PesepsuposaHue MNJIK u ycTpoincTB BBOAA-BbIBOAA

HecmoTps Ha cyuiectBoBaHMe 60/1bLIOro pa3Hoobpasunsa MeToa0B pe3epBUpPOBaHUS, B
NPOMbILLIEHHOM aBTOMAaTM3aL MK NONYYUAN PACNPOCTPAHEHUE TONbKO ABa U3 HUX:

- ropsyee pesepBupoBaHuMe 3amelleHmnem (hot standby)
- MmeToA ronocoBaHua (2003 voting, 1002 voting u ap.).

- perke ncnosnbayetca Tennbi peseps (warm standby).
Lenb pesepBupoBaHua - obecneyeHne 6e30TKasHOCTU uam 6e30nacHOCTMU.

MeTogbl pe3epBUpPOBaHUA, UCNOb3yeMble ANA AOCTUKEHNA ITUX ABYX u,eneﬁ, cyw,eCtBeHHO
pa3nnyatloTCA.

OcHOBHoOE pasnnyne

ans obecnevyeHna 6e30NacHOCTU A0CTaTOYHO CHU3UTb BEPOATHOCTb TO/IbKO OMACHbIX OTKA30B,

nna obecnevyeHna 6e30TKasHOCTM TpebyeTca obecneuynTb PaboToCcNoCOOHOCTb CUCTEMBI NPU
BCEBO3MOKHbIX OTKa3ax.

MosTomy cucTembl, CBsiI3aHHble ¢ 6@30NacHOCTbIO, NO/YYaOTCA NPOLLE, YEM OTKAa30yCTONUYMBbIE
CUCTEMbI NPU YCI0BUM OANHAKOBOM HapaboTKM A0 OTKasa.



PesepsuposaHue MNJIK u ycTpoincTB BBOAA-BbIBOAA

O6wme NpUHUUNDbI pe3epBUPOBAHUSA

B ocHOBe meToaa pe3epBUPOBAHMA NEKNUT UAEA 3aMeHbl OTKA3aBLUErO 3/IeMeHTa UCMPaBHbIM,
Haxoaawemca B pesepse. CN0XKHOCTU peann3aumnm sTor Maen 3aBUCAT OT Liesiel pe3epBUPOBaHUA.

Mpumepbl TaKNX Lenen:

- MMHMMaNbHOE Bpemsa nepexona Ha peseps

- MWHMMaANbHAA CTOMMOCTb 060pya0BaHUA NPU 3a4aHHON BEPOATHOCTU He30TKa3HOM paboTbl
B TeYEHUE onpeaenieHHoro Bpemenmn (HapaboTku).

3ameHa OTKa3aBLero asiIeMeHTa MOXKeT ObITb:

—  «pPY4YHOM», ANA 3TOro A0CTAaTOMHO MMETb Pe3epBHbIN (3anacHol) anemMeHT Ha cknaje,
NPOAONKMUTENIbHOCTb 3aMEHbI COCTaBUT OT eANHUL, A0 AECATKOB YacoB, YTO ANA MHOIMUX
CUCTEM aBTOMaTM3aLMN HEAONYCTUMO;

- «I'Opﬂ“ler;l», AanAa 3Toro HeO6XO,CI,I/1MO NMPUMEHATb KOHTPOJ1/1EPDLI N MOAY/TN BBOAA-BblBOAa C
BO3MOXHOCTbIO «ropﬂqeﬁ 3dMEHbI» N XOPOLWO Pa3BUTYO CUCTEMY ANATHOCTUKUA
HeMCHpaBHOCTEVI.

M nepBbIi M BTOPOM cnocobbl npeanonaratoT 3aMeHy HEMCNPABHOIO Moy onepaTopom, Uau
APYrMM YNOJIHOMOYEHHbIM JINLLOM.



PesepsuposaHue MNJIK u ycTpoincTB BBOAA-BbIBOAA

O6wue NnpUHUUNDbI pe3epBUPOBaAHUA
Ans obecnevyeHmna BO3MOXKHOCTU ""ropadenr 3ameHbl" HeobxoamMmo NpeaycMoTpeTb CeayoLlee:

— 3adWnUTy OT CTAaTUYECKOTIO ZIEKTPUYECTBA, KOTOPOE MOXKET BO3HMKATb Ha Te/s1e ONnepaTopa,
BbIMO/IHAKOLWENO 3aMeHY yCTpOl\/JICTBa,'

- HeobxoaMmylo NOCNeaoBaTENbHOCTb NOAAYM HANPAXKEHUN NMUTAHUA U BHELLHUX CUTHA/IOB,
HanpMmep, C MOMOLLbIO PAa3beEMOB C KOHTAaKTaMW Pa3HOM AJINHbI;

— 3adlWlunTy CUCteEMbIl OT 6pOCI-(a TOKa, BbISBBAHHOIO 3apA40MmM eMKoCTen noaKnro4aemoro
yCTpOﬁCTBa, Hanpmmep, C NOMOLWbIO TOKOOTrPpaHUYNTEJIbHbLIX PE3UCTOPOB NN OTAENBHOIO
MCTOYHUKa NUTAHUA,

—  3alMTYy YCTPOMCTBA OT NEPEHANPAXKEHUA, KOPOTKOro 3aMbIKaHMA, NEPENONHOCOBKY,
NPEeBbIWEHNA HANPAXKEHNA NUTAHUA, OT OLLMOOYHOrO NOAKNKOUYEHUS;

- nporpammMmupyembie YCTPOMCTBA A0/IXKHbI ObITb 3apaHee 3anporpaMMmnpPoBaHbIl, B CETEBbIE
YCTPOMCTBA A0/1KEH ObITb 3aNncaH NPaBUAbHbIA aapec U NpeaycMoTpeHa NOACUCTEMA
aBTOMaTUYECKOM permcTpaumm HOBOrO M UCK/IIOYEHUS CTapOoro YCTPOMCTBA U3 CETY;

- B aNropuTmax aBTOMaTUYECKOro peryinpoBaHuAa AoNXKeH bbiTb NpeaycMoTpPeH
"6e3ygapHbIn peXnm CMeHbl KOHTPOAIEPa UAM MOAYNEN BBOAA-BbIBOAA.

Ecnun pe3epBHbIl‘/JI 31EMEHT BXOAUT B COCTAaB CUCTEMDI, TO OHA OTHOCUTCA K pe3epBUPOBAHHbIM
CnUctemam C pyyHbimMm 3amelleHmnem OTka3aBLllero aJieMeHTa.

Mpumep
B Kop3uHe 8 moaynen, ns H1UX 7 3aeMCcTBOBaHbI, 8- pe3epBHbIN Ana ntboro.



PesepsuposaHue MNJIK u ycTpoincTB BBOAA-BbIBOAA

O6wue NpUHLUNbI pe3epBUPOBaAHUA

Cucrtembl € ronocoBaHuem

OCHOBHbIM OTANYUTE/IbHBIM NPU3HAKOM CUCTEM PE3EPBUPOBAHUA C FO/IOCOBAHUEM AABAAETCA
HEBO3MOXHOCTb BblAeN1eHUA B CUCTEME OCHOBHbIX 3/1IEMEHTOB U pe3epBHbIX, MOCKO/IbKY BC€ OHU
paBHOMNpPaBHbI, PabOTalOT 0AHOBPEMEHHO U BbINOJIHAIOT OAHY U Ty Xe PyHKUMUI0. Bbibop oaHoro
CUrHaNa N3 HEeCKOJIbKMX OCYLLECTB/IAETCA CXEMOM r0/1I0COBaHUA, KOTOPAs Ha3blBaeTCcA
MaXXOpPUTapPHOM CXEMOMN.

Ma)'KOpMTaprlﬁ 3/1IEMEHT - /IOTMYECKNM 3/IEMEHT U3 KNacca noporosbiX, C YETHbLIM UJIN HEYETHBIM YNC/IOM
BXO0A40B 1N O4HNM BbIXOAHbIM CUTHA/IOM, 3HA4YEHNUE KOTOPOro coBnagaeT Co 3Ha4eHNeM Ha 6onblINHCTBE BXO408B.

PaccmoTpum npumep pe3epBUpoBaHMA AaT4MKOB 2003
B cxemy ronocoBaHuA NOCTynaoT TPU 3HAYEHUS

N3MepAemor B TemnepaTypbl, U3 KOTOPbIX HEOHX0AMMO T; I Creva
BbIOpaTb 04HO. 3HAYEHMA TeEMNepPaTypbl PacnoaaratoTca B " I :,rk-,mw}”'”m
nopAaaKe BO3pacTaHMA, a Ha BbIXOA4 CXeMbl FO/I0COBAHUA T % Jooi
NocTynaeT 3HAaYeHUE, PACNO/IOXKEHHOE MeXKAY ABYMA 4 —
KpalHUMU (HO He cpeaHee apudmeTmyeckoe!). Hanpumep, o [

€CNn B pe3ysibTaTe U3mepeHuns noaydeHol 3HadyeHus (0,12; o = i

39,5; 39,4)°C, To ucnonb3yeTcs TONbKO 3HayYeHue 39,4, - 1 =

OCTa/IbHble UTHOPUPYIOTCS.



