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BBepeHue

DTa KHMIa MOCBsILEeHA TEeXHUKE PErHCTpaluu U rpaUYecKoil BU3yalu3aluu DJIEKT-
pHUUYECKUX MPOLIECCOB M CUTHAIOB — ocuuaorpaduu. OHa peaau3yeTcs ¢ IMOMOIIbIO
npubopoB — ocuuorpadoB. CoBpeMeHHBII 2JIEKTPOHHBIN oclMIIorpad — yHUKalb-
HBII TT0 IIUPOTE MPUMEHECHUI M3MEPUTEIbHBIN TTPUOOP. DTO «TJ1a3a» YeJ0BeKa, TO3BO-
JIUBIIME €MY 3alJISHYTh B HEBUAMMBIA MUD CIOXHEMIIMX 3IeKTPUYECKUX, a IIPU KCIIO-
JIb30BAaHUM PA3JIUYHBIX JATYUKOB U UHBIX MpolieccoB. HbeiHe ocimiorpad® — riaaBHBIN
MpUOOP YYEHOI0, UCCEAYIOIIEro HOBbIe (hM3NMYECKUE MPOLECChl, MHXXEHepa M TeXHUKa,
3aHSATOTO PEMOHTOM W HAJIAAKOW CIIOXKHEHIIEH 2JIEKTPOHHOM armapaTypbl U paauoIio-
OuTesIsI, HA MPaKTUKE OCBAMBAIOIIETO OCHOBHI JICKTPOHMKU M PAagUOTEXHUKU. TpymHO
MEePEOLIEHUTh POJIb ocuwmuiorpada B Ja0OPATOPUSIX BBHICIIMX YYEOHBIX 3aBeIeHUN U
IIKOJT.

ABTOp 3TOIl KHUI'M BIIEPBbIE CTOJKHYJICS C OCLMUIOrpadoM, IMOCETUB B MHCTUTYTE
BJICKTPOTEXHUYECKYIO JJa00OPaTOPUIO, U C YAMBICHUEM YBMIE, KAKUe CJIOXHBIC IIPOLIEC-
ChI MOXET PEerMCTPUPOBATh 3TOT YAMBUTEIbHBIN MpUOOp. 3aTeM, paboTast paquoMeXaHM-
KoM 1 mHXeHepoM (puc. 0.1) oH MMPOKO MCTOJIB30BaAJI ociMiuiorpad Kak Ha padore,
TaK U B CBOCH pamMoOIOOMTEILCKON TTpakKTUKe. B Te mamekue rompl IpUOOPECTHA OCLIWII-
siorpad pagroIo0UTENI0 ObIJIO HEBO3MOXHO — 3TU MPUOOPHI CTOMJIM JOPOro M B Mara-
3MHAax He IpoaaBaauch. [IpHUIIIOCH UX CTPOUTH CAMOMY.

Puc. 01. Asmop xknuzu 8 srabopamopuu 8sicokomounvix usmepenui. (60-e 200b.
npownozo 8exa), cAe8a 8HU3Y BUOEH COBPEMEHHbLE NO MeM BPEMEHAM OCUUALOZPAG



Bsedenue

C MOMEHTa CBOETO MOSIBJICHUS OCLMIIorpad MOCTOSIHHO coBeplieHCTBOBaICSA. Ecim
TepBble OCHMIUIOrpadbl C TPYAOM PETUCTPUPOBAIN JIEKTPUIECKHUE TTPOIIECCHI C YacTO-
TaMHU 0 ACCATKOB Kwtorepll (KI11), TO COBpeMeHHBIC OCHMJUIOrpadbl MO3BOJISIOT Ha-
omonath mpotiecchl ¢ yactoramu 10 100 rurarepir (I'T1r). Takum oGpa3oM, 4acTOTHI Ha-
OJTTomacMBIX CUTHAJIOB BEIPOCIIM B MWJUIMOHEI pa3! DTO OTKPBUIO Mepel ocLmuiorpada-
MH OTPOMHBIE C(ephl MPUMEHEHHUsS B pa3pabOTKe BBICOKOCKOPOCTHBIX 3JIEKTPOHHBIX
YCTPOMCTB, MCCIEIOBAHUM OBICTPBIX SIEPHBIX M ONTUYCCKUX IIPOIIECCOB M B IPYTUX
BaXKHBIX c(pepax HayKu M TeXHUKU. be3 ocummiorpadoB HEBO3MOXHA pa3pabOTKa MUK-
POITIPOILIECCOPOB (a MX YaCTOTHI yke mocturiu 4 I'T1) u MuUKpocxem maMsiTh, COBpeMEH-
HBIX CKOPOCTHBIX MHTepdelicoB KommboTepoB (HampuMep, USB 2.0 wiu Serial ATA) u
MHOTMX APYTMX COBPEMEHHBIX CUCTEM CBSI3U M TEJEKOMMYHMKALIMi, BKJIIOYasl CITyTHU-
KOBBIE€ CUCTEMbI M CUCTEMbI MOOMJIBHOM CBSI3U.

HoBbIM 3HaMeHaTEeTLHBIM SIBICHHEM CTajla pa3padboTKa aHaJoTO-IIU(GPOBBIX U U)-
POBBIX ocHMJUTOrpadoB CO BCTPOCHHBIMU B HMX KOMITBIOTEpaMM, a TakKe pa3paboTKa
MPUCTABOK UM TUIAT K KOMITBIOTEPAM, MPEBPALLIAIOLINX UX BO BIIOJHE NOCTYIHbIE BUPTYya-
JIbHBIE KOMIIBIOTePU3UPOBAaHHBIE OCHUJIIOTpaprUUeCcKre CUCTEMBI IIIMPOKOTo IMPUMEHE-
Hus. Bripouewm, Ha3BaTh Takue MPUOOPHI HOBHIMU HE COBCEM BEpPHO. YK€ IOCJIe IOSIB-
JIGHUSI TIEPBBIX HACTOJBHBIX, a MO3XKe MEPCOHATbHBIX KOMIIBIOTEPOB yUYEHbBIE IbITATNCH
KCIIOJIb30BaTh MX IJIsI 00pabOTKM M BBhIBOJA ocumuiorpamM. Tak, B Hauyane 80-X romgoB
MOJ PYKOBOACTBOM aBTOpa (CTaBILIEro K 3TOMY BPEMEHU TOKTOPOM TEXHMYECKUX HaykK)
Ha Kadeape MPOMbIIUIEHHON 21eKTpoHUuKU CwmoneHckoro ¢unuana MOU (HbiHe Tex-
HUYECKOIo YHMBEPCUTETA) OblIa CO3AaHa YHUKaJIbHas 1O TEM BpeMeHaM KOMIbIOTEpU-
3upoBaHHas ocuuiiorpagpuueckas cucrema (puc. 0.2). OHa comepkaja OTeYeCTBEHHbII
MuHU-KomIbloTep IBK-2, crpobockonuueckuit ocuujorpad ¢ Mojocoil 4acToT IO
1 I'Tu, untepdeiicHbIi 00K, MPUHTEP U U3MEPUTEIbHBIE TeHepaTopbl. CucTteMa upo-
KO MCITOTb30Bajach IJIs pa3pabOTKM CBEPXCKOPOCTHBIX 3JIEKTPOHHBIX YCTPOWCTB, B Ya-
CTHOCTH Ha JIABUHHBIX M MOIIIHBIX ITOJICBBIX TPAH3MCTOPaX.

Puc. 0.2. Komnoromepu3uposannas ocyurrozcpapuieckas cucmema,
co30anHan Ha Kagedpe npomoviuirerHol Irekmporukuy Cmorenckoco duavara MIH
(xoney 80-x 20008)



Bseoenue

B coBpeMeHHOM rocynapcTBe Hejb3si OOOMTUCH Oe3 HayKn M 00pa30BaHUsI, KOTOPOe
JIOJDKHO 0a3uMpoBaThCsl Ha CaMbIX COBPEMEHHBIX HAyYHBIX IOCTMXKEHUsIX. B mociemHue
TObl MHTEpEC K HayYHBIM MCCJIeIOBAaHUSIM CHOBA CTaJl pacTU. B Hail OBIT Npuiiia HO-
Beiilllasi 1 OMHOBPEMEHHO CJIOXHeiIasi ObITOBasl TEXHUKA, PEMOHT, Hajaaka U o0CiIy-
KMBaHWE KOTOPOl HEBO3MOXHBI 0€3 M3MEPUTENbHBIX NPUOOPOB M, IIPEXIE BCEro,
ocumutorpadoB. X MOXHO BCTPETUTb B PEMOHTHBIX MAacCTEPCKMX M CEPBUCHBIX LIEHT-
pax. ExxeromHo MWJUIMOHBI JIIOAEll OcBaMBaloT paboTy ¢ ocumiorpacdaMy B IIKOJIAX,
TEXHUKyMaX, TpodTeXyIMINIIaX U By3axX, B CBOEH TPYIOBOI JESITeIIbHOCTHU.

OCO0EHHOCTBIO HAlllero BPeMEHU CTajla JTOCTYITHOCTh OCHMLIOrpachoB — MX MOXKHO
MPUOOPECTU HE TOJIBKO B psiie (hMPM, TOPTYIOIINUX U3MEPUTEIbHBIM 000pyIOBaHUEM, HO
M BO MHOIMX Mara3uHax COOTBETCTBYIOILIErO Mpoduis, HallpuUMep B CETU Mara3mHOB
«Yun n Jun». Ha pelHKe MMEIOTCSI MPEUIOKEHUSI Ha TTOCTaBKY OCIMJUIOrpadoB Impak-
TUYECKU JIIOOBIX TUIIOB M MapOK — OT ACIIEeBBIX CEPBUCHBIX KUTANCKUX OCLIMILIOTpacoB
no Hi End Mopaeneit n3BecTHbIX 3apyoexxHbIx pupm Tectronix, LeGroy u ap., mopoio ¢
LICHO TOBBIIIIEe, YEM MPECTMKHBIE aBTOMOOMJIM 3allaJHOTO MPOU3BOACTBAa. BoBCio maer
pacrpojaxa OTe4eCTBEHHbIX ocuuiorpagoB, mpousBeaeHHbIX eile B CCCP u coxpa-
HUMBIIMXCS Ha CKJIaIax.

Mexny TeM B IOCJAeIHUE ASCATh-IIATHAALIATD JIET KHUT [0 TeXHUKE OCLIMLIOrpaduun
u ocumuiorpadaM y Hac IpaKTUYECKM He M3daBajiochb. A crapas jutepatypa [13, 14,
23] orpaHmYmMBaiach ONMCAHWEM TOJBKO aHAJOTOBBIX OCHMJUIOTpadoB IMaBHO yCTapeB-
mux Moaencit. HoBbie TUIIBI aHAIOTOBO-1IM(POBBIX 1 IU(MPOBBIX OCHIILIOrpacoB B HEil
HE OMMUCBHIBAJIMCh — UX B TO BPEMs IPOCTO HE CYLIECTBOBaAJIO! YpOBEHb HaBHO MU3BECT-
HbIX CTPOOOCKOIMYECKUX OCLIMLIOrpacdoB ObUI HA ABA MOPsAKA HUXE, YEM Y COBPEMEH-
HbIX MOJEJIeil, CYLIECTBEHHO OOHOBMIACH TEXHMKA BJICKTPOHHOM OCLMLIOrpachuu.

DTOT cepbe3HbIil TTPOOET TpU3BaHa BOCIIOTHUTL HACTOsIIAsl KHUTA. MaTepuan KHU-
I'M OXBaThIBae€T BCIO MCTOPHUIO Pa3BUTHUS TEXHUKM 3JICKTPOHHON ocLwuiorpadud — OT
CO3MaHMs TIEPBOTO 3JEKTPOHHOTO ocumiiorpacda A0 ONMUCaHUsS HOBEWIINX UMPOBBIX
ocumutorpacoB, TOM YKMCIIe KOMITbIOTEPU3MPOBAaHHBIX. PazymeeTcsi, UICTOpUN OTBENEHO
CKPOMHOE MECTO, a OCHOBHOE BHHUMAaHWE YIEJIeHO CaMbIM COBPEMEHHBIM OCIIWIJIOTpa-
¢dam 1 HOBOW TexHUKe LUGPOBOI ocLuIorpadun.

CoBpeMeHHBII ocimutorpad craa cioxHelinum mnpudopom. IMocTpouTs ero camo-
CTOSITEJIBHO MOTIYT JIMIIIb OYeHb HEeMHOrue paauonoourean. [1osroMmy 3Ta KHUTa He SIB-
JIsIeTCsl mocobueM Mo coopke ocLuiorpadoB U TeM Oosee Mo ux paspadorke. OHa 1o-
CBSIIIIEHA OMMCAHUIO WM MPUMEHEHUIO OCIUJUIOrpadoB Kak BIIOJIHE 3aKOHUYEHHBIX MPH-
OopoB. B Heil ocoboe BHMMaHHUE YAEJECHO OIMCAHWIO HOBEWIIMX MOJIEIeil 3TUX
puOOPOB, MPUCYTCTBYIOIIMX Ha pbIHKEe Poccum, M MX TeXHUYECKMM BO3MOXHOCTSIM U
xapakTepucTnkaMm. OcoOeHHO MOAPOOHO OMMCaHbl HOBEHMIIME aHAJIOroBO-LM(GPOBLIE U
M(pPOBBIC 3allOMMHAIOIIKME OCLIULIOTpadbl, OCHMLIOrpadbl-IIaTHl M IPUCTABKU K
IePCOHAILHOMY KOMIIBIOTEPY M BUPTYaJIbHbIE KOMITBIOTEPU3MPOBAHHbBIC J1a0OPATOPUU.
OHM 00J1a1a10T GoraTeiIMMKU BO3MOXHOCTSIMU BBIMOJHEHUST KYPCOPHBIX M aBTOMATH-
YECKUX BBIYMCICHMI Cpa3dy MHOTHX IlapaMeTpOB CUTHAJIOB, MX MaTeMaTUYeCKOM obOpa-
001K (BKIIOYas mpeodpasoBaHust Pypbe U IMOCTPOCHUE CIEKTPOTpaMM) M YHUKAIbHOMI
TEXHUKOM PerucTpany OBICTPOIIPOTEKAIOIIMX IIPOIIECCOB.

B kHure BrepBble OIMCAaHbl MUHUATIOPHBIE OCLUMJUIOrpadbl, B TOM YKMCIIE BCTPOCH-
Hbl€ B MYJbTUMETPbl — IPUOOPHI, CIIOCOOHBIE TOYHO U3MEPSTh MHOXECTBO IIapaMeTpOB
CHUTHAJIOB M 3JICKTPOHHBIX LIeTIeii, HAIIpUMep HampsDKEHUsI M TOKH, Pe3UCTUBHOCTD, €M-
KOCTb, MHAYKTUBHOCTb, TEMIEPATypy U T. O. DTU IPUOOpPbI MOIYT MCIOJb30BAThCS B
IOXOAHBIX YCAOBUSIX, HAa Bble3JaX PEMOHTHBIX OpUraz, B CEPBUCHBIX LIEHTPAX OOCIYXKM-
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Bsedenue

BaHMST aBTOMOOWJIEH, B PEMOHTHBIX MAacTePCKUX M aKe B POJIM ITEPCOHAIBHBIX M JINI-
HBIX OCLUJUTIOrpadoB, MPOCTO MOJIE3HBIX JOMa, KaK MOJOTOK WU 3JEKTPOIPEb.

ABTOp MCKpEHHE HaJeeTCs, UTO 3Ta KHUTA OyIeT MHTEPECHON M TOJIE3HON IITMPOKOI
KaTeropuu 4MTaTesieil — MHXEeHepaM U TeXHMKaM, HaydHbIM paOOTHUMKAM U aclupaH-
TaM, CTYACHTaM W TIpEIoJaBaTesisIiM BY30B M, KOHEUHO, PAIVOJIOOMTENISIM, HAJTaKMBAO-
IIXM CBOM KOHCTpYyKUMHU. CJIOBOM, BCeM, KTO YXKe MPUMEHSIET WIM COOMpaeTcs mpuMe-
HSITh TAaKOH 3aMedaTelIbHBIN TTprOop, KaK COBPEMEHHBIN 3JIEKTPOHHEBIN ocUyunIorpad.



Mnaea 1. UcTopua  OCHOBbI 3JIEKTPOHHOM
ocuunnorpadvm

1.1. CurHanbl n nx cNeKTpbl

1.1.1. CuHycoumpanbHblie Koned6aHua U cUrHanbl

Mup Benuk u MHoroodpaser! To, 4ToO MBI BUAWM, CIBIIIAM U OCSI3a€M, COCTABIISIET
HUYTOXHYIO YacTh TOTO, YTO IPOMCXOAMT B OKPYXaoIieM Hac Mupe. MBI He OIIyIlaeM,
YTO KMBEM B OKEaHe 3JICKTPOMArHUTHBIX BOJIH, HE BUAUM, KaKWe TOKU TEKYT B MMPOBO-
JlaXx ¥ B TKaHsX Halllero opraHu3mMa. HaMm He BUIMM MUP aTOMOB M MOJIEKYJI, aTOMHBIX 1
MOJIEKYJISIPHBIX TIpolieccoB. HekoTophie mpoliecchl MPOTEKAIOT B MPUPOAE OYEHBb MEI-
JIEHHO, IpYTHe Ype3BblYaiiHO ObIcTpo. O0acTh HAYKM M TEXHUKU, TTO3BOJISIONIAST BU3Y-
aJbHO (yallle Bcero rpaduyecky) MpencTaBIsITh pa3IMYHbIC IMPOLIECCHI, MOIyJYuIa Ha-
3BaHME ocyuirroepagus. TIprOOpbI, peanusyrolie BO3MOXHOCTH OCLMIIOrpacduu, Ha-
3BIBAIOTCSL OCYUAN0EPAPAMU.

Kosebanus (ocUWIUTSILMK) IIIMPOKO PACIIPOCTPAaHEHBI B MPUpPOJE. 3ByYaHUE KaMepTO-
Ha U CTPYHBI, CBUCT YeJIOBEKa — BCE 3TO MPUMEPHI JOCTATOYHO MPOCTHIX KOJIeOAHUIA,
OJIM3KMX K CMHYCOMAAIBbHBIM. MBI CJIBIIIMM 3BYKM OT TaKMX KoJieOaHMil, HO HE MMeeM
HU MaJIeHIlero MpeacTaBieHUs O TOM, KaKyio (opMy UMEIOT 3TU KojebaHus. JIuib ¢
TTOMOIIIBI0 MEXaHMYEeCKMX OCLMIIIorpacoB 0ojiee COTHM JIET TOMY Hasal Oblia yCTaHOB-
JieHa (opma 3TUX KOJebaHMII — OHa OKasajlach CMHycoumanabHou (puc. 1.1). Bripouem,
MaTeMaTHKW JaBHO YCTAaHOBUJIM, YTO TaKylo (hOpMy UMEIOT HM3KOYAaCTOTHBIE, TaK Ha3bl-
BaeMble CBOOOIHbBIC, MEXaHUYECKME KOJIeOaHUsI, HalIpUMep MEXaHWYECKOro MasiTHMKA,
Kauejieil uayM MocTa, Tocje MX BO30YyXAeHUsl. DTO OYeHb HEMHOTHE BUIbI KOJeOaHUIA,
KOTOpPBIC MBI MOXKEM YBUAETh U OLICHUTD.

T=1/f

Puc. 1.1. Ilepuod cunycoudarvrozo xorebanus (cuznana)
CuHycounanbHble KoysebaHus y(f) ONMUCHIBAIOTCS CJIEAYIONICi 3aBUCUMOCTbIO:
y(t) = ABInQ1yt + ¢) (L.1)

rme A — ammumTyna (19 ToKa B aMIiepax, I HallpsoKeHWs B BOJIBTAxX W T. 1), f — dac-
toTa (B repuax, 1 I'l aT0 ogHO mosHOe KojebaHue B ceKyHmy) U ¢ — daza (B pagua-
Hax). [lepuon cuHycoMaaNIbHBIX KoJlebaHMil (oavH uX mojHblid uukia) 17 = 1/f. Cunyco-
UOaJIbHbIC KOJeOaHUs LUKIMYECKHU ITOBTOPSIOTCSA. YacToTa CMHYCOMIANIbHBIX KoJieba-
HUI 3TO YMUCJIO LIMKIOB B €AMHMILY BpeMeHU. [IJisl 3ByKOBBIX KOJIEOAHUI aMIUIMTyIa
oIpeessieT FPOMKOCTh 3BYKa, YaCTOTa — €ro TOH, a BOT (pa3y YMCTOrO0 CUMHYCOUIAIbHO-
ro KojiebaHust yxo He BOCIHPUHUMAET.



I'rasa 1. Hcmopus u ocho8bL 94eKmMpPOHHOL ocyusrozpaduu

Hepenko ucmnonb3yercs U TOHATHE KPYTOBOW YacCTOTHI CMHYCOUIBI w = 2TIf, Toraa
CHUHYCOMAANIbHOE KoJiebaHUe 3alKChbIBAeTCs B BUE:

y(t) = A Bin(ot + ). (1.2)

Ecnu Bce Tpu mapamerpa (aMmIuIMTyna, yacTtora, (aza) HEM3MEHHBI BO BPEMEHH, TO
Mbl MEEM CTallMOHAPHOE CHMHYCOMIaJIbHOE KojebaHue. M3MeHeHre OMHOIOo WU NBYX
U3 MapamMeTpoB BO BPEMEHM O3HAYaeT MOMYJISILMIO CHUHyCOMAalbHOro curHama. Ilpu
9TOM CHMTHaJI CTAHOBUTCSI HECTAIlMOHAPHBIM.

CuHyconganbHOe KojiebaHWe MMeeT OrpOMHOE 3HAaYeHWe B Hayke U TexHUKe. B oT-
JINYME OT MOCTOSTHHBIX BEJIMUMH, HATIPUMEP, MTOCTOSTHHOTO HAMpPSDKEHUS WU TOKA, CU-
HycOMJaTbHOE KoOJieOaHUWE OMUCHIBACT MPOCTElIMe KojedaTeJbHbIE PEXUMblI PabOThI
MUHaMUYECKUX cucTeM. [Tl moydeHUs CUHYCOUIAIbHBIX KOJIeOaHU CO3MaHO MHOXKe-
CTBO NpUOOPOB, Hampumep, 3To reHepaTopsl HU3KoW (HY) u Beicokoit (BY) vacTor, re-
HepaTopbl cTaHaapTHbix curHajgoB (I'CC), RC-reHepaTophbl, KBapleBble U KBAaHTOBbIE
reHepaTopbl CUHYCOMAAIbHBIX CUTHAJIOB C BBICOKOCTAOMIBbHOI YacTOTON. A MOIYJISILUS
(M3MeHeHUe MapaMeTpOB CHUHYCOMAAJIbHOIO CUTHAJA IO 3aKOHY MOMIYJMPYIOLIETrOo CUI-
Hajlla) CMHYCOMAAQJIbHOIO CHUTHaJa cAejajia BO3MOXHON mepenayy TaKuMX CUTHAJIOB Ha
pacCTOsIHUE B BUJE 3JEKTPOMATHUTHBIX BOJH. DTO CTaJI0O OCHOBOM paaMOTEXHUKH.

1.1.2. NMoHsaTHe o cneKTpaJibHOM CUHTE3€ CJIOXHbIX CUrHasos

Posb cuHycoMmanbHbBIX CUTHAJIOB MHOTOKPATHO BO3PacTaeT, €CJIM y4eCTb, YTO CJIOXK-
HbI€ CUTHAJIbI TIPAKTUUECKU JII0O0I peaabHO (hOPMBI MOTYT OBITh MPEACTaBICHB HA00-
POM CHMHYCOMIATbHBIX KOJIEOAHUN — eapMoHuK ¢ KpaTHBIMM OCHOBHOM 4yacToTe (IepBoit
rapmMoHuKu) yactroramu [1]. [1pu 3Tom Takoit Habop (cnexkmp) 0Opa3yeT CIOXHBIE KOJe-
OaHus, HAIIpUMEpP 3BYKM MY3BIKM WM 4YesioBeueckKoil peuu. IlpocTeie KojaeOaHMsT UMe-
HYIOT eapMoHU4ecKkumu, TIOCKOJbKY OHM, HECMOTPsI Ha CBOI KoJjieOaTelIbHBINM XapakTep,
HaxomsITCA Kak Obl B TApMOHUMU C OKpYyKalolleit cpenoii — ux (popma M mapameTpsl (aM-
IUINTYIAa, YacToTa M (ha3a) HEM3MEHHBI BO BPEMEHMU.

DTy BO3MOXHOCTb, BHauUaje Ha TpUMepe 3ajad TEIJIONPOBOIHOCTH, TEOPETUUECKU
000CHOBaJI TeHMaNbHBIN (paniy3ckuii matemaTuk 2Kan barucer XKosedp Dypobe
(1768—1830 1r.). C NOMOIIBIO COBPEMEHHBIX CHCTEM KOMITBIOTEPHON MaTeMaTuKu |2,
3] MOXHO J1aTh HAIJISIIHYIO TPAKTOBKY TeHUaIbHOMY MblluieHUI0 Dyphe. BozbMem mtst
MprUMepa IMUPOKO PAaCIPOCTPaHEHHBIE B TEXHUKE OCHMIIOTpadUr CUTHAIBI — IIPSIMO-
YTOJIbHBIE U MJI000pa3Hbie UMMYAbChI. [lepBble IPUMEHSIOTCS U1 KOHTPOJISI BpeMEH-
HBIX MapamMeTpoB ocLMUIOrpadoB U pa3aUYHbIX TEXHUUYECKUX YCTPOMCTB, BTOpbIE (YTO
MOKa3aHO HMXe) IJIsI CO3MaHMsl pa3BepTKU ocuuiorpagon. Ob6a curHaiza comepxxar
CKauykyd. MOXHO JIM MOJYyYUTh XOTS Obl MPUOJMXKEHUE TaKUX CUTHAJOB C ITOMOILbIO
CYMM HUX CUHYCOMIAJIbHBIX cOCTaBIsIOIIMX? OTBET OKa3bIBACTCS MOJOXUTEIbHBIN U WI-
moctpupyetces puc. 1.2 u 1.3, e gaHbl TpUMepbl CUHTE3a 9TUX CUTHAJIOB.

Kpusbie Ha puc. 1.2 monydeHbl cymMmmupoBanueM 1, 3 1 21 CMHYCOMIBI C YACTOTAMU,
KpPaTHBIMU 4YacTOTe CUTHaJIa, M aMIUIMTYIOM, YObIBamoIleil 00paTHO MPOIOPLIHUOHAIBHO
HOMEpPY YaCTOTHOI COCTaBJISIIOIIE — TapMOHUKHM. KICIONB3YIOTCS TOJIBKO HEYETHBIC
rapMoHuKu. HeTpyaHo 3aMeTUTh, YTO YeM OOJIbIIe TAPMOHMK MCITOJIB3YETCs, TeM OJIVKe
¢dopmMa CHMHTE3MPOBAHHOIO CHTHaja K MIEaJbHON TPSMOYTOJbHOI (popMe MeaHIpa —
CHTHaJIa TIPSIMOYTOJIbHOM (hOPMBI C PABHOM JIMTEIBHOCTHIO TOJYNIEPUOIOB U PaBHOM
AMIUIUTYION TIOJIOXKUTEIbHOM M OTpPHUILIATEIbHOM MONYyBOMH. Ecnu cyMMUpylOTCS Bce
TrapMOHMKM (KaK YeTHBIE, TaAK U HEYETHBIE), TO (hopMa CUHTE3UPYEMOTO CUTHaJIa OKa3bl-
BaeTcsl OJIM3KOM K MIIo00pa3Hoit — puc. 1.3 (3mech mokazaHsl 1, 5 1 15 rapMOHUKM).
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1.1. Cuenanvl u ux cnekmpol

kl=13.5 k2=13 21
sinlk2-x)

ﬂ(x) = Z kjn -si.n(kl-x) f2(x) = Z k:n
k1

k2

sin )
e
e

sing )
f1(x)
20x)

Puc. 1.3. llpumep capmoruueckoeo cunme3da nus000paA3HbBIX UMNYALCOB

Jnsg moxydeHusT UMITYJIbCHBIX CHTHAJIOB TIPUMEHSIIOTCS UMITYJIbCHBIC TeHEPaTOPHI.
M3 Hux 0co00 HAMO BBIIEINTH (PYHKIIMOHATbHBIC TeHEPaTOPHl, TEHEPUPYIOIINE CUTHA-
JIBI C Pa3IMYHBIMU (PYHKIIMOHAJIBHBIMU 3aBUCUMOCTSIMU, HAIlpUMEpP, B BUIE CUHYCOUII,
MIPSIMOYTOJIBHBIX M TPEYTOJBHBIX UMITYJIbCOB U T. 1. OHU TaKKe ITUPOKO MCITOIB3YIOTCS
JIJIST MCITBITAHUS U OTJIAAKHU PA3IMUYHBIX 3JICKTPOHHBIX YCTpoiicTB M cucTeM. CyIecTBy-
0T U CUHTE3aTOPbl MMITYJIbCHBIX CUTHAJOB Ha OCHOBE (bypbe-CHMHTE3a, HO 3TO OYECHb
Joporue u peakue pudopsl. Bce onn 6e3 ocummiorpada 0but ObI 0eCCMBICTICHHBI.

1.1.3. dypbe-aHannM3 U CUHTE3 nepuoanvyecknx GyHkunn

3agava 3aMeHBI TIPOM3BOJBHON CIOXHON WM HEYIOOHOM IS BRIYMCICHUN (ByHK-
MY HabopoM 0OoJjiee TIPOCTHIX (YHKIIMI JaBHO 3aHMMajla YMbl MaTeMaTuKoB. [ eHuaib-
HocTh Dyphbe MPOSIBUIIACH HE TOJIBKO B TOM, YTO OH IIpe[cKa3ajl rapMOHUYECKUI CUHTE3
CJIOXHBIX CUTHAJIOB, HO U B TOM, 4TO eiie B 1807 romy TeopeTruuyeck 0OOCHOBAJI BO3-
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I'rasa 1. Hcmopus u ocho8bL 94eKmMpPOHHOL ocyusrozpaduu

MOXXHOCTb TapMOHHMYECKOTO CHHTE3a ITPOU3BOJBHBIX TEPUOANMYECKUX 3aBUCUMOCTEI,
YIOBJETBOPSIOLINX YCIOBUSIM JIupuxjie Ha MPOMEXyTKe (—TI, TD):

* (yHKUMS yp(X) HeMmpepblBHA WIM MMEET KOHEYHOE YMCJIO Pa3pbIBOB IEPBOTO
pona;

* MPOMEXYTOK (—TI, T) MOXHO Pa3dbUTh HA KOHEYHOE YMCJIO TaKHUX MPOMEXYTKOB,
Ha KOTOPBIX (DYHKIIMSI MEHSIETCSI MOHOTOHHO.

31ech BaKHO OTMETUTb, YTO YCJIOBUS [IMpHUXJIe BBIINOJHSIOTCS IS BCEX IpaKTU4e-
CKM CYIIECTBYIOIINX TEPUOANYECKUX CUTHAJIOB, ITO3TOMY B HaJbHEHIIIEM MBI Oymem
OITyCKATb CCHUIKUA Ha HMX. PsgmoM Dypbe 11t GyHKIMU 001ero Buaa y(x), YIOBIETBO-
pstIoleit yenoBuaM Jupuxiie 1 UMEIOLIe eprom 27T, SIBIISICTCST PSII:

a

y(x) = > + i(ak sin(kx) + b, cos(kx)), (1.3)

K03 PUITMEHTH KOTOPOTO HaxomsATcs 1o dhopMyiaMm Ditnepa—Dypre:

a, = 1 }y(x)cos(kx)dx (1.4)
n =T
n
b, = 1 }y(x)sin(kx)dx. (1.5)
T[fn

Ctporoe agokaszarejlbCTBO TOro, uro psa (1.3) mMoxeT nmpuOaMKaTh MPOU3BOJIbHYIO
¢yHK1UMIO, Oa3upyeTcsl Ha 3JEMEHTapHBIX TPUTOHOMETPUUYECKMX IIpeoOpa3oBaHMSIX M
MMOHSTUY OPTOTOHAJBLHOCTH Habopa (hyHKLMIA, 00pa3yIolInX 3TOT PSI;

1, cos(x), sin(x), cos(2x), sin(2x), ..., cos(nx), sin(nx),...

OpTOroHAJILBHOCTh O3HAYAET, YTO MHTETPAJ OT MPOM3BEINCHUS IBYX JIFOOBIX pa3jiny-
HBIX (OYHKIMIA 3TOro (BO3MOXHO M MHOro) Habopa (yHKIUK B mpomexyTke oT 0 mo 21
paBeH HyJo. CaMO MOKa3aTeNbCTBO, TOBOJIBLHO IPOMO3IKOE, MOXKHO HAWTH B yUeOHUKAX
110 BBICILIIEW MaTeMaTUKE.

Baxuwsimu cchepamu ipumeHeHust psiioB Dypbe SIBISIOTCS pacyeThl paguoTeXHUYE-
CKHUX YCTPOMCTB. B HMX OOBIYHO MEPUOANYECKHME CUTHAJIBI IIPEACTABIISIIOT KaK (PYHKIIMU
BpeMenu y(f) Ha otpeske [0, T| ¢ mepuomom 7 = 1/f;, tme f; — yacToTa TepBOil TapMO-
HUKH TIEPUOINYECKOro curHajia. B aTom ciydae psin Pypbe, 1OCIe HECIOXHBIX MPeo0-
pa3oBaHUIA, 3aMMCHIBACTCS B BUJIE:

vy =%+ Z (a, cosQTkf 1) + b, sinQ2 Tkf 1)), (1.6)
rae
a, = ;i Y(t) cosQTikf 1 )dr (1.7)
"
b, = ;i Y(1)sinQrifr)dr. (1.8)
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1.1. Cuenanvl u ux cnekmpol

B stoM ciyyae KoabbULKMEHTH @, U b, ONMUCHIBAIOT KOCUHYCHYIO U CUHYCHYIO CO-
crapisiomue k-l rapMOHMKY CUTHaJIA ¢ repuonoM 7' u yactotoii f; = 1/T. Yacto ucno-
JIb3yeTcsl mHast hopma psima Pypbe, yrpolalnas ero CUHTe3:

y(t) = % + i M, cosQTikft + ¢,), (1.9)

re aMIUTUTYbl TapMOHUK M, 1 ux ¢asbl ¢, OMPEeSIIOTCS BHIPAXKEHUSIMU:

M, =Ja’ +5] (1.10)

¢, = —arctan(b,/a,). (1.1D)

PaznoxeHue GhyHKIMY Ha TapMOHMYECKUE COCTABISIONIME, TO €CTh BBIUMCICHUE KO-
s puimenToB Dypbe, TIPUHITO HA3BIBATH CHEKMPAAbHLIM AHAAU30M. A BOCCO3IAHME
(yHkUME, ipeacTaBieHHON psioM Dypbe, HA3BIBAIOT CHeKmMpanbibim cunmesom. IapmMo-
HUKY ¢ k = | Ha3bIBalOT OCHOBHOW WU nepsou eapmoHukou curHana. OHa 3aJaeT ero
YacTOTy MOBTOpeHUs f,. OcTajgbHbIe TApPMOHUKM HA3BIBAIOT Gb/CUIUMU, VX YACTOTHI PaB-
Hbl f, = k Of,, tne kK = 2, 3, 4, .... Takum 00pa3oM, COEKTpP MEePUOINYECKUX CUTHAIOB,
KOTOPBIE MOTYT OBITH TpeacTaBieHbl psigoM Dypbe duckpemubiii — OH COACPKUT HAOOP
(bukcrpoBaHHBIX YacToT f;, Tne k =1, 2, 3, ...

Kaxk BugHo u3 (1.9), cnoxHble KojiebaHUsI MOTYT COepXKaTh MHOXECTBO rapMOHUYE-
CKMX cocTaBsIonux. YeM ciaoxHee (popma ImpocMaTpuBaeMbIX Ha 3KpaHEe OCLIMJLIOrpa-
¢a curHasoB, TeM OOJblIe TAPMOHUK TpeOyeTcsl mjisd ero MpeacTaBlIeHUs] U TeM IIupe
JIOJKHA OBITh ITOJI0CA YaCTOT OCHMILIOrpachUIecKoil TPYyOKM M yCWIIUTENel OTKIOHEeHUS.
C nomoltibio psga Pypbe MOXHO YCTAHOBUTD, CKOJIBKO TAPMOHMK CUTHAJIa HYXHO UIS
MPEeACTaBIeHUs CIOXHOIO CUTHaja C 3alaHHOM MorpeirHocTbio. CIOBOM, Mbl MOXEM
y3HaTh, Kakoil AUX n kakoit @YX momkeH objagaTh ocLLIorpad, 9YTOOBI MpeaCcTaB-
JISITh TOT WIM MHOM CUTHAJ JOCTATOYHO AOCTOBepHO. CIHEKTpalbHBIN TMOIXOM JIEXKUT B
OCHOBE MHOTHMX HampaBJICHWII COBPEMEHHON paglO3JIEKTPOHNKN — JITOCTATOYHO OTMeE-
TUTh COBPEMEHHYIO TEXHUKY PaTUOCBSI3U.

1.1.4. AuckpeTHbi pypbe-aHannU3 n CnekTp nepuoanvyeckux GyHKUun

Beruncnenne koadduimeHtoB @yphe HEMOCPEACTBEHHO MO WHTErPabHBIM TIpe.-
CTaBJICHUSIM BCTpeYaeT OOJbIINE BBIYMCIUTENbHBIC TPYyAHOCTU. Jlaxke B cHcTeMax
KOMIMBIOTEPHOI MaTeMaTUKU, IJe TaKOe BbIYMCIECHNWE BO3MOXHO, OHO 3aHMMAaeT MHOTO
BpPEMEHM M OTPAaHWYCHO MPHOJIKEHHBIM BEIYMCICHUEM aMIUIUTYO M (a3 He 0ojiee yeMm
JIECSITKOB rapMOoHMK. K Tomy ke Jmajeko He Bcerma CUTHaJl SIBJISICTCS HENpepbIBHBIM.
Yaiie (0co0eHHO B LU(POBBIX YCTPONCTBAX) OH UMEET NMCKPETHOE MPEACTaBICHMUE.

[Ipennonoxum, yTo HeKOTOpasi GyHKLMS (UM CUTHA) 3alaHa PsIIOM PaBHOOTCTOSI-
IIAX TUCKPETHBIX OTCYETOB C YUCIOM N, T. €. J, V5, ..., V5. B OTOM cilydyae HET HUKaKUX
OCHOBaHUI CUMTATh, YTO B MPOMEXYTKAX MEXIY y3JaMU 3HAY€HUsT (DYHKIIMU HE TMOCTO-
ssHHBI. EC/IM XXe OHU MOCTOSIHHBI, TO MHTETpalibl IIpu pacuyeTe KoadbduimeHToB Dypbe
(1.7) 1 (1.8) MOTYT BBIUUCIATHCS MPOCTEHIITM METOIOM TIPSIMOYTOJTbHUKOB:

a, = ;iyi COS%@H b, = ;iy, sin@%@ (1.12)
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I'rasa 1. Hcmopus u ocho8bL 94eKmMpPOHHOL ocyusrozpaduu

JeTtanbHbII aHAIN3, BHIXOMSIIMI 32 paMKU JaHHOM KHWMTHU, ITOKAa3bIBaeT, YTO TIPUBE-
JeHHble hopMyJbl st KoadduimeHToB Dypbe SBISIOTCS €NMHCTBEHHBIMU TEOPETUYE-
CKM 000CHOBaHHBIMM (hOPMYJIaMU TIPUOJIMKEHHOTO BbIuMciieHus KoadduimeHToB Dy-
pbe [1]. s mpou3BoabHBIX (DYHKIINI OHM 00eCIIeYBaOT MUHUMYM CPeIHEeKBaapaTHUie-
CKOM1 TTorpeiHocTy. JIpyruMu ciioBamu, npubamkeHne GyHKIIMA TPUTOHOMETPUYECKUM
psiiom @Dypbe C OrpaHMYEHHBIM YUCIOM YJICHOB SIBISIETCS perpeccueil. OmnucaHue
CPENCTB IMCKPETHOTO aHaInu3a M CUHTe3a METOIOM IMCKPETHOTO TipeobpaszoBanust Oypbe
MOXHO Haiitu B [2, 3]. UMeHHO muckperHoe npeodpazoBaHue Mypbe JIEKUT B OCHOBE
TTOCTPOCHUST COBPEMEHHBIX aHAJIM3aTOPOB CMEKTpa, KOTOPHIE YacTO BCTPaMBalOTCS B
LM (POBBIE OCLUIITIOrpadHbI.

1.1.5. HenpepbiBHOe Npeobpa3oeaHue Pypbe Ang NPou3BONILHOrO
curHana

Jo cux mop MBI paccMaTpUBaIM Tieprogndeckue (GYHKINU U CUTHAIBI. A KaK OBITb,
ecau oHM He rnepuoandeckue? TyT mpaBoMepHBI ABa nmoaxonaa. Eciu yHKIIMS WK CUT-
HaJI ompenejicHbl Ha HEKOTOPOM KOHEYHOM IPOMEXYTKE ITPOCTPAHCTBA WM BPEeMEHU
(HOoCcHUTEIe KOHEYHOM UTMHBI), TO MBI MOXXEM CUMTATh CUTHAJIbI KaK Obl IIEPUOANYECKI-
MM W TIIPUMEHSATh K HAM OITMCAHHBIN BBINIC CICKTPAIbHBIN aHamn3 M CMHTe3. Harpn-
Mep, €CJIM CUTHAJI OIlpelieieH B HEKOTOPBIii MOMEHT BPEMEHU £, TO €r0 MOXKHO ITOCUM-
TaTh MEPUOANIECKUM C TIEPUOIOM £, WJIK JacToTolt f, = 1/4,.

Jpyroit IyTh 3aKJIIOUaeTCs B IMepexole K HelpephIBHOMY IIpeobpaszoBaHmnio Dypre B
o011eM BUIe — JUIS POM3BOJIbHOTO curHajia. [Ipsimoe mpeobpaszoBanue Pypbe B TaKoM
cyJyae ITO3BOJISICT ITOJIYYMTh B aHAIMTUYCCKOM BHIe (PYHKIIMIO 9acTOTHl F(w) OT Bpe-
MeHHOI dyHK1MU f7). OHO peanusyeTcs GhopMyJioin

F() = f Ft)e ™ dt. (1.13)

3nech f(f) — ckansgpHas QYHKIUS He3aBUCHUMOI MepeMeHHo# . CrieKTp mpu 3TOM CTa-
HOBUTCS CITJIOITHBIM.

3aMeTnM, YTO CYIIECTBYET OCOOBIN BUIl 0KOHHO20 npeobpazosanus Pypve. OH peanu-
3yeTCsl BBOJOM B MOABIHTEIPaJbHOE BbIpAXXEHUE MHOXUTENsT W(f), omuchIBaIOILIETro He-
KOTOPYIO BPEMEHHYIO 3aBUCUMOCTD, OIpEAcICHHYI0 Ha KOHEYHOM MHTEepBajie BPEMEHMU.
DTO MO3BOJISIET MEPEeHTH OT (hypbe-aHaIu3a MOJHOIO CUrHaja f{f) K aHaau3y ero 1o ya-
CTSM, JIOKQJIM30BAaHHBIM BO BPEMEHU.

ITockonbKy MBI MCXOOUM M3 TIPEATIONOXEHUS, UTO f(1), B 00IIeM, HEIepruoanIecKast
GyHKLMS, TO YKe HeJIb3sl BECTU peuyb 00 OTAEJbHbBIX FTAPMOHMKAX U O JUCKPETHOM CIIeK-
Tpe curHaima. Crektp F(w) CTaHOBUTCS HENPEPBIBHBIM, M MOXHO TOBOPUTH JIUIIbL O
IUIOTHOCTU HEPIUMU CUTHaja B HEKOTOPOI MaJjioi (CTpeMsiieiicsl K HyJI10) Mojoce Jac-
ToT. Tak 4yTo B MaHHOM ciiyyae F(w) eCTb 3aBUCMMOCTb IUIOTHOCTU 3HEPTYMM CUTHaja OT
YaCTOTHI.

CooTBeTCTBEHHO, 0OpaTHOEe TIpeodpaszoBanmne Dypbe 3amaeTcs CIeAYIOMMM 00pa3oM:

— l . it
f(t)—ﬁLF(w)e dw (1.14)

DT1a dopMyna mMo3BoJSIeT MO PyHKIUKM F(w) HAWTA B aHAIUTUYECKOM BHIe (HyHK-
uuto f1).

M3 dopmyisl (1.13) BeITeKaeT MIaBHBII HEIOCTATOK IPsIMOro mpeodpasoBanus Dy-
pbe — MHTerpajbHasl OLIEHKa BCEX YaCTOTHBIX COCTABJISIIOIIMX CIIEKTPa BHE 3aBUCUMO-
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1.1. Cuenanvl u ux cnekmpol

CTH OT BPEMEHM MX CYIIECTBOBAHMS. DTO CBS3aHO HETIOCPEJACTBEHHO ¢ OECKOHEYHBIMU
npeneaaMu MHTerpupoBanus B (1.13). B pe3ynbrate BIIogHe BO3MOXHEI Cyyad, KOTIa
COBCEM pa3HBbIe CUTHAJIBI UMEIOT OJWHAKOBBIA YAaCTOTHBIA CIEKTp. JApyrumu cioBaMm,
dypbe-aHAIN3 TPEKPACHO MOAXOOUT JUISI CTALIMOHAPHBIX CUTHAJIOB, HO HE TOOUTCS IS
HEeCTallMOHAPHBIX, Y KOTOPBIX OIpeaeIeHHBIC YaCTOTHBIE KOMIIOHEHTHI CYIIECTBYIOT TO-
JIBKO B OMpeeeHHbIC TIPOMEXYTKA BPeMEHU WM KOTIa mapaMeTphbl CUTHAja MEHSIOT-
Csl BO BpEMEHMU.

Ponb ocumiuiorpaduu MoXeT pe3Ko BO3pacTH TP Tepexoe K HOBOMY 0a3ucy Tpe-
CTaBIJICHUS TIPOM3BOJILHBIX 3aBUCUMOCTE — BeliBieraMm [48]. BeliBier-aHanm3 o3HavyaeT
pa3loXeHNe TaKUX 3aBUCUMOCTEH Ha CyMMY IIPOM3BEACHMI BeilBIeT-KOA(D(MUINEHTOB
Ha BeiiBIeT-(QYyHKIIMN, UMEIOIINE BUA OTPaHUYEHHBIX BO BPEMEHM 3aBUCUMOCTE, YIOB-
JICTBOPSIIOIIMX PSIIY OCOOBIX YCJIOBHUI. BOJBIIMHCTBO BEMBICTOB MMEET BUI WMITYJIb-
CHBIX WJIM OYE€Hb CJIOXHBIX (Hampumep, (ppakTalbHbIX) KoJeOaHUii, OrpaHUUYEHHBIX BO
BPEMEHM, NepeMelllaeMbIX U MacluTabupyeMbIX. BeliBiaeT-aHaanu3 U CMHTE3 yXKe IIMPOKO
MPUMEHSIIOTCSI B TEXHUKE 00pabOTKM CUTHAJIOB C JIOKAJTbHBIMU OCOOEHHOCTSIMU, HAIIPpU-
Mep MMITYJbCHBIX U LUGPOBBIX CUTHAJTIOB. OH MOJIOXKEH B OCHOBY HauboJjee 3(hdeKTuB-
HBIX aJITOPUTMOB CXKATHS 3BYKOBBIX M BHICOCHTHAIOB, UX (PMIBTPALIMA W OYMCTKH OT
yma. Ye TTOSBHINCh MHTErpaibHbIe MUKPOCXEMBI, Pean3yIolIe BeHBIIeT-TIpeodpa-
30BaHUSI.

TexHuka BeiiBaeT-peoOpa3oBaHMli HUUYTh HE CHUXKAeT 3HaueHMsl Qypbe-npeobdpa-
3o0BaHui. OHa JUIIb YCTpaHSIET HEKOTOPbIE NMPUHLMITMATIbHBIE HENOCTaTKU (ypbe-Mnpe-
00pa3oBaHMii, B YaCTHOCTH HEYIOBJIETBOPUTENIbHBIM YYeT JIOKAJIBHBIX OCOOCHHOCTEM
CHUTHAJIOB M HETIPUTOIHOCTD JIJIS1 aHAIM3a HeCTallMOHAPHBIX CUTHAJIOB (YaCTUYHO yCTpa-
HsieMasi IPUMEHEHNEM OKOHHOTO TipeodpazoBaHust Dypbe).

1.1.6. BoicTpoe npeo6pazoraHue Pypbe (BMNP)

C mo3uiuii MPakTUKKA TJIIaBHBIM HETOCTAaTKOM BCEX OIMMCAHHBIX BBIIIE METOAOB (y-
pbe-aHaIM3a U CUHTe3a (GYHKIUNA W CUTHAJIOB SBJSETCS OOJbLIOE BPEMSI BBIUYMCICHUA.
DTO CBSI3aHO C TeM, 4TO B hopmynax st KoadbuimeHToB Pypbe MPUCYTCTBYIOT OBICT-
PO OCHWUIMPYIOLINE MHOXWTENIU, YTO TpeOyeT pa3dMBKU WHTEPBAJIOB MHTETPUPOBAHMUS
Ha OYCHb MaJible YacTu. B mTore 00heM BBIYMCIMTEIBHBIX OIEpalliii pe3KO BO3pacTacT.

7151 IpeoioieHusT BBIYUCITUTENIbHBIX TPYIHOCTEM, CBSI3aHHBIX C MHTETPUPOBAHUEM B
xogne TP n OITP OBICTPOU3MEHSIOIINXCS 3aBUCUMOCTE, OBIIIN TIPEITOKCHBI METOIBI
owicTporo TipeoopaszoBanust Pyppe (BIID® wnm, B aHMIOS3BIYHON TPAHCKPUITIINAM,
FFT — ot Fast Fourier Transform). OHU MCTIONB3YIOT CIIENMATBHYIO TEXHUKY KOMOWHA-
MU OTCYCTOB (DYHKIMIA, TIOMHOXEHHBIX HAa OCLWJUIMPYIOLINE MHOXWUTENIN, U YIUTHIBA-
10T MEePUOAUYHOCTh 3HAYEHUI TPUTOHOMETpUUYECKUX (GyHKIuMA. AnroputMmbl BITD He
YMEHBIIAIOT MOTPEITHOCTY BBHIYMCICHUN MPHU 3aIaHHOM YMCJIe TAPMOHUK, HO ITO3BOJIS-
0T Pe3KO YMEHBIIUTh BpeMsl CIIEKTPaJbHOTO aHaiuW3a U CHMHTE3a — OCOOCHHO eCiIu
YUCJI0 BPEMEHHBIX OTCUYETOB y,(?) KpaTHo 2V, rie N — 1esoe 4ucio.

B ocuoBe BII® nexuT mpopexkuBaHWE MO YaCTOTC WM MUPAMHUIAIBHBINA aJITOPUTM,
HUCKITIOYAIOIINI TTOBTOPHBIC BEIYMCICHUS MEPUOINICCKN TTOBTOPSIIOIINXCS WICHOB TPH-
roHomMerpuueckoro psina @ypwe. BITD-anroput™ BeInoJiHseTcs 3a [V log N -onepanuid,
rne N — unciio otcuetoB curHaia. bIT® npumeHsieTcst He TOJBKO B CUCTEMaX KOMITbIO-
TEPHON MaTeMaTUKU IJIsSI YCKOpeHUs MpeodpasoBaHuii Pypbe, HO U BO MHOTUX MHBIX
anmapaTHBIX W IPOTPaAaMMHEIX CPEICTBAX, OIMMCHIBAGMBIX B ITaHHOU KHure. Hampumep,
5TOT METOJI WCIOJB3yeTCS B aHaJM3aTOpax CIIEKTPa, BXOMSIIMX IPAKTUUECKM BO BCE
@ pPOBbIC OCIUILIOTPadHI.
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I'rasa 1. Hcmopus u ocho8bL 94eKmMpPOHHOL ocyusrozpaduu

1.1.7. 3ddexT MNM66Ca

Cunycouna (puc. 1.1) He comepXMT CKAYKOB M, CJICIOBATEIIBHO, JIFOOO KOHEUHBIN
Habop cuHycoua (rapMOHMK) HE B COCTOSIHMUM CO3[aTh CKaUKM CUTHaja ¢ OECKOHEYHO
MaJioil JUIUTETHHOCTHIO. JIUIb B TOM Cilyyae, KOrla CyMMUPYETCsi OECKOHEYHOE YUCIIO
FapMOHMK, MOXHO HaJesTbCSl Ha TO, YTO OBICTpble M3MEHEHUsI CUTHajia OyayT MUMeEThb
CTPEMSIIIIYIOCS K HYJIIO JUTUTEILHOCTD M OyIyT 01M3KM K cKauykaM. OmHAKO TeOpeTUIeCKN
OECKOHEYHOE YMCJIO TApMOHUK IMTPUMEHUTH HEBO3MOXKHO XOTSI ObI IIOTOMY, UTO IPU 3TOM
BpeMsl CMHTE€3a CUrHaja OyneT 0ecKoHedyHO OoJbliuM. [To3TOMy Ha IpakTUKE YUCIIO
TAapMOHMK MPU CUHTE3€ UMITYJIbCHBIX CUTHAJIOB BCErla OrpaHUYeHo, a hopMa CUHTE3U-
POBaHHOTO CUTHAJIa HECKOJbKO OTIMYACTCS OT MAcATU3MPOBAaHHOM (OpMEL. B 3TOM OT-
HOLIEHUM BEUBJIETHI BEAYT ceOsl Kyaa JIydllle U JIEFKO CUHTE3UPYIOT cKauku [48].

ITpu orpaHMyYeHUM CIIEKTpa KOHEYHBIM YMCJIOM TapMOHMK HaOIIOJAI0TCSl XapaKTep-
HbIe BOJTHOOOpa3HbIe KoJIeOaHMSI CUHTE3MPOBAHHBIX CUTHAJIOB, OCOOCHHO 3aMETHbIE B
obnacTtu pa3pbuiBOB. DTOT 3¢ ¢eKT nmoayuus HazBaHue 3ddekra 'mbodca. DTO OUeHb He-
KenareabHbIi 9()(hEeKT, MOCKOIbKY OH CHJIBHO MCKaxaeT (hopMy KOJIeOaHUN W CIYXUT
HWCTOYHUKOM OOJIBIIMX MOrpeliHocTeil. OTHOCUTENbHAS aMIUIUTYIA IyJbCalldii CUHTE-
3MPOBAHHbBIX CUTHAJIOB (CaMUX I10 cebe He MMEIOIIMX Iysbcaluii) gqocturaet 18% (uin
9% OT NBOHOM aMILUIMTYIbl) M MPAKTUYECKX HE MEHSETCS IIPU YBSJIMUYCHUN YKCIIA Tap-
MOHMK — TIPOCTO BBIOPOCHI TIPU ITYJIbCAILIUSIX CTAHOBSATCSI Kopode. MexX1y TeM U3BECTHO
MHOXECTBO 3a7a4, e TOYHOCTb MPUOIMKEHUS J0JIKHA COCTABISTh 3HAUCHMSI HAMHOTO
MeHblmne 1%, a Mopoio He MPEBBILIATh U THICSYHBIX J0JIEN MPOLEHTA.

IMockonbKy nynabcauuu 3¢dekra I'mdbdca Haubosee SIBHO MPOSIBISIIOTCS B MOMEHThI
CKaYKOB aHAJIM3UPYeMOU (PYHKIINHU, OTPAHUYNMCS PACCMOTPEHUEM CITydasi TIpeIcTaBIe-
HUSI CKayKa, KOTOPBI OrpaHUYEH CIIEKTPOM:

, 0
f(X)=§ o

OrpaHnyeHne CIeKTpa MOXHO y4ecTb, BBeAs B (1.14) yMHOXeHHE Ha IIPSIMOYTOJIBHOE
YaCTOTHOE OKHO
, wsy

W(w) = >y

DTO OKHO 3afaeT pe3Koe orpaHuueHue criekrpa. OmycKas JeTaiu BbIBOA, KOTOPbHIE
npuBeaeHbl B [1], HaliieM, 4TO B 3TOM cllyyae

£x) = % + L Sigyo), (1.15)
Tt

rae dyHkus Si(7) n3BeCTHA KaK MHTETPaJIbHBIN CUHYC

z

Si(z) = J;Si“(’ ) ar. (1.16)

t

3agaHue ¢yHKUMU Si(Z) 1 TOCTPOCHUE 3aBUCUMOCTH f{Xx) IUIsl JaHHOTO Cydasl Mpe-
craBiieHBI Ha puc. 1.4. TaMm Xe maHBI pe3yiabTaThl BEIYMCICHUS 3HAYCHUI BEIOPOCOB,
obycnoBneHHbIX 3 dekTom ['nboCa.

HTak, Kak cieayeT U3 pacCMOTpeHHOro, 3ddexr ['mbOca cyiiecTByer, yBbI, KaK TEO-
peTuyeckr 00OCHOBaHHAasl peajbHOCTh. VI CBSI3aH OH TIpeXie BCEro ¢ HeydadyHo I0/I0-
OpaHHOI (MJIM TIPOCTO ITOHEBOJIE CYIIECTBYIOIICH) IPSIMOYTOJIbHOM (hOPMOI YaCTOTHOTO

14
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JdpchekT MMBBCa

t
Sich) = J @ dx y=1 £leh) =

flit)
o
5y

t=0  tmo=Maximize(fl,f)  tm= 1571 Fl(tmy = 1089
t=0  tmo= Maimize(f2,£)  tm= 0628 2ty = 1089
t=0  tmo= Maimize(,£)  tm=0314 fictay = 1089

Puc. 1.4. Hanrocmpayusn kK 803Hukrosenuro agpgpexkma l'ub6ca

OKHa, pe3KO OrpaHUYMBAIOIIETO YKMCIIO MCIOJb3YeMbIX MPU CIEKTPAIbHOM CUHTE3€ rap-
MOHMK (4acToT). BeiOOpoM crielimagbHOro OKHA MOXHO 3aMETHO OCJIA0UThH BIUSIHUE 3TO-
ro «3J10BpenHoro» 3¢ dekra. /st 3T0oro B moabsIHTeTpaabHOe BeipakeHue (1.14) BBogutcs
MHOXUTEeIb W(Ww), 3a1ato1iuii OKHO ¢ 3aIaHHOM (hOPMOil aMILUIUTYTHO-YaCTOTHOM Xapak-
TepucTUKU. TeM caMbIM peausyeTcsl oopamuoe okonHoe npeodpaszoeanue Pypve. MaTema-
TUYECKUE cpeacTBa 00pbObI ¢ 3hdekTom ['MbGOca u mpuMepsl UX peaan3aliu B CUCTEME
Mathcad moxno Haiité B [3]. TaMm Xe, KcTat, KaK U B [48], MOXHO HAWTH TIPUMEPHI
MpeacTaBIeHUs] UMITYJIbCOB C ITOMOIIBIO BeHBIEeT-aHAIM3a U CUHTE3a.

1.2. Uctopusa ocuunnorpadpum

1.2.1. MexaHu4yeckue, CBeTOJly4eBble U MarHUTO3JIeKTPU4ecKne
ocuunnorpadsl

YeioBeUYeCTBO JAaBHO MCKAJIO CITOCOOBI OTOOpaxaTh rparuuecku BpEMEHHYIO 3aBUCH -
MOCTB CJIOXHBIX KOJIeOaHmt (CUTHAIOB). [IJI1 3TOT0 MCIOIBh30Ballach pa3BepTKa Koxeda-
HUI1 BO BpEMEHU. ABTOP 3TOM KHUTH ISl OOBSICHEHUST TAaKOU pa3BepPTKU MHOTAA UCIOJIb-
30Bajl CleAyloluii mpueM. B pyKy OepeTcsl Kycoyek Mena, pyKa BBITSITMBAETCS U €10 CO-
BEpLIAIOTCS KoJeOaTe/lbHble ABUXKEHUSI BBEPX-BHU3, BBEPX-BHM3 U T. 1. Terepb, He
rnepecraBasi COBeplIaTh 3TU KojiebaTeabHbIE ABUXKEHUS, MOAOMAUTE K OOBIYHOM Kjac-
CHOM JIOCKE, KOCHUTECh MEJIOM €€ IIOBEPXHOCTU U IIOCTapANATECHh PABHOMEPHO IIPOUTUCH
BIOJb 10CcKU. Kycok Mesna mpo4yepTUT JIMHUIO, KOTOpas U OyJaeT HarIsiAHO MPEeACTaBIIsTh
CUHYycOMIabHOE KoyiebaHue (cuHycouay). MCXUTpUBIIKCH, HETPYAHO TaKUM OOpa3oM
10Ka3aTh «OCLHMJUIOTPAMMY» MPSIMOYTOJILHOTO WM TPEYrOJIbHOTO CUTHAJIA.

MoXHO cKa3aTh, UTO 3TOT SKCIEPUMEHT OTpaXaeT paboTy MEXaHUYECKOTO ocyualoe-
paga — npudopa, MpeaHa3HAYEHHOro Mjis rpaduuecKoro MpeacTaBleHUs] BPEMEHHBIX
3aBUCUMOCTEN KOJIeOaHUM.

15



I'rasa 1. Hcmopus u ocho8bL 94eKmMpPOHHOL ocyusrozpaduu

O06aacTb HayKM U TEXHUKU, TTOCBSIUEHHAsl pelleH1I0 9TOl 3ajauu, Moayynia Ha3Ba-
HUE ocyustoepaguu. A IpUOOPHI 1T HAOMIOAEHUS BPEMEHHBIX 3aBUCUMOCTEM pas3iny-
HBIX M3MEHSIOIINXCST BEJIWYWH TOJYYMIIM Ha3BaHUE OCUUANOCKON08, A B NaJIbHEHIIIEM,
IOCJIe MPUCIIOCOOICHMSI UX K TOCTATOYHO TOUHBIM U OBICTPHIM M3MEPEHUSIM, — OCUlL1-
n0epagos.

CnoBo «ocumiuiorpad» 00pa3oBaHO OT CJIOB «OCHWUIYM» — KOJIeOAaHUS W «Tpa-
¢o» — nuiy. OTcioga U Ha3HaYeHUE BTOr0 M3MEPUTEILHOTOo Mpubopa — OTOOpaXkaTh
Ha 9KpaHe KpWBBHIE, XapaKTepuayromme GopMy TeX WM WHBIX KolebaHmil. [Ipyroe Ha-
3BaHME 3TOro Mpubopa — O0CYUAIOCKON TIPOMCXOAUT OT TOTO K€ «OCIHUJUIYM» U «CKO-
meo» — cMotpio. T. e. peub MOET OIITHL-TaKM O HaOMIOAeHMM (OPMBI KOJCOAHMIA.
M xoTs1 BTOpoe Ha3BaHUE 0ojiee TOUYHOE, B JIUTEPAType Ha PYCCKOM SI3bIKE MPUHSTO BCE
Xe TiepBoe — ocuuyuiorpad.

Bynp aBTOp 3TOI KHUTM MCTOPUKOM, OH OTHAJ OBl IIPEAIIOYTEHNUE B TIEPBEHCTBE CO-
3naHus ocuuiorpadguu uzodperatento oHorpada — Daucony. Tor euie B 1877 roay
cTaj 3aIlMChIBAaTh MEXaHWUYECKME KOJIeOaHWsT WIJIBI, NPUKPEIUICHHON K MeMOpaHe, Ha
BpalllalolIMICsS BOCKOBBIN BalMK. IlogydaeMasi pu 3TOM 3BYKOBasi JOPOXXKa Ha BOCKO-
BOM IIHMCKE TIPEACTaBIIsIa COO0M TUMWYHYIO OCIIMJUIOTPAaMMY CJIOKHBIX 3BYKOBBEIX KOJIE-
0aHUil ¢ MeXaHMYECKOM pa3BepTKOI, OCYLIECTBIASIEMOIl paBHOMEPHBIM BpallleHUeM Ba-
mmKa (TT03Xe JrcKa rpaMMOGOHHON TUTACTUHKM). OgHAKO DIMCOH HE 0OpaTUJI BHUMA-
HUSI Ha TO, YTO CO3MaJl MEPBbI MexaHu4ecKuil ocyua10epagh, 3arMChIBAIOIINI CIOXHbIE
KoJiebaHUs 1 TO3BOJISIIOIIMI UX HaOM0aaTh. BO3MOXHO, TaK ObLJIO MOTOMY, YTO aMILIv-
TyJda OTKJIOHEHUU Mpope3u B KaHABKE BOCKOBOTO AMCKa OblLia CTOJb Majia, YTO «OCLIMII-
JIOTpaMMYy» MOKHO OBUIO PasTIsIACTh JIMIIE B JIYITY C XOPOILINM YBEITUUCHUEM.

Bocemb net criycts, B 1885 romy, kazanckum ¢dwusukom P. A. Kommm (1845—1891)
ObUI co3MaH ocyuriomemp — TIPOTOTUII COBPEMEHHBIX CBETOJYYEBBIX (1L1eH(OBBIX)
ocumuiorpacdoB. MarHMTO3IEKTPUUECKUI OCIUJUIOCKON (DpaHIIy3CKOro ¢m3mka A.
Bronmens (1863—1938), uzodpereH B 1893 romy. OmHAaKO MCITONIB30BAHUE CBETOJIyYE-
BBIX 1 MAaTHUTORJICKTPUIECKUX OCHIIIIOrpacoB OBLIO OTPAHMYCHO MX HM3KOUYACTOTHBIM
IMana3oHoM. DTU TPpUOOPHI MPUMEHSIIOTCS M B HAIM JHU, MOPOI0 MOJ HECKOJIbKO
WHBIMM Ha3BaHUSIMU. Hammpumep, B 31eKTpOHEPTreTHKE IIUPOKO MCITOIb3YIOTCSI MarHU-
TORJIEKTPUUYECKHE JIEHTOUHbIE CAMOITMCILIBI, MCIIPABHO BBIYEPUMBAIOIIME BPEMEHHBIE 3a-
BUCHMOCTHU TOKOB M HaNPSDKCHUM Ha PYJIOHHOM Oymare. X MOXHO YBUAETh Ha JIFO0OI
9JIeKTpocTaHLIMU. Ho 3TU mpubOpbl PerrMCTPUPYIOT JUIIb MEIJICHHO W3MEHSIOIIMEeCcs
IIPOLIECCHI.

1.2.2. Tpy6ka u ocumnnockon BpayHa

B nocnenneit yetBeptu XIX Beka OypHO pa3BMBAETCsl 3JEKTPOIHEPreTUKA U DJIEKT-
pOTEXHHUKA. DJICKTPUIECKIE CETU MHOTUX TOPOIOB paboTaIM Ha mepeMeHHOM Toke. [1o-
SIBUJIMCh Pa3JIMYHbIe IpeoOpa3oBaTein IMepeMeHHOro Toka. B xoxe Takoro mpeobpa3o-
BaHUsI CUMHYyCOMUJalIbHAas ¢hopMa IEePeMEHHOrO HANpPSDKEHUS HEPEJKO CUJIbHO MCKaXa-
Jack. Hampumep, maxe mNpocToe OMHOIOIYINEPUOTHOE BBIMPSIMICHUE MEPEMEHHOrO
HAIpsKeHUs] BeJIO K OOpe3aHMIO OQHOM M3 IOJIYBOJH CHUHYCOMIAIbHOIO HAIIPSIKEHMUSI.
BosHuKI1a HEOOXOAMMOCTh B U3MEPEHUM MITHOBEHHBIX 3HAUEHUI HAIIPSDKEHUI M TOKOB,
ux 3(PGEKTUBHBIX 3HAUYEHUI M Pa3HOCTU (ha3 B DJEKTPUUECKUX Liemsix. Tak mosiBuiach
IMOTPEOHOCTh B IpaMIECKOM TIPEACTABICHUN CJIOXHBIX BPEMEHHBIX 3aBUCHUMOCTEN Ha-
MPSDKEHUI U TOKOB B 2JIEKTPOTEXHUUYECKUX CUCTEMAX M YCTPOMCTBAX..

Otkpbitue ['enpuxom I'epuem B 1886—1888 rogax 371eKTpOMArHUTHBIX BOJIH U CBSI-
3aHHBIX C HUMU BBICOKOYACTOTHBIX 3JI€KTPOMArHUTHBIX MIPOLIECCOB MPUBEIO K BO3HUK-
HOBEHUIO PaAUOTEXHUKU, B KOTOPOM CTaJIU IIMPOKO MCIIOIb30BaThCsl BHICOKOYACTOTHbIE
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curHaIbl. Bo3HMKaia TeXHUKa CBSI3M, a 3aTeM paguloJIoOKallMs M MMITYJIbCHAsT TEXHUKA, a
elle M03Xe TeJIeBUACHNE Y BBIYMCIMTEIbHAS TeXHUKA. B 3THUX oTpaciissX HayKU U TEXHM-
KA IIAPOKOE TPUMEHEHUE IONYJIWIM WMIYJIbCHBIE CHUTHAJIBI CaMOUM pa3HOOOpa3HOI
¢GopMBI, TIOPOIO OYeHb CJIOKHOM. Ho opraHbl 4yBCTB 4elOBEKa BOOOIE HE pearupyror
Ha cy1adble JIEKTPUUYCCKIE W CBETOBBIC CUTHAJIBI, COBEPIICHHO HE UyBCTBUTEIBHBI K MX
¢dopme (BpeMEHHOI 3aBUCUMOCTH).

Bce 510 Beio K HEOOXOOMMOCTH CO3AAHUST OBICTPOACUCTBYIOIIMX M IITHPOKOITOJIOC-
HBIX ocuuiorpadoB. UMu ctanu azekmponHsie ocyurtoepagel. HelHE 3TO «Tj1a3a» 4yesao-
BeKa B MHUpE CaMBIX pa3HOOOPa3HBIX CUTHAJIOB, KOTOPHIC UEJIOBCUECKUIT OpPTaHU3M caM
1o cebe He BOCIIPUHUMAET. YHUKaJIbHbIE BO3MOXHOCTH 3TUX IPUOOPOB, KaK M MacCCO-
BOCTh MX MPUMEHEHUI, HEBO3MOXHO TIepeoleHnTh. Ho TyTh K MX MOSBIICHUIO OBLT HE
IPOCTBbIM, & CaMU 3TW INPUOOPHI MOHAYaly ObUIM JaJleKO HE TaK COBEpILEHbI, KaK B
Hamy nHU. IlepBele ocummiorpadbl OBUTM BOBCE HE MAaCCOBBIMHM M3ICIUSIMU, CKOpEe
OHU OBbLIM YHUKAJIbHBIMU (DU3NUYECKUMU TTPUOOpaMU.

6 urons 2000 roga ucronHuUaoch 150 JeT co AHS pOXIEHMUSI KPYITHOIO HEMELIKOIO
yyeHoro-(usnkKa, 4wieHa-KoppecrnoHaeHta bepinHckoit akagemun Hayk DepauHanma
BpayHa, KoTOpEIif curTaeTcs M300peTaTesieM 3JIEKTPOHHOTO ocuyIorpada U psiaa Ipy-
rux (U3NYECKUX U DIIEKTPOUMEPUTEIBLHBIX TTpUOopoB [4—8]. OH ObLIT YAOCTOEH 3TOI
MPECTYDKHONM Harpambl BMECTE CO 3HAMEHUTHIM MTAIbIHCKAM paguoTeXHukoMm I. Map-
KOHM 3a BBIIAIOLIMIACS BKJAal B pPa3BUTHE PAaIUMOTEXHUKU BOOOIIE U M300peTeHUE
ocuuuiorpada B 4aCTHOCTH.

Bo Bpems TBopuecTBa bpayHa MHOTHE (DU3MKU YBIECKAIUCH OMBITAMU C Pa3IUYHbIMU
n3aydeHusiMu. bpayH oOpatmyi BHMMaHMEe Ha KaTOMHBIC JIYYM W BCKOpE MPUIIET K
yOeXXIeHMIO, YTO, B3SIB 32 OCHOBY M3BECTHYIO (hu3ukam Tpyoky Y. Kpykca (1832—1919)
C XOJIOOTHBIM KaTOIOM, MOXHO CO3[aTh KaTOXHO-JTy4EBOI MPUOOp IIsd MHAUKAIUNA (Pop-
MBI 3JIEKTPOMAarHUTHOM BOJIHBI, IIOCKOJIbKY CBETOBOE IISITHO Ha (hJIyOpeCLUpPYIOLIEM 3K-
paHe TpyOKM, MTHOBEHHO pearupysl Ha 3JICKTPOMAarHUTHOE ITOJIE, MOXKET CHMHXPOHHO
clenoBaTh 3a ero u3MeHeHueM. Tak mosiBuiach Tpyoka bpayHa (puc. 1.5). D10 coObiTHe
nmatupyetcss 1897 romom.

Puc. 1.5. Yepmex mpybku bpayna

Tpybka bpayHa (310 Ha3zBaHUE BILIOTH 10 40-X rOJ0B pacIpoCTPaHSUIOCh M HA JIPy-
rue 2JIEKTPOHHO-y4YeBble MPUOOPHI) MOHTUPOBAIACH TOPU3OHTAIBHO Ha OIOPE BMECTE
C OTKJIOHSIOIIEH JIyd 3JIGKTPOHOB KaTyIIKoi. TakmMm 00pa3oM, BIEPBbIC MCIIOJIH30Ba-
JIOCh MaAeHUmMHOe OMK/AOHeHUe, a HE DJIEKTPOCTaTUYeCKOe, KaK Y TPyOOK COBPEMEHHBIX
SJIEKTPOHHBIX ocumiorpacdoB. B manpHeliem takue TpyOKM C ABYMsSI KaTyIIKaMU TO-
JIYYUJIU Ha3BaHUE KUHECKONO06, a KaTylIKU — MAeHUMHOU omKAoHsowel cucmemsl. bpay-
HOM HCIIOJIb30BAJIMCH KaK OIMasiHHbIE TPYOKM, TaK U TPYOKU C PYYHBIM PTYTHBIM HAcCO-
COM, HEIpepbIBHO OTKAUMBAIOLIMM BO31yX. AHOAHOEe HamnpstkeHue okoyio 50 kB (Bre-
JyaT/IsieT M ceiiyac) 00ecIreuynBaIoCh MHAYKIIMOHHON MaIlIMHOM.

HccnenyeMblii TOK MOABOAMIM K KaTYLIKE 3JIEKTPOMarHuTa, paciojoXXeHHOU CHapy-
KM Y3KO# 4acTU CTEKJITHHOM KOJIObI MexXny nuadparMoil u skpaHoMm. I1ydok siaekTpo-
HOB, CO3/IaBaeMblil KaTOJOM, OTKJIMKAasIChb HA U3MEHEHUSI MATHUTHOTO I10J151, BblYEpUMBa
Ha ryopecupyoIeM dKpaHe JUHUI0 MEXKIY IBYyMsI TOUKAMH, COOTBETCTBYIOIIIMMM MU-
HUMAaJIbBHOM M MaKCUMAaJIbHOW BeJIWYMHAM HMCCIeAyeMoro curHajga. CeTsimasicss TUHUS
oTOpackIBajiach Ha BHEIIHUI 9KpaH ¢ nmomoiibio 3epkana B. Kenura, koropoe, mosopa-
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YUBasICh, MO3BOJISLIO HAOIIOAATh U3MEHEHNE CUTHAJIa BO BpeMeHU. MTak, B OCHMITIOCKO-
e bpayHa Mcnojib30Bajiach ONTUKO-MEXaHUYECKasl pa3BePTKa MO TOPU30HTAIN.

CKOpOCTh CKAaHMPOBAaHUS C ITOMOIIBIO 3epKajia, IPEeBPaIIAIOLIeTo ITyIbCUPYIOIIYIO
BEPTUKAJIbHYIO JIMHMIO B JIBYMEPHYIO BM3yaJbHO HaOJIIOIaeMyl0 KPUBYIO, OTOOpaXKkaro-
LIYI0 BPEMEHHYIO 3aBUCMMOCTh TOKA B OTKJIOHSIIOIICH KaTyIlIKe, OblIa HeBeJlnKa. Takum
obOpa3oMm, cosnaHHasi bpayHoM TpyOKa 3aMeTHO OTJIMYajach OT COBPEMEHHBIX OCIIUJI-
JorpadMIecKrx TPYOOK M TeM 0oJjiee OT COBPEMEHHBIX LIBETHBIX KMHECKOIIOB C MAaCcKOM
JUISL TEJIEBU30POB, M300peTeHUE KOTOPBIX MHOTAA OE30CHOBATEIbHO IPUITMCHIBAIOT
K. ®. bpayny. Otimuanack TpyoKa M OT COBPEMEHHBIX OCIHUJUIOrpamIecKrux TPyOOK C
BJIEKTPOCTATUYECKUM OTKJIOHEHUEM.

Ocummiorpad bpayHa B HEKOTOpoOM pojie ObLI MapagoKcaabHbIM MHCTpyMEeHTOM. OH
comepXaJl CKOPOCTHOW 3JIEKTPOHHBIN TTPUOOP — 3JIEKTPOHHO-JIYUYEBYIO TPYOKY, HO MC-
I10JIb30BaJl MHEPLIMOHHbBIM METOJ, MATHUTHOIO OTKJIOHEHHUS Jyda KaTyLIKON M MeXaHM-
YecKylo pa3BepTKy. OTClofa U HEBBICOKOE OBICTPONENCTBHME MTPUOOpPA B TIETOM.

K. ®. Bpayn He mareHTOBaa cBOi ocimuniorpad. OH pelni caeaTh ero J0CTyITHBIM
JUISL BCEX MCClleqoBaTelleil U JIMYHO COOEMCTBOBAJl €ro PaclpoOCTPAHEHUIO IyTeM MHOIO-
KpaTHBIX MYOJIMYHBIX JEMOHCTpAlUMi U MyOJaMKalUuid B HAyYHOI mevyaTu. DTo ObLI Osa-
TOPOIHBINA 1IAT YYEHOIo, CIOCOOCTBOBABIIErO 3((GEKTUBHOMY IIPUMEHEHUIO 3aMedaTe-
JIBHOro mpubopa W AajibHEHIIeMy ero yiydileHutio. Bo MHorom Ojaromapsi 3ToMy
ocumsuiorpad ctaj ObICTPO COBEPIIEHCTBOBATHCSI U BCKOPE M3 YHUKAJIBbHOTO (hru3mye-
CKOTO TIpMOOpa IpeBpaTUICS B HE3aMEHUMBbIM MHCTPYMEHT, MPUMEHSIOIINIACS B pas-
JIMYHBIX JIAOOPATOPUSIX, OT aKageMU4YeCKUX 10 IPOM3BOACTBEHHBIX.

TpyOka BbpayHa 1mMpoKO NMpUMEHSJIach B HAyYHBIX MCCIIEIOBAHUSIX PYCCKUMM yue-
HeiMu [9]. OO0 ombiTax ¢ Hewo coobwanu B cBoux myonukamusx A. JI. TepuryH
(1868—1915), B. K. Jlebemunckuit (1868—1937), A. A. TletpoBckuii (1873—1942) u
JIpyr1e, BHOCUBIIME B METOIbI ocLuuIorpaduu 1 B Ipubop bpayHa 3HaunTelIbHbIE YCO-
BepureHcTBoBaHMsI. B 1899 romy accmuctent bpayna WM. Llennek (1871—1959) BBen
9JICKTPOMArHUTHYIO pa3BepTKy MJIs1 3aMeHbl 3epKana Kenura. B 1907 roay npyroit ero
accucteHT — poccussHuH JI. M. MaHpenbpiutaM pa3padoTani METOA U CXeMy MOJIyYeHUS
MUJI000Pa3HOIro TOKA IJIsl JIMHEHHON pa3BepTKU OCLUJIOTPaMMBI IO OCH BpeMeHHM [9].
CyTh MeTONa 3aKJ04ajach B TOM, UTO IJISI pa3BEPTKU MCITOIb30BaJIOCh TOJBKO HAJyasio
pa3psiIHOro IIpoliecca KOHIEHCATOpa, KOIAa TOK SIBISIETCS MPAKTUYSCKU JIMHEHHOM
dbyukumei BpeMenu. OcranbHas yacTb Toka (80%) orGpachiBaiia MSTHO 3a Kpail SKpaHa.
OTU U Ipyrue HOBOBBEIECHMS CYIIECTBEHHO PACLIMPUIM BO3MOXHOCTU oclusuiorpada,
cleJlaii ero MCTOJb30BaHNe 0oJiee yIOOHBIM.

Hoctuxenuss K. @. bpayHa BBICOKO OlLleHMJIa MUPOBasi HaydHasl 001IeCTBEHHOCTh 1
Komuter no npucyxneHuio HobeneBckux mpemMuii, ypaBHSIBIIMIA €ro 3aciayru C 3acily-
raMy UMEHUTOTO uTanbsHua I'. MapKoHM, KOTOPOIrO CUMTAIOT CO3[aTeaeM PaTuOTeXHU-
yeckoit uHayctpuu 3anana. HoGeneBckue mpeMun MPUCYKAAIOTCS TOJIbKO KUBBIM yde-
HbIM. Hair cooreuecrBenHuk A. C. IToros ymep 1906 roay. Eciu Obl He 3TO meyajibHOE
CcOOBITHE, BO3MOXHO, 4TO ¥ OH pasneaui o6l B 1909 rony ciaBy HobeneBckoro iaypeara
B 00j1acTH pagnoTexHuku — BMecte ¢ I. Mapkonu u K. ®. BpayHowM.

1.2.3. OT Tpyokn BpayHa K TpyOKe C 3/1IeKTPOCTaTU4eCKUM
OTKJIOHEHMEM

OpHoli M3 TJaBHBIX OCOOEHHOCTel ocuuiorpaga bpayHa Obulo TO, YTO OH MOT
MPUMEHSIThCS [JIsl [IOCTPOEHUsI BpEMEHHBIX 3aBUCUMOCTE ToKa i(f), IPOTEKAIOLIETo Ye-
pe3 OTKJIOHSIOIIYIO KaTyIIKy ¢ MHAYKTUBHOCTBHIO L. MarHuTHoe I10jie KaTyLIKW IpO-
IMOPLMOHAJIBHO IIPOTEKAIOLIEMY Yepe3 Hee TOKY M MEHSIETCS ¢ U3MEHEHHUEM TOKA.
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1.2. Hcmopusa ocyuarnocpaguu

OpaHako yallie BO3HMKAET HEOOXOAMMOCTb HabJI01aTh BPEMEHHYIO 3aBUCUMOCTDb M3-
MEHSIIOILIETOCsT HalpsoKeHUs u(f), a BoBce He TokKa. Ho mist 3Toro MmarHutHas pa3BepTka
He 3ddekTnBHa. B 3TOM JIerko yOeIuThCs, €ClIM YYecTh, YTO HaNpsDKeHUE Ha Maealb-
HO¥ KaTyllIKe MHAYKTUBHOCTU ¢ MHAYKTUBHOCTBEIO L = const MPOMOPIMOHAIBHO TTPOM3-
BOJHOMI MPOTEKAOIIETO Yepe3 Hee TOoKa:

di(r)

i (1.17)

u(t) = L

DTy 3aKOHOMEPHOCTh HBIHE 3HAIOT AaXke B IIKoye. Ecam mpearnoaoXuTs, uto u(f) =
F = const, To u3 (1.17) Mbl UMeeM:
E _dit) _ c
L dt

onst. (1.18)

Otclona ciiefyeT, 4To eciv K MACAIbHOM KaTylllKe WHAYKTUBHOCTH TMPUJIOXEHO TO-
CTOSTHHOE HampsDKeHHe, TO TOK B ee IIelMu OydeT JIMHEHHO pacTu, TaK KaK TOJBKO B
9TOM CJlydyae MPOU3BOAHAS TOKa SIBIsIeTCS KOHCTaHTOH. OHa 3agaeT KPyTU3HY MUJI000-
pa3HOTro HAIpsKeHMSI, paBHYIO E/L.

Majo pa3OuparolmMiics B 2JIEKTPOTEXHUKE YUTATEIb MOXET OIIMOOYHO IPEIIToyo-
KUTb, YTO TIPU MPUJIOKEHUN K OTKJIOHSIOIIEH KATYIIKE HAMPSKEHUS IISITHO OT BJIEKT-
POHHOTO Jiydya MepeMECTUTCSI OT MCXOJHOrO MOJIOKEHUsT B HOBoe MecTo. OKa3bIBaeTcCs
(CM. BHIIIE), 3TO COBCEM HE TaK — IISITHO HAaYHET TOPU3OHTAJIBHO TTepeMeIIaThCs 10 K-
paHy C IOCTOSIHHOM JIMHEWHON CKOPOCTbIO B COOTBETCTBUHU C JIMHEWHBIM M3MEHEHUEM
ToKa B Karymike. Kcrati, U3 3TMX pacCyXkIeHWH MPUIUIA K Wee peajn3alivii JIMHeH -
HOIl MarHUTHOM Pa3BepTKU IO TOPU3OHTAIU, HO 3TO COBCEM HE T'OAUTCS IJIsSI OTKJIOHE-
HUS JIyda TI0 BepTUKAJIH.

Ha camoM nene cuTyalusi OCIOXHSIETCSI TeM, YTO peajibHasl KaTylllka MHAYKTUBHO-
CTM 00JIafaeT COOCTBEHHBIM OMUYECKMM COIPOTUBIEHUEM (PE3UCTUBHOCTHIO). MMeer
CBO€ BHYTpPEHHEE COIPOTHUBICHUE M MCTOUYHUK HampsikeHus (curHana). He BmaBasich B
neranu [44], oTMETUM, YTO B 3TOM CJydyae M3MEHEHME TOKa IMPU BO3JACKUCTBUMM Ha Ka-
TYIIKY TIOCTOSTHHOTO HAIIPSIKEHMST OYIeT OMUCHIBATLCA YK€ HE JIMHEWHBIM, a 3KCITOHEH-
LIMaJbHBIM 3aKOHOM C IOCTOSIHHOI BpemeHu T = L/R, rme R — cymMMapHOe COIPOTUB-
JIEHWE B LIeTM KaTyIIKU.

Cyns no onucaHuio ocuuiorpacda bpayHa, oTKJIOHSIOIAsT KaTylIKa MMejla UHAYK-
TUBHOCTh TIOPSIIKA OECSITKOB — coTeH MwmureHpu (MIH). B3gs, k mpumepy, L =
100 MTH 1 R = 100 Om, nonyuum T = 0,1/100 =1 + 1073 ¢ wau 1 mc. Beanunna nocro-
STHHOM BpEMEHM OKa3bIBAETCSI TOCTATOYHO XapaKTepHOM ISl ociuiorpada ¢ MarHWT-
HBIM OTKJIOHeHMEM. JIeIo B TOM, UTO BpeMsl IIEPEXOAHBIX MPOILIECCOB, PETUCTPUPYEMBbIX
ocuuuiorpacdoM, He MOXKET OBITh 3aMETHO MEHBIIIE TIOCTOSTHHOW BpeMEHU T. DTO TOBO-
PUT O TOM, YTO OCHWIIOTpad C MAarHUTHBIM OTKJIOHEHMEM HE MOXET OBITh CKOpPO-
cTHBIM. Ero ynen — HabmoaeHue HU3KOYACTOTHBIX KOJIEOAHUI ¢ IMTOCTOSIHHBIMU BpeMe-
HU TIOpsIIKA MWIJTMCEKYHI YJIN AOJIei MUJUTMCEKYH/IBI.

Pa3paboTunky COBpEeMEHHBIX OCHUUIOrpaduUecKrux 3JeKTPOHHO-TYYEBBIX TPYOOK
(BJIT) mpunum K KapAWHATLHOMY M3MEHEHUIO MPWHIIUIIA OTKJIOHEHMS 3JICKTPOHHOTO
Jlyya — ObLI MCIOJIb30BAH d1eKmpocmamuteckull MeTon OTKJIoHeHus. I[Ipu aToM 3eKT-
POHHBII JIyd OTKJIOHSIETCSI TION JeMCTBUEM 3JeKTpuiecKoro mojs. [lepBast BakyyMHast
TpyOKa C 3JeKTPOCTATUYECKUM OTKIIOHEHMEM U TOpsTYMM (ITOJOTPEBHBIM) KaTOIOM IOSI-
Bwiack B 1911 romy u Obuna paspabotaHa [I. A. PoxxaHckum B KoMmmaHuu <«JlXkeHepan
Enextpuk».
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I'rasa 1. Hcmopus u ocho8bL 94eKmMpPOHHOL ocyusrozpaduu

DTOT METOJ Topasno Mpolle MEeToAa MarHUTHOTO OTKJIOHEHUSI — B KauyeCTBE OTKJIO-
HSIOIIEH CHUCTeMbl MCIIONB3YyeTCsl Iapa IUIACTUH, PACIIOJOXEHHBIX IO 00€ CTOPOHBI
9JIEKTpOHHOTO Jiyuya. [IpaBaa, pacueTsl, MpUBEAECHHbBIE HIXKE, MOKA3bIBAIOT, YTO IJIACTU-
HBI JOJDKHBI OBITh PACIOJIOXEHBI TOCTaTOYHO OJM3KO M IOTOMY JOJIKHBI HAXOAUTHCS
BHYTPU TPYOKM, a HE CHapyXXU, KaK B Cllydyae OTKJIOHSIOLIEH KaTyllku TpyOku bpayHa.
Ho u B 3TOM ciyyae HampsbkeHUE Ha IIJIaCTUHAX, HYXKHOE IIJIS TOJHOTO OTKJIOHEHUS
Jiyya, JOJDKHO JOCTUTaTh JECATKOB, a MHOTAA U COTEH B.

Ecnu mogaTte Ha MIacTUHBI MOCTOSIHHOE HAMNpPSDKEHUE, TO 3JEKTPOHHBIN Jy4 ¢ OTPU-
LIATEeJIbHBIM 3apsiioM OyIeT OTTaJKWBAThCS OT IJIACTUHBI C OTPUIIATENIbHBIM HaIpsKe-
HUEM U TPUTSITUBATHCS K TUIACTUHE C TOJOXUTEIbHBIM HanpsikeHueM. OH OyleT UCIbI-
THIBaThb OTKJIOHEHWE M TIOTIAET YXe B HOBYIO TOUKY 3KpaHa. CUMMETPUYHOCTD TTOIaun
OTKJIOHSIIOLIUX HaMpPSDKEHUI HyKHA JUISI COXpaHEHMsST Xopolleil (OKyCMpPOBKU Jyya
ocuwuiorpadudyeckoil Tpyoku. B 3ToM ciydyae moTeHIMan 00JacTedl MpOCTpaHCTBA
MEXIy TJIaCTUHAMM HE MEHSIETCS U He BJIMSIeT Ha (DOKYCHMPOBKY JIyya, KaK B cayyae Mo-
JTayd OTKJIOHSIOIIMX HAIPSDKEHUM Ha ONHY IJIACTUHY (MIpU 3a3eMJIEHHOUN Apyroii). s
MojydyeHus: mnapadasHblX OTKIJIOHSIONIMX HAMPSDKEHUN WCMOb3YIOTCSl CIelalIbHbIe
CXEeMbI KacKaJlOB YCWJICHUSI C CHMMETPUYHBIM BBIXOJOM UJIM CXEMbI (pPa30MHBEPTOPOB.

PaccMoTpuM yCcTpoiicTBO COBpEMEHHOM 3JEKTPOHHO-TYYEBOM ocLuIIorpaduueckoi
Tpyoku (puc. 1.6). DkpaH TpyOKM MOKPHIT U3HYTPU JIOMUHO(POPOM — BELIECTBOM, CITO-
COOHBIM CBETUTBHCS MO yaapaMM MOTOKa 3JeKTPOHOB. YeM 0oJibliie MOTOK 3JeKTPOHOB,
TeM sipue CBeUYeHUe TOW YacTW dKpaHa, Ky/la OH IoIagaeT. DJIeKTPOHHbIN JIyd CO3MaeTCsI
BJIEKTPOHHO TMYLIKOM, pa3MelleHHONW Ha IMPOTUBOIIOJIOXKHOM OT 9KpaHa KOHIIE TPyOKH.
OHa cocTOuT M3 TToiorpeBarteIsl (HUTH HaKajla) ¥ Karoaa. Mexmy MyIiKoi ¥ 9KpaHOM pa3-
MELLIEH MOIYJIATOP, PETYIUPYIOLIUHN TUIOTHOCTH MOTOKA JIETAIUX K 9KPaHY SJIEKTPOHOB.

Moporpesatens (1)
D
N ey

OTKIMOHeHUs nyya (6)

MnacTuHbl rOpM30OHTanbHOro
OTKNOHeHus nyya (7)

Puc. 1.6. Ocyunnoepaguueckas IJIT ¢ arekmpocmamuueckum omKAOHEHUEM
u ee obo3naueHue

C MoMoIIbI0 ABYX 3JIEKTPOJOB — aHOJOB CO3MAIOTCS 3JIEKTPUUECKUe TOJIsl, pacrpe-
JieJIeHre TIOTeHIINAIOB KOTOPBIX CO3[aeT 3JIEKTPOHHbBIE JIMH3BI. biiarogapst aToMy my4oK
3JIEKTPOHOB JOBOJILHO OOJIBIIOTO AMaMeTpa (HECKOJIbKO MM), TPOMHAS 3JEKTPOHHbBIE
JIMH3BI, (POKycupyeTcst U MpuHUMaeT GopMy KOHyca ¢ OCTpHEeM Y aKpaHa Tpyoku. B pe-
3yJabTaTe pa3Mepbl U300pakeHUsI TOUYKM Ha DKpaHe yaaeTcsl JOBECTH A0 nojeit MM. Kpo-
Me TOro, aHOJaMu 00ecreunBaeTCs Hy>)KHOe YCKOPEHMEe 3JIEKTPOHOB B Iy4Ke, O1aroaapst
yeMy JOCTMTAeTCsI TOCTAaTOYHO BBICOKAsl CKOPOCTH 3aIllMCU OcUmIIorpamMm. JIyd OTKIIO-
HSIETCST C TIOMOIIILIO Taphl ABOMHBIX METAUIMUECKUX OTKJIOHSIOMMX TtacTuH. OaHa u3
HUX OTKJIOHSIET JIy4 I10 BepTUKaau (och Y), a Apyrasi 10 TOPU3OHTAIbHOU (0Ch X).
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1.3. Cospemennvie ocyurroecpagpuueckue mpybKu

DKpaH 3JeKTPOHHO-JIy4eBOI TPYOKM OyneT CBETUTHLCS JUIIb TIPU Tofavye Ha ee CIie-
LIMAJIbHBIC YCKOPSIOIIME 2JIEKTPOABl — aHOIBI OINpeaeIeHHBIX HampsokeHuil. Mx oObru-
HO Ha3bIBAIOT YCKOPSIOIIMMU. DTU HaIpsSDKeHUsT JOCTUTAIOT COTEH BOJIBT y Majiorada-
PUTHBIX TPYOOK M THICSIY BOJBLT Yy OOJBIIMHCTBA TPYOOK yMEpPEHHBIX pa3mepoB. st ux
CO3MaHMSI MCTIOJIB3YIOTCSI BHICOKOBOJIBTHBIE MCTOYHMKMU TMUTaHUs. YacTo MOBEPXHOCTH
TPYOKHU Yy PKpaHa MOKPBIBACTCS MPOBOASIIMM TOK CJIOEM, U OH MCIIOJIb3YETCS Kak elle
OIIMH aHOJ, O0ECIeYMBAIOIINI YCKOPEHME 2JIEKTPOHOB JIyda yxKe TOCJIe €ro OTKJIOHE-
Hus. Takoe pelieHMe .CYLLIECTBEHHO TTOBBIIIAET SIPKOCTh M300paxkeHUsT U TpahudeCcKyIo
CKOPOCTb 3alUCU (CM. HUKE).

Ha nuth Hakama OOBIYHO ITOHAIOT IIEPEMEHHOE HAIpsDKeHME, Ha YIIPABIISIIOIINIA
9JIEKTpON (MOAYJISTOP), MOCTOSIHHOE, OTPULIATEbHON MOJISIPHOCTH MO OTHOLIEHUIO K
KaTomy, Ha aHOIBI — ITOJIOXUTEIbHOE, TIPUYEM Ha IepBoM aHomae ((pOoKycHpyroIleM) Ha-
MpsiKeHWEe 3HAYMTEIbHO MEHbIIe, YeM Ha BTOpoM (ycKopsitolieM). MeHsiss HanpsokeHue
Ha YIIPaBISIIONIEM B3JIEKTPOIE, MOXKHO MEHSITh MHTCHCHUBHOCTDH 3JICKTPOHHOIO JIyya OT
MaKCMMaJIbHOI uu paboueil 10 HylIeBOii.

Ha oTkJoHsI01IIMEe TIJIACTUHBI TIOAETCsI KaK TOCTOSTHHOE HamNpsDKeHUeE, TO3BOJISIIO-
1ee cMelllaTh My4oK 3JIEKTPOHOB B JI00YI0 CTOPOHY OTHOCHUTEIBHO LIEHTpa dKpaHa, Tak
U TIepeMeHHOe, CO3/alollee JIMHUIO Pa3BepTKU TOW MM WHOMW JJIMHbBI, a TAKXKE «PUCYIO-
1Iee» Ha dKpaHe (opMy UCCIEAYEMbIX KOJIeOaHMIA.

1.3. CoBpemMeHHble ocuunnorpaduyeckue Tpyokm

1.3.1. Oco6eHHOCTU KOHCTPYKUUU ocuunnorpadpunyeckux T

Onucanue aetaneil KOHCTpyKuuu ocuumiorpadpudeckux DJIT moxHo Haiitu B [10,
11]. Jlaexo BmaBaThCS B HETO HE CTOWT, ITOCKOJBLKY II€JIb JAHHOW KHHUTU 3aKJTI0YaeTCs
He B KoHcTpyupoBaHuu DJIT, a nuilb B 3HAKOMCTBE C HUMM KaK C OJHOM, XOTS U BaX-
HOM, JeTajibio ocuusiorpada. B ocuumiorpagax NpuMeHsIIOTCSl CEpUITHO BBIITyCKaeMble
ocumuiorpadudeckue (mHaukatopHeie) DJIT. Mx mapameTpsl Heb3s1 MEHSITh, HO HEKO-
TOpbIe M3 HUX HAIO YYUTHIBATh MPHU OICHKE MPUMEHUMOCTU TeX WM WHBIX TPYOOK U
ocumuiorpacdoB Ha UX OCHOBE B MPAKTUKE M3MEPCHUIA.

OTMETUM HEKOTOPbIE XapaKTepHble OCOOEHHOCTH COBPEMEHHBIX OCLIMLIOrpaduye-
ckux DJIT:

e Kkoyiba TpyOKM MMeEET IJIOCKYI0 WM BBIMYKIYIO OOJIacTh 3KpaHa, Tiockas 00-
JIACTh JIA€T MEHbBIIME T€OMETPUYECKHE MCKAXKEHUsI, HO XyAIIylo (POKYyCHpPOBKY,
YeM BBITTYKIIAs;

e KaToi MMEEeT HUTh IMOAOrpeBa, MUTAIOIILYIOCS Yallle BCero CTaHIapTHBIM Harpsi-
xeHueM 6,3 B npu Toke B o A;

e MaKCHMaJbHBIM TOK KaTola COCTaBJSIET HECKOJBbKO MA, HO TOK Jy4ya Yy 3KpaHa
He mipeBbiinaer 0,1 MA (4acTb 3JIEKTPOHOB MOTOKA ITOTJIONIAETCS aHOAAMU M JI0
9KpaHa He JOXOJINT);

e JUIA TIOJIHOTO 3allMpaHusl TPYOKM Ha YIPaBJISIONIMI 3JIEKTPOM JOCTaTOYHO IO-
JIaTh OTPUIIATEIbHOE HaIpspKeHUe (OTHOCUTENIbHO KaToaa) Mopsiaka IecsTKOB B;

° Ha aHONBI TPYyOKM IOAAIOTCS YCKOPSIOIIME HAIIpSDKEHWSI B COTHU B, MeHblee
MoJaeTcsl Ha TepBBI aHOM (BOJIM3U KaToma);

*  KCMOJIb3YETCs Mapa OTKIOHSIIONIMX IJIACTUH ¢ OQHOKPATHBIM M3TMOOM, OJvzKaiiiast
K KaTOMy MCIOJIB3YeTCs ISl OTKJIIOHEHMSI 110 OcH Y, OoJiee JAIbHSISI — I10 OCH X;
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I'rasa 1. Hcmopus u ocho8bL 94eKmMpPOHHOL ocyusrozpaduu

* YTOJI OTKJIOHCHMS Jyda OOBIYHO HE TIpeBbIIIaeT 15°, T. K. B IPOTUBHOM CITy4yae
yxyaiaeTcs: (poKycHpoBKa U YYBCTBUTEIbHOCTh TPYOKMU;

e JUISI YMEHBIIICHUSI OJIMKOB OT BHYTPEHHEH ITOBEPXHOCTU KOJIOBI OHA BBHITTOJIHSICT-
Csl CO CMeUMaTbHBIM U3rMOOM M TTOKPBIBAETCS CJIOEM IpacduTa.

Haunbonee BaxHbIMM TMapameTpamu ocuuiorpapuueckux IJIT gBASIOTCS UX Teo-
METPUYECKHE pa3Mephl, B YACTHOCTH pa3MepPbl IKpaHa W MapaMeTpbl OTKJIOHSIOIINX CH-
cteM. Y Hac pasMep TpyOKM MPUHATO YKa3biBaTh LiM¢pamMu B ee HazBaHuu. Hampuwmep,
13JI0371 — »T0 MHOMKATOpHAsI TpyOKa C IMaMETpPOM BKpaHa 13 ¢cM M ¢ HOMEpPOM pas3-
pabotku 37. TpyOKu menaroTcs Kak ¢ KPYIJIbIM, TaK U MPSIMOYTOJIbHBIM 2KpaHoM. [lo-
clieiHee MO3BOJISIET cleJaTh TPYOKM MEHBIIEero pa3Mepa W Jydlle MCIOJIb30BaTh IJI0-
maab 3kpaHa. OgHaKo IS TOBBIIIEHUS IPOYHOCTH Y TAKUX TPYOOK MPUXOAUTCST YBEJIH-
YMBaTh TOJIIMHY CTEKJa Yy 9KpaHa, U OHU ToJy4yaloTcst 0osee TsokeabiMu. CoBpeMeHHast
BJIT ¢ pasmepoM sKpaHa 13 cM UMeeT JJIMHY 0 TOJIyMETPa, YTO U OOBICHSET OOJbIINE
pa3Mepbl OCHUWILIOTPad)oB ¢ TAKUMU TPYOKAMMU.

1.3.2. N'padumuyeckaqa CKOpOCTb Jiy4a

OnHoit 13 pyHIaMEHTaTbHBIX XapaKTepUCTUK OCIIVIIIOTpadIecKoil TpYyOKH SIBIISIET-
cs Tpachuyeckasi CKOpocCTh Jiyya, T. €. CKOPOCTb, C KOTOPOI JIy4 YePTUT U300pakeHUe Ha
sKkpaHe. YeM ObIcTpee Jyd ABUTAeTCs IO dKpaHy, TeM ciiabee OyaeT ero BuUAMMasi sIp-
KOCThb B cjy4yae HAOJIIOAEHUS OJHOKPATHBIX U PEAKO IOBTOPSIOIIMXCS IPOILIECCOB.
B cirywae perucrpannu cunycouganibHoro curHana (1.1) BepTUKaIbHYIO COCTABISIONIYIO
9TON CKOPOCTU MOXKHO BBIYMCIMUTD CIAEAYIOLIUM 00pPa3oM:

_dy

Vym = 2| =240 (1.19)

t=0

Torna makcumanbHas rpaduyeckast CKOPOCTb V,, C YIETOM CKOPOCTH JIBMKEHUS Jiyda
[PY FOPU3OHTANBHOM pa3BepTKe, OyIeT paBHa:

Vomax = \ sz +V,3max' (120)

PacueTsl mOKa3bIBAIOT, UTO MPU pa3Mepe OCHUIIIOTPAMMBI TT0 BEPTUKAIU OKOJIO 1 cMm
U TUMIOBOW BO3MOXHOW SIPKOCTH cliefia OT Jlydya MaKCHUMaJIbHbIE YaCTOThl PETUCTPALUU
CUHYCOWIAJILHOTO CUTHAJIA cocTaBisiioT okojio 3 I'Tu. T1pu aTom rpaduyeckast ckopocTb
MepeMELIEHMS MSITHA OT DJEKTPOHHOTO JIyya OKa3blBaeTCsl OJM3KOM K CKOPOCTH CBETA.

B ciydae peructpaiuu BumeouMIysibca rpacduueckasi CKOPOCTh BbIpaXKaeTcsl Clery-

fouieit dopmynoit [11]:
v, = \Jvi +ov;, (1.21)

IJ¢ 0 — YyBCTBUTEJIBHOCTb TPYOKM IO BEPTUKAIbHOMY OTKJIOHEeHUIO (B cM/B). Makcu-
MaJibHas rpacdrdecKast CKOPOCTh TP PETUCTPALINK BUICONMITYJIbCA UMEET MECTO Ha €TO
(poHTax, rae MakCuMajabHa CKOPOCTh U3MEHEHUs CUTHAJIA.

['pachunueckasi CKOpOCTb OTIPENeNsieT SIPKOCTh ociuiuiorpaMm. [locnenHsist pe3ko ma-
JlaeT TIpU HAOIIONEHWM OTHOKPATHBIX WJIM PEIKO TTOBTOPSIIOIIMXCS cOOBITHIN. I 110-
BBIILIEHMST TpadUIEeCKOll CKOPOCTU HYKHO YBEJIMYMBATh HAIPSDKEHUSI HA YCKOPSIOIIUX
anekTponax Tpyoku (mo 10—20 xB). OgHako (cM. Jajee) 3TO BeleT K MaJeHUIO YYBCT-
BUTEJIbHOCTU 110 OTKJIOHEHMUIO.
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1.3. Cospemennvie ocyurroecpagpuueckue mpybKu

1.3.3. Bpemsi ycTaHOBNEHUS OTKJIOHSIOLWEN CUCTEMbI

OTKJIOHSIO1LAsl CUCTeMa OCUMLIOrpapuuecKux Tpy-
0OOK M3 IBYX IJIACTUH sIBJIsIeTCs] (haKTUYECKU HeHuaeanb-
HBIM KOHIEHCAaTopoM, mMewmlnMm eMmkKocth C. B ero
LIETIM HAJIO YYUTHIBATh MAPa3UTHYIO MHAYKTUBHOCTh BbI-
BOJOB L U COMPOTUBJIEHUE UCTOUHMKA CUTHajla R (Ha-
MPUMEpP, 3TO BBIXOAHOE COIPOTUBJICHUE YCUIUTENS).
Takum 00pa3oM, 3KBUBAJIEHTHasl CXeMa LeNu OTKJIOHEe-
HUS TIpeACTaBIsieT co0O0ii 3BeHO (pMIbTpa HU3KUX 4Yac-
TOT WJIU TociienoBatebHblil RL C-KoHTYD (puc. 1.7).

Ecnu Ha BXxom Takoro KOHTypa IOJaTh MAEalbHBIN
Tepernaa HanpsokeHus E, To BpeMeHHasl 3aBUCHMMOCTh HampskeHus Ha C OyoeT MMeTh
BUL:

Puc. 1.7. Iksusarenmnas
cxema mpaKkma OmMKAOHEHUS

ut) = Ea e @%Eﬁin({)z) " cos(&)é

rae o = R/2Lud = (1/LC - R*/4L*)"*. PacueTsl MOKa3bIBAIOT, YTO 3TA 3aBUCHMOCTb MO-
3KeT UMETh 3HaYUTEeIbHbIN BbIOpOC npu Manbix R. [Ipu o/d = 1 3TOT BEIOPOC COCTaBISIET
He Gosee 4% OT aMIUTUTY/IbI TIEpernaa, YTo sSBIACTCS BIIOJIHE YIOBICTBOPUTEIbHBIM T10-
KazateneM. [lJis 3TOro BelMuMHy R Hago BHIGMpATh PaBHOI:

R = 2L/C. (1.22)
EC.TH/I BOCITOJIb30BaThbCA M3BECTHBIM BBIPAXKCHUEM JJIA p€3OHaHCHOﬁ YaCTOThI KOHTYpa
1
= 1.23
I = e (1-23)

TO MOXHO IOJYYUTh 3HaueHHe R depe3 pe3oHaHCHYIO 4acTOTy KOHTYpa, ONpeAelisiio-
LIYIO MPENebHYI0 YaCTOTY TPAKTa OTKJIOHSIIOIIEH CUCTEMBI:

Ro_ 1 _02
f,C\2n £ C

(1.24)

HetpynHo nokasaTh, UTO BpeMsl NOCTIKEHUST HampsbkeHueM u(t) 3HauyeHust E cocta-
BUT 3HAUCHUE:

t =3nRC/4 =22RC. (1.25)

DT0 3HAUYCHME OOBIYHO M MPUHUMAIOT 3a BPEeMSI YCTAHOBJICHUSI OTKJIOHSIIOIICH CHC-
TEMBI C ONTUMAJILHOM TTEPEXOTHOM XapaKTepPUCTUKOM.

DT JaHHBIE OTHOCSITCS K UACaJbHOMY CIyYaro Moaayr CUTHaJIa IpsSIMO Ha 3JIEKTPO/IbI
OTKJIOHSIIOLIEH CUCTEMBI ocLiIorpaduueckoi Tpyoku. PacueTsl mOKa3bIBAIOT, YTO MaK-
CUMaJlbHasl 4acTOTa PErucTpUpPyeMbIX curHaioB He npeBbiaet 300 MI', a BpeMst ycta-
HOBJICHMSI TPaKTa OTKJIOHSIOIINX TIJIACTUH HE MOXKET OBITh MEHbIIEe 1 HC 06e3 KapauHalb-
HOI IepepaboTKM KOHCTPYKIIMU TPYOKU. PadymeeTcst, 3T 3HaYeHUsI HA MHOT'O TIOPSIIKOB
BbILLE, YeM Yy TpYOKU BpayHa, HO Bce Xe JaJieKu OT TeX, KOTOPbIe HYXKHbI B COBPEMEHHOMI
CcKopocTHOI ocumriorpadun. OTMETUM, YTO, MCXOMAs M3 KBAaHTOBO-MEXaHUYECKOTO
MPUHLMIA HEOMPEAEeIeHHOCTH, IIPeae/ibHOE pa3pelleHre OCuuuIorpauy OLEeHUBAETCSI
BpeMeHeM nopsaka 107 ¢. Tak uTo gaxe B Hallle BpeMsl KOHCTPYKTOPbI OCLMJIOrpadu-
YECKUX TPYOOK MMEIOT LIAHCHI Ha YJIyYlleHUEe MX BPEMEHHBIX XapaKTePUCTUK.
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1.3.4. OTknoHawwme cuctemsl ocuunnorpadpuyeckmnx IdJIT

BaxnedmmMu KOHCTPYKTUBHBIMU faeTaisiMu DJIT gBISIOTCS €€ OTKJIOHSIONIME CUC-
TeMbl. B mpocreiiliiem ciydae 3To Be Maphbl MJI0CKOMApaIebHbIX MacTuH. OnHa mnapa
HUCTIONBb3YeTCs ISl OTKJIOHeHWsT mno BepTukanu (Y),
npyras 1o ropusoHTanu (X). Kaxnmas u3 miacTuH Kax-
JIOWi Tapbl YCTaHOBJIEHA MO 00€ CTOPOHBI TPAEKTOPUU
Jiyda. Bo3MoxHBI U 0oJiee CIOXHBbIE KOHCTPYKIIUU OT- o
KJIOHSIOIIMX TUTACTUH (CUCTEM).

OnHMM U3 BaxKHEHIIMX TTapaMeTpoOB ocLuuiorpapu-
yeckoil DJIT sBasieTcss YyBCTBUTEIBLHOCTD TI0 OTKJIOHE-
Huto. OHa ompenensieTcs: Kak OTHOIIEHWE OTKJIOHEHUS
TOYKM Ha IKpaHe TPyOKu h, TojpeseHHOe Ha HaIlpsoKe- Puc. 1.8.

HUe, IPWIOKeHHoe K miactuHam U, .. s miockona- [lrockonapanrenstole
OmKAOHAOWUE niacmuHbl

paJUleTbHBIX OTKJIOHSIIOIIMX TutacTUH (puc. 1.8) oHa

omnpenensieTcs BeipaxkeHueMm [10]:

/ r
(mo skpaHa)

e= 1 kL /Bl (1.26)

U 26U,

omK

3aech | — pnuHa 1acTUH, L — paccTosiHME OT BXOAHOTO Kpasl IUIacTUH J0 3KpaHa,
b — paccrosiHue Mexny rutactuHamu, U, — pa3HOCTh MOTEHIIMAIOB MEXJIy KaTolIOM W
BBIXOIHBIM 3JIEKTPOIOM MPOXeKTopa, K > 1 — Koa(hOULUMEHT, yYUTHIBAIOLINIA ITOBBIIIIE-
HHME YYBCTBUTEJBLHOCTH U3-3a KpaeBbiX 3¢hdekroB (nmpaktnuecku k = 0,1 — 0,15).

YyBCTBUTENIBHOCTD I10 OTKJIOHCHMIO YBEIMUYMBACTCSI MPU YMEHBIICHUM PACCTOSHUS
Mexay TuracTuHaMu. OmHAKO TIPU CIIMIIKOM MajoM PAcCTOSHUM MeEXIy TUIaCTUHAMU
JIy4 TIpU OTKJIOHEHUHU TOIagaeT Ha IUIACTMHY, K KOTOPOMl OH MPUOIMKAETCS U TOJTHO-
CTBIO TIOTJIoNIaeTcs et0. PaKTUIYeCKM 3TO O3HAYaeT YMEHBIIEHUE TPEAeIbHOTO yIjIa OT-
KJIOHEHUS O, MoYeMy OH OObIYHO M He mpeBbiaer 15°. CieacTBueM 3TOTO SIBISIETCS
OoJibllast JUIMHA OCIUJUIOrpauyeckKux TpyoOOK — OHa B HECKOJIBKO pa3 OoJbliie, YyeM
IUaMeTp 2KpaHa KPYIVIOM TPYOKM WJIM AUMAroHajab 3KpaHa TPYOKM C MPSIMOYTOJIbHBIM
skpaHoM. MeHHO ToaToMy oclmiorpadudeckasi Tpyoka ¢ OOJIBIIMM pa3MepoM 3Kpa-
Ha (10 cM u BBIIIIE) OKA3bIBACTCS JOBOJIHLHO TPOMO3IKOM 1 OMpeaessieT OObIIne pa3Me-
pbI ocumiorpacda, MOoCTPOEHHOTO Ha €e OCHOBE.

MOXHO HECKOJIBKO YBEJIMIUTH UyBCTBUTEIHBHOCTh TPYOKM K OTKJIIOHCHMIO, €CITA CIC-
JIaTh TUTACTMHBI W3OTHYTBIMHU, C YBEJIMYEHHBIM PACCTOSIHMUEM B MECTE€ BbIXOma Jyda
(puc. 1.9). PacueTbl moOKa3bIBaIOT, YTO OITHMAJIbHBIM SIBJISIETCSI SKCIIOHCHIIMAIBHOE
paclIMpeHne pacCTOSTHUSI MeXy MacTuHaMu. OMHAKO 0Ka3ajloch, YTO OYEHb OJM3KUI
pe3ysibTaT obecreunuBaeT 0osiee MPOCTOM B peanu3alliyd OJHOKPATHBIA M3TUO MIaCTUH
MPUMEPHO B ceperHe X o01uel AuHbI. [1pr 3TOM YyBCTBUTEIbHOCTD IO OTKJIOHEHUIO
COCTaBIISICT BEJIMYMHY, PaBHYIO:

h L 0,

s:U—:WHb» +bl%bln%§[MM/B]. (1.27)
omx a 1 2 1 1
3HCCB ll — JJIMHA HapaJTHCHBHOﬁ 4yaCTu IJIaCTUH, 12 — JIMHA 110 T'OPpU30HTAJIN OTOIrHY-
TOM yacTu IIaCTUH, bl — PaCCTOSAHUEC MEXKAY MMapalICJIbHBIMU YaCTAMM IJIACTUH U b2 —
PAaCCTOAHUEC MCXKIY KpadMH pacumpeHHoﬁ YaCTHN U3O0THYTHIX IJIACTUH.

PacueTsl IOKa3bIBaIOT, YTO YYBCTBUTCJIbHOCTH 3TOT'O BapuaHTa OTKJlOHHIOLL[CfI CUCTe-
Mbl IIPUMEPHO B 1,8 pasza BbIIIC, YEM Y OTK.T[OHHIOU.[I/Iﬁ CHUCTEMBI C IJIOCKOIIapalICib-
HBIMM m1acTuHaMu. MUMeHHO IIOOTOMY OHa IIPUMECHSICTCA B OOJIBLLIMHCTBE CCpI/IﬁHbIX
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ocuwuiorpadudyeckux Tpyook. THUMUYHBIE 3HAYECHUS i
YyBCTBUTEIbHOCTU ocumtorpaduyeckux DJIT cocras- —/
asgor 0,5—5 mMm/B. OHM HEMHOro OTIMYAIOTCS [IJIST L
IJIACTUH BEPTUKAJIbHOIO M TOPU30HTAJIbLHOIO OTKJIOHE- b, b,
HUSI, TIOCKOJIbKY OHM pacCITOJIOKeHbl Ha Pa3HOM pac-

CTOSIHMM OT 3KpaHa.

IIpuBeneHHBIC 3HAUEHUS YYBCTBUTCIBHOCTH O3Ha- L I '
YaloT BO3MOXKHOCTb PErMCTpaldi CUTHAJIOB C aMILIM- (qu apana)
TyIOM, HaUYMHAsl OT HecKoJibKUX B u BbIle. st pabo-

Tbl C MEHBLIMMU CUTHAJIIAMU HEOOXOAUMO IPUMEHSThH Puc. 1.9. Omxaonstoujue
yewmmrenn. OHM  yBEJIMYMBAIOT UyBCTBUTEJIBHOCT K NAACMUHbL C 00HUM u32ubOM
oTkJIoHeHuIo B K pa3, rie K — kKoaddummeHT ycuie-

HUST yeuuTens. [1py 9ToM T coXpaHeHMsT IIIMPOKOTIOJIOCHOCTH TPYOKW HAI0 MCITOJb-
30BaTh YCUJIMTEIN C IUIMPUHON MOJOCHI MPOIMYCKaHUsI B 2—3 pas3a BbILIE, YeM Yy TPYOKH.
DTOro yaaeTcsi JOCTUTHYTh JajeKO He BCeraa, U 4acTO MMEHHO YCUIMTEM OrpaHu4YnBa-
10T IIIMPUHY ITOJIOCHI YaCTOT ocIujuiorpada 1 ero BpeMeHHbIe XapaKTePUCTUKU.

151 971eKTPOHHBIX ocuuuiorpadoB mepexon K TpyOKe C 3JeKTPOCTATUYECKUM OT-
KJIOHEHHWEM O3Hadasl pe3Koe IMOBBIIIEHNE BEPHOCTH BOCIIPOM3BOIMMOI Ha 3KpaHe Kap-
THUHBI IIEPEXOIHBIX IIPOIIECCOB U MOBBIIIEHNE CKOPOCTHBIX XapaKTePUCTHUK Cpa3y Ha He-
CKOJIBKO TOpsiAKoB. IlepBoe CBSI3aHO C TeM, YTO B IEPBOM MPUOIMKEHUM OTKIOHEHUE
JIy4a TOYTH TTPOTIOPIIMOHATBLHO Pa3HOCTH TTOTEHIIMAIOB OTKJIOHSIIOIINX TUTACTUH. A BTO-
poe CBSI3aHO C PE3KUM CHIDKEHUEM IIOCTOSIHHOM BpPEMEHM YCTPOMCTBA OTKJIOHEHMSI.
[eno B TOM, YTO MHEPLIMOHHOCTh 3JIEKTPOCTATUUECKON CHCTeMbl OTKJIOHEHHUs CBsI3aHa
HE CTOJIKO ¢ KOHEYHOI CKOPOCTBIO JABMKECHHUS 3JCKTPOHOB B ITyYKe, CKOJIBKO C €MKO-
CTBIO IUTACTMH. A OHA COCTABJISIET OObIYHO €IMHULBI-ACCSATKU IUKOodapas.

JomycTM, YTO €MKOCTh TUIACTUH BEPTMKAJbHOIO OTKJIOHeHMs coctaBiser 20 nd,
a BBIXOJHOE COIIPOTHUBJIEHME MCTOYHMKA CUTHaja (HampuMmep, yCWIuTels KaHaia Y)
R = 500 Om. Torma mocTosTHHas BpeMEHU OTKJIOHSIOIIE CHUCTEMBI OyIeT paBHA

T=R-C=20"-107"%500=1 - 107%

Ecnu yMeHBIINTH BRIXOAHOE colpoTuBieHue ycwmuteass Y m1o 50 OM, TO IOCTOSH-
Has BpeMeHM ymazeT 10 1+ 107 c. DTo B MMJUINOH pa3 MeHblle, YeM B IIPUMEpPE C Mar-
HUTHOW CUCTEMON OTKJIOHEHWsI, U O3HAYaeT BO3MOXHOCTb PETUCTpAlMM MPOLIECCOB C
JUTATEJIbHOCTBIO TTOPSIAKA €NUHUI-IECIATKOB HAHOCEKYH/I,  TO U HAMHOTO MEHBILEH.

1.3.5. Ocunnnorpadpuueckue Tpyoku cneumasbHOro Ha3Ha4eHus

B xome sBomOnMM pa3sBUTHS OCHMLIOTPA(PUUISCKIX TPYOOK MX KOHCTPYKIIMS TIpeTep-
reBaja HeKOTOphble u3MeHeHUs1. [lepBble TUIBI TPyOOK MMEIU BBIBOABI OT IUIACTUH, 3a-
BeICHHBIC B IIOKOJIb TPYOKM, OOBIYHO pa3MeEIIeHHBIM B Y3KOM YacTH TPYOKH (Y KaToma).
DTO BeJIO K YIJIWHEHUIO MPOBOAOB, POCTY IMapa3sWTHON WHIYKTUBHOCTHU TUIACTUH M UX
eMKOCTH. 1 yBeIMYeHMSI YAaCTOTHOIO AHMAaIla30Ha CUTHAJIOB, KOTOPBIE MOXKHO IIPO-
CMaTpWBaTh Ha 3KpaHe TPYOKM, BBIBOIBI IIACTMH B HEKOTOPHIX TPYOKAX BBIBOIMIINCH
KpaTJyafliuM MyTeM — MPSIMO Yepe3 CTEKJIO TPYOKM MO MECTY pacHoJIOKEHUsT OTKJIOHS -
FOIIMX TIIACTHH.

OnHako KapAWHAJIbHOrO YJAYYIIEHUSI B OTOOPaXXeHUM BBICOKMX YaCTOT TPYOKOU 3TO
He o0ecreunBago — MpeaeabHast 4acToTa, oIlpeaeisieMast pe30HAHCOM IIeIeil OTKIIOHSII0-
IIMX TUIACTUH, YBEJUYMBAIACh JUIIb B HECKOJIBKO pa3. B jiydllieM ciyyae oHa cocTaBisiia
HECKOJIbKO coTeH MI'1I. A MexXay TeM B paIMOTeXHMKE BCe Yallle W Yallle CTaJud UCIIOIb-
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30BaTbcsl CBEpXBbIcOKOUacToTHble (CBY) ycTpoiicTBa, — orroroue

paboTampllne Ha YacToTax B eAUHULBI U aecatku [T, \b————cb—

CylecTBeHHOE MOBBIIICHUE TTOJOCHI YACTOT OCIIUII-
JiorpacuvecKux TpyooK ObLIO JOCTUTHYTO pa3paboTKOM
IIMPOKOITOJIOCHBIX OTKJIOHSIIOIINX CHUCTEM B BUIEC JIH-
Huit iepenaum [10, 11]. CxeMaTUUYHO KOHCTPYKILIMS Ta-

KUX CHCTeM MpeacTaBieHa Ha puc. 1.10. Y Takux Tpy6ok -,
MCTIOIL3YeTCs MHOXKECTBO Nap MANEHbKUX MIACTUH, €O~ pu. 1 10 [Ilupokonorocras
OTBETCTBEHHO C YMEHbIIIEHHON eMKOcThio C,; Kaxmoi OMKAOHAIOWAR CUCMeMA
maacTuHbl. [11acTUHBI COeMUHSIIOTCS MEeXIy co0Oi OT- 8 sude Aunuu nepedadu

pe3KaMu crimpalieil ¢ MHAyKTuBHOCThIO L. Eciu uncio
sIYeeK JIMHUM Tepeaadyy paBHO N, TO IPUMEPHO B N pa3 MOBBILIAETCS IIPeAeIbHas 4acToTa
0TOOpakaeMBbIX TPYOKOI CUTHAJIOB 1 YMEHBIIIACTCS MIPeIeTbHOE BpeMsT YCTaHOBIICHUS.
151 JajibHEMIIEero MOBBIIEHUS MPEAe/IbHBIX YaCTOT PErUCTPALIMU ObLUIA CO3IaHbI OT-
KJIOHSIIOIIIME CHCTeMbl Ha OCHOBE pacIpelleIeHHBIX ITOJIOCKOBBIX JIMHUI Mepemxaun. Kak
U B OTKJIOHSIIOIMX CUCTeMaX, MMOKa3aHHbIX Ha puc. 1.10, mjs1 nojayyeHuss MUHMMAIbHOIO
HUCKaxXeHMsT POPMbI MMITYJILCOB 1 YCTPAHEHUS UX OTPaKeHMSI HY>)KHO OOECITeYnThb CoTra-
COBaHME JIMHUI HA BXOJE U Ha BbIxoe. [IJish 5TOro COnpoTUBIIEHUE reHepaTopa CUTHAIOB
Y Harpy3KW JIMHUI BBIOMpPAETCs] paBHBIM BOJIHOBOMY COIIPOTHBIIEHHIO JTUHUI

R, = |4 (1.28)

3necy L, u C; — 3HaAYCHMSI MHAYKTUBHOCTU M €MKOCTU OJHOM CEKIIMM ISl IMHUK C CO-
CpeIOTOYCHHBIMHM TTapaMeTpaMU VI TTOTOHHBIE (Ha eIWHWILY IJIWHBI) IS JTUHWA ¢ pac-
MpeneseHHOM MOCTOSTHHOM. OOBIYHO BOJTHOBOE COIPOTUBJIEHHE BBIOMPAETCST PaBHBIM OT
50 no 500 Om. Hanpuwmep, y Tpyoku 11JIO101M ono paBHo 320 OM. BonHoBoe comnpo-
tuBiaeHue 50, 75 u 100 Om (Takoe, KaK Y OOBIYHBIX KOAKCHUAJIbHBIX Kabeseli) UCTIONIb3y-
eTcs Yy TPYOOK IS HAOMIOMEHUST CBEPXIITMPOKOITOJIOCHBIX CUTHAI0B. OQHAKO CTOJIb Ma-
JIO€ BOJIHOBOE COIIPOTUBJICHME 3aTPYOHSIET MOJYyYCHUE HOCTATOYHO OOJIbILIMX HAIpsKe-
HUI Ha BBIXOIIE YCHJIMTENICH BEPTUKAIBLHOTO OTKIOHCHMUS.

CremyeT OTMETUTDH TTOJIOXUTEIBHBI MOMEHT B MCITOJIb30BAaHWM JIMHUU TIepeaadyd B
TpaKTe BEPTUKAJIbHOIO OTKJIOHEHMS OCHMJUIOrpadoB — IMOSIBICHUE 3aIePXKKM CUTHAJIa,
KOTOpasl paBHA:

t, = nJLC,. (1.29)

IMone3HocTh 3amep KK OCOOEHHO OYEeBWAHA TIPU MCCIIEIOBAHUM OTHOKPATHBIX WJIU
PEIKO MOBTOPSIIOIIMXCSI CUTHAIOB. B 3TOM ciyyae MCHoNb3yeTcst acoyuutl pexcum pado-
THI Pa3BEPTKU, TPU KOTOPOM OHa 3aITyCKaeTCs] OOBIYHO TepeHUM (hPOHTOM HCCIIeIye-
Moro curHaia. OJIHaAKO 3aJepxKKa 3aIlycka pa3BepTKU MPUBOIUT K TOMY, UTO YacTh 3TO-
ro (poHTa HE OTOOpakaeTCsl, MOCKOIBKY BO BpeMs 3a[ePXKKU JIyd HE IBWXETCS 10 TO-
PU30HTAIM. DTOr0 MOXHO M30eXaTh, 3alepKaB CUTHAJ C IOMOIIbIO JUHUU Mepeaadm.
B HexoTopbie ocumiuiorpadbl 1axke ¢ OOBIYHBIMU TPYOKaMM TPUXOAMUTCS BBOJIUTH CITe-
LIMaJIbHBIC JIMHUM 3aI€PXKKKM, KOTOPBIC SIBJISIIOTCS TEMU Xe JIMHUSIMU IIepeiadyr C CoCpe-
JIOTOYEHHBIMU WJIM paclipeleIeHHbIMM MOCTOSIHHbIMU L, u C,.

B CCCP Brmmyckamuch Tpyoku 10JIO101M u 13JIO10IM ¢ OTKIOHSIIOIIUMU CUCTE-
MaMM B BUie JUHUI nepenaun [11]. OHM mo3BoJsLIM HAOIIOIATh MPOLIECCHI C YaCcTOTa-
mu 10 1 I'Tu. Tpyoku 13JI0102M ¢ OTKJIOHSIOIIEH CMCTEMOI Ha OCHOBE pacrpenesicH-
HBIX JIMHUI TIepenadn o0ecreunBaid BO3MOXKHOCTD IIPOCMOTPa IIPOIIECCOB C YacTOTaMU
1m0 3 I'Tu. CyiiecTBOBaIM U YHUKAJIbHBIC Pa3pabOTKU TPYOOK C OTKJIOHSIIOIIMMM CUCTE-
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MaMM Ha OCHOBE KOAKCHUAaJbHBIX JIMHUI mepeaaun. VX 4acTOThl pernucrpalni CUTHAIOB
noxomin 1o pecatkoB [T

7151 IIMPOKOTOJIOCHBIX TPYOOK BaxkHO oOecIiedyeHre TMpeaeibHO BHICOKOW rpacduye-
CKOM CKOPOCTH 0€3 PEe3KOro CHIKCHHS YYBCTBUTEIBHOCTH. DTO OBIJIO JOCTUTHYTO B
TpyOKax C CUCTEMOI ITOCICYCKOPEHUS — YCKOPEHUSI SJIEKTPOHOB YK€ MOCIE MPOXOXKIe-
HUSI UMM OTKJIOHSIIOIIMX cucTeM. IIpakTHMyecKu 3TO MOCTUraeTcs CO3AaHMEM TPEThero
aHoja, Pa3MEIIEHHOTO TOCJie OTKJIOHSIONIMX cucTeM. YacTo Takoi aHOJ CO3MaeTcsl Ha-
IMbIJICHUEM IIPOBOISIIETO MaTepralia Ha BHYTPEHHIOK ITOBEPXHOCTh KOJIOBI Y 9KpaHa.

JanbHeiiiee ycoBepiueHcTBoBaHue DJIT mpuBeno K co3gaHuio TpyOOK C paccenBa-
IolIIeit CeTKOM, YCTAaHOBJICHHOM Ha ITYTH BBIXOJA SJIEKTPOHHOTO ITyJYKa M3 OTKJIOHSIOIICH
cuctembl [14]. Takag ceTka ¢ MeJbUYaIIMMU OTBEPCTUSIMU YBEJIMUYUBACT YTOJ OTKJIOHE-
HMSI Jyda ¥ IPUBOIUT K yBeanueHuto yyBctBuTeabHocTd DJIT mo 3—5 B/cm. Braronapst
3TOMY CTaJ0 BO3MOXKHBIM MPUMEHEHNE ITUPOKOTIOJOCHBIX TPAH3UCTOPHBIX YCUIUTEIEH.
Ocmumtorpader Ha BJIT ¢ paccemBaroiieil ceTkoit BeImycKaiauch ¢dupmamu CRT
(®panuus) u . Tektronix (CILA).

B CCCP B 70-e roasl mponuioro Beka 0butn co3nanbl yHuKanbHbie DJIT ¢ mocneot-
KJIOHEHUMEM Jiyya ¢ TIOMOIIbIO TPUILIETa KBAaAPYIOJbHBIX TUH3 [14]. Takue TpyOKu nme-
JIN YHUKAJIBHO BBICOKYIO UYBCTBUTEIBHOCTH 10 1 B/cM mpu ogHOBpEeMEHHOM YJydllle-
HUU JMHEHHOCTU W YBeJIWYeHUM pa3Mepa pabouero mojst. Takas tpyboka 10JI0102M
Obl1a IpUMEHEeHa B BbIITycKaeMoM B Te Tojbl octimuriorpade C7-10A (C1-61), KoTopblit
He umen ycunutensi. Ilomoca yactor ocuumnorpada cocrapisiia 0—1500 MI'n. Macca
3TOro npudopa gocturana 70 xr. Bo MHOromM 3T0 00YyCJIOBJIEHO TEM, UTO TPUILIET KBaj-
PYTIOJBHBIX JINH3 TIPEICTABIISIET COOOI CIOXHYIO CUCTEMY U3 3JIEKTPOMAarHUTOB, TTATae-
MBIX OT CTAOMJIM3UPOBAHHBIX MCTOYHUKOB MTOCTOSIHHOTO TOKa.

CBepXIIMPOKOIIONIOCHBIE OcLWIIorpacduieckue TpyOKM — JOpoTHe M YHUKAJIbHbIE
uznenus. Ocuwuiorpadbl Ha HUX LIMPOKO NPUMEHSUIMCH A0 60-X romoB 20-ro croneTust
U UHOTJA MPUMEHSIOTCS U cefiyac B (DUM3MYECKUX J1abopaToOpusiX, 3aHSThIX MCCIeI0Ba-
HHMEM BBICOKOCKOPOCTHBIX TTPOIiecCOB. [J1TaBHOE TOCTOMHCTBO TaKMX OCIMJUIOrpadoB 3a-
KJTIo4aeTcss B paboTe B PeXUME PealbHOTO BPEMEHHW. DTO 3HAYMT, YTO OCIMIUTOTpadbI
CIIOCOOHBI PETUCTPUPOBATH OBICTPOIPOTEKAIOIINE OAUHOUYHBIE U PEIKO ITOBTOPSIOIINE-
Csl COOBITHSI, YTO OCOOEHHO LIEHHO MPU WX MPUMEHEHMU IJIsI UCCAeAOBaHUS SIACPHBIX
peakuuii U MpPOLIECCOB.

OObIYHbBIE TPYOKM TUIOXO MPUCHOCOOJEHBI I PErMCTPAllUU OJHOKPATHBIX U PEAKO
TTOBTOPSIOIIMXCS MpolieccoB. YemoBeuecKuii I1a3 MpOCTO He yCreBaeT 3aMETUTh TaKue
rporiecchl. [ ycTpaHeHUsI 3TOTO HeAOoCTaTKa ObUTM TIPEIJIOKEHBI TPYOKHM C OOJIBIITNM
BpeMeHeM MocjecBeyeHus JoMuHodopa. B aToMm ciiyyae obecrneuynBagoch HE TOJBKO
BpeMsl, JOCTaTOYHOE ISl perucTpaluy HabaogaeMoro coobiTus (Harmpumep, dororpa-
(upoBaHue ocumIOrpamMM), HO U ISl BOCITPOU3BEIEHUSI MHOXKECTBA CIIEAYIOIINX IPYT
3a IpyroM coObiTuii. B nanbHeiemM ObLIM CO3MaHbl 3alIOMUHAIOLINE aHAJIOTOBbIE TPYO-
KU, CIIOCOOHBIE 3alIOMUHATh OCLIMJUIOTPAaMMBbI IJIMTEIbHOE BpeMsl U 3aTeM OToOpakaTb
HUX Ha 3KpaHe.

OpHako B Haule BpeMst ocuuiuiorpadnsl Ha Takux DJIT moBceMeCTHO BBITECHSIOTCS
LU(POBBIMU U CTPOOOCKOMUYECKUMU OCLIMILIOrpacamMu, KOTOPbIE HE TOJIbKO MPEBOCX0-
JIAT aHAJIOTOBBIE TI0 IITMPOKOITOJIOCHOCTA, HO M HE TPEOYIOT NPUMEHEHUST YHUKATbHBIX
BbICOKOCKOPOCTHBIX TpyOOK. bojiee Toro, BMeCTO HUX OOBIYHO MPUMEHSIIOTCS OoJjee
KOMMAaKTHbIE KMHECKOITbl WK AaXe IJIOCKWE OUCIJIEM Ha OCHOBE KMIKOKPUCTAJIMYE-
CKMX MHAMKATOpOB. IIpn BceM 3TOM Takue OocUMIOrpacdbl OCTAIOTCS AOPOTMMM U He-
pPEeNKO YHUKAIBHBIMU MPUOOpaMu, KOTOPbIE MMEIOTCS aieKo He B KaXKI0i HayIHOI Jia-
bopaTopum.
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1.4. NMNpuHUMN AEeNCTBUSA N YCTPOMCTBO aHaNOroBOro
ocuunnorpada

1.4.1. NpuHuun gencrteua ocuunnorpada

YTtoOBl MpeacTaBUTh, KaK K€ MOoJIydyaeTcs Ha dKpaHe rpaduyeckas KapTuHa Kojeba-
HUIi, 1300pa3uM yCIIOBHO 3KpaH TPYOKM B BUIEC OKPYKHOCTH (XOTS Y TPYOKM OH MOKET
OBITh U TIPSIMOYTOJIbHBIN) M MIOMECTUM BHYTPHU Hee OTKJIOHSIOLINE IJIaCTUHHI (puc. 1.1).

Yy \Z Uy

Tc
X4 Xo X4 Xy : j
t
Y2 Y2
Uy Uy Tc=Tp
Te Tp — Nepuon nMnoo6pasHbIx
konebaHui (anuTens-
HOCTb pasBepTku)
Tc— Nep1o cUHyconaarns-
HbIX KonebaHuii uccne-
t t [nlyemoro curHana
a 6

Puc. 1.11. Hanocmpayuu K nOAY4EHUIO OCYUAL0ZPAMM: A — NPU OMCYMCMBUU CUSHANA
HQ NAGCMUKAX 6EPMUKAALHO20 OMKAOKEHUR; 6 — npu nodaye HA HUX
CUHYCOUAANbHO20 CUCHAAA

Eciu moaBecT K TOpUM3OHTAJILHBIM TIacTMHaM X1 u X2 nuiaooOpa3HoOe HaIpsiKe-
HUE, Ha DKpaHe MOSIBUTCS CBETSLIASICS FOPU3OHTAIbHAS JIMHUS — €€ Ha3bIBAlOT JIMHUEH
pa3BepTKU WJIM IIPOCTO pa3BepTKoii. [[IMHa ee 3aBMCUT OT aMIUIMTYIbI ITMJI000pa3HOTo
HanpstkeHus (puc. 1.11, a). Ecau tenepb 0OQHOBPEMEHHO C MUI000pPa3HBIM Hampsixke-
HUeM, ToJaHHbIM Ha rutacTuHbl X1 u X2, mogath Ha APYrylo Mapy miacTUH (BepTUKab-
HeIX — Y1 m Y2), HanpumMep, TepeMeHHOe HamnpsoKeHUe CMHYCOMTAIBHOM (hOPMBI, JIH-
HUST pa3BEPTKHU B TOUHOCTH «M30THETCS» IO (hopMe KoJiebaHUi 1 «HapuCyeT» Ha SKpaHe
n3obpaxenue (puc. 1.11, 6).

B cnydae paBeHCTBa NEpUONOB CMHYCOMIAIBHOTO M IMJIOOOpPa3HOTO KoyiebaHWi Ha
9KpaHe OyneT u3o0pakeHue OJHOI cuHycouabl. [1pu HepaBeHCTBE Xe MEPUOJOB Ha K-
paHe TOSIBUTCS CTOJIBKO TOJTHBIX KOJIEOaHW, CKOJIBKO MEePUOOB YKIIAbIBAETCS B TIEPH-
ojie KoyiebaHUI MUJIOOOPAa3HOro HaIpsKeHUsT pa3BepTKU. B ocummiorpage ectb pery-
JIMPOBKA YacTOThI Pa3BEPTKH, C TMOMOIIBIO KOTOPOW NOOMBAIOTCS HY>XXHOTO 4HMCJa Ha-
O10JaeMbIX Ha 3KpaHe KoJjebaHUi MCcClenyeMOoro CUrHaja.

TyT yMECTHO OTMETUTb, YTO IIPU IIPOCMOTPE IEPUOAUYECKUX CUTHAIOB JIATE]Ib-
HOCTb Pa3BEePTKU B OOIIEM ClIyyae IOJDKHA OBITh CTPOTO KPaTHOM IMepUoay TTOBTOPEHMS
curHaja. [j1sh 3TOro MCIHoJb3yeTCsl CUCTEMA CMHXPOHM3ALMU pa3BepTKU ocLyLiorpada.
Kpome Toro, Hamo y4yuThiBaTh, YTO YacTb MEpPUOJA Pa3BEPTKM TPATUTCS Ha OOpaTHBIA
xon Jgydya. Ha skpaHe 5T0 03HayaeT OTOOpaxKeHUEe JIMHMU, COSAMHSIONIE HaYalbHYIO U
KOHEYHYIO0 TOYKM OCLMUIorpaMmbl. Kak rpaBuiio, 3Ta JIMHUS TaCUTCS Mofadeil crielma-
JIBHOTO MMIIYJIbCa TallleHus] Ha YIPaBJSIOLIMI 3JIeKTPOJ TPYOKKM. DTO O3HA4YaeT HaJlu-
yye B ocumuiorpade KpoMe KaHajioB X M Y ellle OAHOTO KaHaja Z — YIpaBJIeHUs sIp-
KOCTbIO JIy4a.

1.4.2. CTpyKTypHasi cxeMma aHanorosoro ocuusnorpada

Ha puc. 1.12 uzobpaxkeHa TUMOBasi CTPYKTYpHasl cxema ocLuiiorpada, Ha3biBaeMo-
IO AHAN0208bIM OCUUAA0ZPAPOM WA OcLUUIOrpadoM, PabOTAIOLIUM B PEXUME PeabHO-
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ro BpeMeHU. Ha ceromHsIIHuit JeHb CYIIECTBYET OOIBIIOE YMCIIO PA3TMYHBIX IO KOHCT-
PYKLUMKM M Ha3zHayeHUI0 ocuusuiorpados. [1o-pa3HOMY BBINISAST MX JIMLEBbIC IAaHEIU
(TTaHe M YIIpaBJICHMST), HECKOJIBKO OTJIMYAIOTCS HA3BaHUS PyYeK yIpaBJIcHUS U Iiepe-
kmouatenu. Ho B moboM ocuuiiorpade cyliecTByeT MUHUMAJIbHO HEOOXOIMMBbII Ha-
00p y3JI0B, 6€3 KOTOPbIX OH HE MOXET padoraTh. PaccMOTpUM HazHaueHUE TUX OCHOB-
HbIX Y3JIOB.

. @10 @11
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] .
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>_—|_ @ - Pyyku nnaBHbIX perynnpoBok
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Puc. 1.12. Tunosas ¢pyHKUUOHANLHAA cCXeMa ILEKMPOHHO20 ocyurrozpada

Kak yxe ormeuasnoch, ocuuiiorpad B obIieM ciydae COAepKUT TPU KAHAAQ:

¢ KaHaJl BEPTUKAJIbHOI'0O OTKJIOHCHMA Y, co;[epmamnﬁ nernm u YCTpOﬁCTBa, OTHO-
CAIIMECA K ITaCTUHAM BEPTUKAJIBHOIO OTKIIOHCHMS,

e KaHaJl TOPU30HTAJIBHOTO OTKJIOHEHMSI X, COACpPXKAIIMI LEeNu U YCTPOMCTBA, OT-
HOCSIIMECS K IJIaCTUHAM FOPU3OHTAIBHOIO OTKJIOHEHUS;

e KaHajl SPKOCTU Z, coAepKallluii LIeTH, OTHOCSIIMECS K YIPABJISIOLIEMY BJeK-
TpOay TPYOKMU.

baox numanus obecriedyrBaeT sHeprueil padboTy BeexX Y3/I0B 3JEKTPOHHOIO OCIMILIOT-
pada. Ha Bxom 0;70Ka MUTaHUS TOCTYyMaeT MEPEMEHHOE HAIPSXKEHWE OT TOPOJACKON
BJIEKTPOCETH, KaK IpaBuiio, BeanurHoi 110/127 uau 220 B ¢ yactoroit 50 mam 60 I'i.
B Hem oHO TipeoOpasyeTcs B HaNpsDKEHUsI pa3HOM BEJWYMHBL: TiepeMeHHoe 6,3 B mus
MUTAaHUST HUTW HakKaja 9SJIEKTPOHHO-JIY4YeBOil TPYOKM, IIOCTOSIHHOE HampsiKeHUe
12—24 B anst nuTaHus YyCUIUTENEH U reHepaTopa, €CJi OHU MOJYIIPOBOIHUKOBbIC (MU
200—250 B, ecau mamroBbeie), okosio 150 B mig muTaHWsS OKOHEYHBIX YCUIIUTEICH TO-
PU3OHTAJILHOIO U BEPTUKAJIbHOIO OTKJIOHEHUS Jyya, HECKOJIbKO COTEH BOJIBT Uit (ho-
KYCUPOBKH 3JIEKTPOHHOTO JIyda ¥ HECKOJIBKO THICSY BOJBT IJISI YCKOPEHUS JIEKTPOHHO-
ro IyJka.

29



I'rasa 1. Hcmopus u ocho8bL 94eKmMpPOHHOL ocyusrozpaduu

W3 6y10ka muTaHWsT KpOME BBIKJTIOUATEN sl TUTaHusI (5) BhIBEIEHBI Ha TEPEIHION0 T1a-
Heab ocuusutorpada peryasatopbl «POKYCUPOBKA» (6) u «IPKOCTb» (7). Ilpu
BpAlLICHUM 3TUX PYyYEK M3MEHSIIOTCSI HaIpsiKEHMsI, TTofaBaeMble Ha MEPBbIA aHOM U MO-
nyaaTtop. IIpu u3MeHEeHMHM HampsDKeHUsI Ha IIePBOM aHOIE MEHsSIETCSI KOH(UTIypalus
BJIEKTPOCTATUYECCKOTO TI0JIsI, YTO IPUBOAUT K H3MEHEHHUIO IIMPUHBI 3JIEKTPOHHOTO
Jyya. MomysnsiTop B JIEKTPOHHO-TTYYEBOM TPyOKe BBIIIOIHSICT POJIb YIIPABJISIOLICH CeT-
KU B JIAMITOBOM Tpuoze. [1py1 n3MeHeHN HapsDKeHUs Ha MOIYJIATOPE M3MEHSICTCS TOK
3JIEKTPOHHOTO Jiyya (M3MEHSIEeTCS KMHEeTHYecKasi SHEPTusl 3JIEKTPOHOB), YTO MPUBOIUT
K M3MEHEHUIO SIPKOCTH CBeYeHMs JIoMruHO(popa 3KpaHa. HampsokeHne Ha MOIyJsiTope
JIOJIKHO OBITh OTPULIATEbHBIM MO OTHOLIEHUIO K KaToay. IIpu HEKOTOpOM HampsLKeHUU
3alMpaHusl TOK BJEKTPOHHOTO Jyya MafgaeT A0 HYJS M ISITHO Ha dKpaHe TPYOKHU Mcyue-
3aeT (TpyOKa oKa3blBaeTcsl 3alepToil).

I'erepaTop pa3BepTKM BhIpadATHIBACT MIIOOOPA3HOE HAIPSLKEHUE, YaCTOTY KOTOPO-
rO MOXHO U3MEHSTh Ipy0o (CTymeHsMu) TepekiodateseM (9) U ImiaBHO — peryssiTo-
poM (8). Ha nmuueBoil manenu ocuunorpada onu HazweiBaotcss «<4Y4ACTOTA T'PYBO»
(um «JAJIUTEJIBHOCTDb PA3BEPTKHM») u «<YACTOTA IIJIABHO». Inana3oH yac-
TOT T€HepaTropa BeCcbMa LUMPOK — OT €JMHHULL repl 10 eauHuL Merarepl. IIpaBaa, oko-
JIO TIepeKIovaTeIsl TMara30HOB OObIYHO MPOCTABJICHBI 3HAUCHMS JJIMTEJIbHOCTU (IIpO-
JODKUTEIBHOCTA) THJI000pa3HBIX KOJeOaHMil, a HE MX YacTOTHI, XOTSI B HEKOTOPBIX
(00BIYHO CTaphIX) ocUMIIOTrpadax MpoCTaBIeHB UMEHHO YaCTOTHI.

Kak orMeyasioch, B UMITYJIbCHBIX OCIIMJUIOrpadax TOMUMO HETNPEPHIBHON pa3BEePTKU
YacTO MCITOJIb3YeTCsl KAylllasi pa3BepTKa, 3armyckaemasi CUTHaJIoM (BHYTPEHHUM C YCU-
JIUTeNs KaHana Y) Wi BHelHUM. [ HaOmoneHust GpoHTa uMmyabca B KaHal Y BBO-
IUTCSL JIMHUST 3aJepPKKHU, CO3Malollasi BPEMEHHYIO 3aIepXKy, HECKOJIbKO IMPEeBOCXOMSI-
LIYI0 BpeMsl 3aAepKKM cpadaThbIBaHUs XIyIleil pa3BepTKU. Takasi TUHUS MOXKET BKIIIO-
4yaThCsl B JIIOOOE MeCTO KaHaja Y, HO ITOCJIe TOYKM, C KOTOPOil CHUMAETCSI CUTHAJ IS
3aIrycKa KAyIiei pa3BepTKu. Ha Haimeil GI0K-cxeMe TaKyro JUHUIO MOXHO BKIIIOUUTH
Ha BBIXOJ/Ie WJIM Ha BXOJe OKOHEYHOTO Kackaaa kaHaa Y.

Ycunurtenb KaHaja TOpU30HTAIBHOIO OTKJIOHEHHUS (KaHana X) CAYXKUT ISl MoJydye-
HUS HaNpsSDKeHWM pa3BepTKU, MOCTATOUHBIX JJISI TMOJYYEHUS] HY>XHON UIMHBI JUHUU
pa3BepTKU — IOpPsIIKa TOPU3OHTAILHOrO padMepa (Win auameTpa) Tpyoku. Ha ero Bxon
MOJAETCsI CUTHAJI C BBIXOJA TeHepaTopa pa3BepTKU. DTOT YCUIUTETb HEOOXOIUM IS TI0-
JIy4eHUS TaKOM aMIUIATYIbI IMMIO00PAa3HOTO HAMPSIKEHUS, IMIPU KOTOPOU 3JICKTPOHHBIN
JIy4 OTKJIOHSIETCSI Ha BeCh 9KpaH. B ycunurene pacronokeHbl peryasiTop IJTMHBI JIMHUN
pa3BepTKU (MHAYe TOBOPSI, PETYJIATOP aMIUIMTYIbl BBIXOZHOTO TMUJI000PA3HOTO HAMps-
xxeHust — 12). Ha nepenHeit maHenu ocuusiorpada oH npeacranieH pyuykoit «YCUJIE-
HUE X» nnu «<AMITNIMTYIA X». EcTb U peryasitTop cMelleHUs] JUHUU pa3BepTKU MO
ropu3oHTanu 13 (0ObIYHO OH 0003HAYEH 3HAYKOM « ).

Kanan BepTMKaIbHOTO OTKJIOHEHMSI COCTOMT M3 BXOTHOTO aTTeHI0ATopa (IeaUTeIsI
BXOJTHOTO CUTHAJa) U IBYX YCUJIMTEIEH — MpeaBapUTEIbHOIO U OKOHEYHOTro. ATTeHI0a-
TOP ITO3BOJISIET BBIOMPATh HYKHYIO BBICOTY pacCMaTPMBAEMOIO M300paXeHUSI B 3aBUCH-
MOCTH OT aMIUTUTYAbI UCCIeAyeMbIX KojiebaHuii. C MOMOIIbIO TIEPEeKI0YaTesl BXOMIHOTO
aTTeHroaTopa (4) aMIUTMTYIy CUTHaja MOXHO yMeHbIIUTh B 10 mmu 100 pa3. Okono mepe-
KJIro4aTesist OObIYHO CTOSIT HanMmucH: 1:1 — B 9TOM cilyyae BXOJHOM CUTHA He ociabseT-
cs; 1:10 m 1:100 — B aTHX ciydastx ociabienue coorBerctBeHHO B 10 m 100 pas. bomee
IUTaBHbIE U3MEHEHUSI YPOBHS CUTHAJA, a 3HAYUT, U pa3Mepa U300pakeHus Ha SKpaHe Mo-
JIy4arOT C IMOMOIIBIO PEryyIsiTopa YyBCTBUTEIBHOCTH OKOHEYHOTO YCHIMTENS KaHama Y
(10). B okOHEYHOM ycuMTes e 3TOro KaHaua, Kak 1 KaHajla TOPU30HTAJIbHOTO OTKJIOHE-
HUSsI, €CTh PeryJIMpoBKa cMelneHus yda (11), a 3HauuT, 1 1300pakeHUsI 110 BEpTUKAIIH.
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Kpowme Toro, Ha Bxojie KaHajia BEPTUKAJIBHOTO OTKJIOHEHUSI CTOUT IMepeKIovarensb 1,
C TIOMOIIIBI0 KOTOPOTO MOXHO JIMOO TI0AaBaTh Ha YCUJIUTEIb (HEPEIKO 4Yepe3 aTTeHIoa-
TOp — KaJIMOPOBAaHHBIA IEIUTE/b HAIIPSLKEHMST) TTOCTOSIHHYIO COCTABJISIONIYIO MCCIIELy-
€MOro CUTHaJa, MO0 M30aBJISIThCA OT Hee BKIIOUEHHEM pPa3ieUTeIbHOTO KOHIEHCATO-
pa. DTO B CBOIO OYepeab MO3BOJISIET MOJB30BAThCS OCHMILIOTpaOM KakK BOJBTMETPOM
IIOCTOSIHHOT'O TOKA, CIIOCOOHBIM M3MEPSITh IIOCTOSIHHbIE HaIpspkeHust. [lpuueM BXoaHoe
COIPOTUBJIEHUE OocLuIorpada 10cTaTouHo Bhicokoe — 1 MOM uiu BbIlLIE.

Kpowme niepexsmiouaresns (9) u perynsitopa (8) JIUTETLHOCTH Ppa3BEepPTKU Y TeHepaTopa
pPa3BepPTKU €CTh ellle ONMH MepeKIovaTeb — MepeKIodaTe/ib pexXuma padoThl pa3BepT-
ku. OH Takke BBIBEICH Ha IEepPeIHIO IaHe b oclwniorpada (Ha CTPYKTYPHOI cxeMe
OH He yka3aH). [eHepaTop pa3BepTOK MOXeT paboTaTh B ABYX peXMMax: B aBTOMaTHYe-
CKOM — TeHepUpYyeT MUI000pa3HOoe HaIpsLKeHUE 3aJaHHOM JJIUTEIbHOCTY U B XKIYLLEM
pexuMe — OXMIAeT IMPUXOAAa BXOJHOIO CUTHAJla U C €ro IOSIBJIGHMEM 3aIlycKaeTcs.
DTOT peXuM ObIBaeT HEOOXOAMM IIPY MCCIICAOBAHUM CUTHAJIOB, TOSIBIISIIOIINAXCS CITy-
yaifHO, MO0 TIPU MCCIeNOBAaHWM TapaMeTPOB MMITYJIhCa, KOT/Ia ero TrepemHuii (ppoHT
JIOJDKEH ObITh B Hayajle pa3BepTKU. B aBTOMaTMueckoMm pexkume pabOThl CIIydaiiHbBII
CHUTHAJI MOXET ITOSIBUTHCS B JIIOOOM MECTE pa3BepTKHU, YTO YCJIOXKHSET ero HaOoaeHUe.
Yno06cTBa KIyIIEro pexruMa Bbl CMOXKETE OLIEHUTh BO BPEMsI MMITYJIbCHBIX U3MEPEHUIA.

IMepexnrouatens (9) cnapeHHbIN. Bo Bcex MojoXeHMsIX BepxHeil (M0 YepTexy) CeK-
LMW TIepeKJIoyaTelisi, KpoMe KpalfHero JieBOro, reHepaTtop BbIpabaThIBaeT IMMIO00pa3-
HOE HaTpsDKEHUWE pa3IMndHON UITMTEeNbHOCTU. B KpaliHeM e JIeBOM TOJOKEHUU TeHepa-
TOP Pa3BEePTOK OTKJIOYAETCSI, a HUXHSISI CeKlusl nepekioyaTesis (9) moakioyaeT oKo-
HEUYHbII YCUJIMTEIb KaHajla TOPU30HTAJILHOTO OTKJIIOHEHUS K rHe3naM «Bxom X».

Temnepb ropu3oHTaNbHAsI JUHUSI Pa3BEepPTKM OyIeT IOJy4aThCsl TOJIBKO IIPU IMOJayde
CUTHajla Ha yKa3aHHbIe THe3na. [IprueM 4yBCTBUTEJIBHOCTh 3TOrO KaHajla OOBIYHO Me-
HbIIIe, YeM KaHajla BepTUKAJIbLHOTO OTKJIIOHEeHUs. JIMHY JUHUU pa3BepTKA MOXHO yCTa-
HaBnuBaTh peryisitopoM (12). Takoit pexxuM paboTsl octwuiorpaca ObIBaeT HyXXeH, Ha-
IpUMep, MPU KUCCASAOBAHUU YACTOTHBIX U (ha30BbIX COOTHOILIEHUI FApMOHUYECKUX KO-
JebaHuil mam s nocrpoeHust ¢uryp Jluccaxy (Ijisi 3TOro OIMH CHUTHAJ IOJAl0T Ha
BxoA Y ocuwmiutorpada, a 1pyroil — Ha Bxon X).

Kaxnpiii ocuuiuiorpad oCHaIEH CPEICTBAMM CUHXPOHU3AUUU PA3BEPTKU HCCIIEIye-
MBIM WJIM BHELIHUM CUTHajiaMu. Eciin MeXy reHepaTtopoM pa3BepTKU UM CUTHAJIOM HET
HUKAKOM CBSI3M, TO HAYaJl0 pa3BepTKU U IOSBJICHNE CUTHaIA OyAyT IIPOUCXOINTh B pa3-
HOE BpeMsl, M300paXeHHWe CHTHaja Ha 3KpaHe ocuuuiorpada OyaeT mepemelnaTbest
00 B OJHY, JTMOO B APYTYIO CTOPOHY — B 3aBUCMMOCTU OT Pa3HOCTH YaCTOT CUTHAJIa 1
pa3BepTKu. YTOOBI OCTAHOBUTH M300paXkeHWe, HYy>KHO 3aCMHXPOHU3UPOBATH TEHEPaTOp
pa3BepTKU, T. €. 00ECIEUYUTh TaKOW pexXuM pabOThbl, IPU KOTOPOM HAauyajao pa3BepTKU
OyzmeT coBIIaaTh C HAYajJOM ITOSIBJICHUSI IIEPUOAMYCCKOr0 CUTrHama (CKakeM, CUHYCOM-
JnaiabHoro). OOBIYHO IPU 3TOM IIEPUOJ Pa3BEPTKU IOJLKEH B I1I€JI0€ YMCJIO Pa3 MpPEeBbI-
1IaTh MEPUOJ] TIOBTOPEHHUS CUTHAJIA.

CUHXpOHM3MPOBATh TEHEPaTOp Pa3BepPTKM MOXKHO KaK OT BHYTPEHHEro curHajga (oH
OepeTrcst C yCWINTENS! BEPTUKAIBLHOTO OTKJIIOHEHUS), TaK W OT BHEIIIHETO, M0JaBaeMOro
Ha THe3ma win pasdbeM «BXOI CHMHXP». BriOuparoT TOT WM MHOM PEXUM IIePeKITIO-
yatenem (2) — BHYTP. — BHEIIH. cuHxpoHuzauusi (Ha CTPyKTypHOI CXeMe Iepe-
KJIIOYaTe b HAXOAUTCSI B MOJIOKEHUM «BHYTPEHHSISI CUHXPOHU3ALIKS» ).

[InaBHO perynupyeTcss CHUHXpOHU3ALMST PeryasTopoM (5). DTy pyuyKy MOXHO MOBO-
pauuBaTh OT KpallHEro JeBOro MoyioXXKeHus (3Hak (—) Jo KpaliHero npaBoro (3Hak (+).
DTO peryIMpoBKa CMHXPOHU3AIUKM Pa3BEPTKM OT CHUTHAja COOTBETCTBYIOIIEH MOJISIPHO-
ctu. Korma pyuka (5) HaxomuTcsl B KpalitHeM JIEBOM MOJIOKEHUU (—), TeHepaTop pa3Bep-
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TKA CUHXPOHU3NPYETCSI OTPUIATEIBHBIM (PPOHTOM CHHYCOMTATBHOTO HANPSDKEHUS), B
KpaiiHeM IpaBoM (+) — IOJIOXUTEIbHBIM. B cpegHeM MOJIOXEeHUM PYYKM CUHXPOHU3A-
LIMS BBIKJTIOYAETCSI. B HEKOTOPBIX KOHCTPYKIMSIX OCUMIIOrpadoB IEePEeKIIOUCHNE CUH-
XpoHU3aLuuu OT (+) Win oT (—) OCYIIECTBISIETCS OTAEAbHBIM MepeKiatoyaTeneM. B atom
cllydyae pydyka (5) MeHsIeT aMIUIMTYAy CUHXPOHU3ALMU, YTO CIIOCOOCTBYET IMOJYUYEHUIO
0oJsiee YCTOMYMBOTO MU300paKeHMsT Ha DKpaHe.

Ha mpuBeaeHHoIM 610K-cxeMe ocumriorpacda KaHall SpKOCTU Z TPeACTaBIeH JIMIIb
LIETTbI0 TTOJAYN ¢ TeHepaTopa pa3BEePTKU MMITYJIbCa, TaCsIero OOpaTHBIN XOm pa3BepTKHU
¢ TeM, YTOObI OOpaTHBII X0o4 He ObLT BUIAEH Ha 3KpaHe. B coBpeMeHHbIX ociuiorpadax
B OTOT KaHAaJI YaCTO BBOISIT YCUJIUTEIb KaHaja Z, YTO TTO3BOJISICT BHIITOIHSITHL HEKOTOPEIC
crieliMajbHble BUIbI M3MepeHUii. Hepeako B 2TOT KaHajl BBOISAT M IeHEpaTop BpEeMEH-
HbIX METOK, ITO3BOJISIIOLLUI BBIITOJIHSATh BPEMEHHbIE U3MEPEHUSI CUTHAJIOB.

1.4.3. TpeboBaHuga K ycunutenam ocuunnorpada

VYxe ObUIO yKa3aHO, YTO ocuuuiorpaduyeckue TpyOKM UMEIOT HU3KYIO YYBCTBUTE-
JIBHOCTb K OTKJIOHEHUIO. Y OOBIUHBIX TPYOOK OHa He mpeBbiiiaeT 1 mMm/B (unu 1 B/mMm).
DTO 3HAYUT, YTO MJISI TIOJyYEHUSI HA DKpaHe TPYOKU M300paxkeHUs] UMITYJIbca U CUHY-
COMJIbI C pa3MepoM B 1 ¢M HYXXKHO Ha IJIACTUMHBI Y ToJaTh UMMYJIbC ¢ amruTyaoi 10 B
WY CUHYCOMIY C TaKOU e MBOWHOU aMIUIMTYmou. IJIs MOCTaTOYHO TOYHBIX M3MeEpe-
HUI HYXXHO UMETh pa3Max OCUUJUIOrPAMMbl B HECKOJIBKO CAHTUMETPOB, UTO TPeOyeT OT-
KJIOHSIIOIIMX HaTPSDKEHUH yXe B IecsTKU B, a y TpyOOK ¢ HM3KOI YyBCTBUTEIBbHOCTHIO
naxe B coTHU B.

Otcrona sICHO, 4TO ocuuyuiorpadsl s KCCIEAOBAHUSI MAJbIX TI0O YPOBHIO CUTHAJIOB
JIOJDKHBI COAEpXKaTh YCUJIMTENN KaHala Y € JOCTaTOYHO OosblIMM ycuiieHueM. Hanpu-
Mep, /ISl MOJTyYeHUs YyBCTBUTENBHOCTH B 1 MM/MB ycunurtens nojkeH uMeTh Koahdu-
mueHT ycuseHus mopsaka 1000. [TocKonbKy HampsKeHHE ¢ TeHepaTopa pa3BepTKU CO-
CTaBJISIET EAMHULIBI-IECITKU B, TO KO3 DUIIMEHT yCUIEHUST YyCUITUTENST TOPU3OHTATBHO-
ro OTKJIIOHeHMS (KaHayma X) MOXeT OBbITh HAMHOTO MeHbIIMM — Iopsinka 10. OmHako,
€CcJIM Hao paboTaTh B BHEITHUMM CUTHAJIAMM, MTOIaBaEMbIMU Ha BXOI X, TO YCUJIUTEb
TOPU3OHTAIBHOTO OTKJIOHEHUS JKeJaTeJIbHO UMETh TaKUM Xe, KaK yCWJINTEIb BEpTUKA-
JIBHOTO OTKJIOHEHMS.

K ycunurensim octimutorpadoB MpenbsBIsIiOTCSI TOCTATOYHO cIielnduieckue Tpedo-
BaHUSL:

e BBICOKHMI YPOBEHb BBIXOIHBIX CUTHAJIOB (IECSITKM, MHOTAA COTHHU B), uTo mpen-
roJjiaraeT MOCTPOEHNE BBIXOJHBIX KACKaIOB Ha 3JEKTPOHHBIX JaMIax WU BbICO-
KOBOJIbTHBIX TPaH3UCTOPaX;

e BBICOKOE BXOAHOE COIpOTUBIeHUE (00bIUHO Topsiaka 0,5—2 MOM ¢ nmapaieib-
Hoi1 emMKocThIO 10 50 TdD);

e BBICOKAS JIMHEMHOCTh (KO3GhMULIMEHT HeIMHEMHOCTU He Oojee 3—5 %);

e BBICOKAsl CTAOMJILHOCTh KO3 dUILIMEHTa YCUIEHUSsI, HEPEAKO ToCTUraeMasi cTabu-
JIM3aleil HAIIPSKCHUST ITMTAaHUSI U MHBIMM MEpaMU;

e Huskas (10—20 I't) HIKHSIST TpaHWYHAas TTosioca (B ciiyyae pabOThl Ha MOCTOSTHHOM
TOKE HyXKHA HyJIeBasl TpaHUIHAsI YacToTa M MaJIblil Apeii BBIXOMHOTO CHUTHATA);

e BBICOKas BepxXHss rpaHMyYHas yactoTa (ot 1—5 MI'1 y mpocThix ocumiorpacos
JIo fecaTKoB U coTeH MI'L] y lMpOoKONoJIOCHBIX U CKOPOCTHBIX ocluuiorpadax);

e Maylasi HEPaBHOMEPHOCTh AaMILIMTYIHO-YaCTOTHOM XapaKTepUCTUKU, HEPEIKO
nopsinka 0,5—1 n1b nporuB —3 aB, npuHUMaeMbIX OOBIYHO B KayeCTBE YPOBHS
oTcyeTa U151 BEpXHEel rPaHMYHON 4aCTOTbl OOBIYHBIX YCUJIUTENEH.
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DTH TpeOOBaHUSI HAMHOTO KEeCTue, YeM y OOBIYHBIX YCUJIUTENeH Il OBITOBOM arra-
patypbl. OHM POMCTEKAIOT U3 TOTO, YTO COBPEMEHHBIN ocLMLIOrpad SBISETCS paauo-
U3MEPUTENIbHBIM TPUOOPOM TOBOJILHO YHMBEPCAJIBLHOTO Ha3HAUEHMsI, a He IPOCTO
OCLMJIJIOCKONOM TSI MpocMoTpa opMbl curHana. HekoTopeie TpebGoBaHUS TTPOTUBOpE-
YUBBI, HAIIPUMEP TOJyYeHUE OMHOBPEMEHHO BBICOKOTO KoadduimeHTa ycuiaeHust u 60-
JILIIONM aMIUIUTYIbl CUTHAJIOB ¢ OJHOBPEMEHHO OOJIbIION LIIMPUHON TMOJIOCHI YCUIMBAe-
MBIX YacToT. JJIst mpeopoeHrs TOJOOHBIX MPOTUBOPEUNIT TPUXOIUTCS YCIOXKHSITH CXeMY
YCUJIUTENSI WIM Jaxe BBOAWUTH KapAWHAIbHbIE M3MEHEHUS B CPEICTBA OCYIIECTBICHMS
YCWIEHUSI — HalpuMmep, Tepexoasi OT YCWINTEJIeH C COCPEAOTOYeHHBIM YCUJIEHHEM K
YCUJIUTEJISIM C pacIipefeJeHHbIM YCUJICHUEM.

Kak npaBujio, B YCHJIMTENSIX COBPEMEHHBIX OCLMUIOrpadoB MPUMEHSIIOTCSI MHOTO-
KacKaJHbIe YCUJIUTENIM C IMPOKOIOJOCHBIMI KacKalaMM ¢ MajibiM ycwieHueM. Hepen-
KO MCIIOJIb3YIOTCSl YCUJIMTEIM MOCTOSIHHOIO TOKA C rajJbBaHWUYECKMMU CBSI3IMU MEXIY
KackajaMu. DTO MCKITIOYAaeT MCKaXeHWsI Ha HU3KMX YacTOTax M TIO3BOJISIET MCIIOJIb30-
BaTh ocLusuiorpad sl u3MepeHus MOCTOSIHHOIO HAIPSDKEHUSI M PeTUCTPallMU MeIJICH-
HO M3MEHSIOMMXCSl curHanoB. OMHAaKO TIpU 3TOM TpedyeTcsl 00eCIIeYnTh Masblid Apeitd
YCUJIMTENIS1, YTO MHOTIA TpeOyeT 3HAUUTEJIbHOIO BPEMEHH Iporpesa ocuusiorpada.

Yaille Bcero 4aCTOTHbIE M BPEMEHHbIE MapaMeTphbl OCLUMILIOrpacoB OMNMpPEeaeIsioTCs
€ro YCUJIUTENISIMU, a He TapaMeTpaMu CUCTeM OTKJIOHEHUs TPyOOK (OHU Yy COBpEMEH-
HBIX TPYOOK JOCTATOYHO BBICOKM). JIMIIb Yy HanboJjiee IMPOKOMOJIOCHBIX U CKOPOCTHBIX
(IIOBOJTBHO IOPOTHX) OCHWIIOTpacdOB WX MapaMeTphl Oojiee MM MeHee B paBHOW Mepe
o0ecIieynBaloTCsl KaK XapaKTepUCTUKAMU YCUIUTENeH, TaK U OTKJIOHSIOLIMX CHUCTEM
OJIT. PaccMOTpUM OCHOBHBIC THUITHI YCUJIUTEJICH, UCITOIB3YEeMBIX B OCHIILTOrpadax.

Hmnynavcnole ycurumenu ipeIHa3HAYCHBI IUIST YCUJICHUS UMITYJIbCHBIX CUTHAJIOB, KO-
TOPbIE MOTYT UMETH MPSIMOYTOJIbHYIO, TpaneluenIaabHyl0, SKCIOHEHIMAIbHYIO W APY-
ryio (popmy. UMITymbCHBIC YCHIIMTENN TI0 IPUHIIAIY OCHCTBUS OEJISITCS Ha TUHEWHBIC U
HeJuHelHble. B JTMHENHBIX MMITYyJbCHBIX YCUJIUTEISIX (hopMa UMIYJIbCa BOCIPOU3BO-
IUTCSI ¢ MUHAMAIbHBIMU MCKAXKEHUSIMHU, a B HEJIMHEMHBIX (hOpMa MMITYILCOB MCKaxKa-
eTcsl MpeaHaMEePeHHO IJIs1 UX MpeoOpa3oBaHUs JUMOO MO aMIUIUTYAE, JU0O0 IO JIUTENIb-
HOCTHU, JTUOO OIHOBPEMEHHO IO A3TUM JIBYM IapamMeTrpaMm. B kaHamax X u Y ocuuior-
pacdoB MPUMEHSIOTCS JIMHEWHbIE YCWIMTENIM, a B KaHaile Z (IpKOCTH) YacTo
MIPUMEHSTIOT HeJIMHEITHBIC YCYIINTEIIH.

YacTOTHBIN CHEKTP pPealbHBIX UMITYJIbCHBIX CUTHAJIOB OY€Hb IIIMPOK U TIPOCTUPACTCS
OT eIWHUIIL TepIl 10 SNUHUII, a MHOTIA U JECSITKOB rurarepil. [1oaToMy yCUIUTEIM UMITY-
JICHBIX CUTHAJIOB TOJDKHBI OBITh OMHOBPEMEHHO U UUPOKONOAOCHBIMU YCUAUMENIMU —
00J1aCTh YCUJTMBAEMBIX YaCTOT Y HUX ITPOCTUPAETCS HEPEIKO 10 AECATKOB M coTeH MI'1T n
BhbIIIe. Hamnmune peakTMBHBIX 3J1eMEHTOB (€MKOCTEM M MHIYKTUBHOCTE) B CXeMe YCUJIH-
TeJIsl MPUBOIUT K TOMY, UTO €T0 YCUJIEHHWE 3aBUCUT OT YaCTOThI BXOJHOTO cuTHasa. [1oa-
TOMY KO3(DGOULIMEHT YCUICHUS 110 HATIPSDKEHUIO SIBISIETCS] KOMIJIEKCHOM BeTMUMHOM.

JluneliHble MCKaXEHUST YCUIUTENIEH MOXHO OLEHUTh, 3HAs UCKAXEHUsI CUHYCOU/Ia-
JIBHOTO CHUTHaJIa, TaK KaK BCSIKAM CUTHAJ IPYroi (popMbl MOXHO pPa3IOXUTh Ha rapMo-
HUYECKME COCTABJISIOLINE, IOJb3ysICh psimoM Dypbe (WISl NEPUOAUYSCKUX CUTHAIIOB)
uny uHrerpajiom ®ypbe (11 HEMepUOANIECKUX CUTHAJIOB).

Kosppuyuenm ycunenus ycuasumensi no HanpsiceHuro TIpu CUHYCOMIATLHOM CUTHAJIE C
KPYIOBOI Y4acTOTO W B KOMILIEKCHON hopme omnpenensieTcsl BoipaxkeHueM (K = K\)

Ky, = Ky (w)explid(w)]. (1.30)

lomorpad BekTOpa KOMIUIEKCHOTO KO3 (ULIMEeHTa YCUIEHUS, T. €. KpUBasi, OMKCHI-
BaeMasl KOHLIOM paauyca-BekTopa Ky Ipu M3MEHEHUU 4acTOThl OT () 10 oo, Ha3bIBAETCSI
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amnaumyono-gazoeol xapaktepucTukoit. Takum oOpa3oM, Tpu IOMONIM Troporpacda
MOXHO OJHOBPEMEHHO YCTAHOBUTh 3aBUCUMOCTb YCHJIEHUSI U (PAa30BOrO CIBUIA OT Yac-
TOThl. Bojiee UeTkoe TpencTaBiieHHME O XapaKTepe M BEIMYMHE JIMHEMHBIX MCKaXKCHUI
JlaeT paslebHOe paccMOTpeHue amnaumyono-uacmomuou K, = flw) (AUX) u gazoua-
cmomnuoti ¢ = flw) (PUYX) xapakrepuctuk. [IpuMepHbIi BUI XapaKTePUCTUK IIPEICTaB-

Puc. 1.13. Amnaumyono-uacmomnasn u pazovacmomnas xapaKmepucmuKky Ycuiumens

JieH Ha puc. 1.13.

J71s KOTMYeCTBEHHOM OIICHKM YaCTOTHBIX MCKAXKCHU BBOIMTCS TIOHSATUE SPAHUYHOU
yacmomsl. DTO YacToTa, NMpU KOTopod Moayidb K(w) ymeHbIIaeTcs OO0 3HaYEHUS
K, / V2 =0,7K o- IIp¥ 3TOM Pa3IMYyaIOT HUXKHIOI TPAHUYHYIO YaCTOTY Wy U BEPXHIOIO (.

