3aBIIHUX CUCTEM B UHTEpBaje ~At” ,HO 1O €€ BEIMUUHE HENb3s CyIUTh O HAAEKHOCTH.

5) IHTEHCHBHOCTBL 0TKAa30B (M) .

JlocTouHCTRA:
a) AM(t)-pyHKIMsT BpEMEHHU 1 TTO3BOJISIET HATJISAIHO YCTAHOBHUTH XapaKTEPHBIC YUACTKHA PaOOThI
CUCTEMBL.JTO JAaET BO3MOXKHOCTh HAMETHUTD ITyTH 1O TMOBBIIICHUIO HAJIEKHOCTH
0) mokazarento A(t)-IpoCcTO JOBOJIBHO HANTH APYrHe XapaKTEPUCTUKU HaIEKHOCTU
Henocratku: mokaszaTesb HCTIOIB3YETCS ISl HEBOCCTAHABIMBAEMBIX CUCTEM (JIEMEHTOB)

3.3 Iloka3aTeJu HaAesKHOCTH BOCCTAHABJIMBAEMbIX 3J1eMEHTOB (00bEKTOB, CUCTEM)

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

1. Bepoamnocmb soccmanosnenus (GyHKIMS pacpeieiieHIs] BpeMEHH BoccTaHOoBIIeHUs — FB)S(t)
- BEPOSITHOCTb TOTO, YTO OTKa3aBlllee M3/eare Oy1eT BOCCTAHOBJICHO B TEUCHHE 3aJaHHOTO BpeMeHHU t”,
T.€. BEPOSITHOCTh CBOEBPEMEHHOT0 3aBEPILIECHUS PEMOHTA.

OueBugHo, uto 0<S(t)<1, S(0)=0, S(c0)=1.

Jnst onipeniesieHus BeMUUrHBI S(t) HCTIOIB3YETCs CIeIyIoIas CTAaTUCTHYECKast OIICHKA:

, N,
S*O=y
o8 | (3.50)

rae
Nop - YUCII0 U3JENUH, TOCTABICHHBIX HA BOCCTAHOBJICHUE;
NB - uncino uzgenuit, BpeMst BOCCTaHOBJIEHUS] KOTOPBIX ObLJIO MEHBIIIE 33JaHHOTO BpEMEHH t”.

2. Bepoamnocmb _neceoespemennozo 3agepuienus pemonma (HeBocctaHoBieHus) G(t) -
BEPOSATHOCTH TOTO, YTO OTKAa3aBIlee H37eNre He OyAeT BOCCTAHOBJICHO B TEUCHUE 3aJJaHHOTO BPEMEHH t.
Craructuueckas orieHka BennuuHbl G(t):




N, —N
o8 (3.51)

N3 ananuza Beipaxkenuii (3.50) u (3.51) cnenyert, uto:

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

3. Yacmoma_soccmanognenun, “5(1) - mornocts pacnpe/eNeHrss BpeMeHH BOCCTAHOBJICHHUS -
ompeeseTcs mo GpopMmye:

ay(1)=S5'(1)=-G"'(?) (3.53)

CraTicTHueckas omenka emmamas 9z (1) :

ey (8D
ap *(t)= N Az
0B , (3.54)
rae
Nog - YHCIIO U3ACIINM, TIOCTABJICHHBIX HA BOCCTAHOBJICHHE;
At At
f—— f+—
np(At) - 4KCIIO BOCCTAaHOBJICHHBIX 3JIEMEHTOB Ha UHTEpBaJie BpEMEHH ( 2, 2).

4. Unmencuenocmy goccmamnosienusn |\(t) - yclOBHas IUIOTHOCTb paclpeiesieHUus BPEMEHH
BOCCTAHOBJICHUS JII MOMEHTa BpeMEHH 't MpPH YCIOBHHM, YTO JO 3TOT0 MOMEHTAa BOCCTAaHOBJICHHE
W3/1evs HE IPOU30IILIO:

(t) = ap(t) ag(t)
U125 " 6 (3.55)

Cratuctudeckast OlieHKa BeJTHYUHBI [U(t):

. ng(At)
HEO =y
scp. Dl s (3.56)
rjae
Np.cp. - cpeiHEe YUCIIO U3/ENNUN, KOTOphle HE OBLTH BOCCTAaHOBIEHBI B MHTepBase Bpemenu (0,
t).

At At

t——t+—

ng (At) - 4MCII0 BOCCTAHOBJICHHBIX M3/EJIHI 32 UHTEPBAI t. 2 2

B oTnnuune ot nmponecca OTKa30B, Pa3BUBAOIINUXCA BO BPECMEHU CCTCCTBCHHBIM 06pa30M, mmponecc
BOCCTAHOBJICHUA SABJACTCA LECIMKOM HCKYCCTBCHHBIM M IMOJIHOCTBIO OHNPCACTIACTCA OpraHU3allMOHHO-
TEXHUUECKOU ACATCIIbHOCTBIO SKCINTYAaTAlITUOHHO-PEMOHTHOI'O IICPCOHAJIA.

ITosToMy KprBasi HHTEHCUBHOCTH BOCCTaHOBJICHHUSI, aHAJIOTUYHAs KPUBOM MHTEHCUBHOCTHU OTKAa30B
OTCYTCTBYET. Tak Kak CyLIeCTBYIOT HOPMAaTHBbI BPEMEHHU Ha MPOBEACHUE PEMOHTHBIX paboT, To Wu(t) = W
= const U YHCJIEHHbIE 3HAUYECHUSI WHTEHCUBHOCTH BOCCTAHOBJICHUSI CBEJCHBI B CIIPABOYHbIE TAOIHIIBI IO
BUJaM OOOpYJIOBaHUS M PEMOHTOB. IIpM TOCTOSHCTBE BO BPEMEHM BEIMYMHBI «W» TOIy4aeM
JKCIIOHEHIIMAJIBHOE PACTIPEIECIICHUE 11 BPEMEHH BOCCTAHOBIICHUS:



S(t)=1-e"" G(t)y=e™ (3.57)

5. Cpeodunee epema eoccmanogienusa (TB) mpencraBnser co0oil MaTeMaTHYeCcKOe OXKHIAHUE
BpEMEHHU BOCCTAHOBJICHUS:

T, = G(o)di Ty = [ ta,()dr = [[1- S(r)]dr
0 : 0 0 ; (3.58)
CratucTtuyeckast OlileHKa BpeMEHH BOCCTAHOBIICHUSI HAXOAUTCS U3 BHIPAYKEHUS:
No
2L
TB * i=1
Ny : (3.59)
rne
tBi - BpeMsi BOCCTAHOBJICHHUS 1-TO SJIEMEHTA;
Nop — KOJIMYECTBO U3/AEIHIA, TOCTABICHHBIX HA BOCCTAHOBJICHHUE.
IIpu p = const umeem:
1
T,=—
H (3.60)

CpenHee BpeMsi BOCCTAHOBIICHHUSI BKIIFOUAET MPOJOJIKUTEIBHOCTD MOcieaBapuitHoro pemonta TAB
U MPOJOJKUTEIBHOCTD IJIAHOBOTO peMoHTa Tyy:

Tg=Tap + Tru . (3.61)
CraTucTHyecKas OlleHKa STOM BEJIMYUHBI ONPEENIAETCS U3 BEIPAKCHHS:
1 m
Ty=— Z ti
m - (3.62)
rae

m - KOJIM4YE€CTBO OTKA30B,
t— BpPEM:A BOCCTAHOBJICHHA OAHOI'O OTKa3a.

Bpema goccmanosnenus - cperinee BpeMs BBIHYKJICHHOT'O IIPOCTOsI, HEOOXOAMMOE /ISl OTBICKAHUS
U YCTpaHEHMsI OJHOTO OTKa3a.

BpeMmsi BoccTaHOBJEHMSI KaK MPaBUJIO MOAYMHSETCS HE SKCIIOHEHIIMAJbHOMY 3aKOHY - Yalle 3TO
HOpMaJIbHOE pacrpenenenue, pacnpeneneHue BeiiOymia wim  Ilyaccona. AHamu3 cucteM C
HEAIKCIIOHEHIIMAIBHBIM PACIIPEIeIEHNEM YPE3BbIUaiiHO CIIOKEH W MPAKTHYECKH €ro pacdyeTHas Gopmyra
He noajaercs GopMaln3alum.

B 10 Xe BpEM:A 3aMCHA PpPCAJIbHOTO 3aKOHaAa pacHpelAcCICHHUd OSKCIIOHCHUHHUAJIBbHBIM C TEM IKC
MAaTEMaTUYCCKUM OXKHUAAHUEM MAJIO UCKAXKACT KOHCUYHBIC PC3YJIbTAThI. HOBTOMy BO MHOT'HX CJIy4dasaX 3Ta
3aMeHa 000CHOBAHA. HpI/I OTOM:

— -t

aB(t):/u'e , (3.63)



rac

a5 (1) - gacToTa BOCCTAHOBIEHMUSE
L - THTEHCUBHOCTh BOCCTaHOBJICHHUS, LI(t) = L = const.

BepOfITHOCTB BOCCTAHOBJICHHA:
1wt
S()=1-e"" (3.64)
CpennHee BpeMs BOCCTAHOBIIEHUSL:

1
H (3.65)

T, =

6. Illomok omxazoe »(t) - MaTEMaTUYECKOE OXKUAAHUE YHCIIa OTKA30B 3JIEMEHTOB, NPOUCILIEAIIEE
3a eIMHUIly BPEMEHHU, MpPH YCJIOBHM, YTO OTKAa3aBIIKE 3JIEMEHTHl 3aMEHSIOTCS HOBBIMH, T.€. YHCIIO
WCIIBITHIBAEMBIX 3JIEMEHTOB COXPAHSIETCSl OIMHAKOBBIM B IIPOLIECCE IKCILTyaTalUH.

Benuunna - cpeaHsisi HapabOTKa Ha OTKa3.

[TapameTp WOTOKA OTKAa30B BOCCTAHABJIMBAEMOTO dJIEMEHTa - ®(t) - CpeHee KOIMYECTBO OTKA30B
JJIEMEHTA B €IMHUILY BPEMEHHU, yIeIbHAsI IOBPEKIACMOCTD JJIEMEHTA.

ITo manHBEIM 9KCILTyaTaluu 13 CTaTUCTUYECKON MOJICIU UMEEM:

An(t,t+At)  n,(At)
N, -At N, -Ar (3.66)

w*(t)=

rne
An(t,t + At) n;(At) - KOJIMYECTBO 3JEMEHTOB, OTKA3aBIIMX 3a MHTEpBaJ BpeMeHM At uimu
At At
t——t+—
2 2 ) HpuW ycnoBHH, 9TO OTKA3aBIIEE H3ENIE HEMEICHHO 3aMEHSETCS HOBBIM;

N - 9HCII0 3JIEMEHTOB Ha HCIIBITAHNH, IIPU YCJIOBHU 3aMEHBI OTKA3aBIINX 3JIEMEHTOB.
o(t)=A(t)=w = A= const .
b
Cpennee Bpemsi HApaOOTKH HA OTKA3:

1 8760

1
T’ = = =
A o 200" (3.67)

Ecim w(t) - mocnemoBaTenbHOCTh CIIyYailHBIX MOMEHTOB OTKa3a BOCCTAHABIMBAEMOU CHCTEMBI,
oOpa3zyeT MOTOK OTKa30B, TO BPEMEHHAas IIOCJIECIOBATEILHOCTh COCTOSIHUN 00BbekTa (M3HOC, OTKa3,
BOCCTaHOBJICHHE, padoTa U T.1.) 0Opa3yIOT NMEPEMEHHBIN (aNTEPHUPYIOMINI) MPOIECC BOCCTAHOBICHHUS.
Ecnu nauTensHOCTh COCTOSIHUI OMUCHIBACTCS SKCIOHEHIIMAIBHBIM 3aKOHOM paclpezesieHusi, To Mpoliecc
CUMTAETCSl TPOCTEHUIIUM TyacCCOHOBCKMM. JIJis HEro XapakTepHBI CBOWCTBA CHIAUUOHAPHOCHIU,
OpOUHAPHOCMU U OMCYMCIEUA NOCTE0elCHEUA.

a) IToTok oTKa3aB - CHAYUOHAPHDBLIL, €CITU BEPOATHOCTD IMOABJIICHUA TOI'O WJIKM MHOI'O YHCJia OTKa30B
Ha 3aJaHHOM OTPE3KC BPECMCHU 3aBUCUT TOJILKO OT €T0 JJIMHBI U HEC 3aBUCHUT OT TOI'0, rIC OH HAXOAUTCA.




0) [loTox O0TKa30B - gpOUHAPHBLIL, €CTTN BEPOSTHOCTh MOSBIEHUS IByX U 0oJjiee OTKAa30B Ha MajoM
OTpE3Ke BPEMEHHU - MPEHEOPEIKUMO MaJla TI0 CPABHEHHIO C MOSBICHUEM OJHOTO OTKa3a.

B) [loTOK OTKA30B - noMoOK de3 nocnedenucmeus, €Cil BEPOSITHOCTh MOSBICHUS YMCIa OTKa30B Ha
HEKOTOPOM OTpEe3Ke BPEMEHHU HE 3aBHCHT OT YHCJIa M XapaKTepa OTKa30B, BOSHHKIIHX JI0 3TOTO OTpe3Ka
BpEMEHH.

Takum oOpazom ®(t) - MOCIENOBATEIBLHOCTh OTKA30B 3JEMEHTAa BO BPEMEHH, XapaKTepu3yemas
apaMeTpoM MOTOKA OTKA30B - «®», KOTOPBIN SBIAETCA aHAIOTOM «A».

Jlis opAMHApHBIX TOTOKOB STH TMOHSTHS COBMANAIOT, HO «®» U «A» HMEIOT Pa3HYI HPUPOIY.
[ToTox 0TKa30B (®) - He3yc106Han BEPOSTHOCTD OTKA3a JIEMEHTA 32 €IWHUIY BpeMeHU. THTEeHCUBHOCTh
0TKa30B (L) - ycnoenas BEpOSTHOCTh OTKa3a JJIEMEHTa 3a €IWHUIy BPEMEHH, NPU YCIOBHH, YTO OH
popadoTall 10 MOMEHTA «b».

Ha puc 3.4 npencrasiiena rpaduyeckas 3aBUCUMOCTD ITOTOKA
OTKa30B B ()YHKIIUU BPEMECHH.

o(t) U3 puc 3.4 BunHO, 4TO: @ ~ CONSt B niepuon
HOPMaJIbHOW PabOThI, YTO TOBOPUT O TOM, YTO OTKA3BI
\L CUCTEMbBI BOBHUKAKOT
MIPUMEPHO Yepe3 OJIMHAKOBBIC MPOMEKYTKH BPEMEHH,
w = const paBHbIE ee HapaboTKe Ha 0TKa3 (puc3.4).
0 t T tht; t
Puc 3.4

Ha puc 3.4 umeem narepsan Bpemenn O 11 - mpupaGoTounsle 1e(eKThI M3TOTOBICHHS M MOHTAXa
anemenTta JC, Hanmpumep, ais JIOII ato Bpems cocrasiser 1-3 rona;

uHTepBan Bpemenn 1 ¥ 12 - mopmaneHas paborta snementa C;

uHTepBas BpemeHu 2 ¥ 15 - u3HoC M3enys.

BeposiTHOCT, BO3HMKHOBEHMSI «M» OTKAa30B 3a BpeMs «b» IMpU YaCTOTE OTKAa30B «®» B
IyaCCOHOBCKOM TOTOKE COOBITUH (OTKa3, BOCCTAaHOBIEHHE, T.€. OPAMHAPHOM, CTallMOHApHOM, Oe3
MOCJIEIEUCTBHS ) BRIUUCISIOTCS 110 (hopmyIie:

o-H" _.. o _
P )={2D" gor @ o
| '
m! m! , (3.68)
[Tpu pmurensHOCTH Nepuona padboTsl anementa JC t=1 roxy.
NJIn
m
@ -0
P ()= S e”.
m! (3.69)
rac

m — YKCJIO BOCCTAaHOBIICHUM (‘H/ICJ'IO OTKaSOB) B paCcCMAaTpUBACMOM HHTCPBAJIC BPCMCHHU.

BeposiTHOCTh 0€30TKa3HON pabOTHI AlIEMEHTA:
0

o .,
pt)=p,_ =0 ¢ ¢

- OTO BCPOATHOCTD TOI'O, YTO 3a I'OJ] HC 6y,[[eT HHW OJHOI'O OTKa3sa 3JICMCHTA.

-

(3.70)

3.4 KommjiekcHbIe MOKa3aTeIn HAJIC)KHOCTU BOCCTAHAB/IMBACMbBIX 3JIEMEHTOB JJICKTPUHYECCKUX
CHUCTEM



Jlnst BocCTaHABITMBAEMOM CHCTEMBI Hapsiy C TMOKa3aTeNsIMU, XapaKTePH3YIOUIMMH €€ OTIEIIbHBIC
COCTOSIHUS, BBOAATCA KOMIIJICKCHBIC MOKA3aTCIIN, XapaKTCPUIYIOIIUC BOCCTaHAaBIMBAEeMBbIl 06I>CKT C ABYX
u 0oJiee CTOPOH:

* MareMaTHYecKoe OKUAaHUE JUTUTEITBHOCTH IIHKIJIa padOThl 00BEKTA:

Trukma =T + Ts, (3.71)
rme
T - cpennee Bpemst HapaOOTKH 10 OTKa3a OOBEKTA (AIIEMEHTA);
TB - cpenHee BpeMsi BOCCTAaHOBIICHUS O0BEKTa (JIEMEHTA).
*  YacroTa nosiBICHHUS OTKa30B 00BEKTA
1
Tyukna (3.72)

» Koadoumuent rotoBHocTH, «Kr» - BepOATHOCTH TOro, 4TO OOBEKT pPabOTOCHOCOOEH B
POM3BOJILHBIE MOMEHT BPEMEHHU

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

KF

KoaduuneHT roToBHOCTH MMEET CMBICI HAJEKHOCTHOIO KOA((HUIMEHTa MOJIE3HOTO JCHCTBUS,
T.K. YACJIUTEIb MPEJCTABIISACT MOJIE3HYI0 COCTABIISIONIYIO, & 3HAMEHATEIb OOIIHME 3aTPaThl BPEMEHH.

Koadpdumuent «KI» oreHuBaeT 5SKCIUTyaTallMOHHBIE KadecTBa OOBEKTa W KBaTU(DHUKAIIHIO
00CITy»KMBAIOLIETO TEpPCOHAaNa, XapaKTepu3yeT TOTOBHOCTh OOBeKkTa (d1emeHta) k pabore. Ero
HE/IOCTAaTKOM SIBIISIETCSI TO, YTO 110 HEMY HEJb3sl CYJUTh O BPEMEHH HETPEPHIBHON paboOThl 00bEeKTa 0Oe3
OTKa30B.

Cratuctuueckas onenka ko3ddunuenta «KI'»:

= (3.74)

rme
ti - Bpemst 6e30TKa3HOI paboThl 0ObekTa (AmemenTa) OC;
tsi - BpEMsI BOCCTAHOBJICHHS AyieMeHTa JC;
m - YHCII0 0TKa30B 00bekTa (3nmemenTa) IC.

*  Ko3¢pduimeHT HEeroToBHOCTH (BBIHYKICHHOTO IPOCTOS) - BEPOSITHOCTH TOTO, YTO OOBEKT
HepaboTOCIIOCOOEH B MPOU3BOIHLHBIM MOMEHT BPEMEHH

r, 1, 2
A = T, Tywena 2
+T, Tyuxna + U (3.75)

Cratuctuueckas orneHka «Kuy:



i=l = (3.76)
IIpu sTOM:

K, +K, =1 (377)

* BeposTHOCTH pabOTOCIIOCOOHOTO COCTOSHUS OOBEKTa U COCTOSIHMSI BOCCTAHOBJICHHS JUIS
NEPEeMEHHOTO  (ITEPHHUPYIOUIET0) TMpoIlecca BOCCTAHOBJICHUS C  AKCIOHEHIMAJIbHBIM
pacrpeieleHueM JUTUTEIBHOCTH COCTOSTHUI ONPEEISIOTCS U3 BRIPAKCHUN:

P)=H 1 L v

P _ﬂ,'i‘/,l ,Ll+ﬂ, . (378)

2

P)=" &+ M gt
1+IU 1U+j. . (3.79)

rne
Pp(t) - BepossTHOCTH paOOTOCIIOCOOHOIO COCTOSIHUS O0BEKTA (IJIEMEHTA),
PB(t) - BepOsITHOCTH COCTOSIHHSI BOCCTAHOBIICHUSI O0BEKTa,
W - HHTCHCUBHOCTH BOCCTAHOBJICHUA O6’I)€KTa,
A - HIHTEHCUBHOCTb OTKa30B O0BEKTA.

Koa¢dummeHTs TOTOBHOCTH M HETOTOBHOCTH MOKHO paccMaTpHuBaTh Kak npexaen Pp(t) u Pe(t) nmpu
t—>00.

Ortcrona cinenyer:

Y7 1
KF = =
A+ u 1+/1/,u; (3.80)
_ A U
b= =
Bemmunna ¥ =A/u=4-Te _ CKOpee MareMarudeckas, 4eMm (Qu3HdecKas, T.K. 3aBHUCUT OT

MaTeMaTHYeCKOoro napamerpa «A». OJHaKo NpUHUMAas BO BHUMAaHHE, YTO A=f (yacToTe MOSIBICHUS

OTKa30B), MOXXHO CHUMTaTh, YTO «y» OIpeAeiseT CyMMapHYyI [UIMTEIbHOCTh TPOCTOS CHCTEMBI,
OTHECEHHYIO K €IMHUIIE BPeMEHH (TOJ) WIH OTHOCUTENBHYIO JUIUTETHHOCTh MPOCTOS.

1 K
K, = K,=—"— =—£
I+7. I+7. K, (3.82)
YacToTa IOsIBJIEHUS. OTKA30B:
PO S N
=7 = =1-K,
Lop Ity
A

(3.83)



»  Koaddumnuent oneparuBHoit roroBHOCTH Kor(t, T) - BEpOATHOCTH TOTO, YTO OOBEKT (JIEMEHT)
Oyner paboTocnocoOeH B MPOM3BOJILHBIE MOMEHT BpeMeHHM ~t” U 0e30TKa3HO mpopaboTaeT
3aJJaHHOE BPEMS «T» B aBapUHHBIX yCIOBHSIX.

Kor(t,’t) = Kr(t) P(T) (384)

Koadpduruent «Kor» mo3BoisieT olieHUTh HaJEKHOCTh 000PYIOBaHUS B aBapUNUHBIN MTEPHO/.

* KosphuumeHT TEXHHYECKOTO UCIOJIb30BaHUS  (2JIEMEHTa, CUCTEMBbI), XapaKTepu3yeT
IPOIOJKUTEIBHOCTh BPEMEHU PaOOTHI:

TPAE + TPES’

K. =
T+ Tops + T g + T (3.85)

rme
Tpap - BpeMst HAXOXKACHHSI dJIEMEHTa (CUCTEMBI, 00bEKTa) B paboTe;
Tpg3 - BpeMs HaX0KICHUS dJIeMEHTa (CUCTEMBI, 00BEKTa) B PE3EPBE;
Tap - BpeMsi HAX0XKJIEHUS dJIEMEHTA (CUCTEMBI, 00BEKTA) B aBApUHHOM MPOCTOE;
Trp - BpeMs HaX0XKJICHUSI dJIEMEHTa (CUCTEMBI, 00BEKTa) B TUTAHOBOM PEMOHTE.

3.5 [loka3zaTe iy HaJEKHOCTH CHCTEMbI, COCTOSIIEH U3 He3aBHUCHMBIX 3JIEMEHTOB
Besikass cucremMa xapakTtepusyercsi 0€30TKa3HOCTBIO M PEMOHTONPUTOTHOCTHIO. B KadecTBe

OCHOBHOM XapaKTEepUCTUKH O€30TKa3HOCTU CHUCTEMBl CIY)KUT QVHKUUA HAQEHCHOCHU, KOTOPAs
MPECTaBISAET OO0 BEPOATHOCTH 0€30TKa3HOM pabOTHl B TEYEHUH HEKOTOPOTO BPEMEHH «t».

[lycte cucrema COCTOMT M3 3JIEMEHTOB (YHKIMH HAIEKHOCTH KOTOPHIX 0003HauuM uepes p(t),
pa(t),...,pn(t). T.K. 5TH DIEMEHTHI - He3agucumble, TO BEPOITHOCTh 0€30TKa3HOM pabOThl CHCTEMBI:

p)=p @) p,(©)...p, 1) (3.86)

Ecaun (I)YHKI_II/II/I HAaACKHOCTU 3JICMCHTOB HUMCHKOT 3KCIIOHCHUOUAJIBHOC  PACHPCACIICHUE C
NOCTOAHHBIMHX MHTCHCHUBHOCTIMM OTKAa30B, TO:

(3.87)

OnHoOil M3 BaXHEUITUX XapaKTEPUCTUK OE30TKAa3HOCTH CHUCTEMBI (BJIEMEHTA) SIBJISETCS CpEIHEe
BpeMS €€ JKU3HHU:

(3.88)

Cpe;[Hee BpCMs JKU3HU CUCTCMbI UJIU Hapa60T1<a €C Ha OTKa3 paBHaA:

(3.89)

rac



T - cymmapHas HapaOOTKa CHUCTEMBI, IOJyY€HHas IO pe3yibTaTaM HWCIBITAHUNH WIH
JKCILTyaTaluu;
m - CyMMapHO€ YHCJI0 OTKA30B, 3a)MKCUPOBAHHOE B MPOIIECCE UCTIBITAHUI UITH SKCIUTyaTallly.

B kauecTBe OCHOBHOH XapaKTEPUCTUKU PEMOHTOIPUTOAHOCTU CAVHCUM _CPeOHee 6peMs
80CCHIAHOGICHUA CUCHIEMDbL:

(3.90)
rae S(t) = Fy(t) — pyHkus pacupeneneHuss BDeMEHU BOCCTaHOBJICHUS.

,Z[J'ISI ClIydas IyaCCOHOBCKOI'O IIOTOKa BOCCTaAHOBJICHUA UMECM!

(3.91)
rue
As = iy — MHTEHCUBHOCTb BOCCTAHOBJICHMSI;
t - BpeMs BOCCTAHOBJICHHS.

Cpe;[Hee BpeMA CTaTUCTUYECKOM MOZACIIN BOCCTAHOBJICHHA CHUCTCMBI IO PE3YyJIbTaTaM HCIIbITAHUA
WJIM SKCILTyaTalluu:

(3.92)

rae
m; - 9UCIIO OTKA30B i-TO 2JIEMEHTA; tB; - BpEMsI BOCCTAHOBJICHHSI 1-TO OTKa3a DJICMEHTA.

Besikast cucrema xapakrepu3yeTrcs KOMIUIGKCHBIMU TIOKAa3aTeJISIMH HAJC)KHOCTH, OCHOBHBIMH W3
KOTOpBIX SBISIIOTCS koo duumentsl rortoBHocTH (Kr), Texnumueckoro wucnonb3oBanus (Kry),
oneparuHoi rotoBHOCTH (Kor).

