3. MMKPOMNPOLIECCOPHBIE YCTPOUCTBA PENEWHOW 3ALLUTHI,
ABTOMATUKWU, AMCTAHLUMNOHHOIO YMNPABJIEHUA

[pu HanucaHuu anashbl, ¢ coanacusi asmopa, ucrosnb3oeaHa kHuza B. 5. Llmypbésa. «L{ughposbie pene 3awjumai.»

3.1 OCHOBHBIE XAPAKTEPUCTUKN MUKPOMPOLIECCOPHbLIX YCTPOUCTB

BonbWKHCTBO hmnpm npoussoguTenen obopyposaHus P3A npekpallaloT BbiMyCK aNeKTpoMexaHu-
YeCKMX perne U YCTPONCTB U NepexoaaT Ha UMdpoBYo afieMeHTHyo 6asy.

lMepexon Ha HOBYIO areMeHTHyto 6a3y He NPMBOAUT K U3MEHEHWIO NPUHLMNOB penenHon 3awuTbl 1
3NEeKTPOaBTOMATUKM, a TOMbKO paclumpsieT ee yHKUUOHarbHblE BO3MOXHOCTM, YNPOLLAeT 3KC-
nnyatauuio U CHUXaeT ee CTOMMOCTb. IMEHHO Mo 3TUM NpUYMHaAM MUKPOMNPOLECCOPHbIE YCTPONCT-
Ba OYeHb ObICTPO 3aHNUMAOT MECTO YCTapPEBLUMX ANEKTPOMEXAHNYECKUX U MUKPOINEKTPOHHBIX YCT-
pONCTB.

OCHOBHbIE XapaKTEPUCTUKM MUKPOMPOLIECCOPHbIX 3alUUT 3HAYUTENbHO BbIlLE, YEM Y MUKPO3MeK-
TPOHHbIX, @ TeM Bonee anekTpoMexaHuyeckmx. Tak, MOLWHOCTb, NoTpebnsaemas oT M3MepUTenbHbIX
TpaHcdopMaToOpPOB TOKA M HaNpsKeHnsa, HaxoauTtca Ha yposHe 0,1—0,5 BA, annapaTtHas norpeLwu-
HOCTb — B npegenax 2—5%, koapmuneHT BO3BpaTa M3MEPUTENbHbIX OpPraHoB COCTaBnseT
0,96—0,97.

MwupoBbiMn nngepamm B npousdsoactee yctponctB P3A saensiotcsa koHuepHbl GE, AREVA
(ALSTOM), ABB, SIEMENS. O6wen ons Hux asnseTca TeHaeHuus Bce Gonbluero nepexofa Ha
uncppoByto TexHUKy. Lincpposble 3awuThl, Bbinyckaemble aTUMU hpMamn, UMEKT BbICOKYH) CTOM-
MOCTb, KOTOpasi, BNpOYeM, OKynaeTCa WX BbICOKUMU TEXHUHECKMMU XapakTePUCTUKAMU U MHOro-
YHKLUMOHANbHOCTLI0. Micnonb3oBaHne undpoBbix cnocobos 06paboTkm nHdopmMaumm B YCTPOUCT-
Bax P3A cylLlecTBeHHO pacluMpuno MX BO3MOXHOCTM U YNy4dLIMMO 3KCNyaTaunoHHbIe KadecTsa.
B nocnegHee Bpemsi BbIMyCK MUKPOMPOLIECCOPHbIX ycTponcTB P3A ocsomnu u psag dompm Poccun,
YKpauHbl 1 gpyrux ctpaH onvxHero 3apybexbs. KomnaHnen QHepromaiusuH (3MB) paspaboTaH n
BbIMyCKaeTCA LeNblii KOMMNIEKC MUKPOMPLLECCOPHbIX YCTPOWCTB, OXBaTbIBAKOLWMIA NPAKTUYECKM MO-
NHOCTLIO NoTpebHOCTU pacnpeaennTenbHbix ceTen 6-110kB.

CoBpemeHHble LumdpoBble ycTponcTBa P3A nHTerpuposanu B pamkax €anHoro MHopmauMoHHOro
koMnnekca OYHKUUN penenHon 3aluTbl, aBTOMaTUKN, U3MEPEHUS, PErYIMPOBaHNS U yNpaBreHns
ANEeKTPOyCTaHOBKOW. Takme yCTPONCTBA B CTPYKTYpe aBTOMaTU3MPOBAHHOW CUCTEMbI YrpaBrieHus
TexHonornyecknm npoueccom (ACY TI1) aHepreTnyeckoro obbekTa ABMATCA OKOHEYHbIMU YCT-
poncteamu cbopa MHopmaLmm.

B mHTerpupoBaHHbIX UMdpoBbIX Komnnekcax P3A nosiensietcsas BO3MOXHOCTb nNepexoga K HOBbIM
HeTpaAMLUMOHHBIM U3MepPUTENbHBIM Npeobpa3oBaTtensM TOKa WU HanpshKeHUs — Ha OCHOBE OMTO-
9NEKTPOHHbIX 4AaTYMKOB, TpaHCopMaTopoB 6e3 heppOMarHUTHbIX CepaeyHUKoB U T. 4. 3TN npe-
obpasoBaTenu TeXHONorM4YHee nNpu NPon3BoOACTBe, 06nagaloT O4YeHb BbICOKMMU METPOSIOrMYECKUMM
XapakTepUCTUKaMM, HO UMEIOT Manyk BbIXOAHYK MOLLHOCTb W HenpurogHel Ana paboTbl ¢ Tpagu-
LIMOHHOW annapaTypon.

3.2 KPATKOE OMUCAHMUE ANMMNAPATHOW YACTHU

3.21 CrpyKTypHas cxema

Lindposkie yctporctea P3 pasnnyHoro HasHavyeHMs MMET MHOMo obLero, a nx CTPyKTypHble cxe-

Mbl O4€Hb MOX0XWN U NOAOOHbI NpeacTaBneHHon Ha puc. 3.1. LieHTpanbHbIM y3rioM undpoBoro ycr-

poincTBa sBnsieTca MMKpoOBM, KoTopas yepe3 CBOM YCTpPOMCTBA BBOAA-BbiBOA4A OOMeHMBaeTcs

WHpopmaumen ¢ nepudepuinHeiMn yanamm. C noMOLLbH 3TUX AOMOMHUTENbHbLIX Y3M0B OCYLLEeCTB-

ngaetcsa conpskeHne Mmkpo3IBM (Mukponpoueccopa) ¢ BHELLHEeW cpefov: AaTyMKamMu UCXOOHOW

NHopmMaLmmn, 06bEKTOM ynpaBneHus, onepaTopom u T. A.

HenpemeHHbIMKU y3namu umdpoBoro yctporctea P3A sienatoTes:

BxoaHble UT—U4 n BbixogHble KL1—KLj npeobpasoBaTtenu cUrHanoB, TPaKT aHanoro-unmdgpoBoro

npeobpasoBaHus U6, U7, kHoMku ynpaeneHns u Beoga umHdopmauum oT onepartopa SB1, SB2,

ancnnen H ansa otobpaxeHnsa mHdopMaumm n 6nok nutadms U5. CoBpemeHHble undpoBbie yCT-

POWNCTBA, Kak NpaBuio, OCHaLLaTCA U KOMMYHUKaUMOHHBIM NOpTOM X7 Ansa cBA3W ¢ Apyrumn ycT-

porcTBamMm.

OCHOBHbIE (OYHKLMM BbILLENEPEYNCIIEHHBIX Y3NOB CneaytoLime:

BxopHble npeobpa3oBaTtenu obecneynsatoT raribBaHUYECKYHO pasBs3Ky BHELLHUX Lienen oT BHYT-

peHHMX uenewn yctpornctea. OgHOBpEeMEHHO, BXOAHble NpeobpasoBaTeny ocyLecTBNAT npuseae-

HMe KOHTPOSMPYEMbIX CUrHaNoB K eanHOMy BuAy (Kak NpaBuiio, K HaNps>KeHW) 1 HOPMUPOBAHHO-
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MY YPOBHIO. 30€Chb € OCYLECTBNSIETCA NpeaBapuUTesibHas YacToTHas unbTpauust BXOAHbLIX CUr-
HanoB nepepg Mx aHanoro-undgposbiM nNpeobpasoBaHnem. OQHOBPEMEHHO MPUHUMAKOTCS MePbI MO
3almnTe BHYTPEHHUX SNEMEHTOB YCTPOMCTBA OT BO3LEWCTBMS MOMEX M nepeHanpsikeHun. Pasnu-
YyaloT npeobpasoBaTenu BXoAHbIX curHanos aHanorosble (U3, U4) n noruveckune (U1, U2). MNepBble
CTPEMATCS BbINOMIHWUTbL TakK, YToOblI 0ob6ecneunTb NMHENHYIO (MM HENMMHENHYHD, HO C U3BECTHbLIM 3a-
KOHOM) nepegavy KOHTPONMpyeMoro curHana Bo BCEM AManasoHe ero M3MeHeHus.
MpeobpasoBaTenu NOrnMYeCcKnX CUrHamnoB, HA0GOpPOT, CTPeEMATCA caenaTtb YyBCTBUTENbHLIMU TOSb-
KO K y3kOM obnacTtu gmanasoHa BO3MOXHOIO HaxoXaeHust KOHTPONMMPYEMOro curHana.

Bbixo0Hble npeobpa3zoeameniu. Bo3oenctenst yCTPONCTBA Ha 3alimLlaemMbli 06bekT TpagnuumnoH-
HO OCYLLECTBMSETCS B BUAE OUCKPETHbLIX CUrHanoB ynpasfieHus. [pu 9TOM BbIXOAHbIE Lennu yCT-
POMCTBa 3alUMTbl BbIMOMHSAKTCA Tak, YTOObl 06ecneunTb ranbBaHUYECKY0 pasBs3Ky KOMMYTUpye-
MbIX Llenen Kak mexgy cobow, Tak n OTHOCUTENBbHO BHYTPEHHUX uenen yctpornctea P3. BbixogHble
npeobpasoBatenn LOMKHbI obnagaTte COOTBETCTBYIOLLEN KOMMYTALMOHHOW CMOCOOHOCTBbI U, B
obuwem cnyyvae, obecneumBatb BUANMbIV Pa3pbiB KOMMYTUPYEMOM LiEenu.
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Puc. 3.1. CTpykTypHasa cxema undpoBOro yCTponcTBa 3auThl
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TpakTt aHanoro-undpoBoro npeo6pasoBaHMA BKNOYaeT MmynbTunnekcop U6 n cobcTBEHHO aHa-
noro-uncposor npeobpasoBatens (AUM) — U7. MynbTunnekcop — 3TO SNEKTPOHHBLIA KOMMYTa-
TOp, NooOYepeaHO NofatoLLmin KOHTponupyemble curHansl Ha Bxog AL, MNMpumeHeHne mMynbTuUnnex-
copa nossonget ncnonb3osatb oanH AL (kak npaBuno, 4OPOroCToALLMIA) ANA HECKOSbKUX KaHa-
noe. B AL ocyuwecTtBnsieTcs npeobpasoBaHne MrHOBEHHOIO 3HAYEHUsSI BXOOHOrO curHana B npo-
nopuunoHanbHoe emy umMdpoBoe 3HayeHue. [peobpas3oBaHNs BbIMOMHAKTCA C 3aJaHHOW nepuo-
AandHocTblo. B nocnepytowem B Mukpo3BM no aTum BeiGOpkamM 13 BXOLHbLIX CUrHANOB paccynTbiBa-
I0TCA MHTErpanbHble NapameTpbl KOHTPONMPYEMbIX CUFHaNoB — WX aMNiMTyAHblIE UMW OENCTBYHO-
LUMEe 3HaYEeHUS.

Bnok nutaHua (Bl1) U5 obecneunBaeT cTabunuanpoBaHHbIM HaMNps>KeHMEeM BCe Yy3nbl pac-
CMaTpuBaeMoro yCTpOMCTBa, HE3aBMCUMO OT BO3MOXHbIX M3MEHEHWN HanpsbkeHusi B nuTatoLlen
ceTn. OBbIYHO 3TO MMNYNbCHbIM Bl ¢ NMTaHMeM OT ceTn NOCTOSAHHOTO ToKa. MiMetoTca Takke Groku
NUTaHWUS OT Lienen NepeMEHHOro HanpsPKeHUs 1 Toka (MepeMeHHbI onepaTMBHbIN TOK).

Oucnnen n knaBmaTtypa SABMAIOTCA HENpeMeHHbIMK aTpnbytTammn nboro LMPOBOro yCTPONCTBA,
NOo3BONAS onepaTopy MOny4YnTb MHAPOPMALNIO OT YCTPOWCTBA, U3MEHATb pexum ero paboTbl, BBO-
ONTb HOBYH MHpopmauuto. Hago otmetutb, uto gucnnen H n knasmnatypa SB1, SB2 undpoBbixX
YCTPOWNCTB, KaK NpaBuio, peannsylTcs B MakCUMarbHO yNpoLleHHOM Buae: gucnnen — umgppodby-
KBEHHbIN, OQHO- (UMM HECKONBLKO-) CTPOYHbIN; KraBuaTypa — HECKOSbKO KHOMOK.

MopT cBSA3K C BHELLUHMMU LUAPOBLIMAN YCTPOUCTBAMU. [JOCTOMHCTBOM LMAPOBLIX YCTPOUCTB SBNA-
€TCH BO3MOXHOCTb nepefadn umeroienca nHgpopmaumm B gpyrue umdpossie cuctembl: ACY TI1,
nepcoHarbHbIN KOMMNbLIOTEP U T. 4., YTO NO3BONSET UHTErpMpoBaTb pasfUYHble CUCTEMbI, IKOHOMS
Ha KaHanax CBsi3W, 3aTpaTtax Ha npeaBapuTenbHyto o6paboTky curHanoB u T. n. Kommy-
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HUKAUMOHHBIA NOPT — HeOBXOAMMBIN IEMEHT AN OUCTaHUMOHHOW paboTbl C AAaHHBIM YCTPOWCT-
BOM.

Hapsay ¢ BbiwenepeymcneHHbiMuY, UMdpoBblie YCTPONCTBaxX, B 00LLEM CrnyyYae, MOryT cogepXaTtb U
Apyrve y3anbl, Hanpumep, umdpo-aHanorosble NpeobpasoBaTtenu - Npu OPMUPOBAHNM aHAIOroBbIX
CUrHanoB yrnpasBfeHns U perynupoBaHus.

MpakTnyeckn Bca obpaboTka mMHGopMauum B NOOOM UUDPOBOM YCTPOMCTBE OCYLLECTBNSETCA
BHYTpM MMKPOIBM no onpegeneHHoMy anroputmy, peann3oBaHHOMY B BUAE NPOrpaMmbl paboTbl.
Ona obnerdyeHnss NOHUMaHMSA NPUHUMNOB paboTbl LUMdpPoBLIX ycTponcTe P3A Heobxoanmo MMETb
xoTa 6bl o6Lwee npeacTaBneHne ob ycTponcTBe n dyHKLMOHMpoBaHun OBM. PaccmoTpum CTpyk-
TYPHYH0 cxemy MUkpo3IBM, npeacTaBneHHyto Ha puc. 3.2.

LleHTpanbHbIA ynpaensaoWmMin 1 pelarowmun 6nok MmkpoOBM HasbiBaeTcs LeHTparnbHbIM NpoLec-
copHbiM ycTponcteoM (Central Processing Unit-CPU) nnun npocto npoueccopoM. OTOT y3en MOXeT
ObITb U3rOTOBMEH B BUAE OAHOM UHTerpansHon mukpocxembl (MMC), 4To gano nosog HasbliBaTb Ta-
kyto UMC mukponpoueccopoM. Kak BUOHO M3 CTPYKTYpHOWM cxembl MUKpoIBM, MI1 B kayecTBe ca-
MOCTOSATENBbHOrO y3na He NPUMeHseTCS.

[nsa ero paboTbl TpebyeTcs BHeLIHee 3anOMUHatoLLLee YCTPOMUCTBO, IAe XpaHUTCs nporpamma (no-
cnefoBaTeNbHOCTb KOMaHA), KOTOPYK Heobxoammo BbinonHUTb. B ycTporicTBax, paboTtatrowmx no
XKECTKON nporpamme, Kakumu u siIBRSOTCA YCTPOWCTBA 3allMTbl, NporpaMma 3anucbiBaeTcst B No-
CTOsIHHOM 3anomMuHatoemcst yctponctae (M3Y).
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Puc. 3.2 CtpykTtypHas cxema Mnkpo3OBM
[na xpaHeHus nepeMeHHbIX U NPOMEXYTOYHbIX Pe3yNbTaTOB BbIMUCNEHUN (AaHHbIX) NPUMEHAETCS
ornepaTuBHOe 3anoMuHatoLlee yctponctao (O3Y).
O6meH nMHdopMaumen ¢ BHeWHNUM 000pyaoBaHNEM OCYLLECTBASIETCA C NOMOLLbIO YCTPONCTB BBO-
Aa-BblBOAA.
Jlobasa nHdopmaunsa B8 IBM npeacrtaensietcs B Buge vmcen (4mcnosbix kogo). ObmeH nHgopma-
unen mexay ysnamm Mmkpo3OBM ocylecTBNAeTCS ¢ NOMOLLbIO LWH, T. €. CUCTEMbI ANEKTPUYECKUX
nuHWA. LLnHel pasnuyarTcsa No PyHKUUAM: LWHA Nepeckinkn AaHHblx L], winHa agpeca LUA, wnHa
nepegayv komaHg ynpaenenua LY. Hanpumep, npy YTEHUN OaHHbLIX U3 YCTPONCTBA BBOAA-BbIBOAA
(YBB) B npoueccop nocnegHun BbicTaBnsieT Ha LUA agpec YBB, a Ha LL/Y— curHanbl, npeanucbl-
Batowme YBB BbligaTh AaHHble Ha LUY/[]. B pe3ynbTaTe 3TOro Ha LWMHE AaHHbIX NOSABMSETCS YMCho,
koTopoe 6bino B YBB B MoMeHT obpalueHus. Mpu nepegave nHdopmaumm Ncnonb3yeTcs ABONYHas
cucTeMa cuucneHus, Tpebytowasa ana otobpaxeHms Yncen Ucnosib3oBaHUS TOMbKO ABYX CUMBOSOB
0 n 1, yto genaet Hambonee NpocTon peanuaaumto yanos ABM Ha OCHOBE 3MEKTPUYECKUX CXEM.
CkopocTb paboTbl MMKPOIBM cCyLLeCcTBEHHO 3aBMCUT OT pPa3psaHOCTU Yucen, nepegaBaemblX Mo
LWMHaM OT y3na K y3ny. 3To onpeaensieTcs pa3pagHOCTbiO WWHBI AaHHbIX. COBpeMEHHbIE MUKPO-
OBM paboTatoT ¢ 16- n 32-pa3psagHbiMM MaLlLMHHBIMK crioBamMun. Bpems BbINOMTHEHMS KOMaHAbl OM-
pefensieTcs TakTOBOW 4acTOTOM 3ajaloLlero reHepartopa U 3aBuCUT OT BbICTpOOencTBusS npume-
HaeMbix MMC, 4To B CBOIO ovepeab onpeaensdeTcs TeXHonornen nx nrotoenexHms. CerogHsa anek-
TPOHHOWN MPOMbILLIIEHHOCTLIO NpeanaratTca AecAaTku pasHoBugHocTen MI, n oHM HenpepbIBHO CO-
BEPLUEHCTBYIOTCS.



Mo aTon npuynHE NpomcxoauT nepuogudeckoe obHoOBMeEHNE annapaTHoW 6a3sbl U B LMAPOBBLIX YCT-
poncteax P3A.

CurHanbl, KOHTponupyemble ycTponctsamum P3A, umeloT B 00wemM cnyyae pasHyo huUsndeckyro
npvpoay — TOKW, HanpshkeHus, TemnepaTtypa v T. 4. Yawe Bcero yctponctesa P3 paboTtatoT ¢ cur-
Hanamm OT MCTOYHMKOB MEPEMEHHOro TOKa M HanpsikeHus, C TPaauUMOHHBIMW HOMUHAambHbIMU
ypoBHsamu: 1 A, 5 A, 100 B. Takne ypoBHM curHanoB obecnevmBatoT HEOOXOOMMYIO MOMeEXOo3aLLln-
LLIEHHOCTb, HO COBEPLUEHHO HenpueMnembl ana obpaboTkn B 3NeKTPOHHbIX cxemax. [pu noaknto-
YEHMM MUKPOMNPOLLECCOPHbIX YCTPOWCTB K TPAAMLMOHHBIM JaT4MKaMm TOKa M HanpshkeHus TpebyeTcs
npvBeAeHNe NX CUrHaNoOB K eQUHOMY BUAy v AnanasoHy uaMeHeHus, npyuemnemomy ansa obpabotku
3NEKTPOHHBIMW y3ramu.

