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1. AHdbopMaLUOHHO-N3MepUTeNbHbIe CUCTEMDI
aBTOMaTU3UpPOBaHHOro obopyaoBaHUA

1.1. O6wan knaccudpukauma nHhopmMaLuMOHHO-
nsmepuTenbHbix cuctem (MUC).

N3meputenbHas  unHdopmaumoHHaa cuctema  (MNC) (TOCT 8.437-81)
npeacTtaBnseT cobon COBOKYNHOCTb (PYHKLUMOHANbHO 06beANHEHHbIX N3MEPUTENBbHbIX,
BblYMCNIUTENbHBIX U BCMNOMOraTenbHbIX TEXHUYECKMX CPeacTB Ansg  NonyvYeHus
nameputenbHon uHdopmauuu, ee npeodbpasoBaHusi, 0OpaboTkKm C  Uenblo
npeacraeneHns B Tpebyemom Buae, nMbBO OCYLLECTBMAEHUS JTOMMYECKUX (OYHKLMN
KOHTPOMS, AMarHOCTUKN, naeHTUMKaLnn.

B 3aBuMcumoCTM OT peanuayemblX QYHKUUA M3MEePUTESbHO-MH(OPMAaLNOHHbIE
cuctembl (MNC) BbinonHawTCA B Buae wusMmeputernbHblx cuctem (MC), cuctem
aBTomaTtmyeckoro koHTponsa (CAK), cuctem TexHuyeckon pguarHoctmkm (CTL),
pacno3HaBaHusa (naeHTudpukaumm) obpasos (CPO). B tpu nocnegHux NC BxoauT Kak
cocTaBHas YacTb. NHdbopmaums, xapaktepusyowas obbekT n3mepeHus,
BocnpuHumaetcs WUNC, obpabaTtbiBaeTca no HEKOTOPOMY anropuTMmy, B pesynbraTe
Yyero Ha ee BbIXoAde MonyyaeTcs WHMOpMaUMs, OTpaxarLlaa COCTOSHME OaHHOro
obbekta. WWNC, Bxogswas B cocTaB Oonee CrNOXHbIX CUCTEM  (BbIYUCIIUTENBbHbLIX
KOMMJIEKCOB, CUCTEM YNpaBreHusl), MOXeT OblTb MCTOYHMKOM WHopMauun Ang aTux
cucTeM C Uenblo ynpaBrneHuss obbektom. B dyHkuum HenocpenctseHHo WNC He
BXOAUT WCNONb30OBaHWe WHOpMaUMM Ans  ynpaefeHusl, a TONbKO Mony4YyeHue u
obpaboTka aTon nHhopmaumu.

Mo xapakTtepy B3ammogenctBusi ¢ obbektom WNC penatca Ha akTUBHbIE U
naccuBHble. lMaccmBHble AC nuwb BOCMpuHMMAOT MHoOpMmauuio oT obObekTa, a
aKTUBHblE OENCTBYHOT Ha OOBLEKT Yyepe3 YCTPOMUCTBO BHELLUHUX BO3L4EUCTBUN CUCTEM
ynpasrneHus (CVY).

1.2 OOWwKMe NOHATUA M onpeneneHus.

NHdopmauma - 9TO COBOKYMHOCTb  CBEAEHUW, YMEHbLUAaoLWnX HavarbHY0
HeonpeaeneHHOCTb 3HaHNKM 06 obbekTe (npouecce).

MHdopmaumio O KOJNIMYECTBEHHbLIX XapaKTepucTuKax CBOMCTB OObekta wunu
npouecca nony4atT NyTeM U3MEPEHUIA, TaKUM 00pasoM, Npu M3ydeHUn oObekTa unm
npouecca Mbl OCyLLECTBASIEM UHAPOPMALIMOHHO - N3MEPUTENbHbIN NPOLECC.

OTOT npouecc BO3HMKAET B pes3ynbTaTe YCTaHOBMEHUSI CBSA3M Mexay ABYMS
0ObekTaMn: UCTOYHUKOM  WUIM FeHepaTopoM MHdopMauMuM U ee NPUEMHUKOM UMK
nonydatenem.

COBOKYMHOCTb UCTOYHMKA M NMPUEMHMKA MHGOPpMaLmm obpasyeT WHGOPMaLUMOHHO-
nameputensHyto cuctemy (MAC).
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MHpopmaumoHHass cuctema uvMeeT CBA3UM  (BHYTPEHHME U BHeELWHue) C
CYLLLECTBEHHbBIMUN CTPYKTYPHBLIMU OCOBEHHOCTAMU - MHAPOPMALIMOHHbBIE CBA3N.

1)_.

/

7 (1)

(\O)
v
(US)
v
)]
v

Puc. 1. ®dyHkumnoHanbHasa cxema NANC.

1 - 06bEKT (MCTOYHUK MHGOPMALMK); 2 - TOACUCTEMA BOCNIPUSATUA MHpopMaLmnm
(peuenTopbl); 3 - noacuctema o6paboTkmn nHopmaumm; 4 - mogens obbekTa
(npouecca); 5 - nogcuctema nepegadun nHpopmaumm (KoMMyHuKaLmm); 6 - nogcucTema
XpaHeHus n oTobpaxeHns MHopmauuu; 7 - 00 bEKT-NPUEMHUK.

anemeHTbl MNUC - nameputenbHble npeobpasoBaTenu, NU3MEpPUTENbHbIE CXEMbl,
cpeacTBa BbluMCnUTENbHOM TexHWkM (OBM, MI1, KoHTponnepsbl), CpeacTBa CBA3MW.

Takum 06pa3om, MHEMOOPMALMOHHBLIA MPOLLECC- 3TO COBOKYMHOCTb  MPOLECCOB
NonyyYeHus, XpaHeHus, TPaHCMOPTUPOBKW, nNpeobpasoBaHUa U npeacTaBneHvs
NHopMaunn (B3ATble OTAENBHO UMM B COBOKYMHOCTM).

foBOpST O MHOroo6pasvu, CIOXHOCTM U  MHOTOYPOBHEBOCTU  MPOSIBIEHUS
NH(OPMAaLIMOHHbIX NPOLIECCOB, creayeT MMeTb B BUAY, UTO BCE OHM COAepXaT Tpu
cocTaBnsawoLme:

- BOCNPUATUE HEKOTOPOro (bM3MYECKOro SIBIIEHUSI Kak CUrHana un npeobpasoBaHue
ero coopmbl (peuenums);

- UBMEHEeHVEe Modenu noA BO3AEWCTBMEM cUrHamna (MHTepnpeTaums);

- NPOCTPaHCTBEHHO-BPEMEHHAs nepegada curHana kak ansi obbeguHeHus
noacuctem WWNC, Tak wn pansa obpasoBaHua aHcamMbnem oTaenbHbIX CUCTEM
(KOMMYyHUKauus).

Mbl  6ygem aHanmsumpoBaTb Mecto WKUC B cuUcTeMax ynpasfeHus
aBTOMaTM3MpOBaHHLIM o0bopyaoBaHuem (AO), noatoMy cregyet OTMETUTb, 4TO
Hanbonee nNepcnekTMBHOW, MNPaBUIbHO OTpaXkallen CUCTEMHbIN noaxon K
knaccudmkaumm CY, asnsercsa knaccndukaumsa Ux no MHAOOPMaLUMOHHOMY MPU3HAKY,
npegnoxeHHoMmy npodgpeccopom KobpuHckum A.E.:  "Tlod UHGbOopMayUOHHbIM
npusHakom CY noHUmMaemcsi Konnu4ecmeo U cmpykmypa uHgopmayuu, nepedasaemol

6
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Om UCMOYHUKa UHOpMauyuu K ee TMPpUeMHUKy - coomeemcmeyruwum brokam
mexHornoau4decko2o obopydosaHusi”.

MHdOpMaUMOHHbIE — YCTPOMUCTBA - CBA3bIBAOT WUCTOYHMK  MHOpmMauum B
TEXHONOrM4YeCcKoM  npouecce, ob6opyooBaHMM UMK OKpyXarwlwlem cpege C
COOTBETCTBYIOLLNMM UCMNONHUTENbHBIMX OpraHamu obopyaoBaHus, T. €. crnyxaTt Aans
peanuM3aumm  MHGOPMAUMOHHOINO  npouecca - MonyyYeHusi,  obpaboTkm n
npeobpasoBaHns MHGOPMaLUK B Lensix ynpasneHmss oobektom (B uensax OC).

Uem nonHee MHd)OpMaLI,VIFI, ncrnonb3dyemad B cuctemMmax yrnpasrieHnd, Tem Bbllle
Ka4yecTtBO pa6OTbI CUCTEMbBI U LLNPE ee d)yHKHMOHaHbeIe BO3MOXHOCTH.

1.3. UcTtouyHuku nHdopmaumn B CY n o6partHbie cBA3MWN.

NcTouyHukom mHpopmauum B CY  MOryT  CryXuTb: nporpaMma  ynpaBsrieHus,
MHOPMaLIMOHHO-U3MepUTENbHas cMCTEMA, OKpy»KatoLas cpeaa v aganTUBHbIN Grok.

2
XY,z
x,y,Z —

I I
Koopnunar 7 W \ i il
u BTG s
nepemeIeH, AxIny' ZI'E o |

7 >
Pexxumel *
pe3aHI/I$l 10

Puc. 2. CtpyktypHasa cxema CY cTaHka ¢ NporpaMMHbIM yripaBreHneMm.

1, 7 - 3a4at4nKku NnporpamMmel; 2 - NporpaMMHoOe YCTPOUCTBO; 3 - UCNOSTHUTENbHbIE
opraHbl TexHonormdeckoro obopyaoBaHus; 4, 9, 10 - gaTynkm Tekywen nHpopmaumm; 5
- 6riok 06paboTkM nHpopmaumm; 6 - aganTmMBHbIN 6M10K; 8 — AeTans.

KoopanHatbl nepemeLyeHnsa nHetpymeHta AO 13 ycTponcTBa 3agaydv nporpammbl 1
nocTynawT B NporpaMMHoOe YCTPOWUCTBO 2 , Kyda OOHOBPEMEHHO MNOCTynawT OT
3agaTyuMka 7 AaHHble O pexumax obpaboTku (v,S) HEenoCpeACTBEHHO UNM 4epes
aganTuBHbIN ONOK 6.

MporpaMMHOEe YCTPOWCTBO 2 MOXET codepxaTb MHOPMauuMi O TpaekTopuu
ABWXXEHUS MHCTpyMeHTa (unu paboyero opraHa), O pexumax pesaHus (v,S) M 0O
pasnu4YHbIX TEXHOMOrM4YeckMx komaHgax. B npouecce paboTbl obopygoBaHua 3 ¢
NOMOLLBbIO AdaTyMkoB 4 , YCTaAHOBIEHHbLIX Ha HEM, W3MEPSOTCA NapameTpbl
obopyaoBaHus, QYHKUMOHANbHO CBSI3aHHbIE C BbIXOOAHbIM pa3MepoM OeTanu:
TeMmnepaTypa pPexyllen KPOMKM WMHCTPYMEHTa, KPYTALWWKA MOMEHT [NlaBHOro Bana
npueoaa, curHan Bubpoakyctuyeckorm ammccum (BAJ) M3 30HbI pesaHus U gp., no
KOTOPbIM MOXHO onpeaennTb onTMMarbHble pexuMbl 06paboTkm nsgenus B 6noke 6.
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NHdopmaums oT gatyumkoB 4 nocrne npeasaputensHon obpaboTkm B 5 nogaeTcs B
aganTMBHbIN BGNOK 6, roe C MOMOLLLIO BbIYUCIIUTENbHBIX YCTPOWCTB OnpenenstoTcs
ONTUMarbHbIE PEXMMbI pe3aHus, KOTOpble CpaBHMBAKTCA C MOCTynawwuMm B 3TOT
OGnoK mapameTpaMmu pexuma pe3aHus Vv U S, YyCTaHaBNMBAeMbIMW B MPOrpaMMHOM
ycTponctee 7 .

Cuctema ynpaBrneHns TakKke MOXET WMeTb YCTPOWCTBa, nosy4vakuwme
WHOPMaLMIO O COCTOAHUKM OKpyXatwen cpeabl 10, kKOTOpass Takke nMoOCTynaeT B
agantmBHbin 6nok 6. B camoHacTpauBatowenica (agantmeHon) CY wmcnonb3yetcs
MHdOpMaLNA O MOrpeLIHOCTSAX pa3MepoB oOpabaTbiBaeMbix AeTanen oT AaT4YMKOB
MNC 9 - cuctembl akTMBHOIO KOHTpONs. OTM OaHHble Takke nogarTcsa B 6nok 6 ans
ONTUMM3ALNN PEXMMOB 0O6pabOTKN.

Takum obpasom B coBpemMeHHoM cucteme [1Y ucnonb3yeTcss psii KOHTPOSbHO -
N3MepUTENbHbIX YCTPOWCTB, B KOTopble 06s3aTenbHO BXOOAT MNepBUYHbIE
npeobpasoBaTtenu nHpopmaumm (gaTymkn) 0 nepemeLleHmmn pabovmx OpraHoB CTaHKa
UINN MHCTPYMEHTA, pa3mMmepe obpabaTbiBaemMon pertanu, TemnepaTypHbIX UK CUMOBbLIX
aedopmMaunsax, Temnepatype B 30HE pe3aHusi, BO3MYLLEHUSX, BO3HMKAKOLWMX U3-3a
N3MEHEHWI NpUNycKa u TBEPAOCTM MaTepuana 3aroToBkU U Ap.

Ecnn paccmoTpeTb B kayecTBe obObekTa MeTanmopexyLlmin CTaHOK, TO MOXHO
onpegenntb MecTa MOfyvYeHUs BO3MOXHOM MHOpMaLMM B BuAE BO3MYLLAKOLLINX
BO34ENCTBUIN, TPeOylOLWMX BHECEHUSI  KOPPEKTUPOBKM B nporpammy o06paboTkm
nagenus, npy nomowum UC.

Cranok Mpucnoco6-

3aroToBKa CHI/II[ Jeranb

A 4

Onepatop
UHcTpyMmeHT

Puc.3. Cxema B3anmMogencrBms UCTOYHNKOB BO3MYLLIAKOLWLMX BO3AENCTBUN B CUCTEME
Cnnpa (crtaHok-npucnocobneHune - MHCTPYMEHT - AeTarnb)

MCTOYHMKM BO3MYLLAOLLMX BO3OAENCTBUN:

- 3aroToBKa: pasmep, TBepaoCTb MaTepuana, TeMmneparypa;
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- CTaHOK: pexXxumbl 006paboTkM (CKOPOCTb W T[NybuHa pes3aHusi), KECTKOCTb,
TemnepaTypa;

- NpucnocobneHne: reomeTpuyeckass TOYHOCTb, XXECTKOCTb, TOYHOCTb YCTaHOBKU
Ha CTaHKe, TemnepaTypa;

- MHCTPYMEHT: TOYHOCTb, XXE€CTKOCTb, TeMnepartypa, N3HOC;

- ornepartop: norpewHoOCTb YCTaHOBKU 3aroToBKHW, NnorpeLlHoCTb HaCTpOVIKM
CTaHKa.

BrivaHne atmx BO3MyLLalOLLMX BO3LENCTBMMA Ha pasMep AdeTanu OueHMBaeTCs B
OTAENbHOCTU UMM B COBOKYMHOCTU, HENOCPEACTBEHHO UMM KOCBEHHO Yepe3 napameTpsbl
cuctembl CIMNAL, cBsa3aHHble M OTBETCTBEHHble 3a (hopMMpOBaHME pa3mepa geTanu.
Ona cbopa MHOpMauuMM O  KOHTPOMMPYEMbIX BO3MYLLAKOLWMX BO3AENCTBUSAX, €€
ob6paboTkm n npeactaeneHnss B CY aOnd ynpaBneHUs TOYHOCTbH W3roTOBMNEHUS
petanen u cnyxut ANC.

Bce wuHOpMAUMOHHbIE  M3MEpUTENbHbIE  YCTPOWCTBA B OMpeferieHHOM
COBOKYMHOCTM y4acTBYT B CO34aHUM oOpaTHbIX CBsi3ed ANns  crabunusauumn unm
onTuMmnsaumm npouecca ob6paboTku.

NcTouHMKOM co3aaHms BXOOHbIX NapameTpoB B CUCTEMaX YNpaBnstoLLMX CUrHaNoB
ABNSATCA MCMONMHUTENbHbIE OpraHbl cTaHka wunu uHoro AQO: gBuratenb npuBoga
nogad, 9neKTPOMarHWT, BO3AEWCTBYHOLUMIA Ha XpanoBoe WM 30510THMKOBOE
YCTPOWCTBO MEeXaHMYeCcKMX nogad, nopleHb CUCTEMbI rMaPONpPMBOAA.

NcTouyHukOM BbIXoAHbIX napameTpoB  CY MOXeT CNnyXuTb HenocpeacTBEHHO
pa3vep obpabaTtbiBaemon getanu (perynupyembiii pasmepHbIi napameTp)Mnn Kakom-
nMBO NMHON, CBA3AHHbBIN C HUM DYHKLMOHANbHOM 3aBUCUMOCTbLIO: NMOMOXEHNE pexyLLen
KPOMKM  MHCTPYMEHTa, MNOSIOXKEHNE  UCMOSMHUTENbHBIX OpraHoB cTaHka (6abok,
XOOO0BbIX BUHTOB U T.4.).

AaTtuvku, nonyyawwwme MHPOPMALMIO NPU U3MEHEHUN MOSIOXKEHUSA PEXYLLEero
WHCTPYMEHTa nnn paboymx opraHoB, Ha3bIBalOTCA JaT4YMKaMu NOMOXeHMs, a obpaTHble
cBsA3un (OC) ¢ HUMK — 0BpaTHLIMK CBA3AMM MO NOSIOXKEHWNIO.

1.4. BnusiHne mecTa pacnosfioXXeHus gatymka uHgopmauum
Ha TOYHOCTb OOpPaboOTKM.

C Toukm 3peHusi obecneyeHnsa kadyectBa obpaboTkm (pasmep u opma getanw,
kKayecTBO nosepxHocTn) atn OC obnagaoT pasnnyHoM CNOCOBHOCTBLIO K KOMMNEHcaumnm
TEXHONOMMYECKNX MOrPELLHOCTEN.

TouyHocTb OC 3aBMCUT OT MPOTSXKEHHOCTU 3BEHbEB pa3MEpHbIX LIEnen cTaHka, B
COCTaB KOTOPbIX BXOAWUT PEryrnvpyeMbliii pasmepHbiil  napameTp, U OT NOrpeLlHOCTU
pas3MepoB 3TUX 3BEHBLEB.

3TO M Hago yuuTbIBaTb MPU YCTAHOBKE AaTyMka MHoOpmaumMm O xode npolecca
06paboTkM n3genus Ha ysnax obopyaoBaHus.
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Puc. 4. Cxema BO3MOXHOro pacnonoxeHusa gatunkos B cucteme CrnL.

1 - obpabaTtbiBaemas getansb; 2 — pesel; 3 - UCNONHUTENbHOE YCTPONCTBO; 4 -
asurartenb nogayv; 5 - gatyuuk nHbopmauuu; | - IV — Bug obpaTHOM CBA3W.

Ecnn BbIXOOHBIM  MapamMeTpoM CUCTEMbl  YMNpPaBIiEHUA  CAYXUT  pasMep
obpabaTtbiBaeMon getanu, TO 3agada KOMMEeHcaumMm TEXHOMOIMMYECKNX MOrpeLLIHOCTEN
pewaeTtca Hanbonee nonHo. 310 obecneunsaetca OC-1, koTopas oxBaTbiBaeT BCHO
pasMmepHyto uenb cuctembl CIIAL. YcTpaHsieTca BnNusiHUE TEnmoBbIX M CUMOBbIX
aedopMaunn  CUCTEMbI, WM3HOCA  PEXYLEro  WHCTPYMEHTA, KUMHEMAaTUYECKMX
norpeLiHocTen nepefady M BO3MYLLAKOLWMX  BO3AENCTBUA 3aroToBKW. [lorpeliHocTb
onpegensieTcs Nub MOrpPeLHOCTb0 U3MEPUTENBbHON CUCTEMbI U CMELLEHUEM 30HbI
KOHTPONsA- 3anasgblBaHMEM  Bbl4ayn MHGOPMauUMM MO OTHOLUEHWIO K MOMEHTY ee
nosly4yeHus.

B octanbHbix Bugax OC "cTeneHb 3aMKHYTOCTU" YMEHbLUAETCS, pa3MepHas Lerb,
oxBadyeHHasa OC, ymeHbLUaeTCsl, U yBENUUYMBAETCA KONMMYECTBO HEKOMMEHCUPOBAHHbLIX
BNMSAOLWNX (bakTopoB (Bo3MmyLLatowmx Bo3gencteuit). Bece octanbHble OC sBnstoTcs
OC no nonoxeHuto.

OC-ll - He komneHcupylTCca AedopmMaunm feTtanu, LEHTPOB, BO3MyLLaoLine
BO30EeNCTBMA 3aroTOBKM.

OC-Ill - He komneHcupyeTcsa Bcé no OC-Il 1 gononHUTENbHO - BENUYMHA M3HOCa
WHCTpPYMeHTa, AedopmMaunsa NCNOSTHUTENbHBLIX YCTPOWUCTB.

OC-IV - aBngaeTtca HaumeHee TouHOM OC, OHa KOHTPONMPYET CKOPOCTb BpaLleHus
ApuraTens npueoga nogau.

Bmecte ¢ Tem cnegyet OTMETUTb, YTO B HacTosillee BpeMsi MNPaKTUYEeCKU He
nonyyYunn  pacnpocTpaHeHuss  MH(OpPMauUMOHHbIE  YCTPOWCTBA,  WUCMOMb3yoLme
UHopmauno o pasmepe pgetanm no OC-I m3-3a  CNOXHOCTM  ee peanusauuu
("3aTeMHeHHOCTL" 30HbI pe3aHus). Pasmep getanu  obecneymBaeTcsl KOCBEHHbLIM
obpa3oM, B OCHOBHOM MO MOMOXEHUIO WCNoNHUTENbHbIX opraHoB (OC-IIl), nHoraa
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pabounx opraHoB (OC-Il), 4TO ecTecTBEHHO NPMBOAMT K HEMOMHOW KOMMEHcaumm
TEXHOSOrMYECKNX MOrPELLHOCTEN N CHUXKEHNIO TOYHOCTM 0BpaboTKK.

1.5. AHanun3 dyHKkunoHanbHou cxembl MUC ctaHka ¢ YlY B
cocTaBe aBTOMaTU3NPOBaHHbIX CTAHOYHbIX KOMIMJIEKCOB.

Ncnonb3oBaHne B MPOMBIWSIEHHOCTM  @BTOMaTM3UMPOBaHHbIX  CTAHOYHbIX
komnnekcoB (ACK), Bkntouvawowmx ctaHok ¢ YlY, poboT wnn  maHunynatop w
TPaHCNOPTHYD CUCTEMY NpPUBENO K HeobxoauMmocTn obbeauHATb  pa3pO3HEHHble
KOHTPOJSIbHO-M3MePUTENbHbIE YCTPOKCTBa B eanHyto MNC.

Ana  onTumusaumm  NOCTPOEHUS  CUCTEMbl  U3MEPUTENbHbIX cpeacTs
uenecoobpasHo ucnonb3oBaTb ABa kpuTepusi: 1) nonydyeHne  mHoOpMauMm  C
TpebyeMon TOYHOCTBLIO U B HEOBXOAMMOM 06beME; 2) 3KOHOMUYHOCTL MONYYEHNSA 3TON
MHOpMaunMn ¢ y4eToM Bcex 3aTpaT, HeoOBXOAMMbIX ANSA CO34aHuUs M UCMONb30BaHUS
nncC.

NHTerpaumsa Bcex nameputenbHbIX cpeacts B eanHyo AC nomkHa obGecneuyuntb
ONTMManbHbIN PEXUM YNpaBreHus Kak OTAeNbHbIMU CTaHKaMu, Tak U BCEM KOMIMIEKCOM
TEXMNPOLIECCOB MO M3roTOBMNEHMIO NPOAYKLMN 3a4aHHOMO KayecTsa.

NNC TexHonornyeckoro moayns (crtaHok+po6ot) B coctaBe MNC pormkHa pelaTb
3agauu:

- ¢opmupoBaHue curHanos OC B dyHKUMM nepemelleHua  pabounx  (mnu
WCNONHUTENbHbLIX) OpraHoB 00OpPyAOBaHMA ANs  yNpaBfieHUs nepemeLleHnsaMn B
pexumax UMKnoson asTomMatuku u Y,

-chopmmMpoBaHME CUrHaNOB N3MEPUTENBHOM MHpOPMaLMK: O NapameTpax n3genus,
NPOBEPSEMOro HEMOCPEACTBEHHO HA CTaHKE; O MOSIOXEHUN PEXYLEro MHCTPyMEHTa U
obpabaTbiBaeMoro m3genuns OTHoOCUTENbHO Ba3 CTaHkKa;

- BblpaboTka U3MepuTenbHON WHGOPMauUMn Ans ANarHOCTMKM paboTbl CTaHKa O
napameTpax ornpenensatLlmx: COCTOSAHNE PEXYLLEro MHCTPYMEHTA, KMHEMATUYECKYHO
TOYHOCTb, TOYHOCTb 06X04a KOHTYpa U NO3NLMOHMPOBAHWS, FEOMETPUYECKYH TOYHOCTD,
NpPaBuUnbHOCTb (OYHKLMOHUPOBAHMS  y310B UM CUCTEM  CTaHKa, B TOM 4ucre
NU3MEPUTENbHbLIX,  NPaBUIbHOCTb  (PYHKLUMOHMPOBAHUSA  YCTPOMCTBA  YMCIOBOrO
nporpaMmmHoro ynpasneHuss (YUl1Y) u cpencts aBToOMaTUKK;

- Bblpa6OTKa VI3MepVITeJ'IbHOI7I I/IHCbOpMaLI,VII/I O napameTpax wm3gennda npun ero
KOHTpPOJ1E BHE CTaHKa,

- BblpaboTka W3MepUTEnbHOW WHGOPMaUUW AN NPOBEPKM M HACTPOMKU
WHCTPYMEHTA BHE CTaHKa.

MpumeHuTENbHO K poboTam peluaroTcs Tpy NepBble rpynnbl 3agay.
3HauMTErNbHYD 4YacTb NEpeyvMCrieHHbIX 3adadv (TeKyLMA  KOHTPONb)  AOSIKHbI

pewaTtb BCTPOEHHbIE B CTAHOK U3MepUuTeribHble CUCTEMbI, KOTOPble MOXHO OTHECTU K
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rpynne cuctem "MHPOPMALMOHHON WHTEPCTPYKTYpbI", obecneumBatollen TeKyLmi
KOHTPOIb C YacTbiM obpalleHnemM K nHdopmauuu.

Pag 3apay pellaeTcs namepuTenbHbIMUM CPeACTBaMK, PaCMOfIOXKEHHbIMU BHE
CTaHka, - 9TO BTOpad rpynna W3MepuTenbHbIX cUCTEM - "MHPOPMAaLMOHHAaSs
NH(pacTpyKTypa", xapaktepmsyemas nepuogndyeckum obpalleHnem K nHdopMaumm.
TeopeTuyeckun kaxapin ctaHok B coctaee ACK MoxeT ObiTb OCHalLLeH BCeEMU BUAaMMU
NC, kaxxgasa u3 KoTopbIx peluaeT CBOK PYHKLMOHANbHYO 3a4aqvy.

OpHako Takas UUC BepeT Kk yBenuyeHuto ctoumocTn  obopyaoBaHus
CHMXXEHUO ero HagexHocTu. NMoatomy Bonpoc o coctaBe NNC peluaetca B KaXaowm
KOHKPETHOM Crny4ae npu NpoekTMpOBaHNN CTaHKOB.
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HHTEPCTPYKTYpa nHppaCTPYKTypa

Puc. 5. ®yHkumnoHanbHasa cxema MNC ctaHka ¢ YlY B coctaBe ACK.
B npuBeaeHHon Ha puc.5 cxeme BBeAEHbI crieaytowme o603HaveHns:

BU - 6nok obpaboTtknm uHdopmauumn; BA - 6nok astomatukm; BYMA - 6nok
ynpasneHus npusogom asmxeHus; BYTK - 6nok ynpasneHus npusogom koppekumn; UK
- nameputenbHbln kaHan; YK - kanan ynpasneHuna; CKL - cpeactBa KOHTpona getanu
BHe cTaHka; CKMU - cpeactBa koHTpons UHCTpymeHTa BHe ctaHka; CKTC - cpeactea
KOHTponst TouHoCcTK cTaHka; OPK - obpaboTka pesynbtatoB koHTpons; CUM, CUTIN -
cuctembl namepeHnsa nepemellennnn; CUL - cucrtema namepeHus getanu Ha CTaHKe;
CUI' - cuctema wn3MeEpeHUsi reomMeTpuyeckonm To4vHocTM cTaHka; CAY - cuctema
aganTtusHoro ynpaenenusi; CL - cuctema gnarHoctukmn ctanka; CU - cuctema koHTpons
WHCTPYMEHTA.
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Bce nogcuctembl KOHTpONs, pacnonoxeHbl Ha 6nokax u y3nax AO, obpasyloT
NMHpopmaLmoHHyo MHTEpCTPYKTYpY: CUM, CLO, CLLO, CAY, CU, CUIM, CAT.

MHdopMaLUMOHHY0  MHAPACTPYKTYpy CTaHKa obpasytoT aBToMaTuyeckune
NMHOPMaLMOHHO-N3MEPUTESIbHBIE CUCTEMBI:

- cpeacTBa KOHTpons BHe cTaHka getanu — CKL;
- CpeacTBa KOHTPONSA MHCTPYMeEHTa BHe cTaHka — CKU;

- cpeAcTBa onpefeneHns TOYHOCTM CTaHKa (TOYHOCTb MO3ULMOHUPOBAHUSA, TOYHOCTb
obxofa KOHTypa, reomeTpuyeckas To4HoCcTb) — CKTC.

N3meputenbHasa nHpopmaums, BolpabatbiBaemas nsmeputenbHbIMU  CpeacTBaMu
WHTEPCTPYK-Typbl, 00pasyeT eauHbli WMHPOPMaUMOHHbIM  KaHan WK-1, koTopbin
o6CcnyXnBaeT HECKOIbKO KOHTYPOB yNpaBreHus:

MepBbin ypoBeHb ynpaBneHus YK-1 obpasyetca  cucTeMoM  aBTOHOMHbIX
HEe3aBMCMMO AENCTBYIOLMX KOHTYPOB, B COCTaB KOTOPbIX BXOAAT 6noku obpaboTkm
nameputensHon uHgopmaumm (bW), B 4YacTHOM criydyae nuwb C Bu3yanusauuen
pesynbTaTtoB 0b6paboTku (umMcpoBass uMHAEKcauus, gucnnen, rpadonocTponTens),
aeuncteyowne Ha paboty cTaHka Jepe3 6Gnokm aBtomaTtukm  (BA), ©Gnoku
ynpaBneHns npmBoaoM ABuratend rnasHoro aswkeHusa (BYTO) wnn koppekumm
(BYTIK).

Te e aBTOMaTM3MPOBAHHbIE CUCTEMbI MPU  UcCnonb3oBaHUMM  KaHana WK-1
NO3BOMAT OCYLWECTBUTbL NpOorpaMMHOe ynpasrieHne ctaHkom ¢ YUITY no kaHany YK-2
C MOJTHBbIM UIM YacTU4HbIM 06xoaoM GnokoB 06paboTkM N3mMepUTENLHOM MHOPMaLNn
BW no kaHany YK-21.

Mpn pabote B pexume 1Y BO3MOXHO, a B psage crnydaeB  HeobGxoaumo,
ncnonb3oBaHMe AOMNOMHUTENBHOM MHMOPMAaLMM KOHTPOMA, NOCTynarLwen Mo KaHany
NK-2 oT cpeacts MHPOPMaLMOHHOM NHAPPACTPYKTYpPbI.

Tak, nicpopmaumsa ot CKI no3sonsieT ckoppekTMpoBaTb nporpammy o6paboTkm no
pesynbTaTaM n3mMepeHusi NepBbIxX geTanen.

Takke HeobGxoauma WHGOPMAUMA O PacrofoXKEeHUM PEXYLLMX KPOMOK
WHCTPYMEHTa OTHOCUTESNIbHO COOTBETCTBYHOLWINX 6a3, BbipabatbiBaemaa CKW BHe
CTaHKa, AN BBeAEeHMS NONnpaBokK B NporpammMmy o6paboTku.

W, HakoHey, CKTC BblpabaTbiBaloT MHOpMaUuio, KoTopasi Mcrnonb3yeTcs And
OCYLLIECTBIIEHMS] MPOrPaAMMHON KOPPEKLMM CUCTEMATMYECKOM MOrPELUHOCTM BUHTOBOW
napbl CTaHka.

Ona o6paboTkn pesynbTaTtoB KOHTPOMSA B COCTaB CPEeACTB  MHAPACTPYKTYpb
BxoaaT 3BM OPK.
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NHdopmaumoHHbin kaHan WK-3 Heobxogum ans  ynpasnedms ot L-OBM
(ueHTpanbHon OBM) rpynnon CTaHKOB UIM TEXHONMOMMYECKUX MOAYIEN NO pedyrbTaTtam
aHanuaa koHTpona ABM-U (3BM nHdpopmaunoHHom cuctemsi).

MoxeT OblTb BbISIBNEH  MOBbLIWEHHbIN  W3HOC  WHCTPYMEHTA, YBENU4YEHUE
CUCTEMATMYECKOM UMK Cry4yarHOW NOrpeLHocT obpaboTkKn, YCTOMYMBOE HapyLUEeHWe
HOpMarnbHbIX pexumoB obpaboTkn. B atom cnyyae Heobxoaoummas ynpaenswoLas
nHpopmauma noctynaet ot LI-OBM no kanany YK-3.

an/IBeLl,eHHaFI I/IHCbOpMaLl,I/IOHHaFI CTPYKTypa yCrnoBHa, He ontuMalibHa B CUJly ee
n36bITOYHOCTUN, OCHOBHAas 3aga4ya CMCTEMHOrO Noaxoaa COCToUT B yrnpoLweHnn nnC.

1.6. Oco6eHHOCTU UHPOPMALIMOHHBLIX CUCTEM
NPOMbILLSIEHHbIX POGOTOB

B coBpemMeHHOM rMOGKOM aBTOMATU3MPOBAHHOM MPOU3BOACTBE  Hapsdy  Co
cTaHkamu ¢ [1Y akTMBHO UCNOMb3ylT pobOTbl ANA BLINOMIHEHUS B OCHOBHOM
TPaHCNOPTHbIX onepaunn (B MexobpaboTke) No nepemMeLleHnto 3aroToBOK U U3AENuN.
Po60oTbl 1 MaHuNynaTopbl 06593aTenbHO BXOAAT B COCTaB MMOKMX aBTOMaTU3NPOBaHHbIX
KOMMNEKCOB. Yalle BCero aTo MaHMnynaTopbl C XeCTKON (LMKIOBOKW) NPOorpaMmMon, 1nm
poboTbl C NporpaMMHbIM  yripaBrieHneM, aHanornyHeiM MY craHka. MoOXHO oTMeTUTb
Takke BKoYeHne CY poborta B 06wy MUKpo3BM, KOHTpoOnnep Co CTaHKOM  WUnu
aBTomaTtuyeckon nuHunen (AO M13-10 ncnonb3yeT Takne aBToMaTUyecKme NNHUN).

OpHako, B HacTosillee BpeMsi paclumpsieTcs U napk poboToB ¢ adanTUBHBbIM
yrnpaBrieHMemM 1 3rIEMEHTAMN UCKYCCTBEHHOTO MHTENmNekta. B MalMHOCTPOEHMM OHM
HaxoOsaT NPUMEHEHME B ornepauusix CBapku, TepmoobpaboTku, cbopku U T.4. B
OCHOBHOM Ha  0ofblUMX  MalLUMHOCTPOMTENbHBLIX  3aBodax  cheunanusaumm
aBTOMOOUNECTPOEHUS, aBUACTPOEHNS U Op.

MHdopMaumoHHaa  cuctema B 3HAYUTENbHOM  Mepe onpegenset
PYHKUMOHANbHbIE  BO3MOXHOCTM  MPOMbILWEHHbIX pobotoB  (MP), cnoxHoCcTb
pelwaemMbiXx UMK 3agad, 9KCMMyaTauMoOHHY0 HadexXHOCTb W 3P(EKTUBHOCTb

ncnomnb3oBaHnA UX B NPOU3BOACTBEHHBLIX YCIIOBUAX, a TaKkKe ABNIAETCA BaXHbIM
3BeHOM B obecne4veHunn 6e3onacHoCcTu o6cny>|<|/|Ba+ou.|,ero nepcoHana.

B 3aBMCMMOCTM OT (PyHKUMOHANbLHOrO HasHa4vyeHusl, xapaktepa peluaeMblx 3agad
NNC TP pasgenatoTca Ha pag PyHKUMOHANbHbIX NOACUCTEM: NOACMCTEMA BOCNPUATUSA
BHELLUHEN cpenbl, nogcucteMa kKoHTponsa coctosHua NP n nogcmuctema obecnedeHus
6esonacHocTu akcnnyatauum MNP.

MHpopmaunoHHaa noacuctemMa BOCMPUATUS OKpyXaloLwen cpedbl - cuctema
CEHCOpHasa (4yBCTBUTENbHAas, Mepejarowas OLwWyLeHUs), UCNosib3yeTcs npwm
afjanTMBHOM ynpaBneHun poboTOM, OCHALLEHHbIM MUKpo3BM. WHdopmauums,
nocTynamwLlasa ¢ pasnuyHbix ceHcopHbix ycTponcts NP, ucnonbsyetrca B CY pobota
ansa obHapyXeHusi M pacno3HaBaHWs OOBEKTOB BHELLUHEW cpedbl (B TOM 4ucne
aeTanen), 6bICTPOro N TOYHOrO M3MEPEHUsI NapaMeTpPOB BHELLHEN cpeabl, MOCTPOEHUS
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Ll,VICprBOVI mModenn un ynpasJfieHNA OBUWKEHUEM po60Ta M ero MmaHMnyrnaTopoB Mnpu
BbINOJIHEHUWN PA3JTNYHbIX onepau,mﬂ.

BTtopas yHkumMoHanbHas nogcuctema obecneymBaeT pelleHne  CriedyroLmx
3ajadv: AnarHocTuka, NnporHo3npoBaHue pecypca NP, oueHka NONOXeHUs U CKOPOCTU
[P, aBapuinHble 6NOKMPOBKM.

TpeTbFI nogcmncrema 00Obl4HO He BbloensieTca B CaMOCTOATESIbHYIO, B Hen
ncnosnb3yeTcA Mchopmame N OaT4MKM NepBbIX ABYX NOACUCTEM.

Puc.6. dyHkumnoHanbHble nogcmuctembl MC poboTa.

Bce nameputensHble ycTponcTBa (Y4yBCTBUTEMbHbIE 3NIEMEHTLI CXEM - CEHCOpbI),
ucnonbsywwnecs B uaMmeputenoHonm cucteme [P un ee nogcucrtemax, QyHKUMU
KOTOPbIX yKa3aHbl Ha puc. 6, N0 CBOEN dU3NYECKON NpMpoAe AENATCA Ha TpK 6oNbLUMX
rpynnbl: JIOKALMOHHbIE, TAKTUMbHbIE U TEXHUYECKOro 3peHnsa (puc. 7).

NC poborta
A 4 Y
| UC ouyBcTBICHUS | | UC ouenku cocrosiHus [1P |
_'YCT-Ba TEXHUYECKOTO 3PEHUS | _'YCT-Ba onpe/l. MOJOKEHUS |
_'YCT-Ba TaKTWIBHBIE (OCSA3aHUSA) | _lYCT-Ba OTIpeIl. CKOPOCTH |
—PIOKauI/IOHHHe yCT-Ba | _lYCT—Ba ompel. KpyTAIIEro MOMEHTa |
_'YCT-Ba KOHTPOJISI KauecTBa | _'YCT-Ba BHYTPEHHEU JMAarHOCTUKHU |

_'CI/IJ'IO-MOMGHTHLIG yCT-Ba |

Pwuc. 7. Knaccudumkauus ceHcopoB B VIC poboToB.

JlokaumoHHble paboTaroT, ucnonb3ysa aPdEKT OTPaKEHHOro OT ob6bekTa curHana,
nocbINlaeMoro Ha Hero nepeaaT4ymMKoM.

TakTunbHble MCNosNb3yloT 3d)cbe|<r «ouwlynbiBaHUA», y4nTbiBad USMeHeEHNe CurHana
AaT4yuKa npn KOHTakTe C obbekToMm.

CeHcopbl, peanuaylolimMe 3peHne, Hambonee CroXHbl U COBEpLUEHHbl. YenoBek
nony4yaeTt no 3putenbHoMy kaHany 6onee 80% wuHdopmauumn, Heobxogmmown Ans
B3aMMOLENCTBNA C BHelWHen cpefon. CurHan nsobpaxeHnsa MMeeT LUMPOKYH Mosocy
4yacToT n TpebyeT coBepLleHHOro 060pyooBaHUSA AN HEUCKaXKEHHOW ero obpaboTku.
Anroputm  00paboTkM  3puTenbHOM  MHOPMaUMW  CMNOXEH, W LUMPOKOro
pacnpoCcTpaHEHUSI CUCTEMbI 3PEHUS B MPOMbILLNIEHHOCTU HE MOMNYYUIIN.
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Cuctema TexHWYECKOrOo 3peHUst pellaeT 3ajayn: pacno3HaBaHME MITOCKUX
aetanen, fetanen Ha NOTOYHOM NUHUK, ynpasreHune NP, ocyuiecTBneHne NnpocTenLnx
onepauui c6opku.

3apayn, peluaemble OcA3aHMEM: NOUCK, OOHapyXeHne npeameToB, onpeaeneHne
UX TMONOXEHUs, CXBaTblBAHWE W MaHUMynNUPOBaHME C  HEOPUEHTUPOBAHHLIMMU
ob6bekTamu, pacnosHaBaHue opMbl NPEAMETOB M UX Krnaccudukaums, onpeneneHune
p13nyecknx CBOMCTB 0O6bEKTOB (Macca, TBEPAOCTb, LUEPOXOBATOCTb M Mp.), 3axBaT U
yaepxXaHne oObekTa C KOHTpOMeM ycunua  3axuma (C Lenbio npeaoTBpalleHuns
paspyLleHns Xpynkux o6bekToB), KOHTPOSb 3a NepemMelleHnemM getanen npu cbopke,
KOHTPOSTb CMELLEHUN B 3axBaTe Npu BO3AENCTBUMM ANMHAMMYECKMX Harpy3ok. [daTumkm
TaKTUIMbHOTO  KOHTAKTHOrO TMNa pacnonaralvTca Ha BHYTPEHHUX W  BHELUHUX
NOBEPXHOCTAX 3axBaTHoro yctpoucrtea [NP. MoxHO wucnonb3oBaTb MHEBMATUYECKN
BblABUIaeMbI KOHTaKTHbIA LYN, UCKYCCTBEHHbIA narneu, coaepXawunn 4 KOHTaKTHbIX
AaTtyuka.

JTokaunoHHbIe yCTpOIZCTBa OCYyLLEeCTBNAKT KOHTAKT C BHELLUHEW cpe/:|,017|.

1.7. MNopsaaok o6paboTkn nHhopmaumoHHoro curHana 8 UUC
aBTOMaTU3MpPOBaHHOIo obopyaoBaHuA

MNC wmoryT ObITb MHOroKaHanbHbIMW  (NapannenbHOro OencTeusl) u
OfHOKaHanbHbIMK (MOCNeaoBaTENbHOIO AENCTBUS).

B nocneagHee Bpemsa onepauum n3amMepeHns NpoM3BOAATCA MOCNeaoBaTeNbHO BO
BPEeMEHM C MOMOLLIbIO OOHOMO KaHana namepenusi. Ecnvm namepsietca ogHa pusmnyeckas
BENMMYMHA, pacnpeneneHHasi B NPOCTPaAHCTBE UMM KOOpAMHATBI TOYKM, TO UCMOMb3YHT
OOWMH CKaHupylowun gaTtynk. Ecnu namepsitoT HEeCcKONbKO (OU3MYECKUX BESTUYMH,
BO3MOXXHO MCNOMb30BaTh OAMH U3MEPUTENbHbIA KaHamn Npu HanM4Mm n-gaT4ynkos.

NHdopmaumoHHble cuctembl AO pasHoobpasHbl N0 CBOMM (DYHKLMAM U COCTaBy
obopyaoBaHusA, OfHAKO, BCE OHU MMeT psg obwux 3agad U B GONbLIMHCTBE
peanusylTcsa CTaH4aPTHBIMU (PYHKUMOHANbHbIMKU Briokamu.

Hocutenem nHdopmaummn B MNC aBnaeTcs anekTpu4ecknun curHan, nonyyaemblin
Ha BbIXo4e MEepBUMYHOrO U3MepuTeNnbHOro npeobpasoBaTens, pasMeLLeHHOro Ha
oTaenbHblx anemeHtax AO wunu BOMM3M  HUX. Ecnv  oTpasutb Becb XxoA
npeobpasoBaHnsa  3NEKTPUYECKOrO curHana B nMnC npu peanusauunm
MHOPMaLUMOHHOIo npolecca, To He3aBucumo oT Buaga AO obobuieHHas CTpykTypa
NNC eanHa (puc.8).

O6o06uweHHasa cTpykTypHaa cxema WWNC coaepXUT  MHOXECTBO pPasfnyHbIX
nepBu4YHbIX Npeobpasosartenen (MI1), pasmeLweHHbIx HenocpeacTBeHHO Ha AO nnun BHe
ero CTaunoHapHO 1Unu nepemMeLlarLLnxcs BMecTe ¢ yanamm obopygoBaHus.

CurHanbl ¢ TN noctynatoT B ONOK aHanoroBoro npeobpas3oBaHust 2, KOTOPbLIN
MOXeT coaepaTb MacwTabHble aHanoroBble 1, KOMMyTaTOpbl aHANOroBLIX CUrHAIOB,
aHanoroBble BblYUCIIUTENbHbLIE YCTPOUCTBA, aHarnoroBble YCTPOMCTBA MNaMSATH,
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YCTPOWCTBA CpPaBHEHUSA aHanoroBblIX CUrHanoB, aHanoroBble KaHamnbl CBA3W,
aHanoroBble MoKasblBalLWMe W perncTpupytowme yctpoctea. CurHan B aTom Groke
noarotaenuearoT  Ans npeobpasoBaHus ero B uUMdpoByD ¢opmMmy, KoTOopoe
npounssoauTca B 6roke 3.

g e

2

A 4
A 4
A 4
A 4
A 4
v

udy udy udy udy

{

8 7
udy

J

OO6m1ast MmarucTpab 7

Puc. 8. O6o6LuieHHas cTpyKkTypHas cxema obpaboTku curHana MAC AO.
1 - nepBuYHbIE NpeobpasoBaTenu; 2 - rpynna aHanorosbIX npeobpasoBaTtenen;

3 - rpynna aHanoro-undposbix NnpeobpasoBatenen (ALIM); 4 - MHOXeCTBO LMAPOBLIX
npeobpasoBatenen; 5 - uMpoBLIE YCTPOWCTBA BbIBOAA U OTODpaeHNs MHopmMauum;

6 - rpynna umdpo-aHanorosbix npeobpasosatenen (LLAlM); 7 - cuctema wuH; 8 -
YCTPOWCTBO ynpaBneHust; 9 — NCNONHUTENbHbIE YCTPONCTBA 0O0bEKTa YNpaBreHus;

QY — o6bekT ynpasneHusi; NPY — nHrepderncHole ycTponcTea.

[anbHenwmne OencTBua Hag CurHanom coBepllaroTcs B 6noke  umdpoBOro
npeobpasoBaHus 4, rae n QOpMUPYeTCS KOMaHOHbIN CUrHan (CurHan ynpasneHusl) B
undposon opme. OTO0 AencTBue O0ObIMHO NPOM3BOAUTCA B BblYUCIIUTENBHOM
ycTponctee - ABM, mukponpoueccope, KoOHTponnepe n ap. BoamoxHa nepegada atnx
PyHKUMI yCcTponUCTBY ynpasneHna 8 (ctaHok ¢ Yy, 3BM wn gp.). Kpome ocHOBHOro
BblYMCIUTENBHOIMO  yCTponcTBa  OMnOK UMAPOBLIX YCTPOWCTB COAEPXUT hopmu-
poBatenu UMNynbCcoB, npeobpasoBaTtenn KogoB, UMpPOBbIE  KOMMYyTaTOpbl,
YCTpONCTBA NaMATW, YCTPOMUCTBA CpaBHEHUS KOOO0B, KaHarnbl LM POBOWN CBA3MN.

Ob6paboTaHHas B 6nokax 3,4 uHdopmaumsa MoxXeT B uudposon dopme ObiTb
BblBEEHA Ha YCTPOWCTBA OTOOpa)KeHusi u 3aperucTtpupoBaHa B  YCTPOWCTBaX
pernctpaumm - 6nok 5. B atom 6noke cogepxumtca OpMUPOBATENN KOAO-MMMYNbCHbIX
CUrHanoB, nevarawlume YCTPOMCTBA 3anucn Ha  NepdoNieHTY W CYMTbIBAHUSA C
nepconeHTbl, HaKoNUTENM MHpOPMaLMN Ha MarHUTHOW NeHTe, Ha MarHUTHbIX AMCKax
N Ha rTMOKMX MarHUTHbIX gUCKax, AUCNNen, CUrHann3aTopbl, LMgpoBblE MHANKATOPDI.

Yacto ynpaBnsilOWMN CUrHaM Ha MCMOMHUTENbHbIE OpraHbl SOSMKEH nocTynaTb
HenpepbIBHO (aHanoroBbIn curHan), noatoMy n3 6noka 5 oH noctynaet B 650K Lndpo-
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aHanoroBblx NpeobpasoBaTtenen 6, rae npeobpasyeTcs B aHanorosyo hopMy U Yyepes
6noK 2 n obwyto maructpanb NogaeTcss K O6BLEKTY ynpaBreHus.

MNC B HacTosiLlee BpeMsA NPOEKTUPYIOT Ha OCHOBE arperatHoro (MOAYNbHOro)
npuHUMNa, NO KOTOPOMY YCTPOWCTBa, oObpasylolme CUCTEMY, BbINOMHAITCA B BUAE
oTAeNbHbIX (PYHKUMOHAmMbHbIX 6rokoB (PBE), B3anmMoLeNCTBYHOLIMX APYr C APYrom,
nepenasasi UHOOPMaLMOHHbIE W YNpaBnAoLIME CUTHASTbI Yepe3 CUCTEMY COMNPSXKEHUS
- UHTEepdENCHI NNK peanuayda NpsiMble CBSA3W.

Moo  wHTepdencoM  MNOHMMAKT  CUCTEMY  CXEMOTEXHUYECKUX  CPeacTs,
obecneuymBaloLMX HENOCPEACTBEHHOE B3aMMOAENCTBME COCTaBHbIX anemeHToB NNC.
YcTponcTBa MOAKMKOYATCA K cucTeme conpshkeHma u  obbeguHstotes B MAC no
onpegeneHHbIM npasunam.

NHTepericHasn cnctema cogepXxmt cuctemy WnH 7, nHtepdencHole yanbl (UPY),
nHTepdencel aHanoroebix 6nokoB. VIHTepderickl B UNC cnyxat rnaBHbiM o6pa3om ans
npueMa KOMaHAHbIX CUrHamoB W nepegavn WHoOpMauuMM O COCTOSIHMM BriOKOB.
Hanpumep, yepes NPY moryT nepegaBatbCa KOMaHObl Ha U3MEHEHNE pexnma paboTbl,
Ha NOAKIOYEHME BHELLHEN Lienu ¢ NOMOLLIbI0 KOMMyTaTopa u T.4.

Cuctema nHtepdencoB MoXeT ObITb LIENOYHON, pagnanbHOW U MarnctpansHon. B
HacTosiwee Bpemsa B UWC, Bknoyawwmnx CpeactBa  BblYUCIUTENBHOW TEXHUKW,
NPUMEHSAOT NPUOOPHbIE MHTEPdENChI MarmcTpanbHOro Tuna (c obuwen marmctpanbio),
Hanpumep MOK n KAMAK.

Moa wWHTEpdENCHOM CUCTEMOM MOHMMAKT CUCTEMY JOMMYECKUX YCTPOMCTB,
00beMHEHHbIX YHU(MUMPOBAHHBIM Habopom cBsiden, npeaHasHa4yeHHbIX ans
obecneyeHnst MTHPOPMALIMOHHOM, ANEKTPUYECKON N KOHCTPYKTUBHOW COBMECTUMOCTM.

MpumeHeHMe pa3BUTbLIX CTaHOapTHbIX WHTepdencoB npu opraHmsauum  UNNC
no3sosnsieT obecneyntb ObICTPYHO KOMMOHOBKY CUCTEMbI M paspaboTKy nporpaMmmbl
ynpaBneHus.

YcTponcTBo ynpasrneHns 8 dopMupyeT KOMaHOHY WHGopMauuto, npuHMmaeT
NHOpMaUno OT PYHKUMOHANbHbLIX BNOKOB U NogaeT KOMaHAbl HA UCMOSTHUTENbHbIE
yctporctea AO(9) ans BblpaboTkn BO3AENCTBUS HA OOBLEKT yNpaBreHus.

Boagencteus HanpaBneHbl Un Ha co3faHne onpeneneHHbIX YCrnoBumn npoTekaHns
npouecca unuM gns KoMneHcauuu aectabunmsnpyrowero BO3L4eNCTBMA Ha Hero. B
nocrniegHeM criydae cuctema 3amblkaeTcs 0bpaTHbIMU CBA3SIMU.

[Ona Kaxgon cUCTeMbl KONMMYECTBO (OYHKLMOHAmNbHbLIX 6M0OKOB, COCTaB (OYHKLMMN,
CBA3M Mexay 6nokamu OOImKHbI YCTaHaBNMBaTLCA UHAMBMAYAIbLHO.

XapaktepHon ocobeHHocTbto WWNC B coctaBe CY gaBnsieTca  BbiCOKas
NPOM3BOAMTENBLHOCTL NepepaboTkn nHdopMaumm Npu NpakTUY4eCcKn HeorpaHNYeHHOM
obbemMe namATH, TaK Kak uCnonb3ywTcs ObicTpogencTeyowme cpeacrea BT
nporpaMmmupyemMble KOHTPOsIepbl, MUKPONPOLIECCOPbI, ynpaBnstowme OBM.
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2. N\amepuTtenbHble Nnpeobpa3oBaTenu B
WHPOPMALMOHHbLIX CUCTEMAX.

Mpouecc nepegayn wHdopmaumm B WNAC gaBnsetca npoueccom ee
nocrnenoBaTesibHOro npeobpasoBaHus, obecneynBaemoro N3mMepuTENbHLIMN
npeobpasosatensamu (UM).

N3mepuTtenbHbIn npeobpasoBaTtent ABNSAETCA CPEACTBOM U3MEPEHUS!, CryXallnum
Ans BblpabOTKM curHana wuamepuTenbHon uHdopmaumm B opme, yogobHon ons
nepegadn, ganbHenmwero npeobpasoBaHus, 00paboOTKM UMM XPaHEHUsl, HO He
npegHasHayYeHHoOM AnNs  HenocpeacTBeHHOro  BocnpusaTua Habnwogatenem (FTOCT
16263-70).

2.1. Knaccudumkauusa UI.

Knaccndgukaumsa UM no HeKoTOpbIM NpU3HaKam npueBegeHa B cxeme Ha puc. 9.

FCHGpaTOpHBIC HapaMeTpI/I‘leCKI/IC

A A

[To sHeproobecneueHHOCTH

T

ITo Buny ITo mecty B
BBIXOJIHOTO |, I/IH »| CTPYKTypHOMH
cHUrHajia cxeme
v
Awnanorossle Bxonneie
< Mo BuAay BxogHOro curHana >
Komoseie y A 4 IIpoMexyTouHbIe
< C 1-#1 BxOZ. C 2-M1 BXOJI. >
BEJIUYHH. BEJIHY.
Moy IA1MOHHbIE Brixoanrie
\ A 4 v
v
OnexTpo- > OobpatHbie
MarHUTHBI
g €

(o]

3) &

o) e =

E||E ||E

E |z

= = 0

< = =5

O g 9)

= [

o |I= |1

Puc. 9. Knaccudmkauusa UM no sHeproo6ecne4yeHHOCTN, MECTY B CTPYKTYPHOW CXeMe

M3MEPUTESIbHOIO yCTpOVICTBa, Bnay BXOAHOW MNW BbIXOOHOW BENUYNH.
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Mo aHeproobecnedeHHocTn Bce WM gensatca Ha ABe rpynnbl: reHepaTopHbie U
napameTpuyeckne. [eHepaTopHble Mpu BO3AENCTBMM  BXOOHOW  BENUYUHbLI X
BblpabaTbiBalOT BbIXOAHYH BennyuHy y B Buae QMC; He TpeOytoT BHELUHEro NCTOYHMKA
NUTaHWA U He MEHSIOT B npoLecce npeobpaszoBaHNsa CBOMX NapaMeTpoB Z.

y=f(x)=E; z=const.

MapameTpuyeckme Npu BO3OEWCTBUM BXOAHOW BENUYMHBI X U3MEHSIOT oauH (Mnu
HECKONMbKO) CBOMX NapamMeTpoB z M TpebylT nOns OCYLECTBMEHUs npolecca
npeobpa3oBaHUst 3HEPrM BHELLIHETO UCTOYHMKA NUTaHNSA

y=f(x)— z=f(x); E=const.

Mo mecTy B cTpykTypHOM cxeme WI1 GbiBatoT: BXOAHbIMK (Npu npeobpasoBaHum
MHdoOpMaunn B BUAE HEINEKTPUYECKUX BENUYMH - MEPBUYHLIMU), NMPOMEXYTOUYHLIMU,
BbIXOAHbIMM, @ Takke npu ncnonb3oBaHum nx B cuctemax OC — obpaTHbIMM.

Mo Buay BxogHoro curHana WMl gensarca Ha rpynny ¢ o4HOW BXOOHOW BESIUYMHOWN
(3neKkTpuyeckme, MarHUTHblE, HE3NeKTpuYeckne) u ¢ AByMS BXOOHbIMU BeNUYMHaAMU —
3NIEKTPOMArHUTHbIE.

Mo dopme BbIXogHOro curHana WIT ©ObiBatoT: aHanoroBbiMy (HENPEpPbIBHbLIN
BbIXOL4HOW CUrHan), KogoBbIMW (OUCKPETHBIN CUrHAM Ha BbIXOAE) U MOLYNSLUMOHHBIMM
(komMBMHaLUMA HecyLwero 1 MogyNMPYHOLLLEro CUrHaNoOB B BbIXOAHOM CUrHane).

2.2. OCHOBHbIe NapamMmeTpbl U XxapakTtepuctTuku UII.

EctectBeHHasas BxogHas BenuuMHa X - 3TO BenuMyMHa, Ha npeobpasoBaHue
KOTOpPOW paccuymTaH npeobpasoBaTenb, KOTopasi nydle BCEro BOCMPUMHMMAETCs Ha
dooHe nomex.

dyHkuMa npeobpasoBaHus UM - 310 yHKUMOHaNbHasA 3aBUCMMOCTb BbIXOOQHOM
BENNYMHBI ¥ OT BXOOQHOM, ONMUCbIBAEMas aHanNUTUYECKUM BblpaXeHueMm, rpadpukom mnm
TabnuyHo. >KenatenbHO MMETb JUHENHYK QYHKUMIO nNpeobpa3oBaHus y=f(x);

Ay=yo + SAx | [ns ee onucaHna [OCTaTOYMHO [OBYX NapamMeTpoB:  HayanbHOro
3Ha4yeHUs BbIXOOHOW BenNUYMHbLI ), (HYNeBOM YpPOBEHb) M MokasaTens HakroHa
CTaTU4YEeCKOM XapaKTEPUCTUKN S:Ay/ Ax, HasbiBaeMOro YyBCTBUTENbHOCTbLHO
npeobpa-3oBartens S.

YysctButenbHocte Wl - 3TO OTHOLWEHWE W3MEHEHUA BbIXOOAHOW BENUYUHLI K
Bbl3BaBLLUEMY €r0 M3MEHEHUI BXOAHOW S=Ay/ Ax npu KOHEYHbIX MNpUPALLEHUSX

Ay, AX B npeagernie 4YyBCTBU-TEJIbHOCTb ornpeaendeTca Kak rnepsad rnpomn3soaHas rno x
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N UMEeeT PasMepHOCTb, 3aBUCALLYIO OT pa3MepHOCTU BXOOAHON U BbIXOAHOW BEMUYUHbI
nri.

S =dy/dx Om/mm; MkKA/MM; MKA/rpag.

OTHOWeHMe TeKyLllero 3Ha4YyeHUs! BbIXOAHOW BENWYMHbI K TeKylleMy 3HayYeHuro
BXOAHOM Ha3sblBaeTca  KoahdpumumeHToM npeobpasoBaHms k=y/xi. Ecnn y=f(x)
NNHENHa, To y=Sy n S=K.

[vana3oH npeobpasoBaHMsa - YacTb Anana3oHa U3MEHEHWUs] BXOLHOW BENUYUHbI,
AN KOTOPOW YCTaHOBMEHbI HOPMblI Ha MOrpewHoCcTb Npeobpa3oBaHNs D=Xmax — Xmin
(pnc.10).

YVma

y min

v =

Puc. 10. K onpegeneHunto otaenbHbix napametpos UM.

yp(x) — pacdeTHas (OyHKUMA npeobpasoBaHus; ys(X) — aKCnepuMeHTanbHas yHKUMS
npeobpasoBaHus; Ap — MNOPOr YyBCTBUTESNbHOCTWU (NOFPELWHOCTb HYNA), Xmin, Ymin —
MUHUMarbHblEe 3HAYEHUSI BXOA. U BbIXOA. BENMYUH; Xmax, Ymax — WX MaKCMManbHbIe
3HaYeHUs; Xk — KOHeL, AMana3oHa npeobpas3oBaHus.

Mopor 4yBCTBUTENBHOCTU A, - MUHMMarnbHas BXOAHAs BenW4uHa, perncrpupyemas
N3MEHEHMEM BbIXOOHOW BENUYUHbI (Xmin)-

Mpenen npeobpasoBaHUs - MakCcUManbHOE 3HAYeHWe BXOAHOW BENUYMHbI, KOTOpoe
npeobpasyetcsa 6e3 nckaxeHmn unu nospexaeHnn UMM (Xmax);

Ona uudpoBbIX M3MepuTeNbHbIX npeobpasoBatenen — ITO paspellaroLlas
CrnocoBHOCTL (LeHa eanHMLBbI MNagwero paspsaa).

Takum ob6pas3om, NOSHbLIN Ananal3oH Npeobpas3oBaTens - 3TO MHTepBan 3Ha4YeHUn X, B
KOTOPOM MOXeT ObITb nornyyeHa AocToBepHas MHdopmauma oT gaHHoro UMM (ot A, Ao

xk) D=xx/ A, .

Pabounn pawana3oH MeHblUe TMOSfIHOro, COCTaBnsieT €ero 4acTtb, B KOTOPOW
norpelwwHocTb UIN He npeBbllaeT 3agaHHON.
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CteneHb HenuMHeNMHoCcTM npeobpa3oBaHMsa - HaMbonbLLAas cTaTMyeckas NOrpeLLHOCTb
B aHanoroBoMm npeobpasoBaHMN - 3TO OTHOLUEHWE MaKCUMaribHOW PasHOCTU opAuHaT
TEOPEeTMYEeCKON W IKCMEPUMEHTAlNbHOM XapaKTEPUCTUK K 3HA4YeHWo opauHaThl
TEOpPEeTMYEeCKON CTaTUYeCKoM (pacyeTHOW) XapakKTEPUCTUKN B TOYKE MaKCUMarbHOW
HenuHenHocTu (puc. 10).

Y 2= (vo - yo)lyp100%
Yp - KOOpAMHATa pacyeTHOW XapakTepUCTUKM;
Vs - KOOpANHaTa peasibHOW (3KCrNepuMeHTarbHON) XapaKTepUCTUKM.

Momexoyctonumeoctb WIT - cnocoBHOCTE COXpaHATb WMHGOpMauMo C  3agaHHOM
MOrpeLlHOCTbI0 B npoLecce npeobpas3oBaHus Npu BO3AENCTBMM AECTAabMNM3NPYHOLLNX
dakTopoB (X1, X2 ... Xn).

&y, O o) O Y
dy:ade‘f‘a—.)Cldxl +adx2 +.”+ng" S= ax AOIMKHA ObITh >>
S1, S2... Sy,

oy Oy
S = — S =
roe 1 axl ’ 2 6x2

BxogHoe anekTtpudeckoe conpoTtnBneHne Re=Uey/lex.
MoTpeBnsemast MOLLHOCTb Promp = FPex-Rex.

HapexHocTb (BepOoATHOCTb Ge3oTka3HoM paboTbl B TE€YEHMM 3a4aHHOro MHTepBana
BpemeHun T(t-t;), HapaboTka 4O NepBoro oTtkasa T, BEPOATHOCTb OTKa3a B 3a4aHHOM

WHTepBane BpemMeHun P, yactota  oOTkasoB f(f), WHTEHCUMBHOCTb OTKa30B ﬂ«(t).
MoapoBHO 3TWM KpUTEPUWM, XapaKTEpPUCTUMKM M MeTodbl UMX onpedeneHus, OyayT
paccMOTpeHbI B crieumansHOM Kypce "HagexHocTb cuctem ynpaBsneHns"”.

Bce ckasaHHOe Bbile OTHOCUMTCA K cTaTudeckomy pexumy pabotel UMM, koraoa
npeobpasyemasn BenuuunHa x(t), He M3MeHsieTcss B MOMEHT ee npeobpasoBaHust Unm
N3MEHAETCA HE3HaYuMTenbHO, YEeM MOXHO npeHebpeyb, He Bbi3biBasi OOMbLUMX
norpeLHocTen npeodpasoBaHusS.

OuHamnyeckun pexum  pabotel UM oueHnBaeTcs CKOPOCTbIO N3MeHeHUA
dx
npeobpasyemon BeNMUYMHbl BO BpEMEHU E =V,

Ana umdposoro nsmeputenoHoro npeobpasosartens (LWNIM) auHamunka oueHuBaeTcs
ObICTpOOENCTBMEM.

BbicTpoaencTeue - 3agepxka npeobpasoBaHusi, ero ANUMTENbHOCTbL UMK YacToTa.
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OnntenbHOCTb
T= tnp + teosep +to,

roe  tmp - Bpemsi nonHoro npeobpasoBaHua curHana; feosep - BpeMs Bo3spata LI B
NCXOQHOE COCTOSIHUE; fp - BpEMS OXMOAHUSA CreayoLero curHana.

OcHoBon 6bICTpO,EI,eIZCTBI/IFI ABndeTcA ONMUTENIbHOCTb OOHOro TaKTa CpaBHEHUA

npeobpasyemon BenmymHbl ¢ obpasuyoson - 7 :

AUIT cpaBHeHNA (CHUTBIBAHUS) tw=T;

AUl nopaspsigHOro cpaBHeHMS tpp=n-7;

ALIN nocneposaTenbHOro cyeta tw=2"-7T .

15. Tou4HOCTb npeobpas3oBaHuUss - CTeneHb npuonmxeHns pesynbTaTa

npeo6pasoBaH|/|$| K YUC-JiIeHHOMY 3Ha4Y€eHUIo BXOL4HOW BENNYMHDI.

ToyHOCTb Mpeobpa3oBaHUss MOXET  XapaKTepu3oBaTbCA  MOTrPELUHOCTLIO, MOPOroM
YyBCTBUTENBLHOCTWA, AMHAMUYECKMM [ManasoHOM W paspeluarolleit crnocoBHOCTbIo
L.

2.3. MNorpewHOCTN U3MepuUTenbHbIX Npeobpa3oBaTerien U UX
MeTpPOoJiIorM4yeckne XxXapakTe PpUCTUKWU.

Knaccudmkaumsa norpewiHOCTEN.

MorpelwHocTb NpeobpaszoBaHnsa onpenensieTca TOM WUANM MHOW OLLEHKOW OTKIOHEHUS
pearnbHOW XapakTepUCTUKN NpeobpasoBaHUsA OT UCTUHHOW (pacyYeTHOW, TEOPETUYECKON)
xapakrepuctuku (puc.11).

CywecTByOT abCONOTHbIE Ay(X) v oTHocUTENbHBIE y (X) norpewuHocTu.

AY(x) = y5(x) = yp(x)

_ Ay(x) - Ay(x)
7y ()= A;(x)“‘ Aa(x)

MpyM  HOPMUPOBAHWM  TOYHOCTU  YYUTLIBAKOTCA  MaKCMMarnbHble  3HAYEHWUS
abCoMOTHOM M OTHOCUTENBbHOI NorpellHocTy NpeobpasoBannst AV(X) max v yy(x) max

Ha BCeM AmanasoHe npeobpa3oBaHusi, a Takke NpuBeAeHHble 3HAa4YEeHUS! NOrPELLHOCTEN

y _ AV Yo = Ay(x)
I1IPY DY nWnn / ey DY ,
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BMecTo D, O0BblMHO YyKasbiBalT Xk W Xy (HOPMUPOBAHHOE 3HAYeHMEe BXOAHOM
BENNYEHDI).

Bce norpewHoCcTn Moryt onpegendtca KakKk Mo OTHOWEHUKO K  BbiIXoady

npeo6pasosatens (Ay , V% ), TaK 1 No oTHOLIEHWIO K BxoAy (AX, 7 y ), T.e. BbipaxaTbest

B MacwTabe BXOOHOW BenuyeHbl C y4yeToM 4yBcTBUTENbHOCTU WM (KpyTU3HBI €ero
CTaTUYECKOM XapaKTepUCTUKN).

