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B 3ANMCHYID KHMMKY MH)KEHEPA

Buiktop HeHunceHko

AnnapartHoe pe3epBUpPOBAHME
B MPOMbILLJIEHHOM
aBTOMATU3IALIUM

Yacre 1

BBEAEHME

PesepBupoBaHue sBiseTcs TPAKTUYECKW EIWHCTBEHHBIM U
IIUPOKO UCITOIb3YeMbIM METOIOM KapAWHATHLHOTO TOBBIIIEHUS
HanEXHOCTU crcTeM aBromMaru3anuu. OHO MO3BOJISIET CO3/1aBaTh
CUCTEMBI aBApUIHON CUTHAIM3ALIUU, TPOTUBOABAPUITHON 3a11-
ThI, aBTOMAaTUIECKOTO TOXAPOTYIIEHUS, KOHTPOJISI U YIpaBie-
HUSI B3pbIBOOMACHBIMU TEXHOJIOTUYECKUMU Osiokamu [1] u npy-
rue, OoTHocsImecs K ypoBHsIM OesormacHoctn SIL1...SIL3 1o
crangapry MOK 61508-5 [2], a Tak:ke OTBETCTBEHHbBIE CUCTEMBI,
B KOTOPBIX Iaxke KOPOTKUI MTPOCTOI BENET K OOMBIINM (DUHAHCO-
BBIM TOTEPSIM (CHUCTEMBI pacIipefesieHus] JIeKTPOIHEPTUH,
YIIPaBIeHUST HETIPEPHIBHBIMU TEXHOJIOTUIECKUMHU TIPOIIECCAMMU,
CJIeXXEeHUS 3a IBIDKYIIUMUCS 00beKTaMu U T.1.). PesepBupona-
HIE TIO3BOJISIET CO3/1aBaTh BHICOKOHAMEXKHBIE CUCTEMBI U3 TUTIO-
BBIX M3/IETNI IMMPOKOTO TIPUMEHEHUSI.

CocTaBHOU YaCThIO CHUCTEM C PE3ePBUPOBAHUEM SIBIISIETCS
MOJICUCTEMA aBTOMATUYECKOTO KOHTPOJISI pab0TOCTIOCOOHOCTH 1
MMAarHOCTUKY HEWCIIPABHOCTE.

Bonbiras momst 0TKa30B B CUCTeMax aBTOMATH3allU TPUXO-
QINTCST Ha TIPOTpaMMHoOe obecriedeHure. OmMHaKo ITOM TeMe TTOCBSI-
IIEHO MHOXECTBO CIMENUATU3UPOBAHHBIX KHUT U XyPHAIBHBIX
crateit (cM., HampumMep, |3, 4]), To3TOMy MBI €€ KacaThbCsl He Oy-
TieM.

OCHOBHBIE MOHATUA U ONPEAEJNIEHUA

OCHOBHBIE OTpee/ieHUsT TOHATAN TEOPUU HANEXHOCTH U
HaIEXHOCTU, CBSI3aHHON ¢ (DYHKIIMOHAIBbHOU 0e30MacHOCTbIO,
nanbl B TOCT 27.002-89 [5] 1 MBOK 61508 [6, 7]. danee npuso-
JUTCS PSIZL OTIPE/IENICHU I, KOTOPBIE TIOTPEOYIOTCST HAM IS AajTh-
HEMIIIero U3JI0XeHUsI.

Heucnpaerocmbpio Ha3bIBaETCSI COCTOSIHUE 00bEKTa, IPU KOTO-
POM OH HE COOTBETCTBYET XOTsI ObI OTHOMY CBOEMY IMapaMeTpy,
yKa3aHHOMY B 9KCIUTyaTallMOHHOM TOKYMEHTALIUHU.

Hepabomocnocoonocmpio Ha3bIBaeTCsl COCTOSIHUE O0bEKTa, MPU
KOTOPOM OH HE CITOCOOEH BBITIONHSTH XOTsI Obl OJHY M3 CBOMX
(byHKIMIA, OMUCAHHBIX B IKCIUIyaTALIMOHHOM MOKYMEHTAIIUHU.
Hamnpumep, KOHTpoJUIep, Y KOTOPOTO OTKAa3al OfMH U3 KaHAJIOB
BBOJA, SIBJSIETCS PAaOOTOCIIOCOOHBIM, HO HEWCIIPABHBIM, €CIIH
3TOT KaHaJl He UCTIOJIb3YeTCsl.

Jleghpekmom Ha3bIBaeTCSl Kax0e OTAEIbHOE HECOOTBETCTBUE
00beKTa yctaHoBIeHHBIM TpeboBaHusiM (TOCT 15467-79) [8].

OmKka3zom Ha3bIBaeTCsl COOBITHE, 3aKIIIOYAIOIICECs] B Hapylle-
HUU pabOTOCTIOCOOHOCTH 00beKTa. DaKT 0TKA3a yCTaHABINBACT-
Cs1 HA OCHOBaHMM HEKOTOPBIX KPUTEPUEB OTKAa3a, TO €CTh MPH-
3HAKOB, TIO3BOJISIIOIINX CYIUTh O HApYIIEHUH pabOTOCIIOCOOHO-
cti. B pesynabraTe OTKaza OOBEKT CTAHOBUTCSI HEWCITPABHBIM.
OTKa3bl BO3HUKAIOT BCJICACTBUE PUMEHEHMSI HEHAIEXKHBIX CXe-

MOTEXHUYECKNX DEIIeHUIl Ha CTaAuu TPOEKTUPOBAHUSI KOH-
TPOJUIEPOB, SIEKTPOHHBIX KOMIIOHEHTOB, U3TOTOBJIEHHBIX C Ha-
pylLIeHueM TeXIpoliecca, MPUMEHEeHNs HeKaueCTBEHHBIX MaTe-
pUaoB, HAPYIIEHUST TEXHOJOTUYECKUX PEXXKUMOB MAaliKu, HETOU-
HOU yCTAaHOBKM KOMITOHEHTOB Ha TEYaTHYIO TIIATy, CTapeHUs
MaTepuaaoB, HEKAYeCTBEHHOTO TEXHOJIOTUIECKOTO 000pyIoBa-
HUSI, HU3KOU KYJbTYpbl IMPOU3BOACTBA, OTCYTCTBUSI HAMEXKHBIX
METOJZIOB KOHTPOJISI, pabOTHl KOMITOHEHTOB B MPENETbHBIX dIEK-
TPUYECKUX PEXUMAX, HAPYIIEHWH yCTIOBUI SKCILTyaTalluy U T.II.

Hapabomkoii Ha3bIBaeTCs MPOIOIKUTETBHOCTh PA00Thl 00bEK-
Ta, BeIpakaemasi B eTMHUIIAX BPEMEHU WIN B KOJTUIECTBE LIUKIIOB
(HampumMep, IMKJIOB cpabaTeiBanus pene). Pasnuyator napabom-
Ky do omka3a (OT Hayayia dKCIUTyaTalluy JI0 TIEPBOTO OTKa3a) u
Hapabomky mexncdy omkazamu (OT Hayajma paboTHI TIOCTIE PEMOHTA
JI0 OYEepPEeTHOTO 0TKa3a). MCcronb3yloT TakkKe cpeHre 3HaYeHUsT
oTuX BenuurH. CpeaHIo HapaboTKy MeXIy OTKa3aMu Ha3biBa-
10T Hapabomkoli Ha omKa3, B OTINYNE OT cpedneil Hapadbomku 0o
omkasa.

besomiasznocms — CBOMCTBO OOBEKTa Henpepbi6HO COXPAHSTH
paboTOCIIOCOOHOCTD B TEUEHNE HEKOTOPOTO BPEMEHM WM Hapa-
0OTKH.

Kusyuecmv — CBOICTBO OOBEKTA COXPAHSITD 0ZPAHUUEHHYIO PA-
060TOCTIOCOOHOCT TIPY HEMCITPABHOCTSIX WM OTKa3e HEKOTOPBIX
KOMTIOHEHTOB. DTOT TepPMUH HanboJjee OIM30K MeXTyHapOITHO-
My TepmuHy “fault-tolerance” (JOCTIOBHO — «IOITyCTUMOCTDH He-
HCTIPAaBHOCTEI1»), KOTOPBIN YaCTO MEPEeBOMST KaK «OTKa30yCTOM-
YUBOCTB». TepMHUH «oTKazoyctoitunBocTh» B ['OCT 27.002-89
HCTIONB3YeTCsI, HO €r0 3HaYeHWe CTaHOapTOM He OTIpeleeHO.
Mpb1 Gynem KCTIONb30BaTh €TO B COUETAHUU «OMKA30yCMOoU4U8ds
cucmema» Kaxk 060jiee KOMMAKTHBIA CHHOHUM TIOHSITUST «CUCTEMA,
obramaroniasi CBOMCTBOM 0€30TKa3HOCTH TOCTIe OTKa3a OTAETb-
HBIX JIEMEHTOB>.

Beposmnocmb 6e3omiasnoil pabomsl — BEPOSITHOCTD TOTO, UTO B
Tpenenax 3aIaHHOM HapaOOTKM OTKA3 He BOZHUKHET.

Kosppuyuenm comosrnocmu — BEPOSITHOCTb TOTO, UTO OOBEKT
OKaxeTcsl paboTOCIIOCOOHBIM B TIPOM3BOJIBHBIN MOMEHT Bpeme-
HU, KpOMeE 3aIJIaHMPOBAHHBIX TIEPUOIOB, B TEUEHNE KOTOPBIX €T0
paboTa 1o Ha3HAYEHUIO He TIpeycMaTpuBaeTcs. Boicokas roToB-
HOCTb CUCTEMBI 00eCTIeUYMBAETCsl N30BITOYHOCTHIO, HOMYyCTUMO-
CTbIO cOOEB, aBTOMATUYECKUM KOHTPOJIEM OIIMOOK U JUarHO-
crupoBanueM (FTOCT P 15467-79).

PesepBupoBaHue MOXeT OBITb 00wjuM, KOTIA PE3epPBUPYETCS
cucTeMa B LIEJIOM, U pasdensHbim (TI09JIEMEHTHBIM), KOTJa pe3ep-
BUPYIOTCSI OTAETbHBIE 2JIEMEHTHI cucTeMbl. B ciydae, xorma B
crUCcTeMe MHOTO OJHOTUITHBIX 3JIEMEHTOB (Hampumep, MOAyJeit
BBOJIa CUTHAJIOB TEPMOIIAP), YMCIO PE3EPBHBIX JIEMEHTOB MO-
KT OBITh B HECKOJIBKO Pa3 MEHbIIIE, YeM Pe3ePBUPYEMBIX.

Kpamnocms pezepéa — OTHOIIIEHUE YUCIIA PE3EPBHBIX DJIEMEH-
TOB K UYUCITY pPEe3epBUPYEMBIX, KOTOPOE BBIPAXKAETCs HEeCOKpa-
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B BANMNCHYIO KHMUXKY UHXEHEPA

1aemoii 1po6nio. B uactHoctu, B cootBetcTBUr ¢ FOCT 27.002-
89 kpaTHOCTb pe3epBa 3:2 Hesb3sl MPEACTaBISITh Kak 1,5, u uHo-
ra UCIOJb3YeMblii TEDMUH «ITOJIYTOPHOE PE3epPBUPOBAHUE» HE
COOTBETCTBYeT cTaHaapTy. [Ipu cokpauieHuu ApoOM HcUe3aeT
BakHasl MH(opMalus 00 001leM KOJUYECTBE JIEMEHTOB B CUC-
teMe. Jybaupoearuem Ha3bIBAIOT PE3EPBUPOBAHUE C KPATHOCTHIO
pe3epBa OJUH K OTHOMY.

Tlocmosinnoe pesepsuposanue (K HEMY OTHOCUTCSI MaXKOpuTap-
HOE pe3epBUPOBAHKE U METOJI FOJIOCOBAHMSI) — pe3epBUPOBAHUE
C Harpy>eHHbIM pe3epBOM, ITPY KOTOPOM BCE JIEMEHTHI B pe3ep-
BUPOBAHHOM CHCTEME BBIMIOJHSIIOT OJHY M Ty Xe (DYHKLIMIO U SIB-
JISIIOTCSI PaBHOMIPaBHBIMHU, a BHIOOP OJHOTO M3 CHUTHAJOB Ha MX
BbIXOJIE BBIMOJHSIETCS CXEMOM TOJIOCOBaHHUsI, 0e3 MepeKioue-
Huii. [TocTossHHOE pe3epBUpPOBaHUE MO3BOJISIET MOJYUYUTh CUCTE-
MBI C CAMBbIM BBICOKMM KO3()(hULIMEHTOM FOTOBHOCTH.