Pa3zHocTb yacToT Aw = w; — Wy Ha3bIBaeTCs MOJOCOM MpoIycKaHusl yeuautens. Kpyro-
Basl 4acTOTa CBsI3aHA C JIMHEHHON: w = 2717

Illuporonosochubimu TIPUHITO HA3bIBATh YCWJIMTENM, Y KOTOPHIX OTHOIIIEHUE BEepXHEi
IPaHUYHON YaCTOThI K HUKHEI COCTaB/sIeT HECKOJIbKO MOPSIAKOB U BhIlIe. [IpakTrnuecku
Bce ocimyuiorpadbl JOJKHBI 0€3 3aMEeTHBIX UCKaKEHWI JaBaTh OCIIWJLIOTpaMMbI CUTHA-
JIOB C YacTOTOH MPOMBILIJIEHHO ceTn mepemeHHoro Toka B 50 I'i. TToaToMy HMXKHSS
TpaHUIIA TTOJIOCH TIPOITYCKAHWST YCUITUTENICH TOJKHA OBITh He 0oee 10—20 I'u. Bepxuss
rpaHMYHas 4acToTa Jaxke y MPOCThIX ocuumorpadoB peako ObiBaeT Hixke 1 MI'. Tak
YTO YCUJIUTEIM COBPEMEHHBIX OCHMIIOTPachoB BCeraa SIBISIOTCS IIMPOKOTIOJIOCHBIMU, a
IpU BepxHel yacTote B eAMHUILILI ['T11 1 BhILIE Jaxke ceepXulupoKonoi0CHbIMU.

Yeuaumenu nocmosHnoeo moka MMEIOT HIDKHIOI TPaHUYHYIO YacToTy, paBHyio 0
(puc. 1.14). O6patuTe BHUMaHKE Ha TO, YTO yCUJIeHUe Ha puc. 1.14 mpeactaBiaeHo B Je-
uubenax. YposeHsb criaga ycwieHus ao 0,707 or MakCuMaJIbHOTO (Ha HYJI€BOMl yacToTe)
cootBeTcTBYeT —3 nb, mpm stoM 3a 0 mb TpWHATO MakcMMajdbHOE ycwieHHe. Takoe
npenacrapaeHne AYX ymoOHO ISl OLIEHKM YaCTOTHBIX MCKaXKEeHUM (CYILIEeCTBYIOT U ApPY-
rue ¢opmbl npeacraBieHuss AUYX). HazpaHue «yCUJIMTEIM MOCTOSHHOIO TOKa» HE CO-
BCEM BEpPHO, TIOCKOJIBbKY peub UIET 00 YCUJIEHUM HaTpsDKEeHUSsT, a He ToKa. [IpaBuibHee
ObIJI0 ObI TOBOPUTH 00 YCUJIUTENSIX TTOCTOSIHHOTO HaTPSKEHUS.

st OlleHKW JMHEWHBIX MCKaXeHWH, BO3HUKAIONIMX TMPU Tepenade MMITYIbCHBIX
CUTHAJIOB, YIOOHO HCIIOIb30BaTh nepexo0Hyr xapakmepucmuky ycunutens. [lepexonHas
xapaktepucTuka h(f) 0 3TO peaklus YCUIWTEIS Ha WACaTbHBbIA mepemnas (CTYMEeHbKY)
BXOIHOTO HaIpspKeHMsI. Pa3HOCTb ABYX IEepeXOMHBIX XapaKTEPUCTUK, CABUMHYTHIX BO
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BPEMEHM Ha [UITUTEJILHOCTb MMITyJIbca f,, HaeT (opMy o

BBIXOJHOTO MMITyJIbCa YCUJIUTENS, IOAyYaeMyl Mpu
MoJaye Ha €ro BXOI MAEAIbHOIO MPSIMOYTOJIbHOTO UM-  -3db
mynbca (puc. 1.15).

OOGBIYHO BBOIATCSI MOHSTUS WCKAXEHUM peasbHbIX
HUMITYJIbCOB B 00JacTM MaJbIX BpeMeH (HMCKaKeHUs
(GpPOHTOB) U B 00JaCTU OOJBIIMX BPEMEH (MCKaXKEHUS
BEepIIMHBI UMITYJIbCOB). COOTBETCTBYIOIIUE OIpeaeie- Puc. 1.14. AYX ycurumens
HMS TIpecTaBiIeHbl Ha puc. 1.16. PealbHBIM Ha3BIBAIOT MOCMOARRO20 MOKA
HUMITYJIbC ¢ KOHEYHOW JUIMTEIbHOCThIO (DPOHTOB, BbI-
OpocaMy Ha HUX U JAPYTUMU UCKAKEHUSIMU, HATTPUMED,
CMaaoM IUIOCKOW BepIIMHBI UMITyJbca. OH OTCYTCTBYET
Yy YCWIWTEJIE TTOCTOSHHOTO TOKa (HAIpPSDKEHUS), HO -
MOXET OBITh Y CAMOTO YCWIMBAEMOI'O UMITYJIbCa.

B cooTBeTCTBUU C 5TUM HCTIOIB3YIOTCS CIEIYIOLINE
HUMITYJIbCHBIE TTapaMeTphbl YCUIUTECH:

fg YacToTa

te O OdaumenvHocmo ¢ponma, onpenesusieMast Bpeme-
HeM HapacTaHus curHasa oT ypoBHs 0,1 1o yposHs 0,9
CBOETO YCTAaHOBMBIIETocsl 3HAUeHUsl (MHOTIAa STOT Ma-
paMeTp TakXke Ha3bIBAIOT BPEMEHEM YCTaHOBJICHUS

Puc. 1.15. Ilepexodnuie

yCHﬂI/ITeHH); xapaKkmepucmuKu

t; O epemsa 3adepicku, OIpenensieMoe OoT MOMEHTa ycurumens
TOSIBJICHUsI CUTHaJla Ha BXONIE YCUJIUTENSI O MOMEHTA
noctukeHusi 0,1 ypoBHSI CTaMOHAPHOTO 3HAYEHWUS Uauix
(MHOTIA 7O JOCTVDKEHUS TIOJIOBUHBI CTAallMOHAPHOTO ° A
3HAYEHMS BBIXOJAHOTO HAIIPSKEHUS); 09U au =4 f==F==== f:j}

tep O Oaumenvnocms cpesa, oripenerisieMasi BpeMe- gfﬂm"xjiﬁ Yoo |
HeM craga curHaia ot ypoBHs 0,9 no yposHs 0,1 cBoe- B INN o o t
IO CTAlIMOHAPHOTO 3HAYCHMS, ‘

O O 6wvlbpoc WM OTHOCHUTEIbHASI PAa3HOCTh MEXIY Puc. 1.16. Bpemennoie
MaKCHUMAaJIbHbIM 3HAUEHUEM BBIXOJHOIO CUTHAJIA B 00-  xapakmepucmuku pearbHoLx
JaCT MaJIbIX BPEMEH M €Ir0 YCTaHOBMBIIMMCS 3Haye- UMNYAbCHOLX CUESHANLOB
HUEM;

A O cnad (nodsem) BepIIMHBI UMITyJIbca [] OTHOCUTENIbHASI Pa3HOCTh MEXJIy YCTaHO-
BUBIIMMCS 3HAYEHUEM BBIXOJHOTO CUTHaJIa B 0OJACTU OOJIBLIUX BPEMEH M €r0 TEKYIIUM
3HAYECHUEM.

B nuHeiHbIX YCUIIUTCIAX aMIUIMTYOHO-, (ba30‘laCTOTHa$I 1 1IepexoaHasd XapakKTCpu-
CTUKU XKECTKO CBA3aHbI MEXKIY co0o0ii. BOCHOJIB3YCMCH MU3BCCTHBIM U3 TCOPUU JIMHEe-
HBIX SJICKTPUYCCKHX Heneum MHTCTpaJIoOM HIOEIMCI[H, 3allMCaHHbIM B BUEC

(1) = h(O)u,(1) +jh'(t)u|(t - 1), (1.31)

roe u,(f) U HampsokeHUWe Ha BbIXome ycumutens; u,(f) 0 HampsokeHHWe Ha ero BXOC,
h(?) O nepexomHasi xapakTepuctuka ycunurens; 4A(0) O 3HaueHHe MEepPexXOJHON Xapak-
tepuctuku Tipu ¢t = 0; 4'(f) 0 mpousBomHas GyHKUMHT A(f).

ITycte u, = 1 Texp(iwr), Toroa
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(1) = 51(0) +j‘h’(r)exp(—iwr)dprp(iwt) = A(t)exp(iwt) (1.32)
O i 0

Ecnu Ha Bxon ycwiauTensl moaaTh rapMOHMYECKOe KoJieOaHUe OIpeaeIeHHON 4acTo-
Thl C aMIUIMTY/I0M, PaBHOW €IWHUIIC, TO HA BBIXOJE TMOJYYUM HAIIPSDKEHUE TOM XK€ Jac-
TOTBI C aMIUIATYA0M, U3MEHSIOLLENCSA BO BPEMEHU 110 3aKOHY

A(t) = h(0) +jh'(T)eXp(—in)dT. (1.33)

M

[To710XMB B 3TOM BBIPAXKEHUU t = oo, TIOJYYUM YCTAHOBUBILIEECS 3HAYCHUE aMITTUTY-
IIBl Ha BBIXOJE, KOTOPOE YMCICHHO paBHO KO3 dULIMEHTY nepenadn (YCHICHUS)

K(iw) = h(0) + }h'(r)exp(—iwr)dt (1.34)

DT1a opMmysa yCcTaHABIMBAET CBSI3b MEXIy KO3(M(MUIIMEHTOM Mepenadyd U Iepexom-
HOI xapakTepucTuKoi. OTcIona MOXHO OIpeNeInTh 3HaueHne KoadduiimeHTa nepeaa-
Ju npu w =01 w = o

K(@©0) = h(0) +}h’(T)a‘[ = h(0); (1.35)

K(w) = h(0). (1.36)

Boipaxenus (1.34)—(1.36) moka3bIBalOT, YTO MEPEXOAHAS XapaKTepUCTUKA MUMITYJIb-
CHOTO YCMJIMTENISI OMHO3HAYHO OIPENe/sieTCs] €ro YaCTOTHBIMU CBOMCTBaMU. XapakTe-
PUCTUKM YCUJIUTEJNSI B 00JIaCTM HU3KUX YACTOT OTPAKaloT MOBEIECHUE YCUIIUTENS B 00-
JIaCTU OOJIBLIMX BPEMEH, T. €. OIpeAesioT (opMy IUIOCKOM BepLIMHBI UMITYJIbCa, a Xa-
PaKTEePUCTUKN YCWIMTENSI B OOJACTH BBICOKMX YacTOT [] TOBeACHME YCHIIMTENS B
00JIaCTM MaJIbIX BPEMEH, T. €. ONPEIe/sIOT JIUTEJbHOCTh (DPOHTA U CPe3a UMITYJIbCOB.
Yewm 1mmpe 1mojioca MpOoITyCKaHWSI B CTOPOHY BBICOKMX YacTOT, TEM TOYHEE BOCIIPOM3BO-
IUTCST (DPOHT CUTrHAjga M YMEHbBIIAIOTCS MCKaXXeHUsI B 00JacTM Majbix BpeMeH. Ilpu
pacIIMPEHUH TOJIOCHI MIPOITYCKAHUS B CTOPOHY HIDKHUX YACTOT YCHJIMTEINb JIy4Ile BOC-
MPOU3BOJUT IIJIOCKYIO BEPIUMHY MMIIYJIbCA, T. €. YMEHbIIAIOTCS MCKaXeHUs B 00JacTu
OOJIBILINX BpEeMEH.

7151 OMMHOYHOTO PEe3MCTOPHOro Kackaaa ¢ MHTerpupyolieil RC-11eTblo Ha BBIXOEC
BpeMsI HapacTaHMS U CIlana UMITYJIbCOB f, = 2,2RC. B To e BpeMsl rpaHMYHAas yacToTa
S = 1/2nRC. Otcioga MOXHO TMOJYYUTh 3HAUEHHME UTUTEIBHOCTH (hpOHTA uyepe3 rpa-
HUYHYIO YacTOTY:

22 035

ty = .
2y S

Oka3zanock, 4To 3Ta mpocTtast Gopmysia JOBOJIBHO TOYHO OMUCHIBAET COOTHOULIEHWUS
MEXIY IJIATEIbHOCTBIO (PPOHTA M BepXHEU IPaHUYHON YaCTOTOM M B CJIydae MHOTOKAC-
KaJIHOTO YCWJIUTEJSI, MIPU YCIOBUU, YTO aMIUIUTYIa BBIOPOCOB MEPEXOJHON XapaKTepH-
CcTUKU He TipeBbilaeT 4—>5%. B cBsa3u ¢ atum dopmyna (1.37) sBisieTcsl OHOIM U3 BaX-
HEeUIMX B ocluiutorpaduu U CIyXXUT OCHOBOW JUTSI ONpEESIeHNsT BpeMeHU (hpOHTA Te-
PEXOMHOI XapakKTepUCTUKU ocuuiuiorpada B 1eaom Ha ypoBHsx orcueta 0,1 u 0,9.
WNHorna yka3blBalOT BpeMsI YCTAHOBJICHUSI TIEPEXOTHON XapaKTEPUCTUKU fy, 32 KOTOPOE
3aKaHUYMBAIOTCSI TIEPEXOAHBIC MPOIIECCHI Mocie 0TOOpaxkeHusT HPOHTOB (YPOBEHb OTCUE-
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1.4. llpunyun deiicmsus u ycmpolcmseo aHaroz08020 ocyuirozpapa

Ta KOHIIa TIEPEXOIHOrO0 IMpoliecca 00bIYHO GepeTcst paBHBIM 1% OT HaYabHON aMITIUTY-
JIbl KOJe0aTebHOIO Mmpoliecca). DT0 BpeMsl MOXET oKa3aThcsl B 3—4 pasa OOJIbIINM,
YeM BpeMS fg,.

B obmacTu HM3KHMX 4YacTOT chal BEPIIMHBI MMIYJIbCA C IJIUTEIBHOCTBIO t,; MOXKHO
OLICHUTH MTPHUOJIKEHHBIM BBIPaKEHUEM:

A=1,/1,. (1.38)

YV GO/MBIIMHCTBA COBPEMEHHBIX OCHWIIOrpad)OB UCMOJIb3YETCS YCUIUTENb KaHaia Y ¢
raJibBaHUYECKMMU CBSI3SIMU (YCWIMTEIb MOCTOSIHHOTO TOKa). B aToM ciyyae dopmymy
(1.38) MOXHO NPUMEHUTH IS pacyeTa IMOCTOSHHON BpeMmeHM RC pasmeauTeabHOMN
LIeTM, BKJIIOUEHHOM Ha BXOJEe YCUJIUTENSI B clyyae, KOTAa KeJdaTeJIbHO MCKIIOUUTh MOo-
CTOSTHHYIO COCTaBJISIIOIILYIO CUTHAJIA.

1.4.4. OCO6EeHHOCTU LUIMPOKOMNOJIOCHbIX ocuuiorpadpuyeckux
ycunutenei

B 1IMPOKOMOJIIOCHBIX YCUIMTEIIX OOBIMHO MCIIOJNB3YIOT PE3UCTOPHbIE KacKalbl, TaK
KaK OHU MMEIOT HAWIyUINNe YaCTOTHBIC, )a30BhIC M MEPEeXOIHbIC XapaKTePUCTUKU. It
paclIMpeHus] YCUJIMBAEMOI KacKaJoM ITOJIOCHI YacTOT, U3MEHEHUsT (DOPMbI YACTOTHOM U
TIePEeXOTHON XapaKTePUCTUK B IIMPOKOIIOJIOCHBIX MMITYIbCHBIX YCHIIUTEIISIX UCITOIB3YIOT
JIOTIOJTHUTEIbHBIE KOppeKTupyolye 1end. OHU pacCYMTHIBAIOTCS TaK, YTOOBI BHIOPOCHI
[ePEXOIHON XapaKTepUCTUKK YCUINTE e He mpeBbiiuain 4—5%.

ITo nmpumMmeHsieMOli 3JIeMEHTHOM 0a3e YCHIMTENU OCUMIOTpacoB AENSITCS Ha Clieay-
fOIIIME THUITBI:

e JIAMIIOBBIC YCUJIUTEIIH,

* YCUJIMTEIW Ha OUMOJISIPHBIX TPaH3UCTOPAX;

e YCUJIMTEIX Ha IOJIEBBIX TPAH3UCTOPAX;

* YCUJIUTEIN Ha OIEePAlMOHHBIX YCUIIUTEIISIX;

* YCUJIMTEIW Ha CMeUUATIM3UPOBAHHBIX MUKPOCXEMaX.

Yeunurtenu Ha 3J€KTPOHHBIX JJaMITaX UMEIOT, MOXallyil, TOJbKO OJHO BaxKHOE Tpeu-
MYIIIECTBO — ITO3BOJISIIOT JIETKO TOJYYUTh BBICOKME BBIXOAHBIC HAMPSIKEHUS. AHOTHOE
HamnpsKeHWe OOJBIIMHCTBA JIaMIT COCTaBjsieT COTHM B, mpu Tokax aHoda B €QWMHU-
mel-gecsiTku MA. IlokaszareiaeM IIMPOKOITOJIOCHOCTU JIAMIT SIBJISIETCSI OTHOIICHHE WX
KPYTU3HBI S K MOJHON eMKOCTH JaMmbl U MoHTaxa C,. EMKOCTb MOHTaxXa OObIYHO Oe-
petcst paBHoit 10 n® u moGaBisieTcss K BXOAHOM M BBIXOAHOM €MKOCTSM Jiamiibl. He-
TPYIHO IOKa3aTh, YTO OTHoIIeHUEe S/21C, omnpeneisieT Ipou3BeaecHre KoadduimeHTa
YCUJICHUST PE3UCTOPHOTO KacKama ¢ 00IMM KaTogoM K Ha ero BepXHIOK IPaHUYHYIO Ya-
CTOTY f,., IPAaKTUYECKM PaBHYIO IIMPHUHE MOJIOCHl yCUIMBaeMbIX yacToT. Huxe mpen-
CTaBJICHBI JaHHBIE HECKOJBKMX TUIIOB 3JIEKTPOHHBIX JlaMIl [12], KOTOpBIE IIMPOKO TIPU-
MEHSUIMCH B JIAMITOBBIX OCLIMJUIOrpadax:

Tun namnbl S [MA/B] C,, [n®d] Cyy [NP] S/21C, [MI'u]
6X5I 9,0 8,5 2,2 70
6Xan 17,0 8,0 3,5 130

eXx21n 17,0 5,0 1,8 160
6x22n 30,0 9,0 24 220
63501 30,5 16,0 2,6 110
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I'rasa 1. Hcmopus u ocho8bL 94eKmMpPOHHOL ocyusrozpaduu

XoTs BBIIIE MTPUBEIEHBI TaHHbIE HAMIYYIINX U KOHIa 50-X TOI0B MPOIIJIOTO BeKa
JlaMM, BUJHO, YTO Mpe/AeSbHbIE YACTOThI (MTPU €AMHUYHOM YCUJIEHUM) e/lBa-e/iBa JOCTHU-
rator 100—200 MTI'u. ITosToMy 1IKMpUHA MOJOCHl MPOITYCKAHUS JaMITOBBIX OCLIMJIIOIpa-
¢oB ¢ nMpueMIeMbIM YCUJIEHUEM CUTHaAIOB penko rpepbimana 10—20 MTI'u. JIuwms pac-
TpejieJIeHHbIe YCUJIUTENHN, Y KOTOPbIX KO3(hMUIIMEHThI YCUJIEHUST CKIIAJIbIBAIOTCS, a He
MEPEMHOXKAIOTCS, MO3BOJISUTU MOJYYUTh MPUEMJIEMOE YCUJIEHUE B JECSITKU pa3 MpU vac-
totax no 0,2—1 I'Tu. OgHako ocivumorpadsl ¢ TAKUMU YCUJIATESIMU UMEJTU pa3Mephbl
XOJIOAUJIbHUKA, OBbLIM JOPOTMMHU M YHUKaJIbHBIMU Npubopamu. Mx Bec gocturag MHO-
TMX JECSITKOB KT.

B nammoBbIX ycUIUTENSIX MPUMEHSIOTCSI B OCHOBHOM PE3UCTUMBHbBIE YCWIMTEIU Ha
Kackamax ¢ o0ImMM KaTomoM. MHorma MCIoib3yloTcsl pa3IndHble CXeMbl MHIAYKTUBHON
KOPPEKINU, MO3BOJISIIONINE YBETUYUTh MOKa3aTelb LIUPOKOMOIOCHOCTH Mo 2 pa3. Ka-
TOIHBIE TTOBTOPUTEN C UX OOJIBIIIMM BXOJHBIM M MaJIBIM BBIXOAHBIM COTIPOTUBICHUSIMU
MHOT/A MPUMEHSIIOTCSI BO BXOIHBIX Kackalax W, pexe, B BbIXOAHBIX KacKaaax (obecre-
yuBasi OBICTPBIN 3apsin U paspsin emkocTu TuiacTud DJIT). Mcnonb3yloTest u crienuaib-
HbIE KacKkoOdHble cxembl, TIPEACTABISIONME COO0N KOMOMHAIIMIO KACKAIOB C OOIIUM aHO-
JIOM M O01Ie CETKOM.

MajnomoliiHble MOJEBblE TPAH3UCTOPhI 3HAYUTEIBHO YCTYMAIOT 3JIEKTPOHHBIM JIaM-
raM 10 YPOBHSIM paboumx HarpspkeHuit (mo 20 B), 3HaueHUSIM KpyTHU3HBI (€IMHUIIBI
MA/S) u mokazateso mupokonosocHocTu S/21C,. ENTMHCTBEHHBIM UX CEPbE3HBIM IMpe-
UMYILECTBOM SIBJISIETCS BECbMa BBICOKOE BXOMHOE cOMpoTuBiIeHUE. [loaTOMY OHM moJTy-
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Puc. 1.17. Bxoonoii kackad ycusumearsn Y ocyusnocpaga CI1-68

YUJIM TIPUMEHEHNE B CXOMHBIX KackKajgaX HEKOTOPBIX TPAaH3UCTOPHBIX OCHMWIIOTPacdoB,
Hanpumep C1-68 — puc. 1.17 [13].

BxonHoii ycwnutens puc. 1.17 npeactasisier coboil TUHMMYHBIN AuddepeHIIaTbHbIA
Kackaj Ha JIBYX IoJieBbIX TpaH3uctopax T1 m T2. brmaromapss nNpuMeHEHMIO IOJIEBBIX
TPaH3UCTOPOB HE BBHI3BIBAET TPY/A IOJYYeHUE BBICOKOTO BXOMHOTO COTIPOTHUBIICHUS —
npakTuuecku oHo paBHo 1 MOM u 3amaercs BeauunHo# pe3ucropa R1. TpaH3ucropsl
Kackaza 3alMiieHbl OT TTPo00sT ABYXCTOPOHHUM OTpaHMYMTEIEM HaIpsDKeHUs Ha 1eTnu
R5C1 n nnonmax [1-/14 ¢ mocnenoBaTeIbHBIM U BCTPEUYHBIM BKJIIOYEHUEM.

Lens R2-R4 ¢ TepmucTopomM yMeHblIaeT TeMIlepaTypHbIii apeiid kKackama. B uenu
HMCTOKA TIOJICBBIX TPAH3MCTOPOB BKJIIOUEH CTAOMIM3aTOP TOKA Ha TpaH3ucrope T3, uro
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1.4. llpunyun deiicmsus u ycmpolcmseo aHaroz08020 ocyuirozpapa

pPE3KO YMEHBbIIIaeT YyBCTBUTEIBHOCTh Kackana K CMH(Aa3HOW COCTaBJSIONICH BXOIHOTO
curHaia. B pesynbpTaTe BXOAHOM KacKan yCWIMBAeT TOJbKO MPOTUBOMA3HYIO COCTaBISI-
romryto. Kackam obecrneumBaer mapada3HbIii BBIXOJ Ha MPEIBApPUTEIbHBIA YCUINUTEIb
KaHana Y.

bunonspHsie TpaH3ucTophl 50-X TrOA0B TaKXKe 3aMETHO YCTYMAJIM JaMmaM Kak I10
IMOKa3aTe 0 IIIMPOKOIIOJIOCHOCTH, TaK U II0 YPOBHSM pabouux HampskeHuii. [TosTtomy
YX MIpUMEHeHUe B ocumutorpacdax 6bl10 orpaHuueHHBIM. OqHAKO yxxe B 60-X romax cH-
Tyalysi U3MEHUIach KapauHaabHbIM o0pa3oM. boeutn co3nanbl CBY-TpaH3ucTOpHI € pa-
0OUMMM HAIPSKEHUSIMU B IECATKM B, 4TO OTKPBUIO MEepCHeKTUBBI UX MPUMEHEHUS B
ocuuutorpadax c¢ mosocoit yactot 1o 100—500 MI'. B aTo Bpemst 271eKTpOHHBIE JIaM-
bl OBUTM MOJIHOCTBIO BHITECHEHBI OUITOJSIPHBIMU TPAH3UCTOPAMMU.

Ha puc. 1.18 npexacraBiieHa cxeMa NpeaBapUTEIbHOIO YCUIIUTENST OJHOTO U3 TEePBLIX
CKOPOCTHBIX ocumniorpagon Tex BpeMeH C1-71 ¢ TOI0COi1 YacTOT YCUIIUTEST BepTUKA-
JabHOro otkiaoHeHus 100 MI'n u BpeMeHeMm HapacTtaHus 3,5 HC. YCUIUTENIb COCTOUT U3
IBYX AuddepeHIaIbHbIX KACKOAHBIX KaCKanoB. Kackodom TIPUHATO Ha3bIBATh HEJE/IM-
MyI0 ¥ WHTCTPUPOBAHHYIO B OOHY CXeMY ITapy KacKaloB, HapuMep KacKai C OOIINM
SMUTTEPOM U Kackaj ¢ obuieid 6a3oil. Takue Kackaabl 00eCreunBalOT HAUBBICIIYIO LK~
POKOTIOJIOCHOCTb.

IlepBEIii Kackam TocTpoeH Ha TpaH3ucTopax T1-T4 ¢ mapajuiebHBIM MMUTaHUEM, a
BTOpOi1 Ha TpaH3ucTtopax T5-T8 ¢ mocienoBaresbHBIM MUTaHUWEM. B Kackagax mpume-
HEeHa BbICOKOYACTOTHAsI aBTOTpaHC(hOPMAaTOpHAasl KOPPEKIIs, MO3BOJISIONIAsT YBEIUUNUTh
BEpXHIOI0 YaCcTOTy cpe3a B 2,75 pasa, 4YTO IIO3BOJISICT TOJYUYWTh €€ 3HAYeHUS [0
200 MTI'u (HarmroMHUM, 4TO O0LIAsl TpaHUYHASI YacTOTa YCUJIMTENS, BKJtoYasi OKOHEUHbIe
Kackazapl, coctaBisgeT 100 MTI'n).

B momoOHBIX ycmauTeasix ocoboe BHUMAaHHUE TIPUXOIUTCS YACISTh HE TOJBKO KOP-
PEKIIUM, HO M O0ECIIeYeHNIO YCTOMYMBOCTU yCUauTes. JIJIst 9TOro MpuMeHsIeTCsT BbICO-
KOKaYeCTBEHHOE 2KPaHMPOBAHME KAaCKaloB, BKJIIOUEHUE KoppeKTupyloumx RC-ueneit
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Puc. 1.18. IIpedsapumenvnoiii ycurumeno ocyusrozcpagpa CI1-71
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I'rasa 1. Hcmopus u ocho8bL 94eKmMpPOHHOL ocyusrozpaduu

U puMeHeHue TpaHcdopmaTopoB Ha depputoBoM Kojblie (Tp Ha puc. 1.18) mis kop-
peKimu BblOera (pa3oBbIX XapaKTEPUCTUK U TIPEIOTBpAIEHUS] CAMOBO30YKIESHUS.

Ha puc. 1.19 npeacraeiaeHa cxeMa OKOHEYHOTO KacKala YCUJIUTENIS BEePTUKAIbHOIO
otkiaoHeHus ocuutorpada C1-71. OHa Takxke BBITIOJIHEHA HAa OCHOBe nuddepeHima-
JIBHOTO KaCKOIHOTO YCWINTEJISI C KOPPEKTUPYIOIIMM BbIOer (ha3bl TpaHC(HOPMATOPOM Ha
¢depputoBoM cepaeyHuke Tp. Beixoa ycunuresns MpsMo HarpykKeH Ha pacrnpeacaecHHYIO
otknoHsonyto cuctemy DJIT 11JI0O101M. JIuHus HarpykeHa TOJBKO CO CTOPOHBI BbI-
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Puc. 1.19. OkoHeunoili ycurumeno sepmuKasbHoc0 omKkAoHeHus ocyuarrozpaga C7-71

XOla C pe3nucTopa C COMPOTUBICHWEM, PAaBHBIM BOJTHOBOMY COIPOTMBJICHUIO JIMHUU
(360 Om). B ycunurene npuMeHeHa CIOXKHAsE DMUTTEpHAsT KOPPEKLIMSI.

CiieqyeT OTMETUTD, UTO MPOEKTUPOBAHUE TaKUX YCUIIUTENIEN SIBISIETCSI CIIOXHOM 3a-
Jayeil v, HapsiLy ¢ TEOPETUYECKUMM TMOJIOXEHUSIMU, HAIO YYUTHIBATH MHOXECTBO MpaK-
TUYECKN BAXHBIX JIeTajeil MPOEKTUPOBAHUS — OINTHMAaJbHOE PACIIOJIOXEHUE KOMITO-
HEHTOB, MX TIIATEJIbHBIN BBIOOP, SKPAaHUPOBAHKE, TIPUHSITUE MEp MPOTUB CaMOBO30YX-
JIEHWST, KOPPEKIMST MEJKUX <«IeEeKTOB» TePEXOMHBIX XapaKTepUCTUK, OOecreueHue
BPEMEHHON M TETJIOBOM CTAaOWJIBHOCTHM, KOPPEKIIMSI TeMrepaTypHoro napeiida m T. 1.
DTO JenaeT NpoeKTUPOBAHNE TaAKUX YCUJIUTENE He CTOJbKO HayKOM, CKOJIbKO MCKYCCT-
BOM. MOXHO, K TIpUMepy, MOpaxaTrbcsl TOMY, YTO Ha HE CJIMIIIKOM BBICOKOYACTOTHBIX
TPAaH3UCTOpPAx TeX JEeT YOAJIOCh pEeaJn30BaTh YCWJIWUTEIW C TI0JOCOH 4YacToT MO
100—250 MTI11 [13]. B Hamie BpeMsT XapaKTepUCTUKA TPAaH3UCTOPOB HAMHOTO YIyJIIIN-
JIUCh, HO OMMMCAHHBIE BBIIIIE TOCTUXEHUSI CXEMOTEXHUKHU TTO-TIPEKHEMY MCIIONB3YIOTCS B
HOBBIX MOJIEJISIX OCUMILIOTpadoB, MO3BOJISIST JOBECTH moiocy yactoT g0 500—1000 MI.

OObIYHBIE YCWIUTENW MMEIOT Ko3(buIimeHTsl ycwieHus oospine 1. I1pu kackamu-
pPOBaHUM OHM TIEPEMHOXKAIOTCSI, YTO TMO3BOJISIET YBEIMYMBATh KOI(DMUIIMEHT yCUJICHUS
JI0 XelaeMOi BEJIMYMHBI, OTpPEeessieMOll HYXHBIMU KO3(D(hUIIMEHTaMW OTKJIOHEHUSI.
OnHako ecnu KO3(POUIIMEHT YCUIeHUsT CTAHOBUTCSI paBHBIM | M HUXe, KacKaJaupoBa-
HHE OOBIYHBIX KAacCKaJOB OKAa3bIBAeTCSI OCCITONIE3HBIM — OOIIMA KO3(MD(OUIIMEHT yCHUIe-
HUSI TIPY TIEPEMHOXEHUU TIaflaeT, a He pacTerT.
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1.4. llpunyun deiicmsus u ycmpolcmseo aHaroz08020 ocyuirozpapa

B cBsi3u ¢ 3TMM B Haubojee IIMPOKOITOJIOCHBIX YCUJIUTENISIX MCIIOJNb3YIOTCSI MHbIE
MIPUHIIUITEI YCUJICHUSI, OCHOBaHHBIC Ha CIOXCHMU KO3(M(OUIIMEHTOB YCWICHUS OTHC/Ib-
HBIX KacKajoB. DTO MpexIe BCero AJaBHO U3BECTHBIC ycuaumenu ¢ pacnpeoeseHHuiM yCcu-
JAeHuem Ha JIMHUSX Mepeaayr ¢ COCPeIOTOYCHHBIMU U paclpeaeeHHbBIMU 3JeMEHTaMU.
OHako Takue yCWINTEIW TPOMO3IKMA U TPYAHBI B HaJIAJIKe.

®upma Tektronix (CIIIA) peanuzosaia 3Ty Macto 0e3 MpUMeHEHUs JUHUIA TTepeaa-
yy. OHa MCMOJIb30Bala IPUHIIUIT CAONCEHUS U GbIMUMAHUS MOK08 OT HECKOJIBKMX KacKa-
IIOB. YCWJIeHNE HA YPOBHE TOKOB MO3BOJISICT ITOJIYYUTh MpeaeIbHbIe TPAHUYHBIC YaCTO-
Thl. B ocumnorpadax 475 u 485 31oit hupMbl ObUIH MOJYYEHBI TTOJIOCHI YCUIUBAEMbBIX
yactoT a0 250 u 350 MTI'u. I1pu 3TOM CeKMM TaKMX YCUIMTEIEH UMEIOT BEPXHIOK Ipa-
HUYHYIO 4YacToTy, poxoasuyto 1o 1 I'Tu. Beuiyv Takke cozmaHbl pacripenesieHHbIE YCU-
JINTEJIN C «TPAH3UCTOPHBIM PE30HAHCOM» U cxembl Jxcunvbepma, OCHOBaHHbBIE Ha YCHU-
JIEHUY TOKOB B LIEMSIX C JIOrapu(PMUYECKUMU TepeaaTOUYHbIMU XapaKTepucTukamu [14].

[IpumepHO K 3TOMY BpeMEHM OYpHOE pa3BUTHE ITOJIyYaeT MUKPODJECKTPOHMKA U
MPOMUCXONUT MACCOBBII Iepexol OT YCTPOMCTB Ha OUCKPETHBIX TpaH3UCTOpax Ha
YCTPOMCTBA, BBIMOJHEHHbIE HA MHTErpajJibHbIX MHUKpoOcxemax. B MUKPO3JIEKTPOHHBIX
YCTPOMCTBAX IMapa3suTHbIE €MKOCTH W WHAYKTMUBHOCTHU IIeTIell yCWJIUTEIe CBOMSTCS K
MHHUMYMY, YTO ITO3BOJISIET CYIIECTBEHHO MOBBICUTH IIMPOKOIOJIOCHOCTDh YCUIUTEICH.

Oco0y10 TOIMYJIIPHOCTh TIOJIYYMUJIN BBICOKOKAUYECTBEHHBIE YCWJIUTETW TOCTOSTHHOTO
TOKAa C OTPOMHBIM KO3(DMOUIIMEHTOM yCWIeHUsT (IECATKUA ThICSY — MUWIJIUOHBI) — one-
payuornsle ycuasumeau. OHU IOIMyCKaau pabOTy ¢ TTyOOKMMU OTpUILIATeIbHBIMU 0OpaT-
HBIMHU CBSI3SIMM, TO3BOJISIIOIIMMM CHU3UTH YCUJIEHUE OO HYXXHOIO YPOBHS MOpSAKa Jae-
CATKOB-COTEH TP OJHOBPEMEHHOM PE3KOM IOBBIIIIEHUN CTAOUJILHOCTU ycuieHus. Ta-
KW€ YCWIMTEIW OOCCIeUrBaaId HUYTOXHBIN apeiid Hyas 3a cueT IPUMEHEHUS
IuddepeHINaTbHbIX KaCKal0B Ha UAEHTUYHBIX U OJMU3KO PaCIOJOXEHHBIX MHTEeTpajb-
HBIX TpaH3ucTopax. OgHaKO AMHAMMYECKHEe TTOKa3aTeIM, MaJloe BHIXOIHOE HaNpsDKeHUe
(mo *12—15 B) m wmanasg mMpWHA TOJOCH TPOMYCKAaHWS (PEAKO TIPEBBIIIAIOIIAS
10 MI'n) orpaHMYMIN MIPUMEHEHME OMEePALMOHHBIX YCWINTENeH B ocuuIIorpadax.

Hawryuime pe3ynbraThl ObITA TIOJNyYEHBI TPU TTOCTPOCHUW OCIMILTOTpauiecKnx
YCUJIUTEJICH Ha CIIeMaTn3UPOBAHHBIX MHTEIPAJTbHBIX MUKPOCXEMaX — 4Yallle BCEero rmo-
PUIHO-TUIEHOYHBIX. B TaKuxX ycuIMUTeNsIX ObUIM peaan30BaHbl BCe MOSIBUBILINECS] HOBUH-
KU D3JIEKTPOHHOM CXEMOTEXHUKH: KAaCKOMHBIC YCWIMTEIU, YCWJIWTEIM Ha MOIIHBIX
CBY-0UITOISIpHBIX M TTOJIEBBIX TPAH3UCTOPaX, TOKOBBIE CBEPXIIMPOKOIIOIOCHBIC YCUIIT-
TEJU CO CJIOKEHUWEM M BBIUMTAaHMEM TOKOB, YCHJIMTENIM C paclpeneeHHBIM YCUICHUEM
U MUKPOITOJIOCKOBBIMU JIMHUSIMU TIepeaadyu, ycuautean IKuapsoepTta u ap. DTO MO3BO-
JIUJIO CO3/1aTh TPAH3UCTOPHBIE aHAJOTOBBIE OCIHMIIOTpadbl ¢ YACTOTHBIM JIMAIIa30HOM
ycunuBaeMbix curHanoB g0 0,3 — 0,5 I'Tu, a nHorma m 3ameTHO BbilIe. OHU UCIIOIb3Y-
I0TCSL 1 ocLuJuIorpad®uu B peaJbHOM BPEMEHMU.

K BecpMa mepcrieKTUBHBIM ITPHUOOpaM IS OCHIIIIOTpaMIeCKUX YCYIINTENIe OTHO-
CSITCSI MOIIHBIC TOJIEBbIe TpaH3UCTOPBl. OHM yXe ceiiyac HaMHOI'O MPEBOCXOMST JIyd-
1IK1e U3 MPUEMHO-YCWIMTENbHBIX JIAMIT IO BCEM BaXKHEMIIMM IapamMeTpaM, BKJIIoyas
YpOBEHb paboumx HamnpspkeHuit (ectb mpubopsl 7o 1000 B), kKpyTusHy (moam-earmHUIIBI
A/B) u nokazarenpb mmpokormnonocHoctu S/21C,. [TapaMeTpbl U CXeMOTEXHUKA TOJIEBBIX
TPaH3UCTOPOB ornucaHa B [15].

Heckompko ¢10B CTOUT cKa3aTh 00 yCHMIWTENIX KaHama X. B mpuHIune, B HUX HC-
MOJIL3YIOTCSI T€ K€ CXeMHBbIE PElIeHUs], YTO M B YCHIMTEsIX KaHana Y. OmHako Koad-
GuUIMeHT yCuIeHUsT yCUJIUTeNei KaHata X 00ObIYHO HAMHOIO MEHbIIIE, ITOCKOIbKY reHe-
paTop pa3BepTKM obeclieurBaeT HaIpsLkeHMe He MeHblle HecKoibkux B. Kpome Toro,
OT YCWJIMTESI TOPU30HTATIBHOTO OTKJIOHEHHS HEe TPeOyeTCsI CTOJIb IIMPOKOI OJIOCHI Ya-
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CTOT, KaK B KaHaje Y. DTO MO3BOJISIET YIPOCTUTh YCWINTENb KaHata X U 00eCreyuThb
0oJsiee BHICOKHMIT YPOBEHb BBIXOAHbBIX HAMPSIKEHUIA.

II1poKONoJOCHBIE YCUIUTENN MTPUMEHSIOTCS U B KaHalle Z. B HUX He UMeeT CMbIC-
Jla UCTnoJsib30BaTh auddepeHnabHble KacKabl, MOCKOJbKY YMPABISIONIUNA 3JIEKTPO
TpyOku oauH. s obocTpeHUs: GPOHTOB UMITYJIbCOB YCUJIUTENb KaHajia Z 4acTO BbI-
MOJIHSIETCS HeMMHEWHBbIM. OCOOBIX TIPO0JEeM KOHCTPYHMpPOBAHUE YCUIIUTEEH KaHana Z y
KOHCTPYKTOPOB HE BO3HUKAET — HCTIOJb3YIOTCS CTAHAAPTHBIE CXEMHBIE PELICHUS.

ITpumepsbl MOCTPOEHUS TPAH3UCTOPHBIX YCUIIUTENEl KaHaloB X U Y MOXHO HaWTHU B
kHurax [13, 14]. Bo3aMoxXHOCTM TIpUMEHEHUSI B HUX COBPEMEHHBIX MOJIEBBIX TPAH3UCTO-
pOB omnucaHbl B [15].

1.4.5. MpuHUNNbLI NOCTPOEHUS reHepaTOpPOB Pa3BEPTKU

I'erepaTop pasBepTKM ocumyuiorpada CIyKWT IS BBIPAOOTKM JTUHEIHO M3MEHSIO-
merocst HanpspkeHust (puc. 1.20), koTopoe ycrInBaeTcsl yCuauTeaeM KaHamta X U UCIo-
JIB3yeTCd IS TIOJAaYM Ha IUIACTWMHBI BEPTUKAJIBHOTO OTKJIOHEHUS. DTO 00ecIieurBacT

u

Un

Uo

Tn To | Ten
To

Puc. 1.20. ITuroobpasnoe Hanpaxcenue passepmiu

JIMHEIHOE TIepeMelleHe CBETOBOTO IISITHA OT 3j1eKTpoHHOTO Tyyka DJIT mo moBepxHo-
CTH 3KpaHa.
[TapameTpaMu HaNpsIKEHUST Pa3BEPTKU SIBJISIIOTCS:
e U, — HavajnbHOE HaIpsDKEHUE Pa3BepTKU;
e U, — aMIIuMTyna HanpsKeHUs pa3BepTKU;
e T, — BpeMms MPSIMOTO XOJa;
e T, — BpeMst 0OpaTHOTO XO/a;
e T, — BpeMs OJIOKMPOBKU (B CiIydae >XKAYLIETO PEXUMA);
e T, — obuiee BpeMsl OJHOIO IMKJIa pa3BepTKHU.
Kpome Toro, xapakTepHbIM MapaMeTpOM Pa3BEPTKU SIBISIETCS KOA(DPULIMEHT HETH-
HEWHOCTU MUI000Pa3HOTO HAMIPSKEHUS
_ (du/dt) ,p, ~ (du/dr)

min_ | . 1.37
(du/dt)min OO% ( 3 )

Ky

OH ompenesieTcsl OTHOCUTEIbHBIM M3MEHEHUEM KPYTU3HbI MUI000pa3HOro HaIlpsi-
SKEHUS M OOBIYHO BEIpaXkKacTCsT B MPOILIEHTAX.
B 3aBucumoctu ot Buma paboThl ocumsuiorpada MCIOJb3YIOTCS TOPU30HTAJbHBIC
pa3BepTKU TPeX THUIIOB:
* aBTOKOJIEOaTeTbHAaSI;
e Kmylasi (MHOT/Ia HETOYHO MMeHyeMasi OJHOKPATHOI);
e YHUBEpCaJlbHasl.
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BHe 3aBUCUMMOCTH OT TUIIA pa3BEPTKU MPUHLIUAM CO3AAHUS JUHEMHO U3MEHSIIOIIEro-
Csl HampspKeHUsT 0asupyeTcsl Ha 3apsiae JMHelHoro koHmeHcatopa C OT MCTOYHHMKA
Toka. Kak M3BECTHO TOK, IpOTEeKAIOIIMi uYepe3 JIMHEWHBIN KoHaeHcaTop C = const,
CBSI3aH C HAIPSDKEHHWEM Ha KOHACHCATOpe CIEeNYIOIIel 3aBUCUMOCTBIO!
du (1)

iel) = C=C 2. (1.38)

Ecnu caenats Tok noctostHHBIM (i(f) = I = const), To u3 (1.38) momyyum:

duc(t)

I1=C
dt

(1.39)

OyYeBUIHO, YTO ITOCTOSIHCTBO TOKAa BO3MOXHO TOJILKO B TOM Cilydae, eClyd KpyTH3Ha
M3MEHEHUs HaIpsDKeHWS Ha KOHIEHCAaTOpe HEeM3MEHHA, T. €. €CJIM HallpsDKeHMe MEHS -
eTcsl Mo JUHeWHOMY 3aKoHy (pacteT nipu / > 0 wim nagaet npu I < 0).

K 3TOMY BBIBOIY MOXKHO TIPUITH W OT IPYTOTO M3BECTHOTO UISI €MKOCTH WHTETPaTh-
HOTO BBIPAKEHMUSI:

1

Ue(t) = u0) + é i

Ecnu nonoxuts i(f) = I = const, Mo MOJyYuM:

u(t) = ug0) + %’. (1.40)

Orcroma BUIHO, YTO HampssKeHME Ha KOHICHCATOpe MEHsSIeTCSI, HauWMHasl ¢ Havyajlb-
Horo ypoBHs u-(0) = U,, o nuHeitHOMY 3aKoHY. KpyTu3Ha mM3MeHEHUSI HANPSLKEHUS
paBHa I/ C. OHa MOXET MEHSTBCS B IIMPOKUX TIpeIesiax TNCKPETHO — OOBIYHO HM3MEHE-
HHUEM eMKOCTH KoHaeHcaTtopa C U IJIJaBHO M3MEHEHHUEM Toka /.

ITpocTedmM CcIIOCOOOM TIOJYYCHUST TTOYTH JIMHEWHO HApaCTAIOIIEeTO HaITPsSKEHMST
aBisieTcsl 3apsn KoHaeHcaTopa C OT MCTOYHMKA HampspkeHust E depe3 pesucrop R.

E

3anyck unm

CUHXPOHU3aLus PaspsiaHoe
] ~

YCTPOWCTBO

I

Puc. 1.21. Obobujennasn cxema cenepamopa pazgepmiu

C

O06o0I1IeHHasT cxeMa reHepaTropa pa3BepPTKU, peaju3yIolIero 3TOT IMPUHIIUII, IMOoKa3aHa
Ha puc. 1.21.

IMycTh KMIOYEBOE YCTPOMCTBO BHavasie 3aMbikaeT KoHaeHcaTop C Ha 3emmio. Torma
OH OyneT pa3psbkeH M HampsbkeHue u,(0) = U, = 0 (ecad 3TO HaNpsLKeHHE HEeCKOJbKO
OTJIMIHO OT HYJIsSI, TO TIPUHLMITHAIBHBIX OTIMYMI 3TO He BBI30oBeT). [Ipm 3aKkphIBaHWMT
KJIFOUEBOTO YCTPOMCTBA HAIPsSDKEHUE Ha KOHAGHCATOPE HAYHET MEHSIThCS 10 DKCITOHEH-
LIMAJIbHOMY 3aKOHY:
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uc(t) = E(1 - /%),

Ecnu orpaHnunTth pocT HampsokeHUsT 3HaueHueM u (t;) = Uy, To ipu Uy, < E, ucno-
JIb3Ysl Pa3NOXEHUE B Psifi 9KCMIOHEHTHI, MOXHO TOJyYUTh CIEyIollee MPUOIMKEHHOE
BBIpAXXEHUE:

E
uc(t) = RC t.

HetpynHo nokasarbh, 4To KO3GMUUUEHT HEIUHEHHOCTH B JAHHOM CJIydae COCTABUT
BEJIMYMHY:

KH :(1 _Imin)/lmax :UM/E'

Hanpumep, eciu E = 100 B, To a1s1 moaydyeHus: kodbbuleHTa HEJIUMHEHHOCTU B
5% nomyctuMoe 3HaueHue U, MOJDKHO cocTaBisiTh 5 B. DTO roBOpUT 0 HEOGXOIUMOCTH
YCUJICHMST HANIPSDKEHUST Pa3BepTKU.

[ns pa3psiia KoHAeHcaTopa Haao OTKPBITh pa3psiiHOe YCTpoiicTBo. Yalie Bcero ato
YCTPOMCTBO SIBJISICTCSI OOBIYHBIM TPAH3UCTOPHBIM KJIHOUOM, U JJIsl YIIPABICHUS UM MOX-
HO TIPUMEHUTH TPUTTEP WIN XKIAYIIUNA MYJIbTUBUOpATOp. TakumM 00pa3oM OCYIIECTBIISIET-
CsI XKIylasi pa3BepTka.

ITpocTeiiiiumM TUIIOM aBTOKOJeOAaTEebHON pa3BepTKU CTajl €MKOCTHOW pejakcaTop
Ha mpubope ¢ S-00pa3HOl BONBT-aMIIEpHOI XapakTepucTukoii. Cxema puc. 1.17 mipu
9TOM HE€ MEHSIETCs, MPOCTO Pa3psiIHOE YCTPOMCTBO OyIeT MpeACTaBIsATb COOOM mpudop
¢ S-00pa3HOl BOJIBT-aMIIEpHOI XapaKTepUCTHKOI. B TakMx reHepaTopax MPUMEHSIINCH
BCE M3BECTHbIE MPUOOPHI TAKOTO POAA: HEOHOBBIE JIAMITbI, TUPATPOHBI, TUPUCTOPHI, Of-
HOTIEPEXOMHBIC TPAH3UCTOPHI W JIABUHHBIC TPaH3UCTOpPHL. Bce OHM, Kpome JTaBUHHBIX
TPaH3UCTOPOB, OKA3aJUCh CIUIIKOM WHEPLUMOHHBIMU U MOTJIM MCIOJb30BAThCSI B FEHE-
paTtopax pa3BepTku ¢ yacrotamu jo 10—50 kI'u. Hanpumep, TMpaTpoOHBI IPUMEHSITUCH
B JelIeBbIX MaccoBbIX ocummiorpagax ODY, BO-7 u np. Ilogaya Ha ympaBiasiiOLIM
SJIEKTPOI MIPpHOOpa CHHXPOHU3UPYIOIINX UMITYJIBCOB TTO3BOJISIET OCYIIECTBIISITh CUHXPO-
HU3ALUIO PA3BEPTKHU.

Psi1 mHTEpecHBIX CXeM T'eHEepaTopoB IMMJIOOOPA3HOTO HAMPSKEHWs Ha JaBUHHBIX
TpaH3KUCTOpax omnucaH B KHure [16]. [To cBonM mapaMeTpaM OHU BIOJIHE OTBEUYAIOT Tpe-
6oBaHMsIM K ocumorpadaM. OmMHAKO MIMPOKOTO TPUMEHEHUs B CEPUIMHBIX TTpUOOpax
TaK1e CXeMbl HE MOJYYWIU U3-3a KpallHE OrpaHMYEHHOU HOMEHKJIATYPhl CEPUIMHO BbI-
ImycKaeMbIX JaBMHHBIX TpaH3nuctopoB. B CCCP, k nmpumepy, BbITTyCKayCs JIMIIL TepMa-
HUEBbII NaBUHHBIN TpaH3ucTop I'T338, nmpenHa3HaYeHHBbIN IS TTOCTPOCHUST TeHEepaTo-
POB CTPOOMPYIOIINUX MMITYJILCOB JIJIsi CTpoOOCKommYecKux ociuiuiorpadon. [Mpumene-
HUE OOBIUHBIX TPAH3WMCTOPOB B JIABUHHOM PEXMME, TEOPEeTUYECKM U IMPaKTUUYECKU
BIIOJTHE BO3MOXHOE, B CEPUITHBIX MpHOOpax ObUIO MCKITIOYEHO, TTOCKOJIbKY JJABUHHBIN
pexXuM paboThl He ObLI TOCTUPOBAH.

CylecTByeT JBa OCHOBHBIX CIOCO0a reHepaluy MUI000pa3HOro HaMpsKeHUS C BbI-
COKOW JIMHEUHOCTBIO:

max

e 3aMeHa pe3ucTopa R TOKOCTAOWJIM3UPYIOLLEH LIETblO;
* OCYIIECTBJICHME €MKOCTHOI OTpULIaTeJIbHOI 0OpaTHOU CBS3M.

[lepBblii crioco® peann3yeTcs: JOBOJLHO JIETKO, ITOCKOJIbKY BOJIBT-aMIIEPHbIE XapakK-
TEPUCTUKNA MHOIMX aKTUBHBIX NMPUOOPOB (JIAMIIBI-IIEHTOAbI, OUITOJISIPHBIE M IIOJICBBIC
TPAH3UCTOPbI) UMEIOT MPOTSKEHHbIE YYaCTKU, B Ipeae/iax KOTOPhIX TOK CJ1a00 3aBUCUT
OT HampspkeHus. Harmpumep, cTabMIM3aTOPOM TOKA MOXKET CIIYKUTh ITOJIEBOM TpaH3M-
CTOp C HOPMAaJIbHO OTKPBITBIM KaHAJIOM, Y KOTOPOTO 3aTBOP COEIMHEH C MCTOKOM. Ta-
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Kasl 1IeTb SBJISIETCS TOKOCTAOMIM3UPYIOIIMM ABYXITOTIOCHUKOM, M €€ MOXHO BKJIIOYaTh
BMecTO pe3uctopa R. JIns pacuera KoadpduuueHTa HEJIMHEHHOCTH B 3TOM cClydae J10-
cTaToyHo 3aMeHUTh E Ha Ey, = I)R u R Ha R, rne R, — BHyTpeHHee CONMPOTUBIEHUE TO-
KOCTaOMIM3UPYIOIIETO ABYXIIOJIOCHUKA

CxeMBbl ¢ €eMKOCTHOIT 00OpaTHOM CBSI3bIO0 Ha JaMITaxX-TIeHTomax obecrieynBaan paHTa-
CTUYECKU BBICOKYIO JIMHEWMHOCTh — KO3(MMOUIIMEHT HEJIMHEMHOCTU MOCTHTa] 3HAYeHUe
nopsiaka 0,01% u Huke. Bo3MOXHO MO3TOMY CXeMbl TAKOTO pOja Ha3bIBAJIUCh (anma-
cmponamu [17]. Manyio HEJTMHEHHOCTb MOXKHO TTOJYUYUTb U OT CXeM Ha OUMOJISIpPHBIX U
MOJIEBBIX TPAH3UCTOpPaX U OCOOEHHO Ha OMEpPAllMOHHBIX YCUIUTEIIX. OaHaKO IJIsT CKO-
POCTHBIX pa3BePTOK TOCJIEAHNE He TOAXOMAT U3 HU3KMX TUHAMUYECKUX ToKa3aTesiell U
HM3KOI IpaHUYHOM YaCTOTHI.

B HekoTOphIX ocimiutorpadax UCIOIb3yeTCsl TaK Ha3bIBaeMasl 3a0epicanHas pazeepm-
Ka. DTO JOMOJHUTEIbHBIN TeHepaTop MUJIOO0Pa3HOTO HAMPSIDKEHUS C OOIbIION KPYyTU3-
HOI €ro M3MEHEHMUS, 3allyCKAEMBbIII OT OCHOBHOM pa3BEPTKU C PETYIMPYEMBIM YPOBHEM
3amycka. Takasi pa3BepTKa MO3BOJISIET MOJYYUTh PACTSIHYTHIA (hparMeHT M300pakeHus,
Harnpumep (ppoHTa UMITYJIbCa WM €T0o YacThu. MOXHO cKa3aTh, YTO TAKMM 00pa3oM pea-
JIN3YETCST «JTyIa BpeMeHMW». Takasi pa3BepTKa IIMPOKOTO PacipoCcTpaHEeHUs He Toydua
M3-3a YCIOXHEHUS CXeMbl ocuiorpada u HeoOXOIMMOCTH pa3MeIIeHNST Ha ero TepeI-
Hell maHe I JOTOJHUTEIbHBIX OpraHoOB yrpasieHus. Hekoropble 1oporue ocLuiorpa-
(BI MO3BOJIAIOT HAOIIONATh OOBIYHYIO M PACTSIHYTYIO OCLIMJLIOIPAMMBI OTHOBPEMEHHO.

1.4.6. Y35bl CUHXPOHU3aUuM ocuunnorpados

Kanan cuHxpoHM3auuu ocuuuiorpaca mpu3BaH MOJIePXKUBATh MEPHO IIOBTOPEHUS
HEIpepbIBHOM (aBTOKOJIeOATEIbHOM) pa3BepTKU CTPOTO KpaTHBIM TEPUOAY CHTHAJIA.
B mpocThix ocumiuiorpadax 3To JOCTUIaeTcs Mojaavyeil Ha BXOJA pa3psiIHOrO yCTpOMCTBa
puc. 1.21 vyactu BxomHOoro curHasa. OOGBIYHO YpOBEeHb CMHXPOHMU3AIUMU JeacTCs pery-
JIUPYEMbBIM C MOMOIIIbIO MOTEHIMOMETPA U PyuKU «CHHXpOHU3ALMS». DTO JACT MPUEM-
JIEMBII pe3ysIbTaT MPHU MPOCMOTPE CUHYCOUIATBHBIX KOJIeOaHWUIA.

OnHaKO HEKOTOpbIe CUTHAJbI, BKIIIOYAsl CMHYCOMIAIbHbBIC, MEHSIOTCS IJIABHO, 4TO
MOXET CO37aTh HECTaOMILHOCTD 3aIlycKa pa3BepTKu. [TosaTomy B ocumniorpadax BbICO-
KOTO KJIacca TIPUMEHSTIOTCSI CITelIMaibHbIe CXeMbl CMHXPOHM3AUU, (POPMUPYIOITUE TS
3aIycKa pa3BepTKU KOPOTKKME MMITYJIbChl C MajJIbIM BpeMeHeM HapacTaHust. OObIYHO [UIst
3TOTO WCTIOB3YIOTCSI IIMPOKOIOJNOCHBIE YCUJIUTENIM — OTPAHUYUTENM U auddepeHIn-
pytoinii RC-uienu. YacTo MpMMEHSIOTCSI M pereHepaTMBHBIC YCTPOMCTBA, HaIpUMep,
Ha ocHoBe Tpurrepa llIMuTa MM TpUTrTepa Ha OCHOBE TYHHEIBHOTO IHOJA.

1.4.7. Bnokn nutaHua ocuunnnorpados

BaxxHoe 3HaueHuMe 1J19 CTAaOUJIBHOM pabOThl ocuusuiorpacda MMeEIOT OJIOKU €ro MuTa-
HMs (Kak TMpaBUJIO, OT ceTU nepeMeHHoro Toka 110/127/220 B npu vactote 50/60 I'i).
Jnsg mutaHus ocLuIorpadoB TpeOyeTcsl HECKOIBKO pa3IMYHbIX HaTlpsiKeHUe:

e IIepeMeHHOe HarpspkeHue 6,3 B mpu Toke 0 1 A s NUTaHUsS HUTU Hakasa
OIIT;

e HampspKeHUe IOpSiIKa COTEH BOJIBT Ul MUTaHUS (POKYCUPYIOIIMX aHOIOB;

e HampsDKeHUE 10 HECKOJBKUX ThICSY B 711 TUTaHUST YCKOPSIIOIIETO 3JIEKTPOA;

e HanpspkeHue 50—150 B mist muraHus OKOHEYHBIX ycuuTeeil kaHainoB Y, X u Z;

e HampspkeHue 12—24 B mis muTaHus TpeaBapuTeIbHBIX YCWIMTENIeH, KaHala 3a-
IyCKa pa3BepTKU, KaHajla CUHXPOHMU3aluU U JIp.
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YpoBHM HaNpsDKeHWI yKa3aHbl NMPUOIM3UTEIbHO. B OJIOKe MUTAaHUS TIpUMEHSIETCS
TpaHcopMaTOp M OOBIYHBIC BHITIPSIMUTENIM — OTHOIIONYIICPUOMHBIC IS BHICOKUX Ha-
MPSKEHUI U IBYXIIOJIYNEPUOIHbIE (CO CpelHell TOUKOW MU MOCTOBbIC) I HU3KUX Ha-
TPSIKEHUH.

Hu13K0BOIBTHEIC MCTOYHUKY MUTAHUS HEPEIKO BBITTOIHSIIOTCS CTaOMIM3MPOBAHHBI-
MM UISI YMEHbBIIeHU Apeiida ycmnuTteneir u crabuimn3anmu ux KosdgduimeHTa ycuie-
Hus. Mcronb3yloTcsl cTaHOapTHBIE CXeMbl BBIMPSIMUTENCH M CTaOMIIM3aTOPOB HaIpsiKe-
HUI (OT IPOCTENINNX HA KPEMHMEBBIX CTAOMIUTPOHAX OO KOMIICHCAIIMOHHBIX CTAOMIIH-
3aTOPOB Ha CIELMaIU3MPOBAHHBIX MHTETPAJIbHBIX MUKpPOCXeMaX). B BBICOKOBOJIBTHBIX
BBIIIPSIMUTEIISIX YACTO MPUMEHSIOT CXeMBl YMHOXEHUST HATIPSKCHUIN.

Yewm BhIllIe KJacc ocuuuiorpada U MeHbllle TpedyeMasl OT Hero MorpeirHocTb u3Me-
peHUIA, TeM BBIIIC JTOKHA OBITh CTAOMJIBHOCTD MHUTAIOIINX HampsDKeHWA. [ mepBua-
HOI MHUTAIOIIeH CeTH XapaKTepHa HeCTaOMJIBHOCTh HampsbkeHus g0 10—20%, torma Kak
JKeJlaTeTbHasl HeCTaOMIBHOCTh HANPSDKEHW TTMTaHMWST ocIuyuIorpada JacTo He JOJDKHA
ObITH BbIle 1%. B cBsSI3W ¢ 3TUM CXeMbl CTAOMIM3UPOBAHHBIX OJIOKOB IMUTAHUS COBPE-
MEHHBIX OCLIMJUTIOrPadOB MPUXOANTCST PE3KO YCIOXHSTh, BBOAS CTAOMIM3ATOPHI IJIsT 60-
JILIIMHCTBA MUTAIOIINX HanpskeHUil. A 310 cHKaeT KIT 6710K0oB MuTaHus, yBEINYM-
BaeT paccerMBaeMylo MMM MOIIHOCTb M BEIET K YBEJIMUYECHUIO HarpeBa ocuusuiorpada.

Kaxk msBectHO, cyuiectBeHHoe noBbilieHue KITJ obecneuynBaroT MMMYJIbCHBIE MC-
TOYHHMKM BJIeKTponuTaHusd. OgHAKO OHW M3TYJaloT MMITYJIbCHBIC TTOMEXU C IITMPOKUM
cnektpoM. OHM BecbMa HeEXeJIATeIbHBI IS OCHUWIIOrpadoB, MOCKOJIBKY CO3HAIOT
LIYMbl M HaBOILKM, C KOTOPBIMM YpPE3BbIYAliHO TPyIHO OopoTbesd. IToaromy wmpoxoro
MMPUMEHEHMST UMITYJIbCHBIC MCTOUHUKM MUTAHUS B ocImIIorpadax He Mmoaydman. Mck-
JIIOUEHUEM SIBJISIIOTCS TIOPTaTUBHBIE OcLMJUIorpadbl ¢ MUTAHUEM OT aKKyMYJSTOPHBIX
OaTapeili — B HMX MPUMEHEHUE MMITYJILCHOTO TTpeo0pa3oBaTesisi HeM30eKHO.

1.5. MapameTpbl U BbIOOP 3N1IEKTPOHHBIX ocuunnorpadosB

1.5.1. OcHOBHbIEe NapamMeTpbl

Knaccuueckuii aneKTpoHHbBIN ocuuiorpad siBaseTcsl aHaJoroBbIM MpUOOpPOM, pa-
OoTaIINM B peajJbHOM MacllTade BpeMeHU. DTO 03HayaeT, UYTO BO BCEM TPaKTe YCUJIU-
BalOTCS HEIMPEpPBIBHBIC CUTHAJBI M TIPUHUMAIOTCS MEpHI 110 YMEHBIICHUIO WX MCKaXe-
Huii. Hanmpumep, B TpakTe Y ucclielyeMblil CUTHaJI COXpaHSET CBOIO (DOpMy, HO €ro
YPOBEHb pacTeT OT BXojJa ycuauTensl 1o ero Bbixoga v ractuH DJIT. IMo3xe OyaeT oT-
MeueHa crnendrka aHaIoroBo-1MGpPOBBIX U TeM Oosiee UG POBBIX ocimLiorpados, a
IIOKa OCTAHOBMMCSI Ha CHCTEME IapaMeTpOB aHaJOToBbIX ocumLiorpacdon. CorjiacHoO
I'OCT na ocummtorpadsr [18—22], mapaMeTpbl ocHMUIOrpadoB AEISITCSI Ha OCHOBHBIC
U JOIOJHUTEIbHBIE. K OCHOBHBIM OTHOCST CJIEAYIOIIME HapaMeTphl:

e 3HaYeHUS KO3(P(PUIIMEHTOB OTKIOHEHUS, MOTPEITHOCTh KO3(hGUIIMEHTA OTKIIO-
HEHMS WU CBSI3aHHAsI ¢ HUM MOTPEITHOCTh U3MEPEHUST HAPSIKEHUST;

e 3Ha4YeHUs KOA(MOUIIMEHTOB pa3BEePTKU, MOTPEITHOCTh KOd(hduimeHTa pa3zBepTku
WV CBSI3aHHAsI C HUM TOTPELIHOCTh U3MEPEHUSI BDEMEHHBIX NWHTEPBAJIOB;

e mapaMeTphl IepexogHoil xapakTepuctuku (I1X), BkiIrodas: BpeMsl HapacTaHUS;
BBIOPOC; HEPAaBHOMEPHOCTh BEPIITUHBI M BpeMsI YCTaHOBIICHUS;

* TapaMeTpbl BXOJa KaHAJIOB BEPTUKATBHOTO M TOPU3OHTAJIBHOIO OTKJIOHEHWUS,
BKJTIOYAs: aKTUBHOE BXOAHOE COMPOTUBJICHUE; BXOIHYIO €MKOCTh; KO3 (PUIIMEeHT
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1.5. [lapamempol 1 86160p INeKMPOHHBIX OCYUALOZPAPOB

CTOSTYCH BOJIHBI; ITOITyCKacMOE CyMMapHOE 3HaueHHWE ITOCTOSIHHOTO M IepeMeH-
HOTO HaIpsKEeHUSI;

e MAIA30H [IJIUTEJbHOCTEM pa3BEPTKU M IOTPEIIHOCTh M3MEPEHUSI BPEMEHHBIX
WHTEPBAJIOB;

e MapaMeTpbl CUHXPOHM3ALMK, BKJIIOYasl IMAIa30H 4YacToT; IpeaesibHbIe YPOBHMU,
HEeCTaOMJILHOCTb.

B panpHelilnem 5TM mapaMmeTpbl OyoyT OMMCAHbI TOCTaTOYHO moapobHo. [loka xe
OTMETHMM, YTO KO3((UIIMEHTHI OTKJIOHEHMS yKa3biBaloTcss B MB/nen wiu B/nen (uHorma
B MB/nen wnu B B/nen). Hanpumep, ecnu ykazano 2 mB/cMm, To 3TO 03HauaeT, 4To CUT-
Han B 2 MB BbI3oBeT oTkJiIoHeHHMe aydya Ha 1 cM. KoadduimeHTsl pa3BepTOK yKa3biBa-
10T, 32 CKOJIbKO HAHOCEKYHI, MUKPOCEKYHI WJIM CEeKyHH JIyd ocuuiorpada Impoimer
myTh B 1 cM.

INepexonHasg xapakTepucTHKa B TIepBOM MPUOIMKEHUN eCTh peaklns ociumorpada
Ha OBICTPBII TTeperaj HalpsDKeHUST (TEOpeTUYECKU ¢ HYJIEBOI JUTMTETbHOCTBIO). Bpems
HapacTaHMsI TIePEeXOIHON XapaKTepUCTUKU OLIEHUBAETCsI KaK BpeMsl HapacTaHMSI OCLIWII-
JIOTpaMMbl curHajia oT ypoBHst 10% ot ero mepenanga a0 ypoBHs B 90% OT BEJTUYMHBI
nepenana. OneHuBaeTcs (B MPOLIEHTaX) TaKKe KOPOTKMI BEIOPOC MEPEXOMHOI XapaKTe-
PUCTUKM WM MEJIEHHBIM crmam B o0sacTh OOJbIIMX BpeMeH. MHorma BBOOWTCS I1apa-
METp — BpeMsI YCTaHOBJICHUSI, KOTOPBII XapaKTepu3yeT BpeMsl, B TeUeHUEe KOTOPOro 3a-
BEpIIAIOTCS TTEPEXOIHBIC TTPOIIECChl PeaKIlMi Ha KOPOTKMI Tepernal.

1.5.2. JlononHuTesibHbIe NapaMeTpbl

K 10mosHuTeIbHBIM MapaMeTpaM 3JIEKTPOHHBIX OCLIMILIOrpadOB OTHOCSITCS:
e mapamMeTpbl AYX, BKJIIOYasl TOJIOCY IPOITYCKAHMST; HOPMAaJIbHBII IMana3oH 4Yac-
TOT; paCIUMPEHHbIN AMANAa30H YACTOT U OMOPHYIO YACTOTY;
e KOO OUIIMEHT pa3BsI3Ku MeXIy KaHajlaMu.
EcTb ¥ psig 9KCIUIyaTalMOHHBIX ITapaMeTPOB:

e pasMep dKpaHa TPYOKM IO AMaroHaau (B CAaHTUMETpax WW AroiiMax);
* YHCJIO AeJeHUI MacIUTaOHON CEeTKU IO BePTUKAIU M TOPU3OHTANIM;

e rabapuThl U Macca;

e HaIpsDKCHME MUTAHUS W TOTpedsseMass MOIITHOCTD;

e TeMIMepaTypHble U MHbIE YCIOBUS IKCILTyaTallM.

Pasymeercst, 4TO IepevyeHb STHUX MapaMeTPOB MOXKET ObITh paciuupeH. Hampumep,
MOXET YKa3bIBaThCsl AMAMETP ISTHA OT 3JIEKTPOHHOIO Jydya Ha 3KpaHe TpyOKu, mpese-
JIbHAsI CKOPOCTb PErucTpaliy MPOLECCOB, HEJIMHEIHOCTh MUI000Pa3HOro HaMpPsSKeHUsI
pa3BepTKU U T. 1. OCHOBHBIE TTapaMeTphl U(POBBIX OCHIIIIOrpadoB (CKOPOCTh BEIOOP-
KA 1 00BbeM MaMSITH) OyAyT pacCMOTPEHBI IIPU MX ONMMCAHWU B TJIaBe 3.

1.5.3. Bbi6op ocuunnorpados

Bo160p ocumiorpacdoB peako ObIBaeT MpocThiM AeaoM. CKopee Bcero, OH MpPOTUBO-
peuyrB M HeogHo3HaueH. [Ipexme Bcero OH 3aBUCUT OT 3a1ay, KOTOPBIE pelllaeT ero mo-
JIb30BaTeb. HaumHamoommii paaroto0uTeIb OyaeT paa MpOCTOMY U AeIIEBOMY OCILIMJLIO-
rpady, MMO3BOJISIONIEMY HaOII0OAaTh (POPMBI CUTHAJIOB B QWAITA30HE IO HECKOJIBKUX Me-
rararepil, a TO U HIKE.

Paguomacrepckue, rae TOXe OrpaHUYMBAIOTCS TAaKUM ocLuLIorpacdoM B mpumadyy K
TECTepy, TECTepbl BCTpeYaroTCsl pefako. HBIHEIIHSS 2JeKTpOHHAsI TeXHUWKa, OCOOEHHO
nudpoBast, OCHOBaHa Ha MPUMEHEHNM CJIIOXKHEHNIINX MPOoLIecCoB, 0e3 ocumiorpagpupo-
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I'rasa 1. Hcmopus u ocho8bL 94eKmMpPOHHOL ocyusrozpaduu

BaHUsI KOTOPBIX IMPOCTO He OOOWMTHCH HU NMPU €€ KOHCTPYMPOBAHUU W UCCIIETOBAaHMMU,
HM IIpY KauyeCTBEHHOM peMoHTe. Hepenko mpu peMOHTe Jaxe CXOXUX M3AeUil TpeOy-
I0TCsI pas3anyHble ocHwIIorpadbl M pas3inyHble PaavuoM3MepHUTeSIbHbIE MPUOOPHI, Ha-
MpUMEpP MYJIbTUMETPbI, F€HEPATOPbl CUTHAJIOB Pa3IMYHOM YaCTOThI U (DOPMBI, aHAIU3a-
TOPBI CIIEKTPa U T. II.

[IpuBenem mpuMep OCLIMJIOIPAMM, KOTOPbI€ IaHbl KaK KOHTPOJIbHBIE i CIyXO0
cepBuca, MmoHutopa Philips Brilliance 109 P40. Ouu maHsl Ha puc. 1.22 (MCTOYHUK —
KypHan «PeMoHT u cepBuc», 2003, Ne 9). DTo TUIIOBOIT aHAJIOTOBBIM MOHUTOP Ha KUHE-
ckore ¢ yactotoit kaapoB 50—160 ' u ctpok 30—110 kI'u. OcimimorpaMMbl yCTPOIi-

1 [ 7001, ebie. 3,7,11 2 [ 7001, eeie. 16 3 [ 7001, 6ois. 18 4 [ 7001, 8ois. 19 5 [7001, sois. 23 6 [ 7404, Boib. 14 7 | 7404, 608,13
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5 mkc/ gen 5 mkc/ gen 5 mkc/ pen 10 mkc/ pen 5 mkc/ nen 5 mkc/ pen 5 mkc/ nen
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| | | | I | | I
| 1 1 I 1 1 I
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5 mkc/ aen 5 mkc/ aen 10 mkc/ pen 10 mkc/ pen 5 mKc/ aen 5 MKc/ pen 5 MKc/ pen
NN fem=T! = 4 1 3 n
iy ey A e | 1 |qE 'y ot
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o il = lm == s WA (Nl
i aacd Ty T
I | |NNIN]
22 | 7567, sbis. 6 23 |7567, bis. 3 24 |7567, BbiB. 5 25 |7567, Bbis. 4 26 5501, BbiB. 5 27 | 7502, eis. B 28 | 7502, eis. C
10 B/ nen AC 10 B/ pen AC 20 B/ gen AC 5B/ gen AC 50 B/ nen AC 5B/ aen AC 100 B/ gen AC
5 mKc/ aen 5 mkc/ aen 5 mkc/ aen 5 mKc/ aen 5 mKc/ pen 5 mkc/ aen 5 mkc/ aen
[TTT 1
| | 1 I H } H
AN
Il | 1
- W 11 I 1
11 17 |
1 I
[T Il
29 [ 5503, ebie. 5 30 [ 7461, ebie. C 31 [7491, Bbie. 7 32 [7425, 6bie. E 33 [ 7541, ebie. D 34 [ 7453, Buie. C 35 [ 7453, ebie. B
50 B/ gen AC 5B/ aen AC 25 B/ pen AC 5B/ aen AC 100 B/ gen AC 100 B/ gen AC 100 B/ gen AC
5 mkc/ Aen 5 mkc/ aen 5 miKc/ pen 5 mkc/ pen 5 mkc/ Aen 5 mKc/ aen 5 mKc/ aen
T
I
M Il & I
o | ) W ~ =]
Ld “ | I T 1T 1T = — = =
> 1 T L] 1 1l 1
I
[
36 [ 5601, Bbis. 4 37 [ 7622, Bbis. 11 38 [ 7301, Buis. 4 39 [7301, 6l 9 40 [7301, 8ol 10 41 [ 7301, Bois. 13 42 [ 7301, 816, 14
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I
o N Jl l\ Al | 'll I LA LA 4
™ o -
| 1 | JTT Fl 1 ni ﬂ | | Il | Iy 1]
> W A Nodd add) Hrgded Y |
} } [ [ ] i i Il L !

Puc. 1.22. Ocyunnrocpammo. 8 KOHMPOAbHBIX MOUKAX AHAAO208020 MOHUMOPA
Philips Brilliance 109 P40
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1.5. I[lapamempor u 86160p 31eKMPOHHBLX OCYUALO2PADOB

CTBa CPABHUTCJIBLHO IIPOCTLI, XOTA U MHOFOO6pa3HbI. Mx Bce MoxHO HabJ0IaTh Ha

CPaBHUTENILHO IIPOCTOM aHAJIOTOBOM CEPBHCHOM ocLuuiorpade.

A Ha puc. 1.23 npeacTaBJICHbI OCHMIJIOTpaMMbl B KOHTPOJIbHBIX TOYKAX aHaJIOTUYHO-

ro 1o HaszHayeHuIo anrapata — MoHuTopa Philips 150P. OgHako 3T0 yXe

MOHUTOP HE

2 | 3312, BbiB. 1 3 | 3312, 8biB. 3 4 | 3312, 8blB. 4 5 |3312,8bi8.8 6 |3312,8blB.5 7 |3318,eb8. 1
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Puc. 1.23. Ocyunrnoecpammo. 8 KOHMPOALHBIX MOUKAX UUPPOBOSO MOHUMOPA

Philips 150P ¢ undukamopom Ha HUOKUX KPUCMAALAX
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I'rasa 1. Hcmopus u ocho8bL 94eKmMpPOHHOL ocyusrozpaduu

Ha KMHECKOIle, a Ha XMUIAKOCTHO-KPUCTAUIMUYECKON MHAMKATOPHOM IMaHEeIN, OCHAIIEeH-
HBIII MUKPOIIPOLIECCOPHBIM KOHTpOUIepoM. OCHMLIIOrpaMMbl 3TOTO MOHUTOpPA pa3uTe-
JIBHO OTJIMYAIOTCS OT MpeaiecTByomux (pyc. 1.22). BoJIbIIMHCTBO U3 HUX OYE€Hb CJIOXK-
HBbI U TIPEICTABISIOT COO0M MaykKy MMITYJILCOB CaMOM pa3HOOOpa3HOil (DOPMBI U MEPUO-
na. Hepeako BaxkHO BUIETh HE TOJBKO MX OOIIME OUYepTaHUsI, HO M BHYTPEHHIOI0, TTo14ac
OYEHb CJIOXHYIO CTPYKTYpY. TOJBKO MPU TaKOM BBIACICHUM MOXHO 3aceUb OIMH U3 CO-
TEeH KJIIOUYEN WJIM JIOTUYECKUX CXeM, KOTOPhIii COOUT B paboTe WJIM OTKa3ajl BOOOLIE.

B cnyuae, mokazanHoMm Ha puc. 1.23, MpOCTBIM CEPBUCHBIM OCLIMIIIOTPadoOM yXKe,
Kak mpaBujo, He 00oiTrCch. Hy>KHBI 1IMPOKOMOJI0CHBIE ocuuiorpadbl ¢ 3aaepXaHHOMN
pPa3BEepPTKON U MaMSIThIO, CUCTEMbl CUHXPOHM3AIIMU T€JIEBU3MOHHBIMU CUTHAJAMU C BBI-
0OpOM KalpoB M CTPOK U T. . U T. TI. DTUMU BO3MOXHOCTSIMU 00JIafAIOT JIUIIIb CaMmble
COBpPEMEHHBIE aHaJIoro-Lu(poBbie U UU(POBLIE 3alIOMUHAIOLIME ocLuIorpadsl. MHO-
raa TpeOyroTCsl MPUOOPHI C OCOOBIMM CBOMCTBAMU, HallpUMep aHAJOTOBBIM 3allOMUHA-
HHEM, aHaJIOTOBBIM ITTOCJIECBEUCHUEM U ¢ LUMPOBBIM JTIOMUHOMOpOM. JIBa mocaeaHux
TAMa ocuwuiorpada KOMUPYIOT BO3MOXHOCTU 3anomuHatoieir DJIT, Ho nmudpoBbIMU
METOIdaMU.

Eie xectye TpeboBaHUs K ocuusuiorpadam ajisi 1abopaTOpHbIX M HAYYHBIX MCCle-
noBaHuii. CoBpeMeHHasl 2JIeKTPOHHAsl TeXHMKa MHTeHCUBHO ocBanBaeTr CBY-guamnaso-
HBl M CyOHAHOCEKYHIIHbIE TIPOIIECCh. 31eCh yke He OOOWTHCH 0e3 CBEepXCKOPOCTHBIX
M@poBLIX ocuuorpadoB ¢ yacToTHLIM auarazoHoM a0 10 I'T, a B oTAeAbHBIX CTy-
yasx W Ha MOPsIIOK Oojiee BBICOKUX. Takue ociuutorpadsl BO BCeM MUPE JeTat0T TOJb-
KO HecKoJIbKO pupM. Mx HaMHOTrO MeHblIe, YeM (PUPM, CO3AAI0IINX KOCMUYECKIE KO-
pabu, aBuagaiiHEpPbl U AaBTOMOOWIIU.

B mocnenyomuyx riaBax Mbl 0030pHO PACCMOTPUM IPUHLIMUIIBI MOCTPOCHUSI, KOHCT-
PYKIIMM M TTapaMeTpbl OCHMIUIOrpadoB pa3IMyHOrO TUIA — OT MPOCTEUIINX aHAJIOTO-
BBIX JO CaMBbIX CJIOXHBIX U TOPOrMX LUGMPOBBIX U CTPOOOCKOMUYECKMX OCHUIIOTpadoB.
Ocoboe BHUMaHUE TIPU 3TOM YIEJEHO MX MHCTPYMEHTAIBHBIM BO3MOXKHOCTSIM M TIPaK-
TUKE TIPOBeIeHUSI M3MepeHuii. byayT BOepBbie onucaHbl HEe TOJbKO HOBEHMIIIME OCLIWI-
Jorpadbl Beaymmx (GUPM <«KJIaCCHMYECKOTrO» HACTOJBHOTO THUIA, HO W MUHHMATIOPHBIC
ocuuiorpadsl ¢ 6atapeiiHbIM MUTAHKUEM, OCLIUJUIOrpadbl-MyJIbTUMETPhI, OCLIMJLIOrpa-
¢uyeckme IATH W MPUCTaBKU K MEPCOHATBHBIM KOMIThIOTEpAM M JaxKe KOMIIBIOTepH-
3MpPOBaHHbIC J1aOOPATOPUU Ha UX OCHOBE.
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Mnasa 2. AHanorosble ocuunnorpadbl
LUMPOKOro NnpuMeHeHus

2.1. Jlyyuume u3 pesiukToB

2.1.1. Nlamnoebie ocuunnorpadpnl 50—60-x roaos ABagLaTOro Beka

B 50—60-x romax aBaaLIaTOro BeKa 3JIEKTPOHHBIN ocLLiorpad M3 yHUKAJIbHOIO
¢uznyeckoro mpubopa MpeBpaTUIICS B MAaCCOBBI MHCTPYMEHT (DU3UYECKUX U paauo-
TeXHUYECKMX JlabopaTopuit. Bo MHOroM sTOMy COmEiCTBOBAJIO TIPUMEHEHHE B HEM
SJIEKTPOHHBIX JIAMIT, HA KOTOPBIX MOXHO OBLIO CTPOUTH YCUJIUTENU BEPTUKAIBLHOIO U
TOPU3OHTAIBHOTO OTKJIOHEHUSI, TeHEPATOPhI Pa3BEPTOK, y3/IbI CHHXPOHU3AIIUN U CTaOM-
JIM3UPOBAHHBIE UCTOUHUKU 3JEKTPOIMUTAHUSI.

OgHMM U3 MEPBBIX OTEYECTBEHHBIX JIAMIIOBBIX OCHMJUIOrpadoB, MOXUBIIMX IO Ha-
IIMX Heil (B OCHOBHOM B IIKOJBbHBIX KaOWHeTax) ObUT HIKOJBHBIN ociuiorpad Tuma
ODIII-61. DTO 3aciayXEeHHBIA «ael» (eCIu Jaxe He «IIpaiel») COBETCKON OCLMJLIOrpa-
(uu. PazpabortaHHblil B gajekoM 1961 roay M BbIITyCKaeMbIii B OTPOMHBIX KOJUYECTBaX
MOCKOBCKHUM 3aBoA0M «DU33JIeKTPOITpUOOpP», STOT MPUOOP CKOPO YKe Kak IOJiBeKa Be-
poil U mpaBAO CIAYXKUT Jey 00pa3oBaHMs LIKOJbHUKOB U CTYA€HTOB. Ero u moHbIHE
MOXHO YBUAETH B LIKOJBHBIX U BY30BCKUX JabopaTopusix. Ho 3HaueHue 3Toro npudopa
ele 0oJblile — OH SIBISIETCS TUMTMYHBIM 3JIEKTPOHHBIM OCIUJUTIOrpaoM M Ha €ro Mpu-
Mepe TPOoLe BCEro MPOSICHUTD AETaI MOCTPOEHUs aHAJOTOBBIX OCLIMILIOrpadoB.

IIpuGop BBIIIOJIHEH II0 <«KJIACCMYECKOM» CXeMe DJIEKTPOHHOro ocuuuiorpada
(puc. 2.1). B HeM mpuMeHeHO 9 BJeKTpPOBaKYyMHBIX MPUOOPOB, BKIIOYAs SJIEKTPOH-
Ho-Jy4yeBy10 Tpyoky JI4 13JI037W. Bta TpyOKa ¢ AmaMeTpoM 3KpaHa B 13 cMm obecrieun-
BaeT JIOCTaTOYHO OOJIbIIME pa3Mepbl OCIIMJUIOrpAaMM, YTO BaXKHO TIPW HUCITOJIb30BaHUU
ocumuiorpada B 00pa3oBaHUU.

BxomHoit mccaemyeMblil cMTHAN MogaeTcs Ha 3axXuMbl «Bxom Y» 1 yepes moakimova-
eMbIl WJIM OTKJIIOYaeMblii KOMIEHCUPOBAHHBIA AEIUTENb HAIPSKEHMS IOCTyHaeT Ha
CeTKY JICBOII TTOJIOBMHBI ABOMHOTO Tprona JI,, Ha KOTOPOI BEITIOJTHEH KAaTOIHBIM ITOBTO-
putesb. OH MMEET BbICOKOE BXOIHOE COMPOTUBICHME M HU3KOE BBIXOJHOE COMPOTUBIIEC-
Hue. Yepe3 nmepeMeHHBIN TTOTEHIIMOMETP PETYIUPOBKHU yCUIeHUsI R, curHan ¢ moBTopu-
TeJIs1 MOCTyMaeT Ha OOBbIYHBIM YCUIUTEIbHBINA KacKaa Ha BTopoil mojioBuHe JI,. Takum
obpa3oM Ha Jamrie JI;, MOCTpoeH MpeaBapuTeIbHBIN YCHINTEIh ocuuIorpada.

OKOHEYHBIN yCWJIUTENh KaHala Y TOCTPOeH 1o mapacda3Hoit cxeme nuddepeHima-
JIBHOTO YCUJIMTEJISI Ha IBYX JIydeBbIX TeTponax JI, u JI;. DTu MoOIIHbIE JaMIIbl 00ecreum-
BalOT TIOJyYeHWE JOCTAaTOYHO BBICOKMX Tapada3HbIX HAMpPSKeHW, HYXXKHBIX UIST BO3-
OyXIeHUS TUIACTUH BEPTUKAJIILHOTO OTKJIOHEHUST ocumuiorpaguueckoin Tpyoku. Cum-
MeTpUYHas Togavya HalpsSoKEHUH pacKauykyd TUTACTUH  OOecCIieYyrMBaeT ITOCTOSTHCTBO
CpedaHero MoTeHIMaNa IJIaCTUH U CIIOCOOCTBYET XOpollei (hOKYCHpPOBKE IO BCEMY 2K-
pany. Jlyisi paciiMpeHusT TOJOCHl YCUIMBAEMbIX YaCTOT MCITOJIBb3YETCsT MPOCTasi WHIYK-
TUBHAsI KOPPeKIUs — KaTywku L, u L,.

I'eHepaTop rOpM3OHTANIBHOM Pa3BEePTKHU BBHIMIOJTHEH IO CXEME PEIaKCAallMOHHOTO Te-
HepaTtopa Ha TupatpoHe JI;. Ha ceTky TupaTpoHa momaeTcsi CUHXPOHU3UPYIOLIUI CUT-
HaJI 1100 ¢ BBIXOJA ITOBTOPUTENIS (BHYTPEHHSISI CUHXPOHM3aIusl), 1100 ¢ THe3ma «Bxon
CUHXp.» (BHEIIHSSI CUHXpoHM3auus). HanpsokeHre pa3BepTKM MOJydaeTcsl MpU 3apsiae
onHoro u3 KouaeHcaropoB C,,— C, uepe3 pe3ucTtopsl Ry, u Ry, [lepeMeHHBIN pe3ucTop
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Puc. 2.1. llpunyunuarvnan cxema ocyusrozpagpa O3II-61

Ry, obecrieyrBaeT MJIaBHOE M3MEHEHME YaCTOThl Pa3BEePTKU, a MEPEKIIOYEHUE KOHIEH-
CaTopoB — Trpyboe M3MEHEHUE YaCTOTHI.

Ycunutenb TOPU3OHTATLHOTO OTKJIOHEHMSI COCTOUT M3 KAaTOAHOTO TOBTOPUTENS Ha
snamre JI; 1 mapada3HOro BBIXOAHOIO KacKala ¢ CUMMETPUYHBIM BBIXOJOM Ha ABYX Jy-
yeBbIx TeTponax JI;, u JI;. UHaykTMBHAs koppekuus (Katywiku L, u L,) yiydiiaer yac-
TOTHbIE€ CBOICTBA BhIXOAHOrO Kackana. C BbIxoda KaTOAHOTO MOBTOpUTENs Ha jamme Jlg
UMIYJbChI, TponuddepeHunpoBantbie menoukoit C,y, C,), Ry, mOCTynmaior Ha ympas-
Jsioiuii anektpon (cetky) DJIT JI, u obecrneunBarOT 3anvpaHue TPYOKM Ha Bpemsi 00-
paTHOTO XO/a pa3BepTKU. TakuM 00pa3oM OCYIIECTBIISIETCS TallleHue 0OpaTHOTO XOaa, U
OH CTaHOBUTCSI HEBUAUMBIM.

B mpaBoii yactu puc. 2.1 BugHa TUIIMYHAS cxeMa dBJEKTPONUTAHMUST ocluIorpada.
Hanpsoxkenne nurtanust (+270 B) ycunuteneii, pa3BepTKM M BTOPOTO aHOAA TPYOKU
obecrieyrBaeT ABYXITOIYIEPUOIHBIN BHIIPSIMUTEIb HAa ABOMHOM AMONE — KEHOTPOHE
JI,. Tlynbcupytonee BBIXOJHOE HAIMPSDKEHUE BBITIPSIMUTENS CTIKUBACTCS MHIYKTUB-
HbIM, a 3aT€M €MKOCTHbIM (puabTpaMu. 11 MUTaHUSI KAaTOAHOM YacTu TpyOKM U MEepBO-
ro aHona HarpstckeHreM —850 B city>kuT BBITIPSIMUTETh Ha BHICOKOBOJIBTHOM CEJIEHOBOM
cronbuke BC,, a nys nutaHust TpeTbero aHoaa HampskeHueM +1100 B ciyXuT BeInpsi-
MUTENIb Ha cellecHOBOM cTosiouke BC,. SApKocTh TpyOKHM peryampyeTcss I3MECHEHUEeM Ha-
MPSDKEHUST Ha KaTo/ie ¢ TIOMOIIBIO MOTeHIIMOMeTpa R,y. POKyCUpOBKa peryaupyercs u3-
MEHEHUEM HaIpsDKeHUST Ha TIEPBOM aHOJIE C TTIOMOIIIbIO MoTeHImoMeTpa Ry, I[ToreHimo-
MeTpel Ry U R,y ciayxar Mg U3MEHEHUSI MOCTOSTHHBIX HAMpPsDKEHWH Ha TIacTHHAX
OTKJIOHEHMSI, YTO O0eCIeunBaeT CMeIleHMe JTyda 1o ocu Y 1 X, COOTBETCTBECHHO.

OCHOBHbIE TEXHMUYECKHUE XapaKTepucTuku ocuusuiorpada C1-6:

° YCWJIWTETb BEPTUKAJIBHOIO OTKJIOHEHUsS MMeeT mojocy vactor or 20 I'm mo
200 xI'1 ¢ HepaBHOMEPHOCTHIO YACTOTHOM XapaKTepUCTUKHU He Oojee 3 nb, Mak-
cuMalibHasl 9yBcTBUTEIbHOCTH 0,5 MM/MB, BxomHoe comportuBieHue 2 MOwm ¢
rapaJjuleJibHOM eMKOCThI0 He Gojiee 50 nd;
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* YCWJIUTETh TOPU3OHTAJILHOTO OTKJIOHEHUsI 00ecTeunBaeT UyBCTBUTEIBHOCTh HE
MeHee 45 mm/B Ha yactote 1 xI'L;

e HelpepbiBHAsI pa3BepTKa MMeeT 6 1Mana3oHoB U IepekpbiBaeT yacToThl oT 20 I'ix
no 18 xI'u;

e HEJMHEHHOCTh pa3BepTKU He TpeBbiinaet 10%;

* TpU BUAAa CHMHXPOHMU3AIIUU MCCICAYEMBIM CHUIHAJIOM, BHCIIHMM CUTHAJIOM M OT
CETU TICPEMCHHOTO TOKAa,

e BpeMsl HeTIpepbIBHOI paboThl pubopa 2 vaca;

* MUTaHUE OT CEeTW IepeMeHHoro Toka vactoroir 50 ' HampstckeHueM 127 u
220 B;

e rabapuTtsl ripubopa 235 x 395 x 475 mm;
e Macca mpudopa He 6ojee 14 Kr.

XoTsg no cpaBHeHUIO ¢ ocumiorpa¢oM bpayHa onucaHHBIN IIKOJIBHBINA OCLMIIOT-
pad KaxeTcsl UYyIOM TeXHHMKHU, Ha caMOM Jiejie Jaxke B Hadaje 60-X rofoB IMPOIILIOro
BeKa 3TO ObUI IMPOCTOM M MPUMMTUBHBIN ammapar. JJoBOJbHO CKPOMHBIE ITOKAa3aTeau
mprdopa oOYCIIOBJIICHBI MPUMEHECHNUEM B HEM HamboJiee MPOCTHIX, JOCTYITHBIX U JIeIlle-
BBIX pPaaMOJIaMIl TOTO BpeMEeHHU ¢ Maioil nodopoTHocThio Q = Kf. = S/21nC,, tie S — Kpy-
Th3HA Jamibl (B MA/B), a C; — 00111asi eMKOCTb JIaMITbl. DTOT TlapaMeTp OIpenesieTCsI
Kak mpousBeaeHue KoadduimeHta ycueHus K Kackaga Ha €ro BEPXHIOI T'PaHUYHYIO
yacToty f.. B oyeHb penkux ocuwmiorpadax 3Toro kjacca Iojoca 4acTOT YCUJIMTES
BEPTUKAJILHOIO OTKJIOHEHUS AoTsaruBajia a0 10 MTI'u.

B 3T roasl BBITYCKaJIOCh MHOXECTBO aHAJIOTOBBIX OCLHMJIIOrpadoB Ha 3JEKTPOHHBIX
nammnax, Hanpumep D03, 504, D05, D06 u T. 1. OgHUM K3 JIydIIUX ObLT OOJIBIION
nuMnyabCcHbIN ocuunorpad MO4 Ha tenexxke. OH Mmen aBa 0oJbIIMX OJJOKa — CTabu-
JIM3VPOBAHHOTO MUTAHUS W ocivuiorpadudeckuii. Ocmiuiorpad mMmesn moixocy yCuiu-
TeJisl BepTUKaNbHOTO oTKJIoHeHus1 10 MT', kannopoBaHHBIE pa3BepTKU (KaK HEIpephIB-
HYI0, TaK W XIYIIYIO), TPYOKY ¢ OOJIBIIIMM 3KpaHOM M Xopoireil okycupoBkoii. C mo-
MOILIbIO CTPEJIOYHOIO Mpubopa OH IO3BOJSI JOBOJBHO TOYHO H3MEPSITh CMELIeHUE
OCLIMJIOTPAMM, YTO TTO3BOJISITIO BRITIOJHSITE M3MEPEHUS XapaKTePHBIX YPOBHEHM CUTHAA.

Yucao maMm B TaKMX OCHMIIOTpadax ITOCTUTATIO YKE€ HECKOJNBKHMX IECSITKOB, YTO
BeJIO K OOJBLIMM pa3MepaM S3THUX alapaToB U WX OosblIoMy Becy. bbuin oOpasibl
IBYXKaHAJIBHBIX 1 TaKe MHOTOKAHAIbHBIX OCHMILIOrpacdoB.

Torpa xe 6bUTI0 CO3MaHO HEMAJIO YHUKAJIBHBIX TPUOOPOB, HAIIPUMEDP CBEPXCKOPOCT-
Hble ocuyuiorpadsl ¢ ycunuteasmu 1 DJIT Ha nuHUsX ¢ Oeryiieil BOJIHONH. DTU MacTo-
JIIOHTBI M3MEPUTEIbHON TeXHUKU OBLIA CIIOCOOHBI OTOOpaKaTh U MU3MEPSITh CUTHAJIBI C
yacToTaMu 10 Heckoibkux I'Tu. OgHako Takue 6osblue, Tskeable (1o 70 Kr), noporue
1 YHUKAJIbHBIC IIPUOOPHI 0BT MaJIOAOCTYITHBI OOJIBIIMHCTBY MHXXEHEPOB U JTaXKe Hayd-
HBIM paOOTHMKAM W MPUMEHSUIMCh B OCHOBHOM CIIELIMAIMCTaMU B 00JaCTU CKOPOCTHBIX
M3MEpPEeHUI B aTOMHOU TeXHUKE M (PU3MKEe OBICTPOIIPOTEKAIOIINX ITPOIIECCOB.

2.1.2. MaccoBble COBeTCKMe TPaH3UCTOPHbIe ocuunnorpadbl
60-x ropoB

B 60-x rogax 20-ro Beka OKOHYATEJIHbHO CHOPMUPOBAJICS MEPEXOL DIEMEHTHOM 0a3bl
ocmuiorpacdoB Ha TPaAH3UCTOPBI BMECTO JIaMII. DTO OBLIO BpeMsi OYpHOro paciBeTa
OTEUECTBEHHOI MMKPO3JICKTPOHUKHU, paboTaroleil Ha 000pOHHBIE 3aKa3bl U (hyHIaMEH-
TajJbHble KMcclienoBaHus. [IJIsl pa3BUTHUS HAYKWM M TEXHUKU TeX JIET TpeOOBAIUCh KPYII-
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Hble ¥ OOIIMpPHBIE HayYHbIe Pa3pabOTKU M uccienaoBaHus. Ocumuiorpadbl CTad OTHU-
MM U3 IEPBbIX BOCTPEOOBAHHBIX [JIsI HUX MHCTPYMEHTOB. M1 OHM BBIITYCKAJIUCh B OTPOM-
HOM KOJIMYECTBE, JaXe MPeBOCXOosdlleM NoTpeOHOoCcTH obopoHHOro komrmiekca CCCP.
YacTo OHM MO MHOTY JIET XpaHUJIUCh Ha ckianax Boiick B Bume 3UII m HenmpukocHO-
BEHHBIX 3armacoB. B To Xe BpeMsi peaJibHble IMOTPEeOHOCTU CUCTeMbl 00pa3oBaHUS U pa-
JIMOJII00UTENICTBA SIBHO HE YIOBJIETBOPSUIMCh — B Mara3uHax ocLuiiorpadbl He Mmpojaa-
BaJIMCh W TIOCTABJISUIMCH LIEHTPAIM30BAHHO B SIBHO HEMOCTATOYHBIX KOJIMYECTBAX.

IMocne pasBana CCCP u ¢axkrtuyeckoro paspyiuieHuss Hayku B Poccuu pacnanoch
OrPOMHOE YMCJI0O HAyYHBIX OpraHu3alnuii. B pe3yiabrare MHOXECTBO ocIuIorpadoB Tex
JIET TI0IaJI0 B KOMUCCUOHHYIO TOPIOBJIIO M CTajO AOCTOSIHUEM Ul PaauoIIoOUTEsICi.
B Hamre BpeMsT MOXKHO HaWTH TIPEIJIOXKEHMS ITO TIPOJAKe 3TUX HAIEKHBIX 1 YMEPEHHBIX
10 LIEHE aIlnapaToB CO CKJAI0B JOJTOBPEMEHHOIO XPAHEHUS.

Hixe B Ta6m. 2.1 TipeAcTaBieHBI XapaKTEPUCTUKU OTEUYECTBEHHBIX OCIMIIIOTpacdoB
Tex JeT. Bce mpubopbl MMeIOoT KaHain Y ¢ HYJIEBOM HUXXHEW rpaHUYHOI 4acTOTOM U Bep-
XHel rpaHnyHOl yactoToii fy. B kHurax [13, 14] MOXHO HAWTH TOBOJIBHO TOAPOOHOE
OIMCaHUe CXEM Y3JI0B 3TUX ocLuuiorpadoB. B 0CHOBHOM OHM BBITIOJTHSUTMCH Ha OObIY-
HBIX JUCKPETHBIX TPAH3MCTOPaX IO BITOJTHE OOBIYHBIM CXeMaM — CM. TJIaBy 1, rime cxeM-
HbI€ PEILLIEeHUsT TPAH3UCTOPHBIX OCLIMILIOrpadoOB ObLIM OTPaXKEeHBI.

Tabruya 2.1

Xapakmepucmuku mpaH3uCmoOPHboLX IAEKMPOHHbLX OCUUALOZPAPOB
60-x 20008 20-20 seka

o | T e, el T P e
C1-48 11 60 x 80 1 350 | 0,002-50 10/10 490 x 175 x 475 20
C1-68 1/2 60 = 80 1 350 | 0,001-50 5/5 225 x 160 x 360 10
C1-69 2/2 40 x 100 2 175 | 0,001-0,02 5/5 360 x 200 x 420 17
C1-45 11 30 x 60 5 70 0,01-30 10/10 174 x 220 x 425 8
C1-49 11 36 x 60 5 70 0,01-20 10/10 170 x 223 x 430 8,5
C1-73 1/1 40 x 60 5 70 0,01-30 - 200 x 80 x 250 3
C1-83 1/2 100 x 120 5 70 0,001-20 5/5 260 x 160 x 360 10
C1-67 11 42 < 60 10 35 0,01-20 5/5 225 x 160 x 360 10
C1-72 11 36 x 60 10 35 0,02-10 10/10 225 x 140 x 360 8,5
C1-77 1/2 60 x 80 10 35 0,005-10 - 225 x 160 x 360 10
C1-55 2/2 42 x 60 10 35 0,01-20 10/10 300 x 180 x 420 15
C1-93 1/2 100 x 120 15 23 0,004—-10 5/5 260 x 160 x 360 10
C1-63 1/2 48 x 80 25 18 | 0,02-10 6/6 300 x 180 x 420 18
C1-65 11 48 x 80 35 10 | 0,005-20 5/5 300 x 180 x 420 16
C1-78 11 80 < 100 35 10 | 0,005-20 5/5 360 x 200 x 420 19
C1-64 1/2 48 x 80 50 7 0,001-10 5/5 300 x 200 x 420 19
Cc1-71 11 48 x 80 100 3,5 | 0,005-10 - 300 x 200 x 420 19
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o | opma, e T P, e
C1-79 1/2 48 x 80 100 3,5 | 0,002-5 5/5 300 x 200 x 420 10
C1-75 1/2 60 =< 100 250 1,5 | 0,01-1 51 408 x 220 x 545 23
C1-52 Tenes. 60 x 80 12 29 0,1-5 5/5 410 x 198 x 455 25
C9-1 Tenes. 80 < 100 20 18 0,01-5 3/5 480 x 160 x 475 22
C1-81 1/1 80 x 100 20 18 | 0,01-5 2/5 360 x 200 x 480 18

W3 npuBeneHHBIX JaHHBIX MOXHO CleJaTh BBIBOI, YTO yxKe B 60-X romax IpoOIILIOro
BeKa (3BYYMT HEMPUBBIYHO, HO HE CTOUT 3a0BIBaTh, YTO HOBBIA BEK TOJBKO-TOJBKO Ha-
yajicd) YpOBeHb TEXHWUYECKMX ITOKasaTellel ocIMuIorpadoB OBLT JOCTATOYHO BBICOK.
B yacTHOCTH, MOSIBUINCH MOJEIU C TOJOCOM YacTOT UccaeayeMbix curHaioB ot 100 mo
250 MTIu. IlpaBma, Becunu Ttakue rpuoopsl 6ojiee 20 Kr, ObLIM OOJBLIMMU IO pa3Me-
paM, a IJIaBHOE, OYeHb JOPOTHMH M MaJIOJOCTYITHBIMM.

2.1.3. Ocuunnorpadsbl ana paguonioouTene u paguonioouTenbcKkue

B onBiiem CCCP mipennpuHUMaICh OTNpeeSieHHbIe TIOTIBITKA pa3paboTKU OCIIVII-
JorpadoB wis paguoaodourtesneii. LleaecoodbpazHOCTh TaKMX MOMBITOK IUKTOBAJIACh Mac-
COBOCTBIO PaIMOJIIOOUTENIHCKOTO NBUKEHUs. VI3 panuonoouTeneil BHIpOCIM MHOTHUE Ce-
pbe3HbIE CIIeLMATUCThl U HaydyHble paOOTHUKU. OZHAKO Jajiblie pa3padOTKU HECKOJb-
KMX JOBOJIbBHO MPUMUTHUBHBIX ocuumiorpagoB aeno He nouio — B CCCP atn
MpUOOPHI OBLIM IIpeAMEeTaMM MPECIOBYTOTO IIMPIIOTpeda, pa3paboTKa M M3TOTOBJICHUE
KOTOPOTO OOBIYHO OBLTA 3a MPEANPUITUIMUA 000POHHOTO KOMILIEKCA, 3aHSATBIMU OTBET-
CTBEHHBIMU pa3pabOTKaMu.

ITpumepoM oOAHON M3 TaKMX Pa3padOTOK SBJSETCS OCLUMILIOrpad paguoaro0uTe s
H313 npousBoactBeHHoro obdbeauHeHust «KpacHogapckuii 3UIT». D10 onuH u3 He-
MHOI'MX OCLWLIOrpacdoB, KOTOPBI MOCTYMaJl B pamvMoMarasvHbl U ObLI AOCTyIEeH (110
KpaliHell Mepe, B IPUHLMIIC) paauooouTteasM. B mpubope mcmnosb3oBajach MUHHA-
TiopHasa DJIT 5JI02U, Tak yTo pa3mMepbl 2KpaHa COCTaBAsIM Bcero 24 x 40 MM aj1s pa-
Ooueil yactu 3KpaHa. EcTeCTBEHHO, cUMTaTh TaKOW MPUOOP M3MEPUTEIbHBIM MOXKHO C

CHHXPORMIALHE. |

O g g

Puc. 2.2. Ocyunnoepag orsn paduoriobumeneii H313
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0OJIBLIOM HATSKKOM — IMOrPeLIHOCTh u3MepeHus coctabisuia 20% 1 TOJBKO MOCJe Ka-
JIMOPOBKM NpMbOpa Mo BHELIHUM Ipubopam kiacca 2,5% morna coctaBisath 10%.

Ycunutenb KaHajia Y 3TOro ocuwiiorpada BHITIOJHEH I10 JOBOJLHO HAaBOPOYEHHOM
CXeMe — B HEM MCTOKOBBI IIOBTOPUTEIb HA MOJEBOM TPAH3UCTOPE, ABa OINEePALIMOHHbBIX
YCWINTENIST U 8§ OUITONSIPHBIX TPaH3UCTOPOB. ECTeCTBEHHO, UTO BEPXHSISI TpaHUYHAS Yac-
TOTa Takoro <«arperara» Bcero 1 MI'u mpu HepaBHoMepHocTH AUX 20%. Paspeprka
npubopa umeet 21 dpukcupoBaHHyo cKopocTh oT 0,2 Mkc/men no 1 ¢/mnen. Takum obpa-
30M, MOXHO ObLIO TPOCMATPUBATh WMMITYJIbChl C UIMTEJBHOCTHIO OT | MKc 10 1 c.
Ocnoumtockon bpayHa 3To «4ymo» TeXHMKU, KOHEYHO, MHOTOKPATHO TTPEBOCXOINT, HO
JI0 TpeOOBAaHMIA K CEPhe3HOMY MaccoBoMy ocLworpady ssBHO He notsiruBaetr. Kcraru,
XOTSI IPUOOP U UMeeT Maible Tadaputhbl 245 x 70 x 278 MM (C KMpMU4), BECUT OH HeMa-
10 — 3,2 KT.

Bonee coBpeMeHHBII, HO TOXE yXe YCTapeBIMI, XOTS U IPOIaBacMbIii U TIOHBIHE,
cepBucHbI ocuuiuiorpad® C1-94 yxe BMoJHE YAOBJIETBOPSIET TPEOOBAHUSAM K TaKOIo
pona mpubopam. Pabouast oGiacte 3kpaHa 40 x 60 MMm. OH MMeeT 1oJ0Cy KaHama Y
0—10 MTI' u Bpems HapactaHusl He Oojiee 35 HC (BpeMsl YCTAaHOBJIEHMS TEPEXOTHOMU
xapakrepuctuku 120 Hc). BxogHoe compotuBieHue mpubopa 1 Mom mapasienbHO ¢
eMkocTbio 40 d. YysctBuTenbHOCTh mpubopa ot 10 mB/nen no 5 B/men. JInurenb-
HOCTb pa3BepTKHU (CKAylel u aBToKojebaTenbHoit) oT 0,1 mxc/men no 50 mc/men (18 mo-
sunmit). [TorpemrHocTh 3MepeHust 5%.

B Hame BpeMsi BbinyckaeTcss moaudukauusi 3toro ammapara C1-94/3 (puc. 2.3).
ITpuGop nmeer monocy mpomnyckanus 15 MI'1, a ¢ KOPPEKTUPYIOIIUM AEIUTEIeM Ha-
npskenust 1:10 maxe mo 30 MI'n mpu BpeMeHM HapacTaHMsl COOTBETCTBEHHO 28 U
12 Hc. BxonHoit nmnenanc yeunurenst Y 1 Mom napamienbHo ¢ eMkocThio 30 md, mak-
cumanbHoe BxomHoe HampsbkeHue 30 B (¢ menurtenem mo 300 B). UyBcTBUTENBHOCTH
npubopa mo BepTukanu ot 5 MB/nen no 5 B/men, nunamazoH pa3BepTok (aBTOKOJIEOATE-
JbHOM U kaymieit) ot 0,2 Mxc/aen mo 50 mc/men. IlorpeirHoCcTs U3MEPEHUST HaIpsIKe-
HMS U JUTUTEJILHOCTH He 6osee 5%. PasMepsl paboueit obmactu skpaHa 60 x 40 MM, ra-
Gaputser 100 x 90 x 280, macca 3,2 KT.

K coxanenuto, gaxe takue puoOOpsI ISt OOJBIIMHCTBA paJUOIIO0UTENEl T0CTaTOU-
Ho goporu. IloaTomMy MHoOrue cooOuparoT
ocuuuiorpadbl CaMOCTOSITEIHHO.

C BO3MOXHOCTSIMM TPaH3UCTOPOB B IIO-
CTPOCHUU PATUOTIOOUTETLCKUX OCIMIIOTpa-
(hboB MOXHO TTO3HAKOMUTKCS 110 OTIMCAHHON B
WHTepHeTe KOHCTPYKIIMUA CaMOTO TIPOCTOTO
ocumsuiorpacda, CONEPXKAIlEero BCEro TpU
TpaH3ucTOpa. BOT Kak JaHO ero omnucaHue
(cxema mpuBeneHa Ha puc. 2.4): «Mcnonb3ys
TPaH3UCTOPHl B TaK Ha3bIBAEMOM JIABUHHOM
pexume («Pammno», No 9, 1972 1.), MOXHO cie-
JIaTh TIPOCTOM ocuuyutorpad st HaOIIoneHUS
3a HU3KOYACTOTHBIMHU TIpOIlecCaMU B JMara-
30He oT 30 'y mo 20 kI

Ocuwinorpad BBIMOJHEH BCEro Ha Tpex
TpaH3ucTopax. [lepBblii Kackag — yCHJIMTETb
BEPTUKAJIBHOTO OTKJIOHEHUSI HAa TPAH3UCTOPE
[M26A—I126b. Btopoit xackam — TeHepaTop Puc. 2.3. Munuamwoproiii cepsucHbLii
pasBepTku Ha TpaHsucrope [1416A wnm ocyuanoepagp C1-94/3
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[1416b. U TpeTuit Kackag — yCUJIUTEIb FreHepaTopa pa3sBepTKU, IIe MOXHO MPUMEHUTh
TpaH3ucTopbl ¢ HampsbkeHuem Uxkomax = 70 — 100B (I1266). Ocuwiiorpacduyeckast
Tpyoka tumna SJI038 unu J10247.

Pesuctopom RI1 perynupylor amrummTyny BXomHoro HampspkeHus. IlepekiouaTenem
S1 ycraHaBaMBalT rpy0o 4acTOTy pa3BepTKH, a MJIaBHO — MoTeHuuoMeTpoM R10. Amr-
JINTYAY CUHXPOHU3ALUK BbICTABJISIIOT ITOTeHLIMOMEeTpoM R6. BepTukanbHoe 1 TOpU30OHTA-
JIbHOE CMEILEHNE BBICTABISIOT COOTBETCTBEHHO mnoTteHuuomerpamMu RY9 u R12. Ap-
kocth — R21, ¢pokycupoBka — R22. MouiHocTb TpaHcopmaTopa MuTaHust 0Koao 8 Br».
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Puc. 2.4. Cxema 3nekmponHo20 ocyusrocpaga Ha mpex mpaH3ucmopax

YnomsHyTasi B ONMCAaHUU CTaTbs B XXypHalie «Pagmo» Oblla OMHOM M3 MEepBBIX MyO-
JIMKAIMI aBTOpa 3TOM KHUTH I10 JAaBUHHOMY PEXUMY paOOThI OUITOISIPHBIX TPaH3UCTO-
poB. bonee moiHOe ommcaHue 3TOTO YAUBUTEIBHOTO peXuUMa pabOTHl TaHO B KHUTE
[16]. OOBEKTUBHOCTH pagy CTOUT OTMETUTh, YTO Oyab ocumiorpad puc. 2.4 mocrpoeH
Ha 0oJiee COBPEMEHHOI 3JICMEHTHOM 0a3e, HarmpuMep Ha MOIIHBIX MOJIEBBIX TPAH3UCTO-
pax [15], oH Mor Obl UMETH BMOJHE Cepbe3HbIe XapakTepucTuku. Ho B 11eJJo0M 3TO Kypb-
e3Hasl KOHCTPYKILIMS W HE MMEET IEePCIEKTUB CTaTh CEPUMHBIM ITPHOOPOM.

2.2. CoBpeMeHHble CepBUCHbIE aHaNoroBble
ocuunnorpadbl

2.2.1. CepBucHbie ocuunnorpadbl cepuin OCY n MPC

B Hamre BpeMst mpocTble M BIIOJIHE COBPEMEHHBIC TPAaH3UCTOPHBIC OCLMJLIOrpadbl
JacTO MMEHYIOT CepeuUcHbIMiU, TIOCKOJIbKY TaKKie MPUOOPHI IIIMPOKO MCIIONb3YIOTCS B pa-
INO- Y TEJACBU3MOHHBIX MACTEPCKUX, Ha PabOUYMX MECTax MPEIIPUSITUI, IIe OCYIIeCTB-
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JIIeTCA OCUMIIOTpaUUECKUi KOHTPOJIb PA3IMIHBIX W3, B YUEOHBIX JIADOpATOPH-
SIX U B paguoJIIOOMTENIbCKOM MpakTuke. HecMoTps Ha pa3pa®oTKy HOBEHIIMX LIU(PPOBBIX
ocuuuiorpadoB, MOTPEOHOCTh B MPOCTHIX CEPBUCHBIX ocHmuIorpadax ocraercs: 00Jb-
L0 B CUIIy LIEJIOr0 psida MPUYMH:

e QHAJIOroBbIe ocLMIIOTrpadbl HAMHOTO JeIIeBlie IU(POBbIX;

e C HMMM IIpolile paboTaThb;

e paboTa B peajbHOM BPEMEHU HCKJIIOYAET MCKAXXEHHUsS, IIPUHIMIIMAIBHO IIPUCY-
mue IUGpPOBBIM IIPUOOPaM U CBSI3aHHBIC ¢ KBAHTOBAHWEM CHUTHAJIOB, IIPOITYCKHU
CUTHAJIOB U 3allepXXKKM B UX BblIaye Ha DKpaH;

* PEMOHT aHAJIOTOBBIX MPUOOPOB HAMHOTO TIPOIIEC W JCIIEBIIC, YeM IU(PPOBHIX.

MOXHO BBIICIUTH IBA XapaKTePHBIX THIIA TaKUX ITPHOOPOB:

e MayiorabapuTHBIC OTHOKAHAJIbHBIC OCHIIIIOrpadbl ¢ IoJ0coit yactor oT 0 mo
5—10 MI'y u maccoii 2—3 Kr;

e JIByXKaHaJIbHbIe ocLujmorpadsl ¢ nmojocoii yactot ot 0 mo 10—30 MI'u u mac-
coit 6—8 K.

Heckonbko Takux ocuuyiorpa@os BeimyckaeTcs noj mMapkoit OCY — ocuusiorpa-
GBI cepBUCHBIC YHUBEpPCAJIbHBIC. DTO caMble AelIeBble M3 MPEICTABICHHBIX HBIHE Ha
pbiHKe ocuwuiorpadoB. Bopouem, HazbiBaTh ocuuiiorpadsr cepun OCY oTedyecTBeH-
HBIMU MOXHO TOJIBKO C HATSIKKOW — 3THM IPUOOPHI 10 KOHCTPYKIIMUA M XapaKTEPUCTU-
KaM aHaJIorMYHbI npubopam kutaiickoil Koprnopaiuu MPC Corp. (Illanxaii) u nHorga
nponatoresd mnoa Mapkoitr MPC.

Ocummnorpad OCY10A (puc. 2.5) u OCY10B (B ropu3oHTaJIbHOM UCITOJJHEHUU) —
caMbIil IpocToi M AemeBblil (1ieHa okojo 5000 py06.) mpubop u3 3Toit cepuu. DTO Of-
HOKaHaJbHBIN ocuuiorpad ¢ nosiocoi yactot ot 0 1o 10 MI'l 1 4yBCTBUTEIBHOCTHIO
mo ocu Y ot 5 MmB/nen no 5 B/nen, nuama-
30H pa3BepTOK (aBTOKOJEeOATEIHbHON U
xayieit) ot 0,1 mxc/men no 100 mc/nen.
Bxonnoit umnenanc ycunurenas Y 1 MOm
napajijieibHO ¢ eMKocThio 30 ndP, makcu-
MasibHOe BXomHoe HampstkeHue 400 B.
[MorpeirHOCTh U3MEPEHMST HATIPSKCHUS 1
JUTUTEJIbBHOCTU He 6ojiee 3%. Pasmepsl pa-
6oueit obmactn skpaHa 60 x 50 MM, raba-
putsbl 220 x 90 x 270, macca 3 KrT.

OCY20 mpocroit u pAemieBblil (1IeHa
okojo 10000 py6.) AByXKaHaJIbHBIA
ocumiorpad (puc. 2.6). OH uMeeT 1moJo-
cy yactot oT 0 1o 20 MI'y 1 YyBCTBUTEIb-
HOCTb 110 ocH Y oT 5 mB/nen nmo 20 B/men,
JIMarna3oH pa3BepToK (aBTOKOJeOaTeTbHOMN
u xmyuieit) or 0,2 mxc/men no 0,2 c/nen c
BO3MOXHOCTBIO pacTsikku B 10 pa3. Bxon-
HoO#l mmregaHc ycwmTenas Y 1 Mowm ma-
pamienbHO ¢ eMKocThio 30 md, Makcuma-
JnbHOe BxoaHoe HanpsikeHue 400 B (¢ me-
quteneM 1:19). Pexumbl oToOpaxxeHus: Puc. 2.5. Odnokanarvhoiii cepsuctoLll
kaHai 1, KaHam 2, U3MEHEHUe MOJSIPHO- ynusepcanorol ocyurroepag OCY10A
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2.2. Cospemetrnbie ceps8ucHble AHAA0208ble OCYUALOZPADbL

CTH B KaHaJle 2, CYMMHUPOBAHNE CUTHAJIOB
KaHajioB 1 1 2, mooyepeaHas KOMMYTaLUsSI
KaHayioB 1 m 2. ITorpenrHoCcTh U3MEPEHMUS
HamnpsKeHUsT M JUIMTEIbHOCTU He Ooliee
3%. Pasmepbl paboueil 00JacTM 3KpaHa
100 x 80 mm, rabaputbl 316 x 132 x 410,
Macca 7,8 kr. [Ipubop nMeeT BXOIbI KaHa-
J0oB X U Z, 9TO TIO3BOJISIET BBIIOJIHSTH
pa3IMyHBIe CIIeaIbHbBIC OCIUUIOrpadu-
YecKue M3MEepeHMsl, HallpuMep, KOHTPO-
JIMPOBaTh YaCTOTHI MO ¢urypam Jlnccaxy
WM HaOJIIoNATh BOJIBT-aMIIEpPHBbIE XapakK-

TEPUCTUKM HEJMHEWHBIX TIPUOGOPOB. Puc. 2.6. lsyxxanaronoil cepsucnblii
yHusepcaavhrolli ocyusrozpagp OCY20

2.2.2. OTteuyecTBEeHHble CEPBUCHBbIE ocuunnorpadsbl

K oTeuecTBEeHHBIM CEpPBUCHBIM OCIIIIOTpad)aM OTHOCHUTCS TTOPTAaTUBHBINA OCILIMII-
sgorpad C1-118. OH BBINOJHEH B IJIACTMACCOBOM KOpPITyCE€ M MMEET rabapuThl: 336 x
212 x 133, pasmep skpana 60 x 80, maccy 4,5 kr. C1-118 oguH 13 HEMHOTUX ITOPTATHUB-
HBIX ocluIorpadoB, UMM 2 KaHaja, rmoiocy npomnyckanust 20 MI't u pa3BepTKy
C BO3MOXHOCTbIO CHUHXPOHHU3ALIMU Teje-
BU3MOHHBIM CUTHAJIOM.

CoBpeMeHHBII CepBUCHBIA OCLIMJIIOT-
pad CI1-159 (puc. 2.7) 3TO MPOCTO B 00-
pallleHUM MajiorabapuTHbIi ocLuiorpad.

OH MOXeT OBITh PEKOMEHIOBAH CITeIra-
JIMCTaM TI0 PEMOHTY ObITOBOI ayiuMoBUAE- |
OTeXHUKHU, PAIUOIIOOUTENISIM, a TAaKXKe TSI
MPUMEHEHMSI B KayeCTBEe Y4EeOHOro Moco-

Ous B CpelHUX IIKOJaxX W TpodeccroHa-
JIbHO-TeXHUUYECKMX YYEOHBIX 3aBeICHUSX
IJIT 00y4YeHMsT paboTe ¢ ocHuiuiorpadom.
OrtoT npubop, Kak MociIenyolne npuodo- Puc. 2.7. CepsucHubiii ynusepcanrvHrboLii
pbl, ONMCAaHHBIE B OTOM pas/eiie, BbIITyC- ocyunnoepag C1-159

KaeTcst MUHCKUM NpHUOOPOCTPOUTETLHBIM

3aBomoM (www.belvar.com).

Texauueckune xapakrepuctuku CI1-159:

* KOJIMYECTBO KaHAJOB: 1;

e mooca mporyckanus: 10 MI;

e JMAama3oH 4acTOT CMHXpOHM3amuu: 10 15 MI;

e BpeMs HapacTaHus: 35 Hc;

e koadduimeHTs! otkioHeHus: 2 mB/nen...10 B/nexn;

e BxomHo# umrieganc: 1 MOm/30n®,;

e Makc. BXogHoe HampspkeHue: 250;

e KoahumeHTs pa3eptku: 20 He/nen...0,02 c/men;

* IIOrPELIHOCTb U3MEPEHUSI CUTHAjIa U BpeMeHu:  5%;
* HCTOYHUKW CMHXPOHM3allMU: BHYTPEHHUI, BHEIITHUIA;
e skpaH 60 x 40 mm (10 x 6 men);
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e IOUama3oH pabouux temmepatyp: +5 ...+35 °C;
e nmrandue: 220 B £ 10%, 50 I'u;

e TIoTpebasgeMast MOITHOCTE: 25 B [A;

e rabaputHbie paszmepbl: 350 x 260 x 110 mm;

e Macca: 4 KrT.

CemelicTBO cepBUCHBIX ocuuiorpagos cepuu C1-137 (puc. 2.8) pa3paboTtaHO st
CIIEIIMAICTOB TI0 PEMOHTY M OOCIY>KMBAaHUIO DPAAMOBTICKTPOHHON ammapaTyphl,
YCTPOMCTB aBTOMATUMKM, CPEIACTB CBSI3U, a Takxke Il paauoiaooureneii. Hanuuue pexu-
Ma cuHXxpoHu3aunu TB-curHamoM (pa3meabHO MO CTpOKaM U TIOJII0) 00eCIIeYnBacT CTa-
OuabHOE oToOpaxkeHue (GopMbl BUIEOCUTHATOB € TEJIEBM30pa WJIM BUIEOMArHUTOMOHA.
Br16op ompeneneHHON Momenu ocuuiorpada Io3BOIsIeT pellaTh pa3HOOOpa3HbIC W3-
MEpUTENIbHbIE 3aJaui HauboJiee ONTUMaTbHBIM 00pa3oM.

JByxkananbHbiil octmiorpad C1-137 ¢ monocoii mpomnyckanust 25 Mri siBisieTcst
0a30BOil MOJIEJIbIO 3TOM CEPUU U OTJIMYAETCS KOMIMAKTHONM KOHCTPYKILIMEi, HeOOJbIIOoH
Maccoii U TIPOCTOTOM yripaBieHus. Bricokasi 4yBCTBUTENBHOCTH TIpubopa (mo 2 MB/men)
MO3BOJISIET MMPOU3BOAUTH OOHAPYKEHUE TTOMEX, IIyMa, HAJIOKEHUs M UCKaXXeHMST Ha Ma-
JIBIX aMIUTUTYAAaX MCCeAYeMOro CUTHAIA.

Mopuens C1-137/1 MoxeT OBITh MCMOIb30BaHa B KaueCTBe 0a3bl Il CO3MaHMsT HeOO-
JIBIION W3MEPUTENIbHON JlabopaTopuu paauomacTtepa. DTOT KOMOWHUPOBAHHBINA TpU-
00p, OOBEAMHSIONIMI B OIHOM KOpIyce
JIBYXKaHaJIbHbIN ocuwiorpad u 3,5-pas-
psIHBIN UMPOBON MYJIBTUMETD C WHAM-
Kauuei mnokaszaHuii Ha KK-umHaukarope,
obecrieyrBaeT He3aBHUCUMbBIE OIHOBpE-
MEHHBIC M3MEPECHMUSI.

Cepusi  CepBUCHBIX ocuuiorpagoB
C1-160, C1-160/1 (puc. 2.9) npenHasHa-
YyeHa JUIsl BU3YaJIbHOTO HaOJI0eHUS dJIeK-
TPUUYECKUX CUTHAJIOB B IIOJIOCE YACTOT OT
10 T'u go 30 MI'u u u3MepeHus dIEeKTPU-
YEeCKMX CHUTHAJIOB B PeaJlbHOM MacIITade
BPEMEHM B JMala3oHe HampskeHuil ot 4
MB 10 40 B u mnureapHoctsio ot 40 HC 10
1 ¢ B monoce vactot ot 10 't mo 25 MTI'n
wia C1-160 u B monoce vacror or 10 I'g
g0 20 MI'u gnst C1-160/1.

Ocuumtorpad C1-160, kpome TOrO,
MOXXET MCIIOJIb30BaThCsl 711 HAOIIOACHMS
ImapaMeTpPoOB IBYXIIOIIOCHUKOB U TPEXIIO-
JIIOCHUKOB TPU MOMOIIMA BCTPOEHHOTO Te-
cTepa KOMIIOHEHTOB. BricoKkast 4yBCTBUTE-
JIBHOCTb TPUOOPOB IO3BOJISIET IPOU3BO-
IUTh OOHapyXeHWe TIoMeX, IIymMa U
HMCKaXXEHMI Ha MaJIbIX aMILIUTYIax Uccie-
JIIyeMOoTo curHaia. Hamnume pexxmma cuH-
xpoHmzanmu TV-curHama (o cTpokam
KagpaMm) oOecIeurBaeT CTaOMIIBHOE OTO-
OpaxeHue (hopMbl BUIIEOCUTHAA.

Puc. 2.8. CepsucHuiii ynusepcarvHoLli
ocyuanoepag CI-137

Puc. 2.9. CepsucHnuiii ynusepcanvHoLli
ocyunnroepag CI1-160
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TexHuyeckre xapaKTepUCTUKK 3TUX Ipubopos cepuun C1-160:

2.3.

noyioca mporryckaaust, MI'm: 25 (mst C1-160) u 20 (mnsa C1-160/1);

JMMana3oH 4acTOT CUHXPOHM3allMM U MOJI0Ca YAaCTOT HabJI0JaeMOro CUrHaaa: 10
30 MI'1;

KOJIMYECTBO KaHAaJIOB: 2;

nuana3oH Ko3(gduimeHToB oTkiIoHeHus oT 1 MB/nen no 5 B/men;

MPEeaesbl TOMYCKAEMOW OCHOBHOW OTHOCUTEIBHOU MOrpelHOCTU KO3 dulmeH-
TOB OTKJIOHeHUs1, % — *+4,0 — mist nojnoxenuii 1 MmB/nen u £5,0 mist 2 mB/nen;
ImapaMeTphl IIEPEXOMTHON XapaKTepUCTUKHU (He Oosee) BpeMsl HapacTaHus, HC: 14
(mna C1-160), 17,5 (mna C1-160/1), Bpemst ycTaHOBIA€HUST — 75 HC, BbIOPOC
9% — HepaBHOMEPHOCThb He 0osiee 3%, HEPABHOMEPHOCTh HA Y4aCTKE YCTAHOB-
nenust 9% v 15% — nnsa S B/nen;

BXomHOe akTuBHOe compotusieHue: 1 + 0,03 Mowm; BxogHass eMKOCTb He OoJiee
30 nd;

nuana3oH KoadduimeHToB pa3Beptku: oT 100 He/men no 0,1 c/men;

MPEaEbl TOMYCKAEMOW OCHOBHOW OTHOCUTEIBHOU MOrpelHOCTU KO3 duimeH-
TOB pa3BepTku: +4,0% 6e3 pacTskku 1 +6,0% ¢ pacTsKKOI;

Mpeaeabl TOIMyCKAeMOM OCHOBHOM OTHOCHUTEJBHON TOTPEITHOCTH W3MEpPeHUS
BPEMEHHBIX MHTEPBANOB 1jis1 KoadduuuenTa passeptku 0,1 mMxc/men +5,0% Ges
pacTsikky U + 6,0% ¢ pacTsiKKOi;

Tpeaeabl TOMyCKaeMOl OCHOBHON OTHOCHUTENIBHOM ITOTPEITHOCTH WM3MEPEHUS
AMIUTUTYABI X YaCTOTHI CJIeIOBAaHUSI UMITYJIbCOB Kannoparopa: +1,0%;

Mana3oH HaOJOJeHUST BOJIBT-aMIIEPHBIX XapaKTEPUCTUK B peXUME TecTepa
kommioHeHTOB (mst C1-160): mo Hamnpspkenuio (och X) *+12 B; mo Toky (och
Y) — +12 B;

moTpeodIsieMas MOLIHOCTL: He 0ojiee 65 B [A;

cpemHsisT HapaboTKa Ha oTka3: He meHee 8000 u;

rabaputHbie pa3mepsl: 410 x 310 x 145 Mm;

pa3mephbl akpaHa: 100 x 80 mwm;

macca: 7,5 Kr;

paboume ycIioBUsT IpUMeHeHUs: Temneparypa +5...+40 °C, Biaaxuoctb 80% mipu
25 °C, atmocdepHoe paBiaeHue oT 70 go 106 xIla mau ot 537 go 800 MM pr. cT.;

HanpsbkeHue nutatonieit cetu 220 B, yactora 50 £ 1 I'm.

CoBpeMeHHble OTe4eCTBEHHble YHUBepCcalJibHble
ocuunnorpadbl

2.3.1. OTeyecTBEeHHble YHMBepcCaJibHble ocuuiorpadbl

CoBpeMeHHbIC YHUBEPCAIbHBIC OCHIIIOTpadbl OTINYAIOTCS OT CEPBUCHBIX B OCHOB-
HOM Oosiee 1HMPOKOIl mojocoit yactoT (50 MI'u u Belle) U 0oJiee COBPEMEHHOI dJie-
MEHTHOI 0a30i1, ITO3BOJIMBIICH YIYUIINTH IMapaMeTPhl IPUOOPOB. DTO OTKPHIBAECT BO3-
MOXHOCTHM IIIMPOKOTO MPUMEHEHHUS TaKUX MPUOOPOB B HAYYHBIX MCCIEIOBAHUSIX U pa3-
paboTKax, a Takke B KauyeCTBe WHCTPYMEHTAJIBHOIO CPEICTBA HAaJAZKH CJIOXHBIX
TEXHUYECKMX U3IEIUi B MPOMBbILIIEHHOCTH. OOLIMpHass HOMEHKIaTypa 3TUX NMpubopoB
BBIMyCKaeTcss MUHCKUM IPUOOPOCTPOUTEIBHBIM 3aBOAOM. DTH IIPUOOPHI MOTYT MCIIO-
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JIb30BaThCsl B HAYYHBIX MCCIICIOBAHUSIX U
B KOHCTPYKTOPCKUX OPTaHU3AIIUSIX, 3aHsI-
ThIX pa3pabOTKON caMOil pa3IM4yHOU am-
raparypbl.

Ocuwinorpad yHusepcanbHbiii C1-126
(puc. 2.10) nmpenHa3Ha4YeH AJis UCCIEeI0Ba-
HUST 1 U3MEPEHUS TTapaMeTpOB OHOKpaT-
HBIX M TEPUOJUYECKUX IJIEKTPUYECKUX
curHajoB B nojioce yactoT (0—100) MTI'1x
MMyTeM BM3yaJIbHOTO HabJiofeHus U300pa-
xenust ¢opmbl Ha DOJIT. Tlpumensiercs
JUISl HaJIaIKW, WCIBITAHUM UM pEeMOHTA
3JIEKTPOHHOI armapaTypsl B JlabopaTop-
HBIX, LIEXOBBIX M TOJIEBBIX YCIOBUSIX. Mo-
KET OBITh WCTIONB30BAH I HAayYHBIX U
SKCTMEPUMEHTATIbHBIX UCCIeTOBAHUI B Ke-
CTKUX YCJIOBUSIX SKCILTyaTalliM.

HMmeer yeThipe KaHala TpakKTa BepTUKAJIBLHOTO OTKIOHEHUSI, KOTOPbIE MOIYT pabo-
TaThb B PEXMME MOOUYEPETHOTO, MPEPHIBUCTOIO U aBTOHOMHOIO pexuma KOMMYTAIlUu.
CurHajbl B pa3HbIX KaHajax W B Pa3HO#l MOCIeIOBATEIbHOCTH MOTYT CYMMUPOBATHCS
WJIM BBIYUTATBLCS C MOCJEAYIOIIMM BOCITPOU3BeNeHUeM pe3dysibTata Ha akpaHe DJIT. [IBa
KaHaJia SIBJISTIOTCSI OCHOBHBIMM, JIBA JAPYTMX — JOMOJHUTEIbHBIMU, TTPeIHa3HAYeHHBIMU
B OCHOBHOM [UJISl MCCIEIOBAHUSI CUTHAJIOB LIMGPOBBIX YCTPOUCTB.

Ocuwinorpad MMeeT ABe pa3BepTKU: OCHOBHYIO M 3ajepxkaHHyto. OCHOBHas pa3Bep-
TKa MOXeT paboTaTh B PeXKMMeE OJHOKPATHOTO 3amycKa. 3ajepkaHHasl pa3BepTKa Mo3Bo-
JISIET JeTaJIbHO MCCIIEAOBATh MHTEPECYIONINI yU4aCTOK OCIWJIJIOTpaMMBI, a TaKXe TMOBBI-
11aeT TOYHOCTh U3MEPEHMSI BpEMEHHbBIX MapaMeTPOB UMITYJIbCHBIX CUTHAJIOB.

Puc. 2.10. Yuusepcarvrolii 4-KkanaroHoLii
ocyuanoecpag CI-126

Texuunueckue xapakrepuctuku C1-126:

e KOJWYECTBO KaHAJOB: 2 + 2;

e peXHMBI OTOOpaKeHMs: KaHall A, KaHan B, M3aMeHeHUe TOJSIPHOCTU CUTHAja B
kaHane B, kanan C, kanan D, cyMmMupoBaHue curHaioB B KaHanax A + D, mo-
ouepeaHasi WM TIpepbIBUCTas KoMMyTalus KaHanoB A, B, C, D;

e mnosioca npomyckanus: 100 MI'i;

e BpeMs HapacTaHHs: 3,5 HC;

e KO3(GUIIMEHTH OTKJIOHEHUs 1o Beptukaiau 5 mB/men — 5 B/men (A u D),
0,1 B/nen — 0,5 B/nen (B u C) u 1| mB/nen — 1 B/nen B pexxume x5 (A);

e TOTPELIHOCTh M3MepeHust HanpskeHus: £3% (A u D), £10% (B u C);

e BXomHOI mMmenaHc: 1 Mom/25 n®,;

e MakcumaibHOoe BxomHoe HampspkeHue: 100 B (acpdextuBHOE 3HaueHue), 300 B
(¢ nenurenem 1:10);

e KO3 GUIIMEHTH pa3BepToK: ocHOBHOUM — 20 Hc/menm — 0,2 ¢/men (¢ yMHOXKCHM-
eM Ha 10), 3anepxxanHoit — 20 Hc/men — 20 mc/nen (c ynBoeHneMm Ha 10);

* TIOTPELIHOCTh Pa3BepTOK: OCHOBHOW +3%, 3anepxkaHHol +3%;

e pPEeXHMBI pa3BEePTKU: aBTOKOJIeOATEbHBIN, XKAYIIUIA U OJHOKPATHBbI;

° HCTOYHMKW CMHXPOHM3alMu: KaHai A, kaHan B, xanan C, kanan D, or cetu;

e BHYTPEHHSII CHHXPOHHM3alMs: OT KaHaioB A um D B 1nmama3oHe 4YacToT
10 Tu...50 MT'u m 10 T'u...100 MT'u anst kaHanoB B u C, BHeIIHSISI CHHXPOHM3a-
mus go 100 MI';
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e mosnoca yactoT B pexume X — Y: 20 I'u...5 MT'q (3 nb);

o kaymmoparop: meanap (1 xI'u, 0,6 B);

e okpaH: 100 x 80 mm (10 x 8 men);

e yckopstoulee HamnpskeHue: 15 kB;

e paboumuii guamnazoH Temneparyp: —30 — +50 °C;

e nwuranue: 220 B £ 10%, 50—60 I'u; 115/220 B £ 5%, 400 I'u;
e TmoTpebisieMast MoiHoCTh: 100 B [A;

e rTabapuTHble pa3mepsbl: 432 x 338 x 171 mwm;

e Macca: 8,5 KT.

Y100cTBO U MPOYHOCTh KOHCTPYKLIMU, BBHICOKAS BPeMEHHAas M TeMIIepaTypHasl cTa-
OWJILHOCTb XapaKTepU3yIoT nopTatuBHbIi ocuuiorpad CI1-127 (puc. 2.11). B Hem ecTb
BO3MOXHOCTb PabOThbl JOMOJHUTEILHO OT
HWCTOYHMKA ITOCTOSIHHOTO  HaIlpsDKEHMS
27 B (Hampumep, OT aKKyMyJsiTopa), 4TO
TO3BOJISIET PUMEHSITh TIPUOOP HE TOJIBKO
B CTALlMOHAPHBIX, HO U B IMOXOAHBIX YCJI0-
Busix. st aToro B ocuuiorpade mMmeeT-
cs CIeLMalibHbIi IpeoOpa3oBaTe/ib I10-
CTOSIHHOTO HaIlPSIKEHMSI.

Ocuwmuiorpad MMeeT IBa KaHajla TpaK-
Ta BEPTUKAJIBHOTO OTKJIOHEHUSI, KOTOPBIC
MOIyT paboTaTh B CJAEOYIOIIMX PEXUMAaXx:
HaOJIoIeHMe CUTHAJIOB B KaHaje A; Ha-
OI0eHNEe CUTHAJIOB B KaHane b; anre0-
panyeckoe CyMMHPOBAaHME CHUTHAJIOB Ka-
HaloB A u b; M3MeHeHue MOISIPHOCTU

Puc. 2.11. YuusepcarvHoili nopmamusHoli
ocyuanoepag C1-27 ora pabomer
CUTHaJIOB B KaHaje b. biaromapst wmpo- 8 CMAYUOHAPHBLIX UL NOXOOHBILX YCAOBUAX

KOMY TIPUMEHEHUI0O MUKPOCOOpPOK 4YacT-

HOTO TIPUMEHEHMSI, a TaAK:Ke MMITYJIbCHOTO
0JIOKA MUTAaHUS JOCTUTHYTO 3HAUMTEIbHOE CHIUKEHME Beca, rabapuTHBIX pa3MepoB, I10-
TpebJisieMolt MOLIHOCTU Tpubopa. Bce 3TO cyllecTBEHHO obsierdyaeT oOCIy:KMBaHUE U
JMAarHOCTUKY HEUCIIPAaBHOCTEl O0OPYIOBAaHMUSI HAa TPYOHOMOCTYIIHBIX OOBEKTaX U IPU
IBWKECHWW Ha Pa3IMYHBIX TPAHCIIOPTHBIX cpeacTBax. Hammume pesxknmoB X—Y, SIpKOCT-
HO#l Monmynsiuuu (Z-BXOI), pacIIMpPEeHHBI OMara30H 4YacTOT CHMHXPOHMU3ALMU IIpeno-
CTaBIISIOT JOTIOJIHUTEbHBIE (PYHKIIMOHATBHBIE BO3MOXKHOCTH TSI OTOOpaKeHMST UCCIIe-
JIyeMBIX CUTHAJIOB.

Texnuueckue xapakrepuctuku C1-127:

e KOJMYECTBO KaHAJIOB: 2;

* PEeXMMBI OTOOpaXeHUS: KaHall A, KaHan B; uameHeHue MoJsSIpHOCTH B KaHalie B;
CYMMMPOBAHME CUTHAJIOB KaHAJIOB A M B; moodepenHast uin mpepeIBUCTass KOM-
MyTalusl KaHajaoB A u B;

e Tojoca nporyckanus: 50 MI';

e JIMana3oH 4acTOT CMHXpoHM3auuu: 10 75 MI'w;

e BpeMs Hapactanust: 7 He (5 MB/nen...5 B/nen), 35 uc (1 mB/nen...2 mB/nen);
e k03 bUIMEHTH OTKJIIOHEeHUs 110 Beptukanu: | mB/men...5 B/nen;

e TIOTPELIHOCTh M3MepeHust HampskeHus:: *+3% (5 mB/men...5 B/men), 4%
(1 mB/men...2 mB/nen);
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Ocuumiorpad YHUBEPCAIbHBIN
Cl1-147 (puc. 2.12) obecneynBaeT BU3ya-
JIBHOE HaOJIOJEHNE U MU3MEPEHHE aMILIv-
TYAHBIX U BPEMEHHbBIX MMapaMeTPOB JIEKT-
pUYECKUX CUTHAJIOB MO IIKaje 3KpaHa
9JIEKTPOHHO-JIyuyeBOl Tpyoku. Ilepexiio-
yaembii BU/HY-bunbTp curHama cuH-
XpOHU3ALIMU  TMPEAOCTaBIsIeT  BO3MOX-
HOCTb TMOJIYYUTh YCTOWYMBOE M300paxke-
CUTHaja TIpU HAIMYUU  TIOMEX.
Hanuuue pexuma X—Y M03BOJSIET UC-
cienoBaTh  (DYHKIIMOHATbHYIO  3aBUCU-
MOCTb MEXIy NTBYMSI CUTHaJIaMM.

HUE
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BXomHOU mMmnenanc: 1 Mowm/25 nd;

Makc. BxogHoe HanpspkeHue: 100 B (apdpektrBHOe 3HaueHue), 300 B (¢ nenure-
qeMm 1:10);

koadunmenTs! pazseptku: 50 He/nen...0,2 c/nen (c ymHoxeHueM Hal0);
MOrPeIIHOCTh u3MepeHus: BpeMeHu: 3% u 4% (B pexxume yMHOXeHUs Ha 10);
pPeXUMBI pa3BepPTKU: aBTOKOJ1e0aTeIbHbIA, XIYLINI, OMHOKPATHBIIA;

WCTOYHUKN CHHXPOHM3ALNK: KaHal A, KaHayl B, BHelIHwmit, OT ceTw;
BHYTPEHHSISI CMHXpOoHU3a1us: Ha yactoTtax 10 I'...75 MTI'w;

BHEITHSISI CMHXpoHM3alust: Ha yactotax 10 I'm...75 MI;

pexum X — Y: momoca vactorT 20 T'm...3 MIu, kKoah@UIMEHT OTKIOHEHUS
2 B/nen;

kaymbparop: meanap (1 xI'u, 0,6 B);

pa3mep akpaHa: 80 x 60 mm (10 x 8 mein), yckopsitolee HanpspkeHue 8 KB;
mutadue: 220 B £ 10%, 50 I'u; 115/220 B + 5%, 400 I'u; 27 B £ 10% (C1-127);
nuanaszoH padouux temneparyp: —30 — +50 °C (g C1-127); +5 — +40 °C (ansa
C1-127/1);

rmotpeodsieMas MolIHOCTE: ceth 220 B, 50 B UA; OT MCTOYHMKA ITOCTOSHHOTO
toka 27 B, 30 Br;

rabaputHbie pa3Mmepsl: 405 x 295 x 130 MM;

macca: 5,5 Kr.

Puc. 2.12. ¥Ynusepcaavholii ocyusrozpag
Texuuueckue xapakrepuctuku C1-147: C1-147 (70 MTly)

KOJIMYECTBO KaHAJIOB: 2;

peXXUMBbI OTOOpaXkeHMsI: KaHal 1, KaHan 2, U3MEHEHUe TOJISIPHOCTY B KaHaje 2, CyM-
MHpPOBaHME CUTHAJIOB KaHAJIOB 1 1 2, moouepemHast KOMMYTalsI KaHaIoB 1 1 2;
noJioca npomnyckanus: 70 MTI'u;

JIMAna3oH 4acToT cuHxpoHu3auuu: 1o 100 MI';

BpeMs Hapactanust: 4,6 He (Ha nipenenax SMB/nen — 5 B/nen); 35 He (Ha npene-
nax IMB/nen — 2 mB/nmen);

K03 PUIIMEeHTH OTKIOHEHMS 1Mo BepTtukanu: 1 mB/men...5 B/nexn;

MOTPEIHOCTh M3MepeHust HampspkeHust: 3% (5 MmB/nen...5 B/men), 4%
(1 mB/nen...2 B/nen);

BxomHoO# umrieganc: 1 MOwm/25 n®;



2.3. Cospemennbie omeuecmseHHble YHUBEPCANLbHbIE OCUUALOZDAPbL

MakcuManbHOe BxomgHoe HampspkeHue: 100 B (acdbdextmBHOE 3Hauenue), 300 B
(c menurtenem 1:10);

ko3bduumentel pazseptku: 50 Hc/men...0,2 c/aen (C BO3MOXHOCTbIO YMHOXe-
Hus HalO);

MOTPENIHOCTb u3MepeHus: BpeMeHu: 3%, 4% (B pexkume yMHoOXeHUs Ha 10);
pPEeXUMBI pa3BepPTKU: aBTOKOJIe0aTeIbHBIN, XYW, OTHOKPATHBIN;

MCTOYHUKM CUHXPOHU3ALMMU: KaHa |, KaHan 2, BHEIIHUIA, OT CETH;

JIMara3oH 4acToT BHyTpeHHel cuHxponusanuu: 10 I'...100 MT;

JMana3oH 4acToT BHelHeid cuHxpoHuzauuu: 10 I'u...70 MTI'w;

B pexxumy X—Y: mosioca nporryckanus 20 I'm — 3 MI', koadduimeHTs oTKI0-
HeHus 2 B/nen;

kanu6parop: meanap (1 xI'w, 0,6 B);

pasmMepsl 3kpaHa: 80 x 60 MM (10 x 8 gen);

yckopsitoiiee HarpspkeHne DJIT: 8 kB;

Jana3oH paboumx temmneparyp: 5—40 °C

nuradue: cetb 220 B + 10%, 50 I'w;

notpedisiemast MOITHOCTE: 50 B [A;

rabaputHbie pazMepsbl: 410 x 300 x 130 mwm;

macca: 5,5 Kr.

Puc. 2.13. Ynusepcarovuoiii ocyurrozpag CI1-157 (100 MTy)

Ocuwnorpad C1-157 (puc. 2.13) saBnsieTcss yHUBepCaTbHBIM MOPTATUBHBIM TTPUOO-
POM U TpenHa3HaueH ISl UCCIeOBaHUS JIEKTPUUECKUX CUTHAIOB B TM0J0CE YacTOT OT
0 o 100 MTI'u, u3mMepeHust UX aMIJTUTYAHBIX U BPEMEHHBIX [TapaMETPOB MO IIIKaJe K-
pana DJIT. B mpubop BCTpoeH TecTep paalOKOMIOHEHTOB, C MIOMOIIbIO KOTOPOIO MOX-
HO TIPOBOJIUThH aHATU3 XapaKTePUCTUK TOIYTTPOBOAHUKOBBIX MPUOOPOB.

Texuuueckue xapakrepuctuku C1-157:

KOJIMYECTBO KaHAJIOB: 2;

peXuMBbI oTOOpaxkeHus: KaHal |, kaHal 2, U3MEHEHUE TOJISIPHOCTU B KaHaje 2,
CYMMUPOBAHUE CUTHAJIOB KaHAJIOB 1 1 2, mooyepeHasi KOMMYyTalusi KaHaIoB 1 1 2;

nosioca niponyckanust: 0—100 MT'w;

BpeMs HapacTaHus: 3,5 HC;

K03((UIMEHTHl OTKJIOHEHUS I10 BepTuKaau: 5 MmB/men...5 B/nen;
MOrPELIHOCTh U3MepeHUsT HanpskeHus:: +3%;
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e BxomHoIt mMmmenaHc: 1 MOm/25 nd;

e MakcumaibHoe BxoaHoe HampstbkeHue: 100 B (acpdextuBHOEe 3HaueHue), 300 B
(c nenurenem 1:10);

e koadduimenTs pa3septku: 20 He/nen...0,2 ¢/nen;

* MOTPEIIHOCTh U3MepPEeHUsT BpeMeHu: £3%;

* PEXMMbI Pa3BePTKU: aBTOKOJIEOATEIbHbBIN, XAYIIUIA, OMHOKPATHBIIA;

e yacToThl BHyTpeHHel cuHxpoHuzauuu: 10 I'u...30 MTI'u, 10 I'a...100 MT'u;

* YaCcTOThI BHEWIHeNW cuHxpoHu3auu: 10 100 MI';

e pexum X—Y: nojoca npomnyckanus 20 I'm — 3 Ml (3 nb);

o kaymmoparop: meanap (1 xI'u, 0,6 B);

e pasMmepsnl 3kpaHa: 100 x 80 mm (10 x 8 mem);

e ycKopsiolllee HarnpspkeHue: 8 kB;

e JMana3oH pabouux temnepatyp: 5—40 °C;

e mMTaHue: ceTh nepeMeHHoro toka 220 B £ 10%, 50 I'm;

e noTpedssieMast MOIIHOCTE: 75 B [A;

e rabapuTHbIe pa3mepbl: 395 x 338 x 169 mm;

e Macca: 8 KT.

YHuBepcaiabHbIE ocmuiorpadsl
Cl1-164 (puc. 2.14) npeaHasHauyeHbl ISt
HCCIIeNIOBaHUSI B IBYX KaHajaxX IMEpPUOIM-
YECKUX 3JIEKTPUUYECKUX CUTHAJIOB ITyTEM
n3MepeHus B mojoce yactot ot 10 ' go
150 MI'l X aMIIMTYOIHBIX TapaMeTPOB B
nuamna3oHe ot 20 MB mo 40 B (c menmure-
geMm 1:10 — go 250 B), BpeMeHHBIX Tapa-
METPOB B auaria3oHe oT 8 Hc mo 20 ¢ no
IIKajie  3KpaHa  3JIEKTPOHHO-JIyYeBOM
Tpyoku (BJIT) u ¢ momoIIbl0 MapKepoB,
BM3yaJIbHOTO HaOJIIONEHUST B TTOJIOCE Yac-
tor oT 10 I'm mo 200 MI'1 Ha sKkpaHe
OJIT, a TakKe Ui U3MEPEHUS TapaMeT- Puc. 2.14. YHusepcaavholii ocyusrozpag
POB IABYX- U TPEXITOJIOCHUKOB IIPU ITOMO- C1-164 (150 MI'y)

I BCTPOGHHOTO TeCcTepa KOMITOHEHTOB.

B ocuumnorpade npuMeHeH coBpeMeHHbIT PIC-KoHTposIep, 4To MO3BOJMIO Opra-
HM30BaTh 3JIEKTPOHHOE YIIpaBJIeHUE PeXXMMaMU pabOTHI M, C TTOMOIILIO MapKepoB, W3-
MEepSITh aMIUIMTYIHbIC, BpeMEHHBIC M YaCTOTHBIE IapaMeTpbl CUTHAIOB. OTIMYMUTENIb-
HOM 0COOEHHOCTBIO oclusuiorpada sBisieTcss npuMeHeHre uMnoptHoi DJIT ¢ MoBbI-
IIEHHOU SIPKOCTBIO U MaJIbIMU T€OMETPUISCKUMU MCKAXKEHUSIMMU.

O061acTh TIPUMEHEHUS: PEMOHT, HaJllalKa, SKCIUTyaTalvsl Pa3IddHBIX 3JEKTPOHHBIX
MPUOOPOB U y3710B aBTOMATUKM, BBIYMCIUTEIbHON TEXHUKU U CBSI3U.

Texunueckue xapakrepuctuku C1-164:

e TI0JIOCA YACTOT M3MepsieMbIX cuTHaoB: 150 MI;

e IMamna3oH YacTOT CMHXpoHm3amuu: 10 200 MI;

e nUama3oH KO3(D(OUIMEHTOB OTKJIOHEHMS II0 BepTUKanu: oT S5 MmB/men mo
5 B/nen;

* MOIPEIHOCTh KOA(MOUIIMEHTOB OTKIOHEHUS U L(PPOBOro U3MEPEeHMsI pa3HOCTU Ha-
MPSDKEHUI Mexay Kypcopamu: 3%, rpu paboTe ¢ BHelHUM aejutenem 1:10 +4%;
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* BpeMsl HapacTaHUs TIepexXoaHON xapakTtepuctuku: 2,3 He (2,5 He ¢ penutenem 1:10);

e BBIOpOC MepexoaHoi xapakrtepucTuku: 9% (10% — ¢ genutenem 1:10);

e BpeMsl YCTAaHOBJIEHUS TEPEXOAHOI XapaKTepucTuku: 18 Hc;

* HEpPaBHOMEPHOCTh MEPEXOIHON XapaKTepucTuku: 3%:;

e HEPaBHOMEPHOCTh MEPEXOIHON XapaKTePUCTUKU Ha yJacTKe YCTaHOBIECHUS: 9%;

e nuamna3oH Ko3dduumeHToB pasBepTku: oT 20 Hc/aen no 0,2 ¢/men;

* TIpe/iebl TOMyCKAaeMOll OCHOBHOUW OTHOCHUTENIBHOM TOTPEITHOCTH KO3 hUIIneH-
TOB Pa3BePTKU U M3MEPEHUSI BpEMEHHBIX MHTEPBAJIOB MEXIy KypcopaMu JUIsl KO-
apdunmenToB passeptku ot 0,1 mMrc/men no 0,2 c/nen: +3% 6e3 pacTsSKKU U
+4% — c pacTSDKKOIA;

e B pexxume X—Y: mojoca mnporyckanus 20 I'm — 2 MI;

e pabouast yactb 3kpaHa DJIT: 100 x 80 mm;

e Macca ocuusiorpada: He 6osee 8 KT;

e Macca ocuwniorpaga B IOTPeOUTEILCKOI Tape: He 0ojee 12 Kr;

e rabapuTHBIC pa3Mephl ocuiuiorpada: He 6osee 415 x 405 x 170 mm;

e moTpebisieMass MOIIIHOCTb: He Oosiee 90 B A

e cpemHss HapaboTka Ha oTka3: He MeHee 8000 u;

e JMAaTa3oH HaOJIONEHMST BOJIbT-aMITIEPHBIX XapaKTepUCTUK: 10 HaMpPsDKeHUIo (OCh
X) — = 12 B; o toky (och Y) — +12 B;

e pabouue ycIOBUs MpUMEHeHUs: Temmepatypa +5...+40 °C, BnaxHocts 90% mipu
25 °C.

YpoBeHb 0eJIOpYCCKUX OCHMUIOrpadoB BIIOJHE COOTBETCTBYET CPEIHEMY MHPOBOMY
YPOBHIO TaKUX MpUOOPOB. B 3TOM HeTpynHO yGeauThCs U3 OMKMCaHUS Hauboyiee Macco-
BBIX 3apyOekKHBIX MOjeJIeli COBPEMEHHBIX aHAJIOroBhIX ocuuLiorpadoB. Ho 1mo maccora-
OapUTHBIM [OKA3aTe/IsIM U BHEILHEMY BUAY HAllX MPUOOPHI IPOUTPHIBAIOT JYYILIKM 00-
paslam ocuuiorpadoB 3apyoexKHbIX hUPM.

2.3.2. CoBpemMeHHble YHuBepcaJsibHble ocuunnorpadbl pupmbl Good Will

Ha poccuiickoM pbeIHKE M3MEPUTEIBLHON ammapaTrypsl IIAPOKO TPEICTaBICHBl YHU-
BepcajibHble aHayjioroBbie ocuuiorpadsl cepun GOS komnanuu Good Will (Instek).
Mx mapaMeTphbl M Jaxke KOHCTPYKIMS OJU3KM K mapaMeTpaM M KOHCTPYKLMU OIHCaH-
HBIX BbIIIEe oclusuiorpadoB. B cBI3u ¢ 3TUM paccMOTpUM MPUOOPHI 3TOM cepuu 0030p-
Ho. [TogpoOHO ¢ HUMM MOXHO O3HAKOMMTLCS Ha caiite pupMsl «IIpuct» www.prist.ru,
MpoAaalolleil 3Tu MprudOpPbl HA POCCUNCKOM PBIHKE.

Hauboee mpocTeiMu B cepuu SIBIISIIOTCS cepBUCHBIC ocuutorpadsl GOS-305 ¢ mo-
snocoit yactor 5 MI'u u GOS-310 (puc. 2.15) ¢ nmonocoit 10 MTI'u. IlpuGopsl BHelLIHE
mout uaeHTUIHBL. Ocmwuiorpadg GOS-310 mMeeT HOMOJHUTEIBHO CHHXPOHU3AIINIO
TEJEBU3UOHHBIM CUTHAJIOM. [Tpubopbl uMeroT pexxuM X—Y, XOpolIrii 1U3aifH U BBICO-
KO€ 3HaUYeHME OTHOIICHUSI Ka4eCTBO/IICHA.

Mpu6opsr GOS-620/620FG — »10 20-MerarepiieBbie IBYXKaHAIbHbIE OCLMJIOrPa-
(¢BI ¢ BBICOKOI UyBCTBUTEJIBHOCTHIO B KaHaie Y — 1 MB/men. Ilpnbopbl mMeOT CUH-
XPOHM3ALIMIO TEJIEBU3MOHHBIM CUTHajioM, BxoA Z u Bbixoa KaHaia CHI. Mopenb
GOS620FG (puc. 2.16) uMmeeT BCTPOECHHBII (DYHKLUMOHAJIBHbINA FeHepaTop, TeHEPUPYIO-
IO CUHYCOMIAIBHBIN, TIPSIMOYTOJBHBIII M TPEYTOJBbHBINA CHTHAJIBI C YacCTOTAMHM OT
0,1 Tu mo 1 MI'm m monHoM amMruMTynoii 1o 14 B mpu BBIXOZHOM COIPOTUBIICHUU
50 Om. BxomHoit mmriegaHc mpuoopos 1 MOM mapamienbHO ¢ eMKocThio 25 nd. Pas-
Mepbl ipudopa 310 x 150 x 455 mm, macca 8,5 Kr.
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TexHuveckune XxapaKTepHUCTUKUA OCIIMTI-
norpadoB GOS620/620FG mnpencraBieHbl
B Tabjulle, rMoka3aHHo Ha puc. 2.17. bo-
Jee HoBas cepust npubopoB GOS-622G u
GOS-626G uMeer 3KpaHHYIO rpaduKy U
KYPCOpHbIE U3MEPEHUsI.

JIByXKaHabHbIE ocuuiorpadbl
GOS-635G (puc. 2.18) umerot mosiocy va-
CTOT BEPTUKAJIBHOTO OTKJIOHEHUS OT — JI0
35 MTIu, MakcuManabHyI0 YyBCTBUTENIb-
HocTh 1 MB/men, cMHXpoHU3alUIO Teje-
BU3MOHHBIM CUTHAJIOM, BXOJ KaHajla Z,
Boixoa KaHama CHI, psin monmoaHuTesb-
HBIX (DYHKIIUI Pa3BEPTKU.

TexHuveckue XapaKTepUCTUKUA OCIIMJI-
norpagoB cepun GOS-6XX mpexncrasiie-
Hbl B Tabauue (puc. 2.19). ITomumo
ocumutorpadoB GOS-635G B Heil mnpea-
CTaBJICHBI JaHHBIE IO POACTBEHHBIM MO-
nensm GOS-652G/653G/658G.

HoBast  cepust  4eThlpexKaHaJIbHbIX
JIByXJIy4eBbIX octuuiorpadhos GOS-6000
comepxutr 30-MerarepueBble  PUOOPHI Puc. 2.15. Ynusepcarohoii
GOS-6030/6031 1 50-MerarepiieBbie mpH- manozabapumnelii ocyusrozcpagp GOS-310
60pel GOS-6050/6051. YyBCTBUTEIBHOCTh
npubopoB 1o Beptukanu oT 1 mB/men no
20 B/men. [pu6opsr GOS-6031/6051 nume-
0T pacIIMpeHHBIE BO3MOXHOCTHU: KypPCOp-
HbIe U3MEPEHUSI, 6-pas3psiIHbIi LUGPOBOI
U3MEpPUTENIh YaCTOTHI, 10 yCTAaHOBOK Imamsi-
TA JUIS 3alucy OCUMIIorpamMMm. Y Bcex
IMPUOOPOB €CTh CUHXPOHU3ALINS TEJICBU3H -
OHHBIM cHMTHajoM, BbIxon KaHayna CHI,
BXxon KaHajna Z, 3BykoBas n KKW-unmm-
Kaumsi. Pasmepbl mpubdopos 275 x 130 x
370 mm. Ha puc. 2.20 mokazaH BHEUTHUI
Bun ocuuutorpados GOS-6030/6050. ITy-
CTOe MEeCTO Ha TepeJHeil MaHeN 3aHSTO Puc. 2.16. YHusepcaavnoiii ocyusrozpag
JIOTIOJTHUTEIBHBIMU  OpTaHAMM  yTIpaBJie- GOS-620GF ¢ scmpoennoin
Hust npuGopos GOS-6031/6051. dyHKyuOHANLHOILM 2eHepamopom

Cepusa GOS-6112/6103/6103C — 100-mMerarepleBbie ABYXKaHAIbHbIC OCLMJIOrPa-
bt (puc. 2.21). B wmomenr GOS-6103C BcTpoeH 6-paspsimHbIii  YacTOTOMED.
B GOS-6103/GOS-6103C mpeaycmorpeHo 10 ycraHoBok mamaTtu. B mpubopax
GOS-6103/G0OS-6103C mnpemycMOTpeHa aBTOMATUYeCKas YCTAaHOBKA ONTUMAJIbHOM
JUTUTEJIBHOCTA pa3BePTKU. Y BCeX MPUOOPOB MMEIOTCSI 7 PEeKMMOB KypCOPHBIX U3Mepe-
HUI, TaHeJIb MU(GPOBBIX KOHTPOJIBHBIX (DYHKIINA, CBETOOUOAHBIC M 3BYKOBBIC MHINKA-
TOPBI, TEJIEBU3MOHHAs CMHXPOHU3AIIMsI, BBIXOJ TPUITEPa, BXOJ KaHayia Z.

HauGonee mmpokomnosocHbiMu — sBisitorcss  200-merarepiieBble  ABYXKaHaJbHbIE
ocumutorpacdsr GOS-6200 (puc. 2.22) co BCTPOSHHBIM LU(GPOBBIM 6-pa3psimiHbIM LUd-
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XapakrepuCcTHKH NMapamMeTpbl 3Ha4yeHnn
Kaman sepTHEATEHOTD [Mamoca mporryerarnea (-3 4B | 0...20 MMy (0.7 MY npu younedun '5)
OTHIIOHEHEA Koag. oTknonedna (K 1 5 mB/gen...5 Bfgen (war 1-2-3), ycunenne 5
[lorpenmacTe FeTAHOEEH +3 % (5 % npH yoHNEHKHK D)
Ko'm:u.
Ferymporxa Km_ TlmaEHOE DepekpEITHE B 2,5 pasa
Mlake. BXOOHOR 300 B (DC+AC nmi, go 1 klw)
HanpAx*xeHe
Brmog xaHama | 20 mBEfnen Ha S0 Om
Kaman ropemonramesore | Kosd. pazeepTki (P{pm_) 0,2 mrc/nen...05 cipen (war 1-2-5), pactaxka 10
OTHIOHE A [IOrpeIIHO CTE YETAHOBEE +3 % (5 % npu pactaxke 10)
Kpux.
PervmpoEka Kpm_ TInaeHOE MepekpEITHE B 2,05 pasa
P 3] 34y cKa pasbep T | Asroxonebaremersem, wyundt, TH
P YHEIHOH AT HEIH YacToTHBI ARana’oH 0,1 Mu... 1 MMy (7 nfamnanazoHoe, NAaEHOR
reHeparop pEMYNHROEKE)
(GOS-620F ) & opMa BEEOAHOTO CHTHATA CHEyC, IpAMOYTOIE EME, T e YT OBHME
BroogHoi ypobeHD Oa 14 B nuk-nuk, NNAEHAA peryIMpoEKa
[TocToMHEOE CHETITEEHE +46 B
Koo ¢ drmmenr raproms <2 % (10 My 100 k)
Bpema HapacTasmafciaga <120 Ho Ha 50 Om
A CHMMETHA MIITYIIE COB +2 % (Ha 1 Kl
BrooogHoe ©oopOTHETEEHHE 50 0m
H OIIOIEETETEHEE CHED O ERBATTHA AFTOBRIOON CHEDYIOCHTHAIR
BOSMOBEHOCTH Y oexog PasBepThA BHEIUHEM CHTHATIOM
Z-B¥0g T OIIAT A APEO CTH YA
O bupe gaHHBIE 3T 2210 gen (] gen= 10 rma); 2 kB
HanpsoseHie TR 115230 B (£ 15 %), 50460 My,
[abapiTHELe pasMepsl 31071507455 tm
Macca 20 wr

Puc. 2.17. Texnuueckue xapaxmepucmuxu ocyurrozpagos GOS620/620FG

\ﬂ!ﬂlmﬂ!ﬂlm

Puc. 2.18. ¥Yuusepcarvnoiii ocyurroepag GOS-635G (35 MI'y)

poBbIM u3MeputesneM. OcoO0eHHOCTb OCLMLIOrpacoB — BO3MOXKHOCTb BBIICJICHMS U3
TeJeBU3NOHHOTO curHajia pa3nnuHbix cucteM (NTSC, PAL, SECAM) oTnenbHBIX Tee-
BU3MOHHBIX cTpoK. Ecth 10 ycTaHOBOK mamsiTh, 7 BUAOB KYPCOPHBIX M3MEPEHUIi, ma-
HeJIb YCTAaHOBOK LU(POBOro MyJbTUMETpPA, 3ByKOBasI M CBETOAMOMHAS WHAWKAIIUS, BBI-
XOJI TPUITEpA Pa3BEPTKU, BXOJ KaHaja SIPKOCTU Z.
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XapaxTepuciuim MNapameipbi 3Ha4YeHnA
Fanan sepremamsioro | Manoca np omyeraree (-3 46) OO3-622G/826G: 0. 20 MMy, (10 MMy — 1, 2 mBinen)
OTEIICOHEHHA GOS-E35G: 0..-35 MMy (10 MMy - 1; 2 mBfnen
GOS-652G/HE53G/H58G; 0%a0 MMy (15 MMy —1; 2 mBf
nen
Koag. oTknoHenua (K 3 1 mBinen..5 Binen (war 1-2-5)
Torp elHOeTE yeTaHoERM K, +3% (x5 % npu 1 mBinen. 2 mBinen)
Perymy oEka Kcrm-:. [TnabHoE Mep eRPEITHE B 2,5 pasa
Zagepima poo by axeHpo B ostamezio Habmogernte mep emero dponTa
(G0S-658G)
Ilake. BXOOHOE HAMNPANEHHE 400 B (DCH+AC nuk, fo 1 kW
Brriog kamana 1 50; 100 mBfnen Ha 50 Om
Kanan Koz, paseepTku A (DCHOBHEA) 0,1 mecdnen. .05 c/nen (war 1-2-5), pactaxka 10
TOPHROHTATEHOND Koad. paseepTe B 0,1 sme/gen. 05 moinen (war 1-2-5), pactasxka 10
OTETINHEHHA (3amepkaHHan)
(GOS-653G/HB586)
Tlorp MO CTE ¥oTAHOEEK Kpml +3 % (5.8 % npu pacTaxke r10)
Perymmy oEka Kpug_ [InabHoe Mep eRPEITHE B 2,5 pasa
ZagepmEa SATTYCKa passepTEM B 1 MKEC...5 MC, NNAEHAA PEMYNHPOEKS
Peamis 3aITy cKa passepTiI Opporparsedi (GOS-B26G/HB52G/H653G/H5805),
AETORONERATENLHEIR, Ay LWKHE, TB
Pemamer paboTe pasEepTok A, Anogceedennaa B B
Kypropesie Pyrpm v, Twoh, TvdB, OT, 1/TT, IT%, Dj
HEMET e HHA Paspenreme 145 memernta
(GOS-626G/HB586) Ouanazonsdd. M3MEpeHUA Mo sepremama+ 3 Aen, N0 rOpUM3oHTaNKM £ 4 nen
Tlorp enHO CTE HEMep eEHA +3 % B 3 deRTHEHOM AHAaTazOHe
Tl 0TI OITHETEITE HE 18 (BB O HICT AITRLA AFBTOEBIDON CHMED OCHMTHANS (2-KAH. eI, PeTyimpoEKa
EOSHOMEDCTH CTABHIE 0 OTH T ATy 0Ka
GOS-R26G/H5%G: ABTOYCTAHOEKS YHOEHA
Y exon ParEepTES BHETLHENM CHIHATIOM
Z-B¥0f ] opyTLAL A APKOCTH YA
"DEparHat rpad iR GOE-E26G/H655G
CBLITEE AatEELe 3NT 8310 gen (1 gen = 10 nand); 12 5B (552 G); 2 kB
Hanpmeere mrarmm 100/120/220/2308 (£ 10 %], 50/60My
TabapemeeLe pasmeps 31071507455 mm
Ilacca 2.2 Kr

Puc. 2.19. Texnuueckue xapakmepucmuxu ocyuarnrozpagos cepuu GOS-6 XX

Puc. 2.20. Ocyunnozpagor ynusepcarvuoie GOS-6030 /6050

[MoapoOHbBIe TeXHUYECKUE XapaKTepUCTUKU ocuuiutorpados cepuit GOS-61XX/6200
MpeacTaBlieHbl Tabnuieir Ha puc. 2.23. DTH NMpUOOPHI SIBISIOTCS CAMBIMU «MOLIHBIMI»

CpelM aHAJIOTOBBIX YHUBepPCaabHbIX ocLuaorpados gupmbl Good Will Instruments.
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[

— S 1T —

Puc. 2.21. Ynusepcanrohotii
100-mecazepyesuoiii ocyuarrozpag

Puc. 2.22. YnusepcarvhoLii
200-mecazepyesoiii ocyurrozcpag

GOS-6103 GOS-6103
AapaKTepucTHEK MapameTpsl 3xaqenua
Fapan sepriwametioro | [Tonoca nponyekasss (-3 0B) G360 0,100 MMy 20 WMy - 2 mBigen)
OTRIIOHEHHT G03-6200: 0...200 MMy, (20 MMy, - 2 mBinen)
CrpaHMYeHMe nonocel Nponyckadua — ao 20 My
Koad. otknonenua (K 2 mBinen... 5 Binen (war 1-2-5)
Tarpenmoets yeraoemr K +3 % npu pazMepe uzo0bpawedua & gen.
Perymporxa Km [naEHOe DepekppITHe B 2.5 pata
SagepEma HE00p ane Bosraoszo Hafumogetee mep egeero 4 oHTa
Ilakc. BXOZHOE HAIPDKEHHE 400 B (DC+AC nuk, oo 1 klw)
Faran Komd. pazeeptku A (0cHoeHaA) | GOS-61:¢ 50 welnen.. 0,5 c/pen (1-2-8), pactaxka "0
TOPHE OHTATBHOTE GOS-E200; 20 vefgen.. .05 cfgen (1-2-5), pactaska 10
OTHILOH SR Koxd. pazeepren B GOS-6ls 50 Hefnen... 50 me/aen (1-2-8), pacTaska 10
[FanepxanHan) GOS-6200: 20 Hednen.. 50 moinen (1-2-5), pacTamka
10
Horpenmocrs YCT&HDBprm_ +3 % (£5 % npu pactaxke 10)
Peryrrpossa I{Pm IMnasHoe nepekpsTHe 5 2,5 pasa
FaepiEEa ATV CRA paskepTri B 1 mKc...5 ©, NNaBHaA perynMpoBka
Peuamie! 5 aIycka pask epToK A FTOROTE i aTelk MBI, ayuRst, 10
Pesomr1 pafioTe! paskepTor A, AuB, B
Exypeopieie Dyrrano D, Thss, TvdB, T, 14T, T2, D
EfEMER BHELT Paspernerme 17100 genermo
Metanasos add. MIMEPEHME Mo pepremamt + 3 4N, N0 FOPM3I0HTANM £ 4 gen
T10rj eLIHO CTE MEMEREHET +3 % B 3 ekTMEHOM JMANaZ0HE
ABTOMATHE CEHE Dy £ T, 1, (1) 100 % (koad. sanonHenus)
HIMepeHIT YacToTHE I HATas oH 50 Ty,.. 100 MMy (5103CY; 200 MMy (5200
(GOS-E103C/A200) DOpMAT HEAFKATE 6 PaspAROE
Tl orp eUTHOGTE MAMEREHET +0,01 % (1 &b 100200 MMy,
+ 005 % (50 Myt W
T 0TI OITEE T e HE TS Cromep oxmpmarpes Perymmogp opka cTabimeHo0TH 2aITy0RA
BOSMOMEDOTH Emox spipenerme TH cTpox NTEC, PAL; SECAM
(GOS-6200)
AFTOVCTAHOBER G03-5200: Binen, c/nen, ypoBeHE CHHXROCMIHANA
G03-610348103C: cinen
Y Brog, Pa7E e TiA BHELIEET CHIHATIOM
Z-BH0g IV 0y TLAee AR CTH TS
Drpanmad rpadema Ha
Coxp aneente mpodemedt Sarmer/ e Earme Ao 10 opodemed (spome 6112
Emorepoeka Meaies o mamem HOa
Cbupe gasHeIE 2T 8310 gen (1 gem= 10 »ma); 16 5B; 12 5B (6112
Hanpsere mramm 100B/120B/2308 (+ 10 %), 5060 My
TafiapHTHEL pasMepEL 31071507455 mm
Macca 0.0

Puc. 2.23. Texnuueckue xapaxmepucmuxu ocyusrozpagos cepuii GOS-61XX /6200
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2.3.3. CoBpemMeHHble YHuUBepcanbHbie ocuusnorpadpbl cepumn ACK

OOIIMPHYI0O HOMEHKJIATYpy HA POCCUICKOM PbIHKE OCHMIUIOrpadoB Mpeaaraet oob-
enuHenne AKTAKOM, B KoTopoe BOIUIM MPOU3BOAUTETN U3MEPUTEIHHON TEXHUKU U3
Poccumn u psima 3apyoexsbix ctpaH. [Tog Mapkoil 3TOil KOMITAHWU BBIMTYCKAETCSl PSIT
aHayorosbix ociwmiorpados cepun ACK ¢ TUMOBBIMUM JUISI 9TOTO KJlacca YCTPOWCTB
BO3MOXHOCTSMU. JIaHHBIE O HUX MOXHO HAWTH Ha caiiTe 3TOro o0beAMHEHUsT Www.ak-
tacom.ru u Ha caiite ¢pupmbl «DJIMKC», ocyiecTBasioieil mpoaaxy ocumiorpados
(www.eliks.ru/product/kip/oscall.htm).