OcCHOBHOM cyMTaeTCs NOrpeLHOCTb B HOPMaribHbIX, OFOBOPEHHbIX TY 3Ha4yeHusiX
BHELUHUX Oectabunuampyrowmx daktopos (t° =20+5°C, paBneHne +5% 0T HOMUH.
760 MM.pT.CT., 3afaeTca onTMMarnbHOe MOMOoXeHWe, YacToTa NUTaKLWEro HanpsXXeHus,
BNa)XHOCTb). [orpelwHoCcTb, BO3HUKaOLWAA NpY OTKITIOHEHUU BHELUHUX BO3AENCTBUN OT
HOPMarsbHbIX, CYNTAIOT JOMNONHUTESILHOWN.

B 3aBucumocTn ot pexuma pabotsl UM norpeliHocTn aensaTca Ha ctaTudeckue u
OnHamudeckme. B cratuyeckom pexunme npeobpasyemasi BennuMHa U BbIXOLHOW
CUrHan He N3MEHSIITCHA BO BPEMeH B npoLlecce npeobpasoBaHus.

TunnyHbin anHamndeckmn pexum UM - npeobpasoBaHve u3MeHsOWeecs BO
BPEMEHWN BXOL4HOM Benu4yeHbl. Ecnv BxogHas BenuuMHa He MEHSIeTCA BO BPEMEHU B
npouecce npeobpas3oBaHus, TO ANHAMUYECKUI PEXMM BO3HMKaET NpW NOOKMHOYEHUM
UM k obbekTy (nepexogHon npouecc, obycrnoBAeHHbIM MHEPUMOHHBIMU CBOMCTBAMM
nr). AnHamuyeckun pexum paboThbl conpoBoXgaetcsa  AUHAMUYECKUMU
NOrpeLHOCTAMM, OHK BbiBalOT 1-ro 1 2-ro poAa.

[nHamnyeckne norpelwHocTn 1-ro poaa, Kak B aHanoroBbIX Tak U B AUCKpeTHbIX AT,
0o0ycrnoBneHbl WHEPLMOHHOCTbI 3NeEMEHTOB u3aMmepuTenbHonm 4actn WM, koTopyto
cnegyeT yyuTbiBaTb nNpu npoektupoBaHun UM un pacdyeTe oonyCTUMbIX MOrpeLLlHoOCTEN
npeobpasoBaHus.

TTorpemmnoctu UIT

AOGcoioTHas| <« OcHoBHas Crarnueckas |4 | Meronuueckas 14

<« | JononHutenbHas Junamuueckast " I/IHCT‘p}IMeHTaJ'ILHa‘

IlpuBeneHHas | <

Cucremarnyeckasi |4
OTtHOCHUTENIbHAS Ilepuoanueckas (4 AnnutuBHas |«

CnyuaitnHas 4
MynbTUIUTUKATUBHAS [@

[Iporpeccupyromast |

ITepemennast

Co CII0KHBIM

3aK0-HOM i
MPOSABJICHUA

Puc. 11. Knaccudukaumsa norpewHocten M.
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MeToanyeckas norpeLiHoCcTb - NOorpewHoCTb O6yCJ'IOBJ'IeHHaF| HeCcoBEpPLUEHCTBOM
mMeToga WU3MEpPEeHunAa Wn3-3a HeaoCTaTOYHON N3YHEeHHOCTUN ABJIEHUA, MMOJI0)KEHHOIo B
OCHOBY MeToda Wu3MepeHud, Uin HEBO3MOXHOCTbHO OaXe TeopeTn4decKu nsdexatb
norpewHoOCT npum ncnofib3oBaHMn gaHHOro metoga namepeHuna.

MHCTpyMeEHTanbHasa NorpeLuHoCTb - onpegendertcd norpewHoCTbio Cpeancts N3AMeEpPEHUA
(HeCOBepLLIeHCTBOM KOHCTPYKUNKN nnn CXeMbl, TEXHOIOIrnn N3roToBJ1EHNA,
nocreneHHbiIMm NAHOCOM U CTapeHnemMm Mmatepumasros U T.ﬂ,.).

CucrtemaTtmyeckass MOrpPeLlHOCTb - OCTAeTCA  MOCTOSIHHOM WM U3MEHSIeTcs
3aKOHOMEPHO MpU MOBTOPHbLIX U3MepeHuax (Npeobpa3oBaHMAX)O4QHOM U TOW ke
BEJTNYMHBI.

CnyyanHasi MNOrpelHoCcTb - W3MEHSIETCS CJ'Iy'-laIZHbIM o6pasoM npn nNOBTOPHbIX
n3mMepeHunax, SHa4eHme n 3Hak eé onpenesnimtb HEBO3MOXXHO B KOHKPETHOM Cliy4dae, T. K.
B KaXXOOM OrblITE NPUYNHbI €€ BbI3blBaloLLME, ,D,eVICTByPOT HEeOJMUHAaKOBO.

Cnenyet npoBOAWUTb Psii PABHOTOYHbLIX M3MEPEHWA U MPOBOAUTbL MaTeMaTU4ecKyto
06paboTky pe3ynbTaToB ANsl YCTaHOBMEHWUsI 3aKOHOMEPHOCTU NPOSIBNEHNSI OXXMaaeMoM
MOrpeLLIHOCTH.

[MlepeMeHHas MorpeLHoCcTb - PasHOBUMOHOCTb CIlydanHOW, HO MMeloLas WU3BECTHYH
3aKOHOMEpP-HOCTb, KOTOPYD MOXHO BbIsIBUTb: HapacTawwas (ctapeHue), ybbiBatowas
(NnpypaboTka MexaHU4eCcKoro COMpshKeHus), nepuogudeckas, W3MeHsLWascs no
CINO>XHOMY 3aKOHY.

Mo cTeneHn BANAHUA Ha norpewHoCTb U3AMeHeHA BXOAHOW BENWYUHbI B AManasoHe
I'Ip906pa3OBaHVIﬂ NOorpewHoCcTn aendT Ha agauTuBHbIE N MYTTbTUTNITIMKATUBHbIE.

AOOVTMBHAS NOrpeLIHOCTb - HE 3aBucsllaa OT 3HAYEeHUs BXOOAHOW BESIMYMHBI X

(I'IOFpeLIJHOCTb HyJ'IFI), namepdeTcsd B abConiTHLIX eanHnLax - A() .

MynbTUnNIMKaTMBHas NorpewHoOCTb - nponopunoHaribHas SHa4YEeHUIO

npeobpasyemon BeNWYUHbI X; W3MEpPSeTCA B OTHOCUTENbHbIX eauvHuuax - Y,
(norpeLwwHoCTb YyBCTBUTENBHOCTU S).

[Onsa koHkpeTHbIX UIM moxeT npeobnagaTe ogHa M3 COCTaBNAOLMX MOrPELUHOCTMH,
APpYroun npu aToM MOXHo npeHebpeysb (Tabn.1).

a) npu HanUyuu NUWb agauTUBHOWM MOrPELUHOCTM PYHKUMSA npeobpasoBaHMs MMeeT
BMA

y=S (x+A,),

Tekywiee 3HayeHMe abCONITHOM  MOrPELHOCTM He  3aBUCUT  OT  3HAYeHui
npeobpasyemMoit BenuuuHbl X. OTHOCUTENbHAst NMorpewHocT ¥ =A,/x, npuyem npu
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Xx=A, norpewHoctb Bo3pacTtaeT Ao 100% 10 ecTb npeobpasoBaHne HEBO3MOXHO. X

=A, - NOpOr YyBCTBUTENBHOCTN NpeobpasoBaTens.

6) [lpu Hannuum  TONMbKO  MYNbTUMMIMKATUBHOW  COCTaBMSAOWEN  PYHKUNA
npeobpasoBanHusi umeet Bug y=S(1=xy,)-x, Tekywee 3HauyeHue abGCONIOTHOWM

norpewuHoctn A =%, - X  otHocutensHon Y = 7.

B) B obwiem cnyvae npu Hanuyum n aganTMBHON U MYIbTUMNIIMKATUBHOM NOMPELLIHOCTEN
dyHKuMs npeobpasosanus umeet Bua Y =Sty ) xtA,), a abconotHoe K

OTHOCUTENbHOE  3HAYeHWe  CyMMapHbIX  MOrpelHocTen - A=A+y -x,
y=y+(4,/ x).

Tabnuua 1. OueHka BNUAHUA aganTUBHOWN NN MYTbTUNITMKATUBHOM
COCTaBNAILWMX NOrpeLHOCTN Npeobpa3oBaHns

Xapakrep
npeobafaromnei MorpewHoCTb
DOyHKIMS
MOTPEITHOCTH
npeoOpaszoBaTelis npeobpasoraHua
(mpeoOpa3oBaHus) _ AbcontoTHas OTHOCUTenbHas
y=fx)
"N v~ / A
> A 100% |- Y ="o
oA : x
AnIuTHBHAS - ;,_ 4 .’,E:’.,. . A=Ay E
(MOTpeIHOCTh HYIs) a8V S »X | : »X
A —> i Ay o X A
’ 240 > 0
y=S(x £ A,
A .
vy | 44 N
) A=/7/ 5 X
ITorpemHnocts LAl A
/I .7 }/ - yS
YYBCTBUTEIIEHOCTH N =
(MyJIBTHIUTHKATHBHAS ) el 2ysx Vs
_ »X »X v »X
Vs y=8(12ys)x
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A A/ A7
4 —
/ Y y_f (x) |
// ,’ ’/ 1 A
CyiVIMapHOG LSS / E }/ — ¢+ D
JEUCTBUE Ry A N X
aIIUTHBHOM u| [ /1.1 v Vs X :
> P 1A 1
MYJIbTUILUIMKATUBHOU ,: Ady 4y ! Vs
e //// |
MOrpEIIHOCTEH » X 4 »X . \ »X
= A
y=S(1+y,)(x + Ay) 0

MeTponoruydeckue xapakrepuctuku UM.

OueHKka TOYHOCTU MpPU UCNOSIb3OBaHUM HOpMUpoBaHHbIX UM B ctatnyeckom
pexume. Mo MOCT 8.009-72 "Hopmupyemble METPOSIOrMyeckue xapakrepuctuku
CpeacTB M3MepeHUn" MOXHO oueHUTb MeTtponoruio UM, B ToM yucne HopMupyemble
norpewHoctn WM. O6o6uieHHON xapakTepuctukonm TodHocTn WIT aBnsetca knacc
TOYHOCTU, onpedensemMblin npenenom LOrnyckaeMblX OCHOBHbIX W (OOMONHUTESbHbIX)
norpeLLlHocTen, MHorga ¢ ydetoM mn apyrmx csoucts UMM, BNuAKOWMX Ha TOYHOCTb
npeobpasoBaHnd. HopmmpoBaHue knacca TOYHOCTM MOXeT ObiTb Npon3seaeHo nmbo B
abcontoTHbIX, MM60 B OTHOCUTESbHbBIX UKW NMPUBEAEHHbLIX 3HAYEHUAX NOrpeLLlHOCTEN B
BMAE OAHOYNIEHHOW UNKN ABYYNEHHOW dhopmynbl (Tabn.2).

B 3Ha4yeHusix abCONTHbIX norpemHOCTeﬁ:

a) OAHOYNIEHHOM OPMYION KIlacc TOYHOCTWU 3ajaeTcs Kak npegen gonyckaemomn
OCHOBHOM abCONOTHOM NOrPELLIHOCTH

AX=4a ;

0) ABy4YneHHoOM OPMYSIOM KracC TOYHOCTU HOPMUPYETCS TOXE Kak npeaen
A0NyCTUMON OCHOBHOW abCOMTHON NOrPeLUHOCTU, HO C BblAeneHnem ee aganTUBHOM U
MYIbTUNNIMKATUBHOM COCTaBNAOLWNX AX=+a+bx).

Tak HopmupyeT TOYHOCTb psaga uudgposbix WM. B atux copmynax a, b —
NOCTOSAHHbIE NOMNOXUTENbHbIE KOAPMPULUMEHTLI, HE 3aBUCSALLNE OT BXOAHOW BENUYMHbI.

B 3HauvyeHuMAX npuBeaeHHbIX MOrpewHOCTEeN TONbKO OOHOYSIEHHOM OOPMYIIon
HOpMUpYyeTCs Npeaen 4onyckaeMon OCHOBHOW NpuBEAEHHOM NorpelHocTy B %:

— o/ _
rge Xy - HoMmmMHaribHoe 3Ha4veHue ﬂp906pa3yeMOI7I BEJMM4YUHbI X; Xx - KOHEe4YHOe 3Ha4YeHne
npeo6pa3yeM0|7| BENUYUHBbI X; AX- abcontoTHas NnorpeLwHoCTb npeo6pasoBaHV|F|.

Tak HOPMUMPYKOT Knacc TOYHOCTU OONbLUMHCTBA W3MEPUTENbHbLIX aHanoroBbIX
npubopos.
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Pap "P": 0,05; 0,1; 0,2; 0,5;1,0; 1,5;2,5;4,0...

p=1-10";1,5-10";2-10"; 2,5-10"; 4-10"; 5-10"; (n=1; 0; -1 n 1.4.)

B 3HayeHMsiX OTHOCUTESbHbIX I'IOFpeLIJHOCTeIZ HOPpMUPYETCA npeanen ﬂ,OHyCKaeMOVI
OTHOCUTENbHOW OCHOBHOWN NnorpeLHoOCTU:

a) ofHouneHHoi hopmysion ¥ =+ A%i 100 = 4

el

roe c,d - MOCTOSHHblE KOSd)q)I/ILI,I/IeHTbI; Xx - KOHe4yHOe 3Ha4deHune [Ounana3oHa
N3MepeHn4d; Xj - TeKyuiee 3Ha4vyeHne M3MepﬂeMOl7’l BeJINYNHbI.

6) AByYneHHoi dhopmyrnon ¥ = i%i 100 = i{c +d(

Takmm obpasom, HOpMMPYeTCHA TOMHOCTb LUndposbix UM ¢ BbliaeneHnem agoutmBHOM U
MYNbTUNIIMKATUBHOW COCTaBNSOLWMX NOrpeLHOCTH. [Ana HopMmnpyemMbix Takum obpasom
WM knacc TouHOCTU 3agaeTcs Kak ¢/d (ay/bp). Yvcna ¢ n d BbiGupatloT U3 TOro e paaa,
YTO p, HO 3anMCbIBalOT B MPOLEHTaX.

X/xi _ 1‘)} - i[o.oz +0.01(

Tabnuua 2. HopmmMpoBaHMe TOYHOCTU NOrPeLLHOCTM.

Hanpumep:

y= i[0.0002 +0.0001(

el

dopmyna npepenvHon | MNpegensl gonyckaemon | O6o3Ha4YeHne Krnacca TOMHOCTU
N | ocHOBHO MOrpeLLHOCTV | OCHOBHOM MOrPELLHOCTY
B o6wem Buae Mpumep
Ax=+a +a Pumckumn — unu
1 NaTUHCKNMKN L
Ax=7#(a+bx) #Ha+bx) GykBamm
Ax 0
2 | Vp =—100%=%p | #p p vnv p 1,5vnmn 1,5
X
Ax +
y =2 100% =+g |77
* q 1,0
Ax
31 =22 100% =
X
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=i[c+d(

el

i[c+d(

el

c/d
(8 %)

0,02/0,01
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3. IameputenbHble LLenu aHaroroBbIX
npeobpa3oBaTtenemn.

3.1. CTpYKTYypHbI€ CXeMbl U3MEPUTENbHbIX
npeobGpa3oBaTeneun u uenen nepegavym NUamMepuTesribHOMn
nHdopmauum.

Mo BMAY CTPYKTYpHble CXeMbl OENATCS Ha CXeMbl MPsSIMOro, ypaBHOBELLMBAIOLLETO,
napannenbHoro u KoMOBuHMpoBaHHOrO npeobpasoBaHna curHana, (nNnpu4yem 3TO
OLMHAKOBO MOXHO OTHeCTM 1 K UM n kK nameputeneHbiM uenam (ML)).

MpsaMoe npeoGpaszoBaHue curHana.

Yt Y2 Y-t
X Y
—m Si — Sz Lt o BN, I—’ S —p

Puc. 15. CTpykTypHasi cxema TpakTa npsiMoro npeobpasoBaHusi curHana.

B aToM cxeme x - BXOOHOW CUrHan uenu MpsMOro Mnpeobpas’oBaHus;Vy, ¥z, .., Vu -
BbIXOAHbIE

CUrHanbl COOTBETCTBEHHO MEpBOro, BTOPOro,..., h-20 3BeHa WL S, Ss,..., Sku-

YyBCTBUTEJIbHOCTb

3BeHbeB OT NepBoro o n-ro.

UyBCTBUTENBHOCTb TPaKTa Npu 3TOM Spp=387-S7 ... 'Sy, B YeM nerko y6eauTbes, 3anucas

3Ha4vYeHne YyBCTBUTEJIbHOCTU and Kaxgoro 6n0|<a,
A A Ay

KaK Sl = yl 782 = y2 7'"7Sn = n
Ax Ayl &yn-—l

nepemMHoOXmnB 3Ha4YeHNA YyBCTBUTEJIbHOCTU BCEX 6nokoB TpakKkTa.

Takon TpakT NpocT B peanu3auuu, obnagaeTr BbICOKONM YYBCTBUTENLHOCTHI (TEM
bonblien, Yyem 6onbule 6110KOB B TpakTe), HO He MOXeT o6ecneynTb BbICOKON TOYHOCTU
npeobpa3oBaHns, T.K. MOrPEeLlHOCTb CYMMMPYETCA OT BXxoAda K BbixoAdy MobJioYHO,
pPacTyT UCKaXXEHMS CUrHana.

Florpeumocwl npsAmMoro I1p606pa3OBaHVI9I CUrHana.
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ApAVTUBHASA NOrpelHOCTb Bbi3biBaeTCA APedOM Hynsi 3BEHbEB, HaNOXeHUeM
MOMEX Ha CUrHan, YTo Bbl3blBAET CMELLEHME XapaKTEPUCTUKM /-To 3BeHa Ha = A Vy;.

. y1=/1%)
Yi N V2
X R 73
S, s [ s
Ay Ay Ay,

+Ay; T . 6

-av 7

Ao

Puc. 16. Cxema BO3HMKHOBEHWSI aAAUTUBHOWN MOrPELLHOCTU B TPaKTe MNPSIMOrO
npeobpa3oBaHus, a) rpadomk pyHKUMK NpeobpasoBaHmsa gns 1-ro 3seHa; 6) cxema
COeOVHEHUs] 3BEHBEB B TPAKTE.OTO  PaBHOCWUIILHO  MOSIBIIEHMIO Ha  BbIxo4e 3BeHa
OOMONHUTENBHOMO  curHana

Ayb Ay29'"! A}’n
O603Ha4m apamTneHyto norpetHocTb VM nnn UL yepes A ggmyx Y PACCMOTPUM €€ Ha BbIXOAE

YCTPOWUCTBA, Y4TS, YTO MpWU NMHENHOM npeobpas3oBaHuM KohdMUMEHT NpeobpasoBaHns

S{:k}, Sz=k2 H TA, TAC kf

3BeHa.
A Dewix— Ay]kaj.. kn‘l_ Ay2k3k4 kn"’_ Ayn-]kn + Ay”
MpuBEaEeM NOrPELLHOCTL KO BXOAY YCTPOMCTBA, pa3nenvB KaxKabIi YreH Ha COOTBETCTBYHOLLMIA

koacphuLmeHT npeobpasosanna A g = Ayt Ayykrky)t. Ay (krky ... ky)

PesynbTypytoLlee AencTBne BceX AOMOSHUTENBHBIX CUMHAMNOB PaBHO OENCTBUKO CYMMAapPHOMo
/curHana A ¢

Takum o6pa3oM B CpeacTBax M3MeEpPeHUs MpsiMOro npeobpasoBaHUA NPOUCXOAUT
CYMMMPOBaHMEe MOrPELLHOCTEN, BHOCUMbIX OTAEMbHbIMA 3BEHBSAMW C YYETOM UX MecTa B
cxeme. OCHOBHYO MOrpeLHOCTb BHOCUT NepBuYHbIM NnpeobpasosaTens (1111).

MynbTunnuMkaTuBHas norpeluHocTsb B UL u UM npsamoro npeobpa3oBaHua.

MynbTUnnMKkaTMBHast NOrPELUHOCTb ONpeaenseTcsl U3MEHEHNEM YyBCTBUTENBLHOCTU 3BEHLEB
I n nameputenbHon uenu.

Co BpemMeHeM 4yBCTBUTEITbHOCTb 3BEHBLEB MOXXET N3MEHUTBLCA Ha AS , W TOrda OTHOCUTEITbHOE
n3MeHeHmne 4yBCTBUTEJIbHOCTHU yCTpOVICTBa
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AS A5, AS, AS
=—=—1+ +..+

S 8§ S, S
Ay =(S§+AS)x-Sx=A8x

n

Vs

m

YTO BegeT K UISAMeHEeHUIo CUrHana

M3mMeHeHU0 BbIXOOAHOrO  cuUrHana Ay COOTBETCTBYET abcontoTHas NnOorpeLwHoCTb
n3amMepeHuna BXOAHOW BEMUNYNHBI

Ax= Yy _xAS
S S

=XYs.

YpaBHoBeLwwuBaloulee npeobpasoBaHMe curHana.

B nocrnegHee BpeEMS B NPaKTUKY BHeOpsoTCS npeobpasoBaTenu
ypaBHOBeLUMBatoLero npeobpasoBaHus (puc. 17).

YpaBHoBelunsatowmm AN
Puc. 17. CTpykTypHasa cxema TpakTa ypaBHOBeLUMBaAIOLLErO NpeobpasoBaHus curHana.

OTnuuMTEnNbHON OCOGEHHOCTBIO Takoro Aatynka unu UL aBnseTtca Hanuuve OBYX
uenein  -npsmoro (“A”yn  obpaTtHoronpeobpasosaHus. (“F”) Llenb  oGpaTHoro
npeobpa3oBaHus BKIOYaeT

obpaTHbIi NpeobpasoBaTesls C YyBCTBMTENbHOCTHIO SM MOXET B obLiem cryvae

COCTOATb U3 HeCcKomnbkux npeobpasoBaTenen M oOxBaTbiBaTb KaKoe YrogHO 4YMCIo
npeobpasoBaTenen, BKIIOYEHHbIX B Lenb nNpsiMoro npeobpasoBaHunda. Ha Bxoge uenwu
npsiMmoro npeobpas3oBaHusl, OxBadeHHon oTpuuatensHon OC, B cpaBHMBaOLIEM
yctporctBe (CY) npoucxoouT cpaBHeHue (KoMreHcauusi) BXOLHOro curHanaxXjc
BbIXOAHbIM curHanom uenun OCy;o:npu 3TOM Ha Bbixoge CY dopmupyeTcs
Pa3HOCTHbIN curHan A X=x1-y1¢. [1py Bo3pacTtaHum BXogHOro curHana Xi

BO3pacTaeT WYy, MOKa He HacTynaetr WX paBeHCTBO, LUeNb YypaBHOBELUMBAETCA

npu Ax=0.
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®yHKUMA npeobpasoBaHMs ypaBHOBELLMBaOLWEro npeobpasoBatens (yyYacTka uenu
npsmoro npeobpasoBaHus «A*», oxBadeHHoro otpuyatensHon OC):

y=8Spx/(1+8SeP) =Svp-x I

rae S, =So (1 +508) - yyecmeumeslbHoOCmMb  Uenu  ypasHOBelU8arUe20

npeobpasogamens;  Sp=S3;5-... Si1-Sf-  wyscmeumensHocmb  uenu  npsMozo
npeobpasosaHus;

P - yyscmeumenbHocmb uenu obpamHo20 rpeobpasosaHusi. Ecnn yyecTb, 4TO
naMepuTenbHas uUenb, n3obpaxeHHass Ha pucyHke 17, nNpeacTtaBnsieT Uenb NpPsiMOro
npeobpasoBaHusi, OOHO 3BEHO KOTOPOM WUMeeT  YyBCTBUTEMbHOCTb Sy, a
Apyroe npeacTaenseT  ypasHosewwsawwmii UM ¢ 4yBCTBUTENBHOCTBIO Syp, TO
4yBCTBUTENBbHOCTb 3TOWN

namepuTensHon uenmS=SyS,,,rae dyHkums npeobpasoBaHms Y7 XS Sp/l+Sefs

BeeneHve oGpaTHoro npeobpasoBaTens B CTPYKTYPHYIO CXeMy Npeobpa3oBaTenbHOro
TpakTa KayeCTBEHHO M3MeHsieT ero (PyHKLMI0 npeobpasoBaHus, a crieqoBaTerbHO U

BbIXOfHble Xapaktepuctuku. Mpu Spf>>1 S,~1/f.

Mpun rny6okon OC 4yBCTBMTENBHOCTb ypaBHOBELUMBAKOLWEro npeobpasoBaTenibHOro
TpakTa onpegensetca npeobpasosatenem B Lenn OC (obpaTHbIM NnpeobpasoBaTenem).

MorpewHoOCTU ypaBHOBeLWMBaKOLWEro npeobpasoBaHus cUrHana.
Mpw nonHom ypaBHoBewwmBaHuu, koraa Ax==0; AX=x;-yip; X;=Vie=8 yi, j/;=x1.f’ﬁ

Takum o6pa3oM, B MOMEHT KOMMEHCAUUW CUrHam Ha BbIXode YCTponcTBa
nponopuMoHaneH BXOAHOMY  CuUrHany u He 3aBUCUT OT  Ko3dduumneHTa
npeobpasoBaHMa LenM nNpsMoro

npeobpasosaHus“k”; npu atom S=dyy/dx;=1f.

MynbTunnMKaTMBHas MOrpeLHoCTb, OOYCroBNeHHas W3MEHEHMEM KoadhpmUMEHTOB
npeobpa3oBaHMa 3BEHbEB MNPU  AOCTATOMHO ManoM W3MEHEHUW 3aBUCUT TOMbKO OT
OTHOCUTENBHOTO N3MeHeHMs koadbhrmeHTa NnpeobpasoBaHmst 0OpaTHOro Nnpeobpasosarens.

AS __AB_ [ +Aﬂ2 $...

S g TR 5

Vs

AnauTUBHas NOMPELLHOCTb B Briokax ¢ MOJIHOW KOMMeHcaumen npaktnyeckn obycrnoeneHa
NMoporomM YyBCTBUTENbHOCTU 3BEHLEB B  LENW npsiMoro npeobpasoBaHust -
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Ay Ays. Ay (puc18).  Ons pearnbHbIX 3BEHbEB  rpadmMK  XapakTepuCTUKM
npeobpasoBaHMs MMeeT BuA,

nokasaHHbIi Ha puc. 18a, rme ZAyrj- nopor YyBCTBUTEMLHOCTM  7-T0  3BEHa.

4}).{ o ~i
-AVn
> vy
i ] X Vi 2 i- Vi
¥ S FAS P oS
Ay; 4
0)
a)

Puc.18. Cxema BO3HUKHOBEHUS afANUTUBHOW MOrPELLUHOCTN TpakTa a) rpaduk oyHKUUn
npeobpasoBaHus |-Toro 3BeHa; 6) cxema coeanHEHNS 3BEHbEB B LIENN“K”.

Mopor  YyBCTBUTENbHOCTW  YpPaBHOBELUEHHOro  npeobpasosaTenss C  MOMHON
koMmneHcaunen (Ha Bxode) AX=AYV;~ Avoky+t Ay tkiky)+.. + Ayitkrky .. ki)

CnepoBatenbHo, npu Halmm4nm nopora YyBCTBUTEJIbHOCTHU 3BEHbLEB

uenu “k” komneHcaums
HacTynaet npuAx=x; - y;o#0.

Takum obpa3oMm, U3MEHeHWe BXOOHOro curHana B npegenax fAx He Bbl3blBaeT
N3MeHeHus

BbIXOQHOrO curHana, TO ecTb nosiBnseTcs abconoTHas aganTuBHas
norpewwHocTb TAX. [Ins ee

yMeHbLUeHUA  crieayeT  yBenuuueaTtb ki k...k, Mpegen  yBenuueHuss  aTuX
KO3 (P MLUNEHTOB

orpaHnyeH auHamudeckon yctomymsocTbto UM (AL). OO6wasa norpewHocTs Hyns
Lenu “k”onpeaensieTca LWYMOM, [ApeiicpoM, HecTabUNbHOCTHIO B MEPBYD o4epedb
nepBbIX NpeobpasoBaTenen Lenu, Tak Kak ocTasrlbHble MOrpeLlHOCTU YMEHbLUAKTCS.
3Haunt npeobpasoBaTesle  HEpaBHOBECUMSI W yCUNUTENb  OOMMKHbl  obnagaTb
MWHUMaITbHBIMU MOrPELLUHOCTSAMWU HYNA U MakKCUMaribHOW YyBCTBUTESNBHOCTLIO, TaK Kak
abcontoTHaa BenuMYMHa BHOCMMOW MMW MOFPELHOCTU He MOXeT OblTb CHMXeHa
NoOBbILLEHWEM KO3(PPULMEHTA YCUMEHUS UK rIyOuHbI ypaBHOBELLVMBAHUS BCEN LENN.
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[Npn HenonHoW KoMneHcaumm

Xy - Vi & 0,’ X1 - Vio =AX, y,-=k'xz"l(f+k[3).' k:k]'kg'...'kn -
koadbduLMeHT npeobpasosanus uenu “k” npuCurHan S=Kk. Ha BbIXOOe 3aBUCWT Kak

oTTak uk, ot f

UyBCTBUTENBHOCTb ypaBHOBELLVBAILLETO npeoGpasoBarerns B 3TOM
cnyvae S,=k/(1+p%).

_AS Ak 1 AR v kB
PSS s Tk T, B 1+kB 1+kB P 1+kB

roe =2’k — oTHoCUTENbHas NOrpeLHOCTb YYBCTBUTENBHOCTM Lienu «ky;
ys=AP/B - oTHOCUTeNbHAs NOrPeLLHOCTb YyBCTBUTENBHOCTU Lienu«fy.

MynbTUNAMKaTUBHAsS NOrpeLLIHOCTb

Ecmu k- f>>1,10 3= (w/k ) - 15

Cocrasnsiowasi, 06ycrioBrieHHasi — M3MeHeHueMm [, uenukoM  BXoguT B %.a

cocTaBnsdlWasa 3a CYeT }; BXOAUT B Pe3ynbTUPYIOLWYO MNOrpeLlHOCTb, ocnabneHHomn
Bﬂk pas. Mponcxoant obmeH YYBCTBUTEJIbHOCTHU Ha TOYHOCTb-AOOUTUBHASA

NOorpeLHoCTb

MNpn HenomHoMm ypaBHOBELUMBAHWM CyMMapHasi (nofiHas) agauTUMBHAsh MOrPeLUHOCTb
npeobGpasosaTensaAgs 3aBUCUT KaK OT Lieny npsamMoro npeobpasoBaHus (Lenm «K»), Tak 1
OT Lenm

obpaTHoro npeobpasoBaHus (uenu « ).
Qos=Asi-A5p TR

Asyx - nonHasa aaauTUBHAas NOrPeLLIHOCTb LiEenu «k»;
Asp - NonHas afaUTMBHAS MOrPELIHOCTb Lenu« .

N3mepuTenbHble npeobpasoBaTtenM W UENM YacTo UMEKT KOMOWHMPOBAHHbIE
CTPYKTYPHblE CXeMbl, Korga 4acTb uUenu oxBadeHa oTpuuatensHon OC. [pyrown
BO3MOXHOCTbIO paclmpuTb 06nacTb MPUMEHEHUS KOMOMHMPOBAHHBLIX CTPYKTYPHbIX
CXeM 4BNSeTCH BBeAEeHWe B CTPYKTypy napannensHoro coeauHeHus psga WM, ons
yBENUYEHNss BbIXOAHOrO curHana. Ha puc.20 wusobpaxeHa KomMOuHMpoBaHHAA
cTpyktypHaa cxema WM (unu WL), B koTOpoM OOHO U3 3BEHbEB LENu MpsMoro
npeobpasosaHus, Bkovawwen WM ¢ S;.S;...5, npeacrasnsetr napannensHoe

coeVHEHME 3BEHLEB S8 s uS
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i yji
ra S‘
EEEN ey i %‘ N4 il ERLEN
Ll Pl s, P Bl LS T S
Vm_ T
-] gl

Puc.19, cTpykTypHasa cxema KOMOBUHUPOBaHHOW n3mMepuTenbHon uenu. Mpu atom

4yyBCTBUTENbHOCTb Lem S=3;5-... (S + 8" + 8" ) Si.,...S,.

3.2. MpnHUMN cornacoBaHUsA NO CONMPOTUBIIEHUIO
U3MepuTesribHbIX Npeobpa3oBaTenen B Lensix nepegayu
n3mMepuTenbHON MHcpopmaumu.

CpeacTtBoM TPaHCNOPTMPOBKN MHGOPMaLMN B U3MEPUTESbHBIX YCTPOMCTBAX SABMAKOTCS
NMOTOKN 3HEPInn. C‘-II/ITaeTCFI, 4yTO A0 nepegayn B NpPUeMHUK I/IHCbOpMaLI,VII/I OH

XapakTepusyeTcsi HeonpeaeneHHOCTbI0, Heyrnopsiao4YeHHOCTbI0 MHopMaummn, mMepo
KOTOPOWN CINY>KUT3bITPOMNKSI.

MNpuem NHpopMaumm YMEeHbLUaeT  HeonpeaeneHHoCTb, T.€. cosgaet
ynopsiio4eHHOCTb, XapaKTepusyemMyto BefIMYMHOM 06paTHO SHTPOMWM - HEFEHTPONMen.

Jl. BpVIJ'IJ'IFOSH anda onpegerieHnda mepbl ynopaao4eHHOCTU BBEJT TEPMUH HEreHTPOrng,
TO €CTb oTpuuaTesribHad 3HTPOMUA.

Ons XapakTepuctmkm ynopAago4eHHoOCTn, ToO €CTb 3anaceHHoOW B cUCTeMe SHEpPrmm n ee

crnocobHOCTM cogepxaTb WHOpMaUuo, OTCYET JHTPOMUU OOSPKEH BECTUCH B
0BpaTHY CTOPOHY.

[ns cosgaHus ynopsiqOMEHHOro COCTOSIHAS BellecTBa , Hado 3aTpaTuTb paborty,
KoTopasi co3gaeT BobbemMe 3anac aHepruu.

Bes nocTynneHnsa Ha BXOA4 M3MEPUTENbHOIO YCTPOWCTBA 3HEPIrMM OT NpenbiayLuero
I nnm nHoro NCToYHMKa HEBO3MOXHO OCYLLECTBUTbL NpoLiecc nepegadn nHgpopmaumn.

MexaHn3M  TPaHCMOPTUMPOBKM  MHOpMauUMM  MOTOKAMW  SHEPrMn  MOyYur
Ha3BaHWe HEreHTPONMIHOIro NpUHUMNa nepegayvn bpunniosHa.

Takmm o6pasom, nepBbiM U Haubonee o6WMM MNPUHUMIOM KOHCTPYMPOBaAHUSA
npeobpasoBaTtenen 4geBnsietca nNpuHUun obecneyvyeHns Haubonee addekTnBHOM
nepegayn aHeprmm aTMMmn NpeodpasoBaTensiMu.

oT0T npunHUUN obwun ans nobeix UM BbiTekaeT n3 TEOPUN YHETbIPEXIOJIFOCHUKOB U
ABNAeTCA NPpUHUNNOM cornacoBaHnA UX BXOAHbIX N BbIXOOHbIX COHpOTMBﬂeHMVI.

CornacoBaHne BXOAHbIX M BbIXOAHbIX conpotuBneHuii UMM, kak 4eTbipexnoroCHUKOB,
obecneunBaeT 3hpeKTUBHYIO Nepegady SHeprum Mo KaHany npeobpas3oBaHus, T.e.
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appekTMBHYIO Nepenady MHopmauumn rno aTomy kaHany. Cnegyet OTMETUTbL pasnuyns
B COrfiacoBaHum reHepaTopHbIX U NapameTpuyeckux UM

FeHepaToOpHbIN N3MepUTenbHbIN Npeobpa3oBaTenb.

I'Tl Il
TV i
R; R,
E(x)
Puc. M3meputenbHas Lenb reHepaTopHoro npeobpasosatens (IM1).

M xapakrtepusyetcs  BbixogHon D .C. E(x),aBnaowenca  yHKUMEN  BXOAHOM
BennunHbl X

N BHYTPEHHUM COMNpoTUBIIEHNEM Rj, nonaras ero YACTo akKTUBHbIM.

Ins M ero BHyTpeHHee conpoTuBneHne K; He HeceT MHOPMaLUN 1 MOXKET CYMTATBLCS
MocTosiHHbIM.  Hocutenem wuHdopmauum  cnyxut E=f(x). Ecnn coeauHsiembin ¢
HUM

npeobpasosaTens i+ / umeeT BxoaHOE conpoTuBreHne Ry TO MOLWHOCTb, OTAaBaemas
M B

Harpyaky Py
2 2 .
PH=12.RH=—E 2.RH.E=E. Ry sz
(R, +Ry) R, R (R,+R)

y 2.
MpoaHanuaMpyem Mony4eHHoe BblpaXeHne: B HEeM nepsblit comHoxuTenb £5R; .
coaepXuT

TONbKO napameTpbl aHanuanpyemoro UM n npeactaBnsieT MOWHOCTb €ro KOpOTKOro
3aMblKaHUS -

R, R

T . w2, HasbiBaeTca 3(dEKTUBHOCTBIO Npeobpas3oBaHus,
(R, +R)

P, a sTopoit §=
AaBnseTcs

6e3pa3mepHbIM, U 3aBUCUT OT COrMacoBaHUSA conpoTuBrneHus Harpysku Ry ¢ R;.Ecrnm
y4yecTb

cTeneHb UX COrnacoBaHus, oLeHnBaemyto napametpom 4= Ry R; 1o MoxHO nokasaTb,

YTOHE é
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3aBUCUT OTOENIbHO OTRHVIR; , @ TOJIbKO OT UX COOTHOLUEHUA:

‘- R,-R/R R./R _a
(R, +R) /R’ 1+42R, /R +(R,/R) (1+a)*

MakcumanbHag MowHocTb B Harpyske [Tl (makcumanbHas 3addeKTUBHOCTb
npeobpasoBaHus) gOCTUraeTca  MNpuM  COrflacoBaHUM  MoAyrnen  COnpOTUBIEHMUS
Harpy3km u BHYTPEHHero

conpotveneHns,, TOo ecTb npua=1[ns  npeobpasosBatenen  nNepemeHHoro
TOKa /ZH/= /Z,-/.

2,

E°“R; - mowmHocTb paccemBanusi K3 npeobpasoBaTenss Ha CBOEM BHYTPEHHEM

conpoTuMBIiEHUN. I'Ile onTnManbHOM cornacosaHnn, ToO €CTb MNMpu a=1:

f;,,mzo.zj E2R=0.25Pys; Py<0.25Pys .

MapameTpnyecknin namepuTenbHbIN NpeobpasoBarTens.

i1 ITI1 Iy Al
Todt Al
Rt AR R[] ape[Jre (]
@ ,
® @
a) 0)

Puc. 2. NameputenbHas uenb (a) u cxema ee 3ameuwieHus (6) napameTpuyeckoro
npeobpasosatens ([111).

Mpw Re>>AR w  nuneiivon doyHKLUMN npeobpas3oBaHNA MOXHO WUCMONb30BaTb
Teopemy

MunbluTeMHa 06 3KBMBAaNeHTHOM reHepaTope, 3aMeHuB AeicTBue npupalleHna AR B
uenu Toka {yp Aencrtemem aksmsaneHTHon SAC:

AE=-1, AR, Al=—2E o AR
e R,+R, R,+R,

MowwHOCTb curHana, nepefawowero WHQOPMaUMO Ha Bxond MocneayroLlero
npeobpasoBarensi:

(AE)ZRH ) R, _ (AE)2 . R, Ry a

P =(N)2‘R = = : =P  —_—
c " (Ry+Ry) R, R, (R,+R,) ¥ (+a)

Prsar - mowHocTb K3 skBrBaneHTHOro reHeparopa.
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. p ,_
Pr3se=(4E)" /Ry, a=Ry’'Ry - crenenb cornacosanusi conpotuenenmna UM c Ry,

poy =AY (ORISR _(ARY op o ER, L EPRRRy
R, R, R |\R )" *(R,+R,? *R, R, (R +R,)
- 2
4 1 a _53&35

=£ g = =
MR a(1+a)  (1+a)

rnegr=AR/Rg- oTHocuTenbHas vyscTBUTENBHOCTB MM
Prsg - mowHocTs K3 nccnegyemoro UM npu nutaHum HanpsbkeHnem E;

a  exPpa
(I+a)’ (Q+a)*

Feuryr = Prsag 8§PK3§, rae E=a/(l+a)*.

MoLHOCTb cuUrHana, BblAensieMoro B Harpyske napameTpuyeckoro npeobpasoBaTtens,
onpeaensieTcsi BENMYMHOM, BO-NepBbIX, AONYCTUMONM MOLLHOCTbIO paccesiHust atoro UMM,
4yem u

orpaHuumBaetcst E nfx3g , BO-BTOPbIX, €r0 OTHOCUTENBHOW YYBCTBUTENBHOCTLIO g U, B-
TPETbUX,

a(PPeKTUBHOCTLIO  npeobpasoBaHna &,  onpenensiemMoit  oTHoweHnem d=Rg/Ry.
MakcumansHas

acppektuBHocTh E=0.1 npna=1/3; Pe<0.1P3pe, rae Proe = 5}2? P,

CpaBHuTenbHbIM  aHanuM3 3ddEeKTUBHOCTM Npeobpas3oBaHMss  MHGOPMALMOHHOIO
curHana B 3aBMCUMOCTM OT CTEMEHM COrnacoBaHns M3MepuTernbHOro npeobpasoBartens
(reHepaTOpHOro UnNM NapameTpuyeckoro Tuna) C Harpys3kow, TO eCTb Crneaylwmm B
naveputensHon uenn WM, yaobHO  npoBecTn, MCNOMb3ya  rpadU4eckyro

3aBucMMocTbE=f{a), NpeacTaBneHHyto Ha pucyHke 22.

Puc. 22. 3aBucnumocTb ahhekTMBHOCTN Npeobpa3oBaHNA CUrHana ot CTeneHn
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cornacoaHus Ul ¢ Harpy3skon.

Y reHepaTopHbIX npeobpasosatenen npu a>10 mau a<0,1 & okasbiBaetca nun6o

npsiMo

npornopunoHarnbHbiM  M6o  0BpaTHO  MPOMOpLUMOHanbHLIM  <<g>>, To ecTb
npuazl B «a» pas

yMeHbLIaeTcss MOoLWHOCTb Py, nonyyaemasa cnegyoowmmm  npeobpasosatenamu. Bo
CTONbKO pas

nagaet MHdpopMauUNOHHO-3HEPreTUYECKU  YPOBEHb KMng BCEro npubopa,
NOHMXaeTCAa ero YyBCTBUTENbHOCTb, TOYHOCTb. [lonycTUMOe  OTKIIOHEHWe  OT

-

cornacosaHus 3+5 pas. [ns

KOMMEHCcaLmMmn NoTepb OT HECOrNaCcoBaHHOCTM, MPUXOAUTLCS YBENUUNBATDL MOLLHOCTL p,
notpebnsemyto OT OObekTa W3MEPEHMs, CHWXKaTb ObICTPOAENCTBUE, BBOAUTb
YCUNUTENW curHana v T.4.

CobntogeHue ycrnoBum cornacoBaHusa pgaet MakcumanbHbii KM u  gocturaetcs
npaBuUibHbIM pacyeToM y3r0B YCTPONCTBaA Aaxe npu a=3+5 ana TI.

Ona napameTpuyeckoro npeobpasoBaTens 3aBUCUMOCTb & OT “@” UMEeT  MakCUMyM

npm a=1/3,

10 ecTb npu Ry=1/3Ry Mpun oTCTynneHUu oT yCrioBUin cornacoBaHust npu a<0.1 kpusas
2n1

noyTn ynuealTcac®n, npua>lkpusas 2 pesko nagaeT ué yboiBaeT 551/513 Makcumym
KpMBOW

2 nonyyaeTtcsa 6onee OCTPbIM~U YCMNOBUSA  COMNAcoBaHUs MNapamMeTpuUyecKux
npeobpasoBaTtenen [LOMMKHblI  BbINOMHATLCA 6Gonee cTporo  (OTCTynfnieHne  oT

cornacosaHus a=1 AOonyCctTnuMo TOJIbKO B

naccuBHbii® UM nonan notok aHeprum W, Bosbyxpawouwen ero Ansg cosgaHus

HanbonbLen 3OC AL, u so-

BTOPbIX, YTOGbI OT 3ToM 3 C nony4nTb MakCMMarnbHYH MOLIHOCTL curHana Pe—Ry.

OCHOBHblIe NpUHUUNWANbHbIE Pa3NUyYUA NOCTPOeHUsA Haubornee 3(hheKTUBHbLIX
KUOEepHeTUYECKUX U IHepreTMYecKuMx Lueneu, TO ecTb Lenen nepegauun
MHdopMaumum u Lenen nepeagayn aHeprum.
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BbigBuras B KayecTBe OCHOBHOW 3ajadvy nepefayvn MHGOpMaumuu, Mbl MPULLNKA K
COOTHOLUEHUAM cornacoBaHus conpotuenenwii: =Ry (ITl) Ry=3Ry (NN). KN ans

MaKkcMMarnbHOW nepeaayn nHdopMaumm:

I’R, R,
ey = =y 4]
773 [Z(RH +R}) 2RH 50% l'II
(AR, R,
sy = =25% 11

T(ADX(R, +R,) 4R,

Mpn 9TOM MOLLUHOCTbL curHana, nepeHocswero uHgopmaunto, U UHGPOPMaLNOHHO-
aHepreTnyeckun Kr makcumansHsbl.

[na Hanbonee abdeKTMBHON Nepeaayvm 3HePrum Takme Lenu He npurogHsbl. Nosatomy B
3HepreTuke MCMNOMb3yT CBOWN NPUHLMM - MakCUManbHO BO3MOXHOMO NPUOMAMXEHUs K
eguHuue

aHepreTuyeckoro KIM[, koTopblii ocywectsum npu R; << Ry -»1,=99-99,9%. Ho aTu
uenu

HeadPeKTUBHLI Ans nepegadn nHgopmaumm.

3.3. AHanu3 namepuTtenbHbIX Lenen npeobpasoBarenen
aHanoroBoro curHana.

MpoBeneHHbI paHee aHanu3 MANC aBTOMaTu3nMpoBaHHOro 060OpyAoBaHMSA MO3BONNI
YyCTaHOBUTb MNocriefoBaTenbHble cTagun npeobpasoBaHnsa Tekyllen mHdopmaumm o
Xo4e TexHOMornM4yeckoro rnpouecca B uUMdpoBOM curHan, Beoaumbii B OBM ang
BblpaboTKM curHana ynpaensitoLero Bo3aenctaus (puc. 23).

VIPABACHHA (mepeuuHbt) U1 e Hrl mpposoii HI1

Puc. 23. CrpykTypHas cxema W3MepuUTEenbHOro Tpakta npeobpasoBaHus
WHOPMaLMOHHOIO curHana B LmgpoByto goopmy.

N3mepuTenbHble LUenu reHepaTopHbix npeobpasoBaTenen - Lenu nocneaoBaTenbHOro
npeobpasoBaHus.

N3meputenbHble Lenu napamMmeTpu4ecKmnx npeobpasoBarenen - uenu
nocnegosaTenbHoro npeobpasoBaHus, UeNM B Buae Aenutenen, uenn B Buae
HepaBHOBECHbLIX MOCTOB.

Llenn nocneposaTensHOro npeobpa3oBaHnUA pacCMOTPEHbI BbiLLIE.
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M3MepI/ITeJ1bele uenu B BUAe Aenuvtenen.

Llenn B Buaoe penutenen umeroT 0Oomnblle BO3MOXHOCTEW, 4YeM LUenuM npsiMoro
npeobpas3oBaHns, Tak Kak napameTpuyeckun npeobpasoBaTesib MOXeT ObiTb BKIMHOYEH
kak Ha mecTe Ri, Tak n Ha mecte R2

R;

Puc. 24. ameputenbHas uenb B BUAE OENUTENS.

Mneyo genutens, KoTopoe  fABMNseTCS TOM cnyyae  U3MepUTenbHbIM
npeoGpasoBaTeneM, HasbiBaeTcst pabounM.

BbIxogHon napamMeTp Takon Lenu:

U. - E . R,R, U R,E
H = . = =«
R+ R,R, R, +R,, - 1Py Ry—e0; Ry>>R) VE R, +R,
R,+R,

3aBUCMMOCTb  BbIXOAHOIO HanpaxXeHna pennternia oT BeJIMYUHbI  COMNMpPOTUBIIEHUA

paboyero nneva(R;, R»)npuseneHa Ha puc. 26.

Puc. 25. dyHkums npeobpa3oBaHNa N3MEPUTENLHON LENV B BUAE AeNUTENS.

BkntoveHne UMM B ogHO 13 nney genutens AaeT BO3MOXHOCTb UCMNOSb30BaTb OAHY U3
PyHKUMOHanNbHbIX 3aBucumocten (1,2) Ha puc. 25.

MakcManbHyl0 YyBCTBUTENbHOCTb U3MEPUTENbHOW Lienu MnonyyYnum npu Bblibope He-
N3MEHSIOLLLIerocsa nnevya [AenuTens paBHbIM CPEeOHEMY 3HA4YeHWUI0 COMPOTUBIEHUSA
napameTpuyeckoro npeobpasosarens.

Takum o6paszom npu Rycp=R; n nameHenmnotHocutensHas R;#AR 4yBCTBUTENBHOCTD

pabouero nneya =ARK; [pun usmeHeHun pabouero nreya HaAR BbixogHoe
HanpskeHue
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Mony4mT npupawenune AUy, OTHOCUTENbHas YyBCTBUTENLHOCTb no
HanpsbkeHuio =AUy E.

1 AR 1
MakcumanbHoe 3Haqume8umax=Z' R _ZER.. Ona WM B Buae noTeHUmMomeTpa
2

nne4vyamm

permtens  6yaytR: u R;=Ryp-R;, koTopble  OOHOBpPEMEHHO  M3MEHSIloT  CBOM
COMPOTUBIEHUS NPU

nepemMeLLeHnn aBmxKa noteHumomeTpa (puc.26).

R TE:

| |7 U
3l

Puc. 26. MNMoTteHumomeTpryecknin UM.

Ha puc.27 nsobpaxeHa yHKUmMa npeobpa3oBaHna genvtens B BUAE NOTEHUMOMETPaA,
MO OCAIM OTMOXEHbI 3Ha4YeHns1 n3mMmeHeHun BxoaHoro (R»’Rg) v BbIxogHOro napameTpos

(AUy/E) B oTHOCUTENbHBIX eauMHULAX.

7
AU
ya=g
l ] A ———
a=a0 :
1/
o
a=1/3 !
R
1 Rc.

Puc. 27. dyHkums npeobpa3oBaHnsa AeNUTENs C y4ETOM U3MEHEHUS COrNacoBaHus ¢
Harpys3Komn.

AHanmampyﬂ SUZf(ER), MO>XHO YCTaHOBUTb, YTO paCcCMOTpPEHHbIE BblLLlE ONTUMalibHble

43



LleHTp ANCTaHUMOHHOro 0by4yeHua 1 NoBbIWEHNA KBaAUDUKALMN

ABTOMaTM3a umMAa nponsBoaCcTBeEHHbIX MpoLUeCccoB

ycnosua cornacoBaHua UM ons makcumanbHOW nepefayn uHdopmaumMu BCTynawT B
npoTuBopeune

C ycrnoBusMM  corfacoBaHms  ana  obecnevyeHns  NUHENHOCTM  OYHKUMK
npeobpasoBaHus. PaccmoTpeHHas Bbille LUelb XapakTtepudyeTcs  HenMHEWHOW

3aBucumocTblo AU gy oTAR, npnyem

MOrPELUHOCTb BO3pacTaeT C YMeHblUeHUeM«d» U Bo3pacTaHMeMns &g yCTpaHeHus
aTOoro

HegocTaTka wucnonb3yTca  anddepeHumansHble  npeobpasoBaTtenu, korga B
KayecTBe naedy genutengd BbICTynawT ABe nofioBuMHbl oaHoro WUIM wnu  gBa
aHanormnydibix UM nameHswowme ceoe

COMNpOTMBNEHUNE Tak, 4To npu R; =Ry AR gTopoe nreyo n3MeHsieTcs

Ha -AR: R22R9~AR.

OndbdepeHymnanbHbIMn MoryT BbINOSIHATCS niobble napamMmeTpuyeckume
npeobpasoBatenn (peocTaTHble, €EMKOCTHble, WHAOYKTUBHbIE). 3JTO onpeaefieHne
crnpaBefvBo M AN MOCTOBOW CXEMbI.

OcobeHHocTblo Takux UM npudR;=-AR, u Ry—>ooasnserca nonHasa nuHENHoOCTb
dYHKUMM
npeobpasoBaHus:

R, AR _E
RFAR+R,*AR R/ +R,

AU, =E- (R, + AR)

310 COOTBETCTBYET NOTEHUMNOMETPUHECKOMY BKITHOYEHUIO peocTaTa, paCCMOTPEHHOMY
BblLlLE.

HenunHenHOCTb BO3HUKaET npu Ry=.

Ona  gocTmkeHus NMHEWHOCTU B J3TOM cny4vae HeobxogMmo 3Ha4YUTENbHO
OTCTynaTtb OT ycnosvu7| corjtacoBaHua conpoTnBIieHNA YeTbIPEXMOJTIOCHUKOB:

st Ag'€=1.5% a=Ry'Ry=10;
i Ag'€=0,15% a=100.
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M3MepI/ITeJ1bele uenu B Buae HepaBHoBeCHbIX MOCTOB.

E R 1 R3

Un
Rn
R, R4

Puc. 28. NamepuTtenbHas Lenb B BUAE MOCTa MOCTOSIHHOIO TOKa.

MocTbl OblBalOT  MOCTOSAHHOTO U nepemMeHHoro TOKa, paBHOBECHbIE U
HepaBHOBECHbIE; paBHOrnevyne, CMMMeTpuniHble N HECUMMETPUYHbIE.

Opu x=0 AU=0 Aly=0 mocr B pasHOBECHY,
npu X0 R;2AR Up=f(x) nan Iy=f{x) — nepasnosecHrIit Mocr.

» Mcnonb3oBaHne MOCTOBOW W3MepUTENbHOM uLenn ewe ©Oonee pacwmpsieT
Bo3MoxHocTn UM, Tak kak WM moxeT ObiTb BKNOYEH B ogHO (ntoboe), ABa, yeTbipe

nreya mocta (puc. 28). CocTosiHMe paBHOBECUS MOCTa NOCTOSIHHOIO TOKa:
RiRy =RyR;.

Ha puc.29 unsobpaxeHa QyHKUMOHaNbHas 3aBUCMMOCTb BbIXOOHOMO HamnpsbKeHus
MOCTOBOW W3MEPUTENbHOM LENN Npu  WU3MEHEHUN CONPOTUBNEHMA paboyero

nneva R;unn R,

U:rf‘; U3-U1(R;).’ LIHZ Ug(R})—[L,

®yHKUMS Npeobpas3oBaHMs MOCTOBOW U3MEPUTENbHON Lenu npu Ry—»co HenuHelHa.

Mpu Ry#00 HenuHelHOCTb elle yBenuumsaeTcsi. Takum obpasoM, HepaBHOBECHbI
MOCT B LUMPOKOM AuanasoHe U3MEPEHUsI COMPOTUBMEHUN MNied UMEET CyLLeCTBEHHO

HEMUHEHYI0 XapaKkTepUCTMKy nNpeobpasoBaHns, Kak npu Ry—»a0, tak u npu Ry=00 .
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AU,
U? R“—) o0

. [€— KpazwHHeliHad
F n 20HS

Us

Pnc.29. ®yHkuma npeobpa3oBaHMs MOCTOBOM M3MEpPUTENbHOM Lenn, ecnn  pabovmmum
asnsaTcs nneun Ry R

B o6LLeM Buae 3Ta XxapakTepucTka MOXeT ObITb 3anmcaHa:

E. 2124_2223
VAR VAR VAS VAR YA E VAV VAR VAL VAV VAR VAN

] 2124_2223

22 +Z,+Z,+ Z ) (L, +Z N2, +Z,)°

g =

»  WIH [H =1E

rge I H I E - TOK/ B LIENN HArpy3kn N nuTaHnAa MocTta COOTBETCTBEHHO,

Z1,Z32324 - nonHble CONPOTUBNEHWS MNeY MocTa; Zy - NOMHOe COnpoTUBMEHue
Harpysku. < Ecnu B genutenb MocTa (CMeXHble Mreyn), BKIounTb andodpepeHumarnbHbIn
npeobpasoBarers,

TO NIMHENHOCTb ero pyHKUMKM cobrrogaeTcs npu Ry—>ao.

il
-

4

Puc. 30. MoctoBas nsmeputensHas uerb ¢ andpdepeHumansHbivm UM

B CMEXHbIX Mrieyax.
ns nsobpakeHHoro Ha prc.30 pasHorneyero mocta (R;=R,=R;3;=R;=RyB nonoxeHm

paBHOBeCVIFI) (byHKLI,MFl npeo6pasoBaH|/|ﬂ B CIlydae BbIXOAHOIo napameTpa B Buae UH
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1 1
UH:_ESR
2 R 2
S P . 5t
R,. 2

- OudbcbepeHLmarnsHbI IpeobpasoBaTtenbMOXeT ObiTh BrrtoveH B rneun R3-Ry, Rj-R; Ry-Ry
AHanus3 4YyBCTBUTENIbHOCTN MOCTOBbIX U3MEPUTENIbHbIX CXEM.

YyBCTBUTENBHOCTL MO HaMNpPsKeHo mocToBon WL B paiioHe Touku paBHoBecus Ry (npw

AR<<R;, R;) moxeT cuutatbes npubnmantensHo noctosiHHon (puc.30), ata 30Ha HOCUT
Has3BaHwe KBas3nMHenHomn (gg<<l ).

Tak Kak HepaBHOBECHble MOCTbl [AOns obecrnedyeHust Manon MOrpeLHoOCTH
NTMHENHOCTH

MUCMONb3yKlOTCA WMEHHO B peXume ManbixXEg,onpegenMum B 3TOM  pexumMme  Ux

YyBCTBUTEJIbHOCTb. Hangem 4YyBCTBUTEJIbHOCTb MO TOKY NpW OAHOM paboyem nneye
paBHomMnsie4yero MocTa.

R; "‘“Rz ::R‘; :’R_-; ZRO npH x=0.
Hpu x20 R;=Ry+AR.
_ (R +ARR, K _,_ R+MR-R
7 RAR +AR+3R)+(R +AR+R 2R, “4RR,+ARR, +4R +2ARR

B 3HaMeHaTene MOXKHO npeHeGPe% MAaJIbIM
ARR, AR
] E \ ' I B
4R, R, +4R, 4R, +R,)

H:

1
4 . S=Aly AR, S, = ——E
YBCTBUTEMNBHOCTb MOCTa M0 TOKY: S;=Aly S HR R
AU AR FE
YyBCTBUTENBHOCTb MO Ha eHmto: Sy = ———;ipuAl = E -8, = .
YBCTBUTENBbHOCTb MO HANPSHKEHWIO: Sy p X =R,

Kak BuaHo, uyscTBMTEnbHOCTbSy=E, a S;=lp.OgHako yBenuyeHne Toka, MUTaloLLero
MOCT,

Bne4YyeT 3a cobon yBenunyeHwe paccemBaemMon Ha R MowHoCTW. [pyrum dhaktopom,
onpeaensowmMmM YyBCTBUTENBHOCTb, ABNAETCS COOTHOLUEHWE conpoTmBneHnn. Oben
ANs BCeX MOCTOB SIBMSAETCSA 3aBUCMMOCTb YyBCTBUTENBHOCTM OT YuMcna paboumnx nneu.
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MoXHO nokasatb, 4TO npn AOBYyX aKTUBHbIX rMJied4ax 4YyBCTBUTEJIbHOCTb MOCTa
yaBanBaeTCA.

B NPOTUBONOJIOXHbIX nne4vyax MOCTa HaxoaAaATcAa

npeobpasoBarenu Ri H R,_;LCOI'IDTVIBJ'IGHI/IFI KOTOPbIX USMEHAKTCA OANHAKOBO.

Npux20 R;=Ry+AR; R;=Ry+ AR, R;=R;=R; .

AL =] (R, +ARY —R] _ Ry +2ARR, +AR* - R} _
T R, (AR, +2AR)+ (2R, +ARY " AR R, +2ARR, +4R? +4ARR+AR?
2R,AR 2AR

=1 3 =1
4R, R, +4R: ARy +R,)
MpeHeBperasi, Kak 1 B NEPBOM criydae, MarbIMu, Nonyunm Sy =Sy YyBCcTBUTENbHOCTb

MOCTa, uUmMelLwero B MNPOTUBOMNOJIOXKHbIX nnevyax npeo6pasoBaTenM, C OAMHaKOBO
MEeHALLNMUCA COMNMpPoTUBIIEHNAMN, YyOBanBaeTCA.

B cmexHbIX nfiedax MocTa ucnonb3oBaH AnddepeHumanbHbii  npeobpasoBaTerns.
Npux=D R;j=Rp+AR; Ry)=Rp-AR; Ry=R;=R,.

(R +ARR —(R, —ARR, Ry +ARR, —Rj +ARR, _
R, 4R, +(R,+ AR+ R, —AR2R, °© 4R,R, +4R?

2ARR, / : 2AR
*7 4Ry +R,)

Aly =1

_IE =
AR (R, + R,)

S, =28,

To xe ana auddepeHumansHoro  npeobpasoBatens B nnedaxR; u R;.
YyBCTBUTESNBLHOCTb

MOCTa C ﬂ,l/l(b(bepeHLl,l/laJ'leblM npeo6pasoBaTeneM B CMEXHbIX Mnrie4ax yaBanBaeTCA.
B _cMexHbIX nnevyax MocTa npeobpasoBaTeny C OANHAKOBO
MEHAKLLMMCA conpoTuBIEHUEM:

Mpux=0 R;=Ry+AR; Ry=Ry+AR.

(R +ARR, ~ (R +AR)R,
® R,(4R, +2AR)+(2R, + A2R)2R,

Al, =1

MocCT ¢ 0ANHaKOBO MEHSIOLLUMU COMnpoTnuBINEHNA CMEXHbIMU MNMnevyammn He4yBCTBUTESIEH
K 3TOMY U3SMEHEHMUIO.

Bce nneyn mocta paboyume.

Mpnx=0 R;=Rp+AR: Ry=Ry-AR; R;=R:AR: R;=Rp-AR.
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(R +AR) - (R, ~AR)" ., 4ARR, . 4AR
R, 4R, +2R,2R, EARR, +4R? T AR, +R)’

A, =1,

84:48;.

quCTBVITeJ'IbHOCTb MOCTa C 4YeTblpbMA paGquMM nnevyammn yeerim4mBaeTCd B YeETbIpe
pas3a. Te ke COOTHOLLEHUS cnpaBeanuebl AnAa 4yBCTBUTEJSTbHOCTU MO HanNpAXeHUKo npu
ycnoBuu, 4To

RH—}OO. L‘|yBCTBI/ITeJ'II:>HOCTb no HanpaXeHuo paBHornJjieyero mocrta ¢ ogHMM pa60‘-IVIM

E

nrne4yomMm, Kak OblIIO Moka3aHO paHee, SUI :_—4R . B obwem Buge dyHKLMA
0
npeobpasoBaHns ans paBHOMIIEYero MocTa

AU, =025E(¢, —&, —&,+8,), rae €, €, €3 & - OTHOCUTENbHbIE

4yBCTBUTENLHOCTM paboymx nneyv Mocra ¢ NepBOro No YeTBEPTOe COOTBETCTBEHHO. [ns
crnyyas ¢ audepeHumanbHbiM npeobpasosaTeniemM B CMeXHbIX nnevax £= -&, &=0,

&'4:0.'
AU, =05E¢,,.
MNpu nsmeHeHnn 4-x pabounx nnevw&; = -&; = -&3 = &4 AU, =Es.
AHanu3 MOLHOCTU BbIXOAHOIO CUrHana.

PaBHonneunn MOCT nmeet BHYTPEHHE

conpotuenienne R; =R, rne R=R; =R, =R; =R, 8

paBHOBecMn. MakcumanbHasi MOLLHOCTb CurHana B Harpyske JocturaeTtcss npu
cornacoeaHunRy =R; =R. YyBcTBUTENBHOCTL CXeMbl Mpu 3ToM ByaeT B 2 pasa

MeHbLLe, YeM npu Ki—a0T0 ecTb:

1

AU, =§Ee - Npu oHOM paboyeM nreye;
1

AU, = Z}E?f: - npy AByx pabouunx nnevax;
1

AUy, = EE-S - €cnu Bce nne4n - pabouue.

MowHoCTb, pas3BvMBaeMasi B Harpyske Mpu OOHOM, ABYX WU 4eTblpex paboumx
nnevyax

AUy _ 1 s

5 1
P
R 64R C A

1 12
—FEe, Pp,=—F¢".
16R PUH 4R

COOTBETCTBEHHO: Fy; =
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Ons yBeJrIMt4eHnd MOLHOCTU CUrHasa, otaaBaemMoro B Harpysky, MOXHO YyBEJIM4YMBaATb
nntTarvwee HaripsaxeHune E, 4to HexenaTenbHO Wu3-3a poCTa noTepb. MoLWHOCTb,
paccenBaemMasn B KaxXgom rsieye paBHoriyie4ero Mmocra.:

p B
4R

MoLwHOCTb, pa3BuBaemMasi B Harpyske npv OAHOM, ABYX M 4YeTblpex paboumx nrevax
COOTBETCTBEHHO:

1 1

rl
P" _ ﬁLH :LEZEZ, PHZ =_E282; P . =EE2&.3

Ana ysenuyeHus . R 64R 16R " yBEMMUMBATH
nuTawowee HanpskeHne E, 4To HexenatenbHO M3-3a pocTa noTepb. MOLHOCTS,
paccemBaemas B KaXxgoM rnriede paBHonnevyero Mocra:

p B
'~ 4R

H3

Ha3zoBemM €€ cymmapHom MolwHocTbto WM, Torma npm ogHom  pabouyem
2

nneve P. = P = —, npu
= 4R

2 2

E
ABYX pabounx nnevax PE:E’ a ana  4yetblpex PS:?. Bbipasum MOLLHOCTS,
BblOENsSeMylo B

Harpyske 4Yepes3 cymmMmapHyto molHocTb UM, Toraa

i 1 1
P, =EP352; P, =§Pgs’; P, =ZPS£Z

Takum obpasom npu PUKCUPOBAHHOW CYMMAapPHON MOLLHOCTU UCNOMb3yeMblX paboumx
npeobpasoBaTtenen onTMMarnbHbIM SBASETCS pacnpegeneHme mx B YeTblpe paboumx
nneva. lNpuBeaeHHbIEe Bbille pacyeTbl cBefeHbl B Tabnuvuy 3, rae ykasaHbl JaHHble U
ANs ABYX PaCCMOTPEHHbIX HMKE MOCTOBbIX M3MEPUTENBHbLIX CXEM - NocreaoBaTenibHO
N napannenbHO CUMMETPUYHbIX.
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PasHomneuuit moct Hocnenosar.- | ITapaanentto
Bua cxemer CHMMETPHY. | -CHMMMETpU4.
MOCTa 1 pab. 2 pab. 4 pao. MOCT MOCT
HJIEH0 Nnewa nneya
(and .} ¥
MowmrocTs |
BHLOETACMAst E? E* E? o
BN bRt 4R 2R R Paoo=tP;
Py .
MomuocTs |
PacceMB. Ha | g2f? clE? eE?
pab. Haeuax | “cop'™ | Tgp = | 4R Lp 1
mocta Pr =P, - 2 2 4" 12°=
£ £ £
- (cymmzpuas | = —FP =—F =—P,
MOILHOCTb L &
HII)

Tabnuua 3. MowHOCTb, BblAensieMasi B Harpy3ke MOCTOB pa3fiMyHOM KOHurypaumm

OonTumanbHbIe COOTHOLUEHUA B HepaBHOBECHbIX nocrnepoBaTesibHO-
CUMMETPUYHbIX MOCTax

NOCTOSIHHOIO TOKa.

MNocnenoBaTenbHO-CUMMETPUYHbIN MoCT nveet OOHY BETBb,
COCTaBIEHHYI0 n3 AndodpepeHumnarnbHoOro

npeo6pasosatensik;=Ro+AR; R,=Ry-AR; R,;=R,a opyryio BeTBb U3

R;=R, (pvc.31)
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Puc. 31. lNocnegoBaTenbHO-CUMMETPUYHAS MOCTOBast U3MepUTENbHas Lenb.

Ecnn ncnonb3oBate Teopemy MunbluteriHa 06 3KBMBANEHTHOM reHepaTope, MOXHO
nokasaTb, YTO YCINOBUEM COrNacoBaHUs SBNSIETCS:

Rle R3R4 R
Ry =R = R +R, ' R, + R, *"mamen Ry=Ror Re= Rs. Ru =R, =7l+h2l'

OnTuMarnbHble 3HaueHusi Ry3aBUCUT He TOMbKO OT  COMPOTUBNEHWUA paboumx
nneyR; v Ry Ho

W OT conpoTuBNeHWn nned GannactHoro genutensR; R, To, uyto aTM nneum
©annacTHble, BUAHO

N3 3KBMBANEHTHOW CXEeMbl 3aMeLleHMs, U MO3TOMY MOLIHOCTb CUrHama B Harpyske
Ooynet HaubGonbwen npun Rz =R; —{). OpgHako B paccmaTpuBaeMblXx MoCTax
MOCTOSIHHOIO TOKa

BbIMNOJIHWTL 3TO YycCloBune B MOJIHOM 00bEME HEBO3MOXHO, TaK Kak npn 3TOM 6y1:|,eT
3aKOpo4yeH NUCTOYHUK  MUTAHUA. |_|03TOMy CyHNTaeTCcA onTnMaribHbIM

cooTHoweHnne R; =R, ,<<R; =R Monyyaem npuR; =R, —0 BorpbILL
yyBCTBUTENBLHOCTU, ecrMRy=R;=R/2.
AUY v ., 1

=—F%e*=—¢*P
27 R 8R 4 =

«
B nocnepoBaTenbHO-CUMMETPUYHONM MOCTOBOM U3MEPUTESIbHOW CXEME MOLLHOCTb B

Harpys3ke Takagd e, Kak npu ncnosib3osaHnn 4-x pa6oq|/|x nney B pasHonmnse4vyem Mmocte 1
B2 pa3a Bbllle, 4eM B TOM XXe MOCTE MNMpun UCnosib3oBaH B HEM OBYX pa6oq|/|x nne-.
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OnTumManbHble COOTHOLUEHUs1 B HepaBHOBECHbLIX NnapannesibHO-CUMMeTPUYHbIX
MOCTax

MOCTOAHHOIO TOKa.