BxodHble npeobpa3osamernu

Haunbonee yacto BxoAHble cornacyowme npeobpasoBaTenu UMEPPOBBIX YCTPONCTB BbINOMHAKTCA
Ha 0a3e OBObIYHbIX 3MEKTPOMAarHUTHbLIX TPaHCHOPMaTOpPOB C hepPOMarHUTHbLIM cepaeyHukom. He-
CMOTPSA Ha TO, YTO TakMe TpaHcopmaTopbl UMEOT HEMUHENHbIE NepefaTOYHbIe XapakTepUcTUKu,
onpegeneHHbIn pa3bpoc napameTpoB, HEKOTOPYK HECTAabUIbHOCTb BO BPEMEHM U MPU U3MEHEHMUM
TemnepaTtypbl, OHM BCe Xe NnpuemneMbl Ans NOCTpoeHus ycTporcTtB P3, gonyckawowmux paboTy ¢
norpeLwHocTbio 2—5%.

B TpaHcdopmaTopHbiX npeobpasoBatensx (puc. 3.3) OCHOBHOE BHMMaHWE yOensieTCA CHWXKEHUIO
MexayoBMOTOYHOM eMKOCTU, MO KOTOPOW BO3MOXHO NonagaHve UMMYIbCHbIX MOMeX BHYTPb YCT-
poncTtea. C 3TON LEeNbio CEKLUMOHNPYIOT BTOPUYHYO OOMOTKY, UM NOMELLAT MEXay NepBUYHON U
BTOPUYHON OOMOTKaMM 3NEeKTpoCcTaTuyeckuin akpaH. Bemagy odeHb Manoro notpebneHnss MoLWwHOCTH
nocneayromnMmn SNeKTPOHHbIMK y3namu, npeobpa3oBaHNe TOKOBbIX CUTHAMOB B HaMpsiKeHWe ocy-
LLLEeCTBNSAOT NPOCTENLLUM CNOCOOOM — C UCNOMb30BaHMEM LWYHTOB R. [ns 3almTbl 9NEKTPOHHbIX
Y3M0B OT BO3MOXHbIX NMEpPEeHanpPsKEHNNA LLMPOKO NPUMEHSIOT BapucTopbl RV (Mnu cTabnnntpoHbl) u
GUNbTPbl HWXKHUX YacTOT, Hanpumep, Ha ocHoBe R/C-uenen. APADEKTUBHOCTb PUbTPA HUKHUX
4acToT 06bACHAETCA TEM, YTO IHEPrnst UMMyNbLCHOM MOMEXN COCpedoToYeHa B BbICOKOYACTOTHOM
yactn cnektpa. OrpaHMyeHne nosiocbl MPOMycKaHusA TpakTa B 06nacTM BbICOKMX 4YacTOT Heob-
XOOMMO W1 AN nNpaBunbHOM paboTbl aHanoro-LMdpoBoro npeobpasoBarens, HE3aBUCMMO OT TOrO,
OyaeT nv B nocneayroLem NnpuMeHaTbCs umdpoBas punbTpaunsa CUrHanoB UNn Her.

TAL

Puc. 3.3. BxogHble npeobpasoBaTtenu Ha OCHOBE NPOMEXYTOYHbLIX TpaHChopmMaTopoB
AHanozoso-yugposnie npeobpaszosamersnu
OnckpeTHbIN (LMPOBOIA) cUrHan, B OTNMYME OT aHarioroBOro, MOXeT MPUMHMMAaTh JNULb KOHEYHOE
MHOXECTBO 3HA4YE€HUN 1 onpeaereH Nuwb A58 KOHKPETHbIX MOMEHTOB BPpEMEHU.
Mpouecc nepexofa OT aHaNoOroBoro curHana K AUCKPETHOMY HasblBaeTcsl duckpemusayuel vnu
KeaHmoeaHueM CWrHana, a YCTPOWCTBA, BbIMOSHAOWME 3Ty Onepauuio, Ha3bIBAlOTCA aHanoro-
undbposbiMn npeobpasosatensamu (ALM). Mepexon OT HENPEPLIBHOIO CMrHana K QUCKpeTHOMY Bce-
roa npoucxoauT ¢ NoTepen HEKOTOPOro KonmyecTsa MHdopMaumn. KoHeyHoe Yncno rpagauun amc-
KpeTHoro curHana obycnaBnuBaeT NOrpeLlHOCTb KBAHTOBAHWUS MO YPOBHIO, @ OOHOW U3 NPUYUH He-
06X0AMMOCTN KBaHTOBaHUSA MO BPEMEHM SBNSETCA TO, YTO M Cam Npouecc aHanoro-umgpoBoro
npeobpasoBaHus, U NOCNeayLWMiA LMK BblYMCIEHU B MUKPOOBM TpebyeT onpepeneHHoro Bspe-
MEHW, MO UCTEYEHMN KOTOPOro MOXHO AenaTb HOBYIO BbIGOPKY U3 BXOOAHOrO curHana (puc. 3.4).
XapakTtepusysa AL, roBopaT 0 ero paspsagHoOCTU 1 MHTepBarne ANCKpPeTM3auun curHana no Bpeme-

HU At unu YyacToTe BbIOOPOK =1 , UNKn, ecnun peyb UaeT o NeEpUoanNYeckmnx curHanax ¢ nepumo-
B At

fom T, o konuyecTtBe Bbibopok 3a nepumon N = fp-T.

[na nepuognyeckmx CUrHanoB CyLLECTBYET B3aMMOCBSA3b MEXAY BEepXHeWn 4acToTol npeobpasye-
MOro curHana u HeoGXoAMMbIM KONMMYEeCTBOM BbIGOPOK. [Nl TOMHOrO BOCCTaAHOBEHUSI MepBOHa-
YarnbHOro curHana u3 ero AUCKPEeTHOro npeAcTaBrneHns YactoTa BbIGOPOK JOMKHA NO KpaHen Me-
pe BABOE MpeBbIATh CaMyt BbICOKOYACTOTHYH rAapMOHUYECKYIO COCTaBMSIOLLY BXOOHOIO CUrHa-
na, T1.e..
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X X() Bornee Toro, mpu aHanoro-uudgpoBoOM

.\/ npeobpa3oBaHUN U3 BXOOHOrO CUrHa-
‘ \ na [OMmkHbl OblTb  MCKMOYEHbI Bce

i-1 i i+1 R rapMOHUKM C YacToTon, 6onee BbICO-
124d o n-1n t KOW, 4yeM 4acToTa KBaHTOBaHuA. B
| At | NPOTUBHOM crly4yae, Npu BOCCTaHOB-
neHUn curHana nosiBMseTcs pasHoCT-
| | Hasi COCTaBnALLAas HWU3KOW 4YacToThbl,

1

Xod LTy Xof) e noatomy Ha Bxome ALIM Bcerga ycra-
1 v ’ HaBIMBAIOT aHANIOroBbI UMBLTP HIX-
:’W [ |_ o /1 HMX 4acTOT C MOMOCOi MPOMNYCKaHUs
4 Yo -1 i i*1 L He Gonee fs.
12J_ ] |, ‘\J\ B ycTponcteax P3A npumensior AL|M
At

C vacTtoTonm BbIOOpok oT 600 pgo
_ 2000 lNy. bonee BbICOKasA YacToTa Bbl-
T OOpoK Mcnonb3yeTcsa B TOM Criyyae,
Korga ycTponcTBa 3awmTbl obecneun-
BaeT ewe W ocuyunnorpadpumpoBaHme
aBapuUNHOro npotiecca.
Lindposoe yctponctso ¢ yactoton Belbopok 2000 Iy aKkBMBanNeHTHO ocuunnorpadgy ¢ nonocomn
nponyckaHus 0—1000 y. [na cpaBHEHUS OTMETMM, YTO 3anucCb 3BYKa Ha KOMMAKT-AUCKaxX OCyLle-
CTBNSIETCH C YACTOTOW AnckpeTmsauumn okono 44 klu, 4to obecneunBaeT Ka4eCTBEHHOE BOCMPOU3-
BeaeHune poHorpamm, BKovasa YactoThl cebiwe 20 klMu,.
BTopon BaxHow xapaktepucTtukon AL asnaetca paspsgHoCcTb p opMUPYEMOro UM ABOUMYHOMO
yucna. Onsa Toro, YTobbl BbIACHUTL KakMM AOSMKHO ObiTb 3Ha4YeHne p, paccmoTpum paboty AL kak
Hekoero "JyepHoro awmka" (puc. 3.5), Ha BXxo4 KOTOPOro NOCTynaeT aHanoroBbin curHan X, a Ha ero
UMdPOBBIX BbIXOA4AX NOABMASETCHA 3KBMBANEHTHOE YMCIO B BUAE ABOUYHbLIX CUrHaNoB C ABYMS BO3-
MOXHbIMWU YPOBHSAMM, YCNoBHO o6o3HavaembiMn kak 0 n 1. Kctatu, npegcraBneHve yncna Hanps-
XEHUAMU UM TOKOM TOMbKO ABYX YPOBHEN U AenaeT npeanoyTUTenbHen 4BONYHY CUCTEMY CYUC-
neHus.
CylecTByeT ogHO3Ha4YHasi CBA3b Mexay paspsgHocTbio AL 1 TOYHOCTBIO n3MepeHust aHanoroBom
BenuuuHbl. Hanpumep, B asyxpaspsgHom AL Ha ero AByx Bbixogax BO3MOXHO hopMumpoBaHue
TONbKO YeTblIpeX He3aBUCUMbIX YMCroBbIX kombuHauun: 00, 01, 10 1 11. 3TK Yncna MOXHO UHTEp-
npeTnpoBaTh Kak HaxoXAeHne BXOOHOro aHaroroBoro curHana B o4HOM U3 YeTbIpex nogavanaso-
HOB, orpaHnyeHHbIX 0 — Xpa. B criydae p-paspsagHoro AL BO3MOXHO OTOXAECTBIIEHNE HaXOXae-
HUSI BXOOHOrO curHana B mobom ns m = 2° nogananasoHoB. [Npu 3ToM CTyneHbka KBaHTOBaHMS Npw
onpeaeneHnn YpoBHS CcUrHana coctaBUT Xnmay/ 2°. B aHepreTuke 3 Bcex BenuyvH B Hanbonee -
POKOM AManas3oHe U3MEHSAETCS TOK. TOK Npu HOpManbHOM pexunme paboTbl 3NeKTpOyCTaHOBKN Ha-
xogutcs B npegenax 0 — lyon, @ B aBapumiHbix — gocturaet (10+30)],0,. ONna npeobpasoBaHus ¢
norpeLLHocTblo He Bonee 2—5 % Tpebyemoe Yncrno CcTyneHern KBaHTOBaHUA m AOMmKHO 6biTe 2000
+ 4000, T. e. Tpebyetca AUM c p = 11+12.
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Puc. 3.4  AHanoro-umdpoBoe npeobpasoBaHne CUrHa-
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Puc. 3.5 K nosacHeHuto paspagHoctu ALM



Beo0 duckpemHbix cuzHanoe

lNpakTnyeckn BO BCEW COBPEMEHHOW 3NEKTPOHHOM annapaTtype BBOL AMCKPETHbIX CUrHamoB OCy-
LecTtensieTca Yyepes npeobpasoBaTeny Ha OocHOBE ONTPOHOB. CrieayeT OTMETUTb, YTO CXEMbI pe-
anbHbIX NpeobpasoBaTenen ropa3go CroXxHee, YeM CXeMbl, NpuBeAEHHbIE Ha puc. 3.6.
CobcTBEHHOE BpeMs MepekntiovyeHns ONTPOHOB COCTaBMSeT OONU MUKpOcekyHAbl. [na onTonapbl
(cBeToguon-hoTONPMEMHUK) XapakTepHa Manasd npoxogHas eMKOCTb, YTO NPenaTcTByeT MPOHUK-
HOBEHMIO MOMEX MO 3TOMY NyTW. [lonycTMMoe HanpsKeHue Mexay Lenblo ynpaBneHna n anemMeH-
TaMy ynpaBfsieMOWN Lieny OOCTUraeT HECKOSbKMX KUITOBONbLT, a pabounn Tok ceetoguopa VD co-
ctasnset 3—5 MA.
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Puc. 3.6 BapuaHTbl BBOAa AUCKPETHOIO CUrHana
Manbin BXOOHOW TOK ONTPOHa C OO4HOW CTOPOHbI SIBNSIeTCA BGnaroM, Tak Kak NpUBOAMUT K CHUDKEHWIO
MOLLHOCTHK, noTpebnsaemon npeobpasoBaTenem, pewaet npobnemy paccemBaHus Tenna pesncropa
Rs n yMeHbLUaeT Harpy3ky Ha ynpaenstiowuin KoHTakt S2 (puc. 3.6, a). Ho ¢ apyron CTOpOHLI, Ma-
nbii pabo4ynit TOK ONTPOHa NPUBOANUT K psay npobnem.
B nepByto oyepedb, Manbii BXOAHON TOK OBycrnaBnuBaeT HWU3KYKD NMOMEX03allMLLEHHOCTb Npeob-
pasoBaTtens. Hanpumep, npu Hanuunm NPoTSXKEHHOro NPOBOAHMKA, CBA3bIBAKOLLEro YNpaBnstoLLnii
Koy S2 ¢ oNTPOHOM, BO3MOXHO NOXHOEe cpabaTtbiBaHMe npu nepesapsake napasmTHom emkoctn C
B MOMEHT 3aMblkaHus Kntova S71 B CTOPOHHEN Lenn. YToObl CKNIOYNTL NOXHYH0 paboTy ycTponctea
P3 B Takom cuTyaumu, Ha Bbixode npeobpasoBaTens yCTaHaBNUBAKOT 3MEMEHT 3agepxku DT
(puc. 3.6, 6) ¢ puMKCMpOBaAHHOW UNN PErynnMpyemMon 3agepxkon B dopMMPOBaHMM BbIXOAHOMO CUr-
Hana. Ons Toro, 4to6bl OTCTPOUTBLCS OT NEPEXOAHbLIX NMPOLLECCOB, OOLIYHO AOCTATOMHO 3a4epKKu
0,5—3 mc.
Yctponctea ¢ ManbiM notpebneHveM MOryT pearMpoBaTtb Ha 3aMblKaHUSA Ha 3eMIi0 B ceTu onepa-
TUBHOIO TOKA, TaK Kak MX BXOLHOW TOK COM3MEPUM C TOKOM LIEMM KOHTPOSS M30MALUKN CeTn onepa-
TUBHOIO TOKa. NSl UCKMNOYEHNA 3TOro, BXOAHbIE Lenn nameputenoHoro npeobpasoBatenst E Bbl-
MOMHSAIOT C NPUBA3KOM K NOTEHLManam nosmcoB CeTU ONepaTMBHOrO TOKa, U NOAHMMAIOT NOopor ne-
pekntoveHnst npeobpasoBaTensa E o yposHsa 60—80% HOMMHANBHOIO HaNPSXKEeHUs ceTu.
BbixoOdHbie pene
HecmoTpsi Ha oyeBMAHbIE OOCTMKEHUSA B 06NaCTN BbICOKUX MOTEHLMANOB U CUMbHBLIX TOKOB, B LN-
POBbIX YCTPOWCTBaX, B OOMbLUMHCTBE CryYyaeB, B Ka4eCTBE BbIXOAHbLIX 3NIEMEHTOB MO-NPEXHEMY UC-
NOMb3YKTCA MPOMEXYTOYHbIE 3NEKTPOMarHMTHble pene. KoHTakTHasa napa noka elle ocTaeTcs BHe
KOHKYPEeHUMWN KakK eQUHCTBEHHOE ycTpoicTBo, obecneynBatoiee BUOMMBIN pa3pbiB B KOMMYTUpYye-
Mo uenun. K Tomy xe, 3To 1 camoe felleBoe pelueHme. Kak npaeuno, B LMdpoBbIx ycTponcteax P3
NPUMEHSAIOTCA HECKONbKO TMMNOB MarnorabapuTHbIX pene: ¢ 6onbliern KOMMyTauMOHHON CnOCOOHO-
CTbto — Ans paboTbl HEMNOCPEACTBEHHO B LENAX ynpaBreHus BbiKNoYaTenen, ¢ MeHblen — Ans
paboTbl B Lenax curHanusaumun. MolHble perne cnocobHbl BKNoYaTh LEenn ¢ TOKOM NPUMEPHO 5—
30 A, HO nx oTknoYatowasa cnocobHOCTb 06bl4HO He npeBocxoauT 0,2 A Npy NOCTOSHHOM Hanps-
XeHumn 220 B. Takum obpasom, cxema ynpasreHus AoSmKHa npeaycMaTpuBaTth NpepbiBaHNe TOKa B
Luenu anekTpomarHuTa BblKMYaTensa ero BCromoraternbHbiM KOHTakToMm. OTkniodarowas cno-
COBHOCTb NPUMEHSEMBIX CUrHasnbHbIX pene obbl4HO He npeBbiwaeT 0,15 A B LensiXx NOCTOSIHHOro
Toka HanpshkeHnem 220 B.

Omob6paxeHue uHghopmayuu

[ns oTobpaxeHns MHopMauun B MUKPOMPOLLECCOPHBLIX YCTPOMCTBAX UCMONb3YIOTCS U OTAENbHbIE
CBETOAMOAHbIE NHAMKATOPbI, XXUOKOKPUCTANNNYECKNE MUHNONCTNEN, U AaxXe rpaduyeckne aKpaHbl.
[na npoctoTbl GyAem HasbiBaTb COBOKYMHOCTb 3NIEMEHTOB BU3yarbHOrO OTOGpaxeHust nHdopma-
LMK B YCTPOWCTBE AUCINIIEEM.



OueBngHO, YTO OMCMEN He OOMKeEH ObITb AOPOrMM, Tak Kak "obweHune" YenoBeka C YCTPONCTBOM
NpoNCXoanT KpanHe peako. [ucnnen gomkeH obecneunBaTtb ObICTPOE M OQHO3HAYHOE MpencTaB-
nexHve vHdopmauun. ITM TpeboBaHUAM YAOBMETBOPSAKT NPOCTble AUCNSEN B BUOE CBETOaMOA-
HbIX MHAMKaTOpoB. C ApYyron CTOPOHLI, LMGPOBOE YCTPONCTBO 3alUUThl — 3TO YCTPOUCTBO, KOTOPOE
CcnocobHO NpeaocTaBUTb onepaTopy OYeHb Bornbluon 06beM UHOpMaLMK: TeKyLme 3HaYeHus To-
KOB M HanpsbKeHU 3NEKTPOYCTaAHOBKU, MX aBapUiHbIe 3HAYeHUsd, yCcTaBku (a Ux B LNPOBLIX yCT-
POMCTBaX MOXET ObITb HECKONbKO HabopoB), COCTOSIHME BXOL4OB W BbIXOAOB YMpaBfeHuUs U T. A.
[nsa onepaTMBHOro nonyyeHus Takoro ob6bema nHgpopmaumm TpebyroTca cCoOoTBETCTBEHHO N Bonee
WHGopMaTUBHbLIE aucnnen. Ha puc. 3.7 npencraBneHbl HEKOTOPbIE BapwaHTbl BbINOSIHEHUA OMC-
nnees ycTtponcTts P3.

B HekoTopbIX TMMNax LUMGPOBLIX YCTPOMCTB 3awuTbl (puc. 3.7, @) oTAeNbHbIN CBETOANOAHBLIN UHOW-
KaTtop (Mnu KpanHu NeBbIN paspsad LMgpoBOro CBETOAMOAHOro Tabno) ykasbiBaeT Ha oTobparkae-
MbI NapamMeTp, a YNCMIEHHOE 3HaYeHWe 3TOro napameTpa BbIBOAUTCHA B TpexX MpaBbiX paspsagax
uncpposoro Tabno. CBeTOAMOAHbIN ANCNEN XOPOLLO 3aMeTeH, 0COOEHHO B YCNOBUAX Manon BHELL-
HEeW OCBELLEHHOCTN.

B ©6onee coBpeMeHHbIX YCTPOMCTBAX MPUMEHSATCA UMGPPOOYKBEHHbIE MHOMOCTPOYHbLIE Tabno
(puc. 3.7, 6), yTo obecneunBaeT yaobCTBO CYNTbIBAHWUS UHPOPMaUMK. Takme Tabno BbIMNOMHATCA
Ha OCHOBe ugkokpuctannundeckux wuHgukatopoB (KKWU). OcHoBHbiMM HepocTaTkamm KK-
NHONKATOPOB SABMSKOTCA OTHOCUTENbHO HU3Kash KOHTPACTHOCTb M300paxeHuss 1 HepaboTocnocob-
HOCTb MpY HMU3KUX TemnepaTtypax. OAHako, HeBbICOKas CTOMMOCTb M nerkoctb ynpasneHus XKW
CrnocobCTBYET MX LUMPOKOMY NPUMEHEHMIO, B TOM Yncrie un B ycTporctBax P3A. B nocnegHee Bpems
nosisununceb 6onee goporne XKW, cnocobHble paboTtaTte Nnpu TemnepaTypax 4o -25°C.

