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Puckun LLO:
pe3epBUPOBaHNE NMHXEHEPHbIX CUCTEM

. Bnor komnanun "'pynna Komnanun XOCT

HayuHamb YuHUMb Haoo, NOKa He
cJ/iIoMasiocb — cJIoOMaHHoe noddaémcs
pemMoHmy 2o0pa3cdo HeoxomHell.

KOpui TamapkuH

Mocne Toro kak obecneyeHbl HAQEXHbIE CTEHbI U Kpbllla Hag ronioson ansa LLO
(ctatbs «Puckn LOL: BbIGrpaem mectopacnonoXeHney»), crnegyrowmum warom Ha nyTu
obecneyeHnss ero OTKa3oyCTOMYMBOCTU OOIMKHO CTaTb pPe3epBMPOBAHNE WHXEHEPHbIX
cucteM. CTtpos gaTa-ueHTpbl 6onee 10 net, mbl y6eomnncb, YTO HE BCE 3aKa3yuku B
MOMMHOM Mepe OCO3HaKT BaXHOCTb AyOnMpoBaHMS OCHOBHbLIX KOMMYHUKALMNA.
Kocmunyeckne kopabnu m Te napgatot, a obopymosaHve B LIO[l B ngeane A0OMKHO
pabotatb 365 gHen B rogy M 24 4yaca B cyTku. Jliobas Bblweawas M3 CTpost unm
Hy>Kgarowascs B NpodunakTuke getanb JOMmMkKHaA bbiTb 3aMeHeHa 6e3 0CTaHOBKM paboThl
BCEX KPUTUYHbIX CEPBUCOB.

Kak cnpaBeanvMBo OTMETMNAM HAWIW YMTaTeENW, OANEKO He BCEM KOMMAHUSAM
HyxeH HagexHbin LJO[. [Ons HekoTopbix ero GecnepebonHasi pabota He npegmer
nepexumBaHMi, a MHOrMe nNpeanodTyT XpaHUTb CBOM AaHHble B nybnuyHom obnake.
[aHHbIn Nabnuk npegHasHayeH B OONblLUEN CTENEHW Ansl TeX, KTO No TEM WM UHbIM
coobpaxxeHnsim 6e30NacHOCTN UNU NPOXOAMMOCTU KaHanoB CBA3M caenarn cBoun Bbl6op
B nonb3dy co6CTBEHHOro Aarta-ueHTpa u paboTbl CEPBMCOB C YPOBHEM OOCTYMHOCTU HE
MeHee Tpex AeBATOK (npocTos He 6onee 1,6 yacos B rof).
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OTKa3oycTOMUYNBOCTb U pe3epBUpPOBaHUE: YTO FOBOPUT
MUPOBOM ONbIT?

CornacHo ctaHgaptam Uptime Institute BbigensitoT yeTbipe ypoBHSA
0TKa30yCTOMYMBOCTM NHppacTpykTypbl LIOda:

YpoBeHb BpemMmsa npocrona | Cxema pesepBMpOBaHUA
oTkasoycronumsocTtu | LOA B roa

Tier I 99,671% 28,8 yaca Cxema pe3epBupoOBaHUA
otcytcreyert (N). Hu oaHa m3
CUCTEM He pe3epBUpyeTCsa U
NPOCTOMN KaxXxaom eanHunuUbl
060py0BaHNA 03HAYaeT NpPocTon
scero LIOA.

Tier II | 99,749% 22,0 vaca Cxema pesepsuposanma N+1. K N
eaAnHuuam anobasnsercsa 1
pe3epBHasn, YTo YMeHbLAeT PUCKH
BbiXxoAa u3 crpos LOA.

Tier III | 99,982% 1,6 yaca Cxema pesepsuposaHms N+1 ¢
BO3MOXXHOCTbLIO NapannenbHoro
nposefaeHus NPoPUNaKTUYECKUX
pabor.