PesepsuposaHue MNJIK u ycTpoincTB BBOAA-BbIBOAA

O6wue NpUHLUNbI pe3epBUPOBaAHUA

Cuctembl € ronocoBaHMem

Pe3epBMpPOBAHME 31EMEHTOB C ANUCKPETHBIMU CUTHA/IAMM BbIMONHAETCA aHAaNOTMYHO
PACCMOTPEHHOMY BblLLE.

B pe3ynbTaTe Ma*KopmuTapHOro rolocoBaHMA BbiIbUpaeTca To 3HAaYEHUE, KOTOPOE NPUHUMAIOT
H6ONbLWNHCTBO CMrHaN0oB. Hanpumep, npu normyeckmnx curHanax A="1", B="1", C="0" pe3ynbratom
ronocoBaHua 6yaet 3HayeHue Y="1". BIOK MaXKOpPUTapPHOro roN10CoBaHUA peannsyeT N0rnM4YecKyro
dyHKumio Y = AB + BC + CA.

Ona paboTbl MaXKOPUTAPHOM CXEMbI YNCNO "rToN0CoB" AONKHO ObITb HEYETHDLIM.

Ha camom gene, B cuctemax 6€3o0nacHOCTM BO3MOXKHO npumeHeHue nrboro ynucna "ronocos".

BmecTo HeaocTatowero rosoca UCNob3yeTcs YCA0BME, YTO CUCTEMA CYMTAERTCS
paboTtocnocobHoOM, ecnmn oTKas aBnAeTcA 6e3onacHbIM.

O603HauyeHne cxem rosocoBaHmA no ctaHaapTy M3IK 61508:

1002 oauH ronoc n3 asyx (1 Out Of 2);
2002 - (aBa ronoca 13 Agyx);

2003 (aBa ronoca u3 Tpex);

2004 (pBa ronoca 13 yeTbipex);

3 004 (Tpu ronoca 13 yeTblpex).

Hepe3epBupoBaHHble cucTeMbl 0603HaYarTCA Kak 1oo1.
Ecnu B pe3epBUPOBaHHOM CUCTEME MMEETCA Pa3BMUTaA NOACMCTEMA ANATHOCTUKM
HeucnpaBHOCTEN, TO K 0603HaYeHUto gobasnsetca byksa "D", Hanpumep, 1002D .



PesepsuposaHue MNJIK u ycTpoincTB BBOAA-BbIBOAA

O6wue NpUHLUNbI pe3epBUPOBaAHUA

Cucrtembl € ronocoBaHnem
Mpumep cxembl € ronocoBaHmem no cxeme 1002
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Mpumepom cucTemMbl C roJIOCOBaHMEM BUAA 1002 MOXKET C/TYXKUTb CUCTEMA OXPAHHOM
CUrHaANM3aumMn A4Bepu, B KOTOPOM NCNONb3YIOTCA ABa AaTyMKa A 1 B ¢ uenbio B3anmHoro
pe3epBMpoBaHuA. MNpn oTKa3e 0AHOro U3 AATYMKOB (Hanpumep, AaT4ymnKa B, Korga Bmecto A=1, B=1
nonyyaem A=1, B=0) cuctema, nonb3yacb NpaBuaom 60AbLLIMHCTBA FO/1I0COB, HE MOXKET NPUHATb
peweHune. OgHaKo, ecin y4ecTb, YTO 0XKHOe cpabaTbiBaHME OXPAaHHOM CUCTEMbI HE MPUBOAMUT K
OMacHOM CUTyauum, a HecpabaTbiBaHWE CUCTEMbI MPU HAIMYUM HAPYLUUTENA ABNAETCA ONaCHbIM
OTKA30M, O4EBUAHO, CXEMA FO/I0COBAHUA AOKHA CYMTATb, YTO JOCTAaTOYHO OA4HOrO roaoca U3 AByX,
4yTObbl NPUHATbL PeLLeHne 0 Nogade aBapUMHOTro curHana. Ecam curHanom cpabatbiBaHUA
CUIHANM3auUMn ABNAETCA Normyeckoe 3HayeHue "1", a CMrHasiom oTCyTCTBMA HApyLINTeNna ABNAETCA
3HauyeHue "0", To 610K ronocoBaHmA peanmsyeT Iormveckyto ¢pyHkumo Y = A + B.



PesepsuposaHue MNJIK u ycTpoincTB BBOAA-BbIBOAA

O6wue NpUHLUNbI pe3epBUPOBaAHMUA

Cuctembl € ronocoBaHMem

B cuctemax c ronocoBaHnem no cxeme 2002 (3003) TpeboBaHma K 6e3onacHOCTM ropasao Bbllle

Mpnmep

Cnctema KOHTPOA repPMETUYHOCTM NtOKa NMPU NOrPy*KeHNM NOABOAHOM NOAKWN.

Ecnn nok umeeT ABa AaTyMKa, TO CUTHA/ FOTOBHOCTU K NMOTPYXKEHUIO MOXKET NOABUTLCA TONIbKO
npu Hannummn noatTeepaenma ( A="1", B="1") ot obonx gaTyMKoOB OAHOBPEMEHHO (ABYX U3 ABYX).
Bbixoa, M3 cTpOs 04HOro AaTyMKa He A0J/IKEeH N03BOIUTb cMCTeMe BblpaboTaTb CUrHAN rOTOBHOCTU K
NOrpy*KeHuto, YTobbl OnacHasa cUTyauma He BO3HUKAA.

Takon 610K peanmsyeT normyeckyro pyHkuuio Y = AB.

HecmoTpsa Ha BbICOKYHO 3PPEKTUBHOCTb CXEM FO/1I0COBAHMSA C YETHBIM YNC/IOM F0/10COB, OHMU
MMEIOT He0CTaTOK, COCTOALLMIN B BOSMOKHOCTU NIOXKHOro cpabatbiBaHMA. XOTS 3TOT TUM OTKA30B U
He AABNIAETCA ONACHbIM, B HEKOTOPbIX CAYYasaX OH NPUBOAMUT K 3HAYNTE/IbHOMY MaTePUANbHOMY
ywepby.

Bbibop Hannyywen cMcTeMbl OCYLLLECTBNAETCA HQ OCHOBAHUM PE3y/1IbTaTOB 9KOHOMUYECKUX
pacyeTos.



PesepsuposaHue MNJIK u ycTpoincTB BBOAA-BbIBOAA

O6wue NpUHLUNbI pe3epBUPOBaAHMUA

Cuctembl € ronocoBaHMem

Mpn 0TKase 04HOro U3 3/IeMEHTOB Pe3epPBUPOBAHHON cucTembl 6e3onacHOCTM 2003 ee YpPOBEHb
6e30MacHOCTM NOHMMKAETCA M OHA MOXKET HayaTb PYHKLUMOHUPOBATb Kak cmctema 1002. Ecau
3aMeHa HeUCNPaBHOro 3/1IeMeHTa He NPOoU3BeAeHa M NPOM30LLEN BTOPOM OTKa3, TO cMCTeEMaA
nepexoauT B pexxmm 6e3 pesepBupoBaHma 1001, 04HAKO B 3TOM peXXMME CUCTEMA HE MOKET
HaXoAUTbLCA A0NTO No TpeboBaHUAM be3onacHocTU. OyepeaHOCTb Nepexoaa OT OAHOM CXEMb
pe3epBMPOBaHUA K APYroi Ha3biBaeTCs CXeMOM gerpagauum.

Cuctema 6e30nacHOCTM 2003 MOXKET UMETb CneayloLLne BapMaHTbl Aerpagaunm:

2003 - 2002 - 1001 - 0.

3necb "0" o603HauaeT cocTosiHMe, Koraa cuctema nepectaet PyHKLUOHNPOBATb
(ocTaHaBnmBaeTca). Mepen 0CTAaHOBKOM CUCTEMA A0/1KHA NEPEBECTM BCE CBOW BbIXOAbl B
6e30MnacHble COCTOSAHUA.

MoHATMEe 6e30NacHOro COCTOAHUA ANA KaXKA0M CUCTEMbI ONpeaensaeTca npu ee
NPOEKTUPOBAHUM.

Mpumep

[Ona cuctem aBapuMHOro OTKAKOUYEHUA Be30onacHbIMKU ABNAIOTCA 06eCcTOYeHHble COCTOAHMUS
NCMONHUTENbHbIX MEXaHU3MOB

[Ona cuctem aBTOMATUYECKOTO NOXKAPOTYLEHNA NN aBaPUMHOWN BEHTUNALNM - HAODOPOT,
COCTOAHUA, NPUN KOTOPbIX HAa UCNONHUTENbHbIE YCTPONCTBA NOAAHA SHEPTUA.

