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YuebHoe nocobue

BBegeHune

MHorue konebarenbHble ABUXEHMS B NPUPOaE UMEIOT GOopMy
cuHycomnapl, Oyab TO OKeaHCK1e NPUAKBEI, 3eMNETPACEHWS,
packarbl rpoma, yAapHbIE BOSHbI B3PbIBA, NMPOCTO 3BYKOBLIE
BOJIHbI, PACNPOCTPAHAIOLWMECS Yepes BO3AYLLHYIO cpeay, b0
4acToTa COBCTBEHHbIX KoneGaHuin Npv BHeWHEM BO3AENCTBIM,
npucyLas MoGomy Teny. IHepris, KonebnLLMecs YacTuLb! v
LpYyre HedoCTyNHbIe rMasy ABeHNA HANOMHAIOT BCE OKpyXato-
LLiee Hac NPOCTPaHCTBO. [laxe CBeT, MEIOLLIMI ABOVCTBEHHYIO
KOPMYCKYNSPHO-BOMHOBYIO NPMPOoAy, 061aaaeT onpengneHHon
4acTOTOM, BOCMPVHMMAEMOV HaMu B BUOE LBeTa.

1IamepuTenbHbie Npeobpasosarenu — YCTPOWCTBa, CNOCOOHbIE
KOHBEPTUPOBAaTb BCE 3TW ABAEHUA B SNEKTPUHECKME CUMHASI,
KOTOpbIE MOMYT ObiTb BUAMMbI U U3y4aeMbl NPy MOMOLLLA NpK-
60pa, HaselBaeMoro ocuunnorpad. Ocumnnorpadbl 4al0T BO3-
MOXHOCTb YYEHbBIM, VHXEHEepaMm, TexHKam, NpenogaBatensm u
Op. peanbHo “BUAETL” COOLITUS, MBMEHSIOLLIMECA BO BDEMEHMU.

Ocuunnorpadbl — HE3aMEHVIMbIN UHCTPYMEHT NS TEX, KTO
NPOEKTMPYET, NPON3BOANT UMW PEMOHTVIPYET SNEKTPOHHOE
o6opynoBaHve. B coBpeMeHHOM GbICTPO M3MEHSAIIOLLLEMCS
MVIpe cneupanictTam Heo6XooMMOo MMETb CaMoe ydlliee
060pynoBaHve na GbICTPOrO Y TOYHOrO PELLEHMS CBOMX
HaCYLLHbIX, CBA3aHHbIX C M3MepeHnaMun 3anad. byayun “rmasa-
MU HXEHEPOB B MUP SN1EKTPOHWKM, OCLMANOrpadbl ABASIOT-
CA KNIOYEBBIM MHCTPYMEHTAPVIEM MPU N3YYEHUU BHYTPEHHIX
NPOLIECCOB B 9NEKTPOHHbIX CXeMax.

MpuMeHeHne ocumnnorpadoB He OrpaHnyVBaETCA NNLWb
MUPOM 3NEKTPOHNKM. [P MCNONb30BaHNM COOTBETCTBYIOLLIE-
ro Npeobpasosarens ocumnnorpadsl CNOCOOHBI KOHTPO-
POTb NIOOBIE NPUPOAHBLIE ABNEHNS. [Tpeobpasdosarens — 3To
YCTPOWCTBO, FreHepvpyIoLLIE SNEKTPUYECKE CUMHANLI B OTBET
Ha kakoe-nnbo pr3NYeckoe BO3AENCTBIE, Takoe Kak 3BYK,
MexaHNYeCcKUin yoap, AaBneHue, CBeT Unm Tenno. Hanpumep,
MUKPOGDOH NpeacTasnseT cobor npeocbpa3oBaTenb 3Byka B
3NeKTpUYeckn curHan. Ha puc. 1 npruBeagH npumep nonyye-
HVA HEOOXOAMMbIX AaHHbBIX ANA CCNeA0BaHWA NPUPOAL CBETA
npv NOMOLLM ocumnnorpada.

Ocuunnorpadbl MCNOAL3YIOT BCE: OT GU3NKOB-AAEPLIMKOB A0
MacTepOB, PEMOHTUPYIOLLMX NPOCTENLLYIO ObITOBYIO 3N1EKTPO-
HVIKY. VIHXEHEPBI N0 0O6CNYXMBAHMIO aBTOMOOWNEN MCMONB3YIOT
ocumnnorpadel 419 M3MepeHu Bubpauyin aguratenein. Bpayu
— NS UIBMEPEHUN BOMH, FEHEPUPYEMBIX HENOBEYECKM MO3-
rom. BoamoxHocTu npnbopa noa HassaHvem ocumnnorpad
OECKOHEYHbI.
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McTovHKK cBeTa

R

doToanemMeHT

Puc. 1. [Mpumep nonydervst ¢ noMolsio ocumnnorpada Heobxoam-
MbIX JAHHbBIX 15 NCCNea0BaHMA NPUPOaLl CBETA.

KoHuenuun, npeacTasneHHble B 3T0M y4ebHoM nocobun, 3a-
KnagblBatoT ¥ 3aMHTEePEeCOBaHHbLIX YiTaTener oTnyHbLIN 6a3unc
015 NOHMMAaHWA CYLLHOCTI ocumnnorpados 1 dyHoaMmeHTanb-
HbIX MPUHLMMOB, Ha KOTOPLIX CTPOUTCA 1X GYHKLMOHMPOBaHME.

B KoHLE 6poLLopbl NTOMELLEH rMOCccapnii, MOSCHAIOLLMI creuy-
bHbIE TEPMUHBI 1 NMOHATUSA. DTOT CNPABOYHUK, & TaKKe KOH-
TPOJbHbBIE TECTHI MO TEOPUM OCLNNOrPadOB NOMOTYT Ny4Lle
YCBOUTb Npeafiaraemelli Matepuasn. Takum 06pa3om, Yntatenb
CMOXET MOHATb CYTb AAHHOMO M3aaHVs 6e3 CrneumanbHOro
o6pasoBaHva B 061aCTV 3NEKTPOHNUKA UK MaTeMaTuku.

Mocne NpoyTeHusa aToro y4edbHOro Nocobua HEUCKYLLIEHHbIV
yuTaTenb CMOXET:

B acHo npeacTaBnsaTh cebe kak paboTtaeT ocumnnorpad;

B NOHATL PasHULY MEXAY PasnnYHbIMK TNamn ocUmIorpa-

®os;

B npeacTasnatb cebe, kakme 6biBaloT GOPMbl INEKTPUHECKMX
KonebaHnin;

B JeTanbHO 03HAKOMUTLCA C OCHOBHBIMM OpraHamu ynpasne-
HUS ocuMnnorpados;

B Ha NpakTvke OCYLECTBUTL NPOCTENLLNE USMEPEHNSI.

Heobxoanmo 3Hath, 4To K Ntobomy ocumnnorpady npunara-
eTcst «PykOBOACTBO MO 3KCryaraumn», npefocTasnaoLuee
noapo6HYI0 MHDOPMAaLIMIO O TOM, Kak SKCMyaTMpoBaTh KOHK-
PEeTHbBI ocumnnorpad B NOBCEOHEBHOW AEATENbHOCTM. Heko-
TOpPbIE NPOU3BOAUTENM OCLMNNOrPAdOB Takke NPeaoCTaBnAT
pasnM4HbIE PEKOMERJALMN MO MPUMEHEHRMIO CBOVX NPMOOPOB
B LENSX MaKCUMaIIbHOM OMTUMU3ALLIAN PEXUMOB VX NCMOMb30-
BaHMA NPW peLleHn Cneundnyeckmnx 3aaaq.

Ecnv Bam NoTpebyeTcs AONONHUTENbHAS MOMOLLb NPV YTEHWUM
[aHHOro Marepmana, Moo y BaC NOSBATCH COOCTBEHHbIE
KOMMeEHTapu1n, npocbba obpallatscs B NpecTaBUTENbCTBO
komnaHuu Tektronix, (MO0 HarT1 OTBETHLI HA MHTEPECYIoLLIME
BAC BOMPOCHI Ha canTe www.tektronix.ru.
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LlenocTtHOCTb cUrHana

[MOHATNE LENOCTHOCTY CUrHana

KnioyeBbiM bakTopom nto6oi ocumniorpadu4eckor CUcTemsl
ABNAETCA €€ CNOCOOHOCTL TOYHO BOCMPOU3BOANTE POPMY
curHana. 3ta CnoCobHOCTb ONPEAENSETCA XapakTePUCTUKON,
N3BECTHOW KaK LEeNoCTHOCTb curHana. Ocumnnorpad nogobeH
doToannapary, 3axeaTbiBalOLLEMY M300OPAXEHNS (B HALLIEM CIy-
4yae — curHanbl), KOTOpPbIE Mbl 3aTEM MOXEM 13y4aTb 1 TOMKO-
BaTb WX CYTb. TpW KJIKOYEBBIX MOMEHTA NIeXaTt B OCHOBE MOHATUSA
LLeNTIOCTHOCTW CurHana:

B Korga aenaetcs ‘@otorpadus” CobbITUA, MOXHO N CHUTATD,
4TO NOJYHEHHOE N300PAXEHVE SBNAETCA JOCTOBEPHBIM
BOCMNPOW3BEAEHNEM TOIO, HTO MPOM3OLLINO HA camMoM adene?

B /locTaro4HO N YETKO NOMYYMIOCh BbIBEAEHHOE Ha 3KpaH
nprbopa nsobpaxerre N oHO pa3meiToe?

B Kakoe KonM4ecTBO AOCTOBEPHbIX M300paxeHuin 0 cobbITU-
AX MOXHO MOMYYNTb B CEKYHY?

Bce BMecTe B3sThIe Y3kl ¥ CUCTEMbI OcLMAnorpada, vx xapak-
TEPVCTMKN B 38B1CKMMOCTM OT PEXMMOB PaBoThl, BHOCAT CBOWA
BK/a[, B €ro CnoCcoBHOCTb OTpaxaTb Ha akpaHe Havbonee ao-
CTOBEPHYIO NHDOPMaLWio 06 UccneayemMom curHane. Mpo6Hu-
KU (UNW LLYMbl) TaKXe OKasbliBaloT BO3ASMCTBME Ha LENOCTHOCTb
curHana B u3aMepuTesnbHOM cucTeme.

[MoHATME LUENOCTHOCTY CurHana HeoBX0AVIMO YUMTHIBATL MPW NPO-
EKTMPOBaHWV NI0BBIX ANEKTPOHHBIX YCTPOWCTB. HO A0 HEAaBHEro
BPEMEH 3TO HE Kacaioch pas3padoTku LMPPOBLIX YCTPONCTB.
Jlornyeckmne cxembl, GYHKLMOHVPYIOLLIME MO 3akoHaMm OyneBoi an-
redpbl, 10 ONPeagNeHHOr0 MOMEHTa MO HE CHUTATLCS C 9TVIM
akTopoM. CUbHO 3alLLyMIEHHbIE, TPYAHO BbIAENSeMbIe CUrHANbI
CTanm 0COBEHHOCTHIO CXeM BbICOKOCKOPOCTHOM 06paboTky
JaHHbIX, 4TO cpasy e ABUNoCk NpeamMeTom 6ecnokocTea ans
Pa3paboTHVKOB BEICOKOHACTOTHLIX YCTPOWCTB. PaHee Lndposbie
CMCTEMbI MCMOMb30BANM HM3KNE TAKTOBbIE 4ACTOThI, NOSTOMY
dopma cvrHanos Gbina Npeackasyemon.

C Toro BpeMeHn TakToBas YactoTa NpoLEeCCOPOB BO3POCa

Ha Lienble Nopsaky. PasnmyHble KOMNbIOTEPHbLIE NPUIOXEHWS,
Takue Kak TpexmepHan rpaduka, BuaeoobpaboTka 1 cucTe-
Mbl BLICOKOCKOPOCTHOMO BBOAA-BLIBOAA, TPEOYIOT Hanmnyums
LUMPOKOW NONOCHI NPOMNyCKaHus. BONbLIMHCTBO 13 NPUMEHsIe-
MbIX B HACTOSILLIEE BPEMSA TENEKOMMYHKALVIOHHbBIX YCTPOWCTB,
OCHOBaHHbIX Ha LIMPOBOW TEXHONOT N, HY>XAAIOTCS B TAKOW XXe
LIMPOKOW nonoce. To XXe caMoe B MOMHOW Mepe OTHOCUTCS U K
TENEBM3NOHHBIM CCTEMAM BbICOKOW YETKOCTU. VIcnonb3yemble
CeroaHsa MMKPONPOLECCOPHBIE YCTPOMCTBA 06pabaTteiBaioT
NOTOKM A@HHBIX CO CKOpOCTAaMK 2, 3 1 aaxe 5 BIO\C (r1ra-
BLIOOPOK B CEKYHMY), B TO BPEMSA KakK HEKOTOPBIE MUKDOCXEMDI
namati DDR3 paboTtaloT Ha YacToTax 6onee 2 1 ¢ curHana-
MU, UMEIOLLIMMIK BpeMA HapacTaHus GpoHTa 200 nc.

BaxHO OTMETUTb, YTO TEHOEHUMS pocTa 6bICTpOLLeVICTBI/lﬂ
KOCHYNachb 1 MHTErpPa/lIbHbIX CXEM 06LEero HagHa4yeHns, nprmMme-
HSeMbIX B aBTOMOOWIIbHOM AN1IEKTPOHVIKE, ObITOBOW TEXHWKE 1 B
YCTPOMCTBAX NPOMbILLIEHHOW aBTOMaTH3aLNN.
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Ocupnnorpadb

OCHOBHbIE NMPUHLMMbLI U3MEPEHNI

Mpoueccopsl, paboTaoume Ha Yactote 20 MIL, nerko moryt
CTONKHYTbCS C CUrHanamum, obnafatoLIMm TakUMm xapakTe-
pUCTVKaMu, KOTOpbIe MOTYT BbiTb 06paboTaHbl NVLLb NPOLEC-
copamum 800 M, 1 6onee. BCE 310 CBUAETENLCTBYET O TOM,
4TO NPOEKTUPOBLLMKIA SNEKTPOHHOMO 000PYA0BAHNS YXe AaBHO
nepeLuarHynm Tak HadelBaeMbilii pyoex hyHKLMOHaNbHOCTH, YTO
Ha NpakT1Ke 03HA4aeT: NPaKTUYECKM Kaxaoe COBPEMEHHOE
3M1EKTPOHHOE YCTPOMCTBO — BLICOKOCKOPOCTHOE.

Be3 NpuHATUA HEOOXOOMMbBIX MEP NPEOCTOPOXHOCTH, 3TV ca-
Mble “BbICOKOCKOPOCTHbIE” MPOBAEMbl MOMYT 3aNpPOCTO BKpac-
TbCA B pa3paboTku Nobor HanpaBneHHoCTW. Ecnm kakas-nmbo
3NEKTPOHHAs Cxema UCMbIThIBAET NepemMexaiolmecs coou,
B0 BbIAAET OLNMOKM NPY NPEAENbHBIX 3HAYEHMAX Hanpsixe-
HUSA UK TeMNepaTtypbl, TO CYLWECTBYET OOMbLIAs BEPOSTHOCTb
TOrO, YTO B 3TOW CXeMe NPUCYTCTBYIOT CKPbIThlE AEMEKTHI,
CBSI3aHHbIE C LENOCTHOCTBIO CUMrHana. A 3To, B CBOIO 04epe[b,
HeraTvBHO BO3AEVCTBYET Ha Takue (PakTopsbl, Kak BPDEMSA BbIXO-
[a KOHEYHOrO MPOAYKTA Ha PbIHOK, HAOEXHOCTb, COOTBETCTBME
Tpeb0BaHVAM 3N1EKTPOMArHUTHON COBMECTUMOCTA 1 T.A.

lMoyemy LenoCTHOCTb curHana
npencrtaBngeT cobom npobnemy?

JasalTe B3mMsaHEM Ha HEKOTOPbIE Cneundruieckme NPUHnHbI
nerpagauny curHana B COBPeMEHHbIX LMPOBbLIX CUCTEMAX.
Moyemy MMEHHO cenyac Bce 3Ty Npobnembl MPEBAMPYIOT NO
CPaBHEHWIO C CUTyaume Heganekoro NpoLwwnoro?

OTBET Ha 9TOT BOMPOC OAMH: CKOPOCTb. B cTapsie Ao6pbie
BpemMeHa nogaepXxaHme LenoCTHOCTU LMGPOBOro curHana
03Ha4ano HeoBXoaMMOCTb BHUMATENbHOM NPopadoTKm Lenen
TAKTOBOWM 4aCTOThI U CUMHANLHOMO TpakTa, obecnedeHne 3ana-
ca NMoMExoyCTOMYMBOCTY, AeMNPUPOBAHNE HArpy3ku, Corma-
COBaHMe NMHW Nepeaadn JaHHbLIX 1 OKOHEYHbIX HArpPy30K LLVIH,
obecneyeHne ransBaHN4YecKon PasBaAsKM U MOMEXOYCTONHYNBO-
ro NUTaHwg. Bce aTu acnekTbl He NOTepsAv CBOIO akTyanbHOCTb
1 CErogHs, Ho. .

Bpems uykna WuHbl CerogHs B Thicsdy pas bbicTpee, no
cpaBHEeHWIO C TeM xe nokasatenem 20 neT Hasagn! TpaH3akumu,
paHee naMepsaemMble B MYKPOCEeKyHaax, Ceryac namMepsaioTcs B
HaHocekyHaax. Jna OCTUXEeHWA Takmx nokasartenen KpyTmaHa
DPOHTA UMMYILCOB Takxe BO3POCna: B HACTOALLMA MOMEHT
oHa B 100 pas Bbile, YeM ABa JecaTuneTnda Hasaa,

Bcé 970, KOHEe4YHO, 3aMevaTenbHO, OOHaKo, OnpeaenéHHbIe
dU3NYECcKme peanun KOHCTPYKLMI NeYaTHbIX MaT CAePXMBaM
Pa3BUTUE TEXHONOMM COBPEMEHHOW SNEKTPOHUKN. Bpemsd
NPOXOXAEHWUA CUrHaNa No BHYTPEHHUM LLMHAM MUKPOMPO-
LeCCOPOB OCTABANOCh NMOYTU HEN3MEHHbBIM Ha MPOTAXEHNUM
pecatunetuin. O4eBnaHoO, 4TO 3a NpoLleaee BpemMs reomeT-
pUHeckme pasMepbl NedaTHbIX mar yMEHbLLUNACH, HO TEM He
MeHee, ONA PasMeLLeHWs MHTerpanbHbIX CXeM, Pa3beMosB,
NaCCUBHBIX KOMMOHEHTOB 1, KOHEUYHO Xe, Me4aTHbIX MPOBOOHN-
kOB, TPebyeTCa 3HAUUTENbHOE MPOCTPAHCTBO. Hannyve aToro
NPOCTPAHCTBA 03HAYAET YBEIMYEHWE O/ IMHbI MPOBOAHNKOB, YTO
B CBOIO 04epeab BeAET K POCTY 3a4ePXeK U1, Kak CNeacTeue, K
CHUXEHWIO CKOPOCTU.
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YuebHoe nocobue

Heo6xoanmo Bceraa NOMHWTb, YTO UMAMPOBOW CUrHan ¢
KpyTbIMU GPOHTaMK (ManbliM BpEMEHEM HapacTaHvd 1 cnaga)
obnagaet ropa3ao bonee WMPOKMM YaCTOTHBIM CMEKTPOM, YEM
ero cobCcTBeHHana YacToTa CneaoBaHns UMIybCoB. 1o 3Tol
NpUYVIHE NPOEKTUPOBLLMKY B HEKOTOPBIX CIy4asx cTapatoTca
NPUMEHSATb NHTErPasbHblE CXEMbI C OTHOCUTENBHO 60bLIVM
BPEMEHEM HapacTaHns.

Mogesnb Cxembl C COCPeOTOYEHHBIMY MapaMeTpammy Bceraa
Oblna OCHOBOW /15 BbINOAHEHMSA OONbLIMHCTBA pPacyéToB, nc-
NONb3yeMbIX N5 MPOrHO3MPOBAHVIA NOBEAEHWSA CUrHaNa B TON
NI HOW Lenu. Ho korga Bpemst HapacTaHua CTano B 4-6 pas
MEHbLLE HeM BPpeMA 3adePXK C1IrHasla B TpakTe, TO YNoOMAHY-
Thle Bbllle MOAE/IN CXEM YXE HEe MO bonee NMPUMEHATHCA.

MeyaTHble NPOBOAHMKIA AAMHOM B 6 A0MMOB (152 MM) cTanm
«[IVHHBIMW IMHUSIMV> ONST CUTHAIIOB CO BPEMEHEM HapacTaHns
MeHee 4—6 HaHOCeKyH[, BHE 3aB1CKMMOCTM OT TaKTOBOW 4acTo-
Tbl. DakTn4ecky, Oblnn co3aaHbl HOBbIE CUrHAbHBIE TRaKTbl. ST
Heocsa3aemMble yCTPoMcTBa He 0603HaYEHbI B MPUHLUMMNANBHON
CXEME, HO TEM HE MEHEE, OHW ABNIAIOTCH NPUYMHON HENpeacka-
3yEMOro BO3AENCTBISA CUrHaIOB APYr Ha Apyra.

HOrAa 3HauYMTENbHbIN BKaM, B NMOrPELUIHOCTb N3MEPEHNS
BHOCUT paccornacosanue npubopa ¢ npobHukom. OaHako,
y4uTBIBaA GOPMYIY «KBaAPaTHbIN KOPEHb 13 CyMMbI KBaapaTos»
L7151 I3MEPEHHOM0 3HAUEeHWS, MOXHO ONPEeaenTb, HaXxOAUTCA
NV B Npeaenax HopMbl BDeMst HapacTaHus/cnafa nccneayemo-
ro curHana. Kpome Toro, HeKOTopble HOBble MOAENN OCLIUIION-
pad OB UMEIOT CreunanbHyo GYHKUMID KOMAEHCALIMW BINSHNUS
U3MEPUTENBHOM CUCTEMBI HA OTOBPaXaeMblii CurHan.

B TO Xe camoe Bpema KOMMOHEHTbI CUIHaJIbHOMO TpakTa obna-
JaloT NnapasnTHbIM XapakTepucTrkamm. Cnowu 3azemnenns u
nMTaHnA, aHanorM4HO BbllEONMMCaHHbIM CUMTHaJTbHbIM Me4vaT-
HbIM MOOBOAHVIKAM, obnapatot VIHOYKTVBHBIMY CBONCTBAMU 1
Nno3TomMy paGOTa}OT Kak «JIMHHbIE NnHUK». PasBsska noaaqn
NUTAHUS CTAHOBUTCS 3HAYUTENBHO MeHee 3MMOEKTBHOM.
SﬂeKTpOMaI'HI/ITHble nomexn BoO3pactatoT TeM CUIbHEE, HEM
MeHbLLE BPEMA HapacTaHnd, a CnefoBaresibHO, KOpo4e AlnHa
BOJIHbl OTHOCUTENBHO OJIMHBI NNHWUK. [TEPEKPECTHBIE MOMEXM
YBENNHNBAIOTCA.
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Kpome BCero BbiLLIECKa3aHHOro, MMMY/bChl C ManbiM Bpe-
MeHeM HapacTaHusa 06bl4HO TPEOYIOT Ana CBOel reHepa-

UMK 6onee BbICOKMX 3HaUYEHNI TOKOB, YTO B CBOIO OYepeb
npeabaBnseT ocobble TPeG0BaHNA K YCNOBMAM 3a3eMIEHs,
0CO6EHHO AJ151 MHOrOPa3PSAAHbLIX WWH, FAE MOXET NPOUCXOANTb
O[IHOBPEMEHHOE NepekIiodeHme MHOTUX curHanoB. bonee
TOr0, BLICOKME 3HAYEHNA TOKOB ABNAIOTCS MPUYMHOM NOBbILLIE-
HINS U3YYaeMbIX SNEKTPOMArHUTHBIX MOMEX, a BMECTE C HUMMU
1 NEPEKPECTHbBIX HABOAOK.

KpaTkuin 9KCKypC K aHanoroBbiM NCTOKaM
LMPPOBLIX CUTHANOB

470 e 0BLLEero MMEIOT BCe NEPEYNCNEHHbIE BhILLE Xapak-
TEPUCTUKIN? A TO, 4TO BCE OHW — KNACCUYECKMIA aHaNoroBbIi
deHomeH. [1ns pewieHns Npobaem, CBA3aHHbIX C LIeNoCT-
HOCTbIO CUTHAaN0B, KOHCTPYKTOPbI LIMMPOBLIX CUCTEM AOMXKHbI
BTOPrHYTbCS B ‘aHanoroByio obnacts”. A ans Toro, 4Tobbl pe-
LMTBCH Ha TakoW Lar, OH1 AOMKHBl UMETb Mo, PYKOW Nprbopsl,
CNOCOBHbIE TOYHO OTPaxarb B3anMOAEeNCTBNE LUMMOPOBLIX 1
aHaNoroBbIX CUrHANOB.

[ToVYNHOM NCKaxeHU LMPPOBOro CUrHana o4eHb 4acTo
ABNSeTCA NpobnemMa LenoCTHOCTM CUrHana B aHanioroBOM
npeacTasneHuun. [ns BbIgBAEHNS NPUYH TaknX MCKaXeHW
HeobX0AMMO BOCNOAb30BaTbCS NPUOBOPOM, Ha3blBaEMbIM OC-
umnnorpad, KoTopbl cnocober oTpaxats Bce AeTany GopMbl
CUrHaOoB, UX GPOHTHLI, CNadpl 1 WyMbl, a Takke 0OHapyXmBaTh
1 3axBaTbiBaTb KPaTKOBPEMEHHbIE NEPEXOAHBIE MPOLIECCHI, NP
3TOM TOYHO UBMEPSTb BPEMEHHbBIE COOTHOLEHNS, TakMe Kak
BPEMS YCTAHOBKM 11 BDEMS YAEPXaHUS.

FACHOE NoHMMaHKe Nonb3oBarenem GyHKUMA ocumnnorpada

1, MaBHOE, Kak 1 KOraa NCNonb30BaTh KaXAyio U3 HI1X, 3Ha4N-
TENbHO NOBLICUT 3DMEKTVBHOCTbL 3KCAAyaTaLmm nprbopa v no-
MOXET HalTV NpaBWibHbIE NOAXOAbI K PELLIEHNIO BO3HUKAIOLLMX
npobnem.
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Y (HanpsaxeHve)

X (Bpems)

(avHeXBAUEH) A N

Z (MIHTEHCUBHOCTb)
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/
(/

\

Z (MHTEHCWBHOCTb)

Puc. 2. KomnoHeHTbl X, Y 1 Z 0Tobpaxaemoro curHana.

Ocuumnnorpad

Y10 NpencTasnseT cobon NprMbop, UMEHYEMBIV OcLnorpad
1 Kak OH paboTtaeT? 10T pas3nen OTBevaeT Ha Takmne dyHaa-
MEHTa/IbHbIE BOMPOCHI.

Ocumnnnorpad — nprubop, oTobpaxaioLmii NoNy4aemyio
NHGOPMaUMIo B rpadryeckoM B1aE, T.e. OH NONpPOCTy pu-
CyeT anarpammy 3n1eKTpu4eckoro curHana. B 6onblwnHcTee
NPUIOXEHNI, AnarpaMmma 0TpaxaeT U3MEHEHMA curHana Bo
BPEMEHN: BEPTVKA/IbHAA OCb (Y) MPEeOCTaBAAET 3HAYEHUS
HanpPsHXeHrs, a ropPU3oHTasIbHas OCb (X) — Bpemst. VIHTeHCKB-
HOCTb WV APKOCTb BbIBEAEHHOW Ha 3KpaH Nprbopa KapTUHKN
MNHOTAAa Ha3biBAeTCs OCbio Z (CM. puc. 2). B ocumnnorpadax ¢
LUMdPOoBEIM NoMUHOMGOPOM (cepus DPO) ock Z npeactasnerHa
rpagaumamMn LBeTa (CM. puc. 3).

MpocTeliwana gnarpaMma cnocobHa MHoroe noseaarb O CUr-
Hane, Hanpumep:

B 3HaveHue HanpsKeH st B onpeaeneHHbll MOMEHT BPEMEH,
B yacToTa KonebaHun curHana;

| Yy4aCTKM CXeMbl C MBMEHAOLLIMMKNCA XapaKTepUCTUKaMu,
npeacraBNeHHble KOHKPETHLIM CUTHaITOM;

B 4acToTa, C KOTOPOW ONpeaenéHHas YacTb CurHana COOTHO-
CUTCA C APYrMMK ero COCTaBASIOLLAMM,

B HaCKONbKO CUIIBHO NCKaXaeTes CurHas 3a CHeT Hanmyms
HEeWCnpaBHbIX KOMMOHEHTOB,

B KakoBO COOTHOLLEHWE B CUMHaNe NOCTOAHHOW 1 NepemMeH-
HOW COCTaBNAOLLMX;

B KakoBa LWyMOBas COCTaBIAWAA CUTHANA U N3MEHAETCH NN
9TO 3Ha4YeHKre BO BPEMEHN.
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Ocumnnorpadsl

OCHOBHbIE NMPUHLMMbBI U3MEPEHNI

Puc. 3. /lpa wabnoHa oTCTPOVIKM HYacTOThl C rpadaumamm SspKkocTr
(ocb Z).

TonkoBaHue TepMuHOB “Popma curHana” v
“NUamepenHunsa opmbl curHana

OO6LLENPUHATBIN TEPMUH AN NoO0ro konedarenbHoro NpPo-
uecca — BOMHa. 3T0 MOryT ObiTb 3BYKOBbIE BOJHbI, BOJHbI,
reHeprIpyeMble HYenoBeYeCknMM MO3rOM, OKEaHCKME BOJTHBI 1
3NEKTPOMArHUTHBLIE BOJIHbI, BCE OHM OTHOCATCA K pa3psay ne-
proandecknx konebaHnii. Ocumnnorpad namepseT konebaHns
HanpsekeHysa. OamH neprop KonebaHns npeacTaBnaeT cooomn
Ty 4aCTb STOW BOJHBI, KOTOPAs NOMHOCTLIO MOBTOPUAIAacs. Pop-
Ma BOJHbI — €CTh rpaduyeckoe NpeacTaBneHne KonedaHus Kkak
TakoBOro. Popma konedaHnst HaNPSKEHNST BeIPAXAETCA B BUOE
amarpamMmbl 3aBVCUMOCTY BESTMHNHBI HANPSXKEHNUS (MO BEPTU-
Kanm) OT BDEMEHW (MO ropU30oHTaNN).
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KomnnekcHbl curHan

Puc. 4. OcCHOBHblIE GOPMbI CUTHANIOB. Puc. 5. VICTOYHNKM CUrHANOB OCHOBHbIX hOPM

BHewHWn 81O, OPMbI BOHLI O4EHb MHOMOE FOBOPUT O CaMOM Tunbl BOMH
CunrHane. Ka>s<m;||7| pas, Korga Bbl BMANTE N3MEHEHKA MO BbICOTE
GOPMbI CUrHaNa, Bbl 3HAETE, YTO 3TO UBMEHUIOCH 3HAYEHMe
HanpskeHys. Koraa Bbl BUAMTE MAOCKYI0 FOPUSOHTATbHYIO
VHWIO, Bbl AenaeTe BbiBOA, HTO 3a 3TOT NPOMEXYTOK BDEMEHU
HanNPSXeHVEe He UBMEHNNOCH. [TpAMbBIE OMaroHaNbHbIE NNHUN
03Ha4aloT IMHENHOE N3MEHEHE HaNPAXEHWA, T.e. Nepuoan-
yeckoe HapacTaHve unu cnag. OCTpbIe Ykl Ha AgnarpaMmMe
CuUrHana ykasbelBatoT Ha BHe3anHble n3MeHeHns. Ha puc. 4
n306paxeHbl Hanbonee pacnpocTpaHeHHble GOPMbl CUrHANOB,
Ha pUC. 5 — NCTOUHVIKM Takmx CUrHaNOB.

Bbl MoxeTe knaccuduumpoBate 60bLIVHCTBO BOH MO Cneay-
OLLVM TUNam:

CUHycOoVAbI;
MeaHapbl U NPSIMOYTrONbHbIE,

TPEYronbHble VM MMN00OPAa3HbIE;

nepnogn4eckne 1 Henepnogn4eckne;

| |

| |

| |

H nepenagpbl ¥ UMNY/bChI;
| |

B CUHXPOHHbBIE 1 ACKHXPOHHbIE;
| |

KOMTJ1eKCHbIe.
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CuHycounga

CuHycounaa sBnseT co60m OCHOBHYIO GOPMY CurHana no
HECKONbKMM npuynHam. OHa COOTBETCTBYET MaTEMATNHECKOMY
onpeneneHnio rapMOoHUYECKOM GYHKLMK — 3TO Ta camas QyH-
KLMSE Sin X, 0COOEHHOCTM KOTOPOW Bbl N3y4anit eLLE B LLKONE

Ha ypoKax TOUrOHOMETPUK. Hanpsaxerne, NpUcyTCTBYIOLLEE

B 3/IEKTPUHECKON PO3ETKE, USMEHAETCH MO CUHYCONOAIbHO-
My 3aKOHY. TeCTOBbIE CUrHasTbI, CO30aBaeMble reHepaTtopoM
CTAHOAPTHBIX QYHKLMIA, TAKKE MMEIOT CUHYCONOANBbHYIO (DOPMY.
BONBLWMHCTBO MCTOYHMKOB MEPEMEHHOIO TOKA BbIAAIOT CUHY-
ConaanbHbIN CUrHaJt.

3aryxaloulaa CrHyconaa NpeacTaBnaeT cobom 0CobbIM Cnyyan,
KOTOPBI MOXHO HabNoaaTh B KosiebarebHbIX KOHTypax npu
OTCYTCTBMM PE30OHAHCA.

MeaHap v NpsIMOYrosibHUK

MeaHap npeacraBnset cobon apyron Bua GopmMsl curHana. B
npuHUMNE, BOSTHA, MMetoLLasd GopmMy MeaHapa — 310 Hanpske-
HMEe, KOTOPOE BKITIOHAETCA 1 BBIKIIOHAETCA (IMOO MIHOBEHHO
YBENUYMBAET Y YMEHBLUAET CBOE 3HAYEHME) HA MPOTHKEHWN
PaBHbIX HTEPBANIOB BPpEMeHW. CurHan Meanapa 4acTto 1c-
NOMB3YIOT ANA TECTVPOBAHUA YCUUTENen. XOpoLWne YCUnmuTenm
BHOCAT B TakOW CUrHAN MUHVMASIbHBIE NCKaXEeHUA. Tenesu-
3VIOHHbIE, PAOMO N KOMMbIOTEPHBIE CXEMbBI YACTO UCMOMB3YIOT
CUrHANbI CUHXPOHMU3ALN, NMetoLme hOopMy MeaHapa.

MNpsmoyronbHas GopmMa Noxoxa Ha MeaHnap 3a UCKIIIOHEHEM
TOrO, YTO BLICOKME U HU3KME YPOBHW HAMPSKEHNS UMEIOT Pas-
HYIO [IMTENBHOCTb. TakOe CBOMCTBO CUIHANOB BAXHO Y4UThI-
BaTb NPV aHaIM3e ULMPPOBLIX Lienen.

MunoobpasHas 1 TpeyrosibHas ¢popma

CurHansl NnoobpasHom 1 TPEYroNbHOM (GOPMbl FEHEPUPYIOTCA
CXeMamu, USMEHSOLLIMY HANPAXEHNE NO NIMHENHOMY 3aKOHY,
Tak/IMK Kak reHeparop ropy30HTaNIbHOM Pa3BEPTKM aHaNIOro-
BOro ocuunorpada mnm BLIXOAHOW Kacka, Cxembl KaapoBOW
pas3BepTkM TENEBM30PA.
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Ocumnnorpadsl

OCHOBHbIE NMPUHLMMbLI U3MEPEHNI

I'Iepena,u,bl N MMNyNbCbl

Penko BO3HMKaOLLIME NN HENEPUOAMYECKUE CUTHAbI, MPE[-
cTaBnsoLlme cobor 0aHOKPaTHOE UK ABYKpaTHOE N3MEHEHWEe
HanpsXeHs Ha3bIBAIOTCSt COOTBETCTBEHHO NepenaaamMi 1
nmnynscamu. MNepenan xapakTepuayeTcs Pe3KUM U3MEHEHVEM
HaNPSKEHNS, aHANOrMYHbIM TOMY, KaK eciv Obl Bbl BKITIOUMIIN
WAV BBIKNIOHWAM BbIKITIOYATENb MUTAHWS.

VIMMYyNIbC COCTOUT 13 ABYX MOCe0BaTENbHbIX NePenaaos,
AHANOMMYHbBIX BKITKOHEHWIO V1 BBIKITIOHEHMIO BBIKIIOYATENS.
VIMMYyNbC MOXET NPEeACTaBNATe COO0N O0AnH OUT nHOOPMa-
UMK, NnepenaBaemMbii MO KOMMBbIOTEPHOW LWWHE, WM Xe TNTY
(MMNyNbCHasA nomexa). Heckonbko COBMECTHO NnepeaaBaemblx
MMNYNbCOB 06pasyioT NOCNEA0BATENBHOCTb MMMYILCOB. LInd-
POBbLIE KOMMOHEHTHI B COCTaBE KOMMbIOTEPA B3aVMOOENCTBYIOT
Opyr C OpyroM nocpencTBOM UMMybCOB. B nocnenoBarenbHbIx
LWnHax MHGopMaums NnepenaeTcs B BUOE NOCNeA0BaTENbHOCTH
NMMYNbCOB MO OAHOW CUMHAIBHOW JIMHWW, @ B NapasiesbHbIX
LWMHax ona nepefaym MMnynbCoB NpeayCcMOTPEHO HECKOb-

KO CUIHaNBHOW NUHWIA. VIMMYNbCEI LWMPOKO NCMOMb3YIOTCA B
PEHTTEHOBCKOM 0O0PYAOBAHUM, PAOMONOKALMOHHBIX CUCTEMAX
1 CPEeaCTBax CBA3W.

I'Iepmo,u,vlqecme n Hernepmogmnveckmne curHanbl

PerynspHO NOBTOPAOLMECS CUMHAIBI OTHOCATCA K KaTeropum
NepVoaMYECKIX, a MOCTOSHHO N3MEHRALIMECS CUTHANbI 13-
BECTHbI KaKk Henepunoanyecke. Ha akpaHe ocumnnorpada ato
MOXET BbIMAAETb B BUAE YCTOMYMBOW KAPTUHKM Npu OTOOPa-
XKEHUW NEPUOANHECKUX CUTHAIOB 1 MOCTOAHHO MEHSIIOLLLENCH
KapTVHKM B MPOTMBOMONIOXHOM Cly4ae.

CI/IHXpOHHbIe N aCUHXPOHHbIE CUIrHaJbl

Korpa Mexay AByMSs CUrHanamm eCTb CBA3b M0 BPEMEHW, TO
3TW CUrHaNbl OTHOCHATCS K KaTeropun CUHXPOHHBIX. Hanpumep,
TakToBas 4acToTa, CUrHaNbl AaHHbIX 1 anpeca BHYTPU KOMIMbIO-
TEPHOW CUCTEMbI ABASOTCH CUHXPOHHbLIMI CUrHaNaMN.

ACVHXPOHHBIMW CUrHaNaMm Ha3bIBAIOTCA Takme CUrHasbl, Mex-
[y KOTOPbIMM OTCYTCTBYET CBSI3b MO BPEMEHU. Hanpumep, ecnu
HET BDEMEHHOW B3aNMOCBA3M MeXY HaXaTem KHOMOK Ha
Knasuartype KOMMbioTepa 1 TakTOBOW 4YaCTOTOW KOMMbIOTepa,
TO COOTBETCTBYIOLIME CUTHAIBI ACUHXDOHHbIE.
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YuebHoe nocobue

Puc. 6. [prMepom KOMMAEKCHOIO CuUrHana aBAAaeTca KOMNO3UTHbI
curHan NTSC.

KoMnnekcHble curHanol

HekoTopble curHansl coueTtatoT B ce6Ge CBOMCTBA CUHYCOWA,
MeaHapOoB, Nepenanos 1 MMNYNbCoB. [NonesHasa nHdopmaLms
MOXET COAEPXaTbCs B UBMEHEHMNAX aMmnTyabl, hasbl uin
4acTOThbl. Hanpumep, XoTs CUrHas Ha pyc. 6 9BNSeTca 0bbly-
HbIM KOMMO3WUTHLIM BUAEOCUTHANOM, OH COCTOWT 113 MHOTIX
NeproaoB BbICOKOYACTOTHBIX CUMHANOB, BIOXEHHBIX B HU3KO-
4aCTOTHYIO OrBaloLLLYIO.