Tier IV | 99,995% 0,4 yaca Cxema pesepsuposanmsa 2(N+1).
Kaxabiid 3neMeHT cucTtemsl N+1
Ay6nupyeTcsa aHalorM4yHbIM,

Wcnonb3oBaHue knaccudpukauum Tier nogpasymeBaeT, YTO BCE WUHXEHEepHble
cuctembl U KomnoHeHTbl LIO/, BNNoTb OO 3anaca Tonnuea Ans gu3ernb-reHeparopa,
BOCNPUHMMAIOTCH Kak eanHoe uenoe. Hanuyne xota 661 04HOro Hepe3epBUPOBAHHOMO
KOMMOHEHTa MPUBOAUT K CHWKEHUIO YPOBHSA OTKa30yCTOMYMBOCTM W YBENUYEHUIO
BO3MOXHbIX Yacos npoctos LUOJLl. KonnyecTBo Taknx KOMMOHEHTOB, a Takke CTaTUCTUKA
Mo NraHoBbIM M BHENSaHOBbIM OTKa3aM AdaTta-UeHTPOoB B rof BAUAKOT Ha AonycTuMmoe
Bpems npoctod. Hanpumep, ana UO[L yposHa Tier | xapakTepHO BHeMNaHOBOE
oTKnNtoYeHue 1,2 pasa B rog. lNntoc, n3-3a OTCYTCTBUS Pe3EPBHbLIX CUCTEM AaTa-LEHTP He
Oyoetr pabotatb ewe [gBa pasa MO [ABeHaguaTb 4YacoB BO BpeMs Mf1aHOBOro
obcnyxumBaHua. B utore cymmapHoe Bpemsi npocTos OygeT paccuMTbiBaTbCHA Kak:
12+12+4x1,2=28,8 yacos.

[ns pacyeTa ypoBHS OTKA30yCTONYMBOCTM B NpoLeHTax HyxHo: ((t paboTbl —t
npoctos )x100%)/ t paboThl, raoe

t paboTbl — MakcumansHoe Konu4ecTso Yacos padoTel LLO[ B roa (24 yaca B
cyTkn 365 aHen B roqy).

t npoctosa — 310 Bpems nnaHosoro npoctoda LIO/ B roa.

Knaccuduumpysi cnocobbl pesepBuMpoBaHus, NPUHATO BbIAENATL crnegyroLlme
cxembl: N+1, 2N n 2(N+1). lNpumeHeHne cxem N+1 n N+2 no cpasHenuio ¢ 2N gaiot
3HaQYMTENbHYIO 3KOHOMUIO BrogKeTa M MpU HENoOXoM YPOBHE OTKa30yCTONMYMBOCTU
(pa3om Bce anemMeHTbl cucTeMbl Bpsa N BbInAQyT U3 cTpos). OgHako, HYXHO MOMHUTD,
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4YTO C pocToM yuncrna pabounx egmHuy, (N), cornacHo Teopumn BEPOSATHOCTU, OCTYNHOCTb
cucTeMbl yxyawaetcs. B cutyauum Gonblioro konudectsa aneMeHToB (6onbworo N,
HanpumMep, NCTOYHMKOB BecnepebonHOro NMTaHns) ymecTHee ncnonb3oBaTb cxemy 2N,
KOraa Kaxablhi KOMMOHEHT CUCTEMbI MOMHOCTbIO 3aaybnmpoBaH. 3TO NO3BONUT B pasbl
YBESIMYUTb OTKA30yCTONYNBOCTb N CHU3UTL BpeMs NpocToA. B 1o xe Bpems, H1n N+1, Hu
2N He pe3epBUPYOT CUCTEMY B LIENIOM, @ MOTOMY HE UCKIHYatoT ONacHOCTb aBapun Ha
ydyacTke Mexay 3apesepBUMPOBaHHLIMW 3SnemMeHTamu cuctembl. [loatomy Tier IV
pekoMeHayeT UCNoNb3oBaTb 2 HE3aBUCUMbIE CXEMbI, KaXK4as M3 KOTOPOW MOMHOCTbIO
3agybnunposana, 2(N+1).