Tok ¢hasbl A = 245 KA
Tok ¢pasbl B = 242 kA
Tok ¢pasbl C = 247 KA

a) 6)

Puc. 3.7. BapwuaHTbl gucnnees UunudpoBbIX YCTPOUCTB 3aLLMUThI
Hanbonee HarnsigHO MHopmaums NpeacTaBnsaeTcs Ha rpaddMyeckomM AUCMiee, YTo B KAKON-TO Me-
pe oeMoHCcTpupyeT puc. 3.7, 8.
Lindposble ycTponcTea nMetloT norpelHocTb 2 — 5%. C yyeToM 3TOM NOrpeLlHOCTU U BbINOSTHSAIOT-
ca aucnnen LmMdpoBbIX YCTPONCTB — C BO3MOXXHOCTbIO OTOOPaXKeHUst NULb TpeX 3Havalmx umdp.
B umdpoBbIX yCTpOMCTBaxX UCMOMb3YTCA B OCHOBHOM ABa crnocoba npeacTaBrneHns BenuyMH — B
MMEHOBaHHbIX eguHuUax (BonbTax, amnepax, rpagycax u T. 4.) u B oTHocuTenbHbIX. OnepaTtMBHOMY
nepcoHany yaobHee pabotaTtb C MMEHOBAHHLIMU BENMMYMHAMW, OTpaXarLWwMMu pearnbHble 3Have-
HWS1 TOKOB, HaMPS>KEHUA U ApYrnx napameTpoB 3MeKTpoycTaHOBKU. Ho aTo TpebyeT 3aHeceHus B
YCTPONCTBO AOMOMHUTENBHOW MHOpMaLnMm — KO3 PULNEHTOB TpaHchopMauumn namepuTenbHbIX
TpaHcOpMaTopoB, a Ha gucnnen HeobxogMMO AOMOSHUTENBHO BbIBOAWUTL Pa3MepHOCTbL oTobpa-
XaeMom BenuunHbl. ANbTEPHATMBHBIM pPeLLEHNEM ABNAETCS NpeacTaBneHne BCeX BENUYMH B OTHO-
CUTENbHbIX eanHMLax nnu npoueHtax. Yaile Bcero 3a 6asucHble eguMHuLbl MPUHUMAKOT HOMUHATb-
Hble 3Ha4YeHUS KOHTPOMNMPYEMbIX BEMUYMH.
YnpaeneHue annapamypol
KHoMku ynpaeneHus nnu knaesmnatypa SBNAKTCA HEOTbeMMEMbIMU 3NieMeHTaMn CBS3M YeroBeka C
undpoBbIM YCTPOMCTBOM. C MOMOLLbIO KnaBmaTypbl MOXHO M3MEHUTb pexunm paboThbl YCTPOUCTBa,
Bbl3BaTb Ha AUCNIIEN UHTEpEeCyoLne napaMmeTpbl U BENUYNHBI, BBECTU HOBbIE YCTaBKN U T. 4.
Yuncno KHOMOK, MCronb3yeMblX B KnaBmaTypax pasnuyHblix ycTponcTs P3, BapbupyeTcsa OT AByX O0
aecatn. Yem Gonblle KHOMOK B KnaBuaTtype, TeM yaobHee n GbicTpee MOXHO BBOAUTb WMHOpma-
uno B yctporctso. OaHako, KHOMKU ABASOTCA Hambornee HeHageXHbIMU dneMeHTaMu LndpoBom
annapaTtypbl. [MoaTomy Tam, rge Nonb3oBaTbCA KNaBnaTypow NPUXOAUTCS KpanHe peako, CTPEMATCS
NCNONb30BaTb MUHWMANbHOE YUCNO KHOMOK. MUHUManbHOEe 4YMCIO KHOMOK KraBuaTtypbl, NO3BO-
nawouwee BBOAUTb Noby0 MHOpMaUMo, paBHO ABYM, OnNTUManbHOe — 5: BBEPX, BHW3, BMEBO,
BMpaBo, BBOA.
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Puc. 3.8 Tlonck nHdgopmaumm B namsiTm ycTtponcraea
CocTosiHUA, OOCTYMNHbIE C NMOMOLLBIO KHOMOK YNpaBneHus, NpeacTaBnsioTca ABYXMEPHbIM Maccu-
BoM. [poaBwkeHne no koopauMHaTtaM MaccuBa OCYLLECTBNSAETCS COOTBETCTBYIOLLUMMU KHOMKaMu, a
BbIOOp anemMeHTa MaccmBa Npou3BOANTCS OAHOBPEMEHHBIM Haxatnem kHonku “ENTER”. ToscHsieT
3TOT NpuHUMN puc. 3.8, rae B Ka4ecTBe nNpumMepa paccMmaTpuBaeTcd npouecc noncka nHgopmaumm
0 (hasHbIX TOKax, KOTOpble (PMKCMPOBANMChb B NAaMATK 3aLUMTbl B MOMEHT cpabaTtbiBaHUA Npu NOMO-
WK1 ABYXKHOMOYHOW KnasmaTtypsbl. [pegnonaraetcd, 4To B NaMATU OaHHOrO YCTPOWMCTBA XPaHUTCA
nHcopMaLmsa No 1 nocregHUM cobbiTnaM, Npudem nocnegHee cobbiTne nMeeT HOMep 1.
Ycempolicmea xpaHeHus1i uHghopmayuu
OaHMM 13 BaxKHENLUNX Y3NOB LUPOBbLIX YCTPOMUCTB SABMSAIOTCHA YCTPOMUCTBA XpaHEHNa NHopmauuu.
B HacTosilee BpeMsi And XpaHeHus MHAOPMaUMM UCMONb3YTCS PasfMyHble TUMbl CTaTUYECKUX
3anoMMHaKLWmMX YCTPONCTB, KOTOpble B (PYHKUMOHANbHOM OTHOLIEHUM nogpasgensttca Ha [13Y,
O3Y un 3Mnay.
Ana xpaHeHus pabo4yer NnporpaMmMbl B YCTPOUCTBaX 3almTbl 0ObIMHO UCNONb3YIOTCA MOCMOSIHHbIE
3anomuHarowue ycmpoticmea - l13Y. OtnnuntensHon yepton MN3Y gaBnseTca ogHokpaTHasa 3a-
nucb MHopmaumn. B nocneaytowieMm BO3MOXHO TOMbKO CYUTbIBAHWE 3anucaHHOW MHGOpMaLUnn.
OTtcioga 1 npomcxoanT aHrnossblyHoe HasBaHue atoro Tuna namsatm ROM (Read Only Memory —
TONbKO CYUTbIBaemasa namsTb). [JocTouHCcTBOM Mukpocxem lM3Y gaBnsetca nx Hu3kas CTOMMOCTb U
BO3MOXHOCTb XpaHeHUs NHPopMaL N NPy OTKIIOYEHUN NUTaHUS.
B nocnegHee Bpems BCe LUMPE HAYMHAKOT NPUMEHATLCA TaK HasbiBaeMble nepenporpamMmmmpyemble
ycTtporctBa namAaTn. OCoBEeHHO OHM akTyanbHbl 415 YCTPOMCTB 3almThl, paboyasa nporpamma KoTo-
PbIX AOIMKHA N3MEHATLCH B NpoLecce aKcnnyatauun. B HacTosiwee BpeMs CyLLecTBYHOT YCTPONCTBA
P3A, y KOTOpbIX Hy>XHble (PYHKUUK 3alimTbl BblIOGUpalTca U3 6ubnmotekn ctaHaapTHbIX PyHKUUIA
camuM nonb3osarteneM. Jlornyeckas 4yactb 3TmMx yctponcts P3A co3gaeTcsa nonb3oBaTtenem m3 6a-
30BbIX Norndecknx dyHkuun tuna U, UMK, TPUITEP n 1. o. Paboyasa nporpamma B Takux yCTpon-
CTBax 3aluTbl pacnosiaraeTcs B rnepernpo2paMmmMupyeMom nocmossHHOM 3aroMuHarowemM ycm-
poucmee (MMN3Y nnn EEPROM — Electrical Erasable Programmable Read Only Memory — anek-
TPUYECKN Mepe3anucbiBaeMasi NocTodHHass namsaTb). MNMogyepkHem, yuto [MMN3Y aBnsetca 3Hepro-
He3aBMCUMOM NaMATbIO, T. €. XpaHnmas B Hen nHdopMaunsa He paspyllaeTcs B 06eCTOYEHHOM CO-
CTOSIHUM.
[na BpPEMEHHOro XpaHeHusi pes3ynbTaToB MPOMEXYTOYHbIX BbIYUCIEHUA WCMNONb3YIOTCS ornepa-
mueHbie 3anomuHarouwue ycmpoiicmea (O3Y unm nHade RAM — Random Access Memory —
namsTbe C NPOU3BOSIbHBIM OCTYMNOM). 3anuMcb M cuMTbiBaHWe gaHHbiXx B O3Y ocyulecTBnseTcs ¢
MaKkcumMmanbsHoM ckopocTbio. CyllecTBeHHbIM HegocTaTkoM O3Y aBnseTcs paspylleHne uHdgopma-
LW NpU OTKMOYEHUN MUTAHUS.
[na xpaHeHusa ycTaBoOK W ApPYrMx napamMeTpoB, KOTOpble MPUXOAMTCA M3MEHSTb B Mpouecce 3KC-
nnyataumm 3awmTel, ucnoneaytotcs MI3Y, gonyckatowme MHOrOKpaTHOE U3BMEHEHNE YCTaBOK.
MpOMEeXyTOYHbIM peLLeHnem 3agadm ctano xpaHeHue ycrasok B O3Y, nmetowem pesepBHoe nuTa-
HWe OT BCTPOEHHOro B n3genue UctodHnka O. B Takmx ycTponcTBax NPUMEHSIOT cneunanbHble Ma-
nonotpebnsowme MMC n nutneBbie batapeun, MMmetoLmne cpok cryxbol 5—6 net. HegocTtaTok ove-
BMAEH — HEOOX0ANM NepruoanyeCcKUii KOHTPOSTb U CBOEBPEMEHHAS 3aMeHa UCTOYHUKA NUTaHWS.
Kak n nioboe agpyroe usgenue, yCcTpoucTBa NamsaTy MOryT MoBpexaaTtbCs Wnn Tepatb MHdopma-
LUK, Hanpumep, no4 BO3AENCTBUEM MOHM3UPYIOLLMX U3nyvyeHui. [na obHapyXeHust 3Toro npume-
HAIOTCA cneaytoLmne cnocobsl.



B M3Y, roe AaHHble pa3MeLwarnTcs B S4erkax namsTn, nocnegoBaTeNibHO BbIMOMHAT dpopmarb-
HOe CyMMMPOBAHME BCEX YNCEN 3TOr0 MaccuBa AaHHbIX, @ pe3ynbTaTt (KOHTPOSIbHYK CyMMY) nome-
LatT B onpeaeneHHyto a4yerky. B pexume TectoBon npoBepku MN3Y KomnbloTep paccmaTtpuBaeT
ero kak 00beKT uccrnenoBaHUs, BbIMOMHAET NOACYET CyMMbl (PaKTUYECKMX YMCEN, XPaHSLLIMXCA B
siYenkax, U CpaBHUBAET C KOHTpOsibHOM cymmol. [NMpu npoBepke O3Y B ero s4enkm nooyepeHo 3a-
NUCbIBAIOT HYNW U €ANHNLBI, @ 3aTEM aHaNU3NPYOT Nony4varoLmMecs Npyu CYNTbIBAHUU pe3ynbTaThl.
B yctponctBax ¢ EEPROM-namsaTbio uMeeTca BO3MOXHOCTb [aXe BOCCTaHaBNuBaTb YTEPSHHYIO
MHpopmaumto. [1ns aToro BakHeNMLME MaccuBbl MHOpMaLUUK, HanNnpuUMep, ycTaBkn, oybnupyotcs B
pasHbIX MUKpOCXeMax namsitu. Tak kak OgHOBPEMEHHOE MOBpEeXAeHNe UHOPMaLMM B OBYX MUK-
pocxemMax ManoBeposiTHO, TO MMEETCS BO3MOXHOCTb BOCCTAHOBUTb MHAOpPMaLMIO nepes3annchbio
COAEP>XKMMOrO HEMOBPEXOEHHOTO MaccMBa Ha MECTO MOBPEXOEHHOIO.

Brnoku numaHus

lMpakTnyeckn Bo BCEX COBPEMEHHbIX YCTPOMNCTBAX UCMOMb3YTCA UMMYSbCHbIE BOKM NUTaHWs, Bbl-
NnonHsiemble Ha 0ase BbICOKOYACTOTHLIX MHBEPTOPOB. CxeMaTtnyHo Takon Bl ¢ ogHOTaKTHbIM MH-
BEpPTOpPOM npeacTaBneH Ha puc. 3.9
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Pwuc. 3.9

YnpoLeHHasa cxema uMnynbCcHoro 6roka nutaHusa: CY — cxema ynpasneHuns
C noOMOLLbIO 3MEKTPOHHOIO Krto4a, BbIMOSIHEHHOrO Ha TpaH3ucTope VT71, Ha nepBUYHY0 OOMOTKY
pasBsa3blBatoLLero TpaHcopmatopa T nogatoTcs MMMYNbCbl HAanNPsXXeHUsl C 4acTOTOM HECKOSbKO
aecaTtkoB kunorepu,. TpaHcopmaTop, paboTaroLmii Ha BbICOKON YacToTe, nonyyaeTcs HeGONbLUMX
rabapuToB, C ManbIiM YMCNOM BUTKOB B OOMOTKax, HO C OTHOCUTENbHO GONbLLION NPOXOAHOW MOLL-
HOCTbO. Mcnonb3oBaHMe WNMPOTHO-UMMYNIbCHON MOAYNAUMM NpKU ynpaBneHun knwdom VT71 no3so-
nseT nogaepXveaTb CTabuIbHBIM BbIXOOHOE HanpsXXeHue UHBepTopa Npu M3MEeHEeHUU NUTaroLLero
HanpsKeHUst B LWUMPOKNX npeaenax. Hanpumep, yctponctea cepum MODULEX 3 yctonumso pabo-
TalT NPU U3MEHEHUN HaNpPsXKEHUA NuTaHna oT 64 oo 300B. [Ansa ucknoyeHnst NoBpeXaeHNA MHBEpP-
TOpa npu HecobnaeHUM NONSPHOCTU NOAABAEMOrO HaMNpsHKEHUs, Ha ero BxoAde yCcTaHaBNMBaeTCS
avoaHbin mocT VC1. EMKOCTM HakonuTenbHbIX koHaeHcaTtopoB C7 n C2 obbl4HO BLIOMpalOT U3 Co-
o6paxeHnst TpebyeMoro crnaxvBaHusi Nynbcalmn B BbIXOAHOM HaNPsHKEHUU Npy MUTaHUN NHBEPTO-
pa OT BbINPSAMIEHHOIO MOCTOSAHHOrO Toka. B HekoTopbix criyyasx emkoctn C71 u C2 yBenuumsaioT
00 YPOBHS, 4OCTATOMHOrO Ansl UCKMYEeHUs cO0EeB B MUKPOMPOLLECCOPHON YacTu npu KpaTkoBpe-
MEHHbIX MOHWKEHUAX NMUTAOLLEro HanpsbKeHUs, BO3HUKAKOLWMUX, Hanpumep, npyu KOPOTKMX 3amblka-
HUSIX Ha CMEXHbIX domaepax B ceTn onepaTnBHoro Toka. OTmeTum, 4to B Bl 6onblioe BHUMaHWe
yaenseTcs 3alumTte OT nepeHanpskeHU B NUTaroLen CeTM U UCKIMIOYEHUIO MPOHUKHOBEHUS NMOMEX
BHYTPb YCTPONCTBA.
Uumepagbpelicbl yughpoenix ycmpoliicme
Moa wHTepdencoM MNOHMMAaeTCs COBOKYMHOCTb annapaTtHbIX, MPOrpamMMHbIX U KOHCTPYKTMBHbIX
CpeacTB, HeOBXOANMbIX AN peanuMsaunm B3aMMoLenCTBUS pasfnnyHbIX LMGPOBLIX YCTPOMCTB, 06b-
€[MHEHHbIX B CUCTEMY.
Mo npuHuuny obmeHa mMHbopmaunen mHTepdencobl NoapasnensioTcs Ha MHTepdeNnchl ¢ napari-
nenbHoU u nocriedogameribHOU Nepeaadven gaHHbIX.
Haunbonee ObiCcTpbIi 06MEH MHpOpMaUmen Mmexay AByMs LMdpoBbIMU YCTporcTBamMm obecnednBa-
€T naparnesbHbil NHTepdenc, ynpoLleHHasi Cxema KoToporo npeacrasrneHa Ha puc. 3.10, a.
B atom cniyyae no cuHxpoHusmpyowemy curdany CC (B 4ENCTBUTENBHOCTM 3TO MOXET ObITb Mo-
cnepoBaTeNnbHOCTb U3 HECKOMbKUX CUrHarmoB ynpasneHus) nepegarollee yCTPOMCTBO BbiCTaBnsieT
Ha LWWHY AaHHbIX L[] ogHOBpeMeHHO BCe paspsibl nepefaBaeMoro 4vcna, a npueMHoe YCTPOUCT-
BO ero cumtbiBaeT. Kak BuAHo, napannenbHbin nHTepdenc TpebyeT AOCTAaTOUHO CIIOXHOro TpakTa
nepegayu, Bkroyaowero 1 + 1 dumsmyeckne NMHUK NpU N-paspsgHOM CrioBe nepefaBaemblx SaH-
HbIX. Yalle Bcero aToT TUN nHTepderica NpUMeHsieTca Npu nepegade MHopmaumm Ha HebonbLune
paccTosiHus (Hanpumep, Npu CBA3M KOMMbOTEpPA C NPUHTEPOM) MM Npyn HeobxoammocTtu obecne-
YNTb HaMBbLICLLYIO CKOPOCTb OBMeHa.




TexHnyeckn Bornee NpocTo BbINOMHAETCH UHTepdenc ¢ rnocrnedosameribHOU Nepegadvyent OaHHbIX.
B aTom cnyyae crnoBo AaHHbIX MepefaeTcs nocrefoBaTenbHO paspsd 3a paspsgom. Hanbonee
pacnpoCTpaHEeH AaCUHXPOHHBLIN PEeXUM nepedayn LaHHbIX, CXeMaTU4ecKM npeacTaBfEeHHbIN Ha
puc. 3.10, 6. ACMHXPOHHbIM cnocob nepefayn AaHHbIX TPebyeT MUHMMAaNbHOrO KONMMYecTBa JIMHUNA.
Mpn acuHXpOHHOW Nepefade UCNONb3YKT OnpeAerieHHble OOrOBOPEHHOCTW, MO3BONsWMe Mnpu-
€MHMKY pacno3HaTb He TOSIbKO Ha4vano M OKOHYaHve nepefaydn, Ho U aaxe obHapyXmBaTb UCKaxe-
HMe nHdopmauun npu nepegadve. 1o obecnevmBaeTca crnegyowmm obpasom. B pexume oxuaa-
HWUs NnepefaTyMK BblAaeT B MIMHUIO CUrHamM nornyeckon eanHuubl. Havano nepegayvm npueMHuK pac-
NMO3HaeT MO MOSIBIIEHMIO HA NIMHUKN FIOTMYECKOro Hynd. OTO Tak HasblBaeMbll CTapTOBbIN 6UT CTh.
AnutenbHOCTb Nepeaayn ogHoro 6uta 3apaHee OroBopeHa, T. €. NPUEMHUK U NepeaaTymK JOSMKHbI
ObITb NMpeaBapuUTENbHO HAcTpPOeHkl. [locne okoHYaHuWsa nepegayn ctaptosoro 6uta CTh, nepeaar-
YUK nepedaeT pas3psag 3a pa3psgom 6utel gaHHbIx B/ NMocne nepefayv AaHHbLIX cnegyeT Tak Ha-
3biBaeMbIn 6UT naputeta bI1. But naputeta No 4OrOBOPEHHOCTM yYCTaHaBNMBaETCA nepefaTyMkom
B COCTOSIHME NOrMYecKon eAuHULbl, ecnn B 6ute (CnoBe) AaHHbIX HEYETHOE YUCNO eUHUL, U UC-
nonb3yetcs "4yeTHbIN" naputeT. N, HaobopoT, B criyyae OOroBOPEHHOCTU O paboTe ¢ "HeYyeTHbIM"
naputeTom, 6UTY naputeTa nNpucBavMBaeTCs HyneBoe 3HaveHue. Takum obpas3om, Ucnonb3yst ouTt
napuTeTa, NpMeMHUK cnocobeH obHapyxunBaTb eanHNYHbIE cbon Npu nepegave AaHHbIX. OkaH4u-
BaeTcs coobuieHne nepegaden ctonobix outoB Cr16 (1; 1,5 nnn 2 6uta). Mo cyTn, cTonoBble GUTHI
onpegensalT MUHUMAanbHbIN UHTEpPBan Mexay nepefaden OTAerbHbIX CroOB AaHHbIX. [Mpu acuH-
XPOHHOW nNepefadve ob6blMHO MCMOMb3yeTCcs cTaHaapTHbIM psa ckopocten: 300, 600, 1200, 2400,
4800, 9600,19200, 38400 6ut/cn 7. A.
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Puc. 3.10 BapuaHTbl o6MeHa nHdopmaumen
CylecTByeT OOCTAaTOMHO MHOrO CTaHOApTOB Ha KaHanbl nocnefoBatenbHou cBasu. CTaHaapThbl
OTIMYAOTCS NO CKOPOCTM 0OMeHa, opraHm3aunm 1 AnvuHe NUHUIN CBA3K U T. 4.
Hanbonee nssecteH ctaHgapT RS232, npumensaemsbin B IBM-coBmecTumbix MNK. Ctangapt RS232C
pa3paboTtaH B 1969 r. MHTepdelic obecneunBaeT ganbHOCTb CBSA3M A0 15 M CO CKOpPOCTbIO A0
19 200 604. YpOBHM UCMNONb3yEMbIX CUTHAOB:
nor. 0 =+3 + +25B, nor. 1 = -3 + -25 B. ConpoTusneHue Harpy3sku 3 -7 kKOm.
B psiae umdpoBbIX yCTPOMCTBAxX NOPT NOCNeAoBaTENBHON CBA3M BbINOMHEH B cTaHAapTe RS485. B
9TOM CcTaHAapTe ucnonb3ytTca curHanel ¢ yposHamu: nor. 0 = 0 B, nor. 1 = +5 B. Ctangapt RS485
TpebyeT cMMMeTpuYHbIN KaHan (BuTas napa). ObecneumBaeT cBs3b cermeHTamu annHon 4o 1200 m
C BO3MOXHOCTbIO NOAKNoYEeHNA 00 32 y3roB Ha cermeHT. MnuHuMmanbHoe ConpoTUBMEHME Harpysku
— 60 Owm; ckopocTb 06bmeHa—ao 10 M6uT/c.
Kak BMAHO, NOPThI Y LMAPOBOro YCTPONCTBA N NEPCOHANbHOrO KOMMbIOTEPA BbINOSTHEHbI B Pa3HbIX
CTaHgapTax, 4YTO WUCKMNYaeT MX HenocpeaCcTBeHHOoe coeauHeHuve. [na ux coeanHeHus TpebyeTcs
3fIEMEHT- Tak Ha3blBaeMbIli NpeobpasoBaTeslb MPOTOKOMOB (KOHBEPTOP).
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lpoeodHbie KaHanbI cesizu
Mepenada MMNynbCOB MO ANEKTPUYECKOMY KaHany C OrpaHMYeHHOM Nonocon nponyckaHnsa Af=f,,,—
fmin CONPOBOXOAETCA 3a4EPXKKON N NCKakeHneM oopMbl NepegaBaemoro nmnyneca (puc. 3.11).