IMapamerpsl 1 Bo3MoxkHOCTH octimuiorpacdoB cepu ACK BITOJTHE COOTBETCTBYIOT
COBPEMEHHOMY YPOBHIO Pa3BUTHUsI 3TUX NpuOOpoB. CiieayeT OTMETUTh 3JIeTaHTHBIN
BHEITHWI BUI TTPUOOPOB, OCOOEHHO MJIAAIIMX MOJAEIe — Yy HUX 9acTO MCIOJIb3YIOTCS
LIBETHBIC AeTalu mnepenHeil maHeau (puc. 2.24). Takue mpuOOpHI BBHIMISIASAT UBSIIHO U
SIpKO Ha (OHEe YHBUIO CephIX M3MEPUTEbHBIX TTPUOOpPOB. BripoueM, BHENTHWI BUA He
JIaeT UM KaKUX-JTMOO MPEUMYILECTB B OTHOIIEHUH TEXHUYECKUX XapaKTepUCTUK U Mapa-
METPOB 3TUX NPUOOPOB. OHM BITOJIHE OOBIYHBIC. B CBSI3M C 3TUM OrpaHMYMMCS TIPUBE-
JIEHWeM JIMIIb CaMbIX OOIIMX XapaKTEepUCTUK BTUX NpudbopoB. Huxke mnpencraBieHbl
JlaHHBIe 00 3TWX TPUOOpax, HAXOMAIIMX IIMPOKOEe MPUMEHEHUE B CIyXOe cepBuca, B
MPOMBILIJIEHHOCTU U B cucTeMe oOpa3oBaHus. [Ipubopsl BHeceHbI B ['ocymapcTBeHHBIM
peectp PO CH.

4 '3

LT, . LTI

Puc. 2.24. Anaanozosvie ocyurnozpagor ACK-1051 (caesa) u ACK-1052 (cnpasa)

IMpubopsr mnammreit rpynmel — cepunt ACK-1021 — 310 «cTaHmapTHBIE» aHAJIOTO-
Bble ocLmiuiorpadbl «06e3 ocoObIX MpeTeH3ui». Kak oTMeuanochk, mpuOOphl 3TOTO Kjlac-
ca OTHOCST K CEPBMCHBIM OCLIMJUIOrpadam.

ACK-1021

AHanoroBbelii ocuuiorpad: 2 kaHana, mojoca mpomyckanust 25 MIn, DJIT 8 x
10 cMm, wuyBctBUTEeNbHOCT, | MB/men..5 B/men, xoadduumeHTsl pa3BepTKU
0,1 mxc/nen...0,2 ¢/men, makcumanbHoe BxoaHoe HampspkeHue 400 B, Bpemst ycTaHOB-
JeHus 14 Hc, BxomHoe compoTuBiieHMe 1 MOM, BxomHass eMKocTh 25 md. Pexxmumbr
CHHXPOHM3ALIMU: aBTOKOJIe0aTeIbHbIN, XXAYIIUI, TeJICBU3MOHHBIN; NICTOUHUKM CUHXPO-
auzaunu CH1, CH2, cetb, BHemHMA. JlomomHUTEIbHBIE (DYHKIIUKW: Z-BXOI, 3aIepsKKa
pasBeptku. IMurtanue: 220 B; raGaputsl: 324 x 132 x 398 mm; macca 7,6 Kr.

A Bot 1ipubopsl cepun ACK1051/1052/1053 ato yxe ocumuiorpadsl ¢ psioM J10-
MOJTHUTETbHBIX (DYHKIUI U CPEACTB U3MEPEHUNA.
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ACK-1051

AmnasnoroBbii ocimyuiorpad: 2 kaHama, mosioca mpormyckanust 50 MI, OJIT 8 x
10 cM, uyBctBUTENbHOCTH 1 MB/men...5 B/men, xoadbduLMeHTH pa3BepTKU
0,1 mxc/nen...0,2 ¢/men, makcumanbHoe BxogHoe HampspkeHue 400 B, Bpemst yctaHOB-
JleHus 5,8 Hc, BxomHoe corpotuBieHre 1 MOwM, BxomHas eMKocTh 25 md. Pexxumbr
pa3BEPTOK: aBTOKOJIeOATENIbHBIN, XAYIIWMA, TeaeBU3UOHHBINA, X—Y. MCTOUHUKUA CUH-
xpouuzauuu: CH1, CH2, ceTb, BHelHUii. JlomoJHUTENbHbIE (DYHKIUU: BCTPOECHHBIN
MYJBTUMETp, n3MepeHre BAX-pannoKOMITOHEHTOB, Z-BXOI, 3aJepKKa Pa3BepTKU; IH-
taHue: 220 B; rabaputsl: 324 x 132 x 398; macca 7,8 kr. DTOT MpuOOpP MO CYIIECTBY
MpeACTaBiIsieT cOOO0M Lie/Iyl0 U3BMEPUTEIbHYIO J1a00paToOpuIO.

ACK-1052

AmnanoroBbiii ociyutorpacd: 2 kaHana, nonoca nporryckanust 50 MI, DJIT 8§ x 10 cwm,
yyBcTBUTENIbHOCTh 1 MB/nen...5 B/nmen, koadduimentsr passeprku 0,1 mxc/nen...0,2 c¢/men,
MakcumasibHoe BxogHoe HampspkeHue 400 B, Bpemst ycraHoBneHust 5,8 HC, BXOIHOE CO-
npotusienre 1 MOM, BxogHast eMKocTh 25 . PexxnMbl pa3BepTOK: aBTOKOJIeOaTeIb-
HBII WM XOyIIui, TeaeBu3noHHbI, X—Y. Mctounuku cuHxpoHums3aunu: CHI1, CH2,
CeTb, BHEUIHWI. JlomosHUTe bHbIe (QYHKIMU: KYPCOpPHbIe M3MEPEHMsI, 3alepKKa pas-
Beptku. [Turanne: 220 B; rabaputsl: 324 x 132 x 398; macca 8,5 kr.

ACK-1053

AHanoroBbelii ocuuiiorpad: 2 kKaHama, nonoca mnpomyckanusgs 50 MI'm, BJT 8 x
10 cMm, uyBcTBUTENbHOCTHL 1 MB/men..5 B/men, xoaddunmeHTsl pa3BepTKH
0,1 mxc/men...0,2 ¢/men, makcuManbHOe BXomHoe HampspkeHue 400 B, BpeMst ycTtaHOB-
JeHns 5,8 Hc, BxomHoe corpotuBieHre 1 MOw, BxomHass eMKocTh 25 md. Pexxumbr
pPa3BePTOK: aBTOKOJIEOATENbHBIA WM SKAYIIWKA, TeleBU3NMOHHBIN, X—Y. McTouHmku
cunxponusauun: CH1, CH2, cetb, BHelIHUM. JlonmolHUTeNbHbIE (DYHKUMU: BbIACIECHUE
CHUTHAJIOB SIPKOCTH, IIBETHOCTH, BHICOKOYACTOTHOWM HAacaaKu, JII00Oi M3 625 CTPOK MOoJI-
Horo TB-curHana, 3anepxka paszBeptku. [Tutanue: 220 B; rabaputer: 324 x 132 x 398;
Macca 8,5 Kr. OToT nmpubop 0CcoOEHHO yaOoOeH ISl UCCAEAOBaHMUSI U pa3pabOTKU pas-
JIMYHBIX TeJIEBU3MOHHBIX CUCTEM U YCTPOWCTB.

HoBas cepust npuoopoB ACK-2XXXX — 3T0 camble COBpeMEHHbIe MPUOOPHI C Lie-
JIBIM HAaOOPOM CPEACTB aBTOMATU3UPOBAHHBIX BRIUMCICHUI [27]. OHI MMEIOT MHOXKECT-
BO JOMOJHUTEIbHBIX (DYHKUMHI, MPUCYIIUX U MPUOOpaM psiaa ApYruX Mapok:

* BBINOJHEHUE YIOOHBIX U TOYHBIX KYPCOPHBIX U3MEPEHUI;
* OTOOpaxeHue pe3yJbTaTOB U3MEPEHUI U HAacTpoeK nmpubopa Ha skpaHe DJIT;
* pabota B pexumMe LMGPOBOro 3aIOMUHAHMS OCLIMJUIOTPAMM M CAMOIMUCLA;
* yI00HOE KHOMOYHOE yIpaBieHue ¢ LU(GPOBLIM BBOAOM MH(OPMALINY;
* Hanuuue UHTEpQEicoB IS CBSI3U C TIEPCOHATBHBIM KOMITBIOTEPOM.
Onnako nipubopsl cepun ACK-2XXXX obecrieunBaroT 3T BO3MOXKXHOCTU MpU Ooiee
LIMPOKOIA MOJIOCE YAaCTOT U MPU MeHblIel noTpedisiemoil MoliHocTu. Ceprsi HAUMHAET-

¢s ¢ 00bIgHOTO 60-MerarepLeBoro ocuuuiorpada ¢ MUHUMYMOM JAOTIOJTHUTEBHBIX (PYH-
KLUMN.

ACK-21060

AHanorosbiii ocuprorpad (puc. 2.25): 2 kaHaia, rmosoca npomnyckadus 60 MI'u, DJIT
8 x 10 cM, uyBcTBUTEIBbHOCTH 1 MB/nen...5 B/nen, MakcuMmanbHOE BXOTHOE HAIIPSDKCHME
250 B, Bpems ycTtaHoBJeHUs 5,8 HC, BXogHOe cornpoTuBieHre 1 MOM, BxogHasi EMKOCTb
25 n®; pexXruMbI pa3BEPTOK: aBTOKOJIe0ATEIbHBIN, JKIAYIIUIA, TeIEBU3MOHHbINI, CIIOKEHUE
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curHasioB ADD, X—Y; UCTOYHUKMU CUH-
xponmusauuu: CH1, CH2, ceTb, BHEIIHMIA;
JIOTIOJTHUTEIbHBIE  (DYHKLIMU:  3ajepkKa
pa3BepTKu; Z-Bxon; nutaHue: 220 B; raba-
putsl: 320 x 140 x 430; macca 7,7 KT.

Tpu cnenyrounmx npubopa — caMbie CO-
BpeMeHHbIe 100-merarepiieBbie OCIIAIIIOT-
padml ¢ pSIAOM JOMOJTHUTEIbHBIX CPEICTB U
dynkunit. Cpean Hux ocobo cienyer or- Puc. 2.25. Ananozosuiii ocyuarrozpad
METUTb KYpPCOpPHBbIE M3MEpeHusl, obyerya- ACK-21060
fOIIIMe BBITIOTHEHNE N3MEPEHUI ITyTeM OT-

METKM XapaKTepHBIX YPOBHEH OCILIMJIOT-

paMM C TIOMOIIBIO KYPCOPHBIX MYHKTUPHBIX JIMHUM, KOTOPhIE MOXHO TepeMeIlaTh IT0
sKkpaHy. COOTBETCTBYIOIINE MapaMeTphl JIMHUI 0TOOpaxkaloTcs B BUae LHU(PP Ha SKpaHe.
B 3Tix miprbopax B BRIXOTHBIX KacKagaxX IMPUMEHEHBI KACKOTHBIE CXEMBI C PE3MCTUBHOMN
Harpy3koi (0e3 BbBICOKOYAaCTOTHOM KOPPEKIIMK) Ha CPAaBHUTEIbHO HU3KOBOJIBTHBIX TPaH-
3UCTOpax. DTO 0OECTIeUMBaAET MOJyUeHNE PACUETHOTO 3HAUEHUST BpEMEHUW HapacTaHUs U
BPEMEHM YCTaHOBJEHUS B 3,5 HC (Y HEKOTOPBIX OCLHMIIIOrpachoB APYTrUX (pUpM 13-3a «3BO-
Ha» TIepPeXOIHON XapaKTepUCTUKN BPpeMs YCTAaHOBIICHUS 3aMETHO IIPEBBIIIACT BpeMsT Ha-
pacTtaHus).

ACK-21100

Amnanorosbiii ocuworpad (puc. 2.26): 4 kanana, nojoca npomnyckanus 100 MI'w,
BJIT 8 x 10 cm, uyBcTBUTENBbHOCTH 2 MB/nen...5 B/men, xoadduiimeHTsl pa3BepTKu
0,05 mMxc/men...0,5 ¢/nen, makcuManbHoe BxogaHoe HampskeHue 400 B, BpeMst ycTaHOB-
JeHus 3,5 Hc, BXxomHoe corpotuBieHre 1 MOw, BxomHas eMKocTh 25 md. Pexumbr
Pa3BEPTOK: aBTOKOJIeOATENIbHbBIN, XAYIIWKA, TeIeBU3UOHHBINM, OMHOKPATHBIN, CIOXEHHE
curHaioB ADD, X—Y. Mctounuku cunxponusauuu: CHI1, CH2, cetb, BHeuHuii. Jlo-
TTOJTHUTETbHBIE (DYHKIIMU: aBTOMaTHUYeCcKasl yCTaHOBKA HACTPOEK ociuyuiorpada, KBa3u-
BJICKTPOHHOE YIpaBJIEHUE, KYPCOPHbIE U3MEpPEHUsI, 3aiep:KKa pa3BepTKu, Z-Bxoxd. Iu-
taaue: 220 B; rabaputsr: 328 x 153 x 392; macca 8 kr. OTimumTenbHass 0COOEHHOCTh
JIAHHOTO TIPUOOpa — MMITYJIbCHBIN OJIOK TTUTAaHMSI, TTO3BOJIUBILMI YMEHBIIUTH radapuThl
u Maccy ocuwiorpada. Ilpu sTom obecrieunBaeTcst pabora Mpyu U3MEHEHUU HaIpsiKe-
Hug cetu oT 90 10 250 B 6e3 Kakux-1100 MepekTtouYeHUiA.

Ocuumtorpad ACK-21100 mMeeT BCTpoeHHBI MUKpoIipolieccop. OH MO3BOIUI pe-
ajn3oBaTh QYHKIMIO Autotest, 0OeCIeYnBaOIIYI0 aBTOMAaTUYECKYIO YCTaHOBKY HanboO-
Jiee MOAXOMSIINX PEXMMOB PaboOThl, 00eCIeUNBAIOLINX OTUYETIMBO BUAMMBIE OCLIMJLIOL-
paMMBbI TIpY HAOJIIOJEHUM CHTHAJOB C HEM3BECTHBIMM MapaMmerpamu. st mepexinoue-
HUSI PEXUMOB pPaboThl ocuuuiorpada
HCTIOJIBb3YIOTCST pelie ¢ IPaKTUYECKU uaea-
JIbHBIMM KOHTAaKTaMM. DTO, B YAaCTHOCTHU,
o0ecrneymnio TolydeHue MOHOTOHHOM aM-
IUIATYAHO-YaCTOTHOM XapaKTepUCTUKU
(AYX) no 100 MTI't ¢ miaBHBIM CITaJOM
mo —3 nb. B mpubope mpuMeHeHa BBICO-
KOKAQUeCTBEHHAas] M BBICOKOUYYBCTBUTEIb-
Hast OJIT 150CTB31 ¢oupmer TOSHIBA.

DkpaH ocumwmiorpagpa ACK-21100
(puc. 2.27) BBINOJHSIET TPU OCHOBHbIE Puc. 2.26. Ananozosuiii ocyurrozpag
(GyHKIUU: TIpeacTaBIeHAEe OCIMIIOTPAMM ACK-21100
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(ocHOBHAsI YacTh 9KpaHa), BHIBOM PE3Ysib-
TATOB KYPCOPHBIX BBIYMCICHMI (CHU3Y
9KpaHa) U KOHTPOJb 3a peXuMamMu pabo-

Thl ocuuuiorpada (cmpaBa 3kpaHa). bia- it
rofapsi 3TOMY YyOaJoCh PE3KO COKPaTHUTb ok
YUCJIO HAANKUCEl Y OpraHOB YIPABICHUS e e
ocuwuiorpadoM, OCOOEHHO LUGMPOBbIX. Aan
Mg ynpaBneHuss ocLuIorpaoM MCIo- i

JIB3YIOTCST BBICOKOHAIEXKHBIC KHOITKM 0e3
duxkcanuu ¥ pydyku TUIMA dHKOIEPOB, Ha-
3BIBAEMBIX TaKKe <«IaTiamum». Kaxkmas
MaHUMYJISIMST  COMPOBOXIACTCS 3BYKO-
BBIM CUTHAJIOM, KOTOPBIIf MOXKXHO BBIKITIO-
yuTh. 151 MepeKIouYeHUuil pexkuMoOB pa-

OOTBI WCITOJB3YIOTCS 3JEKTPOMEXaHUYe- Puc. 2.27. Jkpan ocyurnozpagpa
CKMe pesie, OOECIeYMBAIOIINE pE3Koe ACK-21100
CHIDKEHUWE TTOMEX M HaBOMOK Ha CUTHAJIb-

HbIE LICTIH.

ACK-21102

AHaJtoroBbIit ocuiiorpad: 2 KaHaia, mojroca mpomyckanust 100 MI', BJIT 8 x 10 e,
yyBCTBUTEIbHOCTL 2 MB/nen...5 B/nen, 0,1 mxc/nen...0,2 ¢/men, MakCuMaabHOE BXOITHOE
Hanpskenue 250 B, Bpems yctanosneHus 3,5 He, BxogHoe conpotusienre | MOwM, Bxom-
Hast eMKOCTb 25 n®; pexkMMBbl pa3BepTOK: aBTOKOJIEOATEeIIbHbIM, XKV, TeJIEBU3MOH-
HBIH, ciaoxenne curHaaoB ADD, X—Y; ucrounuku cuaxponn3amun: CH1, CH2, ceTs,
BHEIIHUIA; JOMOJHUTEIbHbIE (DYHKIUU: 3aAepKKa pa3BepTKu, Z-Bxon; nutaHue: 220 B;
radaputsr 320 x 140 x 430; macca 8,5 KT.

ACK-21103

AnasnoroBbiii ociwuiorpad: 2 kaHana, mosioca mnporryckanus 100 MIn, DJIT 8 x
10 cM, uyBcTBUTENbHOCT, 2 MB/men..5 B/aen, KoadduumeHTs pa3BepTKU
0,05 mkc/nen...0,5¢/men, MmakcumanbHoe BxomHoe HampstkeHue 400 B, Bpemst ycTaHOB-
JeHus 3,5 Hc, BxomHoe conportuBieHre 1 MOM, BxogHast eMKocTh 25 nd; pexxumbl
pPa3BEPTOK: aBTOKOJIeOATEIbHbBIN, XAYILIUKA, TeIeBU3UOHHBINM, OMHOKPATHBIN, CIOXEHHE
curHaioB ADD, X—Y; ucrounuku cunxponusauuu: CHI, CH2, ceTb, BHenIHuit; 10-
MOJTHUTETbHBIE (DYHKIIMU: aBTOMaTH4eckash YCTaHOBKAa PEXMMOB PabOThI, KBA3UIJIEKT-
POHHOE yIIpaBjeHUEe, KYPCOpHbIe M3MEpPEHMsI, 3aIepXKKa pPa3BepTKU, Z-BXOM; IUTaHUE:
220 B; raGaputsl: 328 x 153 x 392; macca 8 Kr.

IMpu6op ACK-24020 He oTimyaeTcsl BbIIAIOLIMMUCS XapaKTepPUCTUKAMU — BTO TH-
MMUYHBIA CcepBUCHBIN ocumuiorpad. Ho oH mMeeT OTIMYMTENbHYIO OCOOEHHOCTh —
BCTPOEHHBIN (PYHKIMOHAJIbHBII TeHepaTop. DTO MO3BOJSIET UCIIOJb30BaTh IPUOOP IS
yIIyOJIeHHOTO aHajM3a CUTHAJIOB M MCIIBITAHUS PaIMO3JIEKTPOHHBIX CXEM.

ACK-24020

AnanoroBbiii ocumsuiorpad (puc. 2.28): 2 xaHajna, mosioca mpomnyckaHust 20 MI,
BJIT 8 x 10 cm, uyBcTtBUTENBHOCTE 1 MB/men...5 B/men, xoaddummeHTs pa3BepTKu
0,2 mxc/nen...0,2 ¢/men, MakcuMmanbHOe BXoaHoe HampsbkeHue 250 B, Bpemst ycTaHOB-
nenust 17,5 He, BxomHoe comportuBieHune 1 MOM, BxomHast eMKOCTb 25 n®; pexXuMbl
CUHXPOHU3ALMU: aBTOKOJe0aTeIbHbIN, XAYIIUA, TeIeBU3MOHHBINA; UCTOUHUKKU CUHXPO-
Huzaunu CH1, CH2, cerp, BHEIIHUIA; JOTIOJIHUTEIbHBIC (DYHKIIMU: 3adepKKa pa3BepT-
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ku; ¢yHkimoHanbHbIi reHeparop 0,1 T...1 MTI't; muranume: 220 B; radaputs: 320 x
140 x 430; macca 7,4 Kr.

Puc. 2.28. Ananocosueiii ocyuarocpag ACK-24020 ¢ scmpoenHoim QyYyHKYUOHANbHOIM
2enepamopom

Xapaktepuctuku ocuusiorpagon cepuit ACK-1XXX n ACK-2XXXX mnpencrasie-
HbI Tabmuiamu Ha puc. 2.29 u 2.30. OTMeTUM, YTO BCE TTPUOOPHI UMEIOT BXOTHOW MM-
neganc 1 MOwm/25 n®, BO3MOXHOCTh ISITUKPATHOIO YBEJIMYEHMSI YYBCTBUTEJIBHOCTU
110 BEPTUKAJIM, PYYKH BBIOOpa PEXXMMOB PAOOTHI BEPTHMKAIHHOIO TPAKTa, WHBEPCHUIO
curHana B kaHaine CH2, paboty B pexuMe X—Y, OOINOJHUTENbHbIA BBHIXOA KaHaja
CHI1, ¢ukcupoBanHoe (¢ maroMm 1, 2 m 5) u TIaBHOEe M3MEHEHME pa3BepTkH, 10-Kpat-
HOE YBEJIMYEHUE CKOPOCTHU Pa3BepTKH, 3aIlyCK Pa3BePTKHU IMOJOXMTEIbHBIM WJIM OTPH-

ACK-z1080 ACK-24020 ACK-1051 ACK-1052
B8 PTHKENEHOE DTERDHBHIE
Yueno kaHanoe 2 2 2 2
Monoca npomyckaHm, MMy a0 20 50 50
KoadhhuUyMaHT oTNoHEHAA 5 mB...5 Bigan 5 mB...5 Bgan S mB..5 Bigan S wmB..5 Bgan
(Hocryn. ¢ warom 1-2-8) | (10 cryn. ¢ warom 1-2-5) |10 c1ynadal ¢ warew 1-2-5) (10 ctynasal ¢ waroe 1-2-5)
MacumafupoaaHis MAEEHOS, 00 5 KpaT MNaEHOS, 00 5 Hpar NRaaHOS, 40 5 KpET NnaBHes, 00 5 Kpar
{1 mB...1 Bgen) (1 mB...1 Bigan) (1 mB...1 Bfgan) {1 mB...1 Bfgan)
MorpawHocTE +3 % +3 %% +5 % + %
Enitipoc maHee 5 % MaHes 5 9%
BreqHoA HMNEgaHe 1 MOw25 nid 1 MOwV25 nih 1 MOw25 ni 1 MOmES nib
Maz, aMnnimyna 250 B [nocT.+napem.) 250 B [nocT+napam.) 400 B {nocr.+napam,) 400 B {nocT.+napesd.)
Prees ] pECTE KAHEN 1, KAHEN 2, 05 KAHANS, CNSKSHWE KAHANCE
OPAOHTRRLHOE OTEMOHEHME
MLMEHT PERESPTHH o1 mKez...0,2 ofgen 0.2 MKC...0,2 ol gan 0,1 mKz...2 cfgen 0,1 mwc,.0.5c/gan
(20 cryn. ¢ warom 1-2-5) | (13 cryn. ¢ warom 1-28-5) | (53 cTyneHd ¢ wares 1-2-5) | (2] crynere ¢ warom 1-2-5)
MacumadupoaaHis. ] Eals] Eale] 1o
MorpawHocTE + % +3 % +5 % +3 %
BajapoHKa pasEapTHH pEryMMEYaMan, Ao 5§ KPaT OT BpSMaHH PE3E3ETHH
CrpO HRAALMA
Pt BETD, HOpM.L TV-V, TV-H BETD, HopM., TB
MieTeHHK KAHAN 1, KAHAN £, C&Th, EHALLHWA Exog KAHAN 1, KaHAN &, GHTk, BHALIHWA EXOg
B BHLLHEH CHIREOHHIALHM 1 MOm'30 nily, Mare. amn. 250 B (necT. Hnapam.) 1 MOwm50 nd, Makz, amn. 500 B (nocT.+napem.)
Exoypkl HEHAN 1 - Bxop X, KBHAN 2 - B0 HEHAN 1 - BXop X, KAHAN 2 - Edog ¥
UWYECTEMTENEHOCTE: 5 MB...5 Bigan 5 MB..5 Bigan 5 mB..5 Bigan 5 MB...5 B'gan
Monoca npomyckaHm, MMy 500 kY (), 80 My Y) 500 KMy (), 20 My (¥) 1 2
Cppw daaw MaHEs 5 MBEHaa 5° MBHag 5° MBHag 3°
OG0 YA PEXTEPICTMEN
KpaH AT, 8ol o AT, B0 om AT, &0 om AT, Bl om
CurHan karMSpamopa NPAMOYTCNEHEA HMMYMBG, | MEAMOYTCNEHEE WMIMYNES, | NEAMCYTONEHEIR MMMNES, | MOAMOYTONEHEIA MY RS,
1kly 056 1wy 05 B 1 kMg 058 1y 058
MWTamma 220 B, 5080 My 220 B, 5080 My op0 B, EOE0 My 250 B, 5ofed My
MoTpafinpaMan MoILHOCTE, BT 5 45 40 B0
MEfapMTHES pa2Mephl, MM 200ed S0ncid0 aDrdan 40 el b gl SedroEaa 2
Macca, kr it T 7.8 8,5

Puc. 2.29. XapakmepucmuKku aHaro2086lx OCYUALO2PAPOE
ACK-21080/ 24020/ 1051/ 1052
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ACK-21100 ACK-Z102 ACK-Zi103
BapTHERN:EHOE OTKIIGHE HHE
Uncno KaHanoe 4 2 2
Menoca npomyceaHdA, My, oo oo 100
KoadbUMaHT oTHNOHEHHA 2 mB...5 Bgan 2 mB...5 Bgan 2 wB..5 Bfgan
MacumetvpoeaHus - - -
MorpaiiHocTs +3 % +3 % +3 3%
Brogroél MmnapaHe 1 MOw25 nch 1 MOW25 nid 1 MOW2S b
Makc. aMmndTy e 400 B (nocT +napam.) 250 B (nocT.+napam. ) A0 B {nocT.+napast.)
Peowmmel patoTe KEH, 1, HaH, 2, waH, 8 (4], ¥aH, 1, KaH, 2, 2 KaH. , Cnow., KaH. WaH. 1, KBH 2, £ ¥aH,,

2 HaH, , CNO%. KEH., 4 KaH.

TPSpBIEMCTE S, NOOYEpSIHEIR

CINCH. KEH.

FopHEOHTANIGHOE OTIADHEHNE

KaddwUWaHT pe3eapmH 0,05 MKC. .5 clpan a1 MKz, 0.2 olgan 0,065 MKZ.. 05 o gan
Mac et poEaHHe =0 o =0
MerpaLuHocTL: +3 36 3% +3 %

A 1 POHIA 2 BjHA

awmn. 400 B (nocT.tnapam.)

amn. 250 B [nocT. hapam.)

PeovmMEl BETO, HOph, TV, asTo, Hopw., V-V, TW-H aeTo, Hopi, TW-V, TV-H
CHOKPETHEIA SIHOKPATHEH
McTouHme karane 1—d, csms waHan 1, kaHan 2, cars, kaHan 1, kaHan 2, ook,
BHELUHMWIA ExOf HHELLIHAN B,
Bxof EHELIHEH CHHEDOHASAL MW 1 MOw25 ndh, make. 1 MOW30 nd, mar. 1 MOm25 nch, marxc.

amn, 400 B (noct.+napam.)

P‘ml‘f

B,qaurﬁ)ﬂ.su
Menoca mpomycaHda, MLy

MaHag
2 My

MaHag 3°
2 My,

Macca, wr

&

B85

SHpaH ANT, eclocm BT, 8o cm BT, el oM
CMHEN HanWtparopa MEAMCYTCEHEIH MMIMNES, MPAMOYTENEHE MMMTIEL, TP AWCYTONEHEIA MMITYTES,
1 iy, 05 B 1 uly, 05 B 1wy 058
TMuraHWe 220 B, 5080 My 220 B, 5080 Ny 20 B, s0fBo My
MoTpednaeman mollHocTs, BT B0 a0 5O
[afapuTHLE paaMEps], MM SoAxaRe X153 Aopudslec] 0 52 BeosaE] S0

Puc. 2.30. Xapaxmepucmuxu anarozosoix ocyurrozpagos ACK-21100/21102/21103

1IaTeTbHBIM TMeperagaMu, pa3TudHble ICTOYHUKY CUHXPOHU3ALIMKU Pa3BePTKU M pas3iny-
HbIE PEeXMMBI €e padoThI (B TOM YHUCJIE C 3aIyCKOM OT TEJIEBU3MOHHOTO CUTHAJIA).

Hekortopbsie Moaenu npubopos cepun ACK, nHanpumep ACK-21100, nmeror sipko
BBIpaXKEHHBIE YEPThl aHAJIOTO-1IM(MPOBHIX OCHMLIOTPadoOB, MOCKOILKY CofiepKaT BCTPO-
€HHBI MUKPOIIPOIIeCCOp U LU(POBLIE M3MEPUTEIbHBIC MPUOOpHL. [1py 3TOM, MMes 3a-
METHO paclIMpeHHble (PYHKIMOHAIbHbIE BO3MOXHOCTU, OHU COXPAHSIIOT BCE MpPEUMY-
1IeCTBa aHAJIOTOBBIX OCHMJUIOrpadoB M MPEXAe BCEro OTCYTCTBUE CHELMMUUECKUX HC-
KaXXeHW, CBSI3aHHBIX C MUCKpEeTU3alell HaOIoqaeMbIX CUTHAJIOB.

ITopt RS-232, umMmerowmiics B 3TUX NpubOOpax, oOeCeyrmBaeT MPOCTYIO CBSI3b C
KOMITBIOTEPOM, UTO TMO3BOJISIET (TIPY HAJIMYMU COOTBETCTBYIOIIETO ITPOTrPaMMHOTO 0bec-
TeYeHNs) BECTU KOMIBIOTEPHYIO 00pabOTKy pe3ybTaTOB U3MEPEHUI U OCIIMJLIOTPAMM.
Takum o6pa3oM, Ha OCHOBE 3THX IMPUOOPOB MOXHO CO3daBaTh KOMITBIOTEPH3MPOBAH-
Hble Jabopatopru. OHU OPMEHTUPOBAHBI Ha Cephe3HbIC MPUMEHEHMs, HallpUMep, B Ha-
YUHBIX MCCAEAOBAHUSX WM OTJIAAKE CJIOXHOUN BJEKTPOHHOM ammapatypbl B MPOMBIILI-
JIEHHOCTH.

2.3.4. Ocunnnorpadpbl AKTAKOM-IWATSU Hi-End-knacca

Hosgeiiiiee nokojieHrne aHaJIOroBbIX ociusuiorpados smnoHckoi dupmsl IWATSU Ha
pOCCHIICKOM pBIHKE TIpeAcTaBisieT ToproBoe oobenmHeHne AKTAKOM. Otnmmuntenb-
HBIE OCOOCHHOCTHU 3TUX IIPUOOPOB:

* BBICOKOE SITIOHCKOE KayeCTBO;
e TEeXHUYECKME XapaKTepUCTUKNA Ha MUPOBOM YPOBHE;
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e Jokanusanus nopa Poccuto u ceprudukanms;
* BBICOKHMI YPOBEHb PEMOHTHOTO CEPBUCA;
e TapaHTUS Ha 25 MecsIeB.

BT ocumiuiorpadsl HATJISIAHO IEMOHCTPUPYIOT, UTO, HECMOTPSI Ha OypHOE pa3BUTHE
dpoBoil ocumtorpadun, aHaaoroBoe ocluuiorpadupoBaHue MPOAOKAET pa3BUBa-
Tbcsl OypHBIMU TeMmItamMu. COBpeMEHHBIC aHAaJOTOBBbIE OCHUJUIOrpadbl BHICOYAMIIIETO
Kjacca (MX, MO aHAJIOTUM C 3JEKTPOAaKyCTUUECKMMU amnrmapatamu, umeHyioT Hi-End)
UMEIOT Tiepea UMM POBLIMU 3anToMUHaIIUMU ociiiiitorpadamu (ILI30) pso nmpuHIMITHI-
AJTbHBIX MTPENMYIIECTB:

e TIpOCTOE OOpallleHUe C TpUdbopoMm;
 TIOBBIIIECHHAS CTEIICHb TOCTOBEPHOCTH OTOOPAXXKEHUSI CUTHAJA;
e JIETKOCTb PabOTbI C HEM3BECTHBIM CUTHAJIOM;

* KOppPEKTHOE OTOOpakeHMEe CHTHaIa Ha BBICOKMX YaCcTOTaX M3-3a OTCYTCTBUS 3(-
(eKTOB KBAaHTOBaHUS U CTPOOOCKOMMYECKOTO 3 deKTa;

* BBICOKAsl CKOPOCTh OOHOBJIEHMS 2KpaHa — oT 200 ThICSY 0 MWJIJTMOHA OCIIWII-
JIOTPAaMM B CEKYHIY;

e oToOpaxeHue nojHON MHpopManum (B 00braHbIX L[30 13-3a GOMBIIIOTO BpeMeHU
00pabOTKM M BBIBOAA MH(OpMaLK TepsieTcst 10 99% BpeMeHU HaOMIOAeHHUS);

e OBICTPBINM 3aXBaT CUTHAJIA JIJISI €r0 MPEACTABICHUS;

* TIOBBIIICHHOE pa3pellieHre W OTCYTCTBUE €ro OrpaHNYeHMI, CBSI3aHHBIX C KBaH-
ToBaHUeM curHaioB (y OonbiirHcTBa 1130 paspsiiHOCTh KBAaHTOBaHMSI paBHA &,
TaK YTO CUMTHaJI IIPEICTABISETCSI BCEro 256 CTyleHbKAMM, YTO SIBHO 3aMETHO TP
€ro PacTsLKEHUU I10 BEPTUKAJIN);

e Hannuue 3¢gdexra mocaecBeueHs, MO3BOJISIONICe HAKAIIIMBaTh MHOXECTBO OC-
LIWJIOTPpaMM Ha dKpaHe TPyOKH.

B ocuumnorpadpax AKTAKOM-IWATSU ACK-8104 u 8064 nmpuMeHeHa KOHBEPTH-
pyromag DJIT co ckanmpytomeit [13C-marpumeil. YcTpoicTBO 3TOi MajioradapuTHOM
TpyOKM Toka3zaHo Ha puc. 2.31. M3o0paxeHue co3maeTcst U 3alIOMUHAETCSl HE Ha BHEllI-
HEM, a Ha CIeLUHMaJIbHOM BHYTPEHHEM 3KpaHe TPYOKHW. 3aTeM C ITOMOIIBIO CBETOBOJIO-
KOHHOI MaTpULbl U300paXkeHUe MEePEeHOCUTCsS Ha mpubop ¢ 3apsinoBoit cBssbio (I[13C),
KOTOPBII SIBIISICTCS XOPOIIO MPOPa0OTAHHBIM YCTPOMCTBOM IIJI TIPeoOpa30BaHUS OITH-
YeCKOro M300paxkeHUsl B TEJEBU3MOHHBI CUTHAN (JOCTAaTOYHO OTMETUTh MAacCOBOE
MMpUMEHEHNE TaKoTo Tpubdopa B HUGPOBEIX (oTOKamMepax M B BHmeokamepax). [loy-
YEHHBbII CUTHAJ MCIIOJB3YETCsl KaK BXOAHOM JUISl XKMIKOKPUCTAUIMUECKOr0 MHAMKATOpa

Martpuya N3C

(npubop ¢ 3apsA0BOIi CBA3bIO)

Katon ONTOBOMOKOHHAA MaTpuua

— ONEKTPOHHbIE MNH3bI OkpaH

s LU | et O
=mmlE==n—L

OTknoHsowwnii anekTpog ocn Y OTKIOHSAOLWMIA
DokycnpyloLuii aNekTpos, anekTpog ocu X
(ycoBepLUEHCTBOBaHHbIE
npeOoKyCHbIE NMH3bI)

Puc. 2.31. Ycmpoiicmeo konsepmupytoujeis JT co ckanupyroweis [13C-mampuyeii
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6oJbIIIOr0 padmepa ¢ BhIcOKUM (640 x 480 Touek) paspeleHUeM. B 1e10M 3TO yMeHb-
1aeT radapuThl OCUWLIOrpachoB U MOBBIIIIAET KAUeCTBO M300pakKeHMST OCIIMJLIOIPAMM.

BrityckaeMple Ha OCHOBE 3TOM TPYOKM CBEPXIIMPOKOITOJIOCHBIC aHAJIOTOBEIC 4-Ka-
HanbHBle ocummiorpagel AKTAKOM-IWATSU ACK-8104 u 8064 (puc. 2.32) umeror
10JIOCY 4YacTOT cOOTBETCTBEHHO A0 1 u 0,6 I'Ti U y/IbTPaBBICOKYIO CKOPOCTb 3aIlMCH,
nocrturatolnyro 10 Hc/nen U pas3BepTky ¢ 15 nuHussmu. CKOpocTh 3axBaTa OCLIMJUIOT-
pamM mocturaet 1 MiH B ¢. SIpKOCTh M300paxkeHUS MPU OCUIIIOTpadUi OOMHOYHEBIX 1
peako nopTopstoluxcs umiyabcoB B 1000 pa3 Gonblie, yem y ocuuiorpagoB ¢ 00bIY-
ubiMu DJIT, uro genaet ocumuiorpapsl AKTAKOM-IWATSU ACK-8104 u 8064 He3a-
MEHUMBIMU TIPU MCCJAEAOBAHUU B SAEPHON TEXHMKE, TIe BaxKHa PErvMCTpalvsl OTUHOY-
HbIX OBICTPOIPOTEKAIOLIMX IIPOLIECCOB.

Puc. 2.32. BrewHruii 8u0 c8epxuiupoKonosocHblx ocyurrozpagos
AKTAKOM-IWATSU ACK-8104 u 8064

Texuuueckue xapakrepuctuku ocummiorpa¢goB AKTAKOM-IWATSU ACK-8104 u
8064 npencrapiieHbl B Tadiuie (puc. 2.33). OHM JaloT JOCTATOYHO MOJTHOE TMpeacTaBlie-
HUe 00 3TUX YHUKAaJIbHBIX MPpUOOpaXx.

VYHUKaIbHYIO TEXHUKY BBICOKOCKOPOCTHOTO 3alIOMUHAHMS OCLIMJUIOTPAMM WJLTIOCT-
pupyet puc. 2.34. OH gaeT HarJggHOe MpeAcTaBieHue o (popMe MpeacTaBIeHUST OCIIMII-
JIOTpaMM M PE3yJIbTaTOB BHIYMCJICHMIT Ha 3KpaHe ocuwuiorpacda. XoTs JaHHBIC OCIIUII-
Jorpadsl PEKIAMUPYIOTCS KaK aHAJIOTOBBIE, OHM HMMEIOT BCE BO3MOXKHOCTH aHAJIO-
ro-n@pPOBBIX OCHUILIOTPadOB.

Ocuwmnnorpadpsl AKTAKOM-IWATSU ACK-8104 u 8064 criocoGHBI OT/IaBIMBATh U
MPECTaBIITh KOPOTKHME U PEAKO IMOBTOpPSIOIIMECS UMMYAbChl (puc. 2.35). Ilpu stom
OHM O00ECITeYMBAIOT YHUKAJIBHO BBICOKYIO SIPKOCTh OCHMJUIOTPAMM TaKUX HMMITYJIbCOB,
KOTOpasl Ha TPY MOPsIAKA MPEBOCXOAUT Ty, YTO JAIOT ocuuiorpadsl Ha 0ObdHbIX DJIT.

Otn ocuuiorpadbl OTKPbIBAIOT OOLIMPHBIE BO3MOXKXHOCTU MPU UCCAEAOBAHUM Tele-
BM3MOHHBIX CUTHaJIOB (puc. 2.36). Takue cCUTHajbl BeCbMa CJIOXHBI U IIPEACTaBISIOT
co00i1 cMech UMMYJIbCHBIX U BUACOCUTHAJIOB € OOJILIIMM YMCIOM CTPOK M KaapoB. Cuc-
Tema cuHxpoHuszanuu ocuuuiorpagos AKTAKOM-IWATSU ACK-8104 u 8064 umeer
paclIMpeHHbIE BOBMOXHOCTU B BBIICJICHUU JIIOOBIX CTPOK M KAJAPOB U B JIETAJIbHOM HC-
CJIeIOBAaHUU JIIOOOTO0 MaJioro MJM OOJILIIOIO Y4YacTKa TeJeBM3MOHHOro curHana. Ilom-
JIep>KUBAIOTCS M3MEPEHHUsS C TEJICBU3MOHHBIMU CHUTHAJIaMU Pa3JIMYHBIX CTAaHIApTOB, B
TOM 4YHCJIe TEJICBUACHUSI BBICOKOM TOYHOCTHU C 3aMETHO PACIIMPEHHBIM CIIEKTPOM BH-
JIEOCUTHAJIOB.
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I'nasa 2. Anarocossie ocyunrnrozpagvl LLUPOKO2O NPUMEHEHU S

Cralpachikalun ACK-B104 ACK-B0G4 ACK-TAT4 ACK-T404
Oucnnei Twn Le. K- aucnnai Lle. M{K- nucnneid anTt ant
Paamap S0 om Ex10 em Bar10cr Bxcl0cm
WoKap, HENPF:HEH Ha 20 kB 20 kB
MogceaTka IWKENH s Oa s Os
BepTuraneHo e ADDVALT/CHOP Oa H= s Jir=y
OTHNGHEHME dapepxxa =20 He: =20 He =20 He: =20 He
Fanane 1w & TWanaacH EmME-S Efgan EmEE Eigen T MBS Egan T mEE Egen
TouHoeTe 2% 2% 2% 2%
MnaeHan ~125 Bfgan ~125 B¥gan ~125 B¥pan ~125 B/gan
Monoca nporfyckakka | 1 [T L, (50 OM) 600 M50 OM) 470 ML, 400 MTT1y
Pesumb mxopoe AC, DC, GND AC, DC, GND AC, DC, GND AC, DC, GND
WMmnaganc 1 MOWED 0w 1 MOWED Om 1 MOWED Ora 1 MOWED Om
MsiKe. HANPAMEHKS [MUK-NIE) 260 B (1 MOwm) EEOE (1 MOw) 400 B 400 B
Punerpe | 200 MMy, 30 MMy, 200 My, 20 MMy 100 MMy, 20 MMy 100 My, 20 MMy
PacnosHaEAHWE NPEGHWKDE
WHespTWMpoRaHWa Kanana 2 = -] s it
BsyeST NbggecTana TB-c1rHana Oa i) s fit:]
CmelyaHre HAa i) HAa A=
MNopeTpoiika sageps
B kaHana K1 u K2 fa A fa Aa
Kanan 8 DOwanaaod | 100, BO0 mBYgan 100, 500 mEfgan 100, B00 mBEfgan 100, 500 mEfgan
ToqHeeTe 2% 2% 89 3%
Monoca E00 MMy B00 MMy A00 MMy 400 MMy
Fasaim mxonos AC, DG AC, DC AC DG AC, DC
Mmnegarc 1MOm 1 MO 1 MOm 1 MOm
PacnosHaBa HHE NpeGHUKEE Oa O= s i)
Kanan 4 Kak B kaHane 3 Kak B kaHane 3 Kak B kaHana 3 Kk & kaHane 3
Hanycwk paIBapTKM cTouHIK K1, 28 4, Cetn K1, 2 3, 4, Cate K1, 2 8, 4, Cate K1, 2 3,4, Cate
Prackimel: ACDCoHY.2BY Ja Da Ja D=
Cofibmaa: Howtap, [NWTeneHacTL D= ity Farg D=
TB-CHHXPCHWS: HDTY Oa s s Os
NTSC,PALISECAM) Ja D= Ja D=
Brifiop cTpomd Ja O s D
TopWaoHTAN EHER A- pRIBSPTHA Makc. paseapTra 2 Hofgen 5 Hofgen 5 Ho/gen 5 Hofgen
PAIESPTHE MuH. pazseapTra 200 mcigen 200 moinen E00 Moinen 00 moinen
To4HGETE 2% 2% 2% 2%
Ynepokanne Oa Oa Oa O=a
B-pasespTia Sagep#xa samfoxka Oa i) s fit:]
Makz.cxopesTs 2 Hofpan 5 Hofpan & Ho{gan & Hefpan
MuH, exopeeTe 20 mofgen 20 mofgen E00 moigen S00 pacigen
To4HoETE 2% 2% 2% 2%
BapTHEANEHOS pasnansHWa TEeKoE A W B D= ity Farg D=
OeciHen sanepHa Oa Oa - -
Paotm ALT gra A w B Oa Oa Ja O=a
B B HoHya A Ja Oa Ja Oa
Tyn= epamaHn 10x D= O= Farg A=
Make, paseapTra 200 no/gen E00 nefgen EDO nofgan B00 nofgen
XY Monaca 10 MI'y 10 My, 2 My 2 My
HypoopHE® HaMepaHia AV, A, 174 Oa Oa iy 1]
YagToToMap YacmeTHEIR g ManassHpaspagHOcTE 1Ty paspan S00 MINye paspag | 400 MMNyE paspag 400 MIy's paspan
AETOYCTRHOBKS PRaEEpTKH, CHHXPOHWESLIAA da = s Oa
| Coxp. fesiaoe HacTp oK 358 58 258 a5
AprocTHeIA Bop, £, Monoca 5 MMy S MMy 5 MMy 5 MMy
Bepoop cHrHana KaHan 2 - nonoca E00 MMy 300 MMy 200 MMy 200 MMy
Brgecereag da Oa = =
K tipoars npodHuiee 1dysf06E Ja Oa Ja A=
MuTaHua NpaiHUKSE Ja O Ja O
MMuTaHus ~or 100 B po 240 B D= D= iy 1=
~100 B - 120 Y200 B - 240 B - - - -
~100, 110120, 220, 230 B - 240 B - - - -
YacroTa camd S0 My -8l My E0 My -80 My ED My 400 My 50 My - 400 My
MNoTpatnAam. MOLHEETE 200 BA 200 BA 120 BA 120 BA
Paamapb! LU 3 B x [T (mm) 188892408 186882408 8206160 20 980180420
Bec 0.0 kr 10.0 kr BE W £E w
CTSHN, KOMMNBHTALMA CaTeBni LUHYD, pykoBAeTES No akonn. (1) Oa Oa Ja O=a
TPSACpEHHTANIA Ja s iy ity
2 npofiH. CO0 CHMTEIEEHHaM - - s Oa
2 NpofH, 83 CHWTLIBEHLER - - - -
BE1WTHAEA KPEILLKE NeipapHe naHanu (1) - - — (Y MKE — (Y MKE
2nyua Bxon £ w escop K2 Oa = O= J1E)

Puc. 2.33. Texnuueckue xapakmepucmuKku ocyuirozpados

AKTAKOM-IWATSU ACK-8104 u 8064

ACK-7474/7404/7304 — 310 cepusl 4-KaHAJIBHBIX TPUOOPOB ¢ 10 TMHUSIMU pa3BepT-
KW ¥ TI0JIOCOM YacTOT BepTHKajbHOro oTkiaoHeHust 470/400/300 MI'u. BHeumrnuii Bua
npubopoB mpeacrasiaeH Ha puc. 2.37. [Ipubopsl mMeloT: nBe pa3BepTKU (OCHOBHAs U
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2.3. Cospemennvie omeuecmsernHble YHUBEPCANbHBLE OCYUALOZPAPbL

C2:HOLDOFE
0.0%

{(=33.5860 Hz

Puc. 2.34. IIpumep ocyurroepaguu umnyrbCHolX CUSHAA08 C 3ANOMUHAHUEM
MHOINICECMBA OCYUALOZDAMM

anl0 1004 S
FUNCTION
1:

| f 2*HOLDOFF
HO: 0.0%

MEASURE

QFFSET
CH1:=38.408
CH2:-0.050m

If=1.24008M1x

f2:HOLDOFE-
HO: 0.0%

Puc. 2.36. Ocyunrrozpagusn mesresu3uoOHHbLX CUSHALOB

3ajepKaHHasT IS CO3MaHUST «JIYIbl BPEMEHM»), OBICTpble (PYHKLUUU YCTAHOBKHU, 3aIl0-
MuHaHue 10 ycTaHOBOK, ITOJIHASI TeJIEBU3MOHHAsI CMHXPOHU3ALUS C BRIOOPOM 3aJaHHO-
ro Kajipa M CTPOKH, 5-paspsaHbIil BCTPOEHHBII YaCTOTOMEDP M KyPCOPHBIE U3MEPEHHUS.
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I'nasa 2. Anarocossie ocyunrnrozpagvl LLUPOKO2O NPUMEHEHU S

Puc. 2.37. Buewnuii 8u0 wupoKOnOAOCHbLX OCUUAL0ZPAPOB
AKTAKOM-IWATSU ACK-7474/7404 /7304

Brimmyckatorest n 6osee mpoctsie aHanoroBbie ocumniorpacdgsl AKTAKOM-IWATSU
ACK-7203 (200 MTI1), ACK-7103 (100 MTIm), ACK-7042 (40 MIn) u ACK-7022
(20 MTI'x). OTO0 TUIMYHBIE YHUBEPCAIbHbIE OCUUIIOTpadbl C HECKOIbKO paclIvpeHHbI-
MM BO3MOXHOCTSIMU.

2.3.5. YHuBepcanbHbie ocuunnorpadpsl upmsl HITACHI

Snonckas kopriopaiiuss HITACHI — u3BecTHBIN TOCTaBIIMK PagnroO3JIeKTPOHHOTO
obopynoBaHus it apMuu SAMOHUU, SBISIETCST Pa3pabOTYMKOM U MPOU3BOIUTENEM psIa
COBPEMEHHBIX MOJENeil 3JeKTPOHHBIX ociuiorpadon. Himke mpemcraBieHbl KpaTKue
JIAaHHBIE O BBITYCKAaeMBIX 3TON (DUPMOIl YHMBEPCATBbHBIX aHAJIIOTOBBIX OCIIMJUIOrpadax.
CTouMOCTh TIpUOOPOB MPUMEPHO BIABOE BhIlIE, yeM y MnpuodopoB IOro-BocTouHoit
Asun. 9To 1IaTa 3a UMs IIPECTIKHOIM (DMPMBI 1 TIOBBILICHHYIO HaIeKHOCTh ITPHUOOPOB.

V-252

2 kaHana, 20 MI'u, yckopsioliee HampsbkeHue 2 KB, mMakcuManbHasi 4yBCTBUTE/b-
HocTh 1 MB (x5), MmakcumainbHasi ckopocTh pa3BepTku 100 Hc (x10), aBTOMaTHyeckas
YCTAaHOBKA CKOPOCTM pa3BEepTKU, aBTOMAaTW4ecKasi CUHXpoHM3auusi, TB-cuHxpoHM3a-
1IMs1, TPOCT B OOpalleHUU.

V-552

2 kanHama, 50 MI', makcumaabHasi ckopocTh pa3BepTku 20 He (x10), MakcuManbHas
yyBCTBUTEJIBbHOCTH 1 MB (x5), TB-cunxponusanus, DC-cMmeleHue, pacTskKa pa3BepTKU.

V-555

2 kaHana, 50 MI'u, makcumaiabHasi ckopocTh pasBepTku 20 He (x10), MakcuMaIbHas
qyBCTBUTEABHOCTL 1 MB (x5), TB-cuaxponmsamus, DC-cMmelnernre, pacTsskka pa3BepT-
KU, KYPCOPHBIE U3MEPEHUSI.

V-695

2 kanaima, 60 MI'1, 3amep:ka pa3BepTKM, YaCTOTOMEDP, MaKCHUMaJlbHas CKOPOCThb
pa3Beptku 5 He (x10), MakcUMMaabHas YyBCTBUTEIBHOCTH 2 MB, aBTOMaTHuecKkas ycra-
HOBKa CKOPOCTM Pa3BEePTKU M YPOBHSI CMHXPOHM3ALIMM, 3aMOK CUHXPOHU3ALIUM, KYyp-
COpHbIE U3MEPEHUSL.
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2.3. Cospemennbie omewecmseHnHble YHUBEPCANLbHbLE OCYUAN0ZDAPDbL

V-1560

2 kaHaya, 100 MT'u, 3agepkka pa3BepTKM, MaKCHMMaJbHasi CKOPOCTb pa3BepTKU 5 HC
(x10), makcuMaIbHas YyBCTBUTEIBHOCTh 2 MB, yacToroMep, aBToMaThyeckKasi yCTaHOB-
Ka CKOPOCTHM pPa3BePTKW W YPOBHSI CMHXPOHW3ALMM, 3aMOK CHMHXpoHM3auwnu, TB-cuH-
XpOHM3ALKS, KypCOpHbIe M3MepeHus. BxomHoit mmnemanc mpubopa 1 MOwm/23 nd.
Pasmep skpana Tpyoku 15 cm, rabaputsl 275 x 130 x 360 MM, Bec 0KOJIO 6 KT, MOTpeO-
JisieMasi MOIIHOCThL He 6osee 40 Br.

V-1565

2 kanHana, 100 MI't, 3agepXKa pa3BepTKU, MaKCUMaIbHasl CKOPOCTh Pa3BEePTKU 5 HC
(x10), makcuManbHasi YyBCTBUTENbHOCTh 2 MB, yacToToMep, aBToMaTuyeckasi yCTaHOB-
Ka CKOPOCTHM pa3BEPTKU U YPOBHS CUHXPOHM3ALIMM, 3aMOK CHHXpoHu3auuu, TB-cuH-
XpOHM3ALIMS, KYPCOPHbIE M3MEPEHMSI.

V-1585

4 xanana, 100 MI', 3agepxKa pa3BepTKU, MaKCHUMaJIbHasl CKOPOCTh Pa3BEPTKHU 5 HC
(x10), makcuManbHasl YyBCTBUTENbHOCTb 2 MB, yacToToMep, aBToMaTuyeckasi yCTaHOB-

Ka CKOPOCTM pa3BepTKU M YPOBHSI CUHXPOHM3ALMM, HE3aBMCHMMAas CUHXPOHM3ALIMSI
A/B-kaHaloB, 3aMOK cMHXpoHu3anuu, TB-cuHxpoHM3a1Ms1, KypcOpHbIe U3MEPEHUSI.

CsopgHasg Tabnuiia ¢ mapamerpaMu ocuuiorpacdoB ¢pupMsel Hitachi mpencraBieHa Ha
puc. 2.38. C ux JaHHBIMM MOXHO IMO3HAKOMUTLCS Ha caliTe KOMIaHUU DJIMKC (ero ai-
pec ObUI TIpUBEACH BHIIIE).

2y [T
s 2T ¢ anarowanss 6 o AT & amarenanes & s ST & anaronansio 6
s Monoca nponyoeasea 20 My [» Monoca nponyomarna 50 MRy = Moncoa npenyocamna; 60 MR (V-695) 100 MMy | 4 camana
[V-1565)
(& 1 HEASN — WAKE, YYBLTEMTENGHOLTE [+ 1 MB/REN = WAKE. MYBLTEKTENSHOCTE [+ MlnGCE NpHAYCRarnA 100 MMy
. & Orpawstusnisn nonncw
o oT 0, 2we/nen 20 0,26/080 - ANANAIOHE & 20 me/oen. 0.2 /nen — AnaNaIOHE & Orparmetnme NeNGtel
reprISHTENEHOR DAIBEPTEN FOpHICHTINLHOR DAIBEPTEN o 2 wB/aen — wawc. uypoTEMTENLNOCTY
o 2 WB/8EN — WAKE. 4YBLTE HTENENOETE (KENANN 1 W
s Crmponzauna (Auto, Morm, TV-H & Tv-v) #1004V DC = cHewense N0 0QHOM0 KaMANE [» Aeofnan pazeepa 2
s Janyce: BwyTREHNRA, BHemEnA, OT N o Dymruna AlMagnify{yeenmume) & ApTomaTmuecenA Bwop roprIonTansHoR s 0,1 8/nen win 0.5 B/aen — makc.
DavBRETEN wrBETBATEnLHOCTY (KaHam 3 1 4}
[+ 2 Mooknmrs & BT ¢ dymkunen craad-outs (W-555)
= & weiaen.. 0.5 ofaen — awanarom s Avofinan pasepmrs
' 2 rons rapswTn s Kypeconsie W Bpemern (V- B pasnegmon
5551 (s [mana3osl FOpRICHTANEHOR DAIBERTIN Suto

o P oTolpaxenna: A-painepres, B-pasnepmis |ranging
o Crmxpomnzauna (Auto, Norm, TV-H & TV-V) wram AR "o

# S we/nen. 0.5 ciaen — amanazom,
. Py

& JamyCK: BAYTOEHAMH, BHELRHE, OT Ak

o 2 npcea P —

s 2 roms rapasTIn

. A ' v Kyp anm ., BoEmEnn
 ACTOTE

[ Chmzpornyauma (Auts, Norm, Single, TU-H & TY.

vl [+ LETROSHHLA 4-pAIRALHET “ALTATaHER

v Dymrumn Trigger Lock [+ Crnxpomnsaunn A-paseepica (Auto, Norm, Single,

TV B TYY)
* Undposoe raspxanne sanycra
o Chnipomnnsaumna B-painenmes (Auto & Marm)
[+ Dyrikusa Trigger Lock

l+ Unbposoe raspxanne 3anyeRa

o Sanyce: enyToeAnAi (Kanans of 100 4],
BHELIRRE, OT ANFIE

[+ 2 npofirmra

[+ 2 roas rapssme

W-252 — nenopareR 20 MIU aHAROroBeIi V-SEZ/V-555 — HeACROMe SO0 MIU SHANGOBEE V-BREA-1505 — “0/100 Hru & V-1505 — i 100 Mru 4-
ccunnnnrpndt nperpacnn nontoa-‘ Ana yuabneix OCUMANGIPade: ¢ NPOLTEN |, XOPOWO OCToiN ocLMAN: ornn\t € nnoan FNpABAEHNEN 0
aEned B weanax, ana o 0 dn- il )mmun nnaxn“ﬂ' ana PALOM HIMEDHTENEHE SYHCUNR. Kopown neaxensT
anes e a & namEEERIR B ANERTpaNAEES, Tam, | An
NoaEGaN | und.luwble o uluuéu me Noaxaaar undposee oo sde

Puc. 2.38. TexHuueckue xapakmepucmuKy ananrozo8ovix ocyuirozpagos dupmer Hitachi

2.3.6. Ocuunnorpadsbi pupmbl PINTEK

K cpaBHurensHo memreBeiM mprbopaM u3 FOro-BocTouHoli A3y OTHOCSITCS OCIIUTI-
snorpadsl TariBaHbckoi prpmbl PINTEK, nosBuBimMecs: Ha poCCUIICKOM pbIHKE HECKO-
JIBKO JIeT Hazaa. OHM OpHEHTHPOBAHBI Ha OTJIAIKY 2JIGKTPOHHOTO O0OpYIOBaHUS, pe-
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MOHT U JlabopaTOpHbIE WCCICIOBAHUSI.
Jannble 00 ocuuorpadax 3Toil pupMbl
MOXHO Haltu Ha ee WHTepHeT-caiiTe
www.pintek.com.tw/.

CamMbIM  TIPOCTBIM  TIPUOOPOM  3TOM
KOMIIAaHWU SIBJISIETCS CEPBUCHBIN aHAIOro-
BBIii 20-MerarepleBbIil TBYXKaHaJIbHBIN
ocumutorpad PS-200 (puc. 2.39). On
umeet 3kpad 8§ x 10 gen (1 men = 1 cm).
YyBCTBUTEIBHOCTL IpUbOOpa Mo BepTUKAa-
M oT 5 MB/men mo 5 B/men, Bo3aMoXHO ee
yBeandyeHue B 5 pa3. [lorpemHocTh u3me-
penust 3% wu 5% (B pexuMe yMHOXECHUS
YYBCTBUTEJbHOCTH). BxomHoll wuMmIiegaHc
IMOM/25 n®. JInuteabHOCTh pa3BepTKU
ot 0,1 MKc/men mo 2 ¢/mei, MOrpelurHoCTh
BpEMEHHBIX U3MepeHuil 0e3 pacTsKKU pa3BepTku 3% u 6% npu pactskke. Mmeer
OOBIYHBIE PEXKMMbI PaOOThI C NBYMSI KaHAJaMM M OOBIYHBIE PEXMMBI 3aIyCKa U CUHXPO-
HU3aluM pa3BepTku. Mopenb PS-205 nuMeeT BCTpOEHHYIO JIMHUIO 33[I€PKKU.

OCHOBHbBIE JaHHBIE HECKOJBKMX aHajoroBbiX ocuusuiorpadoB ¢upmel PINTEK
MIPEACTaBJICHHI B CIEAYIOIIei TabauIIe:

Puc. 2.39. Ocyunnoepagp PS-200
dupmer PINTEK

Tun npubopa

PS-200/205

PS-250/257

PS-605/608

PS-1000/1005

[Monoca yactot

0-20 My,

0-25 My,

0—60 Mrw

0-100 My

Passeprka

0,1 mkc...1 c/oen

0,1 mkc...2 ¢/pen

0,1 mkc...1 c/men

20 He...5 ¢/pen

OcTanbHbIe TTapaMeTpbl 3TUX NPUOOPOB aHAJIOTUYHBI TPUBEACHHBIM JUISI MOIEIU
PS-200. ITpubopkl BEIMTYCKAIOTCS B CTAHAAPTHBIX KOPMYCax M BHEIIHE OTJIMYAIOTCS YUC-
JIOM pydeK yIpaBjieHUs U IIBeTOM odopMIecHMs mepeaHell nmaHenu. [I1pubGopsl mMeroT
pa3mepsl 324 x 398 x 132 MM 1 maccy 8,5 K.

B ocumnnorpag PS-257 BctpoeH 1yppoBoii MyJIbTUMETP, U3MEPSIOIINI TOCTOSTHHOE
Hanpskenue 1o 1000 B, mepemennoe no 750 B u conporusnenue 10 50 MOM. OH 1103BO-
JISIET TaKXKe MPO3BaHMBATDH LIETIU U TIPOBE-
pste nuonbl. Ocummtorpad PS-705 nmeer
3a/lepKaHHYI0 pa3BEePTKy — «JIyIIy BpeMe-
HU» W MPOCTEUINNIA XapakTepuorpad st
HaOJIIONEHUsI BOJIbT-aMIEPHBIX XapaKTe-
PUCTHUK TIOTYTTPOBOJHUKOBBIX TIPUOOPOB.

B Hogeitmii 40-merareplLeBblil IBYyX-
KaHaJIbHbII ocuuorpad PS-406
(puc. 2.40) BcTpoeH LUMGbPOBOI YacCTOTO-
mep. [lpubGop uMeeT UYyBCTBUTEJIbLHOCTb
1o Beptukaiu a0 1 MB/nen u paspeieHue
pa3Beptku B 10 Hc. YacToTOMEp ¢ MHAM-
KaTOpOM Ha KpPaCHbIX CBETOAMOMAX M3ME-
psieT yactoTsl oT 0,1 't ;o 50 MI'r ¢ pas-
pewieuem B 0,001 't 1 aBTOMaTUYECKUM
BBIOOpPOM TIpemenia m3MepeHus. UyBCTBH-
TeJbHOCTh yacToTomMepa 1 MB.

Puc. 2.40. Ocyunnoepagp PS-460
dupmor PINTEK ¢ ecmpoenHoim
yugpposoim wacmomomepom

84



Nhaea 3. UndpoBbie n ctpobockonuyeckmne
ocuunnorpadnbl

3.1. UndpoBoe npencrassieHne aHanoroeon uHpopmauum

3.1.1. O6wume NpUHLMNbI NOCTpoeHusa unudpoBbix ocuunnorpados

OCHOBHOI TPYIHOCTbIO B CO3JaHUU aHAJOTOBBIX OCLUMILIOrpacoB SBISETCS MPOEK-
TUPOBAHME IIIMPOKOMOJOCHBIX M CBEPXIIMPOKOMOJOCHBIX YCUJIMTENEH C BBHICOKUM BbI-
XOJHBIM HAaIpsKEHMEM, HOCTaTOYHBIM JUIST BO3OYXKIEHUSI OTKJIOHsIoUX cucteM DJIT.
Mexay TeMm, 4TOOblI MONYYUTh M300paxkeHue (opMbl CUTHaja, BOBCE He 00sI3aTeJIbHO
YCUJIMBATh €T0 10 YPOBHS B030yxkneHus rutactuH DJIT B gecsaTku U cOTHU BOJBT. MoX-
HO BOCIIOJIb30BaThCsS HM(MPOBHIM KOAMPOBAHMEM CUTHAJA W MCIIOJB30BaTh JaBHO M3BE-
CTHBIC M IIMPOKO MCITOJIb3YeMBbIe B BEIUYMCIUTEIBHON TEXHUKE IMPeoOpa3oBaHUs CUTHA-
JIoB B 1u(ppoByo (GopMy M 3aTeM TMpeACTaBIeHHE WX Ha IKpaHaX HU3KOYACTOTHBIX
ocumutorpados, DJIT ¢ MarHUTHBIM OTKJIOHEHWEM — KWHECKOIIOB U Jake Ha dKpaHax
TJIOCKUX XKUIKOKPUCTAITAYECKUX TUCTLICEB.

puHuun aeiicTBUsl LUEPPOBOro ocuuiorpada J0BOJbHO MPOCT. AHAJIOTOBbIA CUT-
HaJI I1OCTaTOYHO HM3KOIro YpPOBHS (Hoau-eauHUILl B) mpeBpaiiiaeTcss B 1MpPOBOIl Mo-
TOK C TOMOIIBIO aHan020-uugposozo npeodpazosamens (ALIIT). Ins atoro curHanm y(7)
MPEACTABIISICTCSI PSIAOM PaBHOMEPHO pacIpenejiecHHBIX BO BPEMEHM BBIOOPOK Vi, Vs, ...,
Yn, KOTOpBIC OLIM(POBBIBAIOTCS M Pa3MENIAIOTCS B ONEPAaTMBHON MaMITH IIM(POBOTO
ocuuuiorpada. DTo TOBOPUT O TOM, UYTO TAKOU ociuyuiorpad 3a0lHO SIBISIETCST 3aITOMM-
HaronmM. Takue TpUOOPHI YaCTO HAa3BIBAIOT YUPDPOBLIMU 3ANOMUHAIOUWUMU OCUUAL0EPA-
¢amu (I130). TIpy 5TOM HOBBIM BaXXHBIM MapaMeTpoM oclusuiorpada sBasieTcss 0obeM
MaMsITH (Kak OOIIWIA, TaK W Ha KaHaJ WK ociuutorpamMmy). Llndposbie naHHbIE U3 Na-
MSITU MOTYT OBITh 3alMCaHbl HA MAarHUTHBIE TUCKU B BUIE (DAiloB, XpaHUTbCS Ha HUX
HEOTrpaHUYEHHO J0JITOe BPeMsl M MCIIOJb30BaThCs MO Mepe HEOOXOAUMOCTH.

Hpyrum BaxxHbiM TtapametrpoMm ALIT siBaseTcd yacrota ero pa®oThl, WU uacmoma
évibopku. B cmydyae cloxXHbIX (popM MCCeIyeMbIX CUTHAJIOB OHA JOJIKHA OBITh B JIECAT-
KW, a MHOT/IAa U B COTHUW pa3 BBIIIE YaCTOThl MOBTOPEHMSI MEPUOANIECKOTO CUTHAJIA.
B ciryyae perucrtpaniiu oqHOKPATHBIX CUTHAJIOB C JUTUTEIBLHOCTBIO f,; JJIsSI €rO TIPeICTaB-
JIEHWST TakKKe Hajgo MMETh OIpenejieHHOe Yucio N OTCYeTOB, TaK YTO IepUOJ paBHO-
MEpHOTI'0 TI0 BpeMeHU KBAaHTOBAaHUSI CUTHaja OyaeT paBeH df = t,;/N, a 4acToTa KBaHTO-
BaHus f, = 1/dt = N/t,. Hanpumep, eciau CUTrHaJ ¢ JUIMTEJIBbHOCTHIO #,; = 0,1 MKC mpea-
craButh 100 orcuetamu, TOo moaydyum df = 1 Hc u f, = 1 I'Tu. YTtoObl MCKIIOUYUTH
MyTAaHUIY MeXAY OOBIYHOM TpaHWYHONM YacTOTOM M YacTOTON BBLIOOPOK ITOCJIEIHION
YKa3bIBaIOT B UMCJIe BBIOOPOK B CEKyHIy, Hampumep MBBIO/c miu MB/c.

DTOT MpUMep HAMISIIHO WUTIOCTPUPYET OCHOBHYIO TIPOOJIeMy B ITOCTPOEHUMN 1IN(pPO-
BBIX ocLILIorpacoB, paboTalolINX B peaJbHOM MaciiTabe BpeMeHU, — HeOOXOIMMOCTh
B ObicTpoaeiicTByommnx ALLTT. Yactota kBaHTOBaHMs1 curHaiaoB ALIIT momkHa XoTst Obl
Ha MOPSAOK MPEeBbIIATh MAKCUMAJIbHYIO YacCTOTy HAOJI0IaeMOro CUrHajga, ¢ TeM YTOObI
Ha caMblii KOPOTKMIA CUTHaJI MPUILIOCH XOTS Obl AECSATh OTYETOB. [Ipy 3TOM BO3MOXHO
HCCIeI0BaHNE KaK OMHOKPATHBIX, TaK U MEPUOANYECKUX CUTHAIOB. B ciyyae nmepuonu-
YECKHX CUTHAJ0B BO3MOXHA CTaTUCTMYECKass 00pabOTKa OTCUETOB, HAIIPUMEp yCpeaHe-
HUEM TeM WJIA WHBIM CIIOCOOOM, M TIOCTPOCHUE YCPEAHEHHOMN OCIUJIIOTPAMMEBI.
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ITpombllieHHOCTh BblmyckaeT MHoxecTBo ALIII, u Hanbosiee CKOPOCTHBIE M3 HUX
MOTYT HCITOJTb30BAThCS I CO3MaHUS MUMPPOBBIX ocHuuIorpadoB ¢ 3PHeKTUBHON MO-
snocoit Tpakra Y 1o 50—100 MT'u. Dto o3Havaet, uro ALLIT mis Takux ocummiorpadosn
JIOJIKHBI UMETh 4acToThl auckperusdauuu a0 0,5—1 I'T'u. OgHako o moaydeHust bonee
BBICOKMX YaCTOT HY>XHbI cnieunanusupoBanHbie ALIIT. Ouu coznatorcs 1nbo pupmamu,
pa3pabaThIBAIOIIMMK CKOPOCTHBIC IIM(POBBIE OCHUIUIOrpadhl, JTMO0 CTOPOHHUMU (UP-
MaMM 1o 3aka3y. beccrniopHbIM auaepoM B paspaboTke ckopocTHbhIX ALIIT mns mudppo-
BbIX ocLusuiorpadoB sBisieTcs Kopropaius Tektronix — MUpoOBOi Juaep B pa3paboTke
ocuuJorpauueckKrux U3aMepuTebHbIX npuodopoB. OHa umeetr ALIIT ¢ yacToTOi KBaH-
toBaHug 1o 10—20 I'Tw.

Hpyrum BaxkHbIM mapametrpoMm ALLIl sBrisieTcst ux paspsonocms — YUCIO yPOBHEM
KBaHTOBaHUsI CUTHajia B nBom4HOI (opme. [lomasisiomee OonbimHcTBO ALLTT ms
CTPpOOOCKOMUUECKUX OCLMLIOrpad)oB UMEET CTaHAAPTHYIO pa3psiIHOCTh, paBHYIO 8. DTO
3HAYUT, YTO YKMCIIO PA3IMUYUMBIX YPOBHEN CUrHama cocTasisieT 28 = 256. Dtoro BroaHe
JIOCTAaTOYHO JUISI OOIIETO MpEeACTaBICHUsS CUHYCOWIAJBbHOTO CHUTHaja M OOJBIIMHCTBA
CUTHAJIOB JIOCTATOYHO cJIoXKHOU hopmbl. Tem He meHee Hekoropsie ALIIT mist tmdpo-
BBIX OCLIWJLIOrPacOB MOTYT UMETh OOJIBIIIYIO Pa3psSIIHOCTb.

OnHako B KOHEUHOI pa3psiIHOCTA KBAaHTOBAHUS (KakK IO YPOBHIO, TaK U 1O BpeMe-
HHU) M KPOeTCSl «axwuiiecoBa IisitTa» LudpoBoit ocumutorpaduu. Hampumep, ecnu B
OCLIMJIIOTPaMMe CJIOXKHOIO CHUTHajla MPUCYTCTBYIOT MEJIKUE HAeTaad, TO LUDpPoBOit
ocuwiorpad Mx MPOCTO He 3aMeTUT. MexXay TeM aHaJoroBblii ocuuiorpad ¢ Mmomo-
IIBI0 PACTSDKKKM M300paXkeHUs MO BEPTUKAIM M IO TOPU3OHTAIM BIIOJHE B COCTOSIHUU
pa3BepHYTh U300paKeHNEe AeTaJIM Ha BeCh 9KpaH WIM Ha OOJBIIYIO €ro 4acTh. Bpouew,
9Ta neTajb OyaeT BOCIIPOM3BOAUTHLCS 0€3 MCKaXKeHUM TOJbKO B Cilyyae OOJbIIMX 3ara-
COB TI0 LIMPUHE MOJIOCHI TTPOIYCKAaHMSI aHAJOTOBOTO OCLMJIIOrpada.

[ns BocmnpousBeneHUs OUMMPOBAHHOIO CHUTHajJla HM3KOYACTOTHBIM YCTPOMCTBOM
oToOpaxeHus: "HDoOpMalUKu (AUCILIEeM) TOCTaTOYHO MPOCTO YBEJUYUTh MHTEPBAJ Bpe-
MEHU MeXIly OTCUeTaMM M 3aTeM IPEeBPaTUTh WX BHOBb B aHAJIOTOBBIN CUTHAJ C TIOMO-
mplo g poananorosoro npeodopazosatess (LLAIT). Takue npeobpa3oBarenu Takxke BbI-
MMyCKAalOTCS B BUJE MUKPOCXEM, U UX BBIOOp JocTaTouHO BequK. [IpaBma, OOABLIMHCTBO
U3 HUX SIBJISIETCSI HE TOCTATOYHO BBICOKOYACTOTHBIMMU.

W, HakoHell, TpeTbMM CcHelM(UIYECKUM TTapaMeTpoM LHU(GPOBLIX OCUMLIOTPadOB SIB-
JIsieTCsl obsem namamu — OOLUMI M Ha OJHY OCLMJUIOrpaMMy. BOJIBIIMHCTBO COBpEMEH-
HBIX HUMPOBBIX OCUWILIOrpachoB CIIOCOOHO XPaHWUTh B MaMSITH HECKOJBKO OCIIMJIIOT-
paMM 1 BBIBOIWTH MX Ha 2KpaH CBOEro muciuiest. YeM BeIIe 00beM IMaMSITH, TEM 0OJb-
me uHbopMauuu 00 MCCAeAyeMOM IIPOLeCCe MOXKHO HAKOMUTh B MaMSITU U B
JaJbHEeHIIeM M3y4UThb €€ MO 4acTIM WM 0o0paboTaTh BCTPOSHHBIMU B ocLusuiorpad
cpenctBamMu. MHoTHe ocHmutorpadbl TOCTABISIIOTCS CO CTaHAAPTHON HEOOJBIION WIn
CcpemHeil maMsITbIO0, HO OIMIIMOHATBRHO OHA MOKET OBITh HapallleHa 0 OOJBIION MaMsITH.

He cnemyer 3a0bIBaTh, 4TO TPU TEePEYMCICHHBIE BBIIIIE ITapaMeTpa SIBJISIOTCS TOTIOJ-
HuteabHbIMU. Kpome HuX mmdpoBoii ocimtorpad xapakTepusyeTcsl HeJIbIM PSIIOM Ta-
paMeTpoB, KOTOPBIE XapaKTepHbI W IJISI aHAJOTOBBIX OCLIMJUIOrpacdoB. DTO KacaeTcs U
mapaMeTpoB YCUJIMTEIEH CUTHANIa, TOBOASIIMX €r0 YPOBEHb A0 3HAYEHUM, MPUEeMIIEMbIX
st pabotsl ALLIT. TIpexkae Bcero a3To OTHOCUTCST K IMUPUHE TTOJIOCHI YaCTOT U BPEMEHM
HapacTaHWs KaHana Y, YyBCTBUTEILHOCTU M MUAIa30Ha JTUTEIbHOCTEN pa3BepTKU.

IlepBbie ocumorpadbl ¢ OLUMGPOBKONW CHUTHAJIOB ObLIM ITOCTPOEHBI Ha OCHOBE
OOBIYHBIX aHATOTOBbIX ocorpacdoB ¢ 0obryHON DJIT. OHU XapaKTepu30BAIUCH BCEM
HaboOpOM MapaMeTpOB, XapaKTePHBIX ISl aHAIOTOBbIX ocLvuiorpacdoB. BHavane mudpo-
BbIE METOIBI MCITOJb30BAIMCh JIMIIb IS U3MEPEHUS ITapaMeTPOB MCCIIEAyEeMbIX CUTHA-

86



3.1. l{ugposoe npedcmasrenue anarocosoii ungopmayuu

JIOB C BBIBOJIOM MX 3HAUY€HUI HA 9KpaH IUCIUIeS WM Ha OTIEIbHBINA CBETOAMOIHBINA WU
KUAKOKPUCTALIMYECKUI MHAMKATOpP. 3aTeM cTajla MCIIOJIb30BaThbCsl TpaHChOpMalus
BBICOKOCKOPOCTHBIX CUTHAJIOB B HU3KOCKOPOCTHBIE, OTOOpakaembie 00buHON DJIT.

Taxkue nprOOPHl OOBIYHO HA3bIBAIOTCSI AHAN020-UUPPOBLIMU OCUUAN02PAPAMU, TIOCKO-
JIbKY OHU COfepXaT aHAJIOTOBBIM TPAKT, 3aJal0lINil YaCTOTHO-BPEMEHHBIE TMapaMeTphbl
ocuwuiorpada v uudpoByto yacTb. OHU BBINTYCKAIOTCS U MOHBIHE, HO 3TOT BBIIYCK MO-
CTETIEHHO COKPAIIAeTCsl M3-3a JIOPOTOBU3HBI TAKUX MPUOOPOB, WX OONBIINX PAa3MEPOB U
Macchl. B TO xe Bpemsl BBIMYCK YKUCTO LUGPOBBIX MPUOOPOB MOCTOSIHHO PacTeT. DTO
CBSI3aHO TIPEXIE BCETO C MPUMEHEHUEM B HOBBIX MOJENSIX IUMPOBBIX OCHIIIOTpacdoB
ManoradaputHeiX Tiaockux KKW-gucnneeB (HepeaKo LUBETHBIX), paCIIMPEHHBIMU CPei-
cTBamMu IKU(MPOBOI 00pabOTKHA OCUWIJIOTPAMM M BO3MOXKHOCTBIO YMEHBIIEHUS Tabapu-
TOB M Beca NMpuOOpoB. B To ke Bpemsl Heib3sl HE OTMETUTb, YTO LIM(PPOBbIE OCLIUILIOL-
padsl cpemHero Kjacca CTOST HAMHOTO JIOPOKe aHAJIOTOBBIX MPUOOPOB, TaK YTO K YUC-
JIy OOIIENOCTYIHBIX UX HE OTHECEIb.

3.1.2. O BbIOOpE Yncna OTCYETOB U BOCCTAHOBJIEHUM CUrHaJIOB

[MpyHUMIMATIBLHO BaXHBIM TEOPETUYECKU U MPAKTUYECKU SIBJISIETCSI BOIIPOC O BBIOO-
pe Ymciia OTCYEeTOB CHUTHAJA JIJIsI ero mpeoOpa3oBaHMs B HUMPOBYIO (HOpMY U daibHEH -
LLIEr0 BOCCTAHOBJICHUSI CUTHAJIA 10 ero orcyeTaMm. Kak 4acTo Hamo JesiaTh paBHOMEPHbBIE
BBIOOPKM MPOU3BOJILHOIO CUTHAaja, YTOObI Mocjae nmpeodpa3zoBaHUsl B LMGPOBYIO GOpMYy,
a 3aTeM CHOBa B aHAJIOTOBYIO ObLIa coxpaHeHa popma curHajga? OTBET Ha BTOT BaXKHbII
BOIIPOC JIaeT TeopeMa 00 oTcueTax, uim meopema Komenvnukosa (3a pyOoexkoM MMEHye-
Mas Takke Teopemoit HalikBucta): «Eciu ciekTp curHana e(f) orpaHU4YeH BBICIIICH yac-
TOTOI f5, TO OH 0e3 ToTepr MHMDOPMALIMU MOXET OBITh MPEACTaBIeH AJUCKPETHBIMU OT-
cyeTaMM C YMCIOM, paBHbIM 2 [fg». [Ipu 3TOM cMTHajl BOCCTAHABIMBAETCS II0 €r0 OT-
cuetaM e(k Udr), cleayloliuM ¢ MHTepBAJIOM BpeMeHU df = 1/f,, ¢ moMollIbio (uiabTpa,
peau3yolero BOCCTaHOBJIEHUE 10 (DopMyJie:

> sin(r(r — k [Ht)/dt)

o= 3 Ak i Ky ar

(3.1

7151 BOCCTaHOBJIEHUsI HEIIPEPBIBHOIO CUTHAIA 10 ero BEIOOpKAM JOCTATOYHO pacIio-
narath (GyHkumei sinc(f) = sin(f)/t ¢ yuerom ee ocoboro 3HayeHus sinc(f) = 1 npu x =
0. Puc. 3.1 moka3pIBaeT MpuMep IUCKPETU3aIMU HEKOTOPOTO CUTHajia (Hapacrarolas, a
3aTeM CIiamarolas SKCIIOHEHTa) ¢ TIEPUOAOM KBAaHTOBAaHUSA df M 3aTeM BOCCTAHOBJICHUS
curHaia 1o BeipaxeHuto (3.1). HecmoTpst Ha manoe yuciao orcueToB (ux 11) BoccTaHOB-
JIeHHasT (popMa CUTHaJIa BechMa OJIM3Ka K (hopMe MCXOTHOTO CUTHAJIA.

YT0OBI BOCCTAHOBUTh MCXOIHbINM CUTHAJ IO €r0 OTCYeTaM, HAlO0 MMETh MX YUCIICH-
HBIe 3HAUCHUS M 3HAUCHHWE WHTepBala OUCKpeTH3anuu df. Bce 3TM maHHBIC HETPYITHO
XpaHUTh B 3alIOMMHAIOLIEM yCcTpoiicTBe. Ecnu yBeIMUnTh df Ipy BOCCTAHOBJICHUU CHT-
Hama 1o ¢opmyie (3.1) B k pa3, To BOCCTAaHOBIICHHBI CUTHaJI 0e3 M3MeHeHUsS (hOPMEBI
OyaeT pacTSHYT B K pa3 U ero MOXXHO OTOOpa3uTh Ha KpaHe JOCTATOYHO HMU3KOYACTOT-
Hoit DJIT ¢ mpoCThIM HU3KOYACTOTHBIM YCHUIIUTEIICM.

7151 BOCCTAHOBJIEHMSI CUTHAJIa He 00sI3aTeJIbHO MO0JIb30BaThCs (PUILTPOM Ha OCHOBE
6asuca KorenbHUKOBa. Bo3MoXHO TIpuMeHeHHMEe W 0oJiee MPOCTHIX (PMIBTPOB, BILIOTH
JI0 00bIYHOrO KoHAeHcaTtopa uiu RC-uabTpoB HMXHMX 4yacToT. IlpaBma, mpu 3TOM
HY>KHO HECKOJIbKO YBEJIMYMUBATh YaCTOTY BEIOOPOK.

OOBIYHO HU3KOYACTOTHBIE CUTHAJIbI BOCIIPOM3BOISATCS C TEM K€ IAaroM, 4TO U IpHU
UX JUCKpETU3allnv. DTO O03HAYaeT paboTy B pealbHOM Maciutade BpeMeHH. OIHAKO BbI-
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3apaHue AWUCKPEeTHBIX OTCHeTOB CUrHana
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Puc. 3.1. [lemoncmpayusn duckpemu3ayuu u 80CCMAHOBACHUSA CUSHAAA 8 Cucmeme
Komnetomeproli mamemamurku Mathcad

COKOYACTOTHbBIE CUTHAJIBI OOBIYHO BOCIIPOM3BOISATCS IPU YMHOXEHUU IepUoga JUCKpPe-
TU3aLMKA. DTOT IMepexo] MHOIIa 3aMeTeH 1 OpocaeTcst B miaza. K ToMy Xe OH peaym3sy-
eTCS Pa3JIMYHO B Pa3IMYHBLIX TUIAX ocumuiorpadgoB [28—37], 4TO 4acTo CIYXKUT MpU-
YUHOM HeJopa3syMeHUI MpHU UX cpaBHeHMU. HaMBBICIIMMU YacTOTaMU, peaau3yloMMu
peXuM peallbHOro BpeMeHH, objagaloT ocumuiorpadgsl gupmbel Tektronix, mmeronyie
Haubosee ckopocTHble ALLIIT [32—34]. B mocineaHee BpeMsl UM «Ha IMSATKU» SIBHO HACTY-
natot ocuusiorpadsl pupmbel LeGroy [35—37], mocTpoeHHbIe Ha 6a3e KOMIbIOTEPHO
miatdopmbl Intel-IBM ¢ mukponpoueccopamu Pentium 4.

OpHako yBenmuyeHue 4yacToThl padoThl ALLIT siBisieTcst He eAMHCTBEHHBIM ITyTeM I10-
BBILLIEHUSI BpEMEHHOM paspellarolieii ClToCOOHOCTH COBPEMEHHBIX LIM(POBBIX U aHAI0-
TOBO-LIM(POBBIX ocHuiuiorpadoB. ¥ HEKOTOPBHIX Mojesieil ocluuiorpadoB TS TTOBBI-
LIEHWs pa3peliaolleil CIToCOOHOCTY BMECTO PaBHOMEPHO paclipele/IeHHBIX OTCUCTOB
HCITONTB3YIOTCS HEPAaBHOMEPHO paciipelesieHHBIe OTCUETHI ¢ TIEPUOAOM, YMEHBIIAIOIIM-
Cs TIPY BBICOKOW KpPYTH3HE M3MEHEHMST BXOTHOTO CHMTHaia. JIpyroil myTb — BBITIOJHE-
HUE TUCKPETU3AIlNN IIPU CIIYIaifTHOM ITOJIOKEHWN OTCUETOB. JIJIST BHICOKOUYACTOTHBIX ITe-
PUOANYECKHNX CUTHAJIOB TaKas Mepa BMECTE CO CTaTUCTUYECKON 0OpaboTKON (Hakorie-
HUEM, VyCpeOHEHWEM W CIJIaKWBAaHUEM) HEpeOKO ITO3BOJSIET pe3KO ITOBBICUTH
pa3pemIalonyio CIIoCOOHOCTh OcmuIorpacda BO BpeMEHH.

3.1.3. 06 uHTepnonsguum B uudpoBbIX ocuunnorpadax

Hrak, cneuudpuka uu@poBbIX OCHUIIOrpadoB 3aK/I0YaeTCsl B MPEACTaBICHUN pea-
JIHBIX TIPOLIECCOB UX OTAEAbHBIMU OTcUeTaMu. g TOro 4ToObl MOJYYUTh M300paxke-
HUE Tpolecca HE B BUIE OTIAEIbHBIX TOUYEK, a B BUAE HEMPEPBIBHBIX JUHUA, HY>KHO HC-
M0JIb30BaTh TOT WJM MHOW BUA MHTepnojsuuy. HamoMHuUM, 4TO MaTeMaTU4YeCKU UH-
mepnoaayus SIBISAETCST BBIYMCICHWEM 3HAUCHUM HEKOTOpO (YHKUMHU, 3amaHHOM
OTIEJbHBIMU y3JIOBBIMUA TOUYKAMU, B IIPOMEXKYTKAX MEXKIY y3JIaMH.
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Ipocreiiieid SBISICTCS AUHEUHAS UHMEPNOAAYUs, KOTOPast CBOIUTCS K COEIMHEHUIO
Y3JIOBBIX TOYEK OTpe3KaMu MpsiMbIX. OHa JIETKO peaan3yeTcsl MaTeMaTUYeCKM U TIPO-
IPaMMHO U ITOTOMY YacTO MPUMEHSETCSI KaK B CHCTeMaX KOMIIbIOTEPHOI MaTeMaTUKMU,
Tak ¥ B IIporpaMmax Ui IU(POBBIX OCIUIUIOrPadoB, «pUCYIOIIMX» OCIMIOTPAMMBI Ha
sKkpaHe. OMHAKO MPU OTOOPaXKeHNH JaxKe MPOCTHIX IUIABHBIX TIPOLIECCOB, HATIPUMED CH-
HYCOMIANIbHBIX, TOJyJyaeMasli M3 OTPE3KOB MPSIMBIX OCHUJIJIOTpaMMa BBILJISIAUT OYEHb
rpyooii, ecau yucio orcuetoB nopsiaka 10 u menee. [Ipu OOJbIIOM YMCIE OTCUETOB,
nopsiaka 100 u Gosee, pe3ynbTaT OKa3bIBAE€TCSI HAMHOTO JIydllie ¥ BOOOIIE TIepecTaeT 3a-
BUCETb OT MPUMEHEHHON MHTCPIOISIINU.

DTO AaeT MoBoj pa3padoTYMKaM OCIUIOTPachOB MEPEXOAUTh OT DoJiee CITOKHONW WH-
TEepNosaUu (CM. HUXKE) K TIPOCTON JMHeHO uHTepnoasunu. K coxkaaeHuio, He Bce-
r1a sICHO, B KaKOW MOMEHT MCCIIEOBAHUS TIPOMCXOAUT 3TOT TIEPEXO] U Ha KAaKOM YPOB-
He — anmapaTHOM WM MPOrpaMMHOM. DTO CIYXUT MPUUYMHOW MHOTHUX HEIOYMEHUI
MpU CPaBHEHUM BEChbMa JIOPOTOCTOSIIINX allllapaToB W Jaxe SIBJISIeTCS MPUYMHON HEI0-
Bepusl K pe3yJIibTaTaM OCIMUIOrpadupoBaHusl ¢ MOMOIIBIO HU(GPOBBIX OCHMILIOrpadoB.

B OompimHCTBE CtydaeB (HO BOBCE HE Bcerna) ObUIO OBI XKeJlaTeIbHO IIPUMEHSITH 00-
Jiee TOHKYIO MHTEPIOJISLIMIO, 00ecneyrBalollyo MJIaBHOCTh ocuviorpamM. Haubonee
pacIpocTpaHeHHOM cTajla MHTeproJsiius Buna sin(7)/t. [louemy numeHHo oHa? OTBeT Ha
5TOT BOIIPOC BIOJIHE OYEBMICH M3 MPEAIICCTBYIOIIETO pa3iesia — MMEHHO 3Ta MHTEPIIO-
s sBisieTcs 6asucom KoTenbHUKOBA M, COTJIACHO €ro TeopeMe, obecreuynBaeT ToY-
HOE BOCCTAHOBJIEHME CHUTHaja. 3[eCh BO3HMKAET HeOoJIbllas IpobdjeMa — CyMMUpPOBa-
Hue B popmyne (3.1) oT —oo 10 +oo. OgHAKO €CIM CTIEKTP CUTHAJIAa OTPAaHWYEH YaCTOTOU
Sras TO MOXHO MCITOJIb30BaTh MPUOMKEHHYIO (DOPMYITY MHTEPITOJSIIUN:

2fmax T . .

®opmyna (3.2) 3agaeT MHTEPIOJIAINIO BUAA Sin(f)/f, TpUMEHSIEMYI0 B COBPEMEHHBIX
undpoBbIX ociiorpadax. DTa WHTEPIOSIINS AaeT HEIIOXWe Pe3yabTaThl B 0OJb-
IIMHCTBE CIy4yaeB OCLIMLIOrpadMpoBaHUs JOCTATOUHO IJIaBHBIX CUTHAI0B. OQHAKO ma-
Halleeil OT Bcex Oel M 3Ta MHTePIOJISIIUS CIIY>XKUTh He MoxeT. [IpuurHa KpoeTcsl B TOM,
YTO Ha CAaMOM JieJie TOYHAasl 3aBUCUMOCTh CUTHAJIa B MIPOMEXYTKAX MEXIY y3JaM1 HEeUu3-
BECTHA, ITO3TOMY JII00asl YyacTHasI 3aBUCUMMOCTb, HampuMep, JIMHeHas WK sin(x)/x, He
MOXET OBITh TEOPETUYECKM TOYHON WIIM Jaxke MPEANOYTUTETHbHON IS JIOOBIX (hopM
curHana. [Tonb3oBarenio mudpoBbIMU ocIuTorpadamMu He CIIeayeT TOBEpsITh PeKIaM-
HbIM COOOILIEHUSM UX pPa3pabOTYMKOB O MPEIACIbHOI IIPOCTOTE pabOThHl C TaKUMU
ocuusuiorpadaMy — Ha caMOM JIeJIe 3TO CJIOXHEHIIe MPUOOpsl U TPUMEHSITh UX HAA0
HE TOJIbKO TPaMOTHO, HO M OCTOPOXHO. OCOOEHHO 3TO OTHOCUTCS K MIPUMEHEHUSIM Ha
rpejeax BO3MOXHOCTE TaKUX MPUOOPOB, Te Pe3yIbTaThl MOTYT OKa3aThCs 00eCKypa-
JKUBAIOLIMMU M IIPOCTO HEAOCTOBEPHBIMU.

(3.2)

3.1.4. MpuHUMNbI NOCTPOEHUA CTPOOOCKONUYECKUX ocuunnorpadpos

besycnoBHO, cnocoOHOCTh ocumiorpada yBepeHO PEerucTpupoBaTh OJHOKpATHBIE
CUTHAJIBI SIBJSIETCS] OOJBIIMM MPEUMYIIECTBOM TeX MPUOOPOB, KOTOPHIE €€ Peaqu3yloT.
OmHaKo Helb3sl HE CUMTATHCI C TEM, YTO OOJBIIMHCTBO CUTHAJIOB SIBJISTIOTCS TIEPUOIM-
yecknuMmu curHasamu. Ele BHavasie 60-X romoB IPOIIJIOro BeKa ObIIM CO3IaHbl CTPOOO-
CKOIMYECKHUe ocLmLIorpadbl ¢ pe3Ko IOBBIIEHHBIM BpEeMEHHBIM paspelieHuem [11,
38]. DT mpubopHI BIIEpBBIC ITO3BOIMIN HAOMIONATh VHUKAJTBHO Majible BpeMeHa Iiepe-
KJIIOUEHUSI BEICOKOYACTOTHBIX TYHHEIbHBIX JUOA0B U IMOIOB C PE3KUM BOCCTAHOBJICHM-
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I'zasa 3. l{ugpossie u cmpobockonuueckue ocyurrozcpagot

€M 00paTHOTO COMPOTUBIICHUS (HAa3bIBAEMBIX TAKXKe AMOJAMM C HAKOIIEHUEM 3apsiia —
JH3), naBUHHBIX TPaH3UCTOPOB [16] U IPYTMX BBICOKOCKOPOCTHBIX AKTUBHBIX MPUOO-
POB M MHTETPAJIBHBIX MUKPOCXEM.

[MpuHun npeiicTBUS CTPOOOCKOMUYECKOTO ocLuiiorpada mnosicHsieTcs puc. 3.2.
Hnst cTpoOMpoOBaHMST BXOAHOTO TIEPUOIMUYECKOTO CUTHasa (puc. 3.2, a) MCIOIb3YIOTCS
KOPOTKHE CTPOOMPYIOLIME UMITYJIbChl, OTKPbIBAIOLIME CKOPOCTHOI KJI04. B pe3yibrare
YacTh CHUTHaJIa B MOMEHTHI OCHCTBUS CTPOOMPYIOIIETO WMITYJIbCa IIPOXOIMT dYepes
KJII0Y M 3apsbKaeT 3allOMUHAIOIIMI KOHAEHCATOp Ha BhIxoAe Kioua. Orubarolasi cur-
HaJla Ha BXOAE KJIIo4a IIPW 3TOM ITOBTOpPsIET (hOpMy BXOOHOTO cuUTHaia (puc. 3.2, B).
BepxHsiss rpaHMuYHas 4yacToTa CTPOOOCKOMMUYECKOIro ocLujiorpada oleHUBaeTcsl Kak
[11]: f; = 0,451, Toe f{. — AIUTENBHOCTH CTPOOUMpYIOIeTo uMIyiabca. Hampumep, ecnu
t-=1Hc, T0 fy = 0,45 I'T.

Uc

: N/N/NN

Uy <

Wy

To [ PR R

> 2At 3At

Uz

T e

‘ to ‘

Puc. 3.2. Bpemennoie duazpammo. pabomosr cmpobOCKONU1LECKO20 ocyusroepada:
a — 8x00HOL cuzHan, 6 — cmpobupyroujue UMNYAbCHL U C — UMNYALCHL HA BbLX0Oe
cmpobockonuueckozo npeobpasosamersn u ux ozubaioujasn

Kaxk BumHO 13 puc. 3.2, Wi IIaBHOTO COBUTA CTPOOMPYIOIIETO MMITYJIhCAa OTHOCHUTE-
JIBHO TIepeHero (hpoHTa BXOTHOTO MMITYJIbCAa Ha BpeMs Af JOCTATOYHO HECKOJIBKO yBE-
JINYUTHL TIEPUON CJIEIOBAHUS CTPOOUPYIONUINX MMITYJIBCOB IO CPAaBHEHUIO C TEPUOIOM
clieoBaHUST BXOIHBIX UMNYJIbCOB (7. > T). OmHako o0ecrneyuTh TaKOW CABUT MPHU LIU-
POKOM M3MEHEHUM YacTOThI (MJIM IepUoa) CAeAOBAHUS BXOAHbBIX UMITYJIbCOB T MpPaKTHU-
YeCKU HEBO3MOXKHO. B CBSI3M ¢ 9TUM UCIOJB3YIOT CIIeLIMaIbHbIC TPUEMbI IS CMEILIEHUS
CTPOOMPYIOIIETO UMITYJIbCA, PEaTN30BaHHbBIC C IIOMOIIBIO CIICIIMATLHOM CXeMBbI CIBUTA.

JI1060MBITHO, YTO BO MHOTMX LMMPOBBIX ocuuiorpadax 31ot 3hdeKkT (Kak mpaBu-
JIO, HE KOHTPOJMPYEMbIil) HOCUT HEraTMBHOE 3HAUCHUE M UMEHYeTCs aauacuHeom (OT
aliasing). Ero cyTb 3akiiouaercsl B IMOSIBJIEHUM B CIIEKTPE CUrHaja HOBBIX COCTaBJIsIIO-
IIUX B BUae cyorapMoHuk. YacTo orumbaroias cyorapMOHHUK ITOBTOPSIET (pOPMY CUTHA-
Jla, HO HE Bcerja.

ITosToMy B cxeme cIBUIa, Hapsiny ¢ OCHOBHBIM T€HEPAaTOPOM Pa3BePTKM, KOTOPBIN
CO3[1aeT HAIPSXKEHUE PA3BEPTKU C BPEMEHEM 7,, HEPEAKO MCIIOIB3YETCS T€HEepaTop ObI-
CTPOI pa3BepTKHU, 3aIllyCKaeMblii KaXIbIM BXOAHBIM MMITyJbcoM. HampsikeHus pa3Bep-
TOK CPaBHMBAIOTCSI OBICTPOAECHCTBYIOIINM KOMIIapaTOPOM, M CUTHAJI C €T0 BBIXOA 3alTy-
CKaeT reHepaTop CTPOOMPYIOIIMX UMIYJIbCOB. MTHOrIa OCHOBHOI IreHepaTop pa3BepTKU
BBITIOJIHSIETCST KaK TeHepaTop CTylleHJaroro HampsbkeHus. (DyHKIMoOHambHas cxema
CTPOOOCKOMMYECKOTo ocLMIIorpacda, peaar3yollero 3Tu uaeu, nokasaHa Ha puc. 3.3.

W3 omucaHusl mpuHIUNA AEHCTBUS CTPOOOCKOIMMYECKOTO OCHMIIOrpada BHITEKAET
[JIaBHBI €ro HEeAOCTaTOK — IMPUMEHMMOCTb TOJBKO IS MOJyYeHUs (POopMbl MepUOaU-
YECKMX CUTHAJIOB. DTO CBSI3aHO C TeM, UTO Ha KaXXOBIil MIEPUOJ CUTHAJIA TIPUXOIUTCS TO-
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3.1. l{ugposoe npedcmasrenue anarocosoii ungopmayuu

JIKO OJIMH CTPOO-UMITYJIbC U JJIS TOJIyue- A Cxema Fenepatop X
HUS (OPMBI CUTHAJIAa HYXKHO IPOCTPOOU- Unanynee casura passepTkn
poBaTh MHOXKECTBO I€pPUOJ0B CUTHAJA. omoxporuzaunn | y
DJIeMEHT CTPOOMpPOBaHUS €CTb U B Terepatop
0-
uupoBEIX  ocumutorpadgax — peasbHOro B,
BpeMeHM. ToJIBKO B 3TOM cCjydyae OIMH )
MeproJ CUTHaja CTPOOUPYETCS MHOXKECT- N PacwmpuTens
Mpeo6paso- "
BOM CTPOOHMPYIOIIMX UMITYJIbCOB, YTO Tpe- iy satens || yonnmrens
OyeT pe3KOoro yBeJIWYeHUsI UX 4aCTOThI MO~
BTOpEHUS M TMPUMEHEHUSI  TEXHUKU Puc. 3.3. ®ynkyuonaronasn cxema
Te€HEPUPOBAHUA BBICOKOYACTOTHBIX CTpPO- cmpobockonuieckozo ocyurrozpapa

OupylolIMX UMITyIbcOB. Hampumep, ecnn

cuuTaTh noctaTtouHbiM 10 oTcueToB 3a mepuon 100-merarepiieBoro curHajia, TO 4acToTra
CTPOOUPYIOUINX UMITYJIbCOB AokHA mocturath 1000 MT'n = 1 I'T'u. Takoii myTh cTpo-
OupoBaHus BbIOpana dupma Tektronix 1 cBOMX HUMPOBBIX 3alOMUHAIOIIUX OCLIWI-
snorpa¢doB. OTMeUeHHBIE HUXE MPOOJIeMbl MOCTPOEHUSI TEHEPaTOPOB CTPOOUPYIOLINX
WMITYJTbCOB M CXeM BBIOOPKM aKTyaJIbHbI W JUISI COBPEMEHHBIX CBEPXCKOPOCTHBIX HU(D-
POBBIX ocuMIorpadoB.

3.1.5. NeHepaTopbl CTPOOUPYIOLLUX UMIMYJILCOB

J71s TToy9eHnsT BEpXHUX YacTOT MOpsTaKa HeCKOMbKUX [ T Hy>KHO TOBECTH IUIUTETh-
HOCTB cTpobupyouiero ummnyiabcea 10 0,1—0,2 He. [IpoekTupoBaHue reHepaTOpPOB CO CTOJb
MaJIOM TUTEILHOCTBIO CTPOO-UMITYJIbCa TIPEACTABISIET CO0OM TpymHYIO 3amauy. [Ipoie
BCEro oHa pellaeTcsl IPUMEHEHUEM pelaKCallMOHHBIX CXeM Ha JJAaBUHHBIX TPaH3UCTOpaXx
[16]. Cxema reHepaTopa MMITYJILCOB Ha JIJABAHHOM TPaH3KCTOPE ITOKa3aHa Ha puc. 3.4.

B MCXOQHOM COCTOSIHMM JIaBUHHBIA p-n-p-TPAH3UCTOP 3aKPHIT 3a CUET ITOJayd Ha
0a3y MOJIOXKUTEJILHOTO HampsikeHus, 3adhukcupoBaHHoro auonoM ;. HakonmrenbHbli
koHaeHcaTop C 3apspkKeH 0 HampsDKeHUsT Mpo0osi KosuieKropHoro mepexoma U,,. Tok
Mpo0OosI OTpaHUYEH PEe3UCTOPOM R Ha ypOBHE TOpPSIAKA M0Jeil WM eMUHULL MA, 4TO Jie-
JlaeT 1po0oii Ge30I1acHBIM, ITOCKOJIBKY paccerBaeMasi Ha KOJUIEKTOPE MOIIHOCTb MEHb-
1IIe TOMYCTUMOM i TpaH3ucTopa. [Ipy mogadye oTpUIaTeIbHOTO 3aITyCKAIOIIEro UMITY-
JIbCa TPAH3UCTOP OTKPBIBACTCS M Pa3BUBACTCS OYE€Hb OBICTPBIA IPOLIECC JaBUHOOOpa3-
HOTrO pocTa ToKa. MexaHu3M Takoro Ipo0ost omnucaH B [16], rae rmokas3aHo, 4TO B XOe
Mpo00sI KOJUIEKTOPHBIN IEepexo TPaH3UCTOpa PACIIMPSIETCS W IHMpUHA 6a3bl TPAH3M-
cropa ¢ TMPEPY3NOHHBIM XapaKTEePOM IBVKCHUS OBIPOK YMEHBIIACTCS 0 HYJISI — TIPO-
HUCXOIUT CMbIKaHME 00JIacTeli 00bEMHOIO 3apsiia KOJUIEKTOPHOTO U SMUTTEPHOIO Iepe-
xomoB. B pesynmbrare KoHmeHcaTtop C OBICTPO paspsiKacTcs depe3 JaBUHHBIN TpaH3M-
cTop u pe3ucrtop R,;. Bpemsi HapactaHus ummyiabcoB Ha Ry = 50 mnu 75 OM Moxer
noxonuth 10 0,1 He.

Bmecto konaeHcatopa C MOXHO MC- +Es E
MOJIb30BaTh OTPE30K KOAKCUAJIIBHOTO Ka-
0enst WM MUKPOITOJOCKOBYIO HAKOITMTE- Ro R c
JIBHYIO JTUHUIO — B 3TOM cliydyae (popmu- 3anyox T Buixon
pyerca npﬂMoyroanHHU UMITYJIC  C ‘_ls N
JUIMTEJIbHOCTBIO, PAaBHOW  YIBOEHHOMY e -
BPEMEHM 3aePXKKU JIMHUU. DTO MO3BOJIS- HRA
€T CTPOUTb TMPOCTBIE TEHEPATOPHI LIS
NPOBEPKU MEPEXOIHBIX XapaKTEPUCTUK Puc. 3.4. I'enepamop Kopomkux
IMPOKOMOJIOCHBIX octmorpados. Kpo- UMnYynrbCO8 HA NABUHHOM mpaH3uUcmope
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I'zasa 3. l{ugpossie u cmpobockonuueckue ocyurrozcpagot

Me TOro, 0J13Kas K IpsIMOYToJibHOI (hopMa CTpPOOMPYIOIIETO MMITYJIbCa TTOBBIIIAET TOY-
HOCTb CTPOOUPOBAHUS U YMEHBIIAET HECTAOUJIBbHOCTh U IIIYM CTPOOMPOBAHMS,

Vke cam 1o cebe reHeparTop, IMTOKa3aHHBINA Ha puc. 3.4, co3maeT UMITYJIbCHI C aMILIN-
tynoit 1o 5—10 B Ha Harpy3ke 50 OM ¢ BpeMeHeM HapacTaHUsl B Joau HC. XOTs B Ja-
BUHHOM pEXMMe MOTYT paboTaTh MHOTHE OOBIYHBIC TpaH3ucTophl, B CCCP mrg mpume-
HEHUs B TaKUX CXeMax OBbIJIM CO3[aHbl CrelualbHble JJaBUHHBIE TpaH3ucTtopbl 11338,
Mo3BoJIstiole (GopMUPOBaTh CYOHAHOCEKYHIHBIE UMITYJIbCHI C JTUTEIBHOCTHIO MEHEee
1 Hc. HekoTopble TUIIBI 3apyOekKHBIX KPEMHMEBBIX JTAaBUHHBIX TPAH3UCTOPOB CITOCOOHBI
(bopMupoBaTh UMITYJIbCHI ¢ BpeMeHamu HapacTtaHus g0 0,1 Hc.

Wmnynbebl ¢ cyOHaHOCEKYHAHBIMUA (DPOHTAMU TTO3BOJISIIOT MOJy4YaTh M Kyaa OoJjiee
pacnpoCTpaHEHHbIE MOIIHbIE TTOJIEBbIE TPAH3UCTOPHI [15], a TakKe MMOIBI C HAKOILIE-
HUEM 3apsifa, IMepekiitoyaeMble ¢ MPSIMOro HaIpaBIeHUs Ha 00OpaTHOE 3a BpPeMs MOPSII-
ka 0,1 Hc. Kak mpaBuiio, reHepaTopbl CTPOOMPYIOIINX WMITYJTLCOB MMEIOT KOAKCUah-
HYIO KOHCTPYKLMIO C TIPUHSATUEM BCEX BO3MOXHBIX MEp IO COIVIACOBAaHMIO C BOJHOBO-
JlaMW WJIM KOaKCUaJTbHBIMU KabexsiMi C BOJTHOBBIM corpoTuieHreMm 50 Om. Omna u3
KOHCTPYKIIUI TaKOro reHepaTopa cxeMaTM4YHO MokKaszaHa Ha puc. 3.5 [11].

ATtTeHoaTtop

1
[eHepa- | A | | A | >
Top Bbixoa
| | | | CTpob-
MMMyNbCcoB

R [uon Wnend

Puc. 3.5. Koncmpykyusn cenepamopa cmpobupyouux umnyrecos xHa duode
¢ HaKonaenuem 3apaoa

B nHacTtosiiiiee Bpemsi ecTh SIBHAs TEHIEHIUs OOBEIMHEHUSI TeHepaTopa CTPOOUpPYIO-
IIX UMITYJIBCOB C YCTPOMCTBOM BBIOOPKM CUTHAJIOB B €AMHON KOAKCUAJTBbHOW WU MUK-
POTPOJIOCKOBOM KOHCTPYKIIMU, BBITIOJIHEHHOW Ha OCHOBE TEXHOJOTMU WHTETPAJIbHbBIX
MUKpPOCXeM. DTO TO3BOJSIET MUHUMU3UPOBATh pa3Mepbl YCTPOMCTB U CBECTU K MUHHU-
MyMy TMapa3uTHbIE MHIYKTUBHOCTU U eMKOCTU. B pesysnbTare ymaercsi mojsydyuThb IJIUTeE-
JIBHOCTb CTPOO-MMITYJILCOB B €IMHULBI-IecATKA TrkocekyHa (1 e = 1+:107'2 ¢). Tlpu
9TOM Haunbosiee CKOPOCTHBIMU AKTUBHBIMU MPUOOPAMU IS TTOTYYEHUST TAKUX UMITYJIb-
coB ctasii GaAs-1oJieBble TpaH3UCTOPbl U GeSi-Npubopbl HA OCHOBE TeTEPOIEPEXOI0B.

3.1.6. YcTpoiicTBa BbIOOPKU CUrHaJIOB

Hpyras npobiieMa — MOCTPOEHUE BBICOKOCKOPOCTHOIO KJIl0Ya ISl CTPOOMPOBAHUS
curHaoB. I[lepBble yCTPOICTBA CTPOOMPOBAHUS Ha 3JICKTPOHHBIX JIAMIIAX C TPYIOM IIO-
3BOJISIIA TIOJTY4uTh f Tiopsnka 1 I'Tu. HenamMHoro jydiive pe3yabTaThl AaBalud KIIOUU
Ha BBICOKOCKOPOCTHBIX ITOJYIIPOBOOHMKOBBIX AWOAAaX. DTO OBUIO CBSI3aHO C TeM, UTO
IPOLIECC 3aKPbIBAHMUS AMOJA MHEPLUOHEH M3-3a paccachblBaHMsSI HAKOIMBILKMXCS B 0Oase
M30BITOUHBIX 3apSIOB.

Xopolye pe3yabTaThl ObLIM IOJIYYEHBI OT CXeM CTPOOMPOBAHUS Ha JIABUHHBIX THO-
npax (puc. 3.6). OHu paboTalOT TOJILKO HAa OOPATHON BETBU BOJILT-aMIIEPHOI XapaKTepu-
CTUKHU JUOMOB, TJie MX COOCTBEHHAasl eMKOCTh Mayia (nojiu nd), a HaKOIUIEHUE 3apsiioB
oTcyrcTByeT. HopManibHO AMOABI 3aKpBITHI MOJAYeil COOTBETCTBYIOLIEIO HAIPSIKEHUSI
cMeleHust. CTpoO-UMITYJIBC BBHIBOAUT pabOUYyl0 TOYKY Ha Y4aCTOK JIABUHHOIO MPO0Os,
U OUOJ OTKpPbIBaeTCs (TOUYHee MPOOMBAETCs) Ha KOPOTKOE BpeMsi, OTKPBIBAsI IIyTh JIsI
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3.2. Cospemennoble ananrocoso-yugposvie ocyusrozpagol

MpoXoJa MCCIIEAYeMOTO CUTHaJIa Ha BBIXOJ Mpeodpa3oBaTeliss. OOBIYHO Ha BBIXOIE CTOUT
3aIIOMUHAIOIINI KOHAEHCATOP, KOTOPBI 3apsikKaeTcsl 10 YPOBHS MIHOBEHHOIO 3Haye-
HUs CUTHaJIa B MOMEHT ITOJa4i CTPOO-MMITyJIbca. B 3aKPHITOM COCTOSTHUM ITHOI MMEET
MaJlyio 6apbepHYI0 eMKOCTh, a CaM JIABUHHBIN MPOOOI MPOMCXOAUT B NOJU MUKOCEKYH-
IIBI M HE CBSI3aH C HAaKOIUIEHWEM B CTPYKTYpe AMOAA 3apsiIoB M30BLITOYHBIX HOCUTEIICH.

Crpobumnynbc
Bblxoq %
I; Uy tUcm
’4 >

CmrHan

CTpoBmmnynbc

Curnan

a ‘ 9]

Puc. 3.6. Cxema cmpobuposanus Ha CKOPOCMHOM AABUHHOM Quode

Cremyer 0co00 OTMETHUTH, UTO YCTPOMCTBA BHIOOPKM M CaMU CTPOOOCKOITMYECKIE
ocuwiorpadbl Bcermga MMEIOT HM3KOE BXOMHOE COIPOTHMBIEHHE — OObIYHO 50 OMm.
DTOMY HE CTOUT YOUBISTHCS, ITOCKOIBKY MTOCTOSTHHAST BpEMEHU BXOHA OOBIYHBIX OCIIHII-
JorpaoB o4eHb BeJIMKa — Hampumep, Ipu Ry = 1 MOM u Gy = 20 n® (TUnumvHbie
3HAYCHUS UIST OOBIYHBIX aHAJIOTOBBIX OCIMJIIOTpadoB) OHA TTOIyJaeTcsT paBHOI 20 MKC,
YTO abCOJIIOTHO MCKJIIOYAeT PErMCTpalldi0 KOPOTKUX MMIIYJIbCOB ToKa. CHIDKeHUE Rpy
1o 50 OM He TOJBKO YMEHBIIACT 3Ty MOCTOSTHHYIO BPEMEHH, HO U ITO3BOJISICT IIPUME-
HSITh KOAKCUAIbHYIO WJIM MUKPOTIOJIOCKOBYIO KOHCTPYKIIUIO T€HEPATOPA CTPOO-UMITYIIb-
COB M CXEMBbI CTPOOMPOBAHMSI, a TAKKE MCITOIb30BaTh CTAHIAPTHBIC KOAKCHATIbHbBIC Ka-
Oesn I Iepeaadyyd CUTHAJIOB.

CoBpeMeHHbIE CTPOOOCKOIIMYECKHE OCHMUIOrpacbl UMEIOT Y3JIbI, BBHIITOJTHEHHBIC Ha
CTICIMAIM3NUPOBAHHBIX MHTETPATBHBIX MUKPOCXeMaX. DTO ITO3BOJISIET CTPOUTH ITPUOOPHI
¢ addexkTuBHOI nonocoit yactot a0 70—100 I'Tu u 6onee. OnHaKoO U 3TU, OE3YCIOBHO
BBITAIOIIMECS, PE3yJIbTaThl HAa CETOMHSIIHUIN IeHb SIBHO HEHOCTATOYHBI. MUKPO3JICKT-
POHMKA Pa3BUBAETCSI TaK OBICTPO, UTO CKOPOCTHU ITEPEKIIIOUEHMSI MUKPOTPAH3KMCTOPOB U
YaCcTOTHI MX pabOTBI pacTyT ropasfno OBICTpee, YeM aHAJOTMIHEIC ITapaMeTphbl CTPOOO-
ckomuueckux ocuuiorpadon. Hampumep, kopropauusi Intel oObsiBUIa O cO3maHUU
WHTETPAIbHBIX TPAaH3UCTOPOB ¢ paboummu yacrtotramu Oosee 1 Trm (1000 I'Tm), a
pabouue 4yacToThl ee MUKpomnpoleccopoB pocturiu 4 I'Ti [39] (ecTecTBeHHO, UTO TpaH-
3UCTOPHI pabOTalOT Ha 0oJiee BBICOKMX YacTOTax). DTO O3HAYAET, YTO YACTOTHI HOBBIX
CTPOOOCKOMMYECKUX OCLMILIOrpacoB OYAyT U B JaJbHEUIIEM pacTu, XOTS peub UACT TYT
yKe He O MAaCCOBEHIX, a 00 YHUKAJIBHBIX MoAesIX. PekopaHoe OBICTpONCHiCTBIE B HACTO-
siiee BpeMsl UMEIOT CXeMbl Ha MHTErpajbHbIX I'€pPMaHUEBO-KPEMHMEBBIX OMIIOISPHBIX
TpaH3UCTOpax ¢ rereporepexomamu [39]. Mx BpeMs IepeKIOUEHUS MOXKET JTOCTUTATh
JIOJICHA TIC.

3.2. CoBpemMeHHble aHanoroeo-uudposbie ocuusnnorpadbi

3.2.1. AHanoroBo-uudposbie ocuunnorpadpbi AKTAKOM

JocTaToyHO OOJIBIIYI0 HOMEHKJIATYPY aHajJoroBO-LMGPOBBIX ocluIIorpados mo-
CTaBJISIET HA POCCUIMCKUII phIHOK ToproBoe obobeauHeHue AKTAKOM [27—29]. Huxe
MPeICTaBIEHO KpaTKOoe OMucaHue Mojesieil 3Tux ocuusiorpadoB, B3siToe ¢ caiita
www.aktakom.ru.
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ACK-2021

AHanoroBo-uudpoBoii ocuusiorpad: 2 KaHajna, mosioca npomyckaHus 20 MI,
BJIT 8 x 10 cm, uyBcTtBUTENBbHOCT, 1 MB/men...5 B/men, xoadduimeHTsl pa3BepTKu
0,1 mxc/nen...0,5 ¢/men, makcumanbHoe BxoaHoe HampsbkeHue 400 B, Bpemst ycTaHOB-
seHus 17,5 He, BxomHoe comnpoTuBieHrne 1 MOM, BxogHast eMKOCTh 25 nd; peuMbl
pa3BEpPTOK: aBTOKOJEOATEAbHBIA WAW XIYLIUA, TeaeBU3MOHHbIM, X—Y. McTOYHUKU
cunxponmzauuu: CHI1, CH2, ceTtb, BHelHuit; nudpoBoil pexuM. [lamsars 2 k6aiiT/Ka-
HaJl, pa3penieHue 1Mo ropusoHTanu 2048 touek Ha 10 meneHuit, Mpea3anuch, OTUHOY-
HBII 3amycK, caMomnucell. JJomoJHuTeabHbIe (DYyHKLIMU: 3aAep>KKa pa3BepTKU, BBIXOI Ha
npuHTep; muTanue: 220 B; rabaputser: 324 x 132 x 398, macca 8,5 kT.

ACK-2031

AHanoroBo-uu@poBoil  ocuuiorpad:
2 KaHaJa, rnoJjoca MPOMYyCKaHUS
30 MI'u, DJIT 8 x 10 cM, 4yBCTBUTENb-
Hocte 1 MB/nen...5 B/nen, xoadduum-
eHTsl pasBeptku 0,1 mkc/men...0,5 c/men,
MaKCUMaJIbHOE  BXOOHOE  HaIpsDKeHUe
400 B, Bpemsa ycraHoBiaeHust 11,7 Hc,
BXoJHOe comnpoTusieHue 1 MOM, Bxoa-
Hast eMKocTh 25 n®. Pexumbl passep-
TOK: aBTOKOJIEOATEAbHBIA WM KIYIIWA, I
TeJleBU3MOHHBbIN, X—Y. MCTOUHUKU CUH- ' = e
xpormzaunu: CH1, CH2, cerp, BHell-

Huit; uudposoit pexum. Ilamsats 2 Puc. 3.7. Bunewnuii 8ud

KOANT/KaHaI, paspeuieHre MO TOPU30H- aHAN02080-4UPPOBLIX OCYULL02PAHOB
o ACK-2021/2031

tanmu 2048 touek Ha 10 memeHwmii, Tmpen-

BapuTeIbHAs  3alUCh  OCHWIIOTPAMM,

OIMHOYHBIN 3amycK, camonucel. JomoiaHuTeabHble (QYHKLUMUM: 3afep:kKKa pa3BepTKH,

RS-232, Beixon Ha npunTep. Ilutanme 220 B/50 I'; raGapurer: 324 x 132 x 398;

Macca 8,5 kr. BHemHuii Bua ocuwuiorpadoB ACK-2021/2031 moka3aH Ha puc. 3.7.

ACK-22020

AHanoroBo-1udpoBoii ocuusuiorpad: 2 kKaHajna, mosioca npomyckaHnus 20 MI,
BJIT 8 x 10 cm, uyBcTtBUTENbHOCT, 1 MB/nen...5 B/men, xoadduiimeHTs pa3BepTKu
0,2 mxc/nen...0,2 ¢/men, MakcumanbHOe BXoaHOe HampsbkeHue 250 B, Bpemst yctaHOB-
senus 17,5 He, BxomHoe compotuBieHrue 1 MOM, BxomHass eMkocTh 25 nd. Pexumbr
pa3BEPTOK: aBTOKOJIeOATENIbHBIN, XAYIIWKA, TeaeBU3UOHHBINA, X—Y. MCTOUYHUKU CUH-
xpoHuzauuu: CH1, CH2, cerb, BHELIHUIA; 1IM(POBON pexXuM: NmaMsaTh 1 KOailT/KaHa,
pa3penieHue 1o ropuzoHTaau 100 Touyek/mer, mo BepTUKaIM — 25 TOUEK/mell, yepemHe-
HUE, yIepXaHue, COPTUPOBKa, IpeIBapUTeIbHasl 3aIlCh, OAMHOYHBII 3aITyCK, CAMOIIM-
cetl. HomosHuTenbHbIe (QYHKIMKW: KypCOPHBIE W3MEpEeHUsI, 3aJepKKa pa3BepTKH,
RS-232, Bbixom Ha mpuHTep, Bbixon KaHana 1, Z-Bxon. Iluranme: 220 B; raGapuThl:
320 x 140 x 430; macca 8,5 xT.

ACK-22060

AHajnoroBo-uudpoBoii ocuusuiorpad: 2 KaHaia, Iojoca Ipomnyckanuss 60 MI,
OJIT 8 x 10 cMm, uyBcTBUTENbHOCTH 1 MB/men...5 B/men, kKoaddULIMEHTH pa3BepTKHU
0,2 mxc/nen...0,2 ¢/men, MakcuMmanbHOe BXoaHoe HampsbkeHue 250 B, Bpemst ycTaHOB-
seHus 5,8 Hc, BxomHoe corporuBieHne 1 MOwm, BxomHas eMmkocTth 30 md. Pexumbr
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3.2. CospemernHble aHAA02080-4UPPOBbLLE OCYUALOZPAPDL

pa3BEepPTOK:  aBTOKOJIEOATENIbHBIN,  XKIy-
1WA, TeneBU3MOHHbIN, X—Y. McToYHuKMN
cuuxponmsaunu: CH1, CH2, ceTh, BHelI-
Huit. JonmomHuTenbHbIE (QYHKLUU: Kyp-
COpHBIC M3MEPEHUS, 3aePKKa Pa3BePTKH,
RS-232, BeIxoa Ha MpUHTEP, BLIXOA KaHa-
na 1, Z-sxon. IMuranue: 220 B; rabapuThbr:
320 x 140 x 430; macca 8,5 kr. BHemHuit
Bun ocuwiorpagos  ACK-22020/22060
nmokaszaH Ha puc. 3.8.

3.2.2. AHanoroeo-undpoBbie
ocuusnnorpadpbl GUpPMbI
Good Will

Kopnopammsi Good Will Instruments
Co, LTD BbInmycKaeT HECKOJBKO MOJeei
AHAJIOTOBO-1IU(POBBIX  OcHIIIOTPaAhOB.
Buewnumit Bua npubopos truna GOS6103/
6103C/6112 mokazan Ha puc. 3.9. Bce
npuboOpsl MMEIOT aMana3oH 4vactor ot 0
pgo 100 MI'u. B mputope GOS 6103C
MMEETCSI BO3MOXKHOCTb aBTOMAaTHYECKOTO
M3MEPEHUS] OCHOBHBIX ITapaMETPOB UCCIe-
JlyeMOoro curHajia. EcTh TMIIMYHBIA Habop
BO3MOXKXHOCTE TaKoro popa IIpruOOpOB:
KypCOpHble U3MepeHusl, 7 (YHKUMIA 3K-
paHHO# rpaduKu, aBTOMaTUYeCcKas ycTa-
HOBKA [UTMTEJIbBHOCTH OCHOBHOI pa3BepT-
KU, 3afep>KaHHasl pa3BepTKa, aBTOMaTU4e-
CKasl yCTaHOBKA YPOBHSI CMHXPOHM3AlIMH,
CUHXPOHM3alUsl TeJIeBU3MOHHBIM CHUTHA-
JIoM (TTOKaapoBasi M MOCTPOYHAST), BBIXO
KaHalla CUHXPOHM3alluM, BXOI KaHaja Z,
CBETONMOAHAS WHAMKAIIMS W 3BYKOBOE
npenynpexaenue. B mpubopax GOS
6103/8103C umeercsa namsite Ha 10 ycra-
HOBOK OpPIraHOB yIpPaBJICHUSI.

Ewme Oosee coBeplueHHBIH TpUOOP
G0OS6200 (puc. 3.10) umMeer MmoJjocy Ipo-
nyckaaus ot 0 go 200 MI'm. BroT ocim-
jorpad ABYXJIydyeBOW M ABYXKAHAJIbHBIN,
YTO MO3BOJIIET OMHOBPEMEHHO HAOJIONATh
Ha skpaHe 4 curHama. OcTajbHBIE BO3-
MOXHOCTH TIpuOOpa aHaJOTMYHBI OIH-
caHHbIM st moaeneit GOS 6103/6103C/
6112. CtouT OTMETUTh GOJice COBEpPIIECH-
HYI0 CUHXPOHM3ALIMIO OT TeJIEBU3MOHHOTO
CUTHaja, MO3BOJISIOLIYIO BbIAECIUTH JIIO-

Puc. 3.8. Buewnuii sud
AHAN02080-UUPPOBbLIX OCUULLOZPAHO8
ACK-22020/ 22060

Puc. 3.9. Buewnuii 8ud
AHAN02080-UUPPOBLIX OCUUALOZPAPOB
GOS 6103/6103C, 6112

Puc. 3.10. Buewnuii 6ud
AHAN02080-UYUPPOBLIX OCUUALOZPAPOB
GOS 6200
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I'zasa 3. l{ugpossie u cmpobockonuueckue ocyurrozcpagot

Oy10 3aJJaHHYIO CTPOKY M HaAOJI0daTh CUT-
HaJbl OCHOBHBIX TEJICBM3MOHHBIX CTaH-
naptoB NTSC, PAL u SECAM.
JIByxKaHanbHbIE  aHAJOroBO-LU(PO-
Bele ocumwmuiorpadper  GOS  6031/6030
(puc. 3.11) umeroT mosiocy yactoT ot 0 1o
30 MI'u ¥ xapakTepu3ylTCS BBICOKOU
YYBCTBUTEIBLHOCTHIO — 10 1 MB/nen. Mo-
nenb GOS 6031 mMmeeT JOMOJHUTETBHO
BCTPOEHHBIN 6-paspsaHbIil LMMPOBOI Ya-
crotroMep. EcTh MOTIOJHUTENbHBIN BBIXOI
kaHama CH1 u BO3MOXHOCTb MpPOCMOTpa
CUTHAJIa TIPpU OCHOBHOM WU PACTSIHYTOW

pa3zBepTkax. OcTajbHble BO3MOXHOCTHU Puc. 3.11. Buewnui sud
l'[pI/I60pa TUITUMYHBI JIA TaKUX OCHUJIJIOI- AHAN02080-UUPPOBLIX OCYULL02PAHOB
padoB: KypcopHble M3MepeHUs], 7 (PyHK- GOS 6031

LW SKpaHHOU TpadUKM, aBTOMaTHIeCcKast

YCTaHOBKA JUIMTEJIbBHOCTA OCHOBHOM pa3BepTKH, 3ajep:KaHHasl pa3BepTKa, aBTOMAaTHYe-
CKag YCTaHOBKA BHMIa CHUHXPOHU3ALWU, CUHXPOHM3AIMUS TEJIEBU3MOHHBIM CUTHAJIOM
(rmokampoBast U MOCTPOYHAasi), BBIXOJ KaHaja CUHXPOHM3AllMM, BXOI KaHajia Z, CBeTOIM-
OHAs WHOWKAIIAS M 3BYKOBOE IIpeAyIIpeKIeHUeE.

3.3. Uudpoebie ocumnnnorpadbli

3.3.1. Uudposbie ocuunnorpadbl MMHCKOro NnpnGopoCTPOUTESILHOIO
3aBopa

K uudpoBsiM ocumiiorpagamM OTHOCITCS TPUOOPBI, HE TIPOCTO UMEKIINe HUPpPo-
BbI€ CpeACTBa (HalpUMep, MUKPOMPOILIECCOPHOE YIPaBICHUE UM BCTPOSHHbBIE MYJbTHU-
METphbI), a OCYILIECTBISIONIME IM(MPOBOE MPeodpa3oBaHNe aHAJOTOBBIX CUTHAJIOB, MX 3a-
IMOMUHAHUE B MaMSITU U OCYIIECTBISIONIME BBIBOA CUTHAJOB, MPEACTaBICHHBIX B LIU(D-
poBoii opmMme.

Psan tudpoBbix mpubOOpoB BbIlTyckaeT MUHCKUI MPUOOPOCTPOUTENbHBIN 3aBOJ.
AnanoroBo-1ugponoii ocuwuiorpad CI1-137/2 (puc. 2.8) mocTpoeH Ha 0aze aHAJIOTO-
Boro octmyutorpada C1-37 u nipegHa3HaveH Tl UcCieAoBaHUsT (hOPMBI DJIEKTPUUIECKUX
CUTHAJIOB, U3MEPEHUST UX aMILUIUTYIHO-LIMMPOBBIX MTapaMeTPOB 1 BU3YaJbHOIO HabJI0-
JIEHWST B peaJlbHOM BPEMEHM WJIM TT0CJIe 3alicK B IM(MPOBYIO MmaMsTh. [1pn aTom cyiie-
CTBEHHO YBEJIMUMBAIOTCSI BO3MOXHOCTU MPUOOpa B IJIaHE KaUYECTBEHHOIO OTOOpakeHUs
0e3 MeplaHuil MeIJIEHHO M3MEHSIIOIINXCS TIPOIIECCOB WM PENIKO TTOBTOPSIOIIMXCST CUT-
HaJIOB, «PEXUM CaMOIMCLIAa» IIO3BOJSIT HENPEPHIBHO PErMCTPUPOBATH 3TH IPOLECCHI.
[MpenmyckoBast 3ammch 00ECIIeYMBaeT PETUCTPAIIMIO TIPOIIECCOB, TTPEAIIECTBYIONIUX MO-
MEHTY CUHXpOHU3alNU, a Hanuyue uHtepdeiica RS-232 — nepenayy ¢hopMbl CUTHAIOB
Ha TepCOHAbLHBIN KOMITBIOTED JIJIST aBTOMATUYECKOM pacrieyaTky OCIAUIOTPaMM.

Texnuueckue xapakTepucTuku rpudopos cepuu C1-37:

* KOJMYECTBO KaHaAJIOB BEPTUKAJIBbHOTO OTKIOHECHMUS: 2;

* PEeXMMBI OTOOpaxkeHMs: KaHai 1, KaHal 2, CyMMUPOBaHUE CUTHAJIOB KaHaJoB 1
U 2, moouepeaHass KOMMYTallisl KaHajioB 1 u 2;

e T0J10ca mpornyckaHus: 25 MI;
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3.3. Hugpossie ocyurroecpagor

e BpeMs HapacTaHus: 14 HC;

e K03(GUIMEHTHI OTKJIIOHEHUs 110 BepTukKanu: 2 MmB/men...5 B/nen;

* IIOrPELIHOCTb U3MepeHUsT HanpskeHus:: +4%;

e BxomHoit mMmmenaHc: 1 MOm/20 d;

e Makc. BxonHoe Hanpspkenue: 100 B (acdbdexktuBHOe 3Hauenue), 300 B (c nenure-
nem 1:10);

e 1mmdposas mamaTh (C1-137/2): yactora auckperusaunu 1 MI'1, yrcio pa3psiioB
ALIIT 8, o6beM mamsaTu Ha KaHai 0,5 k6aiit, npen3anuch 50%:;

e koahduumeHTs pasBeptku: 200 Hc/men...0,2 c/men (pactsckka B 10 pas),
20 uc/nen...10 ¢/men g C1-137/2;

e [IOrPELIHOCTb U3MepeHust BpeMenu: 4%, £5% (B pexume x10);

* PpEXHMbI Pa3BePTKHU: aBTOKOJeOATebHBIN U XIYILIWIA;

* UCTOYHUKM CHUHXPOHM3aLUMU: KaHal 1, kaHan 2, BHewHuil, TB (cTpoka, mose);

e JIMaNa3oH 4acTOT BHYTpeHHel cuHxpoHuszauus: 10 I'a...25 MTI'n;

e JIMaAna3oH YacTOT BHelIHel cuHxpoHuzauuu: 10 I'u...25 MTI'u;

e B pexume X—Y: nosoca npomnyckanusi 1 MI'u (3 1b), KoadpdpuumeHTsl OTKIOHE-
Hust 2 MB/nen...5 B/nen, norpemHocts uamepenuii £10%;

e 1mmdposoit myasTumeTp (C1-137/1): nuana3oH M3MEpEeHUsT HAIPSDKEHUsI TTOCTOSTH-
Horo Toka 2 MB...1000 B (norpeinocts 0,7%), nuana3oH M3MEPEHUs CPeIHEKBAI-
pPaTMYHOIO 3HAYEHUS HaIpsDKeHUs mepeMeHHoro Toka 2 MB...700 B (morpeiHocTb
2,5%), BxomHoe corporusieHre 1 MOM £ 0,1%, nuana3oH M3MepeHMsT MOCTOSIH-
Horo Toka 0,02 MA...2 A (morpeiuHocts 0,4%), auamna3oH M3MEpeHUsl COIPOTUBIIE-
HMS MMOCTOSIHHOMY TOKY 1 OM...2 MOwm (norpeiuHocts 1,5%);

e kamubparop: meanap (1 xI'u, 1 B);

e pa3mep skpaHa: 60 x 80 mm (8 x 10 gein);

e yckopsioiee HarpsokeHne: DJIT 8 kB;

e IUama3oH padbounx teMmmepatyp: +35...+40 °C;

o nwmranue: 127/220 B =+ 10%, 50 I'u;

e moTpebisieMas MoIrHOCTE: 40 B [CA;

e rabaputHbie pasmepsl: C1-137, C1-137/2 — 375 x 270 x 130 mMm, C1-137/1 —
375 x 270 x 160 mmM;

e wmacca: C1-137 — 5 xr; C1-137/1 — 5,3 xr; C1-137/2 — 5,5 kT.

JByxkaHanbHbI 1MbpoBoit ocimorpad C8-33 (puc. 3.12) Munckoro npubopoct-
pouTeabHOro 3aBoaa mmeeT nosiocy 4yactoT oT 0 go 20 MI'u. OH MoxeT paboTaTb CO
CKOpPOCTBIO BEIOOPKM 20 MB/c 1 nMeeT o0beM ImamaTu 4 kbaiit/kaHai. [IpemycMoTpeHbl
KypCOPHbIE M3MEPEHMSI M BO3MOXKHOCTb MOIKIIOUEHUS K KOMIIbIOTEPY 4Yepe3 MOopT
RS-232. Dkxpan npuodopa 80 x 100 mm, macca npubopa 8,0 K.

Eime onnx ocummnorpad C8-37 Toro ke 3aBoaa (puc. 3.13) uMeer aBa KaHaja C I0-
Jocoit ponyckanust ot 0 no 100 MTI'1; yactora Bei6opok 100 MB/cek; o0beM maMsTH
32 kbaiiT/KaHal, aBToMar/Kypc — 22 Buga usmepenusi; bII®; RS-232; skpan SVGA
15"; macca 6,5 kr (6sok ocuwniorpada). OmMuuTeabHas 0COOEHHOCTb 3TOro Mpubo-
pa — OpUMEHEHHUE CTaHAAPTHOIO OUCILICS OT KOMIIbIOTEpa, YTO 3aMETHO YIIPOCTUJIO
KOHCTPYKIIMIO ociiiorpadudeckoro oOsoka. Ocumwuiorpad mMeeT M CTaHIAPTHYIO
KJIaBHATypy OT KOMIIbIOTEpa M IpacdMUeCKuii MaHUITYJISITOP — Mblllb. OHU MO3BOJISIOT
yIOOHO YIpaBJsITh paboTOM ocuusuiorpada.

Ocummnorpagd C8-37 peructpupyeT OJAMHOUYHBIE COOBITUSI C YAaCTOTOWM BBIOOPKU 10
100 MBBIO/c Ha KaHaJ U MOBTOpsitoiuecs curHaisl — 10 10 I'Beio/c. Ocumiiorpad co-

97



I'zrasa 3. Hugpossie u cmpobockonuueckue ocyusrozpagol

3MaH Ha OCHOBE HOBEWIIMX NOCTHXKEHUI
BJICKTPOHUKK C IIPUMEHEHUEM COBPEMEH-
HOIi 3JIeMEHTHOI 0a3bl BEAYIIMX 3apy0Oex-
HbIX (DUPM M TEXHOJIOTMU MOBEPXHOCTHO-
ro MoHTaxa. [IporpammHoe obecrieueHue
ocumyorpada C8-37, peann3oBaHHOE B
ornepanoHHoin cucteme Windows 95,
MaKCHMaJIbHO OPMEHTUPOBAHO Ha paboTy
C TI0JIb30BaTeNIeM M 00eCTIeuMBaeT yIpaB-
JIEHUE peXUMaMu OLUGbpPOBKHU, HAKOILIE-
HUSI, OTOOpaXeHWS W MaTeMaTHUeCKOM
00paboTKM MU3MepsieMbIX cUTHaAJIOB. bosb-
1II0€ KOJWYECTBO CTAHAAPTHBIX BBICOKO-
3(@dEKTUBHBIX TIPOrpaMM MOXET ObITh
JIETKO MWCIIOJIb30BAaHO B TaKOM TIpubOOpe
IIJIsT TOTIOJTHUTEIBbHOM 00pabOTKU, JTOKY-
MEHTHPOBAHMUST W3MEpPUTEIbHOI WHDOP-
Malliu, ITOCTPOEHUST TpapuKOB U T. 1.
VYa0OHBII TOJb30BATEABCKUIT MHTEP-
deiic obecrieunBaeT IIMPOKUIT BHIOOP arl-
HapaTHBEIX U TPOTPAaMMHEIX YCTaHOBOK M
MpeAyCTaHOBOK (aMILUIUTYIHbBIC U BPEMEH-
HBbIE MAaCINTAaObl W ITMAITa30HbI, TUITBI BXO-
JIOB ¥ BPpeMEHHbIC MacIUTaObl M JMara3o-
HBI, PEXXUMBlI CHHXPOHU3ALNHN, CIMHUIILI
M3MEpEeHMsI, 1[BEeTa 3JIEMEHTOB W MHOTrOe
npyroe). PazHooOpasHble neTajbHbIE W3-
MEpeHHsI C IIOMOIIbI0 KYPCOPOB OYEHb
TIOMOTal0T B paboTre, pe3yJbTaThl MOCTO-

Puc. 3.12. Ananrozogo-yugposoii
ocyunnozpag C8-33

Puc. 3.13. Hugposoii ocyusroepagp C8-37

SIHHO TIPUCYTCTBYIOT B CTpoKe cTaTyca. MIMeroTcs1 OoJibliie BO3MOXHOCTHU TOIMOJHUTE-
JIBHOM MaTeMaTH4YeCKON 00pabOTKM M3MEPUTEIbHON MH(pOPMAIUN: yCpeaHeHNUe, CIia-
JKMBaHUE H3MEpSIEMbIX CHUTHAJIOB, WHTEPIOJISILMS MEXAY OTCYETaMM, CIIeKTpaJbHbIi
aHamm3 (TipsiMoe 1 obpatHoe TpeobpazoBanus Pypwe). Bee Tekyie nuaMepeHus: aBTo-
MaTUYeCcKU (PUKCUPYIOTCSI B paboyeil o0sacTU MporpaMMbl M CHaOXaloTCsd pabouyuMu
sTukeTkamu. VX MOXHO 3aTeM MpOoCMaTpuBaTh, COXPAHSTH, YAAIATh, MEPEUMEHOBBI-
BaTh, CHaOXaTb KOMMEHTapUsIMU, BbI3bIBaTh paHee M3MEPEHHbIC BEJIMUMHBI. Bobloi
LIBETHOU 3KpaH C BbICOKMM pa3peiieHueM (SVGA) obecrieumBaeT KaueCTBEHHOE OTO-

6pa>1<el-me CcUrHala.

TexHMUecKne XapaKTepUCTUKH ocIryurorpada:

* TI0JI0CA YaCTOT PErMCTPUPYEMBbIX Tiepruoandeckux curanos: 100 MI;
e MakcuMmajbHasg yactoTa auckperuzauuu: 100 MI;

e BEPTUKAJIbHOE paspelleHue: 8§ OuT;

e BpeMs HapacTaHUsI MIEPEXOIHONM XapaKTepUCTUKU: 3,5 HC;
e IMamna30H YacTOT CMHXpoHm3amuu: 10 110 MI;
e nMana3oH ucciaeayembix curHaaon: 0,002—40 B (250 B ¢ nenenuem 1:10);

* YKCJIO KaHAJOB: 2;
e ypcio paspsmos ALII: §;
e 00BbEeM MaMsITH Ha KaHai: 32 KOaiT;
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3.3. Hudposovie ocyurnozpagut

e TIpedBapUTENbHBIN 3aMmycK U rocuedanyck: +100%;

e OCHOBHasl MTOTPEIIHOCTh U3MEPEHUI: aMIUTUTYIHBIX TapaMeTpoB — 2%, BpeMeH-
HBIX TlapameTpoB — 1,5%;

e BxomHo# umriegaHc: 1 MOm/25 nd;

e pa3Mep 3KpaHa: cranmapTHeIi 15" SVGA-MoHUTOD;

e JMana3oH pabdouux temnepatyp: +10...+35 °C;

e nwmranue: 220 B £ 10%, 50—60 I'i;

e TmoTpebsieMast MOIIHOCTD: 210 B [A;

e rabaputHble pa3mepbl: 408 x 362 x 165 MM (610Ka ocumuiorpada);

e Macca Omoka  ocummiorpada:
6,5 K.

Ocuumiorpad C8-40 (puc. 3.14) ume-
eT moocy nponyckanaus 200 MI'n n mak-
CUMAaJIbHYl0O  YacTOTy  AUCKpeTu3alluu
200 MTIm. IlpencraBmsier coboit 2-KaHa-
JIbHBIN MG poBoi ocusuiorpad ¢ nuamna-
30HOM YacCTOT MCCJIEIYyEMbIX CUTHAJIOB JIO
200 MT'u. ITpubop perucTpupyer OJUHOUY-
HbIE COOBITUSI C YacTOTOW BBIOOPKMU 10
200 MB/c Ha KaHal U ITOBTOPSIIOLIMUECS
curHasel — 1o 10 I'B/c. Ocummtorpad co-
3laH Ha OCHOBE HOBEUIIMX JOCTUKECHUI
9JIEKTPOHUKM C TIPUMEHEHUEM COBPEMEH-
HOIT 2JIeMEHTHOI 6a3bl BeAyIIUX 3apy0ek-
HBIX (PUPM U TEXHOJOTUM TTOBEPXHOCTHO-
ro MOHTaxa.

Ocoumtorpadp C8-40 paszpaboran c

npuMeHeHrueM B cBoeM cocTaBe [IDBM
tuna IBM PC. [lporpammHuoe oGecrieue-
Hue ocuuytorpaga C8-40, peannzoBaHHOe
B omepaunoHHO cucteme Windows, B
MaKCHMaJIbHON CTeMEeHM OPUEHTUPOBAHO  p. . 3 14 Hudposois ocyurrozpad C8-40
Ha paboTy ¢ Mojib3oBarTeaeM u obecreyrnBa-
€T yIpaBJieHMe pexXuMaMu OLUMDPOBKHU,
HAKOTJIEHUST, OTOOpaKeHUs U MAaTeMaTUIeCKO 00pabOTKY N3MEPSIEMbIX CUTHAJIOB B OTIE-
paunonHoit cucteme Windows 2000/XP. Boibliioe KOIM4ecTBO CTaHAAPTHBIX BEICOKOA(] -
(beXTUBHBIX MPOrpaMM MOXET OBITh JIETKO UCITOJIb30BAHO B TAKOM TTPUOOPE IS AOTIOJTHM -
TEJbHOI 00pabOTKM, MOKYMEHTUPOBAHMSI M3MEPUTEIbHON MHGMOPMAIUU, TTOCTPOCHMUS
rpaduKoB U T. 1.

Ya00HbBII MOJIb30BaTeNbCKUI UHTEpGeiic obecrneynBaeT KUPOKUI BHIOOP armapar-
HBIX ¥ TIPOTPAaMMHBIX YCTAHOBOK M IPEeIBAPUTEIbHBIX YCTAHOBOK (aMIUIUTYIHBIC U Bpe-
MEHHBIE MacIITaObl M OWANa30HbI, TUIIBl BXOJAOB W BpeMEHHBIC MAcCIITaObl M IMAIa30-
HBI, PeXKUMBI CHHXPOHU3AINN, CAMHUIIBI N3MEPEeHUS, IIBETA 2JIEMEHTOB M MHOTOE IpPY-
roe). PasHooOpa3Hble [eTaqbHble WM3MEPEHUS C ITOMOIIbIO KypCOpPOB MOMOraloT B
paboTe, pe3yabTaThl MOCTOSIHHO MPUCYTCTBYIOT B CTpOKe cTatyca. MMeroTcst ob1uMpHbIe
BO3MOXKHOCTM JTOMOJHUTEIbHOM MaTeMaTHUUecKoil 00pabOTKM M3MEpUTETbHOI UHMOP-
MalliM: YCpPeIHEHME, CIVIaXKMBaHUE M3MEPSIEMbIX CUTHAJIOB, MHTEPIOJSILIUS MEXIY OT-
cueTtaMu, CMEKTpalbHBIM aHanu3 (mpsiMoe M obpaTHoe mpeobpasoBaHusi Pypoe). Bee
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I'zasa 3. l{ugpossie u cmpobockonuueckue ocyurrozcpagot

TEKyIINe M3MEPEHNST aBTOMAaTHUEeCKN (PUKCUPYIOTCS B pabodeil 001acTy MporpaMMBbl 1
cHabxaroTcsd pabounMMu 3TUKeTKaMMU. WX MOXHO 3aTeM IIpoCcMaTpuUBaTh, COXPaHSITh,
YIAJIATh, IEPEMMEHOBBIBaTh, CHA0XAaTh KOMMEHTApUSIMHU, BBI3BIBAaTh paHee M3MEPECHHEIC
naHHble. Bonbloil 11BeTHOU 3KpaH ¢ BbICOKMM paspeineHueM (SVGA) obecrieurBaeT
KayeCTBeHHOE OTOOpakeHHWe CUTHaJa.

TexHuueckue xapakrepucTuku ocupniorpaga C8-40:

e M0JIOCA YACTOT PErUCTPUPYEMbIX IMepuoandeckux curdaaon: 200 MIw;

e MakcumajbHasg yactoTa auckperuzauuu: 200 MI'i;

e BepTUKaJbHOE paspelleHue: 8 OuT;

e BpeMs HapacTaHWS IEPEeXOTHON XapaKTepUCTUKU: 3,5 HC;

e nuanasoH ucciaeayembix curHanon: 0,002—40 B (250 B ¢ nenenuem 1:10);

* YHCIIO KaHAJIOB: 2;

e uucao paspsaos ALLIL: §;

e 00BEM IMaMITH Ha KaHai: 128 KOaiiT;

e mpen- U nociesanyck: £100%:;

e OCHOBHAasl IOIPELIHOCTb M3MEPEHMIl: aMIUIMTYIHBIX HapaMmeTpoB 2%, BpeMeH-
HBIX IapameTpos 1,5%;

e BxomHo# umrmeaanc: 1 MOm/25 n®;

e pasmep 3KpaHa: cranmapTHbiii 15" SVGA-MoHuTOD;

e nMamna3oH pabouux temmnepatyp: +10...+35 °C;

e muranue: 220 B £ 10%, 50—60 I'u;

e moTpebasgeMasi MOIIHOCTh: 250 BIA;

e rabaputHble pa3mepbl: 408 x 362 x 165 MM (6J0Kka ocumuiorpada);

e Macca (6aoka ocuuuiorpacda): 6,5 Kr.

Ocuwnorpad C8-40 0THOCUTCSI K HOBOMY MOKOJIEHUIO LIM(MPOBBIX ocluLiorpados,
KOTOpBIE TIOCTPOCHBI Ha OCHOBe ItepcoHanbHOro Komimbiotepa (ITK) ¢ apxutekTypoit
IBM PC. B Takue ocuminorpacdbl HEpeaKo BCTpauBaeTCsl CTaHAapTHas CUCTEMHasl Iljia-
Ta TEePCOHAIHLHOTO KOMIIBIOTEPA C COBPEMEHHBIM MMKPOIPOIIECCOPOM — BIUIOTH 1O
Pentium 4. Paspa6otka I1K nmocturia BecbMa BBICOKOTO YPOBHSI, U HbIHE KOMIIBIOTED C
MIPOLIECCOPOM, pabOTAIOIINM Ha yacToTe okoyo 3—4 I'Ti, crout mensine 500 $. Koncr-
PYKTOpaM OCLMJLIOrpacoB OCTACTCS AOMOJHUThH €ro M3MEPUTEIbHBIMU OJIOKAMU U CIIe-
LIMAJTLHBIM MIPOTPAMMHBIM 00ECIICUCHUEM.

3.3.2. Uudposbie ocunnnorpadpbl pupmbl Good Will

Pan umdposbix ocummiorpagos BeinyckaeT pupma Good Will [30, 31]. Bor yxe He-
CKOJIBKO JIET Ha POCCUICKOM pBIHKE ITPUCYTCTBYIOT €¢ ILM(MPOBbIE 3aITOMUHAIOIINE
ocuwutorpadsl cepuit GDS 820/840 (puc. 3.15). OHM TmipomaioTcss KOMITaHUEH
«[Tpuct». Hmke mpmBefeHBI JaHHBIC 3TUX IPUOOPOB, B3sITEle M3 MHTEepHET-CTpaHWUI]
koMnanuu «[Ipuct» (Www.prist.ru).

Ocuustorpadsl 3TOM CEpUM BBIMOJHEHBI B IMPSIMOYIOJbHBIX KOpIycaX M MMEIT
IIPOCTHIE OpraHbl ympasicHMs. biaromapst 3ToMy Ha mepeaHell MaHeNIW PacIIOIOXEHO
HeOOJIbIIIOe YMCIO PyYeK M KHOMOK.OCHOBHBIE PEXUMBI pabOThl ocuuiorpadoB 3ama-
10TCST (DYHKIIMOHAJIBHBIMUA KHOIIKAMHU, PACIIOJIOKEHHBIMM CIIpaBa OT 9KpaHa, U UHINIIHA-
pytotcs Ha HeM. Ha 3amHeit ctenke mpu6opoB GDS 820S/840S (puc. 3.16) pacnosnoxe-
HBI pa3beMBbl IMOPTOB TSI MOAKIIOUEHHUS KOMITbIOTepa (Mapajuie/IbHbIN, ITOCIeIOBATEIb-
Hblii RS-232 u USB). Ocuunnorpadp GDS 820C nMeeT LIBETHOM AUCILIEH, Y OCTaIbHBIX
MPUOOPOB UCITOJIL3YETCSI MOHOXPOMHBIN IUCITICH.
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3.3. Hugpossie ocyurroecpagor

Puc. 3.15. Brewnuii 6ud yugposoix Puc. 3.16. Buo na 3adHtoto naneno
3anomuHarnuux ocqu/moepadme uud)posbtx 3anomunarnuux
GDS 820/840 ocyunrrozpagos GDS 820/ 840
XAPAKTEPUCTUKMW NMAPAMETPbI 820 CEPWA 840 CEPWA

KAHAT BEPTHKANBHOMD Monoca nponycxaxua (-3 aB) 0...160 MI'y 0...260 My

AL OrpaHu4eHHe NoNocs! NPOMYCKaHuA 0o 20 My
Koadh. oTknoHenms (K, ) 2 mB/pgen...5 B/nen (war 1-2-5)
MorpewHocTs yeTanoBkn K +3%
Bpemna HapacTaHua < 2,3 He ‘ < 1,4 HC
BxopaHoi umnegaxc 1 MOm (£ 2 %) / 22 nd
MaKe. BXOJIHOE HANPAKEHUE 300 B (DC+AC nuk, 0 1 KI'w)
Penmbl paGoTbl Kawan 1, kaHan 2, kaHan 1 (2) MHBEPTHPOBAKHLIA, KaHan 11 2
MarTemaruka Kan 1 + Kan 2; Kan 1 — Kaw 2; BN@

KAHAN TOPH30HTAMIBHOIO Koadh. paasepricn (K.} 1 we/pen...10 cen (war 1-2.5)

OTKNOHEHMA MorpelwHocTs YCTAHOBKH KF,“l +0,01 %
Pexnmbl PaGoTsl ‘OCHOBHOIA, OKHO, ZOOM oKHa, camonucel, X-Y

CHHXPOHNIAL NS WCTOUHKKH CHHXPOCHTHaNa KaHan 1, KaHan 2, CeTb, BHELLHMA
Pexumbi 3aMycka pasBepTku ABTOKONEGATENbHLIA, XOYLLWIA, onHokpaTHeIl, TB (NTSC, PAL/ SECAM),

npeg- (20 Aen.) v noeneaanyck (1000 gen), no Bpemeni (100 He...1,3 Mc),
0 COBBITMIO (2...65000), nogmam (TTA, 3CA, + 20 B), 1o (hpoHTy, no

DMMTENsHOCTH umnynsca (20 We...10 ¢)

DPUNLTPLI CHHXPOHW3ALHK ©HY, ®BM, chuneTp wyma, ceass AC, cerse DC

BHELWHAA CUHXPOHUIAUMA ‘—hrumnumrmw Wacmwranbuumb'
50 mB (0...30 u). 50 MB :

100 MB (30...150 My

150 MB ESSO ..250 MH’u)

P&)oaeﬂ : NOCTORHKOE + 15 B; nepementoe 2 B nuk.
BeHE: 300 B (DC;AC ik, 0o 1 kMy)

Bxof i 1 MOw (+ 2 %) / 22 n@
AHANOTO-UN®POBOE PaspeweHune No BEpTHKANK B &Mt
HEEUK PAIUBARKE HacToTa gucKpeTM3aymm [o 100 My Ha kaxan
DKEME. YACTOTA ANCKPETH3IALMN Oo 25 Ty Ha kaxan
JNuHa 3anucuH 125 KG6aiT Ha KaHan
MUKOBLIA AeTexkTop 10 Ho
Pexmnmbl paboTel Eﬂ%ﬁﬁaﬁ%ﬁ {a)é > 10 a)ég lg)ﬁw,HsHmﬂ (2 /.. 258); HakonneHus;
KYPCOP HbIE W3 MEPEHMA DY HELIMK AU AT; /AT
ABTOMATHYECKME y HICLMM MO BEPTUKANH U nuk-nuig U; U cp. kB.; Uy; -U; +U; U makc.; U MuH.
ALY Dy HKLMH NO rOpU3oHTaNMN 1; T; 1 HAACTAHWS; [ CPEEA; +1; -1; KOSM. 3AN0NHEHUA
YACTOTOMEP Paspewenne © paspAnoe
Jlnana3son uamepesri 10 My...150 My ‘ 10 Ty...260 My
MorpewHocTs n3MepeHus +2 %
&l&l&!ﬂwgﬂmli WHTepdpeiic (kpome GDS-B20) USB; RS-232C; GPIB (onuws); LPT;
CUHXPOHU3AUMA ABTOBLIGOP CUHXPOCUTHANG (2-KaH. PeXMM)
ABTOYCTaHOBKA B/nen, c/nen, napameTpel CHHXPOCHIHANA
Pexmma X-Y X —kaH 1; Y — kaH 2; pazHocTs has < 3° o 100 Ky
Fny6oxan namsTs Banuck/cunTeiBaHWe: 2 ocuyMnnorpammes; 15 npodbuned
Dy HKLUMK Cuaaueum (tl()[lllhl CMIHANA C WAaBNOHOM; aBTOBOCNPOUIBEIeHNE
WK Ky IMW U3MEDEHHAMA
OBINE JIAHHBIE JKK-gucnnei Bx 12 gen (paspewenwe 320 x 240)
HanpsxeHne nuTaHuA 100...240 B, 48...63 Ny (aeToBrIGOP)
raGapuTHele pasmepsl 264 x 142 x 310 mm
Macca 4.1 k1
KomnnexTt noctaexmn WHyp nuTaHmA (1), genutens 1:1/1:10 (2)

Puc. 3.17. TexHuueckue xapakmepucmuKkyu 4u@posoix 3aNOMUHAIOULUX OCYUALO2PAPO8
GDS 820/ 840
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I'zasa 3. l{ugpossie u cmpobockonuueckue ocyurrozcpagot

DTH ABYXKaHAJbHBIE TTPUOOPHI PACCUMTAHBI HA HAOIIOAEHWE CUTHAJIOB C YacTOTaMU
no 150 (GDS 820) u 250 (GDS 840) MI'u. I[TonpoOHBIe TeXHUYECKHUE XapaKTePUCTUKU
1 BO3MOXKHOCTH LIM(PPOBBIX 3armoMuHalommx ocuuuiorpadgos GDS 820/840 mpencraB-
JIeHbl B Tabauie (puc. 3.17).

Boeinyckatorest Takke 100-merarepiieBbie LM(GPOBbIE 3alIOMUHAIOLIME OCLUIOrpadbl
GDS830 ¢ uvacToToii BeIOOpKM B peadbHOM Maciutabe Bpemenu 100 Ms/c. Ilpubopbr
MMEIOT BBICOKYIO TOUHOCTh pa3BepTku — 0,01%, aBTOMaTUUeCKUil BHIOOP CHMHXPOHU3A-
1, 15 mpeaycTaHOBOK PeXXMMOB pPabOTHI, MEHIO PEXKMMOB, BHICOKOE pa3pellieHue K-
paHa (480 x 640 touek), meHio HacTpoiiku DJIT, LPT u RS-232-unrepdeiicol s pa-
OOTHI C TMEepPCOHANbHBIM KOMITLIOTEPOM, BBICOKYIO HAIeXHOCTh U KayecTBO. Bripouewm,
BCE ATO MPUCYIIE U IPYTUM, OTMEUCHHBIM BBIIIEC TIpUOOpaM 3Toit hupMbl. TexHuuecKne

xapakTepucTuku ocuuinorpacdos GDS830 npencrasieHbl Ha puc. 3.18.

PesGme] Tamy cka pasEepTEN

XapakTepucTHKH MNapaMerpbl JHa4yeHuA

Katran sepTomamsHoTo [onoca nporyerasma (-3 46) 0...100 MMy

OTETIOHEHEA OrpaHW4eHKE NONOCE NPONYCkaHWA — o 20 My
Kozg. orknonenna (K ] 2 mBinen... 5 Bfnen (war 1-2-5)
[TorpenmHocTs FeTAHOEE Km +3 %
Naxc. EX0AHOS HATpUIDHEHHE 300 B (DC+AC nuk, go 1 kW)

Karan Kaosd. paszeepTku (I-{pm) 2 Ho/nen.. 5 cfen (war 1-2-5)

Eﬁ’z:{?ﬁnom [l orpeuHoCTE FOTAHOBRH Kpﬁx_ +0,01 %

ApToRonebaTeIEHER, FEYIRG, 0fHOEpaTHED, 1B, npen-
{10 pen) v nocnezanyck (500 nen), zagepxka no
epemenn (100 He... 1.3 me), no cobemri (2... 650007, no
ypoeHi (TTI, ACN, £ 12 8)

"DEBME. MACTOTA FECKRSTHE ST
Of®ent mmanaTH

AT ofpoEpATHOTO CRTHATA
[TMEOBETT BeTeETOR

Pexome paborer

Pexome pafiors: ClcHoBHOH, okmo, Z00M okHa, camonucey, XY
AHamoro-dpoBoe Paspenterme Mo Bep T 2 fmr
npeofpazosarme HacToTa JUCKp eTHEF AN Ho 100 Mewbopok'c

Ho 25 TeetboporSc

125 FKBaiT Ha kaHan

£10 MUy anvHa zanucl oo 125 KRalT Ha kanan

20 me (10 MEcfgen. . 5 ofgem)

Brifopra, meoEsn geterTop (20 He), yopegEere (2.7
2581, HamomerEs;, BEIop Aeemlsammen (05 K 135 KD

Hanpmerme TIETARILA

[ afi apBTHEIE pashepBl
MMacca

Kypoopeste momepernm | Dyrmanm I TT
A BTOLIATHS R CEER DYHKITE 10 BEp THEATH Vonee-nue; W onuk Woop. ke ope Y HY Y make
HEMET EHER W MMH.

DYHEITHI [0 TOfIEE OHT AT £ T, t HapacTanua; t cpesa; +; -t koad. sanonHenna
I 0TI TRIE HE I8 Hurepdeiic R3-232C; GPIB (onuma), LPT, WGA
BOFMOEHO CTH R OHE AITHA ABTOBBIOOY CHIDGD O CHTHANA (2-KAH. peRemL)

Bmok srigenersst TB crpox PAL, NT2C

ABTOVCTAHOEEA Bigem, c/fem, wpOBEHE CHEDGDOCHTHATA

Y exog PaseepTra FHELIHMM CHTHATOM

C oxpaserse opo demeft 3 aTEcE/ CHETEIE aREe g0 15 opodemeit
DBnpe ZaHHELE Hecroeft 2710 pen (pazpewenue 640 x 480)

100,240 B, 48...63 'y
33071557385 mm
70 kr

Puc. 3.18. TexnHuueckue xapakmepucmukyu 4u@posoix 3aNOMUHAIOULUX OCYUALO2PAPOB
GDS 830

3.3.3. Uudpoebie ocuunnorpadpoi AKTAKOM

Toprosoe oobenuHeHue AKTAKOM mnpencrabisieT Ha POCCUMCKUIN PHIHOK HECKO-
JIbKO COBPEMEHHBIX Mojeseil uudposbix ocuusuiorpados [24]. PaccMoTpuM KpaTKo uXx
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3.3. Hugpossie ocyurroecpagor

HOMEHKJIATypy M OCHOBHBIC TEXHHUECKHE XapaKTepUCTHKU. bojiee moapoOHbIe JaHHEIC
0 UPPOBLIX ocuuuIorpadax 3Toi (PUPMbI MOXKHO HAalTHU Ha ee caiite www.aktakom.ru.

ACK-2150

OtoT Hudponoit ocuuiorpad (puc. 3.19) umeer 2 KaHajua, IMOJOCY MPOMYCKaHUS
150 MTI'nu, gacrory muckperusaumst 100 MI'm (2 xkanana) wm 200 MI'n — 1 kanHan, B
pexuMe cTpoOOCcKoma yacToTa auckpetusauuu pasHa 25 I'T'u, paspsaHocts ALLIT 8 ouT,
€MKOCTh TlaMsITu 32 KOailT, uyBcTBUTENBHOCTH 2 MB/nen — 5 B/men, makcumanbHoe
BxogHoe HanpspkeHue 400 B, BxonHoit numnenanc 1 MOwm/20 n®. T'opuzoHTalbHAsT pa3-
BEepPTKA C JUIUTEJLHOCTHIO 2 HC/Ien — 5 c/men, pexxuMbl pa3BepTOK: aBTOKOJeOaTeThb-
HBIN, XYM, OMHOKpaTHBIM, X—Y. JlomoJHUTEIbHBIE BO3MOXHOCTU: aBTOMAaTUYe-
CKUe U3MEPEeHUsI, KyPCOPHbIe U3MEPEHMSI, PeXXUM aHaau3aTopa CIeKTpa, mamsath Ha 10
OCLIMJIOTpaMM, TIpeABapuTeIbHasl 3alliCh OCLMJIJIOIPaMM, CaMOITMCELl, CTPOOOCKOIL.
Hcrounuku cunxponusanuu: CH1, CH2, TB, cers, BHemrHuit. [Ipnbop nMmeeT muk-me-
tektop 10 He, XKKUW 5,8 moiima ¢ paspewiennem 320 x 240, raGaputbl: 370 x 167 x
338 mMm; macca 5,5 xr. UHTepdeiichl 111 MOAKIIOUEHUST MEPCOHAIBHOIO KOMIbIOTEpa
Centronix, RS-232 n USB.

Hudposrie 3anomuHawime ocuumiorpadsl ACK-2022/2023 npuHaniexaT K HOBO-
My TOKOJICHWI0O MWHHWATIOPHBIX OCHWIIOTPadoB, BBITIOJIHECHHBIX B YyIApOIIPOUYHOM
IJ1acTMaccoBOM LiBeTHOM Kopmyce (puc. 3.20). OHU MMEIOT KHOIIOYHOE yIIpaBJieHue U
€IMHCTBEHHYIO BpallaloIylocs PYYKy IS MPOCMOTpa UIMHHBIX OCIMJUIOTpaMM. DTH
MPUOOPHI MOTYT UCIIOJNB30BaThCsl Kak LU(ppoBbie yacToToMepbl, a nmpudop ACK-2023
MOXET TPUMEHSIThCS ellle M KaK Hudpo-
BOU MYJIbTUMETP M JIOTMYECKUI aHaIMU3a-
TOpP, WCITOJIB3YEMBIN ST OTJIaAKU CJIOXK-
HBIX JIOTUYECKUX CXEM.

Ha puc. 3.21 noxazanbsl ¢doTtorpacdumn
skpaHa ocuwiaorpagpa ACK-2023 mpu
OTOOpaXXeHUN OCHMJUIOTpaMM  (CHUMOK
CBEpPXY) U IPU OTOOPaXKECHUU PE3yIbTaTOB
paboThI JIOTMYECKOTO aHain3aropa (CHU-
MOK cHu3y). HeTpynHo 3aMeTUTh OeTaiib-
HOCTb 1 OO0JIbIIOI 00bEeM TpeaCcTaBIsIeMOM
nH(POPMALIUH.

OCHOBHBIE  TeXHMYECKHE  JaHHBIC
ocumIorpauyeckon  yacTu npubopoB Puc. 3.19. Hugposoii ocyurrozpag
npeactaBieHsl Ha puc. 3.22. Cruenmyer ACK-2150
CcKa3zaTh, YTO IO YACTOTHBIM CBOIICTBaM
NpUOOPHl MOJOOHBI AHAJIOTOBLIM CEPBUC-
HBIM ocuwuiorpagaM ¢ TIpeaeabHBIMU
yactoramu 20 MTI'. D10 He ciyvaitHo —
JlaHHbIe ocHuuIorpadbsl M IpenHa3Haye-
HbI JUISI CEPBMCHOIO OOCIIy>KMBAHUS pa3-
JIMYHOIO O0OpYHOBaHMS, HEPEOKO B IIO-
JIeBBIX ycJIOBUsSIX. JIJIsI 2TOro OHM IIMTa-
I0TCSI HE TOJBKO OT CETU TMEePEeMEHHOTO
Toka 229 B (4epe3 BHELIHWI ajamnrtep),
HO U oT BcTpoeHHON NiCd-akkymynsi-
TOpHOI Oarapeu ¢ HampsbkeHuem 4,5 B. Puc. 3.20. l{ugposoii ocyuarrozpag
IIpu 5TOM BpeMsl HENPEPBIBHONA pPabOTHI ACK-2023
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I'zasa 3. l{ugpossie u cmpobockonuueckue ocyurrozcpagot

OT aKKyMYJsITOpa cocTaBiseT 3,5 yaca. Macca nnpubopoB MeHee 2 Kr, rabapuThbl 287 x
153 x 82 mwm.

B ponu mynstumerpa ocumiiorpadg ACK-2023 MoxXeT nu3aMepsiTb MOCTOSIHHbIE U T1e-
pPEMEHHbIC HaMpsKEHUs M TOKU, a TaKKe Pe3MCTUBHOCTU (compoTuBieHust). [1pundopsl
ACK-2022/2023 MOTYT UCIIOJTb30BAThCSI B KaUeCTBE LIM(PPOBBIX YACTOTOMEPOB C OTOOpa-
JKEHMEM 4YacTOThl OOJILIIMMHU YUCTaAMU ¢ OOJBLIMMM pa3MepaMy 3HaAKOB. [uana3oH yac-
TOT yactoromepa oT 5 I'u 1o 20 MI'l, BO3MOXHO U M3MepeHue IIUTebHOCTU OT 50 HC
mo 0,2 c. Hapsgny ¢ oToOpaxeHueM pe3yJbTaTOB M3MepeHUil B LuM@poBoil ¢dopme

(31/2-pa3psimHblii  MHAMKATOpP, MaKCUMaJbHOE
yuciao 4000), npenyCMOTpeH JUHEWHbIA WHIU-
KaTop YPOBHST U3MEPSIEMBIX CUTHAJIOB.

Bo3MoxkeH Tak:ke KOMOMHUPOBAHHBINM PEXXUM
0TOOpakeHUsI — OCLMJIJIOrpaMMBbI BMECTe C JaH-
HBIMUA HU3MEPEeHUIl 1HUhpPOBOro MyJIbTUMETpa
(puc. 3.23). YucneHHble OaHHBIE H3MEPECHUS
0TOOpaKalTCsI CO BCEX CTOPOH 2KpaHa, Kpome
MpPaBOI.

Hns mpumenenus npudopa ACK-2023 B ka-
YECTBE JIOTMYECKOTO aHaJIM3aTopa MCITOIb3yeTCs
CIlelIMabHbIN OJIOK TaKOro aHajM3aTopa, IoKa-
3aHHOTO Ha puc. 3.24. Illneiid c pazbemom mnoj-
KJIIo4aeTcs K ocuuiuiorpady, a mpoBojga ¢ MH-
HUATIOPHBIMU 3aXXMMaMU K HCCIEAYyEeMbIM TOY-
KaM MCITBITYEMOM JIOTMYECKOU CXEMBI.

J7ns MoaKIIOYeHUsT K KOMITBIOTEPY IO IOPTY
RS-232 x ocuunnorpagam mpumaeTcs crelua-
JIBHBIN Kabenb. BMecTe ¢ MOOMIBHBIM KOMIIBIO-
TepoM HOYTOYKOM ocmuiorpadsl
ACK-2022/2023 moryT o6pa3oBaTh IIepEHOCHYIO
JT1abopaToOpuIo C BeChMa BHICOKMMM (DYHKIIMOHA-
JIBHBIMA BO3MOKHOCTSIMH. HexkoTopsie (pupMslI,
nanpumep HITACHI, yxe BbITycKaloT 1MOm00-
HbIe ocLUJIOTpadbI.

LOGIC

TESE3Z1
D;] AEd 188

RUK

123I458TE
PRERKENE

Puc. 3.21. I[Ipedcmasarernue
ocyunnozpamm (ceepxy) u 0annvix
noeuueckozo anaruzamopa (cHusy)

KoathhULIMeHT oTKNoHEHUs
BepTiKankHoe paspelleHe
BxopgHoil MMnegaHe
MakKe. BXofHoe HanpsKeHue
GicTeMa ropi3oHTanbHoro otk moHeHna:
Yacrora gucKpetizaljdin
KoaththUUMeHT pasBepTKK
06BeM namaT
Pexum Zoom
OBilijte XapaK repi cTiki;
Tin aKpaHa
PazMep akpaHa
ClrHan kanWGpatopa

Napamerp JHayeHHe
CiicreMa BepTitkanbHoro oTK noHeH .
Yueno KaHanos 2
Monoca nponycKaHus Mmake. 20 MIy

5 mB/gen...20 B/gen
8 6ur (20 Todek Ha 1 geneHWe akpaHa)
1 MOm/35 nd
42 B (nocT.+nuK. nepemet.)

200MrL
50 He/pen...20 o/pen
8 akpaHos
=10

MKW, MoHoXpoMHBIi
9672 MM, 320240 ToYeK
npaMoyronkHeIA, 1 KL, 5 B

Puc. 3.22. Ocnosubie mexuuueckue dannsie yuppossix ocyusrozpagos ACK-2022 /2023
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3.3. Hugpossie ocyurroecpagor

VERTICHL
OLE CH1

CH1  AC
8./3UsD

Puc. 3.24. Baok aocuveckozco
anaauzamopa 0as ocyuarozpagda
ACK-2023

Puc. 3.23. Bud akpana ocyusroepada
ACK-2023 8 pexmcume KOMOUHUPOBAHHOZO
pejcuma omobpaicenus uHgopmayuu

BHemHmii  BUm  HOBOTO IIM(POBOTO
ocumwuiorpada ACK-2122 nokazaH Ha
puc. 3.25. D10 ABYXKaHaJbHBINA TTPUOOP C
I10JIOCOI YaCTOT BEPTUKAIbHOIO OTKJIOHE-
Hug mpo 100 MI'1 BmomHe MOXeET 3ame-
HUTbh KaK HACTOJIbHBII ocuuuiorpad, Tak
u mnepeHocHOW. OH MOXET TUTaThCS OT
aKKyMYJISITOPHBIX OaTtapeil Wiv OT ajanTe-
pa ceTu IepeMeHHOro Toka. YyBCTBUTEb-

Puc. 3.25. BuewHnuii 8ud yugposozo
HOCTb ~ mpubopa 10  BEpTUKAIM  OT 3anomunaiowezo ocyurrozpaga

2 MB/nen no 10 B/nen, nnana3oH pa3Bep- ACK-2122

Tk oT 1 mkc/men mo 0,1 c¢/men. Ilpubop

WMeeT BCTPOCHHBIN Kamubpartop (3 B or mmka mo mmka, 1 xI'1), KypcopHBIE M aBTOMa-
TUYECKUE BBHIYMCICHMSI, aBTOMAaTUUECKYIO0 HACTPOMKY Ha CUTHAJ M JIp.

3.3.4. Uudposbie ocunnnorpadpsl pupmbl HITACHI

Ha poccuiickoM pbIHKE MOXKHO BCTPETUTh HEKOTOPBIE MOJCIM IIU(PPOBBIX OCLIWI-
siorpagoB simoHckoi kKomnaHuu Hitachi, n3BecTHON CBOMMU MOCTaBKaMU 3J€KTPOHHO-
ro obopymoBaHus i BoopykeHHBIX cuil Snmonnu. KpaTko oTMETHMM MX BO3MOXKHOCTH.