Koaddunment «KI'» xapakrepu3yeT TOTOBHOCTh JJIEMEHTa K NPUMEHEHHIO IO HAa3HAYCHUIO B

HpOH3BOJ’ILHHfI MOMCHT BpPCEMCHHU, KPOMC IIUIAHUPYCEMBIX IICPUOLOB O6CJIy>KI/IBaHI/I$I. ITokazarenn -
KOMHJ’IGKCHHﬁ, T.K. 3aBHCHUT OT O€30TKa3HOCTH U PEMOHTOIIPUTOJHOCTH.

(3.93)

rne
T - cpennsis HapaboTKa cUCTEMBI (3JIEMEHTa) Ha OTKas;
TB - cpenHee BpeMst BOCCTAaHOBIICHHS OTKa3a.

(3.94)



rne
S(t) - byHKIMA pacnpeneneHuss BpeMEHN BOCCTAHOBJICHHUS;
ag (t) - MJIOTHOCTbH pacHpeesIeHNs] BpEMEHH BOCCTAHOBJICHUS.

~ .. * *
Craructuueckas orieHka nokasareneit HanéxHocTH (T , T ) cocraBiser BeIUYUHY:

(3.95)

rme
tsi - BpEMSI BOCCTAHOBJICHUS 1-TO OTKAa3a;
m - YUCJIO OTKA30B B PACCMAaTPUBAEMOM MIPOMEKYTKE BPEMEHHU.

(3.96)

rae
ti - HapabOTKa CUCTEMBI JI0 1-TO OTKa3a;
m - YUCJIO OTKAa30B B MHTEPBAJIC CYMMapHON HapaOOTKH.

Koydppuuuenm mexnuueckozo ucnonvzosanusn, «Kry», s He3aBUCUMBIX 3iieMeHTOB OC,
XapaKTepu3yeT OO0 HaXOXKJIEHHUS »JJIeMEHTa B pabOTOCIOCOOHOM COCTOSHUM OTHOCHUTEIBHO
paccMaTpuBaeMor MPOJOJIKUTEIHLHOCTH IKCIUTyaTallii. DTOT MEPUOJ JOJKEH OOBEAMHSTH BCE BHIIBI
TEXHUYECKOTO OOCITYyKHUBaHUS U PEMOHTOB.

KOB(I)(i)I/II_II/ICHT «Ktm» YUUTBIBACT 3aTPAThl BPEMCHU HA INIAHOBBIC U BHCINIAHOBBIC PECMOHTHI:

(3.97)

(3.98)

rie
T» - mepuon sKcIUTyaTanuu;
Tp - cymmapHoe BpeMsi Ha Bce BHJIbI 00CITy>)KMBaHUS 3a MEPHOJ IKCILTyaTalluy;
tBi - BpeMsi BOCCTaHOBJICHUS 1-TO OTKAa3a;
m - YHCJIO OTKA30B B MHTEpBaje CyMMapHOIl HapaOOTKH.

B dopmynax mns Kr u Ky cpenHee Bpems >KU3HHM M CpelHEe BPEMsi BOCCTAHOBJICHUS DIIEMEHTA
oTpaxaercs BbIpaxxeHusMH (3.88-3.92).

Koyppuuyuenm onepamugnoii _2omoenocmu, «Koz», 1711 HE3aBUCUMBIX »3jieMeHTOB OC,
XapaKTepU3yeT HAJCKHOCTh CHCTEMBI, HEOOXOIMMOCTh TPUMCHCHHS KOTOPOW BO3HUKAaeT B
MIPOU3BOJILHBIE MOMEHT BpPEMEHH (KpOME IUIaHHPYEMBIX MEPHOIOB, B TECUEHHE KOTOPBIX MPUMEHEHUE
CUCTEMBI [0 Ha3HAUCHUIO HE MPEIyCMAaTPUBACTCS), HaYMHAs C KOTOPOro CUCTeMa OyaeT padoTarh
0€30TKa3HO B TEUCHHE 3a/IaHHOTO MHTEPBAJIa BPEMEHH «1.

(3.99)



3.6 Iloxa3aTeu HAXEKHOCTH KOHIEHTPUPOBAHHON IC M MeTOAbI UX ONpeaeIeHIsI
a) BeposiTHOCTH CHMAKeHUS MOIITHOCTH JC

OpnoponHas koHUEHTpupoBaHHas DC - U3 OJMHAKOBBIX IO BCEM IapaMeTpaM I'€HEpaTOpoB ,
paboTtaromux Ha o0y Harpy3ky. Ilokazarenun Haa&KHOCTH reHEepaTOPOB-di , ;i(BEPOSITHOCTh OTKAa3a ,
yactoTa nonaaanus B He€).Uncno cocrosnuit IC (6e3 muaHoBbIX peMOHTOB)-"2".Ecnu 0e3paznudHo u3-
3a 0TKa3a KaKuX UMEHHO TreHepatopoB DC HAXOIUTCS B TOM WM MHOM COCTOSIHUU , @ BAKHO HA CKOJIBKO
CHU3MWJIACh MOLIHOCTH cTaHIuil DC , To KonuuecTBo cocTosiHui DC u3mensiercs A0 Benuuunsl "'n+1".1lpu
3TOM :HyJIeBoe cocTossHue DC - Bce reHepaTopsl B pabote, nepBoe coctosiuue IC - OAuH TeHepaTop He
paboTaeT , BTopoe-1Ba u T.I.

[Tomaganue OC B OAHO M3 COCTOSHMM COOTBETCTBYET CXeMe€ bepHyIIMm u OTBeYaeT
OMHOMUHAJILHOMY PacHpe/IeNICHHUIO:

(3.100)

rac

q - BepOATHOCTH CHIKeHHS MomrHOCTH DC , mpu BeIX0oJe U3 cTpos "K" reHepaTopos;
n — ob11ee KOIMYECTBO pabOTAIOIIUX T€HEPATOPOB.
WHTerpanbHblil 3aKOH paclpenenaeHusi CHUKeHus MoiHoctu JC:

(3.101)

6) Yacrora nonaganus J¢ B K* cocrosinue:

(3.102)
rae
2C/

ok -uactora nonaganus DC B K™ cocrosiaue mytém "cBepxy" npu nepexoe B K

coctostHUE U3 (K-1) cocTostHUE

ok~ - gacrora monagarus DC B K* cocrosnue mytém "cuusy" u3 (k+1) cocrosus IC.

[IyTs “cBEpXy’:

- (3.103)

rae
- BEPOSATHOCTH ,4TO (K-1) reHepaTopoB MPOCTAUBAET

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

(3.104)

KonunuectBo oTka3os K-ro reneparopa 3a Bpems “t” B (k-1)-M coctosiuuu 9C:



(3.105)

rIe
(®-4aCTOTa OTKA30B Te€HepaTopa.

Yacrota nepexo10B cucteMbl B K-oe cocrosinue u3 (k-1) u3-3a otkaza K-ro reneparopa

(3.106)

YacroTra paccMaTpuBaeMbIX COOBITHIA , 00YCIIOBIEHHAs! OTKA30M JII0O0TO U3 «N» TeHepaTOpOB:

(3.107)

(3.108)
3.7 lloka3aTesin HAAEKHOCTH pacnpeaeTuTeJbHbIX
JIEKTPUYECKHUX CeTeil, NPH MOCJAeA0BATEJbHOM M MAPAJJIeJbHOM COeIUHEHUN Lenei
Jns aHanu3a HaJIe)KHOCTU PaCIpEACIIUTENbHbIE CETU MPEICTABISAIOTCS B BUAE CTPYKTYPHOU CXEMBI
Nnin 6J'IOK-CXCMI)I, B KOTOpOﬁ peaJILHBIC CBA3HU 3aMCHAIOTCA yCJ'IOBHI)IMI/I C y‘IeTOM BIIMSAHHUSA KaXI0T'0
JJIEMEHTa Ha HaJe)KHOCTL ceTd B IiesioM. CoequHeHne OJIOKOB B cxeMme M.0. Iocaea0BaTeIbHBIM, KOTIa
OTKa3 JII0OOT0 3J€MEHTAa MPUBOJIUT K OTKa3y CHUCTEMBbI U MapajijIebHBIM, KOT/Ia OTKa3 CUCTEMbI UMEET
MECTO TpU OTKaze XOTsS OBl OJHOrO B3JIEMEHTa B KaxIoi Imenu. Hamuume mnocienoBaTeNbHBIX H
MapajIeNIbHBIX CBSA3CH B Pa3jIMYHBIX COUYCTAHMSIX OMPEICIIIET MHOT00Opa3ne OJIOK-CXeM, MTPUMEHSICMBIX

IIpu paCyCTC HAACKHOCTHU BHCKTpOCHa6)KeHI/I$I.

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

Tloka3zaTenu HamEeKHOCTHU LIEMH, cocTosAlmerd M3 «k» IMociemoBaTebHO COEOUHEHHBIX JJIEMEHTOB
OTIPECTISAIOTCS M0 BBIPAKECHUSM:

1. ITapameTp MoTOKa OTKA30B LIETIH:

(3.109)

2. Bpems HapaGoTKH 11eTH 40 0TKa3a:

(3.110)

3. BeposaTtHocTh 6€30TKa3HOM pabOTHI e B TEYEHHE To/1a



(3.110)

4, CpenHee BpEMsI BOCCTAHOBJICHUS LICIIN:

(3.112)

5. KoaddurmeHT HeroToBHOCTH (BBIHYKIEHHOTO IMPOCTOS)

(3.113)

Jliist pieMeHTa 1enu BEpOsITHOCTh 0€30TKa3HOW padoThI 32 BpeMs t MPH IKCIIOHEHIIMATBHOM 3aKOHE
pactpezaenenus (o=const)

(3.114)

BepOHTHOCTB OTKa3a 3JICMCHTA LCIIN:

(3.115)

[Tpu ManbIX 3HAYCHUAX «®Ob MOKHO MPHUHATH ((t) = ®t, TOrJa BEpOITHOCTh O€30TKa3HOI pabOTHI B
TE€4YECHHE Tofa:

(3.116)
Cpennsis HapaboTKa 10 OTKa3a:

(3.117)
Koaddurment roroBHocTH:

(3.118)

[Ipu «n» mnapamienabHBIX MLENIX C OJUHAKOBBIMU XapaKTEPUCTHKAaMH CpelHee BpeMs
BOCCTAHOBJICHUSI CUCTEMBI:

(3.119)

Cpennee BpeMst pabOTHI CHCTEMBI MEXKY JBYMS OTKa3aMHU:



(3.120)

HpI/I ABYX HECIIIX CPEAHEC BPpEMsSI BOCCTAHOBJICHUA:

(3.121)

Bpewmst HapaGoTku ABYX Lienei (CucTeMbl) 10 OTKa3a:

(3.122)

3.8 OcHOBHbBIE OKA3aTeJIM PEMOHTONPUIOHOCTH j1eMeHTOB JC

PemonTONIpUTrOAHOCTH-cBOMCTBO  AmemeHTa JC  (00beKTa), 3aKirovarIeecs B — €ro
MPUCTIOCOOJICHHOCTH K NPEeayNpekIeHUI0, OOHAPYKEHUI0 M YCTPAHEHHIO OTKAa30B M HEHCIPABHOCTH
MyTéM TPOBEJCHUS TEXHMYECKOTO OOCITY>KMBaHUS M PEMOHTOB. EE KONMMYeCTBEHHBIC IOKa3aTellu-
CIIy4dailHble BEJIMYMHBI, OMpeAessieMble ¢ MOMONIBI0 Maremathdeckoro amnmaparta TB , MC u teopun
MaccoBOT'0 00CITyKMBaHUSI.

EnunHuyHble moka3aTenu:

1. Cpennee BpeMs BOCCTaHOBJIEHUs-M[t;]-MaTemMaTuueckoe 0XKUJAHNE BpPEMEHU

BOCCTaHOBJICHUS PaOOTOCTIOCOOHOCTH 00BeKTa. [Ipr N3BECTHOM 3aKOHE pacTpe/IeICHUS:

: (3.123)

rIe
f3(t)-TUTOTHOCTH pacnpeeneHus: BpeMEHN BOCCTAHOBJICHUSI.

ITo craTndeckum JaHHBIM:

, (3.124)
rae
tsi-BpeMsl yCTpAHEHUS 1-T0 0TKa3a ;
M-YHUCJIO OTKA30B B MPOIIECCe IKCIUTYaTAIlUH WM UCTIBITAHHI.
2. XapaKTepUCTUKHU PACCESTHUS:

; (3.125)



(3.126)

3.BeposTHOCTH BOCCTaHOBJIEHUS 00BEKTA B 3aJaHHOE BpeMsi t”:

(3.127)

CraTtuctuueckas OLICHKA ITOKa3aTeCJIsd.
P, (t)=1-n(t)/N(t), (3.128)

rae
n(t)-4yucio u3AeNuii He BOCCTAHOBJICHHBIX 33 MPOMEXKYTOK BPEMEHH t
(t)-umcio u3aenuil mouIekKalux BOCCTAHOBIICHHUIO 3a IPOMEKYTOK BPEMEHH t
s onpenenenus BeauunHbl Py(t) Ha0 3HAaTh 3aKOH pacnpe/ieIeHUs BDEMEHU BOCCTAHOBJICHUS
4. VIHTEHCHBHOCTb BOCCTAHOBJICHHS — BEPOATHOCTb BOCCTAHOBIIEHHS pPabOTOCIOCOOHOCTU
00BEKTa B €IMHUILY BPEMEHH IPH YCIOBHH , YTO 0 HETO BOCCTAHOBJIICHHS HE OBLIO.

r(O=fu(t)/(1-Fa(t)) (3.129)

rne
Fy(t)-dbyHKuus pacnpeneneHust BpeMEHU BOCCTAHOBIICHHUS.
CraTucTrueckas OLEHKAa MHTEHCHUBHOCTH BOCCTaHOBJICHUS:

(3.130)
rne
At-paccmMaTpHUBaEMBbIil IPOMEKYTOK BPEMEHH ;
my(t+At)-4ncI0 BOCCTAaHOBIICHU B MHTEPBAJIe BpEMEHH OT t 110 t+At;
Ny(t)-4KCII0 HE BOCCTAHOBJICHHBIX M3/CIHI HA MOMEHT BPEMEHHU t
£ %
n(t)=1/Tz W O=1Tg (3.131)
s HanOomee pacpoCTpaHEHHOTO IKCIIOHCHITUAILHOTO 3aKOHA:
P,(t)=1-e"=1-¢"", P,(t)=1-e"=1-¢""", (3.132)
Yuciio 0TKa30B , KOTOPOE MOXKET ObITh YCTPAHEHO 3a BpeMs «t™:
m=AT(1-e™) (3.133)

rae
A-UHTEHCUBHOCTbH OTKa30B , T-BpeMs dKCIUTyaTalluu.

Ecnu “k” —cpeaHee 4nciio BOCCTaHOBJICHUH 3a 3aJaHHOE BpeMs t,

K=pt (3.134)



TO JUIsl OIIPEJIETIEHHSI BEPOSITHOCTH “‘M” BOCCTAHOBJIEHUH MCIOB3yeM 3aKkoH Ilyaccona:

(3.135)

[Ipu k<1:

(3.136)

5.¥YnydiieHue pPEeMOHTONPUTOAHOCTH 3aBHCHT OT Tokazateneld Han&xkHoctu W,A,LT. Ilpu
SKCIOHEHIIMAJIBHOM 3aKOHE PACIIPEEICHUS] OTKA30B U UX BOCCTAHOBJICHHUS :

(3.137)

VYpaBHEHHE OmpenelnsieT Kakas BEepOsSTHOCTh OOIIEro YHCia OTKAa30B 32 BpeMs JKCILTyaTalyd ,
KOTOpOe M.0. yCTpaHeHo 3a Bpems “t”

KoMijiekcHbIE MOKA3aTe Il PEMOHTONPUIOAHOCTH

1) KoaddurmeHt roToBHOCTH /17151 HE PE3EPBUPOBAHHOM CUCTEMBbI
Kr:To/ T0+ TB (3138)
rne

To —HapaboTka Ha 0TKa3;
T, —cpeaHee BpeMsi BOCCTAHOBJICHHS OTKa3a

K=w/(A+p) (3.139)

u=1/Tg; A=1/T, (3.140)
2) Koaddurment pemonTa (pocTos) 1Jisi He pe3epBUPOBAHHON CUCTEMBI:

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

1005
K=/ (M) (3.142)
rae
Tp- Bpemst peMOHTa;
T- pabGouee BpeMs (BpeMst SKCIUTyaTaIluH )
Ot kodpdunmentsl (K., K;) mid HavanpHOro nepuoga sKCILTyaTallMd , KOTJAa BEPOSATHOCTb

0e30TKa3HOM pa6OTBI BbhIIC , YEM B KOHIIC , C y‘IéTOM SKCIIOHCHIHMAJIbHOT'O 3aKOHa IIOABJICHHUA H
BOCCTAaHOBJICHHA OTKAa30B:

K=w/(A+p)+A/T(A+p)-dexp[-(A+) T/ T(A+)?, (3.143)

Kp=A/(A+10)-A/ T )+ hexp[ -+ T T ). (3.144)



3) Jnst pe3epBUPOBAHHON CUCTEMBI TIPH HKCIIOHEHIIMAIEHOM 3aKOHE BOCCTAHOBJICHHSI OTKA30B U
YCTaHOBUBILIEMCS ITPOLIECCE :

, (3.145)

rae
N-YUCIIO PE3EPBHBIX AIEMEHTOB.

Korna nomyckaercs npezienbHoe BpeMst 00CITyKUBaHUS - “t”

(3.146)

Takum oOpa3zoMm cucremMa pabOTOCHOCOOHA, €ciaM OOUH K3 €€ D3JIEMEHTOB MOXKET OBITh
BOCCTaHOBJIEH JI0 HOPMAJIBHOT'O peXUMa paboThl B TEUEHUH BpeMEHH “t”.
4) Koo puumeHT TeXHUIECKOTO HCITOIB30BAHHUS

(3.147)

3.9 Bri0op , 000CcHOBaHHe U Nepepacipeae/ieHHe MOKA3aTeJIH HAIEKHOCTH NPOEKTHPYeMOM
CHCTEeMBbI

ITpu npoeKTUPOBAHUH OYEHBb BaXKHO MPABUIILHO BBIOPATh MOKA3aTeNIN HAIEKHOCTH .

[Ipu 3TOM yuuTHIBa€TCS HA3HAYEHHUE CUCTEMBI (OOBEKTA) ,yCIIOBHSI U PEKUMBI €€ paboThl U
pemMoHTOcocoOHOCTh. Ha3HadueHue cuctemsl ornpeenser 00JacTb U HHTEHCUBHOCTD €€ PUMEHEHUS.
WNudopmanmio 00 yCIoBUAX U peKUMax pabOThl CUCTEMBI HCIIONB3YIOT IS KOJIMYECTBEHHON OLIEHKU
BIMSIHUSA (PAaKTOPOB OKPYKAIOLIEH cpelibl Ha €€ paboTOCIIOCOOHOCTD , a TAKXKE ACHCTBUS Harpy30K Ha
MIPOMYCKHYIO (HECYIIYIO) CITOCOOHOCTH CUCTEMBI U €€ i1eMeHTOB. [Ipr BocCTaHaBIMBaEMOCTH (PEMOHTE)
CHCTeMBbI BEIOMPaIOT K03 (QUIIMEHT TOTOBHOCTU M TEXHUYECKOI0 MCIoib30BaHus. Eciu oTka3 cucremMsl
MIPUBOJUT K HEBBIMOJIHEHUIO BaKHOM 3a/1a4¥l , BBI3BIBACT YIpO3y JUIS 340POBbS U AKU3HU JIIOJEH , TO
OCHOBHBIM ITOKa3aTelleM HaJ&KHOCTH —0€e30I1aCHOCTb , BbIpaskaeMasi B BUJie HapaOOTKM Ha OTKa3 WU
BEPOSATHOCTH OE30TKa3HOM PabOTHI.




Ecim ipu ipocToe cHCTEMBI MOCIIe 0TKa3a IMeeM OOJIBIION ymepd , To He0OXoAruMa Xopomast
DPEMOHTOCHOCOOHOCTE M BBICOKAs 0€30TKa3HOCTh. ECiiM cucTeMa MOMISKUT JIMTESIbHOMY OKHIAHUIO
paboThI , TO OHA JJOHKHA UMETh BHICOKHE MTOKA3aTEIH COXPAHIEMOCTH .

[TokazaTenn HaIEKHOCTH TMPOSKTHPYEMOM CUCTEMBI TOJDKHBI 00eCIIeYuBaTh €€ HOpMaJIbHbBIS
(YHKIIMOHUPOBAHKE B TEYCHHE 3aIAHHOTO CPOKA IKCILTyaTallUu.

Ecnu Py,P,,.....Py-HaIEKHOCTD MOJCUCTEMBI , OTKA3 K0 U3 KOTOPOH JAET OTKa3 CUCTEMBI , TO
HaJIEKHOCTb CUCTEMBI

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

I[Ipu 5TOM Tpebyemas HanéxHocTh cuctembl (P'F): PP>P

ITpu noBsiIeHHH HAAEKHOCTH :P>P™P  He00X0qMMBI IONOIHUTENBHEIE 3aTPaThl(pe3epBUPOBAHKE
unu 6osee HaAEKHbBIE DIIEMEHTHI )

Metoauka nopbimenus Haaéxkuocru P no PP ceonutes k cnenyomemy:
1) HapéxxHocTu moacucTeM pacroiaraloT B HeyObIBaIOIIEH OCTIE0BATEIbHOCTH

P1<P2<P; <.<P, (3.149)
2) Kaxnayro u3 Hanéxnocrei Py,P,,....P, yBennuusaror 10 Po™ ,a HanéXHOCTH, HAYMHAS C
Py+1......,Pn ocTatorcs HensmenHsiMu. Homep “k” BBIOMPAIOT U3 “Jmax”
(3.150)
rmue
P,+1=1 mo onpenenenuto:
3uauenue Po™:
(3.151)
IIpu >TOM :
(3.152)

3.10 KornuecTBEeHHBIE OLIEHKH MOKAa3aTe el HAJEKHOCTH

Hcnons3yrores npu pacuére Heodbxoaumoro pezepBa DC u Apyrux pacyérax HaaEKHOCTH,
0a3MpyOTCs Ha CTAaTHYECKHUX MOKA3aTeNsX.
Tabnuua 3.3



ty

Tumn s/ct Ks (cyMMa IpoAOIKUTEIbHOCTH
(BBIHYKJIEHHOT'O IPOCTOS1)
IUIAHOBBIX PEMOHTOB 3a 1 rox),mec
I9C 0,005 0,5
TOC ¢ nonepeuyHbIMU CBA3IMU 0,02 1,0
TOC ¢ 610KaMH MOIIHOCTBIO,
MBrt. 100-200 0,043 1,2
300 0,055 1.4
500 0,065 1,6
800 0,075 1,8
1200 0,085 2,0
Tabnuua 3.4
HaumenoBanue Yacrora Bpewms Yacrora [Iponoxk.
o0BeKTa OTKJIFOYEHUH O, BOCCTAHOBJICHUSI IJIaHOBBIX [InanoBoro
1/ron na 100 km TB, u peMoHTOB U, 1/ron | pemonTa T, 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, BO31. ceTh 0,05 100 0,5 10
BJI c AIIB 0,4 20 10 8
HanpsikeHueM 500
kB Ha met. wim x/0
oropax
330 0,5 18 8 8
220 0,7 16 6 8
110 1,0 14 5 8
35 2,0 12 5 8
110, Ha nep. onopax 0,5 10 7 8
35 1,2 8 6 8
10 2,0 5 4 8
Kabenu 6-10 kB, B 3,0 40 1 8
TpyHTE
6-10 xB, B O;0Kax 0,5 5 1 8

s JIDII yeroituuBslie oTkassl (Heycnemnbie AIIB) coctamsitor npubnusurensHo 10-40 %.

Jlns BJI Ha IBYX LIETIHBIX OMOpax WA OJHO-IIETHBIX 10 1-0# Tpacce , 1ist KabenbHBIX JIMHUU B
1-0if TpaHilee , HAO BBIIENATh OTKA3bI JJIS1 IBYX IETEH.

Jnst oTka30B ¢ mpoctoeM 2-x 1ienei coctaisieT 10-30 % obmiero uynciaa 0TKa30B OJHOM IIETIH.

Taxum obpazom amns aByX nenssix JIDII:

4acToTa OTKa30B KaKA0U U3 Lenei

o’=(1-Ky,) o,




2. 4acTOTa OTKA30B ISl IBYX LEMEi

o =K,,0,

K7,=0,1-0,3-g055 oTKa30B O mpuBOASIIMX K MPOCTOIO 00EUX TeTeit
J11s1 HOBBIX cepHil TypOoarperaToB nokasareian Haa&xHOCTH (Tab:.1) Heo0X0AMMO YMHOXATh Ha
1,5 B nepBeie 3-4 roaa.
Jnist Tpex 00MOTOUHBIX TpaHC(HOPMATOPOB , ABTOTPaHC(HOPMATOPOB MOKA3ATEIh YACTOTHI
OTKJIFOUEHUH (MOTOK 0TKa30B0OOBIUHO YBETUUYHUBAETCA MO cpaBHEHUIO ¢ Ta0.2 Ha 20%.

[IpuBeaém xapakTepUCTUKH OCHOBHBIX 3JIeMEHTOB DC:
1. XapakTepuCcTUKH HAaJEKHOCTH arperaToB 3J1EKTPOCTaHIIMM

Tabmuna 3.5

ITokaza- I'DC I'2Cc KOC ADC
TEenu MOTICPEIYHBIMHU
CBS35IMUA
Jlo >100 Ho >100 | 100 | 200 | 300 | 500 |>550]| 1000
100 MBT 100 MBT MBT | MBT | MBT | MBT | MBT MBT
MBT MBT
o,1/rox 1 1 3 3 4 4 6 8 10 5
TB,u 40 60 50 70 50 60 90 100 | 110 200
Lrex, 1/TON 2 2 2 2 2 2 2 2 2 3
Trex,d 0 0 15 15 20 20 30 50 90 240
xan, 1/TO 0.2 0.2 0.25 0.5 0.5 0.5 0.5 0.5 0.5 1
Tran,4d 100 200 700 1000 | 700 | 900 | 1100 | 1400 | 2000 | 1100

[Ipumedanue: reg, Uxan, Lrexs L kan - 94CTOTA U JUIUTEIBHOCT TEKYIIETO U KATUTAIHHOTO PEMOHTOB.