Heuccsakaemas aHeprus

OcHoBon  HagexHon  pabotel LOL  aBndetca  anekTpoCHabXeHue:
becnepeborHoe (UcTovHMKM BecnepebonHoro nutanHna — WBI) n rapaHTupoBaHHOe
(Ansenb-reHepaTopHble ycTaHoBKM — [IY). B MOMEHT MCYE3HOBEHMUSI HanpshKeHus
ropogckon cetn UBI gormkHel nogaepxatb nutaHne obopyaoBaHns 40 NOMHOro 3anycka
ary, KOTOpPbIV CMOXET obecneuntb 3NEKTPO3HEPrUEN BECb LoAa.
Ana Toro 4yTo6bl LUOJLl He BCTan B OTCYTCTBUM 3NIEKTPOCHAOXEHUS, KpalHe BaXXHO, BO-
nepsblX, 3apesepsBupoBaTtb MBI, a, BO-BTOpbIX, NPOBOAUTb PeErynsapHble CepBUCHbIE
paboThbl.

K Kaknm puckam MOXeT NpuBecTn Hanumyme Tonbko ogHoro MBI — B uenom
NOHATHO. B nydwem criydae Mbl HE CMOXeM MNPOBECTU TeCTUPOBAHWE WUCTOYHWUKA, B
xyawem — nonyymm npocton LIOL. Ho nopown gaxe Hannumne Heckonbkmux MBI He paet
csobony genctBun. Tak B ogHOM opraHusaumm mctodHukoB B LIO[e 6bino gBa, HO
Kakgbl nTan TONbKO CBOK IPynny CEPBEPOB, a He CMYXUI pe3epBoM Apyr ANS apyra.
Mpw NpoBeaeHUM TEXHNYECKOrO 0BCNYXMBAHNSA Y CEPBUC-UHXKEHEPA MPUXBATUIIO CMNHY.
Mapas, oH kakum-To obpasom ymyapunca obectounTb Bbixoa MBI W, no 3akoHy
noanoCcTH, BbIKMIOYUBLUMACA B pasrap paboyero AHA WMCTOYMHUK obecTtouwmn rpynny
cepBepoB C Hanbosiee KPUTUYHBIMU NPUNTOKEHUAMMN.

«boeBon» 3anyck ansenb-reHepaTopa (I1Bb) — NpoBepka BO3MOXHOCTW 3anycka
Aunsenb-reHepatopa B aBTOMaTUMYECKOM pexuMme npyu NponagaHuuM BHELUHEW CeTwu.
Mpon3BoguTCAa C NOMOLLBID MMUTALUKN NOSHOrO OTKMIYEHUS BHewwHero nutaHua LOL.
Bpema oOT oOTKNo4eHUs nuTaHus [0 3anycka Ausenb-reHepaTopa CcepBepHoe
obopynosaHue paboTaet oT 6atapen VBl (06bI4HO 1-3 MUHYTHI).

3anyck gusenb-reHepatopa nopg Harpyskon (IMH) — npoBepka cnocobHocTm
Ansernb-reHepaTopa noagepXxmBatb NUTaHWE NOLKMAYEHHOrO K HeMy o6opyaoBaHus.
MponsBoguTCS pyYHbIM NEPEKNIOYEHNEM Harpy3ku Ha reHepaTop (C NOMOLLbIO NaHenm
ynpaBneHus) nocrne ero 3anycka M BbIxoga Ha HopmanbHy paboty. Ha Bpewms
nepekntoyeHna ABP cepsepHoe obopyaoBaHune paboTaeT oT 6atapen VBl (okono 0,3-
1 cek.). Kctatn, ana nepeknoyeHnss Harpy3km Ha AY nydwe mcnonb3oBaTb MOTOP-
NpVBOAbl, OHW XOTb W paboTalT MeanieHHee, HO CPOK CryXbbl M HAaOEXHOCTb Yy HUX
BbiLLE.