Pezepeuposanue 3ameujeHuem — pe3epBUpOBaHUE, MPU KOTO-
poM (YHKIMKW OCHOBHOTO 3JIEeMEHTa MepenaloTcsl pe3epBHOMY
TOJIBKO TOCJIe OTKa3a OCHOBHOTIO 3JieMeHTa. Pe3epBupoBaHue 3a-
MEIIEHUEM MOXET OBITh C «X0100HbIM» , <IMENAbIM» VTN «2OPAHUM»
pesepBoM. Ero HemoctaTkom SIBISIE€TCS 3aBUCUMOCTb OT
HaEXXHOCTHU MEPEKTIOYAIOIIMX YCTPOUCTB.

Haepyucennwiit pesepe («ropsiunii» pe3epB) — pe3epBHBIN 1€~
MEHT, KOTOPbIi HaXOAMTCSI B TAKOM XK€ PeXUME, KaK U OCHOBOIA.
HenocratkoMm «ropsiuero» pesepBa SIBASETCS YMEHbIICHHE pe-
cypca ¢ TedYeHUMeM BpeMeHHU. B crucreMax aBTOMaTM3aluu C «ro-
pSIYMM» PE3EPBOM MEPEXO/ Ha PE3EPB MOXET 3aHUMATh BPEMsI OT
HECKOJIbKMX MUJUIMCEKYH]I 10 €MMHULL CEKYHI.

Obneeuénnblii peseps («TETUIBINM» PE3EPB) — PE3EPBHBIN 2Jie-
MEHT, HaxXOASIUUICS B MEHEE HATPYXKEHHOM COCTOSIHMH, YeM OC-
HOBHOI. Hanpumep, pe3epBHbIN KOMIBIOTED B «CISILLIEM» PEXH-
Me SIBJIsIETCSl 00JIETYEHHBIM PE3EPBOM.

Henaepyocennoiii pesepe («XONOIHBIN» pPE3epB) — pe3epPBHbII
3JIEMEHT, HaXOISILLUMICS B HEHArpyXXeHHOM peXuMme 10 Haudajia
€ro UCIO0JIb30BaHUSI BMECTO OCHOBHOTO 3jieMeHTa. HeHarpyskeH-
HBII pe3epB MO3BOJSIET MOJYYUTh CUCTEMbI C CaMOi BbICOKOIA
HaJIEXHOCTbIO, HO C HU3KUM KO3((PULIMEHTOB roTOBHOCTU. OHU
o dexTUBHBI B cllyyae, KOTa CUCTEMA HEKPUTUYHA K BPEMEHMU
MPOCTOS1 BETUUMHON B HECKOJBKO MUHYT.

OCHOBHOE OTJIMYUE MEXIY «TOPSAUYMM», <«XOJOAHBIM» U
«TETJIBIM» PE3EPBOM COCTOMUT B JJIUTEIBLHOCTU TMEpHOaa Iepe-
KJIIOUeHUsT Ha pe3epB. [Ipu «ropsiueM» pe3epBUPOBAHMM KOH-
TPOJUIEPOB BpEMsI TIEPEKITIOUEHHU ST COCTABIISIET OT €AMHULI MUJUTH-
CEKYH[I 10 JI0JIe CEKYHIbI, TPU «TEMJIOM» — CEKYHIbI, IIPU «XO-
JIONHOM» — MUHYTHI. [103TOMY BpeMsi epeKItoueHus: Ha pe3epB
MHOTZIa pACCMATPUBAIOT KaK OCHOBHO# MPU3HAK MNP KiIaccubu-
KallMy pe3epBUPOBAHUS 3aMEILIEHNUEM.

Hadéxcrnocms — 3T0 CBOMCTBO 0O6BEKTA COXPAHSITh BO BpEMEHN
3HAYEeHUsl BCEX MTapaMEeTPOB U BHITIOIHSITh TpeOyeMble GYHKIIUN B
3alaHHBIX YCJIOBUSIX NpuMeHeHus1. Ham€xHocTh sBisieTcs: co-
CTaBHBIM MOHsITUEM. OHO MOXET BKJIIOUATh B CeOsl MOHSITUST O€3-
OTKa3HOCTH, JOJTOBEYHOCTH, PEMOHTOIIPUTOAHOCTH, COXpaHsIie-
MOCTH. B mpoMmpbiliiieHHOM aBTOMAaTHU3alMK VTSI KOJTMYECTBEHHOM
OLIEHKM HAOEXHOCTU Yallle BCEro MCMOJIb3yeTCsl MmapamMeTp «Ha-
paboTKa Ha OTKa3» WK MapaMeTp «UHMEHCUBHOCMb OMKA306», & B
CUCTEMaxX OE30MACHOCTH — «BePOSMHOCMb OMKA3A NPU HAAUYUU
3anpoca» |9, 2].

Humencusnocmoio omka306é Ha3bIBae€TCs YCJIOBHAs TUIOTHOCTb
BEPOATHOCTU BO3HMKHOBEHMSI OTKa3a OOBEKTa, OIperesiemMas
[P YCJIOBUM, YTO 10 pacCCMaTPUBAEMOTO MOMEHTA BPEMEHU OT-
Ka3 He BO3HUK. [Ipu ucnblTaHUSIX Ha HAZEXHOCTb KOJMUYECTBO
UCIIPaBHbIX 2JIEMEHTOB (/) C TeYEHUEM BPEMEHHU f YMEHBILIAETCS
3a CYET TOTO, YTO YACTb U3 HUX n(f) — n(t + Af) CTAHOBATCH HEUC-

IMpaBHBIMU B PE3YJILTATE OTKa3a. WHTEHCUBHOCTh OTKa3a Oo1ipe-
OCTACTCA NPEACIOM!

7“(’) Al/lTOH(T) At n(t) dt O

JnutenbHOCTb f 6€30TKa3HOK paboThl 37eMeHTa (OT MOMEHTa
BKJIIOUeHMs ¢ = () 10 1) SIBJISIETCS C1ydaifHOM BEIMUMHOM, TOSTOMY
n(r)
n(0)
n(0)—eo — YUCIO UCTTPABHBIX JIEMEHTOB B MOMEHT BpeMeHHU 1 = (),
n(f) — 4UCJIO UCTIPABHBIX 3JIEMEHTOB B MOMEHT BpeMeHH 1. [1pu
KOHEYHOM YMCJIE UCTIBITYEMBIX 3JIEMEHTOB BMECTO BEPOSITHOCTH
MOJIyYaIOT €€ TOUEYHYIO CTATUCTUYECKYIO OLIEHKY.

BeposiTHOCTb 6€30TKa3HOM pabOThl MOKHO MHTEPIPETUPOBATh
cJefyo1UUM 00pa3oM: €Cclii B CUCTEME aBTOMATU3ALlMK UCTTIO/b-
gyetcst 100 MomyJieit BBoma-BbIBOIA, KaXIblii M3 KOTOPLIX MMEET
BEPOSITHOCTb 0€30TKa3HOoM paboTsl P(7) = 0,99 B TeueHuUe Bpeme-
HU = 1 roa, TO yepe3 roj mocje Havaua 3KCIulyaTallMy B Cpel-
HEM OJIMH M3 MOJYJIEH CTaHET HepabOTOCIIOCOOEH.

[Tonenus uncaurenas U 3HameHaTesb B (1) Ha n(0), monyduMm:

e€ MOXHO XapakTepu30BaTh BEPOATHOCTbIO P (r)= rae

1 dP(t)

(i ):_m_dr . (2)

Boipaxenue st QyHKLUMM pacripeae/ieHusl JUIMTETbHOCTY 0€e3-
OTKa3HO paboThl P(f) MOXHO TMOJY4YUTh, peliast 1ubdepeHIn-
ajibHOE ypaBHeHMe (2) rnpu HayanbHOM ycaoBuu P(0) = 1:

P(r)=exp| —[ M)t |. 3)
0

BeposiTHOCTb 0TKa3a Q(f) Mo omnpeneaeHUIO paBHa:
0()=1-P(). (4)

M HTEHCMBHOCTb OTKA30B A(f) OOBIYHO OBICTPO YMEHBLIAETCS B
Hauajie 3KCIUlyaTaluuMy MU3fenust (nepuon npupaboTku), 3aTeM
IUTUTEJIbHOE BpeMsI OCTaETCs MOCTOSIHHOM A(f) = A = const 1 1o-
cJie ucuepraHusl cpoka Ci1y>K0bl pe3K0 BO3pacTaeT.

[Tockonbky Afsi cpeacTB MPOMBIIIJIEHHONH aBTOMAaTU3aluu,
KakK MpaBUJIO, YKa3bIBAIOT 3HaUeHUe A = const, BoipaxeHue (3) B
3TOM CJIy4yae YIpoOLIAeTCs:

P(t)=e™. (5)

Takum 06pa3om, BEpOSATHOCTb 6€30TKa3HOi1 pabOThl YCTPOMCT-
Ba B MHTEPBajie BpeMeHU OT £ = () 0 # 9KCMTOHEHUATbHO YMEHb-
LIAeTCsl ¢ TEYEHUEM BPEMEHM, €CJIM YCTPONCTBO MPOLLJIO ITall
MPpUPadOTKK U He BbIpaboTaso CBOi pecypc. DTa BEPOSITHOCTD He
3aBUCHUT OT TOTO, KaK 0Jr0 yCTPOMCTBO MpopaboTano 10 Havyala
orcuéra BpeMeHu [3, 10], To ecTb He UrpaeT poJu, UCTTOJIb3YETCS
ObIBLLIEE B yIOTPEOJEHUH YCTPOICTBO MJIM HOBOE. DTO Kaxyllee-
Cs IapafoKCalbHbIM YTBEPXKIEHUE CIPABEMJIUBO TOJBKO ISl
9KCIIOHEHUMAIbHOIO pAacnpeneseHus] U OObSICHSETCS TeM, UTO
BbIpaxkeHUe (5) MOJSyYeHO B MPEATNOJOXKEHUHN, UTO CHUXKEHKE pe-
cypca U3Ze/ns ¢ TeYHEHUEM BPEMEHU He MPOMCXOAMT, a TPUUMHBI
OTKAa30B PACIPENEIEHbl BO BPEMEHU B COOTBETCTBUM C MOIEJBIO
0eJsioro yma.

BeposaTHOCTb OTKa3a 3a Bpemsi 7 110 Onpeae/ieH!Io paBHa F(7) =
1 — P(), a IJIOTHOCTb pacrpeneseHus: BpeMeHH 10 oTkKasa f{7)
(yacToTa OTKa30B) SIBJISETCS MPOU3BOAHOM OT (PYHKLIMHU pacrpe-
NeJIeHUs]
dF(t) _d[1-P()]

fn==Z dr

(6)

W U 9KCITOHEHUMANbHOWU (DyHKIMM pacrnipeneneHus (5) paBHa
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f)y=nre™. (7)

3Has IIOTHOCTDb pacnpeneneHus (7), MOKHO HAailTH CPenHIO
HapabOTKy 110 NepBoro otkasa 7., KOTOpas 10 ONpeeeHHIO sIB-
JIIETCA MaTeMaTMYECKUM OXHIAaHWEM CJIydyallHOI BEJWUYMHbBI

JUIUTEJIBHOCTU G€30TKa3HOI pa60Tbl 1, TO €CTb
_ R _ T -\t __1_
Fom { o (t)dt _xlre dr == ®)

WHuTerpupoBaHue B (8) BBIMOMHSETCS 110 YACTSM.

HapaGoTka Ha oTKa3 T, ABNAETCS OCHOBHBIM MapaMETPOM,
KOTOPBI YKa3bIBA€TCsl B OKCIUIyaTALlMOHHOM JOKYMEHTALIUM Ha
9JIEKTPOHHBIE CPEACTBA MPOMBILLIEHHON aBTOMaTH3auuu. [o-
CKOJIbKY Mpu 1= T, u3 (5) nonyyaercs P Tcp) =1/e= 0,37, T0
HapabOTKy Ha OTKa3 MOXXHO MHTEPIPETUPOBATH CJIEAYIOLIMM 00-
pa3oM: eciiM B cucTeMe aBToMartu3auuu mmeetcss 100 momysneit
BBOJIa-BBIBO/IA, TO Yepe3 BpeMst T, Moc/ie Hayasia 3KCIlyaTalmin
ocTaHeTcsl B cpefHeM 37 paboTOCMOCOOHBIX M 63 OTKA3aBLUMX
monynsi. MHorna HapaGoTKy Ha OTKa3 HeNpaBWJIbHO MHTEpPIIpe-
TUPYIOT KaK BpeMsl, B TEUEHUE KOTOPOTo YCTPOMCTBO MOYTH Ha-
BepHsIKa OyzneT paboTOCMOCOOHO, M TOJBKO IOC/IE UCTEUEHMUS
3TOro BPEMEHU HACTYIUT OTKA3.