Puc.32. NapannenbHo-CMMMeTpUYHasi MOCToBast UsMepuTenbHas Lenb.

[nsa Takon KoHCTpyKUmnn moctosoun UL (pnc.32):

Ri= Rs mpu x=0, Ry= R, . R;=R+AR npu x#0; R3=R-AR, Ry=R>=const.

Ycnosue cornacoBaHus conpoTueneHnn: R, = R, :é—%—%; Ry4= RywyHtupyiot
+ 2
Harpysky,

MoO3TOMY MakcumarnbHas MOLHOCTb B Hee nepejaetca npuRy= R,—»oHo
BbIMOMHEHWE 3TOro

ycroBust notpebyet ysennuntb £ —a0, ytobbl 06ecneumnTb ToK B paboumnx nredax MocTa.
Moatomy

R .

Ha MpaKkTUKe BLIMONMHST pasymHoe ycrnosue R3 =R HR;"=R;. MakcumanbHas
MOLLHOCTb B

1
Harpyske npu R =R;2, pasHa Py =—&’P;

, 4TO  XyXe, 4YeM B
12° T y

nocnegoBaTtesnbHO-
CUMMETPUYHOMN MOCTOBOWN U3MEPUTENBHOWN LIENN.

Hawnbonee Ba)xHbIM NapameTpomMm, onpeaensowmnmM MOLLHOCTbL CUrHana n3aMepuTenbHom

uenu, siBNsieTcs OTHOCUTENbHas yyscTBUTENbHOCTL £=AR/R  ucnonbayemoro
napameTpu4eckoro

npeobpasoBaTens, BTOPbIM MO BaXHOCTM - CyMMapHasi MOLLHOCTb pacceuBaHus
ncrnonb3yembix npeobpasoBartenen. NponsseaeHne aTnx n0Ka3aTene|7|P3¢.q>=€2 P;ectb

3 EeKTUBHAS MOLLHOCTb
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napamMeTpuyeckoro npeobpasoBaTens, aHanornyHas MOLLUHOCTU Px 3 reHepaTopHbIX
nn -

OCHOBHOM 0000LLIEHHbIN NOKa3aTenb kadyecTBa npeobpasoBatenen. W, HakoHeu,
nocrneaHuM no 3Ha4YMMOCTU SBNSIETCS BbIOOP Ymcna paboyumx nney n cxembl MOCTa, YTO

BblpaxaeTtcs B UaMeHeHun koadduumentos (1/16;1/12;1/8;1/4), pasnuuaowmxcs He
BbllLe, YeM B 4 pasa.

Oco6eHHOCTN HeEpaBHOBECHbIX MOCTOB MNepeMeHHOro Toka.

MocCTbl NEPEMEHHOIO TOKa B HACTPOMKE U AKCMyaTaunm CroXXHee MOCTOB MNOCTOSAHHOMO
Toka. OgHaKo paa naMepuTenbHbIX NpeobpasoBaTenen He MOryT UCMNOMb30BaTLCS NPU
nutaHum UL, NnoCTOAHHBIM TOKOM. BbIXOAHOE HanpsikeHue MOCTOB NEepeMEHHOro Toka
ropasgo npolle ycunuBaTb YycuUnuTenem nepemMeHHoOro Toka. HakoHeu, MocCTbl
nepemMeHHOro Toka obnagalT psagoM  BO3MOXHOCTEW, HEOOCTUXKUMbIX  MOCTaMu
NMOCTOSAHHOrO TOKa. [103TOMY YaCTO MOCTbI MEPEMEHHOTO TOKa UCMOSMNb3YI0T AaXe C TeMU
WM, koTopble mornmn 6bl paboTaTb Ha MOCTOAHHOM TOKe (TeH30pe3ncTopamu,
TepMmopesncTtopamu, oToconPOTUBIIEHUSMN N OP.).

MpenBapuTeENbHOE YpaBHOBELLMBAHME MOCTA NEPEMEHHOIO Toka OTNMYaeTcs TeM, YTO
OHO [OJIKHO OCYLLECTBSATLCS MO ABYM COCTaBMSIOLMM - aKTUBHOM U peakTUBHON. OTO
ypaBHOBELLUMBaHWE NPOM3BOAUTCS NONEpPEeMEeHHO, creumanbHbIMU LensMin, BBOAUMbBIMU
B CXEMY MoOcCTa.

YcroBue paBHOBECHOrO MocTa: ZiZ4 =Z,Z3rne Z; - NONHOe COnpoTWBMEHWe nneva
MocTa.

. . je Jos __ Ios | ies
B nokasaTesibHOW KOMMIIEKCHOM cboplvle:|Z1 ]e |Z4 le = |Zz 19 |Z3 le :

|Z,HZ4| = IZZHZJ‘ - PABHOBECHE 1O MOIYJIHO
@O, +@, =@, +@, - DaBHOBECHE MO tase

Opyras popma sanmeu: (R, + jx,) (Ry + Jx, ) = (R, + jx, Ry + jX3), rne Ry n x; -
aKTVBHas W peakTVBHas COCTABMSIOLLME MOMHOMO COMPOTUBMEHUS Z; Nneya MocTa.

{R1R4 — XX, = R,R; — x,x;
Rox, +R,x, = R,x; + Ryx,-

MoCTbl MepeMeHHOro Toka C TEeCHOM MWHOYKTMBHOW CBSI3b0 CMEXHbIX Mfey 4acTo
NCnonb3yoTcsa Ha npakTuke (puc.33).
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a) 0)
Puc. 33. TlocnenoBaTeIbHO-CHMMETPUYHBIC MOCTOBBIE H3MEPHTENbLHBIE CXEMBI NTePpEeMEHHOI0 TOKA
a) cxeMa ¢ aBTOTPaHCHOPMATOPOM,
0) cxema ¢ TpaHCPOPMATOPOM, UMEIOLIMM CPEIHIOI0 TOUKY.

OyeHb BaXHOW OCOBGEHHOCTbID HEpPaBHOBECHbIX MOCTOB MEPEMEHHOro Toka Mo
CPaBHEHMNIO C MOCTaMU MOCTOSIHHOIO TOKa ABNSAETCA COBEPLUEHHO Pa3NUYHbIA XapakTep
n3meHeHus asbl B BbIXOOHOM curHane (puc.34).

o
] ‘U’”
3
!
X Z
B >
‘\\ Z}ZZO
W p
S i
B) i
Puc. 34, OyHKLUHS IPeodPa3OBaHUA MOCTOBBIX H3MEPUTENBHBIX CXEM
NOCTOAHHOTO TOKA (a) u nepemenHoro (6) Toka.
Tak, B HEepaBHOBECHOM MocTe MOCTOSAHHOIO TOKa npw
nameHenun R; or R;=0 no R;=R, (korpa Uy=0), " panee

no Ry=c0, snauenne Uy mersietcs no kpuson Uy(Ry). Tlpu R;<Rp Uy

umeeT oauH 3Hak, npuR;=Ry Uy=0, a mpu R; >Ry Uywmensier  3Hak; Uy nuHeiHo
3aBUCUT OT

AR (R;- Ry B HebonbliOM avanasoHe (KBasunuHenHas 30Ha” 3aliTpuxoBaHa Ha

pucyHke, Y MoOCTa MNepemMeHHOro Toka BbixogHoe  Hanpskenvne Up=f(Z;)
U3MeHsieTca B NpuHUMNe no

aHanorMuHo Kpveon 1, opHako B ToukeZ;=ZpHal80’mensietcs pasa aToro
HanpspkeHus. B aToT

MOMEHT MOCT ypaBHOBELUEH Mo OCHOBHOW 4acToTe, HO Bcerga BCreacTBME HETOYHOW
CMHycounagaribHOCTN nuTarwero HanpaxeHnda B BbIXOOAHOM CUrHane rMnpucyTcTByroT
BbiCLUNE
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rapMOHVKH, rnre4un MocTa HEeNMHENHbI rno COMPOTUBIIEHUIO, "
eroUpppy#0.M3menenve UgnpnZ;

>Zy NpoucxoauT Mo Kpueol 3, KkoTopas MMEeeT MOMoruii MUHUMYM. XapakTepucTuka

MOCTa HeSiMHenHa W He npoxoaut 4epe3 0, 4yBCTBUTENbHOCTbL MoOcTa paBHa 0
npuZ;=2Zg, N03TOMY

HEBO3MOXHO NpeaBapuTenbHO YPaBHOBECUTb MOCT, HET BO3MOXXHOCTU MO MOKa3aHUAM
npubopa onpegennuTb 3HaK OTKNOHeHUA AZ= Z; - Zy. N3baButbcA OT  3TUX

HeOOCTaTKOB NO3BOJIAET

ncnonb3oBaHne as3oyyBCTBUTENbHbLIX yKasaTenen (ycunutenen). Takme ycTpowncTea
HEeYyBCTBUTESbHbI K HAMNPSXXEHUAM WHbIX YaCcTOT, KPOME OCHOBHOW, a Mpu U3MEHEHUN
(pa3bl OCHOBHOM FAPMOHUKN Ha NMPOTUBOMOSIOXHYO MEHSIIOT 3HAK OTKIMOHEHUS, TO ecTb
NPakTU4YECKN MOSHOCTBI0O BOCMPOU3BOAAT XapaKTepUCTUKY Ha puc.34a (kpmBas 1-2 Ha
puc. 346).

XapakTepHo, 4TO NpWU WCMOMb30BaHWM MOCTOB MEPEMEHHOr0 ToKa MOXHO ropasao
nonHee NpuMGNU3UTLCA K YCNOBUSAM ONTUMAarnbHOIO cornacoBaHusl nocrneaoBaTenbHO- U
napannensHO-CUMMETPUYHBLIX MOCTOB, PACCMOTPEHHbIX BbILLIE:

Z3=Z4—>0 - nocnenoBaTenbHO CUMMETPUYHBLIA MOCT, Z;=Z4—*00C - napannesbHo
CMMMETPUYHBIA MOCT.

B cxemax (puc.34 a, 6) BMeCTO_Z3HZ4 NCNonb3ylT aBToTpaHcopmMatop wnu
TpaHcdopmaTop

CO CpefHen TOYKOW: CONpPOTUBNEHMS TOKY no nytm ABC, WyHTUpYOLEE WCTOYHUK

nepemMeHHOro Toka, oKasblBaeTcs A0CTaTO4YHO oonbLwnm, paBHbIM Zyy
TpaHcopmaTopa unu

aBToTpaHcopmaTtopa. OgHako, 3TM Xe OOMOTKM OKasbiBalOT AOCTAaTOMHO Marnoe
CONpOTMBMEHME ANA ABYX BCTPEYHbIX U paBHbIX TOKOB, NpOTEKaKoLWmMxX no nytam AB un
BC. Cos3naBaemble nonyobmoTtkammn 3 C HanpaBneHbl BCTPEYHO U paBHbl, MarHUTHbIN
NMOTOK B CepaeyHuke OT WuX AEWUCTBUS OTCYTCTBYET, COMPOTMBIIEHME TOoKaM=a{ un
onpefensieTcs Nullb aKTUBHOM COCTaBfSOWEN CONPOTUBMEHUN oOMOTOK [

WHOYKTUBHOCTbIO paccemBaHusa Lg, KOTOPYHO KOHCTPYKTUBHO

yMeHbLLatoT. [03ToMy MOXHO 0GecneunTb B MocTe Z3;=Z ;~), nsbexaslp—co

Ons nepegadyn B HaArpyskKy MakCUMasibHOM  MOLLHOCTH cnegyet  BbIMNOJMHATL
yCrnoBusa coriacoBaHuA:

ZH =0-5|ZI,22' - ans nocrnegoBaTefbHO-CUMMETPUYHOM  MOCTOBOM n;

Ly = 2|Z{,Z3I - ANsi napannenbHO-CUMMETPUYHON MOCTOBOIA UL
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4. AneKTpU4YeCcKUn curHan - Hocurtesb MHcpopmauun.

4.1. U3amepuTtenbHble MHpOpPMaLUOHHbIe curHanbl. Ux
MoAenu n napamMmeTpbl.

CurHan - maTtepuanbHbI HOCUTENb MHAOPMaLUW.

CurHan - 3To U3MYeCcKMin Npouecc, OAHO3HA4YHO U C 3a4aHHOW TOYHOCTbIO
oTpaxawwuin nepegasaemoe coobuieHne (cBegeHMsi O  COCTOSIHAM  MCTOYHMKA
NMHpopmaLmn) n NpUroaHbIn aAns ero o6paboTkm U Nnepegayn Ha pacctosiHue. CurHanol
MoryT ObITb pa3Hon npupoabl (MexaHuveckue konebaHus, onTuyeckne u ap.), B Hawmx
cuctemax curHanbl anektpuyeckme. [pyn Bcex npeobpasoBaHMsX CuUrHana OorhKHa
COXpPaHATbCA coaepXawasacsd B HEM MHpopmauusa, XOTs NoTepu €€  BO3MOXHbI
(MCkaxkeHus, WyMbl B BUAe nomex un ap.). IHopmaumio 0 3Ha4YeHusIX Uc-crnegyembix
BENMUYNH HasblBalOT N3MepuUTENbLHOM nHopmaumen. Otciopa noHATHe
N3MepUTEnbHbIA cUrHann.

Tak kak B npouecce paboTbl 0ObekTa ynpaBneHust nNpeanonaraeTcs U3MeHeHue
COCTOSIHME UCTOYHMKA CUrHana, curHan OormkeH MMeTb OAWH UMW rpynny napameTpos,
noABeprawlnxcs u3mMeHeHuto (Mogynsiumm). CurHan, B KOTOPOM HUYEro He
N3MEHSIETCSH, HE MOXET HECTU MHGOPMaLIMIO 06 N3MEHSIIOLLLEMCS COCTOSIHUM OO BbEKTA.

MapameTp curHana, hyHKLUMOHANBHO CBA3aHHbIW C U3MEHeHUeM UsmepseMon
BeNIMYMHbI, Ha3biBaeTCs ero UH(popMaTMBHbLIM NapamMeTPOM.

NS aNeKTpUYEecKMx cUrHanoB MHpopMaTMBHLIMIU NapameTpaMm MOryT ObITb:
AN NOCTOSHHbIX TOKOB W HAMNPSKEHUIA — UX MTHOBEHHbIE 3HAYEHUS;

ANs  NEePEeMEHHbIX CUFHanoB — aMNAUTygHble, CPedHEBLINPSMIEHHbIE UMK
AENCTBYIOLLNE 3HAYEHUS CMHYcOMAarnbHbIX TOKOB MU HanpsiXeHUn, a Takke Ux yactoTa u
asa.

Tak, B curHane, OMNUCbIBAEMOM MOAENbI FapMOHUYECKUX  konebaHui,
NHGOPMAaTMBHBLIMY NapaMeTpamMmmn MoryT CNy>XuTb aMnnNnTyaa, Yactota u gasa.

U=Un-cos(at+g).

NHdopMaTUBHLIN NapamMeTp cuUrHana Mcnonb3ylT Npyu MoaynsauuM curHana, ans
0TOOpPaXXeHNs1 ero CBsI3N C NPOLLECCOM.

N3meputenbHble curHanbl, NpeacTaBrneHHble U3NYecKMMn MnpoLeccamm, 3akoH
N3MEHEHUSI KOTOPbIX BO BPEMEHN U B MPOCTPAHCTBE WMEET HemnpepbiBHbIN XapakTep,
Ha3bIBalOTCA HEMpPePbIBHLIMU UM aHANOroBbIMMN.

[VCKpeTHbIMM Ha3bIBalOTCA CUrHanbl, obracTb OnNpedeneHns  XxapakTepucTuK
KOTOPbIX MpPeacTaBnsieT MHOXECTBO OnpeaenéHHbIX MOMEHTOB BPEMEHU UMK TOYEK B
NpoCTpaHcTBe.
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HeobxoanumbiM  ycnoBmem pasnuyHbix npeobpa3oBaHMi CUrHanoB SBNAETCA
peanu3auusi onpegeneHHon (Yawe NMHENHON) PyHKLMOHANbHOW 3aBUCUMOCTN MeXay
WH(POPMAaTMBHLIMW MapamMeTpaMmn CUrHanoB ¥y U U3MepAMon BennymHbl X. Hambonee
pacnpacTpaHeHHbIMU B CPEACTBaX M3MEPEHUN U Npeobpa3oBaHMi ABNAKOTCS CUrHanbI,
npeacTaBneHHble Ha pUcyHke 35-36.

Punc.35. HenpepbiBHble N0  MHPOPMATUBHOMY
napameTpy U BpemMeHu CUTHaNbI.

|

a - "amepAaemasn BenndnHa X,

6 - HenpepbIBHbIW CUTHAN Y=KX;

0 1 2 3 t B - HENnpepbiBHbIA FAPMOHUYECKUA CUTHAN C
> MHOOPMATUBHLIM MaPaMETPOM - amnanuTyaou
a) KonebaHus.

|

v

v

........
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Puc.36. [InCKpeTHble CUrHanbI.

a) usmepsieman BeMUYnHa X;

6) HenpepbIBHbIM NO MHPOPMATUBHOMY NapameTpy
N AUCKPETHbIN NO BPEMEHU CUMHaN;

B) CWrHaN, HeENpepbiBHbIK MO BPEMEHU U
OVCKPEeTHbIM Mo  MHbOPMATUBHOMY MapameTpy

(yposHio);
I') MMMNynbCHaA nocnenoBate/ZibHOCTb (o
MHPOPMATUBHLIM  MAapPaMeTPoOM -  aMNAUTYAO0MN
MMnNynbca.
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Kpome MHdopmaTMBHbIX NapamMeTpoB y CUrHana ectb psa HeMHOopMaTUBHBIX, TO
€CTb BbIMOSHSIOWMX MHble YHKUMM, YeM MHOopMaTMBHbIE NapaMeTpbl. TakuMu
ABNAOTCS CTPYKTYPHbIE W MAEHTUUUMPYIOLWME MapaMeTpbl.

NoeHTudmumpyowmne cnyxaTt Ans BblAeNeHUs curHana us rpynnbl emMy noaobHbIX
(Hanpumep, nomex). Yalle Bcero aTo 4actoTa rapMOHMYECKOrO CUrHamna, Ha KOTOpYH
paccUnTLIBaOT PUNLTPLI.

CTpyKTypHble OMpedensitoT 4Yucno CcTeneHem cBoboAbI curHana. Ons
rapMOHUWYECKMX, 3TO 00bI4HO . ECnu nHopmaTMBHBIM NapamMeTpoM rapMOHUYECKOro
CuUrHana criykuT ero amnnutyga, Kotopas 3aBMCUT NULb OT UCTOYHMKA UHAOPpMaLnK,
TO cCurHan MMeeT OAdHy cTeneHb cBoboabl. Ecnu Ha amnnuTygy curHana BAUSIOT U
Apyrne daktopbl, Hanpumep, TemnepaTypa, To cooblieHne HeobxoaMMO CoONoOCTaBnUTb
CO 3HayeHVeM curHana B MOMEHTbl BpemeHu iy, tp ts... t, Ha oTpeske At. Ywucrno
COMOCTaBNEHUN ONs BbIABMEHUS KOHEYHOro curHana 6Oyaet 4uMcnom ero creneHumn
csoboabl n =T/ At.

MaTtemaTnyeckune Mogesnu CUrHanos.

CurHanbl pasnuyHon u3anyeckon npupoadbl OMUCBLIBAOT  MaTeEMaTUYeCKUMU
MOAENAMU, 06NN BUA KOTOPbIX MOXXHO NPeaCcTaBUTh Tak:

y=flt z, o ..a b,c, ..) roe
y - HOpPMaTUBHbIA NapameTp curHana,
t z, w- HE3aBMCUMbIE apryMeHTbI: TEKyLLlee BpeMsi, KoopauHaTta
TOYKM B NPOCTPAHCTBE; 4acToTa;
a, b, ¢ - napameTpbl curHana.

|/|CI'IOJ'Ib3yeMbIe npn peweHnn u3MepuTersribHbiX 3aad M™MoAesin OOJDKHbl B
Hanbonblen CcTeneHn oTpaxaTb CylleCTBEHHbIE CcBOMCTBA npeancraBnAaemMbIX
npoueccoBs, WMHa4ve TMpuU HeaaekKkBaTHOCTU MOAESNIN CUrHasa npoueccy BO3HUKHYT
CyLieCTBeHHblE€ MOorpelHoCTn naMmepeHna, ogHako Moaesib CUrHana AoJPKHa ObITb MO
BO3MOXHOCTH I'IpOCTOVI, cogepxatb MUHUMAJIbHO HeobxoaMmoe KOonuMyecTBo Ans
afeKkBaTHOro ornncaHnAa curHasna He3aBUCUMMbIX apryMmeHToB 1 NapaMeTpoB.

B 6onblmHcTBE cnydyaeB wucnomnb3yrwT M™MoAesin  CuUrHanos, uUMewlmne oaunH
He3aBMCUMBbIN ApryMeHT - BpeM4A, KoopanHata TOYKMN Uinn 4acrtoTa.

PeanbHble curHanbl Bcerga HabnogawTca B YCNOBUMAX MOMEX, TO €ecCTb
npeacTaBnsalT cobol peanusaumio criydaiHoro npouecca. OAHako B 3HAYMTENbHOM
yucne crnyyaeB MOXHO OLIeHWUTb BKNaz Crny4aiiHon KOMMNOHEHTHI B npolecc. o crenexHu
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y4€Ta B MOAeNnM curHana crnyyYyamHoW KOMMOHEHTbI BCe CUrHansl (M ux mogenu) oenat
Ha TpW rpynnbi:

BNUSIHWE CNyYanHOW KOMMOHEHTbl MpoLecca MOXHO WCKIHYUTL NOMHOCTLI0. Moaenu
Takux CUrHamoB NPV HanuuMm wHpopmMaumm o6  MX napameTpax HasblBaloT
aeTepMuvHUpoBaHHbIMKU.  [oBeaeHue OETEPMUMHUPOBAHHOIO  CUrHama  MOXHO
npeackasartb 3apaHee C  NpueMsiemMou TOYHOCTbIO. Hanpumep: reHepaTtop
BblpabaTbiBaeT NepemMeHHoe  HanpskeHne ¢ amnnutygon Up, yactotom ap w
HavYanbHOWM dhason ¢y;

Mogenb U(t) = Up-sin(wo + ¢p).

M3 CWUrHanoB, rAe BIMSHUME  CIlyYanHOMW KOMMOHEHTbl ~ 3aMeTHO, BbIAENsT
KBa3naeTepPMNUHMPOBAHHbIE MOLENN, B KOTOPbIX OAWH WM HECKOSNIbKO MapamMeTpoB
anpuopHO HEeM3BECTHbI. Y KBa3ngeTepMUHUPOBAHHOIO CUrHana M3BecTHa 4Yalle Bcero
dopmMa, HO HE U3BECTEH KaKOW-TO MapamMeTp, YTO OTpaxkaeTcs ero MmaTtemMaTudeckom
Moaenbio. Hanpumep, y rapMOHUYECKOro CUrHana M3BectHa 4acTtoTa, HO HEW3BECTHO
3HayeHue amnnnTyabl (BO BpEMEHMN);

MoJernb Cnyy4yarMHOro curHana WUCnonb3ykT  Ans  npeacraBfieHnsa  U3nYecKkux
NnpoLeccoB, 3aKOH WM3MEHEHUS KOTOpPbIX BO BPEMEHM WNU B MPOCTPAHCTBE UMeEET
cnyyamHbin xapaktep. Mogenb Takoro curHana npeacrtaBnsieT cobon onucaHue
CTaTUCTUYECKUX XapaKTepPUCTMK CryYamHOro npouecca nytemM 3agaHus Heobxoammoro
pacnpefeneHns BeposTHOCTU, KOPPEeNnAUNOHHOW (PYHKLMN,CNEKTpanbHOM MNNOTHOCTU
3HEprnm u T.4.

Knaccuyeckum npumepoMm crnyvarHOro curHana siIBfsitoTCs MOMEXW: HABOAKMU MO
LensiM 3neKTponuTaHus, Wymbl ycunuTens, cbon B pabote umndpoBoi annapaTypbl 1
Tak ganee.

MpyX NocTpoeHun Moaenen KBasuaeTePMUHUPOBAHHOIO CUrHama WChosb3yeTcs
Kak BpEMEHHOe, Tak 1 YacToTHOe (CnekTpanbHoe) npeacTaBneHne curHana.

I'Ipe/J,CTaBneHwe CurHana BO BpeMeHHOIZ obnactu nossonseT onpegenntb ero
napamMmeTpbl, 3HEePrmno, MOLWHOCTb, AJIUTEJNIbHOCTb.

MpencraBneHne curHana B 4YacTOTHOW obnactu B BMAE 4aCTOTHOrO CrnekTpa,
nonyyYyaemMoro Ha OCHOBe MaTemaTU4eckoro annapaTta npeobpasoBaHus Pypbe,
no3BonsieT pelwartb 3agayn naeHTMuKaUMmn xapakTepuctuk curHana (Bolbop akTUMBHbIX
napameTpoB), ounbTpaunun (BolgeneHne curHana Ha oHe nomex) u Bolbopa 4acToThl
ANCKPEeTM3auMn HEMNPEpPbIBHOrO curHana npu ero npeobpasoBaHUM B OUCKPETHLIN U
aanee - B umdpoBon. Npn TakoM nNpeacTaBNeHUM CcurHana OAHUM N3 BaXKHEMLIMX
napameTpoB SIBMSIETCA LUMPUHA 4YaCTOTHOrO CrnekTpa, YTO BeCbMa BaXXHO Ans Bblbopa
annapaTypbl 00paboTkM 1 nepegavn curHana 6e3 CyLeCTBEHHbIX UCKaXXEHWI.
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4.2. BpemeHHas o6nacTb npeacTaBrieHUsA
KBasnaetepMUHUPOBaAHHbIX CUTHANoB.

Bo BpemeHHOW ob6nactu Ang coCTaBneHus Mogenu  CurHana  UCMonb3yloT
HekoTopble pyHKUMN f(ays,ay,... t), Hanbonee BrM3Ko onucbiBaloLLME N3MEHEHUE CUrHana
BO BPEMEHW, B KOTOPbIX OOAWH M3 MNapameTpoB as,8...8, 3aBUCUT OT U3MepsieMOu
BenuunHel Xx(t), T.e. siBNAeTCA NHPOPMaTUBHBLIM.

Y = Yo Sin(wt + @), t-HEe3aBUCUMbIN apryMeHT.
I I I
a1 az as

I'Ipvl onncaHnn KeasngeTepMmHMpoBaHHbIX CUIrHarioB LWNPOKO WUCMNOJIb3YHOT
NOHATNE 3NIEeMEHTAPHOIro CUrHana.

K 3J1ieMeHTapHbIM OTHOCATCA:
NMOCTOSIHHbIW CUrHan;
€OVUHNYHbIN MMNYyNbC;
CVIHyCOVIﬂ,aJ'IbeIVI CUrHarn.

Mofenb NOCTOAHHOro CUrHana, BO BpeMeHHON obnacTtu, onucbiBaeTcs kak x(t) =
A, roe

A = const.

EQVMHCTBEHHBIM MapaMeTpoM MOCTOSIHHOTO curHana 4asnsetca A (MrHOBEHHOe
3HayeHue).

EAVMHUYHBIN MNYyNbC ONUCbIBaeTCA MaTeMaTUYeCKoM Moaenbio Buaa
0, npnt =t,,
x@t)= o(t-t,) roe ot-t)=
oo, npu t=t,.

o (t - t,) - penbta - PyHKUMA, npuHUMatowasa 3Hadenme 0 npu t=f, n 6eckoOHEeYHOCTb
npv t=t,.

EOUHWYHBIN - uMnNynbCc  9BNSieTCA  uaeanbHbiM  MpeAcTaBfieHMeM  pearsibHO
HabnogaeMblX UMNYNbCOB KOHEYHOM ANMUTENbHOCTM UM aMnnuTyabl. EOWHCTBEHHbIM
napaMmeTpoM eaVHUYHOro MUMMyrbca ABnseTca f,, ykasblBawollee ero noriokeHwe Ha
BPEMEHHOM OCW.

EAvHUYHBIN MNynbe obnagaeT cneayowmMmm MaTemaTUYeckuMn CBONCTBaMMU:
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+00

j X(t) S5(t-t,) dt = x(t)

—0o0

OTO O3Ha4aeT, YTO €AUHUYHBIN UMNynbC obnagaeT CTPOBUPYHOLLMM OENCTBUEM.
B yacTtHoCcTH, ecnu x(t) = A - NOCTOSAAHHBLIN CUrHar, 3Ha4yeHue KOTOporo pasHo 1, To:

+00

I S(t-t)dt=1,

—0

TO eCTb nnowagb €4dUMHUYHOro umMnyrnbCa paBHa 1, yTo U OObACHseT Ha3BaHue
AnemMeHTapHOoro curHana.

FapmoHMYecknin curHan onucbiBaloT MOAenNbio Buaa:
2
x(t)=A-cos(awt+ @)= A -cos(7t + ).
OH umeeT Tpu napameTpa: amnnutygy A, YactoTy o (nepuop T), W HayanbHyto

dasy ¢, KOTopble MOryT OTpaxaTb MHOpPMaLMIO.

rapMOHquCKMVI CurHan LwnpoKo MWucCnosib3yeTcAa B VI3MepI/ITeJ'IbHOI7I TEXHUKE OnA
aHanmsa n cMHTe3a n3MepuTeribHbIX CUTHaI10B.

[apMOHMYeckuii curHan sBnseTcs npeacraBuTenem  60MbLIOro Knacca
KBasangeTePMUHUPOBAH-HbIX MNEPUOAMYECKMX CUTHANoOB, MaTtemaTudeckass Monenb
KOTOpPbIX ABNAETCA Nepuomyeckon yHKLnen BpeMeHn.

x(t) =x(t +kT), roe T-nepuwoa, k=1, 2, 3 ...

[Ons onucaHua nepuvoanyeckoM  UMMNYNbCHOM  NocnefoBaTenbHOCTU MOXHO
Mcrnonb3oBaTbh MOAENb:

S(t-kT), npnkT <t<kT+7
x(t) = k=0, +1, +2, ...

0, npu KT +z <t < (1+K)T,

roe  S(t) - dyHkuma, onucbiBawowaa — gopmy umnynbca. Ecnv s(t)=const, nmeem
nocnegoBaTesribHOCTb NPSAMOYrOSibHbIX MMMYbCOB (puUc. 37), KOTopasa XxapakrepusyeTcs
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TpemMsi napameTpaMmu: amniuTygon X, Nepuoaom MoBTOpeHus T U ANUTENbHOCTbLIO

nMmnyrnbca 1. Kaxxabii n3 HUX MOXeT ObITb I/IHCbOpMaTI/IBHbIM.

Y

A

A
Y
H

T CKBa)XXHOCTb

A\ &Y

Puc.37. NMocnenoBatenbHOCTb NPSAMOYIOSIbHBIX UMMYNbLCOB (aMMAnTyaa Xm).

Mpn  aHanuse  nNepuoanyecKkmx CcurHamoB MPOU3BOSIbLHOW (POPMbl  LUMPOKO

MCMNONb3YIOT Creayllme XapaKTepUCTUKK:

- cpeaHee 3HadeHue (NOCTOAHHasi CoOCTaBnsoLLas)

1 T
= j x(t)dt = x,
0

Xep =—
CcpP
T

- cpegHeBbIlNpdaMIieHHOe 3Ha4YeHne

T

% ! lx(0)|dt

Xcp 3.

- ,D,GIZCTB)’POLLI,GG nnmn cpegHekBagpatn4eckoe 3Ha4eHne

T

Xep kg, = %J‘xz (H)dt
0

bonee cnoxHble Mogenu CTPOATCS Ha OCHOBE CYMMUPOBAHUA NPOCTbIX OYHKLUMN.
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4.3. YacToTHas obnactb npeacraBneHns
KBa3naeTepMUHUPOBAHHbIX CUTHANOB.

370 NpeAcTaBneHve curHana ocHoBaHo Ha npeobpasoBaHun dypbe.

MpumeHsas pasnoxeHne B psg Pypbe, MOXHO MpencTaBUTb MNPOU3BOSbHBLIN
nepuoauyecknn  KBasMaeTePMUHUPOBAHHBIN  CUrHANM  CyMMOM  FapMOHWYECKUX
COCTaBNAKLWMNX, MOAENbLO BUAA:

27 27

a, ~ 2r .
x(t)=—+ a, cossk—t+b, smk—t),20e — =w
() 7 ;( k T k T ) T , WINMN NHa4ve

x(t) = %O+ZCK cos-(kaxt + ¢ ).

k=1

B npencrtaBneHHbIX BbllWe BbIPAXEHUAX ag,az...8x, bi1,bo...bx W C1,Co..Ck -
KO3(PPUUMNEHTbI TFAPMOHUK, ap, Co - TMOCTOSIHHblE COCTaBnsloWune, @1 Q2. Ok
KO3 umuUMeHTbI ¢has.

22 27 e
a,== [x(dt.  a == [x(t)cos(kar)dt b, == [x(@sin(konya .
o, Iz, I, |

roe x(tf) - pyHkums curHana, T - ero nepuogd. KoadhnmumeHTbl BTOPOro BblpaXKeHUs
MOXXHO ONpenennTb 3Has 3Ha4YeHus ax U bx 1 HA0BOPOT, 3HAA Cx U @k, MOXXHO HAUTU ay
n bk.

b
k
2 2 —— K T
Cy =+a, +b, Pk arctga 1
a, =C,COosSQ .
k K K - _ 0
by =—cpsmey
Pag ®ypbe npeacrtaBnser cobon CyMMYy MNOCTOSSHHOW COCTaBnsilowen u
rapMOHNYECKMX KonebaHni C BELLECTBEHHbIMM aMnnNuTyaamu. PasnoxeHne curHana B
pag No rapMOHNYECKUM PYHKUMAM Ha3bIBaKOT €ro CnekTpanbHbIM NpeacTaBieHnemM unm
CrnekTpoM B 6asnce rapMoHMYECKNX DYHKLINIA.

Taknum o6pas3om npu cnekTpanbHOM (pa3noXeHnn) NnpeacTaBneHm nepmognyeckmne
KBa3nMOETEPMUHMPOBAHHbIE CUrHanbl XapakTepesylTcs CcpegHUM  3Ha4YeHnem W
YaCTOTHbIM CMEKTPOM, MpeacTaBnsaowmMMm cobonm Habop ko3 PUUMEHTOB (Ck, @k Npw
k=1, 2, 3...) amnnuTtyg n a3 anemMeHTapHbIX rapMOHNUYECKUX cUrHanoB. MHOXeCTBO Ck
obpasyeT amnAnTygHbIN CNEKTP, ¢k - ha30BbIA CNEKTP CcUrHana.

HacTOTHLIM CNEKTP NEPUOANYECKOrO CUrHana UMeeT OUCKPETHLIN XapakTep.
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B 3aBucnmocTu oT pelsaemon 3agadm MHPOOMATUBHBIM NapaMeTpoOM B YaCTOTHON
MOZEenu NepuoaumyecKkoro curHana mMoxet ObITSk 110601 U3 napameTpoB - aMniMTyabl
rapMoHuK, 4actota, asa. HarnsgHoe npenctaBneHne O CrekTpe [aeTr ero
rpacpmyeckoe msobpaxeHuve (puc. 38). B Toukax ropusoHTanbHOW (4aCTOTHOW) OCM,
COOTBETCTBYIOLLMX  YacToTaM  FapMOHUK, CTPOAT  BepTuKamnbHble  OTPEe3sKM,
oTobpaxatroLime B HEKOTOPOM MacliTabe amnnuTyabl Unn asbl rapMOHUK.

A A

C.

Aw

A
Y

Comin

v

v
g

0 1 2 3 4 01 2 3 4 5

Puc. 38. HacToTHbIe CcnekTpbl NeprUoanyecKoro curHana.
a - aMnNnIUTygHbIN cnekTp, © - a3oBLIN CNekTp.

(w — Tekywasa yactoTa, w1 — YactoTa NepBoOr rapMOHUKM KonebaHun).

CnekTp nepnogn4eckoro curHana HasblBatoT AUCKPETHLIM UKW NIMHENYaTbIM, TaK Kak OH
COCTOUT M3 OTAENbHbIX JIMHAN Ha COOTBETCTBYIOLUMX OUCKPETHbIX YacTtoTax. bonee
WHpOpMaTMBEH aMNUTYOHbIN CNEKTP, NO3BOMSOWMA CyaAnTb 06 OTHOCUTENBHOW fone
B MOSIHOM CWUrHane COOTBETCTBYIOLIMX CneKkTpanbHbIX COCTaBnAwwWMX. 3aaaBLUMCh
3HayYeHueM Cypmin, MOXHO ONpefenvTb LWNPUHY cnektpa Aw: Aw — 0+wg, We- BEPXHSASA
YacToTa CrnekTpa curHana.

PaccmMoTpMM  4acTOTHbIA  CNEKTp NepuoaMYeckoro  UMMYNbCHOMO  curHana,
ucnonbays puc. 37, npu x(t)=U(t).npuBeaeHHy0 Ha PUCYHKE (PYHKUMIO CUTHANa MOXHO
npeacTasuT B BUAE:

T T
U npu——<t<+—
m TP 5 5

x(t)=
Onpu Ter<r-L
2 2

KoahdpmumneHTbl pasnoxeHnst 3Ton pyHKumm B pag dypbe:
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: U, W
"T ki

. kT
A, = sin

;0 =0k =123...

Otcioga nony4aemM BblpaKeHne Afist aMMMTyAHO-4aCcTOTHOrO CrekTpa:
| 20, | k|
Cr =4k = k=1,2,3...

kx T ‘ ( )

B o6wem criyyae aTOT CNEKTp MOXHO MpeAcTaBuUTb rpadpuyeck B BUAOE OTPE3KOB
Cx, NpoBeAeHHbIX NepneHanKynspHO OCKU, HAa KOTOPOW HAaHOCATCH 3HA4YeHUs YacToT Kwq
(puc. 39).

A C/
Um
1, 1~ 1
\\\ 7 e
\\ T 2
0, 2z
T
4r
- 61
T idad)
/”“'“\\ T
al T o ;kah
‘ (] 2+)1 3w: 4w:5w.: 6w
>
Aw

1
2

Puc.39. AMNAMTYOHO-YaCTOTHLIM CNEKTP WMMYNbCHOW nocrnegoBaTenbHOCTU  NpwU
V7=
T

C
( 5 [J - OTHOCUTENbHbIE aMNIUTYAbI FAPMOHWK).
m

Orunbatowas amnnnTygHOro 4YacToTHOrO CnekTpa M3MEHSIETCS MO 3aKOHY CUHYCa;
y3nbl ornbarollen HaxogaTcs B Todkax Do, =

k2w
=———k=L123... (8 paccmaTpnsaemom
1
cnyyae 7=—T1 1 yanbl pacnonoxeHbl B Toukax 2wy, 4wy, 6ws...).41CN0 rapMoHMK B
T
WHTepBane Mexay y3namv paBHO ¢ = —, TO eCTb B HalLeM criyvae g=2.
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Kak BumgHO wu3 pVIC.39, B CNeKTpe curHana npeo6na,u,a+0T HU3KO4YaCTOTHbIE
coctasnswowue. Ecnu y4nTbiBaTb CpeaHOK MOLLHOCTb Pcp nepmnogmn4eckoro curHasna
npmn eaMHM4YHOM COMPOTUBIIEHUN HAlrpy3KnN, MOXHO NCNOJIb30BaTb COOTHOLLUEHWNE!

T
L > 2 I o
P, =—|x"(t)dt =c, +—ZCK
2 253

0

CpeaHsisi MOLWHOCTbL curHana onpeaensieTcs TOSbKO CMEKTPOM aMniinTyg U He
3aBUCUT OT cnekTpa pa3. Bocnonb3oBaBwmKCh 3TON hOPMYron, HETPYAHO ybeauTbes,
YTO AS19 pacCMOTPEHHOrO Bhiwe cryqas 50% cpeaHen MOLLHOCTM CUMrHana cocTtaBnseT
noctosiHHas coctaenawwas, 40% nepBasi rapMoHuka, 5% TpeTbs rapMoHuka, 1% -
natasg rapmMoHuka. Takum obpasom, B MNepBOM Iienectke amMniuTygHOro cnekrpa
Aw=0...2ws copepxutca 90% cpeoHen MOLHOCTU WMMNYMbCHOrO CurHana, npu
Aw=0...4m1— 95% P, . YacToTa, orpaHuymsatoLLas nonocy npornyckaHus, HasbiBaeTcs
BEpPXHEN YacTOTOM CNEKTPa We.

M3MeHeHne COOTHOLLIEHMS MexXay ONUTENBHOCTLIO 7 U nepuogoMm T crneaoBaHus
UMNYNbCOB NPUBOAUT K MepepacnpeeneHnto ykasaHHOM MOLLHOCTM CcurHana no
OTAENbHbIM Yy4acTKaM CMekTpa: YMEHbLUAeTCs YOeribHbIi BEC €ro HWU3KOYaCTOTHbIX
COCTaBNALWMNX, BO3pacTaeT yaeribHbI BEC BbICLUMX rapMOHUK. [1ns cnekTpa curHana ¢
7/T=1/5 (pnc.40) 90% cpeaHen MOLLHOCTU CUrHana coaepXuTcsa B gnanasoHe yYactot 0-

1Oa)1.
A CK
Um
e
T s
0,
0,

‘ ATT T

w1 20.)13(1)146015 1 6(1)1 7(1)1 8(.()1 90)1 10(4)1

kw1

< ~
~N 7
Aw

Puc.40. AMNNUTYOHbIA YacCTOTHBIA CMEKTP WMMYNbCHOM nocnefoBaTenbHOCTU MpuU
7 _1
T g5
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OueHnBas 3(PEeKTUBHYIO LUMPUHY YACTOTHOrO criekTpa Aw, no 90% copgepxaHus B
HEeN MOLLHOCTWU, MOXHO NoKa3aTb, UTO ecnu Aw=T/t-w1, @ 01=27/T, TO Aw=27/7. Takum
obpa3oM, MOXHO MnoKasaTb, YTO LUMPMHA CRNEKTpa WMNynbCa OnpeaensieTcs ero
AnuTenbHOCTbIO 7. MOXHO Takke nokasaTb, YTO eCnu Awt=2r, a Av=Ws —> We=277/T —
2rfe=2m/t — 1 fe=1. 3OTO BbipaeHue cnpaBeanMBO W ONS CUrHana npoun3BOSIbHOM

dopmbl.

Takum ob6pasom, Mexay ONUMTENbHOCTBIO CUrHana W LMPUMHOM €ero chnekTpa
CyLLleCTBYET OnpeaeneHHas CBs3b: YeM MeHbLUE ANUTENbHOCTbL CUrHana, TemM LWnpe ero
cnektp. [enbTa-umnynsC uMeeT OEeCKOHEYHO LUMPOKUIMA pPaBHOMEPHbLIN cnekTp. B
CMEKTpe NOCTOAHHOIO BO BPEMEHU CUrHana UMeeTCs O4Ha COCTaBnsalLWas Ha HyrneBomn
yacTtoTe (KpanHue criydan).

Ana peanbHoro curHana noboe orpaHuyeHve ero AnUMTENbHOCTU MPUBOAUT K
6EeCKOHEYHO LUMPOKOMY CMEKTPY.

MpuBEOEHHbIN Bbille aHanvM3 aMnauTyaHOro CnekTpa nokasan NpaBOMOYHOCTb
NCMNONb30BaHWA 9HEepPreTMYeckoro noaxoaa, Korga nod LWMPUHOW CheKTpa MoHMMAOT
OrPaHUYEHHYI0O BEPXHEW YacTOTOW wpg MOMOCY Y4acTOT, Ha KOTOPYIO MpUXoauTcs
3agaHHas YyacTtb (290%) OT NONHOW 3HEPrnn curHana. lNpu aToM MHopmaumsi B NOTOKe
3HEpPrum CoxpaHseTcs 4OCTaTO4HO MOSTHO.

Ecnu ctaButca 3agadva coxpaHUTb (pOpMy CUrHana, TO 3HepPreTUYecKUin Kputepumn
OTXOAUT Ha BTOpoM nnaH. B atom cnyyae paboyass nonoca 4yactoT [OSbKHA ObiTb
CYLLECTBEHHO LUMpPE, YEM MPU SHEPTrETUYECKOWN OLIEHKE.

B otnnume ot nepnognyecknx n noYTn nepnoanydeckmnx KkKBasmgetTepMmHMpoBaHHbIX
CcurHanoB Henepunogun4yeckme curHanbl B YacToTHoMm obnacTtu npeacrtaBnAlTCA
HernpepbIBHbIM CMEKTPOM.

B kayecTBe WMH(pOpMaTMBHLIX NapamMeTpoB Henepuoauyeckux curHanos (puc.41)
BbICTYNalT aMmnnuTyga M AfUTenbHOCTb uMnyrnbca (a), amnnuMtyga U nocTOsiIHHas
BpeMeHu 3aTyxaHus (6), amnnutyga, NOCTOSAHHAsi BpeMeHU 3aTyxaHus, pasa n yactoTta

(8).
S(w) = j x(e '™ dt

YacToTHbIM CrekTp Henepuogudecknx curHanos (puc.42) onucbiBaetca (npu
ycrnoBun abConTHOW MHTErpupyemMoctn qyHkumMu x(t) B nHTepBane oT -owo< t<tow C
MOMOLLBIO  MHTerpanbHoro npeobpasoBaHusa dypbe, 4Yepe3 ero CcrnekTpasbHyo
NMOTHOCTb S(w) - cnekTparnbHasa NNOTHOCTb aMMANTYA.

Takum obpasom, onnucaHne curHana KeasngeTepMUHUPOBAHHBIMU MOAENAMM JaeT
XOPOLLUYK MaTeMeTUYECKYI0 MHTeprnpeTaumio NPpOUCXoAsALWnX BO BpeMeHM NpoLEeCcCoB.
Mpun nsBectHoM x(t) npouecce 3T Mogenu AatT TOYHOE B npeerniax NpUHATON Moaenu
onucaHue curdana y(t). OgHako NocKorbKy namepsiemas sennymHa x(t) HemsBecTHa, TO
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Ha OCHOBaHWW 3TMX MOAENUIA ONPeaenstoT NpeaeribHble XapakTepucTuku curHana y(t):
AnanasoHbl UW3MEHeust curHana, ero WHdopMaTMBHOIO NapameTpa, YacTOTHbIN
AnanasoH Unu apyrne xapakTepucTUKN.

y

A

X A X
A
Y > >
Xm
t t
T T
a) 6) B)
S/ m)
1 St S{m)
N !
>
Aa) E A A
/\ 0] 0] 0]
27 4
A A
a) 6) B)

Puc. 41. Henepuoguyeckne curHanbl U UX YaCTOTHbIE CMEKTPbI, a) OAUHOYHbLIN

UMNYnbC; 6) 9KCNOHEHUManbHO yObiBatOLWMIA CUrHAM; B) 3aTyxatoLmin KonebaTenbHbIN

npoLecc.
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4.4. OnncaHue CUrHanoB aBTOKOPPENALUNOHHON
(koppensuMoHHON) PyHKLUMEN.

Hapsgy co chnektpanbHbIM MOAXOAOM K OMUCAHWMIO KBa3vaeTepMUHUPOBAHHOIO
CMrHana 4acto Ha npakTuke Heobxoguma xapaKTepucTuka, galowasa npeacraBeHme o
CKOPOCTWN U3MEHEHNSI curHana 6e3 pasnoXeHus ero Ha aneMeHTapHble COCTaBNAOLLNE.
Takon xapaKTepuCTUKON SABNAETCS aBTOKOPPEnsuUnoHHasa pyHkuma curHana. OHa vawe
BCEro UCNOoNb3yeTcsa AN OLEHKM CrlydanHbIX NPOLLECCOB.

OTa (pyHKLI,VIFl XapakrtepegyeT CBA3b Mexagy MrHoBeHHbIMU 3Ha4YeHUAMU CUTrHala B
pa3nmyHble MOMEHTbI BpEMEHW.

Ans KBa3naeTePMUHUPOBAHHbIX curHanos KOHEeYHoM ANUTENbHOCTU
aBTOKOppPENSUMOHHAs YHKUMS:

, TOe 7- BpeMEeHHOW CABUT curHana.

k(t) = %jx(t) - x(t + 7)dt

K(7) - xapakTepesyeT cTeneHb CBA3U (Koppensuuu) curHana x(t) ¢ ero konuen,
COBWHYTOW NO OCU BPEMEHMU HaA T.

UeM MeHblUe 3HayeHue KOpPEensunmoHHOW (yHKUMM, TEM MEHblUe 3Ta CBA3b U
3aBUCMMOCTb 3Ha4YeHun curHana Xx(t;+7) B MOMEHT t;+7 OT 3HavyeHust curHana Xx(t;) B
MOMEHT t.

I'Ipvl =0 K(Z') AOoCTuraet MmakCMmMmyma n npuHMMaeT 3Ha4vYeHne paBHOEe 3HEepPrun curHara
1 T

k(0) = — j X (f)dt
Ts :

C yBenuueHvem 7 k(z) yobiBaeT (He o6a3aTernlbHO MOHOTOHHO) M NPWU 3HAYEHUU T,
npeBbllaWeM ANuTenbLHOCTb curHana, obpawaeTtca B Honb. WHTerpanbHoe
npeobpasoBaHne dypbe Haa aBTOKOPPENSUMOHHOW yHKUMEW K(z) [aéT cnektp
NIOTHOCTN MOLLHOCTW cuUrHana.

S (@) =W(w) = Tk(r)e‘j‘”dr_

CnekTpanbHaga noTHOCTb MOLWHOCTU Sp(w) onpefendeT pacnpeneneHme cpeaHemn
MOLLLHOCTW curHarna no ero 4yactotam. 3HayeHus Sp(w) paBHbl cpefHen MOLLHOCTH,
npuxogsiencs Ha eguHULY NOSIOCbl HYacTOT NPU PasfnUYHbIX YacToTax.

O6paTtHoe npeobpa3oBaHMe MO3BONSAET HAWTU KOPPENSUMOHHYK (OYHKUUIO Mo
N3BECTHOW CnekTpasnibHOM NAOTHOCTU MOLLHOCTHU.
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1 —+00 .
k(r) = Z J‘[W(a))]eﬂmda) , oTcoda

4yeM LUMpe CMNeKTp curHana, TeM MeHblle BpeMs Koppensuuu, T.e. 3HadeHue casura r,
B NpeAenax KoTOporo aBTOKOPPENSLMOHHAs PYHKUMSA OTNMYHA OT HyNS;

aBTOKOPpPEenAuMOHHaa YHKUMS He 3aBUCUT OT (Pas3oBOM XapaKTepUCTUKWU CcrekTpa
curHana;

npM OOHOM M TOM e aMnnUMTYOHOM ChnekTpe W pasHbix dopmax da3osoin
XapakTepuUcTUkM opMbl KBa3naeTEPMUHUPOBAHHbBIX CUrHAMNOB CYLLECTBEHHO OTMINYHbI,
HO MM MOXET COOTBETCTBOBATb OAHA M Ta e aBTOKOppensuMoHHas dyHKums,
MaTeMaTuU4eckn onucbiBaroLLlas Mx oblime cBONCTBA.

Ewe pa3 HanomMHuMm, 4To noHATUE K(7), S(w), Sp(w), Yawe ynoTpebnaiwTca no
OTHOLLIEHMIO K Cy4alHbIM NpoLeccam - 3TO UX XapaKTePUCTUKN.
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5. ObpaboTka usmepuTternbHon MHcpopmauun.

Mpouecc 06paboTkn M3MepUTENBHOM WHGOPMaLUK BKNoYaeT Oonblloe  KONMYEeCcTBO
onepauuin: OUCKPeTMU3auMio, KBaHTOBaHMe, MoAynsuuio, uabTpauuio, CTaTUCTUYECKYHD
obpaboTky OaHHbIX, aBTOMaTUYeCKYHo KOPPEKUMIO  MOrpeLlHOCT,  BblYUCEHNEe
KoppensiuMOHHbIX OYHKLMIA, CNEKTPOB cuUrHana u ap.

5.1. nckpeTusaumsa nameputenbHon nHdopmauumu.

AdunckpeTHble curHanbl WHOpMauMM MoryT noctynate OT oO6bekta ynpaBneHus 4epes
nepBuyHble npeobpasoBaTenu, HO vawe BCero nepBuMyHaa WHdopmauma  umeet
aHanorosylo ¢opMmy K1 npeobpadyeTca B AUCKPETHYH ANA AanbHenwen obpaboTkm u
NCNONb30BaHMA B CPeACcTBaX BbIYUCIIUTENBHOW TEXHUKN.

AdunckpeTnsauns npencraBnseT Npouecc NoslydeHnsi MrHOBEHHbIX 3HAYEHWU HENpPepPbIBHON
YHKUMM B OUCKPETHble MOMEHTbl BpeMeHW. JTOT npouecc OOblMHO wMMmeeT 2 aTana:
ANCKPeTU3aumio N0 BpEMEHN U KBaHTOBaHWE MO YPOBHIO.

[nckpeTHble curHanbl B MeEHbLUEW CTerneHn MOoABEPXEHbl UCKaXeHusM B npolecce
nepegadn M xXpaHeHus, OHW Nerko npeobpasyloTcsa B ABOMYHBIA KO4 M obpabatbiBaloTcs C
NOMOLLBIO LMAPOBLIX YCTPOUCTB.

A X A X x(t,) 1 X x(t)

----------.\.‘z._

—x(t) | T
X(tl) ? X(k]) ---T---‘_Ti
H ?At t
t ! «—>' t
t; t t; tH t3..1,
a) 6) 6)
T X x(1) |
I ——— L
o |
st -
| ‘ r)
t

Puc. 42. NocnegoBaTtenbHble aTanbl ANCKPETU3aUnn HENPEepPbLIBHONO cUrHana

a) HernpepbIBHbIN (aHanNoroBbl) curHas; ©) curHan, QUCKPETU3MPOBAHHbBIN MO BPEMEHMU;
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B) CUrHan, AUCKPETU3NPOBaHHbLIN MO YPOBHIO (KBAHTOBAHHbLIN); ) CUrHar, OUCKPETU3UPOBaHHbIN
Mo BPEMEHU U KBAHTOBAHHbIV MO YPOBHIO (N0 MHPOPMaTUBHOMY NapameTpy).

AdnckpeTnsaums No BpeMeHU - 3TO nepexon OT HEMPEepbIBHONO CUrHana K AUCKPETHOMY,
OonMcbiIBAEMOMY  paspbiBHOWM (DYyHKUMEN BpeEMEHW, TO €CTb MOSflydeHMe KOHEYHOro 4dmcna

3HaYeHu X(t,) B 3adaHHble MOMEHTbl BpemeHu (puc.42 6), npu 3TOM Lwar AucKpeTusaumm
At=t,-t;. Mpouecc KBaHTOBaHMA  CBOAWUTCS K NPeACTaBMNEHMI0 BECKOHEYHOTO MHOXECTBA
3Ha4YeHUn X(t) KOHEYHbIM (OrpaHWyYeHHbIM) MHOXECTBOM OOMYCTUMbIX 3HAYEHUA - YPOBHEWN
KBaHTOBaHUA Xk1, Xk2,..., Xkn (puc.42 B). PasHoCTb mMexay ABYMSA GnvKamwmmn ypoBHSIMU

Xko-Xk1 Ha3bIBAETCH LIAroM KBAHTOBaHUSA o ypoBHIO AX, KBaHTOM M npeactasnseT cobon

paspeLuaroLlyo cnocobHoCTb nNpeobpasoBartens. YeM MeHblue war KBaHTOBaHWs, TEM BbilUe
paspeLuatrowas cnocobHocTb npeobpasoBartens.

Yalle Bcero npyMeHsitoT paBHOMEPHYH ANCKPETU3aLMIO CUTHAMNOB, HO Luar MOXeT ObiTb U

nepemMeHHbIM (Kak Mo BPeMeHM, Tak 1 Mo ypoBHI0). HakoHeu, coemewas onepauun 6) n 8),
MOXHO MOMYYNTb AMCKPETU3MPOBAHHBIN MO BPEMEHW W KBAHTOBAHHbIA MO  3HAYEHMIO
WHOPMAaTMBHOIO NapameTpa curHan (puc.42 r).

Takum obpasom, HeNpPepPbIBHbIA CUrHan X(t) MOXXHO npeobpasoBaTb B AUCKPETHYO hopMy

no koopanHaTtam X n t npm coBmMeLleHnn onepau,vu7| ONCKpeTn3aumm n KBaHToOBaHUA.

OTOT Npouecc BKMOYaET psad nocrnegoBaTeflbHblX UM COBMELLEHHBIX BO  BPEMEHMU
onepauum:

- OpraHuM3auuio C MOMOLUbI 3TarOHHbIX YCTPOWCTB TOYHbLIX YPOBHEW KBAHTOBAHMWS
(peanusaunio ypoBHen);

- aKT CpaBHEHUs1 C ONpeaenéHHON YacToToN OUCKPEeTM3aumMM HenpepbIBHOW BEMNYMHBI C
(PUKCMPOBAHHBLIM 3HaYEeHNEM YPOBHS;

- MOMEHT OTOXZAECTBIEHUSI, T.e. MOMEHT YCTaHOBMNEHWUs paBeHCTBa npeobpasyemMoii
aHanoroBow BEMUYMHBI C KBAHTOBAHHOW C 3a@HHOW TOYHOCTbIO;

- MOMEHT OTCY&Ta U Bblauu 3Ha4YeHNA (ANCKPeTHOro) Npeobpasyemoii BenuunHbl Xk(t).
YcnosHo aHauenuns X(f) otoxnectensiotcs:
a) ¢ GrkaniLLMM BEPXHUM MU PaBHLIM YPOBHEM KBAHTOBAHWS;

0) ¢ GnVKaNLLIMM HUKHUM MM PaBHbIM YPOBHEM KBAHTOBAHMS;

B) C Gnvbkanwnm (BEPXHUM U HUKHUM) YPOBHEM KBAHTOBaHUS.
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Bbi6op wara KBaHTOBaHUA MO YPOBHIO.

LWlar kBaHTOBaHWA BbIOMPAOT B 3aBUCUMOCTM OT AOMYCTMMOM OTHOCUTENBHOMN
norpewwHocTy ksaHtoBanus Vo. AXk>>Yo[Xmax(t)-Xmin(t)].

Yncno HeobxoanMbIX YPOBHEW KBaHTOBAHUSI cUrHana (C y4éToM HyrneBoro) - paspsiiHOCTb:

Xinan () = Xwin () 1 X () = X ()
Ax, 23 o (Ax,)

n= Npy paBHOMEPHOM KBAHTOBaHMWMU.

B cnyyae ucnonb3oBaHWsi KBaHTOBAHHOW BENMYUHBLI cUcTEMa B Gonbluein Mepe 3aluieHa
OT OEWCTBUI MOMEX, aMMnUTyaa KOTOPbIX MEHbLUE Liara KBaHTOBaHWSA MO YPOBHIO, YeM Mpwu
MCMonb30BaHUM aHaNoroBoro curHana.

BbiOOp wara gucKkpeTusauumm.

War Af Bbi6upaloT 13  ycrnoBuin 3@EKTUBHOTO (C  3a4aHHON  MOrPELLHOCTbIO)
BOCMpouaBeaeHns ucxoaHo xapaktepuctukm X(f) no eé auckpetHbim smadenusm X(1)).

BocnpousBegeHue  pyHKLUK ocyuwlectenaeTca  dyHKUMEN Z(t), Ha3blBaeMou
BOCMPOM3BOASLLEN.

z(t) = Zbk A tk), rae by - koaddmumeHT, sasucawmii ot otcuetos X(1;), X(t-
k=1

1)...

BOCI'IpOI/I3BO,EI,FILLl,aFI beHKLI,I/IFI BOCMpoOn3BoANT NCXOOHYHO C MNOrpeLlHoCTbHo, 3aBUCALLIEN OT

wara auckpetusaumn Af=ti - (ti-1). Yem wmeHblie Lwar, Tem TouHee BOCMPOM3BOAMTCS
YHKUMSA, OOHAKO, MOXET MPOSIBUTLCA M3BLITOYHOCTL. ONTUMAnbHLIM ByaeT Takol war
AVCKPETU3aLIMM, NPV KOTOPOM BOCMPOM3BOASLLAS (DYHKLUMS BOCCTAHABIMBAET MCXOAHYIO C
3a71aHHOMN MOrPELLHOCTBIO MPU MUHUMAMNbHOM YMche BblGOpoK. [MorpellHOCTb BOCCTaHOBMEHMS

ncxopHoin dyrkummn X(t): A(t)=x(1)-z(t). Ona oueHnsaeTca ¢ UCNONBb3OBAHMEM HECKOMBKMX
KpUTEPHEB.

KpuTtepwii HanbonbLIEro OTKNOHeHNs (MokasaTterls PaBHOMEPHOIO NPUBIIMKEHUS).
At)w = max| A®)| = max| x(t)-z(t)| .

Wutepsan npeactasnennii [0, T]. Mpn aTom AomkHbl BbITb U3BECTHBI AaNPUOPHBIE CBEAEHNA O
CUrHanax.

CpegHekBagpaTU4EeCK KPUTEPUIA.

T
_ 1 ) _
C = E“x(t) - Z(t)‘ - dt , roe O - cpedHekBagpaTuMyeckas  MOrpeLiHoCTb
0
BOCCTaHOBEHMS.
Wntepsan npeactasnennii I [0, T]. Cnoxwna annapaTtypa peanusaumm.
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MHTerpanbHbI KpUTEPUMA.

A= }A(z)dt

-1

BepoATHOCTHLIN KpUTEpUi.

PlA(t) < A(t)o] = po, rae A(t)o - ponycTumoe 3HaueHne norpeluHocTH; Po— AonycTuMas

BEPOSITHOCTb TOFO, YTO NorpellHocTb He npesbicnT A(t)o.

Mpn paBHOMepHOW aOuckpeTusauum (Hambonee ynoTpebuTenbHOW) TOYKM OTCYETA
paBHOMepHO pacrionaratTcs no ocu L.

Ecnun ncxopHas dyHkuma X(f) umeet orpaHnueHHbI CNEeKTp 4acToT, TO COrNacHo
Teopeme KoTenbHMKOBa OHa MOXeT ObiTb BOCCTaHOBMNEHa 06e3 3HauyMTenbHOWM

MOrpeLHOCTH MO 3HAYEHUAM BbIGOPOK, B3sATbIX C YacToTon 2f,ax, 20€ Ffyax vim f o -

MaKcuManbHasi (BepxHsi) 4YacToTa B CMeKkTpe curHana. Takum obpasom, Af =

1/2fs=11/2.

B namepuTenbHom TeXHUKe, Kak NpaBuIo, CurHanbl UMeT GeCcKOHEeYHbIA CNekTp, NO3TOMY

TeopemMy KoTenbHukoBa ncnonb3yrwT And I'IpI/I6J'II/I)KéHHOFO BbI4YUCIEHNA fO Ona  TakKux
curHanos. Ha npakTuke 4acTtoTy OoTcYéTa (nmcxpemsaumw) yCTaHaBnmMBarT MO COOTHOLLEHUIO

fa=K, 2f5, roe K, - koacpcpuument 3anaca, 1.5< k, <6.

WHoraa (ecrm doyHkumst X(f) mano nameHseTca Ha HEKOTOPOM MPOTSHKEHHOM WHTepBane

BpeMeHu T), Takoit BbiGop f;  MoxeT npuMBECTU K M3BBLITOYHOCTU OTCHETOB, HEe SBMSIOLLMXCS
Heob6xoouMbIMM  Ansi BOCCTaHOBNeHUs curHana. CokpalleHne wu3bbIToYHON MHpopmaumm
BO3MOXHO  MpW  MCMOMb30BaHUN  HEpPaBHOMEPHOW  (aganTMBHOW)  AUCKpeTusaumu,

obecneumBatolLen BbIGOpP At Mexgy cocegHUMM OTCYETaMM C YYETOM (PaKTUYECKOro
N3MEHEHUA XapaKTepUCTMK curHana (B YacTHOCTWU, CKOpPOCTM ero wuaMmeHeHus). Owmnbka

ONCKpeTn3auumm - ctatm4eckad, oHa He 3aBUCUT OT CKOPOCTU U3MEHEHUA X(t)

Bbibop wara guckpeTusauum wunM  4actoTbl onpoca  (auckpetmsauun) fa=1/At

OCYLLECTBNSIIOT Ha OCHOBE amnpuOPHbIX cBedeHWn o xapakTepe curdana X(1). BaxHbim npu
YCTaHOBMEHWUM LUara AMCKpeTU3aummn sSBNsieTcs Cnocob BOCCTaHOBMNEHWUS CUrHana, KOTOpbI BO

MHOTrOM onpefensieT norpelHocTs Bocnpousseaenns dyHkum X(T), Tak kak coeguHss
N3BECTHbIE 3HAaYEHUS MPSIMBIMU UM KPUBBIMW, MOXHO OONYCTUTb pPasfivyHble NOrpeLlHOCTH.

Cnocobbl  BOCCTaHOBMEHUS: aKcTpanonsauus  (NpubnuxeHue), WUHTepnonALms,
annpokcMmaumsi.

76



LleHTp ANCTaHUMOHHOro 0by4yeHua 1 NoBbIWEHNA KBaAUDUKALMN

ABTOMaTM3a umMAa nponsBoaCcTBeEHHbIX MpoLUeCccoB

Mpn akcTpanonsaumm KpMBas nposoauTcA B 3agaHHoM uHTepsane (f) no agaHHbIM
npegbiaywiero (Mnn Heckonbkux) oTcHETOB. NMpyn nonyyeHun Tekywiero otcyéta LY Bnnotb oo
cnenyoLLero oTc4éTa NOBTOPSIET 3HAaYeHMEe Npeobpasyemor BENUYMHBI NpeablayLLero oTCHETa.

Mpy uHTepnonsuMM  KpvBasi BOCCTaHaBMMBAeTCs MO pe3ynbTaTam [ABYX COCEOHMX
OTCYETOB, MPU 3TOM BOCMPOM3BOAsILLAs DYHKUMS NMPOXOAMUT Yepes3 OUCKPETHbLIE OTCHETDI.

Mpy annpokcumauuu ona BsocctaHosnenns X() Ha kaxgom yvacTke mexay eé
N3BECTHbIMW 3Ha4YeHUSIMU CTPOUTCH KpMBas B COOTBETCTBUW C pasnUyHbIMW Ha3UCHbIMU
dyHKunamMn. B kadectBe Takmx YHKUUW LWIMPOKO MPUMEHSAIOT MOSIMHOMBLI, B 4YaCTHOCTW,
nonuHomebl JlarpaHxa.

MorpewHocTn uncppoBoOro npeobpasoBaHUsA CUrHana.

x(1)

A Xk(t)
Xkn

o

Xki
Xk1 Cl'Axk:.X0

I bt

ty H i .,

Puc. 43. K onpegeneHunio Benn4mHbl NOrpeLLHOCTN KBAHTOBAHMS.

MorpelHoCcTb AUcKpeTM3aumumn (Unu KeaHToBaHus) AXy — 3TO pasHOCTb MeXOy TEKyLLMM

sHadeHnem curdana X(t) v ero auckpetHbim npeactasnenvem Xk(t) (pnc.43). Bknag aToit
MOrpeLLUHOCTM B OOLLY0 NOrpeLHoCcTb uudpoBoro npeobpasoBaHmst makcumarneH. Kpome Heé B
oOLLyt0 CTaTUYECKY CryvarHy NOrpeLlHOCTb LMGPOBLIX YCTPONCTB BXOOAT:

- Axp - NOrpewHOCTb peannsaunm ypOBHeV’I KBAHTOBaAHUA, TaK KaK UamMmepdaemMasd BEJIMYNHa

KBAHTyeTCA B COOTBETCTBMM C pealibHbiIMM  YPOBHAMMU, QA OTCYET npon3BoauTCA B
COOTBEeTCTBUN C paC‘-IéTHbIMVI 3Ha4YeHNAMU;

- AX._, - nNorpewHoOCTb 4yBCTBUTENIbHOCTU OT Hann4dnAa nopora 4YyBCTBUTEIIbHOCTU

yctpoiicTs cpasHeHus X(t) n Xi(t);

77



LleHTp ANCTaHUMOHHOro 0by4yeHua 1 NoBbIWEHNA KBaAUDUKALMN

ABTOMaTM3a umMAa nponsBoaCcTBeEHHbIX MpoLUeCccoB

- AXy - NOrpeLIHocTb Nomex;
Tpw nocrneaHnx NorpeLLHoCTy - UHCTPyMeHTanbHble, a AXy - MeToanyeckas.

Hargém nonHyo norpewHocTb UndpoBoro npeobpasoBaHnsi C y4ETOM Axsz, AXx,=~0,

AX~0.
B momeHT I; (b AXy+Xy))-X=a- Axy, roe
a - cny4yarHbin 6e3pasmepHbin koadduuneHT (a=0..1),

b - koadbduumeHT nocTosHHbIN, 3aBUCALLMIA OT cnocoba otoxaectenenmns (b=0..7).

AGContoTHas NonHas NorpeLlHoCTb UM poBoro NnpeobpasoBaHus:

AX=X-X=a- Ax-b-Ax,  (+ Ax/2 - Ax/2)
AX=(a- Ax-Axi/2) +(Ax/2-b- Ax ) =AXa+C
cnyyarMHas  cuctemaTtmyeckasi
CocCTaBnarowada COoCTaBIdowan

Ecnn dyHkums X(t) 3apaHee HeuM3BeCTHa, a Liar KBaHTOBaHWs AocTaTouHo man, To AXa

MeHsieTcst B npeaenax ot -AX/2 no +Ax,/2.