2.XapaKTepHuCcTHKa HaIE&KHOCTH TpaHC(POPMATOPOB U aBTOTPAHCPOPMATOPOB

Taobmnuma 3.6
HomunansHOE ITokazaTenu
HaMpsHKEHUE, KB
o,1/roxn TB,u u,1/ron Txan,4 Ugan, 1/TOJT T red
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 HAAEKHOCTH BBIKIIOUaTeNeH

Ta0muma 3.7



TUII Howmmu- IlTokazarenu
HaJIbHOE
HaTpsDKe-
HUE,KB
o, Oy, TB,9 | pgam, 1/mo1 | Transd | Wrex, 1/TOT | Trew,d
1/ron | 1l/rox
Ho 20 0.04 | 0.04 10 0.2 80 2 6
35 0.04 | 0.08 12 0.2 100 2 6
Boznymissie 110 0.05 0.1 25 0.2 230 2 10
150 0.06 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
MacasaHasie 10 0.01 0.01 10 0.17 30 2 6
35 0.01 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 nenax BJI
(®-B OCTAJIbHBIX CITy4asiX

4. XapakTepUCTUKU HAJEKHOCTH BO3AYIIHBIX JTUHUN




HomunansHOe
HAIPSKEHUE,KB [Tokazarenu
THUII
®,1/(rox100 TB.4 Lrex, 1/TOJT Trex, 4
KM
10 1.6/0.4 7/20 2/4 10/10
JIBYXIICITHBIC 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 5 2 10
35 1.4 9 3 12
OnHouenHpie 110 1.1 9 4 12
220 0.6 10 5 12
330 0.5 12 7 12
500 0.4 17 9 12
<500 0.2-0.3 20-6 10 12
[Ipumeyanue :
3HavYeHMs B YUCIIUTENE JJI OAHOU LIETH ,
B 3nameHnarene — s AByX,
Wrex-TUTs1 cpenuux amun JIDII.
5.XapakTepuCTUKH HAJAEKHOCTH OTACIIEHUN U KOPOTKO3aMbIKATENIEH
HomunansHoe [Tokazarenu
HaInpspKeHUE o, [T rexs
KB l/ron | TBu 1/ron Tan,4 1/ron T,
110 0.02 4 0.33 30 2 5
220 0.04 4 0.33 40 2 6

6.XapaKkTepUCTUKHN HAAEKHOCTH COOPHBIX IIMH (HAa OJJTHO MPUCOEUHEHUE)

HomunansHoe IToxazarenu
HaIpsKeHUE, KB o, Lrexs
1/rox Ty,u 1/ron Trer,4
10 0.005 2 1 1
35 0.01 2 1 1
110 0.01 2 1 2
220 0.01 4 1 35

TaOmuma 3.7

Tabmumna 3.8

Tabmumna 3.9



I'maBa IV CtpykTypHasi HaiéKHOCTh pad0Thl OCHOBHBIX 3J1eMeHTOB JC

4.1 OcHOBHBIEC NOHATHUS U MOKA3aTeJIH HAEKHOCTH BO3AYIIHBIX JUHHUI JIEKTpPonepeaayu

Bo3aymneim  nuausm  (BJI) npunamnexut BakHas posb B pabore OC M HaAEKHOM
anekTpocHaOxeHun norpedureneit. Ha nomo BJI 35-750xB npuxoauTcst 3HaYuTeNbHAs YaCTh OTKA30B U
OTKJTFOUEHUH 3JIeKTpraeckoro obopymoBanus (~ 35% -50 %)

IIpuuyHbLI BLICOKOMN moBpe:kaaemoctu BJI:

* BrusHue KIMMaTHYECKHX BO3JCUCTBUN (TOJONENHO-BETPOBBIC HArpPy3KH, aTMOC(EpHBIC
NepeHaIPsHKeHUS U T. 11.);

» JloctynmHocts BJI mocropoHHMM BMemIaTeabCcTBaM (HAe€3[bl HA OMOPHI, OOPHIBBI MPOBOJIOB,
«paccTpem U30JISTOPOB);

*  CJIOXHOCTh KOHTPOJISI TEXHHYECKOTO COCTOSIHUA 71eMeHTOB BJI.

H3vuenue Hagéxknoctu BJI umeer nean:

*  OueHKy HaAEKHOCTH cxeM pa3BUTUsA DC, dII. ceTel, CUCTEM 3JIEKTPOCHAOKEHHSI OTACIbHBIX
oTpeOuTENCH;

* AHanu3 KOHCTPYKIM, 00opyaoBanusi, coopyxenus BJI,

* TexHUKO-dPKOHOMHUYECKHUN aHain3 BapuaHTOB BJI CBEpXBBICOKOTO HaIpsOKEHUS W BBHIOOD
KOHCTPYKLUH, onop, (yHIAMEHTOB, IPOBOJIOB, YPOBHEW U3OJISALHH;

*  AHaIW3 ¥ palldOHATN3AIUI0 CUCTEMBI PEMOHTOB M TEXHUYECKOTO 00CyxuBanus BJI;

* Pemenne 3aga4  IUIAHMPOBAHHWs, YIPABICHUS W IPOU3BOACTBEHHO-XO3HCTBEHHOU
JeATeIbHOCTH TIpH dKcrutyarauu BJI;

* Pemenue 3a1a4 JUCIETYEPCKOTO YIIPABJICHUS HA Pa3HBIX YPOBHSAX;

» Pa3paboTka HOpMATHBOB aBapUIHOTO 3amaca 00OpyI0BaHUs U 3aMacHbIX yacTen 1y BJI;

* Pa3zpaboTka peKOMEeHJIAlMi U yKa3aHu# o 3kcrryataiuu BJI ¢ yuéToM MECTHBIX yCIIOBHIA;

* Omnpenenenue HEOOXOTUMOCTU U CTeNeHU 3PPEKTUBHOCTH MEPOINPHUSTHI MO MOBBIIICHUIO
HanéxHoctu BJI.

Hanéxunocts BJI 35-750kB ouiennBaeTcsi KOMILJIEKCOM MMOKa3aHUM U3 S-TH rpym:

IToka3arenu 0€30TKa3HOCTH,
PemonTONIpUroAHOCTH;
JIOJITOBEYHOCTH;
KomMmnekcHble rmokas3arenu;
OKOHOMUYECKHE ITOKA3aTEIIH.

* & & o o

1) Iloo oezomkaznocmopro BJI 1noHuMaeTcsi €€ CBOMCTBA HENPEPHIBHO COXPAHATH
paboTocrmocoOHOE  COCTOSSHME B TEUEHHWE HEKOTOPOTO BpeMeHHW wuiu  HapaboTku. BJI
BOCCTAHABIIMBAEMbIl OOBEKT M €€ MoKa3aTelb 0€30TKa3HOCTH —MapaMeTp MOTOKA 0TKA30B — B 00IIeM

ciyyae  o(t) — 1.6 ¢yHKIMA BpeMeHU. Ha BenmuuHy «®» BIHUSIOT: (PAKTOpbl CTapeHUs M M3HOCA
3JIEMEHTOB, a TAKXKE TUIAHOBBIE PEMOHTHI (puc.4.1):
t1, t2, t3, MOMEHT BPEMEHHU BBINIOJIHEHUS KATUTAIBHBIX PEMOHTOB;

t -oKoOHYaHUE MpUPabOTKH (TIepruoia OCBOCHUS).

(4.1)



rae
M —MaTemaTHdecKkoe oxxumaHne oTka3on BJI;
r(t) —4MCII0 OTKA30B 3a BpeMms t;
1 (t+At) yrciio oTka3oB 3a Bpems (t+At);
o (t) —cpenHee YucIo 0TKa30B, 0KUAAEMbIX B MAJIOM HHTEpPBAaJie BPEMEHHU.

o (1)
o (t)

Ocp (CpeaHuin)

Puc. 4.1
N3 ananusa npuuun otkasa BJI cienyer:
0=m;(t)+ oy, 4.2)
rae
® —IIOTOK 0TKa30B BJI ,
o CBsI3aH C U3HOCOM M cTapeHueM BJI u 3aBucut ot cpoka ciryx6s1 BJI,
(® - CBA3aH C BHELUIHUMHU BO3JencTBUAMU Ha Bl ,

IToTok OTKa30B «® » BBI3bIBACTCA 3arHMBAHUCM JPCBCCUHBI, KOppO3HeI>'I MCTAIIIMYCCKHX

OIIOp, U3HOCOM apMaTyphbl, IPOBOJOB ,TPOCOB, Pa3pyLIEHUEM HU30JIATOPOB, COCTABIAIONIAS ITIOTOKA «® »
CBfI3aHA C TOJIOJENHO-BETPOBBIMU HArpy3kamu, Ae(pekTamMu MOHTaxa, oOpbIBaMU MPOBOJOB, yJapamu
MOJIHUH, JIEAOXO0JI0M, IT0’KapaMu U T.J.

Bennunnaa @ =const ¥ HE 3aBUCHUT OT JUIMTEIBbHOM DKCIUTyaTallMH, KallUTAIbHBIX PEMOHTOB T.€.
ONpENENACTCS CIIy4YalHBIMU IPUYHHAMM.

B skcmmyaranmonHoit u mpoekTtHoil npaktuke OC mis BJI B mepumon HOpMaTMBHOIO Cpoka
CITyKOBbI TIOJIB3YIOTCS 3HAUEHUEM CPEAHETO MOTOKA OTKA30B «(Mcp» HE 3aBUCSIIET0 OT CpoKa ciryxOb1 BJL.
IleproIMYHOCTh KamUTAIbHBIX peMOHTOB BJI npunumaercs 3-6 ser.

C BeposTHOCTBIO Oe30TKa3HOM padoTel BJI cBs3ano nmonarue (ynkiun Hanéxaoctu BJI

—p(®).
p(H=1-2p (t)q (1); (4.3)

rae
1- BO3MOKHbBIE cocTossHusA BJI;
pi (t) — BeposiTHOCTH HaxokaeHHs BJI B MOMEHT BpemMeHH “t” B COCTOSTHUH “1”
i — BEpOSATHOCTh HapylIeHus Han&xuoctu BJI B MOMEHT BpeMeHH “t” B COCTOSTHUH “1”.

2)  Pemonmonpuzoonocms __ BJI  —cBoiictBo BJI, 3akmouaromeecs B €€
MPUCTIOCOOJICHHOCTH K OOHApYXXEHUI0 TPUYMH OTKa30B, NPEIYNPESKICHUIO OTKAa30B |
BOCCTAQHOBJICHHIO pabOTOCHOCOOHOCTH MYTEM TEXHUYECKOTO0 OOCITY>KMBAaHHS M PEMOHTA.
PemonTonpuronnocts BJI onpeaensieTcs cneayommumMu OCHOBHBIMU MMOKa3aTEIsIMU:

" CpeIHUM BPEMEHEM BOCCTaHOBIEHUS NTUHUU npu oTkasze (Ty);




CpeZiHel MPOIOJKUTEIBHOCTBIO TpeIHaMepeHHbIX oTkIroueHni BJI (Tp);
CpPEIHEH MePUOAMIHOCTHIO PEMOHTOB (L1);
CPEIHMMH TPYJ03aTpaTaMy Ha KalUTAJIbHBIH PEMOHT M TEXHHUECKOE 00CITy>KUBaHHE

BIT(N,).

PaccmoTpuMm copepixaHue OTAECAbHBIX OKa3aTeJIei:
Bennuuna «Ty» - MaTeMaTHueckoe oXuJaHWE BpeMeHu ais npuseaeHus BJI B paboTocnocoOHOe
COCTOSIHHE IIOCJIE OTKa3a.
Bemnunna «Np» mns BJI 35-750kB xapaktepusyeT ux MOTPEOHOCTb B IIAHOBBIX PEMOHTaX H
Apyrux Bugax oocimyxuBanus. Cpeanue 3HaueHus Benuuussl «Np» 111 BJI npencrasnensl B Tabiuie 4.1

Taonuua 4.1
CpenHue Tpyao3aTpaThl Ha KAIUTAIbHBIM PEMOHT U TEX00CTYKUBaHUE

Tpynosarpatsl, yein.-u/kM Ha kanpemMoHT BJI Ha omopax
U, kB

JIEPEBSHHBIX | XKeJIe300€TOHHBIX METAIINYECKUX

OJHOLEIHBIX | IBYXUENHBbIX | 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) Honzoeeunocmv BJI —

WX CBOMCTBO COXpaHATh pPabOTOCTIOCOOHOCTH TIPH

YCTAHOBJICHHON CHCTEME PEMOHTOB M TEXOOCIYKMBAaHHM JO MPEIEIIbHOTO COCTOSHUS MpU
KOTOPOM JajbHEHIIast SKCIUTyaTalusl HEBO3MOJXKHA.

s BJI Ha nepeBsHHBIX onopax — 30 JieT, Ha MeTaTMUecKuX U /0 onopax — 50 nerT.
Nznoc BJI umeet 5 dhopwm:

OKOHOMHMYECKMM MM HOPMAJIbHBII HM3HOC, ONPEIENSIEMbIi BHEAPEHUEM B
sKcrutyaTanuio 6omnee addextuBHbIX W HaaSkHBIX BJI mu6o BJI ¢ MeHbmmMwu
3arpatamu  Ha 1kBT1, mnepenaBaemblii MomHocTH win KBT 4y nepenaHHOU
3JIEKTPO3HEPIUH;

Texuudeckuii m3Hoc — HecmocoOHOCTh BJI coOTBETCTBOBATH BO3POCIIEMY YPOBHIO
TpeOOBaHUIl K KaYEeCTBY 3JI. JHEPTHH;

ConuanbpHbIli U3HOC, BBI3BAHHBIN HecmocoOHOCThI0 BJI oTBeYaTh 0:KE€CTOUMBIIIUMCS
TpeOOBaHUAM COIMAIBHBIX CTAHIAPTOB (0E30MACHOCTh MEepCOoHaa, HACCICHUS WIIH
JKUBOTHBIX, CIIOKHOCTh OOCITYKUBAHUS U T.11.;

Oxonorudeckuid M3Hoc — korja BJI He COOTBETCTBYIOT HOBBIM HOpPMAaTHBaM IO
OXpaHe OKPY’KaIoLIEN cpebl;

bu3nYecKuii  M3HOC, OOYCIIOBJICHHBIA  SIBICHHUSIMHU
W3HAIIUBaHUs, 3aTHUBAHMS U T.I1. 3eMeHToB BJL.

CTapeHHs, pa3pylICHUs,

Takum o0OpazoM mpeaensHOe coctosiHue BJI ompenensiercs HE TONBKO (PU3UISCKUM
W3HOCOM, XOTSI OH B OOJIBIIIMHCTBE CITy4aeB — OCHOBHOM.

HECKOJBKO CBOMCTB,

4) Komnnekcuvie nokazamenu Hadéycuocmu BJI. OTh mokasatenu XapaKTEpU3YHOT

cocrapistonux Hané&xHOCcTh BJI  (0€30TKa3HOCTH, IOJTOBEYHOCTb,

PEMOHTOIPUTOJTHOCT ).

a) KodhunueHT TEeXHHMYECKOrO WCIIONB30BAaHU XapaKTEpU3yeT JOJI0 BpPEMEHH
HaxoxaeHus BJI B paGoToCIOCOOHOM COCTOSSHMM OTHOCHUTENIBHO IEpHoJa 3KCILTyaTaluu
YUUTBHIBAET 3aTPaThl BpEMEHU Ha Bce BUbI pocTosl BJI B mporliecce skcrutyaTayy nocie 0TKa3oB
U B pe3yJIbTaTe NPEIHAMEPEHHbBIX OTKIOYECHNN:




, (4.4)

rae

T - cpennee Bpemst pabotsl BJI mexay oTkasamu (HapaOOTKa Ha OTKa3);
Tp - cpennee Bpemst BocctaHoBieHus BJI;

Tp - cpeaHee BpeMs IpeaHaMEpEeHHOro oTKIroueHus BJI;

® — MapaMeTp noToka oTka3zoB BJI;

LL - CpEAHSIS IEPUOUIHOCTH PEMOHTOB.

0) KoaddunueHT roTOBHOCTH — BEPOSATHOCTH TOTO, uT0 BJI okaxkeTcst paboTocrnocoOHoi
B IIPOM3BOJICTBEHHBII MOMEHT BPEMEHU, UCKJII0Uasl IPOCTOU IIPU PEMOHTAX :

) (4.5)
rae
T - cpennee Bpemst pabotsl BJI Mmexay oTkazamu (HapaOoTKa Ha OTKa3);
Ty - cpenanee Bpems BoccTaHoBieHus BJI.
B) koa(unment npoctos BJI u3-3a otkazos:
(4.6)
r) Koappumment npocrost BJI npu pemonTax:
) 4.7)
rae
Tp — cpennee Bpems pemonTa BJIL.
5) Dxkonomuueckue nokazamenu nadéycnocmu BJI.
a) DddexTUBHOCTH 3aTpaT Ha MOBBIIICHHE Han&KHOCTH BJI:
OH = s (4.8)

rae
- noBbIlIeHUE HanExxHOoCcTH BJI B pe3ynpTaTe BBEIEHU pe3epBa
3n - BEeJIMYMHA IIPUBEACHHBIX 3aTpaT Ha 00pa3oBaHKE pe3epBa.
[Tpumep. Eciiu na BJI BBoauTcst M30BITOYHOCT IyTEM 3aMeHBbI IpoBosia A Ha AC, TO BEpOSITHOCTh

oOpbIBa MPOBOJA YMEHbBINAETCSA U BEpOSATHOCTh oTKa3za BJI ymeHbIaercs, BpemMsi BOcCTaHOBIEHUS — 0e3
W3MEHEHUSI.

0) CymmapHble 3aTpaTbl Ha TpPOBEJIEHHE TEXOOCHY>KMBaHHMS MM pPEMOHTa 3a
ONIPEACIEHHBIN CPOK IKCILTYyaTalluu T.€. MaT.0KUIAHNE 3aTpaT Ha HHTEPBAJIE BPEMEHHU.

B) Yiep06 ot otkaza BJI. DToT s3KOHOMHYECKUII TOKa3aTeNb COCTOUT U3 TPEX 3BEHHEB

»  ymiep06 sHeprocHadxaromiero npeanpustus (I19C, POC,9/CT);

*  ymepb norpeduTeneit sSHepruu;



"  yiepO CMEXHBIX 3BEHbEB HAPOAHOTO XO3SMCTBA.
[Ipoananu3upyem 3T COCTaBISAOIMIKE yiiepoa

3BeHo I:
¢ 3arpatsl Ha BoccTaHoBJIcHHE BJI;
¢ Ilorepu ot 3amensl 35eMenToB BJI (omop, mpoBoaoB, U30JATOPOB);
¢ [lloTepu OT yBenMueHUs TEXHOJOTHYECKOTO PAcX0Ja SHEPTrUU B AIIEKTPOCETH H3-3a
OTKJIOHEHHUS 3J1. peXKHMa OT ONTUMAIBHOTO 3Ha4eHusI pu oTkaze BJI;
¢ 3aTpaThl Ha TOIUIMBO, PACXOAYyeMOE Ha MyCKH HYHEProOIOKOB, PACTOMKH KOTJIOB Ha
PE3epBHBIX CTAHLUAX, BBOJUMBIX BCIIEICTBUE O0TKa3a BJI;
¢ 3aTpaThl Ha BBIPaOOTKY PHEPTHH Ha PE3EPBHOM 000pYAOBaHUU;
¢ Ilotepu ot mpocrosi 06opyaoBaHus M O0CYKHMBAIOIIETO TEPCOHANa CBSI3aHHOTO C
oTtkazoMm BJI.
3Beno 11:
¢ [Ilotepu oOT mpocToss ¥ CHIKEHHUS MPOU3BOAUTEIBHOCTH TEXHOJIOTUYECKOTO
000py10BaHMUS;
¢ [loTepu ot Opaka NPOIYKIIUH, CHUKEHHS €€ KauecTBa;
¢ Ilorepu oT mpocTosi paboumx;
¢ 3aTpaThl Ha COJiep’KaHUE PE3EpPBOB U 3aIIACOB CHIPHS U T.II.
3Beno 11I:
¢ [loxapsl B roposiax, JECHOM XO3SICTBE;
¢ 3arpaThl OT NaJCHUS OMOpP, MPOBOJOB HA IOPOTH U T.]I.

4.2 HapéxxkHocth AByxXuenHbix BJI

Hons neyxuenneix BJI B OC CHI: 7% - 35xB, 26% - 110xB, 154xB; 18% -220xB; 5% -
330xB

[IpeumyiectBo crpoutenscrBa AByxuenHbiX JIDIT — cokpalienure 3aTpaT Ha CTPOUTENBCTBO U
SKCIUTyaTallMi0, YMEHBIICHUE 30HBbI OTUY>KIEHUS U T.Ml., YTO TMO3BOJISIET OXUIATh YBEIUYCHHUS HUX
KOJINYECTBA.

«OTtka3» gus  AByxuenHblx BJI  —moHATHE HEOAHO3HAYHOE: M 3aBUCUT OT CXEMBbI
anekTpocHabxenus u poau BJI B cxeme. [Ipumep : 0Tka3 mepBoit nenu Win ABYX SBJISETCS OTKa30M, 3TO
3aBUCHUT OT TpeOOBaHUIN MOTPEOUTEIEH.

3nech MOTYT OBITh TPU BapUaHTA:

1. Otka3 mro06oii oHOM nenu AByxienHoi BJI - oTka3 3ToW TMHUM WM OTKA3 ABYX IETCH.

2. OTKa3 0AHOM oNpeneIEHHON 1IENU - OTKAa3 JIMHUU, WU OTKa3 ABYX IEMEH.

3. OTKa3 AByX LIeTIeH — OTKa3 JTUHUMU.

B cooTBeTcTBUM € 3TUMH BapHaHTaMHM KBaJTHU(PUUIUPYIOTCS W NpEIHAMEPEHHBIE OTKIIOYCHHS
nByx nemneit BJI.

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

Ha puc 4.2 npencraBnensl cxemsl 3amenieHuss BJI mo BapuantaM npu aHanus3e CTPYKTYpPHOU
HaIEKHOCTH.

®1,2 ()] (0)) ®12



1 Bapuant —| — H I~  2Bapumant —[  |— o

W12
3 BapuaHT )

Puc. 4.2
Cratuctuueckas nHpopManus A aHaiau3a HaaSKkHocTH nByxuenHbixid JIDII coctout u3 aByx
IpyII NOKa3aTenel HaAEKHOCTH:
1 Iloka3zaTenu, XxapakTepu3yIOIMe OTKa3bl U MpPEeJHAMEPEHHBIE OTKIIOYEHMs ABYX LEneil ABYX
LEMHON JIMHUU OJIHOBPEMEHHO M0 OAHOW MPUYHHE:

®125 Tei2 s 125 Teio,
rue
]2 - MApAMETP MOTOKA OTKA30B ABYX ueneit BJI;
Tgi2 - cpenHee BpeMs BOCCTaHOBIIEHUs ABYX Leneit BJI;
12 - CPEIHAS EPUOAUYHOCT PEMOHTOB JIBYX 1enei BJI;
Tp12 - CpenHsIsA IPOAOIDKUTEIBHOCTD IPEIHAMEPEHHOT0 OTKIKOYEHUS ABYX nenen BJI.

2 Tlokasarenu, XapakTepHU3yIolMe 0TKa3bl U MPeTHAMEPEHHBIC OTKIIOYCHUS 000 OTHOM 11enu
NBYX LEMHOW JMHUH, BTOpas 1Ienb B paboTe

o125 Ti2 5 pi2 5 Teioa,
rae
®].2 - TapaMeTpbl NOTOKA OTKA30B MEPBOM WK BTopoit nenu BJI;
Tgi-2 - cpeHee Bpemsl BOCCTAaHOBJIEHUs MIEPBOM Uiu BTOpoit nenu BJI;
12 - CPETHUH MIEPUOJT PEMOHTOB MEPBOM Miau BTOpoy nenu BJI;
Tp12 - cpeaHsia NPOAOJKUTEIBHOCTh MPEAHAMEPEHHBIX OTKJIIOUYEHUN MEPBON WM BTOPOU
neru BJIL

B aTroMm ciyuae auis mepBoro BapuaHTa oTkasa JAByx LenHoi BJI umeeMm crnenyronime 3HadyeHUs
oKa3aTejied HalEKHOCTH:

(4.9)

(4.10)

4.11)

(4.12)

rmue
By — IOTOK OTKA30B JIBYXIICITHOW JINHUU;



WUBJ1 — CPEIHSA IEPUOJUYHOCTE PEMOHTOB;
Tg g1 — cpeanee Bpemsi BoccraHoBieHus BJI;
Tp g — cpeaHsIs IPOJOIKUTENBHOCTD MPEIHAMEPEHHBIX OTKIIOUYEHHIA.

JJ1si BTOpOro BapuaHTa: 0TKa3a (0TKa3 onpene’aéHHON IenH — OTKa3 JIMHUYU WU ABYX IIeTei):
Jlnst oiHOM 11emu:

(4.13)

Jlng neyxuenuoit BJI:

(4.14)

(4.15)

(4.16)

4.17)

PaccmoTpuM Gonee aetanbHO TpeTHii BapuaHT oTka3a BJI (0Tka3 ABYX Ieneil — 0TKa3 JIWHUN).
3neck Ha puc.4.2 mapajuieIbHO BKIIIOUEHHBIE OJIOKM XapaKTepU3YIOT BO3MOXKHBIE SIBICHUS HAJIOKECHUS
OTKa3a OJIHOM IIENH Ha OTKa3 (PEMOHT) BTOPOI LEH

[ToTok 0TKa30B AJIsi CXEMBI, COCTOSAIIEH U3 MapauleIbHO BKIIOUEHHBIX OJIOKOB, YUHUTHIBAIOLIECH
HaJIO0XEHHE OTKA30B OJIHOM 1IeTIH Ha OTKAa3bl (PEMOHTHI) IPYTOM, MOTOK OTKA30B COCTABUT BEIUUUHY:

(4.18)

3amensisa coctasistomue, (cM. 4.13 ) mociie moACTaHOBKY UMEEM:

(4.19)

CpeL[Hee BPEMA BOCCTAHOBJICHUA JJIA CXEMbI U3 MTAPAJIJICIIbHBIX 0JI0KOB:

, (4.20)

rue
Y - K03 (UIHMEHT, YYUTHIBAIOUIMNA Hallo’)KeHHE OTKa3a ogHoi uenu BJI Ha oTka3 wim peMOHT
BTOPOM LICTIH.



Or1oT ko3 puIHEHT () onpeneseTcs] B 3aBUCUMOCTH OT COOTHOIIICHUS

4.21)

Ecmm a<l1, to a eciou a>1 ,To uMmeeM:

(4.22)

Hcxons u3 cumMMerpun GJIOKOB B CXEME MX MapajuIeIbHOTO COEIMHEHUS 3HAUYEHUE BEJIMYUHBI
«T  » mocne npeobpa3zoBaHUN MOXKHO 3aIHCATh B BUJIE:

, (4.23)
rae

T — cpennee BpeMs BOCCTAaHOBJICHUS JUIsl CXEMBI U3 MapajlIeTbHBIX OJIOKOB.
OxkoHYATEeJBLHO JJIsl TPeThero Bapuanta orka3a BJI (oTka3 aByx nemneit — otkas BJI), ucxons

W3 CTPYKTYpPHOM CXEMbl pacuéra HaJE€KHOCTH JIBYX LEMHOW JIMHHWI, UMEEM CIEIyIOIHUE MOKa3aTeIn
HaJEKHOCTU:

; (4.24)

; (4.25)

; (4.26)

: (4.27)
rac

- TIOKa3zaTenu  HAASKHOCTH  ONOKa, DKBHUBAJIECHTHPYIOIIETO
OJIHOBPEMEHHOE OTKJIFOUCHHE 00erX IeTeH 10 OAHON MPUINHE.