XBX Xex 1
JUL S m—----- 1|
o : :
H 8bIX S [ | -~
. t
a) >l tHap e
[ :
XGbIX :
1
o 1
T S| J |
XBX RH XGbIX ‘/
6) 'taa

Puc. 3.11. WckaxeHns curdHana npu nepegade no peanbHOMY KaHany
Xax — BXOAHOW cUrHar; Xg.x — BbIXOAHOW curHarn; t.., — BpemMsa HapactaHua curHana,; ty, — Bpems 3a-
OEepXKn curHana
Ha pwuc. 3.12 npeactaBneHa cxema nepegaydn uMHGOpMaUMM C MCMNOSIb30BAaHWEM BOJIOKOHHO-
OMNTUYEeCcKoro KaHana cBa3u.
OCHOBHbBIMW KOMMOHEHTaMWN 3TOM CUCTEMbI ABNAOTCA: onTudeckuii nsnydarens VD, ceetoBog C u
CBETOYYBCTBUTESNbHBIM anemMeHT (doTonpuemMHuk) VT. B kadecTBe uanyvatenen MCnonb3yoTcs no-
NynpoBOOHUKOBbLIE CBETOAMOALI M NOCNeAHEE OOCTMKEHME OMTOINEKTPOHUKN — Hegoporve TBep-
AoTenbHble AMoaHble nasepbl. B oTnvune ot auddy3MoHHbIX CBETOOMOAOB, Nla3epbl SBMSAKTCS UC-
TOYHMKAMWN KOrepeHTHOro manyyeHusi. OBbl4HO MCNONb3yeTcsa nanyvyeHme ¢ AnnHon BosHbl 800 HM
(nHppakpacHast obnacTte HEBUOMMOTO criekTpa). B kadecTBe OeTEKTOPOB NUCNONL3YTCA POTOTPaH-
3ucTopbl U pin-guofbl. MNMocnegHue ABNSAKOTCA BbICOKOKAYECTBEHHBIMW OMTMYECKUMU LETEKTopamMm
CO BpeMeHeM cpabaTtbiBaHUSA B HECKOMNbKO HAHOCEKYHA 1 YyBCTBUTENBHOCTLIO0 A0 1000 hoToHOB/C.
[BmXeHne ceeTa BAOMNb KPMBOJIMHEMHOIO CBETOBOAA NMPOUCXOOUT NPU MHOTOKPaTHOM BHYTPEHHEM
OTPaXXeHMM flyda Ha rpaHuLe CBeTOBOA-000M04Ka.
BonokoHHo-onTuyeckun kabenb (BOK) saBnseTca CrnoXHbIM COOpPYXXeHMEM, rae, kpome obecneve-
HUA MUHMMarbHbBIX NOTEPb AHEPruM Npu nepegade, 4OCTAaTOMHO MHOMO BHUMaHUS yaeneHo sawute
CBETOBOAA OT BHELWHMX Bo3gencTBuin. CyulecTByeT Heckornbko TunoB BOK. CambiM gelleBbiM SiB-
nsieTca BOSIOKHO CO CTyMNeH4YaTbiM n3MeHeHnemM KoadduumneHTa npenomneHnda. Hacto ons atom ue-
N1 MCNONb3YTCA ONTMYECKU Npo3payHada nnactmacca. MMHMManeHble NoTepu B NacTMacCcoBOM
BOJIOKHE HabniogatoTcs B 06nact BUANMMOro (KpacHoro) uanyyvyeHusi. C noMoLLblO NiiacTMacCoBbIX
CBETOBOOOB MOXHO MepefaBaTb AaHHble HA pPacCTOSHME [0 HECKOSIbKMX [OEeCATKOB METPOB.
B kabensax 6onee BbICOKOro kKayecTBa MCNONb3yeTcs KBapLeBoe BONOKHO. KBapLeBbie cBeTOANOAbI
ObIBaAOT CO CTyneH4YaTbiM U MNNaBHbIM M3MEHEHWeM KoaddpuumeHTa npenomneHuns (nydwe). Mo-
cnegHUM OOCTUXKEHMEM BOJIOKOHHO-OMTMYECKON OarnbHEN CBA3W sIBRsieTCS nepefada nHdpopmaumm
Ha yacTtoTax Ao 4 'y n Ha pacctosiime 120 km 6e3 noBTOpPUTENEN.

VD C XGbIX
e I*NT
JULr >
T, R,

Puc. 3.12. Cxema nepena4ym nHopmauum ¢ UCnonb3oBaHNEM BONTOKOHHO-OMTMYECKOro KaHana
CBSA3n

CBeToBOAbI, MO CPABHEHMIO C 3MEKTPUYECKMMM Kabensamu, obnagarT psgoM AOCTOUHCTE!
—BbICOKas MOMEX03aLULEHHOCTb B YCIIOBUSIX 3NTIEKTPOMArHUTHLIX MOSen;
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—BornbLasa nponyckHas cnocobHOCTb. 10 cpaBHEHUIO C KOakcuarnbHbIMU Kabenamum, B KOTOPbIX CKO-
POCTb U MOTEPU CYLLECTBEHHO 3aBUCAT OT 4YacCTOThIl, ANCnepcus (3aBUCUMOCTb (pa3oBOM CKOPOCTU
BOSHbI OT YactoTbl) BOK He3HauuTenbHa, a cnegoBatenbHO, B HAX B MEHbLUEN cTeneHn Habntopa-
eTca ywmpeHue nmnynscos (puc. 3.11,8);

—6e3onacHOCTb Npu aKcnyaTauun. VickniovaeTcs BbIHOC 3NIEKTPUYECKOro NOTEHUMana nu3 anekTpo-
YCTaHOBKMW; HEBO3MOXXHO BO3ropaHune kabernsi no npuyMHe KOPOTKOro 3aMblKaHUS;

—He ncnonb3yeTca aemuntHas megb, YTO AenaeT uUx NoTEeHUManbHO AELEBNe B NepCrnekTMBe npu
0TpaboTKe TEXHOMNOrMMN NPON3BOACTBA ONTOBOJIOKHA;

—BbICOKME IKCNITyaTauNOHHbIE XapaKTePUCTUKN: Marnbli paguyc m3rnba, HEKPUTUYHOCTb K YCIOBU-
AM MpoKnagkM (BO3MOXHaA MpoKnagka psgoM C CUMAbHOTOYHbIMKW Kabenamu), manble Macco-
rabapuTHble nokasaTenu n T. A.

OcHoBHbIM Xe HegocTaTkoM BOK aBnsieTcs cnoXHOCTb CONpsiXeHUst (CTLIKOBKW) CBETOBOLAOB MEX-
Ay cobon, a Takke C manyyaTtensmMum U npMeMHMKammn curHano. OTo obycnaBnmBaeTcd M MarnbiM
ceyeHueM BonokHa (auameTp 0,125 MM 1 MeHee), 1 HeOHBXOANMOCTLIO BbINOSNIHEHNSA Cpe3a BOOKHA
CTPOro nepneHanKkynsapHo ero ocu n 06paboTkM cpe3a C BbICOKOW TOYHOCTbK YMCTOThbl ANS MUHU-
ManbHOro 3atyxaHusi. [1o 3Tor NpuYMHE OOHOXWIMbHbIE Kabenu NPOTSKEHHOCTbIO A0 HECKONbKMX
AECATKOB METPOB B HACTOSILLLEE BPEMS CUMTAOTCA HepeMOoHTonpurogHbiMn. OgHaKo TEXHOMNOorns
cpawmBaHusa onTU4eckmx kabenen GbICTPO COBEPLLUEHCTBYETCS.

Mpn ncnonb3osaHuu BOJIC umdpoBble yCTpOWCTBA 3alnTbl HEOOXOOUMO AOOCHaLLaTb MOAYNeM
ONMTUKO-3NIEKTPOHHOrO NpeobpasoBaHnd. Takon MOAyIb MOXET ObiTb Kak BCTPOEHHbLIM, TaK U BHELL-
HUM.

B kadecTtBe npumepa paccmoTpum opraHusaumio BOJIC mexay umdpoBbIMM YCTPOMUCTBAMN BEPX-
Hero ypoBHA ACY TI1 (puc. 3.13).

Ha cxeme npuHaTbl criegyowmne cokpalleHns: Ry(Receiver) — npuemMHuk curHana Ty(Transmitter) —
nepegatyvk curHana.

Moa WnHOW CBA3M MOHMMAETCS COBOKYMHOCTb annapaTHbIX CPeaCcTB CBs3W M npaBun opMMpoBa-
HUS NepegaBaeMblX COOOLLEHUIN, OFOBOPEHHLIX B NPOTOKOMe obmeHa. Puandeckn wWmMHa npegcras-
nsaet cobor oNTUKO-BONOKOHHYIO NETA0, NOCneaoBaTenbHO CBA3bIBAKOLLYO OTAEeNbHbIE YCTPOUCTBA
N YCTPOWCTBO BEPXHEro YpoBHS. [lepegaya curHana TonbKo B OAHOM HarpaBlie€HMM CYLLECTBEHHO
yNpoLLaeT KOHCTPYKLMIO ONTUKO-9MNEKTPOHHBbIX NpeobpasoBatenen. CoobLueHus, nepegaBaemble Mo
ONTUYECKOWN NeTne, LMPKYNMPYT OT O4HOrO ONTUKO-3MEKTPOHHOIo NpeobpasoBaTens K Apyromy 4o
Tex nop, Noka He HanayT CBOEero agpecara.

[na npakTn4eckux uenem MOXHO NMPUMEHSTb Creaylollee COOTHOLEHUE Mexay NpeneribHOM CKO-
poCTbi0 Nepedayvm MMNynbCcoB V.« (M3amepeHHon B 6ogax; 604 — 3TO CKOPOCTb nepenayn, ncymc-
ngemas B TaKTax 3a CeKyHAy) M MOfocon nponyckaHus kKaHana Af (3agaBaemMon B repuax):

Ve <20 (3.1)

3/1eKMPOHHbIU
0 rnpeobpasoeamerib
Y
TX RX

O

7-X RX TX RX TX RX

A A A

Y Y A
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Puc. 3.13. OpraH1sauuns BOSIOKOHHO-ONTUYECKOro KaHana CBs3u
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Kak BMOHO, Y3KOMOJIOCHbIA KaHamn orpaHMYMBaeT CKOPOCTb obMeHa. Hanpumep, npu nepegaye vH-
dopmaumn no TeneoHHOMY KaHany ¢ nofnocoun nponyckaHua Af = 3200 Ny makcumanbHasi cko-
pocTb byaeT paBHa 6400 6oga.

Ona nepefayun UMNynbCHbIX CUrHaNoOB MO TenegOoHHbIM JIMHUAM, paccYMTaHHbIM Ha nepegady To-
HanbHbIX (aHanoroBbIX) CUrHaNoOB NCNOMb3YIT MoaeMbl. Kak cnegyet us HassaHus, mogem (Moflem
= MogynsTop + Jemogynstop) obecne4vvBaeT npeobpa3oBaHne MMMNYNbCHbIX CUTHANOB B TOHalb-
Hble curHanbl NyTeM mMoaynsummn Hecyulen yactoTbl. CoBpemMeHHble MoaeMbl obecneunBatoT nos-
HOOYMMEKCHYIO CBA3b, T. €. nepegayvyy MHgpopmauum no ogHoMmy TenedOoHHOMY KaHany OfHOBpe-
MeHHO B oboux HanpaBneHusiX, HanpuMmep, Npu nepegaye B O4HOM HaNpaBfiEeHUN UCMONb3yeTcH
Hecywas 4actota 1200 'y, a B gpyrom — 2400 y. Horga B3aMeH amnnnTyaHoOn Moaynauum mc-
nonb3yeTcs 4YacToTHas unu dasoBad mMoaynauma. NepcnekTUBHOW SBNSETCs, Tak Ha3biBaemas,
dasoBad mMaHunynsuus. B atom cnyvae, usmeHeHne pasbl OCYLLECTBNAT Nocne nepegadn napbl
o6utoe (aebuta): 00 = 0°; 01 = 90°; 10 = 180°; 11 = -90°. dazoBas MaHMNyNAUNA KaK Obl CHUKaET
9KBMBANEHTHYIO CKOPOCTb Nepefayn n cnocobCcTByeT NOBbILLEHMIO NPOMYCKHON CNOCOBHOCTU KaHa-
na.

Mpu nepenave nHpopmauun No nocrefoBaTenbHOMY KaHany CBS3W NPUMEHSIOT pasfuyHble Cho-
cobbl NPOBEPKN LOCTOBEPHOCTU MOSTYYEHHON MHGOPpMaumn. ATO N cBepka GBMTOB napuTteTa C 4YumcC-
NIOM €AuHUL, B OTAENbHbBIX CMMBOMax, U CBepka CyMMbl KOLOB BCEX CUMBOMOB, BXOASALLMX B COO0-
LLleHMe, C KOHTPONbHON CYMMOW 3TUX KOL4OB, NepeaBaeMon B KOHUE coobuieHus. Bce aTto mcknto-
YyaeT HernpasuibHOE BOCNPUSATUE MHPOPMaUnn npuemMmHnkoM. OgHako, npy 60NbLLOM YypPOBHE 3fek-
TPOMarHUTHbIX NOMeX appekTMBHAA CKOPOCTb Nepenadn MHopMaunm No ANEKTPUIECKUM SIMHUAM
CBSA3M pe3Ko NnajaeT, TakK Kak MCKaXXeHHOe CcOoobLLeHe NpUXoaMTCest NoBTOPATL. 1o 3TOM NpuynHe, B
YCNOBUAX 3NEKTPOCTaHUMIA 1 NOACTAHUUA anbTepHATUBOMN 3NEKTPUYECKUM NMHUAM CTaHOBATCH BO-
FNIOKOHHO-ONTUYECKNE NNHUN CBA3N.

BosiokoHHO-onMuy4eckue KaHaslbl nepedaqyu uHgopmayuu

BorokoHHO-oMTMYeCKMe cucTeMbl CBA3U CTanu pasBmBaTbcs ¢ Hadana 70-x rogos. M npegliect-
BOBasno nosiBrieHne B Havane 60-x rodoB nasepa — MOLLHOIMO MHCTPYMeHTa Ang nepegadv uHdop-
mMaumn. OgHako ecTecTBeHHasl cpefa — aTtMmocdepa okasanacb HecTabunbHOW AN opraHusauum
CBSA3M B ONTMYECKOM Anana3oHe. CnocobCcTBOBaNo pa3sBUTMO BONTOKOHHO-ONTUYECKUX CUCTEM U yXKe
OTIIaXXEHHOE K 3TOMY BPEMEHW NPOM3BOACTBO CBEPXYMCTOrO KpeMHUS, HeobxoamMMoro ans nony4ve-
HUS BbICOKOKaYeCTBEHHOMO KBapLEBOro crekna. HaunHas ¢ 1978 roga BONIOKOHHO-ONTUYECKNE CUc-
TeMbl Ha4Yanu MCNonb3oBaTbCA U AN KOMMepyeckux uenen. B HacTosulee Bpems aTta oTpacnb
OypHO pasBuMBaeTCs.

[na ncknoyYeHns KOHQMMKTHBIX CUTyauuin (OQHOBPEMEHHOW nepedayn Nno neTiie HEeCKOSTbKUX CO-
o0bLLeHnI), YyCTPONCTBO BEPXHErNO YPOBHSA SBNSETCA BEAYLMM U TONBKO eMy JaeTcsl NpaBo UHULUK-
poBaTb 06meH nHdopmauunen. Begomele yCTpoNCTBa MOTyT TONTbKO OTBEYaTb Ha 3anpochl BeayLle-
ro ycTpoucTsa.

Mpn HeobxoomMmMoCTU o4HOBpPEMEHHOro obpalleHnsa BegyLero yCTponcTea Ko BceM BeJOMbIM (Ha-
npumep, NPU CUHXPOHU3ALMN BHYTPEHHUX 4YacOB) UCMONb3yeTCA Tak HasblBaeMbll LUMPOKOBELLA-
TenbHbIN pexuM. [Npn 3TOM Mcnonb3yeTcs obLWNA ANst BCEX BEAOMbIX afpec.

3.2. OCOBEHHOCTWN OBEPABOTKU MH®OPMALUU B LUDPOBLIX YCTPOUCTBAX
OcHoegHble xapakmepucmuku yugpoebix ycmpoucme

Lincoposble yctponcTtea obnagatoT BCEMU AOCTOMHCTBAMU, AOCTUrHYTbIMU C MOMOLLbIO 3NIEKTPOH-
HbIX YCTPOMCTB C aHanoroBbIMn nNpuvHUmMnammn obpaboTkm nHdopmaumn. 3t1o bonee 6nM3knn K egu-
HUUe KoadhduUMeHT Bo3BpaTa nsameputernbHblx opraHos (0,96-0,97 smecto 0,80-0,85 y mexaHuye-
CKMX YCTPOWCTB), Manoe notpebneHne MOLHOCTM OT TpaHcdopmaTopos Toka (TT) n HanpskeHus
(TH) (Ha ypoBHe 0,1—0,5 BA Bmecto 10—30 BA y anekTpomexaHuyeckux yctponcTs). lMpasaga, npu
9TOM 3MEKTPOHHbIM YCTpONCTBaM TpebyeTcsa HaaeXHbIN UCTOYHUK NUTaHUA. NpaKkTuyeckn HesaBu-
CMMO OT yMcna peanuayemMbix yHKUMIA, undpoBoe ycTponcTBo P3 noTpebnsieT oT ceTn onepaTme-
HOro Toka MOLLHOCTb nopsagka 5—20 BT.

Cob6cmeeHHOe epemsi cpabambieaHusi yughpoebix ycmpolicme

CobcTtBeHHOe BpeMsi cpabaTbiBaHMS U3MEepPUTENbHbIX OPraHoB LMAPOBbLIX YCTPOWCTB OCTanocb
NPaKTUYECKN TakUM Xe, KaK Yy X dNeKTPOMeXaHN4YeCKUX aHarnoroB. AT0 MOXXHO OOBACHUTb TEM, YTO
ANns onpeaeneHnst MHTerpanbHbiX NapamMeTpoB KOHTPONMPYEMbIX TOKOB M HAMNPsKeHUA (OencTByto-
LWMX 3Ha4YeHun, has3oBbix cOoBUroB) TpebyeTca HekoTopoe Bpems. Tak, CormacHo onpeneneHuto,
AeNcTByloLee 3Ha4YeHne Nnepnoanyeckon BpeMeHHom pyHKUMM X(f) HaXoOUTCS NO BbIPaXXEHUIO:
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t+T

Xy = % [x*(e)ar (3.2)
t

B peanbHOM BpemMeHu pesynbTaT BblYUCIIEHUN 3TOr0 MHTErpana mMoxeT 6biTb MNOMyYeH TOMbKO Mo-
cne HabntogeHus 3a KOHTPONUpyembiM curHanom x(t) B TedeHne oTpeska BPEMEHW, PaBHOro ne-
pvoay T.