Cxembl ro/10COBaHMA LMPOKO NCNOb3YHOTCA B CUCTEMAX NPOTUBOABAPUMHOWN 3aLUTbI U
CUrHaANM3aumMu, rge oHNM MMeloT bonblloe pa3Hoobpasue.



PesepsuposaHue MNJIK u ycTpoincTB BBOAA-BbIBOAA

O6wue NpUHLUNbI pe3epBUPOBaAHMUA

Pe3epBupoBaHue 3amelleHUuem
CucTtembl € ropaYnm pesepsupoBaHmem 3amelleHmem (Hot Standby).

Oenoshol

Pezepsubiti

OTANYNTENBHOM YEPTOM TaKMX CUCTEM ABNAETCA NPUHLUMUNMANIbHAA HEODXOANMOCTb B
noAcucTeme KOHTPo/1a paboTocnocobHOCTM Kak OCHOBHOTIO, TaK U PE3EePBHOr0 3/IEMEHTOB,
Hannume 610Ka NepekNoYeHMA Ha Pe3epB, a TaKKe WNHbI 419 CUHXPOHU3ALMN MeXay
npoueccopamu (nocneaHee OTHOCUTCA TONbKO K Pe3epBUPOBaHMIO NPOLLECCOPOB).

OCHOBHbIM MapaMeTPOM CUCTEM C pPe3epPBUPOBAHMEM 3aMELLEHMEM ABNSAETCA BPeEMSA
nepekaYeHua Ha peseps. Mepexoa Ha pe3epBs BbINOAHAETCA B Npeaenax o4HOro UamM HECKOJIbKUX
KOHTPONNEPHbIX LMKIOB 1 3aHMMAET BPEeMsA OT eANHUL, MUNTINCEKYHA, 10 AONEN CEKYHAbI.



PesepsuposaHue MNJIK u ycTpoincTB BBOAA-BbIBOAA

O6wue NpUHLUNbI pe3epBUPOBaAHMUA

Pe3epBupoBaHMe 3ameLLeHueMm

Cuctembl c bonee meaneHHbIM NepekatoYeHnem Ha peseps (OT Ao/1el A0 eAMHUL, CEKYHA)
OTHOCAT K cMcTemam c Tennbim pesepsom (Warm Standby). KOHCTpyKTMBHOE oTAnuYme Tennoro
pe3epBUPOBaHMA KOHTPONIEPOB OT rOpPAYEro 3aK104aeTca B OTCYTCTBUM BbICOKOCKOPOCTHOIO
KaHana CUHXPOHM3aLMKN MeXay NPoLeccopaMmn, BMECTO HEero Ucnosib3yeTcs CTaHAapTHan
HWU3KOCKOPOCTHAA NPOMbILINEHHAA CETb UM APYroin Noc/iefoBaTe/IbHbIN KaHan obmeHa.



PesepsuposaHue MNJIK u ycTpoincTB BBOAA-BbIBOAA

O6wue NpUHLUNbI pe3epBUPOBaAHMUA

Pe3epBupoBaHMe 3ameLLeHueMm
[ins KoHTpona paboTocnocobHOCTU UCMONb3YIOTCA TakKMe NapameTpbl U COObITUA, Kak:

0bpbIB IMHUM CBA3Y;

KOpPOTKOe 3amblKaHue (K. 3.);

— OTK/IOHEHMWE BE/INYUH HANPAXKEHUA NUTAHUA U (MIN) TOKa;
- OTCYTCTBUE CBA3Y;

- neperpes BbIXOAHbIX KaCKaaoB MOAyNeln BbIBOAa;

— neperpyskKa no ToKy;

— OTCYTCTBMWE HarpysKu;

—  BbIXOA, CUTHAN0B 3a rPaHULbl AMHAMWYECKOTO ANana3oHa;
- cpabaTtbiBaHWe NpeaoxpaHUTens;

- cpabaTtbiBaHMe HNO0KMPOBOK U 3aLUT;

—  LEe/IOCTHOCTb IMHUI CBA3U C MOAYNSIMW BBOAa-BblBOA3;

- OWKUHKa KOHTPO/IBHOMN CYMMbI;

- owwunbKa namaTu;

- "3aBucaHue" npoueccopa U T. N.



PesepsuposaHue MNJIK u ycTpoincTB BBOAA-BbIBOAA

O6wue NpUHLUNbI pe3epBUPOBaAHMUA

Pe3epBupoBaHue 3ameLleHUEM

MNepeyeHb npouenyp KoHTpona MNJIK npusegeH 8 TOCT P 51841.

[AunarHoctnyeckasa MHbopmaumnAa AO0MKHA BbIBOAUTLCA Ha MynbT onepaTopa U OAHOBPEMEHHO
MOXeT NCNO0/Ib30BaTbCA 4/1A NepeKNoYeHNA Ha pe3eps.

Ona vcknodyeHnsa ownboyHOro nepexoga Ha pes3eps MO NpuUMHe cboA B CUCTEME KOHTPOASA
MCMONb3YIOT BPEMEHHOW PUABTP, KOTOPbLIN paspellaeT NepektoYeHne TONbKO NMPU YC/I0BUMK, UYTO
COCTOAHWE HEUCMPABHOCTM A/INTCSA HE MEHEe YCTaHOBAEHHOro BpemeHun (Hanpmumep, 1...100 mc).



PesepsuposaHue MNJIK u ycTpoincTB BBOAA-BbIBOAA

O6wue NpUHLUNbI pe3epBUPOBaAHMUA

Pe3epBupoBaHMe 3ameLLeHueMm

Pe3epBUpPOBaHHbIMM MOTYT BbITb OTAENbHbIE 3/1@EMEHTbI CUCTEMbI, UX TPYMMbl U BCA CUCTEMA B
LLe/IoM.

MoanemeHTHOE pe3epBUpPOBaHME NO3BONAET NOBbICUTb OTKA30yCTOMUYNBOCTb B MEPBYIO o4Yepeb
Hanbosiee BaXKHbIX UM HAMMEHEE HaAEXKHbIX 3/1eMEHTOB, BbI6paTb Pa3/IMYHYIO KPaTHOCTb
pe3epBMpPOBaHMA AN PA3HbIX 91EMEHTOB CUCTEMbI U TEM CaMbIM AOCTUYb MAaKCUMAJIbHOTO
OTHOLLEHWUA HAAEKHOCTU K LieHe.

Obuwee pe3epBMpoBaHME He TpebyeT aHaNM3a COOTHOLLEHUIA MeXAY HaJeXHOCTbIO OTAe/bHbIX
3/1EMEHTOB CUCTEMbI, UCKNIOYAET OLIMOKM NPU pacyeTe HaJeXHOCTU U BbIBOpe pa3nUYHbIX CXEM
pe3epBMPOBaHUA, a TakKe OWMOKM, BbiI3BaHHbIE N0OXON HArMAAHOCTbIO aPXUTEKTYPbI CUCTEMbI NPU
NO3/IEMEHTHOM Pe3epPBUPOBaAHUN,

B cnyyae obuwero pesepBMpoBaHUA J0OCTaTOYHO ABYX OTKa30B 419 OTKa3a Bcell CUCTeMbl, ecu
OAMH U3 3/IEMEHTOB PaCOJ/IOXKEH B OCHOBHOM CUCTEME, BTOPOM - B pe3ePBHOIA.

Mp¥ NO3N1eMEHTHOM Pe3epBMPOBaHNN BEPOATHOCTb TAKOrO OTKA3a CYLLECTBEHHO HUXKe,
MOCKONbKY A1 ero peanvsaumm Heobxoammo, YTobbl 04MH U3 OTKA3aBLUUX 3/1EMEHTOB Oblin
OCHOBHbIM, BTOPOW - €0 Pe3epBOM, YTO KpaliHE MaoOBEPOATHO.



PesepsuposaHue MNJIK u ycTpoincTB BBOAA-BbIBOAA

O6wue NpUHLUNbI pe3epBUPOBaAHMUA

Pe3epBupoBaHue 3ameLleHUEem
Moaynu BBoAa U AaTYMKHU
TunnuyHbIMKM OTKa3amm Npu BBoae curHanos B /1K aBaseTca ob6pbIB UM KOPOTKOE 3aMblKaHuMe

JIMHUW cBA3KU. Ha 40110 OTKA30B IMHUWN CBA3U, AaTYMKOB U NCMONHUTENbHbIX YCTPOMUCTB B CUCTEMAX
aBTOMaTM3aumnm npmxoamntca 85% Bcex O0TKa3oB.