Takum 00pa3oM OIIEHKa TMOKa3aHWK Han&KHOCTH IBYX IenmHbiXx JIDII 3aBucuT OoT BapuaHTa
WCTIONIb30BAHUSI JTUX JIMHUU B CXeMe DJJIEKTPOCHAOKEHUS TMOTpeOUTEeNeld WM y3/1a Harpy3kKu |
(hOpPMYITUPOBKU TOHSATUN «OTKA3 JBYXIEMTHOW JIMHUM» W «IPEIHAMEPEHHOE OTKIIOYCHHUE ABYXIICTTHON
auHun». [Ipy 3TOM MEHSETCS YMCIIEHHOE 3HAYEHHE IOKa3aTelie HalEKHOCTH JIBYXLENHOW JIMHUM B
3aBUCHMOCTH OT BapuaHTa €€ MCIOJIb30BaHUS U I(P(HEKTUBHOCTH MPUMEHEHUS ABYXIICTHOW JUHHUHU TIO
cpaBHeHUIO ¢ 1ByMs Takumu ke (U,L) onHonenHeimu.

PaccmarpuBas a¢dextuBHOCT, BJI Kak cooTHOIIEHHE pe3ysNbTaTOB W 3aTpar, Mpou3BenéM eé
onpeJIeIICHHE:



Pacuér s pexTuBHOCTH ABYX LEMTHON BO3IYIIHOW JIMHUU:

(4.28)

rIe
Kru - K03 UIMeHT TeXHUYEeCKOro UCIOb30BaHus ABYX IenHoi BJI, T.e. BpeMs Hax0oXIeHHS B
paboTOCITOCOOHOM COCTOSTHMHM OTHOCUTENHHO MEepro/Ia €€ SKCIUTyaTalluu;
Kg1 - kanuTanbHbIE BIOKEHUS B JAHHYIO JIMHUIO;
Kru 8760 =Tr;
Tr — o0mmee cymmapnoe Bpems padotsl BJI B Teuenue rona.

(4.29)

PIS
g1 — TApaMeTpP MOTOKA OTKA30B JIBYXIICITHOMN JIMHHH;

BT — CPEIHsS IEPUOANYHOCTD MTPEAHAMEPEHHBIX OTKII0UeHU BJI;
Tg B — cpeaHee Bpemsl BOCCTAHOBJIEHUs By XLenHOM BJI;
Tp g1 — CpeHAs TPOIOTKUTEILHOCTD MPEIHAMEPEHHBIX OTKIIOUECHUH.

B kauectBe nmpumepa npuBenéM rmokaszaTesn HaaéxHocTH U ctouMmoctd BJI 110 kB, Tabnuma 4.2:

Tabnmma 4.2
Tun BJI, U= 110 kB [Tapamerp motoka | T, 4 W, Tp, u Kgi
OTKa30B, M, 1/rox 1/ron (mensr  1980r),
T.py6/100 kM

oxuouenHas BJI: 0.27 8.8 1.86 15.4 333
neyxuenHas BJI: | oTkimrouena 0.35 6.9 3.2 14.8 507

OJHAa LEIb

OTKITIOUEHEI 0.04 10.3 0.17 21.8 507

IIBE LIEH

4.3. Hagéxuocts JIDII ¢ mocjae1oBaTeibHO COeTMHEHHBIMHI dJIeMEHTAMM.

[Ipennonaras , yto otkaszel JIDII u s1eKkTpUYECKUX CeTeil — HE3aBUCHUMBI MOTYYUM OCHOBHBIC
(dbopMyITBI 1715 pacyéTa HAAEKHOCTH KOMOMHAITMH JIBYX SJICMECHTOB.
1. Ecmu p; — HAAEXKHOCTH OHOTO AJIEMEHTA , Pyr-APYroro, TO BEPOATHOCTb TOr0, 4TO 00a OyayT
9 b b
pabortath 0€30TKa3HO B TEUYCHUH BpEeMEHU “t”:

(4.30)

rac
A1, A-UHTEHCUBHOCTH OTKA30B 3JIEMEHTOB , KOTOpPbIE M.0. IOCTOSSHHBIMU UJIH TIEPEMEHHBIMU BO
BpPEMCHHU,
P1, P2 — BEPOATHOCTH OTKA30B 31eMeHTOB JIDII.



2. BeposSITHOCTB TOTO , YTO OAMH WM 00a 3JIEMEHTA OTKAXYT :

Qroca(H)=q1 (D) +2(t)-q1 (D +q2()=1-P1(t)+1-P(t)-[1-P1 () ][ 1-P2(t) =
:1'Pl(t)PZ(t)zl'Pnow(t)a (4-3 1)

rae
d1, g2 — BEPOSITHOCTb OTKa30B 35ieMeHTOB JIDII.

3. BeposATHOCTB TOTO , 4TO Oy yT paboTaTh OJMH WM J1BA 3JIEMEHTA!

(4.32)

4.BeposITHOCTh , YTO OTKaXYT 00a anemenTa JIDII:

Quapan(D=q1 (D Q(OF[ 1-p1(D][1-p2(H) [=1-p1(D)-p2(t) +p1 (DP2()= 1 -Prapan(t) (4.33)

Cayyan 1 m 2 — mpencTaBisAIOT MPOTUBOMOJIOXKHBIE COOBITHS T.€. ProcntQuocn=1 , MOCKOJBKY
MIPOTHBOTIOJIOKHBIE COOBITHSI SISl 0€30TKa3HOM PabOTHI IBYX AJIEMEHTOB OCYIIIECTBIISCTCS TPEMS Iy TSIMH
: OTKa3bIBa€T OJUH U3 DJEMEHTOB , JnO0 00a Bmecte. CleqoBaTENbHO, BEIMYUHBI «Procy® U «Quocn®
MOKHO COOTBETCTBEHHO Ha3BaTh HAIEKHOCTBIO M HEHAJIEKHOCTBIO ITOCICAOBATEIBLHOIO COCAWHCHHMS
AJIEMEHTOB WJIU MOCIEA0BATEIHLHON CHCTEMBI .JTO 03HAYaeT , YTO OTKA3 JHOOOro 3JIEMEHTa , MPUBOIUT K
otkazy cucteMbl .Caydau 3 U 4 —IIPOTHUBONOJOXKHBIE COOBITHUS T.€. PrapantQuapar=! , T.K.
MIPOTUBOTIONIOKHBIE COOBITHS AJISL IBYX OTKA3aBIIUX CUCTEM — COOBITHS , KOTJa OAWH WK 00a dJIeMeHTa
paboTaroT 0e30TKa3HO. BEIMYUHBI «Prapar® M «(uapar” HA3BIBAIOTCS COOTBETCTBEHHO HAAEKHOCTBIO U
HEHaJIEKHOCTBIO MapaJJICIbHOTO COSAMHEHUSI 3JIEMEHTOB WJIM CUCTEMbI C MOCTOSIHHBIM PE3EPBOM .ITO
03HAYaeT , YTO €CJIIM OJWH DJIEMEHT OTKa3ajl, TO CYIIECTBYET APYTOM SJEMEHT , KOTOPBIM BBITIOJHSET
Tpebyemyro Qynkmuio JlapamiensHas cuctemMa U3 ABYX JJIEMEHTOB HE OTKa3bIBAaeT MPHU OTKA3€ OJHOTO
3JIEMEHTA , €CJIA OCTABIIUICS yIOBIECTBOPUTEIILHO BHITIOIHIET TPEOYEMYIO (QYHKIIHIO .

[IpuBenénnbie (GopMysBl HCTONB3YIOTCS TMPU SKCIOHEHIIMAIBHOM M HEIKCIOHEHIIMATHHOM
pacrpeeIeHuH 0TKa30B 3JIEMEHTOB .B mepBoM ciiydae OHU yIpOIIArOTCs

: (4.34)
: (4.35)
: (4.36)

. (4.37)

JIOIl wm onexTpuyeckue CceTh OOBIYHO COCTOST U3 OONBLIOrO YHWCJIA  COEAMHEHHBIX
MIOCJIEZIOBATEIBHO 3JIEMEHTOB WK OJ0KOB .B HEKOTOPHIX CiyyasxX K 3aB€AOMO MaJOHAAEKHBIM 3JIEMEHTaM
JISII nyia moBbIIEHUST HAAEKHOCTH MOJKIIOYAKOTCS PE3EPBHBIE DJIEMEHTHI , NHOTJA K LEJIBIM IpyIlnam
3JIEMEHTOB MOAKIIOYAIOTCS TaKUe WM K€ IMOJO0OHBIE I'pyNIbl , BKIOYaEMble MapajjiebHO (HampuMep
rpynnoBoe BkIoueHHs BeHTwWsed Ha m/ct JIDII mocrosiHHOro Toka).Takue mapaiienbHble COCIUHEHUS
MOXXHO paccMaTpuBaTh Kak OJIOKM , coeAuHEHHbIE mocienoBarenbHO .CHcTeMa OTKa3bIBae€T , €CIHU
OTKa3bIBACT TAaKOM OJIOK B LIEJIOM .



Jist «n» 3JIEMEHTOB WM OJIOKOB , COSAMHEHHBIX TOCICIOBATEIBHO , HAJIEKHOCTH CHCTEMBI
BBIpaXkaeTcsi GOPMYJIOH :

_ (4.38)

Bripaxkenue (4.38) mpeacTaBisieT 3aKOH MTPOU3BEICHUS HAIEKHOCTH,
rac
Pi-HaAEXKHOCTB 1- IO 3JIEMEHTAa Wi 0J0Ka B MOCJIE0BATEILHOM COEAMHEHUU.

Hanéxuocts JIDII ¢ mapaienbHO COSMMHEHHBIMU DJIEMEHTAMH .

Ecnu umeetcst cTpyKkTypHasi cxema HaJI€KHOCTH C IMOCJIEI0BATEIbHBIM COSIMHEHUEM 3JIEMEHTOB,
KOTJia 0TKa3 1-To AJieMeHTa BBI3bIBAET OTKA3 2-TO, 3aT€M 3-TO U T.J., TO UMEEM CXEMY C MOCJIeI0BATEIbLHBIM
COCTMHEHHEM 3aBUCUMBIX 3JIEMEHTOB (puc 4.3)

P P2 Pn

Puc 4.3
B sToM cityuae, eciu «A» - COOBITHE 3aKIIFOYAOIIEECS B TOM, YTO CHCTeMa paboTaeT 0€30TKa3HO, a

«A»(i=1,2....n) — COOBITUS COCTOSAIINE B UCIIPABHON pabOTE AIEMEHTOB CUCTEMBI, TO COOBITHE «A)» MMEET
MECTO, €CIIM UMEIOT MECTO COOBITHS «A;». HaméXKHOCTbE CUCTEMBI:

(4.39)

OnHako Ha TMpaKTHKE OTKa3 JIF0OOro 3JIeMEHTa — OTKa3 CHCTeMBbL. BeposSTHOCTh 0Oe30TKa3HOM
paboThl, B 3TOM cllyyae, IPOU3BEACHUE BEPOSITHOCTEH JUIsl HE3aBUCUMBIX COOBITHH :

(4.40)

Tak kak OPOU3BCACHUC BCIIMYUH «(» €CThb HAMHOI'0O MCHBIIC OT CYMM OTHUX BCIWYUH IJIA
OTACIBHBIX 3JICMCHTOB

O® (4.41)

B ynpOIHéHHI)IX pacqéTaX, JJI1 CXEMbI C ITOCIICA0OBATCIIbHBIM COCAMHCHUEM JJICMCHTOB, MOXHO
NIPpUHATD:

(4.42)
Ommobka mpw 3TOM YMPOIIEHHWU HE MPEBBIIACT HECKOJIBKO TporeHToB. Koadduiment orkaza
(aBapuitHocTH) «q» 00b19HO 1151 JIDIT umeer Benmuuny: q < 0.01.

4.4. Hapéxnoctsb JIDII ¢ napanjieJbHbIM COeJUHEHHEM 3JI€EMEHTOB.



Hns ompenenenus ontumanbHOM HanéxHocTH JIDII M 37eKTpUYECKMX CEeTed Ha CTaauu UX
HpOGKTI/IpOBaHI/IH HpI/IXO,Z[I/ITCH HHOrJ1a IIy6JII/IpOBaTI> OTACJIBHBIC JJICMCHTHI HWJIM LOCIINU — HCIIOJIb30BaATh
pesepBupoBanue .Ha npakTuke UCMONB3YIOT HArPy>KEHHBIN (MIOCTOSTHHO BKIIFOYEHHBIN) M HE HArpy>KCHHBIN
(xomomHbIN) pe3epBbl. B mocnennem ciydae , Kkoraa paboTaeTr 3yeMeHT (Lenb) UMeeTcs OAUH Wi Oonee
PE3EepPBHBIX AIEMEHTOB (IIeTICi) , KOTOPhIE MOTYT BCTYIATh B ICUCTBUS MPU OTKA3€ OCHOBHOT'O PacCMOTPUM
Haa&xHocTh JIDI npu HAarpy»>kKEHHOM PE3EpBE.

Nmeem niist 2-X 3JIEMEHTOB: BEPOATHOCTh TOTO, UTO OYyyT paboTaTh OAMH WJIM JIBA dJICMEHTA!

(4.43)
BeposTHOCTB , UTO OTKaXyYT 2-a 3JIEMEHTA:

qnapan(t):ql (t)q2(t):[ 1 -P1 (t)] [ 1 'p2(t)]:1 -P1 (t)_pZ(t)+pl(t)p2(t): 1 'pnapan(t) . (4'44)

®opmysl (4.43) u (4.44) — npencTaBieHsl B MyHKTE 4.3 mpeablTyieii TeMBI.
B skcrnioHeHnManbHOM ciydae:

; (4.45)

(4.46)

O060061M 3T HOpMYJIIBI AJIs OOILEro ciyyast:

Cdopmynupyem npaBuiio Ajsl BBIYUCIEHUS BEPOATHOCTU TOTO , YTO U3 TpEX codbitnit A , B, C
umeroux BepositHoctu P(A) , P(B) , P(C) Bemonustores mubo A , mu6o B , qubo C , nubo mrobas
KOMOWHAITHSI 9THX TPEX COOBITHI .JTO MPABHUIIO 3AMUILIETCS B BUJE :

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 OANHAKOBYIO BEPOATHOCTD:

P(A)=P(B)=P(C)=P, (4.48)
TO
P(A+B+C)=3P-3P*+P’. (4.49)

AHaJIOTHYHO MOXKHO UMETh (POPMYJIBI [l YETHIPEX U OoJiee COOBITUH .
Ucnone3ys Belpaxkenue (4.47) MOXHO ONpeAeNuTh HAAE&KHOCTh Uil TPEX MapajulesbHO
COEMHEHHBIX IEMEHTOB , KaK BEPOSITHOCTb TOTO , YTO XOTs ObI OZJMH U3 3JIEMEHTOB Oy/1€T UCIIPABEH:

(4.50)

Ecnu

(4.51)



AHaJOrM4YHO OIpenesieTcsl HaAEKHOCTh padoThl 4-X U OoJiee napaieNbHbIX 3JIEMEHTOB.
bonee npocto onpeaenuts Benmuuuny «q(t)» , a moroM 3Hauenue p(t)=1-q(t) .
BeposTHOCTB OTKa3a 2-X 31€eMEHTOB q=q1q2 ;3-X q=q1q2q3 @ “n” JIEMEHTOB:

(4.52)

(4.53)
Ecau pa60Ta101uHe napajjiCJIbHO 3JICMCHTBI OAUHAKOBEI 110 BEPOATHOCTU OTKAa3a, TO:

Quap=q 5 Priap=1-q"- (4.54)

Jlnst mapanienbHON paboThl TPYMIBI AJIEMEHTOB :

Prap=1-Qnap=1-q"=1-(1-p)", (4.55)

rie
p - HAI&KHOCTh 1-r0 3JIeMEHTa, T.€. BEPOSTHOCTh 0€30TKa3HON paboThI.
6.9

Ecnu nmapannenbHO COeMHUTH “Nn” TPy 3JIEMEHTOB , B KKIOM M3 KOTOPHIX “M” 3JIEMEHTOB
paboTtaet nmocnenosarenbHo (puc 4.4), To :

pi pi

(4.56)

Puc.4.4

HanéxuocTs ogHONM 1LIeM W3 m IMOCJIEAOBATEIbHBIX 3JEMEHTOB M3 KOTOPBHIX “‘B” 3JIEMEHTOB
nyOnupoBansl (puc 4.5):

P1 Pa Pm

Pa+1 Pa+2 Pm

Puc 4.5



, (4.57)

rie
P; — Han&KHOCTH 1-ro0 HE PE3ePBUPOBAHHOTO DIIEMEHTA;
P; — Han€KHOCTH j-ro pe3epBUPOBAHHOTO AJIEMEHTA;
a — YMCJIO He AyOJUPOBAHHBIX AJIEMEHTOB (2 = m = B);

m — YHCJIO MOCIEI0BATEILHO COCAUHEHHBIX OJICMCHTOB,
B — KOJIMYCCTBO 3JICMCHTOB IIy6JII/IpOBaHHO€ N3 «1m».

HanéxHocTs cucTeMbl U3 IByX NapajljiesibHbIX Lenei (puc 4.6):

P

Puc.4.6

prap=1-(1-p)’. (4.58)

TIe
P — HaIEKHOCThH OJTHOM JIMHUHT

4.5. Hapéxnocts BJI ¢ mapajieJibHbIM COeIUHEHHEM 3J1eMEHTOB IIPH HEHATPYKEHHOM
pe3epse.

3nech (puc.4.7) MOMOJHUTEIBHBIM DIEMEHT BCTYNaeT B JCUCTBHE IIPH OTKa3e OCHOBHOTO
.PezepBHBIE 37IEMEHTHI — B OTKJIIOUEHHOM COCTOSTHHUHM. {7151 BKIIIOUEHHS PE3EPBHBIX AJIEMEHTOB TPEOyIOTCS
KOHTpPOJIbHbIE TPUOOPHI , OOHAPYKMBAIOIIME OTKAa3 M MEPEeKITIOYaoNIne YCTPOWCTBA MJIsi BKIIOUYCHHS
PE3EPBHBIX IEMEHTOB .

Pacuér HanéKHOCTH B JITOM cCiydae COCTOMT B ompenencHuu f(t) —(pyHKIUM TUIOTHOCTH
pacnapeaciicHud OTKa30B I[aHHOﬁ KOM6I/IHaL[I/II/I 9JICMCHTOB B HC HATPYKCHHOM PE3CPBC U BLIYUCICHUU
HaJEKHOCTH CUCTEMBI ITyTEM UHTETPUPOBAHUS 3TOU QYHKLUY .

JUia ogHOro »3J€MEHTa NpU HEHArpy>)KEHHOM pe3epBe (H.p.) MMEEM CIEAYIOUIYI0 BEIUYUHY
rokasatess 6e30Tka3Hou padbotsl (PH.p.):

P P

O
h h

Puc 4.7




(4.59)

BI)IBOI[ 9TOI'0 BBIPAKCHUA COCTOUT B CJICAYIOLICM:

TaK KaK

Onpenennm (QyHKIHIO TIOTHOCTH OTKa30B cucteMbl (f), cocrosimeld M3 ABYX 3JIEMEHTOB WIH
Lerne ¢ BeMWYMHAMU WHTEHCHUBHOCTEW OTKaza “A;” W “A;” , U3 KOTOPBIX OJIHA IIeTb pabouas , OJHAa —
pe3epBHas .

Homyctum pabounii 2IeMEHT OTKa3bIBA€T BO BpeMs «t)» , PE3€pBHBINA Ccpa3y HauMHAET padoOTaTh
.MoMeHT 0TKaza pe3epBHOIO AJIEeMEHTa «tr=t-t;» , €Clii BpeMsi pabOThI 3TOTO JIEMEHTa «t» a «t» —Bpems
0€30TKa3HOM padOTHI CHCTEMbI OTCYMTHIBACTCS OT MOMEHTA , KOT/Ia TIEPBBIA SJIEMEHT OTKA3all ; «ti»h «ty» —
MepeMeHHbIe BeNWYnHbL. Torma:

(4.60)

BriBox:

Jlnist miepBOro 3MeMEeHTa BEpPOSATHOCTh OTKa3za Ha MajoM HmHTepBajie dt ecTh , JUTSt

BTOPOTO .
BeposiTHOCT OTKa3a CHCTEMBI Ha MaJloOM HHTEpBalie OT «t» 10 «t+dty» mIsa cucTembl ¢
HEHarpy>K€HHBIM PE3EPBOM:

4.61)

Tak kxak o6mast popmya BEpOSTHOCTH OTKa3a JIEMEHTa:
OnpenenuM COBMECTHYIO IUIOTHOCTh OTKa3oB “f(t)” CHCTeMBI W3 JIBYX JJIEMEHTOB, Tne 1-bIit
9JIEMEHT OCHOBHOH ; 2-OH - HEHArpy>KeHHBIN (pE3epBHBIi):



(4.62)

HpI/IMeLIaHI/IeI IIPpU BBIBOAC BBIPAKCHHA BBCCHA IICPCMCHHAA !

; d(Aot)=d(const)=0 ; Tak kak Bpems “t”’ — BEepXHUH Mpeaes HHTerpaa, T.e.
KOHKPETHOE 3HAYCHUE.
Bripaxxenue npoauddepeHIMpoBaHo priv AOMyIeHusx: (Ax-A;)dt;=dx, ciegoBareasHO

dt;= [Ipenensl A5t HOBOM IEpEeMEHHOM (X) :
Hwxunit npenen: ecnu t;=0 , To x=-Ast
Bepxuwuii npenen: ecnu tj=t , To Xx=(A,-A)t-At=-A t

Jns 3-X seMeHTOoB (0AMH paboumii , 2-a pe3epBHbIC) AHATOTUYHO MOTy4aeM:

(4.63)

rue
t; — MOMEHT OTKa3a paboyero 3J1EeMEHTa;
t, — MOMEHT OTKa3a 2-ro pe3epBHOIO JIEMEHTA, OTKa3bIBAIOLErO B MOMEHT BPEMEHH t>1; .
BeposiTHOCTS 0€30TKa3HON pabOTHI AJIs ABYX JIEMEHTOB IPU HEHATPY>KEHHOM PE3epBE COCTAaBUT
CJIEIyIOIIIEeE 3HAYCHUE:

(4.64)

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



(4.65)

4.6. Hagé,kHOCTBH CJI0KHBIX CXeM JIEKTPOCHA0KeHU s

He Bce 3amaun cBOASTCS K IMOCIIEIOBATEILHBIM U TTApAJUIETLHBIM cucTemMam .[lpu
MIPOEKTUPOBAHUHU AIEKTPOCHAOKEHUS DPHEPTETUYECKUX cUCTeM M.0. 6oee CloxKHble KOMOMHALIUN
3JICMCHTOB .

[Ipumep :Pacuér cxemsl anekrpocHadxenus (puc .4.8)

OmunakoBele menu AA’, BB’ — BKIIOYCHEI
A C B napaiuiensHo. [Ipu pabore maxke oIHON M3 HUX OTKAa30B
B OJieKTpocHaOkeHnn Her. Eciam amementsr A, B —
\L HEJI0OCTAaTOYHO HaNEXHBI, BBOAUM djeMeHT C (MCTOYHHK
ANeKTpOoCcHAaOXKeHus1), oH cHaOxkaer A’ u B’ .Mmeem
A’ Bo komOunamuu: AA’ , CA’, CB’, BB’.

Jliist onipeniesieHusI HaJIEKHOCTH CXEMBI HCIIOJIb3yeM

v v TEOPEMY IOJTHOM BEPOATHOCTH MM TeopeMy baiieca:

Ecau A — coObITHE, 3aBHCAIIEE OT OAHOr0O U3 2-X

Puc 4.8 HECOBMECTHMBIX cOOBITHI — B; uimu B; , n3 xoTopbIx

XOTSIOBI OJTHO TIPOMCXOJIUT, TO BEPOSTHOCTD MOSBICHHS
COOBITHA A

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

IIepeBeném 3TO Ha A3BIK HANEKHOCTH:

A — otka3s cucteMsl; B;, Bj - 6e30Tka3Has paboTa U 0TKa3 HEKOTOPOT'O 3JIEMEHTA, OT KOTOPOro
3aBUCUT HaI[é)KHOCTI) CHUCTEMBI.

IIpaBuio: BeposTHOCTh OTKa3a CHCTEMBbI paBHa BEPOSATHOCTH OTKa3a CHUCTEMBI MPH YCIOBUU
qTo BI)II[CJ'ICHHI)H\/JI OJICMCHT HCIIPpAaBCH, YMHO)KCHHOﬁ Ha BCPOATHOCTL TOI'0, YTO 3TOT 3JICMCHT HCIIPABCH
TUTIOC BEPOSITHOCTh OTKAa3a CUCTEMBI MPU YCIOBUHU, YTO TOT K€ DJIEMEHT HEUCIPAaBEH, YMHOXKEHHOU Ha
BEPOSITHOCTh TOTO, YTO 3TOT JIEMEHT HEUCIIPABEH.

Jener—ener (€Cmu «x» ucnpaBeH) Pxteper (€CIH «X» HE UCHpaBeH) (x; (4.67)

PCI/ICT:1 “(ewer » (4.68)
rIe
Peucr — HAIEKHOCTD CUCTEMBI, BEPOSTHOCTh O€30TKa3HOU pabOTHI;

Jener — HEHATIEKHOCTh CHCTEMBI, BEPOSITHOCTh OTKAa3a.

B namem npumepe “x” —snement C , Toraa

Jencr=Yencr (ecmu «C» ucnpasen) Pc+qeyer (ecmu «C» He uctipasen) (c . (4.69)

st BeIpaxkenus (4.69)
a) OTKa3 CUCTEMBbI IPHU OJJHOBPEMEHHOM OTKa3€ 3JIEMEHTOB CUCTEMBI A’ u B, TaK KaK dIeMeHTHI
cucrembl A’ u B/ — napasjieabHbl UMEEM:



Jener (ecnu «C» ucnpasen) = (1-p A/) (1 —pB/) ; (4.70)

. / /
0) oTka3 snemenTa «C» UMEET MECTO MPHU OTKa3e MmapaienbHbixX nemnei (AA u BB'):

_ / /
Jener (ecmu C e ucnpasen) = (1-popa) (1-psps), 4.71)
rac
ITepBEIi COMHOKHUTEIb — BEPOSTHOCTh OTKA3a LEMH ((ueny), TAC YIEMEHTHI A i A’ coeMHeHbI
HOCJIEIOBATENBHO;

o /
BTOpOI/I COMHOKHUTCIIb — «(uenw?, I'AC DJICMCHTBI B u B’ coenuHeHbI mociaeq0BaTEIbHO.