Camoe maBHOe B JaHHOM NpUMEepPe, 3TO NOHSATb COOTHOLLEHVE
YPOBHEW 1 BDEMEHHbIX XapakTepUCTUK nepenanos. Jna nccne-
[0BaHWsA Takoro curHana notpebyeTcs ocumnnorpad, 3axea-
ThIBAIOLLMIA HU3KOHACTOTHYIO OrbatoLLyto ¥ MOAMELLIVBAIOLLIAIA
B HEE BbICOKOYACTOTHBIE CUrHaNbl C rpadaLmsMy SpKoCTU, Tak
4TOObI Bbl BUAENW KOMOMHALMIO 3TUX CUrHaN0B B BUAE N300-
PaXEeHUs, KOTOPOE MOXHO BM3yanbHO MHTEPNPEeTUpPOBaTh. [1ns
NPOCMOTPA KOMMAEKCHBIX CUrHAN0B, Takix Kak BUAEOCUrHanbl,
nokasaHHble Ha puc.6, Harbonee yanobHbl ocumnnorpadel

C UMDPOBbLIM IOMUHOMDOPOM. VX ancnnen npeaocraBnsget
HE0O6X0AMMYIO MHDOPMALIMIO O HYaCTOTE NOABNEHNS CUrHana
WA O rpagaumax SpPKOCTU, 4TO O4YEHb BXHO AN MOHVMMaHWA
NPOMCXOAALLMX NPOLECCOB.
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Puc. 7. [naskosas avarpamma curHana nocnenosarebHON LWHbI,
rnepeaaBaemMoro co CKOpOCTbio 622 MOuUT/C.

HexkoTopble ocupmnnorpadsl npeanaratoT 0cobble cnocoosl
OTOOPAXEHNsT KOMMNEKCHbIX CUrHaN0B. Hanpumep, TeNekom-
MYHWKaLMOHHbBIE CUTHANbI MOXHO NPEeACcTaBUTh B BUAE MMa3Ko-
BOW UV KOHCTENSALMOHHOW Anarpammbl.

LIndpoBble TENEKOMMYHVKALVIOHHBLIE CUMHABI MOXHO OTOOpa-
3UTb Ha aKkpaHe ocuunnorpada B cneuyansHoOM BUAE, KOTOPLIV
HasblBaeTCs Ma3koBOV anarpamMmMont. 3TO Ha3BaHMe CBA3aHO C
TEM, 4TO Takoe oTobpaxeHne, kak BUOHO Ha PUC. 7, HanoOMUHa-
eT no popme masa. ns NoCTpoeHrs rMmaskoBown anarpammbl
NOCTYyNaOWMIA C NPUEMHKKA NOCNEA0BATENbHbBIN LIMPPOBON
CcUrHan oumMdpPOBLIBAETCA U NOAAETCA Ha BXOL CXEMbl BEPTU-
Ka/IbHOWM pasBepTKky, a AN1a 3anycka ropu3oHTallbHOM pas-
BEPTKM MCMNONB3YETCA TakTOBAs YaCTOTa NOCNE0BATENbHOIO
noToka. Mmaskosas anarpaMma nokasbiBaeT OauH OUT UKW OamH
€OVHWUYHBIV HTEPBaUT AAaHHbIX, MPUYEM BCE BOSMOXHbBIE MNe-
penagbl U COCTOAHWA HaKNaabiBaOTCa APYr Ha Apyra, obpasys
O[HO KOMMJIEKCHOE NpeacTas/eHme.

KOHCTENAUMOHHAA ararpamMmma npeaHasHadeHa ang HamsaaHo-
ro NpeacTaBneHna curHana ¢ UMGPOBON MOOYNSLIMEN, TAKOM
KaK KBagparypHas aMnantyaHas Moaynsaumd nnv hasosad
MaHUNyNauUma.
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Puc. 8. Yactotan nepnon CHyconaalibHoOro curHasna.

N3mepeHunsa popmbl CUrHaNOB

CylleCTBYET MHOXECTBO TEPMUHOB, KOTOPLIE MOXHO UCMOSb-
30Barb 415 ON1caHns BUAOB M3MEPEHUI, MPOBOAMMbIX HA OC-
upnnorpade. 3ToT pa3nen onuchiBaeT HEKOTOPLIE, Hanbonee
PaCNPOCTPAHEHHbBIE N3 HNX.

YacTtoTa u nepuos,

Ecnu curHan noBTOPAETCS, TO 3TO NMPOUCXOANT C ONnpeae-
NIEHHOW 4acToTOW. YacToTa nsmepsaeTca B repuax (). 9ta
BEMYMHA COOTBETCTBYET KOIMYECTBY pas, KOTOPOe CurHan
NMOBTOPAETCS 3a OAHY CeKyHAy. [OBTOPSAIOLLMINCS CUrHaN Takxe
MMEET Nepuno — BPemsi, HEOOXOAMMOE CUrHany AN CoBepLle-
HWUS OOHOro KonebarenbHOro umkna. lNepron 1 YyactoTa UMEeoT
06paTHyIO 3aBMCUMOCTb. TakuM 0bpasom, 1/Meprnog=YacToTta
1 1/Hactora=lepwoan. Hanpumep, crnHycowaa, NpeacTaBneH-
Hada Ha puc. 8 nmeet vactoty 3 I, 1 nepmoa B 1/3 cekyHapl.

HanpsxeHune

OTa BemdMHa OTpaxaeT PasHOCTb SNEKTPNHECKUX MOTEH M-
anoB MEXy AByMS TouKamu anekTpuieckon ueny. O6blYHO
HanPSXeHVEe N3MEPAETCA OTHOCUTENBHO «3EeMV» UK OOLLEro
nposogHvika (0 B), HO He 0653aTeNbHO. VIHOrRaa BO3HMKaeT
3ana4a N3MEPUTL HANPAXEHWE MEXY KPaWHEN BEPXHEN 1
KparHewn HIKHEr ToYKaMy BOJHbI: HanpshxeHre pasamaxa ynm
HanpsekeHue OT nnka o nvika.

Amnnntyga

OT0 MakCUMaNbHOE 3Ha4YEHME HANPAXEHNSA CUrHana 3a nepu-
oa. CurHan, npeactaBneHHbIn Ha puc. 9 UMeeT amnanTyay B
1 B v HanpsaxeHne oT nuka o nnka 2 B.

2TEST

Ocumnnorpadsl

OCHOBHbIE NMPUHLMMbLI U3MEPEHNI

0° 90°  180°  270°  360°
— +1B—

(28 ) 0 | —

1 4L

Puc. 9. Amnantyaa n dasa CUHyCoMaaIbHOro curHana.

HanpsxeHne

Cngur dassl = 90°

Puc. 10. Cagur dassl.

da3za

MoHaTb, 4TO NpeacTasnseT cobor aTa BeNndmnHa, NpoLLe Bce-
ro, B3MSIHYB HA CUHYCOUIY. VIBMEHEHME 3HAYEHUA HANPAXEHWA
CUHYCOMAANBHOIO cUrHana MOXHO NPeacTaB1Tb B BUOE KPY-
FOBOr0 ABWXEHUS. YuuTbIBasA, H4TO Kpyr coctaBnaeT 360°, oamH
nepvon, cuHycouapl Takke paBeH 360°, kak 3T0 noka3aHo Ha
puc. 9. MNprmeHas TepMuH “rpadyc’, MOXHO BbIBECTI MOHATME
yrna gasbl CUHycoMapl, Koraa HeoO6xoaMmo ONpeaenuTe TOHKY B
npeaenax neproaa BOMHbI.

Caopur no gaze 0603Ha4aET, Ha Kakon yron OTHOCUTENbHO APYr
Opyra CABWHYTEI CXOXME curHanbl. CurHan Ha puc. 10 0603Ha-
YeHHbIN kak “Tok”, Ha 90° OTCTaéT 0T c1rHana, 0603Ha4YEeHHOrO
Kak ‘HanpsKeHne”, Nockonbky 06€ BOAHBI MPUXOOAT B OAHW 1 TE
e TOUKM UX LUMKNOB TOYHO C pasHuuer B 1/4 nepuopa (360°/4
=90°). Caurn no dpase — pacnpoCTpPaHEHHOE ABEHNE B SN1eK-
TPOHWMKE.
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YuebHoe nocobue

M3mepeHnsa GopmMbl CUrHAN0B NPY NOMOLLA
undpoBoro ocuunnorpada

CoBpemMeHHble UndpoBble ocumniorpads 06n1anaioT GyH-
KUMAMM, 3HAYUTENBHO OONErvaLLmMmn n3Mepenna Gopmel
curHanoB. B kayecTse opraHoB ynpasneHus 3t nprbopsl
NCMOMb3YIOT KNABULLV IMLEBOW NAHENN 1/ 3KpaHHbIE MEHIO,
4epes3 KOTOPbIE MOXHO BbIOPATh PEXVMbI MOMHOCTBIO aBTO-
Maru4eCK1X N3MEPEHUI, BKIOYAIOLLMX B CE0A n3mMepeHme
amMnanTyabl, Nepruoaa, BpEMEHW HapacTaHma/cnana nmnynsca
1N MHOTOE Apyroe. bonbLVHCTBO LUMOPOBbLIX OCUMInorpados
MOTYT paccuHnTarb CpefHee 1 CpeHeKBaaparm4eckoe 3Haqe-
HWS, KOSDDOUUMEHT 3aNONHEHWA, a TaKXe BbINOAHNTb LIENbIV
PS4 OPYrVX MaTeMaTu4eckix onepaunii. Pegynsrars aBTomMa-
TUYECKNX UBMEPEHNI OTOOPAXAIOTCA Ha SKpaHe B TEKCTOBOM
dopmate. O6bIHHO TakMe nokasaHvis 6onee To4HbI, YHeM UHTEP-
npeTauvs rpadu4eckoro n3obpaxeHus.

2TEST

[MonHOCTLIO aBTOMATUYECKME N3MEPEHMUS NO3BONAIOT
Y3HaThb cneayue xapaktepucTtmkn CUrHasioB:

yeckas MOLLL-
HOCTb

4acTb neproaa
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B [lepvon B Koad. 3anonHe- M Bbicokuii ypo-
HVIS A9 NONOXAT. BEHb
MMMYbCOB
Yacrtora B Koad. 3anonHe- Hn3knin ypoBeHb
HVS AN OTPULL.
MMMYNbCOB
INnutensHoctb no- M 3anepxka MuH1ManbHoe
SIOXMT. MMMy/bca 3Ha4veHne
JnntensHocT B daza MakcumanbHoe
OTPULL. MMMybca 3Ha4veHune
Bpewmda Hapacta- B [1nTENbHOCTb BeIBpoC nonoxur.
HUS naketa nMnynsca
Bpewma cnaga B [IvKOBOE 3Ha4e- Bei6poc oTpu,
Hye nMnynsca
Avnantyaa B CpepaHee 3Have- CpeaHeksan-
Hye patn4eckoe
3Ha4veHne
KoadbduumeHt B CpepnHee 3Haye- CpeaHeksaapa-
ocnabnexns HVie 3a Mepuoa, TNYECKOE 3Haye-
HVe 3a nepu1og,
CpeaHsas ontun- B 3HaveHve 3a Ixntrep




AHanorosble ocumnorpadsl
OCYLLECTBASIOT pa3BePTKY
CcurHanos

Ocuynnorpadb

OCHOBHbIE NMPUHLMMbLI U3MEPEHNI

S

1010
0001
0010
0101

LIndposble ocumnnorpadel npoBOAAT
BbI6OPKY NapamMeTpOB CUrHaN0B 1
BOCCO3/AI0T 1X M300paxeHne Ha aKkpaHe

Puc. 11. TexHonoruv 06paboTky CUMHANOB U VX OTODPaxXeHe Ha aKkpaHax aHanoroBoro 1 UMGpPOBOro ocumniorpados.

Tunbl ocumnnorpados

ONeKTPOHHOE 0O0PYAOBAHNE MOXET ObITb NOAENEHO Ha ABE
OCHOBHbIE KaTeropun: aHanoroBoe 1 undpoBoe. AHaNOrosoe
060pyaoBaHne paboTaeT C HeNPEPbLIBHO M3MEHSAIOLLMMICS BO
BPEMEHN 3HAYEHNAMU HANPAXEHWA, a LMDPOBOE — C ONCKPET-
HbIMU (BUHAPHBIMK) CUrHanamm, NPEACTaBAAOLLMMU COOOM
BLIOOPKN HANPAXEHWA. HanprmMep, NpourpbiBaTeNb BUHUIOBbIX
ONCKOB ABNAETCA aHa/TOMOBbIM yCTpOVICTBOM, B TO BpEMHA KakK
NpOUrpbIBaTeNb KOMNAaKT-ANCKOB — LMMPOBLIM.

To4HO TakuM xe 06pasoM KNnaccndUUMPYIOTCA U OCL M-
norpadsl: Ha aHaNorosble N LMGPOBLIE. B NpOTMBOMNOAOX-
HOCTb aHaIOroBLIM MOOENAM, B LMMPOBLIX Ocumanorpadax
1CNOMb3YyeTCA aHanoro-umdposor npeocbpasosarens (ALIT)
0719 NpeobpasoBaHng M3MePAEMOro HanPAXeHra B LMdPOo-
BOW BuA. ALLM BEINONHAET NEpPUOANYECKII 3axBaT curHana u
HanpaBnseT B NaMsaTh 3axBa4eHHble BLIOOPKK. 13 MHOXEC-
TBa COXPAHEHHbIX B NamMATV BIBOPOK ocumniorpad CTpouT
GOPMY U3MEPAEMOro CuUrHana. 3atem nonydyeHHas MHGop-
MauVa BbIBOOUTCS HA 3KpaH (Cm. pnc. 11).

Lindposble ocumnnorpadel NOAPa3aensoTca Ha UMPPOBbIE
3anomuHatoume ocumnnorpadsl (DSO), ocumnnorpadel ¢
undpoBeIM NioMHOMOPOM (DPO) 1 cTpobockonuyeckme
ocumnnorpadsl.

MNpuMeHeHne LMdPOBOV TEXHONOTMI NpeanonaraeT cnocob-
HOCTb ocumnnorpada oTo6pasnTs curHan Nobor 4YacToThl B
npeaenax noaock NponyckaHns Npuéopa B YETKOM, SCHOM

1 cTabunsHoM Buae. [ns nepuoam4ecknx CUrHanos nonoca
nponyckanva ocumnnorpada onpeaensercs, kak npasuno,
aHaNoroBOW NONOCOM €ro BXOOAHOMO Kackaaa, pacCHMTbIBaeMOM
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no ypoBHo —3 ob. [1ng 0oHOKPaTHBIX COOLITUM 1 NepexoaHbIX
NPOLLECCOB (MMMYNIbCHBLIX CUIHANOB) MONOCa NPOMyCckaHWs
MOXET OblTb OrpaHu4eHa 4acToTon BIOOpKM ocumnnorpada. B
pasnenax «4actorta Bel6Opku» 1 «XapakTepuUCcTUKM OCUMNION-
padoB» 3TV BONPOCH ByayT o6cyxaatscs 6onee Nogpo6HoO.

Lndppossble 3anomMuHatoLme ocumnnorpadbl

OB6bI4HBI UMPPOBOM OCLMNNOrpad NO3ULIOHNPYETCH Kak
UdpoBoOn 3anomMuHatoLwmi ocumnnorpad (DSO). Aucnnen
Takoro nprubopa OTHOCUTCA K 9KpaHy pacTpOBOro TUna, B OTn-
yie OT JIOMUHOMOPHOIO 3KPaHa aHaNoroBbIX 3anOMUHAIOLLMX
ocumnnorpados.

DSO nos3BONAIOT 3axBaThiBaTh 1 MPOCMAaTPMBATL COObLITIAS,
ClyHaloLMeca 0QHOKParHo, HanpUMepP NePExXOAHbIE NPOLLEC-
Cbl. [1ockonbky MHGOPMAaUMA O CUrHase CylecTByeT B Und-
POBOM OpMaTe B BUAE NOCNEA0BATENBHOCTM COXPAHEHHbBIX
OUHAPHbBIX 3HAYEHUI, 3T 3HAYEHNS MOXHO Nerko aHanuam-
POBaThb, APXMBMPOBATb, PacneyarbiBarb, MO0 0OpabarbiBaTh
KakiM-1160 MHbIM CNOCOOOM, Kak B caMoM ocumnnorpade,
Tak 1 BO BHELIHEM KOMMbloTEpPE. B 3TOM cnyyae ans curHana
HET HEOOXOAMMOCTN ObITb HEMPEPLIBHBIM; CUrHAT MOXET OblTb
OTOOPaxEH Ha aKpaHe npubopa gaxe Toraa, Korga cam OH yxe
[AaBHO 1cHe3. B otnnyme ot aHanorosbix Moaenem, umdposbie
3anoMuHalolmMe ocupnnorpadsl 06ecnedmBatoT NOCTOSHHOE
COXpaHeHKe B NamMATh 3axBa4eHHOM MHGopmaumm, pasHo-
CTOPOHHIO 06PabOoTKy NapamMeTPOoB 1 KX aHanna. OaHako
Takne Nprbopbl He OTOOPaxatoT rpagauun APKOCT PasBepPTKM
curHana B peanbHOM BpemMeHn, noatoMy DSO HecnoCOoOHbI
HarnsaHO NPEACTABAATE U3MEHSAIOLIMECH “XMBbIE” CUrHANbI.
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YuebHoe nocobue

MNamatb

Mwuikpo- MNamate
BLIOOPOK npoueccop avicnnes

Puc. 12. ApxutekTypa nocnenoBarensHon 06paboTKM BXOAHBIX CUrHaNoB UM@GPOBLIM 3anomMnHaloLLmmM ocumnnorpadom (DSO).

HekoTopble GyHKUMOHANbHbBIE Y31bl, BXOASUIME B cocTaB DSO,
CXOXW C aHaNOrMYHBIMK y3namm aHanoroBbix OcUMNnorpados.
OpHako B UMOPOBLIX MOOENAX UMEIOTCA OOMNONHUTENBbHBLIE
noacucTeMbl 06paboTkM AaHHbIX, HeoOxoaMMble Ana cOo-

pa 1 oTobpaxeHVa Ha akpaHe BCex napamMeTpoB, MPUCYLLNX
TOMY UK MHOMY curHany. B DSO ncnonb3yeTcst apxmtekTypa
nocnepoBatensHon 06paboTki MHbOPMaLIM ANa 3axeara U
BbIBOJA Ha 3KPaH VCCneayemMblx CUrHanos (CM. puc. 12). Janee
NPUBOANTCS ONUCaHNE 3TOWN TEXHONOMN.

ApxuTtekTypa nocsiegoBatenbHon 06paboTKu

Kak 11 B aHanorosbix ocumnnorpadax, nepssiM (BXOAHbIM) ByH-
KUMOHaNbHBIM y3nom DSO aBnseTcs yCunnTeb BEPTUKaIbHOMO
OTKNOHEHNA. OpraHel ynpasneHns BepTnKaibHbIM OTKIOHEHN-
€M NO3BOASIOT PErYINPOBATh amMianTyay Y NONOXEHWE pa3Bep-
Tkv curHana. Jdanee, aHanoro-umdpoBoin npeobpasosaresb
(AL B cuCTEME FOPU30OHTANTBHOIO OTKIOHEHNS OCYLLECTBS-
€T BbIOOPKY CUrHana B ANCKPETHBIX TO4Kax ONpeaeneHHoro
BPEMEHHOIO VHTEpPBana 1 npeobpasyeT Hanpskenve nccneny-
€MOro CUrHana B aT1x To4Kax B UMPPOBLIE 3HAYEHUA, Ha3blBa-
emMble anemeHTamu BbIGopkn. BeCk 3TOT NPOLIECC Ha3bIBAETCS
OUMPPOBKOW CrrHana.

Cxema CUHXPOHU3aUMM CUCTEMBI FOPUBOHTAIBHOrO OTKIOHE-
HUA yCTaHaBAMBaeT 4acToTy, ¢ KoTopon AL aenaeT BelGOPKU.
3Ta Benv4MHa Ha3blBaeTCs HacToTa BHIOOPKM U 3MEPSIeTCH B
BbIOOpKax B cekyHay (Bbl6/C).

Bei6opku, nonydeHHsle oT AL, coxpaHstoTcst B onepaTtuBHoM
namsTy Nprbopa B KA4ECTBE SNIEMEHTOB ONUCaHNUA (GOPMbI
CUrHanoB. HekoTopoe KONMYeCTBO BbIBOPOK MOMYT COCTa-
BWTb OAHY TOHYKY pa3BepTKM curHana. Badtsie BMECTE TOHKM
PasBEPTKM CUrHaNa COCTaBNSIOT OAHY Pa3BepTKy curHana.
lcnonb3yemoe Konmn4ecTBo ToHeK, HeobxoamMMoe A/ co3aa-
HVIA pa3BepTKM CUrHana HasblBaeTcs AavHa 3anucu. Cucrema
3anycka ocupnnorpada onpeaendaer MOMEHT Mycka 1 0CTaHo-
Ba npoLiecca 3anvcu.

CurHanbHbIN TPaKT LMPPOBLIX OCUMINOrPadOB BKIOHAET B
cebsa MUKPONPOLECCOP, YePe3 KOTOPLIV MPOXOAUT N3MEPSI-
embli curHan. Mukponpoueccop obpabarsiBaeT curHan, yn-
paBnsieT BbIBOAOM JaHHbIX Ha AMCMNEN, OpraHamu ynpasneHns
nepenHel nanen Npubopa, a Takke pellaeT apyrue 3afaqu.
3atem curHan noctynaeT B NaMaATh ANCNES, a U3 HEE — BbIBO-
OVTCS Ha 3KPaH.
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Puc. 13. Uudposblie 3anommHatoLLme ocupnorpadsl 06nafatoT BelCO-
KM BBICTPOAEVICTBUEM B PEXMME OAMHOYHOIO 3axBara Cur-
HasI0B MO HECKOSbKMM KaHanam. 310 NoBbILAET BEPOSITHOCTb
3axBara HeynoBUMbIX MUTHER 1 NePEXOHbBIX MPOLECCOB.

B 3aBMCMMOCTM OT NPOW3BOAUTENBHOCTM Ocumnnorpada,
MOXET BbINOMHATLCA AONONHUTENbHAA 06paboTka BeIOOPOK,
YTO 3HAYUTENBHO NOBBILLAET Ka4eCTBO U JOCTOBEPHOCTL
oTOOpaxaemMon MHopMaumm. Takke BO3SMOXHO MCMNONb30-
BaHME pexmnMa ynpexaaioLero 3anycka, KOTopbivi MO3BONSET
NpPOCMAaTPMBATL CUMHaUT HEMOCPEACTBEHHO Nepen MOMEHTOM
3anycka. bonblMHCTBO COBPEMEHHBIX LIMMPOBLIX OCLIMIIOMAa-
OB 00134a10T LWMPOKNM HAOOPOM PEXMMOB aBTOMAaTUYECKO-
r0O USMEPEHNS MapamMeTpOB, YTO B LENOM, YNPOLWAET NPOLLEeay-
Py MCCNEAOBAHMA CUTHASTOB.

DSO obecne4nBaeT BbICOKYIO MPOU3BOAUTENBHOCTb B PEXMME
OOMHOYHOMO 3axBara No HECKOMbKMM KaHanam (CMm. puc. 13).
Ocumnnorpadel DSO naeanbHel 019 NCCNenoBaHni BelCO-
KOCKOPOCTHbBIX CUrHANIOB B HECKOJbKYIX KaHanax C HeBbICOKON
CKOPOCTbIO 3axBara Win ¢ OOMHOYHBIMU 3axBaramu. [pn Npo-
EeKTUPOBaHUN UMPPOBLIX YCTPONCTB NHXEHEPHI 0ObIYHO aHa-
NN3UPYIOT OT YETHIPEX 1 6ONEe CUrHaNoB OAHOBPEMEHHO — B
Takyx 3agadax DSO cTaHOBUTCA HE3AMEHVIMbIM MOMOLLHUKOM.
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Cxema

Ocuynnorpadb

OCHOBHbIE NMPUHLMMbLI U3MEPEHNI

MSOGDa)KeHI/Iﬂ 3axBa4yeHHOro curHana 13 6asbl AaHHbIX «UnPPoBO-
ro NIOMUHOMOPa» NEPUOANHECKM HANPABAAETCA Ha ANCMNEN bes
npekpalleHna npouecca 3axsara nccneanyemMoro curHana.

>

JIOMUHODOPa

LMdpPOBOro

Mwukpo-

CUCTEMbI 3axBaTa 1 0TOGPaXEHMS MHBOPMaLN.

- - - Marematnyeckas o6paboTka CUrHaioB, NPOLEayPbl U3MEPEHVIS U
opraHbl ynpasneHvsa nepeaHeit naHeny npnéopa 00CnyxmnBaioTca
MMKPOMPOLIECCOPOM NapaniensHo ¢ paboTor MHTErPUPOBAHHOM

npoLeccop

Puc. 14. ApxutekTypa napannenbHon 06paboTki CUrHanoB B ocumnnorpade ¢ uMdpoBbIM TIOMUHODPOPOM.

Ocuunnorpadsl ¢ UMPPOBLIM AIOMUHODOPOM

B ocumnnorpadax atoro tmna (DPO) ncnons3yetcs HOBbIN
NpVHLUWN 06paboTkn cuUrHana, NpeaoCTaBNAoOLLNA YHUKAbHbIE
BO3MOXHOCTM 3axBara AaHHbIX 1 TOHHOMO BOCMPOU3BEOEHSA
OCUMNIOrPaMMbl Ha SKPaHe.

B 10 Bpems, kak B DSO npuMeEHAETCA TEXHONOMMS NOcnenosa-
TenbHOV 06paboTKV CUrHANOB AJ15 X 3axBara, 0TOOPaxeHus 1
aHanmsa, 8 DPO an1s BEINOMHEHNS TEX XXE 3a0a4 NCMOMb3yeTcs
napannensHaa obpaboTka (cMm. puc. 14). DPO nocTpoeHsl Ha
OCHOBE cneuman1anposanHon IMJIVIC (nporpaMmmrpyemMon no-
FMYECKOW VHTErPaSTbHOM MUKPOCXEMBI), PEANM3YIOLLIEN 3aXBaT U
OOpMMPOBaHME N30OPaAKEHVISI PA3BEPTKM CUMHANOB C YPE3BbI-
4alHO BLICOKOW CKOPOCTLIO, HTO, B UTOrE, MPUBOANT K BEICOKOMY
Ka4eCcTByY BM3yanunsauun curHana Ha skpaHe nprvbopa. 9T1oT
NoAX0A, 3HA4YUTENBHO NOBLILIAET BEPOSITHOCTb OOHAPYXEHNA
ObICTPOTEKYLLIMX MPOLIECCOB, MPOUCXOAALLMX B UMDPOBBIX CUC-
TemMax, Takmx Kak NOBPEXAEHHbLIE MMYbChI, FUTYIA 1 pa3nny-
Hble MepexoAHbIE MPOLECCHI, a Takke NpefoCcTaBnseT A0Mnon-
HUTENbHBIE BO3MOXHOCTV aHann3a. OnncaHne apxmTekTyphbl
napannenbHoi 06paboTku CUrHANOB NPUBOAUTCA HIXE.

ApxntekTypa napasnnenbHoin 06paboTku

[NepBbiit (BXOAHOM) MYHKUMOHANBLHLIN y3en DPO Takonm xe, kak
y aHanoroBoro ocupnorpada — yennnuTenb BEPTUKAIbHOTO
OTKNOHEHNs. BTopowt yaen Takon xe, kak y DSO — AUST. OgHa-
ko, nocne AL apxutektypa DPO 3Ha4MTENBHO OTNIMYaeTca OT
OPYrviX OCUMNNOrpados.

[na nioboro Tmna ocunnnorpada, 6yas To aHanorossin, DSO
mnnn DPQO, BCcerga nMeeT MECTO HEKOTOPOE BPpeMs 3aepX-

K1, B TE4eHe KOTOporo Npubop o6pabateiBaeT TOAbKO HTO
3axBayYeHHbIE AaHHbIE, OCYLLIECTBASIET COPOC CUCTEMbI U
OXMAAEeT cneayloLlero cobbiTis 3anycka. B TeyeHne Bcero
3TOro BPEMEHW, ocumnnorpad octagrca “cnensim” K Nobbim
N3MEHEHWSIM CUrHaNOB. BEpOATHOCTb 3aperncTprpoBarhb pea-
KO Mpouncxoasiime cobbiTis NOHVXKAETCH NPONOPLUMOHaNbHO
YBENNHEHNIO BPEMEHW 33AEPXKN.
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HeoOXxoaMmMo OTMETUTb, HTO HEBO3MOXHO ONPEenennTs Bepo-
ATHOCTb 3axBaTa TOro WV MHOrO COOBITVA HAa OCHOBAHWM TOTO,
Kak 4acTo NPOUCXOANT OOHOBNEHNE NHMOPMALMK HA SKPaHe.
Ecnn paccunTeiBaTh UCKITIOYUTENBHO HA 3Ty XapakTePUCTUKY
ocumnnorpada, To Nerko oWwnbuTeecs, nonarast, 4To Npudop
3axBarbIBAET BCE TEKYLIME AaHHbIE O DOPME CUrHana, XoTs
QAaKTNYECKM 3TO HE Tak.

Kak yxe ynoMuHanock, U/@poBbie 3anoMyHaoLme OCuUm-
norpadbl 06padaTbiBaOT 3aXBa4E€HHbIE CUMHaBI NOCNEA0Ba-
TeNbHO. B 8TOM npouecce y3kum MeCTOM ABSETCH CKOPOCTb
pPabOTbl MUKPOMPOLLECCOPAa, NOCKOSbKY OT 3TOM XapakTepucTu-
KW 3aBMCKT 4aCTOTa 3axBara CUrHaslos.

DPO nepeBoanT B pacTpoBbii hopMaT OUMdPOBAHHbIE AaH-
Hble 0 POopMe curHana B 6asy AaHHbIX «LIMOPOBOro NOMM-
Hodopa». Kaxayio 1/30-yi0 CekyHabl — 4acToTa BOCAPUSTUSA
NHMOPMaUMK HENOBEYECKUM M1a30M — Kaxaoe 13obpaxeHne,
paHee COxpaHEHHOe B Oase OaHHbIX, MepPeHOCUTCA NPSIMO B
CUCTEMY OTODPaXeHUs (OMcnnein). Takoi NpoLecc NPsaMon
pacTepraumy AaHHbIx O GopMe CuUrHana u HeNOCPeac-
TBEHHOE KOMMPOBaHVe 13 6asbl AaHHbIX B MaMsTb ANCIES,
YCTPAaHAET YNOMUHABLLIEECH Y3KOE MECTO, CBA3AHHOE C
006pabOoTKON AaHHbIX, YTO MPUCYLLE MOOBIM APYrM TUNam
ocumnnorpadoB. B pesynsrarte Ha ancnnee MOxXHO Habnoaats
«KMBBIE» CUMHA/BI B PEaNTIbHOM BpemeHu. Bee 1x nogpobHoCTH,
nepemMexaioLIMecs CoobITUS, AVHAMUYECKME XapakTePUCTUKA
— BCE 3axBaThlBAETCA B PEXVME PealbHOro Bpemeru. Muik-
ponpoueccop DPO GyHKUMOHMPYET NapanienbHo C UHTer-
PUPOBAHHOW CUCTEMOW 3axBara, OCYLLECTBNAS YNPaBIEHME
OMCneemM, aBToMatnyecknmmn NpoUeaypammn N3Mepenrnn n
obulee ynpasneHne npubopom. Takm 06pasom, Npomn3Boam-
TENIbHOCTb MPOLECCOPa HE BIVAET Ha CKOPOCTh 3axBara.

DPO T04YHO BOCMPOM3BOAMT NyHLIME KA4eCTBa, MPUCYLLIME
TOSIbKO CBOWM aHanioroBbIM cobpatbsiM, 0Tobpaxas curHan B
TPEX M3MEPEHUAX: BDEMSI, aMnIMTyAa 1 pacnpeaeneHme amn-
NUTYAbl BO BDEMEHM, U BCE 3TO B PEa/IbHOM BPEMEHM,
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YuebHoe nocobue

Puc. 15. Hekotopele DPO cnocobHbl Aenats MUAAnOHbI 3aXBaToB B
Te4YeHMEe CEKyH/, YTO YPE3BbIHaNHO NOBLILAET BEPOATHOCTb
perncTpaun NnepexoaHbiX NPOLECCOB U TRYAHOYNOBUMbBIX
COBBITU — BCETO TOrO, 4TO XapakTepmnayeT AMHaMn4eckoe
noBefeHne CUrHanos.

Tem He MeHee, B NPOTUBOMONOXHOCTE TEXHONOM M aHanoro-
BbIX OCUMNNOrpadoB, MCNOMb3YIOLLEN GU3UYECKE CBONCTBA
noMnHodopa, B DPO npumeHaeTca TEXHONOMMs 9NEeKTPOHHOIO
UMPPOBOro NIOMUHOGMOPA, YTO Ha caMOoM Aene NpeacTasna-
€T COO0 HENPEPLIBHO OGHOBNAIOLLYIOCH 6asy AaHHbIX. 3Ta
6a3a AaHHbIX UMEET OTAENBHYIO AHEKY NaMaTh Ans Kaxaoro
nukcens aucnnena npuobopa. Kaxabii pa3 B NpoLecce 3axBata
curHana (opyrumMm cnoBamm, Nocne Kaxaoro 3anycka), MHpop-
Maumsa O CUrHane NepeHoCcUTCs B a4eiikin 6asbl AaHHbIX UMppo-
BOIo NOMUHOGOPA. B Kaxaylo a4erky, OTpaxaloLLyio TekyLlee
COCTOSIHME ONPeaAeneHHOM TOHKM 3KkpaHa, 3anchiBaeTcs
NHPopMaums 06 MHTEHCUBHOCTY CUFHaNa B 3TOM TOUKE. Takum
06pasom, nHdopmaumsa 06 MHTEHCUMBHOCTM BbICTPAUBAETCA B
Tex suerkax, Hepes KoTopble Yallle BCero NPOXOANT CUrHai.

Korpga 6a3a gaHHbix UydpoBoro nloMnHodopa nepegastcs

Ha amcnnen ocumnnorpada, To AMcnae BOCNPOV3BOANT
Hanbonee MHTEHCKBHbIE 061aCcTX Pa3BEPTKM CUrHana Nponop-
UMOHANBHO VX HacTOTe NOSIBAEHWS B KaXO0WM TOYKE, YTO O4YEHb
NOXOXEe Ha rpagaumio ApKOCTW Y aHaNOroBbIX OcLIMIIorpadoB.
TouHo Takke DPO gaéT BOBMOXHOCTb BblACNNTb COObITUA B 3a-
BMCMMOCTM OT 4acTOThl VX NOSIBNEHVA 3a CHET rpagaunn LUgeTa,
HO aTa PYHKLMA yXe OTCYTCTBYET y aHanoroBbix Mogeneit. MNpn
nomolty DPO nerko yBraeTsb pasHnLy Mexay curHanamu, 3a-
XBa4YEHHbLIMYV MPW KaXa0oM 3anycke, 1 CUrHaNoM, 3axBaqyeHHbIM,
Hanpumep, npu kaxaom 100-om 3anycke.

Ocupnnorpadesl ¢ UMDPOBEIM NIOMUHODOPOM CTUPAIOT FpaHu-
Ly MexX[y aHanoroBeIMu 1 LMPOBLIMIA MOAENAMUM 3TOMO BAA
nprbopoB. Mpy nomoum DPO oanHakoBo yaoOHO Mccneao-
BaTb BbICOKMUE W HU3KME 4aCTOThI, MEPUOANYECKNE CUTHabI,
nepexodHble NPOoLECChl 1 KOMMIEKCHBLIE CUMHaUTbI B PeaNibHOM
Bpemenu. Tonbko DPO 06nagaoT BO3MOXHOCTLIO NpeacTasne-
HUA curHana no ocu Z (rpagaumsa apkocTi npn 0ToOpaxeHun
Ha aucnnee) B peaibHOM BPEMEHW, YTO OTCYTCTBYET Y UMPPO-
BbIX 3aNOMUHaIOLLMX OCUMNNOrpados.
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Puc. 16. MSO nmeeT 16 BCTPOEHHbIX UMMPOBbLIX KaHANOB, NO3BONAA
oTObpaxarsb 1 aHanM3rpPoBaTb KOPPENMPOBAHHBIE MO BpEME-
HW aHaNoroBble 1 UMPPOBLIE CUMHANbI.

DPO — noeansHelil IHCTRYMEHT AN TeX, KTO 3aHMMaeTcA
pa3pabOoTKOWN LMPPOBLIX YCTPOWCTB LWMPOKOro NPUMEHEHNS, a
Takke Ana 0TNaaki pasnmMyHoOro SNEeKTPOHHOrO 0O0PYAOBAHNS
(cM. purc. 15). DPO oTAn4HO NoaxoamT ans rmybokoro aHannaa,
TECTVPOBAHNS TENEKOMMYHUKAUMOHHBIX CUFHaN0B MO Mac-

Ke, OTNafikn CXEM C NEPEMEXAIOLIMMINCS U NEPUNOONYECKIMMI
curHanamu, a Takxke 3anad, rae TpebyeTcsa CUHXPOHM3auUms no
BPEMEHN.

OCLI,I/IJ'IJ'IOI'paCDbI CMeLlaHHbIX CUrHaJioB

Ocumnnorpadbl cMellaHHbIx curHanos (MSO) codeTatoT
XapakTepucTuki ocumnnorpadoBs ¢ LMPPOBLIM IOMUHOPOPOM
(DPO) ¢ 6a30BbIMM GYHKLMAMU 16-KaHanbHOro nornyec-

KOro aHan1aaropa, BKo4as BO3SMOXHOCTb AEKOAMPOBaHMA
NPOTOKONa NapannenbHbix/NocneaoBaTebHbIX LWVH 1 3anycka
no curHanam aTux WiH. Undposble kaHansl MSO, nogobHO
OO0 NOrMYECKON Cxeme, BUOAT UMPOPOBOWN CUrHaN, Kak noc-
NeaoBaTenbHOCTb BBICOKMX 1 HA3KMX NOMMHECKUX YDOBHEN. 3TO
3HAYUT, YTO MOKAa 3BOHbI, BLIOPOCHI 1 CKa4KM YPOBHA 3EMAU HE
BbI3bIBAIOT JIOMMHECKUX NEPEXOAO0B, TV aHaNoroBble apdPeKThl
B MSO He yuuTbiBaloTCS. [10A06HO NOMMYECKOMY aHan13aTopy,
019 ONpeaeneHns BbICOKOrO NAK HN3KOrO NIOrMYEeCKOro ypOBHS
curHana MSO rcnonb3yeT NoporoBoe HanpaxXeHue.

MSQO o4eHb yanobeH ans ObICTPON OTNAaKM LMPPOBBLIX CXEM,
npennaraa pagHoobpasHble GyHKLMM 3anycka, perncTpaumio
C BbICOKMM paspelleHnem 1 cpeacTaa aHannaa. OaHOBPEMEH-
HbIA aHaNM3 aHanoroBbIx U LMMPOBbLIX CUrHANOB, KakK NoKasaHo
Ha pu1c. 16, No3BonseT BLICTPO BbIABIATL OCHOBHBIE MPUYNHbI
MHOMX Npo6nem, npespatias MSO B naeanbHbIM NPUOop Ans
NPOBEPKM 1 OTNAOKNA UMPPOBLIX CXEM.
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 CTPOBOCKOMMYECKIIA}
CMecuTeb

Bxon

50 Om
3 B (makc.)

Puc. 17. Apxutektypa umdpoBoro cTpob0CKONMYeckero ocumnnorpada.

Lincdposble cTpobockonmyeckue ocumnnorpadsbl

B omim4me oT apxXmTekTypbl LMOPOBbLIX 3anNOMUHAIOLIMX 1
ocumnnorpad®oB ¢ UMbPOBLIM IOMUHODOPOM, B CUTHAITBHOM
TpakTe UMPPOBOro CTPOOOCKONNHYECKOro ocumnnorpada ne-
pen arTeHInaTopPOM/YCUANTENEM BKIIOYEH CTPOOOCKOMUYECKNIA
CcMecuUTeNb (ANCKPETUSNPYIOLLMIA MOCT), Kak 9TO NpeacTaBieHo
Ha puc. 17. BxogHOM curHan npoxoamt npouenypy BblOOPKH,
nepen Tem Kak BbIMONHAETCA ero ocnabneHne v yCUneHus.
Mockonbky NONOCa CUrHana nocne CTpo60oCKONMYECKOro
CMECUTENSA OrPaHUYMBaAETCS, MOXET OblTb MCMNOB30BAH OTHO-
CUTENBHO Y3KOMONOCHLIV yCUnnTenbs. Taknum 06pa3oM, nonoca
NPOMNYCKaHWUS BXOAHOIO YCWINTENSA HE SBNAETCH OrpaHuymBa-
OLLMM PAKTOPOM A1 YaCTOTHOIO AranasoHa ocumniorpados
Takoro Tmna.

OpHako, Nnaton 3a WMPOkyo NOA0CY OCUMNNOrpadoB 310N
APXUTEKTYPBI ABAAETCA OrPaHUYEHHbIN AVHAMUYECKUIA Anana-
30H. [Tockonbky nepea BXOAOM CTPOOOCKOMMYECKOro CMe-
CUTENS OTCYTCTBYET aTTEHIOATOP/YCUNNTENb, TO OTCYTCTBYET

11 BOSMOXHOCTb U3MEHEHUA BXOLAHbIX CUTHAN0B. [103TOoMYy
OMHAMUYECKNIA AranasoH BXOAHOIO CUrHana ocumanorpada
onpenenseTcs AMHaMUYeCKM amanasoHoM CTPoO0CKonm-
4eCKoro cMmecutens. Y 60bLIMHCTBA CTPOOOCKOMUHYECKIMX
ocumnnorpadoB aTa XxapakTepucTmKa OrpaHMyeHa 3Ha4eHeM
npuMepHo 1 B (MWK-nvK), B OTIMYME OT UMDPOBbLIX 3anOMn-
HawoLwx ocumnnorpados 1 ocumMnnorpados ¢ UMOPOBLIM
JHIOMUVHOMOPOM, Ha BXOL, KOTOPbIX MOXHO Noaasars CUrHasl
amnantygon 2o 50 nnn po 100 B.