[Ona npepoTBpalleHna HexenaTeribHbIX MPOCTOEB  HYXHbl  perynsapHbole
KOMMIEKCHble cepBuUCHble paboTebl. B ogHom 13 LJOJl npoBepku NpoBOAMINCE TOSbKO B
oTHoweHun ArY. MBI ncnpasHo nokasbiBan 10 MUHYT aBTOHOMMWU, HO €r0 HUKTO He
obcnyxusan. Bospact 6aTapei K ToMy BpeMeHu nepesanun 3a 5 neT, 1 BO BpeMsi 04HOro
13 60eBbIX 3anyckoB OHW cMornu npopaboTtaTtb Nuwb 29 cekyHa. B 1o Bpems kak OIY
3aBenacb 1 cmorna nNpuHATb Ha cebsa Harpysky cnycts Tonbko 33 cekyHabl. Ko Bcemy
npoyemy, Bce obopyaoBaHue 6bino 3anutaHo ot ogHoro MBI (oT BTOporo 6b1r1o peleHo
OoTKas3aTbCs elle Ha aTane peanusaumm ns-3a OXKeTHbIX orpaHuyeHun). B utore —



nageHve LIO[. NonHoe BocCTaHOBEHME BCEX BbIYUCIIUTENbBHBIX CUCTEM 3aHSAIO OKOJ10
12 yacos.

OcHOBHble OLINBKMK:

« OTkasz Ha crTagum peanusaumm oT BToporo WBI. TpyaHble BpemeHa
3aKOHYUNUCb, HO BTOpon MBI Tak n He Gbin npnobpeTeH.

» OTCYTCTBME KOMMIIEKCHOIO OBCNYXMBaHUS BCEX MHXeEHepHbIX cuctem LIO/.
Mpn perynapHom cepBucHOM obcnyxmBaHunm MBI 06 ux HeyaoBneTBOPUTENbHOM
COCTOSIHMM CTano 6bl N3BECTHO 3apaHee.

» OTcyTCcTBME pernameHToB nnaHoBoro obcnyxmBanna LIOL n xaoc npu ero
aKkcnnyaTauum,

Myt murpaumm Toka

Bawwn MBI 3apesepBupoBaHbl U Bbl perynsapHo ux obcnyxmsaete? Monogubl,
HO He B3QymMalnTe Ha 9TOM ocTaHaBnmBaTbes! 3apesepBupynTe ewle n kabenbHble NMHUN
anekTpocHabxeHus WO, n yctaHoBuTe 2 ABP, KOTOpbIe MNOMHOCTLIO pe3epBUpYOT Apyr
apyra. B wuvpgeane, OHM [OMKHbI OblTb MNOAKMIOYEHbI K pPas3HbIM  HE3aBUCUMbIM
anekTpowmTtam. B KparHeM crnyyae MOXHO NPOTAHYTb ABE NIMHUU U OT OAHOW LLUTOBOW,
YTOObI HE NOMYYNIIOCH CUTYaUNN, Kak Y OAHOMO U3 HaLUMX 3aKa34YMKOB.