BeposaTHOCTB 0TKa3a BCel CHCTEMBI ((eper) BCEH CUCTEMBI:
Qener=(1 'PA/)(I 'PB/)PC+( 1 'PAPA/)( 1 'PBPB/)( 1-Pe). (4.72)

B Gonee cnoxHbIX pacuérax Han&KHOCTH MpaBmiio (4.67) mpuUMEHsETCs B HECKOJBKO ATAIlOB.
®opmyna (4.67) — mo3BOISET pacUET HAAEKHOCTH JTFOOBIX CIIOKHBIX CUCTEM.
N3 dopmyner (4.67) momydaeTcss TpaBHIO pacuéra HAASKHOCTH TIOCICIOBATCIIBHBIX H
NapajlyIeIbHbIX COEAUHEHUM 2JIEMEHTOB.
[Ipumepl: »sneMeHTBI € BEpPOSTHOCTAMHU O€30TKa3HONM paboOThl p; U P2 — COEIUHEHBI
g

nocienoBareiabHo (puc 4.9). OmpenenuTh BEPOSTHOCTh OTKa3a CHUCTEMbl. B KauecTBe ayieMeHTa ‘X
BO3bMEM 3JIEMEHT C BEPOSITHOCTBIO 0€30TKa3HOU pabOThI «poy»:

—

p1 P2 — DIAEMEHT «X»

Puc 4.9

Takum 006pa3oM 37IEMEHT «X» - HJIEMEHT C T0Ka3aTeleM HaAEKHOCTH «py». Bocnonb3yemes
mpaBuIoM (4.67) [Tl HAIIETO CITydasi:

Qener=(1-pr)p2t1(1-p2)=p2-pip2+1-p2=1-pip> (4.73)

[Ipumeuanue: Ecnu He ucipaBeH BTOPOM JIEMEHT T.€. OTKa3 IIPU ATOM CHCTEMBI.
g=l , T.K. 2IEMEHT BKIIOYEH B CXEMYy IIOCIENOBATEIbHO, BEJIWYUHE 1-p; —
BEPOSATHOCTH TOT0, YTO HEUCIIPABEH 2-0M 3JIeMEHT. TakuM 00pa3oM HaIEKHOCTh CUCTEMBI :

pCI/ICTzl “Jencr—P1P2 5 (4-74)

[Tpumep 2: [lpumensisi BoipaxkeHue (4.67) mis ABYX mNapajuieNbHbIX 3JeMeHTOB (puc 4.10)

OTIPEZICTTUTh BEPOSITHOCTh OTKAa3a CUCTEMBI. B kauecTBe a5eMeHTa “X” BO3bMEM 3JIEMEHT C BEPOSITHOCTHIO
0e30TKa3HOM paboThl «py». CornacHo BeipaxkeHus (4.67) onpenensieM BEpOsTHOCTh OTKa3a CUCTEMBI:
p1

[ ]
L

[ ]
L

P2 — JJIEMCHT «X»

Puc 4.10

Qener=0 Py +(1-Py) (1-P)=1-P;-P>+P P, ; (4.75)



[Ipumeuanue: qeyer = 0, IPU P2 = X, Qeuer = 1-P2, TIPH 2 = X.

HanéxHocTh CUCTEMBL:

Peuner=P17P2-P1 P2 - (4.76)

4.7. Metoasbl nosay4enuss uHpopmannu o Haaéxuocru BJL.

Hns wuccnenoBanust HaaéxHoctw BJI 35 — 750 TpeOyercst menblii KOMIUIEKC TEPBUYHON
nHopmanmu. E€ METobI MOTy4eHHS CIIeAyIOIIHe:

Ucnwitanne BJI Ha HagE&KHOCTB.

AHanu3 MaTeMaTHYSCKHX M aHaJIOroBeIX Mojenei BJI.

Pacuer Ha ocHOBE JAaHHEIX 0 HaIEKHOCTH d1eMeHTOB BJI.

C6op u o6paboTka crarnueckoil nHpopmaruu o6 3xcmyatanuu BJIL.

Kaxnpiii MeTon umeeT NpeuMyllecTBa M HEJOCTaTKU [0 BO3MOXKHOCTAM peau3allud U
pe3yJbTaram.

HcnbiTanusg Ha HaA&KHOCTh NPHUMEHSIOTCS K JHEpreTudeckoMy obopynoBanuto u BJL
NmeroTesa cTaHgapThl 1 METOJIMKHU MPOBEJNEHHUs U 00paboTKu pesynbTaToB. Henocratku —
BBICOKas CTOMMOCTb OOOpYyIOBaHHMS, pa3HOOOpa3zue peXUMOB SKCIUTyaTaluu (TPYIHO
OpOrpaMMy COCTaBMTh). YacTo 3TOT MeETOJ HCHONB3yeTcs JUlsl  BBIKIIHOYATENEH,
pa3beIUHUTEIIEH, OTACIUTENCH, KOPOTKO3aMBIKATENIEH, YCTPOUCTB aBTOMAaTUKH U PEIIEHHON
3aIUTHI.
AHanu3 MaTeMaTUYECKUX U aHAJIIOTOBBIX Mojeliel — ucnonb3ytores A BJIL. [Ipeumymecrsa
— MaJIbI€ 3aTpaThl 1 UMUTALMS ITUPOKOTO JUAINIa30Ha YCIOBUM U PEKUMOB.

Pacu€r Ha ocHOBe NaHHBIX 0 Haa&XHOCTH eMeHToB BJI 35 — 750 kB — cnoxeH T.k.
IUI0XO pa3paboTaHbl CTPYKTYPHBIE MOJIENIN AJIs pacuéTa HaJEKHOCTH KaK CUCTEMBI.
C6op u o6paboTka cratnueckoil wuHbopmarmu. OnNbIT €€ MOJyuyeHHs HaKOIUIEH B
Coroszrexanepro, BHUND, DHeproceTblpoekTOM W psiioM 3HeprocucteM. Mmeercs psig
HOPMATUBHBIX U JUPEKTHUBHBIX JOKYMEHTOB 1O cOOpYy U 00pabOTKe JAaHHBIX O HAIEKHOCTH
BJI. McTounnk mHpOpMaLuy — SKCIUTyaTallMOHHAsl CTAaTUCTHUKA, YUUTHIBAIOILAS CIIEAYIOIINe
ocobennoctu BJI:

¢ KOHCTPYKTHBHOE pa3HOOOpa3ue JIMHUN AaKe B IPEenax OJHOTO

HaIpsKEHUS;

. HEOJHOPOJHOCTh MPUPOJHO — KIMMATHYECKUX BoO3aeWcTBUi Ha BJI mpu BbICOKOM
YyBCTBUTEIBHOCTU K 3TUM BO3AECHCTBUSIM;

¢ pasnuuus B CpoKax 3kcruryarauuu BJI Ha MOMEHT ucciaen0BaHus;

¢ pa3IuyMs B METOJAaX M XapaKTEPUCTUKAX dKCIUTyaTallMOHHOTO 0bcimysxkuBanus BJL.

Hns cbopa nmanabix o BJI BbIpaGoTaHbl cnenuaigbHble (OpPMBI NMEPBUYHON HH(DOpMAIUH,
coJiep Kalie BOMPOCHl O MX JUTMHHE W KOHCTPYKTUBHOM HCITOJTHEHHH, BBENIEH MOPSAAOK yUETa aBapuii U
OTKa30B C HCIOJIb3bIBAHUEM KapT OTKA30B, IJI€ OTPAKAIOTCS:

*

* & O o o

PexxuM paboThl 10 BOSHUKHOBEHHS OTKAa3a;

OO6crosTenbCcTBa U IPUYMHA OTKA34;

PaGora 3amuT, aBTOMaTHKHU, CUTHAJIU3ALIUY;

OTKiII04YeHUSI IPYTUX JTUHUN, X0 BOCCTAHOBJICHUS IKCIUTyaTalllH;
Onucanue noBpexaeHus. [[puunHbl 0TKa3a;

Meponpusitus 1o NpeAoTBPAIICHUIO TOA00HBIX CITy4Yaes.

Ortxka3ssl BJI nensrcs Ha rpynnsl:

*
*

Ortka3 BJI ¢ noBpexxaeHnemM o60pyaoBaHus;
Otkaz BJI 0Oe3 moBpexieHuss o0opyAoBaHHs (CXJIECTBIBAHHWE IPOBOJOB, IMEPEKPHITHE

W30JISIIHH, TUTAHOBO — IPEIyNPEAUTEIbHbBIE PEMOHTHI);

¢

PEBUBHSIX).

[ToBpexxnenne obGopynoBanust 0Oe3 oTkaza BJI (oOHapyxuBaroTcsi mpu oOxogax u



Kapts! oTka30B nepegatorcs B “OHeproynpapiieHne” B CIIyK0y HaIEKHOCTH U O€30MaCHOCTH.

4.8. Cratnueckue MeToabl 00padoTkn nHpopmanuu o Haaéxuoctu BJI n odbopynoBanus
IC.

4.8.1. CtaTnuyeckasi OlleHKA 3aKOHOB pacnpeaejaeHus otka3zoB BJI u o6opynoBanus IC.

Jli penieHnst TEOPETUYECKUX M PAKTUUECKUX 3a]a4 HaJIEKHOCTH NPOU3BOACTBEHHBIX JC U HX
AJIEMEHTOB HAJI0 3HATh 3aKOHBI pacrpezesieHuss UX 0TKa30B. OHHU MOIy4aroTcsl MOCPEACTBOM 00OOIICHHUS
CTaTUYECKOro marepuaia o6 orkaszax. [lpumem ciydwaiinyro Benuuuny (CB) “T” 3a Bpemst Ge30Tka3HOM
paboThl. 3a BpeMs SKCIUTyaTalldd BOCCTAHABIMBAEMBIX 3JIeMeHTOB DC — «t» BenumumHa “T” mpuHUMaeT
“n” 3HaueHni. COBOKYIHOCTh 3TUX CIIydyallHBIX 3HAUYEHUI BEIMYMHBI — CTaTH4YecKas BbIOOpKa 0O0bEMa
“n”. Ecmu 3navenuss CB “T” pacnonoxuTh B Bo3pactaromniem (yObIBaromeM) MOpsSAKEe U yKa3aTh
OTHOCHUTEJIBHO Ka)KJIOT0 KaK 4acTO OHO BCTpedaeTcs, TO umeeM pacnpenenenne CB mnu BapuaiioHHBIN
PSI Ha OCHOBAaHUHM KOTOPOTO OMpEesieM aHAIMTUIECKYI0 (JOpMY HEU3BECTHOM IJIOTHOCTU BEPOSITHOCTH

f(t) = o(t) wu pynkuumio pacnpeaeneuus F(t).

Jlnst mocTpoeHusT BapHaIlMOHHOTO psifa auana3oH 3HauyeHuid CB “T” pasOuBaem Ha WHTEpBAJIbI.
[ToncuntsiBaem kosnuecTBO 3HaueHU «m» CB T, mpuxoasmieiics Ha KaxAblid HUHTEPBAI U ONpeaesieM
4acTOTy €€ NONaJaHus B JAHHBIA NHTEPBAJ:

4.77)
rIe
N — YUCJIO HAOMIOAeHUH, 00BEM BEIOOPKH.
Bapuannonssiii (cTaTuueckuil) psj
Tabmuna 4.3
HuTepBan ti—t th—1t3 ... tk — i+
YacToTa P, P, ... Py
OnTumalnbHas BeJIMYrMHA UHTepBaja:
(4.78)
rIe
N — YUCJIO €IUHUIL B COBOKYITHOCTH (BBIOOPKE);
(tmax - tmin) — pa3Max Bapuanuu CBT.
Yucno UHTEPBAJIOB :
(4.79)

YT TIpOIIIE:



(4.80)

Bonbmoe 3nauenue umeet rpaduueckuii MeTo1 n300pakeHHs BAPHALIMOHHOTO psijia:

. Honuron pacopesneneHus (MHOTOYTOJIBHUK): 1O OCH aOCHUCC OTKIIAJIbIBa€M HHTEpBaJIbl
3HaueHuil CB, B uX cepeauHax CTPOMM OpJAMHATHI, IPONOPLUOHAIBHBIE YACTOTAaM M KOHIIbl OpJAUHAT
COEIMHSIEM.

. I'ucrorpamma pacnpenenenus. Hax kaxIbiM oTpe3koM ocu abciucc, u3o0pakaromeM
uHTepBan 3HaueHuil CB, cTtpouTcs NpsSMOYrOJbHHUK, BBICOTa KOTOPOTO IPOMOPIUOHATIbHA YacTOTaM
HWHTEpBaa.

[Ipr yMeHBIIEHUU AJMHHBI KaXJOr0 HHTEpBaJia T'MCTOrpaMMa HpUOIMKaeTCsl K HEKOTOpOH
TUTABHOM KPHUBOM, COOTBETCTBYIOIIEH IJIOTHOCTH pacrpeneneHus Benuuuusl “T”. Takum oOpasoMm mpu
MIOCTPOEHUH TUCTOTPaMMBbI IIOJIy4aeM IpeJCTaBlIeHHe 0 JudQepeHranbHoM 3akoHe pacnpeaeneHus CB
T.

* ~ ~
- Cratuueckas ¢yHkims pacnpenenenuss F (t) — uactora cobbitmii T < t B maHHON
BBIOOpKE:

F'(t) =p (T<t) (4.81)

rae
t — TeKyIas nepeMeHHast,

p* - 49acCTOTa WK CTaTUYCCKasA BEPOATHOCTDb COOBITHS.
%
F (ti) = I’li/l'l (4.82)

rne
N — YUCIIO OTKA30B, IpU KOTOpbIX T <t ;
N — YUCJI0 HAOJIIOIEHUH.
Ecnu T — HenmpepeiBHAS BENMYMHA, TO TPH YBETHYCHHH “n” (00béMa BeIOOpKH) F (1) —
MHTErpaibHas GYHKIHS pacupeieneH s BennInHb T.
TakuM 00pa3oM, MOCTPOCHHE CTATHUECKOH (yHKIHH pacmpenenenns F (t) pemaer Bompoc 06
YCTaHOBJICHHH HAa OCHOBE 3KCIICPUMEHTAJIBHBIX TaHHBIX 3aK0Ha pacupenenenus CB.

4.8.2. Ilon0dop TeopeTHyeckoro 3akoHa pacnpeneaeHusi CB 06 orka3ax.

Iomb3oBanne F (t) HEeyZoGHO TakuM 0Opa3soM HSKCIEPHMEHTAIBHBIC TOYKH THCTOrPAMMBI
KOJICOJTIOTCSI OKOJIO HEM3BECTHOM KPHUBOM MCTUHHOTO pactipeneneHus. /s BEISICHEHUS! TEOPETUIECKOTO
3akoHa pacnpenenenus CB 3amannoro F(t) wnu f(t) = o¢(t) mpousBoautcs 00paboOTKa CTaTUYECKUX
naHHBIX. BreiOupaercs ampokcumupyromast GyHkuus f(t) = ¢(t), KoTopas coryiacyercss ¢ JaHHBIMHU
skcriepumenta fo(t) = f(t). i omeHku mnpaBaomogoOus 3TOro MPUOTMKEHHOTO BEPOSTHOCTHOTO
paBeHCTBa pa3pabOTaHO HECKOIBKO KPHUTEPHUEB COTJIACHS MPOBEPSEMBIX THIIOTE€3 OTHOCHUTEIFHO BHUA
GbyHKIMY (ampOKCUMHPYIOIIEH U JaHHBIX SKcriepumenTa) fo(t) u f(t).

[Topsitox MpUMeHEHUsT KPUTESPHUS COTITACHS :

* [Ipenmonoxum , uto CB T (HapaboTka 10 0TKa3a) , MOJTy4YeHHAs B BHJIE CTATUYECKOTO Psiia

MOTYMHEHA HEKOTOPOMY 3aKoHy pacnpenenenus CB , mpunuceiBaemomy F(t).
» Jlusg TpOBEPKH CIPABEIJIUBOCTH THUIOTE3bl BBOAWTCS ClydaiiHas BelIWYMHA - Mepa
PacXoXXACHUS MEXIy TEOPETHYECKMM 3aKOHOM M CTAaTHYECKUM pacrpeneneHuem.”
MOET OBITh : a) MAKCUMAJIbHOE OTKJIOHCHHUE F*(t) ot F(t) ; 6) cymma KBaapaToB OTKIOHEHUI
TeopeTUIecKnx BepositHocTel nmomananus CB T B i-b1if uHTEpBaN- P; OT COOTBETCTBYIOMINX
qacToT Pi*.



» Ecnu runotesa o Tom , uto CB T moauunsiercs 3akony pacnpenenenus «F(t)» cnpasemnvuBa
,To “ 7 Oyner ompenenstcs 3akoHoM pacoperneneHuss CB T u uucnom oTBeToB n.0TO
YCTaHABIIMBAET COIJIACHE MEXIY TEOPETHYECKHM U CTaTUYECKUM PACIpPEACIICHHEM , €CIIH

M3BECTEH 3aKOH pacnpeneneHus 7.

IIpumep:

* 3aKoH pacnpezneneHus ¢ U3BECTEH.

¢ B pesyibrare npoBeeHUs SKCIEPUMEHTA PACXOXKICHUS = U;

¢ BebuicHgeM = u ciydaifHO 3a CYETOrPaHUYEHUS YUCIIA OTKA30B WM M3-32 PA3HUIBI MEXIY

*
F (t) u F(t).[lng »TOro BBIYUCISIEM BEPOATHOCTH MOJYYECHHS TAKOTO PACXOXKICHUS MPH
3ananHbIX F(t) 1 yrcne onbIToB «n» .9TO CBOJUTCS K OMPEACTICHUIO BEPOATHOCTH:

F( )=PU ) (4.83)

Eciu BeposSTHOCTh — Maa , TO TEOPETUIECKOEe pacmpeesieHue — HeynaqyHo. Eciii BepoaTHOCTh —
3HAYHUTENbHA , 3aKOH pacipe/iesieHHs BRIOpaH yIavqHo .

[Ipu HekoTOphIX crocobax BbIOOpa 3aKOH €€ pacrpeiesieHuss MOXKET OBITh BBIOpaH
TCOPCTUUCCKH, UCXOO U3 OGI.].[I/IX nojoxenud TB u npu JOCTAaTOYHO 6OJII>IJ_IOM «n» HE 3aBUCUT OT BHUOA
¢dbyukmun «F(t)» , uTo obneryaet npuMeHEHUE KPUTEPHEB.

(13 2

4.8.3. Kputepuu corjiacusi 1Jisl OleHKH HAAEKHOCTH 3j1eMeHTOB JC

13

2

v "K.Ilupcona .B kadecTBe Mephpl pacXOXACHHUA MEXKIY OIBITHBIM U
.. 2

TEOPETUYECKUM pacIpesiesieHueM Oepércs BeIMUMHA =y

=  Kpurepuii

(4.84)

rac
K- UUCJIO UHTCPBAJIOB CTATHYCCKOI'O psAaa,

- 4acTOTa 1-T0 MHTEPBaIa CTATUYECKOTO PAJIA;
m; —konnuecTBo 3HaueHut CB T Ha uHTepBa;
Nn-00BEM CTaTUYECKOMN BBIOOPKH , 00I1IIee KOJTMYECTBO OMBITOB;
Pi-teopernueckas BeposTHOCTH nonaganus CB T B i-blif uHTEpBaJL.

Tpy yBeTHUEHHH «N» 3aKOH PacIpeeeHns “ ~ mpuOmmKaeTcs K “y>” pacHpeneIeHHio U He
3aBUCUT OT BHAa «F(t)» W uyncna WCHBITaHWIA «n» , a OMpENeNsIeTCs TOJBKO YHCIOM paspanoB “k”
CTaTMYECKOT'O psila.

Kputepuit A.H.Konmoropona:

OmnbITHOE pacupeCAcCICHUC TPAKTUUCCKHU COTJIACyCTCA C BbIGpaHHI:IM TCOPCTUUCCKHUM , CCIIN

BBITIOJTHSIETCS YCIIOBHE:

D n 1 (4.85)
rae
D- wHaubonbliiee OTKIOHEHHWE OKCIEPUMEHTATbHOW  KPUBOM  pacmpeneNeHus OT
TEOPETUYECKOM;

n;- 001Iee YNCII0 IKCIIEPUMEHTATHHBIX TOUCK.



4.8.4. /loBepuTe/ibHbIC HHTEPBAJbI IPH CTATHCTHYECKON OLIEHKE MapaMeTPOB HAIE:KHOCTH

CraTtuctudeckas OllEHKa IapaMeTpoB HAAEKHOCTH TeM OlMKe K MCTUHE 4eM Oojblle 00bEM
BbIOOpKU. Tonpko OeckoHewHO Oombinas BeIOOpka MokeT natb 100% yBepeHHOCTh , YTO OLIEHKA
rnapamMeTrpa coBmajaeT ¢ UCTHHHOU. [lonsaTus “kordduiment mosepus™, ’moBepUTEIbHAS BEPOSTHOCTh-
0003HaYaIOT BEPOSITHOCTD , CBSA3BIBAIOIIYIO HCTHHHOE 3HAYCHHE MapaMeTpa U ero omneHky. Koraa onenka
MOJTyueHa Juist OOJIBIION BBIOOPKM , HCTMHHOE 3HAY€HHME — CIpaBa OT He€ miM ciesa. [loaTomy myuine
BBIpA)KaTh CTATHCTHUYECKYIO OLIEHKY C MOMOILBIO MHTEpBaja C YKa3aHUEM BEPOSATHOCTH (KO3(pPUIMEHT
JIOBEpHs) , YTO MCTUHHOE 3HaueHue — BHyTpu ero. Ilpu aHammse cTaTUCTUYECKUX IaHHBIX OCHOBHBIE
MOHATUS — ‘TOBEPUTEIIbHBI YpPOBEHH” W * KOX(QQPHUIMEHT A0oBepus’. DTH UCTUHHBIC JaHHbBIE YacTO
MPEJCTABISIOT HE “ TOYEHYHBIMHU OLIEHKAMH , a C MOMOIIbI0 MHTEpBaJa C 3aJaHHOM [IOBEPUTEIIbHOM
BEPOATHOCTEIO WM Kodduument nosepus  “.IlocmemHuii , BBIpa)KaeT BEPOSTHOCTH TOTO , YTO
HCTUHHOE 3HAYEHUE BEJIMYMHBI — BHYTPU MHTEpBaja. [ paHHIbl MHTEpBaNa — JOBEPUTEIBHBIE TPAHULIBL.
YpOBEHb 3HAYUMOCTU — BEPOATHOCTH TOTO , YTO 3HAUYEHHUE HCKOMOMN BEJIMYMHBI BBIMAET U3 TpaHMIL

nHrepBana: =I- ;Yacro =0.9;0.95;099u =0.1;0.05;0.01.

Koapdumment “ 7 xapakrepusyeT CTENEHb JOCTOBEPHOCTH peE3yJIbTATOB JIByXCTOPOHHEH
OLICHKM TMapamMeTpa HaAEKHOCTU. JloBepuUTENnbHbIE HMHTEPBAJIbl CTATHYECKUX OLICHOK MapaMeTpoB
HaJEKHOCTH UMEIOT HUKHIOIO M BEPXHIOIO TPAHUIIBI.

HpI/IM*epZ

Tgp, T o, - cpenHee BpeMs 0e30TKa3HOU PabOTHI:

TepunT g » ~HHKHSS 1 BEPXHAA TPAHUIIBI I0BEPUTEIILHOTO HHTEPBAIa;

Bemnuuna T p- HAXOIUTCA MEXKLy STUMHU IIPEJEIIaMHU.

[Tpumep. BorumcneHnsl AOBEpUTENbHBIE TPAHUIBI AL BEPOSTHOCTH O€30TKa3HOM paboThl p(t)
anementa OC mopsaka 0.9.9to 3Hauut 90% ciyyaeB MCTUHHOE 3HAYCHUE HAAEKHOCTH — B ITUX
npezaenax , a B 10% -BHe 3TUX rpaHuLl.

4.9. CraTu4yeckue noKa3zarejii Ha¢;KHOCTH COBOKYITHOCTH BO31YIIHBIX JUHHUM.

Baxneiimmm nokazateneM Hané&xaoctd BJI 35-750 kB — mapameTp nmotoka oTka3oB , oTkaz/100
KM TOJI.

, (4.86)
rae
P; — yncio otka3os 1 —oii BJI;
L; — nnuHa TUHUU, KM;
I'; — mepuon skcrunyaranuu BJI, ner.
[Tapamerp moroka oTka3oB (cpenHee 3HaueHue)BJI nanHoro tuma ompenensieTcsi Ha OCHOBE
OILICHOK mapameTpa “o;” BJI , BXoag1ux B COBOKYITHOCTb:

(4.87)
rIe
B — YUCJIO OTKJIKOYAEMBbIX JJMHUN , BXOJSAIINUX B COBOKYNHOCTh BJI nanHoro Buaa.
s OpMEeHTHUPOBOYHBIX PAcUETOB HAAEKHOCTH B BBIOOPKY M.0. oOwemuueHbl BJI omnoro
HaMpPsDKEHUs JTI000T0 MaTepuaia v TUIa OIop.

4.10. O0padoTKa MCXOAHBIX CTATHYECKHUX JAHHBIX BO3XYIIHBIX JUHUN 10 PA3HOPOAHOIM
uHopManuu.



Lens: onpenencHe KOMIICKCHOW BETUYHHBI HAaIEKHOCTH.
COop u mpeaBapuTenbHyr0 00paboTKy mH(popmanuu ot otka3a BJI mo pacmomaraemeim “K”
HUCTOYHHUKaM CBOAUM B CUCTCMY JIaHHBIX.

N  ucrounuka | yucino BJI MPOTSKEHHOCTD | ITapaMeTphl CpeaHEKBaIpaTUYHbIC
nHpopmarun Bcex BJI MOTOKA OTKA30B | OTKJIOHEHUS

1 m L ] olw]

2 mp L, 0)) olw]

K m g Ly (O] olw]

I[JISI OIICHKHU XapaKTCpa pacCXOKACHUA MCKAY MATCMATUYCCKUMU OXUIAAHUAMU TapaMCTpPOB
MoTOKOB 0TKa30B BJI nucnone3yem kputepuii Ban-nep-Bapaena.

(4.88)

rae
oj; — apamMeTp 1noToka oTka3oB BJI no nndopmaiuu j-ro uCTOYHUKA;
j - MapaMeTp NMoToka 0Tka3zoB BJI mo nHpopManmu i-ro HCTOUYHUKA
D[w]- nucnepcust MareMatuueckoro oxuganus “o’” BJI
O - KpUTHYECKUH KOd((UIIMEHT, OMpEeIeNsIOmunil TOBEPUTEIHHYIO BEPOATHOCTh OIICHKU
XapakTepa pacxXOKICHUS MEKIy CTAaTHUYSCKUMH XapaKTEPUCTUKAMH TI0  KaxJIoOMy
WUCTOYHUKY HH(OPMAIIHH.