JInHUM cBA3M MOTYT NOBPEXAATHCA B pe3y/bTaTe:
- cTnxmm (0bmep3aHme, NopbIB NPOBOAOB),

— 3eM/AHbIX PaboT, HENPaBUABLHOIO MOHTAXKa;
- 3/IOHaMepEeHHbIX AeNCTBUM

- ntT.n,
Mo3ToOMy MX HAZLEKHOCTb YaCTO He CBA3aHa HanpPsMYo C HAZleKHOCTbIO Kabena.



PesepsuposaHue MNJIK u ycTpoincTB BBOAA-BbIBOAA

O6wue NpUHLUNbI pe3epBUPOBaAHMUA

Pe3epBupoBaHMe 3ameLleHMeM
CXembl ro/1IoCOBaHUA MOTYT MPUMEHATLCA 418 Pe3epBUPOBaAHUA:

- [AaTYMKOB NPU UCNONIb30BAHMN O4HOTO MOAYNA BBOAA;
- Moaynen BBOAa NPW HAMYMM OAHOTO AaTYMKA;

- [A3dTYNKOB U MO,CI,W'IEVI BBOA4a4d O4HOBpPEMEHHO.
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PesepsuposaHue MNJIK u ycTpoincTB BBOAA-BbIBOAA

O6wue NpUHLUNbI pe3epBUPOBaAHMUA

Pe3sepBupoBaHue 3ameLleHUEM
Ecnu BbinonHseTcs peseps moaynen npyu oA4HOM AaTymKe, TO NoTeHUUaAbHble BXOAbl MOAY/EN
coeaMNHAIOTCA ?, a TOKOBbIE - ?



PesepsuposaHue MNJIK u ycTpoincTB BBOAA-BbIBOAA

O6wue NpUHLUNbI pe3epBUPOBaAHMUA

Pe3epBupoBaHue 3ameLleHUem

Mpyn nocnegoBaTeNbHOM COEAMHEHMWN OTKIOYEHWE O4HOIO U3 Moaynen (Hanpumep, 4na
BbIMO/IHEHUA 3aMEHbI) NPUBOAUT K Pa3pbiBY BCEN LIENM.

[Ana yctpaHeHus 3Toro apPeKkTa NCnonb3yrT CTabuanTpoHsbl. MNpu Ncnoab30BaHUM UCTOYHMKA
TOKa C 60/1blLIMM BHYTPEHHUM CONPOTMBAEHMEM (Hanpumep, CTaHAAPTHOIO UCTOYHUKA 4...20 MmA)
TOK He 3aBMCUT OT COMPOTUBAEHUA HArpy3KM, MO3ITOMY NOABAEHMUE CTAOUANTPOHA B KOHTYpE C
TOKOM NMPU YA3aNEeHUU OAHOTO U3 MOAY/IEN HE BHOCUT NOFPELIHOCTb B pe3ysbTaT uamepeHus. Tok
YyTeUYKM cTabuanTpoHa aomkeH 6biTb Man NO CPAaBHEHMIO C 4ONYCTUMOMN abcoNtoTHOM
NOrPEeLHOCTbI0 U3MEPEHUS TOKa, @ HanpsrKeHue ctabunmsaumm - 60/blue MaKCUMaAbHOIO
NafAeHUA HaNPSKeHM Ha USMEepPUTE/IbHOM Pe3nCTope.
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PesepsuposaHue MNJIK u ycTpoincTB BBOAA-BbIBOAA

O6wue NpUHLUNbI pe3epBUPOBaAHMUA

Pe3epBupoBaHue 3amelleHUuem

ToT ke addeKT AocTUraeTcs, ecin UCNONb30BaTb BHELLHNE U3MEPUTE/IbHbIE PE3UCTOPbI,
KOTopble 0becneymBatoT 3aMKHYTbIN NYTb ANA TOKa NPU yaaneHnun ogHoro us moaynei. Mpu stom
MCNONb3YIOTCA MOAYAMU C NOTEHLUMANBHBIM BXOAO0M, @ USMEPEHME TOKA BbINOIHAETCA KOCBEHHbIM
MeToA0M (No NaZeHUI0 HaNPSAXKEHMA Ha CONPOTUBIEHUN).
A

ETE
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PesepsuposaHue MNJIK u ycTpoincTB BBOAA-BbIBOAA

O6wue NpUHLUNbI pe3epBUPOBaAHMUA

Pe3epBupoBaHue 3amelleHUuem

OcHoBHOM Npobaemom B cuctemax, pesepBMpoBaHHbIX METOAO0M 3aMeELLEeHUS,
ABNAETCA aBTOMaTUUECKUUA KOHTPOIb UCNPABHOCTY.

[N KOHTPOIA UCNPABHOCTU aHAIOrOBbIX MoAy/NeN BBOAA MOTYT ObITb MCNO/b30BaHbI
cneayoume BeNNYMHbI U cobbITUA:

CpeAHEKBaAPaTUYECKOE 3HAYEHNE HANPAXKEHUSA UM TOKA LIYMa;
— HanpsaXXeHue CMeLWeHNaA HyNA;

- TemnepaTypa BHYTPU KOpnyca Moayns;

- NOrpeLwwHocTb (OueHNBAETCA C MOMOLLbIO BCTPOEHHOIO MCTOYHMKA ONOPHOI0 HaNPsAMXKeHUa);
- 3aBMCaHMWe npoueccopa (gMarHoCTUpPYyeTCA C MOMOLLbIO CTOPOXKEBOFO TaliMepa);

— HanpAaxeHue NUTaHUA NPOLECccopa;

- OWKUHKa KOHTPO/IBHOMN CYMMblI;

- owwunbKa B oTBETE Ha KOmMmaHAay.
Ana AnarHoCTmKm O6prBa BO BXOAHbIX LeNAX aHa/10rosbIX MO,D,W'Iel‘/JI MCNoJb3yloTCA caeayowmne
MeTOoabl:

— KOHTpPOJib BbIXOAa4a nepemeHHon 3a rpaHnubl AMHaAMUNYECKOTO ANaNna3OoHa AU rpaHuMLbl ee
U3IMEHEHUA,

- NpuumeHeHne TeCTUpyrwmnx NCTOHHMKOB TOKaA.
B o6oux CNAy4aAax KOHTPOMUNPYHOT BbIXO4 CUTHANa U3 ANHAMUNYECKOTO ANaMNa30Ha.



PesepsuposaHue MNJIK u ycTpoincTB BBOAA-BbIBOAA

O6wue NpUHLUNbI pe3epBUPOBaAHMUA

Pe3epBupoBaHue 3ameLleHUEem

JaTynkm n moaynm Beoaa ANCKPETHbIX CUFHANO0B

MNpn BBOAE AUCKPETHbIX CUTHAI0B MCMNOb3YHOTCA MeToAbl FOI0COBAaHUA N pe3epBUPOBaHUA
3ameLlLeHuem.

Cxembl NOAKNIOYEHNA AATYMKA TUMNA KCYXOM KOHTAKT»

Mpn 06pbiBE NMHUM HA BXOAE MOAYNA NOABAAETCA CUIHAA, BE/IMYMHA KOTOPOTro onpeaenaeTcs
Aenutenem Hanpaxenuna E. R4/(R3+R4).

B cnyyae KOPOTKOro 3amMblKaHMA Ha LWXHY MUTAHMA HanNpAXeHne Ha BXoae MoAaynAa paBHO
HaNPAXEHUIO NUTAHUA.

Mpu K. 3. Ha 3eMN0 HaNpAXKeHMe Ha BXO4e PaBHO HYAIO.

Mpyn Pa3sOMKHYTOM COCTOAHUW AaTYMKa HanpsaxeHue pasHo E. . R4/(R4 + R3[[(R1+R2)),

npu 3amkHyTom - E_R4/(R4 + R3[[R1). .
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PesepsuposaHue MNJIK u ycTpoincTB BBOAA-BbIBOAA

O6wue NpUHLUNbI pe3epBUPOBaAHMUA

Pe3epBupoBaHue 3ameLleHUem

[aTynMKM U moaynun BBOAA AUCKPETHbIX CUTHANOB

PaccmoTtpum npmumep

[aTYMK NCNONb3yeTca B CUCTEME OXPaHbl M €er0 HOPMa/ibHbIM COCTOAHMEM ABASAETCA OTKPbITOE.

O6pbIB AMHNM CBA3U U K. 3. HA 3E€MJ/TH0 OCTAaHYTCA HE3aMeYeHHbIMU, MOCKObKY UX HEBO3MOXHO
OT/INYNTb OT HOPMAZIbHOFO COCTOAHUA AaTUMKa.

MpeanonoXmnm, YToO HOPMaJibHbIM COCTOAHMEM AaTYMKA ABNAETCA 3aMKHYTOE.

Toraa npu Ntobom 13 nepeumncneHHblIx 0TKa3oB JIMHUKU CBA3M CUTHaANM3auuna cpaboTaer, T.e.
OTKa3a, NpuBoaALLero K HecpabaTtbiBaHUO PyHKLNM 6E30NaCHOCTU, MPOMU30NTU HE MOMKET.