LingpoBkie yCTpONCTBA, Kak M MX aHanoroBble NPOTOTUMbI, B NPUHLMNE MOTYyT (hopMnpoBaTb CUr-
Han cpabaTtbiBaHMsA N Yepe3 Boree KOPOTKUA OTPEe3OK BpeMeHu, YeM nepuog T, ecrniv 3HayeHue
KOHTPONMpyeMon BennyMHbl 3aBeJOMO MpeBbILWAET YCTaBky. OTO Nerko caenaTb, Tak Kak YuUCheH-
HOe MHTerpMpoBaHue npeacraBnsaeT cobor noacyeT CyMMbl NpUpaLLeHnii:

t+T N
[x(e)de = x(e: )ae (3.3)
t i=0
roe
X(t)— 3HaueHNe MOAMHTErparnbHOI (yHKUMM B Y3NoBbIX Toukax x(f; ), B3siTbIX Ha MHTepBarne MHTer-
PUPOBAHWS;

At— OTpPe30K BpeMeHU Mexay OBYMSA TOYKaMN U3MEpPEHUS.
Mpyn 3HAYEHUAX KOHTPONMPYEMOM BENNYMHbBI, COU3MEPUMBIX C YCTaBKOW, Bpems HabnoaeHus dyaet
ctpemntbca K T.
KaxeTcs, 4TO B yCroOBUSX, KOorga BXO4HOW curHan npencraBnsieTcs TONbKO OAHOW rapMOHWUKOW, Ha
BblYMCIEHNE OENCTBYIOLLErO 3HaYE€HUA MOXHO TPaTUTb MEHbLUE BPEMEHU, TakK Kak amnnuTyga cu-
Hycouabl (2 COOTBETCTBEHHO, U AENCTBYIOLLEE 3HaYeHne) MoXeT OblTb Bbl4MCIIEHA NOCcne namepe-
HWUS1 HECKOIbKMX ee MrHOBEeHHbIX 3HadYeHui. OgHako, B peanbHbIX CUrHanax Bcerga Hapsay ¢ UHTe-
pecyemMon rapMOHUKOW MPUCYTCTBYIOT OpYrMe rapMOHUKM U anepuoanyeckme coctasnsawowmne. Bl
AeneHne e U3 CITIOXKHOTO CUrHana MHTepPECYLLEN rapMOHUKN TpebyeT HEKOTOPOro BPEMEHN.
B obwem cnyyae, ckasaHHOe He pacnpoCTPaHSETCs Ha YCTPOWCTBA, B KOTOPbIX HE UCNOMb3yeTcs
ornpefeneHne MHTerpanbHbIX napamMeTpoB curHana. Hanpumep, B gunddepeHumansHOn TOKOBOW
3almuTe TeEOPETUYECKM MOXKHO MPOM3BOAUTL CPaBHEHWE MIHOBEHHbLIX 3HA4YEHUIA TOKOB B BETBSAX 3a-
wmwaemon cxembl. OgHako v B andddepeHUmnanbHbiX YCTPOMCTBAX NPUXOAUTCH CTarnkuBaTbCsa C
Bonpocamu punbTpaumn. Gunstpauma TpebyeTcs Ana nogasneHus nomex B paboumx Tokax u npwm
dopMmnpoBaHmMm BNOKNPYHOLLMX BO3AENCTBUIN, HanpumMep, npyn Bpockax Toka HaMarHMyunBaHusl, ecnum
peyb vaet o auddepeHumansHon P3 TpaHcdopmaTtopa. bpocku Toka HamarHnumMBaHuMs OBbIYHO
OOHapyxuBalTCs No PakTy NOsIBEHNsSI BTOPOW rapMOHMKK B andodepeHumanbHOM TOKe.
dunbmpayusi cuzHasoe e yugpoebix ycmpolicmeax
Ecnn KOHTpOnMpyeMbIn curHan nepuognyecknin n cylectTsyeT JOCTAaTOMHO ANUTENbHOE BpeMs, TO
AnNs BblOENEeHNs OCHOBHOW rapMOHUKK (Mnn nobon apyron) MOXHO BOCMOSIb30BaTLCS TEOPUEN rap-
MOHWYECKOro aHanusa, B COOTBETCTBUW C KOTOPOW AN onpedeneHns aMmnnuTyabl K-u rapMOHUKK
notpebyeTcs cHavyana BblYUCIIUTL €€ OPTOroHasbHbIE COCTaBMSOLWNE:

t+T t+T

ak=% _[x(t)cos katdt, bk=% Ix(t)sin kat dt (3.4)
t t

N TOJNbKO 3aTeM — ee aMnnnTyay.

X, =a} +b} (3.5)

Kak nokasaHo, opTOroHasbHble COCTaBALWME ONpeaensitoTca NyTeM UHTErpUpoOBaHNST BPEMEHHON
dyHKUMM x(t) B TedeHue nepuopa T.

YuncneHHbI cnocob rapMOHMYECKOro aHanm3a NpMMEHsIeTCa B TOM criyydae, koraa yHkums X(t) ns-
BeCTHa Ha npomexyTke 0 <t < T ToNbkO B AUCKpeTHon cucteme toyek t,=nT/N, n= 0; 1;..., N -1.
OT10T crnocob Takke CBsi3aH C HEOOXOOUMOCTBIO NCMOSTb30BaHUS MPU BbIYUCIIEHUSIX COCTaBNSAOLLNX,
npuHagnexawmx pasHbiM MOMEHTaM BPEMEHU:

2 A kn 2 d : kn 2
ay =— Y. x(t,)cos (2x=—)dt ...b, =— D x(t, )sin (2r——)dt ... X, =+Jaj +b;  (3.6)

N n=0 N N n=0 N
W, HakoHel, paccmoTpum paboTty umdpoBoro dgunbTpa. LudpoBon dunbtp paboTaeT ¢ nocre-
aoBaTenbHOCTbO U3 N BbIBOPOK Xgyp, N1 = 0; 1; ... N - 1, B3TbIX C UHTEPBArNIOM At N3 BXOAHOIO CUr-
Hana Xu(f). Ha Bbixoge cdunbTpa B pesynbTate onpefeneHHbIX onepauui Bo3HUKaeT nocnegosa-
TenbHOCTb Yncen Xaux n-
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BxogHon curHan cnoxHon opMbl Xg(f) MOXeT ObiTb pa3buT Ha AOCTAaTOYHO KOPOTKME MpsMO-
yronbHble umnynscol (puc. 3.14, a). [Ana niobor aNekTpMyYeckon Lenn MMeeTcs ee UMMynbCHas xa-
pakTepucTuka g(t), koTopas onpegenseTr npoueccbl B Lenu nocne 3aBeplleHus KMnynsca
(puc. 3.14, 6). CurHan Ha BbIXxoe 3NeKTpU4ecKon Lenu B MOMeHT HabntogeHus n (puc. 3.14, 8) Bbl-
4YUCNAEeTCHa Kak CyMMa OTKITMKOB Lienn Ha BCe MMMYnbCbl B MpoMexyTke oT £ = 0 4O MOMeHTa Habnto-
AeHusa n (At - oNUTEenNbHOCTb OTAENBHOIO UMNynbCa), T. e:

n n
Xowen =lim Do X oer 8I(n—Kk)A] = Y X, i gl(n—k)At]  (3.7)
At—=0 k=0 k=0
Ecnn ncnonb3yemble Npy BblMMCNEHUAX BECOBbIE koaddurumeHThl g [(n - k)At | ByayT coBnagaTb C
COOTBETCTBYHOLUMMUN 3HAYEHUAMMU UMMNYITbCHON XapakTEPUCTUKN Kakoro-nmbo 4acToTHOro chunbTpa,
TO BbIXOOHOW curHan umdgpoBoro dunbTpa 6yaeT aKBMBANEHTEH BbIXOQHOMY CUrHany aHanoroBoro
dunbTpa. VaeanbHbin undpoBon unbTp AOSHKEH onNepupoBaTh ¢ 6E€CKOHEYHbIM YMCITOM BblIGOPOK
M3 BXOAOHOrO CurHana, NpeaLlecTBYOWNX MOMEHTY BbIMUCIEHNS OYepedHOM COCTaBnfAoLWEen ero
BbIXOA4HOro curHana. PeanbHoe ungpoBoe ycTponcTBO MOXeT paboTaTh MNuLlb C KOHEYHBIM YUCITOM
Bbloopok N. CBA3biBas YNCIIO UCMONb3yEeMbIX BbIODOPOK C HEKMM BPEMEHHBIM OKHOM HabnogeHus 3a
BXOOHbIM curHanom (puc. 3.14, a), MOXXHO OTMETUTb CrieaytoLLee.

A  OKHo HabnwooeHus

Ip B—————————— t=0,25 T
|ﬁ§, : t=0,25 omH. ed
|
| , L |
0,5T 1 %)
0 : L t=0,5T
LA t t=0,5 omH. eo.
| J
; t=T
a) t=1 omH. ed
e)

Puc. 3.14. HabnogeHue peanbHOro curHana
B nepBble MOMEHTbI BpEMEHM MOCMe CKaykoobpasHOro M3MEHEeHUs BXO4HOr0 cCurHana BblYMCK-
TenbHOEe YCTPOMCTBO HEKOTOpoe BpeMda Byaet dopmMupoBaTh "HenpaBuibHbIN" BbIXOLHOW CUrHan.
OTO MOACHAIT ANKOPbl CUrHaNa, BUAMMOrO B OKHE HabnaeHUA B pasfnnyHble MOMEHTbI BpEMEHU
(pnc. 3.14, 6—=2). ina HarnagHOCTM Ha antopax NpMBeAeHbl 4EACTBYOLNE 3HAYEHMS TOKa.
Bbixo4 Ha yCTaHOBUBLUUINCS peXUM paboTbl MOXET OblTb KOHCTATUPOBAH, HaNpuMep, No coenage-
HWIO pe3ynbTaToB HabnaeHs B ABYX CMELLEHHbIX BO BpEMEHN OKHax HabnogeHus (puc. 3.14, a).

TOYHOCTb BbIYMCIIEHUI DyOEeT TEM Bbllle, YeM GonbLue BbIBOPOK HAXOOMUTCS B OKHE HAbMoaeHUs.

A,' KCD A
M

/

306F———f{— . A,
A1 A A”
3-|- A n

5
0 : T |
pes f
fmin fmax

Puc. 3.15. YacToTHbIN cnekTp BXogHoro curHana n AYX dunbtpa:

f— yvacTtoTa curHana; A — amnnutyaa curHana; Ky — KoadduumneHT nepegaymn punbtpa
Lincbposble ounbTpbl nmetoT psa npenmylects. OCHOBHbIE U3 HUX — HaAeXHOCTb B paboTe u cTa-
OMMBHOCTb XapakTEPUCTUK, HEAOCTMXKMMbIE B aHanoroBbix hunetpax. OgHako, Tak Xe Kak U aHamno-
roeble oMnbTpbl, LMPPOBLIE NMEIOT NPOTUBOPEYME B YACTM TOYHOCTU BbIOENEHUS HYXXHOW rapMo-
HWKN M3 CIOXHOro CuMrHana v BpeMmeHu, 3aTpaynmBaemMoro Ha dunbtpaumto. Ona toro, 4tobbl OT-
CTPOUTLCS OT anepuogunyecknx COCTaBNSAIOLWNX, BbICUMX rapMOHUK (As, As, Ha puc. 3.15), nomex
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(A, A',), aMNNUTYOHO-4acTOTHas xapakTepucTuka (AYX) BXOOHOro TpakTa YCTPOMCTBa AOSKHA
ObITb NOogo6Ha xapakTepucTMke NOOCOBOro unbTpa (KpmBas a Ha puc. 3.15).

KauecTBO MonocoBoro unbTpa XapakTepudyeTcs ero nosiocoi nponyckaHusi, onpeaensieMon Ha
ypoBHe, Koraa koadduumneHT nepegaun punbtpa Kg ymeHblaerca Ha 3 ab. No aHanorun ¢ kone-
B6aTenbHbIM KOHTYPOM ANS MOSI0COBbIX (PUNbTPOB BBEAEHO NOHATUE A0O6POTHOCTU:

Q=fpe3 A fmax = Fmin ) (3.8)
raoe
foess Fnaxs fmin— COOTBETCTBEHHO pe30OHAHCHasA, MakcumarnbHas U MUHWMarbHas 4acToThl, Xa-
pakTepusylouwme punbTp.
Bpemsa 3aTyxaHusa cobCTBEHHbIX MepPexXoAHbIX NPOLECCOB B NOSIOCOBOM (burbTpe BTOPOro nopsgka
onpeaenseTcs BblpaXeHneMm:

Lhep = 6Q/(27zfpe3) (3.9)
T. €. YeM Bblwe A0OPOTHOCTb, TEM AONbLUE ANUTCS NEpexoHbli npouecc B punbtpe. Hanpumep,
ANUTENbHOCTb MEepPexofHOoro npouecca B NONOCOBOM (hunbTpe, nmerowem gobpotHocTb Q=5 un
HacCTPOEHHOM Ha BbleNeHne rapMoOHUKM MPOMbILLNEHHON YacToThbl (fes = 50 L) okono naTtu ne-
pUOAOB:

tuep =00 /(27f ppy ) =6-5/314~0,1c = 5T (3.10)

K Takum xe pesynbTatam MOXHO MPUATU, UCMOMb3YS CNEKTPanbHbIN NOAXOA K ONUCAHUI0 3NEKTPU-
yeckmx konebaHun. CyxxeHne nonockbl NPoMNycKaHWsa yrnyywaeT NoMexo3aluLLeHHOCTb YCTPOMCTBA,
Tak Kak GONbLIMHCTBO MNOMEX SABMNSETCS MMMYMbCHbIMW CUrHanamu (rpo3oBble paspsibl, KOM-
MYTaLMOHHbIE NepeHanpsXkeHua u T. 4.), a, cnegoBaTeribHO, MMEKT NPOTSHIKEHHbIE CnekTpanbHble
xapaktepuctukun. Mpu 3aTOM, 4Yem yxe nonoca nponyckaHus BXOOHOrO TpakTa YCTPOMCTBA, TeM
MeHbLUasi 4ONS aHeprum nomexu bypeT gobaensatbest kK paboyemy curHany. OgHako, CIULIKOM y3-
KOMOJSTOCHbI BXOAHOW TPaKT YCTPOMCTBA NPUBOANUT K HEMPUEMIIEMOMY CHWXEHUIO BbICTPOAENCTBUSA
ycTponcTea. [ns nosbiweHust 6bicTpogenctans P3 nyywe npuMeHsTb punbTpbl MeHbLUEN JOBPOT-
HOCTW.
dunbmpbl cuUMMemMpPUYHbIX COCMasJIsIWUX
A X BblaeneHve CMMMETPUYHBIX COCTaBASOLINX U3
A TpexdasHOM CUCTEMbI TOKOB U HaNPsSPKEHUA LIN-
POKO ucrnonb3dyetca B npaktuke P3. Anroputmbl
BblYMCNEHNST CMMMETPUYHBIX  COCTaBMSAOLLMX
aXC npsimon, obpaTHOM UK HyneeBoM nocrnenoBa-

/ TenbHOCTEW U3BECTHbI:

3X1A =XA +aXB +a2XC;

2 X

a X B
B 3X2A:XA+a2XB+aXC;
3X0 =XA +XB +Xc,

XC

Puc. 3.16 BblaeneHne cMMMETPUYHbIX
COCTaBNALLNX
roe

X4, Xp, X¢ — Bekropa, nsobpaxatolme cooTBeTCTBYIOLME PasHbIe BEMUYUHDBI (TOKU UMK

HanpsPKeHUs) Buaa: X = Xsin(a)t+¢);
a(a*) — onepatopbl, NOBOPAUMBAIOLLME [aHHBIM BEKTOP HA Yron l//=2% pag no Hanpasne-

HUIO (NPOTMB HanpaeneHus) BpalleHs BEKTOPOB TpexdasHON CUCTEMBI.
BekTopHas guarpamma pasHbiX 3HAYEHWA BENUYUH, UCMOMb3yeMblX AN BbINONHEHUA dunbTpa
obpaTHoM nocregoBaTenbHOCTU, NpuBedeHa Ha puc. 3.16. B unbTpe CyMMUPYHOTCA 3HAYEHUS

BekTopoB X 4, Xp, NOBEPHYTOro B CTOPOHY OTcTaBaHus Ha 120° (aZXB) n X, NOBEPHYTOro B

CTOpPOHyY onepexeHnsa Ha 120°(aX ¢ ).

PaboTa ycTponcTBa Nnpu HacblWweHun TpaHcopmMaTopoB TOKa
LndpoBbie npuHUmMnbl 06paboTkn curHanoB 3pdEKTUBHO NPUMEHSOTCA U Ansl obecneveHus npa-
BUNbHOW paboTbl YCTPOWCTB NPU HacbIWEeHUN nameputenbHbiX TT. O4eBMAHO, YTO BTOPUYHLINA TOK
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HacbiTMBLEroca TT CyweCTBEHHO OTNMYaeTcsa OT ero uaeanbHoro 3HavyeHns. OgHako, N3BECTHO U
TO, YTO Jaxe B crny4vae rnybokoro HacbliweHus TT B oTAeNbHble MOMEHTbI BpeMeHU TpaHcdopma-
LS ocyLLeCTBNSAETCS NpaBuibHO (BEPXHASA KpmBas Ha puc. 3.17.).
OTMM 06CTOATENBCTBOM MOXHO BOCMOMb30BaTbCA U MpaBWUibHO ONPeaenuTb amniuTygHoOe wunu
AeVCTByIOLee 3HAYEeHNEe NUCKaXXEHHOro BTOPUYHOro Toka. [Ansg aToro HeobxoanMo U3MepuUTb MrHO-
BEHHblE 3HA4YEeHMs TOKa Ha OTpe3kax NpaBWUIIbHOW TpaHC(OpMaunK, BbIMUCIUTL €ro amnanTygHoe
(oencteylolLee) 3HaveHWe, Npeanonarag, YTo 3aKoH ero U3MeHeHNsa N3BECTEH:

i(t1)= I, sin(a)t+(o).
Be3ycnoBHO, peanbHbIi anropuTM BOCCTAHOBMEHUSA MCKaXKEHHOrO BTOPUYHOIO TOKa MpW Hacbllle-
HUW TpaHcdopmaTopa ropasio CrioxHee.

PelweHne 3apayn BOCCTAHOBIEHUSA TOKOB lMpasurnbHasi
TpebyeTcsa, Hanpumep, B P3 oT ogHodas- ., sin(t) paboma TT
HbIX 3aMblKaHWA Ha 3eMf0 B CETSIX C M30- — —
NMPOBAHHOW HEWTparnbto, rae BbiCOKa Be- / N |
POATHOCTb nonagaHus TT HyneBoWn nocne- v 1
AOBATENbHOCTM B PEXMM rNyboKoro Ha- - :
cbilweHus. MpuHumn aKkcTpanonsaumm Heob- \ ! !
XO0OUM M ANSA NpaBUNbHOMO BOCCTaHOBME- \

Hus a3 curHanos. Ha puc. 3.17 nokasaHo, 12
4YTO BblENEeHNe OCHOBHOW rapMOHMKN U3 I
NCKaXXEHHOro CurHana mnyTeM 4YacTOTHOM P /
dunbTpaumMm npmBoanT K ©OonbLon no- . /
rPELLHOCTN B onpeaeneHnn ee amnnutyabl I Sint-¢) ‘o /

n asbl. VpgeanbHaa kpuBaa ToOka Mo-

KazaHa B HWXHen 4acTtu puc. 3.17, a BoC- \_/ t:
CTaHOBJIEHHAS, - B BEPXHEN.