4.11 Auaan3 orkaouennii BJI 35-750xkB

AHanM3 COCTOUT U3 2-yX TAIOB:

1. [l aBTOMaTUYECKUX YCTOMYMUBBIX OTKJIFOYEHHUM.

2. Jlns npeqHaMepeHHBIX OTKIIIOUEHUH.

[Ipoananu3upyem 3TH STaIb:

[lepBrlii 3Tan BBI3BIBAIOT CUIIbHBIE U3MEHEHUS pexuma DC (BIUIOTh 10 «pa3Bajay).

Jnst ero HACTYIUIGHHS JOCTaTOYHO OTKa3a OJIHOTO OCHOBHOro 3jemeHTa BJI. Ananm3 Tpebyer
OLIEHKU XapaKTePUCTUK OTKIIOUEHUH Kak (YyHKIMM OT 3KCILTyaTalMOHHbIX (hakropoB BJI ¢ yuérom mx
KOHCTPYKTUBHBIX ocoOeHHocTel. Kak wucxomnas uHpopmamus s H3ydeHUS HAAEKHOCTH 37ECh
Tpebyercs:

"  JaHHBIC 00 OTKJIIOYEHUSX (MPUYUHBI, BpEMS, UTUTSIIBHOCTB)

* macnopTHble faHHbIE BJI (KOHCTpYKTHBHBIE OCOOCHHOCTH, IO/l BBOJA U T.I1.)

» xapakrepuctuku I[I19C (00BEM ceTeil, KOIMYECTBO MAIMH, YHCJICHHOCTh IEPCOHAJIA,

UHpOpMaLU O KIMMAaTHYECKOM paiioHe).
Baxueimmii mokazaresb Uil OLEHKA HAAEXHOCTU: CPEIHUN MapaMeTp MOTOKa OTKIIOYCHHM
g1 (OTK/TOM) BBIpa)KaeTCs ypaBHEHHEM PETPECCHHU:

oy =mo+ oL L,
rae
o — coctapmsaromas BJI, He 3aBucsamas ot jiuuel BJI Lyj, oTk/roxm;
®p — COCTaBJAIOLIAs CPEJIHEr0 3HAYEHUS MOTOKAa OTKA30B «®» Ha €IWHULY AIuHHBI BJI,
OTK/(TOZ KM);
JI71s1 OLIEHKH TIOKa3aTeliel «Wp» M «Mp» M0 CTATUCTHYCKUM JaHHBIM MCIIOIL3YIOTCS YPAaBHCHHUS:



(4.89)

(4.90)

rae
X; — anauHa i-i BJI;
yi — 9HCII0 0TKa30B i-if BJI B rox;
n —yucio BJL

Jlns TutaHupoBaHHS PEMOHTHBIX pa®oT Ha BJI, opranuwsamms Opural, ynpaBlieHHE aBapHIHBIMU
3armacaMd MaTepHajoB HeoOXxoamMa WHGopManus 00 M3MCHCHHH XapaKTePUCTHK aBTOMATHYECKOTO
yCTOHUUBOrO OTKItOYeHHs BJI B 3aBUCHMOCTH OT CE30HA Tojia U MHTepBaja BpeMeHu cyTok (0-8, 8-16,
16-24 yvacoB).

N3menenne BpemeHun BoccTaHoBieHUs (TB) MO ce30HaM M BPEMEHH CYTOK MOXHO OOBSCHHTH Ha
OCHOBE aHAJIN3a €T0 COCTABJISIOIINX:

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

rIe

TB,l1 — BpeMs Ha MOUCK U JIOKaJU3aluI0 MecTa nospexaeHus BJI;

TB,m — BpeMs Ha OpraHU3AIMIO0 aBAPUHUHO-PEMOHTHOTO TEPCOHAJA, JTOCTaBKY OpHUTambl W
MaTepHUaioB K MECTY PaOOTHI;

TB,p — BpeMsl Ha BBIIIOJIHEHHE PEMOHTHO BOCCTAHOBUTEIIbHBIX OIEPaLIHil;

TB,B — Bpems Ha BiiroueHue BJI nox HampsikeHue.

Koapduuuent pemonronpurognoctu BJI (xapakrepusyeT ypOBEHb OpraHH3allMd PEMOHTHO
BOCCTaHOBUTEIBHBIX padoT B [I19C):

(4.92)
AHanu3 NpUYMH aBTOMaTUYECKUX yCTONUMBBIX OTKIr0UeHUH BJI:
. KIuMaTHueckue Bo3aeictsust — 38% (Tpo30Bble MepeHanpsyKeHUs, FoJ0JIEAHbIE U BETPOBbIE
nepeHanpsH>KeHs, HABOJAHEHUS U T.11.);
. nedexTsl dKkcmTyaraunu — 9%;
- IIOCTOPOHHUE BO3eHCcTBUSA — 22%);
. nedeKThl MOHTaXa U KOHCTPYKIUU — 4%;
. HEBBISICHEHHbIE TPUYUHBI —2%.

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

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

2. | IIpoBoga 21 34




3. | Tpocsl 4 1

4. | I'upnstHABI U30JTOPOB 30 37
5. | Apmarypa u coequHuTenn | 8 4
Bcero: 100 100

Bropotii stan ananm3za otkimodenuid BJI 35-750kB — npennamepennbie oTkmodyeHus. Ux gucio
Ha NOpANOK BbIlIe yucna oTka3os BJIL. IIpennamepennsie otknodeHus BJI npuMeHArOTCs B ClIeyOMuUX
CIIyYasx:

® [IPOBEJICHHE PEMOHTOB M TEXHUYECKOTO 00CTYKUBAHHUS;

" PEKOHCTPYKIMH cl0okHOTO obOopymoBanus JIDII (mumH, TpaHchopMaTopoB, KOMMYTAITMOHHBIX
anmnaparos);

* pekoHcTpykuuu BJI (M13mMeHeHue Tuma onop, Mapku MpoBoOJia, TPACCHI U T.I1.);

® 110 3asiBKaM opraHusanuii (padots! B 30ue BJI).

Bo Bcex ciydasx uMMeeM HMHTEpPBA BPEMEHM MEXAY PEIIEHUEM M MOMEHTOM OTKIIFOYECHHUS.

[Ipennamepennsie oTkmoueHus BJI cozpatoT 00mbIoit 00bEM pabOT U CYIIECTBEHHO BIUSIOT HA UX

HaAEKHOCTh. VX y4€T HeoOX0 UM MO CIEAYIOMINUM TPUYUHAM:

"  HEO0OXOIUMOCTH MOBBIIICHUS HaAEKHOCTH U KauecTBa MOHTaxka BJI;

» ympasieHus padoroii [19C;

"  [OBBILICHUS HAJIEKHOCTHU DJIEKTPUUECKON CETH.

IToTOK peTHaMEPEHHBIX OTKIIFOUEHHUI UMEET JIBE COCTABIIAIOIINE:

( TUIAHOBBIX OTKJIIOUYECHHUM U () BHEIUIAHOBBIX OTKIIFOYEHHUM.

I1aHOBBIE OTKIIOUEHUS CIIYy’)KAaT JJISI PEMOHTOB M peKOHCTpykuuu BJI u cMexHOro
o0opysoBaHus MO 3asBKaM opraHu3anuid. [IoTOk MIaHOBBIX OTKIIOYEHHH — AETEPMUHHPOBAHHBINA, HO
MOTOK BoccTaHoBieHUi BJI — ciydaiinelii (moroxHele yciaoBus, qUcneTdepekre (GakTopsl YIPaBICHUS U
T.1.). CymMmMa 3TUX ABYX MOTOKOB MPEJCTABIsCT HOBBIN CITyYalHBINA MOTOK 0TKa30B. [lapaMeTpsl MOTOKOB
0oTKa30B BJI olieHMBaeM ¢ MOMOIIBI0O MATEMATUYECKOM CTATUCTUKH.

O6paboTka nmepBUUHON HHGOPMAITMH METOIAMH MaTEMAaTHYECKOW CTATUCTUKHU AAET OLICHKY 2-yX
OCHOBHBIX IIOKAa3aTellel: CPEIHIO IEPUOJMYHOCTh IIPEIHAMEPEHHBIX OTKIOUeHHd B rox BJI
ornpeaenéHHoro Tumna (lo) ¥ CPEIHIO MPOJOJKUTENBHOCTh IPeTHAMEPEHHBIX OTKIIoueHuid BJI B ron Ha

€MHUILLY IJTUHBI (L), T.€.
B= po+ p L (4.93)

rne
L — nqymmuaa BJIL.

[IpakTuka nokaszana, 4ro BenuuuHoN «up» Ha BJI 35-750 kB moxHO npenedpeub. CocTaBiaeHbI
TaONHIIBI CPETHEH TTePEOTUIHOCTH (1) U TIPOIOIDKUTEIRHOCTH (Tp — BpemMsi peMOHTa) MpeTHaMEePEHHBIX
OTKJIIOUEHUH, KOTOpBIE SBIAIOTCS (YHKIUMEH OT Marepualia omop, THMa OMOp, BHIOB MpeIHAMEPEHHbBIX
otkitoueHui. (Tadmuna 4.6, 4.7).

Ta0mnuma 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, a 17,9 14,3 16,8 17,6 19,0
Taobnuua 4.6

2)



U, kB [ peMOHTa CMEKHOTO s pekoHCTpy KUK 1o 3aaBKam

000py10BaHUS 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 11,1 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 47 0,3 11,3

Hcnonp3oBanue  XapakTepUCTHK peMoHTOonpurogHocty BJI B pacu€rax HanéXKHOCTH
WIEKTpUUYECKUX cerell Tpedyer cBegeHMH o0 «M» (MaTeMaTM4eckoM OXUIAHUU) U «O»
(cpenHekBapaTUUYHOM OTKJIOHEHMH), a TaKKe O 3aKOHaX WX pacmpeneneHus. IIpaktuka nmokaszana, 4Tto
palrMoHaIBHO 3/I€Ch UCTIONB30BaTh 3aKoH Beitbyna-I'HeneHko:

(4.94)
rie
m — yuciio [19C no kotopsiM cobpana HHGOpMaIKs;
Ni — uncno npennamepeHsbix otkntouenuit BJI B I19C;
I'i — yucrno ner, o KOTopeIM ecTh HH(popMarus o ganomy 119C.
(4.95)

4.12 Orkarovenus: 1 nospexkaenus BJI 35-?50 kB B Munsnepro Pb

B Tabmume 4.7 npuBOAMTCS aHaIW3 OTKJIIOYEHUN M TOBPEXKACHUN Ha TpUMEPE TaHHBIX
Mumnsnepro Pb B 1995r.

Ta6muma 4.7
Hanpspoxkenus BJI, kB 35 110 220 330 HUroro:
[Tokazarenu ananusa HaAEKHOCTU
1. ITpotsox€ranocth BJI (kM) 12006 | 15597 | 2280 | 3616 | 36410
2. KonmuecTBo aBTOMaTHYECKUX OTKIIOYEHUH (111T) 293 841 86 42 1262
3. Otkmouenus ¢ ycnemHsiM AIIB (1) 127 672 81 34 944
4. OTkIII0YEHHE ¢ TOBpEKIeHHEM d1eMeHToB BJI (1T) 47 59 4 1 111
5. Otxmouenwns Ha 100 km (1m1T) 2,4 5,3 3,8 1,2 3,6
[leprunHbI OTKIIOUYEHHUS: 138 304 48 5 495
6. ATMocdepHbIie BO3IEHCTBUS (IIT)




7. IlocToponHue BO31eWCTBHs (IIT) 27 128 7 11 173
8. 3mMeHeHune MaTepuaia B IpoLecce IKCILTyaTaluu 3 5 1 - 9
9. leeKT KOHCTPYKITUU 3 3 - - 6
10. Pabora o6opynoBanust [1C u noxkHas padota P3A 8 43 3 1 55
11. Tlpoune npuyunHbI 15 171 17 9 212
12. IlprynHbI HE YTAaHOBJIECHBI 74 130 12 16 332

B cratuctuuecknx MaHHBIX AJIS aHAIU3a HAAEKHOCTH MMEIOTCS TaKXKe YJEIbHBIC MOKa3aTesn
ABTOMATHYECKUX OTKJIIOUYEHHM W moBpexzaeHuil Bi 35-750 kB ssprocucrem Pb Ha 100 kM morogam

(Tabmuet 4.8, 4.9)

Taomuua 4.8
No [TokazaTenu Munckanepro — 1995 r.
35 kB 110 kB 220 kB 330 xB 35-750
1 Bcero 1,93 6,95 4,1 0,84 4,12
2 | YcToiunuBBIX 1,58 1,09 0 0 0,99
3 C noBpexaeHueM 0,35 0,57 0 0,37 0,37
2JIEMEHTOB
Taomuua 4.9
No [TokazaTenu Munsuepro — 1995 r.
35 kB 110 kB 220 kB 330 xB 35-750
1 Bcero 2,24 5,27 3,77 1,16 3,65
2 | YcToiunuBBIX 1,33 0,87 0,22 0,08 0,88
3 C noBpexaeHueM 0,35 0.4 0,17 0,03 0,32
2JIEMEHTOB

B snaprocucremax Pb Takxke Ben€rcs aHaiau3 aBapuHHBIX OTKJIIOYECHHI M noBpexaeHuid BJI 35-
750 xB. B tabnuie 4.10 npuBoaaTcs CBOJHBIE MOKA3aTeNIM KOJUYeCTBa OTKIIoueHni BJI 1 ux npuuuH no

Munsnepro Pb.

Tabmura 4.10

Munsnepro — 1995 1. | U, xB 35-750 35 110 220 330
1. YcroiuuBbix oTkiatoueHuid BJI 313 166 169 5 3
2. IToBpexneno snementon BJI 111 47 59 4 1
B ToM yucne:  omnop METaJUIMYECKUX 1 - 1 - -
x/0 1 - - 1 -
H3onsTopoB, MecT 29 11 14 3 1
[IpoBonOB, MecT 66 34 32 -
['po303amuTHBIN TPOC, MECT 10 1 9
JIuneliHasg apmaTypa, MecT 5 1 4 - -
3. CpenHee Bpemsi aBapHitHOTO OTKIJIFOYEHUS, Yac 5 4-50 4-12 6-10 1-25

4.13 CratucTika noppexaeHui sjjeMeHToB JC B pacnpeeuTeIbHbIX CeTAX

Yuciio moBpexaeHu B pacupeneauTebHbIX ceTax (PC) 3aBUCUT OT KOHCTPYKITMHU JTMHUH, CpOKa
WX CIYy>OBbl M YypOBHS dKciuTyaranuu. [laHHbIe 0 moBpexaeHusx B Bo3aymHbix PC B roj Ha mpumepe
pacnpenenauTeIbHON CETH UMEIOLIEH XOPOIINUA YPOBEHb SKCILTyaTalllH.
IToBpexnenus B cetu BH 3a rox;:



Ycroituussie oBpexacHus Ha 100 kM nuHUN 6, B TOM YHCIIE: HU30ISTOPOB — 1,5, MpoBOIOB
0,25, onop — 1.5 +2, pazpeaunurenen — 1.

[ToBpexaenus Ha 100 TpaHchOpMaTOPHBIX MYHKTOB — 5, B TOM YHUCIE: TpaHC(HOPMATOPOB —
2,25, BeHTWIBHBIX pa3psaaaukoB — 0,8, meperopanue ¢a3 npenoxpanuteneit BH na 100 xm
muani — 0,1.

IToBpexnenus B cetu HH 3a rox:

VYcroituuBeie noBpexaeHus Ha 100 km nuHui — 13;
[ospexnenus Ha 100 TpaHcPopMaTOpHBIX MyHKTOB — 80;
[ToBpexienns ycTpaHsieMble 3aMeHOM npenoxpanurenei — 40;
noBpexaenus Ha 100 km nunmii — 23.1:

¢ omnop (B Oypro) —48;

¢ ycranoBok HH (na 100 TII) — 80.

JIis TMKBUAIINHM OJHOTO MOBPEXKACHUS TPAHCTIOPT MPOXOIUT B CpeHEM 73 KM.

Pacnpenenenue nospexaenuii B PC

HOBpG)KI[CHI/ISI BBI3BAHHBIC:

¢  [IpUPOJHBIMH Bo3aeHCTBUAMU 35+50;
¢ JIeATCIBbHOCTBIO JTI0IeH 25+35;
[ToBpexneHus:
¢  Ha JIMHHAX 75;
¢ BTII 7.4;
¢  y abOHEHTOB
17,6;
IToBpexnacHus:
¢ B CWIBHYIO OypIO
33;
¢ [pPOBOJOB 22;
¢ U30JITOPOB 19;

¢ KpIOKOB H30JISITOPOB 8.



3aBUCHMOCTh OTHOCHUTEJIBHOTO uMclia moBpexaeHudt (%) mo JHiAM Heaenu

npenctanieHa Ha puc 4.11. B tabnune 4.11 npuBeneHsl 3aBUCUMOCTH YHclia oBpexaeHuii B PC
M0 MeCsIaM U 4acam CYTOK.

Tabmuia 4.11

Mecspl 1 2 3 4 5 7 8 9 10 11|12
Yucno 85 | 4 4 4,5 11,8 | 12 14,3 14516 7,5 4 8,5
MOBPEXACHUHN
Yacsl cyTOK 3 6 12 15 18 21 24
Yucao 5 2 13 | 22 18 17,8 11,6 4,5
MOBPEXACHUHN

Jo

18 —

16 —

14

12

10 —

8 —

6

0 1 2 3 4 5 6 7 OHU HEOEIU
Puc 4.11

4.14 IIpu4uHbBI 0TKA30B OCHOBHBIX 3JieMeHTOB JC

JIDII  nmambonee  wacto  moBpexmaembie OC  W3-3a  TEPPUTOPHATHHOU

paCCpeHOTO‘-IeHHOCTI/I n HOI[BGp)KeHHOCTI/I BIIMAHUIKO BHCIHIHUX H€6HaFOHpI/ISITHI>IX yCHOBI/Iﬁ
OKPYXaIOIIEeH Cpebl.
Ipunuunsl noppe:xaenus JIII:

TOJIONIETHO-BETPOBBIC HATPY3KH;
HEePEKPHITHE U30JIALUHU BCIESACTBUE IPO30OBBIX Pa3psIOB;
HOBPEXICHUE ONOP U MPOBOJIOB aBTOTPAHCIOPTOM U IPYTUMH MEXaHU3MaMH;
ne(eKTsl U3rOTOBICHHUS OTIOP, IPOBOJIOB, U30JSTOPOB;
NEePEKPHITHE N30SI U3-3a MITHII,
HECOOTBETCTBHE OTOP, IPOBOJIOB, U30JSTOPOB KIMMATY;
HeTIPaBUJIbHBI MOHTaK OTIOp M IPOBOJIOB, HE COOJIOJICHHE CPOKOB PEMOHTA U 3aMEHBI
00opyaOBaHUsI.
OTH NPUYUHBI IPUBOJISAT B OCHOBHOM:
K OCJTa0JICHUIO WJTH HapyIICHNIO MEXaHUYECKOH POYHOCTH OTIOP, TPOBOJIOB, H30JIATOPOB;
HIOJIOMKE JIeTaJIei orop;



KOPPO3UHU ¥ THUEHUIO METAJUIMYECKUX U JCPEBIHHBIX YacTeH;
u3 JIDII u3-3a BUOpauuu, «Iiscku» u o0pbIBa MPOBOIOB.
IIpuynHbl 0TKA30B KaleabHbIX JIIII:
HapylIEHHEe MEXaHWYECKOH MPOYHOCTH 3EMJICPOMHBIMH MalIMHAMU U MeXaHH3MaMu (10
70% Bcex MOBpeXIEHUH);
AIIEKTpUYECKHE MPOOOU B KaOeNbHBIX My(TaX U Ha KOHIIEBBIX BOPOHKAX;
CTapeHue U U3HOC U30JIINY;
NIOTIAJaHUE BJIaTH B KaOENbHYIO JIMHUIO;
KOPPO3HsI METAJUTMUECKHUX JacTeil.
IIpu4MHbI 0TKA30B CHI0BLIX TPaHchOpMaTOPOB:
HapylLIeHHE M30JIAIH OOMOTOK M3-3a BHEUIHUX M BHYTPEHHUX MEPEHANPSHKCHUI, CKBO3HBIX
TOKOB K.3., Ie()eKTOB H3TOTOBJICHUS, CTAPCHUE BCIIEJCTBUE MEPETPY30K;
MOBPEXICHUE YCTPOUCTB, PETYIHPYIONIUX HAMPSKECHHUE;
HOBPEX/ICHHE KOHTAKTHBIX COCAMHCHUN;
MOBPEXICHHE BBOJIOB TPaHC(HOPMATOPOB M3-3a TIEPEKPHITHS U30JISLINY;
HOHIDKEHHE YPOBHSI Macia.
KomMmyTannonHble annapatbl (BBIKIIOYATENH, OTACITUTEIN C KOPOTKO3aMBIKATEISIMHU,

AaBTOMAThI, Pa3bCANUHUTCIIN, py6I/IHBHI/IKI/I)Z

HecpabaThIBaHUE MPUBOIOB;

0o0ropaHue KOHTaKTOB;

U3HOC JIyTOracUTENbHBIX KaMep;

HEePEKPBITHE U30JIALUY NIPH NEPEHATPIKEHUSAX;

OTKa3bl M3-32 MOBPEKICHUS IMOAIIUITHUKOB U OIS THAKOB;

HEKauYeCTBEHHbI MOHT@X M PEMOHT (HAampuUMep: OTKa3bl BBIKIIOUYATeNeH u3-3a IJIOXOH
PETyJIMpOBKY TIEPEIaTOYHBIX MEXaHU3MOB H TIPUBOJIOB);

HEYJIOBJIETBOPUTENIbHAS  SKCIUTyaTauus (HampuMmep: IUIOXOW YXOJ 3a KOHTaKTHBIMHU
COEIMHEHUSIMH, YTO MIPUBOJUT K UX MEPETPEBY, PA3pPhIBY LIENIH pabOUEro ToKa U K.3.);

neQeKTbl KOHCTPYKIUI U TEXHOJIOIMU U3rOTOBICHUS (3aBOJICKUE 1e(EKTHI);

CTapeHue U U3HOC U30JISILNY;

IpO30Bble W KOMMYTAIlMOHHBbIE MepeHanpsbkeHus. Ilpu sToM moBpexmaercs H30IsILUs
TpaHc(hOpPMaTOPOB, BEIKITIOUATEINCH, pa3beIUHUTEIICH;

Ype3MepHOe 3arps3HEHNE U YBIAXXHEHNE U30JISALHH;

oJlHO(a3HbIE K.3. HA 3eMJIIO B ceTsX 6-35 kB conpoBok1at0TCsi rOpeHUEM 3a3eMIISIOIIUX YT
(BceacTBUE  HENOCTAaTOYHOM  KOMIEHCAMM EMKOCTHBIX TOKOB) M HPUBOAAT K
MEPEHANPSHKCHUSAM  MPOOOSAM  HM3O0JSIIMM  DJCKTPUYECKAX  MAIlWH, a BO3JCHCTBUE
3a3eMJIIOIIMX YT K Pa3pyLICHUIO U30JIATOPOB, PACILIABICHHUIO IIWH, BBHITOPAHUIO ILIETiei
BTOPUYHOM KOMMyTaluu B ssuerikax KPY;

oLIMOOYHBIE AEUCTBUS NEPCOHAIIA MPU BBHIIOJIHEHUH MEPEKITIOYCHHH.

OT1ka3bl _YCTPOICTB _pejeiiHOM 3alllMThl, ABTOMATHKH, aNNaparypbl, BTOPUYHOM

KOMMYHHUKAaIIUHU:

HEUCIPAaBHOCTb JEKTPUUECKUX U MEXAHUUECKUX YacTel perie;

HapyLICHHUs] KOHTAKTHBIX COEIMHEHU;

OOpBIBBI JKWJI KOHTPOJIbHBIX KaOesel U 1enel ynpapieHus;

HeNpaBWIbHBIA BEIOOP MIIM HECBOEBPEMEHHOE U3MEHEHHE YCTAaBOK M XapaKTEPUCTHK pelie;
OMMOKH MOHTaXa U 1e()EKTHI B CXEMaX PEJICHHOM 3alUThl 1 aBTOMATHKH;

HeNpaBWIbHbIE JCUCTBUS NEpcoHaia MpH OOCITYyKMBAHUU YCTPOMCTB peleHHON 3aIllUThl U
ABTOMATHKH.

4.15 Mopenb BHe3aIIHOT0 0TKA3a HA NpUMepe Ka0eJIbHOM JINHUH C.H.



70% o0TKa30B KaOeNbHBIX JUHUN — ClTydaliHble MEXaHHMUECKUe NoBpexaeHus. PaccmoTpum
OIMCAaHNEe BPEMECHH 0€30TKa3HOM pa0oThl kKabenbHOU MuHIH. OCcO0EHHOCTH PAOOTHI JIMHUU:

" MeXaHHUYeCKasi Harpy3Ka — IOCTOSIHHA;

®"O0TKa3 — CJEJCTBHE BHEIIHEr0 BO3JAECHCTBUA. OTH BO3IACHCTBUS HE3aBUCHMBI, H

BO3HUKAIOT B CTy4aiiHble MOMEHTBI BPEMEHH.

3anumieM BEpOSITHOCTh MPEBBIIICHUST MAKCUMAJIbHON TIPOYHOCTH KabeIbHOM JIMHUH B K-OM
WHTEpBaJie, IpU YCIOBUU JIeleHus mnepuonaa padbotsl kabens (0,t) Ha uHTepBanbl (Ati, 1 =
1,2...n):

(4.96)

rac
OLy - BEPOSITHOCTD IIPEBBIIIEHNS MEXaHUYECKON HAarpy3KH KaOess B 1-M HHTEpBaJe;
Olx — BEPOATHOCTD MPEBBILICHUS IPOYHOCTH Kabemsi B «K» WHTEpPBAJE;
B; — coObITHE He MOSIBJIEHUS MMKOBOI HATPY3KH B HHTEPBaJIe «i»;
Ay — coObITHE MOSBICHHS TUKOBOM HArpy3Ku B MHTEPBAJIEC «K».

[Tpy MOCTOSIHHBIX YCIOBUSX SKCILTyaTalluu KaOes:
BepositHoCTh TOTO, UTO Bpemsi 6€30TKa3HOM padoThl kKabens paBHo (K=1) I/IHTepBaJ'IOB

(4.97)

Jlist monmydeHust GyHKIIMH pactpeesieHus BpeMeHU 0€30TKa3HOW pabOoThI, BRIPAKEHHOW B
YHUCJIE UHTEPBAJIOB BPEMEHHU, CYMMUPYEM BEPOATHOCTH IOSBJIEHUS OTKAa30B, HAUMHASA C IIEPBOTO

unTepBana: P(t<T=K)

(4.98)
C I[OCTaTO‘-IHOfI TOYHOCTBIO MOKHO 3aMCTUTH
P(t<T)=q(t)=1-1"% (4.99)
[Tepexons kK HEMIPEPHIBHOMY apryMEHTY BPEMEHHU:
_ -M
q(t)=1-1 (4.100)

rne
A - mapaMmeTp pacnpeiesieHuss — CpeJHEe 4YMCIO MOBPEXIEeHUN (O0TKa30B) B EAUHUILY
BpPEMEHU.