B cuctemax 6e3onacHOCTU U NPOTUBOABAPUIAHOM 3aLLMUTbl UCNONbL3YIOT AATYUKU, Y KOTOPDIX
HOPMa/ibHbIM COCTOAHUEM 3aMKHYTOe (HaxoaATCcA NoA HanpAXKeHUem).

Mpu BbIGOPE YNPOLLEHHbIX CXEM AMArHOCTUKKU CneayeT yYnTblBaTb, YTO B NPABUIbHO
CNPOEKTUPOBAHHOM cucTeme 6e30nacHOCTM cpabaTbiBaHME AATYMKA He AO/IKHO ObiTb
610KMPOBAHO HEMCNPABHOCTAMM IMHUK CBA3K, @ €C/IN TaKasa BIOKMPOBKA BO3MOXKHA, TO OHa
A0/1KHa ObITb OOHApYKeHa CUCTEMOM KOHTPONA.

Ona obHapyKeHNs HEMCNPABHOCTEN MOAYNS BBOAA MOXKET MCMO/b30BaTbCA aBTOMATUUYECKOE
TECTUPOBAHME BO BPEMA KPATKOBPEMEHHOTO OTKAOYEHUA UCTOYHUKOB CUIHANA N HArpy3oK nyTem
NoAayun Ha BXOA TECTOBbIX KOMOUHALMN NOFMYECKNX YPOBHEN



PesepsuposaHue MNJIK u ycTpoincTB BBOAA-BbIBOAA

O6wue NpUHLUNbI pe3epBUPOBaAHMUA

Pe3epBupoBaHMe 3ameLLeHueMm
Mogynv aHanoroBoro BbiBOAA

Pe3epBMpoBaHMe MoAy/el BbIBOAA NPUHLNMNANBHO OTIMYAETCA OT Pe3epBUPOBAHMA MOAYNEN
BBOZA TEM, UTO YCTPOICTBA BbIBOAA B 60/1bLUMHCTBE C/lyyaeB ABAAKTCA UCTOYHMKAMM SHEPIUM, B
TO BpPeMA KaK YCTPOMCTBa BBOAA ABAAIOTCA NPUEMHUKAMU MHPopMaLMK (CUrHaNoB).

I'Io:—)To:v\y eCcnn ana neperknnyeHnA Ha pe3eps B MOAyNAX BBOAaA AOCTATOHHO NMPOrpaMmMHbIM

cnocobom nepeHanpasuUTb NOTOK NPMHUMaeMon MHGopMaLMn, TO B MOAY/IAX BbIBOAA

HeO6XOﬂ,MMO nepeKkaro4vYnTb NMNOTOK 3HEPTNN, HTO HEBO3MOXKHO CAE/1aTb TO/IbKO NpOorpaMmHbIMUA

cpeacrsamu.

[10 HacTynneHnA OTKa3a KaXabl UCTOYHUK BblaaeT
TOK, PaBHbIi NOJIOBMHE TOKa Harpysku I/2. MNpu K. 3. uam
06pbIBE NMHUM CBA3U TOK Yepes AMo4 B 3STOM KaHase
CTAHOBUTCA PABHbIM HY/O U cpabaTbiBaeT a/IFOPUTM
pe3epBMPOBAHNA, KOTOPbIN YCTAHABAMBAET B UCMPABHOM
KaHa/ie TOK, paBHbIN /.

4-20 mA

4-20 mA

R,

22



PesepsuposaHue MNJIK u ycTpoincTB BBOAA-BbIBOAA

O6wue NpUHLUNbI pe3epBUPOBaAHMUA

Pe3sepBupoBaHuMe 3amelleHuem

Moaynun aHanoroBoro BbIBOAA

PeanbHasA cUTyaUua C pe3epBUPOBaAHNEM aHANOrOBbIX BbIXOA0B

Pe3epBUpOBaHHbI BbIBOJ, aHaI0rOBbIX CUTHAIOB peannsyetca Hanbonee CI0KHO U B
NPOMbILLNIEHHOM aBTOMAaTMKe UCMo/ib3yeTca peako. Mpobaema COCTOUT B TOM, YTO ANA
NepeKkNtYeHUA Ha pe3epB MexaHMYecKmne pene NCNonb30BaTb HEXKenaTebHO No NPUUYUHE UX
HU3KOW HaJEeXKHOCTH, a Apyrue cnocobbl (BKAOYaA MeToa, roN0CoOBaHUA) NOPOXKAAIOT C/IOXKHbIE
CXeMbl, KOTOPble TaK¥e NMOHMMKalOT HaAeKHOCTb CUCTEMbI.

MosToMy MOAYyAM aHA/I0roBOro BbIBOAA Yalle BCEro NPOCTO OTCYTCTBYET B NMPOMbILLIEHHbIX
pesepBMpyemMbIX CMCTEMAX.

OTcyTCcTBME pe3epBUPOBAHHbIX MOﬂ,yerl;‘l dHa/10roBoro BbiBOAda OMNMNpPaBAblBAETCA TaKXe TeéM, YTO
B CUCTEMAX I'IpOMbIUJ}'IeHHOI\/JI 6e30nacHOCTU BCE UCMONHUTENIbHbIE YCTpOVICTBa MMNYAbCHOIO TUMA.



PesepsuposaHue MNJIK u ycTpoincTB BBOAA-BbIBOAA

O6wue NpUHLUNbI pe3epBUPOBaAHMUA

Pe3epBupoBaHue 3ameLieHMem

Moaynun guckpeTHoro BbiBoAa

Pe3epBnpoBaHMe Mmoaynen ANCKPETHOrO BbIBOAA, Kabenen n Harpy3km 0bbI4YHO BbINOAHAETCA
MEeTOA0M ronocoBaHuA. [1na 3Toro ANCKpPeTHbIe BbIXOAbl COEAUHAIOTCA NapaieNibHO Yepes Anoabl
(KaK Npu pe3epBUPOBAHMM aHANOrOBOIO BbIBOAA)

[nAa yero ncnonb3sytoTca amoapbl?

Mpyn OTKa3e 04HOro M3 NCTOYHUKOB YNpPaBAEHME HAarpy3Kom NpoAoKaeTca OT BTOPOro
MCTOYHMKA. Y cnocoba ecTb HeAOCTATKM, Hanpumep, Npu npoboe BbIXOAHOIO Kackaaa Ha WWNHY
NUTAHMA, OTKA3aBLIMIN KaHan BNOKMpPYeT ynpaBaeHUe Harpy3Kkom, Ho HECMOTPA Ha 3TO OH MOXKeT
ObITb MCMNONB30BAHO B CUCTEMAX, CBA3AHHbIX C 6@30MaCHOCTbIO, €C/IN PACCMOTPEHHbIN BUA, OTKa3a
pe3epBUPOBAHHOM CUCTEMbI HE BAUAET Ha BbINOAHEHWNE PyHKLUNM Be30nacHOCTM.

Mpnmep

Ecnn 6e3onacHbIM COCTOAHMEM BbIXOAa ABAAETCA HAaIMUYME HANPAXKEHUA (ANA NUTaHUA
ABUraTesie HaCoCOB B CUCTEME MOXKAPOTYLUEHUA), PACCMOTPEHHbIN OTKAa3 He AABASAETCA OMNACHbIM U
He B/INAET Ha Be/IMYNHY BEPOATHOCTU OTKa3a Npu HaAM4YuK 3anpoca.

Taknm 06pa3om, napansenbHoe coeanHeEHME ANCKPETHbIX BbIXOA0B C LLe/Ibl0 pe3epBUpPOBaHMA
MOXET MCNO/Ib30BATbCA TO/IbKO B CUCTEMAX aBaPUIMHOIO BKIIOYEHUA HArpy3Kn U He UCNOoNb3yeTcA
B CUCTEMAX aBAPUMHOrO OTKOUYEHMUA.

BepoATHOCTb OTKa3a Npu BKAKOYEHUWN Y TaKOM LLeNn 3KBMBANIEHTa Ayb6AMpPOBaHHOM cucteme, a
NPU OTKAKOYEHUN - MEHbLLE, YEM Y HEPE3EPBMPOBAHHOWN.



PesepsuposaHue MNJIK u ycTpoincTB BBOAA-BbIBOAA

O6wue NpUHLUNbI pe3epBUPOBaAHMUA

Pe3epBupoBaHMe 3ameLlieHuem

Moaynu agnckpeTHOro BbiBOAA

Pe3epBnpoBaHMe moay/ien AUCKPETHOro BbiBOAa B CUCTEMAX
aBapPUINHOro OTK/IIOYEHMUA.

B cuctemax aBapuMHOro BKAOYEHUA peannsyetca GyHKLUMS
nornyeckoro UJWU, a cuctemax aBapumHoOro otkaueHmsa U.