MpUHATO cumTaTh, YTO cryyaiiHas ownbka kBaHToBaHus AXy NoauMHSAETCS paBHOMEPHOMY
3aKoHy pacnpegenenusi. [Npu 3ToM NAOTHOCTL BeposATHOCTU P(AX ) Ans criyyaiHoi BeNMUMHbI

AXy npuHumaert aHavenne 1/AX, sHyTpn ananasona (-AX/2; +Ax/2) v pasna O BHe atoro
AvanasoHa (puc.44).

p(Axa) A

1/4x;,

\ 4

Ax
-Ax;/2 +Axy/2

Puc. 44. PaBHOMepHbIN 3aKkOH pacnpeferieHus MnorpewwHocTM  AucKpeTMsaumm
(kBaHTOBaHUSA)
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Ovcnepcuss owmbkn kBaHToBaHua AX;  npu  NpUHSATOM paBHOMEPHOM  3aKOHe
pacnpegeneHus:

AiAv 1= A% p(Av)-d(Ax,) =2

—Ax, /2
Cpe/J,HeKBa,El.paTW-I €CKO€e OTKITOHEHUE!

Ax
olAx ] =K%

243

Mpn AXz=CONSt. oTHocuTEenbHAsA NOrPeLIHOCTL KBAHTOBAHMA V=AX5/X CyLLIeCTBEHHO

3aBUCUT OT TeKyLLero 3HaveHus curHana X. Moatomy npu nepegade m obpaboTke curHanos,
N3MEHSIIOWNXCS B 3HAYUTENbHOM [AManasoHe, NPUHMMAaKT HepaBHOMEPHOe (aaanTUMBHOE)

KBaHTOBaHWMe, Korga war AXk NPUHMMAKT MalbiM AOnd CUrHarioB Malrnoro YypoBHA WU

yBEMNYMBAKOT C POCTOM BENWYUHbI Npeobpasyemoro curHana. Buibop 3HauveHus b-AXk B
npouecce wusrotoeneHmss AU BeoéT K M3MEHEHWUIO 3aKoHa OTOXAECTBNEHMS U 3HaAYeHus

MOSIHOWN MOrpeLLHOCTM NpeobpasosaHust AX.
Mpoananuaupyem ato npu nameHenmn b ot 0 no 1 (puc.45):

a) npn b=0, M[AX]=+AxX,/2, uTo cooTBeTCTByeT OTOXAECTBMEHMIO C GRVKALLMM
BONbLUMM MO 3HAYEHNIO YPOBHEM (BEPXHUM).

6) npu b=1, M[AX]=-AX,/2, 4yTo cooTBeTCTBYEeT OTOXAECTBMEHMIO C BrVKaNLLINM
MEHBLUUM M0 3HAYEHWIO YPOBHEM (HIDKHUM).

B) npu b=0.5, M[AX]=0, uto cooTeeTcTByeT OTOXAECTBNEHMIO C GrVKaALLMM MO
3HAYEHMI0 YPOBHEM KBAHTOBAHMUSI.

79



LleHTp ANCTaHUMOHHOro 0by4yeHua 1 NoBbIWEHNA KBaAUDUKALMN

ABTOMaTM3a umMAa nponsBoaCcTBeEHHbIX MpoLUeCccoB

Axmax=+Axk
b=0 x/
/DXy
AAX a)
1 2 3 4
x A »
=X, "~
Axmax=—Axk
“Nxy
"a':"] """"""" a‘:‘O """"""""""""""""""""""""""""""""""""
A Ax 6)
+Ax% e Y2 3 4.
2 X
RN AN s
meax=ﬂ:dxk/2
—Ax,/ _____________________________________________________________________________
2 8)

Puc. 45. 3aBUCMMOCTb MakcMarbHOWM NOrpeLlHOCTU AUCKPeTU3aLUmMm oT cnocoda
OTOXOEeCTBINEHUS.

a) oToXaecTtBrieHne C onvxanmm BEPXHUM UINMN paBHbIM YPOBHEM KBAHTOBAHUA;
6) oToXaecTBJ1IEHNE C OnvKaMLLIMM HUXKHUM UK paBHbIM YPOBHEM KBAHTOBaHUA;

B) OTOXAECTBNEHME C Bnvxanwmm (BepXHUM UM HUXKHUM) YPOBHEM.

MoxHO noapobHO uccrnenoBaTth MeHblUMe Mo 3HaveHuio, vem AXy cocraensaolme

NnosiHom norpeLwHoCcTn AX, ABNAOLWNECA TaKXe CJ'Iy‘-IaIZHbIMI/I.

TpU 13 HIX COCTABNSIOT MOMHYI0 UHCTPYMEHTanbHyto norpeluHocts AX,=AX,+AX,+AXp,,
a norpewHocTb amckpeTtnsaumn AXg - metoauyeckas. 3Has CTAaTUCTUYECKUE XapaKTepUCTUKY
pacnpeaeneHns cocTaBnsioLMX NOMHON NorpelHocTM  (MaTemaTudeckoe oxupanne M(Ax,),

M(Ax,), M(Ax;) v cpennexsappatdeckoe otknoHeHve O(AX,), O(AXp), O(Axg) ot
MaTemMaTUYeckoro OXuaaHus), npeanonaras, YTo BCE COCTABMAWMNE WHCTPYMEHTambHOM

MOrpPELLHOCTM B3aMHO HE3aBMCHMMbI, MOXXHO ONpeaenuTb M(AXU), o(Ax,):

M(Ax,)=M(Ax,)+M(Ax,)+M(Ax;,);
o(Ax,) = [o(Ax, )P +[o(Ax,)T? +[o(Ax, )T .
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I'Ipep,eanoe 3Ha4YeHune cymmapHoﬁ MHCprMeHTaHbHOVI norpewHoCcTn

Axumax=| M(Axu)ia-o(Axu)|, roe @ - KoaddUUMEHT, 3aAaHHbIl [OBEPUTENbLHON

BEPOATHOCTLIO  TOrO, YTO MOrPeLHOCTb He BbinaeT 3a npedensl AXymax, U 3aKOHOM
pacnpefeneHnsl CyMMapHOM NOrpeLlHOCTy.

Mpwn HopmanbHoM 3akoHe pacnpeaenerna n P=0.9973, a=3.

B npeansHom UMM AX,= 0, a norpewHoctb anckpeTHOCTU AXgmax=tAX/2 .
Ons npubnwKeHWs peanbHbIX YCTPOWCTB K WAeanbHbIM — Hado  CTPeMUTLCS K
MaKCUMAarIbHOMY CHUKEHWIO MHCTPYMEHTanbHbIX norpeluHocTeit. Lar kBaHToBaHUs! BbIGMpatoT

u3 ycnosusa AX,>>AX,,.

AXamax=iAXk/2 obecneuynBaeTcs NnpaBuUnbHbIM BbIOOPOM METO4A OTOXAECTBIEHUS.
OvwHamunyeckas norpewHoctb LIAT.

JuHaMnyeckne norpeLiHocT 2-ro poga Bo3HUKaoT B UM AUCKPETHOro Tvna n 3aBucaT
OT ckopocTu npeobpasosaHus X(t) n BpemeHn guckpeTusaumm Ar.

P
< Ty=At

X2

Jax,

SN

X1

A An>

4] t ig

Puc.46. K onpegoeneHno oMuHaMmM4eckon norpeLHocTM 2-ro poaa.
Linkn npeobpasoBanus: T =At=tqp

Hac nHTepecyeT 3HayeHue X(t) B MOMEHT BpeMeHU [p, HO Mbl MOXEM ero nony4ymTb Unm
npu t; unm npu t3 TakuMm 06pa3oM, OHO OTNMYaeTcst OT peanbHoro Ha AX; unmu

Ax, (oToxaecTBneHne ¢ 6GnKallLMM YPOBHEM KBaHTOBaHWS). MakcumanbHas
npuBeaeHHasi AMHaMu4Yeckasi NorpeLlHOCTb

”T
— + e :ix a

Y np Ax . ,

max max

roe Ax = Ax, + Ax, - mMakcumanbHoe uameHeHue X(f) 3a Bpems umkna T Xmax -

Oox

'— —_—
MaKcMManbHOe 3HayeHve npeobpasyeMon BenuumHbl;, X = P

; = CPeAHss CKopoCTb

n3meHeHus npeobpasyemon BenuumHbl X(t) 3a Ty.
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Ansa cuHycomaanbHoro curHana - Y gp = 27 - f ) TU .

dnHamunyeckas norpeLHoOCTb BTOPOro poaa, Kak U nepBoro, orpaHuymeaeT 4OMyCTUMYHO
CKOPOCTb (4acTOTy) U3MEHEHUA BXOAHOW BenuuuHbl X(T) npu 3agaHHoOM uukne Tpy, W,
HaobopoT, pernameHTupyeT T nNpu PUKCUPOBAHHOW (3afaHHOM) YacToTe BXOAHOIO

curHana (T — aTo war kBaHTOBaHWS At , onpefensieMbli YacTOTOW ANCKpeTM3aumn).
[ns obecnevyeHns TOHHOCTM HEOOXO0AMMO, YTOOLI CKOPOCTb NpeobpasoBaHus bbina
|
3HAUNTENbHO BbILE CKOPOCTU M3MeHeHus curHana Xy (t) Bpema npeobpasoBaHus

(kBaHTOBaHUSA) fnp OOJPKHO ObiTb BblIOpaHO Tak, 4TOObI cuMrHam 3a 3TO BpemMs He

Ax
n3MeHsanca oonblue, YeM Ha % lwara KBaHTOBaHMS MO YPOBHIO ( Kz ), oTcioaa

_, 05Ax

BpeMs kBaHToBaHMs (ks = Lyp 7
Xmax (1)

[nana3oH npeobpasoBaHus £|,=xmax-xmin, MoaToMy LIar KBaHTOBaHMWSA

AXK — xmax _xmin
2" -1
O’S(Xmax _xrnin)
Otctopga fpp = 2 —1)-x ()

MakcumanbHoe 3HadYeHue MPOM3BOAHONW CryyaiiHoi ctaumoHapHon dyHkumm y(1)
MoXeT ObITb oueHeHO HepaBeHcTBoM C.H.BepHwTenHa, koTopoe cnpaBennveo Ans
PYHKUMI, OrpaHNUYEHHbIX N0 MOAYIII0 N UMEIOLUMX OrPaHNYEHHbIN CNEKTP YacToT:

k k
xmax (t) < a)max xmax (t)‘ )

k . y
rge X (£) - MakcumanbHoe 3Hauenure “K’-it npowssogHon dyHkumm X(1); x.. (1) -

MaKcUMarnbHoe 3HavyeHne (YHKLUUK; a)max=27l"fmax - MakcumarnbHas 4yacTtoTa

criekTpa BXxoAHoN dyHKuun X(t).

0.5(x
Mpu aTom tnp T /An )
P (2 - 1) ) a)max ) ‘xmax (t)‘

max X min

[OnHamunyeckyto NOrpewHocTb 2-ro poga HasblBaloT anepTypHOW norpewHocTero. Ona
yMeHbLUeHns aTon norpelwHocTy B AL 06bl4HO MCnonb3yoTca YCTPOMCTBa BbIGOPKN U
xpaHeHusa (YBX), Bknwodvaemble wMexagy Bxogom AL u  BbIXOOOM MWCTOYHMKA
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aHanoroBoro curHana. Mix pabota ocHoBaHa Ha npuHUMNe uKcaumm MrHOBEHHOrO
3HauyeHus, uaMeHsiowerocs BO BpemeHu BxogHoro curHana Ug(t) Ha Bpewms
npeobpasoBaHust t;, ALIM. YBX umeeT gBa ycTOMUMBbLIX pexuma paboTbl: XpaHeHUs U
BblGopkn. B pexume BbIOOpkM (crnexeHus) BbixogHon curHan YBX ¢ makcumanbHO
BO3MOXHOW CKOPOCTbIO AOCTUraeT 3HaveHus npeobpasyemoro curHana Ugy(t) u, 3atem,
OTCrexuBaeT ero Ao npuxoga KomaHabl Ha xpaHeHue. C atoro momeHTa YBX OGyaer
XpaHUTb (3anoMmHaTb) Ha CBOEM BbIXO4e MrHOBEHHOE 3HayeHue BXOOHOro
npeobpasyemoro curHana. Tak kak YBX 3anomunHaet BxogHown curHan AU B MomeHT
BPEMEHWN, TOYHO OnpefeneHHbl KOMaHOOW XpaHeHusl, anepTypHas MOorpeLHoCTb
CYLLLECTBEHHO YMEHbLUAETCA W OnpeaensieTcs, B OCHOBHOM, anepTypHbIM BpPEMEHEM
YBX — MakcumanbHbIM BpPEMEHEM OT MOMEHTa MnodayM KoMaHabl Ha XpaHeHusi Ao
MOMeHTa Havana oTcyeta. AneptypHoe Bpemss OOyCrnoBreHO BpeMeHeM
nepeknyeHus Kn4a, Bxoasulero B coctaB YBX, npu nepexoge cxembl OT BbIOOPKM K
xpaHeHuto. B YBX BxogsT:

onepaunoHHble ycunutenu (OY), BbinonHsawowme ponb 6ydepos mexay sxogom AL n
3anoOMMHaLLNM 3NIEMEHTOM,;

Kntoun, obecrneymBatolMe Nepexoa CXeMbl U3 pexmMa XpaHeHUst B PEXUM BbIOOPKM ©
Hao0bopoT;

CXeMbl ynpaBlieHnA Krno4vamMmu,
aHanoroBble 3anoMmMHawwne arieMeHTbl — KOHOEHCAaTOoPbI.

B kavecTBe npumepa MoxHo ykasatb MMC YBX, Bbinyckaemble cepuiiHo: KP1100CK2.

5.2. UamepeHUue konu4yectBa MHopmauuu, gocraBrise Mon
CUrHanom.

lMocne guckpeTusauuu aHanoroBoro curHana, To ecTb MpeacTaBneHus ero AUCKPEeTHOM
mogenbto (puc.42) cywecTBEHHbIMU (MHOPMaTUBHLIMK) OyayT NUWb TE€ €ero 3HadYeHus,
KOTOpble COOTBETCTBYIOT Gnvmkanwmnmm ysnam peLléTki, NosydeHHON nNpu AUCKpeTM3aunm ero

no BpeéMeHn N KBaHTOBaHUA MO YPOBHHO. Ecnu curHan nveet KOHEYHYH ONMUTENIbHOCTb T, TO

YUCNO ero AUCKPETHbIX OTYETOB BO BpeMeHU (f1) MOXHO Npubrn3nTenbHO OLEHUTb C NOMOLLIBbHO
Teopembl KoTenbHukoBa:

T
n=—m=2 -T
A Saax

Monaras, 4To KoNM4YecTBO MHMOPMaLUK, NEPEHOCUMON cUrHanom, byaeTt Tem GonbLue, Yem
Oonblle 4YMCNO BO3MOXHbIX COOOLWEHUn  (KoMOMHauuMh curHana), oueHuM uHdOopMaLuno
KONMYEeCTBEHHO.

Tak KaK B KaXablli MOMEHT BpemeHu [j curHan MoxeT npuHemaThb oaHO 13 M 3HadeHun (M
. 2
— YUCIMO YPOBHEN), TO C MOMOLLbIO ABYX COCEQHMX OTCYETOB CUrHama MOXHO nepegatb M
. 3 .
coobLeHun, 3a Tpu oTcyeTa 1. B obwem cry4vae 4ncrno pasnuyHbiX KOMOUHaLUWIA curHana 3a

Bpemsi T=n-At cocrasnser N=m".
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MonyuenHoe uncno N paet KOMGUHATOPHYIO OLEHKY WMHDOPMAaLMKM, CoaepXallencs B
NPOn3BONILHOM coobLleHnn (crnoBe) n3 N anemeHToB (OYKB), Kaxgasi M3 KOTOPbIX MOXET

npuMHMMaTb [N BO3MOXHbLIX 3HAYEeHWW, CcocTaBnAwWMX andasBuT. Tak C MNOMOLLbH
OBYXpaspagHOro AecATUYHOro 4mucna MoxHo Hanmucatb 100 pasnuyHbix ymcen ot 0 go 99.

BmecTte ¢ Tem ncrnonb3sosaHne N B kauecTBe mMepbl MHMOPMaLMM HEYAOBHO, Tak Kak B 3TOM
criydyae He BbIMOSHAETCA  YCMOBME  MPOMOPUMOHANbHOCTU  Mexay [AOJIMHOW  crioBa
(ANNUTENbHOCTLIO CUrHana) U KoM4YecTBOM NEPEHOCUMMON CUrHANoOM UHGOPMaLIUN.

P.XapTnu npeanoxun B kadyeceBe Mepbl konunyecea MHdopmauun | vcnonbsosath norapudm
ymcra BO3MOXHbIX COOBLLEHWIA:

I=log, N=n-log,m.

B atom cnyyae KonmMyecTtBO MHGOPMaLUU B CUrHane npornopLMoHanbHO ero AnuTerbHOCTU
(4ncny otcudetoB N). Beibop ocHoBaHUM norapudpma @ BNUSET NULb HA Pa3MepHOCTb, TO CTb
e[VHULY N3MEPEHNA KOMMYecTa MHGopMaLni. B BLIMUCIINTENLHON TEXHIKE NMPUHUMaIOT =2,

npu atom 3HaueHun | namepsoT B GuTax. BUT — 3TO KOMMYECTBO MHGOPMAaLWK, KOTOPOE

COOTBETCTBYET OAHOMY W3 [BYyX PaBHOBEPOSITHbIX COOOLWILIEHUA (Oa-HeT, BKIOUYUTb-
BbIKMOYUTb, UCNPaBHO-HeMcnpasHO). [pn 3ToM oauH BGUT 03Ha4YaeT oauH OBOVYHBLINA paspsag —
CYMMBON, NpuMHUMalLWmi 3HavyeHre 1 nnm 0. B kavyecTBe eanHULMbI NPeaCTaBNeHns OaHHbIX B
OBM wucnonbaytoT 6anT — CroBO U3 BOCbMW OBOWYHLIX pa3psgoB (6utos). BanTtoM MOXHO
nepeaatb 04HO U3 28=256 coobLLeHNil.

dopMyna XapTnu He YYUTLIBAET TOro, YTO Pa3fnyHble 3HAYEHWS AUCKPETHOMO CUrHana MoryT
NpUHMMaTb MM C pasnnyHoii BeposTHocTblo. Mycte Py (I=1, 2,..., M) — anpuopHble
BEPOATHOCTU MOSIBMEHNSA [-TOro ypoBHs curHana X;. MycTb N7 OTCHETOB NPUHUMAIOT 3HAYEHUS

X1, N> oTcyeToB X2 1 T.4. BepossiTHOCTL Nogo6HOro cobbiTus:

pP=p Py by

C onpegeneHHbiMn  gonyweHndamMmm npu goctato4vyHO Oonbwom u4ucne N MOXHO cuMTaTb

1
BO3HMKaAKOLWMEe COo4YeTaHUA pPaBHOBEPOATHbIMU, T.e. pzﬁ, OTKyda 4YUCIIO BEPOATHbIX

coYeTaHu:

1 m
N=—= ~pion
. EP% .

J'Ioraled)Mley;l, Haxogunm Korm4ecTtBo I/IH(*)OpMaLI,VII/I B CUrHane ana sToro criy4yas:

I =log, N = —an(x),- -log, p(x), .
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OTa (bopmyna BrepBble BrMnepbiBe MnpeaosnkeHa K.LLleHHOHOM, OHa paeTt CTaTUCTUYECKYH

OUEHKY Kolnun4yecTtBa MH(bOpMaLI,VIVI, cop,epmau_l,mﬁc;l B 1 ONCKPETHbIX oTcYyeTax CJ'Iy‘-IaI7IHOFO
CurHana.

Konnyectso uHdopmaumm, nNpuxogswenca Ha OuH OTCYeT curHana, HasblBalT yAenbHOWn
MHGOPMAaTMBHOCTbLIO UMM SHTPONUEN CUrHana:

H) =1/n==3 p(x), -log, p(),

3HTponus, Kak yxe ObINo cka3aHO Bbille — Mepa HeonpeaeneHHOCTU, HeyrnopsiAo4YeHHOCTM
nccnegyemoro npouecca. KonmyectBo WHgOpMaUMu, MNEpPeHOCMMOE OOHVWM 3MeMEHTOM B
cpenHeM paBHO SHTPOMWUM UCTOYHMKA. JIOrMYECKUn CMbICI 3TOrO 3aKMOYEHUsI COCTOUT B TOM,
YTO MonyyYeHne WHoOpMaumMM CBSI3aHO CO CHATMEM  HeomnpenerieHHOCTM B 3HaHusIX 06
NCTOYHUKE €€ Takum oBGpasoM, YTo:

I=H'Hanocm, roe

H — anTtponus no akcnepumenTa (CoobLueHNst), T.e. HEONPEAENEHHOCTb NONYYEHUS ANIEMEHTa;
H.n0cm — aHTponus nocne akcnepuMeHTa (MonyyYeHns anemMeHTa coobLIeHS ).

Mpu oTtcytcTre nomex nepenade Haqocm=0 v

I=H(x).

CeowicTBa konuyecTsa MHopMaLmK:

KonuyecTtBo MHGOpMaLmm B COOBLLEHWMN PaBHO HySO, €Cnn CoobLLEHNE 3HAKOMO 3apaHee.
Ecnu curHan npuHuMaeT kakoe nnbo 3HaveHne Xy C BePOATHOCTbIO paBHomn eauHnue (Px=1),

10 Ana i#K umeem P;=0, npu atom, yuntbiBas usnoxeHHoe sbiwe, [=0. Ana Toro, 4To6bI
curHan cogepxan MHopMaLmio, OH J0KEH BblTb CyYaiHbIM.

Konnyectso VIHd)OpMaLI,VIVI B CUrHane MakcmmarlibHO, eCrnn BCe ero 3Ha4eHuna paBHOBEPOATHbI,

1

10 ecto P; =— (i=12..m) Ecnu BEPOATHOCTU BCEX 3HAYEeHW CUrHana OAMHAKOBbI, TO
m

npegckasaTb ero nosedeHwe HEeBO3MOXHO. HeonpegeneHHOCTb CUTyauun BakHa, MO3TOMY
Kaxxgoe criegytouee coobuleHre (0TcYeT), CHUMas YacTb HEONPeAeneHHOCTHN, HeceT BOonbLLYHO
MHopmMaumto. Ecnu xxe Kakoe-TO U3 3Ha4YeHU curHana CcyLlecTBeHHO npeobnagaeT, MOXHO C
OonbLuen BepoOATHOCTBIO NMpefcka3aTtb garbHenwee nosegeHne curHana. Ecnun Bce 3HaveHus
curHana paBHOBEPOSATHO, Mbl BO3BpaLLaemMcs K ucxogHon dopmyrne XapTtnu:

L 1
[=—n) (—log,—)=nlog, m
;(m gzm) g,Mm

OTO o03Ha4vaeT, YTo hopmyna XapTnum OaéT BEPXHKK OLEHKY KonuvecTsa MHopmaunm,
cojepxallencs B curHasne ¢ HepaBHOMEPHLIM pacnpeeneHMeEM 3HaYEeHUM.
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KonuuecTso MHGopMaLmm, norydaemoi npu namepeHun (nepegade) HenpepbiBHOTO curHara
X(t) naxopsaT no dopmyrne:

[=—n+_|?of(x)log2 f(x)dx—nhm log , Ax |

rae f(X) nnotHocTb BeposTHOCTM cryuaiHoro (ctaumoHapHoro) npouecca X(f); N — uucno
nsmepeHun (cooblieHun otcyetoB); AX — norpewHocTs u3MepeHus. [epsoe cnaraemoe
yunTbiBaeT 3aKoH pacnpedeneHus cnydanHoro npouecca X(I), BTopoe xapaktepesyet

BO3pacTaHue HeomnpeaeneHHoCTU cooblueHnss npu ymeHbwennn AX. Yerpemnas AX n Al «

Hynio (To ecTb yBenuumeas M u N), nonyyaem [—»co. 3To 03HAYaeT, YTO HEBO3MOXHO

abCoNTHO TOYHO M3MepuTb Nbon dusnyeckuii Npouecc, Tak kak ansg storo tpebyetcs
0ecKoHeYHO Gonblias MHGQOopMaLUS.

Ecnn B npouecce nepeaaun uxcopmaumm Ha curdan X(f) naknagbisaetca nomexa &(t) Tak,

YTO Ha BXOA NpMeMHuKa nocTynaeT uckaxeHHbin curnan y(t)=x(t)+&(t), To B atom cnyuae
MOMeXy CUNTaloT aAAUTUBHOIA, @ KONMYECTBO MH(OPMAaLIMN ONPEAENAeTCs BbIpaXeHNeM:

Ix,y)=—n [ f(x)log, fdx+n| [ f(x1)log, ff()(c—;j)/)dx, dy.

—00 —00

rae f(X) v f(y) — nnotHocTn BeposTHOCTEN ANA paccmaTprBaembIx crydaiHbix npoueccos X (1)
n y(t); f(x,y) — nnoTHocTb coBmecTHoOro pacnpegenenns X u /; N — 4ncro OTCHETOB.

Mpeanonaraetcs, 4To nonesHbit curHan B uHTepsane Habmogens [0, T]  moxHo
paccmaTtpmBaTb, Kak CTaUMOHAapHbLIN criydamHbIn npouecc. Ecnu nepegadva wHdopmaumm no

KaHany OCYLLEeCTBMNSETCA CUrHanamu ¢ orpaHUYeHHOW cpeaHen MOLLHOCTbI, a nomexa f(t)
npeacraenset Genbit MayccoB wWym, TO MakcMMarnbHOe KOMMYecTBO MHOpMaLMKU, KOTopoe
MOXHO NnepeaaThb Mo KaHany, COOTBeTCTByeT HopManbHOMY 3akoHy pacnpeaenenus X(1):

1(x,9) = fru T log,(1+ B /F,,,),

rae fuyax — MakcumanbHas vactota B cnektpe doyHkumm X(); T — anutenbHocTs curhana; Pg u
P10 — cootBeTcTBEHHO CpeaHss MowwHocTb curHana X(f) n nomexu &(t). B yactHom cryuae,
koraa P, << Py, (MonesHsinn curian nopasnex nomexoit) /(X,y)~0. Koraa yposeHb curHana
npeBsblliaeT UHTEHcUBHOCTL nomeX (Pg; > Prow ), KOMWYECTBO WHGOPMaLMW B curHarne

1(X,y)=Frax-T-B, roe B=l0g>(P/Pro) - npe.bllueHne curdana Hag NOMEXOiA.
CnefoBaTesibHO, YBEMMYEHNE KOMMYECTBA MHGOPMALIMM, MEPEHOCUMOW CUTHAMNOM, BO3MOXHO
33 cyeT pacluvMpeHusi 3aHMMaeMOoi UM MOMOChl YaCcTOT, YBENMWYEHUS ANUTENbLHOCTY CUrHaNa u
yBENMMYeHUsl COOTHOLLIEHUSI cUrHan/nomexa (nogaBneHve nomex).

UHdopMmaLumnoHHas oLeHKa NorpeLHoCcTU.
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Ecnn nomexa B BEPOATHOCTHOM CMbICIIE HE 3aBUCUT OT 3aKOHa pacnpeneneHna wmu
MOLLHOCTU CUTHana D,e3I/IH(*)OpMaLI,I/IOHHoe DEencTBme NomMexu onpependeTcA eé 3HTp0I'IVIeI7I.

Konuuectso nHdopmaunn | onpeaensietcs kak pasHocts antpornmit H(X) — H(X/X;,), roe
H(x) -sHTponus unamepsiemoit BenmumHbl X Ao uaMepenust (npeobpasosanus), H(X/X,) —
SHTPOMNMUS HEOMNPEAENeHHOCTU AeNCTBUTENBHOMO 3HAYeHNs! X B MHTepBane HeonpeaeneHHOCTM

BOKPYT MOJMy4eHHOro nocne I/I3MepeHVII7I rnokasaHusa Xp, TO €CTb SHTPONUSA NOrPELLHOCTU.

Hanpumep, npu paBHOMepHOM pacnpeaeneHne namepsieMoi BenMYuHbl B npegenax X1-Xo

W paBHOMEPHOM pacrnpeferieHne MOrpellHocTM B WHTepBane HeonpegeneHHocTn ;=24
(uHTepBana, B KOTOPOM C 3aaHHON BEPOSITHOCTBLIO pacrpedensitoTca 3HaYeHUss M3MePSeMON

Bermumnbl), oHTporna  H(X)=log (xo>-x;), a swtporus H(x/X;)=logd;=log2A.
KonunyecTtBo nHdopmauun:

I=log(x,-x41)-logds=log(x,-x4/ds)=InN.

OTO COOTHOLUEHME ChpaBeanMBO Npu  NoBOM 3aKOHe pacnpefeneHnsi BepoSTHOCTY
norpewHoctn. N — uucno rpagauuint uamepsiemoit BenuuuHbl, O3 — 3KBMBaMEHTHbIN MO
SHTPONWUM WMHTepBan norpewwHocTn. 3HaueHne 05 MOXHO MaTeMaTWyecku onpeaenuTb Ans
noboro 3akoHa pacnpegeneHuns us soipaxerns H(X/X;)=logds. Yno6Ho onepuposath c

nonosuHon O3, MMEHyeMOl SHTPOMMIHBIM 3HadeHnem norpewHoctn A H(X/X,)=

logds=log24s,
dy=245=e ") As=1/2e "X ).

OtHoweHune Az crnyvanHom BenuuMHbI K €€ CpeaHeMy KBadpaTUYEeCKOMY 3HaYeHuo o

Ha3bIBAIOT BHTPOMMIAHBIM Ko3atbnLMeHToM K=A5/0; namepsioLMMcst B 3aBUCHMOCTY OT 3aKOHa
pacnpeneneHns NorpeLlHoCTy.

3akoH - CuUMMeTPUYHbBIN . .
PaBHOMepHbIN . | TpeyronbHbIN HopmanbHbIn

pacnpeneneHns 3KCNOHEHLManbHbIN

3HayeHue “K’ 1,73 1,92 % =202 1/% =2,07

Mcnonb3oBaHue 3HTpOI'II/Il7IHOFO 3Ha4YeHnA norpeLwHoCcTn Ag n 3HTpOI'II/IﬂHOFO
KOSqu)I/ILWIeHTa K nossonaeTt nony4mTb NPOCTYO U CTPOryt0 CBA3b MeXXAYy MOLLHOCTbIO MOMEXU

02 N BHOCUMOW €eto ae3nHdopMaLumen UM Konnm4ectesomMm MHbopmMauni:
As=Ko; H(x/xp)= logds=log2 ko

N=(x-X1)/2k c—I=logN.
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5.3. Moaynauma namepuTternbHbIX CUTHarNoB.

Mogynaumsa - 3aTo (PyHKUMOHanNbHOEe M3MEHEeHWe MnapamMeTpoB CurHana Aand nepegayu
MHdopMaumn.

Kak Oblio MokasaHo Bbllle, CcurHam M3 30Hbl 00paboTkm B OOMbLUMHCTBE Cry4vyaeB
aHarnoroBbl, W3MEHSALWNA CBOE MrHOBEHHOE 3HAa4YeHMe B COOTBETCTBMM C U3MEHEHWEM
napameTtpa Texnpouecca unn obopyaoBaHus.

Mpy mMogynauUM MrHOBEHHOE 3HayeHue NEepBUYHOro U3MEpPUTENbHOro curHana (curHana
nepsuyHoro WI1), obnapatowero mHpopmaumern O  XOA4e TEXHOMNOrMYeckoro npoLecca,
ynpaBngeT M3MeHeHMeM O[HOro UM HECKOSbKUX NMapamMeTpoB BCMOMOraTenbHOro curHana,
Ha3bIBaeMOro Hecywum. B kauyecTBe HecyLlero B U3BMepUTENbHOM TEXHMKE UCMOSb3YHOT:

- noctosHHbin curHan Y(t) = KX(t), rae K-koadpdnUMeHT NMHENHON UK HEeNMHENHO CBA3M;

- rapmoHmnyeckuii curan Y(t) = X, cos(wt+@ );
- Nep1OANYECKYI0 NOCTEA0BATENbHOCTb MPAMOYTOMbHBIX UMMYSLCOB.

[Ona BOCCTaHOBNEHUS 3HayeHna mMoaynupywwero (MHAOPMAaLMOHHOIO) CuUrHana
MUCNONb3YKT  onepauuto  obpaTHylD  onepauum  MOZYNAUMM  —  OEeMOZYNsuuio  Unu
aeTekTMpoBaHue curHana. lNpu nepegave uHdopmauum MOAYNMPOBAHHBIMU KonebaHusamu ¢
NOMOLLBI0  MOAYNAUNOHHBIX UIT MCnonb3yoT crneumanbHble KaHasnbl cBA3n. BblCOKOYaCTOTHbIN
MOZAYIMPOBAHHbLIA CUIHaM COoAEep>XUT MOMHY MHpopMauuio o mogynupytowem curHane. OHa
3aKIIIYAETCS Kak B €r0 BPEMEHHOM, Tak U B YaCTOTHOM npedcTtaBneHunn. [na coxpaHeHus B
cnekTpe MOogynMPOBaHHOIO CUrHama ChekTpanbHOro CcocTaBa MOAYNMPYHOLLEro curHana
Heobxoaumo, 4Tobbl Npu MoAyNALMM NPOUCXOANN NEPEHOC ero CnekTpa B AManasoH BbICOKMX
4YacToT (4119 BCeX BUAOB MOLYNALMM).

[Mpamaga mogynauus.

MocTosHHbIN  curHan Ay MoaynupyeTcsi HM3KOYaCTOTHBIM CUMHAaroM, CcoaepKalym

MHGOpMaLMIO, HAaNPUMepP rapMOHUYECKUM CUTHaNom X(t) yactoTbl (2 (pnc.47).

A V(1)

Tl ;

V ~
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6)

Puc. 47. ©yHKUMA curHana npy ero npsiMon Mogynsiumm (a) n cnekTp atoro curHana (6).

Mogyrmpytowwmin curHan X(t)=X,,'coSQt. NudbopmaTusHbiii napametp — amnnutyaa y/(1)
WM MFHOBEHHOE 3HaueHne Yo. MoaynnpoBaHHbIA curHan copepxut moaynvpyrowmin X(f) c
nocTosiHHOM cocTaensiowweit Ay (puc. 47, a). B curvane Y(t)=Ao+X,,"cOSQ ase anckpetHble
yactoTbl W=0 n W=, wunpuHa cnekrpa AwW=0) (puc. 47, 6).

Moaynsumst HecyLLIero curHana B BUae rapMoHUYECKMX KorebaHuii.

B aTtom cnyyae mogynuMpoBaHHble CurHanbl NpeacTaBnsitoT  cobor BbICOKOYACTOTHbIE
konebaHua (Hecywmmn curHan), amnnutyaa, gasa unm 4actoTa KOTOpbIX U3MEHSAETCHA MO 3aKOHY
Moaynvpytowiero curHana (puc.48).

BblCcOKOYACTOTHbIA  MOOYNUPOBAHHLIA  CUTHAN COAEPXUT  MOMHYH0 UHdopMauuio o
mogynupytowem curHane. OHa 3aknoyaeTcd Kak B ero  BPEeMEHHOM, Tak U B 4acCTOTHOM
(cnekTpanbHOM) NpeacTaBneHnn.

AmnnutygHasa moaynauma (AM).
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Puc. 48. AMNnnTyaHO-Mo4ynMpoBaHHbIV curHan (a) u cnektp aToro curHana (0).

y(t)=Ap cos(wot+@y) - wmopynupyembii  curHan  (Hecywwmil). B ganbHeiwem
npeHebpexém @p.

X(1)=Ax," COSLA - mopynupytowmii curnan.
y(t)=(Ao+AX cOSLXA)cOSWot=Ao(1+AX /Ay cOSLA)cosw ot
AX/Ao= May<=1 - rnybuHa moaynsaumm, kosdbuumneHt AM.

Y(t)=Ao(1+myycos2)coswit

Pasnoxus npounssegeHne KOCMHycoB, Nnostyynm:
1 1
y(t) = A4,(cosw,t + 5 m-cos(w, +Q)t + 5 m-cos(w, —Q)t)

lMepBoe cnaraemoe - UCXOOHbIA HECYLWMI CUrHan, ABa BTOPbIX - HOBble rapMOHMYECKMEe

kone6anusi ¢ yactotamm Wyt n Wp-0. HazoBéM 3T YaCTOTbI BEPXHEN U HUXHE GOKOBbIMM
YacTtoTamyn MOLYNALUN.

YHacToTHbIM amMnnuTygHbIA cnektp AM curHana umeeT Tpu ANCKPETHLIX YacToTbl:

Wy, WotQ, wo-0. Wnpuna cnektpa Aw=20).
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YacTtoTHasg 1 dasoasg moaynaumsa (YM un OM).

Mpn n3ameHeHnn 4acToTbl CUrHana Bceraa MeHsieTcst dpasa KonebaHun, a npyu U3MeHeHUmn
dasbl meHseTcs vyactota. YM n OM umetoT obwmn xapaktep. OTu ABa Buga moaynsauum
00beANHAIOT NOHATUEM YrrioBasi MOAYNALMUA.

MpocToe rapmoHnyeckoe KonebaHne MOXHO 3anucaTb Kak
y(t) = ymcosy(t),

roe L,U(l‘)=wt+g0 - nonHasa asa konebanun (yron). NMoaToMy nameHeHue asbl UNn 4acToTbl
No MOAYNMPYHOLLEMY 3aKOHY 9KBUBANIEHTHO M3MEHEHMIO NONHOW dasbl (yrna) konebaHun.

YactoTtHag moaynsauma YM.

MrHoBeHHast YacToTa HecyLllero KonebaHusa MeHdeTca no 3aKOHY:
w(t) = wetrAw,, cost,

roe Awm = Aesnaumnga 4actoTbl, TO €eCTb MakCMMalibHOE OTKIMOHEHME YaCTOTbl MOAYNNUPYHOLLEero

konebaHusa oT Wy. Toraa nonHaga dasa YM:

Ao,

w(t)= ja)(t)dt = j (0, + Aw,, cosQt)dt =w,t + sin (¢
0 0

Aw

m -
- UHOEKC yrnoson moaynauunn.

Q

roe

Mcnonb3ysa nocnegHee BbipaXeHue, Nony4ymm MoaynupoBaHHbIA CUrHar:
Y(t) =Y coS(wot+(Aw,/€2)-Sin )

ym=A0; m=Awm/.(20 - MHAEKC yrnosBon Mogynsaumu.

AHanuanpysi yHKUMIO MOAYNMPOBAHHOIO KonebaHus, MoXHo onpegenutb YM konebanus,
Kak konebaHus, moaynupoBaHHble no dase

@(t)=(Aw,/Q)-sinQt=¢,,sinQt.

OTtnnume 3anmen YM oT ncxogHOM B TOM, YTO 4YacToTa MEHSIETCA MO 3aKOHYy KOCMHYCa, a
dasa - No 3akoHy cuHyca. [lpakTuyeckn nocnegHss 3anucb onpegensieT konebaHue Kak
dhaszomoaynmpoBaHHoE.
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Takum obpasom, rapmoHudeckme PM konebaHusi ¢ MHOEKCOM YINOBOW MOAYNSLMK (Dm
3KBMBANIEHTHbI __4aCTOTHO-MOAYNNPOBaHHbLIM _konebaHuam  YM ¢ JeBunaumen  4acToTbl

AWn=PmOd.

Tak kak MOD,yﬂI/IpyPOLLI,MVI CurHan BXOoOMUT B aprymMeHT KOCUHYCa, KOTOprI7I ABIAeTCA

HEeNUHerHon yHKLMEen, NPOCTON NEpPeHOC CrekTpa (o(t) Ha HeCyLLyt 4acTOTy Npu Yrrosou
MoAyNSALMM HEBO3MOXeEH. [103TOMy CNEeKkTp MOAYNUPOBaHHOrO YrrnoBOW MOAYNSAUMEN CurHana
OTNMYaeTca OT CrnekTpa MOAYNUPYIOLWEro curHana HanmuumMem KpaTHbIX U KOMOMHALMOHHBLIX
4acToT, KOTOpble BCErga BO3HMKAIOT NPU HENMMHENHbIX Npeobpa3oBaHUsX.

Mpy rapmoHnYeckomn yrnoson Mmoaynsaumm ym=A0,
Y(t)=AoCcos(wot+m,Sing), uto nocne npeobpasosaHus AaéT:

y(t) = Ao cos(m-sinQt)coswt — Apsin(m-sinQt)sinw .

30ecb ABe cocTaBnaowme, Kaxaas u3 kotopblx - AM curHan.
Npn m<<1, cos(m-sinQt)~1 n sin(m-sinQt)=m-sint, otkyna

A,m Am

V(t) = A,cosm,t + cos(w, +Q)t — cos(w, — Q).

Ecnu nHaekc yrnosoii moaynsum M man, 1o cnektp Y(f) 6nusok k cnektpy AM curHana.
Mpn M>1 cnektp konebaHWii cUrHana C YrnoBOW MOAYMSILMENA COCTOUT W3 BGEeCKOHEYHOro

cnekTpa GOKOBbIX YaCTOT, PACMONOXEHHbLIX CUMMETPUYHO OTHOCUTENBHO Wy (pUc. 49)

4 A(w)

Q

» W

w-302 w202 -2 @) @yt 2 wyt202 wyt302

Puc.49. JlnHenyatbln guckpeTHbl cnekTp YM curHana npu m=3.

[MokaszaHo, YTO MakCUMasbHbI _HOMEpP COCTaBASOLIEN crnekTpa MOXHO OrpaHuyvnTb

BEJIMYNHOM M - nngekca yrnoson Moaynsaumm, To ectb N=IM. BepxHas

yacTota cnektpa We=nQ=mQ. WupvHa cnektpa AW=2W=2MQ, AW=2AWp,.

Mpn yBenuyeHMn unHOEKca MoZynALMKM 4YacTOTHbIM cnektp YM un OM konebaHwi
CYLLIeCTBEHHO paspacTaeTcd, 4YTo HABMNAETCA HeAoCTaTKOM 3TUX BMAOB Moaynaumn. OgHako
cyllecTBeHHbIM npeumyliectsBom YM wu OM nepen AM gaBnsetca 3HauMTenbHas
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HOMeX0yCTOVIHMBOCTb MOAYNMMPOBAHHbLIX konebaHun, KOTOpaA XapakKTtepunldyeTtcAa OTHOLEHNEM
cpe/:l,He|7| MOLLHOCTW NOJIE3HOIo CUrHarna K CpeﬂHeVI MOLLUHOCTU NOMeEXN.

Ons AM v aganTnMBHON NoMexu, UMetoLLen paBHOMEpPHbIN 3HepreTudeckun cnektp W, B

nonoce yactotr 20 (0mM wy-QQ 00 Wo+()), To ecTb B Npegenax WMPWHBLI MOMOCHI
NPOMYCKaHWS CrieKkTpa MONME3HOTO0 CWUrHara npu  MoAynupylowein yHKUMM B Buae
rapMOHWMYECKOr0 CUrHara NoMEXOyCTONYMBOCTb OLIEHWBAETCS CrIEeAyoLLMM 06pa3oMm:

mAx’

Pav = 20w, ,rne W, -aneprusi novexu.
B 7Z'A§

pAM max 4Q WH .

Makcumym pPap pocturaetca npu 100% KoadpduumeHte mogynauum, nNpu KOTOpow
AXm=A0.

NMomexoycTtonumsocTb Npu YM ansa Tex xe ycnosum:

374; Ao,
40° W,

Puy = 3m2pAM.

Bbivrpbilw B nomexoyctonymeocTu ana YM gocturaetca 6narogapst pacluMpeHnio cnekTpa
CUrHana, KOTopbii B 3TOM Cly4ae 3aHUMaeT 3Ha4uTerbHO BONbLUYHO Nonocy (OPUEHTUPOBOYHO

B My pa3s).

MmnynscHas Moaynsums.

MCI'IOJ'Ib3yI'OTCFI Hecyuine cCcurHanbl B Buae I'IepVIO,EI,VI‘-IeCKOIZ nocnenoBaTeNnibHOCTU
MMNynbCOB, KOTOPble MOryT ObITb npenctasrieHbl pAaom CDypbe:

1 & ik oyt
A(r) = 5 ZAk e’ (Hecylume konebaHus).
k=—0

NHdopMaumoHHble NapaMeTpbl HECYLLEro curHana - amnaMTyaa MMnynbCcoB, YactoTa Wy U

ANUTENBHOCTL UMMYNLCOB To BXOAST B 3HAYEHUS KoadpuLmMeHToB rapMmoHuk Ay. Xapakrep
N3MEHeHNs 3TUX NapamMeTPOB onpeaensieTcs BUAOM MMMynbcHON Moaynsumn. Ha pucyHke 50
npeacTtaeneHsl Hambonee pacnpoCTpaHeHHble BWAbl WMMMYNbCHOW Moaynaumu. Hecywmm
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CUTHarioM SBMAETCS MOCNeAoBaTeNbHOCTb NPSIMOYTOMbHBIX  MMMYMbCOB, MOAYMPYHOLLINIA
curnan X(t) nuHeiino HapacTaeT (puc.50 a).

A x(1)
:t
A vit) a) AMIUIMTYIHO-UMITYJIbCHAsI Moayssinust AUUM.
At)=f(x) T=const
T
= Alt)
A(t)=F(x(t)) =const
Lt
ﬁ—] > <> 6)
T,
1 y() T, T; T, YacroTHO-uMIynbcHas monyssius YUM.
< T =< P
T T()=fx)=F(x(1)
HEEEE
y #—»! A=const t=const
A V() T T T T [HuporHo-ummynscHas moxysuus LLIIM.
= =f(x)
— |[<F
—‘ _‘ A ) A=const T=const
< < 2]
4 v(t) bl T CuerHo-ummnyinbcHas monysinus CUM.
n=m
M n=fx)
P \_‘ H _‘ H H —‘ H H |, / A=const T=const t=const
< NP I—E——;) R
40 T T T
1234 i =
H ;A\J‘_‘ H H H LH H H m Kono-ummynscHas monyssanus KMM.
A AR 1 _e) ot Mensercs komGunauus UMITYJIbCOB U Tay3.
I U1 I 1 I U1 I I U gl

Puc. 50. Bugbl umnynbCHOM MOaynauunn.

Ona AVUM mogynupoBaHHbIM cUrHan uveeT BUA:
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1 c "
y(0) =2 (4 +x0)- 24"
k=—0

roe A'=A/Ao, Ak - amnnnutyaa K-Toih rapMOHMKM.

Ecnu mogynupyrowasn doyHKUNA rapMmoHnyeckas

x(t) = Ax, cosQt = %Axm (™ +e™)

y(t) :%AO ZA;{ejk“’()t +iAxm ZAilfej(kwom)t +%Axm ZAll{ej(ka)O—Q)t |
k=—00

k=—o0 k=—o0

Takum 06pa30M, KPpOME OCHOBHbIX COCTaBnALWMX, cogepXallnxca B CNEeKTpe Hecyulero
CurHana (nepaoe cnaraemoe), NOoABNAKOTCA OOMNOJTHUTENbHbIE cocCTtaBndowine,

pacrnonoxeHHble Ha yactotax Kap+(D, To ecTb no o6e CTOPOHbLI OT OCHOBHOWM M KPaTHbIX Ha

paccTosHum £2. Monoca nponyckaHus onpeaenseTcs AnNUTensLHOCTbIo umnynsca To=t,.

Ecnun ycnoxHaeTca mogynupytowasa yHKUMAa nnmM ana Bcex Apyrnx BUOOB UMMYSIbCHOM
MOAYNAUMM, BOKPYr KaXXOOW IMHMM CMeKTpa Hecyllero curHana pacrnonaraetcd nosioca
AOMOSTHUTENbHbBIX FAPMOHUK, aMnnuTyaa KOTopbIX yobiBaeT.

BbiBoA: xapakTep cnekTpa npy Moaynsiuum HECYLLUMX UMMYNbCHBLIX CUrHanoB U3MEHSIETCS U
3aBUCUT OT BMAa MOAYNSLUMM, OOHAKO, €ro LUMpUHA MPaKTUYECKN HE N3MEHSIETCS U OcTaéTcs
Kak Ons OOMHOYHOTO  MMMynbca (CMNEKTP OAMHOYHOIO WUMMyrbca HenpepbiBHbIN). OHa

onpegenaeTca ANUTENLHOCTLIO umnynbca To=f,. MoMexoycTonuMBOCTb PacTET MPU CMEHe
BMOOB MOZYMSLUMN B HanpaBneHuu: AUM—LLNM— OUM—KUM. Ecnn  npwm Kum
NCNONb30BaHbl KOPPEKTMPYHOLLME KOObI, TO NMOMEXOYCTONYMBOCTb MakCMMarbHa.

I'IpM KVM MrHoBEHHble 3HaYeHusi mMmoaynupywuwiero curHana npencrtasrieHbl B BuAe
nocnengoBaTtesibHbIX KOAOOBbIX CWUrHanoB, nepefarvlmnxca no KaHally CBA3N. Kaxnoe
MrHOBeHHOe 3Ha4YeHune CcurHana nepe,u,aéTCH HEeCKOJIbKMMN uMnynbCamMmu, cnegyrowmnmm
yepe3 WuHTepBalibl BpeMeHU KOHEYHOM ONNTENbHOCTMN, YTO yBennymneaeT BpeMA
|'|p806pa3OBaHI/IFI N YMEHbLUaeT 6bICTpOLI,el7ICTBVIe, HO MoBbILLaEeT I'IOMeX0yCTOI7I‘-IVIBOCTb.

CoBpemeHHas anemeHTHas 6asa nos3sonseT dQopMmupoBaTb  Hecylmne WMMyNbCHble
CUrHanbl C BbICOKOM CTabUNbHOCTbIO KaK aMniuTydHbIX, TaK U BPEMEHHbIX XapaKTepUCTUK,
ahPeKTMBHO pelwaTb 3ajadn  ynpasBfieHUs aMmnnuMTygon, 4acToToM U ONIUTESIbHOCTbHO
UMMYNbCOB, TO €CTb NPOBOAUTE  MMMYMNbCHY MOAYNSALMIO.

5.4. KogupoBaHue namepurtesribHoum UHopmauun.
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KogupoBaHue nameputenbHON MHGopMaLmm - 3To npeacTaBrneHne cooblleHusi B oopme,
yaoGHon aons ero nepepauyn, npuéma, XxpaHeHuss u npeobpasosaHusi. ObpaTHas onepaums
BOCCTaHOBMIEHUSI COOBLLEHUS MO NPUHSATOMY CUrHany B KOAe HasblBaeTCs OeKoAMpOBaHMEM.

Mpy 3TOM MNOA KOAOM MOHMMAKT Habop npaBusl, MO KOTOPOMY COCTaBMSOTCS OTAESNbHbIE
KOMOMHaUMM  3MeMeHTOB. OnemMeHTaMu koda  SIBASIOTCA CUMBOMbI M no3uvuun. Yucno

“cnonb3yembiX B KOAEe CUMBOJSIOB COCTaBMsieT OCHOBaHWe koaa '1M'", a COBOKYMHOCTb BCEX

. "an
no3uunu - paspagHocTs 1.

B npouecce guckpetTusaunyM aHanoroBoro curHana Mbl MPOBENW AUCKPETU3aLUIO ero no
BpemeHu ¢ warom Af n kBaHToBaHVe Mo ypoBHIO ¢ warom AXy. Monyunnu Gonblioe /i Yncno

YPOBHEN, 3HAYEHUS KOTOPbIX MOXET NPUHUMATh CUrHan B MOMeHT BpemeHun [ CooblieHune
nepefaérca mMmnynbcamu.  llepedadya MHOXECTBa pPasfMyHbIX MO YPOBHO  MMMNYMbCOB
NpakTMyeckn He npuMmeHsieTcs (CNoXHOCTbL peanusaumn). Ecnn npoBectn Hymepauumio
YPOBHEN, TO UX nepefada ceBedétca K nepegade uucern. Boipasme 9Ty uncna B Kakon-nnbo
CUCTEME CUUCIIEHUS Mbl 3HAYUUTENBHO OrpaHNyYMM pasHoobpasne nepegaBaeMblX CUrHasoB.
Kak npaBuno, uucna, COOTBETCTBYHOLLME HOMEpaM YPOBHEW, BblpaxatT B ABOMYHOM Kofe.
Kaxgoe ANCKpeTHoe 3Ha4veHue curHana npu 3TOM MOXHO MpeacTaBUTb
nocnegoBaTenbHOCTbLIO  CUTHANoB (MMMNYNbCOB) ABYX ypoBHEeW.  Hanuuue wnu otcyTcTBME
uMnynbca Ha onpegenéHHoMm mecte (N0 BPEMEHHOW OCU) MHTeprpeTupyeTca eanHuLen unm
HyNém B COOTBETCTBYHOLLEM pa3psae BOUYHOrO Yncna.

MpeactaBum HarnsgHoO MNpoUEecc AWMCKPEeTM3auMu U KOOMPOBaHUS B ABOWYHOM CUCTEME
HenpepbIBHOro curHana (puc. 51).
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Xk2 .
Xk1
t
a)
0)
n=3
B)

Puc.51. duckpetnsaums HenpepbisHon dyHkumm X(t) (a), koamposaHue
TpéxpaspsagHbim K (0) n peanusauus koga MMMyribCHOW NocneaoBaTensHOCTH (B).

OcHoOBHbIe ucnosnb3yeMble Npu nepepayvye, oopadboTke U XxpaHeHUN
nHdopmauumn Koaobl.
O6Ll_l,eI'IpI/I3HaHHbIM B HacTosALlee BpeMA ABNAETCA I'IOSVIU,I/IOHHbII7I npunHUUN o6pasoBaHm=|

CUCTEMbl CuYMCneHUs. 3Ha4YeHne Kaxaoro cumMBeona (Ludpbl) 3aBUCUT OT €ro MonoXKeHUs
(nosvunn) B psige CUMBONOB, NpeacTaBnsloWMX 4Yucrno. EguHuua kaxgoro criedytowero

paspsiga Gonble npeabiayliero B M pas, rae M - ocHoBaHWE cUCTEMbI cuucneHus. [MonHoe
YMUCIO MPU MCMOMb30BaHMM MO3ULMOHHOIO MPUHUMNA €ro 3anucu nosrly4yaemM, CyMMUpys
3HauYeHus Mo paspsgam

n
i—1 -1 -2 1 0
N = Zaim’ =am' +a, m'" " +..+a,m +am

i=1

B pOecsiTuuHOM cucTeme cuvcnenus 375,=3-10%+7-10'+5-10°, m=10 - ocHoBaHue
cucTeMbl cuncrieHus (koga), [=1+3 - Homep paspsaa AaHHoro uucna, N=3 -KonMyecTBo
pa3psaoB, a@; — MHOXUTENb (paspsgHbid KO MULMEHT), NpUHUMAKOWMIA Ntobble  YMCNEHHbIe

3HayeHust oT 0 4O M-1 1 NoKa3bIBaKOLWMIA, CKOMbKO €AuHWL, [-To paspsga HaxoauTcs B YUche.
13,=1-2%+1-22+1-2'+1-2°51101.

Yem Gornbliue OCHOBaHME CUCTEMbI CYMCMEHMS, TEM MEHbLUEE YNCNO paspsaoB TpebyeTcs
Ans NpeAcTaBneHns 4aHHOro Y1cna, MeHbLUE BpeMeHu Ans ero nepegayn. Hanpumep, yncno
33:
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Nu=3-10"+3-10% N2=1-2°+0-240-2°+0-22+0-2'+1-2°=100001 - [I4K (NO3NLIMOHHbIN
OBOWYHBIN KOA).

OpHako, ¢ pOCTOM OCHOBaHMWS CyLLECTBEHHO MOBbILWATCA TpeboBaHNA K JIMHUKU CBA3N, U
annapatype CO3[aHus M pacrno3HaBaHUs  3feMEeHTapHbIX CUrHamnoB, COOTBETCTBYHOLLMX
cvmBonam. Jlormyeckme anemeHTbl BbIMUCIIUTENbHbLIX YCTPOWUCTB AOSMKHbI MMEeTb NpU 3TOM
MHOXECTBO YCTOMYMBbLIX COCTOSIHMA. YunTbiBad 370, LernecoobpasHo BbibpaTb cUCTEMY,

obecneunBaroLLylo MUHUMYM NPOV3BEAEHNS YiCha PasnnyHbIX cMMBOSOB M " Ha KonuuyecTBo

paspsaoB 'N" ons Bblpaxenus noboro umcna.  okaszaHo, 4TO ONTUMYM NpencTaBnser
TPOMYHAs CUCTEMa; HEMHOrO YCTYMaloT eil JBOWYHAs U YeTBEpUYHas.

Ncxopoa un3 ypobectBa huamuveckon peanmsaumm  NOrMYECKMX  3NIEMEHTOB M NPOCTOThI
BbIMONTHEHUSA B HUX apuUMETUYECKUX U  JOTUYECKUX LEeNCTBUN, NpeanodyTeHne oTAaéTcs
ABOWYHOWN CUCTEME, rAe FlorMyecKkMe anemMeHTbl AOSMKHbI MMETb ABa YCTONYMBbLIX COCTOSIHUS,
a 3agada pasnuyeHust CUrHanoB CBOAMTCS K 3agade obHapyXeHMs umnynbca (eCTb-HeT).

Wtak, pna nepepadn nornyecknx-apnmeTmyeckmx npeobpa3oBaHMn onTUManeH
ABOMYHBIN koA. OpgHako, OH HeypgobeH onsa BBOAA M BbiBOAA MHOPMAaLMK, TaK Kak YeroBek
3aTpygHSAEeTCa onepvpoBaTb C YucCriaMmum B OBOMYHOM KoAe, M 3anucb rpomo3sfgka. Moatomy
Hapsidy C 3TUM KOAOM MONYyYUNN pacrnpoCTpaHEeHWe CUCTEMbl KOOOB, KOTOpble C  OOHOM
CTOPOHbI NErko CBOAATCA K ABOVYHOW, C APYron - K 4ECATUYHON U MMEKOT KOMMNAKTHYKO 3anuchb:
3TO BOCbMEpWYHas, LecTHaguaTtepuyHas W OBOMYHO-AECATUYHas cuctembl. B nocnegHen
Kaxaylo umdpy [OEeCATUYHOrO 4YMcna 3anvcbiBalT B BMAE YETbIPEXPas3psaHOro  OBOWYHOIO
yncna (TeTpagbl).

2 5 6 3 1 2 2 3
001 010 011 001 000 001 001 001
0 1 0 1 1 0 0 1

Cpean KofdoB, OTXOASILUMX OT CUCTEM CYMCIEHUsi, GONMbLUOE MNpPaKTUYecKoe 3HayeHue
NUMEIT Takue, Yy KOTOpbIX Mpu nepexode OT OAHOro Yucna K Opyromy U3MeHeHue cvmBora
NPOUCXOAUT NUWb B OAHOM paspsge. 34eck Hambonbllee pacnpocTpaHeHWe Monyvun Koj
pes, Ha3blBAEMbIA LMKITUYECKUM MU PeddNIEKCHO-ABOUYHbIM.

A10 0 1 2 3 4 5 6 7 8 9 10
Kogpes 0000 0001 0011 0010 0110 0111 0101 0100 1100 1101 1111

OTOT Kog ncnonb3yeTcs B UMpPOoBbIX NpeobpasoBaTeniax nepemeLLeHnin ans yMeHbLUeHNs
«HEOOHO3HAYHOCTM CUYUTbIBAHUSA» KOLOBOW WMHOpMauUmn, Tak Kak NMpu nepexoge OT OfHOro
NonoXeHus (MepemeLleHnst) K [Apyromy 4epes Liar, onpefensembin paspeLluaroLLen
CMOCOBHOCTLIO AaTynKka, B koge MeHsAeTcs 3HaduMmocTb (0 mnu 1) Tonbko B OOHOM paspsae B
otnnyue ot MNAK.

Kopg aTOT BCnomoraTenbHbl 1 TpebyeTca AononHUTenbHbIA NpeobpasoBaTtens kog peda —
Nnak.

98



LleHTp ANCTaHUMOHHOro 0by4yeHua 1 NoBbIWEHNA KBaAUDUKALMN

ABTOMaTM3a umMAa nponsBoaCcTBeEHHbIX MpoLUeCccoB

KOO
KY _

—p Ksy

Puc. 52. Ilpeobpa3oBanue aHAJIOTOBOTO
curHana x(t) B JUCKpeTHBIA Xy(t) mpu

OTOKIECTBJICHUU C OJIMKANILIUM
BEPXHMM  HWJIA  PaBHBIM  YPOBHEM

KBaHTOBaHMHA.

6. LUncdpoBble nameputenbHbie YCTPOUCTBA.
6.1. CTpyKkTypHasa cxema, XxapakTepucTUKH, Knaccudumkaumsa
aHanoro-undpoBbIX Nnpeobpa3zoBaTenemn

MpeobpasoBaTenbHbii  npouecc (puc.52), Bknwo4vawowmn B 00WeM cny4vae
ANCKpPeTM3aLmto

npeobpasyemon BenMUUHbI X(t) MO BpeMeHW, KBaHTOBaHWE MO YPOBHK Xk(t) wu
KOAMPOBaHME OTOXAECTBIEHHbIX YPOBHEW, NpeaBapuUTeNbHO NPOHYMepoBaHHbIX (1, 2,
3...), B MNOK, Ha3bIBalOT aHanoroso-LUngpoBbLIM NpeobpaszoBaHMEM CUrHana.

MpeobpasoBaTenb aHanoroBoro curHana B [OWCKPETHbIW W Janee B KOA
Ha3bIBaeTCsa aHanoro-undgposbiM npeobpasoBatenem - AL, B obwem cnyyvae B AL
nocrnegosaTesibHO UM OAHOBPEMEHHO MNPOXOAUT AUCKPETM3auusi, KBaHTOBaHWE W
KoanpoBaHue npeobpasyemoin BennymnHbl (puc. 53).

Puc. 53. O6006weHHas yHKLMOHanbHas cxema aHanoro-undgpoBoro npeobpasoBaTens.
LY — duckpemusupyrowee ycmpouicmeo, KgY — keaHmyrowee ycmpolcmeo,
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KY — koOupyrowee ycmpolcmeo

AnckpeTtunaumpytowlee yctponctso [IY «taktyet» paboTy KBaHTYHOLLEro yCTpoOncTBa
KgY 1 kogupytowero yctponctaea KY.

OcHoBHble TexHMU4Yeckue xapakrepuctuku AL
1. NorpelwHocTb Npeobpa3oBaHus (CTaTUYECKMe U JUHAMUYECKMEe COCTaBNsAoLME)
(0,01 +1,5)%;

2. bbicTpogencTteme. BpemeHHble napameTpbl, onpegensiowme 6bicTpogencreve
npeobpasoBatenen: war (nepuod) kBaHTOoBaHus At, Bpemsa npeobpasoBaHus
(kBaHTOBaHUA) thp MNK tw, TO €CTb 3adepxkka Bxoa-Bbixod AL, anuTtenbHOCTb UMKNa
npeobpasoBaHus T.

Kak 6bno yxxe cka3aHo paHee, At — war KBaHTOBaHWS, MHTEpPBan BpPEMEHU MeXAy
ABYMsi nocrnegylowmMmn npeobpasosaHuamu, npu atom 1/At = f — yvactoTta
KBaHTOBaHMS (OMCKpeTnsauun).

Bpemsa npeobpasoBaHus t,, — WHTepBanm BpPeMEHW OT MOMEHTa YCTaHOBMEHUS
aHanorosoro curHana Ha sxoge AL 4o MOMeHTa n3aMeHeHUs koga Ha ero BbIXoae.

[OnuTenbHOCTb UMKNa npeobpa3oBaHus T — BpeMsa OT Nofayv aHaroroBoro curHana Ha
Bxog AUl go nogaun cnepfytowero curHana, nogsepraemoro aHanoro-umgpposomy
npeobpasoBanuio (7 =1, ).

T=te et
roe t; - Bpems BosBpaTta AL B cxoaHoe nomnoxeHue (CocTosiHuE),

t, - Bpemst oxuagaHua cnegytollero npeobpasyemoro curHana.
BeicTpogencTeme B o6Lwem criyyae

F=1/T , F =10%:10" (npeobpa3soBaHuii B cekyHay) .

3. lMpenenbl M3MEHEHUs1 BXOAHOrO curHamna Xmax - Xmin ONPEAENsOTCA YUCIIOM

X —-—X .
paspsagoB  Koda M BECOM  HaMMeHbluero  paspsiga:  op=-1ax  mn _j.
Ax
k
n+1)Ax, =x -Xx .
( ) k “max “min
X
[IMHaMUYEeCKWin Auanal3oH npeobpasosanus D = 18X
X .
min

4. Pasgpewatowiasd CcnocobHOCTb - HaMMeHbLlad pasnuynmas pasHOCTb BXOAHbLIX
CUrHanoB - LeHa (Bec) mnagwero paspsga (10mks -10mB).
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5. HagexHocTb - cpefHee Bpemsi 6e3oTkasHoit paboThl (He MeHee 10° yac.).

K AUl npeabsaBnaoT xecTkme TpeboBaHWst B YacTu ObICTPOAENCTBUS, TOYHOCTM
npeobpasoBaHUsA 1 HaAEXHOCTM NPU BBOAE MHAOPMALMKN OT aHasloroBbIX 4AaTYUKOB.

Knaccudmkauma AL

B ocHoBy «knaccudpmkaumm AL wn  Bcex UUIMT  nonoxeHbl  NpuvHUMNBI
npeobpasoBaHUs LNMMPOBbLIX 3HAYEHUA HEMPEPbIBHbIX BENUYMH B KOAbI.

I'Ipeo6pasoBaHV|ﬂ aHanor-kog CBOOATCA K onpegeneHunto HOMepa
OTOXOECTBIIAEMOIo ypOBHA KBaHTOBaAHUA U o6pasoBaHmo Koda, COOTBETCTBYHOLLEro
oTOXOECTBITIAEMOMY YPOBHIO.

Mo cnocoby npeobpa3zoBaHuA aHanor-koa BbIAENAT TPU MeToAa:

1. MeTtog nocnegoBaTenbHoro cyeta (ypaBHoBewmBaHnus). lNpu ncnonb3oBaHUM 3TOro
metoga (puc. 54) npoucxoguT nocnefosaTeslbHOE BO BpPEMEHUW CpaBHEHWe

N3MepPSiEMON BENUYUHBLI X C M3BECTHOM BENMMYMHOM Xy, BOCMPOM3BOAMMOWN MEPON, U

N3MEHSIIOLLENCA BO BPEMEHM CKaykaMu, KaxKablh U3 KOTOPbIX paBeH kBaHTy AXy. Yucno
CTyneHen, Npy KOTOPOM HacTynaeT paBeHCTBO Xk = X (C HEKOTOPOW MOrpeLUHOCTbIO)

paBHO HOMeEpPY OTOXAECTBMAEMOro YpPOBHA KBAHTOBaHUA Xk W BOCNpPOU3BOANTCA
Ha60pOM mMep, Bbl6paHHbIX Nno €aANHON CUCTEME CUUCIIEHUS.

AX
XKi b oomm oo Xk
Xk3l o X
XKoo __ i !
il | AxXg
Xmin ____________.___é____
b t

Puc.54. Peannsaumna metoga nocneaoBaTenbHOMoO cYéTa.

2. MeTon cpaBHEHWs M Bbl4MTaHMS (pa3BepTbiBAOLLEro ypaBHOBELUMBAHUS, MOPa3psiaHOro
KOOMPOBAHUS, KOJO-UMMYbCHBIN).

B atom meToge (puc. 55) Takke nponcxoauT nocrnegoBaTenibHOE CpaBHEHUE X C Xk, HO
nocnegHasa N3MeHsIeTCa BO BpEMEHU MO creunansHOMYy anroputMy U BOCNPOU3BOANTCS
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Habopom Mep, BblOpaHHbIX MO 3TOMY MpaBuUny. BenuumMHa X=X MpU 3HAYEHUUN Xg;,
COOTBETCTBYIOLLEM  HOMEpPY OTOXOECTBIISSIEMOIO  YPOBHS  KBaHTOBaHUsS, T.e.
onpeaeneHHomMy Habopy mep.

A
X Xg

XKi

Puc. 55. Peanusauna metoaa pas3BepTbiBakOLLEro ypaBHOBELLMBAHNA.

3. Metog cuutbiBaHua (conocTaBrieHus), napannenbHoro aencievsa (puc. 56).
MpoucxoanuT OQHOBPEMEHHOE CPaBHEHWE W3MEPSEMON BENMYMHBbI X C WU3BECTHbIMWU,

Xk1, Xk2 ... Xkn, BOCMPOM3BOAMMBLIMU HabopaMu Mep, BblIOpaHHbIX NO onpeaeneHHoMy
npaeuny. WM3BecTHass BenMuMHa X=X [OaeT HOMeEp OTOXAECTBISIEMOro YPOBHS B
MOMEHT cpaBHuBaHus ;.

Puc. 56. Peanunsauns metoga cyMTbiBaHUSA

C y4yeTOoM pasnuyHbIX acrnekToB OLEHKM napameTpoB M xapakrtepuctuk AL MOXHO
NMOCTPOUTL CXEMY UX Kraccudukaumm (pnc.57).

Bce AU pasgensaiwoT Ha 3 rpynnbl B COOTBETCTBUM C OeNeHNeM MeTOO0B
npeobpa3oBaHMs HEWU3BECTHOW BENUYMHbI B  KOA: YpPaBHOBELUMBaAHUS WA
nocrnefoBaTenibHOr0  OEeNCTBUS, NOPaspsigHOro  B3BeLMBAHUA  (KOAMPOBaHMUS) W
COMOCTaBMNEeHUs (CHUTbIBAHUS) UNW NapannenbHOro 4eNcTBUS.

MepBas rpynna Haubonee pacnpocTpaHeHHasi, MMeeT B CBOEN OCHOBE METOA
nocnegoBaTtenb-Horo cyeta. denutca oHa Ha AUl cnepswero n passepTbiBalOLLErO
ypaBHOBELLMBAHUS.