MomumMo Bcero npo4ero, nepep, cTpo60CKONMYECKUM CMe-
cuTenem Henb34 BKIOYNTb 3alUTHblIe oAb, MOCKOJIbKY 3TO
OrpPaHuUYmT NONOCY NPOMNYCKaHUA. 3TO 3HA4YUT, 4TO He3onacHoe
BXOOHOE HamnpaxeHne ocuvmnorpacba TAKOro Tmna coctaBndaeT
0KONo 3 B, 4TO 9BNAETCS O4EBUAHBIM HEAOCTATKOM MO CPaBHEe-
HMIO CO 3Hadvervem 500 B ana ocumnnorpadoB apyriix TUMoB.
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Ocumnnorpadsl

OCHOBHbIE NMPUHLMMbBI U3MEPEHNI
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Puc. 18. [lnHamunyeckan pednektometpud (TDR), BeinonHaemas
UMPPOBLIM CTPOOOCKOMNYECKM OCLIMANOrpadoM.

[P MBMEPEHMAX BEICOKOHACTOTHBLIX CUFHANOB OCLMANOrpa-
&bl DSO 1 DPO MoryT okasarbcst HECMOCOOHbBIMY 3axBaTUTh
[OCTaTO4HOE KONMYECTBO BLIOOPOK Ha OAHY pa3BepTky. B

9TOM Ciy4ae UMdPoBON CTPOBOCKONMMYECKNiA ocumniorpad
nNpeacTaBnaeT CoO0n AcaNbHbIM MHCTPYMEHT A1 TOHYHOMO
3axBara CUMrHasoB C 4aCTOTHbIMK COCTaBASIOLMMU, 3HAYUTENb-
HO MPEBHILLAIOLLMIM CKOPOCTb BLIOOPKM Nprbopa (puc. 18).
APXUTEKTYPA STUX OcLMNNorpadoB NO3BONAET paboTaTk C
curHanamm, noaoca KOTOPbIX Ha NOPSA0K OOAbLIE, YEM Y
CUrHaNOoB, AOCTYMNHbLIX NIOOOMY APYrOMY T1MY OCUMANOrPadOB.
Ctpobockonunyeckne ocumnnorpadbl MORYT UMETb LLNPUHY
NONOCHI MPOMNYCKaHs 1 ObICTPOAENCTBNE CUCTEMBI 3anycKa

B 0ECHTb Pa3 BhilE, YeM y Niob60oro apyroro npubopa, npen-
Ha3Ha4YEeHHOro A9 N3MEPEHUI NEPUNOANYECKIX CUTHANOB.
CoBpeMeHHble cTpobockonuyeckme ocumnnorpadel 06nagarT
nonocon nponyckaHunsa oo 80 M.
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YuebHoe nocobue

CucTtemsbl 1 OpraHbl yripaBneHus
ocuunnorpada

B naHHOM paspene nprseneHa Hdopmams 00 OCHOBHbIX
CUCTEMAX 1N OpraHax ynpaeieHua aHaoroBbIX 1 LLIMMOPOBLIX
ocumnnorpados. HekOTOpLIE OpraHbl ynpasneH s aHanoroBbIx
N UNGDPOBBIX MOLENEN MEIOT Pasnnyumd, BMNoSIHE BEPOATHO, YTO
BaLL ocumnnorpad o6nanaeT AONONHUTENBbHBIMU cpeacrtsamm
ynpasreHnd, 30eCb He OnncbiBaeMbIMU.

OB6bl4HbIN OcLMnnorpad COCTOUT 13 4-X pasYHBIX CUCTEM

— CMCTEMbI BEPTNKANbHOIO OTKIIOHEHNS!, FOPUSOHTAILHOMO
OTKJIOHEHWS, CUCTEMbI 3arycka 1 CUCTEMbBl OTODPaXEH NS
NHbopMaun (ancnnen). lNpaBunbHOE NOHUMAaHKE TOro, Kak
paboTaeT kaxaas 13 3TVX CUCTEM, MO3BOASET 3PPEKTUBHO 1NC-
nonb30BaTh NPUOBOP 415 PELUEHNS Pa3IUYHBIX M3MEPUTENBHBLIX
3a0a4. Heo6xoaMMo NOMHUTE, YTO Kaxaasa crucTeMa BHOCUT
CBOW BK/1aA, B CNOCOOHOCTb OcLMnorpada TO4HO BOCNPOM3-
BOANTbL GOPMY CUrHana.

MNepenHas naHensb ocuunnorpada pasneneHa Ha TPy OCHOB-
Hble 4acT1, 0003HaYEHHbIE Kak BEPTUKaNbHOE OTKNOHEHNE,
rOPU30HTAIbHOE OTKNIOHEHWE 1 3anyck. Baw ocumnnorpad
MOXET VIMETb MHbIE YaCTW, B 3aBNCKMOCTX OT MOLENN 1 TUMa
npvbopa (aHanorosbin UK LMGPOBOI). Nocne NpoYTeHVA 3TO-
ro pasaena nonpobyrte CONOCTaBUTb PACNONOXEHNE OPraHoB
ynpasneHna CBOero ocuunnorpada ¢ npyMepoMm, npeacras-
NeHHbIM Ha puc. 19.

AN Toro 4Tobbl NPUCTYNUTL K M3MEPEHMAM BXOAHOIO CUrHana,
Ha ocuunnorpade Heo6xoaMMO BbINOMHNTE TPY OCHOBHbIE
HaCTPOWKM:

B BepTyKanbHOE OTKIOHEHNE: YCTaHOBUTL YPOBEHb OCNab-
NEHVS UV YCUNEHWA CUrHana. YCTaHoBUTE HEOOX0aMMOoe
4MCNO BOJBT Ha Aenenune (B/aen.) ansg perynnmpoBky BEPTH-
KanbHOro pa3mepa otobpaxaemon pa3BepTki curHana.

B [OpV3OHTaNbHOE OTKIIOHEHNE: YCTaHOBWTL CKOPOCTb
pa3BepTKN. YCTaHOBUTE HEOOXOAMMOE YNCNO CeKyH/, Ha
nenexne (c/nen) ona perynvpoBku MacluTata passepTku
curHana no ropuaoHTanbHOM OCH.

B 3anyck: ycTaHOoBWUTL NapameTpbl 3anycka ocumnnorpada.
YCTaHOBWTE YPOBEHb 3anycka ana ctabunmsaumm pas-
BEPTKM NepUOAMYECcKOro curHana unm BbibepuTe pexmnm
O[IHOKPATHOIO 3arnycka.
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Puc. 19. OpraHbl yrpasneHus ocumiiorpadoM, pacrnonoXeHHbIe Ha
nepeaHen naHem

Cucrtema BepTMKasbHOro OTK/IOHEHNS U OpraHbl
ynpaBsneHus

YnpasneHne BepTuKaibHbIM OTKIIOHEHMEM NpeaHasHauYeHo
019 VIBMEHEHUSA NONOXEHUA PA3BEPTKM CUrHana no BepTukany,
BEPTUKANBbHOrO pa3mepa pPas3BepTkn, PexVMa BXoda v Apyrnx
napameTpoB CUrHaNbHOrO TPaKTa.

OO6bl4HbIE CPEACTBA YrPaBIeHst BEPTVKANIbHBIM OTKIIOHEHWNEM
BKJIIOYAIOT B CEOS:

H BxoaHOe COnpoTUBIEHME:
1 MOwm,
50 Om

B Pexunm Bxopa:
CBA3b MO NEPEMEHHOMY TOKY,
CBSA3b MO MOCTOSAHHOMY TOKY,
3emns

B [lonoca nponyckaHns:
OorpaHnyeHHas,
paclvpeHHas

[onoxeHve

CwmelleHve

VIHBEPTMPOBAHWE — BKJT/BbIKI

YHyBCTBUTENBHOCTb:!

OMUCKPETHO,

nnaBHO
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OTO6pakeHe CUHYCOMOANBHOIO CUrHaNa C MOCTOAHHOM
COCTaBnsAoLIEN 2 B Npw CBSA3M N0 NOCTOSIHHOMY TOKY

4B

0B PR

Puc. 20. CBA3b BX0AA N0 NOCTOSAHHOMY 1 MO NEPEMEHHOMY TOKY.

[MonoxeHne no BepTmkanu n
4yBCTBUTESIbBHOCTb

Pydka ynpasneHusa NonoxeHemM no BepTukan no3sonsior
nepemMellarb PasBepTky C1rHana BBEPX U BHI3 MO aKpaHy
ocumnnorpada.

Pyyka ynpaBneHus 4yBCTBUTENbHOCTLIO, 00bIYHO 0603Ha4a-
emas kak «B/nen» (BofbThl Ha AeNeHne), N3MeHseT pa3mep
pa3BepPTKM CUrHana Ha akpaHe nprubopa. Ecnm ycTaHOBNEHO
3HaveHne 5 B/aen, ato 3Ha4uT, YTO Ha KaxA0e OeNeHne Bep-
TUKaBHOW LLIKaUTbl MPUXOAUTCA MO 5 BONLT. ECu Lwikana akpaHa
ocumnnorpada MMeeT BOCEMb BEPTUKAIBHBIX ANEHNIA, TO NP
TakoW HaCTPOWKE Ha akpaHe YMECTUTCA pa3BepTka CurHa-

na amnantygown 40 B(W_M). Mpu HacTpovike 0,5 B/nen, Becb
9KpaH 3anMeT pasBepTka curHana aMmnanTyaon 4 BWK_W) W T.A.
MakcrmManbHoe HanpsaXeHue, KOTOPOoe MOXHO 0TOOPa3nTs Ha
9KpaHe, paBHO 3HAYEHMIO HACTPOVKK B/aen, yMHOXEHHOMY
Ha KONMYECTBO AENEHUI BEPTUKANbHOW WKanbl. Heo6xoanmo
Y4UTBIBATL, YTO MCMNONb3yEMbIE MPOOHNKM C KO3DPULMEHTaMM
1X 1 10X Takxe BAMAIOT Ha KO3 PUUMEHT MaclITabpOBaHNS.
B aTOM Cnydae Heobx0aMMO YMHOXaTb 3HadeHue B/nen Ha
KO3PDULMEHT ocnabneHns npobHKKa, MPY YCNOBUN €CNN 3Ty
onepaunio ocumnnorpad He BeINOIHAET CaMm.

O4yeHb 4acTOo YyBCTBUTENBHOCTb MMEET MNaBHYIO PENYANPOBKY
019 TO4HOrO OTOOPaxXEHNs curHana B onpeaen&HHOM Konn-
4ecTBe AeneHnn. Takas HacTpoMKa NpYMEHAETCa Npu namepe-
HUAX BDEMEHW HapacTaHUsa MMMNybca.
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Ocumnnorpadsl

OCHOBHbIE NMPUHLMMbLI U3MEPEHNI

OTOBpaxeHvie TOro e curHana npw Cesaauv no
nepemMeHHOMY TOKY

4B
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Pexnm Bxona

TepmuH «Pexinm Bxoaa» roBOPUT O TOM, Ha Kakyto CXemy NoCTy-
naeT curHan, nogaBaemMblii Ha Bxod, ocumnnorpada. MoxHO Bbl-
6paTb TPW pexrma Bxoaa: «CBa3b Mo MOCTOSHHOMY TOKY», «CBA3b
Mo NepemMeHHOMY TOKY» UK «3emna». B pexumme CBs3M No noc-
TOSTHHOMY TOKY BXOOHOW curHan He nogsepraeTcs obpaboTke. B
peEXMME CBS3M MO NEPEMEHHOMY TOKY DUNBTPYETCA MOCTOSHHASA
cocTaBnsioLLan curHana, Takim o6pa3omMm, passepTka nccneaye-
MO0 CUrHana UEHTPUPYETCS OTHOCUTENBHO YOOBHA HOMb BOSILT.
Ha puc. 20 npogeMoHCTprpoBaHa passepTka OAHOro 1 TOro Xe
CuUrHana B pasHbix pexmnmax Bxoaa. Pexmnm cBasm no nepemen-
HOMY TOKY yAOOeH B ciydae, Korga NocTosHHas COCTaBAsoLas
CcurHana 3HauvTeNbHO NPEBbLILLIAET NEPEMEHHYIO COCTaBNSIO-
LLLYI0, KOTOPYIO HEOBXOAMMO UCCNeaoBaTh.

B pexume «3emns» BXOOHOW CUrHan OTKNIo4aeTcsd OT CUCTEMb
BEPTUKANIbHOrO OTKNOHEHWS, YTO NO3BONAET YCTAHOBMUTL Ha
3KpaHe MoOXEHWE YPOBHA «HOMb BOMLT». [Py BKIOYEHHOM
PEXMME «3E8MNIS» 1 aBTOMATUYECKOM PEXMME 3anycka Ha
JMCMNee MOXHO BUAETb FOPU3OHTANBHYIO IMHWIO, NPEACTaBNNA-
IOLLLYIO COBOM YPOBEHb HOMb BOSLT. [epexniodeHre 13 pexmma
CBA3M MO NOCTOAHHOMY TOKY B PEXUM «3eM1d» 1 06PaTHO
aBnaeTca yao6HbIM CNOCOB0M U3MEPEHUS YPOBHA CUrHana
OTHOCUTENBHO «3EMIN».

OFpaHI/I'-IeHI/le NMoJIOCbI NMPOonyCKaHu4A

BONbLWMHCTBO OCUMNIOrPadOB UMEIOT CXEMY, OrPAHNYMBAIO-
LLYIO 1X NONOCY Nponyckanua. OrpaHmnyeHne nonocsl Npo-
MYCKaHWA NPUBOOMUT K CHVKEHWIO YPOBHS LLIYMOB, MELLIAIOLLX
4eTKOMY OTOBpaxeHuio n3aMepsiemMoro curHana. Heo6xoamMmo
MNOMHWTb, YTO NPW OrpPaHNYenry NONOCkH! NPOMYCKAaHMA BMECTE
C LyMamm MOXHO OTOUILTPOBATL M BLICOKOYACTOTHLIE COCTaB-
NFI0OLLME UCCNEOYEeMOro CurHana.
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YuebHoe nocobue

PacwmnpeHne nonockl NnponyckaHus

HekoTopble ocumnnorpadsbl MOryT COAEPXaThb LMbpOBOM
BbIPABHMBAIOLMIA QUBTP, KOTOPbIA MOXHO MCNONL30BaTh 414
YNyYLEHUA aMMNTYOHO-4aCTOTHOM XapakTepUCTUKM CUTHaSb-
HOro TpakTa. 3TOT GUILTP PACLUMPSET NONOCY NPOMYCKAHUSA,
BblpaBHMBaEeT A4X KaHana, yny4uaeT IMHENHOCTbL Ga304acToT-
HOW XapakTepUCTNKK 1 0OeCneymBaeT nyyllee coracoBaHne
Mexay kaHanamm. Kpome Toro, OH yMeHbLlLaeT 4JINTENbHOCTb
GPOHTOB M YAYHLIAET NEePEexOaHYI0 XapakTepUCTKy BO BPEMEH-
HOWM obnacTn.

Cuctema ropn3oHTaNbHOrO OTKSIOHEHUS U
opraHbl yrnpaBneHus

CucTema ropusoHTanbHOro OTKNOHEHWS LIMPPOBOrO OCLMI-
norpada B OCHOBHOM aCCOLIMMPYETCH C 3aXBAaTOM BXOAHOIO
CurHana, rae onpefensioLLmMY napaMeTpamm ABAsoTCs
yacToTa BHIOOPKM U AnnHa 3anvcii. OpraHbsl ynpasneHuns aToin
cUCTeMOoV NpeaHasHaveHbl A9 NO3ULIMOHNPOBaHWA 1 MacLuTa-
61POBaHNA Pa3BePTKM cUrHana no ropusoHTany.

OpraHbl ynpaBfieHUs 3axBaTom

Lindposble ocumnnorpadbl MMEIOT CNeumannsnpoBaHHee
HaCTPOWKM, onpeaensioll e, kak cnuctema 3axeara oyaer 00-
pabarbiBatek CUrHa1. B npouecce 03HakOMIEHNS C 3TUM Pas-
[e/10M Bbl MOXETE COMOCTaBNTb PacCMarprBaemMble HaCTPOVIKM
3axBara C VMEeLWMNCA B Ballem ocumnnorpade. Ha puc. 21
NPOMINMIOCTPNPOBAH NPUMED MEHIO 3axBara.

Pexxnmbl 3axBaTta

Pexunmel 3axeata onpenensior, kakM 00pa3om 13 TOHEK Bbl-
BOPKM MOSTYHAIOTCS TOHKM OTOOPaaemMon pa3BepTK/ CUrHana.
Toukn BEIOOPKM NPEACTaBNAT COO0M LMBPOBLIE 3HAYEHUS,
NONyYEeHHbIE aHaNoro-umdpPoBLIM Npeocbpasosarenem (ALMM).
VIHTepBan BeIOOPKM — 3TO BPEMS MEXY TOHKaMM BbIOOPKM.
Toukn pasBepTKM CUrHana NpeacTaBnaT coO0n LndpoBLIE
3HaYeHNs1, COXpaHsemMble B NaMaT 1 OToOpaxaemble Ha aKpa-
He ocumnnorpada. Bpemda mexay Todkammn pasBepTky curHana
Ha3bIBAETCS VHTEPBA/IOM PA3BEPTKY CUrHaNA.
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OO6bI4HbIE CPEACTBA YNPaABIEHUA FOPU3OHTAsIbHLIM OTK/10-
HEeHMEeM BKJTI04aloT B cebs:

B CkopoCTb pasBepTKM B PaspeuieHne

B XY B YacTtorta BLI6OPKK

B MacwrabupoBaHue B Toyka 3anycka

B PaspeneHve pa3septok M Macwrabuposarve/na-
HOpamMVpOBaHme

W /lnvHa 3anucy Bl [louck

[
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w
&
.
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Puc. 25. MNpumep MeHIo 3axBata.

MHTepBan BLIBOPKM U MHTEpBan pasBepTKi curHana MoryT ObiTh
OOVHaKOBEIMM, @ MOMYT 1 OTAnYaThes. [oaToMy CyllecTByeT
HECKOSBbKO PasIMYHbIX PEXMMOB 3axBara, Koraa ofHa Touka
pasBepPTKM CUrHana hopMUPYeTCs U3 HECKOMbKIX NOCNeA0Ba-
TENbHO 3axBa4eHHbIX TOHEK BEIOOPKU.

Kpome Toro, TOUKM pasBepTKY CUrHana MoryT ObiTb CHOPMU-
POBaHbI 13 HaBopa TOHEK BLIOOPKM, B3ATHIX 13 HECKONBKMX
3axBaroB, H4TO OOYCNABAMBAET HAIMYME ELLLE OOHOMO THMna
pexrMOoB 3axearta. lanee cneayet onncanve Hanbonee 4acTo
NPUMEHAEMBIX PEXMMOB 3axBara.
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To4ka BbIOOPKN,
OTOOPaxEHHasd Ha akpaHe
UM(PPOBOro 3anoMm1HaloLWero
ocumnnorpada
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Puc. 22. HactoTa BLIOOPKYM Bapb1pyeTca B 3aBMCKMMOCTH OT CKOPOCTM
pag3BepTkM — HeM MeJIeHHee CKOPOCTb Pa3BepTKN, TEM
MeHblLLe YacToTa BbI6OpKK. HekoTopble LMdpoBbLIE OCLMII-
norpadsl UMEIOT PEeXM MUKOBOMO AeTeKkTopa AN 3axsara
ObICTPLIX MEPEXOAHbBIX MPOLECCOB NP HU3KON CKOPOCTM
pas3BeEPTKN.

Tunbl pexnmoB 3axBaTta

H Pexum BbIGOpKN. OTO NPOCTEMLLNI PEXMM 3axBaTa.
Ocupmnnorpad co3gaéT ToHKy pa3BEPTKN CUrHana noc-
pPEeNCTBOM COXPaHEHWA OAHOW TOUKM BEIOOPKM B TEYEHME
Kaxaoro VHTepBana pasBepTku curHana.

B Pexum nukosoro getektopa. Ocumnnorpad coxpaHaeT
MVIHUMATbHBIE 1 MaKCUMabHbIE 3HAYEHNS TOHEK BHIOOPKM,
B3ATHIE B TEHEHME ABYX HTEPBANIOB Pa3BEPTKM CUrHana ¢
nocnenyiouM MCNONb30BaHMEM 3TUX BEIOOPOK B KAHECTBE
[BYX COOTBETCTBYIOLLX TOYEK pa3sepTku. AL umdposoro
ocumnnorpada B pexmnme NMKOBOro AeTekTopa paboTaeT ¢
BLICOKOVI CKOPOCTbIO BHIOOPKM Aaxe NPy yCTaHOBKE O4EHb
HI3KOW CKOPOCTY Pa3BepTKM (H13Kaa CKOPOCTb Pa3BEPTKN
noapasymMeBaeT ANUTENbHbIE MHTEPBANbI PAa3BEPTKM CUMHA-
na). Takmm 06pa3oM, CTaHOBUTCH BO3MOXHbBIM 3axBaTbiBaTb
ObICTPBIE N3MEHEHNS CUIHANA, KOTOPBIE MPONCXOAAT MEX-
[y TO4KaMV pa3BEPTKY CUrHaNa, Kak 3TO COXHO ObIO Obl
coenartb Npy pexmnme BeIBOPKM (CM. puc. 22). Pexnm nnko-
BOrO AeTeKTopa 0COOEHHO apPEKTUBEH NPY HABMOOEHUM
Y3KNX UMMYbCOB, Pa3aeneHHbIX O0bLIVIMY BPDEMEHHbBIMN
VNHTepBanamu (puc. 23).

B Pexum BbICOKOro paspetueHus. [ogooHo pexvmy
MMKOBOIO AETEKTOPA, NO3BONAET NONYYUTbL B0NbLUIE MHPOP-
Mauumm B Tex cnydasx, koraa ALIM MoxeT aenarb BelOOpKN
curHana BuICTpee, Yem Toro TpedbyeT BeiOpaHHaa CKOPOCTb
pasBepTkn. B 3TOM cnyvae, HeCKOSbKO BEIOOPOK, MONyYeH-
HbIX B Npeaenax oaHoro HTepBana pa3sepTky, yepeaHsaoT-
cs Mexay cob0W 1 AatoT OaHY TOUKY pasBepTky. Pesynsra-
TOM SBMIAETCH CHUXEHME LyMa M MOBbILIEHWE pas3peLueHns
019 MEONIEHHO MEHAIOLLLXCA CUrHANOB. [1penmyLLecTBo
pEXMA BbICOKOrO PaspeLleHns Had, PEXNMOM YCpeaHEHW -
€M 3aKJIIo4aeTCH B TOM, HTO €r0 MOXHO MPUMEHSATb Jaxe K
OOHOKPAaTHbIM HENEPNOOMHECKM CUrHANAM.

H Pexum orubaioLein. 10T pexnm MMeeT obLIme 4epThl
C PEXMMOM MUKOBOrO Aetektopa. OOHako, B pexvMe oru-
fatoLeit MUHUMabHbIE 1 MaKCUMalTbHbIE TOYKM Pa3BEPTKN
curHana, B3aTele OT PasnyHbIX 3axBaTOB, OObEAVHSIOTCS
01 CO3AaHVA Pa3BepTKy CuUrHana, NpeacTaBnaLLen
MVHUMAaTbHbIE/MaKCUMaTIbHbIE MPVPALLEHUA MO BPEMEHN.
PexumM NkoBOro Aetektopa 0ObIMHO NCMONb3YETCS 15
3axBara JaHHblX, C MOCNEAYIOLLMM VX NCMONb30BaHWEM MPK
co3paHunm ornbaroulen.
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Ocumnnorpadsl

OCHOBHbIE NMPUHLMMbLI U3MEPEHNI

Puc. 23. PexvM N1KOBOro AeTekTopa No3BoNsET ocuuniorpady sape-
rMCTPMPOBATb YPE3BbLIHAHO KPATKOBPEMEHHbBIE aHOMAaIUN.

B Pexum ycpegHeHusa. B pexnme ycpeaHeHa OCUMIor-
pad CoxpaHAET OOHY TOUKY BbIOOPKM B TEHEHWNE KaXO0ro
NHTEPBaIA PA3BEPTKY CUMHANA, Tak Kak 3TO MPOUCXOANT
Npv ONMCAHHOM BhILLE pexume BelOopky. OOHAKo, 3aTtem
TOYKM, B3ATBIE 13 NMOCNEN0BATENbHBIX BBIOOPOK, YCPEAHS-
0TCA ANA NOJTyYeHNss OToOpaxaemMon Pa3BePTKM CUrHa-
na. Pexnm ycpeaHeHns NOHKaET BIVAHME LWyMOB 6e3
CYXEHVA NOSIOCHI MPONyCcKaHnsa Nprubopa, Ho Npu STOM
3TOT PEXVM MOXET MCMNONb30BATLCA TONBKO Npu paboTe
NepVoaMYECKMU CUTHANaMU.

H Pexum 6a3bl AaHHbIX CUrHanNoOB. B pexumve 6a3bl gaH-
HbIX CUrHANoB ocumnnorpad Beaet 6asy AaHHbIX, KOoTopas
00pasyeT TPEXMEPHbBIV MACCVB 3HAYEHUI aMMUTYAbI,
BPEMEHU 1 YUCna OTCHETOB.

3aI'IyCK N OCTAHOB CCTEMbI 3axBaTa

OAHUM 13 BaXXHEWLUMX MPENMYLLECTB LINDPOBBIX OCLIAII-
norpadoB ABAETCA X CNOCOOHOCTb COXPaHATL Pa3BEPTKY
CUrHanNoB O/19 NocneayoLero npocMoTpa. C aTom Lenbio Ha
nepeaHert naHenn NprbopoB 0ObIYHO NPUCYTCTBYIOT OHA NN
HECKOJbKO KJ1aBuWLL, MO3BONAIOLLVX 3aMyCKaTk 1 OCTaHaBN-
BaTb CUCTEMY 3aXBara, 4YTO JAET BO3MOXHOCTb aHa/IM31POBaTh
curHanbl B No6oe yoobHoe Bpems. Kpome Toro, ocumnnorpad
MOXET aBTOMATNYECKM OCTAHOBWTL 3aXBaT MO 3aBEPLUEHNUN
OOHOro Neproaa 3axeara Uy NOcne Toro, Kak oauH Habop
3aperncTprpPOBaHHbIX AaHHbIX Obl1 NpeobpasoBaH B orvba-
IOLLYIO NN YCPEOHEHHYIO PA3BEPTKY CUrHana. Takaa GyHKLMSA
ocumnnorpadoB Ha3bIBAETCA OAHOKPATHOM MU OOMHOYHOWN
PasBEPTKON. YNpaBneHue aTuM pexrmmMomM 00bIMHO OCYLLIECT-
BISIETCA BMECTE C yNpaBNeHneM pexvMmamii Beloopku, nnbo
BMECTE C YNnpaB/ieHNEM 3aMyCKOM.
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Puc. 24. Npouecc AMcKpeTnsaLmm — To4kM BelOOPOK COEAMHAIOTCS
Mexay coO0M C NOMOLLbIO MHTEPNOAAUMU ANA CO30aHNS
HenpepbIBHOrO N300paxeHns pasBepTky curHana.

AduckpeTtmnsaums

JuckpeTrsauyen (BblOopKon) HaselBaeTcs NpoLece npeobpa-
30BaHMA NapamMeTpOoB BXOAHOIO CUrHana, n3aMepsaemolx 4epes
onpenenéxHHblie Nepuoapl BOEMEHM, B HEKOTOPOE KONMYECTBO
OUCKPETHBIX 3HAYEHNIA C LENbIO XpaHeHus, 00paboTku 1/mnn
oToOpaxeHus. Kaxagoe 13 aTix 3Ha4YeHNN SKBUBANEHTHO amn-
nnTyae BXOAHOro curHana B T0T MOMEHT BpeMeHW, Kkoraa Obina
chenaHa BbIbopka curHana.

Jnckpetrsaums noxoxa Ha NpoLUEeCcC BbINOMHEHUS CEPU
CHMUMKOB. Kaxpl TakoM CHUMOK COOTBETCTBYET ONpeaeneH-
HOW BPEMEHHOW TOYKE Ha Pa3BepTKe CUrHana. B gansHeunwem
BCE 3TW CHUMKM MOIYT OblITb PACCTaBIEHbl B COOTBETCTBYIOLLEM
nopsaaKke N0 BPEMEHW, TakiM 00pa30M, 4TO B UTOrE NonyvaeT-
CHA BOCMNPOU3BEAEHHbIN BXOOAHOW CUMHAI.

B undpoBbix ocumnnorpadax MacCrB aN1EMEHTOB BLIOOPKN
BOCMPOW3BOOMTCH Ha OMCINEE B BUAE rpaduka, Nno BepTuKasib-
HOW OCK KOTOPOro OTKNaAbIBAETCA aMMAnTyaa curHana, a no
FOPU30HTAILHOW OCK — BPEMSA (CM. pUC. 24).

BxogHom curHan Ha aToM pucyHke npeacTaBieH B BUAE Noc-
nenoBarefbHOCTY TOYEeK Ha akpaHe. ECnm 3T TO4KM OTCTOAT
Janeko Apyr OT Apyra u He MOryT ObiTb OAHO3HA4YHO Npeobpa-
30BaHbl B pa3BepTky curHana, To Ang noCTPOEHWA KPMBOM MO
STUM TOYKaM NPYMEHSIETCH NPOLLECC, Ha3blBaEMbIV MHTEPMO-
naums. Fpy 3TOM TOYKM COEAMHAIOTCA MEXay COO0N NNHUSMM
nnu BekTopamm. CyecTByET MHOXECTBO METOANK NHTED-
nonsguMm, KOTOPbLIE UCMONBb3YIOTCA B PA3IUYHBIX Cy4asx a4
TOYHOTO BOCMPOU3BEAEHNS HENPEPLIBHOM POPMbI BXOAHOMO
curHana.
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OpraHbl ynpasieHus auckpetTnsaumen

HekoTtopele undposeie ocumnnorpadsbl NPeaoCTaBnAoOT Ha
BLIOOP pasHble METOAB! ANCKPETM3aUMM — BEIOOPKA B peallb-
HOM BPEMEHN 1 3KBMBaNeHTHas BeiOopKa. OpraHsl ynpasnerua
3axBaroOM B Takvx ocumnnorpadax no3BonsioT ONpenensTs
COOTBETCTBYIOLLYIO METOAVKY BEIOOPKM /153 3axBaTa CUrHasoB.
BaxHO OTMETUTBL, YTO MPY HN3KKX CKOPOCTAX PA3BEPTKM BEIOOD
METOAMKY HE UMEET 3Ha4YEeHNS. PasHnLy MOXHO NO4yBCTBOBATb
TONbKO TOraa, korga AL He ycneBaeT paenatb BelOOPKM Anst
3anoNHEHNS NAMATY TOYKaMK Pa3BEPTKM CUrHana. Y kaxaoro
MeToaa OMCKPETU3aLM €CTb CBOV MPEVMYLLIECTBA.

Kak npaBuno, CoBpeMEHHbIE OcUmIIorpadbl MEeKT OpraHsbl
ynpaBneHus, NO3BONAILLIME BbIOPATL TPU PEXMMA TOPU30H-
TaNbHOW pasBepTku. ECnn Bbl CCnenyeTe CurHan BU3yanbHO

1N XOTUTE UMETb AEN0 C XNBbIM CUTHANIOM, Bbl MOXETE UCMONb-
30BaTh BbIOMPAEMbBIV MO YMOMHAHNIO aBTOMATUHECKUIA PEXUM,
KOTOpbI 0OecneynBaeT MakCUMasbHyIO CKOPOCTb OOHOBNEHNS
3aKpaHa. Ecnm Bbl XOTUTE BBINOAHUTL TOYHOE N3MEPEHMVE 1
MNCMOMb30BaTbh MAKCUMAaIbHYIO HacTOTy ANCKPETM3aLUmY peasb-
HOro BPEMEHN, 0OECMNEHNBAIOLLYIO MAKCVMaITbHYIO TOYHOCTb
N3MEPEHUI, TO /1A 3TOrrO Ny4Lle BCEro NOAONAET PEXMM MOC-
TOAHHOW 4aCTOTEl ANCKPETU3aLML. TPETUIA PEXVIM HA3bIBAETCA
PYYHBIM, MOCKONbKY OH 0OecneynBaeT NpsiMoe 1 HE3aBVCUMOE
ynpaBfeHne 4acTOTON ANCKPETM3aLMM 1 ANUHOM 3anncu.

BbiGopka B peanbHOM BPEMEHN

Pexnm BbIBOPKM B peanbHOM BPEMEHN MaeaneH a5t CUrHaNO0B,
4aCTOTHBIV AMana30oH KOTOPbIX COCTABSET MEHEE MONOBUHbI
MaKCHMasIbHOrO 3HAa4YEHNS HacTOThl BbIOOPKM ocumiorpada.
B atom cnyyae ocupnnorpad cnocobeH 3axBarbiBarb 40CTa-
TOYHOE KOIMHYECTBO TOYEK HA OOHY PA3BEPTKY CUrHasa Ana ero
TOYHOrO OTOBPaxXeHVd, Kak 3TO MokasaHo Ha puc. 25. Beibopka
B PeanbHOM BPEMEHN — EAMHCTBEHHbIN CNOCOO 3axBara Uud-
POBbIM OCUMINOrPadOM ObICTPbIX, OOHOKPATHBIX, MEPEXOAHBIX
CUrHanoB.
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Puc. 25. MeToa BbIGOPKM B pealbHOM BPEMEHM.
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Puc. 26. [1ns 3axsara a1oro 10 HC MNynbca B peanbHOM BPEMEHN
YyacTtoTa BelOOPKM A0/MKHA ObiTb AOCTATOYHO BLICOKOW A4
TOYHOrO ONPEAENEHNs NONOXEHUA GPOHTOB

Boibopka B peanbHOM BPEMEHM B LMMPOBLIX OCLMNorpadpax
peanusyeTcst Hanbonee CNOXHO, NOCKONbKY N5 TOYHOM OUMd-
POBKM ObICTPLIX NEPEXOAHBIX MPOLIECCOB TREOYETCA BLICOKAs
4acToTa AnckpetTndaumm (CM. puc. 26). Takme curHabl HOCAT
ONHOKPATHbIM XapakTep 1 OHV AOMKHB! ObITb 3axXBa4€Hbl B TOT
CaMblli MOMEHT, KOraa NPOV30LLIK.

Ecnn vacTtoTta BLIOOPKM HEAOCTATOHHO BHICOKA, TO BbICOKOYAC-
TOTHbIE KOMMAOHEHTHI MOTYT ObITh “BbIPOXAEHbI" B HU3KOYAC-
TOTHbIE COCTaBNSIOWME, HTO OYAET BLIPDAXKEHO NCKaXEHNEM
KOHTYpa pasBepTky Ha gucnnee ocumnnorpada (puc. 27).
Kpome Toro, pexunm Bel6OpPKM B PEaIbHOM BPEMEHN AOMOIHM-
TENBbHO YCNOXHAETCHA TDEOOBaHUEM HAMHMSA BBICOKOCKOPOCT-
HOW NaMATV /19 COXPaHEHNA CUMHANOB NOCNE VX OLUMDPOBKA.
Bonee nogpobHaa MHGopMaLma No 3TOMy BONPOCY NpeacTas-
NeHa B nogpasaenax «4actoTa BblOOpKu» 1 «anHa 3anmci»

B pasaene «XapakrepucTuki ocumniorpados», rae MOXHO
noay4UTb AONONHUTENBHYIO MHPOPMAaLMIO O B3ANMOCBASM 3TUX
OBYX XapakTepucTuk ocumanorpada ang nonyyeHus 4ocTo-
BEPHOW MHPOPMaLMn 06 NCCneayemMbix BLICOKOHACTOTHbIX
COCTaBNAIOLMNX.
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Ocumnnorpadsl

OCHOBHbIE NMPUHLMMbLI U3MEPEHNI

Puc. 27. HepoctatoyHas yactoTa BIOOPKM CUHYCOMOANBHOrO CUrHa-
nayactoton 100 MIL, BeipaxkaeTcs B CKaXeHW Pa3BEPTKN.

Bbibopka B peasibHOM BPEMEHW C UHTEPMNONSLMEN

Lindposble ocLmnnorpadbl OCYLLECTBASHOT ANCKPETHBIE
BEIOOPKM CUrHana, KOTopbli BNoCneacTBMmn oTobpaxaeTcs Ha
nvicrinee. OaHako, A0BOIBHO 3aTPYAHUTENBHO CHOPMUPOBATH
PasBEPTKY CUrHana, COCTaBNEHHYIO 13 OAHMX TOYEK, OCOOEHHO
KOrga VX BCEro HECKOJbKO W OHW A0MXHbI XapakTepn3oBaTb
BbICOKOYACTOTHBIE COCTaBNALLME UCCNEAYEMOro UMMyNbca.
Jns obneryeHns Bu3yannsaLmm Takmx CUrHanos LM possie
ocupunnorpadbl UCNoAb3yI0T PEXUMbI HTEPRTMONSLMM.

MpoLLe roBopst, MHTEPNONALMA “coeamHaeT” mexay cobom
TOYKM Takvm 06pPasom, 41O curHan, ChOPMUPOBaHHEI BCErO
N3 HECKONbKVIX BEIOOPOK 3a Neprom, MOXET OblTb OTOOPaXeH C
BLICOKOW TOYHOCTbIO. ICN0oNb3yst BHIOOPKY B peasibHOM BpEME-
HW C MHTEpPnoONAuUVen, ocumnnorpad cobnpaeT 3a 0aMH NPOXOLA,
HECKOMbKO TOYEK BEIBOPKM CUrHaNa B PEXMME PeanbHOro
BPEMEHU, MOCNE YEro NCNOAb3YET MHTEPNONALIMIO ANA 3anon-
HEHWST MPOMEXYTKOB Mexay Todkamu. IHTepnonsaums npea-
cTaBnsgeT cobom TEXHONOMMID 06PabOTKM NONYHEHHBLIX AaHHbBIX
015 OUEHKM TOr0, KakmM 00pa3om BeIMaamT GopMa Uccneay-
€MOro CurHana Ha OCHOBE MHMOPMaLN O BCErO HECKObKYX
3axBaYEHHbIX TOHKaX.
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Puc. 28. JlnHelnHas 1 sin x/x uHTepnonaums

JInHeliHas MHTEPNoNsaUMS COEAMHAET TOUKM BbIGOPKIN MPsSIMbI-
MU IMHUAMK, Takol NoAxo, OrpaHnYeH TEM, HTO HEe CNOCOOEH
BOCMPOW3BOAUTE CUrHaNbI C MAaBHBIMU Nepexoaamu, kak aTo
NPOMNNIOCTPUPOBAHO Ha puc. 28.

Bonee yHvBepcanbHas MHTePnonaLms Sinx/x COeaMHAET TOUKM
BbIOOPKN KPUBBIMU IHNSMK (CM. pUcC. 28). MIHTepnonaums
SINX/X — MateMaTnieckunii MPoLLECC, MPY KOTOPOM 3HAYEHNS
TOYEK PacCHUTLIBAIOTCS A1 MIABHOMO 3am0NHEHWS MN Bpe-
MEHHbIX MHTEPBaNoB Mexay ANCKPETHBEIMI BbIGOPKaMK. Takas
dbopma MHTEPnoNsaLMM cnocobHa oTobpaxarb CKPUBNEHHEIE
1 HecTaHaapTHIE GOPMbl CUMHANOB, YTO 3HAYUTENBHO GKXE
K peanbHOCTH, YeM NPSIMOYIOfbHEIE CUTHANbI UV UMMY/bChI.
CnenoBatensHo, MHTepnoasaUmMs Sinx/x ABASETCS NpeanoyTm-
TeNbHbIM METOAOM NPU U3YYEHUN CUTHAIOB B MPUAOXEHUSX,
rae YacToTa Bel60pKM B 3—5 pa3 MeHbLLE NOAOCH! NPONYCKaHWs
ocumnnorpada.