Tnn BbIXxoAa — «CYyXOM KOHTAKT».
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PesepsuposaHue MNJIK u ycTpoincTB BBOAA-BbIBOAA

O6wue NpUHLUNbI pe3epBUPOBaAHMUA

Pe3epBupoBaHue 3ameLleHUEM

MpoueccopHble moaynu

MpoueccopHbIn MOAynb CneayeT pe3epBMpoBaThb B MEPBYIO o4epeapb, T.K. MPU ero oTkase
HACTynaeT OTKa3 Bcen cmctembl. O4HOBPEMEHHO C NpoLLeccopom 0bbIYHO pe3epBUpytoT 610K
NMUTAHUA U NPOMBILLNEHHYIO CETb.

Pe3epBMpoBaHMeE NPOLECCOPA C LE/bi0 MNOBbILWEHUA OTKA30yCTOMUYMBOCTU U XKUBYYECTHU
BbIMOJIHAIOT METOA0M 3aMeELLEHNA C TOPAYMM UAU TENJIbIM PE3ePBOM, a TaKKe MeTop,
ro/1I0COBaHUA.



PesepsuposaHue MNJIK u ycTpoincTB BBOAA-BbIBOAA

O6wue NpUHLUNbI pe3epBUPOBaAHMUA

Pe3epBupoBaHMe 3ameLleHMeM

lNpoueccopHble moaynm

‘Oruposantnai ceme Ethernet
Ayory [yoruposannasn cems Ethernet

) CKI’JFG CIMHAA

A ",
I@\ v M OcHogHoit Pesepenuiit
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JyGnuposannas npomMbliieHHAA cenb Jlybnuposannas npomsiiierHas cemb

CNOXKHOCTb pe3epBMPOBAHMA NPOLECCOPOB 3aKAKOHAETCA B TOM, UTO B MOMEHT 3aMeLLeHNS
pe3epBHbIN NPOLLECCOpP A0/IKEH UMETb BHYTPEHHMNE COCTOAHUA, UAEHTUYHbIE COCTOAHUAM
OCHOBHOTO.

B cuctemax pe3epBUpPOBaHMA 3aMeLLEeHNEM ANA ObICTPOM Nepe3anmucu BHYTPEHHUX COCTOAHUMN
MCNONb3YyeTcA cneumann3npoBaHHAA BbICOKOCKOPOCTHAA WKWHA UM ONTUYECKUIA KaHan
CUHXPOHM3aUMK (ropaumin peseps)

[nAa cuctem, HEKPUTUYHDBIX KO BPEMEHM NMEPexoaa Ha pe3eps, MOXKET ObiTb MCNO/b30BaH
MeANEeHHbIN Nocea0BaTeNbHbINM KaHa/l CUHXPOHM3aUun ¢ uHTepdercamu, Hanpumep, RS-232, USB,
RS-485 nnu obbiyHaa npomblwneHHas cetb (CAN, Modbus, Profibus u ap.) obuiero HazHayeHuUA.
TaKune cMcTembl OTHOCAT K cMCTemMam ¢ "Tennbim" pesepsom.

[P — npanBsep pe3epBUpPoBaHUA
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PesepsuposaHue MNJIK u ycTpoincTB BBOAA-BbIBOAA

O6wue NpUHLUNbI pe3epBUPOBaAHMUA

Pe3epBupoBaHue 3ameLleHUEM
MpoueccopHble moaynu
Mpu pesepBMPOBAHUN UCMONL3YIOT METOAOM rOI0COBAHMA NO cxeme 2003. [Ina cucrem,

CBA3aHHbIX C 6e30NacHOCTbIO, UCNO/b3YIOT pe3epBuUpoBaHue No cxeme 1002 namn 2002, B TOM Yucne
¢ anarHoctukon (1002D mn 2002D).

Pezepeuposannas cems Ethernet

. > >

I

A B C

PEH(’.!JHH})UHHHHHH NPOMBIHLTEHHAA CENTb

B cuctemax c ronocoBaHmem 601bLIMHCTBO BHYTPEHHUX COCTOSIHUM npoueccopoB MOEHTNYHDI,
NMOCKOJIbKY OHU pa60Tar0T oAHOBpPEMEHHO C O AHMMU N TEMU HKe BXOAHbIMU AdaHHBbIMU U UCNONHAIOT

O4HY W Ty e Nporpammy, No3TOMYy CUHXPOHM3aLUMA HeobXxoaMMa TOIbKO BO BPEMSA ropsayen
3amMeHbl OTKa3aBLLUEro npoleccopa.
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PesepsuposaHue MNJIK u ycTpoincTB BBOAA-BbIBOAA

O6wue NpUHLUNbI pe3epBUPOBaAHMUA

Pe3epBupoBaHue 3ameLleHUEM

MpoueccopHble moaynu

K pe3epBMpOBaHHbIM NPOLLECCOPHbIM MOAYNAM NPeabABNAIOTCA Ceayolne OCHOBHbIe
TpeboBaHUA:

- 6e3yagapHoe nepekntoyeHme Ha peseps (6e3 BHeCEHMA BO3MYLLEHWM B yNpaBasembii
npouecc);
- Manaa A4INTeNIbHOCTb NepeKTtoYeHUs;

— BbICOKafA HafeXXHOCTb OBLIUX CPeacTB, BbIMONHAOWMNX GYHKLMIO NepeKkntoyeHma (LmnHa
CUHXPOHM3aLMKN N NporpammHoe obecreyeHue).

KoHTpo/1b paboToCNOCOBHOCTN NPOLECCOPOB MOMKET BbINO/HATLCA Ha KaXKJ0M KOHTPO/I/IEPHOM
LUMKNe, nepes cYNTbiBAHUEM CUTHAJIOB C MOAY/IEN BBOAA M Nepes, BbIBOAOM CUIHAN0B Ha
MCNONHUTENbHbIE YCTPOKCTBA. N4 BbINONHEHWNS KOHTPO1A 63 OCTaHOBKM Npouecca
GYHKUMOHMPOBAHUA CUCTEMbI UCTOYHUKN CUTHANA M Harpy3KKn OTKKOYAOTCA Ha KOPOTKOE Bpems
(Hanpumep, 1 Mc) Ans nogaym TECTOBbIX BO3AENCTBUN U U3MEPEHMA peakumn Ha Hux. Mpu
[0CTaTOMHO Manol NPOAOINKUTENIbHOCTU OTKNHOYEHHOIO COCTOAHMA OHO HE BHOCUT BO3MYLLEHUN B
paboTy cMcTembl BCNeACTBME MHEPLMOHHOCTU UCMOTHUTENbHbIX YCTPOMCTB.



PesepsuposaHue MNJIK u ycTpoincTB BBOAA-BbIBOAA

O6wue NpUHLUNbI pe3epBUPOBaAHMUA

Pe3epBupoBaHue 3ameLleHUEM

MpoueccopHble moaynu

lfopayee pesepBupoBaHME 3amelLeHUEM

OCHOBHOM CNOXKHOCTbIO NPU pPe3ePBMPOBAHNM MPOLLECCOPHOrOo MoAayna asnaetca obecneyeHmne
CMHXPOHM3AUNN MeXAY OCHOBHbIM U pPe3epBHbIM Npoueccopom. [ns Toro, Ytobbl NepenTu B
pabouee cocToAHME, pe3epBHbIN NPOLLECCOP A0NKEH UMETb BOSMOXKHOCTb:

-  CUMHXPOHW3MPOBATb C OCHOBHbIM NPOLECCOPOM PabOoTy NPUKAAAHON NPOrPamMMbl,
HaKoM/IEHHble AaHHble, COCTOAHUA PErMCTPOB, COCTOAHMA BXOA0B U BbIXOA0B, Tabanubl
HEeMcnpPaBHOCTEN;

— 06Hapy»KMUTb OTKa3 OCHOBHOIO NPOLLEeccopa;

- 3aMeCcTUTb OTKa3aBLUWUM npoueccop.
lNpn nepBOHa4YaIbHOM BK/1lOYEHUU PE3EePBHOr0 NpPoLeccopa 13 BbIKJKOYEHHOro COCTOAHUA UNN
nocne ropﬂqeﬁ 3dMeEeHbl OH A0J1XKeH NONY4YUTb OT OCHOBHOIO caegyroLwyro I/IH(I)OpMaLI,MI-OZ

- BCe AaHHble, NOJIy4YeHHble CO BXOA0B;

- BCe [aHHble, OTNpPaBAEHHble Ha BbIXOAbl;

- coctoaHua NMN-perynatopos;

— YCTaBKW U Apyrue 3Ha4yeHusA, 3agaHHble No/b30BaTeNeM B npouecce paboTbl cUCTEMBI;
- COAEPXMMOE PEermcTpos, B TOM YMC/1E CHETYNMKOB-TAMMEPOB;

- ApYyrve AaHHble, KOTOpble NOAb30BaTelb CYUTAET HYKHbIM CUHXPOHU3NPOBATD.