[Tpn aHanu3e HaIEXHOCTU CHCTEM, CBA3AHHBIX C O€30MacHO-
CTbIO, BMECTO BEPOSITHOCTU OTKAa3a MCIOJb3YETCs MTOHATHE «Be-
POSMHOCMb OMKA3a NPU HAAUMUU 3anpoca» 2], TO eCTb BEPOST-
HOCTb OTKa3a MpPU HAJIMYMU HEOOXOAMMOCTH ObITh B COCTOSIHUU
roroBHocTU. Hanpumep, eciau paccmarpuBaeTcs cucTeMa OXpa-
Hbl He(Teba3bl, TO HY>KHO YUMTHIBATh BEPOSITHOCTb OTKA3a CUC-
TEMBbI BO BPEM:I IOIBITKU TPOHUKHOBEHUST HapyILLIUTEIei Ha Ga-
3y, @ He B TO BpeMsl, Korna ux HeT. OTciona cleayeT BBIBOJ, UTO €
TOYKM 3pEHUSI HALEXKHOCTH OXPaHbl HYXXHO pacCMaTpHUBaTh Be-
POSITHOCTb HecpabaThIBaHMS JaTYMKA OXPAHHOI CUTHAIM3ALUU
B MHTEpBaJle BPEMEHU, B TEUEHHE KOTOPOrO MOXET IMOSBUTHCS
HapyLIUTENIb, U HE HYXHO YUUTBHIBATH BEPOSITHOCTb JIOXHOIO
cpabaTblBaHMs CUCTEMbI, MTOCKOJbKY OHA HE BJIMSET Ha BBIMOJ-
HeHue GYHKUMM oXxpaHbl. Kitaccuueckas xe Teopus HaaéXHOCTU
YUUTBIBAET 002 BUIa OTKA30B.

B cucremax, cBsI3aHHBIX ¢ 6€30MaCHOCTHIO, HapabOTKa 10 OT-
Ka3a pacCMaTPUBAETCs OTAEJIBHO 111 ONTACHBIX U 6€30MaCHBIX OT-
Ka3oB. be3ornacHbIM cuMTaeTcsi 0TKa3, He BbI3bIBAIOLLMIA OMac-
HYIO CUTyaLUIO Ha oObekTe. PaccMOTpuM, Hampumep, CUCTEMY
aBapUIfHOTO OTKJIIOUEHUSI, B KOTOPON MCUE3HOBEHHUE MUTAHUS
MPUBOAUT K 00ECTOUMBAHUIO OOMOTKHU peJie, U MO3TOMY peJie OT-
KJIIOYAET Harpysky, NepeBonst e€ TeM cambiM B Ge30IacHoe co-
cTosiHMe. B Takoii cucteMe 0TKa3 MCTOYHMKA MTUTAHUS OOMOTKHU
peJie SBIsIeTCsl 6e30MacHbIM OTKA30M U MIOTOMY HE YYUTHIBAETCS
NP pacyéTe BEPOSITHOCTU OTKAa3a MpU HaIW4Ku 3arpoca. OnHa-
KO OTKa3 TaKOTO Xe UCTOYHUMKA MUTAHUS B CUCTEME aBTOMAaTH4E-
CKOTO IOXapOTYLIEHUsI, Korna Heo6XoauMo, HAa0GOpOT, MoJaTh
HarpsKeHUe Ha HAaCOChl, paCCMAaTPUBAETCS KaK OMACHbBIN OTKa3.
[TosTOMY CpenHsist BEpOSITHOCTb OTKa3a MpU HAJTMYMK 3arpoca B
JIByX PACCMOTPEHHBIX CUCTEMAX OYIET pa3IuvHOM, HECMOTPS Ha
MpUMeHEHME BJI0Ka MUTAHUS C OHUM U TeM Ke 3HaYeHUeM Ha-
paboTKM 10 OTKa3a.

Yuér oObluHOI HapabOTKM 10 OTKas3a MpM MPOEKTUPOBAHUU
cucTeM 0e30MacHOCTU MOXET MPUBECTH K HEOMpPaBIaHHO 3aHU-
JKEHHBIM TOKa3aTessiM HaaéXHOCTU U HEBO3MOXHOCTU JOCTHU-
KEHUS1 TpeOyeMOTro YPOBHSI 6€30MaCHOCTH.

daxTryeckue 3HaYeHUsST HAapabOTKH 10 OTKAa3a CUCTEM C Pe3ep-
BUPOBAaHUEM OKa3bIBAIOTCS FOPA3J0 HUXKE PACYETHBIX. DTO CBsI3a-
HO C CYLLIECTBOBAaHMEM TaK Ha3bIBAEMBIX OTKA30B MO OOLLIEii Mpy-
yuHe (OOIT), koTopble MPOUCXOST OMHOBPEMEHHO Y OCHOBHOTO

2JIEMEHTA U PE3EPBHOTO U KOTOPBIE COCTAB/ISIIOT OCHOBHYIO OJTIO
OTKa30B B CHCTEMaX aBTOMaTU3aLMU. [1pennonoxum, Harpumep,
4TO pe3epBUPOBAHHAS CUCTEMA HAXOAUTCS B MOMELIEHUU, KOTO-
poe 0Ka3aIoCh 3aTOTMJIEHHBIM BOLOI MM OXBAUEHHBIM TOXAPOM.
OTKa3 OCHOBHOTO 3/IeMEHTa U pe3epBa MPK 3TOM HACTYIHUT OIHO-
BPEMEHHO. JIpyrM nNpuMepom MOXKET ObITh OMHOBPEMEHHBIIT 00-
PbIB OCHOBHOTO U PE3ePBHOIO Kabesisl B pe3y/IbTaTe 3eMIsSHbIX Pa-
60T. TpeTbMM MPUMEPOM MOXKET ObITh MPUMEHEHUE ABYX KOH-
TPOJUIEPOB C MPOLIECCOPAMHU U3 OAHOM U TOW Xe MapTUl, KOTopast
Obl1a M3rOTOBJIEHA C MPUMEHEHHWEM TPOCPOYEHHON MAsIbHOI
nactbl. CleqyloluM MPUMEPOM MOXET ObITb MTPUMEHEHHE IBYX
JIaTYUKOB JABJIECHUSI OOHOM U TOI XK€ KOHCTPYKLIMU, OT OLHOIO U
TOTO XK€ MPOU3BOLUTES, KOTOPbIE OKUCIWINCH U pa3repMeTH3H-
POBaIMCh ONHOBPEMEHHO. DIEKTPOMATHUTHBIM UMITYJILC MOJI-
HUW WU UMITYJIBC B CETH JIEKTPONTUTAHUSI MOXET SIBUThCSI TTPH-
YMHOI OTKa3a OCHOBHOT'O U Pe3epBHOTr0 000pYI0BaHUS OIHOBpE-
MeHHO. Bo Bcex mpuBengHHBIX MpUMeEpax CYLUIECTBYET CUJIbHAS
KOPPEJISILIMS MEXIY CIydailHbIMU BeTMYMHAMM, BbI3bIBAIOLLLUMHU
OTKa3 OCHOBHOTO U PE3ePBHOIO 3JIEeMEHTa.

[ns ymeHblieHUsT KoadduiieHTa KOppeasunn (CHUXEHUS
BJIIMSIHMS OOLUMX IPUUMH OTKA30B) HY>KHO IO BO3MOXHOCTH BbI-
OUpaTh 371EMEHThI CUCTEMBI OT Pa3HbIX TPOU3BOAMTEIIENA, BLITTOJ-
HEHHbIE Ha Pa3HbIX (GU3MUECKUX MPUHUMUIIAX, ¢ TIPUMEHEHUEM
Pa3JIMYHBIX MATEPUAJIOB, PA3TUUHBIX TEXHOJIOTMUYECKUX MTPOLIEC-
COB U C pa3HbIM MPOrpaMMHbIM obecriedyeHreM. OCHOBHOE U pe-
3epBHOE 000pYIOBaHUE, BKIIOUast Kabeau, JaTYMKU U UCTIOJIHU-
TEJIbHbIE MEXaHM3MbI, XKeJaTeJIbHO PA3HOCUTh TEPPUTOPUAIILHO,
a MOHTaXX OCHOBHOW U Pe3epBHOI CUCTEMBI JOJIKHBI BBITIOJHATH
pa3HbIe JII0AU, YTOOBI MCKIIOYUTH MOSIBJIEHKE OAMHAKOBBIX OLLIU-
60K MOHTaXa M OAMHAKOBO OLIMGOUYHYIO MHTEPIIPETALIMIO PYKO-
BOJCTBA 10 KCIIyaTalUK MOHTUPYEMOTO U3IE/IHSI.

O61ume hakTopsbl, BAUSIOLINE HAa BCIO CUCTEMY, YUUTLIBAIOTCS B
MOJEJISIX OTKa3a KakK MOCJIeq0oBaTeIbHO BKJIIOYEHHOE 3BEHO CO
CBOEi1 HapabOTKOI Ha OTKa3.

PeserBuroBAHME NMJIK
U YCTPOMCTB BBOAA-BbIBOAA

HecMmoTtpst Ha cyuiecTBoBaHMe GOJBIIOTO pazHOOOpa3us Me-
TOZIOB PE3€PBUPOBAHHSI, B IPOMBILIIEHHOI aBTOMATU3aLUN T10-
JIYYUJIU PacrpoOCTPAHEHHUE TOJIbKO ABa U3 HUX: «TOpsiuee» pe3ep-
BUpoBaHue 3ameuieHueM (hot standby) m mMeTonm rosocoBaHus
(2003 — 2 out of 3 voting, 1002 voting u ap.). Pexe ucrnosb3yer-
csl «TEMIbli» pe3epB (warm standby).

Llenbio pe3epBUPOBAaHUSI MOXET ObITh OOeCeueHne 6e30TKa3-
HOCTH WM obecrieueHue 6e30rmacHOCTU. MeTolbl pe3epBUpOBa-
HUS, UCTIOJb3yeMble sl AOCTHMXEHMS STUX ABYX LeJieil, CyLLecT-
BEHHO pa3iunyatorcsi. OCHOBHOE pa3inyKre COCTOUT B TOM, UTO JUISl
obecrieyeHust 0e30MacHOCTH OCTATOYHO CHU3UTh BEPOSTHOCTb
TOJIbKO OTIACHBIX OTKA30B, B TO BpeMsl KakK 1Jisl 0OecrieyeHus 6e3-
OTKa3HOCTH TpeOyeTcsl 00ecneynTb paboTOCMOCOOHOCTb CHCTEMbI
MPU BCEBO3MOXHBbIX OTKazaX. [103TOMy cHCTeMbl, CBS3aHHbBIE C
0€30MacHOCTBIO, TMOJYYAIOTCSl TPOLLUE, YeM OTKA30yCTONYMBbIE
CUCTEMBI, TP YCIOBUM OAMHAKOBOM HApabOTKM 10 OTKa3a.

O6wwue NpUHLUMNBbI pe3epPBUPOBUHUS

B ocHoBe MeTona pe3epBUPOBAHUS JIEXUT OUEBUIHAS MIES 3a-
MEHBI OTKA3aBLLUETro 3JIEMEHTa UCTIPABHbIM, HAXOASILIUMCS B pe-
3epBe. OnHaKO peasn3alus 3TOW UAEU YaCTO CTAHOBUTCS 10OCTA-
TOYHO CJIOXHO#, eciM HeoOX0AUMO 00eCreYuTh MUHUMAIbHOE
BpeMs TMepexoa Ha pe3epB U MUMHUMAJIbHYIO CTOUMOCTb 000pY-
JIOBaHUS PY 3alaHHOW BEPOSITHOCTU 0€30TKa3HOM paboThl B Te-
YEHUE OMNpPEAeJEHHOro BpeMeHU (HapabOTKH).
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JI1s1 3aMeHBI OTKAa3aBILIETO 2JIeMEHTa JOCTaTOYHO MMETh pe-
3epBHBIN (3amacHOi) ameMeHT Ha ckiaane. OmHAKO MPOIOIIKM-
TEJIbHOCTH PYYHOU 3aMEHBI COCTABIISIET €AUHULIBI YACOB, YTO ST
MHOTMX CUCTEM aBTOMaTu3aluu HemomyctuMo monro. Cokpa-
TUTh BpPeMsI BBIHYKIEHHOTO IIPOCTOSI TTO3BOJISIET TIPUMEHEHUe
KOHTPOJIJIEPOB 1 MOJIYJIeil BBOIA-BBIBO/IA C PA3bEMHBIMU KIIEMM-
HBIMUA COENUHUTEIISIMA W C BO3BMOXHOCTBIO «TOpSTUeii» 3aMeHBI
[11] mpu yc1oBUM HaMMYKMSI pa3BUTON CUCTEMbI IMAarHOCTUKU HE-
ucrpaBHOCTU. 151 oOGecrieueHUs «ropsiueii» 3aMeHbl HEOOXOIM-
MO TIPEAYCMOTPETh CIIeayIolIee:

@ 3aIIUTY OT CTATUIECKOTO DJIEKTPUIECTBA, KOTOPOE MOKET BO3HMU-
KaThb Ha TeJie OTlepaTopa, BHITTOTHSIIONIETO 3aMEeHY YCTPOWCTBA;

© HeoOXOMMMYIO TIOCTIeIOBATETbHOCTD TIOAAYY HATIPSIKEHUI TTH-
TaHWS Y BHEIITHUX CUTHAJIOB (IUISI 9TOTO UCIIONB3YIOT, HATIPU-
Mep, pa3bEMBI C KOHTAKTAMHM Pa3HOW IJTMHBI U CEKBEHCOPHI
BHYTPH YCTPOUCTBA);

@ 3aIUTY CUCTEMBI OT OPOCKA TOKA, BEI3BAHHOTO 3apsiIoM EMKO-
CTeil MOAKITIOUaeMOTO YCTPOUCTBA, HATIPUMEP C TIOMOIIIBIO TO-
KOOTPAaHUIUTETbHBIX PE3UCTOPOB WM OTAETLHOTO NCTOUHUKA
MMUTaHUS;

© 3aIUTY YCTPOMCTBA OT TIEPEHATIPSIKEHNUST, KOPOTKOTO 3aMbIKa-
HUSI, TIEPETIOIIOCOBKY, TPEBLIIEHNST HATIPSKEHUsI TTUTaHUS,
OIIMOOYHOTO TIOAKITIOUEHMSI.