BbiObopka B 9KkBMBaNeHTHOM MaclLuTabe BpeMeHn

Mpu N3MEPEHWSAX BLICOKOYACTOTHBIX CUIHAN0B, ocumnnorpad
MOXET 0Ka3aTbCH He B COCTOSHMIM cobparb OCTaTO4HOE
KOMMYECTBO 3NEMEHTOB BIOOPKM 32 OAHY pasBepTky. [1ns
TOYHOrO BOCMPON3BEAEHMA CUMHANOB, YbA HYaCTOTa NPEBLI-
LaeT NONOBMHY 3HA4YEHVA HYaCcTOThl BbIBOPKK ocumnnorpada,
NPUMEHAETCS PEXVM BEIOOPKM B SKBMBANEHTHOM MacluTabe
BPEMEHM, Kak 3TO MPOMANIOCTPUPOBAHO Ha puc. 29. MpuHumn
OencTBMA UMGPOBOro NpeobpasoBarend (AMCcKpeTsaTopa)
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Puc. 29. HekoTtopble ocumnnorpadsl MCNoNb3yloT BbIGOPKY B 9KBMBa-
NEeHTHOM MacluTabe BpeMeHn ns 3axsara 1 0ToOpaxeHus
0Y4eHb ObICTPLIX NOBTOPSIOLLMXCH CUrHAN0B

9KBUBaANEHTHOrO MacLuTaba BpeMeHn OCHOBaH Ha nepuoan-
4eCKOM NOBTOPSIEMOCTN BOMbLUNHCTBA UCCNEAYEMbIX COObITUN.
Bribopka B aKBMBaNIEHTHOM BPEMEHM BOCCO3AAET KapTUHKY
MOBTOPSAIOLLErocs CUrHana NoCpPeacTBOM 3axaara HeboNbLLUIO-
ro Konnyectsa MHGOpMaLmn OT KaxXa0ro NOBTOPEHWA. Taknm
06pas3om, pasBepTka curHana GopmMmpyeTcs NOCTENEHHO,

no Mepe HakoMNeHNs HeoOXOANMOro KONMYecTsa BblOOPOK.
Takon pexim No3BONSET ocumnnorpady ¢ BbICOKOM TOYHOCTLIO
3axBarbiBaTb CUrHasIbl C COCTaBNAIOLLMMM, 4aCTOTa KOTOPbIX
3HAUYUTENBHO BbILLIE YacTOThl BeIOOPKM Nprbopa.

CyllecTByeT ABa MeTona BbléopKl/l B 9KBMBaJIeHTHOM MacClLu-
Tabe BPEMEHN: MPOM3BOSIbHASA 1 NocneaoBarensHan. Kaxanasa
N3 HNX MIMEET CBOW AOCTOMHCTBA. [1pon3BOSbHASNA BbIGOpKa B
3KBMBaANEHTHOM MacliTabe BpeMeHn no3sondeT OTO6pa>KaTb
BXOOHOW CUrHaN 00 MOMEHTA 3arnycka 6e3 1MCNoNb30BaHNs -
HWUM 3anepxkn. [locneaosarensHan Bbl60DKa B 9KBMBaJICHTHOM
mMacltabe BpeMeHn NpenoCTaBNAaeT 3Ha4nTelbHO bonbluee
paspeLleHe Nno BpeMEHN 11 TOYHOCTb. B obonx cnydanx Tpe6y—
eT1cs, 4TOObI cUrHan Obi NOBTOPAIOLLMMCA.
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Puc. 30. Npu npon3BonsLHON BEIOOPKE B 9KBMBANEHTHOM MacluTabe
BPEMEHW TaKTOBbIV CUrHaN BeIBOPKY reHEPUPYETCS aCUHX-
POHHO C BXOIHbIM CUMHAIOM 1 3aMyCKOM

lNMpon3BonbHas BbibopKka B 3KBUBAJIEHTHOM MacLuTabe
BPEMEHMN

[nckpeTrsaropsl NPOV3BONLHOM BEIGOPKM B 3KBMBANEHTHOM
Macltabe BpeMEHW UCNONb3YIOT BHYTPEHHNIA TAKTOBbLIN re-
HepaTop, paboTaloWmii aCUHXPOHHO OTHOCUTENBHO BXOAHOMO
curHana v cuctemel 3anycka (cm. puc. 30). Bol6opku ocyLLecT-
BNAIOTCS HEMNPEPBLIBHO, BHE 3aBMCMMOCTY OT CUrHana sanycka
11 0TOBPaxaloTCA Ha OCHOBE PasHuLbI MO BPEMEHW MEXY
BLIOOPKOW 11 3aMyCKOM. HECMOTPS Ha TO, 4TO BLIOOPKM MPOUC-
XOOAT NOCNeno0BaTenbHO BO BDEMEHN, OHU ABASIOTCA NPON3-
BOSIbHBIMY OTHOCUTENBHO 3anycka, 0TCioaa 1 NPONCXOOMT Ha-
3BaHVE «NPOV3BOSbHAA BbIOOPKA B SKBVBANEHTHOM BPEMEHN>.
PasBepTka curHana GOpMUPYETCS Ha 3kpaHe ocuunnorpada
113 TO4EeK BbI6OPKM, MOCTYNAIOWMX B MPON3BOSIbHOM NOPSAAKE.

CnoCOBHOCTb 3axBaThiBaTh M OTOOPaxaTb TOHKM BbIOOPKN

J10 MOMEHTa 3anycKka SBNSeTCs KNoYeBbIM NPENMYLLIECTBOM
3TOW TEXHONOMNK, YCTPAHSAIOULMM HEOOXOAVMOCTb BO BHELLIHMX
CUrHanax ynpexaaiowero 3anycka uin MH1sx 3aaepxki. B
3aBVICMMOCTM OT HaCTOThl BLIOOPKM 1 CKOPOCTY Pa3BEPTKM,
NpPOM3BONEHAs BbIOOpKa MOXET Takke NO3BONUTL 3aXBaThiBaTb
fonee oaHoW BbIBOPKN Ha cobbiTne 3anycka. OaHako, npu
6ornee BbICOKMX CKOPOCTSX Pa3BEPTKM OKHO 3axBaTa CyXaeTcs
J10 TOr0 MOMEHTA, KOra AMCKPETN3aTop YXe HE MOXET AenaTb
BBIGOPKY Ha KaxXapl 3anycK. VIMEHHO Ha 3TIX BLICOKMX CKO-
POCTSAX Pa3BEPTKM, KOrAa HEOOXOAMMO BbINONHATL TOYHBIE MO
BPEMEHW N3MEPEHWS C YPESBBIYAMHO BEICOKMM Pa3peLlEHMEM,
JICKPETU3aTOPbl NOCNe0BaTeNbHOM BEIOOPKM B 9KBMBANEH-
THOM MacliTabe BPEMEHM NPOSBASIOT CBOW NPEVMYLLIECTBA.
OrpaHunyeHre No Noaoce NPONyckaHusa Ans NPOU3BONBHON Bbl-
OOpKM B 3KBUBANEHTHOM MacllTabe BPEMEHN UMEET MEHbLLEE
3HayeHve, YeM ANs NocnenoBarenbHOM BbIGOPKA.

2TEST

Ocumnnorpadsl

OCHOBHbIE NMPUHLMMbLI U3MEPEHNI

>, Passeptka curnana npu
\ nocnenoBaresibHow Bbl-

\  OOpKe B 3KBMBANEHTHOM
mMaclutabe BpeMeHu

Puc. 31. lNpu nocnenosatenbHON BLIOOPKE B 9KBMBANEHTHOM MacLL-
Tabe BpeMeHn Kaxxaas Bblbopka OCyLLECTBAAETCA N0 CUrHaNY
3anycka nocne COOTBETCTBYIOLLIEN 3aAePXKN, ANUTENbHOCTb
KOTOPOW BO3pacTaeT NOCAE Kaxaoro uykna

lNMocnenoBatenbHas BbibopKa B 3KBUBAJIEHTHOM
macLutabe BpeMeHu

JVCKpeTV3aTopbl NOCNeA0BaTENbHON BLIOOPKM B SKBUBAIEH-
THOM MaclTabe BpemMeHu 3axBaTbiBatoT OfiHY BbIGOPKY Ha
cobbiTre 3anycka, BHe 3aBUCUMOCTI OT CKOPOCTMN Pa3BEPTKY,
Kak T0 NPOVAMNICTPMPOBAHO Ha puc. 31. Mo curHany 3amnycka
OTCUMTBIBAETCS KOPOTKAas 3aAepxKa TOUHO 3a0aHHOM ANnTeNb-
HOCTW, MOCe Yero ocyllecTenaeTcs selbopka. o cneayiolle-
My CUrHaUy 3anycka K nepBoHaqanbHoM 3aaepxke no6asns-
eTca HebonblIoe npvpaLleHue ( t) 1 oMckpeTusatop aenaet
NOCAeAyoLLYI0 BEIGOPKY. OTOT NPOLECC NOBTOPSETCA MHOMO-
KpaTHO C t, 406aBAEMON K KaXa0My NOCAeayioLIEMY 3axBarty,
noka BpeMeHHOE OKHO He 3an0fHUTCA. ToUKM BLIOOPKM NOsBNS-
I0TCS CNeBa Hanpago, NOCNea0BaTeNbHO GOPMUPYS Pa3BEPTKY
curHana, oto6paxaemoro Ha akpaHe ocumnnorpada.

Paccmarpusas npouecec C TEXHONOMMYECKOW TOYKIN 3PEHMA,
cnenyeT OTMETUTb, HYTO ropasao NPOLLE FrEHEPUPOBATb OHEHb
KOPOTKME M Q4EHb TOYHBIE t, YEM OCYLLECTBASATL TOYHbIE 13-
MEepeHVa BEPTUKaIbHBIX 1 FOPUBOHTaNbHBIX KOOPAMHAT TOHKM
BLIOOPKM OTHOCUTENBHO MOMEHTA 3anycka, 4ero TpebyioT
OMCKPETU3aTOPbI MPOU3BONILHOWN BEIOOPKN. MIMEHHO TOYHO
BbIBEPEHHAs BpeMeHHas 3aaepxka NpeaocTaBnaeT anckpe-
TM3aTopamM NocneaoBaTenbHOW BeIOOPKM HEMPEB30OMAEHHOE
paspelleHne no BpeMeHn. NMockonbKy nocnenoBarensHas
BbIOOPKA HaYMHAETCs TONbKO MOCAEe CUrHana 3amnycka, TO Cur-
Han B MOMEHT 3anycka He MOXET OblTb OTOOPaxXeH Ha aucnnee
6€e3 HanM4m1s aHanoroBOW NVHNK 3aAEPXKM, KOTOpast, B CBOIO
O4epeb CyXaeT Nonocy NponyckaHua ocumnnorpada. Ecnm
K€ 1NCMNONb3YETCA BHELIHUI YNPEXAAIOLLIMI 3aMyCK, TO Nonoca
nponyckaHvsa He NOCTPaaaeT.
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YuebHoe nocobue

MonoxeHne N3obpaxeHns 1 cekyHapl Ha AeneHne

OpraHbl ynpasfeHust rop13oHTanbHbIM MOAOXEHEM 1300pa-
XEHVs NO3BONAIOT NEPEMELLIATb PA3BEPTKY MO 3KpaHy crnesa
HanpaBo TOYHO B HEOOXOAVMOE MOIOXEHNE.

HacTtporika «CekyHabl Ha AenenHne» (00bIHHO nmetoLas ab-
OpeBuarypy ¢/Aes) no3BonaeT BbiGmpark 4acToTy, C KOTOPOW
CUrHa NPOPVCOBBIBAETCA HA AMCIIEE (3Ta XxapakTepncTmka
Takxe 13BECTHA Kak CKOPOCTb Pa3BEPTKM). 3Ta yCTaHOBKA
oTpaxaeT KoahdUUMeHT MaclTabrpoBaHms NO rOPU3OHTaIM.
Ecnn yctaHoBNEHO 3HaveHre 1 MC, TO Kaka0e AeneHne no
ropusoHTanV NpeacTaenset 1 Mc, a obuan AnTenbHOCTb ANs
aKkpana wrpwuHor 10 genexHnin — 10 MC. MI3MeHeHns HacTpom-
KV «C/0en» No3BoNsioT paccMarpyearb 6onee A IMHHbIE UK
KOPOTKME BPEMEHHbIE NHTEPBaIbl BXOOHOMO CUrHana.

Kak 1 BepTrkansHas wkana «B/nen», ropn3oHTanbHag wkana
«C/0en» MOXET METb MIaBHYIO HACTPOWIKY, YTO NMO3BONSET
BbLICTaBAATE MPOMEXYTOUHBIE 3HAYEHVA BDEMEHW MEXTY AMCK-
PETHBIMU.

Bbi6op macluTaba BpeMeHu

Jiobor ocumnnorpad otobpaxaeT CUrHan B ONpeaeeHHOM
mMacuTabe no 0OCK BpeMEHM, KOTOPLIV 0OBIYHO HA3bIBAIOT OC-
HOBHOW CKOPOCTbIO Pa3BEPTKM. BONbLIMHCTBO OcLMnnorpadoB
Takxe 06napaloT GyHKLMEN, KOTOpas Ha3blBaeTCs pa3BEPTKA C
3a0epXKon. B aTOM cnyyae reHepartop pasBepTKM 3anyCcKaeTcs
(cpabatbiBaeT MO CUrHay 3anycka) ¢ OnpeaeneHHon 3anepx-
KOW MO BDEMEHW OTHOCUTENBHO OCHOBHOWM Pa3BEPTKM. MC-
NONb30BaHWE PA3BEPTKM C 3a0ePXKOM NO3BONAET B0Nee YETKO
PACCMOTPETb HEKOTOPbIE YHaCTKM OCUMANOrPaMMBI, a Takke
YBUAETb T€ COCTaBNAOLIME CUTHANE, KOTOPbLIE OCTaBAINCH He-
BMAOMMBIMI MPY MCNONb30BaHWM TONbKO OCHOBHOWM Pa3BEPTKM.

PasBeépTka C 3a0epXKon TpebyeT yCTaHOBKM BPEMEHW 3a-
OEPXKN 1, BOBMOXHO, BbIOOpa PEXVMOB 3anycka C 330epX-
KOW, a Takxe psiaa Apyrnx HaCTPOeK, HE OMUCHIBAEMbIX B 3TOM
nocobuu. MNoapobHasa nHdopmMauma no aTOMy BONPOCY Bceraa
COAEPXNTCH B PYKOBOACTBAX MO aKCrlyaraumm K ocumiiorpa-

dam.

M3meHeHne macliTaba 1 naHopaMmnpoBaHune
n3obpaxeHuns

aKennyatpyembii Bamy ocumnnorpad Moxet obnagars cne-
umanbHbIMK QYHKUMSIMY MO yBENUYEHNIO MacliTaba n3obpa-
XEHWS, YTO NO3BONAET YBENNUMBATE KAPTUHKM OTAENBHO B3ATHIX
y4aCTKOB MCCNeayemMoro curHana. Hekotopele ocumnnorpadsl
Takxke MEeoT QYHKLMIO MaHOpaMmnpoBaHisa — NepemeLLenma
YBEMYEHHOI0 y4acTKa n300paxeHnsd BAOMb OCLINOrPaMMbl.
Takas onepauya y undpoBbIX 3aNOMUHAIOLLAX OCUMIOrpad OB
BBIMOJIHAETCS C MCMNONb30BAHEM COXPAHEHHbBIX OLUMPPOBAaH-
HbIX JAHHbIX.

2TEST

Mownck

HekoTopble ocumnnorpadsl 061aaanT GyHKUMEN NovcKa U
MapKPOBKI OMpeneneHHbIx COObITUIN, NPeoCTaBnsd BO3MOX-
HOCTb ObICTPOW HaBMUraLMm Mo 3axBa4eHHON OCUMIOrpaMmMe.

Pexunm XY

BonbLNMHCTBO oCUMINOrPadOB NMEIOT pexmM XY (Purypsl
JInccaxy), KOTOPbI MO3BONAET OTOBpaxaTk ropa3ao 6osbLLe
MHOOPMALLN O BXOOHOM CUMHaE, YEM MPOCTO Pa3BepTKa No
FOPVIBOHTAIIBHOM OCW. Takom PEXVIM NPeaOCTaBNAET HOBYIO
TEXHONOMMIO M3MEPEHWst CaBMra dasbl, KOTOpas ONUChIBAETCS B
pasnene «1exHoNormy 3MepeHniA NpK NOMOLLM OcuMInorpada.

OcbZ

Ocupnnorpadsl ¢ undposbIM NtoMrHOpGopoM (DPO) TpebytoT
OONbLUOrO KONMYeCTBa BHIOOPOK 419 OTOOPaxXeHVs pasBepT-
KW Ha aKpaHe, a Takxe 061agaloT CnOCOOHOCTbLIO MHAMKALMM
4aCTOThI MOBTOPSIOLMXCS COOBITUN. HacToTa NOBTOPEHNS
OTOOPAaxXaeTCa C NOMOLLBIO MPafaLn ApKOCTN Pa3BEPTKM (OChb
7). Takum o06paszom DPO uMmntrpyeT prsndeckoe aBneHme
NMOCNECBEYEHMA NIOMMHOGMOPA aHaNIoroBoro ocuuiorpada.
Mpu n3ydeHnn pa3BepTkn curHana Ha skpaHe DPO mox-

HO yBUOETbL Oonee apkme 06nacTu, T.e. y4acTKu, rae curHan
NPUCYTCTBYET Hambonee 4acTo. SkpaH DPO 3Ha4uTensHO
obneryaet naeHTUuUKaumio COOCTBEHHO CUrHana 1 Nepexoa-
HbIX MPOLECCOB, KOTOPLIE CIy4aloTCsA U3peaka, — KapTyHKa
OCHOBHOIO CUrHana BhIMSANT 3HAYUTENBHO Apye. Elle oaHuMm
BApMaHTOM MCMOMb30BaHNSA OCK Z SBNSIETCS Noaada cneuyans-
HbIX IMIMYNIbCOB C 33aHHLIM NEPVOAOM Ha OTAENbHbIV BXOA, Z
0719 OTOOPaXeHNst HA 9KPaAHE MapPKEPHbBIX TOHYEK, CBA3AHHBIX C
pPAa3BEPTKON CUrHana.

Pexnm XYZ 8 DPO n otobpaxeHue 3anmcn XYZ

HekoTtopele DPO 06nanaioT BO3SMOXHOCTbIO OTOOPaXeH st
ouryp Jlnccaxy (pexum XY) ¢ rpanaumammn spkocTu, A9 H4ero
ncnonbayercs Bxoa Z. B atom pexnme DPO ocyulectenaet
BLIOOPKY MIHOBEHHbIX 3HAYEHNI MO BXOOY Z 1 UCNONb3YET 3TN
3HaYeHNs 415 BblAENEHNS ONPEAeNEHHbIX y4aCTKOB GUrypbl.
Kak TonbKo Habpanoch AOCTATOHHOE KOMMYECTBO BEIOOPOK CO
CBOWCTBaMM, ONPENENALMMY rpafaumy ApKOCTU GUryphbl
Jlnccaxy, popmmnpyeTcst COOTBETCTBYIOLLEE N300paxeHmne XYZ.
Pexim XYZ 0co6eHHO yaobeH ans 0ToOpaxeHa CUrHanos

C LMPPOBOV MOAYNALMEN, OOBIYHO NCCNEAYEMbIX MPU TECTU-
pOBaHWM CPeACTB OECNPOBOAHOM CBA3N. [TpUMEPOM Takoro
pexrMa MOXET NOCYXUTb KOHCTENAUMOHHAA anarpamma. Eule
OAHMM CNOCOOOM NPEACTABNEHNSA AaHHbIX XYZ ABNAETCS pe-
XM OTOOPaxeHus sanucun XYZ. B 3aTom pexmme BMecTo 6asbl
NaHHbIX LIMOPOBOro IOMUHOMOPA NCTOYHMKOM MHMOPMAaLN
CIYXUT HEMNOCPEACTBEHHO NaMATb BHIOOPOK, OTKyAa AaHHbIE
CUHUTBIBAIOTCA B BULE «3aMNCEN».
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Puc. 32. HecnHxpoHn3npoBaHHaa paseepTka curHana

CucTtema 3anycka 1 opraHbl ynpasneHus

DyHKUMS 3anycka ocumanorpada CUHXPOHUBMPYET Havano
rOPU30OHTANbHOM Pa3BEPTKM C COOTBETCTBYIOLLEN TOHKOW
curHana, 4to ABASETCA YPE3BbIHANHO BaXKHBIM 419 TOYHOMO
onpeaeneHma xapakTeprucTnk aToro curHana. OpraHsl ynpas-
NEHNS 3anyCKOM NO3BONSIOT CTAOMAN3NPOBATb M30OPaxXeHe
neproanHeckyx CUrHanoB 1 3axBarbiBarb OAHOKPATHbLIE 1
Henepuoam4eckmne MMnynbChbl.

3anyck npespaliaeTt NepUoANYECKMIA CUrHaN B CTATNHECKOE
n306paxeHne Ha akpaHe ocumnnorpada NocpeacTBOM He-
NPEPLIBHOrO 0TOBPaxXeHVst OAHOIO U TOr0 Xe y4acTKa BXOA-
Horo curHana. MpeacTasste cebe, kakas nyTaHnua Morna obl
BO3HWKHYTb Ha 3kpaHe npubopa, ecnv Obl Kaxaas pasBepTka
HauVHanacb C PasV4HbIX y4aCcTKOB MCCNeoyeMOoro NMnybCa,
Kak 370 MPOWIIIIDCTPMPOBAHO Ha puc. 32.

3anyck No GPoHTY curHana, NPUCYTCTBYIOLLMIA B aHAIOrOBbIX

1 UMDPOBLIX Ocumnnorpadax, SBnseTcs Hanbosnee 4acTo
MNCMNONb3yeMbIM BUOOM 3anycka. [ToMMMO 3anycka no ypoBHIO,
NPYUMEHAEMOMY B aHaNOroBbIX 1 LMGPOBLIX ocumnnorpadax,
OONbLINHCTBO LMMPOBLIX MOAENEN UMEIOT Maccy crneuvani-
3MPOBAHHbIX PEXMMOB 3arycka, OTCYTCTBYIOLLMX B aHANOMOBbIX
Momoensx. B aTux pexvmMax 3anyck OCyLLEeCTBASETCA Mo onpe-
OENEHHbIM YCOBUSIM NIV CBOMCTBAM BXOAHOMO CUrHana, 4to
3HauYUTENbHO OBNEryaeT nx BoisiBNeHVe, HanprumMep, obHapy-
XEHWNE NMMNYNBCOB, UMEIOLLMX ANUTENBHOCTb MEHbLLE YCTaHOB-
NEeHHON. MaeHTudKnKaums Takmx coObITuii cTana Obl HEBO3MOX-
HOW TOMBKO MM MOCPEACTBOM 3arnycka no ypoBHIO.

PaclwmpeHHoe ynpasneHne 3anyckoM no3BOoSsSET oKam-
30BaTh NPeAcTaBasioLIVEe MHTEPEC COOBITUA, HTO AAET BO3-
MOXHOCTb ONTUMM3aLIN HaCTOThl BEIOOPKN 1 ANTNHBI 3aMMCH
ocumnnorpada. PaclumpeHHbie BO3MOXHOCTI 3anycka
o6ycnasnvBatoT WWPOKUI CREKTP HACTPOEK AN YrpaBaeHns
3anyckom. MNonb3oBarenib MOXET HACTPOUTb MPUOOP Ha 3amyck
no VMMNyNbCam C TOYHO OMNPEAENEHHOM aMMIUTYAON (Hanpwm-
MEP, MO UMMYNbCaM MOHVXEHHOMO YPOBHS), MO Pa3NYHBIM
BPEMEHHBIM XapakTepucTKam (No AAUTENbHOCTU UMMYSbCa,
Mo MINTHY, MO CKOPOCTU HapacTaHns, yCTaHOBKE W YAePXaHuIO,
No BPEMEHN OXNOAHNS), N0 3aAaHHOMY JIOMMYECKOMY COCTORA-
HUIIO N TIOTUHECKOM KOMOMHALMN.

Ocumnnorpadsl

OCHOBHbIE NMPUHLMMbLI U3MEPEHNI

Cpeay NpoUMX PacLMPEHHbBIX PEXMMOB 3amycka BCTpedatoTcs
cnenylouwye:

B 3anyck no pUKCUpoBaHHOW KOMOMHALMN. 3anyck No
OUKCMPOBAHHOW NocneaoBarensHoOM KoMouHaumm 0o06aB-
NAEeT HOBble BOSMOXHOCTU B paboTe ¢ curHanamu NRZ,
n03BONAA ocumnnorpady OCyLEeCTBAATL CUHXPOHUBMPO-
BaHHblE 3axBarbl ASIMHHOM NOCNEA0BATENBHON TECTOBOW
KOMOUHaLMM C HENPEB30OMAEHHOW TOYHOCTHIO MO BPEMEHU.
JaHHbli BMA 3anycKka MOXHO MCNONb30BaTh A5 yaaneH s
CAyHarHOro mxuTTepa 13 AanHHbIX KOMOUHaLUWM nocne-
[0BareNbHbIX gaHHbIX. MOXHO nccnenoBatb apgeKTh
nepeaayv oTaenbHbIX 6UTOB, a C TECTMPOBAHWEM MO Macke
MOXHO MCMONBb30BAaThb YyCPEOHEHUE.

H 3anyck no koMO6MHauuMu nocnenoBaTesibHbIX AaHHbIX.
3anyck No kKoMBMHaUMV NOCNea0BaTeNbHbIX AaHHBIX MOXET
MCNOMb30BaTbCA N5 OTNAAKM CXEM C MOCNea0BaTeNbHbIMM
NHTEPGENCaMn. B 3TOM pexmnme OCyLIECTBNAETCH 3amyCK
noO KOMOMHAaLUMK AaHHBIX B NOCneaoBarenbHbix notokax NRZ
CO BCTPOEHHOWM TaKTOBOW HYaCcTOTOW 11 CONOCTaBAAOTCA
COOBITUS, MPONCXOAALLME HA PUSUHECKOM 1 KaHANBHOM
ypoBHAX. Mprbop BOCCTaHaBNVBAET CUMrHaN TaKTOBOM Yac-
TOTbl, ONpeendeT nepexoibl 1 MO3BONAET 3a4aTb HYXHbIE
KOAOBbIE CNOBa A/ 3anycka no KoMOMHaLMM NocnenoBa-
TeNbHbIX AaHHbIX.

B 3anyck A u B. HekoTopble cuctemsl 3anycka npegnara-
0T pa3Hble PEXMbI 3anycKa TOMbKO A5 OAHOrO COObITUS
(cobbITVsA A), NPU ATOM PEXMMbI 3anycka C 3aAePXKOMN
(cobbiTve B) orpaHn4rBaeTcs TOAbKO 3anyCkoM No GPOHTY
1 4aCTO HE NO3BONAET M3MEHWUTL MOCNEN0BATENbHOCTb
3anycka, ecnun cobbitne B He nponsowno. CoBpeEMEHHbIE
ocumnnorpadbl npegnaraoT NOAHbIN HAOOP PacLUMPEH-
HbIX PEXMMOB 3anycka no cobbiTuam A 1 B, normnyeckyio
06paboTky 4ng onpeaeneHnsa npegnonaraeMoro MoOMeHTa
NOSBNEHNS 3TVIX COOBITUI 11 MO3BONSIOT COPOCUTE CUCTEMY
3arycka v HayaTb NPOLLECC 3aHOBO MOCSE yKa3aHHOro Bpe-
MEHM, COCTOAHNS UM Nepexoaa, YTo NO3BONAET 3axBaThl-
BaTb COOLITVSA A@Xe B CaMbIX CNOXHbBIX CUrHanax.

H 3anyck ¢ TONCKOM U MapKMPOBKOIA. AnnaparHbie cpeac-
TBa 3anycka B Kaxabli MOMEHT BDEMEHU WLLIYT HEKOTOPIN
onpeaeneHHbIn TUN cobbITUA, Toraa Kak MyHKLUMS noncka
MOXET CKaHMPOBaTb HECKObKO TUMOB COOLITMI OAHOBPE-
MEHHO. Hanpnmep, MOXHO BbINMONHUTE MOUCK HAPYLLIEHWA
BPEMEHW YCTAHOBKM U YAEPXAHWUS B HECKOSbKMX KaHanax.
DyHKLMA NOMCKa MOXET PacCTaBNATb METKN, yKasblBatoLLye
Ha COObITUSA, KOTOPbLIE OTBEYAIOT KPUTEPUAM MONCKA.

B Koppekums 3anycka. [10CKObKy CUCTEMBI 3anycka U pe-
rMCTPaUMY AaHHBIX NCMONBL3YIOT Pa3Hble CUrHaNbHLIE TPak-
Thl, HEN30EXHO BO3HVKAET 3aAeKKa MEXAY MOMEHTOM
3anycka 1 COCTOAHMEM PETUCTPUPYEMBIX AaHHbBIX. CrcTema
KOppeKumm 3anycka noactpansaeT MOMEHT 3arnycka U KOM-
NEHCHPYET 3a0EePXKY MEXY TOAKTOM 3anycka 1 TDakToM
perncTpaunm AaHHeIX. AT yCTPaHAET NPaKTUYECKM MO0
DKUTTEP 3anycka B MOMEHT 3arnycka. B aToM pexvme
MOMEHT 3amnycka MOXET MUCMNONb30BaTbCH B KAHYECTBE TOYKM
oTCYETa ANK BLINOSHEHNSA U3MEPEHNN.
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YuebHoe nocobue

3anyck No CKOPOCTU HaPaCTaHWIS HAMPSKEHVIS. 3anyck No NoBPEXAEHHOMY MMMYALCY. STOT PEXIM NO3-
VIMHyﬂbCHb\e CurHanbl C O4eHb KPYTbIMIK C]JDOHT&MVI BOJIAET 3axBaTtblBaTb M NCCNEN0BATb MMMY/bChl, KOTOPLIE
VIMEIOT B CBOEM CMEKTPE BLICOKMIA YDOBEHb BbICLLIVIX nepecekaioT OavH NOPOroBbIN YPOBEHD 1, HE Nepecekas
rapMOHVIK, KOTOPbIE MOTYT OKadarb HeratmBHoe BTOPO¥ MOPOrOBbIA YDOBEHD, BHOBL NEPECEKAIOT NEPBLIN.
B/IVIsiHWE Ha paboTy Cxembl. STOT PEXMM 3anycka
oTM4aeTes OT 06bIYHOrO 3arycka no GPOHTY Hann-
4viem AOMNONHUTENBHOMO MapaMeTpa — BDEMEHU. ITO
NO3BONAET BLINOMHATL 3aMYyCK MO GPOHTY C KPYTUSHOMN
60bLUE UM MEHbLUE 3aAaHHON.

3arnyck Mo muTHy. TOT PEX1M NO3BONAET OCYLIECT- 3anyck Mo NIOrMHECKOMY BbIPXEHIO. B 8TOM pexuMe
BNIAT 3aMYCK N0 UMNYALCAM, AUTENEHOCTb KOTOPLIX )~ SANYCKTIPOVCXOMNT 110 IOTMHECKOMY BblpaXeriio KOMOVI-
MeHbLUE v 6oMbLUE 3afaHHON. TaKoW 3anyck AaéT HaLM ONPEAENEHHbIX BXOMIHLIX KaHANOB, YTO 0COBEHHO
77777777777777777777 BO3MOXHOCTb MCCNEA0BATL MPUHMHLI NOSABAEHNS yA06HO NP1 NPOBEPKE (hYHKLIMOHMPOBAHNS LIMPPOBON
[ naxe KpaiHe peakux MnT4ei 1 1x BoaneicTare Ha NOTUKM.
Lo Apyrvie curHansi. Do
L Do~
3anyck no AMTeNbHOCTY MMMYbCa. STOT PEXIM 3anyck no ycTaHoBKe 1 yaepxaHuio. ToNbKOo aT0T PEXUM

NO3BOJIAET OCYLLECTBIATL MOCTOSIHHBIA MOHWUTO- NO3BOJIFET LiefieHanpaBieHHO BblABIATb Manenwme
PUHF cUrHanos 1 GopmMypoBaTe CUrHan 3anycka no HapyLeHns BDEMEHW YCTaHOBKMN 1 BPEMEHW yaepXaHuns,
NepBOMY Xe UMNYJbCY, AUTENBHOCTL KOTOPOrO HE KOTOPbIE 04EeHb TPYAHO 0BHAPYXWTb MPU MCMONL30BaHUN
COOTBETCTBYET 3afaHHbIM NPeaenam. : ' NioBbIX APYTVIX PEXVMOB 3amycka. 3amyck no yCTaHOBKe
””” “ T 1 yIepxaHwio CyLLLeCTBEHHO obneryaer onpeneneHmne
" ' XapakTepucTyK CurHana, kacalolxcsa BpEMEHHbBIX COOT-
— HOLUEHW 1 CUHXPOHU3aLMN MEXAY CUrHANOM TakTOBOW
4acCTOTbl M NOABNEHNEM OaHHbIX.

3arnyck no TanmayTy. STOT pexvmM No3BonseT ' , 3anyck N0 KOMMYHVIKALWIOHHBIM CUTHaIaM. STOT PEXIM
BbINOHATE 3aMyCk, HE OXnaaa OKOHYaHUs Mnynbca b ! ABNAETCA ONUMOHaIbHBIM U NMPUCYTCTBYET NNLLb B
3anycka, Ha OCHOBaHMM 3a0aBaEMO 3a0ePXKN. CneunannanpoBaHHbix ocumanorpadax. Takon pexvim
' ' NpUMEHAETCA Npn HeOﬁXOD,VIMOCTl/I 3axeara pPasinyHbIX
TENeKOMMYHUKaLVOHHbBIX CUrHaI0B, Takux kak AMI (ko-
A A [VIPOBaHue C YepegoBaHviem NofspHOCTA SN1IEMEHTOB),

CMI (koompoBaHue ¢ nHBEpCHe kogosbix Nocknok), NRZ
' (koouposaHvie 6e3 Bo3Bpara K Hynio).

Puc. 33. Buabl 3anycka

H 3anyck no curHanam cTaHAapTHbLIX NOCnefoBaTeslb- Kpome Toro, HekoTopsle ocumniorpadel UMeoT OnumMoHab-
HbIX WuH I2C, CAN, LIN u T.n. HekoTopbie ocumnnorpads Hble QYHKUMM ynpaBneH s 3anyckoM, NpeHasHaqyeHHble cne-
MOIYT 3anyckarbCsi MO ONpeAeneHHbIM TUnam CUrHanoB umManbHO s MCcnenoBaHys KOMMYHKALUMOHHBIX CUTHanoB. Ha
cTaHaapTHBIX NocnenoBatenbHbiX WWH, Taknx kak CAN, LIN, puc. 33 Bonee NnoapobHO NokasaHsl Havbonee pacnpocTpa-
[2C, SPI v T.n. Kpome Toro, MHOr“e COBPEMEHHbIE OCLWII- HEHHbBIE PeXVMbI 3anycka. VIMeLWmitcs B HEKOTOPbBIX OCLIAS-
norpadbl MOryT AEKOOMPOBATL TaKMe CUrHabl. norpadax MHTYUTUBHbIN MHTEPdEC NONb30BATENA NO3BONAET

ObICTPO U TMOKO yCTaHaBAVBaTb MapaMeTpbl 3amnycka, Makcu-

H 3anyck no curHanam napaaienbHow WuHbl. 115
MaslbHO MOBbILLASA Bally MPOV3BOANTENBHOCTb.

obneryeHus MpoCMOTPa AeKoanpoBaHHbLIX NapaniefibHbIX
JaHHBIX MOXHO OnpenendTs M OOHOBPEMEHHO OTOGDa)KaTb
HEeCKObKO NMapasienbHbIX CUrHaN0B. YkasbelBasg, Kakume Kka-
Haulbl ABNSKOTCH IMHNAMK TaKTOBOW HaCTOT, a Kakue NIMHUAM
NaHHbIX, Bbl MOXETE CO3AaTb B HEKOTOPbLIX OCUMIIorpadax
npencrtasneHre napanienbHom WHbL, KOTOPOe 6y£|,eT
aBTOMATNYECKM AEeKOAMPOBATL COAEPXMMOE STOW LLNHBI.
Sal'lyCK no napaienbHOM WNHE MOXET c6epeL|b MHOrve
4acbl YTOMUTENBHOWN paGOTbI M ynpowaeT 3axsar 1 aHann3
curHana.
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lMonoxeHwne 3anycka

YnpaBneHve ropu3oHTasbHBIM NMOSIOXEHEM TOUKYM 3arycka
MPUCYTCTBYET TOJNBKO B UMMPOBLIX Ocumiorpadax. Ynpasne-
HME 3TM NapamMeTpPOM MOXET OTHOCUTBCA K OpraHam yrnpas-
JIEHUA CUCTEMOW FTOPUSOHTANTBHOTO OTKIIOHEHNST OCUMINOorpa-
da. PakTn4ecky, ata GYHKUMS YKasbiBAET NONOXEHNE TOHKN
3anycka no ropusoHTany NPy perncTpaumy curHana.

13MEHsAA 3TO NONOXEHVE, OnepaTop Nony4aeT BO3MOXHOCTb
YBUOETHL GOPMY CUrHana nepes MOMEHTOM 3anycka. 31a QyH-
KLWS MBBECTHA Kak «ynpexaalowmii 3anyck». Takium o6pasom,
MOXHO ONpPenenTb AJIHY OKHa 0630pa NCCneayemMoro CurHa-
Jla Kak Mocsie TOYKM 3anycka, Tak 1 0o Hee.

CnocobHOCTb LWMPOBbLIX OCcUMNNorpadoB oTobpaxarb
pasBepTKy CMrHana o 3anycka o6ycnoBaeHa Tem, HTo OHU
NOCTOSIHHO 06pabaThiBalOT BXOAHOW CUIrHanN, BHE 3aBUCUMOCTA
OT TOro, NpoK13oLWa 1M KoMaHaa 3anycka unu Het. Henpepbis-
HbIl1 MOTOK A@HHbBIX MOCTOAHHO NOCTyNaeT Ha Nprbop, a 3anyck
NpPOCTO yKa3blBaeT ocumnnorpady Ha HeoOXoAMMOCTb CoxXpa-
HEHWSA HaCTN 3TVX AaHHBIX B NaMATU.

B NpOTVBOMNONOXHOCTL STOMY, aHAI0rOBbIE OCLMIOrpadbl
NNWb 0TOBPaxaloT CUrHas, T.e NoKasblBaloT ero PasBepTky

Ha akpaHe 3J1T nocne COOTBETCTBYIOLLEN KOMaHAbI 3anycka.
Takvm 06pa3om, aHanoroBoMy ocumnnorpady Herae B3sTb UH-
dopmMaumio 0 curHane Ao MOMeHTa 3anycka, 3a UCKIIIHEeHEM
Wb HeBONBLIOIO KOAMYeCTBa MHbOPMaLIMN, COXPaHAEMO 3a
CHET NINHWN 330EPXKN B CUCTEME BEPTUKANIBHOIO OTKIIOHEHMS.

DYHKUMS YNPEXOAOLEro 3anycka — Ype3BbiHaHO LIEHHbIN
WNHCTPYMEHT /15 MOMCKA Pa3/IM4HOro POAa HEVCNPABHOCTEN.
Hanpumep, ecnm HencnpaBHOCTb MMEET CyHalHbI XxapakTep,
TO MOXHO HaCTPOWTb 3amnycK No xapakTePHOMY A9 Hee COOblI-
VIO, 4TOBbI MICCNENOBATb CUrHaN B NMPEALLIECTBYIOWMIA MOMEHT
BPEMEHN. [Tp1 3TOM BEPOSTHOCTL JIOKAIM3aLUM HEUCNPaBHOC-
T PE3KO MOBLILLAETCA.

3anyck no ypoBHIO, HAPaCTaHWIO UK cragy

OpraHbl ynpasneHns aTMu napameTpamm onpeaendioT OC-
HOBHOE MOJNIOXEHME TOUKI 3arycka 1 NPpeAcTaBNeHne pasBepT-
KM cuUrHana Ha skpade nprnoopa, Kak 3T0 NPOVIIOCTPVMPOBAHO
Ha puc. 34.

B cxeme 3anycka MMeeTca cneumanbHbii KoMnaparop (cpas-
HMBAIOLLIEE YCTPOWCTBO). Ha ONOPHOM BXOAE 3a0aeTcs 3Hade-
HME HanpPseKeHWs 1 BUA HAKNoHa (HapacTaHue nnn cnag), npu
KOTOPbIX OO/MKEH MPONCXOOMTL 3anycK. Koraa BXOAHOW CUrHan
Ha OpyroM BXOLE KoOMMaparopa COOTBETCTBYET 3aaHHbIM
YCNIOBUAM, KOMMNAPAaTop BLIAAET pasdpeLleHe Ha 3anyck.

YnpasneHve no B1ay HakloHa ONPEAENAEeT, Ha KakoM y4acT-
Ke nccneayemMoro curHana 6yaeT NponcxoamTb 3anyck — Ha
HapacTalolweM nan cnagaioweM. HapacTaowmin y4acTtok
Ha3bIBAETCS MNONOXNTENbHBIM NMepenaaoM, a cnajaoLmii — OT-
prLaTENbHBIM. YNpaBaeHne no ypoBHIO ONPeenseT, B KakOM
NMEHHO MeCTe nepenana cpabarbiBaeT 3anyck.
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OCHOBHbIE NMPUHLMMbBI U3MEPEHNI

3axsar no oTprUarenbHoMy
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Puc. 34. 3anyck no HapacTaHuio 1 cnazy

MICTOYHUKKM curHana 3anycka

3ar|y0|< Pa3BEPTKN MOXET OCYLWECTBNATLCA HE TO/ILKO OT 0T00-
pPaxaemoro B JaHHbI MOMEHT curHana. VICTO4HMKOM CurHana
3artycka MoxeT OblTb:

W 11060V BXOOHOM KaHan;

B BHELIHWUI NCTOYHKK, CUMHA KOTOPOro He NoAaeTcs Ha
BXOOHOW KaHan ocuunnorpada;

B VICTOYHVIK NUTaHWA;

B BHYTPEHHSS Cxema ocumnnorpada, GopMmpyioLLas 3amnyck
No onpeaeneHHoOMy 3aKOHY Ha OCHOBAHWMN CUrHaNoB OT
OAHOrO UNK 6onee BXOAHbBIX KaHaO0B.