PesepsuposaHue MNJIK u ycTpoincTB BBOAA-BbIBOAA

O6wue NpUHLUNbI pe3epBUPOBaAHMUA

Pe3epBupoBaHue 3ameLleHUem

MpoueccopHble moaynu

lopsayee pesepBMpoOBaHUe 3ameLL,eHUnem

Mocne nepBOHaYabHOM CUHXPOHM3ALMM OHA NOBTOPSETCA B KAXKA0M KOHTPOIZIEPHOM LMKAE.
3TO NO3BO/IAET YTBEPKAATb, YTO PE3EePBHbIN KOHTPOEP BCErAa rOTOB K 3aMeLLEeHNI0 OCHOBHOrO.

B aTOoM 3aKnouaeTca cyTb TepMuHa "ropauun peseps".

Mpoueaypa nepexoaa Ha pe3eps 06bIYHO 3aHMMAET OAUH KOHTPO/IJIEPHbIN LIMKA. B TeueHune
3TOro BPEMEHM BbIXOAHbIE COCTOAHUA BCEX MOAY/1IEN BbIBOAA COXPAHAOTCA HEU3IMEHHbIMMU.
Mpoueaypy nepexoaa Ha pe3eps BbIMNOAHAET CNeLnanbHbI ApanBep pe3epBUpPoBaHUS, KOTOPLIN:

— onpeaenaer, KaKoW 13 npoueccopos ABNAAETCA OCHOBHbIM, KaKoun — pe3epBHbIM, 06bI4yHO
OCHOBHbIM ABNAETCA TOT, KOTOprﬁ paHbLle 6171 BKIIOYEH MM Ha3HAYeH NMNoJZ1b30BaTENNIEM,

— paccblniaeT BCEM YH4HaCTHUKaM CETU COO6U.I,eHI/IF| O TOM, KaKoW npoueccop Ccrtasl OCHOBHbIM U
KaKoOro Tuna cMctema noaydmnacb nocne repexoga Ha peseps (B COOTBETCTBUM CO CXemom
Aerpagaumm);

— BbIMONMHAET CUHXPOHWU3aUUIO,

— BbINONHAET ﬂ,I/IaI'HOCTI/ILIECKI/II;'I TEecCT, KOTOprﬁ M,CI,eHTM(I)I/ILI,I/IpyeT OWNOKM LWLKnHbI, NOTEPIO
CcBA3UN C CceTeEBbIMU yCTpOl\;ICTBaN\I/I, nameHeHune CtaTtycCa npoueccopa.



PesepsuposaHue MNJIK u ycTpoincTB BBOAA-BbIBOAA

O6wue NpUHLUNbI pe3epBUPOBaAHMUA

PesepBupoBaHuMe 3ameLL,eHUEMmM

MpoueccopHble moaynu

lopAayee pesepBMpoBaHMe 3ameLL,eHUEM

MepekntoyeHne npoueccopa 06bIYHO BbINONHAETCA 683 KOMMYTaTopPa, C NOMOLLbI U3MEHEHUA
B CETEBbIX YCTPOMCTBAX aapeca npoueccopa. Hanpmumep, ecam no ymon4aHMiO OCHOBHOM
npoueccop umeet agpec 31, Ho Noc/sie OTKa3a ApanBep pe3epBMPOBAHUA YKa3asl, YTO OCHOBHOM
npoueccop uameHmn agpec Ha 30, ToO moay/n BbIBOAA HE NPUHUMALOT AaHHble ¢ agpeca 31, Ho
npuHMUMmatoT c agpeca 30. Ecnn gaHHble He NOCTynatoT HKU Cc agpeca 31, Hu c agpeca 30, ToO mogynum
BbIBOAA NePEBOAAT CBOM BbIXOAbl B 6€30MNacHble COCTOAHMA.

MPUNOKEHUA-KNNEHTbI BEPXHETO YPOBHS CUCTEMbI aBTOMAaTM3aLUMKN, KOTOPbIE UCNONb3YIOT
AAHHbIE U3 KOHTPONEPA, BO BPEMA NEPEKNIOYEHMA Ha pe3epB A0/IKHbl NepeperMcTpnpoBaTbCca Ha
nosyyeHme MHGoOpPMaLMKN OT HOBOrO NPOLLECCOpa.

[Ona BbinonHeHnA 6e3yaapHOro nepekntoyeHna Heobxoanm 6bICTPbIM 0OMeH MHPOpPMaLMeENn
MeX Ay NPoLLeCccopamm B TeYEHNE OAHOIO UM MAaKCUMYM OBYX-TPEX KOHTPONNEPHbIX LLMKNO0B. NS
3TOro NCNoNb3yeTcA ObICTPOAENCTBYHOLWMM KaHa/ CBA3M, BbIMOJIHEHHbIM B BUAE NapannenbHON
3NEKTPUYECKOM LUMHbI UM C NMOMOLLbIO ONTUYECKOro Kabens.

ONTOBONOKOHHbIN KaHa/l, B OT/INYNE OT Napan/ie/ibHOM WMHbI, MOXKET MCNO/Ib30BaTbCA ANA
pa3HeceHMa OCHOBHOIO U Pe3epPBHOr0 KOHTPO/1IEPOB Ha 6oblloe paccTosiHue (KUOMeTpPbI), YTo
Heobxoanmo NA CHUXKEHUA BEPOATHOCTM OTKa3a No obuen npmynHe, HanpMmep, BCheacTeme
CTUXUIMHOro beacrTeums.



PesepsuposaHue MNJIK u ycTpoincTB BBOAA-BbIBOAA

O6wue NpUHLUNbI pe3epBUPOBaAHMUA

Pe3epBupoBaHue 3ameLleHUEM

MpoueccopHble moaynu

lfopayee pesepBupoBaHME 3amelLeHUEM

HeobxoammocTb NOCTOAHHOM CUHXPOHU3aLUMK ABNAETCA NPUYNUHOMN TOTO, YTO Y
pe3epBMPOBAHHbIX NPOLLECCOPOB KOHTPOAIEPHbIN UMK AJMHHEE AU UCNOAb3ytoTca bonee
MOLLHbIE NPOLLEeCcCcopbl, 4em 0b6bIYHO.

MOCKONbKY NPOAO/IKUTENBHOCTb CUMHXPOHU3ALLUN ABNAETCA OYEHb BaXKHbIM NapameTpom, OT
KOTOPOro 3aBUCUT KO3 PUUMEHT FOTOBHOCTU CUCTEMbI M BOSMOXKHOCTb He3yaapHoro
NepeKkNtoYeHnA Ha pe3eps, NOABAAETCA 3a4a4a MUHUMM3aLMKM obbema NnepeaaBaemon
nHpopmaumun. OgHUM 13 NyTen peweHna sTom npobaembl ABNAETCA Nepenaya AaHHbIX TONbKO Npu
HACTYNJIEHUWN onpeaeneHHbIX COObITUN B CUCTEME, KOTOPbIE MOTYT NPUBOANTL K PA3/INYMIO BO
BHYTPEHHUX COCTOAHUAX OCHOBHOTIO U pe3epBHOrro NpoLeccopoB. B 4aCcTHOCTU, CUMHXPOHMU3ALMA NO
cobbITUAM BbINO/IHAETCA, ECNN:

npoucxoamut obmeH MHPopmMaLMeint ¢ MoAYyASMN BBOAA-BbIBOAA;

NOCTynaeT 3anpocC Ha NpepbiBaHUE,

Cpa6aTbIBaI-OT 3anporpamMmmmnpoBaHHbIe MOJ/Ib30BaTE/NIEM TaﬁMepbl;

M3IMEHAIOTCA AAdHHbIE B Pe3y/ibTaTe obmeHa no ceTtn.



PesepsuposaHue MNJIK u ycTpoincTB BBOAA-BbIBOAA

O6wue NpUHLUNbI pe3epBUPOBaAHMUA

Pe3epBupoBaHue 3ameLleHUEM

MpoueccopHble moaynu

lfopayee pesepBupoBaHME 3amelLeHUEM

CHXpOHM3aUMA No cobbITUAM A0MXKHA BbINO/IHATLCA CPeACTBAMU ONEPaLMOHHOM CUCTEMDI
KOHTpoAnsepa B GOHOBOM pexxnme 1 bbiTb He CBA3AHHOM C NPOrpaMmmon Nosb3oBaTens. 3710
NO3BOJIAET NCNO/Ib30BAaTb OAHY U Ty }Ke NPUKAALHYIO0 NPOrpammy Kak Ha pe3epBUpPOBaAHHbIX
npoueccopax, Tak n B cuctemax 6e3 pesepsnpoBaHmA.