[110THOCTH BEPOSATHOCTH CIIy4YaiiHOW BEIUYUHBI:

f(t)y=q'(t)=re™ (4.101)



Cpennee Bpems 0Oe30TKazHOW pabOTHI MpH CXeMe BHE3AIHBIX OTKAa30B W IOKA3aTeIbHOM
BPEMEHH PacpeIeNICHUs] MEXKIy OTKa3aMHu:

(4.102)

NHTEHCUBHOCTL OTKA30B:

(4.103)

4.16. Pacuétr HaéKHOCTH FJIEKTPUYECKOH CeTH MO HEAOOTIMYCKY 3JIeKTPOIHEPrUH.

Hemoornyck 5snekTpodHeprum OOBSICHACTCS TMEpephlBaMH W OTPAHUYCHUSMHU B
anekTponorpedaeHnn. Pasmep yObITKOB onpeensieT Haa&KHOCTh CXEMbI AIEKTPUIECKOM CETH.
HcxoaHble JaHHbIE IS aHATU3a HaJAEKHOCTH CXEM dJIEKTPUUYECKOM ceTu:
" [IOKa3aTeNu HaJI&KHOCTHU TUIAHOBBIX PEMOHTOB €€ 3JIEMEHTOB;
"  XapaKTCPUCTUKU HATPy3KU U UICTOYHHKOB ITUTAHUS;
" pacu€THas CXxema CeTH.
[Ipy aHanu3e y4UTHIBAIOTCS CIEAYIOLIME II0Ka3aTead HaAE&KHOCTH U IUIAHOBBIX
PEMOHTOB:
* Ty _ BpemMs  BBIHYXKIECHHOTO  TMpPOCTOS  (BOCCTAaHOBIICHHE,  CPEIHSSA
MPOJOHKUTEILHOCTh aBAPUITHOTO PEMOHTA, TOJI/0TKA3);
" ®; — MapaMeTp IOTOKa BBIHYXJCHHBIX OTKa30B (CPEIHssI YacToTa OTKasa),
OTKa3/TO;
» Kg=wpTg — Kko3hOUIHMEHT BBIHYXACHHOTO TpocTos  (koddduuueHt
BOCCTAHOBJICHHUS;
" (O, — CpPeIHss 4acTOTa MJIAHOBBIX PEMOHTOB, POCTOM/TO/;
* T,— cpenHss AIUTEIBHOCTD IUIAHOBOT'O PEMOHTA (IIPOCTOs), FOJ/TIPOCTOI;
= Ky, T, — k03¢ HUnMeHT mianoBoro mpocTos.
Bo muorux cnpaBounukax Tg,T, — maércsa B uacax, 4TO MOHSATHO, HO YCIOXHSET
pacuérabie Gopmyinbl. s onpenenenus yuepoa «Y» Mpu CpaBHEHUH BapUAHTOB CXEMBI CETH
OyIeM Yy4YuThIBaTh TOJIBKO JTUHHUH 3JIEKTpOIeperay, KOTOpble HauMeHee HaJEKHBIA AIIEMEHT

cetu. B Tabmnuie 4.12 npuBOAsSTCS 3HaYEHUA MOKa3aTele HalE€KHOCTH U TUIAHOBBIX PEMOHTOB
JIDII.

Taonuua 4.12

DJIEMEHTHI CeTU [Toka3arens HanEXHOCTH Homunanbnoe nHanpsizkenue BJI,
kB
500 | 330 | 220 110 35
Onnouennele OB, OTKA3/T0J 0.4 0.5 0.6 1.1 1.4
BO3/YLUHBIC IMHUK | Tp, 107, ner/oTKa3 1.7 1.3 1.1 1.0 1.0
®y, , TPOCTOR/TO 10 12 13 15 9
K. 107, o.c. 12 9 7 5 4




JIByxuenHsie ®'B, OTKa3/TOJT - - 0.5 0.9 1.1

BO3AYWIHBIC TUHHKH | T'y 10~ net/oTka3 - - 0.2 0.4 0.8

(oTKas3 ueru) o, POCTOM/TO 10 12 13 15 9

K, 107, 0.e. 12 9 7 5 4

JIByxuennble (0TKa3 | o'p, 0TKa3/rox - - 0.1 0.2 0.3
JIBYX 1ieTie) T, 10° , JIET/0TKa3 - - 4.0 3.0 2.5

B tabmuue 4.12 3nHaueHue “w,” maércs Ha 100 kM UMHBI TUHUU .J{7IS KOHKpETHOM
JUIMHBI JINHUU:

o= wp!/ /100.

Bmecto mokazarens “T,” (mumanjdjuj mpocrost ) mnpuBoautcs 3HaueHue “K,”
(k03 (HUIMEHT TUIAHOBOTO MPOCTOs) T.K. TOCIEIHWN TIOKa3aTeldb B Pacu€THHIX (opMynax
ucrosb3yercs vaue. Uit AByXUENHbIX JUHUN IPU OTKa3e ABYX LENEH IMokasarenu o, K, He
OPUBOJATCS TaK Kak JBE LENU OJHOBPEMEHHO HE peMoHTHpyloTcs. K xapakrepuctukam
Harpy3Ku OTHOCSITCS: MapaMmeTpbl Harpy3kKu T,yax ,Puax B3AThIE JJI1 MAaKCUMaJbHOI'O peKuUMa, a
TaK)K€ pacy€THbIE TOJIOBbIE YJIENbHbIE YHIEPObl OT aBapUMHBIX W IUIAHOBBIX OrPAaHUYECHUI
IUTAHUS.

Jns pasHoil cTpykTypbl Harpy3ku (Tabmuma 4.12), Ha puc. 4.12 npeacrtaBieHbI
3aBHCUMOCTH YEIbHBIX yIEpOOB IPU aBaPUNHHBIX U IUIAHOBBIX OTPAHUYEHUSAX MUTAHHUS.

yb:Ot yH: B
A A
1
2
3 2 4
4 3
4
1
E= €, €=€,
puc.4.12

s puc 4.12 umeem 1o KOOpAUHATaM:

" VYV, =0 - yIenpHBIA ymepOd NpH aBapHHBIX OrpaHuyeHusx (uwHACKC “b” — Bpems
BBIHYKJICHHOTO TPOCTOS)

* V.= B - yaenbHbIA ymep0 MpH IUTAHOBBIX OIPAaHUYCHHSIX MUTAHUS (MHIEKC “n” —
BpeMsI TJIAHOBOTO TIPOCTO).

" £,,6n— KO3(UIMEHTHI OrpaHUYEHHs HArpy3KU MOTPEOUTENs MpU aBapUHHOM U
TUTAHOBBIX PEMOHTAX.

[Tokazarenb «€» - CTENEHb OrpaHUYEHUs OTPEOUTENEH 110 AKTUBHOW MOIIIHOCTH:

€= , (oTH.exm.), (4.104)




TIe

Potk — oTkiIrouaemast MOIITHOCTD IIPpHU OrpaHUYCHHUHA HAIpPy3KH.

Tabnura 4.13

CrpykTtypa Harpy3ku(Ha puc 4.12) 1 2 3 4
IIPOMBILIIEHHOCTb ,% 15 70 10 35
CeJIbCKOE X03MCTBO ,% 5 - 55 30
OBIT U cepa oOcayKuBaHuA ,% 50 25 25 25
TPAHCIOPT U CTPOUTEIBCTBO ,% 20 5 10 10

K xapakTepucTikaM UCTOYHMKOB IMUTAHUS IIPUHAJJIEKAT:

YCTAHOBJICHHAs MOIIHOCTh AJIEKTPOCTAHIIMU; pe3epB MOIIHOCTHU DC KOTOPBIA MOXKET
ObITh TepelaH B CeTh uYepe3 pailloHHylo mnoxactanuuioo .Kak ObUIO OTMEYeHO, HEeIOOTIIYCK
3JICKTPOIHEPTUH BO3HUKAET TPHU OTPAaHUUYCHHUAX W TepepbiBax (e=1) B 3jeKTpomnoTpedsieHUH
notpebureneit. Co Bcex BHUIOB OrpaHUYEHHUs] TOTpPeONeHUs OyleM YYHUTHIBATh TOJBKO
OrpaHU4YCHUA IIPU Pa3gcjic HCTOUYHHUKOB IMUTAHUS. DTOT BU/ OFpaHI/I‘-IeHI/If/'I — HaI/I6OJ'Ie€ TUITNYCH
IUIsE pa3pabaThiBaeMbIX B TPOEKTE MPOCTONW CTPYKTYpbl CXEM CETH, 3alHUTaHHBIX OT JBYX

HCTOYHHUKOB.

ITepepbiBbl AyiekTpocHaOkeHus .PaccMaTpuBaeTcs Kaxablil moTpeduTelns o popmyie:

V=Yt Y,

rIe

Vi — yliep6 moTpeduTeneii ot mpocTos B pe3ysibTaTe aBapuu

Vpi — ymep6 oT mpocTost MPH TIIAHOBBIX PEMOHTAX

[Tpu moaHOM OrpaHMYEHUH MUTAHUS MOTpeOUTENeH UMeeM:

yi:PmaX(a e=1 KBi+ Bs=1 Kni)a

rac

K;i — k03¢.BeIHYX)AeHHOTO TIpOCTOsI, Kyi = 05T

Ky — k0ad.mnanoBoro npocros, Ky = o, Ty
Pmax — MAKCUMyM Harpys3kH i-ro noTpeouTess.

(4.105)

(4.106)

B cnyyae wuyacTHyHOro oOrpaHMyYeHHUs TNUTaHUS MOTpeOuTeNnel ymepOd COCTaBUT

BeHI/I“H/IHy:
yi :P maX(agBKBi+B8HKHi)9

8B:I)BOTI(/ Pmax ) 8l'[ = PH.OTK/ PMaX )

Ol - YACNIBHBIN yIiepd OT aBapUHHBIX OTKIIOUEHHI MTUTAHUS TOTPEOUTENS;
B - yaenpHBIN yiepd OT IUIaHOBBIX OTKIIIOYCHUN TTUTAHUSL. ;

(4.107)

Psorc » Pnom - OTKIIFOWaeMasi 4acTh HArpy3Kd Ha BpPEMs BOCCTAHOBJICHHUSI aBapUHHBIX

HOBpe)KI[eHI/Iﬁ HJIN IJIAaHOBBIX PCMOHTAaX CCTH.

Yiep0 OT HEeAOOTITyCKa IEKPOIHEPTHH IO CETH PaBHSAETCS CyMMe YIIepOoB Bcex “n

noTpeOuTENeH:

€C_.9%



y— (4.108)

[Tokazatenun nanéxnoctu Ki , K;i pacuuTbiBaloTCsi Ha OCHOBE MpeoOpa3oBaHUs
pacuéTHOM cXeMbl HAAE&KHOCTH 1-TO moTpeduTtens. B cxeme HaASKHOCTH Kaxkaas JHUHUA
oTtoOpaxaetcst 6J0KkoM | 3aaéres mokazarensmu Ty , K, , @, .YYUTBIBAIOTCS TOIBKO TE JIMHUH ,
KOTOpBIE CBS3BIBAIOT JaHHBIM MOTPEOMTENh C MCTOYHUKAMHM TUTAHUA. VICTOYHWKH TUTaHUS
CUHTAIOTCS OECKOHEUHOW MOIIHOCTH M 3aKOPAYMBAIOTCS B OJTHOM Y3II€.

AByxnienneie guHun 35-220 kB 3amemiatorcs Tpems OioKamwu. I[Ba TapajIesbHbIX
0JIOKa YYHUTHIBAIOT OTKa3bl OTICIBHBIX JIMHUWA W 3aqaroTcsi mokazarensmu T, , Tp ,0p , Oy
JlocnenoBaTtenbHplid  OJOK YUYMTHIBA€T OJHOBPEMEHHO OTKa3 JABYX JWHUA U 3amaéTcs
IOKA3aTEISIMH My , T,

JAsyxuennpie auauu 330-750 kB yduThIBalOTCS ABYMSI HE3aBUCHUMBIMH OJOKaMHU C
nokazatesnsiMu Ty , T, ,05 , ®, 3HAUCHUSI KOTOPBIX OEPYTCS KaK JJISI OJHOICTTHBIX JIMHHUM.

[IpeoOpa3oBanus (ympouieHusi) pacdy€THBIX CXEM BBINONHSIOTCS HA  OCHOBE
HKBUBAJICHTUPOBAHMS (pacdyéTa SKBUBAJICHTHBIX MOKa3aTesiel HaAE&KHOCTH) TTOCIIEIOBATEIHHO U
napajuieNbHO coenuHsieMbIx 070koB. [Iporecc mpeobpa3oBaHuii cXxeMbl CBOAUTCS K MOTYUYEHHUIO
pe3yabTUpYIOIIero OJIOKa , TMOKa3aTelnu HaAEKHOCTH W IUIAHOBBIX PEMOHTOB KOTOPOTO
COBMAJAIOT C MOKAa3aTeNlsiMU HAAEKHOCTH SJEKTPOCHAOKEHUsS MOTPeOUTeNs , i KOTOPOTo
COCTaBIISIACHh CXeMa. DTH MMOKA3aTeIN MCIIONIB3YIOTCS IS ONpeaeieHUs yuepOoB mo GhopMmyiie
(4.107).ITapannensHO0 COETUHEHHBIE SJIEMEHTHI CETH O00€CleYMBAIOT BBICOKYIO CTENEHb
HaJEKHOCTH U B PAJIE CIIy4aeB MOTYT HE YUWTHIBATh MPHU OMpPENeTICHNHU yiiep0a OT HEeJO0OTITyCKa
SHEPTUH.

[Tpumep 1. CocTaBUTH CTPYKTYPHYIO CXEMY HaJEKHOCTH OTHOCUTENBHO y3ia “I1”

HIIl T U
n 7
| " / o
T4 715 716
—
v A 4
Puc 4.13
HUCTOYHUK ITUTAHUA
HUCTOYHUK ITUTAHUA
7




Puc 4.14 Puc 4.15
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ITpumep 2.CocTaBUTh CTPYKTYPHYIO CXe€MY HaAEKHOCTH OTHOCUTENBHO y3i10B I 1 n I1
2. Pemienue 3anauu npeacrasieHo Ha puc 4.20, 4.21.

HCTOYHHUK IIHUTAHUA HCTOYHHUK ITUTAHUA

JI1

o % 1 D 2
2
1. -
2 D 1/ 12

HIT 1

(motpebuTenp)

I11
(motpebuTenp)




Puc 4.19 Puc 4.20 Puc 4.21
4.17 Pac4éTt 3KBUBAJICHTHBIX XaPAKTEPUCTHK HANEKHOCTH PadOThI
3JIeKTPUYECKHUX ceTell MPH oleHKe yiepoa.

[TocnenoBarenbHoe coenuHenue Ilapamerp MOTOKOB 0TKa30B OJ0Ka , SKBUBAIEHTHOTO
“n” mocnuea0BaTeIbHO COSAMHEHHBIX AIIEMEHTOB , PACUUTHIBACTCS 1O (hopmyIie:

(4.109)

rie
®p- TAapaMeTp MOTOKA OTKA30B (CPEIHs 4aCTOTa OTKA30B ), OTKa3 /TOI.

CornacHo BelpaxkeHuto (4.109) orka3 uenu HacTymaeT OpU OTKa3e OJHOTO U3
anemMeHTOB. KoadGUmeHT BBIHY)ACHHOTO MPOCTOs (BOCCTAHOBIICHHUS ) SKBUBAJICHTHOTO OJIOKA:

(4.110)
rae
K= 04 Ti- K03 (HUIMEHT BBIHYX ICHHOTO IMPOCTOS 1-TO 3JIEMEHTA CETH;
Tsi — cpenHee BpeMsi BOCCTAaHOBIICHUS, (TBiIO'3neT/0TKa3) 1-TO DJIEMEHTA.
Cpennee BpeMs BBIHYKJIEHHOTO IMPOCTOS IKBUBAJICHTHOT'O OJIOKA
Tu=Ks, / @y, (4.111)

[TokazaTenu MIaHOBBIX PEMOHTOB JJIA LENU M3 “n” MOCIEIO0BATEIbHO BKIFOYEHHBIX
JJIEMEHTOB OINpPEACAIOTCS Ha OCHOBE TIpaduka IJIAaHOBBIX PEMOHTOB , YUYHUTHIBAIOIIETO
COBMEILIEHUE PEMOHTOB IEMEHTOB.IIpy 3TOM CcpenHsAs YacToTa MIAHOBBIX MPOCTOEB — ‘Mg,
kodpdunment ruaHoBoro mpoctosi —Kp,, cpemHee BpeMs IUIAHOBOTO TPOCTOSL  JUIs
SKBHUBAJIEHTHOTO 010Ka —T1,, ONIPEEISIIOTCS U3 BBIPAKECHU:

; (4.112)

(4.113)



, (4.114)

e
Kii — x03ddunmeHT miaHoBOro mpocTost 1-ro 3jaeMeHTa ceTu, Ky 10"3, otH.en., Ky
:wniTni 5
Oy — apaMeTp MOTOKAa OTKA30B (YacTOTa) TUIAHOBBIX JJIEMEHTOB i-TO DJIEMEHTA CETH,
MIPOCTOM/TOI;
Ty — cpemHsisi JUIMTEIHHOCTh TUIAHOBOTO PEMOHTA(MPOCTOsI) i-rO 3JIEMEHTa CeTH,
T'0J/TIPOCTOM.

[TapannenbHoe coeAMHEHWE . OKBHUBAJIEHTHBIE TIOKa3aTend  Haa&KHOCTH — M.O.
YCTaHOBJIEHBI TOJIBKO JIJIS IBYyX HapajieIbHO COSMHEHHBIX 3eMeHToB DC “1” u )™

(4.115)

(4.116)

Ts=K,,/ ®p, (4.117)

YIS
K, - xodhpuIMeHT ydHUTHIBAIONIMI CHIKEHHE BEPOSTHOCTH HAKJIAJIKH aBapUHHOTO
OTKa3a Ha IJIAHOBBIM PEMOHT B MEPUO]I CHUYKEHHON MHTEHCUBHOCTH O0TKa30B, K, =0,5;

KBiKBj — nmpoussenenne k03pGUIIMEHTOB YUUTHIBAIOIIECE HATOKEHHE OTKA30B 1-TO H j-
T'O DJIEMEHTOB;

Kbpi,nj - K03 GHULUUEHT yYUTHIBAIOMIMN HAJIOKEHNE OTKA30B 1-r0 JIEMEHTA Ha IJIaHOBBIH
IPOCTO j-TO 3JIeMEeHTa:

0.504KyTnj,mpu Ty > Tny
K:i,n= 4 (4.118)

Ky (Knj-0.5TBi o,;)mpu Ty; < Tnj

Ksi,nj - k03 duirenT yunTeiBaroluii HaJ0KeHHE OTKA30B j-T0 JIEMEHTa Ha IJIaHOBBII
MPOCTOH 1-TO :

0.504iKyj Tni,ipu Tpi=Tny
Ksi,n= (4.119)

KBj (Kni-0.5 TBj o) npu TBj < Tni

[Tpu SKBUBAJICHTUPOBAHUU OJIOKOB TOKA3aTeNld IUIAHOBBIX PEMOHTOB HCKIIIOYAIOTCS |,
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 TMOKa3aTean HAAEKHOCTH Mgy, Kps, Ty, U IUIAHOBBIX PEMOHTOB Mns,Kys, Tny-TTOKa3aTENN



HAAGKHOCTH TUTAHWS TOTPEOUTENIT W IO3BOJSIIOT — pacudmrarh ymepd 1o dopmyiie
(4.107).ITokazaTeny MIAHOBBIX PEMOHTOB OyAyT JHUIIb TOTJA, KOT/Ia MOTPEOHUTENh CBSI3aH C
CETHIO OJIHOLIEHOU JINHUEH.



I'naBa 5. ®yHKUMOHAIBHAA HALEKHOCTD JJIEKTPUIYECKUX CHCTEM.

5.1. ®yHKIMOHAJIbHASA HAEKHOCTH B CXeMe CTAHIHNA-CHCTEeMAa

Jocturaercs mpu NPOTHBOABAPUITHOM YIIPABICHUH OTKIIOUCHHUEM T'€HEPATOPOB U OBICTPOM
pasrpy3koii mapoBbeiX TypOouH. PaccMoTpum cxemy (puc.1)

_/\/W\_{ CTAH- 3¢
; Xe E. A

puc.5.1
31ech MpU OTCYTCTBUHM CPEACTB MOBBIIMIEHUS YCTOMYMBOCTH MMEEM MpHU K3 e€ HapyleHHe
(puc.5.2) OtknroueHue reeparopoB. Ecian nmpy OTKIIIOUEHUH K3 OTKIHOYHUTH YacTh F€HEPATOPOB
(puc.5.3) yCTOWYMBOCTb COXPAHHUTCH.
St, Sy — mnomanaku Topmoxkenust 1 P1, P2, P3, - xapakTepucTHKN MOIIIHOCTH,
YCKOPEHHUS. BBIJIaBA€MOM B CUCTEMY IPU HOPMaJIbHOM,
IIOCJIEABAPUMHOM U aBAPUWHOM PEXUMaAX.

Pa /P1 PA

P3 Pl/
Sy Po=Pr 5, Po=Pr
52 P2 SN
Po/
B\H7H4 /]
> —
do 0 O S
puc.2 puc.3
po=Po , (5.1)
e
N-4KCII0 pabOTAIONIUX TeHEPATOPOB CTAHIIUU
N-YUCJIO0 OTKIOYEHHBIX TEHEPATOPOB
Po’- MOIITHOCTH TeHEepaTOPOB MOCIE OTKIIOUCHUS 1.
[Ipy 5TOM CHMKAETCS U XapaKTEPUCTUKA MOIIIHOCTH MOCJI€aBApPUMHOTO PeKUMa:
, (5.2)

rac



X/d, X1, X, Xc — COOTBETCTBEHHO, MEPEXOJHOE CUHXPOHHOE CONPOTHUBIICHUE
SKBHUBAJIIEHTHOTO T€HEPATOPa, COMPOTUBIICHHE TpaHCPopMaTOpa, TUHUH, CUCTEMBI.

Ha puc. 5.3 BuguMm, 4TO CHUKEHUE XAPAKTEPUCTHKU BHIJAYM MOIIHOCTH B CHUCTEMY
MEHBIIIE YMEHBIICHUS MOIIHOCTH TypOuHbl P1<  Pr , mpu 3TOM HpOUCXOOUT yBEIUMYEHUE
wiomanau TopMmoxkeHus (St). Kpome 3Toro mpu OTKIIOYEHHH YacTU T'€HEPaTOPOB TepseTcs U
4yacTh Wiy (KMHETHYECKOW »SHEpruu 3amacéHHOW pOTOpaMH TEHEpaTOpoB B Mpoliecce
yckopeHust Wy, OCTaBIIUXCS TEHEPATOPOB MPANOPIIMOHATIbHA TUIOMAIN YCKopeHus (Sy).

Sy 1 YCJIOBUS MPABUIIO ILJIOLIA ICH:
Sy <Fr (5.3)
T.o.umeem St Wy - TOECTh OTKJIIOUEHHE TreHeparopa sBiseTcs 3()(HEeKTUBHBIM

CPEJICTBOM YBEJIMYEHHUSI yCTOMYUBOCTH MPH K.3.

Pasrpyska TypOuH:

Jnst ObIcTpol pasrpy3Kd MapoBBIX TYPOMH HCHOJIB3YIOTCS 3JIEKTPOTHAPaBIMYECKUE
npeoOpazoBaTeny ¥ DIEKTPONPHUCTABKU (DJIEKTPUYECKAsT YacThb CHCTEMBI PEryJTUpOBaHUs
YacTOThI) , KyJa BXOJAT YCUJIUTENIN M 3JIEMEHTHI JUIsl YJIyYIIEHUS PeryJIupoBaHUS YacTOThI U
CHIDKCHUS MaKCHMAaJIbHOM YacTOTHI BpaIlleHUs TypOWHBI mocie cOpoca Harpy3kud. MoITHOCTh
TypOUHBI yCIIEBa€T CHU3HMTHCS BO BpEMs IEPBOro BbUIETA yriia reHepartopa(puc.5.4) , 4To
MPUXOJUT K YBEIUYECHHIO TUIOLIAAN TOPMOKEHHS U TIOBBILIEHUIO TMHAMUYECKOU YCTOMUYUBOCTH.

[enenue cucremsr:

Hcnonb3ytoTcst B OTAENBHBIX CIydasx , KOrja CTaHLMs BBIIAET MOLIHOCTH B DC Manoit
MOIIIHOCTH U CBsI3aHA C OOJIBIIIOW CHCTEMOM , pa3rpy3Ka CTaHIUHU I YCTOWYUBOCTH CBSI3H C
Masioil cuctemoit — He »ddexTuBHa. [IpuMensieTcs neneHue cucreMbl. PaccMoTpum aeneHue
cucteMbl s cxembl crtaHiusa — OC Mamoit momuoctH — ODC (oObenuHEHHAs MOITHAS
’Heprocucrema) puc. 5.5

Pa

P1

P3
Po =Pt

<
&_P/T ST/ P2

/ |-
do doTk o

Puc. 5.4. Xapakrepuctuka MOIIHOCTH TypPOUHBI.

CT-1
f—%
—~ /
B Po
Po = P'o +APo
11
2 | —
09C APo 3C
—>

Po



Puc.5.5

B HopManbHOM pexxuMe Harpys3ka JIMHHH COOTBETCTBYET HOPMHUPOBAHHOMY 3amacy
cratuyeckor ycrouuBocTu. llpu otkmouennn JI1 wim JI2 Pzmax<Pymax ucxogHoro pexuma,
MPOUCXOIUT HapylleHue ycrohumBocTu (puc.5.6). Pasrpy3koil craHImu 00ecneduTh
COXpAHEHHE YCTOMYMBOCTH HEBO3MOXKHO T.K. MPH 3TOM YMEHBIIAETCA TOJIBKO MOIIHOCTb,
BeaBaeMas B OOC. YMEHBIINTD IIOTOK MOIITHOCTH, BbITaBacMblii B OC MOKHO l PH,. wim nipu

neneHnu ctaHiuu. B atom ciydae (nenenue cranmuu) P,=P u ycroituuBocts JIDII (JI1,J12) m.6.

COXpaHeHa, (mocite aBapuiiHoro pexnma); Pod 1o P uMeem meduuuT MoImHOCTH B
3C u f 4. Ipu HemoctaTouHoM BpamaomemMcs pesepse B IC MoxeT geiicTBoBats AUP, Ha
MOILHOCTh OTKJIIOUEHHBIX MOTpeOuTenei meHbine yem npu npumenenun CAOH. [lenenue
BBINOJIHACTCS OTKIIIOUEHUEM BbIKIoUaTesis «By npu otkimouenun —JI1 win JI2 u nepenaBaemoit
MOIITHOCTH, TIPEBBIMIAIOIICH MPOITYCKHYIO0 CIOCOOHOCTH B ITOCIIE aBApUITHOM peXXHUME.