B uuknuyeckom AL BxogHasa BenunumHa npeobpasyeTcsi 3aHOBO B KaXOOM UMKNe,
NOTOMY OHW MOTYT UCMOSb30BaTbCA B MHOrOKaHamnbHbIX YCTPOMCTBAX.

Hakannusarowwme AL cymmupyloT npupaweHve BXOOHOW BeENUYMHBI, UCMOMb3ys B
KakgoM npeobpasoBaHuK pesynbTaTt npeablayLlero, T.€. MOryT UCMONb30BaThCs NMULb
B OOHOM KaHane W coxpaHawT nobyio owubky, caenaHHyl 3a BeCb LMK
npeobpasoBaHusa Ha nobom aTtane.

102



LleHTp ANCTaHUMOHHOro 0by4yeHua 1 NoBbIWEHNA KBaAUDUKALMN

ABTOMaTM3a umMAa nponsBoaCcTBeEHHbIX MpoLUeCccoB

/ | \
YpaBHOBELIMBAHMA UK ConocraBieHns (CYUTUBAHUA) AN MopaspaaHoro B3BeWwnBaHUA
nocaenoBaTebHOro AeNCTBUA napa/sinenbHoro Aeicrana (koauposaHusa)

N N

Cnepawero PassepTbiBatoLero Linknnyeckue C obpaTHbIMK
ypaBHOBeLWNBAHUA ypaBHOBeLIMBaHMUA CBA3AMM
Hakannusatowme Llnknnueckue
bes C NnpoMeXKYTOUHbIM
NPOMEKYTOYHOTO npeobpasoBaHvem
npeobpasoBaHusa
B ¢aszy B vactoty Bo BpemeHHOM B ¢pyHKUMIO,
WHTEpBan NPOMNOPLUOHANbHYIO
norapudmy

Linknuyeckune npeobpasoBatenn Moryt npeobpasoBbiBaTb HEMPEPLIBHLIN CUTHAM B KOA
HenocpeaCcTBEHHO WU MOcne npeaBapuTenbHOro npeobpas3oBaHMa ero B asy,
4acToTy cCurHana, BpPEMEHHOW WHTepBan WM  QYHKUMIO, NPONOpPLMOHAnbHYHO
norapugmy.

Puc. 57. Cxema knaccudukaymm AL

Hwmwxe ©OyayT paccMoTpeHbl cxembl oTaenbHbix AL B cooTBeTcTBUM C
npuBeaeHHON Knaccudgukaumnen.

6.2. Buabl aHanoro-uncpoBbIX NnpeobpasoBarenen

AHanoro-uucpoBoi npeobpasoBaTenib BpeMEHHOro UHTepBana B Koz,

3apaya, cBs3aHHasa ¢ npeobpa3oBaHWEM BPeMEHHOro MHTepBarna B KO, BO3HUKAeT B
pPasnnyHbIX M3MepUTErbHbIX YCTPOWUCTBax W cucteMax ynpasneHus (paguorokauus,
paguoHasurauus v ap.).

Takne npeobpasoBaTenu NPUMEHSAIOTCA Kak B Ka4eCTBe crneumarnbHbIX YCTPOUCTB, Tak U
Kak cocTaBnswowasa vactb gpyrux sugos AL nepemelieHnn B KOA, HaNpshHKeHUN B
Kog, 4actoTbl M asbl B kod. B Takom crnyyae npousBoguTCcA  OBOWHOE
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npeobpasoBaHue: nepBoe - MPOMEXYTOYHOE, MPUM KOTOPOM WCXOA4Has aHanorosas
BENUYMHaA (nNepemMelleHne, HanpshkeHne wn ap.) npeobpasyetca BO BpPEeMEHHOW
WHTepBar, BTOpPOE - aHanoro-undpoBoe, MNpu KOTOPOM BPEMEHHOW WHTEpBan
npeobpasyeTtcsa B ko4. Takme npeobpas3oBaHUs BLINOSTHUTL Nnerde, 4em npeobpasoBaTtb
UCXOOHYKD  aHamnoroByld BENUYMHY B KOO, XOTA BCSIKOE  MPOMEXYTOYHOEe
npeobpasoBaHMe HexenaTesflbHO, T.K. CO34aeT AOMOSHUTENbHYK MOrpeLHoCTb U
TpebyeT AoNONHUTENbHbIX 3aTpaT BpeMeHn n ob6opyaoBaHus.

B npeoGpa3oBatene BpeMEHHOro WHTepBana B KOA WCMOMb3yeTcs KNacCU4eckui meton
nocrnegoBaTenbHOro cyeTta, nNpuM  KOTOPOM npeobpasdyemMbll  MHTepBan  3anorfiHAeTcs
nMnynbcamMn reHepaTopa ctabunbHOM YacTtoTbl. BpeMeHHOM nHTepBan onpegenserca nytem
noacyeTa 4yvcrna WMNYnbCOB, YKNaAblBalLWMXCA B NpeobpasyeMoOM BpeMEHHOM WHTepBane
(pnc.58).

IIMII
ty
I'MCcy S
KOO
CTapT-1Mn. VJ_L
| T,
: 7 Ycranoeka |"Hynsa"
CTan-wrn. I ‘J_L . .
Sl tyle

Puc. 58. dyHkumnoHanbHasa cxema AL BpemeHHOro mHTepBana

TMCY - eeHepamop umnynbco8 cmabunbHol 4vacmombi, [1Y - nepecyemHoe
ycmpoucmeo;

OY - omcuyemHoe ycmpolcmeo; S — ko4, T - mpuezep; [JC- 080UYHbIU cHEMYUK

BpemeHHon nHTepsan ty noacymnTbiBaemMm 4epea3 4YUCIIO KBaAHTYROLWUX UMMYIbCOB

- |
CcTabunbHOM 4acToTbl fo = ?, npowenlnmx Ha cHeT4HnK 3a BpeMA tx. CyeTumk MMnNyribCoB

COCTOUT M3 NnepecyeTHOro 1 otcyeTHoro yctpoicTs (MY n QY). UHTtepsan ty orpaHnueH
ABYMSI UMNyfbCaMy CTapT-UMM. U CTON-UMI.

Linkn npeobpasoBaHmin Ha4YMHAETCA C YCTAHOBKM "Hyns", TO ecTb € ycTaHoBku 1Y n OY
B MCXOOHOE COCTOSIHME. OTUM Xe WMMYNbCOM YCTaHaBAMBAKTCA B UCXO4HOE
COCTOSIHME BCE 3NIEMEHTbl CXEMbl, KOTOpblE MOTMYT MMETb HEOLHO3HAYHbIE COCTOSIHUA,
Hanpumep, Tpurrep T. Npn NocTynneHnn ctapT-umMmnynbca Tpurrep T onpokuabiBaeTcs u
CBOMM BbIXOAHbBIM CUrHanom OTKpbIBaeT kN4 S (cxema cosnageHus U). Mmnynbcel ot
MNMCY HauvHawoT noctynate Ha Bxog [1Y. lNocne okoH4YaHWsa uHTepBana ty crton-
UMNynbC Bo3Bpawiaetr T B MCXOOQHOE COCTOsIHME, Kitod S 3akpbiBaeTcd. [BOUYHbBIM
cyeTynkom OypmeT 3akogupoBaHo uyucno N= t/To= ty fo. OTcyeTHOe yCTPOMCTBO
BKIMOYAETCA B Clnyyae HeobxoaMmoCTM Bu3yanbHO Habntogatb pesynbraT cyeTa
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UMNYNbCOB WKW KOO BPEMEHHOro mHtepsana. Cxema anektpuyeckas (ynpollieHHasi)
npuBegeHa Ha puc. 59.

YET “I:I“ R
— booc R CT2[ 1 p—
— 1 2
=
— & +1| Co | 2
CTapT-HMII -
el | E
el T & — & — &
: r CHIHAT
CTOO-HMI M Hs Hn CHHTHEAHHA
Y Y ¥

KOO

Puc. 59. Cxema AL|I1T BpemeHHOro nHtepeana.

lMocne npuxoga cTon - MMMNynbca NMOKa3aHUs CYeTYMKa MOryT ObiTb BbldaHbl Ha
MHOUKaTope YCTPOWMCTBA UM BBEAEHbI B 3anoMuHalLiee yctponctso OBM, rae moryt
OblTb MCMNONb30BaHbl B KayYeCTBE WCXOAHbLIX AAHHbIX AN BbIMUCAEHWW MO curHany
CUMTbIBAHUA.

MoagroToBka cyHeTYMKA U BCEN CXEMbI K HOBOMY U3MEPEHUIo tx coctout B yCTaHOBKe
Cc4yeT4YMKa B HyJ1eBO€E MNoJioXKeHne.

CocTaBnstoLLme NorpeLIHoCcT aHanoro-UmMdpoBoro NnpeobpasoBaHms:

- MOrpewHOCTb KBAHTOBaHUA, 3aBUCALLAA OT COOTHOLLUEHNA BEJTMYHNHBI BPEMEHHOIO
uHTepBana tx v nepuvoga KBaHTYHOLWMX UMMYSbCOB To; YEM MEHbLUE 3TO OTHOLUEHME,
TEM MEHbLLUE

norpewHoOCTb KBaHTOBaHWA,
norpewHoOCTb peann3aunn, 3aBncqdLllad ot cTabunnbHOCTK YacToThl fo;

norpewHoOCTb 3ana3gbiBaHuUA, 3aBucAlad OT HEeTOYHOCTU nepepaydm BpPeMeHHOro
MHTEepBalia Ha KITo4.

PaccmoTpum eé nogpobHee (puc.60).

2 3 4 5
|

1
| |

| I+

6
| |11 t
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Puc. 60. BpemeHHble anarpamMmmsbl.

B obwem cnyyae tx He kpaTHO Ty, MOSTOMY BO3HMKAET MOrpelHocTb At=t-ty. Jta
NOrpeLLHoCTb 3aBUCUT OT caBWUra CTapT- U CTOM-UMNYIIbCOB OTHOCUTENBHO KBAHTYHOLLNX
N UMeeT [IBe coCTaBnsawLume.

At=Aty-Ato=a1 To-a2To,

roe oq=0+1 n 0p=1+0 - cnyyamHoble ko3a(PUUUEHTbI; Ati=aqTo - MOrpelwHoOCTb OT
Cny4YamHOro pacnosnoXeHusi Havana wkanbl (Bcerga nexut B npegenax 0+To n nmeet
AndodpepeHumanbHbI paBHOMEPHBIN 3aKOH pacnpeneneHus); Atp=o,To — NOrpeLwHoCcTb
OT CNny4YamHOro pacrosioXeHUs1 CTOM-MMMynbca OTHOCUTESNbHO KBaAHTYIOWEro W
COOTBETCTBYIOLLAA OTOXAECTBNEHUIO C ONMXANLWNUM MEHbLUMM UM PaBHbIM YPOBHEM
KBaHTOBaHMA. [uddepeHumnanbHbIn paBHOMEPHBIN 3aKOH e€ pacnpegeneHnsa ot T Ao
0. PesynbTupyrowasa npegenbHas norpelHocTb Atmax=+To.

OTHOCUTEeNbHas pe3ynbTUpytoLLas NOrpeLlHOCTb v:

T, T, 1
j/max = i_ ~ = i_ -
ty N-T, ~ N
3aKkoH pacnpegeneHus 3TOM MNOrpelwHOCT — pesynbTupylowen oT  OBYX

paBHOMEPHbIX, sABNsieTca pacnpegeneHmem CuMmncoHa (TpeyronbHbiM) B npegenax —
T0+To.

[ns 3akoHa CuMncoHa cpeaHekBaapaTUYeckoe OTKITOHEHWE:

T
At]="2.
ol

MpenenbHas NOrpeLHoOCTb MOXET ObITb CHUXEHA CUMHXPOHM3AaLMEN CTapTOBOMO U

KBAHTYHOLLEro MMMyNbCOB CO CABUIOM Ha To/2 (CTapT-uMNynbC B cepeavHe mexay
KBaHTYHOLLUMMU).

Aty=£Ty/2 Atmax=Tol2-Ato=2T/2.

[MpeobpasoBaHue hasbl U HacTOTbl B KO,

Mpeo6pasoBaHue a3kl B KOA.
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B kauectBe uCxoOHOM BenNUuUMHbLI, Nognexailen npeobpasoBaHuio, GepeTcs
pa3HOCTb a3 OByX CUrHanoB, T.e. COBWUI OAHOrO CUrHana OTHOCUTENbHO APYroro no
dase.

ox(t)=0sx(t)-eo(t),

roe ¢o(t) — dasa onopHoro curHan; o¢px(t) — hasa BxogHoro curHana, Anst KOTOpPoro
onpeaensT COBW.

Kak npaBuno, cpaBHMBaAlOT CuUrHanbl, WMeKLWMEe OAMHAKOBYH 4acToTy MU
CUMHycouaanbHyto dopmy. Hanbonee pacnpocTpaHeHHbIM MeToAoM npeobpasoBaHus
coBura a3 B KoA SBMseTCs nepexon OT caBura a3 K BPeMEHHOMY WHTepBany,
KOTOpbIN 3aTEM Kakum-TO cnocobom npeobpasytoT B Koa,.

(px=27t-fx-tx —> tx=(|)x/27tfx tx = Px 27‘Cfx=COFISt,

roe fx —yactota OMNOpHOro n npeo6pasoBaHHoro CUrHAarosB; ¢x — (*)838 npeo6pa3yeM0ro
CurHana mnum pa3HoCTb cbas ero n onopHoro curHana.

Taknum obpasom, nonyyas kog tx, Mbl kognpyem ¢asy ¢x. Cxema AL casura das B
KO 1 BPEMEHHble anarpaMmbl NpeactasfieHbl Ha puc.61 n 62 CooTBETCTBEHHO.

Uy
(Dl . :ll_TpEOGpMOBaTenbi
Ux | Epemenmoro
EBBI | HHTEpEANA

|

|

1 | |

T o, 3 U; | tx B Kom l
> @ |

Puc. 61. ®dyHkunoHanbHasa cxema AUI casura gas B ko (a).

@, u O, — gpopmuposamenu umnynbcos, EBBU — 6510k ebiOenieHuUss 8peMeHHO20
UHmMepsarna,

Uy, Up — npeobpa3yemoe u OriopHOe HarpsiXKeHus.
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A

b el I | I t

UkeEH __[I

Puc. 62. BpemeHHble anarpammbl hOpMUPOBAHNS UMMYIIbCHOM NoCrneaoBaTeNbHOCTH

MpakTnyeckn ona nepexona ot casura a3 K BpEMEHHOMY MHTepBany onpenensdercs
(BblgendeTtcsa) casur a3 mexay AByMsa HanpsbkeHusmn Ux n Up ¢ nomoLlbio cxem
CpaBHEHUs, (PUKCUPYIOLLMX MOMEHTbI nepexoda 4Yepe3 Hylb 3TUX HanpsXeHUn
(npeobpasyemoro u onopHoro). MmnynbCbl B 3TWM MOMEHTbl (opMupylOT ABa
dopmuposatenas ®; n d, (puc. 61). 3T0 pacCMOTpPEHHble Bbie CTapT- U CTOM-
UMMyInbChbl, OrpaHvyMBarolWMe BpemMeHHOW wuHTepBan tx. WHTepBan tx dowukcupyet
BEBBW, Bbligenas wu3 cepun MMNynbCOB TONbKO ABa. [anee dopmupyetca Kof
BPEMEHHOIo MHTepBana.

BpemeHHoM nHTEepBan mexay asymsa umnynecamu Ux” n Uy’ (puc. 62) namepsietca
n npeobpasyeTcsa B Kog B 6roke npeobpasoBatensd BPEMEHHOrO UHTepBana, Kak 6bi1s10
OMMCaHo BblILLE.

?x Jo

t T
Ny = X:tx'fozﬁpx'fo‘izzﬂ ’ )
X

TO
roe f,-JactoTa reHepaTtopa CHeTHbIX UMMYMbCOB; f - YacToTa HanpsbkeHun Ux n U,

MorpewHocTn npeobpasoBaHnin dhasa-Koa:

MOrpeLLHOCTb KBaHTOBAHUS, 3aBUCALLAS OT COOTHOLUEHUST f 1 f .
MOrpeLLHOCTb peanu3aumu, onpegenseMas cTabunbHOCTbIO f) .

norpeLHocTb hopMMpoBaHms tx, onpegensieMasi CtTabunbHOCTbO 1 .

Mpeo6GpasoBaHue 4acToThl B KOA,.

Mpn npeobpa3oBaHMM YacTOTbl B KOO MOXHO WCNOMb3oBaTb B KavecTBe
N3mMepseMon BENUYMHBI HEMOCPEACTBEHHO YacTOTy, NepMos HEM3BECTHOW YacTOTbl U
npupatleHne gasbl 3a KOHEYHbI BPEMEHHOW MHTEpPBATT.

HenocpedcmeeHHoe npeobpasogaHue Yacmombi.
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CuuTtaloT 4ucno nepuodoB HEW3BECTHOW [, Ha (PUKCMPOBAHHOM BpPEMEHHOM
nHTepsane Tcp.

Ecnn makcumanbHasa norpewHocTb Npeobpa3oBaHnst He AOMMKHA NPEBbIWATb Amax,
TO BPEMEHHOW WHTepBar, Ha KOTOPOM MNPOM3BOAMTCA NOACYET 4Yucna nepuoaoB
yacToTbl f, paBeH:

v
Amax 'mein

t, >

Peann3oBaH aTOT MeTo4 MOXeT ObiTb MO cxeme, n3obpaxeHHoM Ha puc. 63.

Ea an
i
REE . ) Ix = S > JIC -
+ —)‘KO,I[
T
A b
T3]

Puc.63. ®dyHkumMoHanbHas cxema npeobpasoBaHns 4acToTbl B KOA
@ — popmuposamens,; S — ko4, T — mpuzaep;

N3/ — eeHepamop umnyribcog 3adaHHou dnumernisHocmu; [JC — 080UYHbIU cHeMYUK

3a nepuog vacTtoThl fx opmupoBaTtesnb BbigaeT OauH MMNyIbC. ['eHepaTop MMMNYbLCOB
3agaHHon gnutensHoctn MM3[ yepes Tpurrep T OTKpbiBaeT koM S Ha Bpemd ty. 3a
3TO BpeMsi UMNyInbCbl YacTtoTon fx, chopmmpoBaHHblie hopmmpoBaTenem @, npoxogat
Ha Bxof Y B konnyecTBe:

!
NX:ﬁ:tl/I'fX'

MokasaHms npubopa nponopumoHanbHbl fx. [lpeobpasoBaHnsa conpoBoOXaalTCA
NOrpeLLHOCTAMM:

T
norpewHoOCTb KBAHTOBaHNA, 3aBUcALLaaA OoT -
II/I

NOrpeLHOCTb HETOYHOCTM (DOPMUPOBAHNS £, .
Mpeo6pa3zoBaHue nepuoaa B Koga.
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OTO YacTHbIN cnyyan npeobpasoBaHMs BPEMEHHOIO MHTEpPBana B KOA.

T-f=1; NT-Nf=No=const; Nf=No/NT, rge

Nf — KO NponopLUMOHarbHbIN YacToTe;

Nt- Ko nNponopLmoHanbHbIA Nepuoay.

MpeobpasoBaHne npupaeHnsa gasbl Ap 3a KOHEYHbIN BPEMEHHON MHTepBan At - B kog,

N3mepsiemas yactoTa fx B 3TOM crnyyae

_ Ag
f= 27At

MpoBeas gBa npeobpasoBaHMs asbl B KOO HA M3BECTHOM W CTPOro OrpaHU4YeHHOM
BPEMEHHOM MHTepBarne, MOXHO ONpeaennTb YacToTy fx.

NMpeo6pa3oBaTenu HanpsxxeHnn B koAbl (MHK).

MpeobpasoBaTeny HanpshkeHUs B KOA4 UMEKT Hanbonbluee pacnpocTpaHeHne u3 BCEX BUOOB
ALM. UmeeTcs 6onbluoe pasHoobpasme Bnaos MHK 1 cxeMHbIx BapnaHTOB MX NOCTPOEHMS.

BrHayane nossunuce [MHK, nocTpoeHHble NO  KnaccudeckoMmy  MeTtoay
nocriefoBaTenNbHOro cyeta.

NMHK yncno-mmnynbcHOro kKoanpoBaHUs.

B atux NMHK namepsemoe HanpsbkeHne Uy npeobpasyeTcsi B UNCIIO-UMMYIbCHbIN KO4 NyTEM €ro
CpaBHEHUSA C U3BECTHbIM HanpskeHnem Uy, BO3pacTalowum BO BPEMEHW CKaykamu, rnpuyem
KaXOblll CKa4YOK COOTBETCTBYET Liary kBaHToBaHus AUx (puc. 64). Yncno-umnynbCHbIN KoA
CcooTBeTCTBYET uncny cryneHen Uk, npu koTopom HacTtynaeT paBeHCTBO Ux=Uyx. NICH moxeT
ObITb MOCTPOEH C WCMOMb30BaHUEM [OUCKPETHOrO AenuTens HanpskeHWst C 3reKTPOHHbIMU
Knioyamu, ynpasnsemMbiMM Tpurrepamym ABOUYHOW nepecyeTHOM cxembl. [pu nocTynneHuun
UMNYNbCOB Ha BXOA, NEPECHETHON CXEeMbl HanpsKeHne Ha Bbixode aenutens 6yaeTt Bo3pactaTb
Mo NIMHENHO-CTYNEHYaTOMy 3aKOHY.

Mpn nogade nyckoBOoro wumnynbca Tpurrep T ONPOKMABbIBAETCA M CBOWM BbIXOOHBIM
curHanom OTKpbIBaeT Krtod S (puc. 64, a). Mimnynbcbl OT reHepaTopa umnynbcoB ' npoxogat
yepes ko4 S Ha Bxoa JICH n OC. HanpshkeHne Uk Ha Bbixoge reHepatopa [JICH HaumHaet
Bo3pactaTtb MO NIMHENHO-cTyneH4yaTomy 3akoHy. lMpu Uk,=Ux cpaBHuBaloLee yctponcteo CY
BbldaeT CTOM-UMMynbC, BO3BpALLALWLNA TPUrep B UCXOOHOE COCTOsIHME. Tpurrep 3akpbiBaeT
KN4 S 1 TeM cambIM MpekpallaeT nocTynneHne NMnynbcoB Ha Bxop reHepatopa MTHC v OC,

UKn

U
cnegosatensHo, Ha JC  6ymer  3adwumkcupoBaHo @ N = =—~_ ymnynbcos,
AU, AU,

npeobpasoBaHHbix B MOK.
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U
'y Uk
s
Ux Uk Kox Ukn
T ey [ mcHE FTTISs T TH aIc - |77 , Usx
* Iauﬁ
™ L 3
PO i1 i T
E'l'ﬂ]'.l—]-!}l]'.l}'.'ﬂ':c c’[ap’l’—}].‘tl:l'.l}'.'ﬂ'zi

Puc. 64. AHanoro-umdpoBon npeobpasoBaTerib HANPSHKEHUS B KO, (YMCII0 - UMMYbCHbIN)
a) dyHkumoHanbHasa cxema AU (MTICH — eeHepamop riuHelHO-CmyneH4Yamoa0 HarnpsiKeHus;
CY — cpasHusarowee ycmpoticmeo; 'M — eceHepamop umnynbcos; [JC — 080UYHbIlU CHEMYUK);

6) BpemeHHas auarpamma npouecca auckpetusaumm curHana Uy.

Cocrasnsowue NorpeLHoOCTn:
- NOrpelHOCTb ANCKPETHOCTHN, 3aBUCALLAA OT YMUCha CTyI'IeHeI7I Hanps>XeHund Ug;

- NOrpeLwHoOCTb peann3aunn, 06yCJ'|OBJ'|eHHaF| HeOOAMHAaKOBOCTbHO U HecTabunbHOCTbIO CTyI'IeHel7|
AUK;

- NOrpeLUHOCTb, 0ByCrnoBneHHasi TOPOrom YyBcTBUTENBLHOCTU CVY.

Mpwn ncnone3osaHum aton cxembl NMHK HeobxoamMm BCero oanH 3TanoH, paBHbIN KBaHTY,
npuyem 9TOT ITaNloOH UCMNOMb3yeTCA MHOrOKpaTHO Mpu ypaBHOBELUMBAHWUUA BXOAHOW
BennunHbl. B peanbHbix cxemax ponb [TICH BbinonHseT npeobpasoBaTtenb KoAa-
HanpsbkeHne MKH (LIAM). OH BblgaeT Ha BbIXo4e NIMHEWHO-CTYNEHYaToe aHanoroBoe
HanpsxkeHue, ncnonbdyemoe B kavectse Uy (puc. 65).
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KoT
— —r o2 | b— /‘_\
W o1 2 P
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[R TEf= Tnxr (Uk)
—‘L TTx

Puc. 65. Cxema ymcno-mmnynbcHoro NMHK

N - eeHepamop umnyrnscos, NKH - npeobpa3ogsamerib kod-HanpsixeHue, CC - cxema
cpasHeHusi

mnynbc «3anyck» nepesBoguT Tpurrep B eANHNYHOE COCTOSIHUME, OH CBOUM BbIXOLHbLIM
UMMNYINbCOM OTKPbIBaET KoY «M», Yepes OTKPbITbIA KNOY uMnynbcbl oT ['W noctynatot
Ha cyeTuynk n kogupytoteda. Bee paspsgbl OC coeanHeHbl ¢ paspsagamu MNMKH, koTopbin
Ha KaXXayl eavHuuy Mnagluero paspsiga koga BblpabaTtbiBaeT Ha BbIXOLE CTYMEHbKY
AUk HanpsbkeHus Uk, pasHyto EMP (eamHnue mnagwero paspsiga AlUI). BeixogHoe
HanpsbkeHve [MKH Ha kaxgbim cnegywowmi mmnynec ' yBenuumuBaetTcsa Ha OOHY
CTyneHbKy, T.e. BO3pacTaeT nuHenHo-ctyrneHyato. B kaxgom Takte Uk B CC
cpaBHuBaeTca ¢ Ux oo momeHTa t,, korga Uk,=Ux (puc. 64, 6). lNpn Uk,=Ux CC
cpabaTbiBaeT U CBOMM UMMYMbCOM NEPEBOAUT TPUITep B UCXOLHOE COCTOSIHWE, KIHOY
3aKpblBaeTCs, CYeT WMNYMNbCOB MpekpawaeTcs, npuyem K 3toMy MomeHTy [OC
cchopmumpyet kog Nyx, koTopbin 6yaeT cooTBeTcTBOBaTL Ux.

CtaTuyeckas norpeLllHocTb npeobpas3oBaHUsa onpeaenseTca B OCHOBHOM CyMMapHOM
norpetHocTbio MNMKH 1 komnapatopa (CC).

BoicTpogenctane AL, xapaktepnsyemoe BpemeHeM npeobpasoBaHus, onpenensieTca
YUCNOM pas3psaoB N M YAaCTOTOM CYETHbLIX UMMYIbCOB fo.

Bpema npeobpasoBaHusi nepeMeHHoe UK onpegensietca  YpoBHEM  BXOLHOMO
HanpsbxeHus. MakcumanbHoe Bpemsi npeobpa3oBaHus NpyU MakCUMasibHOM BXOOHOM
HanpsbxkeHun Ux

ty =ley Flpa +lyp +1 +1,, TOE

tcy — Bpems ycTaHOBNEeHUs nepexo4HOoro npouecca B CHETUYUKE;
tnkn — Bpems yctaHoBneHus MNKH;
trr — Bpemsa BKNOYEHUS ynpaBnsaoLwero Tpurrepa;

tx 1 th — BpemeHa BKIHYeHNs1 KomnapaTopa 1 NIOrMYecKon cxembl “n”.
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LUndpo-aHanoroBblie npeobpasoBaTtenu koa-HanpsxkeHue (MKH).

Lindpo-aHanoroebin npeobpasoBaTenb npeaHasHadeH pnns  nepexoga  oT
uMdpoBON K aHanoroson oopme npeacraBneHms nHpopmaummn, oH npeobpasyeT kog B
KBAQHTOBaHHYI BeNUYUHY (HanpsbkeHue, TOK, conpoTmeneHne n 1.4.). To ectb y LIAT
BXOOHOM BENUYMHOM CIYXUT UMEPOBOM KOA B PasfUYHbIX CUCTEMAxX CYUCMEHUA, a
BbIXOAHOW — COOTBETCTBYKLLEE €My 3HavyeHWe aHaroroBon BenuyMHbl B BuAe
MOCTOSAHHOrO TOKa Ha BpPeMeHHOM uHTepsarne t. KonuyecTtseHHass cBA3b BXOOHOW U
BbIXOL4HOW BENUYMH XapaktepusyeT anroputm LIATT.

A()=N(t;)-AA+3A,

roe AA — aHanoroBsblfl 3KBMBamneHT eAuHuubl mragwero paspaga koaa-EMP; N(tj) —
YNCNO eanHuL, Mnagwero paspsaa, oA — NOrpeLHoCcTbL NpeobpasoBaHms.

LIAT ncnone3yloT Ansa BbiBoAa ynpasnstowen nHpopmauum s 3BM n nepepayum
ee K 00bekTy ynpaBrneHusi, a Takke B cuctemax umdpoBor o6paboTkn AaHHbIX; KpoMe
Toro, LUAIT BxogaT coctaBHOM YacTbio B HekoTopble ALITT.

Onsa peanunsauun LA ncnonb3yoT Tpn metoaa:

MeTod CYMMMPOBaHWS aHarnoroBbiX BEMWYMH, 3HAYEHWUS KOTOPbLIX MPOMOPLMOHanbHbI Becam
paspsaos npeoGpasyemoro Koaa;

MeToA OAHOKpaTHOro Bblbopa M3 Habopa aHanoroBbiX BENUYMH, MPOMOPLIMOHANBHBIX
BecaMm paspsiaoB ABOMYHOMO KOAa;

MeTod CyMMunpoBaHUA eANHUYHbIX ﬂpVIpaLIJ,eHVIIZ aHalioroBbIX BEJTMYUH.

LIAM, peanuaywowme Tpetuin MeTod, wumeroT Manoe 6bicTpogencteue. LAIM,
Ncnonb3ywme BTOPOM MeTOon, MMEKT BeCbMa rPOMO3LKME CXEeMbl U NMPUMEHSIOTCS
peoko. Hawbonee pacnpoctpaHenne nonydmnn LA, uvcnonb3ywwme MeToq
CYMMMUPOBaAHUSA aHanoroBbIX BENMNMYNH, NPONOPLMOHASbHbLIX BECaM pa3psaoB Koaa.

B aToM cnydyae npouecc uMdpo-aHanoroBoro npeobpasoBaHuUa NpeacTaBnseT
cobolii CyMMWpPOBaHME 3TanOHHbIX 3HAYEHUN HanpPsHKeHUs, COOTBETCTBYHOLLNX
pa3psigaM BXOOHOro Koja.

Mpeobpasyemoe uyucno (uudppoBor kod) MoxeT ObiTb  3agaHO  nmbo
COOTBETCTBYIOLMM  YMCIIOM  UMMYyNbCOB, JMOO  COCTOSIHUEM  KOMMYTUPYHOLLNX
anemeHTtoB. CymMMuMpoBaHMEe MOXET  OCYWEeCTBNATbLCSA  MOCNedoBaTeslbHO U
napannenbHo.

BxogHoit kog N, =an-2" +an.1-2"%+.. +a,-2'+a1-2°, roe
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aj — Ko MUNEHTbI, NpUHUMatowme 3HaveHna 0,1;
n — 4ncno paspsagos MNOK.

[Ons npeobpasoBaHus koga B HanpsbkeHue (puc. 66, a) MNKH wucnonb3yet
PE3UCTMBHbLIE AENUTENU HaNpshKEHUS nocrnegoBaTeNbHOro MM napannenbHoro Tuna
R1 Rz ...R; (pe3ncTuBHble MaTpuubl), kpoMme Hux B [TKH BxoauT Habop TOKOBLIX KitOYen
S1 S3...S,, UICTOYHUK 3TANOHHOrO HanpsbkeHnsa E n BbIxogHoOW ycunutenb.

ConpoTuBneHuss napannenbHOro [enutens B 3TOW  Pe3UCTUBHOW MaTtpuue (BecoBble
pe3ncTopsbl) BbIbUpaoTCca B COOTBETCTBMM € Becamu paspsagos MNAK.

mHEa &

= Ey
+l .
Usrx B2 Ra M
- Uerz - E
o "1 snekTpornme | T
I TOKOEBEIE i a) 6)
I ENFSSH :
i | | E uHHa B
I =n i °+E
! Puc. 66. YopouienHas cxema
B I R < umma C LIATII (a) u cxema 3amenenus ()
T
-E

Ri=R-2% R,=R-2": Rs=R-22 R,=R-2"".

B atom pagy R — akBMBaneHT cOnpoTMBREHUS MMagwero paspsga Matpuubl.
[na onpegeneHns BbIXOAHOrO HanpskeHUs Upgpix MCNONb3yeM CxeMy 3amelleHus (puc.
66, 6), B KOTOPOWN OTpasnm Crnyyan, Korga YacTb BECOBbIX PEe3MCTOPOB BKIIHOYEHA Ha
wuHy B (Mx cymmapHasi nmpoBOAMMOCTb gp), @ 4YacTb Ha wwuHy C (C cymmapHom
NPOBOAMMOCTLIO gc).

BbixogHoe HanpsbkeHne: U = Ei = Eﬁ = E a. L roe
BbAIX i
gy t+8c g g5 R
1
g=8,+8c= Z— - CymMMapHasi npoBOAMMOCTb BECOBbIX Pe3NCTopoB; a,-
i=1

i
KoappuumeHT, paBHbii 1 unn 0 B 3aBUCMMOCTHU OT TOrO, BKIKOYEH PE3NCTOP Ha LWNHY B
WUnun HeT.

Takum obpasom, ecrnim E=const, g=const, BbIXogHOE HanpsiKeHne NpPonopLMOHaNbHO
CYMMapHOI NPOBOAMMOCTU BECOBbLIX PE3MCTOPOB, BKMIOYEHHbIX Ha LLMHY B.

Tunosas cxema MKH ¢ peanctopammn B pe3vCTUBHOW MaTpuue nsobpa)keHa Ha
puc. 67.
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Puc. 67. Cxema c NHK ¢ napannenbHbiM genuTtenem n3 BECOBbLIX Pe3NCTOPOB

Te4, Tes...Te, - nopaspsdHbie mpueeepsbl; Ri, Rs...R,- pesucmusHas mampuuya;

S1, S2...S, - 0s8yxnosuyuoHHbie Krrodu; QY - ornepalUoHHbIU ycunumerb;

Roc — conpomusneHue 8 uernu obpamHou ces3u (OC)

B pealibHbIX CXeMaXx [MNepeKkrtovYeHne BeCOBbIX pPEe3NCTOPOB OCYLLECTBIIAETCA
QNEKTPOHHbIMU KIto4aMun wUnn perne, ynpasideMbiMU 3NEKTPUHECKUMUN CUTHaANNaMnN B
3aBUCNMOCTU OT npeo6pa3yeM0ro KoAda.

BxogHon kop aq, ap, ...a, noctynaet B 6nok nopaspsigHbix TpurrepoB Try, Tra... T,
ynpasnawwunx paspsgamu KH. Tpurrepbl 3anoMuvHalOT U XpaHAT KoO4 BO BpeMs
npeobpa3oBaHNsa €ro B BbIXOOQHOE CTyneH4yatoe HanpsbkeHue. Tpurrepbl ynpaBnsawoT
ABYXMO3NLUMOHHBIMKM Kitodamn Sy, S,...Sy B paspsagax NKH. Ecnu B i-ToM paspsge koga
O6yget 1, To kntoy S; noagcoeaAMHUT pes3ncTop R; KO BXody onepauuoHHOro yeunutens
QY Ha BbIxoge, ecnu B paspsage 0, pe3auctop 3asemnsercsa. Bmecto 6noka Tpurrepos
Ha Bxoge [IKH o06blMHO uWcnoONb3yeTcs napannenbHbii  PEerncTp, XpaHsawmmn

E n—1 )
nHdopmaumio. Ecnu conpotusnenne Roc yeunurens pasHo R, 1o Uy, = ani 20
i=0

Apyrum BMOoM pe3ncTuBHOro genutensa aensetca matpuua R-2R (puc. 68).
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=3 s 21

w1 [ sl =[] =[] =[] =[] = D

Puc. 68. Cxema napannensHoro agson4yHoro genutens tuna R-2R (a)
M Cxema 3aMeLlleHns napannenbHoro geondHoro genutena tmna R-2R (6)

Eo — ucmoyHuk numaxus, S1, S2..S6 - 08yXno3uLUOHHbIE KITHOYU.

Ha puc. 68, a n3obpaxeéH wectnpaspagHbin genutens ¢ matpuuen tuna R-2R.
[na aton cxembl noteHuuan i-Toro nepekntoyatens S; paseH Ep npu a=1 (koHTakT
cnpaea) n paseH 0 npu a;=0 (KkoHTaKT cnesa). B kaxaown y3noson Touke (1, 2,...6) npu
ai=1 conpoTMBNEeHNs Mexay 93TOM TOYKOM U LIMHOW (3emrie) BO BCex Tpex
HanpaBfeHnAX oAnHaKoBbl U paBHbl 2R (pnc.67 6). NoaTomMy noTeHuman i-in ToYkK nNpu
BKITHOYEHMM OAHOIO i-ro NepeknyaTens:

E
vi= ARR T
2R+ 2R+2R 3
2R+2R

B kaxpgon cnepylowen Toyke crneea noteHuuan ymeHbluaetcs (puc. 68, 6) B 2
pasa, TO ecTb B TOYKe n (nocnegHen):

Tak kak B 00LLEeM criy4ae MOXeT ObITb BKIIOYEHO N NepeknoyaTenei:

1 E n ;
K :_'_,2'22 “ay; = HE,,
32" 4

roe i— HOMeEpa BKITHOYEHHbIX (aK,i) pa3p4aaoB and nogaHHOro Ha gefinTesib Koaa.

OueHka kauvecTtBa LLAIN
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KauvectBo LAl oueHnBaeTcs uJepe3 cnegywowue napameTpbl:  YUCNO  paspsgoB
ynpaBngaoLwero koga - N, HOMUHanNbHbIA BbIXOOAHOW TOK lg.,y, BPEMS YCTAHOBMNEHNSA BbIXOAHOMO
curHana rnocre u3meHeHust ynpasnsaoLero koaa tycr, NorpewHoCcTb MNOMHON WKanbl 3y, (NonHas
abcontoTHast NOrpPELLHOCTb), MOrPELLIHOCTb JIMHEMHOCTU &, AuddepeHLmanbHast HENMMHENHOCTb
dn.n., MAKCMManbHasa YactoTa npeobpasoBaHus.

TTewx

Puc. 69. K Bomnpocy omnpeenenus morpenHocT!
1 po-aHATIOTOBOTO MPEOOPA3OBAHHUS.

Ha puc. 69 npeacrtaBneHbl KpuBble, NOACHAWLWNE XapakTep norpewwHocten LAl Kpusas
Usuix. uyn COEAUHAET TOYKN, COOTBETCTBYIOLLME MAearbHON 3aBUCUMOCTU BbIXOQHOMO HanpsKeHus
oT ynpasnsaoLiero koaa. KycodHo-nuHenHasa kpnsast Uy, — 3TO pearnbHas 3aBUCUMOCTb Ug,x
oT N. Pa3HoCTb Uguxp- Usux ug 4N MakcMmarnbHoOro 3HadeHus koga N — 37O norpeLuHocTb
MONHOW wWkKanbl on,. Hanbonblee oTknoHeHne KpuBON Ug,xp, OT MPSAMON, COeAWHSoLENn
KpaHMe TOYKM 9TOW KPUBOW, XapakTepusyeT MorpewHoCcTb IMHEMHocTM &, HakoHel,
anddepeHumansHas HeNMMHENHOCTb onpeaensieTca kak Haumbonblias no MOAyN0 pasHOCTb
MeXAy TeKyLMM pearbHbIM 3Ha4YeHMEM KBaHTa MO YPOBHIO Qi U €ro CPEAHUM 3HAYEHWEM (., B
AnanasoHe npeobpasoBaHus.

OuHamunyeckasn norpewHocTs LIAI onpegensaetca BpeMeHeM yCTaHOBNEHUS BbIXOAHOW
BEMUYMHbI t,c; 1 MAKCUManbHON YacToTon npeobpasoBaHns fop.

Bpemsa t.; onpenensetca kak uHTepsan BpemMeHu OT Mnofdavn BXOOHOro koga [Jdo
BXOXAEHMSA BbIXOOQHOrO CuUrHana B npefenbl 3agdaHHOM 30HblI ownbkM BOKpYr Tpebyemoro
aHanorosoro yposHs. MakcumanbHasa 4actoTta npeobpasosaHus f,, — 3T0 Hanbonbluas YactoTta
NOCTYNMEHNA BXOOHOrO koAda, npu KoTopon napameTtpbl LJAIT cOOTBETCTBYHOT HOMWHAMNbHbLIM
3HaAYEHUAM.

MorpewHoctn LIAM moryT ObiTb BblpakeHbl B EMP vnn B oTHOCMTENbHbIX eanHuuax. [Ons
CepunHO BbinyckaembIix Mukpocxem LIAM uncno paspsagos n=10+12; t,; OT AeCATKOB MKC [0
COTbIX A0Sfie MKC; lgux — €AuHUUbBI MA, MNOrpelHoCTb MOSTHOM LWKanbl MOXeT AocTuraTb
tnecatka EMP, anddepeHumnmanbHaas HeENWHEWHOCTb OT oOAdHoro Ao gecatka EMP,
HENMMHENHOCTb He OOIMKHa BbIXoanTb 3a npegensl +0,5 EMP.

NMHK ¢ npomMexyToyHbiM npeobpa3oBaHMEM HaNpsXXeHUss BO BPEMEHHOW WHTepBan,
nponopuuoHanbHbin Uy (Bpems - UMNYIbCHbINA, ABYXKOMMNapaTOpPHbLIN).
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WN3-3a wmpokoro pacnpocTtpaHeHus atoro Buga [MHK MMeHHO K HeMy OTHOCAT MoHATUe
«lMHK nocneposaTensHoro cyeta» (puc. 70).

= %__ U; i fo
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Puc. 70. ®dyHKuMOHanbHasa cxema gsyxkomnapaTtopHoro MHK

BY - exodHoe ycmpoticmeo; CY — cpasHusawuwee ycmpotcmeo;, [TIH — zeHepamop
nunoobpasHoeo HanpskeHus; YY — ynpasnswouwee ycmpoticmeo, [C — cyemyuk; M —
eeHepamop CYEeMHbIX UMITY/1bCO8.

N3mepsemoe HanpspkeHne U, npegBapuTenbHO Npeobpasyetcs BO BPEMEHHOW MHTepBan fy
nytem cpaBHeHuss U, 1 NIMHENHO MeHsdLweroca nunoobpasHoro Hanpsxkenuns Uy. Mo curHany
«3anyck» YY (Tpurrep) cbpacbiBaeT Ha Hymnb Mnoka3aHus cdetduka u 3anyckaet MIH n U,
JInHernHo nameHsoweecsa HanpskeHmne Uy, noctynaet Ha Bxog 1 CY-1 u CY-2. lNepBoe 13 HMX
duKkcupyeT Hyneson ypoBeHb B MomeHT U,=0 u BblgaeT HanpsbkeHve U1, noctynatouiee B
ANEKTPOHHbBIN KITHOY, OTKPbIBas ero. ONeKTPOHHbIM KoY AaeT KoMaHady Ha nogady MMnynbcoB
' Ha Bxog cyeTumka mmnynbcoB (Yactota fy). B MomeHT paBeHcTBa Uy=U, cpaBHuBatoLee
ycTpouncTeo CY-2 faeT curHan Ha 3akpbITue Kroya, npekpailas aTum nogady nmnynescoB ['U Ha
cyeTumk. 3a Bpewms t, cueTumk 3adpukenpyeT umcno umnynbcoB Ny. Ny=t/To.

Mpwn atom (puc. 71) U=t -tgB. Ecnu B - yron HaknoHa nuHenHo-Bo3pacTtatowero Uy, To ero
TAHreHC paBeH CKOPOCTU W3MEHEHUSsI 3TOro HanpsbkeHus, npudem v=const. C y4yeTOM
ckazaHHoro Bbiwe U=t tgB=v-N,/fo=n-Ny, roe m- nocTosiHHbIi ko3pPULMEHT, Npuyem n=10"
(xk=0,1,2,3...), ecnu He Ucnonb3yeTcs ABOUYHbIA CHETUMK.

T
Us| ] o t
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Ug | ! 3 t
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Puc. 71. BpemeHHble gnarpammbl ans gsyxkomnapatopHoro AL
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Takum obpasom, B aBounyHbIn kog (MOK), dopmmnpyembii ¢ noMoLbo ABOUYHOrO cdeTynka -fC,
npeobpasyeTca BxogHoe HanpsxkeHne U,. YNpouleHHas anekTpuyeckas npuHUunuanbHas
cxema asyxkomnapartopHoro AL npuBeageHa Ha puc. 72.
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Puc. 72. Cxema gsyxkomnapartopHoro MNHK.

MHK Takoro Tuna npocTbl, MMEKT AocTaTovyHOe ObICTpoaencTBMe (HEeCKONbKO ThiCAY
npeobpasoBaHuii B ¢), norpewHocTb nopsaaka +(0.05+0.1)%.

CocTtaBnsioLwme NorpeLHoCTn:
NOrpeLLHOCTb KBaHTOBaHUSA, 3aBucaLas ot t,/To;
MOrpeLlHoCTb peanusauun, onpegensemasi CtabunbHocTbiO fo;
MOrPELLHOCTb YYBCTBUTENBHOCTM OT HanNn4uMs nopora 4yyBcTButenbHoctn CY-1 n CY-2;

NOrPELLHOCTb HENTMHEMHOCTM U HECTAOUNBHOCTM HanpsbkeHus «nunbi» MTH.

UnTterpupyrowmn NMHK

WuTterpupyowme MHK mmeoT MMHMManbHOE 4MCIO HEOOXOAMMBIX TOYHbLIX KOMMOHEHTOB,
BbICOKYID MOMEXOYCTOMYMBOCTb, OTCYTCTBME AuddepeHumanbHON HENMMHENHOCTU, HU3KYH0
CTOMMOCTb, YTO OMNPEAennno MxX LUMPOKOE MNPUMEHEHME B U3MEPUTENbHbLIX Mpubopax U
cUcTemMax HEBbLICOKOro ObICTpoAenCTBMSA (OT OOHOrO A0 HECKONbKUX ThiCAY NpeobpasoBaHunin B
cekyHay). B atux AUI mcnonb3yeTcs mMeTon aHanoroBoro WHTErpMpoBaHUs, Mpu KOTOPOM
ocyllecTBnsieTca onTumanbHas obpaboTka cMecu BXOO4HOro curHana u wyma. Kak nssecTtHo,
OTHOLUEHWE CUrHasn-wym Mpu WMHTErpMpoOBaHUKM pacTeT 3a CYET TOro, YTO CTaTUCTUYECKUE
XapaKTEpPUCTMKMU CUrHana v wymMa pasnuuyHbl Ons MHTepBana uHTerpupoBaHus. Ons aToro
WHTepBana curHan MOXHO cuuTaTb AETEPMUHUPOBAHHLIM, a LIYM — CIlyYalHbIM NPOLECCOM.
Takum obpasom, ans cosgaHus nomexoycronumsoro NMHK Hy)XHO BMeCTO HenocpenCcTBEHHOroO
npeobpasoBaHnsl BXOAHOrO CUrHana npoMHTErpupoBaTtb €ro B npouecce npeobpasoBaHns
(pnc.73).
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Puc. 73. dyHkumoHanbHasa cxema NMHK (a) n BpemeHHble guarpammel (6).

WH — uHimeepamop; S;, S, —aHarnoezosblie kmwodu; N3 — eeHepamop umnyrbco8 3adaHHOU
onumensHocmu;, M1 — eeHepamop cyemHbix umnynecos; T, T, T3 — mpuseepHoe
ynpaesnsouwee ycmpoticmeo; CY — cpasHusatowee yecmpolcmeo; S — koY, [C — 080uYHbIl
CYEMYUK.

AL cooepXnT nHTerpatop — yCTPONCTBO, BLIXOOHOE HarpshkKeHne KOTOPOro nNponopunoHansHo
WHTEerpany BO BPeEMEHU BXOOHOro HanpsbkeHus U,. B mucxogHom coctosiHum knoum Sy, Sy, S
3aKkpbITbl. LIMKN n3amepeHus HayMHaeTcst ¢ TOoro, YTo B MOMEHT BpemeHu t; (puc. 73, 6)
nepegHum cdopoHToM umnynbsca M'M3[ yepes Tpurrep T1 OTKpbIBaeTCs knod Sy. HanpspkeHne Ha

t
BbIXOAEe MWHTerpaTtopa HayvMHaeT Bo3pacTatb Mo 3akoHy U, =k_|. U ,dt. Yepes wuHTepsan
0
ty
BpemeHu t, , koraa Hanpsbkenue pasHo U, =kIUth=ktHU
0
reHepatopa M'M3[ 3akpbiBaeT ko4 Sq U OTKpbIBaeT S, yepes T,. B MomeHT t; kO Bxogy VIH
OKasblBaeTCsa MpPUNOXeEHHbIM HanpsxeHne — U, npoTtmBononoxHoe no 3Haky Ux. Ha Bbixoge

3a4HUN PPOHT MMMyrbca

xep?

Ix
MHTEerpatopa Ha4nHaeT BOo3pacTaTb HanpaxxeHne UHHZ = —kJ.UOdt.
0

Kpome Toro, B MomeHT t, umnynscom oT MN3[ 4depes Tpurrep T, OTKpbiBaeTcs Kod S, n
nMnynbcbl Yactoton fy ot M'M HaumHaoT noctynaTth Ha Bxog [C. B TeueHune t, HanpsikeHne Ha
Bxoge CY pasHoe Upyyi+Uppy, yMeHblIaeTca U B MOMeHT t3, korga Ha Bxoge CY Uyy=Uon=0,
CpaBHMBaloLLLEE YCTPOMCTBO cpabaTbiBaeT uM 4yepe3 Tpurrep Ts; BbIKIYaET K4 S m
npekpaiiaet goctyn umnynscos B [1C.

t
B momeHT t; U, = -kt -U,. Takum obpasom, kt,U ., =—kt -U,, oTkyaa t, = Ui-UXCP :
0

rae U, - cpedHee 3a Bpemsi t, 3Ha4YeHMe BXOAHOrO HanpsbkeHus. YnMcno vMnynbCos,
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t t
3adukepoBaHHoe 3a tx; N, =*X=—2—.U, , =kU

_Fo To'Uo o

TaKk Kak B MepBOM MpuOnNmKeHun
t,=const, To=const, Us=const.

Ecnn Ha namepsiembln curHan HaknagblBaeTcs CuHycovaansHasa nomexa Up ¢ yactotou fy,
To npn  t,=n-1/f, rae n=1,2,3..., OEeNCTBME NOMEXN Ha pe3ynbTaTa U3MEPEHNST NCKIHYaAETCA.

ty
OTO 06bACHAETCH paBEeHCTBOM HyIO MHTerpana J.Undt. O6bI4HO t, BbIBUpPAOT C yYyeToM
0

nenctema nomex =50y 1 f=1000"y,
CocraBnstoLime norpeLHoCcTH:
NOrpeLLHOCTb KBaHTOBAHNA MHTEpBana t, KBaHTYHOLWMMN NMIYIIbCaMU;
NOrpeLLHOCTb YyBCTBUTENBHOCTH - OT CY;
MOrPELLHOCTb OT HecTabunbHocTn Ty, t, 1 Ug;
NOrpeLLHOCTb peanuaawuu.

BnuaHune HectabunbHocTn Ty U t, Nerko mckniovaeTcs, ecnu BbINONHUTL ycrnosue t,=c- Ty, raoe
c=const. JTO ocywecTBnAeTcs nyteM POpPMMPOBaHMA BPEMEHHOIO UHTepBana t, ¢ MoOMoLLbo
MMMynbCoB reHepaTopa .

B peanbHbIx ycnosuax B ponu M3 ucnonb3yloT ABOMYHBIA CHETYUK, KOTOPLIA NPOU3BOAMT
C4eT MMNYNbCOB U BO BPEMS NEpPBQro TBKTa Npeobpa3oBaHus (MHTErpupoBaHWe), N BO Bpems
BTOPOr0 — OCHOBHOrO TakTa aHanoro-umgpoBoro npeobpas3oBaHusa curHana. B atom cnydae
U0 (puc. 74).
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Puc. 74. NMHK aByxTakTHOro nHTerpuposaHus. Cxema anektpuyeckas
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Puc. 75. BpemeHHble gnarpamMmmel

Mmnynec 3anycka noctynaet Ha Tpurrep Trq NMHK B MOMeHT BpemeHnu t;. Tpurrep, nepexoas
B COCTOSiHME «1», OTKpbIBaeT KoY Sy, Yepe3 KOTOpbIM npeobpasyemoe HanpspkeHve Uy
noctynaeT Ha nHterpaTop MH.

Kak 6bIno nokasaHo BblLLe, BbIXOAHOE HaNpsPkeHe MHTerpaTopa pacteTe Mno 3aKoHy:

1 t
vu,,=——:~ |U,dt,
uH (RC) s ! X

roe Rakg M Cakg — NOCTOSAAHHBIE 3MEMEHTbI CXeMbl MHTerpartopa.

HanpsikeHne ¢ BbIxoga MHTerpatopa nogaeTcsl Ha OAWH U3 BXOOOB CXeMbl cpaBHeHus CC,
Ha BTOpoWn Bxod KoTtopon nogaHo U.=0. Poct U,, npogomkaetca A0 MOMeHTa ty, Korga OHO
cTaHeT paBHbiM U,, cpaboTaeTr cxema cpaBHEHMS,, W €€ BbIXOOHOW mmnynbcC (Bbixog 1)
nepebpocut Tpurrep Tr; B cocTosdHne «1». BbixogHon mmnynbc Tpurrepa Trz OTKPOET Koy
«W», n umnynbcebl oT W Yyepes OTKPbITLIN KMY HaYHYT NOCTynaTh Ha ABOUYHbIA cyeTynk Cu.
WHTerpuposaHne Uy npoucxoant B TedyeHue BpemeHn t,= t3-t,. KoHew aToro wmHtepsana
DUKCUPYET CUETUMK, KOTOPLI B MOMEHT t; ¢ Bbixoga 2™ BbigaeT «MMnynbC nepenonHeHns»,
NU3MEHSIOLWMIN COCTOsIHME TpurrepoB Try U Try: NepBbld 3aKkpbiBaeT Si, nNpekpailas JOCTyn K
nHTerpatopy Uy, a BTOpPOM OTKpbIBAeT S,, W Ha UHTerpartop noctynaeTt HanpsbkeHne - Up C
nonsapHocTbio o6paTHoM Uyx. K MOMEHTY t; HanpshkeHne Ha Bbixoge uHTerpatopa:

15!

_[Uth;

5]

R
(RC) 518

Ui =Uon
CyeTunk «OOHYNEeH» MMNYNbCOM MEepPEenoniHeHud, nepsebii TakT paboTtbl NMHK okoHueH. B
nepvog t3-t4 HanpsPKeHne Ha BbIXOA4Ee UHTEerpaTopa yMeHbLLIAETCS MO 3aKOHY:

1 p
UHH :UHHI - RC 'ondz-
( )31<B t3
CyeTunk npou3BoaMT BTOPOM LMKNA cdeTa UMMYMbCOB, Tak Kak ko4 «WM» oOTKpbIT no-
npexHemy. B momeHT t4, Upye cTaHoButca paBHbIM Upgp, Tak Kak paBHbl HanpsKeHus

NPOVHTErpUpPoBaHHbIe B nepuodbl ty U ty, TO ecTb

122



LleHTp ANCTaHUMOHHOro 0by4yeHua 1 NoBbIWEHNA KBaAUDUKALMN

ABTOMaTM3a umMAa nponsBoaCcTBeEHHbIX MpoLUeCccoB
B 1
(RC) o5

Cxema cpaBHeHusi cpabaTbiBaeT BTOpOM pa3 WM BblgaeT UMMYNbC Ha Bbixoge 2. JTOT
UMMynbC 3akpbiBaeT Koy «» yepes Tpurrep Tr; (MpekpawaeTca cyeT MMMYNbCOB CYETYNKOM)
n KNy S, yepes Tpurrep Tro. OkoHdeH BTopomn TakT pabotbl MNMHK (cobctBeHHO aHamnoro-
LmdpoBoe nNpeobpasoBaHmne 1 BECb LMK €ro paboThl).

Ulzk'fH'U aUzz—k'tx'U;k

Xcp

Monaras Uys pasHbiM Uy, B MOMEHT t, umeem K+, 'chp= —k- t.-U,, otkyna

U, -t N
U, =———-.3ameHus tX:T—XzNX “fo

Z‘1/1 0
rae Ny — YMCno MMMYNbCOB Ha CYETUYUKE B MOMEHT ty ;

To,fo —yactoTa u nepuog .

U, N, -
Monyunm U, __ Yo NeSo

Ly Ly

B oatom Bbipaxenun fo, t, wn Uy npuHumaem HeusMeHHbIMU (CTabWnbHbIMK),
cnepoBaTefibHO KOA4 Ha BbIXOAE ABOMYHOrO CYeTyMka COOTBETCTBYET MNpeobpasoBaHHOMY
HanpskeHno Uy.

,D,aHHbIe CXeMbl pearnun3yrTcAa Ha OCHOBE I/lHTeraJ'IbHOVI TEXHOJ10INN.

Wcnonb3oBaHWe [OBYXTAKTHOTO WHTErpMpOBaHUSi MO3BOMSIET KOMMNEHCUPOBATb  psif
COCTaBMSAOWMNX  CTATMYECKOM  MOrpeliHoCTH,  BbI3BaHHbIX  HECTabWMbHOCTBIO — nopora
4yBCTBUTENBHOCTM KOMMapaTopa U NOCTOSIHHOM BPEMEHW MHTErpaTopa.

HoctonHctBoM uHTerpupytowwmx MNMHK aenaetcs Bbicokas To4HOCTb (y2+0,005%) 1 noBbIeHHas
NOMEXOYCTONYNBOCTL (KO3IPUUMEHT nNogaBneHus noMex HopmarnbHoro suga npumepHo 4046
NPy OTKMOHEHWM 4acToTbl MOMEXU OT HOMWHanbHOW Ha +1%). KoadpmumeHT nogasneHus
nomex Moxet bbITb AoBeaeH Ao 170 b ans nomex obuwlero Buaa NOCTOSAHHOrO Toka 1 Ao 120
ab — ansa nomex vactoton 50 u. Bnarogapsi BbICOKOM TOYHOCTM M MOMEXO03alLULLEHHOCTH
nHTerpupyrome AL aBnaoTcss 0CHOBOM LIMPPOBBIX U3MEPUTESTbHBLIX BONLTMETPOB.

NMHK nopaspsaaHoro koaupoBaHusa (KOA0-UMNYbCHLIN)

HeszaBucnmo ot cxembl M KOHCTpyKuun MNMHK atoro Tmna npuHUMn ero Aencreus
BCerga ocTtaeTcsl OOHMM U TeM XXe: BXoAHOe HanpsbkeHue Uy, cpaBHMBAETCS C CyMMOM
3TanoHHbIX HanpsxxeHun Uy, BblpaboTaHHbix BHyTpK MHK. 3Ta cymma nameHsetca ao
Tex Mop, Noka He CcTaHeT paBHOM (C 3adaHHOW CTerneHbld TOYHOCTU) BXOLHOMY
HanpsbkeHuto. CyllecTByeT OOHO3HAYHOE COOTBETCTBME MEXAY CYMMOW 3TanOHHbIX
HanpskeHun n BolpabaTtbiBaeMbiM B [MHK kogom, noatomy, cHumas ¢ Bbixoga NHK kog
B MOMEHT paBEHCTBA CYMMbl 3TanOHHbIX W BXOOHOIO HaMNpsiKeHWW, noslyd4aem
pe3ynbTaT Nnpeobpa3oBaHus.

MHK nopaspsigHoro KogmMpoBaHus GblBatoT ABYX TUIMOB:
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BbIMOMHSAEMble B BUAE 3aMKHYTbIX CUCTEM CO CpPaBHEHWEM aHarnoroBbiX BEMUYUH U
nmerowme uenb obpatHonm cBs3u, oxsaTbiBarowyto Becb NHK. B uenn OC Bknto4veH
MKH, npeobpasytowmin napanneneHbi kog MNOK B NOCTOAHHOE HanpsXXeHue unm Tok;

MOCTPOEHHblE B BWUAE Pa3OMKHYTbIX CUCTEM, TO ecTb He umetowme uenu OC,
OXBaTblBaloLLel Becb NpeobpasoBaterns.

Hanbonee pacnpocTtpaHeHbl AL ¢ 3aMKHYTON CUCTEMOW LMKNNYECKOro AENCTBUS
(puc. 76).

—» BV > CV =— IIKH

Ly

Vv o

Puc. 76. YnpoweHHaa dyHKLMOoHanbHasa cxema Kogo-umnyrscHoro MNHK.
BY — exo0Hoe ycmpoticmeo

N3mepaemoe HanpsxkeHue Uy nocTynaeT Ha BXOOHOW AenuTenb HanpsxeHus BY,
nepeknoyaembl asTomaTndecku. MNpun manbix 3HadveHnsax Uy, BY cogepxuT ycunurens.
C Bbixoga genutens HanpsbkeHue U, = kU, (K — KoadppunumeHT npeobpasoBaHmsa Uy)

nogaetca Ha cpaBHuBawlwee yctponctso CY. Ha Btopon Bxog CY nopaetcs
KBaHTOBaHHOe HanpsbkeHue Uy, cHumaemoe ¢ LIAT. Mo pesynbraty cpaBHeHuss CY B
3aBMCUMOCTN OT 3HakKa pasHocTu U,-Uyx nogaeTt curHan B YCTPOWCTBO yrnpasneHus YV,
KOTOpoe BO3OeNCTBYeT, B CBOK oyepenb, Ha BY wn LAIl. Tlog Bosgencteuem YY
HanpsbkeHne Uy 6yaeT M3MeHATbCA CTyNeHs MU B COOTBETCTBUM C BbiOpaHHLIM KOLOM
noka He Hactynut paseHcTBo U, =U', = kU,. OgHoBpeMeHHo ¢ nepekntoveHvem LIAT
ynpasnsiLiee YCTPOUCTBO (hopMupyeT KOO Ha Bbixoge. Ynpasnsiulee YCTPOUCTBO
06bI4YHO COCTOMT U3 N-pa3psgHOro permctpa TPUIrepoB CO CXemMamMm «u» (CABUraroLLnn
pernctp). bonee nogpobHo paboTta YY paccmoTpeHa no cxeme, NpMBEAEHHOWN Ha puc.
77.

IIyerepel munyoLe

T [
g PTI
[TI—» S i 5 3. nlon nfl a0
¥ Y = vVoy |
> Sy S, S; S,
. S| 18]
T, T, T3 T,
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T T Tk \ >
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Puc. 77. ®yHkumnoHanbHasa cxema AL nopaspsigHOro kKogMpoBaHus

PTU — pacnpedenumernb makmosbix umnyrnbcos;, [TU — z2eHepamop makmoebix
UMnynbco8

Pacnpegenutens TaktoBbiX uMmnynbcoB (PTU - obGblMHO pernctp casura) BblgaeT
nooyepeaHo MMMynbCbl Ha N+2 BbIxogax Mo OENCTBMEM WMMYNbCOB reHepaTtopa
TakToBbIX MMNynbcoB [ TW. CpaBHuBallwee YCTPOMUCTBO BblJaeT  curHan,
OTKpbIBaAKOLWNA Ktoun Sq, S,...S, npu Ui>Uy, a npn U<Uy kntoun 3akpblThl. [yckoBon
UMNynbc nepeBoauT Tpurrep T B COCTOSIHNE «1», OTKPbIBAETCH KN4 S, 1 UMMYNbCbl OT
'MW HauuHawT noctynate Ha Bxog PTW, koTopbl BblgaeT MMMNYyNbC Ha MepBOM
BbIxoge. [loa nencrtemem 3Toro umMnyrnbca onpokuabiBaeTca Tpurrep T4 1 BO3gencTeyeT

Ha MKH, Ha Bbixode KOTOpPOro nosiBnsieTcs Hanpsbkenve U, =2""'-AU, , rae AU, -

HanpsbkeHne paBHoOe Lwary kBaHToBaHus. Ecnn Uyg>Uy, 1O CY Bblgaet curHan,
OTKpbIBaOWMA Kknoun Sy, S,...S,. Npu cnegyowem ware nosaBnsieTcsa UMnynbC Ha
BTOpOoM Bbixoge PTU. 3T10T umnynbc 4Yepes knwod S; Bo3BpawaeTr Tpurrep T B
NCXOQHOE COCTOsIHME, OTKMYasa nepsyto cTyneHb Ugq, U onpokuabiBaet Tpurrep To,
kKoTopbln Bo3gencteyeT Ha [1IKH. Ha Bbixoge [1KH nosiBnsetca HanpsxkeHue
U,, =2"7-AU,. Ecrim Up<Uy, To Kntoumn Sy, S;...Sp 3aKpbIThl, U NP Crieaytowem Luare

UMMynbC C TpeTbero Bbixoga PTU He MoXeT BEPHYTb T, B MCXOOHOE MOSNOXEHUE, HO
onpokuHeT T3, BKNOYawWwmn TpeTbto cTyneHb Uys. NMocne atoro wara Ha Bbixoge NKH

6ynetr U,, =2"7- AU, + 2" - AU, , koTopoe 6yaeT cpaBHuBaTbcs ¢ Uy.

Takmm o6pa3oM, K KOHLUY UMKnia u3mMepeHua Ha Bbixoge UAI 6yper HabpaHo
HanpsbkeHne Uy Hanbonee 6nuskoe Uy, Yemy GyaeT COOTBETCTBOBaTb onpeaeneHHas
KOMOUHaUUA COCTOSHUSA Nopa3psgHbIX TPUrrepoB. BbixogHble noTeHumansl 3TUX
TpurrepoB n obpasytot kog. Mpu n+2 ware umnynsc PTU Bosepawaet Tpurrep T B
NCXOQHOE COCTOSIHME, HAa YEM OKaH4YMBaEeTCsa LMK npeobpasoBaHuns (puc. 78).
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Puc. 78. BpeMeHHble anarpaMmmebl

OcHoBHbIe cocTaBnNALLME MNOrPELLHOCTN Npeobpas3oBaHus:
MOrpeLlHOCTb OUCKPETHOCTH, onpeaensaemas YuCcnom paspsaaoB Koaa;
NorpeLHoCTb peanusaumm, sasucawiast ot TodHocTun LIATT;
MOrpeLLHOCTb BXOQHOIO genutens (yeunurens);

NOrpeLlHoCTb YyBCTBUTENBHOCTH CVY.

MpeobpasoBaTtenb HaNpsXeHUs B KoL, TMOCTPOEHHbI NO MeTody nopaspsgHoro
kogmpoBaHusa ¢ NKH B uenn OC, asnseTtca Havbonee pacnpocTpaHeHHbiM Tunom MHK. OH
obnagaet Bbicokon ToYHOCTbIO (Y=10,001%), HO OBbLIMHO HEBBICOKMM ObICTPOOENCTBMEM, TaK
Kak Ons ycTpaHeHus1 NoMex 4YacTo cHabxaeTcs (ounbTpoMm.

Mo cpasHeHnto ¢ AL nocnegoBatensHOro cyeta, paccMoTpeHHbIn AL ocywecTenseT
npeo6pasoBaHne 3a n WwaroB BMecTo 2"-1 1 No3BonsieT NofyYnTb CyLLECTBEHHBIN BbIMIPbIL B
OGbicTpoaencTBun, KoTopbiv, Npu N=10 gocTuraet AByx nopsaakoB. CTaTnyeckasi NOrpeLHoOCTb U
OblcTpogencTene B OCHOBHOM onpegenstoTcsa napametpamu LIAM 1 komnapatopa. CepuinHo
AU BbinyckaeTcs B BUAe UHTerpanbHbix Mukpocxem (MMC).

MpeoGpa3oBaTenu HaNPsXXeHUN B KOA CHUTbLIBAHUS.

VlCI'IOJ'Ib3y}OTCFI B OCHOBHOM A1 U3MEPEHUA nepemeu_l,eHMVl.
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B MHK (puc. 79) cospaetcs 2" -1 paspelueHHblIX YpoBHeN ¢ nomoubto 2" -1 onopHbIX
HanpsPKeHW, BolpabaTbiBaeMbIX C MOMOLLbIO AENUTENen HanpskeHun Ha pesuctopax. Kaxgoe
N3 OMOPHbIX HaMPSHKEHWI NOCTyMNaeT Ha nepeble Bxoabl 2" -1 cxeM CpaBHEHWs!, a Ha BTOpble
BxoAbl cxem CC ogHOBpeMeEHHO nogaeTcs BXogHoe HanpshkeHue Uy.

U= —_—
1 hi |
R | 2R IE] gy ——

== 3T 1 |cD |1
CCl —E[ Trif—] j
E 2R | iR .
U32 —
- - = 3T o

CC2 |} 1| Trh—

Uagrh) :
= s|T '
@y | R nP— 2 i

Tz chpoc

Puc. 79. Cxema lMNHK cuntbiBaHus

Uncno aTanoHHbIX ypoBHer 2" —1, rae n — YnCno paspsiaoB BbIXOOAHOrO koda. 3HadeHus
YpOBHel NponopLMoHarnbHbl NocneaoBaTenbHOCTM LenbIx Yncen ot 1 go 2" -1. Takoe xe 4ncno
KomMnapaTopoB B CXEME.