HepoctaTkOM cUCTem C pes3epBUPOBaHMEM 3aMeLLLeHNeM ABNAETCA Haanumne
Hepe3epBUPOBAHHbIX MOACUCTEM: KaHaNa CUMHXPOHU3ALUM, NPOrPAaMMHOTIO gpanBepa
pe3epBMPOBaAHMNA M NPOLLECCOPA, HAa KOTOPOM 3TOT AparBep ncnonHAaerca. OTKas 3STUX 3/1EMEHTOB
NPMBOAMUT K OTKA3y BCEN pe3epBMPOBAHHOMN CUCTEMDI.



PesepsuposaHue MNJIK u ycTpoincTB BBOAA-BbIBOAA

O6wue NpUHLUNbI pe3epBUPOBaAHMUA

Pe3sepBupoBaHue 3ameLleHUEM

MpoueccopHble moaynu

Pe3epBupoBaHMe MeToa0M roiocoBaHUA

MeToa, ro1ocoBaHuA NpoLLe, Yem pe3epBUpPOBaHME 3aMeLleHMEM, MOCKO/IbKY He TpebyeT
NOCTOSAHHOWM CUHXPOHU3aLMKU COCTOAHMIN NpoueccopoB. Kpome Toro, MeToz, rolocoBaHus
NO3BO/IAET BbINO/HATL 33434y YynpasaeHns 6e3 oCTaHOBKM BO BPeEMA Nepexoaa Ha pes3eps.

fonocoBaHMe ¢ uenbto obecnevyeHna 6@30TKa3HOCTU BO3MOKHO TOJIbKO B CUCTEME, COCTOALLEM
He MeHee YeMm U3 Tpex NPoLeccopos, YTO J0CTaTOYHO 0POro.

[Ba npoueccopa, BKAOYEHHbIE MO CXEME r0/10COBAHMSA, MOTYT ObITb MCNO/1b30BaAHbI TONbKO B
cuctemax 6e3o0nacHoOCTU.



PesepsuposaHue MNJIK u ycTpoincTB BBOAA-BbIBOAA

O6wue NpUHLUNbI pe3epBUPOBaAHMUA

Pe3epBupoBaHue 3ameLleHUEM
MpoueccopHble moaynu
Pe3epBupoBaHue meToa0M ronocoBaHuA

Pezepauposannan cemn Ethernet
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Cuctema c ronocoBaHMem no cxeme 2003.

Tpw npoueccopHbix moayna A, B 1 C UCNONHAIOT O4HY U TY e Nporpammy noab3osaTens,
Noayyan OfHU U Te e AaHHble OT AaTYMKOB Yyepe3 moaynu seoaa Al. Kax bl npoueccopHbIn
MOZY/Ib UMEET TPU CETEBbIX KOHTPO/1EPA, KOTOPbIE UCMOHAIOT NPOTOKO/1 0bMeHa No ceTw.
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Pezepeuposannan ceme Ethernet

O6wue NpUHLUNbI pe3epBUPOBaAHMUA
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PaboTaeT cuctema cneayrowmm obpasom. Kaxaplit U3 Tpex napanienbHo paboTatoumx
NpoLeccopoB NocblNaeT B MOAY/M BBOAA 3anpoc (KomaHay). Kaxabin n3 Tpex moaynen ssoaa
nosly4aeT 3TU TPU KOMaHAbl U BbINMOAHAET rolocoBaHMe Mo cxeme 2003 (MCKNUYUTb OWMOKM B

KOMaH,D,e). MNoCcKoNbKY MOAW’IGVI BBOAA TPU, B NPOLLECCOP OTNPaBaAAEeTCA TaKX¥e TP OTBETA Ha €ro

KOMaHAY, N3 KOTOPbIX Ka)i-(p,blﬁ npoueccopos BbI6MpaeT OAMH OTBET NO cxeme 2003, KOTOprﬁ n

MCNONb3YyeTcA B Aa/ibHenwen pabote NPMKAAAHON NPOrPaMMbl.
Mpoueaypa BbIBOAA aHA/IOMMYHAA:

—  KaxkAblX NpoLEeccop NOCbiZIaeT B MOAY/N BbIBOAA KOMAHAY BbIBOAA;
- Kaxkabin n3 moaynen sbisoaa (1, 2, 3 1 4 ) npMHMUMAET TPU KOMaHAbI;

— B Ka)Xgom mogaysie BbiBOAA BbINO/IHAETCA r0/10COBaHME NO cxeme 2003, B pe3y/ibTaTte
KOTOpOro ana UucnoaHeHmA Bbl6|/|paeTCF| OA4Ha KOMaHAda U3 TpeX, No KOTOpOIz BK/1FOYaEeTCA

U1 BbIKIKOYaeTCA MCNOJIHUTEJIbHOE yCTpOlZCTBO.



PesepsuposaHue MNJIK u ycTpoincTB BBOAA-BbIBOAA

O6wue NpUHLUNbI pe3epBUPOBaAHMUA

Pe3epBupoBaHue 3ameLleHUem

MpoueccopHble moaynu

Pe3epBupoBaHMe MeTog0M roioCOBaHUSA

Taknm 06pa3om, roloCoBaHME BbINOHAETCA He 0TAe/IbHbIM 6/10KOM pe3epBUPOBaHUA, a B
Ka*KZOM 3/IeMEHTE CUCTEMbI OTAE/IbHO, MO3TOMY OTKa3 ntoboro 6/10Ka roNocoBaHMA HE NPUBOAMT K
OTKa3y BCEN CUCTEMbI.

Mocne oTKa3a 04HOro U3 NPOLECCOPOB CUCTEMA NPOAOIKAET HEMNPEPBLIBHO paboTaTb, MOCKObKY
CXeMa ro/IoCOBaHUA BblAAET NPaBU/IbHOW pe3y/abTaT B pe3y/1bTaTe MaXKOPUTAaPHOro ro/I0COBaHUA.
Mocne oTKasa ABYX NPOLECCOPOB HAacTynaeT 0TKa3 cuctembl. OgHaKo B cuctemax 6esonacHocTu
AOCTaTOYHO Pe3epBMPOBATL TOJIbKO PYyHKLMIO 6e30NacHOCTH, YTO NO3BOSAET UCNO/Nb30BaTb
rosocoBaHue no cxeme 1002, 2002 1 UCNONb30BATb PE3YAbLTAT AMArHOCTUKN HEUCMNPABHOCTU B
KauyecTBe ogHoro mn3 "ronocos". MosTomy nocne oTKkasa OAHOro M3 NPOLLECCOPOB B cucTteme 2003
OHa MOXET nepenTn B pexxmm 1002 (nam 2002), nocae oTKkasa BTOPOro NPoLeccopa - B PEXUM
1001 1 TONbKO NOCNEe OTKa3a TPETbEero NepeBecTy CBOM BbiXOAbl B 6e30nacHble COCTOAHUSA.



PesepsuposaHue MNJIK u ycTpoincTB BBOAA-BbIBOAA

O6wue NpUHLUNbI pe3epBUPOBaAHMUA

Pe3epBupoBaHue 3ameLleHUEM

MpoueccopHble moaynu

Pe3epBupoBaHue meToa0M ronocoBaHuA

B cucTtemax ¢ ronocosaHmem HenpepbiBHaA CMHXPOHM3ALMA NPOLECCOPOB He TpebyeTcs,
NOCKO/IbKY NPU NOAEHTUYHbIX BXOAHbIX U BbIXOAHbIX CUTHA/1aX BHYTPEHHME COCTOAHUA NPOLEeCcCOpoB
OKa3bIBAOTCA TaKKe UAEeHTUYHbI. OQHAKO CUMHXPOHU3aUMa Heobxoauma nocae ropAavYer 3ameHbl
NpoLeccopa, Koraa HOoBbIM MPOLLECCOP AO/IKEH NOJYYUTb CTAPTOBYHO MHGOPMALMIO ANA CBOETO
GYHKLMOHUPOBAHMA CUMHXPOHHO C OCTasbHbIMK npoueccopamm. OTcyTcTBME 0OLLEro annapaTHOro
M NporpamMmmHoro obecneyvyenus, BbiNoaAHAOWEro GyHKLNUM Nepexoaa Ha pe3eps, NOBbIWAET
OTKa30yCTOMUYMBOCTb BCEN PE3EPBUPOBAHHON CUCTEMDBI.

HecmoTpsa Ha oTcyTCcTBME HEOBXOAMMOCTM B CUHXPOHU3ALMN, MEXAY NPOoLLeccopamm
BbINOJIHAETCA 0OMeH ANArHOCTUYECKUMM AAHHBbIMK U CTAaTycOM. [laHHble, AOCTYMHbIE BCEM
3N1eMEeHTaM CUCTEMbBI, Ha3bIBAKOTCA 106a1bHbIMKU M NepeaatoTCca OT Kaxkaoro npoueccopa ABym
APYrum. 3TU AaHHbIe UCNOAb3YIOTCA NPUKNALHBIMU U CUCTEMHBIMU NPOrPaMmMamMm, B HaCTHOCTH,
AN1A peannsaumm cxembl gerpagaumm npu noABAEHMU OTKA30B.