VC-6523

2 xanana, 20 MI'u, BJIT, makcumanbHasi ckopocTh BeiOOpku 20 MC/c, omHOBpe-
MeHHasl BbIOOpKa Ha Bcex KaHanax 10 Kcimos/c, mamsith 2 KciaoBa/kaHall, BEpTUKAJIbHOE
paspelieHue 8 OUT, MaKCHUMajbHas 4yBCTBUTEJNbHOCTL 1 MB (x5), RS-232, Bbixom Ha
IJIOTTEP, KyPCOPHBIE U3MEPEHUSI, PEKUM yCPETHEHUS.

VC-6525

2 kanana, 50 MI'n, DJIT, MmakcumanbHasi ckopocTh Bbioopku 20 MC/c, ogHOBpe-
MeHHas BbIOOpKa Ha AByX KaHanax 20 MC/c, mamsate 2 KciaoBa/KaHall, BEpTUKAJIbHOE
paspelieHue 8§ OUT, MaKCUMaibHasl YyBCTBUTEIBHOCTh 2 MB, yacTroTomep, aBTOyCTaHOB-
Ka CKOpPOCTHM pa3BepTku, RS-232, BbIxom Ha IMIOTTEP, KYPCOPHbIE M3MEPEHUSI, PEKUM
YCPEIHEHMSL.
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VC-6545

2 xanana, 100 MTI'u, BJIT, makcumanbHass ckopocTh Beioopku 40 MC/c, ogHOBpe-
MeHHasI BEIOOpKA Ha IBYX KaHajax, maMmsth 4 KcioBa/KaHall, BepTUKAJIBbHOE pa3pelie-
Hue 8 OUT, MaKCUMaJlbHasl YyBCTBUTEIBbHOCTh 2 MB, undpoBoii yactoromep, aBToMaTH-
YyecKasl YCTaHOBKAa CKOPOCTH pa3BepTKu, RS-232, BEIXom Ha IJIOTTEp, KypCOPHBIE U3ME-
PEHMSI, PEXKUM YCPEIHEHMSI.

3.3.5. Uudposbie ocunnnorpadpbl pupmbl TEKTRONIX

Kopnopauus Tektronix uzgaBHa 3aHUMAaeT JUAUPYIOLIEE MECTO B pa3pabOTKe BJIEKT-
pOHHBIX ocuuiuiorpados Beiciero kiacca [32—34|. B mocienHue Tombl 3TO TIPEXe
Bcero 1MdpoBble ocuuaorpadgel, paboTallyMe B peaTbHOM MacliTtabe BpeMeHU
(puc. 3.26) u crpobockonmueckue ocuumtorpadel. Kopnopanus Tektronix 3aHumaeT
OKOJIO TOJIOBUHBI PBIHKA TaKuUX MPUOOPOB. PaccMOTpUM OCHOBHBIE THUIBI LIMGPOBBIX
ocumsuiorpadoB, TpenaraéMbIX Ha HAllleM POCCUMCKOM PBIHKE — YBbI, HE OUYE€Hb 00-
IIMPHOM M3-32 HU3KOM TMOKYIAaTeJbCKOM CIIOCOOHOCTH HAIMX HAYYHbBIX OpraHU3allMii,
KOTOPBIM HYXHBI TTOJIO0OHbBIE YHUKATbHbBIE TIPUOOPHI.

TR T 2024

Puc. 3.26. lugposoii 200-mezacepuesoiii ocyurrozcpagd TDS-2024 ¢upmer Tektronix

Ocuwniorpadsl ¢pupMbl Tektronix MOXHO cpa3y y3HaTh I10 MX XapaKTepHOMY IIpsi-
MOYTOJIbHOMY KOPIIYCY M CTPOIOMY BMIY B CTHJIE «peTpo». B mpubope MCIOJb3YIOTCS
KHOIIKU C IUIABHBIMU OOBOJAMM M KPYIJIbIE PYYKM, [0 BUAY HAIOMUHAIOLIUE PYYKU B
CTapbIX pagvoNpHEeMHMKaX. DKpaH 3aHUMAaeT 3HAYMTEJIbHYIO YacTh IUIOIAAN MepeaHei
MaHeJM U TI03BOJIIeT OTOOpaXkaTh OCLUMJUIOrPaMMbl M Pe3yJIbTaThl U3MEPEHUI. Y MHO-
rux ocumyiorpacoB 3KpaH LBeTHOM. [lndpoBbix Haanucell Ha TIepeaHel MaHeIu IpaK-
TUYECKU HET — BCE, YTO HEOOXOAMMO, OTpaxKaeTcsl Ha 3KpaHe ocLwriorpada.

Cepus TDS1000

[TpuGops! ¢ yacToToit nccieayeMmbix curHanoB oT 0 o 60 wau 100 MTI', 2 vim 4 ka-
Hama, auckpetuzaumsi 1 wim 2 I'Tu, mMoHoxpomHbili wiu ueTHoit KKW, mamsTh
2,5 xOaifT/KaHaj, BepTUKAIbHOEC paspelleHne 8§ OWT, pa3BepTKa I10 TOPU3OHTAIN
2 MB — 5 B/nen, nmo ropuszoHTanu 5 HC — 50 c/men, pexuM CIIEKTpoaHald3aTopa
(BII®), 11 aBTOM3MEpeHMI, BUIEOCMHXPOHMU3ALMS C BEIOOPOM CTPOKHM, CHMHXPOHM3a-
LMS 1O JUIMTEJIbHOCTU MMITYJIbCa.

OHLll/IOHaJleO IOCTaBJIAIOTCA:

TDS-2CMAX — wuntepgdeiicHbiii moayab mas ITK (RS232, GPIB, Centronix, ka-
6enp), I1O OpenChoice;
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TDS-2MEM — untepdeiicHbiit moayab mis ITK (RS232, CompactFlash, Centronix
kabenn), [10 OpenChoice.

OTimuust TprubOpPOB:

TDS-1002: 60 MTI'u, 2 kanana, guckpetusauus 1 I'Ti, pasBepTKa Mo rOPU30OHTAIN
5 Hc — 50 ¢/men, 11-morOXpOoMHBIN KKU;

TDS-1012: 100 MT1, 2 xanana, auckperuzauus | [T, pa3BepTka 1Mo TOpU30OHTATN
5 Hc — 50 ¢/nen, moHoxpoMHbIi 2KKH.

Cepua TPS2000

100 mm 200 MT'1, 2 wim 4 raTbBaHMYECKU M30JMPOBAHHBIX KaHalla U W30JIMPOBaH-
HbIIi BXOJ BHEIIHEH CUHXpoHM3auuu, auckperusdauus 1 wam 2 I'T'u, usetHoit 2KKH,
maMsTh 2,5 KOaiT/KaHaj, BepTUKaJIbHOE pa3pelleHne 8 OUT, pa3BepTKa IT0 TOPU30HTAIN
2 MB...5 B/nen, no ropusontanu 5 He...50 c¢/nen, pexxuM crekrpoaHanusaropa (bBI1ID),
coxXpaHeHMe HaHHBbIX Ha KapTy mamsti CompactFlash, 11 aBrousmepenuii, 6-pa3psii-
HbIIl YacTOTOMEpP, BUACOCUHXPOHM3ALMSI C BHIOOPOM CTPOKHU, CUHXPOHM3AlUs MO -
TETHLHOCTH MMITYJIbCa, aKKyMyssiTopHoe niutanue, RS-232, LPT.

ONIMOHATBHO MOCTABJISIOTCS:

TPS2PBND — nabop mist usmepenust moiHoctr st TPS2000. BrirouaeT 4 mpo6-
Huka P5120 (maccuBHBIX, BBICOKOBOJBTHBIX) W [1O mj1g m3MepeHsT U aHaIM3a MOIIHO-
ctu TPS2PWRI;

TPS2PWRI1 — I1O mng uaMmepeHMs] M aHaJIM3a MOLIHOCTUM. MTHOBEHHBIN aHanu3
OCLMJUIOTPAaMM U MOIIHOCTU, TAPMOHUYECKUI aHAIU3, MOTEpPU MepekoueHus, $ha3o-
BBl yroni, usamepenust DV/Dt u DI/Dt B MecTe HaX0XIeHUsSI KypCOPOB.

Otnnuus npudopoB:

TDS-2002: 60 MTI'u, 2 kanana, guckpetusauust 1 I'Ti, pasBepTka Mo ropu30OHTAIN
5 Hc — 50 ¢/men, nBetHO# KKU;

TDS-2012: 100 MTI1, 2 xanana, nuckpernsanus 1 I'Th, pa3BepTka 1Mo TOpU30HTAIIN
5 Hc — 50 ¢/nen, usetHoit KKU;

TDS-2014: 100 MT'u, 4 xanana, auckpetusauust 1 I'Th, pa3BepTka Mo ropu3oHTaIU
5 Hc — 50 ¢/men, uBetHO# KKU;

TDS-2022: 100 MTI't, 4 xanana, nuckpernsanus 2 I'Th, pa3BepTka 1m0 TOPU30OHTAIIN
2,5 e — 50 c/men, uBetHoit KKU;

TDS-2024: 200 MT'u, 4 xaHnana, auckpetusauust 2 I'Tu, pa3BepTka Mo ropu3oHTAIU
2,5 Hc — 50 ¢/nen, userHoit KKMH.

Cepua TDS3000B

I[Mpubopsr Ha 2 mnu 4 kanama (1 MOwm/50 Owm), 100, 200, 300, 400, 500 wmm
600 MTI'u, uudposoii 3amomuHalowmuii, DPO, 6onbiuoit uetHoit 2KKM, yactora auck-
petusanuu 1,25/2,5/5 I'Tu, nnunHa 3amucu 10 ThIC. ToOYeK/KaHaj, paclIMpeHHbIH Habop
CUHXpOHM3aUuU (B T.4. 10 BUACOCUTHAITY), IeTeKTUPOBaHUEe aHOMauii curHana, bI1®,
aBTOMaTW4ecKre W KypcopHble m3mMepeHus, FDD 3.5", Beixon mmg nmpuHtepa u Ether-
net, BXOA BHEIIHEH CMHXPOHMU3AIIUM, HEOOBIION, JICTKUIA.

OnuMoHaabHO MOCTaBJISIIOTCS:

TDS3VID — monynb ajist paboThbl ¢ aHAJIOTOBBIM BUJIEOCUTHAJIOM;

TDS3SDI — undpoBoe Bumeo;

TDS3AAM — pacimpeHHas MaTeMaThKa;

TDS3LIM — tectupoBaHue B TIpenesax;

TDS3TMT — TeneKOMMYHUKALIMOHHBIC MACKU,

TDS3GV — monynb misg nonkmodeHus K [1K (RS-232, GPIB, Beixon VGA);

107



I'zasa 3. l{ugpossie u cmpobockonuueckue ocyurrozcpagot

TDS3BAT(B), TDS3CHG — nutaHue oT akKyMmyJsTopa.

OTanyus mpubOOpPoOB:

TDS-3012B: 2 xanana, 100 MTI'u, nuckperusauus go 1,25 I'T'w;

TDS-3014B: 4 xanana, 100 MTI'u, auckperuszauus g0 1,25 I'Tu, ectb onuust BND;
TDS-3024B: 4 xanama, 200 MI'u, ouckperusamus go 2,5 I'T';

TDS-3032B: 2 kanana, 300 MI'u, auckperusanus go 2,5 I'Tu;

TDS-3034B: 4 xanama, 300 MI'u, nuckperuszaums go 2,5 I'Tu, ects omaus BND;
TDS-3044B: 4 xanana, 400 MI'u, nuckpetusanus go 5 I'Tu;

TDS-3052B: 2 kanama, 500 MI't, nuckperu3aums go 5 I'T;

TDS-3054B: 4 xanana, 500 MI'u, guckperusanus 10 5 I'Tu, ects onuust BND;
TDS-3064B: 4 xanana, 600 MI'u, nuckperusanus go 5 I'Ti.

Cepusa TDS5000B

Ocuumtorpadsr ¢ 2 unu 4 xkadazamu (1 MOwm/50 Owm), monoca mpomyckanust 350,
500 wiam 1000 MT'1, yactora muckperusanuu g0 5 I'Tu, DPO/DPX mo 100 000 ocrwi-
JorpaMM B cekyHay, Windows-apxutekrypa, Oombinoil uBetHou XKKW, mimHa 3amucn
8 Moaiit (ctanmapt), 16 M6aiit (omuus). PasBeptka mo Beptukamu 1 MmB — 10 B/men.
PasBepTtka mo ropmusontamm 200 nc/men — 1000 c/men. BepTukanbHOe paspelleHue 8
outr (B pexume ycpeaHenus 11 our). IMorpemrHocTs 1,5%. 14 TMIIOB CHMHXPOHM3AIINN,
(GUIABTPHI IO BXOAAM M CHUHXPOHM3AIUM. [IMKOBBIN AETEKTOp IJISI MMITYJIbCOB C JINTE-
abHOCTBIO OT 1 Hc u Beime. MHutepdeiicet GPIB, Centronics, RS-232, VGA-out,
CD-RW. Ectpb Takke mHAMBHUAyaIbHasl HacTpoiika mHTepdeiica (MyScope(tm)), mare-
MaTUYECKUI pedakTop, CTaTUCTUMKA, TMCTOrPaMMBbl, ClIEKTpoaHaan3aTop. OMMOHAIbHO
IMOCTABJISIOTCS: BCTPOEHHBII IIPUHTEP, CEHCOPHBIA 3KpaH, yBeJUd. mamsitb 16 MOair,
MPOrpaMMHbIE MaKEThl IS U3MEPEHUS MOIIHOCTU, KUTTEpa U 1.

Otnnuus npudopoB:

TDS-5032B: 350 MI'u, 2 xaHana;
TDS-5034B: 350 MTI'u, 4 xaHana;
TDS-5052B: 500 MTI'n, 2 kaHana;
TDS-5054B: 500 MI'u, 4 xaHana;
TDS-5104B: 1 I'Tu, 4 xanana.

Cepusa TDS6000B

IMonoca 6 I'Tu win 8 I'Tu, 4 kanana 50 Om, yacrora auckperusauuu no 20 I'Tu o
BceM KaHajaM, DSO, Windows-apxutekTtypa, BcTpoeHHbI T1K: 512M, HDD, CDRW,
10"=cencopnsbrii uB. 2KKHM, mmmHa 3ammcu 2 Mo6aiit/kanan go 32 MoOaiit/KaHan (o1-
umst). PasBeprka mo Beptukaimu 2 MB — 10 B/men. Pa3zBeprka 1o TOpM3OHTaIU
25 nc/men — 40 c/men. BeptukanbHOe paspellleHHMe 8 OWUT (B pekMME yCpeaHEHUS
11 6ur). IorpemHocts 2%. Cunxponusaiusi PINPOINT(tm) — 1400 kKoMGUHALIMIA,
MultiView Zoom(tm), (pUIBTPHI IO BXOAAM M CUHXpPOHM3AIMK. [IMKOBBII IeTEKTOp IS
UMIyiIbcoB ¢ yactoroir oT 50 mc. Beixomasie optel: GPIB, LAN 10/100/1000Base-T,
Centronics, USB2.0, RS-232, VGA, Audio.

OTinuust mpubOpPOB:

TDS-6604B: 6 I'T;

TDS-6804B: 8 I'Ty — (50 mc — ckop. Hapactanus 1o 10—90%) — ¢ momonisio DSP
umn 7 I'Tu (62 nc) — aHanoropas moJjioca.

TDS7000(B)

IMonoca 500 MI'u, 1 I'T', 1,5 I'T, 2,5 I'T, 4 I'To mm 7 I'T'a, 4 kaHana, yacrora au-
ckperm3auuu g0 20 I'Tu, DPO/DPX 6onee 400 000 ocuwuiorpamMm B ceKyHIy, Win-
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dows-apxurekTypa, BctpoeHHblii IT1K: 256M, FDD, HDD, CD-ROM, 10"-ceHCOpHBbIi
uB. 2KKW), niuHa 3anucu 4 — 64 Mo6aiit. PasBeprka no Beprukaiu 1 MB — 10 B/nen.
PaszBeptka no ropuzontanu 200 nic/nen — 40 ¢/nen. BepruxkanbHoe paspeiieHue 8 out (B
pexume ycpenHeHust 11 o6ut). IorpemHocts 1%. 11 TUIOB CMHXPOHM3ALIMU, (OUIBTPI
10 BXOJaM M CUHXpOHM3aLMKU. [TUKOBBIN JETEKTOP IS UMITYJIbCOB C UTUTEIBHOCTHIO OT
1 He. Boeixonnbie optel: GPIB, LAN 10/100Base-T, Centronics, USB, RS-232, VGA,
Audio.

Ot1nnuus pudopoB:

TDS-7054: 500 MI', 4 xanana (1 MOwm/50 Om), yactora puckperusanuu g0 5 I'Tt,
VGA-XKMW, mauna 3amucu 4—16 M6aiit. Passeptka no Beptukamu 1 MB — 10 B/men.
PasBepTka mo ropm3ontamm 200 nc/men — 40 c/men;

TDS-7104: 1 I'Tu, 4 xanana (1IMOwM/50 Owm), yactora muckperusanuu o 10 I'T,
VGA-XKMW, nnunHa 3anmucu 4—16 Mo6aiit. Pazseptka no Beprukaau 1 MB — 10 B/men.
PazBeptka mo ropuzonranu 200 ric/men — 40 c/nen;

TDS-7154B: 1,5 I'Tu, 4 xanama (50 Owm), wactora muckpetuszaumu go 20 I'Ti,
XGA-XKUW, nauna 3anucu 4—64 Mo6aiit. Pa3Beprka no Beprukaiu 2 MB — 1 B/men.
PaszsepTka mo ropuzontanu 50 nic/men — 10 c/nen;

TDS-7254B: 2,5 I'Tu, 4 xanama (50 Owm), yactota muckperusamuu mo 20 I'T,
XGA-XKW, nauna 3anucu 4—64 Mo6aiit. Pa3seprka no Beprukaiu 2 MmB — 1 B/men.
PazBeptka 1o ropuzonranu 50 nic/men — 10 c/nen;

TDS-7404B: 4 ITu, 4 kxanana (50 Owm), uyactora auckperuzauuu go 20 I'T,
XGA-XKMW, nauna 3anucu 4—64 Mo6aiit. Pa3sseprka no Beprukaiu 2 mB — 1 B/men.
PazBeptka 1o ropuzonrtanu 50 nic/men — 10 c/nen;

TDS-7704B: 7 ITu, 4 kxanana (50 Owm), uyactora auckperuzaumu go 20 I'Tu,
XGA-XKMW, nauna 3anucu 4—64 Mo6aiit. Pa3sseprka no Beprukaiu 2 MmB — 1 B/men.
PazBeptka 1o ropusonrtaau 50 nic/men — 10 c/nen.

Cepusa TDS8000B

70-rurarepLioBbIif MOAYJIbHBIN HUGMPOBOI COMILTUPYIOLIUM (MIPOILLIE TOBOPST — CTPOOO-
CKOTIMYECKUIT) ociiiorpad, 10 8§ KaHAJIOB (JIEKTPUUECKUX U OTITUYECKUX CMEHHBIX MO-
nyneit), mimHa 3anucu 1o 4000 Touek, pa3BepTKa 1mo ropusoHTanu 0,5 nic/men — S mc/nen,
ceHCopHbIi LBeTHOI 10-moiiMoBlii 2KK U ¢ paspetenrem 640 x 480 ToueK. DTO yHUKATIb-
HBII TPUOOP, KOTOPHII €CTh TOJBKO B CAMBIX IPECTHKHBIX Ta00PpaTOPHSIX MUPA.

Cepua THS700

100 mam 200 MTI'u, 2 ragpBaHMYECKM pa3BsSI3aHHBIX KaHaja, BCTPOCHHBIA MYJIbTH-
Metp, yactora auckperu3aunu 500 mam 1000 MI'a. ITamsTts Ha 10 daitnoB (dhopm cur-
Hana). yepHo-Oenbii 2KKW, mmurenbHocTh 3amucu 2,5 Koaiit/kaHan. YyBcTBUTEb-
HocTh 5 MB — 50 B/men. PasBeptka 5 Hc — 50 c¢/men. BepTuxaiabHOE pa3pelicHue
8 out. IMorpemHocth 2%. MakcumanbHoe BxomHoe Hampsikenue (1 MOwm) — 300 B
RMS. KypcopHrie usmepeHus. 25 aBrousmepeHmii, 11 BUIOB CMHXpOHM3ALUU. Pexkum
peructpatopa. Ilomkmouenue Kk ITK wepe3 RS232. Akkymynsitop, Bec 1,45 kr, 177 x
217 x 51 Mmm

Otnnuust npudoOpoB:

THS-720A: 100 MTI'u, 2 kaHana, yactota auckperudauuu 500 MI';

THS-720P: 100 MI'l, 2 xkanana, yactota auckperuszaunu 500 MI', 1OomoJIHUTETBEHO
aHaJIM3 TAPMOHUK, aBTOMAaTUYEeCKME U3MEPEHUSI MOIIIHOCTH, CUHXPOHMU3ALIMS 110 IBUTA-
temo ¢ npuBogoM MILM, npoOHUKM ¢ MaKCUMabHBIM HarmpsikeHueMm 1 kB;

THS-730A: 200 MT'u, 2 xkanana, yactota auckperudauuu 1 I'T.
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CBogHas Tabauua ocuuorpagoB ¢upMbl Tektronix, KOTOpble Ha POCCUICKOM

PBIHKE IMpe€ajgara€t KOoMIIaHUsA <<3JII/IKC»,

npencrtabiieHa Ha puc. 3.27. IlpuBeneHHbIe
JTTaHHBIE MOXKHO MCITOJIB30BaTh JUIST BEIOOpa ocHuiuiorpada st TeX WM WHBIX padoT.

MOJLENE THS700 TS 1000 TDS 2000 TPS2000 TDS 30008 TOSSO00B TOSANDOR TDS7000/8 CSATOON0/B TOSENN0R | CSARODONA
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Puc. 3.27. BuewHuii 86u0 u mexHuuecKkue xapaKxmepucmuku yugposox ocyuirozpados

komnanuu Tektronix

3.3.6. Ocuunnorpadbl dupmbl Tektronix ¢ umdpoBbiMm NnOoMMHOPOPOM

Jo cux mop MHXEHephbl U YYeHble ObLIM BBIHYXIEHbI MUPUTHCS C MPUHLIUMITUATIBHO
pPa3HBIMU BO3MOXHOCTSIMUA QHAJIOTOBBIX M HM(MPOBBIX OCIUILIOrpadoB, OTMEUeHHBIMU
Bblllle. 1 DOJDKHBI ObUTM MMETh B apceHalle CBOMX CPEICTB M3MEPEHMI Kak Te, Tak U
npyrue npubopsl. O0benMHEHNE JTYIIIUX YepT HrhPOBO M aHAIOTOBOW TEXHOJOTUI B
OIHOM MpuOOpe MPHUBEJO K CO3AAHMI0 HOBOM apXUTEKTyphl ocuuiiorpagon. Komma-
nueit Tektronix BHauase OblIa peanu3zoBaHa TexHosorus Insta Vu TM, yBenuduBaroniast
CKOpOCThb BhIBOJA curHana Ha aucruieit 1o 400000 ocummiorpamm B cekyHay. Ilocnen-
HSIST TEXHUUYECKAsT pean3alivsi, puaaiias akpaHaMm IrdpoBbIX ocumiorpacdoB IUHA-
Muky DJIT AO, nonyuuna HazBaHue Digital Phosphor Oscilloscopes (DPO) — ocyunnoe-
paghut ¢ uugposvim aromuHopopom.

DPO npeanaraer Bce TpaauLiMOHHBIE NpeuMyllectBa 1IO — oT mamsaTu o0 M3011-
PEHHOM CMHXPOHU3AILINU, W TIPA 3TOM JAeT pacIIMpeHHBIC CPEACTBA OTOOpPAKEHUS CUT-
HajJla OMCIIeeM C TrpaJallvMeid Mo SIPKOCTU B pPeXUMe peaJibHOro BpeMeHUu (1LudpoBast
SMYJISIIIUST XMUMUYecKoro Tporecca ceeueHust DJIT), Tem cambiM obecrieunBasi Tpexmep-
Hy10 MHGbOPMAIIMIO O CUTHAJIe: aMIUTUTYAy, BpeMs U MHTEHCUBHOCTbH (pacmpelnesecHue
aMIUTATYIbI BO BpeMEHM). DTO MpeBpailaeT nudpoBoii ociuiuiorpad B yHUBEpCATbHBIN
WHCTPYMEHT IJIs1 UCClIeNOBaHUST (DOPMbI CUTHAJIOB.

HogBas texnonorust ocuumiorpados ¢ mudposbsiM moMuHodopom (DPO) obramaer
CJIeIYIOIIMMU TIPEUMYILECTBAMM:

* CBEPXBBICOKOI CKOPOCTHIO COOpa M BhIBOAA JAHHBIX HA TUCIUICIH;

* BO3MOXHOCTBIO 00€CIeUeHMsT Ha 1IBETHOM AMCILIee TPeXMEpHOUl nH(popMauu o
curHasie (aMIUIMTyOa, BpeMsl, THTEHCUBHOCTD);
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* BO3MOXHOCTBIO UCCJIEA0BAHUS CIOKHBIX CUTHAIOB 0e3 I/ICKEDKCHI/IIZ;

* COBPC€MCHHBLIMU METOdAMUM aHaJIN3a JaHHBLIX IMOCPEACTBOM TPEXMCPHOTO I/I306pa—
KEHHUA CUTHaa.

Hnsg sroro B DPO curnan cHavana ouudpoBbIBaeTCSI, KaK B TUIIOBOM LU(PPOBOM
ocuwuiorpacde, 3aTeM TaHHBIE IIPeoOpas3ylOTCs U pa3MeIaloTCs B TpexXMepHOil 0ase
MTAHHBIX, CTPYKTypa KOTOPOI COOTBETCTBYET SKpaHHOMY pacTpy. OTTyma mHpOpMaIus
TePUOANYECKN OTCHIIACTCS B CUCTEMY JMCILIEsT, KOTopasi OOCTYXUBAeTCsI COOCTBEHHBIM
npoieccopoM. CieayeT OTMETUTh, YTO CUCTeMHbIN mpoueccop DPO He 3arpyxeH 3ama-
yaMU YIpaBJIeHUs TUCILIEEM, MPOLIECCOp MpeaIHa3HayeH s aBTOMaTUYeCKOro U3Mepe-
HUS U aHaiu3a — 3To oTanunTenabHasa yepra DPO ot tunosoro 11O. Takas mapannenb-
Hast 00paboTtka Heooxomuma st DPO, 4To0bl moamep:kruBaTh BEICOKYIO CKOPOCTh cOopa
U OTOOpaXeHUST TpeXMEepPHOU MHMOPMALINKU O CUTHAJIE.

Cepaue DPO — nipoueccop npeactasieHus: curdana (Waveform Imaging Processor).
ITpoueccop DPXTM (rexnomorus KMOII, 0,65 MM, 1,3 MWIIHOHA TPaH3UCTOPOB)
npeodpasyeT olM(POBaHHBIA CUTHAI B IUCIUICHHBINA Kaap B BUAE PACTPOBOI CTPYKTY-
pBL. DTH KaIphl HAKATUTMBAIOTCS B IMHAMUYECKON TpeXMEpHOI 0a3e MaHHBIX, Ha3bIBae-
Mot «umdpoBoit docdop» (Digital Phosphor) u mpencrapinsioiieit coboit MaccuB JaH-
HbIX ¢ pazmepom 500 x 200. Kaxmomy 3/ieMeHTY MaccuMBa COOTBETCTBYET MUKCETb Ha
nucruiee. [Tpn aTOM B MaccuBe CO3MaeTCsl KapTa MHTEHCUBHOCTU CUTHAJIA: €CJIM CUTHAJ
MPOXOAUT MHOTOKPATHO 4Yepe3 OAHY TOUKY, TO (DaKT MHOTOKPATHOTO MPOXOXKIEHUS OT-
paxaeTcss Ha KapTe. Pe3ynbraToM Bcex MpeoOpa3oBaHUid SIBJSIETCSl ClIel CUTHaua, sip-
KOCTb KOTOPOI'O M3MEHSIETCSI IPONOPIIMOHAIBLHO MHTEHCUBHOCTH TIOSIBJICHUSI CUTHAJA B
KaXX[I0i TOYKe — II0 TUILYy «I'pajalliyd ceporo», Kak mnpoucxoaut Ha DJIT aHamoroBoro
ocumurorpada.

Apxutektypa DPO nosBosset 3anucbeiBaTh 6osee 200000 pucriefiHbIX KaJpoB B ce-
KyHay, yto B 1000 pa3 ObicTpee, yueM y TUnoBoro uudposoro ocuuiorpada. INepecoui-
Ka Kagpa u3 «umdpoBoro docdopa» Ha aucrieil mpoucxogut 30 pa3 B cekyHay. [lpu
9TOoM Tipouecc pabotsl ALLIT He npepbiBaeTcs, B pe3ysibTaTe Yero «o0pas3» pearupyeT Ha
U3MEHEHUE CHUTHaJla B peaJbHOM BPEMEHH, a U30bITOK JAHHBIX TOUHO OTOOpaxkaeTr me-
JIbYaiie U3MEHEHUST CUTHaa.

Bpemst paGorer ALITT TmoBoro aHajaoroBoro ocuuiiorpada 3annmaer He 6osee 1%
OT O0OIIEro BpeMeHU padOThI, OCTaJbHAs YacTh BPEMEHM 3aTpauyMBaeTCs Ha 0OpabOTKY
CHUTHaJIa IS OTOOpakeHUs Ha AUCITIee, IIPU 3TOM BCe M3MEHEHUS CHUTHAJIA 3a 3TOT IIe-
puoa urHopupytorcs. st otoOpaxeHWsl HecTallMOHApHBIX M3MeHeHuil B 11O mHOTHA
HCTIONIBb3YETCS METOJ «HAKOTUIEHUsT», HO OTOOpaxkeHWe TTPOMCXOIUT HE B pealbHOM Bpe-
MEHHU, a 1ocjie 00padboTku. B pesynabrate yacth MHQOPMALMM O CUTHAJIE HEM30EKHO Te-
psieTcsl.

Takum 00pa3oM, IJig MCCAEOOBAaHWS CUTHAJIOB B pEaJlbHOM BPEeMEHH HEOOXOIUM
ocuuiorpad ¢ uubposbiM JroMuHObopoM. DPO nMeeT BEICOKYIO CKOPOCTh cOOpa U BbI-
BoJa MHMOpMALINH, CIIeA0BAaTEIbHO, OH HE TIPOITYCTUT KOPOTKUI, HECTAllMOHAPHBIN CUT-
HaJl, a rpajalus Mo SIpKOCTU MO3BOJISIET PACCMOTPETh BCE HIOAHCHI Ha OCLIMJUIOrpaMMe.

IMockonbky DPO xpanut gaHHble 0 (popMe cuTrHajla B TUHAMUYECKON TpexXMepHOI
0a3e mJaHHBIX, TO U3 Hee JETKO MOXET OBITh MOJlydeHa CTaTUCTUYeCKass MHpopMamus oo
aToM curHaje. [locTpoeHne TMCcTOrpaMM SIBISIETCS BCTPOSHHOM (hyHKITMEN OCIIMIIIOTpa-
(a. T'mcrorpaMmma MOXeT OBITh TTOCTPOEHA KaK JUISl peajbHOI0, TaK M JIJISI COXPAaHEHHOTO
BO BHYTPEHHEI maMsTW curHaja. [asg pacyeTa rMCTOrpaMMbl MCITOJb3YETCSI KOJIMYECT-
BeHHas1 MH(GOpPMallMsl OTHOCUTEJILHOTO paclpelnefeHusl CUrHajla, KoTopas XpaHUTCS B
IUHAMUYECKOI TpexMepHoil 6a3e («iudpoBoM ¢dochope») DPO.

111



I'zasa 3. l{ugpossie u cmpobockonuueckue ocyurrozcpagot

Benyiiee usnaHve B MHAYCTPUU M3MEPUTEIbHOrO obopynoBaHus, XypHan Test and
Measurement World eme B 2000 romy mpucynun ocuwmiorpacdam cepuu TDS 3000
DPO xommanuu TEKTRONIX, nepByto npemuto Best in Test, kak caMbIM MOMYJsIp-
HbeIM (peanu3oBaHo Oosiee 10000 mtyk) momensim roma. K coxanenuto, B Poccun 3t
MpUOOPHI Majio M3BECTHBI M3-3a CBOE BBICOKOW 1IEHBI. B KOHIIE TJ1aBbl 5 Mbl BEpHEMCSI
K OIMCAHUIO BO3MOXHOCTE! ocLMIIorpadoB ¢ HUMPOBLIM JTIOMUHODOPOM U TIpUBEIEM
MPUMEPbl UX IPUMEHEHUST B U3MEPUTEJIbHOM MPaKTUKE.

3.3.7. Uudpoesbie ocuunnorpadpsl pupmbsl RIGOL

W3BecTHBIM Tpou3BoauTEIeM LIM(PPOBLIX ocLmiorpadoB saBisgeTcs Takke ¢upma RI-
GOL. Ee unrepecnl Ha poccuiickom pbiake npenctasisier OAO «Ipuct». B pekinamHom
MPOCHeKTe 3Toi hupMbl mpencrasieHa cepust ocuuaorpagos DC 5000 CA/C/MA/M,
HacuuThIBafoIIasa 15 Momerneil. BHelTHMIA B oXHOM M3 MoIesieli TToKa3aH Ha puc. 3.28.

Puc. 3.28. BrewHnuii 8ud yugposozo 3anomunarouezo ocyurrozpaga gpupmor RIGOL

XapakTepuCTUKM HanuboJjiee pacrpoCTpaHeHHBIX Moeieil HM(pPOBBLIX OCLMIOrpadoB
¢dupmbl RIGOL nipeactaBieHsl Ha puc. 2.29. [TpuOGopsl BBIITYCKAIOTCS ¢ YaCTOTaMU BeEp-
TUKAJIbHOTO OTKJIOHeHUs oT 25 mo 200 MI'u um koaddummeHTaMu OTKIOHEHUS OT
2 MB/nen no 25 B/nen. Passeptka ot 2 He/aen no 50 ¢/nen. BxogHoit mmmnenanc 1 Mom/13
n® B momensax ¢ yactoramu 1o 100 MIm, y 6oee BEICOKOYACTOTHBIX OCHMILIOTpadoB
50 OM. Y noclieqHMX 9KBUBaJIEHTHAsI YacToTa AMCKpeTu3auuu 1oxoaut no 50 I'T.

3.3.8. Uudposbie ocuunnorpadsl pupmel LeGroy (ooLiasa oueHka)

®dupma LeGroy cpaBHUTEIBHO HOBBIM IpoAaBell Ha PbIHKE HMU(PPOBBIX ILIMPOKOIIO-
JIocHBIX ocumiorpacdoB. Ho oHa ObICTpo 3apeKoMeHa0Bala ce0sl KaK Cepbe3HbI KOH-
kypeHT dupm Tektronix u Agilent Technologies. [Tponaxxa mpuGopoB 310l GUPMBI Op-
raun3zoBaHa OAO «IIpuct». ITogpoOHBIE maHHBIE 00 ocummiorpadax ¢upmel LeCroy
MOXHO HaiiTi Ha MIHTepHeT-cTpaHuIle www.lecroyscope.ru ¥ B OITMCAHUSIX 3TUX OCLIWII-
norpagoB [35—37].

Tyt ymectHO oTMeTHTh, UTO B Haie BpeMss CBY-ycTpoiicTBa BTOpraiotcs B Hallry
KW3Hb TOPA3UTEIbHO OBICTPHIMU TeMITaMU. J0CTaTOYHO yKa3aTh Ha MUKPOBOJHOBBIC
MeYyur, COTOBYI0 U MOOMIIbHYIO TenedoHuio Ha CBY, GecnipoBogHbie MHTEpdEchl s
KOMIMBIOTEPOB, MUKPOMPOILECCOPHI ¢ TaKTOBOM yacTtoTort 0 4 I'Tu u 1. a. v T. m. us
pa3paboTKM, TPOM3BOIACTBA M PEMOHTA TaKMX YCTPOMCTB CTaJM OCTPO HEOOXOIMMBI
ocumuiorpadbl ¢ AMANa30HOM pabouMX 4acTOT B HecKoibKo 11, a B OTHEIbHBIX CITy-
yasgx u 0o necatkos ['T1r.
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D5 5152 D5 5102
T

KAHAJN BEPTWRANBHOID Nonoca Npanyckakna (-2 gb) 200 MMy 150 MMy 100 My 60 My 40 MMy 25 Ml
OTKOHERMA (IrpaHK4eHHa Nonoce nponycradua 5o 20 My
Kostp. oTkNoHSHHA (K ] 2 mB/nan...5 Bigen {war 1-2-5), NNaEHaq peryNHpoeka
MorpawHIETE YOTIHCERM K +3 % (24 % npu 2.5 mBiaen)
Epama HapacTanma <18 u <23 He <35 He =58 He < &7 Ho = 14 ue
ExogHon nmneganc 1 MOM£2 %)/ {12 2 2) nI
30 0w (2% e mogemax DSS202/5152
Mak . B 0JHOS HINPAAEHAS 400 E npi 1 MO W npotadee 10
SBnpu 50 O0m
KAHAN TOPH3DHTANEHOD Koz, pazeepTemn K o 1 He...50 cigan jwar 1-2-5)
OTHIOHEHMS MorpaiHacTE yeTaHORKM Ko + 01 %
CHHXPOHMZALMA W CTCHH MER CHHX POCHTHLN Kanan 1 (2), caTk, BHSLUHKRA, BHELWHKIA 1.5
Pasiimel 23Ny ckd pazRapTry ABRTokCNeSaTaHEIA, #gviumd, TB (NTSC, PAL / SECAM)
EWp cBAZM BXOLA CHHXDOH ML H OTEPEITEIA, 20K WITRIA, PHY, DEY
W PMnLTREL
EHEWHAA CHHPOHMZALMA {1:1) “HyBeTEMTANEHOCTE: 200 ME
YpoeaHe: + 1,68
AHANOMO-U AP OBOE Pazpawwesme no eepTHEINK S AT
MPEDBFA30BAHHE HarToTa IMCKPETHIALA N 250 My (CF My 4 Mo (GAY MA); akeme. 50 MMy
Qikam namath 4 Wl Ha KaHan
Peskimil COOPI JAHHL CTAHRAPTHAA BRibOpKY, yCpaaHe e (2 & & 16 / 32 64/ 128/ 256)
WHTepnonauMa (sin x¥x
K¥PCOPHBIE WIMEPEHMA Py4HOR pasum Al AT, /AT
AETOMATMHECKHE Mo BepTHEaM TMHK-NA K, IMNNATYGL, MIKCAMANEHDE, MUHHMATEHOS, ©BLICORHAS YPOBSHD, “HA3KHAS
WIMEREHHA ¥POBGHE, CPEHOE, CPARHIKEIORATHMACKDD, BEIGROCE! HA BIPLUNHE WE Nay2a
Mo ropuzonTanm HacToTa; NEPHG; EPSMA HAPACTIHHA M SMAI; +- WHPAHD HMMYREA, 4 - CKBLKHOCTE,
ZaepKKa
NPOBHAKH Pasian panoTii X1 Ll
MNonoca nponyckaHua 6My 200 MIu
K.oap HUMSHT Jans | Wa 11 101
Bx0qH0& CONEOTHENEHHE 1 MOw 2% /f 85-115 n@ A0 MM+ 2% 4 145175 0D
AONOMHATENEHEIE WHTepdwic BOamOAHA YCTIHOBKD KOM MY HHEILMOHHOTD MOQVNA © mHTepdeRcarmn BS-232 w KO
BOSMOMKHOCTA Martematuka PYHELAK CTOHEHMA, BbISHTAHWA, Y MHCHEH WA, Jenanus, BNE
TLCKYMEH THROBH ME PEyNETATOR BoamoaH0cTE Coxpaneina 10 ocumnnorpamm M 10 npodinien HacTpowk
DELME AHHBIE HK-Aucnnea Taronane 145 M (pazpeiiadida 320 x 240)
HanpaxeHua nuTaHua 100, 240 B (£ 10 %), 50 Ty
[AGAPHTHEIS PA2MEDE 88 % 350 % 145 MM
Macca 4.5 wr
KOMNIGKT NOCTABKK LUk p niTanmua (1), genmtens 1:4/4:40 [2), pyropoicTeo N0 ReMyaTaumMd (1)

Puc. 3.29. Xapakmepucmuku ocHo8HbLx moderell yugposvix ocyurrozpagdos
dupmer RIGOL

CoszgaHue TaKHUX YCTPOMCTB OKAa3aJ0Ch YPE3BBIYAMHO CIOXHBIM AeaoM. JlocTaTouHO
OTMETHUTh, YTO CO3[JaHME M TMPOMBIIUIEHHOE ITPOM3BOACTBO COBPEMEHHBIX KPYITHBIX
aBHAJIAfHEPOB YCIIEITHO OCBOEHO PSIIOM KPYMHBIX (DMPM B 5 cTpaHax MHUpa. A CO3TaHNe
ocuwiorpadoB ¢ yactoramu 10 5—7 I'T1 1 BeIllle OCBOEHO TOJIbKO Ha TPEX YKa3aHHBIX
BeIlIe (pupmax — Tektronix, Agilent Technologies 1 LeGroy. MoXHo cKa3aTh, YTO Ha
9TUX TPeX KUTax U ACPXKUTCS MUP COBPEMEHHOI BbICOKOCKOPOCTHOM OocLuIorpaduu.

Ycmex pupmer LeGroy Bo MHOTOM 00s13aH HE TOJIBKO JOCTYIIOM K CBEPXCKOPOCTHOM
BJIeMEHTHOI 0a3e, HO U OopHeHTaluell (pupMbl Ha pa3pabOTKy ocuuiorpadoB Ha 0Oase
CTAHIAPTHOI OTKPHITON TIIATOOPMBI TEPCOHATBHBIX KOMITBIOTEPOB, C HOBEUIIIMMU
MUKpormpoleccopamu koprnopauuu Intel — Pentium 4. ['oBops mpoiiie, OCHOBOI BbI-
YUCIUTENbHON Motm ociiuiiorpacdoB ¢upmbl LeGroy siBisieTcsl cCucTeMHas Tuiata oT
oonryHoro ITK ¢ mukponpoueccopom Pentium 4 ¢ takroBoit yactoroii 2,6 I'T'u. Hukor-
Ja elle Lu@poBble ocumuiorpagbl He UMEJIU TaKOTO «MOIIHOIO U BBICOKOOOOPOTHOTO
JIBUTATEJISI».
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Takolt Tonxoa He TOJIBKO YIPOIaeT MOCTpoeHne HM(MPOBOI YacTh ocumIIorpacos,
HO M TO3BOJISIET MCMOJIb30BAaTh MOIIHBIN BCTPOSHHBIM BUIACOANANTEP CUCTEMHOM ILIATHI
u o0bryHbIi KKUW-nucruieit. Bonbitoi npetHoi auciuieit (26 x 26 cm) ocuwniorpados
MO3BOJISIET O0TOOpaXKaTh OYEHb YETKME M XOPOLIO pa3iuyMMble OcLMIorpamMMmbl. Pasy-
MEETCsI, BBICOKME XapaKTEPUCTUKU OCHUUIOTpachoB TMOTYUYeHBI M Ojaromaps TIIATETb-
HOi oTpaboTke ocuuaorpadpuueckux 070koB. TouuuHa ocuuaiorpaga Bcero B
15—16 cM u BepTUKAaJIbHAsl OpUEHTALMsI KOpIyca 00eClIeYrnBaOT Majloe MECTO, HYKHOE
JIJIS1 yCTaHOBKM ocLiusuiorpada Ha paboyeM CToJjie MHXKEeHepa WU YYEHOTO.

B coBpemenHbix ocummiorpagax komnanuu LeCroy nist o0pabOTKM BXOZHOTO CHUT-
HaJla IpUMEeHeHa HOoBasl TexHojorus X-Stream, TO3BOJISTIONIAs B JA€CSITKU W COTHU pa3s
ObIcTpee oOpadaThiBaTh BXOAHOW CHTHaJI, YeM Yy aHAJOTUUYHBIX MOIEel KOHKYPEHTOB.
A mipu uccnenoBanun CBY-curHanma ¢ moMoIipio IrbpOBBIX 3alIOMMHAIOIINX OCIIVII-
norpacdoB (I30 unmu DSO), obnagarolimx, KaK M3BECTHO PSIIOM HEAOCTaTKOB, OCTPO
BCTaeT MpobJieMa YBEeTMYeHUsT CKOPOCTH 3aXBaTa OCIWLIOTPaMM M YMEHBIIEHUST BpeMe-
HU 00pabOTKM BXOMHOIO CHTHAaja MpH BbIBOIE Ha auciuieir. TexHomorust X-Stream mo-
3BOJISIET PEIIUTh 3Ty TEXHUUYECKYIO TIPOOIeMy.

X-Stream-TeXHOJIOTMSI OCHOBaHA Ha TOM, YTO BXOJHOW cuUTrHaj moctymaeT Ha SiGe
AILIIT (Ha ocHOBe TeTepoIepexoa0B, JAIOIINX CaMOe BBICOKOE OBICTPOMEIICTBHE TPaH3M-
CTOpPOB) U OLIM(MPOBHIBAETCSI B peabHOM BpeMeHu ¢ 4actotoii mo 10 I'B/c. ITocie dero
cuTHaj pa3dmBaeTcsl Ha TakeThl W xpaHutcs B Obictpoit KMOII-mamsitu (DRAM)
TpakTa oludpoBKkU. [10 1ByM BBICOKOCKOPOCTHBIM KaHajdaM CHUTHaJI U3 MaMsTH nepeaa-
ercss B meHTpanbHbI Tipoueccop (LIIT). LIIT mpomn3Boautr HEOOXOOMMYIO MaTeMaTHYe-
CKyl0 00paboTKy curHaja u BbiBoa Ha KK-nucreit.

ITporpaMMmHo-anmnapaTHasl peaju3alusi COOCTBEHHBIX YHUKAIbHBIX TEXHOJOTUM TO-
3BOJIMJIA OOECTIEYNTh HE MPEB30MIECHHYIO APYTUMH MPOU3BOAUTENSIMU CKOPOCTh MPE00-
pa30BaHUsI BXOIHOI'O CUTHaJja, BbIBEACHUS U MPOABMKEHUS 1IM(POBOrO MOTOKA TaHHBIX
X-Stream mocie padoter ALIIT, a Takxke CHHXpOHHYIO M B3aMMOYBSI3aHHYIO pabOTy ITa-
msaTu DRAM u neHTpansHoro mpoueccopa (dpaktuuecku [TDBM) mocpeacTBoMm MCIo-
np3oBaHus mMHBL PCI m 1-rurabutnoro Ethernet. Takoe yckopeHue MpOABUXEHUS
JIaHHBIX, B KOHEYHOM uTore ¢opmupyroinx Ha skpaHe LI30 wucciemyembliit curHaa B
peanbHOM hopmaTe BpeMEHM, B TOM 4YMCIIe TIPU HAOTIOACHUM IIUTENBHBIX (pacrpese-
JICHHBIX 10 BPEMEHM) CHUTHAJIOB, IO3BOJISIET 3aJeiiCTBOBaTh 3HAYMTEIbHbIE OOBEMbI Ma-
MSTHU TSI 00eCTIeueHNsT BCECTOPOHHETO U TTOJTHOTO MX aHaJIn3a.

Kpome Toro, mpuMeHeHHe TeXHOJOTUM X-Stream MO3BOJISIET MTPOTpaMMHbBIE MPOLIe-
JIypbl M 3aJa4yd, HalMCaHHbIE MPU MOMOIIM Takux cpeacTs, kKak MATHLAB, Mathcad,
Excel wnu Visual Basic, KoppeKTHO momelaTh (MHKArCyJIMpoBaTh) B MOTOK LMOPOBBIX
JTAaHHBIX.

B Takux oTrpacisx MpOMBIIIIEHHOCTH, KaK Paaro3JIeKTPOHNKA, B cepax TeIeKOM-
MYHMKALUA U CBS3M, MPU MPOU3BOACTBE KOMMBIOTEPHON TEXHUKW M MHOTUX IPYTUX, B
KOTOPBIX HEOOXOIMMO TECTUPOBATh M OLIEHUBATh IIPOUCXOISIINE TIEPEXOTHBIC, HEYCTOM-
YUBbIE€ TTMKOCEKYHIHBIE MTPOLIECCHI. DTO MO3BOJISIIOT ocuuyiorpadsl pupmsl LeGroy.

3.3.9. Uudposbie ocunnnorpadpbl LeGroy WaveRunner

Ocuwniorpadsl LeCroy WaveRunner 6030A, 6050A, 6051A, 6100A, 6200A, 6030,
6050, 6051, 6100, 6200 (puc. 3.30) pekIaMUPYIOTCS KaK MpeaHa3HAYCHHbIE IJIs1 €XKeIHEB-
HoIt paboThl. B 310l cepumn npubdopoB nHxeHepbl LeCroy pealn3oBaju CBOIO MEUTY CO-
3IaTh IPOCTOM, MOCTYITHBI U HEOOBIKHOBEHHO IIPOM3BOAUTEIbHBIN ociuiuiorpad. Ho
HelaBHEro BpeMEHU MCCeI0BaTe b 1OKEH ObLI JIMOO BEIOMPATh JOPOTOCTOSIIIMIA, CIOXK-
HBIi, MOIIHBIN OCLIULIOrpad Ijis eXXeTHEBHOM aHATUTUYECKOM paboThI, MO0 IMOKYIaTh
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JIEIIEBYI0 MaJIOMOIIHYIO MOJIETb HU3IIIEeTo Kjlacca M MajbIx BO3MoOXHOCTel. JlabopaTop-
HbIi ocimiuiorpad cepun WaveRunner 6000 ycrpaHsieT mpo0JieMy TpyIHOTO BbIOOpa.

Puc. 3.30. Hugposoii ynusepcarvroiii ocyurrozpag cepuu LeCroy WaveRunner

Yro paror cepun WaveRunner 6000 Takiie MHOTO(QYHKIIMOHAIbHbBIE BO3MOKHOCTH?

WHTYUTUBHBII TBYXYPOBHEBBIN MOJIL30BATEIbCKIIT MHTEP(EIC TTO3BOJISIET KOHYMKA-
MM TIaJIblIeB pellaTh OOIMe 3agauyu, a Mpu 0oJjiee TJIyOOKOM aHalM3e — JIOCTaTOYHO
MMPOCTO ABYX JIETKUX TPUKOCHOBEHUM K CEHCOPHOMY B3KpaHy. BrImyckaroTcst ciemyro-
mre MOoITu(pUKAIINN OCIIIIIOTPadoOB:

WaveRunner 6030/WaveRunner 6030A, 4 kanana, 350 MI'u, 2,5 ['Gaiit/c;
WaveRunner 6050/WaveRunner 6050A, 4 xanana, 500 MI'u, 5 I'Gaiit/c;
WaveRunner 6051/WaveRunner 6051A, 2 kanana, 500 MI'u, 5 I'6aiit/c;
WaveRunner 6100/WaveRunner 6100A, 4 kanana, 1 I'Tu, 5 I'Gaiit/c;
WaveRunner 6200/WaveRunner 6200A, 4 kanana, 2 I'Tu, 5 I'6aiit/c.

IIpubopsl ¢ UHAEKCOM «A» OTHOCATCSI K OOHOBJIEHHON JMHElKe (aHOHCHUpOBaHa
LeGroy B xoniie 2004 roga). OHu 001a1aI0T yAYYIIIEHHBIMU TEXHUUECKUMU XapaKTepu-
CTUKaMM:

M3MEHeHa cXeMa U 2JIEMEeHTHas 6a3a BXOMHOTO YCWIMTENSI, YTO TIPUBEJIO K 3Ha-
YUTEJbHOMY CHUXKEHMIO 1IyMa KaHaJ0B BEPTUKAIbHOIO OTKJIOHEHMUS;

B CTaHAAQPTHOM KOMITJIEKTAllMK JIJIMHA BHYTPEHHEH MaMsITh yBeandeHa a0 2 Moaiir;
NMPUMEHEH HOBBIN BhICOKOKOHTpacTHBIN KKMW, obnamaroiieit 0ojee 3HAYUTENb-
HOI CBETOOTHAYel, YTO Clejajio KapTMHKY Ha 3KpaHe 0ojiee YeTKOM, maxe Ipu
CHJIBHOM OCBCIIIEHUM B TIOMEIICHUH;

IIpUMEHEeHa HOBasl MHTEJUICKTyallbHAsI CXeMa YIIPaBJICHUS BEHTUJISITOPAMU, UTO
MO3BOJIMJIO 3HAYUTEJIbHO CHU3UTh aKyCTUUYECKUH ILIyM OT pabOoTalollero OCLIWI-
norpada;

B KauecTBe onepalMoHHON cpeabl ucnoiab3yercss Windows XP;

B nporpamMmMHoM  obecrnieueHuu L[30  ngobGaBreHa  HoBasg  (QyHKUUS
LabNotebook[J, uTo mo3BoJisieT co3aaBaTh, KOPPEKTUPOBATh U OTIPABJISITH OTYE-
TBI Ha OCHOBE ITOJTYYEHHBIX ocIIorpaMm mpsimo u3 1O ocummiorpada (paxee
IIJIS1 9TOro TpeboBaIOCh UCIOIb30BaHue Tpex pasnuuHbix 110 uz OC Windows).

C nomouipio nmaHenu yrpasieHuss WaveRunner 6000 MOXHO KOHTPOJIMPOBATh IPO-
CMOTp U U3MepeHre HeOOXOAUMBIX (hOPM CUTHAJIOB. YCTaHOBKA KO3 dULMEHTa OTKIIO-
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HEHUs, CMellIeHsI, U3BMEeHEeHMe MacilTaba, MHCTAJNIMPOBAaHHBIEC TTPOIIENYPHI, KypCOPHI 1
JMIOKYMEHTUPOBAHKWE HAXOISITCS IO YIIpaBIeHUEeM KOHUMKOB MaIbleB I OPTaHOB YIIPaB-
JICHUS.

Cepust nabopatopHbix ocuuiuiorpagoB WaveRunner 6000 mommepkuBaeT IMOJIOCY
npornyckanusi ot 350 MI'n no 2 I'To m yacrory muckperusamuu ot 2,5 mo 10 I'B/c.
CraHgapTHas IJIMHA TaMSITA cocTaBiisgeT 1 MoOaiT, paciupsieMmast o 12 Mo6aiitT Ha Bcex
KaHajax, a B ciaydyae o0beAMHEeHUs ABYX KaHaloB — 10 24 Moaiit. Ocunmmiorpagsl Wa-
veRunner ¢ 7aHHBIMM TTapamMeTpaMM PabOTHI CTOST HAMHOTO MEHbIIIE CBOMX MPEIIIeCT-
BEHHMKOB CO CTapbIMM TEXHOJOTMAMMU. Tak, Jaxe MpU HeOOJbIIOM OIOMXKeTe, MOXHO
TTOJIYYMTh JOCTYIT K TEePEIOBOM TEXHOJIOTUN OCIMILTOrpadupoBaHus.

Hosnbiii maccuBHbliil aeauteas PP007 Ha yactoThl 10 500 MI'L rmoctaBisieTcss B KOM-
miekte ¢ cepueit WaveRunner 6000. [lenuTenb uMeeT pasmep UIJbl 2,55 MM U TIO3BOJISI-
€T IIPOM3BOAUTH U3MEPEHMSI B MaJICHBKUX ITPOCTPAHCTBAaX 0e3 KacaHUs IPYroro yCTPOi-
cTtBa. Manast eMKocTh (<9,5 m®) u rrockast AUX rapaHTHPYIOT XOpOIllee COrJIacCOBaHME
C BBICOKOOMHBIM BXONHBEIM ycwmmmTeneM WaveRunner. [deauTtenb coBMecTMM C 0ojee
yeM 30 mpucnocoOJeHUsIMU, BKIOUYash 3a’KUMbl, KPIOUKM, HAKOHEYHUKU, «3€MIISTHbIE»
npoBona u amantepsl BNC. DT0 MO3BONSIET NMPUMEHSITh €T0 B PA3TUYHBIX OOJIACTSIX.
PP007 aBnsercss omfHUM U3 25 TTaCCUBHBIX, aKTUBHBIX, DJIEKTPUYECKUX U nuddepeHima-
JIBHBIX ITpoOHUKOB oT LeCroy, kotopble coBmecTuMbl ¢ WaveRunner 6000.

Ocuumtorpadsr cepun WaveRunner 6000 ncrionb3yior Te ke texHonorun SiGe, Ko-
Topasi MPUMEHSETCSI B BBICOKOCKOPOCTHBIX ocuuiuiorpadax WaveMaster ot LeCroy
(oHM omucaHBl HIXKe). BRICOKME YacTOThI IMCKPETU3allli B COYETAHMU C HU3KMM 3Ha-
yeHueM KUTTepa (3 1C) U BBICOKOCTAOMJIbHBIM OIIOPHBIM TI'€HEPaTOPOM AAalOT TaKoe
paspelleHre Mo BpeMeHU, KOTOPOe MOTYT JaTh TOJbKO ocuwiiorpadbl Ipyrux ¢Gpupm,
CTOSIIIME B IBa pa3a JOpOXKeE.

IMamsare ocuutorpadpa WaveRunner 6000 coxpaHsieT ThICSYM COOBITUIL, KOTOpbIE
MOTYT OBIThb COXPaHEHBI IS MPOCMOTpa Ha J0ocyre. MoXXHO BOCHPOU3BOAUTL UCTOPUIO
CHTHaJa, MCKaTh W TIPOCMATPUBATh CUTHAJI OT Pa3BEPTKM K pa3BepTKe W OCTaHABIMBAThH
CHUTHAJI, €CJIM T0JIb30BaTeJIsl YTO-TO 3aMHTEPECOBAJIO.

Kommnanust LeCroy BHenpuia coOCTBEHHYIO X-Stream-TeXHOJIOTMIO B OCIIMJUIOTpA-
¢b1 WaveRunner 6000, 4To mMO3BOJIMIIO 3HAYMTEIBHO YBEJIUYUThH MPOU3BOIUTEIBHOCTD U
TOBBICUTH CKOPOCTh OTOOpakeHMsT Ha nucruiee. COOCTBEHHBIE aJirTOPUTMBI OOPabOTKH,
KMOII-mmamare, a takke ycwmrtenu u ALl Ha ocHoBe SiGe-moynpoBOITHUKOBOM
TEXHOJIOTMM MO3BOJISIIOT 3aXBaThiBaTh M oOpabarbiBaTh daHHbie B 10—100 pa3 ObicTpee,
yeM ocuuiuiorpadsl KOHKYpeHTOB. 1o KpaitHeil Mepe Tak YTBEPXKAAlOT pa3paboTYMKU
3TUX TIPUOOPOB.

Cepust WaveRunner 6000 ckoHCTpyupoBaHa TaKMM OOpa3oM, YTO IIPU yBEIMYECHUU
MOTPEeOHOCTEH MOJIb30BaTe e PACTYT €€ BO3MOXHOCTU U MPOU3BOAUTEIbHOCTD. Jlomo-
HUTEJbHBIE TTAaKEThl TTPOTPAMM MO3BOJISIIOT 3TOMY MHOTO(MYHKIIMOHATLHOMY J1abopaTop-
HOMY OCLMJIIOrpacdy BBIIOJHSITh CaMble CIOXHBIE MaTeMaTUYeCKUe M aHaJUTUYEeCKHUE
3aauyM C JIETKOCTbIO, HE3aBMCUMO OT CJIOKHOCTM TNpUMeHeHus. bojee Toro, 1eHa Ha
JMAHHBIA ocIMJIIoTpad HAMHOTO MEHBIIE IICH ero KOHKYPEHTOB, KOTOPEIC HE SIBIISTIOTCS
CTOJIb XK€ MHOTO(MYHKIIMOHAJIBHBIMM M HE MMEIOT CTOJbKO JOMOJHHUTEIbHBIX MPUCIO-
cobneHuit u nmporpamM. Bripouewm, crielianucTsl KOHKYpUpyooneid Kommanuu Tektronix
OCITApUBAIOT 3TU JOBOIBI U CIIPABSIIMBO OTMEUAIOT, YTO IIPU PETUCTPAIIMU OTHOKpPAT-
HBIX MPOLIECCOB €€ OCUMWIIorpacdbl UMEIOT ONpPeaeIeHHbIE TPEUMYLIECTBA.

Bo3MoxXHOCTM MOZOOHBIX MPUOOPOB BO MHOTOM OIPENENISIIOTCS HE TOJBKO COBEp-
IIEHCTBOM WX alllapaTHBIX pellleHW, HO W TpOTpaMMHBIMU cpenactBamu. OpueHTaus
WaveRunner Ha camyio MaccoByto onepaiimoHHyto cuctemy Windows XP criocobetByer
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pa3paboTKe TMakeToB MporpaMM Ui ocuwiorpadoB 3Toil cepum. Harmpumep, pacuim-
peHHbIi MatemaTnyeckuil maket XMATH npenocrasisier monaHblli HAOOP UWHCTPYMEH-
TaJbHBIX CPEICTB, MPeAHAa3HAUCHHBIX JUISI BHIIIOJHEHUST aHair3a (POPMBbI CIOKHBIX CHUT-
HasioB. OH MO3BOJISIET UCMOJIb30BaTh OoJiee 30 cTaHAAPTHBIX MaTeMAaTUYECKUX DYHKIIUA
U BBITIOJHATHL M3MepeHust 6osiee 40 mapameTpoB. OH /1aeT BO3MOXHOCTb M3MEPEHUI CO
ciaexenueM, pacuupeHHoe BIID (mo 24 MO6aiit), pacliUpeHHOE MOCTPOEHUE TMCTOr-
paMM U MOCTpOeHUe I'pacMKOB Pa3IUYHBIX TapaMeTPOB BO BPEMEHM BILIOTbH J0 OJHOIO
MWIJTUOHA COOBITHIA. JIJIsT MaKCMMaJIbHO TJTYOOKOTO BBITTOJIHEHMSI aHaIM3a MOXHO IO -
KJTIOYaTh HEOTPaHMYEHHOE KOJIMYecTBO (yHKIMit. JIJIsT MCTIONBb30BaHUST 3TOM BO3MOXK-
Hoctu XMATH o6nanmaet rpadpuueckum MHTEPPEicoM, KOTOPBI TTO3BOJISIET OCYIIECTB-
JISITh CBSI3b C MCTOYHMKOM BXOJAHOIO CHUTHAaJIa, BBIMOJHSTH M3MEpPEHHE U OToOpaxaTh
MMUKTOTPaMMBI JIJISI BECbMa ITPOCTOTO BHITIOJIHEHUS pAaCIIMPEHHOTO aHaIM3a.

PaciimpenHslii makeT uHAMBUAyaJdbHOro aHanu3za XDEV mosBojseT cosgaBaTh
WHIWBUAYaTbHBIC TIPOTPAaMMBI JIJIST TTapaMeTPOB U3MEPEHUI MJIM MaTeMaTUIeCKNX (hyH-
KW C MCTIONb30BaHWEM TaKWX MpOTpaMMHBIX obecrieuenuii, kak Excel, MATLAB u
Mathcad. XDEV mno3BossieT MHTeTpUpoOBaTh 03 KaKUX-I100 HOIOJHUTEIbHBIX HACTPO-
€K MHIMBUIYaJbHbIE U3MEPEHUSI HEMOCPEACTBEHHO B MH(MOPMALIMOHHBIN KaHal OCLIWII-
Jorpaca, ycrpaHsisi HEOOXOAMMOCTD BBITTOJTHEHUST TIPOTPaMM IO OTACJIBbHOCTU. MOXHO
takxe ucrnoiab3oBath XDEV mis HacTpoiiku nHTepdeiica ocummiorpada. Ecnm Heobxo-
JUMO CcO3[aTh 11a0JOH ISl CIIelIMaIbHON 3aJaun UM JJIsi KOHKPETHOI ayauTopuu (Ha-
MnpuMep, IS TEXHUYECKOro MepcoHada MPeANpUsITAS WM CTYACHTOB) WJIM Jaxe eClIu
BBI TIPOCTO JIIOOMTE HACTpanBaTh MHTepGelic Ha CBOW COOCTBEHHBIN BKYC, BBl 0€3 Tpyna
CMOXETEe 3TO CIIEeJIaTh.

Ocuwmniorpadsl cepun WaveRunner 6000 061a1al0T MHOTOYMCIEHHBIMUA OILIMSIMU,
KacamIIMUCS TMporpaMMupoBaHus. B momoiaHeHue K yHaciemoBaHHoMmy oT LeCroy
SI3BIKY KOMaHJI AUCTAaHLMOHHOTO YIIPaBJICHUSI MOXHO ucmojib3oBaTh COM-KoMaHbI
wimm apaiisepnsl IVI u LabView. OnepauuonHas cucrema ocuwmuiorpaga WaveRunner
6000, mocTpoeHHasl MO TMPUHIIMIYY OTKpPBITOW riaThopMbl Windows, mpemocTaBisieT
BO3MOXHOCTb yCTaHaBIMBaTh J1000e Windows-coBMeCTMMOE IMpOTrpaMMHOEe obecrieue-
HUE, TO03BOJISISI MCIIOJb30BaTh HaWJIydyllKde IMPOrpaMMHbBIE CpPeACTBa U mepudepuiiHbie
YCTPOMCTBA, MOAKIOUaThCsI K MIHTepHeTy M Jaxe paboTaTh ¢ ocUMLIOrpachoM JUCTaH-
LIMOHHO.

ITaker DFP2 nosBosisier BaM NPUMEHSTh 1000 U3 JIMHEHHO-(a30BbIX (PUIBTPOB C
KOHEYHON MMITYJTbCHOM XapaKTepUCTUKOW. JIaHHBIN MakeT paciivpsieT BOZMOXHOCTH B
HCCIIeIOBAHUM BaXXHBIX KOMIIOHEHTOB CUTHAJIa C IMTOMOIIBIO OT(PUIBTPOBBIBAHUS HEXe-
JIaTeJIbHBIX CIEeKTPaJbHBIX KOMIIOHEHTOB, Hampumep IiryMa. MOXHO BOCITOJb30BaThCS
CTaHAApPTHBIMU (DUIBTPAMU WJIM CO3IaBaTh CBOM COOCTBEHHBIE.

IMakeT u3MepeHuii aas OUCKOBBIX NpuBoaoB (DDM2) BkitoyaeT B ce0s1 MHOXKECTBO
HOBBIX MU3MEPEHUIA, MpeaHa3HAYeHHBIX I IMCKOBBIX MpuBoaoB. DDM2, B coueTaHUU
C paclIMpeHHON CUCTEMOW CUHXPOHM3AlIMU, TpeiaraeT UaeaibHOe pEellieHUe IS BbI-
MOJHEHMST aHAJIM3a HEMCIIPAaBHOCTU TIPU IIPOBEPKE IMCKOBBIX TTPHUBOIOB.

Tonbko mist WaveRunner 6200 mocTtaBisieTcst TakeT I TPOBEPKU JIOKATbHBIX CeTei
Ethernet.

Hannbiii maker (ENET) mo3BosisieT BBINOJHSATH TOJHYIO TPOBEPKY CUTHAJIOB IS
cranmaproB Ethernet 1000Base-T, 100Base-TX u 10Base-T. Mi3MepeHUs IKUTTEpa U 1O
MacKe MMITyJIbCa BBIMOJIHSIIOTCS C aBTOMAaTUUYECKUM COBMeIlleHUEeM (opMbl cUTHaja, a
BCE IMOJyYEHHbIE PE3yJbTaTbl UMEIOT MHAMKATOPHI MPOXOXICHUS WJIM HEMPOXOXKIACHUS
TECTUPOBAHUSI B COOTBETCTBMU C TipoBepsieMbiM craHgaproM [EEE 802.3-2000 u
ANSI X3.263.
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ITaker JTA2 ucnonw3yercss nias omnpeaeseHus 3DGEKTOB MOAYISLMUA U IPOXKAHUS
HEYCTOMYMBOTO CUTHAJIA, IJIs OTCACKMBAHMSI U3BMEHEHUI 10 BPEMEHM U JJISI BHITIOJIHE-
HUSI U3MEPEHU BO BPEMEHHBIX, YaCTOTHBIX M CTaTMCTHYeCKMX objactsx. IIpocMoTp
JIpOXKaHMSI CUTHAJa U TUCTOTrpaMMa JIpOXKaHMSI CUTHaja MO3BOJISIOT BECTH HaOJIOACHUS
3a CUCTEMOI TaKMMHU CITOCO0aMU, KOTOpbIE paHee AaKe He TPeaIoiarajiuch.

Jlist aHanu3a M U3MEpeHMsT MOLLIHOCTU CIYXMUT TakeT PMA2, 3aHuMaloluii Beay-
IIYI0 POJIb B MPOMBIIUICHHBIX O0JIACTSIX MPUMEHEHUsI, aBTOMATU3UPYeT W PacCIIMpPSIET
BO3MOKHOCTM IO BBINOJHEHUIO aHaIM3a YCTPOMCTB M CXeM MpeoOpa3oBaHUs dHEPIUU.
Hcmonb3oBaHre BCIIOMOTaTe/IbHBIX TIPUHAUICXKHOCTEH, ThIa auddepeHIIMaaIbHbIX YCU-
quteneit, nuddepeHIMaabHbIX JaTYMKOB, JaTYMKOB TOKA W MPUCIOCOOIECHUIA AJIST KOM-
MeHcauy cABUTA 110 (a3e CIIOCOOCTBYET IMOJHOMY PEIICHUIO MOCTABICHHOM 3aJaul 13-
MEPEeHHUS U aHAJIM3a MOILIHOCTH.

ITaket cpeacts SDM, Gnaromapsi paclIMpeHHON MaMSITH U COOCTBEHHOMY HU3KOMY
3HAYEHUIO JLKATTEPA IM(POBOTO 3amoMuHalolero ocivorpacda WaveRunner, mpeno-
CTaBJISIET BO3MOXHOCTb M3MEPEHMSI IapaMeTPOB XapaKTePMCTUK ITOCIeIOBATEeIbHbIX
mrH. [Taker SDM mo3BosisieT BBIOpaTh HEOOXOAWMYIO MAacKy M3 OOIIMPHOTO TIEPEUHsI
CTaHIAPTHBIX IVIA3KOBBIX AMArpaMM WM CO3IaTh CBOM COOCTBEHHLIN 11adsoH. Hapyiie-
HUST YCJIOBUH 11a0JIOHA SICHO 0003HAYAIOTCSl Ha JMCITIee, MOITOMY BaM HE HYXHO TO-
CTOSTHHO TepsIThCsl B moraakax. SDM Takxke MO3BOJISIET MCHOJb30BaTh MPOrpaMMHOE
obecrreueame Golden PLL, mpemHasHaueHHOE IUIST BOCCTAHOBIICHUS TJIA3KOBOM IHa-
IrpaMMbl, TTOJIy4aeMOi M3 JOJTOBPEMEHHOT0o cOopa maHHBIX. MI3MepeHMsT BBIOTHSIIOTCS
OYeHb OBICTPO, M MPU ITOM YCTPAHSIETCS SIBIICHHE KUTTEpAa CMHXPOUMITYJIbCA, TIPEIO-
CTaBJIsisl HanboJsiee TOUHBbIN pe3yabTaTr usMepeHus. Ilocrasisiercs u I1O nis TectupoBa-
HMSI TIpOoTOKOJIOB Tiepenaun uHTpedeiica USB 2.0 (tombko must WaveRunner 6200).
ITopt USB2 nonHocThbIO 00ecrneynBaeT cOOp M aHaIM3 JaHHBIX JJIS1 YCTPOMCTB ¢ MHTEP-
(eiicom USB 2.0.

Ocuwinorpadsl Komnanun LeCroy pa3paboTaHbl, TTPOM3BENCHBI W TECTUPOBAHBI
TakK, 4YTOObl 00ECIeYNTh BBICOKYIO HameXXHOCTb paboThl. Ha HUX maeTcsl TpexroauyHasi
rapantus. 11 MUHUMM3aIUKU notepb oT mpoctosi LeCroy ocyiecTBisieT OOHOBICHNE
Bepcuit [1O, moBepKu, CTPAXOBKU U MEPECHIIKUA MPUOOPOB, HAXOASIINXCS HA TapaHTUI-
HOM OOCTyXMBaHUM, 03 B3MMaHU TUIaThl. JloarocpouHas moaiepkka OCyIIeCTBISIETCS
B TEUCHME CeMU JeT.

3.3.10. Uudposbie ocunnnorpadbl LeGroy WaveSurfer

Ewe omHa cepust mpubopoB dupmbl LeGroy — ocuwmiorpadsl cepun WaveSurfer
(puc. 3.31). Dt IpUOOPHI B OOJIBIIIEH CTETIEHW OPUEHTUPOBAHBI HA MACCOBbIE TIPUMe-
HeHusi. OHM MMEIOT MOJIOCHI YacToT BepTukaabHoro tpakta 200, 350 u 500 MTI'u. ITa-
HeJb YIIpaBJIeH!s] HECKOJIbKO YITPOIIIeHa.

OCHOBHBIE TEXHMYECKME XapaKTepUCTUKU ocimiorpados cepuu WaveSurfer mpen-
cTaBjeHbl Tabauuein Ha puc. 3.32, a monomHuTenbHble — Ha puc. 3.33. IIpeacraBneH-
HbIE XapaKTepUCTUKHU JAI0T JOCTATOYHO ITOJTHOE TpeacTaBieHrne 00 3TON Cepuu OCIIUII-
snorpadoB.

3.3.11. Uudposbie ocunnnorpadbl LeGroy WavePro

Cepus uudpossix ocuwuiorpadoB LeCroy WavePro (puc. 3.34) ocHaieHa AL u
BXOIHBIMU YCUJIUTEISIMU, BBIITOJHEHHBIMU 110 TexHosoruu SiGe, B HUX TakKKe IpUMe-
HeHa TexHosorusi X-StreamO. Cepuss WavePro 7000 npenocTaBiisieT BO3MOXHOCTHU T10
OBICTPBIM M TOYHBIM U3MepeHusIM B moyiocax 1 I'Tou 3 I'T.
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Puc. 3.31. Hugposoii ocyurrocpag cepuu WaveSurfer

OCHOBHEIS X APAKTEPHCTHENA

Twn ccunnnorpacha 424 422 434 432 454 452
Monoca Npony CKaHuA 200 MMy 350 My 500 MMy B
Epema wapactadua 2 He 115 HE 800 ne
Koni4ecTRO KaHanoe 4 2 4 z 4 z
HaCcTOTa QW KPSTUIALMK 1 MBS, (MPM OJHOKPATHOM 3aMyoKe); 2 [BLEhD (NP OGLEQMHEHUA KaHanos)
PHEMBANEHTHAA HACTOTA DUCKPETHIALNA Solesic':
CTaHQapTHAR BIIMHHA NAMATIA 250 K (500K npu 0GLSIWHEHHH KAHANDE)
MaKcHManeHas JHHHE MaMATA (NPKM HCNONEI0BEHKK OILMIA) 1M (2M npu 0GEE0MHEHMM KaHANOR)
CTaHOAITHOS EPSh 2AXBATA CHMHANA 250 MKD NPM MAKCH MANEHOR HaCcTOTS QUCKPETAIALMMH
MaKcMMansHoe BpeMa 3EXEATA CMrHaNa 1 MC NPM MAKCHMANEHOA YACTOTS LUK PETUIALIH
(MPH MCMONEIOBAHAN DNLUMK PACLUMPSHAK NAMATH)
BepTukansHoe pazpewsnse ALIN 8 6uT
KosphMUHEHT OTKNOHEHKA 1 mBinen - 10 B/gen (1 MOw)
1 mBigen - 2 B'gen (50 Om);
MNOrpPEWHOCT e HAMEPEHMA HAMDAKEHHA +(0.01.5"U + 0.005 *K)

U - MIMEPEHHOE JHAYSHHE HANPAREHMA, B;
K. - BENVMHMHA YHENEHHO PABHAA YCTAHOBNEHHOMY JHIHEHWI0 KOSMPULHENTA OTKNOHSHMA, B.

OrpanK4eHne NonoCke! NPOy CKAHWA 20 My 20 My, 200 MMy
MaKcHMansHoS BXOOHOS HANPAKEHWE 400B NMWKOBOTD SHEHEHMA -
CRAZE BxOgA NCCTOAHHAR NEQ2MEHHA, 2A38MNEH0
BxopHoe CONpOTHENSHWE AMOm (160
50 0mM 1%

Twin genwrenzi pazbe BNC wnii ProBuss
JenuTent (CTangapTHER) PP007 (500 MMw) Ha kaxOeA kawan
Ko MU HEHT aTIKNOHEHKA 1 Hefpen - 1000 oioen

B [DEAHME CAMONHEUA OT 500 mc/nen go 1000 o/oen
NorPEHOCTE HIMEPSHHA BPSMEHHEIX HHTSPEANOE 10 ppm

Puc. 3.32. OcnosHole xapakmepucmuku yugpossix ocyusrozpagos cepun WaveSurfer

HpOCMOTp CHUTrHaJla Ha 3KpaHE C BBICOKHMM PA3pCHICHUEM ABJIACTCA HCO6XOZ[I/IMBIM,

OTHAKO CETOMHSIIHNE WHXEHEPHBIC 3a1aul TPEOYIOT BO3MOKHOCTH ITPOBEICHUS HOBBIX
BUIOB M3MEpPEeHUI M aHaim3a (QOpMBbI CUTHaa. Takue BO3MOXHOCTU JAIOT OOJIBIIYIO
YBEPEHHOCTb B pe3yJibTaTaXx M3MEPEHUI M TO3BOJISIIOT CIeaTh U3MEepeHusT Ooiee ObICT-
pBIMH, 00JIee TOYHBIMU M JOCTOBEPHBIMU. DTOMY CITOCOOCTBYET BBICOKAS YaCTOTa JUCK-
petuzanuu B peaibHoM BpeMeHu 10 I'T (20 I'T'u npu o0benMHEHUM KaHAJIOB), 3aXBaT
110 48 MMJIZTMOHOB TOYEK JUISl aHAJIM3a CJIOXKHBIX CUTHAJIOB TIPU BBICOKMX YaCTOTaX JTHUCK-
peTu3aluyd U BXOOHbIE Mepekiodyaembie conpotusieHuss 1| MOwm wiu 50 Om. Ocumi-
siorpadbl UMEIOT MaJlblii JXKUTTEP (OpoxkaHue (PpPOHTA UMIIYJILCOB) Ha ypOBHeE 2 IIC.

YHUKanbHBIA mpoliecc 00pabOTKM CUTHAJIOB JAeT BO3MOXKHOCTH JO0ABISATH COOCT-

BEHHBIE BUJIbI UBMEPEHUI B TIPOTPaMMY.
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[onoNHMTENLHLIG XAPAKTEPHCTHKM

CHETEMA CiHX POHMIALIAK

Pesmmil sanycra:

ABTOMETHHSCKHMA, HOYLWHA, QOHOKPETHEIR

MECTOMHHE CHHEDOH3A LM

OfMH W3 KAHANCE, BHELWHAR, BHEWHARA 1:10, OT CaTH

DPUNETPE] CAHXD OHW 3ALLH M

NOCTORAHHAA COCTARMAIOWIAA, MEPEMEHHAR COCTARNAOWAR, BY,
EM pexekTopHLIA, HY pesekTopHLIR

Npenzany ¢k 0-100% OT NOMHORA LK
Mocnesanyck 010,000 geneHni
YIEQHAHME OT 20 00 200 MNK OT 1 o 99.999.999 coSLTHA

JlHaNazoH BHYTPEHHER CHHXPOHH ZUHH

5 LENEHHA OT USHTpa

JIHANA20H BHEWIHER CHHXPOHMI AL

BHELF10 +5B, BHELL +500MB

BxopHoe ConpoTHENSHAE AMOk 1nia 50 COm

PPOHTOM NO BRIGEEHHOA NONAPHOCTH RPOHTA (NONCKHTENEHOA, OTPHUATENEHOA
WK OKHOM)] © YCTAHORNEHHBIM ¥ POBHEM

CHHEPOHMIAUMA CHOSM NONCKMTENEHEIM MW OTPHLETEN bHEIM CH0EM G
YCTAHOBKDA MHTEPBEANA CH0A B NPe0enax oT 2 He A0 200 UK

M0 NPSPRIBACTOMY GO0, BENKHAA PEXMME! 2AMYCKA N0 NPE0RIBHCTOMY CHOK NO
AAMAHHORA ANHTENEHDCTIA Wi MyNeoa.

Bkl CHHXPOHKIALMIA

Pamroean cHHepoH Haaumna

CUHRPOH HIALMA NO CHOPOCTH HAPACTAH WA HANFKSHUR.
Mo WHTEPRANY (CMMHAN WA 0Sa3eL).

Cnawad

Mo KaMecTey (COCTOAHME WNM CPPoHT).

JlononHATEN EHBIE BHGE! CHHXPOHAZELWA (0N WK}

ONHOBPEMEHHD MOKET BbiTh OTOBPEHEHD 00 6 HIMSPASMER NAPAMETHOR
PAZNMHH b O LIANNOTPEMM:

Amnnuryga, O6nacTe, HukHee sHadenne, 3angpuka, CHBAMHOCTE,

Bpema cnaga (90%:-10%:), BpemA cnaga (809:-20%), HacToTa, Makcumym,
MuHumym, CpenHes ana-edre, MonoxHTeNsHEIA BeIGROS, CTPHUETENEHEIR
BriGpoc, Mepuog, Mukoeoe 3HadeHke, Bpema HapacTanwa (9091005,

Bpema HapacTaHua (S09:-20%), CpenHEKB aJpaT Y HOE SHAHEHNE, ACHMMETHR,
CTAHOAPTHOS CTRNOHEHKE, BepxHes aHaqenne, ONMTensHOCTE,

ABTOMATHHSCKAE HIMEDEHMA

FacTaxka FacTaxka curhana ¢ Menone20BaH MM OOMaHoR YNPERNeHHA NePeiHeR MaHenu,
MEILLM MNH CEHCODHOM 3KPaHa ONA BeiISNEHHA YEENMYMBASMOR OENACTH.

CYMMUPOBAHWE, PASHOCTE, MPOOYKT, OTHOWEHKHE 1 BMNE (Mcnone2oeax ne
NPAMOYTONEHOMD, MNOCKOrD OKOH WM OkHa BoHXadHa ). Boero BoaMosHo
HCNONEI0BEAHWE OOHOA MATEMATMHEC KOA Iy HKLMKM OOHOBRPEMEHHD.

CTAHOAPTHLIS MATEMATHHECKHE QIYHKLIAK

Pacwmp MATSMET) oy NoGaenaeT CamyoumMe MaTEMATHHECKIME Ty HKLIAK:

{onuwa MathSurfer) AGCONMTHOS IHANSHHES, YOPSOHEHWE (CyMMAPORAHHOS W NP0 JOMKMTENEHOE),
MpowzeogHan, Orudaniwad, NMoRs WeHwe paspeweHna (1o 11 6uT),
MUHMMANEHEIA YORSHE, MIHTErpan, MHeepTHpORaHKE, DEPATHAR BEMMYMHE,
MarcuMansHeiR ypoBeHs, KBagpaT W KopeHs KBAgpaTHeA. Takse noGapnaeTcs
BOZMOMHOCTE MCMONE208EHHE OOHOE PEMEHHD LB MATSMITHHECKME (Y HKLUKHA 1
NepecyeT B OpyTae e0WH LB

Patouune yonorma Temneparypa: OT +5 °C 0o +40 °C
EnasHocTe: OT 5% 0080% Npu TeMmneparype 30 °C
523 06PA30BAHMA KOHABHCATA

Pazmepe! 260 MM x 340 MM x 1520m

Bac 6.8 kr. Bknioyan akcecyape!

FapawTua 3 roga, T NeT TEXHWHECKaa NoGASDHKA NPT PAMMHOND D6ECMEYEHHA

CrangapTHas KOMNNeKTaums

= 10,4 WOAMOREIA LBSTHOR CEHCOPHEIA SKpaH

= PPOOT, 10:1 NacckeHsii npodHie (1 Ha kaHan)

= Cetepon nopT 100100 Base T

= Tpi nopTa USE 2.0

= Mopr BeiBofa BUoBOCHrHana SVGA

= MocnensEsTeNsHEIR NopT AS222-C

= MapanneneHsiAd NopT "LieHT poHmKE"

= BCTPOSHHAR CHCTEMA ONSPETHEHON KOHCYMETATHMEHOMR WHDOOMALMWA HA BEIGDAHHOM A 361K

* JAWTHAA KPLIWKA NEDSHER MAHENM

= KOMNSKT-AWCK ¢ PYKOBOACTEOM MO SKOMNYATALWKH W QUCTAHLWOHHOMY Y NPEENSHMI,
Ofy4AKILLES PYKOBOACTRD, PYKOROACTEO NG SLICTROMY OIHAKOMISHUIG

= KOMNAKT-QWEKH © YTHNHTAMA W BOCCTAHABNMBAKIWMAM NP OTPAMMHE M OGECTIEYSHHEM

* CBMABTENECTRO O KAMHGPOEKS

® 3% NETHAA FAQAHTHA, T-Mid NETHAA TEXHHHECKAA W NPOTPAMMHAA NOOSPHKA

Puc. 3.33. llonoanumenvrole xapaxmepucmuku yudposolx ocyusrocpados
cepuu WaveSurfer

ITpuGopsl cepun WavePro aensTcs mo mojoce mMponycKaHus KaHala Y:

e WavePro 7300, 4 xkanana, 3 I'T;
e WavePro 7200, 4 kanana, 2 I'T;
e WavePro 7100, 4 kanana, 1 I'T;
e WavePro 7000, 4 xanana, 1 I'Tw.
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Puc. 3.34. Buewnuii 8ud ocyurrozpaga LeCroy cepuu WavePro

B zanmateHToBaHHOI TexHojorum X-Stream kommanuu LeCroy peann3oBaHa BBICO-
KOCKOPOCTHasi TMOTOKOBasl apXUTEKTypa, MO3BOJIsSIolIas M30eXaTh IpodseM BbiOOpa
MeXay OONbIIMMU 00beMaMu 3amuceid u ObIcTpoii oopaboTkoii. WavePro ¢ texHomo-
rueit X-Stream MoxXeT npoBoAuTh aHanu3 B 10—100 pa3 ObicTpee, yeM a1000i apyroi
ocumurorpad ¢ moyocoit mmporryckauus 1—3 I'Ti. D1o menaeT nx OTIMYHBIMU IIPUOOpa-
MM JUISI MCCJIENOBAaHMI B TaKMX IIpOEKTax, Kak pa3paborka ycrtpoiictB Datacom/tele-
com, BbIcokockopocTHoii Ethernet, USB 2.0 u T. 1.

Ocummiorpadpsl WavePro nMMeoT MHOXECTBO APYrMX BO3MOXHOCTEH, KOTOpBIE
ynpoiator padoty. Cpeau HUX HOBasl CTPYKTypu3allds HACTPOEK IS M3MEPEHMST U
aHaym3a, OOJIBIIION IIBETHON CEHCOPHBIN SKpaH, a TakKe OBICTPBIN JOCTYI K PaCIIMPEH-
HBIM BO3MOXHOCTSIM IO aHajM3y CUTHala.

Ocuutorpader WavePro sIBISIIOTCSI @ IMHCTBEHHBIMU MPUOOPAMU ¢ TaKOH ITOJIOCOM
MPOIMYyCKaHUsI, KOTOPble MOTYT TOYHO U3MEPUTh TUIMHHBIE CJIOXHBIC CUTHAJIbI, IPUME-
HsIEMbIE B COBPEMEHHBIX ycTpoiicTBaX. OCHOBA 3TOMY — COOCTBEHHAsI TEXHOJIOTUS KOM-
nanun LeCroy X-Stream. Hukakas npyrasi KOMIaHus HE MOXKET MPEITOKUTb TEXHOJIO-
ruio, aHajornuyHywo X-Stream. Tonbko LeCroy maeT Ty yBepeHHOCTb B pe3yJjibTaTax M3-
MEPEHUIA, B KOTOPOU BbI HYXIAETECh.

Texnonorus X-Stream obOecrieuuBaeT:

e 3axBaT M aHAJIM3 [UIMHHBIX CUTHAJIOB ObICTpEe YeM KOraa-nbo;
* pacHIMpeHHbII HA0OP MHCTPYMEHTOB ISl AETaJbHOTO aHaM3a CUTHAJA;
* HACTPOWKY peXMMOB U3MEPEHUI IO/ TIOTPEOHOCTHU TI0JIb30BaTEIs;

° OTO6pa)KeHI/I€ CUrHaja Hapsaay C OOBIYHBIMU ocuujiorpaMmMaMmn B TpEXMEPHOM
BUIOC U B BUIAC TUCTOIpaMM.

KMOII-mmamaTh, Takke SBISIOLIAsgcs cOOCTBeHHOI pa3aboTkoii kommanuu LeCroy,
npuHuMaeT 10 I'GaliT JaHHBIX B CEKYHAY B peaibHOM BPEMEHHU OT KaXXIOro aHaJIoro-
Bo-LIM(ppoBoro mpeodpasoBarensa SiGe, 00ObeAWHSET UX B MAKETHI W IepeaacT JaHHBIC
yepe3 aBa rurabutHeix KaHana Ethernet. Kak Tonbko gaHHBbIe MonagaloT B LIEHTPaib-
HBII TIPOLIECCOP, TO AJITOPUTMBI IIPOTPAMMHOTO OOECIIEUeHUS, SIBIISIOIINECS COOCTBEH-
HocThlo KoMmIaHuu LeCroy, «3axBaTbIBAIOT» KaXIbI MAKET W BBIOJIHSAIOT TPeOyeMbIe
BBIYMCJICHUI B K3llIe TTEPBOr0 YPOBHSI LIEHTPAJIBHOIO Mpoleccopa. DTOT MPoLece ycTpa-
HSIET «ITOJTyYeHMEe» MaHHBIX M MaTeMaTUUYCCKUX WHCTPYKIWA M3 OIepaTUBHON MaMSTH
JIJIT MAHMMU3aLUMU BpeMeHU BblunclieHUsl. OH I03BOJISIET TakKe MOJIb30BaTe0 pa3pa-
0aThIBaTh COOCTBEHHBIC (DYHKIIMM aHAIM3a W BUILI U3MEPEHUI M BCTABIISITh UX B IPO-
ecc o0paboTKM JaHHBIX, UCMOAb3ys onuu XDEV.
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C omnepannonHoi cucremoir MS Windows[d 2000 Pro ocuwmmnorpad pabortaet mon
OC, obecrieunBalollIeil yCTOMUMBYIO pabOTy, a TaKXKe MHTYUTUBHBIN ¥ MH(MOPMATUBHBIN
MoJib3oBaTebcKuii MHTepdeiic. [Tpudopsl nMerOT OObIIONH 00beM naMsaTu 1 MoGaiT Ha
KaHaJl B CTAaHJIapTHOM KOMILIEKTAIIMM, BO3MOXHO pacllipeHue maMsaTu 10 24 MoaiT Ha
KaHaJ.

Ecthb psim v gonmoHUTENbHBIX (PYHKLMI, HAIIpUMEpP, aBTOMaTHUYECKasl pacTskKKa BCEX
pa3BepToK B 10 pa3, a TakKKe «aHaJIOrOBOE IMOCAEeCBEUEHUE» — BBIOOP MEXIY LIU(MPOBHIM
pPEXMMOM OTOOpaXKeHUsI U PEeKMMOM aHAJOTOBOM BMYJISIUM JIJIsSI MCCICIOBAHUS MOJIY-
JISIIAA CUTHAajla. ABTOMaTMYecKas HAacTpOiiKa CUTHaJla BO3MOXHA HaKaTheM OJIHOM
KHOIIKM, YTO OOecCIieuyrBaeT 3axBaT CUTHala M €ro BBIBOJ Ha AuCIUIeil. BojbInoil ceH-
copubiii skpaH SVGA ¢ pa3mepoM no auaroHanud 26,4 cm umeet Ha 200% G6oJblIyIO
IUTOIIAAb, YeM Y IPYTUX OCHMILIOrpacoB.

Ewie onHa cepust undponsix ocuuiorpagos WavePro 7000 xapaktepHa NpuMeHe-
HUEM aHaJoTOBO-IMMpoBoro Tpeodpaszosarenst SiGe, OOMBIIOTO 3KpaHa C BBICOKUM
pa3pelieHrueM, orepanoHHoi cucteMbl Windows n TexHomornu X-Stream. SiGe-ycn-
JmuTenn ocuusiorpada odecrneynBaloT paBHoMepHyto AUX. Mcnonb3yercs yactora au-
ckpetuzauuu 10 I'Tu (5 I'Tu mnsgs momenu 7000). Mopens 7100 siBisieTcsi MepBbIM
ocuwiorpacdom ¢ nojocoit npomnyckanus 1 I'T'u ¢ yactotoil nuckperuzamuu 10 I'Ti.
CrangapTtHast naMmsatb — 1 Mo6aiT Ha kaHan (500 x6aitt mast mogenau 7100) ¢ omuueit
pacipeHust 1o 24 Mo6aiT Ha kaHan (48 MOailT nmpu 00beAMHEHUN KaHAJIOB). YPOBEHb
JODKUTTEpa B 2 TIC TIO3BOJISIET OOHAPYXUTh Jaxe ciladble MCKakeHUsT B curHase. Ocimi-
norpad WavePro 7300 sBisieTcs mepBBIM OCHMIIIOTpad)oM, KOTOPBINA IIPEIOCTaBIISICT
BO3MOXHOCTb pabOThI ¢ BXOAHBIM cornpoTuBieHueM Kak 1 MOwm, tak u 50 OMm B nmonoce
yactoT 10 3 I'Tu. Takas ru6kocts no3sossieT WavePro 7300 3axBaThiBaTh HU3KOYACTOT-
Hble curHaibl 10 500 MI' npu pabote ¢ BBICOKOOMHBIM BXOAOM M BbICOKOYACTOTHBIE
no 3 I'Tu npu conporusieHur 50 Om. [Tpubop yierok B oOpallleHUu U MPOCT MNP Mpo-
CMOTpE Pe3yIbTaToOB

VYnpasnenue uu@poBbIM 3alloOMUHAaIONIMM ocluorpagpom WavePro sBnsiercst mipo-
CTBIM U MHTYUTUBHBIM. MOKHO PETryIMpOBaTh BPEMEHHYIO Pa3BePTKY, KOIMDDUILIMEHT OT-
KJIOHEHUSI U KypCOphbl MpPHU ITOMOILM KHOIIOK Ha TepeaHell maHejJe WM MCIOJIb30BaTh
CEHCOPHBIN 3KpaH C IMMOJb30BaTeILCKUM MHTepdeiicoM. oCTym K pexXnuMaM N3MepeHUi
SIBJIIETCST OBICTPBIM U BU3YaJbHBIM, UTO SIBJISIETCS JOMOJIHUTEIbHBIM YIOOCTBOM U MO3BO-
JsieT paborarh Tak, kak HpaButcs. OC Windows 2000 rmoMoraet peajn3oBaTh PeXUMbI
HUCHANaLIMUX MEHIO U BO3MOXHOCTM BBOJAA/BbIBOIAa MHMOPMALMM, a TaKXKe YCTOMYU-
BOCTb B pabore.

ITpocMOTp pe3ysibTaToB SIBJIIETCS TaKMM Xe JIETKMM, KakK M ux coop. Bce momenu
WavePro ocHaiensl 26,4 cM SVGA-CeHCOPHBIM dKpaHOM ¢ Iuiolanbio Ha 200% 6oiib-
meit, yem y apyrux ocuwmiorpados. Kpome toro, LeCroy paspabortan mist WavePro
BO3MOXKHOCTH, KOTOPBIE IMO3BOJISIOT IIPOCMATPUBATh CUTHAJI BO BPEMEHHOM, YaCTOTHOM
WJIM cTaTUCTUYecKol objnactax. Hanmpumep, ociunnorpadsr WavePro moryT co3nath o
BOCbMHU CaMOCTOSITEJIbHBIX OKOIIEK C pa3HbIMU MacluTadaMM WIM MaTeMaTU4eCKUMU
MpOoLEAYPaMU, KaxXI0e U3 KOTOPBIX MPeAHA3HAYEHO TSI aHAJM3a Pa3INYHbIX CETMEHTOB
curHaja. BeramcieHuss MOTyT OBITh M TIPU BKJIIOYeHUM MaciuTabupoBaHus. OcobeHHO-
CTH pexXrMa PACTSIKKM TO3BOJISIIOT MPOCMAaTPUBaTh CKOPPEIMPOBAaHHBIE BPEMEHHBIE CO-
ObITHSI, a JUISI IPOKPYTKU CUTHAJA ecThb hyHKius AutoScroll.

Jpyroii yHUKaJIbHOW OCOOCHHOCTBIO IMPOCMOTPA SIBJISIIOTCS TUCTOTPAMMBI, MaJeHb-
Kre WKOHKHU TPOCMOTpa TUCTOTPaMM, KOTOpbIe 00eCTIeUnBAIOT BU3YAJIbHBIN ITPOCMOTP
BHUIA pacIipefe/IicHni n3MepsieMoro mapamerpa. OMHOBPEMEHHO MOXET OBITh OTOOpaxKe-
HO J0 BOCHBMHU TMCTOIpaMM U CTaTUCTHUKA IO HUM, UYTO HE BIUSIET Ha BpeMsl 00pabOTKM.
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CerogHg ocuuiorpadgel WavePro uMeroT makeT s aHaauM3a BXOMHOIO CUTHaja,
KOTOPBII MO3BOJISIET MHKEHEpaM MCKaTh HEMCIIPAaBHOCTHU B LiemsaxX Ha yactotax 1—3 I'Tx
TeMU crocobamu, KOTopble paHee He ObLiu gocTynHbl. ITaker XMAP naet ocuuiiorpa-
¢damM BO3MOXKXHOCTU, KOTOpPbIe OOBIYHO MCIIOJB30BANIUCH JJjIs1 MPUOOPOB, paboTalolux B
0oJiee BBICOKOM IMAra3oHe YacToOT U 0oJjiee BHICOKOM IIEHOBOI KaTeropuu.

IIpencraBbre cede 3axBaT OOJBIIOIO KOJIMYECTBA JAHHBIX U MX Tpaduyeckoe Mpea-
CTaBJICHNE B MHTYUTUBHOM 1 MOHSATHOU (hopMe. BO3MOXKXHOCTU MOCTPOSHUSI TUCTOTPaMM
1 TpaUKOB TMO3BOJISTIOT UCITOJIB30BaTh OOJIBIIYI0 MaMATh IIM(PPOBOro 3alIOMMHAIOIIETO
ocumuiorpacda WavePro ¢ MakcuMaabHBIMU ITpeuMyliiecTBaMu. PaciipeHHbIe alropuT-
Mbl BIT® obecrneunBalOT YHUKaJIbHbIE BO3MOXHOCTU I10 CIEKTPaJIbHOMY aHaJIMU3y.
MOXHO yIpOCTUTh MOJIb30BaHUE OCLMIIorpadoM, Koraa HeoOXoIMMO 3aJ1aTh COOCTBEH-
HbIe HACTPOWKM IUIST U3MEPEHMI MM MaTeMaTUIECKHMX OTTeparvii.

AHanu3 TKATTEpa U BPEMEHHBIX MapaMeTPOB IO3BOJISIET U3MEPSITh MEePUOJ, JTATE-
JIBHOCTb U ApyTrHe mapaMeTpbl. Pe3yabraTbl MOIYyT OBITH IPEACTaBIACHBI B BUAC CTATH-
CTUMKHW, TUCTOTPAaMM WJIM BpeMEHHBIX TpacdukKoB. ITonb3oBaTesm MOTYT TakxkKe M3Yy4WTb
curHan ¢ nomoiipio BIT®, kotopoe obecrieunBaeT CreKTpalbHbI aHain3. [1puGopsl
o0ecreunBalOT pa3IMYHbBIC BUIBI MaTeMaTUYeCKOW 00pabOTKM CHUTHAJIOB, KYpPCOPHbIE
U3MEPEHUsl, BKIIOUeHUEe B pabOTy HOBBIX (DYHKLMIA U METOAOB aHaln3a, paboTy COBMe-
CTHO C s13bIKOM MporpammMmupoBaHus Visual Basic, matemaTtnueckumu cucremamu MAT-
LAB, Mathcad u np., ¢ snekTpoHHbIMU Tabauuamu Excel n 6e3 Kakux-n1moo mpodiiem
BCTpauBaThCcs B MpoIeCC 00pabOTKM CUTHaJa BaluM ocuuuiorpadom. Ilaker mpo-
rpaMm KomnaHuu LeCroy CustomDSO mno3BojseT co3gaBaTh IOJb30BATEIbCKUN MH-
Tepdeiic Mo 3amaHHbIi TIPoliecC, HaUMHasl ¢ TTaHeJW YIIpaBJIeHUs.

JuctaHimonHoe ynpasieHue ocuuuiorpapamu WavePro MoxeT ObITh Takke Ha-
CTpOEHO TIoJib30oBaTeeM. MCIonb3ysl cTaHaapTHBINA s3bIK KoMmaHa KomnaHuu LeCroy
wm LabView, ocuwwiorpadsr WavePro MOXHO COEIUHATH C JIOOBIM TMPOrpPaMMHBIM
obecrieueHueM. Komananl Active-X Microsoft Takke MOXHO MCITOJIb30BaTh IJISI MHTEr-
pauuu B OOJBIIMHCTBO mporpamMMm Ha ocHoBe Windows. JIMCTaHIMOHHOE YIpaBieHHe
MOXET OCYIIECTBIISIThCS uepe3 cTaHmapTHywo ceTb 10/100Base-T mnu yepes momoaHUTe-
neHbI nHTepdeiic KOTI.

3.3.12. Undposbie ocunnnorpadnbl LeGroy WaveMaster

Cepus ocummnorpados LeCroy WaveMaster (puc. 3.35) — paciimpsieT BO3MOXHOCTHU
aHaJM3a CUTHAJIOB B mMama3oHe g0 3—6 I'T1. WaveMaster — niepBblii MHOTO(MYHKIIMOHA-
JIbHBIM 3alTOMUHAIOIINI ocLusiorpad, odecrieunBalonnii padboTy B LIMPOKOM AMara3o-
HE YacTOT, BBICOKYIO YaCTOTY TUCKPETU3AIlNH, OOJIBIIYIO MaMSITh IIPU PErUCTPALIMU CUT-
Hana. IlepenoBas TexHonorus X-Stream Io3BoJIsIET OBICTPO U YIOOHO MTPOBOIUTHL aHAIA3
¢dopmbl peructpupyemoro curHana. CoBpeMeHHble MaTeMaTuuyeckue naketel XMATH u
XDEYV noBbIIal0T CKOPOCTh M THOKOCTb PabOTHI, MO3BOJISAST pelllaTh YHUKAJbHbBIE 3aJa4l
ObIcTpee, YyeM Koraa-inbo. B aTux mpubopax TakxkKe WCIOIb3yIOTCS YCUIUTENb, aHAIO-
ro-uudpoBoii peodpa3oBaTe b U CXeMa CUHXpOHM3aluuu Ha 0aze SiGe-TexHOI0ruu, a
Takke TexHosjoruss X-Stream. [TIprOOpbl MMEIOT MHTYUTUBHBIN IOJIB30BATECILCKUI MH-
Tepdeiic, ¢ HUMU nocTaBistioTess MaTeMaTuueckue naketsl XMATH n XDEV.

ITpubops! KnaccuULMPYIOTCS TI0 TOJIOCE MPOITYCKAHUS:

o WaveMaster 8620A, 4 kanana, 6 I'T1;
e WaveMaster 8600A, 4 xanana, 6 I'Tw;
o WaveMaster 8500A, 4 xanana, 5 I'T;
e WaveMaster 8300A, 4 xanana, 3 I'T.
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Puc. 3.35. Hugpossie 3anomunaroujue ocyusrozpago. WaveMaster ¢pupmor LeGroy

WaveMaster nepBbIii IU(PPOBOI 3alTOMUHAIOIINI ocupuiorpad ¢ IMoJ0COi Tporyc-
kanus 6 I'Tu (I130), obnagaromnii 4acTOTOM AUCKPETU3AaLMK BXOIHOIO CUTHAja B pea-
nbHOM BpeMmeHu 20 I'T n oobemom nmamsatu 1o 100 Mo6aiit. ITockosbKy Takue BBICOKHE
CKOPOCTH JMCKPETHU3allMM BXOJHOTO CHTHAJIa TPEOYIOT OOIBIIOr0 00ObeMa MaMsITH Jdaxe
JITIsT 00pabOTKM KOPOTKUX BpeMEHHBIX MHTEPBAJOB, ocuuiorpadgsl cepun WaveMaster
B CTAaHIAPTHOM KOMIUIEKTAIlMM OCHalleHbl 1 MOaiT maMsatn Ha Kaxablii KaHair. Cxema
CHMHXpOHM3aLNHU B ocumorpage WaveMaster odecrieynBaeT caMyio IIUPOKYIO TTOJIOCY
MPOIMYCKaHUs B pexXuMme 3amycka 1mo GpoHTty umnyiabsca (1o 5 I'Ti) u yHUKaJIbHYIO YyB-
CTBUTEJIBHOCTb.

CraHaapTHbI 00beM MaMaTH B ocLuiiorpage WaveMaster cocrapisieT 1 Mo6aiiT Ha
KaHa (C BO3MOXHOCTBIO paciiupenust 1o 50 Moait Ha kanan). Ocuwinorpad Wave-
Master ucnons3dyer KMOII-nmamate (opuruHanabHas paszpadorka komnaHuu LeCroy),
KOTOpasi BO MHOTO pa3 IIPEBOCXOAMT II0 CKOPOCTH aHAJIOTUYHBIC YCTPOMCTBA.
SMART-namsats komnanuu LeCroy gaeT 3HauyuTelbHbIE MPEUMYILIECTBA MPU aHalU3e
¢GopMBI cUTHAJIA W TIO3BOJISICT M30€KaTh HeXXeIaTeIbHBIX MCKaXXeHWI CUTHaIa, KOTOPEIS
MOTYT MOSIBUTHCS MIPY padoTe ¢ HeOOIbIIOM MaMsThiO B M(MPOBBIX OCLIMILTIOrpadax.

BpemeHHast cTaOUIBbHOCTD

HcTtounuk omopHoii yactoTsl ocuwiiorpaca WaveMaster uMeeT OTHOCUTENIBHYIO
norpeurHocTs 1+ 107, a mxutrep mpubopa coctasisier okono 1 ric. [pu 3Tom goctura-
€TCsI MOrPeIHOCTh U3MEPEHMSI BpeMEeHHBIX nHTepBajaoB He Gonee 0,06/Fmouckp + 10 —
6*Tusm. SiGe-cucteMa cHHXpoHM3alMM ocHuiuiorpada WaveMaster rapaHTHpyeT 3a-
IyCK pa3BepTKU B muara3oHe 4acToT 10 5 I'T u BEICOKYIO YYBCTBUTEIBHOCTh JaXKe IIPHU
3aXBaTe UMITYJbCHBIX CUTHAJIOB MaJIOM aMIUTUTYAbI. JIXKUTTEp CUCTEMbl CUHXPOHU3ALIUUA
cocraBisieT He Oojee 2,5 mc. JlomosHUTEIbHBIE BO3MOXKXHOCTH CMHXPOHU3ALMU TI0 3a-
XBaTy KPaTKOBPEMEHHBIX MMITYJbCHBIX MOMEX (IJIMYeil) M JIOTMYECKUX ITOCIeI0BaTeIb-
HOCTeil 00ecTeUMBaIOTCS MPU ITOMOIIM MHTE/UIEKTYaIbHBIX PEXMMOB 3aIlycKa CXEMBI
CUHXpoHu3auuu X-Stream.

3.3.13. Ctpobockonuuyeckue ocuunnorpadpbl cepun Wave Expert c
nonocoun go 100 My,

ITo panueiM 3A0 «Ilpuct» (www.prist.ru), 04 anpenst 2005 rona komnanusi LeCroy
IpeacTaBmIa IUMPOBLIe cTpobocKommueckue ocuumiorpadsl cepun WaveExpert 9000 u
SDA 100G, xoTtopble Ha HACTOSILIMA MOMEHT SIBJISIIOTCSI CAMBIMU BBICOKOYACTOTHBIMU
ocumuiorpacdamMu B Mupe, ¢ monocoii npomyckanust 100 I'T u mamareio, KoTopast Mo-
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XKeT HapauuBaThcs 10 512 Moaiit. OnHOBPEMEHHO UyTh paHblle ObUla MOJHOCTHIO 3a-
BepllleHa paboTa IO JOKaJIM3alluM ocLMIIorpacdoB mpousBoacTBa kommaHuu LeCroy.
C ampens 2005 roma mpu mokyrke 106oit Monenu mudposoro 1130 LeCroy (cepuit
WaveSurfer, WaveRunner, WavePro, WaveMaster, SDA, WaveExpert, SDA 100G) poc-
CHUICKUMI TIOKynaTes b MojyyaeT Mpuoop, UMEIOILINI MMaHeJb Ha PYCCKOM SI3BbIKE, PYCH-
¢uumpoBanHoe 1O ocuumnorpada, pycudunuposanuyto OC MS Windows 1 pykoBo-
CTBO MO 3KCITTyaTallii Ha PYCCKOM sI3bIKE.

Hrbine xommnanusa LeCroy mpeacrtaBisieT LM(POBbIE CTPOOOCKOMUUYECKHE OCLIUJIIOr-
padsr cepunr WaveExpert 9000 m SDA 100G ¢ moocoit nmponyckanus 100 I'Ti, padora-
IOllIMe Ha OCHOBE 3KCKJIIO3MBHOI IMaTEeHTOBAHHOM TEXHOJOTMM KOTE€PEHTHBIX MHTEpBa-
o ctpodupoBanusa (KMC). Passeptka KMC mo3BossieT 3axBaThIBaTh M OTOOpaXkaTh
JUIMHHYIO TIOCJICAOBATEIbHOCTh BXOAHBIX JAHHBIX 0¢3 MPUMEHEHUs] BHEILIHEro 3amycka
Mo 111a0JIOHY.

WaveExpert — 370 nepBbiii ocunuiorpad B MUpPE, COSAUHSIONINI B ceOe BBICOKYIO
TOJIOCY TIPOTTYCKAaHUST M BBICOKYIO JOCTOBEPHOCTh M3MEPEHUSsI, MPUCYIIYI0 CTPOOOCKO-
MIYECKUM ocLumorpadamM, ¢ BbICOKOH CKOPOCTbIO cOOpa AaHHBIX, THOKOCTHIO U TMPO-
CTOTOI yNpaBJIeHUs, TIpUCYIIeil ociuuiorpadam peasibHOTO BpeMeHM. BHelrHuit Bu
ocumutorpacda mpeacrasieH Ha puc. 3.36.

Puc. 3.36. Cmpobockonuueckuii ocyuarroepadh WaveExpert ¢pupmor LeGroy
¢ nosocoii wacmom do 100 I'Ty

Ocummnorpadsr WaveExpert 1 SDA 100 G umelotr ckopocTh coopa gaHHbix 10 Mour
B cekyHay, 4yTo B 100 pa3 mpeBbIlIaeT CKOPOCTh cOOpa JaHHBIX ISl ocuuIorpagoB Ta-
KOTO KJlacca, CYyIIeCTBYIOIIMX B MUPe Ha HacTOSIINi MOMeHT. [IpruOophl TOCTpOEHBI Ha
MOIYJALHOM IIPUHIIMIIE, YTO ITO3BOJISICT MCIIOIb30BaTh COBMECTHO C HUMM 4 pa3IMIHBIX
MoayJst coopa uHGbopMalyu. HOMOJTHUTENIbHO OCUMIIOrpadbl MMEET OILMOHATIbHbIE
MOJIyJId T€HEepaTOPOB CUTHAJIOB. ['eHepaTop CHUTHAJIOB BOCIPOM3BOIUT TICEBIOCTYyYaii-
Hylo TocienoBaTeTbHOCTh PRBS, KoTopast 0OBIUHO MCITOJB3YeTCS IS TECTUPOBAHUS
KoadhduIMeHTa OIMOOK Pa3IMYHBIX YCTPOMCTB Mepenadyr. JJomoJHUTEIbHBIN MOIYJIb
pediekToMeTpa MOXET BbIIaBaTh B JIMHUIO UMITYJIbC UTUTENIBHOCTBIO MeHee 20 Tic ¢ Ma-
JIBIM BpeMEHEM HapacTaHHs, UTO IMO3BOJISICT IIPOU3BOAUTH U3MEPEHMSI HEOTHOPOTHOCTHU
COIPOTUBJICHUS JIMHUI TIepeaaumn.

Paseptka KM C, paspaborannas LeCroy, co3maeT UMIYIbC AUCKPETU3ALUU, UCIIO-
JIB3ys OMOPHBIN reHepaTop cTabMIbHOM YacToThl ¢ puMeHeHneM PATTY. CpenHekBa-
patuyeckoe 3HaueHue mkutTepa KMC cocrasnsger menee 500 ¢c. PesynsraTom mpume-
Hennst KMC gBasteTcst BhICOKAsl 4acTOTa OMCKPETU3ALMM U TOYHOE BOCIIPOM3BEICHUE
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CHMTHaja TpM JI000il ckopocTu Tepenaun. KorepeHTHass AUMCKpeTH3allMsl ITO3BOJISIET
ocumsutorpady 3axBaTUTh 11a0JOH U3 MOTOKA JAHHBIX TOYHO W TPOCTO OTPENEIUTh €ro
IMuHY. B pesynbTare mmapaMeTpsl BXOOZHOTO CUTHAJAa, 0TOOpaxkaeMOro Ha dKpaHe OCIIUII-
siorpacda, MOTYT OBITh U3MepEeHbl MU MPeodpa3oBaHbl TAKMMU XKe METOJAMU U CIIOCO-
0aMM, Kak M y oclusuiorpada peaJsbHOr0o BpEMEHHU.

IMonoca mpomyckanust 100 [T sBiasiercss BepHiMHONW pa3pabOTKU  TEXHOJIOTHI
ocumuiorpacdoB Ha CETONHSIIHUI AeHb. DTO ITOCTIDKEHUE CTaja0 BO3MOXKHBIM IIPHU HC-
M0Jb30BaHUM MOHOJIMTHOM CMECUTEJIbHOI T'OJIOBKM, pa3pabOTaHHOM C MCHOJb30BaHUEM
MaTeHTOBAHHOM TeXHOJOTUM HeauHelHou auHuu nepenauu (HJIJITT). Tyt ymecTHO oT-
METUTb, YTO COKpallleHue (POHTA MMIYJIbCOB MPU IMPOXOXKIECHUM 4Yepe3 HEJIMHEHHYIo
quauo 10 0 (M maxke 10 OTpMIIATENIBHBIX BEJIMYMH, YTO O3HAYaeT, YTO BEpIIMHA BOJI-
HBI-MMITYJIbCa OOTOHSIET OCHOBAaHME U MMEET MECTO Pa3phiB B UMITYJIbCE) OBIJIO OMMCAHO
ewe B [11]. HJIJIIT ucnons3yercs Ajisi TeHEPUPOBAHUS CEPUU CTPOOUPYIOIINX UMITYJIb-
COB C TIOYTHU IIPSMOYTOJIbBHOI amepTypoit. Bce mpeapimyinme cMecuTenn uMean (popmy
anepTypbl, MPUOIIDKEHHYIO K raycCOBCKOi. IIpsiMoyroyibHasi amepTypa CTpOOUPYIOIIMX
HMMIIYJIbCOB I103BOJIIET YBeIUUYUTh Ha 60% 3(PheKTUBHOCTh CTPOOMPOBAHUS, PACLLIUPUTD
MOJIOCY MPONMYCKaHUS, CHU3UTh KUTTEP. MOHOMUTHAST KOHCTPYKLMSI CMECUTENs Mo-
3BOJIMJIA YBEJMYUTh YACTOTY AMCKPETU3ALMU 10 CPAaBHEHUIO C TIPEIBIIYIIIMMU MOICIISI-
MM CTPOOOCKOIMMYECKNX OCHUILIOTpacdoB.

Ocummnorpadsr WaveExpert 1 SDA 100G — creunanbHO pa3dpaboTaHbl ST pelle-
HUS MPUKIAIHBIX 3a4a4 OTOOpakeHUs U aHaJIu3a BbICOKOCKOPOCTHBIX CUTHaIOB. M3Me-
peHUS B COBPEMEHHBIX CHCTEMax Iepemad Ha CKOpOCTSX cBbIme 3 ['Gaiit/c TpeOyroT
CPENICTB M3MEPEHUSI C BBICOKOI TMOJIOCOI MPOITyCKaHUsT U MajibiIM BpeMEeHeM HapacTa-
HUs. OTIMYINTETFHON 0COOCHHOCTBIO 3THX MPHUOOPOB SIBISIETCS CBOMCTBO OTOOpPaKeHUS
BXOJHOTO CUTHaJIa TaK e, KaK ¥ Ha ocLuuiorpade peaJbHOTO BpeMEeHU, oOecIieueHe
U3MEpPEeHUsT KaK CYMMapHOro, TaK M CIy4aliHOrO M CHCTeMaTHYeCKOro IKUTTepa
yCTpoiicTB. O0BEM CTaHAAPTHON MaMsATH COCTaB/sgeT 4 MWIUIMOHA TOYEK Ha KaHaj, 4To
MO3BOJISIET aHAIM3UPOBATh [UKUTTEP B JJIMHHBIX KOAOBBIX MOCBHUIKAX. PaciimpeHue ma-
MSTH 10 512 MWUIMOHOB TOYEK Ha KaHaJl JaeT BO3MOXHOCTh 3aXBaTa, OTOOpaXkKeHUs U
n3MepeHus 111abaoHa ¢ JJIMHOM B HECKOJIbKO MUJUIMOHOB OWT.

VYo6HbII Moab30BaTeNbCKUT MHTEPGhEC AaeT BO3ZMOXHOCTb OBICTPOTO U JIETKOTO
noctyna K O6osnee dyem 50 uaMmMepeHUsIM U MartemaTuyeckuMm dyHKiusaM. CoxpaHeHue
TPEEMCTBEHHOCTH TIOCTPOESHHUS TIOJIb30BATEebCKOTO WHTepdeiica ¢ ocuuuiorpadamu
peanbHOTO BpeMeHN LeCroy maeT BO3MOXHOCTb MHXKEHEPaM-II0Ib30BaTe/ISIM OBICTPOTO
repexojia K UCIOJIb30BAaHUIO CTPOOOCKOIIMUECKIX OcHMuIorpadoB 6e3 Kakoro-imbo go-
noyiHUTeNbHOTO oOyueHus1. Ilonb3oBarenbckuit nHTepdeiic ocummiorpa¢goB WaveEx-
pert 1 SDA 100 G Takke 1Mo3BoJisieT KOMOMHUPOBATh U CO3/1aBaTh CBOM COOCTBEHHbIE
(GYHKUIUM U3MEPEHUSI.

WaveExpert 1 SDA 100G nMe1oT BO3MOXKXHOCTb OTOOpaKeHUST M UCCIIEJOBaHUSI BbI-
COKOCKOPOCTHBIX CUTHAJIOB peajibHOro BpemeHu, Takux kKak PCI Express, SAS, Fibre
channel u FB-DIMM.

WaveExpert u SDA 100G npegHa3HaueHbl M JIS1 UCITOJIb30BaHMS B 00JIACTHU OOILETO
MPUMEHEHMSI, BKIIoUYas peJIeKTOMETPHUIO, MMOCTPOSHHUE TJIa3KOBBIX AUAarpaMM M aHaJll-
3a 1o 1WabjaoHy, aHaiau3 mxkutTepa. IIporpammHoe obecrnieueHue ocuuaorpadpa Wave-
Expert MOXeT MpOU3BOAUTH AHAJIM3 TJIa3KOBBIX AMarpaMM U KUTTEPa B COOTBETCTBUU C
pa3IMYHBIMKM CTaHAapTamMu Tepeaadyr AaHHbX. Ocuwmmiorpad SDA 100G paspaboTaH
CITeIIMaJIbHO JUISI MCIIOJB30BaHUs B CUCTeMaX IOCJIeOBATEIbHON Tepeaauynd JaHHBIX U
MMEEeT KOTEPEHTHYIO Pa3BepTKy, MPEKPACHO IMOAXOMSIIIYIO UISI M3MEPEHMSI BCEX ITapa-
METPOB JLKUTTepa. B momosHeHWe K IBYM OCHOBHBIM 0JI0KaM ocuuiuiorpada CyiiecTBy-
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0T HECKOJIbKO JOTMOJHUTEIbHBIX BCTABHBIX MOYJIEH, MpemHa3HAuYEHHBIX U1 U3Mepe-
HUSI 3JEKTPUYECKUX WIM ONTUYECKMX CUTHAJIOB. Moaynau mpeoOpa3oBaHuUs 3JICKTpUIE-
CKMX CUTHaJoB uMeloT nosiockl mnponyckanus 20 I'T'o, 30 I'Tu, 50 I'Tu, 70 I'Tu u
100 I'Tu. Moaynu npeoOGpa3oBaHUsSI ONTUYECKUX CUTHAJIOB MMEIOT IMOJIOCHI ITPOITyCKa-
Hug 25 u 50 I'Tu. JaHHbple Moayau pa3paboTaHbl C YIOPOM Ha TO, YTOOBI AaTh KJIUEHTY
BO3MOXHOCTb KOH(Murypuposanust ocunmiorpago WaveExpert 1 SDA 100G ¢ yyeTtom
CTOSIIIIMX TIepell HUM 3alady Ha OCHOBE T'MOKON MOMIYJTbHON CUCTEMBI, TO3BOJISIONICH B
JII000M MOMEHT YBEJIMYUTh BO3MOXKHOCTU ocLwiorpada rnpu paciiMpeHuud Kpyra Bbi-
TIOJTHSIEMBIX 3a1ad.

Takske CyIIeCTBYIOT MOAYJIM BOCCTAHOBIICHUSI TAKTOBOM YaCTOTHI. DTU MOMIYJIM UCIIO-
JIB3YIOTCSI JUISI BOCCTAHOBJICHUSI TAKTOBOM YacTOThI CUMTHaja M3 MOTOKA JaHHBIX, KOraa
JIOCTYTIEH TOJBKO HEITOCPEACTBEHHO ITOTOK JAaHHBIX. MOIyIM MOTYT OBITh IIpeIHa3HaUe-
HbI KaK JJIsI padOThl C 2JEKTPUYECKMMU, TaK U C ONTUYECKUMU CUTHajJaMu. Jlrama3oH
BOCCTaHABJIMBAEMBbIX YaCTOT cOCTaBjsieT oT 622 Moaiit/c mo 13,5 I'Gaiit/c.

Ocummnorpadsr WaveExpert 1 SDA 100G BK/IIOYAIOT TMOJHBINA KOMIUIEKT MAacoK,
MnpeaHa3HaYeHHbIX U151 McclienoBaHus curHaioB B Kogax RZ u NRZ. KorepeHtHas pas-
BepTKa o0ecIieunBaeT ObICTPOE TECTUPOBAHME MO0 MackaM — OKOJIO 3 MUJUIMOHOB TOYEK
B CEKYHIy, 4YTO B 75 pa3 ObICTpee CYIIECTBYIOIINX HA CETOAHSIIHUN AeHb TeXHUYECKUX
pelieHuii. DTOT ypoBeHb cOOpa JaHHBIX 00ECeYrMBaAET CaMylO0 BBICOKYIO CTEIeHb JOCTO-
BEpHOCTH M MUHHMMAJIbHBIC TTOTPEITHOCTH.

WaveExpert 9000-cTpodockonmyeckuii ocummiorpad — ocHoBHo# 60k, SDA 100G
9TO CTPOOOCKONMUYECKUIA aHAJIM3aTOpP CUCTEM ITOCEAOBATeJbHON Iepedauyu JaHHBIX.
J1J1s1 HUX MOCTaBJISIFOTCSI:

e SE 100 cmecurenn, 100 I'Ti;

e SE 70 cmecutens, 70 I'T'w;

e SE 50 cmecutens, 50 I'T;

e SE 30 cmecutens, 30 I'T;

e ST 20 moaynb pedraexkrometpa, 20 I'T;
e SO 50 ontnueckuit Moxynb, 50 I'T'm;

e SO 25 onTtuueckuii moaynb, 25 I'Tw.

Takum obpazom, ocumsiorpadsl cepun WaveExpert 1 SDA nepekpbIBaloT Auana3oH
yactoT 10 20—100 I'Tu. KoHeuHo, 3TO YHMKaJbHBIE MPUOOPHI, OTpaXkarolne HauBbIC-
1IMe JOCTUXKEHUST B TEXHUKe OocIuIIorpaduu.

3.3.14. Undposbie ocunnnorpadbl pupmbl Agilent Technologies

®dupma Agilent Technologies eltie 0OQMH KPYITHBII MTOCTAaBIIMK Ha PhIHKE BHICOKOKAYE-
cTBeHHBIX (1x HasbiBaloT High End) ocumnorpados. D1o ogHa U3 HeMHOTUX (pupM, Bia-
JICIOLIMX HOBEHIIEe TeXHOJOrMei MPOU3BOACTBA COBPEMEHHBIX LIU(POBBLIX OCLIMILIOTpa-
(os. OHa BbITyCKaeT psiji cepuit ocumwiorpacdoB ¢ YacToTaMu OT jaecsTKoM MI11 o ae-
catkoB I'Tu. Ha poccuiickoM pblHKe 3Ta upMa mpencraBieHa cjabo, cKopee BCero,
BCJIE/ICTBUE OYEHb BHICOKOW IIeHBI ee uanenuii. C xapaKTepruCcTUKaMM OCLMILIOTpacdoB
MOXHO 03HAaKOMUTbCSI Ha MHTepHeT-caiiTe aToil KoMnanuu www.home.agilent.com.

Cepus Agilent 54600 — 310 LM@POBBIE 3aIOMUHAIOLINE OCLUMUUIOrpadbl C LIBETHLI-
MU IUCIUIESIMUA U Ararna3oHoM BepxHux dyacToT oT 50 po 500 MI'n. ITpubGopbl criocoOHBI
BbIBOAUTH 10 100 000 KpUBBIX B CEKyHIY MpH 256 ypoOBHSAX MHTeHCUBHOCTU. YuMcio Ka-
HaJIOB 2 WK 4, HO Y HEKOTOPBIX NMPUOOPOB MOXKET OBITH PACIIMPEHO €elle Ha 16 KaHa-
soB. Yacrorsl crpoouposanust or 200 Ms/c no 2 I's/c. CroumocTs mipubopos ot $ 2800
o $ 11000.
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Hogas cepus Agilent 6000 — 310 ocumniorpadsl ¢ 1Mana3oHOM BEPXHUX YaCTOT OT
0,3 go 1 I'Tu. BuewrHnuii Bua npubOOpOB 3TOi cepuu mokasaH Ha puc. 3.37. Yacrora BbI-
00poK y 3THX MprubopoB ot 2 10 4 I'B/c, eMKOCTh MaMsaTu 1 MOaiiT ¢ paciimpeHueM or-
LMOHAIBHO 10 2 i 8 Moaiir. Llena npudopos goxoaut 10 $ 6000.
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Puc. 3.37. Buewnuii 8ud yugposoix ocyusroepagos cepuu Agilent 6000

Cepust 4-kaHanbHBIX IMGPOBHIX ocimuiorpacdos Agilent 8000 — 3To cBepXITMPOKO-
MOJIOCHBIE ocumuiorpadgsl ¢ BepxHUMHU yactoTaMu oT 8 1o 12—13 I'T'u. ITpubop aT0i1 ce-
pun DSO80804A ¢ BepxHeit yactoroit 8 I'T1 m vactoramu kBaHnToBaHus 20 I'B/c mipu uc-
MMOJIb30BaHMU OAHOro KaHajna u 40 I'B/c mpu MCIoOIb30BaHUU IBYX KaHaaoB. CTOMMOCTD
10- 1 12-rurapueBbix ocuriorpados 3toit cepuu gocturaet $ 94 000 u $ 115 000. Dro
caMmble TopoTre pruoopsl hupMer Agilent.

Ludposoii ocuuanorpad atoit cepun DSO81304A (puc. 3.38) umeer nojocy padbo-
yux yactoT 10 12—13 I'Tu pu yacrote kBaHToBaHus no 40 I'B/c. HecrabuiabHOCTH 3a-
nycka meHee 0,5 nc. B mpubope ncnonb30BaHbl 3JIEKTPOHHBIE aTTEHI0ATOPbI. YCUINTE-
i KaHana Y MUHUMU3UPOBAHBI IO YPOBHIO IIyMOB. CTOMMOCTh TaKOTO IIPUOOpa OKOJIO
$ 75 000.

CaMbIM IIMPOKOIIOJIOCHBIM TMpubopoM ¢upMbl Agilent sBisieTcst ocuuiorpad
86100C DCA-J. IIpubop o0beauHSIET 4 NHCTPYMEHTA B OOHOM: IIM(POBOI aHATM3aTOD
KOMMYHUKAIIMOHHBIX YCTPOICTB, BpeMeHHO# peduiekromeTp TDR miss mmiienaHcHOro
aHanu3za, ocuuyiorpad ¢ mojocoit yactor go 80 I'Tu m aHanuszarop mKuTTepa s
CBEPXCKOPOCTHBIX 3JIEKTPOHHBIX M ONTHYECKMX ycTpoiicTB. lleHa sToro mnpubopa
$ 17 834 mpu mocTaBKe B TeUEHHE TPEX HEICIb.

Puc. 3.38. LHugposoii 12-zucacepyesoiii ocyuarrozpag DSO81304A
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ITpuGopsr dupmbr Aligent Technologi-
€S, KaK M1 OTMEUEHHBIE BBIIIE CTPOOOCKO-
nuyeckue ocuwmiorpadpsl pupm LeGroy
n Tektronix, NpeacTaBIsSIOT BbICIIUE 10-
CTMKEHUS OCHMIIIOTpadrIecKOil TEXHUKN
ceronHsinHero qHs. OHU MO3BOJISIOT yye-
HBIM 3arJISHYTh B TalHBI MUKpPOMHUpA U
OLICHUTD UyJeca CBEXCKOPOCTHBIX IMPOLIEC-
coB. Ho maxe oHM He CITIOCOOHBI YTHAThCS
32 BBICOKOCKOPOCTHOII MMKPO3JIEKTPOHM-
koii. Kak yxe oTMeuyanoch, KpeMHUEBbBIE Puc. 3.39. Ocyunnoepag ¢ wacmomoii
MMKPOTPAH3UCTOPbl ~ Kopropaumu  Intel do 80 I'Ty Agilent 86100C DCA-J
yXe paboTaloT Ha 4YacToTax BbIlle
1000 I'Tx (1 TI'), a KXpeMHMEBO-TepMaHUEBbIE TPAH3UCTOPBI C TeTeporiepexoJaMMu Ha
ele 6oJiee BHICOKMX YacTOTax. DTO TMOACTErMBAET TOHKY B pa3pabOTKe CBEPXIIMPOKOIIO-
JIOCHBIX ocumiorpagos.

3.4. NopTaTtusHbie undpposbie ocuunnorpadbl

3.4.1. TeHAeHUNa MUKPOMUHUaATIOPU3aLUnN UNPPOBbLIX
ocuunnorpados

OCHOBHBIC Y3JIBI COBpeMEHHBIX IIM(PpoBbIX ocumiriorpadgos (ALII, LIAII, mamsTsh,
(UABTPEI U T. 1I.) BBIMOJHSIOTCSI B BUIE MHTETPATBHBIX, Yalle BCETO MOHOJIUTHBIX, MUK-
pocxeM. DTo, HapsIoy ¢ TMIPUMEHEHMEM IIOCKUX M gaxke ToHKux KKW-mucrireeB, oT-
KpBIBAET OOUIMPHBIE BO3MOXHOCTA B MWHUATIOPU3ALUM 3JIEKTPOHHBIX IUMPPOBBIX
ocumsuiorpacoB. HbeiHe Takme ociumsuiorpadbl BBITYCKAIOTCS B BUAE MUHUATIOPHBIX
MPUOOPOB — BILIOTH O LIYITOB C MUHUATIOPHBIM 3KPAHOM U MYJTbTUMETPOB.

Pasymeercst, TexHUYecKre XapaKTEPUCTUKW MUHUATIOPHBIX TPUOOPOB ITOCTATOYHO
CKPOMHBI, MOCKOJIbKY B TaKWe MPUOOPbI HEBO3MOXHO BCTPOUTH CBEPXLIMPOKOMOJIOC-
HbIE YCUJIUTEIM M CKOPOCTHBIE yCTpoicTBa BbIOOpKM. Kpome Toro, Takue MmpubOOphI
OPUEHTHUPOBAHBI Ha PHIHOK MACCOBBIX CEPBUCHBIX YCTPOWUCTB U JOJKHBI UMETh MpeJe-
JIbHO TIPOCTYIO KOHCTPYKI1IMIO. TOJBKO B 9TOM Cilyyae OHM OyAyT HE CIUIIKOM JAOPOTHU-
MU U CMOTYT KCIIOJIb30BaThCSl B PEMOHTHBIX MAaCTePCKUX U B PaAMOIIOOUTEIHCKON
npakTuke. [TocTOSTHHOE COBEPIIEHCTBOBAHME MX U POCT (DYHKIMOHATBHBIX BO3MOXHO-
CTell JenaeT MepCcreKTUBHBIM MPUMEHEHNE MOPTATUBHBIX OCHUIUIOrPad)oB B MPOMBIIII-
JIEHHOCTH, HayKe U 00pa3oBaHUMU.

3.4.2. MuHnaTiopHble ocuunnorpadpbl AKTAKOM

JlocTaToyHO IMMPOKYI0 HOMEHKIIATYPY ITOPTATUBHBIX OCHUJUIOrpadoB BBITYCKACT
toproBoe oobeauHeHue AKTAKOM. Ilog ero mMapkoil BBIMYCKAIOTCSI OCLIMJIIOrpadbl
psima 3apy0eKHBIX (PMPM, UMEIOIINX YPOBEHB MTapaMEeTPOB, COOTBETCTBYIOIINIT MIUPOBO-
MY YPOBHIO pa3pabOTKu M MPOU3BOJACTBA OCLUJIIOrpadoB.

ACK-4201

[MopratuBHBII LMD pPOBOI oclmuiorpad B BUAEe MYyJIbTUMETpa ¢ pydkoi (puc. 3.40).
OCHOBHbIE XapaKTePUCTUKU: 2 KaHajla C TaJlbBaHWYECKOU Pa3Bs3KOMi, Mojoca MpoItyc-
kaHusg 20 MT'u, KKHM 58 x 38 MM ¢ paspemreHueM 128 x 64 TOYKM, 4yBCTBUTEIHLHOCTD
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0,1 B/men...5 B/nen, koahdumeHTh pas-
Beptku 0,5 mkc/men...0,2 c/men, mMakcu-
MaJlbHOe BXOmHOe HarmpsbkeHne 40 B,
BpeMsl ycTaHoBJieHuUs1 17,5 Hc, BxomHoe
conmporuBieHne 1 MOM, BXomHas eM-
kocth 60 m®. PexuMpl pa3sBepTOK: aBTO-
KosiebaTeNbHBIN, XAYIIUI, OTHOKPATHBI,
X—Y, npeaBaputTesbHas 3amnuch OCLWJI-
jorpaMM. VICTOYHMKM CHHXPOHU3AIUN:
CHI1, CH2, BHEIIIHUIA; naMsITh
8192 Gaiit/kanai. JomorHUTENbHBIE (PYH-
KUMKU: KYPCOPHbIE U3MEPEHUsI, WMHTEP-
(eiic RS-232, mporpammHoe obecrieue-
Hue (IT1O). IluraHue: cereBoil amamTep,
Garapen ¢ HampsbkeHueM 9 B (6 x 1,5 B).
TI'a6aputsr 200 x 90 x 55, macca 0,75 kr
(co CMEHHBIM MOJYJIeM ocLMLIorpacda).

[TpuGop 1MO3BOJISIET BHIMTOJHSTH U3MeE-
peHUSI B IIOJIEBBIX M LIEXOBBIX YCJIOBMSIX.
Majbie TabapuThl M BeC TO3BOJISIIOT HOCUTH €ro B Kelice wiu auriomate. OTKpbITast
MOJyJIbHasi KOHCTPYKLIMS MO3BOJISIET HapallMBaTh BO3MOXHOCTH mpubopa. Hampumep,
MoyJib octmutorpada (puc. 3.41) uMeer nBa HE3aBUCHUMbBIX KaHaia, KOTOPbIE MTO3BOJISI-
10T IIPOBOIUTh pa3IMYHbIE CIIELIMATIbHbIE U3MEPEHUsI, HAllpUMep, KaHal 2 MOXET ObITh
WCTIONb30BAH IS 3allMCU W TIPEACTABIIEHUST YaCTU OCIMUTOrpaMMbl KaHana 1. T1puGop
MOXHO MCITI0JIb30BaTh KaK IU(PPOBOI YaCTOTOMED U MYJIbTUMETP.

Puc. 3.40. [lopmamusnuiii yugposoii
usmepumenrv — myaromuckon ACK-4201

Puc. 3.41. Cmennotii modyav ocyusrozpagpa ACK-4201

ACK-4011

Ludposoii mopTaTUBHBIN ocMUIOrpad-1yn (MUHUCKOI): 2 KaHaJja, 1ojoca MpoIryc-
kaHus 5 MI', ZKKH 35 x 12 (2 m), koabdunmenTts pazseptku 0,05 Mxc/nen...2 Mc/nen,
MakcuMasibHOe BxonHoe HampsbkeHue 80 B. Pexxumbl pa3BepToK: aBTOKOJIe0aTEIbHBIN,
OMHOKpaTHBIN. MICTOUHMKY CUHXPOHUW3AIIMU: BHYTPEHHU, BHEITHWA. [lOTIOTHUTEIbHBIE
(yaxuuu: BonbT™meTp, untepdeiic RS-232, mporpammuoe obecnieuenue. [Tutanue uepes
cereBoil aganrep. I'aGaputel 165 x 33 x 20, macca 86 r. BHeliHuii BUA MHUHKUCKOIA
ACK-4011 nmoka3zaH Ha puc. 3.42.

DTOT CBEpXMMHMATIOPHBIN MPpHOOP MO3BOJISICT HAaOI0aaTh ()OPMYy CUTHAJIA B 3aIaH-
HOI TOYKE IPOBEPSIEMOIO YCTPOMCTBA M OTOOpaXkaTh OCLIMJIOrpaMMYy IIpoliecca U ypo-
BeHb MOTeHIMaNa B Touke. JIJis u3MepeHusl JOCTATOYHO KOCHYThCS HYXKHOI TOYKM OCT-
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A
Puc. 3.42. Munuckon (ocyunrroepag-uyyn) ACK-4011

pueM lnyna (pasymeercs, Halo Mo3ab0TUTLCSI U O MOAKIIOUEHUU K 3eMJIe YCTPOMCTBA).
He6onbioii skpaH (¢ paspeineHueM 16 x 64 Touku) cOOKy Ipubopa IO3BOJISIET IIPO-
CMaTpUBaTh HYXXHBIC TaHHbBIC.

3.4.3. Uudposbie ocunnnorpadpbl — ckonmeTpbl pupmbl FLUKE

Eue HemaBHO KBaqU(ULMPOBAHHBII HACTPOMIIMK 3BJIEKTPOHHOIO 00OPYIOBaHUS
OBbLT BBIHYXKIIEH UMETh LI€JIbII apceHasl U3MEPUTEbHBIX IPUOOPOB — TECTEP MU MYJIb-
TUMETP, NEKTPOHHBIN ocLMIIorpad, 4acTOTOMEpP, U3MEPUTEIb eMKOCTU U MHIYKTUB-
HOCTHU, aHAJIU3aTOP CIEKTPOB U T. 1. U T. TI.

HoBylo KOHLENMIIMIO MHCTPYMEHTATbHBIX CPEACTB U MPUOOPOB ISl OTJAAAKU DJIEKT-
poHHbIX ycTpoiicTB npemioxuna dupma Fluke (CILHA). [ToMmrmo BbITTycka cTaHIAPTHBIX
npubopoB (HammpuMep, MYJbTUMETPOB pa3HOro Kjiacca) ¢pupMma cosgana HOBbIM TUII
pubOpoB — CKOMMETPHI. VI3 camoro Ha3BaHUsI 3TUX MPUOOPOB SICHO, YTO OHU TPEMI-
Ha3HAYeHbI IJI1 U3MEPEHHSI CKOIIOM BCEro, YTO MOXKHO TOJBbKO U3MEPUTD: HAMPSIKEHUS,
TOKa, YaCTOTHI, IJIUTEJIbHOCTU MMITYJIbCOB U WX BPEMEHM HapacTaHWs, HAOTIONCHUS U
3aIIOMUHAHUS (POPMBI DJIEKTPUUYECKUX U PAAUOTEXHUUYECKUX CUTHAJIOB U T. 1.

Ceituac BbIycKaloTcsl ckonMeTpsl Tuma 123 u cepuu B. MIx cpaBHUTETbHBIE XapaK-
TePUCTUKU B3STHI U3 [15] 1 mpeacTaBaeHbl HIXKE.

Cpasnumenvnbie xapakmepucmuku ckonmempos gupmor Fluke

Fluke 123 Industrial Scopemeter ScopeMeter cepum B

CoBpaHbl nonHocTbio Ha UC. MutaHue ot batapeii. Lindposoit ocumnnorpad ¢ namssio,
U3MEpUTENb UCTUHHOMO 3GOEKTUBHOIO 3HAYEHUS U MYLTUMETP B OLHOM KOMIAKTHOM KOpryce

MpoyHas, He GosLLasCcs NaaeHNin KOHCTPYKLVS, BbIAEPXMBAIOLLAN SKCTYaTaLMIO B XECTKUX YCNIOBUSIX
npon3BoaCTBa

9nekTpobe30nacHOCTb U3MEPEHNIA CUCTEM NPOMBILLIEHHOTO 3NIEKTPONMTaHMS No kateropum |1l —
600 B apdp

CxopctBa
ApKknit GNIOOPECLEHTHBINA AUCNNEN C XONOAHBIM KaTo[OM M (pOHOBOIA NOLACBETKOI, XOPOLLO BUAHbIA B
TEMHOTE U Ha CBETY

OnTO3NEKTPOHHbIV KOMMbIOTEPHBIN MHTEpdelic RS-232 ¢ nsonsumeii Ha 600 B.

MonHas YKOMMIEKTOBAHHOCTb aKCECCYapaMm 1 TOTOBHOCTH K paboTe

lapanTug 3 roga
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Ocumnnorpad u mynsTUMETP € nonocoii 20 My
M3mepeHmne UCTUHHOTO 3bGEKTUBHOMO 3HAYEHNS
5000 otcyetos/0,5% TOYHOCTb

Ocuunnorpad ¢ nonocoit 60 unm 100 MIy,
MynsTumeTp ¢ nonocon 5 My,

13mepenne MCTUHHOTO 3dEKTUBHOTO 3HAYEHNS
3000 orcyetos/0,5% TOYHOCTb

Mopaepxka TexHonoruy paboTl
Connect-and-View («6e3 pyk») ans yCTON4MBOro
K TPSICKe, HAZIEXHOr0 U BOCNPOM3BOAMMOTO
oToOpaxeHus curiana. [jaxe ans CUrHanos
CNOXHOW GOPMbI, KaK B MPUBOLAX [BMraTeNei
UNN BUAEOCUTHANOB

UJMpOKMe BO3MOXHOCTM CXEMbI 3anycka

CMHXPOHM3aLMS MOMHBIM BUAEOCUTHATIOM B
cuctemax NTSC, PAL, SECAM v TB Bbicokoro
pa3peLLeHusi CO BCTPOEHHBIM CEIEKTOPOM CTPOK
11 KaipoB

Pasnuuus CvHXPOHM3aLMs Pa3BepTKY MO BPEMEHN,
BHELLHSISI WM Cepueli MNYNbCOB A/1g 3axBata
NpaKTU4YecKM NtoBOoro curHana
[IByXKaHaNbHbIA MyNLTUMETP. Pexum M3amepenus no kypcopy, HabntoaeHne Gopmbl
0TOBPaXeHMs 9 KaXO0ro kaHana — CUrHana.
MOHO3KPaHHbIA ocumnnorpad unm aucnneii Martemarieckvie GyHKLM 18 yryBAEHHOrO
My/IbTMETDA. aHan13a curHana
[ByxkaHanbHas ¢yHkums TrendPlot™ ScopeRecord™, namsitb 06bemom 30 k ans
3anmcy 60bLLON ANUTELHOCTM W ONOPHOIA
4acToTbl 151 HUKCALMN MOMEHTOB BPEMEHM
Texnuueckue danHole ckonmempa 123
Ocuunnorpa¢
Monoca nponyckaxus 20 My
MakcumanbHas 4acToTa KBaHTOBaHUS 1,25 Ty,
Yucno kaHanos 2
Bpems HapacTaHus xapakTepucTuku <17,5H
CkopocTb pa3BepTky (Bpems/oen.) 20Hc —60¢C
[nnHa 3anucy (B GaliTax) 512
MamsTb 9KpPaHOB/CUrHANOB/YCTaHOBOK 2/-/10
3anepxka 3anycka pasBepTku (B fen.) 01 -10 po +10

Liuppoeoii MynbTMMETP C aBTOMaTM4ECKUM ONpefeneHueM npeaenoB UusmepeHus U uaMepeHuem

MCTUHHOIO 3¢ PEKTUBHOrO 3HAYEHNS

Yucno kaHanoB MynbTUMETPa 2

Pa3psigHOCTb aucnnest (OTCYETOB) (OCHOBHAsH NOTPELLHOCTb 5000

Ha nepemeHHoM Toke 0,5%)

3anuch TrendPLot™ ¢ oTmeTkamu aThl 1 BpEMEHU 2 KaHana
006LwwMe TeXHUYEeCKUe faHHble

PaboTa 0T HUKeNb-kaIMMeBOI BaTapey C 3apsiaHbIM 54

YCTPONCTBOM
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AsTOMaTMYECKast HACTPOIiKA 26 n3mepeHmii
Pa3mepbl (BbiCOTa X LUMPUHA X FNyOUHa) 23x11,5x5¢m
Bec 1,1kr

CKOITMETPHI TTOCTaBJISIOTCS C CETEBBIM aIanTepoM,/3apsiTHbIM yeTpoiicTBom PME907,
KOMITJIEKTOM 3KpaHupoBaHHBIX 1yrnmoB STL120, 3axxumamu «kpokoauia» AC120, kiur-
camu HCI120, sxpaHMpoBaHHBIMU OallOHETHBIMU pazbeMamu BB120, pykoBoacTBoM 1o
SKCIUIyaTallM M akKKyMyJsiTopHoii ©Oarapeeit BP120. OnumoHanbHO ITOCTaBISIOTCS
MHOTHE ApYyrue IMojie3Hble akceccyaphl ((QyTasiphl ISl IEPEHOCKU, YeXJIbl, TIPOOHUKHU U
3aKMMBI, 3allacHbIe aKKyMYJSITOpHble Oatapeu u T. n.). [lonb3yercss MOMyJsipHOCTBIO
koMmruiekT 3UTT SCCI120, comepxaiiuii XecTKUil QyTasap I MepeHOCKU, Kadeab UH-
tepdeiica RS232 ¢ onTtuyeckoit uzonsiuei, s3KpaHUPOBAaHHbBII KOaKCHAJIbHBINA Tepe-
XOOHUK U mporpaMMmHoe obOecrieueHue FlukeView ScopeMeter mis Windows. Crou-
MocTb Takoro npudopa ¢ 3UII okono 1800 momnapos CIIIA.

Fluke Industrial Scopemeter] 123 (puc. 3.43) — umeanbHbIN BEIOOP AT OOCTYKMBa-
IOILIETO TepcoHaia MpU MOMCKE HEUCIPABHOCTEN B IMPOMBIILIEHHOM OOOpYIOBaHWMU,
armaparype yrnpasJeHUs] U B cucTeMmax ajekrpornutanus. [Ipubop mpencrasisier coboi
HAJIEXKHbIN IBYXKAHAIBHBIN oclusuiorpad M M3MEpUTESb C BOBMOXHOCTBIO «Oe30yMax-
HOIi» 3anucu. HoBbI, 3armaTeHTOBaHHBIN MeTON paboThl «0e3 pyk» (hands off operation)
Connect-and-View («moakioyaics 1 CMOTPpU») SKOHOMUT BpeMsi, 3aTpayMBaeMoe Ha
MOUCK HEUCMPABHOCTEH, U MOMOraeT MUHMMU3UPOBATh BpPeMsl MPOCTOsI MPOU3BOJCT-
BEHHBIX CUCTEM.

Hapsny ¢ oObIUHBIMM M3MEPEHUSIMU B DJIEKTPOHHBIX CXeMax ckKormetp 123 mpen-
Ha3HauyeH JUIS TIPOBEPKM M TIOMCKAa HEWCIPABHOCTEH B MPUBOAAX JBUTATEJIEH IMOCTOSH-
HOTO U MEePEeMEHHOro TOKa, JaTYMKaX U UCIOJHUTEIbHBIX MEXaHU3MaX, JTUHUSIX JIEKT-
pornMTaHusi, TpaHchopMaropax 1 Mpeodpa3oBaTessiX, JUHEHHBIX M UMITYJIbCHBIX CXeMax
yopasiaeHus. Pabora mo texHonorum Connect-and-View(tm) obecriedyrBaeT HamaexKHOE
OTOOpaKeHMe CUTHaa Ha JucIuiee 0e3 HEOOXOAMMOCTH HaXKMMaTh Ha KHOMKM — HaXe
JUISL CaMbIX CJIOXXKHBIX CUTHAJIOB, BKJIIOYAsl PUBOJIbI ABUTATEICH U BUAEOCUTHAIBI.

ITpuGop MMeeT MHTYUTHUBHYIO JIETKOCTb MCIMOJb30-
BaHUsI C YHUKAJIbHOU BO3MOXHOCTBIO BBIMOJHUTh
«BCE» M3MEepeHMs 3a oAuH pa3. Mcmonb3yeTcsl OauH 1
TOT Xe LUYI ISl ocuuiorpa¢guyeckux HabJIoAeHUI,
U3MEPEHUI HAa MYJIbTUMETPE, UBMEPEHUN COIIPOTUBJIE-
HUST 1 €MKOCTH W TIPOBEPKM IIETIOCTHOCTH BJIEKTpUYE-
ckux 1eneir. M Bce 3T0 coderaeTcsi B MUHUATIOPHOM
pyuHoM mpubope (puc. 3.43) BecoM Bcero B 1,1 KT, 4yTO
obecrieunBaeT JIETKOCTh TMepeHocku. Hebospime pas-
Mepbl TO3BOJISIIOT MOJOXUTh MPUOOP B KapMaH OOJb-
IIMHCTBA KOMOWHE30HOB. JKecTkasi ymapornpouHas
KOHCTPYKIIMSI KOpHyca C 4exJIoM-(pyTJIsipoM obecrieum-
BA€T UIMTEJIbHBIA CPOK AKCIUIyaTalliyd U HAaIeXHOM pa-
OOTHI B MPOM3BOJICTBEHHBIX YCIOBUSIX.

bnaromapsi o0beIMHEHUIO TpeX HauboJee MOMyJsip-
HbBIX U3MEPUTENbHBIX UHCTPYMEHTOB — oclujuiorpada,
MYJBTUMETPA W CaMOMuclla MPUOOpP MO3BOJISIET OOHA-
pYXMBaTh HEUCTPABHOCTU OT TIPOLIECCOB JUISIIIUXCS Puc. 3.43. Cxonmemp
HAHOCEKYH/bI, A0 MPOLIECCOB JINTEJIbHOCTbIO B MeCs- ¢upmor Fluke 123
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1bl. JIByXKaHaJabHbINM LM@pPOBOi ocuuiorpad ¢
noJjiocoii mponyckanus 20 MI'n u 1ByXKaHaIb- EEEE Ui 5 1E 2N
HBIA LU(MPOBON MYJBTUMETP IMO3BOJSIOT U3ME- " %
PATH MHOXECTBO MapaMeTpoB. LlndpoBoit Myiib-
TUMETP MCTUHHOTO 3(G@PEKTUBHOIO 3HAYCHUS C
paspsaHoctbio gucries B 5000 oTcyeToB mpu
touHoctu 0,5% obecrieunBaer 26 TUIIOB U3Mepe-
HUIi, BKJIOYAsl HAMpsDKEHUE MOCTOSIHHOTO TOKa,
¢ deKkTnBHOE HaMpsKeHWe MepeMEeHHOTO TOKa,
yacToTy B I'll, CKBaXXHOCTb, JJIMTEJIbHOCTb UMITY-
JIbcOB, (ha30BBIN CHBUT ABYX CHUTHAJOB, TOK, _ :
temneparypy, Crest Factor, 1bB, nbwm, compo- S0k imsa B irigAl Br ¥ Uk

I
THUBJIEHUE, LIEJIOCTHOCTD LIeTIel, XapaKTePUCTUKY A oue < [IEEY TR IeGER CONTRAST

AHOLIOB, EMKOCTb. iits Triggering of the 123 satehes |

JByxxkanampHast ¢pyakums TrendPlotd otcie- virtually any sigmal, even data.
JKMBaeT cOOM 3a CYeT HeIPEephIBHOM 3alucu I0-
Ka3aHWU B TEYEHUE BPEMEHU OT MHUHYT 10 HE- Puc. 3.44. [lucnaeii ckonmempa
CKOJIBKMX CYTOK. 3aIlChIBAIOTCS MAaKCUMAJIbHbIE Fluke 123

1 MMUHHMMAJIbHBIE TTOKA3aHUS ¢ OTMETKAMU IaThl
U BpeMeHHU. JIByXKaHaJbHOCTb OOECIIeUMBAET MOUCK IO KPUTEPUSIM «IIPUYMHA U Pe3y-
JIbTaT».

Bonbuioit u sipkuii hayopecueHTHbIM AUCIUIe ¢ (POHOBOM MOACBETKOM M XOJOIHBIM
KaToJ0OM 00JIaaeT OTJIMYHBIM KOHTPACTOM U TIPEKpPacHO BUAECH KaK B TEMHOM YIJIy, TaKk
U TIpU SIpKOM JHEBHOM cBete (puc. 3.44). bartapeiiHoe nMuTaHue ¢ UHAMKATOPOM I103BO-
JISIET TI0JIb30BaThCsl MPUOOPOM B JItoOOM MecTe. Bpemsi paboTsl oT 6aTapeit — no 5 ya-
coB. ObecnieunBaeTcst ObICTpast Mepe3apsiika aKKyMyJIsITOPOB.

Bo3moxkHast mocTtaBka ¢ ipuHTepoM U mHTepdeiicom K T1K, a Takke mporpaMmHoe
obecnieueHue i1 Windows ympolnaloT 3agadyu JOKyYMeHTUupoBaHMs. IlonkiodyeHue
ckomnmeTpa 123 K KOMIbIOTEPY CO3AaeT YHUKAIbHBIN KOMIBIOTEPU3UPOBAHHBIN KOHTPO-
JIBHO-U3MEPUTENIbHBIN KOMIUTeKe. [lokazaHWs CKOIMeTpa MOXHO Terepb IpocMaTpu-
BaTb Ha OojbloM 3KpaHe aucruies [1K, ¢duxkcupoBath WX B YCTpOWCTBAX MaMsITH
KOMIIBIOTEpA, PacIleyaThIBaTh JIFOOBIM IIPMHTEPOM M BBIIOJHATH JIIOOYIO MaTeMaTh4de-
CKYI0O U CTaTUCTUYECKYI 00pabOTKYy JaHHBIX.

IMopraTuBHbI MbpOBOI 3antoMuHaIOIIMIi ociiuiutorpad cepun 120 nmeer 2 kaHana
¢ npeaenbHbIMU yactoTaMu 20 wiu 40 MI'1/kaHan, mo 25 MJIH. BRIOOPOK/C Ha KaHam
(OIVHOYHBIN CUTHAN), BEPTUKAIBHYIO pa3BepTKy oT 5 MB/nen no 500 B/xen, 26 aBrouns-
MEepEeHMI, BCTPOCHHBIII MYJBTUMETP M peructpaTop, mamsth 500 Touek Ha KaHal, yep-
Ho-0embrit KKM — 102 MM, akkymymsaTop, Bec 1,2 kr, 232 x 115 x 50 mm.

OTnnuust TpubopoB
FLK-123: 2 kanana 20 MI'u/kanan (20 He/men — 1 muH/nen.), namsarb Ha 10 sKpaHOB;
FLK-123S: 2 kanana 20 MTI'n/kanan (20 Hc/nen — 1 muH/nen.), maMsath Ha 10 skpa-
HOB; paciMpeHHass KoMmruiektaiss — Habop SCC120: xabens mis [MK, 10, yemonan-
YUK;
FLK-124: 2 xanana 40 MI'u/xanan (10 He/men — 1 muH/nen.), maMsTh Ha 20 9KpaHOB,
KYPCOPHbBIE U3MEPEHUSI;
FLK-124S: 2 kanama 40 MI'n/kanan (10 uc/men — 1 muH/nen.), maMmsats Ha 20 3Kpa-
HOB, KypPCOpPHbIE M3MEPEHUS; pacluupeHHass Komiektauuss — Habop SCC120: kabenb
g IK, 1O, yemogaHUmK.
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IIpubopsl cepuu B 3T0 Oo0jiee IMPOKOIOJOCHbBIE ocLuorpadnl. Tak, ckonMmerp
99B comepxut ocuumuiorpad ¢ monocoit B 100 Mrii, 4acToToif OTCUETOB 5 MJIPA B OIHY
cekyHay u 30 k6aiT maMsATh. DTOT NPUOOP MOXKHO B3SITh KyAa YroaHo. Jlerkuii, He 00s1-
LUMICS YAApOB, BOAOHEIIPOHMLAEMBbIM, 3alUMLIEHHBIA OT IONAagaHWs MbUIM U TPA3U.
ScopeMeter Becut Bcero 4 ¢ynTa (1,8 k). Ero pasmepsr: Beicota 10,8" (275 Mm); mm-
puHa 5,5" (140 mm); TommuuHa 2,5" (65 mm). C akKyMYJISITOPHOI Oatapeeil, pacCuMTaH-
HOIf Ha 4 yaca paboThl, MOXHO TIPOBOJIWTH U3MEPEHHUs B JIIOOOM MecTe. Bricokast Bep-
HOCTb OTOOpaxkeHUsl curHaja odecrieunBaiorcsl nosnocoil B 100 MI'L, nByxKaHaabHBIM
CHUTHAJIbHBIM TPAKTOM M HETPEePhIBHOI 4acTOTOil oTcueToB B 5*109 1/c.

SIpKuii, BBICOKOKOHTPACTHBIN >KUIKOKPUCTAINIMYECKUIA MUCIUIEH, CITOCOOHBIN CO-
MepHUYATh C HACTOJIBHBIMU ocImutorpadamu, odbecreuynBaeT JIETKYI0 YUTAEMOCTh TIpU
pabote B J11I000M MecTe.

BHelrHuii 3amyck TO3BOJISIET JIETKO PEIIUTh CIOXHBIE MPOOJEMbl CUHXPOHM3AIINH.
BoamoxkeH 3amyck 1o ¢poHTY, OT BUACOCUTHAJA, XKIYIIUNA WA O CUCTYUKY UMITYJIb-
coB. 3ajepkKa 3armycka MeHsietcst oT 20 neseHmii (orepexkeHue) no 640 geneHuUii mka-
JIBl Pa3BEPTKHU.

®yukuusg nporaosuposanust (TrendPlot]) ¢ oTMeTKO# IaThl ¥ BpeMEeHM 3alIOMUHA-
eT moboe u3 28 uamepeHuint Ha cpok g0 40 nHeit. OHa MoMoraeT ykasaTh T€HACHIIUIO
(MMH., MaKcC., CpeIH.) 1 TOYHO OTMETUTh MOMEHT IOCTVKCHUS.

IMamsates ckonMmeTpa uMeeT oobeM 30 KOalT. DKpaHHas 3alMCh MO3BOJSIET COXPAHUTD
o 125 sKkpaHHBIX U300pakeHU, paboTaeT B peXrMe OTHOKPATHOU WIJIM HETPePBIBHOMN
pa3BepTKU, CXBaTbIBasl TOJBKO HayaJlbHble COOBITHUSI WM TOJHBIA MAIIMHHBIA LMK
HneanpHOe CpencTBO ISl KOHTPOJIS 3aITycKa MalllMH, TIOJTHOTO padovyero nKiIa, NCTOU-
HUKOB MUTAHUS U CUCTeM OecriepeOOiHOro muTaHus.

JomomHuTeIbHAS MaMsITh CIIOCOOHA XpaHWTh 10 40 MOJIB30BaTEIbCKMX YCTAHOBOK,
20 ocumsiorpamMM U 10 a3KpaHHBIX U300paKeHUI 111 MTHOBEHHOTO BbI30Ba, CPaBHEHUS
WIN TIeYaTH.

Pa3zHooOpa3Hble cpeacTBa M3MEPEHMsI C MTOMOLIBIO Kypcopa BKJIIOUYAIOT M3MEPEHMUSI
cpemHero HampstkeHUsl, 3(pMeKTUBHOTO 3HAYEHUSI IEPEMEHHOTO HAPSKEHUSI, YaCTOTHI,
BPEMEHM HapacTaHMsl U cIlaja, pa3Maxa, BpEMEHHOTrO MPOMEXYTKa MEXIy KypCcopaMM,
BPEMEHHOII OTMETKU Kypcopa (BpeMEHM CYTOK WJIM BpeMEHM OT Hadaya), pa3HOCTb Ha-
MPSIKEHUIA MEXIY MUHMMAJIbHBIM M MMKOBBIM, (ha30BbIii CABUT, MTHOBEHHOE 3HAYCHUE
HaIpsDKeHUS TToa KypcopoM. Bo3moxkHa onmdpoBKa IIKaisl B aMIiepax.

3amyck OT BHUICOCUTHaJa C BbIOMpPaeMbIM HOMEPOM CTpOKU. Bribop u3 cucrem
NTSC, PAL, PAL/M, SECAM wuiu mporpecCMBHOII pa3BEepPTKH C BHIOOPOM HOMEpa
ctpoku 1o 32000.

B mpuBeneHHBIX HMXKE TaOIMIIAX JaHBI ITapaMeTphl CKOIMETPOB cepur B (upMmbl
Fluke.

CkonMeTtpsl cepun 9XB mMeIOT psim HOBUHOK: Pa3BEPTKY IPOU3BOJBHBIX CTPOK Te-
JIEBUBMOHHBIX CUTHAJIOB MHOXECTBa (hOpMaToOB, BO3MOXKXHOCTh PA0OTHI B KaU€CTBE 3aIl0-
MMHAIOIIEro ocumuiorpada (MOryT (pMKCHMpPOBAThCS CUTHAIBI 32 MECSIIIbI HAOMIONECHMIA),
XpaHeHWEe MHOTHUX 9KPaHOB B TIaMsTH, MaTeMaTUYECKYI0 00pabOTKy curHaioB u ap. Kak
1 CKONMETPhI cepum 123, OHM MOTYT MOJKJIIOYAThCS K KOMITbIOTEpAM, M Ha MX OCHOBE
BO3MOXHO CO3/IaHWE KOMITbIOTEPHBIX M3MEPUTEIbHBIX KOMIUIeKcoB. lleHa Hambosee
MPOIBUHYTHIX Moaeneit atoit cepumn nocturaet 5000 nommapos CIIA.
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I'zasa 3. l{ugpossie u cmpobockonuueckue ocyurrozcpagot

Cso0nas mabauya npubopos ScopeMeter(] B

®yHkumm ocuunnorpada

Tun npubopa Fluke 105B Fluke 99B Fluke 96B Fluke 92B
lMonoca nponyckaxus 100 My, 100 My, 60 My, 60 My,
Makc. YacToTa NoBTOpeHUst OTCHETOB 5I'ebl6/c 5 I'eblb/c 2,5 Bbl6/C 2,5 Bbl6/C
KonuyecTso kaHanos 2+BHeLw. 3an. 2+BHew.3an. | 2-+BHeL. 3an. 2-+BHeL. 3an.
Bpemsi HapacTaHust nepexoaHoii <3,5Hc < 3,5HC <5,7Hc <5,7HC
XapaKTepUCTUKM 5Hc — 60 ¢ 5HC — 60 ¢ 5Hc — 60 ¢ 5HC — 60 ¢
Passeptka Bpemsi/nen 1mMB — 100B 1iMB-100B | 5mB - 100B 5vB - 100B
MaciuTab no septukanu B/nen 512 512 512 512

[nuna 3anucw (6alir) 10/20/40 10/20/40 5/10/20 —/-/-
Akpan/Ocumnnorpamma/Mamsitb + + + +
YCTaHOBOK

HenpepbiBHasi caMoHacTpoiika + + + +

(DuKcMpoBaHME NUYKOB
JMTENbHOCTHIO B 40 HC

3anyck ot BupeocurHana NTSC, PAL, + + + +
SECAM 1 TBBM (c BLIGOPOM CTPOK 1

nonen)

OnepexeHwe/3anepxka 3anycka -20 / +640 —20 / +640 -20 / +640 —20 / +640
(B nenexusx)

Pexum orvbatoLueii (MuH/makc) + + + +
1 CrXMBaHMS OCLIMIONPAMMbI

M3mepeHue Toka co crew, 3axumamu | + + + +
(mononH.)

ScopeRecord] — MamsTb + + + _
ocuwmnnorpam 30k

/13mepeHus ¢ Kypcopom + + + -
Mar. onepauym Hag, + + - _

OCLMNIOrpaMMamMm (YMHOXeHMe,
VHTErpupoBaHue, +, —, Gubtpaums)

@DyHKUMKU MYNLTUMETPA C aBTOBLIOOPOM Auana3oHa N U3MEpeHNeM UCTUHHOTO 3¢ PEKTUBHOrO

3Ha4YeHus
Tun npubopa Fluke 105B Fluke 99B Fluke 96B Fluke 92B
LLikana aucnnes 3000 otcy. 3000 otcy. | 3000 oTcy. 3000 oTcy.
(ocHoBHas norpetuHocTb 0,5%)
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[JlononHuTe. BO3MOXHOCTY (M3MepeHmne |+ + + +
TeMN-pbl, TOKa, CKBAXHOCTM, ANNT.
MMNY”bCOB, 4B, 4acToTkl, TOKA, ABM,
00/MuH. 1 fip.)
lpoBepka Mof0B 1 3BYKOBas + + + +
CUrHaNM3aLys OTCYTCTBUS 0OPLIBOB
®yHkuma TrendPlot (MuH/Makc) + + + +
C OTMETKOI JiaTbl U BDEMEHHU
®yHUMM UMPPOBOrO MyNLTUMETPA + + + +
Haf, OCUMNIIOrPamMMmoii

00wwme xapaKTepucTUkm
Tun npubopa Fluke 105B Fluke 99B Fluke 96B Fluke 92B
BbICOKOKOHTPACTHbIA NONYTOHOBOW + + + +
yepHo-6enblii XK avcnneit ¢ GpoHoBOV
MOACBETKON
Mepepaya ocumnnorpamMmbi + + + +
11 COAEPXMMOro akpaHa B [K,
[JVCTaHUMOHHOE YNpaBneHne
lMepepnaya conepxumoro akpaHa B NK | + + + +
3apsigHoe yetpoiicTtso 1 NiCd barapes | + + + +
Ha 4 yaca paboThbl
[MpuHTEPHBIA MHTEPdENC C ONTPOHHOR | + + + +
pa3BsI3KoN U (BOMOMH.) MHTEPDEICHDI
kabenb k MK (ang 105B)
CnpaBoyHas MHGOpPMaLKs N0 BbI30BY + + + +
3awwmra IEC-1010-1, EN61010-1 kar. | 40 40 40 28
Il v UL Ha 600 B 3.
AsTOMaTMYECKas YCTaHOBKA + + + +
U3MeEpPEHMin
['eHepatop/Bbixos npoBepkm + + + -
KOMIMOHEHTOB
lMporpammHoe obecneyermne ans MK + + + -
u kabenb PM 9080
JKecTkuin Kopnyc 4nsi nepeHocku + + - -
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I'zasa 3. l{ugpossie u cmpobockonuueckue ocyurrozcpagot

Cepusa 190 — ScopeMeter

Hns cnoxubeix npuMeHeHuit Fluke mpennaraer camble MoliHble ckonmmeTpsl 190 ce-
pUM cO creUMdUKALUIMU, KOTOPhIe BCTPEUAIOTCSI TOJBKO Y BHICOKOKAYECTBEHHBIX Ha-
cToJibHBIX ocumytorpagoB. C nuanazoHoMm 4vactoT a0 200 MI'u u yacToToii BHIOOPKU
peaqbHOro BpeMeHH 1o 2,5 'B/c Ha BXxome U 00beMOM MaMSITU PErUCTpallii COOBITUI B
27500 Touyek Ha BXOJe, MPUOOPHI MAEATBLHO IOAXOMAT UISI CIEMAIMCTOB, KOTOPHIM
HY>XHBI Cepbe3Hble ocuuuiorpadbl, coBmeliaionme (QYHKIUU psila U3MEPUTETbHbBIX
NMpUOOPOB U UMEIOIIIME OaTapeiiHoe MUTaHUeE.

Otnnuus npudoOpoB:

Fluke-192B: 2 wusonupoBaHHbIXx KaHasa o 60 MIn — 500 MS/c (10 Hc/men —
2 muH/nen), yepHo-0enbiii KK-3KkpaH;

Fluke-192B/S: Fluke 192B + untepdeiicHbiit Habop SCC190: kabenn, I10, yemomaHUUK;
Fluke-196B: 2 wusonupoBaHHbix KaHaja mo 100 MI'u — 1 GS/c (5 Hc/men —
2 MuH/Oen), yepHo-6esbiil KK-aKkpaH;

Fluke-196B/S: Fluke 196B + untepgeiicubiii Habop SCC190: kabesn, [10, yeMogaHYKK;
Fluke-199B: 2 wm3ommpoBaHHBEIX KaHaima mo 200 MIu — 2,5 GS/c (5 Hc/men —
2 MuUH/Oen), yepHo-0esbiii 2KK-aKkpaH;

Fluke-199B/S: Fluke 199B + untepgeiicubiii Habop SCC190: kabenn, [10, yeMogaH4KK;
Fluke-196C: 2 wusomupoBaHHbIX KaHaiga mo 100 MIn — 1 GS/c (5 Hc/men —
2 muH/nen), usetHoi 2KK-skpaH;

Fluke-196C/S: Fluke 196C + unrepdeiicubiii Habop SCC190: kabenb, [10, ueMomaHYMK;
Fluke-199C: 2 wusonupoBaHHbix kKaHana mo 200 MIu — 2,5 GS/c (5 Hc/men —
2 muH/nen), usetHoi XKK-sKkpaH;

Fluke-199C/S: Fluke 199C + unrepdeiicHbiit Habop SCC190: kabenb, 10, yeMonaHYMK.

Z[OHOJIHI/ITGIIBHLI@ akKceccyaphlI:

— aganTep Ui MOAKIIOYeHMsT puHTepa K ScopeMeter PM9080/001;

— ontuyeckuii RS-232-uHTtepdeiicHblil Kabeab s MoakaouyeHus ScopeMeter k
MK SW90W/033EFG;

— IO mna FLK-123-190.

CBonHasl TabiMila mapaMeTpoB M BHEIIHWI BUI HOBBIX CEPUIl CKOIIMETPOB KOMIIA-
Huu Fluke mpencraBieHsl Ha puc. 3.45.

Ocuwmiorpadsl Fluke 199C u 196C MMEIOT LIBETHOM XUIKOKPUCTAJUIMYECKUIN K-
paH, 4TO MO3BOJISIET JIETKO pa3inyaTh OTAC/IbHBbIC OCLUJUIOIpAMMbI 10 MX LIBETY M Ha-
OyfoaTh WX TIPU MaKCMMaJbHOM pasMepe. JIpyrre CKONMETPHl MMEIOT 4YepHO-OebIid
BKpaH U JJIsI YETKOro pasie/ieHus OCLIIIOrpaMM MX OCLIMIIOTPAMMBbI IPUXOIUTCS HE-
pPEeIKO cMellaTh Mo BepTUKaiu. [1py 3ToM IMojHOe pasieneHne OCIMUIorpaMM BO3MOX-
HO IIPY YMEHBIIEHUU UX pa3MepoB. [1pubOpbl UMEIOT PeXUM MHEPLUU (IIOCIECBEYCHMS
nnn niepcucteHn). Ocimiuiorpadbl ¢ IIBETHBIM OKPAaHOM MMEIOT PETyJIMPYyeMbIid pe-
KMM TIOCJIECBEYEHMSI, a IIPUOOPHI C MOHOXPOMHBIM 3KPAHOM TOJIbKO BKJIIOUEHHUE WIIM
BBIKJIFOUEHUEM 3TOTO PeXKUMa.

Bo Bcex npubopax Bo3MoxkHa paboTa Kak ¢ OOBIYHBIMU OCLUJIIOrparuIeCKUMU BX0O-
JJaMH, TaK W CO BXOIOM C TaJIbBaHUUYECKOM pa3BSI3KOil, YTO BaxKHO, HAIIpUMEp, MPU U3-
MEPEHMSIX Pa3HOCTU HAIPSDKEHMI MEXIy ABYMs He3a3eMJICHHBIMM TouKamu. [1pubopsl
YIOBJIETBOPSIOT CYIICCTBYIOIINM TPEOOBAaHMSAM K 0€30ITaCHOCTH TIpHU paboTe ¢ Impudopa-
MM 0e3 3a3eMyieHMs. B couyeTaHMM ¢ aBTOHOMHO# paboToii, MaJbIMU rabapuTaMy U Mac-
CaMM 3TO CHOCOOCTBYET MX IMPUMEHEHMIO B MOJEBBIX U MPOMBILIUIEHHBIX YCIOBUSIX.

Ipu6opsr Fluke 199C u 196C nMeoT XOTsI U HE peKOPAHBIE, HO TOCTATOUHO BBICOKHE
YacTOThl KaHAJIOB BEPTUKAJbHOIO OTKJIOHEHUS (BEpXHsISl TpaHM4YHas dactora or 60 1o
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CEPI1A CEPS1 190C SCOPEMETER CEPS1 190B SCOPEMETER CEPMA FLUKE 120
BETHOW QCMAEN

MOJENb FLUKE 199C FLUKE 196C FLUKE 199B|FLUKE 196B [FLUKE 1928 | FLUKE 1 FLUKE 123

W ‘MR

Donpobree | NoapofHes
40 MMy, 20 Mry

25 My Z5Mry

Noapofines Doapofnes Doapofines | [
Monoca 200 MMy 100 Mry 200 My 100 My
[Make. uactoTa AMCKpETHIALAN & pEXHNE 25 M 1,0 25 u 1,0y
lpeaneHoro spenetn
Make. anuna sanucn (na npuBop) 1200 Todec 512 vouex (min/max nap)
[HHEno exoace 2 oCUNNOrpaHUECKE W 1 DMM (H30nHp.) 2 0CLMANGrp, WnK DM
[Bxoanas wyBcTEHTENEHOCTE oT 2 nB/aen. Ao 100 B/aen. oT 5 mB/nen. Ao 100 B/aen. o7 § nB/nen. Ao 500 B/aen.
A 3o Bx0Ab! + —
|Dncnned v peskuriel oTobpaxendn
Bnenned UgetHok [ MonoxponHelA MonoxponHelR
MAepumra (Neponcrenuma) UnibpoBan © perynnpyensin speneren | Brn/Beikn. —
Peknn ornbarowen +
[Cpasrenne acunnnarpanm +
[TecTMpoBaHne ronen/HeroasH + [ —
Eunxponkzayna
[Connect-and-View
Mo dpoHTy, 0ARHOUHEIR, NpoHzEONEHEIR
Braeo
[Brasocrporn
Mo whphie nnnyneca

c onuwed ITF 120

[+ [+ |+ ]+
+ [+ [+ [+

Brewnan
[RononnuTenshbie dyHkLKA

Kypeoper

[Eoom

[e-x exoaceei Trendplotm

Pexnm ScopeRecord™

[ABTONaTHAECKNH 3axBaT K BOCTpONIEEAEHNE
Inocnennms 100 skpaHoe

Maremarhica ¢ ocunnnorpammani +
[Coxpanenne nacrpoex n akpanos 10 zn [ 10
[True RMS-MyneThneTp 5000 oTe4eTos HanpAkeHHe, Tok, CONPOTHENEHNE, NPpOIDOHKS, NPOBERKE AHDADE, TENNEpaTypa
[Fesonacnocrs, nuranue w rapantus
[EezonachocTs (EN61010-1) 1000 ¥ CAT 11/ 600 ¥ CAT 1T [ 600 ¥ CAT IIT
Eatapen 4 vacos Ni-MH |7 4acoe NiMH [4 sacos Micd
Murepdec Nk/nprnrep ONTHUECkN M30NMpOBaHHLIA Kabens RS-232 Thna PMIDE0 (anuma)

Fapanmia 3 roAs Ha NprBOp W L rOA Ha CTAHASPTHEIE SKCECCYaPE!