Kpome toro, misg obecriedeHusl «ropsideii» 3aMeHBI TTporpam-
MUpyeMbIe YCTPOUCTBA OJIKHBI OBITh 3apaHee 3alporpaMMUPO-
BaHBI, B CETEBbIE YCTPOICTBA NOJDKEH OBITH 3alMcaH MPaBUITb-
HBII aapec W MperycMOTpeHa MOACUCcTeEMa aBTOMAaTUIEeCKOM pe-
TUCTPAIIMU HOBOTO M UCKITIOUEHUST CTAPOTO YCTPOUCTBA M3 CETH,
a B QJITOPUTMAaxX aBTOMAaTUIECKOTO PETYIMPOBAHUS JOJDKEH OBITh
TIPENyCMOTPEH «Oe3ymapHbIii» PeXXUM CMEHBI KOHTpOJUIepa Win
MOyJIeil BBoma-BbiBona [12].

Ecnu peBepBHbeI QJIEMCHT BXOIUT B COCTaB CHUCTCMbI (a HE
JICKUT, CKaXXEM, Ha CK_T[aIIC), TO OHAa OTHOCUTCA K pE3CPBUPOBAH-
HBbIM CUCTEMAaM C PYYHbIM 3aMCHICHUEM OTKA3aBUICIO 3JIEMEHTA.

CucreMsl € TOI0COBAHNEM

OCHOBHBIM OTJTMYUTELHBIM MTPU3HAKOM CUCTEM PE3epPBUPO-
BaHUS C TOJIOCOBAHUEM SBJISIETCSI HEBO3MOXKHOCTD BbIAECJICHUS B
CHCTEME OCHOBHBIX 3JIEMEHTOB U PE3EPBHBIX, MOCKOJbKY BCE
OHM PaBHOIIPaBHbI, PabOTAalOT ONHOBPEMEHHO W BBIMOJHSIOT
ONHY U Ty Xe GyHKIMIO. BIOop oqHOTO CUTHANIA U3 HECKOJIb-
KHX OCYLLIECTBIISIETCS CXEMOU rOJIOCOBaHUS, KOTOPAsi B YaCTHOM
c/lyyae HEYETHOTO YHUCJIA FOJOCOB HA3bIBAETCS MAXKOPUTAPHOMN
CXEMOWA.

CucTeMbl C TOJIOCOBaHMEM He TPeOyIOT KOHTPOJISI paboToCTIO-
COOHOCTH 2JIEMEHTOB IS CBOETO (hYHKIIMOHUPOBAHUS, HO UC-
MOJIB3YIOT MOJCUCTEMY TUATHOCTUKU JJII COKPALEHUS] BDEMEHU
BOCCTAHOBJIEHUSI OTKAa3aBLIMX 3JIeMeHTOB. Hanuuue noncucre-
Mbl JUAarHOCTUKU CHUXAET TaKXe BEPOSITHOCTb HAKOIUICHUS
CKPBITBIX HEMCIIPABHOCTE, KOTOPBIE CO BPEMEHEM MOTYT SIBUTh-
cs IPUYMHOM OTKa3a.

ITpuHUMD pabOTHI CXeMbl TOJOCOBAHUSI PACCMOTPUM Ha MPU-
Mepe pe3epBUPOBaHMS NAaTYMKOB (puc. 1 a). B Takoit cucreme
BMECTO OJTHOTO AAaTYMKa UCTIOIB3YIOTCS TpU (HAIIPUMep TPU Tep-
MOTIapbl), KOTOPbIe TIOJCOENMHEHBI K OMHOMY MOMIYJIO BBoma. B
CXEMy TOJIOCOBAHUS MOCTYNAKT COOTBETCTBEHHO TPU 3HAYEHUS
U3MepsIEMOI BeTMUMHBI (HAIIpUMep TPU 3HAUYEHUSI TeMIIepaTyphl:
T,, T,, T;), n3 KOTOPBIX HEOOXOAMMO BBIOPATH OIHO. 3HAYECHUS
U3MEpSIeMOI BEJIMYMHBI PACIIOIATAIOTCS B MOPSIAKE BO3PACTAHUS,
U Ha BBIXOJ, CXEMBbI FOJIOCOBAHMS TIOCTYMAET TO U3 HUX, KOTOPOE
PacTIONIOKeHO MEXJIy NByMsI KpallHUMU (HO He cpemrHee apudme-
trdeckoe!). Hampumep, ecnu B pe3ysnbTate U3MepeHUs TeMriepa-

YNPOCTUTE CEBE XXN3Hb - UCNOSIb3YNTE
PELUEHWA ABTOMATU3AL W MPOLUECCOB

Bep,yu_wle TeMbl pasgena - <<npOVI3BO,D,CTBeHHbIe npoueccbr»
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Cxema

ronocoBaHus
2003

_/_
>

a 6

Puc. 1. Ycrpoitctea ¢ ronocosaHnem no cxeme 2003 (a) v no cxeme 1002 (6)

TypsI tosrydeHbl 3HaueHus1 0,12°C, 39,5°C u 39,4°C, To ucob3y-
eTcsl TonbKo 3HaueHue 39,4°C, ocTaabHbIe UITHOPUPYIOTCS.

PesepBupoBaHue 371€MEHTOB C NUCKPETHBIMU CUTHAJIAMU BBI-
TIOJTHSIETCST aHATOTUYHO. [10CKONMBKY 3HAUEHUSIMM TUCKPETHBIX
CUTHAJIOB SIBIISTIOTCST Jiornmdyeckue O vy 1, To B pe3yibraTe Maxko-
PUTApHOTO TOJOCOBaHUS BHIOMpAeTCs TO 3HAYEHUE, KOTOpoe
MPUHUMAIOT OOJIBIIMHCTBO cUTHAIOB. Hampumep, mpu norude-
ckux curHanax A = 1, B =1, C = 0 pe3y/1bTaTOM rOJI0COBaHMSI Oy-
net 3HaueHue Y = 1. biiok MaXoputapHOTO TOJIOCOBAHUS peau-
3yeT Jjormueckyto GyHkiuo Y =AB + BC + CA.

O4eBUIHO, YTO TSI PAOOTH MAXKOPUTAPHOU CXEMBI UHUCTIO «TO-
JIOCOB» MOJIKHO OBITh HeUE€THBIM. OMHAKO B cucTeMax Oe3orac-
HOCTHM BO3MOHO MPUMEHEHUE JII0OOTO YKCa «T0JI0CoB». Bme-
CTO HEIOCTAIOIIIETO «TOJI0Ca» UCTIONb3YETCs YCIOBUE, UTO CUCTE-
Ma cunTaeTcss paboTOCIOCOOHOI, ecT OTKAa3 SIBJIsieTcsT Obe30mac-
HBIM. DTO TOPOXKIAET CUCTEMbI, B KOTOPBIX BBIOMPAETCS] OfNH
«TOJIOC» U3 IBYX, ¥ TaKKe CUCTEMBI 110 ctaHmapty MOK 61508 [2]
o603HavaroTcs Kak 1002 (1 out of 2). Micnoab3yroTcst Takke Cuc-
TeMBI 2002 (IBa «ToJI0ca» U3 ABYX), 2003 (IBa «rooca» 13 TPEX),
2004 (mBa «ro0ca» U3 YETHIPEX), 3004 (TpHM «Tojloca» U3 Ue-
ThIpEX). HepesepBupoBaHHbIe cicTeMbl 0003HavaroTcs Kak 1ool.
Ecnu B pe3epBrpoBaHHOI crICTeMe UMEETCsT pa3BUTasI TIOJCUCTe-
Ma TMarHOCTUKYU HEMCTPABHOCTEH, TO K 0003HAUYEHUIO TOOABIISI-
etcst 6yksa «D», HarrpuMep 1002D.

[MpumepomM cucTeMbl ¢ ToTIOCOBaHMEM BuAa 1002 MOXET CITy-
JKUATh CHCTEMa OXPaHHOW CUTHAIW3alluM IBEPU, B KOTOPOI UC-
TTOJIB3YIOTCSI 1BA NaTUYuka A U B ¢ 11e1bI0 B3aUMHOTO Pe3epBUPO-
Banus (puc. 1 6). [Ipu oTKa3e oMHOTO M3 MATYMKOB (HATIpUMEP
nmatarka B, xorma BMecto A = 1, B= 1 monyyaeM A = 1, B=0)
CUCTEeMa, MOJIb3YSICh MPABUIIOM OOJIBIIMHCTBA «TOJIOCOB», HE MO-
JKeT TIPUHATH perteHre. OMHAKO eClId YUecTh, YTO JIOKHOE cpa-
OaTbIBaHVE OXPAHHOW CUCTEMBI HE TIPUBOJIUT K OMACHON CUTYya-
MM, a HecpabaThIBAHME CUCTEMBI MPU HAPYIIEHUU SIBISIETCS
OTIaCHBIM OTKAa30M, TO CTAHOBUTCSI OUEBUIHBIM, YTO CXeMa TOJI0-
COBaHUS IOJKHA CYNUTATH IOCTATOYHBIM HAJTUIKE OHOTO «TOJIO-
ca» W3 NBYX, YTOOBI MPUHSITH PellleHre O Tojade aBapuitHOTO
curHana. Ecnu curHanoM cpabatbiBaHUsI CUTHAIA3AIUY SIBJISIET-
Cs1 IOTMYECKOe 3HaYeHue 1, a CUTHAJIOM OTCYTCTBUSI HAPYIIIEHUSI
sBisiercs 3HaueHue 0, To 60K TOJIOCOBAHUS PeaTu3yeT JIorude-
cKyto (pyHKIMIO Y =A + B.

OcHOBHoI# 610K

* Al Bnok BbiGopa
moayns

(E__ L

«0TKa3» |¥:(>

* AL :::::jT

PesepBHblit 6510K

Puc. 2. ly6nuposanue MoaynA BBOAA METOAOM 3aMeLLEHUA

Ecnu BXOAHBIMY TaHHBIMU JJISI TOJIOCO-

Cxema BaHUS SIBJISIIOTCS B AHAIIOTOBBIX CUTHA-

rosiocoBaHma

1002 Jia, TO IIOJIb30BAaTCJIb MPU MpOorpaMMupo-
Y

BaHWU NTOJKEH YCTAaHOBUTH, KaKOW CUT-
HaJl U3 IBYX JIOJKeH OBITh BEIOpAH CUCTe-
DI MOI B ciiyyae MX HecoBmaaeHMs. Takoit
TOAXOJ, BO3MOXEH TOJBKO B CHCTeMax
0e30MacHOCTH.