Mpn nogaye Ha Bxop 6Gnoka komnapatopoB (CC4, CC,...CCynq) HanpspkeHnss Uy Ha wmx
BbIXOOE MOSABUTCA KBAHTOBAHHbLIA CUrHanm B YyHUTapHOM kode (YHUTapHbIi KOA4 3TO N —
paspsaHbii napannenbHbIn eauHNYHbIA Kof). B 3aBncumocTn ot 3HaveHusa U, cpabaTtbiBatoT
(T.e. ycTaHaBnuBalwTCA B COCTOsiHME «1»), BCe Kommapartopbl, Ans kotopbix U.>Ug;;
komnapaTopsl, AnsA kotopbix Uy<Usz; ocTatotes B coctossHumn «0». Pe3ynbTtatbl cpaBHEHUSA Yepe3
RS — Tpurrepbl noctynatT Ha Bxog wudpatopa CD, koTopbin npeobpasyeT yHUTapHbIA Kog, B
NAOK. 3agaya wudpatopa onpedennts Homepa cocefHux komnapatopoB CC; n CCjq, B
KOTOPbIX BbIXOAHbIE CUrHArbl Pa3fnyHbl, U BblaTb COOTBETCTBYIOLLMIA 3TON rpaHuLE KOA.

Mpumep: U,=5: koa 3-x paspsagHbin (n=3)
Yucno komnapatopos: 23-1=8-1=7 wr.

N10=5; N2=1 01.

Tabnuua dpopMmnpoBaHus koga

Ne O6o3Ha4yeHue BenuyuHa PesyanaT CcpaBHMBaAHUA CocTosHue
KoMnapa cc
Topa CC U3j UX n Uaj
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1 CC, (2"-7) 1 Ue>Us; 1
2 CC, (2"-6) 2 Ue>Uss 1
3 CC, (2"-5) 3 Ue>Uss 1
4 CC, (2"-4) 4 U>Uss 1
5 CCs (2"-3) 5 U=Uss 1
6 CCs (2" -2) 6 Ux<Uss 0
7 CC, (2" 1) 7 Ux<Us7 0

KomnapaTtopbl CC; — CCs nepengyt B coctodHue «1», T.e. cpaboTtaiTt, a CCs — CC; —
OCTaHyTCA B UCXOOOM COCTOSIHUM, YTO 3adhMKCUMPYKOT COOTBETCTBYHOLUME TPUITEpbl, nepenas
CBOE cocTosiHne Ha 5 Bxogos [l B BMAE YHUTAPHOrO €4UHWMYHOrO Koda — NATb eOUHWL,.
HewndpaTtop npeobpasyeT yHuTapHbIn kog 5 B MNMAK — 101 (3-x paspsagHbin).

Y Takoro MHK HauBbicliee GbicTpogencteme (10+100HC). Hegoctatok — rpoMo3gKoCcTb M3-3a
00nbLUOro YMncna KomnapaTopoB: And 6-Tu paspsagHoro koga Hago 63 komnapaTopa. Moatomy
Takue AL nmetoT Yncno paspsgos 4o 8.

MorpeluHocTy NpeobpasoBaHus:

NOrpeLUIHOCTb ANCKPETM3aLMK, onpeaernsiemMasi YUCIIoM paspsifoB KoAaa;
NOrpeLLIHOCTb peanusaumm, 3aBucsasi ot cTabunbHocTn Us U TOYHOCTM AeNUTENS;
NOrpeLLIHOCTb YyBCTBUTENbHOCTK, onpeaensieMasi TodHocTeio CC (komnapaTopos).

OCHOBHbLIM BOMPOCOM, BO3HMKAKOLWWUM MpU NPOEKTUpOBaHUKM napannenbHbix AU saensetcs
BbIOOp KOMNapaTopoB M KOAMPYHOLEro yCTpoWcTBa (aewwudpaTtopa), OT KOTOPbIX 3aBUCUT
TOYHOCTb, ObICTPOAENCTBUE, a TaKkkKe HAaAEXHOCTb pabdoTbl AL,

MapannencHble AL obnagatoT cambiM BbICOKMM ObiCTpodenctememM (B Npegenax AEeCATKOB
HaHocekyHA) cpeaun gpyrux tTmnoe AL, Hegoctatkom mx siBNsieTCsl rPOMO3AKOCTb CXEMbI, YTO
3aTpyaHSeT peanusaumio MHoropaspagHbix AU B nHTerpansHOM ucnonHeHun. Tak, ansa 6-tm
paspsgHoro koga HyHo 63 komnopartopa, noaTomy obbivHO Takne AL nmetot He Gonee 8-mun
pa3psgoB. ToOYHOCTbL Mpeobpas3oBaHUs  OrpaHuU4eHa TOYHOCTbID UM CTabWibHOCTBIO
KOMNapaTopOB U PE3UCTUBHOIO AENUTENS.

AU cnepsawero aencreua (cneasiwero ypaBHoBeLWMBaHUS).

O1un AU nmeroT BbICOKY TOYHOCTb, HO MEHbLLEE ObICTPOAENCTBME, YEM PACCMOTPEHHbIE
Bbiwe ALM. OHM MMEIOT 3aMKHYTYIO CTPYKTYPHYIO CXeMy 1 paboTaloT B pexuMe CexeHus 3a
N3MeHEeHNAMN Npeobpasyemor BennyuHbl. BbIXOOHOM KOOOBBIM CUrHan crnegyet 3a KaabiM
n3MmeHeHnem Ux, npeBbllLatoWmMM War KBaHTOBaHUSA. BaxHbiM gocTonHcTBOM cnegsawmx AL
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ABNSETCA BO3MOXHOCTb Mnonyyatb pesynbTaT npeobpasoBaHus HenpepbiBHO. B Takmx AL
NPUMEHSIOTCA CpaBHMBaIOLLME YCTPOMCTBA CO CNEAsMM pexnmMomMm paboTbl U peBepCUBHbIE
6noku (puc. 80).

! Kol
U ~ PAC
—» CV =— PI'JICH

S

-
o

Puc. 80. dyHkumnoHanbHasa cxema AL crneasiwero ypaBHOBELLMBAHUS.
PITICH — pesepcugHbili 2zeHepamop JIUHEUHO-CMYyneH4Yamoea0 HarnpsKeHUs;
P/LIC — pesepcugHbIli 080UYHbIU CHEMYUK.

Mpun Ug<U, cpaBHUBatoLLiEe YCTPOMUCTBO BbiAaeT UMNYMbC «1», OTKPbIBAIOLLMIA KU Sq; Npu
U>U, CY BblgaeT uMnynbc «2», OTKpbIBaOLWMi kntod Sy; npu Ug=U, nmnynbcoB Ha Bbixoge CY
HeT, oba kntoyva 3akpbiThl. PITICH BbligaeT cTyneH4aToe Bo3pacTalrollee Unm yMmeHbLUaloLweecs
Uk. Moagpo6Hee paboTy atoro ALIM paccMoTpum Ha TUNOBOW CXEME.

Ecnu pasHoctb U,-U, Bonblie egmHuubl mnagwero paspsga, (puc. 81) noporosbin arieMeHT
M3, cpabatbiBaeT no curHany CY, oTkpbiBaeT KoY «M», 1 mmnynbCbl ONOPHOW YacToTel fy OT
' noctynatot Ha Bxog POC. B 3aBucumoctn ot 3Haka pasHoctn AU=k(U,-U,) Ha Bbixoge CY
Tpurrep 3Haka Trzy nepekntovaet POC Ha cnoxeHue, nubo Ha BblMUTAHME WUMMNYNbLCOB; MpU
U,=U kntoy 3akpblBaeTcs, 1 nogada UMnynbcoB npekpawiaeTtcs. [JBONYHbIN CHETUYMK KOaUpyeT
UX NO COOTBETCTBYIOLLEMY YMCTY CTyneHek AUy.
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Puc. 81. Cxema cnepswero MNHK
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o
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Puc. 82. BpeMeHHble Anarpammsbl.
ts: Uk1<Uxi.

to: Uk1=Ux1 = N1= Uk1/AUx= Ux1/AUk.
ts: Uk1<Uxz, Ux1<Usxa.

ts: Uk2=Uxz2 =Ny= Uko/AUx= Uxo/AUk.
ts: Uko>Uxs.

tg: UK3=U)(3 —)N3= UKs/AUK= ng/AUK.

Takmm obpasom, Npndop crneauT aBTOMaTUYECKU 3a U3MEHEHMEM BXOOHOW BEMNUYMHLI — B
3TOM €ero [JdOCTOMHCTBO. HepocTtatok — Manoe ObICTpoAenCcTBME NPU  3HAYUTENbHbBIX
N3MEHEHUAX BXOLOHOW BennyuMHbl. [orpelwHocTs MMeeT Te Xe coctasnswowme, kak n 'y AL
paccmoTpeHHOM Bbiwe (AL 4ncno-mMnynbCHbIN).

Mpeo6pa3oBaHne NepeMeHHbIX HanpshKeHUN.

Yalle Bcero nepeMeHHble HanpshkeHvsi npeobpasytoT B NMOCTOSHHbIE, NPOMOPLMOHabHbIe
aMnnuTyaHOMY, CpedHeMy NMOBO [AeiCTBYHOLEMY 3HAYEHWI0 MEePEeMEHHOTO HamnpsKeHWUs WUiu
npeobpasyloT BO BPEMEHHOW WHTepBarn, a3y MMM 4acToTy NEepeMeHHOro Toka, a aanee
UCNOMb3yT OAMH N3 PACCMOTPEHHBIX CMOCOBOB aHanoro-UMdgpPoBoro Nnpeobpas3oBaHus.

B cny4ae ¢ BbINpsAMAEHNEM UCMOMb3YIOT LOBOSIbHO COXHbIE BbINPAMUTENU C (DUNBTPOM.
MorpewHocTb >0.01%. OCHOBHON HEAOCTATOK NPU 3TOM — CHUXEHME BbICTPOAENCTBUS.

[nsa aTnx Xe uenen BO3MOXHO UCMOSb30BaTb PACCMOTPEHHbIN Hamu cnocob nopaspsigHOro
KogmposaHua. Ecnu paccmoTpeTs AUI cuHyconpansHoro HanpsbkeHna Uy, To HanpsbkeHne Uy
N3MEHSIETCA B COOTBETCTBUM C BblIOpaHHbIM KOAOM A0 €ro paBeHCTBa ¢ amnnutygon U,; uunkn
cpaBHeHusa — nepwvog U,.
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7. UudpoBble npeobpaszoBatenn wuHcgpopmauum B
UHOpPMaLMOHHO-U3MEPUTESIbHbIX cucrtemax
aBTOMaTU3UPOBaAHHOro o6opyaoBaHuUS.

YBenuumBaeTca 4YMCMO CTaHKOB W OpyrMx OBbLEKTOB — aBTOMaTu3aumw,
ynpaBnsembIX LEeHTpann3oBaHHO € nomoubto OBM. 310 06blMHO MWUHK-OBM Tuna
«ONEeKTPOHUKa», KOHTPONNEPbI, OTAENbHbIE MUKPOMNPOLECCOPbLI U T.4.

Tekywaa wuHdopmaumsa O Xo4e TEexXHONOrM4eckoro mnporpecca, COCTOSIHUM
obopyaoBaHNA U MHCTPYMEHTa, NapaMeTpPOB BHELUHEN cpeabl U Ap. noctynaeTt B ABM
Nno KaHanam CBs3M OT UM@POBbLIX nNpeobpasoBaTenen, pasMeLUeHHbIX Ha
obopynoBaHun, B 30He 06paboTkM UM BHEe aBToMaTtuyeckoro obopyaosanus (AO).

Haunbonee nonHo B 60MbLUMHCTBE LWMPOKO UCMNONb3yeMblXx cTaHkoB ¢ YIMY passuTa
NMHpopmaLmMoHHasa cuctema, obecneymBaroLas 3agaHHy0 TOYHOCTb 00paboTkm vepes
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KOHTPOSIb MOMOXEHUA UMM NepeMeLLEeHNa paboymx UM UCMOMHUTENbHbBIX OPraHoB C
AaT4YNKOM B CMCTEME 0DpaTHOM CBA3M NPMBOAA KOPPEKLNN.

Mog paTtynkoM noHMMAaeTcss  MHMOPMAaLMOHHO-U3MEPUTESIbHOE  YCTPOUCTBO,
BKMOYasi nepBu4YHbIn  npeobpasoBatens uHdopmauum (M), npeobpasyrowmi
HEeaNEeKTPUYECKYIO BEMNYMHY (NepemelleHne, TemnepaTypa, KpyTAWnn MOMEHT, N3HOC
WHCTPYMEHTa MU Op.) B aHANoOroByk 3MEKTPUYECKYHD BENUYMHY, U aHanoro-umMdgpoBon
npeobpasoBaTenb BeNMYnNHbI B ko4 (06b14HO MOK)

B Takom Bmae gatyunk siBnsetca umMdpoBbiM NpeobpasoBaTeniemM, Kak U KOOOBbIN
AaTymK, He umerwmn B cBoeM coctaBe AL m npeobpasyowmnin HE3INEKTPUYECKYHO
BXOOHYIO BENMYMHY B ONCKPETHYK HenocpeactBeHHo, 6e3 yvactua AU, BbinonHsas
ponb nepsuyHoro npeobpasoBatens. Kak yxe 6bino ckaszaHo Bbilwe, cpean 60nbLoro
yucna partymkoB, ucnonb3dyembix B AO Hambonee MHOrOYMCIIEHHOW Trpynmnon no
pasHoobpa3nio  Mcnonb3yemblx usndecknx adpdektoB M Habopa BapuaHTOB
KOHCTPYKTMBHbLIX peLlleHnn, a Takke Hambornee OTBETCTBEHHOMW MO 3HAYUMOCTHU
BO3MOXHbIX 06nacTten npuMeHeHNsa sBnseTca rpynna npeobpasoBaTtenemn yrnoBbiX ¢ U
NNHENHBIX ¥ NepeMeLLeHUN.

B npaktuke wucnonb3oBaHusi NoOoOHbIX NpeobpasoBaTenen OHM 4alle BCero
HeoOXxoOuMbl ANS pelleHns 3agad M3MepeHust abCOMOTHBLIX MU OTHOCUTESbHbIX
nepemMelleHnn obbekta N0 OOHOM U3 JMHEWHbIX W YINOBbIX KOOpAWHAT C
onpefeneHnemM, Kak YUCIEHHOrO0 3HaA4YeHUs, Tak U BO MHOIMX Cryyasx HarnpasfieHus
nepemeweHnn. Hanpumep, npu ucnonb3oBaHUM npeobpasoBaTenen B Ka4yecTBe
AaT4YNKoB 0OpaTHOM CBA3M B KOOpAWHATHBLIX cucTemax YUlY TpebytoTca nameHeHus B
abCoONIOTHBLIX 3HaYeHusx koopauHat [V(x), B KOHTYpHbIX cuctemax UYlY patyukm
obpaTHOM CBA3N OnNpeaensioT OTHOCUTENbHbIE 3HAYEHUA NpUpaLLeHUn TEeKyLMX
koopaunHat AlV(Ax) n 1.4. 3agaya onpegeneHns pasHoCTen KoopauHaT MOXeT ObiTb
CBsi3aHa C M3MEpPEHMEM OnpeferieHHbIX XapakTepuUCTUK (ONUHbI, TOMWMHbLI U T.4.)
KOHTpONMpyemMoro obbekta WM OTHOCUMTENbHOrO MnepemMmelleHns obbekta oT
NPON3BOJSILHOrO Havana oTcyera.

YrnoBble U nuHenHble npeobpa3oBaTtenn CTPOATCS C UCMNOMb30BaHMEM OOHUX W
Tex xe PU3NYECKNX MPUHLUUMNOB U OANHAKOBLIX METOAOB M3MEPEHUS; OTNIMUMSA MeXay
aTMMM  rpynnamu  npeobpasoBaTenenm  cBOAATCA  TONbKO K OCOBEHHOCTSIM
KOHCTPYKTMBHbIX PELLUEHUN, CBA3AHHbLIX C HanNU4YMemM 351eMEHTOB, COBEpPLUAKLIMX B
OLHOM criy4ae — noctynaTenibHoe, B ApPYroM — BpallaTenbHOe ABWKEHNE.

Kpome uHdopmMaumm o nepemelleHnn paboumx opraHoB AO ana yBenuvyeHus
TOYHOCTM 006paboTkM un3genuin ucnonb3lyeTcss AonoNHUTenbHast uHdopmauus o
BO3MYLLAKOLMX BO3AENCTBUAX, Nonydyaemast ot rpynnbl 111 (B OCHOBHOM aHanorosbIX),
pa3melleHHbIX Ha 6rnokax AO unn BHe ero. CTpykTypHasi cxema npeobpasoBartens
rMapaBnnyeCcKNX CUrHanoB B ynpasnsatoLime nodbpaxeHa Ha puc 83.
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Puc. 83. CTpykTypHasa cxema npeobpasoBaHusi MHPOPMaLMOHHbLIX CUrHanoB
N ncnosnb3oBaHmne ux B cucteme ynpasnenmst AO.

MHdopMaLMOHHbIE cUrHanbl 4epes3 aHasrioroBble KOMMYTUPYHOLLUME YCTPOMUCTBA
noctynatot B AL AHanoroBble WH(POPMAUMOHHbIE CUrHanbl B 3TOM Gnoke
npeobpasyTcsa B LUUdpoBbIE, NOCTyNawwme ganee B BblYACNUTESIbHbIE YCTPOWCTBA,
KyOa BBOAMTCS O4HOBPEMEHHO nporpamma obpaboTku nsgenun.

BblumMcnuTenbHble YCTPOMCTBA MOrYT nonyvyaTb MHAOPMaUUo, MWUHYS CTaauto
aHanoro-umdpoBoro npeobpasoBaHus, HenocpenCcTBEHHO oT KOO0BbIX
npeobpasoBatenen. Mcnonb3oBaHMe KOAOBbIX [aTYMKOB MNO3BONSET BBOAUTb
n3amepsieMbln napameTp B uudposon dopme B IOBM, muHys AUI n cuctemsol
KOMMyTaTtopoB. Takmm 00pa3oM, MNOHATHA HamnpaBfeHHOCTb MWCCMEeAOBaHUN Ha
pa3paboTKy UMPPOBLIX AAaTYMKOB B TOM YMCe, JAaTYNKOB MOSNOXKEHUSI.

OpHako, 3a AnuTenbHOe BpeMst aKcnnyaTauuu aHanoroBbiX AAaTYMKOB LOCTUTHYT
BbICOKMN YPOBEHb WX W3rOTOBIIEHMS, YEro Hemnb3s ckasaTb O AaTymkax UMdpoBLIX, U
noaTomy B OOMbLWMHCTBE CUCTEM PS4 M3MEPEHMM ele MHorme roabl Oyger
aHanoroBbiM. OTO O0COOEHHO cnpaBeanuBo ANst NpombilwneHHoro AO, rge  CKOpoCTw
nNpoTeKaHNs NPOLECCOB OTHOCUTENbHO HEBEMNUKM.

B BblMMCNUTENBHBLIX YCTPOMCTBAxX BblpabaTbiBaeTcs YNpaBnsAlwLWMA CcuUrHan,

KOTOpbln B UMGpPOBOM doopMe MOCTynaeT Ha WCnonHuTenbHble opradbl  AO,
paboTalolime B OUCKPETHOM pexunMe, UM Ha aHanoroBble UCMOMHUTENbHbIE OpraHbl,
paboTalolme B HeENpepbIBHOM pexume nocne uudpo-aHanoroBoro npeobpasoBaHus
ynpasnstoLiero curHana. Pesynbtatbl 06paboTkn nHpopmauumn MoryT ObiTb BbiBEOEHbI
B LiMppoBOM N aHanoroson popme Ans XpaHeHUsa n ganbHenLwero MCnonb30BaHus.
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7.1. Cuctembl NyTeBOro KOHTpons B cTaHkax c 4IlY.

Mpun yucnosom nporpammHoM ynpasrneHun (YY) meTtannopexywumMmm ctaHkamu
OOHOW N3 OCHOBHbIX 3ajay sBndetTca obecnevyeHne AOCTAaTOMHO BbICOKOW TOYHOCTM
narotoeneHus pgetanen. B OonbwuHcTBe cnydyaeB npu UlY craHkamun 3agada
KOHTPOMS reOMeTpUYECKUX pa3mepoB AeTany CBOAUTCS K KOHTPOSIO NepemMeLLeHmns unm
NonoXeHns paboynx opraHoB CTAHKOB.

MpumeHuTenbHO K cuctemam Yy metannopexywmmMmm ctaHkaMmy OCyLLeCTBIISIoT
TPV OCHOBHbIX BUAA KOHTPONS ABWMXEHUS pabovnx opraHoB:

- KoHTponb TpaekTopuu nepemMelleHUsa ynpaensemoro pabovero opraHa,
OCYLLIECTBIISIEMOr0 B COOTBETCTBUM C 3aiaBaeMOW nporpaMmon. Takon BuL KOHTPONS
OCYLLECTBIISIETCA Ha CTaHKax C_KOHTYPHbIM ynpaBneHneM.

- KoHTponb pocTMXeHUsi ynpaBnsieMbiM paboyMM OpraHoM NOSIOXKEHUS,
3apaHee 3apjaHHoOro no nporpamme. [lpumeHsieTcs B CTaHKax C MNO3UUMOHHBLIM
nporpaMmHbIM yrnpasneHnem. [lpu aTOM HeT HeobxogumoctM B uHGOpMauuMm O
nepemelleHMn paboyero opraHa CTaHKa; AOCTATOMHO MMETb CUrHam O LOCTUXKEHUU
3aJaHHOrO MOMoOXeHus.

- KoHTponb 3apaHee yCTaHOBNEHHOroO COOTBETCTBUS HECKOSIbKUX ABWXKEHUN
ynpasnsieMbIX pabouunx opraHoB npu YUCIIOBOM perynupoBaHuu
B3aUMOCBSA3aHHbIX OABWXEHUW B CTaHKax, Hanpumep, Npu KOHTPONe nepemeLleHus
cTona M BpalleHus wnuHaens aetanu (B BMHTOPE3HbIX CTaHKax) unu BpalleHus
LWNUHOENS UHCTPYMEHTA U WNuHAensa aetanm (B 3ybopesHblx CTaHKax).

Bce BUObl KOHTPONSA OCYLIECTBASATCA C MOMOLLBID U3MEPUTENbHbBIX CUCTEM
nyTEBOro KOHTpons, Bxoasawmx B MMNC, KoTopble NPUMEHSIOTCS B 3aMKHYTbIX CUCTEMAX
Urly B kadectBe YCTpOMCTB OOpaTHOW CBSA3W, Bbl4AKOLWMUX MHAOPMALMIO O BENUYMHE
haKTN4eCcKoro nepemMeLleHns Unmn NonoXeHns pabodnx UM NCNOMHUTENbHbBIX OPraHoB.

MHoroobpasve 3agay MyTeBOro KOHTPONSA M pasnunyHble TpeboBaHus,
npegbsiBNsemMble K TOYHOCTHbIM  XapakTepucTukam npu  obpaboTkm aeTtanw,
onpeaensalT pasfnMyYHOe MOCTPOEHME CUCTEM MYTEBOrO KOHTPOSS C UCMNOSb30BaHUEM
PasnMyHbIX TUMOB MEPBUYHbIX U3MeEpUTENbHbIX NpeobpasoBatenen (gatymkoB OC),
BOCMPOM3BOAALLMX HENOCPEACTBEHHO WH(MOPMaUMIO O OBWKEHUN WU MNOSNIOXEHUU
pabounx opraHoB. K nameputenbHon cucteme npu 3ToM npeabasnsioTcs TpeboBaHUs
coYeTaHWsi BbICOKOW paspeluatollent cnocobHocT ( 4o 1 MKM) C BONbLION BENUYNHON
KOHTponupyemoro nepemeuieHms ( go 1 m n 6onee). B GonblUMHCTBE Cry4yaeB B
MHPOPMALNOHHO-U3MEPUTENBHON CUCTEME He OOXOAATCH OAHUM U3MEPUTESbHBIM
npeobpasoBaTteneM, a nNPUMEHSAT MHOMOOTCYETHbIE U3MEpUTENbHbIE CUCTEMbI,
coctodwme wu3 2-3 kaHanoB otcyeta. [lpy 3TOM OOHO YCTPOUCTBO (TOYHOE)
obecneuynBaeT 0QHO3HAYHOCTb OTCcYeTa C HOMbLION pa3peLlatoLlien CnoCoOBHOCTLIO Ha
manoi AnuHe (Hanpumep, wuHAykTocuH 2.54mm unmn 15°), a BTopoe (rpy6oe),
YCTPOWCTBO MO3BOMSAET OnNpeaenuTb 30HY U3MeEpPeHUs B nNpeaenax BCcero n3mepsaemMoro
nepemeLleHns. Npybble oTCYETHbIE YCTpOMCTBa OObIYHO BKIOYaOT npeobpasoBaTesb
NIMHENHOTO NepeMeLLEHMS B KpYrOBOE 1 KpyroBoK (yrnoBow) npeobpasoBaTenb.
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7.2 aTYMKM NOJNIOXKEHUA B ANeKTponpuBogax
3NIeKTPOMEeXaHU4YeCKUX CUCTEM

B HacToswee Bpems Bce Honee LMpokoe pacnpoCTpaHeHMe Nnosny4vatT CUCTEMBI
ynpaBneHnss no MOMOXEHUID: MNO3MUMOHMPOBAHNA, cnexenunsa. OHuM  HaxoasT
npumMmeHeHne B cuctemax c 1Y, pobotax, TpaHCNOPTUPYIOLLNX YCTPONCTBAX U APYyrom
AO. B aton cBaAsn rnaBHas obpaTHasi CBA3b B NpUBOAAX (3NEKTPOMEXaHUYECKMX
cuctemax AQO) cTpouTcs NO MOSIOXKEHWUO (MPUMBOA nodadn — NpuUBOA Koppekuun), u
peluatoLLiee 3Ha4YeHue npmobpeTaeT AaTUYNK NONOXKEHUS.

PaccmaTpuBas anekTponpuBOL Kak 3aMKHYTYHD CUCTEMY YMpaBIiEHUSA, MOXHO
nokasaTtb, 4TO u3MepuTenbHo-npeobpasoBaTenbHas 4actb (UAMY) npusoaa,
obecneunBatoas B KOHType ynpaBneHns obpaTHytd CBA3b (METPOSIOrM4eckyto
WHTEPCTPYKTYPY), ABNSAETCS B 3HAYUTENBbHOM Mepe onpegensiouwen B obecnedyeHnn
kKayectBa ero pabotbl: OT obpaTtHonm nepegaTodHon pyHkumm WIMNY  3aBucut
4YyBCTBUTENbHOCTb NPMBOAA, MOrPELLHOCTb OTPaboTKM ero BbixogHoro napametpa; UMy
obecneynBaeT cTaTtMYecKM KOI((MUMEHT nNpuMBOoAA M CTAaTUYECKYH) TOYHOCTb,
obycrnoBnvBaeT BWUA YaCTOTHbIX XapakTEPUCTUK NpuBoAa — aMMiMTYy4HO-4YacTOTHas

XapakTepucTuka npusoaa. W(jw)z%V (j@)" TpeboBaHua K cuctemam obpaTHbIX

iy (J@)
CBSI3e 3MeKTPONpMBOLA OYEHb BbICOKOE, C Y4ETOM UX POoNin B obecrneyeHnn kadecTsa
paboTbl npueoga. B ocobeHnHocTn noctpoeHusa OC, n B nepsyto ovepeab OC no
MOSOXEHMNIO N CKOPOCTU, OBYCroBNEHbI cneundrkon npueoaa:

Bo-nepBbix, anekTponpmBoabl A0MKHbI obecneunBaTb OYEHb BbICOKYHD TOYHOCTb
nepemeLLeHms.

Bo-BTOpbIX, 3MeKTponprMBOoAbl MeTannopexyLmux CTaHKOB paboTalT B LUMPOKOM
AnanasoHe W3MEHEHUA CKOpPOCTEWN MepeMeLeHUs UCNOMHUTENbHbIX OPraHoB CTaHKa
(10000:1 n 6onee), 4to B abBCOMNIOTHBLIX BEMMYMHAX OS19 CKOPOCTEN, NPUBEAEHHBbIX K
Bany gsuratens, coctasnsiet 0,1...100006/muH 1 6onee.

N, HakoHeu, B-TPeTbMX, B CTAHKOCTPOEHUN MNPUMEHSAIOT PEeBEPCUBHbLIE
anekTponpueoabl, obecneudnBawowme npsmoe U obpaTtHoe  nepemelleHune
NCNONHUTENbHbIX OPraHOB CTaHKa.

Bce 910 wn npeponpenensier TpuM  OCHOBHble, crneumduyeckne AN CUCTEM
obpaTHOW CBSA3M 3NEeKTPONPMBOAOB METasopexyLmx CTaHKoB, 3afaudv, pellaemMble B
npouecce Ux co3aaHus:

- NOBbIWEHNE  TOYHOCTM  (POPMMPOBAHUSA  MHEOPMALUMOHHOIO CUrHana o
napameTpax OBMKEHUS;

- YMEeHbLUEHNE ONCKPETHOCTN MHAOPMALMOHHOIO CUrHana;

- popMmpoBaHne NnHdopMaLmMmM O HanpaBieHnM NepemMeLLeHNs NCNOMHUTENBHOMO
opraHa CcTaHka.

7.3. Knaccudgpukaumsa v cpaBHUTESNIbHbIA aHaNnM3 4aT4YnKoOB
NoNoXeHus

OcHOBON WN3MEPUTESNBbHBLIX CUCTEM MYTEBOTO KOHTPOMSA, AaloWmX TEKyLLyHo
WHpopmaumo B NpuBog nNogdady  (Koppekuun),  ABRSAKTCS  M3MeEpUTESbHbIE
npeobpasoBatenu (gatymkn) nepemeweHunsa (OM). KoHcTpykuma Takoro UMM BknoyaeT
nepBuYHbIA Npeobpa3oBaTenb-UCTOYHMK WHAOPMALUN O TEKYLIUX MepeMeLLeHmsaxX
pabounx (nameputenbHbix) opraHoB AO UK UX NONIOXKEHUN U U3MEPUTENbHYIO YacTb
npeobpasoBaHMs UCXOAHOro MHdopmaumnoHHoro curHana Wi B ymdposon (kog) Ans
BBEeAeHNda nHpopmaumm 8 3BM nnu nHble BblMUCINTESbHBIE YCTPOMCTBA.
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Ha puc. 84 npuBegeHa knaccudukaumsa aTtymkoB nepemeLleHnsa (NonoxeHus)
no pasnuyHbiM Npu3aHakam, xapakrepusyrowme wux M, KOHCTPyKUMIO, BN BbIXOOHOIO
3ANEKTPUYECKOro curHana n MHpopMaTMBHLIN NapameTp NocreaHero.

O moryt  nonydaTb WHGOPMaUUIO KaK O JIMHEWHbIX, Tak U 00 YrnoBbIX
nepemMeLLeH1sIX KOHTPONMPyeMOro opraHa.
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Puc. 84. Knaccudukaumsa gatynmkoB nosioXKeHus

Mo dusnyeckoMy Npu3HaKy OENCcTBUS YYBCTBUMTENBHOIO 3fleMeHTa BCe AaTyuKu
pas3gensioT Ha:

- OTO3NEKTPUYECKUuE (ONTO3MEKTPOHHbIE), ncrnonb3yoLime acbdekT
NepruoanNyYeckoro U3MeHeH s OCBELLEHHOCTY;

- 9N1eKTpOCTaTUYEeCKMEe: eMKOCTHbIE, OCHOBaAHHbIE Ha NMEPUOANYECKOM U3MEHEHUM
€MKOCTU, U Nbe303NeKkTpuyeckmne (NosiBrieHne anekTpmMyYeckoro 3apsiga Ha NoBeEPXHOCTU
nbesomaTtepuanoB npu nx gedopmauumn);

- ONEeKTPOMarHuTHble, ucnonb3ywline 3PPEKT  NepuoanyeckoM U3MEHEHUU
WHOYKTUBHOCTU UMW B3aUMOVHAYKTUBHOCTY;
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- ANIEKTPOAKyCTUYECKNE, OCHOBaHHble Ha 3(deKkTe WN3MEHEHUs 3HEeprum
NOBEPXHOCTHOW aKyCTMYECKOW BOSTHbI U HA N3MEHEHUN MYTN ee NPOXOXAEHUS;

- ANIeKTPOMEXaHUYECKNE: INIEKTPOKOHTAKTHbIe, Ucrnonb3ywmne apdektT peskoro
N3MEHEHNST CONPOTUBNEHNSA NAPHbIX ANIEKTPOKOHTAKTOB MPU 3aMblKaHUN U pa3MblKaHUK;
peocTaTHble (NIMHEMHOE WU3MEHEHME COMPOTUBIIEHMUS); MEXAHOTPOHHbIE, OCHOBAHHbIE
Ha MEXaHU4YeCKOM YMpaBfieHUN IMEKTPOHHbIM TOKOM 3MEKTPOBaKyyMHbIX Npubopos
nyTeM HenocpeacTBEHHOIO  MEeXaHW4YecKoro nepemMeLleHns UX 3NEeKTPOOOB,;
TEH30MEeTpUYECKNE, OCHOBAHHbIE HA U3MEHEHUM CONPOTUBIIEHUS NpU Aedopmaumu.

KoHcTpykuua otux [T moxeT npegycmaTpvBaTbh Hanuune CYMTbIBAKOLMX
3N1EMEHTOB Hapsay € 06blYHbIMY (TPAANLNOHHBIMM) KOHCTPYKLMSIMM.

Wcnonb3yowmecs ana peanmsauum  gatumkoB nonoxewuss (O) Ha 6ase
paccMmoTpeHHbiX [N cTpykTypHble cxemMbl MOryT OblTb  KOMMEHCALNOHHbIMMU,
anddepeHumanbHBIMM UM C nocnegoBaTenbHbiM Npeobpa3oBaHneMm. WamepeHue
BbIXoAHOro curHana [ moxeT npoxoauTb B pexmme HakonneHus (abcontoTHble —
Hakannueawwwme [O) MAM UUKNMYEeCKW, NPUYEM BbIXOAHOM CUrHam MoxeT ObiTb
HenpepbIBHbIM (aHANOroBbIM) UK MPOCTO ANCKPETHBLIM.

OcobeHHOe  BHMMaHue cnegyet  ygenaTb  NpaBWibHOMY  BblIOOpY
nHdopMaTMBHOIro napameTpa BbixogHoro curHana All. Tak, ona aHanoroBoro curHana
TakKMuMn napameTpamu MoryT OblTb €ro amnnutyga, 4Yactora unum asa. [pu
ANCKPETHOM dopme npencraBneHns MHopmMaumn, Korga HocuTenem
MOAYNMPOBaAHHOIO  CUrHana 4BnsdeTcsa  WMMNyNbCHas  MNocrnegoBaTeNibHOCTb, C
uccnegyemoiM napameTpoMm obopyaoBaHusa (Mnu npouecca) obbekta MoXeT ObiTb
CBsi3aHa aMnnuTyda, vacTtoTa crnefoBaHus unu dasa MMNynbcoB, UX ANUTENbHOCTD,
yncno. B mmnynbcHoOM nocnegoBaTenbHOCTN MOXeET ObiTb peann3oBaH KoA, HeCyLiui
nHdopMaLumio.

Bce [ umetoT onpeaeneHHble obLimne KpUTepmMn OLEHKN KayecTBa N CpaBHEHUS:
BENNYMHA KOHTPONMPYEMOro nepemelleHusd, abcontoTHas MNOrpeLHoCTb U3MepPEHUs
(TOYHOCTb M3MepeHun), YyBCTBUTENBHOCTb, MOPOr YyBCTBUTENBbHOCTU, CTAabUNbHOCTb
paboTbl npeobpasoBaTtens. Bce ykaszaHHble XapakTEPUCTUMKN OTHOCHATCH HEe TONbKO
HenocpeactBeHHo k A1, Ho n onpeaensarTca  XapakTepucTukamm BCeun
N3MEpPUTENBHOMW CUCTEMbI NYTEBOrO KOHTPONs. BBOAMTCS NOHATUE OUCKPETHOCTU MO
BPEMEHU U NEPEMELLIEHMIO.

Yacto Ona xapaktepucTuku cucTeMmbl MNyTeBoro koHTpons u [ BBoautcs
OCODEHHbI MapamMeTp - paspelwarowiasi CnocobHOCTb — MUHMManbHas BeNUYMHa
nepemMeLleH1s, nHgpopmaumnss o KOTOpoM MOXeT ObiTb BblgaHa B Npouecce KOHTPOns
(AnckpeTHOCTb).

B 3aBNCMMOCTM OT KOHKPETHbIX YCcrnoBumn npumeHennsa [ Ha ctaHkax ¢ YITY K Hum
MOrYT OOMOSTHUTENBHO MPUMEHATLCA TEXHMUKO-3KOHOMUYECKME TpeboBaHus:

- COOTBETCTBME onpeneneHHomy BUAOy cTaTnyeckom XapaKTEPUCTUKN
npeobpasoBaHus;

- COOTBETCTBUE onpeneneHHbIM ANHaAMUYECKNM XapakTepucTukam,
obecneyvBalOLMM 3aJaHHbIE CKOPOCTU MepeMeLleHnss WM 3aTyxalolWwmn Xapaktep
nepexoaHbIX NPOLECCOB C MMHUMAasbHbIM 3HA4YEHMEM NOCTOSIHHOW BPEMEHMN;

- obecrneyeHne KOHTPOMS MNEepeMeLLeHNA KaK Mpu WU3MEpPEeHUN npupalleHun
nepemeLLeHunst, Tak 1 nNpu abCoNOTHLIX N3MEPEHUSX;

- BO3MOXHOCTb MPUMEHEHUS Ha pasfuyHbIX Tunax ctaHkoB ¢ YlY B pexume
KOHTYpHON 06paboTkn N NO3NLNOHNPOBAHUS;

- MMHMMarsbHas 3aBUCUMOCTb napameTpoB oT BNUAHUSA BHELLHMX
Aectabunumanpyrowmnx akTopoB (TemnepaTypbl, BAaXHOCTWU, AaBneHus, snbpaumn u
y0apoB, aNeKTpUYecKkux nonem n 1. 4.);

- TEXHOMOMMYHOCTb KOHCTPYKLUMWN NPU CEPUAHOM N3FOTOBIIEHUN;

- yOOOHOCTb MOHTaXa Ha CTaHKe;
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- 6onbLlon Ccpok cnyx0Obl U obecneyeHne HageXHOCTU npu paboTe B YCroBUsX
uexa (HapaboTtka Ha oTka3 He meHee 4000-5000 yacoB);

- HebonbLne rabapwuThbl, BEC, CTOUMOCTb.

B 3aBucumoctn ot TpeboBaHM K TOYHOCTU METannopexywmx ctaHkoB c [1Y
pasnu4yHble TpeboBaHUA NPeabABNATCA U K TOYHOCTHBLIM Xapaktepuctukam Arl.

Ecnn 0606wnTtb OCHOBHLIE TpeboBaHus, npeabsiBnsemble K I, TO Mx MOXHO
pas3gennTtb Ha KOHCTPYKTMBHbIE — rabapuTbl, Macca, NPOCTPaHCTBEHHOE MOSOXEHNME,
9KCNAyaTauMOHHbIE — MakCUMaribHasi CKOPOCTb KOHTPOMMPYEMbIX MepemeLleHun, nx
MakcumarnbHasi  BENUYMHA, BXOOHble  3dNeKTpuyeckne  napameTpbsl W ap.,
METPONOrMYECKNE — NOPELLHOCTb N UCKPETHOCTb.

KoHcTpyKkTuBHbIE TpeboBaHUA 0bycroBneHbl kak Tunom camoro All, Tak n Tmnom
ncnonb3ytowero ero AO.

B pexume akcnnyatauumn O gormkeH obecnevmBaTtb KOHTPOSb MPU CKOPOCTSX A0
0,25-0,35 m/c gna nuHenHbix M o 3006/MMH LN KPYroBbiX MNepeMeLleHun npwm
MaKCUMarbHbIX KOHTPOSNMPYEMbIX JIMHEWHBbIX MEpPEMELLEeHUX 0O HECKOSNbKMX TbICAY
MUIAMMETPOB. [ns KpyroBbiX (YrroBbiX) MNepeMeLLeHMn MakcumarbHasa BenmynHa He
orpaHu4nBaeTcs.

[OunckpeTHocTb (paspeluatrowasa cnocobHocts) [ gormkHa cocTaBnATb OT AONEn
A0 edvHUL, MUKPOMETPOB ANsl JIMHEWHbIX MEpPEMELEeHUn U OT Aonen OO0 eauHuu
YINOBbIX CEKYHA — O KPYrOBbIX.

B 3aBucMmocTM OT Knacca CTaHka MOrpeLlHOCTb U3MEPEHUsI MOSIOXEHUS C
nomowibto AN He pomkHa npesblwaTte 45% OT NpedenbHOW MOrpeLlHOCTU CTaHKOB
knacca C, 35% pana ctankoB knaccoB A n B n He 6onee 30% ans ctaHkoB knacca 1 un
H, To ecTb knacc TouHOCTM Bblbupaemoro [T gomkeH cOOTBETCTBOBaTb UM ObiTb
BbiLLIE KflacCa TOYHOCTM CTaHKa.

Ecnn paccmatpmsath [I1 B nonHoMm ob6beme, TO crneayet o6paTtuTb BHAMaHUE Ha
TO, 4YTOo AuckpetHocTb LI obecneumBaeTtcsa kak ero [, Tak n B Gonblen creneHun
namepuTenbHom YacTtbto ero unu uenn OC, B TO BpeEMS KaK 3a NOrpeLlHOCTb U3MepeHust
oTBe4vaeT B ocHoBHOM [ gatymka.

Haunbonblwee npuMeHeHNMe 13 BCEX MEPEYUCIIEHHbIX MpU  Knaccudukauum
AatymkoB, B cTaHkax ¢ UYlY Hawnu oTtoanektpuyeckme wumnynbcHole A1 un
WHOYKTMBHbIE:  Bpallawwumecs  TpaHcdopmaTtopbl  (pe3onbBepbl),  CENbCUHBI,
WHOYKTOCUHBI (KPYroBble U NMHENHbIE).

[na ctaHkoB knacca TodHocTu H u 1 npumeHsaoT kpyrosele ontudeckue A1 (Tuna
BE-178) n pe3onbBepsbl , 4na ctaHKoB kracca A n B — nuHenHble ontudeckue (Tuna BE-
164) n MHAYKTOCKHbI. [JUCKPETHOCTb N NOrPeLUHOCTb NepeMeLleHns 3aBUCAT OT Kracca
TouHocTn [1. Hanbonee BbICOKYO TOYHOCTb M HAUMEHbLLYIO AUCKPETY uMeeT 6 knacc,
a camble HU3KMe nokasatenun — 1 knacc.

TexHnyeckme  xapaktepuctukum  Hambonee  4acto  UCMONb3YWOLWNUXCA B
ctaHkocTpoeHuun AN npuBeaeHsl B Tabn. 3.
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7.4. NepBUYHbIE NpeodbpasoBaTenn 4aTYNKOB NnepemMeLleHus

Haunbonee wMpokoe pasButMe B CTAHKOCTPOEHUM

nony4yunnm

pacTpoBbie

(bOTO3.I19KTpVI‘IeCKVIe AaTHUKN. anIHLI,I/II'I aencTeus pacTtpoBOro (bOTOSJ'IeKTpI/I‘-IeCKOFO

AaTynka NUHENHbIX NepeMeLLeHNn NosicHAeT puc. 85, a.
)

Puc. 85. PactpoBoe npeobpasytoLiee 3BeHO NMMHENHOro (a) n kpyrosoro (0)
doToanekTpnYeCcKoro gaTymka
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OcHoBon  pacTpoBoro  (QOTOINEKTPUYECKOTO  JaTyMka  CIYyXUT  pacTpoBoe
conpsbkeHne (Moaynatop), COCTOSAWMW M3 KOPOTKOM 1 M ANUHHOW 2 NIMHEWKU C
HaHEeCEeHHbIMWU Ha HUX LWKanamu. Ha KopoTKOW (MHOMKATOPHOW) NIMHENKE HaHEeCEHbI
YyeTblpe rpynnbl LUTPUXOB CO CMELLEHMEM wara Ha 1/4 wara wkanbl, YTo obecneymBaeT
NoBbILLEHME TOYHOCTU [AaTyMka, YMEHbLUEHME OUCKPETHOCTU MHAOPMAaLMOHHOIo
curHana n BO3MOXHOCTb OnpeeneHus HanpasneHna nepemelleHus. Npu B3aMMHOM
nepemMeLLleHn KOPOTKOM W ANUHHOW JIMHEWKU MNpPOUCXOAUT MOAyNAuMsi CBETOBOro
noToka CBETOAMOAOB 3, KOTOPbIN BOCNpUHMMaeTca doTonpuemHmkamm 4. B kadectBe
OTOMNPUEMHUKOB MCNOMb3YTCA doToanoabl uUnu goToTpaH3ucTopbl. [lonapHoe
BKIOYEHME (POTOMPUEMHUKOB B PA3HOCTHYIO CxeMy obecneumBaeT ABa BbIXOLHbIX
rapMOHMYECKNX CUrHaNa — CUHYCHbIA N KOCUHYCHbIW, CMELLEHHbIE Ha 1/4 wara wkanbl.
LWkanbl 06blMHO BbINONHATCA ¢ 50 wWTpmxamm Ha 1 MM ONWHBI, AN BbICOKOTOYHbIX
namepeHmn war coctasndetr 0,05...0,01 mm, 4tO He obecneymBaeT Tpebyemyro
BbIXOAHYK AUCKPETHOCTb AaTumMka 6e3 UCMonb30oBaHUs CneuuanbHOro 3feKTPOHHOro
6noka.

Mo Takomy >xe npuHuuny paboTatoT M yrnosble doTogatumkn (puc. 85, 6). lMpu
3TOM B YrnoBbIXx poToAaTyMkax Heobxoammo obecneynTb CTbIKOBKY Bana gatyvka C
NOOABWXHLIM  3NIEMEHTOM CTaHKa C HEeCOOCHOCTblo nopsgka 0,1 MM, 4TO
obecneumBaeTcst CUNbGOHHBIMU UM MEMBPaHHBIMU My TaMMW.

MpumMeHeHMe B yrnoBbIX AaTyMKax 4YeTblpex CbEMHMKOB obecrneuynBaeT MOMUMO
yKa3aHHbIX MPeMMyLLeCTB TakXe YMEHbLUEHWE BAUSHUS SKCLEHTPUCUTETA YCTaHOBKM
N3MepPUTENBHOro pacTpa Npu NonapHOM pPacrnorioXeHUn nx Yyepes 180° no OKPY>KHOCTW.

lar Hape3ku wWwkanbl He [OOMKeH OblTb MeHee [OecATKOB MUKPOMETPOB, B
NPOTUBHOM Cry4ae KapTWUHa pacTpPOBOro COMNPSXXEHUS TepsieT YeTKOCTb, TaK Kak B 9TOM
crnyyae yBenuMuYMBaAETCA BIMSIHAE TMepekoca LWTPUXOB W Kak CcrneacTtBvMe  3Toro
nckaxxaetca popmMa BbLIXOAHOrO curHana. Bmecte ¢ Tem yBenuyeHue Lwara LiKanbl
yBENUYMBAET LEeHY MMnynbca AaTymka, a 3Ha4YUT U ero NorpeLHoCTb OUCKPETHOCTU U
yXyawaeT AUHaMunyeckme CBOMCTBaA.

MorpewHocTb MMM gaTyMka B OCHOBHOM ONpeaensieTcs norpelHOCTbl0 HAaHEeCEHNS
Wwara wkanbl W MpaBUMIbHOCTLIO (OOPMbl  BbIXOQHOMO CUrHana, Tak Kak 3TuM
onpenensieTcs NorpeLHOCTb BHYTPULLIArOBOro AeNeHus.

B KayecTBe 3NEeKTPOMarHUTHOro AaTtyumka Hanbonee LUMpoKoe
pacnpocTpaHeHue nonyyun  Bpawawwmnca  TpaHcgopmatop  (BT), KoTopbin
npeacraBnsger cobon WHAOYKUMOHHYHD MWKPOMALLUMHY C HESABHO BblpaXXEHHbIMN
nontcamu, BbIXOQHOE HanpsikKeHne KOTOpoW 4aBnseTcs  yHKUMeW BXOOHOro
HanpsbkeHust M yrna nosopoTa poTopa. [lpu 9TOM 3aBMCUMMOCTbL OT BXOQHOrO
HanNps>XeHus NMHenHas, a oT yrna noBopoTa poTopa — CUHYCHas UM KOCUHYCHas (puc.
86).
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Puc. 86. Cxema ycTpomncTBa KOHTAKTHOrO (a) n 6eckoHTakTHoro (6) BpaLiatoLmxcs
TpaHCcdOpMaTopOB:
1 — kopnyc; 2 — ctatop; 3 — poTop; 4 — WEeTOYHO-KONNEKTOPHbIN y3en; 5 - dnaHeu; 6 —
NOALUMMHKK; 7 — Ban; 8 — konbueBon TpaHchopMaTtop.

Ha craTope ¥ poTope Bpallaiolleroca TpaHcdopmaTopa pasMelleHbl Mo ABe
OZMHaKOBble OBMOTKM C MPOCTPAHCTBEHHBLIM CABUIOM APYr OTHOCUTENBHO Apyra Ha 90°.
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O6moTkn cTaTtopa, K KOTOPbIM MOABOAUTCA HampshkeHue, HasblBalTCA oOfHa —
obMOTKOM BO3OYXAEHUS, @ BTOpAA — KOMMNEHCALNOHHOW, BXOAHOE @ 0OMOTKM poTopa, C
KOTOPbIX CHUMAaeTCs BbIXOQHOW CUrHam, CMHYCHOW U KOCUMHYCHOW. CriegyeT OTMEeTUTb,
yTo Npn paboTte BT B pexmme HenpepbIBHOrO BpaLleHUA poTopa, YTO, Kak npaBuno,
XapakTepHO ONa MeTannopexyLmx CTaHKoB, 0OOMOTKY BO3bGYyXOeHus pacnonaratoT Ha
pPOTOpE, @ CUHYCHYIO M KOCMHYCHYIO Ha cTaTope, YTO NO3BOSISET B ABa pa3a YMEHbLUNUTb
YMCMO KOHTaKTHbIX KOMeL, LLeTOYHO-KOSIEKTOPHOrO y3na.

PasnunyatoT gBa pexuma paboTbl Bpallatollerocsi TpaHcdopmatopa — has3oBbin U
TpaHCcOpMaTOpPHbIN.

B ¢asoBom pexume, KoTopbii B OONbLUMHCTBE CryYaeB M MCMNOMb3yeTcs B
AaTynkax NONOXeHNs, 0BMOTKM cratopa 3anuTbIBaKOTCA nepemMeHHbIM
CvHycomnaanbHbIM HanpshKeHMeM, CABMHYTbIM MO hase Ans KaKAon M3 0GMOTOK Ha yron
90° (3To HanpsikeHWE MOMy4YyaeTcsl pacLenrieHMEeM OMOPHOTO  HaMpsKeHUs B
crneumanbHOM YCTpoucTBe — dpasopacuenutene). Takas cuctema kaTywek obpasyer
BpaLLlawLLeecs MarHUTHOe nore, KOTOpoe SABNAETCS KPYroBbiM M BpaLlaeTCH C YriioBOW
4acTOTOW, pPaBHOW YrfoBOM 4YacToTe Toka . [lpn 3TOM B pPOTOPHbLIX OBMOTKax
HaBoguTcs JLC Tom e YacToTbl, HO COBWHYTAs Ha yron NoBOpOTa poTopa o, TO ecTb
BbIXO4HOE HanpshkeHne C POTOPHbIX OOMOTOK MEHSETCSA MO 3aKOHY CUMHYCa U KOCUHYCa
N C y4€TOM NpUHLUMNAa cynepnosnuuu:

Usin = kUmsin(ot + o) — 4Ns CMHYCHOM 0OMOTKM,
Ucos = kUmcos(wt + o) — 4nst KOCUHYCHOM 0BMOTKM,

raoe K — nocTosAHHbIM KO3 OULMEHT.

Ecnn ogHO 13 HanpsbkeHUn, NUTaLWMX CTaTOPHYK 06MOTKY, NMPUHATL 3a OMOPHOE,
TO (pa30BbIM CABUI BbIXOAHbIX CUrHANoB 06MOTOK poTOpa COOTBETCTBYET €0 YrioBOMY
CMELLEHUNIO o, TO ecTb BT, poTop KOTOPOro KMHEMATMYECKN CBA3aAH C y3raMu CTaHKa,
OCYLLIECTBIISAET U3MepUTENbHOE Mnpeobpa3oBaHne MNepemMeLlleHnst y3roB CTaHka B
dazomMoaynMpoBaHHbIA CUrHarmn, caBur dasbl KOTOPOro COOTBETCTBYET BeENMYMHE
nepemeLleHuns.

M3 npuvHuMna gencrsus Bpallarolierocs TpaHcgopmatopa cnegyeT, YTo 3a OAMH
006opoT poTopa C CUMHYCHOW WM KOCMHYCHOM OOBMOTOK CHMMaeTCa OAWH nepuos
HanpsbkeHusi. OTo He obecneunBaetr TpebyemMon AUCKPETHOCTU (HOPMUPOBAHUS
BbIXOOHOrO CUrHana. Y4uTbiBas, 4YTO LAr Xo4oBOro BWHTaA cocTtaBndet 10 mm, a
Tpebyemas anckpetHoctb — 0,01 MM, ana ee obecneyeHmss HEOGXo0AMMO yBeENMYMBaTb
peaykumio Mexay Bpallatrommcss TpaHCOopMaToOpoM M MOABWKHBIMU 3drieMeHTaMu
CTaHka Tak, 4Tobbl cymMapHas anektpudeckas (geneHue dasbl Ha 100 nnn 200) u
MexaHudeckas pegykumm obecneumnu Obl Tpebyemyr AUCKPETHOCTb W3MEPEHUs —
TbiCAYEeKpaTHOe AenenHne dasbl.

Uawle Bcero BMeCcTO MeXaHW4eCcKoW [OMOSIHUTENbHOW peayKuuu, BHOCALLEN
CYLLECTBEHHYKD  MOrPELUHOCTb,  WUCMOMb3YHOT  MHOFOMOMOCHbIE  MHAYKUMOHHbIE
npeobpasoBartenu — peayCuHbl Unu cneyuanbHble 3NeKTPoHHble 6moku ALLM BbIXOAHbIX
curHanoB BT ¢ obecnevyeHnem uMppoBOro Bbixoda nNpu HeobXoaMMON AUCKPETHOCTMU
nHdopmMmaunu.

PenyktocuHbl (pedycuHbl), KOTOpble MPeacTaBnsAlT CcobOM  MHOrOMOSIOCHbLIN
BpaLlawLwmmncsa TpaHcgopmartop ¢ P nap nosnocoB no okpyxHocTu ctatopa 1 (puc. 87,
a). Ha kaxgom nontoce pacnonoxeHbl 0OMOTKM BO3OyxaeHust a, 6 n BbIXxogHas
obmoTka 8. OBGMOTKM BO3OYXOEHUA COeAMHEHbI Yepe3 Momntc, U dasbl NUTaALWMX UX
HanpshKeHU cMeLLeHbl Ha 90°.
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Puc. 87. 3nemMeHT KOHCTPYKUNN pegyKTOCUHA () U BUA BbIXOOHbIX
HanpsbxkeHni BT v pegyktocuHa (6)

CoeanHeHne ob6MOTOK obecneumBaeT 4epegoBaHWe CcOCeaHMX MonocoB. [lpu
paboTe pedykTOCMHa B pexume dasoBpallatens gasa ero BbIXOAHOrO curHana
onpenenseTca yrroBbIM MNOMOXEHWeM poTtopa 2 (N0 aHanorMu C Bpallaowmmcs
TpaHcopmaTopom).

Mpwn 3TOM 3a O4MH NEPUOA NUTAIOLLErO HANPSPKEHMUS MarHUTHOE NMorsie NoBepHeTCH
Ha yron 2n/P, a He Ha 27, KaK 9TO MMeeT MeCTO Yy BpaLllarouieroca TpaHcgopmaTopa, a
3HaA4YUT U hasa BbIXOLHOrO HanpsKEHUA U3MEHUTCS Ha Yron 2w NpyM NOBOpPOTE poTopa
Ha yron 2n/P, TO eCTb CMeLUEeHMe BbIXOOQHOIoO curHana y peaykrocuHa no ¢gase B P pas
GonbLle yrna noBopoTa ero potopa (puc. 87, 6).

B MeTannopexywmx cTaHKax TakKXe TMPUMEeHAIT B KavyecTBe [aT4yMKOB
obpaTtHOM CBAA3W  MHAYKLUMOHHbIE  3JIeKTPUYECKMe MaluHbl C  Tpems
pacnonoXxeHHbIMU MO OKPY)XHOCTU cTatopa OAMHAKOBbIMM OOMOTKaMu —
CenbCUHbI.

Ecnn B cuctemax aBTOMaTMKM cenbCuHbI paboTaloT, kak npaBuio, B nape
(cenbCcuH-gaTYnK, CeNbCUH-MPUEMHMK), TO B CTaHKaX posSib CefibCUHa-gaTyuka
BbIMOMHAET UMdpoaHanoroBbii npeobpasoBaTenb, KOTOPbIA B COOTBETCTBUM C KOOOM
nporpaMmmbl  POPMUPYET HaNpPsSXKEHUS1 Ha CcTaTOpHble OOMOTKM B 3aBUCMMOCTWU OT
TpebyeMon BeENMYUHbI NepeMeLLeHuns. B cenbcuHax yromn noBopoTa poTopa, kak U BO
BpaLLatLlemcs TpaHcdopmaTope, npeobpasyeTcs B cABUr has BbIXOQHOIO 1 ONOPHOro
HanNpPs>KeHUN.

Usbix = kUm(sinot + o)

B HacToswee Bpems B KayecTBe pfatymka oOOpaTHOW CBA3UM MPUMEHSIOTCS
CENbCUHBI pa3sHbIX TUMOB, U B YAaCTHOCTN GECKOHTaKTHbIN cenbcuH modenu BC-155A,
UMEeLWMA HOoMUHanNbHoe HanpskeHne nutadus 100 B npu yactote 400 (500) Iu,
MakcumarnbHOe  BbIXogHOe  HanpsxeHume 62-70 B. [Ero norpewHocts B
TpaHcOpMaTOPHOM pexume — oo 60 yrn. MuH.

Kpome oTHocuTenbHO G0MbLUOM NOrpeLLHOCTH, A0X0oAdLen B obLlem cnyyae 1,5°,
CENbCUHBI CMNOXHbI MO KOHCTPYKUWKW, WUX CTOMMOCTb Oonblue, 4Yem, Hanpumep,
Bpawatuierocs TpaHcopmatopa. OHM MMEKT OTHOCUTESNBHO CIIOXHYIO CXEMY
dopMUpOBaHUS N3MEPUTENBHON MHOPMaUUK N, KaK BpaLlaloWmnca TpaHchopmarop,
He oxBaTbIBalOT 06pPATHON CBA3bIO Napy BUHT-rarka. [o3aToMy B HacTosiLLee BpeMs BCe
bonee WMpPOKOEe pacnpocTpaHEHWE B KayecTBe AdaTyMka obpaTHOM CBA3WM nonydaeT
MHAYKTOCUH — MHOIOMONIOCHbLIM BpaljarwlmMnuca TpaHcchopmaTop € nevyaTHbIMU
ob6moTKamu. OH OTNMYaeTCa BbICOKOM TOYHOCTbIO M HAAEXHOCTbI, a Takke TakuMm
dakTopamMu, Kak Manas nortpebngemasi MOLHOCTb M XOpoluasi BOCMPOU3BOAUMOCTb
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XapaKTepUCTUK, OTHOCUTENbHAA MPOCTOTa KOHCTPYKUMKU (TEXHONMOMMYHOCTb) M Marnble
reoMeTpuyeckne pasmepsbl, a 3HaunT, N yaobCTBO BCTPOMKM B CTAHOK.

MHOYKTOCMH  sBNsieTCA  BbICOKOTOYHbIM — AaTyMkom  obpaTHom cBsAsuM. Ero
NOrpPeLIHOCTb — HECKONMBKO YIIOBbIX CEKYHA (2-5C) Ans yrnoBbIX U HECKOMNBbKO ThICAYHbIX
Aonen MunaMmMeTpoB (2-5 MKM) A4ns IMHENHbIX NepeMeLLeHNN.

KpyroBo wWHAOYKTOCUH npeactaBnser cobon ABa Aucka U3 U30NAUMOHHOIO
Matepuana, OguvH U3 KOTOPbIX - CTaToOp - HENOABWXKHO 3aKkpensnseTcss Ha CTaHke, a
BTOPOM - POTOP - KMHEMATUYECKN CBSA3aH C MOABWKHLIM 3f1EMEHTOM CTaHka. Potop
NnoBOpaYMBaEeTCA OTHOCUTENbHO cTatopa Ha usMepsiembln yron. Ha TopueBbix
NMOBEPXHOCTAX AUCKOB, OBpalLeHHbIX ApYyr K Opyry, neyaTHbIM cnocoboM HaHoCATCS
oOMOTKM, npenctaBnsaolmne cobon psg TOKONPOBOAAWMX MNACTUH - NPOBOAHUKOB C
SIBHO Bblpa)KeHHbIMU NnoboBbiMM ydacTkamu (puc. 88). KOHCTPYKTMBHO WHAOYKTOCWH
UMeeT [Be NepBuUYHbIE MHOronostocHble 06MoTkM  (puc 88 a) n ogHYy BTOPUYHYLHO (pUc
88 0).

Puc. 88. KpyroBon nHaykTocuH: nepeuyHas obmoTka (a) u BTopnyHas obmoTtka (6)

Ha To4HOCTb paboTbl WMHAOYKTOCMHA 3HAYUTESNbHOE BIUSIHWE OKa3bIBAKOT TOKWU,
npoTekawwmne B COEOUHUTENbHbIX 4YacTaxXx OOMOTOK MO BHELIHEMY W BHYTPEHHEMY
anameTtpam.

YMeHbLUEHNE BIUSIHUS KOHTYPHbIX TOKOB obecneunBaloT pasnmyHbIMKU cnocobamm
— pasHbIMW guameTpamum oOMOTOK Ha cTaTope U poTope, yBENMYEHNEM 3a30pa Mexay
KOHTYPHbIMW COEOUHEHUAMU, pasMeLleHneM MarHUTHOW NOASIOXKKM B 06nactv TOMbKo
aKTUBHbIX NMPOBOAHUKOB, pa3bueHnem o6MOTKM Ha YETHOE YMCINO CEKLUMIA CO BCTPEYHbBIM
HanpaBfiEHMEM KOHTYPHbIX TOKOB U TOMY nogobHoe. Kpome Toro, MarHMTHas noanoxka
No3BONISIET B HECKOSNbKO pa3 yBENUYUTb 3HA4YeHMEe BbLIXOAHOro curHana. Tak, 6es
NOANOXKN BbIXOOHOW CUrHan MHOYKToCuHa coctasndet 3-5MB, a ¢ nognoxkon — 12-20
MB.

N3rotoBneHne 0OMOTOK nedaTHbiIM  cnocobom obGecneymMBaeT  BbICOKYH
NOBTOPSIEMOCTb XapaKTEPUCTUK MHAYKTOCMHA, Manyld €ero CTOMMOCTb M CHWXaeT
BEPOSATHOCTb Opaka.

Cnabas  anekTpoMarHuTHas  CcBA3b  Mexagy  obmMoTkamMm  MHOYKTOCUMHA,
obycnoBneHHasi OTCYTCTBMEM BbIpaXEHHON eppoMarHMTHOM 3yOLIOBOM  30HbI,
OrpaHM4YnMBaeT BO3MOXHOCTM MUHMATIOpU3aLUMN TPaOUMUMOHHOIO AaTyMka, Tak Kak
yMeHblUeHNe rabapuToB Bbi3biBAaE€T YMEHbLUEHME 4YMCha Map MOSCOB, a 3HA4YuUT, U
aKTUBHYIO OJSIMHY MPOBOAHMKOB, YTO BeAeT K YMEHbLUEHWO 3HAYeHUSA BbIXOLHOro
CUrHana n K CHMXXEHUIO TOYHOCTU MHOYKTOCUHA. Tak, MHAYKTOCUHBLI C NOrPELUHOCTBLI0 HE
6onee 5 cekyHa umetot guameTp 180-240 mm, He 6onee 10-20 cekyHO — He meHee 120
MM U Tak ganee.

CoBepLlueHCTBOBaHNE TEXHOMOMMN NPOU3BOACTBA MHAYKTOCMHOB, MU B YaCTHOCTM
NPOMbILLITIEHHOE OCBOEHME TOHKUX (PONLIMPOBAHHBLIX ANSNEKTPUYECKUX MIEHOK,

143



LleHTp ANCTaHUMOHHOro 0by4yeHua 1 NoBbIWEHNA KBaAUDUKALMN

ABTOMaTM3a umMAa nponsBoaCcTBeEHHbIX MpoLUeCccoB

No3BONUMO NEPENTU K MHOYKTOCMHAM C MHOrOCrOMHbIMU OBMOTKaMK, MPUMEHEHUNE
KOTOpbIX YyBennyMBaeT TOYHOCTb W MOLLUHOCTb BbIXOQHOrMO CuUrHana, pacwumpser
PYHKUMOHAmNbHbIE BO3MOXHOCTU MHOYKTOCUHOB NPW OAHOBPEMEHHOM YMEHbLUEHUN KX
rabapuToB.

YacTtoTta nutaHus nHgyktocuHa coctasnset 10 kl'y, Hegonyctuma 4Yactota MeHee
2 kly (BBMAY mManoctTu B 3TOM Crflyyae BbIXogHOro curHana) n 6onee 20 kl'y (BBUAy
NPOSIBNEHUS B 3TOM Cliydae €MKOCTHbIX COMPOTUBIIEHUA W HEepaBHOMEPHOCTU
pacnpegeneHns Toka MO ceyeHuto nposogHukoB). Ha dactote 10 kly oBmoTkm
WMHOYKTOCMHA MOXHO paccMaTpuBaTh Kak YMCTO aKTUBHbIE COMPOTUBIEHUSA, TaK Kak UX
WHOYKTUBHOCTb COCTaBNSAET HECKONbKO MUKPOreHpU npu akTMBHOM CONpoTuBreHun 1-5
Owm. 3asop mexay amckamu — 0,1-0,2 mMm. Tak kak HEMOCTOAHCTBO 3a30pa OKasblBaeT
CYLLLECTBEHHOE BIIMSIHWE Ha TOYHOCTb MHAYKTOCMHA, B €r0 KOHCTPYKUMU OOIPKHbI ObiThb
npesycMOTPEHbl y3nbl ANs pPerynupoBk/M 3a3opa. OTO 00bscHSAeTCA TeM, 4TO C
yBENMMYEHNEM 3a30pa YPOBEHb BbLIXOAHOIO CWUrHamna YMEHbLUAeTCcsl, OAHaKo
obecnevyeHne paBHOMEPHOro 3asopa meHee 0,7 MM C Uenblo yBENMYEHUs curHana
npeacraBnaeT 3Ha4YUTemNbHbIE TEXHOMNOrMYeckne TPyaHOCTH.

B psge ctpaH npoBogatcs paboTbl MO MUHMATIOPM3aUMM MHOYKTOCUHA. B aTon
CBA3M MNOSABUNNCL TaK Ha3blBaeMble MOAYINbHbIE WMHAYKTOCUHbI, CYLUHOCTb KOTOpPbIX
3aKno4aeTcss B TOM, YTO WX MHOrOCMOMHbIE OOMOTKM YNOXeHbl B Masbl 3ybyaToro
Habupaemoro cepgedHvka, nNpu4eM Kaxabld 3yOLOBbLIN 3MEMEHT COOEPXUT Criow
OOMOTKM WM Ccnon  cepaeyvyHuka. OTU  MHAOYKTOCUMHbI  0BnagalT  BbICOKMM
noToKocLenneHnem mexagy obmoTkamu ctaTopa M poTopa U yBENUYEHHBIM YPOBHEM
BbIXOOAHOMO CUrHana 3a cyeT oeppOMarHUTHOM 30Hbl. MoayrbHble WHAYKTOCUHDI
yCTynatT Mo TOYHOCTU WHOYKTOCMHAM C MHOTFOCIOWHBbIMM OOMOTKaMu, HO WMEKT
CYLLLECTBEHHO MeHbLUNE rabapuTbl — UX guameTp MOXeT bbITb yMeHbLueH Ao 30-60 mm.

JINHEWMHbBIN  MHOYKTOCUH, KPOME KOHCTPYKTMBHOIO MWCMOSIHEHUSA, aHanornveH
Kpyrosomy. JINHEWHbIA UHOYKTOCUH UMeEEeT OBe JNIMHENKN — ONUHHYI0 1 1M KOPOTKyo 2
(ronoBky cuutbiBaHusA) (puc. 89).
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Puc. 89. JIMHEeNHbIN MHOYKTOCUH

[nvHHaa nuHenka ycTaHaBnMBaeTCs Ha HEMOOBWXHOW 4acTu CTaHka U umeet
04HOda3HY0 MHOrOMOSIIOCHYI0 OOMOTKY, rOfoBKa CUMUTbIBAHUSI YCTaHaBNMBAETCA Ha
NOABWXKHOW YacTu CTaHKa, BENMYMHY JIMHEMHOIO NepeMeLLeHnss KOTopon Heobxoammo
N3MepuTb, U uMeeT aAByxdasHylo ob6MOTKy. [Mpyn nepemelleHnn NOLBUXKHOM YacTu
CTaHKka MOABWXHAsA JIMHENKa MMeeT BO3MOXHOCTb NepemellaTbCa napanfefnibHO ¢
NOCTOSIHHBbIM 3a30POM OTHOCUTESTbHO HEMOABWMXKHON NUHENKNU. OBbIYHO AnMHA NNHENKN
paBHa 250 mm, a ronoeku - 100 mm. [na namepenuns nepemellieHnin 6onbwe 250 mm
YHUPULMPOBAHHbIE NMHEWKN CThLIKYOT Mo Topuam, npu 3ToM obpasyeTcsa HabopHas
WwKana.