Fafapuhkie pasmeper 250x169x64 mn [ 232x115x50 nm

Bec Zwr 1,2 kr

+ ||+ + |+

Puc. 3.45. Ceodnas mabauya napamempos HoBbix cepuli ckonmempos gupmol Fluke

200 MTI11), 9TO MO3BOJISIET UCTIOJIB30BATh MX TIPU HAIAKe U UCCIENOBAHUU YMEPEHHO
BBICOKOUYACTOTHBIX JIEKTPOHHBIX YCTPOUCTB. TYT OHM MOTYT KOHKYPUPOBATh C MAaCCOBBI-
MU MoaensiMu ocuuiiorpados Tektronix. UTo KacaeTcs 6oJiee HU3KOYACTOTHBIX MPUOO-
pos Fluke 123/124 ¢ rpannunbiMu yactotamu 40 u 20 MI'11, TO OHM paccUuTaHbI Ha TIPU-
MEHEHHE B KaUeCTBE CEPBUCHBIX OCITUILTOrpadoB ¢ paCIIMPEHHBIMU BO3MOXKHOCTSIMU.

IMopratuBHbie ocumnorpadsl Fluke oTimyaloTcs CBOMMM JOIOJHUTEIbHBIMU BO3-
MOXHOCTSIMM. 3a muckimodeHneMm npuodopoB Fluke 123/124 Bce apyrue ocuuuiorpadsl
UMEIOT (YHKIIMKA M3MEHEHMS pa3Mepa ocLuiorpamMMm (Zoom), pexXuM 3aucH OCLIWII-
snorpamMm (ScopeRecord), aBromaTuueckuii 3axsat U BocrpousBeaeHue 100 mocieaHux
OCLIMJIIOTPAaMM, MaTeMaTHUYECKyl0 00pabOTKy OCHMJUIOrpaMM M (DYHKIIMM COXpaHCHUS
HacTpoek. Bce mpubopsl (kpome Fluke 123) mmeroT pexuMbl KypCOPHBIX U3MEPEHMI.
Jns moakioueHusl TIpUHTEpa K ocUuIIorpadaM MCIIOAb3YeTCs ONTUYECKUI Kadelb C
untepdericom RS-232. B 00s13aTe/IbHBI KOMIUIEKT OH HE BXOAWUT U MOCTABJSIETCS OIl-
LIMOHAJIBHO.

Y1mo6¢TBY pabOTHI ¢ TIpUOOpPaMM CIIOCOOCTBYET BCTpoeHHBIN True RMS-mymsTuMeTp,
obecrieynBarolnii HMOPoBoe 0TOOpakeHUe MapaMeTPOB MCCIeAyeMbIX CUTHAJIOB Ha 9K-
pane ocuwutorpadoB. biaromapst atomy ocimumorpadsl Fluke ogHOBpeMeHHO BBITION-
HSIOT (DYHKLMU MYyJbTUMETpa, oOecrieurBasi TUIIOBbIe U3MEPEHUSI HAMPSDKEHUsI, TOKa 1
COIPOTHUBJICHUS, a TAKXKE «IPO3BOHKY» MTUOJOB U U3MEPEHUE TeMIlepaTypbl. Bo3aMoxHO
3aroMuHaHue 10 5000 oTcueToB M3MEPSIEMbIX BCTPOCHHBIM MYJBTUMETPOM TMTapaMeTpPOB.

J7s1 MopTaTUBHBIX OCUMIUIOrPA(OB OJHUM U3 BAXKHEHUIIMX IMapaMeTPOB SIBISIETCS
BpeMsI HEMpPEepbIBHOW aBTOHOMHOM pabOThl OT aKKyMYJSTOPHBIX Oarapeil. DTo BpeMs
cocraBisieT 4 yaca, 3a uckimoueHueMm Fluke 124, y KOToporo 3To oHO OOJIBIIIE W TOCTH-
raeT 7 yacoB. EcTecTBeHHO, Bce MPUOOPHI MOTYT MUTAThCS U OT CTAHIAPTHOM CETH Iie-
pemeHHOTro Toka. CTOUT omHaKO MOMHMTE, uTO B CIIIA mcmob3yercs ceTh IIepeMeHHO-
ro Toka ¢ HanpspkeHueM 120 B u yactoroit 60 I'i. Ha mpubopbl maeTcst TpexroguyHast
rapaHTys, a Ha akceccyapbl K HUM TOOWYHAS TapaHTHUs.
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3.4.4. N'padunyeckue mynbTuMeTpbi-ocuusiorpadpsl pupmol BEETECH

IMopraTuBHbIe 1IM(GPOBBIE TPUOOPHI — MYJBTUMETPHI TTOIYYMUIN TTOMCTUHE MacCOBOE
npuMeHeHre. OObIYHO OHU MPUMEHSIIOTCS IS U3MEPEHUs OCTOSIHHBIX U TTePEeMEHHBIX
HaMpsKeHW M TOKOB, PE3UCTUBHOCTH, €EMKOCTH M MHAYKTMBHOCTU (MHOTAA €Ile TeM-
reparypsl, IapaMeTPOB AUOAOB U TPAH3UCTOPOB U T. 1.). DTU MajorabapuTHbIC U JIellle-
Bbl€ TIPUOOPHI MOYTH BHITECHWIM U3 C(epbl cepBUCa TOPOTMEe M TPOMO3IKME LGP POBLIC
BOJIBTMETPBI, OMMETPBI, YACTOTOMEPBI U Apyrue npuoopsl. EAMHCTBEHHO, YTO HE XBaTa-
JIO 9TUM TpubopaM — HaJu4usl ocuusuiorpada.

PbIHOK MyJIBTMMETPOB C BCTPOEHHBIM OCLMJIIOrpadoM ObIT OBICTPO 3arloJHEH pPsi-
nom ¢upMm. OnHoii u3 Hux ctasa BEETECH, BeinycTuBmiasi cepuio M3 Tpex rpadude-
CKMX MYJIBTUMETPOB-OCLMLIOrpadoB, MOKa3aHHYI0 Ha puc. 3.46.

Puc. 3.46. I'paguueckue mysvmumempoi-ocyusrocpagor pupmer BEETECH

Bce nmpubopsl SIBISIIOTCSI MOJHOLIEHHBIMU MYJbTUMETPaMU, JOMOJHUTEIBHO BBITIOJ-
HSOINUMU (QYHKIIUKA TIPOCTOTO ocumiiiorpada. TexHudeckue XapaKTepUCTUKU Tpadu-
YEeCKUX MYJIbTUMETPOB-OCcIMIIOrpadoB MpeacTaBlieHbl Ha puc. 3.47.

W3 mpubopos dupmsel BEETECH oco0Orbrit mHTEpec BbI3bIBAIOT cTapinve Mozaean 700
u 700S (puc. 3.48). OHu comepXUT LMdpoBoit ocumiorpad ¢ mojaocoit yactor ot 0 1o
5 MTI'u u yacroTtoil BbiOOpok 25 MB/c. Paspeienue auciuies 160 x 160 Touek oGecrie-
YrBaeT €CJIM W He BBIAAIOIIEeCs], TO JOCTAaTOYHO BBICOKOE KavyeCTBO IIPEACTABIICHUS
OCLIMJIOTPAaMM — KOHEYHO JIaJIeKOe OT TOr0, KOTOPOe XapaKTepHO JJIsi HACTOJIBHBIX MO-
neneit mudpoBbix ocumwiorpacdos. B ocumiorpadax crapiumx Moaeneit mpemsycMoTpe-
HBI IIPOCTEHIIIE KYPCOPHBIE U3MEPEHUsI M Jaxke 3aXBaT UMIIYJIbCHBIX CUTHAJIOB.

OmmuurebHast ocobeHHOCTh Mojienn 700S — BCTpoeHHBIN (QYHKIIMOHAIBHBIN TeHe-
patop. OH 103BOJISIET MOJIyYaTh CUHYCOMAANbHbIE, MPSIMOYTOJIbHbBIE U TPEYTOJIbHbIE M-
nyJjbehl. JInanason yactot curHanoB oT 40 I'u mo 5 MI' pa36ur Ha 6 nuana3oHoB. Beixom-
Hoe HarpsikeHre (PYHKIMOHAILHOTO reHepaTopa oT 2 10 10 B (amminTygHoe 3HaueHue),
BO3MOXHO M3MEHEHNE CKBaXKHOCTH UMITYJIbCOB. Hapsimy ¢ BCTpoeHHBIM HIM(MDPOBHIM Yac-
ToTOMepoM 3To npeBpaiiaeT 700S B MUHMATIOPHYIO U3MEPUTEIHLHYIO 1a00paTOPHUIO.

3.4.5. NopTtaTnBHbie ocuyunnorpadsl pupmbl Velleman

IMopratuBHble HUPPOBLIE ocuuiorpadgsl BhimyckaeT ¢gupma Velleman. JdaHHbIE O
nponykunu dupMsel Velleman MOXHO HaiiTu Ha ee MHTepHeT-caiite www.velleman.be.
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33N T0 700 T005
ﬁgﬂ‘:‘c"&":mm“ 200 K 100 ki 5 ML 5 MMy
BpeMaHHAA fa3BSpTR 1-10F puifi. /oo, 1=10° oS/ cek. 26 10° BeIf. ek, 25-10F puif./cek.
Iucnnei 12864 128 B4 160 x 160 160x 60
MopseeTka guonnes - - + +
Kon-go kanance Qi
Hecnonsayemble Wynk Ana MynkTH METPa | InA MyneTHMETES W/ WAM ocuMAnorpada
PekiMb HACTRORKN ApTosmaTiiecku i PysHol
PazpepTia ] q!ne:;ﬂi;:rl:;?‘.l!mn. ] iL c"m?;;riﬁl'rnm 142.?3':{3?;'@ 23 co/gen. 14 wB (Bl/men.
Tpurrep + - + +
| Kypeop - + +
SaEAT MMITYNECHED CHTHANOE + + + +
Mymsnumerp + + + +
Dmcnned 354 paspana imax . 4000) + aHanor wkana
Buifiop npeasnce MaMepeHnil ApToMaTHYSCKH
Wamepenna Trus RMS + + | + +
ACV Ao TOOB
[ no 1000 B
ACI oo 20 4
DCl oo 204
Q ADD Om - 40 MOm
[+ A HP- 4 4 WP - 40 pedr A4 P - 400 medr
Blebiof, cHrHana 20 | u maki., TTL ypoEHA 20 ¥y make., TTL ypoBHa T8 Wy Make. [ dryHEL FEHEpaTop
TecTHpoBAHMWE Nor MKW + - Jornseckmii ananuzaro)
WMamepeHns YacToTe 100 K Maks. 0.5 Tu - 45 MTu marks. YacToToMsp
Zanuck HaYSHHA min/ e rniny M sy
Pk M oTHOCHTENEHEY M3MEPeH M + + + +
Pkl b HIMEDEHNA & STaHHEMH B B B n
aon oTENS
WamepeHue nepuoga + + + +
Wamepenue pafioysns upkna + + + +
Peknm NoHk. SHepronot pefineHu + + + +
KaHane &, B
YacToTomep Auanaz. & Mru- 1.3 Mu
Ouenned 8 unpp
Bl GHPHAn: chHye, TPEYT,
npa Miyur.rs nuagal"alguoa
oT 40 Ty on u
@yHKLHOHANLHLIH reHepaTop AHANOr. WKana CKBAKHOETH
(26-TS06)  aMnnuTyae (2-10 B)
Luenned 3 undpe
MNor TTL, C-MOS i3, 5 B) = COWH KaHan DMK KaHan
ABTomoGH NLHEIA aHank3aTop - + + -
ﬁ;ﬂ::zg::ua::mmepw TeMnepatypa, BRAKHOCTS, RABNSHHE , BHCTKEHE TOKR
MK nopemoyenne,
nszaz"uumpq;enc' * * * +
| Pesum HELP + + +
| Peum SET UP + + +
MpAMCS NOLKNKMEHHE K N HHTERY - + +
| Muranme Apantep wnn Habop Gatapsil
'azMep 192 x 92 x 55 MM | 210x 107 x 56 mm HO0x 0756 | 210x 107 x 56 MM
Bec q50 T [ N [ BO0 T [ B0 T
CAT Il {1000V DC)
CTaHnapTLl S230NacHoCT BT I TED i E I 3

Puc. 3.47. Texnuueckue xapakmepucmuKku epaguiecKux
mysemumempos-ocyusrozpagos dgupmer BEETECH

Bun omroro n3 ee ocumiuiorpados HPSS mokazan
Ha puc. 2.49. DTO0 HEe MYIBTUMETP, & MUHUATIOPHBII
GpoBoi ocuuorpad ¢ IMOJOCON TPOMYCKAHUS
1 MTI'u u yacroroii auckperusanuu 5 MB/c. JIluana-
30H pa3BepTOK Ipudopa or 2 Mkc/men po 20 c/men.
Taxkue mapameTpbl MpUOOpa yIOBIETBOPSIT pa3Be UTo
HaYMHAIOLIETO PaaroIoOUTeNsT WIM MacTepa Mo 00-
CIYXKMBaHUIO ayu0- U TEJICBU3NOHHOM aImapaTyphbl.
ITostomy pupma Velleman Ha3pIBaeT TaKue IMPUOOPHI
«TIEPCOHATBHBIMU OCHIMJITOTpachaMm».

TexHuyeckue XapaKTepUCTUKM 3TOTO OCLIMILIOL-
pada npencraBieHbl Ha puc. 3.50. HecmoTpst Ha 1ipo-
CTOTY BTOro mnpubopa, €My MPUCYILM HEKOTOpPbIE
BUIBI UI3BMEPEHMI, CBOMCTBEHHBIC COTMIHBIM HU(pPO-
BBIM oclLMJIIorpadamM: KypCOpHbIe UBMEPEHMS, UHIM -
Kalus pe3yIbTaTOB M3MEPEHMI B LM(MPOBOiIl hopMe
Ha 2KpaHe IMCILIes, U3MEpeHue LEeI0ro psaa mnapa-
METPOB HANpPsDKEHUs] U MOILIHOCTH, aBTOMAaTHYecKast

EEEEEEEEEER SR n o

Puc. 3.48. [lopmamusHuoLii
MYyAbmMUMEMDP-OCYUAL02DAG

700S ¢upmor BEETECH
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I'zrasa 3. Hugpossie u cmpobockonuueckue ocyusrozpagol

Puc. 3.49. llopmamusHeLii ocyusrozpagp

Puc. 3.51. Ilepconanvruelii ocyuarozpag
HPS5

HPS10

dupmor Velleman

AncKpETHEuma;

ExopHOA MMNeaaks |

MYBCKN R Ancnneii:
Hamepenue sammanun 8 g6 (0 gE=0.775 B):
dp .

CropocTs passepTion
LIwanasoH YBCTEMTEREHICTI HaL EXOLS
HanpaxeHue nMTaHHA:

BEpaM A aBTOHOMHOH pcﬁor»n
Pasmeper
Bec:

dupmor Velleman

SMMy

1 MM (- 2aE nph yetanoexe 1B/asn)

M Ona/ 20 N (CTOHOOPTHHA LY N ocuMnnorpada)

B 61T (G Gur Ha KKM)

Gl 128 ToMaK

-72 g6 440 AE (Ao €0 gE ¢ npobhnkom x10), Tounsers £ 0.5 aE
0.1 mB - 80 B (40 400 B ¢ npotnikom x10), TeqHocTe 2.5%

oT 20 ¢ 8o 2 mkc/a=n,

12 pwanosokoe o MB/nenao 20 B/ nen, (a0 200 B/ gen ¢ npotunia x10)
© B/300 MA NOCTOAHHOO TOKA (H2p2rynHpyemos)

THN A AN axkysynaTop NICC/NIMn 750 mayy (SwT)

20 vacos

105x220x35 mm

285 rp. G2a Satapei

* ABTOMAaTUYECKaA YCTAHOBKA Hanpﬂ)xeﬂnwp,an. W BpEMArOen.

* PexiMbl 3anycka: aBTOMaTUYSCKUA, OBRIYHBIA, xaywuil, dpoHT/cnan

+ MokasaHua cpedHEKBAAPATUUHOMD 3HAUEHWA W AB

* 3nauehna:Vde, Vpp, Vims, dBm (Macwrab x1 v x10)

& Peskvn Nofayl BU3YENEHOH HHGOPMAUMK: OBLIYHLIA,
MapKepbl, CETKA, BUSUP

« [lokasaTene mapkepa: dt, 1/dt, dV

* CBABL MO NOCTORHHOMY,/ NEPEMEHHOMY TOKY

* Peskiiv aBTOMATWHECKOrO BLIKMIOYEHWA W HENPEPHIBHOMA padoTkl

* UnpmkaTop paspana Gatapen

* BrniouaeT uens noazapagkm (Npu ucnonb3oBainm
AKKYMYNATOPOB)

Puc. 3.50. Texnuueckue xapakmepucmuku nopmamusHnozo ocyurrozpaga HPSH
dupmor Velleman

YCTaHOBKA PEXMMOB M3MEPEHMS U T. . DKpaH ocuuuiorpada XKUIKOKPUCTAIMYECKUIA
U UMeeT paspelueHue 64 x 128 Touek. DTO AeCTBUTEIBHO MUHHMATIOPHBIN IIPUOOP — €ro
Bec meHee 400 r (6e3 6atapeii), a pasmepbl 105 x 220 x 35 MM MO3BOJISIIOT HE TOJILKO HO-
CUTb €T0 B AUTIJIOMATe, HO M 3aCYHYTh B KApMaH CPEIHETO pa3Mepa.

IlepconanbHblii ocuumnorpad Velleman HPS10 sT1o ycoBeplleHCTBOBaHHbBINA Bapu-
aHT OMucaHHOU Bbilie Moaenu. Ha puc. 3.51 oH mpeacTaBiieH B TJIACTMKOBOW YMaKOB-
Ke. B takom Buze npubop nocrymnaet B npoaaxy. Kcratu, npubGopbl 310l (GUPMbI MOX-
HO TPUOOPECTU B Psijie POCCUICKUX Mara3uHoB, HanpumMep B «Hum u Jurm».

142



3.4. llopmamusnsie yugposovie ocyusrozpagol

IMomoca yacToT HaOMIOMAEMBIX CUTHAJIOB Y 3TOr0 oclujuiorpada pacuipeHa o
2 MTIu, a yactora kBaHTOoBaHus cocrtapisier 10 MI'u. ITpubop MmeeT JOBOJIBHO BBICO-
Ky 4yBCTBUTEJIbHOCTL — OT 5 MB 10 20 B Ha 12 geneHuii, nuana3oH pa3BepTOK OT
200 Hc go 1 yaca Ha 32 peneHus. MMeeTca aBroMmaTuMueckas yCTaHOBKa MacliTada Io
HAaIIPSDKeHUIO U TI0 BpeMeHU. EcTh MapKepHBIe (DYHKIIUM IJI M3MEPEHUS psiia aMILIHA-
TYOHBIX MMapaMeTPOB CUTHAJa, BPEMEHHBIX M YaCTOTHBIX MapamMeTpoB. s XpaHeHMS
OTCUETOB CHTHaJla MMEIOTCS ABEe 00jacTu mamstu. [lutaHue rnpuboOp mMosrydaeT OT CeTh
yepe3 amantep PS905 wnm menounbix au6o NiCd-akkymynaTopHBIX OaTapeil. Bpemst
paboTel oT Oatapeit 1o 20 Jacos.

Hucruteit ocumutorpada HPS10 xxuakokpuctayamyeckuil ¢ paspewieHuemM 128 x 64
TOYKHU. BUI peanbHBIX OCLMIUIOTPaMM U [PYroii oTobpaxaemoil nH(popManm nokasa
Ha puc. 3.52. JIoBOJbHO I'py0O MOXHO PacCMOTPETh AaxkKe TEJAEBU3MOHHBINA CUTHAJ.

N T
E Ll z
LD R I_Hh"*'m
\ }*}ﬂ.w:
S A A lﬁm : :
5EO. Hbi~Y 2 T-itd | | FS i Lo 0498w B
J‘“* r'ln-. "J"\. ’f-
*‘| ﬁ ﬁ { ‘ S s \q___j" S/
: ; | 5: E1 IA["‘\‘HE-E {2 541,
‘o.ooous | D.5E B, BdBx Y e
EOFS i [TOHT L = 0a2%biv .38 We | 5002 in L= B DISELAY

Puc. 3.52. Hzobpaxcenus na akpane ocyuarocpagpa HPS10 8 pasruunsix pexcumax soi800a

Ewe omun mpencraBurens ocumniorpados kinacca HPS40 mokaszan Ha puc. 3.53. Ha
5TOT pa3 OH TIPEICTaBJIeH B MIEPEHOCHOM YeMOJaHYMKe — Keiice. DTOT mpubop pekia-
MMpYeTCsl KaK MepeHOCHOI MepCOHaIbHbIN ocuuuiorpad.

ITonoca mpomnyckanusi mpudopa paciudpeHa a0 5 MIL npu 4YyBCTBUTEJIBHOCTU
5 MB/nmen u naxe go 12 MI't npu yyBcTBUuTebHOCTH OT 50 MB/men no 20 B/men, a yac-
ToTa muckpetudaunu go 40 MI'n (12 MI'1 mist eIMHUYHBIX UMITYJIBCOB). BXomHOIT nM-
negaHc mpudopa 1 MOwm/20 n®, ucroab3yercs CTaHAAPTHBIN 1Iyn ocumiorpada. Pas-
pPSAIHOCTH KBaHTOBaHUS 8 6UT. CKopocTh pa3BepTku oT 50 Hc/men 10 1 u/men (Bcero K-
paH umeet 32 gen). DkpaH ocuuyiorpada (puc. 3.54) XKUAKOKPUCTANIMYECKUN U UMEeT
paspemieHue 112 x 192 touek. Bec mpubopa — meHee 450 r (6e3 Oarapeil) a pa3mepsl
105 x 220 x 35 mM. [Murtanue ot cereBoro amantepa wiu 6atapeit (9 B, 300 MA). Bpemst
HeTIpepbIBHOI paboThl OT OGaTapeii 20 yacos.

HoBoe KOHCTPYKTMBHOE WCHOJHEHWE OCUUUIOrpadoB — TMaHEIbHbIE OCLUJIIOrpPa-
b1 — peanuzoBaHo B mpubope VPS10 ¢upmer Velleman (puc. 3.55). I[Ipubop mmeer
BBICOKOKOHTpacTHBIN KKW-nucrieir 1 1Mo TeXHUYECKUM XapaKTepUCTUKAM COOTBETCT-
Byer HPS10. Pa3mepsl ipubopa 165 x 90 x 35 mm.

CaMoii cepbe3HOIl pa3paboTKOil B 00J1aCTH MMHMATIOPHBIX OCHMILIOrpacoB (pUpMbI
Velleman ssisiercsa undposoii ocuusuiorpad APS 320 (puc. 3.56). D10 AByKaHaJIbHBII
ocuusuiorpad ¢ 4acToTol mporyckaHus kaxnoro kaHaia ot 0 no 30 MI'p u ckopocTbio
BbeIOOpKM 230 MB/c mist Kaxnoro kaHaia. I[Ipubop mmeer 4yBCTBUTENBHOCTH 30 MKB,
YyBCTBUTEJIBbHOCTh KaHama Y oT 1 MB/men mo 20 B/men, BxomHOI uMIemaHC
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I'zasa 3. l{ugpossie u cmpobockonuueckue ocyurrozcpagot

Puc. 3.53. Ilepconanvholii ocyusrocpag
HPS40 ¢upmor Velleman 6 keiice

1 MOwm/20 n®, pa3psamHOCTb BBIOOPOK
8 our, pa3BepTka OT 25 Hc/aen a0 1 y/men.
Hucnneit ¢ 6eabIM (POHOM UMeEET paspe-
meHue 192 x 128 Touex.

Takum 06pa3zoM, MO CBOMM ITapameT-
paM mOpubOOp IMPEBOCXOAMT TUIIOBBIC I1a-
paMeTpbl aHAJIOTOBBIX CEPBUCHBIX OCIIMJI-
jorpaoB, HO MMeEET LIeJIbId psil JOIOJI-
HUTETbHBIX GyHKIMIA, MIPUCYLINX
LMGpPOBLIM  ocuuIorpadam: 3armoMuHa-
Hue ocumuiorpamMM g0 170 yacoB, CTHI-
KOBKY C KOMIIbIOTEpOM MO  IOPTY
RS-232 (onmumonamsHo n mo USB), psin
LM(MPOBBIX M3MEPEHMI aMIUIMTYIHBIX U
YaCTOTHO-BPEMEHHBIX TTapaMeTpoB, Kyp-
COpHbIE M3MEpPEHUsI, U3MEPEHUS MOIIHO-
CTH, CTEPCOCKONMUCCKHMI pEeXUM TIpei-
CTaBJICHUSI 3BYKOBBIX CUTHAJIOB. Pa3mepbl
npubopa 230 x 150 x 50 Mm, macca ¢
barapesamu 850 T.

3.4.6. MopTaTnNBHbLIN
ocuunnorpad-mMmynbTUMeTp

DMM-740
®dupma SUMM BbllycKaeT IOPTaTHUB-
HBIIA ocuuuIorpad-MyJIbTUMETP

DMM-740, BHeIIHUII BUI KOTOPOTO IIO-
KazaH Ha puc. 3.57. DTo omHOKaHaJbHBII
mrdpoBoit ocumwmiorpad ¢ IpeacabHOU
yacTtoTtoit 1 MI'L 1 yacTtoToii cTpodupoBa-
Hus 25 MB/c. JJocTaTO9HO BBICOKAST IS
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Puc. 3.54. BrhewmHruii 8ud nepconanrbroco
ocyunnrozpagpa HPS40

Puc. 3.55. IlaneavHolii yugposoii
ocyunnozpag VPS19 dupmor Velleman

Puc. 3.56. Ilopmamusneiii yugposoi
ocyunnozpagp APS 320 ¢upmer Velleman



3.4. llopmamusnsie yugposovie ocyusrozpagol

nojockl B 1 MI'1 yacrora cTpobupoBaHUs
obecrieunBaeT MaJiblii YpOBEHb 1LIIyMa KBaH-
TOBaHUS B KaHajle Y, 4TO MO3BOJsIeT adek-
TUBHO OTJIABJIMBATh LIYMbl, HABOAKU U TIO-
Mexu B amnmapatype. LlndpoBoit MmynbTuMeTp
MO3BOJISIET, KaK OObIYHO, U3MEPSTh IOCTO-
STHHBbIE W TIEpEeMEHHbIe HAMPSDKeHUs U TOKH,
U3MEpSITh PE3WCTUBHOCTb (COMPOTUBIICHMUE)
U €MKOCTb, TIPOBEPSITh JAMOIBI U TECTUPO-
BaTh JIOTUYECKUE CXEMBI.

I[Mpubop wumeer wunHtepdeiic RS-232 u
MOXEeT TOJKITI0YaThCcsl K KOMIIBIOTEPY WU
MpUHTEpY. MoOXeT paboTath OT CETHM M OT
Oarapeit. KowmruiekTyeTcss TMporpamMMHBIM
obecrieueHrEM, NIyNaMM, aganTepoM CeTe-
BOTO MUTaHUsI, KabeneMm ISl MOAKIIOYEHUSI
K KOMIIbIOTEPY, OarapeiikaMu W WHCTPYK- Puc. 3.57. Mopmamusnowi
LIMei TI0 3KCIUTyaTaluu. ocyunrozpadp-mysomumemp DMM-740

Visusl DMM 740

3.4.7. NMNopTtaTnBHbie ocuunnorpadbi-mynbTumeTpbl pupmbl METEX

®dupma METEX BbeinmyckaeT psa  ocuuuiorpadoB-myasTUMeTpoB — MS-1280,
MS-2000, MS-2640 u DG Scope. OgHoKaHaabHbINA HU(GPOBOI 3aIIOMUHAIOIIMIA OCLIWII-
norpacd MS-2000 (puc. 3.58) moMumo 2-MerarepiieBoro ocuwuiorpada CoaepXuT ud-
pOBBIe MYJTBTUMETP U YacToToMep. LIndpoBoit MyJTbTUMETD CIYKUT IJIT U3MEPEHUS T10-
CTOSIHHBIX 1 TIEPEMEHHBIX TOKOB M HAIIPSIKEHUI, COIPOTUBIICHUS] U €MKOCTH, a TakKxkKe
JUIST TECTUPOBAaHUST AMOMOB M JIoruku. Jucruieir mMmeer 3 3/4 paspsiga (MakcuMMalbHOE
yuciao 3999), aBToMaTUYECKU BBIOOp AMamna3oHOB. YacTOTOMEp CIYKMT IUISI U3Mepe-
Hus yactot ot 5 T'u go 10 MTI'u. laHHbIe MOTYT mepeaaBaTbCcsl Ha KOMIIbIOTEp uepes
nopt RS-232 mng mocnenyronieit oopadotku. CraHmapTHash KOMIUIEKTaLUs: IMpuoop,
agarrtep, akKKyMyJISITOp, IIYITBI, Kabelb IS MOIKITIOUCHUS K KOMITBIOTEPY + IporpaM-
MHOE O0ecIieyeHue, Yexojl, MHCTPYKIUs. MoXeT MOCTaBIseTbCsl ¢ IOTMYECKUM aHaM-
3aTOpoM Ha 8 kaHanoB. IlporpammHoe oOecrieueHue pabortaer B cpeae MS-DOS u
WINDOWS. Anpec paspaboruuka B MHTepHeTe: http://www.imetex.com.

Bonee coBpemeHHast momenp KomouHupoBaHHoro npudopa DG SCOPE (puc. 3.59)
WMEET aHAJOTUYHBIA MYJIbTUMETP U YaCTOTOMEP ITOBBILIEHHON TOYHOCTU C 5 paspsiia-
MM MHAUKAUWU. JIByXKaHaJbHBINA HU(PPOBOI 3aIIOMUHAIOIINI OCLIJUIOrpad MMeeT mo-
Jocy yactoT g0 20 MIw.

IIpenenst uamepenus myastumerpa DG SCOPE:

e moctositHHOe Hampstkenue (400 mB, 4/40/400/1000 B);

e mepemeHHoe HampstkeHue (400 mB, 4/40/400/750 B);

e mocTosHHBIN TOK (400 MKA, 4/40/400 MA 20 A);

e mepemeHHBIN TOKt (400 MKA, 4,40, 400 MA, 20 A);

e pesuctuBHOCTH (400 Om, 4 kOwMm, 40 kOM, 400 kOm, MOM, 40 MOwm);

e mpoBepka nuoaos: (2 B);

e aBromaTumyeckue wusMepeHus: dBm, Auto/Data/Min./Max. Hold, Relative
off-set.

IMapameTtpbl ocuuiorpada:
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I'zasa 3. l{ugpossie u cmpobockonuueckue ocyurrozcpagot

Puc. 3.58. llopmamusneLii Puc. 3.59. BrewmHruii 8ud
myromumemp-ocyuarrozpad) MS-2000 Komburuposannozo npubopa DG SCOPE
dupmor METEX

e yacTOTHBIA nuana3zoH 0—20 MI;

e YYBCTBUTEJbHOCTb MO BepTuKanu: 5 mB/nen — 2 B/men;

* JUIMTEIBHOCTH pa3BepTku: S0 Hc/menm — 2 c/ner;

e Bugsl maMmepenuii: CH1, CH2, Dual, ADD, SUB, X-Y;

e 3amyck: Auto, Normal;

° KYypCOpHbIE W3MepeHMs: HamnpsbkeHus1 Voltage, BpemeHu Time, 4YacTOThI
Frequency;

e aBTOMaTMYecKas yCTaHOBKA IIpeaesioB, 3alllCh OCLUJUIOrpaMM, HHTepdeiic
RS-232C, meuars;

e paspemeHue aucres: 320 x 24 touexk (CCFL).

3.4.8. NMopraTnBHbie ocuyunnorpadsl kopnopauumu Tektronix

B 11€10M MOXXHO OTMETUTB, UTO TIOPTATHBHBIE LIU(PPOBbIE OCHMILIOTPadbl 0 CBOMM
XapaKTepUCTUKAM 3aMETHO YCTYITalOT TOJTHOIEHHBIM YHUBEPCAIbHBIM M JaXe CepBUC-
HbIM ocuwiorpadam. Ho oHM cTanu Moje3HbIM JOTOJHEHWEM K MYJIbTUMETpaM U
MMEIOT OOJIbIIME MEepPCIIeKTUBBI TPUMEHEHUST B CITYyXK0ax cepBUca M B PagvoIIOOUTETh-
CKOM MpaKTUKE.

[TpUsSTHBIM KCKIIIOUEHHEM M3 ITOTO «IPaBUjia» CTaM MOPTATUBHbBIE OCLUILIOrpadbl
kopriopatnu Tektronix. OHa BBIMyCKAeT LEJbINA Psii TaKUX TPUOOPOB ¢ OartapeiiHbIM
MUTAHUEM, YTO TMO3BOJISIET UCTIOAb30BaTh UX B MOXOMHBIX YCIOBMSIX WM B CIydasix pa-
0OTHI TIO BBI3OBY B MECTax, TI€ JOCTYI K TPOMBIIUIEHHOW CETH TEepeMEeHHOTro ToKa
OTpaHWYEH WJIM KOTJa MOAKIIoUeHHe ocluiiorpada K ceTd HexenaTeabHO MO TeM WU
WHBIM COOOpaKeHUSIM.

Cepus ocumiutorpadoB Tektronix THS700 sto pyunbie mpuOOpBl ¢ BO3MOXHOCTBIO
nuraHusi OoT  Oartapeil.  BblmyckaroTcst — ciedywoolive  TUMbl  ocluuiorpados:
THS730A/THS720A/THS720P. Buemrnuit Bunm mpubopa THS730A mnpencraBieH Ha
puc. 3.60, a HHS720A Ha puc. 3.61.

OCHOBHBIE XapaKTePUCTUKU THUX TIPUOOPOB CIIeAYIOIINE:

e qmosoca yactot: 7o 200 u 100 MI'1;
e ckopocTth BeiOopku: 1 I'B/c m 500 MB/c Ha kaHa;
* YKCJIO KaHAJIOB: JBa KaHajia ¢ HUGPOBBIMU (GUIBTPAMU ISl MHTEPTIONSIINMN;
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3.4. llopmamusnsie yugposovie ocyusrozpagol

Puc. 3.60. Buewnuii 6ud nopmamusrozo Puc. 3.61. Buewnuii 6ud nopmamusrozo

ocyuanozpagpa THS370A ocyunnozpagpa THS320A

aBTOMaTHYeCKUe M3MepeHus: 21 mapameTp;

ropt st moakmodeHus K [TK: RS-232;

murtanue: ot NiCd-0arapeii nim ceTeBOro aganTtepa;
BpeMsl aBTOHOMHO#1 paboOThI: 2 yaca;

toabko anasg THS720P: paciuupeHHble cpeacTBa 3alycka, uamMepeHue ao 31 rap-
MOHUWKHM CHUTHAJIOB ¢ 4acToToil oT 30 mo 450 I'r; m3aMepeHrne MOIITHOCTH, CTATH-
CTMKa, MPOOHMK: AJIsI BICOKMX HampsikeHuin 1o 1 xB.

Cepust i poBbIx 3anoMuHaronmx ociuutorpados TPS2012/2014/2024 umeet Tpa-
aunuoHHoe 1t Tektronix odopmieHue, mokasaHHoe Ha puc. 3.62. IIpubOopsl BbIIOII-
HEHBI B CTPOTUX MPSIMOYTOTbHBIX «TOHKHX» KOPITyCax.

OCHOBHbBIE XapaKTePUCTUKU ITUX TTPUOOPOB:

nosioca yactoT: 100 MI'u u 200 MT'u;

ckopocTh BeIOOpKM: 2 I'B/C;

YUCJIO KaHAJIOB: 2 min 4 M30JMPOBAHHBIX KaHaja M | KaHaj 3aITycka;
aBTOMaTHYeCKre U3MepeHus: 11 mapameTpos;

nopt st noakioyeHus K IK: RS-232;

3aIKMCh OCUMJIJIOTpaMM: Ha (JIDII-aMSITh;

JOTTOJTHUTETbHBIE (DYHKIMK: ObicTpoe npeobpazoBanue Pypoe (FFT);
nutanue: oT NiCd-6artapeii (2 KOMIUIEKTa) WJIM CETeBOIO aaanTepa;
BpeMsI HeTIpEPBIBHOM pabOTHI OT OaTtapen: 10 4—8 Jacos;

tonbko st THS720P: uzmepenue 10 31 rapMOHUKY CUTHAJIOB ¢ 4yacToToit oT 30
1o 450 I';

MPOOHMK: [IJIsI BBICOKUX HamnpskeHuit 1o 1 xB.

Hosgeiimasi cepusi mopTatuBHbIX OcuW/UIOrpacoB ¢ HUMPOBBIM JTIOMUHODOPOM
TDS3000B (puc. 3.63) 00beaAMHSIET JOCTOMHCTBA aHAJOTOBLIX M LIM(PPOBBIX OCLIMIION-
pacdoOB ¥ OTKPbIBAET YHUKAJIbHbIE BO3MOXHOCTU B MCCIIEAOBAHUM CJIOXKHBIX CUTHAJIOB B
peajbHOM MacilTabe BpeMEHM C 3allOMMHAHUMEM M MaTeMaTU4eCKOl 00paboTKOM
OCLUJIIOTPAMM.
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I'zasa 3. l{ugpossie u cmpobockonuueckue ocyurrozcpagot

Puc. 3.63. BrewmHruii sud ocyuaroepagos cepuu TDS3000B

DTa cepusl CONEPKUT PsII MPUOOPOB, TEXHUUICCKUIE XapaKTePUCTUKKN KOTOPHIX TIpe-
cTaBjeHbl B Tabnuue puc. 3.64 (moayyeHa ¢ caiita kKopnopaumuu Tektronix
http://www.tek.com/site/ps/0,,3G-12482-SPECS_EN,00.html).

IIpuGopsl aTOM cepum uMeloT 2 wiu 4 KaHajga ¢ moJjiocoir vyactor ot 100 nmo
600 MTI'u. oaueii VGA XKKM-gucrineil gaeT npekpacHOe KadecTBO OTOOpakaeMOou
nHbopMalMK B 1IBeTe. B KauecTBe mpuMepa MpeacTaBieHuss MHGOpMaIu Ha puc. 3.65
JaHa OCLMJUIOrpaMMa TeCTUPOBAHUSI TEJIEKOMMYHUKALIMOHHOM cucTeMbl. OHa I103BOJISI-
€T HaIJISITHO CYIMTh O OOraTCTBE BO3MOXHOCTEM IpeacTaBIeHUs MHMOpMAIIMM Ha 3Kpa-
He ocuMUIOrpadoB 3TOM CEPUU.

Ha npyrom pucyHke (puc. 3.66) mpeincraBieHa OCLMIIIOTpaMMa TeJIEBU3MOHHOIO
cUrHajia, cHsTasl ¢ moMollblo ocuusuiorpada cepun TDS3000B. Ha caiite kopropaunu
Tektronix MOXXHO HaliTM MHOXECTBO NMPUMEPOB OCHMIIOTPAUPOBAHUST CIIOXHBIX TPO-
1IECCOB B COBPEMEHHOM TEJIEKOMMYHMKALIMOHHOM U CBS3HOM OOOpyaoBaHuMM. Tam xe
MOXHO TMO3HAKOMUTHCS CO CHelnGbUKON MPUMEHEHUs OCLMLIOrpacdoB ¢ HU(POBBIM
JIIOMUHO(OPOM.

Yacrora 1MCKpeTU3allMKi B IIPpUOOpax 3TOM cepuu I10XoauT no 5 I'B/c, a3KpaH OOHOB-
JIIeTCsT ¢O CKOpocThio 10 3600 dpeiiMoB/c. [TpubOpsl MOTYT aBTOMAaTUYECKU M3MEPSTh
25 mapaMeTpOB CUIHAJIOB M OCYLIECTBIISITh ObICTpoe mpeoOpasoBaHue Dypbe. Mmeror
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3.4. llopmamusnsie yugposovie ocyusrozpagol

TDS3012B|(TDS3014B|TDS30D24B|(TDS3032B|TDS3034B | TDS30448| TDS30526|TDS30548 (TDS30646

Bandwidth 100 MHz 100 MHz 200 MHz 300 MHz 300 MHz 400 MHz 500 MHz 500 MHz 600 MHz

Channels 2 4 4 2 4 4 2 4 4

Sample rate | 1.25 GS/s | 1.25 GS/s | 2.5 GS/s | 2.5 GS/s | 2.5 GS/s 5 GS/s 5 G5/s 5 GS/s 5 G3/s

on each

channel

Maximurm 10 K points on all models

record

length

Vertical 9 Bits on all models

resolution

Vertical 1 m4 e®" 10 ¥ on all models

sensitivity (f

div)

Vertical B£2% on all models

accuracy

Max 150 ¥ppa= CAT L on all models (300 W CAT II with standard 10 probe)

input voltage

{1 MOo@)

Position B£ & div on all models

range

B limit 20 MHz 20 MHz 20, 20, 20, 20, 20, 20, 20,
150 MHz 150 MHz 150 MHz 150 MHz 150 MHz 150 MHz 150 MHz

Input AC, D, GMD on all models

coupling

Input 1 MO®@ in parallel with 13 pF or 50 0@ on all models

impedance

selections

Tirme base 4 ns R | 4 ns BR" 2ns eR" 2 ns gR° 2 ns R" 1nseR" 1 ns gR* 1 ns gR" 1nseR"

Range 10 s/div 10 s/div 10 s/div 10 s/div 10 s/div 10 s/div 10 s/div 10 s/div 10 s/div

Time base 20 ppm on all models

Accuracy

Display Color active matrix LCD on all models

(WGA)

Puc. 3.64. Texnuueckue xapakmepucmuxu ocyurrocpagos cepuu TDS3000B

Trigger On) Scan Rate.
Ling Num :25-35 kHz

Puc. 3.65. Ocyunrocpamma Puc. 3.66. Ocyunrocpamma
mecmuposanus KOMMYHUKAYUOHHOL menesu3uOHHO20 CUZHALA
cucmembl C NOMOUbIO OCyuALOZpADA Ha 3Kpane ocyusrozpagpa

cepuu TDS3000B cepuu TDS3000B

IIMPOKUE BO3MOXHOCTH [UIsl TIOAKJIIOUEHUsI K KOMIIbloTepy: BcTpoeHHBI Ether-
net-mropt, moptel GPIB 1 RS232, pazbem VGA. B koMITIeKT TpuOOPOB BXOAUT OOIIUP-
HOE TporpaMMHoe obecrieueHre. EqMHCTBEHHOE, YTO BCErJa OMpavyaeT BIIEYATICHUE OT
3aMeyvaTeIbHbIX MpUOOpOB Kopriopauuu Tektronix — 3To uX BbIcoKas 1ieHa. Ho, kak
TOBOPUTCSI, — 32 YIOBOJBCTBUE HAJO TUIATUTB!
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I'zasa 3. l{ugpossie u cmpobockonuueckue ocyurrozcpagot

3.4.9. Uudpoebie ocumnnnorpacdbl — HOYyTOYKM dupmbl Hitachi

SAmonckas ¢upma Hitachi Takske BbITTycKaeT ndpoBeie ocuruntorpadsl. HekoTopbie
U3 HUX OPUTMHAIbHBI, MOCKOJbKY BBIMTOJHEHBI B BHUIE MWHMATIOPHOTO HOYTOyKa —
cyOHOYTOYKa MK OOBIYHOIO HOYTOYKA.

VC-5410

2 kaHama, 20 MTI'1, ocummrorpadg-HoyTOyK, 15 MC/c, aBTOycTaHOBKA BpEMEHH pa3-
BEpTKM M aTTeHmoatopa, namsaTh 2 KciioBa/KaHan, 4YyBCTBUTENbHOCTH 1 MB/men —
5 B/men, ckopocth pazBeptku 20 Hc/nen — 50 c¢/men, 5 pexXkuMoB CUHXPOHU3ALUU, Kyp-
COpHBIC M3MepeHUs, maMaTh Ha 10 yCTaHOBOK, M3MEpPEHHE ITapaMeTPOB MMITYJIbCa,
RS-232, nmonnoe /1Y, BbIXOJ Ha MPUHTEP, LIBETHOMN IUCIIEH.

VC-5430

2 xanazna, 50 MTI'u, ocummiorpad-HoyToyK, 30 MC/c, aBToycTaHOBKA BpEeMEHU pa3-
BepTKM W aTTeHloaTtopa, mamMaTth 2 KcioBa/KaHaji, YyBCTBUTEIbHOCTH 1 MB/mem —
5 B/men, ckopocTb pa3BepTku 5 Hc/nen — 50 ¢/men, 5 peXMMOB CMHXPOHU3ALUM, Kyp-
COpHble M3MepeHMsI, MmaMsaTh Ha 10 yCTaHOBOK, M3MEpeHME IapaMeTPOB MMITYJIbCa,
RS-232, monxoe /1Y, BeIXOH HA TIPUHTEP, LIBETHOM TUCILICH.

VC-5470

2 kaHana, 150 MT'u, ocuumiorpad-Hoytoyk, 100 MC/c, nukoBsiit aetektop 10 Hc,
aBTOYCTaHOBKA BPEMEHU pPa3BepPTKM M aTTeHIoaTtopa, mamsath 8 KcioB/KaHaj, 4yBCTBU-
TeabHOCTh 1 MB/mnen — 5 B/men, ckopocth pasBepTku 2 He/nen — 50 ¢/nein, 6 pexxuMoB
CUHXPOHM3ALMU, pexXuM orubdaronieit 2-2048, mamsts curHanoB 8 KcinoB/25 curH., Kyp-
COpHble M3MepeHMsI, MmaMiaTh Ha 10 yCTaHOBOK, M3MepeHME IapaMeTPOB MMITyJIbCa,
RS-232, monxoe 1Y, BeIXOH HA TIPUHTEP, LIBETHOM TUCILICH.

VC-5810-E-K

4 xanama, 150 MI'u, ocuumtorpag-Hoyroyk, 100 MC/c, mamsath 64 xGaiiT/KaHai
(BO3MOXHOCTh paciiipeHuss go 2 Mo0aiiT/KaHan), 4YyBCTBUTEJIbHOCT, 1 MB/men —
5 B/men, ckopocth pasBeptku 2 He/men — 50 ¢/men, 7 peskMMOB CHHXPOHU3AIINH, Kyp-
COpHBbIC U3MEPEHUs, MU3MEpPEHME IlapaMeTpOB MMIIyJbca, IMUKOBBIA aerekTop 10 Hc,
GO-NOGO, asrocunxponmzauus, FFT, FDD 3.5", GPIB, Centronics, PCMCIA &
VGA, RS-232, momHoe /1Y, BBIXOH Ha MpPWHTEp, IBETHOM IHCIUICH (IMaroHairb
26,4 cm).

VC-5810-E-M

4 xanana, 150 MI'u, ocuwurorpad-Hoyroyk, 100 MC/c, mamars 2 MoOaiiT/KaHai,
YYBCTBUTEIBbHOCTL 1 MB/mem — 5 B/men, ckopocTh pa3septku 2 Hc/men — 50 ¢/mem, 7
PEXMMOB CUHXPOHM3AIMK, KypCOPHbIE M3MEPEHMS, U3MEPEHKE IMapaMeTPOB UMIIYJIbCa,
mukoBbIii getekTop 10 HC, GO-NOGO, aBrocunxponmsauus, FFT, FDD 3.5", GPIB,
Centronics, PCMCIA & VGA, RS-232, monHoe Y, uBeTHON AWCIUICH (IMaroHairb
26,4 cm).

VC-5850

2 xanama, 300 MI'u, ocuumiorpad-Hoyroyk, 500 MC/c, mamsath 64 xGailT/KaHai
(BO3MOXXHOCTb pacuimpeHusi jgo 2 Mo6aiit/KaHam), 4yBCTBUTENbHOCTH | MB/mem —
5 B/men, usmepeHue napaMeTpoB MMIIYJbca, KypcopHble u3aMepeHusi, RS-232, Centro-
nics, VGA.

150



3.4. llopmamusnsie yugposovie ocyusrozpagol

BHemHmii BUO M TapaMeTphl TaKMX OCHWJUIOrpacdoB TIpUBEACHBI B TaOJMIIE
(puc. 3.67). Jlis cpaBHeHMSI TaM IIpUBeACHbI JaHHbIe U LIM(MPOBLIX ocLMLIOrpadoB ce-
pun VC65XX 00bIYHON KOHCTPYKLMM.

CEPAA VC-5400 430, V5470 CEPWA V- S000: ), VC-5050

Widpanafl 2-wananimdl ocuannorpad & siae cyfi-woymiiyea o neds it wisbpanalt t B sAe woyThyEa © 2= wanANKsa Awanarosn-undnonod acumnnomadid cenim VC-ES00

upernmn XK-gninnenn bonummn unernmn KE-Ananenm u anipacenpnenmm coptanst gy n undy .
BOIMGEROCTANN VERON NENGOPE. NPEERAINIIENE AN EHPOK OFD KRYTA NonmeRemil,
» 4" unetnell XK-guennei » 2 wamana (VC-5850) unu 4 wawana (VC-SA10) 0 ST £ awnarananss &°
s Monoca nponyexasien: SOMPu (VC-5430), 150My (VC-8470) » 10,4% Upemeoll XK-gmenned [» Moncca npenyocamma: 20MRy (VC-E523), SOMMu (VC-£525), L00MMy
VCAEAE)
» Manc. GACTOTA AMCHDETIIALIN WA wanan: 30Msfs (VC-S430), 100Ms/ s MNonoca nponyeranien: 1S0MMY (VC-S810), 300 MMy (VC-5850) i
5 (VC-5470) v Mawce. uactora suexperiaaumi: Z0Ms(s (VC-E523, VC-6525), 40Ms/s
= HMaKc. 4BCTOTE AHCKDETHIBUMA WA Kanan 100 Mafs (VC-S000) wn  |{uc.geag)
* Mawams jen KaHan: 2K (VC-5430], 8K (VC-5470) 500 Ms/s (VC-5850)
o Mawars wa canan: 26 (VE-A523, VC-REZE), 4K (VC-A545)
» Anvoycrasoers v Nawam wa casian ot 64K 20 2MB
v Mawar na 2 seumnmorpamms
o Mawars wa 100 cousnnorpamn (VC-E430) wnie 26 ocunnnorpane (v Mawars wa 10 ocumnnorpans e
VCEAT0; v o 50 efnen paseepina 6 pexime npoxpyie
i J s NawATe Be 10 wecTpoek A e pasees ¥ e
» Mawam, ia 10 wacTpoex v [Boinan apTonaTraRCEaR paBRRTES (VC 6525, VO-6545)
o ApToycTancErs
® lnofinan pasmepTea . ¢ NpeaMocne anies
o feciings paseestia
s Pewima paxesta rmrueli 1 [+ Cramzazmesn ewxponmraumnn (Single, Auto, Norm, TV-H & TV-v)
& Paxmns 38x8Ta feTuei 20 10 W
s NpeaMiocne ssnuce s KYDEopiHLIE WIREREHMA HANBAREISIA, BREHENM It HaCTOTH
o Npeaiotne sannce
e KYDCODREIS M SETOHATHHECKNE HINEDEHHA o BoTposif 4 padpaAaHEi wacToToNeR (V6525 VC-6545)
* PALUMDEHHAA CAHEpOHIISLNA [TV -ETOOKH, GHoHHAR, JA0ARRKA,
o Cpapmerng GO-NOGO PDoNYEKY, COBETHRD, HABODY AOMHSECHMX COCTOANNKR, WHDHHE & MeTEDdeic RE-ZIIC Ana nogrnkenma o MK ik AnoTTepy (HF GLY
lanmynuca)

o MaTemaTHUSCEHE yHKLIN & 2 ross rapantim
. Bl

s B cownnerte sy, GaTapen wa 2 ubcs pafioTe
. Coamnanme GONOGH
e mmepdenc K NKnpremepy: RS-22C n Contronics
Harem. dyneum Brmgy, BN
'+ 3 roas rapsnmn

SYRKUNA DAMLENERHA NERATH

defice ¢ RE-232C, GPID, nPCMELA

VGA Beicos

o LCTDOGERNAA NOMOLE HA SKDAHE

3 fuaa rapaTAn

Puc. 3.67. Bhewnuii 8u0 u xapakmepucmurku yu@posoix ocyuirozpados
dupmer Hitachi

Ocuwnorpadsr cepun VC-5400 mpumevaTenbHbl MUTAHUEM OT aKKyMYJISTOPHOM
Oarapeu, YTO TO3BOJIIET MPUMEHSITh UX B TOXOAHBIX YCJIOBHUSIX U Ha MPOU3BOJACTBE.
Ocuwnorpadsr cepun VC-5800 nmetoT OObINONM 9KpaH, OOJBIIYIO MaMsITh U CaMble
COBPEMEHHbIE BOZMOXHOCTHU (B YaCTHOCTHM CMHXPOHU3AILIMIO OT TEJIeBU3MOHHBIX CUTHA-
noB). EcTh KypcopHble BeuucieHus1, maMsTh Ha 10 HacTpoek, mouck rmTtyeit (cOoes) ¢
JUIUTEBHOCTBIO 710 10 He, MaTeMaTnyeckue (yHKIIMU, CIIpaBKa Ha 9KpaHe U T. .
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Mnaea 4. BupTtyanbHblie ocuunnorpadnbl
n nadoparopum

4.1. BupTtyanbHblie PC-ocuunnorpadsl

4.1.1. HasHayeHune BUpTYyasibHbIX ocuunnorpadoB U NX TUMbI

B nocneaHue ronsl Hapsioy ¢ OOBIYHBIMM aHAJOTOBBIMU OCLIMILIOrpachaMy 4acTO MC-
TIOJTB3YIOTCS UUposbie N 3aNOMUHAIOWUE OCUUAN02PAPbl, KOTOPBIE ITOITyCKAIOT TTOIKIIIO-
yeHre K nepcoHaabHoMmy KoMmblotepy (ITK). BTo pe3ko pacimpser BO3MOXHOCTU Ta-
KUX TIPUOOPOB, MO3BOJISISI UCITOb30BaTh OY€Hb MOIIHBIE W TOCTYITHBIE CPEICTBAa oOpa-
00TKM curHanoB. OJHAKO U3BECTHBIE MTPUOOPHI 3TOro TUIa, HarpumMep pupM Tektronix
wiun Fluke, oueHb 10pOrv U HEAOCTYMHBI OOJBIIMHCTBY CHELIMATIMCTOB U PaauoOJI00MTe-
sneii. Kpome TOro, CymecTByIOT oIpeaesieHHbIe TTpo0aeMbl TTpyu X noakmodeHuu K [TK
C TIOMOIIIbIO TOBOJIBHO JIOPOTUX M PEIKUX B MPOIAXe TOMOJIHUTEIBHBIX aKCECCyapoB.

B cBs131 ¢ 3TUM TIPEACTABISIOT MHTEPEC SUPMYANbHbIE OCUUAN02PAGDbI, BHITIOTHEHHBIC
B Buae npuctaBok K 1K (mostomy mx HasbiBatoT Takxke PC-ocyuanroepagher). HazBanue
STHX TIPUOOPOB, TIPSIMO CKaxKeM, He O4eHb ymauHoe. VX «BUPTyalbHOCTE» TIPOSBISICTCS
JIMIIb B TOM, YTO MEpenHsisl MaHesb ocuuiorpaga cosmaercsl Ha skpaHe auciuies 1K
COOTBETCTBYIOIIMMHU IIPOTPAMMHBIMUA CPEACTBAMU. YIIpaBJICHHWE OCIMJUIOrpacdoM ocCy-
LLIECTBJISIETCS ¢ TOMOLIBIO IPadUYECKOro MaHUITYJIITOpa — MBILIM (MJIM TOy4Iaga B HO-
yTOyKax).

B nmeiicTBUTEIbHOCTU MOAOOHBIC amlIapaThl SBASIOTCS HMU(MPOBBIMU UINU CTPOOOCKO-
MMYECKUMHU OCUMITOrpaMIeCKUMH TIPUCTaBKaMKU K HACTOJBHOMY WJIM MOOMJIBHOMY
[1K, no3BoJSIOIIMMU UCCIEI0BATh BIIOJIHE PealbHbIE CUTHAJIBI M CTPOUTH BHICOKOKAUe-
CTBEHHBIC OCIMJIIOTPAMMBI C BBICOKMM pa3pellieHMeM, Pa3sHBIMM IIBETaMU JWHUUA W C
OTCYTCTBMEM T€OMETPUUYECKMX MCKaxkeHMi. IX MOXXHO 00pabaThiBaTh Ha KOMIIbIOTEPE,
HaOI0/1aTh Ha 9KpaHe €ro AMCIUIes W IedyaTaTh npuHTepoM. C IMOMOIIBIO KOMITbIOTEpa
peanusyroTcs U (PYHKUIUM 3alIOMUHAHUS OCHMWIIOTpaMM M OOMEHa MMU — B TOM YHCJIe
yepe3 VHTEpHET M ¢ TTOMOIIBIO 3JICKTPOHHOM TTOYTHI.

[MpuHUIMT OeCTBUS TAKMX OCIMIIOTPadOB 3aKIII0UaeTCsl B CTPOOMPOBAHUH BXOTHO-
ro CUTHaja MyTeM BbIAEJEHUs U3 HEro KOPOTKUX BbIPE30K-0TCUeTOB. OHU OLMOPOBBI-
BaIOTCS C TTOMOIIBIO OBICTPOACHCTBYIONIETO aHAIOTO-IU(PPOBOTO IIPeodpa3oBaTesIs IIPU-
CTaBKM WIM IUIaThl, U KOIbl oTcueToB nepeaatorcs B [1K yepe3 TOT wiu MHOM MOPT CBSI-
31 C BHEIIHMMM ycTpoiictBamu. IIpmMeHeHMe HUGPOBBEIX U CTPOOOCKOIMYECKUX
ocuuiorpadudeckux npuctaBok 1 [1K maeT ciepyroliuve nmpeMMmyliecTa:

e PE3KO YIPOUIAeTCs KOHCTPYKLMSI MPUOOpa, MOCKOIbKY CTAHOBSITCS HEHY>KHBIMU
5JIEKTPOHHO-JTy4eBast TpyOKa, OpraHbl YIIPaBICHUS OCUIIIIOrpacdoM, MOIITHBIA 1
BbICOKOBOJIBTHBIN MCTOYHUK MUTAHUS U AP.;

* YMEHBIIIACTCSI CTOUMOCTDb TIPUOOPOB;

e peanu3yeTcsl ecTecTBeHHas! cThikoBKa ¢ 1K (HACTOIBHBIM MM HOYTOYKOM), YTO
obecneunBaeT JIErkocTb HUPPOBOK 00padOTKU AAHHBIX, HAMIPUMEP C MOMOIIBIO
CHUCTEM KOMIIBIOTEPHOM MaTeMaTUKU;

* MOSIBJISIETCS BO3MOXHOCTb JIETKO peaju30BaTh LU(POBbIE METOAbl 00pabOTKU
CHUTHAJIOB, HAIIpUMEP MOCTPOCHHUE CIIEKTPa METOIOM OBICTPOro Ipeodpa30BaHUS
Dypbe MM PEerucTpaluy CUTHAJIOB Ha MPOTSIKEHWM JUIMTEIBHOIO IPOMEXYTKa
BPEMEHU C 3aIluchlo curHana B namsth [1K.
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4.2. Bupmyanbnoie ocyuarrocpagor pupmer Velleman

EcTb y mpucTaBoK ornpenelieHHbIe HemoCTaTKU: coenrHeHre ¢ 1K MHOTOXMIBHBIM
KabesjaeM, NMUTAaHUE OT OTACIBHOIO CETEBOro ajarTepa, HEOOXOAMMOCTh B IIPUMEHEHUU
CIEIMAIBHOTO TIPOTPaMMHOTO obecriedeHus 1 np. IIprcTaBKM OOBIMHO YCTYITAIOT Kyaa
Oosiee mOpPOruM ocuuIIorpadaM Mo MpeaesibHbIM YaCTOTHO-BPEMEHHBIM IlapaMeTpaM U
CKOPOCTH 0OMeHa JaHHBIMU MEXIY M3MEPUTEIBHON CXeMOI MPUOOPOB M SKPAHOM.

4.1.2. BuptyanbHbie ocuusuiorpadbl B Buage nnat pacwupenus MK

MuHuaTIOpU3alys y3JI0B HUMPOBBIX OCHMUIOrpadoB pa3BUBAETCsI TaK OBICTPO, YTO
yKe C JIECATOK JIET TOMY HasaJ MOSIBUINCH MePBhle HU(pPOBBIE OCIMUUTOrpadbl, BHITON-
HEHHbIC B BHUJE KapT pacIlMPEHUs] TePCOHATbHBIX KOMIbIOTEPOB. Takue KapThl pa3me-
IAI0TCS B KOPIIYCE KOMITBIOTEPA M COMEPKAT PA3beMBbI JIUIST TIOAKITIOUEHUST CCIIETYEMBIX
YCTPOMCTB, pa3MelllacMble Ha 3aIHE CTOPOHE KapThl.

Takoe KOHCTPYKTUBHOE pelLIeHUE MUMEET Psifl JOCTOMHCTB:

e TIPOMCXOAUT AaJbHENIIee YIIPOIICHNE KOHCTPYKIIUM CPEACTB OCHMILIOTpadrpo-
BaHUS,

e OTITaZaeT HEOOXOOIMMOCTh B KOPITyCe MPUCTABKU M MCTOYHUKE €€ 3JIEKTPOITUTA-
HUS;

* CTAaHOBHUTCSI BO3MOXHBIM ITOAKJIFOUEHME TIPUCTABKHU IPSIMO K CKOPOCTHOM CHC-
temHoll mmHe T1K;

e COKpAIllaeTCsl YMCIO Kabeseil.

B TO ke BpeMs MOXHO OTMETUTL M HEOOCTaTKN TaKOTO pELICHUS:

e TabapuThl ITIAT PaCIIMPEHUS MaJlbl, OCOOCHHO IO TOJIIWHE, YTO 3aTPYIHSET
MMPpUMEHEHNE BbICOKOKAYECTBEHHBIX U IIIMPOKOIOJIOCHBIX Y3JIOB;

e TUIATHI 3aHUMAIOT CJIOT, a Yallle Jaxke JBa CJIOTa PaCIIUpPEeHUS;

e MWTaHUE IJIAT OT UCTOYHUMKOB ayiekTponuTaHus [TK MoxeT BbI3BaTh MX mepe-
IPY3KY;

e TUIATHI HYXXIAIOTCS B CEPhE3HOM SKPaHUPOBAHUM;

e YJIMHSIETCS] JJIMHA CUTHAJbHBIX Kabelei;

* 3Ta BO3MOXHOCTh OTCYTCTBYeT Yy mopTaTWBHBIX [IK — HOYTOYKOB, Yy KOTOPBIX
IUTAThl PAaCIIMPEHUsT HE TTPUMEHSIOTCS.

Hepenko ¢upmbl, BBIMyCKalOlIMe TaKWe IUIAThI, BBIMYCKAIOT M IPUCTABKU-OCIIMII-
Jjorpadsl B OTAEIBHOM KopItyce. YacTo OHM CTOST 3aMETHO JelleBie, 4eM aHaJIOTrhd-
HBII TT0 mapaMmeTpaM LU@pPOBOi WM cTpodockonuyeckuii ocummiorpad. OgHako pac-
CYNTHIBaTh Ha OOJBIIYI0 SKOHOMHIO OT NMPUMEHEHMSI TaKWX IUIAT HE MPUXOIUTCST —
CBEPXIIMPOKOIOJIOCHbBIE TUIATHI-OCHMIUIOTPadbl CTOST JOCTATOYHO AOPOTO.

4.2. BupTtyanbHblie ocuunnorpadpnl pupmsl Velleman

4.2.1. BuptyanbHbie ocuunnorpadsi pupmsbl Velleman

OmHMM M3 U3BECTHBIX Pa3pabOTYMKOB TaKMX JTOCTATOYHO ACIICBBIX MPUOOPOB SIBIISI-
ercs routaHackast ¢upma Velleman Instruments, mpuOGopbl KOTOpoOW (BUPTyaJbHbIE
ocummtorpadser  PCS500, PCS100 m K8031) MoxHO mpMoOpecTH B MarasmHax
Chip-Dip. Mx nponmaioT Takxke MHOrue (UPMBbI, TOPTYIOIIME PaIUOU3MEPUTETbHBIM
obopynoBaHueM. Huke mpencraBieHbl OCHOBHBIE XapaKTepPUCTUKU ocHuIiorpaduue-
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I'rasa 4. Bupmyaasnoeie ocyusroepagor u rabopamopuu

cKux mnpuctaBok upmbl Velleman u TpeOoBaHMSI K CUCTEME, HEOOXOAUMBIE [JIs MpU-
MeHeHUs TpuctaBok [40—42].

ITapameTtp PCS500 PCS100/K8031
Yucno KaHAJIOB 2 1

BxonHoit ummienaHc 1 MOwm/30 n® 1 MOwm/30 n®
PaspsinHOCTH 8 our 8 our
YyBCTBUTEIHLHOCTD 5 MmB — 15 B/nenenue 10 MB — 3 B/nmenenue
MaxkcumanbHoe UBx 100 B 100 B

Jluara3oH yacTtoT 0 — 50 MTI'g 0— 12 MTI'g
HepasHomepHocts AYX +3 n1b +3 nb

IMorpeirHocTs oTcyeTa 2,5% 2,5%

BpemenHnast pasBepTka 20 Hc — 100 Mc/men 0,1 mxc — 100 mc/men
YacTtoTta cTpoOMpOBaHUSI: 1,25 xI'u 50 MTI'1g 0,8 xI' — 32 MTI'1g
MaKCHUMaJIbHas 1 I'T —

JnvHa 3anucu 4096/xkanan 4079

Hanpstxenue nuranus 9—10 B/1A 9—10 B/0,5 A
Pazmepni 230 x 165 x 45 MM 230 x 165 x 45 Mm
Bec 490 r 400 r

Pexxumbl BXOIOB AC, DC, Ground (B K8031 Her).

WHTepnionsgumst: TMHEHAS WIN CIIaXKeHHasl.
Mapxepsl: 11 HalpsDKEHUST Y YaCTOTHI.

Tpebosanus k cucreme IIK crenyromue:

e omnepauuoHHas cucteMa Windows 95, 98, 2000, NT unu XP;

e SVGA-Buneokapra (MuHuManbHoe paspeieHue 800 x 600);

e npuHtepHbiit mopt LPT1, LPT2 unu LPT3;

e apudMETUYECKUI COMpolLeccop i pabOThl aHAIM3aTopa CIEeKTpa.

Taxum obpaszom, mpuctaBka PCS500 (puc. 4.1) obecrieynBaeT co3maHue BUPTYaIbHO-
ro JBYXKaHaJIBHOTO oclwiorpada ¢ 4YacToTaMM BEPTUKAJIbHOTO OTKJIOHEHUS 10
50 MTI'n. DTo camble CKOPOCTHBIE M3 Mojelieit ocuuiiaorpados ¢upmbl Velleman. Ha
JIMIIEBOM TTaHE IV MIPUCTABKM PACITOIOXKEHBI JINIIb Pa3beMbl BXOIOB (OJHOTO WJIN IBYX) U
BXOJl BHELIHUX MMIYJIbCOB 3amycka. KpoMe TOro, umeercss CBETOAMOOHbBINA MHIUKATOP
BKJTIOUCHUS.

Puc. 4.1. Brewnuii sud npucmasku PCS500 cnepedu
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4.2. BupmyaavHoie ocyusrocpagor gupmor Velleman

BuptyanbHbiii ocuniiorpag ¢gpupmbl Velleman uMeeT cieayloliue MperumyliecTBa:

* BHEUIHWI TPUITEP C 3aITyCKOM TI0 HApacTaHWIO U CTaly CUTHAJA;
e yJydllleHHasi BXOAHAs YYBCTBUTEIbHOCTD;
e IIOHVMXXEHHBI YPOBEHb IIIYMOB B KaHajle BEPTUKAJIbHOIO OTKJIOHEHUS;
e yJydllleHHass BpeMEHHasl pa3BepTka ocLuiorpada;
* BO3MOXHOCTb OTOOpaXKe€HUsI CyMMbI M Pa3HOCTU CHMTHAJOB Ha BXOAaX U MHBEP-
TUPOBAHHOTO CUTHAJIA;
* BO3MOXHOCTb OTOOPaKEHUSI MePUOANIECKUX CUTHAJIOB C YaCTOTOM CTpoOMpoOBa-
Hus go 1 I'T;
e pacHMpeHHbIN 10 25 MI'11 YacTOTHBIN qMarta3oH aHajau3aTopa CIIeKTPOB.
Brenramit sun npuctaBku PCS500 c3amm mipeacrtasieH Ha puc. 4.2. 31ech MpucTaBKa
HMeeT pa3beM Iapajuie/ibHOro nmpuHrepHoro nopra LPT u pazbeM misg HOIKIIOUEHMS
BHEITHErO ajanrtepa MUTaHWUS OT CETH TEPEeMEHHOTO TOKa C BBIXOIHBIM HaMpsKeHUEM
9 B. NMeeTcs Takke KiieMMa JIJIs 3a3eMJICHMS ITpuodopa.

Puc. 4.2. Brewnuii sud npucmasku PCS500 c3adu

ITpucraBka PCS100 saBisieTcst OCHOBHOM JUISI IIOCTPOSHUSI OMHOKAHAJIBHOTO CTPOOO-
CKOIMMYECKOTo ocuwurorpacda ¢ mojocoit 1o 32 MI'. A mpucraBka K8031 BEITTOTHEHA
B BUIe paguokoHcTpykTopa «Cmenait cam» (puc. 4.3) ¥ MO3BOJSIET PAagUOIIOOUTEISIM
COKOHOMWTbh HEMHOTO CPEACTB MPH MOKYIKe Habopa aeTajieil Ijsl pubopa 1 MOIyYUThb
YIOBOJBLCTBHE OT ero coopku. [Ipnbopbl MMEIOT raJbBaHUUYECKYIO Pa3BSI3KY CUTHAJIbHBIX
Lemneil oT KoMmmbloTepa. Bum kopmyca nmpuctaBkn K8031 mokasan Ha puc. 4.4.

Puc. 4.3. Ocyunnoepag-npucmaska K8031 6 sude koncmpykmopa
ors camocmoamenbHot c6opKu
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I'rasa 4. Bupmyaasnoeie ocyusroepagor u rabopamopuu

Puc. 4.4. Buo kopnyca npucmasku K8031

4.2.2. CnekTpoaHanus3aTop Ha 6a3e BupTyasbHOro ocuumnorpada
dupmbr Velleman

IIpucTaBKU MO3BOJSIOT TAKXKE CTPOUTH CIIEKTPbI CUTHAJIOB, WCIIOJIb3ys Uil 3TOTrO
onicTpoe npeobpazoBaHne Dypoe (BIID) ¢ mocTaTouHO OOJBLIMM YUCIOM OTCYETOB
(Heckonpko Beiie 4000). Dypbe-aHAIM3aTOP MPUOOPOB 00ECIIEUYNBACT CICAYIOLINE Xa-
PaKTepUCTUKM:

Dypbe-aHATH3ATOP PCS500 PCS100/ K8031
YacToTHbI nuana3oH 0—1,2 xI'u mo 25 MI'y  0—0,4 xI'u no 16 MTI'1g
Pazpemienve BITO 2048 cTpok 2048 cTpok

BxonHble KaHaJIBI Ka"as | wiam kaHai 2 KaHar 1

JonoaHuTenbHble (PYHKIIMNA ¢byHKUMS MacIITaOUpPOBaAHMS
Mapkepsl 151 HAaIIPSDKEHUST U 9aCTOThI.

B pexume dypbe-aHamm3aTopa BO3MOXKEH BBIOOD pa3IMYHBIX BUIOB YaCTOTHBIX
OKOH: mpsimoyroybHoe, baptierra, Xammunra, XaHHuHra u biakmana. Bo3moxkHa pa-
0oTa ¢ perucrpanyeil MAaKCUMYMOB IIMKOB U C ycpeaHeHueM. TakuM o0pa3oMm, psia Ma-
TeMaTUYECKUX OIlepalldii Haj CUTHAJaMHU IIPHUCTaBKa-oCIMUIOrpad BBHITIOJHSET CaMO-
CTOSITEJIBHO, YTO JIeJIaeT ee IpuMeHeHue 0oJiee MpUBIEeKATEIbHBIM.

4.2.3. Camonucew, Ha 6a3e BUpTyanbHOro ocuunnorpada pupmbi
Velleman

ITpuGopel MOTYT UCIOIB30BATHCS B KAUECTBE CAMOMUCIIA-PETUCTPATOPA, UMEIOLIETO
CJIeyIOIINE XapaKTePUCTUKU:

Camonmucen PCS500 u PCS100/ K8031
BpemMenHoi1 maciirao: 20 mcex/men. — 2000 cex/men.
Max BpeMs 3alucu: 9,4 u/3KpaH.

Jnara3oH BEIOOPOK: 1 BeIOOpKa/20 ¢ — 100 BEIOOPOK/C.

3anuch JaHHBIX: aBTOMaTUUYecKasl B TedeHue 10 1 roma u GoJee.
JlonoaHuTenbHbIE (PYHKLIMU: (PYHKLIMST MacIITAaOMpPOBaHUSI.
Mapxepsl: i1 BpeMEHHM W HaIpsKEHUS.

[IpumeneHue mpubopa B KauecTBe CaMOMNMCIA HE3aMECHMMO IIPHU BBISIBICHUM CIIy-
YaiiHO TOSBJISIIOIIMXCSI HEUCIIPABHOCTEM, KOraa I0JIb30BaTeb HE MOXET HENpPepbIBHO
HaOJIIOATh 32 UCCAEAYEMbIM YCTPOMCTBOM WJIUM CUCTEMOMA.
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4.2. Bupmyanbnoie ocyuarrocpagor pupmer Velleman

4.2.4. Paborta ¢ PC-ocuunnorpadom ¢pupmsi Velleman

[To cymectBy mpuctaBku (PC-ocuumiorpadsl) 3aMeHSIOT TpY IPUOOpa: OCLIMILIOT-
pad, CIEeKTpOaHAIM3aTOP W 3JNEKTPOHHBINA perucrpatop. s BXOTOB BEPTHKAIHHOTO
OTKJIOHEHMSI TIPEIyCMOTPEHBI CJIeAYIOIINE BO3MOXHOCTH:

e AC — 0TCeB MOCTOSSHHOM COCTAaBJISIONICH CUTHAJIa U paboTa ¢ CUTHAJaMM Tiepe-
MEHHOI'O TOKa;

e DC — HemnocpeacTBeHHOE MOAKIIOUEHUE (C mepeaadyeii MOCTOSTHHOM COCTaBIsIIO-
el curHana);

¢ Ground — 3a3zemieHue BXoja.

YyBCTBUTEJIBHOCTh BXOJOB U PEXUMBI UX PAOOThl M3MEHSIIOTCSI MPOrPAMMHBIM TTY-
TeM. Bo3aMOXHO mpuMeHeHue Imyna — aeautesss ¢ otHomeHueMm 1/10. K mpucraBkam
OMIUIMOHAIBHO MOTYT MPUJIATAETCSl OAVH-IIBA TaKUX JNEJUTENSI C MUHUATIOPHBIMU 32KU-
MaMu — Kpokoauiaamu. Ho 0ObIYHO MOCTaBISIIOTCS COENMHUTETbHBIE 9KpaHUPOBaHHbIE
nposona 6e3 nenurtessi. CleayeT yUuTbIBaTh, YTO OHU MUMEIOT JOBOJBHO OOJBUIYIO 10-
TOJTHUTEIBHYI0 eMKOCTh, noxo sy 10 50—100 nd.

B pexume ocumnorpada (puc. 4.5) yactota IMCKpETU3aLMU BXOJHOTO CUTHAaJA 3a-
JaeTCsl peXuMoM paboTel ocuusuiorpada. OCHOBHOW PEXUM — peaibHOTO BPEMEHM.
[Ipn Hem yacToTa TUCKPETU3AIUN 3aJaeTCs TOCTATOYHO OOJIBIIION aBTOMAaTUYEeCKU, TIPH
9TOM JIJISI COEAMHEHUSI TOUYEeK OCLUMIJIOTPAMM UCIOJb3YeTCs JIMHEHHAs WHTEPIIOSIIMS
W WHTEPITOJISILMS CO CITaKUuBaHUEeM. Bo3MOXeH Takke peskuM OIHOKPATHOTO 3aITycC-
Ka. YmopasieHue ocuwiiorpacdoM OCYIIECTBISIETCS TPYIIaMU BUPTYaJbHBIX KHOTIOK —
JIByX KaHaJOB BEPTUKAIBHOTO OTKJIOHEHMSI MO OKHOM OCLMJIJIOTPAMMBI 1 TPYIIITHI KHO-
MOK TOPM3OHTAJIIBHOUM pa3BepTKU cripaBa. Takoe ympaBlieHME OCHOBAHO Ha MeTtadope
paboTHI ¢ OOBIYHBIM COBPEMEHHBIM OCHWJLTOrpadOM M BITOJTHE MHTYUTUBHO TIOHSITHO.

VYV npucraBku PCS500 npenycMOTpeH ellle OAMH PEeXUM MJis MPOCMOTPa OCLMJIIOT-
paMM NEPUOAMYECKUX CUTHAIOB. [lpu 3TOM auckpeTrusanus 3aJacTcs TeHEPaTOpoOM
CJlydaliHBIX YMcell, YTO CO3[aeT dKBUBAJEHTHYIO YacToTy AuckpeTusanuu a0 1 I'Tu. O6-

M- Dscilloscope [_[2]x]

Fle Edt Opfiors Yiew Mah Help
Dsciloscape _Speetium Analzer | | Transient Recaider|  Function Generatar|  Cicuit Anabzer_|

Time/Div.—
1G5/s
Run Single
| ol [ [ - | | |Ready
~Vaolts/Div. - Trigger
|': [T ow | _autoser [Ton _awroser | - : D"’D"ﬂllﬁil
SAET [ Y JE (A I Vi
ool ] 1] mmmmarmmﬂﬂ
EF‘ns\lmr\ ﬁlcl%c‘m _GND| ﬁlcl%c‘m BND|  Pasiion B LEV;@I? ll

Puc. 4.5. Okno supmyansvroco ocyuarozpaga PCS500 6 pexcume ocyusrozcpaga
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I'rasa 4. Bupmyaasnoeie ocyusroepagor u rabopamopuu

paboTKa OCHWLIOrpaMM IIPY 3TOM 3aHMMAeT HECKOJIbKO CEKYHJI, HO IO3BOJISIET Ha0II0-
JIlaTh OCLUMUJUIOTPAMMbI CUTHAJIOB C 4acTOTaMU 10 HECKOJbKuX JecsitkoB MIu. Bonee
BBICOKOUYACTOTHBIE CUTHAJIbI HaOII0MaTh OECCMBICIIEHHO, TOCKOJIbKY BEPXHsSI TpaHUY-
Hasl yacToTa YCWJIMTEJIEH BEPTUKAILHOTO OTKJIIOHEHUST orpaHudyeHa 3HadyeHuem 50 MI'w,
Jla ¥ TPUITEP CUHXPOHU3AIIMKA Ha TaKMX YacToTax paboTaeT HeyCTONYMBO.

Ocuumtorpadei-npuctaBku PCS100/K8031 uMeroT onuH KaHajl, ¥ UX OKHO HECKO-
JIKO yrpolueHo (puc. 4.6). B yacTHOCTH, UMEIOTCSI OpraHbl YIpaBIeHUS TOJBKO OTHUM
kaHajoM. Ha puc. 4.6 moka3zaHa BO3MOXHOCTh BBIBOJA KYPCOPOB U IIPOBEACHUSI Kyp-
COPHBIX U3MEPEHUU NBOMHON aMIUIUTYAbl U MEPUOAA CUHYCOUAAIBHOIrO curHaiga. s
9TOr0 HCIOJb3YeTCsl Tapa KypCOpoB B BUAE TOPU3OHTAJIbHBIX IMYyHKTUPHBIX JUHUN U
rapa KypcopoB B BUIIe BePTUKAIbHBIX MYHKTUPHBIX JMHUI. OHU MepeMelamTcs ¢ 1mo-
MOILIbIO MBIIIH.

<A Dscilloscope ) ) ) [_ O] x|
File Edit Options “iew Help

I Dscillozcope SpectrumAna\yzell Trans\entﬂsculderl Funct\unﬁsnelalurl ElrcullAnalyzell

Time/DIV

I Y

~Volts/DIV Trigger
: Coupl
w | | ow )
i
- o1y 3| 1omy =
|‘- Position

omot [ o orF | — —
if il
Edge I? _‘\_l _—

Puc. 4.6. Oxkno supmyansuoix ocyurrozpagos PCS100/K8031
8 pejcume ocyusrozpada ¢ KYpcopHoiMu U3mMepeHuamu

CBepxy OKHa BUPTyaibHOTO ocuuorpada (puc. 4.5) pacrnonoxeHo odbiaHoe Win-
dows-MeHI0 M oA, HUM KHOIIKM BMIOB paboThl mpucTaBku. Ha puc. 4.7 mokazaH BuJ
OKHa B pexume (pypbe-aHaln3a CUTHaJa Ha HIDKHEM BXoae. [Toka3zaHo TakKe OTKPBITOE
MeHI0 View, M03BOJISIIOlIee YCTaHABIMBATh WM YAAISITh pa3IuyHble COOOLIEHUS] — MET-
KU Ha «3KpaHe» ocuuuiorpacda mwin Gypbe-aHalIMn3aTopa.

Jto6yto ocumiuiorpaMMy (CIIeKTporpamMmy), KoTopasi BUAHAa Ha BUPTYaJIbHOM 3Kpa-
He, MOXHO 3amucaTh B Buae (aiila — rpaduyeckoro ¢ paciimpeHueM .bmp M TEKCTo-
BOro C pacumudpeHueM .txt. TekcToBblil ¢aitn 3anuceiBaercs B hopmare ASCII, npuuem
Kaxnasi Touka npeacTtaBieHa cBouM HomepoMm (ot 0 mo 4095) u 3HayeHuem (ot 0 g0
255, HyJb COOTBETCTBYET uMcay 128). DTO MO3BOJSIET UCHOJIB30BATh MOJYYEHHbIE JTaH-
HbIE JISI O0pabOTKM IporpaMMaMu, HalMCAaHHBIMU Ha IPaKTUYECKU JIOOOM SI3bIKE
MporpaMMMPOBaHUsT — JaXke Ha TomyisipHoM beiicuke.

IIpenycMoTpeH BBIBOA Ha 3KpaH HUMPOBBIX JaHHBIX O MaclTabax IO BepTUKAIU
(HanpspxkeHue wiav n1b) 1 ropusoHTanu (BpeMst). MOXHO TakKe HaHECTH HAAINCh U BbI-
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4.3. Bupmyaavouoie pynkyuonasvrole eenepamopsi ¢gupmor Velleman
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Puc. 4.7. OkHo supmyansvroco ¢ypee-anasuzamopa npucmasku PCS500

BECTU KYPCOPBI ISl TPOBENEHUSI KYPCOPHBIX U3MepeHuil. Bce aTo mo3BosisieT co3naBarhb
HAIJISIIHBIE OTYETHI 110 U3MEPEHUSIM.

CrnenyeT, OTHaKO, OTMETUTh, UTO MOJHOLIEHHOM 3aMEHOI COBPEMEHHOTO aHaJIOTOBO-
ro ocuwuiorpacda uMdpoBbie U CTPOOOCKOMUYECKHE OCLMIIOrpacdhuyeckKue MpucTaBKu
BCe XXe He SBJISoTCsl. UM Mpucylm T0BOJBLHO XapaKTepHbIe CUIIbHbIE UCKAaXKEHUs BHUIA
CUTHAJIOB ITPpU UX JUCKPETU3ALINU. Hanpnmep, Inpu Ha6.)'l}O)1€Hl/ll/l CMHYCOMOAJTbHbIX CUTI'-
HAJIOB J1a’ke Ha MEIJIEHHBIX pa3BepTKax (popMa curHaja pe3Ko MCKAXKaeTcsi U OH Haro-
MUHaET NMePEMOAYIMPOBAHHbBIM CUTHAT. DTO CBSI3aHO C XapaKTepPHbIMU OUEHUSIMU, BO3-
HMKAIOIIMMU TP CMELIEHWM YacTOT CUTHAJAa C YacTOTOW TreHepaTtopa CTPOOUPYIOLINX
UMITYJIbCOB. OOBIUHBIN ocuiorpad Takum 3pdekTom He obagaeT U JaeT HEMCKaXKeH-
HOE TIpe/ICTaBJIeHe CUHYCOUIBI laXe Ha JJIUTETbHBIX pa3BepTKax — IpaBaa, OObIYHO B
BHJIE IIIMPOKOM TTOJIOCKH, IIIMPUHA KOTOPOI 3a/aeTCs TBOMHON aMIUIMTYIOM CUTHAaA.

[To ykazaHHO# NTPUYMHE MPAKTUYECKW HEBO3MOXHO HAOJIONATh aMIUTUTYIHO-MOJIY-
JIMPOBaHHBIE BBICOKOYACTOTHBIE CUTHAJbI, XOTS Ha OOBIYHOM ocluIorpadge OHM Ha-
osonatorcs Jerko. EcTecTBEHHO, YTO y TIPUCTABOK HET CIEIMAIbHOM CHMHXPOHU3AIUU
JUTST TeIEBU3MOHHBIX CUTHAJIOB — HAMpPUMeED, BBIIEIEHUST CTPOK KalpoB, KOTOPAsl 4acTo
€CTh Y OOBIUHBIX ocuuiutorpadoB. Tem He MeHee MOJyuyeHHe JOCTATOYHO KaueCTBEeHHBIX
OCLIMJUIOTPAMM TEJIEBU3UOHHBIX KaIPOB MM CTPOK BIIOJIHE BO3MOXHO.

4.3. BupTtyanbHble pyHKLMOHANbHbIE FreHepaTopbl
dbupmbl Velleman

4.3.1. ®OyHKUMOHaNbHbIE N3MEpPUTEJIbHbIE reHepaTopbl

HHH WCCIIEAOBAaHUN U IPAKTUKN PEMOHTA M HaJTa>XKMBaHUA 3JTCKTpOHHOI71 alrmnapary-
PbI HeoOXOAMBI U N3MCPUTCIBbHBIC TCHEPATOPLI. HaunbGonee pacnpoCTpaHCHHbIMU {B-
JIAIOTCA I€HEPATOPbl CMHYCOMAAJTbHBIX KoyiebaHU U IC€HEPATOPbl MMITYJIbCOB IIPAMO-
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I'rasa 4. Bupmyaasnoeie ocyusroepagor u rabopamopuu

yrojibHo (opMbl. CBSI3aHO 3TO C T€M, YTO MMEHHO 3TU MPOCTble CUTHAJIbl MCIOJIb3Y-
I0TCSL  JUISS  CHSITUSL  aMIUIMTYJIHO-YaCTOTHBIX, (PAa304aCTOTHBIX M IEPEXOAHBIX
XapaKTepUCTUK Pa3IUYHBIX YCTPOWCTB (IMpexae BCEro YCUJIMTEJEe) U TeCTUPOBAHMS
Pa3IMYHbIX PAAMO3JIEKTPOHHBIX CUCTEM.

Ocoboe MECTO 3aHUMAIOT PYHKUUOHANbHBIE 2eHepamopbl, TEHEPUPYIOIINe, KaK MUHU-
MYM, TPU CHUTHAaJa Pa3IMYHON (OPMbl — CUHYCOMIAIbLHONI, TIPSIMOYTOJbHOM U TIPSIMO-
YIOJIbHBIM MeaHIp. BeimyckaroTcsi GyHKUMOHAIbHBIE TEHEPATOPhl KaK JOBOJBHO J0PO-
rue, Tak M JIelleBble Mpuoopsl. YeM IIMpe nuarna3oH 4acTOT U aMIUIMTYI TaKMX TeHepa-
TOPOB M Y€M BbIIIE CTAOUJIBLHOCTb UX YAaCTOThl, TEM OHU JOPOXKE.

4.3.2. BuptyanbHbie pyHKLMOHaNbHbIE reHepaTopbl pupmbl Velleman

B nocnenHee Bpemsi pe3Ko BO3pOC MHTEpPEC K BUPTYAJbHbIM U3MEPUTEIbHBIM TeHEe-
paTopaM, BBITIOJTHEHHBIM B BuIe TIpucTaBoK K [1K. «BuptyansHOCTE» MpUOOPOB, KakK U
ocuusuiorpadoB, MPOSBISIETCSI B TOM, YTO TEpenHsis MaHelb MpUOOPOB CO3/MaeTcs Ha
skpaHe aucruiess [TK cOOTBETCTBYIOIIMMM TIPOTPaMMHBIMU CPEICTBAMU. YTIpaBJeHUe
MpUOOpPaMu OCYILECTBISIETCS C TOMOIIbI0 TpadUUecKoro MaHUIYJISITOpa, Harpumep
MbIlM. Hrxe paccMoTpeHbl BUPTyalibHbIE (DYHKIIMOHATbHBIE TeHepaTopbl GupMbl Vel-
leman Instruments PCG10 [41], koTophle, Kak 1M BUpTyanbHble ocuumiorpacdsl PCS500
u PCS100, MoxHO TIpMoOpecT B HAIIMX Mara3uHax. BbIlTyckaeTcss m HaOOp IS UX
coopku K8016.

IMpucraBka — BUPTYyaIbHBIN (DyHKIIMOHAJIBHBIN T€HEPATOP MOCTABJISIETCS B IBYX Ba-
puanTax: KoHcTpykTopa (K8016) u rorooro uznenusi (PCG10) — puc. 4.8. YHUKAJb-
Hasi 0COOEHHOCTh TeHepaTopa — ero coBMecTuMocTh ¢ PC-ocumitorpadgamu Velleman
PCS64i u PCS500 mist co3gaHust NU3MEPUTEIHHOIO KOMILIEKCA C PacIIMPEHHBIMU BO3-
MOXHOCTSIMM OTOOpaKeHUs JJAHHBIX Ha TWCILIEE.

PC FUNCTION GENERATOR o.0mhe et

frnTauachiTe

Puc. 4.8. Ilpucmaska — pynxyuonarvuolii cenepamop PCGI10 (8ud cnepedu)

INpucraBka — (YHKIMOHAJIBHBIN TeHEpaTop MMEET CICAYIOIINE OCOOCHHOCTH II0-
CTPOCHMSI:
e KBaplEBasl CTAOMIM3ALIUST YACTOTHI;
e onrtuueckas uzongauus ot I1K;

* OCHOBHbIE (DOPMBI CUTHAJIOB: CUHYCOUJATbHAasI, TIPSIMOYTOJIbHAsT (MeaHAp) U Tpe-
yroJibHasi CHAMMETPUYHAS;

* JOMOJHUTEJbHBINA BBIXOA Uil CUHXpOHM3auuu curHaia TTL-ypoBHS;
e OubaMoTeka OpPM JIOMOTHUTEIBHBIX CUTHAJIOB,
* BO3MOXHOCTb CO3AaHUSI UHAUBUAYATbHBIX (DOPM CUTHAJIOB.

OCHOBHBIE MTapaMeTphl TeHEpaToOpa CleayIoLIre:

e auanasoH yactor: 0,01 'y — 1 MI'm;
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4.3. Bupmyaavouoie pynkyuonasvrole eenepamopsi ¢gupmor Velleman

UCTOYHUK TutaHus: agantep 12 B/800 MA (PS1208);
paspemenue 1o yacrore: 0,01%;
BepTuKaibHOe paspeiieHue: 8 out (0,4 % OT MOJTHOM I1IKAJIbI);
nuanaszoH amrumntyabl: 100 MB — 10 B nipu Harpyske 600 Ow;

OTKJIOHeHME OT HyJis: oT 5 B mo +5 B max (0,4 % oT moJHO# 1IKabl);

MaKcHMaJIbHasl yacTtota auckpetusanuu: 32 MI;

K03 dUIIMEHT rapMOHUK cuHycouasl: MeHee 0,08%;
BbIXoAHOM umnenanc: 50 Owm;
pa3mepsbl: 235 x 165 x 47 mwm.

Breurauii Bua mpucTaBKu c3aaM IokazaH Ha puc. 4.9. OcoOeHHOCTBIO IIPUCTABKU SIB-
JISIeTCSI BO3MOXKHOCTD €€ PabOThI COBMECTHO C BUPTYaJIbHBIMU OcLMIIIOorpacdaMu (prupmMbl
Velleman. JIyisg 3TOro ImpMcraBKa OCHAallleHa IBYMsI pa3beMaMM IPUHTEPHOrO IIOpTa
LPT — ogHuM oHa MOAKJIIOUAETCs K IMOPTY KOMIbIOTEPa, a APYTMM K ITPUCTaBKe BUPTya-
JIbHOTrO ocuuuiorpada. B pesyibrare co3maercss KOMIUIEKC IJIsI IIPOBEAECHUSI CaMbIX pa3-
JIMYHBIX U3MEPEHUI M UCCIIEIOBaHUI C BO3MOXHOCThIO 00paboTku pe3ysnbpraTtoB Ha TTK.
Kpome Toro, c3aau mpUCTaBKY MMEETCS pa3beM sl IMOAKIIOYEHUS] BHEILIHEro ajanTepa
MMUTAHUS OT CETU MEPEMEHHOIO TOKA C BBIXOAHBIM HaNpsLKeHeM 9 B MoCTOSIHHOTO ToKa.

4.3.3. Pa6oTa c BupTyanbHbiM (PYHKLNOHAJIbHbIM FeHEepPaToOpoOM
dbupmbil Velleman

Puc. 4.9. llpucmasxka — ¢pynkyuonarvuolii cenepamop PCG10 (8ud csadu)

DyHKIMOHABHBINA TeHepaTop BKIOYaeTCs ¢ momolsio nporpammbl PC-Lab 2000,
OKHO KOTOpoOIi mokazaHo Ha puc. 4.10. B pazaene Function Generator Hago yCTaHOBUTD

TeMHBII KPYKOK y BbIOPAaHHOI'O THIIA TeHepaTopa.

Zi welcome to Velleman Pc-Lab 2000

[_[O1x]

PeLani2000s

Nellemant

INETRUMERTS

Oscill

& PCS500
© PCS100
£ K8031

' None

Function G

 PCG10
" K801k
" None

LPT Port Address |
378 LPT1
278

¢ 3BC

' Demo Mode

Cancel

Help |

= | Extended|caltration fime

Puc. 4.10. Okuo npoepammer PC-Lab 2000
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I'rasa 4. Bupmyaasnoeie ocyusroepagor u rabopamopuu

Jnsg 3amycka TreHepaTopa JOCTaTOYHO aKTMBU3MPOBATh MBIIIBIO KHONKY Function
Genetator. Ilpu 3TOM IOSIBUTCSI OKHO YIIpaBJI€HHUsI TIeHepaTopoM, I[OKa3aHHOE Ha
puc. 4.11 cripaBa. B HeM ecTb OKOIIKO Il HAOIIOAeHUs OCIMJUIOrpaMMbl TeHepUpye-
MOTO CUTHAaja, a TaKKe KHOMKMU (CHU3Y) YCTAHOBKHM YaCTOThl U (DOPMBI UMITYJILCOB, OpP-
TaHBI TJIABHOM PETYJIMPOBKH YACTOTHI, aMIUIUTYAbI M CMEICHNUST UMITYJIbCOB.

" 3
- Dscilloscops (o] e
Fle Edt Optiors View blsth Help
h Packel PCHy  Acrobal Reader 4.0
Osciloeeope | Spectum Anshast | | Transient Fecorder| | Function Gensrator| | Gircut dnalyzer e Documents

==

ore Functions

I Function Generator tri_skw.lib M= B
Sinelslin Fie Options Took Help

N | Frequenc [ Dutput =
10 r
Wiz 1000.00 Hz "
5 r | 0
| 2N
LIB  Libraw wavefoms s
A0
Hz F- Offst  Ampltude (-
| ook ok [k (.00 [
PN SRR I A R S e
— Fier s O1f
AUA s | e ]S
Velsiv. M= ¥R e =]
[f [~ on | _AUTOSET [ on  _auroser | -
S N R | v | e [os :
: D@i sore| 15| By 0131 sone| 15mv| Emv | O Opera
Caupling Coupling y-
ZPosion _AC|[DC GND AC|[DE GNB|  Posion = @

FregCleaner

< |

Puc. 4.11. Paboma c eenepamopom PCGI0 ¢ nomoujpto npoepammor PC-Lab 2000

IIporpammHoe obecrnieyeHre puoOOpa MO3BOJISIET YCTaHABIMBATHL (DOPMY MMITYJILCOB
3arpy3KOil COOTBETCTBYIOIIETO OMOIMoTeyHoro daiiyia. st 3Toro Hajo aKTHBU3UPOBAThH
kHonky MORE FUNC. IlosiBuTcs ele oqHO OKHO reHeparopa (OHO Takke BUIHO Ha
puc. 4.11). B Hem moMHMMO KHOTOK psiia (hOpM TEHEPUPYEMBIX CUTHAJIOB WMEETCSI
kHonka Library Waveforms (bubnnoreka
(opMm curHamoB), KoTopasi OTKpPBIBAaeT

mWave Editor M=l E

crangaptHoe  Windiws-OKHO  3arpy3Ku Fil= Edit Help
oubnnoTeyHbix ¢aitaoB. Cpead HUX JI0- G | i
CTaTOYHO BBIOpATh MOIXOASIINI, U Pop- 50 i
Ma MMITYJIbCOB OyIeT U3MEHEeHa. 123

Ecth Takke BO3MOXHOCTH 3aJaTh MM- p oA fr
MyJIbChl CAaMUM MoJib30oBateaeM. st 3To- 8 B
ro JOCTaTOYHO MCIOJHUTH KomMaHay Wave 10;5100[;51 -1 |
Editor B mo3uuuu Tools MeHI0 OKHa (PyH- Twio cyeles of the wave
KIIMOHAJIBHOTO TeHepatopa. OTKpoeTcs pa— | Frovio |
OKHO pemakTopa (opMbl UMIIYJILCOB, TO-
KazaHHoe Ha puc. 4.12. Save |

B 3TOM OKHE MOXHO 3a1aTh MOCAeA0Ba- < Savehs. | Clase |

TelbHOCTh 10 32 Ko6aiiT, onpenensiionlyio M file size 32K
dbopmy reHepupyemoro ummiynbca. Kax-
Iplil GaiT 3amaet 3HaueHue or 0 mo 255, Puc. 4.12. Okno pedakmopa gopmoi
ImpudeM 3HadeHue 128 cooTBETCTBYET 1IeH- UmMnyarocos
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4.4. Komnoromepu3uposannas asabopamopus PC-Lab 2000

TpaJIbHOM MO3UIIMK 9KpaHa (DOPMBI UMITYJIbCOB. [ToBTOpSIIOIIECS 3HAaUeHMsI 0aiTOB MOX-
HO yKa3bIBaTh B CKOOKax, Harmpumep, 150(5) o3Hauaet, yto 3HaueHue 150 moBropsieTcs
ATk pa3 noapsia. Ha skpane dhopM cTpoutcs ocuuuiorpaMma IByx NepUOA0B UMITYJIbCOB.

braromapsi BO3MOXHOCTM pabOTBl COBMECTHO C TEPCOHAIBHBIM KOMITBIOTEDOM U
BUPTYaIbHBIMHU oOcLULTOrpacdamMu ¢pyHKUMOHANbHEI reHepatop PCG10 moxeT mcmo-
JIb30BaThCS JUISI CO3[aHUSI JOCTATOYHO NENIEBOM UM MPOCTON KOMITbIOTEPU3UPOBAHHON
J1abopaTopuu.

4.4. KomnbioTepn3anpoBaHHasa na6opartopusa PC-Lab 2000

4.4.1. CospaHne KOMNbIOTEPU3UpPOBaHHOW nadbopatopumu PC-Lab 2000

Kak yxe ormeuanoch paHee, ¢hupma Velleman Instruments BbIITycKaeT BUPTYaJIbHbIC
ocuwtorpadsr PCS500, PCS100 u K8031 u BupTyanbHble (DYHKIIMOHAJIbHbBIE TeHepa-
topel PCG10 u K8016. Dt mipuGOphl BHIIOJIHEHBI B OJIMHAKOBBIX I10 KOHCTPYKILUU
KOpIycax M, BMECTe C IMpuiaraeMbiM MporpaMMHbIM obecrieueHueM Ha CD-ROM, Mo-
TYT MCITOJb30BaThCs JJIS1 CO3AaHUS KOMITbIOTEPU30BAHHOM J1abopaTopyuu Ha 0a3e oObIu-
HOTO0 HAaCTOJBHOTO WM MOOWJIBHOIO KOMIIbIOTepa. BMecTe ¢ OObIYHBIM MEPCOHATbHBIM
KOMIIBIOTEPOM OHU 00pa3yloT MMHMATIOPHYI0 MHOTO(MYHKIIMOHAIBHYIO Ja0OpaTOpHUIO,
MO3BOJISIIONIYIO UCCIEI0BAaTh U OTJIAXXKUBATh Pa3IMUHbIe 2JIEKTPOHHbBIE CXEMbI, YCTPOMUCT-
Ba u cucteMbl. Ha puc. 4.13 mpencraBieHa Takasi IeMCTBYOIIAs Ja00paTopus Ha OCHO-
Be MOOUJILHOrO KoMmIibloTepa — HoyTOyKa Satellite 1800-314 kopnopauuu Toshiba [42].

Kommrbrotep (HaCTOMbHBIN WM MOOUIBHBIM — HOYTOYK), MCIOJb3yeMbIii COBMECTHO
C OMHUCAaHHBIMU TIpUOOpaMM, MOJDKEH paboTaTh C OIMepalMoHHON cucTteMoir Win-

[CECTLEY

Puc. 4.13. BrewHruii 8u0 KomnotomepHoii uamepumervbHoii cucmemol Ha ba3e
supmyanrvroix npubopos u mobusvrozo Komnoviomepa — Hoymbyka Satellite 1800-314
kopnopayuu Toshiba
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I'rasa 4. Bupmyaasnoeie ocyusroepagor u rabopamopuu

dows 95, 98, 2000/NT/XP, umers SVGA-Bumeokapty (¢ paspemeHuem 800 x 600) u
apu(MeTUIeCKnii COIpOoIecCcop s CIeKTpoaHanu3aTopa. IloakimoyeHue YCTpOWCTB
ocyuectniasiercs yepe3 npuHTepHblid mopt LPT1, LPT2 wiu LPT3. Coopka s1abopaTo-
pPUM U TIOAKJIIOUYEHHUE €€ K KOMITbIOTEpY 3aHMMaeT OT CUJIbI mapy MUHYT. OHa CBOIUTCS
K TMOIKJIIOUEHUIO Kabeseil K pazbeMaM, PacloJIOKEHHBIM C3ali KOPITYCOB OCIIMOJLIOL-
paduyecKoil MpUCTaBKMU U MpUCTaBKU-TreHepaTopa. CUTHaJIbHbIe KOaKCUaJbHbIe Kabeau
MOJK/IIOYAIOTCSI CO CTOPOHBI IEpeAHMX MaHeJel K KOaKCHUaJIbHBIM pa3beMaM — OHU
BUAHBI Ha puc. 4.13. Cineayer OTMETUTD, YTO MPUCTABKU UMEIOT ONTUYECKYIO U300
OT LIeTIeli KOMIThIOTEpA, YTO HAAEXKHO 3allUINacT IOCAeAHUI (HO HE caMU IIPUCTAaBKU)
OT MOBPEXIAECHUN.

Heobxonumo Takxke yCTaHOBUTH ITpOrpaMMHoe obecniedeHue — nporpammy PC-LAB
2000 ¢ mpunaraemoro CD-ROM (oH BuaeH Ha puc. 4.13). YcTaHOBKaA 3TOI mporpaMMbl
HUYEM He OTIMYaeTcsl OT yCTaHOBKM Jwoboro Windows-npunoxeHusi. OmHako Hamo
yuutbiBaTh, 4To mis 1K ¢ onepauuonHoit cucremoii Windows NT win Windows 2000
HYXHO HOMOJHUTEIbHO YCTAHOBUTDH ApaiiBep JOKaJIbHOTO AIMUHUCTpPATOpa, KOTOPBIA
takke nmeercss Ha CD-ROM (Bo3MoOXHa €ro yCTaHOBKA MOCJIEe YCTAaHOBKM CaMOM IPO-
IPaMMBI).

IMocne ycranoBku niporpammbl PC-LAB 2000 co3paercst manka ¢ ee SIpJbIKOM M psi-
JIOM BCITOMOTaTeJbHbIX (hailJIOB €e CIpaBKM, COAEPKallleil onucaHue MPorpaMMbl U pa-
OOTHI C OCHOBHBIMU KOMITOHEHTaMU JIabopatopuu ¢ Heil B mejoM. K coxajaeHuro, pyc-
CKOSI3bIYHOW crpaBKu HeT. XOTs, HAaJ0 cKa3aTh, YTO padoTa ¢ JlabopaTopueil 1ocTaTou-
HO OIIBITHOMY IIOJIb30BaTeNIO (CIEeIUANUCTy WIM PaIMOJIOOMTEN0) BIIOJHE SICHA U
ITOHSATHA.

HNuTtepecHo otMeTnTh, 4To mporpaMmmy PC-LAB 2000 moxHO OecruiaTHO ckadaThb C
HNHurepHeT-caiiToB Kopnopauuu Velleman Instruments u Haieil ceTd Mara3uHOB 2JIEKT-
pOHHBIX KOMIIOHEHTOB Chip-Dip. DT0 M0O3BOJsSIET MO3HAKOMUTLCS C BO3MOXHOCTSIMU
JlabopaTopur C TOMOIIbIO AEMOHCTpalMOHHOro pexuma demo. Ero MoxHo 3agaTh B
OKHE HavyaJIbHOTro 3amyckKa MporpaMmMbl, MoKa3aHHOM Ha puc. 4.10. DTo OKHO TO3BOJISIET
TakKe BBIOpaTh TUI ocUMJIIOrpada, TUM reHeparopa u aapec npuHrepHoro nopta LPT,
yepe3 KOTOPbI KOMITOHEHTHI JJabopatopuu noakiovaiorcs K TTK.

4.4.2. CneuumanbHbie BO3MOXHOCTU nabopatopumu PC-Lab 2000

ITockonbKy padora ¢ ocumuiorpadomM U (GYHKIMOHATBHBIM TeHEPAaTOPOM YyKe ObLTa
ornucaHa B MPEAIISCTBYIONIMX pa3aesiax 3TOi TIaBbl, OCTAHOBMMCS Ha HEKOTOPBIX IpYy-
TUX BO3MOXHOCTSIX Jaboparopuu. KHomnka Transient Recorder mo3BoJisieT UCIIOIb30BaTh
JJabopaTopHIo B KaUeCTBE 3JIEKTPOHHOTO 3aIlCHIBAIOIIETO YCTPOMCTBA — peKopaepa Iie-
pexonHbix mpoueccoB (puc. 4.14). Ot ocummiorpa¢guyeckoro pexmuma padoTbl pexXuM
pekopaepa OTJIMYAeTCsl MIUTEIbHOCTbIO Pa3BEPTOK M BO3MOXKHOCTBIO 3alucH B (haiin
OYEHb JUIMUTEJIbHBIX MPOLIECCOB — BILUIOThH OO roaa. Jlajeko He KaXIblii Jaxe 3alloOMUHA-
IOIIUI ocLuIorpad Mo3BOJISeT BECTH TaKUe 3alluCH.

Ente omnH AOCTYIHBIN pPeXXWM — TIOCTPOUTETh YACTOTHBIX XapaKTePUCTUK 3JIEKT-
ponnbix 1ereit Circuit Analyzer. OH oTkpbiBaeT okHO Bode Plotter (puc. 4.15), B KoTo-
POM MOXHO 3a/aTh BUI rpaduka, YyBCTBUTEIbHOCTh, HAYAIBHYIO U KOHEYHYIO YacTOTy
CBUIMMpOBaHUs. B aTOM pexume (yHKIMOHAIbHBIN reHepatop paboTaeT KakK CBUII-Te-
HepaTop (reHepaTop Kadalolleicsl 4acTOThl), YTO MO3BOJsIET cTpouTh AUX a1eKTpoH-
HBIX Leneil u cxeM. K coxkaneHuio, BepXHsis 4acToTa CBUIIMPOBAHUS HE MOXET IPEBbI-
martb | MI'1, Tak 4TO 3TOT peXXUM TOAUTCS IS MCCIEI0BAaHUSI HE OYEHb BBICOKOUAC-
TOTHBIX cXeM M ycTpoiictB. Kak B pexume mnoctpoeHus AUYX, Tak m mpocMoTpa
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&5 Transient Recorder
File Editt Oiptions: Yiewm Hely

Oscilossope | | Spectium Analyzer | [ Transiont Fiocorder | Function Generator

[_ O[]

[ l

[ Time/Div.

2000z 10005
500s 200s

] [l
Volts/Div.
- (] )

- | [ ool
D s s 1sm| s
E Cougling

E_' Fosion  _AC | | DC ~ _GND

O 7
Mﬂﬁﬂ{
014 s 1om] s

Paosition J-

Coupling

AC DC - _GND

Puc. 4.14. Paboma aabopamopuu 8 pejxcume 34eKMPOHLHOZO 3ANUCHIBAIOU,LEO

-\ Dscilloscope
Fie Edit Options Wiew tath Help

Oscillozcope SpecllumAna\yZerl Translentﬂecmdell Funcl\onﬁeneratorl

ycmpoicmsa

Crcuit Analvast |

Function Generator

Eile Options  Tools Help

=[8]x]

Frequenc
[ 1000.00 kHz

Output
A0
2 m

I Bode Plotter - datal.txt M[=1E3
Fie Edt Optons View Help
[ 010Vims/dv__Top: 1.00ims WRET
& Yalis Ll
 10d8/div & G
 5dB/div 15
1B /div & o5v
[SREY
~Frequency Range—| s
 1kHz = T
 10KHz
o By
]  100KH:
~Volts/pi | MHz
E Frequency Start——
R,
S Nl
o= oiokke Start 100Hz &V, 0.47vms 1 13.3kHz Stop: TMHz
: He  Wme  dBY
% Log Freq Scal
 Pusifc | £ 100KkHz ";LDQ Freq SE" 00000 0710 2974 &
5t oD el (i iz Start Pause Stop

1000000 0710 -2.974 j

Puc. 4.15. Paboma aabopamopuu 8 pexume nocmpoenuss A4X

OCLMJUIOTPAMM BO3MOXHBI KYPCOPHbIE M3MEPEHUs C IOMOIIbIO MepeMellaeMbIX MbI-
IIBI0 KYPCOPOB, a TaKKe BBIBOJ MACIITAOHBIX TTapaMeTpPOB.

Kak BugHO M3 mpUBEAESHHBIX TIPUMEPOB, Bo3MOXHOCcTU Jadopatopuu PC-LAB 2000
JTOCTATOYHO OOIIMPHBI M TPAKTUUECKM HEOTPAHWYCHHO PACIIUPSIOTCS BO3MOXHOCTBIO
KOMIIBIOTEPHOI 00pabOTKM TaHHBIX M Pe3yIbTaTOB 3KCICPUMEHTOB. JIF0OYI0 OCLIMILIOr-
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I'rasa 4. Bupmyaasnoeie ocyusroepagor u rabopamopuu

paMMy, CIIEKTpOrpamMMy, 3aITMCh MEPEXOMHBIX mpoiieccoB i AYX MOXHO COXpaHUTH B
daitnax gaHHbIX. g aTOro mHTEpdeEiic 1adopaToprum MpeaycMaTpuBaeT OKHO 3arpy3Ku
¢aiiyta JAHHBIX C KHOITKOU IMPOCMOTPa, BBIBOASILEH OKHO IPeIBapUTEIILHOTO IIPOCMOT-
pa (puc. 4.16).

| Dscilloscope MEIE
File ot Piosimes D e
B 07k poirke paina x|
_ Danka: |3 data =l @ Picture: (5225299) @I M=
%] datal R =
o .l
15/ 15/ 125kE 4 ms

HmA paina [datal
Tun daiinoe: | Bitmap fie (*.bmp)

v
‘ W\/\/\/\/\/\/
R R
e

 1kHz

 10kHz [
" 100kHz 3
¥ i 1MHz

[ Fiequency Stat——
& 100Hz

-
[

=)

=

 1kHz B--- Vims: 0.64Y 1.7dBm
" 10kHz Start:

Hz Wims _ dBY
(ol v Log. Freq, Scal
100kHz 00. Freq. Scale Said 181

34 -
¥ Log Freq, Steps
Start Fause St 2345 151 o]
B] St om0 <P 2346 152 93II29473

le 1

Pasitic

Puc. 4.16. Paboma rabopamopuu ¢ ¢gaiirom danHbLx

JlabopaTtopusi popmupyeT aBa Buaa ¢paitjaa JaHHBIX — TEKCTOBOro (popMaTa u rpa-
¢uueckoro dopmata. TekcroBrlii (aiim mmeer dhopmar ASCII m MoxkeT mpocmaTpuBa-
TbCSI U PEAAKTUPOBATHCS JIIOOBIM TEKCTOBBIM DPEIAKTOPOM, HAINpUMEpP MOMYJISIPHBIM
Word (ripu popmare aiina .txt). Daiin comepXUT BIOJHE OYEBUIHBIE JaHHBIE: ILIAT IO
BPEMEHM, MacllTad Mo BepTUKaIW, HOMepa ToyeK N U JaHHbIe B BOCBMUPA3PSIHOM
dopmarte (ot 0 mo 255) mas KaHamoB ocuwtorpada. Takue maHHBIE JIETKO IIEPEHOCITCS
B JI00yI0 MX 00pabaThIBaIOLIyI0 MPOrpaMMy — HauyWdHasi OT MPOCTEHBKON IMpOrpamMMbl
Ha beiicuke m KoH4Yast mporpaMMaMM OOpaOOTKM JaHHBIX Ha OCHOBE CHCTEM KOMIIbIO-
TepHoii mMarematuku Mathcad, Maple, Mathematica niu MATLAB. D10 oTkpbiBaeT
IIUPOYANIIIIE BO3MOXHOCTA MaTEMaTUUECKOM M KOMITBIOTCPHOM 00pabOTKM HAaHHBIX U
pe3ybTaTOB MCCAEAOBAaHUNA W SKCHEpU-

MEHTOB. 1.5¢ 1.5¢ 125k5/s ms

I'pacdmueckuii aitn umeeT pacluupe-

Hue .bmp U MpeAcTaBiIseT co00ii BEICOKO-

KAa4yeCTBEHHbI pucyHok (puc. 4.17). Ta- /\A/\/\/\/\/\/\/

K€ PUCYHKH MOXKHO MCIIOJIb30BaTh IS
MOJArOTOBKM OTYETOB IO pe3yJibTaTaM MC- /\\N\\N
CIIeIOBAaHUIT WM O9KCIepUMeHTOB. HMx

MOXHO, HamlpuMep, BKIIOYaTb B TEKCTO-
Bble MaTepuajbl, IMOJATOTOBJICHHBLIE B Cpe-

Jle TEeKCTOBOIrO pefakTopa kiacca Micro-

soft Word. Puc. 4.17. Pucynok — ocyurnrozpammot
¢ 08Yyx Kananos ocyuarozpagpa

Wrms: 0,64 -1.7dBm
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4.5. Hosovie so3moxcrnocmu supmyarvroli rabopamopuu PC-Lab 2000 v. 1.38

4.5. HoBble BO3MOXHOCTU BUPTYaJibHOM NnadbopaTopumn
PC-Lab 2000 v. 1.38

4.5.1. Pa3seutue nabopartopum PC-Lab 2000

C 2001 mmo 2004 rox BuptyanbHas Jadopatopusi PC-LAB 2000 mpoiiuia psin MOAEpHU-
3auuit, u xots ee HazpaHue PC-LAB 2000 He M3MEHUI0OCh, BO3MOXKXHOCTU J1a00paTOpum
ObLIM CYIIECTBEHHO YJIYy4YllleHbl U OOHOBJEHbI. B HacTosiliee BpeMs sl CO3[AaHUsI UH-
tepderica monb3zoBatess gabopatopuu PC LAB 2000 ucnosib3dyercss mporpaMmma Bepcuu
v. 1.38. OonoBnennywo nporpammy PC-LAB 2000 v. 1.38 MoxHO OecrijlaTHO cKadaTh C
HNurepHeT-caiitoB kopriopauuu Villeman Instruments. YcTraHOBKa HUYEM HE OTJIUYAETCS
oT yctaHoBKHU to0oro Windows-tnipunoxeHnusi. CTOUT, OAHAKO, HATOMHUTb, 4To Wi [TK
¢ oneparmonHoi cuctemoir Windows NT wiu Windows 2000 Hy>XXHO TOTMOJTHUTEIbHO
YCTAaHOBUTh JIpaiiBep JIOKaJbHOTO AIMWHUCTpATOpa, KOTOPBI TakKxKe HMeeTcsl Ha
CD-ROM (BOo3MOXHa €ro yCTaHOBKA TTOCJIe YCTAHOBKU CaMO TTPOTPAMMBI).

4.5.2. YcTtaHOBKa 0GHOBNEHHOW na6opatopuu PC-Lab 2000

OKHO HayaJbHOTO 3alTycKa MporpaMMbl TIpeacTaBieHo Ha puc. 4.18. DTo okHO mo-
3BOJISIET TaKXe BbIOpaTh TUM ocuwiiorpada, TAM reHepatopa W aapec MPUHTEPHOTO
nopta LPT, yepe3 KOTOPBIII KOMITIOHEHTHI JJabopatopun noakiovdaiTcs K [TK. Boamo-
JK€H JeMOHCTPAllMOHHBIN pexkxuM Demo, mo3BOJSTIOUi MO3HAKOMUTBCSI ¢ OCHOBHBIMU
Bo3MoxxHOCTsIMI PC-LAB 2000 6e3 moakmoyeHnsi K KOMIBIOTEPY anmapaTHbIX CPEICTB
J1abopaToOpuH.

&1 Welcome to Yelleman Pc-Lab 2000 =100 x|
e=lan 20005
Dscilloscope Function Generator LPT Port Address Recorder/Logger
@ PCS500 * PCG10 i 378 " KB047
 PC5100 " K8016 i~ 278 " PCS10 0K
" K8031 " None i~ 3BC * MNone
fnane Cancel
" Mone " Demo Mode  USE <5
Help

[V Disable LPT Flug-and-Flay [Windows XF only]

Puc. 4.18. Hauaavnoe okrno 3anycka sabopamopuu PC-LAB 2000

[TockonbKy padota ¢ ocumuiorpadoM M GYHKIMOHATLHBIM TeHEPaTOPOM YXKe Obla
oInMcaHa B sit, OCTAHOBHMMCSI TOJIbKO Ha HOBBIX BO3MOXHOCTSIX Jabopatopuu. Ilpexne
BCEro, OTMETUM BO3MOXHOCTh BKJIIOUEHUS B JIaOOpaTOpuio HOBBIX ycTpoiicTB K8047 u
PCS10, obecrieunBarolmx MOBBILLIEHHBIE BO3MOXKHOCTU pabOThI ¢ curHajgamu. IToakiio-
YyeHHe HOBBIX YCTpOHCTB U ycTpoiicTB ¢ USB-mopToM 3amaHO B HOBOM pasieie OKHa
ycranoBku — Recorder/Logger. Ecimi 3Ti ycTpolicTBa He MCITOIB3YIOTCSI, HAIO YCTaHO-
BUTH onuuio None.

4.5.3. HoBbiih pexum 3anomuHaHusa ocuunnorpamm PERSIST

B HoBoit Bepcuu nporpammbl PC-LAB 2000 v. 1.38 no cpaBHeHuU1o ¢ Bepcueit 1.14,
npeactaBieHHoir B 2001 romy, CyIIeCTBEHHO pacIIMpeHbl (YHKUMU BUPTYaJIbHOTO
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ocuuytorpaga. Ero okHo npeactasiieHo Ha puc. 4.19. B HeM BbIBeIeHO TaKKe OKOLIKO
C COOOILLIEHMEM O BEPCUM IporpaMmbl. sl BbIBOAA 3TOrO OKOIIKA HOCTATOYHO MCIIOJ-
HUTb KoMaHay About... B mo3uuuu Help meHro.

Filz Edit Options View Math Help

Dik-o Spsctum dnalyzer | Transisnt Recordsr | Function Generstor|  Cicuit Ansbzsr |

( Time/Div.

] ] ] 0
e [l
|

Oscilloscope
B i o] o2 orue] = |

osciloscope PCSS00 1GS/s

Vetcon 1.38 Dzus| 0tus| 05| 2w
For Windons® 85/38/ME /2000/NT 4/
Run Single

Ready

Copyight © 2004, Magnava Companents

[ =

[ ]

[ Vols/Div. -
‘ils lWT —puroser | _peasist | [oN _autoser | Ifmeuln/ulfﬂl [orF =< ]
AL [ | R o] sv|[re na [ ;

’_: w1 s tem] ey | o1 son| 15| | ’- couea] 7 | 2] BT
2 Coupli — :

o £ I%QM | l%g GND|  Posiion ]- : LevgdgelT Y

Puc. 4.19. OkHo obHOBACHHO20 BupmyasbHoco ocyurrozpaga PCS500

U3 puc. 4.19 HeTpyIHO 3aMETUTB, UTO B OKHE OCIIJITOTpada MeXKIy TaHeISIMU KaHATIOB
CHI1 u CH2 nogBunace HoBas kHonka PERSIST. OHa BBOAUT HOBBIN PEeXUM pabOThI
ocuwuiorpada ¢ 3alOMUHAHUMEM paHee COeJaHHBbIX ocLuuiorpamMM. HopMaibHO 5Ta
KHOIIKa OTXXaTa, U ocLusuiorpad padbotaet B 0ObIMHOM PeXXMME C OOHOBJIEHUEM OCLIMJIION -
paMM IpU Kax10M Iycke. Bug ocuusorpamMM Jjist TOro cliydasi mpeacTaBiieH Ha puc. 4.19.

IMpu «maxatun» kHonku PERSIST (akruBM3mpyeTcst MBIIIBIO) ocLmuiorpad mepe-
XOJUT B PEXUM 3allOMUHaHUs ocuusuiorpamM. Puc. 4.20 mokasbsiBaeT mpuMep padoThl B
9TOM pEXUME — BBITIOJTHEHO MSITh OAHOKPATHBIX IMYCKOB W BCE TSATHh OCIWLIOTPAMM
MpeaCcTaBIeHbl Ha «3KpaHe» ocuuiorpada. [TogodHoe 3amoMMHaHWE OYEHb ITOJIE3HO
JUTST OTIEHKU BIIMSTHUS IIIyMOB UM JKUTTEpaA, a TakKe B cliydae, KOraa B MPoIlecce Uccie-
JIOBaHUST YCTPOMCTB MPOMCXOAUT aBapusi. B 0ObIMHOM pexkume ocuuiorpada 3To BeaeT
K yTepe MpealecTBYIOIINX OCIUJUIOTPAaMM, a B PeXMMe 3allOMUHAHUSI UX MOXHO pac-
CMOTpPETh M YCTAHOBUTH MPUYMHEI aBapyHu.

4.5.4. OTK/II0O4YEHUE pexnma coeguHeHus Tovyek rpadpmkos

B mosutinu View MeHto octorpada (puc. 4.21) BBeneH psii HOBBIX OIIIUIA, CyIIe-
CTBEHHO TOBBILIAIOIINX BO3MOXHOCTH ocuusuiorpada. IIpexae Bcero oTMETUM OMIIUIO
Dot Join (O0benuHenune Touek). [1o ymomyaHWio OoHa BKJIIOYEHA, YTO O3HAYAeT Tpen-
CTaBJI€HUE OCHWLUIOTPAMM CIUIOIIHBIMU JIMHUSIMU — WCIOJb3YEeTCS] WHTEPIIOSILIUS
MeXIy TOYKaMU M CaMM TOYKHU (BBIOOPKM TIpU CTPOOMPOBAHWM) HE BUIHBI. OTKITIOUE-
HUME 3TOU OMUMU BEAET K TOUEUHOMY TMPEACTABICHUIO OCIIUJLIOTPAMM, MPU YeM Kaxast
TOYKAa COOTBETCTBYET BBIOOPKE CHUTHAJIA.

B psine cimydyaeB TOUeYHOE IMPEACTABICHUE OKAa3bIBAETCSI BECbMa TOJIE3HBIM, HaIpU-
Mep, JJI OLIEHKU BPEMEH OBbICTPhIX M3MEHEHUI CUTHAJIOB W KPYTU3HBI OTUX U3MEpe-
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-\ Dscilloscope

Fle Edit Options View Math Help
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Puc. 4.20. IIpumep pabomor supmyarbroco ocyuirozpaga 8 pejcume 3anOMUHAHUS
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M\ Dscilloscope

File Edit Options | wiews Math Help
Dscilosoope | ¥ RIS Yalue
w dBm Value

v Sample Rate
Waweform Parameters...

Circuit Analyzer

Time/Div.

Markers (DS}
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Puc. 4.21. Okno ocyunrnoepaga c omkpoimoii nosuyueii View menio
U OCYUANOZPAMMAMU C MOUCHHbLIM NpedCmasieHueMm

HUI. DTO XOPOIIO BUAHO TPU MTPocMOTpe Ha puc. 4.21 curHaia B BUIE MOJYBOJTHBI Me-
aHJpa ¢ OTPULIATEIbHON MOJSIPHOCTHIO (Ha (DPOHTAX XOPOIIO 3aMETHBI TOYKU U UX YKC-

JIO HETPYJIHO TIOJCYUTATD).
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4.5.5. ABTOMaTU3aumsa U3MepeHu napamMmeTpoB OCLUIIJIOrpaMM

Haubonee cepre3Hoe pomnosHeHue B mporpammy PC-LAB 2000 BBemeHo B Bepcuu
v. 1.34 1 coxpaHEHO B IOCJIeAYIOLIMX Bepcusx. Do HudpoBasg o0padoTKa OCUUIOTPAMM
000MX KaHaJIOB, MO3BOJISIONIAST ABTOMATUYECKN BBIYMCIATD 21 aMIUIMTYIHBI 1 BpEMEH-
Ho# mapametp. st aToro B mo3uuuu View MeHIo BBeAeHa omuus Waveform Parame-
ters ... (ITapameTpnl BoaH). Ee akTMBU3a1Mst TPUBOAUT K MOSIBJICHUIO CITEIIMaTbHOTO OKHA
¢ mapaMmeTpaMu, ITOKa3aHHOTo Ha puc. 4.22 B mpaBoil YacTU OKHa ocLujiorpada.

181

Ele Edit Options Yew Math Help

Dsciloseops  Spectrum Analyzer | | Transient Recarder

Funclion Generatar | Circuit Analyzer |

=lolx|
de: [ CH1 [ _CHZz
DC_Mean 063V 000V
Man 1.58V 145V
Min 030V 142V
Peak-to Peak 188V 288V
High 155V 128V
Low 027V .25V
v _Amplitude 181V 253V
©_AC RMS 066V 120v
[v_AC dBY -3.60 dBV 1.55 dBY
[ _AC dBm -1.39 dBm 3.77 dBm
[©_AC+DC RMS 0.92v 120v
[v_AC+DC dBV 0764 dBV 155 dBV
[?_AC+DC dBm 1.45 dBm 377 dBm
Timing:
Duly Cycle 497 % 50.0 %
[¥_Positive Width 1.19 ms 1.20ms
| { | L [_Negalive Width 1.21 ms 1.20 ms
“Valts/Div. — |7 _Rise Time 0.704 ms 0.120 ms
: [ on | _autoser PERSIST on 401 ¥ Fall Time 0.688 ms 0.104 ms
: ¥ _Period 240 ms 240ms
’V H ﬂl il ﬂl [asv ﬂl o 15| [F Froquency 0.417 kHz 0.417 kHz
E m mI MI ﬂI m MI M‘ [v Phase 19.9 deg -19.9 deg
’dg Coupling Coupling _Gose | _Hep |
2 Pasition ﬂ [oc ml ﬁl oC % L I T

Puc. 4.22. Paboma c okHom Waveform Parameters amniumyoroix u 8pemeHHbLX
napamempos ocyusrozpada

B oxne Waveform Parameters MoXXHO 3aaTh OIILIMK BBIBOAA TOTO WJIM MHOIO Iapa-
meTpa. [Ipu ucnonw3oBaHuM AByxKaHajabHOro ocuuyiorpaga PCS500 atu onuuum Mox-
HO 3amaBath s Kaxnoro kaHana (CH1 u CH2) unu toapko ogHoro u3 Hux. Kak mpa-
BWJIO, IUTSI BHITIOJTHEHWS TIPaBUJIBHBIX BRIUMCICHUI (hopMa OCIIIIIOTPAMM JOJIKHA OBITh
JIOCTaTOYHO IIPOCTOI M Ha dKpaHe pPa3MellaThbCsl HECKOJIbKO OTYCTIMBO BUIHBIX IIEPUO-
OB HaOJIIomaeMbIX CUTHaoB. Eciu cpeactBa oOpaOOTKM HE CITOCOOHBI YETKO BBIUMC-
JINTh TOT WA MHOI mapamMeTp, BMECTO €ro 3HaUYeHUS MHIMIIUPYETCS 3HaK «??», a Ipu
HEBO3MOXHOCTHU BbIUMCAEHUS 3HAK «???». [TocaeaHee BO3MOXKHO, €CIU OCLUJIJIOrpaMMa
HE COICPXKUT MOCTATOYHON WH(pOPMALIMU IS BHIYUCICHMS ITapamMeTpa, HampuMep, Ha
Hell 0ToOpakeHa TOJBKO YacTh MepUoaa WKW CIUIIKOM MHOTO TEPUOIOB.

YTo0OBI paboTaTh C OKHOM ITapaMeTPOB, HY>KHO YETKO MPEACTaBISTh, KaK OIpeacieH
TOT WM WHO# mapamerp. Ha puc. 4.23 moka3zaHo oTnpenesieHe OCHOBHBIX aMIUTUTYII-
HBIX ITapaMEeTPOB MMIIYJIbCOB B TOM BHIE, KaK OHM BbigaloTcs B okHe Waveform Para-
meters.

Huxe mpeacTtaBieHo omnpeneieHe OCHOBHBIX aMIUTUTYIHBIX ITapaMeTpPOB:

¢ DC Mean — apudmeTUyecKoe cpeHee 3HauYeHue;
¢ Max — mMakcuMalbHOE 3HAaYEHUE C YUETOM KOPOTKOTO BBIOPOCA;
e Min — MUHMMAaJIbHOE 3HaYeHUE C YYETOM KOPOTKOTO BHIOpOCA;
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iA
|

Max

90%

High
High reference

Low reference 10%

Low
Min

1L}
| \
Middle referencesO% II \\
J |
\——

Puc. 4.23. K onpedeseruto amniumyorolx napamempos UMnYyaoCHOSO CUCHAAA

e High — cratuctuueckoe MakcuMajgbHOE 3HaUeHHE 0€3 yueTa KOPOTKOrO BhIOpOCa;

e Low — craTucTMyecKoe MMHMMAaJIbHOE 3HaUeHUe 0e3 yueTa KOPOTKOIro BhIOPOCa;

* Peak-to-Peak — nBoiiHOe MMKOBOE 3HAUEHMUE;

e Amplitude — amnutyna curHana (paszHoctb mexay High u Low);

e AC RMS — mnpaBunbHoe RMS-3Hauenne AC-KOMITOHEHTHI CUTHaia, rpeodpa-
30BaHHOE B BOJIBTHI;

e AC dBV — wusmepenHHbiii curHan (tonbko AC), mpeoOGpa3oBaHHbINN B dBV
(0 nb =1 B);
e AC dBm — wusMepeHHblil curHan (tonbko AC), mpeoOpa3oBaHHbIi B dBm

(0 nb = 0,775 B);

e AC + DC RMS — npasuinbHoe RMS-3nauenue (AC + DC)-BoHBI, BEIYUCIIEH-
HOE U MpeoOpa3oBaHHOE B BOJIBTHI;

 AC + DC dBV — usmepennsbiii curHan (tonbko AC), mpeoOpa3zoBaHHbiii B dBV
(0 16 =1 B);

e AC + DC dBm — usmepenHslii curHai (Tonbko AC), mpeobdpasoBaHHBIN B dBm
(0 nb = 0,775 B).

OnpeneneHus: OCHOBHBIX BPEMEHHBIX MMapaMeTpoOB IMpeAcTaBieHbl Ha puc. 4.24. s
OTCYeTa BPEMEHHBIX MMapaMeTPOB MCMOJB3YIOTCSI TPU YPOBHSI OTCYETOB, OTHOCUTEIHHO
aMmruntynel curHana: High reference — 90-nporeHTHBIN ypoBeHb, Middle reference —
50-mporuieHTHBII ypoBeHb U Low reference — 10-TIpOolLIeHTHBI ypOBEHb.

Period
Positive widht | Negative widht

High reference 90% ‘

50%

Middle reference

Low reference —10% ]

Rise time Fall time

Puc. 4.24. K onpedeseruto 0OCHOBHbLX BPEMEHHbLX NAPAMEMPO8 UMNYAbCHOZ0 CUCHANLA

Huxe NPEeaACTaBJICHDbI ONMPEACICHNUA BPEMCHHDBIX U YaCTOTHBIX ITapaMeTpPOB pE€aibHO-
TO UMITYJILCHOTO CUTHaJIa:

e Duty Cycle — oTHOLIeHHE JTUTETbHOCTU MOJOXUTEIbHON TOJYBOJIHBI CUTHAja
K €ro Iepuojy, BbIpakeHHOE B IPOLIEHTAX;

e Positive Width — mIMTeIbHOCTD MOJIOXKUTEIBLHOM MOJIYBOJHBI CUTHAJA;
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e Negative Width — nIuTebHOCTh OTPULIATEBHON MOJYBOJIHBI CUTHAJA;

e Rise Time — BpeMsI HapacTaHUsS CHTHaJIa, U3MepeHHoe Ha ypoBHsX 10% u 90%
OT aMIUTATY/bl CUTHAJNA;

e Fail Time — Bpems crnaga curHajia, uaMmepeHHoe Ha ypoBHSIX 90% un 10% ot am-
TJIUTY/Ibl CUTHAJA;

e Period — nmepuoa MoBTOpeHMs CUTHANA, U3MEPEHHBIN Ha ypoBHe 50% OT amMIuIn-
TyAbl CUTHAA;

e Frequency — 4JactoTa MoBTOpeHUs curHaja (o0paTHasl IEpUoLy BEIUUMHA);

e Phase — ¢a3oBblii cnBur mexay curHagamu B KaHainax CH1 u CH2, BbelpaxxeH-
HbI B Tpanycax deg (1 deg = 1/360 ot mepuona curHaia, yCJIOBHO MPUHSATOTO 3a
1, yacTOThI CUTHAJIOB B 00OMX KaHajax JOJKHBI ObITh ONMHAKOBBIMU).

CrenyeT OTMETUTb, YTO INPUBEACHHbIC OIpPEAeeHUs] MapaMeTPOB MPUHSTHL B 00Jb-
IIMHCTBE 3aMagHbIX TU(MPOBBIX OCHALUIOTPAdOB, JOMYCKAOIINX aBTOMATUUECKOE U3Me-
peHue MapaMeTpOB CUTHAJIOB.

4.5.6. Pexkum 3anoMMHaHUA CneKTporpaMmm

B pexume cnexkrpajbHOro aHaju3a (KHOIKa Spectrum Analyzer) Takke KMMeeTCs
BO3MOXHOCTh 3allOMMHaHUs criekTporpaMMm npu HaxaTtoin kHomke PERSIST. Ha
puc. 4.25 mokazaHo OKHO ocuujuiorpada B pexXuMe CIIEKTPaJbHOro aHanausa mocie 10
MyCKOB KHOTKOM Single. OObIYHO CHJILHO M3JIOMaHHAasl CHU3Y CIEKTporpaMma Ternepb
MpeAcTaBiieHa IMMPOKON IITYMOBOI MTOPOXKKOM, M3 KOTOPOMl 00jee OTUYETIMBO BUIHEI
BCIJIECKM Ha YacToTax rapMoHuK curHaiga. Ha puc. 4.25 nmoka3zaHa Takxxe paboTa aHa-
JIN3ATOPA CIIEKTPA B PEKMME MAPKEPHBIX BHIYMCIEHUIA.

B meH10 onumii gobaBieHa HoBasl onuus Vector Average sl yCpeQHEHUST JaHHBIX B
BekTope. Takoe ycpeaHeHHE MOXKET CYLIECTBEHHO MOBBICUThH Pa3pellarollylo CII0CO0-
HOCTb aHajmM3aropa crekrpa. bosee monpodbHo paboTa ¢ aHAIM3aTOPOM CIIEKTpa OIKCa-
Ha B m1aBe 6.

A Spectrum Analyzer =& x]
Fle Edit | Options Yiew Math Help

FFT Windaw - et B Function Generstor | Cicuit Ansiasr |
Maxirmum

Frequency Range

Hardware Setup... BkHz
Sl rectoiive/oe 600z | 12kHz | a:

Trigger Options BliHz 12kHz J0kHz

EOkHz | 120kHz | 300kHz

0BMHz | 1.2MHz | 3MHz

BMHz | 12MHz | 25MHz

Freq, scale

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, [tin Log
Z00M
[ e | x| s |
Run Single
| [ [ [ 1 | [Ready
 Volts/Div. CH Trigger
H ON | _Auinser | [ FeRsisT O ANTIEET 2 ol G IF i
o] wv|[isv osy] R A Y o onffore xe]
’_ 194 son] 1] s o1 sow] 15w _sov| [: T
: Coupling Coupling - e
“Postion _AC | [DE _ano| Lac|pc GNo| s * Level BN

Puc. 4.25. Paboma anasru3amopa cneKkmpa 8 pexcume 3aNOMUHAHUSL CNEKMPOESPAMM
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4.5.7. Jpyrme BO3MOXHOCTU 06HOBNeHHOW PC-Lab 2000

AkTuBM3auMsl KHonku Transient Recorder mo3BoJisieT UCIOJIb30BaTh J1abOpaTOpUIoO B
Ka4yeCcTBE 3JIEKTPOHHOIO 3aIlMCHIBAIOIIEIO YCTPOMCTBA — pexopdepa TEPEeXOTHBIX MPO-
neccoB (puc. 4.26). Ot ocunuiorpa@uyecKoro pexXuM pekopaepa OTIMYAeTCs JIATEb-
HOCTBIO Pa3BePTOK M BO3MOXKHOCTBIO 3allMCU B (Daill 0YeHb JIMTEIbHBIX IIPOLIECCOB —
BILIOTH 70 rofa. Kak BumgHO U3 puc. 4.26, B 3TOM pexkruMe BO3MOXKHBI KypCOPHbIE U3Me-
peHusl.

S Transient Recorder (=] 3]

File Edit Options | View Help

Dsciloscope I Tiansient Fecorder  Function Benerator
Markers di & dt

PP [ Time/Div.

Jist ; oo | vonce |

_oooe | e |

7777 e | e |

T

e | = |

[ s |

: oz | o |

""""""""""""""""""""""""""""""""""""""" Run Single

Xmm; l ol |[ Sewe

[ Molts/Div.

| e p—
B Coupling Eagllig :
Posiion_4C | 0Tt _ac | o aMol  posiion -

Puc. 4.26. Paboma rabopamopuu 8 pexcume 31eKMPOHHO20 3ANUCHIBAIOU,E20
ycmpoiicmsea ¢ KYpCOPHuIMU USMEDEHUAMU

Jnsg mociemHero M3 PeXMMOB PabOTBI — TMOCTPOCHUSI YaCTOTHBIX XapaKTepHCTUK
BJIEKTPOHHBIX LeNeil — JI0CTaTOYHO aKTMBU3UpPOoBaTh KHOMKY Circuit Analyzer. B aTom
ciydae BeiBoauTcs okHO Bode Plotter (puc. 4.27), B KOTOPOM MOXHO 3a1aTh BUJI Tpa-
¢uka, YyBCTBUTEIbHOCTh, HaUaJIbHYIO M KOHEYHYIO YacTOTy CBUIIMpOBaHMs. B aToM pe-
krMe (YHKIIMOHAJIBHBIN TeHepaTop paboTaeT KaK CBUIT-TeHepaTop (TeHepaTop Kavaro-
LIEICST YaCTOThI), YTO MO3BOJIICT CTPOUTh AUX 2JIeKTPOHHBIX IIETeil M CXeM B Iuamas3o-
He yactor no | MIu. Kak B pexume mnoctpoeHuss AYX, Tak M mpocMoTpa
OCLIMJUIOTPAMM BO3MOXKHBI KYPCOPHBIC M3MEpPEHHUSI C TOMOIIBI0 TEePEeMEIIaeMbIX MBbI-
IIIbI0 KYpCOPOB, a TakKXe BBIBOJA psifia MaclITaOHBIX IapamMeTpoB. B HOBoi1 Bepcuu
PC-LAB 2000 v. 1.34 B0o3MOXHO TocTpoeHMe M (pa309acTOTHOIN XapaKTepUCTUKH
(®PUYX), ecnu 3anath ee HOBOII omniueil Phase Plot B mo3uiiuu meHio View.

Kax BumgHO M3 IpWBEACHHBIX IIPUMEPOB, B HOBBIX pealM3alysIX BUPTyaIbHOU J1a00-
patopuu PC-LAB 2000 ocyliecTBaeHbl MHOTME BO3MOXHOCTM KOMIIBIOTEPHOI 0Opa-
OOTKM ITaHHBIX M PE3yJbTaTOB SKCIICPUMEHTOB YK€ Ha YPOBHE IPWIATaeMOTO ITPOTpaM-
MHoro obecrieueHus. I[To 3TUM BO3MOXHOCTSIM OOHOBJIEHHAs 1abopaTOpUsl He YCTyrnaeT
ropasao 0oJjiee JOpoTUM IUGPOBBIM OCIMIUIOTpachaM MHOTMX M3BECTHBIX (PUPM, UTO OT-
KpbIBaeT IIMPOKHUE BO3ZMOXHOCTHU €€ NMPUMEHEHMSI B CEPBUCHBIX CIyXk0aX, HAyYHBIX HC-
CJIeIOBAaHUSIX U B JIaOOpaTOpUSIX BY30B UM YHMBepcuUTeToB. bosiee moapobHo padorta ¢
BUpTyasbHOU Jaboparopueii PC-Lab 2000 onucana B riase 6.
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Puc. 4.27. Paboma aabopamopuu 8 pexcume nocmpoenuss AYX u ®4X

B HacTosiee BpeMsT KOMITbIOTEPHU30BaHHBIC J1a00OPAaTOPUM OTHIOAL HE OTPAaHUYCHBI
onucaHHbIMU u3aenusMu ¢upMbl Velleman Instruments. [TogoOHble 1abopaTopuu Mo-
ryT ctpouthes Ha msgenusix ¢pupmbl ACK, ocummrorpacdax OC3C-01 u reHeparopax
I'CIT®-052 (moctaBmmk 3A0 «Pymae-1wunsieB», ammapatype (YBBI, TOBOJIBHO HOPO-
roit) dupm Fluke m Tektronix u mp.

4.6. Ocumnnorpadpunyeckme moaoynm v nnatbl
dupmbl BORDO

4.6.1. Uudposoi ocuunnorpacd BORDO-421 ¢ USB-uHtepdeiicom

Kommnanug BORDO, nponykuus Kotopoii npeacTtapiieHa Ha caiite 3A0 «KomnaHus
CurHam» (Www.signal.ru) BBIITyCKaeT PsII OCHMIUIOTpadUUYCCKUX MOAYJIEH W TUIaT i
IePCOHAIbHBIX KOMITbIOTEpOB. Huxke Mbl pacCMOTPUM HEKOTOPBIC M3 HUX.

JByxkaHanmpHBIM 1MppoBoit ocumwuiorpad BORDO-421 (puc. 4.28) BBHIIIOTHEH B
IJIACTMACCOBOM KOPITyC€ C BHEIIHUM OJIOKOM muTaHus U umeeT uHtepdeiic USB 2.0.
C nepexonoM Ha ckopocTHoi nHTepdeiic USB peanusyercss HOBasg KOHLECITINS ITPUCTa-
BOK, BBITIOJHSIOIINX (PYHKINU ITU(GPOBBIX ocliorpadoB. BeIcokas cKOpoCTh Tepena-
YU TaHHBIX B TaKoM mopte (1o 40 MOuT/c) 1o3BosIeT co3AaBaTh IMIPUCTAaBKU C BBHICOKOM
CKOPOCTBIO OOMEHa MaHHBIMM MEXIy IIaTOM-OCHM/UIOrpad)oM M KOMITBIOTEPOM. DTO
CIIOCOOCTBYET HE TOJIBKO MOBBIILIEHUIO CKOPOCTU pabOThI C IIPUCTAaBKaMU, HO U peayik-
3allMM HOBBIX aJITOPUTMOB 00PAaOOTKM OCIIMJIIIOTPAMM.

ITpu6op BORDO-421 npegHazHaueH [js1 MCCeN0BaHUSI OJHOKPATHBIX U MEePUOAU-
YECKMX DJIEKTPUUYECKNX CUTHAJIOB, 00eCIIeYMBacT aBTOMaTHUYECKIe, MapKepHbIC N3Mepe-

HUSI U MaTeMaTU4YeCcKyl0 OOpabOTKYy CUTHAJIOB, MMEET AOINOJHUTebHO Bbixon LIAIL.
OcHoBHBIC TexHUYecKne xapakrepucTuku BORDO-421:
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4.6. Ocyurrozpaguueckue modyasu u naamor pupmer BORDO

Puc. 4.28. Jlsyxxkanarvnoiii yugpposoii ocyuarrozpagdy BORDO-421

YUCJIO BXOIHBIX M3MEPUTEIBHBIX KaHAJOB: 2;
IIIMpPUHA MPOITyCKaHUsl BXogaHoro tpakrta: 150 MI';
BepTUKaJIbHOE paspelieHue: 10 our;

OTKPBITHII/3aKpbIThI BxoA: 1 MOM, paboTa co cTaHAapTHBIMU OCLMJLIOrpadu-
YECKUMU JCTUTEIISIMMU;

armnapaTHOe CMELIEHWE YPOBHSI BXOZHOIO CUIHaJa: Ha IUIIOC-MMHYC BXOZHOM
JIAara3oH;

7 kanuOpoBaHHBIX KOI(MOUIIMEHTOB OTKIOHEHUS IO BEPTUKAIU C 1arom 1-2-5:

— 0e3 nenurtens: — 10 mB/nmen...1 B/nen;
— ¢ penureneMm 1:10: 100 mB/men...10 B/men;

MakC. 4acToTa OUCKPETM3allMuU: I OMHOKpAaTHBIX curHajgoB — 100 MB/c, mis
noBTopsitoiuxcst curHanos — 20 I's/c;

K02 GUIIMEHTHI pa3BepTKU: OT 5 He/men mo 50 mc/men;

MaKCUMaJlbHbIe BpeMEHHbIE auarna3oHbl: oT 1280 MKc 10 64 c;
MaKCUMaJlbHasl JUIMHA TTaMsTH Ha KaHai: 64 KBEIO;

MCTOYHUKM CMHXPOHM3AIMU: BHYTPEHHUI KaHail/KaHai 2/BHEITHUIA;
pPEeXMMBI 3aIlyCKa pa3BePTKM: KIYILIMil/aBTOMAaTUYECKMIi/OMHOKPATHBII/CTOIL,
BXOJ, BHelIHel cuHxpoHuzauuu: 1 MOwm;

JIMana3oH yactoT cuHxpoHusauuu: ot 10 I'm no 110 MT;

perucTpaLus IpeabiCTOPUU;

3aepKKa 3aIlycKa periMcTpalyu Iocjie cpabaThbIiBAHUS CUHXPOHU3ALIN;

Beixon LIAIl: wacrota mmckpetmszaumu MakcumanbHas 100 kI, mmama3oH BBI-
XoJaHoro curHana = 10 ;

untepdeiic: USB 2.0, USB 1.1;

nutanue: 220 B/50 T

notpeodnenue: 7 Br;

pa3mepsl: 155 x 195 x 45 m;

macca: 0,4 xr;

rporpaMMHoe obecrieueHue: Ha ocHoBe Windows 9x/2K/X;
aBTOMAaTUYECKUI TTOMCK CMHXPOHU3AIIN.

HomonHuTenbHbIe (PYHKIINU:

4aCTOTOMED;
CITEKTPOAaHAIN3aToD;
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* aBTOMAaTWYEeCKHE U MapKepHbIe M3MepeHUs 22 TapaMeTpOB CUTHAJIOB,

e JIOMOJHUTEIbHAsE MaTeMaThudeckasi 00paboTKa: cryiaskMBaHUe, YCPeITHEeHNE;

* BO3MOXHOCTb MCIOJIb30BaHUSI 3alIOMHEHHOIO CUTHaJla B Ka4eCTBE IMOCTOSIHHOI'O
¢oHa;

e 9kcrnopT B popmat ASCII (mpuroaeH njis AajbHEIeil MaTeMaTUYECKOl obpa-
6otk B MS Excel u apyrux makerax).

CocTaB MporpaMMHOTo 0GeCTIeUCHMSI:

e mporpamma mudposoro ocuwnrorpacda Oscilloscope 1.1.2;

o npaiigep mist Windows 9x//2k/XP;

e JIOKYMEHTalus ¥ OMOJIMOTEeKa JOMOIHUTEIbHBIX (DYHKIMI MO ApaiiBepy sl MC-
MOJIb30BaHUsI ocLmIorpaca B KauecTBe BCTPAaMBAEMOT0 YCTPOMCTBA;

e TIpUMeEpbl UCIOJb30BaHUs ApaiiBepa miasg MS Visual C++.

IMpucraBka BORDO-421 gBnsieTcst OMHOM M3 JIyUIIUX CPEeAU TaKOro poAa yCTPOMCTB.
[Ipu ymepeHHOI 1IeHe OHA BTPOE MPEBOCXOMUT MPUCTaBKY dupmbl Velleman mo mmpu-
He ToJiochl IpomnycKaHus. Ee BO3MOXHOCTM BITOJIHE COOTBETCTBYIOT BO3MOXKHOCTSIM
150-merarepiieBbIX HU(PPOBBIX OCIUAILIOTPA]OB.

4.6.2. Uudposbie ocunnnorpadbl — naata B-121 n npucrtaeska B-323

Hudposoit ocuwmnorpad-mnata B-121 (B-323) npenHasHaueH A MCCAEIOBaHMS
OTHOKPATHBIX M TIEPUOINYCCKMX SJICKTPUUCCKUX CUTHAJIOB, MPOBEICHUS aBTOMATHYEC-
CKHMX, MapKepHbIX M3MEPEHUI 1 MaTeMaTHYeCKOi 00pabOTKU CUTHAJIOB. JOMOIHUTEIb-
HO ocuuyuiorpad obecreunBaeT paboTy B peXUMax aHaJIM3aTopa CIIEKTPpa U 4YaCTOTOME-
pa. BHemHuii BUA IJIaThl TOKa3aH Ha puc. 4.29.

aa = e\ PRI R .
- ‘-nﬂ":,‘ﬂ e e “{" L4000V L MOEN ‘ £ 400V
Puc. 4.29. Buewnuii 8ud ocyurrozpaga-niamer B-121

BapI/IaHTLI MCITIOJIHEHU S

e U3MepUTEeNbHBbIN Moayab Kommiekca YHUITPO, monens B-121;
e B OTAEJILHOM 0OJIOKE C BCTPOEHHBIM MCTOUHMKOM IMUTaHUs, Moaeab B-323.

OcCHOBHbBIE TeXHMYECKME XapaKTepucTuku miaThl B-121 u ocuumnorpada B 323:

* YUCJIO BXOAHBIX U3MEPUTEIBHBIX KaHAJIOB: 2;
e TI0JI0Ca MPOIycKaHus BXomHoro tpakrta: ot 0 go 200 MTI'w;
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4.6. Ocyunrnocpaguueckue modysu u naamot upmor BORDO

OTKPBITHIN/3aKpHITEIA BXx0om: 1 MOwM, paboTta co CTaHOAPTHBIM BBIHOCHBIM JIEJTH-
TeJIeM;

ammapaTHOE CMEIICHNE YPOBHS BXOJIHOTO CUTHAJIa B IIMPOKKX TIpeIesiax;
BepTUKAJIIBHOE pa3pelleHue: 8 OuT;

OCHOBHasI IOIpelIHOCTh: +1%, ¢ BoIHOCHBIM neuteneM 1:10 +2%;
YyBCTBUTEJbHOCTh: 11 KamOpoOBaHHBIX KOA(MMUILIMEHTOB OTKJIOHEHUS 10 BEPTU-
Kaiau ¢ maroMm 1-2-5: 6e3 genutens ot 2 mB/nen no 5 B/men, ¢ menurenem 1:10
ot 20 mB/nen no 50 B/mexn;

MaKCHUMaJlbHas 9acToTa AMCKPETU3ALMWU: I OMHOKpaTHBIX curHaiaoB 200 (100,
2 KaHajla OHOBpeMeHHO) MBBIO/C, ISl TIOBTOpsIIOoIMXcs curHaioB 10 I'BeIO/c;
KoaduIeHTH pa3BepTku: oT 10 He/mem no 10 c/men;

JMAana3oH pa3BepTKU MO ropu3oHTaau: ot 650 mkc g0 6500 c;

MakcHMaJibHas JjiMHa mamsatu: 64 KBbio/KaHait,

HWCTOYHMKY CMHXPOHM3ALIMU: BHYTPEHHUI KaHan 1/KaHa 2/BHEIIHWI/CETh;
PEXUMBI pa3BePTKU: XKIYIINI/aBTOMATUIECKUI/OTHOKPATHBII/CTOTT;

TUI BXOJA: OTKPBITHINI/3aKpblnblii/oTKpbinbiii ¢ @HY/ 3akpeiTeiii ¢ ®BY/3a-
KpbIThIii @HY;

ImapaMeTphl BXoaa BHelIHel cuHxpoHu3anuu: 1 MOw; nenurenu 1:1/1:10;
JManas3oH yactoT cuHxpoHuszauuu: 10 I'u...110 MTI'u;

perucTpanus MPeabICTOPUN 1 3aIepsKKa 3aIycKa peTHCTpallim;
TB-cunxponuzauusa (PAL, SECAM, NTSC);

CHMHXPOHM3ALMS T10 ITapaMeTpaM CUTHaJa.

IIpoune BO3MOXHOCTHU:

TIPUHTEPHBIN TTOpT, mpoTokonsl ECP/EPP;

rnocienoBate/bHbI mopT RS-232;

yHUBepcajbHas 1mmHa USB;

mmutanue: 220 B/50 T

notpedyenHue: 12 Br;

pas3Mepbl: U3MepuTenabHoro mMoayas B-123 — 190 x 240 x 20 MM, KoMmILiekca
YHMUIIPO — 295 x 265 x 110 MM, npuctaBku B-323 — 200 x 300 x 60 mm;

Macca: uaMepuresbHoro moayis B-123 — 0,33 kr, ocuusiorpaga B-121 B c6o-
pe — 2,6 kr, ocuwniorpaca B-323 B coope — 1,6 Kr.

KoHnctpyktuBHO Momenb ocuwuiorpada B-121 coctout u3 kopmyca YHHUITPO c
OomokoM muTaHusl U uHTepdeiicom B-102/B-112 u monyns ocuusnorpada. Momeib
ocuwuiorpada B-323 cocTouT U3 MJIaCTMAcCOBOro Kopryca ¢ OJJOKOM MUTAHUS U UH-
tepdeiicom B-112 u Mmoayns ocunmiorpada, rmoxkazaHHoro Ha puc. 4.30.

OCHOBHBIE TPOrpaMMHO-(GYHKLIMOHAIbHBIE XapaKTEPUCTUKMU:

nporpaMmMmHoe obecneuenue aist Windows 95/98/NT/2k/XP;
KaJTMOpOBKa METPOJIOTMIECKIX TTapaMeTpOB;
ABTOMATUYECKHUIA TTOMCK CUTHAJIOB.

JlonoaHuTeNbHbIE (PYHKIIWU:

CIIEKTpOaHaIu3aTop;

1IM(POBOI BOJIBTMETD;

YacTOTOMED;

aBTOMAaTUYECKUE U MapKepHbIe U3MepeHUs 22 mapaMeTpOB CUTHAJIOB;
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Puc. 4.30. BrewHruii 8ud ocyusroecpaga-npucmasku B-323

° BpCMCHHOG/ CIIEKTPpaJIbHOC IPEACTABJICHUE CUTHaJIa B P€AJIbHOM BPEMCHMU

¢ JOIIOJIHMTCJIbHAA MaTCMaTn4CCKas 06pa60TKa: CIJIa2kKMBaHUC, YCPCAHCHUC, ITIPO-
M3BOJIbHBIC MAaTEMATUYCCKUEC OIICpalilui HaJl CUTHaAJIOM,

* IO YETHIpEX peabHO O0PabOTAaHHBIX CUTHAJIOB Ha IKpaHEe OJMHOBPEMEHHO, BO3-
MOXHOCTb HCIOJIb30BAHUSI 3alIOMHEHHOIO CHUTHajla B KauyecTBe IMOCTOSIHHOTO
(ona;

° DPEXUM caMOIKClia TapaMeTpPOB;

e axkcropT B dopmat ASCII (mpuromeH uist gajbHEHIelr MaTeMaTuieckoi oopa-
6otku B MS Excel u B 1pyrux nakerax).

CocTaB IIporpaMMHOTO 00eCreUeHNsI:

e mporpamma uudponoro ocuuiorpada BoxDO Bepcus 2.0;

 npaiieep BoxDO mra Windows 95/98/NT/2k/XP;

e JIOKyMEHTalMsl U OMOJIMOTEKA JOMOJMHUTEIbHBIX (yHKIUI no apaiisepy BoxDO
Il ucnoab3oBaHusl B-123 B KauecTBe BCTpanBaeMOIro yCTpPOICTBA;

e TIpUMepbl UCITOJIb30BaHU npaiiBepa misg MS Visual C++, Delphi 4.0.

Ocuutorpacduyeckas mpuctaBka B-323 oranuyaercss BBICOKMMM TEXHUYSCKUMU Xa-

pakTepucTukaMu (1mosoca yactot ot 0 mo 200 MI'n) mpu ymMepeHHO! lieHe YyTh MeHee
$ 1000.

4.6.3. AByxkaHanbHble uudpoBbie ocuyunnorpadpsl — nnartsl PCI

IMogxnoueHue ocuuorpa@oB-MPUCTaBOK Yyepe3 napaienbHbiii mopT PRN, mocie-
noBateabHbI opT RS-232 u maxe yepe3 mopt miHbl USB He obecrneunBaioT npeaesib-
HO BBICOKYIO CKOPOCTh OOMEHa MEXIY IUIaTON M KOMITbIOTEpOM. DTO MPEISITCTBYET 3~
(bexTMBHOI peasM3alli HEKOTOPBIX METOMOB 00pabOTKM MHGpOPMALUK U 3aMemsier
O0lIIeHNE MOJIb30BaTEelIsl C BUPTYaJIbHBIM ocuuiorpadoM. BeIXomoM M3 TaKOro IMoJioxe-
HUST sBJIsSIETCSl pa3paboTka ruiat pacimpenus [1K, ycraHaBinBaeMbIX B pa3beMbl pac-
IIUPEHUS COBPEMEHHBIX IMePCOHAIbHBIX KoMITbloTepoB Kiacca IBM PC/AT c cucrem-
Hoit mmHoit PCI. ®@upma BORDO BbIlTycKaeT psii TakuX TIUIaT OJHOKAHAJTbHbBIX
(puc. 4.31) 1 aAByxKaHaJIbHBIX LHU(PPOBLIX ocumLIorpados cepun B-2XX.

bonee coBpemeHHbI AByXKaHadbHbIN 150-MerarepueBbiii HU(pPoBOI ocuuiorpadg
B-220/221 BBIIIOJHEH TaKXKe B BUIE IUIATHI PACIIMPEHMS KOMIIbIOTEpA IS CTAHOAPTHOM
wuHbel PCI (puc. 4.32). OH npeaHa3HayeH ISl MCClIeN0BaHUSI OJHOKPATHBIX U MEPUO-
IUYECKUX DJIEKTPUUECKMX CUTHAIOB, 0O0OECIIeUMBaeT aBTOMAaTUUECKHUE, MAapKEPHBIC U3ME-
peHUsT U MaTeMaTUYeCKylo o0paboTKy curHanoB. JlOMojHUTeIbHO ocLuorpad obec-
ImeyrBaeT paboOTy B pexXuMMax aHalIM3aTropa CIIeKTpa M dactotomepa. IIporpammnoe
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1 el
gyl cpuEpy
BORDO-211
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BORDO - 220

HomeoTae xananen 2
Monoca npoanyckasus 150 MIu
10 suT
100 Mauo/e |
n 20 Taug/c
&4 Kenoe
NapaueTp DRORED 1 MOw 25 no

2003p

Puc. 4.32. Hugposoii ocyusroepagp — PCI-naama BORDO 221

obecrieyeHre MOAIEPXKMBAET COBMECTHYIO pabOTy HEeCKOJbKMX (mo 6) tuiat B-221, mpu
9TOM Ha 3KpaHe opmupyercs 12-KaHaJabHBINA ocuorpad.
OCHOBHBIC TeXHMYECKHE Xapakrepuctuku B-220/221:

YUCJIO BXOAHBIX U3MEPUTEIbHBIX KAaHAIOB: 2;

IIUPUHA TIPOITYCKaHUs BXOMHOTO TpakTa: 150 MI;

BepTUKabHOe paspeleHue: 10 OUT (MHOTHE MIaThl UMEIOT pa3pellieHre BCero B
8 our);

OTKPBITHIN/3aKpbIThIN Bxon: 1 MOM, paboTa co CTaHIAPTHBIM BBIHOCHBIM JI€U-
TeJIeM;

armapaTHo€ CMCIICHME YPOBHsA BXOJHOI'O CHUIHa/la Ha ILIIOC-MUHYC BXOJHOU
JUaIta3oH;

7 XanuOpoBaHHBIX KOAMDOUIMEHTOB OTKJIOHEHHUS IO BEPTUKAJIU C 1arom 1-2-5:

— 0e3 menutenss — 10 mB/nen...1 B/nen;
— ¢ genurenem 1:10 — 100 mB/mexn...10 B/neun;

MakCHMaJIbHasl 4acToTa JAMCKPeTH3allMM: JUISi OJHOKPATHBIX CUTHAJIOB —
100 MBbIO/c, niist moBTopsioiuxcst curHanoB — 20 ['BbIO/c;

K03 UIMEHTHI pa3BepTKu — 5 Hc/men...50 Mc/men, cOOTBETCTBYIOIIME MaKCH-
MaJibHble BpeMeHHbIEe Auana3oHbl — 1280 Mmkc...64 c;
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MaKcUMaJibHasl JUTMHA TaMsATH Ha KaHat: 64 KBHIO;

WCTOYHUKN CUHXPOHM3ALUU: BHYTPEHHUI1/BHEIIHUIA;

peXUMBI pabOTHI Pa3BEPTKU: XKIYIINI/aBTOMAaTUIECKII/OMHOKPATHBII/CTOTT;
TUI BXOAA CUHXPOHU3ALIMU: OTKPBITHIN/3aKPbITHIA;

BXOJI BHelTHel cuHxpoHusauu: | MOw;

IManas3oH yactoT cuHxpoHusauuu: ot 10 I'm no 110 MI'w;
perucTpaums IMpeabICTOPUN;

3alepKKa 3amycka perucTpalyu mocie cpadaTbiBaHUSI CUHXPOHU3ALIMU.
IIpouunie naHHbIE:

unrepdeiic: PCI, 33 MI'u, 32 pa3sp.;

notpednenue: 7 Br;

pasmepsbl: 200 x 105 x 20 MMm;

macca: 0,13 xr.

OCHOBHBIE TTPOrPaMMHO-(DYHKIIMOHAIBHBIE XapakTepucTuku B-221:

nporpamMmMHoe obecrieuenue st Windows 98/NT/2K/XP;
ABTOMATUYECKUI IMOMCK CUTHAJIOB.

JlonmonHuTenbHbIE (PYHKIIWN:

CIIEKTpOaHaIM3aTop;

4acTOTOMED;

aBTOMATUYECKME U MapKepHbIe U3MepeHUs 22 mapaMeTpOB CUTHAJIOB;
BpEeMEHHOE/CIIEKTpaIbHOE TIPpEACTaBJICHIE CUTHAJIA B PeaTbHOM BPEMEHM;

JIOIIOJIHUTEJIbHASI MaTeMaThuyecKasi o0paboTKa: CIIaKUBaHUE, YCPEeIHEHUE, Mpo-
M3BOJIbHBIE MaTeMaTUYECKUeE OTepalii Hajl CUTHAJIOM;

BO3MOXHOCTb MCIOJIb30BaHMSI 3alIOMHEHHOIO CMTHaJla B Ka4eCTBE IMOCTOSIHHOIO
¢oHa;

peXuM caMOIIMCLa ITapaMeTPOB;

skcropT B dopmat ASCII (mpuromeH juisi gajbHEHIe MaTeMaTuieckoi oopa-
6otku B MS Excel u apyrux nakerax);

COCTaB MPOrpaMMHOTO obecrieueHusT B-221;

nporpamMma udposoro ocuuiiorpaga BorDO 1.0;

npatisep BorDO mnst Windows 98/NT/2k/XP;

JIOKyMEHTalLMsl 1 OMOAMoTeKa AOIMOJHUTENbHBIX (PYHKIMI no apaiiBepy BorDO
JUTST MCTIOJTb30BaHMsT oclijuiorpada B Ka4yecTBE BCTPAUBAEMOTO YCTPOMCTRA;
MpUMepbI UCIIOJb30BaHus apaiiBepa mist MS Visual C++, Delphi 4.0.

4.6.4. UnTepdeiic nonb3oBartensa ocuyunnorpados ¢pupmsl BORDO

BuptyanbHbie ocuuiorpadsl ¢upMbl BORDO uMeroT mnpeBOCXOOHBINM rpaduue-
cKuit mHTep(delic, peaaTn30BaHHbBIN B ONEPallMOHHBIX crucTeMax Windows, B YaCTHOCTHU B
camoii coBpeMeHHOoI 1 MaccoBoil cucteme Windows XP. O cTerneHu coBepllieHCTBA MH-
Tepdeiica MOXKXHO cymauThb 10 puc. 4.33, Ha KOTOPOM IOKa3aHO OKHO MHTepdelica BUpP-
TyanbHbIX ocuuiorpagoB ¢upmbl BORDO. OHO coaepXUT OOCTaTOUHO HAarJsSIAHbIE
OpraHbl yrnpasieHUs (CIIUCKU, KHOTIKU U T. 1.), OYeHb IMOXOXHUE HA OPTaHbl yIIPaBICHUS
0OBbIYHBIX LHU(PPOBLIX ocLuuiorpadoB. B pesynbTaTte 0COOBIX TPYIHOCTEM C YCBOGHUEM
ocuuuiorpachoB HE BO3HUKACT.
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Puc. 4.33. OkHo epaguueckoco unmepgeiica supmyarvHolx ocyusrozpagdos
dupmor BORDO

Puc. 4.33 nemMoHCTpUpYeT BBICOKOE KayeCTBO OCLWIJIOTpaMM (OHU IIBETHBIE) W
ynoOCTBO caMoro rpagpuyeckoro nHrepdeiica, mMo3BOJSIONIETO MOJb30BaTe0 padoTaTh
C HUM WHTYUTUBHO. MHOXECTBO HACTPOEK ocIuuiorpada CBeIeHO B OKHO KOHTPOJb-
HOM MaHeu, TakKe MmokazaHHoe Ha puc. 4.33. C getansimu pa®oThl ¢ ocuuiorpadgamu
¢dupmbr BORDO MOXHO MO3HAKOMUTHCS IO MPUJIAraeMoi JOCTATOYHO MOAPOOHOM A0-
KyYMEHTalIUU.

4.7. NMnatbi-ocuunnorpadbl Apyrux eupm

4.7.1. YnbTpackopocTtHble nnatbl M8-500, M8-500Y n M8-1000

PCI-mnater — ocuwmmiorpadsr M8-500 (puc. 4.34), MS8-500Y u MS8-1000 cmyxar
IIJIST YIIBTPaBBICOKOYACTOTHOTO COOpa JaHHBIX aHAJOTOBOM M HMU(POBO MHMOpMAIINN,
perucTpaunu ObICTPOIIPOTEKAIOIIMX TIPOLIECCOB U IIIMPOKOIOJIOCHOIO curHana. JlaHHbIe
00 3TOM U APYrUMX YCTpOMCTBax 3TOro pasaeia umerorcss Ha caiite 3A0 «KomnaHus
Curnan» (wWww.signal.ru). DTH IaThl pacCYMTaHbl Ha YCTAaHOBKY BHYTPb OOBIYHOTO
KOMIIBIOTEpA B KaUyeCTBE IIJIAT pacliipeHus. PacmoiokeHHBIe C3aaM IUIaT pa3beMbl IIPU
5TOM BBIBOJSITCSI Ha 3adHIOI0 CTOPOHY CHMCTEMHOTO 0JI0Ka KOMIIbIOTEpa M IpeBpalllaloT

€ro BO BIIOJIHE COBPEMEHHBI M BBICOKOKAYECTBEHHBIM HU(PPOBON 3aITOMUHAIOIINI
ocuwuiorpad.

OTinuuTebHbIE 0COOEHHOCTH TIIAT:
e 2 MyJBTUIJIEKCHBIX aHAJIOTOBBIX BXO/A;
e BxomHoe comnpotuBieHue (umrenanc): | MOwm, 17 n® u 50 £1 Owm;
e 3amura mno Bxoay: t 150 B;
e BpeMsl Mpeodpa3oBaHUsI: 2 HC;
e MakcuMmajbHasg yactoTa nuckperuzauuu: 500 MI;
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30

Puc. 4.34. ¥Yaompackopocmnas PCI-naama M8-500

mmHa uHTepdeiica PCI: Bus-Master;
peaNbHbIM AMHAMWYECKUI auarna3oH: 53 nb;
mwrHa nuHtepedeiica PCI: Bus-master.

BrinonHsieMble (YHKUIMU U 00J1aCTU MPUMEHEHUS:

ocumutorpad UrMdpoBoit 3aITOMUHAOIIINIA;

PErucTpaTop OBLICTPOIPOTEKAIOLIMX IIPOLIECCOB,;
MaHOPaMHBIA MOHUTOPUHT IIMPOKOIOJOCHOIO CUTHAJIA;
HCCIIeIOBaHUS B HayKe, TEXHUKE W IIPOMBIIUIEHHOCTH;
Hepa3pyLIAIIdii KOHTPOJIb;

JIa3epHBbIi (Pa30BbIN JOIIEPOBCKUIT aHEMOMET);
JIMarHOCTHKA CBETOBOI'O MMITYJIbCHOTO M3JIyYeHMSI;
SIepHBIC MCCIICIOBAHMSI.

TexHuueckue XxapakKTepUCTUKU:
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YHCJIO AHAJIOTOBBIX BXOMOB: 2 MYJIbTUILICKCHBIX;

BXoJHOE comnpoTusieHue (umnenanc): 1 MOwm/17 n® (Bxox 0), 50 Om (Bxox 1);
noJjioca npornyckanus (Ha yposHe —3 1b): 100 MTI'1; (kanan 0), 180 MI'u (kanan 1);
JIMaIa30Hbl BXOMHOTO CHUTHasa (yCTaHaBIMBAIOTCSA ITporpaMmHoO): 5 B; +2.5 B;
*1 B; £0,5 B (xanan 0); £2,5 B; =1 B;*=0,5 B; 0,2 B (xanan 1);

3allMTa IO HAIPSDKEHWIO BXOAHBIX KaHAIOB (MPU BKIIOYEHHOM ITMTaHUU):
*150 B (xanan 0), =15 B (kanan 1);

00beM Oydepa mamMaTu MakcuMasbHbli: 2048 kOaiiT;

opraHusaiusi oydepa maMsaTH: MOKaAPOBBIA COOpP MaHHBIX C MEPEMEHHBIM UYHC-
JIOM KaJpoB;

nporpaMMHOe YTeHHe pe3yJibTaTa mpeodpa3oBaHus B Slave-pexkume Mo yCTaHOB-
JICHVWIO OWTa TOTOBHOCTM WJM IO TpephIBaHUWIO, mepemada mo KaHany DMA
Bus-Master. PazopocanHas no mamsatu (Scatter-Gatter) nepenaya DMA;

paspeiuenue ALIT: ouT;

BpeMmsI TipeoopaszoBanmst ALIIT: 2 H;

MaKcuMaJibHas JyacTtora auckperusaunu: 500 MT;
3anyck ALLIT: oT BHYyTpeHHEro KBapLeBOIro reHepaTop;

naHHble curHana ALLTT: yacrora curHana He 6onee 500 MI'L, 1IUTEABHOCTD UM~
nynbca He MeHee 1 He, amruryna ot 0,3 mo 1 B;
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WCTOYHUK CUHXPOHU3ALIMU: BHYTPEHHUI/BHEITHUI;

JIMana3oHbl BXOJAHOTO HAIPSDKEHUWS BHEIIHETO CHUTHAja CMHXPOHMW3aluu (ycra-
HaBJIMBAIOTCS TporpaMMHo) 5 B, =1 B;

TUT CUHXPOHU3AIMU: TT0 (PPOHTY WJIM TI0 CTIamly;

YICJIO YPOBHEN KBaHTOBaHMSI: 256.

OO011Me TaHHBIE:

muHa untepgeiica K PCI;

norpebsieMass MoliHocTh +5 B; 1,7 A/+12 B, 1,5 A;
rabaputel 122 x 220 x 29 mmM;

Macca 350 r.

Boinyckaercs Takke miaata M8-1000 ¢ yactotoit auckperusauuu 1000 MI'u. Crneny-
€T OTMETUTh, YTO YJIBTPABBICOKOUYACTOTHBIC TUIATHI OYEHBb <«IOPOTO€ YIOBOJBCTBUE» —
croumocTh Iutar M8-500 um  MS8-500Y cocraBiseTr coorBeTcTBEHHO 63 000 u
120 000 py6, mmater M8-1000 — 143 000 pyO.

4.7.2. Npucrtaeka-ocuunnorpadp DSO-2100

Ma.TIOHpI/IMCTHaH IpucTaBKa-oCIMI-

gorpap  DSO-2100 ¢upmer  Protek

(puc.

yaxumu  30-merarepiieBoro 1udpoBoOro
ocuwuiorpada ¢ namsarbio. M3obpaxkeHus
CHUTHAJIOB — KaK Ha OOBIYHOM OCIIMJUIOT-
pade. I1O nmox Windows 95/98. Iloakito-
yeHue 4epe3 mapayuenbHblii nmopt [1K.
JIBa He3aBUCHUMBIX KaHajla CUTHAJIOB C
paspemieaneM 100 MB/c kaxmerii. [lpu-
knagHoe [1O no3BosisieT aBTOMAaTUYECKU

4.35) Bmecte c IIK BbIMOJHSIET

yCTaHABIMBATh PEXMUMBbI OOPAOOTKU CHUT-

HasoB. DSO-2100 MOXHO HCMHOJIB30BaTh Puc. 4.35. Ilpucmaska-ocyurrozpag

KaK CTeKTPaJIbHBIN aHAIN3aToP. DS0-2100
XapakTepuCTUKU YCTPONCTRA:

YUCJIO KaHAJIOB: 2;

noJioca npomnyckanus: 30 MTI'u;

paspewenue ALIT: 8 our;

npeneabl BXOAHBIX HampspkeHuii: ot 50 MB 1o 5 B ¢ marom 1, 2, 5;
TouHocTh: 3% (Gain), 0,01% (Time);

MIpeaebl TOPM3OHTAIBHON pa3BepTKu: 5 He/nen — 320c¢/men;

Bxonbel: DC/AC/GND, makcnmanabHOe BXxogHoe Hampspkernue 100 B;
BxomHoO# umrieganc: 1 MOwm/25 n®;

mamsaTh: 32 Ko6aiit/kaHa,

Mpeaesibl BepTUKaabHO# pa3BepTku: 50 MmB/nen — 5 B/men, TouHocts 3%;
akpaH: 8 x 10 gen (DSO);

IOPT IMOAKJIIOYCHUS: MapaUIeIbHbIA.