—~y

Puc. 3.17 TNpumep BOCCTAHOBMEHUS CUTHANOB

3.3. OCOBEHHOCTU IKCMNMNYATALMN MUKPOMNMPOLIECCOPHbIX 3AWWUT U ABTOMATUKU
HadexxHocmb (hyHKUUOHUPOBaHUsI cuCMeM C yughpoebiMu ycmpolicmeamu 3aujumsi

OpaHon n3 ocobeHHoCcTEN LUMEPOBLIX YCTPONCTB SIBASIETCS OTHOCUTENbHAA NpOCTOTa OpraHu3aumm
KOHTPONSA MUCNPaBHOCTM anmnapaTHOW 4YacTu U NporpaMmmHoro obecneyeHuns. Atomy GnaronpusTcT-
BYET LMKINYECKNA pexnm paboTbl MUKpOMpoLeccopa Mo 3aroXeHHOW B YCTPOWCTBO NMporpamMmme.
OTaenbHble parMeHTbl 3TOW NPorpamMmbl U BbIMOMHAKT CaMOTECTUPOBaHNE YCTPOWCTBA 3aLUMUThI.
B apceHnane paspaboTtumkoB LncpoBOW annapatypbl UMeeTCs Lenblii Habop TUNOBbLIX PELUEHU B
yacTn TecTupoBaHusA. B uMpoBbIX YCTPOMCTBAX MPU CAMOKOHTPOSIE 4YacTO MCMONb3ylTCH cre-
AyoLlme npuemsbl:

HeucnpasHocmb mpakma aHanoz2o-Uyugpoeozo npeobpasosaHusi ¢ Gonblon rnybuHon oxeaTa
BXOAALMX B HEro y3noB OOHapy>XMBaeTCsi NyTeM NEPUOAMYECKOrO CUMTbIBAHWUSI OMOPHOro (Hems-
MEHHOro Mo BpeMeHu) HanpsbkeHusi. Ecnn mukponpoueccop (MI1) obHapyxmBaeT pacxoxgeHue
Mexay nocrnegHnum W paHee MofydeHHbIM pesynbTatoMm, TO OH dopMUpyeT curHanbl Heuc-
NpaBHOCTN.

UcnpasHocmb O3Y NpoBepsilOT, 3anncbiBasi B SUYENKM 3apaHee N3BECTHbIE YMCIa U CpaBHMBAs pe-
3ynbTaTtbl, NONy4aemble Npun NocneayrLem CHATbIBAHUN.

Pabouyas npoepamma, xpannmas B N3Y, nepnognyeckn paccmatpusaetca Ml kak Habop YMCnoBbIX
kogos. MIT BbINOMNHAET UX dpopMaribHOE CyMMUPOBaHUE, a pesdynbTaT CpaBHUBAET C KOHTPOSbHOM
CYMMOW, XpaHUMOW B 3apaHee M3BECTHOWN syenke.

LleriocmHocmb 06MOMOK 8bIXOOHLIX ycmpolicme NpoBepsieTcs Npy KpaTKOBPEMEHHOW nojadve Ha
HUX HanpsKeHWUs1 U KOHTPOrie 06TEeKaHUSA NX TOKOM.

Mepuoguyeckmn BbinonHaeTca camomecmuposaHue MI, namepsitoTcs napameTpbl 61oka nuTaHns u
APYrnx BaXXHEMLINX y3roB ycTponcTea. Ha cnyyan Bbixoga m3 ctpos camoro M, ocyuwecTtensioLle-
ro CaMOKOHTPOSb, B LMAPOBbLIX YCTPOMUCTBAxX npeaycMmaTpmBaeTca crneunansHbli CTOPOXEBOW Tan-
mMep "watch dog". B3T1o0 HecnoxHbIRn, a, cnegoBaTeNibHO, OMEHb HAOEXHLIN y3en. B HopManbHOM pe-
*vme Ml nocbinaet B 3TOT y3en UMMyMbCbl C 3agdaHHbIM nepuogom cnegosaHud. C npuxogom
oyepenHoOro MMnNynbca CTOPOXEBOM TaNMep HauyMHaeT oTcyeT BpeMeHu. Ecnn 3a oTBeaeHHoe Bpe-
Ms oT MIT He npuaeT odyepenHoON UMMYNbC, KOTOPbIA cbpackiBaeT TakMep B UCXOAHOE COCTOSIHME,
TO Tanmep BO3LENCTBYET Ha Bxog Bo3Bpata MI1 B ncxogHoe coctosiHve. 3TO BbI3biBAET nepesa-
nyck ynpasnswowen nporpammbl. NMpyn HeucnpaesHocTu MI "saBucaet", yctonumeo copmupys 0
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unu 1. 310 OOHapyXMBaeT CTOPOXEBON Tanmep U opMupyeT curHan Tpesoru. [Npu Heobxoanmo-
CTK 6rioknpytoTca Hambornee OTBETCTBEHHbIE Y3Ilbl YCTPONCTBA 3aLUUTDI.

BeasycnosHo, TecTupoBaHne He moxeT obecneunTtb 100 % BbIBNEHUSA BHYTPEHHUX AeeKkToB usge-
nus. MybuHa TeCTUpPOBaHUA LENMKOM HaxoaMUTCsl B KOMNETeHUUn pa3paboTynka, Tak Kak TecTMpo-
BaHWe BbIMNOSMHAETCA C y4eTOM 0COBEHHOCTEN KOHKPETHOro yCTPOMCTBa U, B 00LeM criyyae, Heus-
BeCTHa nonb3oBaTtento. PeanbHO TecTMpoBaHMEM yaaeTca oxBaTuTb npumepHo 80—95 % Bcex
anemeHToB m3genusa. OgHako, pas3paboTymk, 3anHTEPECOBaAHHbLIN B OOCTUXKEHUN MaKCUManbHOro
COBEpLUEHCTBA CBOEro NPoAyKTa, CTPEMUTCA NPEANPUHATL BCE BO3MOXHOE AN AOCTUXEHUS 3TOrO.
HagexHocTb gyHKUMOHMpOoBaHMA noboro ycTponcTea criedyet paccMatpuBaTtb B ABYX acnekTax:
HaOEeXHOCTb CaMOro yCTPOMCTBA N HAEXHOCTb OYHKLUMOHMPOBAHUS BCEM CUCTEMBI, B COCTaB KOTO-
poi BXoOMT AaHHOE YCTPOWCTBO. HagekHOCTb annapaTHOM YacTu Kakoro-nmbo ycTponcTea B nep-
BYIO ouyepedb onpedensieTcs KONMMYEeCTBOM 3aTpayvyeHHbIX Ha €ro U3roTOBMEHWE KOMMIEKTYHOLWMX
n3genuim n ux kadectsom. [ins npumepa NpegnosioxkmMm, YTo ABa YyCTPOWUCTBA C OOAHUMU N TEMU XKe
YHKUMSAMN BbINOMHAKTCS, COOTBETCTBEHHO, Ha aHaNoroBom 1 LMPoOBOM NPUHLMNAX U3 KOMMMEeK-
TyloWwux (pPe3ncTopoB, KOHAEHCATOPOB, AMOLO0B U T. M.) ¢ 6GNM3KMMM NoKasaTensiMy NO HaAEXHOCTMW.
OueBngHo, 4YTO BoNee HageXHbIM OKaXeTCH YCTPOMCTBO, BbINOSIHEHHOE C UCMONb30BaHMEM MEHb-
LIero yucna 3femMeHTOB. Y aHanoroBbIX YyCTPOUCTB 06beM annapaTtHon vactu V pacTtet nponop-
LUMOHaNbHO C yBENMYEHMEM YnCna peanm3yemMblX YHKUUA 1 nx crioxxHoctn C, a y LMdpoBbIX yCT-
porcTB 06beM annapaTHOM YacTu OCTaeTCs NPaKTUYeCKN HEM3MEHHbIM NMpY Bapuauusax CROXHOCTH
anropuytMa B 4OCTaTOYHO LWMPOKMX Npeaenax.

C ppyroi CTOpOHbI, AN UMPOBLIX YCTPOMNCTB XapaKTEPEH HEMNPEPbLIBHLIA aBTOMATUYECKUN KOH-
TPONb annapaTHOM YacTu 1 nNporpammMHoro obecnevyeHns. CaMOKOHTPOSb CyLLECTBEHHO NOBbILAET
HagexHocTb P3 kak cuctembl, 6rnarogaps CBOEBpEMEHHOMY OMOBELLEHMIO NepcoHana o cry4vasix
OTKasa annapaTHOM YacTu. ITO NO3BONSET He3amMeaNnUTENbHO MPUHMMAaTh Mepbl MO BOCCTaAHOBME-
HUO paboTocnocobHocTn cuctembl P3. B aHanoroebix cuctemax P3, kak npaBuno, npegycmartpu-
BaeTCs N1Lb NEPUOANYECKUA TECTOBLIV KOHTPOSb paboTOoCNOoCOBHOCTM annapaTHoOn 4YacTu, npuyemM
C yyacTtueM 4yenoseka. Mpn nepnogmyeckoM KOHTPOMe BO3MOXHA SKCnnyaTauus HeMcnpaBHOW CUC-
Tembl P3 B TeyeHMe 4OCTaTOuHO ANUTENBbHOrO BpEMEHU — 00 MOMEHTa ovepeHON NnaHoBOW Npo-
Bepkn. Takum ob6pa3omM, MOXXHO roOBOpPUTL O Goriee BbICOKOM HageXHOCTU OyHKLMOHMPOBAHNA Lnd-
poBbIX ycTponcTe. CrnegoBaTernbHO, LUK UX TEXHUYECKOro obCcnyxmBaHUa MoxeT ObiTb TeopeTu-
yeckn yBenuyeH oo 10-12 net. OgHako, Noka OTCYTCTBYET HEOOXOAMMBIN NPaKTUYECKUIA OMbIT, NOA-
TBEpPXA4aLWMN 3TO nonoxeHue. NMo3aToMy B aHeprocucteMax CyLeCTBYeT MHEHWe, YTO LMK UX
TEXHNYECKOro 06CnyXMBaHUA criegyeT COXpaHWUTb Ha YPOBHE MUKPOSMEKTPOHHbLIX 3awuT - 6 nerT.
OpHako, yuntbiBas Hanuume aBTOMATUYECKOrO KOHTPOSS, 06beM NPOBEPKU MOXET ObiTb CyLlecT-
BEHHO yMeHbLUueH. Kpome Toro, crieqyeT umeTb B BUAY, YTO B COCTaB 3allMTbl BXOAAT TaKKe uenu
BTOPUYHON KOMMYTaLMKW, KOTOPbIE MPaKTUYECKN HE N3MEHWUMNCH N NO NpexHeMy TpebytoT nepuoam-
Yyeckon nposepku. HeobxooumMo yunTbiBaTb, YTO MPU Hanagke MUKPOMNPOLECCOPHOro yCTPOMCTBa
3alWnThl, N3-3a HEQOCTAaTOYHOIO 3HAHWA annapaTypbl, NepcoHanoM BMoOsiHE MOryT ObliTb BHECEHDI
ownbkn. MoaTtomy, cnegyeTt cCoXpaHuTb M NepBbi NPOUTAKTUYECKUA KOHTPOITb, MPU3BaHHbIN 06-
HaPYXXWUTb U YCTPaHUTb OLUMOKK, a Takke BbiiBUTb NPMPaboTOYHbIE OTKa3bI.

Cnepyet Takke npeactaBnaTb cebe, YTO ecnv YCTPOMCTBO B NPOLIECCE KOHTPONS BbISIBUNO HEMUC-
NpaBHOCTb, TO 3alLMTa BbIBOAUTCA aBToOMaTuyeckn, a obopygoBaHue octaHetcs 6e3 3awmthbl. Mo-
3TOMY, B CUfe OOSMKHblI OblTb OCTaBreHbl TpeboBaHUA O GRMKHEM N AanbHEM pe3epBUPOBaHUM.
T.e. Ha oTBeTCTBEHHOM 06OpyaoBaHMK crneayeT No3aboTUTbCA O pe3epBHON 3awuTe, 0COGEHHO B
cnyyasix, Korga ganbHee pesepBupoBaHme HeadEKTUBHO.

lMomexo3auwjuweHHocMb yugpoesbix ycmpolicme

Momexo3almeHHOCTb — 3TO CMOCOBHOCTL annapaTtypbl NpaBuUbHO PYHKLMOHMPOBATL B YCIIO-
BMSAX 9NEKTPOMArHUTHbLIX NOMEX.

Heobxoanmasi nomexo3awmieHHOCTb obecnevmBaeTcs TOMNbKO NPW KOMMMEKCHOM peLleHun psaa
BOMPOCOB, KaK-TO:

—obecneyeHne AOMKHOMo NPeBbILEHNS YPOBHEN MHPOPMALMOHHBLIX CUTHANOB Hag YPOBHEM MOMEX.
B aTton cBA3n B SHepreTvMke MCMNonb3ylTCA CUrHambl C HOMUHanNbHbIMKU ypoBHAMM 1 A n Gonee,
100 B un BbiWweE;

—npaBuSibHasa NpokKnagka AMHUA CBA3N 4aTymMKoB MHdopMaumn ¢ yctponcteamu P3, a npu Heobxo-
ONMOCTHM 3aLlLmTa NUHUIA CBA3WN OT AENCTBUSA MOMEX U NOoAaBreHUss CaMux NMOMeX;

—NpaBuUIbHOE KOHCTPYUpOBaHWe annapaTHOW YacTu ycTponctea P3.

Ecnu peweHne nocnegHero Bonpoca HaxoaAMTCA UCKNIOYUTENBHO B BeAeHUM pa3paboTymkoB anna-
paTypbl, TO BOMPOCHI 3aluUTbl KaHarnoB CBs3M OT NMOMEX AO0SMKHbI pellaTbCsl Ha CTagum NpoeKTMpo-
BaHWs 1 B X0Ae aKcrnyaTauumn cuctemsl 3awmtel. PaccmoTpum ycTponctso P3 ¢ aTnx nosnuuin.
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Puc. 3.18.BxogHon TpakT yctponcTtea P3A
lTpoHuKkHOBEHUe nomMex 8 ycmpolicmeo U JIUHUU c8sA3U
Kak npaBumno, BxogHasi 4acTb YCTPOWCTBA 3alUTbl BbIMOMHSAETCA MO CXEMe, MOoKa3aHHOW Ha puC.
3.18. Npu atom, pabounn curHan E; nepegaetcs no ABYXNPOBOAHOM SIMHUKM B BUAE Pa3HOCTU MO-
TeHumanoB nnu TokoM. OBbLIYHO BXOAHLIM BOCMIPUHUMAIOLIUM 3M1IEMEHTOM YCTPOMCTBA SIBMSETCS
NPOMEXYTOYHbIN TpaHcdopmaTop T. Kak yxxe oTmevanoch, TpaHcdopmaTop obecneumBaeT oaHO-
BPEMEHHO 1 Npeobpa3oBaHMe NOABOAUMBIX CUrHaNOB, U ranibBaHUYeCKoe pasdefieHne BHYTPEHHUX
N BHELLHUX Lenen.
Momexn MoryT HaBOAMTLCA Kak Mexay npoBodaMu JIMHUMM CBA3M (NnomMexmn AuddepeHumanbHOro
nnn nonepeyHoro Buaa Eg,), Tak n mexay nobbiM NpoBOAOM NMHMM U 3emnen (CMHdasHble Unu
NPOAONbHbIE NOMEXU En).
Kasanocb 6bl, cMHda3Hble Nnomexun E;. He onacHbl Ans anddepeHumnanbHbiX npueMHuko. OgHako,
3TO He coBceM Tak. [poHMKasi BHYTPb YCTPOWCTBA MO NapasnuTHbIM EMKOCTHbIM cBsA3AM C,, 3TK no-
MEXM 3aTeM MOTyT HaknagblBaTbCA Ha pabounii curHan, KOTOpbIN BHYTPW YCTPOWCTBA, Kak NpaBusio,
ABNSIeTCA CMHa3HbIM 1 NepeaaeTcs OTHOCUTENbHO ObLLEen WKHbBI HYNeBoro noTeHumana.
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Puc. 3.19. TTpOHUKHOBEHNE NOMEX NPU HENOCPEACTBEHHOW CBA3N Lenemn
[Mo3TOMy KOHCTPYKTOPbI annapaTypbl MPUMEHSAIOT Mepbl, YTOObI MakcumanbHO ocnabutb napasuT-
Hble (EMKOCTHbIE) CBA3WN MexXay NepBUYHON 0BMOTKON NPOMEXYyTOUHOro TpaHcdopmartopa T u ane-
MeHTaMn BHYTPEHHEN CXeMbl YCTPOMCTBA.
UTto kacaeTca anddepeHumanbHbix nomex E.,, To Hanbonee gencTBeHHbIM crnocobom gaBnsieTcs
MakcumasnbHOe orpaxgeHue NMHUIA CBS3M OT BO3OENCTBUS UCTOYHUKOB MOMEX, €Cn UCTOYHUK Mo-
MeXun HeycTpaHum. [1na aToro HeobXxoAMMO 3HaTb, Kak MOMEXM nonagatoT B JIMHUIO CBSA3N.
MpuHATO pasnuyaTb ranbBaHUYECKUA, SNEKTPOCTATUYECKUA U UHAYKTUBHBIA NYTU NPOHUKHOBEHUSA
nomMex U3 OHOWN ANEKTPUYECKON Lienu B ApYyrylo.
lanbeaHu4eckasi c8s3b — 3TO HEMOCPEACTBEHHAs CBA3b LEenu npuemMHuka nofnesHoro curHana c
Lenbio, rae pacnofioXeH UCTOYHUK MoMexu. Yale Bcero aToT NyTb BO3HWKAET U3-3a Hanuuus o6-
Lero NpoBogHUKa B paccmaTtpuBaembix Lensx. MNpuHATO cumTaTb, 4TO "3eMna" BO BCeX ToyKax
UMeeT NoTeHuuarn, paBHbIn Hymn. 3TO HeBEPHO. PaccmMoTpuM COBMECTHYIO paboTy CUbHOTOYHOWN
n cnaboTtoyHon uenen (puc. 3.19, a).
B naHHOM cnyyae cuctema 3as3eMreHust UCNonb3yeTcs B KavyecTBe OOHOro M3 NPOBOAHWMKOB Lenu
nepegayn MHopMaumm oT UCTOYHMKA curHana E. k yctponcTtsy Y71 u ganee K yctponctey Y2. Ogp-
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HOBPEMEHHO CUCTEMA 3a3eMIIEHUSI UCMONb30BaHa B KayecTBe 0O6paTHOro npoeoda CUNbHOTOYHOMN
uenu. Takasi cutyauusa Hambonee TUNUYHa AN BHYTPEHHMX CXEM pasfnMYHOM annapaTtypbl, Korga
LUMHa HYNeBOro NoTeHunana Og4HOBPEMEHHO UCMONb3YETCsl B SNIEKTPUYECKMX LieNnsiX, CyLEeCTBEHHO
pasnuyatoLmxca no mowHoctu. OgHako, nogobHas cutyaumst Bo3HukaeT B ntobow apyron cnabdo-
TOYHOW CUCTEME MpuW nepefave CUrHanoB OTHOCUTENbHO obuwiero npoBoga. VICTOYHMKM MOLLHBLIX
CUrHanoB co3faroT bonbLune ToKu, NpoTekatowue no 3emne. Hanpumep, 310 HabnogaeTcs npu 3a-
MbIKaHUSAX Ha 3eMII0 B CETAX C 3PAEKTMBHO 3a3€MMEHHON HEUTPArbO, NN NPU NPOBEAEHMMN SfEK-
TPOCBaApPOYHbIX paboT.
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Puc. 3.21 O6pa3soBaHne noMex Npu 3amMblKaHUN Ha 3EMIIIO.
OuyeBMaHO, YTO HaMNpsPKEHNEe NOMeXn, HaBoaumoe B cnaboToyHowm Lenu GyaeT paBHO:

— En : Z3
Z,+7Z;
CHWXEHMIO YPOBHSI Takoro poaa nomex 6naronpusiTCTBYeT TOMbKO YBENMYEHNE CEYEHUS LUMHbI 3a-
3emnexus. OgHako, 1 yBenuyeHne ceveHus obLlen LMHbI MOXeT oKa3aTbCs HeddeKTUBHbIM B
Crny4ae BbICOKOYACTOTHbIX MOMEX, KOrga HadvHaeT NposBNATbCS MHAYKTMBHBINM XapakTep conpo-
TUBNEHWs WnHbl. KapavHanbHoe peleHve npobnemMsl 3awmTbl OT NPOHUKHOBEHUSA NMOMEX MO 3emrie
— 9T0 3a3eMrieHne cnaboTouHbIX Lienew ToNbKo B 04HON Toudke (puc. 3.19, 6).
Anekmpocmamudyeckasi (eMKOCMHasi) ce8s3b SNEKTpPUYECKMX uenen. NMapasuTHas CBsA3b 3TOro
BMAa BO3HUKAET rnaBHbIM 06pa3oM B CXxemax C KOHTypamu, uMmerowmnmmn 6onbLioe conpoTuBrieHne,
Korga NPOBOAHMKM Takux Lenemn reHepupyoT 1 BOCNPUHMMAIOT anekTpudeckue nons. NMomexm mex-
Ay uensmMn Takoro poda elle HasbiBalT nepekpecTHbiMU. Hanbonee HebnaronpuAaTHbIM criydyaem
aBngaeTcs 6rmM3koe pacnonoXeHne NPOBOAHMKOB Pa3sHbIX Lenen Ha 3HaYUTENbHOM PacCTOSHUN.
HanpsixeHve nomexu U, Ha Bxope npuemHuka (puc. 3.20) onpegenseTca pasHOCTbio TokoB 1

n , TrAe Z3 — conpoTuBIIEHUE Lenu Yepes 3emrio.

nl>
In2 co3aaBaeMblX UCTOYHUKOM MOMeEXU En 3a c4eT nepeKkpecCTHbIX eMKOCTHbIX CBA3EN npoBoaoB

aTux AByX uenen. Nomexa Ha Bxoae npuemHuka (Ha R, ) bynet pasHa:
U=,-1,)R,.,=E,R, /[R, +k(1/AC)] (3.11)
roe k(1/AC ) — cnaraemoe, 3aBucsiLLiee OT pa3HoCcTM eMmkocTen nposogoe AC .
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Pa3HOCTb OTMEYeHHbIX TOKOB 00ycnoBneHa acMMMeTpren napasnTHbIX EMKOCTEN Mexay NpoBoa-
HWKaMn paccMmaTpuBaeMbIX Lenemn.