Mpun BHEQpPEHUM cMCTEMBbI AncneTyepusaumm B HebonbLLon, HO 3Ha4YMmbIn LLO[
Heob6xoaumo Obino nocTaBuTb TpaHcopMaTopbl TOKa Ha OCHOBHOM BBOA. lMpobrnema
Oblna B TOM, YTO BBOZA Oblf TOSbKO 04MH, @ 00eCTo4YMTb AaTa-UeHTp Obino Henb3as. lNocne
BCEX NOAroTOBUTENbHLIX paboT nuTaHme 6bino oTknoyeHo. NMoka obopyaosaHne LIO
paboTtano ot 6aTapen, MOHTaXXHUKWU TPYAUUCE HE NOKadasa pyk, a MHXeHep, BblITupas
noTt co nba, cumtan MuHyTbl Ha gucnnee MBI,

OcHoBHble OLWNOKN:

» Cnucrema gucnetyepmsauyunm Obina He3acnyXeHHo 3abbiTa npu
NPOEKTUPOBAHUN.

* JlnHua nutanmsa LLO[ He Gbina 3ape3epBupoBaHa.

CTano xapko

Cuctema «umnnep-gaHKkonmn» — CUCTEMA KOHOULMOHWPOBAHWSA BO3adyxa, B
KOTOPOW TennoHOCUTENEM MeEXAY LieHTpanbHOW XONOAMUMbHOM MaLUMHOW (YUINepoM) m
nokanbHbIMM TennoobMeHHNKamn (paHKoMnamMmmn) CryxXuT OXNakKAeHHas >KUAKOCTb,
UMpKyNupylowas nog OTHOCUTENbHO HU3KMM AaBrfieHMeM — OObIKHOBEHHas Boda (B
TPONUYECKOM KIMMaTe) Unv BOAHbIA pacTBOP ATUNEHTNIMKONS (B yMEPEHHOM U XONIO4HOM
Knumare).

He ctouT 3abbiBaTb U O pe3epBMPOBaAHMU CUCTEM KOHAULMOHMPOBaHUSA. 3a
nocrnegHue [OBa Mecsdua [OOBENnocb yBMAETb ABa npoekta oxnaxgenHus ULOO c
NCMONb30BaHMEM CUCTEMbI udnnnep-caHkonn 6e3 pe3epBUPOBaHUSA TpacChl MeXay
yunnepamMmm n cyxmmm oxnagutensmu. icnonb3oBaHne JaHHOMO peLleHnsa B peanbHOW
XW3HU C BbICOKOW A0fen BepOoATHOCTM npmBoauT K npoctoro L|OL. B cnyvyae 3ameHbl
TennoHocutensa (4TO He pefKkocTb), TOMbKO pe3epBHasi Tpacca MOXET COXPaHWUTb
paboTOCNOCOOHOCTL CUCTEMbI OXNAXKAEHNS, @ 3HAYUT U BCEro AaTa-LeHTpa.

Ewe o4yeHb BaXXHbIN MOMEHT — pasfeneHne BHELWHEro N BHYTPEHHEro KOHTYpPOB
oxnaxgeHusa. Tak B OOHOM MpOEKTe Ha KpoBMne ceabMoro 3Taxa npeanaranochb
YCTAHOBUTb [ABa [OBYXTOHHbIX 4wunnepa, 6ak akkymynatop Xonoda, MOLLHYH
noAKaymBaroLLyt0 HacoCHY cTaHuuio. lNMogadva n obpatka onvHOM ABECTU MeTpoB Obina
3annaHuMpoBaHa HanpsiMylo C Kpbiwn o 6nokoB oxnaxgenns B LIO[, koTopbin
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Haxoawuncs B Lokone. B utore, npu aaxe HebonblWOM NpopbiBe TPYObl UMM HEMMOTHbIX
COeAMHEHNSX BHYTPEHHMX BIOKOB OXNaXkaeHust Bce AecsTb TOHH 3TUMEHrNMKOMs noa
AaeneHnem mornu 3atonutb LLOL 1 anekTpolmToBy 3akasyuka.

He 3abbiBariTe 0 pe3epBUpOBaHMM He TOSBbKO BbIYUCIIUTENBHOIO 060pya0BaHMS,
HO N OCHOBHbIX MHXEHEPHbIX cucTem, 1 nyctb Baw LJOl paboTaeT Be4Ho!
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