[MpoTtuBomONOXHAST CUTYalINsT UCTIONb-
3yeTcs TpU TOJOCOBAHUM BHUAA 2002.
[Mpumepom MoxeT OBITH cCTEMa KOHTPOJISI TEPMETUYHOCTH JTIO-
Ka TIpU TOTPYXEHUM TOABOMHON Joaku. Ecnm Mok mmeer nBa
JaTYnKa, TO CUTHAJI TOTOBHOCTHU K MIOTPYXKEHUIO MOXET TTOSIBUTh-
¢s1 TOJIBKO TIpU Hammuuu noarsepxaeHus (A = 1, B = 1) ot 060-
WX JaTYNKOB OMHOBPEMEHHO (ABa 13 IBYyX). Beixon u3 ctpos ox-
HOTO JaTYMKa He JOJDKEH TMO3BOJIUTH CHCTEME BHIPAOOTATh CUT-
HaJl TOTOBHOCTH K TIOTPYKEHUIO, YTOOBI OMacHasl CUTyalus He
Bo3HUKJA. Takoil 070K TOJIOCOBAaHUSI peaTnu3yeT JOTUYECKYIO
¢yukuuio Y= AB.

HecMoTpst Ha BbICOKYIO 9(P(EKTUBHOCTD CXEeM TOJIOCOBAHUS C
YETHBIM YMCIIOM TOJIOCOB, OHM UMEIOT HEIOCTATOK, COCTOSITIIVI B
BO3MOXHOCTH JIOKHOTO cpabaThiBaHUsI. XOTSI 9TOT TUIT OTKA30B
U He SIBJISIETCST OTACHBIM, B HEKOTOPBIX CIIyJasiX OH MPUBOIUT K
3HAYUTEIBHOMY MaTepuaibHOMy yiepOy. Hnst uckimodeHust
JIOXKHOTO CpabaThIBaHUSI MOXHO HCIIOJIb30BaTh Oojiee DOpPOTHe
CHCTEMBI C HEUETHBIM KOJTMUYECTBOM TOJIOCOB, KOTOPBhIE CHUXKAIOT
BEPOSITHOCTh OTKa30B 000MX TUTOB. BriOop Hawtydleii cucre-
MBI OCYILIECTBIISIETCSI HA OCHOBAaHUM PE3yJbTaTOB SKOHOMUYE-
CKMX Pacy€ToB.

[1pu oTKa3e 0OHOTO U3 2JIEMEHTOB PE3ePBUPOBAHHON CUCTEMBI
6e3omacHocTH 2003 €€ ypoBeHb 0e30MacCHOCTU TOHWXKAeTCs U
OHAa MOXeT HavyaTh (YHKIIMOHUPOBATh Kak cuctema 1oo2. Eciu
3aMeHa HEeMCITPaBHOTO 3JIEMEHTa He MPOM3BEAeHA U TIPOU30IIET
BTOPOI OTKA3, TO CUCTeMa MEPEXOIUT B peXXuM Oe3 pe3epBUpOBa-
HUs 1001, OMTHAKO B 3TOM peXMMe CUCTeMa He MOXKET HaXOIUTh-
CsI IOJITO TI0 TpeboBaHMsIM Ge3onacHOoCTU. OUepEéTHOCTD Tepexo-
Jla OT OJHOI CXeMBbI Pe3ePBUPOBAHUS K IPYrOil Ha3bIBAETCS CXe-
MO JIeTpafaliu.

Cucrema 6e30macHOCTH 2003 MOXET UMETh BTOPOW BapuaHT
cxeMbl aerpagauuu: 2003—2002—1001—0. 3mech 0 ob6o3HavaeT
COCTOSTHUE, KOT/Ia cucTeMa TiepecTaéT (yHKIMOHUPOBATh (0CTa-
HaBnuBaetcs). [lepen ocTaHOBKOH cucTema JOKHA TEePeBeCTH
BCE CBOM BBIXOIBI B Oe3omacHbie cocTosiHus. [loHsiTre Ge3omac-
HOTO COCTOSTHUST [UTST KAXKIOW CUCTEMBI OTIPENIENISIETCSI TPU e€ TPo-
ekTupoBaHuU. Hampumep, Ui cucteM aBapuitHOTO OTKITIOUEHMST
0e30MaCHBIMU SIBJISIIOTCSI OOECTOUYEHHBIE COCTOSIHUSI MCTIONHU-

TEJIbHBIX MEXaHU3MOB, a IJISI CCTEM aBTOMAaTHYECKOTO ToXKapo-
TYIICHUS] WU aBAPUWHON BEHTWISIIIUU — HA000POT, COCTOSTHUS,
TPU KOTOPBIX HA UCTIOJTHUTENIbHBIE YCTPOIICTBA TIOAaHa SHEPTHSI.
CxeMBbl TOJIOCOBAaHUSI LITMPOKO UCTIONB3YIOTCSI B CCTEMAX MPo-
TUBOABAPUITHON 3aIIUTHI U CUTHATU3ALIUN, TI€ OHU UMEIOT OOJTb-
1oe pazHoobOpasue. B cuctemax xxe, He CBS3aHHBIX C 0€30TIaCHO-
CTbIO, HE CYIIECTBYeT 0OJee MPOCTHIX CXEM TOJIOCOBAHMS, YeM
2003, KOTOpbIE CaMU TI0 cede SIBISIIOTCS TOCTATOYHO JOPOTUMU.
OpHako yHUKAJTbHBIM CBOWCTBOM CHUCTEM C TOJIOCOBAHUEM
BBICTYMAET HEMPEePbIBHOCTh (DYHKIIMOHUPOBAHUS BO BpeMsI Te-
pexona Ha pe3epB, U OTO CBOUCTBO SIBJISIETCSI OMPEHESIONINM
TIPY TIPUHSITUY PELIeHUsI O BBIOOpE METOa Pe3ePBUPOBAHMSI.

Pe3epBupoBanue 3amenieHuem
Hpyroii knacc pe3epBUPOBAHHBIX CUCTEM COCTABJISIIOT CUCTE-
MBI C «TOPSIYMM» PE3epPBUPOBAHMEM 3amelieHueM (puc. 2). Mx

www.cta.ru
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B BAMMUCHYIO KHUXKY MUHXEHEPA

OTJIMYUTESIBHON qeproﬁ ABJIACTCA IIPUHIIU -
nuajabHasi HEOOXOAUMMOCTb B TMOJICUCTEME
KOHTPOJIA pa6OTOCHOCO6HOCTI/I KakK OCHOB-
HOIo, TaK 1 p€3€PBHOIO 3JIEMCHTOB, HAJIU-

yre ON0Ka TepeKIoYeHnsT Ha pe3epB <

I

(0OBIYHO TIEPEKITIOUeHUE BBITIOJIHSIETCS
MPOTPAMMHO), a TAaKKe IUHBI UISI CHHXPO-

HM3AIMA MEXIy TpoiieccopaMu (TOcCien-
Hee OTHOCUTCSI TOJIbKO K Pe3epBUPOBAHUIO
nporieccopoB). OCHOBHBIM TapaMeTpOM
CHCTEM C Pe3epBUPOBAHUEM 3aMelleHUEM
SIBJISIETCS BpeMsI TTEPEKITIOUEHMS Ha PE3epPB.
[Mepexom Ha pe3epB BBHITIOMHSIETCS B TIpeie-
JlaX OTHOTO WJIN HECKOJIBKUX KOHTPOJIIEp-
HBIX IUKJIOB U 3aHUMAET BPEMSI OT eANHUIL
MWUTMCEKYH] IO TOJIEH CEKyHIBI.
CucrtemMbl ¢ 0ojiee MeIJIEHHBIM Tiepe-
KJTIOUEeHNeM Ha pe3epB (OT AoJeil 1o enu-
HUII CEKYHI) OTHOCST K CHUCTeMaM C
«TETUTBIM» pe3epBoM. KoHCTpyKTUBHOE OT-
JnYre «TETIOTO» PEe3epBUPOBAHUST KOH-

a

a
TPOJUIEPOB OT «IOpAYETrO» 3aKI4acTCda B

OTCYTCTBUUM BBICOKOCKOPOCTHOTO KaHasa
CUHXPOHM3AIIUU MEXIy TPOIECCOpaMH,
BMECTO HErO WCIIOJb3YeTCsl CTaHAapTHAas
HU3KOCKOPOCTHAsI TIPOMBIIIIJIEHHAsI CeTh WIM IPYroil mociaeno-
BaTeIbHBIN KaHaT OOMeHa.

7151 KOHTPOJIST pabOTOCTIOCOOHOCTH UCTIONB3YIOTCS TaKue T1a-
paMeTphl U COOBITHUSI, KaK, HATIPUMepP, OOPBIB JIMHUU CBSI3U, KO-
pOTKOe 3aMblKaHUe (K.3.), BEIMUYNHA HATIPSKEHUST ¥ TOKA TTUTa-
HUSI, OTCYTCTBUE CBSI3M, TIEPETPEB BBIXOMHBIX KACKAIOB MOMIYJIEi
BBIBOJIA, TIEPErpy3Ka o TOKY, OTCYTCTBUE HATPy3KH, BBIXOM CUT-
HaJIOB 3a TPAHUIIBI AMHAMUYECKOTO Muara3oHa, cpabaThIiBaHUE
MPEeIOXPAaHUTENSI, cpabaThiBaHNE OJIOKMPOBOK U 3AIIUT, 1IETOCT-
HOCTb JIMHUI CBSI3W C MOMYJISIMU BBOJA-BBIBOZA, OLIMOKA KOH-
TPOTBHOM CyMMBI, OIIMOKA TTAMSITH, «3aBUCAHUE» TIPOlieccopa 1
1.11. [lepeuensn npouenyp koHtposs [TJIK npusenén B TOCT P
51841 [13]. InarHocTHUYecKast MH(GOpMAIIUs TOJKHA BHIBOIUTh-
CsI Ha TIYJIBT OTlepaTopa ¥ OMHOBPEMEHHO MOXKET MCTIOIb30BaTh-
Cs1 IJIST TIEPEKITIOUEHUST Ha PE3ePB.

151 MCKITIOUeHMsT OITMOO0YHOTO TIepexoaa Ha pe3epB I0 Mpu-
yuHe CcOOSI B CHUCTeMe KOHTPOJS WCIOIb3YIOT BPEeMEHHON
uIBTp, KOTOPBIN pa3pelraeT nepeKIodeHne TOIbKO TIPY YCI0-
BUM, YTO COCTOSTHME HEVCTIPABHOCTH [UTUTCS HE MEHEe YCTaHOB-
JIeHHOTO BpemeHHu (Hampumep, 1...100 mc).

OOmee u Mo3JIeMEHTHOE

pe3epBUpOBaHHE

PesepBrpoBaHHBIMU MOTYT OBITH OT-
JIeJTbHBIE IEMEHTBI CCTEMBI, UX TPYTI-

o] JL Tl
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+ ]
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Puc. 3. PesepBupoBaHue Moaynei Beoaa (a) U AaTumkoB ¢ moaynamu (6)
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Puc. 4. PesepBupoBaHue Moayneit BBOAA TOKA C U3MEPUTENIbHbIMU Pe3UCTOPaMU BHYTPYU
mopyneit (a) u cHapyxm (6)
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Mbl, UCKJIIOYAeT OLIMOKM TpU pacuére HalE€XHOCTU U BbIOOpeE
Pa3TUYHBIX CXEM PEe3epPBUPOBAHUSI, 4 TAKXKe OIIMOKM, BBHI3BAH-
HbIE TJIOXON HATJISITHOCTBIO APXUTEKTYPhl CUCTEMBI TPU TI03JIe-
MEHTHOM pe3epBUPOBAHUMU.

B cnydae obiiero pe3epBUpOBaHUST JOCTATOYHO JABYX OTKA30B
IUTST OTKA3a BCeil CUCTEMBI, €CJTM OJUH U3 OTKA3aBIINX JIEMEHTOB
pacrioyioxkeH B OCHOBHOI CHCTeMe, a BTOPONl — B PE3epBHOMN.
[lpu mosneMeHTHOM pe3epBUPOBAHNYU BEPOSTHOCTH TAKOTO OT-
Ka3a CyIIECTBEHHO HIKE, TTIOCKOJIBKY IS €r0 peaqn3aiuu Heoo-
XOIMMO, 4TOOBI OWH W3 OTKA3aBIINX JIEMEHTOB OBUI OCHOB-
HBIM, a BTOPOI — €ro pe3epBOM, YTO KpaliHe MaJIOBEPOSITHO.

PesepBupoBaHue moaynein BBOAA U AATYMKOB

TunuuneiMu oTKazamMu nipu BBoae curHanoB B [TJIK saBisior-
cs1 0OPBIB M KOPOTKOE 3aMbIKaHHWe TUHUM cBs3U. Ha mosto oTka-
30B JIMHUI CBSI3W JATYMKOB M MCIIOJHUTEIBHBIX YCTPOUCTB B
cHCTeMax aBTOMaTu3aluy npuxonurcs 85% Bcex oTkas3os [14].
JIvHUM CBSI3W MOTYT TIOBPEXOAThCA B pe3yabTaTe CTUXUIMHBIX
SIBJICHUI (HampuMep oOMep3aHue ITPOBOIOB), 3¢ MJISTHBIX paboT,
HETPaBWILHOTO MOHTaXka, 3JJ0HAMEPEHHBIX NEUCTBUMA U T.II.,
IMO3TOMY MX HaIEXKHOCTb YaCTO HEe CBSI3aHa HAIIPSIMYIO C HAIEXK-
HOCTBIO Kabesl.