O hekTmBHbIE cnocobbl 60pbObI C MOMExaMn 3TOro poda — CKpyTka NPOBOAOB U NMPUMEHEHue
3NeKTpocTaTUYecknx akpaHoB. CKpyTKka CnOCOOCTBYET BbIpaBHMBAHUIO €MKOCTEN MexXay npoBoaa-
Mn, T. e. ctpemnennto AC K Hynto, a 3KpaHUPOBaHUE YMEHbLUAeT eMKOCTb CBSI3WN Kak TakoByto. OT-
ctofa cnefyeTt, YTO HexenaTernbHO MCMNoMb30BaTh A5 06pa3oBaHUA KaHana CBA3WN Xunbl U3 pas-
HbIX kKabenen.

UHAyKkmueHasi ces3b. DTOT TUN CBA3M XapaKTepeH AN Lenen ¢ manbiM conpoTusneHnemM. Yauie
BCEro MHAYKTUBHAA CBA3b NPOSIBNSETCA NPWU 3aMblkaHWM Ha 3eMito B TpexdasHbix ceTax. Mpu me-
xaydasHbix K3 BHellHee none TpexdasHoW NMHMM OTHOCUTENbHO Mano, Bcneacteue 6nm3koro
pacnonoXeHns NPoBOAOB U paBEHCTBA HYMO CyMMbl dda3HbiX TOKOB. [Mpn 3aMblikaHUM Ha 3eMIto
(puc. 3.21) obpasyeTcst KOHTYP NpOTeKaHWUs Toka 6onbLUNX reoMeTpuyecknx pasmepoB. B ceTax ¢
3(PPEKTMBHO 3a3€MIIEHHON HENTPAnbO B TakUX KOHTYpax NpoTeKalT odeHb 6onbLlune TOKM, HaBOAS
NMOMexu B pSAOM PacrofioXKeHHbIX ANEKTpruYeckmx Lensax. Kak n B criyyae eMKOCTHOWN CBA3W Lenen,
ypOBEHb HAaBOAUMOM NOMEXWN onpeaeniaeTcs pasHOCTb0 B3aMMOUHOYKLMM NMPOBOAOB ClaboToOYHOM
LUenu No OTHOLUEHMIO K CUSIbHOTOYHOMY KOHTYpy. Hambonbliunin ypoBeHb HaBOAUMOW MOMEXWU Ha-
6rogaeTcsa B KOHType € Manbim conpoTtuerieHnem. [ns 6opb6bbl C noMexamu, HaBOAMMbIMU 3a CYET
WHOYKTUBHOW CBS3M, MCMOSb3YIOT BCE MEPONPUATUS, paCCMOTPEHHbIE A8 Cry4as anekTpoctaTnye-
CKOW CBA3MN.

Kak BugHO, noMexu nonagatwT B JIMHUIO CBA3W pasHbIMK NyTAMWU. B peanbHOM cutyaumm nposiBns-
I0TCA OAHOBPEMEHHO BCE BUAbI Napa3nTHON CBA3MW.

ApgpekmueHoCcmMb 3KpaHUpoeaHusi kabeneli cesizu

OKkpaHupyioLlee aencTeme Metannmyeckon obonoykn kabens obbacHAeTCAa TeM, YTO B HEM HABO-
ASTCS TOKW, co3garowme nomne, KoTopoe KOMMEHCUpPYeT Bbi3blBatowee nx BHelwHee none. [na ad-
(PEKTMBHOIO 3KPaAHMPOBAHUSA TOMLLMHA CTEHOK 3KpaHa AoMmkHa 6bITb coMsmepmumMa ¢ ASIMHOW BOSHbI
3ANeKTpoOMarHUTHOro nong B BelwecTBe akpaHa. Hanpumep, Ha npombiwneHHon yactote f=50 Iy
MeOHbIN 3KpaH 3(PPEKTUBEH NULb MPU TOMLWMHE CTEHOK 6 CM, a XenesHblh — npu TOSLWUHE
4,5 mm; Ha YacTtoTte 500 kl'y Ana MegHOro aKkpaHa aTo coctaBuT okosio 0,6 MM, a Ans KenesHoro —
0,05 mm. HecmoTps Ha o4YeBUOHbIE AOCTOMHCTBA DEPPOMArHUTHBIX 3KPaHOB, Ha MpakTuKe npume-
HAIT 3KpaHbl M3 XOPOLLO NPOBOAALLMX MaTepuasrnoB, Tak Kak MarHUTHas npoHuLaemocTb deppo-
MarHUTHbIX BELLECTB CUITbHO 3aBUCUT OT HanpsXXeHHOCTU BHeLLHero nons. MNMpu HackiweHun deppo-
MarHMTHOIO 3KpaHa ero 3KpaHMpYyoLLME CBONCTBA PE3KO yXyaLlatTcs.

Kabenu c akpaHamun U3 HeMarHMTHOro matepuana Haméonee aEKTUBHbBI NPU 3aLLMTe OT ANEKTPO-
CTaTUYECKUX M BbICOKOYACTOTHbLIX 3MIEKTPOMArHUTHbIX nornen. [Ona 3awmTbl OT HU3KOYACTOTHbIX
9NEKTPOMarHUTHbIX nonen notpeboBanucb Obl TONCTOCTEHHblE )eppPOMarHUTHbIE 3KpaHbl, YTO
NPaKTUYECKN HEBLIMNOMHMMO NP NPOTSKEHHbLIX TpakTax nepegayvn. OT 3TUX MOMEn, Kak yxe oTMe-
Yanoch, 3aLMLLATCA CKPYTKOM Xnn kabens, 4To yMeHbLUaeT nnowanb KOHTypa, obpasyemoro xu-
namu, » BblpaBHMBAaET MepeKkpecTHble eMKOCTU M B3aMMOMHOYKTMBHOCTM NpoBoAoB. Ho, Tak kak
4acTo nomexamu SBMAKTCA rPO30Bble M KOMMYyTAUMOHHbIE NEpeHanpshkeHus, npeacraBnsaowme
cobon KpaTkoBpeMeHHble nMmnynbcbl U BY-konebaHmsa, TO NpMMEHeHNe HeEMarHMTHbIX 3KPaHOB OM-
paBAbIBAETCS, TaK KAk OCHOBHAs dHEprusi Takmx Nomex cocpeoToyeHa B BbICOKOYACTOTHOM obnac-
™.

O PeKTMBHOCTL OENCTBUS IKPAHOB CYLLECTBEHHO 3aBUCUT HE TOMbKO OT YaCTOTHOrO cnekrtpa no-
MEXN, HO N OT CXEMbl MX 3a3eMJIEHNA, PACMONIOXEHNS XN kabenst BHyTpU akpaHa. Ha puc. 3.22
NpeAcTaBrieHbl pasnuyHble BapuaHTbl COeQUHEHUS UCTOYHMKA curHana E; ¢ npyueMHuKom (Harpys-
Kon R,) v npuBeaeHbl koahpruneHTbl ocnabneHms nomexu. B kadectse NcxogHoro cryvyas BbibpaH
npocTenwmnin, korga kabenb coaepXuT OANH cUrHanbHbIA NpoBoa (puc. 3.22, a). CHMKeHNE ypOBHS
HaBOAOK B cxemax Ha puc. 3.22, 6 — 2 06ycnoBneHo ymeHbLLeHneM 3GEKTUBHOM NoLaAN KOHTY-
pa pabodero curHana. 1o aTon npuynHe B KayecTBe NPOBOAHWKOB M3MEPUTENBHOM Lenu cnegyet
NPUMEHATb XWUNbl, NPUHaANexawmne ogHOMY KOHTPOSbHOMY Kabento, U HU B KOEM Cryvyae He npu-
MEHSATb XWUIbl pasHbiX kabenen. Npu He3a3eMNeHHbIX UCTOYHUKE UK Harpy3ske (puc. 3.22, g, d) no-
nes3HbIN curHan pacnpocTpaHsieTca no obpaTHOMY MpoBoAY WNKU 3KpaHy kabens, YTO yMeHbllaeT
3beKTMBHYIO NNoLwazb KOHTypa U TEM CaMblM YPOBEHb NMOMEX.

Ecnu Tok akpaHa nckaxaet pabounii curHan, akpaH crieqyeT 3a3eMnsiTb B OAHOW TOYKE: Y UCTOYHM-
Ka ANnsg yMeHbLUEeHNs n3ny4yaeMblX MOMEX, NN Y Harpy3kun Ans CHMXKEHUS YPOBHS BOCNPUHMMAEMbIX
nomex. JKkpaHbl kabenen BbICOKOYACTOTHbLIX CUrHaNoOB 3a3eMIISHOT Y KOHLOB U HE MEHee 4YeM Yyepes
kaxable 0,2 A (A — AnvHa BOMHbI 9NEKTPOMarHUTHOIo NOMs) BAOMb UX AfUHbI.
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CnenyeT OTMETUTb, YTO NPOKMaaKa NMHUM CBS3N Aaxe He3KpaHMPOBAHHbLIM KOHTPOMbHbLIM kabenem
BONN3M XOPOLLO 3a3eMIIEHHOr0 MPOBOAHMKA (LUMHbI 3a3eMEeHUs, METanfIoKOHCTPYKUMA U T. M.)
CNOCOBCTBYET CHUXKEHNIO YPOBHSA HABOAUMbBIX MOMEX.

Ec Ec
Ry Ry
Koc=1:1 . Koc=(2422):1
— a) —_
N S
E. -
1 Koc=(1%4):1
TN E Ko™
E. mree” e e c
Koc>3500:1 t Koc
0) =
Puc. 3.22.3¢dheKkTUBHOCTb pasfnyHbIX 3KpaHOB
Puc. 3.23. Nogaya TecToBbIX BO3OENCTBUMN
Ha annapartypy
I]RSX E]RGX
En _ Xotenocb 6bl OTMETUTb, YTO B CUCTEMAX 3aLUu-
Rex Tbl Ha 6a3e aNeKTpoOMeXaHUYEeCKMX perne He Uc-
. Nnonb30BanuCb 3KpPaHUPOBaHHble kabenu. [Mo-
E. MeXxOo3alUMLLEeHHOCTb AocTuranacb 3a cyeT OT-
HOCUTENBbHO BbLICOKMX YPOBHEN WH(OPMaLNOH-
= a) - = 6) HbIX CUrHamnoB, ornpeaeneHHbIX NPaKTUKOW 3KC-
nnyatauun.

LindppoBble yCTponcTBa, €CN OHW He SIBNSIKOTCS KaKUMU-TO 0COB0 YyBCTBUTENbHLIMU, UM BbINOS-
HEHHbIMW Ha KaKUX-TO HETPaAMLMOHHbLIX MPUHUMNAX 3aluThbl, HE OOMKHbI NPeabsBnsATb 0COObIX
TpeboBaHMI K 3alUMTe NIMHUIA CBS3M OT BHELUHMX 3NEKTPOMArHUTHbIX nonen. OgHako B yCNOBUSIX
NOBbILUEHHOTO YPOBHS 3NEKTPOMArHUTHBIX MOMEX MPW NIMOXMUX KOHTypax 3a3eMIieHUsl NpUMeHeHne
3KpaHMpOBaHHbIX kabenen MoXeT ObITb OnpaBaaHo.

UcnbimaHusi annapamypbl Ha MoMexo3auuW,eHHocmb

BBuay TOro, 4To y4ecTb BCe napasuTHble CBA3M MeXAy pasnuyHbIMU LensmMu peasnbHOro yCTPOnCT-
Ba NPaKTUYeCKN HEBO3MOXHO, €ANHCTBEHHbIM KpUTEPMEM OOSMPKHOW NOMEXO3alUMLEeHHOCTH anna-
paTypbl MOryT ObITb TONbKO €e HaTypHble UCMbITaHus. Mpuyem, 3T UCNbITaHUA AOSMKHbI NPOBO-
ANTbCA N0 €ANHBIM HopMaM, YTOObI MOXHO BbINO conocTaensaTb 06opyaoBaHMe pasHbiX UpPM.

B yactn ucnbiTaHnn namepuTenbHbIX YCTPOMUCTB U 3aLMTHOrO 06opyaoBaHMS BO BCEM MUpe Mpu-
aepxuBatoTcs pekomeHgaumn MexagyHapogHonm JdnektpotexHunyeckon Komuceun (M3K). Pekomen-
Aauun M3K B OTHOLLEHUN NOMEXOYCTOMUYMBOCTU OTpaxeHbl B HopMax: MOK 255-22-1, MOK 255-22-
2, MOK 255-22-4. B kakon-To Mepe, NOMEX0yCTONYMBOCTb 060pYyAOBaHNSI NPOBEPSETCHA U NO HOp-
Mam MOK 255-5 "cnbiTaHusa OuaneKkTpuyYeckor NpoYHOCTU mnonauun”. PekoMeHgaumum u HOpMbl
MO3K nexaT B 0CHOBe B60MNbLUMHCTBA HaUWOHAarbHbIX CTaH4APTOB.

CnepyeTt oTMETUTb, YTO NOATBEPXKOEHUE 3asBNseMbIX pa3paboTymkamm TeX UMK NHbIX XapakTepuc-
TUK BblNyCKaeMoWn annapaTypbl 4al0T NULWb HEe3aBUCKMMble CEePTUMUKALMOHHbBIE LIEHTPbI, pacnona-
ralowme cooTBETCTBYHOLUM UCMbITaTenbHbIM 06opygoBaHmeM. Npu aToM, MHOrMe cepTUdUKaLmOoH-
Hbl€ LIeHTpbl CNeLnanunanpyoTca Ha UCNbITaHNUSIX TONBKO ONpeaeneHHoro smaa.

B cooTtBeTcTBUM C HOpMamu MOK, npu ncnbiTaHUsX TECTOBbIE BO3OENCTBUSA NPUKNaabLIBalOTCa Me-
Xay NodbIMN HE3ABUCUMbIMW BXOAAMU YCTponcTBa (puc. 3.23, a) n Mexay KaxkabiM BXOAOM U 3eM-
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nen (puc. 3.23, 6). Bce 3axumbl, NpyHagnexawue oAHOMY BXOAY, MPM 3TOM 3aKopa4vMBalOTCS.
B Hopmax M3K nogpobHo oroBapmBatoTca napameTpbl ICTOYHMKOB CUrHaNoB U MeToamka ucnblta-
HUsi. Huke Mbl paccMOTpUM nUWb Havbonee BaXHble MOMEHTbI B 4acTu NPOBEPKU Mome-
X03aLMLLEHHOCTM YCTPOMNCTB.

UcnbiTaHMe Ha BbicOKovacToTHbIe nomexu (MIK 255-22-1). PekomeHgyemoe TeCTOBOE BO3aen-
CTBME UMUTMPYET NOMEXM KOMMYTALIMOHHOIO NpoucxoxaeHus. MNMaykm 3aTyxalowmx BbICOKOYACTOT-
HbIX KonebaHui BO3HUKAOT MpU BKIKOYEHUN UK OTKIOYEHUN JIMHUIA B 3NEKTPUYECKMX CETAX U NpuU
ofgHoasHbIX 3aMblkaHuaX. Yactota konebaHui, reHepypyembiX CEeTblo, MOXET M3MEHATbCS OT
euHULY repl A0 AEeCHATKOB M COTeH rurarepu. Bce 3aBUCUT OT COOTHOLLIEHUS pacnpefeneHHbIX UH-
AYKTMBHOCTEN M €MKOCTEN CEeTU B KaXKOOM KOHKpPETHOM criyvae. B kayecTBe vcnbiTaTenbHOro BO3-
AEeNCTBUSA NPUHATLI Hanbornee peanbHble KorebdaHus.

UcnbiTaHne Ha anekTpocTaTtuyeckun paspsg (MIK 255-22-2). [py 3TOM MCObITAHUM BHELUHUN
3NEKTPUYECKMI 3apsa NEPEHOCUTCS Ha YCTPOMUCTBO MO0 Yepe3 BO3AYLUHbIA MPOMEXYTOK (MCXOA-
HbI noTeHuman 8 kB), nmbo yepes KOHTAKT (MCXOA4HbIVM NoTeHuman 6 kB).

UcnbimaHusi kpamkoepeMmeHHbIMU uMmnyrnbcamu (MIK 255-22-4)

OTOT BMA TECTMPYIOLLEro BO3AENCTBUS TakkKe BblOpaH M3 nNpakTuyeckux coobpaxeHun. imnynbchl,
HaBOOATCA B XXMIax KOHTPOSbHbLIX kabenen nog Bo3gencTBMEM rPO30BbIX Pa3psaaoB. [Ansa rpo3oBbIxX
NMMNYNbCOB XapakTepeH KPyTON OPOHT M OTHOCUMTENBHO MeafieHHbIn cnag. OgHako TecToBble UM-
nynbCbl UMEIOT Cpe3 U Ha cnage, YTo UMUTUPYeT paboTy MCKPOBbLIX PaspsaHUKOB, yCTaHaBnnBae-
MbIX Ha NMHKUAX Anst 60pbObl C rPo30BbIMKU NepeHanpsixeHmamu. OBbIYHO NO4AacTCsA NO TPU UMMYb-
ca pasHOM NOoSIAPHOCTUN C NHTepBanom 5 c.

UcnbiTaHna auanekTpuyeckon npoyHocTy nsonaumm (MIK 255-5). NMpn ncnbitaHnm ncnonbay-
eTcsa HanpshkeHne 2 KB npombILLNeHHOM YacToThl, NogaBaeMoe Ha obopyaoBaHve B Te4eHne 1 MuH.
OTO ucnbiTaHne hakTnyeckn aaeTt rapaHTMio 6e3onacHOCTM 06CnyXMBaHUSA YCTPOWUCTBA, a He Npo-
BEpSieT ero NOMexoCcTOMKOCTb. Ha npakTnke nogobHbIM BO3OENCTBMSIM annapaTtypa nogsepraeTcs B
crnyvyae ee HenpaBWibHOMO MOAKIYEHUS, NepeHoca NoTEHUManoB U3 CMeXHbIX uenen u T. 4. Ta-
KMM 0Opa3oM, 3TOT TECT B KAKOM-TO Mepe XapakTepuayeT U NOMEXOCTONKOCTb annapaTypbl.
Ucnonb3ogaHue yuppoenix ycmpolicme 8 kayecmeae asiemeHmos ACY TI1

Lindposkie ycTporictBa P3 cerogHs CTaHOBATCS 4acTbl0 aBTOMATU3NMPOBAHHbLIX CUCTEM yrnpaere-
HWUs TexHonornyeckum npoueccom (ACY TN).

MaBHbIMK pyHKunamn ACY Tl aBnaoTcs oTobpaxeHne TeXHONormdeckoro npowecca (Ha MHEMO-
cxemax, B cpecTBax curHanmsaumm ob aBapuimHbIX CMTyaumsax 1 T. n.), BegeHue ot4eToB n obecne-
YeHue CBs3M onepartopa c ynpasnaembiM um npoueccoMm. ACY Tl aBnsoTcs cuctemamm pearnbHO-
ro BpemeHu. B HacTosiee BpemMs OHM CTPOATCA HA OCHOBE NEepCOHarnbHbIX KOMMbIOTEPOB U che-
LUManun3npoBaHHbIX YCTPOWUCTB, C MOMOLLbIO KOTOPbIX obecneynBaeTcsi CBA3b C AaTymMKamu UHop-
mMauun, obpaboTka nonyyaemon MHopmauun 1 npeacrasneHve ee B yaobHoM Buae ansa gucnet-
4YepcKoro ynpasneHus.

,82:,%6’-’06 [Nomouwp CEBEPHAS Cobbimusi Tpesoza
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Puc. 3.24.BbiBOog MHdOpMaUnmn Ha gucnnen
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C nosunuun ACY TIM uudppoBble ycTporcTBa P3 sSBNSOTCA OKOHEYHBbIMUY YCTPONCTBaAMU, T. €. TEPMU-
Hanamu. NMoaTtomy, nHoraa undposbie ycTponcTea P3 HasbiBaOT peneiHbiM1 TEpMUHANamu.
MporpammHoe obecneveHne ans ACY Tl HenpepbiBHO coBeplleHcTByeTcs. Paboume nporpamMmmbl
ACY T co3patoTcst n3 rotoBbix GUBNNOTEYHBIX PYHKLUMIA C UCNONBb30BaHMEM MPOCTbIX A3bIKOB NPO-
rpammunpoBaHus. Hanpumep, cosgaHne padoyero okHa Ha akpaHe MNM3BM (puc. 3.24) Bknioyaet He-
CKONbKO 3Tanos:

— CO3[aHune CcTaTM4eckoro nsobpaxxeHus paboyero okHa;

— hopmMmmpoBaHmne AMHaMMyecknx o6 beKToB paboyero okHa;

— 0bpaboTky nHhopmauun: opMMpoBaHMe OT4ETOB, NOCTPOEHME TPEHOOB U T. 4.