B 60onblIMHCTBE Cydaes B kKa4ecTse MCTOUHMKA CUrHaa 3a-
rycka BbICTynaeT 0MH 13 0ToOpakaeMbix Ha aKpaHe KaHalos.
HekoTopble Moaenn ocumnnorpados MMEIOT CreumanbHbIl
BbIXO[, CYrHasIa 3anycka s nogaqu ero Ha kakovi-nnéo apyrow
U3MEPUTENbHBIN NPUBOP.

Ocumnnorpad® MOXeT UCNOAb30BaThb PA3NUYHBIE MCTOHHVIKA
curHana sanycka, He3aBucKMOo OT TOro, oTobpaxaeTcs nn
3TOT CUrHan Ha akpaHe unn Het. Takm 06pas3oMm, HeOBX0aMMO
BHUMAaTENbHO CNeAnTb 3a HAaCTPOMKaMM CMCTEMBI 3amycka,
MOCKOMBbKY MOXHO BbIBECTW Ha 3KpaH CUrHan KkaHana 2, Ho
3a6bITb NEPEKITIOHNTDL 3aMnyCk, HACTPOEHHbIM NO YMOMYaHNMIO Ha
KaHan 1.
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YuebHoe nocobue

VIHTepBabl 3axBarta

VIHTepBasbl 3axBara

YpoBeHb 3anycka /Jl_l\_i_l\_i_l‘ |_| Ul_lul_l I_l Hl_lul_'

YnepxaHue

Yoepxanve Yoepxanve

B TeueHvie BpemeHn yaepxaHus He NPOVUCXOAUT HOBOMO 3anycka

Puc. 35. Yoepxarue 3anycka

Pexxuvmbl 3anycka

PexurmMbl 3anycka onpeaensior, kakium 06pasomM ocuminiorpad
oT06pasuT pa3BepTKy CUrHana Ha OCHOBE XapakTepUCTUK
aTOro curHana. OCHOBHBIMI PEXMMaMK 3arycka SBsioTCS
«HopmanbHbIN» 1 «ABTOMaTUHECKNI».

[Mpn «HOPMaNbHOM» pexMMe ocuunnorpad 3anyckaer pas-
BEPTKY, TOSIbKO KOra NapameTpbl BXOAHOMO C1rHana OTBeyaloT
3aaHHbIM YCNIOBUAM 3anycka. B npoTrMBHOM ciydae skpaH
OCTaETCA TEMHbBIM (aHaNoroBble ocumnnorpadel) Unn 3acTbiB-
LWVM Ha NOCAEAHEN 3axBa4eHHOW ocumnnorpamme (LppoBble
ocumnnorpadel). «<HopMansHbIn» PeXM MOXET Ae30PNeEH-
TPOBATbL MOL30BATENA, MOCKOSIbKY, ECAIN YDOBEHb 3anycka
BbLICTaBJIEH HEMPABWIILHO, TO HAYabHbIN yH4aCTOK MCCNeayemo-
rO CUrHana MOXHO He yBMOETb.

B «ABTOMaTMyeCKOM» pexmmMe ocupmnnorpad 3anyckaer
pPasBEPTKY Aaxe 6e3 curHana 3anycka. Ecnv B kakon-nnbo
MOMEHT BXOOHOIO CUrHana Hert, Tanmep ocumnnorpada Bce
pPaBHO 3anyckaeT pa3BepTKy. [1py aTOM Ha akpaHe npubopa
BCeraa NpUCyTCTBYET M300paxXeHue, Aaxe ecnv CurHan He
YOOBNETBOPSET YCNOBUAM 3anycka.

MpakTnyecknin MHTeEpec NPeACTaBNSOT 0ba pexmnma; «Hop-
MasbHbIV» PEXM MO3BONSET MPOCMATPMBATE TOIBKO HYXXHbIE
CUrHanbl, Aaxe Ha HN3KOM CKOPOCTW Pa3BepTKM, a «aBTOMaTH-
4eCKUI» PEXIM NOYTY He TpebyeT HaCTPOEK.

BONbLWMHCTBO MoAenen ocumnnorpadoB Takke obnapatot
crneunanbHbIMU pexrMammn: OOHOKPATHbIN 3amyCK, 3anmyck rno
BMOEOCUTHANY U aBTOMATUHECKNIA BbIGOp YPOBHA 3arycka.

2TEST

Pexum Bxona 3anycka

TO4HO Tak ke, Kak BXO[, CUCTEMbI BEPTUKAIbHOIO OTKIIOHEHNS,
BXO/, 3anycka MoxeT paboTaTh B PEXMME «CBA3M MO NepemMeH-
HOMY TOKY>» WV B PEXMME «CBA3M MO MOCTOAHHOMY TOKY>.

[TOMNUMO BbILLEYNOMSHYTHIX DEXNMOB, BXOA, 3anycKa Takxe
MOXET OCHallarecst BY 1 HY ¢punstpamu, a Takke wymonoaa-
BUTENEM. OTU CneuyanbHble CpeacTBa Ypes3BblHanHO NOAE3H.
019 YCTPAaHEeHMA MOMEX B TPAKTe 3anycka, 4To npeaoTspatlaeTt
NOXHOE cpabaTbiBaHue.

YnepxaHue 3anycka

IHoraa, 4Tobbl crcTema 3anycka cpabarbiBana Ha Tpebyemblx
ydacTkax curHana, nonb3oBartenio TpebyeTcs NPUNOXUTL Hema-
10 CUN 1 yMeHnsa. MHorre ocumnnorpadbsl 061a0al0T cnewum-
aNbHLIMI BO3MOXHOCTAMU, 061eryaLmMm aTy 3aaauqy.

«YaepxaHue 3anycka» npeactaBnaeT cobon HacTpanBaeMbll
nepvon BpEMEHM MOCcie MOMEHTA 3arnycka, B TeYEHNE KOTO-
pOro 3anyck 60sblie He BbINONHAETCS. Takaa (yHKUMS O4eHb
nonesHa B Cliydae, koraa nonb30Baresb HacTpanBaeT 3arnyck
NO CUrHanam CroXxHoM GOpPMbI TakinM 06pa3oM, HTOOL! OH Bbl-
MOJHANCS TOMIBKO B CTPOro ONpefeneHHblx Toykax. Ha pnc. 35
noKasaHo, Kak C MOMOLLBIO «yaepXaHusd 3anycka» MOXHO
NoNy4nTh HarnsAHOe OToBpaxeHve curHana.
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Puc. 36. KoopavHatHasa ceTtka ocupnnorpada

Cunctema oTobpaxeHust n opraHbl
yrnpaBfieHus

Ha nepepHen naHeny ocumnnorpada obbl4HO pacnonoxe-
Hbl: 3kpaH a5 0TOOPaxXeHNs HOPMaLIMK, PYHKM, KNaBuLLK,
nepekoYareny 1 pasnnyHbIe MHANKATOPbI, MPUMEHAEMbIE 15
yNpaBNeHNs 3axBaToM CUrHaANOB 1 X OTOBpaxeHus. Kak yxe
OTMEYaIoCh B Ha4yane aToro pasaena, OpraHbl ynpaBneHns Ha
nepeaHen naHenn 06bIHYHO Pa3aensTCA Ha HaCTW, OTHOCALLM-
€Cs K CUCTEME BEPTUKAIbHOIO OTKNIOHEHWS, CUCTEME ropK-
30HTaIbHOIO OTKIIOHEHUA U K CUCTEME 3arnycka. Ha nepenHen
naHen Takxke HaxoaATCA BXOAHbIE Pa3beMbI.

Barnanute Ha akpaH ocumnnorpada. Obpatnte BH1UMaHne Ha
pa3meTKy akpaHa, 06pasyioLLyio KOOPANHATHYIO CeTky. Kaxaas
BEPTMKAIbHAA UM FOPU30OHTaNbHAsA NUHKSA 00PasyeT OCHOB-
HOe aeneHve wkanel. KoopavHatHas cetka 00blMHO MMeeT
pasmep 8x10 unm 10x10 geneHnin. O603HaYeHuUs Ha opraHax
ynpasneHns ocumnnorpada (takve kak B/nen v ¢c/nen) scerga
OTHOCSTCH OCHOBHbBIM ANEHUAM. LLITDVXOBBIE OTMETKM MEXAY
OCHOBHbIMV FOPU30HTANBbHBIMU I BEPTUKAbHBIMI AENEHN-
AMK KOOPAMHATHOW CETKMN Ha3bIBAIOTCS MalbIMV AENEHNSMM
wkanbl (CM. puc. 36). B 60nbLIMHCTBE CNy4aeB MO BEPTUKAIN
OTKNaapIBaeTCA HANPSKEHWE, a No rOPU30OHTaNN — BPEMS.

Mpoume opraHbl yripaBneHns ocuunnorpada
MaTtemaTuyeckme onepauum n U3amepeHns

Ocumnnorpad MoxeT 06naaate QyHKUMEN CNOXEHNS CUMHANOB
C NOCNEeNYUIMM BbIBOAOM PEIYLTUPYIOLLEN PA3BEPTKN HA
3KpaH. AHanorosele ocuMnnorpadbl UCNONb3YIOT aHaIOrOBbLIN
CYyMMAaTop, B TO BPeEMS Kak LMMPOBLIE MOOENN PACCUHUTHIBAIOT
HOBYIO GOPMY B LIMPPOBOM BUE C NMOMOLLBIO CUTHANBHOMO
npoueccopa. pyron Maremat4eckon onepaumen apnseT-
C4 Bbl4MTaHVE. B aHanoroseix ocuminorpadax Bbi4mtaHmne
OCYLLECTBNAETCH NOCPEACTBOM NHBEPTUPOBAHNS CUrHaNa

B O[HOM M3 KaHa/10B, NOCIE YEro CUrHalbl CKNaabIBaloTCA.
Lindposbie ocumnnorpadbl BEINOMHAOT Bel4UATAHNE, TAKKE KakK
1 CnoxeHve, B UndpoBomM Buae. Ha puc. 37 npeactaBneHa
pe3yNLTUPYIOLLAS pasBepTka curHana, Co3faHHas nyTem cro-
KEHWA CUMHAN0B NEPBOro 1 BTOPOro KaHasoB.
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OCHOBHbIE NMPUHLMMbBI U3MEPEHNI

CurHan 1-ro kaHana 1

Pexunm CITOXEHNSA:
CYyMMa CUMHaNOB |1

KaHana1MKaHana2)‘ T ‘ \*ﬁ

CurHan 2-ro kaHana

Puc. 37. CnoxeHune curHanos

lcnonbays pecypchl BCTPOEHHBIX MPOLECCOPOB, UNPPOBLIE
ocuunnorpadsl npeanaraloT MHOMO PACLUMPEHHBIX MateMaru-
4eCKMX OnepaLmin: yMHOXEHWUE, AeneHne, MHTerprpoBaHve,
6uicTpoe npeobpasosanre Dypbe (BMNd) 1 MHoroe apyroe.
3Tv paclVpeHHbie BO3SMOXHOCTY MO3BONAIOT BEINOAHATL Aaxe
Takve GyHKUWK, Kak BCTaBka hUnsTpa, KOTOPbI MOXET MCMOMb-
30BaThbCA A5 KOMMNEHCaUMN XapakTeEPUCTUK N3MEPUTENbHON
OCHaCTKV Unn ANst cosaaHve GUnsTpa C HyXHbIMY YaCTOTHBIMY
xapaktepucTikamu, Hanpumep, @HY. CurHanbHeI NPOLLECCOP
04eHb MBOK — ero MOXHO MCMONL30BAaTh B kKa4ecTse dhunsTpa
C HacTpanBaeMbIMu xapakTepuUcTKaMu, Hanprmep, Ana nMu-
Taumn CXeM BHECEHUS/KOMMNEHCALMM NPEAUCKAXKEHNIA,

Pernctpaumsa undpoBbiX CUrHaN0B Mo BPEMEHU 1 MO
COCTOSIHUIO

LiycdpoBble kaHanbl ocumnnorpada CMeLlaHHbIX CUrHanos npe-
[OCTaBAAOT BO3MOXHOCTY 3axBara, CXOXMNe C BO3MOXHOCTAMM
NOTNYeCcKMX aHanmn3aTopos. CyLecTBYeT ABa OCHOBHbBIX MeTOaa
perucTpaummn UMpPOBLIX CUrHaNO0B. [NepBbil 3aKNo4aeTcs B
perucTpaummn No BpemeHu, To ectb, MSO nenaet Bbi6OpKM
LMPPOBOro CHrHaNa Yepes paBHble MHTePBasbl BpeMEHH,
onpeaensemMble 4acToTon avckpeTmdauun MSO. B MOMeHT
kaxaov Bbl6opkn MSO coxpaHaeT Norvieckoe CocTosHue
curHana v CTpouT BPEMEHHYIO Auarpammy curHana. Btopor
MEeTOA, PerncTpaLmm UmbpoBOro CurHana 3aknoyaeTcs B
perucTpaLmmn CoCToAHWI. B 3TOM Cydae onpeaenstoTcs vH-
TepBasibl BOEMEHW, B Te@YEeHME KOTOPbIX TOMMYECKOe COCTOAHNE
LMPPOBOro CUrHaNa 0CTaeTCs [OCTOBEPHBIM U HEU3MEHHbIM.
Tako MeTo[, LUMPOKO MPUMEHSIETCA B CUHXPOHHbIX U TakT1pye-
MbIX LIDPOBLIX cxeMax. CurHai TakTOBOM 4acTOTsl ONpeaenaeT
MOMEHT BPEMEHMW, B KOTOPbIV COCTOSHNE CUrHana J0CTOBEp-
HO. Hanpumep, BxoaHo curHan D-Tpurrepa ¢ TakTnpoBaHmnem
NO NONOXWTENBHOMY Nepenaay ctabuneH B 061acTyi NONoXM-
TenbHOro nepenaaa. BuixoaHow curHan D-Tpurrepa ¢ TakTnpo-
BaHWUeM Mo NonoxmuTensHoMy nepenany crabuneH s o6nactu
oTpuLaTenbHoro nepenana. Mockobky Neprom, TakTOBOM
4aCTOTbl CYHXPOHHOM CXEMbI MOXET OblTb HEDUKCPOBAHHBIM,
VHTEPBaN MeXay COCTOSTHUAMU MOXET OblTb HEOOMHAKOBEIM,
Kak B Cilydae perucTpaumm rno BpeMeHn.
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LIndposble kaHans ocumnnorpada CMeLlaHHbIX CUrHanos
3axBartbiBAIOT CUMHaUBI MPUMEPHO Tak, Kak 3TO AenaeT normyec-
KU aHanmM3aTop B pexmmMe 3axeara no spemern. 3arem MSO
NEeKoaMpPyeT 3axBadveHHbI MO BPEMEHN CUrHan 1 npeobpagyeT
€ro B NpeacTaBneHne TakTVPpyeMOW WHbI 1 B TabnvLy COObI-
TUM, KOTOPAasi CXOxa C PEXMMOM OTOBPaXEHUA 3axBa4EHHbIX
COCTOSAHUM B IOTMYECKOM aHanmM3arTope, NpeaoCTaBnds Bam
BaXXHYIO MHPOPMAUMIO BO BPEMS OTNAOKW.

B a1OM pasgene Ml onncany nuilb OCHOBHbIE OpraHbl ynpas-
JIEHNA OCUMINOrpadOM, O KOTOPBIX AO/IKHbI 3HATL Ha4YMHA-
owre. Baw ocumnnorpad MOXeT MMETL 1 APYre OYHKLUNN.
HekoTopble 13 HUX MOTYT BKIIOYATb:

H aBTOMaTMHEecKoe M3MepeHe NapaMeTpos;
H 13mepuTenbHble MapKepsl;

B knaBunatypy A9 MaremMartuyeckyx onepaumii 1 BBoaa AaH-
HbIX;

B dyHKUMK pacnedartku;

B vHTepdEencs 4nd NoaxKoyeHns ocumnnorpada K KoMnslo-
TEPY UM HEMOCPEACTBEHHO K MHTEDHETY.

[Tpo4yTiTe PYKOBOACTBO, NpUiaraeMoe K Ballemy OCLIMINOT-
pady, 1 yaHamTe 60MbLIE O OPYrX OpraHax ynpasneHns 1
OONONTHUTENBbHBIX BOSMOXHOCTAX.

3aBepLUEHHAsA N3MepUTESbHaAs
cucrtema

Mpo6HMKN

[Haxe camble coBepLleHHble NPBOPbLI HE MOTYT BblAaTb TO4-
HOrO pesysbrara, ec/iv NOCTyNaloLLME Ha HUX OaHHbIE UMEIOT
60MbLLYI0 NOrPeLHOCTL. [POBHKK B COYETaHNN C OCLMANOT -
padomM NpeacTaBnAT cob0oW HacTb eANHOM M3MEPUTENbHOM
cuctembl. MorpeLlHoCTb U3MEPEHNSA Ha4MHAEeT PaCCHNTbI-
BaTbCS OT HAKOHEYHKKa NPOBHKKa. [paBunbHO NOA0OPaHHbLIE
NPOOHVIKN, COrnacoBaHHbIe C ocLMnorpadoM 1 NCCneayembiM
YCTPOMCTBOM (1Y), HE TONBKO HE MCKaxatoT NOCTYNatoLLMI Ha
ocumnnorpad curHan, Ho Takke cnocoOCTBYIOT NOAAEPXaHMIO
LeNOCTHOCTM NCCNeayemMoro curHana n TO4HOCTU NPOBOAMMBIX
N3MEpPEHNI.

2TEST

Puc. 38. OneKkTpoHHbIE CXEMbI C BEICOKOW MIOTHOCTLIO MOHTaxa Tpe-
OyI0T NPUMEHEHNA ManorabapuTHBIX MPOOHVIKOB.

[na TouHOro BOCnNpou3eeneHns curHana
noctapanTech BblOpaTb Tako NPOBHUK,

nonoca NponyckaHns KOTOPOro B cO4eTaHUN C
ocumnnorpadom npeebiwana 6ul B 5 pas nonocy
aHanM3npyemMoro curHana.

Bynyun 4acTbio U3MEpPUTENLHOM LENK, NPOOHWUKM BHOCST B
Hee COOCTBEHHbIE CONPOTUBAEHNE, EMKOCTb W UHAYKTUBHOCTb
— BCE Te pakTopbl, KOTOPbIE HEN3OEXHO UCKa3AT PE3yNbTaThl
na3meperui. na nonydeHns Hanbonee 0OCTOBEPHbIX AaHHbIX
HEeoOXOANMO NPUMEHSITb MPOOHUKM, MUHUMAaNbHO BANSIOLIME
Ha nccnenyemyto Luenb. aeansHoe cornacoBanme npooHka
C ocumnnorpad®om CnOCOBHO CyLLECTBEHHO YMEHBLLNTL 3TO
HeratmBHoe BOS)ZI,GPICTBI/IG 1 MONHOCTbBIO PAaCKPbITb BCE BO3-
MOXHOCTW BaLIEro npnoopa.

Jpyrom kpaHe BaxHOW 0COOEHHOCTBIO, KOTOPYIO BCeroa
Heob6x0oaMMO YHUTLIBaTL NMPK cornacosaHuu ¢ MY, asnaeTtca
TMnopasmep NpobHuka. ManorabaputHele NPOOHKKM obecne-
ymBatoT 6onee NErkunii JOCTYrN K KOMMOHEHTaM COBPEMEHHbIX
PaANO3NEKTPOHHbBIX YCTPOWCTB C BbICOKOW MIOTHOCTBIO MOHTA-
xa (cMm. puc. 38).

Janee npeacraBneHo Kparkoe OnncaHe OCHOBHbLIX TUMOB
NPOBHKKOB. Bonee NoapobHYD NHPOPMALMID MO 3TOMY
BaXHeWLeMy BONPOCY, 6€3 peLLeHns KOTOPOro HEBO3MOXHO
NONHOLIEHHOE PYHKUMOHUPOBAHME M3MEPUTENBHOM CUCTEMBI,
MOXHO HalTu B 6poLtope «OCHOBLI MPOOHMKOB>.
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Puc. 39. O6bl4HbIN NaCcCHBHBIN NPOBHWK C NPUHAANEXHOCTAMMU

MaccuBHbIE NPOOHNKMK

MaccuBHbIE NPOOHNKM NPEAOCTaBAAIOT AOCTATOHHO LLIVPOKYIO
GYHKUMOHAIbHOCTE MO AOCTYMHOW LEHE /19 U3MEDPEHUS Xa-
PaKTEPUCTUK MPOCTENLLNX CUrHaN0B. KOMOUHaLUMS NaCCUBHO-
ro NpobHKKa 1 gatdvka Toka npeactaBnseT cooor ngeansHoe
peweHre 019 N3MEPEHUA MOLLIHOCTU.

HekoTopele naccrBHble NPOOHVIKM NepeaatoT curHan ¢ ocnab-
NEeHneM B onpedenéHHoe Ycno pas. KoadpduumeHt ocnab-
neHnst obosHavaeTcd, kak 10X, 100X n T. 4., rae 4icno nepeq,
CUMBOIOM «X>» yKa3blBAET KOIPDULMEHT ocnabneHns. Koad-
PUUMEHTBI YCUNEHMA 0603Ha4aloTCst HA0OOPOT — CUMBOJSIOM
«X» C MOCNEOYIOLIMM YUCIIOM, YKa3biBAIOLIMM KOIDDULMEHT
yeunenua, Hanpumep X10.

MpPO6HUK C AECATUKPATHBIM OCnabneHemM OkasblBaeT 3Ha-
4YUTENBHO MEHbLIEE BO3OENCTBIME HA UCCNEAYEMYIO LIEMb MO
CPaBHEHMIO C MPOOHMKOM 1X 1 ABAAETCS OTAMYHBIM BbIOOPOM
019 OONbLIMHCTBa NPUNOXEHWI 0OLLEro HasHayeHus. Bos-
NencTere ocuunnorpada Ha nccneayemyio Lens CTaHOBUTCH
BCE 60Nnee ApKO BbIPAXEHHbIM C MOBLILLEHUEM 4aCTOThl CIM-
Hana 1/vnn ¢ NOBbILLEHNEM BXOAHOrO CONPOTUBAEHNS LIEMN,
noaToMy nepem, BblI6opoM NPOOHKKa HEOOXOANMO TLATENBHO
NPOaHaNM3npPoOBaTbh COOTBETCTBINE Er0 BXOAHbLIX MapaMeTpOoB
napameTpam 1Uccneayemoro curHana n TeCTUPYEMOWN CXEMBbI.
Mpo6HuK ¢ ocnabnernem 10X NOBbILIAET TOYHOCTb MPOBOAN-
MbIX UISMEPEHNI, HO CHXAET aMNANTyay CUrHana Ha BXxoae
ocupnnorpada s 10 pas.

2TEST

Ocumnnorpadsl

OCHOBHbIE NMPUHLMMbBI U3MEPEHNI

[Mockonbky Npu MCNoNb30BaHUM NpobHKka 10X curHan ocnad-
NIAETCA, 3TO CO3AAET TPYAHOCTM NPU NCCEeN0BaHUY CUTHAIOB
amnautynon meHee 10 MB_ . TpoGHUK 1X oTndaercs ot

10X Tem, 4TO HEe MMEET B CBOEM COCTaBE aTTeHnaropa u, cne-
[oBarenbHo, 061aaaeT MeHbLUIVM BXOAHBIM CONPOTUBIEHNEM.
3710 BeeT kK 60blIEMY BOSAENCTBUIO HA TECTUPRYEMYIO CXEMY.

B 0obulem cny4ae pekoMeHayeTcs Nonb30BaTLCs MPOOHUKOM
10X, HO NpW 3TOM BCeraa MMETb Mo, PyKOW MPOOHNK 1X ong
N3MEPEHWI CUrHANOB HEOONBLIONM YaCTOThl U MaIo aMrnTy-
Obl. HekoTopble NMpo6HMKM 061aaaioT O4eHb yAOOHOW QYHKLN-
en nepekniodeHua mexay KoadouumeHtamm 1X n 10X. Ecnn Bbl
NONb3yeTeECh MMEHHO TaknMm MPOOHNKOM, TO Nepen, BbiNoHe-
HYEM n3MepeHnin yoeamuTech, YTO OH HACTPOEH NPAaBUIILHO.

BoAbLWNMHCTBO ocumnnorpadoB cnOCOOHbLI ONPEeaensThb, Kakom
NPOOGHVIK MCNONb3YETCHA B AaHHbIN MOMeHT: 1X nnn 10X, npu
39TOM BBIBOOMTCA COOTBETCTRYIOLLAS nHAMKaums. OaHako B He-
KOTOpBIX OcUmnorpadax Bam HEOOXOANMO BPYYHYIO BbICTaB-
NATb 0cnabneHne NPUMEHIEMOro NPOBHVIKa NN CHUTLIBATH
nokasaHus ¢ y4eTom KoadpduumeHTa ocnabnenuns.

AtTeHioatop NpobHyka 10X paboTtaeT, B3aumMoaencTeya ¢
BXOOHbLIMW LIENAMI ocumnnorpada. Ans npaBnnsHom pabo-
Thbl UBMEPUTENBHOW CUCTEMbI 9TO B3aNMOAENCTBME OOMKHO
ObITb cormnacoBaHo. Npoueaypa cormnacoBaHyis Ha3biBAETCA
«KOMNeHcaumst NpobH1Ka» 1 NoAPOOHO ONm1caHa B pa3nene
«Pabota ¢ ocumnnorpadom».

MaccuBHbIE MPOGHMKK (PUC. 39) ABNSIOTCA NPEBOCXOOHBIM PE-
LUEeHVEM NPV BBINONHEHWM 3aaa4 00LLero HagHadeHns. OaHako
3TV NPOBHNKM HE CMOCOBHbBI OCYLLECTBAATE BbICOKOTOYHbLIE
N3MEepPEHVs CUTHaOB C YPE3BLIYANHO MasbiM BPEMEHEM Ha-
pacTaHueM, a Takxe MOryT OKa3biBaTb 3HA4YUTENBHOE BO3-
OEeNCTBME Ha YyBCTBUTENbHLIE LIEMW. YCTONYMBAS TEHOEHLNSA
pPOCTa CKOPOCTEN nepenayy AaHHbIX 1 yBENUHEHNUSA KPYTUSHbI
DPOHTOB TPEOYET OT UHXEHEPOB NPUMEHEHUA LLIMPOKOMNONOC-
HbIX MPOOHNKOB C MEHbLUNM BO3AENCTBMEM HA NCCNEAYEMYIO
cxemy. LLMpokononocHele akTuBHbIE U AddepeHUnanbHbIe
NPOBHVIKN ABAAIOTCH MAEANBHBEIM MHCTPYMEHTOM MPpU U3Mepe-
HUAX CUFHAIOB BEICOKOCKOPOCTHbIX LLUMH 1 AnddepeHumans-
HbIX CUTHAIOB.
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YuebHoe nocobue

Puc. 40. MpeuynaroHHble NPOBHKKM 04eHb BaxHbI N1 IBMEPEHNS
BbICOKOHACTOTHbBIX CUrHANOB U UMMY/IbCOB C KPYTEIMU GPOH-
Tamul, CBOVICTBEHHbBIX COBPEMEHHBIM KOMMbIOTEPHBIM WMHAM
1 IMHYSM nepeaadn AaHHbIX.

AKTUBHbIE U AnddepeHumanbHblie MPOOHUKN

YBennyeHve 4acTtoThl CCNEAYEMbIX CUTHANOB U MOABIEHNE
JIOTVHECKNX 3NIEMEHTOB C O4EHb HN3KUM HanpsXeHeM nmra-
HUA 3aTPYLAHSAIOT NOMYHEHME TOYHBIX PESYNETATOB USMEPEHU.
Hanbonee BaxHbIMM acnekTamu peLienrs 3Ton npobnems
ABAAIOTCH MUHVMUZALUA UCKAKEHNIA N3MEPAEMbIX CUTHANO0B U
CHIXEHVIE BOSAEWCTBIS HA UCCNEAYEMYIO CXEMY. DDPEKTMB-
HOE KOMMNEKCHOE PELIEHNE NO USMEPEHMIO BEICOKOCKOPOCT-
HbIX CMFHANOB BKIIOYAET B CE0A LIMPOKONONOCHBIE MPOOHVIKY,
HE BHOCALLME NCKAXEHNIA B CUTHAN N MABAIbHO COMacoBaH-
Hble C ocumnnorpad®amm (CMm. puc. 40).

B aKkT1BHbIX 1 AP PepeHLmanbHbiX MPOOHNKaX NPUMEHSIOTCS
cneunanbHO paspaboTaHHbIe UHTErPanbHbE MUKDOCXEMBI,
obecneyvBaloLlme LeNOCTHOCTb CUrHana B NpoLecce ero ne-
pegadu Ha Bxon ocupnnorpada. MNpu MsMepeHnsx CurHanoB ¢
MaslbiIM BPEMEHEM HapacTaHus, WIMPOKOMNONOCHbIE aKTUBHbLIE U
anddepeHumanbHble NPOOHVIK 0becnedat nonydeHune bonee
TOYHbIX PE3YNBETATOB (CM. pUC. 41).

MPOBHNKM HOBOIO TWNa NMEIOT AONONHUTENBHOE NPEVMYLLIEC-
TBO, NO3BONSAIOLLIEE VCNONb30BATb OAHY CXEMY NOAKOHEH NS
01191 BBINONIHEHUS TPEX TUNOB M3MePeHuin 6e3 Kakomn-nmoo
KOMMyTaumu. Takme npoBHVIKM MOMYT BEINONHATL ANDhEpeH-
upanbHble, HECUMMETPUYHBIE 1 CUHMA3HBIE U3MEPEHWA NP
HEV3MEHHOW KOHUIypaumm npobHMKa.

Jlornyeckne npobHUKK

MokasaHHbIM Ha pUc. 42 NOrn4ecKkui NPOBHNK MMEeeT ABe
BOCbMMKaHabHbIE rpynnbl. Kaxabi kaHan npobHrka 000py-
[0BaH HAaKOHEYHMKOM C BOSMOXHOCTbIO NMOAKMOYEHNS BbIBOAA
3a3eMJIEHNS, YTO YNPOLLAET COEANHEHNE C TECTMPDYEMbIM
YyCTPOMCTBOM. KoakcuansHbln kabenb NepBoro kaHana Kaxaom

2TEST

Puc. 41. dnddeperupmansHele NPOBHWKM MOTYT OTAENATb CUH(bAa3HbIN
LIYM OT MOSIE3HOIO CUrHaNa B COBPEMEHHbIX CKOPOCTHbIX
HI3KOBOSBTHBIX CXeMax. ITO OCOOEHHO BaXKHO C Y4ETOM TeH-
OEHUMM CHKEHNA HANPSXKEHWA MUTAHVA, & CNeoBaTesnbHO U
JIOTNYECKVX YPOBHEW, LMDPOBLIX MHTEMPaNbHBIX MUKDOCXEM.

Puc. 42. Jlorryeckre NpobHVKK Ans ocuunnorpadoB cMellaHHbIX
curHanos (MSQ) ynpouatoT nogady UMGPOBLIX CUIHAN0B Ha
BaLl npuoop.

FPYNMbl UIMEET CUHIOI MaPKMPOBKY /19 YIPOLLEHNA NASHTN-
durkaumn. B kayecTBe 00LLEr0 KOHTaKTa «3eMIIV» UCMNOMb3y-
€TCA MIOCKNN LUTHIPEBOW KOHTAKT, LUIMPOKO NCMONB3YEMBIV B
TECTOBbIX OCHacCTKax. [ng noaKMoYeHns K rpynnam WThipesbIX
KOHTAKTOB Ha nyare TeCTMPYeMOro yCTPOMCTBa Ha HAKOHEY -
HUKI MPOBHNKA HYXXHO YCTAHOBUTL aaanTepsl, Y MHAOLIME
«3EMAAHOM>» KOHTAKT. Takne NpobHMKn 061aaaoT NPEeBOCXo4-
HBIMW 3N1EKTPUYECKMMU XapakTEPUCTUKAMY 1 MUHVIMaSTbHOW
BXOOHOW EMKOCTbIO.
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CneunanmanpoBaHHbIe NPOOHNKN

Kpome ynoMsiHyTbIX Bbillie TMNOB NPOOHMKOB, CyLLIECTBYET MHO-
XECTBO APYrMX CNeLmMan3npoBaHHbIX MPOBHNKOB 1 CUCTEM
CHATUSA curHana. K H1UM OTHOCSTCA AaT4YMKL TOKa, BbICOKOBOSIb-
THblE 1 ONTUYECKNE NPOBHVIKM U AP.

Akceccyapbl NPOOHMKOB

BOMbLINMHCTBO COBPEMEHHbIX OcuUmnorpados 06nanaloT
cneunanbHeIMY aBTOMaTUYECKNMU QYHKUMAMU, CBA3AHHBIMM

C NOAKMNOYEHVEM NPOBHNKOB K BXOAHOMY pasbemMy OCLMIION-
pada. Ecnv npobHMK OCHALLEH NHTENNeKkTyanbHbIM UHTEep-
delicom, To Npy NOAKMOHEHUM NPOBHVIKa Ha ocumnnorpad
noctynaeT nHdopmMaumsa o0 3Ha4eHnn KoabdnumeHTta ocnabne-
HWS, NOCNE Yero ocumMnIorpad yunTeiBaeT 3TOT KO3IDOULIMEHT
BO BCex 0ToOpaxaeMblx pesynstatax UsMepeHnii. Hekotopble
NHTEP®dENCHI NPOOHVKOB CNOCOOHbLI ONPEAENnsiTb TN NPOBHKKa
— aKTVBHbIV, MACCUBHBIN 1 TOKOBBIN. KpoMe TOro, 4epes nH-
Tepdelic MOXET OCYLLECTBAATLCA MUTAHVE aKTVBHbBIX MPOGHN-
KOB, Tak Kak B VX COCTaB BXOOUT ycunuTenb 1 6ydepHas cxema,
KOTOPBIE HYXOAIOTCA B NMATAHNN.

BbIBOAObLI 3a3eMNEHVA 1 AONONHUTENbHBIE HAKOHEYHVIKIA
NPOBHMKa Takke UrpatoT BaXHYIO POJb B COXPAHEHWUM LIENOC-
THOCTW CUrHana npu paboTe C BbICOKO4aCTOTHBIMY CUrHana-
M. Anantepbl BEIBOAA 3a3eMieHrs o6ecneumnBaioT rmokoe
noaknoYeHne NpobHKka K nccneayeMomy yetponcTtay (1Y)
NpY PasINYHbIX PACCTOAHNSAX OT KOHTPOMBHOM TOHKM 0,0 TOYKM
3a3EeMIEHNS; MPW 3TOM COXPaHAETCH MUHVMaNbHAA AnHa
NPOBOOHVIKOB U3MEPUTENBHOW CNCTEMBI.

Bonee noapobHyo HPOPMAaLUMIO NO 3TOMY BOMPOCY MOXHO
HainT B 6pouiope «OCHOBbI MPOBHNKOB>.

Xapaktepuctunkm ocumnnorpados

Kak yxxe ynoM1mHanoce paHee, ocumnnorpad nogobeH GoTo-
annapary, 3axBaTblBaloLEMY N300paxKeHUE CUrHaN0B, KOTOPOe
Mbl BNIOCNEACTBMN MOXEM M3y4aTb. Beloepxkka, ycnoBma Oc-
BeLLeHNs, anadparma 1 YyBCTBUTENBHOCTb MIEHKN — BCE 3TO
BANSIET HA CNOCOOHOCTL GOTOaNNapara NPaBMIbHO 3axBarbl-
BaTb M300OpaxeHVs.

To4HO Tak xe 1 B ocumiorpade — xapakrepucTnkm Kaxaom
€ro CUCTEMbI OKa3bIBAIOT CYLLIECTBEHHOE BINSHNE HA LIENOCT-
HOCTb CUrHana TOYHOCTb ero OTOOpPaXeHNs.

2TEST

Ocumnnorpadsl

OCHOBHbIE NMPUHLMMbBI U3MEPEHNI
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Puc. 43. [Nonoca nponyckaHvs onpeaenseTcs kak noaoca 4actoT, B
npeaenax KOTopov BXOOAHOW CUHYCOVAAbHBIA CUrHaN ocnab-
naetca ocumnnorpad®om He bonee 4em oo 70,7%.

OBnaneHve HOBbIMY HaBbIkaMy BCErIa CBA3aHO C U3y4eHneM
HOBOW TEPMUHONOIN. 3TO YTBEPXOEHNE OCOOEHHO akTyansHO
npv 06yyeHnn paboTe ¢ ocumnnorpadom. B aaHHOM pasaene
Bbl MO3HAKOMUTECH C TEPMUHAMY, KACAIOLLMMUCS OCHOBHbIX
BUOB 3MEPEHUI 1 XapaKTepUCTVK ocumnnorpados. Ha
OCHOBE aHanM3a 3TuX XapakTepPUCTNK MOXHO Aenarb BbIBOA O
NPUFOAHOCTM Kakoro-nnbo ocumnnorpada s peleHns on-
pefeneHHbix 3aaad. [paBnabHOE NOHVMAaHNE TEPMUHONOM Y
MOMOXET BaM OLEHNUTb 11 CONOCTaBUTb XapakTePUCTVIKM CBOEMO
npvoopa ¢ APYrMu MOAENAMU.

lMonoca nponyckaHus

Monoca nponyckaHvs oNpeaensieT OCHOBHbIE BO3MOXHOCTA
ocumnnorpada nsmMepaTs curHansl. Mo Mepe yBenmyeHns
4aCTOThl CCNEeayeMOro curHana, cnocobHOCTb ocumnnorpada
TOYHO ero oTobpaxarb NOHUXAETCA. STa xapakTepucTnka yka-
3bIBAET YACTOTHbIM AnanasoH, B Npeaenax KotToporo OCUmIor-
pad MOXET BINOMHATL TOYHBIE USMEPEHNS.

Monoca nponyckaHys onpeaensaeTcs Kak nonoca HacTtoT, B
npenenax KOTopow BXOAHOW CYUHYCOWAANbHBI CUMHaT OC-
nabnsaerca ocumnnorpadom He 6onee yem oo 70,7% ot ero
NCXOOHOW aMAnnTyabl. 9Ta xapakTepucTuka eLle n3BecTHa kak
nonoca NPonycKaHusa No ypoBHIO —3 b, ecnv cumTaTh YpOBEHb
no norapydMmUiyeckon Wwkane (cMm. puc. 43).

He ob6nanas ooCTaTtoyHOM NONOCOW NPOMYCKaHWA, Ball OCLUMA-
norpa® He CMOXeT paboTaTb C BLICOKOYACTOTHBIMK CUrHana-
MU. AMAAKUTYAa curHana OyaeT MckaxeHa, GPOHTLl MMMYNbCOB
3aBa/ieHbl, a MHOMMe AeTanm yTepsHel. bes Hannexatiem no-
NOChI NPOMYCKaHWA BCE OCTallbHblE PYHKLMM Ballero npruoopa
YTPATHAT BCAKMIMA CMBICTT.

Ana onpeneneHns Tpebyemor NoNoCkl NPONYCKaHWs, NO3BONA-
IOLLIEV TOYHO ONPENENNTL XapakTEPUCTUKM CUrHaNa, Npume-
HAMTE T. H. “TTATKKpaTHOE NpaBuNo”.

HawBbicLuas yactoTHasi
cocTaBsffoLas X 5
M3MEePSIEMOro curHasa

Toebyemas nonoca
npornyckaHvs >
ocumiorpaga
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YuebHoe nocobue

Puc. 44. Yewm wnpe nonoca nponyckaHvs, Tem 6onee To4HO oTobpa-
XaeTca UccneayemMblii curHan, kak aTo NpouANIoCTPYPOBaHO
Ha NpyYMepe 3axgara C OrpaHM4YEeHUEM NoNoCH! NPOMYCKaHWs
250 MM, 1T m 41Ty

Ecnv ocumnnorpad COOTBETCTBYET STOMY NpaBwily, TO NOrpeL-
HOCTb ero U3MEPEHUIA cocTaBuT He Bonee =2 %, 4ero 06bIYHO
[OCTaTO4HO NpW pelleHny 6onblUMHCTBA 3aaa4. OaHako, ¢
POCTOM 4aCTOTbl CUrHana He Bceraa okasbiBaeTCd BO3MOX-
HbIM COBNIOAATL 3TO SMAMPUYECKOE NPaBUNo. TeM He MeHee,
PEKOMEHAYETCS BCEraa y4nThiBaTh, 4TO YEM LWIMPe nonoca
nponyckaHnst, Tem 60Mblue BEPOATHOCTb TOrO, HTO aHan13u-
pyemblli curHan 6yaeT BOCNPOM3BEAEH C BLICOKOWM TOYHOCTbLIO
(CM. puc. 44).