B 3aBrcumMocCTn OT cnocoboB NUTaHMs NEPBUYHBIX OOMOTOK BO3MOXHbI iBa pexnma
paboTbl NHOYKTOCUHOB:
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- NPY NUTAHUKN NEPBUYHBbIX OOMOTOK HANPSXKEHUAMM, aMMANTYAbl KOTOPbIX M3MEHSAOTCSA
no CUHycouganbHbIM U KOCMHYCOMAaNbHbIM 3akoHaM, a dpasbl coBnagatoT, MHOYKTOCUH
pabotaeT B pexume nynbcupylowero nons. B atom cnyvae amnnutyga 3AC,
WHOYKTUPOBaHHasi BO BTOPUYHOW OOMOTKE, SBNSETCA (PYHKUMEN nepemMeLlieHns
0BMOTOK OTHOCUTENBHO APYr ApYra;

- npy MUTAHUN NEPBUYHLIX OOMOTOK HaNPSHKEHUAMW pPaBHbIX aMnaunTygd, HO
CABUHYTbIMM o ¢a3e Ha 90 rpagycoB, WHAOYKTOCMH paboTtaeT B pexume
Bpawlatwouwieroca nons. B atom cnyvyae amnnutyga OLOC, MHAYKTUMPOBaHHAsA BO
BTOpMYHOM OOMOTKE, OCTaeTcss Heu3MeHHoW, a ¢dasa saBnseTca yHKUMEN
nepemMeLLeHna 0b6MOTOK OTHOCUTENBHO APYr Apyra.

CoOTBETCTBEHHO NEPBbLIM PeXMM paboTbl MHOYKTOCMHA ABNAETCA aMniUTYOHbIM,
BTOPOW - (pa30BbIM.

B anekTponpuBoaax mMeTannopexyLmx CTaHKOB MHOYKTOCUH MOXET paboTaTtb, Kak
N BpallarLwmmnca TpaHcopmaTop, B aMnnnTyaHoMm u asoBom pexunmax. OgHako ero
Yyauie ucnonb3yT B (pa3oBOM pexuMme, TO eCTb Ha OOMOTKy cTatopa nogatoT
CUHycoMaarnbHble HanpsbkeHus, caoBuHyTble Ha 90° Opyr oTHocwTenbHO Apyra, a ¢
ogHoasHoM OOMOTKM poOTOpa CHMMAaeTCs HanpshkeHue, dasa KOoToporo, Kak
yKa3blBaroch Bbille, onpeaenseT yrrioBble NONOXeHUsa poTopa.

ConocTtaBnsisi anekTpoMarHUTHble U (POTOINEKTPUYECKME [OATUYMKU MOMOXEHUS,
Heo6Xo4MMO OTMETUTL CrieaytoLLee.

TexHOonorna M3roToBrAEHNA OOTOINEKTPUYECKMX OATYMKOB M B MEPBYI oyepedb
MOAYNSAITOPOB CBETOBOIO NOTOKA 3HAYUTENBHO CIOXHEE, YEM ANEKTPOMArHUTHbIX. [pu
M3rOTOBMEHUN [OUCKOB U JIMHEEK (POTOINEKTPUYECKUX [OATYMKOB  MPUMEHSIOT
ONTUYECKOE CTEKNO C BbICOKMMU TpeboBaHMAMM K KavyecTBy €ro MNOBEPXHOCTW.
MexaHuyeckass o06bpaboTka ONTMYECKOrO CTekna 3HAYUTENbHO CrOXHEee, 4Yem
MexaHudeckas obpaboTka MeTanna, U3 KOTOPOro BbINOSIHEHbl 3ANEKTPOMAarHUTHbIE
AaTtymnkn. Kpome TOro, 4actota HaHeCEHUs LUTPUXOB MoaynsaTopa oOTOINEKTPUYECKMX
aatymkoB — oT 50 go 1000 wTpmxoB Ha 1 MM B 3aBUCMMOCTM OT TMUMA MOAYNATOpa,
3aTpyaHSeT BO3MOXHOCTb MNPUMEHEeHUs Hambonee TOYHOrO WM npocToro crnocoba
KOHTaKTHOM neyaTn C 3TarloOHHOro HeraTuBa, Kak 9TO MMEET MeCTO, Hanpumep, npwu
N3roToBNEHMUM NHOYKTOCUHA.

C TOYKM 3peHMs HaAEeXHOCTW 3INeKTPOMarHUTHble AaTyukun obnagalT pPsSaom
npenmyLecTs nepea GoTO3NEKTPUYECKMMN U3-3a BOMbLUE MEXAHNYECKON NMPOYHOCTU
N Manom BEPOATHOCTU LIYHTMPOBaHUA (ONS MHAYKTOCUHOB) COCeAHWX MPOBOAHUKOB
nevatHbIX 0GMOTOK, pacCTOsIHME MEXAY KOTOPbIMU COCTaBMSAET €ANHULbI MUNIMMETPOB
Mo CPaBHEHUIO C BEPOATHOCTBIO 3arpsA3HEHUs LUTPUXOB, PACCTOSIHUE MeXAYy KOTOPbIMU
cocTaBnsaeT eanHULbl — eCATKU MUKpomeTpa (ans dpoTtoanekTpudeckoro AOr1).

C uenbld nNOBbLIWEHNA  TEXHOMOIMYHOCTU  U3FOTOBMEHUA WU HAOEXHOCTU
POTOANEKTPUYECKNE [aTUMKM, KaK MpaBwUno, BbIMOSMHAKT C  YUCIIOM  LUTPUXOB,
CYLLECTBEHHO MEHbLUMM, YEeM 3TO BO3MOXHO B COOTBETCTBUM C OMTUYECKUMMU
Xxapakrepuctukamm mogynatopa. Tak, Hanpumep, B LUMPOKO pPacrnpoCTpaHEeHHbIX B
CTaHKOCTPOEHUN KPYroBblX poTo3anekTpuyeckmnx partyumkax BE-51 n BE-178 u4ucrno
wTpuxoB Ha obopoT coctaenseT 1000-2500.

doToINEKTPUYECKNE OaTYMKM MPEACTaBnsloT coborM wn  Bonee  CNOXHYHO
KOHCTPYKLMIO, YEM INEKTPOMArHMTHbIE, Tak Kak B (pOTO3INEKTPUYECKNX AaTynKax Gonee
CMNoXHasi cuctemMa cuutbiBaHus, Tpebytowasn, kak npaBumo, cneunanbHOW ONTUYECKON
annapaTypbl, NPUMEHSIOTCA  OOMOMHUTENbHbIE  peweTkn ana  obecneyeHus
nHTEerpanbHoro adpdpekta, Gonee xectkne TpeboBaHMa K y3nam, obecneymBaroLM
NPOCTPaHCTBEHHOE MOSIOXEeHWe mMoaynaTopa. B anekTpoMarHMTHbIX AaTtyMkax 3a cyeT
yCpeOHEHUs TMONOXEHUS HYNeBblX TOYeK MNpu nepexode OT UMKria K LUKy 3Tu
TpeboBaHMsA CyLLLECTBEHHO HUXE.
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C TOYKM 3peHMs IKOHOMUYHOCTWU criegyeT OTMeTUTb, 4YTo Oonee crnoxHas B
OONbLWMHCTBE CryvyaeB KOHCTPYKUMS, MPUMEHEHME MNPEUM3NOHHBIX LeNUTENbHbIX
MaWWH ONS U3roTOBMEHMS MOAYNATOPOB (POTOINEKTPUYECKUX AAaTYMKOB, Gonbluas
CNOXHOCTb  MX  IOCTUPOBKM  npegonpegensier  u fonblWyk  CTOMMOCTb
POTOINEKTPUYECKNX 4ATYMKOB MO CPABHEHNIO C ANEKTPOMArHUTHBIMM.

Bmecte ¢ Tem doTtoanektpudeckue [l1, Bbinyckaemble CEpPUNHO, UMEKT U PSS
peliawmx NpeMMmyLLecTB nepen aMNeKTpOMarHUTHbIMKU, KOTOpble M OBYCnoBuMAM UX
LUMPOKOE pacrnpoCTpaHEHNEe B HaAcCTosLlee BpeMs B CTaHKOCTpPoeHun. B nepsyto
oyepenb 3TO CYLLECTBEHHO MeHbLIas (B OECATKM U COTHM pa3) LeHa umnynbca un 6onee
BbICOKasi TOYHOCTb 3a CYET MMMYNbCHOW POPMbI NpeacTaBneHuss MHpopmMmaumm, a He
aHanoroBoOW, XapakKTepHOW ANnA 9SMNeKTPOMarHUTHbIX LaTyMKOB U SBMSIOLLENCS
NCTOYHMKOM CYLLECTBEHHbIX MOrpeLlHoCTeN NpW peanusauumn B cuctemax obpaTHbIX
CBA3EM  ONEeKTpONpuMBOAOB  AMHAMMYECKMX  CUCTEM,  KOTOPbIMW  SABMSOTCA
MeTannopexyLme CTaHKu.

O600LEeHHbIE TOYHOCTHbIE BO3MOXHOCTM [aTYMKOB pasHblXx TUNoB (6e3 ydveTta
MOrpeLHOCT AUCKPETHOCTU) NpeAacTaBneHbl B Tabn. 4, u3 KOTOpon crnepyet, 4To
NPUHUMNMANBHO BO3MOXHO  LOCTWXKEHME NOCPeACTBOM  JANIEKTPOMArHUTHbIX U
POTOINEKTPUYECKNX AATYMKOB OYEHb BBLICOKOM TOYHOCTU M3MEPEHMS NPU YCNoBUK
ManoCTW NOrpeLIHOCTN ANCKPETHOCTMW.

Tabnuua 4. O6006LEeHHble TOYHOCTHbIE BO3MOXKHOCTU JaTUYMKOB

Tun gatymka MNorpewHoCcTb n3mepeHma

(0-1y (1-60)’

Bpawatowmimca
TpaHchopmaTop _—

PeanvktocuH

CenbcuH

MHAVKTOCKH —_—

doTO3N1EKTODNYECKUI

Konosbin

PactpoBbit
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7.5. UncppoBoe npeobpazoBaHue aHanorosomn nHpopmaumm
nepBUYHLIX Npeobpa3oBaTenen.

MepBuyHble  npeobpasoBaTenn  nepemelleHUn  (MONOXEHUs)  ABNAKTCA
aHanoroBbiMu npeobpasoBatensmn, OPMUPYIOLLUMM Ha BbIXOAE rapMOHUYECKUNI
curHan.  [na  wucnonb3oBaHWa  MHGOpMauuM  3TOr0  curHana B CpeacTBax
BblYUCIIUTENBHON  TEXHUMKM NpPUM  BblpaboTKe YynNpaBndAloWeEro BO3AENCTBUMA Ha
ucnonHutenoHble  opraHbl  AO cnegyetr  npeobpasoBaTb  aHanoroBbil
MHAPOPMALMOHHLIN CUTHaN B AMCKPETHbLIA N 3aKOANPOBaTh €ro. OTU onepauum Hapsay ¢
BCNoMoraTesnbHbIMM OonepauysiMn No YMeHbLUEHUIO OUCKPETbl U YBENTUYEHUIO TOYHOCTHU
npeobpasoBaHMs BbINOMHAKTCA B CneuuanbHbIX 3NEKTPOHHbLIX 6rioKax, BKIIYaOWMX
ycunutenn, opmmpoBatenm u nornyeckne cxemol. Ha Bbixoge [l nocne ykasaHHbIX
Bblle npeobpas3oBaHMi  MNOSMydaeTCd HOPMUPOBAHHLIA  CUrHarM, coaepXalinin
MHOpPMaLMIO O BENIMYMHE U HaNpaBfeHUN nepemeLLeHnsa B opme, COOTBETCTBYHOLLEN
cTaHgapTtam Ha cuctembl YUIY.

Nmnynbc copmupyeTca npu  OOCTMKEHUM MEPUOONYECKMM  FapMOHMUYECKUM
CUrHanomMm onpegeneHHoro ypoBHS, 4alle BCero HyneBoro, TO eCTb OAWH — [Ba
nmnynbeca 3a nepuog (puc. 90)

1= L
U
Bhil
T

-0.51

—

Lz r
(B |
L1 1

Puc. 90. dopmumpoBaHMe MMnyrnbCHOM nocriegoBaTtensHOCTU N3 rapMoHN4ecKoro
BbIXxogHoro curHana Ml

(/' - nuHenHoe nepemeweHve, L- nepemelleHne, COOTBETCTBYylOLlEe nepuoay
n3MeHeHus1 rapMoHudeckoro curHana ).

MMnynbCHbIM curHan ¢opmmnpoBaTh Lenecoobpas3Ho, Koraa MakcumanbHa KpyTusHa
nepuoamMyeckoro curHarna, Tak Kak noporoBoe yCTPOMCTBO, hopMupyroLiee NMNynbCol,
nmMeeT onpeaeneHHbIn (PUKCUPOBAHHBIN) NOPOr YyBCTBUTENBHOCTW.

:Az—”cosz—ﬂl
L L
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Makcnumym pyHKumMm nonydaetca npum I=nL , n=0; 1,5; 1; 1,5; 2.

CywiecTBeHHbIM TpeboBaHMEM K MOPOroBOMY YCTPOWUCTBY SIBMSIETCA CTabUNbHOCTb
KPYTU3HbI (DPOHTa rapMoHMYeckoro curHana. Npu aTtom dopma curHana npakTuyecku
He MMEeET 3Ha4YeHus1, NO3TOMY OrpaHNYMBAlOT €ro0 amnnTyay.

Brnok opmunpoBaHus MMNyNbLCHOW NOCNeaoBaTeNbHOCTU M3 FAPMOHUYECKOro
CUrHana 4aule BCero BKOYaeT: yCUNUTerb, orpaHuyuTenb, AvddepeHumpyoLLyo
uenb, geTtektop n Tpurrep. Ha puc. 91, a nokasaHa CTpyKTypHasi cxema YCTpOWcTBa
OopMMpPOBaAHNSA MMMYJTIbCHOW MOCHeLOoBaTENbHOCTN, Hecywen MHopMaumio o casure
a3 mexgy AByMsS rapMoHuYeckmmu curHanamm — Uo — onopHbiM M Ux —
WHpOPMaLMOHHBIM. B  aTom cnyyae wuMeeM [Ba aHanorMyHbIX ycunutens -—
dopmMmpoBaTens, cogepalwmx yeunurens — orpadmnuntens YO, anddepeHumnpyoLLyto
uenb ALl n getektop O konebaHmn. Ha puc. 91, 6 nokasaHbl BpEMEHHbIE AMarpaMmmbl
npouecca OpMMPOBaHMS UMMYNbCHOM MNOCNenoBaTeNbHOCTU 6Grokamm yCcTponcTea
(cvrHan Yoo v [,2).

Ty T |&mx

YOl JIT1 J1 —=
U, T |
—3 Y02 A2 = 12

—t

Us | el /\ /\
Us K \/ \/ \

(R
yave

—

—

Unn
- t
1
4 r 7 r ;
Une 7 i i
Ut m m |_| t
6
Puc. 91. CtpyktypHas cxema ycunutens — opmupoBsaTens (a) U BpeMEHHble

avnarpammbl (6).

OnucaHHble Bbilwe 6510kn hopmMmupoBaTenen UCNonb3yoT Kak B LIMKINYECKUX, TaK U
B Hakannueatowmx Arl.
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7.6. KomnoHoBKa TUNOBLIX 4AaTYUKOB NepemMeLLeHUn

®a3oBbI  UMKIMYECKMA npeobpasoBaTenb yrna B Kog Ha 6Ga3e cenbCuMHa C
NpOMeXyToYHbIM NpeobpasoBaHveM casura a3 BO BpeMeHHON UHTepBarn

MNpu  uncrnonb3oBaHMM B KayecTBe NEepBUYHOrO npeobpasoBaTtens CcerbCuHa,
PacnosioKeHHOro Ha KOHTPONMpPyeMoM Bary, C ero BbIXOOHOW OOMOTKM CHUMaeTcH
HanpshxeHve Uo, dhasa ¢ KOTOPOro N3MeHseTCcs NpornopLmMoHarnsHo yriy nosopoTta Bana
ay 6e3 nameHeHus moaynsa amnNnuTyabl curHana U, =k-U, -sin(ax + @) .

MHopMaLMOHHBIM  NPU3HAKOM  KOHTPONMpyeMoro nepemelLeHns (yrroBoro)
CTaHOBUTCA Pa3HOCTb da3s Py curHana ¢ oo6moTku cenbcuHa Uy 1 onopHoro curHana Ug
TOWM X€ 4YacTOTbl U aMnMTyAbl, HO HEM3MEHHOW ha3sbl (o). MONHLIN LUK N3MEHEHNSA
dasbl cOOTBETCTBYET O0AHOMY 060poTy poTopa. [anee npoucxoauT npeobpasoBaHue
pa3HoCTu ha3 BO BpeMEHHOW UHTepBan u kog (puc. 92).

Ux [l
= VP, s| T g JIC

U

— X v, R\ T. TH

a

|
+++ t
Us.s t
u t
Ac ] Il
N, N,
6

Puc. 92. Yrnoson [l Ha 6a3e cenbcrHa B ka4ecTBe NEPBMYHOIo npeobpasoBartens:
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a - (QyHKUMOHanbHasa cxema, 6 - BpeMeHHble auarpammbl: YO —ycunutenb -
dopmupoBatenb, Tr — Tpurrep, S — kntod, ' — reHepaTop c4eTHbIX umnynscos, [C -

ABOUWYHbIN CHETUMKK.

AN ocywecTBnseT psag nocneaoBaTenbHbIX NpeobpasoBaHuii: a , —>¢ , >t , >N —

KoQ.

Kak yke ObIno nokasaHo Bbllwe, ycunutenu — cdopmmposatenu B Al ¢ nomoLbto
ycunuTtenen — orpaHuYMTeNnen yBENUYMBAKOT KPYTU3HY rapMOHUYECKMX CUrHanoB B
obnactu nepexoga ux 4vepes 0 U orpaHNYMBAlOT aMnnUTyAy, YTOOblI pacnonoXeHwe
BbIXOOHbIX WMMMyrbcoB Y® He 3aBuceno oT ammnutygbl Ux .OpOHT curHanos
AndbdepeHUMpyOT C NOMOLLBbID  AndPepEHUMPYIOLLNX YCTPOMUCTB C BblAENEHNEM
UMNYNbCOB OOHOW MOMSIPHOCTW, KOTopble nogatT Ha Tpurrep LWmutta agnsa
hopMmnpOBaHNA YETKOro (PpoHTa curHana, ynpasnstowero knwodom S. AnuTenbHOCTb
chopMMpOBaHHOIO TPUITEPOM CUrHana pasHa tx; B TedYeHue 3TOro BPEMEHHOro
WMHTepBana 4Yyepes3 OTKPbITbIA KMY OT reHepaTopa CYETHbIX UMNynbcoB ' umnynbCbl

YacTtoTtou fo nocTynatoT Ha ABOUYHbLIN CYETYMK, Kogupytowmin curHan B MNAK.

t
Uucno npuweawmnx Ha [[OC wmMnynbcos NX:T—"=tx'f0. Yron casura as
0

27
¢ ,CBfA3aH C ty 3aBMCUMOCTbIO @, = T_t“ raoe Tx — nepuoa 4Yactothl fy curHanos Uy 1

X

qpx ! T)C ¢)C

U,. W3 nocnegHero BblpaXeHust t, = = . Takmm obGpasom,
2 2 f.
. = P . L , OTKyda Q. :27z-f" “N_=n-N_, roe 77=27rf“‘ - MOCTOSAHHbIN
272- _f;c [ o
KO3 PULMEHT.

PaccmoTtpenHbin [N  obnagaet Bcemu norpewHoctsmu AL BpemeHHoro
WHTepBana nmc MNOrpeLlHOCTH, KOTOpble BHOCUT ycunuTesnb dopMupoBaTerb,
hopMUpYOLLMIA MMMNYFbChI, OrpaHnYMBatoL e BpeMeHHON nHTepaan fx.

das3oBbin uuknu4yecknn yrnosomn [l Ha 6a3e Bpawarowerocsa TpaHchopmartopa ¢
NPOMEXYTO4YHbIM NpeobpaszoBaHneM BO BPEMEHHOW UHTepBan

lMepBn4YHBLIM Npeobpa3oBaTenemM yrna NoBopoTa Bana ABUraTensi B 3N1IEKTPUYECKUI
CUrHan sBMsIETCA CUHYCHO-KOCUHYCHbIM BT, paboTtatowmnn B (HasoBOM pexunme W
pacrnosioXXeHHbIN Ha Bany KoHTponupyemoro asuratend. Ha soixoge CKBT umeem gBa
rapMOHW4Yecknx curHana (puc. 93):
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U, =kU,sin(at+a,) n U, =kU, cos(ot+c,)

roe k—nocTosiHHbIN KO3 puuneHt, Uy M @ amMnamtyga M 4actoTa nuTatoLero
HanpsHKeHNs COOTBETCTBEHHO, ., - Yrofl NoBOpoTa Bana (dasa HanpsKeHus).

Uner ]
CKBT
R[CT [,
C
ns |T & 1
H, Ea 2—
3
R ']}1 211
Cr
GN

L | == H&
CcC

Wi

Puc. 93. Cxema yrnosoro [I1 Ha 6ase BpawarLWweroca CUHYCHO-KOCUHYCHOIO
TpaHchopmaTopa (CKBT).

Unnr - HanpskeHne nutanust; Usin, Ucos - BbixogHble HanpsbkeHuss CKBT; U4, Uy -
HanpsbkeHue Ha Bbixode drasocasurarowen venu (PCL); CCq, CC, - komnapaTtopsl, Try,
Try - Tpurrepsl; Wy, Ny - kntoun; ' — reHepaTtop cYETHbIX UMMynbcoB; CY- OBOUYHbIN
cyeTumk; [ — gatymk UMKNoB; 3 — cxema 3aaepiKKu.

Kak n B paccmoTtpeHHoMm Bbiwe [ Ha 6a3e cenbcuHa, B [ ¢ CKBT npoucxoant
nocrnegosaTenbHoe npeobpasoBaHne yrna capura a3 mMexay BcrnomMoraTeSibHbIMU
HanpsbkeHusmn Uq n Uz, cdhopmmpoBaHHbiMn OCLL, npeacrtasnsowen HebanaHCHbIN
MOCT repeMeHHOro Toka (¢pasoBpawiatenb), BO BpPEMEHHOW WHTepBan ¢,

X
dukcmpyembii ¢ nomoubio AByx komnapatopoB CCq u CC,, u ganee - aHanoro-
undpoBble NpeobpasoBaHMe BPEMEHHOIO MHTEpPBana B KOA C NOMOLLbLO Tpurrepa Try,
kntoya W4, reHepaTopa cyeTHbIX uMnynbcoB ' n geonyHoro cyetumnka Cu (CT2).

Pasnnune ganHoro Al v A1 Ha ocHOBe cenbCuHa B TOM, YTO B MOCHeAHEM YroJi
cosura ¢as popMmupyeTcst Mexay BbIXOAHbIM CUIHANIOM CefibCUHA U BCOMOraTesbHbIM
HanpsHKeHnem UO, ANs NOMyYeHns KOTOPOro HyXXeH chneumanbHbln CcTabunbHbIN

WUCTOYHUK NnUTaHus, a B paccmatpuBaemom [l gBa BbIXOAHbIX cuUrHamna ¢ oOMOTOK
CKBT - Ugin 1 Ugos NogatoT Ha DCL, (pasocasuratoias Lenb) , B KOTOPOM napameTpbl
nogobpaHbl Tak, Yto R-C-w =1; npn aTom Ha ee Bbixoge nmeem Uqs n U, caosur das

T
MeXay KOTOpbIMN @, , = 2a, — 2"
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MmeHHO 3TOT caBur ¢pas, Hecywmn mHgopmaumio ob yrme noBopoTa Bana, Ha
KoTopom pacnonoxeH potop CKBT, ¢ nomoLiblo ABYX KOMnapaTtopoB npeobpasyeTcs
BO BPEMEHHOW WHTepBan ty, Kak paccMoTpeHo paHee. lNpeobpasoBaHne yrna B Kog
npoussogutca AU, peanusyiowum meton nocregoBaTenbHOro cyeta MMMNynbCoB OT
W, 3anonHsaLWNX BpEMEHHOW NHTEepBan ty.

B cxemy BKkntoveH gatyvk umknos [1, € NOMOLbIO KOTOPOro yCTaHaBfMBalOTCH B
HyfnieBOEe COCTOSAHME ABOWUYHLIM cyeTymk CT2 B Havane kaxgoro Lukna — nepuoaa
NUTaIOLLEro  HanpsbkeHUss WM - uMHTepBarna, KpaTHOro 3ToMy nepuody, €ecnu
npoun3soguTca npeobpasoBaHne c ycpegHeHneM. CurHan partymka B KaXKAoM LuKre
nocrne HeKOTOPOW 3aZlepXKn (Cxema 3agepXkn 3) nepesoguT Tpurrep Try B eQUHUYHOE

COCTOsIHMe, 4TO noprotasnueaeT cxemy 27, ons nogaun crapt — umnynbca. MNocne
nogaun crapt — uMmnynbca Tpurrep Tro NepexoanT B HYNEeBOE COCTOsIHME, He faBas

BO3MOXHOCTb JIO)KHOMY CTapT — MWMMNYnbCy MPONTU Ha CXeMy B TOT X€ LMWK
npeobpasoBaHus.

OnucaHHbIn MeTo npeobpa3oBaHMs yrra B KOA LUMPOKO MCMNONb3yeTcs u3-3a
AOCTYMHOCTU, T.K. BECbMa pacnpocTpaHeHbl BT, nmetroumecs Ha CTaHkax, Kak gaTyuku
cnegswmmn cUcTeMb.

HepocTtaTtkn metopa:

- OTCYTCTBME B OOHO3HAYHOCTU B OMNpederieHMnM BXOOHOro yrna B npegenax
nonHoro obopoTa potopa BT. 3TOT HegocTaToK UCKIOYaeTCs NPy BBEOEHUUN CXEMbI
dopMmpoBaHMsa NpusHaka nonynepuoaa rno nokasaHusiM cyetymka u 3Hakam U n Us.

- HM3Kasi TOYHOCTb Mpeobpas3oBaHWsl M3-3a BIUSHUSA HECTabUIbHOCTM 4acTOTbl
NUTalOLWEro HanpsbkeHus, T. K. Npyv 3TOM N3MEHAETCA BPEMEHHOW WHTepBan tx.
YcTpaHsAeTca OTHOCUTENbHbIM W3MEPEHMEM: OMpeaenseTca 4YacTHoe OT [eneHus
noKasaHui cYeTYMKa 1 Ymcna, NponopLUMOHANbHOIO Nepuoay NUTAKLWEro HanpshKeHus
(BONONHUTENBHbIN CYHETYHUK).

- BMMSIHWE  KOHCTPYKTMBHbIX MOrPELHOCTEM B  OCHOBHOM OT  Henep-
neHauKynsspHocTn odbmoTok BT. BBOOAAT CxeMbl ycpeoHEHUSI NOKa3aHUN.

YBenuuyeHne TOYHOCTU Npeobpa3oBaHus hpa3bl B KOO METOAOM yCcpeaHeHuUs

MeToq npeobpasoBaHunsa dasbl B Kog (yrna B Kof), pPaCCMOTPEHHbIA HamMu paHee,

HOCUT Ha3BaHME MeToda n3amMepeHnda MrHoBeHHOro 3Ha4deHud Cba3bl, T.K.

/,

(px=272'-—x-Nx - onpepgendetcd B KaxXgoMm rnepuoae nutarwero HanpsXeHusa
0

LUMWKITNYEeCKN.
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S

0

B nepesom I'IpM6J'II/I>KeHMI/I Mbl CHMUTaeM OTHOLUEeHune =const , YTO MOXeT ObITb

BbIMOMTHEHO NpWU  BbICOKOCTabUnbHbIX fy Kn  fp. 3TO  yTBEpXKOeHWe, KOHEYHO,
OTHOCUTENbHO, U HECTAabUNBHOCTL Kak fy, Tak B bonblen mepe fx BHOCUT NOrpeLlHoOCTb

B onpegeneHne nepuoaa To n Ty, @ B pesynbTate B nogcyeT Ny.

Ncnonb3oBaHne metoda ycpeaHeHUs dhasbl Npu NOCTpoeHun npeobpasoBaTeneit

dasza-kog (MPK) 3HaumMTenbLHO yBenMumBaeT TOMHOCTb NpeobpasoBaHus (puc. 94).

U

— Y, S| T

EITE%...T..aIl
Uz —1 S S C
— V@, R|T; ! 2 a

'H L‘{ P

Puc. 94. Cxema dasosoro [l ¢ peanusaumen ycpeaHeHuUst pesynbTaToB
npeobpasoBaHus

Vo, ,- ycunutenu-coopmuposatenu; ® — opmuposatenb; Si, Sp- kntoun; OC —

ABOWYHbIN cyeTuvuk; Y — npenntenb 4actoThbl.

MpeoGpasoBaTtenn, B KOTOPbIX WUCMONb3yeTcs 3TOT MeTon HasbiBatoTcs NMOK ¢
NOCTOSIHHbIM BPEMEHEM U3MEPEHUS (MHaYe nHTerpupytowwmne MoOK).

B cxeme ctaBAaAT AONONMHUTENLHLIN KIoY, S; BpeMsi paboTbl koToporo 3agaetcs U
yepes genutenb YactoTbl Y n doopmupoBartens - Tpurrep Tro.

o 104 Tx
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Puc. 95. BpemeHHble guarpammel A1 ¢ ycpegHeHnem pesynbTaTta
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3a Bpems t, cymmumpyeTcsa psa OTAenbHbIX 3HAYEHUN Ny U onpefenseTcs cpefHe
3a t, 3HaveHune ny, (puc. 95). Yem Bonblue oTHoweHue t,/ty, TeM Borblue TOYHOCTb
n3mepeHuns. BepxHee 3HauyeHne 4acToTbl U3MepuTenbHOro curHana fo orpaHnumBaetcs
paspeluatoLen CnocobHOCTbIO CHETUMKA, HUXKHEE — BO3MOXHOCTBIO TOYHOrO AeneHus
4acToThl.

Yuncno MMMYJIbCOB B «MNa4Kke»:

T f. 2z

o

n

Uucno nadvek B umkne, ecnu t, kpateH Ty

Ecnn k — koadpuumneHT geneHunsa yactoTsl fp, TO

— _ k
W=k =0
O6bLee konmM4ecTBO UMNYNbLCOB, NocTtynarowmx B [1C 3a yukn:
k k
N :a.n :l’ .f .&&:t .L. —_.ﬁ.wx:—.wx.

R A T

Takum obpasom, BBOAs AononHuTenbHble 6nokn B cxemy AL n peanusys metoq
ycpeaHeHuss pesynbTaToB npeobpa3oBaHMsi, BO3MOXHO CBECTU K  MWUHUMYMY
NOrpeLHOCTb OT HECTAabUNbHOCTKU YacToT fy u fo.

PoTOMMNYNbLCHBLIN HakannuMeawLwmmn npeobpasoBaTenb
yrnoBoro nepemMeLleHusl B Kog

OaHnMKM 13 Hanbonee pacnpoCTpaHEHHbIX B CTAHKO- U poBOTOCTPOEHNN AaTYMKOB
YrNoBbIX MNepeMelleHnin (yrna noBopoTa) Bana ABuratenen nogayn sBNAKTCS
Hakannueawwue wuMmnynbcHole [ Ha 6a3e (OTOINEKTPUYECKMX NEPBUYHBIX
npeobpasoBaTenen nepemMeLLeHNA, UMEIOLLINE B CBOEN OCHOBE PacCTPOBbLINA ONTUYECKUN
MOAYNATOP.

Kak BbIfio yxe ckasaHO paHee, OMTUYECKUA MOAYNATOP COCTOUT M3 COMPShKEHUS
N3MepUTENbHOro (KPyroBoro WnNn JfUHENHOrN0) W UHAMKATOPHOrO (HEMnoABMXHOrO)
3fIEMEHTOB, WMEKLWMX MNEePUOANYECKYIO CTPYKTYpPY LUTPUXOB, HAHECEHHbIX Ha
ONTMYECKOEe CTEKMNO C LiaromM, KOTOPbIM SIBNSIeTCA NepuoaoM 3BeHa U onpegenser
Ha4anbHyl0 paspeLuaroLLyo cnocobHOCTL MoaynsaTopa.

Mpn nepemeweHun (yrnoBOM WM  NIMHEMHOM) W3MEPUTENBLHOrO  pacTpa,
3aKpenneHHoro Ha noaswxkHblx 4actax AQO, OTHOCUTENbHO  HENOABWXKHOIO
WHOMKATOPHOro pacTtpa, NpoMcxoguT MoaynsuMs CBETOBOro NoToka Mo aMmnnuTyge B
YHKUMM  NepeMeLleHns, T.e. Nepuoamyeckoe  U3MEHEHME  OCBELLEHHOCTU
YyBCTBUTENBHOrO anemMeHta (PoTonpuUeMHMKa), PacrofioKEHHOro 3a  nonem
pactpoBoro conpskeHusi (puc 85.). TlonHbIA UMK M3MEHEHUA OCBELLEHHOCTHU
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doTonpnemMHumka
npoM3ongeT npu nepemeLleHnn pactpa Ha BenuumHy wara. Cu4ntasi YnMcno LuKroB,
MOXHO M3MEPSTb YrNOBblE U NMIMHENHbIE NEPEMELLEHMSI C TOYHOCTBIO A0 Lara pacrpa.

Kaxablh pactp npeactaBnsieT cobor KoMOBMHaUMIO Hemnpo3paudHblX LUTPUXOB,
HaHEeCeHHbIX Ha NOBEPXHOCTb NPO3pPaYHOro ONTUYECKOro CTEKNa C LWaroM w.

OTHoweHve Tp=a/w (a - wWMpMHa NpO3payHOro yyacTka), Xapakrepuayollee
nponyckarLLyl CrnocoBHOCTb pacTpa, Ha3blBaeTCa NpPOoNycKaHUueM pactpa u sBnseTcs
€ero OCHOBHOW OMTUYECKOW XapaKTepPUCTUKON.

MponyckaHne pacTtpoBoro conpsikeHms 7=/,
raoe @y - cBeToBOM NOTOK, NonagarLLnm Ha pacTp;
@ - noToK, NpoLleLmnn Yepes pacTp.

CooTtBeTcTBYOWNM BbIGOPOM MapaMeTpoB PaCTPOBOrO COMPSPKEHUS  MOXHO
nony4nTb CMHycouaarbHbIN xapakrep N3MeHeHus nponyckaHus ans
doTonpuemHuka nuHenHoro O (poTogatymka nepemeLLeHmns):

7, = To{l+msin[®+%(i—l)} ,

roe i= 1,2,3,4 - ana 6onbwmnHcTBa ctaHaapTHbIX Al;
To - MOCTOSIHHAsA COCTaBMSAOLLAA NPONYCKaHUS;
m - KO3(PPULMEHT rMYyOUHBI MOOYNALMNM;
O=(21/w) X - NpocTpaHCcTBEHHasa da3za KOMOMHALMOHHON MyapOBOW NOSOCHI;
X — NINHEHOE nepemeLleHne N3MepuTenbHOro pacTpa B npegenax wara w

B patumke obbl4HO mcnonb3yeTtca 6nok u3 4-x gotonpuemHnkoB (Pri1-eri4) Ha
Kaxkablin doTONpUEMHMK  MOCTynaeT  CBETOBOW NMOTOK, CMELLEHHbIN MO
NPOCTpaHCTBEHHOM ¢ha3e Ha T1/2 pag OTHOCUTENbHO MOToKa, npeawecTteyowero Orl.
CoeguHsa hoTonpmemMHMKM nonapHo 4Yepes oauH, T.e. Or1-OrMN3 n Pri2-eor4, moxHo
nonyyYnTb C BbIXOAOB MO ABa CuHycompanbHbIX curHana M1 un U2, caBuHyTbIX MO
npocTpaHcTBEHHOW a3e Ha TI/2 paa, Hecywmx WHdopmauuio 06 nsmepseMom
nepemMeLLeH1n X.

AHanornyHble curHansol, HecyLlne VIH(*)OpMaLl,VIlO 00 yrnosom nepemMeLleHnn,
nony4yatoT C 6rnoka q)OTOI'IpVIeMHI/IKOB NJ1OCKOro pagnarnibHOro pactpoBoro Conpsa>xeHu4.
I'IpM 9TOM NpPOCTpaHCTBEHHAsA q)asa KOMOMHaLUMOHHON MNOMoChI onpepnendeTcd
Bblpa>keHNneM:

O=(21/w)-q,

rae d - OTHOCUTEeJIbHOEe YrrioBoe CMelleHUne U3MepUTesibHOro pactpa B Mnpepernax
yrnoBoro wara w.

Ona dopmupoBaHua Ha Bbixoge PO mMmnynbCcHOM nocrnegoBaTeNbHOCTU U3
rapMOHUYECKNX BbIXOOHbLIX CUrHANoB (POTOMPUEMHUKOB MCMOSMb3YKTCA YCUNUTENU-
dopMmnpoBaTENN B ABYX aHAOMMYHbIX KaHanax cxembl (puc. 96)
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Puc. 96. CrtpyktypHaa cxema ©Onoka dopMmpoBaHus nocrenoBaTesribHOCTH
npAMOYronbHbiXx  umnynscos: ®O01.003, &001, ®O02 - cdoTtoamoapl; Y1..¥3 -
yeunutenu; ®1..03 - popmuposaTtenu; BY1..BY3 - BbixogHble yecunutenu.

Cxema hopmMupoBaHUA MMMNYNbCOB COAEPXWT TPU KaHana, Kaxabl U3 KOTOPbIX
COOEPXUT BXOOHOW onepaumoHHbin ycunutens Y1-Y3, dopmuposaTtens D1-03,
BbIXOAHOWN Kackagd ycuneHuna BY1-BY3.

CurHanbl ¢ ¢otognogos OO01-PO3 ycunmBaroTCAa BXOAHBbIMW  YCUNUTENSIMUA,
NOCTPOEHHbLIMU Ha onepaumoHHoM yceunutene KS53YO1A.

Ha Bxoabl ycunuteneun nogaroTcsa Takke curHanbl OT onopHbixX ootogmnonos $101
n 002 pna kKomMneHcaumm MOCTOSAHHOW COCTaBMSAOWENW CcurHana BcneacTeme
M3MEHEHMs1 CBETOBOrO0 MOTOKa JlaMmmnoyku. 3aTemM cuHycoumanbHble CUrHanbl,
cABMHYTble MO ¢hase Ha TI/2, a Takke curHan oTcdeTa, nonydyaembl oT doTogmoaa
®[13, nogatoTca Ha Bxogbl hopmupoBaTenen, rae npeobpasyoTcs B NPSAMOYroSibHble
UMNYNbCbl, amMnnuTyaa M ¢opma KOTOpPbIX He 3aBUCAT OT U3MEHEHUs aMnnuTyabl
CUHycouabl B onpeneneHHblx npegenax. Kaxgomy nepuogy cMHycomganbHOro curHana
COOTBETCTBYET OAUH NepMo BbIXOQHOrO NPSIMOYrofibHOro curHana.

dopmupoBateneMm UMMMNynbLCOB CNYXWT KOMMApaTtop, CcobOpaHHbIM Ha 6ase
nHTerpanbHon mukpocxembl K553YO1A.

Ona  nonyyeHnsa npsAMbIX M UHBEPTUPOBAHHbLIX CUFHANOB KaXAoOro kaHana
HeobXoQMMOWM MOLLHOCTK, MOcnegHMe C KOMMapaTopOB MOCTYMNakT Ha BbIXOOHbIE
Kackagbl YyCUNeHus, BbiNoNHEeHHble Ha TpaHaucTopax KT3156.

Mcnonb3oBaHne B anekTpoHHou 4actu [l gByx kaHanoB AN napannenbHoro
npeobpa3oBaHNsl BbIXOAHbLIX CUrHaNoB ABYX rpynn ¢oTONPUEeMHUKOB, CABWUHYTLIX B
NPOCTpaHCTBE APYr OTHOCUTENbHO Apyra Ha T1/2, AaeT BO3MOXHOCTb BbINOMHUTL ABa
TpeboBaHus, NpeabsiBNsemMble K gaTtyMkaMm nepemelleHns B cuctemax OC npuBoaoB
AO:

- MOMyYMTb CUrHam, Hecywun MHGOPMaLMIO O HamnpaBneHuu nepemelleHus (B
cny4vasix pesepca);

- YBENUYUTb paspeluatrollyto crnocobHocTb [l no cpaBHEHWO C ONTUYECKUM
MOZYNSTOPOM.

Ons peanusaumm 3Tux 3agad B PN mcnonb3yoT cneuunarnbHble Nornveckue
CXeMbl. ECNn orpaHnynTbCs NULLb BO3MOXHOCTSIMU CXEMbI, NMpUBEAEHHON Ha puc. 97,

MOXHO TMOJIydnUTb Ha €€ BbiIXoAde nocsieaoBaTtesibHOCTb WMIYJ1bCOB, KOTOpPbIE
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noacyYNTbIBAaeT pPEBEPCUBHBLIN  ABOMYHBIA  CYHETUMK, MNPUYEM Kaxabl  MMMynbC
COOTBETCTBYET NEpPEMELLEHNIO UBMEPUTENBHOMO pacTpa Ha oauH war w. danbHenwee
yBenuyeHune paspeluatowlenn cnocobHocTn A1 no3BonsAT NONyyYnTb CXEMHbIE CNOCO6bI
Apobnenns wara conpsraroLmnxcs pacTpoB Ha 4-20 yacTteun ans
YMEHbLIEHNA camMoro wara. Takme pacTpoBble Hakannueawwume npeobpasoBaTenu,
roe npu nepemMeLLeHnn N3MepuUTEenibHOM PeLLIeTKM Ha OAMH Lar Ha CYETYMK noaaroTcs
4-20 vmnynbcoB, obnagatT paspeluatowen crnocobHocteto 1/4 - 1/20 wara pactpa,

4YTO COOTBETCTBYET 2 MKM U faxe 1 MKM Npu UCNosib30BaHUN pacTpoB C LWaroM 8 MKM.

Ha puc. 97 npegcraesneHa cxema OTCHeTHOM YyacTu cepuinHoro A1 (Hanpumep Tvna
BES51B), nossonsiowasa nonyynTb paspeluarLlyto crnocobHOCTb, paBHyl Vs Lwiara

pacTpa, n gunarpamma nocrnegosaTtenbHon obpaboTkm curHanos 11 n N2 nepeuyHoro

doTonpeobpasoBarens.
— W
X
B e Vs A /| N
WK1 u -
_ A2 w2| L A _
A B(+)B(-X)
C 3= A
L= B(+)B(X)
A, LI ke 1.l r-#+-1_l_.r—taB —+X
-.n‘5 R E ber=q _L_F-F-1_l_JbA
H3 j 59 S e -=
- L -+ aB
26| L OO I R B U N
'_'l,._---J"'n"'l____:J::'n-a-B
a7 wl T e *-L_L_I™% T_Q_E
WNKU2 "% 1.1~ 1-438
= @ F-+-1_Ll_r-+-1_l_rbA
a 6

Puc. 97. OTtcyeTtHasa 4yactb OOI1:

a - CTPYKTypHasi cxema, 6 - guarpammbl nocneagoBaTtesnibHon 06paboTkn
curHanos N1 n N2 ¢ potonpuemnukos 1..08 - ouddepeHumnpyowne LenoYku;
nN1..18-cxembl"N"; UITN1..UNNTN2-cxembl "UTTN"; POC - peBepCUBHbIN OBOUYHbIN

CHETHUK.
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BXOOHbIMW [ OTCYETHOW 4acTW SBAAITCH BbLIXOAHbIE UMMNYNbCbl A, A,B,B

dopmMmmpoBatenen B ABYX kaHanax gatumka (puc. 96), TpM M3 KOTOPbIX CABWHYThI
OTHOCUTENbLHO KaXdoro npegplaywero Ha T1/2 pag. OTW curHanbl cnyxaTt Aans

yrnpaBreHus 65y10koM peBepca cyeTyMKa Mosoc.

Ona dopMupoBaHMa WUMMYNbLCOB CNOXEHUA UCMNOMb3YITCA 4YeTblpe CXeMbl
coBnageHnsa W1-U4. [na dopMupoBaHMss UMMYNbCOB BbIMUTAHUSA CryXaT CXeMbl
coBnageHus N5-N8, ¢ BbIxoga KoTopbix MMMynbeCbl noctynatoT Ha cxemy UJTA2. Bee

CXeMbl COBMageHNss UMEeKT OAMH MOTeHUManbHbIn U OAMH WMMYNbCHBLI BXoabl. Ha
noTeHumarnbHble BXoAbl cxem W noaaloTcs NpsaMoyronbHble HanpsbkeHus A, A,B. B, a

Ha WUMMYyNbCHbIE BXOAbI-UMMNYNbCLI, MOMYyYeHHble AuddepeHUMpoBaHneM (POHTOB
NPSAMOYrofbHbIX cUrHanos guddepeHumpyowmmm Lenodkamm O1-08. 3 gnarpammel
BUOHO, YTO MpU OBWXEHUU U3MEPUTESNbHOW PacTpPOBOW pelleTkn B HanpasneHun (+X)

Ha peBepcuBHbIN cyeTYnK PC NnoCTynaT curHanbl CAOXEHUS:

V=a-B+b-A+a-B+b-A.

Mpwn ABWXKEHUN N3MEPUTENBHON PacTPOBOM peLUEeTKM B 06paTHOM HanpaBneHuu (-

X) Ha peBepcuBHbI cHeTymk PAC nocTtynatoT curHanbl BblYUTaHUS:
V=a-B+b-A+a-B+b-A.

Mpun nepemeleHn N3MepuUTENbHON pPeLLeTKN Ha OAMH Luar Ha CYeTYuK nogaroTcd
YyeTblpe UMMynbca, T.e. AaHHOEe HakannuealLllee YyCTPOMCTBO 0bnadaeT paspeLuatoLlen
cnocobHOCTbIO, cooTBeTCTBYOWEN 1/4 wara pacTtpa. [lyTemM HEKOTOPOro YCrOXHEHUS
6noka BbIpaboTKMU CYETHBIX UMMYMbCOB MOXHO MOfy4YMTb BOCEMb UMMYMbCOB Ha OAWH

Liar pacrpa.

7.7. KopoBble npeobpasoBaTenu nepemMeLieHumn

KopoBble npeobpasoBaTenu peanusyloT TPeTUA MeTOA KOOAMPOBaHWUS curHana -
napannensHoe npeobpa3oBaHne UMM CYNTbIBAHUE.

B atux A kogmpoBaHWe MOXET BbINOSHATCA ABYMsi cnocobamu, peanusyowmnmm
METOL CYATbIBAHUSA: KOAMPOBAHWE 3@ CYET INEKTPOHHOM CXeMbl cyuTbiBaHua (AL
CUMTbIBAHNA paccMaTpuBancsa Bbllle); KOAMPOBaHME 3a CYEeT KOAOBOMW LUKanbl.
Haunbonee pacnpoctpaHeHHble [ Ha 6a3e oToanekTpruyeckmx npeobpasoBarenen.

[ns peanu3auMm nepBoro crnocoba BbLIMOMNHAT 3TaNOHHYK LIKany, AeneHus
KOTOPOW paBHOMEPHbI M OTNMYalTCA Ha KBaHT. BxogHass BenMuMHa OOHOBPEMEHHO
CpaBHMBaETCs C AENEeHUsIMU LLUKanbl, NPUYeM CpaBHMBAIOLWMX YCTPOWCTB CTONBLKO,
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CKOMbKO [eneHui LuKanbl: NpuM «N» paspsgax BbIXOAHOTO Koda CpaBHUBAIOLLMX
ycTpoicts 2"-1.

Bmecto ogHoOW wWkKanbl ¢ AeneHUsMU OTCTOSLUMMWU Ha KBaHT, MOXHO B3SiTb «N»
LwKan ¢ AuanasoHoM npeobpasoBanns 2-o, rae i - Homep LKasbl (0,1,2,3...), o -
war wkanbl. MeTog Wn3roToBRNEHWA LWKan He yrnpowlaeTcd, HO yrnpouwlaeTtcs
KoaMpoBaHue, T. K. Kaxaas Wwkana gacT 3Hak paspsga koga, NPUYEM  HYXHO TOJTbKO N
CpaBHMBAKLLMX YCTPOWUCTB.

MNpeobpasoBaTtenb nepemMeLleHUss B 3TOM Cllyqyae COAEPXUT: 3aJalolwni aneMeHT
(kBAHTOBaHHYIO LUKany), YyBCTBUTESbHbIE 3NEMEHTblI U CXEMY KOAMPOBAHUA curHana
(AU cunTbIBaHMSA).

KonoBble npeobpasoBaTtenu BTOPOro Tuna paGoTarT Mo MPUHLMMY CYUTbIBAHUS
NHGOPMaLMM C KOOOBOW MacKu-LLKanbl. YMCrno cuMTbIBaOLINX YCTPOMCTB PaBHO YMUCNy
paspsiAoB KoAa - AOPOXKEK KOAOBOW LUKanbI.

doToanekTpuyeckun koposbit A1 B 3TOM criyyae cocTtouT U3 3agarollero
anemMeHTa, KOAOBOW LWKanbl (Ancka), BbIMOMHEHHOM U3 ONTUYECKOro CTEKra, Ha KOTOpYHo
HaHeceHa KogoBas Macka B BMAE COMEeTaHMs MPO3payHbIX M HEMPO3payHbIX y4acTKOB B
COOTBETCTBMM C KOAOM, YYBCTBUTENbHbLIX (OTOINEMEHTOB, PACMOSIOXKEHHbLIX MO
paguycy Oucka, U 9NEeKTPOHHOM CXeMbl CUMTbiBaHUSA koga. CynTbiBaHME B ABOMYHOM
Koge npoucxXoguT HenocpeacTBEHHO C (POTOMPUEMHWMKOB MyTEM WX Onpoca: WUX
COCTOSAHME 3aBUCUT OT B3aMMHOIO MOJSIOXKEHNSA UX U YHACTKOB MOABWXKHOW LUKanbl (eCTb
TOK B Lilenn - HET TOKa).

[octomHcTBa KOOOBbIX MNpeobpasoBaTenen: BbLICOKOE ObICTpOAENCTBME, Marbii
MOMEHT WHepuMn, Manble MOoTepM Ha TpeHune, ManorabapuTHOCTb, MpocToTa W
HaOEXHOCTb cuMTbiBatOWero 6roka, BbICOKAs TOYHOCTb Ha OCHOBE COBEPLUEHHOWN
TEXHOMOMMN U3rOTOBNEHUS LLKan U oToaneMeHToB, otcytcTene ALIT.

KopoBbit dpoToaneKTpuyeckuin npeobpasosartenb yrnoBbiX NepemeLl,eHni

KopoBbin dpoTonpeobpasoBatens m3obpaxeH Ha puc 98. CBeTOBOM MOTOK OT
NCTOYHMKA M3MYYEHUs1, HaxoOdaLerocs no oaHy CTOPOHY OT KOO4OBOrO AUCKa, NMpoxoauT
CKBO3b MpPO3payHble y4acTKM KOQOBOW Macku W LeneByro avadparmy, Haxoaswycs ¢
OPYron CTOpPOHblI Agucka, M nocTtynaet Ha doTtonpuemHukn. CurHanbl  OT
OTONPUEMHMKOB B BUAE CBETOBOMO TOKA YycunuBawTca (Hanumyue curHana — 1,
oTcyTcTBue curHana — 0).

Takum o6pas3oM, Kaxgomy yriy noBopoTa COOTBETCTBYEeT CBOSA KOMOMHauus
9NEKTPUYECKNX CUrHanoB - LU(MpPOBOE BblpaXeHne paHHOro yrna. PoTonpueMHuKu
pacrnonaralTca Nno paguycy aucka BOoonb auvadparmbl OpMUPYOLLEN CBETOBOM
nyY CYNTbIBAHUS.
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Puc. 98. Bwug kogoBon Macku (@) M cxema B3aMMHOrO pacrnorioXeHus 6nokoB
doToanekTpudeckoro kogosoro A1 (6)

1 — ocBeTuTenb; 2 - KOAOBbLIN OUCK, 3 - weneBas gnadparma; 4 - 6nok OIl; 5 -
YCTPONCTBO (hopMMpOBaHUS Koaa

Anck cnyxut ana obpasoBaHnsa TpexpaspsagHoro ABonyHoro koga. Mpu nosopoTe
avcka Ha 45° (0 - 45) ceeT He napaeT Ha @M1 (kog 000) v T. 4. . B 3aBMCMMOCTM OT yrna
NoBOpOTa AUCKA OCBELLUEH TOT UMM MHOW paspsigHbii POTOINEMEHT UMK NX COYMETAHUS.
Onsa yBennyeHns TOYHOCTU AUCK BbLINOMNHSAETCS Ha 6onbllee 4ucno paspsgos.
N3BecCTHbI Kogupytowme 19-Tn paspsagHble OUCKU C paspeLuatolen cnocobHOCTbLIO OaHa
MUHyTa.

Mpnbop C TOYHO W3rOTOBMEHHBIM AUCKOM 06nagaeT TONbKO MOrpeLlHOCTbIO
AVCKPETHOCTU B 3aBUCUMOCTU OT Yncra paspsiaos.

Mpn coBnageHuUn nNUHWA pasgena aucka Ha CEeKTopbl MOXET BO3HUKHYTb
NOrpeLLlHOCTb cunTbiBaHusA. [pu coBnageHun nuHum pacnonoxeHuns O ¢ nuHuen,
otaenswowen cektopbl 001 n 100 moryT 6biTb 06pasoBaHHbl Nobble kogbl ot 000
po111.

PaccmoTpum  nogpobHee npobrnembl, CBs3aHHble C  HEO4HO3HAYHOCTbHO
cunTbIBaHNA Ha npumepe kogosoro dI1 nuHenHbIX NnepemMeLleHnn (puc. 99).

@1 cocToMT M3 NMMHENHON KOOOBOW LWKanbl (Mackn) ¢ HaHECEHHLIMW KOOOBLIMU
nonsMM Mo LUMPUHE; YyBCTBUTENBLHOIMO 3neMeHTa - Habopa ¢oToaMogoB MO 4ucny
pas3pagoB Koda, yKpenneHHbix HenoaBwkHo Ha JICK (nuHenke cuyuTbiBaHWA kopa) w
oceetutens. lWkana nepemeuwlaeTtcs BMecTe C anemeHtamu obopyaoBaHus, JICK
3aKpenneHa HenoaBMXKHO. YyBCTBUTENbHbIE 3NIEMEHTbI PUKCUPYIOT KOA B BUAE TOKA MO
paspsgamMm (gopoxkamu wkanbl). Npn OQHOBPEMEHHOW CMEHe CUMBOMOB Koda B
OonbLLIOM 4ucre paspsiaoB BO3MOXHA HEOAHO3HAYHOCTb CYMTbIBAHUA (cedeHue 1) -

rpyoble owmnobKu.
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Pnc.99. CxematumyHoe wu3obparkeHMe KoAOBOM MackM M 610Ka ¢oTonpMemHUKoB AasA
NnHenHoro kogosoro Pr: 1 — kogoBasa macka 4-x paspsgHoro MAK; 2 — nMHeliKa cYnTbIBaHUSA
KoZaa;3 — 610K poTonpmemHUKoB; 4 — KoAoBas Macka B Koge pes.

MeToabl yCTpaHEeHNS 9TOW NOrPeLUHOCTH.

1. dukcupoBaHMe KOOOBOWM Mackm B TOT MomeHT, korga JICK pgenut KkBaHT
Mnaguwero paspsga  nononam. Takad dUKcaumMsi TEXHUYECKM 3aTpydHeHa npw
HenpepbIBHOM ABMXeHUn (06paboTka nsgenun).

2. BoinonHeHue kogoBon mackn He B MK, a B ABon4yHOM pedonekcHom koge [pes.
OcoBeHHOCTbIO 3TOro Koda, Kak Mbl YXe ykasblBanu Bbllle, ABMSETCA TO, YTO MNpwu
nepexoge OT OOHOMO OUCKPETHOrO 3Ha4yeHUst K OPYroMy CUMBOJST MEHSAETCA NULb B
ogHOM paspsige. [OCTOMHCTBOM 3TOr0 MeToda Takke 4BMAsSETCA TO, YTO npwu
OLMHAKOBOW OUCKPETHOCTM AOPOXEK MMajlwero paspsga YUCro pasfvyHbIX KOL4OBbIX
kKomOunHauum no cpaesHeHuto ¢ MNOK yopavBaeTcs, T. €. BeC Mnagllero paspsiaa B 2 pasa
MeHbLUe, YeM B JBOMYHOM KOLE€ - pa3peLuatoLiast cCnocobHOCTb B 2 pasa Bbille.

Macky koma [pes moxHo nonydnts n3 macku [NOK, ecnu caBuHYTb KoaoBble
AOPOXKM  OTHOCUTENBbHO Havana oTcyeTa B  HanpaBneHuM  MONOXUTESbHOro
nepemMeLLeHNs Mackn Ha NonoBUHY «Becay npeabiayLuero paspsga (pyuc.99).

Kog [lpesa MOXHO cumTbiBaTb M C 0ObiMHOM Macku [1OK, ecnn caBuHyTb
YyBCTBUTENbHbIE  3fieMeHTbl oTHocuTenbHo JICK Ha  nonoBuHy avckpeT
COOTBETCTBYIOLNX pa3psgoB. HegoctaTtok meToga HEOBXOANMMOCTb LOMOMHUTESNbHOIO
npeobpasoBanusa kog Mpea—T10K.

3. Meton ocHoBaH Ha ucnonb3oBaHUM Macku, BbinonHeHHow B [1AK, n JICK
cneuwanbHOro BWAa, WMMEKLWEN AONs Kaxkaooro paspsiga, Kpome Mnaglwlero, Asa
cuntbiBaoWwmx PL, cMeLLeHHbIX MO JIMHUKN CYMUTbIBaAHUSA Ha 1/4 Wwiara OPOXKKN B KaXXOoM
paspsage (3 Ha puc. 99).

CuuTbiBaHMEe nNPoOM3BOAMTCH MNooyvepedHo € AuopoB rpynnbl A u B kaxpgoro
paspsga. Ecnm B i-m paspage cumtadH «O», 1O B i+1 paspsge uvHdopmauus
cunTbiBaeTca ¢ amopga A, ecnu «1», To ¢ guoga B. Takmm obpasom, uHgopmauuns
HUKOrda He cuYUTbiBaeTCHd, Kpome Mnagwero paspsga, ¢ oTtonpuemMHuka,
nepexosLlero rpaHuuly koga B noboM n3 paspsagos, T. €. MOMHOCTBIO YCTpaHsemas
HEOHO3HAYHOCTb CHUTbLIBAHUS.
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B nocnegHve roabl Ans cosgaHusa uMdpoBbIX OATYMKOB MepemelleHns Ha 6ase
doToanekTpuyeckmx WM Havanu wucnonb3oBaTb fa3epHble  UHTEPdEPOMETPSI,
KOTopble npeacTaBnsoT cobor ycTponcTea, npeobpasyolime nasepHoe usnyvyeHve B
nepuoanyeckyto  nocrefoBaTefNlbHOCTb (POTOINEKTPUYECKUX UMMYMbCOB («CBETOBYH
LIKany») ¢ NPOCTPaAHCTBEHHbIM NEPUOOOM, KPaTHbIM AMNNHE BOJIHbI. BblicOkas TOYHOCTb
(A=0,5 mkm/m), wnpokme npegernsl namepeHun (4o 100 m) n manas AMCKPETHOCTbL (A0
0.1 MKM) co4yeTalTCs C  BbICOKOW CTAbUNIbHOCTbIO  «CBETOBOW  LUKAnbI»,
obecneyMBaeMon CBOMCTBaMWU flasepHoro fyva (abcontoTHoe MOCTOSIHCTBO [AfMHbI
BOJSIHbI, OTCYTCTBME UHEPLUMN, HEHYBCTBUTEITbHOCTb K MEXAHUYECKMM, TEMNMOBbLIM U Ap.
BO3AENCTBUAM).

BEeCKOHTaKTHbIN NPUHLUUMN U3MEPEHUS U MOAYIbHOCTb KOHCTPYKUMU fas3epHOro
UHTEepdepoMeTpa MO3BONAT pasMecTuTb ero moaynu BOnM3uM paboyen 30HbI.
BO3MOXHOCTb MOCTPOEHUS [OBYX-TPEX KOOPAWHATHbLIX W3MEPUTESbHbIX CUCTEM C
NCNoNb30BaHUEM OHOrO fiasepa U BO3MOXHOCTb CTbIKOBKM C CEPUMHO BbIMyCKaeMbIMU
YUlTY n 3BM nos3BonsawT opraHUMYHO BKIOYaTb nasepHble uHTepdepometpol B UMC
MHOIOKOOPANHATHbLIX CTAHKOB Y U3MEPUTENbHbBIX MaLUWH.

7.8. PasoBble uudpoBbLIE NpeodbpasoBaTenun, NepemMeLLeHnn
(prin

AHanua paccMoTpeHHbIX Bblle All nokasan, 4To Hanbonee pacnpocTpaHeHHbIMM
M3 HUX €ABMSAOTCA (a3oBble nNpeobpasoBaTeny, KoTopble ob6nagalT  psOaoM
NPEeMMYLLECTB MO CPaBHEHWUIO C aMMNUTYAHBIMU, He YCTynas UM MO TOYHOCTW.

NHpopmaumoHHbIM napameTpom O (yrnoBbIX U NMMHENHBLIX) ABNSETCA cABUr (has
Mexay ABYMS nepuoauyeckMmn curHanamu; OnopHbIM UM UH(OPMaUMOHHBLIM, asa
KOTOPOro MeHsieTcs B COOTBETCTBUN C U3MEHEHMEM BXOAHOMW BenuuuHbl. MNocTpoeHve
@Il cBA3aHo € pelleHMeM OBYX 3ajav:

- dhopMUpoBaHME OMOPHOrO CUrHana;
- NOCTPOEHNEe cUCTeMbl NpeobpasoBaHNsa casura das.

I'IepBa;l 3aflada pelaeTca C ncnosibsoBaHMeM cneunarnbHbIX CTa6I/IJ'II/I3I/IpOBaHHbIX
MCTOYHUKOB U nytem Mmoayndaunmn napamMmeTpoB CUrHana no 3agaHHoMy aniroputmMmy.

BTopyto 3apadvy pewatoT paccmoTpeHHoro Bbiwe AL casura ¢as B koa. O606wms
O6LWMPHYO0 MHAopMauuto 1 Tunoebix PI1IM, MOXXHO NPoBECTU MX Knaccudurkauunio (puc.
100).

162



LleHTp ANCTaHUMOHHOro 0by4yeHua 1 NoBbIWEHNA KBaAUDUKALMN

ABTOMaTM3a umMAa nponsBoaCcTBeEHHbIX MpoLUeCccoB

KnaccudukaumoHHbIn

npuaHaKk
P ®asosble npeobpasosatenu nepemetleHuni (Prr)

CTpykTypa /\

MOCTPOEHUS]

KomneHcaumoHHbI Mpsimoro npeobpasoBaHus
C MexaHu4ecknm C undpoBbIM C npomMexyTouHbIM C Bpemsi-umnynbcHeiv | | C npeobpasosaHnem
(hasoBpatLiarenem hasoBpallarenem npeobpasoBaHvem npeobpasosaHvem 4acToThbl
MpwvHumn
npeobpasoBaHus
B nocTosiHHbIE B vactoty | |C nsmeHeHveMm 3a C NOCTOSIHHLIM C “3MeHeHveM 3a C NOCTOSIHHbIM
HanpsbKeHust OfOVH Nepwop, BPEMEHEM U3MEHEHNS OfOVH Nepwop, BPEeMeHeM M3MeHEHUs!

Puc. 100. Knaccndukaums npeobpasosatenen dasa-koa.

KomneHcaunoHHble DI OTHOCATCSA K YCTPOMCTBaM Cneasilero Tuna n OCHOBaHbI
Ha
ypaBHoOBeLUMBaHUN ¢pa30BOro casura C BbICOKOW MOMEXOYCTOMYMBOCTbLIO, TOYHOCTbLIO,
HO NOBbLILUEHHOW CIOXHOCTbIO.

@I npsmoro npeobpasoBaHMs OTHOCATCA K NpeobpasoBaHWAM LMKINNYECKOro
TMNa 1 pasgenstoTca Ha TPM OCHOBHbLIE TPYNMbl: C MPOMEXYTOYHLIM NpeobpasoBaHneM
B  HanpsbkeHume  (4acToTy), C  BpeMa-uMnysfbCHbiM  npeobpasoBaHMeEM U
npeobpasoBaHneEM 4acToThl.

Mpn OCTAaTOYHO BbLICOKOM TOMHOCTM OHM obnagatoT 6onee NpocTon B peanusaumm
CXEMOMW MO CPaBHEHMIO C KOMMNEHCALMOHHbLIMU, MO3TOMY MX UCMOSMb3YHOT Yalle.

N3 Tpex rpynn paccmatpuBaembix DIl npsmoro npeobpasoBaHus BblaensieTcs
rpynna BpeMsa-MMnynbCHOro npeobpasoBaHust BCreacTBue nNpocTtoThl NpeobpasoBaHus,
a Takke BbICOKOM TOYHOCTU Kak npeobpasoBaHusi dbasza-BpeMEHHON MHTepBan, Tak u
nocnegytoulero npeobpasoBaHnsa MHTEPBanNa BpEMEHN B KOA,.

M3BecTHbI aBe rpynnbl Takux OIM1:

- C W3MEepEeHWEeM MrHOBEHHOIO 3HayeHUs asbl, B OCHOBE KOTOPOro NEXWUT
yCTaHOBNEHME MHTEepBana BPeMeHUM Mexay nepexodaMu UccrieqyemblX HanpsikeHWi
yepe3 Hynb C MocrneaywwmmMm onpegeneHMemM asoBOro capura mexay aTuMu
HanpsKeHUsAMU;

- C MNOCTOSIHHBbIM BpeMeHeM n3mepeHus (MHTerpupytowme OrM), ocywecrensowme
n3MepeHne YCpeaHEHHOro 3HayeHus asoBoro cABura 3a HEeCcKOSIbko MNepuoaoB
nccnegyemoro HanpsbkeHuna (Lmkn npeobpasoBaHus).
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CpaBHUTeNbHbLIM aHanu3 ¢pa3oBbIx NpeobpasoBaTenen nepemMeLweHMN Ha OCHOBEe
TpaHchOopMaTOPHbIX c¢daszoBpalwlaTenen c BPEMSA-UMNYJbCHbIM
npeobpa3oBaHMeM

PaccmoTpeHHaa Bbiwe cTpykTypHas cxema @I, ocHoBaHa Ha wMeTode
nocrniegoBaTenibHOrO  cyeta MMMYNbCOB, 3aMnoOSHAKWMX BPEMEHHON WHTEepBan,
obycrnoBneHHbIn caBuram a3 Mexagy WHPOPMAUMOHHBIM M OMOPHbLIM CUrHanamu.

S

®yHKUMA NpeobpasoBaHusa B 0OLWeM Buae umeeT Bua: ¢ =2z7-—--N
0

B o606wweHHOM Buge cxema Takoro @I npegcrasneHa Ha puc. 101.

,- oatitt

UX
—» B s HO2 | T s | O

X

Uoe

P fx

mn

Puc. 101. O6obweHHaa cTpyktypHas cxema O ¢ BpemMA-UMNYyNbCHbIM
npeobpa3oBaHnEM.

OB - dpasosBpawartens, P - dasopacuenutens, ® - punbtp, UM - UCTOYHUK
nutanna, HO - Hynb-opraH, T - Tpurrep, S - kntod, [1C - 4BONYHbIA CHETYUK.

Cyetunk OC HaumHaeT paboTaTb B Hayane nepuoga, onpenensieMoro Hyrb-
opraHom HO-1, n ocraHaBnuBaeTcs B KoHUe WHTepBana ty, Bbligensemoro HO-2,
nponopuMoHanbHOro npeobpasyemon BenuyuHe (@). OTOT BPEMEHHOW MWHTepBarn
dukcmpyeTcs TpurrepoMm T, ynpasnsowmMm arnemMeHToM M (3NeKTPOHHbIN Ktod), Yepes
KoTopbIn Ha Bxog [AC noctynaeT onpeaeneHHoe 4ncrio Nx; cHeTHbIX umMmnynscos oT ['N.

Nx=ty/Try. Cxema gaeT cuHdasnpoBaHue cyeTymka ¢ nepuogom Uo nuTtatowero
HanNpsKeHWs.

OCHOBHbIM HeEOOCTAaTKOM 3TOW PacCnpPOCTPaHEHHOM CXEMbl, KaK ye MoKasaHo
Bblle, 4ABnseTca HectabunbHocTb fy(w), fo(w). [Ona ycTpaHeHuss HepocTaTka
HeobxogMma nmMbo ctabunusaums 3TuUX 4YacTtoT, nNMnbo CcuHxpoHusaums. [NocnegHee
bonee npegnoyTUTENBHO, TaK KakK oOTnagaeTr HeobXxoOMMOCTb B TOYHbIX
cTabunusaTopax 4acToThl.

CuHXpoHM3aumsa MOXeT ObITb 4OCTUrHYTa NMB0O yMHOXeHueM fy, Nnnbo aeneHuvem f.
MepBbIN NyTb OTpakeH Ha puc.102. Ha BbIxoge YMHOXUTENS 4YacToTbl POPMUPYETCH
CUrHan ¢ 4acToTON Wy,=0"Wy, FAe O - KO3APMDULIMEHT nepecyeTa.

-N_=2x

foy capte oy 27y
o a-f a

X

p=2r
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Cxema paet cuHdasnpoBaHue cyetymka [JC ¢ nepmogom nuTarLwero HanpsXXeHus
Uo n
CUHXpOoHM3auwnto fy u fo.

S coagéty

%» B HO-2 T S N e

Uo

HO-1 Y4y fo

P fx

MM

Puc. 102. Cxema Or1I1 ¢ cuHxponusauuen fx u fo nytem ymHoxeHus fy (cxema 2):

YUY - yMHOXUTESb 4acTOThl.

B cxeme 3 (puc. 103) npennoxeHa peanusaumsi BTOPOro Nyt CUHXPOHM3aAUMMK -
nytem genexus fo.

eattt

Us "
X
%{ ®B HO-2 T S ac

Uo

HO-1 m od

P fx

fx

®dOC

Puc. 103. Cxema @Il ¢ cnHxpoHnsaumen fy u fo nytem genexus fo (cxema 3):
Y - genntenb YactoTtbl; POC - hopmupoBaTenb ONOPHOrO HANPSPKEHUS.