OcTaNbHBIE BO3MOXHOCTU TUITUYHBIE JJ1s1 TaKUX YCTDOﬁCTB. CTOUMOCTB IIPpUCTAaBKH
16 000 py6.
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4.7.3. Ocumnnorpadpunyeckaa npuctaska SDS200

Hemtoxumu xapakTeprcTMKaMu o0JIafaeT ellle oJHa ocluuIorpaduieckas prucTaB-
ka SDS200, KoTopyl0 MOXHO HaiiTU Ha HalueM pbiHKe (puc. 4.36). B pexume peaabHOro
BpEMEHM OHa obecIieuyrBaeT 4acToTy cTpooupoBaHus 100 MB/c Ha oguH KaHai wia 50
MB/c Ha aBa KaHaja. DKBMBaJCHTHAs MaKCUMaJibHas yacToTa cTpobupoBaHus 5 I'B/c.

Puc. 4.36. Brewnuii 8ud npucmasku SDS200

OcHOBHBIE XapakTepucTuku npuctaBku SDS200:
* YUCJIO KaHAJOB: 2;

e ImmMpuHA Mojockl mpomyckanus: 200 MI'n (Ha ypoBHe-3dB), mist omMHOYHOTO
ciora 20 MTI'i;

e paspewenue ALII: 9 Gut/Kanai;

e BxomHble HanpspkeHus: ot 10 MmB/men no 10 B/nen (8 nuama3zoHoB);
e BXoJHOe cornpotusieHue: 1 MOwm;

* IIOrpelIHOCTb u3MepeHust: +/—3%;

e JUIMTEJIbHOCTb pa3BepTKu: oT 2 Hc/men go 10 ¢/men;

e BpeMeHHOe paspemrerue: 200 Tic;

e eMKocTb Oydepa nmamsatu: 10K oTcueTos;

e wmHTepdetic: USB;

e pasmepsl: 5,1 x 4,4 x 1,5 goiima.

OcTranbHbIE BO3MOXHOCTU TUITMYHBI IJII YCTPOMCTB TaKOTO poia. DTa IpHUCTaBKa
MMeeT HEIIoXoe IMporpaMMHoOe obecrnieyeHue, obecrieuMnBalolllee yaoOHBIN rpaduue-
ckmit mHTepdeiic moab3oBateiss. Ha puc. 4.37 mokazaHO OKHO BUPTYaJIbHOTO OCLIVIJLIOT-
pada, co3maHHOIro Ha OCHOBe 3Toil mpucTaBku. MHTEepdeiic paccuuTtaH Ha UHTYUTUBHOE
MMPpUMEHEHNE ITOIb30BaTe/IeM, 3HAKOMBIM C TIpUMEHEeHHeM ocummniorpacgoB. EcTb B03-
MOXXHOCTb BBIBOJIa KYPCOPOB U IPOBEIACHUST KYPCOPHBIX U3MEPEHUIA.

Bo3MOKXHO aBTOMAaTHUYECKOE BbIYMCIIEHUE Psijia ITapaMeTpPOB curHaja. JlaHHbIe TaKMX
U3MEPEHUN BBIBOASITCS B CHELIMAIbHOE OKHO, MOKa3zaHHoe Ha puc. 4.38. Bribop uzme-
psieMbBIX IIapaMETPOB BBIIOJIHSIETCSI B OKHE BUPTYaJIbHOIO ocuuuiorpacda (B JeBOM ero
YaCcTH) C TTOMOIIBIO MEHIO ¢ M300pakeHWSIMU MMITYJILCOB M ONpeIe/ICHUIMA UX Iapa-
METPOB.
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Puc. 4.37. OkHno supmyaavrhoco ocyuarrozpaga
npucmasku SDS200

Puc. 4.38. OkHo ¢ dannbimu
asmomamuueckux udmepenui

IIpucrtaBka, Kak OOBIYHO, MOXKET BBLINMOJHAThL (PYHKUMM aHanu3aTopa criekrpa. Ha
puc. 4.39 Moka3zaHO OKHO BHUPTYaJBHOTO aHAJIM3aTopa CIIEKTpa. B HeM mmoka3zaH CIEKTp
cllerka MCKaxKeHHOTo ILIyMaMU CHMHYycouaaabHOro curHaiga c¢ yactoroir 100 MI'u. ITux
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Puc. 4.39. Okno supmyasvrozo anaiudamopa cnekmpa npucmasku SDS200
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BEHb LIIYMOB CIEKTpOrpaMMbl. 711 TOCTpOEHMS CIIEKTPa MOTYT MCIOJb30BAaThCS YEThIPE
TUIIA YACTOTHBIX OKOH: MPSIMOYrojbHOEe, XaHHMHTra, XaMMuHra u biskmana. Bo3mox-
HbI: BBIOOp KaHasa st aHanusa crnekrpa (CHI1 mnu CH2), 3aganue IiMHbBI TTOC/Iea0Ba-
TEJIbHOCTU OTYETOB, IMHEHHON WM JIOTapU(PMUUYECKOI 1IKaJ.

4.8. BuptyanbHaa USB-na6opatopua AKTAKOM

4.8.1. Ynpasngaembie UCTOYHUKM nuTaHma ATH-1535/1539

Toprosoe oobeauHeHne AKTAKOM BbINycKaeT HECKOJABKO MPUCTABOK K MEpPCOHa-
JIBHBIM KOMITbIOTepaM (KaK HACTOJbHBIM, TaK M HOYTOyKaMm), OOpa3yIoIIuX ITOBOJBHO
MOILIHYIO BUPTYaJIbHYIO JabopaTtopuio. Bo Bcex mpubopax MCHoab3yeTcsl MOAKIIOYEHUE
K I1K yepe3 ckopocTHOIi nmocnenoBatebHbl mopT USB, X0oTs coxpaHeHa BO3MOXHOCTb
MOJAKIIOYEHUST U 4Yepe3 MapasieabHblii mopT. Huxke KpaTKo pacCMOTPEHbI XapaKTepu-
ctuku USB-nmaboparopun AKTAKOM, B3sThle U3 Kartajiora U3AeJnii 3TOro o0beauHe-
HUsT (Www.aktakom.ru.) ¥ TaHHBIX O MMPOMYKLIMU OOBEANHEHUS, PAa3MEIIICHHBIX Ha caiiTe
KOMMaHUU «DIUKC» (Www.eliks.ru).

YnpasnsieMble ucTodHUKY TutaHuss ATH-1535/1539 BeinosiHeHBI B BUJIE IPUCTABOK K
MepCOHATLHOMY KOMITBIOTEpY 1 00ECIICUMBAIOT IMIPOTrPAMMUPYEMBIE C €TI0 ITOMOIIBIO BBI-
xonHoe HarpsikeHre 0—30 B u Tok 0—35 A (n1g ATH-1535). OHu uMeroT JIMHEHHBIN cTa-
ounuszarop HanpspkeHus, TopT USB-1.1, 3-pa3psimHble ”HAMKATOPBI HATIPSDKEHUS U TOKA,
MTOTPEIIHOCTh YCTAHOBKM HANPSDKeHMs M ToKa 2% + 2 MIIamIIMX paspsiia MHIUKaTopa.
Pasmepnl mpuctaBok 124 x 160 x 326 mm, Macca 5,1 kr. [IpenycMoTrpeHa 3amuch Bcex ycra-
HOBOK B BUJI€ (haiisia ¥ X OCYIIECTBICHHUE MOC/IEe 3arpy3Ku COOTBETCTBYIOLLETO (haitna.

4.8.2. dyHKuMOHaNbHbIe reHepaTopbl AHP-3121/3122

OynkimoHanbHbie reHepaTopsl AHP-3121/3122 (puc. 4.40) npeaHa3HavyeHbl s Te-
Hepaluy CUTHAJIOB CTaHJapTHON (OpMbl (CMHYCOMAa, MEaHIpP, TPEYTrOJbHbIA CUTHAT U
JIp.) ¥ TIPOU3BOJIBHBIX C 33JIaHUEM U TPOrPAMMUPOBAHUEM UX MAPAMETPOB C TTOMOIIIBIO
MEPCOHATILHOTO KOMITbIOTEPA.

Puc. 4.40. Ilpucmaska — ¢ynryuonarvuoii cenepamop AHP-3121/3122
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4.8. Bupmyaarvnas USB-rabopamopus AKTAKOM

]_[pI/ICTaBKa NMECT CICAYIOIIMEC BO3MOXHOCTU!

reHepalus CUrHajaoB pa3Hoil (hopMbI, MporpaMMuUpyeMbIx ¢ rmomolibio TTK;
BCTPOCHHBIN PEIAKTOP CUTHAJIOB TTPOM3BOJILHON (DOPMEI;

BCTPOCHHBIN KaJbKyIITOp (POpMYIT;

pexum «JlazepHoe 11oy» 1151 TeHepaluu IPor3BOJbHBIX uryp Jlnccaxys;
BHYTPEHHUI U BHELIHUN 3a1ycCK;

yIpaBJieHHe CUHXPOHM3aIMei, 9acTOTOM U (pa30BBIM CABUTOM;

3anuch B haiiabl U YTEHUE U3 HUX JaHHBIX U (DOPM CHUTHAJIOB;

noakitoueHre ITK 4yepes mociemoBaTenbHbId TOPT RS-232 w mapajuienbHbIA
TOPT;

IporpaMMHoOe obecrieyeHue Mo onepanuoHHble cucteMbl Windows 98/ME/NT
4/2000/XP (Ha mpmiaaracMoM KOMITaKT-IUCKE).

FeHepaTop obecrneyrBaeT CJICaAyrommre BO3MOXKHOCTHU!

reHepauust CTAaHAaPTHBIX CUTHAIOB (CMHYCOMIA, MEAHAP, TPEYrOJbHbIE MMITYJIb-
CHI, TIIJIO00Pa3HBIE UMITYJIbCH M «BCITBIIIIKA») B OJHOM KaHaJIe;

nurana3oH yactot oT 0,02 I'u mo 10 MI'L;

MaKCUMaJIbHbIN pa3max HampsbkeHus: +2,5 B (AHP-3121) u £10 B (AHP-3122);
cornpotuBieHue Harpy3ku ot 50 Om u BbIllIE;

GUIABTP HU3KUX YACTOT C IPaHUYHON yacToTtou 15 M1

MaKcHMaJlbHasl yactota (OpMUpPOBaHUs BbIXOAHOro curHaga 80 MI'u;

JUIMHA maMaTu 128 kOalT Ha KaHall.

4.8.3. N'eHepaTOp U3MEepPUTEJIbHbIX TEJIEBU3UOHHbIX CUrHANIOB

AHP-3125/3126

I'eHepaTop M3MEpUTENBHBIX TEAEBU3MOHHBIX curHaaoB AHP-3125 ciayXuT nist reHe-
pauMy B ABYX KaHajJaX TUIIOBBIX TEJIEBU3UOHHBIX CUTHAJIOB, KOTOPbIE MCIIOJb3YIOTCSI
JUISI UCTIBITAHUST TEJIEBM30POB M MHOTO TEJIEBU3MOHHOIO 00OpymoBaHuUs. TexHu4ecKue
xapakrepucTuku mpuctaBku AHP-3125 caenmyromme:

2 kaHana ¢ 12-paspsoasiMu LIATT;

reHepauus WU3MEPUTENIbHBIX U UCIBITATEIbHBIX TEJIEBU3UOHHBIX CHUTHAJIOB IIO
I'OCT 18471-83;

BO3MOKXHOCTh PeIaKTUPOBAHUS CUTHAJA;

BO3MOXXHOCTh COXPaHEHMSI CUTHAJIOB B (haiinax;

MaKCUMaJIbHasl aMILIMUTyda CUTHaJIa OT MuKa 1o nuka 1,5 B;

BCTPOCHHBIN OTKITI0uaeMblii punbTp HY ¢ rpanmnyHoit wacrotoit 15 MI;
InrHa naMmsatu 128 kOaiT Ha KaHai,

uHtepdeiicol cBsa3u ¢ [IK USB 1.1 u LPT (EPP);

mmutanue ot cetu 220 B;

rabaputHbie pa3mepsl 210 x 70 x 260 mwm;

macca 1,3 xr.

IMpucraBka AHP-3126 dopmupyer TeleBU3UOHHBIE CUTHAJAbl B OTEUYECTBEHHOM
crangapte SECAM. Ob6ecrnieuuBaeTcst (popMUpoBaHue 25 BUIOB Te€JIE€BU3MOHHBIX CUTHA-
10B B cootBeTcTBUU ¢ [OCT 4845-92.
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4.8.4. Undposbie 3anomuHaowme ocuunnorpadbi
ACK-3106/3107/3116/3117

O6benuHenrne ATAKOM mnpemyiaraeT Ha pbIHKE OOIIMPHYIO CEpPUIO MPUCTABOK —
uM(ppoBbIX 3anmoMuHalnux ocuwuiorpadgos ACK-3106/3107/3116/3117. BHeluHuii
BUJ AByXKaHaibHOU npuctaBku ACK-3106 npencrasieH Ha puc. 4.41.

ELmBTEO ACK-1555
‘-:: Nt Comts

Puc. 4.41. Brewnuii 6ud dsyxkanaronoti 100-mezacepyesoii npucmasxu ACK3106

OCHOBHBIE TEXHUYECKUE XapaKTEPUCTUKU ITUX ITPUCTABOK!

e nuckpetusaums o 100 MI'u B pexxuMe pealbHOrO BpeMEHMU;

e 2 unu 4 He3aBUCUMBIX KaHaia ¢ nonocoil 1o 100 MI'y Ha kaHai;

e QoJiblllasl, ompenelisieMasl IoJb30BaTeNeM JUIMHa 3anucu — A0 132 kb Ha kaHao;

e TIPOM3BOJILHO HACTPAMBAECMbII PEXUM TIPEA3AITNCH/TIOCIIC3aITICH;

e BBICOKAsT YYBCTBUTEIILHOCTE (OT 2 MB/men);

e BbICOKOOMHBIN (1 MOM) u Hu3KooMHbIi (50 OM) BXOH, MPOrpaMMHO KOMMYTH-
pyeMbIe BXOIBI;

e uHteppeiic — LPT-nopt (pexkum EPP) unu USB 1.1;

e pexum (0e30yMakKHOIro) caMOTKCLIA, aBapyiiHas CUTHAIM3alIus;

e KHOITKA aBTOMaTMYECKOI HACTPOMKM pa3BepTKU/CHHXPOHU3AIINMN;

* aBTOMAaTHWYCCKME M3MEPEHUS, B T. U. oIlpeaesieHre (a30BOT0O CIBUTA;

e CTaTMCTUYECKHE U3MEPEHUS U MOCTPOCHUE TMCTOIPaMM;

 crekrpoaHanu3atop (BI1D);

e u@poBOE MOCICCBEUCHNE;

e uudponas puIbTpALIU;

* [porpaMMHasg 3MyJISILUS BXOAHOIO CUTHAJIA;

* PYCCKOSI3BIUHBI WM aHTJIOSI3BIYHBIN (ITT0 BBEIOOPY ITOIB30BATElNs]) WHTYWUTHUB-
HO-TIOHSATHBINA MHTepdec ¢ u3MeHsIeMbIM 0(OPMJICHUEM;

e COXpaHEHHE NaHHBIX U KOH(MUIypalluy npuodopa;

e TpaHCIsamua gaHHBIX B MS Excel ¢ coxpaHeHeM MacIITaboB IO OCSIM OCIIMIIIO-
IPaMMBI.

HudpoBbie 3anmoMuHapIIMe ocuHuuiorpadbl — TPUCTABKU K KOMIBIOTEPY
ACK-31xx mpegHa3zHayeHbI IS IIMPOKOTO AMAra3oHa OCIUUIoOrpaduyeckux musmepe-
HUIi, BCTPEYAIOLIUXCSI B DJIEKTPOHUKE, pa3padOTKe U HayYHO-UCCIEA0BAaTEIbCKUX Ja00-
paTopusIX, U MUCIOJb3yeTCSI COBMECTHO C IMEPCOHATBHBIM KOMITBIOTEPOM, CHAOKCHHBIM
napasieabHbiM moptoM LPT unu USB-nopTtom.

Buptyanpabie ocummtorpacdsl ACK-31xX IO3BOJISIOT IIOJIB30BATEI0 HAOIIOIATh
dopmy curnama, wucnonb3ys ngsa (ACK-3106, ACK-3116) wmu 4 (ACK-3107,
ACK-3117 — puc. 4.42) He3aBUCUMBIX KaHaJlla C pa3pelicHrueM 8 OUT 1 YyBCTBUTEIHHO-

188



4.8. Bupmyaarvnas USB-rabopamopus AKTAKOM

cteio oT 2 MB/mexn no 10 B/nen B monoce yactot ot 0 mo 100 MI'1 ¢ anmapatHbIM Oyde-
poM Ha 131071 BBIOOpPKY I Kaxkaoro KaHaua. BxogHoe conmpoTuBieHME BbIOMpaeTcs
nporpaMMHO — 1 MOwm wimm 50 Owm.

Puc. 4.42. Ilpucmasku — supmyarvhoie 4-kanarvuoie ocyurrozpago. ACK-3107 /3117

ITpubGopsl UMEIOT CTAHNAPTHYIO CUCTEMY CMHXPOHM3ALWK, PAOOTAIONIYIO B PEXUMaX
«KIYLUIUA», «OIUHOYHBIN» U «aBTO» C PETYJIMPYEMBbIM YPOBHEM 3amycka. JlomoJIHUTENb-
HO 3aITyCK MOXKET OCYILECTBISITbCS MO BXOJAY BHEIIHEW CUMHXpOHU3aluu (mopor cpada-
teiBaHUsl TTL-ypoBHs). ['opu3oHTanbHast pa3BepTKa BapbUpyeTCs B IIMPOKUX Mpeaenax
U COOTBETCTBYET TPEM OCHOBHBIM pexkMMaM ocuusuiorpada:

e ocumuiorpacd B peXuMe peaJbHOIO0 BpeMEHHM (IMana3oHbl pa3BepTKU — OT
500 uc/men mo 50 mc/mern; yacrota auckperuzanuu — no 100 MI'm);

e CTPOOOCKOMUYECKUIT ocumuiorpad (auama3oHbl oT 25 Hc/aen mo 200 Hc/men;
SKBUBAJIEHTHAs YacToTa AucKkpeTudauuu — a0 2 I'Ti);

e camormcel (6e30yMaxkHBII, TrMana3oHbl pa3BepTku — oT 500 Mkc/men mo 50 u/me,
yacTtoTa Auckpetusauuu — a0 50 kI' — 3aBucUT oT ucnojbsdyemoro I1K).

IIporpamMmMmHbIM obecrnieueHreM noaaepkuBatores wynbl 1:1, 1:10 u 1:100. Pexxum ot-
kpbiToro 1 3akpbiToro Bxoaa (DC munu AC) MOXeT ObITh BEIOpAaH HE3aBUCUMO TSI KaX-
noro kaHaja. B pexume AC nogapnsiiotcst yacToThl Huke 1 T'i. JIto0oit 13 BXOA0OB MOXET
OBbITh 3a3eMJIEH 0€3 OTCOEAMHEHMS 1IIYIOB OT U3MEPSIEMON cucTeMbl. MIaMepeHue MoxXeT
CUHXPOHU3UPOBATHCS MO KaHany A, B Wiy mo curHajgy Ha BHEIIHEM BXOAE CUHXPOHM3a-
muu. ITopor cMHXpOHM3ALMN MOXET OBITh YCTAHOBJIEH HE3aBUCUMO IS KaXKIOro KaHaja
B IMamna3oHe 11eJoro aKpaHa ocuusuiorpada. Iopor BHEIIHET0 BX0Ja CUHXPOHU3ALUU —
TTJI-coBmectumsiii (1,2 B). I[Ipnbop nmeeT cTaHIApTHYIO CUCTEMY CMUHXPOHU3ALINU, pa-
0OTaIOLLYIO B pEXMMAaX «KAYIIMIA», «OIMHOYHBIIN» U «aBTOMATUYECKUI».

Jns cBsa3u ¢ komnbioTepoM B ACK-3105 ucnonb3yercsl paclIMpeHHbIN Tapaijieiib-
ueiii mopt (EPP). ACK-3106, ACK-3107, ACK-3116, ACK-3117 nomumo LPT cHa6-
xkeHbl USB 1.1-moptoM.

ACK-3116, ACK3117 umeror ranbBaHuuYecKyio pa3psasky nmo USB, a takxke umeior
BBIHOCHO# OJIOK MHUTaHMS Ha 6,5 B, KOTOPBIN CYIIECTBEHHO pacIIUpPSIeT BO3MOXHOCTH
MPUMEHEHMST 3TUX MPUOOPOB B IMOJEBBIX YCIOBUSIX, NMPUIaBas HEOOXOAUMYIO TMOKOCTb
1 MOOMJIBHOCTB B PeIIeHNM KOHKPETHBIX 3a1ad.

ITporpammHoe obecrieuenue (ITO) maeT BO3MOXHOCTb MOJHOTO yIpaBJIeHUsT TPpUbdo-
pOM, a TaKKe IPEIOCTaBIISICT PSI CEPBUCHBIX BO3MOXKHOCTEH (2KCIIOPT/MMIIOPT HaH-
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HBIX, MaTeMaTU4eckas 00pabOTKa CUTHAJIOB, pacIlIMpeHHble 3MepeHus, udpoBast hu-
JIBTpallvs, aBapuiiHasl CUTHAIM3AIMs B PEXXMME caMOIucIia U T. 1.).

Kaxnpiit kaHan ACK-31xx wumeer coOctBeHHbIi ALIIl. Bto o03Hayaer, 4ToO
ACK-31xx sBISIETCSI «UCTUHHBIM JABYX/YEThIpEXKaHAJIbHBIM OCLMITIOTpacoM», TIe OT-
CYTCTBYIOT MOOOYHbIe 3(P(PeKThl, CBONCTBEHHbIE MPUOOpPaAM C MYJIbTUILUIEKCUPOBAHUEM
KaHaJIoB.

ACK-310x nMeeT TOHITHBIA U YIOOHBIN MHTEep(Eic, KOTOPHIIT MOXET HACTPanBaTh-
csl moJib3oBaresaeM. Hampumep, mojib3oBaTe/ib MOXET BbIOpaTh BHELUIHUI BUI U LIBETO-
Boe odopMIICHME TTaHeIel MprOopa, IIBETOBYIO CXeMY JJISI OCUIJIIOTpAMM, SI3BIK TaHe-
et (pyCCKU WM aHTJMICKUIA), BKIIIOYMTh M 3alMcaTh CBOW BapMaHT 3BYKOBOTO CO-
MMPOBOXICHUS cOOBITHIT 1 np. K yciyraMm Imojb3oBaTessi — BCIDIBIBAIOIINE ITOACKA3KM,
«TPpUIMITIAOLIME» TTaHeau (MPUIMIIIYE MTaHeIu pacnoiaraloTcsl BILIOTHYIO IPYT K APYTY
1 TIePEeMEIIAI0TCSI COBMECTHO, KaK OJHO OKHO).

Kaxnplit pexxuM padoThl ocumusuiorpada BLITTOJHEH B BUAE OTAEJIBHOTO OKHA, KOTOPHIE
TOJTb30BaTe b MOXKET pacroyiaraTh B yI0OHOM JIJIsI ce0s yuacTKe 9KpaHa MOHUTOpa. [1aB-
HOe OKHO ocuuuiorpada — MaciradupyeMoe M MOXET paboTaTh B ITOJTHORKPAHHOM pe-
XrMe. B 3ToM 0KHE MOXXHO M3MEHUTh MacIliTad, yCTAaHOBUThL MacilTad 1o ooacTul rpadu-
Ka, OrpaHUYeHHOI KypcopaMu. /i TOro 4ToObl MOJIL30BATEIb MOT UMETh O0IIee Mpe/-
CTaBJIEHHWE O XapakTepe MHGbOpPMaIMK MOJHOro Oydepa v BhIOpaTh HYXXHYIO YacTb IS
MOJIPOOHOT0 OTOOPAXKEHUSI, CIIYXKUT JOIOJHUTEILHBII 0030PHBII OTKII0OUaeMBblil TpaduK
B HIDKHEH YacTW TIaHe W, MHAWIIMPYIOIINIA BCETIa MOJHbBIN Oydep COOpaHHBIX TaHHBIX.

4.8.5. KombuHupoBaHHbIi npn6op ACK-4106

Kom6unupoBanublit ipubop ACK-4106 (puc. 4.43) coueTaeT BOBMOXKHOCTHU JIByXKa-
HaJILHOTO 3alTOMUHAOIIETo T POBOTO ocHMuIorpacda v reHepaTopa CUTHAJIOB MPOU3BO-
JIbHO# (hOopMBI ABYXKaHaJbHOTO LM(ppoBoro. [Ipubop padboTaeT COBMECTHO C KOMITbIOTE-
pom o uatepdeiicam USB 1.1 wnu LPT B pexxume EPP. ITo cymiectBy, mpubop siisieTcst
BIOJIHE 3aKOHUEHHOU BUPTYaJIbHOU JabopaTopueil ¢ JOBOJIbHO BHICOKUMM TEXHUYECKU-
MM XapaKTepUCTUKAMH M OOLINPHBIMH (PYHKIIMOHATEHBIMI BO3MOXKHOCTSIMU.

[Ipubop cocront M3 ABYX (YHKUMOHAIBHBIX MOMYJIC: MOMYJS IBYXKaHAIHHOTO
LM(POBOro 3alIOMMHAIOLIETO ocLusuiorpada u MOAyIsl FeHepaTopa CUTHAIOB MPOU3BO-
JIBHOM (POPMHEI.

Monynb AByXKaHaJIbHOTO LM(POBOro 3alloMUHAIOLIETO ocuuuiorpadga mpegHa3Ha-
YeH JUIA M3yYeHMs] CUTHAJIOB OT BHELIHUX YCTPOWCTB, MX OTOOpaxkeHWs] Ha MOHHUTOPE
KOMIIBIOTEpa, M3MEPEHMS MTapaMeTPOB CUTHAJIOB U MaTeMaTU4YeCKON oO0pabOTKM C TMO-
MOIIIBIO TIPOTPAMMHOTO obecrieueHrs. Moaysib reHepaTopa MpeaHa3HayeH JUlsl BbIIaun
CHUTHAJIOB ITPOM3BOJIbHOI (DOPMBI, BKIIIOUAsl CTaHAAPTHHIE, a TaKXKe 3aJaBaeMbIe T10JIb30-

Puc. 4.43. Buewnuii 8ud npucmasku — kombunuposannozo npubopa ACK-4106
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BaTejJeM C IMOMOLIBI0 MaTeMAaTUYECKUX BbIpAXEHUI Wik rpadudecku. Moayaud MOIYT
paboTaTh Kak He3aBUCUMO APYT OT Jpyra, TaK U COBMECTHO TOJ YIIpaBJIeHUEeM COOTBET-
CTBYIOLIETO TTPOrpaMMHOI0 06ecreyeHusI.

[MpuGop npuMeHsieTCs i HaJlagKu, PEMOHTA, JA0OPATOPHbBIX UCCIEAOBAHUI U UC-
MBITAHUI TIPUOOPOB U CUCTEM, UCIIONb3YEMbIX B PAIUO3JICKTPOHUKE, CBSI3M, aBTOMATH-
K€, BBIUUCIUTEIbHOM U U3MEPUTEIHLHON TEXHUKE, MPpUOOpocTpoeHnn. PaccMoTpuM Tex-
HUUYECKME XapaKTepUCTUKHU MpUbopa.

TexHUYeCKHME XapaKTePUCTUKKU OCILMILIOrpaduuyecKkoro MOIyst:

e KOJMYECTBO KaHasioB ¢ He3aBucUMbIM ALIIT: 2 (Bce KaHaabl MIACHTUYHBI);

e MakCHMaJIbHasl 9KBUBAJIEHTHAsI 4acTOTa BHIOOPOK B CTPOOOCKOIMYECKOM DPEXKH-
me: 10 I'T;

e MakcuMmajbHas yactoTa auckperudauuu: 100 MI;

* MakKCHUMaJIbHOE YMCJIO BhIOOPOK Ha KaHaj: 131072;

e yucno pazpsagos ALII: 8 our;

e pexumbl KaHanoB: A, B, A u B;

e BBIOOp pexkrMa paboThl ocuuyuIorpada: OqHO-, ABYXKaHAIbHBII;

* YHCIIO OTOOpaxkaeMbIX ToueK Ha skpane: 100...131072;

e KYPCOpHbIE M3MEPEHUSI: [10 YPOBHIO U JUIMTEJbHOCTHA CUTHAJIOB,;

e Tun uHtepdeiica [IDBM: LPT, USB 1.1;

e TUN BXOAHBIX pazbeMoB: BNC (CP-50);

e IMWpPWHA JUHUM Tpaduka: 1 MIKceb;

e JMAINla30H YacTOT BXOAHBIX CUTHAJIOB II0 YypoBHIO —3 nb: Ha mpexgenax
20 mB/men...1 B/men e menee 100 MI'm m Ha mipenenax 2 B/men...10 B/men ne
meHee 70 MTI'w;

e BxogHoi ummeganc: 1 MOm £5%, 20 n® x5 nd; 50 Om £2%;

e BxomHoe compotuBieHue: 1 MOwM 1 50 Owm;

e TIpeJesbl JOIyCKaeMOM OCHOBHOM OTHOCHUTEJBHOM MOTPEIIHOCTU KO3 duiimeH-
TOB OTKJIOHeHUS: +2,5%:;

e IOITOJTHUTENbHEIC 3HaUCHUs Ko3dduIMeHTa oTKIoOHeHusT: 2 MB/men, 5 mB/men,
10 mB/nen;

e paspelieHue: 8 6uT (256 TOUEK Ha LIKAIy);

e KO2(hOUIIMEHT pa3BsI3KM MexXAy KaHajgaMu: He mMeHee —40 1b Bo Bcem yacToT-
HOM JIMana3oHe.

B cTpobockonmueckom pexxume Ipu KoadduimeHTax pa3BepTku MeHee | MKc/men
BO3MOXXHA HECTAaOMIIBHOCTh aMILIUTYIbI OTOOpaxkaeMoro curHaia a0 2%, a Takke Hc-
KaxxeHne (opMbI CUTHAJIa WM €T0 OTCYTCTBHME Ha Kpasx codupaeMoro Oydepa TaHHBIX
B mipenenax 10 HC. MakcuMmanabHOE BXOIHOE HampsDKeHHWe He 0ojiee JIBYKPAaTHOTO IIpe-
BBIIIEHUS TTOJIHOM IIKAJIbl TSI KaXIoro Ipeaeia, Ho He 6osnee 100 B mukoBoro 3Haue-
HUS TIpU cornpoTuBieHUM Bxoga 1 MOwM u He Gosnee 5 B MUKOBOro 3Ha4eHWsI MpU CO-
npotuBieHun Bxoaa 50 Om.

IMapameTpbl CMHXPOHU3ALIMU:

e HMCTOYHMK CMHXPOHM3aLMU: KaHalbl A, B, BHElLHuUI BXO.;

e BBIOOp (DpOHTA CMHXPOHU3MPYIOILIETO CUTHAA: TIEPEIHUI WM 3aIHUI (PPOHT;

e MaKCHUMaJIbHag 94acTOTa: He MEHBIIIe BepXHEW IPaHUIIBI TTOJIOCHI TTPOITYCKAHMS,;
e BHYTPEHHSISI CMHXPOHU3AILINS: MUHUMAJIBHBIA pa3Max CMHYCOMIAIBHOTO CUTHAJIA;
e He Oosee 1 KJIETKM MacIITaOHOI ceTKM B auana3oHe yacToT 1o 40 MI';
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rapaMeTpbl CUTHAJIA JJIsl 3aITycka BHEIIHUX ycTpoicTB (pazbem «CUTHXPOHU-
SALOUA BXOO/BbIXO/l»): nepenan or 0 B 1o 3 B B MOMeHT 3arycka CUHXPO-
Huzauuu. B koHue perucrpauuu nepenan ot 3 B mo 0 B Ha Harpy3ke He meHee
1 xOwm;

BHEIIIHSISI CUHXPOHU3ALMSI: MUHUMAJbHbBI MEepUOJ MOBTOPEHUSI CUHXPOHU3U-
pytoiiero ummynbca 20 HC, MUHMMAaJIbHASI JIMTEILHOCTE CUHXPOHU3UPYIOIIETO
nmnyabca 10 He, TTL-ypoBeHb HanpsKeHUS

MpejebHble 3HAYCHUs] HAMpsDKeHUsT Ha BXOAe CuUHXpoHM3auuu: oT —1 B mo
+6 B;

HMMIIEIaHC BXoJa CMHXpoHu3auuu: He MeHee 50 KOm/20 nd.

[MapameTpbl pa3BepTKU:

Mana3oH 3HayeHui KoadduuureHta pa3pepTku (mpu yctaHoBke 1000 BbIOOpoOK
Ha 9KkpaH): 10 He/men...0,1 ¢/men;

MIpeaeabl JOITyCKaeMOl OCHOBHOM aOCOJIOTHON ITOrPeIrHOCTA KO3(GGUIIMEHTOB
passeptku: £(0,001*T + 10 — 9 ¢), rme T — nmaUTENBHOCTh pa3BepTKu, T =
Kpass * 10 men, Kpa3p — Ko3uLIMEeHT pa3BepTKH;

JIOTIOJTHUTEJIbHBIE 3HaUeHUsT KodddulMeHTa pa3BepTKU B PeXHMME caMOIMCIIA:
ot 1 mc/nen no 100 u/nen;

JIOTIOJIHUTEJIbHAST TIOTPEIIHOCTh, BhI3BAHHASI U3BMEHEHUEM TeMIlepaTyphl B TIpe/ie-
Jlax pabodeil obsacTu TemIiepaTyp: He 0oJjiee Tpejesia OCHOBHOM IMOTPelTHOCTH
Ha Kaxaele 10 °C nu3MeHeHUsT TeMIlepaTyphl.

IMapameTtpbl Kanubpartopa:

BBIXOTHOM CHUTHAJI: TIPSIMOYTOJIbHBIN, CO CKBa>XXKHOCTBIO 2;

4acToTa BBIXOAHOTO curHama: 1 kI

BBIXOJHOE HampstkeHue: 3 B or nuka go nuka;

BeIXogHOE corpotuBieHue: (150 = 50) Owm;

BbIXO/IHOM pazbeM: BNC, coBmelieH co BXOJIOM BHEIIHEH CUHXPOHU3AIINY.

[MapameTpsl (hyHKIIMOHATHLHOTO TeHEepaTopa:
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KOJIMYECTBO BBIXOJAHBIX KAHAJIOB: 2;

JIMana3oH 4yactoT BeixogHoro curHana: ot 0,1 I'u mo 10 MI';

YacTOTa CUTHAjJa, BOCIIPOM3BOAMMAST TEHEPATOPOM, OIIPEHCISIETCS eT0 TaKTOBOM
4yacTOTOM M JUIMHOM curHana 1o dopmyne: f = fT/N, rae: f — yacrora curHajia;
fT — rtakTOBast 4acTOTa IreHEpaTopa, MOXET ObITh YCTaHOBJIIEHA B OAHO U3 16
3HaueHui: MakcumaibHoe — 80 MI'l, Kaxmoe mocieayoollee B 2 pa3a MeHb-
me — 40 MTI'm, 20 MTI', 10 MI'm n 1. o. mo 2,441 xI'm; N — minHaA cUTHama:
JII000€ YeTHOE 1IeJ0€ YMCI0 BhIOOPOK B AuamnaszoHe oT 8§ mo 131000;

OCHOBHAsI OTHOCUTEJIbHASI MOrPEIIHOCTh BOCIIPOM3BEACHUSI YaCTOThl: HE IPEBbI-
waet +0,05%;

JIOTTOJTHUTEJIbHAST TIOTPEIITHOCTh BOCITIPOM3BEIEHUST YaCTOThI, BhI3BAHHAST M3MEHE-
HMEM TeMIlepaTypbl B IIpeesiax paboyeil 00JacTU TeMIIepaTyp: He IIpeBbIILIAaeT
0,05% na kaxawie 10 °C U3MeHEHUsI TEMIIEPATYPHI;

MaKCMMAaJIbHbII pa3dMax BBIXOJHOIO HarmpsikeHus: Ha Harpyske 1 MOwm +2.5 B,
Ha Harpyske 50 Om £1,25 B;

IIar JUCKPETHOM YCTAaHOBKM BBIXOIHOTO HaNpsDKeHUWS: Ha Harpyske 1 MOwm He
oonee 1,5 mB, na nHarpyske 50 Om He 6onee 1,0 MB;



4.9. Bupmyanovnoeiii xapakmepuoepagp ACC-4211

HEpPaBHOMEPHOCTb YPOBHS BBIXOZHOTO CMHYCOMAAIBHOTO HATIPSKCHUS B JMAlla-
30HE YaCTOT OTHOCUTEILHO YpOoBHs Ha yactore 1 kI'u: He mpesbiliaeT +1 nb;
IJTATEIbHOCTh (DPOHTA M cpe3a (KaXKIOoro B OTACIBHOCTH) IIPSMOYTOJBHOTO CHUT-
Haja: He mpeBblaeT 20 HC.

Pexumpbl CHMHXPOHM3alun

BBIOOp PEXMMOB CUHXPOHU3ALMU: TIepe3anycK, OMHOKPATHBIN (py4HO) WX He-
HpPEePbIBHBI UCTOYHUK BHEIIHUM WIW BHYTPEHHUI;

MTOJIIPHOCTD: TT0 BOCXOASIIEMY WIHM TI0 cIlafgaiomemMy QpoHTY;

BXOAHOW CHUTHa&JI BHEIIHEH CUHXPOHM3ALMU: TIPSIMOYTOJIbHBIA WMIYJIbC C
TTJI-ypoBHSIMU, MIUTETHHOCTBIO (hpoHTa He MeHee 10 Hc;

BBIXOJTHOM CUTHAJI CUHXPOHM3ALMU — TIPSIMOYTOJbHBIN uMITyjibc, TTJI-ypoBeHb
Ha Harpy3ke 1 kOwm, miureiabHOCTh umnyinbca B HC 2/fT, rme fT BbpaxeHa B
MTI 1, pnutenbHOCTh poHTa He Oojee 20 HC;

BBIOOP (hOPMBI 711 00OMX KaHAJIOB: HE3aBUCUMBIIA;

MaKCcHMaJIbHOe YMCIIO ToueK Ha KaHan: 131000;

YacToTa cpe3a OTKJII0YaeMoro (puibrpa HUXKHUX YacTtoT: 15 MI'u £20%:;
MakcuUMaybHas TakToBas yactora: 80 MI1L.

[Ipoune xapaKTepUCTUKU:

nntepdeiic cea3u ¢ [1K: USB 1.1 unu LPT B pexxume EPP;
muradue: 220 B £10%, 50 I'w;

noTpeodJisieMasi MOLIHOCTb: He Oosiee 20 BT;

BpeMsl HEIIPepbIBHOM pabOTHI: HE MeHee 8§ Y;

BpeMsI YCTaHOBJIEHUsI pabouero pexuma: He 6ojiee 15 MuUH;
CPOK CJIyXObI TIprbOpa: He MeHee 6 JIeT;

pabouue YCJIOBUS BKCIUlyaTaluu: Temreparypa +5...+40 °C, oTHocuTenbHas
BJIAXKHOCTh Bo3ayxa He Oosee 80 % mpu 25 °C, atmocdepHoe paBiaeHue or 630
1o 800 MM prT. CT.;

ycioBus xpaHeHus: temmeparypa —30...+50 °C, oTHOcUTeTbHAsI BIAXKHOCTb BO3-
ayxa 30...80 %:;

rabapuTHbIe pa3Mepsl (IIMPUHA X BbICOTAa X TmyouHa) 260 x 70 x 210 MM;
Macca: He Oosee 2,0 Kr.

BoamoxkHoct USB-na6opatopuu oobeavHeHust AKTAKOM Gynyt onucaHbl B Tiase 6.

4.9.

BupTtyanbHbin xapaktepuorpadp ACC-4211

4.9.1. Npucrtaska ACC-4211 u ee napameTpbl

Kak yxe oTMevasoch, MHOTJA BO3HUKAET HEOOXOAMMOCTb CHSITHUSI BOJIBT-aMIEePHbBIX
XapaKTepUCTUK Pa3IMYHbIX MOJYIPOBOJIHUKOBBIX MPUOOPOB — IMOIOB, KPEeMHUEBBIX
CTAaOUJIUTPOHOB, TOJIEBBIX M OUITOJISIPHBIX TPAH3UCTOPOB M T. n. [IpocTeiilie xapakTe-
puorpadbl Ha 6a3e aHAIOTOBBIX ocLMUIOrpacdoB HE YAOBIETBOPSIT MOJb30BaTeNel, Ko-
TOpbIe HYXIAIOTCS B IETATbHOM MCCISIOBAHUN 3TUX TPUOOPOB. [t 3TOM 1Ien BBIMyC-
kaetcs npuctaBka K [TK ACC-4211 (puc. 4.44). Ona paccuuraHa Ha cHaTue BAX ce-
MEHCTBa MaJIOMOIIHBIX TTOJYIIPOBOAHUKOBBIX MPUOOPOB.
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Puc. 4.44. Buewnuii sud npucmasku ACC-4211 0aa cuamus BAX maromouynoix
noaynposooHuKossLx npubopos

[IpucrtaBKa BBHITTOTHEHA B HeOosbIIOM Koprmyce (pasMep 120 x 50 x 100) m mmeer
maccy 150 r. CBepxy Kopryca pacoyioXKeHbl KOJIOAKM ISl TIOAKIIOUEHUS UCTIBITYEMOTO
npubopa. [Ipubdop nMeet Takke pazbeM IS MOAKIIOYEHUS TEPMOAATUNKA U TTO3BOJISIET
n3MepsaTh TeMnepartypy B auanazoHe ot 50 mo 120 °C ¢ nmorpemHoctbio 0,5 °C. CeTteBoit
ajarrTep NPUCTaBKU nMmeeT radaputhl 65 x 70 x 115 mm u maccy 600 r. biok nmeer raib-
BaHUYECKYIO Pa3BsI3Ky OT CETH, YTO 0OecrieunBaeT 0€30MacHOCTb pabOThI C TIPHUCTAaBKOM.

ITpubop moszBonsger cuuMaTh BAX TpaH3MCTOPOB IpU MaKCHMMAaJIbHOM HaIpsKeHUN
Ha KoJuiekTtope (uiau ctoke) 1o 50 B m MakcMMaabHOM TOKE KOJIJIEKTOpa (MJIM CTOKA)
0,1 A. Inama3oH 3agaHust BxogHoro HarpskeHust oT 0 1o 10 B, Toka 6a3bl OUMONSIPHBIX
TpaH3UCTOPOB 10 1,25 MA.

4.9.2. PaboTa ¢ npuctaskoii ACC-4211

IIpucraBka monmkiouyaeTcsl K KOMITBIOTEPY uepe3 IOCieIoBaTeNIbHbIN HMHTepdeiic
RS-232. Iutanue oHa 1oJjiydyaeT oT 0Jioka ceTeBoro agantepa. Ha koMnbioTepe I0JKHO
OBITh YCTAHOBJICHO IIPOrpaMMHOE OOecIeUeHMe, CO3aarollee BUPTYaJIbHYIO ITaHEb
yIpaBJeHusl, MOKa3aHHYyIO Ha puc. 4.45.

ITpucraBka mo3BojsieT cHUMaTh BAX OBYXITOMIOCHBIX MPUOOPOB (IMOMOB, CTAOMINT-
POHOB U Jp.) U cemelicTBa BAX TpexmoatoCHBIX MPUOOPOB (OUMONSIPHBIX U TTOJEBBIX
TpaH3UCTOPOB). MMeeTcss BO3MOXHOCTH IPOBEICHUSI JOMYCKOBOIO KOHTPOJS ITyTeM
cpaBHeHus BAX nipoBepsieMoro npubopa ¢ oopasuoBoit BAX. Bo3aMoxxHOCTh 00pabOTKH
PE3yJIbTaTOB BBIYMCICHUIM Ha KOMIIBIOTEpPE pacIIUpsieT BO3MOXHOCTU IpuUcTaBKU. EcThb
BO3MOXHOCTH BBITIOJIHEHUsI KYPCOPHBIX M3MepeHuit. [IpoBeneHne n3MepeHnii B UMITy-
JIbCHOM peXHnMe 00ecIieuyrBaeT YMEHbBIIICHUE caMopa3orpeBa prudopoB, KOTOPHIN 4acTo
MMeeT MECTO IIPU M3MEPEHMSIX Ha TOCTOSHHOM Toke. MIHTepecHOM SIBIISIETCS BO3MOXK-
HOCTb BBIBOJIA Ha 3KpaH ceMeiictBa BAX ncrnbiTyeMoro rmpubopa u reopetndeckux BAX.

K coxanenuro, npucraBka ACC-4211 umeeT psii HEAOCTATKOB:

e Henb3s cHuMmath BAX mpubopoB ¢ N- u S-o6pasHbiMu BAX, Takmx Kak TyH-
HEJIbHbIE AUOJIbI, OJHONEPEXOAHbIE TPAH3UCTOPBI, TUPUCTOPHI, JTJABUHHBIC TPEH-
3UCTOPBI U AP.;

e HeJb3d cHUMaTh BAX MOIIHBIX MpHUOOPOB;

* JMana3oH padoyrX HAMPSKEHWI HE MO3BOJISIET CHUMATh XapaKTEPUCTUKU BbICO-
KOBOJIBTHBIX (l1aske MaJIOMOIITHBIX) MPUOOPOB.

Tem He MeHee MPUCTAaBKa 3aKPbIBAET OpeEllb, CBI3aHHYIO C OTCYTCTBUMEM Ha POCCHUIi-
CKOM DBIHKE XapakTepuorpadosn, MO3BOJSIIOIINX CHUMAaTh ceMelictBa BAX coBpeMeH-
HbIX I1OJIyIIPOBOAHUKOBLIX IPUOOPOB.

194



4.9. Bupmyansneiii xapakmepuoepagp ACC-4211

I EI S MLYEEN

i o

Puc. 4.45. Okno xapakmepuocpaga 0as cuamus BAX maromouynoix
noaynposodHuUKo8bLx npubopos
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Mnaea 5. Ocuunnorpadpuueckne namepeHus

5.1. NoproroBka aHanoroeoro ocuunnorpadga Kk paéorte

5.1.1. BknioyeHue aHanorosoro ocuunnorpada n noarotoBka ero
K paboTte

CoBpeMeHHBIII aHAJIOTOBBII OCIMJLIOrpad JOCTATOYHO CIOXHBINA IMPUOOp, TI0 Kpari-
Helt Mepe IS HAaUMHAOIIEeTo ToIb3oBaTes. [103ToMy CTOMT cKa3aTh HECKOJIBKO CJIOB O
€ro BKJIIOYEHUHU U MOATOTOBKE K pabdore. Huske mpumepsl TaKOi MOATOTOBKY JaHBI JIJIsT
cepBucHoro ocuumiorpapa OCY20.

[Ipu npodeccuoHanbHOM TIPUMEHEHUM OCLMJLIOrpadoB YacTO MPUXOAUTCS (POTO-
rpadupoBaTh OCHWIOTpaMMBbI. B 3TOM cilyyae MCIOIb3yIOTCS ClieliMaibHble KOHYCHbBI®
TpyObI (TYOYChI), U3HYTPHU YepHbIe, ycTaHaBIMBaeMble Ha 3kpaH DJIT ¢ moMolibio crie-
LIMATbHBIX (OOBIMHO BMHTOBBIX) KPEIUIEHUII W MMEIUIMe KperuieHue (ToXe OOBIYHO
BUHTOBOE) 111 oTroanmapata. JJIsi M3MepeHMIT MCIIOJIb3YyeTCsl MacllTabHasl ceTKa C
nmoaceeroM. Ho y memeBoro cepucHoro ocuwmmntorpacdga OCY?20 takoif TpyOBl HET, Kak
HET M TMOJCBETKM MacluTaOHO# ceTku. Y Hero npumMmeHeHa DIIT ¢ maciTabHO# CeTKOIA,
HaHeceHHo npssMo Ha akpaH DJIT. [Toaromy doTorpacdupoBaTh OCHMIIOTPAMMBI TIPH-
XOIUTCSI TIPU OCBEIICHUU 3KpaHa OOBIYHBIM CBETOM, MOCKOJIbKY MHAue YepHbBIC JUHUU
TOACBETKM He OyAyT BUAHBI. B CBSI3M ¢ 3TMM KavyeCTBO MPUBEICHHBIX HUXE PeabHbIX
OCLIMJJIOTPAMM T10JIy4aeTcss He OYeHb BHICOKMM, HO 3aTO BUIHO BCE «KaK €CThb».

B HacTosiee Bpems mist potorpa¢pupoBaHUs OCLMJUIOTPAMM YA00HO MCIIOJIb30BaTh
uudposeie poTtoanmaparsl. [losydeHHbIE 3J1eKTPOHHBIE (hoTorpaduu MOXHO 0Opabda-
ThIBaTh C IOMOIIbIO OOBIYHBIX I'paUYECKUX PEAAKTOPOB, MEHsSISI MX LIBET, SIPKOCTb U
KOHTPACTHOCTh M JIake MHBEPTUPYS M300paxkeHWe OCLWILIOTpamMM, TIpeBpaiias ux M3
OesbIX Ha TeMHOM (bOHE B YEpHBIE Ha CBETJIOM (hOHE.

IIpexxae yeM BKIIIOYUTh aHAJIOTOBBIM ocLuLIorpad, Hamo IpojaeiaTh CleAylolue
NeNCTBUS:

e BBIOpATh MECTO MJIsT TIPUOOpa U YCTAHOBUTH €TO;

* OTPEeryJIMpoBaTh HAKJIOH PYYKU U TIPUOOPA;

e TIPOBEPUTH MOIKIIOUEeHUE (OOBIYHO ¢3aa1) Kadels MMTaHWsS U YCTAHOBKU HaIIpsi-
JKEHUSI CeTH;

* 3a3eMJIMTh TIPUOOP, TTOIKIIOUNB TIPOBO 36MJIM K CTIEIIMAIbHON KIIEMME;

* BCTaBUTh B PO3ETKY CETU BWJIKY MPOBONA MUTAHUS ociuiuiorpada.

ITocne sToro mpubOp MOXHO BKJIIOYUThH, HaXXaB KHOIKY BKJIOYeHUl Power wmm
Cetb, Bxi1. U T. 1. (Ha3BaHUSI MOTYT HECKOJIBKO OTJIMYATHCS Y Pa3HbIX MOJENE OCIIII-
sorpagos). [Tocae 3Toro HagO0 BEIKIATh C MUHYTY — JOJDKHA MOSIBUTHCS OJTHA TOPU30H-
TaJbHasl JUHUS HA 9KPaHe OJHOKAHAJIBHOTO ocluiuiorpada uiv IBe Ha IKpaHe IBYXKa-
HaJibHOTO ocuwtorpada. Eciu 1nHMIT HEe BUIHO, TPOBEPHTE YCTAHOBKY Pa3BEPTKU Ha
ABTOKOJIEOATEIbHBIN PeXUM PabOThI U yBEJIUUbTE 10 TIpenesa SpKOCTh Jyueil, MOBEepHYB
PYYKY PETYJIMPOBKHU SIPKOCTU MO YACOBOUM CTpeyike 10 yrnopa. OOBIMHO 3TO MPUBOAUT K
MMOSIBJICHUIO JIMHUI pa3BepTKU Ha 3KkpaHe (puc. 5.1). Ecau ux mo-mpexkHemy HET, TTOU-
IIMTE JJUHUU C TIOMOLIBIO PYYEK CMEILIEHUS JIyda MO0 BEPTUKAIN U TOPU3OHTAIU. JIMHUN
OT Jiyya (JTy4eil) HOJKHBI OBITH IIPU CpeAHEM IOJIOXECHUM 3TUX pydyeK. IIpoBephTe mx
paboTy, yCTAaHOBUTE HOPMAJTIbHYIO SIPKOCTh Jiyda U CPOKYCUPYUTE Jyd C TOMOIIBIO pyY-
K1 (POKYCHUPOBKH.
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Puc. 5.1. Jlunuu passepmku Ha sKpane oCyuiLozpada npu omcymcmeuu cueHaios8
Ha 8xodax

OO0OBIYHO, ecu K BXoIaM ocliuiorpada HUYEro He MOAKII0YEHO, TO Ha 9KpaHe Oy-
JIeT HaOJIOmaThCsl YMCTHIN JIyd (MJIM [IBa Jiyda B ABYXKaHAJIbHOM OCIMJIIOTrpade), KoTo-
pbIii MOXET OBITh 3aCOpPeH HaBOAKAaMM U IiymMaMu. Eciy 3To BUAHO, YCTAHOBUTE Mepe-
KkaovaTesnb BxonoB B mosioxeHne GRN (Ground mnu 3emis) — HaBOAKU JOJKHBI HC-
4ye3HyTb. OTBITHBIE TOJIB30BATENIM OBICTPO TPOBEPSIIOT OCHMIUIOrpad, KOCHYBIIWCH
BXOJOB PYKOM, — 3TO BEAET K MOSBJICHUIO CUJIbHOW HABOJAKM C YaCTOTOW CETU Tiepe-
MeHHOro ToKa (y Hac 50 I'm). M3MeHssT mIMTETBHOCTh pa3BepPTKH, MOXKXHO HaOJIfOIaTh
OOBIYHO MCKAXXEHHYI CHHYCOUOY C YacTOTOil ceTu (puc. 5.2). DTo roBopur o pabdote
YCUJIUTENS BEPTUKATBLHOTO OTKJIOHEHUSI U pa3BepTKU ocLMLTorpada.

Puc. 5.2. Hckamennasa cunycouda npu npobe pykoi

5.1.2. MNopkmoyeHne ocumsiorpada K MCTOYHUKY CUrHasna

Jns HabmogeHnsT KaKOro-JIM00 MCTOYHMKA CUTHAIA HYXKHO MPEXIe BCETO IPaBMIIb-
HO MOAKIIOUUTH €T0 KO BXoay ocumuiorpada [43] uiamM K HeCKOJIbLKUM BXOJaM, €CJIU UC-
MOJIb3yeTCs] MHOTOKAaHAJIbHBIN ocLmiorpad sl MPOCMOTPa HECKOJbKUX CUTHAJIOB.
Bxomsl coBpeMeHHBIX OCHMIIIOTPa(OB IPEACTaBICHB PaIMOYaCTOTHBIMU pPa3beMaMM.
151 OAKI/IIOUEeHMsT BXOJa K MCTOUYHMKY CHUTHajia Yallle BCEro MCIIOJIb3YeTCs OCLMJLION-
pacduyeckuii TpoOHUK B BHJe KaOessi, UMEIOIIEro pa3beM Il TOIKIIOUYEHUS KO BXOAY
ocumuiorpada, MaJoeMKOCTHOM KaOejb M TOJOBKA C WIVIOW WJIM KproukoMm. MHorma
BMECTO TaKOIi TOJIOBKU UCIIOJIb3YETCs Iapa KOPOTKUX IIPOBOAOB, OCHAILIEHHBIX 3aXK1Ma-
MM — <«KpoKoaujaaMu». HekoTopbie TPOOHUKM OCHAIIEHBI ACIUTEIeM HalpsKeHUs WIn
Jlaxke aKTUBHOM TOJOBKOI, 0OeCIIeunBalolleii MOBEIIIEHHOE BXOIHOE COIPOTUBIICHUE N
YMEHBILIEHHYIO BXOIHYIO €MKOCTb.

Taxkoe momkiTIoUeHNE 00eCTIeYMBacT OOJIBIIIOE BXOTHOE COTMPOTHUBJICHUE (OOBIYHO OT
0,5 1o 2 MOM) 1 yMepeHHYI BXOJHYIO eMKocTh (aecsatku nd). K coxaneHuto, yem
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JUTMHHee Kabeslb MpOOHMKA, TeM BBIlE BXOMHAs €eMKOCTh oclmiiorpada. OHa MoxeT
npocturath 100 md, Torma Kak eMKOCTh Bxoda ocLuuiorpada 0e3 Kabdesiss cOCTaBIsIET
20—30 n®. [TomoOHBIN CrOcOd TMOIKIIOUYEeHUs ocumuiorpacda K MCTOYHUKY CHUTHAJIa
MPaKTUKYETCs Mpy UcTibiITaHuM ycTpoiicTB Ha TTJI- mnu MOTI-MukpocxeMax, mMccieno-
BaHUU 2JIEKTPOTEXHUUYECKUX YCTPOWCTB M T. 1. Bcerma Hamo MOMHUTB, YTO OJWH M3 3a-
KMMOB MPOOHMKA — 3eMJIsI IOJDKEH ObITh MOAKJIIOYEH K 3eMJIe MCIIBITYeMOro YCTPOMCT-
Ba, a Ipyroii K TOM TOYKe, OTKyJla CHUMAETCsl CUTHAJ.

Y HIMPOKOIOJIOCHBIX OCHMUIOrpad)oB OOBIYHO MPUMEHSIETCS] HU3KOOMHBIN BXOI C
conpotusienueM 50, 75 wau 100 Om. B sTtoMm ciiydae ocuusuiorpad MOAKIIOYACTCS K
WCTOYHUKY CHUTHaJIa, MMEIOIEMY aHAJOTUYHBIN BBIXOI, C ITOMOIIBIO OTpe3Ka KoaKcHa-
JnbHOrO Kaobenst ¢ BU-pazbeMamu Ha KoHuax. Ilpu 3ToM BaxkHO 00eCIeUUTh TOYHOE CO-
[JJaCOBaHWE BOJIHOBOTO COIPOTHMBIIEHMSI KaOessi ¢ BXOMHBIM COIPOTUBICHUEM OCIIUII-
siorpacda U BBIXOOHBIM COMPOTUBIEHUEM reHepaTtopa. HyxHo, 4ToObl OHU ObUIM OJMHAa-
KoBBIMH, HarmpuMep 50 OM. B cirydae pasHBIX BOJTHOBBIX COIIPOTHBIICHUI TTPUMEHSIIOTCS
KOaKCHaJlbHbIe MEePEeXONHUKHU. B pexxume corjiacoBaHUsI OTCYTCTBYIOT OTPasKE€HMSI CHUT-
Haja U (opMa UMITYJIbCOB MPAKTUUYECKM He McKaxkaercs. [Ipu OTCyTCTBUMM corjiacoBa-
HUST HAOJIIOJAIOTCS OTPaXKEHUSI OT MECT paccorjacoBaHMs U (GopMa MMIYJIbCOB MOXET
CHUJIBHO MCKaXaThCsl.

5.1.3. BbiOop pexumoB paboTbl ycunutenein kaHana Y

Kaxnpiii Bxog kaHana Y ocuwuiorpada MMeeT IepeKiovyaTeib PeXXMMOB PaOOTHI,
BXOJHOI aTTEHIOATOP, PETYJISITOP YYBCTBUTEIBHOCTH M PETYJISTOP ITOJOXECHUS JTMHUU
KaHaja. [TepexiitouaTesib peXXUMOB PabOThl OObIMHO MMEET TPU MO3ULIUU:

* AC — 1ogayva TOJBKO MEePeMEHHON COCTABIISIIONICH CUTHANIA;
e DC — nopaya curHaja ¢ ITOCTOSTHHOM COCTaBIISIIOLIEH;
¢« GROUND — 3asemsuenue Bxona.

B nonoxennn AC 0ObIYHO MCCIIEIYIOTCSI CUTHAJbl HEOOJIbIIOIO YPOBHS ¢ OTMUIIb-
TPOBAaHHOM IMOCTOSIHHOI COCTABJISIOIIEH. DTO MOTYT OBITh, HaIIpUMEp, CUTHAJIBI C BBI-
X0Ja YCWJIMTEJbHBIX KacKajoB ycuiauTesdeil. s oTceBa MOCTOSIHHOM COCTaBSIOLIEH
HUCTIONB3YIOTCS pasaenutenabHble RC-uienu. CiaemyeT MOMHUTD, 4TO B 3ToM ciaydae AUX
ocuuiorpada CoaepXKUT CraJ Ha HU3KUX YacTOTaX M XapaKTepU3yeTcsl HU3IIEeH 4acTo-
TOol cpes3a foy, paBHOoW 5—20 . OHa Tem HuXe, 4yem OOJbllle MOCTOSIHHAs BpeMeHU
pasnenurtenbHoil RC-uenu.

B nonoxenun DC pazgenuTenbHas Lielb OTKIOYEHA W ocLuiuiorpad pearupyeTr Ha
IMOCTOSIHHYIO COCTABJISIIONIYIO CUTHAJa COOTBETCTBYIOIIMM CMECIIEHUEM JTMHUM KaHaja.
OTO MOXHO MCIOJb30BaTh ISl U3MEPEHUS MMOCTOSIHHOM COCTaBJISIIOLIEH CUTHalIa Mo OT-
KJIOHEHUIO JUHUU OT ITOJIOXKECHMSI, KOTOPOE OHA 3aHMMAET IPW OTCYTCTBUM CHUTHAJA.
g yCTaHOBKM JIMHUU B OTCYTCTBUMM CUTHAja Yy MHOTMX OCLUMJIJIOrpadoB €CTh MOJIOXKEe-
Hue nepekmouarens pexxumoB Bxona GROUND. Ecnu ero Het, To Hamo MpocTo 3a3eM-
JINTh BXO..

Crnenyer OTMETUTb, YTO OOJIBIIMHCTBO OCLUJUIOrpadoB MOTYT U3MEPSITh U UHAUIIM-
pOBaTh CUTHAJIBI TOJBKO C OINHUM 3a3eMJICHHBIM BBIXOJOM — BTOPOIl MMEHYIOT «TOpPSI-
yum». Hukoum o00pa3oM Hesab3sl MOOKIYaTh ocLusuiorpad K IBYM MNPOM3BOJbHBIM
TOYKAM MCITBITYeMOI CXeMBbI, €CJIM OJHA M3 HUX He 3eMJIsl. JIMIIb OYeHb TOPOTHe OCLIWII-
Jorpadbl C ralbBaHWYECKON pPa3BsI3KOK BXOJOB OOIYCKAIOT MOMOO0HOE IMOAKIIOYEHUE.
Kpome Toro, ecTb nByXKaHaJIbHBIC OCUMIIIOrpadbl, Y KOTOPHIX BXOABI MOXHO BKJIIOYATh
no audpdepeHInaNbHON cxeMe 1 mojydath otoopaxkeHue curHaioB (CHI — CH2). On-
HAaKO «XOJIOMHBIC» BXOIBI TOJKHBI ITOIKIIIOUATHCS K 3€MJIC MCIIBITYEMOIO YCTPOMCTRA.
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JIByXKaHaJIbHBIC OCLVULTOrpadbl MIOMUMO TepeKITIouaTeici peskMMOB BXOJa MMEIOT
repeKkaoyaTeslb pekuMoB padboTel KaHanoB — MODE. OH umMmeer cienyloliyme Mo3ULNNT:

e CHI — npocMoTp curHajia kaHana 1;

e CH2 — npocMoTp curHaja kaHana 2;

e DUAL — mpocMmoTp 000X CUTHAJIOB (C ABYMSI TUHUSIMU);

e ADD — mpocMOTp CyMMapHOTo CUTHaja OT OOOUX KaHAJIOB.

IlepBbie aBa pexxrMa B 0COOBIX KOMMEHTAPUIX He HYXXAAl0TCsT — ocuuiorpad mpu-
MEHSIeTCsl KaK OJJHOKaHaJbHBIN AJ1s1 TpocMoTpa curHaia ¢ kaHaina CH1 unu CH2. B pe-
xume DUAL MoXHO mpocMaTpuBaTb CHUTHaJbl OJHOBPEMEHHO C JABYX KaHayloB. s
9TOro Tpyoka ocuuaorpada AoJKHA MMETh IBa Jydya WM ocLusuiorpad ocHalaercs
KOMMYTaTOpOM, ITO3BOJISTIOIIMM ITIPOCMATPUBATh IBa CUTHAJA AaXkKe IPU OTHOM JIyde
TpyOoku. Kaxnplii JIyd MOXHO IMepeMelaTh M0 BepTUKAIM C ITOMOIIbIO pyYeK BepTHUKa-
JIBHOTO CMEIICHUS.

B pexxume ADD mnpocMmatpuBaeTcsi CUrHaia B Buae cyMmbl KaHanoB — CHI + CH2.
s Toro 4To0BI MMPOCMOTPETh Pa3HOCTh CUTHAIOB B KaHaie CH2, oObI9YHO mMeeTcs Tie-
pekioyatesab ¢a3pl curHaia. OH MO3BOJIsIET MHBEPTUPOBATh CUTHal KaHaya. MHorma
TaKOU TepeKITIoUaTe]Ib MMeeTCsI B 000MX KaHajax.

B xaxmoM KaHajile COBpEMEHHOro ocuusiorpada UMeTcs KaTuOpoBaHHbIE aTTEHIO-
aToOphI, IMO3BOJISIONINE MEHSTh UYBCTBUTECIBHOCTH ocHuuiorpada o BEepTUKATIBHOMY
OoTKJIOHeHMI0. OOBIYHO YyBCTBUTEIHLHOCTH 3a1aeTcsl B MB/nen wim B/nen mo npasuiy 1,
2, 5, nanipumep 1 mB/nen, 2 mB/nen, 5 mB/nen, 10 mB/nen, 20 mB/nen u 1. 1. OGbIuHO
C TaKUM ITepeKyoyaTesieM COBMEIleHa pyyKa IMJIaBHOIO U3MEHEHUS (YMEHBIIEHUsI) YyB-
cTBUTEIbHOCTU. MHOTHA 3Ta pydyKa IejaeTcs OTHEeICHHOM OT MepeKITIoYaTeIs.

5.1.4. Kanu6poBKa 4YyBCTBUTEJIbHOCTH

Yb6enuBincy B pabOTOCIOCOOHOCTU ocuuiiorpada, MOXXHO MPUCTYIUTh K €ro Ka-
JIMOPOBKE. Y COBpeMEHHOTO ocuIiorpada npocTelinnin KaimopaTop UMeeTcsl B €ro co-
craBe. OH co3maeT MPSIMOYTOJIbHBIE CUMMETPUYHBIC UMITYJIBCHI (MEAHIpP) C 3aJaHHOM aM-
IUIUTYIOW M 3aJaHHBIM MEePUOIOM. DTO MO3BOJISIET OCYILIECTBUTh M3HAYAJIbHYIO KaJlno-
POBKY ocumtorpada 1o HarnpsbkeHUIo 1 1o BpeMeHU. Bbeixon KanmbpaTtopa BbIBOIUTCS
Ha CreLMaIbHbI pa3beM WIM Ha HeOOIbIIYIO «IeT/I0» ¢ Haanmuchio PROBE, Ha koTopyio
MOYHO TTOBECUTh KPIOUYOK BXOIHOTO Kabesst (B cTapbiX ocumiorpadax uist KaTuOpOBKU
Hazo ObUIO COSAMHUTH KabeaeM BXOJ ocLuIIorpada ¢ BbIXOI0M KaauopaTopa).

Jsg KanrmOpoBKYU CIIeAyeT BpallleHUeM py4eK M3MEHCHUS UyBCTBUTECIHBHOCTA M CME-
LIEHUsI Jiyya MO BEPTUKAIM NOOUTHCS TOUHOIO COOTBETCTBMSI padMepa M300pakeHUs
3HAYCHUIO JBOMHOM aMIUIUTYIOBI KajambopaTopa. Hampumep, mBoitHast aMIIMTyda CUTHA-
Ja (MeaHapa) KanudpaTopa cepBucHoro ocuuiorpada OCY20 pasna 0,25 B ¢ morpeni-
HocThlo £5%. Yacrora curnana 1 kI'u. Eciam ycTaHOBUTH 4yBCTBUTEIBHOCTh OCLIMJIIOT-
pada 0,1 B/nen (aeneHue OONbIIOE), TO PACCTOSIHUE MEXKAY BEPIIMHAMU ITOJTYBOJIH Me-
aHapa JIOJDKHO ObITh 2,5 Oosblioro aeiaeHust wkanbl DJIT. Bua curHana xkanubparopa
nokazaH Ha puc. 5.3. KamubpoBaHHBIe KO3(P(PUIMEHTH OTKJIOHEHMST YKa3aHbI IS
KpailHero IOJIOKEHUsI PYYKHM IUIABHOTO MX M3MEHEHUs IpY €€ BpallleHUH 10 YacOBOM
CTpeJIKe OO0 yIopa.

Kanubposku ocuuaiorpada rno BpeMeHM OOBIYHO He TpeOyeTcsl, MOCKOJbKY Mpu
YCTAaHOBKE PYYKM IUIABHOM PETyJIMPOBKM UIMTEJIBHOCTU Pa3BepTKU B KpaiiHee IT0JI0XKe-
HUe (TOXe MO yropa) JUTMTETbHOCTh Pa3BEPTKM YCTAHABIMBAETCSI PaBHOM TOM JUTATEhb-
HOCTH, KOTOpas yKa3aHa MO3ULUSIMHU TTepeKIoUYaTeNIsl IIUTEIbHOCTH pa3BepTKU. Tem He
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Puc. 5.3. Cuenaa xasubpamopa (meandp)

MeHee CTOMT YOeIWThCSI B 3TOM, M3MEPUB IJIUTEIBHOCTD TTeproaa MeaHapa. [1o3ske MbI
00CcyIuM MOAPOOHO paboTy C pa3BEPTKOIA.

5.1.5. YueT BAngHus BxogHou uenu ocuunnorpada

IMonHoe compoTtuBneHne Zgzy TPU BXOJE HAa MOCTOSTHHOM TOKE Y aHAJIOTOBBIX OCIIVII-
JorpaoB HOCUT KOMIUIEKCHBIM XapaKTep, IMOCKOJbKY €ro KOMIIOHEHTAMHU SIBJISICTCS aK-
TUBHOE COMpPOTUBIeHUE Ryy U eMKOCTb Cpy. Tunuunbsie 3HaueHus: Ry = 0,5 — 2 MOw,
Cpx = 15 — 30 n®. Hanpumep, y ocumriorpacda OCY20 Ry = 1 MOwMm, a Cyy = 25 n®.

Ecnm mcTOUHMKOM BXOMHOTO CUTHAJIA SIBJISIETCSI TOK i(f), TO TIOCTOSIHHAsI BPEMEHU
BXOJTHOU 1ienu OyneT paBHA RpyCpy M MMEET JOBOJBHO OOJIBIIIYIO BEJIMYMHY, HAIIpUMeED,
y ocummtorpacda OCY20 ona paBHa 25 Mkc. [1oaToMy He TIPUXOIUTCS pacCUMTHIBATH Ha
BO3MOXHOCTh HaOJIIOCHUs UMITYJIbCOB TOKAa C MajJbIMU BpeMEeHaMM HapacTaHMS U CIia-
na. Jljist aToro Hamo npuMeHsTh ocuuiuiorpadet ¢ Ry = 50—100 Om, 9TO U XapakTepHO
JUIS CBEPXCKOPOCTHBIX ocluuiorpacoB. Kak mpaBuiio, 3Ha4YeHHUE COIJIACYeTCsI CO CTaH-
JIAPTHBIM BOJTHOBBIM COTIPOTHBJIEHMEM KOAKCUATbHBIX Kabeyieil, Mo KOTOPbIM MOXHO
nepeaaBaTh CUTHAJIBI 0€3 3aMETHBIX UCKaXXEHUI Ha PACCTOSIHUS 10 HECKOJIBKUX METPOB,
WHOT/IA U IeCSITKOB METPOB.

BooOi11ie ToBOpSI, TOKU MEpSIIOTCS ocIiuiorpadoM ¢ mpuMeHeHueM 1nyHTa. Harpu-
Mep, €Cli Mbl XOTUM, YTOOBI TOKU 10 | MA COOTBETCTBOBAJIU BXOMHOMY HAIPSIKEHUIO
ocuwuiorpada no 0,1 B, To Hago mapajuieIbHO BXOAY BKJIIOYMTH PE3UCTOP — ILIYHT Ry,
¢ HomuHasioM 100 Om. EcTtecTBeHHO, UTO MpM 3TOM TMOCTOSIHHAs BPEMEHU BXOJHOU
Lenu pe3Ko yrmageT — npuMepHo a0 Ry, Cpy. Tak yTo mpobjeMa 00Jb1I0i MOCTOSIHHOM
BPEMEHM MCYC3HET.

IIpu HaGMONEHUM MMITYJILCOB HAmpsDKeHUs u(f) HAlO YYUTHIBAaTh BHYTPEHHEE CO-
MPOTUBJICHKE PealbHbIX UCTOYHMKOB HaIpsbKeHus: Ry;. Jlaxe Ha MOCTOSIHHOM HaIlpsiKe-
HUU 3TO BEJET K YMEHBILICHUIO HAIPSDKEHMSI Ha BXojae co 3HadeHMs: U, MCTOYHUKA 10
BXOJHOI'O HAIPSIKEHUSI

R
_ BX
U, =U, TR

" BX

Ecnu R, = Ryy, TO ocnabieHre BXOOAHOTO CUTHajia cocTtaBuT 2 pasa. Ho eciu R, co-
craBisier 1 KOwm, To ipu Rz = 1 MOM 3T0 ocnabjeHne COCTaBUT BCETrO NMPUMEPHO
0,1%, a xoadduueHT nepegaur BxogaHoi uenu oymer 0,999. Takum obOpa3om, Bcerma
JKeJlaTesIbHO padboTatb Npu Ry,<Rpy.

B sTOM cnyyae 3HAUMTENIBHO YMEHbIIAETCS M MOCTOSIHHAS BPEMEHU BXOMHOM 1IeMH,
paBHast
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— RMRBX ~

Tpy = B R CuRy-
" BX

ITpubnmkeHHOE BbIpaKeHUE crpaBemIuBo npu R,<R;.. Hampumep, npu R, =
1 KOm u Gy = 25 n® oHa cocTaBUT 25 HC, MPOTUB 25 MKC MPU PETUCTPALIMU TOKOB
0e3 1IyHTa.

751 OlleHKW BAWSIHUSI BXOAHOU 1€MW HAa BUJ WUMITYJIbCOB TIPOJEIAeM CIIEIYIOLINI
aKcrepuMeHT. OT reHepaTopa IMpsSIMOYTOJIbHBIX UMMYJIbCcOB (Hanmpumep, I'3-111) nmonpa-
IMM Ha BXOA ocuwiiorpada MpsMOYTOJbHbIE WMITYJbChl — MEaHAP C YacTOTOM
100 xI'u. OTperynupyem pa3BepTKy Tak, YTOObI HA dKpaHe MOSIBUJIOCh HECKOJILKO Mepu-
0l10B UMMyJIbcOB (puc. 5.4). 3 pucyHka BUAHO, 4TO (hpopMa MMIMYIHCOB BechbMa OM3Ka
K IPSIMOYTOJIbHOM, TaK YTO OBICTPBIC TIeperaabl OYTU He BUIHBI.

Puc. 5.4. I[Ipamoyeorvroie umnysocol ¢ wacmomot 100 kl'y na 3kpare ocyusrozpaga

Tenepb mogaauM Te Ke UMITYJbChI, HO uepe3 pe3uctop R = 51 kOM, UMUTUPYIOLIUIA
yBeJIMYEHUE BBIXOJHOIO COIMPOTUBIICHUSI TeHepartopa. KapTuHKa Ha 3KpaHe OCLMILIOTr-
pacda MeHsieTCsl pa3UTeIbHO — OT MPSIMOYTOJBHOCTU UMITYJIbCOB HE OCTAJIOCh U cliena
(puc. 5.5). Tenepb UMIYILCHI UMEIOT BU OTPE3KOB SKCIIOHEHT 3apsiia U paspsiia BXOI-
HOIi eMKOCTH ocLiviiiorpada, mpu 5TOM aMIUIUTY/Ia UMITYJIbCOB 3aMeTHO yrana. [1o106-
Hble MCKaXeHUs yXKe SBHO HEIOMyCTUMbI U CBSI3aHbI C YBEJUYEHUEM TMOCTOSIHHOMW Bpe-
MEHU BXOIHOM 1M1 CBEPX Pa3yMHbIX 3HAUEHWI. DTOT MpUMep HAISIIHO WUTIOCTPUPY-
€T BJIMSIHUE J1axke HEeOOJIbIION eMKOCTH BXOJA.

Puc. 5.5. Hckamxcenus npamoycosoHo2o uMnyibca nocie yeeaudeHus 8blx00H020
conpomusaenus zenepamopa Ha 51 kOm
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HMHorna ObIBaeT MoJie3HO OLEHUTh YAaCTOTHBIE MCKAXKeHWsI, BHOCUMBbIE BXOJIHOM Iie-
nelo ocuwutorpaga. I'paHuyHasi yacToTa BXOMHOM 1IeMM, OLieHMBaeMas OOBIYHO Ha
ypoBHe criana AYX Ha —3 nb, olieHuBaetcs Kak fypx = 0,35/15¢. Hanpumep, ans Hanie-
ro mpuMmepa IMoayduM fppy = 14 MI't. Haxe mis 10—20 MI' ocuumnorpadoB BavsiHuE
BXOIHON 1IeTIM OKa3bIBae€TCs BECbMa 3HAUMTETbHBIM M O3HAYaeT HE TOJIbKO YXYIIICHUE
TOYHOCTH M3MEPEHUIA, HO U CYLIECTBEHHOE MCKaXeHUe (POPMbI UMITYIbCHBIX CUTHAJIOB.

5.1.6. NpuMmeHeHne KOMNEHCUPOBaHHbIX AeJIUTesNIe HanpsXXeHns

BrImoTHEHHBII BbIlIE aHAJIM3 TI0KA3bIBAET, YTO Y aHAJIOTOBOTO ociuiuiorpada xena-
TEJIbHO MMETh KaK MOXHO O0Jibliiee BXOIHOE CONPOTUBICHME U KAaK MOXHO MEHBIIYIO
BXOJIHYIO eMKOCTh. OTHAKO B pPeaIbHBIX YCIOBUSIX MMEIOT MECTO IapaMeTphl IMPUCYIIIE
JaHHoMy ocuuuiorpacdy. IToaToMy NPUXOAUTCS MATU Ha pas3iMyHble YXUILIPEHUS paau
VIIyYIIEHUs TTapaMeTpOB BXOMHON Iienmr. MoXHO, K TIpUMEpPY, TIPUMEHUTh MCTOKOBBIC
WM BMUTTEepHbIe TToBTOpUTeN Ha CBY mosneBbIX 1 OUMOJSIPHBIX TPAH3UCTOPaAX, HO UX
ITOCTPOCHME BBEIXOAUT 3a PaMKU JaHHON KHWTH.

Ecnu ocuunnorpad o61amaeT BBICOKONM YYBCTBUTEILHOCTBIO IO HAMPSKEHUIO, UTO
CTIPaBEIINBO IS OOJIBITMHCTBA COBPEMEHHBIX OCHMIUIOrpadoB, TO MOXHO YIYJIIUTH
IapaMeTpbl BXOAHOI LIETIH, IIPUMEHSISI KOMIIEHCUPOBAaHHbBIC AEIUTEIN HanpskeHus:. OHu
BBITIOJTHSTIOT U €Ill¢ OOHY BaXHYI0 (PYHKIINIO — YBEJIMYMBAIOT MPENETbHO TOMYCTUMBII
YpOBEHb HAIIpSLKEHMSI, TToJaBaeMblii Ha BXoi ociuuiorpada. bes genureseit a3ToT ypo-
BeHBb 00bIYHO He mpeBbimacT 50 B, a ¢ nenmurenem 1:10 yBemmumBaetcst mo 400—500 B.

[Mopolo maxke mpuMeHeHUEe CTAaHAAPTHOIO ACJIUTENS IT03BOJIIET YMEHBIIUTh UCKaXe-
HUs (pOpMBI HAOJIIOMaeMbIX UMITYJIBCOB. Bo3bMeM, K TIpUMepy, CTaHAAPTHBINA IeTUTEThb
ot ocumutorpaga OCY20 u. yctaHOBUB €ro mepekiioyaTeab B nonoxeHue 1:10, moma-
INM Ha BXOA ocuuuiorpada WCHBITATeIBHBINA IMPSIMOYTONBHBIA CUTHAJT C YacTOTOM
100 xIl'u. YBenuuuB 4yBCTBUTEIBHOCTh ocluiiorpada B 10 pa3, moayyuM Ha 3KpaHe
(opMy MMIyIbCOB, TIOKA3aHHYIO Ha puc. 5.6.

Puc. 5.6. Hckaxenus npamoyeoibHO20 UMNYAbCA NOCAE YBEAUUEHUS BbLXOOHO20
conpomugrenusn zenepamopa Ha 51 kOm, HO npu nodaue cuenara uepe3d Oeaumensv 1:10

OueBUIHO, YTO MCKaxXeHUsSI (hOPMBI UMITYJIbCOB ITOBOJBbHO 3aMETHO YMEHBIIMIKUCH,
XOT$l SIBHO HAOMI0AAl0TCA U Ha 3TOT pa3. Ho ammiuTyna uMmnyjibCoB yxKe MOYTH JOCTUTa-
€T UCXOMHOM BEJIMYMHBI. DTO CBUIACTEIBCTBYET O TOM, YTO BXOAHASI EMKOCTh OCLIVJLIOT-
pada npu NpUMMEHEHUHU AeJUTeNIsI 3aMEeTHO YMeHblWIach. PazdbepeMcs, B UeM TYT AeJO.

KomrmeHcupoBaHHbIe AETUTENN CTPOSTCS TI0 cXeMme, MpuBeAeHHOoI Ha puc. 5.7. Cob-
CTBEHHO [JEJUTENIb HAIPSIKEHUSI CTPOUTCS Ha pe3uctopax R, u R,, nmpuuem R, MOXeET
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OBITh TIPOCTO BXOAHBIM CONPOTHBJICHUEM ocuuiuiorpada. IlapaMeTpsl meauTess Ha Mo-
CTOSTHHOM TOKE BBIYMCIISIIOTCS 10 (hopMyJiaM:
Ry =R +R,u K, =R)/(R +R,).

Hampumep, eciu R, = 1 MOm u R, = 9 MOwMm, T0 umeem Ry = 10 MOm u K, =
1/10. Takum oGpa3oM, BXOJIHOE COMpOTHBIIeHUe yBeandeHo B 10 pa3, Ho B 10 pa3 maga-
€T M YPOBEHb HAINPSDKEHUsI, MOCTYMAIOLIEr0 Ha BXOJ ocLyLiorpada.

Usx ¢ [] R2 == C2 |Ugnix

(\S—
z2

Puc. 5.7. Cxema komnencuposannoco desumenrs ocyusirozpaga

Konnencaropsl C, u C, ciayxat st KoppekKiuu AYX 1 mepexogHon XxapaKTepucTH-
ku penmutens. Llerns R, C, Bbi3biBaeT mogbeM AUX Ha BbICOKMX YacTtoTax, a nenb GR,
JlaeT 3aBajJl Ha BBICOKMX 4acToTaX. [Ipu ompeneseHHOM BBIOOpPE MOCTOSIHHBIX BPEMEHU
STHX IIeTIeil BO3MOXHA KOMIIEHCAIIUS MCKAaKEeHW, OTKya M Ha3BaHNE — KOMIICHCHPO-
BaHHbIe nenutenau. B camom gene, nis koadduieHTa nepegadyn AeaUTEIs] MOXHO 3a-
ITMCATh;

R,
K, = Upix _ 2,  _ 1 + jor,
Uy Z +Z, R + R,

1+ jotr, 1+ jwr,

Eciu 1, = 1,, TO 3HayeHue K onpenenserca Kak:

K =R

P .
R + R,

Takum obpa3om, IIpu paBeHCTBE MOCTOSIHHBIX BpeMeHH lienielr R, C; u C,R, Ko3pdu-
LIMEHT Tepefaun IeIUTeIIsl IMepecTaeT 3aBUCETh OT 4acToThl. [IpakThyecKu isi MOCTH-
JKEHUST YCJIOBUSI KOMIIEHCAIIUM eMKOCTh (|, HY:KHO IMOACTpauBaTh, HAIlpUMEpP C TOMO-
IIBIO TOACTPOEYHOTO KOHIeHcaTopa mepeMeHHou eMkocTtu. s nenurtens 1:10 pesu-
cTop R, momkeH ObITh paBeH 9R,. DTO 03HayaeT, yTo eMKOCTh C| TOKHA OBITh B 9 pa3
MeHbIIIe BXogaHOW eMKocTu C,. BXomgHass eMKOCTh JeJIUTEINs OIpeiessieTcs IMocaeIoBaTe-
JnbHBIM coenuHeHneM C, u C:

C =C G .
BX JIEJ — 1C1 +C2 =

IMpubnmxenHoe sHaueHue cnpaseumso npu K21 n C<C,. Ilpu K; = 10 Bxonnas
€MKOCTh HeauTesst moutu B 10 pa3 MeHbIe BXOOHOM eMKocTH ocuuiuiorpada. Cremyer
MOMHMTb, YTO B C, BXOAUT HE TOJbKO MCTUHHAS BXOAHAs €MKOCThb ocliuuiorpada, HO U
€MKOCTh MOHTaxa M Kabens. [ToaToMy Ha caMOM Jejic YMEHBIICHUE BXOTHON eMKOCTH
JIeJINTENS1 M0 CPaBHEHUIO C BXOJHOM €MKOCTbIO ocuusuiorpada OymeTr He CTOJb 3aMeT-
HeIM. TeM He MeHee UMEHHO 3TO M OOBSCHSCT 3aMETHOE YMEHBIICHNE UCKAXKEHUI UM-
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IyJIBCOB TIpU paboTe ¢ menauteneM. OTCIoma BBIBOI — €CJIM YyBCTBUTEIHHOCTD 1O BXOIY
Y nos3BossieT HaOJMOAATh CUTHAJ C JEJUTENIeM, TO BCeTaa MPUMEHSITE ero. OTo 3a0IHO
SIBJIICTCSI U CPEACTBOM 3alllUTHI BXOJOB OT OOJBIINX HATIPSKCHUIA.

VBennueHne aKTUBHONM COCTABJISIIOLLIEH BXOJIHOIO COMPOTUBIIEHUS ACIUTENST HE BCe-
IJ1a TI0JIE3HO, TTOCKOJIBKY BeIeT K M3MEHEHMIO HArpy3KM Ha MCITBITYeMOE YCTPOMCTBO U
MOJYYEHHUIO PAa3HBIX PE3YJIBTATOB IPU OTCYTCTBUM JEIUTENST W IPU €r0 NMPUMEHEHWU.
ITosToMy memMTeNn YacToO MPOESKTUPYIOTCS TaK, YTOOBI BXOTHOE COIPOTUBIICHUE OCIIHII-
sorpada ocTaBajoch HEM3MEHHBIM KakK MpU padboTe 0e3 AenauTelsl, TaK U Mpu padboTte ¢
HUM. B 3TOM cilyuae menuTenb He YBEIWUMBACT BXOIHOE COIPOTHUBIICHME OCIIMIJIOTpa-
da, HO Bce Xe YMEHBIIAaeT BXOIHYIO €MKOCTb.

5.1.7. YcTaHOBKa TOYHOW KOMMeHcauun aenvtena

KoncTtpykims cranmaptHoro Inyma ¢ genutenaeM 1:10 coBpemeHHOTO octmiuiorpada
npeacTtabieHa Ha puc. 5.8. Jug moakimodyeHus OeNUTenst K HYKHOMY MECTy UC-
MBITYEMON CXEMBbI WCIIOJIb3YeTCsl MUHUATIOPHBIN KPIOYOK, OOHAaXkaeMbIi TPU TTOMOIIN
oTxxuMma. Ha xopriyce nenuTelis MMeeTCss MUHHUATIOPHBIN IepeK/IovaTeib — JIBHXOK,
KOTOPBIN OTKJTIOYAET AEIUTENb B TTosioxkeHnu 1:1 uam BKiIoyaeT ero B mosioxeHun 1:10.
B KxoHIIe IpoBoaa y pazbeMa IOAKIIOYeHUs KO BXOAY ocLMLIorpaca MMeeTcs: IOICTPO-
€YHBIN KOHAEHCATOp MEePEeMEeHHOW eMKOCTU — mpummep. IM 1 ycTaHABIMBAETCS KOM-
neHcalus (C TTOMOIIbIO MaJIeHbKOI OTBEPTKM).

Omxum YcTraHoBka koachduLmeHTa geneHus
| | I —

)

_/ 3azemnsioLLee KonbLo

Kptoyok

Bemns ¢ "kpokogunom” TpvMmep KomneHcauun

Puc. 5.8. Jlame nodpucyrounyro naonuce

IIpaBmibHaAsg ycTaHOBKA TpUMMeEpa ITO3BOJISIET HAOIIONATh MTPSIMOYTOJIBHBIE MMITYJTh-
Chl Kanubparopa MpakTU4ecKu 0e3 uckaxkeHuit (puc. 5.4). JomycTuMbl O4eHb HEOOJb-
1Ie BBIOPOCH! Ha (DPOHTAX, HO BEPIIUHBI UMITYJIHCOB JOJIKHBEI OBITH CTPOTO TOPU30HTA-
JIbHBIMMU.

Ecnu emxocts C, MeHbIlle 3alaHHOW M3 YCJIOBUSI KOMIIEHCALIUM, TO OyAeT MUMETh
MECTO HEIOKOMIICHCALIMSI MCKaxkeHuit aenuress. [Ipu aToM ocLmiorpaMMbl MeaHapa
MMEIOT XapaKTepHBIC MOAbEeMbI BeplmHBI (puc. 5.9). B 3TOM ciyyae mpeobiragaeT MH-
TErpUPOBAHMUE CUTHAJIA.

Puc. 5.9. Ocyunrnocpammor meanopa npu HeOOKOMNEHCAYUU UCKANCCHUL deaumens
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Hanportus, ecnu emkocth C; BBIIIE, YeM HYXXKHO IIJIsSI KOMIIeHcalMu, OyayT Habmona-
ThCS OCLUMJUIOTpAMMBbI, TTOKa3aHHbIe Ha puc. 5.10. Ilpu 3TOM MMEIOT MECTO 3aMeTHbIe
BBIOPOCHI Ha (hpOHTAX MMITYJILCOB M CTaJa WX BeplIMHBL. B maHHOM ciydae rpeobsamaer
muddepeHIMpoBaHMEe MMIYJIbCHOrO curHana. KcraTtu, K Takoro poja MCKaKeHUSIM
HU3KOUYACTOTHBIX MMITYJIbCOB BEAET U MPUMEHEHHE pa3faeauTesbHo RC-11ermn Ha BXOJIe
ocuumorpada, mpuMeHsIEMOI 7S OTCeBa MOCTOSTHHOM COCTAaBJISIIOIIEIH CUTHAIOB.

Puc. 5.10. Ocyunrrozpammor meanopa npu nepeKkomnencayuu 0esumens

E1ie paz yMecTHO HAalTOMHUTD, YTO Ha MPAKTUKE HYXKHA TOYHAsI KOMITEHCALIUS ACIH-
TeJei u popMa MeaHIIpa JOJKHA OBITh MOUTH WAEaIbHONM — Kak Ha puc. 5.4. [Ipu He-
TOYHOM KOMITEHCAlIMM BO3MOXKHBI 3aMETHBIE MCKaXXKeHUsI (pOpMbI MMIYJILCOB, MPUYEM
He TONBKO MeaHapa. g MOACTPONKM KOMITEHCAIMA OOBIYHO TIOJB3YIOTCSI CUTHAJIOM
KajaubpaTopa, BbIIAIOIIEI0 CUMMETPUYHBIC MPSIMOYTOIbHBIC UMITYJIbCHl — MEaHIp.

5.1.8. JlabopaTopHble UCMNbITaHUA aHAJNIOrOBbIX ocuusiorpados

Ecimm ocumutorpad mcIoib3yercss B HaydHOUM paboTe WM MPU TOYHBIX M3MEPEHMSIX,
TO €r0 BPEMEHHBIE M YaCTOTHBIE MapaMeTphbl JOJIKHBI ObITh JOCTATOYHO TOYHO M3Mepe-
HBI M, TI0 BO3MOXHOCTH, OTKaquOpoBaHbl. K coxaneHuio, 370 TpeOyeT MpUMEHEHUS
CIIeLIMaIbHBIX IPUOOPOB M METOAMK M 3a4acTyi0 BO3MOXHO TOJIbKO B CIIELIMAIM3UPO-
BaHHBIX U3MEPUTEILHBIX JIA0OPATOPUSIX.

B Poccum mo cux mop meiictByer 'OCT 8.311-78 «I'CH. Ocummmorpadbl 3JeKTPOH-
HO-JIydeBble. MEeTOIBI M CPEACTBA ITOBEPKU», KOTOPBII ObLI pa3paboTaH 0oJjiee YETBEPTU
BeKka TOMY Ha3aJ U HbIHE O0e3Ha/IesKHO ycTapen. Tem He MeHee MpoBepKa OCYIIECTBIISIET-
cs 1o Hemy. Kak yxe oTMmevasnoch, mpoBepka KO3(P(OUINEHTOB YyBCTBUTEIbHOCTH JIJISI
COBPEMEHHBIX HUMPOBBIX OCUMIUIOrpadoB PeKOMEHIYETCSI Ha IOCTOSIHHOM TOKE, HO
BO3MOXHAa M C IMOMOIIBIO KaJuOpaTopoB, BbipabaThiBaloIIMX MeaHAp Ha yactore 1 KI'I.
Nwmerommecs B8 Poccun crapeie kanuopartopst [TX tuma U1-11, U1-14, U1-15 u U1-12
MOJTHOLIEHHO! MPOBEPKM COBPEMEHHBIX ILIMPOKOITOJIOCHBIX aHAJOIOBBIX M LUMPOBBIX
ocuuuiorpacoB He OOECIIEeYNBAIOT.

151 u3MepeHust BpeMeH HapacTaHUsl U YCTAHOBJICHUS IEPEXOAHBIX XapaKTePUCTUK
COBPEMEHHBIX OCLIMJLIOrpaOB HYXKHBI CITELIMAIbHBIC TeHEPaTOPhl UCIIBITATEIbHBIX UM-
MyJIbCOB CO BPpeMEeHEeM HapacTaHusl B 10iM He. OnuH u3 Takux npubopoB HZ60-3 ¢ Ha-
3BaHueM Scope Tester (ocuunorpaduueckuii Tectep) Boinyckaercs ¢pupmoit HAMEG.
Ero BHemrHuit Bua mokasaH Ha puc. 5.11.

DTOT 04YeHb IIPOCTOI MpHOOpP ¢ OaTapeilHBIM IUTAHUEM MMEET CIICAYIOLINE TeXHUYE-
CKMe XapaKTePUCTUKU:

e 7 BbBICOKOCTaOMJIbHBIX KBapLIOBAHHBLIX YacTOT Ul KaluOPOBKM DPa3BEPTOK:
1-10-100 I'u, 1-10-100 KI'p u 1 MTI';

205



T'rasa 5. Ocyunnocpaguueckue umeperus

Puc. 5.11. Ocyunnoepagpuueckuii mecmep HZ60-3

e KaJMOpPOBAaHHBIEC MTOCTOSTHHBIE HATIPSIKEHUS;

* BBIXOJ UMITYJIbCOB C BpEMEHEM HapacTaHusi MeHee 1 Hc;

e 3 ypoBHs HanpstkeHuii: 25 mB Ha Harpyske 50 Owm, 0,25 B u 2,5 B;

e pabota ot Oatapeit — 4 x 1,5 B (a;memeHTEI AA);

* TPU BbICOKOOKOHOMUYHbIE UHTETPaTbHbIE MUKPOCXEMbI;

e pasMmepsbl: 125 x 80 x 42 mm.

st TpOBEPKU TIEPEXOHOM XapaKTepUCTUKU ocIMIorpada 1ocTaToyHO ToJaTh Ha

Hero UMMYJbCHBIN CUTHAJT OT TeCTepa U yCTAHOBKAMM CMHXPOHU3AllUM U Pa3BEPTKU J0-
ouTbcs HaOmoaeHMsT GpoHTa mMmIlyibca (puc. 5.12). Bpemsi HapacTtaHusl mepexomHOi
XapaKTepUCTUKHU OIpeaesisieTcsl Kak BpeMsl, OTCUMTAHHOE Ha YPOBHSIX POCTa Harpsixke-
Hust ot 0,1 no 0,9 oT aMIIIUTYABI UMITYJIbCA, BUAUMOTO Ha SKpaHe.

Puc. 5.12. Habatodenue ¢ppornma umnyroeca om mecmepa

Jlaxxe ¢ TOMOIIBIO CTIEINAIBHOTO TIpUOOpa M3MEPEHNE BPEMEHHBIX ITApaMETPOB 1IN -
POKOIIOJIOCHBIX aHAJOTOBBIX OCHWLIOrpadoB CBsI3aHO ¢ OOJbLIMMM Ipobiemamu. Ta-
KHe M3MEPEHMST IPUXOMAUTCS BBHITOJTHIThL Ha CaMbIX KOPOTKMX pa3BepTKax, HO JaxXe B
5TOM Cllydae pa3BepHYTh (DPOHT MMITYJIbCa Ha 3HAYMTEIbHYIO YacTh dKpaHa yaaeTcs Ja-
Jeko He Bcerma. Kpome Toro, Hamo oOeCIeuYMTb BpeMsI HapacTaHUSI MCITBITATEILHOTO
UMIIYJIbCA lyy < lpo, THE Lpo — BpeMs HapacTaHus ocuuiuiorpada. IToCKONbKy fgo =
0,35/3, To yxe mis 350 MI'u ocuusiorpag umeeM fy,o = 1 HC, T. €. IS UCTIBITAHUS Ta-
KOTo ocuuiuiorpada HyXHBI MCIIBITaTEIbHbIE MMITYJIbCHI C BPEMEHEM HapacTaHMs 3a-
MeTHO MeHblle 1 He. Eciii 1o ocuuuiorpaMMe ONpelenuThb fycy, TO BpeMsl HapacTaHUsl
ocuuutorpada MOXHO OLIEHUTh KakK:

Tpo = \ltécu - tg)H'
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5.1. [lodecomoska anarozo08020 ocyuarozpaga Kk pabome

Hanpumep, eciu fyc; = 2 He, a g, = 1 He, TO 1y = 1,73 He.

Hsmepenne AUX KaHaJIOB BepTUKAJIbHOrO (MHOTAA M TOPU3OHTAJIBHOIO) OTKJIOHE-
HUST ocUWIIOrpachoB BHITIOTHSIOTCS TTOaueld Ha BXOJ CMHYCOMIAIbLHOIO CUTHAJa C psi-
JIOM 4YacTOT U MOCTOSIHHOW aMruiuTynoil. [lpu sToM BbIUMCISIETCS aMIUIUTYIA 3TOTO
CUTHaJIa Mo ocuuiorpamme u crpoutcs rpaduk AUX. BepxHsis yacTora cpe3a OCLMII-
Jorpada ornpezensieTcsi Kak 4acToTa CUMHYCOMJAJIbHOTO CUTHAJA, HA KOTOPOU ero nu3mMe-
peHHasl aMIiiTyaa nagaet a0 ypoHs 0,7 (—3 nb) oT ypoBHSI cuHycouabl Ha HU3KOMU
yactote — 1 kI'm. O6pryHO AYX ocuumtorpada coorBerctByer AYX HY-unbrpa Ia-
ycca. Kak usBectHO, Takasg AYX maeT mepexoJHylo XapakTepuCTUKy 0e3 BbiOpoca. Ho
M3-32 HaJauuusl B ycuuutenae Y KOPPEKTUPYIOLIMX Lieneil M Mapa3suTHBIX UHIYKTUBHO-
cTelt y TacTuH Tpyoku Hepenko AYX OTKIIOHSIETCST OT TayCCOBCKOM, UTO BEAET K TTOSIB-
JIEHUIO BBIOpOCa U Jaxke ero KoJjiedaTeJIbHOMY XapaKTepy.

Cxema mrst caatusgs AUYX ocrumiorpa-

¢oB mpeacrasieHa Ha puc. 5.13. CurHan Terepatop F—
OT TeHepaTopa CHHYCOMIAILHBEIX Koyeha- et ocuunnorpacp
HUI nofaercsl Ha BxoJ TpoitHuka. C on- Beixono O Tpoirumk [ —t—oBxonY
HOTrO €ero BbIXOJA CUTHaJ MOAAETCS Ha

BXOJ ocuuorpacga, ¢ Apyroro Ha KOHT- o

ponbHBIE BU-BosmbT™METp. C ero momo-

1IbI0O KOHTPOJIMPYETCSI MOCTOSIHCTBO aMII- OBxon

JIMTYAbl CUHYCOMJAJbHOTO HaMpsKeHMSs, Kgg;m;:*;ﬁ
nomaBaemMoro Ha ocuuanorpad. Kemarte-

JIbHO, YTOObI MNpU HU3MEPEHUSIX pasMep Puc. 5.13. Hamepumenvnas cxema
OCLIMJIZIOTPAaMMBI 10 BEPTUKAJIM COCTaB- oasn cuamusn AYX ocyuarnoepaga

nsu1 60—80 % oT mojHOro pasmepa 3Kpa-
Ha 110 BEPTUKAIH.

It TIpoBeleHUST M3MEPEHUN MOKHO
KCIIONIb30BaTh PAa3MYHbIE TE€HEPATOPHI.
Hampumep, mpocroit 1 MamoraGapuTHEII
reHepatop GRG-450B ¢upmber Good Will
(puc. 5.14) reHepupyeT CHMHYCOMOAIbHBIC
HanpstkeHust ot 0,1 mo 150 MI'1, yto mo-
3BOJISIET TIPOBEPATH MHOTHE CEPBHUCHBIE
ocumiorpagsl — KpoMme IIHPOKOIOIOC-
HeIX. OIHAKO BBIXOJHOE HaIpsDKEHUE
9TOro TeHepaTropa He KaJuOpOBAaHO U CH-
JIGHO MEHSIETCS TIPY M3MEHEHNM YacTOTHI.

ITosTomy ero koHTpoab BU-BonbT™MeTpoMm
06s3aTeNeH. Puc. 5.14. 'enepamop cunycoudarvroLx

cuenanros GRG-450B ¢upmor Good Will

CToUT  OTMETUTh, 4YTO  JELICBbIC
BY-reneparopsr Bpone GRG-450B ¢wup-
Mbl Good Will yacTto maloT McKaXeHHYI (GOpMY CHMHYCOUIAJIbHOTO CHUTHajla — MCKa-
JKeHUWsI BMIHBI JaXxe «Ha Tiad». B 2ToOM ciyyae 3aMep YpOBHSI CHUTHaja [axe
BY-BosibT™MeTpOoM OyjeT JaBaTh HETOYHBIC ITOKA3aHWSI M MCIbITAHUS OKAXyTCsl JHOBO-
JIbHO TpyObIMU. ['eHepaTopbl CTaHIAPTHBIX CUTHAJIOB C XOpolieil (hopMOi BBIXOIHOTO
CHTHajla JTOCTAaTOYHO JOPOTME YCTPOMCTBA M IPOBEpKa OCLIMLIOTPacoB C MX ITOMO-
IIBI0 OCYIIECTBISIETCSI B CIIENMUATM3UPOBAHHBIX MMOBEPOUYHBIX JIAOOPATOPUSIX.
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I'rasa 5. Ocyunrnoepaduueckue usmeperus

5.2. PaboTa c pa3BepTKOA U CUHXPOHU3auns

5.2.1. N3ameHeHue pexuMoOB pa3BepPTKU

OcuusuiorpaMMbl Ha 3KpaHe oclusuiorpada moaydyaroTcss Kak pe3yabTaT pa3BepTKU
CUTHAJIOB BO BpeMeHU. [IJIsl 3TOro CIYKUT reHepaTop MUI000pa3HbIX UMITYJIbCOB, HAa3bl-
BaeMblii TeHEPATOPOM Pa3BEPTKU ocLusuiorpada — MHOrAa MpocTo pa3BepTKoil. OH Mo-
KeT paboTaTh B PA3IMUHBIX PEXMUMAX PabOThl, MEPEKITIOYAEMbIX C TTOMOIIbIO MEPEKITIO-
yatessi pexxumoB pabotel pazBeptku MODE (He nmytath ¢ MODE B TpakTe BepTUKaIb-
Horo oTkJioHeHus1). Hampumep, B ocummiorpade OCY20 sToT mepekiodarelb MMEeT
cleaylole NO3ULUN:

 AUTO — aBTOKOJIECOATETBHBIN PEeXUM, TIPA KOTOPOM JIyd (JIy9Hr) eCTh Ha dKpaHe
Jlaxke B OTCYTCTBME CMT'Haja CUHXPOHM3allUK;

e NORM — xnmymmii pexXum, KOrma pa3BepTKa cpadaTbIBaeT OT OXHOKPATHOIO
WX MOBTOPSIIONIETOCS UMIYJIbCa CUHXPOHU3ALIUH;

e TV-V — 3amnyck pa3BepTKM TeJIE€BU3MOHHBLIM CUTHAJIOM KaJpOB;

e TC-H — 3amyck pa3BepTKHU TeJE€BU3MOHHBIM CUTHAJIOM CTPOK.

B aBTOKONIEOATEILHBIN PEXXUM pa3BepTKa MEPEBOINUTCS JIJIsSI HAYaJIBHOTO TTIOMCKA CHT-
HaJla WJIM IIPU MCCJIEAOBAHUM TIEPUOIMYECKU MMOBTOPSIIOIIMXCSI CUTHAJIOB. B 3TOM City-
yae maxe Mpu OTCYTCTBMM CUTHAJIOB Ha 3KpaHe BUIEH OIWH JIyd WM ABa Jiyda B ABYX-
KaHajibHOM ocuwuiorpade (puc. 5.1). ¥ HeKoTophIXx ocLuuiorpadoB HET MO3ULUU
AUTO, a nepexon B aBTOKOJIEOATEJIbHBIN PEXUM BO3MOXEH C MTOMOIIBIO PYYKM UYBCT-
BuTeabHOCTH pa3BepTku K 3amnycky (TRIG LEVEL — ypoBeHb 3amycka Tpurrepa pas-
BEpPTKM). DTa pyyKa MO3BOJISIET U3MEHSITh CTAPTOBYIO TOUKY 3armycka — Ha puc. 5.15 ato
MOKa3aHO Ha MpUMepe CUHYCOUAATbHOTO CUTHANA, (haza KOTOPOro MeHsieTCs TIpu U3Me-
HEHUU YPOBHS 3aITyCcKa pa3BEePTKU.

CrapTtoBasi

LEVEL TO4YKa 3anycka

=)
f +/ //

Puc. 5.15. Hamenenue yposns 3anycka passepmKu npu CUHYcoOUuOALbHOM CUSHALE

5.2.2. 3anyck HapacTalowWM Uan cnagalowmmMm USMEeHEeHUIMun
curHana

HetictBue pyuku TRIG LEVEL npu nmpocMoTpe MpsIMOYTOJIbHBIX MMITYJIBCOB TTOKa-
3aHO Ha puc. 5.16. 31ech 0COGEHHO BaXKHO OTMETUTh POJIb MOJSIPHOCTHU 3arycka — ee
U3MEHEHUE MO3BOJIIeT MPOU3BOAUTD 3allyCK Pa3BepTKM HapacTalolllell WK Craarolieit
YacTSIMU UMITYJIbca (WJIM €TO MEePEeAHUM U 3aAHUM (PpoHTOM). JIJIsl MepeKIoueHusl Ciy-
xkut kKHonka SLOPE, umeromiast no3uiuu (+) 1 (—) IjIs1 3a1ycka HapacTalolUM M CIia-
JIAIOIINM MU3MEHEHUSIMUA CUTHAJA 3aIycKa.
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5.2. Paboma c pa3zsepmKoli u CUHXPOHU3AYUS

(+) 3anyck —n -
(+) HapaCTaHme HapacTaHuem |_ |_

“MNynbca nMmnyneca L J J
(-) Cnag il b il

nMmnynsca

(-) 3anyck
cnagom
nMnynbca L =

Puc. 5.16. Bausnue noasprocmu 3anycka pasgepmku npu npocmompe
NPAMOYSONbHOLX UMNYLLCOB

5.2.3. YcTaHOBKa AJIMTEJIbLHOCTU U pacTaXKa pa3BepTKU

7151 yCTaHOBKM JUTUTEILHOCTH Pa3BePTKU CIYXKUT MEPEKII0UaTeb, COAEPXKALIMMI Psif
no3uuuii. JIas Kaxmoil IMO3WLMK YKa3bIBaeTCsl MIMTEIbHOCTh Pa3BePTKU, HaIpUMeEp
1 mkc/nen, 2 Mkc/aen, 5 Mkc/nen u T. 1. (mo npasuiy 1, 2, 5). YHucno mo3uiumii 3aBUCUT
oT Tuna ocuunorpada. Hampumep, y ocuumnorpadpa OCY20 3T0 no3uLIMKU  OT
0,2 Mxc/nen oo 2 c¢/nen.

Hexoropsie octimsutorpagdsi, Hanpumep OCY?20, UMEIOT MOTIOJTHUTENIBHO TepeKTIova-
TeJlb pacTsikKKU pa3BepTku B 10 pa3, nepexiouaTteab CALL-VAR ycraHoBkY KanubpoBaH-
HBIX U IJIABHO M3MEHSICMBIX IJIUTEIBHOCTE pa3sBepTKU M PyUYKY IIAaBHOTO M3MCHEHUS
nnutenbHocTr pa3BepTku VARIABLE (paGoTaet B mojioxkeHuu nepekitodyaresiss VAR).

CremyeT OTMETUTh, YTO MPHU MCIOJb30BAHUHN PACTSKKM PA3BEPTKM €€ IJIMHA YBEJIM-
ynBaeTcd B 10 pa3, HO Ha 3KpaHe BUIHA TOJBKO IpuMepHO 1/10 gacth curHama. C mo-
MOILIbIO PYYKHU TepeMEIeHMsT Jyda IO TOPM3OHTAIM - MOXHO IepeMellaTh 00JacThb
IIPOCMOTpA 110 BCEMY JIydy, T. €. B IIPOCTEIIIeM BUIE OCYLUECTBIISITh (DYHKIUIO «IyIIbI
BpeMEHM». DTOT IMOJIE3HBIN TTpHUeM MJUTIOCTPUPYET puc. 5.12, Ha KOTOPOM TIPEICTaBIEHO
BBIJIeJIEHUE TiepeaHero (hpoHTa HAOII0JAEMOro UMITYJIbCA.

VY coBpeMeHHBIX aHAJIOTOBO-IU(POBEIX U MU(PPOBHIX OCIMILIOTPa(oB BO3MOXKHA 3a-
MKICh CUTHAJIOB B TTaMsITh 0OJIBLIIOTO pa3Mepa. Buarmoe n3o0paxeHue coCTaBisieT JUIIb
MaJIyl0 4acTh Pa3BepPTKM CUTHAja BO BPEMEHH, COOTBETCTBYIOIIYIO TaK Ha3bIBAGMOMY
okHy npocmompa. TlepemelieHre OKHa MPOCMOTPA TI0 3aTMCH CUTHAJIA OCYIIECTBIISIETCS
crneuUabHONM (HEepeaKO MHOToOOOPOTHOM) pPYdYKOM, HO y OOJBLIMHCTBA JAEIIEBbIX
ocumuiorpacdoB ee GYHKIIMU 00beAMHEHBI ¢ (PYHKUIUSIMHU PYYKHA CMEIIEHUS JIyda IO To-
PU30HTAJIN.

5.2.4. HabmoaeHve TeneBU3UOHHbIX CUTHAJNOB

HexkoTtopble ocuutorpadsl, CrieliMalbHO MpelHa3HauYeHHbIE ISl MPOCMOTpa Teje-
BU3MOHHBIX CUTHAJIOB U KCCJIEAOBAHUS TEJIEBU3UOHHBIX YCTPOWCTB, UMEIOT CMelUalb-
HBbIE CXEMBl pPa3BepTKHU, TO3BOJISIIONINE BBIACASITh W3 TEJICBU3MOHHOTO CHUTHAJIA
(puc. 5.17) noboit Kaap u J100YIO CTPOKY.

OpHako B ocuusuiorpadax UIMpoKOro MpUMEHEeH!sI BO3MOXHOCTU Pa3BEPTKU B 3TOU
yactu 6osee ckpomHbie. OHU TIO3BOJISIIOT 3aIycKaTh Pa3BepTKY KaJPOBBIMU WJIM CTPOU-
HBIMM UMITYJIbCAMU CUHXPOHU3AUWU. [JIsT 3TOro nmepexioyaTesib peXKMMOB 3aITyCcKa pas-
BepTku MODE wnmeer nosuumu TV-V u TV-H. OObIYHO 3aIlycK pa3BepTKU TeJIEBU3U-
OHHBIM CHUTHAJIOM BBITIOJIHSIETCSI TIpU oTpuniatenbHoi nojsipHoct TRIG LEVEL.

B nonoxenun TV-V BblIensiioTcsi KaJApoBble CUHXPOUMITYJILChI U MOXHO TpOCMart-
puBaTh Kaapbl BuaeocurHana. JIjisi HaOMOAeHUsI OAHOTO Kaapa Hajgo YyCTAHOBUTH Tepe-
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Bugeo-curHan

CuHXpo-
MMMNYIbChI

]

1V
Monykaap

Puc. 5.17. ¥npowenHolii 8u0 mesresu3uoHHO20 cucHaLa

KJII0YaTeIb CKOPOCTHU Pa3BepTKU B IOJOXEHUE 2 Mc/men, a sl HaOJMIoNeHUs IBYX Kaj-
POB B TOJIOKEHUE 5 Mc/mel.

B nmonoxenuu TV-H Bbimeasiiorcst CTpOYHbIE CUHXPOMMITYJIBCHI M MOXHO ITPOCMAT-
pUBaTh BUACOCUIHAN CTPOK. B aTOM cilyyae KoahPULKEHT pa3BepTKU HAaA0 YCTAHOBUTh
paBHbIM 10 MKc/men. YaoOHBIN MaciuTab M300pakeHUsSI MOXHO YCTAaHOBUTH PYYKOMN
VARIABLE pa3BepTKu.

5.2.5. BbiDOp UCTOYHMKA 3anMycKa U CUHXPOHU3aLUUN pa3BepTKU

Jlns BBIOOpa MCTOYHMKA 3amycka M CUHXPOHM3ALMM Pa3BEepPTKU Y OCLIMIIOrpadoB
nMmeeTca crnennanbHBl Tepekmiouate’b — TRIGGER SOURCE y ocummiorpada
OCY20. INocnenHuit UMeeT Claeayolne MO3ULUN:

e VERT (DUAL ALT) — B 0JHOKaHaJIbHOM pPE€XMME CUHXPOHU3ALMS OT KaHasia
2, B AByXKaHaJbHOM MOOYepeaHO ¢ KaHaja 1 u KaHana 2;

e CHI — cuHxpoHu3alus OT KaHana 1;

e EXT — cunxponuzanus ot BHelrHero ucrounuka (Bxoaq EXT TRIG IN);

e LINE — cunHxpoHU3a1usl OT CETHU.

B IByX mepBBIX TOJIOXKEHUSX TEpeKITIodaTeNIs CMHXPOHNU3AIMUS OCYIIECTBIISIETCS WC-
ciaenyeMbIMK curHajzamu. OQHaKO MpU M3MEHEHUU MapaMeTpOB CUTHAJIOB IPUXOIUTCS
MOJCTpaBaTh CHHXpOHM3aLMo. KpoMe Toro, y mpocThIX ocuyniorpacdoB JUHUS 3a1ep-
KKMA B KaHajaX BEPTUKAJIBHOIO OTKJIOHEHHUsI 4acTO OTCYTCTBYET, MO3TOMY HaOJII0IATh
nepeaHuii GPOHT UMMYJIbCHBIX CUTHAJIOB MOJHOLIEHHO HE yaaeTcsl — 4acTh (hpoHTa 00-
pe3aercs 13-3a 3aJepXKKU 3aIlycKa pa3BepTKU. B Takux yclIoBUSIX YAOOHO ITOJIb30BAThHCSI
BHElIHell cuHXpoHM3auueil. HakoHel, npu MCCAEAOBAHUU DIIEKTPOTEXHUUYECKUX
YCTPOMCTB I0JIE3HA CUHXPOHU3ALUsI OT CETU IIePEMEHHOIO TOKAa — ITO3MILUsI MEePEKIIIO-
yatensa LINE.

5.3. NamepeHMne napamMeTpoB CUrHasioB

5.3.1. UamepeHne amnautyabl U YPOBHE CUrHana

H3mepeHne mapaMeTpoB CHTHaa OQHO M3 CaMbIX M3BECTHBIX NMPUMEHECHUM OCIIWII-
sorpada. Hanmmume kanmnOpoBaHHBIX KOA(DOUIMEHTOB ISl YyBCTBUTEIBHOCTU IO OcU Y
IMO3BOJISIET JIETKO IPOBOAWUTH aMIUIUTYIHBIC M3MepeHus. Ha puc. 5.18 man mpumep mu3-
MEpeHHUs ABOMHOTO pa3Maxa CHUHYCOMIAJbHOIO HampsbkeHus. OcuusuiorpaMma JaHa C
WHBEpPCHUEH LIBETa — OHA BBIIVISIAUT KaK yepHas JIuHusA. HeTpyaHo 3aMeTUTh, YTO OBOM-
HOM pa3Max OCUMJIJIOTPaMMbl COCTaBIISIET 4 OOJbIIMX AejeHus. Eciu 4yBCTBUTEIbHOCTD
ocuwuiorpacda paBHa 1 B/men, To 3T0 3HaUMT, YTO ABOMHON pa3MaX CHUHYCOMIAIbHOTO
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5.3. HamepeHnue napamempos cucHaros

HanpspkeHust paBeH 4 B. CiremoBareIbHO, aMIUTMTYAa CUHYCOMIAJIBHOTO HAIPSDKEHUS
paBHa 2 B, a ero a¢pdekTuBHoe 3HaueHue 2 + 0,707 = 1,414 B.

Puc. 5.18. Hamepenue 080iiHO20 pasmaxa CUHYCOUOANbHOSO HANDANCEHU S

Jng aMIUIMTYIHBIX M3MEPEHUU WMITYJILCHBIX CUTHAJI0B (puc. 5.19) Hamo HaMETUTh
nyneByto uHuo (REFERENCE LINE) u oTcuuThIBaTh YPOBHM CUTHAJa OTHOCUTEIBHO
Hee. DTa TMHUS He 00s513aTeJIbHO JIOJDKHA COBMANATh C IIEHTPAJIbHOM JIMHUEN MacilTad-
Hoil ceTku. Hampumep, 3a Hy/leBylO JIMHUIO OTCUeTa Ha puc. 5.19 B3sita mepBast JUHUSL.
Bricota umITysibca B 9TOM Cilydae COCTaBJsIeT S NEeNeHW. YMHOXWB 3TO 3HAaUYE€HUE Ha
KO3((GUIIMEHT OTKJIOHEHHs Jiyda MO OCv Y, MOXHO BBIYMCIMTh aMILIUTYAY MMIIYJIbCA.
AHQJIOTUYHO MOXXHO OLICHUTh YPOBHU TTOJIOK UMITYJIbCA, TIPEACTABICHHOTO Ha puc. 5.19.

o i T i

‘
‘
il 2 OO ]
4

o ] |

i
|
|

VERTICAL |
DISTANCE |
Ilwr\ PN N T S o S 1

| 1p=

& |
| T ‘
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" REFERENCE LINE

Puc. 5.19. Hamepenue napamempos CA0HHO2O UMNYLbCA

5.3.2. NamepeHne BpeMeHHbIX NHTepBaJioB

CTOJIb XK€ TIPOCTO M3MEPSIIOTCSI BpeMEHHBIC MapaMeTphl. [ 3TOro CiIy>KUT Macli-
TaOHasl ceTKa C JeJCHMSIMU IO TOpU3OHTaIbHOI ocH. [1o Hel OTCUMTHIBAETCSl PACCTOsI-
HHUE, XapaKTepH3yIolllee M3MepsieMbIii IPOIECC, 1 OHO YMHOXKAeTCs Ha KO3((MUINECHT
BpeMEeHHOI pa3BepTku. Hampumep, nisg ogHoi U3 cuHycoua Ha puc. 5.20 nepuon KoJe-
OaHmii ompeneisieTcss Kak 7,2 meiaeHusi. Ecim koad@uIueHT pa3BepTKM YCTaHOBICH
10 mxc/nen, To umeem T = 72 mxc u f = 1/T = 13,89 kI

Ha macimtabHol ceTKe HEKOTOPHIX OCHMLIOTpadoB MMEIOTCS IMHUM, TIPUHUMACMBIC
3a 0, 10, 90 u 100% ot ypoBHsI curHaja, pacrnojaraecmMoro Mexny auHusmu 0 u 100%.
B srom ciyuae nuHumn 10 u 90% ucmonb3yloTes IS OTCUeTa MOMEHTOB BpEMEHU, pas-
HOCTbh KOTOPBIX 33JaeT BpeMeHa HapacTaHMs U criafa uminyabcoB. Ha puc. 5.21 nmokazaH
npumMmep BorunciaeHus BpeMeHu HapactaHus RISE TIME curnana ¢ Beixoma orpaHU4u-
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44— 72DIV=3860— ¥

Puc. 5.20. Hameperue nepuoda cunycoudarbHozo cucHaia u ¢a3ol

TeJIsl CUHYCOMIAIbHOIO HaIpsDKeHMs. Bpemsi HapacTaHUsS OLIEHMBaeTCsl KaK BpeMsi, 3a
KOTOpOE CHTHal HapactaeT OT 10-MpOLEHTHOrO YPOBHS OT ITOJIHOTO pa3Maxa o
90-npoLIeHTHOTO YpOBHS. BpeMs crama MOXHO OLIEHUTh KaK BpeMsl CIlafga HaIlpsKeHUs
ot ypoBHs 90% ot nosiHoro pasmaxa 10 10% ot mojHoro pasmaxa.

== == ey
| - RISE TIME

Puc. 5.21. Onpedesenue spemenu HAPACMARUSL CUESHAAA C 8biX00Q 02PDAHUYUMENS

AHaOTMYHBIM 00pa30M OLIEHWBAIOTCSI BpEMEHA HapacTaHWsl M crHana WMITYJIbCHBIX
curHajoB. JIisi 3TOro TUJIABHOW YCTAaHOBKOM YYBCTBUTEIBHOCTH JIOOMBAIOTCS pa3Mmaxa
HaMpseKeHUs, TPU KOTOPOM HUXKHUI U BEPXHUI YPOBHU COOTBETCTBYIOT JUHMSAM 0% 1
100%, 3aTeM OCUMJUTOTPaAaMMYy CMEIIAIOT O TOPU3OHTAIN TaK, YTOOBI OBUIO YIOOHO U3-
MepuTh BpemeHa Ha ypoBHsIx 10% u 90%. Ilpumep uaMepeHusi BpeMeHU HapacTaHUsl
VMITYJIbCHOTO TIeperaaa TaKuM METOJIOM TIpeaCcTaBieH Ha puc. 5.22.

5.3.3. UamepeHune caeura ¢pas cuHycoupgasibHbIX CUTHAJNOB

st uaMepeHust Ga3bl CMHYCOMAAIBHOTO CUTHaJIa HeoOXoauma TodKa OTcYeTa ero
Hauasa. [1oCKOJIbKY OHa, KaK MPaBWJIO, HE U3BECTHA, TO IIPUHITO TOBOPUTH 00 M3MeEpe-
HUM caBura ¢a3 Mexay JByMSI OAWHAKOBBIMU CUHYCOMAAJIbHBIMU CHUTHaJaMU
(puc. 15.20). Ecimm omuH curHaja COABUHYT OTHOCHUTEIBHO APYroro Ha mepuon T, To 3TO
O3HayaeT caBur ¢as Ha yrous 21 pagrad wid Ha 360°. Ha puc. 5.20 nepuon KojaedaHui
3aHUMaeT 7,2 ned.

Hnsg onpeneneHus caBura a3 ABYyX CUTHAJIOB Hamo IMOAATh MX Ha BXOJbl KaHAaJOB
CH1 u CH2 ocummnorpada u 100MThCSI paBeHCTBA UX aMIUIMTY/ M TTOJIOKEHUH 110 Bep-
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54. Hamepenusn 6 pexwcume X—Y

‘ <—F{ISE TIMFI »1
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Puc. 5.22. [Ipumep usmepenus spemenu HaApaACmMaHus UMNYLbCHO2O nepenada

tukanu. Ha puc. 5.20 pasHocTs (a3 onpeneneHa anuHoi orpeska PHASE. [Monenus ee
Ha 7,2 JejieHust U YMHOXKUB pe3y/abTaT Ha 360°, mosyduM MCKOMBIA (ha30BbIil CABUT B
rpagycax, a yMHOXMB Ha 2TT, MOJyYrM (ha30BbIil CABUT B pajraHax.

Hsmepenne casura (asbl BIOJHE IMOHSATHO IJISI IBYX CUHYCOMIAJIbHBIX CHTHAJIOB.
OmHako, eclii OOWH W3 CHTHAJIOB HE CUHYCOMITAIBHBIN, TO MOXHO TOBOPUTH 00 3TOM
TOJILKO B TOM CJIydae, eclii 00a CUTHajla MMEIOT TOYHO OJMHAKOBBIE 4acTOThl. B 3TOM
ciyyae TIOMHMO YHCTO TE€OMETPUYECKOTO MeToma m3MepeHUsT dasbl (IT0 BpeMEHHOMY
CABUTY CUTHAJIOB) MOIYT MCIIOJIb30BaTbCS U JApyrue, 0ojiee M3OIIPEHHbIE METOIbl. MbI
HUX pacCMOTPHUM ITO3XKe.

5.4. UamepeHusa B pexume X—Y

5.4.1. NamepeHune dpa3zoBoro caeura ¢ nomoubio puryp Jinccaxy

HexkoTtoprie ocrmuiorpadsr MeIoT peskuM X—Y, T. €. TTO3BOJISTIOT CTPOUTH ITapameT-
puyecKue KpuBble, MOJyYeHHbIE Mogavyeil NBYX CUTHAJIOB Ha BXOjabl KaHamoB X 1 Y. Mx
00BIYHO Ha3BIBAIOT Queypamu Jluccaxncy. B ocimmnorpade OCY20 pexxum X—Y ycraHaB-
JIUBAETCS] TOBOPOTOM PYYKM YCTAHOBKU KOI(POUIIMEHTOB pa3BEPTKH MO YACOBOI CTPEIIKE
B mociieqHee mojoxenue. I1pu arom kaHan CH1 cranoBurcs KaHamoM X, a KaHaia CH2
KaHajioM Y. BBIMOJHUM HECKOJIBKO 3KCIIEPUMEHTOB I10 MCIO0JIb30BaHUI0 pexuma XY.

Bnauvane momanum OT reHepaTopa 3BYKOBOI 4yacTOThl (Hampumep, ['3-111) curHan c
yactoTtoit 20 I'll Ha o6a KaHayia ¢ OTKpBITHIM BXoaoM (pexxuM DC). HeTpyaHo coobpa-
3UTb, UTO B pe3yJIbTaTe MOJYYUTCS MpsMasi TMHUsSI, pacoJIOKeHHasI 1o yriioM 45°, eciu
YYBCTBUTEJIBHOCTH ITO 000MM KaHajaM OblIa YCTaHOBJIEHA OMMHAKOBOH (puc. 5.23). DToT
cayJyai WLTIOCTPUPYET M3MepeHue capura ¢das uist ciaydasl, Koraa oH OJM30K K Hymto (Ha
puc. 5.23 BUAHO, YTO TIpsiMasi BCE K€ YYTh paccliauBaeTCs B IJUINTIIC).

Teneps nepeenem ycunuteab CH1 (Y) B pexkuM 3aKpbITOro Bxojga. DTO O3HAyaer,
YTO BXOIHOW CUTHAJ TeIeph ITomaeTcs yepe3 pasmenutenbHyto RC-mens. Takas mmenb Ha
Hu3koi yactore B 20 'l BHOCUT 3aMeTHbBIN (ha30BbIi cIBUTr. B pesynbTaTe mpsimasi Ju-
HUS Ha 3KpaHe ocuuirorpada mpeBpainaercs B ayunc (puc. 5.24) — 3to ¢urypa Jluc-
caxy IJIsl caydasl MoJayy Ha BXOJAbI ocLMIorpacda IByX CUTHAJIOB ¢ OMMHAKOBOM 4acTo-
TOM, HO pa3HO# (ha3oii.

Jlist Gosee TOUHOro mM3MepeHus (Ha3zoBOro cABUTra (10 HECKOJbKMX TI'paayCcoB) HaIo
omnpenenuTsh mapamMeTpsbl ¢urypsl Jluccaxxy A u B, mokazanHsie Ha puc. 5.25. Torma ¢a-
30BBII COBUT ompeensgerca Kak ¢ = sin~'(A/B). CTporo ropops, 3TOT pe3yJbTaT OTHO-
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Puc. 5.23. ®ueypa Jluccaxy npu nodauve na 6xodet X u Y odurnakogozco
cunycoudarbroco cuenara ¢ wacmomoii 20 I'y

Puc. 5.24. ®dueypa Jluccaxy npu nodave na 8xo0et X u Y odurnakosozco
cunycoudanrvroeo cuenara ¢ wacmomoii 20 I'y ¢ pa3noi ¢a3soii

CHUTCS TOJIBKO K IEPBOMY KBaJIpaHTy, TaK YTO KaXKIOMYy 3HaUCHUIO (pa30BOTrO CABUTA CO-
OTBETCTBYIOT €llle 3 3HaUEHMSI.

Ha puc. 5.26 nokasan Buza ¢uryp Jluccaxky st HECKOJIbKMX 3HAaYeHMH (ha3oBOro
casura. DT (QUTYPBI MO3BOJISIOT CYAUTH O TOYHOCTH OIMMCAHHOTO METOIA M3MEpeHUS
pasHoctu (a3. Paszymeercs, B Hallle BpeMsl, KaxeTcs, Kyda Mpolle U3MepuTh (asbl C
TMOMOIIIBIO CTTeMaIbHOTO TIpubopa — (azoMeTrpa. OmHAKO 3TO Kyna 0ojiee pelKuii TIpu-
6op, yeMm ocuusuiorpad, KOTOphIiA Beceraa mnoji pykoil. Bnpouyem, usmepernue ¢asbl HbIHE
€CTh JaXKe Y HEKOTOPBIX MYITbTUMETPOB.

5.4.2. CpaBHeHue 4acToT ¢ nomowbio ¢puryp Jinccaxy

®@urypsl Jluccaxy MOXHO MCIOAb30BaTh U JJIS CPaBHEHUs 4acTOT JABYX CHUTHAJIOB.
B Hamie BpeMs 4acTOTy CMTHaa JOBOJIBHO MPOCTO U TOYHO MOXHO M3MEPUTh C TIOMO-
b0 IM(MPOBOro YacToToMepa WK Jaxe MyiabTuMeTpa. OIHaKo eciu UX HeT, TO He-
CJIOXKHO M3MEPUTh YaCcTOTy CUTHAJA MyTeM CPaBHEHUsS ee C YacTOTOW OIMOPHOTO TeHepa-
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54. Hamepenusn 6 pexwcume X—Y

Puc. 5.25. K usmepernuio pazoso2o cosuza 08yx cuUHYcouOdanrbHbLX CUZHANLOB

/7 ONN

0° 45° 00" 135° 180°

Puc. 5.26. Queypor Jluccany 0ra 08Yyx cURYCOUOANbHBLX CUZHANOB
¢ 00uHako8oil wacmomoi u pa3Hoi ¢a3ol

Topa. HecMOTps1 Ha MPUMUTUBHOCTh 3TOIO METOJAa OH HAXOAUT LIMPOKOE MPUMEHEHHeE
JIJISI CpaBHEHUSI YaCTOT pa3IMYHbIX T€HEPaTOPOB (aKe KBaplEBbIX) C YACTOTAaMM BbICO-
KOCTAaOUJIbHBIX CUTHAJIOB 3TAJIOHOB YacTOTHl. Takue CHUrHajibl TepenaroTcsl, B 4acTHO-
CTU, MO Paayo.

IIpexne yeM MpOAOKUTH 3Ty TEMY, MPOBEAEM IMPOCTON IKCIMEPUMEHT — M3MEPUM
YacTOTY HABOJKM CETU MEPEMEHHOIO TOKa IMyTeM €€ CPaBHEHUSI C YaCTOTOW 3BYKOBOIO
reHeparopa ['3-111. JInsg sToro Ha Bxox X MOmagyuM CUTHAJ ¢ TeHepaTopa, a Ha BXom Y
CUTHaJI HaBoAKHU. [IJIs1 9TOro MpoCcTO KOCHEMCSI 3TOro Bxoia pykoil. Perynupyst yactoty
reHepaTropa, MOXHO HOOWTbCS OYCHBb MEIJICHHOTO BpallleHWS (UTYpHl Ha BSKpaHe
ocuwiorpada (puc. 5.27) win gaxe ee OCTaHOBKU.

Ecnu ¢urypa Hermogsm:KHA M MMeeT BHUI 3JUTHIICA (BO3MOXKHO MCKaXXeHHOTO), TO 3TO
O3HayaeT TOYHOE PaBEHCTBO YacToT curHaioB. Eciau ¢urypa nemaer 1 o60poT B CEKyH-

Puc. 5.27. IIpumep cpasnerus 6au3kux wacmom
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Iy, TO 3TO O3HAYaeT PacXOXIEHHE YacTOT Ha
1 T'u, a ecnu 3a 100 cekyHA, TO pacxoxkaeHue 111

coctaBuT 0,01 T'u. Takum 0O6pazoM HaHHBIA

METOJI TO3BOJISIET C BBICOKOW TOYHOCTHIO

OLIEHWBATh MaJjble PACXOXIEHUS YacToT.

NMeHHO TMO3TOMY OH pEeKOMEHIyeTcsl st 2 > B
CpPaBHEHUsI 4YaCTOT BBICOKOCTAOWIILHBIX I10

YacTOTE CUTHAJIOB. Q Q

Ecnu Bpaiaromascs ¢gurypa HaloMuHaeT 2:3
uudpy 8 WiIM 3HaK o, TO YAaCTOTHl CUTHAJIOB
pasznuualorcs B Ba pasa. Ha puc. 5.28 moka-
3aHbl (urypsbl JInccaxy st KpaTHBIX 4acTOT 34
CHTHAJIOB, OTIPEEIISIEMbIX COOTHOIICHUEM:
Sy _m
fT, "k Puc. 5.28. @ueypor Jluccaxcy

npu cpasHeHuu Kpamuvlx wacmom
rae m n n — LEJIbIC Yucia.

5.4.3. Ocuunnorpad B ponu xapakrepuorpada

Ocuutorpad BMecTe C TeHEepaTOpPOM CHUHYCOUIAJIbHOIO HAMpPSDKEHUs HETPYIHO
MIPEeBPaTUTh B Xapakmepuozpag — Tpuoop IJIsI CHATHUSI BOJIBT-aMIIEpPHBIX XapaKTePUCTUK
pPa3JIMYHbIX HEJIMHEWHBIX MPUOOPOB, HAIIPUMEP BapUCTOPOB, IUOAOB, KPEMHUEBbIX CTa-
ounutpoHoB u 1. n. [lpocteitimasi cxema xapakrtepuorpacda Ha 06aze ocuuiorpacda
OCY20 u 3ByKoBoro reHeparopa I'3-111 npencrasieHa Ha puc. 5.29.

eHepaTop

cuHycon- | |

AanbHoOro R
HanpsxxeHns orp

1

ny

Y Ocuun- X
norpad

Ruam

Puc. 5.29. Cxema xapakmepuozcpaga 013 CHAMUS B0AbM-AMNEPHbLX XAPAKMEPUCMUK
08YXNOAIOCHUKOB

OrpaHuuuBaIOLIi pe3ucTop Rorp = 16 KOM 3amaeT yepe3 UCIBITYyeMOe YCTPOMCTBO
WY ToK, aMIuIUTya KOTOPOIO OrpaHMYeHa. DTOT TOK KOHTPOIMPYETCs: ocLuuIorpagom
MO MaJeHUIO HAMpPSKEHUsI Ha U3MEPUTEIbHOM pe3uctope Rysy = 100 Om. [lns storo
HampsKeHUEe ¢ 3TOT0 Pe3MCTopa MOJACTCsl Ha BXOJ YCUIUTeNIs KaHaia Y. HanpsokeHue ¢
WY nopaerca Ha Bxona X ocuuyiorpada.

Eciu B KauecTBe mcnbiTyeMoro rnpudopa MY nmpuMeHUTb MaJIOMOIIHBINA KpeMHUE-
BOW MO, TO HA 9KpaHe ocluiuiorpada OyneT MmocTpoeHa ero BoJbT-aMIIepHash XapaKTe-
puctuka (BAX), nokazaHHas Ha puc. 5.30. OHa COAepXUT y4acTOK Pe3KOro pocra ToKa
B MPSIMOM HAIIpaBJICHUM W TIOJIOTUI YJ9acTOK C OYeHb MaJIbIM TOKOM B OOpaTHOM Ha-
MpaBJICHUM BKJIIOYEHUs. DTa XapaKTEPUCTUKA BIIOJHE COOTBETCTBYET TEOPETUYECKOM
IIJIST KPEMHUEBOTO TUOMA.

Ecnu ucrnonb3oBaTh BMECTO AMOIa KpeMHUeBbI ctabmwiutpoH KCI156A, To moMuMo
pocTa MpPSIMOTO TOKa IIPM MaJIOM HampsokeHMM Ha auoxe (rmpumepHo 0,8 B) OymeT Ha-
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5.5. Hekomopsie Opyeue npumernenus ocyuirozpaga

Puc. 5.30. Boavm-amnepras Puc. 5.31. Boavm-amnepras
xapaKkmepucmuKka maromMouHoeco xapaKkmepucmuka KpemHuesozo
KpemHuesozo duoda cmabuiumpona

OIIOmaThCS M POCT TOKA B 0OpAaTHOM HAIpaBJICHUHU, CBSI3aHHBIN C 3JICKTPUUYCCKUM TIPO-
6oeMm Takoro nuona (puc. 5.31). HerpynHo 3aMeTuTh, 4TO MpoOOit B 0OpaTHOM HaIrlpaB-
JICHUM y 3TOTO JUOAa BRIpAKEH MEHEe pPe3KOo, YeM OTIHMpPaHKe AUOoaa B IIPSIMOM HaIlpaB-
nenun. BAX kpemHueBoro crabunuTtpoHa, Kak u BAX nuoma, MMEIOT BUI, XOPOILIO
COOTBETCTBYIOIINI BUIY TEOPETHUECKUX pacueTHBIX BAX 3Tnx mpubopos.

C noMo1iplo xapaktepuorpaga MOXHO CHMMAaTh XapaKTepUCTUKU U IPYTUX Mpudo-
pOB, HaIlpMeEp Pe3UCTOPOB, BAPUCTOPOB, TYHHEIBLHBIX TUOMOB M T. I. Ha ocHOBe 3TOTO
MPUHLMIA CTPOSITCS CIIELMalIbHbIe XapakTepuorpadabl, MO3BOJSIOINE CHUMAThb HE TO-
JIBKO OIHY KPHMBYIO, HO M ceMeiictBa BAX Takmx mprOOpoB, KaK OMITOISIPHBIC W TTOJIC-
Bbl€ TPAH3UCTOPBI.

5.5. HekoTopblie gpyrue npumeHeHus ocuunnorpada

5.5.1. HabnopaeHue aMNANTYAHO-MOAY/IMPOBAHHbIX CUFHANOB

Amnaumyono-moodyaupoeanHsle KoaebaHus 3TO OOBIYHO CUHYCOMIAIbHBIC KOJIeOaHUS,
aMIUTUTya KOTOPBIX MEHSIETCSI B COOTBETCTBUM C 3aKOHOM MOIYJIMPYIOIIETO CUTHasIa.
OHM HaxomdT LIMPOKOEe NMPUMEHEeHUe B paauoTexHuke [44]. JIocTaTOYHO OTMETUTH, YTO
pajvoBeliaHue ¢ aMIUTATYIHON MOIYJSIIMeil BeAeTcsl Ha JUIMHHBIX, CPEAHUX UM KOPOT-
KUX BOJHaX. MHOrMe reHepaTopbl BHICOKOYACTOTHBIX CHUTHAJIOB MMEIOT BO3MOXHOCTH
reHepaluy aMILIMTYIHO-MOAYJIMPOBAHHBIX CMHYCOMAAIBbHBIX KOJIeOaHUil, YTO HEOOXO0-
JUMO JUISI UCTIBITAHUS PA3IMYHBIX YCTPOMCTB, HANIPUMEpP PaauONPUEMHMUKOB C aMILIM-
TyaHOW MomynsiiMeil. B To ke BpeMs y NMPOCTBIX U JELIEBBIX TeHEPaTOPOB, HAIPUMED
GRG-450B ¢pupmbr Good Will (puc. 5.14), He mpeaycMOTpeHa BO3MOXKHOCTh M3Mepe-
HUST Ko duLMeHTa aMIUTUTYIHONH MOyIsuuu. B Takux ciydasix moMOYb MOXET aHa-
JIOTOBBIN ocLuorpad.

g HabnroaeHUs aMIUTUTYAHO-MOAYJIMPOBAHHbBIX KOJIeOaHUI yIOOHO MCIOIb30BaTh
IBYXKaHaNBbHBIN ocuwuiorpad, Hampumep OCY20. [Nomkmounte BBIXOA MOIYIHUPYIO-
wero curHajia reHeparopa GRG-450B ko Bxoay kanana CHI, a Beixong BU-curnana re-
Hepatopa Ko Bxoxy CH2 ocuwmiorpada. YcraHoBUTE PYYKY PEryJIHPOBKU KO(DGhUIIN-
€HTa MOAYJSILIMKA B HyJEBOE MOJIOKEHUWE. 3aTeM 3alaiiTe 4acTOTy reHepaTopa paBHOM
1 MI'm 1 ycTaHOBUTE PY4YKY PEryJIMPOBKU aMIUIMTYyabl BU-curHama B cpemHee mooxe-
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Hue. [lTomyuatoiuecs: Ipu 3TOM OCIIMJUIOrpaMMBbI TTOKa3aHbl Ha puc. 5.32. BepxHuii ayu
MOKAa3bIBACT OTCYTCTBME MOIYJIMPYIOLIErO CHUrHaja, a HYKHMI Hanmuuue BY-curHana.
IIpn 3TOM OH BBHIVISAMT KaK IIIMPOKas I0JI0Ca, MOCKOJBKY IJIUTEIbHOCTh pa3BepTKU
BbIOpaHa HAMHOTO OosblIeil, yeM nepuon BU-curnana.

Puc. 5.32. Illodzomoska Kk HabaiodeHut0 amniumyoHo-mO0YAUPOBAHHOZ0 CUZHANLA

Tenepn MOBepHUTE PYUKY PETYIMPOBKUA KOIDOUIMEHTA MOIYISILINN U YCTAHOBUTE
ee B cpelHee moJioXeHue. Pydykoil peryJMpoBKU YpOBHS 3aIlycka pa3BepTKU A00eiTech
YCTOMYMBOTO M300paxkeHusi Ha dKpaHe ocuuiuiorpacda. Temepb ocHWILIOTpaMMBbI TIPU-
MYT BU, MOKa3aHHbII Ha puc. 5.33. CBepxXy BUIHA OCLMJJIOrpaMMa MOIYJIUPYIOLIETO
CHTHaJIa, a CHHU3Y IpoMonyianpoBaHHoro BY-curnama. JIms mojgydyeHUs yCTOMYMBBIX
OCILIMJUIOTPAaMM 1IeJIeCOO0pPa3HO pa3BepPTKY OCLMILIOrpaca OCYIIECTBISITh TOJIBKO MOMY-
JIMPYIOIINM CUTHAJIOM M B PEXXMME CHMHXPOHM3AIUU OT BHEIIHErO0 MCTOYHMKA. TOIBKO
TOorAa MUKW M BIAIWHBI MOAyJupyoinero u BU-curHaaoB OyayT TOUHO COBIIAAaTh.

Puc. 5.33. Habawodenue modyrupyroujeco u mo0yAupoO8aAHHO20 CUEZHANLO8

Ecnu ammuintyna MOAYJIMPYIOIIEro HAMpPSDKEHUS MpeBbiinaeT ypoBeHb 100% momys-
1M1, TO HACTYTIAET SIBJIEHWE TepeMOAYJIIIMn. Takoil cirydail HaOII0MaeTcs, eCliu PYyIKy
perynsitopa koaddunmenta moaysiiuu reHeparopa GRG-450B ycraHOBUTH B KpaiiHee
MOJIOXKEHME MPU €€ BpallleHUM I10 JacoBoil cTpesike. Ciaydail mepeMOayasiliuy WLTIOCT-
pupyet puc. 5.34. B atom ciiydyae mpu OJM3KUX K HYJIIO YPOBHSIX MOIYJIMPOBAHHOI'O
BY-curHana HabmomamTCs XapaKTepHbIE «IOJOYKW», a orubatomas BU-curHana cra-
HOBUTCS WHOU, YeM MOAYJUPYIOLIUU CUTHAI.

MoxxHO 1 HaOMIOAaTh OMHOBPEMEHHO MOAYJUPYIOLIMIA curHaa U BU-HanpsbkeHue
B (hopMe TIEPEeMEHHOTO HANpsKEHUS, a He CIUIONIHOM 1oyockl? OOBIYHO 3TO TPYIHO
ceNaTh U3-3a CJIUIIKOM OOJIBIION Pa3HOCTU YacToT Momyssiiiuu u BU-curnana — B Ha-
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Puc. 5.34. Hartocmpayus nepemodyrayuu

meM mipumepe 310 1 kI'm u 1 MI'n (ommuune B 1000 pa3). OgHako, TOHU3UB YacTOTY
BY-curnana go 100 xI't, MoxkHO HabM0maTh 00a CUTHajAa OMHOBpeMeHHO (puc. 5.35).

!Il!!!lli.. o ek
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Puc. 5.35. O0nospemennoe nHabaodernue noaHo20 nepuoda mMoOYyAUPYOWE2O CUZHAAA
u 100 nepuodos modysuposanHozo cucHara

Hakonel, yMeHbILIMB UIMTEJbHOCTb pPa3BepTKU, MOXKHO OTUYETIMBO HAOII0IATh
BY-curnan u ToJIbKO 4acTh Meproaa MOAYJIMUPYIOIIero curHajia. Takoii ciaydail mokazaH
Ha puc. 5.36. OOGparure BHUMaHue Ha TO, uTto ¢opma BY-curHaiza reHepaTopa
GRG-450B 3aMeTHO OT/IMYAETCSI OT CUMHYCOUIAIbHOM, YTO SIBJISETCS HEIOCTaTKOM 3TO-
ro MPOCTOro TeHepaTopa. M BBISBISIETCS OH ocLuLIorpacdom!

:\.‘

I R R

Puc. 5.36. Modyaupyroujuii u moO0ysupoB8anHblii CUeHAAbL NPU MAAOL OAUMEALHOCMU
pasgepmKu
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5.5.2. Boluucnenue koadpdpuumeHTa moaynsauum

KonnuecTBeHHO MIyOMHA MOMYJISILIMM XapaKTepu3yeTcss KOoa(MOUIIMEHTOM MOIYJIsI-
uvn K. UM Ha3bIBalOT OTHOLICHWE MAaKCHUMAaJIbHOTO OTKJIOHEHUSI aMIUIMTYIbl MOIYJIM-
POBaHHOTO HANpPSIKEHMSI OT €T0 CPeHEro ypoBHS. 751 ero onpenesieHus 1o OCLIMIIIOT-
paMMe HMXKHero Jiyya (puc. 5.33) yomoOHO M3MEpPUTh OBOMHYIO aMIUIUTYAY MOMYIMPO-
BaHHOTO CUTHajJia B TOYKe MMHMMyMa M B TOYKE MakcMMyma. Harpumep, B HaleM
ciiyyae oHu cocTaBaT 1 u 4,2 penenus. Cpegnss amruintyna BU-konebanuii Oyaet mx
noiaycymmoit, T. e. (1 + 4,2)/2 = 2,6 nen. U3MeHeHre aMIUIMTYAbI OYAET IMOJypa3HO-
cteio (4,2 — 1) : 2 = 1,6 gen. Torma koapdULIMEHT MOAYISLIMM BBIYMCISIETCS Kak
1,6/2,6 = 0,62. CnenoBaTebHO, B IIPOLIEHTaX KOMDMUIIMEHT MOIYJISIINU paBeH 62%.

[IpuBeneHHbIE TIPMMEPHI ITOKA3bIBAIOT, YTO aHAJIOIOBBIM ocLmLiorpad obecrieynBa-
€T TOJIHOLIEHHBI KOHTPOJIb SIBICHUST Momysiunu. IlpaBma, Ipu yCcjIOBHHM, YTO YacTOTa
HECYLUE! MOLYJMPOBAHHOIO CUTHAJIA HAXOAUTCA B IPEAEIIaX MOJIOCH NMPOIMYCKAaHUs Ka-
Hana Y ocuwinorpada.

5.5.3. NpumeHeHue kanubpaTopa AJiIa UCCNief0BaHUA NepexoaHbIX
npoueccoB B RC-uensax

IMockonbky kanuopaTop ocuuaorpadpa OCY20 reHepupyeT NpsIMOYTOJIbHbIE UMITY-
JIBCHI (MEaHAP), er0 MOKHO MCIIOIh30BaTh IS MCCICIOBAHMS TIEPEXOMHBIX TIPOIIECCOB B
RC-uengx. [Be takue uenu (muddepeHUMpyIolas U UHTErpUpPYyIolasi) mpeacTaBieHbl
Ha puc. 5.37.

(o

Puc. 5.37. lugppepenyupyrowas (cresa) u unmeepupyrouasn (cnpasa) RC-yenu

Beixon kanmbparopa BBHITIOJTHEH B BUIE MaJeHbKOW METATMYECKON TETIN, TTO3TOMY
JUTST TIONKJTIOUEeHUsT BXOZa MCCIIEAYEMBIX 1IeTeil K KanOpaTopy Haao MCIOIb30BaTh MPo-
BOJ C MaJE€HbKUM <«KPOKOAMJIOM», KOTOPHIM HaJ0 3aKyCUThb MeTIo Kanubpatopa. Ha
puc. 5.38 mokazaHbl OCUMJIOTpaMMbl KanuOpaTopa (BEepXHUil Jy4) U Bbixoja audde-
peHuupyomen uenu, nmeromeit R = 51 kOm nu C = 1000 n®. CurHan Ha BBIXOIE LEMU
MPEACTaBIIsSICT COOOM Pa3HOIOJSIPHBIC Iepernanbl HaNpsSDKeHUs! ¢ 3KCIIOHEHIIMATIbHBIM
crnanoMm. IlocrossHHAasg BpemeHu crama paBHa RC = 51 mkc. IlepexomHble MPOIIECCH 3a-
KaHuMBaroTcs 3a Bpemst mopsiika 3RC. Mensiss R i C, MOXXHO HaOJII0aTh U3MEHEHUST
TIePEXOTHBIX TTPOIIECCOB.

Ha puc. 5.39 nmokazaHbl OCUMJIOIpaMMBbl HaIIPSIKEHUIA Ha BXOAE U BBIXOJE MHTEIPU-
pyIolIeit 1IeNu ¢ YKa3aHHBIMU BbIlle 3HaUYeHUsIMU R u C. BrIxogHOe HampsoKeHUe TIpe-
CTaBIISICT COOOM MPSIMOYTOJIbHBIC MUMITYJIBCHI CHUIBHO MCKaXKeHHBIC 3apsiIoM U pa3psiaoM
C gepe3 R. 3mech TakKe MepexXoaHble MPOLECChl 3aKaHYMBAIOTCS 3a Bpemst 0Kojio 3 RC,
a BpeMeHa HapacTaHUs M CIlaja UMITYJIbCOB Ha BbIXofe lienu coctaBisiior 2,3 RC. Ilpo-
BEpbTE MO OCLUJUIOrpAMME, TaK JIM 3TO.

5.5.4. HabniopgeHue nepexogHbix npoueccoB B LRC-uenax

IMepexomnbie miponiecchl B RC-1IeTsIX HOCSAT anepuoaudecKuii xapakrep. B paguorex-
HUYECKHX YCTpOMCTBaX vacto mpumeHsitorcss LRC-uenu (puc. 5.40). B Hux oOMeH
DHEprueil Mexay KaTYLIKOW MHAYKTUBHOCTU L 1 KoHaeHcaTopoM C MOXET HOCHUTh KO-
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Puc. 5.38. Ocyuanozpammo.: karubpamopa (sepxnuii ry4s) u 8vxo0a
Jugppepenyupyroweii RC-yenu (nuncrnui /ly;). Macwma6 ocyurnozpamm 0,2 B/ dex,
0,2 mc/oexn

Puc. 5.39. Ocyunrozpammer: karubpamopa (sepxnuii ayu) u vixoda urnmezpupyrouei
RC-yenu (nuncnui ayu). Macwmab ocyunrrozpamm 0,2 B/dexn, 0,2 mc/den

JiebaTesbHbIN XapakTep, YTO MOXET MPUBOIUTH K XapaKTepPHBbIM KOJieOaTeJIbHbIM MpOo-
neccaM [44] 1 BOSHUKHOBEHUIO SIBICHUS pe30HaHCA. DIEKTPUUECKUN PE30HAHC MPOSIB-
JIsleTCsl B BO3pacTaHUM HaMpsikeHUsl Ha Bbixoae LRC-11enu npu Ha 4acToTe

f, =1/2n/LC.

Yacrora f, HazbIBaeTCSl pE30OHAHCHOW WM COOCTBEHHOI YacToroil LRC-1ienu, KoTo-
pasi B TaKOM CJIydyae CTaHOBUTCS PE30HAHCHBIM KOHTYPOM.

— To
Puc. 5.40. LRC-yeno (pesonancuoiii konmyp)

IMonkmmounB BeIXOA Kanmbparopa Ko Bxomy LRC-uiermm (puc. 5.40), a ee BBIXOH KO
Bxony kaHana CH?2 (na Bxog CH1 momaercst curnan kanubdbpatopa), MOXHO HaOIOAATh
nepexonHbie Tiporiecckl B LRC-niern. Ha puc. 5.41 moka3aHBl OCHVMIJITOIpaMMBI Harpsi-
JKEHUI Ha BXONIE M BBIXOHE IICIM, Y KOTOPOM B Ka4eCTBE MHIAYKTUBHOCTU L ObLIa B3sITa
00MOTKa BBIXOJHOTO TpaHc(hOpMaTopa OT TPaH3MCTOPHOTrO pamuonpuemHuka, a C = 10
H®. Ponb pe3ncropa R BBITTOJHSIIO OMUUYECKOE COMPOTHBIICHUE OOMOTKU. BricTpoe 3a-
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Puc. 5.41. Ilepexodneie npoyecco. 8 LRC-yenu

TyXaHue KoJyieOaTeJIbHOM KOMIIOHEHTHI IePEXOJHOro IIpoliecca FOBOPUT O HAJIMYUM B
KOHTYpE 3HAYMTEJIbHOTO 3aTyXaHWs.

KcraTu, nmorepu B cxeMe puc. 5.40 pe3ko BO3pacTaloT, €CIv KaTylllKa MHIYKTUBHOCTH
(Hampumep, ApocceTb WU TpaHC(HOPMATOP) COMEPXKUT KOPOTKO3aMKHYThle BUTKU. Ha
5TOM OCHOBaH OJMH U3 CIOCOOOB MX OOHapyxXeHUs. 3apucyiTe uam cgororpadupyiite
OCHMJUIOTPAMMBI TIEPEXOHBIX MporieccoB LRC-11eny ¢ UCMPaBHBIM TpaHCHOpMaTOpoM
WY TpoccesieM. 3aTeM CpaBHUTE ¢ OCIMJLIOrpaMMaMu TpaHchopMaTropa WA APOCCEs,
B KayeCcTBEe KOTOPOTO Bbl COMHeBaeTech. Eciiu mepexoqHolt MpoIece SIBHO 3aTyXaeT CUJTb-
Hee, TO 3TO 3HAYUT, YTO B HUX MOTYT OKa3aThCsl KOPOTKO3aMKHYTHIE BUTKH.

[IpuBeneHHbIe BbIlIE MIPUMEPbl MOI'YT COCTABUTh OCHOBY JIaOOPAaTOPHOII paGOTHI 110
n3ydeHnto RC, LRC n apyrux 3JeKTpUIEeCKMX 1IETeil ¢ MCIoIb30BaHUEeM Oocliiiorpada
(1, pasymeeTcs, camMux HcciaeayeMbix 1erneif). HekoToprele ocuumiuiorpadsl comepxkaT
BCTPOCHHBIN TeHepaTop (PYHKIIMOHAIBHBIX KOJIeOAaHWI, TeHePUPYIOIINI CUHYCOMIATb-
HbI€, TPEYroJIbHbIE U IIPSIMOYIOJIbHbIE KOJIEOAHMSI HE OJHOM YaCTOThI M aMILIUTY/IbI, KaK Y
KajmbpaTopa, a B IIMPOKOM IHMArla30HEe MX M3MEHEHMS. DTO OTKPHIBAET BO3MOXHOCTU
BBIITOJTHEHUST TTOJIHOLIEHHBIX MCCJIEIOBAHUI CaMbIX Pa3IM4YHBIX YCTPOMCTB, HAIpUMED
OIMCAHHBIX BHIIIE TIPOCTHIX 1eTel, TMHUI 3aepXKKU, (DMIIBTPOB U T. .

5.5.5. KypcopHble namepeHus

BosbIIMHCTBO COBpEMEHHBIX OCLMIIIOrpacoB BEICOKOTO KJIacca UMEIOT TaK Ha3blBa-
eMble KypcopHbie uzmeperus. HeodXomnmMoCTh UX BBEACHUS ObUIa OOYCIOBJIEHA CIOXHO-
CTBIO OOBIYHBIX OCHWIIOTpadUUEeCKUX U3MEPEHUII M UX HU3KOU TOYyHOCThIO. Hampu-
Mep, €CIi Hago ¢ TOMOIIbI0 ocuwiorpada MOAAepKUBaTh HEUM3MEHHOW aMIUTUTYIY
CUHYCOUIAJIBHOTO CUTHaJa, TO MPUAETCS MHOTOKPATHO MEHSITh YPOBEHb CUTHANA U TO-
JIOXKEeHWE CUHYCOWIBI Ha 3KpaHe ISl TOTO, YTOObI OHA BMHMCAlach B HYXHBIE YPOBHW.
Huskass ToyHoCTh ocumiorpaduyeckux M3MepeHUi oOycioBieHa DPsIOM (aKTOPOB:
rapajuiakcoM M3-3a yaajaeHusi MaciurabHoi cetku ot cios DJIT ¢ momuHopopoM, Kpy-
TU3HOW 3KpaHa, HU3KOU TOYHOCTHIO OLIEHKH IMOJOXEHUST OCIIUJLIOTPAMM OTHOCUTEJIBHO
MAcCIITAaOHOWM CETKU «Ha T1a30K» U T. 1. B CBI3UM ¢ 3TUM MOTrpenIHOCTh OOBIYHBIX OCLIWII-
JorpadIecKuX U3MEPEHHI 0O4eHb PEIKO ObIBaeT MeHbIIe 5%.

Kypcopnbie n3mMepeHust BBITIOJIHSIIOTCS ¢ TIOMOIIBIO CIIEIUAIBHBIX TPSIMBIX TUHUN —
KypcopoB, KOTopble cozaaroTcsi Ha akpaHe DJIT-ocuwmmnorpaga. C momoumpio pydyexk
yIpaBieHUs KypcopaMy 9T JIMHUU MOTYT IJIABHO MEePEMEIAThCS 1O dKpaHy (puc. 5.42).
OOBIYHO CO3MAI0TCS IBE TTApbhl KYPCOPOB — TOPU30HTAIBHBIE TSI U3MEPEHUST HaTpsKe-
HUI (YPOBHEN) CUTHAJIA U BEPTUKAIbHBIC ISl U3MEPEHUST BPeMEHHbIX MHTepBasioB. Kyp-
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avls  839.u6mY

20mU~

Puc. 5.42. Jkpan ocyurrozpada ¢ 20pu30OHMarbHbIMUL KYPCOPAMU

COpHbIE U3MEPEHUsI MPOBOISTCS MPU HEMOABWXKHON OCHMIJIOTpaMMe, MPUYeM KaxKIblid
Kypcop TepeMellaeTcs eIMHCTBEHHOI pyuyKoil yripasiaeHus. Takum o0pa3oM, BMECTO Ma-
HUMYJISIUA IByMsI-TpeMsl pyuyKaMUd MOXHO paboTaTh OfHOI, YTO ropas3no ynooHee.

Hawubonee ymoOHO KypcOpHble M3MEpEeHUs] peal30BaHbl B aHAIOTrO-UU(pPOBBIX U
@ poBbIX ocHuiuiorpadax, y KOTOPHIX JaHHBIE O TOJIOKEHUN KaxKIOTo Kypcopa B BUAC
yucesl yKa3blBAlOTCSl Ha ODKpaHe NWCILIesi, yalle BCero y OMHOW M3 ero CTOpOH —
puc. 5.42. Tlpy 2TOM OHM aBTOMATUYECKM TEPECUUTHIBAIOTCS B YPOBHU HATPSKEHUN
WU B JUTUTEILHOCTU pa3BepTok. Hepeako MOryT aBTOMaTUUECKU BBIYMCISITHCS MaKCH-
MaJIbHbIE OTKJIOHEHUST (AMILIUTY/IbI), PA3HOCTU 3HAUYEHUI YPOBHS WJIM BPEMEHU U UHbBIE
napameTpbl curHajioB. KpomMe TOro, 3aMeTHO MOBBIIIAETCS TOYHOCTb (PUKCAIIUU KypCo-
pPOM TOTO WIM MHOTO YPOBHSI OTCUETA HAMPSIKEHUs WA BPEMEHU.

Ha puc. 5.43 nan npumep KypCOpHBIX U3MEPEHUI Mepuoaa MPsSIMOYTOJbHBIX UMITY-
JbcoB. OUH U3 BEPTUKAIbHBIX KypCOPOB YCTaHOBJEH Ha 3aIHUI (POHT UMITyJbca B
HavaJle U3MepsieMOro repuoja, a BTOPOW Ha 3aaHUil (POHT B KOHeEll nepuona. Takum
0o0pa3oM, Ha OCUMJIOTPaMMe BbIIEJIEH OJMH W3 mnepuoaoB. Ha skpaHe oToOpakeHO
BpeMmst 0,920ms (pa3HOCTb BpeMeH ABYX KypcopoB) u BblumcieHHas yactora 1,08KHz,
KakK BeJIMYMHa, oOpaTHasi Mepuomy KoieOaHud.

OnHako, OXUAATh Yy/leC OT KypCOPHbIX U3MEPEHUN B YACTU MOBBILICHUS WX TOYHO-
cTu He crouT. Takue (hakTopbl, KaK HEJIMHEHHOCTbh YCWJINTENICH WM Pa3BepTKU U He-

aTA! 0.920ms %mi  1.08KH=z

11 ZBmU~

Puc. 5.43. IIpumep kypcoprozo uamepenus nepuoda Korebarui
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TOYHOCTh WX KaJMOPOBKM, OCTArOTCSA. TOYHOCTH COBMEIICHHMS KypCOPOB C HYKHBIMU
TOYKAMM OCLIMJUIOTPAaMMBbl TOXE OCTaeTCsl HE OYeHb BHICOKOI. TeM He MeHee Kypcop-
Hble MU3MEPEHUS IMO3BOJISIOT YMEHBLIUTD MOTPELIHOCTD BhIdMcaeHU ¢ 4—10% y 00bIY-
HbIX ocuiorpadoB 10 2—4%. B panbHeiilieM onucaHue TEXHUKU KYPCOPHBIX M3MeE-
peHUI OymeT MPOMOIKEHO Ha IpUMepax MPUMEHEHUs KOMITbIOTEPU3UPOBAHHBIX J1a00-
paTopuii (cM. iaBy 6), rie 3T U3MEPEHUS TOBEICHBI 0 COBEPIIEHCTBA.

5.6. OcobeHHOCTU n3amepeHnii LMPpPoOBbLIMU
ocuuvnnorpadamm

5.6.1. U3mepeHue NOCTOSAHHbIX HaNPSXXeHU N KanmopoeBka

C mepBOro B3I OCIHUJUIOTPAaMMBI JaXKe OT CaMBIX CJIOXHBIX M ITOPOTHX IU(pPO-
BBIX OCHMJUIOrpadoB BBIIVISAAT TaK Xe, KaK M OCLWLIOrPaMMbl aHAJIOTOBBIX OCLIVJLIOL-
padoB. OmgHAKO MPUHIUIE (YHKINOHUPOBAHUS Y 3TUX IMPUOOPOB 3aMETHO OTIIMYAIOT-
Csl M HaJgo 3HaTh HE TOJbKO O JOCTOMHCTBAX, HO U O HEAOCTaTKaX IU(POBBIX OCLIMI-
JiorpagoB.

HecoMHEHHBIM TOCTOMHCTBOM LIM(MPOBBIX OCUUIIOTPadoB SIBISETCS BBICOKASI CTe-
TeHb aBTOMaTu3alu n3MepeHuii. Kak npasuio, Takue ocuuuiorpadbl Jal0T TOUYHBINA 1
BIOJIHE OJHO3HAYHBIN pPe3yabTaT BHIYMCIACHUS OOJBIIMHCTBA MapaMeTPOB UCCIEIyEeMO-
ro curHana. OgHaKo 3TO CIPaBEIIMBO JJISI HE CIUIIKOM CJIOXXKHBIX CUTHAJIOB M MPU Ha-
JIMYMU 3aracoB IO IMOJOCe YacTOT KaHajda BepTUKAJIbHOIO OTKJIOHEeHHUs. Bricokast Tou-
HOCTb BBIYMCIIEHUI — TakkKe OOJIbIIIOE JOCTOMHCTBO IM(MPOBLIX OCIMIIIOTPadOB.

Cneumndukoit undpoBbIX ocumiorpadoB SBISIeTCSl aHAJI0ro-1u(ppoBoii Mpeodpas3o-
BaTesb. [Ipolle Bcero oH mM3MepsieT MOCTOSIHHbIE HamnpstkeHwus. Tloatomy s kanub-
POBKM BEPTUKAJIBHOIO KaHajla IU(MPOBBIX OCLHWLIOrPachOB OOBIYHO MCITOJIL3YIOTCS MO-
CTOSTHHBIC HAIIpsDKeHWSI, a He UMITYJIbCHBIC ThIa MeaHapa (y Hac B Poccun pekomMeHmy-
eTcsl KaauopoBaTh ocuuiorpadsl mo MeaHapy ¢ yacrtoroit 1 kI').

Jtst KanuOpoBKU 3apyOekHbIX LUMMPOBBIX OCHUIIOrpadoB CO3MaHbl CHELUMaTIbHbIE
KanuopaTopsl. Hapsiny ¢ 0O6pa3lioBbIM MEaHAPOM OHU MO3BOJISIOT KaauOpoBaTh OCLIWII-
Jjorpadbl ¥ TIO HATIPSDKEHUIO TTOCTOSTHHOTO ToKa. Hampumep, kanuopatop Fluke-9500B
BbIpabaThIBaeT BbICOKOTOUHOE HampspkeHue 1 B. Ero nmefictBue BMAHO MO CMEILICHUIO
Jlyda M TIOKa3aHWSIM IIM(POBOTO BOJIBT-
MeTpa, BCTPOCHHOTO B LU(POBBIE OCIIWII-
Jorpadsl U MPEICTaBICHHOTO Ha 3KpaHe.
Ecnu, x mpumepy 3TH ToKazaHMSI HAlOT
1,005 B, TO, 3HAYUT, MOTPELIHOCTH BHI-
yuciennii coctaBut 0,5%. Tunosast Hop-
MHUpPOBaHHAg ITOTPEIITHOCTb  ITH(POBHIX
ocuuiutorpadoB cocrapisieT 2—3%.

Ha puc. 5.44 nokazanHa xaaiubpoBKa
yyBCTBUTEIbHOCTU ocuusiorpada LeCroy
Wave Surfer 432 1o oOpa3noBoMy MMIy-
JIbCHOMY CcUTHajay — MeaHnapy. s ka-
JIMOPOBKM HaA0 AOOUTHCS COBMAACHUS
BEpXYIICK MeaHIpa C BEpXHEl M HIDKHEU

Puc. 5.44. Kaaubposka yugposozo
IMYHKTUPHBIMUW JIMHUAMU LIKAJIbI. BOO6LL[€ ocquﬂﬂogpad;a LeCroy Wave Surfer 432
TOBOPSI, DKpaH COBPEMEHHBIX LU(PPOBBIX no meandpy
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ocumuiorpacdoB MepeHachllieH WHMOpMalneii — Ha HEM MMEETCS MEHIO OIlepalldii,
3HAYEHUsI pa3IMYHbIX HU(PPOBBIX YCTAHOBOK U PE3y/IbTaTOB BhluMclIeHUi. [1oaTomy st
ITOJTHOIICHHOTO MCITOJIb30BaHUS 3TOM MH(MOPMALIMA HAIO0 BHUMATEIBLHO M3YYUTH MHCT-
PYKLHMIO TI0 KOHKPETHOMY IIPUOOPY U MPaBUJIbHO MCIOJIb30BaTh BO3MOXHOCTHU IPUOO-
pa, B YaCTH MPEeaoCTaBIeHUS MH(GOPMALIUH.

5.6.2. N3amepeHne 4acTOTHbIX U BPEMEHHbIX NapamMeTpoB LNPpPOBbIX
ocuusnnorpados

M3mepeHmne 4aCTOTHBIX MapamMeTpoB KaHama Y y HM(MPOBBIX ocumwiorpacdoB mMeeT
cBolo crneuunguky. IIpexne Bcero Hamo OTMETUTh, YTO IIMPOKOIIOJOCHOCTh 3TUX MPUO0-
poB ycioxHset cHaTue AYX nu @YX kanama Y. KpoMme Toro, n3-3a 1MCKpETHOTO TIpe-
CTaBJICHUSI CUTHAJIOB UX OTOOpaxKeHWEe Ha KPasiX MOJIOCHI MPOIMyCKAHUSI MOXET 0Ka3aTh-
Csl 3aTPYMHUTEIbHBIM. B CBSI3W C 3TUM TIPEATNIOYTUTEIBHBI MCITBITAHUS BO BPEMEHHOMU
obacTu.

Hanomuuwm, yto mapameTpbl ocumsuiorpad)oB BO BpEeMEHHOI 00JIacTU XapaKTepu3y-
I0TCSl TTApaMEeTpaMU €To MEePeXOoIHON xapakTepuCTUKKU. OOBIYHO UCIIOIBb3YIOTCS CIAEMYIO-
1€ TTapaMeTpBhl:

e BpeMsl HapacTaHus (craga) — BpeMsl, B TeYeHHE KOTOPOTO MMITYJIbC M3MEHSIET
cBoe 3HaueHue ot ypoBHs 0,1 mo yposHs 0,9 wmm (rmpu criage ot ypoBHs 0,9 mo
0,1), BpeMsI M3MepsieTCs B CEKYHIAX MW HOJISIX CEKYHIBI;

e BBHIOpOC Ha BeplIMHe (craje) — IPOLIEHTHOE OTHOIIECHWE 3HAYeHUsT MpEeBBIIIe-
HUS aMIUTATYOBI TIPA YCTAHOBUBIIEMCSI MMITYJIbCE K aMITIATYIC WMITYIbca, W3-
MepseTcsl B MPOLIEHTAX;

e BpeMsl YCTAaHOBJIEHUSI — BpeMsI, B TEUEHUE KOTOPOro KoJyiebaTeIbHbIE MPOLIECChHI
Ha BeplUMHE UMIIY/Ibca HE CTAHYT MeHblIe 1% aMIIUTyIbl UMITYJIbCA.

OpnHako crienn@pUKoi TUMOPOBBIX OCHMILIOrPacOB SIBISIIOTCS OUCHDb MaJible 3HAYCHMUS
STHUX BPEMEH, HEpEeIKO HaXosllHMecsl B CyOHAaHOCEKYHIHOM M Jaxe IMMKOCEKYHIHOM
auanaszoHe. [Ipy 5TOM IpakTUYECKU HEBO3MOXHO OOECIeUMTh M3MEpPEeHUe ITUX mapa-
METPOB OT WMAEaJbHBIX IEpernagoB HampsbkeHus. bojee Toro, Takue M3MepeHUs: 4acTo
MPUBOIST K CIIMIIKOM OOJIbLIOMY 3HAYEHMIO BHIOpOCA IEPEXOMHOM XapaKTepUCTUKU U
BO3pAaCTaHUIO BPEeMEHM yCTaHOBJIeHUs. [103TOMY MpM MCHBITAHUSAX LUMPOBBIX OCIIUI-
JorpaoB HYXKHO OroBapvBaTh U BbIIAECPXUBATH YCIOBUS U3MEPEHMSI.

Ha pwuc. 5.45 mpuBemeHB OaHHBIC WMCIBITAaHUS IIM(ppPoBOro ocummiorpada. 3mech
CHSITBI OCHMJIIOTpaMMBI peakunu 1udposoro ocummniorpada LeCroy WR-6030 Ha me-
penan HanpsoKeHUs ¢ mmuTeabHocThio 500, 150 r 50 tc.

Pe3ybTaThl MCTIBITAHWIA TIPEACTABIIEHBI HIKE

fon ty Bri6poc
500 mc 572 mnic 1,7%
150 mic 467 1ic 5,0%
50 mc 450 mic 9,0%

N3 HUX OTYETIMBO BUIHO, YTO U3MEPEHUS C UYPE3MEPHO MAJION JUTUTETHLHOCTHIO Tie-
peraga AaroT OYeHb HEOOJIbIIOE YMEHBIICHNE BPEMEHM HapacTaHMS IIEPEeXOQHOM XapakK-
TEPUCTUKHU, HO PE3KO YBEJIMUMBAIOT €€ BHIOPOC.

Hudposbie ocummiorpadbl, B OTAMYUE OT aHAJOTOBBIX, MPAKTUYECKU HE HYKIaI0TCS
B KaJIMOPOBKE reHepaTopoB pa3BepTKu. OHU y HUX LIKU(PPOBBIE — CTYIIEHYATO HapacTa-
IOIIMe HaNpsDKeHUsT pa3BepTKU (POPMUPYIOTCS CUETYMKAMU OINOPHOI 4YacTOTHI, CTaOM-
JIM3UPOBAaHHON KBaplieM. KBaplieBbie reHepaTophl 00eCIeYMBaIOT CTAOMIBHOCTH OKOJIO
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Puc. 5.45. Ocyuarnroepammor peakyuu yugpposoco ocyusrozcpaga LeCroy WR-6030
Ha nepenalol HANPANCEHUA PA3HOL OAumMeLbHOCMU

10~° naxe 6e3 TepMocTaTUpoBaHUsl. OIHAKO MOTPELIHOCTD MPU CHATUM OCLUJLIOrpaMM
MOXET OBbITh 3aMETHO BBIIIIE, OCTaBasiCh, KaK npaBuiio, He Oombire 0,01%. Ilpu sTtom
HAIo CJICOWTH 3a MpaBUJIaMHU M3MEPEHUS BPEMEHHBIX ITApaMETPOB CUTHAJIOB, HAIIpUMEP
3a pazMepoM M300paxeHUs Ha 3kpaHe. HekoTtopwlie ocuumiorpadsl, HarpuMmep LeCroy
Wave Runner, crtocoOHBI U3MepsSITh BpEeMEHHBIE M YaCTOTHBIE IapaMeTPhl CUTHAJIOB C
MOrpeIHOCThIo 10 1075,

5.6.3. Bbi6bop BUAa MHTEpnonsauum

[Ipn HAOMOAEHWM TIOYTH CUHYCOMIATbHBIX BBICOKOYACTOTHBIX CUTHAJIOB aHAJIOTO-
Bble ocLuorpadsl MMEIOT SIBHbIE MpeuMylllecTBa Tepen Uu¢ppoBbIMU MPUOOpaMU.
Y Hux dopma CMHYCOMIAIBHOTO CUTHAJIAa HE YXYIIIAETCsI C POCTOM €ro 4acToThl. bosee
TOr0, OHa OOBIYHO YJIYYIIAETCsl, TaK KaK BBICOKOYACTOTHBbIE TAPMOHUKU CJIa0O HCKa-
>KEHHOTO CHUTHajla OTCEKAIOTCs, €C/IM 4acToTa ero OJiM3Ka K BEpXHEW TpaHMIIE MOJIOCHI
MPOIYCKAHUSI.