HekoTopble ocupnnorpadel 06naaaioT BOSMOXHOCTBIO pac-
LUMPEHMA NONOCHI MPOMNYCKaHWa NOCPEACTBOM LIMPPOBOWA
06paboTkn curHana. OHW copepXar UMGPOBOIi BbIpaBHMUBAIO-
WA DUNBTP, KOTOPBIN MOXHO MCNONb30BaTh A5 YAyYLIEHWs
aMnAUTYOHO-4aCTOTHOWM XapakTePUCTVIKM CUMHANBHOro TpakTa.
STOT PUABTP pacluVpsieT NONOCY NPONYCKaHWs, BbIDaBHMBAET
AYX kaHana, ynydwaeT IMHEeNHOCTb (as3o4acTOTHOM xapak-
TEPUCTUKN 11 OBECneYMBaEeT Nydlee CoracoBanve Mexay
KaHanamu. Kpome Toro, OH ymMeHblaeT o IMTeNbHOCTb (PPOH-
TOB VM yNyyLIaeT NePexXOaHYI0 XapakTePUCTMKY BO BDEMEHHOM
obnactu.

Bpemsa HapacTaHus

B uMdpOoBOM SNEKTPOHVKE U3MEPEHNS STOr0 NapamMeTpa nMme-
0T 60NbLUOE 3HaYeHe. Bpems HapacTaHya MOXET 0kasarbCs
Hanbonee NOAXOAALMM KPUTEPMEM OLEHKM Takmnx CUrHa-

OB, Kak MMMyNbLChl M Nepenaapl. Baw ocumnnorpad oomkeH
obnagarb 4OCTaTO4YHBEIM BDEMEHEM HApacTaHWa A1 TOYHOrO
3axBara geTanei ObICTPbIX NePEexXOAHBIX NPOLECcCoB (puc. 45).
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Puc. 45. OnpegeneHne BpeMeHy HapacTaHuns GpoHTa BbICOKOHaCTOT-
HOro UMhPOBOro curHana

Bpewms HapacTaHWs xapakTepuayeT NoAesaHbI YaCTOTHbLIN Ana-
nasoH ocumnnorpada. Jns oueHKM NpUroaHOCT OCLMANIOT -
pada ans 3aMepeHna onpeagneHHoro BpeMeHn HapacTtaHng,
MCNONb3YINTE CNeayioLLYi0 GOPMYIY:

Toebyemoe Bpems
HapacTaHvs >
ocumnnorpagpa

Bpewms HapacTaHus
Camoro KpyToro ¢opoHta x 1/5
13MepPsIeEMOro curHana

HeobxoaymMo NOMHUTb, 4TO anroput™ Beibopa nprbopa no
BPEMEHU HapacTaHWs TOT Xe caMbllt, Y4TO 1 Ans BbIBopa no no-
n0ce NponyckaHus. XoTa Ans nocnegHero cnyvas npuMeHeHne
3TOr0 SMANPUYECKOro NpaBmia He Bceraa BO3MOXHO 13-3a
4pEe3sBbIYanHO BEICOKOWM YaCTOThbl CUIHANOB B COBPEMEHHbIX
yCcTponcTBax. Bcerga nOMHUTE, YTO YEeM MEHbLLE Y OCLUMNNOT-
pada Bpemst HapacTaHus, Tem bonee TOYHO OyayT 3axBadeHbl
Hambonee BaxHble AeTanu ObICTPLIX NEPEXOOHbLIX MPOLECCOB.

B HEKOTOPLIX Cydasx BamMm MOXET OblTb TONbKO M3BECTHO
BpeMs HapacTaHug curHana. lNpreeneHHas Huxe hopmyna
NO3BOJIAET CBA3ATH NOJSIOCY NPOMYCKAHWUS 1 BPEMS HapacTaHns
curHana ang ocumnnorpada:

k
Bpems HapacrtaHwus

[Monoca niporiyckaHns =

rae k Bapbupyetcs ot 0,35 1o 0,45 B 3aBUCUMOCTY OT (POPMbI
amrinTyaHO-4aCTOTHOM XapakTepucTyki OCLUMIorpada v
pasapeluaroLLeri cnocoBHOCTY 10 BDEMEHU 1S UMIY/TIbCHOMO
curnana. s ocumnnorpagos ¢ noaocovi npomnyckaqHns <1
[Tty 06b14HO k=0,35, a ans ocumnnorpados ¢ nonocort >1
3Ha4eHne k coctasnset ot 0,4 1o 0,45
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CemelncTBo TunoBoe 3Ha- PacuyétHas
JIOTNKN YyeHVe BPEMEHU LUMPUHA MOoJoChl
HapacTaHug curHana
dpoHTa curHana

T 2 HC 175 MIL,
KMOTT 1,5HC 230 ML,
GTL 1 HC 350 MTLy
LVDS 400 nc 875 ML

9CJ1 100 nc 3,51y,
GaAs 40 nc 8,75TTL,

Puc. 46. B cpasHeHWn C ApyriimMum, HEKOTOPBIE CEMENCTBA NOTUYeC-
KVX MUKPOCXEM 00NaaaloT CyLLECTBEHHO 60n1e€ BbICOKMMM
3HAYEHVAMY BPEMEHM HapacTaHua GPoHTa MMMynbca.

PasnnyHele CeMencTBa NOrm4eckix MMKpOCxemM oonanatoT LWn-
POKMM Pa3bpOCOM XapakTePHbIX 3HAYEHWIN BDEMEHW HapacTa-
HMUA GPOHTA, Kak 3TO NPeACTaBNeHO Ha puc. 46.

YacToTa BbIbOpKM

JlaHHbIN napameTp n3MepseTcs B BbIOOPKax B CekyHay (BblO/C)
1 NpenocTaBnaeT MHGoOpMaLUMIO O TOM, Kak 4acTo LMGpPoBO
ocumnnorpad perucTpupyeT MrHOBEHHbBIE COCTOAHUA CUrHana
(Oenaet BelOOPKM), HTO MOXHO CPaBHUTL C Kaapamu, CHIMAa-
eMbIMU KMHOKamMepon. Yem BeicTpee ocumnnorpad aenaer
BLIOOPKM (T.€. YEM BbILLIE HACTOTa KBAHTOBaHWA), TeM bonee
BLICOKOE MOMy4aeTCa paspeLleHre 1 getanmsaums otoopaxa-
€MOW Ha 9KpaHe pas3BePTKM CUrHana 1 MeHbllad BEPOATHOCTb
TOrO, YTO BaXHas MHOOPMALMA NI COOBITUA OYayT YyTEPSHbI,
KaK 3TO NPEACTaBAEHO Ha puc. 47. HM3kne 3HaveHns 4acToThl
BLIOOPKN Takxe NPeACTaBNAOT MHTEPEC MPY HEOOXOANMOCTH
1ccnenoBaHng MeANIEHHO N3MEHAIOLLIXCA CUTHAIOB B TEYEHNE
ONTENBHOMO BpeMeH. OBbIHHO YacToTa BEIOOPKN U3MEHSAET-
C4, KOrga n3aMeHdI0TCA HACTPOWKN CUCTEMbBI FTOPNU3OHTAIIbHOMO
OTKIIOHEHNS. DTO MPOUCXOOMT C LIebio NoAAEePXaHNs NOCTO-
AHHOMO KOMMYECTBa TOYEK Pa3BEPTKM OTOOPaxaeMblx OCLASI-
norpadom CUrHanos.

Kakim 06pa3oM OCYLLECTBNAETCHA PACHET TPebyeMOow HaCToThl
BbIOOPKM NMOA, TE WK MHble 3aaa4m? 3Ta MeToaonorns pasnm-
4aeTca B 3aBUCKMMOCTU OT GOPMbI MCCNeayeMOoro curHana v
anroputMa GpopMMpPOBaHUa PasBepPTKM, MPUMEHAEMOro BalUM
ocumMnnorpadoMm.

[ns TO4HOro NOCTPOEHNA Pa3BEPTKMN CUrHana 1 BO n3bexanue
ee CTyneH4arocTu, Teopema KotenbHrkosa (Harksucra-LeH-
HOHa) ONPEMENAET, YTO HacTOTa BLIOOPKM CUrHana A0IKHa
ObITb MO MEHbLLEN Mepe BOBOe OOJblUe CaMOM BbICOKOYACTOT-
HOW cocTasnsoLwen curHana. OQHako ata Teopema npegnona-
raeT ycnosne 6eCKOHEeYHOW AINHBI 3aNVCU U HENPEPbLIBHOCTY
curHana. Mockonbky H1 oamH ocumnnorpad He obnanaet
6eCcKoHeYHOW NamMATbIO, a MUTYK N0 ONPEeaeNeHio He ABNS-
l0TCH HENpPepbIBHbIMK, TO BLIOOPKA C 4aCTOTOM TONBKO B ABa
pasa 60Mble HaVBbICLLIEH YHaCTOTHOW cocTaBndiollelt 0ObIYHO
ABNAETCA HEOOCTATOYHOWN.
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Ocuynnorpadb

OCHOBHbIE NMPUHLMMbBI U3MEPEHNI

Puc. 47. Yewm Bolle 4acToTa BeIOOPKK, TEM BbilLIE paspeLleHie 0Too-
paxaemoro Ha akpaHe CurHana, Yto rapaHTMpyeT BO3MOX-
HOCTb MPOCMOTPA BLICTPLIX NEPEXOAHBIX MPOLECCOB.

Ha npakTvike, To4HOE BOCCTaHOBNEHVE GOPMbI CUrHaa
3aBUCUT Kak OT 4acTOThl BEIGOPKYM, Tak 1 OT MeTOAa MHTEPMO-
NALAM, NTPUMEHSEMOrO A9 3aN0fHEHVs NPOCTPAHCTBA MEXay
3axBayeHHbIMY BeiGopkamu. HekoTopbie ocumniorpadesl
npeanaraioT BO3MOXHOCTb BbIGOpa B0 MHTEPNONALMN Sin X/X
NPV M3MEPEHNAX CUHYCOMAANBHBIX CUIHANOB, MO0 NMHENHOM
VHTEPNONALMM NS NPAMOYTObHBLIX, MMIYbCHBIX 1 APYIX
NOAOGHbLIX CUrHAOB.

1151 TOYHOIrO NOCTPOEHUS Pa3BEPTKY CurHana

C MPUMEHEHNEM VHTEPMOMALMN SiN X/X, BaLL
ocumnnorpad OomkeH paboTtarsb C 4aCTOTOM BbIOOPKM,
no KparHem mepe B 2,5 pasa 60bLIEN, YEM cCamast
BbICOKQYaCTOTHAA COCTaBAAOLLAA NCCEOYEMOrO
curHana. lNprumMeHeHne NMHENHON MHTEPMNONALMNA
npeanonaraet 4acToTy BelOOPKM, HE MeHee Yem B 10
Pas BbILLIE CaMOW BbICOKOHYACTOTHOW COCTaBAOLLEN.

HekoTopble N3MepUTenbHbIE CUCTEMBI C HaCTOTOW BHIOOPKN A0
20 BbI6/C 1 Nonocor nponyckaxnsa Ao 4 'y, b ONTUMN3N-
POBaHbI 151 3axBara O4eHb ObICTPbLIX OAHOKPATHBLIX MEPEXOAHBIX
NPOLLECCOB NyTEM NEPEaVCKPETU3aUMN, NATUKPATHO NPEBbI-
LaloLEr WMPUHY NOAOCH! NPOMYyCKaHNs.
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YuebHoe nocobue

Puc. 48. Lindposon 3anomMmnHaolmi ocumnnorpad npeacrasnaet
CO00 naeanbHoOE pelleHne s MccnenoBaHna Henepuoam-
YECKMX CUMHAI0B, BEICOKOCKOPOCTHBIX LUMH 1 MHOrOKaHasb-
HOro TECTUPOBaHNA UMPPOBBIX YCTPONCTB.

CkopocCTb 3axBaTa curHana

Bce ocupmnnorpadbl “MuratoT”. 3T0 MOXHO CPaBHUTb C OTKDbI-
BaHMeM mas OnpeaenéHHoe YACNO pas B CEKyHAY 114 3axBara
CUrHana v 3akpbiBaHMEM B NMPOMEXYTKAX MEXY 3axBaTamu.
3Ta xapakTepucTyiiKa HasblBaeTCs CKOPOCTLIO 3axBara Cur-
Hana 1 U3MEPHAETCS B OCLMIOrpaMMax B cekyHay (ocu,/c). B
TO BPEMSI Kak YacToTa BblOOPKM yKa3blBaEeT Ha TO, Kak 4acTo
ocumnnorpad 3axBarbiBAET MIHOBEHHbIE 3HaYEeHNsI (BbIOOPKN)
BXOOHOrO CuUrHana B npeaenax 0aHom ocumnnorpammebl (1Mnm
pPasBEPTKN), TO CKOPOCTb 3axBara chrHana (OCumnnorpaMmmbl)
COOTBETCTBYET TOMY, Kak 4aCTo ocumnnorpad 3axsaroiBaeTt
Lenble OCUMNIorpamMmMbl (PasBepTki).

CKOpOCTb 3axBata cuUrHana CuibHO BapbUpyeTCcs B 3aBUCK-
MOCTV OT TUNa ocumnorpada 1 ero Nnpon3BoaNTENBHOCTH.
Mopenv ocumnnorpados, obnagaoue 60nbLIEeR CKOPOCTLIO
3axBara curHana, o6ecnedmBaioT 3HaunTeNsHO bonee Ha-
MMAAHYIO BU3Yyann3aumnio CUrHaI0OB 1 CyLLeCTBEeHHO NOoBbILLAoT
BEPOSATHOCTb TOr0, 4TO NPUOOP 3aperncTpupyeT Takne aHoma-
N, Kak gXXUTTEep, NoOBpeXAeHHbIe MMNYNbChI, MUTHN, a TakXe
pasINYHbLIE MEPEXOAHBLIE MPOLECCHI.

B undpoBbix 3anomMuHatomx ocumnnorpadax (DSO) ncnons-
3yeTca nocnenoBarensHas 06paboTka AaHHbIX, MO3BONALLAA
3axBatbiBath 0T 10 0o 5000 ocumnnorpamMmm B cekyHay. Hekoto-
pble DSO MMEIOT cneumanbHbIi PEXMM, B KOTOPOM MHOXECTBO
3axBaTOB 3aMMChIBAIOTCS B NaMsATb 60MbLWOr0 06bemMa, 3a cHeT
4ero MCKYCCTBEHHO MOBLILLIAETCA CKOPOCTh 3axBara curHana.
OpHako 06paboTka 3axBaveHHbIX AaHHbIX TPeOyeT onpeaeneH-
HOrO BPEMEHW, B TEHEHVE KOTOPOro 3axBara He MPOVCXOOMT,
4TO BEAET K COKPALLEHMIO BEPOATHOCTM 3axBara ocLunorpa-
GOM PeakMxX HeNneproanIeckx COObITUN.
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Puc. 49. Ocupnnorpad® ¢ umdpoBbiM TIOMUHOMDOPOM NPeaoCTaBnsA-
€T WrpoYaniLne BO3MOXHOCTM MCCNea0BaHNA NOBEAEHNA
CUrHana 3a CHeT YpesBbiHaiHO BbICOKOW CKOPOCTM 3axBata
1 pexrMa 0ToOpaxeHns cnurHana B Tpex koopanHarax. DPO
NErko CNpaBiseTca ¢ caMmbiM/ TRYAHBIMI 3a0a4amu B LUVMPO-
KOM CMeKTpe NpUIoXeHun.

B 60nbLlUnHCTBE ocumnnorpados ¢ UMdpoBbIM TOMUHODOPOM
(DPO) ncnonbayetcs napannensHas obpaboTka HbopmMaLmn,
4TO 3HA4YUTENBHO YBENMYMBAET CKOPOCTL 3axBara curHana. Kak
nokasaHo Ha puc. 48, HEKOTopbIE MOAENV CNOCOOHLI 3axBa-
ThIBaTb MUIANOHBI OCLMANOIPaMM B CEKYHAY, MHOrOKPaTHO
noBbILLAas BEPOATHOCTb PErMCTPaLIMA HENEePUOOANIYECKMX U
ObICTPOTEKYLLMX MPOLECCOB, YTO AAET NOAL30BATENIO BO3MOX-
HOCTb MCCNeaoBaTh CUrHaNbl BeicTpee 1 addekTnBHee. bonee
Toro, DPO MOXET 3axBaTthiBaTb 1 0TOOpaxark CUrHaN B TREX
KoopavHaTax: amnanTyaa, Bpems 1 pacnpeaeneHme aMmnim-
TyAbl BO BPEMEHW. 3TO AaeT BO3MOXHOCTb Oonee TuwarensHo
N3y4nTb NOBEAEHME CUrHaNa, He YNyCTUB HY OAHOW MENKoWn
netanu (cM. puc. 49).

AdnuHa 3anmncu

JaHHbi napameTp 0603Ha4aeT KoIM4ecTBO ToHeK, COCTaB-
NSIOLLMX MOMHYIO 3aNKCb PA3BEPTKM CUrHana, 1 onpeaenaet
KONMYECTBO AaHHbIX, KOTOPbLIE MOMNYT ObiTh 3axBaveHb! KaxabiM
kaHanom. IocKonbKy ocumnnorpad cnocobeH CoXpaHsaTb
TONIBKO OrpaHn4YeHHOE KOMM4eCTBO BbIOOPOK, TO AVUTENBHOCTb
pasBepTku (BpemeHHoe OKHO) ByaeT o6paTHO NPONoOPLUMO-
Ha/lbHO 4acTOTE BLIOOPKMY.

JlnvHa 3ancu
yactoTa BblIOOpKU

BpemeHHoe OKHO =
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CoBpemeHHble ocumnnorpadbl NO3BOASIOT BbIOMPATL ASIMHY
3anncK ana onTuMM3aumm YpoBHA AeTanmn3auyini B 3aB1UCUMOC-
T OT KOHKPETHOW 3aaaqu. Hanpumep, ecnun Bel aHannanpyeTe
04eHb CTabUNbHbIN CUHYCOWAANBHbIV CUMHa, TO Bam NoTpebdy-
eTcs 3an1cb AnvHon He 6onee 500 Toyek, HO ecnvi Bl NblTae-
TeCb HaMTV NPUYMHBLI HAPYLLEHWS CUHXPOHM3aLMK B KOMMIEK-
CHOM LIM(hPOBOM NOTOKE AaHHbIX, TO NOTPEOYETCS MUIMOH
Toyek nnn 6onee (cm. puc. 50).

dyHKUMKM 3anycka

JarHasn dyHKUMA o6ecnednsaeT 3anyck ropy3oHTabHO
Pa3BEPTKM B 38aHHOI TOUKE CUrHana, YTO O4YeHb BaXHO A4
NpaBnIbHOrO ONPEeaeNeHYis ero xapakTepucTvik. Ynpasne-

HWE 3anyckoM No3BoAeT CTabunmanpoBarb 0TobpaxeHe
NepUoAMHECKIX CUTHANOB U BBINONHATL 130MpaTebHbI 3axBat
OLHOKPATHbBIX COOLITUN,

Bonee noapobHasa nHdopmMaLma No 3TOMy BONPOCY NPeacTas-
nexa B pasaene «CucTtema 3anycka».

O deKTBHOE YMCNO pa3psaoB

Db deKTVBHOE YMCNO Paspsaa0B OnNpeaenaeT cnocobHOCTb
UbpOoBOro ocumniorpada To4HHO BOCNPON3BOAMUTE GOPMY
CUHYCOMAANbHOIO CUrHana. 3ToT NapaMeTp NokaseiBaeT
COOTHOLLEHME MEXAY XapakTepucTkamm peansHoro AL
ocupnnorpada 1 xapaktepucTkamu «ugeansHoro» AL Ton
Xe paspaaHOCTU. [TOCKONBKY peasbHbIi CUrHan NOOBEPXEH
BO3AENCTBMIO LLYMA N CKAXXEHWIA, 3TO OTPaXaEeTCst Ha Xapak-
TepucTmkax AUIM.

AMMNNUTYOHO-4aCTOTHAdA XapakTepucTmka
(AYX)

LLinpokas nonoca nponyckaHua He ABNSeTCA NONHOM rapaH-
el Toro, 4to ocumnnorpad Gyaet cnocobeH 3axBarbiBaThb U
TOYHO OTOOpPaxaTb BLICOKOYACTOTHbLIE CUrHabI. [pn BbIbope
ocumnnorpada oomkHa y4nTbiBaTbCA ELe OAHa BaxHas xapak-
TEPUCTVKA: MaKCUMabHO paBHOMEPHAs rpynnoBas 3aaepx-
ka. OTa xapakTepu1cTnka o6ecnedmBaeT BelCOKYIO TOHHOCTb
BOCMNPOM3BEAEHNS UMMYABCOB C MUHMabHLIMU BEIOPOCAMU 1
3BOHaMK. Ha paBHOMEDPHOCTL MPYNMNOBOM 3aAePXKIN OKasbiBa-
0T BANSIHE BCE CUCTEMBI M KOMMOHEHTHI LMPPOBOIro OCLUMII-
norpada — yeunutenu, arreHioaropsl, AL, mex6104HbIe
coeauHeHus, pene 1 ap. KadyectBo 0ToOpaxeHusa NMMyIbCHbBIX
CUHANOB O4€Hb CUJTbHO 3aBMCUT OT MOAENW ocLmnnorpada u
npoun3BOAMTENS 3TOrO B1Aa NPUOOPOB.

HyBCTBUTENBHOCTb MO BEPTUKAN

BepTrkansHas 4yBCTBUTENbHOCTb YKa3blBAET Ha TO, HACKObKO
YCUANTENb CUCTEMBI BEPTUKAIbHOIO OTKIOHEHMA CNOCOOEH
yCUnUTL cnabbi curHan. OBbIMHO 3TOT NapamMeTp N3MepseTcs
B MUAMBOALTaxX Ha AeneHve. HavMeHbluee 3Ha4YeHne Hanpsi-
XEHUS, C KOTOPbIM cnocobeH paboTaTk ocumanorpad obuiero
HasHayeHusi, 06blYHO cocTaBnaeT 1 MB Ha aeneHvie Beptu-
KaNbHOW LWKanbl.

2TEST

Ocumnnorpadsl

OCHOBHbIE NMPUHLMMbBI U3MEPEHNI

Dy Dy Dy 2y 22 Oy £ O Oy Oy
= e

Puc. 50. 3axBart BbICOKOHACTOTHLIX COCTABASIOLMX AAHHOIO MOAYN-
POBaHHOIO curHana ¢ Hecyulen 85 MIL, TpebyeT MCnonb3o-
BaHVIA pexmmMa BbIOOPKM C BEICOKMM paspetuerem (100 nc).
[na nccnenosaHma ormbaiowert MoayNIMpPOBaHHOMO CUrHana
HeOOXOAMMO AOCTATOYHO LWMPOKOE BPEMEHHOE OKHO (1 MC).
icnonbaya 60nbLwon 06beM NaMaTi Ans NPOAOIKUTENBHOWN
3anvcy (10 MB), ocunnnorpad MOXeT NpeaocTaBuTb BCIO
HeOOXOANMYIO HPOPMALLNIO.

CKOpOCTb pasBEPTKN

JaHHas xapakTtepucTrika roBOpUT O TOM, Kak ObICTPO BbIBO-
OUTCA pas3BepTka Ha aKkpaH ocummnorpada, no3Bonds BUAETb
Menbuaniumne netanu n3obpaxeHus. CKOpOoCTb Pa3BEPTKU
ocumnnorpada n3mMepseTcs B CEKyHOax Ha AeneHne.

lMorpelwHoCcTb ycuneHus

JaHHbI napamMeTp xapakTepuayeT TOYHOCTb YCUIEHNUS UK
ocnabneHvs curHana CMCTeMon BepTUKanbHOrO OTKIOHEHMS
ocupnnorpada v u3amepseTcs B NpoLeHTax.

[MorpelHoCTb Mo ropu3oHTann

MorpelwHoCTb Mo roPU3OHTaNM UK NO OCKU BPEMEHN yKasbl-
BAEeT Ha TO, Kak TOYHO CMCTEMA rOPU30OHTAILHOrO OTKIOHEHNS
oTobpaxaeT BpeMeHHbIe XxapakTepucTukn curHana. amepset-
CA 9TOT NapameTp, Kak NpaBuno, B NPOLIEHTaX.

PaspeluieHne no septukanu (ALIT)

BepTturkansHoe paspellenre aHanoro-umdpoBoro npeobpaso-
BaTend, a CneaoBare/ibHoO U@POBOro ocumnnorpada roBopuT
O TOM, HaCcKkONbKO TOYHO NPUBOP CNocobeH Npeobpas3osaTb
BXOOHOE HanpsxeHne B UMPPOBbIE 3HaYeHns. PazpelleHme

no BEPTVIKAIM N3MEPSIETCS B O1Tax. 3HaveHre apdekTBHO-
ro paspeLleHra MOXHO YiydLlUTb MPOrPaMMHBIM CNOCOO0M,
Kak 3TO MOKa3aHo Ha MpUMEpPE pexrMa 3axaara C BbICOKUM
paspeLleHnem.
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YuebHoe nocobue

Puc. 51. MSO nmeeT 16 BCTPOEHHbIX LMOPOBLIX KaHaI0B, NO3BONA-
IOLLMX OTOBpaxarb 1 aHannsnpoBaTb KOPPEMPOBaHHbBIE MO
BPEMEHW aHaNoroBble 1 UMMPOBLIE CUrHankl. Belcokocko-
POCTHas pervcTpaLms no BpemMeHn obecne4nsaeT 6onbLIoe
paspelleHne, No3BONAoLLEE OOHAPYXMBATb KpaTKOBPEMEH-
Hble COOBITVIS, HaNPUMED, MUTHU.

PaspelueHune no spemenn (MSO)

BaxHow xapaktepucTikoin MSO asnaeTcs paspeLleHne no
BPEMEHU NpY perncTpaumm UMdpoBbIX CUrHanoB. Permnctpaums
curHana ¢ nydYlvM paspeLleHnemM noBbilaeT TOYHOCTb 3Me-
PEHVIA BDEMEHHbBIX XapakTepUCTVIK NpK padboTe C LPPOBbIMM
curHanamu. Hanpumep, YactoTa anckpetnaaumn 500 Mewi6/c
0aeT paspelleHne no BpeMeHn 2 He, B pesynbrate Heonpe-
OENEHHOCTb NONOXEHWS PPOHTA 3axBa4EHHOMO CUrHana Toxe
paBHa 2 HC. Jlydliee paspelleHe no spemenn 60,6 nc (16,5
[BbI6/C) CHMXAET HEONPEeAEeNeHHOCTb NONOXEHMA PPOHTa 40
60,6 NC 1 NO3BONAET PETUCTPUPOBATL CUMHANBI, U3MEHSIOLLIE-
ca bbicTpee.

HekoTtopble MSO n03BONAIOT PErMcTpMpoBaTh UMPPOBLIE CUM-
Habl OAHOBPEMEHHO AByMs cnocobamu. OaHa pernctpaLms
BbINOMHAETCA CO CTaHAAPTHLIM Pa3peLleHeM No BpeMeHy, a
apyras — ¢ BeICOKMM pa3spelueHviem. CTaHaapTHOe paspeLle-
HME MCNONb3YETCA ANA AIMHHBLIX 3aN1CeN, a BLICOKOE paspe-
LeHre obecnednBaeT Bonee TOHHYI0 perncTpaumio 0cobo
BaXHbIX pparMeHToB, Kak nokasaHo Ha puc. 51.

UHTepdencol

B nioBbIx CEPbE3HbIX NCCNEa0BaHVAX NOyYeHHbIe pe3ybTa-
Thl U3MEPEHMIA HEOOXOAMMO aHaNM31MpPoBaTh. B CBA3M C aTUM
OOHNM 13 BaxkHeENLLX TpeboBaHW K GYHKLIMOHANBHOCTU Npu-
60opa ABNAeTCs BO3MOXHOCTb MPOCTOrO 1 yA06HOr0 AOKYMEH-
TMpoBaHWA 1 obmeHa aaHHbIMK. OcHalleHve ocuunnorpados
nHTepdencamu ons obMeHa AaHHbIMU NPeaoCTaBNAET NHXE-
Hepam pacluVpeHHble GYHKLMX NPV NPOBEAEHUM aHann3a,
ynpoLlaeT AOKYMEHTVPOBaHME 1 06ecneynBaseT COBMECTHbIN
OOCTYN K peaynsraram naMepeHnii. B ocupnnorpadax ang
ynpasneHvsa n obmeHa AaHHbIMU NPUMEHAIOTCA CTaHOAPTHLIE
nHtepdercel — GPIB, RS-232, USB, Ethernet (puc. 52).
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Puc. 52. CospemeHHble ocuunnorpadbl npeanaratoT WUPoKnii Bel6op
KOMMYHUKaLWMOHHbBIX MHTEPPENCOB, Takix Kak CTaHAapTHbI
nopT Centronics unu onunoHanbHble Moaynn Ethernet/RS-
232, GPIB/RS-232 1 VGA/RS-232. EcTb aaxe nopt USB Ha
nepenHen NnaHenu (Ha PUCYHKe He nokasaH).

Puc. 53. MNakeTbl aHanuTyeckoro MO npegHasHayeHsl cneuyansHo
01151 UIBMEPEHNS [KMTTEPA 1 aHanmM3a rMaskoBbIX AvarpaMm B
COBPEMEHHbIX LIMDPOBBLIX CXEMAX.

HekoTopble, Hanbonee GyHKUMOHaNTbHBIE MOOENM OCLIMINOMN-

pad OB NO3BONSIOT:

B Co3paBaTh, PEAaKTMPOBAaTb VI 0OMEHMBATLCA AOKYMEHTaMM
HENOCPEACTBEHHO C ocumnnorpada — B npouecce paboTel
C NprBOPOM, He Nokmnaas pabovero MecTa;

B pacnevarsiBaTb JOKYMEHTbBI HA CETEBBIX MPUHTEPAX 1 NOMb-
30BarbCsl COBMECTHBIM JOCTYNOM K pannam;

B ypaBnsTb C NOMOLLBIO yAaNeHHOro padodero ctona Windows™;

B CNONb30BaTh NPUKIAOHOE MPOrpaMMHOEe 06ecneyenre CTo-
DOHHX MPON3BOAVTENEN 41 aHaNM3a 1 AOKYMEHTMPOBAHNS,

B N0nb30BaTLCS CETEBLIMY PECYPCAMMU;

B BbIXOOWTb B UHTEPHET,

B OTNPaBNsTb U NOAYHaTh SNEKTPOHHYIO MOTY.

PacwunpsiemMocTb

Ocumnnorpad A0mMKEH COOTBETCTBOBATL BCEM MPEbABNAE-
MbIM K HEMY TPEOOBAHVAM, Kak TEKYLLIM, Tak 1 NepCnexkT1B-
HbIM. HekoTopble ocumnnorpadbl NO3BOAAIOT:
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Puc. 54. AHanns curHanos NocnenoBaresbHblX LWMH YCKOPSeTes 3a Puc. 56. N0 anannza DDR aBTOMat3npyeT CNoXHble onepauyy npn
CYET aBTOMATVYECKOrO 3anycka, eKoAYPOBaHs 1 novcka paboTe C NamsThio, Takre Kak pasaeneHne nakeToB YTeHns,/
no COAEPXMMOMY NakeTa NoCneaoBaTebHbIX AaHHbIX. 3anMcK 1 BLINOAHEHWE M3MepeHMin No cneuvdnkaumm JEDEC.

Puc. 55. ABTOmMatnyeckuin 3anyck, 1ekoampoBaHue 1 NOMCK AaHHbIM Puc. 57. lNporpamMmHblie Moaynn ANa BUOAEOVM3MEPEHNIA NpeBpaLLatoT
TaKTUPYEMOW WM HETAKTUPYEMOW NapannenbHOM WnHbI. ocumnnorpad B ObICTPLIV 1 YHUBEPCANbHBIV MPUOOP AN
[NarHoCTvkM BUAEO0O0PYOBaHNS.

B pacwmpsaTb NaMATb KaHaNoB AN YBENMHEHNA O/MHbI 3anncu;
B 106aBnsaTb Ccneuyanv3npoBaHHbIE N3MEPUTENBHBLIE (DYHKLMN;

B pacwmnpsTb BOSMOXHOCTM Nprbopa NnoCcCpeacTBOM LIMPO-
KOV HOMEHKNaTypPbl MDOBHNKOB 1 MOLYNEN;

B paborars ¢ naketamm nonynapHoro MO CTOPOHHMUX MPON3-
BoauTENEen, coBMectMbiMu ¢ Windows;

B vcnonb3osarb AONoNHUTENbHbIE NPDWHAONEXHOCTW, Takne
Kak akkyMynsiTOpHble 6arapen 1 KOMMNEKTsl /1 MOHTaxa B
CTOWKY.

MpuknagHoe NporpamMmMHoe obecnedeHe MOXeT NpeBpa-
TUTb ocumnnorpad B CNeumann3npoBaHHbIii aHaTNTUHECKNIA
WNHCTRYMEHT NS Taknx 3a0a4, Kak aHanma IxmTrepa v CUHX-
POHM3aLMN, NMPOBEPKA CUCTEMBI MaMATI MUKPOMPOLLECCOPA,
TECTUPOBaHNE Ha COOTBETCTBME TENEKOMMYHUKALMOHHBIM

CTaHAapTam, n3mMepeHmne napamMeTpoB XeCTKUX OVCKOB, N3mMe- Puc. 58. PacluvpeHHble nakeTsl aHanmaa 1 pa3paboTku, Takme Kak
PEeHWEe MOLHOCTW, BUASOCUTHANOB 1 MHOMOE ApYroe. MATLAB®, MOXHO yCTaHaBn1Barh Ha ocumnorpadsl, pato-

Taloume noa ynpasneHvem Windows, v ncnonb3osarb aas
Ha pucyHkax 53-58 nokasaHo Heckonbko nprmepos Takoro [10. aHanmsa CurHanos.
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Puc. 59. lNepenHan naHens ¢ opraHamMmu ynpasneHus, xapakTepHeIMU
0719 aHanoroBoro ocupnnorpada — BCé 3HakoOMO el no
y4eOHVIKaM.

lMpocToTa B NCNOJSIb30BAHUM

Ocupnnorpadsl AOMKHBI ObITe MPOCTHI B OCBOEHW U TPUMEHE-
HUK, MOMOras Bam Kak MOXHO 3D dEKTVBHEE BbINOMHATL CBOIO
paboTy. OTO 3HAYKT, 4TO NONBL3OBATEND HEOOXOAMMO TPATUTL
MVHUMANbHOE BPEMS HA HACTPOVIKY 3MEPUTENBHOW CUCTEMBI
1 BBINMOSIHEHVE 3MEPEHUI, YTOOBI MakCMaNbHO COCPEa0-
TOUNTLCS Ha CBOEW pa3paboTke. Kak npasuno, Nosib30BaTesnm
NMEIOT PasnnyHyio 6a30Byi0 MOAroTOBKY. B 3aBMCMMOCTM OT
3TOro NoNb3oBaTento byaeT yaobHo paboTarte 1Mbo C knac-
CMYECKUM NHTEPdENCcoM ocumniorpada, Mmoo C OKOHHBIM
nHTepdencom B ctune Windows™. [1na ynoBneTBOpeHra CToNb
pPasNMyHbIX TPeBoBaHMN ocumnnorpad AomKeH 00nanars 3KC-
nyaraumOHHON rMBKOCTHIO.

BonbLMHCTBO ocumnorpad®oB 061a0atl0T ONPeacNEHHBIM
6anaHcoM Mexzy YypoBHEM NPOU3BOANUTENBHOCTY 1 NPOCTO-
TOW NONb30BaHWs, MPEAOCTaBAAA NMOL30BATENMO MHOXECTBO
cnocob0B ynpasneHns npubopoM. Ha nepeaHeit naHenn
ocumnnorpada pacnonaraioTcst OCHOBHbBIE OpraHbl yripasne-
HUA CUCTEMAMM 3anycKa, BEPTUKATbHOMO U FOPU3OHTAIBHOIO
OTKINOHEHMA (puc. 59). Ipaduryecknin MHTepdENC NoNL30BaTENs
CO MHOXECTBOM VKOHOK MOMOraeT ObICTPO OPUEHTVPOBATHCS

B paclUMpeHHbIX GyHKUmAxX nprbopa (puc. 60). CeHCOpHbIV aK-
paH nerko pelwaet NPo6AEMbI, CBA3aHHbIE C HArPOMOXAEHVEM
60NbLIOro Y1Ca OpraHoB ynpasneHus, obecnednsasa ooCTyn

K IOTMYHO PaCMONOXEHHbIM 3KPaHHbBIM KNaBuLlam G HETKMMMN
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Puc. 60. [paduyeckan naHenb ynpasneHus NpeoCcTaBnseT NpocTomn
OOCTYN OaXe K CaMblM CITOXHBIM (DYHKLSIM.
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Puc. 61. CeHCopHbI 9kpaH pellaeT npobnembl U3BbITOYHOro Harpo-
MOX[OEHWA OPraHoB ynpasneHus, obecneynBas ObICTPbI
[OCTYN K MHOXECTBY PasnnyHbIX GYHKLIMA Nnprbopa.

0603HaueHuaMu (puc. 61). BCTpoeHHaa cnpaBo4vHas cuctema
obecnevmBaeT JOCTYN KO BCEM MHGOpMaumm no akcnayara-
umm ocumnnorpada 1 Metoaam ero NPUMEHEHNS B PasNNYHbIX
NPUAOXEHWAX. VIHTYUTUBHO NOHATHBIE CPEACTBA yNpaBneHNs
NO3BONAIOT KOMMOPTHO paboTarb C NPUOOPOM AaXe HadMHalo-
MM NONb30BaTensim. MNpu 3TOM OMbITHbIE NONb30BATENN NEMKO
HaxoaAT AOCTYN KO BCEM CREUManM3nPOBaHHbIM MYHKUMAM OC-
umnnorpada. Kpome Toro, CyLecTByOT NOPTaTVBHbIE MOOENN
ocumnnorpados, NpeaHa3Ha4eHHbIE HE TONBKO ANS CTaumo-
HapPHOro, HO W ANt MOBUIBHOMO MPUMEHEHNS (PUC. 62).
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Puc. 62. NoptatmeHble ocumnnorpadel BeCbMa 3OOEKTVBHBI B Da3HbIX

YCNOBUAX SKCryaraunmn.

PaboTa ¢ ocumnnorpadpom

B HacTosWeM pa3aene nprBOaMTCS KpaTkoe onucaHve noa-
rOTOBKM ocumnnorpada K paboTe v peLLeHVs NPakTU4ecKmnx
3apay ¢ ero nomolpto. Ocoboe BHUMaHVE yaeneHo 3asemne-
HWIO, NPaBWIbHOM HACTPOIKe 1 Kanmbposke Npubopa, a Takke
NOAKMIOUYEHNIO 1 KOMMEHCaLLMM NPOBHNKOB.

MpaBuibHOE 3a3eMneHne — BaxHenwnii aTan npu noaroToBke
Kk paboTe ¢ ocumnnorpadomM. 3azemnenHne npnbopa Heob-
XOAMMO ANS 3alLMTHI MONb30BATENS OT NOPaXeHUsa aNeKTPN-
4ECKMM TOKOM, & aHTuCTaTu4eckas 3almta NpeaoxpanHaeT ot
NOBPEXAEHVIN UCCNEOYEMYIO CXEMY.

3asemneHune ocuunnorpada

3asemneHrie ocumnnorpada o3Ha4aeT coeaMHeHne Kopnyca
nprbopa C TOYKOW, UMEIOLLEV HYNEBOW NOTEHLMAN, KOTOpas
Ha3blBaeTCS «3allMTHOE 3a3emnenre» (PE). 3ToT npouecc
OCYLLECTBAAETCA NMyTEM NOAKITIOHEHUA TPEXMONOCHOW BASKN
ceTeBOro kabena nprubopa K po3eTke 3NeKTPONUTaHNS, NMEeto-
LLEM KOHTAKT 3aLL/THOMO 3a3EeMIEHNS.

3azemneHue ocumnnorpada Heobxoanmo ona 6e30nacHow
paboThl. ECV NPpOV30aeT yTeuka BbICOKOro HanpsxXeHvs Ha
KOPNYyC He3a3eMNeHHOro ocuuiorpada, To NPUKOCHOBEHNE
K NI0BO0I 4aCcTy 9TOro Kopnyca, BKo4Yas Aaxe Te 9NeMeHThI,
KOTOPbIE KaxkyTCs M30AMPOBAHHBIMM, MOXET NPVBECTY K MOpa-
XEHMIO NOMb30BaTens anekTpuieckim TokoM. OaHako, ecnm
3alMTHOE 3a3eMIeHIe BBINOIHEHO N0 BCEM Npasuiam, TO TOK
YTEUKM BbI30BET cpabarsiBaHne avddepeHLnanbHOR 3atmTsl,
KOTopas OTKIOUMT NTaHre nprbopa.

3azemneHuie Takke Heo6xoaMMO A5 BLINOAHEHMS TOYHbIX
N3MEPEHWIA NPV NOMOLLM ocuuanorpada, KOTopbli AOMKEH
MCNONb30BATb Ty Xe CaMyto TOUKY 3a38MIEeHMS, YTO 1 Uccneay-
emas a1eKTpOoHHas cxema.
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Puc. 63. AHTucTaTtieckuin 6pacneT, HaaeBaeMblii Ha 3anacTbe.

HekoTtopele Mmogenu ocumnnorpadoB He TPEBYIOT HaNMM4ns
3alIMTHOrO 3a3emMinenrd. besonacHoCTe paboThl C TakKMMU
npubopamy 06ecneynBaeTCs OBONHOM M30nsaUMelt Kopnyca 1
OPraHoB yNpaBfeHus.