TpeHa — aTo rpadmyeckoe oTobpaxkeHne n3MeHeHUss napameTpa npouecca BO BPEMEHWN.
PaccmoTtpum aToT npouecc nogpobHee.

Cratnyeckoe nsobpaxeHne pabodero okHa BkrtovaeT PoH (MHeMocxeMy OObekTa), HEM3MEHHbIE
Hagnucy u T. N. [Ina co3gaHusa cTtatuyeckoro n3obpaxeHus, Kak npaBumo, UCMosb3yoTCA BHELLHNE
rpacpmnyeckme pegaktopbl, Hanpumep Paint Brush, a rotoBoe usobpaxeHue 3atem nepenaercs B
o6LWNn NporpaMMHbIN NakeT.

AvHamnyeckne o6bekTbl CO34aTCHA MPU NOMOLLM Cneunann3vpoBaHHOro rpaduyeckoro peaakTo-
pa, Takke NOCTPOEHHOro Ha OCHOBE UCMOJSIb30BaHMA BUBNMOTEYHOro NpuHumMna. BHewHnn Bug ou-
HaMN4YeCKMX OOBEKTOB MOXET M3MEHATbCS B 3aBUCUMMOCTM OT (PakTUYeCcKoro CocTosiHus oTobpa-
Xaemoro obbekTa. Hanpumep, B none Bbikno4vaTens dopmMmpyeTtcs nsobpaxeHne nmbo 3amKHyTO-
ro, Mo pasoOMKHYTOro KoHTakTa. [InHammyecknm obbekTam npucsavBaloTCA forMyeckne umeHa,
NOA KOTOPbIMW OHWU (PUrypupyKOT B anroputme ynpasneHusi. pu ncnonb3oBaHWM TUMOBbLIX MNpPO-
rpaMMHbIX MakeToB, NPOoeKTMpoBLWKNK ACY nyTem oTBeTOB Ha Bonpockl NM3BM ocyuwecTBnsieT npu-
BA3KY NOMMYECKUX UMEH OMHAMUYECKMX OOBEKTOB K KOHKPETHbIM MEepPBUYHBLIM YCTPOMCTBaAM BBOAA-
BbIBOAA MHGOpPMaLMn (YCTPONCTBO, TepMUHAN 1 T. n.).

Ana onucaHna anropuTMOB ynpaBfeHUs NPUMEHATCS NMBOo cneunanuanpoBaHHble A3bIKM C UC-
nonb3oBaHMEM OMbnunoTekn normyeckux dyHkumn (tnna U, N mn 1. g.), nnbo npocTbie A3blkK Bbi-
COKOro ypoBHSl, Hanpumep, BASIC.

O6bIvHO BrMbnunoTekn nporpammHoro obecnevennsa gna ACY Tl cogepxaT TUNUYHBIA HABOP dyHK-
M1 ans peanuaauuu:

— OpraHoB ynpasreHus (BblkrnovaTenemn, pasbegmHuTenem n T. n.);

— 9KpaHHbIX 3rIeMeHTOB ANs oTobpakeHus napameTpoB npouecca (B Buae LmMppoBbIX UK aHano-
roBble MHAMKATOPOB N Tabno);

— BO3MOXHOCTM CO3[aHUA U BEAEHUS apXMBOB COOLITUI U aBapui, a Takke OTCNEXMBaHWUS napa-
MeTPOB npoLecca ¢ BbIGOPKOW 3Ha4YeHUI Yepes 3agaHHble NPOMEXYTKA BPEMEHN;

— npeAcTaBneHus nHgopmMaumm B yaobHoM Ansa onepartopa Buae, Hanpumep, rmctorpammamMmm unu
BPEMEHHbIMU rpadoukamu;

— CpefcTB 3aWuTbl OT HECAHKLUMOHWPOBAHHOMO A0CTyrNa B CUCTEMY C WCMONb3OBaHMEM nNapo-
nemwnT.n.

BOMbLWMHCTBO MUKPONPOLECCOPHbIX YCTPONCTB OCHaLLeHbl nHTepdericom RS485 ons opraHunsauum
ANCTaHLMOHHOM CBA3N (MOOKMIOYEHUS K KOMMNBIOTEPHOW CEeTU yaaneHHon nepegayun nHgopmauun).
[nsa NoAKnoYeHns K CeTM MUKPONPOLIECCOPHbIE YCTPONCTBA 06 beAMHAOTCA C MOMOLLbI 3KpaHMpPO-
BaHHOW BMTOM Mapbl UM OMTOBOJSIOKOHHOrO Kabens B rpynnbl 40 32-X U NOACOEANHATCSA K NOpPTY
KoMnbtoTepa paboyen cTaHUMM Unu LWn3a Yepes YyCTPOMCTBO KOHBEpPTOpa npoTokona. [anee Bce
MUWKpPOMNPOLECCOPHbIE YCTPONCTBA NPeanpuaTus MoryT ObiTb 06beanHeHbI B rnobanbHy BblYUCTIU-
TerNbHY0 CeTb C NepeBOAOM TPaAMLUMOHHbBIX (PYHKUMIA TeneMexaHuku Ha A3blK BblYUCIIUTENBHON
TEXHUKW. Takum 06pa3om, BCe M3MEPEHHbIE 3HAYEHNS U 3aPUKCUPOBAHHBIE CUrHasIbl, MOTYT ObiTb
HanpasneHbl Ha COOTBETCTBYHOLLUIN YPOBEHb YNpPaBreHus, BbldaHbl HA MOHUTOP OnepaTUBHOIO nep-
coHana ans otobpaxeHus, UM COXpaHeHbl B apXmMBe — HA MarHUTHOM HocuTerne (C COPTUPOBKON
unu 6e3). [McTaHUMOHHOE ynpaBneHne KOMMYTauVOHHbIMU annapatamn (BKMOYEHME U OTKMYe-
HMe) ocyLLeCTBNAETCA onepaTUBHLIM NepPCcoOHanoM Takke no BblYUCIUTENBHOW CeTU, NyTem ynpas-
neHusa cpabaTbiBaHMEM COOTBETCTBYHOLUX BbIXOOHbBIX perie MUKPONPOLECCOPHbIX YCTPOMCTB. Tak-
e OUCTaHUMOHHO nepcoHanoM cnyxbbl P3A MoxeT 6biTb NponsBegeHO M3MEHEeHWe YCTaBoK 3a-
LUMT, U NEepEeKNtoYeHne ¢ OAHOM UX rpynnbl Ha Apyryto. Jlloboe gucTaHUMoOHHOE ynpaBneHue 3alm-
LaeTcs naporieM CoOOTBETCTBYIOLLIEro YPOBHS AOCTynNa.

Taknm obpasom, LMdpoBbIE YCTPOMCTBA NO3BOMSAOT CO34aBaTb fOKamnbHble (HA 0gHOM OObekTe)
nnun rnobanbHble (Ha NpeanpuUATMM) aBTOMaTU3MPOBAHHbIE CUCTEMbI YNPAaBEHUS 3NEKTPUYECKMU
ceTamu.
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TexHu4eckoe obcnyxusaHue yugpoebix ycmpolcme

Bugbl TexHnyeckoro obcnyxmeanusa yctponcts P3A, nporpaMmmbl U NEPUOANYHOCTb UX NPOBEAEHUS
pernaMmeHTMpyTCa npaBunamMm TEXHNUYECKOro 06CnyXnBaHust yCTPOMNCTB penenHon 3alumThbl U aB-
TomaTukn. OgHaKko UMdpPOoBbIE YCTPOMUCTBA 3alnThl bonee MHAPOPMATUBHBI U CYLLLECTBEHHO OTNU-
4alTCHA MO KOHCTPYKTUBHOMY MCMOSTHEHUIO OT MX aHanoroBbIX NpealecTBeHHUKOB. [MoaToMy, nx
TexHnyeckoe obcnyxunBaHme nmeeT cBon ocobeHHOoCTU. TpeboBaHMsA K TeXHUYECKOMY obcnyKusa-
HUIO KOHKpeTHoro yctpomnctea P3A (06bembl, NepMognMyHOCTL MU METOAblI 0OCNyXMBaHMA) onpege-
NATCA ero M3rotoButTenem u Brrtovatoted B T3, TY n MHCTpYKUMM No akcnnyaTauuun. Kak npasuno,
nogroToBka LmdpoBoro yctponctea P3A k paboTte npegycmaTpuBaeT BHELIHUA OCMOTP, NPOBEPKY
COMPOTMBIIEHMS M30MNSLMN, BbICTaBEHNE N MPOBEPKY YCTABOK, TECTOBYH MPOBEPKY B COOTBETCTBUM
c TO. Npn Hanagke Npon3BOANTCSA paHXUPOBaHWE YCTPONCTBA, T.e. CO3A4aHNe BHYTPEHHEN CXEMbI:
HasHadeHne BXOAO0B, BbIXOAHbIX perne, CBETOAMOAOB, BBOA UMW BbIBOA OTAENbHbLIX CTYNEeHen 3aLum-
Tbl. TpaguumoHHbIn cnocob nposepkn yctponctea P3A nytem nogadnm BHELLHMX CUrHAmNOB OT YCT-
POMCTBa MPOBEPKM C KOHTPOSIEM OCHOBHbIX MapameTpoB (nopora cpabaTbiBaHWUs, KoadduumeHTa
BO3BpaTa, BpeMeHu cpabaTbiBaHUSA M T. 4.) MUKPOMPOLECCOPHbIX YCTPONCTB TaKkKe ynpowiaeTcs.
Bo-nepBbix, Manoe notpebrieHnMe No uenamM ToKa U HanpsbkeHUsl NO3BONsieT aBTOMaTU3MPOBaATb
npoLecc NpoBEPKM, MCMONb3ys aBTOMAaTU3NPOBaHHbIE YCTPOMCTBA. OTO 0O6OpyaoBaHME CBOAMUT K
MUHUMYMY y4YacTue YenoBeka B NPOBEAEHUN NPOBEPKN U 0POPMIIEHUN OTHETHOCTU. K TOMY Xe co-
XpaHeHne pesynbTaTtoB NPOBEpPKM B BMAe (hannoB MO3BOMSET ferko ConocTaBNATb pesynbTaThl
NpoBepPOK, NPOBEAEHHbIX B pa3Hoe Bpems. Cnegyet oTMETUTb N TO 0B6CTOATENLCTBO, UYTO YCTaBKM
UMdPOBbLIX YCTPONCTB fIerko MOryT ObITb Nony4YeHbl Yepe3 3BM n, npu HeobxoammocTu, ocdopmrie-
Hbl B BUAe AOKyMeHTa. B To e Bpems cnegyeT nmeTb B BUAY, YTO YCTPOMCTBO MOXeET ObITb NpoBe-
PEHO NOSTHOCTBH C MOMOLLLH OBbIYHBIX MPOBEPOYHBIX YCTPONCTB. KOHEYHO, B AaHHOM CriyYae peyu
06 aBTOMaTtM3auum NpPoBEPKN N OPOPMIEHUA pe3ynbTaToB MATU He MoXeT. Mpn obcnyxueaHum
MUKpPOMNPOLECCOPHbIX YCTPpOMUCTB P3A npakTuyeckn HeoTbeMIieMblM aTpubyTomM CTaHOBUTCH nepe-
HOCHOWM KOoMMblOTep, (HOyTOYK). OH 3HauMTenbHO obnerdyaet paboTy C MUKPOMPOLLECCOPHbIMMK YCT-
poNCTBaMU: paHXnpoBaHue, USMEHEHNE yCTaBokK, CbeM MHopmauuuio. CriegyeT UMeTb BBUAY, YTO
B HacTosillee BpeMsi CTOMMOCTb HOYTOYKOB, NpUrogHbiX ans padotsl ¢ pene coctaensieT 600-800
y.e, TO eCTb MeHbLLEe, YeM CTOUT Camoe AeLLeBOe MUKPOMNPOLIECCOPHOE YCTPOMUCTBO 3aLLmThI.
MwukponpoLeccopHble YCTPOMUCTBa coaepXaT BCTpaMBaeMble CUCTEMbI CAMOLMArHOCTUKM U KOHTPO-
nd, KoTopble, Kak NpaBumno, BbIBOAAT Ha AUCHNEN KOO HEUCMPABHOCTU, YTO ynpoLlaeT NoOUCK noepe-
XOeHHoro y3na. OgHako, gaxe camble COBepLUEHHbIE NPUHUUNBI He mMoryT obecneunTtb 100%-Hbin
CaMOKOHTpOnb. [oaToMy, MUKPOMpPOLLECCOPHbIE YCTPOMCTBA Takke OOMKHbI NogBepraTbCa TeXHU-
YeckoMy 06CnyXMBaHUIO C y4acTUEM nepcoHana.

brnarogapsi BbicOko MHGOPMATUBHOCTU LUdpPoBbIX ycTponcTe P3A, ux HencnpaBHOCTb U Heuc-
NPaBHOCTU B LENAX M3MepuTeNbHbIX TpaHCOpMaTopoB, NPMBOAOB BbiKMAYaTenen MoxeTt 6biTb
obHapyxeHa KOCBeHHbIMW cnocobamu. Tak, NpakTU4Yeckn BCe LUGPOBbIE YCTPOMCTBA MOMYT npe-
AOCTaBUTb MHGOPMALMIO O KOHTPONMPYEMbIX BENMYMHAX, BXOAHbBIX U BbIXOAHbIX CUrHanax ynpas-
neHus. AHanuanpysa 9TW AaHHble, MOXHO CBOEBPEMEHHO OBHapyXnTb 06pPbIBbI BO BXOAHbLIX U Bbl-
X0AHbIX Lensax. Mo uHpopmaumm, 3anoMmHaeMon B aBapUMHbIX pexmMax (YMCNeHHble 3HayYeHus
TOoKOB K3, BpemMs 3anycka Tex Unm MHbiX U3MepUTESNbHbLIX OPraHoB 1 T. A.), MOXHO yb6eauTbcs B npa-
BMMbHOM COrflacoBaHWM YCTaBOK, Kak JaHHOro yctponctea P3A, Tak 1 3alimMT CMEXHbIX y4aCTKOB.
Ewe Gonbline BO3MOXHOCTM Ans NOogOOHOro aHanmsa OTKPbIBAKTCS MPU BKIHYEHUN YCTPOWUCTB
P3A B ACY TI1, korga Bca Heobxogmmas MHopmMaumst MOXeT ObITb NoNyYyeHa onepaTUBHO M3 pas-
HbIX MCTOYHUKOB.

Mpn pabote ¢ MMKpPONPOLECCOPHbIMK yCcTponcTBamu P3 crnegyeT npuHMMmaTb BCE MeEPbl, UCKIHO-
YalLlne NOBPEXOEHNS ANEKTPOHHBIX KOMMOHEHTOB CTaTUYECKUM 3NeKTpnyecTBoMm. [pn peMoHTe
annapaTypa AOfkKHa pacnonaraTbCs Ha 3a3eMneHHOM ToKonpoBoasLeM ctone. Teno paboTatoLle-
ro AOMKHO UMeTb MnoTeHuuan crona, 4to obbl4HO obecneymBaeTCs C MOMOLLBIO 3a3€MIEHHOro
Konbua vnun bpacneta. Takne mepbl 3awmTbl 0OYCrNoOBMAEHbl TEM, YTO 3MNEKTPUYEeCKMi 3apsag, Ha-
XOOAWMNCA Ha Tene 4enoBeka, cnocobeH paspyllaTb NONynpPOBOAHMKOBLIE CTPYKTYpbl. [puyem,
CTaTU4ecKoe 3NEKTPUYECTBO MOXET M He Bbi3BaTb BbIXOA M3Aenusi U3 CTPOS cpasy Xe, HO npea-
pacrnonoXwT 31O usgenue K otkady B Oyayuwlem. Bbicokas NnoTHOCTb MOHTaxa, MCMoSib30BaHWe
MHOTOCIIONHbIX NeYaTHbIX NfaT, OTCYTCTBUE NPUHLUMNNANBHBIX CXEM M NOMHOM MHAOPMaLUnM no an-
roputMaMm (YHKUMOHMPOBAHMSA Y3NOB AenalT unudpoBble YCTPOMCTBA 3alUUTbl PEMOHTHO-
NPUrogHbIMKU TOMBKO A0 YPOBHSA OTAENbHbIX KOHCTPYKTUBHBLIX MOAYNEN.

U elie oanH BaxHbI MOMEHT B 0O6CMY>XMBAHUN MUKPOMNPOLECCOPHbIX YCTPOWCTB: HA B KOEM CIy-
Yae He cnepyeT pacCTbIKOBbLIBaTb U COCTHLIKOBLIBAThL pa3beMHble coeAMHeHUus1 6I0KOB YCT-
poucTBa, Korga OHO HaxoauTCA NoA HanpsikeHMeM. OTo obycrnoBnNMBaeTCS He CTOSbKO COO06-
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paXeHMAMM TEXHUKN 6e30MacHOCTU (YPOBHWN HaNPSPKEHUA B MUKPOMPOLECCOPHbIX YCTPOMUCTBAX, Kak
npaBumo, He npesbiwatoT 36 B), a BeCbma BbICOKOW BEPOATHOCTBIO BbIXOA4A MHTErpanbHbIX MUKPO-
cxXeM npu HecobnoaeHnn ovepegHOCTU NOoAKNIYEeHNss BHeWHNX uenen. Obuiee npaBuno cnegyto-
liee: Ha MUKPOCXeMY OOSMKHO ObiTb MOAAHO CHavyana HanpsbkeHue NUTaHus, U TOMbKO 3aTeMm -
BXOAHblE CuUrHasnbl. B MOMEHT pacCTbIKOBKM U CTLIKOBKM pa3beMOB 3TO YCIOBME YaCTO He BbIMOSHS-
€TCH, YTO U NPUBOANT K NOBPEXAEHNSIM 060pYyaOBaHMS.
3.4. NPUMEPbI YCTPOUCTB P3A HA MUKPOIMPOLIECCOPAX

Hwxe, B kauecTBe Npumepa, npmBeneHo obycTponcTeo noactaHuum 35-110 kB mukponpoueccop-
HbIMW YCTPONCTBaMM 3aLmThbl U aBToMaTtuku cepum PCB8xx npomssoacTtea «Cuctem P3A» koTopble
3aMeHstoT ycTponctBa cepum Y3A n Y3A-10.

MNMpumep oGopynosaHWA TMMNOBOW ABYXTPAHCOPMATOPHOM NOACTaHLMM MMUKPOTMPOLIECCOPHBIMM YCTpoicTBaMK cepun PC8X
35-110 kB 35-110 kB

[ e

T

PCE3-B4 [APH|

)

YPOB

Yerpohca
e R—
FITH cnnasars tRanci=pmaraps

OGHOBHbiE: JALUATI T-pid

[ [Crere e

festiion Ao MU Byl [] Q4
ABP CB : 4;;
10 kB I Il cekuma
nauwic. nsw i c.
T ¥YPOB YPOB T
PCE3-A2 EI_ []Q?
S ommm Q6 S
R S L .
et : 'F";';
FRLATH W EETOMITMRHN 119 TRy PC83-A2 - -
= 2 o ey g
b ) nawie |5 MENEM ii nswic e slsiodion s
YPOB o vPOB.
Mumpsraaupccsanon perpaaces | T e
A e § 35 4B
t o} t =1
I
[ rep——— (2] W rzasystems
NuHus K anexkTponsuraTento ABP CasToRcaspaTCH. Nunws € PO/ T ] I

«P3A CUCTEM3s © 2009

YCTpOCTBa BhINOMHAKT BCe Heobxoaumble cornacHo MY dyHkuumn P3A, a Takke mMoryT 6biTb BKITHOYEHBI B
ceTb Yepes uHtepdenc RS485 no npotokony Modbus, a Takke umetoT nopt USB ansa mectHoOM cBS3M C yCT-
POMCTBOM. YCTPOWCTBa UMeEIT Bomblue CTyNeHewn 3alnThl, a Takke OCHALLEHbl BCTPOEHHbIM PerncTpaTopom
n ocumnnorpagom.

26



	МИКРОПРОЦЕССОРНЫЕ УСТРОЙСТВА РЕЛЕЙНОЙ ЗАЩИТЫ, АВТОМАТИКИ, ДИ
	ОСНОВНЫЕ ХАРАКТЕРИСТИКИ МИКРОПРОЦЕССОРНЫХ УСТРОЙСТВ
	КРАТКОЕ ОПИСАНИЕ АППАРАТНОЙ ЧАСТИ
	Структурная схема

	3.3. ОСОБЕННОСТИ ЭКСПЛУАТАЦИИ МИКРОПРОЦЕССОРНЫХ ЗАЩИТ И АВТО
	3.4. ПРИМЕРЫ УСТРОЙСТВ РЗА НА МИКРОПРОЦЕССОРАХ