10-g 106uneitHas koHpepeHuus QNX-Poccua-2008

MBI ¥ Bcs cuctema B 1enoM. [loame-
MEHTHOE Ppe3epBUPOBAHUE ITO3BOJISIET
TTOBBICUTH OTKA30yCTONYMBOCTD B TIEp-
ByIO ouepenb Haubosee BaXKHBIX WIN
HavMeHee HaIEXHBIX JIEMEHTOB, BbI-
OpaThb pa3TMUHYI0 KPAaTHOCTb Pe3epBU-
POBaHWUSI TSI PA3HBIX JIEMEHTOB CUCTE-
MBI ¥ TEM CaMbIM JOCTUYb MaKCUMaJTb-
HOTO OTHOIIIEHUSI HAIEXKHOCTH K 1IEHE.
Oob1ee pesepBUpoBaHUe He TpeOyeT
aHaIM3a COOTHOILIEHUI MeXIy HalIEX-
HOCTBIO OTAETTHHBIX JIEMEHTOB CHUCTe-

24 anpensa B Mockse cocroutca 10-2 mex-
AyHapopHasa KoHdepeHumsa QNX-Poccua —
KpymnHeMilee poccMiickoe MeponpusTvie, no-
CBSILLLIEHHOE CXICTEMAaM YIpPaB/iIeHUA N BCTpau-
BaeMbIM CUCTEMaM Ha OCHOBE OrepaLyoH-
HOM CUCTeMbI pearnibHoro BpemeHu QNX.

B LeHTpe BHUMaHWA — MHHOBALWMOHHas Mpo-
rpamma komnaHum QNX, pagukansHbiM 0bpazom
MeHSIOLLAs MPUHSATYIO MPAKTUKY Pa3paboTku Npo-
rpaMMHOro obecrieyeHust 3a CHET obbeanHeHUs!
KOHLIEMNUMM OTKPBITOrO MCXOAHOTO KOAA U KOM-
MepYecKoro rnoaxoaa Gnaropapsi OTKPbITUIO JOC-

Tyna k ncxopHomy kogy OCPB QNX Neutrino Ha oc-
HOBE MMOPUAHON NNLIEH3VOHHOW MOMUTUKU.

Ha koHtepeHuMM BbICTYNST PyKOBOAUTENU
QNX Software Systems, npeacraBuTeny Kommna-
HUIA-Pa3pabOTUMKOB ammnapaTHbIX M MPOrpamm-
HbIX peleHunr ans QNX, Begywme KomnaHuW-
NPOU3BOAUTENN U CUCTEMHbIE WHTErPATOPbI,
npumeHsiiowme OCPB QNX B cBOMX peLLeHNsIX.

Yyactve B KoHbepeHUMn GecrnaTHoe npu yc-
NoBUK 0bs3aTeNnbHOM NpeaBapuUTebHON PermcT-
pauMM Ha canTe KOHdEepPeHUMU WWwWWw.gnx-
russia.ru @

95
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B SANMUCHYIO KHUXKY UHXEHEPA

Pe3epBupoBaHue aHaI0roBbIX MOY.Ieii BBOAA U JATYHKOB

CxeMbl TOJIOCOBAHUS MOTYT MPUMEHSITHCS IJIS1 PE3EPBU -
pOBaHUS AATYUKOB MPU UCIOJTb30BAHMU OJHOTO MOIYJIS
BBOAA (puc. 1), 1isi pe3epBUPOBaHUST MOIYJIEH BBOAA MPHU (
HaJIMYMU OJHOTO JaT4YMKa (pUc. 3 @) WU JaTYUKOB U MO-
nyseit BBoga ofHOBpeMeHHo (puc. 3 6). [1pu omHOBpeMeH-
HOM pe3epBUPOBAHMM JaTYMKOB U MOJIYJIeil BBOMA MOTEH-
UMabHbIE BXOAbl MOMAYJIEH COEAMHSIIOTCS Mapaie]bHO
(puc. 3 a), a ToKoBbIe — TocsienoBarebHO (puc. 4). Ilo-

a

bl

06pbIB

K.3.

6

Puc. 5. 06Hapy)KeHue OﬁprBa WU K.3. B JINHUU CBA3U UK AaTYUKe, KOrga HocuTenem

CKOJIbKY TNPH IOC/IEAOBATEJbHOM COECAMHEHUU OTKIIIOYE- CUrHana ABnsetca HanpsxeHue (a) nubo Tok (6)

HUE OJHOTO M3 MOMAYJIe (HarpuMep IJisl BHITOJTHEHUS 3a-
MEHBI) IPUBOAUT K pa3pbiBy BCEi LIETH, TO ISl YCTPAHEHUS 3TO-
ro a¢gdexra UCNONB3YIOT CTAOWIUTPOHbI (puc. 4 a). Ilpu uc-
MOJIb30BAaHUM UCTOUHUKA TOKA C OOJIBIIMM BHYTPEHHHUM COIpPO-
TUBJIEHUEM (HampuMep, CTaHAApPTHOTO UcTOYHUKA 4-20 MA) TOK
[ He 3aBUCHUT OT COMPOTUBJICHUS HATPY3KU, TOTOMY TOSIBIICHUE
CTAaOMJIUTPOHA B KOHTYPE C TOKOM MPHU YAATEHUU OTHOTO U3 MO-
LyJell He BHOCHUT IOTPELIHOCTb B pe3yJabTaT usMepeHus. Tok
YTEUKU CTAOMIMTPOHA JOJIXKEH ObITh MaJ MO CPABHEHUIO C OTYC-
TUMOI aOCOIOTHOM MOTPEIIHOCTbIO U3MEPEHUsI TOKA, a Hampsi-
JKEHUE CTabMIM3aUMUu — 0O0Jibllle MAaKCUMAIbHOTO MaaeHus Ha-
MPSKEHUST HA U3MEPUTETBHOM PE3UCTOpE.

Tot xe sddexT mocturaercs, €cau MCIOIb30BaTh BHEIIHUE
U3MepUTeNbHbIE Pe3UCTOPHI (pUcC. 4 6), KOTOpble 00eCIeunBalOT
3aMKHYTBIM TYTh 11 TOKA MPU YAAJEHUU OJHOTO U3 MOIYJEH.
[Tp1 3TOM MCMOAB3YIOTCS MOAYJIM C MOTEHLUUATbHBIM BXOAOM, a
M3MEpeHUe TOKa BBITTONHSIETCS KOCBEHHBIM METOIOM (IO Taze-
HUIO HAMPSKEHUS] HA COMPOTUBJICHUH).

CXeMbl TOJIOCOBAHUSI B PACCMOTPEHHBIX MPUMEpPax ¥ KOJI1ue-
CTBO 3JIEMEHTOB B PE3€PBUPOBAHHOI CUCTEME MOTYT ObITb MPO-
M3BOJIBHBIMU; JITOPUTM FOJOCOBAHUS PEATU3YETCSI TPOrPAMMHO
B [JIK.

[MpuHUMN pabOThl CUCTEMBI, PE3ePBUPOBAHHON METONOM 3a-
MEILEHMUsI, WIUTIOCTPUPYET pUc. 2. B cucreme BoinensieTcsi OCHOB-
HOI MOJyJib, PE3€PBHBIM U OJJOK BbIOOpa MOIYJIS TIOC/IE OTKa3a.
J1o oTKa3a Ha BbIXOJ CUCTEMbI MOCTYMAIOT 1aHHbIE TOJBKO U3 OC-
HOBHOTO MoayJsi. biok BbIOOpa MOCTOSIHHO KOHTPOJMPYET CO-
CTOsIHME PabOTOCIIOCOOHOCTU MOIYJNEW U TOCJe HACTYIJIEHUSs
0TKa3a aBTOMaTHUECKH MEePEKITI0YaeT BIXOAHON KaHal CUCTEMBI
Ha MCcTpaBHbIi MoIyJb. OMTHOBPEMEHHO Ha TYJIBT OrepaTropa u B
KYpHa1 OLIMOOK MOCBLIAETCS AMATHOCTUYECKOE COOOLIEHUE O
BbILLIEALIEM U3 CTpOs ajeMeHTe. [lepekitoueHre BbIMOIHSIETCS,
KakK MpaBUJIO, MPOrPaMMHO.

AHAJIOTUYHO pabOTAIOT CUCTEMBI C HECKOJbKMMU PE3EPBHBIMU
anemMeHTaMu. [lepekytoueHre Ha OJMH M3 HUX BBIMIOJHSIETCS MO
3apaHee ONpeaeJEHHOMY aJlTOPUTMY.

OcHOBHOI Mpo6JIeMOii B CUCTeMax, Pe3epBUPOBAHHBIX METO-
JIOM 3aMeUICHUs, SIBJISIETCSl aBTOMAaTUYECKUIA KOHTPOJIb UCTIPAB-
HOCTH.

17151 KOHTPOJISI UCTIPABHOCTH aHAJIOTOBbIX MOJYyJIEil BBOJA MO-
YT OBbITh MCIIOJIb30BAHbI CJAEAYIOLIME BEIMYMHBI U COOBITUS:

@® CpEHEKBAAPAaTUUECKOE 3HAUEHUE HATMPSDKEHUsT U TOKa Ly-
ma;

@ HarnpspKeHUe CMELEHUsT Hy IS

@ TeMIiepaTypa BHYTPU KopIyca MOIYJS;

@ TIOTPEIHOCTb (OLIEHUBAETCS C TOMOLIbIO BCTPOEHHOTO UCTOY-

HMKa OTIOPHOTO HAIpPSIKEHUs);

@ «3aBUCaHME» TIpoLeccopa (IMarHOCTUPYETCSI C TOMOLIbIO CTO-

POXEBOTo TaiiMepa);
® HarnpspkeHue MUTaHMS TIPOoLECCcopa;

@ o1IM0Ka KOHTPOJIbHOM CYMMBI;
@ o1KbKa B OTBETE HA KOMaHIY.

J11s1 AMarHOCTUKU OOPbIBa BO BXOAHBIX LIETISIX aHATOTOBBIX MO-
JyJIel UCTIONb3YIOTCS CIEAYIOLE METOBI:

@ KOHTPOJIb BBIXOJA MEPEMEHHON 3a rpaHULbl TMHAMUYECKOTO

Nrana3oHa WK IPaHULIbI €€ U3MEHEHMUSI;

@ NPUMEHEHHNE TECTUPYIOLIUX UCTOUHUKOB TOKa (pHUc. 5).

TUNOBBIM METONIOM OOHAPYXEHMUsI K.3. SIBJSIETCS M3MepeHue
COTIPOTHUBJICHUSI BXOAHOM LIeMM C TTOMOIIbI0 UCTOUHUKOB TOKa,
MOAKJIIOYEHHBIX, KaK MTOKAa3aHO Ha pucC. 5 a. BeanunHa ToKa BbI-
OupaeTcsl 1OCTATOUHO Masloil, UTOObI MageHue HaNpsDKEHUsT Ha
JINHUU CBSI3U U BHYTPEHHEM COTPOTHBJIIEHUM JaTYMKa HE BHO-
CHJIO TIOTPEILIHOCTh B pe3yJbTaT u3MepeHuit. Hanpumep, B Mo-
nyne NL-8TI ¢pupmer HUJT AIT ucnonb3yercs: TOK BETUUUHOMN
2 MKA. [1pu 0OpbIBe BO BXOAHOM LENMY HAMPSIKEHUE MEXIY BXO-
JAMU MOJYJIsl BBIXOJUT 3a TPAHULIbl IMHAMUYECKOT0 11Mana3oHa,
4TO SIBJISIETCSl IUarHOCTUYECKUM MPU3HAKOM OOpPBIBA.