Mpwn paboTe ¢ uHTerpansHeiMn cxemamn (VC) Takxe Heob-
XOOMMO NMPUHATE MePbl MO 3aLLTE UCCNEOYEMON CXEMbI OT
CTaTM4eCcKOro aNnekTpu4ecTBa. VIHTerpansHele Cxembl IMEIOT B
CBOEM COCTaBe MoJIeBble TPAH3UCTOPI, KOTOPBLIE MOTYT ObITh
NOBPEXAEHbBI CTAaTUHECKM 3IEKTPNHECTBOM, HAKAMNIMBAEMbIM
Ha YenoBeyYeCcKoM Tene. Hanpumep, Bl MOXETE MOJIHOCTbIO
BLIBECTW 13 CTPOA AOPOrOCTOALLYI0 MC, MPUKOCHYBLUNCH K

ee BbIBOAAM MOCSE TOro, Kak NPOLICh MO KOBPY UK CHANN
ceutep. ns peweHns aTor npobaembl He0OXOANMO HOCUTb
aHTCTaTMYecknin 6pacneT, NpeacTaBNeHHbIM Ha pyc. 63,
KOTOPbIN 6€30MaCHO CHUMAET CTaTUYECKNIA Pa3pa, C 4enose-
4ecKOoro Tena.

HacTpoika opraHoB yrnpasieHusd

Mocne nopknoHeHna ocumnnorpada K Cetm NUTaHus B3rMaHuTe
Ha ero nepefHIo NaHeb. Kak yxe paHee onvcLiBanoch, ata
naHenb 06bIMHO pasaeneHa Ha TpW OCHOBHbBIE YaCTW, OpraHsbl
yNpaBAeHna KOTOPbLIX OTHOCATCA K CUCTEMAM BEPTUKabHOMO
OTKNOHEHWS, TOPUBOHTaNIbHOrO OTKIOHEHMS 1 3anycka. Ho npu
3TOM HE UCKII0YEHO, HTO Ha Ballem ocupnnorpade oyayT v
Jpyrvie opraHbl ynpasneHus, B 3aBMCUMOCTH OT ero Tvna.

Ob6patnte BHYMaHKE Ha BXOOHbIE Padbembl ocumniorpada

— K HAM NPUCOeamHAIOTCSA NPOOHNKK. BONBLLNHCTBO MOAenei
ocumnnorpadoB UMELOT, MO MEHbLLIEN Mepe, ABa BXOAHbIX Ka-
Hana, NPy STOM Ha SKpaHe 0ToBpaxaeTcst pa3BepTka curHana
Kaxa0ro 13 aTvx KaHanoB. MHOroKaHabHbIE MOAENN UC-
NONB3YIOTCA 419 CPABHEHUA DOPM HECKONBbKIX NCCNEAYEMbIX
CUrHanoB Mexay cobon. B ocumnnorpadax MSO ecTb Takxe u
UMPPOBLIE BXOAHbBIE KaHAbI.
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HekoTopble ocupnnorpadel Takke nmetoT kHonky AUTOSET
(aBTOMAaTMYeCKas HacTpoika) nnn DEFAULT (yctaHoBKa No
YMOMYaHMIO), MO3BONAIOLLME HACTPAKBATEL OpraHbl yrpasieHua
B OAVIH NPUEM. ECnn xe nprmeHaembll Bammn ocumnnorpad
He obfagaeT Takov BOSMOXHOCTBIO, TO CNeAyeT Noo4epeHo
BbLICTaBUTL OpraHbl ynpasneHysd B CTaHOaPTHOE NONOXEHME
nepesn Tem, Kak NPUCTYMTb K N3MEPEHVAM.

Hwxe nprseneHsl 06LLWE NHCTPYKLMN NO PYYHOM HACTPOMKE
ocuunnorpadoB B CXOOHOE NONOXEeHWE:

B Hactponte ocumnnorpad 019 BbIBOAA HA 3KpaH kaHana 1

Bl HacTpoiTe BXOOHYIO HYyBCTBUTENBHOCTE (B/nen) B cooT-
BETCTBUM C NpeanonaraeMbM ypOBHEM N3MEPSEMOTO
CcurHana v yctaHOBUTE NIVHWUIO Pa3BEPTKM B CPeOHEE Noso-
XEHMe No BEPTUKan

|| OTKJ'I}OHI/ITe rm1aBHOE peryinposaHne 4yBCTBUTEIbHOCTA
(B/nen)

B OTKno4MTE yeuneHve

M YcTaHosuTe N9 kKaHana 1 pexvm CBs3v Mo NOCTOAHHOMY
TOKY

B YCTaHOoBWUTE aBTOMAaTUYECKNA PEXMM 3anycka
B B kayecTBe 1CTOYHMKA CMrHana 3anycka Bbibepute kaHan 1

B YCTaHOBUTE MUHUMANbHOE BPEMS YAEDXAHUS 3anycka nim
BOOOLLE OTKIIIOHNTE 3TOT PeEXNM

M HacTpoiiTe cpeaHee 3HaueHne CKOPOCTH PasBepTKM
(c/nen) 1 ycTaHoBWTE Pa3BEPTKY B CpedHee NoaoXeHne no
ropu3oHTaNM

Kannbposka npndopa

MoOMUMO COOTBETCTBYIOLLEN HACTPOMKM Npyrbopa, ANs NoBbl-
LIEeHNSA TOYHOCTN N3MEPEHWI PEKOMEHAYETCS NePUOAMHECKM
BbINOMHATL aBTOKANMBPOBKY. STy NPOLIEAYPY HYKHO BLINOAHATS,
€CAV Temnepatypa oKpyxatoLLen cpeabl MaMeHnnacs 6onee
yem Ha 5 °C ¢ MOMeHTa nocneaHen asTokannmepoBKY, v pas
B HeOen0. B MeHI0 HeKOTOPbIX OCUMANorpadoB aTa npoLeaypa
MOXET HasblBaTbCs «KoMNeHcaLUmen CUrHaibHOro TpakTas.,
Bonee noapobHoe onvcaHve kanmbpoBKku NPUBEAEHO B PYKO-
BOACTBE Ha Ball ocumnnorpad.
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MoaknioyeHne NpoBbHNKOB

Teneps Bbl FOTOBbLI NOAKMIOHUTL NPOBHUK K OCUMIIorpady.
MPOBHWK, NPK YCNOBWK, YTO OH COOTBETCTBYET XapakTepucTm-
Kam ocupnnorpada, NpeocTaBuT BaM BOSMOXHOCTb A0CTYNa
KO BCEM DYHKUMAM ¥ BOSMOXHOCTAM Nprbopa, Npv 3TOM
OyoeT o6ecnevmBaTbes LLENOCTHOCTb MCCNeayeMoro curHana.

Py N3MEPEHMAX CMrHaNOB TPEOYETCA HanM4Me ABYX CoeamHe-
HUN: COeanHEHE HaKOHEYHKa MPOOHMKA C UCCNEayeMO LEMbIO
1 COEVHEHME KOHTaKTa «3eMv» MPOBHVIKA C «3eMNelt» nccne-
[yemoro ycTporcTaa. [Ana CoeanHeHns C «3emnert» NPOOHVIKMA,
Kak npasuio, OCHALLIAIOTCH 3aKMMOM TUMNa «KpOoKoauI». Ha
ApakTVKe, HEOOXOAMMO MPUKPENUTL 3aKMM «KDOKOAWIT» K M3BEC-
THOW TOYKE 3a3eM/IEHVA UCCNENYEMOrO YCTPOVICTBA, HanpyMep,

K MET/IMYECKOMY LLIACCH, & 3aTEM MNPYKACATbCA HAKOHEYHVIKOM
NPOBOHVIKA K KOHTPOMbHLIM TOYKaM TECTUPYEMOM CXEMBI.

KomneHcaumsa npobHuka

MaccuBHble NPOBHVKKM OCNabASIOT U3MepPseMblii curHan,
NO3TOMY OHW AO/KHbI ObITh COMMAcOBaHbl C OCUMANOrPapOM.
Mepen NpUMEHEHNEM NaCCUBHBIX MPOOHMKOB HEOBXO0AMMO
BbINOMHWUTL NPOLIEaYPY KOMNEeHcaumm, T.e. COrnacoBaTth KX
SNEKTPUYHECKME XapakTePUCTUKIA C XapakTePUCTUKAMU KOHK-
PETHOro ocupmnnorpada.

Monb3oBareno HeobxoaAMMO BbIPab0TaTk NPUBLIHKY KOMMEH-
CUPOBaTb NPOBHKK Kaxaplii pas, koraa NpoBOAUTCS HACTPOWKa
ocumnnorpada. INnoxo cornacoBaHHbI NPOOHUK MOXET 3Ha1M-
TENbHO YBENVYNTL MNOrPELIHOCTb BCEX PE3YNLTATOB MPOBOAMMbBIX
BaMV UBMEPEHMIA. Ha puc. 64 NponnmoCcTppoBaHbl 3 GexTh
Ha nprMepe TeCToBOoro curHana 1 MIL, npu CNoAb30BaHNN
NPOOHWKOB, KOMMEHCUPOBaHHbIX HE JOMKHBIM 0OPa30M.

BonblwnHcTBO ocumnnorpadoB MMEIOT BCTPOEHHbIM reHepaTop
OMOPHOrO CUrHana C BbIXOAOM Ha nepeaHen naHenn, KOTopbIn
npUMeEHAETCH 0g KoMneHcaumm NpooHMKoB. OOLLIME MHCTPYK-
LM 1O KOMAEHCALMN NPOOHUKOB NPUBOAATCA HUXE:

B [logcoeanHuTe NPOBOHVIK K BXOOY KaHana BepT1KanbHOro
OTKIIOHEHWNA

B [loacoeonHUTe HaKOHEUYHUK NMPOBHYIKA K BEIXOAY reHepaTo-
pa OMNopHOro curHana

B [logcoeanHuTe 3aKMM 3a3eMNeHns NPOOHKMKa K 3a3EMNEHNIO
B BbiBeanTe Ha 3KpaH ONOPHBLIV CUrHaUT (MeaHap);

B BbinonHute perynnpoBKy Ha MPOOHVIKE Taknm 00pasoMm,
4TOOBI YIbl MEaHAPa CTaNM MakCUMabHO MPSMBIMU.
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Mpo6HuKM ¢
HEeA0CTaTO4YHON
KOMMneHcaumemn

CuvrHan perynmpoBKu NpobHK1Ka ObparuTe BHUMaHMe Ha MOHMXKEHHYIO

amnanTyay curHana
Mpo6HUKN, KOM-

neHcnpoBaHHbIE

npaBuibHO
Mpo6Huku ¢ Curtan perynmpoBky NPoGHMKa ObparuTe BHMMaHWe Ha NpaBuibHYIO
N306bITOYHOM amMnAnTyay curHana
KOoMneHcaumemn

CurHan perynampoBkm NpobH1Ka ObparuTe BHMMaHWe Ha NOBbILLEHHYIO
aMnAnUTyay CyrHasna

Puc. 64. Nocnencrsma HENPaBUIbHOM KOMNEHcaUmMm NPOOHMKOB

Mpwv komMneHcaumn NpobHMKa BCerna npukpeniante K Hemy n3MepeHus. 3To ABMSIETCA 3a/10rOM TOro, YTO ocLUmAnorpad
abCOMNIOTHO BCE NMPUHAAJIEXHOCTI, KOTOPbIE NAaHNpyeTe nc- OyOeT NONHOCThIO COOTBETCTBOBATH CBOUM TEXHUYECKNM
nosb3oBaTh. HE0OX0AMMO KOMMEHCUMPOBaTL MPOOHMK MMEHHO XapakTepucTMKamM.

Ha TOM BEPTUKaJIbHOM KaHale, Ha KOTOPOM 6y,£|,yT BbINMOMHATLCA
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TexHonornm namepeHnn Npu NOMOLLA
ocuunnorpadga

HacToawmn pasnen paccMmarpyBaeT OCHOBHEBIE N3MepPUTENb-
Hble TexHonornu. [1ga Hanbonee TUNUYHbIX BUAa M3MEPEHNI,
KOTOpble 0ObIYHO BHIMOMHSAIOTCH OCUMNNOrpadomM — 3T0 U3Me-
PEHNS HANPSKEHWA 1 BpeMeHW. JTiobo Apyroi B1a, nsmepe-
HWIA 11 COMYTCTBYIOLLME UM MPUNOXEHMA 6a3MPYIOTCA Ha OAHON
N3 3TNX ABYX QYHOAMEHTANIbHBIX TEXHONOMN.

B naHHOM pasgene Takke 06CyxaalTcs MeToAbl BU3yalbHOW
OLIEHKI PESBYNBTATOB M3MEPEHNI. Takor METO/, LIMPOKO pac-
npocTpaHeH Npy paboTe ¢ aHanorosbIMK NPUooPamMu 1 Takxke
MOXET 0KasaTbCsi MoNe3HbIM A5 OLEHOYHOM MHTepnpeTaumm
OaHHbIX, NpeacTasneHHbIx Ha ancnneax DPO 1 DSO.

Heo6x0a1MM0o NOMHUTL, YTO BOMBLUMHCTBO UMPPOBbLIX OC-
umnnorpados 06n1analT cpeacTBamMmn aBTOMaTN3NPOBaHHbIX
N3MEPEHWI, KOTOPbIE YNPOLWWAIOT U YCKOPSIOT BEINONHEHNE
PYTUHHbBIX 3a0a4. Obnanas HaBblkami BbINOMHEHWS PYYHbBIX
N3MEPEHWI, KOTOPbIE OMVCHIBAIOTCS HXE, Bbl CYLLIECTBEHHO
obnerynte 3aaa4vy NOHMMaHUA CyTV aBTOMAaTUYECKMX DEXMMOB
N3MEPEHWNI,

N3mepeHmnsa HanpsixxeHns

HanpsixeHve npeactasnseT cob0oi pasHOCTb NEKTPUYECKMX
NOTEHLMANOB MEXY ABYMA TO4KaMM Lenn, 3mMepaemoe B
BosbTax. O6bIYHO (HO HEe 06A3aTENbHO) OfHAa U3 9TUX TOYEK

— «3eMAs» (HOMb BOSLT). 3HAYEHNUSA HANPSKEHNUA MOTYT ObiTb
M3MepeHbl OT NiKa [0 NWKa, T.e. OT TOUKM C MaKCMMaUIbHbIM
YPOBHEM CUrHaNa A0 TOUKM C MUHMMAabHBIM YPOBHEM. B Nto-
oM cnydae HeoOXOANMO TOYHO ONPEAENATs, O KAKOM MMEHHO
3HAYEHNV HANPSAXEHWS OET Peub.

o cBOEMY OCHOBHOMY HasHauYeHMIo, ocumnnorpad npes-
CTaBnAeT cOBO0M YCTPOMCTBO ANS N3MEPEHWSA HANPSIXEHWIS.
Kak TobKO Bbl MIBMEPUIV HANPSIXEHWE, APYrve napameTpbl
MOXHO NOY4UTb C MOMOLLBIO pacyéTta. Hanpumep, 3akoH Oma
FOBOPWT, 4TO HANPSAXeHWe Mexdy ABYMS TOUKaMuU LUenu paBHO
CuWne Toka B 3TOWM Lenu, YMHOXEHHOR Ha CONPOTUBIEHNE LIEMNK.
TakmM 06pasom, 3Has niobble ABe NEPEMEHHbBIE, Bbl MOXETE
NErko BbIYNCANUTL TPETBIO, €CIN MPUMEHATL CReayioLLmMe Gop-
MySbl:

Hanpstkenne = Cunatoka x ConpoTtvBaeHne

HanpsixeHne
Cunatoka =
ConpotusneHue
HanpsixeHne
ConpotveneHne =
Cuna Toka

3HayeHve ot
nvka oo nuka

) 7
AMNAnTYAHOE / \
3Hawame L

\:_/ \\&-‘—CpeﬂHeKBaﬂ,-

T patnieckoe
T 3HaueHve

Honb BonLT

Puc. 65. PaznmyHble 3Ha4eHNsA HanpskeHna

YMHOXbTE NONy4eHHOEe YMcno
T ! ! ! ! OCHOBHbIX IENEHMIA HA HyBCTBU-
T TENbHOCTb

Puc. 66. /13mepeHra HanpsaxXeHna No LIEHTPY BEPTUKaILHON LLKanbl

Hpyras, o4eHb yaobHas Gopmyna No3BosseT paccymTarb MOLL -
HOCTb: MOLLHOCTb CMrHana NOCTOAHHOMO TOKa PaBHa Hanpske-
HUIO, YMHOXEHHOMY Ha CUTy ToKa. PacyéTsl Ang nepemMeHHoro
ToKa 6yayT 60nee CNOXHBIMU, HO MPUHUMM OCTAETCSA NMPEXHWIA:
N3MEPEHVA HANPSKEHNA — NEePBLIN LWar 415 AabHEeNLWLNX
pPaCcHETOB NPOYKX BENUYMH. Ha prc. 65 B kKa4ecTse nprmepa
NPeACTaBNEeHbl aMMINTYOHOE 3HAYEHWE HANPAXEHNS, HANPSA-
XeHne OT nvka [0 NM1ka 1 CpeaHekBaapaTMieckoe 3HayeHne.

Havbonee o6 METOA UBMEPEHNA HANPAXEHWS — 3TO
NOACHET YMCna AeNeHnin BEPTUKaIbHOW LLiKanbl, N1EPEKPLITHIX
pasBepTKOV curHana. BolbepuTe Takyio HyBCTBUTENBHOCTb
BEPTUKANIbHOIO OTKNOHEHNS (B/aen), 4To6bl pa3BepTka curHa-
na 3aHnmana 6onbLUYIO YacTb MIOWAaM 3KpaHa no BepTukan
(prc. 66). Hem GonbLuyio NNoLLaAe sKkpaHa Bbl 3aiMeTe, Tem
To4Hee OyayT peaynbrarbl.

MHorne mogenn ocumnnorpados 061aAa10T SKPaAHHBIMK Map-
Kepamu, NO3BONSIOLLMMU M3MEPATb NapameTPbl CUrHANOB aB-
Tomatndecku, 6e3 noacyeTa AeneHnii Lkansl BpydHyto. Mapkep
— 00Obl4HasA NVHWS, KOTOPYIO MOXHO NepeMeLLIaTh No aKkpaHy
ocuunnorpada. e ropusoHTabHbIE MapKePHbIE NHYIN
MOXHO NepemMeLLaTs BBePX W BHW3 415 TOro, 4TOOb M3MepuTb
aMNAMTYAY CUrHaNa Mexay HMM, 1Be BePTUKabHbIe TNHM
MOXHO nepemMeLLars BNpaso W BNEBO, 4TOOLI M3MEPWTb BREMSI.
MonoxeHvs KypcopoB ONpPeaenaioTcs C ykasaHnem Hanpske-
HIS 11 BPEMEHN.
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MpUMep N3MEPEHUI BDEMEHW MO LEHTPY FOPU3OHTaNIbHOM
MaclTaGHOM wWKasbl

Puc. 67. 13mepeHns BpemeH B UeHTPEe ropn3oHTasIbHOM
MacLiTabHow Wwkansl

Vlsmepeva BpeMEHN N H4aCTOThl

Bbl MOXETE OCYLIECTBAATL U3MEPEHMSI BDEMEHM C MCMONB30-
BaHWEM ropu3oHTasIbHOM LKanbl ocuunnorpada. amepennsa
BPEMEHN BKMIOYAIOT B CE0S U3MEPEHNa Nneproaa 1 Anntenb-
HOCTW MMMYNbCOB. HacToTa — Benu4nHa obpaTtHas Nneproay,
Taknum 006pas3oM, 3Had NepUoa, MOXHO paccHMTaTb 3HaveHne
4aCTOThl. TOYHO TaKXKe Kak 1 NPU U3MEPEHUSX HANPAXEHNS,
N3MePEHVA BpEMEHM BONEE TOYHBI NPY NO3ULIMOHMPOBAHNI
pasBEPTKMN N3MEPAEMOrO CUrHana Tak, YTobbl OAuH Neprom,
nokpeiBan 60bLYIO NAoWaAb SkpaHa, kak 3T0 NPOVIIICTPU-
pPOBAHO Ha puc. 67.

N3mepeHunsa oimTenbHOCTU UMNybca U
BPEMEHW HapacTaHus GpoHTa

B HEKOTOpbIX Cy4asix O4EeHb BaXKHO 3HaTb TOYHbIE MapameTpbl
DOpMbI UMNybca. IckaxEHHbIE MAYNbChl MOTYT CTaTb NpK-
YUHOW HENPaBWUIBHOIO MYHKLMOHMPOBAHUS LM(MPOBO CXEMBI,
KpOME TOro, MOXET HapyLaTbCa CUHXPOHM3aLMS B NOCNe0Ba-
TENbHOCTU UMMYbCOB.

2TEST

Ocumnnorpadsl

OCHOBHbIE NMPUHLMMbBI U3MEPEHNI

Bpewmsa Bpewms
—» | HapacTtaHus

JinntensHocTb
nMnynsbca

0% — N
Puc. 68. /13mepeHne BpemeHy HapacTaHust poHTa U AINTENBHOCTH
MMNyNbca

B cTaHpapTHLIE 3MEPEHNSA NapaMeTPOB VIMMYNbCOB BXOAAT
N3MEPEHVA ANUTENBHOCTU MMNYAbCA U BPEMEHU HapacTaH1s
PpoHTa nMNynbca. Bpems HapacTaHus — 9TO BPeMst, HEOOXO-
OMMOE nepenaay MMNynbca ana nepexoga OT HU3KOro ypoB-

Hs1 0O BBICOKOIO YpOBHSA. [1n9 ygoOCcTBa BPEMS HapacTaHns
dpoHTa nmnynsca namepserca ot 10% 0o 90% oT 3HayveHus
NOAHOrO pa3mMaxa UMNyabca. Takon Noaxon, ycTpaHseT nobble
NOrPELIHOCTU, CBA3AHHbBIE C NepexoaHbIMK yrnamu. JnnTtens-
HOCTb UMMYNbCa — 3TO BPEMS, TPeOyeMOoe NMNYNbCY Ang nepe-
X04a OT HUBKOIO YPOBHS K BEICOKOMY U 0OPaTHO K HU3KOMY. [ns
ya006CcTBa AMTENBHOCTb UMMYAbCA UBMEPSAETCS MO YPOBHIO
50% 0T 3Ha4eHus NONHOro pasmaxa uMmnynsca. Ha puc. 68
NPOVNNIOCTPUPOBAHBI 3TU N3MEPEHWSA.

I3MepeHns napaMeTpoB MMMYAbCOB 4acTo TPEOYIOT TOHHOM
HaCTPOWKM CMCTEMBI 3anycka ocumnnorpada. Jna Toro, H4Toosl
B COBEPLIEHCTBE OBMAOETh TEXHUKOM N3MEPEHVIA MIMYNIbCOB,
HEOOXOOAMMO Hay4UTECA 9PPEKTMBHO NONL30BATLCA PEXMMA-
MW yOEPXaHUS 3anycka 1 QyHKUMEN yNpexaaioulero 3anycka
UMdpPoBOro ocumnnorpada, kak 310 NogpPoOOHO ONNCAHO B
paspene «Cnctemsl 1 OpraHbl ynpaBneHns ocuunnorpadas.
PacTtaxka No ropusoHTann — apyrasa nonesHaa GyHKUMA ans
N3MepeHNin NapaMeTpOB MMMYILCOB, MO3BONAIOLIAA NPOCMaT-
pUBaTb MENKNE AETaNM O4EHb KOPOTKUX MMMYNbCOB.
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YuebHoe nocobue
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Puc. 69. ®urypsl Jluccaxy

N3mepeHuns casura no ¢pase

OanH 13 METOAOB M3MEPEHWA CABMIra N0 dase — pasHiUbl B
CUHXPOHM3aLMN MEXAY OBYMSA OAVMHAKOBBIMY MNEPUOONHECKMMU
curHanamu — aTo 1UCnonb3oBanue pexnma XY. Takas nsmepu-
TenbHas TEXHONOMMS 3aKNo4aeTCst B NoAa4e OOHOrO curHana
Ha CUCTEMY BEPTUKAIBHOMO OTKNOHEHWA ocumnnorpada, a
[OPYroro curHana — Ha CUCTeMyY ropU30HTaNIbHOIO OTKIIOHE-
HWS, OTKyda 1 NPOM3OLWLINO HasdBaHmne pexima XY, NoCKOSbKY
ocK X 'Y COOTBETCTBYIOT FOPU30OHTANIBHOMY 1 BEPTVKAIbHOMY
OTKJTIOHEHWIO. ony4aemas Taknum 06pa3oM passBepTka curHana
HasblBaeTcsd GuUrypom Jlnccaxy (no MMeHW dpaHLLy3CKOro
duamka Jules Antoine Lissajous). cxoad 13 dopmbl Gurypbl
Jlnccaxy MOXHO onpenenvTs CABMr Gas Mexay ABYMS Cur-
Hanamm. Takke MOXHO y3HaTb COOTHOLIEHME YacToT. Ha puc.
69 nokasaHbl Gurypsl JlInccaxy ana pasnvyHelX COOTHOLLEHUM
4aCTOT W CABUIOB as.

Vines pexvva XY BnepBble Oblna BONIOWEHA B aHaN0OroBbIxX
ocumnnorpadax. DSO (undpoBLIE 3anOMUHAIOLLME OCLIMINOM-
padbl) MONYT HE CAPaBUTLCA C OTOBPaxeHnem eurypsl Jlncca-
Xy B peanbHOM BpemMeHn. Hekotopele DSO co3naloT purypel
Jlnccaxy nocpeacTBOM MOCTENEHHOIO HAKOMNEHWA 3axBadeH-
HbIX AA@HHbBIX C NOCNEeAYIOLMM OTOOPaXEeHEM Pa3BEPTKM ABYX
KaHanoB B BUAE GUrypbl JInccaxy.

2TEST

C opyroii ctopoHbl, DPO (ocumnnorpadsbl ¢ UMGpPOoBLIM Tio-
MUHOMOPOM) CNOCOBHLI paboTarb B UCTUHHOM pexume XY B
peasibHOM BPEMEHN C MPUMEHEHEM HENPEDPLIBHOIO NOTOKA
oumMdpoBaHHbIX AaHHbIX. DPO Takxe MoryT paboTarb B pexvmMe
XYZ ¢ pasnu4HbIMI rpagaunsMmn spKOCT OTAENbHBIX yHaCTKOB
passepTku. B otnnyme ot ocumnnorpados DSO v DPO, aHa-
NOroBble ocumnnorpadel oTobpaxaioT Gurypsl JInccaxy ans
CUrHaIOB C 4acTOTOW He 6051ee HECKONbKMX Merarepl.

Mpouyne namepuTenbHbIe TEXHONOMNK

HacTtodawmn pasaen OCBETU TONbKO OCHOBHBIE M3MEPUTENb-
Hble TexHonornn. pyre nsmepuTenbHble TEXHONOMIN BKIO-
yatoT B cebsa HaCTpoviky ocumnnorpada ans TeCTMpoBaHns
ANEKTPUHECKIX KOMMOHEHTOB Ha MPOM3BOACTBEHHbBIX JINHVIAX,
3axBar ObICTPOTEKYLLMX NepexodHbiX MPOLECCOB, a Takke MHO-
ro opyroe. MameputenbHbie TEXHONOTUW, MPUMEHSIEMbIE B Ha-
CTOSALLLEE BPEMS B UCCNEA0OBAHMSAX 1 HA NPOU3BOACTBE, BECbMA
pas3Ho0OpasHbl, HO 13 HACTOALLErO MOCOOUS, ECAN Bbl MPOUYIN
BCE BHUMATESbHO, MOXHO MOYEPNHYTb A0CTATO4YHO 3HAHWN,
4TOObI NPUCTYNUTL K paboTe ¢ ocuunnorpadom. Mpaktuyec-
kaa paboTa 1 pansHenlee n3y4eHne Teopumn No3BoNaT Bam B
COBEPLLEHCTBE OCBOWTL 3TOT HE3AMEHUMBI NPUBOP.
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Ocumnnorpadsl

OCHOBHbIE NMPUHLMMbBI U3MEPEHNI

[MMCbMEHHbIE YNpPaXXHEHUS YacTb | oxBaTbIBaET MHpOpMaLmio,

npeacTaBfieHHYI0 B pa3aenax:
10T pasgen cooepXxunT NMCbMeHHbIE YNPaxXHeHKA, OXBaTblBa-

IOLLVIE MHDOPMALWIO, NPUBEAEHHYIO B HACTOSLLIEM NOCOBUN. B Ocumnnorpad

OHU pazneneHsl Ha [1Be 4acTu, Kaxaas U3 KOTOPbIX COOEpXHT B XapakTeprcTVKi ocUMNNorpados
NPOBEPKY 3HAHMWS TEPMUHOB 1 NMPOBEPKY NPaKTUHECKYIX 3HAHIA.

MpOBEPLTE, XOPOLLO /11 Bbl YCBOWW NMPUBEOEHHYIO B 3TUX pas-
Aenax HbopmaLmio, CBEPUB CBOW OTBETHI C KAPTOW OTBETOB B HacTb Il oxBaTbiBaET MHGOPMaALMIO,

KOHLLE 8TOr0 pasaena Ha c. 54. npencTtaB/iIieHHYIO B pa3aeiax:

B CuvcTembl M opraHbl ynpasneHusa ocuynnorpada

B PaboTta ¢ ocumnnorpadom

B TexHOoNnorM1 U3MEepPEeHnin NpK NOMOLLM ocumnorpada
YacTbe | A. [IpoBepka 3HaHUS TEPMUHOB

JonuwmnTte OykBbl 3 ONpeneneHnin B NPaBoi KOJIOHKE K COOTBETCTBYIOLLMM C/IOBaM B JIEBOW KOMOHKE.

TepmuH OnpepeneHue

1. 3axear A EovHmnua namepeHua pasHoCTY 3NEeKTPUYECKMX MOTEHUMANOB.

2. AxanoroBas cxema B [MapameTp, onpeaensowmi To4HOCTb paboTel ALLM, BbipaxaeTtcs B OuTax.

3. __ Tlonoca nponyckaHus C TepMUH, NpUMeHseMbIV Ana 0003HaYEHNS NONOXeHWs TOYEK NepMoaa curHana 8
rpagycax.

4. UndppoBon MoMUHODOP D Yucno noBTOpEHUI crrHana 3a OfHy CEekyHAy.

5  Yacrtora E Bpewmga, HeobxoaMmoe curHany ans BbiNOAHEHWA OOHOrO Lyknia.

6. _ [nuty F CoxpaHeHHoe undpoBoe 3Ha4YeHe, NPEACTaBNALEE HANPSKEHVE CUrHaNa B
HEKOTOPOW TOYKE Ha OCY BPEMEHN.

7. Tepwuon G PacnpocTpaHeHHaa popma curHana, MMEeIoLEero GPOHT, AAUTENBHOCTb 1 Cnag.

8.  @asa H [MapameTp, onpeaenaounm CKOpOCTb HapacTaHa GpoHTa MMNYIbCAa.

9. _ WVmnynsc I Cxema ocumnnorpada, 0T KOTOPOW 3aBNCUT CKOPOCTb Pa3BEPTKM.

10. __ Touka pasBepTku J VI3peaka noaBngiowmmca B CUrHane OCTpbIA Mk,

11.  Bpems HapacTtaHus K V13amepeHHbIn ocumnnorpadomM OQHOKPATHO NOSBAALLMNCS CUTHAIT.

12. _ Touka BbIOOPKU L T[lpouecc cbopa ocumnnorpad®om Beibopok oT AlNL, nx obpaboTka 1 coxpaHeHmne B
namaTi.

13.  LndpoBor 3anomMmHatoLLmi M Heuto, paboTatlee ¢ HENPEPLIBHO M3MEHSIOLLIMUCS SHAYEHUSMU.

14,  TeHeparop pasBepTku N Lndposana TexHonoruns, Nno3eonsioLas otobpaxarb MHGOopMaLMIO O CUrHane B
TPEX KOOpAMHaTax B PEXMME PEANTbHOMO BPEMEHM.

15, TlepexoaHon npoLecce O Undposoi ocumnnorpad ¢ nocnenosarebHon 06paboTko.

16. _ Paspewatowas cnocobHocTb ALIM P [InanasoH 4aCcToT CMHYCOMAAbHOMO CrurHana, onpeaensiemMbivi no ypoBHIO -3 ab.

17.  Boner Q HeobpaboTaHHble nanHble OoT AL, ncnonbsyemble Ang pacyeTa 1 0TobpaxeHus

TO4YeK pPa3BepTKU.

a TEST +7 495 215-57-17 | info@2test.ru | www.2test.ru | r. MockBa, HayuHblii npoesg, 12




YuebHoe nocobue

YacTtb | B: lNpoBepka npakTuyeCckmnx 3HaHnm

0O6BeanTe KPYXXKOM OTBEThI, MaKCUMaIbHO COOTBETCTBYIOLLIME KaXO0MYy yTBepXaeHuo. HekoTopble

YTBEPXAEeHNA MMEIOT HECKOJIbKO NMPaBUJ1bHLIX OTBETOB.

1. C nomouubio ocuunnorpadga MoXHO:
a. Onpependrb 4acToTy curHana.

D. BbIgBNATL HENMCNPABHOCTM SNEKTPUHECKMX KOMMOHEH-
TOB.

C. AHanmanpoBatb NOAPOOHOCTN CUrHana.
d. Bce BblleynomgaHyToe.

2. PasHuua mexay aHanoroBbiM 1 LMGPOBLIM OCL M-
norpadom B TOM, 4TO:

a. AHanorosble ocumniorpadbl He MEIOT 9KPaHHOIo
MEHIO.

b. AHnanorosble ocumnnorpadsbl NOAANT N3MEPTEMOE
HanpsaxeHne NpaMo Ha cxemy GopM1poBanHKd n3obpa-
XEeHWd, Toraa Kak udpoBbele ocumnnorpadsl cHavana
NpeobpasyloT HanpaxXeHve B LMMPOBLIE 3HAYEHWS.

C. AHanIorosble ocumniorpadbl N3MEPSIOT aHaIOroBbIE
3Ha4eHnsd, a undpoBbiE ocuMInorpadsl USMepAIoT

uMdpsl.
d. AHanorosble ocumiorpadbl HeE UMEKOT CUCTEMbI 3axBara.

3. Cuctema BepTuKaNbHOro OTKJIOHEHUS ocuunorpaga
nenaet cnepyoulee:

a. 3axearbiBaeT TOHKM BLIOOPKM C MOMOLLbIO ALLIM.
b. 3anyckaeT ropusoHTanbHYIO Pa3BEpTKY.

c. Tlo3BONSET PErynMpoBaTh SPKOCTb M30OPaKEHNS.
d. Ocnabnset unn ycunmaeT BXOAHOW CUrHan.

4. Cuctema pasBepTku ocuunnorpada genaet cneayto-
wee:

a. Perynupyet pasmep no Beptukany.
b. TokasbiBaeT Tekyllee BPEMS.

c. OnpenenseT UHTEpBasn BpEMEHW, COOTBETCTBYIOLLWI
pasmepy akpaHa no ropusoHTaN.

d. Togaet TakToBbI NMAYILC HAa NPOOHNUK.

5. Ha akpaHe ocuunnorpada:

a. HanpsaxeHve oTknanpiBaeTcd no BepTUKaibHOM OCH, a
BPEMS — M0 rOPU30HTASIBHOW.

b. Mpamasa ouaroHanbHas NMHUA COOTBETCTBYET Hanpske-
HNIO, MEHSIOLLIEMYCS! C MOCTOSIHHOM CKOPOCTHIO.

c. [Mpsmas ropnsoHTanbHas NMHKS COOTBETCTBYET MOCTO-
AHHOMY HaMPSKEHNIO.

d. Bce, nepedmcneHHoe BoilLe.

Bce nepuoanyeckme curHanbl UMeloT crieaylowme
XapaKTepPUCTUKU:

a. Yactory, M3mMepaemyto B repuax.

b. Tlepwvoa, nsmepaemblin B CekyHaax.
c. [lonocy, UsmMepaemyto B repuax.

d. Bce, nepedmcneHHoe BoilLe.

Ecnu Bbl UccnenyeTe KOMNbIOTEP C NOMOLLLbIO OCLMII-
norpada, To, BeposTHO, 0GHapyXuTe creayoLme
TUNbI CUrHaNOB:

a. [la4ky MMnynbCoB.

b. MunoobpasHbie crrHal

c. CuHycovaanbHble CUrHansi.
d. Bce, nepedmcneHHoe BhilLe.

OueHuBas xapakTePUCTUKU aHANIOrOBOro OCLIWILIOT -
pada, Hy>KHO 06paTUTL BHUMAHWE Ha:

a. [lonocy nponyckaHus.

b. YyBCTBMTENBHOCTb CUCTEMBI BEPTVKAIBHOIO OTKIIOHE-
HNA.

c. PaspeleHne AL,
d. CkopoCTb pa3BepTkiu.

PasHuua mexay umdppoBbIMU 3aNnOMUHAKOLWLMMU OC-
uunnorpadpamm (DSO) n ocumnnorpacpamm ¢ undppo-
BbIM JlloMuHogpopom (DPO) B ToM, 4TO:

a. DSO vmeeT bonee Wrpokyio NON0CYy NPOnyCKaHus.

b. DSO pernctpupyeT nHGopMaumio 0 CUrHane B Tpex
KoopamHaTax B pexxume peansHoro BDEMEHMU.

c. DSO umeet upeTHowm ancnnen.

d. DSO peructpupyeT 60blie Menkmx NoapoOHOCTEN
curHana.
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Ocumnnorpadsl

OCHOBHbIE NMPUHLMMbBI U3MEPEHNI

YacTb Il A: TlpoBepka 3HaHUS TEPMUHOB

HonunwunTte B6ykBbl N3 ONpeneneHnin B NpaBo KOJTOHKE K COOTBETCTBYIOLLIMIM CJIOBaM B IEBO KONTOHKE.

TepMuH
1. PexumycpeoHeHna
2. HarpyskaHa uenb
3. KomneHcauma
4. Ceasb
5~ 3asemnenve
6.  Pexum aKBMBaANEHTHOIO BPEMEHN
7. KoopamHartHaga cetka
8. WHTepnonauua
9. _ Pexum peansHoro BpemeHn
10. __ TeHeparop curHanos
11.  OpHOKpaTHbI 3anyck
12, [Hatduk

OnpepnenexHue

HexenarenbHoe BnnaHne npoBHvka 1 ocumnnorpada Ha McCnemyemyio Lerb,
BbI3LIBAIOLLEE NCKaXEHNE curHana.

[MPOBOOHMK, COEAMHAOLLNM SNEKTPUYECKME LENU C 3EMNEN.

Pexunm anckpetrsaumm, B KOTOPOM UMMPOBOM ocumniorpad aenaet CTofibko
BbIOOPOK 3@ BPEMSI MPUCYTCTBUSA CUMHANA, CKOMbKO CMOXET, 1 3aTEM CTPOUT U3 HUX
n3obpaxenve, NPUMEH:As Npy HEOOXOAMMOCTY UHTEPNONALNIO.

Pexunm anckpetrsaumm, B KOTOPOM LMPPOBOM ocumnnorpad CTpouT nsobpaxe-
HVE NOBTOPSIOLLErOCS CUrHana nyTem 3axasara HeGonbLOW A0 MHDOPMAaLIMNA B
KaxXaoM nepuoae.

YCTPOVCTBO, Npeobpasylolee HEKOTOPYIO PU3NYECKYIO BEAUYMHY, HAaNPUMED,
3BYK, A@BneHune, aedopmMaumio Nam SpKoCTb, B 3NEKTPUYECKMIA CUTHAN.

VicnbiTarensHoe yCTpOI;ICTBO, nogatouwlee CurHas Ha BXo4, CXeMbl.

MeTton 06paboTkn, NCMONb3YEMbIN LMBPOBEIMKU OCUMANOrpadamMmu s noaaBne-
HUA LWyMa B OTOOpakaeMoM curHane.

MeTon coeanHeHss Mexay coboin AByX Lienew.

MeTon «CoeAMHEHNS TOYEK>, UCMNONBb3YEMbIN 15 MOCTPOEHV pa3BepTKy CUrHa-
NIOB MO HECKOMBKNM UMEIOLLMMCS TOHKaM.

TInHK pasMeTky Ha akpaHe ocumnnorpada 418 M3MEepeHnd passepTok.

MeTopn 3anycka, Npy KOTOPOM pa3BepTka 3anyckaeTcd TONbKO OAMH pags, a Cnefy-
IOLLMIA 3aMyCK MOXET MPOM30ITH TONbKO Noche copoca.

HacTtpoiika npobHuka ¢ 10-kpaTHbIM 0cnabneHnemM, Cormacyiolas anekTpuieckmne
XapakTepPUCTUKKN NPOBHKKA C 3NEKTPUHECKMMI XapakTepPUCTIKaMK ocumnnorpada.
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YuebHoe nocobue

YacTs Il B. lNMpoBepka npakTnyecknx aHaHuin

0O6BeanTe KPYXXKOM OTBEThI, MaKCUMaIbHO COOTBETCTBYIOLLIME KaXO0MYy yTBepXaeHuo. HekoTopble
YTBEPXAEHNSA UMEIOT HECKOJTbKO NPaBUJIbHbIX OTBETOB.