BbixogHoe HanpsikeHue [OY kak HanpsbkeHue nutaHusa dvepe3 punbtp @ u
dasopacuenutenb nogaéTtca Ha PB.

w 2r
w=—= =a)(,q,(p:27rL~Nx =—-N,
a-f, a
CxeMa gaeT cuvHdasnpoBaHue cyetymka ¢ nepmogom Uy M cMHXpoHU3aumio fy
n fo.
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Cwurhan c Bbixoga [4 maxkeT ncnonb3oBaTbCA HE TONbKO ANA nutaHma ®B, Ho
N ona (QUKCMpoBaHUS Havana BPEMEHHOro WHTepBana, npu 9ToM oOTnagaet
HeobXxoaMMOCTb B OAHOM M3 HyIb-opraHoB. Cxema gaeTt cuHxpoHusauuio fy u fy, Ho 6e3
CUHbasmpoBaHus Uo c ac (cyeTunka c
nepuoaom nNuTaroLero HanpshkeHunsa (cxema 4, puc. 104).

§ nttt

HO-2 T » S » [C

h 4

> B

fo

g

h 4

=

K
|

P fx

d « ®»O0C

Puc. 104. Cxema @Il ¢ cuHxpoHnsaumen fy un fo 6e3 ogHoro u3 Hynb-opraHoB (cxema
4).

Cxembl 3 1 4 MOryT MCMNoMb30BaTbCA NUWb N9 ManomowHbix ®B, Tak kak
Manomn MowHocTbio obnagaet M, ncnoneaytowmmncs kak UM.

O6bekTMBHas OueHKa (TeopeTudeckasa u aKCrnepuMeHTanbHasi) pasnuyHbiX BapuaHToOB
AUIT (AB. KocuHckHin, B.P. MaTteeesckun, A.A. KonomoHos. "ALIM nepemerieHnin” - M.:
"MawwuHocTpoeHune”, 1991), nokasana, 4To nNorpewHocTb npeobpasoBaHusa AN, B
3aBUCMMOCTM OT XapakTepa WCTOYHMKOB MEPBUYHbIX MOrPELUHOCTEN MOXET ObITb
npeacraeneHa [Asymsa coctasngwowmmm: ANyy - COCTaBrisowen, 3aBUCHLLEN OT
HecTabunbHOCTM nNapaMeTpoB  aHaroroBblX 3fIEMEHTOB  (MCTOYHMKA  NUTaHUS,
dasoBpawatens, gunetpa) n coctasnawowen ANyp, 3aBUCALEN OT HeCTabUNbHOCTU
napamMeTpoB ANCKPETHbIX 3N1eMEHTOB (HyNb-OpraHoB, Tpurrepa, kntoya, AC, MN').

ANX = ANx‘] + ANx2

AHanu3 nokasblBaeT, YTO NepBasi MOrPELIHOCTb H onpedensieT 3HayeHue
MOrpeLLIHoOCTH
npeobpa3oBaHusi. Bropasi Ha cCOBpeMEHHOM 3Tane pasBUTUS ANEKTPOHUKN MOXET ObITb
CHWXXEeHa JoNpUeMIIEMOro 3Ha4YeHUs.

ToyHocTb AL Bcex 4veTblpex BapuaHTOB B OOMbLUOA Mepe 3aBUCUT OT
TOYHOCTU dpasoBpawlaTtensd. ToyHocTb AL[T 6e3 cuMHXpoHM3auMM 4YacTOT 3aBUCUT,
Kpome Toro, oT HectabunbHoctu fyx 1 fo. ToyHocTb AL ¢ CMHXpOHM3aUMen 4acToT, HO
6e3 cuHpasmposanma curHanos Uy un Ug 3aBucuUT OT HecTabunbHOCTU dha3oBbIX
cOBuroB ounbTpa H hasopacuenuTtens.

HaumeHbLlyto ToyHOCTL npeobpasoBaHms AL obecneymBaeT ¢asosbin AL
C CuHasmpoBaHMeM H 6e3 CcuHXpoHM3aumm 4yactoT (cxema 1), a HaubonbLUyO
TOYHOCTb — C CUH(PA3NPOBaHMEM CYETYMKA C NEPUOAOM MUTAIOLLEro Hanps>KeHUs H
CUHXpOHM3aumen 4actoT (cxembl 2, 3). OgHako, 3Ta CXeMbl XapakTepusylTcs H
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HanbonbLLUEN CMOXHOCTbIO WX peanusauuun, Npuyém C aenutenem 4actota Oonee
npocTa, YeM C YMHOXUTENEM, ECITU HE UCMONb3YOTCS MOLUHbIE hasoBpallaTenu.

Mo pas3obpaHHbIM Bbiwe npaBunamMm moryt ctpoutbes AU napannensbHoro
cunTbiBaHnda. B cxeme, nokasaHHouM Ha puc. 105, OBOUYHBLIN CYETYUK BbINOSTHAET
dYHKUMIO npeobpasoBatens
BPEMEHHOTIO WHTepBana B koA N OOHOBPEMEHHO [enuTenst 4acTtoTbl C
koadppmLMEHTOM rnepecyéTta pasHbiM 2", rae n - YACMOo paspsaaoB cHeTYMKA.

Kop
M M M
wanynsc 4 LA F
Ux CUNTBIBAHMA
—> OB » HO-2
4 h
OP v nc

P ®OC

Puc. 105. Cxema ¢ napannenbHbIM CYMTbIBAaHMEM KOAa:
W - cxema coBnageHus "N"; [1C - ABONYHBIN CHETYUK.

Cbem nHdopmaumm ocyulecTtensieTca no curHany HO2 ¢ NnoOMOoLLbI0 3N1EMEHTOB
coBnageHusa M 6e3 ocTaHOBKM CYETUMKA.

OCHOBHOM HeOoCTaTOK CXeMbl B OrpaHW4YEeHHOM TOYHOCTU WU3-3a  BNUSHUA
Aectabunumanpyromnx akTopoB Ha YacToTHO-3aBncuMble uenu AL n yactoty U, n
TeM caMbIM - Ha pasoBbin casur curHanoB Uy n Uy, a Takke CNoOXHOCTbIO peanusaunm
CXeMbl 419 MOLWHbIX hba3oBpawiatenen (puc.106).

Koa

e i3 i;
n n
Usx NnMnyneC CHATBIBAHNA T T T
¥ 9B | HO2
‘ -
Uo
——» HO-1 T S > ac
I i
oP m
&

mn

Puc. 106. Cxema @Il ona MowHbIX hasoBpallatenemn
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Pabota cxembl HauMHaeTcs ¢ MOMeHTa cpabaTbiBaHWUs TpUrrepa OT curHana
HO1 n okaHumBaeTcs npu nepenonHeHnn OC. Mo  curHany npoumsBoAAT CyYUTbIBaHWE
nHpopmaumn. OCHOBHOM HeOdOCTaTOK CXeMbl TMPEeXHWA - TMOrpewHocTb U3-3a
HecTabunbHocT nuTaHus n [WN. [JocToMHCTBa - MnpocTOoTa peanu3auuun, Hanuime
OTOENBbHOrO  UCTOMHMKA MUTAHWUSA. OTY MOrPeHOCTb MOXHO YCTpaHUTb MeTodamu,
pacCMOTPEHHbIMU  ANA  MOCNeAoBaTeNbHOrO  CYMTbIBAHUSA KOAAQ; MOXHO Takke
ncnonb3oBaTb METOAbl aBTOMATUYECKON KOPPEKL MM YaCTOThl.

@Il ¢ npomexxyToYHbIM NpeobpasoBaHneM dasbl

MpeobGpa3oBaTteny Takoro Tuna no cnocoby opMUpPoOBaHNS KOOOBOro cUrHana
pasnenstTcs Ha ABe rpynmnbl: npeobpasoBaTteny gasa - NOCTOSHHOE HanpsiXXeHue - Kof,
1 npeobpasoBaTenu gasa - YacToTa - KoJ.

@Il ¢ npomexxyToYHbIM NpeobpasoBaHneM dasbl B HaNpshKeHne

Uo
= = Uo 1
|| cct
s| T
— HY ® MHK |
Ve J R| Tr P> ] 7 ﬂ
Ny 0B = =|
% @2
| cc2

Puc. 107. Cxema @Il ¢ npomexyTo4yHbIM npeobpasoBaHnem dasbl B HaNpsikKeHne

B cxeme (puc.107) ocywecTtensietca hopMmpoBaHMe BPpEMEHHOIO MHTEpBana,
NponopLMOHarbHOro
n3amepsieMomy nepemelteHuto, kak B @Il Bpemsa-umnynscHoro tuna dopmmpoBaTtenu
®1 H D2 BblpabaTtbiBalOT NPSAMOYrOfibHbIE MMMYNbCbI, PPOHT KOTOPbIX COBNagaeT no
BpeEMeHU c MOMeHTamMu
nepexoga vyepes 0 nsmepsiembix curHanos Ug n U,.

Ha Bbixoge Tpurrepa T opMupyroTCa MMMYMbCbl, ASIUTENBbHOCTL KOTOPbIX
nponopuuoHanbHa BPEMEHHOMY WHTepBany, onpegensieMomy casurom pas mexay
nutarowmm OB HanpskeHnem Uy 1M ero BbirogHbIM curHanom U.. Hopmupytowee
ycTponctBo HY B COOTBETCTBUM C 3adaHHbIMU 3HAYeHUAMU, Hanpumep Umax N Unin
orpaHn4MBaeT MakCcMMmanbHOEe W MWHMMAarNbHOE 3Ha4YeHWe BbIXOAHOrO HanpsKeHus
Tpurrepa T. Ona obecneyeHnsa HeobXxoaMmon TOYHOCTU npeobpasoBaHUSA Ha BbiIXode
yctponctBa HY ctaButca ¢unbtp @O, CHWXKAOWWA NynbCauun  HanpsbkeHus
noctynatwero Ha Bxog [MHK. MMocTosHHaa coctaBnsiowas HanpshkeHUst Ha BbIXode
GunbTpa @ nponopumoHarbHa AMTENLHOCTU MMMYSbCOB € Tpurrepa T, T.e. ha3zoBomy
caury. CnepoBaTenbHo, Ha Bbixoge NMHK npu cooTBeTcTBYylOWEM BbiOOpPE 3HAYEHUI
Hopmanuayowmx HanpskKeHMn Unax U Umin MOXHO MNONYYUTb HENnocpeacTBEHHbIN
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oTcyeT (nNpu wucnonb3oBaHun LIB) B nobbix eguHMuax W3MEPEHUs U3MEPSIEMOro
da3oBOro casura Unu Kog, CBA3aHHbIN C BENMYMHOW NOCneaHero.

ToYyHOCTb OaHHOro MeToaa npeo6pasoBaH|/|;| onpegenaeTca TpemMA OCHOBHbIMU
NnorpeLHoOCTAMMN:

- MOrpELLHOCTbLI0 NpeobpasoBaHusa daza-BpEMEHHON NHTEPBArT;
- norpewHocTbto MNMHK;

- MOTpelHOCTb0  MPeobpa3oBaHNss BPEMEHHOM WHTepBanm - MNOCTOAHHOE
HanpsHKeHve.

[MocneaoHss NOrpewHoCTb MOSTHOCTBIO OnpedenseTcsl TOYHOCTbIO noaaepKaHus
MakCUManbHOr0O W  MWHAMANbHOMO YPOBHEN UMMYNIbCHOrO  HAMNPSXKeHUs, YTOo
obecneumBaeTca ucnonb3osaHnem HY n ©. [Ina obecnevenuns norpewHoctn OrM1, He
npeeblwatowen 0,1%, HeobxoaumMo nopdepXuBaTb  OrPaHUYEHUs1  BbIXOOHOrO
HanpsbkeHust Tpurrepa Ha ypoBHE Umax U Umin € norpewHocTtbto, meHbwen 0,02%.
HanbHenwee yxectodeHne TpeboBaHun K To4HOCTM DI NpakTU4eckn HEBbLIMOMHUMO
N3-3a HOpManu3yLLero yCTpoOnCTBa.

Hocutenem I/IHq)OpMaLIMI/I B 3TOM Cliydae nepeg npeo6pasoBaH|/|eM B KOO CIYyXUT
nmntaroiee
HarpsxeHune.

B obwem cnydae npeobpasoBatens DI ¢ npomexyTouHbli NpeobpasoBaHneM
dasbl B
HanpshxkeHne npeacrtaBnaeT cobon kombuHaumo npeobpasoBartens asa - BPEMEHHOMN
nHtepsan u NHK HanpsixxeHune - koa.

@1 ¢ npomexyToyHbIM Npeobpas3oBaHne M hasbl B 4aCTOTYy CredoBaHUs CYHETHbIX
UMMNYbCOB.

Ecnn B obwem cnyyae MNPK ¢ npomexyToyHbiM npeobpa3oBaHMeM ¢asbl B
NOCTOsIHHOE
HanpsbkeHWe NpeacTaBnsieT codeTaHne npeobpasoBatensd dasbl BO BPEMEHHOW
WHTepBan ¢ UNMPOBbBIM BOSILTMETPOM , TO paccmatpuBaemMbin [NOK npegcrasnser
couyeTaHue Takoro e npeobpasoBartens dasa - BPEMEHHOW MHTepBan U LUApPOBOro
YacToToMepa.

Uo
s 1| rm
Ps| T
IIM" Lqu
PR Tr P
Uc
—» D2

Puc. 108. Cxema @Il ¢ npomexyTo4YHbIM NpeobpasoBaHnem asbl B HaCTOTY:

LMY - undpposon npeobpasoBartesnb 4acToThl
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dopmuposatenn ®1 un 2 ¢ Tpurrepom T cosgaloT nocnegoBaTefibHOCTb
UMNYnNbCOB C
ANNTENBbHOCTBLIO, PaBHOW MHTepBany BpeMeHu 3agepxkm Uc no oTHoweHuo K U,
onpegensiemMomy
(pa3oBbIM  COABUIOM  3TUX CUrHanoB NO OTHOWEHMIO Apyr K gpyry. O3Ta
nocrnenoBaTesibHOCTb
OLHOBPEMEHHO CO CYETHbIMU (KBaHTyLOLWMMKU mmnynbcamu OT W), Kak n B cxeme
Bpem4 -
umnynbcHoro AU noctynaet Ha knod W, a Ha ero Bbixoge obpasyeTcs
nocnenoBaTesibHOCTb
"navex” MMNynbLCOB.

N3mepsas  KONMMYECTBO CYETHbIX WMMYNbCOB 3a ONpederieHHbIn  nepuoa
(doMKCMpOBaAHHLIN) MOOHO MOMYYUTb MOKa3aHWSA, MPONOPUMOHAribHbIE WU3MEPSEMOMY
nepemelleHnto. Yactota crnegoBaHWs MMMYNbCOB CBsi3aHAa C  MX  YUCIIOM  3a
onpeaeneHHbIn nepuop (ty).

f1 = N1/tu
fi= Nz /t,

N1 = Nyr'Mm

N2 = NyxorMm

Ns <N,
fi<f

tu

momom
oo oo

A
v

Puc. 109. K Bonpocy cBsi3u Yncna cHeTHbIX MMMNYNbCOB 3a ty C YacTOTON MX CriefoBaHNs
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TouHocTb Ol 3aBMCUT OT TOYHOCTUM nNpeobpasoBaHus asa - BPEeMEHHOW
MHTepBan, ctabuneHocTn ' n norpewHoCTY UMPPOBOro N3MEPUTENSE YaCTOTbl.

@M ¢ npeobpasoBaHMeM 4acToTbl MHOOPMALMOHHOIO cUrHana

OgoHvM  ©“3 MeTOAOB MOBLIWEHUS TOYHOCTM npeobpasoBaHNsa SABNSETCH
YMeHbLLEeHNe
ANCKPETHOCTU n NOBbILLEHME paspeLluatoLLen cnocoBHocTH ¢has3oBbIX
npeobpa3oBaTenei, Npyu MPoYMX PaBHbIX YCMOBUAX 3TO AOCTUraeTcsl yBenM4yeHUem
yucna CYETHbIX MMMNYIbCOB, MNOCTYNaLWMWX HA ABOUYHbIA CYETYMK

fx_Nx:Nx:¢x.f0

fo 2w f,

YBenuyeHus otHoweHusa fo/fx MOXHO gocTurHyThb, yBenuumas fo, HO CyLLecTBYyIOT
npegenbl Takoro ysenuyeHus. Takon xe addeKkT [acT cHukeHuwe fyx nytem Tak
Ha3blBAEMOro reTepoguHHOro npeobpasoBaHus. JTOT MeToa ob6nagaeT BbICOKOW
TOYHOCTbIO MPU OTHOCUTENBbHO NpPocToM peanu3aumn. lNpeobpasoBaHne 4acToTbl B
3TOM Cny4ae SBMsieTCA BCnoOMoraTesibHbiM 3TanoMm npeobpasoBaHus MHGOPMaLnK,
HanpaBfieHHbIM HA YMEHbLUEHWE MOrpeLwHoCcTM  auckpetmsaumn. Hocutenem
MHdOpMaLMKN O NepeMeLLEHNN NPOLOMKaeT 0CTaBaTbCa U3MEHsWasaca gasa curHana
Uy .

Q. =21

Cxema Ol ¢ reTepoanHHbIM Npeobpa3oBaHMEM HYacTOThI

U1 Udort
—w»  CM1 ®Oor1 kon,
U: ' ittt
oT OB n rer. % > S > jile:
Uz Udporz
L » CM2 ®orz2

Puc. 110. Cxema PI1I1 c reTepoanHHbLIM Npeobpa3oBaHMEM YaCTOThI:
et -retepoanH; CMy , - cmecutenu; @Ol 4, - PUNBbTPbI-OrpaHNYNTENN
Ha Bxogbl cmecuTtenen nogatotca HanpsikeHna Up n Uy oT dpasoBpallaTens
Up = Uy, -cos(wt),
Uy = Up -cos(wt + @) ,

roe; Ox - gasosbin casur mexgy Uy m Uy, Hecywmn wuHgopmauuto o6 yrroBom
nepemeLLeHnn.
Ha BTOpble BXOAbl CMecuTenen NoCcTynaeT cMrHan oT retepoamHa

Ue = Ume 'COS(UJQt + (po) y

roe; ¢o - yromn HadasibHoro (baSOBOFO casura retepognHa.
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Y cmecutenen HefIMHENHbIN KOIMMPUUMEHT nepenaym curHana annpokCcMMmupyeTcs
NOSIMHOMOM, MO3TOMY CUrHasnbl ¢ Bbixoga CM nmetoT cnekTp KOMOMHAUMOHHBIX YaCToT:

mw + NW,.

Otn curHanel Uy n Uy nocrtynawoT Ha unbtpbl-orpaHununtenn OOl ,, roe
BblAeNATCS
COCTaBsAOWME CNEKTpa curHana ¢ pasHOCTHOW YaCcTOTOW:

Wp= W - W,.
Ha Bbixoge @Ol rapmMoHMYecKkne curHanbl:

Uoorr = Ur-cos(wpt + o + ¢1),

Uoorz = Uz -cos(wpt + @o + @x + @) ,

roe; @1 U @2 - coBurn a3 and pasHocTHom 4YactoTel B @Ol COOTBETCTBYHOLLMX
CUrHanos.

PasHocTb cbas BbIXOOHOIo HanpsAXeHnd Ha BXoade Krio4a

Qun = -Qx + Q1 - Q2 = -y + A,

raoe; A(p - OOMNOSHUTESNbHbLIA  CABUT (bas 3a Cc4HeT HeCuMMMeTpun KaHalos.
Cwu MMETPUYHOCTb KaHalliloB CHUXXaeT 3Ty NOorpeLlliHOCTb.

Hanee npeT undposoe npeobpasoBaHne a3 n3BecTHbiM MeTogoM. OTHOLWEHME
fo/fx MO>XHO
perynnupoBaTb 3a CHET YacTOTbl reTepoanHa, Nosy4ms

wWp<w, rae w=2rrfy.

OaHOM 13 OCHOBHbLIX MPOGEM COBPEMEHHONO MAaLLUMHOCTPOEHUS A3-NseTcs
cosgaHue ajanTuBHbIX cUcTem perynupoBaHus n ynpasneHus
MeTannoobpabaTteiBaowmm obopygoBaHnem. OnTuMmu3aumsa TEXHOJOIMMYECKOro
npouecca obecneymBaeTca B pe3ynbTaTe  perynmpoBaHms  TOYHOCTU U
NPOM3BOAUTENBHOCTM  HEMOCPEACTBEHHO B  xoae  obpaboTtku.  AganTmBHOE
ynpaBneHne OCHOBAHO Ha HenpepbIBHOM MOSlyYEHUN KOMMMEKCHOM WMHGOopMaunu,
XapakTepusyrwLllen BIIUSHUE CUCTEMATUYECKUX U ChydalHbIX {akTopoB Ha
BbINOJIHEHME TEXHONOrn4yeckoro npouecca. Ha ocHoBe paHHOM WHOPMaLUK
CTpouUTCA MOAENb NPOM3BOACTBEHHOrO npouecca, Mo pesynbTaTamM CpaBHEHUS
KOTOPOW C MoAenbio, NnpeacTtaBnsiowen NponN3BOACTBEHHbBIN NpoLecc, NpoTeKarLwmn
B uaeane, BHOCATCS COOTBETCTBYHOLME N3MEHEHUS B X0 npousBoacTea. [locTo-
SIHHO NMPOBOAUMbBIN aHanu3 n ctaTuctTndeckass obpaboTka NoONy4YeHHoOM MHGOpMaLUUK
no3BonstoT CBOEBPEMEHHO 0BHapyXnTb OTKINOHEHUS napameTpoB
TEXHOMNOINMYEeCKOro  npouecca OT  3aJaHHbIX  3HAYeHUW M MPOU3BECTMU
COOTBETCTBYHIOLL YO KOPPEKLMIO.

MepBuyHble WHMOPMaUMOHHbIe npeobpasosatenn (IIM) ucnonb3lyemble Ons
cbopa nepBMYHOM MWHGOPMaUUK, NPeaAcTaBnAlT coOOM YCTPOMCTBA COMPSXKEHUS
MeXay ANEeKTPOHHbIMUM  u3MepuTenbHbiMM U obpabaTtbiBalownmmn  Gnokamun  un
nccnegyembiM MpoLeccoM Unu BHeLWHen ap efon. B peanbHbix ycnosusax Takon WM
NnOMMMO WH(OPMATMBHOIO BO3LENCTBUSA MOABEPraeTCca BAUSHUIO LENoro psiga
aectabunmsmpyrowmx gaktopoB (Hanpumep, TemnepaTypbl, BRAAXHOCTWU, BHELLUHUX
ANEKTPUYECKUX W MarHUTHblX nonen wu T. n.). [lo3TOMYy OAHUM U3 OCHOBHbIX
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TpeboBaHun, npeabasnsemblx kK UM, aenseTtcsa BbiaeneHne n3 komnnekca pmsanyeckmnx
N XMMUYECKMX SIBIEHUW, XapakTepHbIX ONs MUCcnegyemMoro npouecca, AOCTOBEPHbIX
AaHHbIX, 00ecneuynBaoLLMX BO3MOXHOCTb YMNpPaBfieHUs NPOLECCOM MO 3adaHHOMy arn-
roputmy. Kpome T0ro, k cospemeHHbiM U npeabasnatoTca cnefyrowme, 4ocTaTtouHO
Xectkne TpeboBaHus, 06ycnoBneHHble oOWuMKM TpeboBaHUAMM K COBPEMEHHbLIM
N3MepuUTeNnbHbIM U MHAPOPMALUMOHHBIM CUCTEMaM: MOBbIWeHMe HagexHoctn WI,
paclwmpenne wunx QyHKUMOHANbHBLIX BO3MOXHOCTEN, obecneyeHne HeobxoaMmon
KOHTPONENPUrogHOCTN, YMEHbLUEHNE NOTPebNAemMon MOLLHOCTM, MPOCTOTa MOHTaXa u
aKcnnyaTtaumm, BO3MOXHOCTb nepefadn MHopMaumm ¢ MUHUManbHbIMU UCKaXKEHNAMMN
N MakcMMarbHOM MOMEX03aLMLLEHHOCTLIO B LMAPOBLIX cucTeMax cbopa n obpaboTku.

OTn 3agjaunm pewawTca nytem wucnonb3oBaHuss UIM ¢ aBToOMaTtn4yeckum
KOHTponemM  YHKLUMOHMPOBAHUS, OMTMYECKMX INEMEHTOB  CBSA3N, MPUMEHEHUS
MOZYIbHbIX KOHCTPYKUUIA, peanus3auum OnTUMarbHbIX anroputMOB NpeaBapUTENbHON
00paboTkn M3MepuTenbHbIX CUrHaNoOB nepen WX nepegadvern Ha ONOK BTOPUYHOM
06paboTkM, UCMONb30BaHWS  HOBbLIX  M3NYecknx 3pdeKToB, 3MNEeMEHTOB,
MaTepuanoB 1 TEXHONOrMMm npu paspaboTtke n narotoeneHun WM.

B nocnegHvne roabl yHKUMM npenBapuTenbHOn 00paboTkMm BbIXOAHOMO
curHana Wl BbINONHSAET BCTPOEHHbIN MUKpOMpoueccop; Tpu 3ToM obpasyeTtcs
Tak HasblBaeMbli «uHTennektyaneHbin» WI, obecneuymBatowimi CyLecTBEHHOE
NoBbILWEHNE [OCTOBEPHOCTM W KadecTBa u3aMepeHun. Takme WI  peanusyioT
cnegywoowme BcCrnoMoratesibHble (YHKUMKW, KOTOpble paHee MOrMN BbINOSHATLCSA
NULWb B LEeHTpalbHbIX YCTPpONCTBax o6paboTku:

KOHTpONb (yHKuMoHMpoBaHust UM B npouecce akcnnyatauuum, a Takxke
3HaYMMOCTU pe3ynbTaToB U3MEPEHUN;

(BO3MOXHOCTb aganTauumn CTPYKTYpbl MU NapaMeTpoB CUCTEMbI NepPBUYHbIX UT
B 3aBMCUMOCTU OT KOHKPETHOW 3a4auu;

BO3MOXHOCTb OLEHKM BHELIHUX (PAKTOPOB C MOMOLLbIO BCMOMOraTesbHbIX
YyBCTBUTESNbHbIX 3NIEMEHTOB M KOMMEHcauusi BO3OEeWCTBUSA 3TUX (aKTOpoB a
pe3ynbTaTbl U3MEPEHUN;

aBToMaTnyeckaa KomrneHcauunsa ,u,pe|7|cba Hyna w©W nepuoanyeckad aB-
TOoMaTmn4yecKkas KaJ'IVI6pOBKa nepBnM4YHOro USMepUTEJSiIbHOIro TpakTa,

BO3MOXHOCTb 3anoMMHaHUA W XpaHEeHUss anpuopHon wuHdopmaumm o6
uccrnegyemom npouecce U ee  ucnonb3oBaHve npu obpaboTke nocTynaroLemn
n3mepuTenbHon nHdopmMauumm;

BO3MOXHOCTb Nnpunema, O6pa6OTKM N BbIBOOA AOMNOSHUTENBHOMN I/IH(bOpMaLI,MI/I.

B cuctemax agantMBHOro ynpaBfieHUss npoueccom o06paboTkM  LMPOKO
ncnonbaytotca UM nNUHENHbIX 1 YrNoBbIX CKOPOCTEN U NEPEMELLEHNA, CUnbl, BUOpaumn,
KpyTsiLero momeHTa. UM nepemeLLeHnin npeaHasHadeHbl 49 OCyLLEeCTBEHUs obpaTHOM
CBA3N MO MEXaHWYECKUM MepeMeLleHUsIM MexXaHW3MOB CTaHKa, T. e. npeobpasytoT
BEIMYMHBI 3TUX MEepPEMELLEHMN B TeKylylo MWHgopmaumio o6 anemeHTax obObekTa
ynpasneHus.

NamepuTenbHble npeobpasoBaTenu MO3BOMAKT PerucTpupoBatb pas-JInyHble
napameTpbl, XapakTepusytoLye NpoLeccbl 06paboTKM: CuIbl, BO3HUKAIOLLME NPU pe3aHnm;
BUOpaUuK; KPYTALWMIA MOMEHT Ha WHCTPYMEHTE WUIU 3BEHbSAX KMHEeMaTU4eckon Lenwu,
nepegaoLmnx NonesHbIi MOMEHT Harpy3ku ABuraTens rMmaBHOMO ABUXXEHUS.
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Takum o6pas3om, KOMMMEKC W3MepuTenbHbIX npeobpasoBaTenen ABNseTcs
BeOylwen W HeoTbeMIIEMOM YacTbito JI060N WHEOPMALMOHHO-M3MEPUTENBHON WA
ynpaBnsoLwen cucTemMbl, NpegHasHa4eHHOM ANA KOHTPOs U aganTUBHOIO yrpasreHus
npoLeccom meTannoobpaboTku; MeTposiorn4yeckue, aKcnnyaTaumoHHble n
9KOHOMUYeckne xapaktepuctukn WM Bo MHOrom onpegenstoT TOYHOCTb, HaAEXHOCTb,
ObICTPOAENCTBME Y CTOUMOCTb CUCTEMbI B LIEMNOM.

7.10 N3mepuTtenbHble Npeobpa3oBaTenn KpyTaLero
MOMeEHTa

KpyTawmm MOMEHT €BnsieTcs OAHOW U3  OCHOBHbIX  COCTaBIISItOLLUX,
xapaktepusytowmnx cuctemy CIMAL. lMpn ynpaBneHMn Ha MHOroueneBblX CTaHKax
npoueccaMmn CBeprieHus, 3eHKepoBaHUS UNn Qpe3epoBaHUA KPYTALWNA MOMEHT T
ABNAETCA OOHUM M3 NaBHbIX perynupyemMblix napametpoB. Kpome TOro, Ha ocHoBe
N3MEPEHHOr0 3HavyeHnss T MOXeT OblTb KOCBEHHO oOnpedesieHa cuna pesaHus.
MoaToMy 3agjaya nonydeHuss MWHMopMaumnm O BenuYnHe KPyTSwero MOMeHTa
aKkTyanbHa nNpu cOo3gaHnn CUCTEM adanTUBHOIO YNpaBfieHUs METaNIopPEXyLNMN CTaH-
Kamu.

Hanbonbliee pacnpocTpaHeHMe B MALIMHOCTPOEHUM  MOMAYYMnM  TEH-
30pE3NCTOPHBbIE, WHOYKTUBHbIE, Nbe303neKTpudeckme n MarHuToynpy-rue
n3avepuTenbHble npeobpaszoBaTenn KpyTtawero MomeHTa. OCHOBHOWM HegocTaTok
TEeH30pe3nCTOpHbIX NI — HeobXxoaMMOCTb NMPUMEHEHUST KOHTAKTHbIX TOKOCBHEMHUKOB
Anda nepegayvn BbIXOLHOMO 3f1EKTPUYECKOro CUrHarna, Kotopble co3fatoT 3Ha4MTeSbHbIE
HeygobGcTBa B aKCnnyaTauuMm UM NOABEPXEHbl  OTHOCUTENbHO  BbICTpOMY
MexaHn4yeckomy mnsHocy. MnayktneHbele UM TpebytoT npuMeHeHnss aBTOHOMHOMO U3Mepu-
TENbHOro YNpyroro anemMeHTa, BCTPaMBaeMoro B pas3pe3 MWCMbITyemMoro Bana, 4To
npakTU4YeCcKn He Bcerga BO3MOXHO.

Ona marHntoynpyrmux UMM kpyTsawero MOMeHTa XapakTepHO MCMNoSib3oBaHWe B
KayecTBe 4YyBCTBUTESIbHbIX 3M1EMEHTOB UUNUHOPUYECKUX OeTanen u3 MOHOSIMTHOro
matepmana. MarHMtHoe none, co3gaBaemMoOe BHELUHUMW UCTOYHMKaMW, BO3AENCTBYET
Ha y4acTKM MOBEPXHOCTM UMNMHAPA, B KOTOPOM BO3HUKAKT MarHUTHbIE MOTOKM.
CKkpyymBaHne UunuHApa Bbi3blBaeT B €ro 06bemMe HanpsKeHus, NponopuuoHarbHbIe
no BeNnUYMHEe YyOaneHHOCTU [OaHHOW TOYKM OT ocu. MakcumarbHbIX 3HaYeHUn
HanNps>XeHUs OOCTUratT B MOBEPXHOCTHOM Croe uunuvHapa, npuydeM B HanpasneHun
45° Kk obpasyroLLen OHN UMEOT OOUH 3HaK, a NEPNEHANKYNSPHO 3TOMY HanpaBeHNo —
apyron. lNontca BHEWHEro MCTOYHMKA MArHWTHOrO Mosis pacnonaralT Tak, YToObl
co3gaBaeMble MarHUTHble MOTOKM OblNM HanpasrieHbl TaK XXe, Kak W rnaBHble Ha-
npsbkeHus — nog yrnom 45° k obpasyioweit. MarHutoynpyrue MM nogo6Horo Tuna
MoryT paboTtatb 6€e3 aBTOHOMHOrO YMpyroro 3afneMeHTa, MCMonb3ys B KayecTBe
TakoBOro HENOCPeLCTBEHHO UCMbLITYEMbIN Ban, ogHako Heobxoammo, 4Tobbl aTOT
Ban OblN U3roToBNEeH U3 oeppomMarHMTHOro matepumana.

YKaszaHHOro Hepgoctatka He mmerT marHutoynpyrue UM kpyTtawero
MOMEHTa C YYBCTBUTESbHbIMU 3fEMEHTaMU U3 aMOPMHLIX Mar-HUTOMSATKMUX
MaTepuanoB. YyBCTBUTESNbHbIE 3N1IEMEHTbI BbINOIHATCA B BUAE NEHT TOSMLLMHOWN
okono 20 MKM, HaknevMBaeMblX Ha MOBEPXHOCTb MCMNbITyeMoro Bana. B kayectse
MaTepuana atux neHT ncnonsaytotcsa Ni, Fe—Ni, Fe—Co—Ni n gp.
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Puc.110. Cxembl marHutoynpyrux UM KpyTawero MomeHTa Ha OCHOBe
amopdHonneHTbl: 1,2 — amopdHbie neHTbl; 3 — ynpyruni Ban; 4 — obmoTka
BO3OyaAeHns; 5 —un3meputenbHas obmMoTKa.

Ha pwuc. nokasaHa cxema marHutoynpyroro W kpyTdwiero momeHTa C
aMOp(HbIM  YyBCTBUTESbHLIM  3NeMEHTOM. [1Be amMopdHble JNEeHTbl, KOTOpPbIM
npeaBapuTenbHO Obina npuaaHa uunuHgpuyeckasa gopma, OTOXCKEHHbIE ONSl CHATUS
BHYTPEHHUX HaMps>KEHWN, MPUKPENfeHbl K KOHTPONupyemMoMmy Barny, 'npuyeMm npu
3aKpenneHMm um coobuleH HadanbHbIl MOMEHT T,. KOHCTaHTa aHM30TpONMU NEHT,
o6ycnoBneHHON AeNCTBMEM ITOMO MOMEHTA, onpeaensieTcs BblpaXXeHnem

roe; Xs — KOHCTaHTa MarHUTOCTPUKLMN HACbILLEHWS NEHTDI;
Ga, GT— Moaynu caBura neHThl M Bana COOTBETCTBEHHO;
d — guameTp Bana.

N3mepaembin KpyTAWMA MOMEHT T npuBOAUT K MU3MEHEHWUID KOHCTaHThbI
aHM30TponuMn, npuyemM Yy OOHOW §eHTbl OHa YyBenu4MBaeTcs, a Yy Apyrowm
yMeHblUaeTcs, T.e.

M3MeHeHMe KOHCTaHTbl aHU3OTPOMNUM MOXHO MPeAcTaBUTb Kak M3MEHeHue
MarHUTHOMW  nNpoHuMuaemMocTM B obnactu nepemarHuyvMBaHus  BpalleHUeM.
CnepoBaTenbHo, B  u3MepuTenbHOW oOMOTKe, cocToAwWwen K3  OBYX
AnddepeHUnanbHO BKIMIOYEHHbLIX CEKUWW, BO3HUMKAET pas3HOCTHOE HanpskeHue,
KOTOpoe OfHO3Ha4yHO ornpedenser BefnuyuMHy W HanpasfieHue U3MepsaemMoro
KpYTSLEero MOMeHTa.

Paccumtan gaHHbin Ul Ha BepxHUn npepen uamepenun 7,5 H-m, npuyem B
AnanasoHe ot 0 gpo 5 H-m cratuyeckass xapaktepuctuka 6nmska K JIMHEWHOW.
AmMnnutyga BbIxogHoOro curHana pocturaet 300 mB, ructepesvc npaktuyecku
OoTcyTCTBYeT. YacTtoTa BO3OYyXOEHUS COCTaBnAEeT HECKONbKO OECATKOB Kurorepu,
noaToMy nNpobnembl BAUAHMUA 4acTOTbl BO3OYyXAEHUS Ha BbIXOAHOW CUrHam He
BO3HMKaeT.

175



LleHTp ANCTaHUMOHHOro 0by4yeHua 1 NoBbIWEHNA KBaAUDUKALMN

ABTOMaTM3a umMAa nponsBoaCcTBeEHHbIX MpoLUeCccoB

MpuHunn paboTbl gpyroro marHutoynpyroro UM kpyTawero MomMeHTa Ha
6asze aMopHOro martepuana OCHOBaH Ha aHuM3oTponuum opMbl, NPUCYLLEN
aMopdHON MarHUTHOW NEHTe B BMAE NPAMOYrofibHMKa unu napannenorpamma. B
3TOM Clly4ae K KOHTpPONMpyeMoMy Basny MPUKIIEMBAETCS HECKOMbKO JIEHT, NPUYEM
yron mexagy npoaosibHbIM HanpaBfneHnem NeHT u obpasyrLlen LMINMHAPNYECKOro
Bana paBeH *45° (puc. ). MNpukneeHHas neHta u3rmbaeTcsa B COOTBETCTBUM C
KPMBM3HOM Bana, NO3TOMY B HEW BO3HMKAIOT HanpshkeHnsa narnba. Korga k Bany
NPUNOXEH MOMEHT KpydeHus T, B neHTe KpoOMe W3MMb-HbIX HanpsXXeHUn
BO3HMKAKT TaKXe COBWUIroBble HanpshkeHus. B pesynbTate HamarHmymMBaHue
NEeHTHbI paspylwaeTcs pasmarHmyYmMBaHmem 3a cyet aHn3oTponuu,
06yCnoBfEHHOW HanpsXXeHnaMmn narnba u casura.

KoHcTaHTa aHM30TpONnuMW, BbI3BAHHOMW  HArMbGHbLIMW  HaNPSXXEHUAMU,
onpegensertcsa opmynon

Ke = 3——?;‘8 z

rae; E—mopynb ynpyroctu neHThbl;

Z—TeKylllee paccTosiHMe, OTCYMTbIBAEMOE OT LEeHTpa NeHTbl B HanpasneHuu
paguyca Bana.

KoHcTaHTa aHu3oTponun, OOyCnoBneHHOW OENCTBMEM  U3MEPHAEMOro
MoMeHTa T, onpeaensieTcs cooTHoweHnem (1) npu Tp = T.

Cynepnosmu,vm aHn3oTponun, onpeagernidaemMmblx KOHCTaHTaMM Ky n Kg,
npmBoanT K 3KBUBANEHTHON AHU3O0TPONMnNA.

Re=K. VIR

Yron mexay oCsiMn 3KBMBaNeHTHOM aHW30TPONun, 0OyCnoBMEHHOM KPYTALLUM
MOMeHTOM, paBeH y=arctgK. [Npu yBenuyeHun namepsieMoro MomeHTta T KOHCTaHTa
Ka Takxe Bo3pacTaeT, a yron y ymeHblaeTcd. B pesynbtate cHWXaeTcs ypoBeHb
pasMarHu4vMBaHuUsl JeHTbl, BO3pacTaeT €ee HaMarHW4YeHHoCTb, a CcrnegoBaTeribHO,
yBenuuMBaeTca amMnnuTyga BbIXOOAHOINO CUrHana, Kotopas OOHO3Ha4yHO onpegenset
N3MepsiEMbI MOMEHT.

B onncaHHom UIT ncnonb3oBanucb amopdHble neHTbl coctaBa Fe—Si—B
C napamMeTpamu: HaMarHW4YeHHOCTb HacblweHna — 15 T, (HAs)= 24-10"".
OTHocuTEnbHaa norpewHocte  wmamepeHun: 0,4% — 3a CYET HENMHENHOCTU
xapakrepuctukun n 0,4% — 3a cyeT rmctepesunca; BepxHun npegen namepeHnn 20 H-m.

K HepoctaTkam paccMoTpeHHbix WIT crnegyetr OTHeECTM  NNOXyw  agresno
HaKrenmBaeMblX MarHUTHbIX JIEHT, M3-3a 4Yero npu U3MEPEHUN OOMbLUMX KPYTALMX
MOMEHTOB W BbI3blBAEMbIX UMW 3HAYUTENBbHbLIX MEXaHUYECKMX HaMPsHKeHUsIX NPOUCXOanNT
OTCMOEeHMe JIeHT OT MnoBepxHoCTM Bara. [1o3ToMy npUMEHSsIOT Opyrne BapuaHTbl
BbIMOSIHEHUS YYBCTBUTENbHbLIX 3NIEMEHTOB U UX 3aKpensieHus Ha MOBEPXHOCTU UCHbI-
TYEMOro Bana: HEeNnocpeACTBEHHOE HaMblIEHWEe MNMEHKN; 3akpensieHne TOo4vYeYyHOM
CBapKOM; MexaHM4yeckoe 3akpenrieHne C MOMOLLbIO 3aXUMHbIX Komnel, UMeRLWnx
pe3bboBoe coeauHeHue c BanoM. B paboTe npegnaraeTtcs BbINOMHATbL aMOpPdHbIe
YyBCTBUTENbHbIE 3MEMEHTbl METOAOM HanbieHnsa «B3pblIBOM». W3 amMopdHoro
MarHUTHOro mMaTepuana usrotosnderca npososioka ganametpom 0,8—1,0 MM 1 gnnHoOM
60 MM, 4Yepe3 KOTOpPYyH MPOMyCKalTCA MMNYNbCbl ToKa 60MblWOW aMninuTyabl.
OnEeKTPMYECKMA TOK Bbl3blBaeT TEMSIOBOE UCMApeHne MarHUTHOro maTtepuana B Buae
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B3pblBa. B npouecce B3pbiBa pachnbifIEHHbIN MaTepman ocaxaaeTcsl Ha NOBEepPXHOCTb
Bana. [pun aTom obecneunBaeTcst XopoLlas aare3ms MarHUTHOM MINEHKU C NOBEPXHOCTLIO
(KpuTnyeckue CcOBUrOBble MEeXaHUYeCcKMe HanpskeHnsd, npu  KOTOPbIX MNpoucxoauT
OTCNOEHNe HaHECEHHbIX 3TUM METOZOM MNIIEHOK, NPeBbILIatoT 2-108H/M2)

7.11 N3amepuTtenbHbie npeobpa3oBaTenn Budpauum

KoHTponb BuGpaumini HeobxoamMm npv OpraHusaumMn aganTMBHOMO YMpaBreHus
MeTannopexyLwmmMm cTaHkaMu, OUarHOCTMPOBAHUN COCTOSIHUSI MallMH U MeXaHW3MOB,
BMOPALMOHHbIX  UCMbITAaHUAX — u3genuii, 6GanaHcMpoBKe BpalLaloLMXCsl  YacTen
TEXHONorm4yeckoro o6opyaoBaHusl, KOHTPOIE COCTOSIHUS PEXYLLETO MHCTPYMEHTA.

N3mepeHne Bubpaumin ocyliectensgetca ¢ nomouwbio UM BuBpockopoctn wm
BnbpoyckopeHnn. OcHoBHyt0 4YacTb WIT BMOPOCKOPOCTM COCTaBNSKT YCTPOMCTBA
WHEPLUMOHHOIO TWNa, B KOTOPbIX YyBCTBUTESIbHbIM 3fIEMEHTOM SBNSETCS  YNpyro
noaBeLLeHHas MHEPUMOHHas Macca. B nocnegHue rogbl ctanu Takke MCrnonb3oBaTbCA
onTU4eckue nuaMeputTenn BUOPOCKOPOCTEN, MPUHLMM OAENCTBUS KOTOPbIX OCHOBaAH Ha
adpekTe [lonnepa nnn Ha NpUMMEHEHNN Na3epHOro NHTepgepomeTpa.

[na namepeHns BUOPOYCKOPEHUI LUMPOKO MUCMOSNb3YOTCH Nbe303SIEKTpUYEcKkme
UIN, koTopble Ha cerogHs NoYTKU MOSIHOCTLK BbLITECHUNN BCe ocTanbHble. Takune WM
BbIMyCKalOT HECKONbKO AecATKoB 3apybexHbix dumpm. Tak, dupma Endevco (CLLUA)
npounssoguT BMbponpeobpasoBaTtenn okono 60 TunopasmepoB na Tpex-yYeTbipex
OCHOBHbIX 6as3oBbix Mogensax. ®upma Bruel & Kjaer (HdaHust) Bbinyckaet
BnbponpeobpasoBaTtenm 21 Tunopasmepa Ha OBYyX-Tpex 6as3oBbiX Mogenax. OTu ase
UpMbl Nepewwnn Ha WUCMONb30BaHUE «COABUIOBbIX LIEHTPUPOBAHHBLIX» KOHCTPYKLINA,
UMEILLMX TOYHOCTHbIE W  3KCMMyaTauuoHHble MpeumyllecTBa nepen NpPeXHUMU
«KOMMPECCUOHHBIMUY U «U3-MMBMbIMHY . OCHOBHOE AOCTOMHCTBO yKa3daHHbIX Ul cocTtonT B
ToM, 4YTO Gnarogapsi caBuMroBon pedopmMauum yMeHbluaeTcss BOCMPUUMYMBOCTL K
pasfMyHbIM HexenaTesbHbIM dhakTopaM, NO3TOMY CHUXaETCH, Hanpumep, nonepeyvHas
YyBCTBMTENbHOCTb M HENMHEWHOCTb XapakTtepuctuki. B capurosbix UM Bbiwe, yem B
KOMMNPECCUOHHBIX, OTHOLLEHWE KOadhduumeHTa npeobpasoBaHmsa K Macce NCMoNb3yemMon
Kepamukn. Kpome TO-ro, B KOHCTPYKUMSAX C Nbe30MakeTamMm U3 HECKONbKMX NNacTuH
MMEET MeCTO B3aMOKOMMNEHCaLMS AENCTBUSA BHELLHUX NONEN.

OpgHako nNpom3BOACTBO KepaMMYECKMX MAACTUH U TEXHONOrMA N3roToBIEHUSA
casurosbix WIM OOBONBHO CIOXHbI, OYeHb Benuka oTbpakoBka. B pesynbrate
casuroBble NI cyleCTBEHHO AOPOXKE KOMMPECCUOHHbIX.

MpeonoxeHHbin dupmon Bruel & Kjaer BbiCOKOCTAOUNBHBING U Ma-
noyvyscTBUTENBLHLIN K Temnepatype W mapkm «Delta Shear» (puc. 9) cogepxut Tpu
NSIOCKNX KepaMUYECKMX Mbe303drieMeHTa /, 3aKpensieHHbIX MeXOy PacrofioXXeHHOW B
LEeHTpe Ornopon 2 TPEeyrofibHOro CevYeHuss U TpemMs WHEPUUOHHbIMKM Maccamu 3.
Mbe303neMeHTbl paboTaloT Ha CABUN, @ UX CUrHanbl CyMMUPYIOTCSA Ha obLwien wuHe. UM
aToro Tmna obnagalT HOPManM3o0BaHHOW C TOYHOCTLIO 2% 4YyBCTBUTENbLHOCTLID, YTO
obecneymBaeT nx B3ammosameHsiemoctb. CobcTBeHHasn Yactota Ul nexuT B npegenax
oT 16 go 180 kI'y, paboymit gnanasoH 4YacToT orpaHnU4eH cHmady Yactotamm 0,1—1 'y, a
cBepxy vactotamu oT 5 0o 54 kly. BbicokouwyBcTBUTENBHBLIE UIT MMET BCTPOEHHbIE
YyCUNUTENMN.
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Puc. 111. Cxema nbesoanektpuyeckoro UM BubpoyckopeHuni.

K HacToswemy BpemeHu pB3paboTaH HoBbIM caBurosbii UM BuGpauum,
Ha3BaHHbIN «TeHaeMwup» 6biTb NPUHAT 3a 6a30By0 MOJerb: U3MEHEHNEM MacChbl
MHEPUMOHHOrO  3nemMeHTa, MaTepumana W  pasMepoB MNbe303/1EMEHTOB
AOCTUraeTcHa BapbupoBaHMe nNapamMeTpoB B LUIMPOKUX Npepenax. Tak, npu obuien
macce UM ot 5 go 25 r koadhdpuumneHT npeobpasoBaHns MoxeT ObiTb B npegenax 0,5—
8 nKn-m™ ¢?, yCTaHOBOYHbIM pe3oHaHCc 10—40 kl'y, nonepeyHas 4YyBCTBUTENBbHOCTbL |—
5%, HenvHenHocTb MmeHee 0,5%.

dupma SPM Instrument (lUBeuns—ABCTpuda) cneuymanusampyetca na
N3MepeHUn yaapHbIX YCKOPEHWA, CONpoBOXaaoLWMX paboTy NoALIMMHUKOBLIX Y3M0B.
NI yckopeHus MOHTUMpyeTCs B 30He MNOALWUMHWKA BHYTPU Kopryca Wnu MpocTo
npuknaabiBaeTcs K NOBEPXHOCTU kopnyca Ha Bpemsi KOHTpOnS.
Mbe309neKTpnYeCcKknii YyBCTBUTENbHbIV 3NEMEHT MMeeT COBCTBEHHYIO YacToTy 32 Klu,.

Mpy HEBO3MOXHOCTM AOCTyNa K MOALMMHUKY B KOPMyce KOHTPONMPYEMOro
y3fia MOHTUPYETCA XXEeCTKUA CTepXeHb, yNuMpalwwWwuiics B KOPMNyC MOALLUMMHUKA W
UrpaoLLMin porb akyCTUYEeCKOro BOTHOBOAA.

CnepyeT, oOpHako, OTMETUTb, 4TO Nbe303NeKTpuyeckne Bubponpe-
obpasoBatenM MMeT U psan CYLWeECTBEHHbIX HeAOCTaTKOB: GONblIOE BbIXOAHOE
conpoTuBrieHne, 4to TpebyeT Hanuuus cornacyluwero kackaga; 3aBUCUMOCTb
BbIXOAHOIO cCuUrHana oT AfNHblI kabensi; HEBO3MOXHOCTb UM3MEPEHUSI NMOCTOSAHHOM
COCTaBnsloOWENn AMHAMUYECKoro nmnpouecca, a Takke WHGPPaAHU3KOYACTOTHbLIX
YCKOPEHWI; Manasi MOLWHOCTb BbIXOOQHOro curHana. Moatomy HaxoaaT npuMeHeHue
TakKe MarHu-Toynpyrme, BOJSIOKOHHO-OMNTUYECKNE, TEH30PE3UCTOPHbIE, EMKOCTHbIE
WM BnGpauymn.

B crnoxHbix ycroBusix aKcnryaTauuMm WUCNonb3yrTcs MarHutoynpy-rue WM
Bnbpaunnm, xapaktepHOn OCOOEHHOCTbI  KOTOpbIX  SABNAETCA  BbiCOKas
KOHCTPYKTMBHas W  napaMmeTpuyeckas  HadeXHoCTb. Hwu3koe  BbIxoaHOE
conpoTuBrieHMe obecneymBaeT MNOBLILEHHYIO NMOMEXOYCTOMYMBOCTbL U He TpebyeTt
cornacyiwouiero kackaga. 3tu npeobpasoBatenu AalT BO3MOXHOCTb MU3MeEpPSATb
BubpokonebaHms ckonb yrogHo Manon 4actotbl. CobcTBeHHas pe3oHaHcHas
yactora MOXeT pJocTuraTb [eCATKOB Kunorepy. BoO3MOXHO nogknioyeHune
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marHutoynpyroro UMM Kk m3aMeputenbHOMY ycunutenw kabenem 3HauyMTenbHON
ATHBI.
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Puc.112. Cxema marHutoynpyroro Ml Bubpo konebaHui.

PaspabotanH wmarHutoynpyrun WM BubpokonebaHui, MOKa3aHHbIM Ha
puc.112. UMM copepxut marHutonposon 6 Cc ocHoBaHveM 4 N ABYMS 'KpavHUMU
CTEPXKHAMM T K 7,a TakkKe CTepxHeBon MarHutonposog 710, HA KOTOPOM 3akpenieHa
NMHepunoHHasa macca 771. Ha ocHoBaHMK 4 pacnonoXeHbl 0OMOTKN BO3-6yxaeHus 2 n 5.
Ha ctepxHax 8 u 13, napannenbHblX OCHOBaHWIO MarHUTOMPOBOAA. PacrnofioXeHbl
nameputenbHble obmMoTkn 9 n 12. Mar-HutonpoBoag 70 BLINOMHEH YANWHEHHbIM, a
WHEpUMOHHAA Macca 3ak-kpenneHa na ero cBob6ogHOM koHue. [pyron KoHey,
LEHTpanbHOro CTEPXHS MarHMTonpoBoda WMeeT npoTodky 3, 6Gnarogapsa 4vemy
yBENNYNBAETCS YYBCTBUTENBbHOCTb MPU M3MEPEHUM 3HAKONEPEMEHHbIX YCKOPEHUMN.
N3meputenbHble 0OMOTKM coefuHeHbl anddepeHumanbHo; cTepxHn 8 n 13
BbIMOMHEHbI U3 MarHUTOYNPYroro maTepuana.

Bosgencrere namepsemMoro yCcKopeHusi Ha MHEPUUOHHYO Maccy 717 Bbi3biBaeT B
MarHUTOYNpPyrmx CTEPXHSAX 8 n 13 HanNpsXKeHUs CxXaTus U pacTSXKEHUs, NpUYeM ecnu
OOVH N3 CTEepXHen CxXumaeTcsd, TO APYrom B TO Xe BpeMsA pacTarvpaeTcs.
BcnegctBune atoro nameHstwTcas 3O4C mameputenbHbix obMoTok 9 U 12, npuyem
npupaweHna 34C umeT NpoTUBOMNONIOXHbIE 3Hakn. BennyunHa cymmapHon O[C
N3MepuTenbHbiX 0OMOTOK NPONOpLMOHaNbHa MOAYI0 M3MEPAEMOro YCKOPEHUs, a
raza — HanpaeneHui OENCTBUS YCKOPEHUS. [NOBbILEHUIO TOYHOCTU WU3MEpPEHUN
cnoco6CTBYET NOCTOAHCTBO HAMPsKEHWN NO OfINHE U CEYEHUIO CTEPXKHEN, a Takke
OTCYTCTBME NONEPEYHOWN CUTbI.

B HacTodwee BpemMa BeayTcs Takke paboTbl NO COBEPLUEHCTBOBAHWUIO
TeH3ope3nctopHoix UMM Bnbpauun n yaapos. N3BECTHbI MUHUATIOPHbIE YAAPHbIE
MM ¢ nonynpoBOOAHWKOBbLIMW TeH30pe3ncTopamMun, UMelowme BepXHUnM npenen
namepenust 10°g 1 YacToTHbIN AnanasoH ot 0 4o 1 MIL. YyBCTBUTEMbHDIN dneMeHT
aTnx UM BbINONHAETCA Ha KpeMHWEBOW KBagpaTHOM NMacTUHe C pasmMepoM CTOPOH 1
MM.. B LeHTpanbHOM YacTu NNacTUHbl MO METOAY XMMUYECKOro TpaBfieHUs Bbipe-
3aeTcs KkBagpaT, COeAWHEHHbI C BHELWHEW paMKOW Yrpyrumu nepembldKkamu,
KOTOpbIM MCNOMNb3yeTCss B KavyeCTBE WHEPUMOHHOM Maccbl. Ha noBepxHOCTAX
COEVHUTENbHbLIX  YNPYrMX  nepemMbld4eK  BbINOMHATCA  TEH30pe3ncTopshl,
BK/tOYaeMmble No CXeme MOoSIHOro MocTa.

B otmeneHun Endevco Division dupmbl Allied Signal Aerospace Co. (CLUA)
paspaboTaH MUHMaTIOPHbIM eMkocTHoM WM BuBpoyckopeHuin, npeBoCcXoadaLwmn no
pagy nokasatenen TeHaopesucTtopbl WIT aHanornyHoro HasHadeHus: Gonbluas
YyBCTBUTENbHOCTb, 'GONnee BbLICOKMA YpPOBEHb BbLIXOAHOrO CWUrHana, BbICOKas
YCTONYNBOCTb K MEXAHUYECKUM MNeperpyskam.
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WM npegHasHadyeH ONA U3MEPEHUS NIMHEWHbLIX YCKOPEHU B npeaenax ot
0 po 100 g, ypoBeHb BbLIXOQHOrO CWUrHamna, COOTBETCTBYIOLLEr0 MaKCUMasribHOMY
N3MeEPSEMOMY YCKOpPEHWUIO, cocTaBnseT 2 B; TemnepaTypHble MNOrpeLHoCcTy
CMELEHNA HYNA M M3MEHEHUs 'YyBCTBUTENbLHOCTU He npeBbilwalT B paboyvem
AnanasoHe TemnepaTyp 2%. lNpeobpaszoBaTenb M3roTaBnMMBaEeTCA Ha OCHOBE Tpex
KPEMHMEBLIX 3NNEMEHTOB, BbIMNOSIHEHHLIX METOAOM MWKPOMALLUMHHOM 00paboTKu:
NSIOCKOro OCHOBaHUS; YyBCTBUTENbHOIO 3fieMeHTa, cogepalwero MHEPLUUOHHYIO
Maccy C NSIOCKUMU MPY>XMHAMW CUCTEMbI €ro yrnpyroro nogBeca; MOCKOW KPbILLKM.
Macca 4yBCTBUTENBHOIO arieMeHTa paBHa 1,3 Mr.

OCHOBHbIMW  NpeumyLLecTBaMn  BOJSIOKOHHO-OMNTMYECKMX  BuMBponpeob-
pasoBaTenem No CpPaBHEHUD C 3JNEKTPUYECKUMU HABNSAKOTCA WX BbICOKMNE
N30MALUMOHHbIE CBOWCTBA, CTAabMNbHOCTb, HAAEXHOCTb, Manble NoTepu Npu nepegade
curHana. Ha puc.113 nokasaHa CTPYKTYpHas cxema OMTUYECKOrO
BMBGpoOM3mMepuTensHoro npeobpasosartens.
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Puc.113. CTpykTypHasa cxema onTu4eckoro BHOpon3aMepuTesbHOro

npeobpasoBartens:
1 — WCTOYHWK OMTMYECKOro WN3MyYeHusi; 2 — ONTUYECcKoe BOJSIOKHO; 3, 4 —
MUKPOMMH3bI, & — nongpusaTtop; 6 — uWHepuuoHHas macca; 7 — QoToynpyrnn
anemeHT; 8 — 4eTBepTbBOMHOBAs nnacTuHka;, 9 — ananmsatop; 70 — 6nokK

npeobpasoBaHus

OT ucTo4HMKa onTU4eckoe M3rny4veHne nocTtynaeT B 6rok npeobpasoBaHus, roe
nocne npoxXoXAeHns 4epe3 MUKPONMH3Y B BUAE NapanienbHoro ny4vka JIMHENHO
nonapuayetcs. Npu BO3oenCcTBUM BHELLHMX KonebaHui B bOTOYNpyrom anemMeHTe noj
BNUSIHWEM HanpshkKeHU, 0OyCrnoBMNEeHHbIX KonebaHuamu, nposasnsetca 3addekT
ABOMHOIo ny4vyenpesioMSieHUs U NPOUCXOOUT IANNMNTUYECKaa nonsipusauns ceeta.
3aTeM nonsipu3oBaHHbLIA CBET C NOMOLWbO aHanusatopa npeobpasyeTcs B
CBETOBOM NOTOK NepeMeHHON MHTEHCUBHOCTU, KOTOpasi, Hanpumep, oTO3NeKTPUYECKUM
AETEKTOPOM npeobpasyeTcss B BbIXOAHOW 3MEKTPUYECKUA CUrHam, OOHO3HaYHO
onpenensoLwmi 3Ha4YeHe N3MepseMoro BUOpoyCcKopeHus.

UToObl YNPOCTUTbL TEXHOMOTNO COOPKM OMTMYECKMX INEMEHTOB U MOBLICUTL
TOYHOCTb M3MEpPEHUI, ONTUYECKMA npeobpasoBaTerlb BbIMOMHAKT  MOHOMUTHBIM,
dopmmpyss ¢ 0OOMX €ro TOPLOB MHOFOCMOMHbIE AUINEKTPUYECKME  MIEHKM,
peanuayolmne dyHKLMK NonspusaTtopa u aHanusaTopa.
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AHanus usmepuTtenbHbIX NpeobpasoBarerien, MICNOMb3YOLWUXCA NPU MeX.
o6paboTke usgenun.

—  OddeKTuBHbIN  KOHTPOMb npouecca NpouM3BOACTBa Npegnonaraet
HeOOXOAMMOCTb MOCTOSIHHOMO MOJSTydeHUs1 AOCTOBEPHOW MHOpMaLMM O napameTtpax
3TOro npouecca, AnA Yero WUCNONb3yeTCA KOMMSEKC MNEepPBUYHBIX W3MEpPUTENbHbIX
npeobpasoBatenen. MeTponorndeckme,  9KCNfyaTauMOHHbIE U 3SKOHOMUYECcKue
xapaktepucTtukn MM Bo MHOrOM onpeaenstoT TOYHOCTb, HAAEXHOCTb, ObICTPOAENCTBME
N CTOUMOCTb CUCTEMbI B LIEMNOM.

— [INs NoBbiWEHNs AOCTOBEPHOCTM U KayecTBa M3MEepeHun LenecoobpasHo
ncnonb3oBaTb pa3paboTaHHble B nocnegHue roabl UHTennekTyanbHble UMM, KoTopble
cogepxaT BCTPOEHHbI MUKPONPOLLECCOP U peannusyloT pag AOMONMHUTENbHBLIX PYHKUUA,
CBSA3aHHbIX C npegBapuTenibHOM 06paboTKOM BbLIXOAHOIMO CuUrHana nepBUYHOTO
npeobpasoBaTens, KOHTponeMm yHKUnoHmpoBaHua UMM, xpaHeHnem 1 3anoMmMHaHNEM
n3mepuTenbHon nHdopmMaumn.

— B coBpeMeHHbIXx cucTemMax aganTMBHOIO ynpaBreHuss NpoLeccoMm
mMeTannoobpaboTku HanbonbLuee npUMeHeHne HaLWwnm n3mMepuTernbHble
npeobpasoBaTteny HMHEWHbIX W YrNOBbIX CKOPOCTEW M MNepeMeLeHnn, Cunbl,
BMOpauun, KpyTALLEro MOMEHTA.

Cpeon  MHOMMX  HanpaereHun  pasBUTUS  UUMPOBLIX  U3MePUTESbHbIX
npeobpasoBartenen nepemeLleHnn npeanodyTUTEeNbHOe MeCTO  3aHMMaloT  [Ba:
npeobpasoBaTenn Tuna «MepemMeLleHne — aHanoroBbli napa MeTp — Kog» W
doToanekTpudeckne WM nepemewieHnin. B nepsoun rpynne LIMPOKO pacrnpoCTpaHeHb!
cenbCvHbl, nHaykTocuHbl, CKBT, nuHenHble anddepeHumnanbHblie TpaHchopmaTopbl.

K OCHOBHbIM Tunam doToanekTpuyecknx umdposbix WIT nepemeweHumn
cnepyet OTHECTMU: npeobpasoBarenu CUNTbIBAHMS; HakannueatLme
npeobpasosatenu; W Ha OCHOBE pacTpPOBLIX COMPsPKEHWN; .npeobpasoBaTenn c
ONTUYECKUMU NHTEPNONATOPaAMM.

— B npeuusnoHHom o6opyaoBaHun LienecoobpasHo UCnonb3oBaTbh  LK-
dposble UM Ha ocHoBe nasepHbiX MHTEpdepoMeTpoB. [nsa pacwmpeHns obnacren
npUMeEHeHMa 3Toro Tuna npeobpasoBatenert HEOOXOAMMO CYLLECTBEHHO CHU3UTb WX
ctoumocTb. OgHUM 13 NyTen peLleHns aTon npobnembl asnsetca nepexoq ot He-Ne-
nasepoB .K MoyNnpoBOLHNKO BbIM.

— [lepcnektnBHbiM HanpasneHuem cosgaHna WM nMHEeNHbIX N yrnoBbIX
nepeMeLLeHnin SBMsieTCs UCMNOMb30BaHME rafnibBaHOMArHUTHLIX SIBAEHUA U OPYrnx
OpPUTrMHanNbHbIX U3NYECKNX 3P PeKTOB B PEPPOMArHUTHbLIX AfIEMEHTAaX.

— [Ona wn3mepeHna cunbl Hauboriee LWMPOKO B HacTodwee BpemMsa B
MaLUMHOCTPOEHUM  UCMOMb3YITCA  TEH30PEe3UCTOPHbIE,  Nbe303rieKTpuveckne wu
mMarHutoynpyrue UM,

MpymeHeHne ONbroBbiXx TEH30PE3MCTOPOB BMECTO MOSYNPOBOOAHUKOBbLIX B
KadecTBe 4yBCTBUTENbHbIX 3anemeHToB MWI1 coenano BO3MOXHbBIM  cOo3faHue
NnpeLm3noHHbIX TEH30PE3NCTOPHBLIX Npeobpa3soBartenen cunol. Takue UMM B HacTosiwee
BpeMs BbINyCKalTCA oMpMaMun BCEX pPas3BUTbIX CTpaH, npuyemM Ans 6onblIMHCTBA
bMpM-Npon3BoanTENen xapakTepHo 605bLIOe KONMMYECTBO BbINyCKaeMblX TUMOB W
Tnunopasmepos UI1.
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Ona gunHamuyecknx un3MmepeHnnn B MeTannoobpabartbiBatowiem 0060-
pyooBaHUM  TPaOULMOHHO LUMPOKO WCMONb3YHTCA OAHO- W MHOrOKOMIMOHEHTHbIE
nbesoanektpuyeckme WM cunbl, rmaBHbIMW NPOM3BOAMTENSMU KOTOpbIX B EBpone
asnsaTca pupmbl Bruel & Kjaer (Janusa) u Kistler (LUsenuapwus).

B CroXHbIX ycnoBusx akcnnyataummM AONd U3MepeHus Curl pekoMeHayeTcs
ncnonb3oBaTb MarHutoynpyrune WM. YyesctButenbHble anemeHTbl marHutoynpyrmux UM
n3rotaBnmBaloTCa NMMBO U3 XenesokpeMHue-BbIX, MO0 U3 ene3oHUKeNeBbIX CNilaBoB,
npu4emM nocnegHue mns-za OTHOCUTENbHO BbICOKOM CTOMMOCTM, HU3KOW CTabUIbHOCTM WU
NOXON TEXHOMOMMYHOCTU criefyeT NMPUMEHSITb NULb NPU Co3a4aHnn MUHUATIOPHBbIX UTT
U  YCTPOUCTB C BbICOKOW >KECTKOCTbl. HoBoe HanpaBfieHne B TexXHUKe
mMarHutToynpyrux UM — npuMmeHeHne amMopHbIX MarHUTHbLIX MeTannoB U CrfiaBoB, YTO
obecneumMBaeT MOBbIWEHNE  YYBCTBUTENbHOCTW, a Tawkke YynydyweHue psga
3KCMnyaTaumMOHHbIX XapaKTepucTuk npeobpasoBarenen.

— K nepcnektMBHbIM  HaMpaBfiEHUAM  pasBUTUS  CUITOM3MEPUTESbHbIX
npeobpasoBartenen cnegyetr OTHECTM CO34aHME BbICOKOYACTOTHBIX W BOJSIOKOHHO-
ONTUYECKUX YCTPONCTB. NocneaHne npuenekarT BO3MOXHOCTbIO HaZeXxHon paboTbl B
HEKOMMOPTHLIX YCOBUAX IKCNyaTauun.

— [na KoHTpons KpyTdwero MOMEHTa B MAaLUMHOCTPOEHUM WUCMOSb3YHOT
TEH30PE3NCTOPHbIE, NHOYKTUBHbIE, Nbe303NIEKTPUYEcKne n mar-Hutoynpyrue UM, npuyem
B3aMeH TPagULUMOHHbIX MarHUTOynpyrux uaMeputenbHbix npeobpasoBaTtenen B
nocrnegHee BpeMsi MHOrMe wuccnegoBaTernibCkMe LEHTPbl M OUMPMbl NPUCTYNUNM K
pa3paboTke, uccrnegoBaHusaMm n BHegpeHuto UM Ha ocHoBe amMoOpdHOM MarHUTHOW
NEHTbI B KAYECTBE YYBCTBUTESTbLHOIO 3fIEMEHTA.

— lMpumeHsiemble ons namepeHus BUOpPOycKopeHui nbesoanektpudeckne UM
Ha cerogHs MNOYTUM TMOJNIHOCTbIO BbITECHUNM Boe ocTanbHble. OpgHako KX
Ncnonb3oBaHME TaKXKe OrpaHMYMBaeTCa PsSAOM HeOoCTaTKoB: 60MbLUMM BbIXOOHLIM
COMPOTUBMEHMEM,  3aBMCMMOCTLIO  BbLIXOQHOIO  CUrHama OT  OnvHbl - kabens,
HEBO3MOXXHOCTbIO M3MEPEHUs YCKOPEHUA WMHMPaAHMU3KUX YacTOT, Manon MOLLHOCTbLIO
BbIXOOHOrO curHana. [losatomy B MeTannoobpabatbiBaloweMm obopyaoBaHun
NCNONb3YOTCA  TaKKe €eMKOCTHble, MarHUToynpyrme, BOJIOKOHHO-OMTUYECKME U
TeH3ope3uncTopHble UM Bubpauyuin
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