P A
P,
P0 A
P3 APo
P/O \ 4
» d
Puc. 5.6

5.2 Pacuét QyHKUMOHATBHOM HAIE:KHOCTH B 00beanHeHun U3 AByX JC co ciaadoit

CBAI3BIO.
T Xci JI X
5C-1 DC-2 }_m P, m
—»
JI,
Puc.5.7

[Tpu o6vequnennn IC (puc.5.7) OCHOBHYIO OIMACHOCTH sl HAIEKHOCTHU TIPEICTABIISICT:
l)orkmouenne nunuid csizu JI1 unum J12;
2)nosiBJICHUE  aBapuMHOTO HeOanmaHca MOUTHOCTH (TOTEps TeHEpHUpYIomen
MoutHocTH B DC-2, OTKIII0UYEeHHUE y3710B Harpy3ku B 9C-1) B 00beIUHIEMbIX CHCTEMAX.
3nech (puc.5.7) Xc1 M X — SKBUBaJIEHTHBIE compoTtuBieHus B OC-1, OC-2, x,; —

conporuBienue JI1 naunJl2;



Pri u Py, Pry u Py — reHepupyembie MOIIHOCTH U MOIIHOCTH Harpy3ok B OC-1 u 2C-

P, — MoniHOCTB, IEpeaBacMas o MEKCUCTEMHOM CBA3H.
DneKTpoOMEeXaHUYECKUE NEPEXOAHBIE MPOIIECCHI B Kaxa0u u3 IC:

(5.4)

(5.5)

rme
Tj1, Tj» — mexannueckue nocrosiHubie nHepuuu IC-1 u 9C-2

; (5.6)

; (5.7)

(5.8)

Jlns  monydyeHWs ypaBHEHHUS JJICKTPOMEXaHWYECKOrOo TEPeXOJHOro Tpolecca B
00BEIMHEHNUN U3 IBYX PHEPTrOCUCTEM UCIOJNIB3Ys ypaBHEeHHs (5.4, 5.5) umeeM:

(5.9)
riae (5.10)
(5.11)
OTKJII0OYEHHE OJTHOM LIETTU MEKCUCTEMHOM CBSI3U MPEACTaBICHO Ha pucC. 5.8:
A
P
211enu
Po / g/ Tnes \ ¥ APo
P’ 0 m v
> O

Puc. 5.8



Hns 2-yx ueneit: Pp=Ppu (=
ITocne oTkimroUeHMS

Jis obecrieueHust yCTOMYMBOCTH HAJ0 pasrpy3ka MEKCHUCTEMHON CBSI3M 0, YTOOBI
o0ecreynTh yCTOMUMBOCTh JUHAMHYECKOIO MEPEeXoJa U CTATUYECKYH0 YCTOWYMBOCTH HOBOI'O
ycTaHoBMBIIErocst pexuma. Jlng oOecnieueHuss IUHAMUYECKOH YCTOWYMBOCTH  JOJDKHO

coOmonarbest ycnoue: St>Sy (- p — yrois, mpu KOTOPOM HMEEM pasrpy3Ky MEKCHUCTEMHOMN

nepenaayu, T.e. nepexos ¢ ypoBHsa PoHa P . 3amac cratmueckoi yCTOMYMBOCTH:

Cuuxenue Py no BO3MOXKHO 33 CUET YMEHbIICHUS WJIM YMEHBIICHUS (nnun

YMCHBIICHUSA HJIN YMCHBIICHUA

(5.12)

Otkypa pa3rpy3Ka CBSI3U :
[TpuurHO# HapyIIeHUs] YCTOMYMBOCTH MOXKET OBITh U MOSBIICHHE HeOaJaHCca MOLTHOCTH
B OC-1 nmu D3C-2. U3 puc.5.9 BUAHO, 4TO K yBEIMYCHHIO MEPETOKA MOITHOCTH MOXET OBITh

MOTEPS YaCTU HArPy3KH ( ) B OC-1 (w1 B o0miem ciydae 3T0 MOXKET ObITh aBapus
Jaromias

N3menenue MOImHoCTH u BBI3BIBAIOT OTKJIOHEHHUE YaCTOThI

b b
(5.13)
rue
Kri, Kyi, - KpyTH3Ha 4YacTOTHON XapaKTEPUCTUKH MOIIHOCTH, HArpy3ku 1-oil
CHUCTEMBI;

n — KOJIMYECTBO CUCTEM B 06’BC,Z[I/IHCHI/II/I.

P

) m DTHUM yCIOBHEM OTpaHMYEH HAOPOC

P 0 — ' MOIIHOCTUMEKCHCTEMHOM CBSI3H IIPU
AN CTOMUMBOU paboTe.

b Sy y p

0

9C1
2uemnu (P
FTZFy 0 ( T )
> O




Puc. 5.9

[Tpu HebOanmance MomHOCTH «AP» nMeeM OTKIIOHEHHE YacTOThl ~Af”:

; (5.14)



5.3. Kpurepuu pe:xuMHOI HAIEKHOCTH U MX HOPMHPOBaHHE

Hanéxuocth pexxuma IC — e€ criocOOHOCTh BBIJIEPKUBATH BO3MYIIIEHUS. DTOT (hakTop
OIIEHUBAETCA yCTOMUUBOCTHIO DC .

PaccmMoTpuM n1Be TUNIMUYHBIE CXEMbl, NMpuBoAMBILKEcS B 5.1, 5.2 pe3ynbrarhl aHanusa
KOTOPBIX MOKHO PacIpOCTPAHUTh HA cloxkHbIEe DC:

Cxema 1
Cxema 2 Mexcuct. BJI
CT
3C-1 9C-2
E
/ ¢ Xei JI Xeo
74 _A/\/\m_{ m m
S %
Jh
Puc. 5.10. EC2 = Const

HanéxHocTb HOpMHUpYETCS B BUJAE KPUTEPUEB PEKUMHON YCTOWYMBOCTH B Y3JIOBBIX
toukax JC, orpaxaromux e€ 3anac (Kp, Ku) u pacuétHoro Bo3my1ieHus 1yist IpOBEPKU JUH YCT.
YucneHHbIe 3HAUCHHS ITUX BEJIUUUH ONPEIEIISIOTCS COOTHOUICHUSMH:

(5.15)

(5.16)

rae
APHep — yBenuueHue nepeaaBaeMor MOITHOCTH HEPETYISIPHBIMH KOJIECOaHUSIMU 10
MEKCUCTEMHOM Iepeade Uisl CXeMbl CTaHIUS — 3JIEKTpONepeaaromas
CUCTEMA;
P — nepenoBaemas akTuBHasi MOIIHOCTb.
[Ipnmeuanne:
Ukp — 3Hau€HUE HAIPSKEHUs [IPU KOTOPOM HapyILIAeTCsl yCTOUYHUBOCTB;
APHep ~ 2 . Pred MeHbIIeH U3 00beANHEHHBIX SJIEKTPUUCCKUAX CHCTEM;
KoaddurmenTsr 3anaca cTaTHYECKON yCTOWYUBOCTH HOPMHUPYIOTCS B CIICTYIONTUX
npejenax:
Kp = 20%, Ku > 10% - Hopmanbhbiii pexum IC;
Kp = 8% - aBapuiiHBII pexXUM.

st uccnenoBanust cTaTH4ecKor ycTonunBoCcTH JC COCTaBISIEM CXEMbI 3aMEIIICHUS:



Cxema 1

Xn
E Xr XT e Ve Ve XC EC
—— Y Y VYN VY TYTY
Xn
Cxema 2
Xr XT XJ‘[ XC
—— Y'Y VY LYY NN EC
E (X'd)
Puc 5.11

I[JIH nepBoﬁ CXCMbI MOIMHOCTD II€peaaBacMasl B CUCTEMY:

(5.17)

rje
X=Xr+ X1+ Xn/2 + Xc;

(5.18)

Ha puc. 5.12 npezacraBieHa yrioBasi XapakTepUCTHKA MOIIHOCTH:

A

P

Puc. 5.12

Touka «a» — ycraHoBuBLIeHcs pexuM. [lokaxem 5T0: d0a +Ad, AP/AS > 0 —
MOJIOKHUTEIbHOE 3HAUCHHE CHHXpOHU3upytomien moutHocTH (dP/dd) oGecnieunBaer cTaTndeckyio
ycroiunBocTh IC.

Ha ycroituuBocts nosoxxutensHo BiuseT APB reneparopos, yBeiauuuBasi MpeaesibHO
nepeaBaeMyl0 MOIIHOCThb, Prpen (ecnum HUCIoNb3yeM B CXEME 3aMelIeHUs X'd — APB
PONOPLUOHATIBHOIO 1EHCTBUSA)

3nas Pmax mo (5.15) mpu AP = 0, Haxogum miepenaBacMyr0 MOIIHOCTb,
COOTBETCTBYIOIYI0O HOPMaTUBHOMY KO3(p(pULIMEHTy 3amaca CTATUYECKYIO YCTOWYMBOCTb:



CBs3HU

K.3.:

(5.19)

J1s mocneaBapuiiHOIO pexxuma:

(5.20)

Jlmst cxemel 2:

(5.21)
3/1ech CYMTAaeMCsl C HEYperyJIMpOBAaHHBIMH KOJIEOaHUSAMHU MEepeTOKa MO MEXCUCTEMHOM

B HOpManbHOM pexuMe:

(5.22)
B aBapuiiHoMm pexume:

(5.23)
JlnnamMuueckas yCTOMYMBOCTh HOPMUPYETCS PACUETHBIMU: BHIAMH U JJIUTEIBHOCTHIO
JIByxdaznble K.3. Ha 3eMJIt0 JuyutenbHOCTRIo 0,18 ¢ miis cereii 110-220 kB

JIByxda3zHble K.3. Ha 3emimto JuintensHocThio 0,12 ¢ ms cereit 330-750 kB
Hns cereit 500 kB w BbIIIE B OTHEIBHBIX CIydasx JOMycKaeTcsi oOecrieueHue

JMHAMU4ecKoil yctoitunBoctu. [Ipu ogHodasHbIxX K.3. ¢ yuérom HeycnemHoro AIIB.

5.4 Obecneuenue pe:kuMHOM (PYHKIMOHATBHOI) HATEKHOCTH
cucremooOpasyromux cereit IC.

Jl1s 3TOr0 MpUMEHSETCSl KOMIUIEKC CPEACTB IMOBBIIIEHUS YCTOMYMBOCTH PEKUMOB
pabotsr OC.

* ViyudnmieHue ~— XapaKTEepUCTUK  OCHOBHBIX  31eMeHToB OJC ¢ [OMOIIBIO
KOHCTPYKTUBHBIX U3MEHEHHU. B 4acTHOCTH, yiydYllleHHe apaMeTpoB I€HEPaTOpOB,
T.e. cumkenne Xg X, yBenuueHue Tj MOBBILICHHE MOTONKA BO30OYXKICHUS U
OBICTPONICHUCTBHS BO3OYIUTENEH, CHIDKCHHS WHIYKTUBHOTO compoTuBieHus JIOII
IIyTEM PacCILEIUICHUs IIPOBOOB, YMECHBIICHUE BPEMEHU JECHCTBUS PEICHHON 3aILUTHI
Y BBIKJIFOYATENEeH U T.11.

* ViyuynieHue XapakTEpUCTUK OCHOBHBIX 371eMEHTOB DC cpeicTBaMU aBTOMAaTU3ALNN.
Oto npumenenus APB, B wactHoctu APB cuibHOTO neiictBusi ¢ (hopcupoBKOit
BO30YXIeHHUs MpH IyOOKMX mocaakax HampspkeHus, AIIB TtpéxdasHoro um mo
(a3HOoro, OBICTPOAECHCTBYIOIUX 3AIUUT, PETYJIUPOBAHUS NEPBUYHBIX JBUTATENEH U
T.IL.



* JlONOJIHUTENIbHBIE CPEACTBA IMOBBIIIEHUS YCTOMYMBOCTU — MPOJOJIbHAS EMKOCTHAs
KOMIICHCAIMs, NIepeKItouaTenbHble TyHKThI Ha JIDII, sanekTpuueckoe TOpMOKEHHE,
CHHXPOHHBIE KOoMIleHcatopel ¢ APB  cwibHOro faeWcTBus, IONEPEYHBIE
peryaupyemMble peakTopbl UM KOMIIEHCATOPHI U T.1I.

* MeponpusiTiss 3KCIUTyaTallMOHHOTO XapakTepa — BBIOOP CXEMbl COEAUHEHUH,
obecrieunBaronieil Hauboliee YCTOWYMBOCTH; PEryJIHMPOBAHUE WIM OrpaHUYCHHE
MEPETOKAa MOIIHOCTH MO MEXCHCTEMHBIM CBS3SIM; OTKJIFOUEHHUS YacTH I'€HEpPaTOpOB
WIM DOKCTpeHHas Harpy3ka TypOuH; (opcupoBaHHe MPOJOIBLHON EMKOCTHOM
KOMIIEHCAIINH; OTKJIFOYEHHE TIONEPEUHBIX PEaKTOPOB; OTKJIIOUEHUE YAaCTH Harpy3KH;
JIEICHHe CHCTEeM Ha HE CHHXPOHHO paloTaromme paioHbl, MpeaoTBpallleHUuE
HapyLIeHUs] yCTOWYMBOCTHU U T.II.

W3 Ha3BaHHBIX CPEACTB, CPEICTBA ABTOMATU3ALMHM U MEPOIIPUATHS SKCIUTYaTallMOHHOTO
xapakrepa TpeOyIT MEHBIINX 3aTpaT U LIMPOKO UCHOJb3yIoTCsA. Hané&KHOCTh peskUMOB paboThI
OC obecrieunBaeTcss UEPApXUUYECKOM(B CTPYKTYPHOM U BpPEMEHHOM pa3pe3ax) CHUCTeMOU
MIPOTUBOABAPUINHON PEKUMHON ABTOMATHUKU:

*  VYCTpOICTBO aBTOMAaTHYECKOTO OTrpaHUYEHUs (PEeryJlUpOBaHHS) MEPETOKOB

motrHoctu (AOIIM) o mexcuctemusim JIDIT.

= VYcrpoilcTBa aBTOMAaTUYECKOTO  YIPAaBICHUS MOIIHOCTBIO JUISI  COXPAHEHUS
yctoiunBoct AYMCY).

* VYcTpoiicTBa aBTOMATUYECKOTO MpPeKpalleHUs(MPEAOTBPAILCHUsI) ACHHXPOHHOTO
xona AITAX).

* ABTOMaTHuecKas 4yacTOTHas pasrpyska (AUP).

* ATOMAaTWYECKMH YacCTOTHBIM myck ruaporenepatopoB(AUYIl) ans OwicTpoit
JUKBUAALIMY aBapUH.

* YacToTHOE aBTOMaTH4eckoe, moBTopHoe BKitoueHus (UATIB) moTpebuTenei.

AOIIM ciyXuT AJis1 NPEAOTBPAILLEHNS HAPYIIECHUS] CTATUCTUYECKON YCTOMYMBOCTH IIPU
OTHOCUTEIIFHO ~MEUICHHOM H3MEHEHHHM TII€PeTOKa MOIIHOCTH, BBI3BAHHOIO  OIIMOKON
nporHo3upoBanusi rpadukoB Harpy3ku OC HeOONbIIUMU HeOalaHCaMH MOIIMHOCTH H3-32
OTKJIFOUEHHUS TEHEepPaTOpOB WJIM  HEPETYJSPHBIX  KoJie0aHWl  Harpy3Ku. ABTOMaTHKa
KOHTPOJIUPYET NEPETOKHM MOIIHOCTH TO OTHAEIbHBIM CBs3aM. [Ipu nocTrkeHuHM 3a1aHHOU
BEJMYMHBI (YCTAaBKH) YBEITMUMBAET WM YMEHbIIIAET HArpy3KU BbIJCICHHBIX CTAHIUH.

AYMCY o0ecrieunBaeT NUHAMHYECKYI0 YCTOMYMBOCTH MPU OOJBIIMX BO3MYIICHUSIX
pexuma (K.3., IOTEpsl T'E€HEPUPYIOLIEH MOIIHOCTH) M CTATUCTUYECKYIO YCTOMUMBOCTH I1OCIIE
aBapuiiHoro pexuma AYMCY oxBarbiBaeT pailOH IPOTHBOABAPUIMHOTO yIIpaBjIeHUs (HaIpumep,
CXEMY BbIIa4¥l MOIITHOCTH cTaHiuu(uif)). AYMCY paboTaroT 1o nmporpaMMHOMY MPUHIIMITY:

® KOHTPOJIb JO aBAPUUHOU CXEMBI U pEKUMa,

" [IOJyYyeHHE U OLIEHKAa MH(OPMAIMH M0 BO3MYIIEHUIO HA OCHOBE pacuyéra yCTOWYMBOCTH,

= BbIJaya yrnpapigiomux komang AYMCY Bo3neicTByeT Ha OTKIIOUYEHHE T€HEPAaTOPOB,
pasrpy3ky TypOuH, orkimtoueHue mnorpebuteneii (CAOH), nenenmne DC. Coueranue

ATUX CPEACTB TMoaOHUpaeTcs C yd4€ToM Ymin y TOTpeOUTENe OT HEeJOOTITyCKa

anexktpo3Heprun. AYMCY He paccuuTaHbl Ha yCTpaHEHHE KaCKaJHbIX aBapuil.

AITAX oTnenstoT BbINIABIIME U3 CHHXpOHU3MA yacTu DC, T.e. JIOKaAIU3yIT aBapuio. B
OTJCNUBIIUXCS YacTAX — JAepuuuT MomHocTH, neiictByer AYP, coxpanss mnuTaHue
OTBETCTBEHHBIX OTpeOUTENEH.

5.5 CpeacrBa u MeTObI NOBBILIEHUS HAIEKHOCTH pacnpeae/uTeIbHbIX ceTei.

HanéxHocTh (Kak CBOMCTBO TEXHHMUYECKOTO OOBEKTA BBHIMOIHATH 3aJaHHBIC (QYHKIIUH B
3aJIaHHOM O0BEME NP OMPEACIEHHBIX YCIOBUAX ) 3aBUCHUT OT OOJBIIIOr0 KOJIMYeCTBa (DaKTOPOB
CIIy4aifHOrO M HechoydyaiiHoro xapakrepa. CpeicTBa M METOJbI M3MEHEHHS KOJIMYECTBEHHBIX
XapaKTEPUCTHUK JTOTO CBOWCTBA AJIEKTPUYECKUX CETEeH OTIWYaloTcs MHoroooOpasmem. Ha



IPAKTHKE MPU SKCIUTyaTalluM 3JIEKTPUUECKUX CEeTel KaK TEXHUYECKUX CHCTEM OOBIYHO CTABUTCS
3a/1a4ya U3MEHEHUS NTOKa3aTesied HaIEXHOCTH B CTOPOHY MOBBIIICHUS €€ YPOBHSI.

OCHOBHOH METOJ TOBBIIIEHUS HAAEKHOCTH DSJIEKTPUUECKUX CeTel — BbISBICHUE
Haubosee HEHAAEKHBIX («y3KHX») YacTed CHCTEMbI MepeAadyd M paclpelesieHds DHEPruH U
U3MEHEHHUE YPOBHS HaIEKHOCTH B pe3yJIbTaTe BBEJICHUS PA3INYHBIX (OPM U30BITOUHOCTHU:

= Pe3epBUpOBaHUS.

* CoBEpUICHCTBOBAHUS KOHCTPYKIHUIA U MaTepUaIOB.

» TexHuueckoe 00CITyKHUBAHHE.

* 3amMThl U aBTOMATU3aLUH.

* VYCcTaHOBKa KOMIEHCUPYIOIIUX U PETYIUPYIOIIUX YCTPONUCTB, MOBBIIIAOIIMX KaYECTBO

HaIPsKEHUS U T.11.

[ToBbIIEHNE HAIEKHOCTH PACTIPEACIUTENBHBIX CUCTEM HAIPABJICHO HA CO3JaHUE:!
" pAlUOHAJBHBIX CXEM JJIEKTPUYECKUX COEOUHEHMH (CXeM  pacHpeqyCTpOHCTB

MOICTAHIIVH M CTAHIIHH );

" ONTHMAJIBHOE HACBIIIEHWE CETH ABTOMATHMYECKUMHU YCTPOMCTBAMU M YCTPOWCTBAMH

ABP;

" HACBIIEHHUE CETH HEABTOMAaTUYECKMMHU KOMMYTAllMOHHBIMHU AIIIAPATaMHU;
" YCTAaHOBKHM PETYJHPYIOUUX U KOMIICHCUPYIOIIUX PEAKTUBHYIO MOIIHOCTb YCTPOWCTB Y

MoTpeOuTeNe;

" 000pyIOBaHMS MOACTAHIIUNA YCTPOMCTBAMHU TEIEU3MEPEHUS U TelleMEXaHU3allNH;
* apromaru3anuu Ha 0aze JIDBM omepaTuBHBIX MEPEKITIOUEHHI B CIIOKHBIX CETSX;
" COBEpILICHCTBOBAHME PEJICHHON 3alIUThl U ABTOMATUKH;
B BO3aynIHBIX M KaOGNBHBIX CETSAX MOBBIMIAIOT HAIEKHOCTD:
" BBEJICHUE YCTPOWCTB IMOMCKA MOBPEKICHUN;
" COKpAILEHHE NPOJOKUTEIBHOCTH aBAPUHHBIX PEMOHTOB;
* o0ecrneueHueM PEMOHTHBIX 0a3 3aM4acTsIMH SJIEKTPOYCTaHOBOK;
" ONTUMH3ANUN TPOPUITAKTHUECKUX PEMOHTOB, OCMOTPOB, 3aMEH U3HOCHUBIIIUXCS YACTEH.

Ot MeporpusaTHs TpeOYyIoT 3HAUMTEIbHBIX MaTepuanbHbIX 3aTpar. Kpome storo,
OoiblIOE 3HAYEHME MMEET COBEPIICHCTBOBAHHE CXEM pPAaClpeIWINTENbHBIX CeTed W
pacnpeneuTeNIbHbIX YCTPOMCTB MOICTAHITUH.

5.6 MeToaunka pacuéTta HaAéKHOCTH cucTeMooOpasyromux cereit IC.

OTH CETH CBA3BIBAIOT AJIEKTPUUECKUE CTAHIIMU U y370BbIe nojcTaHIuU DC, OT KOTOPBIX
yepe3 HEeMOCPEACTBEHHO MJIU Yepe3 paclpeesIUTeNbHble CETH MUTAIOTCS noTpedurenu. OueHka
HaJEKHOCTH 3/1€Ch IOJKHA YUUTHIBATD:

* BO3MOXXHO€ HapYyIICHHE YCTOMYMBOCTU MapaUIeILHON padOThl CTAHITUN M HATrPY3KH

13-32 OTKA30B DJIEMEHTOB CETU U T€HEPATOPOB;

" OrpaHUYE€HUsl MO YPOBHIO HANpPSIKEHWM W TOKOB MpH OTKazax ajeMeHToB OJC B
HOPMAJIBHBIX U PEMOHTHBIX CXEMax M PEXHMax paOOTHI CETH, T.€. OTPAaHUYCHUS IO
MPOIMYCKHOM CIIOCOOHOCTH AJIEMEHTOB CETH, YPOBHIO HAIPsDKEHUS, MOIIHOCTH
MCTOYHHUKOB MTUTAHUS B I1OCJIE aBAPUITHOM PEXKUME;

" OTKa3bl JIEMEHTOB PACIpPEACIUTEIbHbBIX CTAHIIMNA U MOACTaHIUH ;

" [UJIAHOBBIE PEMOHTHI 21eMEHTOB JC

Heab pacyéra — omnpenesieHHWe 4YacTOThl M BPEMEHHU NEPEPHIBOB U OTrPaHUYCHHI
3IIEKTPOCHAOKEHUS Y3JI0B HAarpy3Kku. Pacuér nenurcs Ha 2 stana:

I-b1ii 3Tan. Pacuér Han&KHOCTM HOPMAJIBHOTO pEXHMMa PabOThl CETH, KOTOPHIU
BKJIIOYAET:

"  BBISBJICHHE HOPMAJIbHBIX CXEM U PEKUMOB pabOThI CETH U UX JITUTEIbHOCTEH;

"  ONpe/AeNICHUE YacTOT U BUJIOB PACUETHBIX OTKA30B 3JIEMEHTOB M JJIUTEIBHOCTH UX

BOCCTaHOBJICHUS (BBIHYKJIEHHOTO PEMOHTA);




pacuér yCTOMYMBOCTH (CTaTUYECKOM, TUHAMHUYECKON) U pacd€T Mociie aBapHilHOro
pekuMa IpH oTKaszax;

OIpPENIEICHUE 4YacTOT, IIyOMH M JUINTEIILHOCTEH NepephIBOB 3IEKTPOCHAOKEHUs
y3JI0B Harpy3ku BO BCEX HOPMAJIbHBIX pPeKUMaX.

[Ipy BBISBIEHUH CXEM M PEXKUMOB pPabOTHI BBIIEISEM OCEHHE-3UMHUUA U BECEHHE-
neTHud nepuosl. s mexcucreMHbix JIDII yunTeiBaeM HeperylsipHble U3MEHEHHUS HArpys3KH.
Nx mouHoCTh 3a1a€TCsl PyHKIMEN pacnipefieieHus. Y YUThIBAEM:

otkaszbl JIDIL, BkItoyas B3aMMOCBSI3aHHbIE (HA ABYXIIEMHBIX OMOpaxX WM MO OJHOU
Tpacce);

TeHEPUPYIOLIUX OJIOKOB;

BBIKJTIOUATENISH CTAaHIIMI U TTOACTaHIIH.

I1-o0ii >Tam.

BrisiBneHre pacy€THBIX PEMOHTHBIX CX€M, HX YacTOT M JJIMTENbHOCTEH, H
OIpe/ie]ICHuEe PEeKUMOB PAOOTHI A 3THUX CXeM. OJTO HaJIo A IJIaHUPOBAHUS
PEMOHTOB 3JEMEHTOB JyiekTpuueckux cered JIOII u pexumHoOl mnpopaboTKu
PEKUMHBIX 3asIBOK.

- IpU BBIABJICHHUU PEMOHTHBIX CXCM YUYHWUTBIBACM IIJIAHOBLIC U aBapHﬁHBIC PEMOHTEIL

JIOIL

Pacuér ycTolumBoCTH (CTaTMYECKOM, TMHAMUYECKOW M PAcuyéT MOCje aBapuUHHOTrOo
pekuma IpH oTKaszax.

Pacuér wactoT, riyOMH W IJTUTENBHOCTEH IEPEpPBIBOB DIICKTPOCHAOKEHHUS Y3JIOB
Harpy3KH JUisl PEMOHTHBIX PEXKHUMOB.
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