CoBceM MHaye OOCTOMT jAesio ¢ uudpoBbiMU ocuuuiorpadgamu. Kak yxe oTmeya-
JIOCh, Y HUX CHUTHAJI MPEACTaBIISICTCSI KOHEUHBIM YMCJIOM OUMCKPETHBIX 3HAUEHUIN — BbI-
OOpOK. Y BBICOKOYACTOTHBIX CHTHAJOB YMCIIO BHIOOPOK MOXET CTaTh MEHbBIIE IECSITH.
B nmpomexyTkax Mexiy BbIOOPKaMKM HEBO3MOXHO CYAUTh O Xapakrepe u (popMme curHa-
sa. OH MOXeT OBbITh TTOCTOSTHHBIM, MEHSIIOLIMMCS 110 TOMY WJIM MHOMY 3aKOHY, COJIep-
JKalllUM KOPOTKUE BbIOPOCHI U T. II.

Ocuwnorpad MOXET MPEACTABISITh OCHWIIOTpaMMy B BHUIE TOYEK, W 3TO OyIeT
€/IMHCTBEHHBI! HAYYHO OOOCHOBAHHBIN CITOCOO MPeCTaBICHUSI CUTHAJIOB B BUJE BbIOO-
pok. OmHaKO BUJI TAKOW OCIIWJIJIOTpaMMBI OYZIET He YIOBJIETBOPUTEIbHBIM, 1a U SIPKOCTh
OCLMJUIOTPaMMBbI OKaxeTcs: Hu3koi. [Toaromy B 1mgpoBbix ocumiorpadax MPUHSITO
HCTIOJb30BaTh TOT WJIM WHON METOJ WHTEPMOJSIIMUA CUTHAlIa B IPOMEXYTKAX MEXIY
TOYKaMM OTcuYeToB. [IpocTeiiiiasi MHTEPIOASAIMS OOBIMHO ObIBaeT JMHEWHOM, B OoJiee
CJIOKHOM CJTyJae MCITOJIb3yeTcsl MHTeprosiuus dbyHkimel sin(x)/x. Ha puc. 5.46 moka-
3aHbI ocLMuIorpaMMbl 1udpoBoro ocummiorpadga LeCroy — WS-452, ¢ monocoit mpo-
nmyckanus 500 MI'n u yacroToii auckperusaunu 2 I'Beio/c. Ha oba Bxoma mpubopa 1mo-
JlaH CMHYCOUJAJIbHBII curHan ¢ yactoToir 500 MI'w.

IIpencraBneHHblil HA puc. 5.46 pe3yiabTaT TOBOPUT JIMIIb 00 OMHOM — IIPU OCLIWJI-
JorpapupoBaHUM CUHYCOMAAAbHOIO CUTHAlla MHTEpHoJsuus (QyHkuuei sin(x)/x maet
SIBHOE TIPEUMYILIECTBO, TaK KakK (DyHKIMS CMHYca MHTEPIIOIUpyeTcs QYyHKIIMe cuHyca.
MoxHO caenath BbIBOJ, UYTO TaKasi MHTEPMOJSIUS OylIeT UMETh MPEUMYIIECTBO U ISt
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Puc. 5.46. Ocyurnroepammer cuenara 500 Ml'y, noayuenHoie ocyusrozpagomn
LeCroy WS-452 npu unmepnoarsyuu pynxyued sin(x) /x ?csepxy)
u npu auneinoi unmepnossyuu (crusy

MpeACTaBIEHUS TIanKuX (TUTAaBHO M3MEHSIOIIMXCST) ocIiutorpaMM. OmMHAKO, OCIIMJIIOT-
paMMBbI Pa3pbIBHBIX WIN JIMHEHHO M3MEHSIIOIIMXCSI CUTHAJIOB OYIyT JIydIlle MpeacTaBis-
ThCs JIMHEWHOM WHTeproysiuneii. Tem 0ojiee 4TO CKOPOCTh BHIBOIA M300pakeHMil Ha
SKpaH IIPU 3TOM SIBHO BBILLIE.

5.6.4. Ncnonb3oBaHue HaKorJieHMsa (aHanoroBoro nocnecBe4YyeHns)

Mo1HBIM CpeacTBOM 00pabOTKM CUTHAJIOB B LUMPOBBIX ocuuIorpadax siBasieTcst
peXUM HAKOIUICHMSI OCHMJUIOTPAMM C MX yCpeOHEHUEM. Y HEKOTOPBIX OCUMIIOrpacdoB
OH MMEHYETCSI PEXXUMOM aHA10208020 NOCAeCc8eyeH s, TTOCKOJIbKY MoA00HbIN 3pdekT Ha-
Omromasicsl y 3alTOMMHAIOIINX aHAIOTOBBIX OCHUJUIOrPadoOB ¢ IJIUTEIbHBIM ITOCIEeCBEUE-
HUeM 9KpaHa Tpyoku. PucyHok 5.47 moka3biBaeT MpuMeHeHue 3Toro agdexTa ajs1 Mpo-
CMOTpa OCLMJUIOTPAaMM CHHYCOMOAIBHOrO curHajia ¢ yactoroil 500 MI'm ¢ momolbio
uudpooro ocuuorpada LeCroy WS-452.

mm
[y ey

Puc. 5.47. Ocyunnoepammor cucnara 500 MI'y, nosyuenHoie ocyusrozpagon
LeCroy WS-452 npu unmepnorsyuu ¢yuxyueii sin(x) u npu auneinoil unmepnossyuu
8 CAyHae NPUMEHEHUS DEeNUMA AHAL0208020 NOCAECBCHEHUS

HerpyaHo 3aMeTuTbh, 4TO MpU OOOMX BUAAX MHTEPHOJSILMM MOJydYeHa IpaBUIbHAS
cuHycouaanbHas (opma curHana. OCuUM/UIOrpaMMbl TIPU 3TOM ITTOJTYYalOTCS «KUPHBI-
MW», TIPUYEM IIMPUHA TTOJIOCOK MPAKTUISCKN OIMHAKOBA TIPpU 000MX BUAAX MHTEPIIONS-
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Huu. MoXHO CKa3aTb, YTO B 3TOM CJIydyac€ pE3yJIbTaThbl IOJYYalOTCA IMPAaKTUYCCKU UACH-
TUYHBIMU IIpU obounx BUaax MHTCPIHOJIALINHN.

5.6.5. PaboTa ¢ namatbio uudpposoro ocuunnorpada

CrieriuduyeckuM mapameTpoM LM@poBoro ocuuiorpada sBIseTcs JIMHA ero mna-
MSITU. AHAJOTOBBIN OCUMIIOrpad MPakKTUUYECKM MTHOBEHHO pearupyeT Ha M3MEHEHUS
HCCJIElyeMOTO CUTHAJIa, U 3TO ero JOCTOMHCTBO. Bripouem, cKopee BCEro moJyib3oBaTeslb
HE CJIMILKOM OLIEHUT €ro IO TOM MPOCTON MPUYMHE, YTO OH MPOCTO HE YCITeeT 3aMEeTUTh
OBICTPO MPOMETbKHYBIIIEE COObITHE WK cpoTorpadupoBaTh €ro OCHMILIOTPaMMY.

Ludposoii ocummiorpad obdecreyrBacT OOHOBICHUE M300paXkKeHMSI Ha dKpaHe I10-
cie 3anosiHeHus nmamsaTtu. Hepenko aTo 3amMeTHO qaxe Ha ria3. OgHaKo MCTOJb30BaHNe
MaMsTH JaeT OTPOMHOE MPEUMYIIECTBO — MOXHO 3amucaTh OOJIBIION (hparMeHT HCCIe-
JlyeMOTO TIpoliecca B MaMsITh U 3aTeM CITOKOWHO, He TOPOTISICh TIPOCMOTPETH JIIO0YIO €T0
4yacThb, BbI3bIBasl e¢ U3 MaMsTu (puc. 5.48). DTo menaercs ¢ MOMOIIBIO OKHA ITPOCMOTpa,
B KOTOPOM pPa3MeIlaeTcsl YacTh XPaHSIIeHcsT B MaMsTH OCLIMJIJIOTPaMMBI. DTO HAITOMM-
HaeT (YMCTO BHU3YyaJbHO) HAOJIOACHHWE YacTU M300paxkKeHWs MpPU CUJIBbHO PACTSIHYTOM
pa3BepTKe WIM TP MCIIOJIb30BAaHUM 3a/Iep>KaHHOM pa3BEepPTKM B aHAJOTOBBIX OCITWIIJIOT-

padax.

e
e -
E - T T I

Puc. 5.48. IIpocmomp uwacmu uszobpaxcenusn (nusxcnas ocyurrozpamma) u3 obusezo
usobpaxcenus (sepxuas ocyurrozpamma), xpansawezoca 8 namamu (passepmra 5 mc,
pacmanymoii ¢paezmenm 1 mxc)

C IIMHOI TTaMSITH CBSI3aHBI peallbHbIC YaCcTOTHI IMCKPEeTU3allui CUTHAI0B. Hepemko
MaKCUMaJIbHas yacToTa Auckpetusauuu (Hanpumep, 20 wiu gaxe 25 I'Tir) okaseiBaeTcs
HEIOCTIKMMOI B peXXMMe peaJlbHOro BpeMEHHU M3-3a IepenojiHeHusl naMmsatu. Ho oHa
MOXET OKa3aThCsl MOJIE3HOM B pexXmMe ycpeaHeHMs. Ilamsars mu¢ppoBBIX OCLIMILIOrpa-
doB ovIcTpo pacteT — ecan y Tektronix TDS-3032 ona gocturaer 10 KOAWT Ha KasKIbIid
kaHas, To y LeCroy WafeSurfer-432 oHa cocrasnseTr 2 M0OailT (nmpaBaa. Ha Bce KaHaJibl).
CoBpeMeHHbIe UGPOBLIE 3alOMMHapIIMe ociuuiorpadnl, Hanpumep LeCroy Wave
Master-8620 A, uMeloT JUIMHY BHYTpeHHel namstu 96 Moaiir.

5.6.6. LUudpoeon ocuunnorpad B ponn aHanusartopa cnekrpa

IMockonbKy AaHHBIE OCHMJUIOTpAaMM ILIMMPOBBIX OCHMIUIOrpadoB XpaHITCS B BHIE
OTCYETOB MCCIIEAYEeMbIX CUTHAJIOB B MaMsATHU, TO HETPYAHO OPraHU30BAThb BbIUMCICHUE
CIIEKTPOB CUTHAJIOB TI0 aJTOPUTMY OBICTpOro TpeobpazoBaHusi Pypbe — vallle BCETO
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nuckpetHoro (cM. rnasy 1). Cneayer cpady OTMETUTb, YTO LM(POBbIE aHAIU3ATOPbI
CIIEKTpa, MOCTPOECHHBIE MO 3TOMY IPUHLIMITY, UMEIOT Majo OOIIero co CrelraabHbIMU
aHaJIM3aTOpaMM CITEKTpa, BBIITOJHEHHBIMU B BUIE OTHCIbHBIX IpuOopoB. IlocienHue
MPEACTaBIISIIOT CO00 TepecTpanBaeMble PaTUOTIPUEMHUKN ¢ OYEHb Y3KOI MOJ0COI ya-
croT. TakmM 00pa3oM, OHM CKAaHUPYIOT U CTPOSIT peajibHbIe CIIEKTPhI CUTHAJIOB, TOTIA
KaK aHaJM3aToOpPhl CIEeKTpa IHU(GPOBBIX OCHMIIOrPpadoB CTPOST BCETO JIUIIL PACUYETHYIO
CIIEKTPAJIBHYI0 XapaKTEePUCTUKY CUTHAJIOB, IIPEIACTABJICHHBIX B JIUCKPETHOUW dopme,
MPOrPaMMHBIM ITyTEM.

BripoueM, CTOUT OTMETUTD, UYTO TEOPETUIECKU U TIPAKTUUCCKU TTpeobpazoBanms Dy-
pbe, Jexalyue B OCHOBE YaCTOTHOTO IMPEACTaBICHUSI CIIOKHBIX CUTHAJIOB, TPOpadbOTaHbl
HACTOJIBKO TJIYOOKO M JOCTOBEPHO, YTO COMHEBATHCS B PA3IMUMU 3TUX IBYX IOIXOIOB
He crtouT. [IprM3HAKOM 3TOT0 CTajl MacCOBBIM BBIIMYCK IM(POBBIX aHAJIM3aTOPOB CIIEK-
TPOB. A TakKe TO, YTO TAKME aHAJM3aTOPHI CTAJA COCTABHOW YaCTHIO OOJBIITMHCTBA
LM (GPOBBLIX OCHMIOTPacdOB.

Ha pwuc. 5.49 nmpuBeaeH mpuMep CIIEKTpa aMIUTUTYIHO-MOIYJINPOBAHHOTO CUTHAJIA C
Hecyuiei yactoroit 100 MI', yactoroit Mmogynupytoliero Kouedanus 1 k' u rmyouHoi
Monyistuuu 50 %. Ha criekTporpaMMe OTYETIMBO BBIACISETCS MUK, COOTBETCTBYIOLIMIA
Hecyllei yacToTe, 1 ABa OOKOBBIX MUKa, OTCTOSIIIUX OT Hero Bcero Ha 1 kI

Fla VelStsl Timebvse Triggm Duplyy Cors Mo Mol Amies UMBes
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Puc. 5.49. IIpumep nocmpoenus cnekmpozpammo. AM-cuenara ¢ nomowpio yugdposozo
ocyuanroepaga LeCroy Wave Pro-7100

EctecTBeHHO, UTO MJISI MOCTPOEHUSI TAKOI CIIEKTPOrpaMMbl TpeOyeTcsl 00JIbIIO0NH 00b-
eM mnamatu. [laHHag criekTporpamma rmnosydeHa Ha ocuwniorpade LeCroy Wave
Pro-7100 npu nnvHe namsty 24 MOaiT, mpuyeM B pexXuMe aBTOMAaTUYECKUX H3Mepe-
HUI JOCTOBEPHO M3MEpEeHHBI Bce TMapameTpbl AM-curHana. O4eBUIHO, YTO MPU Majoi
JUTMHE MaMsTH CHEKTpP CUTHaJa OyaeT CUJIbHO MCKaXeH, BIUIOTh 10 MOTepU OOKOBBIX Ya-
CTOT CIIEKTpa.

5.7. CneunanbHble BONPOCHI ocuunnorpadpumpoBaHus

5.7.1. O puckyccum «Good Will npotus Tektronix»

B nocnennee Bpemst B MHTEpHETE pa3BepHyIach TMCKYCCUSI O TOM, KaKue 13 [uppo-
BbIX ocuuiorpacdoB — dupMbl Good Will unu Tektronix — aydiue. YyacTHUKaMu auc-
KYCCUU CTalIM CIeUUaNIuCThl poccuiickux KommaHuii 3A0 «IIpuct» m Master Tool.
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B sToM mpuHsna yyacthe M peaakuus U3BeCcTHOro xypHaia «EDN», BkiouuBLIas B
apeHy crnopoB ele u ocuuuiorpadsl pupMsl LeGroy.

IMonoOHast auckyccusi MaJoONpOAYKTMBHA, TMOCKOJBKY ocuuuiorpadgsl 3Tux (Gupm
peaau3yloT pa3Hble KOHIETLUMK OCLUWLIOrpacMpoOBaHUS U MX TPSIMOE CpaBHEHHE HeE
BIOJIHE KOPPEKTHO M He 00beKTHMBHO. Tak, 1udpoBbie ocuuiiorpadbl KOpropaiuu
Tektronix co3maHbl JIs MOAYYEHUS] OCUMJUIOTpAMM B pealbHOM MaclluTabe BpeMeHU TMpUu
MaKCUMaJIbHO BO3MOXKHOI 4acToTe AMCKpeTh3auunu. B OOJBIIMHCTBE CiyyaeB, €CIU He
BBIXOIUTh 32 PEKOMEHAYeMbIe Mpeaebl TEXHUYECKUX BO3MOXHOCTEH 3THUX MPUOOPOB,
TaKOM TOAXOJ TIO3BOJISIET TOJYYUTh KA4eCTBEHHBIE OCIIMJIJIOTPAaMMBI JaKe OXHOKpAT-
HBIX U PEAKO MOBTOpPsIIOIIMXCS mpoiieccoB. M 3To cepbe3HOEe JOCTOMHCTBO OCLIMJLIOrpa-
¢oB 3TOi1 (PUPMBI, KOTOPOE TPYAHO OTPUILIATh MEPEUNCICHNEM WHBIX JOCTOMHCTB IIPH-
0OpoB JIpyrux (pupM — «Kak HU KPYTUCh», a BCE e BTOpOCTeNeHHBIX. MO0 rnaBHOe
NpeaHa3HaYeHne oCcIMuIorpadoB 3aKiIovaeTcsl B TPaBUJILHOM OTOOpaKeHUU TPOM3BO-
JIBHBIX (B TOM YMCJIE€ OMHOKPATHBIX M PEIKO MOBTOPSIIOLINUXCS) MPOLIECCOB.

BMmecTo Toro, 4To0BI TPOIOIIKATh 3TY AUCKYCCUIO, PACCMOTPUM BO3MOXKHOCTH HOBOTO
nokoyieHust Lu@poBbIX ocuuorpados pupMmbl Good Will. ¥ atux npubopoB 0CHOBHOI
aKIIEHT ClleJlaH Ha MPeA0TBpallleHN! MoTepu MH(pOpMaIuy TIpu OCHWIIOTpadMpoBaHUN
3a cueT 3(p(HEeKTUBHOrO MPUMEHEHUS MaMITU OOIbIIoN eMKOocTU. HekoTophie u3 00cyxK-
JlaeMbIX BO3MOXHOCTe#l Ooyiee 4eM aKTyaJlbHbl W JIJISI OCHMJUIOrpad)oB IPYyroro Tuma u
npyrux ¢upm. g wmroctpauuii Bocnosb3dyeMmcs: Matepuaiamu ctateit [30, 31], Korto-
pbie ecTb B MHTepHeTe Ha caiitax dbupm «IIpuct» u Master Tool.

5.7.2. Kak peructpupylot npouecchbl pa3jiuiyHbie TUMbl
ocuunnorpados

Bnauane eue pa3 u 6osee MoapoOHO pacCMOTPUM crielpUuKy ocumiorpa¢gupoBa-
HUS TIPOIIECCOB, Y KOTOPHIX BO3MOXKHA BpeMEHHAas HECTaOMJIBHOCTBH, KOTOPYIO M HAaIo
3aceub. J1OmyCcTUM, MCCIIEIYeTCsI CUCTEMa, HOPMAaJIbHO BbIpaOaThIBaIOIIAsl MPSIMOYIOJIb-
HBIIT UMITYJIbC. AHAJIOTOBBIN OCIMIIIOTpad 3arycKaeTcsl MepeIHUM (POHTOM KaKIOTO
UMIIyJIbca, U BCe OHM OyayT BMOHBI Ha dKpaHe. BHUMaTeIbHBII OJIb30BaTElb, CKOPEE
BCETO, 3ace4YeT MOMCHT, KOTJa MOSBUTCS Ne(eKTHBIN UMIyibe (puc. 5.50).

‘ Bpewmsi 3agepxkn  CurHan otobpaxeH

= e e =

Puc. 5.50. Ocyunnocpaguposanue umnyroco8 aHAL0208bIM OCUUALOZDAPOM

«bmarononyyue» ananoroBoro ocuuuiorpadgupoBaHust 6a3upyeTcs Ha TOM, YTO aHa-
JIOTOBBIE OCUMJUTOTpadbl UMEIOT MaJible 3aJepPXKKW B BbIBOAe MHMOpMAIMKM Ha 3KpaH
OJIT. Bripouem, BpeMeHa HEUYyBCTBUTEJILHOCTHU €CTh M TYT — 3TO BpeMeHa BbIXOJa Jiyya
3a Mpeesbl 3KpaHa M oO0paTHOro xona pa3BepTku. Ho xyxe apyroe — ckopee Bcero,
T0JIb30BaTENIb MTPOCTO HE 3aMETUT, UTO OJIWH U3 UMITYJIbCOB (€CJM OHM JOCTATOYHO KO-
pOTKHE) oKazaics Ae(PeKTHBIM — OH ObICTPO MPOMENbKHET Ha 9KpaHe. TyT SIBHO BUIEH
[JIaBHBIN HEMOCTAaTOK aHAJOTOBOTO oclmuiorpada — orcyrcTBue mamstu. OH ycTpaHs-
eTCcsl TPUMEHEHNEM aHAJIOTOBBIX 3allOMMHAIONIMX TPYOOK, HO ocuuutorpadbl ¢ HUMU
JIOpOTY M OYeHb peiku. B cBa3u ¢ nmosiBaeHMeM LMOPOBBIX 3alIOMUHAIOILIMX OCLMILIOT-
paoB MX BBIITYCK COIIIEN Ha HET.

A Terepb pacCMOTPUM TPOIECC OCUWIIOrpachupoBaHust HUQPPOBBIM OCcIUILTIOrpadom
(puc. 5.51). I'maBHBI HeAOCTATOK OOJBIIMHCTBA TAKWX OCUWLIOrPacOB — CIUIIKOM
JUIUTEJIbHOE BpeMsl MpeoOpa3oBaHWs CUTHAJAa M BbIBOJA ocLMJUIOrpaMM. B pesynbraTe
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ocuusutorpad 3axBaTbiBaeT HEOOJIBIION KYCOK Ipoliecca (B HallleM CIyvae MepBblid UM-
IyJIbC) U TMPOIYyCKaeT OOJIbIIYIO €r0 YacTh.

CurHan notepsiH

[ B e BN s 1

‘47 Mpouecc o6paboTku 44

Puc. 5.51. Ocyunrozpaguposanue umnyibcos yugposovim oCyusLOZpAPOM
C namamolo Ha OOUH UMAYALC

DTO NMPUHIUMUATBHBIN HEIOCTaTOK HMUGPOBBIX ociuiuiorpados. B Toit nnm wHoM
Mepe OH MpPUCYIL BceM ocumiorpadam 3Toro kjiacca. A moTOMy MOJHOE UCUE3HOBEHUE
AQHAJIOTOBBIM OocHMUTOrpadam moxka He TPO3UT, XOTS MX BBITYCK COKPAIIAeTCs.

5.7.3. O ponu namatv B umdpoBbIX ocuusnorpadax

IlepBble mOCTaTOYHO nelleBbie LM(MPOBbIE OocUUUIOrpadbl MMEIU HEOOJbIIIYIO I1a-
MSITh — Ha ONHY-IBE OCLIJIIOIpaMMEI. B 3TOM ciyyae pHUCK TOTEPSATH Oe(PEKTHYIO
4acTb CUTHaja ObLI JOBOJBHO OOJbIIUM. DTO UJUTIOCTPUPYET pUc. 5.52.

CurHan notepsiH

LT L~
Pf m((:)gl;-)HaE)TeH 4" SrggsgmeH

Puc. 5.52. Ocyunrozpaguposarnue umnyibcos yugposovim ocyusLozpagom
C MaAO0L namamosio

OueBuaHO, 4TO HU(POBBIE ocuUUIOrpadbl ¢ GOJBIION MaMSIThIO MO3BOJISIOT CXBa-
TUTh Cpa3y OOJBIION (hparMEeHT CHUTHAJIa, B KOTOPBI MOXKET ITOITacTh M ero medeKTHas
yacTb. DT0 WmocTpupyeT puc. 5.53. Ha Hem nokasaH ciyyaii, Koraa namsith LHu(ppoBo-
ro ocuuuriorpada HacTOJIBKO BEJIMKAa, UTO B Hee ITOMEIIAeTCsT BeCh MHTEPECYIOIINIA Hac

npouecc.

‘4—{ CurHan otobpaxeH A0CTOBEPHO }—»‘

Puc. 5.53. Ocyurnroepaguposanue umnyrocos yu@posoim ocyusrozpagom
¢ 6osbwol namamoro

To, 4TO IS TIOBBIIIEHUS MH(POPMATUBHOCTU OCHUJUIOrpadMpoBaHUs XKellaTeJIbHa
Oosblliasl MaMsITh, MPEKPACHO 3HAIOT Pa3pabOTYMKU BceX LUGPOBBIX OCHUIIOrpadoB.
OmHako elie ¢ AECATOK JIET TOMY Haszaa IaMsTh OblJIa JOPOTOil M Jaxke KOPITOpaIus
Tektronix sKoHOMMJIA Ha HEM B CBOMX MJIAQAIIMX MOIEISIX LM(POBLIX ocLUIorpados.
Kopmopanmst Good Will Bocronb3oBaach 3TUM 0OCTOSTETHCTBOM W U3 OBYX 3071 (HU3-
Kasl yacToTa AMCKPETH3allMyd U Majblii 00beM MaMsiTH) BblOpaja MEepBYId — OCTaHOBU-
Jlach Ha HM3KOW YacToTe AMCKPETH3allMM. 3aTo MaMsITh YXe y TIEpPBBIX 00pa3loB ee
u1bpoBbIX ocLWLIorpacdoB OblIa clelaHa NTOCTATOYHO OOJbIIONW — JUIMHA 3alKucu Ha
Kaxablii KaHan 125 k6aiT. YMECTHO OTMETUTh, YTO Y HEKOTOPBIX HOBEWILIMX OCLIMJIIOr-
padoB OHA TOCTHUTACT YXKe MeCITKOB MOAWUT U MMEET SIBHYIO TEHICHIIMIO K POCTY.
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5.7.4. NpumeHeHne OKHa AJI NPOCMOTPa YaCTU COAEPXMMOIro NamsaTun

Haxe npu 6oblIoi maMsaTu o6beM MHOOPMAUU, OTOOpaKaeMblii U3 HEEe, OrpaHU-
yeH. A mosToMy LU@POBbIE OCHUIIOrpadbl MO3BOMSAIOT MPOCMATPUBATL €€ BCIO, HO TI0
YacTsIM — C TTOMOIIIbI0 BPEMEHHOTO OKHa, KOTOpOe KakK Obl TepeMeliaeTcs mo ooyiactu
MPOCMOTpa. DTO WIIIOCTPUPYET puUC. 5.54, Ha KOTOPOM IOKa3aH TMPOCMOTP IJIMHHOM
cuHycouibl. PazymeeTcsi, 3TOT cmocobd MpUMEHMM IS JII0OOTO BUAA MPOCMAaTPUBAaEMbIX
MPOLIECCOB.

TIAMATE IKPAHA

Puc. 5.54. llpunyun npocmompa codepicumozo OAUHHOL NAMAMU C NOMOU,bIO
8DEMEHHO20 OKHA

Kax Takoii mpocMOTp OCYIIECTBIISICTCS Ha IpaKTUKe, AEMOHCTpPUpPYeT puc. 5.55.
31ech JaHa oCHMIIIOTpaMMa JOBOJIBHO CIIOXKHOTO IpOoliecca, COMepXKalllero Mayku M-
MMyJIbCOB, TpeIcTaBlieHHas Ha sKpaHe Hudposoro ocumniorpapa GDS-820 ¢upmbl
Good Will. Ha Heil paccMOTpeTh caMU UMITYJIbCBI HEBO3MOXXHO.

GEROPHHG

JIHCEPE-
B TUEALMA
& IWHOBbIA

[LETEKTOR

VCPEH

[ 5 | W TR B

Puc. 5.55. IlIpocmomp croxrozo cuenara Ha yugposom ocyusrozpage GDS-820
dupmor Good Will

O)IHaKO, BKIIOUYMB PEXKUM ITPOCMOTpaA JUIMHHOW TIaMSTU 1 MCITONIB3Yys PYUKY CMEIIC-
HUA Jiyda 110 TOPpU3OHTaJIM, MOKHO MPOCMOTPETH BCIO OCLMJIJIOTpaMMYy ITPpHU 1OCTAaTOYHO
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KOPOTKOI pa3BepTKe W BBIACIUTD JJIsI TIPOCMOTPa HEOOJBIION (hparMeHT OCLHMJITIOTpaM-
MbI, COXpaHEHHOI B MaMATU. DTOT CJIyyail roka3aH Ha puc. 5.56.

& 1MKOBLIA
o% [AETEKTOP
YCPEH

srsiraseirreririseiirns

125000

Puc. 5.56. [Ipocmomp ppacmenma ca0iHO2O cucHara HA YUugposom ocyurrozcpage
GDS-820 ¢pupmer Good Will

YMeHBIINB pa3Mepbl OKHA IIPOCMOTPa, MOXHO ACTAIBHO MPOCMOTPETh (POPMY OTHO-
ro umnyibca. [Ipumep storo maH Ha puc. 5.57.

CEOPHH®
FIMCKPE-
E THEALLMA
B MMEDR LI
e ETERTOP

Puc. 5.57. Illpocmomp 00H020 umMnyabca U3 CAOHHOSO CUZHAAA HA YUDPOBOM
ocyunnrozpage GDS-820 ¢pupmor Good Will

Kaxmerit mugppoBoii ocmuiorpad MMeeT crelnduIecKue 0COOGHHOCTH B HMCITOJb-
30BaHuM nmamMgaT. OHA MOXET ObITh OTHECEHA HA OIVMH WU HECKOJbKO KaHaioB. O0le-
MPUHSITO UMETh pa3Mep MaMsTH, BABOE TMPEBBIIIAIONIINNI O00BbEM, HYXHBINU IS OMHOTO
Kagpa skpaHa. Tak, y ocummiorpagoB ¢upmbl Good Will 370 3HAYUT, YTO OCLIMJIJIOT-
pamMMa cooTBeTcTBYeT 20 meleHUsIM IIKaJIbl, XOTS 9KpaH uMeeT Toibko 10 genenmii. On-
HaKo, yOpaB MEHIO C MPaBoii YacTU IKPaHa, MOXKHO MOJYYUTh JBA AOTOJTHUTEIbHbIX Je-
JIEHUSI.

Cnenndukoi, a, moxanyi, MpaBuiIbHee CKa3aTh, BaXXHBIM JOCTOMHCTBOM OCITUJLIOT-
pacoB dupmbr Good Will siBrisieTcst BO3MOXHOCTh UCTIONB30BAHUSI BHYTPEHHEH MamsTu
JUIST XpaHEHUsI OCUWIJIOTPAaMM ABYX CUTHAJIOB, 33[alOlMX MOMYCKW Ha TIOJIOXEHUE U
pa3mepsl OCHUJUIOTPAMM OT MCCIIEyeMOTrO YCTPOMCTBA. DTO MO3BOJSIET BHITIOIHSTH J10-
MYCKOBBIIA KOHTPOJIb M3AEAWM MO MapaMmeTpaM HX ocLuIorpaMm. Takoil KOHTpOJib
OYEHb MOJIE3eH B MPOMBIIUIEHHOCTH.
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5.7.5. O cnyyanHoin guckpetusauum n apdpeKTuBHOM ee yacTtoTte

bonpmmHCTBO 1IMGPOBBIX OCHWLIOrpadoB UCHOJIB3YIOT §-paspsaHbie ALl mis
KBaHTOBaHUsI curHajoB. 1o atomy mapamerpy ocuuorpadpsr GW Instek n Tektronix
uaeHTUYHbl. OgHaKo cnocoObl 3anucu curdHanoB B ALIT y HUX pa3iuyHbI.

B Tektronix BbIOpaH MyTh TUCPETU3ALUM C 3aBEOOMO OOJIBIION M HEU3MEHHOI Yac-
Totoil nuckperuzauuu. Tak, mias 100-MmerarepieBbiXx ocuuiorpagoB yacToTa AUCKpPeE-
ti3auun BeiOpaHa paBHoi 1 I'Tu. Takum oOpa3zom, Ha Tepuoa caMoil BbICOKOYACTOT-
HOI cuHycouabl octaercst 10 BBIOOPOK. DTOro Majio Tpu JIMHEMHOW MHTEPIOJISIINN, HO
BIIOJIHE XBaTaeT MPU MHTEPIOISALMM Buaa sin(x)/x. UMeHHO Mo3ToMy ocumiaorpacdbl
Tektronix 1IeHSTCS TIPU UCCICAOBAHNY CUTHAJIOB B pealbHOM MacIlTabe BpeMeHU, B Ja-
CTHOCTHM OJHOKPATHBIX U PEIKO MOBTOPSIIOIINXCS.

Henmocratkom Takoro criocoba sIBJsieTcst TO, 4TO MHMOPMAIIMS MEXIY TOUYKaAMU v~
CKpeTHu3aluy TepsieTcsl 0€3BO3BPaTHO HECMOTPsSI Ha BBICOKYIO CKOPOCTb TMCKPETU3ALIUMN.
Oco00eHHO SIBHO 3TO TMPOSIBIISIETCS] TIPU OCHMJUIOrpapOBaHNM KOPOTKMX UMITYJIECOB C
BeIOpocamy Ha ¢poHTax (puc. 5.58). HeTpynHO 3aMeTUTh, YTO BBIOPOCHI MOTYT OBbITH
norepsgHbl. Ho 3aTo Takoii crocod mpocT U TpeOdyeT HEOOJIBIION MaMATU Ha XpaHEHUE

OTCYETOB CHUTIHaJa.

i
BxogHoii curHan !
OTo6paxkeHne Ha akpaHe

Puc. 5.58. luckpemu3ayusa npu nocmosannol wacmome 8b6.60poK

GW Instek B cBOMX MOZJEJISIX MCHOJB3YET IPYTOi crocod OUCKPETU3aLMKU BXOLHOIO
CHTHaJIa — HEepeTryJIsIpHON AucKpeTu3auuu. JAucKpeTr3aiusl BXOMHOTO CUTHaIa IPOUC-
xomuT ¢ yactotoil 100 MB/Cc B ceKyHIy, IpUYeM 3a KaxXIblii TIEPHOJ Pa3BepTKU TOUKU
JUCKPETU3allui BHIOMPAIOTCS XAOTUYECKM M IOBTOPHbBIE IMOMaJaHMsI B paHee BbIOpaH-
HbIE TOYKM MCKIovatoTcs (puc. 5.59).

BxogHoli curHan

— AT1<—

;;nib;e'(:maumm |_| |_| |_| |_| |_|_
2-0f ywkn M M M s2R— M

AVcKpeTU3aLumn

3-1 umkn |_| |_| |_| > AT3 Hﬁ |_|_

AuckpeTusauum

AT ) BN ) NN | O | e |

AucKkpeTusauum

Puc. 5.59. [luckpemusayusa 3a N yuknros passepmku co cAyqaiiHoim cOBUZOM MOMEHMOB
cmpobuposanus

3a xonuyecTtBOo N IMEpPUOIOB pa3BePTKU HA MEPUOANICCKOM CUTHAJIC HE OCTAeTCs TO-
yeK, He MOIABEPIIINXCS OMCKPETU3aLMU, BKIIoYas Mejlkue aetanu (puc. 5.60). ocro-
MHCTBOM TaKOIro CIoco0a sIBJISIETCSI BO3MOXKHOCTb MCIIOJIb30BaTh «UIMHHYIO» IaMSTh U
0oJibllAst JOCTOBEPHOCTh BOCIIPOM3BEACHMS MEPUOANYECKUX cCUrHaaoB. HemoctatkoM —
BO3MOXHOCTb MCCJIE€I0BAaHUSI OAHOKPATHBIX CUTHAJIOB TOJBKO C yacTtoToi po 7,5 MI'u
(HeoOXxoaMMO, KaK MUHUMYM, 20 Touek aJisi OTOOpaXkKeHUsI CUTHaJia, TIpU 4acTOTe BXOJ-
Horo curHazna 150 MI'm).
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L1 Cnyuaiiblit cagur

OTobpaxeHne Ha akpaHe

Puc. 5.60. K duckpemu3sayuu co cayuaiinoim 8o.60pom omcuemos

Ha puc. 5.61 nmokasaHo otobpaxkenue ocuuuiorpagpom ¢upmbl Good Will curnana
yactotoit 30 MI'1 Ha OMHOKPATHOI pa3BepTKe — OTYETIMBO BUIHBI CYIIICCTBEHHBIC MC-
KaXXKeHUsI CUTHaJIa, BbI3BAHHBIC HEIOCTATOYHBIM YMCJIOM OTCUETOB CMTHAaJla W JIMHEHHOMI
WHTEPITOSAIUEei. 3aMeTuM, 4To ocuuiuiorpadsl Tektronix B 3TOM ciydyae JagyT HEMCKa-
KEHHYIO OCLWJLIOIPAMMY.

|
THI
DPOHT
0841 01 ¢
Bt 1
PEM MM
KO K

B nonsen e
THNLTP

Puc. 5.61. Omobpaxcernue cuenara ¢ wacmomoii 30 MI'y npu odnokpamnoi pa3sepmke
Ha 3kpane ocyuarnrozpagpa Good Will

I1Ipu yMeHBbIIEHMM YacTOThI CUTHaja 10 5 MI'1, yTo MeHbllle TPaHUYHOTO 3HAYEHUS
B 7,5 MI'u, cuTyaiiys CylleCTBEHHO YJIydllaeTcsi. DTO BUAHO U3 puc. 5.62. Tyr yxe Ha
nepuoj cuHycounbl mpuxoautces 20 Toyek npu 4yactore nuckperuzauuu 100 MTI'u. Tem
HEe MeHEee M 3IeCh BUIHBI MTOTPEITHOCTU JIMHEITHOM MHTEPITOJISIINY CUTHAJIA.

DPOHT
METOUHMK
| Kamn 1
. PEMHMM
naHOKP

B (100APH !
DHIIbLIP
DD IHHE

ST L L = & 1l P L

Puc. 5.62. Omobpasxcenue cuenara ¢ wacmomoi 5 MI'y npu odnHokpamnoii pazsepmke
Ha akpane ocyuarrozpagda Good Will
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Hannuue «mIMHHOI» MaMsITH Y BO3MOXHOCTh M3MEHEHUSI €€ [UTMHBI 1al0T BO3MOX-
HOCTh MAHMUITYJISILMU CO CKOPOCTBIO AMCKPETU3ALMU B IIMPOKUX IMpeaeaax, 0COOEHHO
TpY MCCJIEOBAaHWM CUTHAJIa B Auaria3oHe BpeMeHM pa3BepTku no 20 mxc. [Ipu ymeHb-
LLIEHUM BpeMEHU pa3BepTKU 00beM IMaMsATH aBTOMaTUYeCKU cokpaiiaercd. Haanume 60-
JIBIIOTO 00beMa BHYTPEHHEU MaMsATH U TIPUMEHEHUE TepeJOBbIX TPUHIIMIIOB 00paboT-
KU CHUTHaJjIa JaeT BO3MOXKHOCTb IOJIy4YUTh SKBUBAJICHTHYIO YacCTOTY AMCKPETU3ALUU TIe-
PUOANYECKUX CUTHAJIOB 10 25 I'B/c. DKBUBaJIeHTHAsI YacTOTa AUCKPETHU3AllMM CBsSI3aHa C
IJIMHOM TaMsATh (pOpMyIIoit:

Jwuna namsmu
20 O/laumenvrocms pazeepmiu’

f BO9KB ~

20 nmeneHuWii Ha 9KpaH BHIOPAHO M3 pacueTa BPEMEHM UIMTEbHOCTU Pa3BepTKU Ha
BeCb 9KpaH (C y4yeToM Toro, uyto nmamath 500 6ut, T. €. B ABa pa3a OoJibllie pa3pelieHust
KKMH B 240 TOUEK), MOCKOIBKY «IJIMHA» CUTHAJA B J[Ba pa3a OOJIbIlIe «IJTUHB» 9KpaHa.

IIpu pnune namsitu 500 6uT (3TO anrmapaTHOE OorpaHWYeHUE IJIMHBI MaMSITU Ha pa3-
BepTKe Oosiee 200 HC mMpu mMepexoie Ha SKBUBAJIECHTHYIO JMCKPETU3AIMIO) U BPeMEHU
pasBepTku 1 Tic, ¥ nojydaeM f; o« = 25 I'B/c! Ellle pa3 nmomyepkHeM — TIOHSITUE SKBU-
BaJICHTHOM IMCKPETU3ALMU MPUMEHUMO TOJIKO UISI TIEPUOJUYECKUX CHUTHAIOB. [1pu
MCCIeJOBaHUM OHOKPATHBIX curHanioB Tektronix obecrneynBaeT MaKCUMaJIbHYIO 4acTo-
Ty auckperu3anuu 1 ruraBeiOOpoK B cekyHoy, a GW Instek Tompko 100 MB/c. JleTanb-
HOoe cpaBHeHue (YBbl, He BIOJHE OOBEKTMBHOE) MOXHO HalTu B ctartbe «Llndposbie
ocumutorpadsl koMmnannu Good Will Instruments Co. Ltd. (GW Instek)» Ha MaTep-
HeT-caiite 3A0 «IIpuct».

5.7.6. KypcopHble U aBTOMaTU4eCkue BblHUCIIEHUSA

Kak u aHamoro-uudpossie ocuuorpadsl, npuodopsl Gupmbel Good Will umeror
BO3MOXHOCTA B MPOBEACHUM KYPCOPHBIX M aBTOMATUYECKUX M3MepeHuii (puc. 5.63).
EcTbh Takke BO3MOXHOCTU BBITIOJIHEHUsI Haj CUTHAJIAMU psia MaTeMaTUYEeCKMX orepa-
LM, HaIIpUMep YCPeIHEeHUs U CLJIaXKMBaHUS Uil OYMCTKM CUTHAJIOB OT LIyMa.

e e S+ ME PIEH
IR pp

*
i
+

Puc. 5.63. Illpocmomp ocyurrozpamm ¢ 86.8000M pPe3yibmamos A8MOMAMULECKUX
sviuucrenuti Ha ocyusrozcpage dupmor Good Will

B pPEXKMME aBTOMATUYECKUX BBIYMCJICHUN OIIPCACIAIOTCA:

e BpeMeHHBIe mapameTpsl — 4dactota (F), mepuon (T), BpeMst HapacTaHUsI, BpeMs
CIajia, CKBAXXHOCTb UMITYJIbCOB, UIMTEIbHOCTb UMITYJIbCa (MOJOXUTENbHAS U OT-
pUIaTeIbHAS);
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aMIUTUTYIHbIE TTapaMeTpbl — MaKCUMaJbHOe U MUHUMAaJbHOEe 3HauYeHus (Vmax,
Vmin); pa3aMax oT nuka a0 nuka (Vp-p) — cpeaHeBbINPSIMIEHHOE, CPeIHEKBAI -
paTU4HOE, CpeHee aMIUTUTYIHOe 3HaUeHUsI; cpefHee u3 MuHumanbHoro (Vio) u
MakcuMasibHOro 3HayeHuit (Vhi).

Ha skpaH MOXKHO BBIBOAMTS /10 S U3MEPsIEMbIX MTapaMeTpOB M0 000UM KaHaiaM. To ecThb
Ha 9KpaH OHOBPEMEHHO BBIBOAUTCS 10 pe3ynbTaToB M3MEPEHUI, TUTIOC PE3YJIbTaT U3Me-
PEHUS YaCTOThI 6-pa3psiIHBIM YaCTOTOMEPOM, KOTOPbIii Bcerna MpUCyTCTBYET Ha dKpaHe.

NHTepecHO cpaBHUTH BBIBOJ pPe3YyIbTaTOB BHIUMCIEHUI B ocuuiuiorpadax Apyrux
¢upm. Ha puc. 5.64 takoii BbIBoA MokasaH ajist ocuusuiorpada dupmsl Tektronix cepuii
TDS 1000 u 2000. HeTpynHO 3aMeTUTh, YTO 3TOT MPUOOP BHIBOAUT MEHbIIIEE YUCIIO aB-
TOMATUYECKU M3MEepsIeMbIX MapaMeTpOB — MaKCUMYM 5.

Puc. 5.64. [Ipocmomp ocyunrrocpamm 86.8000M pe3yibmamos A8MOMAMULECKUX

soluucaenuli Ha ocyuarrozpage dupmor Tektronix

5.7.7. Ocob6eHHOCTU paboTbl pa3BEepPTOK U CUHXPOHU3aLUN

Hudposbie ocumnorpadbl UMEIOT XapaKTepHble OCOOCHHOCTH M B KaHajie X, CBSI-
3aHHbIE ¢ PAOOTOI pa3BEepTKU U CMHXpOHU3AMU. Tak, TOMUMO TPaIULIMOHHBIX JJIsT 00-
JIBIIMHCTBA OCLIMILIOTPacOB PEKMMOB 3aIlycka pa3BepTKM, TAKMX KaK aBTOMaTUYCCKUI,
KIOYIIMA ¥ ONHOKPATHBIM 3amycK pas3BepTKu, ocuwuiorpadsl cepun GW Instek
GDS-820 obmagaloT yHUKAIbHBIMU PEXXUMaMU 3allyckKa pa3BepTKU:

3aIyCK pa3BepTKU 110 [IMTEJIbHOCTH UMIIYJIbCA;
3a[epXKKa 3alycKa pa3BepTKU 10 BPEMEHHU;
3aE€PKKU 3aIlycKa pa3BepTKU 10 COOBITUIO;
BBIJIEJIEHUE TeJICBU3MOHHBIX CTPOK.

B pexume 3amycka pa3BepTKU MO UTUTEIBHOCTA MMIIYJIbCa pa3BepTKa MPOUCXOIUT
MPW JUTUTSIBHOCTA WMITYJIbCA COOTBETCTBYIOIIMM OIIPEICIICHHBIM YCIOBHSIM. DTUMU
YCIIOBUSIMU MOTYT OBITh:

JJIMTECJIBHOCTD UMITYJIbCAa paBHA 3alaHHOMY 3HAUYCHMIO,
JJIMTEJIbBHOCTH UMITYJIbCa HE paBHaA 3aJaHHOMY 3HAY€HMUIO,
JJIMTEJIbBHOCTD UMITYJIbCa 0oJibllle 3aaHHOTO S3HAUYCHUSI,
JJIMTEJIBHOCTD UMITYJIbCa MEHBIIC 3aJaHHOI0 3HAYCHMU:.

IIpu coBnageHWu 3aAaHHBIX YCIAOBUM IS IJIUTEIbHOCTU MMITYJIbCA TTPOUCXOIUT 3a-
IyCK pa3BEepTKU.
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IIpu 3agepxke 3amycka pa3BepTKHU IO BPEMEHU IMOJIb30BaTEIb MOXET 3a/JaTh BpeMsi
3aJIep>KKK OT MOMEHTA TIOSIBJICHUS] UMITYJIbca CUHXPOHU3ALUK 10 MOMEHTA 3aIycKa JIi-
HMM pPa3BepTKu (puc. 5.65). DTy 3amepXKy MOXHO peryJiMpoBaTh B Ipeieiax
100 Hc...1,3 Mc. B MOMEHT MoOsIBJIEHUSI TIEPBOTO MMITYJIbCA 3aITyCKAeTCsl CXeMa 3aJIePKKU
CXEMBbl CMHXPOHM3allMU, BpeMs 3alepXXKM OIpenessieTcsi Mojb3oBareieM W paBHO T,
rocJyie OKOHYAaHUSI 3TOT0 BPEMEHM JIMHUSI Pa3BepTKU OyIeT 3arlyllieHa TepBbIM UMITYJIb-
COM, CJIEAYIOIINM ITOCIe OKOHYAHUSI BpEeMEHU 3a[epKKU.

Bapepikka CUHXPOHU3ALMM

3anyck 3agepxku
CUHXPOHU3aUnn

YcTaHoBneHHoe Bpemsi 3agepxku (T) |

BanyckatoLwmini UMnynsLc

.

i
3anyck passepTkut

Puc. 5.65. Bpemennoie duacpammor 3anycka pa3sepmku no 3a0aHHOMY 8pemMeHU 3a0epircKu

[Mpu 3amycke pa3BepTKU MO COOBITUIO TMOJIb30BATEb MOXET 3a7aTh KOJUYECTBO CO-
ObITUI (MMITYJIbCOB) OT MOMEHTA TOSIBJICHUSI MMITyJIbca CUHXPOHU3ALMM O MOMEHTA
3aITycKa JIMHUW pa3BepTKu (puc. 5.66). [Tonbp3oBaTe b MOXET PEryIMpOBaTh KOJTHMYSCTBO
coObITuil B npeaenax 2...65000. B MOMEHT mosIBJIeHMSI IIEPBOrO MMIIYJIbCA 3aITyCKAETCSI
cxema 3aJepXKU CXeMbl CHHXPOHM3AIMU, KOJMYECTBO MMIIYJIbCOB 3alepxkKu (Ha
puc. 5.66 ux aABa) omnpenenseTcs Mojab30oBaTeIeM, Mocjie OKOHYAHUS TIOCTSTHErO COObI-
TUS JIMHUS Pa3BepTKU OyJET 3amylieHa MEePBbIM UMITYJIbCOM, CIEAYIOIIUM ITOCIEe OKOH-
YaHUs BPeMEHU 3aIePKKU (TPETUIL MUMITYJIbC).

3apepkka CUHXPOHU3aLMM

3anyck 3agepxku
CUHXPOHU3aunn

i
3anyckatowmii i
UMNYNbC i 1 2 3
T
i
i
i
i

LN L L

i
! i
Banyck cyeT4nKa UMNYnNbCOB 3aAePXK1 i
MoMmeHT 3anycka pa3BepTku

Puc. 5.66. Bpemennoie duacpammol 3anycka pa3sepmku no cobovimuio

B pexume BbleNeHMST TEJICBU3MOHHBIX CTPOK BO3MOXKHO BBIICJICHHUE TEJIEBU3UOH-
HBIX CTpokK B cucteMax TteneBuaeHus: PAL, SECAM, NTSC mno 3agaHHOMY HOMEpPY
CTPOKHU M IIOJISI, IPUYEM B OTJIMUME OT aHAJIOTOBBIX OCLIMILIOrpacoB, TaKKe MMEIOIIUX
TAaKOI PeXMM 3aIlycKa pa3BePTKHU, SIPKOCTb CBEYCHMS Jiyda B 9TOM pEXMMeE HE 3aBUCHUT
OT BBIOPAHHOTO pexXUMa.

5.7.8. BbicTpoe npeobpa3oBaHue dypbe U gpyrue BOSMOXHOCTU
ocuunnorpador Good Will

Ocuumtorpader 800-i1 cepum ¢pupmbel Good Will obnagarorT u (yHKLIMEH OBICTPOTO
npeobpaszoBanust Dypre (BI1ID). T. e. OHM CITOCOOHBI BBITIOIHATH (DYHKIIMHA IU(PPOBOTO
IIPOrpaMMHOI0 aHaJIM3aTOpa CIIEKTPa C OOJBLIMM AMHAMUYECKMM auana3oHoM. OH 10-
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3BOJISIET OIEPAaTUBHO OTOOPAa3UTh CIEKTP
CHUTHaJIa, IPUCYTCTBYIOLIETO B HACTOSIIINI
MOMEHT Ha 32KpaHe ocuwuiorpada
(puc. 5.67), 1 U3MepUTh NapaMeTpbl BCEX
€ro rapMOHUK.

B cepun ocummnorpados GDS-800
MMEIOTCSl W TaKue MOCTAaTOYHO crienudu-
yecKrde BO3MOXHOCTH, KakK TMpolleaypa
OOyUYEHUST U PEXKUM JTOITyCKOBOTO KOHTPO-
as. B pexume oOydyeHus ocuuiorpad
o0yuaeTcs] HaCTpoOiKaM W pe3yJIbTaThl WX
3aHOCSTCSl BO BHYTPCHHIOIO 2HeproHesa- [l
BUCHUMYIO TTaMSITh TprOopa. MoxXHO 3amnu-
caTh COCTOSIHME BCEX OpPraHOB yIIpaBie- Puc. 5.67. Ocyunrrozpammo. meandpa
HUSI, BKJIIOYasi HE TOJIKO TIOJIOXKEHUE Te- i eco cnekmpa
pexmovateneit B/nen u Bpewmsi/nen, Ho
YPOBHS ¥ PEKMMOB CUHXPOHU3AINHN, PEXKIMOB paOOTHI KAHAJIOB, PEKMMOB U3MEPEHUS 1
T. 1. BbI30B 3THX npoduieii U3 maMsITH TOCTATOYHO IPOCT U CYILIECTBEHHO COKpalllaeT
BpeMsI YCTAHOBKHM OPTaHOB YIIPABIICHUS TIPH ITPOBEACHUN OOJIBIIOTO YMCIa OMHOTUITHBIX
orepaluii, Ipu KOTOPBIX HEOOXOAMMO IEePUOANYECKM YCTaHABIMBATh pa3HbIC PEXKUMBbI
paboTsl ocimyuiorpada. OTo HeOOX0AMMO, HATlpUMep, Ha COOPOYHOM KOHBElepe B 1IEeXY.
Ho BniepBbie mpuMeHeHa MpUBsI3Ka BbI30Ba MPOoGUIeii KO BpeMEHMU.

DTO 03HAYAeT, UTO B pexknMe o0yueHHUs ocuusuiorpada orepaTop yCTaHaBIMBAET He-
obxoaumblii mpoduiib. B aTOM pexkume y onepatopa HET HEOOXOAMMOCTH BOOOIIE MPO-
MU3BOINTH KaKKWe-IM00 MaAaHUMYJISILMKU C OpraHaMu yrpasjieHus: ociiuiorpada. DToT pe-
KUM ellle Oosiee obJyieryaeT Ipolecc NMPUMMEHEeHMs ocuuiiorpaca Ha KOHBeilepe, rae
BCTPEYAIOTCS TIEPUOINIECKIE TTOCEI0BATETbHOCTH OMHOTUITHBIX OTIEpaITUiA.

B pexuMe nomycKoBOro KOHTpOJISI B ocLusuiorpad, mo oqiHOMY U3 MOPTOB ¢ KOMITb-
oTepa WK B PyYHOM pEXHMME C TepeaHel MaHeqn ocHuiuiorpada, 3ammchIBacTCsI Tak
Ha3blBaeMasi Macka. DTO HEeKMil 11a0JOH, B IpedesaX KOTOPOro JOJDKEH HaXOAUTbCS
curHai. Ecm BXOmMHOI CHTHaJI HAXOMUTCS B IIpelesiaXx 3TOro IIadjoHa — ocumriorpad
WHAULIMPYET PEXUM «TOIAEH», €CJIM KaKas-HUOYAb YacTh BXOAHOIO CUTHajJa BBIXOIMT 3a
npejaebl MaCKu — ocUuuIorpad MHAMLKPYET PEXKUM «He roaeH». [He310 BhIXOda «I'0-
JIeH/He TOAeH» HAXOMMUTCS Ha 3aJHell maHeau. DTOT PexkMM MOXET ObITh MPUMEHEH B
CHCTeMax TEeJIEKOMMYHUKAIIMN JUISI TIOCTOSTHHOTO KOHTPOJIS 3a (DOpMOIl cUTHAjIa WU
IIPY HaJaKe U PETYJIMPOBKE Pa3IMYHOro OOOpYINOBAaHMS, KOIia €CTb HEOOXOAMMOCTb
MMOACTPOIKN (POPMBI CUTHAJIA TI0 ONPEACICHHOMY IIA0I0HY.

KEHHHANWT
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5.7.9. NMpumeHeHue ocuunnorpadoB ¢ undpoBbIM NOMNHODOPOM

Kak yxe ormeuanoch B rnaBax 3 u 4, B cepun 3000 ocumiorpago ¢pupmbsl Tektro-
nix peaJm3oBaHa HOBas KOHLENIMS IHU(GPOBOro JmoMuHodpopa. Tak MMEHYIOT 3JIeKT-
POHHBII OJIOK ¢ MaMsThIO, BKIOYeHHBIH Mexay ALITT n mucruteem (puc. 5.68). 3mech:
Amp — BxomgHOU ycuiautedab ocu Y, A/D — anamoro-umdpoBoit mpeodbpaszoBaTenb, Di-
gital Phosphor — 6s0k uudposoro momuHogopa, Display — aucruieit, uP — mpouec-
COp YIIpaBJIECHUS IUCIUIEEM.

DYHKUMOHATbHAS CXeMa PUC. 5.68 TIPOSICHSIET CYyTh OCLUILIOrpadUpOBaHUS C TTOMO-
LIBI0 TaKMX OCLMLIOrpacoB: MO CYLIECTBY OCLIMJIOrpaMMa C AOMOJHMTEIbHBIM Ilapa-
METPOM — MHTEHCUBHOCTBIO — (hOpMHUpPYETCsT B OJI0Ke 1M POBOro JIOMUHOMOpa U C T10-
MOIIIBIO YIIPABIISIONIETO IIPOIieccopa MePUOINIECKH U C BBICOKOM CKOPOCTHIO IepeaacTCs
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Puc. 5.68. ¥Ynpouwennasn ¢pynkyuonasvnas cxema ocyuirozpaga ¢ yugposoim
Atomurogopom

JIUCIUIEIO JJIsT OTOOpakeHusl. 3aTpaynBae-
MO€ Ha 3TO BpeMsI He BXOJIUT BO BpeMs Ha-
KOIUIEHUsI U TpeoOpa3oBaHUs MHPOpMa-
uuu. Bee 310 1 0bGecnieurBaeT HOBbIE BO3-
MOXHOCTH TaKMX OCLIMJLIOTpacoB.

Ha puc. 5.69 mokazaHa ocuuutorpam-
Ma ocuuiiorpada ¢ HM@pPOBBIM JTIOMUHO-
¢opom (DPO), orobpaxaroiass HecTabu-
JIbHBIM IIPOLECC M CcoaepxKalllash CBEpXy
TMCTOTPaMMY MHTEHCUBHOCTH.

Ha npyrom pucynke (puc. 5.70) rmokasa-
Ha TpeXMepHasl OCHWJIJIOTpaMMa MHOXKECT-
Ba TEJICBU3MOHHBIX CUTHAJIOB. TpeTbe u3-
MepeHHMe 3/1eCh 3alaHO yXe He MHTCHCUB-
HOCTBIO, a BEICOTOI OCLUMIIJIOTpaMM — TIpU
HX TTIOCTPOSHUM ITOMUMO oceit X 1 Y BBezie-
Ha 0Cb Z, TaK YTO OCLIMJIJIOTPAMMBI CTPOSIT-
¢sI KaK TOBepXHOCTH B 3D-TpocTpaHCTRBe.

Hammame TpeThero n3amepeHust (MHTEH-
CHBHOCTHM CHUTHaJla WU BBICOTHI Z) pe3KO
pacimpsier o0beM MHGOPMAIUA O CUTHA-
JIe ¥ HepeIKO ITO3BOJISIET BBIICHUTH TaKUe
€ro 0COOEHHOCTH, KOTOPbIe He BUAHBI TIPU
00bIYHOM JBYMepHOM (2D) ocuusiorpa-
¢upoBaHUM. DTO OTKPHIBACT IITUPOKHUE
BO3MOXHOCTH B JMArHOCTUKE CJIOXHBIX
TPOIIECCOB, HATIPUMED B IBUTATENISIX BHYT-
PEHHETO CropaHusl IIPU MX TeCTUPOBAHUU
B CIJIy>k0ax cepBuca.

Ocummiorpadgbl ¢ UUQPPOBBIM JIIOMU-
HO(GOPOM KOMUPYIOT 1M (YyHKIIMKA aHaJo-
TOBBIX 3allOMUHAIOLIMX OCUUUIOrpadoB,

HENTS 10 AFUSE T U amanl I{I'H.
|-

{12880

&I’.‘-‘.‘I’ﬁ‘ri"ﬂfl?"_“r.ﬂ‘i'l

Puc. 5.69. Ocyunrnoepamma croxmcHozo
HecmabuavbHo20 npouyecca ¢
2ucmozpammoll uHmeHcUBHOCMUY

Puc. 5.70. TpexmepHole ocyusrrozpammol
meneBU3UOHHbLX CUCHAL08

HakarumBasli B 0J10Ke 1IM(GpoBOro JIOMUHOGOPAa MHOXECTBO OCHWJIJIOTPAMM M OTOOpa-
XKas 3aTeM MX Ha dKpaHe aucries. Ha puc. 5.71 mpencraBieHa MLTIOCTpaldsl TaAKOTO
pexxnma padotel DSO. HeTpymHO MOHSATH, UTO 3TOT peXKUM, TTOAOOHBIN peXXUMy aHaI0-
TOBOIO IOCJIECBEYEHMS B IPYIUX ocLMuIorpacdax, mo3BoJsieT 3¢ (MeKTUBHO OTCIEKBATh
cJydJaitHble cOOM B paboTe MCCIIeMyeMbIX YCTPOMCTB WIIM PEIKO TOBTOPSIIONINECS HEeWC-

MPaBHOCTH.
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5.7. CneyuanrvHole 80nPOCHL OCYUANOZPAPUPOBAHUS

SISy J14ET Atge
e 21 - ©

e b

I!II:I VEEV T W ¥6kA BRI F TEEV

Puc. 5.71. I[Ipumep pabome. ocyurrocpaga ¢ yugposoim A1OMUHOPOPOM
8 pejcume HAKONACHUS OCYUANOSPAMM

Jnst HaOMOAeHUST CHOXHBIX MPOLIECCOB U TMOCTpOeHUsT GUryp B MIOCKOCTH X—Y
(HampuMep, CIOXHBIX (Da30BBIX MOPTPETOB CUCTEM C HECKOJBKUMU OCOOBIMU TOYKAMU,
HanpuMmep QokycamMM) Takxke mosedeH HudpoBoit JroMuHodop. Puc. 5.72 maet nmpumep
OCLIMJIOTPAMMBI TaKOTO poa.

Flop REMREE ahre 9
[

3 1 [ LI i 1 S L {2
Puc. 5.72. Ilpumep ocyuarrozpammo. npoyecca, nocmpoenHot 8 naockocmu Z

BnarogaTHoOIf 007aCTBI0O TPUMEHEHUS OCHIIIIOTPadoB ¢ HUPPOBEIM JTIOMUHOMOPOM
SIBJISIETCSI DHEPreTMKa M YCTPOMCTBA MMITYJIbCHOIO M MHOTO IIpeoOpa3oBaHUsl BJICKTPHU-
yeckoil sHeprun. Kak mM3BecTHO, KIIIOUYEBbIe MMpeoOpa3oBaTe/ii Ha COBPEMEHHBIX Tepe-
KJIIOYAIOIIMX Iprubopax (MOIIHBIX MOJIEBBIX U OUITOISIPHBIX TPAH3MCTOPAX, TUPUCTOPAX,
GTO-monynsix u T. A.) TEOPETUUECKU OOEeCTIeunBaloT KOA(POUIIMEHT T0JIE3HOTO IeHCT-
Bust 10 100%, HO XapaKTepU3yIOTCsI OUYE€Hb CJIOXHBIMU Mpolieccamu. PazobpaTbcst B HUX
0e3 COBpeMEeHHBIX OCIIMIUIOrpaoB MPOCTO HEBO3MOXKHO.

Ha puc. 5.73 noka3zaHo BKJIIOYEHHE KJIoYa Ha MOIIHOM I10JIEBOM TPaH3UCTOpPE B U3-
MEpUTEJIbHYI0 cxeMy IpeooOpaszoBaTesisi. C MTOMOIILIO TOKOBOW TETJIM KOHTPOJUPYETCS
TOK, TeKYIIMil 4epe3 TpaH3uCTOp. JJIsi KOHTPOJS HANpsDKeHUsT Ha HEM XKeJaTeJIbHO
TpUMeHeHne ocuuiiorpacda ¢ ONTUYECKON pa3BsI3KOil BXoja.

Puc. 5.74 npeMoHcTpUpyeT BO3MOXHOCTb TMPEACTABICHUSI CEPUU OCLIMJIJIOIpaMM Ha-
TIPSDKEHUST M TOKa KJTtova puc. 5.73, MoJydeHHBIX C MOMOIIbI0 ociriuiorpada ¢ unudpo-
BbIM JIOMHHO(pOpoM. ClieyeT OTMETUTh, YTO OCLIMJUIOIPAMMbI MOT'YT ObITh LIBETHBIMMU,
YTO 3aMETHO MOBHIIIACT UX MH(POPMATUBHOCTD.
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[>——o0 Tok

|

o ---!

Vs Hanpspkenune

—
Puc. 5.73. Kawou na moujnom nonregom

mpan3ucmope — OCHOBHOL KOMNOHEHM
npeobpa3osamenbrolX ycmpoicms

b

<

MHorue mnpeoOpazoBaTed MCIMOIb3Y-
0T IIMPOTHO-UMIYJILCHYIO MOIYJISIINIO,
YpPOBEHb KOTOPOU ITIOCTOSTHHO MEHSIETCS
IIPY U3MEHEHUHU MTUTAIOIIEeTO HaTIPSDKeHUS
U Harpy3ku. OTo TpeOyeT 3allOMMHAHUS
OCLIMJIOTPaMM, WJUTIOCTPUPYIOIINX MOJIY-
ggumio. TIpuMmep TakMX OCHMIJIOTpAMM
npencTaBjieH Ha puc. 5.75. 3pech Takxke
HUCIIOJIb3YETCS peXuM HaKOTIJICHMUST
OCLIWJUIOTPAMM UM TIPEACTABICHUE HX C
pa3HOI MHTEHCUBHOCTEIO.

Pasymeercs, ocummiorpadsl ¢ nudpo-
BBIM JIIOMHHO(GOPOM HWMEIOT W MHOTHE
JIpyrue BO3MOXHOCTU, YK€ OITMCaHHbIE
BBIIIIE. DTO KYPCOPHBIC BBIYMCIICHUS, aB-
TOMAaTUYECKUE BBIUMCICHMS, TPEACTaBe-
HUe HU@POBBIX JaHHBIX Ha BKpaHe IUCII-
Jiess BMECTe C OCLIMJUIOrpaMMaMu, ObICT-
poe TipeobpaszoBanne Pypre M padoTa B

fo e | Trigd - [N

" ' ' 4y ' A A.00W
. @ 0w
e S -, : Ji—Ja: 0.00%
. | @ 12oms
L. d Ch Max
r - N : : ] HE OV

A

A
L s Chz M
Fad | 12104

t + t +

Math Max
F . . f aneaw

IO0ME A CRT & T80Y }

Puc. 5.74. Cepus ocyunrnrozpamm
0asl KAIOYA HA MOULHOM NOACBOM
mpan3ucmope

Puc. 5.75. Ocyurnoepaduposanue
Henpepol8HO UBMEHSIOUUXCA UMNYLbCOB

pexxnMe aHajau3aTtopa crekTpa M T. A. Bce sTo nmemaer takue mpubopbl HauboJjiee YHU-
BepCAIbHEIMA B MUPE COBPEMEHHBIX OCHMIIIOTpadoB M, HECMOTPST Ha BBICOKYIO CTOM-
MOCTb TaKMX IPUOOPOB, 00eCIIeYrMBaeT UM MacCOBOCTb MPUMEHEHMI 1 cObiTa. BhImyck
TaKnX TIpUOOpoB KoMmmaHuei Tektronix mocTuraeT IecsITKOB THICSY B TOZI.
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NnaBa 6. NMpakTuyeckaa pa6ora
C KOMMNbIOTEPU3UPOBAHHBIMU
naéoparopuamm

6.1. UuTepdeiic KoOMNbIOTEPU3NPOBAHHOW NnabopaTtopum
PC-Lab 2000

6.1.1. O6wwmih BUA, okHa nabopatopumu PC-LAB 2000

KommnrslotepusupoBanHas naboparopust PC-Lab 2000, onucanHas B raBe 4, sBs-
€TCsl IOCTATOYHO JELIEBbIM KOMILIEKCOM, 0OeCleuynBalouM BMECTe C MepCOHATbHBIM
koMmbloTepoM kKiacca IBM-PC, BrosHe MOTHOLIEHHYIO U JOCTYIIHYIO 0OpabOTKY CUT-
HaJ0B B ABYX KaHaJlaX ¢ moyiocoii yactoT a0 50 MI'. Drta n1abopaTopusi MOXET UCIIOJIb-
30BaThCsl B HAYYHBIX MCCIIEAOBAHUSIX JIEKTPOHHBIX YCTPOMCTB YMEPEHHOTO OBICTPOIEHi-
CTBUSI, B KaYeCTBE y4EOHOTO KOMILJIEKCa MO U3YYEHUIO BO3MOXHOCTE! 11dpoBoit oopa-
OOTKM CUTHAJIOB, a TAaKXKe KBATM(MUIIMPOBAHHBIMU PATUOIIOOUTEISIMM.

Hwuxe npeacrtaBieHo onucaHue nociaeaHeir Bepcun 1.38 madopatopun PC-Lab, nmosi-
BuBIieiics B KoHue 2004 roma. BHemrHuit Bua OKHa JlabopaTOpwWu, pa3BEepHYTOTO BO
BeChb dKpaH NHUCILIes KOMIbIOTepa, MpeacTaBieH Ha puc. 6.1. KUpHBIMU HaaMuCIMU
TTOSICHSIETCSI MECTO PACITOJIOKEHMSI OCHOBHBIX OPTAHOB YIIPABJIECHUSI Y BaXKHEUIINX (hyH-
KIIMOHAJIBHBIX YacTeil Jabopatopuu. OTMETUM MX Ha3HAYEHUE:

* MEHIO — OCHOBHOE MEHIO JIaOOpaTOPUM C OTKPBIBAIOIIMMUCS IMO3MLUUAMU (Ha
puc. 6.1 orkpoita no3uuus File);

e KHONKU PEXUMOB PabOTbl — pPsiI OOJBIIMX KHOIOK, 3aJAIOIIKMX PEXUMbI PaOOThI
J1abopaTopuM B KavyecTBe oclLniorpacda, aHaau3aTopa CIIeKTpa, Pernucrparopa co-
OBITHIA, (DYHKIIMOHAIBLHOTO TeHEpaTopa M aHalIM3aTopa CXeM B YaCTOTHOM OOJIACTH;

-\ Dscilloscope _[8]x]
Fle Edt Options View Math Hep  MeH

Cicut Analzer | KHOMKK peXuUMOB paBoTsl
 Time/Div.

P s ; ; B
I | : o] o2l o] ooy

P pasBepTky

h 0.2us| 0.7ug| -05us| 02us|

\‘ M
------------- ’ - . ol Pexum
ut "€ |aanycka

Volts/Div. CH1 Trigger

T ON_ | _AUTOSET PERSIST | [ oN  _AUTOSET |' s ] [ (5
o R e (]
" w9 st | s [ axonness o104 o] s | { [ E e

hectrum»‘!na\yzarl Transiert Recorder | Function Gienerator |
I

Open LSO Dat

Save Image. .
Save DSO Data. .
Save FFT Data, .

Save Settings...
Recall Settings.

Exit
Calibrate & Exit

DKM

: Eavlig iy : Edge|7 4 =il
ZPostion [ AC _DC | [GND| _ac|Toc omn] poiion 2| ||| ZLevel BHOER
OpraHbl ynpaenexus OpraHbl ynpaenexus POBEHE aanycka
kaHanom CH1 kaHanom CH2 TpuIrepa

Puc. 6.1. Brewnuii 6ud okna aabopamopuu PC-Lab 2000 (sepcus 1.38-2004 2.)
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* B5KpaH — 00JIACTb 3KpaHa, B KOTOPOW OTOOPAXKAIOTCS OCUMIUIOTPAMMBI, MapKephl
(Kypcopbl) 7151 BBITIOJIHEHUSI KYPCOPHBIX U3MEPEHUI U JaHHbIE OCHOBHBIX U3Me-
peHui;

* Mapkepbl — JBE Mapbl (TOPU3OHTAIBHBIE U BEPTUKAIbHbIE) TOYEUHBIX JIMHUIA,
MPENCTABISIOIIMX NIEPEMELIAEMBII MBILIBIO KypCcop;

e opraHbl ynpapieHust KaHajioM CH1 — KHoOIKM BbIOOpa M aBTOYCTAHOBKM KaHajia
1, cnaiimep Position cMmelleHUsI OCHMJLIOIPaMMBI IO BepTUKAINW, KHOTKIA KO3(-
¢UUMEeHTOB YyBCTBUTEAbHOCTH KaHala CH1 u KHOMKM BbIOOpa TUIIA BXOAA;

e opranbl ynpasieHus KaHaioM CH2 — KHONKM BBEIOOpa 1 aBTOYCTAHOBKY KaHajla
2, cnaiipep Position cMelleHUsT OCUMLIOrpaMMBbl TIO BEPTUKAIU, KHOIKU KO-
¢ummeHTOB UyBcTBUTENbHOCT! KaHama CH2 n KHOmKM BBIOOpa THUIIA BXOAA;

e KHOMKa ympaBieHusl pexumoM HakoruieHuss — kHomka PERSIST, 3aparoinas
peXUM HAKOIUICHUs (3aIIOMUHAHMS) OCHUJUIOTPaMM;

e K03 GULMEHTHI pa3BepTKU — HAOOpP KHOIOK, 3aJaiolIuX KOo3(h(GULIMEHTHl pa3-
BEPTKU (IUIMTEIHLHOCTD Ha 1 OOJBIIIOE OeIeHMEe MACIITAOHOM CEeTKM 2KpaHa);

® PEXMMBI 3aITyCKa — KHOIIKHW AJIsI MHOTOKPaTHOI'O0 M Pa3oBOI'0 ITyCKa pa3BEPTKMU,

* pEXWM TpUITE€pa — TPU TPYIIIbl KHOIOK, YIIPAaBJISIOIIMX CUHXPOHM3aLMEld u
TPUITEPOM pPa3BepTKU (BKIIOYEHMSI M BBIKIIOYEHMSI cuHxpoHm3auuu On/Off,
BbIOOpAa MCTOYHMKA CHMHXPOHHU3ALUMKM Source M yIpaBJIeHUsI HaIlpaBJIecHHEM 3a-
nycka Edge);

e YPOBEHbB 3aITycKa Tpurrepa — ciainep Level, 3amaroiinii ypoBeHb M MOJSIPHOCTh
3amycka.

[MepeuynciaeHHbIe OpTraHbl YIIPABJIECHMS SIBJISIOTCS BITOJTHE TUITOBBIMU UISI COBPEMEH-
HBIX LMOPOBBIX 3alIOMMHAIOIINX OCHIUIIOrpacoB. DTO 3HAYMUT, UYTO IIOJIH30BATENb,
ocBouBLMii padboty ¢ PC-Lab 2000, roToB K rpaMOTHOMY NTPUMEHEHHUIO J1000ro CoBpe-
MEHHOro LK(pPOBOro 3aroMUHaIOLIEro ocuuuiorpada. Bopouem, BepHo 1 0OpaTHOE —
IOJTb30BaTe b TAKUM OCIMJUIOrpad)oM He BCTPETUT TPYAHOCTEM IMpU padOTe ¢ JaHHOU
J1abopaToOpueii.

B obnactu kaHajioB okHa ocuujorpada cieayer ocodo BbIAEIUTh KHOMKK ON u
AUTOSET. IlepBas, Oyayun oTKaTO#, OTKIIOYACT KaHAJI, M €ro JIyd He OToOpaxkaeTcs.
A BTOpasi BKJIIOUAeT PeXXMM aBTOMATUYECKOI YCTAHOBKM KO3(M(OUIIMEHTOB YyBCTBUTEIIb-
HOCTH M Pa3BEPTKH, IPHU KOTOPHIX MOXKHO ITOCTATOYHO YIOOHO HAOMIOMAaTh CUTHAJI. DTO
0COOEHHO YIOOHO, €C/IM IapaMeTpbl CUTHajJa HEM3BECTHBI U ITOJIYYEHUE €ro Ha dKpaHe
ocumuiorpada CBSI3aHO C TPYIHOCTSIMU.

Cpa3y yMECTHO OTMETUTb, YTO paboTa C OpraHamMu YIIpaBJeHHUs JJabopaTOpHil OCy-
IIECTBIISICTCS MBIIIBIO. Hampumep, I HaxXaTws TOM WM WHON KHOIKU TOCTATOYHO
YCTAaHOBUTb Ha Hee Kypcop U ILUEJKHYTb JIEBOW KJaBHUILe MbIud. JJIsi mepeMeleHus
Kypcopa, OBIKKa Ciaiiepa WK JAHEHKN MMPOKPYTKU JOCTATOYHO YCTAHOBUTH Ha HUX
KYPCOp MBIILIM, HAXaTh JIEBYIO KJIABUILY U, YAEPXKMBas 3Ty KJIABMIILy, HA4yaThb IepeMe-
IIEHWE MBIIIW. 3aBepIIaeTCss OHO OTITyCKaHWEM JIEBOM KJIABUIIW MBIIIIH.

6.1.2. Nlob6aBneHue TeKCTa B OKHO 9KpaHa

DyHKIMK [IPaBoii KJIaBUIIKA MblluY B j1aboparopuu PC-Lab 2000 orpanuyennl. OHa
NpeaHa3HavYeHa TOJIBKO JUIS 3alaHusl Ha JKpaHe M IMO3UIMOHMPOBAHUS TEKCTOBOIO
KOMMEHTapusi. YCTaHOBUB KypCOp MBI B HYXHOM MECT€ 3KpaHa, Halo ILEJKHYTb
MpaBoii KJIaBULIEN MBILIK — ITOSIBUTCS OKHO nobaBineHust tekcra Add Text (puc. 6.2), B
KOTOPOM MOXKHO 3a[aTh HY>KHbI TEKCT.
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6.1. Humepgeiic komnovromepu3uposarnnoii rabopamopuu PC-Lab 2000

ST
Fls Edit Cptions Visw Math Help
Dilao: Spectum dnalyzer | Transient Recarder | Funclion Generstar|  Cicuit dnazer |
Time/Div.
o ||
x4

30 zanHui
B |wporT urnynecas

nhca
[ idiTetontosen || Remve | Chse |

Right click the screen to change the text pasition

,,,,,,,,,,,,,,,,,,,,, Transparent test

dc24ims 14k 414 34H2

[ =
~Volts/Div. CH1 Trigger
": oM AUTOSET PERSIST | [ om _AUTOSET |' Dnmm EI iI
SAE] JEAREY FEY JAE JET T | FEVIR
- urof ] ] ] o s ] o] [ el 2] el
"E pusion [ 021 v | Toe o] roden ]- oEr

Puc. 6.2. Jlobasrenue mexcma 8 3Kpau

K coxaneHuto, BCTaBUThb B 3KpaH MOXKHO TOJbKO OJHY HAAMUCh, JJIS1 YETO J0CTaTou-
HO B okHe Add Text HaxaTb MblIlIbI0O KHOTIKY Add Text on Screen. Hagnuch ¢ skpaHa
MOXHO yOpaTh, HaxaB KHOINKY Remove. MoxHo 3akpbITb 0KHO Add Text, HaxkaB KHOII-
Ky Close. ®oH TEKCTOBOI HAAINKMCU HEMPO3payHBIM, TTO3TOMY M300paKeHUs] KypCOpOB
WM OCLMJUIOIPAaMM IO/ TEKCTOBOM HAAMUChIO Mcuye3aroT (puc. 6.3).

Puc. 6.3. Texcmosas Hadnuce, 3aKpbl8aOU,ast OCYUALOZPAMMY U MADPKeEDbL

Ecnmu ycranoButh omuwmio Transparent text, TO BBIBOAMMASI HAAIUCh MPUOOpPETaET
Mpo3pauHbiil (DOH U Yepe3 Hee MOXKHO BUAECTh OCHMUJUIOTPAMMY U MapKepbl. DTOT Bapu-
aHT BBIBOJIA TIPE/ICTABJICH Ha puc. 6.4.

Puc. 6.4. Tekcmosas nHadnuce ¢ npo3pauHbim GOHOM, He 3AKPbLLBAIOWASL
OCYUANOZPAMMY U MAPKeEDbL

CrnenyeT OTMETUTh, YTO Kyda OoJjiee CI0XHOE TEKCTOBOE M LIBETOBOE OMOpMJICHUE
OCIIMJUTOTPAMM BO3MOXHO C TTOMOIIbIO OOBIYHBIX TpaduuecKux penakTopoB. [Tostomy
YCIIOXHATh KomMeHTHpoBaHnue B PC-Lab 2000 we ompaBmaHo. Tem 6osee uto PC-Lab
2000 cosmaet rpaduueckue paiabl KpaHa U UX MOXHO 00pabaThIBaTh B JIIOOOM rpadu-
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YECKOM pefakTope. DTO 4Ype3BblYaliHO yHOOHO TpY ODOPMICHUM TIPEe3eHTALMi Hayd-
HbIX JOKJIAJ0B Ha KOH(EpeHLMsIX, MOArOTOBKE OTYETOB, AMCCEPTALMil U AUILIOMHBIX
MPOEKTOB.

6.1.3. MeHio nabopatopumu PC-Lab 2000

Kak Bcsikast mporpaMMHas cuctema, BUpTyaibHas Jtabopatopust PC-Lab 2000 umeet
cTaHAapTHOE MeHIO (puc. 6.1) ¢ psIOM MO3ULIMIA:

e File — onepauuu c daitnamu;

e Edit — BrImosHeHue koMmaH konupoBaHust Copy u nepeHoca Paste;
e Options — ycTaHOBKa OMLMiA TabopaTopuu;

e View — ycTaHOBKa BUIMMOCTU ITapaMeTpOB Ha dKpaHe;

e Math — ycraHOBKa MaTeMaTU4YECKUX OIlepaliuii;

e Help — oTKpBITHEC OKHA CIIPAaBKH.

Kaxnas mo3uiyst MeHIO OTKPBIBAETCS YKa3aHUEM Ha Hee KypCOPOM MBIIIM U ILeTd-
KOM JICBOM KJIABMILIM MBIIIK (cM. puc. 6.1 ¢ otkpbiToit mo3uuueii File). I[1pu sTtoM cra-
HOBUTCSI BO3MOXHBIM MCIIOJJHEHUE OTHOCSIIUXCS K Heit KomaHa. Menio PC-Lab 2000
SIBJIICTCSI KOHTEKCTHO-3aBUCUMBIM. [IposIBIIIeTCST 3TO B OTCYTCTBMM Io3unuu Math B
MEHIO pexXrMa perucTpaluy 1 YaCTOTHOIO aHa/lM3a CXEM.

HexkoTopple 13 mo3uiidii MEHIO coaepkaT OOIIeIIpUHITEIe KoMaHabl. Hampumep, Ta-
koBbl KoMaHabl Cope u Paste B mosuuuu Edit meHio. Komanga Copy konupyert conep-
KuMoe 3kpaHa B 0ydep Clipboard onepaunonHoit cuctembl Windows (mIst onpenesieH-
HOCTU OTMETUM, UTO MPUBEAEHHOE 3/1eCh ONKrcaHue oTHOCUTCs K padore PC-Lab 2000 B
cpene omepaunoHHOR cucteMbl Windows XP mio6oit momudukamuu). Komanma Paste
BbI3bIBaeT M3 Oydepa mM300paxkeHHe M pa3MellaeT ero Ha sKpaHe. TakuM o0pa3om,
MOXHO BO3BpaTUTb M300paxkeHWe Ha 2KpaH, €Cl OHO OBbLIO pa3MmelleHO B Oydepe.
IIemyoK JeBOM KIABMINM MBI TIPU Kypcope, YCTAHOBJIEHHOM Ha BDKpaHe, CTUpacT
n300pakeHne OCLMIJIOrpaMM, BBeIeHHBIX KomaHaoi Paste. Ho m3o0pakeHus KypcopoB
M MacIITaOHOW CETKU OCTAOTCS.

6.1.4. No3nuua Options meHI0

B nosuuuu Options MCHIO 3a1a€TCs yCTAaHOBKA CJICOYIOIINX OMLIWIA:

¢ FFT Windows — ycTaHOBKa YaCTOTHBIX OKOH Tipu BI1D;
e FFT Options — ycranoska omiuii BI1®;

e Hardware Setup... — ycTaHOBKa IOpTa, UCTIOJIB3YEMOTO OCIIMIIIOTPachoM;

e Color... — ycTaHOBKa 11BeTa OOBEKTOB IKpaHa;

e Trigger Options — ycTaHOBKAa OMNUMW OYMCTKM CUIHajda CHUHXPOHM3AaLUM OT
1IymMa.

[lepBble n1Be ONLMKM OTHOCITCSI K IIPUMEHEHUIO 1abopaTOpuU B Ka4eCTBE aHAIU3aTO-
pa criekTpa, u paccMoTpeHbl Huke. [Tosunms Hardware Setup... OTKpbIBaeT OKHO ycTa-
HOBKU pexXuMa paboThl ocLusuiorpada (pexXum IeMOHCTpalMy WU peaabHOMl paboThI),
a TakxKe ajpec MmapajijieIbHOro mopra, mo kotopomy ocummiorpad PCS500 moakmova-
eTcsl K KOMITbIOTEPY. DTO OKHO IMpPEICTaBIeHO Ha pUC. 6.5 1 B 0COOBIX KOMMEHTAPHIX
HE HyXaaeTcs.

Baxnoe 3HaueHune numeet ro3unids Color, mo3Bossiolasi MK3MEHUTD 11BETa BCeX 00b-
€KTOB dKpaHa 1 ero ¢oHa. DTa OMius BbIBOAUT OKHO CMEHBI LIBETOB OObEKTa 3KpaHa U
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6.1. Humepgeiic komnovromepu3uposarnnoii rabopamopuu PC-Lab 2000

OKHO BbIOOpa 1BeTOB (puc. 6.6). [eiicTBue ¢ x|

9TUMHU OKHaMM BIIOJIHE OYEBUAHO. BTOpOC
OKHO MOABJIACTCA IIPHU aKTUBU3aALUN OJTHOU U3

KHOIIOK IIEPBOro OKHa.  Hone =-'Dem0 mode

Please zelect the oscillozcope hardware

ITo yMonuaHuIO 3KpaH MUMeeT YepHbBI (OH
U pa3Hble 1[BETa OCIUJUIOTPAMM U MUHBIX O0bEK- LPT port address
TOB, HaIIpUMEP MAcIITaOHOW CETH, KypCOpOB 1 & 378 27 © 3:|C

T. 0. Takas 11BeToBasi raMma yao0oHa npu pado-
Te C OWCIUIeeM, HO He Bcerna. bosee verkoe

Communication Speed:  (* Momal " Slow

Mpe/ACTaBleHNe OCUWIIOrpaMM  TOJTy4aeTcs,
€C/Id OHU MMEIOT YepHBIN 1BeT Ha 6esoM (hoHe

(puc. 6.7). Takast 11BeTOBasI CXeMa COOTBETCTBY-
€T MPUHSATON MpPU YepHO-0eJIoi MmeyaTu KHUT 1
cTaTeil U B JalibHellueM OyneT MCHOJIb30BaHa

Puc. 6.5. Okno ycmanosKku pexcuma
pabomol ocyuarozpaga u adpeca

nopma LPT
MMCHHO OHa.
5l
Ele Edt Options Yew Math Help
Dscilossops Spectrum Analyzer | Transient Recorder|  Function Generater|  CircutAnalyzer |
Time/Div.
momfl Soms | 20ms| 10ms
o I 5ms | 2ms || 1ms  D5ms
the I 02me] OAme| 0w 20us
I o
Mt ] Full color selection o) ] s |[] 20 |f) Tes
Math 2 iz possible only if
] True Color (24 bit 05us| 02us| 01us| S
Dark Grid ! :
—_— display mode is used. 16545
Bright Grid
—_— L|Be1
Time Marker
== - Derioerele users
ackgroun
— IO 1
T (
- Volts/Div. e —
, AUTDSET PERSIST
= 15 15| 08 15
- u.@i Som| 15my| Smv 015 Orrenorc[40 | Kpaoueri 255
: Couping Knh'rpar:r 20 ereni [255
- Poson | AC _DC | GND: AC npEae TS UEeT 2> | UseriBanera qocoer 170 cumirfo

[ ok ] omens | Nofiasss & ration |

Puc. 6.6. Oxkna cmenst ysemos o6vexmos sxpana (cresa, ceepxy) u vibopa yeemos

(cnpasa, crusy)

S0/ GOMS /s 2us

dv: B7.19my  db 4.76us 14dt 210.08kHz Wims: 53.44ml -23.2dBm

Puc. 6.7. Ocyunrrozpamma gpazmenma meseBU3UORHOZ0 CUCHANA, UMEIOUWAS HePHbLE

ysem Ha Gesom gone
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I'zasa 6. Paboma ¢ komnoiomepu3suposanHoimu rabopamopusmu

6.1.5. Onuuun no3suuum View

IMo3unus View MeHIO COAEPKUT KOHTEKCTHO-3aBUCUMBIN HA00Op KOMaHI. DTO IMpexK-
Jie BCETO OIMIuu ocuuiuiorpada:

e RMS value — BbIBOJ JaHHBIX 00 u3MepeHuu 3HaueHus1 RMS AC curnana;

e dBm value — BeIBom manHbIX 00 u3MepeHun 3HadeHust dBm AC curnana;

e Sample Rate — BBIBOJ JaHHBIX O CKOPOCTU AUCKpeTU3aluu (B S/s);

* Waveform Parameters... — BbIBOJ OKHA 3alaHUsI U BbIBOJIA 3HAYEHUIl aBTOMATHU-
YECKU M3MEepsIeMbIX IMapaMeTPOB CUTHAJIOB.

CI[CL[YIOH.[&H rpyImiIia KoOMaH/ 3a1ac€T BbIBOJ CJICAYIOIIUX MapKEPOB:

e Markers DSO;

e Markers FFT f&V;

e Markers FFT f&dV;

e Markers FFT f&Spectral Density dV/sqrt(H).

Ectb ellie 1Be BaxkHbIe KOMaH/IbI:

e Bright Grid — 3amaHue TOBBIILLIEHHON SIPKOCTHA MacCIITAaOHOI CETKU;
e Dot Join — 3amaHue COeIUHEHUS TOYEK.

COOTBCTCTBYIOH_II/IG JaHHBIC pasMEIIaroTCsa B BerHCfI WJIM HUKHEW 4YacTsIxX 9KpaHa 1
NpeaACTaBIAIOT YUCJIICHHBIC 3HAYCHUA BbI6paHHbIX mapaMeTpoB.

6.1.6. Mo3uumna Math sapaHna maremaTnyeckmux onepauumn

Ocuwinorpad PCS500 MoXeT BBITIONHSATH PsiI OMNepaldii ¢ CUTHaJaMu KaHaJloB
CH1 u CH2. OHu 3anansl B no3uiiuu Math MeH1o:

e CHI1 + CH2 — mocTpoeHne OCLUUIOTPAaMMBbI CYMMBI CUTHAJIOB IBYX KaHAJIOB;
e CHI — CH2 — noctpoeHue OCUMIOTpaMMbl Pa3HOCTH ABYX KaHaJIOB;

e XY Plot — pa6ota B pexxume XY (kanan CH1 =Y, CH2 = X)

e Inverse CH2 — unBepcus curHana B kanaie CH2.

Kaxapiii BKIIOUEHHBIN pesKM BBIBOIUT M300pakeHre KHOIKM CO CBOMM Ha3BaHUEM
noxa kHomnkoir PERSIST. [lng nmpumepa Ha puc. 6.8 mokasaHa IIOATOTOBKa K paboTe ¢
peXUMOM cioxeHus ocuuiorpamm KaHaioB CH1 u CH2.

KHomka pexkmMa MoXeT OBITh HaxkaToi Mim oTxaToi. [1py HaxkaToil KOIKe BBITION -
HSIETCSI COOTBETCTBYIOLLAs orepauus (puc. 6.9). [NonydeHHast ocLMLIOrpaMMa SIBIISIETCS
CYMMOI OCLIMJUTOrpaMM, TMOKa3aHHBIX Ha puc. 6.8. [1pu oTXaToit KHONKe ociuiorpad
BO3BpAlllaeTCsl K CTAHAAPTHOMY PEXUMY OTOOPaKEHUSI CUTHAJIOB OT 00OMX KaHAaJIOB.

Ha puc. 6.10 mokasan npumep padotsl B pexkume CH1 — CH2. HerpyaHo yoenuThb-
Csl B TOM, 4TO Ha 3TOT pa3 MoJlydeHHas! OCLMJJTIOrpaMMa TIPECTaBIsIeT Pa3HOCTh OCITUII-
JIOrpaMM, TIpeACTaBJICHHBIX Ha puc. 6.8. DTOT pexXnM MO3BOJIIET OCLMIIIOrpadupoBaTh
pPa3HOCTh ITOTEHIIMAJIOB ABYX JIFOOBIX TOYEK, HO IPH YCIOBUHU, YTO ITOTECHIIMAN KaXKIOM
TOYKHU HaXOAUTCS B IOMYCTUMBbIX Mpeaesax.

A puc. 6.11 nmokaspiBaetr aeiictBue pexuma XY. DTOT PeEXUM MMEET 0CO00 BaxKHOE
3HaYCHNE, TIOCKOJIBKY TO3BOJISIET CTPOUTH ITapaMeTPpUUECKH 3aJaHHbIC KPUBBIC TIPHU Pa3-
nenbHoM nmomave curHasoB Ha ocu X (CH2) u' Y (CH1). baaromapst 3ToMy MOXHO CTpO-
uTh Gurypsl JInccaxy, BEIYUCIATH (Pa30BbIe COABUTHU, KOHTPOJIMPOBATH KPATHBIC YaCTO-
Thl U UCMOJIB30BaTh OCLIMJLTOrpad B KayecTBe XxapakTepuorpada.

JHeiicrBue komanasl Inverse CH2 BrojsHe oueBuaHO. OHa BEAET K MEepeBOPOTY (pa3bl
curHaja, HabmomaeMoro B kaHajne CH2.
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6.1. Humepgeiic komnovromepu3uposarnnoii rabopamopuu PC-Lab 2000

il

Ele Edt Options Yew | math Hslp

Dscllossops | Spe Ilans\enlﬂecmderl Function Generstar | Cicuit dnapzer |
———— I Time/Div.

———————————————————— BTN o o] ] 1

‘ S| e e
o] o ]
Toe] ] o e
o] 5o 0

1G5/s

Run Single

. [ i i ] | |Read
Valts/Div.

: on _eurnser | _persist | [ ow  _euroser | :[
[ oov| av|[ev amv| ownowz | sv| e [[Tad s
Pmmmm 18] sow] 130 o]

Trigger

F Dn/mfﬂllﬁ il
= soue[or | 1]
B A~ W |

Z Lewel

Coupling Coupling

“Poston _AC | DT @D _Ac| ot &MD|  postion] 2|

Puc. 6.8. IIpumep ycmanosku pexcuma CHI + CH2

=lelx

Fle Edt Options Yew Math Hslp

Osciloscape | _Spectum Anayzer | Transient Recorder|  Function Generator| _ Cicut Arazer_|

( Time/Div.

souf o] e ]
S| e o
o] ] ]
Ton] ] o e
o [

1G5/s

[ e

u_l l ( [ EE ‘ -- o )
~Volts/Div.——— — [ Trigger
g o | [aomoser | [ PERSIST | o | [eoroser | (= r e il o N
|- ol L fowene o e || o =)
: ee] = |

Coupling Coupling
2 Level

< Postion _AC | [DE GND AC | [DE 6N Posiion 2|

Puc. 6.9. I[Ipumep pabomer 8 pexcume CHI + CH2

6.1.7. MeHio dainnosbix onepauum File

Kak n3BecTHO, KOMIBIOTEp XpaHUT MH(GOpMAaLIKIO B BUuae ¢ailioB. BTo ocobdast CTpyK-
Typa KOIOB, XpaHSIINXCSI Ha MATHUTHOM JIHCKe MW BO (JISII-TIaMSITA, MMelolast Ha3Ba-
HUe W pacmmpeHue. PacmmmpeHue oTmensieTcss OT Ha3BaHMSI Toukoi. Hampumep,
data.txt — 9T0 TeKCTOBBII (haitn ¢ umeHeM data u paciuupenuem txt. Paciuupenue daiina
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A Dscilloscope

Fle Edt Options Yew Math Hslp

Dsciloscape _Spectum Analyzer | Transient Recorder|  Function Generatar |

Cicuit dnalyzer |

[ Time/Div.

souf o] e ]
S| e e
o] o ]
Toe] ] o e
o] 5o 0

1G5/s

LY AN .
Run Single

I [ ( [ (

1 | [Peady

Yolts/Div.

© oW | [ AUTOSET PERSIST (o] BITOSET | o[
[ oov| av | [ev aov| [emonz asv| s |[7sd sy
Pmmmm 18] sow] 130 o]

5 Coupling Coupling
Z Postion _AC || DC _GHD AC || DC  _GMDJ  Position; 2

Trigger

F Dnmlfﬂllﬁil
= soue[or | 1]
B A~ W |

Z Lewel

Puc. 6.10. IIpumep pabomer 8 pexcume CHI—H2

A Dscilloscope

Fle Edt Options Yew Math Hslp

Osciloscape_Spectum Analyzer | Transient Recorder|  Funcion Generatar |

Dicut drslyzer |

( Time/Div.

sonf ] ] ]
o] 2 1 ]
o] 5 ]
on] ] | e
o] 32 o] |

1G5/s

S| 1] o] 2]

[T | [ § [

Valts/Div.

[ K AUTOSET, PERSIST | oW | [AUTOsET | ¢
2 0 I P TN 78 1 | FEVI
e e B 015] s ] s 3]‘

Coupling Coupling

Posiion AT | DT GND ot | [BC GO

Position =

Trigger

(B owoi| oN OFF| i<
- souee[or o] BT
te| A W

= Lewel

Puc. 6.11. IIpumep pabomet 8 pexcume XY

XapaKTepU3yeT ero TUII, HampuMmep, .txt — TekcToBblii (aitt popmata ASCII, .doc — Tek-
CTOBBIH (haitn hopMarta TeKCTOBOro peaakropa Word, .exe — MCIOTHSIEeMbI daiiia u T. 1.

BupryansHast mabopatopust PC-Lab 2000 o6MeHMBaeTCSI TaHHBIMU ¢ KOMITBIOTEPOM
yepe3 aitabl. s 9TOro oHa MO3BOJISIET CO3JaBaTh M CUMTHIBATH (pailibl psiga Xapak-
TepHBIX 17151 Hee (popmaToB. OcHOBHEIE (aitmoBeie onepanuu PC-Lab 2000 cocpemoTo-
yeHbl B no3uumu File MmeHo. OHa comepKUT cleaymoolime KoMaHabl (cM. puc. 6.1, rae

9Ta NO3MnLuAa OTKprTa) :
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6.1. Humepgeiic komnovromepu3uposarnnoii rabopamopuu PC-Lab 2000

e Open Image... — OTKpHITHE OKHa 3arpy3ku (aiiyia m3obpaxkeHus 3KpaHa (pop-
mat .bmp);

e Open DSO Data... — oTKpbITHE OKHA 3arpy3KH (haiiia TaHHBIX ocLwuuiorpada (B
dopmarte .txt);

e Save Image... — OTKpBITHE OKHa 3aMucyu U300paxkeHus sKpaHa B ¢popmaTe .bmp;

e Save DSO Data... — oTKpbITHE OKHa 3alliMCU JaHHBIX ocumiorpada B (popmare
Axt;

e Save FFT Data... — oTKpbITHE OKHa 3aluCH JaHHBIX aHaIu3aTropa crnekrpa (B
dopmare .txt);

e Save Settings... — 3anuch cIeJJaHHBIX YCTAaHOBOK B (popMare .set;

e Recall Settings... — cOpoc cIeTaHHBIX YCTAHOBOK M 3arpy3Ka paHee CIeJaHHBIX;

e Print... — BbIBOA OKHa MeyaTu M300paKeHUs IKpaHa;

e Print Setup... — BBIBOA OKHa YCTaHOBOK II€YATH;

e Exit — 3aBepileHre pabOThI C MPOrPAMMOIA;
e Calibrate & Exit — kanuOpoBKa M BBIXOA M3 MPOrPaMMBbI.

3HaK «...» O3HAYaeT, YTO COOTBETCTBYIOLIAsl KOMaHIA OTKPbIBAET OKHO (hailIoBBIX
omnepaluii — 3arpy3Kyd WIM coxpaHeHHUs (aitna. DT OKHAa WAESHTUYHBI U OTIMYAIOTCS
TOJIbKO THTYJIbHOM CTpoOKoii. [10aTOMy OrpaHMYMMCS MpUBencHUEM Ha puc. 6.12 okHa
OTKPBITHUST (hailla pUCYHKOB — KOMUIA 3KpaHa. OTMETUM, UTO BCe 3aIllMCaHHbIe (pailyibl
XpaHATCs B Manke (IMPEKTOPUH) ¢ UMeHeM data, KoTopast UMeeTCsT B TUPEKTOPUH TIPO-
rpammbl PC-Lab 2000.

Manka I_)data j = =5 FE-

[

MR farina: |nsc1 Orkpere I
Tun calinos: ITexI file: [*kt] d Orrazta |

Puc. 6.12. Okno omkpoimus ¢aiiros pucynkos

6.1.8. Pa6oTta co cnpaekoi PC-Lab 2000

IMosnumst Help MeHIO OTKpBIBaeT HOCTYI K CIIpaBKe IO BUPTYaJIbHOM JIabopaToOpui
PC-Lab 2000. 9Ta mo3uLust COOePKUT TP KOMAHIIBI:
e Contents — BBIBOJ OKHa CIIPaBKU;

e Installing Windows XT driver — nHcTa/uIsiums apaiiBepa, HEOOXOAMMOTO TIpU pa-
6ote PC-Lab 2000 B cpeme omepammonHoi cucteMbl Windows NT;

e About... — BBIBOJ OKHA C JAaHHBIMU O TEKYIIE Bepcuu ocuuiorpada.

OcHoBHast kKomaHga Contents BEIBOOUT CTAHIAPTHOE W MPUHSITOC B IPUIIOXKCHUSIX
OJ, OTiepallMOHHYI0 cucTeMy Windows OKHO CITpaBKH, MoOKa3aHHoe Ha puc. 6.13. OkHO
ITO3BOJIIET PabOTaTh CO CIIPABKOI M COMEPKUT 4 BKIIAIKMU:

e CopmepxaHue — paboTa ¢ yKaszaTesieM MO0 KOHTEKCTY (COASPXXKMMOMY pa3ielioB):
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I'zasa 6. Paboma ¢ komnoiomepu3suposanHoimu rabopamopusmu

e VYkazarenb — pabota ¢ angaBUTHBIM yKa3aTeIeM;
e Tlonck — MOMCK HYXHBIX JaHHBIX 10 KJIIOYEBBIM CJIOBaM;
e HM30OpaHHOEe — TMPOCMOTpP M3OpPAaHHBIX Pa3esioB.

=lolx|
e & = A = [E- @
Coneprranite | Yrasarens | Mowck | Watpankos - =
l | novcs| SiEFile Menu Q00
[ @ Conterts

Menu Opti
=@ @en- ‘ Note: Default subdirectory (folder) \DATA for image and data files is created when

E dit Menu the pragram is run the first time
[2) Options Menu

N Open Image
Wiew M
MI::| MZ:: Opens an image file and displays it on the screen
[2) Help Menu
@ Dats Transtar Open DSO Data
Opens and displays the waveform data saved in text format usind the Save
DSO Data option
Save Image

Saves the image to a file in Windows Bitrap (" BMP) format
Image is saved in gray scale. Use Edit/Copy to get full color images to other
applications.

Save DSO Data —
Saves the waveform data in text format. All captured data (4095
pointsfchannel) is saved

Save FFT Data
Saves the FFT data in text format. Only the portion of the data displayed on
the screen is saved (250 points)

Save Settings
Saves the Oscilloscope, Spectrum Analyzer and Transient Recorder settings
toa file. Also Function Generator settings ifrequency, amplitude, offset and
duty cycle) are stored to the file.

Recall Settings
Loads a previously-stored settings file to the oscilloscope. -

Puc. 6.13. Okno cnpasku no PC-Lab 2000

PaGora co cripaBkamu mpuiioxeHuii moa Windows oOllien3BecTHa M B MOJPOOHOM
OIMMCAaHUU He HyxXaaeTcsa. OTMEeTHM JINIIIb, YTO TeKCT crpaBku 1mo PC-Lab 2000 moBob-
HO JIJAKOHWYEH (4YTO BUIHO M3 CTPaHMUIIbI CIIPAaBKU, IMOKA3aHHOW Ha puc. 6.13) u mpen-
CTaBJIeH Ha aHTJIWICKOM s13biKe. KomaHma About... BBIBOIUT OKHO C yKa3aHUEM TEKY-

1Ieil BepCcuU MporpaMMbl — OHO YKe ObLIO MoKa3aHOo Ha puc. 4.19 B LIECHTpe OCHOBHOTO
okHa PC-LAB 2000.

6.2. OcuunnorpadpmupoBaHue B PC-Lab 2000 B peasnbHbIX
yCnoBUsix

6.2.1. MpocmoTp cUHYcOMAaNbHbIX KOJIeOAHUA BbICOKUX 4YacTOT

Boiie onucanbl Bo3aMoxxkHoct PC-Lab 2000 B aeMOHCTpalMOHHOM pexXuMe pado-
TBl. YuTaTe b MOXET C €r0 ITOMOIIBI0 O3HAKOMUTHCSI CO MHOTMMM BO3MOXHOCTSIMU
9TOI BUPTYyalbHOI JIabopaTopuu, He MpuodpeTast ee annapartypy. JLlocTaTouyHO ycTaHO-
Buth Ha [1K nporpammy PC-LAB 2000. OngHako HamboJbIINiT MHTEPEC, €CTeCTBEHHO,
MpeACTaBIsieT paboTa ¢ 3TOil 1abopaTopueil B peaibHbIX YCIIOBUSIX, C PEaIbHBIMM CHUT-
HaJlaMW ¥ C peaIbHBIMU anmapaTHbIMU CPEAICTBAaMU JlabopaTopuu. TOJBKO 3TO TO3BO-
JISIeT BBISIBUTh KaK JOCTOMHCTBA, TaK M HEIOCTAaTKM JaHHOIO MHCTPYMEHTa M OLIEHUTHb
€ro BO3MOXXHOCTH B M3MEPUTEIBLHON TpaKTUKE.

Haunem u3ydyeHMe BO3MOXKXHOCTEM JIaOOPATOPUU C IIPOCMOTPA PeajbHOI0 BLICOKOYA-
CTOTHOTO cuHycouaanabHoro curHaina. Ocuuaiaorpad PC-Lab 2000 umeeT auana3oH ya-
crot 1o 50 MI'm 1 Ha 3T0i1 yactore AUX ocummiorpacda yxe MMeeT 3aMEeTHBIN cram —
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6.2. Ocyunrroepaguposanue 6 PC-Lab 2000 8 pearvrbix ycrosusnx

1o ypoBHsa —3 nb. Ilogpanum Ha Bxoa ocuuiiorpaga curdan ot BU-reHepartopa ¢ yac-
totoit 50 MI'u u kHomkoit AUTOSET 3amyctum mpoluecc uamepeHuii. Yepes HECKOIb-
KO CEKYHJ TIOSIBUTCS KapTMHKa C CHMHYCOMIOW M IO KHOIIKAM B OKHE ocluIiorpada
MOXHO CYIUTb O 3aJaHHBIX IapameTrpax (puc. 6.14).

-A- Becilloscope
Fie Edt Optons View Math Hep

Osclloscope | Spoctum Anabyzer | Transiont Riocorder|  Function Genarstor | Gircut Anstyzer |

TimeDiv.
o 10| st 2| o
1G5/
Run Single
Wims: 2315 30.5dBm

] | ( ( S
Volls/Div cHl CH? Trigger

D[ ow _auTosET PERSIST oM AUTOSET z 3 s ’W M ﬂ

: o somd [ 5] ] s o] | Sl o] o)
": Cougling Coupling : - f[kj_.[? ﬂ

*posion | Ac _DC | onp| _Ac|[oc eNo| Positon = | Level

Puc. 6.14. Hauaro npocmompa 6 agmomamuuecKkom pexcume CUHYCOUOAAbHO20 CUCHANLA
¢ wacmomot 50 MIy

IMonyyeHHast ocumyiorpaMma, HECMOTPsI Ha €€ TPUBJICKATEIbHbIN BUA, TUITMYHAS
«obMaHKa» uu@poBoro ocuuagorpada. O6 3ToM MOXHO CYAUTb MO YCTAHOBKE B HaxKa-
TOE TTOJI0KEeHMe KHOIKM pa3BepTku —10 Mkc/men. M3 3Toro MOXHO ciesiaTh BBIBOI, YTO
ocuuymorpad nmokasbiBaeT 4yacToTy curHana 4yyth Huxke 100 k' BMecto 50 MTI'n. Otky-
Jla >Ke B3sIach Takasl Heruioxas popMa curHaua? DTo pesyabTaT padoThl ocLuuiorpada
B CTPOOOCKOITMYECKOM peXruMe, KOTOPBIi, BOOOIIe TOBOPS, HE SIBJIIETCS ISl JaHHOTO
ocuuymorpada yzakoHeHHbIM. O0paTuTe BHUMaHUE Ha TO, YTO YacTOTa CTPOOMPOBAHUS
ycraHoBiieHa 25 Ms/c (wum 25 MB/c). DTOro SIBHO HEIOCTAaTOYHO JUIS TPEACTaBICHUS
curHaia ¢ yacroroir 50 MI'u. Bel MmoxeTe yoeauThCcsl B TOM, UTO Ha IPYTMX pa3BepTKax
MOXHO YBUIETh BCE, YTO YIOMZHO (TOYKM, IIIyMbI M T. 1I.), HO TOJIBKO HE YCTONYMBYIO
50-MerareplLeByl0 CUHYCOUIY.

B nanHOM ciyyae MMeeT MECTO MMEHHO Ta CUTyallusl, KOrJa Halo BOCIOJIb30BaThCs
paboToii ¢ yacToToil BeIOOPOK 1 I'B/C ¢ ycpeaHeHHeM CUTHAJIOB MO MHOTMM IE€pUOAaM.
IIpu 5TOM MOXKHO MCIIOJIb30BaTh 4 KHOIKM YCTAHOBKHU JIJIUTENLHOCTU pa3BepTku B 0,2;
0,1, 0,05 u 0,02 mxc/men non Hanmuckio 1 Gs/s. BeIOOpoM caMoii KOPOTKOM JIUTEb-
Hoctu (0,02 MKc/men), 3amycKaeTcs PeXUM OcCLMLIorpacdupoBaHusl ¢ 3DHOEKTUBHON
yacTtoToil BbIOOpPOB B 1 Gs/s. Ilpu 3TOM B ILIEHTpe OKHa ocLMIorpacda IMosBasIeTCs
OKHO C MpeaymnpexiaeHueM o Tepexoie K padboTe C BBICOKOM YacTOTON BBIOOPOK
(puc. 6.15).

Haxas xHonky OK 3T0oro okHa, MOXHO YBUICTh, KaK B TEUCHNE HECKOJIbKUX CEKYH]I
umet oopadorka ocumwuiorpamm. OHa 3aBepllIaeTCsl BBIBOJOM OCLIMJUIOTPAMMBI CTHYCO-
uael ¢ yactoroit 50 MI'u (puc. 6.16). Ha npakTuke ocuuUIOrpaMMa HEMHOTO «IBILINT»,
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Oscloscope | Spectrum Anatyzer | T

- Oscilloscope - 0%

Cireuit Anah

15mv™

VA

Ozcillozcope

i
[

The 1G5/s sampling mode iz now enablad
= Troggisring s st ON 0 ot stable images
= This modi is usabli onky for epetitae signals

t cisplay this message again: | During this sassion

||

[ Mawer

Time/Div.

o] ] o s
| o] i o
s 1] s
on) o | | ]
ttee| 020 | 1 |

1G5

Run Single

. - [ l T E—
Volts/Div. CH1 CH2 Trigger
: o PeRSST | __ o | _auioeir | - © ovor[on oFF| >
L o s oo 015 som] 1] o] T { AR [28 [=9
Lo [ ] 20) i | | E

Puc. 6.15. Ilepexod k ocyurrocpaduposanuto ¢ 8b.COKOL 4acmomoii 8bl60poOK

‘.O.,m Yew Math Help
[ orctoce | | o] remtee] s |
o 100 ] ] s
g i I
Bt ] e ] = |
TRV I
I —
T e e et 1| [Tl o e
Errrie g S
( rosen [ 50 0] ifoe wol MMNE( e~ |

Puc. 6.16. Habawodenue cuenara ¢ wacmomoii 50 MI'y u uamepenue ezo napamempos

YTO HE OYEHb MellaeT ee HaOmoaeHuto. Ho Moyt ceHCauMOHHO BBITJISIAUT aBTOMAaTH-
YECKOE€ BBIYMCIICHUE BCEX OBYX NCCATKOB IIapaMETPOB 3TOTO CUTHaIa C HpC)ICJ'IbHOfI T

JaHHoro ocuworpada yacroroii (puc. 6.17).

Bripouem, ecnu nmonHabmonaTh 3a paboToil ocumsuiorpada, TO MOXKHO BBISIBUTH, YTO
BpeMsi OT BpeMeHU paboTa aBTOMATUYECKOI CUCTeMbl U3MEPEHUs MapaMeTpoB Hapyllia-
ercst. [l 4yacTu 4acTOTHO-BPEMEHHBIX MapaMeTpOB HACTYIAET OTKa3 OT UX BBbIYUCIIC-

254



6.2. Ocyunrroepaguposanue 6 PC-Lab 2000 8 pearvrbix ycrosusnx

HUI 1 TOSBISIOTCS 3HAUKKU ?? (TPYIHOCTHU

~ Weveform Parameters
B u3MepeHusax) U gaxe ??? (HEBO3MOXK-

o

. |Amplitude: W cHl [ cHz |

HOCTh M3MepeHuit) — puc. 6.18. D10 Ha- O e 33 mv
OomaeTcst, eciayd pasMepbl M300pakeHUs v Max 39.8 mv
CJMIIKOM MaJlbl WJIKM, HAIIPOTUB, BEJIUKH, ; ::;k_m_Peak f"“‘;“':'
€CJIM HeyJaauyHO BbIOpaH ypOBEHb 3aIlyCcKa > High 356 my
TpUITEPA PAa3BEPTKU WIM IJIUTEIbHOCTh v Low -30.0 m
pa3BepTKU. YOUBISATHCS 3TOMY HE CTO- ; :gl;:i:‘:" gg: "‘:
WUT — B JAaHHOM cJly4dae ociuiutiorpad pa- = AL dBY 4 dBY
0oTaeT Ha mpejesie CBOMX BO3MOXHOCTEIA. [ AC dBm -30.2 dBm
U 10, uTO cmHycomuaa ¢ yactoToit 50 MI'g [v_AC+DC RMS 24.2 m¥
BCE XXe BEpHO OTOOpakeHa, Ha elle U C ;ig:gg :g: gﬁf :g:
MPaBWIbHBIM M3MEPEHUEM €€ IMapaMeTPOB T
B aBTOMATMYECKOM pPEXHME, TOBOPUT O [v_Duty Cycle 51.7 %
MpOpaGOTAHHOCTH  ammapaTHoii W mpo- k< :‘:‘g‘:l‘:e":‘j:‘h gg}g::
rpamMmMHoO#T KomrmoHeHT PC-Lab 2000. e T 0,005 us

Ternepb ycTaHOBMM YacTOTY CUHYCOW/IA- [_Fall Time 0.006 us
JIbHOTO curHaia pasHoi 10 MI'u. Ha sror 1+ [Mizeriod 0.020 us
pa3 u3MepeHusl MpoXOoAsIT BooOlle «be3 L Treduency 201 MRz
Cy4Ka U 3aI0PMHKM» U ITapaMeTPbl CUTHAJIA Cloce =
HCIPAaBHO BBIYMCISIOTC (puc. 6.19). Pesy-

JIBTAT B JAHHOM CJIy4yae MOHATEH — YacToTa
CUTHAJIa XOTSl M BBICOKA JUISI JAHHOTO TUIIA
ocuusuiorpada, HO yxXe Aajieka OT €ro Bbl-
COKOYACTOTHOU rPaHULIbI.

Puc. 6.17. Okno ¢ peaysomamamu
asmomamu4eckozo u3meperis
napamempos CUHYCOUOANbHOZO CUSHAAA
¢ wacmomot 50 MTI'y

Dscilloscope | Spectrum Analyzer | Transient Recarder [PPSR /.- Weveform Parameters _"QIE‘
| 3 [v _CH1 [ cH2
— [v_DC Mean 0.005 ¥
018 [ Max 0413V
[v_Min 0413V
[v_Peak-to-Peak 0825V
[+_High 0403V
f\lr Low 0.403V
Iv_Amplitude 0.806 ¥
A A AL AL AL AL A A [v_AC RMS 0293V
AT T o
CALLALLAL AL LA e
, [v_AC+DC RMS 0203V
RIRIRIRIRIRIRIN = =i
[v_AC+DC dBm -8.43 dBm
Y AT A
[_Duty Cycle m
[Z_Positive Width m
v Negalive Width m
[_Rise Time 0.040 us
[Z_Fall Time 0.040 us
[v Period 7
wims: 0.29Y[¥_Frequency m
3 Phase
i G ! [ Close Help
Volts/Div. CHI CH2
: oN AUTOSET | PERSIST | on_ | autoseT | : On/OﬂW ol (5
oy | osv | o1sv| osv v || 5w 1sv| osv| :
z z Source| CH1 ~ CH2| EXT
- |otsv s0mv| 15mv| Emv 015v| somv| 15mv| Emv| - E
( Coupling Coupling : - med PR | 2L
 Position AC DC GhND AC oc GND|  Position 2  Lewsl

Puc. 6.18. Momenm omka3sa om 8oi4ucierHuli pada 4ACMOMHO-8DEMEHHbLX NAPAMEMPOB
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Oscilloscope | Transiont Facordes | Function Gonesator | Circust Anabvzer |
= LmefUiv.
015 ~/- Weveform Parameters ]
’ - =—plms| SOms| 20ms| 10ms
: [v_CH .

AT S— s | 2| 1 | o5
o413y
il T — s 02| otu| -0 |
BAD S 1G58
B39 Em
S10%
0,051 us Run e
0,044 us
0.027 us
| 0100 o poeron
VolsfDiv, Il‘ill MH:
: h BrDEET| — Choan Help = W ﬁ ﬂ
v v aev] esv] e e W] fott IRl
‘) Coupling Coupling ‘ F,,,J,,’T ﬂ
Fositon | AC _DC | GHD| _ac |[[oc” aND|  Position Lavel

Puc. 6.19. Ocyurrozpaguposarnue u agmomamuyeckoe udmeperue napamempos
cunycoudaabrhoco cuznara ¢ wacmomot 10 MI'y

6.2.2. NMpocMoOTp aMIJIMTYAHO-MOAYIMPOBAHHOIO CUrHana

IIpocMOTp aMILIUTYIHO-MOAYJIMPOBAHHOIO BHICOKOYACTOTHOIO CUTHaja Ha 1u@po-
BOM ocHuuiorpade TpeOyeT OT MOoJIb30BaTelisi 0COO0T0 BHUMAHUS B BULY OOJIBIION pa3-
HOCTHU YaCTOT MOIYJIMPYIOIIETO M HECyIero KojaeoaHuii. YCTaHOBKHU JUIMTEIbHOCTU pa3-
BEPTKHU, JAIOLINE BO3MOXKHOCTH IIPOCMOTPETh OTUOAOIIYI0 MOMYJIMPOBAHHOTO CUTHAJA,
OOBIYHO HE ITO3BOJIIIOT PAacCMOTPETh €ro BhICOKOYACTOTHOE 3aIloyiHeHue. bonee Toro,
M3-3a TIPOSIBJIICHUST CTPOOOCKOIIMUECKOro 3(pdeKkTa MHOTIA MOXHO YBUAETh «KHIDKHOE»
CTUJIM30BAaHHOE M300pakeHUe MOAYJIUPOBaHHOro curHaaa (puc. 6.20).

Ocuwmniorpamma puc. 6.20 Morjia Obl COWTU «3a MPaBAy», €CIIM Obl HE MHOXMUTEIb
pa3Beptku B 0,5 Mc/men. M3 ero 3HaueHMUs] OYEBUIHO, YTO Ormoarolasi ¢ 4acTOTOi B
1 xI'm mpocMaTpuBaeTCsl BEPHO, HO BOT BBICOKOYACTOTHAs HAUMHKA <«BBITAETCS» C Yac-
totoil mpuMepHo B 10 xI'1, yto moutn B 1000 pa3 MeHbIlIe peaqbHOI YacTOThl CUTHAaIA
B 10 MTI11. TyT 1f0OOTBITHO TOJBKO OHO — 3Ty CTPOOOCKOTIMYECKYIO KAPTUHKY, TeM He
MEeHee, MOXXHO UCITOJIb30BaTh ISl U3MepeHUsT KO3 GhUIIMEHTa MOIY/ISILIUU U YCTAHOBKHU
€ro HyXHOTo 3HaueHus. [lomyunTh KapTUHKY MoayaupoBaHHoro BU-konebGanust, 1mo-
JIIOOHYI0 HaOJoJaeMOil Ha 92KpaHe aHajJoroBoro ocuwuiorpada (cM. Hampumep,
puc. 5.34) 1 cO CIUIOIIHOM ITOJIOCOM BBICOKOYACTOTHOTO 3aITOJIHEHMSI, MOXKHO TOJIBKO Y
MPUOOPOB ¢ OOJBIIOI YaCTOTOI BHIOOPOK B peXXMME pealbHOTO BpeMEHHU.

Bripouem, eciy pe3Ko CHM3WTh YacTOTY HECYIIEeil, TO MOXHO HaOII0[aTh peajbHOe
IIpOMOIyIMpoBaHHOe KojebaHue (puc. 6.21). OHO He COBCeM CTaOMJIbHO, HO II0 HEMY
MOXHO BBIYMCIUTHh KOAMOUIIMEHT MOAYISIIUK (B YUCIO aBTOMATUUYECKN BBIYMCIISIEMbIX
IapaMeTpoB OH, YBbI, He BXoAuT). C IMOMOILIbIO JUHEIKN IPOKPYTKU MOXHO IIPOCMOT-
pPeTh BCe BHIOOPKM CHUTHaja B MaMsITU ociuuiorpada u yoenutbcss B TOM, YTO MOMEHTBI
JOCTVXKEHUsI aMILUIUTYI0 MOAYJIMPOBAHHOIO KOJIeOaHUSI MUHMMAJIbHOIO U MaKCUMallb-
HOTO 3HAa4YeHHUs MEPUOANYECKU IOBTOPSIOTCS. DTO MPEKPAaCHBIM MpUMeEp MPUMEHEHUS
JIJIMHHOM MaMsITU B BUPTyalibHOM adoparopun PC-Lab 2000.
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-~ Dscilloscope
Ele Edt Qptons Vew Math Hep
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Puc. 6.20. Modyauposannoe Kosrebanue ¢ wacmomoti 10 MI'y npu nasuuwuu
cmpobockonuueckozo agpekma

~ Oscilloscope |'__'|ﬁ||Y|
Fie Edt Options Yew Math Help
[ osciioscope | Spechum Ansiyrer | T G Circuit Anciyzer |
Ty,
AT | o] e [s0 2o
' il 0| G | o | i |
1G5/s
IR UL
! — Run I single
Y — ( Co 0 ) —
Valts/Div. CHI CHZ Trigger
: [ on _auToser PERSIST on AutoseT | 1 ovon [ ON ﬂI iI
= o] ov] o] osv] fov|['ov " o lawv] 4 | i -
iP\:aiﬁnn ITOOD_“?IQM ﬂ%g GHND Pnailinn; Lm:dgo,?ll

Puc. 6.21. Habato0enue cunycoudarvroco korebanus ¢ wacmomoii 100 Iy,
npomooyauposannozo cunycoudoi ¢ wacmomot 1 kl'y

6.2.3. dyHKUMOHANbHAA CXeMa UccriegOoBaHUA 3JIEKTPOHHbIX Lenemn
N YCTPOMNCTB

Jist mpoBeZieHUsT MCCleNOBaHUSI SJIEKTPOHHBIX LIeNell U YCTPOUCTB UX HAIO MOIKIIIO-
YUTh K BUPTYaJIbHOI JJabOpaTopuM Tak, KakK 3TO IMOKa3aHO Ha puc. 6.22. B kauecTse re-
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HepaTopa UCIbITATeJIbHOTO CUTHAaja MCIOJb3yeTcsl BUpTyalbHbI reHepatop PCGI10, a
JIJIST KOHTPOJISI 32 BXOJAHBIM M BBIXOAHBIM HAIIPSDKCHUSIMU — BUPTYaJIbHBIM OCIIMJUIOT-
pad PCS500.

PCG10 PCS500

Ly i Weneityemoe |

YCTPOWCTBO .

Puc. 6.22. Brok-cxema ucnoimanus 31eKmMPOHHO20 YCMPOLUCMBa ¢ NOMOWbIO
supmyanvroii aabopamopuu PC-Lab2000

ITpu uccrenoBaHWU MEPEXOMHBIX MPOLIECCOB Oe3pasnnuHo, Kakoi KaHain (CHI wnu
CH2) ucnonp3yercs s KOHTPOJISI BXOAHOTO, a KAKOW — BBIXOAHOTO HampspkeHus. Oni-
HaKO TIpY UCITOJIb30BaHUM ocuuiuiorpada B pexkume XY (Hampumep, IS KOHTPOJIS
dasnl mo durypam Jlnccaxy) Hy>KHO 00ECIIEUUTh MCIOJIb30BAHUE KaHAJIOB UMEHHO TakK,
KaK TOKa3aHo Ha puc. 6.22. Jlug Moayd4eHUs] YCTOMUMBOW BHEIIHEH CUHXPOHW3ALIMU
HEOOXOAMMO COEIMHUTHh IMOKa3aHHbIe Ha pHUC. 6.22 CBOOOIHBIE Pa3beMbl OTPE3KOM
BY-kabens.

6.2.4. UccnepoBaHue puddpepeHuupyowen RC-uenouxku

Briiire yxxe onucano uccienoBanue auddepenimpyioieii RC-11eMoYKu C TTOMOIIbIO
aHaJIOroBOro ocuusuiorpada M BCTPOGHHOTO B HEro KajauOpaTopa, BbipadaThIBAIOIIETO
Meanap ¢ yacroroir 1000 I'm m ammumutymoit 0,25 B. I1puMeHsIST BUPTyaIbHYIO J1abopaTo-
puto PC-Lab 2000 ¢ ¢yHkuumoHaabHbIM reHepaTopoM PCG10, moayuyuTh HEM3MEPUMO
OoJbIIIe BO3MOXHOCTH B BHIOOpPE TECTOBBIX CHUTHAJIOB — CM. puc. 4.11, Ha KoTopom
MOKa3aHbl OKHa (PYHKIIMOHAJILHOIO reHepaTopa. DTO CUHYCOMIAJIbHBIC, MPSIMOYIOJIb-
HBIE, TPEYTOJbHBIC, IIYMOBEIC, BUOa Sin(f)/f CUTHAJILI TeHepaTopa, ITOJITOpa IecsTKa
pa3HbIX CUTHAJIOB U3 OMOJIMOTEKN CUTHAJIOB M, HAKOHEIl, CUTHAJIbI, KOTOPbIE ITOJIh30Ba-
TEJTb MOXKET 3aJaTh CAMOCTOSITEJITbHO U BKITIOUNTH WX B OMOJIIMOTEKY CUTHAJIOB.

Ho noka orpannyuMcst mpuMeHeHUeM MeaHapa ¢ 4acToToii 1 KI'11 1 ¢ IBOMHOM aMILIv -
Tynoii 5 B mng uccnepoBanus muddepeHuupyomein RC-uienu BUaa, MoKa3aHHOro Ha
puc. 5.37 cnesa, mpu R=51 kOm u C= 1000 nd. Ha puc. 6.23 mokazaHbl OCHUIIOTPAMMBbI
MeaHapa OT QYHKIIMOHAJILHOIO reHepaTopa (BepXHUi 1y4) 1 ¢ Bbixoga RC-1ienu (HYKHUI
JIy4) MpU ycTaHOBKe Ko duunenTa passeptku 0,5 mc/nen. [1pu aToM Ha puc. 6.23 noka-
3aHbI Pe3yJIbTaThl KYPCOPHBIX U3MEPEHMI IBOMHOM aMILTUTYAbl MeaHApa (ITOKa3aHUsI IO/
skpanoM 5,02 B), mepuona (df = 0,99 mc) n wactotsl (f= 1/dt= 1,01 xI'). [TorpeurHocts
M3MEPEHUs TIepUoJa U YaCTOThI OKa3ajach MeHee 1% (HAaIlOMHUM, YTO YaCTOThl CUTHAJIOB
(byHKIIMOHAIBHOTO TeHEepaTOpa CTAOMIM3UPOBAHBI KBAPIIEM).

CpaBHUBasl OCUMUIOrpaMMbI puc. 6.23 ¢ ocuM/utorpaMmMaMu puc. 5.38, moy4eHHbI-
MU C ITOMOIIBIO aHajoroBoro ocumuiorpaga OCY20, otmeTuM, 4To 1o popMe oHU ab-
COJIIOTHO uAeHTUYHBI. Ho B cinydae nadopatopuu PC-Lab 2000 n000if Bepcuu MmosiBU-
JIaCh BO3MOKHOCTb KYpPCOPHBIX M3MEPEHMII MapaMeTpoOB CUTHAJIOB HA BXOIE M BBIXOE
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- Oscilloscope
Fle Edt Optons Vew Math Hep
[ Osciovcope | [Spachimn Anaiysat siom Pocorder|  Funci | Gresansyer |
TimaMiv
15 )
[+ _CH1 v CHZ
v DC_Mean 0.00V 77 D05V
v Wax v 2anv
v Win MV R 25V
+  Peak o Peak ronv Iy LoV
¥ High 427y 240V
)| )|} | 3 | || v Low nmy ¥ 248V
| | i v Anglitude LV 497V
i | — - o1 — v ~ AL RMS 096V 77 Zanv
i i AL dBV 0GBV 77 769 4BV
4 + ‘:, 4 E - -| - ~ AL diEm 1,90 dBm 77 101 dBm
| i v AL+DC AM5 096V 77 40V
1 - g — == v ACSDE JBY ALY RV TP TR JRV
1 v AL+DC dBm 1.90 dBm 77 10.1 dBm
! | ! ! : e
§ ~ Duty Cycle 297 %77 50.0 %
~  Pozilrvs Wadlh 0.040 m= 77 0500 m=
~ Hegative Width 0960 ms 77 0.500 ms
dv 502V (BB (361) Vims: WV v Hue Tme 0.000 ms 77 0.000 ms
¥ Toll Time 011Zms 77 0.000 ms
1
1 - [ [ W 1.00 s 1.00 s
Vohs/Div. CHI cHe v L':.m 1.00 kHz 1.00 kHz
— 0
- ON AUTOSET FERSIST aN ALITC
= — Close Heb
d | s |[rev esv v | v |[1sv — ™
- - . Sowce CH1||CHZ ExXT
EAEY Mlm\_r| 1!.n.:| Senv' 015v] Somyv| 15mv] smv| - :
: Coupling Coupling : - Edge| a7 R
r|Posion [ a0 _DC | 6D Az _be | GMO|  Posion : * Lovel

Puc. 6.23. Hcnoimanue dugpgepenyupyroweii RC-yenu cpedcmsamu aabopamopuu
PC-Lab 2000

HCITBITYeMOTO YCTPOWCTBA, Ja W BUI OCLIJLIOIpaMM OoJjiee UYeTKWil. A UIST HOBEWIIIeit
Bepcuu nabopatopuu PC-Lab 2000 v. 1.38 (koHerr 2004 r.) MOXXHO MPOBECTU aBTOMATU-
yeckmit 3aMep 21 mapaMmeTpa KaK BXOIHBIX, TaK U BBIXOIHBIX CUTHAJIOB. I[laHedsb ¢ aTH-
MM ITapaMeTpaMu U pe3yjbTaTaMM MX 3aMepa IToKazaHa Ha puc. 6.23 crpasa.

6.2.5. NonyyeHne cemencTB ocuusiorpamm B pexume PERSIST

HoBas Bepcust nabopatopuu PC-Lab 2000 v. 1.38 gaer elie omaHy 3amMeyaTesibHYIO
BO3MOXXHOCTh — ITOCTPOCHMSI MHOXKECTBA OCUMIJIOTPAMM B OKHE. DTO 3KBUBAJICHTHO
npuMeHeHuto 8—10 u Gosiee KaHaIoB. [ peaqu3aumnu TaKoi BO3MOXHOCTU UCTIONb3Y-
eTcsl HOBbIN pexxuM HakoruieHust ocumiuiorpamm PERSIST. Jlns ycroitumBoit cuHXpo-
HU3aLUMU B 3TOM CJyyae I1eJIecoOO0pa3HO MEepeiTU K BHELIHEH CUHXPOHM3ALMKU OCLIMII-
norpada ¢ Beixoma SINC OUT dyskimonansHoro reHeparopa. [locine atoro MoxHo
CHSITh CEpUIO OCLIMJLIOIPaMM, HalpuMep TS pa3HbIX IBOMHBIX aMILIMTYI MeaHapa B 3,
4, 5u 6 B. [TonmyyeHHOE ceMENCTBO OCIIMIIIONpAMM TIpeICTaBIeHo Ha puc. 6.24.

Hannuue ¢@yHKUMOHAIBLHOIO reHepaTopa ¢ MHOXECTBOM (OpPM CO3AaBaeMbIX UM
CHUTHAJIOB OTKPBIBAET BO3MOXHOCTH BCECTOPOHHETO MCCIeOBAHMS JIEKTPOHHBIX 1IeTiei
u ycrpoiictB. Hampumep, Ha puc. 6.25 mpeicTaBleHbl ceMecTBa OCHMIIOTpaMM, M-
JoCTpUpYyIonx peakiio nuddepennupyioieii RC-1iernmn Ha UMITyIbCHI TPEYTOJIBHOM
dopMbl ¢ 1BOIHON amIutuTyIoi oT 1 1o 6 B, MeHsmoweiics ¢ marom B 1 B. IIpuMeHeHa
OTMCaHHAasl BBIIIIE TEXHWKA CheMa MHOXKECTBA OCIIMJIJIOTPaMM.

6.2.6. UccnepoBaHue peakuumn uHterpupyiowen RC-uenovkn
Ha MmeaHAap

Tenepb ImpoBeieM aHAJIOIMYHOE MCCIeAOBaHME Isd uHTerpupyloieit RC-uenu
(puc. 5.37 cnpaBa) npu Tex xe 3HayeHus1x R u C. Pe3ynbTaTbl MCHIBITAHUS TIPSIMOYTOJIb-
HbIMM MMITyJIbcaMu (MeaHIp) IMpeAcTaBlieHbl Ha puc. 6.26. B mpaBoit yactu puc. 6.26
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[+ o v oz
LU ER S 0y
nuav 295V
nsav 2V
11av SV
0.56Y 295V
A58V 25V
116V 5V
052V 1.72v
.76 iy A TD dEY
354 dilm 64T dBm
nuzv 112V
45,74 dBY 471 dBY
! -1.52 dilm .93 dilm
A% anx
0.4%9 ms 0,458 ms
500 me 50 me
W18 ma 358 ma
Wi, D52VH i Fall Timn 0115 me 0397 me
K| | [ [ < Peind 1.00 ms 1,000 ms
- Fi 1.00 kHz 1.00 kHz
Volts/Div. CH1 CHZ [= Phase | 714 deg 71.4 deg
: OoN AUTOSET PERSIST oN ALTO: G | Heo
lsvl v | 15v | | 05v 1w | 8| e asv] s
H = : Souce CHI| CH2 |E><T
: o1sv| somd] 1EmY] Smv o1sv| somy] 18] Smv| . J J
Caupling Coupling Edr_xol P
- Puosition AC _DC | GMD AC _DC | GMD| Position - Level

Puc. 6.25. Cuamue cemeiicmsa ocyunrrozpamm peakyuu duddepenyupyrowei. RC-yenu
HQ CUCHAA MpeyeoibHO20 B8U0A

MOKAa3aHO OKHO C pe3yJibTaTaMy aBTOMAaTUYECKOTO M3MEPEHUs MapaMeTpOB BXOAHBIX U
BBIXOJTHBIX UMITYJIbCOB JJISI TAaHHOTO TIpUMepa.

CpaBHMBasi OCLMJUIOTpAaMMbl Ha BXOIe M Bbixome uHTerpupytoiein RC-menu
puc. 6.26 ¢ paHee MpencTaBIeHHBIMUA Pe3yJbTaTaMi €€ UCTIBITAHKSI AaHAJOTOBBIM OCIIWJI-
norpacdom OCY20, MBI BHOBb yOexkIaeMcsl B UX MICHTUYHOCTU U HAIMYUHU y 1abopaTo-
pun PC-Lab 2000 HOBBIX OOLIMPHBIX BOZMOXKHOCTE.
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[0 pe | : tyzer | i | Function Genorstor | Gircuit Analyzar
Tee 1e - Weveform Parameters [__l [*l
. Amplitudn. B v CHz
v DC Mean TG v
v Max 202V 186 Y
- - > Hin 202v 102y
+ Poaklu-Poak 403V ErY
> High 197V 188V
, v Low 2wV R 1
Amplitude 338V amy
<AL RMS 139V 16TV
> AC BV 5,97 g8 447 dBY
<AL dim .18 dim 6.69 diim
~ ACADEC AHS 1.99v 167V
< ACHDE Y 5,98 dEV 447 GV
< ACSDC dim 0.20 dim 6,69 dim
T
~ Duty Cycle 501 % 99z
i ~ Puulive Wadth 0.501 ms 0439 ms
~ Hogative Width 0,499 ma 0,501 ms
F Hun Tme 0.000 ms a4 ms
Vims: 297 Fall Time 0,000 ma 0110 ms
P ¥ Pesioxd 1,00 ms 1,00 mx
! L l [ + Tiequency 1.00 iz 1,00 kiiz
Volts/Div. ©H1 CH2 v Phaso | 126 oy RETT™
D[ on AUTOSET FERSIST on AUTO| Cow Hep
Sy sy ||1sv s wy | s | 1sy esv| 1:
2 2 > Souce CH1| CHZ||EXT
2 0.15V| 50mv] 15mb| Smv 05| 50mY| 15m| Smv =W &
Coupling Couglng D Edge| AT M
Poston AL DC | GMD A DC | GHND| Posibon Leval

Puc. 6.26. Cnamue cemeiicmsa ocyurrocpamm co 8xoda u 8vixo0a unmeepupyrouje
RC-yenouku npu passuunoix amniumydax meanopa Ha ee 8xode

6.2.7. UccnepoBaHue peakuum uHTerpupylowen RC-ueno4ykn Ha
CJI0XHbI€ MMMYJIbChbI

Kak yxxe oTmevanoch, GYHKIIMOHAIbHBIN TeHEpaTOp CIIOCOOEH FeHepUpOBaTh UMITY-
JIbChI, BpEMEHHasl 3aBUCUMOCTb KOTOPBIX MOXKET OMUCHIBATHCSI OUOIUOTEUHBIM (haiiioMm.
IMokaxem npumep storo. Ha puc. 6.27 npencraBieHbl OKHA (PYHKIIMOHAIBHOTO reHepa-
TOpa B MOMEHT BbIOOpa paiiyia OMOIMOTeKM ¢ MMeHeM trapl, KOTOPBIN 3amaeT UMITYJIb-
ChI TIPSIMOYTOJIBHON (DOPMBI € JIMHEWHO HapacTarollleil BEpIIMHOM.

Ha puc. 6.28 mokazaHbl OCLMJ/UIOrpaMMbl peakiuu WHTerpupyoieir RC-1enu Ha
3alaHHbIe UMITYJbChl. B TIpaBoil yacTu prcCyHKa BBIBEJIEHO OKHO C pe3yJbTaTaMU aBTO-
MaTUYECKUX BhIUMCIeHNH 21 mapameTpa BXOAHOTO U BBIXOJHOTO MMITYJIHCOB.

6.2.8. UccnepoBaHue peakuumn LRC-uenoy4yku Ha meaHap

Tenepp paccmorpum peakuuio LRC-mierouku  (kojnebaTenbHOro KOHTypa —
puc. 5.40) Ha MPSAMOYTOJbHbIE CUMMETPUYHbIE UMMYJIbChl (MeaHap). OcLuiorpaMMbl
JUISL 9TOTO ciiydast mokasaHbl Ha puc. 6.29 (L = 40 mxI'n, C = 10 H®, R Kak BHELIHUI1
pPE3UCTOp He BKIIIOYAIOCh). Peakius 1ieny BIIOJIHE OINpaBIbIBacT €€ Ha3BaHWE — XOPO-
1110 BUAEH 3aTyXalolNi TepruoguUecKrii TIpoliecc KojaebaHuilt B KOHTYpe.

M3 ocumiorpaMM OTYETIMBO BUAHO, YTO (PYHKIIMOHAJIbHBIM IeHEepaTop MMEEeT KO-
HeuyHoe BbIxomHOe compotuBieHue (50 Owm). B pesynabrare KosebaTenbHBIN TMpoliece
MPOHMKAET U BO BXOAHYIO LIETMb FeHepaTopa U BUAHO €ro HAJIOXKEHUE Ha MeaHAp.

6.2.9. UccnepoBaHne penakcaLuMOHHOro reHeparopa

B koHlle omucaHus KJIacCMYECKMX BO3MOXHOCTEH ocuuiorpada adbopaTopuu
PC-Lab 2000 paccMOTpuM HCCIEAOBaHNE C €€ TIOMOIIBIO pelaKCallMOHHOIO reHepaTopa
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mﬁmcﬂun Generator trapi.lib
Fvoqu.vncy OM_ - M Circuit Anabyzer —
1000.00 Hz IquE| S0ms | 20ms | 10ms
‘ j S | 2ms | 1ms ||05ms
e 02ms| 01ems| Sous | 20us
10us | Bus 2us. Tus.
Hz ;
wa | voo | 1w IT Wi | roize 05us| O.2us| Odus
100 10 1 01 Nu
Denxs: | i Lib | = B Er
A MU A 5[ | UB Ul Gos gt st
e = burst1 B ramp_dn = starsy
+] =|od Bore B
Hdamp_wav  Drectl il
%wp_dec gsampb_! S ri_skw
& = [od @onr: B
Valts/Div. cHI Hpanol Bsneat
[ on AUTOSET PERSIST | |
Mﬂﬁ ﬂ‘ HrRgaany:  [rap! Qreputs
ﬂ M‘ ﬂ ﬂl Ivnpadnon  [Library File -l OtHens
Coupling Coupling } L Edge| ¢ W
Poston | AC _DC | cmD| ['ac _oc| GND| Posion = ‘:I.awl _I

Puc. 6.27. 3acpy3ka 8 pynkyuonarvHolii cenepamop ¢aiira trapl.lib

| Q ._' Anay | i ..: F\nmﬁnnurml Circuit Anabyzer |

TimuoyfDiw.

L] L] [

VoltsfDiv. cH1 :

" [ en  _autoser | _pPemsist | [ ow  _auTod

Y 7 | SN Jov| v [isv o | e |
- o] s 5] o] o s ] | [ o ST
: Coupling Couphng - D esgs| ll
:Poswon | Ac _DC | G| ["ac” _pc| GHD| positon - " Level

Puc. 6.28. Peakyus unmeepupytoujeii RC-yenu na umnyaoc us ¢aiira trapl.lib

Ha aHaJloTe OJHOTIEPEXOJHOr0 TPAH3UCTOPA, BBIMOJHEHHOTO Ha JBYX TPaH3MCTOpax C
pa3HbIM TUIIOM IpoBoauMocTu (puc. 6.30). DTO yCTpOilCTBO MMeeT S-00pa3HylO BXOMI-
HYIO XapaKTepUCTUKY C HampsikeHueM BKiItoueHust Uyy; W BbiKIoueHUst Uy, 3a1aBae-
MbIMU AenuTesieM Ha pesuctopax R1, R2 u R3. B aBrokonebaTenbHOM pexkume padOThI
koHzeHcatop C 3apsixaeTcsl yepes pe3ucTop R BBIKIIOUEHHBIX TPAH3UCTOPOB 10 HaMpsi-
xkeHust Ugyy. [lpu 3TOM TpaH3MCTOPBI BKIOYaOTCS U KoHneHcatop C paspsiKaeTcst 10
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Weveform Parameters

| Function Generator
5.0V a5y
. f v 52V
"‘"""‘““"‘| ST 9.7V a7y
f 5.2 a8y
| J 14.4 dbv 136 div
- [J, R | rmenmnd 16.6 diim 15.9 dbm
5.2V a8y
L f rv\{ 4.4 dBy 12.7 dov
W e 166 difm 15.9 difm
' 50.0 2 50.0 %
(v | S 10.0ur 10,0 us
10.0 us 10.0 us
L
20.0ur 200w
0050 MH: 0,050 MHz
Vrme: 524 0.5 deg 0.5 deg
v
K| ] | r b . I .-),._

Volts/Div. CH1 CHZ Trgger
: ON AUTOSET | PemsisT | [ on _ AUTOSET [ G W ﬂ ﬂ
L[ asv] e 7 | TN N P
: o] s 5] o] w] o] ] ] | |5 Sl crel[ET
FE Coupling Couphng : ’— esge| |
Posaon _Ac| [0 ahol _ac|[oc aHD|  Positon - - Level

Puc. 6.29. Ocyunnocpammor peakyuu LRC-yenouku Ha umnysbc — meanop

HanpskeHust Upyq- Janee mpoiiecc moBTopsieTcst u Ha KoHaeHcaTope C dhopmupyercs
HEJIMHENHO M3MeHsIoleecs MUIoodpaszHoe HamnpsikeHue. Ha atane paspsina C Ha Koj-
JekTope TpaHsuctopa T1 dopmupyercs KOpoTKuil, TOUTH TPSIMOYTOJTbHBIN MMITYJIbC.
Ero MoxHO MCMoabp30BaTh 1151 3aMMyCKa Pa3IWYHbIX UMITYJIbCHBIX YCTPONCTB.

En

R R1

]R2

R3

Puc. 6.30. I'enepamop peraxkcayuonHoix KOAeOAHUA HA MPAH3UCMOPHOM AHAAOZE
odHonepexo0HO20 mpax3aucmopa

Ha puc. 6.31 nmokasaHbl OCLIIJIOIpaMMbI M HACTPOWKHU ocLwuiorpada, MCHob30-
BaHHBIC IJIS MICCJICIOBAHMSI 3TOTO «KHMBOTO» yCTpoiicTBa. OcHuiuiorpaMMa Mmiooopas-
HBIX KOJICOaHUI BBIIJISIIUT IIPEBOCXOAHO M CJIOBHO CpUCOBaHa C ydyeOHMKA. A BOT
OCLMJUIOrpaMMa KOPOTKUX MMITYJIbCOB ¢ KojuiekTopa T1 ¢ mepBoro B3rJisiga HEIOHSITHA.
MMIyabCchl UMEIOT CTPAaHHO XOPOIIYIO MPSIMOYTONBHYIO (POpPMY M pasHyIO0 aMIUTUTYAY.
HexoTtopble MMITYJIbChI B MOMEHTHI pa3psiaa C OTCYTCTBYIOT. DTO CJIEACTBUE MaJIOid Yac-
TOTHI CTpoOupoBaHus — 2,5 MB/c Ha pa3BepTke 50 MKc/men. B pesynbprate Ha KaxKoblid
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UMITYJIbC MPUXOIUTCS MO 2—3 OTCcUeTa, YTO M OOBSICHSET X SIBHO HEYIOBICTBOPUTEb-
HBbIII BUJI.

s 6ojee 4eTKOro IMpeAcTaBIEHUsI MPOLECCOB B JAHHOW CXeMe€ HalO YMEHbIIUTh
JUIATEIbHOCTh pa3BepTKU A0 10 MKC, YTO YBEJIMUMT YaCTOTY CTpoOMpoBaHUs 10 25 MB/c
U TO3BOJUT HaOJI0AaTh MMIIYJIbChl Oojiee KoppekTHO (puc. 6.32). Ha sTOoM pucyHke

~« Oscilloscope

He Edt Options View Math Help
i Oscilloscope | &wmmmmarl Transiert Fecordar menncemtmnr[ CImlAnaJyxarI

Time/Div.
_sms | o | 1w | 950}
AAA A ] g [ sz
/L//l/ {L L//l‘//\/l/ W//‘( ﬂll‘i‘l‘
I I L I 5] 02| o] |
1GS/e
' Run Single
V625V (14.08) [781) t Vems: 181V 7.4dBm
G =] ( ( ( o
Volts{Div. CHI CH2 Trigger
i [ ow _auroser| _pensst | [ ov  _awreser | | owor [on oFF| > |
AL | EREY Y B [IERET O i N
{ w15 ] 1] 5| wie] s o] s { == el Lo}
Pom ﬂ%q _ano| ilcl%wﬁl %mo..§ I ‘:Lmsuwﬂ,T

Puc. 6.31. Ocyunnozpammor nanpaxernuti Ha Kondencamope C u koasekmope T1
npu diumeavrnocmu passepmru 50 mxc/den

~« Oscilloscope |'-_"E|R|
i Decil i Specm hy : Funcion Generator Circuit Annhyrer |
Timo/Div.
| ] o2 1ms] sows | 20w |
H | 5] 02| o] |
|l 1GE/s
! Run Single
AV B.25 (14.08) (7.81) Vims: 18TV 7.4d8m
) (] l ( —h
Volts/Div. CH1 CH2 Tngger
[ on  _AutoseT | _eemsisT | [ on  _AuToseT | : 1 onon [ oFF| > |
L | EREY T 7 | IERET N i I
© o9 som] s sov] o] s o] ] | | o2l el
L Coupling Cauging : | e o | [
Posmon  _AC | [DC Gnof _ac|[oc onD|  posiben - | e

Puc. 6.32. Ocyunrnoepammor nHanpsicenuii Ha kondencamope C u koasrekmope T1
npu daumenvrnocmu pazsepmiu 10 mxc/den
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6.2. Ocyunrroepaguposanue 6 PC-Lab 2000 8 pearvrbix ycrosusnx

TPEACTaBJIEHBl U PE3yIbTaThl KypCOPHBIX M3MepeHMil YypoBHeN Ugyy M Upykn, @ TaKKe
Meproaa U 4acTOThl KOJieOaHUii peslaKCallMOHHOIO IT'eHeparopa.

YTo0OBI AETAIBHO MPOCMOTPETh CHaa HapspKeHUs Tpy paspsiae C 1 ¢hpopMy UMITYJTb-
coB Ha KojuiekTope T1, Hamo YMEHbBIIUTD JIUTEIbHOCTh Pa3BepTKU A0 2 MKC/mena. DToT
cilydyail mokaszaH Ha puc. 6.33. 3a0HO Ha HEM TOKAa3aHO OKHO C pe3yJbTaTaMKW aBTOMa-
TUYECKUX BBIUUCIECHUI MapaMeTpOB MUI000Pa3HOro HaNpsSKeHUsT U KOPOTKUX UMITYJIb-
coB Ha koyiekTope T1. OHM XOpOIIO COTJIacYIOTCS C pe3yJibTaTaMu KypCOPHBIX U3Mepe-
HUI U JAIOT DOMOJHUTEIbHYIO (ITOPOIO MaXKe N30BITOUYHYIO) MH(OPMALIMIO.

Iv_CH1 :
+ DC Mean 0y 107V
| v Max 128V M2V
s + Min 75V 75V
¥ Prak-to Poak B3V 127V
N ETT 120V 200V
¥ Low 7EV IV
=1 | »_Amplituda IV 123
v AL RMS 18V 185V
< AL dOV 4.9 v 2,36 v
v AL dBm 714 dim 558 dflm
- + AC+DC ANS v 10V
¥ ACADC A8V 209 dBv 259 BV
< ACSDC dilm 2.2 dim 20.2 dlm
Timing-
+ Duty Cyche 59.6 % 904 %
¥ Positive Width ETEI™ ADT
+ Nogative Wdth 16.4 us 0.661 us
@ E25V (14.08) [7.87) vims: 1,78 _Rise Time 308 ur 0,080 uz
v Fall Time 0,300 us 0.200 us
= L L l v Prsind ADS us ADT
Volts/Div. CHI CHE + Fisquency 0.025MHz  0.025 HHz
o AUTOSET PersisT | [ on ayfly Ehozo dbtiden 1642 dem
| Close Help
2 5| ov | fisv] josv] ]| sv 15V
- L ey
= : Source CH1 | |CHZ2  EXT
T 0S| Somv| 15mv| Smv 015V Somv| 15mv| Smv ;‘ S
": Couplng Coupling :r - Edge A || W
= Position AC oc GND A oc GrD Posmon = < Level

Puc. 6.33. Ocyunnoepammor nanpsaicenuii Ha kondencamope C u koasrekmope T1
npu OsumesbHOCMU PA36epmMKU 2 MKC U OKHO 8b1800a pPe3yibmamos A8MOMAMULECKUX
BbLY4UCACHULL

Puc. 6.34 wumoctpupyeT paboTy TAHHOTO pejlakcaTtopa B peXXMMe CHHXPOHM3AINU
OT (DyHKIIMOHAJILHOTO TeHepaTopa. BBomoM pe3koit HeCUMMETPUU TeHepaTop MepeBeacH
B pexXrM (HOPMUPOBAHUST KOPOTKUX OTPULIATEbHBIX UMITYJIbCOB, KOTOPbIE MOJAIOTCS Ha
6a3y TpansucTopa T2 uepe3 koHmeHcatop C = 30 n®. HuxaMii 1y4 moKaseiBaeT Gopmy
HanpspKeHUsT Ha 6a3ze T2, BepxHUT — MMJIO00pa3HOe HalpspkeHne Ha KoHaeHcaTtope C.

Ha 6a3e T2 oT4eT/IMBO BUIHBI CUHXPOHU3MPYIOIINE UMITYJIbChl OT (DYHKIIMOHAIBHO-
ro reHeparopa M XOpOIlIO BUIHO, YTO PeaKCallMOHHBIN reHepaTop paboTaeT B pexkume
YCTOMYMBOW CUHXPOHU3ALMU U ACJIEHUSI 4acTOThl (PYHKIIMOHATBHOIO TeHepaTopa Ha
Tpu. Kaxnpiii TpeTuil CUHXPOHUW3MPYIOUIMN WMITYJIbC BBI3BIBAET TPUHYIUTEIHHOE
BKJIIOUEHME TPaH3UCTOPOB U pa3psia KoHaeHcatopa C. M3aMeHss yacToTy (yHKIIMOHAJb-
HOTO Te€HepaTopa, MOXHO HabIoAaTh CUHXPOHU3ALMWIO 11 UHOW KPAaTHOCTU 4YacTOT U
CPBIB CUHXPOHU3AIINH.

IMpuBeneHHbIE TIpUMEpPHl TIPUMEHEHUsT OocLmIIorpacda BUPTYaJbHOU JlabopaTopuu
PC-Lab 2000 nHarisimHO MJUTIOCTPUPYET €ro KOPPEeKTHYIO paboTy Mpu TpaMOTHOM TpU-
MEHEHUU U OOLIMPHBbIE BO3MOXHOCTH B YAaCTU MPENCTABICHUS] OUEHb YETKUX OCLIUIIIOT-
paMM, MX 3alucH B (ailyibl, BOBMOXKXHOCTHU TIPEACTaBICHNsS MHOXECTBA OCIMJLIOIpaMM
Ha OJJHOM 2KpaHe, a, TJ1aBHOE, BO3MOXHOCTU aBTOMATU3AlMU KaK HAYaJIbHBIX YCTaHO-
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Osclloscope | Spoctum Anshyzer | Tiansiont Fiacorder|  Funcion Generstor | Circuit Anshyzer |

Timey/Div.
- T - _sme | awe| e | o]
L — () O e
1 ll.. .l,'- W ~ || = vV || [ \r'l' - m ﬂI iI iI

! i e gOptions Took Help

Fragquency Clutput
0
' 85.000 kHz .
————1
1] | | | L I'—i"“:"‘"l“""'l .
ol D 1
V;an oN Cmaum:a:r pERsET | [ U"b""fuwx
F o] som] 15| smv] I
iPﬂ!.ilinn Mfl'ﬂ'[;l"c""ﬂ GND A NN TL AN s ’4 r

Puc. 6.34. Ocyunrnrozpammor nanpaxenut Ha Kondencamope C u 6a3e T2 8 cayuae
CUHXPOHU3AYUL DEAAKCAYUOHHO20 2EHEPAMOPA UMNYAbCAMU OM QYHKYUOHAALHOSO
eenepamopa

BOK, TaK M M3MepeHMsi 21 mapameTpa ocuLuuiorpamMM. Pasymeercsi, Mojib30BaTe/lb He
JIOJIKEH 3a0bIBaTh, YTO 3TO LIM(POBOII ocimiuiorpad ¢ KOHEYHON CKOPOCTHIO BHIOOPOK
CUTHAJIOB, YTO MHOTIA MPUBOIUT K crieliuduueckuM apdeKram, 10CTaTOYHO TTOAPOOHO
OTpakeHHBIM BEIIIIC.

6.3. AHanu3 cnexkTpa pea’sibHbliX CUrHasIoOB

6.3.1. HazHayeHue aHanNM3aTOPOB CMNeKTpa

AHaIM3aTOPBI CIIEKTpa — CIIOXHbBIE U Joporve ¢husndeckre mprudopbl. bonblMHCT-
BO CIELMAJMCTOB B 00JIACTU 3JICKTPOTEXHUKU M PAAMOTEXHUKHU, HE TOBOPS YXKe O pa-
JIMOJIIOOUTENISIX, CKOpee BCero B CBOCH XM3HM HMKOTJIA HE BUICIW aHAJIM3aTopa CIEeKT-
pa. A MHOrMe IpernogaBaTe/iM PagdOTEeXHUUYECKUX BY30B OOMKO M3JIaraloT TeopeThye-
CKUe OCHOBBI NpeobpasoBaHuiit dypbe Ha CBOMX JIEKIIMSIX, HO MPAKTUYECKU HE MOTYT UX
MOATBEPAUTh M3-3a OTCYTCTBUSI 3TOrO OYEHb JOPOTOTo Impudopa.

AHanmM3aTophl CIIEKTpa CTPOST IpadMKM CIEKTpa Pa3IMYHBIX CUTHAJIOB. B yyeOHU-
Kax Takue rpaduKy IpeacTaBieHbl BEPTUKAIbHBIMU YEPTOUKAMM JIsI KAXKIO0 rapMOHM-
KU WIX UHOM YaCTOTHOM cocTaBisollell criektpa. [1pu 3ToM B yueOHUKAX paccMaTpu-
BalOTCS CIIEKTPhbI MAEAIM3UPOBAHHBIX CUTHAJIIOB, HE COAEpKAIIMX IIYMOB M HABOMAOK,
CBOMCTBEHHBIX peaJlbHbIM cuTHajaMm. [1o3ToMy Tpexiae BCero CTOUT YSCHUTH, YTO OT
AHAJIM3aTOPOB CIEKTPa HEJb3sl MOJYYUTb MACAIbHBIX CIIEKTPOB, KOTOPbIE OINMCAHBI B
yueOHUKax. CrieKTphl aHaJIM3aTOPOB MPEACTABICHBI TMKAMU KOHEYHOI IITMPUHBI M OTSI-
rOLLUEHBI LIlyMaMU 1 HaBoAKaMu. HyXHBI crielinaabHble HABBIKKM, YTOOBI IPABWIBHO MH-
TEpPIPETUPOBATh MTOKA3aHUSI aHAIN3aTOPOB CIIEKTpa.

CylIIeCTBYIOT pa3JIMYHbIe TUIIbI aHAJIM3aTOPOB cIiekTpa. EcTh mpubOphI, KOTOpPHIE
IOCTPOEHBI HA OCHOBE IIEPECTPAMBAEMOIO I10 YaCTOTE Y3KOIIOJIOCHOIO PagUOIPUEMHM-
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6.3. AHaau3 cnekmpa peasbHblX CUSHAAOB

ka. OOHapyX1Basi YaCTOTHYIO COCTaBJISIIONIYIO CIIEKTpa, IPUEMHMK CO3[AaeT CUTHAJ, KO-
TOpBI oTOOpaxkaeTcsa MUuKoM Ha akpaHe DJIT. AHanu3aTopbl 3TOro TUMA CTPOSIT CIEKTP
peajbHbIX CUTHAJIOB U HAILJIIIHO JEMOHCTPUPYIOT (PUM3MYECKYIO PEaJlbHOCTh CIIEKTPOB.
TyT yMECTHO OTMETUTb, YTO IO MOSIBJICHUS TaKMX aHAJIM3aTOPOB CIEKTPhl CUMTATIU Ma-
TeMaTu4ecKoii abcrpakiueil. Ha camMmom Xe jejie CIIieKTphl BIIOJIHE PeajbHbl, U KUMEHHO
Ha CIIEKTPaJbHOM I10[XoAe 0a3upyeTcsl OOoJblliasi 4acThb BO3MOXHOCTEH COBPEMEHHOM
PAaTVOTEXHUKUA U PATUO3JICKTPOHUKH.

Jpyrre aHaIm3aTopbl OCHOBAHBI Ha TTOCTPOSCHUH CITEKTPOB YKMCTO MaTeMaTUIeCKUMU
METOJIaMM, OTNIMCAHHBIMU B riaBe 1. ISl 3TOTO CUTHAJIBI TMCKPETU3UPYIOTCS U TPE-
CTaBJISTIOTCSI JOCTATOYHO OOJIBIIOM BHIOOPKOI, TO3BOJISIONICH BBIYUCISATH COTHU M JaXe
TBICSTYU TApMOHUK. OOBIYHO MPU 3TOM MCITOJIB3YETCS TUCKPETHOE OBICTpOe Mpeodpas3o-
Banne Pypoe. braromaps mosgsiaenuio coppeMeHHbIx 1K Takoe mpeoOpasoBaHue cTajio
BO3MOXKHBIM 3a BITIOJIHE IIPUEMIIEMOE BpeMsI.

To, 9TO HemaBHO OBIJIO JOCTYITHO M30paHHBIM M3 YKCIIa CIIeIINaINCTOB-paTlOTEeXH!-
KOB, C pa3paboTKoi LU(POBbIX ocHWILIOrpadoB (B TOM YUCIE BUPTYaJIbHBIX) CTAJIO AO-
CTYITHBIM TIPEIOIaBaTe/IsSIM 1 CTyJAeHTaM BY30B M Aaxe pamuostoouresiM. Ocuuiorpad
PCS500A BuptyanbHoii naboparopun PC-Lab 2000 uMeeT pexXum pabOThl B KayeCTBE
aHanm3aTopa crekrpa. OH pacCMOTPEH HILKE.

6.3.2. CnekTp CUHYyCcOMAaNbHOro CUrHasa

Haunem n3y4yaTh BO3MOXHOCTU aHAJIM3aTopa CIIEKTpa Ha 0a3e BUPTYaJbHOIO OCLIWII-
norpaca PCS500A ¢ mpocToro mpuMepa — TIOTYYCHUS CTIEKTpa peaJTbHOTO CHMHYCOMIA-
JpHOro curHaia ¢ 4acrtoroi 100 xI'1m or ¢yHKIMOHATLHOTO reHepaTopa. [lomyuuB
n3o0paXxeHre CUTHajla Ha SKpaHe ocumuiorpada, MepekIiouruM ero B peXXnM aHajIu3a-
TOpa CIIEKTpa, HakaB MBIIIbIO KHOMKY Spectrum Analyzer. ITosyduM CIIEKTp Takoro
CHTHaJIa, TTOKa3aHHBIM Ha puc. 6.35.

~" Spectrum Analyzer

Bl EdE Qpoons Yew Math Hep
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Puc. 6.35. Cnekmp cunycoudarvroco cuexnara ¢ wacmomoii 100 Iy
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ITomBuraB MOJI3YHOK JIMHEMKN MPOKPYTKH IO CIIEKTPOrPaMMOI, Mbl YBUIUM MHO-
JKeCTBO M 0osiee MEJKUX IMUKOB. HekoTophele pacmosioeHbl cjieBa OT MuKa puc. 6.35 n
OTOOpPaXXaloT CIEKTPaIbHbIE JUMHUU CyOrapMOHUK CUTHAJa, IPyTHUe pacrojIoXKeHbl CIipa-
Ba U OTpaXkaloT CIIEKTPbl FapMOHUK curHaia. JIto0oit peaabHbIil CUTHAI UMEET KakK cy0-
TapMOHMKM, TaK W BBHICIINME TapMOHWKU. YeM umMIle CUTHAJ, TeM WX MeHbIne. Kpome
TOrO, OTYETJMBO BUICH LIYM Y OCHOBaHMWII MMKOB. DTO IIyM KaK peajbHOro CUrHala,
Tak M caMOTO aHajau3aTopa crekTpa. YacTuuyHO OH OOYyCJIOBJIEH IIIyMaMM KBaHTOBaHUSI
U JKUTTEPOM (HECTAaOMIbHOCTHIO MOMEHTOB BBHIOODPKH).

Puc. 6.35 maer sIBHBIN TTOBOX [JIsST ONTUMM3Ma — MUK CIIEKTpa CUHYCOMAAIHHOIO
CHTHaJIa YeTKO BBIIEISICTCS Ha (pOHE IITYMOB M SIBJISICTCST SBHO CAMBIM OOJIBIINM TIO BBI-
cote. 1o 00e CTOPOHBI OT 3TOr0 MUKAa B OCHOBHOM BMIHBI IIIyMOBBIE COCTABJISIIOLINE.
DTO TOBOPUT O TOM, YTO (DYHKIIMOHAJBHBIM TeHEPATOP TeHEPUPYET JOCTATOUHO YMCTHIN
CUHycounaNbHbIi curHaa. C MOMOIIBIO KypCOPHBIX BBIUMCICHMI BBICOTA U MOJIOKEHUE
(4acTtoTa) mMuKa 4YeTKO BBIYMCISTIOTCS. Tak, 3aMep 4acToThl jaaeT 3HaueHue 99,98 kI
VYpoBeHb 1mymoB aBHO MeHblle —50 ab. llupuHa nuka xapakTepusyeT paspelialonyo
crocooHocTh. OHa He OYeHBb BHICOKA M COCTABJISIET COTHM Tepil.

6.3.3. PaGoTa c OKHaMu 1 peXxxuMmamu ycpeaHeHus

Paspearoiasi cnocoOHOCTh ¥ TOYHOCTD MPOBEISHUST CIIEKTPAJbHOIO aHalu3a B CU-
JILHOM CTEINeHU 3aBUCSAT OT MaTeMaTHM4ecKoi oO0paOOoTKM JaHHbIX. M3HayalibHO CHEKT-
paJIbHBII aHAJIU3 BBITTOJHSIETCS U3 TPEAIOJIOXEHUST O TIpsIMOyrojibHOM Buae AYX, BbI-
JIEJISTIONIEH YaCTOTHBIC COCTABIISTIONINE cIleKTpa. OMHAKO TOYHOCTh CIIEKTPaIbHOTO aHa-
JM3a U CTeleHb OYMCTKM CIIEKTPOTpaMM OT IIyMa MOXKET OBbITb MOBbIlIEHA
MMpUMEHEHNEM OKOH cIielmajabHoro Buma. HamomuumMm, uro komanga FFT Windows B
no3uuuu Options MeHIO aHau3aTopa CIIEKTpa OTKPHIBAET JAOCTYIT K IMSITU OKHAM:

e Rectangle — nmpsIMOyTOJIbHOE OKHO, AalOllee Y3KMEe MUKHU, TTO3BOJISIONINE Pa3JIH-
yaTh CMHYCOMAAIbHBIC COCTABIISIONINE M pabOTaTh IIPU HAJIMYMU OEJI0ro I1IyMa;

e Baretlett — okHo baptieTra, naroiee y3kue MUKHU CIIEKTpa ¢ OBICTPHIM 3aTyxa-
HUEM;

e Hanning — okHo XaHHUHTra, Jaollee Xopollliee CIeKTpaJbHOE pas3pelleHue,
MIprieMJIeMOe B OOJIBIIMHCTBE CIIyYaeB M MPUMEHSIeMOe 110 YMOITUYaHUIO;

e Blackman — oxHo BbiskMaHa ¢ IIMPOKON BEPIIMHON ITMKOB W OBICTPHIM CIIa-
0M;

e Flat Top — OKHO ¢ IIJIOCKOIi BEPIIMHOM, Jal0Iee XOpollee aMIUTUTYIHOE pa3pe-
LIEHKE, HO IJIOXO€ pa3pelleHue 10 YACTOTE U Pa3MbIThle IUKU.

Kpome Toro, aHanuzatop cnektpa B PC-Lab 2000 uMeeT Tpu OILMU YCPEAHEHUST B
mo3unuu Options meHO (KomaHga FFT Options):

e Maximum — ycpenHeHWe TT0 MaKCUMaJIbHOMY 3HAYEHMWIO;
* RSM Average — ycpemHeHMe 1O CPeTHEKBaAPATUUECKOMY 3HAUEHUIO;
e Vector Average — ycpeJHEHUE IO BEKTOPY JTaHHBIX.

HopmasibHO pexxrMbl yCpeHEHUs OTKJIIOYEHbI U CIIEKTPOTrpaMMa MOCTOSIHHO OOHOB-
nsgercst. B 3ToM cityyae 1Iymbl, IXKMTTEp M HABOAKM BEAyT K HECTAOMJIBHOCTH CITIEKTPO-
rpamMbl. Ha puc. 6.36 mokazaHa crieKTporpaMma CUHYCOMIBI TIPH MCITOJIb30BAaHUU OIT-
1 ycpenHeHuss RMS Average. HeTpynHo 3aMeTUTB CyIIECTBEHHOE OCIA0JICHHUE IIIyMO-
BOI JJOPOXKU CIIEKTpa.

Hdpyroii myTb pe3KOTO0 YMEHbIIEHUS] ILIYMOB 3aKJII04aeTCs B BBEJACHUM OIepaluu
ycpenHeHMsl B BeKTope Vector Average. Dta omepaiusi, ecjii OHa BKJIOUeHa, pabortaer
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-~ Spectrum Analyzer

Fle Edt Optons Yew Math Hep
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Puc. 6.36. Cnexmpozpamma cunycoudasbHozo CUZHAAA NPU UCNOAL3OBAHUU

onyuu RMS Average

TMOCTOSIHHO U TpeOyeT JIUTEIbHOTO BPEMEHU — IOPOI0 /10 AEeCITKOB ceKyHa. Ho oHa cy-
IIECTBEHHO OCTAa0JISIeT IITyMBI M TIOBBIIIIAET pa3pelneHue criekrporpamM. Ha puc. 6.37 mo-
Ka3aH CIIeKTP CMHYCOUIHI IIPY MCITOIb30BaHNU OKHa biskmaHa u onepamnun Vector Ave-
rage. MOXHO OTMETUTb Pe3KOoe yMeHblleHue 1yma. Jlaxke camble CUJIbHbIE YaCTOTHbIE
COCTaBJISIIOLIME UMEIOT ypoBeHb MeHblie 60 1B, T. . ocnabieHbl 6osee yem B 1000 pas.

~f» Spactrum Analyzer

Ele Ede Optons Mew Math  Hep
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Puc. 6.37. Cnexmpozpamma curycoudarbHO20 CUZHAAQ NPU UCNOAL30BAHUYU OKHA

Baskmana onyuu Vector Average

269



I'zasa 6. Paboma ¢ komnoiomepu3suposanHoimu rabopamopusmu

6.3.4. CnekTp aMnJMTYyAHO-MOAY/IMPOBaHHOIO KoJsie6aHuns

Tenepsb nepeitgeM K OMUCAHUIO CIIEKTpa aMIUIUTYIHO-MOAYIUpoBaHHOTO (AM) cur-
Hana. s ero momydenust Boctosb3yemcs reHepatopom GW GRG450B u 3amanum ko-
spdunment moaynsaumuu 60—80%. M3 Teopuu U3BECTHO, UTO CIEKTP aMILUTUTYIHONW MO-
IYJISIIAN TIPEICTaBIIeH YacTOTO Hecymieit (B HameM ciydae 100 xI['x) u 1ByMst G0OKOBEI-
MM 4YacToTaMM. Eciu Momynupyloliuii curHaa mmeeT dactory 1 kI, To OOKOBBIE
yacToThl OymyT paBHBI 99 u 101 xI'i. Ho ecnu hopma momynupytomniero cCuHycOuaamb-
HOTO CHTHaja MCKaXeHa, I0 MOsBATCS 00KoBbIe YacToThl 98 1 102 kI'1 oT BTOpOIi Tap-
MoHUKH, 97 n 103 KI'1I OT TpeTheil TAPMOHUKH M T. 1.

IMonaB curHan reHepaTopa Ha BXOJ aHaJM3aTopa CIIEKTpa M YCTAHOBMB I10JIOCY aHa-
mu3a B 120 x['1, mosyuyuM crekTporpammy, IpeacraBieHHyl0 Ha puc. 6.38. Crekrpo-
rpaMmMa SIBHO CBUJIETEIbCTBYET, YTO C KAYECTBOM CHUTHAJa y 3TOro IPOCTOro reHepaTopa
o Omaromonyumns maineko. B paitone 100 xI'1 BumeH OOMBINON M pa3MBITHIN TTHK, B KO-
TOPOM €JIBa-€/IBa YraJabIBalOTCsI OOKOBBIC TIOJIOCHI OT aMILIUTYIHON MoayJisaiuu. B oba-
ctr 9acToThl 50 K11 XOpOoIIIo BUOEH CIIEKTP CyOTapMOHUKHU. A B 00JIACTH HU3KUX YaCTOT
BUIHBI (DOH MU HM3KOYACTOTHBIC ITOMEXH.

A Spectrum Analyzer

Fie Edt Optons View Math Hep
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Puc. 6.38. Cnexmp cuenara ¢ AM c svixoda zenepamopa GW GRG450B
npu cman0apmubLX YcmMaHo8KAX

JI71s IOBBIIICHNST YaCTOTHOTO Pa3pelleHNs] MOXHO IIPUMEHUTH «JIYITy YaCTOT» U yBe-
JIMYUThL paspewieHue B 1, 2, 4 unu 8 pa3 ¢ nmomouibio KHOMokK B 30He ZOOM. Eciu
MMPUMEHUTH ellle 1 oKHO biaskMana u 3amath ycpemHenne RMS Average, TO MOXHO TO-
JIYYUTh BIOJHE CHOCHYIO crieKTporpammy AM-curHana (puc. 6.39). Ternepb OTYETIMBO
BUJIEH HE TOJIbKO MUK HECYIei, HO U TI0 JBa MHUKa C KaXI0i CTOpOHBI OT Hero. Hamm-
Yyye BTOPOIO MHUKa y CIIEKTPOrpaMMbl TOBOPUT O TOM, 4TO (hopMa MOIYIMPYIOIIETO CHUT-
HaJjla 3aMETHO OTJIMYaeTCsl OT CMHYCOMAaIbHOM. Tak OHO M ecTh — CM. puc. 5.34!

MoxHO M30aBUThCS OT lUyma, BBeds ycpeaHeHue Vector Average. I[lonyyeHHast B
9TOM clly4yae CIieKTporpamma mokasaHa Ha puc. 6.40.
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- Spectrum Analyzer
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Puc. 6.39. Cnexmp cuecnara ¢ AM c svoixoda zenepamopa GW GRG450B
npu ucnoasv3osanuu okna baskmana u ycpednenus RMS Average

-*- Spectrum Analyzer
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Puc. 6.40. Cnekmp cuenara ¢ AM c svixo0a zenepamopa GW GRG450B
npu ucnoav3osanuu okha Baskmana u ycpeonenus Vector Average

Tenepnb OTKIIOUMM aMILUIMTYIHYIO MOAy/Isuio. ITociie HeCKOJIBKMX MUHYT yCpeaHe-
Hust OyIeT MmojyyeHa OCLMJUIOrpaMMa, IoKa3aHHas Ha puc. 6.41. M3 Hee xopollo BUI-
HO, YTO TOJIHOTO OTCYTCTBUSI MOOYJISILIMM HET — OCTaJMCh YETKO BUAMMBIC ITMKHU, TOBO-
psilye 0 HAIMYMU MTapa3suTHON Momyassunu ¢ yactotoit 1 xI'u. Bumumo, ¢ akpanupoBa-
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Huem y reHepatopa GW GRG450B He Bce B mopsiake. 3aTo aHaJIM3aToOp CIEKTpa
0KasaJicsl Ha BbICOTe — 00paTuTe BHUMAaHME, YTO YPOBEHb OOJIbIIIEro OOKOBOIO JIEMEeCT-
Ka cocrasisgeT —39,06 dBV, 1. €. OH OYeHb MaJ.

A Spectrum Analyzer ‘:‘@@

File Edit Options View Math Help
Dsciloscope Spectum Anslyzer | Transient Recorder|  Funcion Generstor | Gircuit Analyzer |
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Puc. 6.41. Cnexmp cuenara ¢ AM c svoixoda ezenepamopa GW GRG450B
npu ucnoav3osanuu okha Baskmana u ycpeonenus Vector Average

AMIIIUTYAHAsT MOAYJISIUMST TIPUMEHSIETCSl B paauoBellaHUM Ha vyacTtotax a0 30 MTI'w.
OmHako Ha TAaKMX YacTOTaX aHAIM3aToOp CIEKTpa Ha 0a3e BUPTYAJIbHON J1abOpaTopum
PC-Lab 2000 nmpakTuuecku He MPUMEHUM ISl aHalIu3a 3Toro sBjaeHus. Ero paspeiie-
HUS XBaTaeT JIMIIb JJIsST HaOMIOACHUS CIIeKTpa AM-CUTHAJIOB Ha YacTOTaxX MOpsSaKa JIe-
CITKOB-COTeH KI1I.