[Tpu K.3. BO BXOAHOM LIeNK HANpsKEHUE MEeXIy BXOAaMH MO-
IyJisl CTAHOBUTCSI PaBHBIM HYJIIO, YTO SIBJISIETCSI TMArHOCTUYE-
CKUM TMPU3HAKOM KOPOTKOIO 3aMbiKaHMsl. IJis1 TOrO YTOOBI K.3.
MOXHO ObUIO OTJIMYMTD OT MOJIE3HOTO CUTHAJIA HYJIEBOI BEIUYU-
HbI, OWAana3oH M3MEHEHMsl CUTHaja JaTyuMKa HMCKYCCTBEHHO
CIIBUTAIOT OT HYJIEBOTO ypOBHs. Takoil Moaxon MCMoJb30BaH B
TOKOBOM cTaHmapTe 4-20 MA, rae Bcs MH(pOpMalUs O CUTHaJe
COMEPXKUTCS B Anara3oHe TokoB oT 4 10 20 MA (puc. 5 6). B atom
cilydae TMosIBJIeHME HYJIEBOTO HAMpsKeHUsl Ha BXoae MpUEMHHUKA
CUTHaJa OAHO3HAYHO TOBOPUT O HAPYLIEHUU JMHUU CBSI3U.
OnHaKo OTJIMYUTH OOPBIB OT K.3. U B 3TOM CJIy4ae HEBO3MOXHO,
MOCKOJIbKY 00a 0TKa3a 0OHapy>KMBAIOTCS MO HYJIEBOM BeJIMUMHE
MPUHUMAEMOTO TOKA.

Pe3epBupoBaHHe JaTYHKOB M MOJYJIeil BBOJA TUCKPETHBIX

CHTHAJIOB

[Tpu BBOIE TUCKPETHBIX CUTHAJIOB UCIMOJIb3YIOTCSI METO/IbI IO~
JIOCOBAHUS M PE3EPBUPOBAHUSI 3aMEILIEHUEM.

CxeMbl TOAKJIIOUEHHUST JaTYMKa TUMA «CyXOi» KOHTAaKT, KOTO-
pble 00eCneynBaloT AMarHOCTUKY OOpbIBa, K.3. HAa 3eMJII0 U Ha
LIMHY NMUTaHUs, MOKa3aHbl Ha puc. 6 u 7. [1pu oOpbIBe IMHUM HA
BXOJIE MOJIYJISI TIOSIBJISIETCS CUTHAJT, BEJIMYMHA KOTOPOTO OTpe/ie-
R
Ry+R,
KOPOTKOTO 3aMbIKaHMsI Ha IIMHY MUTAHUsI HATIPSDKEHUE Ha BXO-

JISIETCS IEJIUTENIEM HATIPSIKEHUS E,,. (puc. 6a). B ciyuae

JIe MOZIYJIsl PABHO HaMpsKeHUIo mutaHust. [1pu K.3. Ha 3eMJTIO Ha-
NpsKEHKME Ha BXOJE PaBHO HYJI10. [1py pa3oMKHYTOM
R
4

—_— o F
R+ R, ”(RI +Ry) ™

COCTOSAHUM JaTYMKa HaAIMPSAKCHUE paBHO

4
MPU 3aMKHYTOM R+ R, ||R1 E -

Takum o6pa3oM, Ha BXOAE MOIYJSI AMCKPETHOTO BBOAA MOTYT
OBITh MSITh PA3TMYHBIX YPOBHEN HAIMpPSIKEHUSs, KOTOPbIE C TOMO-
uibio ALITT mpeoGpa3yioTcsi B MATh Pa3IUYHBIX COOBITUI: «0»,
«1», «K.3. Ha 3eMJIIO», «K.3. HA MTUTAHUEC», «06prB». l'[epeKmoqe-
HUE Ha pe3epB MPOUCXOIHUT, ECJIU B 6JJOK BbIOOpA MOAYJIsT (pUC. 2)
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B 3ANMNCHYIO

HUSI Ha pe3epB Mexa-

+E +E
R i o otEn P b et HUYECKHUE peJie MC-
7 7
s K3l e ss sy, ! S R o e MoJNb30BaTh HeXesa-
nuTaxue | : Mogynb nutaxue | : Mogynb
! 1
Ry /1 g BMCKPETHONO ! o IMCKPETHOO | i
{ / I ; BBOAQ | /[ | ssonai WX HU3KOU HamEXHO-
T I 3 _
k3. Ha\ i R4 4 ! k3. Ha"\ i R4 v : CTH, a IpYrue Croco
Wit 1 I,
3BMIIOEE e oepele L ee e | BBMII0. Y+ obpeie LS tiiione bl i Obl (BKJIIOYAsT METOX
g roJIOCOBaHHUs) MOpPO-
a

Puc. 6. Cxema o6HapyxeHUA 06pbIBa U K.3. B LleNU AaTYMUKA C NATHIO PA3NNYUMbBIMU COCTOAHUAMK (@) U C TpeMms

cocrosHuamu (6)

MoCTymnaeT MH(opMalus 0 HEUCIIPaBHOCTU. THIT HEUCTIPABHOCTH
BBIIAETCS HA MYJIBT ONepaTopa CUCTEMbl aBTOMaTU3allUU U 3aHO-
CUTCS B XKypHaJl OLLIUOOK.

B psine ciyyaeB 10CTaTOUHO UMETh YIIPOLIEHHYIO CXEMY auar-
HocTuku. Hampumep, eciiu Ha puc. 6 a yopaTb pe3ucTopsl Ry U R,
(puc. 6 6), To IpU 3aMKHYTOM JaTYMKe MOJTYYUM HampsoKeHUe Ha

R,
BXOJie MOIYJisl, paBHOE ——— E
R,+R
HUU NaTYMKA, TPU 0OPbIBE IUHUU U TIPU K.3. HA 3eMJII0 — OJTHO U
TO Xe HaIpsKeHUe, paBHOE HYJIIO; MPH K.3. Ha IIMHY MUTAHUS —
E. ;- TakuM 06pa3oM, BMECTO IIATH COCTOSIHUI Ha BXO/E IOJ1y4a-
€M TOJIBKO TPH.

[Tpeanonoxum, 4To JaTIYMK UCTIONb3YETCsI B CUCTEME OXPaHbI U
€ro HOpMaJbHbIM COCTOSIHUEM SIBJISIETCS] pa30OMKHyTOoe. Torna 06-
PBIB JIMHUU CBSI3U U K.3. Ha 3€MJIIO OCTaHYTCSl He3aMEeYeHHBIMH,
MOCKOJIbKY UX HEBO3MOXHO OTJIMYUTH OT HOPMAJIbHOIO COCTOSI-
HUs gatyuka. [1penmnosoxum Tenepb, YTO HOPMaTbHBIM COCTOSI-
HUEM JaTyuKa SIBISETCS 3aMKHYTOE, KaK MoKa3aHO Ha puc. 6 6.
Torna npu 11000M U3 MEePEeUrCICHHBIX OTKA30B IMHUY CBSI3U CUT-
HaJM3alusi cpaboTaeT, TO eCTh 0TKAa3a, MPUBOSIIETO K Hecpaba-
ThIBAaHUIO (DYHKLUMU O€30MacHOCTH, MPOU3OUTH He MoxeT. [lo-
9TOMY TaKasi yIpolIEHHAsl cCXeMa KOHTPOJISI MOXKET ObITh UCTIONb-
30BaHa B cucTeMax 0€30MacHOCTH TOJIbKO C NaTYMKAMU, Y KOTO-
PBIX HOPMAJIbHBIM COCTOSTHUEM CUMTAETCsl 3aMKHYTOE.

[Tpu BbIOOpE YMPOLIEHHBIX CXeM JUATHOCTUKH CJAEAYET YUUThI-
BaTh, UYTO B MPABWJIBHO CIIPOEKTUPOBAHHON crcTeMe 6e30MacHo-
CTU cpabaTbiBaHME JaTYMKA HE JOJIKHO ObITh OJOKMPOBAaHO He-
WCTIPaBHOCTSIMU JIMHUM CBSI3U, a €CJIM TakKasi OJJOKMPOBKA BO3-
MO>Ha, TO OHa JOJKHA ObITh OOHAPYXXeHA CUCTEMOI KOHTPOJIS.

J171s1 0OHapyXXeHUsT HEMCTIPABHOCTEM MOYJISI BBOJA MOXET UC-
MOJIb30BAThCS ABTOMATUYECKOE TECTUPOBAHUE BO BpeMsl Kpar-
KOBPEMEHHOI0 OTKJIIOUEHMS] UCTOYHMKOB CUTHAJa U HArpy3ok
nyTéM TOJAUYM Ha BXOI TECTOBBIX KOMOWHALMU JIOTMYECKUX
ypoBHeii (cM. pa3aen «O01IMe MPUHIMITBI PE3ePBUPOBAHUSI» ).

s TIPM PA30OMKHYTOM COCTOSI-

PesepBupoBaHue moaynei BbiIBOAA

PesepBupoBaHue MoayJeil BbiBoJa MPUHLMIIMAIBHO OTIMYA-
eTcsl OT pe3epBUPOBAHMSI MOMYJEH BBOAA TEM, UTO YCTPOWCTBA
BbIBOJA B OOBLLIMHCTBE CJy4yacB SBJAKTCA UCTOYHUKAMU SHEP-
TUM, B TO BpeMsl KaK YCTPONCTBA BBOJA SIBJSIIOTCS MPUEMHUKAMMU
nHdopmauuu (curHanon). [TosTomy eciu 1ist epeKIOYeHUsT Ha
pe3epB B MOIYJIsIX BBOJA AOCTATOYHO MPOTrpaMMHO MepeHarpa-
BUTDH MOTOK HDI/IHI/lMaEMOﬁ I/lHCbOpMaLII/lI/l, TO B MOAYJISIX BbIBOJA
HEeoOXonuMo NEPEKIIOYUTL IMMOTOK 3HEPruM, 4YTO HEBO3MOXKHO
CA€JaaThb TOJIBKO IMPOrpaMMHBIMU CPEACTBAMU.

Pe3epBupoBaHie aHAJIOrOBBIX MOJIYJIell BbIBOIA

Pe3epBUpPOBaHHBII BbIBOI aHAJIOTOBBIX CUTHAJIOB pean3yeT-
cs1 HanboJsiee CI0XHO U B TPOMBIILIIEHHOW aBTOMATUKE UCIIOJIb-
3yeTcsi penko. [1po6aemMa COCTOUT B TOM, 4TO AJIsl MepeKoue-

JKIAI0T CIOXHBIE CXe-
MbI, KOTOpbIE TaKXe
MOHMXAIT  HameX-
HOCTb cucTeMbl. [lo-
9TOMY MOJYJM aHAJIOTOBOTO BBIBOJA Yalle BCETrO MPOCTO OTCYT-
CTBYIOT B TPOMBILIEHHBIX PE3€PBUPYEMBIX CHCTEMAX.

[ns pe3epBUpPOBAHUS JTUMHUIA CBSI3U NMPHU BBIBOJE M Tepenade
AQHAJIOTOBBIX CUTHAJIOB B HATPY3KY UCMOIb3YIOT MPEUMYIIECTBEH-
HO cTtaHaapT 4-20 MA, IMOCKOJIbKY OH MO3BOJISIET OOHAPYKHUTh K.3.
1 00pbIB IMHUM. HenocpencteeHHo y camoit Harpysku (R, ycra-
HaBJMBAIOT IHUOMbI, KOTOPbIE MPEAOTBPALIAIOT LIYHTUPOBaHUE
Harpy3Ku MpH K.3. Ha 3eMJTIO B COCeIHEM KaHalie (puc. 8§ a).

J10 HacTyIJIeHUS] 0TKa3a KaKIblii MCTOUHMK BbIIAET TOK, paB-
HbIi TI0JI0OBUHE TOKA Harpy3ku (/,/2). Ipu K.3. Ui o6pbIBe -
HUU CBSI3U TOK Yepe3 AMOM B 3TOM KaHaJle CTAHOBUTCSI PaBHBIM
HYJTIO ¥ CpabaThIBaeT aJirOPUTM Pe3epBUPOBAHMSI, KOTOPbIi yCTa-
HaBJIMBaeT B MCIIPABHOM KaHasle TOK, paBHbIi /,. Mcronb3oBa-
HUE MOJIOBUHBI TOKA (/,,/2) IJIs1 KaXKIOTO KaHajla YMEHBILIAET aM-
TUIMTYY TTapa3UTHBIX BBIOPOCOB BO BPEMsI ITEPEXOIHOIO MPOLIEC-
ca rocJie oTKasa.

OrnucaHHas cxeMa He MPUTOAHA ISl Pe3epPBUPOBAHUST CaMUX
MO[yJiel BBIBOZA, MMOCKOJIbKY B Pe3yJIbTaTe OTKa3a UCTOYHMKA Ha
€r0 BBIXOJIE MOXET YCTAHOBMUTBCS TOK, HE PABHBIN HYIIIO.