1. Ona 6esonacHoi paboTsl C OCUMANOrPadOM HYXXHO: 6. Perynsatop 4yBCTBUTENBHOCTM UCMONb3YETCH 4Ns:

2TEST

a. 3asemnutb ocumnnorpad ¢ NOMOLLbIO COOTBETCTBYIO-
LLLEro TPEXMOMIOCHOMO CETeBoro kabens.

D. YmeTb pacnosHaBarb NOTEHUMaNbHO ONacHbIe 9NekTpK-
4EeCKNe KOMMNOHEHTHI.

C. MW3berarb NPUKOCHOBEHWI K HEMB0NMPOBAHHBIM COeaM-
HEeHVAM N3MEePAEMON CXEMbI, Aaxe NPY OTKTIIOYEHHOM

a. MacwTtabnpoBaHva pasBepTKy N0 BEPTUKAM.
b. TlepemeuleHns passepTkM No BEPTUIKAIN.
c. Ocnabnenua nnv yCuneHus BXOAHOMO CurHana.

d. YCTaHOBKM 3HAYeHWA HaNPXXeHnsa, COOTBETCTBYIOLLErO
Kaxxaomy AeneHnto.

nUTaHNN, 7. CoeanHeHne Bxoaa CUCTEMbI BEPTUKAIbHOIO OTKIOHEHWS C
3emMnen NprBoOaNT K CNeayioLeMy:
d. Bce, nepe4ncneHHoe Bhille. brson Ayotemy
a. OTknovaeT BXOOQHOW CurHan ot ocumnnorpada.
3asemnenve ocumnnorpada HeooxoaANMo:
9 b. TprBOONT K NOABNEHWIO TOPV3OHTAIBHOW NTMHWUN B pe-
a. [lna 6esonacHon paboThl. brBOLA P P
XVMME aBTOMATNYECKOro 3anycka.
b. [nsa obecnedyeHus onopHOro NoTeHumana npu Bbinos-
. C. [lo3BONSET yBMAETD, IAE Ha 3KpaHe HaxOAMNTCA YPOBEHb
HEHNN N3MEPEHWUI.
Hyns.
C. [nsa CoOBMELLEHVA pasBePTKM C rOPUSOHTaIIbHOWM OChIO
d. Bce, nepevncneHHoe Bhille.
LKansl.
8. 3anyck Heobxoonma ong:
d. Bce, nepeyncneHHoe Bhille. Y a ad
a. Crabunmnaaummn Ha aKkpaHe NepuoamndecKnx CUrHanoB.
Harpyska Ha Lienb BO3HUKAET B Pe3ySibrare TOro, HTo:
. b. 3axBata 0QHOKPATHbIX CUrHANOB.
a. BxopHol curHan MMeeT CamkoM 00bLIOE Hanpsike-
HVE. Cc. MapknpoBKky ONPEeaENeHHOM TOHKI 3axBa4€HHOIro Cur-
Hana.
b. MpobHWK 1 ocumnnorpad okasblBaloT BAUSHUE Ha U3-
MepPAEMYIO Lienb. d. Bce, nepedmcneHHoe BhllLe.
c. TMpobHuK ¢ atteHtoatopoM 10X He CKOMMNEHCUPOBAH. 9. PasHuua mexay aBTOMatnyeCkumM 1 HOpManbHbIM PEXMUMa-
. MU 3anycka 3aKkio4aeTcs B TOM, HTO:
d. Ha cxemy nonoxmnm CnLKOM TSXENbIN NPEAMET.
a. B HopmanbHOM pexyrmMe 3anyck OCYLIECTBNAETCH OOHO-
KomneHcaums NnpobHUKa HyxxHa ang: P P Y Y .
KparHo, a 3aTeM OCTaHaBIMBAETCS.
a. CornacoBaHNs aNeKTPUHECKNX XapakTepUCTUK NMPOBHM-
b. B HOpMansHOM pexmnme 3anyck NpPOVCXOANT TONBKO
Ka ¢ ocnabneHnem 10X ¢ xapakrepucTnkamm OCUMANonr-
padba Toraa, Koraa curHan 4oCTuraeT ypoBHS 3anycka; B Npo-
' TVBHOM CJly4ae 3KpaH OCTAETCA MyCThIM.
b. TpenoTtepalleHua NOBPEXOEeHUA TECTUPYEMON LIEMW.
c. B aBTOMatmyeckom pexmnme pa3sepTka pabotaeT noc-
C. [loBbILEHUSI TOYHOCTU N3MEPEHUIA. TOSIHHO, Aaxe 6e3 curHana sanycka.
d. Bce, nepeyncneHHoe BoilLe. d. Bce, nepedmcneHHoe Bhile.
DYHKUMS NPOKPYTKM PAa3BEPTKM MCAONBL3YETCA ANA: 10. Pexxum 3axBata, MakCUMabHO CHYKAIOLLINIA LLYM Neprnoam-

a. MacwTtabrnpoBaHva CUrHanoB Ha SKpaHe.
b. OB6HapyXeHus CUHYCOMaaNbHbIX CUIHANOB.

c. CoBMELLEHMA Pa3BepTKN CUrHAIA C FOPUSOHTANBHOM
OCbIO LWKaSbl B aHaIOroBbIX ocupinorpadax.

d. VamepeHnsa omuTensHOCTU MMNYIbCa.

4EeCKOro curHana, aTo:
a. Pexum BbIGOPKA.

b. Pexvm nnkoBoro aoeTtekropa.
c. Pexum ormbatouei.

d. Pexum ycpenHeHus.
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11.
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C nomoLubio ocumnnorpada MOXHO n3MepaTb ABa OCHOB-
HbIX NapamMeTpa:

a. Bpewms nuacrtory.
b. Bpemsa n HanpsaxeHne.
C. HanpsaxeHue n onvTensHOCTb MMMIYIbCa.

d. OnvTensHOCTb MNynbca v CaBUr ¢hassbl.

. Ecnm BeiBpaHa vyscTBuTENbHOCTL 0,5 B/Oen, makcumanbs-

HOE 3Ha4eHune curHana, KOTopbli MOMECTUTCS Ha aKpaHe
(pasmepomM 8 x 10 neneHnit), CocTaBuT:

a. 62,5MB (nuk-nuk).
b. 8B (nuk-nuk).
c. 4B (nuk-nuk).

d. 0,5B (nuk-nuk).

. Ecnn BuiBpaHa ckopocTb passepTkn 0,1 Mc/aen, To Bpems,

COOTBETCTBYIOLLEE LUMPUHE 3KpaHa, PaBHO:
a. 0,1mc
b. 1mcC

1¢c

%

o

0,1k,

14.

15.

Ocumnnorpadsl

OCHOBHbIE NMPUHLMMbBI U3MEPEHNI

OnnTenbHOCTb UMAyNbca NPUHATO UBMEPSITh:

a. [loyposHio 10% OT NOMHOrO pasMaxa UMMynbea.
b. Mo yposHio 50% OT NOAHOro pasmaxa UMMybea.
c. [oyposHio 90% OT NOAHOro pa3maxa UMnysbca.

d. Mexay yposHamun 10% 1 90% OT NoaHOro pasmaxa
nMnynbca.

Bbl nogkmoumnam I'IDOGHI/IK K NCCNeyemMoi CXxemMe, HO Ha
3KpaHe HMYEro He NoABNNOCE. Bbl OOMKHbI:

a. Y6eamtses, 4To APKOCTb 3KpaHa He yCTaHOBJIeHa Ha
MUHUMYM.

b. Ybeoutbcs, 41O ocumnnorpad HacTpoeH Ha oTobpaxe-
HVEe TOro kaHana, kK KOTOpPOMY NMOAKMOYEH NPOBHKIK.

C. BbIGDaTb ABTOMATVHECKNIN DEXMM 3arycka, NOCKOSbKY
B HOPMaJ/IbHOM pexXmnMe aKpaH MOXeT OCTaBaTbCH Myc-
TbIM.

d. BbiGpaTb 014 BX0Aa PEXMM CBS3W MO NePeMEHHOM TOKY
1 YCTAHOBMTb MakCUMasbHoe 3HadeHve Bonst/nene-
HIe, NOCKONbKY 6OMbLIOE NOCTOAHHOE HaNPSXEHWe
curHana MOXeT BbIBECTV €r0 pasBepTKy 3a npeagss
BEPXHEW AN HKHEN rpaHuLLbl 9kpaHa.

e. YbeauTbCs, 4TO I'IpOGHI/lK HE 3aKOPO4EH N KOHTAKT «3eM-
N> NOAKAOHEH NpaBnIbHO.

f. Y6eanTbcs, 4to ocumnorpad sanyckaeTcs OT kaHana,
Ha KOTOPbIA NOAaH CuUrHan.

g. Bce, nepeuncnerHoe BoilLe.
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YuebHoe nocobue

KapTa oTBETOB

B atom paspene nprBeneHsl OTBETHI HA MNCbMEHHbBIE YIPaKHEHNA 13 NPeaplayLLero pasaena.

YacTb | A. MpoBepka 3HaHNSA TEPMUHOB

1.L 5.D 9.G 13.0
2.M 6.J 10.F 14.1
3.P 7.E 11.H 15.K
4.N 8.C 12.Q 16.B

17.A

YacTb | B. lpoBepka npakTniecknx 3HaHum

1.D 3.D 5D 7.A
2.B,D 4.C 6.AB 8.AB,D
9.B

YacTtb Il A. [poBepka 3HaHMA TEPMUHOB

1.G 4.H 7.J 10.F
2.A 5B 8.1 11.K
3.L 6.D 9.C 12.E
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A

Amnnntyga

AMNANTYAHO-4acTOTHas
XapakTepuctumka

AHanorosbln ocumnnorpad

AHanoroBbIvi curHan

AHanoro-undposon
npeobpasoBaTesnb (ALLM)

B

BepTtukanbHas
YyBCTBUTENILHOCTb

BepTtukanbHoe paspeLueHune
(AUIM)

BonHa

Bonbt

BbiGopka B peasisHOM BpeMeH!

Bbi6opka B 3KBMBANIEHTHOM
mMacLuTabe BpeMeHn

r

leHepaTop pa3BepTkn
fepu (M'u)

Murarepu, (Mu)

Mmuty

[opun3oHTanbHas pasBepTka

Mpagauun apkocTun

A

JAatumk
Henexnuve

AnckpeTnsaums
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Ocumnnorpadsl

OCHOBHbIE NMPUHLMMbBI U3MEPEHNI

Hanbonbluee OTKINOHEHME neproamyecki USMEHSIOLLENCHA BENMYNHBI OT €€ HYIEBOIO 3HAYEHWA.
B anekTpoHuke 06bIYHO paccMarpmBaeTCca aMnninTyaoa HanpsXeHnsa nam Toka.

AMIAUTYAHO-4ACTOTHAA XapakTepucTika ocumnnorpada onpeasnaeT 3aBMCUMOCTb TOYHOCTM
npeacTaBneHna amnanTyasl BXOAHOrO CUrHana OT 4acToThl. s OOCTUXEHVISE MAHVMANBbHOW
NOrPeLIHOCTV BaXHO, YTOOLI OcUMAnorpad nMmen nnockyio A4X Bo Bcer nonoce nponyckaHus.

Mprbop, oTobpaxaoLwmin GopmMy CrrHana 3a CHET NoAadn BXOAHOro curHana (06paboTaHHOro
1 YCUNEHHOr0) Ha CUCTEMY BEPTUKANLHOIO OTKIOHEH WS 9NeKTPOHHOIo Nyya, nepemMeLaioLe-
rocst N0 3KpaHy aNeKTPOHHO-Ny4eBOM TPYOKK (SJ1T) cneea HanpaBo. HaHeCeHHbI Ha SJ1T cnon
NIOMUHOGOPAa CO30aET CBETALLYIOCA NMHNIO BAOMb TDAEKTOPUM Jiyya.

Curnan, NPeaCcTaBNAoLLMIA cobon HEernpepbiBHO MeHALLeeCA HanpaxeHne.

LInPOBOM 9NEKTPOHHbIN KOMIOHEHT, NPe0OpasyioLLNN SNEKTPUYECKU CUMHAN B AUCKPETHBLIE
NBOUYHBIE 3HAYEHMUA.

BenvunHa, nokasbiBaioulas, kakas aMnanTyaa BXOAHOrO curHana (CUcTeMbl BEPTUKaNbHOroO
OTKNOHEHMA) NPUXOANTCA HA OOHO AeNeHe BEPTUKAIbHON LKanbl; M3MepaeTcs OObIHHO B M-
NVBOMbTAx Ha aenexHvie (MB/nen).

Mepa TOYHOCTW aHanoro-umMdpoBoro npeobpasosarend (ALM) umdpoBoro ocumnnorpada,
KOTOPbI NPeobpasyeT BXOAHOE HanPsXeHne B YMCNEHHbBIE 3HAYEHNS, BbIDaXEHHasa B OuTax.
MeTopn, pacyeTa, HanpuMep, B PEXNME BbICOKOIO paspeLleHust, KOTOPbIA MOXET NOBbLICUTL
2P PEKTVBHOE paspeLleHne.

06w TepMnH, 0603HAYaIoLWMIA NePUoaMHEecKn NOBTOPAIOLLMINCA Npouecc. PacnpocTpa-
HEHHbIE TWMbl BOMH BKIIOYAIOT CUHYC, MEaHAP, NPAMOYTrOAbLHIK, MY, TPEYronbHWK, nepenag,
MNYbC. BonHa MOXET BbiTb NepUOaNYECKON, HENEepPnoaMHECKON, CUHXPOHHOM, aCUHXPOHHOW.

EAVHMUA M3MEPEHUA PASHOCTM 3NEKTPUNYECKNX MOTEHLNAIOB.

Pexum BbIGOpKM, B KOTOPOM Oocumnnorpad Aenaet MakCMansHoe Y1Cno BbIGOpOK 3a Bpemd
OOHOrO uMKna 3axeara. liaeansHo NOAXOAWT 019 CUTHANOB, YaCTOTHBI AManasoH KOTOPbIX He
MPEeBBILIAET NOMNOBNHY MaKCUMaNTbHOW 4acTOThl AMCKPETM3aumm ocumnnorpada.

PexM BbIOOPKK, B KOTOPOM LMPPOBOV ocumanorpad CTpouT n3obpaxeHne NoBTOPSALWErocs
curHana nyTem saxeara HebonbLOW 00NV MHopMaumn B kaxaom nepuoae. CyllecTyeT aa
TMNa Takov BbIOOPKK: NPOM3BOAbHANA 1 NOCNE0BaTENbHAS.

Cxema ocumnnorpada, kotopas GoOpMUPYET CUrHaN ynpaBneHvs pa3BepTKoM
OOVH Nepuoa B CekyHay, eaMHMLA N3MEePEHMs 4aCcToThl.

1000 000 000 Iu; eanHVLA U3MEPEHNS HACTOTHI.

Bbicoko4acToTHasa nepemMexaioLiasncs nomexa.

JelicTBre cUCTEMBI FOPU30HTaNIbHOIO OTKNIOHEHNS, HEOOXOAMMOE A1 MOCTPOEHNS Ha 3KpaHe
GOpPMbI CrHana.

VIHpopMaups 0 HacToTe NOABNEHNS, BaXHaA 419 NOHUMAaHNA PeanbHOro NOBEAEHNSA curHana.

YCTPOMCTBO, NpeobpasyioLiee HEKOTOPYIO PUSNYECKYIO BEVUMHY, HANPUMEP, 3BYK, JaBNeHue,
nebopmaumio v ApKOCTb B NEKTPUYECKI CurHa.

VIamepuTensHaa pasaMeTka Ha KOOPAMHATHOW CEeTKe ocumnorpada, CoCToALLAA U3 OCHOBHbIX U
MasbIX AENEHN.

MNpeobpasoBaHvie BXOAHOMO aHalIoroBOro curHana B Habop AMCKPETHBIX 3HAYEHWI ANs coxpa-
HeHWsA, 06paboTku 1/mnu oTobpaxeHva. buiBaeT ABYX TUMOB: C BbIOOPKOW B peasibHOM BpEMEHM
1 SKBMBANEHTHOM BbIGOPKOW.
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OnnHa 3anucu

OnTenbHOCTb MMMyJbCca

OnntensHocTb ppoHTa

3

3azemsneHne

3anyck No HapacTaHuo UIn

cnagy

3emnd

N

Mmnynbc
MHuTepnonsaums

McTouHnk curHana

K

Knnorepu, (k)

KomneHcauusa

KoopamHaTHasa ceTka

KpuBas

Kypcop

J1

Jlornyeckunii aHannsaTop

M

MeaHpp

MeraBbl6OpKUN B CEKYHAOY
(MBbI6/C)

Merarepu, (MI'y)
MwukpocekyHaa (MKC)

Munnuncekynaa (mc)
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YUCNo TOYEK cnrHana, MCnosb3yemMblX 419 CO30aHMA 3ancn curHana.

Bpewms, B Te4YeHne KOTOPOro YPOBEHE CUMHAIA MEHAETCHA OT HM3KOMO 10 BEICOKOMO 1 BO3BpaLLa-
€TCSt CHOBA K HU3KOMY YPOBHIO; OObIYHO M3MEPHAETCHA N0 YPOBHIO 50% OT amnnuTyap.

Bpewms, Heobxoanmoe curHany Ans nepexofa oT HU3KOrO YPOBHS K BLICOKOMY. OBbIYHO 13Mepsi-
etcs mexay 10% v 90% ypoBsHs.

[pOBOOHVIK, COEOMHSAIOLLMI NEKTPUYECKME LEMN C 3EMNEN.

Bua, HaknoHa BXOAHOMO CUrHana cxemel 3amnycka, npy KoTopoM 6yaeT chopMmMpoBaH CurHas
3anycka.

1. TTpOBOAHWK, C MOMOLLIO KOTOPOro 3N1eKTpuYeckas LUEenb UK ee SKBNBANIEHT COEANHAETCS C
3eM1ein Ans yCTaHOBKM 1 NOAAEPKaHWst ONOPHOMO YPOBHS HANPSXEHNSI.

2. To4ka CXembl C HYIEBbIM OMOPHBIM MOTEHUMATIOM.

LLInpoko pacnpoctpaHeHHaa popma curHana ¢ KOPOTKMM PPOHTOM, HEKOTOPOW AJIUTENbHOC-
ThiO U KOPOTKVM CMaaoM.

MeTop «CoeANHEHNSt TOHEK», UCMNONb3yeMbll 47151 NOCTPOEHMA Pa3BepTki ObICTPLIX CUMHAIOB MO
HECKONbKMM UMEIOLLIMCH To4KaM. beiBaeT ABYX TUMOB: IMHENHAA 1 Sin X/X.

KOHTPONbHO-U3MEPUTENbHBIM NPUOOP, UCAONAL3YEMBIV AN NOAaYV CUrHana Ha Bxoa, uccne-
[YEMOW LIENW; CUTHAS C BbIXOAA 3TOW LEeny NoAaeTca Ha ocumnnorpad. VIsBeCcTeH Takxe, kak
reHeparop CUrHaaoB.

1000 lepu;, eanHmLa N3MEPEeHUA HacTOoTsl.

HacTtporika npobHuka ¢ atteHiatopom 10X, cormacytoLas an1ekTpudeckne xapakTepucTnkim
NPO6HVIKa C ANEKTPUHECKMMU XapakTepucTukammn ocumnnorpada

JInHW pa3MeTky Ha akpaHe ocumnnorpada Aas M3MepeHns KpUBbIX.

OTo6paxaemas popma curHana Ha akpaHe SJ1T, cozpaBaemasn ABMKYLLMMCA 3NEKTPOHHbBIM
JIYHOM.

OKpaHHbIN Mapkep, KOTOPbIM MOXHO COBMELLATb C CUMHaNOM A19 BEINOHEHMS TOYHbBIX N3Mepe-
HA.

Mprbop, MCNONL3YEMBIN 4151 OTOOPaXEHNSA N3MEHEHNSA NOMMYECKMX COCTOSIHUIA HECKONBKIX
UMPPOBBLIX CUrHAIOB BO BPEMEHW. AHANM3NPYET LUMPPOBbLIE AaHHbIE 1 MOXET NPEACTaBUTb UX B
BME UCMNONMHAEMOM B peanbHOM BPEMEHK NPOrpaMmbl, NOTOKa 3Ha4YEeHUI, NOCNea0BaTebHOC-
TV COCTOSIHWM 1 T.M.

LLINpOKO pacnpoCTpaHeHHbI CUrHai NPSMOYroibHOM GOPMbl, Y KOTOPOrO ANTENbHOCTb UM-
nynbca v ANMTeNbHOCTL Nay3bl PaBHbI.

EnvHMLA N3MEPEHMS YaCTOoThl AMCKPETU3aLMW, paBHast OAHOMY MUNIMOHY BbIBOPOK B CEKYHAY.

1 000 000 lepu;, eamMHMLA N3MEPEHUA HaCTOThI.
EavHnua nameperus spemenn, pasHaa 0,000001 cekyHAab!.

Ennnuua nameperua spemenn, pasHasa 0,001 cekyHab!.
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Ocumnnorpadsl

OCHOBHbIE NMPUHLMMbBI U3MEPEHNI

HexenarenbHoe BnnaHmne npobHvka 1 ocupniorpada Ha UCCReayemyio Lerb, Bbi3biBaloLLIEe
MCKaXeHue curHana.

HexenarenbHoe BangHne HpOéHI/IKa n OCLLI/IJ'IJ'IOI'DSCDS Ha nccneayemyto Lenb, Bbl3blBatloLLEee
nCKaxeHne curHasna.

HaknoH rpaduka nnm KpMBOW Ha 3KkpaHe ocumsnorpada, OTHOLWEHNE BEPTUKA/IbHOIO PpacCcTo-
AHUSA K TOPUBOHTASIbHOMY. [TONOXUTENBHBIV HAKITIOH YBENMYMBAETCS ClieBa HANpPaBo, a oTpuLa-
TENbHbBI — YMEHbBLIAETCA CleBa HaNpPaBo

EnvHnua namepenua spemenn, pasHaa 0,000000001 cekyHab!.

PasHOCTb 9EKTPUYECKNX NMOTEHLMANIOB MEXY ABYMA TOHKaMU; N3MEPSETCA B BonbTtax.

Mcnonbayemblii B UMGPOBBIX OCUMANOrpadax pexvM 3axsara, No3BOAAIOWMA YBUAETb MEKNe
NoAPOGHOCTI CUrHana, KOTopble, B MPOTUBHOM Crydae, Nerko MoryT ObiTb HesamedeHbl. Oco-
OEeHHO NoneseH a9 UCCNeaoBaHns KOPOTKMX, CUIbHO PABHECEHHbBIX BO BPEMEHW NMIYbCOB.

KpuBas, npeacrasnaouias cobom KOHTYP BOONb MakCUMabHbIX M MUHUMAITbHBIX 3HAYEHNIA
CuUrHana, NoNy4eHHbIX B pe3dynbrare 3axBara HEeCKOJIbKMX NeproaoB CUrHana.

Pexum 3anycka, B KOTOPOM pa3BepTka 3anyCKkaeTcs OAMH pas 1 NOTOM OCTaHaBIIBAETCS.
3axBaveHHbl ocumnnorpad®oM OAHOKPATHBIM CUrHAN (HanpUMEp, NePexoaHor MPOLECC).
YMeHbLUEHVE aMnanTyapl CUrHana npm NPOXOXOEHNN €ro U3 OAHOW TOYKM B APYIYIO.

Mprbop, MCNoNb3yeMblin Ansa 0TOOPaxXEHUA N3MEHEHWNIA HANPAXEHWA BO BpeMeHW. CNnoBO «OC-
umnnorpad» NPONCXOaUT OT CnoBa «oscillate» (konebatbest), NOCKONbKY OCLMANOrpadbl HacTo
NCNONL3YIOTCA AN HABNIOAEHNS INEKTPUHECKMX KonebaHniA.

Pa3HoBMOHOCTL LMGPOBOro ocuunorpada, co3naoias nsobpaxenre, 61M3koe K n3obpaxe-
HUIO aHaNOroBbIX OCUMINOrpPadOB, OAHOBPEMEHHO Npeaiaras BCe BO3SMOXHOCTH UMPPOBOro
ocumnnorpada (CoxpaHeHue curHana, agTomarmdeckne namepennd 1 .n.). DPO ncnonedyer
APXUTEKTYPY NapannenbHor 06paboTkm 0fig nepeaayu curHana Ha pacTpOBbIM AVCINEN, KOTO-
pbI OTOBPaxXaeT pasBepTKy CUrHana ¢ rpaaauramm SpKOCTU B PEXMME PEANTBHOMO BPEMEHN.
DPQO oTobpaxaeT curHansl B TOEX M3MEPEHMAX: aMNINTYAa, BDEMS 1 pACNPedeneHne amranTy-
bl BO BDEMEHMU.

Pas3HOBNAHOCTL LMPPOBOro ocumnnorpada, obbeanHsaowan 6a3osbie GyHKUMN 16-kaHanbHO-
rO IOMMYECKOro aHanmMaaropa ¢ xapakrepuctnkamm 4-kaHanbHOro ocumnorpada ¢ uMepoBbIM
JIOMUHO(DOPOM.

MNapameTp nsobpaxeHua ocumnnorpada, KOTopbIi NO3BOASET OTOOPaXaTh M3MEHEHNA APKOCTA
no Mepe GOPMUPOBAHNS KPUBOW.

HanpsxeHue, M3mMepeHHoe OT TOUKM C MakCUMabHBIM YPOBHEM [0 TOUKM C MUHUMaTbHbLIM
YPOBHEM.

MpoLecc AMCKpeT13aunn crurHana aHanoro-umdposbiM Npeocbpasosarenem (ALLM) B anckpeT-
Hble MOMEHTbI BDEMEHM 1 NPE0OPa30BaHNS HANPAXKEHWI CrHaNa B 9TUX TOYKAx B YACNEHHbIE
3HaYEHNs, Ha3blBaeMble BeIOOpKaMM.

Habop 1MnynbCoB, cneayiowyx ¢ HEO60NbLLIOW 3a0ePXKON APYr 3a APYIOM.
CwurHan, neproan4ecky MEHSIOLLMICA BO BPEMEHN. Takxke, TUM CBSA3M MO BXOAy ocumnnorpada

OLLHOKpaTHbIIZ CUrHas NOMEXM, BO3HUKAIOLLIWI B pe3ynbrare peakumn AMHaMU4eCKon CUCTEMbI
Ha NPUIOXEHHOE K HEW BHELIHEE BO3AENCTBUE.

Bpewmsa, HeobxoanMmMoe curHany onsa BelNOAHEHUS OAHOro KonebartenbHoro umkna. Nepuoan paBeH
1/4actory.

MakcrmanbHbI YPOBEHb HAMPAXEHWA, OTCHUTEIBAEMbIM OT OMOPHOIO HYNEBOMO YPOBHS.

[Neproan4eckut CUrHan, ypoBeHb KOTOPOro NIMHENHO HapacTaeT OT HaYaIbHOro A0 KOHEYHOIO
3Ha4eHns, a 3aTemM MrHOBEHHO BO3BPALLAETCA K HA4aIbHOMY.
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YuebHoe nocobue

[MorpewHoCTb N0 ropmn3oHTann

(pasBepTKa)

MorpewHocTb ycuneHns

[Monoca nponyckaHus
[MOCTOSAHHbINV TOK

Mpo6HMK

P

PasBepTka c 3agepxkon

Pactp
Pexum XY
Pexxnm 3anycka

Pexunm 3axBata

C

Cesa3b

Cagur dasbl
CwuHycounpga

CkopocTb 3anucu

CkopocTb 3axBaTa curHana
CKopOCTb pa3BepTkun

Cxema 3anycka

T

Touka BbIGOPKM

Touka pas3BepTKn

2TEST

MOrpeLHoCTb, C KOTOPO CMCTEMA FOPUSOHTANBHOIO OTKIIOHEHWS 0TOBPaXaeT BPEMEHHbIE
XapakTepuUCTVKL curHana. Buipaxaetcs 06bl4HO B MPOLEHTAaX.

Ownbka, BO3HMKAIOLAA NPY 0CnabneHn nnm yeuneHnmm curHana CUMCTeEMOM BEPTUKANIBHOMO
OTKJIOHEHUA. BhipaxaeTca 00bI4HO B MPOLEHTAX.

JnanasoH 4acToT, 06bIYHO OrpaHnyeHHbIn cnaagom A4X Ha 3 ab.
CurHan, He MEHSIIOLLIMICA BO BDEMEHU. Takke, TV CBA3YW MO BXOAY ocumnnorpada.

YCTPOWCTBO Ans Nofayv curHana Ha exoa, ocuynnorpada. ObblHHO UMEET 3a0CTPEHHBIN Me-
TaIMYECKMNIA HAKOHEYHWK ANA 06eCneYeHst 3aNEeKTPUYECKOro KOHTakTa C afemMeHTamm Uenu,
NPOBOM, NOOKMOYEHHBIN K «3eMEe» CXeEMbI 1 TMOKOW kabenb 05 nepeaady curHana Ha ocumn-
norpad.

PasBepTka, koTopas 3arnyckaeTcs C HEKOTOPOW 3aAePKKOM OTHOCUTENBEHO OCHOBHOW pa3BepT-
k1. No3BONAET NyHlle PACCMOTPETb HEKOTOPLIE COOLITUA, a TaKkKe YBUAESTb y4aCTKM OCLIMANION-
pamMMbl, HEAOCTYMHbIE C MOMOLLbIO OAHOW TOMLKO OCHOBHOM Pa3BepTKM.

Tnn oTobpaxeHus.

MeToa n3MepeHns, B KOTOPOM OAMH CUFHaN, Kak 1 BCerga, N0AaeTCa Ha BXOA CMCTEMbI BEP-
TVKQNbHOIO OTKIIOHEHMSA, & BTOPOW CUFHaN — Ha BXOA, CUCTEMbI FOPU30OHTASTIbHOIO OTKNOHEHWS.
MosBonaT oTobpaxarb Gurypbl JInccaxy.

Pexuim, onpeaensiolmii, 6yaet nu ocumnnorpad otobpaxatb pasBepTky Npu OTCYTCTBUN YCI0-
BUM 3anycka. OCHOBHBIMM PEXMMaMM 3amycka ABAAITCS «HopManbHbI» 1 «ABTOMATUYECKNI».

PexumM, onpenensaoumi cnocob nosyyeHns ToHeK OCLMIIOrpamMmMel U3 BEIOOPOK CUrHana.
MpuMepbl PEXMMOB 3axBata — PEXMM BbIOOPKN, MMKOBOIO AETEKTOPA, BEICOKOIrO pa3peLleHs,
orubatowen, ycpeaHeHva 1 6asa AaHHbIX CUrHaNO0B.

MeToa CoeanHEeHNs Mexay COO0M AByX Lienewn.

CoeavHeHve, NponyckaoLee NePEMEHHYIO 1 MOCTOAHHYIO COCTaBAALIME CUMrHana, Ha3blBaeT-
CS1 CBA3bIO MO MOCTOSAHHOMY TOKY. COoeaMHeHe, NPonycKaloLee TONbKO NEPEMEHHYIO COCTaBS-
IOLLLYIO CrHana (Yepes KoHOeHcarop Win TpaHcdopMaTop), HadbiIBAETCH CBASBIO MO NEPEMEH-
HOMY TOKY.

Cagur N0 BpeMEHW Mexay ABYMS OANMHAKOBLIMU N0 APYrM NapameTpamM CUrHanamu.

LLInpoko pacnpoctpaHeHHasd GopMa curHana, onucbiBaemas TPUroHOMETPUHECKOM DYHKLIMEN
sin(x).

CnocoBHOCTb aHaNoroBOro ocuynnorpada CTpouTb KPUBYIO MBMEHEHUA CUrHana OT O4HOM Tou-
Kv A0 Apyron. 31a CNOCOOHOCTb OrpaHudeHa ansg peaKko NOBTOPSIOLLMXCA CUFHANOB, MEIOLLIMX
ObLICTPO MBMEHSIOLLIMECA AeTann, Hanpumep, ANa UMGPOBbLIX NOMMYECKNX CUrHAIOB.

OnpegensieT CkopoCTb, C KOTOPOI ocUmMnnorpad PerucTprpyeT curHansl. amepsaeTtcs B oc-
LMAorpamMmax B CexkyHay.

MapameTp ocumnnorpada, onpeaensiolii BDEMEHHbIE XapakTepUCTNKM CUCTEMbI FTOPU30H-
TaNbHOro OTKNOHEHUA. CKOPOCThL Pa3BEPTKM BhIpaxaeTca B CekyHaax Ha AeneHue.

Cxema, B onpeaeneHHblin MOMEHT BpemeHi hbopMm1pyioLLas c1urHan 3anycka ans reHeparopa
pasBepTKu.

HeobpaboTaHHble gaHHble ¢ AL, ncnone3yemMble 4a pacyeta To4ek pasBepTkiu.

LIndpoBoe 3HayeHre, NpeacTaBnaoLLEe HANPAXEHWE CUIHaNa B yka3aHHbI MOMEHT BPEMEHN,
BblHNCNAESTCA Ha OCHOBaHWN TOHEK BbI60pKl/I N COXPaHAETCA B NaMATU.
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y

YnepxaHwve 3anycka

Ynpexaatouwuin 3anyck

YpoBeHb 3anycka

Ycunenue

YcpeoHeHne

b

®daza
®dokycrpoBka

dopma curHana

LlenocTtHOCTb curHana

L

Lndposas obpaboTka curHana

Lindposon 3anommHaioLmn

ocuunnorpadp (DSO)

Lindposon ocunnnorpad

Lindposon curHan

Lincdposoii ctpobockonuyecknii

ocumnnorpad

l.I

YacTtoTta

YacTtoTa anckpeTtnsaumm

LU

Lym

3

OPPeKTMBHOE HMCNO Pa3psaoB

2TEST

Ocumnnorpadsl

OCHOBHbIE NMPUHLMMbBI U3MEPEHNI

DYHKLMS, NO3BOMSIOLAS HACTPOWTL NEPUo BPeMeHM NOCe MOMeHTa 3arnycka, B TedeHne
KOTOPOro 3anyck 60bLUe HEe BLIMOHAETCA.

CnocoBbHOCTL LMbPOBOro ocumiorpada nokaseliBats GOPMY CUrHana HEMOCPEACTBEHHO Ne-
pef c1urHanom 3anycka. [1o3BondeT 3aaasarb LWNMPUHY OkHa 0630pa NCCNeayeMoro curHana kak
nocne TO4YKM 3anycka, Tak 1 10 Hee.

YPOBEHb, KOTOPOrO A0MKEH AOCTUYb BXOAHOW CUMHaN CXeMbl 3anycka, YToOb! Obl1 CPOPMMPO-
BaH curHan sanycka.

YBenudeHvie amnanTyabl CurHana npy nepeaade ero 13 OHOM TOHKM B APYNYIO.

MeToa 06paboTkm, UCNOAL3YEMBI LMPPOBLIMM OCLMNOrpadamMi NS yMEHbLUEHUS LyMa
oTobpaxaemMoro curHana.

S1an konebarenbHOro NpPoLecca OT Hadana OAHOro Neproaa A0 Havana cneayloLLero neproaa,
BbIDAXEHHbIV B rpadycax.

OpraH ynpasneHns aHanoroBoro ocuunnorpada, HactpanmaaroLm YHETKOCTb N300paxXeHUs Ha
9KpaHe 3NeKTPOHHO-Ty4eBOV TPYOKM (SJ1T).

paduyeckoe NpeacTaBneHne N3MEHSIOLLErOCs CO BDEMEHEM HaNPSKEHIA.

TOYHOCTb PEKOHCTPYKUMN CUrHana, onpeaenaemMas CUCTEMHLIMI 1 TEXHUYECKUMM XapaKTepuc-
TYKaMK ocumnorpada, a Takke xapakTepucTkamm NpooHUKa, UCNob3yeMOoro 419 3axsara
curHana.

[pUMeHeHne MaTemMaTyeckinx anropUTMOB O7151 MOBLILIEHNS TOYHOCTY USMEPEHNS MapaMeTPOB
curHana.

Pa3HOBNOHOCTb LMPPOBOro ocumnnorpada, PeErMcTprpyioLLas CUrHan nyTem AMCKpeT3aumm
(C NOMOLLBIO aHaNnoro-umMdpoBoro Npeocbpasosarens). VIcnonb3yeT apxntekTypy nocnegosa-
TenbHOM 06paboTKX ANS yNpaBAeHUa BEIGOPKOW, MHTEPDENCOM NONb30BATENA 1 PACTPOBLIM
OUCNNeeMm.

PasHOBMAHOCTb ocUmMnnorpada, Mcnonbaytollas aHanoro-umMdpoBoi npeobpasdosarens (ALLM)
015 Npeobpas3oBaHnsa N3MEPEHHOMO HaNPXKeHVs B LUMPPOoBYI0 MHbopMaumio. K LMdpoBbIM
ocumnnorpadam OTHOCATCS: UMdPOBbLIE 3anoMuHaoLme ocumnnorpadsl, ocumnnorpadsl ¢
UMPPOBBIM MOMUHODOPOM, OcUMANOrpadbl CMeLlaHHbIX CUrHaNoB 1 UMPPOBLIE CTPOOOCKOMN-
4yeckue ocumnnorpadsl.

CurHan, Bbl6OpKM NapamMeTpoB KOTOPOro NpeacTaBieHbl AUCKPETHbIMM ABONYHBIMU YACTAMM.

PasHOBWAHOCTb UMPPOBOro ocUmAnorpada, Mcnonbaytollas as 3axeara 1 0TOOpaxkeHUsa cur-
Hana MeTof, BbI6OPKYM B 3KBMBANEHTHOM MacluTabe BpeMeHu. MneanbHo NOAXOANT ANA TOHHOM
pPerncTpaLmm CUrHaIoB, YaCTOTHbIE COCTABNSIOLLME KOTOPBIX 3HAYNTENBHO MPEBLILLIAIOT 4acTOTy
OMCKpeTn3aummn ocumnnorpada.

Y1CNO NOBTOPEHWI CUrHana 3a 0Hy CekyHay, namepaeTca B repuax (Iu,). Yactora paBHa 1/ne-
proa.

YacToTa, ¢ KOTOpOW UMGPOBOW ocumMnnorpad aenaet Belbopku curHana. amepsaeTcs B BbIOOp-
Kax B cekyHay (Bbl6/C).

HexenarenbHoe HanpsiXeHne U TOK B 9N1EKTPUYECKON LIEMK.

Mepa cnocobHOCTH UMdPOBOro ocumnnorpada To4HO BOCNPON3BOAUTE GOPMY CUHYCOUAaNb-
HOro curHana. 9Ta Benn4mnHa xapakTepmnayeT NorpellHocTb peanbHoro ALLM ocumnnorpada
OTHOCUTENbHO «MaeanbHOro» ALIMM.

+ 7495 215-57-17 | info@2test.ru | www.2test.ru | r. MockBa, HayuHbliii npoe3sg, 12



KomnaHus 2test — poccuiickmin aKkcnepT B 0bnacTty Tene-
KOMMYHWKaLui, bonee 22 neT npefoCTaBaseT KOHTPObHO-
n3MepuTenbHble U MHGPACTPYKTYPHbIE PelleHNA 18 NPOeKTH-

POBaHWA, TECTUPOBAHWA, aHanM3a 1 ONTUMM3aLn CNCTEM CBA3N.

OfHUM 13 KIIOYEBbIX HANPABAEHW KOMMaHWN ABAAETCS
NOCTABKa 1 BHEPEHWE KOHTPOSbHO-MPOBEPOYHOM annapary-
Pbl, U3MEPUTENBHO-BBIUMCAUTENbHBIX KOMMEKCOB, aHTEHHbIX

1 UCMbITaTeNbHbIX TabopaTopuin, 000PYNOBAHWA AN1A NPOBEPKM
3NEeKTPOMArHUTHOM COBMECTUMOCTM, CMYTHUKOBOW CBA3W 1 [ANC-
TAHUMOHHOIO 30HAMPOBAHWSA 3eMIIN.

2test AgnAeTca oduLManbHbIM AMCTPrObIoTOpOoM Tektronix

1 OCYLLECTBNAET NPAMbIE MOCTABKM BCETO CMEKTPa KOHTPONbHO-
M3MepUTENbHOrO 0O0PYAOBAHNA MPOV3BOANTENSA HA TEPPUTO-
pun Poccun.

2TEST

LLTaT KBaNMPULIMPOBAHHbIX MHXEHEPOB MO3BOMSIOT 2test Bbi-
NONHATL PAOOTbI «MOf KoYy NIIOOON CTEMEHM CNOKHOCTH, 0be-
CMeyriBas KNMEHTa BbICOKOKIACCHOW TeXHNYECKOW SKCNepPTU30M
11 CEPBUCHOW MOAAEPXKOW Ha BCeX CTaAMAX MpoeKTa.

3a rofpl ycrnewHon paboTsl 2test 3apekomeH0Ban ceba Hagex-
HbIM MapTHEPOM BeAYLLMX KOMMNaHWM oTpacnu ceasn n VKT, roc-
CTPYKTYP, HayUYHO-MCCNefoBaTENbCKMX OPraH3aLmi, MpOMbILL-
NeHHbIX NPeanpPUATUIA, B TOM YMCSIe aBUALMIOHHO-KOCMUYECKOro
1 0O0POHHO-MPOMBILNIEHHOIO KoMMekca Poccun.
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