6.3.5. CnekTp NpSMOYroJibHbIX U TPEYroJibHbIX UMMYJIbCOB

®OynkimoHanbHblll reHepaTtop PCG10 1mo3BosisgseT reHepupoBaTh MHOXECTBO BHIIOB
HMIIYJIbCOB C CaMbIMU pa3HOOOpa3HbIMKM (opmamMu. IlomaBasi 5T MMITYJIbChI HA BXO[I
aHaJyM3aTopa CIieKTpa, HeTPYIHO IMONYINTh MX criekTp. Hampumep, Ha puc. 6.42 mpen-
CTaBJIEH CIIEKTP MPSMOYTOJIbHBIX UMITYTbcOB ¢ yactoToir 100 k' 3amonHeHuem 10%.
151 oJTydeHMsT HATJISIAHOM CIIEKTPOrpaMMbl OHA OYMILEHA OT IilymMa MPUMEHEHUEM OIl-
uun Vector Average. HeTpyaHo 3aMeTuTh, YTO aMILUIUTYAAa FapMOHUK crafaeT (MepBbIi
HYJIb OTM0OAlOIIeil CrieKTpa MPUXOOUTCS Ha J4acToTy 1/t),).

Ecmu cMUPHUTBCST ¢ KOHEYHOM <«TOJIIMHOW» BCIUIECKOB CITEKTPAIbHBIX COCTABJISTIO-
IINX, TO MOXHO TPU3HATH, UTO CITEKTP IPSIMOYTOJBHBIX NUMITYJILCOB BIIOJIHE COOTBETCT-
BYeT aHAJIUTUYECKU IIpeACKa3aHHOMY BUIY.

CrieKTp TpeyroyibHbIX MMITYJIbCOB ¢ yactoroir 100 kI, mokasan Ha puc. 6.43. Teo-
pPETUYECKM OH JIOJDKEH COIepXKaTh TOJbKO HeYeTHbIe rapMOHMKU. Ho aHanm3atop criek-
Tpa TOKa3bIBaeT, YTO B CIEKTPE SIBHO €CTh W YETHbIE TApMOHUKMU. MOXET, aHaJIM3aTop
paboTaeT HEYETKO?
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+f Spectrum Analyzer
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+f Spectrum Analyzer
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Puc. 6.43. Cnekmp mpeyzosbHblX UMNYAbCOB

Her, 3neck Bce B mopsinke! [TpocTo Hamo MMOMHUTB, YTO peabHbI CUTHAJ OTJIMYaeT-
¢ OT uumeajdbHOro. M ero crmekrp comepXuT He HyJIeBble, a Majble IO aMILIUTYIEe
YETHbIC TADMOHMKU. 3aMEPUB YPOBHU 3TUX COCTABJISIIOLINX, MOXHO 3aMETUTh, YTO aMII-
JUATYAbL 2, 4, 6 ¥ T. 1. TApMOHUK W BIOpsiMb Mayibl. Ho 110 Mepe yBelMueHUs] HOMEPOB
rapMOHMK pa3HUIA B aMIUIUTYAaX YETHBIX M HEYETHBIX FAPMOHMK YMEHBIIAETCS. DTO
elle OOMUH IPUMEP «OTJIUYUSI» TEOPETUYECKUX CBEACHMI OT HAOJIOJAeMBbIX, CBSI3aHHBII
C BBICOKOM 4yBCTBUTEJIbHOCTBIO aHAIM3ATOpa CIIEKTPA.
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6.3.6. CnexTtp curHana Bmpga sin(t)/t

B cocTaB MOMOJHUTENIBHBIX CUTHAJIOB (DYHKIIMOHAJIBHOTO TeHEepaTopa BKIIIOUYEH CUT-
Hau sin(x)/x uiu sin(t)/t. C mIOMOIIbIO 3TOT0 CUTHaJa BBIIOIHSIETCS MHTEPIIOJSIILINS TO-
YeK IMPU BOCCTAHOBJICHUM JAMCKPETHO 3aJaHHBIX BpeMEHHBIX 3aBUcuMocTeil. Ho ¢dyHma-
MEHTaJIbHOE 3HAYeHME 3TOr0 CUTHajla COCTOUT HE TOJIbKO B 3TOM, HO U B TOM, YTO TaKOM
UMITYJIbC JaeT PaBHOMEPHBIN CriekTp rapMoHMK. [lompoOyem ybOenuthcsi B aToMm. Ha
puc. 6.44 rokaszaHa MOArOTOBKa K 3TOMY 3KCIIEPUMEHTY — IOKa3aHa IaHelb (GyHKLINO-
HaJILHOTO TeHepaTopa C 3aJlaHueM TreHepaluy JaHHOTO UMITYJIbCa M €T0 OCIIMJIOrpaMMa.

Osciloscope | Spumumma:ym| Tromsient Flecorder|  Funchon Generalor | Circuit Analyzer |
TimefDiv
v 100ms| 50ms | "Ums] T0ms
m'\; 0 5ems
[ m Function Generator r—lﬁg
| Fle Options Took Hep
Fraquancy Output
{ |I 10§
"f\N'\a\/v\J\jnU U“\rw 100.00 kHz S SEEE
Foquency | | M0
L 4 I A
frrea—
K] ] [ M 0ok | ok |k | {
Volts/Div. L'.H 100 l 1 01 L v Vpp
D[ om ALTOSET PERSIET | [
ﬂﬂJ[uw 9] ~y M i
_ Coupling

Puc. 6.44. Boi800 u ocyusrocpamma umnysoca euda sin(t) /t

A Ha puc. 6.45 nokasaHa CIeKTporpamMma JaHHOTO MMIyJjbca. HeTpyaHo 3aMeTUTh,
YTO IEPBbIM JECITOK TAapMOHMK M BIPSIMb MMEET OJMHAKOBYIO aMIUIMTYLy, a 3aTeM
CITEKTp OOpbIBacTCs A0 ypoBHs Iuyma. Kypcop mokasbiBaer, 4To ypOBEHb LIyMa COCTaB-
JisieT npuMepHo —52 1B, To ecTh OH OYeHb Mall.

6.4. PaboTta c noctpoutenem A4X u ®YX ycTpoicTs

6.4.1. HaszHauyeHue n ponb noctpoutena A4YX n dYX

J1ss MHOTHX JIMHEWHBIX IIETIei CYIIEeCTBYET IpsIMasi CBSI3b MEXIY MePeXOTHBIMU Xa-
pakTepucTUKaMU LieTieil U MX aMIUIMTyIHO-4acTOTHhIMU (AYX) u (da3zouyacTOTHBIMU
(®UYX) xapakTtepuctukamMy. OmXHAKO MHOTHE YCTPOMCTBA TPAIWIIMOHHO WCIIOIb3YIOT
CBOJICTBA YAaCTOTHOM CEJIEKLIMK CUTHaja M Wi HuX noctpoeHne AYX n @YX npuHLK-
MMMAJILHO BaXXHO. JIJIsI 3TOTO TIPUXOIUTCSI MCIIOIh30BaTh HAOOP MCITHITATEILHBIX TeHEepa-
TOPOB, DJEKTPOHHbBIE BOJILTMETPHI 1 (pazoMeTphl. ITo momydeHHbiM AUX 1 @YX MOKHO
CYIUTHh O BO3MOXHBIX PeXXMMaxX paOOThl IMHEWHBIX LIeTIei, MX YCTOMIMBOCTH IIPU OXBa-
Te OOpPaTHBIMU CBSI3SIMU U CEJICKTUBHBIX CBOICTBAX.

YromutenbHas npouenypa cHsatusg AYX n @UX 1mo Toukam B BUPTyaJIbHOM J1labopa-
topun PC-Lab 2000 ycTtpaHeHa Giaromapsi mpuMeHEHNIO (PyHKIIMOHAJIBHOTO TeHEepaTo-
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- Spectrum Analyzer
Fie Edt Opuons Mew Math Heip
Oscioscope | | Spectum Anabyzer ! | F Circuit Ana
Fi Range
o5 B0He 1.3%H. BH,
s 12H: | e
Gz | 120kHz | 300kH:
OMH: | 1.2MHz | BHz
BMHz | 1Mz | 26z |
Freq. scale
; [in _too]
i I i "’ I 200M
I N el u)al
ALl —
‘ Run Single
.52 19dBV
i t t l l on
Mols/Div. CHI CH2 Trigger
—: ’T PERSIST UN_ | 2 ’7; wmﬂﬂ
I I | o|[o s s L
. Cauplin Coupli . -
! EPDsiﬁun ,T n_ilgﬂl L‘ U_F‘L'WM Fosiion F :lrv\.:-:ltkw'T ﬂ

Puc. 6.45. Cnexmpozepamma cuznara sin(t) /t

pa B KauecTBe TeHepaTopa Kavaroleics: 4yacToTbl. CxeMa M3MepeHUid COOTBETCTBYET I10-
Ka3aHHOI Ha puc. 6.22. CienyeT 3aMeTUTh, YTO MOCTpOeHUE (DA304aCTOTHOM XapaKTe-
PUCTUKHM BO3MOXKHO peaiu30BaTh TOJILKO B Jlabopatopuu Bepcuu PC-Lab 2000 v. 1.34,
B 00Jice paHHUX BEPCUSIX 3TAa BO3MOXHOCTb OTCYTCTBOBAJIA.

6.4.2. MNocTpoeHue AYX un ®YX auddepeHumupyioweii RC-uenu

[MonkmounM B M3MEPUTENBHYIO CcXeMy puc. 6.22 auddepeHIMpyoIIyIo Lelb
puc. 5.37 (nmeBas uenb). 3amyctuB mocrpoeHrne AYX m @YX Haxatnem kimauiun Cir-
cuit Analyzer, yBUIMM OKHO, IpeAcTaBlIeHHOE Ha puc. 6.46. MIHTepdeiic OKHA MOCTPOU-
tensg AYX n @YX BrnosHe oueBuaeH. ClieBa OKHA PacIiONOXEHBI 30HBI:

e Vertical Scale — Bb160p KO3(DUIIMEHTOB BEPTUKAIBHOIO OTKJIOHEHUS (OCh 3Ha-
YEHMI CUTHAJIa Ha BXOJIE MCITBITYEMOTO YCTPOICTBA);

» Frequency Range — BbIOOp IpeaesioB 4aCTOThl (MAaKCMMaJIBHOM YacTOThI KauaHWs);

e Frequency Start — BbIOOp HaYaJbHON YaCTOTHI KauaHUsI.

CreBa mox OKHOM I'pachMKOB MOXHO 3adaTh OIMIIUM Jorapudmudeckoi mkaibl (Log.
Freq. Scale) u mara usmenenust yactotol (Log. Freq. Step). KHonku ympaBieHus Bbl-
MOJIHSIIOT CIIeayIonme (pyHKIUM:

e Start — 3amyck noctpoeHust rpadukoB AUX u ®UX (IMmyHKTUPHOU JTUHUE);

e Pause — BpeMeHHas OCTaHOBKa MOCTPOCHUs TPaMKOB ¢ BO3MOXHOCTBIO BOC-
CTaHOBJICHHUSI TIOCTPOCHUS;

e Stop — ocraHoBKa pabOThI MOCTPOUTEIISI TPaDUKOB.

Ha puc. 6.46 npencrasieHsl moctpoeHHble AYX u ®UX muddepeHuupyromiei
LIETIA, KOTOpasi BBIMOJHSAET (DYHKUIMM (DUIBTpa HU3KUX YaCTOT MEepBOTo IMopsiaka. Bui

XapaKTECPUCTUK ITOJJHOCTbIO COOTBETCTBYET TCOPETUYCCKUM 3aBUCUMOCTAM 3a MCKITIOUC-
HHEM HEOOJIBIIIOT0 MCKAXXEHMST B KOHIIE IIOCTPOCHHMA — BCILICCKA. 3aMeTuM TaKXKe€, 4YTO
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Bode Plotter [ZIE‘SJ

Fle Edit Options View Help
~Vertical Scale
 Vaolts
 10dB/div
@ 5dB/div
" 1dBydiv

6ddBfdiv  Top: 12dBY Phase: +/-180deg 36deg/div

Frequency Range
" kHz
 10kHz
(" 100kHz
@ 1hMHz

Freguency Start

@ 100Hz
 1kHz
 10kHz Start: 100Hz Stop: 1MHz

Hz Wims  dBY
v Log. Fi Scal
" 100kHz ¥ Log. Freq. Scale 300000 0034

-29.3
I B omm | o e Star Pauss Sp 1000000 D033 293

Puc. 6.46. Ilocmpoerue AYX u ®UX Jugpdepenyupyroweii RC-yenu

Ha MOCJIEAHEM lllare MOCTPOCHUE XapaKTEePUCTUK HEOXUIAHHO MpEephIBaeTCs U MPOMC-
XOIUT TIepeOdpOC Ha HECKOJIbKO TOUYeK Hazaj. DTa HemopaboTKa JIETKO YCTpaHSIETCs
KHomnkoi Pause, HaxxumMaemoil Ha mpearnocieqHemM Iare. IlocTpoeHue uaET AOBOJbHO
MEIJICHHO, TaK YTO BOBPEMsI HaXaTh 3Ty KHOIIKY HECJIOXHO.

6.4.3. NMocTpoeHue AYX un OYX konebaTtensHoro LRC-koHTYypa

CoBepllIeHHO aHAJIOTMYHBIM 00pa3oM Obutu MmocTtpoeHbl AUX n dUYX kosebartesnb-
Horo (pe3oHaHcHoro) LCR-koHTypa, mokasaHHble Ha puc. 6.47. KOHTYp cOCTOMUT U3
KaTywky nHayktuBHoct L = 40 MxI'H 1 kongeHncatopa C = 10 H®D.
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6.5. Paboma PC-Lab 2000 ¢ cucmemoii Mathcad

IMoctpoennbsle AUX u @YX XOpoIIO COOTBETCTBYIOT PAaCUETHBIM 3aBUCHMOCTSIM.
AUYX gaer 3aMeTHBIN BBIOPOC Ha pe3oHaHCHO# yactore, a PUX B 006aCcTH 3TOr0 BbI-
Opoca MmeHsieT ¢aszy Ha —180°.

K coxanenuro, nrana3zoH yactoT npu noctpoeHnn AYX u @YX orpaHnyeH MaKcH-
MaibHO# 4yacTtoToil B 1 MI'. DTO MO3BOJISET NMIPOVLIIOCTPUPOBATL HA CIIELMAIBLHO T10-
JIOOpaHHBIX TIpUMepax OOJIBIIMHCTBO HIOAHCOB IOBEACHUS JIMHEHMHBIX IIeTIell B 4acTOT-
Hoit obnactu. Ho BeimmoaHuTs noctpoeHne AYX n @YX B mimpokoM auana3oHe 4yacToT
(a OH HBIHE TPOCTUpPAETCS 10 eAUHUIL U aecaTKoB [T1r) meieBasi BUpTyajibHas Jlabopa-
topusi PC-Lab He moxeT. [l aTOro co3gaHa oOumMpHas cepus noctpouteneit AUX u
DYX pamrovyacTOTHBIX 1IeTieil, CUCTeM M yCTpoicTB. JIro0oii 13 mpubOpoB 3TOM cepuu
CTOMT HAMHOTO J0poxe, yeM jgadbopatopusi PC-Lab.

6.5. PaboTa PC-Lab 2000 c cuctemoin Mathcad

6.5.1. MNepepava ocuymnnnorpamm B cpeny cucrembol Mathcad

BaxxHBIM TOCTOMHCTBOM BHMPTyaslbHOI aboparopun PC-Lab sBisiercss 1erkocts ee
CTBIKOBKHU C TTPOTPaMMHBIMU CPEICTBaMU TSI 00padoTku nHdopmanuu. K Takum cpea-
CTBaM OTHOCATCSI SI3BIKM TIporpaMMupoBaHus, Hampumep Delphi mim Visual Basic.
I[Tpumepbl MPOCTBIX MpOrpaMM Ha HUX JAaHbl B CIIpaBKe IO HOBBIM peaqu3alusiM
PC-Lab 2000. Ompako Kyga WHTEpPECHell Takasl CTBHIKOBKA C MOIIHBIMU CHCTeMaMM
KOMITbIOTEpHOI MaTeMaTuku, TakuMu Kak Mathcad, MATLAB, Maple, Mathematica u
IIp., UMEIOIIMMHK MOIITHBIE TOTOBBIE CPEICTBA 0OPAOOTKM CUTHAJIOB.

Crenyet cpady OTMETUTh, UTO HEOOXOAMMOCTh B TAaKOU CTHIKOBKE 3aMETHO YMEHb-
wunach nocie peanudauuu B PC-Lab 2000 v. 1.38 aBToMaTnuyeckoro BbluuciaeHust 21
BaXKHEUIIIETO MapamMeTpa CUTHAJIOB. B CBSI3M ¢ 3TUM MPUCTHIKOBATh KAKyIO-TN0OO U3 CHC-
TeM KOMIIbloTepHOi MaTeMaTuku K PC-Lab pasyMHO TOJBKO B TOM cClydyae, KOrjaa xe-
JIaTeJIbHO HCIIOIb30BaTh CHEIM(MUUYECKIEe BO3MOXKHOCTA TaKMUX CHUCTeM. Takast HeoOXo-
JUMOCTb MOXET BO3HMKHYTb IPU BBIMOJHEHUN CEPbE3HbIX UCCIEAOBAHUI B 00JacTU
00pabOTKMU CUTHAJIOB.

Bnaromapst TekcToBoMy (hopMaTy TaHHBIX BUPTYaJIbHOI JTabopaTopnu M (aiiyloB maH-
HbIX cucTeMbl Mathcad B3auMoneiicTBUe MX pellaeTcsl J0BOJbHO MpocTo. Hamo npusec-
TH B COOTBETCTBME BHYTPECHHIOIO CTPYKTYpY (DaiijioB JaHHBIX U 1aTh UM HYKHBIC PaCIIH-
peHus. PaccMOTpUM Takylo INIaBHYIO 3alayy — HYXHO IepeaaTh OCLUMLIOrpaMMbl BUP-
TyanpHOTO ocumiorpacda B cpeaxy Mathcad u moctpouTts ux yxe cpencrsamu Mathcad.

7151 3TOTO HAaMO CHSTH OCHWJIIOTpaMMBI U 3amucath ux B cpege PC Lab 2000 B Bume
daiina, Hanpumep, demo.txt. IIpumep TekcToBOro aitna JaHHBIX (OCUMIIOTPaMMBbI
JIByX KaHaJIOB oclivuiorpada) 1aH HUXe:

TIME STEP:

125 = 1Ims

VOLTAGE STEP:
CHI1: 32 = 1.5V

CH2: 32 = 1.5V

N CHI1 CH2
0 176 88

1 176 88

2 177 88
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3 178 87
4 179 87
5 179 87

Kax HeTpynHO 3aMeTUTb, (paill MMeeT 3aroJioBOK, B KOTOPOM YKa3aHbl BpeMEHHOM
MaciTad OCUMJIJIOrpaMM M MaclluTaOHble MHOXUTEIU ISl OCLIMJUIOrpaMM OOOUX KaHa-
soB. B Takom Buzme ¢aiin cucremoit Mathcad He BocipmHUMAETCS, TIOCKOJBKY (aiiiTb
JIAaHHBIX 3TON cucTeMbl ((hopMar .prn) MTOKHBI COAEPXKATh YMCTYIO MaTpPUILy JAaHHBIX B
dopmaTe 2IeKTPOHHbBIX TaOJIMII.

B cBsI3u ¢ 3TUM Hago mpeobpa3oBaTh

VIMnopT ocumnnorpaMm n3 BUpTyanoHoWn naGopaTtopun

daitm demo.txt B daitn demo.prn. s D = READPRN{*Didomo gex ) RN

3TOr0, B MPOCTEMILIEM CIIyyae, JOCTATOYHO M i~ READPRA('D i ) =

3arpy3uTh Gaitm demo.txt B TEKCTOBHIU m=m<<“>> (1) we a 125 Tauek D- o
gt -

penaktop Word 1 yOpaTh BEPXHIOIO 4acTh al=do) ol (L) B T i e w

a2=M a2 =(13) B rHa32 toukm 5[ sl178| o7

¢aiiyta, 0OCTaBUB TOJBKO MATPUILY JAHHBIX.
Janee Hamo 3amucaTtbh 3TOT aiil ¢ pac-
mupeHneM prn. Ecam HyXHO TiepeaaBaTh
B Mathcad MacuTtabHble MHOXUTENU,
MOXXHO CO3IaTh TPEX3JIEMCHTHBIN BEKTOP
U3 HUX M 3amucaTh, HampuMep, B BUIE
daiima m.prn.

JdoxkymeHT Mathcad, cuuThIBaIOLINIA
daitel demo.prn ¥ m.prn, IPeACTaBICH

OCUMnNorpatkiel (M0 BEPTHKANM BOMLTE, N0 TORMIOHTANM MMANHEEKYHAL]

Ha puc. 6.48. Ha HeMm mokasaHa MaTpulia “ 2 o 8 n
JaHHbix D, coorBeTcTBylowas  aiiny =

demo.prn, ¥ BbIBOJ MacIUTaOHBIX MHOXH-

Teneit u3 Qaita m.prn. DTO TO3BONISAET Puc. 6.48. Hunopm dannoix

¢ supmyanvHol rabopamopuu
PC Lab 2000 u nocmpoenue
ocyuanrozpamm 8 cpede Mathcad

TOCTPOUTh OCLIWJIJIOTpaAaMMBI YXe B Cpele
cucteMbl Mathcad ¢ peasibHBIMU MacHITa-
0amMy MO BpeMeHU (MWUIMCEKYHIbI) U
YPOBHIO CUTHAJIOB (BOJIBTHI). Takmm obpa-
30M yXe TP MOCTPOeHUHU TpadurKa MpoBeneHa MTpeIBapuTeIbHas 00padoTKa JaHHBIX U3
maTtpuubl D.

Han nonydyeHHBIMU JaHHBIMU MOXHO BBITIOJTHSITH JIIOOBIE OTepaluu U peodpazoBa-
HUS, Ha KOTOpbIE CltocoOHa cucteMa Mathcad.

6.5.2. BsanmopervictBue Mathcad ¢ dyHkuMOHaNIbHLIM reHepaTopoMm

HecnoxHo Takke opraHu3oBath B3auMopeiictue Mexay Mathcad u dpyHKIMOHaA b-
HBIM TeHEepaTOPOM BUPTYaJIbHOII abopaTtopun. s uccaenoBaHUsSI CBOMCTB €r0 CHUTHa-
JIOB Hago obecrnevyuTh UX BBOI B cuctemy Mathcad. Tyt Hamo ydecThb ciaeayloliyde o0-
CTOSITENIbCTBA, KacalollMecs OpraHM3aluuy OMOJIMOTEYHBIX (PaiiyioB (PYHKIIMOHATBLHOTO
reHeparopa:

e 3TU (paitabl UMEIOT pacluupeHue .lib;
* (baiiibl IpencTaBISAIOT OMHOMEPHbBIN MaccuB u3 3200 uucer;
* YucCJia B MacCHBE MpeacTaBieHbl B hopmaTe ¢ IUIaBalolleil 3amsToii, a He TOY-
KOM.
s npeactaBaeHus curHaita u3 6ubdanoreku B cpene Mathcad Hago nmepeMMeHOBaTh
¢aiin 6ubamoTeku B (ailyl ¢ pacIIMPEHUEM .prn M 3aTeM 3aMEHUTh BCE 3amsThIC B YHC-
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Jlax Ha TOYKHU. DTO JIETKO CAeJIaTh B TEKCTOBOM penakTope Word ¢ MOMOIIbI0 KOMaHIbI
«3amMeHUTh» U 3aTeM «3amMeHUB Bce». [lojydeHHBINH (daiil MOXET CUMTHIBATHCS (DYHK-
uveit READPRN u npexacrasinsThes rpadpudecku (puc. 6.49).

E = READPRN ("D Agaussianpm" )

i=0.3199

MpocmoTp crrHana u3 6uGnnoTekn thyHKUMOHANBHOro reHepartopa

=0 I = I S P TN R
|
-

w
|
-

—
=
|
-

—
=
'
N

1} 1000

i

2000 3000

—
ra
'
N

Puc. 6.49. [Ipumep npocmompa cuexnara gaussian u3 bubiuomeKu cuecHaros
PYHKYUOHANLHOZO 2eHepamopa

6.5.3. UMnopT cneKkTporpamm

AHaAJIOTMYHBIM 00pa3oM MOXHO obecrieunTh B cpene Mathcad uMMmIoprt crieKTpo-
rpamM. Daitel crieKTporpaMM MMEIOT TEKCTOBBIN (popMaT — CM. IMpUMeEp Hadajia TaKo-
ro ¢aina nmpu ero npocMorpe B penakrope Word:

N f/[kHz] V/ [dBV]
0 0.0153 -40.7

1 0.2594 -50.1
2 0.5035 -47.9
3 0.7477 -4.6

4 0.9918 -49.8

5 1.2360 -55.1

HetpynHo 3amMeTuTh, YTO B OaHHOM
caydyae aiiyl MMeeT IIepBYIO CTPOKY C
“MeHaMM CTOJI0I0B. JlaHHbIe TIpeacTaBie-
HBI CTOJIOLIAMU HOMEPOB OTCUYETOB, YACTOT
W YpPOBHEH crekTporpaMMbl. Ilpm 3TOM
JIaHHBIC TIPEICTaBICHBI B (DopMaTe C IUIa-
Batoleil Toukoii. IToaTomy maist cuuThbiBa-
Hug aitna cnektporpaMm B Mathcad
Jlaxke He TpeOyeTcsl ero odopadboTKa B TeK-
ctoBoM pepakrope. MDaitn MOXHO cpasy
3arpyxxatb B Mathcad, 4yTo moka3aHo Ha
puc. 6.50, U BBIMTOJIHATHL €ro 00pabOTKY,
HarpuMep CIriIakMBaHUE.

MMMopT W crnakuBaH1e CNekTporpaMmel

i 1 ]
onois | -an7
1] 0259 | -501
2| na03| a7 8
3|o7as| 45
4

5

&= READPRN("DAspectxt" )

56 = medsmootnls'? 71 5=

0.992 | -49.8
1.236 | -85

o e =[a

5 10 15 ]
S

Puc. 6.50. Cuumetsarue cnekmpozpammol
¢ supmyanvroti rabopamopuu u ee
cenaxcusanue

279



I'zasa 6. Paboma ¢ komnoiomepu3suposanHoimu rabopamopusmu

6.5.4. 06 akcnopTe gaHHbIx U3 Mathcad

Pazo6pasimce co crienudukoil ¢hopMatoB (hailioB BUPTYyaJIbHON JabOpaTopuu u
cucreMbl Mathcad, yuTaTenb MOXET JIETKO PELIUTh M OOpaTHYIO 3agayy — 3KCIOPT
(aiioB u3 cucrembl Mathcad B BupTyanbHylo nadopatopuio. MOXHO 3KCITOPTUPOBATH
(haitiipl ocIMILIOrpaMM, CIIEKTPOTrPaMM M CO3MaBa€MbIX TECTOBBIX CUTHAJIOB. DTO IOJIE3-
HO, HarpuMmep, IJIsT TIOTIOJTHEHUsI OMOIMOTEKN TaKUX CUTHAJIOB /I (DyHKIIMOHATBHOTO
reHeparopa, MOCKOJIbKY COOCTBEHHBII PEIaKTOp CUTHAJIOB MMEET JOBOJILHO OrpaHUYCH-
HbIE BO3MOXKHOCTH.

B nenom I1K, ocHameHHblli cuctemoit Mathcad u BupTtyanbHoit Jlabopatopueit PC
Lab 2000, crocobeH peliaTh CIOXHEHIINe 3agauyld B 00paboTKe peaJbHbIX CUTHAJIOB U
HCCIEIOBAaHUM 1 TECTUPOBAHUM CaMOil pa3HOOOpa3HOU paavo3JIEKTPOHHON armapaTy-
pbl. TpyaHO MepeoleHUTh BOZMOXHOCTH TAKOTO KOMIUIEKCa B PEHICHUM 334a4 y4eOHOTO
XapakTepa, 0COOEHHO eCJIM Y4eCTbh, YTO MPH IIMPOYANIITNX BOZMOKHOCTSIX TAKOW KOMII-
JIEKC CTOUT HAMHOIO J€lleB/ie paAuOM3MEPUTEIbHOM JIA00paTOPUM, YKOMILUIEKTOBAHHOM
TaKMUMM OOBIYHBIMU TpubOOpamMu, Kak ocuwiiorpad, (QYHKIMOHAJIBHBIM TeHepaTop,
aHaJIU3aTOp CIIEKTpa, PETUCTPATOP U TaK Jajee.

6.6. Pabora PC-Lab c cucremon MATLAB

6.6.1. Nepepava ocunnnorpamm B cpeny cucrtemol MATLAB

Kak yxe orMeuanoch, ¢aitnbl ocuumiorpamm Jadoparopun PC-Lab 2000 umeror
MPOCTOM TEKCTOBBII (hopMaT. DTO MO3BOJISIET JIETKO BBECTU JaHHBIE M3 HUX HE TOJBKO B
cucremy Mathcad, Ho U B ropasno Ooyiee MOIIHYIO MaTpuuHyio cuctemy MATLAB,
YHUKAJbHYIO TT0 BO3MOXHOCTSIM CaMOll cepbe3HOI 00paboTKU curHanon [45—47].

PasymeeTcsi, ONMBITHBII MPOrpaMMUCT JIETKO CO3JacT mporpamMmy Ha sidbike MAT-
LAB, xoTopast BbIIEIUT JUIIb HYXKHbIE JaHHble — MaTpuily 3HadeHuit N, CH1 u CH2.
Ho MbI, Kak ¥ paHee, MOCTYNUM ellle Mpolle — 3arpy3um ¢aitn demo.txt B TEKCTOBbII
penakrop WordPad win Word u npocto yoepem BepXHIOI 4acThb (paitia, 0OCTaBUB TOJIb-
KO MaTpully JaHHbIX. Jlajee Hamo 3amucaTb 3TOT MCIpaBAeHHBbIN (hailyl ¢ IOMOILbIO
KOMaH/Ibl Save TEeKCTOBOTO pelaKTopa.

Tenepb MOXXHO cocTaBUThb M-aiisl, KOTOpbIi BbIACASET U3 (hailia MacCUBBI OTCYE-
toB BepxHero CHI1 u amzkHero CH2 kaHaioB BUPTyalbHOTO OocLLIorpada:

d = textread('E:\demo.txt','$f');
i 1:1000;
CH1 = d(3*1i+2); CH2 = d(3*1i+3);

PabGora sTOro mporpaMMHOTO MOMIYJISI OCHOBaHA Ha TOM, YTO (pbyHKUMS textread cum-
ThIBaeT M3 (hailia JaHHbIE ITOCTPOYHO M 0O0pa3yeT OAHOMEPHBI MAacCUB JTaHHBIX, MPEa-
CTaBIISIIOIIMX COOOM TPOMKM — HOMEp OTCUeTa, OTCYET HIKHETO M OTCUET BEPXHETO Ka-
HasoB. MHaekcauus uaet ¢ 1. OTcroga sicHO, KakuM 00pa3oM BbIOMPAIOTCSI TaHHbIE IS
OTCYECTOB CMTHAJIOB BEpPXHEro M HIDKHEro KaHajaoB. Takum oOpa3oM, 3amadya BBOAA pea-
JbHBIX curHaioB B MATLAB orT mepBoro a0 THICAYHOrO OTCYeTa pelleHa AOBOJBbHO
mpocto. Homepa ucroab3yeMbIXx OTCUETOB 3agacT MHACKCHAS TIepeMeHHa i.

Tenepb MOXHO MOCTPOUTH TpauK CUTHAIOB, TipeAcTaBiaeHHbIX 1000 oTcueToB KaHa-
noB CH1 u CH2 (puc. 6.51):

plot(i,CH1,1i,CH2)
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Puc. 6.51. Ocyusrnroepammel cuenaros ¢ 08Yyx KAHAL08 OCYUUALOZPAPA BUPMYANbHOL
aabopamopuu PC Lab 2000, nocmpoennoie 8 cpede MATLAB

Han nmonyyeHHBIMM JaHHBIMM MOXHO BBITIOJIHSITH JIIOOBIE OIEepallii U Mpeodpa3oBa-
HUSI, KOTOpbIe ObUIM OMNMCaHbl B MPEAIIECTBYIONIMX pasieiaX, HalpuMep BbIITOTHUTD
(GuapTpalMIO CUTHAJIOB.

6.6.2. BsaumopgerictBue MATLAB ¢ BupTyasibHbIM PYHKLUOHAJIbHbIM
reHepaTopom

Hecnoxno Takxke opraHusoBaTh B3auMogeiictBue Mexny MATLAB u ¢yHKimoHa-
JIBHBIM TE€HEepaTOpOM BUPTYyaIbHOU JTabopaTopuu. JIJIsT MCClaemoBaHUST CBOMCTB €T0 CUT-
HaJ0B Hago obecrneyuTh ux BBOJ B cucteMy MATLAB. Tyr Hago yyecThb cienyloliue
00CTOSITEILCTBA, KAaCcaOIIMECs OpraHU3alUU OUOIMOTEYHBIX (HallI0B (HYHKIIMOHAIBHOTO
reHepaTopa M OINMCaHHBIE BbIlle IJIsI CTBIKOBKM C cucTeMoil Mathcad.

Jlng mpeacraBiaeHusi curHajia u3 oudavoreku B cpeae MATLAB Hago 3arem 3ame-
HUTb BCE 3aIISIThIC B YMCJIaX HA TOYKU. DTO JIETKO CIesaTh B TeKCTOBOM pemakTtope Word
C TIOMOIIIBI0 KOMaHIbI «3aMEHNTh» M 3aTeM «3aMeHUB Bce». I1oydeHHBIN (haifl MOXeT
CUNTHIBaThCsl (pyHKIMel load m mpencraBieH rpadduyeckd B OKHE TpadUKU CHUCTEMBI
MATLAB — puc. 6.52:

s = load('E:\gaussian.lib', 'ASCII");
plot (s)

6.6.3. UmnopTt cnekTporpamm B MATLAB

AHanornyHbIM 00pa3oM MOXHO obecrnieunth B cpene MATLAB ummnopT criekTpo-
rpamm. Daiinbl crieKTporpaMM UMEIOT TEKCTOBBIN hopmat. Daiin uMeeT NMepByio CTPOKY C
“MeHaMU CTOJIONOB. JlaHHbIe MpeACTaBlIeHbl CTOJOIAMU HOMEPOB OTCUETOB, YacTOT U
YPOBHEU criekTporpaMMsbl. [Ipu 3ToM maHHbIe TIpeacTaBieHbl B (hopMate C TiaBarollein
Toukoii. [TosTomy st cunuteiBanus daitina ciekrporpaMMm B MATLAB mocratoyHo B TeK-
CTOBOM PENaKTOPE YIAIUTh MEPBYIO CTPOKY. LIS TOyYEeHHST OTCYETOB YACTOTHI M YPOBHSI
CITIEKTPOTPAMMBbI MOKHO BOCIIOJTb30BAThCS CIAEAYIONIUM (PparMeHTOM MTPOTPaAMMBI:

d textread ('E:\spectr.txt', '$f");
i 1:200;
CH1 = d(3*1i+2); CH2 = d(3*1i+3);
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Puc. 6.52. [Ipumep npocmompa cucHara gaussian u3 6ubiuomeKu cueHanros
PYyHKYUOHANLHOZO 2eHepamopa

Ternepb MOXHO ITOCTPOUTD CIIEKTporpaMmy B okHe rpacduku MATLAB (puc. 6.53):
plot (CH1, CH2); grid on;
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Puc. 6.53. Cnexkmpoepamma ¢ supmyarvroii rabopamopueii 8 okne epagpuku MATLAB

Han HOJ'[Y‘-ICHHOﬁ CHCKTpOI‘paMMOfI MO2KHO BBIINOJHATH CaMbI€ pa3Hoo6pa3HbIe OIIC-
panyvm, HalmpuMep CrilaXkKMBaHUEC, IOUCK HYKHBIX CIICKTPAJbHbLIX KOMIIOHCHT U T. .

6.6.4. 06 akcnopTe AaHHbIX 13 MATLAB

Pazo6pasiuuck co cnenudukoii dopmatoB (aiiioB BUPTYaIbHOU 1ab0OpaTOpUU U CU-
crembl MATLAB, yuTaTe b MOXET JIETKO PeIIUTb U OOpaTHYIO 3aJauyy — 9KCIOPT (aii-
JoB u3 cucreMbl MATLAB B BupTyaibHyto JabopaTopuio. MoXHO 9KCTIOPTUPOBATh hati-
JIBI OCHWJIJIOTPAMM, CIIEKTPOTPaMM M CO3/1aBAEMBbIX TECTOBBIX CUTHAJIOB. DTO MOJIE3HO,
HaTpuMep, JJIs1 MOTIOJTHEHUsT OUOIMOTeKN TaKMX CUTHAIOB JIJIs1 (DYHKIIMOHATBHOTO TeHe-
paTopa, TOCKOJIbKY COOCTBEHHBIN PEAaKTOP CUTHAJIOB UMEET JIOBOJIHLHO OTpaHUYEHHBIE
BO3MOXHOCTHU, XOTSI U TOCTATOUHBIE JIs1 OOTBITMHCTBA MPAKTUIECKUX TPUMEHEHUIA.
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6.7. Paboma c supmyasvnoimu sabopamopusmu AKTAKOM

B uenom IIK, ocHameHHblit cucteMoit MATLAB u BuptyaibHOUl j1abopatopueit
PC-Lab 2000, cmocobeH pelaTth CIOXHEHIe 3anaul B 00pabOTKe peaJbHbIX CUTHAIOB
U MPU UCCIEeNOBAaHUU M TECTUPOBAHUM CaMOIl pa3HOOOPa3HON paavO3JeKTPOHHON arl-
maparypbl. TpyaHO TMEPEeOLEHUTh BO3MOXHOCTM TaKOTO KOMILJIEKCa B pEIIeHUM 3amay
y4eOHOro xapakrepa, 0OCOOEHHO €CJIM y4eCThb, YTO MPU LLIMPOYANIINX BO3MOXKHOCTSX Ta-
KOIf KOMIUIEKC CTOUT HAMHOTO JEIIeBIe palloOM3MEPUTEIbHON J1abopaTopuu, YKOMII-
JIEKTOBAHHOI TakKuMMHU (U3MYECKUMM TpudopaMu, Kak ocuusuiorpad, (GpyHKIMOHATb-
HBII TeHepaTop, aHAIM3aTop CIIeKTpa, PErucTpaTop M Tak Jajee.

6.7. PaboTa c BUpTyanbHbiMM nabopatopnasmm AKTAKOM

6.7.1. NMoarotoBka BUPTYyasbHbIX JlabopaTopuii

Kak cnenyet u3 pasnena 4.8, roprosoe oobeauHeHrue AKTAKOM BoinmyckaeT oo1mp-
HBIII HA0Op TPUCTABOK K KOMITbIOTEpPaM, MO3BOJISIIONINX CO3/1aBaTh YHUBEpPCAJIbHbBIE U
CIIelIMaJIM3MPOBaHHbBIE KOMITbIOTEPU3MPOBAaHHbBIC BUPTYyajbHble Jlaboparopuu. Hampu-
Mep, UX MOXKHO cO3JaThb Ha OCHOBE BUPTYaIbHBIX (DYHKIIMOHAJIBHBIX TeHEpPaTOPOB
AHP-3121/3122 u ocuumiorpagoB ACK-3106/3107/3117. Ecnu nadopatopust H0DKHA
OBITH OPMEHTUPOBAaHA Ha TCJICBU3MOHHBIC N3MEPEHMSI, TO OC3YCIIOBHO MOJIE3HBIMU OYIyT
npucraBku AHP-312/3126.

Hawubosee mpocTto BUPTyasbHYIO J1abOpaTOpHI0O MOXHO OpraHM30BaTh Ha 0a3e KOM-
ounupoBaHHoro npubopa ACK-4106, comepkaliero He3aBUCUMbIE APYT OT Apyra IBYX-
KaHaJIBHBIA ocHuiuiorpad M ABYXKaHAJBbHBIN (DYHKIIMOHAIBHBIN reHepatop. Ilpm mep-
BOM 3aIlyCcKe IporpaMMbl ocluJuIorpada-aHajaru3aropa HeoOXOAMMO BBECTU KJIIOY J0-
cTyma, KOTOpBII TpuoOperaeTcsl KaK OTHOEJIbHAasT ONUMS W COOTBETCTBYET
MOAKJIIOYEHHOMY MpUOOpPY. MOXKHO OTKa3aThCsl OT BBOJA KJIl0Ya, B 3TOM CJIydae Ipo-
rpaMMa 3aIlyCTUTCSI B JIEMOHCTPAIlMOHHOM pexkume. B 3TOM pexxmme ITOCTYITHBI BCE
(yHKLIMU TIpOrpaMMBbl, HO JaHHbIC HE CUMTHIBAIOTCS U3 MPUOOpa, a «IPUAYMbIBAIOTCSI»
MaTeMaTUYECKUM BMYISITOpoM (cM. «MCImoiab30BaHMEe B3MYNISITOpa CUTHAOB»). Ecim
IporpaMMa 3allyllieHa 0e3 ITOAKIIOYEeHHOro mprbopa, OHa TakXkKe aBTOMATMYECKU IIe-
peiimeT B IeMOHCTPALIMOHHBINA PEXXIM.

st mproOpeTeHusT Kiroda AOCTYIIa, KOTOPBIMA IMO3BOJIIET paboTaTh C IPOrpaMMOii
ocumutorpacda-aHaaM3aTopa M MOCTaBISETCs KaK OTAebHAasT OMIINs, HEOOXOIMMO CBSI-
3aThCsl C MOCTaBIIMKOM obOopynoBaHusi. [IpruBeneHHOe HUXXE OnMucaHue pabdoOThI C BUP-
TyaJbHOM y1aboparopueit Ha 6a3e npudopa ACK-4106 gsisieTcst mepepabOTKOi MaTepu-
ajJioB, pa3MelleHHbIX Ha MITHTepHeT-caliTe KOMIMaHUU «DJIUKC» (Www.eliks.ru).

6.7.2. PaboTta ¢ ocuunnorpacdomMm-aHann3aTopom

Kom6unupoBanubiii npuoop ACK-4106 MMeer MOHSATHBIA M yIOOHBIA MHTEpdEiic
(puc. 6.54), KOTOpBIA MOXET HAacTpauBaThCs MoJib3oBareaeM. Hampumep, moyib3oBaTesib
MOXET BbIOpaTh BHEIIHWI BUJ M 1[BETOBOE O(OPMIIEHUE TMaHeNei Mprubopa, 1BETOBYIO
cXeMy IJIST OCLMJIIOTpaMM, SI3BIK TTaHeNe# (pyCCKUi WM aHTJIWICKWI), BKIIOYNATh U 3a-
nucaTh CBOW BapyMaHT 3BYKOBOTO COIMPOBOXACHUS coObITHil 1 Ap. K yciyram nonap3oBa-
TeJIsl BCIUTBIBAIOIINE TMOJACKA3KHU, «ITPUIUTAIOIINE» TTaHe U (TTPWIUIIIINE TaHEeIu Pacrio-
JITaratoTcsl BIUTOTHYIO APYT K JAPYTY, CAWBAIOTCS U MEPEMEIIAIOTCS COBMECTHO, KaK OJHO
menoe). Kaxmprii pexkum paboThl KOMOMHUPOBAHHOTO IIPHOOpa BBHIIIOJTHEH B BUAC OTAC-
JIBHOTO OKHa, KOTOPOE MOJIb30BaTEb MOXET PAacMoiaraTb B yAOOHOM ISl ceOsl yyacTKe
9KpaHa MOHUTOPA.
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Puc. 6.54. Okno ocyuarrocpaga-anaruzamopa komburnuposannozo npubopa ACK-4106

IIporpamma ocumuiorpada-aHaauzaropa ACK-4106, nocrapisiemasi ¢ IpUCTaBKOIA,
obecrieurBaeT CJAeIYyIOLINE AOMOJIHUTEIbHbIE (DYHKIIMN:

* MPOU3BOJILHOE MACIITAOMPOBAHUE OTOOPAXKAEMBIX MAHHBIX, TOIMOTHUTEIbHBIN
0030pHBII TpaduK;

* [IByXypOBHEBasl aBapuiiHasl CUTHaJIM3alMs B peXMMe LIM(POBOrO CaMOITHUCLA;

* pexuM nociiecBeyeHus (U@ poBoii TroMuUHOMODP);

e BbIYMCIICHUE (HA30BOTO CABUTA MEXIY KaHAIAMU;

* pexXuM LHUGPOBOrO BOJBTMETPA;

* aBTOMATMYECKOE U3MEPEHUE MapaMeTPOB (PPOHTOB U MMITYJIbCOB;

 criekTpanbHblil aHanu3 (BI1®) u cnekrpanbHas 1mbpoBast GUIbTpaIvs CUTHAA;

* BBIYMCJIEHUE CIIEAYIOIINX CIeUaTbHbIX (DYHKIMI: cyMMa, pa3HOCTb, OTHOIIIE-
HUE WIM TPOW3BEJCHUE NIBYX BBIOPAaHHBIX KaHAJOB; CPelHEE TeOMEeTpUuecKoe
JIByX BBIOPAHHBIX KAaHAJIOB; TMPOWU3BOAHASI BHIOPAHHOTO KaHaja, WHTETPaJ BbI-
OpaHHOrO KaHajla, WHTErpajl MPOU3BENACHUs KaHAJIOB, KOPPEJsLUs ABYX BbI-
OpaHHBIX KaHAJIOB, MepeaaTouHast (pyHKIIMS IBYX BHIOPAHHBIX KaHAJIOB;

* CTAaTUCTUYECKME BBIYMCIICHUS] U TUCTOTpaMMa pacIipeie/ieHUs BEPOSITHOCTH;

* PEXUM YIPaBISIEeMON SMYJISIIUKM CUTHAJIOB, UCIOJB3YeTCs I pabOThl MPOTpaM-
MbI TIPY OTCYTCTBUM PEaTbHOIO Mpuoopa (C TECTOBBIMU MW YYEOHBIMU LIEJISIMU);

* BCTPOEHHBIN KAJIBKYJSITOP (hopmy.

OKHO mporpaMMbl ocUMIIoOrpacda SBIsSeTCS TJIaBHBIM CPEICTBOM OTOOPaXKEHMS pe-
3ybTaTOB M3MepeHnid. ComepKUT M300pakeHNs] M3MEPEHHBIX CUTHAJIOB, JOITOJTHUTEb-
HBIX KPMBBIX, METOK, KypcopoB u T. A. [lo meBomy Kpar OCHOBHOTrO rpamka MOXKET
repeMelaThCsl MOJI3YHOK, 0003HavaloIMidi YPOBeHb 3altycka KaHaia A unu B.

Ecnu BKITIOUEH peskuM Hu@poBOTrO BOJIBTMETpa, TO MOBEPX rpaduka oTodOpakaeTcs
MMaHes b, MPEACTABIISIONIAs pe3yabTaThl U3MEPEeHUSI CPeIHEKBAAPATUICCKON, aMIUTUTY/I-
HOM M cpeaHeil BeIMUWH CHTHAJIOB IO 00OMM KaHayjaM. AHAJOTWYHO, €CIW BKITIOUYCH
pexuM ornpeneiaeHus: ¢azoBoro casura (cM. «BbruucieHue ¢a3oBOro caBuras), TO I0-
Bepx rpacduka OTOOpaxkaeTcsl MaHeJb C Pe3yJbTaToM oIlpeleieHust (a30BOro CIBUTA.
MoxxHO CBOOOTHO TEpEeABUTaTh 3TH MaHEJIW MBIIIBIO B 000 MECTO IVIAaBHOI MaHeIN
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6.7. Paboma c supmyasvnoimu sabopamopusmu AKTAKOM

WM JaXe COBCEM BBIHECTH MX 3a TIpeIesibl POIUTEIHCKONM TaHeJn: B 9TOM Cllydae OHU
OyayT OoTOOpaXkaThbCsl KaK OTAEIbHOE OKHO.

3anoMuHaIIMi ocuWIIorpad ocHalleH anmnapaTHbIM OydepoM Ha 128 kGaiT mo
Kaxaomy KaHany. I'padpuk mimHoit 6onee yuem B 130000 Touek, n300pakeHHBIN Ha MOJI-
HOM 3KpaHe MOHUTOpa C paspelieHMeM 1o ropu3oHTanu B 8§00 Touek, OymeT BecbMma
npuoan3uTenbHbIM. [To3TOMY Ha OCHOBHOI rpaMK OOBIYHO BBIBOAUTCS TOJBKO HE0O-
JIblIAS YacThb 3allMCAHHOrO curHasa. /st Toro 4ToObl onepaTop MOT UMETh 001Iee Tpe/-
CTaBJICHHE O XapakTepe MH(pOPMaIMK TMOJHOro 0ydepa M BbIOpaTh HYXKHYIO YacTb IS
MOAPOOHOTO OTOOPaXEHUS, CIYKUT OO30pHBINA TpaduK B HUXHENH YacTW maHeau. Mo-
JKHO M3MEHMUTBH pa3Mep WU COBCeM YOpaTh OO30pHBIN rpaduk, MepeaBurast MbIIbIO
BBEPX WJIM BHU3 TPAHMILy MEXIY OCHOBHBIM M 0030pPHBIM TpaKaMM.

Kak ¢ momolibio KypcopoB 0030pHOTO TpaduKa, TakK U 3jeMeHTa MPOKPYTKHA MOXHO
BBIOMpATh HYXXKHYIO YacTh CHUTHaja Uil MOApOOHOTo mpocMoTpa. [To KoMmaHme aBToma-
TUYECKOM HACTPOMKM Ha CHUTHaJ MporpaMma OymeT IbITaTbCsl aBTOMATMYECKHU I1OH0-
OpaTh ONTHUMAJIbHBIE JIJIST TIOJAHHOTO CUTHAJIa HaCTPOMKM MpUOopa — TOPU30HTAIBHYIO
U BePTUKAJIbHYIO pa3BepTKy U YPOBEHb CUHXPOHM3AIIMH.

Ocnumtorpad-aHaan3aTop SBIsSeTCS TPO(PECCHOHATBLHON BepcUeil CTaHmapTHOM
nporpamMMbl ociumorpaga. OKHO B pexkuMe padOThl CO CTaHAAPTHOM MPOrpaMMOI TMo-
Ka3aHo Ha puc. 6.55. OOpaTuTe BHUMAHUE HA TO, YTO OKHA YIIPABJICHUS U U3MEPEHUS,
pacIojioXeHHbIE CcpaBa OT OKHa ocuuuiorpada, onHM M Te Xe B 000MX BapuaHTax
IIPOTPAMMEL.

T ACK-4106; peaumt ociiiins
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Puc. 6.55. Okno supmyaarvrozo ocyusrozpaga cmandapmuol npoepammol

ITpu6op ACK-4106 obecrieunBaeT KypcOpHble M aBTOMAaTUYECKUE U3MEPEHMS Tapa-
METPOB MMITYJIbCHBIX curHajoB. Ha puc. 6.56 moka3aHO OKHO BbIIa4d Pe3yJbTaTOB aB-
TOMATUYeCKUX BbluMciieHui. [lapamMeTphl, 3HaueHUsT KOTOPBIX BBHIYMCIISIIOTCSI M OTOOpa-
JKarOTCSI, BITOJTHE OYEBUIHBEI.

B stom okHe omnuust «KaHan» 3amaeT BbIOOp KaHalla, IO KOTOPOMY IPOBOISITCS U3-
MepeHus. Crmmcok «CTaTyc» TTOKa3bIBaeT COCTOSTHUE M3MEPEHMI TTapaMeTpOB MMITYJTbCa.
Bo3MOXHBI clieayolme COo0IeHUST:

e TlapameTpbl ycrienrHo orpejeseHbl — OMpPeeseHbl BCe BOZMOXKHBIE MapaMeTphl;
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Puc. 6.56. Okno sbi0auu napamempos agmomamuiecKux 8oliucAeHUL

e Tonpko «BocXomsIue» IMapaMeTpbl — OIMpeIeeHbl TOJbKO MapaMeTphbl, M3Me-
psieMBIe Ha BOCXOISIIEM (DPOHTE;

* Toabko «cramaromye» mapaMeTpbl — OIpeaelIeHbl TOJIBKO TTapaMeTphl, U3Mepsie-
MbIE Ha cramaroiieM (ppoHTE;

e Tosbko mapaMerpbl (PPOHTOB — OMpPEICIEHbI TOJbKO IapaMeTPhl, U3MEPSIEMbIE
Ha BOCXOJSIIEM U criagarolieM GpoHTax;

e [lapameTpsl He ompeaeaeHbl — HUKAKKUe MmapaMeTphbl HE OMpeneeHbI.

CrpaBa OT CTPOKHU CTaTyca pacroJIOKEHbl TPU BCIIOMOTATEIbHBIX CTaTyCHBIX «CBETO-
JIMO/Ia», TIOKA3bIBAIOIINE YCTIEITHOCTh OMpee/IeHUsT mapaMeTpoB (CBEpXY BHU3) MepHO-
Jla, criajarolero (poHTa U BOCXOAsdlIero (gpoHra. YcneuHoe onpeaeiacHue napaMmeTpon
OTOOpaXKaeTcst 3eJIEHbIM 1IBETOM, OIIMOKA — KPACHBIM.

O6nactb «ITapameTpbl» OKHa COAEPKUT YMCIIOBBIE TOJIsI, OTOOpaxKarllue pe3ysabTa-
Thl U3MepeHunil. HeomnpeneneHHble mapaMeTpbl 0TOOpaXalTcs «HEeAOCTyIHbIMU». Mcno-
JIb3yeMble aJITOPUTMBbI ONpeAesieHUs] MapaMeTpoOB OMucaHbl B pasaeine «OrpeneneHue
HUMITYJIbCHBIX TTApaMETPOB».

AJITOPUTMBI, MCIIOJIB3YyEMBbIE [UISI OTpeesIeH!s] TTapaMeTPOB MMITYJIbCOB, MOTYT HC-
MOJIb30BaThCS [JIS1 BBHIITOJHEHMSI TaKOM paclpoCTpaHEHHOW 3amayd, KaK BhIACICHUE U3
0TOOpaKaeMoro yJyacTka CUrHaja LeJIoro YKcia MepuoaoB.

6.7.3. NMpumeHeHue aHannsaTtopa cnekrTpa

Bupryanbnbiii ocumuiorpad npucraBku ACK-4106 mo3BosisieT IpOBECTH CIIEKTPaIb-
HbIII aHaAJIU3 BBLACJIEHHOIO y4yacTka curHaia (puc. 6.57). Jjist 3TOro MCIOJIb3YIOTCS aj-
TOPUTMBI MIPSIMOTO M 0OpaTHOTro OhicTporo npeodpazosanus Pypee (BI1D).

B pexume BIT®D orobpaxarorcst ciieaylolme napaMeTphl:

e YHCIO TOYEK AUCKPETU3ALMKU CUTHAJA, [0 KOTOPBIM MPOBOAUTCS MpeobGpa3oBa-
HUE;

* YHCIO TOYEK ISl TpeoOpa3oBaHUsT TMOCe MepenrcKpeTudanuu (Oavkaiiinee
CBEPXY YMCIIO — CTEMeHb ABOWKM);

* [MepeArcKpeTu3alusi HeoOxoaumasl IUisl UCIOJIb30BaHUSI aIropuTMa ObICTPOro
npeodpa3oBaHusl;

* OCH. YacTOTa — OCHOBHasl yacToTa curHaia. OmnpenensieTcs no MakKCUMaJbHOMY
MOIYTI0 KO3(P(DUILIMECHTOB pa3IOXeHUS;
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Puc. 6.57. Okno anasuszamopa cnekmpa

e K03bd. H. . (%) — KO3DOULUHNEHT HETWHECWHBIX MCKAXKECHUI B TPOILECHTHOM
BBIPaXKEHUU,

e YaCcTOTa — YAaCTOTa, COOTBETCTBYIOLIASI TOUKE CIIEKTPA, OTMEUEHHOMN KypCOpOM;

° YPOBEHb — YPOBEHb B TOUKE CIIEKTpa, OTMEUYEHHOI KypCOpOM, OTHOCHUTEIbHO
MakcuMyMa (tipuHuMaetcs 3a 0 n1b);

e Moul. ¢unabTpa (%) — MOIIHOCTh (PUJILTPA B IMPOLIEHTHOM BbIpaxkeHHU. OTHO-
IIeHWEe MOIITHOCTH TIPOITyCKaeMBIX (DYUIBTPOM TapMOHUK K ITOJTHOW MOIIHOCTH
CUTHAaJIA.

[Tonb30BaTe b MOXET YCTAHOBUTD HYXKHOE UMCJIO TIEPBHIX KOIGMMUIIMEHTOB pa3ioxe-
HUSI, OTOOpaxkaeMbIX Ha rpaduke CrieKTpa. DTO YMCJIO HE MOXET ObITh OOJIbIIIE MOJIOBU-
Hbl 6a3bl. ['pacdmk BITP oTobpaxaer crieKTp BHIOPAHHOTO CUTHAIAa B JJOrapuMUIeCKON
LIKaJie «JacToTa-aMIuIuTyaa». [1o XXeJaHuIo MoJb30BaTess MOXET TakxKe OTOOpakaTbCsi
(hazovacroTHast 3aBUCUMOCTD. JIJIsT UI3MEPEHUI NCTIONB3YeTCsl BEPTUKAIBHBIN Kypcop.

[Tpu BKIIIOYEHHOM pekuMe TpeodpazoBaHust Dypbe MOXKHO MCITOIb30BaTh BO3MOX-
HOCTb CIeKTpajabHOI (puinbTpauuu curHaja. CyTh €ro B TOM, UTO Iepea 0OpaTHBIM Ipe-
0o0pa3oBaHMEM aHAIM3UPYEMOTO CUTHaJIa MOXHO OCTaBUTb B HEM TOJBKO TE€ YaCTOTHI,
KOTOpbIE€ HY>XHBI, M MOJABUTh HexenateabHble. [1o xkenaHuio moib3oBaTesis Ha rpaduke
MOXeT oToOpaxaeTcsl (pa3ovyacToTHas XapaKTepuCcTUKa CIIEKTpa.

6.7.4. OcywecTtBneHne umdpoBoii GunbTpaumum

KpoMe annapaTHoii ¢uibTpaliMiyd CUTHaJIA B LIETISIX 3alycKa, He BJIMSIIOLIEH Ha pe3y-
JIbTaThl OUM(MPOBKY CUTHAJA, CUCTEMa 00JIafaeT BO3MOXHOCTSIMU UMPOBON (hubTpa-
UMM U3MEPEHHOIo CUrHaja. DTW (YHKIMU peaJu30BaHbl Ha MPOrpaMMHOM YpPOBHE U
JIECTBYIOT TOJbKO HAa OTOOpaXKeHUE YK€ COOpaHHBIX JaHHBIX. BKIIIOUNTH U BBIKITIOYUTh
GUIBTPALINIO MOKHO C TTOMOIIBIO TTaHe M IInppoBoil dhribTpanun. Ha puc. 6.58 moka-
3aHa 3Ta TMaHe b Ui ocLuiorpada-aHaiu3aTopa, a Ha puc. 6.59 IS cTaHIApPTHOTO
ocuuyiorpada.

IIpocteiiiyo GuibTpalMio o0ecneyruBaeT ajirOpuTM HAKOMUTEIbHOTO GUIbTpa.
J1s1 KaXnol TOYKU BpeMEeHM OToOpaXkaeTcsl CpefHee 32 yKa3aHHOE KOJIMYECTBO cOOPOB
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Puc. 6.59. OxkHo onyuii yugposoii gurempayuu cmandapmuozo ocyurrozcpaga

3HAYeHWE CHUTHaja. TakuMm oOpa3oM, IONABIISIOTCS CIyJailHbIE IIIYMOBBIE COCTaBJISTIO-
mue curHama. JJIst KaKmoi TOUKA BpeMeHH OTOoOpakaeTcsl cpeaHee 3a yKa3aHHOE KOJIH-
YecTBO COOPOB 3HaYeHMe cuTHaja. KoimmuecTBO TOYEK [UIsSl YCPeIHEHUS 3a1aeTCs MOJIb-
3oBaresieM B auamnaszode ot 0 go 50.

I[MonuHoMuanbHBIN GUILTP He TpeOyeT MOBTOPHBLIX u3MepeHuii. Mcnonb3yercst Obl-
CTPBII AJITOPUTM MHOTOITPOXOTHOTO OMHOMUHAJIBLHOTO CiTaXXuBaHUs. KommyecTBo mpo-
XOJIOB 3aJaeTcs nmojab3oBareneM B auarnaszoHe oT 0 o 50. Peskue 6pocku curHana «pas-
Ma3BIBaIOTCS» IO OMVKHUM TOYKAaM, TEM CaMbIM IIOJABIISIIOTCSI BBICOKOYACTOTHEIC
wyMbl. OHAKO 3TOT (QUJILTP MOXET CWJIBHO MCKaXaTh CUTHAJ, UMEIOLIUM «YIJIOBAaTYIO»
dopmy. BKiIroueHHBIIT HAKOMUTENBHBINA WIM TMOJUHOMHAIBHBIN (DUIBTP IECTBYeT Ha
00a KaHajla B BbIACJICHHOM BPEMEHHOM JAMala3oHe.

Bonbime BO3MOXHOCTHA TIPEACTABISIET WMCITOJIB30BAaHME CIIEKTPAJIbHOTO (DUIBTpA.
Jis ucnonb30BaHUST 3TOM (PYHKIIMM HEOOXOAMMO BKIIIOUUTL PEXUM IpeoOpa3oBaHUS
®Dypre. B pesynbrare 3T0T0 IMpeodpa3oBaHUs NCCIETyeMbI CUTHAJ MPEICTaBIISICTCS KaK
CYIEePIIO3ULIMS TAPMOHUYECKUX KOJIeOaHU ¢ pa3IMYHbIMU 4acTOTaMU, aMIUIMTyIaMU U
dazamn. C momomIpio rpaMIecKx 3JIEMEHTOB ITaHean (pypbe-aHaM3a IMOJIb30BaTelb
MOXKET yKa3aTb IIpOrpaMMe IIPOBOAUTL OOpaTHOE MpeoOpa3oBaHME, IMPeABAPUTEIIHHO
YCUJIVB WIJIM OCJIAa0MB YKa3aHHBIC KOMITOHEHTHI cuTHaja. CIIeKTpadbHBIN (GUIBTp OymeT
JIEiICTBOBATh TOJIbKO HA TOT KaHajl, IJISI KOTOPOIrO IIPOBOAUTCSI ObICTpOe IIpeobpa3oBa-
Hue Oypoe.

s Toro 4TOOBI yKa3aTh MpOrpaMMe YJ9acTOK CUTHAJa, KOTOPBIT HEOOXOMUMO ITOMI-
BEpPrHYTh 00paboTKe, 0003HAYAIOTCS €T0 Havyajo M KOHEIl TI0 BpEMEHHOM 11IKajie Kypco-
paMH OCHOBHOTO rpacduKa TJIaBHOH IMaHeau. Kaxk mpaBuiio, IS CIIEKTPaIbHON (hHIIb-
TpaluM MEePUOANIECKOrO CUTHaIa yaoOHee MCIOJIb30BaTh YYacCTOK, COAEpKAIIUi 1IeI0e
YHCJIO TIEPUOIOB OCHOBHOI 4acTOTHI. [IporpaMma Imo3BoJISIET caeiaTh 3TO aBTOMATHYE-
CKU TIPOCTBIM JIBOMHBIM JIEBBIM IIETYKOM MBI HAa OCHOBHOI Tpaduk.

6.7.5. MatemaTtnyeckasa oopabdoTka CUrHanos

Ocuwniorpad npuctaBku ACK-4106 umeeT MOLIHBIE MaTeMaTHMYECKUE CpeACTBa
JUISl OTepaTUBHON 00pabOTKM COOpaHHBIX NaHHBIX. VX MOXHO ompeaeauTb B OKHE
«CneuuanbHas GyHKIMsI», IOKa3aHHOM Ha puc. 6.60.
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Puc. 6.60. Okno «Cneyuarvrnasn pynkyuss

Ha ocHoBHOI1 rpaduK rnaBHOM TaHead, MOMUMO OCHUJIJIOrpaMM IO 00OMM KaHa-
JIaM, MOXHO BBIBOJWTbh MaTeMaTu4yeckre (PyHKIUU OT HUX:

e cymMMa (pa3sHOCTh, OTHOIIIEHUE, TIPOM3BEACHNE) KaHaIoB A 1 B — miIg xKaxmoit
TOYKU BPEMEHU BBIYMCIISICTCS YKa3aHHasg apupMeTHIecKas oIrepamnnst MeXIy co-
OTBETCTBYIOIIMMHU 3HAYCHUSIMH KaHaIoB A 1 B;

e cpegHee TeoOMeTpHIecKoe KaHaJIoB A 1 B — I Kaxknoit TOYKM BpeMEHU BBIUVIC-
JIIeTCS KBaAPAaTHBIN KOPEHb M3 MPOM3BEIACHUS COOTBETCTBYIOIINX 3HAUYCHWI Ka-
HajioB A u B;

e IIPOM3BOJHAS BBHIOPAHHOIO KaHaja — OTOOpaXkaloTCs Pe3ybTaThl TUCKPETHOIO
IuddepeHLMpoBaHus BEIOPAHHOTO KaHaja;

e MHTErpajJl BBIOPAHHOTO KaHala — BBIYUCISICTCS OIpPEACICHHBINN MHTEeTpan IS
BBIOpAaHHOTO KaHasia. B KauecTBe aqIMTUBHOM ITOCTOSTHHOM BBIOMpPAETCST CpeIHee
3HAYCHUE CHUTHAJIa B 0TOOpaxkaeMoil 00J1acTu;

e WHTETrpaJl IPON3BEACHNS KAaHAJIOB — BBIUMCIISICTCS ONPEAeICHHBIN MHTeTpas IS
MMPOM3BEIEeHNS] KaHajioB. B KauyecTBe agIMTUBHON ITOCTOSTHHON BBIOMpaeTCs
cpemHee 3HAYCHME TTPOM3BEACHMSI CUTHAJIOB B OTOOpakaeMoll 00J1acTH;

e KOppensnus KaHaloB A 1 B — HaXoonuT Koppessiiio MacCUBOB JaHHBIX KaHa-
0B A u B;

o mepenaTouHas GyHKLUMA KaHaua A K B — mepenatouHas (GpyHKLUUS — OTHOLLEHUE
JIATIACOBCKMX M300paxkeHUI OBYX (GyHKUMI. B mporpamme Uil BBIYACIEHMS Tie-
penaToyHOi (PYHKIMU MCIOJIb3yeTcs MpeobpasoBaHue Dypbe, KaK YaCTHBINA CIIy-
yaii mpeoOpa3oBaHug Jlamiaca, T. K. pe3yJbTaThl 3TUX MpeoOpa3oBaHUil, B OOLLIEM
cilyyae, SIBJISIIOTCS KOMITIEKCHBIMU, JIJISI OTOOpaKeHMsI Ha rpaduKe UCIOIb3YIOTCsI
MOJIYJIM pe3y/ibTaToB. BhIBOI OCyleCTBIsIETCS B JJorapuMUYECKOM 1lIKae.

6.7.6. CtaTucTtuyeckKkme BblYUCIIEHUSA

151 OOJbILIEro YKCIa OIpeaesisieMbIX IIPOrpaMMOil IMapaMeTpPOB MMEETCs BO3MOXK-
HOCTb IIPOBEIEHMSI UX CTAaTUCTMYECKON 0O0pabOTKM 1o BpeMeHM. JIJisi 3TOro cieayeT B
MMaHeJ I CTATUCTUKU BBIOPATH MTapaMeTphl ISl 00pabOTKM (MOXHO BHIOpATh IO TPEX ON-
HOBpPEMEHHO 00pabaThIBaEMbIX IIapaMETPOB) U BKIIIOYUTh CTATUCTUYECKUE BBIUMCIICHUS
KHOMKOM. [lpm KaxXIoM HOBOM M3MEPEHMM HOBOE 3HAYeHME BBIOPAHHOTO MapamMerpa
BHOCUT COOTBETCTBYIOLIME IIONPABKUA B BBIUKUCISIEMbIe CTATUCTUYECKME BEJIMYMHDI.
OKHO ¢ JaHHBIMU CTATUCTMYCCKMX BBIUMCICHUI TMpeACTaBIeHo Ha puc. 6.61.

Ecnu BbIOpaHHBIN TapaMeTp MpU OYepeIHOM M3MEPEHUM He ObLI orpedeneH (Ha-
MmpuMep, BBl BeleTe CTAaTHCTUKY ITO OJHOMY M3 IapaMeTpOB MMITYJIbCa, U B TIPUHITOM
CUTHaJIe UMITYJIbC He OOHAPYKEH), TO CTAaTUCTUKA He MCIpaBisgeTcs. B aToMm ciiyyae Ha-
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Puc. 6.61. OkHO ¢ OaHHbIMU cmamMUCMUYEeCKUX BblUUCACHUL

3BaHME MapaMmerpa OyaeT oToOpaxaTbcs 3aTeMHEHHBIM. Huke mnpuBeneHO oIucaHue
CTATUCTUYECKMX IMapaMeTPOB BbIYMC/ISIEMbIX IIPOrPaMMOIi:

e CpenHee — cpenHee apudmeTnueckoe 1o Bbibopke. Cymma Bcex HaOpaHHBIX
3HAYCHUM, IeJICHHAs Ha UX KOJIMIECTBO;

e MakcnMyM — MaKCHMAaJbHOE 3HaueHWE B BEIOOPKE;
e MuUHUMYM — MHUHUMAaJIbHOE 3HaUYeHUE B BLIOOPKE;

e Cr. geBuanuss — CTaHIApTHas IeBUALIMSI, KBaJApPATHBI KOpPEHb M3 CPEIHEro
KBapaTa OTKJIOHEHHUsI KaXJI0ro U3 3HAUeHUI B BBIOOPKE OT CPEeHEro 3HaAUeHHMs.
3aMeTM, YTO 3[eCh WCIIOJb3YyeTCsl YMPOIIEHHBI HAKOTUTEIbHBIN aJrOpUTM
pacueTa JeBUallMy, He YYUTHIBAIOIIMI NU3MEHEHHUs CPEHEro 3HaueHus. DTO YII-
polleHre, KaK MpaBujio, MPUBOIUT K HEOOIBIIIOMY 3aHMKEHUIO PACUETHOTO 3HA-
yeHusi. bosee cTporuit U TOUHbBIN alTOPUTM TpeOyeTcsl MPU UCTOIb30BAHUU THC-
TOrpaMMBI (CM. HIXKeE).

6.7.7. dmynauna cCUrHasnaos

Jlst paGoThl MporpaMMbl OcLUIIorpada B OTCYTCTBUM pealbHOTO Mpubdopa (C TecTo-
BBIMM WIKM YUY€OHBIMU LIEJIIMU) MOXKHO BOCIIOJIb30BaThCsl (PYHKIIMEN dMYJIITOpa CUIHA-
JoB. IIporpamma Oyaer paboTaTh Tak, Kak OyATO K HEWl MOAKIIOYEH pealbHbIA OCIIMI-
sorpad, Ha BXOIbl KOTOPOIO IOAAETCS MEPUOIUYECKU IMOBTOPSIOIIMIACS 3aJaHHbINA MO-
JIb30BaTesieM CUTHal. [Ipym 3TOM MOXHO BHIOpaThb OAWMH M3 CTaHIAPTHBIX CUTHAJIOB M3
BhlNafaloiero crnucka «IIpemonpeneneHHble GOPMbl» WIM 3a4aTh CUTHAJA B BHIE MaTe-
MaTU4YeCKOi GopMyJibl B CTpoke «DyHKIMsI». MOXHO TaKKe HapUCOBaThb HYXKHYIO (op-
My MBILIKOM Ha rpadguke. OKHO dMYJISILIMKM CUTHAJIA MO0Ka3aHo Ha puc. 6.62.

6.7.8. Pa6oTa B KauecTBe BUPTYyasibHOro camonucua

Ocuwiorpad NpUCTaBKM MOXET paboTaTh B KayecTBE CaMOITMCIIA, PETMCTPUPYIO-
LIEro JIuTe/IbHble curHaibl (puc. 6.63). Pexum camomnuclia Ka4yeCTBEHHO OTIMYAETCSI
OT OOBIYHBIX PEXMMOB OCIMJUIOrpada TeM, YTO YTeHUE JaHHBIX M3 Ipubopa U UX OTO-
OpaxkeHue MPOM3BOAUTCS B peajlbHOM BpeMeHH, 0e3 OCTAHOBKU IMPOLiecca M3MEPEHUIA.
YToOBI MPU 3TOM HE TEPSIUCh BO3MOXHOCTH O00paOOTKM JaHHBIX HA OCHOBHOM rpagu-
Ke TJIaBHOHM IIaHEIW, BBEICHA OTHCIbHAS IAHEIb CAaMOIIMCIA C «JICHTOIPOTSKHBIMI»
rpadukamMu. JlaHHBIE B 3TH TpadUMKU BHIBOISTCS HEMPEPHIBHO IO MEPe MOCTYILICHUS
HOBbIX JTaHHBIX.
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OcHOBHOIl rpaguk camornucla — He-
MaclITadupyeMblil rparuuecKuii dJIeMeHT
«JIEHTOMPOTSLKHOTO» Tumna. OTtobpaxaer
JIECSITYI0O YacThb MOJHOro Oydepa TaHHBIX
npubopa (T. e. 6553 BEIOOPOK) C YACTOTOIA
1 u3 10 Touek. OO30pHBIN rpaduk camo-
nucla — HeMacluTabupyemblii rpagpuye-
CKMI1 3JIEMEHT «JICHTOIPOTSDKHOTO» THIIA.
OtobpaxaeT MoHbINA Oydep TaHHBIX MPU-
6opa (1. e. 131071 BeIOOPOK) ¢ yacToTOI 1
n3 100 touek. Ilpyn 3TOM MOXKHO CKOIM-
poOBaTh HaKOIUIEHHBIE B TOJHOM Oydepe
JIaHHBIE J1J19 00pabOTKU B OCHOBHOM 1 00-
30pHBIA rpaduku rnaBHoi maHenu. [lo-
cJie KOMMMPOBAaHUS JAHHBIX CAaMOIMCLA WX
00paboTKa HMYEM HE OTJIMYAeTCS OT W3-
MEpEeHUI1 B OOBIYHEBIX peXXMMaXx.

B pexume camomnmclia IOJb30BaTelb
MOXET BBITIOJIHUTH CJIEAYIONINE NeHCTBUS:

e 3arpy3WTh 3alMCaHHBIN paHee aiin
JIaHHBIX (BOCCTaHABJIMBAIOTCSI TaKXke
COXpaHEHHBbIE HACTPOWKM TIpubopa —
JIMara3oHbl, pa3BepTKa U T. 11.);

* COXpaHWUTh [aHHBIE M TEKYIIME Ha-
cTpoiiku npudopa B ¢aitn. Bo Bcex pe-
KMMax, KpoMe pexkrMa CaMOITHCIIA, CO-
XpaHsIeTCs TEKCTOBbIN (paiin B popmate
«CSV», B KOTOPHBII1 3alMCHIBAIOTCS TI0-
cJenHue CHSThIE JaHHbIe. B pexume ca-
MOITHCIIA CO3MACTCST TBOMYHBIN (hail, B
KOTOPBIA MPOU3BOAUTCS TMOCTOSIHHOE
JIOTNIChIBAHNE HOBBIX JaHHBIX;

e 3aIyCTUTh/OCTAHOBUTbH MPOCMOTP 3arpy-
JKEHHOTO (haiiyla TaHHBIX CaMOITHCIIA;

¢ C IMOMOIIIbIO TTOJ3YHKOBOIO PEryJsiTopa
TepeMelaTbCs 10 3arpy:keHHOMY aii-
JIy JAHHBIX CaMOITMCLIA;
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Puc. 6.63. Paboma ocyuarrozcpaga
8 pejcume camonucya

e C IIOMOIIBIO MOJI3YHKOBOTO PEryjsiTOpa U3MEHSITh CKOPOCTb MPOKPYTKM 3arpyKeHHO-

ro (aityla TaHHBIX CaMOTTUCIIA.

BO3MOXHO TakXke MCHOJIb30BAaHUE BYX METOK BpeMEHU Mo cucteMHbIM dacaM [1K.
Ha cnenumanbHO# maHenum oToOpaxkaroTcsl Clenylolue BeJUYUMHbB: X — MacliuTad ropu-
30HTAJILHOW OCH OCHOBHOTO Tpaduka camomnucua, X1 — ToJoKeHUe TepBOil METKU
BpeMeHM, X2 — MOJIOKEHUE BTOPOW METKW BpeMeHu, dX — pasHMla MeXny MeTKaMu
BpeMeHM, ZT — Hayajo ILIKajJbl BpeMeHU 1o cucteMHbIM 4yacam I[1K, ZD — Hayano

LIKajabl BpeMeHu (mara no kaieHgapio I1K).

C IOMOIIBIO PETyIITOpa aBapuiHOTO Ipeaena (BEepXHEeTro MM HUKHETO) MOXKHO 3a-
JaBaTh Ipeieli, IpY BBIXOJE CUTHaja 3a KOTOPBI cpabaThiBaeT aBapuiiHasl CUTHAIM3a-
LS, TIPU TOM Ha 2KpaHe MOSIBISeTCs MHAMKalus «TpeBora» — MUTAIOIIMI WHIWKA-
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TOP-«JIaMITOUKa» M BBITIOJIHSETCSI 3apaHee 3allaHHasl IMoJIb30BaTeieM KOMaHIa oreparu-
OHHOI CHCTEMBbI, OTpaxkalllas peakilnio IMOJb30BaTe/Isl Ha aBapUIHYIO CUTYaIIUIO.

st BBIOOpa CKOPOCTH pa3BepTKM HYKHO BOCITOJIB30BaThCsl IepekiiouareneM «Pas-
BepTKa (Bb1OOpKM)» B maHenu ympaBieHUs. MOXHO BbIOpaTh CKOPOCTh pa3BepTKU IPU-
O6opa (T. €. 4acTOTy AMCKpETU3aUru OUMMPOBKU BXOAHBIX curHaiaoB) oT 100 MI'u mo
1 xI'u (mpu pukcupoBaHHOM 3KpaHe B 500 BEIOOPOK 3TO OYIET COOTBETCTBOBATH BpeMe-
Hu pasBeptku oT 500 Hc/menenme mo 50 wmc/menenue). Ha 3amosHeHMWE TOJHOTO
(128 x0OaiiT) Oydepa mDaHHBIX MPU ITUX pPa3BepTKax IMOHAMAOOUTCS COOTBETCTBEHHO OT
1,3 mc mo 131 c.

CucreMa Toiep>XKMBaeT TakxKe HECKOJIbKO OoJiee OBICTPBIX pa3BepToK (3¢h¢eKTuB-
Has JacTtoTa auckpetuzaunu — no 10 I'Tw). [IpuMeHeHue 3TUX pa3BepTOK Tpeanoara-
€T MCITOJIb30BaHUE CTPOOOCKOMMYECKOTo 3(hdeKTa, U MOITOMY MOXKET MPUMEHSITHCS TO-
JIBKO K TIEPUOIMYECKUM CUTHAJIAM MPU HATUYWKA YCTOMIMBON CUHXPOHM3AIINN.

6.7.9. 3agaHue aBapuiHOMA CUrHanNM3auum

PexxuM camormnuciia MoXKeT UCITOIb30BaThCS ISl aBapUHOTO KOHTPOJIST U3MEPSIEMOTo
napameTpa. s 3TOro HeoOXOAMMO B MaHEJIW caMOIMCLA 3aJaTb TOPU3OHTAJbHBIMU
KypcopaMu TpaduKa BepXHUIl M HUKHUI aBapUiiHbIe MPEACbI.

IIpu BbIXOAE M3MEPSIEMOrOo CUTHaJIa 3a YCTAHOBJIEHHbIE MpeAebl BOZHUKHET aBa-
puitHasg cutyaums. Eciau paspellleHa aBapuiiHasg CUTHaIM3alus B MaHeIu «ABapuiiHas
CUTHAJIM3aIsT», TTOKa3aHHOW Ha puc. 6.64, TO BO3HUKHOBCHUE aBApPUITHON CUTyallMu
OyaeT 0003HAYEHO 1[BETOBOI U 3BYKOBOM CUTHAJIM3aLUE, KpOoMe TOTO, OyIeT BBIMOJIHE-
Ha OJHA U3 KOMAaHJ OMNEPALIMOHHON CUCTEME, YKA3aHHBIX I10Jb30BaTEJIEM B COOTBETCT-
BYIOLLIMX TOJISIX MaHeJW aBapuitHON curHaiau3auuu. [ToCKoJbKY I0Jb30BaTelb MOXKET
3a7aTh pa3jduyHble KOMaH/bl JJIs1 aBApUIHBIX CUTyallMii, BbI3BAHHBIX BBIXOJOM 3a BEpX-
HUM W 3a HWXHUIA Npeaesbl, TO, TEM CaMbIM, OH MOXET peaan30BaTb PETYJIMPYIOLILYIO
CUCTEMY JUISI U3MEPSIEMOrO CaMOIIUCLIEM T1apaMeTpa.

I=+ ABapuiiian curHanvsaums

=101 x|

@ 3ngETHTb CHUrHEAWMZauU1M

B BEIKNHUYMTE CUIHENWESALMHD

¥ ABTOMATHMUECKM BEIKIHNYATE MpPK YCTRaHEHMK

MpM EEXOAE 28 ESpxHME NDE0EN BEINOAHMTE

Ic:\overheat.bat

|_|pH ELIXOAE 38 HWKHMWA Npeaen BeNaAHWTE:

Puc. 6.64. Ilaneav «Asapuiinas cucharudayusn»

B manenu «ABapuiiHas CUTHAJIM3aLMS» BO3MOXKHBI CICIYIOIINE YCTAHOBKHU:
e 3amnpeTuTh CUTHATU3AIMI0O — KHOMKA 3anpera curHanus3auuu. Koraa sta kHomka
Haxara, TIpoBepKa aBApUMHBIX YCIOBUU HE MPOU3BOIUTCS;

e BBIKIIOYMTH CUTHAIM3ALUI0 — Ha)XaTHe STOM KHOIKM BBIKJIIOUAET 3aIllylleHHYIO
CUTHAJIM3ALMIO, HO HE 3alpellacT MOCIeAyOLIyI0 MPOBEPKY aBapUIHBIX YCIOBMIA,

e ABTOMAaTMYECKHU BBIKJIIOYATh npn yCTpaHEHUN — €CJIMU 3Ta METKa YCTaHOBJICHA,
CUTHaJIM3alus 6y,H6T ABTOMATUYECCKM BBIK/IIOUYEHA, KaK TOJIbKO IMporpaMma oOHa-
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PYXXUT, 4TO aBapuiiHasl CUTyalldsl ycTpaHeHa. MHaue curHanusamus Oymet pabo-
TaTh JI0 €€ PYYHOIO BBIKJIOUEHUSI BHE 3aBUCUMOCTU OT MOCJEAYIOIIETO COCTOSI-
HUST KOHTPOJIMPYEMOTO ITapaMeTpa;

» Tlpu BBIXOZE 32 BEPXHUU MpeAeIT BBIMOJHUTh: — CTPOKOBOE ToJe. 3anrcaHHas B
5TO T0JIE KOMaH/Ia OMEPALMOHHON CUCTEME OYIET BBIMOJIHEHA MPU BBIXOAE XOTS
OBl OTHOTO M3 OTOOPAKaeMbIX CUTHAJIOB 3a YCTAHOBJIEHHBIN BEpXHUI npenel (00
YCTAaHOBKE aBapUIHBIX MpeaesioB cM. «[laHenb camonuciiar);

e [lpu BbIXOAE 32 HUXKHUIA TIpE/Ie] BBITIOJHUTH: — CTPOKOBOE TOJie. 3armrcaHHas B
3TO MoJie KOMaH/Ia OMepalMoOHHON cuctemMe OyleT BBIITOJTHEHA MPU BBIXOAE XOTS
OBbI OTHOTO M3 O0TOOpaXKaeMbIX CUTHAJIOB 32 YCTAHOBJIEHHBIN HUKHUM TIpeae].

6.7.10. PaboTta c pa3BepTKOi 1 NaMsATbIO

ITporpamma ocumimiorpadga 3a OOWH CEAHC CBSI3M C MPUOOPOM MOXET CUUTHIBATH
JlaHHbIe C OOJBIIMM 3aMacoM, MO3BOJISIS B AaJIbHEUIIEM OTOOpaXaTb ¢ HEOOXOIUMO
CTETMEHBIO MOAPOOHOCTH TOJBKO YacTh cOOpaHHOro curHaia. KommdyectBo ortobpaxkae-
MbIX BBIOOPOK Ha OCIMJUIOrpAaMMeE MPU 3TOM MOXKET ObITh Kak (DUKCUPOBAHHBIM, TaK U
MUHAMWYECKN W3MEHSITBCS TOJIb30BaTeieM B JI000€ BpeMs MPOCMOTpa curHaia. s
3TOr0 PETyJsiTOp CKOPOCTU U3MEPEHUI B TMaHEeNU YIpaBlIeHUs UMEET JABa pexXuma: st
(UKCUPOBAHHOW PACTSIXKKU 3aJaeTCSd BpeMs pa3BepTKU (AecsATas 4acTh 3aJaHHOTO KO-
JINYECTBa BBIOOPOK Ha 3KpaH, NEeJeHHAash Ha 4YacTOTy AMCKPETU3alWU), I MepeMeH-
HOW — HEMOCPEACTBEHHO YacTOTa NUCKPETU3ALINU.

[Tonb3oBaTenp MOXET YCTAHOBUTH BEJIUUYUHY JUIMHBI MOCAE3aMUCcy B Auana3oHe ot 0
1o 131071 BeIOOpOK. YKa3aHHOE KOJIMYECTBO BLIOOPOK OyneT coOpaHO MpubOpoM TMocie
BO3HUKHOBEHUSI COOBITUS 3amycka. s yCTaHOBKM BEJMYMHBI JUTMHBI MOCIE3aMUCH
BOCIIOJTb3YTECh perynsiTopoM «JlJinHa moce3anucu» B MaHeJu HaCTPOeK. DTOT Peryisi-
TOp TMO3BOJISIET 33aBaTh JUIMHY TMOCIE3aMNCH KaK B BUAE KOJIMYECTBA BHIOOPOK, TaK U B
BUJIE BPEMEHHOTO WHTEpBaja B ceKyHAax. I WCKIIOYEHUST MOTepU YacTU OAHHBIX
CyMMa 3HAaYeHWI 3alepXKKW 3aIlycka W JUIMHBI TOCJIe3alMCh HE JOJKHA TPEBBIIIATH
131072. He nomyckaeTcsi OMHOBpEMEHHAsi yCTAHOBKA HYJIEBBIX 3HAUEHUN YKa3aHHbBIX
MapaMeTpoB.

6.7.11. PaboTta c Kypcopamu

O030pHbIH (HUKHUIT) rpadUK IIaBHOW MaHEeNM COAECPXKUT ABa BEPTUKAJIBbHBIX KypCO-
pa. Eciu He BkimoueHa omuus (UKcalMU pas3pellieHusi OCHOBHOTO Tpaduka, TO Ha
OCHOBHOM Tpaduke oTOOpaxkaeTcsl Ta 4yacTb 0011ero Oydepa CHITBIX JaHHBIX, KOTOpasI
3aKJTI0YEHA MEXIy 3TUMU Kypcopamu Ha 0030pHOM 3kpaHe. Eciu paspeliieHne OCHOB-
Horo rpacduka GUKCHUpPOBAHO, TO JIEBbI Kypcop 3aJaeT ero JIeBylO I'paHHIly, a IpaBas
TpaHUIA OTpeNesIsIeTCsT 3aaHHBIM paspelleHrneM. MoXHO TiepemMeniaTh COBMECTHO o0a
Kypcopa U, TEM CaMbIM, NepeMellaTbes Mo Oydepy AaHHBIX ¢ MOMOLLBIO MTOJ3YHKOBOIO
9JIEMEHTa TIPOKPYTKU, PACIIOJIOKEHHOTO HEIMOCPENCTBEHHO IO/ O0030pHBIM TpadrKoM
(cM. pazgen «['maBHas maHesb»).

B cnyuyae, kxorga moJib30BaTeb MCIIOJB3YeT JOCTATOYHO OOJBIION obmuit Oydepa
JTAHHBIX, BBIOPATh HYXKHYIO €ro 4acTh IS MOAPOOHOI0 PACCMOTPEHUS C IMOMOIIBIO KYyp-
COPOB CTAaHOBUTCS 3aTPYyOHUTEIBHO, T. K. Jaxke HeOOJbIIOe ITepeMellcHIEe Kypcopa BhI-
3bIBAET «KaTacTpouueckre» U3MEHEHUsI B pa3Mepe BbIOpaHHON obactu. s ycTpaHe-
HUSI 9TOM TPYAHOCTU BBEIEHO aBTOMATUYECKOE MacCIITabMpOBaHMUE 0030PHOTrO rpaduka.
Korna kypcopsl ciBuralorcd Ipyr K Ipyry OJjvxke, 4eM Ha ONHO JAeJeHUEe 0030pHOro
rpaduka (1. e. Bbiaessiercss MeHee 10% oT oToOpakaeMbIX Ha HEM JaHHbIX), rpaduk aB-
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ToMaTuyecku pactsaruBaetcsd B 10 pa3. g oOGpaTHoii omepauuu, T. €. 10-KpaTHOro
cxkaTusi 0030pHOro rpacduka, Haao pPasABUHYTh €ro Kypcophl Oojiee yeM Ha 90% Teky-
mero pasmepa rpacduka. O6gacTb BbIACIACHUSI HA MOJ3YHKE MPOKPYTKU rpaduka moxka-
3bIBAET, KaKylo 4acTh Bcero Oydepa mokasbiBaeT ceilyac 0030pHbIi rpaduk.

s TOYHOTO OIpeaesIeHrs] a0COIOTHOTO WM OTHOCHTEIBHOTO TTOJIOKCHUS TOUYKU
Ha rpadrKe UCIOIb3yI0TCs Kypcopsl. [lomecTuTe Kypcop Ha Touky rpacduka, abCcooT-
HbIe KOOPIMHATHI KOTOPOW BBl XOTUTE U3MEPUTh. {1 mepemMeleHus KypcopoB nepera-
CKMBaWTe MX JIEBOW KHOIKOW MBIIIU. 3aTeM MPOYUTANTE MOJOXKEHUE Kypcopa Ha MaHe-
JIU U3MEPEHUI.

Jns ompeneneHNs OTHOCUTEIbHBIX KOOPAMHAT TOUYKH, T. €. PACCTOSIHUM MEXIy IBY-
Ms1 BbIOpAaHHBIMM TOUKAMM, MCHOJB3YIOTCS ABa Kypcopa. IlepBblii HaBoauTCSd Ha 6a30-
BYIO TOYKY, OTHOCUTEJIBHO KOTOPOW MPOBOMUTCS OTCYET, BTOPOU HA U3MEPSIEMYIO TOY-
Ky. Pa3HOCTh TOJOXEHUN KypCcOpOB OTCUMUTHIBAETCS Ha MaHeau usMmepeHuid. [lpomre
BCET0 OTJIMYUTH MEPBBI Kypcop OT BTOPOTO IO LBETY (LIBETa KypCOPOB MOXHO 3a1aTh B
MaHead HAacTPOeK), HO MOXHO BOCIIOJIb30BaTbCSI MU MEHee 3aMEeTHBIM (aKToM, Koriaa
MeTKa IMepBOro Kypcopa — KBaapaT, a BTOpOoro — poM6. DTo MOXKET OKa3aTbCsl OCOOEH-
HO MOJIE3HBIM MPU U3YYEHUM YEePHO-OENIbIX pacrevyaTok rpaduka.

MoxHO TiepeMeniaTh Kypcopsl 1Mo rpauKy Kak ¢ MOMOIIBIO MBIIIN, TaK U C TIOMO-
IIBI0 KJIaBUATYPhl, MCIIOJNB3Ysl KIaBUIIU-CTpeaKu. OMHO HakaThe KJIaBUIIW BHI3BIBAET
nepeMelIeHrue Kypcopa Ha €IUHUILY TTPOMEXYTOYHOIO NEIECHUS IIKaJIbl B COOTBETCTBY-
follleM HamnpapjieHuu. Eciu rpu 3ToM yaepXuBaTh HaXKaTOM KJIaBUIILY, TO MPOU3BOIAMT-
csl mepeMellleHde Ha eIMHUIYY MacliTada 1IKajbl.

6.7.12. Pexxum MyibTUHAJIOXEHMS

B mporpamme ocumuiorpacda IpearycMOTpeHa BO3MOXHOCTh CHUMYJISILUM peXUMa
MOCJIECBEUCHUST aHAJIOroBoro ocuwuiorpada (uudpoBoro goMuHobopa). s 3Toro
IIpU IIEPEPUCOBKE OCHOBHOIO Ipaduka HOBBIMM CUTHAJAMU MpPeIbIayIlre He 3aTUPaIOT-
CsI, a TaCHYT MOCTEIIEHHO, Tepsis IPKOCTh C KaXXIBbIM ITOCICAYIOIINM OOHOBJICHHEM 2K-
paHa, MOJTHOCThIO ucye3as 3a 10 TpoxomoB Jyya.

7151 BKIIFOUEHUST U BBIKJIIOUEHMST 3TOTO peXrMa MCIoyb3yeTcs Komanaa «Ludposoii
JroMUHOMOpP» B MeHIO «Bum».

6.7.13. UamepeHue pa3oBoro casura

B niporpamme ocumiorpacda cyiecTByeT BO3MOXHOCTb aBTOMATUYECKOTO BBIYMCIC-
HUs (a30BOTrO CABUTA CUTHAJIA KaHama B oTHocuTenpHO KaHaia A. [ ee MCIonIb30Ba-
HUST obparutech K koMaHaaM «MDa3oBbIit caBur» MeHIO «Bum». Bribepute onuH u3 me-
TONOB OMNPENEICHUsI CABUTA, U BBIYMCIEHHOE 3HauYeHue (a3oBOro ciBura OyAeT BBIBO-
JIIUThCSI Ha CIELMabHYIO MTaHe b MOBEPX OCHOBHOTO rpaduka. Inamna3zoH BBIBOAUMOTO
3HaueHus yrjaa caura: oT —180° mo +180°.

Jns onpeneaeHUsT BeIMYMHBI (pa30BOrO CABUTa B JAHHON IporpamMme MPUMEHSIIOTCS
Tpu Metoma. [Ipu reoMeTpruecKOM METOIEe Ha OCHOBHOM TpaduKe OIPEAEIISIIOTCS MO-
MEHTBI IEPEXOMIOB YEPe3 CPeAHEee 3HAYEHUE I 000UX KaHAJIOB, CPEAHEE MO BCEM Hali-
JIEHHBIM TepUOIaM OTHOIIEHWE Pa3HOCTHM MEXAY MOMEHTAMHU Hayaja mepuoia KaHaia
B u A K cpenHelt JJIMTEIbHOCTU MepUoaa Mo 000MM KaHajlaM JaeT UCKOMBIA CIBUT (a3.
HenocratkoM 3TOro npocreiiiiero MeToaa sIBIsieTcsl TO, YTO OH 1aeT KOPPEKTHBIN pe3y-
JITAT TOJIBKO JUJISI CUTHAJI0B MACHTUYHON (DOpMbI U OAMHAKOBOIO Ieproaa.

Meton KocuHyca moTeph OCHOBAaH Ha (hOpMyJie KOCUHYCA yIJIa MOTePh:
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T
{UAUTdt

cos(¢) = ;
TW 4 ks W g russ)

rae U,, Uy — MrHOBeHHOE 3HaueHue curHaia mno kaHany A, B; U, xys, Up rus — CDEIHE-
KBaZipaTUyecKoe 3HAUeHWEe CUTHaIA 1o KaHaity A, B.

Hcrnonb3oBaHWE 3TOr0 MHTETPAJIbHOTO METO/Ia TIO3BOJISIET M30eXaTh IPYObIX OLIMOOK
reOMeTPUUYEeCKUX METOIOB, BO3HUKAIOIINX U3-3a CIyYallHbIX TTOMEX, UCKaxaronmx Ghop-
My curHaja. Kpome Toro, B 3ToM ciiyyae BO3MOXHO OIpelneeHrue caBura (a3 mMexmy
CUTHAJIaMU pa3IMYHON (DOPMHBI.

Henocratkom MeToma sIBJISIETCSI HEBO3MOXHOCTb OTpelesieHrs] 3HaKa yrjia CIBUTa
(a3, mockonbKy M3MepeHHUsI MO pa3HbIM KaHajiaM BXOISAT B (OPMYJTYy CHUMMETPUUYHO.
MeTton naeT auiib abCoNMOTHOE 3HaUeHre (MOMIYy/Ib) yIiia.

CrexTpajbHbIil METOJl UCMOJb3YeT AITOPUTM ObICTporo npeobdpazoBanusi Dypbe 1ist
TepeBojia CUTHAJIOB U3 BPeMEHHOM obiactu B (hazoyacToTHyo. Jlaynee it 000uX KaHa-
JIOB OMpejiessieTcsl OCHOBHAsI rapMOHUKa (10 MaKCUMAaJbHOW aMIUIUTYy/e) U CpaBHUBA-
I0TCsI 3HAUEHUST COOTBETCTBYIONIMX (Da3. Bce ocTaibHbIe COCTABISIIONINE CUTHANA UTHO-
pupytotcsi. HegoctaTkom 3TOro Metona MOXHO CUMTaTh HEM30EXKHYIO MOTPeIIHOCTh IU-
CKpeTHOTO TipeobpaszoBaHusi Dypbe, OrpaHUUYMBAIOIIYID TOYHOCTb OIpeeSIeHHUS
(bazoBoro cnpura.

6.7.14. NpumeHeHue pexuma umdppoBOro BosibTMeTpa

B nporpamme mpenycMoTpeH pexxuM LUbpPOBOTO BOJBTMETPA. I MCTIOIb30BAHUS
ero Hamo oopatuThesa K KoMaHae «LIndpoBoit BombTMeTp» MeHIO «Bum». BeramciaeHHbIC
CpelHeKBaIpaTUIEeCKOe, aMILUTUTYHOE U CPeIHEE 3HAYEHUSI YPOBHSI CUTHAJA TTO0 000UM
KaHajaM OyayT BBIBOAWTHLCSI HA CIELMAIBHYIO TTaHEb TTOBEPX OCHOBHOTO rpaduka.

Bbruucnenus mpoBoagTCs U1 y4acTKa OCLMJIJIOPaMMBbI, OTPaHUYEHHOIO Kypcopa-
MM Ha OCHOBHOM rpaduke (IIpd BBIBOIE HOBOIM OCHMIIOrpaMMbl). s TOro 4toObI
BHOBb MPOBECTU BBIYMCJIEHUS MOKA3aHU BOJIBTMETpPA IO CTapoi ocLuuiorpaMme (Ha-
npumep, IJIs APYrOoro ee yyacTka), Bbi3biBaeTcst komaHaa «IlepepucoBarh ocuuiiorpam-
Mbl B TJIABHOM TTaHEIN».

st ynobcTBa mosib30oBaTelisl J00aBIeHa BO3MOXHOCTh YCPETHEHUS TTOKa3aHU 1ud-
poBoro BojbTMeTpa 1o 5, 10, 25 wim 50 nocnenHuM n3mepeHussM. Hamomuum, 9Tto mst
MOJTHOW CTaTUCTUYECKON OO0pabOTKM 3TUX MOKAa3aHWI MOXHO TakXKe BOCITOJIb30BAThCSI
TTaHEJIbIO CTATUCTUKU.

6.7.15. NMocTpoeHue rucTtorpaMmmbl pacnpegeneHus BepoaTHOCTU

B mporpamMe octmutorpada mpemycMoTpeHa BO3MOXHOCTh Tpaduieckoro orodpa-
JKEHUSl pacrnpelnefieHuss BepOSTHOCTA MPUHUMATh OIpeAesieHHbIe 3HAUCHMSI OJHUM U3
00pabaTbhIBaeMbIX CTATUCTMUYECKMX MapameTpoB (puc. 6.65). Kpome Toro, MoxHo pac-
CMOTpPETh pacrpeaesieHe NU3MEPEHHOI0 3HaUeHMsI CUTHaJIa B KaXIOM OTCUETe I10 BCeMY
cobpanHoMy Oydepy. IS 3TOr0O MOXHO BOCITOJIB30BAThCS ITAHEIBIO THUCTOTPAMMEI,
N300paKeHHON Ha PUCYHKE HUXKE.

T'ucrorpaMmbl MOXXHO HMCIIOJIb30BaTh B JBYX pexumax. B mepBoM — oToOpaxkaercs
pacrnpenejieHue U3MEPEHHON BEeJIUYMHBI aMIUIMTYIbl CUTHajJa B TOM yacTu Oydepa co-
OpaHHBIX ITaHHBIX, KOTOpas B HACTOSIIWII MOMEHT BBIBOAMTCS HAa OCHOBHOM rpaduke
[JIaBHOW MaHenu. Bo BTopoM — pacrpeneneHue CTPOUTCS MO OIHOMY M3 MapaMeTpoB,
obpabaTbIBaeMbIX B MAHENIM CTaTUCTUKU. B 3TOM pexkmme i1 oOpabaThiBaeMoOro rapa-
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MeTpa OTBOIWTCS JOTIOJHUTEIBHBIN Oydep
JUISL XpaHEHUs IOCJCIHEN ThICSYU H3Mepe-
HUII, TIpM 3TOM BO3HWKAeT BO3MOXHOCTH
orpeneeHUs MOMEHTOB paclpeae/ieHusl Bbl-
COKHUX TTOPSIIKOB, YTO TO3BOJISIET OINpPEAeIIsITh
TaKue CTaTUCTUYECKUE XapaKTEPUCTUKU, KakK
acuMmmMmeTpust 1 aKkciecc. Kpome toro, 3Have-
HME JeBUALIMM TAaKXKe MOXET OBbITb BBIYMCIIC-
HO TOYHEe, YeM TPUBEICHO B MaHEIN CTaTH-
ctuku. Pexxum pa®oTbl THMCTOrpaMMbl 3aBM-
CUT OT MoyioXKeHUs1 KHomok «IlompoOHee...».
ITapameTp, IO KOTOPOMY CTPOMTCSI pacipe-
JleJIeHe BEPOSTHOCTU, YKa3bIBaeTCs B 3aro-
JIOBKE THCTOTPAMMBI.

B manemmn «Kypcopbl» TMcTOrpaMMEBI BBI-
BOJISITCSI:

Bato|xfev

_loj x|
=
—Karan ~Cronsuer— T paruus :

L= E Warepsans ' f . 8 S
5 o @ Creeal1 74336 = Grpeeafi 5328 o

CK3 curHana no kaHany A (eoneTHeTp)

&4 CB

Bugopril

I
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BenvuuHa
7504 B
CpenHee
7513B
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7459 B
Makcmym
7528 B
CT. neeMaL4a
5761 kB
ACHMMETRHA
-0.66733
3keuece
11427

P(1.2): 0.84206

II

]

Puc. 6.65. Boisod eucmozcpammol

e X1(2) — X-koopnuHarta (M3MEpPEHHbIE BEJIMYMHBI) MO MEPBOMY (BTOPOMY) Kyp-

copy;

* Y1(2) — Y-koopnuHata (KOJMYECTBO HAWACHHBIX BEJIMUYMH B pacrpenesieHUHN)

10 TepBOMY (BTOPOMY) KYpCopYy;

e dX — paszHocTh Mexay 2 u 1 Kypcopamu I10 ocu X;

e dY — pasHocTh Mexny 2 u 1 Kypcopamu 1o ocu Y;

e P — BeposATHOCTb IOMAfaHUS M3MEPseMOil BeJIMYMHBLI B I'PAHMIbI 3HAYEHUIA,
0003HauYE€HHbIE KypcopaMU (11O TOPU3OHTAJIN).

B 4ucnoBBIX MOJISIX TTaHe u TUCTOTpaMMBbl BBIBOJATCA TE€ XK€ BCJIMYMHBI, YTO U B I1a-

HCJIN CTaTUCTUKMU, TTIOC JOIMOJTHUTCIIBHBIC:

e Bpibopkr — 00BEM BBIOOPKM PACIIPEACIICHUS;

e BenuuuHa — Tekyilee (MociaeqHee U3MEPeHHOe) 3HaueHUe BbIOPAaHHOUN BEJMYMHBI;
e CpenHee — cpelHee 3HAUCHWE B pacIipeie/ieHUN;

¢ MUHUMYM — MUHMMaJIbHOE 3HAUCHME B paclpene/ieHUN;

e MakcumMyM — MakCUMaJIbHOE 3HaUYeHUE B pacIipe/ie/ieHNN;

e Cr. geBuanys — cTaHAapTHas AeBUALIUSI pacmpeneieHus (KOpeHb KBaapaTHBIN

U3 IUCIIEPCUN);

e ACHUMMETPHUS — aCUMMETPHUS pacIpencaeHus;

e BKcIecc — 9KCIece pacnpeacjiCHuA,

e HWurepBan — BbIOOP MHOXUTES AJIsI aBTOMATUUECKON YCTAHOBKY T'PAHUI TUCTO-
rpaMMBbI TT0 3HAaYEHMIO CTAHIAPTHON NeBUAIIMU (CUTME).

LeHTp TOpU30HTAILHOM IIKaJbl TUCTOIPAMMbBI YCTAHABIMBACTCS PaBHBIM CPEIHEMY
3HAYEHUIO pacIpeaesieHusl, ieBasl U IipaBasi ee IPaHULIbl OTOJBUTAIOTCS OT LIEHTPA Ha yKa-
3aHHOE uncyio curM. ClieBa MMeeTcsl pydHasl yCTaHOBKaA JieBOM (HMXKHEi) TpaHUIIbl OTO-
OpaxkeHUsI TUCTOrPaMMbI, CIIpaBa — PydYHasl yCTAHOBKA IIPaBoii (BepXHEil) IPpaHMIbI OTO-
OpaxxeHust rTuctorpaMMbl. CTOJIOLBI — YCTAHOBKA KOJIMUECTBA CTOJIOLIOB IMCTOTPAMMBI.

6.7.16. CoxpaHeHue [aHHbIX

s coxpaHeHUs1 COOpaHHBIX OCLMJIOTPaMM MCITOJb3YEeTCSl YHUBEPCAIbHBINA TEKCTO-
BoIii popmar CSV (Comma Separated Values), KOTOpbIii MOXET OBITh B HaJIbHEUIIIEM
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OTKPBIT KaK CaMOM IporpaMMoil ocimiorpada, Tak 1 JIIOOBIM TeKCTOBBIM PETaKTOPOM
WJIN TIPOLIECCOPOM BJIEKTPOHHBIX Tabauil. [lepen MaccuBOM maHHBIX B (paiiy 3amuchiBa-
I0TCsI KOMMEHTAapHii TTOJIb30BaTeNsl M HACTPONKHU ocLmtorpada, 4yTo Mo3BOJISIeT TTPUBSI-
3aThb COXpPaHEHHBIC NaHHBIE K AOCOJIOTHBIM BEJIMUMHAM.

Kpome mmdpoBoro coxpaHeHusT pe3yabTaTOB U3MEpPEeHUI B (hpOpMe TEKCTOBOTO (haii-
Jla, BO3MOXHO COXpaHeHMe B ¢haiiyl y’ke TOTOBOTO M300paxkeHUS MOJYYEHHBIX CUTHAJIOB.
MoOXXHO COXpaHUTh U300paxkeHUue CUTHAI0B Ha rpaduke B ¢aiit B hopmare BMP (Win-
dows bitmap). CoxpaHeHHOe M300paxkeHue 3aTeM MOXKHO 3arpy3uTh B KauecTBe (oHa
rpacduKa IjIsT BU3YaIbHOTO CPaBHEHMS COXpaHEHHBIX M HOBBIX CUTHAJIOB.

JaHHbIe B pexXMMe CaMOITMCIIA 3alMChIBAIOTCS B HaumOoJiee SKOHOMUYHOM OMTOBOM
dopmare.

B nHauane ¢aiina 3anucbeiBaeTCsi KOMMEHTapUii MOJIb30BaTeNIsl, HACTPOMKN OCLIUJIIIOT-
pada, majee TIMIIYTCS JaHHBIC TT0 Mepe WX IocTyruieHus. [1pn HeoOXOOMMOCTH MOKHO
npeoOpa3oBaTh ABOUUYHBIN (paiil B TOT XKe TeKCTOBBIN hopmar CSV, KOTOPHI UCIOIb-
3yeTCs MPU 3aMMCH JAHHBIX B (DaliiIbl B OOBITHOM pEeXXUME.

ITpu 3arpy3ke coxpaHEHHBIX IaHHBIX IMPOrpaMMa OCTaHABIMBAET TEKYIHUE U3Mepe-
HUsI, BOCCTaHABIIMBAET COXpaHEHHBIC B (paiijie HACTPOKM TTprdopa M OToOpakaeT JaH-
Hble ocluIIorpada TOYHO TakK Ke, KaK OObIYHble M3MepeHus. Jlajee ¢ HUMU MOXHO
MPOBOAUTD JIIOOYIO JOCTYIHYIO B Mporpamme oo6paboTky. st mpocMoTpa (aiijioB gaH-
HBIX CaMOMMCIIAa MCITOJb3YIOTCS BCTPOEHHBIE MPOrpaMMHBIE CPEICTBA, BBI3LIBAEMbBIC C
WHCTPYMEHTAIbHOM TMaHean caMomnucia. C X MOMOIIBI0 MOXKHO 3aIlyCTUTh MJIM OCTa-
HOBUTb IIPOCMOTP (haiina, mepeMelaTbcsl BPYUHYIO Mo (aiily 1 peryaupoBaTh CKOPOCThb
€ro aBTOMATUYECKON TTPOKPYTKH.

6.7.17. Pa6boTta ¢ moaynem ¢GyHKLUOHANBLHOIrO reHepaTopa

JIByXKaHaNbHBIA BUPTYaJbHBIM LU(PPOBOH (PYHKIIMOHAJIBHBIN TeHepaTOp CUTHAIOB
MPOM3BOJIBHOM (hOPMBI TpEACTaBIISIET cO00it 12-pa3psaHblil MG poBoii MpudOp B CTaH-
JIapTHOM KOHCTpYKTHUBe MpuoopoB cepumn «USB-nadoparopus AKTAKOM». OH BbizaeT
CHUTHAJl TIPOM3BOJIGHONW (DOPMBI WU
CHTHAJl OHOW W3 CTaHIAPTHBHIX (opM
(cuHycounanbHas, TIPSIMOYTOJTbHAS,
TpEeyroibHasi U HEKOTOpPbIE APYTue) 10

E_F, ACK-4106, peXvM reHEpaTOPa CHrHANDE

®aHn  HacTpobkk MaHend Pessm  Cnpaeka

BOHo |~y RBd W0 b <

FHnpasneHue KaHan
ABYM KaHaslaM OIOHOBPEMEHHO. 3ama- || Y
HUe (OPMbI U TApaMETPOB CHUTHAJIOB L | | DT
MPOM3BOJAUTCSI TMOJb30BATEIEM C TIO- W Sarpyeure || | PRI

260 +B
MOIIIbIO KOMITbIOTEpa HE3aBUCUMO IS W
3
KaKIOro u3 KaHauoB. [IpuGop umeer M HeEn___
o ==
O6].L[I/II/I pinj -l oboux KaHaJoB BXOL &l OcTaHDEMTE
o ¥, PepakTop | IR apakT epMCTHKM

BHEIIHE!l CUHXPOHU3ALMUU I 3aImyc- . =

—3anyck —KaHan B
Ka TeHepaluMu II0 BHELIHEMY COOBI- . Uerene [
tuio. [lpuGop TakKe BbIPAOATHIBAET Henpepiaksi 7]
BBIXOJHOM CHUTHaAJ JIsI CUHXPOHMU3a- MR Pazrax

Pydnon hd
U1K 3aIycKa Apyrux npubopos. Inas- a—

o

Hasl TaHeIb (QYHKUMOHATIBHOIO TeHe- | [£ Bomonmuwn ] |res
paropa mnpejacraBieHa Ha puc. 6.66. :

g_m,,l_lcl,urumsmbl "%Penakmp | IR HapakTepUCTHKY

C 1oMOLIBIO CIIMCKOB CJIeBa OT

A

OKHa BbIBO/Ia (DOPMBI CUTHAJIA UMEIOT-
Cs CTIMCKY JUTSI YCTAHOBKU CJICTYIOLIUX
rapameTpoB CUTHAJIOB:

Puc. 6.66. 'rasnas nanesv
GPYyHKYUOHALBHOZO 2eHepamopa
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e «Yacrota» — TIO3BOJISIET MEHATh YAaCTOTy CUTHaja B mpeneiax ot 0,1 T mo
10 MI'u (yacToTa MOXET ObITh YCTAaHOBJIEHA OTIAEIbHO ISl KaXIOro KaHajaa Wiu
€€ MOXHO M3MEHSTh Mo 000MM KaHaJlaM OJTHOBPEMEHHO, 3a0JI0KMPOBAB PeryJisi-
TOp 4acTOThl KaHaja B);

e «Pa3max» — IO3BOJISIET MEHSTh pa3Max BBIXOJHOIO CUTHaJa 1o KaHairy A uiu B
B mpenenax ot 0,1 MB mo 2,5 B;

* «Paza» — 10O3BOJISIET YCTaHABIMBaTh a3y B mpezaenax or —360° go +360°.

Hns Beibopa GopMbl MOXXHO MCITOJB30BaTh CIEAYIOIIME CITIOCOOBI:

e BBHIOpATh ONMH M3 CTAaHAAPTHBIX CUTHAJIOB U3 BBIMMAJAOIIETO CITHCKA;

e 3a7aTh CUTHAJ B BUIE MaTeMaTHYeCKO (hOPMYIIHI;

* TIPOCTO HAPHMCOBATh HYXXHYIO (hDOPMY MBIIIKOI Ha Tpaduke;

e 3arpy3nuTh (OPMYy CUTHAJA M3 paHee MMOATOTOBICHHOTO (haiijla JaHHBIX, BO3MOXK-
HO, 00pabOTaHHOTO BHEIIHUM TIPUIOXEHUEM.

7151 omHOBpeMeHHOTO 3aaHusl (hOpMbI CUTHAJIA MO 000OMM KaHajlaM TIpU TeHepaluu
onpenaeneHHoN ¢urypsl JInccaxy mcnoab3yoT QYHKIMIO «JIa3epHOE 1I0Y».

Hnsa 3anucu hopMysal MOXKHO HMCHOJIB30BaTh CUMBOJ MEPEMEHHONW X M YHCJICHHbIC
KOHCTaHThl B ¢hopmare ¢ TutaBatoleil Toukou (123.456) wiam B SKCMOHEHIIMATbLHOM
dopmare (1.23456E+2). Pa3pelnatorcs 3HaKu omnepanuii: «+» (clioxeHue), «—» (BbIYM-
TaHUE), «/» (meaeHme), «*» (yMHOXKeHME), «*» (BO3BeACHNE B CTEIICHB). JIIsI M3MecHEHUS
MPUOPUTETA BBIYMCICHUI MOXHO MCIIOJb30BaTh KpyIible cKoOku ( ). PacmosHarorcs
BCe 3JeMEHTapHBIe (PYHKUMU: sin (X), cos (X), tan (x), asin (x), acos (x), atan (x), sinh
(x), cosh (x), tanh (x), exp (x), In (x), Ig (x), sqrt (x). Bo3M0OXXHO MpUMEeHEHUE U YUCIIO-
BBIX (DYHKIIUIA:

e floor (x) — HauboJbllee 1LeJa0e, He MPeBbIlIaloLIee X;

e ceil (x) — HaMMeHblIIee 1eJ0e, He HUXKE X;

e abs (x) — abcoyoTHasl BeJIMYMHA (MOIYJIb) X;

e deg (x) — mpeoOpasyeT paauaHbl B TPaLyChl;

e rad (X) — mpeoOpa3yeT rpamychl B paguaHbl,

e sgn (X) — 3HAaK X, €CJIM X — OTPUIIATEIbHOE YMCI0, Bo3Bpaiaet (—1), unaue (1);
e rand (x) — cayyaitHoe yuciao ot 0 10 3a1aHHOIrO 3HAYEHUS X.

[ns 3amaHust curHaja B BUme TaOmWIlel ucmobdyercss dynkuwms filetab (file, x) —
BBIUMCJISIETCS MHTEPIIOJIMPOBAaHHOE 3HAaUeHUe (hyHKUMM f(X), 3amaHHON TaOJMLEH B TeK-
croBoMm dpaite file (cM. mpum. HUKe). ApryMeHT (DYHKIIMU JOJKEH 3aKIToYaThCsl B
KPYTJIble CKOOKU.

Ilpumenanue. ®ynxuus filetab ucronb3yeT Uil ONpeneaeHUs y3JI0B MHTEPIIOISALIMI
TEKCTOBBIN (Daityi, UMsT KOTOPOTO JOKHO OBITH YKAa3aHO B KaUECTBE MEPBOTO apTyMEHTa,
0e3 KaBbIUEK, 3arsTasi B UMEHHU (aiija He AOMycKaeTcs. ¥Y3/bl MHTEPIOISIIUM yKa3bIBa-
1oTcs B (haitie mocTpoyHo, B hopmaTe X,y. B mepBbIx IByX cTpoukax (paiiia 3ammchiBa-
eTCsI TIOCTOSIHHAs CITy>keOHast MH(popMaluss — WASHTU(PUKATOPHI TUMA (aiina, TOIKHBI
ObITh 31323133 u 434E5546. Hanpumep, daii co clienylommuM CoaepKUMBbIM:

31323133

434E5546
20.0,0.241
21.0,0.253
22.0,0.266
23.0,0.278
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24.0,0.291
25.0,0.303
30.0,0.367
40.0,0.497
50.0,0.630
60.0,0.766
70.0,0.905
75.0,0.975
80.0,1.047
90.0,1.191
100.,1.337
120.,1.637
150.,2.100
170.,2.417
200.,2.901
220.,3.229
250.,3.728

3amaeT (PYHKIIUIO 3aBUCHMMOCTU HANpPsDKeHUs (B MUJIIMBOJIBTAX) Ha KOHIIAX TEPMO-
napel BP(A)-2 ot rpanuenTa temmnepatypsl B auamnazone ot 20 °C no 250 °C ¢ nepeMeH-
HbIM 1IATOM.

B dopmysnax MOXHO UCITO/Ib30BaTh TAKXKe 0003HAYEHUS] KOHCTAHT:

o pi = 3.1415926535897932384626433832795
o e = 2.7182818284590452353602874713527

Jns pasgeneHus 3JeMeHTOB (hOPMYJIbI TOMYCTUMO MCIOJb30BaTh MPooOesbl (HO He B
nMmeHax (ynkuumii). [Tociae 3amaHus cUTHaMA y ITOJb30BaTENsI €CTh BO3MOXKHOCTE OIIpe-
JIEJIUTh €r0 OCHOBHBIC IMapaMeTphl: aMIUIUTYIY, YACTOTY U CIIEKTP C IOMOILbIO MaHeIn
CBOMCTB CUTHaJIA.

[ns BeIOOpa pexkuma 3arycka Hajo BOCIIONBb30BaThCsl TMepekiovareemM «Pexum» B
[JIaBHOM maHeau. JIOCTYIIHBI CIEAYIOIIUe PeXXUMBI:

e OJIHOKpaATHbIi — TeHepalusl CUTHaJa HAUMHAETCSl MO BO3HUKHOBEHUIO COOBITHUS
CUHXPOHM3ALIMU W 3aKAHYMBAETCS TMOCJIE OJHOKPATHOW TEHEpalMM 3alaHHOTIO
Oydepa maHHBIX;

e HEMpepbIBHBI — TeHepalus CUTHaJla HAUYMHAETCS 110 BO3SHUKHOBEHUIO COOBITHUS
CUHXPOHM3ALIMK, MOCJe FeHepaluuy 3aJaHHOro Oydepa JaHHBIX MPOUCXOAUT aB-
TOMaTMYECKUI Tepe3aIyCcK reHepalMy ¢ HadyajabHOoTro ampeca. Eciau Bo BpeMs re-
HepaluKy BHOBb MPOUCXOAUT COOBITUE CUHXPOHU3ALMU, TAKXKE BBHI3bIBACTCSI HE-
MEIJIEHHBIN Mepe3anyck.

McTouHuK 3amycka yCTaHaBIMBAETCsl ¢ TIOMOLIBIO PACTOJIOXEHHOIO HUXE MePEKI0-
yaresst «MCcTOYHUK»:

e PyyHOl — coObITHE 3alycka BbIpaOaThIBa€TCS MO KOMAaHJAE IMOJb30BaTENS
(KHOMKa «3amyCTUTh»);

* BHemHuii — coObITHE 3aIlycKa OIpPEAENseTCs] MO CUTHATY Ha BXOJE BHEIIHEN
cuHXpoHu3auu. JIJisi BHEIIHEro 3amycka MOXHO BBIOpaTh TMOJIIPHOCTH 3alTycC-
KaIOIIeT0 UMITYJIbCa:

e Bocxomsmuii — coObITHE 3amycka BbIpabaThiBaeTCsl MO OOHAPYKEHUIO BOCXOISI-
mero (mepeaHero) poHTa 3aITyCKaloIero UMITYJIbCa;
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e Cragaroumii — coObITHE 3aMmycKa BbIpA0ATHIBAETCSI 110 OOHAPYXKEHUIO Cranalo-
1ero (3agHero) (ppoHTa 3amyCcKarlIero UMITyJibca.

I'eHepaTop OCHaIIlEH aHAJOTOBBIM (DYIIBTPOM HU3KUX YACTOT 5-TO TTOPSIIKA C YacTo-
TOi cpe3a okoyio 15 MTI'. Ero BKIIOUMTE MM BBIKIIOUUTH MOXKHO C TTOMOIIBIO KHOTIKI
«@WIBTP BKIL./BBIKJI.» B TJIABHOW TAHEJW WM B MAHENW pyJdHOTO yrpaBieHns. uiabTp
obecrieynBaeT yMEHbIIEHHE IIIYMOB KBAaHTOBAHUSI CUTHAJIOB reHepaTopa.

XoTsT mpubop HE MMEET amlIapaTHBIX CPEICTB peaaTn3aluid MOIYIUPOBAHHBIX CHUTHA-
JIOB, MOXHO MCIIOJIb30BaTh BO3MOKHOCTH 3aJaHWsl CHUTHaJIa MaTeMaTUYeCKUM BBIpaKe-
Huem (cMm. «[laHenb pegakropa curHaja») Ul pEeUIeHUsT ITOU 3aMavn:

o AX)*sin(w0x+j0) — amrutyaHass Moayasiius, A(x) — MOIYJIMPYIOLIMI CUTHAT;
o A*sin(wOx+j(t)) — dazoBasg momyasauus, j(t) — MOIYIUPYIOIINI CUTHAT;
e A*sin(w(t)x+j0) — gacTtoTHass MOmyIsSIUMsI, W(t) — MOIYJIMPYIOLINI CUTHAT;

Hanpuwmep: filetab (func.csv, x)*sin (10*x). JlaHHas (opmysa 3agaeT aMILTUTYIHYIO
MOIYJISIIINIO ¢ Hecyleit gacTotoii, B 10 pa3 GoblIeit 9acTOTHI MOAYIMPYIOIIETO CUTHA-
Ja. Moaynupyrouiast (byHKLMST ONMChIBaeTCsl Tabauleid, CUUThIBaeMon U3 paiina.

Jns 3agaHus UMITyJIbCHBIX CUTHAJOB C 3aJaHHOW CKBAXKHOCTBIO MOXHO MCITOJIb30-
BaTh BO3MOXKHOCTH 3aJaHUs CHTHaJla MaTeMaTMYeCKMM BEIpaxkeHneM. Hampumep, 3a-
naHa cienyromast dopmyna: sgn (x). Ecau mpu 3ToM yKasaTh Auana3oH M3MEHEHMS Tie-
peMeHHOI oT —1 1o 2, pe3ylbTaTOM BBIUMCICHWI OyIET MPSIMOYTOJBHBIN MMITYJIBC CO
CKBaXXHOCTBIO 3, WM, MHaue, ¢ Koa(duimeHToM 3amoaHeHus 1/3.

[TporpamMmma (pyHKIIMOHAIBLHOTO TeHEpaTOpa paboTaeT Co CICAYIOIIMMM TUTIaMM (aii-
JIOB JaHHBIX:

 (baiiibl MaHHBIX, TTOATOTOBJIEHHBIX IS 3aTpy3KM B TIPUOOpP. 3armmMChIBAIOTCST KO-
MaHJIOi U3 TJIaBHOM TMaHeIu. DTO JaHHbIE, yxKe MPOoIIeAIINe TOJHYI0 00paboTKy
B IporpaMMe M cojepKalliie 3HaueH!sl BEIOOPOK 1Mo 000MM KaHajiaM TeHepaTo-
pa. MoryT 3anmuchiBaThbCsl KakK B TEKCTOBOM, TaK MU B OMTOBOM Bujae. buToBblit
dopmar skoHOMUYHEe U 3(DDEKTUBHEE, 3aTO TEKCTOBBIN MO3BOJSET UCIIOIb30-
BaHME BHEIIHEIO PelakTopa;

e (baiiyibl 111a0I0HOB (hOPM CUTHAJA. 3alMCHIBAIOTCSI KOMaHIOM M3 MaHeIu pelak-
TOpa CUTrHaja. DTO JaHHBIE, COAEPKaIlMe TOJbKO 11a0JIOHBI (DOPMBI IO 000UM
KaHajlaM TeHepaTopa;

e (paiiynibl pyHKLMIT. DTO JaHHBIE, ONMUCHIBAIONINE 1IA0JIOH (DOPMBI MO OJHOMY U3
KaHaJIOB KaK (PYHKIINIO IJIT peIakTopa MaTeMaTHIeCKIX BhIpasKCHUIA;

* (paiinpl «razepHOro IIOY». 3ANMKMCHIBAIOTCSI KOMAHAOW W3 TAHENW <«1a3epHOro
1oy». DTO JaHHBIE, comepKalue 1madaoHbl dopM ¢uryp JInccaxy.

Hns Tux ¢aiiyioB UCIOJIb3YEeTCsl YHUBEPCaAIbHbIM TeKCcToBbI hopmar CSV (Comma
Separated Values), KOTOpBIii MOXeT OBITh B IaJbHENIIIEM OTKPBIT KaK caMOM TMporpam-
Mol ocumsutiorpada, Tak U JIIOObIM TEKCTOBBIM PEAAKTOPOM MJIM MPOLIECCOPOM 3JICKT-
pOHHBIX TabuIl. DYHKIIMS TIeYaTd MOATOTOBICHHBIX BBIXOAHBIX CUTHAJIOB pacIievyarhbl-
BaeT M300paxkeHUEe CUTHAJIOB U3 MaHEJU CBOMCTB CUTHaJa U HEKOTOPYIO MOIOIHUTE/Ib-
HYIO TEKCTOBYIO MH(MOPMAIIMIO O CUTHAJIaX.

ITonb3oBarenb MMeeT BO3MOXKHOCTb MCIOJb30BaTh ISl MPOCMOTpPAa WM 00pabOTKU
JIAHHBIX, UCIIOJIB3YeMbIX IIPUOOPOM, JIFOOYIO YOIOOHYIO €My IIPOTpaMMy, CIIOCOOHYIO pa-
0oTaTh ¢ TeKCTOBbIMU (paitnamu B popMate «CSV». DTOT popMaT, B KOTOPOM COXpaHsI-
10TCs (haiiyibl JAaHHBIX, YIOOEH B MEPBYIO OUepedb CBOCH YHMBEPCATBbHOCTBIO — €rO I0-
HUMaIOT caMble pasHbie nmporpammbl, oT MS Windows Notepad no MS Excel. MoxHoO
HCIIOIB30BaTh TSI pabOTHI ¢ 3TUMU (aiijlaMy MPaKTUIECKHU JIF00O TEKCTOBBIM pemak-
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TOp WJIn TaGHHqHI)Iﬁ Hpoueccop, orpa]_"/l_ mlrmPeAaKTopEvrroBblnocneAuBaTenbnocTﬁ ; =lalx|
YEHUS HAKJIANbIBAIOTCS TOJIBKO HA 0ObeM | B[ X &0 H é|~< 2
= Ypoeers "'0" Ypoeens 1"
3arpyxaemMoi MH(QOpPMaLUH. Dee o Rer o
[Iporpamma NoO3BOJISIET MOJIB30BATENIO 0000 |00 01 0z 03 04 OS5 O 07 DE 09 Ok DB OC OD OE OF
3a1aBaTh (POPMY CHUTHAJIOB 1O OOOMM Ka- coio RN co &5

HajaM JJisg reHepauuu ¢uryp Jluccaxy B
BUIE TOTOBOTIO M300paxeHUs («Ia3zepHoe
1moy». 31ech MOXHO BBIOpaThb OAHY M3
CTaHIApTHBIX (QUTYp WJIM HapUCOBaTh
COOCTBEHHYI0, a 3aTeM OTPedaKTHPOBATh
ToJydeHHoe wu3o0paxkeHue. IlocTpoeH-
Hyl0 (Urypy MOXHO 3amucaTb B (aiin
(KaK TocyenoBaTeIbHOCTh KOOPAMHAT Y3-
JIOBBIX TOUEK (DUTYPBI) U B I bHO IO ey
BHOBB 3arpy3uThb €¢ B IIPOTpaMMYy IS pa- _
00Thl. CoxpaHeHHBIN (aiijl MOXHO OTpe-

JIaKTUPOBATh B TEKCTOBOM BHIE (CM. pas-
nen «OopaboTka (aiiioB JaHHBIX BHEIII-
HUMM TaOJUYHBIMU TIPOLIECCOPAMU»).

DyHKIMOHAJILHBI TeHepaTop HuMeeT
CITeIIMaIbHBIN penakTop OUTOBBIX IMOCTIENOBATEILHOCTE, OKHO KOTOPOTO TTOKa3aHO Ha
puc. 6.67. OH BbI3bIBACTCSI KHOIKOI «PerakTop» B OCHOBHOM OKHE (DYHKIMOHAJIbHOIO
reHepatopa (puc. 6.66). OKHO pemakTopa CIIy>KUT JIJIsl CO3AaHUSI, TIPOCMOTPA U pelaKTH-
poBaHUs HeOOJIBIIIMX OUTOBBIX (DAIJIOB, MCIIOJIb3YeMbIX B KaUeCTBE apryMeHTa (DYHKLIWU
binfile (file, x).

LwvdpoBoii OMHAPHBIN CUTHAJT SIBJISICTCS ITOCIECAOBATEIBHOCTBIO MPSIMOYTOJTBHBIX
HMMIIY/IbCOB, 0a30Bblii M BEPXHUI YPOBEHb 3TMX MMIIYJIbCOB COOTBETCTBYIOT YPOBHSIM
JIOTUYECKUX HYJIS U eIMHULBL. JJIs ymoOcTBa MpeAcTaBIeHUs TAKMX CUTHAJIOB B CITMCOK
GyHKUMIT MHTEpIIpeTaTopa MaTeMaTUYECKUX BBIPaXKEHUI peJaKTopa CUTHAJIOB BBeIeHa
dyuxums binfile (file, x), KoTopast Bo3Bpaiaet jornyeckoe 3HaueHue (0 wim 1), coor-
BETCTBYIOIIIEe 3HAUCHNIO OUTa X B yKazaHHOM OuToBOM (aiine. [Tpu atom:

Puc. 6.67. OkHo pedakmopa 6umossix
nocaedosamesvrocmerd

* YpoBeHb «0» — HamnpskeHHe, COOTBETCTBYIOIIEE YPOBHIO JOTMUECKOTO HYJIS.
* YpoBeHb «1» — HamnpsikeHue, COOTBETCTBYIOIIEE YPOBHIO JIOTMUYECKON €AUHULIbL.

Jns co3maHust U peaakTHpOBaHUSI OMTOBBIX (hailJIoB MOIHO BOCIIOJIb30BAThCSI BXOMIS-
IIXM B TIPOTPAaMMYy PEIaKTOPOM OMTOBBIX IOciemoBaTellbHOCTEe. Himke pacrioioxeHbl
JIBa TEKCTOBBIX IMoJIs. [1paBoe comepKUT TeKCTOBOE IpeACTaBICHUE PeaaKTUPyeMoil Ou-
TOBOI TIOC/IEA0BATEIbHOCTU B BUJE IOCJEI0BATECILHOCTU 0aliTOB, KaXXIblii 0alT M300-
paxaeTcs IByMs IIECTHAALIATePUYHBIMM LMbpaMu, OaiThl OTACASIOTCS APYr OT Apyra
mpobenamu. JIeBoe mosie TTOKa3bIBaeT IIeCTHAIIATepUUHBIN ampec (HOMep I10 TTOPSIIKY
OaliTa B (pbaiisie) mepBoro Oaiita B COOTBETCTBYIOILEH CTpoKe IpaBoro moJjs. st Toro
YTOOBI 3aJaTh HYXHYIO OWTOBYIO ITOCJICIOBATEIBHOCTh, BIUIINTE ITOCIEIOBATEIHLHO
HY:>KHbIE 0aiThl B MpaBOe TEKCTOBOE IMOJIE U HAXXMUTE BHU3Y KHOMNKY «OOHOBUTH» WU
mpocTo HaxkmuTe Enter Ha KaBMaType — BBEIACHHBIN TEKCT OYIET pacro3HaH, TepeBe-
JIeH B OUTOBYIO (hopMy M OTOOpaKeH Ha rpacduke BHU3Y MaHE!.

6.7.18. CuctemMHblie PyHKLUMN

J71s1 Toro 4to0bl MOJB30BATEN0 HE MPUXOAUIIOCH TIPU KaXIOM 3alycKe MpOorpamMMbl
3aHOBO BBICTABJISITh HACTPONKM CHUCTEMBI, pealIn30BaHbl HECKOJBKO (DYHKIIMI COXpaHe-
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HUS W 3arpy3Kud KoH@uUrypaumu cucteMmbl. [Ipy KaxkmoM BBIXOAE M3 IpOrpaMMbI Ha-
CTPOIKHU CUCTEMBI coxpaHstoTcs B (aiine default.cfg B pabouem katanore. I1pu ciemyro-
1IeM 3aITycKe IporpamMma YMTaeT 3TOT (paiil U BOCcCTaHABIMBAeT HacTpoiiku. Kpome aB-
TOMAaTUYECKOTO COXpPAaHEHMSI M 3arpy3Kd HACTPOEK MOXKHO MCIIOJIb30BaTh KOMAaHJIbI
«3anucarb KoHburypauuio» u «[Ipountats KoH(purypauuio» B MeHio «®Daitn». Dt
KOMaH/Ibl TTO3BOJISIIOT TOJIb30BATEII0 3alUChIBATh M YUTATh BPYUYHYIO Pa3IWYHbIC Bapu-
aHTBI KOH(UTYpPALIMKA CUCTEMBI IIJIT CTAHIAPTHBIX BAPUAHTOB pabOTHI.

B mporpamMe mpemycMoTpeHa BO3MOXKHOCTH IOJIB30BAaTEIbCKOM HACTPONKU IIBETO-
Boil cxeMbl. C MOMOIIbIO MaHEIM HACTPOEK MOXKHO BbIOpaTh 11BETA Pa3IMUHBIX 2JIEMEH-
TOB rpapmuecKUX MHINKATOPOB ((hOH, TUMHUM CETKHU, KPUBHIC CUTHAJIOB, METKH KYypPCO-
poB), Haubosiee MoAXOoAsIIMe sl Ballero pabodyero mecrta. MoxHo co3naBaTh pa3ivy-
HBIE IIBETOBHIC CXEMBI M BBHIOMpaTh MX C IIOMOINBIO (DYHKIWA 3alMCch W YTCHUS
KOH(UTYpaluy mporpamMmmel.

B mporpamMme TipemycMOTpeHa BO3MOXHOCTH BbIOOpa OIHOTO M3 TIPelyCTaHOBJIEH-
HBIX WJIM TIOJIb30BaTeIbCKUX SI3BIKOB MHTepdeiica. JIyist 3Toro Bce TEKCTOBBIE COOOIIIE-
HUST M HAIIKMCHU TIOJb30BaTEILCKOTO MHTepdeiica mporpaMMbl BBIHECEHBI B JIOCTYITHBIC
TEKCTOBBIC (paiiybl. YKe He pa3 MPUBOIMINCH IIPUMEPBI XOPOIIIeH TTOAIECPKKU PYCCKOSI-
3bIYHOr0 MHTEp(deiica.

751 Toro 4TOOBI BHI3BATh BCTPOSHHBINM (haiisl CIIpaBKU MPOTPaMMBbl, BOCTIONB3YHTECH
KoMaHIaMu MeHIo «CrpaBKay.

IIporpamma «M3mepurenbhbiii komiieke ACK-4106» npenHasHayeHa sl aBTOMa-
TUYECKOTO M3MEPEHMSI KOMIUICKCAa XapaKTePUCTUK pa3IUYHBIX Pagruo3JIeKTPOHHBIX
ycTpoiicTB. TIporpamma MO3BOJIIET CHUMATh aMIUIMTYIHbIC, aMILIMTYIHO-YaCTOTHBIE,
¢a3ouacToTHBIE M TEPEXOMHBIC XapaKTepPUCTUKU TECTUPYyeMOro ycrpoiicta. st dop-
MMUPOBaHUS BXOAHBIX TECTOBBIX CHUTHAJIOB MCIIOJAb3YeTCS MOMAYJb TeHeparopa
ACK-4106, m1st 3MepeHUs BBIXOAHBIX CUTHAJIOB — MOAY/Ib ocumiorpada ACK-4106.
ITporpaMmma ocylilecTBIsIET OAHOBPEMEHHOE YIIpaBlieHUe 0O0MMU MOAYJISIMM B aBTOMa-
TUYECKOM PEXMME.

6.8. Pabota ACK-4106 c peanbHbiMM CUrHanamm

6.8.1. UamepuTenbHaga cxema v pa3BepTbiBaHMe ladbopaTopumn

N3MepuTenbHast cxema JUIsl CHITUSI XapaKTepUCTUK Pa3INIHbBIX YCTPOUCTB U CUCTEM
npeacrabiieHa Ha puc. 6.68. Ha Bxon tectupyemoro ycrpoiictBa (TY) ¢ BbIxoga cooT-
BETCTBYIOIIIETO TreHeparopa Tectupyroommx curHamoB (I'TC) momaercss BO3melicTBHE B
BUAE TecTupyloliero curHaia T, ¢ HeooxoguMbiMu napamerpamu. C Boixoga TY ¢ mo-
MOIIBIO COOTBETCTBYIOIIETO OcLIIorpacdudeckoro perucrpatopa uzmepurenst (OPU)
CHUMaeTCsl pe3yJibTaT TaKOro BO3AeHCTBUSI — OTKIMK O, M aHAIM3UPYIOTCS YMCIOBbIE
3HAYEeHUsI BEIOPAHHOTO TlapaMeTpa WM XapaKTepuCTUKU. st Toro yToObl CKOMIIEHCH -
poBaTh COOCTBEHHbIE MCKaXK€HUSI U3MEPUTENIbHOro nmpudopa (Hampumep, HepaBHOMEP-
HocTh AUX ocuwnorpada), WASHTUYHBINA UCTIBITATEIbHBINA CUTHA T mMogaeTcs ¢ Ka-
Hana B reHeparopa Hanpsimyio Ha KaHan B ocuunnorpacda. OPU, cpaBHuBasE uaMepeH-
uele curHaael O, mw Oy 1O o00OMM KaHajaM, OOHAPYXWUT W 3aperucTpUpyeT
KOHTposnupyeMble TapameTpbl TY. Peructparop (ocumiiorpad) CUHXPOHU3IUPYETCS C
reneparopom (I'TC) ¢ momorrsio kanana C.

g TpoBeAcHUST M3MEPEHUII HEOOXOAMMO TIOAKIIOUUTh K PETUCTPUPYIOLIEMY
ocuuuiorpady 4eThlpe COCAUMHUTEIbHBIX PaauoKadessi, UCMOJIb3ys CACAYIOlINe U3Me-
PUTEIbHBIE PA3bEeMBI:
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Ta TecTupyemoe 0a
YCTPORCTBO
leneparop PerucTparop-
TEENMAE T M3MEPHTENE
CHTHanoe - G PHTA
(H

Puc. 6.68. Hamepumenrvnas cxema nHa 6ase npubopa ACK-4106

1. Boixon cunxponuzauuu momyist reHeparopa (CMHXPOHU3ALIUA BXO/1/BbI-
XOJl) HanmpsAMYIO COEAUHSIETCS] C BXOAOM CMHXPOHM3ALMU MOJYJST ocLiuiiorpada
(BHELI. A u B).

2. Beixon kaHana B Monysst reHepaTopa HampsiMyto COeTUHSIETCSI C BXOJAOM KaHasna B
MoyJist ocuuiorpacda.

3. Beixon kaHama A MoOIyssl TeHepaTtopa COEIWHSIETCSI CO BXOJOM MCCIETYyEMOro
YCTPOWMCTBA.

4. BpIXxoa MCCIEIyeMOro YCTPOICTBA COEOUHSIETCSI CO BXOAOM KaHala A MOIyJs
ocuusutorpada.

BHelHumit BUA pa3BepHYTOM JJaGopaTopuu MoKasaH Ha puc. 6.69.

Puc. 6.69. Buewnuii sud supmyanrvroii rabopamopuu Ha 6ase npucmasku ACK-4106
u Hoymbyka

Jnsg TonyueHns HOCTaTOYHO ITOJTHOM KapTWHBI CBOMCTB MCITBITYEMOTO YCTPOMCTBA
HEOOXOIMMO ITPOBECTH OOJIBLIOE KOJIMYECTBO M3MEPEHMI MpPU pas3M4YHBIX IapaMmeTpax
TecToBOTO curHaja. COOTBETCTBEHHO, MpOrpaMMa U3MEPUTEIHBHOTO KOMIUIEKCA TOJIKHA
obecrieunBaTh M0JIb30BaTEIsl CPEACTBAMU OIMMCAHMS TAKOM I0OC/IEAOBATEIbHOCTU CUTHA-
JIOB JUISI TIPOBENEHUSI BCETO KOMILIEKCA WCIBITAHWI «CIHCKOM». B  mporpamme
ACK-4106 m1s1 5TOM 1I€JIM BBOAUTCS MTOHSITHE TPAEKTOPUU MU3MEPEHMUI, B CBOIO OYEPE/D
TMIPEACTaBIISIONICH CO0O0I MOCIeI0BaTEIbHOCTh TOUEK M3MEPEHUIA.

Kaxnmast Touka M3MepeHMII — 3TO COBOKYITHOCTh HECKOJIBKUX BEJIMYMH: YACTOTHI MO-
BTOPEHUS MCTIBITAaTeIBHOTO CUTHAJA, pa3Maxa HallpsbKeHUs, 1abioHa ¢GopMbl 1 (irara
HCIOJIb30BAHUS 3TOI TOYKU Ipu usMepeHusix (puc. 6.70). 1lab6iaoH dopMbl 3agaeT Xa-
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JIb30BaTeb MOXET CO3/1aBaTh HOBBIE Tpa- —
€KTOPUM, COXPaHIThb MX B (haiisibl, 3arpy-

KaTb COXPAHEHHbIE, COCTABIATh HOBbIE iR
TPaeKTOPUHU, COCAMHSSI HECKOJIBKO CYIIE- _ e |
CTBYIOIINX TPAEKTOPHIA, COPTUPOBATH TOU- ol

Ynopanounts

]

KM B COCTaBE TPACKTOPUU, BHOCUTb U3ME- SHE B0
HEHUS B OTAEJIbHBIE TOYKU WIWA B TPYIIIIBI
TOYEK U3MEPEHUMN U T. 1.

Puc. 6.70. Okno nacmpoiiku usmeperui

6.8.2. ABTOMaTnYeckKkmne naMmepeHua v onpepensaemMbie napamMeTpbl
CUrHanos

[ToaKITIIOYMB TECTUPYEMOE YCTPOMCTBO K M3MEPUTEILHOMY MPUOOPY 1 3a1aB Tpedye-
MYIO TPAEKTOPUIO U3MEPEHUI, MOXHO MEPEUTU HEMOCPEACTBEHHO K IMPOLIECCY UCMbITA-
Huii. [TporpamMma mo3BOJISIET 3AMYCTUTh U3MEPEHUSI B aBTOMATUYECKOM WJIM MOIIarOBOM
(rmosyaBTOMaTU4YECKOM) pexume. B oboux pexumax mporpamMmma MoOCjIeIoBaTesIbHO Te-
HepupyeT ucnsitatebHbie curHaiansl (MC), 3amaBaeMble 04epeIHON TOYKON TPaeKTOPUU
u3MepeHuil (iar usmepenuit). Ha xaxaom 1mare msMepeHuii mporpaMmMa aBTOMaTUye-
CKM YCTaHaBJIMBAET JUTMHY Oydepa JaHHBIX U CKOPOCTh Pa3BepTKU ocumiorpada B co-
OTBETCTBUU C TepruoaoM mosTopeHus:t MC B Tekylleil Touke M3MEPEeHU TaK, 4TOOBI
OKa3aJuCh 3aXBaYeHHBIMU HECKOJIbKO neproaoB MC ¢ mocTaTOYHBIM BPEMEHHBIM pas-
peuieHureM. Jlaiee aBTOMaTUYECKW MOAOMPAIOTCS ONTUMAJIbHbIE BETMYUHbBI YCUJIEHUS U
CMEILEHUI TT0 000MM M3MEPSIEMBbIM KaHajlaM, MPOBO/ISI HECKOJIbKO HACTPOCUHBIX 3aXBa-
TOB CUTHAJIA.

[Mocne HacTpotiku ociusuiorpada nMpou3BOIUTCS Pe3yIbTATUBHBINA 3aXBAT OCIUJLIIOT-
paMM, TI0 KOTOPBIM Jajiee OymyT MPOBOMUTHCS BhIUKMCIIEHUS. Bce oclmiorpaMmel, To-
JlyyaeMmble U JJISS HACTPOWKU, W JUISL PE3yJbTaTUBHBIX U3MEPEHUI, OTOOpaXxarTcs Mo
Mepe 3axBara Ha BKIaake «Dopma» rIaBHOTO OKHa TporpamMMbl. M300paskkeHUsT OCIInI-
JIOTPaMM HYXHBI JUISI BU3yaJIbHOTO KOHTPOJISL OIlepaTtopa 3a Ka4eCTBOM HACTPOWKM MPU-
0opa Ha CUTHaJ, ONPEAEICHUS YMCIECHHbBIX MapaMeTPOB U3MEPEHHBIX CUTHAJIOB MPOBO-
JIUTCST aBTOMATUYECKU: TTpOrpaMMa camMa BbIIEISIeT B COOPAHHBIX JTaHHBIX 1IEJI0€ YUCIIO
nieprogoB noBTopeHust MC. Tlo kaxmomy HaiimeHHOMY Tepruoay ociuuiorpad BbIYKC-
JIIeT pa3Max CUTHaJIa, €ro CPeJHEKBAJpPATUYECKOE 3HAYEHME, YacToTy M a3y, 3aTem
MOJlyYEHHbIE BEJMYUHbBI YCPEIHSIOTCS IO BCEM MepuoaaM. Pe3ynbTaThl U3MEPEHUI CO-
XPaHSIOTCS B TaOJMIIE JAHHBIX U OTOOpaXkaloTcs B IJTABHOM OKHE MPOrPaMMBbI.

ABTOMATUYECKUI U TTOJyaBTOMATUUYECKUI PEXUMbI OTJIMYAIOTCSI TOJIBKO TEM, UTO B
MOLIArOBOM peXMUMe MporpamMma IMocjie KaxI0ro 1iara Uu3MepeHuil U BbIBOIA pe3ysibTa-
TOB OCTaHABJIMBAETCS, 1a€T BOBMOXHOCTb HE CIelIa O3HAKOMUTBHCS € TIOJIYYEHHBIMU U3-
MEPEHUSIMU U OKUIAeT KOMaH/Ibl TOJIb30BaTesI IJIs1 Havyasla CJEAYIOLIEro 1ara u3Mepe-
HUI, a B aBTOMaTUYECKOM — TIEPeXOJ] K CIeAyIolieMy IIary Mpou3BOIUTCS cpasy, 0e3
JIOTIOJTHUTEJIBHOTO TTOATBEPKACHUSI.
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6.8.3. MNpepnocraBneHue pe3ynbTaTtoB U3MEPEHUN

[Tocne ompeneneHust MapaMeTpPOB B OUEPEIHON TOYKE M3MEPEHUI Pe3yIbTaThl 3aHO-
CSITCSI B MACCUB JTaHHBIX TPACKTOPUM U BBIBOASTCS B rpaddMyecKoM BUIE KaK aMIUTUTYI-
HO-YaCTOTHAasI, aMIIUTYAHAs M (a304acTOTHAs XapaKTEPUCTUKHU, a TAKXKe B TEKCTOBOM
Buie B Tabmuie «CBoaka usmMepeHuii». Bkiagka «®opma» mpeacTaBisieT OCHMILIOrpaM-
MBI HCCIIEyeMOTo yCcTpoiicTBa (cM. puc. 6.71).

3aBUCUMOCTb CPEIHEKBAAPATUYECKOrO 3HAYEHUsI aMIUTUTYAbl BHIXOAHOIO CHUTHaJIa OT
YaCTOTHI BXOJHOTO CUTHala (aMIIUTYIHO-4acTOTHasl Xapakrepuctuka, AYX) m3obpa-
Kaercs Ha Bkiagke «YactorHsie» (puc. 6.72). Och 3HaYeHUi1 3TOro rpadrka MOXeET pa-
0oTaTh B JIBYX Pa3JIMUHBIX pexuMmax. B mepBoM pexume Mo 3TON OCU OTKIIAIIbIBAETCS
U3MepeHHas BeanunHa Koadduuuenrta ycuneHus: (otHoeHne CK3 BBIXOTHOIO CUTHa-
na x CK3 BxogHOTO curHana), B JWHEIHOM WK jjorapudMudeckoM maciirabe. Bo BTo-
POM — JOMOJHUTEJbHO BKJIIOYAETCS BO3MOXHOCTb MCMOJIb30BaHUSI OMOPHOIO YPOBHSI:
BBIBOJIUTCSI OTHOIIIEHUE M3MEPEHHOTO B MaHHOU TOUuKe Koa(huImeHTa yCuaeHus: K He-
KOTOpOMY (DUKCHPOBAHHOMY YPOBHIO, JUOO ONpeaesIeHHOMY Ha yKa3aHHOW 4acToTe,
MO0 BBEICHHOMY B SIBHOM BHIIC.

Kpome o6b1yHBIX HacTpoek (cM. pasnaen «HacTtpoiika Buaa rpacukoB») 3TOT rpaduk
ITO3BOJISICT TIEPEKITIOUaTh Pa3IMYHbIC PEeKUMbI OCH 3HAYCHUIA:

e KoaddumueHTt ycuneHnss — Ha 1kaje 3Ha4eHUI OTKJIaabIBaeTcsl Oe3pasMepHast
BeJIMYMHA OTHOLUEHUSI M3MEPEHHbBIX AEMCTBYIOLINX 3HAUYECHUI HANPSXKEHUs CUT-
HaJla peaKlMy TeCTUPYEMOI0 YCTPOMCTBA U CUTHAJIa TECTOBOI'O BO3ICICTBUS;

e Jlorapupmuueckas mkama (1b) — BMecTo KO3 PUIIMEHTa YCUICHUST OTKJIaIbI-
BaeTCs €ro JeCSITUYHBIN JJorapudm;

» HopmupoBka 1o onopHomy ypoBHIO (%) — OTKJIaJbIBAETCSl OTHOLICHUE BEJTUYU-
HBI KOG PUIIMEHTa YCUJICHUS B JaHHOM TOYKE K JAPYyroil (pMKCHUPOBAHHON BEJIH-
ypHe KO3 GUIIMEeHTa YCUIeHUs (3aMaHHO# JU0O0 SIBHO, JMOO M3MEPEHHON Ha
3alaHHOI YacToTe), BHIPAXKEHHOM B IPOLIEHTAX.

"! MzmepuTencHbid Komnneke ACK-4106 - Dlil **’ WM3MepUTEenbHbIA Konnnexkc ACK-4106 —|O 1[
Dakin  HacTpobikd  BuA  [aHend  Pesum  Cnpaska ©afn HacTpobku BMa DaHend PewdM  Cripasca
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Puc. 6.71. I[Ipedcmasaenue gopm Puc. 6.72. Oxkno npocmompa
uccaedyemvlx HaAnpPANCeHULl amnaumyoro-4acmomnoi
xapaKkmepucmuKu
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Jlu1st BBIOOpA XKelaeMoro pexxuma JJIsl IKaibl 3HaueHuii rpadpuka AYX Hago mosib3o-
BaTbCsl KOMaHJ0M COOTBETCTBYIOIIEH KOMaHAe MeHIO «Bua» riiaBHOI MaHeNu.

Ha Bknagke «AMILIUTYAHBIE» OTOOpaXKaeTcsl 3aBUCUMOCTb CpeIHEeKBaApaTUUECKOIo
3HAYEHUs aMIUIMTYAbl BBIXOAHOIO CUTHAja OT CPpeAHEKBAIpaTUYECKOro 3HAUCHMST aMII-
JINTYOBl BXOIHOTO CHWTHaja (aMIUTMTYIHAs WM TlepedaTouyHas XapaKTepUCTUKa —
puc. 6.73). Eciu Tekyllasi TpaeKTOpUSI UBMEPEHUI CIYXKUT ajist udmeperuss AYX u ammn-
JINTyIa BXOZHOTO CUTHAJA TOAIEPKUBACTCS TTOCTOSTHHOM BO BCEX M3MEPSIEMbBIX TOUKAX,
9TOT TpapuK OyAeT He CIMUIIKOM HaIJISIAHBIM, MPENCTaBsis coO0N BEPTUKAIbHYIO JIU-
HUIO. B 3TOM ciydyae 1orb30BaTeslb MOXKET 3alPEeTUTh IPOTpaMMe CTPOUTHh HEHYKHBII
rpaduk. D1o ke oTHocuTcd M K rpadukam AUX n @UX npu n3amMepeHnn aMILTATYIHOR
XapaKTepUCTUKU (KOTIa M3MEPEHUS IPOBOIITCS TpH (puKcrupoBaHHoO yactote C).

ITo ocu opavHAT OTKJIAABIBACTCS M3MEPEHHOE AEHCTBYIOIEe 3HAUCHUE HaIPSIKEHMS
CHTHaJIa TECTOBOTO BO3IEICTBHS, TT0 OCU 3HAUYCHUI — M3MEpPEHHOE JeCTBYIOIIEe 3HA-
YeHME HaMpsKEHUs CUTHala peakilMh TeCTUPYeMOIo YCTpOiCTBa.

®OUX — azouacToTHas XapaKTepUCTUKa, M300paxkaeTcsl Ha TOCienHel Trpadude-
ckoit Bkianke: «Pa3zoBbie» (puc. 6.74). 3mech BHIBOAUTCS 3aBUCUMOCTh BEJIMYMHBI YIJIa
casrTa (ha3 BBIXOOHOTO CHTHAJIa OTHOCUTEIBHOTO BXOTHOTO OT YacTOTHI BXomHoro MC.
BenuuuHbI yT10B MOTYT 110 BBIOOPY IOJIb30BaTENIsl OTOOpaXkaThCsl B Ipaaycax, paadaHax,
rpaglieHTax WIM B JOJISX TOJHOTO Kpyra. Jmarma3oH ompemelieHUs yriia copura as: orT
—180° mo +180°.

IIporpaMma 1O3BOJIIET BBIOpaTh OAWMH M3 TPEX METOIOB OIIpeAesieHUs (ha30BOTO
CIBUTA: TEOMETPUUECKUIT, METOI «KOCHHYCA MOTePb» U CIEKTpalbHbI. OHU ObLINA OINU-
caHbl BbIle. Puc. 6.75 wunoctpupyet onpeneieHue dasnl IS ciydasi, KOrua OIuH U3
CUTHAJIOB CUHYCOUJAIbHBIN, a JAPYroil pe3Ko OTAMYHBIA OT CUHYCOMAAIBHOTO. OTOT
MpUMep — WUTIOCTPALUS K peabHOU 3amaue onpeneaeHus capura a3 Mexiay CUrHaia-
MM HampsDKEeHUs] M TOKa MPU U3MEPEHUU MapaMeTpoB IMEeTIU TMCTepe3rca MarHUTOIpPO-
BOJOB C (DEPPUTOBBIM CEPACYHUKOM.
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Ocumnnorparse 475 | Cﬁonnal DCI.IvIﬂﬂDI'DaMMb\I Al q?HXl CEonKal
180° [ [ Kupooper [,
90 E t
0 I .
d\r_zaw
g -’
2B . ..
W 0 Hory Toore =% ey 10K (100 kML 1 MM
.
0 wEE |- .
500 1B wpe | 0
.
O0nBlang  j0MB 20MB 30ME 40ME S0MB BOMB |70MB -135° .
L]l Y L]l Y.
Puc. 6.73. Ilpedcmasarenue amnaiumyoHol Puc. 6.74. IIpedcmasaenue
(nepet?amo'tuoﬂ) xapaKkmepucmuKu ¢da3zouacmomnoli xapaKkmepucmukKu
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VM

Puc. 6.75. Ilpumep onpedesenus cosuza ¢as mendy cucHaramu, 00UH U3 KOMOPbLX
He CUHYcouoanrbvHoLl

6.8.4. Hactpoiika rpacdukos

Bce rpaduky MMeoT BO3MOXHOCTb KYPCOPHBIX M3MepeHuit. st Kaxnoro rpaduka
B IporpaMMme II0Jb30BaTelb MOXKET BLIOpaTh Haubosee yIOOHbIE HACTPOMKU C MOMO-
IIBIO CIIEIMAIBHOTO IMAJIOTOBOTO OKHA. 3/1eCh MOXHO BBIOpATh KakK yIOOHBIE 1IBETa IS
BCEeX 3JIEMEHTOB rpaduka, Tak M HACTPOUThb CTWIb rpaduKOB, YCTAHOBUThH IMapaMeTphbl
oceil (MacwTad, 1Iar CeTKU, JUHEeHHass unu jorapupmudeckas). Kaxnpiii rpaguk Ha-
CTpaMBaeTCsl HE3aBUCMMO C MTOMOIIBIO OKHa «HacTpoiika rpadukas» (puc. 6.76).

HacTpoikv rpadrka E=

DCbXI DCbYI Ll eeToBan c:-:emal

¥ MokassEaTs oo OreTyn cneea “

¥ Mokazsears ceTky OTeTyn cHksy |30

CTHnE rpadHka; WupmHa auHmam |3

I crnakH j Pastdzp Tauku |2

QK | [pHrMEHHTE Mo yronyaHumo Orr1eHa |

Puc. 6.76. OkHno nacmpoiiku epagukos

OO6uasi HacTpoiika rpacdMKOB OCYILIECTBISIETCS ¢ MOMOLIbIO BKIaaku «OO1ue Ha-
ctpoliku». Ha Heil BOBMOXHBI CJIeAYyIOIINe YCTAHOBKU:
¢ Tloka3bBaTh OCM — pa3peliaeT MPOPUCOBKY Ha rpaduke JMHUI OCei U METOK;
e Tloka3bIBaTh CETKYy — pa3peliaeT OToOpakeHue JUHUI CeTKU;

e Crwib rpadyika — BBIOMpAeT CTUJIb JUHUU TpaduKka: TUHUU, OTIEIbHbBIE TOYKH,
MOJOCHl (CTUJIb TUCTOTPAMMBI), CIUIAlH (CIakKeHHas KpuBasi 1O YKa3aHHBIM
TOYKaM);

e Ortctym cieBa (CHU3Y) — pa3Mmep OTCTyma (B MUKCENIX), Ha KOTOPBIN M300paKe-
HHUe OymeT CABMHYTO OT JIEBOTO (HIDKHEIO) Kpasi OKHa rpaduka;
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[llvpuHa TuHUM — WMpUHA (B MUKCENSIX) JUHUU, UCIIOIB3YEeMOW I MPOpU-
COBKM Tpaduka nMpu UCMOIb30BAHUU JIOOOTO CTUIISI, KPOME TOUEUHOTO;

Paszmep Touku — auaMeTp Touek (B MUKCENSIX), UCIIOIb3yeMbIX IS TIPOPUCOBKH
rpaduka npu UCMOJb30BAHUU CTUJIST «TOUKU».

Ha Bknanke «Ocb X» (puc. 6.77) UMEIOTCST YCTAHOBKU:

Jlorapudpmmueckas mkajga — BKIIOYAET PEXKUM JIOTapM(OMUUECKOM IIKAJBI IS
ocu opAauHaT. BMecTo OpUrMHAaIbHBIX 3HAYEHUII OPAMHAT BBIBOASTCS MX HECSI-
THYHBIC JJorapudMel. [Tpu MCIOIB30BaHNM JIOTAPU(PMHUIECKON IITKAIBI HEIOITyC-
THMbI OpAMHATHI, MEHbIIKE MO0 paBHbIC HYIIIO;

ABTOMaTHYECKOE MacIITaOMpOBaHUE — €CJIM 3Ta METKa YCTaHOBJIEHA, TO 110 Ha-
xKatuio KHoOnkKM «OK» mmn «[IpuMeHUTh» 3HaYeHUSI MUHUMYyMa, MakKCUMyMa U
HYJIS JUISI OCH OpIMHAT OYIyT YCTaHOBJIEHBI MPOrpaMMOM aBTOMaTUYECKH Ha OC-
HOBE TEKYIIUX JAHHBIX, OTOOpaXaeMbIX Ha rpaduke;

ABTOMATUYECKMI1 BbIOOD 11ara CETKM — €CJIM 3Ta METKa YCTaHOBJIEHA, TO I10 Ha-
Katio KHOITKY «OK» mmm «IIpuMeHnTh» 3HaUeHUE IIara CeTKU 10 OCU OpAWHAT
OyIeT yCTaHOBJICHO IPOrpaMMOii aBTOMaTUYECKM Ha OCHOBE TEKYILIEro MacllTa-
0a aToil ocu;

Munumym (Makcumym, Honb) — mapaMeTpbl Maciitaba ocu OpAauHarT.

CooTtBeTcTBeHHO Ha BKiaake «Och Y» (puc. 6.78) BO3MOXHBI YCTAHOBKH, aHAJIOTUY-
Hble OTMEYEHHBIM Ha BKIanke «Ocbh X», HO, KOHEYHO, IIpUMEHsIeEMbIE K ocH Y.

Hakownen, Ha Bkimanke «LIBeroBast cxema» (puc. 6.79) MOXHO 3amaBaTh YIOOHEIE TTO-
JIb30BaTe/II0 LIBETa Pa3IMUHBIX 3J1eMeHTOB rpaduka. [leauok j1eBoil KHOIKOI MbILIA —
BBIOOD 1IBETA, IIEJTYOK ITPaBOil KHOIKOI MBILIN YCTAaHABIMBACT LIBET 110 YMOJIYAHUIO.
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Hacrpoiku rpadwra 1%}

Ofwme HacTpokiku

Oce'r | UeeTosan crema |

W Morapusdravect.an wkana bbHmyra (10 Tu
[ AsTomaruueckos MacUTatMpOBaHUE b akchrdyra (10 MMy

[~ ABTOMAETHMECKMA BRIGOP Wara ceTkH Hone (107w

War 10Ty

Mo yraonyaHMo OrreHa

QK. | MpuraeHLTE

Puc. 6.77. Bkradka «Ocob X»

Hactpoiikv rpadwia

0 6wme HaCTpDI:iKHI Oce ¥ OcbY I Ll geToEan c:-:emal

I Norapugrmeckan wkana FbHmtgra (0%

[T AeTomariyeckos MacWTaBMPOEaHUE Makcuraya (112.3 %

W BT OMATHNECRME BRIO0D WIAT S CoTk Hone (0%

[l (10 %

ak MRHMEHMTE: Mo yraonYaHMID OTraeHa

Puc. 6.78. Bxkaadka «Ocob Y»
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HacTpoikv rpadrka [ x|

OBwue HacTpoliku | Ock = I OceY

PoH rpacdura THHMM CETEM
MuHHM oced - MeTkH oced -
Ko, Kupcop ! [N
] Kypoop 2 [
QK [ pUrEHMTE Mo yronyaHum0 OrreHa

Puc. 6.79. Bkraodka «l[semosas cxema»

6.8.5. NMpocMoTp TaGNUUYHBIX AAaHHbIX

ITpocMOTpeTh B YMCIOBOM BHIIE WUCXOMHBIE JAHHBIE IJISI TTIOCTPOEHUST rpaduieckux
XapaKTepUCTUK MOXKHO B Tabjule Ha Bkiaake «CBoaka» (puc. 6.80). [l Kaxmoi Tod-
KU U3MEPEHUIA B 3Ty TAOJUILy TOCTPOUHO 3aHOCATCS: «N» — HOMEp TOUKM M3MEPEHUH,
«Yacrora ->» — 3aganHag yactora UC, «<AMmuiuTtyga -> » — 3agaHHas MMKOBas aMII-
muryna MUC, «CK3 ->» — u3MepeHHasi cpemHeKBaapaThyeckasr aMILIATYAa BXOJIHOTO
curHana, «Jacrora <-» — M3MepeHHasl YaCTOTa BBIXOJAHOTO curHaia, «Paza <-» — yron
caBura (a3bl BBIXOMHOTO CUTHAAa OTHOCUTENbHO BXogHOro, «CK3 <-» — m3MmepeHHast
CpeAHeKBaIpaTUyeCcKask aMIUIMTYAA BBIXOJHOIO CUTHaJa.

Bce pesynbrarthl M3MepeHUi, B TOM YHWCJIE W COAEPKMMOE 3TOU TaOMMIbI, MOTYT
OBITH COXpaHEHBI B TeKCTOBBIN (haitr B (popmare «CSV». DTOT haitn MoXeT OBITH 3aTeM

4,! M3MepUTenbHBIA KoMnneko ACK-4106

Dafin  HacTpofikk EuA [aHeny  PexwM  Cnpaeka

I [=] 3

BCHPQ (e @2BT A0 ¥[a]

Dcuunnorpammbll Al I P

M | Yacrora -» | Apnnumyna -> | Ck3-» | Yacraora <- | Pasag- | CK3 <-

1 20Ty 100 mB 35.385mB 20011 Ty -122° 555.48 mB
2 40Ty 100 mB 35.385mB 400410y BH27 11728

3 B3l 100 mB 35385 mB  B2985Tw  -B3B° 16174
4 a0y 100 mB 35.355mB 80017 Ty -B3° 1.8438

5 100 My 100 mB 35.385mB  100.03Ty 449" 202038
g 200 Ty 100 mB 35.355mB | 20007 Ty -25° 23653B
7 400 My 100 mB 35.385mB  400.09Tw 134" 25069E
3 E30 My 100 mB 35.385mB  EB301BTw 82" 255158
9 800 My 100 mB 35.385mB  799.95Tw 595 25657 B
10 Tkl 100 mB 35.385mB  999.49Ty 447" 257556
11 2kl 100 mB 35,385 mB 20004 [y 05E3" 25936E
12 4kl 100 mB 35.385mB 39997 klu  38E° 25956 B
13 B3wlu 100 mB 35.355mB  B304kMy  7O7° 258E9E
14 8kl 100 mB 35.385mB  B.000F klu  963° 25763 B
15 10kMu 100 mB 35355 mB 99974kl 1227 25568 B
16 20kMy 100 mB 35,385 mB 20001kl 23.2° 24384B
17 40kly 100 mB 35.385mB 39988 kMu 451" 21216E
18 B3klu 100 mB 35.385mB 63094 klu  EB1E" 1.6913B
19 80kMy 100 mB 35.385mB 79964 klu  TIE” 1.4409B
200 100k 100 mB 35,385 mB 939983 kMu 841" 1.2088 B
21 200Ky 100 mB 35.385mB 19998 klu 114" £00.41 B
22 400 kT 100 mB 36,355 mB 40026 KMy 1637 24514 mB
23 B30kMu 100 mB 38361 mB  B34.93klu 171" 128.94 mB
24 800k 100 mB 35.355mB  B0037 kM -1583° 99.251 mB

2l

Puc. 6.80. l[Ipedcmasaerue xapakmepucmuku 8 gpopme mabauyol
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JIMOO BHOBB OTKPBIT CAMOI MTPOTPaMMOIT M3MEPUTETBHOTO KOMITIEKCa, MO0 MCIIOJIb30-
BaH IJIs1 JajibHeilneil oOpabOTKM AAaHHBIX BHEIIHMMU IIPUIOXEHUSIMU, TAaKUMU Kak
Microsoft Excel mim mogooHbeMu. KpoMe Toro, Bce rpaddMKu IIporpaMMBbl TaKKe MOKHO
COXpaHUTh B (ailibl B BUIE M300paxkeHUil B pacTpOBO MM B BeKTOpHOI ¢opme. Ha-
KOHEII, COJAEPXMUMOE JII000I BKJIANKW PE3YJbTaTOB M3MEPEHUI TOJb30BaTeh MOXET
CHAOAUTb COOCTBEHHBIM KOMMEHTAPUMEM M BMECTE C HUM OTIIPABUTh Ha IeYaTh.

6.8.6. NpumeHeHue mopyns aHanmsa ¢popmbl CUrHANOB

It u3ydeHMs] MepeXOJHBbIX XapaKTepUCTUK HWCIBITHIBAEMBIX YCTPOMCTB IOJIb30Ba-
TeJlb MOXET JIMOO MPOCTO BOCIIONb30BATLCS KYPCOPHBIMM M3MEPEHUsSIMU Ha rpaduke
(bopMBI cHUTHAJIOB, TMOO JAOMOJHUTEIHLHO MCITOJIB30BaTh BO3MOXHOCTA aBTOMAaTHYECKUX
U3MEPEHU MoayJsl aHanu3a (GopMbl CUTHaIA. DTOT MOAYJIb O0OBEAUHSIET BO3MOXKHOCTHU
CITeKTPaAJIbHOTO aHajn3a (pa3yioXKeHNe CUTHAJIOB B TApMOHUYECKUE PSIIIbI, N300paKeHue
CIIEKTPOB CUTHAJIOB M MX MapaMeTPOB: YacTOT M aMILIUTYA TapMOHMK, KO3(GbUIIMEeHTa
HEJIMHEMHBIX UCKaXXEHWI) U aJlTOPUTMOB aBTOMATUYECKOTO ONpeAe/icHUs MapaMeTpoB
UMIIyJIbca (4aCTOThI, IJIMHBI UMITYJIbCA, BPEMEH HapacTaHUs U CIlaja, BeJIMYMH BBIOpOCa
" T. 1.). OKHO MOMyJIsI ¢ OTKPBITON BKIaaKoil «CITeKTpaJIbHBIM aHaM3» T0Ka3aHO Ha
puc. 6.81.

#¥ Ananuz opmbl curnanos i ] ]

a| : : ; B &

z e
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Puc. 6.81. Ilpedcmasarenue pe3yrbmamos cneKkmparbHO20 AHAAUL3A MOOYLeM AHAAU3A
dopmol cuenaros

ITporpaMma mMeeT BO3MOXHOCTb aBTOMAaTUUYECKOTO OIpeNesIeHNs CTaHZApPTHBIX Ia-
pPaMEeTPOB MMITYJbCHBIX CUTHaI0B (puc. 6.82). Ilpu sTOM mporpamMma OyIET MBbITATHCS
00HAPYXWUTh B COOPaHHBIX OCLIMILIOrpacoM JaHHBIX UMIYJIbCHBII cUTHaI. B ciiydae oT-
CYTCTBUSI IMOAXOMSILEro CUIHaja ¢ IMOMOILIBIO CBETOAMOAOB cTaTyca Ha BKiaake [lapa-
METpPBI UMITyJIbCa TTaHeJIn aHaliu3a (POpPMBbI CUTHajIa OYAET BBIBEIEHO COOOILEHUE O TOM,
YTO IapaMeTpbl He OIpelesieHbl JIM00 OIpeae/ieHbl YaCTUYHO. B mpoTUBHOM ciiyyae HO-
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BBbIC PE3YJbTaThl BBIYMCICHUI OYAIyT BBIBEACHBI B COOTBETCTBYIOIIWE YMCIIOBBIC TIOJIS
maHenu. [losst, cooTBETCTBYIOIIME HEOIPEACICHHBIM MapaMeTpaM, OyayT OToOpaXKaThCs
«HEIOCTYITHBIMHU».

~loj x|

?lnuamﬁ thopHBI CHrHaNoE

Al@ v sl
A CnekTpaneHeIH aHanWs {19~ TapamMeTpsl MMMYALCa | .

—Peakuma [kaHan Al

Cramyc: tﬁ F F

r~BozgefcTewme [kaHan B:

Cramyc: (“ F F

WHrepean [Bei6.): WHrepean [Bei6.]:
Kon-eo nepuonos: Kon-e0 nepuoaos:
ArnaWTYgA: ANAWTYL A
Pasmax: Pasmax:

MNon. epifpoc, %: Mon. eeitpoc, %:
OTp. BRIGPOC, %: O7p. BRIGPOC, %
Meamana: Mearana:
Cpeanes: CpegHee:

Cr. peeqauma; Cr. peeqaums;
COTET. o |
Yacrora: Yactora:
N T
i, wrinunbca: An. vvinyneca:

OTH, an. umnyneca, %: | 263 O7H. an. umnyneca, % |49.99

Bp. HapacTanma: |44.508 mc Bp. HapacTatua: |79.621 mkc

Bpera cnaga: | 3. 1666 mc Bperaa cnags: 80.039 ke

Puc. 6.82. [Ipedcmasrenue pe3dysbmamos aHaAAU3A UMNYALCOB HA BKAAOKE
«[lapamempor umnyrocoss mooyrn AHAAU3A POPMbL CUSHANOB

ITonydyeHHbIe pe3yabTaTbl U3MEPEHU MOXKHO COXPaHSTh W 3aTEM 3arpyXaTh MX KakK
JIaHHBIC Pe3yIbTaTOB M3MEPEHUA, TaK U JaHHBIC, OMPEIeISTIONINe YCIOBUS N3MEPEHUA.
KoMmanae! 3anucu faHHBIX B (haiis, BeI3bIBA€MbIE MOJb30BATEIEM U3 Pa3HbIX pabOUMX Ia-
HeJIeil IporpaMMBbl, CO3MaroT (haiiabl pa3HBIX (DOPMATOB JAHHBIX, XOTS IIPH 3TOM HCTIOIb-
3yeTcsl OAMHAKOBBIN (popMaT camux (aitnos (popmar CSV). 1151 TOro 4ToObl HEe MyTaTh
¢aiiytbl pa3HbBIX JaHHBIX, OHU ITOMEIIAIOTCS B Pa3IMYHbIC TTOAKATAIOTH.

ITporpamMma 1o3BoOJSIET MOJIB30BATEIIO pacreyaTaTb pe3yJbTaTbl U3MEPEHU, Mpe-
CTaBJICHHBIC Ha BKJIAJKaX TJIaBHOM mMmaHenau. s 3TOro BHIBOAST HYXKHYIO BKJIAIKy Ha
MepeHnIi TUIaH W JalT nporpaMMe KoMaHny «[ledatb» u3 meHo «@Paiii» WK MOJaloT
KOMaHIy KHOMKOI. [ ImpeaBapuTeIbHOTO IIPOCMOTpPa Pe3yIbTaTOB IeYaTH MOXHO HC-
MOJIb30BaTh KoMaHLy «IIpocMoTp mevyaTtw» Wid KHOTKY. JIIsd TepeKiIoueHUsT peskMMOB
YepHO-0eJI0i MM LBETHOM TedyaTu rpadMKOB MCIIONb3yeTcs omuus «YepHo-0Oemast 1me-
yaTb» Ha BKJaake «OO01ue maHeam» HacTpoek.

[Nonp3oBarenb nMeeT TaKKe BO3MOXKHOCTD MCIIOJIB30BaTh ISl TIPOCMOTPaA WU obpa-
OOTKU AAHHBIX, UCMOJb3YEMbIX MPUOOPOM, JT100YI0 YI0OHYI0 €My MporpaMmmy, Criocod-
HyI0 paboTaTh C TeKCTOBBIMM (paitmamu B hopmare «CSV». MOXHO MCIIOIb30BATh IS
paboThl ¢ ATUMHU DalilaMUu MPaKTUYECKU 000 TEKCTOBBIM PelaKTOp WIM TaOJIMYHbINA
MPOLIECCOP, OTPAaHMUYCHMST HAKJIAIBIBAIOTCS TOJBKO Ha 00BEM 3arpyxaeMoil mHbopMa-
uuu. B aTOoM ciydae pekoMeHayeTcsl pa3duBaTh OOJIbIION (haiil JaHHBIX Ha HECKOJbKO
JIOCTaTOYHO MEJIKUX (PparMeHTOB.
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