KoHTpOoJIb IeJIOCTHOCTU IMHUM CBS3U M AMArHOCTMKA OTKa-
3a B MOAYJIX BbIBOIa TOKa 4-20 MA BBITTOJIHSIETCS, KaK IMOKa3a-
HO Ha puc. § 6. BeixogHo#l Kackam MOLYJIsI HE TOJTbKO BbIBOAUT
TOK iy =%, HO M M3MepsieT HampspkeHus Vo= Ry, u V),

0
Kotopbie ¢ momouubto ALITT mpeobpasyiores B iudpoByto popmy
U TiepealoTcsl B Mpoleccop Moayist BbiBoaa. [Ipu mpaBuiibHOM
(byHKLMOHUPOBAaHUM LIENHU, BKJIIOYAIOLLEH HArpy3Ky R,, JOLKHO
BBITIOJIHATBCS paBeHCTBO V= V. Eciii OHO He BBINOJIHSETCS, TO
npu ¥, = 0 uMeeT MeCTo K.3. Ha 3eMJIIO UJIM OOpBIB, pu V) = V| —
K.3. MEXIY JMHUAMU WIN B Harpyske, npu V, = E . — K.3. Bepx-
Hel (110 cxeme) JIMHUU Ha LUWMHY MUTaHus, a npu Vy = E, . — K.3.
HykHel tuHun. [pu V, > V,, conpotusieHne Harpy3ku npesbl-
1IaeT JOIMyCTUMOE 3HAYeHUE, U OTIePALIMOHHBIN YCUIIUTEb HAaX0-

JUTCA B COCTOAHMUN HACBILLIECHUS.

Pe3sepBupoBaHue MOIy.I€ii TUCKPETHOTO BbIBOA U HATPY3KH

Pe3epBupoBaHue MomyJeil IMCKPETHOTO BbIBOAA, Kabeseil u
HArpy3ku OOBIYHO BBITIONHSETCS METOIOM ToJ0cOBaHus. st
9TOr0 JAMCKPETHBIE BBIXOAbI COEAMHSIIOTCS MapajjiebHO yepes

———o+Equr
K3tHas 2o il A S o b et
nuTatue | : Moaynb
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\ I V :
Ry R - 1 []Ra |
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K.3. Ha
R\ semnio
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Puc. 7. Cxema o6HapyxeHus o6pbiBa U K.3. B Lieny 4aTymKa
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nuonsl (puc. 9 a). duomsl uc-

420mA b
MOJIB3YIOTCS IJIsl IpesoTBpa- i Vi i 06piE
LIEHUs NPOTEKaHUsS TOKa U3 : !
ofHoOro KaHajaa B apyroi. [1pu Iy i vy i 4-20 MA j
OTKa3e OJJHOr0 M3 MCTOYHUKOB R i AN ”:’ \\) . ‘\\ R
Ha puc. 9 a B Buzie K.3. Ha 3eM- 4-20 A H I Vo % 1 ¢ iy ) H
JII0 U 00pbIBa yNpaBjieHUE Ha- i AN : - T i
IPY3KO# MPOIOJIKAETCS OT BTO- i Ry i '\\ géﬁﬁnng \\‘
poro ncrouHnka. OmHaKO eciun . p : __________________ _E -

OTKAa30M SIBJISIETCS TIPOOOIT BBI-
XOIHOTO KacKaja Ha IIWHY -
TaHWsI, TO OTKA3aBIIWI KaHaT
OJIOKMpPYET BBIXOMHOE HATIPSI-

JKEHME W OHO TIepecTaéT 3aBU- i —<’f
CEeThb OT YIPaBJISIONIETO CUTHA- i <> i
na. HecMoTpss Ha 3TOT Hemo- i |
CTaTOK, COeNUHEHNE TUCKPET- '
HBIX BBIXOMIOB TI0 CXeMe, TIpel-

CTaBJIeHHO# Ha puc. 9 a, Mo-
JKeT OBITh UCIIOIb30BAHO B CHC-
TeMaXx, CBS3aHHBIX C Oe3orac-
HOCTBIO, €CJI PACCMOTPEHHBIN
BUJ OTKa3a pe3epBUPOBAHHON
CHCTEMBI HE BITUSIET Ha BBITION-
HeHre GyHKIUM 0e30IMacHo-

LNMUCKPETHbIX BbIXOAHBIX KacKapos (6)

Puc. 9. CoepuHeHne AUCKPETHbIX BbIXO40B NPU pe3epBUpPOBaHUU (a) U OAWH U3 BAPUAHTOB peanusayuu

ctu. Hampuwmep, eciau 6e3o-
MMacHBIM COCTOSTHMEM BBIXO/IA !
SIBJISIETCST HAJIM4YME HarpsoKe-
HUS (U TTATAHUSI ABUTATENeH
HaCcOCOB B CHCTEMe T0XapoTy-

IIEHUS), PACCMOTPEHHBIA OT- X
4 X
Ka3 He ABJIAETCA OMAaCHBIM U He ! A
1 1
BIMSET HA BEIMYMHY BEPOST- ! !
1 1
HOCTH OTKA3a IIPU HAJTMYUY 3a- ! :
npoca. i i
! iy
1

Takum obpazom, napasiesib-
HOE COEIVHEHWE TUCKPETHBIX
BBIXOJIOB C LIEJIbIO PE3EPBUPO-
BaHMSI MOXET WCITOIb30BaThCS
TOJIBKO B CICTEMaXx aBapuitHOTO
6KAIO4eHUs. HATPY3KU W HE MOXKET MCTIOIb30BaThCs B CHCTEMaX
aBapuitHOTO omKatoveHus. BeposiTHOCTh 0TKa3a Py BKITIOUEHUH
y TaKOU 1IeNN 9KBUBAJIEHTA TyOJIMPOBAHHON CUCTEME, a TIPU OT-
KJIIOYEHUN — MEHBIIIE, YeM Y Hepe3epBUPOBAHHOI.

Ha puc. 9 6 mokazana peanu3zainiisi OMMCAaHHOTO TPWHIIMIIA
pe3epBupoBaHus, BbimonHeHHas Ha MOII-tpansucropax. s
KOMMYTAIIMY MOIIHOW HArpy3Ky KJ1toun I U 2 MOTYT OBITh U3T0-
TOBJIEHBI B OTAETbHOM KOHCTPYKTUBE C paAaTOpaMy U yIaJIeHbI
OT MOJyJIeil MTUCKPETHOTO BhIBOAA. MaTOMOIIHbIE KITIOUYU KOH-
CTPYKTHBHO BXOISIT B COCTaB MofyJeii BeiBona. [1pu mogkiove-
HUM HAarpy3KU K Pa3HbIM MCTOYHMKAM IMTanus £, n E, (KaK Ha
puc. 9 6) HEOOXOOUMO WCIIONTBH30BATh PA3BSI3BIBAIOIINE TUOBI,
YTOOBI TIPY OMHOBPEMEHHO OTKPBITHIX KJII0YaX UCKITIOUUTH ITPO-
TeKaHWe TOKa U3 OJHOTO NCTOYHUKA B ApYroii. Eciu ke ncmomib-
30BaH OOIINIT UCTOYHUK MUTaHUs (Kak Ha puc. 10 @), To Tuombt
HE HY>XHBI.

st pe3epBUPOBAaHUSI CUCTEM aBaPUIHOTO OTKIIIOUEHUS UC-
TOJTb3YeTCsT TIOCIENOBATEIbHOE COEIUHEHUE ABYX BBIXOJHBIX
kackanoB (puc. 10 6). IIpu otkaze ogHoro 3 MOII-kmoueii B
BUIE K.3. HArpy3Ka OTKJTIOUAeTCcsl BTOPBIM KaHAJIOM, TO €CTh
GyHKIIUS OTKIIOYEHUST B JAHHOW CUCTEMe SIBIISIeTCS TyOnmpo-
BaHHOI. [1py HEOOXOMUMOCTH Xe BKITIOUNTH HAaTPy3Ky JOCTATOU-

a

6

Puc. 10. PesepBupoBaHue Moayneil BbIBOAA ANA NOBbIWEHUA OTKA30YCTOMYMBOCTM U XuBYYecTH (a) u ana
peanusauuu aBapumnHOro oTKNYeHUa (6)

HO 0TKa3a TOJBKO OIHOTO KJTI0Ya, TO €CTh (PYHKIIUS BKITIOUEHMUSI
OKa3bIBAeTCsl Hepe3epBUpoOBaHHON. TakuMm oOpazoMm, paccMOT-
PEHHBIN KacKal MOXET OBITh MCITONIb30BAH TOJBKO B CUCTEMAax
aBapUITHOTO OTKJTIOUYEHMSI, HO HEe BKITIOUEHUSI.

J171s1 IOCTPOEHUST CUCTEMBI, B KOTOPOI pe3epBUPYETCsT HE OTHA
3 GYHKIUN (BKIIOUEHUST WIN OTKJIIOUEHUs ), HO 00e OTHOBpe-
MEHHO, MCIIONIb3YeTCsl KacKal M3 4eThIpéx kimoueit (puc. 10 a)
[15]. B HEM BBIXO[ 13 CTPOSI JIIOOOTO BHIXOJHOTO Kackaaa Wiu JIu-
HUU CBSI3W HE TIPUBOAUT K HAPYIIEHWIO HU (DYHKIINY BKIIOUYE-
HUST, HU QYHKIIUY OTKITIOUeHusl. Peanu3aiyst onucaHHOM 1IeTu ¢
TIOMOIIIBIO TTEKTPOMArHUTHBIX peJie ToKa3aHa Ha puc. 11 a).

Ha cxeme, npencrasnenHoii Ha puc. 10 a, KaxXnblii BRIXOTHOM
KacKaJ YIpaBJIsIeTCs] CUTHAJIOM X C TIOMOIIBIO CTPOEHHOTO MC-
TouHuKa curHana (4 = B =C = X). [1;151 MOBBILIEHUST HAIEKHOCTH
CUTHAJI yrpaBiieHUusT X MOXET MPUXOIUTh TI0 Pe3epBUPOBAHHON
TPOMBIIIUIEHHOM ceTu oT pe3epBuposanHoro [1JIK, kak Ha puc.
11 a. T'onocoBanue (Hampumep 1o cxeMe 2003) B ciIydyae oTKasa
OITHOU M3 CeTeil BBITTOMHSIIETCS] HETIOCPEACTBEHHO B MOMIYJISIX BbI-
BOJA.

[pu uconb30BaHNUU «TOPSTIETO» MYOTMPOBAHUS CETH U KOH-
TPOJUIEPOB METOIOM 3aMEIIIEHNST aHAJIOTUIHASI CTPYKTYPa MOXKET
MMETb BUJI, TTOKa3aHHbII Ha puc. 11 6.
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CTpyKTypbl CHCTEM aBapUHHOTO
BKIIIOYCHUA U OTKIHOYCHHUA C I[Y6JII/IpO— ﬂﬂK1 HHKZ ﬂJ'IK3 |'|ﬂK1 n”Kg
BaHHO# ceTblo u [1JIK, pesepBupoBaH-
HBIMA TIO cxeme 2003, TOKa3aHbl Ha | l ] |
puc. 12 a, 6. OTMeTM, 4TO TSI TyOIH-
poBaHMSI KJTtoueit Ha puc. 12 6 6b110 ObI
JIOCTaTOYHO TPOCTO COEIWHUTH WX T0-
CJIeOBATENIbHO, 3a3eMJIUB HUXKHUH (TTO
cxeme) BbIBOJ Harpy3ku. OMHAKO B 3TOM
Cllydyae CTAaHOBUTCSI BOZMOXHBIM OTIac- — 1
HBI OTKAa3, BBI3BAHHBINA K.3. BEPXHETO
10 cXeMe BBhIBOJA HArpy3Ku Ha UCTOU-
HUK mtanus. [Ipu 3ToM oTKiIIOueHUe
HArpy3KM OKAa3bIBAETCSI HEBO3MOXKHBIM.

HpI/IMeHeHI/Ie BTOPOro Kiarxo4a 1Jid pas- 3| ; |
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MBIKaHUSI TIyTU TOKA Ha 3€MJTIO TI03BOJISI-
€T UCKJTIOUUTh TAKOI OTKa3. 1 1 1 1
[MpyHIIMTT KOHTPOJIST M TUATHOCTUKU a g

BBIXOIHBIX KAaCKaJOB W JIMHUI CBSA3M C Puc. 11. PesepBupoBaHue Mopyneil BbIBOAA, WHHbI U KOHTponnepos (M — Harpyska)
Harpy3koi umumocTpupyet puc. 13. OH
aHaJOTMUYEH MCTIOIb30BAaHHOMY B MOMY-
JISIX aHAJIOTOBOTO BhIBoA (puc. 8 6). Ha- MNKy MKy MNK3 MK, MKy MNKs
npsokenue (V) — V), IpornopunoHaib- T T T T
HOe TOKY Harpysku, u V), mpeobpasyror-
cs ¢ nomotubio ALLTT B undposyio dop-
My W TIepemaloTcsi B MUKPOTIPOIIECCOP
MOIYJISI JUIST M3BJICUEHUS] TUAaTHOCTAYE-
ckoit uHpopMauu. @
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